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Abstract: In the present study, various amide-based, sulfur-containing nonionic surfactants 

were synthesized and characterized by spectroscopic methods. The corrosion inhibition 

properties of these synthesized compounds were investigated. For this purpose, mild steel 

coupons were immersed for 24 hours at room temperature in 1 M HCl containing different 

concentrations of inhibitor according to the standard method. As a result of these corrosion tests, 

the synthesized compounds exhibited excellent inhibitory properties (76.58-93.74 IE%). Surface 

characterization studies were also performed for the metal coupons to support the obtained 

corrosion inhibition efficiency results. 
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INTRODUCTION 

 

Corrosion is the change of physical, chemical and mechanical properties of materials as a result 

of chemical and electrochemical reactions with the influence of environment (1). If the content 

consists of metals and alloys, then it can be used as metal corrosion and can be defined as 

corrosion of metal or metal alloys by oxidation or other chemical effects. Metallic corrosion is 

one of the most critical problems in various industrial fields. It is an undesirable phenomenon, 

causing economic loss for every country. As a result of corrosion, a significant portion of iron 

and steel is lost annually or becomes unusable. The metal, which is lost after the corrosion, 

causes economic losses at much higher cost than its value. On the other hand, corrosion losses 

affect not only the iron and steel industry but also the efficiency of all the investments being 

made by utilizing this sector, and it is a topic that interests the country's economy. Corrosion is 

also a cause of damage to human life and health and environmental pollution as well as material 

losses.  

 

The corrosion phenomenon in the metals consists of two electrochemical reactions that proceed 

in the same way as oxidation in the anode and reduction in the cathode. Elements inducing to 

corrosion (metal, anodic reaction, cathodic reaction, and electrolyte) must be in one piece for 

the formation of metallic corrosion at the electrode/electrolyte interface, which is called the 

electrical interface. 

 

Acid cleaning (pickling), which is a useful surface cleaning method, is frequently used in the 

industry to clean the rust and foreign materials on the metal surface. The most commonly used 

acids in this cleaning process are HCl and H2SO4 solutions (2). During the cleaning process with 

acid, metal corrosion occurs on the metal surface over time. In the cathode reaction of the metal 

corrosion in the acidic medium, hydrogen ions from the acid are reduced to form the H2 gas. 

One of the most effective methods to deal with metallic corrosion in the acidic environment is to 

design and use appropriate organic corrosion inhibitors. A corrosion inhibitor is a substance that 

significantly reduces corrosion rate when added at low concentrations.  

 

Investigations made in recent years have discovered that surfactants can be used as inhibitors 

against metal corrosion. High corrosion inhibition efficiency at low concentrations, lower toxicity, 

easy and economical price production are being the advantages of using a surfactant as corrosion 

inhibitor (3). In particular, it has been proven in scientific studies that non-ionic surfactants, 

where the polar head group is without charge, that known to have many applications throughout 

industry, including cosmetics, detergents, are useful inhibitors against metal corrosion in acidic 

environments (4-10). It is understood that non-ionic surfactants can adsorb onto the metal 

surface and therefore reduces anodic dissolution, and retards the hydrogen evolution reaction 

(9). The nonionic surfactants can also be mixed with other types of surfactants, e.g., anionic or 
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cationic, to enhance their properties and increase their inhibition activities against metal 

corrosion (9, 10). In the literature, it is also reported that nonionic surfactant increases the 

inhibitory activity of the amino acid derivative by synergistic effect (11). 

 

In this study, (2,3-dihydroxypropyl) sulfanyl derivatized three nonionic surfactants containing 

high carbon chained amide functional group were synthesized, and their corrosion inhibition 

efficiencies against metallic corrosion in the acidic medium were investigated.  

 

MATERIALS AND METHODS 

 

Materials and Instrumentation 

Reagents and solvents were purchased from Merck (Germany). Thermo Nicolet 6700 FT-IR 

spectrometer was used for acquisition of the FT-IR spectra. 1H NMR and 13C NMR spectra were 

measured using Agilent 600 MHz Premium Compact NMR spectrometer in DMSO using TMS as 

the internal standard. 

 

Synthesis of Compounds 

Synthesis of 2-chloro-N-alkylacetamides (1a-c): Octylamine, decylamine, dodecylamine 

and chloracetyl chloride compounds used as starting materials in the syntheses were purchased 

from Merck (Germany). Synthesis of the 2-chloro-N-octyl, -decyl and dodecylacetamide 

compounds was carried out as previously reported in the literature (12, 13). 

 

Synthesis of 2-[(2,3-dihydroxypropyl)sulfanyl]-N-octylacetamide (2a): The procedure 

used to synthesize this compound was performed in some minor variations, similar to previously 

reported procedures (14, 15). In a round-bottom reaction flask, 0.27 g (4.76 mmol) of KOH was 

dissolved in absolute ethanol, and 0.52 g (4.76 mmol) of 3-mercapto-1,2-propanediol was added 

gradually to the reaction flask. The mixture was stirred for about 10 minutes, and then 0.98 g 

(4.76 mmol) of 2-chloro-N-octylacetamide (1a) was added slowly to the flask. The reaction 

mixture was stirred overnight at room temperature. At the end of the reaction, ethanol was 

evaporated, and the residue was dissolved in dichloromethane and extracted with water. The 

organic phase was dried over sodium sulfate, and the solvent was removed with a rotary 

evaporator. The residue was crystallized from petroleum ether/ethyl acetate to give a solid white 

product. Yield (0.69 g, 52 %); mp 64-65 °C. 

 

Synthesis of 2-[(2,3-dihydroxypropyl)sulfanyl]-N-decylacetamide (2b): 0.32 g (5.69 

mmol) of KOH, 0.62 g (5.69 mmol) of 3-mercapto-1,2-propanediol and 1.33 g (5.69 mmol) of 

2-chloro-N-decylacetamide (1b) were used for the synthesis. The same experimental procedure 

as used in the synthesis of compound 2a was carried out. Yield (0.97 g, 56 %); mp 66-67 °C. 
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Synthesis of 2-[(2,3-dihydroxypropyl)sulfanyl]-N-dodecylacetamide (2c): 0.43 g (7.66 

mmol) of KOH, 0.83 g (7.66 mmol) of 3-mercapto-1,2-propanediol and 2.0 g (7.66 mmol) of 2-

chloro-N-dodecylacetamide (1c) were used for the synthesis. The same experimental procedure 

as used in the synthesis of compound 2a was carried out. Yield (2.0 g, 79 %); mp 79-79 °C. 

 

Corrosion Tests Performed in Acidic Media 

Preparations of Coupons and Acidic Solutions 

Gravimetric measurements were performed using the coupons made from cold-rolled low-carbon 

steel, possessing DIN EN 10130 special conditions (16). Their composition was 0.07% C, 0.35% 

Mn, 0.015% P, and 0.015% S. The coupons were cut into rectangular shapes of 0.1 x 2.2 x 5.0 

cm in thickness, width, and length, respectively. Before the immersion test, the coupons were 

immersed in 15 % HCl, polished lightly with a paper tissue, washed with deionized water and 

soaked in acetone. 1.0 M HCl solution was prepared from the concentrated HCl (37 %) (Merck 

grade). 

 

Weight Loss Measurements 

The synthesized cationic surfactants with the concentration of 25, 50, 100, 150 and 250 ppm 

were tested to determine the inhibition efficiency in 100 mL of 1.0 M HCl solution. All the 

corrosion inhibitors were directly dissolved in the acidic solution. The treatment solutions were 

poured into 150-mL sealed glass bottles, and the coupons were suspended in these solutions 

without stirring for 24 h at room temperature. Control tests were performed in the same way 

without the inhibitors. After the corrosion test, the coupons were removed, rinsed with water 

and wiped with paper tissues. Then, they were washed with acetone and dried to a constant 

weight in an oven (17, 18). 

 

SEM 

The carbon steel specimens (of a size of 0.1 cm x 2.0 cm x 2.0 cm) were abraded with emery 

paper and then were washed with distilled water and acetone. They were then immersed in 1.0 

M HCl solutions containing no inhibitor and containing 250 ppm of the corresponding inhibitor 

for 24 h at room temperature. After the immersion time, the steel specimens were cleaned with 

distilled water and dried in a vacuum desiccator. Finally, the surface images of the steel 

specimens were obtained from a Carl Zeiss EVO 40 (SEM) device. 

 

RESULTS AND DISCUSSION 

 

Synthesis of nonionic surfactants 

The synthesis scheme of the designed and synthesized organic nonionic surfactants to test 

corrosion inhibition in acidic media is given in Scheme 1. As seen in Scheme 1, the synthesis of 

organic surfactants was carried out in two steps. In the first step, the long-chained amine 
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compound was reacted with chloroacetyl chloride in the presence of triethylamine to synthesize 

2-chloro-N-alkylacetamides (1a-c). In the second stage, 2-chloro-N-alkyl acetamides (1a-c) 

were reacted under basic medium with 3-mercapto-1,2-propanediol in alcohol to obtain the 

nonionic surfactants (2a-c). 
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Scheme 1. Synthetic pathways for the preparation of the compounds (2a-c). 

 

The structures of the nonionic were confirmed by FT-IR, 1H NMR, and 13C NMR spectroscopic 

methods. The spectral data of 2a, 2b, and 2c compounds are shown in Table 1. FT-IR, 1H NMR 

and 13C NMR spectra of compound 2b as spectrum samples are given in Figure 1. The FT-IR 

spectra of (2b) showed absorption bands at 3332 cm-1, due to the -OH groups, at 3266 cm-1, 

due to the amide N-H group, at 1638 cm-1, due to the amide C=O group, and at 698 cm-1, due 

to the CH2-S-CH2 group. The 1H NMR spectrum of (2b) showed a triplet peak at δ = 6.83 ppm 

for the amide-NH (HN–CO) proton, a sextet peak at δ = 3.85 ppm for the S–CH2–CH–OH proton. 

Moreover, and a doublet peak at δ = 3.70 ppm is observed for the S–CH2–CH–OH proton. Also, 

a doublet peak at δ = 3.68 ppm for the HO–CH2–CH–OH proton, a singlet peak at δ = 3.26 ppm 

for the HN–CO–CH2–S protons and a quartet peak at δ = 3.24 ppm for the CH2–HN–CO protons 

were observed. The peak attributed to the HN–CO–CH2–S protons at 3.26 ppm is the evidence 

that the nucleophilic substitution reaction between 1b and 3-mercapto-1,2-propanediol was 

successfully actualized. The formation of the compound 2b has been proved by the peak showed 

at 36.24 ppm for the carbon atom in the 13C NMR spectrum. 
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Table 1. Spectral data of compound 2a, 2b and 2c. 

Compound Spectral Data 

2a FT-IR (KBr), v/cm-1: 3336 (-OH), 3268 (amide N-H), 2919 and 2852 (aliphatic C ̶ 

H), 1639 (amide C=O), 1548 (secondary amide band, N-H bending), 697 (CH2-S-

CH2) 

1H NMR (600 MHz, CDCl3): δ (ppm) = 6.87 (t, 1H, HN–CO), 3.84 (quin., 1H, S–

CH2–CH–OH), 3.68 (d, 1H, S–CH2–CH–OH), 3.66 (d, 1H, HO–CH2–CH–OH), 3.56 

(dd, 2H, HO–CH2–CH–OH), 3.26 (s, 2H, HN–CO–CH2–S), 3.24 (quartet, 2H, CH2–

HN–CO), 2.69 (d, 2H, CO–CH2–S–CH2–CH–OH), 1.50 (quin., 2H, CH2–CH2–HN–

CO), 1.32–1.22 (m, 10H, –(CH2)5–), 0.86 (t, 3H, CH3) 

13C NMR (150 MHz, CDCl3): δ (ppm) = 169.65 (HN–CO–CH2–S), 71.24 (S–CH2–

CH–OH), 65.29 (HO–CH2–CH–OH), 40.04 (CH2–HN–CO), 36.35 (HN–CO–CH2–S), 

36.19 (CO–CH2–S–CH2), 31.74 (CH3–CH2–CH2–), 29.37 (CH3–(CH2)2–CH2–), 29.20 

(CH3–(CH2)3–CH2–), 29.16 (CH3–(CH2)5–CH2–CH2–HN–CO), 26.90 (CH3–(CH2)4–

CH2–(CH2)2–HN–CO), 22.59 (CH3–CH2–), 14.04 (CH3–CH2–) 

2b FT-IR (KBr), v/cm-1: 3332 (-OH), 3266 (amide N-H), 2917 and 2851 (aliphatic C ̶ 

H), 1638 (amide C=O), 1551 (secondary amide band, N-H bending), 698 (CH2-S-

CH2) 

1H NMR (600 MHz, CDCl3): δ (ppm) = 6.83 (t, 1H, HN–CO), 3.85 (sextet, 1H, S–

CH2–CH–OH), 3.70 (d, 1H, S–CH2–CH–OH), 3.68 (d, 1H, HO–CH2–CH–OH), 3.56 

(dd, 2H, HO–CH2–CH–OH), 3.26 (s, 2H, HN–CO–CH2–S), 3.24 (quartet, 2H, CH2–

HN–CO), 2.70 (d, 2H, CO–CH2–S–CH2–CH–OH), 1.51 (quin., 2H, CH2–CH2–HN–

CO), 1.32–1.22 (m, 14H, –(CH2)7–), 0.87 (t, 3H, CH3) 

13C NMR (150 MHz, CDCl3): δ (ppm) = 169.61 (HN–CO–CH2–S), 71.17 (S–CH2–

CH–OH), 65.25 (HO–CH2–CH–OH), 40.04 (CH2–HN–CO), 36.34 (HN–CO–CH2–S), 

36.18 (CO–CH2–S–CH2), 31.85 (CH3–CH2–CH2–), 29.52 (CH3–(CH2)2–CH2–), 29.39 

(CH3–(CH2)5–CH2–), 29.26 (CH3–(CH2)7–CH2–CH2–HN–CO), 26.91 (CH3–(CH2)6–

CH2–(CH2)2–HN–CO), 22.63 (CH3–CH2–), 14.06 (CH3–CH2–) 

2c FT-IR (KBr), v/cm-1: 3332 (-OH), 3265 (amide N-H), 2917 and 2850 (aliphatic C ̶ 

H), 1638 (amide C=O), 1551 (secondary amide band, N-H bending), 698 (CH2-S-

CH2) 

1H NMR (600 MHz, CDCl3): δ (ppm) = 6.74 (t, 1H, HN–CO), 3.85 (sextet., 1H, S–

CH2–CH–OH), 3.70 (d, 1H, S–CH2–CH–OH), 3.68 (d, 1H, HO–CH2–CH–OH), 3.57 

(dd, 2H, HO–CH2–CH–OH), 3.26 (s, 2H, HN–CO–CH2–S), 3.25 (quartet, 2H, CH2–

HN–CO), 2.71 (d, 2H, CO–CH2–S–CH2–CH–OH), 1.51 (quin., 2H, CH2–CH2–HN–

CO), 1.32–1.24 (m, 18H, –(CH2)9–), 0.87 (t, 3H, CH3) 

13C NMR (150 MHz, CDCl3): δ (ppm) = 169.52 (HN–CO–CH2–S), 71.12 (S–CH2–

CH–OH), 65.27 (HO–CH2–CH–OH), 40.04 (CH2–HN–CO), 36.34 (HN–CO–CH2–S), 

36.27 (CO–CH2–S–CH2), 31.85 (CH3–CH2–CH2–), 29.51 (CH3–(CH2)2–CH2–), 29.40 

(CH3–(CH2)7–CH2–), 29.26 (CH3–(CH2)9–CH2–CH2–HN–CO), 29.25 (CH3–(CH2)3–

(CH2)4–(CH2)4–HN–CO), 26.90 (CH3–(CH2)8–CH2–(CH2)2–HN–CO), 22.63 (CH3–

CH2–), 14.06 (CH3–CH2–) 
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Figure 1. FT-IR, 1H NMR and 13C NMR spectra of (2b). 

 

Corrosion tests in acidic media 

Corrosion tests in acidic media (1.0 M HCl) were performed using weight loss measurements 

according to the ASTM NACE / ASTMG31-12a standard method (19). The corrosion test results 

of the synthesized 2a-c surfactants in 1.0 M HCl corrosive media are shown in Table 2. In the 
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corrosion tests, corrosion inhibitors were directly dissolved in the acid solution. Corrosion 

inhibition capabilities of the synthesized compounds tested in 1.0 M HCl are given as percentage 

inhibition efficiencies (IE %). Percentage inhibition efficiencies were calculated using the 

following Eq. 1: 

 

IE % =  
Wo−W

Wo
 x 100      (Eq. 1) 

 

Where (IE %) is the percentage inhibition efficiency, Wo is the weight loss of the coupon in the 

absence of an inhibitor and W is the weight loss of the coupon in the same environment in the 

presence of an inhibitor. The corrosion rate (CR) values that are given in Table 2, are derived 

from Eq. 2 (20-22): 

 

CR =  
∆W

A t
      (Eq. 2) 

 

where ΔW is the weight loss (mg); A is the area of the coupon (cm2), and t is the immersion 

time (h). 

 

Table 2  Weight loss, corrosion rate and corrosion inhibition efficiencies (IE %) for varying 

concentrations of compounds 2a-c in 1.0 M HCl medium for 24 h at room temperature. 

 

Concentration 

(ppm) 

Weight loss 

(mg cm -2) * 

Corrosion Rate 

(mg cm -2 hr -1) 

x 10 -2 

Inhibition Efficiency 

(IE %) 

2a 2b 2c 2a 2b 2c 2a 2b 2c 

0 12.50 12.50 12.50 52.08 52.08 52.08 — — — 

25 2.93 1.12 1.25 12.20 4.66 5.19 76.58 91.05 90.04 

50 2.32 1.04 0.90 9.66 4.32 3.75 81.45 91.71 92.80 

100 1.42 0.93 1.07 5.91 3.86 4.47 88.65 92.58 91.42 

150 1.35 0.91 1.24 5.61 3.79 5.15 89.24 92.73 90.11 

250 0.78 0.85 0.83 3.26 3.52 3.45 93.74 93.24 93.38 

 

*  Mean of the two measured values 

When Table 2 is examined, it can be seen that at high concentrations, the three surfactants 

exhibit perfect inhibition activity. The corrosion resistance of the three compounds at 250 ppm 

inhibitor concentration was almost the same. However, it has been found that the inhibitory 

actions of compounds 2b and 2c are close to each other in all studied inhibitor concentrations. 

Furthermore, compound 2a showed lower corrosion inhibition activity at lower levels than 

compounds 2b and 2c. The order of inhibition efficiency of these compounds is related to the 

molecular size of surfactant molecules. The long carbon chain of compound 2a is shorter than 

the other two compounds. Higher molecular size tends to increase the adsorption on the metal 
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surface and hence to result in more surface coverage (23). With this more surface coverage, 

more effective protection against corrosion is achieved, especially at low concentrations. 

However, as the inhibitor concentration increases, the increase in inhibition activity is an 

expected result. It is proven that the inhibition efficiency increases with the increasing of inhibitor 

concentration. On the other hand, as seen in Table 2, the weight loss and corrosion rates in the 

inhibitor medium are considerably lower than in the uninhibited environment. The decrease in 

weight loss in the presence of inhibitors is due to the adsorption of the nonionic surfactants onto 

the carbon steel surface, forming a protecting layer, which leads to the increase in the coverage 

metal area. This adsorption of inhibitors decreases the contact between the metal surface and 

the aggressive medium. Therefore, this fall the corrosive effect of aggressive medium on the 

metal surface (24). All these results demonstrate that the synthesized nonionic surfactants are 

effective against metal corrosion. 

 

SEM 

Surface analysis with scanning electron microscopy is essential concerning the interaction of 

organic molecules with the metal surface and the observation of the morphological changes 

occurring on the surface of the metal. As for this purpose, scanning electron microscopic images 

were recorded to verify the interaction of the synthesized nonionic surfactants with the metal 

surface (Figure 2). The SEM image of Figure 2a, which was taken from the 1,000 x magnified 

surface, shows the feature of the steel surface after immersion in 1.0 M HCl at room temperature 

for 24 h in the absence of inhibitor. Figures 2b, 2c and 2d show the properties of the steel surface 

after immersion in 1.0 M HCl containing 250 ppm of inhibitor. As seen in Figure 2a, wear was 

observed on the entire surface of the metal exposed to the acid environment without the 

inhibitor. It is clear that corrosion products are accumulated on the metal surface due to 

corrosion, and therefore the surface becomes rough. On the other hand, there is no wear or 

roughness on the metal surfaces exposed to the inhibitor-containing acid environment. The 

scratch marks on the metal surfaces are due to the sanding process made before the test. This 

proves that the inhibitor molecules are adsorbed to the metal surface and protect the surface 

against corrosion in HCl media. As a result, the metal surface images obtained from the SEM 

device support the high inhibition activity results given in Table 2. 
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Figure 2. SEM images of the metal coupon surfaces immersed in 1.0 M HCl for 24 h. a without 

inhibitor 1,000x, b 250 ppm (2a) 1,000x, c 250 ppm (2b) 1,000x, d 250 ppm (2c) 1,000x 

 

Corrosion inhibition mechanism 

The first step in the mechanism of action of surfactant molecules as corrosion inhibitors is the 

adsorption onto the metal surface. The adsorption process is influenced by the nature and the 

surface charge of the metal, the chemical structure of the surfactant, the type of surfactant and 

the kind of the corrosive medium. The inhibition efficiency of nonionic surfactant molecules is 

related to the surfactant's ability to associate with one another at interfaces and in solution to 

aggregate to form micelles (23). In the nonionic surfactants, the driving force of micellization is 

the hydrophobic force and van der Waals attractions. The strong interaction between water 

molecules repels the hydrocarbon chain from the water bulk phase. It causes the non-polar 

hydrophobic groups to be directed away from the water molecule with the aid of polar hydrophilic 

groups in the molecule. Thus, at lower concentrations, it is expected that micelle formation will 

occur for extended chain surfactants (9). As can be seen in Table 2, the close inhibitory activity 

of compounds 2b and 2c in each studied concentration can be explained by this micellar 

formation and critical micelle concentration (CMC). It is known that nonionic surfactants may 

form micelles at lower levels than ionic surfactants and have lower CMCs (3, 25). The gathering 

of surfactants as micelles at low concentrations causes to more adsorption on the metal surface 

and hence a more efficient inhibition at lower levels (23). When surfactants form micelles and 

reach the CMC, the inhibition efficiency of these compounds, which are very similar to each 

other, is very close to each other and does not change much with increasing concentrations. The 

inhibition efficiencies obtained for compounds 2b and 2c are a result of this phenomenon. 

 

Apart from micelle formation, the mechanism of adsorption of nonionic surfactant molecules at 

metal/solution interfaces can also be governed by the following factors (23): 

 

 The interaction between the lone pair of electrons located in p-orbitals in the inhibitor 

molecules and the vacant metal orbitals. 

 The interaction between uncharged moieties in the inhibitor molecules and the metal 

surface. 
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When the structures of the synthesized nonionic surfactants are examined, the following points 

were observed: 

 There are two hydroxyl groups to facilitate dissolution in water. 

 There are N, O and S heteroatoms in their structure. Through these heteroatoms, they 

adsorb onto the metal surface by chemical adsorption and reduce the adverse effect of the 

acidic corrosive environment on the metal surface by closing the active centers on the 

surface. 

 They contain a hydrophobic group (long carbon chain) which prevents the contact of the 

corrosive environment with the metal surface. The long carbon chain pushes water 

molecules and prevents the acidic aqueous solution from approaching the surface. However, 

the long alkyl chains enter a non-polar interaction with each other due to the van der Waals 

attraction forces, and as a result of this interaction, they provide more effective protection 

on the metal surface against the corrosive medium. 

 

The orientations of the inhibitor molecules at the metal-acidic solution interface and the possible 

inhibition mechanism are shown in Figure 3. As seen, molecules are found in an upright position 

in the metal surface which provides maximum protection. Primarily, to form bilayer or 

multimolecular layers, the hydrophobic tail of the surfactant molecule is oriented perpendicularly 

to the metal surface. The van der Waals interactions (non-polar physical interaction) occurring 

between the long alkyl chains in this perpendicular position are shown in Figure 3. These layers, 

designated as protective layers, behave as a barrier between the metal and the corrosive 

medium (18). 

 

Figure 3. A possible orientation of non-ionic surfactant molecules between the metal-acidic 

solution interfaces.  

 

In Figure 3, it can also be seen that nonionic surfactant molecules are adsorbed onto the metal 

surface via N and S heteroatoms by chemical adsorption. The chemical adsorption occurs from 
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the donor-acceptor interaction between p electrons of donor atoms (N and S) of the inhibitors 

and the vacant d-orbitals of iron surface atoms. Through this chemical adsorption, coordination 

bonds occur between the heteroatom and iron (26, 27). Sulfur and nitrogen atoms can form a 

protective layer (through coordination bonds between these heteroatoms and metal atoms), 

which covers the entire surface quickly and blocks the access to the active site of corrosion on 

the surface (9). Besides, intermolecular H-bonds are formed via hydroxyl groups, which increase 

the stability of the protective layer. It has been reported that the pH can influence this 

intermolecular interaction between hydroxyl groups of nonionic surfactants. At neutral pH, these 

intermolecular interactions and hence the adsorption to the metal surface of the synthesized 

nonionic surfactants are low, but it is increased at lower pH values (28). Furthermore, the 

formation of the hydrogen bond and the van der Waals interactions between the hydrophobic 

groups increase with an increase of the inhibitor concentration. It, therefore, leads to better 

protection of the metal surface and increased the inhibition efficiency of the nonionic surfactants 

(29, 30). 

 

CONCLUSIONS 

 

2,3-dihydroxypropyl-sulfanyl derivatized three nonionic surfactants containing high carbon 

chained amide functional group were synthesized as potential corrosion inhibitors for mild steel 

in 1.0 M HCl acidic media. From the results, we can conclude the following: 

 All the nonionic surfactants exhibited good corrosion inhibition at high inhibitory 

concentrations. 

 The corrosion inhibition efficiencies of the synthesized compounds increased with the 

increase in the inhibitory concentration. 

 In the corrosion inhibition mechanism, the adsorption of the synthesized nonionic 

surfactants to the metal surface was performed with the help of micellar formation, chemical 

adsorption and physical adsorptions (intermolecular H-Bonds between hydroxyl groups and 

van der Waals interaction between the hydrophobic groups of the nonionic surfactants). 

 The SEM images supported the inhibition results obtained by weight loss measurements. 
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INTRODUCTION 

 

Thymelaeaceae family consists of approximately 67 genera and 1200 species. It is widespread 

in the tropics and temperate climate of the Earth, particularly in Africa (1). Although this family 

is a small taxon, it has very varied uses, giving them a significant economic importance in the 

regions where they grow (2, 3). Thymelaea is one of the genus of this family, which contains 

about 30 species in the world (4). Some species of this genus have been used in the traditional 

medicine and reported have some biological activities such as antidiabetic, antihypertensive (5), 

anti-inflammatory (6) as well as antimicrobial and antioxidant activity (7).  

 

Thymelaea microphylla called “Al Methnan” is a small shrub and its length does not exceed a 

meter. It has been used in folk medicine for the treatment of wounds, erysipelas, skin cancer, 

pimples, and abscess (8). Several studies have shown that this species had remarkable 

antibacterial, antioxidant (9, 10), antiinflammatory (6), and antiproliferative (11) activities. 

Phytochemical studies on this species were indicated the presence of bicoumarin and their 

glycoside derivatives, linear-type furanocoumarin glucosides and simple coumarin glucosides 

(12). Daphnoretine (bicoumarin), umbelliferone (simple coumarin) and prestegane B (lignans) 

have been isolated from the aerial parts of Thymelaea microphylla (11). The report related to 

the chemical analysis of Thymelaea microphylla essential oil in the literature showed the major 

components were D-menthone (41.86 %), 2-undecanone (23.74 %), pulegone (11.94 %) and 

perillal (9.34 %) (13).  

 

Recently, we have reported the new benzimidazole and six known compounds with their 

antiproliferative and antioxidant activities from T. microphylla (11). We herein report the 

isolation and structural elucidation of three flavonoids from the chloromethanolic extract of T. 

microphylla. Also, in this study, we investigated the antioxidant activity of the compound (3). 

  

EXPERIMENTAL SECTION 

 

Extraction and isolation 

Dried aerial parts of Thymelaea microphylla (2200 g) were crushed and extracted with CH2Cl2: 

MeOH (1:1, v:v) at room temperature. The extract was concentrated in vacuo to obtain the 

crude extract (F; 103.7 g), which was fractionated by column chromatography eluted with n-

hexane, followed by a gradient of n-hexane and CH2Cl2 up to 100% CH2Cl2 and CH2Cl2–MeOH up 

to 100% MeOH to obtain 9 fractions. The fraction 6 (F6; 5.5 g) was subjected to flash column 

chromatography eluted with n-hexane, followed by a gradient of n-hexane-CH2Cl2 up to 100% 

CH2Cl2 and CH2Cl2–EtOAc up to 100% EtOAc and EtOAc–ethanol up to 100% ethanol to obtain 

25 fractions from collective tubes and 51 fractions from waste tubes. The fraction F6-C4 from 

collective tubes was purified by TLC eluted with n-hexane: CH2Cl2: MeOH (1: 2: 0.5, v:v:v) to 
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afford compound 1 (isochamaejasmin; 11.35 mg). The fraction 7 (F7; 6.3 g) was applied on 

column chromatography eluted with n-hexane: CH2Cl2: MeOH (0,5: 2 :1) to obtain 12 sub-

fractions, the precipitate from sub-fraction 7 purified by TLC eluted with the same system to 

afford compounds (2) (cis-tiliroside; 5.14 mg) and (3) (trans-tiliroside; 6.43 mg). 

 

General experimental procedure 

1H (400 MHz) and 13C NMR (100 MHz) spectra were recorded on Bruker Avence III spectrometer 

(in DMSO-d6 with tetramethylsilane (TMS) as internal standard). HPLC-TOF/MS spectra were 

recorded in the negative ion mode on an Agilent 6210 spectrometer. Column chromatography 

and thin-layer chromatography were performed over silica gel (Merck, Germany), 60A and 

60F254, respectively. 

 

Antioxidant activity 

Radical scavenging activity of the compound (3) was determined according to the method of 

Blois (14). BHT was used as a positive control. Scavenging of DPPH radical was calculated 

according to the formula: Radical scavenging % = [(Acontrol –Asample)/ Acontrol]× 100. 

 

Metal chelating activity of the compound (3) was determined according to the method of Decker 

and Welch (15), with some modifications. EDTA was used as a positive control. 

 

RESULTS AND DISCUSSION 

 

Compound (1) was obtained as an amorphous powder. The mass experiment was carried out 

using HPLC-TOF/MS in a negative mode, which presented an ion whose quasi-molecular at m/z 

541 corresponding to the molecular formula C30H22O10.The 1H NMR spectrum of 1 showed pair 

signals of doublets at δ 5.8 and 5.7 (each 2H, J = 2.0 Hz) were assigned to 6, 6”, and 8, 8” 

protons, respectively. Four signals of ortho-coupled doublets (J = 8.5 Hz) at δ 7.0, 6.9, 6.8 and 

6.7 integrating for two protons each, were assigned to (6’, 6’’’), (2’, 2’’’), (5’, 5’’’) and (3’, 3’’’) 

protons, respectively, along with two signals of doublets with coupling constant (J = 12.0 Hz) at 

δ 5.71 and 2.7 for two protons each, assigned to 2, 2’’ and 3, 3’’ protons, respectively, 

characteristic for the biflavanone structure.13C NMR spectral data of 1 (see Table I), displayed 

that C-3 was linked with C-3’’ according to the resonance of C-3 and C-3’’ (49.3 ppm), and 

compared with carbon resonance of naringenin (43.7 ppm)(16). The stereochemistry at the C-

2/C-3 and C-2’’/C-3’’ positions were determined as trans–trans geometry based on the values 

of the coupling constants (J = 12.0 Hz) of the protons (H-2/H-3and H-2’’/H-3’’), All these NMR 

data together with the mass spectrum suggested the structure of compound 1 was elucidated 

as isochamaejasmin (17). Compound 2 was obtained as a yellow powder and had a molecular 

formula C30H26O13 established by HPLC-TOF/MS (m/z 593 [M-H]-). Compound 3 was obtained as 

a yellow powder, the molecular formula of which was determined to be C30H26O13 from the 
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molecular ion peak at m/z 593.0701 [M-H]- (Calcd for 593.1295) in the HR-EI-MS. Compounds 

2 and 3 were identified as cis-tiliroside and trans-tiliroside, respectively, by comparing their EI-

MS, 1H NMR and spectra with published data 13C NMR(18, 19) (Table 1, Table 2, Figure 1.).  

 

Table 1: 13C NMR spectral data of compounds (Cmp) (1), (2), and (3). 

Position Cmp (1) Position Cmp (2) Position Cmp (3) 

2/2” 83.4 2 157.4 2 156.5 

3/3” 49.3 3 133 3 132.4 

4/4” 195.5 4 177.3 4 177 

10/10” 101.2 10 113.2 10 113 

5/5” 164 5 160. 2 5 159.4 

6/6” 97 6 100. 6 6 99.3 

7/7” 170 7 159.3 7 158.3 

8/8” 96 8 95 8 94.2 

9/9” 162.7 9 161.2 9 160.2 

1’/1’” 127 1’ 121.4 1’ 121 

2’/2”’ 131.4 2’/6’ 131 2’/6’ 130 

3’/3’” 116 3’/5’ 115.5 3’/5’ 114.3 

4’/4’” 158 4’ 160.1 4’ 160 

5’/5”’ 116 1” 103.3 1” 102.5 

6’/6”’ 130 2” 74.4 2” 74.4 

  3” 73.34 3” 72.4 

  4” 70.24 4” 69.42 

  5” 74.3 5” 73.18 

  6” 63 6” 62.13 

  1’” 126 1’” 124.2 

  2”’/6”’ 130 2”’/6”’ 129 

  3’”/5”’ 116 3’”/5”’ 114.3 

  4’” 160 4’” 159.2 

  7”’ 145.2 7”’ 144.5 

  8”’ 114.5 8”’ 114 

  9”’ 167.4 9”’ 166.4 

      

 

Table 2: 1HNMR spectral data of compounds (Cmp) (1), (2), and (3). 

Position Compound 1 Position Compound 2 Position Compound 3 

6/6'' 5.78 (d, J = 2.01) 6 6.0 (d, J = 2.2) 6 6.2 (d, J = 2.3) 

8/8' 5.70 (d, J = 2.01) 8 6.2 (d, J = 2.2) 8 6.3 (d, J = 2.3) 

2'/2''' 6.86 (d, J = 8.53) 2’/6’ 8.0  (d, J = 9.0) 2’/6’ 8.0 (d, J = 9.0) 

6'/6''' 6.98 (d, J = 8.53) 3’/5’ 6.8 (d, J = 8.8) 3’/5’ 6.9 (d, J = 8.8) 

3'/3''' 6.73 (d, J = 8.53) 1” 5.15 (d, J =7.28) 1”    5.2 (d, J = 7.3) 

5'/5''' 6.78 (d, J = 8.53) 2” 3.37 (m) 2” 3.4 (m) 

2/2'' 5.71 (d, J = 12.30) 3” 3.5 (m) 3” 3.5 (m) 

3/3'' 2.69 (d, J = 12.30) 4” 3.4 (m) 4” 3.3 (m) 

  5” 3.4 (m) 5” 3.47 (m) 

  6”a 4.32 (dd, J =11.8-6.5) 6”a 4.3 (dd, J =11.9-6.5) 

  6”b 4.18(dd, J =11.8- 2.0) 6”b 4.2(dd, J =11.9- 2.0) 

  2”’/6”’ 7.3 (d, J = 8.8) 2”’/6”’ 7.4 (d, J = 8.9) 

  3’”/5”’ 6.8 (d, J = 9.0) 3’”/5”’ 6.8 (d, J = 9.3) 

  7”’ 7.4 (d, J = 12.3) 7”’ 7.5 (d, J = 15.8) 

  8”’ 6.16 (d, J = 12.3) 8”’ 6.18 d, J = 15.8) 
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Figure 1: The structure of compounds 1, 2, and 3. 

 

Trans-tiliroside compound (3) isolated from T. microphylla was studied in vitro for its metal 

chelating and scavenger properties.  As can be seen Table 3, this compound (IC50= 0.726 ± 

0.043 mg/mL) exhibited lower DPPH scavenging effect than BHT (IC50 = 0.023 ± 0.001 mg/mL) 

(Figure 2). On the other hand, compound (3) was not an active metal chelator at the 

concentration of 1 mg/mL. According to the literature, several researchers reported that tiliroside 

compound has antioxidant activity (20-23). Sala, Recio (21) determined that the tiliroside has a 

high antioxidant activity measured by the DPPH test and reported the IC50 value of the this 

compound was about 6 μM, in the same range as that of the flavonol quercetin-3-O-glucoside. 

Ding (23) studied DPPH radical scavenging activity of the tiliroside compound which isolated 

from the fruits of Rubus chingii and reported as 13.7 μM. On the other hand, Mekhelfi (24) 

reported that the radical scavenging effect of trans-tiliroside compound isolated from T. 

microphylla (% 21.82 at 10 mg/mL).  Li, Tian (22) presented that Astragalin (kaempferol-3-O-

β-D-glucopyranoside) and tiliroside (kaempferol-3-O-β-D-(6′′-O-p-coumaroyl)-

glucopyranoside) both efficiently scavenged DPPH radicals; however, tiliroside showed higher 

DPPH radical scavenging ability than astragalin. They explained the reason of this situation 

as follows; p-coumaroyl moiety in tiliroside enhanced the efficiency of the hydrogen atom 

transfer-based pathways. 
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Table 3: Antioxidant of compound 3 (trans-tiliroside)*. 

 
DPPH 
IC50 (mg/mL) 

Metal chelating 
(%, at 1 mg/mL) 

Compound (3) 0.726 ± 0.043a NA 

BHT 0.023 ± 0.001b NS 

EDTA NS 93.1 ± 0.2 

 *Values represent averages ± standard deviations for triplicate experiments. 
Values in the  same column with different superscripts (a and b) are significantly 
(p < 0.01) different. NA: not active at tested concentration, NS: not studied. 

 

 

Figure 2: DPPH radical scavenging activity of compound (3). 

 

CONCLUSION 

 

In this study, three flavonoids; isochamaejasmin, cis-tiliroside, and trans-tiliroside were isolated 

from Thymelaea microphylla. The structures of the compounds were determined on the basis of 

the HPLC-TOF/MS, 1D and 2D NMR spectroscopic analysis. This is the first report on the isolation 

and structure elucidation of isochamaejasmin compound from this plant. Also, in this study, 

trans-tiliroside compound isolated from T. microphylla was evaluated for its antioxidant activity 

and found as a potent radical scavenger. These results suggest that trans-tiliroside compound 

may be used as a natural antioxidant in cosmetic, food, and pharmaceutical industries.  
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Abstract: This article presents a simple and green method for the synthesis of 3,4-

dihydropyrano[c]chromenes, they have been obtained by the condensation of an aromatic 

aldehyde, malononitrile and 4-hydroxycoumarin in presence of phosphate fertilizers 

(Monoammonium phosphate MAP, Diammonium phosphate DAP and Triple superphosphate 

TSP) as heterogeneous catalysts and ethanol as an ecological solvent. This method has 

remarkable advantages, such as excellent catalytic performance of the catalysts used in 

the  ethanol and the facility of preparation of the desired products with high to excellent 

yields (>92%) in short reaction times varying from 30 to 45 min, the long-term durability 

and easy recovery of catalysts, constitute a good heterogeneous system. All these 

advantages added to the low cost of these catalysts and their ecological profile have 

allowed them to be an alternative to the other synthetic and toxic catalysts used previously. 
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INTRODUCTION 

 

Awareness of the harmful effects of certain practices used in chemical synthesis and the 

need to protect the environment was the reason why research in the chemical area was 

directed for developing some synthesis strategies that are environmentally friendly (1-2). 

Consequently, the main aim of chemists is to find the procedures of synthesis using 

different kinds of catalysts to reduce the cost and time of reaction with good yields of 

desired products (3). Indeed, the use of heterogeneous phosphate-based catalysts takes 

great importance in chemical synthesis due to their availability essentially in Morocco which 

is considered as the most known country in the production of natural phosphate (4-9). 

Other heterogeneous catalysts as hydroxyapatite (10-13) and fluoroapatite (14-16) are 

also used in organic synthesis. In particular our work is aimed to 3,4-

dihydropyrano[c]chromene synthesis, which gains a lot of attention due to their various 

biological activities (17-22), they are well known as spasmolytic, diuretic, anticoagulant, 

anti-cancer and anti-anaphylactic, they can also be used as cognitive enhancers, for the 

treatment of neurodegenerative diseases, including Alzheimer's disease, amyotrophic 

lateral sclerosis, Huntington's disease, Parkinson's disease, AIDS-associated dementia and 

Down syndrome as well as for the treatment of schizophrenia and myoclonus (23) . 

Following the importance and usefulness of dihydropyrano[c]chromene derivatives, 

numerous synthetic pathways have been described, including electrolysis (24) microwave 

and ultrasonic irradiation (25-26) by piperidine/pyridine in ethanol (27), 

H6P2W18O62 · 18H2O, tetrabutylammonium bromide, copper oxide nanoparticles, sodium 

dodecyl sulfate (SDS), trisodium citrate, selectfluor chloride triethylbenzylammonuim 

DABCO in aqueous media (28-35). Tetramethylguanidinium trifluoroacetate (TMGT) (36), 

rare earth perfluorooctanoates (37), Na2SeO4 (38), SiO2-Pr-SO3 (39), functionalized 

sulfonic acid silica (40), hexamethylenetetramine (41), Fe2O3 nanoparticles (42), the 

complexes of silica gel (43), Ru (II)(44), Urea (45), NH4VO3 (46), starch solution (47), 

grindstone chemistry (48), SBPPSP (49), MgO nanoparticle (50), ammonium acetate (51), 

4-(dimethylamino)pyridine (DMAP) (52). Some synthetic catalysts of phosphate have also 

been reported in the literature for 3,4-dihydropyrano[c]chromenes synthesis; one found 

the Disodium hydrogen phosphate (53) and DHAP which has been described once as a 

homogeneous catalyst in the presence of ethanol-water (54). The majority of these 

methods use the expensive or homogenous catalysts that present certain disadvantages 

such as deactivation of the catalyst, difficult work and toxic effluents, not forgetting in 

some cases the low yields of the desired product, the long reaction time, and the most of 

them are synthetic and they require special efforts in their preparation. For these reasons, 

the development of a new and mild method that overcomes the drawbacks of previous 

procedures. In this context, this is the first time that phosphate fertilizers (MAP, DAP and 
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TSP) are used directly as heterogeneous catalysts in their granule form for the synthesis 

of 3,4-dihydropyrano [c] chromene, in order to valorize one of the important natural 

resources in Morocco that is considered among the first countries producer of the natural 

phosphate. 

 

The present work is oriented in particular on the direct application of phosphate 

monoammonium phosphate (MAP), di-ammonium phosphate (DAP) and triple super 

phosphate (TSP) as heterogeneous catalysts that they are already used in some 

researchers developed in our laboratory focused on synthesis in organic chemistry (55). 

Thus, we projected to the synthesis of 3,4-dihydropyrano[c]chromene in the presence of 

these heterogeneous catalysts, It was shown that they could be easily recovered and 

reused, as a consequence they can be considered among the most efficient catalysts in 

organic synthesis from the multicomponent reactions (MCRs) (56-57). The novelty of this 

study is the use of new catalysts, available in large quantities and inexpensive because 

Morocco is considered as a leader in the phosphate production. For this reason, this work 

is focused on the valorization of the fertilizer phosphate in the catalytic area. It is well 

known as reported before that these catalysts led to the desired products with excellent 

yields in short reaction times. The contribution of this work in the development of Moroccan 

natural resources for participating to economize of the cost of manipulation and energy of 

the reaction as well as to the development of green chemistry. In addition, the besides one 

of the strong point of these catalysts is that they are used as a heterogeneous catalyst in 

their natural shape without further preparation. 

  

MATERIALS AND METHODS 

 

The chemicals used in this work were purchased from Sigma-Aldrich Chemical Companies. 

The known products were identified by comparison of their melting points and their spectral 

data with those reported in the literature. Monitoring of the evolution of the reactions was 

carried out by TLC on silica gel SILG / UV 254 plates. The melting points were taken on a 

hot Kofler and are not corrected. 1H NMR and 13C NMR spectra were recorded on a 300 

MHz Bruker spectrometer in DMSO-d6. 

 

General procedure for the synthesis of 3,4-dihydropyrano [c] chromene 

A mixture of malononitrile (1 mmol), aromatic aldehyde (1 mmol) and 4-hydroxycoumarin 

(1 mmol) in ethanol (1 mL), in the presence of 0.01 g of catalyst, was brought to reflux, 

the reaction was monitored by TLC. After completion of the reaction, the reaction mixture 

was cooled to room temperature, the solid thus formed was collected by filtration, washed 

with ethanol and purified by recrystallization from hot ethanol to give pure products 4a-
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4f. The product obtained was characterized on the basis of their melting points reported 

in Table 5 and spectroscopic data that are given below and their comparison with the ones 

given in the literature show a good agreement. 

 

2-Amino-4-phenyl-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-carbonitrile 4a:  

1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.91 (1H, d, Ar-H), 7.70 (1H, t, Ar-H), 7.49 

(1H, t, Ar-H), 7.45 (1H, d, Ar-H), 7.42 (2H, s, NH2), 7.35 -7.24 (5H, m, Ar-H), 4.45 (1H, 

s, CH). 13C NMR (75 MHz, DMSO-d6): δ 160, 158.46, 153.89, 152.61, 143.80, 133.38, 

128.99, 128.10, 127.59, 125.13, 122.94, 119.70, 117.03, 113.43, 104.48, 58.48. 

 

2-Amino-4-p-tolyl-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-carbonitrile 4b: 

 1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.91 (1H, d, Ar-H), 7.72 (1H, t, Ar-H), 7.50-

7.42 (2H, m, Ar-H), 7.38 (2H, s, NH2), 7.17-7.10 (4H, m, Ar-H), 4.40 (1H, s, CH), 2.26 

(3H, s, CH3). 13C NMR (75 MHz, DMSO-d6): δ 159.97, 158.41, 153.72, 152.57, 140.87, 

136.75, 133.32, 129.53, 127.99, 125.10, 122.91, 119.72, 117, 113.43, 104.61, 58.60, 

21.09. 

 

2-Amino-4-(4-diméthylaminophenyl)-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-

carbonitrile 4c: 1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.83 (1H, d, Ar-H), 7.72 (1H, t, 

ArH), 7.50 -7.42 (2H, m, Ar-H), 7.19 (2H, s, NH2), 7.08-6.65 (4H, m, Ar-H), 4.33 (1H, s, 

CH), 2.86 (6H, s, N (CH3)2). 13C NMR (75 MHz, DMSO-d6): δ 159.97, 158.44, 154.88, 

152.54, 134.04, 131.41, 128.63, 125.05, 122.89, 119.73, 116.96, 113.56, 105.22, 59.27.  

 

2-Amino-4-(4-nitrophenyl)-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-carbonitrile 4d: 

1H NMR (300 MHz, DMSO-d6, delta, ppm): 8.17 (1H, d, Ar-H), 7.91 (1H, d, Ar-H), 7.77 

(1H, t, Ar-H), 7.74 (1H, t, Ar-H), 7.57 (2H, s, NH2), 7.55-7.46 (4H, m, Ar-H), 4.68 (1H, s, 

CH).  13C NMR (75 MHz, DMSO-d6): δ 160.05, 158.52, 154.43, 152.75, 151.23, 147.09, 

133.66, 129.65, 125.23, 124.20, 123.06, 119.35, 117.11, 113.38, 103.28, 57.24. 

 

2-Amino-4-(4-bromophenyl)-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-carbonitrile 4e: 

1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.93(1H,d, ArH), 7.73 (1H, t, Ar-H), 7.68 (1H, 

t, Ar-H), 7.52-7.48 (3H, m, Ar-H), 7.45(2H,  s, NH2), 7.26 (2H, d, Ar-H), 4.48 (1H, s, CH). 

13C NMR (75 MHz, DMSO-d6): δ 159.95, 158.53, 154.07, 152.70, 143.17, 133.43, 131.82, 

130.42, 125.09, 123.02, 120.70, 119.39, 117, 113.43, 103.97, 58.22. 

 

2-Amino-4-(4-chlorophenyl)-4,5-dihydro-5-oxopyrano[3,2-c]chromene-3-carbonitrile 4f:  

1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.92 (1H, d, Ar-H), 7.71 (1H, t, Ar-H), 7.48 

(1H, t, Ar-H), 7.43 (1H, d, Ar-H), 7.40 (2H, s, NH2), 7.37-7.30 (4H, m, Ar-H), 4.50 (1H, 
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s, CH). 13C NMR (75 MHz, DMSO-d6): δ 159.94, 158.54, 154.05, 152.69, 142.73, 133.39, 

132.25, 130.05, 129.14, 125.06, 123, 119.40, 116.97, 113.43, 104.04, 58.31. 

 

RESULTS AND DISCUSSION 

 

In order to test the catalytic activity of the phosphate heterogeneous catalysts MAP, DAP, 

and TSP used herein, we have chosen the synthesis of 3,4-dihydropyrano[c]chromene, 

which is a condensation between an aromatic aldehyde, malononitrile, and 4-

hydroxycoumarin (MCR) (Scheme 1). 

 

Scheme 1. Synthesis of 3,4-dihydropyrano[c]chromene. 

Table 1. Catalytic Test for the Synthesis of the 3,4-Dihydropyran[c]Chromenea. 

Entry Catalyst 
Amount of 

catalyst (g) 
Time Yield (%)b 

1 

2 

3 

- 

MAP 

DAP 

0 

0.01 

0.01 

24 h 

30 min 

45 min 

25 

86 

82 

4 TSP 0.01 35 min 82 

aReaction conditions: Benzaldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 

mmol), EtOH (3 mL), 0.01 g of MAP, DAP and TSP, Reflux. 

bIsolated yield. 

 

First, the reaction was tested in the absence of the catalyst, when the experiment had 

started no product was observed, but after prolonged reaction time (24 h), the desired 

product was obtained with a yield of 25%, while the reaction in the presence of the 

catalysts MAP, DAP and TSP improve the reactivity and provide products with reasonable 

yields which were respectively 86, 82 and 82%. The reaction times are short as 30 min for 

the MAP, 45 min for the DAP and 35 min for the TSP. These results confirm that the used 

catalysts possess catalytic activity efficient for the synthesis of the 3,4-

dihydropyrano[c]chromene (Table 1). 

 

In order to optimize the reaction conditions of the 3,4-dihydropyrano[c]chromene 

synthesis catalyzed by MAP, DAP, and TSP, it seems interesting for us to examine the effect 
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of different parameters namely the of the reaction time, the amount of catalyst as well as 

the nature and volume of the solvent. 

 

We have opted to examine the influence of the reaction time which is the fundamental 

parameter providing a straight effect on of the reaction yield. The yield of the desired 

product 4a was determined in function of the reaction time that was varied by a step of 5 

min starting from 30, 45 and 35 min, respectively for the MAP, DAP and TSP catalysts, 

these times are those obtained under the same conditions described previously ((a) given 

after Table 1). The results of this study are presented in Figure 1. 

 

 

Figure 1. Time reaction optimization of the synthesis of 3,4-dihydropyran[c]chromene. 

 

Figure 1 shows that the yield increases when the reaction time increases until the platform 

where the yield remains constant in function of time, indeed the yield of synthesis product 

reaches 86% after 30 min for the MAP. Whereas, both DAP and TSP catalysts give the 

same yield by 82% with 45 and 35 min as reaction times respectively. 

 

After having optimized the reaction time, we consider useful to study the amount effect of 

the catalysts MAP, DAP and TSP used herein. For that, the amount of each catalyst has 

been varied from 0.002 g to 0.01 g. The obtained yields are collected in Table 2. 
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Table 2. The catalysts mass optimization for the synthesis of 3,4-dihydropyrano[c] 

chromenea. 

 
Entry 

Amount of 
catalyst 

(g) 

Time (min) Yield (%)b 

MAP DAP TSP MAP DAP TSP 

1 0.002 30 45 35 80 86 87 

2 0.004 30 45 35 85 90 92 

3 0.006 30 45 35 93 87 88 

4 
5 

0.008 
0.01 

30 
30 

45 
45 

35 
35 

89 
86 

83 
82 

85 
82 

aReaction conditions: benzaldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol), 

EtOH (3 mL), (xg) mass of MAP, DAP and TSP, Reflux. 

 bIsolated yield. 

 

From the table above, it is noticeable that the amount of 0.006 g for the MAP and 0.004 g 

for both DAP and TSP catalysts are sufficient to provide excellent yields in case of the 

reaction leading to product 4a. The obtained yields are 93, 90 and 92% for MAP, DAP and 

TSP, respectively. Beyond these amounts, the observation of a remarkable decrease in 

yields, parallel to the increase in the quantity of the catalyst, is justified by the dispersive 

effect of the reagent on the surface of the catalysts.  

 

The influence of the solvent nature on the catalytic activity of MAP, DAP, and TSP was 

studied in case of the model reaction while maintaining the same optimized parameters, 

namely reaction time and catalyst amount, described previously. For this, solvents of 

different nature, protic polar (EtOH, MeOH), aprotic (CH3CN, THF), as well as solvents of 

apolar nature (toluene, dioxane), were used, the reaction was also performed in absence 

of the solvent. Table 3 summarizes all the results obtained in this study. 

 

Table 3. Reaction yield of the synthesis of 3,4-dihydropyrano[c]chromene a in presence 

of a different kind of solvent. 

a Reaction conditions: Benzaldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 

mmol), (3 mL) of solvent, 0.006 g of MAP, 0.004 g of DAP and TSP, Reflux. 

 bIsolated yield. 

 

The results given in Table 3 show that the reaction is clearly favored in protic polar solvents 

and more specifically in ethanol, this is available for the model reaction where the MAP, 

 
Entry 

 
Solvent 

Time (min) Yield (%)b 

MAP DAP TSP MAP DAP TSP 

1 Solvent-free 30 45 35 78 74 74 

2 EtOH 30 45 35 93 90 92 
3 MeOH 30 45 35 75 77 83 

4 CH3CN 30 45 35 74 77 79 
5 THF 30 45 35 61 75 80 

6 Dioxane 30 45 35 63 60 77 

7 Toluene 30 45 35 59 55 70 
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DAP, and TSP catalysts were applied, the product 4a is obtained with yields which are 93, 

90 and 92% respectively. However, in the case of methanol it is noted that it allows 

obtaining the product with a lower yield than ethanol even though its dielectric constant is 

greater compared to the ethanol one, which may be explained by the fact that the methanol 

is more acidic than the ethanol, thus the O-H bond is more polar in methanol than in 

ethanol.  Therefore, the methanol tends to liberate the proton more easily, unlike to the 

ethanol which just allows the polarization of the reagents leading to the formation of the 

desired product 4a with a good yield. Moreover, the appropriate solvent for each organic 

synthesis depends on the nature of the reaction mixture. Therefore, the use of ethanol as 

a solvent facilitates the formation and the separation of the charges on the active sites of 

the reagents, indeed this process is caused by the electrostatic interaction involved 

between the atomic charge on the atom forming polar bond of the solvent with the active 

atomic center which possesses the opposite sign of charge, in the reagent, this interaction 

makes easy the formation of the final product 4a. 

 

As regards on the aprotic polar solvents (CH3CN, THF) and nonpolar (toluene, dioxane), 

used in this part of our study, one can notice that the yield obtained in presence of each 

solvent is lower than that obtained in ethanol. One can deduce that the ethanol is the 

appropriate solvent allowing to obtain the desired product with excellent yields. 

The volume of the solvent can also be a determining factor that can influence the yield of 

the 3,4-dihydropyrano[c]chromene synthesis, for this reason, it would be interesting to 

study the volume effect that was carried out by taking into account of the optimized 

parameters obtained previously, for this, the volume of ethanol was decreased from 3 to 

1 ml, and Table 4 summarizes the obtained results. 

 

Table 4. Optimization of the ethanol volume on the synthesis of 3,4-

dihydropyrano[c]chromene a. 

a Reaction conditions: benzaldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarine (1 

mmol), (x mL) of EtOH, 0.006 g of MAP, 0.004 g of DAP and TSP, reflux. 

 bIsolated yield. 

 

From Table 4, it can be shown that 1 mL of ethanol appears to be the sufficient volume to 

achieve a yield of 95, 92 and 93% for the model reaction catalyzed by the MAP, DAP and 

Entry 
Volume of 

ethanol 

Time (min) Yield (%)b 

MAP DAP TSP MAP DAP TSP 

1 Solvent-free 30 45 35 78 74 74 

2 1mL 30 45 35 95 92 93 

3 2mL 30 45 35 94 91 93 

4 3mL 30 45 35 93 90 92 



Chehab et al. JOTCSA. 2018; 5(2): 355-370.   RESEARCH ARTICLE 

363 
 

TSP respectively, whereas beyond 1 mL a decrease in yield has been observed, this is due 

the dispersion phenomenon of the reagents on the catalyst surface.  

 

One of the most important factors that determine the efficiency of the catalytic activity of 

the catalyst is its ability to be reused for several times and its reliability to give a good 

reaction yield for each reuse, this allows to ensure sustainable chemistry. In this context 

the recovery and study of the reuse of MAP, DAP and TSP catalysts were carried out under 

the optimum reaction conditions already determined, the catalysts recovered by simple 

filtration and reused in a second reaction involving the same reagents and under the same 

operating conditions. This operation was repeated for four times, Figure 2 presents the 

results obtained. 

 

 

Figure 2. Reusability of the MAP, DAP, and TSP catalysts in case of the synthesis of 3,4-

dihydropyrano [c] chromene. 

 

The results clearly show that MAP, DAP and TSP catalysts can be reused several times 

without significant loss of their catalytic activities even after 4 cycles of application. After 

optimization of the reactional conditions for the synthesis of a product (4a 3,4-

dihydropyrano[c]chromene), a generalization study of the reaction was carried out in order 

to synthesize other derivatives belonging to the same family of 3,4-dihydropyrano [c] 

chromene. These derivatives have been synthesized from various aromatic aldehydes, 

malononitrile and 4-hydroxycoumarin under the optimum operating conditions already 

determined, the obtained yields are given in Table 5. 
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Scheme 2. Synthesis of 3,4-dihydropyrano[c]chromene derivatives. 

 

Table 5. Reaction times and yields of the synthesis reactions of 3,4-dihydropyrano[c] 

chromenea 

aReaction conditions: aromatic aldehyde (1 mmol), malononitrile (1 mmol), 4- hydroxycoumarin (1 

mmol), (1 mL) ethanol, 0.006 g of MAP, 0.004 g of DAP and TSP, reflux. 

 bIsolated yield. 

 

The yields of desired products presented in Table 5 remains better regardless of the nature 

of the group, used as a substituent on the aromatic aldehyde, that is electron attractor in 

case of NO2 or electron donor in cases of CH3, N(CH3)2, Br and Cl groups. The best-obtained 

yield is 98% for the entry 4d when the MAP catalyst is used while it is by 92% for entry 

4a using DAP catalyst and it is 94% for entry 4c using TSP as a catalyst.  Whereas the 

reaction times vary between 15 min and 45 min for the six synthesis reactions in presence 

of MAP, DAP and TSP catalysts used in this study. 

 

To understand the interaction involved, between the catalyst and the reagents as well as 

between the solvent and the reagents, during the reaction process, the following 

mechanism is proposed to describe the condensation of an aromatic aldehyde, 

malononitrile and 4-hydroxycoumarin, using MAP catalyst and EtOH as solvent, for the 

synthesis of 2,3-dihydroquinazolin-4 (1H)-One (Scheme 3). 

Entry R 
Time (min) Yield (%)b Mp (°C) 

MAP DAP TSP MAP DAP TSP Found Reported 

4a H 30 45 35 95 92 93 256-258 256-258(58) 

4b CH3 30 30 35 88 80 81 251-253 250-252 (32) 

4c (CH3)N 45 45 45 97 87 94 >260 266-268 (32) 

4d NO2 15 15 15 98 85 84 258-260 258-260(58) 

4e Br 15 15 15 84 83 87 248-250 247-249 (58) 

4f Cl 15 15 15 77 79 85 256-258 258-260 (32)  
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Scheme 3.  A plausible mechanism (catalyst and solvent) for the formation of 3,4-

Dihydropyrano[c]Chromene. 

 

Scheme 3 shows the proposed mechanism for the synthesis of 3,4 Dihydropyrano [c] 

chromene, firstly the condensation of knoevenagal between benzaldehyde 1 and 

malononitrile 2 in the presence of MAP (proposed as an ampholyte catalyst, in this 

mechanism plays the role of a base), which removes the proton from the malononitrile, 

and the ethanol which allows activation of the carbonyl group, followed by dehydration to 

produce the 2-benzylidenemalononitrile 3, And  then, the nucleophilic addition of 4- 

hydroxycoumarin at intermediate 3, followed by intramolecular cyclization 4 and 

tautomerization for formation of corresponding product 6. 

 

In order to conclude about the effectiveness of MAP, DAP and TSP catalysts used herein, 

Table 6 collect the results of this work and some data from the literature concerning the 

same synthesis reaction and using another type of catalysts. 
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Table 6. Comparative table of the reaction conditions for the synthesis of 3, 4-

dihydropyrano[c]chromene 

 
Entry 

 
Catalyst Catalyst amount Solvent T (°C) time 

Yield 
(%) 

Ref 

1 Al2O3 10 mol% Ethanol Reflux 2 h 71 (39) 
2 SDS 20 mol% Water Reflux 2.5 h 88 (32) 
3 RuBr2(PPh3)4 5 mol% Water Reflux 60 min Trace (44) 

4 RuBr2(PPh3)4 5 mol% Ethanol Reflux 45 min 45 (44) 
5 Silica gel 300 wt% Ethanol 25 4 h 95 (43) 
6 TEBA 0.15 g Water Reflux 10 h 96 (35) 
7 DBSA 25 mol% Water 90 4 h 90 (59) 
8 Na2HPO4 10 mol% H2O:EtOH Reflux 10 min 93 (53) 
9 Piperidine 10 mol% Ethanol 25 30 min 90 (60) 

10 OBS 50 mol% Solvent-free 120 50 min 85 (61) 

11 NH4OAc 15 mol% Ethanol Reflux 3 min 94 (51) 

12 EDTA-4Na 2mol% H2O:EtOH 50 20 min 91 (62) 
13 SBS 10 mol% H2O:EtOH Reflux 23 min 89 (63) 
14 MAP 0.006 g/ 2.5 mol% Ethanol Reflux 30 min 95 this work 
15 DAP 0.004 g/ 3.1 mol% Ethanol Reflux 45 min 92 this work 
16 TSP 0.004 g/1.7 mol% Ethanol Reflux 35 min 93 this work 

 

Recently several works have been developed concerning the use of different kinds of 

catalyst for the synthesis studied herein. From the table 6, it can be seen that the catalysts 

MAP, DAP and TSP show interesting catalytic activities for the 3,4-

dihydropyrano[c]chromene synthesis, they lead high yields of the desired products in short 

reaction times even with smaller amounts of the catalyst compared to the that given in the 

literature. Nevertheless, some of these catalysts have a shorter reaction time and good 

yields compared to the results obtained in this work but have certain drawbacks as NH4OAc 

which is a homogeneous catalyst, piperidine which is a corrosive product and EDTA-4Na is 

a synthetic catalyst. To sum up, the catalysts used herein present several advantages, 

they resent interesting catalytic activities and they can be reused for at least 4 times. 

 

CONCLUSION 

 

To sum up, six 3, 4-dihydropyrano[c]chromenes have been successfully synthesized, using 

MAP, DAP and TSP phosphate fertilizers as heterogeneous catalysts which are available, 

inexpensive, non-toxic, and recyclable. The reactional conditions optimized in this work, 

namely, reaction time, catalyst amount, solvent nature and its volume, show that method 

has been characterized by simplicity of operation by reducing the cost of handling for 

organic synthesis, soft working conditions, short reaction times, excellent yields, and 

respect to the environment.  
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Abstract: The aim of this research is to synthesize and characterize new members of cyclic 

aminobenzoquinones. Mono amino substituted products, namely 2-chloro-5,6-dimethyl-3-

(pyrrolidin-1-yl)-1,4-benzoquinone (2), 2-chloro-5,6-dimethyl-3-(piperidin-1-yl)-1,4-

benzoquinone (3), 2-chloro-5,6-dimethyl-3-morpholino-1,4-benzoquinone (4), and 2-chloro-5,6-

dimethyl-3-thiomorpholino-1,4-benzoquinone (5) have been synthesized by the nucleophilic 

substitution reactions between 2,3-dichloro-5,6-dimethyl-1,4-benzoquinone (1) and cyclic 

secondary amines with a green methodology using water as solvent. Structure determination of the 

new products (2-5) was established on the basis of FTIR, 1H NMR, 13C NMR, and mass spectrometry. 
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INTRODUCTION 

 

Compounds containing quinone core exist widely in nature (plants, microorganisms, animals, etc.) 

and have been utilized by mankind during many years (1, 2). These structures could be either 

isolated from natural products or synthesized in the laboratories by applying various experimental 

methods (3-8). Plenty of molecules which belong to quinone family are particularly biologically 

active compounds and possess antitumor, cytotoxic, anticancer, antimalarial, and antifungal 

properties (9-13). These type of compounds can also find potential application as the electron-

deficient compounds in heterocyclic synthesis, a generator of reactive oxygen species in 

photodynamic therapies, the organic electrode materials in lithium-ion batteries, a chemosensor in 

metal detection analyses, and the quinone oligomers in the field of DNA sensors (2, 14-21). 

 

The reactions of quinones with a variety of amines give aminoquinone compounds (22-24). 

Particularly, aminoquinone structures draw interest in the literature because of the similar biological 

characteristics to quinone moieties (5, 23, 25-36). Although they have numerous beneficial 

biological activities, quinone structures including pharmacophore groups could sometimes cause 

possible toxic effects in in vivo implementations. However, Zakharova et al. have investigated also 

the cytotoxicity of new polyfluorinated 1,4-naphthoquinones and indicated that a number of 

synthesized structures exhibited a substantial cytotoxic effect against cancer cells compared to 

normal mammalian cells (36). Moreover, Khodade et al. have suggested that there is a good 

correlation between reactive oxygen species production of 2-aryl-3-amino-1,4-naphthoquinones 

and their DNA damage inducing ability (37). Besides that, Sharma et al. showed a new synthesis of 

2-aryl-3-amino-1,4-naphthoquinones by using an eco-friendly, non-toxic, efficient, inexpensive, 

and reusable HClO4-SiO2 heterogeneous catalyst which is applied to different organic reactions (29). 

In a study reported by Verma et al. in 2015, some metal complexes of 2-chloro-3-amino-1,4-

naphthoquinone derivatives with Mn, Co, Ni, Cu, and Zn metals were synthesized and characterized. 

The complex compounds exhibited a promising antimicrobial activity and fluorescence emission 

behavior and they were also found as electro active compounds (35). Nitrogen and sulfur containing 

quinones known also sulfanyl aminoquinones in the literature are of great importance in drug 

exploration researches due to their bioactive properties (13, 38-43). Recently, new sulfanyl and 

arylamine substituted 1,4-naphthoquinones have been synthesized and characterized (44, 45). 

 

Encouraged by the previous studies and taking into account the well-documented quinone chemistry 

associated with the 1,4-benzoquinone pharmacophoric unit, it was attempted to synthesize several 

new cyclic aminobenzoquinone compounds. Thus, as a part of our research, aiming at the discovery 

of novel biologically active molecules based on 1,4-benzoquinone moiety, we have recently reported 
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the synthesis and characterization of cyclic aminobenzoquinones which contain a heterocyclic 

fragment as a key structural element.  

 

MATERIALS AND METHODS 

 

All reagents used were purchased from the various commercial supplier. Reactions were monitored 

by TLC performed on silica gel plate purchased from Merck KGaA (silica gel 60 F254) based on Merck 

DC-plates (aluminum-based) and visualization was achieved by UV light (254 nm). Column 

chromatography was performed with silica gel 60 (Merck, 63–200 𝜇m particle size, 60–230 mesh). 

1H NMR and 13C NMR spectra (VarianUNITY INOVA spectrometers 500 MHz frequency for 1H and 

125 MHz frequency for 13C NMR) and Fourier transform infrared (FT‐IR) spectra as ATR (Thermo 

Scientific Nicolet 6700 spectrometer) were used to elucidate the structures of the products. 

Chemical shifts are expressed in parts per million (𝛿 in ppm) and coupling constants are expressed 

in Hz. 1H NMR spectroscopic data are used as follows: s (singlet), d (doublet), t (triplet), q (quartet), 

and m (multiplet). Mass spectra were recorded with either a Thermo Finnigan LCQ Advantage MAX 

MS/MS spectrometer equipped with ESI (electrospray ionization) sources or a BRUKER Microflex LT 

by MALDI (Matrix Assisted Laser Desorption Ionization)-TOF (Time of Flight) technique via addition 

of 1,8,9-anthracenetriol (DIT, dithranol) as matrix. The 2,3-dichloro-5,6-dimethyl-1,4-

benzoquinone (1) was prepared according to the literature reported previously and the reference 

cited therein (46). 

 

General Procedure for Synthesis of the Cyclic Aminobenzoquinone Derivatives (2-5) 

The mixture of 2,3-dichloro-5,6-dimethyl-1,4-benzoquinone (1, 0.5 mmol) in water (10 mL) and 

cyclic secondary amines (1.1 mmol) was stirred at 50-60 oC for 6 to 18 h as stated in the literature 

(42). The resulting solution was extracted with 100 mL chloroform, and then was washed with water 

(4 x 25 mL) and dried over calcium chloride. The solvent was removed in vacuo. The residue was 

subjected to column chromatography on silica gel using suitable solvents to give the products (2-

5). 

 

2-Chloro-5,6-dimethyl-3-(pyrrolidin-1-yl)-1,4-benzoquinone (2). Following general procedure by 

applying pyrrolidine (0.076 g, 1.07 mmol), the crude residue was purified by column 

chromatography to furnish 2 as purple oil. Yield: 71%. FTIR (ATR) υ (cm-1): 2919, 2850 (CHaliphatic), 

1661 (>C=O). 1H NMR (CDCl3) δ (ppm): 1.80-1.82 (m, 4H, H10 and H10’), 1.89 (dd, J = 1.13 and 

2.33 Hz, 3H, H8), 1.99 (dd, J = 1.17 and 2.37 Hz, 3H, H7), 3.78-3.81 (m, 4H, H9 and H9’). 13C 

NMR (CDCl3) δ (ppm): 11.4, 12.2 (C7 and C8), 24.7 (C10 and C10’), 52.7 (C9 and C9’), 107.6, 

135.8, 140.8, 146.0 (C2, C3, C5, and C6), 178.2, 184.2 (C1 and C4). MS (+ESI) m/z (%): 240 (27, 

[M+H]+), 238 (10, [M-H]+). Calcd. for C12H14ClNO2 (239.70). 
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2-Chloro-5,6-dimethyl-3-(piperidin-1-yl)-1,4-benzoquinone (3). Following general procedure by 

applying piperidine (0.091 g, 1.07 mmol), the crude residue was purified by column chromatography 

to furnish 3 as purple oil. Yield: 57%. FTIR (ATR) υ (cm-1): 2934, 2853 (CHaliphatic), 1657 (>C=O). 

1H NMR (CDCl3) δ (ppm): 1.60-1.64 (m, 6H, H10, H10’, and H11), 1.92 (m, 3H, H8), 1.98 (m, 3H, 

H7), 3.33-3.35 (m, 4H, H9 and H9’). 13C NMR (CDCl3) δ (ppm): 11.6, 12.1 (C7 and C8), 23.1, 25.8 

(C10, C10’, and C11), 51.6 (C9 and C9’), 117.6, 137.5, 140.2, 147.9 (C2, C3, C5, and C6), 179.1, 

183.1 (C1 and C4). MS (MALDI TOF) m/z: 252 [M-H]+. Calcd. for C13H16ClNO2 (253.72). 

 

2-Chloro-5,6-dimethyl-3-morpholino-1,4-benzoquinone (4). Following general procedure by 

applying morpholine (0.093 g, 1.07 mmol), the crude residue was purified by column 

chromatography to furnish 4 as dark red oil. Yield: 29%. FTIR (ATR) υ (cm-1): 2966, 2916, 2854 

(CHaliphatic), 1656 (>C=O). 1H NMR (CDCl3) δ (ppm): 1.93 (dd, J = 1.11 and 2.31 Hz, 3H, H8), 1.99 

(dd, J = 1.10 and 2.30 Hz, 3H, H7), 3.43 (t, J = 4.40 Hz, 4H, H9 and H9’), 3.57 (t, J = 4.39 Hz, 

4H, H10 and H10’). 13C NMR (CDCl3) δ (ppm): 11.5, 12.1 (C7 and C8), 50.5 (C9 and C9’), 66.5 

(C10 and C10’), 118.8, 137.8, 140.3, 146.7 (C2, C3, C5, and C6), 179.1, 182.8 (C1 and C4). MS 

(MALDI TOF) m/z: 256 [M+H]+. Calcd. for C12H14ClNO3 (255.70). 

 

2-Chloro-5,6-dimethyl-3-thiomorpholino-1,4-benzoquinone (5). Following general procedure by 

applying thiomorpholine (0.110 g, 1.07 mmol), the crude residue was purified by column 

chromatography to furnish 5 as a dark red oil. Yield: 61%. FTIR (ATR) υ (cm-1): 2957, 2910, 2846 

(CHaliphatic), 1654 (>C=O). 1H NMR (CDCl3) δ (ppm): 1.93 (s, 3H, H8), 1.98 (s, 3H, H7), 2.68-2.70 

(m, 4H, H10 and H10’), 3.57 (t, J = 4.88 Hz, 4H, H9 and H9’). 13C NMR (CDCl3) δ (ppm): 11.6, 12.1 

(C7 and C8), 27.2 (C10 and C10’), 52.5 (C9 and C9’), 120.6, 138.0, 140.1, 147.9 (C2, C3, C5, and 

C6), 179.2, 182.9 (C1 and C4). MS (+ESI) m/z (%): 273 (13, [M+2H]+), 272 (100, [M+H]+). Calcd. 

for C12H14ClNO2S (271.76). 

 

RESULTS AND DISCUSSION 

 

It is well known the reactions of 1,4-quinones containing chlorine atoms with amine, sulfur, or 

oxygen nucleophiles proceed by nucleophilic substitution. Herein, when 2,3-dichloro-5,6-dimethyl-

1,4-benzoquinone (1) was stirred with different cyclic secondary amines (pyrrolidine, piperidine, 

morpholine, and thiomorpholine) according to the literature (42) at 50-60 oC in the absence of a 

base using water as solvent, mono substituted products; 2-chloro-5,6-dimethyl-3-(pyrrolidin-1-yl)-

1,4-benzoquinone (2), 2-chloro-5,6-dimethyl-3-(piperidin-1-yl)-1,4-benzoquinone (3), 2-chloro-

5,6-dimethyl-3-morpholino-1,4-benzoquinone (4), and 2-chloro-5,6-dimethyl-3-thiomorpholino-



Tuyun and Yıldız. JOTCSA. 2018;5(2) 371-380.  RESEARCH ARTICLE 

375 
 

1,4-benzoquinone (5) were obtained in 29-71% yield, respectively. The newly synthesized products 

(2-5) were characterized on the basis of FTIR, 1H NMR, 13C NMR, and mass spectrometry. 

 

Scheme 1. Synthesis of cyclic aminobenzoquinones (2-5) from the reactions of 2,3-dichloro-5,6-

dimethyl-1,4-benzoquinone (1) with different cyclic secondary amines. 

 

The FT-IR spectra of aminobenzoquinones (2-5) have showed characteristic carbonyl (>C=O) band 

at around 1650 cm−1. The 1H NMR spectra of aminobenzoquinone (5) exhibited two singlets at 1.93 

and 1.98 ppm for the aliphatic methyl groups attached to the quinone moiety. On the other hand, 

aliphatic methyl protonds in aminobenzoquinones (2 and 4) have resonated in doublet of doublets 

at around 1.90 and 1.99 ppm because of the interaction of the protons in the methyl groups. In the 

1H NMR spectra of 4, protons of methylene group which are adjacent to the oxygen atom have 

appeared as triplet at 3.57 ppm while protons of methylene group which are adjacent to the nitrogen 

atom have appeared as triplet at 3.43 ppm. In the 1H NMR spectra of 5, protons of methylene group 
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next to the sulfur atom have appeared as multiplet at between 2.68-2.70 ppm while protons in 

methylene group which are adjacent to the nitrogen atom have appeared as triplet at 3.57 ppm. In 

the 13C NMR spectra of all compounds, the presence of methyl carbons could be seen as two peaks 

at around 11 and 12 ppm. In the 13C NMR spectra of all the cyclic aminobenzoquinones (2-5), there 

are signals corresponding to the >C=O carbons at around 178 and 182 ppm as two peaks. In the 

mass spectrum of compounds (2-5), the accurate mass measurements of the molecular ion peaks 

were noticed at m/z 240 [M+H]+, 252 [M-H]+, 256 [M+H]+, and 272 [M+H]+, respectively. 

 

CONCLUSION  

 

In conclusion, the present study describes the synthesis and characterization of new cyclic 

aminobenzoquinones (2-5) by a green methodology using water as solvent according to the 

literature reported previously by Tandon (42). The conditions are mild and good yields are obtained 

in the absence of any additives. We believe that these new cyclic aminobenzoquinone compounds 

(2-5) could be biologically important because of the fact that the compounds containing quinone 

skeleton with heteroatoms usually have anticancer and antimicrobial activities. Since the 

multifaceted biologically character of the quinone moiety provides significant potential in medicinal 

chemistry, further extension of our research is now ongoing in our laboratory. 
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Abstract: The present study describes the use of pencil graphite electrode (PGE) so as to 

investigate the electro-oxidation mechanism and voltammetric stripping determination of 

dasatinib (DST) in Britton-Robinson buffer solution (BR). Relating to cyclic voltammetric studies, 

an irreversible oxidation signal was obtained at about 1.0 V. The oxidation electrode process is 

adsorption-controlled and pH-dependent. For quantitative determination of DST, square wave 

adsorptive stripping voltammetry (AdsSWV) was employed in BR of pH 3.0. The oxidation signal 

varies linearly with the DST concentration in the range of 0.0092 – 1.0 µM. Detection and 

quantification (LOD and LOQ) values are founded as 0.0028 µM and 0.0092 µM, respectively. The 

developed AdsSWV method based on disposible and cheap PGE was applied successfully to the 

real human urine samples and the recovery results are given in the range of 97.94% to 100.82%.  
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INTRODUCTION 

 

Dasatinib (DST), N-(2-chloro-6-methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-

methyl-4-pyrimidinyl]amino]-5-thiazole, inset in Fig. 1, is a multiple target tyrosine kinase 

inhibitor, forceful against the proliferation of cells expressing mutant kinases. DST is synthesized 

from a 2-aminothiazole that is taken in consideration the atypical Src family kinase inhibitor 

template (1). DST is displayed for the treatment of different myeloid leukaemia types (2-5). Also, 

DST used for treatment of nonHodgkin’s lymphoma, prostate cancer and metastatic breast cancer. 

 

Up to now, there are a few methods described for the determination of DST only including 

chromatography (6-10), spectroscopy (11,12) and voltammetry (16,17). However, 

chromatographic and spectroscopic methods have some disadvantages like that they are time-

consuming procedures, using expensive equipment and sample pre-treatments. In this context, 

electroanalytical methods are very good alternatives and more in particular, stripping techniques 

provide immense properties for determination of metal ions and some organic substances with 

excellent detection limits (13,14). Also, voltammetric techniques are relatively of low cost, 

sensitive and selective. Due to these advantages, voltammetric techniques has been used widely 

in the investigation of redox reactions and analysis of organic and inorganic substances using 

various electrodes. Nowadays carbon-based electrodes are available for electroanalytical 

applications by the reason of their lower background current, extensive potential window, low 

price, and inertness. In particular, pencil graphite electrode has been used as working electrode 

because of high electrochemical reactivity, low cost and ease of modification, ease of 

miniaturization, no need to time consuming processes (15).  

 

There are few studies on the voltammetric analysis of DST. Jesus et al. and Karimi-Maleh et al. 

reported that DST was electrochemically analyzed at glassy carbon electrode and modified carbon 

paste electrode by square wave voltammetry. The values of LOD were found to be 0.13 and 1.0 

µM in the other works (16, 17). However, a survey of literature reveals that not much work has 

been performed on electrochemical oxidation mechanism and adsorptive stripping voltammetric 

analysis of DST in the low limit of detection at the disposable pencil graphite electrode. 

 

Thus, the goal of current study was to investigate the voltammetric oxidation mechanism of 

dasatinib by using disposable pencil graphite electrode and to develop a new sensitive 

voltammetric stripping method for the rapid, cheap and sensitive analysis in human urine 

samples. 
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EXPERIMENTAL 

 

Chemicals and Apparatus 

Standard DST powder was taken from Nobel© and all other solvents purchased from Sigma 

Company 1.0 mM stock solution of DST was prapared by dissolving a known amount of DST in a 

mixture of 40% DMSO and 60% double distilled water and kept in the fridge at +4 °C until assay. 

0.02 M Britton- Robinson buffer solution was used as supporting electrolyte and 0.1 M NaOH 

solution was used to adjust the pH of medium. 

 

Cyclic voltammetric (CV), square wave adsorptive stripping voltammetric (AdsSWV) and 

Electrochemical Empedance Spectroscopic (EIS) measurements were carried out on a CHI 760B 

(USA) Workstation with BAS C3 cell stand. A traditional three electrode system was used and 

pencil graphite electrode (PGE) was used as working electrode, Ag/AgCl (in 3.0 mol L-1 NaCl, BAS 

MW-1032) was used as reference and platinum wire was used as an auxiliary electrode (BAS MF-

2052). A pencil lead with 0.5 mm diameter (2B) and 60 mm a total length (Tombow, Japan). A 

pencil of Rotring from Germany was used as a holder for the pencil lead and all of them were 

taken from a local bookstore. Electrical contact was provided by wrapping a metalic wire to the 

metallic part of the holder. 12 mm of lead was measured with a ruler and then immersed into the 

solution before each measurement. pH measurements were carried out with a HANNA 

Instruments HI2211 pH/ORP meter.  

 

Analytical procedure 

All electrochemical measurements (CV, AdsSWV, EIS) were made in a 10 mL-voltammetric cell. A 

known volume of stock solution was mixed with the required volume of BR buffer with the 

determined pH. Before all measurements, the solution inside the cell was purged with ultra-pure 

nitrogen (99.99 %) for a period of 60 s to expel the dissolved oxygen. The voltammograms were 

recorded after a 2- second quiet time, in the potential range, (+0.4) (+1.40) V. 

 

Calibration solutions 

By using the stock 1.0 mM DST solution, calibration solutions at the concentrations of 0.010, 

0.050, 0.10, 0.30, 0.50, 0.80, and 1.0 M were prepared in the volumetric cell, then the current 

of each solution were measured by AdsSWV method. 

 

The calibration of the pH electrode were done by commercial buffer solutions at the pH values of 

4.0, 7.0, and 10. Double-distilled water was supplied from a Human Power I+, Ultra-Pure Water 

System. All measurements were performed at room temperature. 
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Biological sample preparation 

Human urine samples were taken from healthy volunteers. As soon as the urine sample was 

taken, calculated amount of supporting electrolyte was mixed with 20 L of urine in the 

voltammetric cell.  To this mixture, a sufficient volume of DST stock solution was added to make 

the final volume exactly to 10.0 mL.  

 

RESULT and DISCUSSION 

 

Electrochemical behavior of DST on PGE 

Electrochemical redox behavior, adsorption, and diffusion properties of DST on PGE were studied 

by using CV. As can be understood in Figure 1, DST has one irreversible oxidation peak at about 

1.0 V at pH 3.0 (vs. Ag/AgCl) and there is no reduction peak on the reverse scan. Also, there is no 

oxidation or reduction signal when only BR solution was scanned under the same circumstances. 

 

 

Figure 1. Cyclic voltammograms of blank BR and 0.1 mM DST on PGE (BR buffer solution, pH: 

3.0) inset: Chemical structure of DST, scan rate:0.1Vs-1. 

 

Influence of pH 

The pH dependence of DST’s peak potential and peak current was examined by using CV in BR 

buffer solution at different pH values (2.0-6.0; with pH increment of 1.0). The oxidation peak was 

seen in the pH interval of 2.0 to 6.0 then at pH values of ≥7.0, the peak was disappeared. As can 
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be understood in Fig. 2, the relevant peak was reached maximum current value at pH 3.0. 

Thereby, pH 3.0 was chosen as optimum pH for analysis of DST.  

 

 

Figure 2. Cyclic voltammograms of 0.1 mM DST on different pH values in BR buffer solution. 

Inset a. pH-ip graph, inset b. pH-Ep graph of DST (scan rate:0.1 Vs-1). 

 

The peak potential of DST moves more negative potential values with increasing pHs (Fig. 2b). 

This behavior indicates that, the oxidation mechanism of DST includes proton transfer as well as 

electron transfer. The peak potential of the linear relation relates (Ep) to the pH value:  

 

Ep = -0.0511pH + 1.1905 (R2=0.9232). 

 

Slope of this equation (0.0511 V/pH) ) is nearly the same with the theoretical value of 0.059 V/pH 

and this result shows that, in the electrode reaction mechanism, transferred electron and proton 

numbers are equal (18). 
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Influence of scan rate 

The voltammograms obtained by using CV were recorded at various scan rates to see the 

differences in the peak potential and current in 0.02 M BR buffer solution at pH 3.0 (0.1 mmolL-1 

DST, Fig.3). The scan rates were changed in the interval v=0.05-0.50 Vs-1. The voltammograms 

show that, with increasing scan rate, the peak current permanently increases and the peak 

potential moves in values that are more positive. As can be seen in the inset of Figure 3, the 

equation between the peak current and the scan rate for oxidation peak is given below: 

 

ip = 122.26ʋ + 3.48 (R2 = 0.9893) 

 

The linearity of ipa vs. v graphs specified that the reaction is adsorption-controlled process (19). 

The logipa vs. logv is presented in Fig.3 for DST. The slope of the graph is 0.82. This result 

indicates that the adsorption phenomenon is dominant (18). 

 

To find out the transferred electron numbers of oxidation mechanism, the following equation for 

irreversible reactions is used (19): 

 

|𝐸𝑝 − 𝐸𝑝/2|= 
48

𝛼𝑐𝑛𝛼
 mV      (1) 

 

According to this equation, n is the transferred electron numbers, Ep represents the peak 

potential, Ep/2 represents the half peak potential, and α represents the electron transfer 

coefficient. By using corresponding equation, the number of electrons (n) transferred in the 

oxidation of DST occurring at the potential value of about 1.0 V is 1.99 ± 0.18.  

 

According to all these results, in oxidation mechanism of DST, 2eand 2H+ are transferred. This 

may be attributed to the fact that the sulfur group of the thiazole ring is oxidized to sulfonyl 

group (16) and tentative reaction mechanism is suggested as follows: 

 

 

Scheme 1. Elecro-oxidation mechanism of DST on PGE. 
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Figure 3. Cyclic voltammograms of 0.1 mmolL-1 DST at different scan rate values in BR buffer 

solution pH 3.0 Insets a. ip ˗ ʋ and Insets b. logʋ ˗ logip plots. 

 

Analytical procedure 

The AdsSWV method with the PGE indicates some prospects for the quantitative determination of 

DST in real human urine samples. The circumstances of the determination studies are given 

below. 

 

Optimization of experimental conditions 

The applicability of adsorptive stripping square wave voltammetry (AdsSWV) procedure as 

analytical methods for the analysis of DST was examined by measuring the anodic peak current as 

a function of the concentration of DST. The linear concentration range, LOD and LOQ were 

determined from the calibration graph obtained by measuring the anodic peak current as a 

function of concentration. For this reason, the effects of accumulation time and accumulation 

potentials on the peak currents obtained with 1.0×10-6 molL-1 DST were investigated by using 

AdsSWV. Accumulation potentials were changed in the range (0.0) – (+1.0 V) with 0.1 V 

increments. Accumulation times were in the range 0 – 90.0 s (15s increments). The results are 

summarized in Figure 4. The graphs show that the optimum accumulation potential and 

accumulation time values are 0.2 V and 30.0 s, respectively. 
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Figure 4. The effect of accumulation potential (a) and accumulation time (b) on AdsSW 

voltammograms of DST (CDST: 1.0 µmolL-1, pH 3.0). 

Calibration studies 

Under optimum experimental conditions, the calibration graph is established. As it can be seen in 

Figure 5, DST’s oxidation peak current linear with DST concentration in the concentration range of 

0.01 – 1.0 µM. The regression equation of calibration graph is given below: 

 

ip (µA) = 6.68CDST (µM) + 1.20  (R² = 0.9973). 

 

The values of LOD and LOQ were calculated using the equations are mentioned below (19-21); 

LOD and LOQ values were calculated using the following Equation; 

 

LOD = 3s/m; LOQ = 10s/m 

 

where s is the standard deviation for the peak currents of lowest DST concentration studied and 

m is the slope of the calibration graph. 

 

By using corresponding equations, LOD and LOQ values were calculated as 0.0028 µmolL-1 and 

0.0092 µmolL-1, respectively. According to our literature knowledge, the obtained limits are the 

lowest results notch up to now (16, 17). A comparison of our study with literature reports is 

shown in Table 1 and validation parameters of proposed method are shown in Table 2. 

 



Bayraktepe, Polat, and Yazan, JOTCSA. 2018; 5(2): 381-392.  RESEARCH ARTICLE 

389 
 

 

Figure 5. AdsSW voltammograms of DST for solutions with various concentrations (0.01 M-1.0 

M). Inset: Calibration curve of AdsSWV. 

Table 1. Regression data of the calibration curve for the analysis of DST by AdsSWV.  

Method AdsSWV 

Peak potential, V 0.936 

Slope, (µA/µM) 6.68 

Regression coefficient, R2 0.9973 

Working range, µmolL-1 0.0092˗1.0 

LOD, µmolL-1 * 0.0028 

LOQ, µmolL-1 * 0.0092 

Reproducibility of peak current, RSD % (n=3) 5.80 

Reproducibility of peak potential, RSD % (n=3) 0.43 

*In the confidence limit of 95 %, t = 2.57 for N = 4 for all experiments 

   RSD is the relative standard deviation of four replications. 
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Table 2. Comparison of the successes of different voltammetric methods for the analysis of DST. 

Technique Electrode 

 
Working range (µmol 

L-1) 
 

LOD (µmol 

L-1) 
Sample Reference 

AdsSWV PGE 0.0092 – 1.0  0.0028 Urine This work 

DPV GCE 0.43-2.0 0.13 Serum (16) 

SWV 
Pt/MWCNTs-BMIHFP-

CPE 
5.0 - 500 1.0 

Urine and 

tablets 
(17) 

DPV: Differential pulse voltammetry, SWV: Square wave voltammetry, PGE: pencil graphite electrode, GCE: 
glassy carbon electrode, Pt/MWCNTs-BMIHFP-CPE: platininum/multiwalled carbon nanotubes-1- butyl-3-
methylimidazolium hexafluorophosphate-modified carbon paste electrode. 

 

Real sample application 

In order to demonstrate the applicability of developed method, DST was analyzed in human urine 

by using AdsSWV. The analysis procedure was given in Experimental part (in Real sample 

preparation section). According to the calculated recovery results, DST can be analyzed in urine 

samples with high accuracy. The results of recovery are given in Table 3. 

 

Table 3. Recovery results for DST in urine samples. 

Added, µM Found, µM Recovery, % %RSD 

0.300 0.302 100.82∓7.01 2.80 

0.500 0.494  98.71∓10.03 4.09 

0.800 0.783 97.94∓6.67 4.37 

 

Interferences 

The impact of interferents that can be present in human urine samples were examined. In this 

context, 0.3 µmolL-1 DST sample was mixed with known amounts of uric acid, ascorbic acid, 

glucose, L-glutamic acid and L-cysteine for the purpose of adjust their concentrations to 30 

µmolL-1 (100 times higher than DST). Present responses obtained from only DST and samples 

blended with DST and components were compared. Calculated differences between the peak 

currents were found to be less than 10% of the signal obtained with DST solution. 

 

CONCLUSION 

 

This work has demonstrated that DST has only one oxidation peak at about +1.0 V at PG 

electrode in Britton Robinson buffer solution, pH 3.0. The electrochemical oxidation occurs 

through step by two electrons and two protons. For the quantification analysis of DST with 

AdsSWV method was optimized to voltammetric parameters. The oxidation signal is linearly 
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related to DST in the concentrations range of 0.0092–1.0 µmolL-1, with a LOD of 0.0028 µmolL-1 

and a LOQ of 0.0092 µmolL-1. To the best of our literature knowledge, these values are the lowest 

detection limits ever. Moreover, the method was applied successfully to real human urine sample. 
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Abstract: Amines (2) and (26) were obtained from the condensation of the corresponding 

amines with 3,4-difluoronitrobenzene. The reduction of nitro group produced the corresponding 

amines (3 and 27). The synthesis of esters (7, 12, 19, 28) was carried out from the treatment 

of the amines, (1, 3, 18, 27) with ethyl bromoacetate, then these compounds were converted 

to the corresponding hydrazides (8, 13, 29) by the treatment with hydrazine hydrate. The 

triazole was obtained from the intramolecular cyclisation of the corresponding carbothioamide 

in basic media and this compound was then converted to the morpholine-triazole-penicillin hybrid 

by a mannich reaction. The cyclocondensation of hydrazine carbothioamides (9b, 14, 21) or 

urea (4) with 2-bromo-1-(4-chlorophenyl)ethenone generated the thiazole derivatives. On the 

other hand, the treatment of 4, 9b, and 14 with ethyl bromoacetate yielded 4-oxo-1,3-

thiazolidines (6, 11, 16). Three methods containing conventional, microwave, and ultrasound-

mediated techniques were applied. Best results were assessed using microwave- and ultrasound-

promoted procedures. The structures of the newly synthesised compounds were elucidated by 

spectroscopic techniques, and the antimicrobial activity screening studies were also performed. 

Some of them exhibited good to moderate activity on the test bacteria. 
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INTRODUCTION 

 

Although humans are accustomed to fighting with the invasion of such pathogens with both 

inherent defenses as well as medical protections, many bacteria succeed to get rid of our 

immunities and are resistant to most of synthetic or natural antibiotics caused by the excessive 

and prolonged use of currently available antibiotics, and this made microbial infections one of 

the foremost health crises worldwide. 

 

Literature survey reveals that bacterial infections cause to hundreds of thousands of deaths 

annually and billions of dollars in healthcare expenses emphasizing the urgent need to constant 

push to discover and improve strategies to counter these threats (1–5). Molecular hybridization 

is one of the mostly referenced strategy aiming to overcome bacterial resistance involving the 

integration of two or more pharmacophoric subunits from molecular structure of previously 

reported bioactive molecules in one framework. The expected features from the newly designed 

architecture are having improved activity and efficacy than the parent compounds with less 

tendency to resistance, reduced side effects with maintaining the desired properties of the 

original version (6). In the studies aiming the discovery of new drug candidates, the combination 

of bioactive structural motifs in a single skeleton improving the overall biological efficacy has 

become the widely applied strategy (7). 

 

Azoles are accepted as immensely important members of heterocyclic class of organic 

compounds since their existence in a number of synthetic or natural products with biological 

activity as privileged pharmacophores (8). Among these, imidazole scaffold constitutes a major 

pharmacophoric group responsible antifungal activity. Imidazole containing antifungal drugs 

such as econazole, miconazole, clotrimazole, ketoconazole, oxiconazole, sulconazole, etc control 

fungal infections by blocking ergosterol biosynthesis which is an essential component of fungal 

cell wall (8–11). Imidazole core constitutes also a part some of other the clinically used drugs 

such as acetomidate, cimetidine, omeprazole, lansoprazole, azomycine, flumazenil, thyroliberin, 

methimazole, acting as a pharmacophoric group or a substituent. Furthermore, the existence of 

imidazole nucleus in the structure of a bioactive agent may be preferable for increasing solubility 

in water. Due to this reason, the introduction of imidazole unit to a synthetic or natural product 

has become a frequently referenced methodology aiming to improve bioactivity (11,12). 

Moreover, imidazoles constitute a main structural unit of some biomolecules in human organisms 

including histidine, vitamin B12, histamine, and biotin. Another biomolecule Ribotide possessing 

4(5)-aminoimidazole-5(4)-carboxamide structure acts as a key compound in the biosynthesis of 

natural purine component of RNA and DNA (11). 
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Another azole nucleus, thiazolidinone unit constitutes the core structure of a number of natural 

biomolecules, drugs and synthetic bioactive compounds possessing antimicrobial, antifungal, 

anticancer, and antidiabetic activity and is of considerable attention (7). 

 

In the recent years, the literature has been enriched with progressive studies on the preparation 

and biological activities of morpholine derivatives (13). The morpholine unit has been extensively 

used in the drug design studies since its presence in the structure of a bioactive compound can 

supply some improvements in the pharmacokinetics. It constitutes functional unit of nearly 19 

drugs approved by FDA. Linezolid, which is an oxazolidinone class antibacterial drug, contains a 

morpholine subunit in its structure. Moreover, The World Drug Index contains well over 100 

drugs including a morpholine unit as a core scaffold, a capping fragment or a component in a 

hybrid system (14). Furthermore, some morpholine derivatives have been reported as 

anticancer, antifungal, antibacterial and antihypertensive agents. Some representative examples 

of bioactive morpholines are presented. The major structural feature doing morpholine ring so 

popular is the inclusion an oxygen, which forms a strong complex with its target participating in 

donor-acceptor type interactions with the substrate. Furthermore, oxygen displays a 

pharmacophoric feature by decreasing the basicity of nitrogen. In addition, if the nucleus is 

linked to a lipophilic skeleton, it improves the bioavailability of bioactive compound in oral 

administration by enhancing its solubility in water (15–19). 

 

In recent years, the application of green methodologies has aroused as more efficient techniques 

environmentally. Compared with conventional methods, eco-friendly procedures have some 

advantages including decreased reaction time, improved yields, ease of work-up and isolation of 

products. Furthermore, polar and aprotic solvents which are often expensive, toxic and difficult 

to remove, are environmental pollutants.  

 

Since these reasons, the focus has now shifted to eliminate or minimise the use of organic 

solvents with solvent-free methodologies yielding pure products with high yields. The application 

of microwave mediated procedures for the synthesis of organic compounds has supplied an 

efficient, safe, and ecofriendly technique with shorter reaction time (20, 21). 

 

Sonication technique constitutes another methodology which supply clean and environmentally 

harmless procedure leading to the formation of bioactive compounds. In most of cases, the 

application of this method has led to take place organic reactions with higher yields and shorter 

reaction times (22,23).  

 

It is accepted that both two methods have their own advantages. Although microwaves supply 

fast and appropriate heating for synthetic procedures, it has some limitations in mass transfer. 

On the other hand, ultrasonic irradiation provides strong physical mixing by cavitation but lacks 
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the ability to provide or induce high thermal energy leading to reaction (24). Even so, sonication 

has been applied successfully in many of organic reactions providing enhancement of reactions 

rates and yield as well as modification of the reaction pathway, greater selectivity, simplicity of 

operation, and energy-saving protocols. (25). Moreover, this way has led to develop a simple 

purification process suitable with the concept of green chemistry (26,27). 

 

Continuing our efforts on the synthesis of novel antibacterial compounds, here we designed 

novel hybrid molecules including several heterocyclic units with biological activity. The in vitro 

antibacterial activity screening studies were carried towards some selected Gram (+) and Gram 

(-) bacteria and yeast like fungi. The effect of microwave and ultrasonic irradiations on the 

synthetic procedures was investigated as well. 

 

MATERIALS AND METHODS 

 

All chemicals were purchased from Fluka Chemie AG Buchs (Switzerland) and used without 

further purification. Melting points of the synthesised compounds were determined in open 

capillaries on a Büchi B-540 melting point apparatus and are uncorrected. Reactions were 

monitored by thin-layer chromatography (TLC) on silica gel 60 F254 aluminium sheets. The 

mobile phase was ethyl acetate: diethyl ether (1:1, v:v), and detection was made using UV light. 

FT-IR spectra were recorded using a Perkin Elmer 1600 series FTIR spectrometer. 1H NMR and 

13C NMR spectra were recorded in DMSO-d6 on a BRUKER AVENE II 400 MHz NMR Spectrometer 

(400.13 MHz for 1H and 100.62 MHz for 13C). The chemical shifts are given in ppm relative to 

Me4Si as an internal reference, J values are given in Hz. Microwave and ultrasound-mediated 

syntheses were carried out using monomode CEM-Discover microwave apparatus and Bandelin 

Sonorex Super RK102H ultrasonic bath, respectively. The elemental analysis was performed on 

a Costech Elemental Combustion System CHNS-O elemental analyzer. All the compounds gave 

C, H and N analysis within ±0.4% of the theoretical values. The Mass spectra were obtained on 

a Quattro LC-MS (70 eV) Instrument.  

 

General method for the preparation of compounds 2, 26 

Method 1. To a solution of 3-(1H-imidazol-1-yl)propan-1-amine (for 2) or 2-morpholino 

ethanamine (for 26) (10 mmol) in dry acetonitrile, 3,4-difluoronitrobenzene (10 mmol) were 

added dropwise at 0-5 °C, temperature was then allowed to reach to room temperature and the 

reactions were maintained for 10 h until TLC showed completion. The solvent was evaporated 

under reduced pressure and the obtained solid was recrystallised from an appropriate solvent to 

give the target product. Method 2. The mixture of 3-(1H-imidazol-1-yl)propan-1-amine (10 

mmol) and 3,4-difluoronitrobenzene (10 mmol) were irradiated in monomode microwave reactor 

in closed vessel with pressure control at 100 W (for 2) or 100 W (for 26), for 8-10 min. Method 

3. The mixture of 3-(1H-imidazol-1-yl)propan-1-amine (for 2) or 2-morpholinoethanamine (for 
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26) (10 mmol) and 3,4-difluoronitrobenzene (10 mmol) was sonicated at 45-70 kHz, 25 °C for 

5-30 min. 

 

General method for the preparation of compounds 3 and 27 

Method 1. Hydrazine hydrate (25 mmol) was added to a solution of compound 2 (for 3) or 26 

(for 27) (10 mmol) in 1-butanol containing Pd/C (1 mmol) and the mixture was allowed to reflux 

in an oil bath for 12 h. catalyst was removed by filtration on celite, the solvent was removed 

under reduced pressure, and the obtained crude product was purified by thin layer 

chromatography (20x20 cm. normal phase silica-coated glass plate 60 F254, ethyl 

acetate:chloroform (3:1), 100 mL). Method 2. The mixture of hydrazine hydrate (25 mmol), 

Pd/C (1 mmol) and compound 2 (for 3) or 26 (for 27) (10 mmol) in 1-butanol was irradiated in 

a monomode microwave reactor with pressure control in closed vessel at 200 W, 150 °C for 8-

30 min. Catalyst was removed by filtration on celite and the solvent was removed under reduced 

pressure and the obtained crude product was purified by thin layer chromatography (20x20 cm. 

normal phase silica-coated glass plate 60 F254, ethyl acetate-chloroform (3:1), 100 mL). 

Method 3. The mixture of hydrazine hydrate (25 mmol), Pd/C (1 mmol) and compound 2 (for 

3) or 26 (for 27) (10 mmol) in 1-butanol was sonicated at 70 kHz, 25 °C for 5-35 min. the 

catalyst was removed by filtration on celite, the solvent was removed under reduced pressure, 

and the obtained crude product was purified by thin layer chromatography (20x20 cm. normal 

phase silica-coated glass plate 60 F254, ethyl acetate-chloroform (3:1), 100 mL).  

 

General method for the preparation of compounds 4, 9a, 9b, 14, 21 

Method 1. The solution of the corresponding compounds 3, 8, 13 or 20 (10 mmol) in dry 

dichloromethane was stirred with benzyl- or phenylisothiocyanate at room temperature for 12-

20 h. The solvent was evaporated under reduced pressure and the obtained solid was 

recrystallised from an appropriate solvent to give the target product. Method 2. The mixture of 

the corresponding compound 3, 8, 13 or 20 (10 mmol) and benzyl- or phenylisothiocyanate 

was irradiated in a monomode microwave reactor in closed vessel with the pressure control at 

150 W, 100 °C for 15 min. The obtained solid was purified by crystallization from an appropriate 

solvent to give the target product. Method 3. The mixture of the corresponding compound 3, 

8, 13 or 20 (10 mmol) and benzyl- or phenylisothiocyanate was sonicated at 60-70 kHz, 35 °C 

for 15 min. The obtained solid was purified by crystallization from an appropriate solvent to give 

the target product.  

 

General method for the synthesis of compounds 6, 11 and 16 

Method 1. Ethyl bromoacetate (10 mmol) was added to a solution of the corresponding 

carbothioamide (4, 9b and 14) (10 mmol) in absolute ethanol and the mixture was refluxed in 

the presence of dried sodium acetate (20 mmol) for 16-18 h. The mixture was then cooled to 

room temperature, poured into ice-cold water while stirring, and left overnight in cold. The solid 
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formed was filtered off, washed with water 3 times, and recrystallised from an appropriate 

solvent to afford the desired compound. Method 2. The mixture of ethyl bromoacetate (10 

mmol), the corresponding carbothioamide (10 mmol) and dried sodium acetate (20 mmol) was 

irradiated in a monomode microwave reactor with pressure control at 100 W, 100 °C for 12 min. 

The mixture was then poured into ice-cold water while stirring, and left overnight in cold. The 

formed solid was filtered off, washed with water 3 times, and recrystallised from an appropriate 

solvent to afford the desired compound. Method 3. The mixture of ethyl bromoacetate (10 

mmol), the corresponding carbothioamide (10 mmol) and dried sodium acetate (20 mmol) was 

sonicated at 50 kHz, 30 °C for 15 min. The mixture was then poured into ice-cold water while 

stirring, and left overnight in cold. The formed solid was filtered off, washed with water 3 times, 

and recrystallised from an appropriate solvent to afford the desired compound. 

 

General Method for the Synthesis of Compounds 5, 10, 15 and 22 

Method 1. 2-Bromo-1-(4-chlorophenyl)ethanone (10 mmol) and dried sodium acetate (20 

mmol) were added to a solution of the corresponding carbothioamine (4, 9b, 14, 21) in absolute 

ethanol, and the mixture was refluxed for 16-18 h. Then, the reaction content was poured into 

ice-cold water while stirring, and left overnight in the cold. The formed solid was filtered off, 

washed with water 3 times, and recrystallised from acetone to afford the desired compound. 

Method 2. 2-Bromo-1-(4-chlorophenyl)ethanone (10 mmol) and dried sodium acetate (20 

mmol) were added to a solution of the corresponding carbothioamine (4, 9b, 14, 21) in absolute 

ethanol, and the mixture was irradiated in a monomode microwave reactor with pressure control 

in closed vessel at 150 W, 80 °C for 15 min. Then, the reaction content was poured into ice-cold 

water while stirring, and left overnight in the cold. The formed solid was filtered off, washed with 

water 3 times, and recrystallised from acetone to afford the desired compound. Method 3. 2-

Bromo-1-(4-chlorophenyl)ethanone (10 mmol) and dried sodium acetate (20 mmol) were added 

to a solution of the corresponding carbothioamine (4, 9b, 14, 21) in absolute ethanol, and the 

mixture was sonicated at 60 kHz, 25 °C for 18 min. Then, the reaction content was poured into 

ice-cold water while stirring, and left overnight in the cold. The formed solid was filtered off, 

washed with water 3 times, and recrystallised from acetone to afford the desired compound. 

 

General Method for the Synthesis of Compounds 7, 12, 19 and 28 

Method 1. Ethyl bromoacetate (10 mmol) was added to a mixture of the corresponding 

compound 1, 3, 18 or 27 (10 mmol) in dry tetrahydrofuran dropwise at 0-5 °C. Then, the 

reaction mixture was allowed to reach room temperature and stirred for 16-24 h in the presence 

of triethylamine (10 mmol). The precipitated triethylammonium salt was removed by filtration 

and the resulting solution was evaporated under reduced pressure to dryness. Then the 

acetonitrile was removed using a rotary evaporator and the obtained crude product was purified 

by thin layer chromatography (20x20 cm. normal phase silica-coated glass plate 60 F254, ethyl 

acetate-chloroform (3:1), 100 mL). Method 2. Ethyl bromoacetate (10 mmol) was added to the 
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mixture of the corresponding compounds 1, 3, 18 or 27 (10 mmol) in dry tetrahydrofuran 

dropwise at 0-5 °C. Then, the reaction mixture was irradiated in a monomode microwave reactor 

with pressure control in closed vessel corresponding to 80 W, 50 °C for 18 min. The precipitated 

triethylammonium salt was removed by filtration and the resulting solution was evaporated 

under reduced pressure and the obtained crude product was purified by thin layer 

chromatography (20x20 cm. normal phase silica-coated glass plate 60 F254, ethyl acetate-

chloroform (3:1, v:v), 100 mL). Method 3. Ethyl bromoacetate (10 mmol) was added to the 

mixture of the corresponding compound 1, 3, 18 or 27 (10 mmol) in dry tetrahydrofuran 

dropwise at 0-5 °C. Then, the reaction mixture was sonicated at 40 kHz, 25 °C for 20 min. The 

precipitated triethylammonium salt was removed by filtration and the resulting solution was 

evaporated under reduced pressure and the obtained crude product was purified by thin layer 

chromatography (20x20 cm. normal phase silica-coated glass plate 60 F254, ethyl acetate-

chloroform (3:1, v:v), 100 mL).  

 

General method for the synthesis of compounds 8, 13, 20 and 29 

Method 1. Hydrazine hydrate (25 mmol) was added to the solution of the corresponding ester 

(7, 12, 19, and 28) (10 mmol) in 1-butanol, and the mixture was heated under reflux for 5 h. 

On cooling, the reaction mixture to room temperature, a white solid appeared. The crude product 

was filtered off and recrystallised from ethyl acetate to afford the desired compound. Method 

2. The mixture of hydrazine hydrate (25 mmol) and the corresponding ester (7, 12, 19, and 

28) (10 mmol) in n-butanol, and the mixture was irradiated in a monomode microwave reactor 

with pressure control at 200 W 150 °C for 14 min. On cooling, the reaction mixture to room 

temperature, a white solid appeared. The product obtained was filtered off and used without 

further purification. Method 3. The mixture of hydrazine hydrate (25 mmol) and the 

corresponding ester (7, 12, 19, and 28) (10 mmol) in n-butanol, and the mixture was sonicated 

at 40-70 kHz, 50 ˚C for 15-20 min. On cooling the reaction mixture to room temperature, a 

white solid appeared. The product obtained was filtered off and used without further purification.  

 

General method for the synthesis of compounds 17a-d and 25a-b 

Method 1. A solution of the corresponding compounds 3 or 20 (10 mmol) in absolute ethanol 

was refluxed with the suitable aldehyde for 3 h. Then, the reaction content was allowed to reach 

room temperature, and a solid appeared. This crude product was filtered off and recrystallised 

from acetone to give the desired compound. Method 2. A mixture of the corresponding 

compound 3 or 20 (10 mmol) and the suitable aldehyde in absolute ethanol was irradiated in a 

monomode microwave reactor with pressure control in closed vessel at 100 W, 80 °C for 8 min. 

Then, the reaction content was allowed to reach room temperature, and a solid appeared. This 

crude product was filtered off and recrystallised from acetone to give the desired compound. 

Method 3. A mixture of the corresponding compound 3 or 20 (10 mmol) and the suitable 

aldehyde in absolute ethanol was sonicated at 70 kHz, 30 °C for 5 min. Then, the reaction 
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content was allowed to reach room temperature, and a solid appeared. This crude product was 

filtered off and recrystallised from acetone to give the desired compound.  

 

3-{[(2-Morpholinoethyl)amino]methyl}-4-phenyl-1H-1,2,4-triazole-5(4H)-thione 

(23). 

Method 1. A solution of compound 21 (10 mmol) in ethanol:water (1:1, v:v) was refluxed in 

the presence of 2 M NaOH for 3 h, and then the resulting solution was cooled to room 

temperature and acidified to pH 7 with 37% HCl. The precipitate formed was filtered off, washed 

with water, and recrystallised from ethanol:water (1:1, v:v) to afford the desired compound. 

Method 2. The mixture of 2 M NaOH (2,5 mL) and compound 21 (1 mmol) in water was 

irradiated in monomode microwave reactor in closed vessel with pressure control at 200 W for 

12 min. (hold time). Upon acidification of reaction content to pH 7 with 37% HCl, a white solid 

appeared. This crude product was filtered off, washed with water, and recrystallised from 

ethanol:water (1:1, v:v) to afford the desired compound. Method 3. A solution of compound 

21 (10 mmol) in ethanol:water (1:1 v:v) and 2 M NaOH was sonicated at 70 kHz, 30 °C for 15 

min. Then, the reaction content was allowed to reach room temperature, and acidified to pH 7 

with 37% HCl. The precipitate formed was filtered off, washed with water, and recrystallised 

from ethanol:water (1:1) to afford the desired compound. Recrystallised from butyl 

acetate:diethyl ether (2:1, v:v) 

 

3,3-Dimethyl-6-{[(3-{[(2-morpholinoethyl)amino]methyl}-4-phenyl-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-yl)methyl]amino}-7-oxo-4-thia-1-azabicyclo[3.2.0] 

heptane-2-carboxylic acid (24).  

Method 1. 6-Aminopenicillanic acid (10 mmol) was added into a solution of compound 23 (10 

mmol) dry tetrahydrofuran containing HCl (50 % mmol) and the mixture was stirred at room 

temperature in the presence of formaldehyde (%37, 30 mmol) for 3 h. Then, the solvent was 

evaporated under reduced pressure and a solid appeared. The crude product was recrystallised 

from DMF:H2O (1:3, v:v) solvent to give the desired compound. Method 2. The mixture of 

appropriate secondary amine (6-aminopenicillanic acid) (1 mmol), compound 23 (1 mmol) HCl 

(50 % mmol) and formaldehyde (%37, 3 mmol) was irradiated in monomode microwave reactor 

in closed vessel with pressure control at 100 W for 5 min. The solid obtained was purified by 

recrystallisation from DMF:H2O (1:3, v:v) to give the desired compound. Method 3. 6-

aminopenicillanic acid (10 mmol) was added into a solution of compound 23 (10 mmol) dry 

tetrahydrofuran containing HCl (50 % mmol) was sonicated at 40 kHz, 30 °C for 10 min. Then, 

the reaction content was allowed to reach room temperature. The solvent was then evaporated 

under reduced pressure and a solid appeared. The crude product was recrystallised from 

DMF:H2O (1:3) solvent to give the desired compound.  
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Antimicrobial activity 

The test microorganisms were obtained from the Refik Saydam Hifzissihha Institute (Ankara, 

Turkey) and were as follows: Escherichia coli (E. coli) ATCC35218, Yersinia pseudotuberculosis 

(Y. pseudotuberculosis) ATCC911, Pseudomonas aeruginosa (P. aeruginosa) ATCC43288, 

Enterococcus faecalis(E. faecalis) ATCC29212, Staphylococcus aureus (S. aureus) ATCC25923, 

Bacillus cereus (B. cereus) 709 Roma, Mycobacterium smegmatis (M. smegmatis) ATCC607, 

Candida albicans(C. albicans) ATCC60193 and Saccharomyces cerevisiae (S. cerevisia) RSKK 

251 which are laboratry strains. All the newly synthesised compounds were weighed and 

dissolved in DMSO to prepare extract stock solution of 20.000 μg/mL. 

 

The antimicrobial effects of the substances were tested quantitatively in respective broth media 

by using double microdilution and the minimal inhibition concentration (MIC) values (µg/mL) 

were determined. The antibacterial and antifungal assays were performed in Mueller-Hinton 

broth (MH) (Difco, Detroit, MI) at pH 7.3 and buffered Yeast Nitrogen Base (Difco, Detroit, MI) 

at pH 7.0, respectively. The micro dilution test plates were incubated for 18-24 h at 35 °C. Brain 

Heart Infusion broth (BHI) (Difco, Detriot, MI) was used for M. smegmatis, and incubated for 

48-72 h at 35 °C (31). Ampicillin (10 μg), strepromicin, and fluconazole (5 μg) were used as 

standard antibacterial, antimicobacterial, and antifungal drugs, respectively. Dimethylsulfoxide 

with dilution of 1:10 (v:v) was used as solvent control. The results obtained were submitted in 

Table 2. 

 

Antimicrobial activity 

All compounds were screened for their antimicrobial activities, and the results are presented in 

Table 2. Compounds with low activity (3, 14, 22) were not included. Most of the newly 

synthesised compounds exhibited good to slight activity on some of the test microorganisms. No 

clear structure-activity relationships could be detected, showing that the antibacterial activity is 

significantly affected by the structure of the compound.  

 

It is evident from Table 2 that compounds 17c, 24 and 25 exhibited excellent activity on 

Mycobacterium smegmatis (Ms), a non-typical tuberculosis factor leading to morbidity and 

mortality with the mic values between 0.24-1.87 μg/μL. Further, these compounds are more 

active than standard drug streptomycin with the mic of 4 μg/μL. Other compounds 2, 9b, 13, 

20 and 21 displayed good-moderate activity on Ms with the mic values varying between 7.13-

31.3 μg/μL. The imine derivatives 17a-c demonstrated quite good activity towards the test 

bacteria with the mic values of 0.24-15.63 μg/μL. On the other hand, the remaining imine 

compound 17d, showed moderate activity on Staphylococcus aureus (Sa) with the mic 31.25 

μg/μL. Five compounds, 8, 13, 20, 25b and 29 were found to be more active than ampicillin 

against Pseudomonas aeruginosa (Pa). Among these, compound 20 also displayed activity 

towards Yersinia pseudotuberculosis (Yp), and compound 25b towards Yersinia 
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pseudotuberculosi (Yp) and Escherichia coli (Ec). In addition to imines 17a-c and 25b, 

compounds 13, 20, 23 and 28 showed activity on Bacillus cereus (Bc). In fact, the activity of 

28 on Bc was better than ampicillin. Compound 24 demonstrated good activity towards 

Enterococcus faecalis (Ef) with the mic of 30 μg/μL. No significant inhibition was observed on 

yeast like fungi Candida albicans (Ca) and Saccharomyces cerevisiae (Sc). 

 

RESULTS AND DISCUSSION 

 

In the present study, the conventional and ecofriendly synthesis and antimicrobial activity 

screening studies of new thiomorpholine derivatives containing different substituents has been 

intended. The synthetic strategy of the title compounds was outlined in Schemes 1-6. The 

condensation of both 3-(1H-imidazol-1-yl)propan-1-amine (tryptamine, 1) and 2-

morpholinoethanamine (18) with 3,4-difluoronitrobenzene under thermal heating and also 

microwave and ultrasonic irradiation led to the formation of compounds 2 and 26 respectively, 

which were then subjected to catalytic hydrogenation to yield the corresponding substituted 

anilines (3 and 27). The reaction was performed under reflux conditions as well as under 

microwave (MW) and ultrasonic (US) irradiation with a view to maximizing the yield and 

minimizing the reaction time. Therefore, the yield of the reaction was increased to 83% however, 

more substantially, the entire consumption time of starting compounds was reduced from 10 h 

with thermal heating to a remarkable 25 min using MW irradiation and 30 min with sonication. 

The best MW power in terms of yields and product stability was defined as 80 W and 50 °C in 

closed vessel in solvent free media. On the other hand, the maximum power of ultrasonic 

irradiation was determined as 45 kHz (Table 1).  
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Table 1: Microorganisms and their minimum inhibitory concentrations.  

Comp No Microorganisms and Minimal Inhibitory Concentration(μg/μL). 

 Ec Yp Pa Sa Ef Bc Ms Ca Sc 

2 - - 500 250 500 - 31.3 250 250 

4 - - - 78,8 - - - - 39,4 

5 - 62.5 - 250 - 500 - - - 

6 125 125 - - - - - 500 250 

7 - 125 - 62,5 62,5 - 500 500 - 

8 32.5 62.5 62.5 - 250 62.5 125 - - 

9a - - - - - - 62,5 62,5 62,5 

9b - - - - - - 15,6 62,5 62,5 

10 - - - - - - 500 62,5 31,3 

11 - - - - - - 225 225 225 

12 - - - 28,7 - 57,0 <7,13 - 456 

13 15,6 7,8 62,5 31,3 62,5 31,3 31,3 125 125 

15 - - - - - - 250 125 125 

16 - - - - - - 525 131 131 

17a 1.95 15.63 7.81 7.81 3.91 15.63 125 - - 

17b 0.98 15.65 - 1.95 1.95 3.91 62.5 - - 

17c 0.24 1.95 1.95 0.49 0.98 0.98 <0.24 - - 

17d 250 250 - 31.25 250 125 - - - 

19 - - - - 250 - - - - 

20 31.3 15.6 31.3 31.3 62.5 31.3 15.6 125 125 

21 - - - 500 250 500 31.3 62.5 62.5 

23 - - - 15.6 62.5 31.3 7.8 125 125 

24 120 120 120 60 30 60 1,87 120 60 

25a - - - - 125 - - 31.3 - 

25b 15.6 31.3 15.6 31.3 31.3 31.3 0.97 125 500 

26 - - - - - 250 - - - 

27 - 500 - 62.5 62.5 62.5 62.5 500 500 

28 125 - - 62.5 - 4.0 62,5 250 500 

29 62.5 62.5 62.5 125 250 62.5 125 - - 

Amp. 10 18 >128 10 35 15    

Strep.       4   

Flu        <8 <8 

Ec: Escherichia coli ATCC 25922, Yp: Yersinia pseudotuberculosis ATCC 911, Pa: Pseudomonas 

aeruginosa ATCC 27853, Sa: Staphylococcus aureus ATCC 25923, Ef: Enterococcus faecalis ATCC 29212, 

Bc: Bacilluscereus 702 Roma, Ms: Mycobacterium smegmatis ATCC607, Ca: Candida albicans  ATCC 

60193, Saccharomyces cerevisiae RSKK 251, Amp.: Ampicillin, Str.: Streptomycin, Flu.: Fluconazole, (—

): no activity 
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Further, the latter two techniques did not require the use of a toxic solvent such as acetonitrile, 

which was used as reaction solvent in the conventional method. In order to compare the 

advantages of all three methods namely ultrasound sonication, microwave irradiation, and 

conventional method, the reduction of nitro group on compound 2 and 26 was performed 

applying all three techniques. Compared with conventional method, ultrasonic irradiation 

reduced the reaction time from 600 min to 5–30 min and rise the yields from 62–60% to 83–

90. The comparison of the microwave and ultrasonic irradiation showed that the yields were too 

close to each other and they requested nearly the same reaction time. Therefore, sonication and 

microwave irradiation allowed a fast, eco-friendly, and effective synthetic procedure. The 

formation of compounds 2 and 26 was confirmed by recording their FT-IR, 1H NMR, 13C NMR, 

LC-MS spectra and elemental analysis results. Two sharp peaks at 1483, 1330 (for 2) and 15313, 

1329 (for 26) confirmed the presence of nitro group. The shifting of these peaks to 3330, 3215 

(for 3) and 3336, 3223 (for 27) supported the reduction of nitro group to primary amine. 1H 

NMR spectra of compounds 3 and 27 showed a new D2O exchangeable singlet at 4.49 (for 3) 

and 4.54 (for 27) ppm which was attributed to amine function in addition to the expected ones 

from compounds 3 and 27. The molecular ion peak of [M] and/or [M+1] ([M+1]=265.28, 

[M+1]=235.17, [M+1]=270.12, [M]=239.21) corresponded to the molecular masses of the 

compounds 2, 3, 26 and 27. 

 

Compounds 3, 8, 13, 20 were further treated with benzyl- and/or phenyl isothiocyanate to 

afford the corresponding urea or carbothioamides (4, 9a, 9b, 14, 21). With the intent the 

optimisation of reaction conditions, MW and US mediated techniques were performed as well 

and the reaction yielding compound 4 was selected as model reaction. Diverse reaction factors 

were tested on the model reaction and was monitored by TLC (Table 1). 

 

 

Scheme 1: i: 3,4-difluoronitrobenzene, ii: NH2NH2, Pd/C, iii: phenylisothiocyanate, iv: 2-bromo -1-(4-

chlorophenyl)ethanone, NaOAc, v: ethylbromoacetate, NaOAc. 
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In order to get further improvement for these synthetic procedures, the model reaction was also 

implemented in different solvents such as EtOH, THF, H2O, and DCM. The results of these 

analyses indicated that the experiments in solvent led to relatively lower the reaction yield and 

prolonged reaction time compared with solvent free media in the MW- and US-mediated 

methods, while dichloromethane was the best solvent in the conventional method at room 

temperature. Therefore, we next carried out the above model reaction under MW and US 

irradiation, and the targeted product was obtained in nearly quantitative yield within 5 min. The 

remaining compounds 4, 9a, 9b,14, and 21 were obtained under the above optimised 

conditions. The most prominent peak in 13C NMR spectra of these compounds at 172-183 ppm 

confirmed the presence of thioamide carbon. The stretching peak derived from this group 

appeared at 1241-1287 cm-1 in the FT-IR spectra of carbothioamides (4, 9a, 9b, 14, and 21). 

Further, the carbothiamides except 9a were cyclised to 1,3-thiazoles (5, 10, 15, and 22) by the 

condensation with 2-bromo-1-(4-chlorophenyl)ethanone under reflux, microwave and 

ultrasound mediated conditions. Literature findings demonstrated that the synthesis of 1,3-

thiazole and 1,3-thizolidinone derivatives require the harsh reaction conditions with long reaction 

times and relatively lower yields and difficult product isolation (28–30). 

 

Scheme 2: i: Ethylbromoacetate, triethylamine, ii: NH2NH2, iii: benzylorethylisothiocyanate, iv: 2-Bromo-

1-(4-chlorophenyl)ethanone, NaOAc, v: ethylbromoacetate, NaOAc. 

 

The optimisation analyses indicated that 5 min was the optimal reaction total time at 150 W 

maximum MW irradiation with the maximum product formation varying between 89-97% in 

ethanol. On the other hand, in the US irradiated method, sonication time was established to be 

5-15 min with high yield (96%) at 60 kHz, 25 °C. The formation of 1,3-thiazoles (5, 10, 15, 

and 22) was confirmed from the corresponding spectra. With the conversion of thioamides (4, 

9b, 14, and 21) to 1,3-thiazoles (5, 10, 15, and 22), the signal belonging to C=S absorption 
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disappeared in the FT-IR spectrum, while additional signals derived from C-4 proton of 1,4-

thiazole ring and 4-chlorophenyl substituent were observed at the related chemical shift values 

in the 1H NMR spectra. 

 

The 13C NMR spectra of these compounds displayed signals originated from C-4 and C-5 carbons 

of 1,3-thiazole ring between 117.33-126.18 and 118.26-130.41 ppm as expected. Moreover, the 

presence of [M]+ and/or [M+1]+ ion peak in the mass spectrum was in accordance with their 

molecular weights, and these compounds exhibited reasonable elemental analysis data. The 

cyclisation of 4, 9b and 14 with ethyl bromoacetate generated the corresponding 1,3-

thiazolidinones (6, 11 and 16). 

 

To optimise MW and US irradiation conditions, compound 6 was selected as the model product, 

MW and US were implemented at different power values of 100 and 150 W and ultrasound 

frequencies of 40 and 50 kHz, respectively. The complete consumption of the corresponding 

compound 4 with best yield was monitored upon microwave irradiation at 80 °C for 12 min at 

100 W maximum power, while the optimum reaction parameters for sonication were 50 kHz, 30 

°C and 15 min (Table 1). 

 

 

Scheme 3.i: Ethylbromoacetate, triethyl amine, ii: NH2NH2, iii: benzylisothiocyanate,iv: 2-Bromo-1-(4-

chlorophenyl)ethanone, v:ethyl bromoacetate, NaOAc. 
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Scheme 4. i: suitable aldehyde, ethanol, reflux, 3 h. 

 

The FT-IR spectra of 1,3-thiazolidinones displayed a peak in the wavenumber value of the 

thiocarbonyl absorption from 1227-1287 cm−1 to 1701-1731 cm−1 which represents 

characteristic carbonyl band at the position 5 of 1,3-thiazolidinone ring. The disappearances of 

two NH signals and the appearance of CH2 protons of 1,3-thiazolidin-5-one ring at 4.06-4.79 

ppm in the 1H NMR spectra supported the formation of 1,3-thiazolidinones 6, 11, and 16.  

 

These products gave mass spectral and elemental analysis data corresponding to the proposed 

structures. 13C NMR spectra of these compounds (6, 11, and 16) exhibited peaks for C-4 and 

C-5 carbons at 32.02-33.23 ppm and 167.41-181.75 ppm, respectively which is consistent with 

formation of 1,3-thiazolidinone ring. The synthesis of esters (7, 12, 19, and 28) was achieved 

by the condensation of 1, 3, 18, and 27 with ethylbromoacetate in the presence of triethyl 

amine in THF under conventional, MW and ultrasonic conditions. Under MW irradiation, maximum 

yield and minimum reaction time was specified as 50 °C, 80 W with the yields varying between 

94-100%. On the other hand, sonication of the reaction mixtures resulted in a bit better yields, 

while reaction times of both methods (MW and US) were nearly the same.  

 

In the 1H NMR spectra, the shift in the peak of NH2 from 4.49-4.54 ppm to 8.05-9.11 ppm 

attributed to NH proton and the presence additional signals due to ester function at the 

appropriate chemical shift values verified the condensation. The treatment of 7, 12, and 19 and 

28 with hydrazine hydrate afforded the corresponding acetohydrazides (8, 13, 20 and 29) which 

was established by the appearance of NHNH2 stretching bands of hydrazide function in the FT-

IR spectrum. In 1H NMR, the appearance of NH2 and NH protons and disappearance of signals 

for CH3 and two CH2 protons confirmed the formation of the target products (8, 13, 20, and 

29). 
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Scheme 5. i: Ethylbromoacetate, triethylamine, ii: NH2NH2, iii: phenylisothiocyanate, iv: 2-Bromo-1-(4-

chlorophenyl)ethanone, NaOAc, v: NaOH (aq), vi: 6-aminopenicillanic acid, formaldehyde, HCl, vii: suitable 

aldehyde, r.t, 3 h. 

 

 

Scheme 6: i: 3,4-difluoronitrobenzene, ii: NH2NH2, Pd/C, iii: ethyl bromoacetate, triethylamine, iv: 

NH2NH2. 

 

The synthesis of 1,2,4-triazole (23) was carried out from the intramolecular cyclisation of 

thioamide 21 in the basic media. The reaction was carried out in water as a non-toxic solvent 

under thermal, microwave and ultrasonic conditions. MW and US mediated techniques led to 

higher yields; however, the virtual effect of MW assistance and sonication was on reaction times 
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changing from 3 h to 5-15 min with increased yields from 79% to 89% (for MW)–80% (for US). 

Among the latter two methods, the microwave irradiation resulted in a bit better reaction yield 

for this condensation. The supplemental support verifying the structures of these compounds 

was obtained by LC-MS spectrum, and these compounds gave elemental analysis data confirming 

the proposed structures.  

 

The 1,2,4-triazole 23 was then subjected to a one pot three component condensation with R(+)-

6-aminopenicillanic acid to yield compound 24, the structure of which was verified by using 

spectroscopic techniques. The synthesis of imine compounds, 17a-d and 25a,b was performed 

from the reaction of hydrazides 3 and 20 with the corresponding aldehydes namely, 

salicylaldehyde, anisaldehyde, vanillin and indol-3-carbaldehyde which were clearly evident with 

the disappearance of NH2 signals in the 1H NMR spectra. Instead, new signal due to azomethine 

proton was recorded at 8.35-8.52 ppm. The imine-carbon resonated at 153.29-141.22 ppm in 

the 13C NMR spectra. 

 

Other signals originated arylidene moiety were recorded at the expected chemical shift values. 

Furthermore, the mass spectral data and elemental analysis results are in accordance with their 

structures. The proton NMR observations revealed that, two singlets belonging to two NH protons 

were disappeared with the formation of the triazole. 
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Table 1: Physical parameters for the synthesis of new compounds by conventional, microwave and ultrasound mediated methods. 

Comp No Conventional Method Microwave Irradiated Method Ultrasound Irradiated Method 
 Time(h) Temp(°C) Yield(%) Time (min) Pow.(W) Yield(%) Time(min) Pow.(kHz) Yield(%) 

2 10 rt 62 10 100 81 30 45 83 
3 12 118 84 30 150 94 35 70 98 
4 12 rt 81 15 150 97 15 60 94 
5 16 reflux 85 15 150 97 18 60 95 

6 18 reflux 60 12 100 88 15 50 30 

7 24 rt 80 18 80 100 20 40 100 
8 5 reflux 96 14 200 100 16 40 100 
9a 12 rt 46 15 150 79 15 60 77 
9b 16 rt 83 15 150 96 15 60 96 
10 18 reflux 86 15 150 99 18 60 99 
11 16 reflux 75 12 100 85 15 50 30 
12 16 rt 89 18 80 94 20 40 100 

13 5 rt 95 14 200 100 18 70 100 
14 20 rt 60 15 150 92 15 65 89 

15 17 reflux 84 15 150 94 18 60 98 
16 18 reflux 69 12 100 97 15 50 96 
17a 3 reflux 73 8 100 98 5 70 100 
17b 3 reflux 55 8 100 76 5 70 99 
17c 3 reflux 99.5 8 100 100 5 70 100 

17d 3 reflux 58 8 100 90 5 70 100 
19 24 rt 65 18 80 100 20 40 100 
20 5 rt 99.5 14 200 100 15 70 100 
21 12 rt 46 15 150 89 15 70 87 
22 18 reflux 65 15 150 89 18 60 88 

23 3 rt 79 12 200 89 15 70 80 

24 3 rt 65 5 100 80 10 40 82 
25a 3 reflux 75 8 100 90 5 70 100 
25b 3 reflux 98 8 100 90 5 70 100 
26 10 rt 60 8 100 92 5 70 90 
27 12 reflux 75 8 150 95 5 70 98 
28 24 rt 79 18 80 97 20 40 100 
29 5 reflux 79 14 200 100 18 70 100 
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CONCLUSIONS 

 

In this study, we reported the synthesis of some new hybrid molecules containing several 

heterocyclic units with conventional, microwave irradiated and ultrasound-promoted 

procedures. Four imidazole derivatives and, two morpholine-derived Schiff bases were 

synthesised. Antimicrobial activities screening studies were also performed. Most of the 

newly synthesised compounds exhibited good to moderate activities on some of the test 

microorganisms. Of these, the compounds containing a fluoroquinolone unit linked to the 

1-7 and 12-17 scaffold via a methylene linkage exhibited excellent activity on the test 

bacteria. Compounds 17c, 24 and 25 which are hybrid compounds with a β-lactam unit, 

were found to exhibit microbial activity on the Mycobacterium smegmatis (Ms) 

respectively.  
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Abstract: This study is about the preparation of two different organoclays with cationic 

surfactants and their poly(vinyl alcohol) nanocomposites with increased thermal and 

mechanical behavior. Organoclays were prepared to modify clay mineral with solution 

intercalation method using aqueous solutions of cationic surfactants 

dodecyltrimethylammonium bromide (DTABr) and cetylpyridinium bromide (CPBr). 

Obtained organoclays (D-MMT and C-MMT for DTABr/MMT and CPBr/MMT, respectively) 

were characterized using different methods including zeta potential and XRD. Results 

indicated an absolute decrease in zeta potential about 20 mV for C-MMT and 14 mV for 

D-MMT indicating flocculation and coating of the surface. Moreover, measurements 

indicated that interlayer distance increased based on basal spacing peak shift whose 

value was 1.27 nm for NaMMT, whereas 1.40 nm for D-MMT, and 1.75 nm for C-MMT. 

The organoclays were used in the preparation of PVA/clay nanocomposites; thermal 

stability of the nanocomposites was determined using TGA, while mechanical strength 

measurements were done using DMA. The maximum thermal decomposition temperature 

of the pristine PVA and nanocomposites were compared, and an average increase of 4°C 

was observed. Also, the activation energy of the decomposition was observed ca. 40 

kJ.mol-1 higher than pristine PVA. 
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INTRODUCTION 

 

One of the popular research topics is polymer/clay nanocomposites and has been studied 

extensively in recent years.(1–5) Research in this field has been started with Toyota R&D 

department's work on nylon in the early nineties in order to produce materials with 

enhanced physical and chemical properties. Later, other applications of polymer/clay 

nanocomposites in different industrial fields are also developed such as food packaging, 

automobile parts, microelectronic packaging, and medical tubing.(5–7) Montmorillonite, 

which is a member of the smectite group clay minerals, is the most popular material used 

in polymer/clay nanocomposites. Smectites are composed of approximately 1 nm thick 

layers with high aspect ratios; each layer consists of one alumina sheet between two 

silica sheets. Due to naturally occurring network defects, large surfaces of the layers 

(faces) bear negative charges, and these faces can interact electrostatically with 

inorganic (exchangeable) cations such as sodium, potassium, calcium which reside 

among interlayer galleries of the clay mineral. When clay mineral swells in water 

interlayer galleries expand and the exchangeable cations substitute with organic (i.e., 

surface active agents or polymeric materials) compounds to form intercalated compounds 

resulting in an increase in basal spacing of the clay. In some cases, the polymeric matrix 

may separate the clay layers forming an exfoliated nanocomposite.(8) As the clay 

surfaces have hydrophilic nature, modifying them to obtain organophilic surfaces with the 

use of cationic surfactants for exchangeable cations may help penetration of the 

polymeric material into the galleries finally producing a better and uniformly dispersed 

clay mineral in the polymeric matrix. Alkylammonium salts are the most used cationic 

surfactant for production of organoclays.(9) 

 

Poly(vinyl alcohol), PVA, is a cheap, water soluble, and non-toxic polymeric material and 

has many applications in different industrial areas including textiles, and coating.(10,11) 

In polymer/clay nanocomposites prepared with PVA polymer matrix may be solely PVA or 

along with other polymeric materials (such as cellulose, chitosan) in order to enhance 

material properties. (11–15) Addition of clay into PVA matrix causes an increase in 

mechanical and thermal properties as expected as well as enhancements in film 

formation capability and chemical resistance. Recent studies with PVA indicate that 

organically modified montmorillonite layers more easily disperse into the PVA matrix 

uniformly producing an exfoliated nanostructures. 

 

The aim of this study can be divided into two subsections; the first part is the synthesis 

of organoclays by modification with use of two different cationic surfactants; then the 
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second part is the formation of PVA/organoclay nanocomposites using organoclays via 

the solution intercalation method. The results are evaluated using different 

characterizations methods such as spectroscopy (FTIR, X-ray diffraction), dynamic 

mechanical analysis (DMA), and thermogravimetric analysis (TGA). 

 

EXPERIMENTAL SECTION 

 

Materials and Methods 

Poly(vinyl alcohol) (PVA, molecular weight 145 kg/mol), dodecyltrimethylammonium 

bromide (DTABr,  C12H25N(CH3)3Br) and cetylpyridinium bromide (CPBr, 

C5H5NCH2(CH2)14CH3) were Fluka brand; they were used as received. 

 

The clay mineral was Na-montmorillonite (NaMMT) collected locally from Enez-Turkey. 

The dominant clay mineral was found to be dioctahedral montmorillonite with minor 

amounts of illite and kaolinite. The chemical composition of NaMMT was determined by 

atomic adsorption spectroscopy (Perkin Elmer 3030 model), and the silica content was 

determined gravimetrically. The chemical composition of clay sample was (wt.%): SiO2 

58.8, Al2O3 18.73, Fe2O3 3.71, CaO 3.34, MnO 0.09, Na2O 3.36, MgO 2.62, K2O 2.70 and 

TiO2 0.49. 

 

Cation exchange capacity (CEC) of clay mineral was determined using methylene blue 

method.(16) Methylene blue solution was prepared and added to clay dispersion in small 

amounts. Then a droplet of the dispersion was placed on a filter paper. When a blue 

circle around the blot was observed this meant that the clay was saturated with the dye 

thus releasing an excess of it. CEC for NaMMT was determined as 89 milliequivalents per 

100 g clay. 

 

Characterization Methods 

The zeta potential measurements were carried out using Malvern Instruments Zetasizer 

2000 with an optical unit which had 5 mW He-Ne (638 nm) laser. All dispersions were 

centrifuged at 6000 rpm for 30 minutes before the measurements then supernatant 

fraction was used for the measurements. 

 

X-ray diffraction (XRD) analyses of solvent-cast films were performed on Philips PW 1040 

at room temperature using Ni-filtered Cu-Kα radiation. The diffractograms were obtained 

by scanning in 2θ ranges from 2 to 10° at a rate of 2 degrees per minute. 
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FTIR analyses were done on Perkin Elmer Spectrum One FTIR spectrophotometer in 

4000–400 cm-1 range as either 1% KBr pellet or solvent-cast film; results were recorded 

in absorbance mode. 

 

Principal component analysis (PCA) of the FTIR data was performed using R (version 

3.4.3) software. First, the data were processed to obtain derivative spectra (first and 

second order) within a selected range (1800-400 cm-1) using Savitzky-Golay procedure. 

Then PCA was applied to the data in order to see clustering. 

 

Dynamic mechanical analyses (DMA) were performed on Perkin Elmer Diamond DMA 

under tension film mode in a temperature range 20–200°C at a frequency of 1 Hz and a 

heating rate of 5 °C/min. Samples were prepared by the solvent casting method. 

 

The thermal properties were analyzed by thermogravimetric analysis (TGA) on TA 

Instruments Q50 with a heating rate of 20 °C/min under N2 atmosphere in a range of 

25-600 °C. Kinetic parameters were calculated using Broido method(17) with Python 

interpreter NumPy and SciPy modules. 

 

Preparation of Organoclay 

The organoclay as prepared by using cationic surfactants as intercalating agents. NaMMT 

(10 g) was dispersed in 500 ml 50% aqueous ethanol at 65 °C. Then the surfactant (0.01 

M, DTABr or CPBr) was added; pH of the dispersion was adjusted to 3.5 with aqueous 

HCl. The dispersion was stirred at 65°C for 1 hour then samples were centrifuged; 

obtained organoclay (D-MMT or C-MMT) was washed two times with water at 70°C and 

dried at 40°C. 

 

Preparation of PVA/Organoclay Nanocomposites 

Aqueous organoclay dispersion (1% by weight) was shaken for 2 days in order to obtain 

uniformly and well-swelled organoclay. Then an appropriate amount of the dispersion 

was blended with 5 g PVA in 200 ml distilled water during 100 minutes at 75(±5) °C. 

Obtained PVA/organoclay nanocomposites had organoclay contents of at 1, 2, and 3% by 

weight with respect to PVA. The products dried at room temperature and named as D-

PVA or C-PVA denoting the surfactant used was D-MMT or C-MMT, respectively. 
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RESULTS AND DISCUSSION 

 

Characterization of Clay and Organoclay Dispersions 

Zeta potential characterization techniques rely on the determination of total surface 

charge of the colloidal particles. The instrument uses a laser beam to count the number 

of the charged particles moving between oppositely charged electrodes under a potential 

difference. Surface charge (or zeta potential) may differ if coagulation or flocculation 

occurs because the size of the particle grows while charges on the surface may decrease 

or increase as a result of the interactions. Clay particles carry a net surface charge due to 

the structure of the clay; larger siloxane surfaces (face, Si-O-Si groups) are negatively 

charged due to substitutional point defects in the lattice while smaller side surfaces 

(edges, aluminol, Al-OH and silanol, Si-OH groups) have positive charges. Electrostatic 

interactions among oppositely charged clay surfaces cause screening of the charges and 

lead to flocculation. This occurrence results in a net decrease of the surface charge 

(regardless of the sign) of the large clay particles. Interactions may take place among 

edges and faces at different aspects (edge–face, edge–edge, and face–face) resulting in 

variations in shapes and sizes of the particles.(18) 

 

The zeta potential of NaMMT dispersion was measured as -41.20 mV indicating the 

dispersion had deflocculated structure. However, zeta potential values belonging to 

organoclays were found as -27.6 for D-MMT and -22.23 mV for C-MMT. The absolute 

decrease in zeta potentials of the organoclay dispersions was the indicator of clay–

surfactant interactions; surfactant molecules covered surfaces of the clay particles 

leading to flocculation. According to the results, especially C-MMT had a more flocculated 

structure in the dispersion compared to D-MMT. 

 

Basal spacing (d001), another key feature directly related to the structure, was measured 

using XRD. Diffractograms of NaMMT, C-MMT, and D-MMT were shown in Figure 1. The 

values indicated some intercalation for both organoclays. NaMMT had a d001 value of 

1.271 nm. After modification of NaMMT, this value increased to 1.401 nm for D-MMT and 

1.748 nm for C-MMT. These increases displayed that clay layers were separated slightly 

as a result of intercalation by cationic surfactants, but in different amounts. This 

occurrence might be related to the orientation of the surfactants into the interlayer 

galleries. The basal spacing increase was found greater for C-MMT (0.48 nm) than D-

MMT (0.13 nm) probably due to bilayer type arrangement of the CPBr molecules parallel 

to the silicate layer.(19) 
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Figure 1. XRD diffractograms of C-MMT (a), D-MMT (b), and NaMMT (c). 

 

Better intercalation of NaMMT by CPBr was also attributed to alkyl chain length of cationic 

surfactants, which had a positive effect on adsorption by clays; longer chain caused an 

increase in adsorption by clay surface via Van der Waals forces.(20–22) The mentioned 

interactions among surfactant and clay were stronger for CPBr compared to DTABr under 

same conditions. Finally, another plausible cause for this result was related with aqueous 

solubilities of the surfactants; DTABr was more soluble in water compared with CPBr; 

thus desorption of DTABr from clay surfaces to aqueous phase would be higher than 

CPBr. Once CP+ cation was adsorbed by the clay surface, it hardly detached and went 

back to the aqueous phase, unlike DTA+ cation. 

 

Evaluation of the results obtained from XRD and electrokinetic measurements indicated 

that (a) surfactant molecules were adsorbed by both inner and outer surfaces of the clay, 

and (b) CPBr intercalated NaMMT more efficiently compared to DTABr. 

 

Characterization of PVA/Organoclay Nanocomposites 

The PVA/organoclay nanocomposites (C-PVA and D-PVA) were identified using several 

spectroscopic techniques. XRD measurements of both nanocomposites with different clay 

concentrations were done to observe intercalation of PVA into interlayer galleries of the 

organoclay. Basal spacing peak (d001) of NaMMT was absent in all diffractograms of PVA 

nanocomposites (Figure 2). The disappearance of the d001 peak might be attributed to the 

shift of this peak under 2° diffraction angle due to highly intercalated or completely 
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exfoliated organoclay platelets. As literature survey about PVA/(organo)clay 

nanocomposites indicated that this occurrence was highly plausible.(14) Thus 

intercalated platelets possibly dispersed within PVA matrix forming nanostructures. 

Figure 2. XRD diffractograms of D-PVA (a), and C-PVA (b). 

 

The structure of the PVA nanocomposites was also analyzed using FTIR spectroscopy. 

FTIR spectra of PVA, NaMMT, and nanocomposites were first evaluated separately then 

compared with each other. Characteristic vibrations and attributed vibration modes for 

pristine PVA were observed as 3339 cm-1 (O-H stretching), 2942, 2912 cm-1 (alkyl C-H 

stretching), 1436, 1424 cm-1 (C-H bending), 1093 cm-1 (C–O stretching). Signals related 

to residual acetate groups in the polymer were observed at 1707 cm-1 (C=O stretching 

with intramolecular H-bond), 1377 cm-1 (CH3 group) and 1238 cm-1 (C-O bending).(23) 

 

Characteristic absorption bands of NaMMT were determined as structural (3627 cm-1) and 

intra/intermolecular hydrogen bonded O-H stretching (3453 cm-1), H-O-H deformation 

vibration due to adsorbed water (1635 cm-1), Si-O stretching vibration at 1033 cm-1 with 

a shoulder at 1087 cm-1, Al-OH (917 and 622 cm-1) and (Al, Mg)-O (848 and 793 cm-1) 

vibrations modes, Si-O bending vibration at 521 and 467 cm-1.(24,25) 

 

Structural O-H vibration of MMT at 3627 cm-1 was absent in the spectra of organoclays; it 

possibly overlapped with O-H stretching of PVA. The strongest signal of organoclay 

spectrum was Si–O stretching at 1033 cm-1 and it also overlapped with C-O stretching of 

PVA at 1093 cm-1 and could not be observed in the spectra of PVA/organoclay 
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nanocomposites; however, its presence was slightly distinguishable by a widening 

towards 1050 cm-1 in C-O signal (Figure 3). 

Figure 3. FTIR spectra of nanocomposites PVA (a), D-PVA (b), C-PVA (c) with 2% clay 

and pristine NaMMT (d). 

 

The magnitude of the signal widening was directly proportional to the amount of 

organoclay in the PVA/organoclay system; the shoulder at 1054 cm-1 became more 

distinct as the amount of organoclay increased. Another factor affecting signal shape in 

this region was the type of the surfactant used in organoclay. The shape of the signal 

observed more distorted for D-PVA compared to C-PVA under same conditions indicating 

a difference in the interaction between organoclay and PVA. Another indicator of 

organoclay presence in PVA matrix was slightly increasing the intensity of signals 

belonging to Si-O bending vibrations at 521 and 467 cm-1. Peak positions of these signals 

were slightly shifted according to organoclay type and amount in the PVA matrix. These 

results proposed that a change in crystal structure of the organoclay as a result of the 

interaction with PVA matrix. 

 

As the difference is very hard to detect among the spectra, a statistical method called as 

principal component analysis (PCA) was used to emphasize the differences among the 

data. Differences among the spectra were observed mainly in range 1800-400 where 

characteristic absorption bands of PVA and MMT were located. As the signals of C-O 

stretching and bending signals of PVA were overlapping with Si-O stretchings of MMT, it 

was very hard to distinguish the interaction. Thus the first-order derivative of each 

sample was calculated using Savitzky-Golay algorithm. Then PCA was applied to these 
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derivative data in R software with centering. Analysis of total the variance change yielded 

that the first three principal components (PCs) were responsible for 99.05% of the total 

change. Further analysis of the PCs indicated that PC1 was responsible for 92.48% of the 

total change, while PC2 and PC3 were 4.05% and 2.49%, respectively. Thus plotting PC1 

versus PC2 gave a meaningful comparison for the classification of the samples. Scores 

plot was shown in Figure 4a. As seen in the scores plot PVA and NaMMT located at 

opposite sides of the PC1. This occurrence was examined using loadings plot (Figure 4b). 

In the figure PC1, PC2 and derivatives of PVA and NaMMT were plotted with raw spectra 

at the bottom. PC1 and derivative PVA had the same signals at the same positions with 

the exception of the sign; thus PVA was located at the left-hand side of the PC1. 

However, derivative NaMMT and PC1 had an in-phase correlation placing the NaMMT on 

the positive side of the PC1. 

 

As a result of the PCA analyses, PVA, NaMMT, and composites located in different parts of 

the scores plot indicating they had spectral features concerning derivative FTIR spectra. 

It could be concluded that the appearance of the samples at different portions of the 

scores plot was attributed to the change in the FTIR signals and it was related with the 

amount and type of the organoclay used. 

  

Figure 4. Scores plot of derivative FTIR spectra and loadings plot for PC1, PC2, PVA and 

NaMMT samples (lower part raw spectra of PVA and NaMMT). 

 

Evaluation of XRD, FTIR and PCA analyses with literature data altogether lead to two 

results: (a) organoclays and PVA interacted possibly giving intercalated nanocomposites, 

and (b) type of the surfactant used played an important role on interaction efficiency, C-

MMT better than D-MMT regarding signal shifts. 
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Thermal and Dynamic Mechanical Characterization of PVA Nanocomposites 

Thermogravimetric analyses (TGA) were done to determine the contribution of 

organoclay to the thermal stability of the PVA; results of thermal analyses were 

summarized in Table 1. TGA thermograms, regardless pristine or organoclay containing 

PVA, showed about 7% weight loss starting from 80 to 200 °C which was attributed to 

water loss adsorbed by the sample (Figure 5). Char amount at the end was about 4.8% 

for PVA and D-PVA samples. However, C-PVA samples displayed lower char amount (2%) 

compared with other samples. 

 

Table 1. Results of TGA measurements and activation energy estimations regarding 

Broido method with correlation coefficients higher than 0.995. 

Sample Clay 
%, (w/w) 

Max. weight loss Activation energya 

At 380 °C At 440 °C I II III IV 

PVA 0 377.5 440.7 86 133 51 84 

C-PVA 1 382.6 444.4 117 177 69 120 

 2 381.6 447.2 121 174 60 96 

 3 381.8 449.9 126 176 61 98 

D-PVA 1 380.1 440.8 127 162 62 103 

 2 380.3 441.1 141 167 58 101 

 3 378.4 441.3 130 170 63 111 

A300–350 °C, II 350–400 °C, III 400–440 °C, IV 440–470 °C 

  

Figure 5. TGA (a) and derivative TGA (b) thermograms of PVA, 1% C-PVA, and D-PVA 

nanocomposites. 

Maximum degradation temperature of the samples was determined using the first-order 

derivative of weight loss-temperature plot. In terms of degradation temperature pristine 

PVA displayed two maxima; a major signal (T1) at 378 °C as a peak, and a minor 

distinguishable signal (T2) at 441 °C as a shoulder. Thus thermal degradation kinetics of 
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PVA could be separated two main parts; the first part was mainly related to dehydration 

and decarboxylation and second part covered more complex reactions and chain 

scissions.(26–29) The first part of the decomposition started around 300 °C which was 

observed as a shoulder in derivative TG plot (Figure 5b). This data was consistent with 

the literature cited. 

 

Organoclay addition caused an increase in both degradation maxima of the PVA as an 

indicator of enhanced thermal stability. The degree of improvement was related to the 

organoclay used. In the case of C-PVA samples T1 position was observed at 382°C, 

approximately 5°C higher compared to pristine PVA regardless of C-MMT content. In a 

similar manner T2 values were observed at higher temperatures; however, this time clay 

proportion caused some variations. T2 peak was at 444°C for C-PVA with 1% C-MMT 

content, 3 °C higher compared with pristine PVA; each 1% clay increase in C-MMT 

content caused an approximate increase of 3 °C. In the case of D-PVA a small increase in 

T1 was observed compared to pristine PVA with an approximate value of 2.5 °C for 1 and 

2% D-MMT content and ca. 1.0°C for 3% C-MMT; however, T2 values were comparatively 

same regardless of clay content. 

 

The detailed examination of the thermograms was done to find out decomposition 

activation energy values as a measure of thermal stability using Broido’s method with 

Python SciPy and NumPy modules with a single run TGA measurement to evaluate the 

data. After the data acquisition some necessary manipulations were done to create the 

plot of the ln(ln 1/y) as a function of reciprocal temperature whose slope was the 

activation energy over universal gas constant where y was the fraction at temperature t 

regarding the remaining and starting weights of the decomposition (Wt, W∞, W0). 

 

 

Having multiple regions with different slopes, the plots indicated that degradation 

followed different reaction routes at various orders. The whole degradation region was 

divided into subdivisions whose boundaries were determined using correlation coefficient 

values; boundary value was changed until the highest correlation coefficient (r2 > 0.995) 

was obtained for the region under examination. In this way 4 subdivisions were obtained 

and labeled as I, II, III, and IV for 300-350, 350-400, 400-440, and 440-470°C; then 

activation energy estimations were done for each region simultaneously. 

 



Unlu CH et al. JOTCSA. 2018; 5(2): 415-432.   RESEARCH ARTICLE 

426 

 

Estimated activation energy values for PVA were found as 86, 133, 51, and 84 kJ mol-1 

for each corresponding section. These values were consistent with the literature cited 

with small deviations arising from the used method. All samples with an amount of clay 

content displayed higher values compared to pristine PVA as an indicator of enhanced 

thermal stability. However, improvement degree was varying with the type of the 

organoclay used. C-PVA samples displayed a gradual increase related to C-MMT content; 

activation energy of samples containing 1, 2, 3% C-MMT by weight in I were calculated 

as 117, 121, 126 kJ mol-1, while D-PVA samples displayed a better performance 

compared with C-PVA; the estimated activation energy values were 127, 141, 130 kJ 

mol-1 for the same range. The second subdivision, II, where T1 peak located, also showed 

increased thermal resistance regarding activation energy rise. In this section C-PVA 

samples granted faintly better results than D-PVA by 7 kJ mol-1. The third subdivision, 

III, displayed similar results for both nanocomposites, an approximate increase of 10 kJ 

mol-1 resulted in activation energy estimations of 60–63 kJ mol-1. Range IV showed that 

the highest enhancement was obtained for C-PVA with 1% C-MMT content with an 

activation energy estimate of 120 kJ mol-1, it was followed by D-PVA with 3% D-MMT 

content with a value of 111 kJ mol-1; remaining samples displayed approximately same 

result approximately 100 kJ mol-1. 

 

These results indicated that interactions among PVA chains and organoclay particles were 

different in C-PVA and D-PVA nanocomposites. The obtained results were consistent with 

the literature of PVA with inorganic additive(15,29). It could be deduced that distribution 

and intercalation of PVA into interlayer spaces of organoclay particles were better for 

C-PVA than D-PVA; because first sections of the thermal decomposition were related to 

dehydration and decarboxylation reactions. Thermal degradation was retarded a result of 

the interactions among organoclay surface and hydroxyl/carbonyl groups of PVA; 

intercalation degree might affect the magnitude of the retardation because PVA would 

contain more uniformly dispersed an amount of organoclay to absorb the heat retarding 

the degradation. In the case of D-PVA, organoclay particles probably dispersed in PVA 

matrix partly dispersed causing only some parts interacted with PVA; however, 

organoclay particles were intercalated better for C-PVA resulting in better thermal 

stability than D-PVA. 
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Figure 6. Storage (E') moduli (a) and tanδ (b) as a function of temperature for PVA, 1% 

C-PVA and D-PVA nanocomposites. 

 

The storage modulus, E', could be used as a measure of the energy stored elastically in 

the system. Results of dynamic mechanical analyses (DMA) were summarized in Table 2. 

Introduction of organoclay into PVA matrix also enhanced mechanical strength due to 

increase in storage moduli of nanocomposites resulting in an increase in elongation 

regarding organoclay amount (Figure 6a). Each increase in organoclay component of the 

nanocomposites caused an approximate increase of 15% elongation of the material. 

Glass transition temperatures (Tg) were found from peak positions of tan δ versus 

temperature plot of each sample; increasing Tg values affirmed increase in thermal 

stability of nanocomposites (Figure 6b). 

 

Table 2. Results of mechanical properties of PVA and its organoclay nanocomposites 

Sample Clay 
%, (w/w) 

Tensile 
strength 

(Mpa, ±5)a 

Elongationb 
(%, ±2) 

Tg (°C) 

PVA 0 110 - 30.3 
C-PVA 1 125   13 31.0 
 2 140 27 32.8 
 3 153 38 33.1 
D-PVA 1 127 15 30.9 

 2 136 23 32.7 
 3 154 40 33.0 

aStorage modulus at 90°C and 1 Hz. bWith respect to storage modulus of pristine 
PVA. cFound from the peak position of tan δ. 

 

Evaluation of thermal and mechanical analyses indicated that both thermal and 

mechanical stability of PVA nanocomposites were better than raw PVA polymer even in 

addition to the smallest amount of clay at 1% by weight. 
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CONCLUSIONS 

 

Two different types of organoclay were synthesized using cationic surfactants DTABr and 

CPBr. Spectral and electrokinetic measurements indicated that interactions among clay 

particles and surfactant mainly occurred at surfaces resulting in surfactant covered clay 

particles and these interactions also caused an increase along interlayer spacing of clay 

structure. These organoclays were used to obtain PVA nanocomposites at different 

proportions of 1, 2, and 3% by weight. Dispersing C-MMT in PVA matrix with different 

proportions gave C-PVA nanocomposites while using D-MMT produced D-PVA. Spectral 

characterizations showed that PVA nanocomposites were obtained with the organoclays. 

Thermal and mechanical analyses proposed that properties of nanocomposites were 

enhanced in thermal and mechanical aspects for both nanocomposites concerning 

pristine PVA. When C-PVA and D-PVA nanocomposites were compared, it was deduced 

that interactions among PVA chains and organoclays were fairly different. 
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Abstract:  In  this  work,  a  convenient  protocol  enabled  the  synthesis  of  novel  Arylated
Borondipyrromethene  (BODIPY)  compounds  was  applied  that  synthesis  yields  found  to  be
higher than classical alkyl substituted analogues. Arylated chromophores exhibited the broader
red-shifted  absorption  and  fluorescence  bands  with  higher  stokes  shifts  with  regard  to
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BDPNH2 which has amine subunit to alkyl substituted reference. The fluorescence enhancement
of this compound in acidic media was associated with the inactivation of the acceptor type
photoinduced  electron  transfer  mechanism by  fluorimetric  measurements.  Our  results  are
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INTRODUCTION

 

Investigating  the  photophysical  properties  of  molecules  provides  convenient  methods  in

various applications such as the determination of chemically or biologically important species

(1-9), photodynamic  therapy  (10-14),  TPA  imaging  microscopy  (15-17), and  organic

photovoltaics  (18-21).  There  are  many  studies  in  the  literature  about  designing  and

synthesizing new molecules for these applications.

 

Dipyrrin based boron complexes known as BODIPY dyes have appeared as a fascinating class

of luminescent molecules since their relative ease of preparation and modification over the

past two decades. Actually, the widespread interest stems from their large molar absorption

coefficients in the visible region, chemical robustness, solubility, high fluorescence quantum

yields and photostability. Furthermore, photophysical properties of BODIPYs can be tailored

and tuned by different substitution patterns on pyrrole rings and organic side, depending on

application.  Thus,  many  efforts  have  been  devoted  to  engineer  new  BODIPY  dyes  and

remarkable spectroscopic properties.

 

Alkyl  substituted  pyrrole  derivatives  such  as  2,4-dimethylpyrrole  and  2,4-dimethyl-3-

ethylpyrrole  are  used  as  starting  materials  to  obtain  4,4’-difluoro-8-phenyl-1,3,5,7-

tetramethyl-4-bora-3a,4a-diaza-s-indacene derivatives known as BODIPY dyes. Although there

are many studies for the photophysical properties of these types of dyes in the literature, only

a few examples of arylated BODIPY derivatives on the 1,7,3,5 positions of the indacene core

were reported (22-24). 

 

We  note  that,  investigation  of  photophysical  properties  of  arylated  BODIPYs  in  terms  of

substitution patterns of aryl groups are lacking. The enhancement of the conjugation by direct

linking and free rotation of aryl groups on the BODIPY core could change the photophysical

absorption and fluorescence properties lead to  fluorescence enhancement or quenching.

 

With these considerations, we designed and synthesized novel arylated BODIPY compounds by

introducing 4-nitrophenyl and 4-aminophenyl moieties to investigate the pH sensor capability.

We also synthesized 1,3,5,7-tetramethyl substituted BODIPY (TMB) to be able to compare the

results and reveal the effect of substitution in terms of photophysical properties. The target

compounds were isolated in higher yields compared to alkyl substituted analogue (TMB). In

this work we showed the use of arylated BODIPYs as pH probe by explaining the fluorescence

enhancement  mechanism  of  the  compound  BDPNH2 with  an  amine  substituted  by  using

fluorescence spectroscopy technique as well as steady state UV-vis measurements.
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EXPERIMENTAL SECTION

 

Materials and measurement 

All reagents were purchased from Sigma-Aldrich and Merck Chemical Companies and used as

received  without  further  purification.  2,4-diphenylpyrrole  was  prepared  according  to  the

literature procedure (2). Reactions were monitored by thin layer chromatography using Silica

gel  plates  (Merck,  Kieselgel  60,  0.25  mm  thickness)  with  F254 indicator.  Column

chromatography was carried out on silica (230-400 mesh). Melting points were determined on

a Barnstead Electrothermal IA9100 platform. UV-Visible spectra were recorded on a SHIMADZU

UV-1800 UV-Vis spectrophotometer. Fluorescence spectra were recorded on a Perkin Elmer

LS55 Fluorescence Spectrometer. Mass spectral analyses were performed on an Agilent 6224

TOF  LC/MS  spectrometer.  1H-NMR spectra  were  recorded  on  a  VARIAN  Mercury  400  MHz

spectrometer. 1H-NMR chemical shifts (δ) are given in ppm downfield from Me4Si, determined

by chloroform (δ= 7.26 ppm) and DMSO (δ= 2.48 ppm). 13C-NMR spectra were recorded on a

VARIAN Mercury 100 MHz spectrometer. 13C-NMR chemical shifts (δ) are reported in ppm with

the internal CDCl3 δ=77.0 ppm as standard.

 

Titration studies 

Compound  BDPNH2 was  dissolved  in  2:1  CH3CN-H2O  mixture  and  solution  with  1x10-5 M

concentration was prepared. Than 0.1 M solution of HCl were used to adjust the pH of the

solutions by gradually adding a microliter of H+ to the dye solution. Then fluorimetric titration

was  applied  as  a  function  of  pH  using  the  emission  spectra.  The  recorded  steady-state

fluorescence data (F) was fitted to the following equation (Eq. 1) as a function of [H+] yield

value of Ka.

F=
FmaxH

+n+FminK a

Ka+H
+n (Eq. 1)

Here, Fmin and Fmax denote fluorescence signals at minimal and maximal [H+], respectively,

and n denotes the number of protons bounded per fluorescent pH probe. n was kept fixed at 1

in the final  curve fitting. Predicted an apparent pKa value was obtained as 2.45 from the

sigmoidal plot of pH versus fluorescence intensity.

 

Determination of fluorescence Quantum yields (ΦF)

In order to determine the fluorescence quantum yields of the compounds BDPNO2, BDPNH2 

and TMB, comparative method (Eq. 2) was applied.
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ϕ F=ϕ F (Std)
F x AStd xn

2

FStd x A xnStd
2 (Eq. 2)

Where ɸF (Std) is the fluorescence quantum yield of Rhodamine B. F and FStd denote the areas

under the fluorescence emission curves of samples and the standard, respectively. A and AStd

are  the  respective  absorbance  of  the  samples  and  standard  compound  at  the  excitation

wavelenghts. n2 and n2
Std are the refractive indices of the solvents used for the sample and

standard,  respectively.  Rhodamine  B  in  ethanol  (Φf =0.65)  was  used  as  the  fluorescence

standard for fluorescence quantum yield calculations. The concentration of the dilute solutions

at the excitation wavelengths fixed at 1 x 10-6 M in dichloromethane. All spectra were recorded

at 25 ºC.

 

The  synthesis  of  4-difluoro-8-[4-nitrophenyl]-1,3,5,7-tetraphenyl-4-bora-3a,4a-

diaza-s-indacene (BDPNO2)

2,4-diphenylpyrrole (600 mg, 2.73 mmol) and 4-nitrobenzaldehyde (195 mg, 1.29 mmol) were

dissolved in absolute CH2Cl2 (125 mL) under Ar atmosphere. Then one drop of trifluoroacetic

acid (TFA) and tetrachloro-1,4-benzoquinone (0.48 g, 1.95 mmol) was added to the solution.

The solution was stirred at room temperature for 6 h. The reaction mixture was condensed to

30 mL and filtered to provide a green solid. Without purification, the green solid and Hünig’s

base (1.50 mL, 9.12 mmol) were dissolved in 60 mL of CH2Cl2, the mixture was stirred at room

temperature for 10 min; BF3.OEt2 (1.80 mL, 14.34 mmol) were then added and stirring was

continued overnight. The resulting solution was washed with water and dried over anhydrous

Na2SO4,  filtered,  and evaporated.  The residue was chromatographed on silica  gel  (elution:

benzene) to afford 291 mg (yield: 36%) Compound BDPNO2 in the form of purple powder. Mp

= 315-318 oC. 1H NMR (400 MHz, CDCl3, δ, ppm): 7.92-7.90 (4H, m, Ar-H), 7.46-7.44 (6H, m,

Ar-H), 7.30 (2H, d, J=8.8 Hz, Ar-H), 6.99 (2H, d, J=8.8 Hz, Ar-H), 6.95-6.92 (2H, m, Ar-H),

6.86-6.83 (4H, m, Ar-H), 6.73-6.72 (4H, m, Ar-H), 6.56 (2H, s, Ar-H),  13C NMR (100 MHz,

CDCl3,): 157.9, 147.5, 147.4, 142.4, 138.2, 135.0, 132.7, 132.2, 129.9, 129.5, 129.5, 128.8,

128.3,  127.4,  126.9,  123.6,  121.40  HRMS/TOF-ESI:  Calculated  as  617.20862,  found:

640.20210 [M+Na]+, Δ=5.79 ppm.

The  synthesis  of  4,4-difluoro-8-[4-aminophenyl]-1,3,5,7-tetraphenyl-4-bora-3a,4a-

diaza-s-indacene (BDPNH2)

BDPNO2 (225  mg,  0.36  mmol)  was  dissolved  in  THF  (15  mL)  and  EtOH (80  mL)  under

nitrogen, 5% Pd/C (15 mg), and hydrazine monohydrate (0.54 mL, 80% v/v) were added. 

The resulting solution was refluxed for 3 h. TLC analysis showed complete consumption of the

starting material and then cooled to room temperature. The catalyst was removed by filtration
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and the solvent was removed by rotary evaporation. The target product was obtained by a

column  chromatography  on  silica  gel  using  CH2Cl2:toluene  (95:5  v/v)  to  afford  the

corresponding product BDPNH2. Yield: 87 mg (41 %). Decomp.>300 oC. 1H-NMR (400 MHz,

DMSO, δ, ppm): 7.80-7.78 (4H, m, Ar-H), 7.43-7.41 (6H, m, Ar-H), 6.98-6.92 (6H, m, Ar-H),

6.86-6.84 (4H, m, Ar-H), 6.71 (2H, s, Ar-H), 6.55 (2H, d, J=8.4 Hz, Ar-H), 5.65 (2H, d, J=8.4

Hz, Ar-H), 5.27 (2H, s, -NH2), 13C-NMR (100 MHz, DMSO): 157.9, 147.5, 147.4, 142.4, 138.2,

135.0,  132.7,  132.2,  129.9,  129.5,  128.8,  128.3,  127.4,  126.9,  123.7,  123.6,  121.4.

HRMS/TOF-ESI: Calculated as 587.23443, found: 588.24820 [M+H]+, Δ=3.93 ppm

 

RESULTS AND DISCUSSION

 

The  compound  BDPNO2 was  obtained  by  a  standard  procedure  starting  from  the  2,4-

diphenylpyrrole  and 4-nitrobenzaldehyde  in  the  presence  of  trifluoroacetic  acid  catalyst  as

shown in Figure 1. In the first step, p-chloranil was used for the oxidation of dipyrromethanes.

Then the treatment with hunig’s base and boron trifluoride diethyl etherate gave the desired

product. 

 

Figure 1: The synthesis of compound BDPNO2 a) Tetrachloro-1,4-benzoquinone, Trifluoroacetic
acid (cat.), CH2Cl2, 25 °C, a) 8-12 h. b) DIPEA, BF3.OEt2, 12 h.

 

In the first step of the reaction, oxidizing agent p-chloranil was added immediately after mixing

pyrrole and aldehyde derivative. After adding the catalyst, the color of the reaction mixture

turned to deep green. After the complexation with boron difluoride and isolation, yield for the

synthesis  was  found to  be  as  36%. The  compound  BDPNH2 was  obtained by  reducing  of

compound  BDPNO2 with hydrazine and palladium/carbon catalyst and reduction afforded in

41% yield (Figure 2).
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Figure 2: The synthesis of compound BDPNH2 a) (NH2)2, Pd/C, THF:EtOH, reflux, 3h, Yield

41% 

The identification of compounds was established by NMR spectroscopy. The most significant

difference in the 1H-NMR spectrum is the chemical shift of aromatic pyrrole protons. While the

signal at 5.98 ppm is assigned to pyrrole protons of reference alkyl substituted compound TMB

for the aryl substituted compounds  BDPNO2 and BDPNH2 the chemical shifts observed in the

higher values. For the comparison the chemical shifts of compounds TMB and BDPNO2 were

indicated in Figure. 3.

 

Figure 3: The scale of chemical shifts for compounds BDPNO2 and TMB for pyrrolic protons in
1H-NMR.

 

The downfield shifts of the aromatic pyrrole protons caused by the effect of aryl groups. In the

series of compounds  BDPNO2 and BDPNH2, there was a minor changes in chemical shifts of

pyrrole  protons  when  the  meso  substituents  were  changed  from  4-nitrophenyl  to  4-

aminophenyl.  Although  these  moieties  have  different  donor  or  acceptor  properties,  no

remarkable  differences  were  observed  in  1H-NMR spectra.  This  is  because  the  orthogonal

geometry of meso (8) position of the indacene core.
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The photophysical parameters of the dyes in dichloromethane are presented in Table 1. In

general, the absorption spectra of synthesized BODIPY compounds show a similar shape as

meso-substituted borondipyrromethene chromophores (Figure 4). UV-Vis absorption spectra of

the compounds in DCM displayed an intense band between 553-565 nm assigned to the S0→S1

transitions along with high molar absorption coefficients. The broader absorption band localized

between 350-400 nm is ascribed to the S0  → S2 transitions of BODIPY moiety. Introducing aryl

groups at the 1, 3, 5, 7 positions of the BODIPY core showed significant bathochromic shifts

compared to  alkyl  substituted analogue due to the extended conjugation. Additionally,  the

absorption bands of the compounds are relatively broader and the Stokes shifts are larger

compared to those of alkyl substituted counterpart. However, the molar absorption coefficients

and fluorescence quantum yields were decreased.

Figure 4: UV and Fluorescence spectrum of BDPNO2 (left) and BDPNH2 (right) in DCM.

Compounds with 4-nitrophenyl group on the 8 position of the BODIPY core showed a clear

bathochromic shift  in  their  absorption maxima, as compared to  4-aminophenyl  substituted

analogue BDPNH2. For aryl substituted compounds, absorption bandwidths (FWHM) are 2-3

times broader than TMB counterpart. Furthermore, the fluorescence emission spectra display a

Stokes-shifted (ca. 49 nm) for BDPNO2, mirror-symmetrical bands relative to the absorption of

BODIPY units. The stokes shift (expressed in nm) was measured as 49 nm.
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Table 1. Photophysical data of synthesized compounds in DCM (1x10-6 M)

Compound
λAbs

max (nm)

λEms

max

(nm)

ε (M-1cm-1) FWHM (nm)
Stokes’

shift (nm)
Φf

TMB 501 515 71400 21 14 0.36
BDPNO2 565 614 51300 54 49 0.09
BDPNH2 553 - 62500 51 - -

 

A stokes-shifted band of perfect mirror image shape with minimum energy loss that shows the

main  absorption  band  corresponds  to  the  S0→S1 transition.  The  diminishing  fluorescence

intensity for the compound BDPNH2 can be attributed to the lone-pair electrons on the nitrogen

atom that enables the photoinduced electron transfer. The decreasing fluorescence quantum

yield  of  the  compound  BDPNO2 is  related  with  the  same  mechanism.  It  is  obvious  that

extended ᴨ conjugation and free rotation of aryl groups around Ar-Ar bonds have responsible

the both absorption and fluorescence properties of the compounds (23).

 

4-aminophenyl moiety of compound  BDPNH2 is sensitive to the pH and  -NH2 group can be

protonated in acidic environments. The effect of pH was assessed by altering the solution pH

from neutral to acidic environment through the addition of aq. HCl in CH3CN:H2O (2:1). The

pH dependent absorption and fluorescence graphs were given in Figure 5.

 

The spectroscopic data revealed that the main absorption band was nearly unchanged with a

slight shift to longer wavelengths. This insignificant bathochromic shift in acidic solution may

be caused by transpacer electronic interactions between the protonated –NH2 subunit and the

fluorophore that in agreement with the meso substitution. Besides, there is a bathochromic

shift of band with higher energy in the range of 300-450 nm with decreasing pH indicate the

formation of anilinium cation.

 

440



Sevinç G, Hayvalı M. JOTCSA. 2018; 5(2): 433-444. RESEARCH ARTICLE

Figure  5. Dependence  of  the  absorption  (top)  and  fluorescence  (bottom)  of  compound
BDPNH2 on  a  change  in  pH  upon  addition  of  aq.  HCl  solution  (excitation:  553  nm,  dye
concentration: 1x 10-5 M)
 

The  corresponding  emission  features  have  also  been  investigated  upon  altering  the  pH.

Although BDPNH2 is not a fluorescent molecule in a neutral environment, upon protonation

fluorescence signal showed drastic enhancement at a maximum emission wavelength at 600

nm. The studies were The nonlinear sigmoidal fitting of titration data was given in Figure 6.

The reversibility experiments have been carried out and it  was found that all  changes are

found to be fully reversible. The addition of pyridine to the acidic solution of compound BDPNH2

resulted the fluorescence quenching as observed in the neutral solution.

 

Figure 6: Nonlinear fitting of fluorescence intensity depends on decreasing pH for BDPNH2,

Figure inset shows Compound BDPNH2 at neutral (left) and acidic (right) environment under

UV irradiation.
 hese observations can be explained by the inactivation of the acceptor type photoinduced

electron  transfer  (PET)  process  between  BODIPY  core  and  the  substituted  group.  The
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intramolecular PET process strongly quenches the fluorescence of the compound  BDPNH2 in

neutral media. The enhancement of fluorescence intensity shows that the inactivation of the

PET process  altered the  energy level  of  the side  group binding to  the  BODIPY core.  This

situation was depicted schematically in Figure. 7.

Figure 7: Proposed mechanism for fluorescence enhancement of BDPNH2 in acidic media
attributed by a-PET (a) quenching mechanism (b) fluorescence mechanism.

 

Coordination of the  H+ ion makes the ionophore electron poor and lowers the HOMO of the

ionophore,  so  that  PET  from  the  excited  BODIPY  fluorophore  to  the  ionophore  becomes

infeasible, leading to fluorescence enhancement.

 

CONCLUSION

 

In summary, we have synthesized new arylated BODIPY chromophores which show broadband

absorption in visible spectral region. The photophysical studies exhibited that arylatedboron-

dipyrromethenecompounds have the red-shifted absorption bands and 2-3 times higher stokes

shifts and full  width at  half  media (FWHM) values compared to  alkyl  substituted analogue

(TMB). We performed the pH probe application of aminophenyl substituted BDPNH2 compound

which has showed drastic fluorescence enhancement upon increasing protonation. Coordination

of  the  H+ ion  lowers  the  HOMO level  of  the  ionophore.  Therefore,  electron transfer  from

ionophore to the excited BODIPY fluorophore becomes possible. This electron transfer leads to

fluorescence enhancement. Our results are helpful for designing new photosensitizers and for

applications in photodynamic therapy and for study of the molecular photochemistry.
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Abstract: In the present study, phenolic compounds and antioxidant activity of decoction and 

infusion of aerial parts of Mentha spicata subsp. spicata and M. longifolia subsp. typhoides 

(Briq.) Harley were investigated. Phenolic contents of the decoction and infusion were analyzed 

using LC-MS/MS. Also, the antioxidant activity of the species was determined by three 

methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging, β-carotene linoleic 

acid assays, and CUPRAC assays. Flavonoids and derivatives were the most abundant 

components of the M. spicata subsp. spicata decoction and M. longifolia subsp. typhoides 

decoction and infusion, whereas coumaric acids and derivatives were found to be the most 

abundant components of M. spicata subsp. spicata infusion. Particularly, the main compounds 

were determined as follow for M. spicata subsp. spicata decoction and infusion; caffeic acid 

and fumaric acid. Rosmarinic acid was detected in high amounts in M. longifolia subsp. 

typhoides decoction and infusion. For all the activity assays, infusion and decoction of the 

samples showed good activity. 
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INTRODUCTION 

 

Lamiaceae (Labiatae) family consisting of about 236 genera and 6,900 to7,200 species 

distributed all over the world (1). This family have strong antioxidant properties due to their 

rich source of polyphenolic compounds (2, 3). The genus Mentha (Lamiaceae) is represented in 

Turkey by 6 species 4 hybrids and 13 taxa (4). Mentha species are used as herbal tea and folk 

medicine for treatment of several disorders (5, 6). M. spicata (eşek nanesi) is a medicinally 

important plant and commonly known as spearmint. Infusion and hydrolate of the aerial parts 

of M. spicata used treatment of colds and flu, respiratory tract problems, gastralgia, 

hemorrhoids, and stomachache (7). Also, M. longifolia is generally known under the name 

“dere nanesi” and widely used for sore throat, hemorrhoids, shortness of breath, stomachache, 

sunstroke, headache, cough, and menstrual pain (8). 

 

Many studies have been conducted to investigate the chemical content and biological activities 

of Mentha species (3-6). The studies especially related to essential oil composition and 

biological activities (9-12). Previous studies have been reported that the extracts of different 

species possess phenolic content, antioxidant, anti-inflammatory and antimicrobial activities 

(13-15). Also, there are some reports on total phenolic content and antioxidant activity of 

infusion of M. spicata and M. longifolia from different region of the world and the main phenolic 

compounds were determined as mainly eriocitrin, luteolin-7-O-glucoside, rosmarinic acid, 

luteolin, and caffeic acid (15-23). The results showed that, since locality, climatic and seasonal 

conditions are effect the chemical constituents of the plants, biological activity results differ. 

Also previous studies have demonstrated that the phenolic content of herbal infusion is 

strongly correlated with their antioxidant activity (17-21). The antioxidant activity of phenolic 

compounds is widely due to their free radical scavenger, singlet and triplet oxygen quencher, 

metal chelation potential, and hydrogen donor properties (13-16). Therefore, the present 

study aimed to investigate comparative antioxidant activities as well as phenolic compounds of 

decoction and infusion of aerial parts of M. spicata subsp. spicata and M. longifolia subsp. 

typhoides Turkey. 
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EXPERIMENTAL SECTION 

 

Plant materials 

The aerial parts of M. longifolia subsp. typhoides (Briq.) Harley; 

Balıkesir: On the road of Çamlık-Turnacık, forest bottoms, 1310 m, 10.9.2015, (herbarium 

number SS 6809). 

The aerial parts of M. spicata subsp. spicata; 

Balıkesir: Sındırgı, Ulus Peak, 1768 m, 21.8.2015, (herbarium number SS 6701). 

The species were identified by Dr. Selami Selvi at Balıkesir University. The voucher specimens 

were deposited at the Herbarium of the Altınoluk Vocational School, Balıkesir University, 

Balıkesir, Turkey. 

 

Preparation of decoction and infusion samples 

4 g of aerial parts of the plant, dried in the shade and chopped into small pieces. For infusion; 

2 g of the plant were added to 98 mL of distilled boiling water and allowed to stay for 15 

minute. For decoction; 2 g of the plant were added to 98 mL of distilled water and heated 

together in a steel kettle and allowed to stay for 15 minute after it boiled. The teas were 

filtered with an ashless filter paper. The filtrates were diluted with 25 mL of distilled water. 

 

Phenolic compounds were determined by LC-MS/MS. 

 

Chemicals  

Standard compounds used for LC-MS/MS analysis were as follows: fumaric acid (99%, Sigma-

Aldrich), pyrogallol (98%, Sigma-Aldrich), rutin (94%, Sigma-Aldrich), chlorogenic acid (95%, 

Sigma-Aldrich), gallic acid (99%, Merck), syringic acid (95%, Sigma-Aldrich), t-ferulic acid 

(99%, Sigma-Aldrich), caffeic acid (98%, Sigma-Aldrich), pelargonin chloride (98%, Sigma-

Aldrich), quercitrin (97%, Sigma-Aldrich), salicylic acid (99%, Sigma-Aldrich), p-coumaric acid 

(98%, Sigma-Aldrich), luteolin-7-O-glu (99%, AppliChem), rosmarinic acid (96%, Sigma-

Aldrich), apigenin (95%, Sigma-Aldrich), kaempferol (96%, Sigma-Aldrich) and isorhamnetin 

(98%, ExtraSynthese, Genay-France). Stock solutions were prepared as 10 mg/L in methanol. 

HPLC grade methanol was purchased from Merck (Darmstadt, Germany). Calibration solutions 

were prepared in methanol in a linear range. Dilutions were performed using automatic 

pipettes and glass volumetric flasks (A class). 0 mg/L curcumin solution was freshly prepared, 

from which 50 μL was used as an Internal Standard (IS) in all experiments. 
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Liquid chromatography-mass spectrometry 

LC-MS/MS experiments were performed by a Zivak® HPLC and Zivak® Tandem Gold Triple 

quadrupole (Istanbul, Turkey) mass spectrometry equipped with a Synergy Max C18 column 

(250 x 2 mm i.d., 5mm particle size).  The mobile phase was composed of water (A, 0.1 % 

formic acid) in methanol (B, 0.1 % formic acid), the gradient programme of which was 0-1.00 

minute 55 % A and 45 % B, 1.01-20.00 minutes 100 % B and finally 20.01-23.00 55 % A and 

45 % B. The flow rate of the mobile phase was 0.25 mL/min, and the column temperature was 

set to 30 oC. The injection volume was 10 μL. 

 

The detailed information on preparation of test solution and evaluation of uncertainty has been 

reported in the literature (24, 25). 

 

Biological activity 

The antioxidant activities were measured based on 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 

radical scavenging activity (24-30), β-carotene linoleic acid assays (24, 26, 30) and cupric 

(Cu2+) ion reducing power assay (CUPRAC) (24, 26, 30-32). 

 

RESULTS AND DISCUSSION 

 

Phenolic contents 

The results of the studied phenolic compounds of decoction and infusion of M. spicata subsp. 

spicata and M. longifolia subsp. typhoides by LC-MS/MS are shown in Table 1. All the phenolic 

compounds of M. spicata subsp. spicata and M. longifolia subsp. typhoides decoction and 

infusion were classified into three groups as flavonoids and derivatives, coumaric acids and 

derivatives, and simple phenolics and others. Total 20 compounds, composed of 12 flavonoids 

and 8 phenolic acids were determined in the decoction and infusion of M. spicata subsp. 

spicata and M. longifolia subsp. typhoides. Caffeic acid (4126.6 mg), quercetagetin-3,6-

dimethylether (2141.5 mg) and penduletin (1472.7 mg) were found to be the main phenolic 

compounds in M. spicata subsp. spicata decoction, whereas fumaric acid (4220.1 mg), t-ferulic 

acid (1148.7 mg), and caffeic acid (1064.1 mg) were found to be the main phenolic 

compounds in infusion. In M. longifolia subsp. typhoides, the main phenolic compounds for 

decoction were rosmarinic acid (1570.7 mg), luteolin (460.9 mg), and quercetagetin-3,6-

dimethylether (420.2 mg). Rosmarinic acid, luteolin and fumaric acid (620.9; 518.2; 489.8 

mg, respectively) were found to be the main compounds of M. longifolia subsp. typhoides 

infusion. 

 

Flavonoids and derivatives were the dominant group (6303.8 mg) in the decoction of M. 

spicata subsp. spicata with quercetagetin-3,6-dimethylether, penduletin, and kaempferol. 

Cumaric acids and derivatives were represented with 4434.8 mg and caffeic acid (4126.6 mg) 
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was found to be the dominant compound in decoction M. spicata subsp. spicata. While simple 

phenolics and others were detected in scarce amounts (187.4 mg).  

 

On the contrary, phenolic compounds of M. spicata subsp. spicata infusion were characterized 

by the presence of simple phenolics and others (4280.0 mg) and fumaric acid was found to be 

the major compound (4220.1 mg). Flavonoids and derivatives of infusion of M. spicata subsp. 

spicata were detected in scarce amounts (548.2 mg). 

 

Flavonoids and cumaric acids derivatives were presented almost in equal amount (1771.2 and 

1838.8 mg, respectively) in decoction of M. longifolia subsp. typhoides with rosmarinic acid 

(1570.7 mg), luteolin (460.9 mg) and quercetagetin-3,6-dimethylether (420.2 mg) were found 

to be the main components. In the infusion of M. longifolia subsp. typhoides, flavonoids and 

coumaric acids derivatives were detected in equal amount (884.3 and 937.6 mg, respectively). 

Rosmarinic acid (620.9 mg) was detected as main coumaric acid derivative and luteolin (518.2 

mg) was detected as main flavonoid.  

 

As a result the amount of phenolic compounds extracted in decoction of M. spicata subsp. 

spicata is very high comparison with other extracts. Especially amount of flavonoids were 

found to be higher than the other extracts. Also, the decoction extracts of both plants were 

found to contain more phenolic compounds than the infusions.  

 

In the previous studies, aqueous extract of M. spicata var. crispa characterized by a high 

content of phenolic compounds such as eriocitrin, naringenin-gluc and rosmarinic acid and 

antioxidant properties were analyzed by iron reduction and chelation, 1,1-diphenyl-2-

picrylhydrazyl radical and iron-ascorbate generated hydroxyl radical scavenging (15). Also, 

antioxidant activity and phenolic content of aqueous extracts were investigated of M. spicata L. 

from Bulgaria (21). In another study, chemical characterization such as chlorogenic acid, 

rosmarinic acid, salvianolic acid B and salicylic acid of aqueous extracts were investigated of M. 

spicata from Italy (9). Additionally, total phenolic and antioxidant activity of methanolic extract 

of different M. spicata and M. longifolia five Iranian mint accessions were investigated (19). 

Dinis et.al. (23) reported the chemical compounds (eriocitrin, eriodictyol) and 

acetylcholinesterase inhibitory activity of infusion of M. spicata from Portugal. Also, Sytar et. 

al. (20) reported the phenolic compounds and antioxidant activity of methanolic extracts of M. 

spicata L. from Slovakia. Previous studies showed that aqueous extracts of the species had a 

variety of phenolic contents. The variation might be concerned local, climatic and seasonal 

differences. 
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Table 1: Phenolic contents of M. spicata subsp. spicata and M. longifolia subsp. typhoides decoction and infusion. 

 

* Used as internal standard 

    M. spicata M. longifolia 

 
Parent 

ion 

Daughter 

ion 

Collision energy 

(V) 
Decoction Infusion Decoction Infusion 

Flavonoids and derivatives 

pelargonin 271.2 121 34 441.7±449.0 147.4±7.5 73.9±7.5 152.9±7.8 
penduletin 345.2 311 25 1472.7±149.3 90.1±9.1 55.5±5.6 - 
luteolin 285 132 30 - - 460.9±118.4 518.2±66.5 
apigenin 269 151 22 218.9±17.6 57.9±4.7 51.8±4.2 85.4±6.9 

isorhamnetin 315 300 15 36.4±3.2 - 6.2±0.6 - 
quercetagetin-3,6-
dimethylether 

345.1 329.5 16 2141.5±400.9 - 420.2±78.7 43.3±8.1 

luteolin-7-O-glucoside 447 284.5 14 206.6±21.0 41.9±2.1 77.9±7.9 32.1±1.6 
luteolin-5-O-glucoside 447 289.5 20 283.9±18.3 13.8±0.9 244.3±15.7 13.9±0.9 
kaempferol 287 152.3 30 1364.8±96.3 - 363.3±25.6 - 
rutin 609 301 16 137.3±8.9 159.5±10.4 - 35.3±2.3 
salvigenin 329 295.8 15 - 37.6±2.6 17.2±1.2 - 
isoquercetin 463.3 300 25 - - - 3.2±0.9 
Total (mg/kg dried herb)    6303.8 548.2 1771.2 884.3 

Coumaric acids and derivatives 

caffeic acid 179 135 10 4126.6±816.6 1064.1±210.6 215.4±42.6 113.1±22.4 

t-ferulic acid 193 133 15 - 1148.7±80.3 10.9±0.8 162.7±11.4 
chlorogenic acid 353 191 14 308.2±42.7 102.4±14.2 27.4±3.8 26.3±3.6 
rosmarinic acid 359.2 160.5 15 - - 1570.7±120.4 620.9±47.6 
p-coumaric acid 163.2 118.7 14 - 63.1±9.7 14.4±2.2 14.6±2.2 
Total (mg/kg dried herb)    4434.8 2378.3 1838.8 937.6 

Simple phenolics and others 

 
gallic acid 168.6 124 13 11.3±0.8 5.6±0.4 4.4±0.3 4.6±0.3 
syringic acid 196.7 181.4 12 176.1±11.9 54.3±3.7 55.5±3.7 18.7±1.3 

fumaric acid 115 71 8 - 4220.1±292.7 - 489.8±33.9 

Total (mg/kg dried herb)    187.4 4280.0 59.9 513.1 
curcumin* 369.3 176.9 20     

    10926.0 7206.5 3669.9 2335.0 
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Antioxidant activity 

The antioxidant activities were determined applying DPPH free radical scavenging activity, β-

carotene linoleic acid assays and CUPRAC assays. Inhibition of lipid peroxidation and DPPH free 

radical scavenging effect were determined at 2, 5, 10, and 20 µL. The results were given in 

Tables 2 and 3 and Figures 1 and 2. Butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT) were used as standard compounds in DPPH and β-carotene linoleic acid 

assays. In DPPH-free radical scavenging activity assay, decoction and infusion samples of M. 

spicata subsp. spicata and M. longifolia subsp. typhoides at all concentrations showed good 

activity. In the same way β-carotene linoleic acid assay had good activity results. For the 

CUPRAC method, decoction and infusion samples of M. spicata subsp. spicata and M. longifolia 

subsp. typhoides had better activity than curcumin, which was used as a standard compound. 

M. spicata subsp. spicata samples having 2, 5, 10, 20 µL concentrations, DPPH and β-carotene 

methods showed higher activities. For especially the decoction of M. spicata subsp. spicata, 

CUPRAC method had better activity. The results are given in the Figure 2. 

 

In the literature, the antioxidant activity of 50% aqueous methanol extract of M. aquatica L., 

M. longifolia (L.) Huds. subsp. longifolia, M. longifolia L. subsp. typhoides (Briq.) Harley var. 

typhoides, M. pulegium L., M. spicata L. subsp. spicata, M. spicata L. subsp. tomentosa (Briq.) 

Harley, was measured by free radical scavenging, hydrogen peroxide (H2O2) scavenging and 

metal (Fe2+) chelating assays (17). Also, antioxidant properties were analyzed in mint (M. 

spicata) from Malaysia (18). Our results are compatible with other studies in the literature (15, 

18-22). 

 

Table 2: Inhibition (%) of DPPH and lipid peroxidation of M. spicata subsp. spicata and M. 

longifolia subsp. typhoides, BHA and BHT 

 

   2 µL 5 µL 10 µL 20 µL 

D
P

P
H

 M. spicata 
Infusion 74.2±0.2 73.5±0.5 71.4±1.2 68.7±1.6 

Decoction 71.5±1.1 69.8±2.2 67.6±2.0 66.8±2.4 

M. longifolia 
Infusion 64.9±12.7 67.2±4.0 63.6±7.4 64.4±0.8 

Decoction 69.7±0.8 67.2±1.4 65.9±0.6 63.1±0.8 
 BHA 22.7±2.1 30.9±4.1 48.2±3.9 62.4±2.9 
 BHT 73.1±2.6 77.7±0.7 78.8±0.8 80.8±1.6 

β
-

c
a
r
o

te
n

e
 

li
n

o
le

ic
 

a
c
id

 

M. spicata 
Infusion 55.8±9.9 64.6±2.4 62.0±8.6 73.5±1.4 

Decoction 61.1±5.8 62.9±4.4 78.5±4.2 79.1±2.4 

M. longifolia 
Infusion 60.8±6.5 68.9±4.2 67.8±4.5 65.4±6.3 

Decoction 67.7±8.5 70.2±1.7 75.6±4.1 77.1±4.3 

 BHA 81.9±1.9 85.5±1.7 85.9±2.4 79.5±4.1 
 BHT 82.6±5.0 72.4±11.8 77.1±2.9 71.0±1.0 
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Table 3: Antioxidant activity of M. spicata subsp. spicata and M. longifolia subsp. typhoides 

extracts (CUPRAC) 

 

CUPRAC (mmol TR g-1) 
M. 

spicata 

M. 

longifolia 

Infusion 2.36±0.09 1.24±0.13 
Decoction 3.8±0.00 2.9±0.04 
Curcumin 0.9 0.9 

 

  

 

Figure 1: Antioxidant activities of decoction and infusion M. spicata subsp. spicata (M.S) and 

M. longifolia subsp. typhoides (M.L), BHA and BHT (DPPH and β-carotene linoleic acid assays). 

 

 

Figure 2: Cu2+ reducing power (CUPRAC) assay of the extracts and curcumin. 
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CONCLUSION 

In conclusion, we examined and reported the main phenolic components and antioxidant 

activity of decoction and infusion of M. spicata subsp. spicata and M. longifolia subsp. 

typhoides in Turkey. M. spicata subsp. spicata was found to be the richest species in terms of 

phenolic compounds. Especially caffeic acid was found to be major compound in decoction and 

infusion of this species. The results indicated that of phenolic contents of decoction and 

infusion of the samples are an important factor for the antioxidant capacities. In addition, 

when the results compared with the literature, the content of phenolics can vary greatly, 

depending on the locality, climatic, and seasonal conditions. Thus, Mentha species is very 

important species which are commonly used in folk medicine, food industry, and herbal tea 

throughout the world.  
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exist many approaches to synthesize monomers to date, there is still room to improve these 
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INTRODUCTION 

 

First reported in 1991, peptide nucleic acids (PNA, for short) are single-stranded molecules 

designed to recognize nucleic acids in sequence-selective manner. By design, these synthetic 

compounds are composed of N-(2-aminoethyl) glycine moiety harboring a nucleobase in such 

a way that intact PNA monomer corresponds to an entire nucleoside of natural nucleic acids. 

Notwithstanding its being inspired from nature, PNA strands indeed diverges structurally from 

DNA, and RNA; its backbone is constructed through conventional peptide bonds amongst 

building blocks, in lieu of phosphodiester bonds encountered in nucleic acids (1) (Scheme 1). 

Unsurprisingly, absence of phosphate group grants a neutral charge to PNA structure and more 

remarkably, it accounts for superior hybridization propensity of these synthetic oligomers 

whereby eliminating infamous electrostatic interactions amongst DNA or RNA chains (2). In 

short, these synthetic oligomers presently emerge as an ideal tool to probe natural nucleic 

acids and thus, they are extensively utilized in biomedical applications including (but not 

limited to) antigene and antisense therapies (3), microarrays (4), biosensors (5), and 

fluorescent in situ hybridization (FISH) assays (6). 

 

 

Scheme 1. Structures of DNA and PNA (adapted from reference 1 with permission). 

 

Retro-synthetically, all customary synthetic routes to PNA monomer (1) rely on the coupling of 

N-(2-aminoethyl) glycine backbone (3) with nucleobase-acetic acid moiety (2 where B = 

adenine, cytosine, guanine, or thymine) (Scheme 2). Undoubtedly, this reaction demands 

protecting groups on both N-terminal (such as Fmoc, Boc and so on), and C-terminal (such as 

ethyl or tertiary-butyl group and so on) of backbone prior to conjugation of nucleobase 

harboring moiety. Whereas some routes utilize the coupling of glycine or its derivatives to an 

electrophile (see routes A-C in Scheme 2) to prepare the backbone (7-9), the others switch 

the position of the nucleophile whereupon ethylene diamine or its derivatives attack to a 

glycine-derived electrophile (see routes D, and E in Scheme 2) (10). 
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Scheme 2. A summary of synthetic routes to N-protected PNA monomer 1 (PG, and NBS 

stand for protecting group, and 2-nitrobenzenesulfonyl moiety, respectively).  

 

As effortless as it may seem on paper, the synthesis of PNA backbone could in reality be 

troublesome, which obliged the scientific community to devise a diverse repertoire of synthetic 

methodologies. Of them, a small fraction, such as the coupling of chloroacetic acid and 

ethylenediamine (as in route E), suffer from poor reproducibility (11). Yet, the chief 

complication regarding the synthesis of monomers revolves around the observation of how 

some key reactions (like coupling of nucleobases to the PNA backbone) afford moderate yields, 

which ultimately demands a chromatographic purification with highly polar solvents (12,13). 

Naturally, this complication appears tolerable to some extent but it becomes labor-demanding, 

especially in large scale synthesis where the yields of reactions and difficulties in purification 

becomes a major concern. As we experienced similar problems in an attempt to synthesize N-

Boc-PNA-T-OH, and N-Fmoc-PNA-T-OH, we felt compelled to optimize synthetic route leading 

to these monomers, in conjunction with purification procedures. With this motivation, we have 

crafted this manuscript to provide a concise comparison of certain methodologies, and key 

reactions to better the synthesis of these monomers. 

 

MATERIALS AND METHODS 

 

Ethyl acetate, hexanes, dichloromethane (DCM), tetrahydrofuran (THF), and acetonitrile were 

purchased from Merck, and were used without any purification. Anhydrous N,N-

dimethylformamide (DMF), trifluoroacetic acid (TFA), triisopropylsilane (TIPS), and N-Boc-

ethanol amine were purchased from Sigma-Aldrich. N,N-diisopropylethyl amine (DIPEA), ethyl 

bromoacetate, O-(1H-benzotriazol-1-yl)-N,N,N’,N’-tetramethyl uronium (HBTU), and 12-

molybdophosphoric acid were purchased from Alfa Aesar. Lithium hydroxide, 9-

fluorenylmethyl-N-succinimidyl carbonate (Fmoc-OSu), and N-Boc-ethylenediamine were 

obtained from EMD Milliopore, ChemImpex, and Ench Industry Co. (Shangai, China), 
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respectively. TLC was performed on analytical Merck silica plates with F254 indicator. TLCs 

were viewed either under 254 nm UV or by staining with ninhydrin, where indicated. 

 

1H NMR and 13C NMR were acquired on an Agilent VNMRS Spectrometer at 500 MHz, and 125 

MHz, respectively. Coupling constant values were given in Hertz and chemical shifts were 

reported in δ (ppm) with respect to the internal standard TMS. Splitting patterns were 

described as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), and br 

(broad signal). 

 

EXPERIMENTAL SECTION 

 

Methyl glycinate hydrochloride 4 (14): To a suspension of glycine (3.67 g, 48.99 mmol) in 

methanol (100 mL) chilled with an ice bath, SOCl2 (10.7 mL) was added dropwise over 15 

minutes. Then, the ice-bath was removed and the reaction was refluxed for three hours. 

Excess of thionyl chloride and methanol were evaporated and the product was obtained as 

white powder (yield 85%). 1H NMR (DMSO-d6): 3.7 (3H, s); 3.85 (2H, s), 8.7 (2H, s). 13C NMR 

(DMSO-d6):  52.9, 168.2. 

 

Methyl N-(2-nitrophenylsulfonyl)-glycinate (N-(NBS-Gly-OMe)) 5 (15): Triethyl amine (2.32 

mL, 16.71 mmol) and methyl glycinate hydrochloride (1 g, 7.96 mmol) were dissolved in 

dichloromethane (20 mL) at 0 °C. 2-nitrophenylsulfonyl chloride (1.94 g, 8.75 mmol) dissolved 

in dichloromethane (15 mL) was added dropwise over 30 minutes. Upon the completion of 

addition, ice bath was removed and the reaction mixture is further stirred overnight at room 

temperature. Dichloromethane was evaporated under reduced pressure and the crude material 

was portioned between ethyl acetate (50 mL), and distilled water (60 mL). The organic phase 

was separated and washed with distilled water (1x25 mL), 1 M HCl (2x25 mL), brine (2x25 

mL), 5% NaHCO3 (2x25 mL), and brine (2x25 mL), respectively. Organic phase was dried over 

Na2SO4 and concentrated under reduced pressure and the title compound was obtained as 

white solid (yield 60%). 1H NMR (CDCl3): 3.64 (3H, s), 4.05 (2H, d, J = 5 Hz); 6.16 (1H, t, J = 

5 Hz), 7.67-8.35 (4H, m). 13C NMR (125 MHz): 44.7, 52.5, 125.6, 130.6, 132.9, 133.7, 133.9, 

147.7, 169. 

 

2-(Boc-amino) ethyl mesylate 6 (16): Tert-butyl (2-hydroxyethyl) carbamate (1.34 g, 8.33 

mmol) and trimethylamine (1.15 mL, 8.33 mmol) were dissolved in DCM (15 mL) under inert 

atmosphere and the reaction mixture was cooled with ice. Afterwards, methanesulfonyl 

chloride (0.95 g, 8.33 mmol) dissolved in dry DCM (3 mL) was added over 15 minutes and the 

reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was 

diluted with DCM (15 mL), and was washed with cold water (2x20 mL). Organic phase was 

dried over sodium sulfate and concentrated under reduced pressure to afford the title 
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compound as a viscous oil (yield 96%). 1H NMR (CDCl3): 4.93 (bs, 1H), 4.29 (t, J = 5 Hz, 2H), 

3.48 (q, J = 5 Hz, 2H), 3.04 (s, 3H), 1.45 (s, 9H). 

 

Boc-GlyΨ[CH2N(NBS)]Gly-OMe 7 (Method A) (15): N-(NBS)-Gly-OMe (0.19g, 1.43 mmol), N-

Boc-ethanolamine (0.17 g, 2.14 mmol), and triphenylphosphine (0.28 g, 2.14 mmol) were 

dissolved in dry THF (15 ml) under inert atmosphere. The resulting mixture is cooled to 0 °C 

with ice-salt bath and diethyl azodicarboxylate (0.37 g, 2.14 mmol) dissolved in dry THF (3 

mL) was added over 10 minutes in three portions. The reaction was warmed to room 

temperature, and was further stirred overnight. After the solvent was evaporated in vacuo, oily 

crude material was re-dissolved in ether and chilled to 0°C with ice-salt bath. Precipitated 

materials were filtered off and crude material was purified with flash column chromatography 

on silica gel (ethyl acetate/petroleum ether, 1:6-1:3, v:v). 

 

Boc-GlyΨ[CH2N(NBS)]Gly-OMe 7 (Method B) (17): To a solution of N-(NBS)glycinate methyl 

ester (0.5 g, 4 mmol) in DMF (15 mL), Cs2CO3 (2.67 g, 8.4 mmol) was suspended in DMF (15 

mL) and the reaction was stirred for one hour at room temperature. Then, 2-(Boc-amino) ethyl 

mesylate (0.96 g, 4 mmol) dissolved in DMF (5 ml) was added dropwise for 10 minutes. The 

reaction mixture was stirred at room temperature for 16 hours. Inorganic salts were filtered 

and the solvent was evaporated under reduced pressure. 

 

Tert-butyl 2-((ethoxycarbonyl)methylamino)ethylcarbamate 8 (10): To a solution of N-(Boc)-

ethylenediamine (1.5 mL, 9.47 mmol) dissolved in a mixture of acetonitrile (10 mL) and 

chloroform (10 mL), K2CO3 (1.35 g, 9.84 mmol) was added. Ethyl bromoacetate (1 mL, 9.47 

mmol) dissolved in acetonitrile (10 mL) was added dropwise over six hours under nitrogen 

atmosphere. After the completion of addition, the reaction mixture was stirred for another 30 

minutes. Insoluble materials were filtered off and the solvents were evaporated under reduced 

pressure. The crude product was purified with flash column chromatography (vide infra) and 

the title compound is obtained as a yellow liquid (yield 84%). TLC Rf (MeOH) 0.6 (ninhydrin). 

1H NMR (CDCl3): 5.05 (s br, 1H), 4.20 (q, J = 5, 2H), 3.42 (s, 2H), 3.22 (t, J = 5.8 Hz, 2H), 

2.75 (t, J = 5.8 Hz, 2H), 1.66 (s, 1H), 1.44 (s, 9H), 1.26 (t, J = 5 Hz, 3H). 

 

N-(N-Boc-2-aminoethyl)-N-[(1-thyminyl)acetyl] glycine ethyl ester 9: The coupling of thymine-

1-acetic acid to the intermediate 8 was as reported with a minor modification as such neat 

DMF was utilized as solvent rather than DCM:DMF mixture, as reported by Albrecht et al (18). 

To a suspension of thymine-1-acetic acid (2.04 g, 11.05 mmol) in anhydrous DMF (20 mL), a 

solution of HBTU (5.03 g, 13.26 mmol) in anhydrous DMF (20 mL) was added. Then, DIPEA 

(2.12 mL, 12.16 mmol) was added to the reaction mixture which is stirred for 1 hour at room 

temperature. Afterwards, compound 8 (2.72 g, 11.05 mmol) dissolved in DMF (15 mL) was 

added and the reaction mixture was further stirred at room temperature overnight. Upon the 
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completion of reaction, the solvent was evaporated under reduced pressure. The crude 

material was dissolved in ethyl acetate (100 mL) and was washed with saturated solutions of 

NH4Cl (2x50 mL), NaHCO3 (2x50 mL), NaCl (2x50 mL), respectively. The organic phase was 

dried over Na2SO4 and concentrated under reduced pressure. The title compound was obtained 

as a yellow oil (yield 95%) and was used in the next step without any purification. Rf 

(EtOAc/MeOH, 1:9, v:v) 0.37 (UV). 

 

N-(N-Boc-2-aminoethyl)-N-[(1-thyminyl)acetyl] glycine 10: The intermediate 10 was prepared 

according to conventional procedures, as exemplified in reference 19. To a solution of 

compound 9 (1.90 g, 4.61 mmol) dissolved in THF (50 mL), 2 M LiOH (50 mL) solution was 

added dropwise over 15 minutes. The reaction was stirred at room temperature until complete 

conversion of starting material. Afterwards, the work-up procedures that were utilized 

independently are as tabulated: 

 

Work-up method A (19): The reaction mixture was extracted with ethyl acetate (2x25 mL) 

and remaining aqueous phase is acidified with 1 M HCl to pH=4 at 0 °C. Aqueous phase was 

extracted with ethyl acetate (2x25 mL). Combined organic phases were dried over Na2SO4 and 

were concentrated under reduced pressure to afford an oily material (yield 93%). 

 

Work-up method B (20): The reaction mixture was acidified with 1 M HCl to pH=4 at 0 °C, 

and the product was extracted with excess amount of ethyl acetate. Combined organic phases 

were dried over Na2SO4 and the solvent was removed under reduced pressure to afford an oily 

material (yield 45%). In both cases, 1H NMR analysis of the product revealed that the final 

compound was pure enough to be used in the subsequent step. TLC Rf (EtOAc/MeOH, 1:9, v:v) 

0.61 (UV). 1H NMR (DMSO-d6): 12.54 (s br, 1H), 11.30 (s, 1H, mj), 11.28 (s, 1H, mi), 7.31 (s, 

1H, mj), 7.27 (s, 1H, mi), 6.94 (t, 1H, mj), 6.75 (t, 1H, mi), 4.64 (s, 2H, mj), 4.47 (s, 2H, 

mi), 4.19 (s, 2H, mj), 3.97 (s, 2H, mj), 3.60 (m, 2H, mi), 1.38 (s, 9H). 

 

N-[2-(Aminoethyl])-N-(thymin-1-ylacetyl)] glycine 11 (21): Compound 10 (625 mg, 1.51 

mmol) was dissolved in 17.9 mL of TFA/DCM/TIPS (47:50:3). The reaction was stirred at room 

temperature until TLC indicates complete conversion of compound 10 and then, volatile 

materials were evaporated under reduced pressure. The title compound was precipitated from 

cold ether and was used in the following step as it is, with no characterization, and further 

purification. TLC Rf (MeOH) 0.14 (UV). 

 

N-Fmoc-PNA-T-OH 12 (22): To a solution of compound 11 (2.2 g, 7.99 mmol) dissolved in 

THF (40 mL), DIPEA (3.06 mL, 17.5 mmol) was added. Fmoc-OSu (2.69 g, 8.69 mmol) 

dissolved in dry DMF (9 mL) was added to the reaction mixture and the flask was sonicated for 

about five minutes. Reaction mixture was stirred at room temperature until TLC (ethyl 
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acetate/hexanes, 1:4) analysis indicated complete conversion of starting material. Afterwards, 

volatile materials were evaporated under reduced pressure. The crude material is re-dissolved 

in ethyl acetate (270 mL) and washed with KHSO4 (1x90 mL), water (3x90 mL), respectively. 

The organic phase was dried over MgSO4 and the solvent is concentrated under reduced 

pressure. Two procedures were employed independently to optimize the purification of the title 

compound. 

 

Purification method A: Crude material was simply washed with hexanes to remove trace 

amount of unreacted Fmoc-OSu and the title compound was obtained as white foam (yield 

91%). 

 

Purification method B: Crude material was purified with flash column chromatography with 

ethyl acetate/methanol/acetic acid (95:3:2). Combined fractions were poured into chilled 

water and N-Fmoc-PNA-T-OH was collected by filtration. TLC Rf (EtOAc/Hexane, 1:4) 0.81, 

0.94 UV (two structural isomers are observed upon this reaction) (yield 71%). 1H NMR (DMSO-

d6): 12.72 (s, br, 1H), 11.33 (s, 1H, mj), 11.31 (s, 1H, mi), 7.86 (d, J=7.5 Hz, 2H), 7.69 (d, 

J=7.2 Hz, 2H), 7.42 (m, 3H), 7.34 (m, 3H), 4.65 (s, 2H, mj), 4.47 (s, 2H, mi), 4.37-4.18 (m, 

4H), 3.98 (s, 2H, mj), 3.26 (m, 1H), 3.10 (m, 1H), 1.73 (s, 3H). 

 

RESULTS AND DISCUSSION 

 

As precedented heavily by Berg (23), and Buchardt (24), early reports on synthesis of PNA 

monomers, as well its oligomers, centred primarily on Boc-chemistry. With Fmoc-chemistry 

being the current method of choice, numerous research groups endeavored latter on to 

prepare Fmoc-protected PNA monomers. Assuredly, obviation of hydrogen fluoride synthesis 

renders the latter prominent for one thing, but more importantly, Fmoc-chemistry is 

recognized to offer better coupling yields, improved solubility in reaction milieu (25). Yet, this 

chemistry may be challenging, especially through the synthesis of PNA monomers only 

because some Fmoc-protected intermediates do not always exhibit comparable reactivity to 

their Boc-protected counterparts (for a short comparison on this matter, see reference 26). 

One further drawback regarding this protecting group is the sensitivity of Fmoc moiety to 

reducing agents (such as LiAlH4) or basic reagents (such as LiOH or NaOH). Thus, it appears 

that a plausible approach to access both N-Boc-PNA-T-OH and N-Fmoc-PNA-T-OH is to 

synthesize the former at first, whereupon it is converted to N-Fmoc-PNA-T-OH. 

 

With this paradigm, we initially sought to prepare Boc-protected backbone of PNA through 

Mitsunobu reaction because of its prevalence in the synthesis of PNA chemistry (see pathway B 

in Scheme 2) (27). Although mostly favoured in the attachment of nucleobases to the 

backbone (28), Mitsunobu reaction is also conformed to the synthesis of PNA backbone (15). 
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In keeping with the report by Wiśniewski, this synthetic route commences with esterification of 

glycine amino acid via methanolic solution of SOCl2 (Scheme 3). Subsequently, methyl 

glycinate hydrochloride 4 is converted to methyl N-(NBS)-glycinate 5 in good yield. However, 

we came to notice that we genuinely failed to reproduce Mitsunobu reaction between 4 and 5 

to afford Boc-GlyΨ[CH2N(NBS)]Gly-OMe 7 backbone. This finding is supported by 13C NMR of 

the isolated product that reveals the lack of ethylene bridge on the backbone that should have 

appeared in the region between 40 ppm and 50 ppm. With methyl N-(NBS)-glycinate in our 

hand, we next explored the synthesis of 7 through conventional alkylation of 5. In that regard, 

methyl N-(NBS)-glycinate reacted with 2-(Boc-amino) ethyl mesylate 6 under basic condition. 

Unlike Mitsunobu reaction, this reaction afforded the peptidic backbone in moderate yield 

based on TLC. However, rf of 7 being similar to that of N-(NBS)-glycinate rendered the 

chromatographic purification rather time-consuming. 
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Scheme 3. The synthesis of PNA backbone through N-(NBS)-Gly-OMe intermediate (pathways 

B and C of Scheme 2). 

 

In light of these results, we turned our attention to synthetic pathways D and E (vide supra), 

wherein the positions of nucleophile and electrophile are switched. With the latter being 

reported to be irreproducible, synthetic pathway D, wherein N-Boc-ethylenediamine reacts with 

methyl bromoacetate, was investigated to synthesize PNA backbone 3 (Scheme 4) (10). In 

contrast to previously depicted ones, the synthetic route was free-of-trouble and proceeded 

very smoothly. As reported by many groups, the sole problem we have also encountered was 

unmanageable di-alkylation of N-Boc-ethylenediamine, which necessitated one further step of 

purification. Taking the basic character of product into consideration, we firstly attempted to 

isolate intermediate 8 (Scheme 4) through neutral alumina, in lieu of conventional silica gel 

(ethyl acetate/hexanes, 1:2, v:v). Nonetheless, we have managed to isolate only 43% of 

crude material, presumably because the title compound tended to stick even to neutral 

alumina. Oddly enough, the use of basic alumina did not alter this profile either, which 

ultimately compelled us to opt for more aggressive solvent systems. With a solvent of system 

of DCM/methanol/NH4OH (95:5:0.8, v:v), and silica gel, the isolated yield eventually neared to 

84%, which was very much in concert with the relevant literature (10). In short, it is safe to 

conclude that the intermediate 8 could be prepared the most conveniently from N-Boc-
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ethylenediamine, and ethyl bromoacetate in high yield, and purity, based on our personal 

experience. 
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Scheme 4. The sequential synthesis of N-Boc-PNA-T-OH, and N-Fmoc-PNA-T-OH from        

N-(Boc)-ethylenediamine. 

 

The coupling of thymine-1-acetic acid to 8 are conventionally achieved with reagents such as 

N,N’-dicyclohexylcarbodiimide (DCC) coupled with 3-hydroxy-1,2,3-benzotriazin-4-one 

(DhbtOH) (28) or HBTU (29). Not only these reactions reportedly afforded 9 in moderate-to-

good yield, but also the latter reportedly obligated a purification step, which accounts for a 

slight disadvantage. In respect to this complication, we recognized that the reaction could only 

be improved by altering the order in the addition of compounds. Rather than reacting 8, 

thymine-1-acetic acid, and HBTU at once – as stated in references 28, and 29, we pre-

activated thymine-1-acetic acid with HBTU for one hour at first, and then added the backbone 

8 to the reaction mixture. In this manner, we obtained the title compound in 95% yield, and in 

sufficient purity after overnight reaction, and standard work-up procedure detailed in 

experimental part (vide supra). 

  

Surprisingly, the perplexing part of this synthetic route was de-esterification of 9, as we have 

experienced that work-up procedure drastically impacted the yield. Therein, work-up 

procedure following the reaction involved acidification with 1 M HCl, followed by the extraction 

of title compound with ethyl acetate (20). However, we have observed that with this 

procedure, the yield was no more than 45%, and more interestingly, a UV-active by-product 

was formed in aqueous phase, while acidification. At this point, our failure to retrieve this by-

product with extraction led us speculate that the process of acidification may have essentially 

conduced towards a side-reaction whereupon a highly polar compound is formed. On the 

contrary, we found out that washing the reaction with ethyl acetate prior to acidification raised 

the yield to 90%, with no sign of this by-product (19). Considering well-documented stability 

of Boc group and PNA monomer under slightly acidic conditions, what might have triggered 
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this side-reaction remained predominantly vague to this point. On the verge of these 

observations, we should remark that work-up procedure by Tsantrizos appear to be the most 

suited one to achieve high yield in this step. 

 

The procedures to cleave Boc moiety, and subsequently to introduce Fmoc group were in 

compliance with references 21, and 22, respectively. Boc group was removed from 10 with 

TFA/DCM/TIPS (47:50:3), and Fmoc group was subsequently introduced through Fmoc-OSu in 

the presence of DIPEA. In these two steps, the sole complication we faced was the purification 

of final compound N-Fmoc-PNA-T-OH. In this context, we have initially attempted to purify the 

crude material via flash column chromatography with ethyl acetate/methanol/acetic acid 

(95:3:2). However, inability to remove solvents afterwards coerced us to pour combined 

organic fractions on ice and water, and to obtain 12 through filtration. Because this approach, 

however, caused loss of material to some extent, we considered simply to wash the crude 

material with hexanes, instead. Frequently utilized after reaction involving Fmoc-OSu, this 

method indeed removed impurities without any substantial loss of product, and is seemingly 

applicable to the synthesis of N-Fmoc-PNA-T-OH, as well. 

 

CONCLUSION 

 

As outlined in Scheme 2, N-Boc-PNA-T-OH, and N-Fmoc-PNA-T-OH could be synthesized 

through many synthetic routes and methodologies. Despite all the efforts in this field, we came 

to realize that certain reaction and synthetic routes still need some improvements, and 

modifications, which encouraged us to conduct this study. Of them, we have experienced that 

the best approach to attain these two monomers is through N-Boc-ethylenediamine, where 

yields of reactions are ca. 90%, in addition to each reaction being fully reproducible.  
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Abstract: A new polymerization mechanistic transformation strategy, combining two different 

techniques of controlled polymerization modes, namely atom transfer radical polymerization (ATRP) 

and photoinduced radical oxidation/addition/deactivation (PROAD), is effectively used for the block 

copolymers’ formation. Thus, mono- or bi- bromide functional polystyrenes (PS-Br or Br-PS-Br) 

synthesized by light-induced ATRP were used as a macroinitiator on isobutyl vinyl ether in the living 

cationic polymerization via PROAD process to give the corresponding block copolymers. Thus, 

depending upon the macroinitiator’s surface, AB/ABA type block copolymers (PS-b-PIBVE or PIBVE-

b-PS-b-PIBVE) were formed. The final polymers and precursor polymers were characterized by 

spectral and chromatographic analyses. 
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INTRODUCTION 

 

There are limitations for the synthesis of segmented copolymers by one polymerization mode owing 

to the structure and comparative reactivity of the monomeric species and the others involved. 

Although there are various synthetic approaches to obtain such copolymers, mechanistic 

transformation methodology that combines different polymerization techniques appears as one of 

the most commonly applied techniques due to the immediacy and operational simplicity (1). In 

recent years, many block and graft copolymers were synthesized via different transformation 

approaches involving different polymerization techniques (2-5). With the recent notable evolution 

in controlled/living polymerizations, the concept is further extended to ionic, controlled free radical, 

metathesis, Ziegler–Natta, activated monomer, and group transfer reactions (6-11). In some other 

studies, it was also proved that transformations could be achieved in the same polymerization mode 

using different initiating systems. For instance, two differing controlled radical polymerization 

methods, namely nitroxide-mediated radical polymerization (NMRP) and atom transfer radical 

polymerization (ATRP), were used in combination for this purpose (2, 12). In another study, Yagci 

and co-workers represented successful block copolymerization by the combination ATRP and light 

induced free radical polymerization (13).  

 

Photoinduced polymerizations involving cationic and free radical modes are also often used in such 

mechanistic transformations (14, 15). Numerous photoinitiators with different absorption features 

have been employed for the both modes (16-18). Such light-induced systems represent several 

advantages over conventional thermal techniques regarding the level of control since they can be 

accurately moderated in terms of wavelength, polarization direction, and intensity, allowing spatial 

and temporal control of the reactions. With the recent significant progress made in controlled 

polymerization techniques, the use of light has been implanted to such systems (19). Thus, common 

controlled polymerization methods were triggered by light as adapted from thermal counterparts 

including reversible addition–fragmentation chain transfer polymerization, also known as RAFT (20), 

NMRP mentioned above (21), ATRP (22-25), and some cationic polymerization techniques (26). 

Very recently, we have reported a new light-induced system of initiation (27) for isobutyl vinyl 

ether’s living/controlled cationic polymerization by dimanganese decacarbonyl [Mn2(CO)10] (28). 

Scheme 1 shows the process of visible light irradiation of Mn2(CO)10, which then decomposes into 

.Mn(CO)5 radicals to abstract the halide from the alkyl bromide compound which results with the 

formation of radicals at carbon center. Then, diphenyliodonium ions oxidize these radicals to the 

related cations. The formed carbocations add IBVE, and bromide anions rapidly deactivate them to 

form a-halide functional end group. In a controlled manner, poly(vinyl ether) chains were then 

grown through successive photoinduced radical oxidation/addition/deactivation (PROAD) scheme. 
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Scheme 1: Photoinduced living cationic polymerization of vinyl ethers by PROAD. 

 

In the current study, we present a novel protocol to prepare block copolymers through a mechanistic 

transformation which combines ATRP and PROAD. Depending on the macroinitiator used, AB or ABA 

type block copolymers were formed. Additionally, the segment lengths could be adjusted by varying 

polymerization conditions. Block copolymers formed by the described chemistry had low molecular 

weight distribution due to the controlled nature of both modes. 

 

EXPERIMENTAL SECTION 

 

Materials 

Styrene (St; 99%, Aldrich) was passed through a basic alumina column to remove the inhibitor 

prior to use. Isobutyl vinyl ether (IBVE, 99%, Aldrich) was distilled from CaH2 in vacuum. 

Dimanganese decacarbonyl (Mn2(CO)10, 99%, Aldrich) was purified by sublimation and stored in a 

refrigerator in the dark. N,N,N′,N′′,N′′-Pentamethyldiethylenetriamine (PMDETA; 99%, Aldrich) was 

distilled prior to use. Copper(II) bromide (CuIIBr2, 99%; Acros), Copper(I) bromide (CuBr, 98%, 

Aldrich), ethyl-2-bromopropionate (>99%, Aldrich), diphenyliodonium bromide (Ph2I+Br-, 97%, 

Aldrich), dimethylformamide (DMF, 99.8%, Aldrich), tetrahydrofuran (THF, ≥99%, Merck) and 

methanol (99.9%, Aldrich) were used as received. 

 

Characterization 

1H NMR spectra were recorded on an Agilent VNMRS 500 (500 MHz). Fourier transform infrared (FT-

IR) spectra were recorded on a Perkin-Elmer FTIR Spectrum One spectrometer. Gel-permeation 

chromatography (GPC) measurements were obtained from a ViscotekGPC max Autosampler system 

consisting of a pump module (GPCmax, Viscotek Corp., Houston, TX, U.S.A.), a combined light 
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scattering (Model 270 Dual Detector, Viscotek Corp.), and a refractive index (RI) detector (VE 3580, 

Viscotek Corp.). The light scattering detector (λ0 = 670 nm) included two scattering angles: 7° and 

90°. The RI-detector was calibrated vs polystyrene standards having narrow molecular weight 

distribution, and so, the quoted molecular weights of the polymers are expressed in terms of 

polystyrene equivalents. Two columns, that is, a 7,8 × 300 mm LT5000L, Mixed, Medium Org and 

a 7,8 × 300 mm LT3000L, Mixed, Ultra-Low Org column equipped with a guard column 4.6 × 10 

mm (Viscotek, TGuard), were used for the chloroform eluent at 35 °C (flow rate: 1 mL min−1 ). 

Data were analyzed using ViscotekOmniSEC Omni-01 software. 

 

Synthesis of PS-Br 

First, PS-Br was synthesized as described previously.(23) In a typical reaction, St (4 mL, 34.8 

mmol), PMDETA (8 mL, 3.5 x 10-2 mmol), CuIIBr2 (8.4 mg, 3.5 x 10-2 mmol), EtBP (24.4 mL, 18.8 

x 10-2 mmol), Mn2(CO)10 (3.9 mg, 9.4 x 10-3 mmol) and methanol (0.2 mL, 5 mmol) were charged 

into a Schlenk tube (i.d = 10 mm) equipped with a magnetic stirring bar and the reaction mixture 

was degassed by three freeze–pump–thaw cycles and left in a vacuum. The mixture was irradiated 

by a Ker-Vis blue photoreactor equipped with six lamps (Philips TL-D 18 W) emitting light nominally 

at 400–500 nm at room temperature. The light intensity was 45 mW cm-2 as measured by a Delta 

Ohm model HD-9021 radiometer. After the given time, the mixture was diluted with THF and 

precipitated in a tenfold excess of methanol. The polymer was dried under vacuum at room 

temperature.   

 

Synthesis of Br-PS-Br 

Bifunctional polystyrenes were prepared essentially as described elsewhere.(29) 

 

Synthesis of PS-b-PIBVE 

A representative block copolymerization process was as follows; obtained PS-Br (80 mg, 3 × 10−5 

mol), IBVE (1 mL, 7.7×10−3 mol), propylene carbonate (2 mL), Ph2I+Br− (7 mg, 2 × 10−5 mol) and 

Mn2(CO)10 (7.5 mg, 2 × 10−5 mol) were added to the Pyrex tube which was previously heated with 

a heat gun under vacuum and flushed with dry nitrogen. The solution was also flushed with nitrogen 

for 4–5 min and sealed. The formulation was stirred and exposed to light continuously at ambient 

temperature. At the end of the irradiation, the resultant polymer was precipitated in excess 

methanol and dried under reduced pressure.  

 

RESULTS AND DISCUSSION 

 

It is possible to create any cation from radicals generated by various techniques via electron transfer 

reactions. In various studies, not only low-molar-mass free radicals, but also polymeric radicals 
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could be oxidized to the corresponding cations (30). Although corresponding block or graft 

copolymers are formed by described methods, cationic polymerization steps of the approaches were 

suffering from the uncontrolled polymerization mechanism. The possibility of using a recently 

developed photoredox catalytic system for living cationic polymerization let us employ the same 

redox process for the block copolymerization.  

 

In the described approach, block copolymers were obtained in two distinct steps. The overall process 

for the example of monofunctional macroinitiator is as follows. In the first step, a bromide functional 

PS was synthesized by ATRP of St under visible light irradiation using ethyl-2-bromopropionate, 

Mn2(CO)10 and CuIIBr2/PMDETA initiator, photosensitive compound, catalyst and ligand, respectively 

(Scheme 2).  

 

Scheme 2: Synthesis of PS-Br via ATRP.  

 

In the second step, the photolysis of Mn2(CO)10 in the presence of the obtained macro co-initiators 

initiated the PROAD of IBVE initiated resulting in the formation of the block copolymers, PS-b-PIBVE 

(Scheme 3-A). Since only Mn2(CO)10 absorbs the light in the irradiation region, upon irradiation, 

Mn(CO)5 radicals were formed from the decomposition of the of Mn2(CO)10 and they abstracted 

bromine atom from the macroinitiator. Then the generated polymeric radicals were oxidized by 

diphenyliodonium ions to the related initiating cations. Due to the living/controlled nature of the 

both steps, block copolymers with narrow molecular weight distributions were obtained. 

 

Additionally, to represent the high adaptability of the described process, ABA block copolymers 

were also formed by similar strategy. Thus, by using bifunctional PS as macroinitiator PIBVE-b-PS-

b-PIBVE block copolymers were also obtained (Scheme 3-B).   
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Scheme 3: Synthesis of block copolymers by sequential ATRP and PROAD.  

 

As can be seen from results are collected in Table 1, depending on the polymerization conditions 

polymers with different segment length were readily formed. Prolonged irradiation time of the 

PROAD process results into higher PIBVE chain length Table 1.  

 

Table 1: Block copolymerization of IBVE by PROAD. 

Polymer Macroinitiator Time (min.) Mn,GPC
 

(g.mol-1)  
PDI  

PS-b-PIBVE-1 PS-Bra 45 3950 1.20 
PS-b-PIBVE-2 PS-Bra 90 4680 1.24 
PS-b-PIBVE-3 PS-Bra 135 5200 1.28 

PIBVE-b-PS-b-PIBVE Br-PS-Brb 90 6400 1.29 
a Mn = 2300 g mol-1, PDI = 1.20, b Mn = 2800 g mol-1, PDI = 1.21. 

 

The successful block copolymerization was confirmed by 1H NMR analysis of the precursor polymer 

and the resulting block copolymers. As can be seen from Figure 2, the appearance of new signals 
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between 3–3.7 ppm corresponding to the -OCH2 protons of isobutyl vinyl ether clearly indicates 

the presence of PIBVE segments.  

 

 

Figure 1: 1H NMR spectra of PS and PS-b-PIBVE.  

 

Figure 2 shows GPC traces of the precursor polymer and the final block copolymers. The clear shift 

of the GPC trace to higher elution volumes indicates an increase in the molecular weight after the 

block copolymerization process. Furthermore, any residuals from the remaining unreacted precursor 

polymer or from free PIBVE were not observed. The higher molecular weights were observed when 

Br-PS-Br was used as initiator under the identical experimental conditions that of PS-Br.  
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Figure 2: GPC traces for PS-Br and PS-b-PIBVE at different time intervals.  

 

The IR spectra of the block copolymers demonstrate the characteristic bands for both the PS and 

PIBVE chains (Figure 3). Thus, in addition to the typical aromatic bands, the spectrum shows the 

characteristic etheric bands of the IBVE around 1100 cm−1. 

 

 

Figure 3: FT-IR spectra of PS and PS-b-PIBVE. 

 

In conclusion, a simple transformation approach for the synthesis of block copolymers in a controlled 

manner by combination of ATRP and PROAD processes has been shown. The method lets us directly 

use of halide functional polymers gained by atom transfer radical polymerization, in the subsequent 

visible light-induced living/controlled cationic polymerization of a second monomer to give block 

copolymers. Both steps, ATRP and PROAD, require relatively mild conditions compared to 

conventional thermal systems as they are triggered by light. Moreover, the growth of the segments 

can be adjusted by varying experimental conditions.  
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INTRODUCTION 

 

Food dyes are used to provide more attractive, appetizing appearances to enhance the taste, 

flavor, and color of foods (1). Food coloring Sunset Yellow (6-hydroxy-5- [(4-sulfophenyl) azo] 

-2-naphthalenesulfonic acid disodium salt) (SY) (E-110) is a food additive commonly used in 

foods, pharmaceuticals, and cosmetics. Nevertheless, it is vital that SY is one of the synthetic 

dyes most likely present in widespread food products that may lead to allergies, diarrhea, anxiety 

migraines and also could harm to the kidney and the liver if it is consumed to the extreme (2-

4). It is also known as Orange Yellow S, INS No.110 and CI Food Yellow 3. Acceptable daily dose 

of SY, an azo dye, is 2.5 mg kg-1 (5). Nowadays, the use of such additives is taking much 

attention owing to a series of health risks induced by food dyes, since it plays an indispensable 

part in human public health (6). For this reason, it is imperative to make and monitor the 

identification of SY and similar azo dyes in various samples. 

 

Several methods such as high performance liquid chromatography (HPLC) (7), capillary 

electrophoresis (CE) (8), thin layer chromatography (TLC) (9), voltammetry (10), and 

spectrophotometry (11) have been given in the literature for the determination of SY. These 

analytical methods require the use of harmful solvents especially for laboratory workers and the 

environment (12). 

 

The cloud point extraction (CPE) method is also an alternative to other enrichment and 

separation methods as simple, sensitive, inexpensive, non-polluting, and environmentally 

sensitive (13). The aqueous solutions of nonionic surfactant materials become cloudy when their 

temperature reaches the cloud point temperature and analyte collapses with a small volume by 

a surfactant. The CPE procedure can also be termed as temperature induced phase separation 

or micelle-mediated extraction (14-16). Thus, CPE can lead to high recovery efficiency and a 

large preconcentration factor due to a very small volume of micellar phase binding the analyte 

that has been dispersed in the original matrix (17). CPE is not only preconcentration procedure 

but also a separation method. 

 

Non-ionic surfactants such as Triton X-100 (18), Triton X-114 and Brij 56 (19) have been used 

for the determination of SY. To the best of our knowledge, there is no enrichment of the SY with 

CPE method using Brij 58, another non-ionic surfactant, in the literature. 

 

In this study, it was aimed to develop a new method of CPE using Brij (polyethylene glycol 

hexadecyl ether) 58 for the first time the spectrophotometric determination of SY.  
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EXPERIMENTAL 

 

Instrumentation 

Absorption spectra and absorbance measurements have been made by an Agilent (Stevens 

Creek Boulevard, Santa Clara, CA, USA) Transport 60 UV spectrophotometer. 1.00 cm light-

beam quartz cells have been used in these measurements. To measure the pH of the solutions, 

a ThermoOrion 720A model pH / ion counter (Beverly, MA, USA) with Orion 71-03 brand glass 

electrode has been used. Centrifugations were performed using a Sigma 1-6P (Osterode am 

Harz, Germany) centrifuge. 

 

Chemicals 

All the reagents are of analytical grade. Brij 58 (polyethylene glycol hexadecyl ether), Sunset 

Yellow (6-hydroxy-5- [(4-sulfophenyl) azo] -2-naphthalenesulfonic acid disodium salt) (SY), 

CH3COOH, H3PO4, NaOH, HCl, NaCl, Na2CO3, NaH2PO4, Na2HPO4, and anhydrous Na2SO4 were 

purchased from Sigma-Aldrich. All reagents were diluted using deionized water. 

 

For the routine calibration and monitoring of our pH instruments, a ready-to-use buffer solutions 

with exact pH reference values (pH 4.01= citric acid/sodium hydroxide/hydrogen chloride, pH 

7.00= di-sodium hydrogen phosphate/potassium dihydrogen phosphate, pH 10.04= boric 

acid/potassium chloride/sodium hydroxide in 20 °C, Merck) have been used. Buffer solutions 

(pH 2-11) were prepared by using 0.04 M H3PO4, 0.04 M CH3COOH, 0.2 M NaH2PO4, 0.2 M 

Na2HPO4, and 0.04 M boric acid and the pH was adjusted with 0.2 mol L–1 NaOH solution. The pH 

2 solution was prepared with 0.1 mol L–1 HCl. 

 

Pharmaceutical preparations (Bemiks® tablets, Zentiva Health Products Industry and Trade Co., 

Kırklareli, Turkey; Magnorm® tablets, NEUTEC Ilac Sanayi ve Ticaret A.Ş., Istanbul, Turkey) and 

powdered beverage drinks have been purchased by pharmacies and local grocery stores. 

 

Preparation of Standard and Sample Solutions 

To prepare 100 μg mL-1 stock solution of SY, 0.1 g of the dye was dissolved in deionized water 

and diluted to 1000 mL. with deionize water. The working standard solutions are prepared daily 

by diluting the desired concentrations from the stock solution. These solutions were stored in 

the dark at 4 °C. To prepare Brij 58 solution of 20% (w/v), twenty grams of the Brij 58 is weighed 

and dissolved in 100 mL of deionized water in an ultrasonic bath. 

 

Bemiks® tablet contains vitamin B1, vitamin B2, vitamin B6, vitamin B12, folic acid, niacinamide, 

Ca-pantothenate and certain inactive ingredients, such as quinoline sarcine (E104), sunset 

yellow FCF (E110), titanium dioxide (E171), Ponceau 4R (E124). Ten Bemiks® tablets have been 

weighed and powdered. Accurately weighed 0.9496 ± 0.0005 g (amount of 5 tablets) has been 

transferred to a 100 mL volumetric flask. The required volume with deionized water has been 
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completed. Subsequently, an appropriate amount of this solution has been taken by filtration 

and used for the analysis.  

 

Magnorm® tablet contains magnesium oxide and certain inactive ingredients, such as citric acid 

anhydrides, citric acid anhydrides, sodium hydrogen carbonate, povidone K30, sodium saccharin, 

sorbitol (E420), polyethylene glycol, aerosil 200, sunset yellow (E110), orange flavor, and 

apricot flavor. Ten Magnorm® tablets were powdered and mixed. An amount of 3.7885 g (1 

tablet) was powdered and taken into a 500 mL volumetric flask. Then, the solution was diluted 

to 500 mL with deionized water. The 5 mL of this solution was taken and filtered, then the 

solution was diluted to 100 mL with deionized water. 

 

The powdered beverage drink of 5.0000 ± 0.0005 g has been weighed and taken into a 250 mL 

volumetric flask and the required volume was diluted with deionized water. Subsequently, 

appropriate amounts of this solution have been taken by filtration and they have been used for 

the analysis.  

 

Proposed CPE Method 

The method has applied to the standard solution of SY: A solution containing 8 mL of the buffered 

SY in NaH2PO4 and Na2HPO4 (pH 6) has been transferred to a 15 mL screw-capped centrifuge 

tube (Figure 1a). 1 mL of 20% (w/v) Brij 58, 2.0050 ± 0.0005 g Na2SO4 were added and the 

solution has been diluted 10 mL with deionized water (Figure 1b). This mixture was immediately 

stirred until it was dissolved. The mixture left at 70 °C for 15 minutes until a cloudy phenomenon 

occurred. Then it has been cooled down to the room temperature (Figure 1c). The mixture has 

been centrifuged at 4000 rpm for 5 minutes for phase separation (Figure 1d). The surfactant-

rich phase has been separated and it has been collected on the top of the tube (Figure 1 e). 

Finally, the aqueous phase has been removed by means of a syringe and the surfactant-rich 

phase has been diluted with 1 mL of water and the absorbance of the solution was measured by 

UV-Vis. against blank at 482 nm. 
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                      a                     b                      c                      d                       e 

 

Figure 1: a- Sample solution, b- Mixture after Brij 58 + Na2SO4 added, c- After incubation, d- 

After centrifugation, e-After decantation of 1 mL of water-soluble surfactant-rich phase. 

 

The developed method has applied to two drugs and two powdered beverages as detailed in ‘The 

preparation of standard and sample solutions’ section in a preceding page. 

 

RESULT AND DISCUSSION 

 

The maximum absorbance of 0.01-4.00 g mL-1 the SY standard solution is 482 nm (Figure 2a). 

The surfactant (Brij 58) has been added to the medium. It did not make a significant change in 

the maximum wavelength of the dye by comparing the SY solution (Figure 2b). For this reason, 

all absorbance measurements have been made at this wavelength. The effects of the main 

variables in the CPE method such as the medium pH value, surfactant concentration, salt 

concentration, temperature, and time, have been optimized to achieve maximum sensitivity and 

recovery. 
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Figure 2: Absorption spectra for 4 g mL-1 SY, a- without extraction, b- after CPE. 

 

The Effect of pH 

In the CPE procedure, the pH is an important parameter that increases the coefficient of 

dispersion of the analyte between the aqueous phase and the surfactant-rich phase. For this 

reason, the pH effecting on SY extraction efficiency has been examined between pH 2 and 11. 

The pH of the solution was adjusted to the desired value by the addition of hydrochloric acid and 

sodium hydroxide and using a pH meter. The SY solution was prepared in detail in the section 

of ‘Proposed CPE Method’. The absorbance of the SY has been measured at 482 nm (Figure 3). 

The increase has been observed in absorbance up to pH 6 and, then the absorbance did not 

change too much up to pH 8. The results indicate the range of pH 6-8 is most suitable for dye 

in the viewpoint of CPE efficiency and the pH range was selected as an optimum pH. All the 

studies have been carried out at pH 6-8. 
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Figure 3: Effect of pH on CPE efficiency. 4 μg mL-1 SY, 2% Brij 58, 2.00 g Na2SO4, incubation 

at 70 ° C for 15 minutes. 

 

The Effect of Surfactant Concentration 

Optimizing the concentration of the surfactant is one of the important parameters to increase 

extraction efficiency. Thus, the effect of concentration of Brij 58 on the absorbance of the SY 

has been studied. The results are given in Figure 4. As can be seen, the absorbance does not 

change at concentrations greater than 2% (w/v) of Brij 58. For this reason, 2% (w/v) Brij 58 

has been used throughout the study. 

 

 

Figure 4: The effect of Brij 58 concentration on the CPE efficiency of SY. 4 μg mL-1 SY, pH 6, 

2.00 g Na2SO4, 15 minutes of incubation time at 70 °C. 

 

The Effect of Salt 

A salt concentration is important in the CPE procedure because it helps the phase separation, to 

increase the mass transfer of the analyte from the aqueous phase to the surfactant-rich phase 

and to reduce the cloud point temperature. For these reasons, the commonly used salts such as 

NaCl, Na2SO4 and Na2CO3 have been tried and their effects on the extraction process have been 
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investigated. The surfactant-rich phase has not been separated or the surfactant-rich phase was 

too poor to be separated when other salts were used. So, a 20% (w/v) concentration of Na2SO4, 

which maximizes the absorption of SY, has been selected as the optimum salt concentration. 

The results are given in Figure 5.  

 

 

Figure 5: The effect of Na2SO4 concentration on the CPE efficiency of SY. 4 μg mL-1 SY, pH=6, 

2% (w/v) Brij 58, 15 minutes of incubation time at 70 °C. 

 

Effect of Equilibrium Temperature and Incubation Time 

Two other important parameters examined in the CPE procedure are the equilibrium temperature 

and incubation time. The studied temperature ranges were 50-90 °C and the highest extraction 

efficiency was observed at 70°C. The incubation time in the range of 10-40 min has been studied. 

The maximum absorbance has been obtained for 15 min. In further studies, these optimum 

conditions have been carried out.  

 

The Effect of Interference Ions 

In this study, the effect of different anions and cations on the determination of 5 ppm SY has 

been studied by the proposed method. The tolerance limit has been examined taking into account 

the amount of foreign species causing the absorbance change of less than ± 5%. The results are 

given in Table 1. 
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Table 1: Comparison of the effect of interfering species on the determination of SY in the 

optimum conditions, CSY = 4 mg L-1. 
Interfering  

species (I) 

Limiting mass 

ratio (SY: I)  

K+, Mg2+, Na+  1:2000 

Hg2+, Mn2+, Pb2+, Be2+, Fe3+, Al3+, Sr2+, Sn2+ 

Co2+, Zn2+, Ni2+, Cd2+, Si2+ 

1:100 

F-, Cl-, Br-, I-, NO3
-, SO4

2- 1:4000 

AsO4
-, B4O7

2-, HPO4
2-, SCN- 1:200 

 

Analytical Performance 

Correlation graphs with the proposed method have been obtained in the optimal conditions 

between increasing concentrations of SY versus the measured absorbance. 

 

Absorbance of the SY obeys Beer’s law between 0.01 µg mL–1 and 4.00 µg mL–1 in the optimum 

conditions. The correlation coefficient for the SY is 0.9995. The value of slope is 0.2105 and the 

intercept is + 0.0237. Thus, the calibration equation was A = 0.2105 C (µg mL–1 ) + 0.0237. 

 

The accuracy of this method was determined by performing five repetitions of 0.80 g mL-1 SY. 

The RSD value is 1.44%. The limit of detection (LOD) of the method is 0.0078 g mL-1 depending 

on the standard deviation of blank with repetition number of 3. 

 

Sample Application of the Proposed CPE Method 

This method has been applied to the spectrophotometric determination of SY in two different 

drug samples and two different powdered beverages. The analysis of the SY in the samples was 

realized as stated in the experimental section of ‘Proposed CPE Method’. Recovery experiments 

were performed by spiking the samples prior to the CPE with the addition of known amounts of 

SY. The recovery values obtained from the results in Table 2 are between 96.88% and 103.75%. 

According to these values, it can be said that the materials present in the samples do not 

interfere with the developed method. The acceptable Daily Intake for SY has been given as 0.0-

2.5 mg/kg body weight by World Health Organization (WHO) (2). The results show that the 

developed CPE method can be used for the accurately determination of SY in these samples. 
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Table 2: The spectrophotometric determination of SY in powdered beverages and 

pharmaceutical preparations after the developed CPE. 

Sample Added, SY 

g mL-1)  

Found, SY ± CLa  

(g mL-1)  

Recoveryb, %  

Powdered beverage 1  - 0.95 ± 0.11 - 

 0.80 1.74 ± 0.15 98.75 

 1.60 2.51 ± 0.15 98.13 

Powdered beverage 2 - 2.16 ± 0.01 - 

 0.80 2.95 ± 0.07 99.24 

 1.60 3.78 ± 0.06 100.99 

Magnorm® (Pharmaceutical preparation) - 1.46 ± 0.06 - 

 0.80 2.26 ± 0.07 101.25 

 1.60 3.06 ± 0.16 96.88 

Bemiks® (Pharmaceutical preparation)  - 0.78 ± 0.07 - 

 0.80 1.61 ± 0.10 103.75 

 1.60 2.30 ± 0.07 98.13 
aCL is confidence limits, (

𝑡𝑠

√𝑛
); n=5 

bRecovery= 
(𝐶2 − 𝐶1)

𝐶3
 × 100 

C1= Measured sample concentration (blank) 

C2= The measured "spiked sample" concentration (blank + spike) 

C3= Spike concentration 

 

Comparison of the Proposed Method with Literature  

An comparison of some apparent features of the developed method with other reported methods 

for the simultaneous determination of SY in various samples is shown in Table 3. All existing 

methods for SY are based on CPE. The LOD value obtained for SY in the present work is superior 

compared to some of these methods (12, 20). While the method is slightly less sensitive 

compared to the other two methods (18, 19), these methods have certain disadvantages. El-

Shahawi MS, et al. used an extra chemical such as trioctylamine to increase the efficiency of 

their work (18) and the repeatability of study of Heydari R. et al. is low (19). Among the values 

in Table 3, our method has the widest linear range and almost the lowest LOD with a high 

recovery. 
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Table 3: Comparison of certain CPE methods for spectrophotometric determination of SY reported in the literature. 

aInc.: Incubation, bCentr.: Centrifugation, c  : Recovery (%) average in Table 2. 

Surfactant Salt pH Inc.a 

Temp. 

(°C) 

Inc.a 

Time 

(min) 

Centr.b 

Time 

(min.) 

Solvent 

of 

Dilution  

Linear 

Range 

g mL-1 

LOD 

g mL-1 

RSD 

% 

Recovery 

% 

Remarks Ref. 

Triton X-100 

0.03 M, 4 mL 

Na2SO4 

1 M, 1 mL 

HCl 

0.01 M  

70 10 10 MeOH 

0.1 mL  

0.020-

0.452 

5.0 x 10-3 1.49 96.79 Trioctylamine was 

used to increase 

efficiency 

(18) 

Triton X-100 

200 g/L, 3 mL 

Na2SO4 

1 M, 5 mL  

- 40 10 10 Water 

5 mL  

20-120 5.0 1.97 94.75 LOD is high (12) 

Triton X-114 

200 g/L, 2 mL 

Na2SO4 

1 M, 5 mL 

- 40 10 10 Water 

5 mL  

20-120 10.4 1.13 91.72 LOD is high (12) 

Brij 56 

200 g/L, 3 mL 

Na2SO4 

1 M, 5 mL 

- 60 15 10 Water 

5 mL  

20-120 2.8 1.06 89.13 LOD is high (12) 

Triton X-100 

% 40, 1.5  

mL 

NaCl 

1.5 g  

6 55 15 5 Water 

1 mL  

0.025-

1.300 

6.0 x 10-3 3.35 98.64 Repeatability is 

low 

(19) 

Triton X-100 

0.5 M, 4.5 mL 

KCl 

1 M, 5 mL 

4 80 40 - Water 

5 mL  

0.020-

4.000 

9.0 x 10-3 3.50 99.80 Repeatability is 

low 

(20) 

Brij 58 

% 20, 1 mL 

Na2SO4 

2 g 

6 70 15 5 Water 

1 mL  

0.010-

4.000 

7.8 x 10-3 1.44 99.64c  This 

work 
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CONCLUSION 

 

The developed CPE technique has advantages such as low cost, sensitiveness, selectiveness, 

high extraction efficiency, and environmentally friendliness. Brij 58 was used, for the first time, 

as a surfactant for the determination of SY after CPE method. This new CPE spectrophotometric 

method can be used for the sensitive, selective and reproducible determination of SY in short 

time in routine analysis. 
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Abstract: Two samples of Tanacetum praeteritum (Horwood) Heywood subsp. praeteritum 

(Horwood) were collected in flowering period and subjected separately to hydrodistillation to 

yield the essential oils (A and B). The oils were investigated for chemical composition with GC-

FID and GC/MS techniques and evaluated against acetylcholinesterase and -amylase enzymes 

and free radicals (DPPH• and ABTS•+) using microtiter plate assays. Both oils were characterized 

with high abundance of oxygenated monoterpenes. The oils were distinguished by the main 

constituents, namely, camphor (37.6%), 1,8-cineole (19.5%) and terpinen-4-ol (9.3%) were 

found as the major constituents in the oil A, while -thujone (79.4%) and -thujone (8.5%) 

were detected in the oil B. The oils demonstrated significant inhibitory (80% and 60.0%) 

potentials on acetylcholinesterase (an IC50 of 0.74 mg/mL and an IC50 of 1.78 mg/mL, 

respectively) which is involved in Alzheimer’s disease. With respect to antidiabetic activity, the 

oils demonstrated significant inhibiting potential on porcine pancreatic -amylase (an IC50 of 

1.02 mg/mL and an IC50 of 0.89 mg/mL) in I2/KI assay. The oils demonstrated weak free radical 

scavenging activity against DPPH radicals and moderate activity (0.23 mM and 0.15 mM) against 

ABTS+• in TEAC assay.  
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INTRODUCTION  

 

The genus Tanacetum is one of large genera of Asteraceae family. The genus is represented by 

nearly 200 species around the world. In Turkey, the genus Tanacetum encompasses 60 taxa 

(1). 

 

Different type extracts (solvent extracts, essential oils and fractions) and pure compounds 

isolated from Tanacetum species have been reported for a range of biological activities. Namely, 

antibacterial, antioxidant (2), anthelmintic (3), repellent, insecticidal (4), cytotoxic and 

acetylcholinesterase inhibitory (5), and antidiabetic (6). Flavonoids, mono-, di- and 

sesquiterpenes, and sesquiterpene lactones have been found to be responsible for biological 

activities of Tanacetum species (7-11).  

 

Nowadays, there is increasing demand for effective and safe natural products with antioxidant, 

antiacetylcholinesterase and hypoglycemic properties. The efficacy of known synthetic 

antioxidants (12), antiacetylcholinesterase agents (13), and hypoglycemic products (14, 15) is 

debatable. The plants reputed for their neurodegenerative healing and antidiabetic effects should 

be verified either experimentally or clinically. However, evidenced-based therapeutic usage of 

many plants is scarce.  

 

T. praeteritum subsp. praeteritum has earlier been reported for flavonoids (16), sesquiterpene 

lactones (17), eudesmane-type sesquiterpenes (18) essential oil (19). However, there is no 

information about its biological activity. The present work is the first investigation of T. 

praeteritum subsp. praeteritum essential oil for antioxidant, antiacetylcholinesterase and 

antidiabetic potential. 

 

MATERIALS AND METHODS 

 

Chemicals 

Hydrochloric acid, n-hexane, dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Germany), anhydrous 

sodium sulfate (Fluka, Germany), iodine (ACS reagent), potassium iodide (Saint Louis, USA), 

methanol (Sigma-Aldrich, Poland), potassium persulfate (Sigma-Aldrich, Saint Louis, USA), 

sodium phosphate, and disodium phosphate were of analytical grade. A C8–C40 n-alkane standard 

solution was purchased from Fluka (Buchs, Switzerland). Gallic acid (GA), (±)-6-hydroxy-

2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), soluble starch, 

acarbose, -amylase from porcine pancreas (Type VI-B, EC 3.2.1.1), tris(hydroxymethyl) 

aminomethane (ACS reagent), acetylcholinesterase (AChE) from Electrophorus electricus (Type 

VI-S), bovine serum albumin (BSA), acetylthiocholine iodide (ATCI), 5,5′-dithiobis(2-
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nitrobenzoic acid) (DTNB), galanthamine from Lycoris sp. were purchased from Sigma-Aldrich 

(St. Louis, MO, USA). 

 

Instrumentation 

Agilent 5975 GC-MSD system (Agilent, USA; SEM Ltd., Istanbul, Turkey) was equipped with the 

HP-Innowax FSC column (60 m × 0.25 mm id with 0.25 m film thickness, Agilent, USA). The 

GC-FID analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM Ltd., 

Istanbul, Turkey). Microtiter plate assays were performed with Biotek Powerwave XS microplate 

reader. Ultrapure water (0.05 S/cm) was obtained from a Direct-Q® Water Purification System 

(Germany). 

 

Plant Material 

Plant materials were two samples (A and B) of T. praeteritum subsp. praeteritum collected in 

period of flowering in Karçukuru Yaylasi in Antalya province of Turkey, on June, 2015. The plant 

material was dried under the shade. Botanical identification was performed by Dr. M. Arslan. 

Voucher specimens are deposited at the Herbarium of the Forest Regional Department. 

 

Hydrodistillation of Essential Oil 

Aerial parts of two T. praeteritum ssp. praeteritum samples (A and B) were separately subjected 

to hydrodistillation (3 h) in a Clevenger type apparatus (Eu.Ph.) to yield essential oils (20). 

 

Gas-Chromatography - Mass Spectrometry (GC/MS) 

The GC/MS analysis was carried out with an Agilent 5975 GC-MSD system (Agilent, USA; SEM 

Ltd., Istanbul, Turkey). HP-Innowax FSC column (60 m × 0.25 mm, 0.25 m film thickness, 

Agilent, USA) was used with a helium carrier gas at 0.8 mL/min. GC’s oven temperature was 

kept at 60 °C for 10 min and programmed to 220 °C at a rate of 4 °C/min, kept constant for 10 

min at 220 °C, and then programmed to increase at a rate of 1 °C/min to 240 °C. The oils were 

analyzed with a split ratio of 40:1. The injector temperature was 250 °C. Mass spectra were 

taken at 70 eV and the mass range was from m/z 35 to 450. 

 

Gas Chromatography – Flame Ionization Detection (GC-FID) 

The GC-FID analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM 

Ltd., Istanbul, Turkey). Flame ionization detector (FID) temperature was set at 300 °C in order 

to obtain the same elution order with GC/MS. Simultaneous injection was performed using the 

same column and appropriate operational conditions. 

 

Identification and Quantification of Compounds 

Identification of the volatile constituents was achieved as reported previously (21). Briefly, 

identification of the individual compounds was based on the following: (i) comparison of the 
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GC/MS Relative Retention Indices (RRI) of the compounds on polar column determined relative 

to the retention times of a series of n-alkanes (C8-C40), with those of authentic compounds or 

literature data; (ii) computer matching with commercial mass spectral libraries: MassFinder 

software 4.0 (22), Adams Library (23), Wiley GC/MS Library (Wiley, New York, USA) and NIST 

Library, and comparison of the recorded spectra with literature data Confirmation was also 

achieved using the in-house “Başer’s Library of Essential Oil Constituents” database, obtained 

from chromatographic runs of pure compounds performed with the same equipment and 

conditions (24). 

 

Determination of Anti-Acetylcholinesterase Activity (Ellman’s Assay) 

The essential oils were tested for inhibition of acetylcholinesterase (AChE) using Ellman’s method 

as previously reported (25) with slight modification. Three buffers were used: (A) 50 mM Tris-

HCl (pH=8.0, in ultrapure water); (B) 0.1% BSA in buffer A; (C) 0.1 M NaCl and 0.02 M 

MgCl2·6H2O in buffer A. The oils were previously dissolved in DMSO (20% in buffer). In the 96-

well flat bottom plates, 25 L of the sample (EO or standard), 50 L of buffer B and 25 L of 

AChE (0.22 U/mL in buffer A) solution were pipetted with 8-channel automatic pipette 

(Eppendorf Research® plus, Germany) and incubated for 15 min at 25 °C. Then, 125 L of 

Ellman’s reagent DTNB (3.0 mM in buffer C) and 25 L substrate ATCI (15 mM, in ultrapure 

water) were added. Hydrolysis of ATCI was monitored by the formation of the yellow 5-thio-2-

nitrobenzoate anion as a result of the reaction of DTNB with thiocholines, catalyzed by enzymes 

at 412 nm utilizing a 96-well microplate reader (Biotek Powerwave XS, USA). The mixture 

allowed to stand 15 min at 25 °C and the absorbance was recorded at 412 nm. Similarly, a blank 

(for eliminating the colors of the samples) was prepared by adding sample solution to all reaction 

reagents and 25 L buffer instead of enzyme. The control wells contained all the reagents without 

the sample (the solvents of the samples instead were added). Galanthamine hydrobromide (0.1 

mg/mL) was used as positive control. The percentage inhibition was calculated according to 

Equation 1: 

%𝐼𝑛ℎ=[
(𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘)−(𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒−𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑙𝑎𝑛𝑘)

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘
] × 100  (Eq. 1) 

where Abscontrol and Abscontrol blank are the absorbance of the control and its blank, Abssample and 

Abssample blank are the absorbance of the sample and its blank. 

 

Determination of Anti--Amylase Activity 

The activity of-amylase under effect of T. praeteritum ssp. praeteritum essential oils was 

measured using Caraway-Somogyi iodine/potassium iodide (I2/KI) method (26) with slight 

modifications. The substrate solution (0.05%) was prepared by dissolving of soluble potato 

starch (10 mg) in 20 mL ultrapure water then boiling for 10 min and cooling to room temperature 

before use. As a positive control experiment, acarbose (0.01-0.1 mg/mL in buffer) was used. In 

the experiment, 20 mM sodium phosphate buffer (pH 6.9) was pipetted in the 96-well flat bottom 

plates with multichannel automatic pipette (Eppendorf Research® plus, Germany), then 25 L 
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of sample solution and 50 L of -amylase (0.8 U/mL in buffer) were added and incubated for 

10 min at 37 °C. After incubation, 50 L of substrate solution was added to the mixture. The 

mixture was subjected to a second incubation for 10 min at 37 °C. The reaction was stopped by 

addition of 25 L of HCl solution (1 M). Finally, 100 L of I2/KI reagent was added to the wells. 

The sample blanks contained all reaction reagents and 50 L of buffer instead of enzyme. The 

control wells contained all reaction reagents and 25 L of solvent (instead of the sample 

solution). The absorbance values were recorded for the sample and blank at 630 nm. The 

percentage inhibition of the -amylase activity (Inh%) was calculated according to Equation 1. 

 

Antioxidant Activity 

Free radical scavenging activity (DPPH assay) 

The hydrogen atoms or electrons donation ability of the oils were evaluated according to 

bleaching of purple-colored DPPH stable radicals. The effect of T. praeteritum ssp. praeteritum 

essential oils on DPPH free radicals was determined using a method of Brand-Williams (27) with 

slight modifications. The DPPH solution (0.08 mg/mL, in methanol) was freshly prepared daily, 

kept in the dark at 4 °C between the measurements. The solutions of the essential oils (30 

mg/mL) and gallic acid (0.1 mg/mL) were prepared in methanol. 100 L of the sample (oil or 

standard) solution and 100 L of DPPH solution were pipetted by multichannel automatic pipette 

(Eppendorf Research® plus, Germany) into 96-flat bottom well plate cells and allowed to stand 

in the dark for 30 min. The control well contained 100 L methanol (instead of the sample) mixed 

with 100 L of DPPH. The decrease in the absorbance was recorded at 517 nm. Gallic acid 

(standard) was used as positive control. Experiments were performed in triplicate. The free 

radical scavenging activity of the samples was expressed as percentage of inhibition calculated 

according to Equation 2: 

% Inh=(
𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) × 100   (Eq. 2) 

where, Abscontrol is the absorbance of the control (containing all reagents except the test 

compound), Abssample is the absorbance of the sample with added DPPH. The IC50 values were 

obtained by plotting the DPPH scavenging percentage of each sample against the sample 

concentration. 

 

Trolox-equivalent antioxidant capacity (TEAC assay) 

ABTS•+ free radical cation scavenging activity of the samples were tested according to the 

procedure described by Re et al. (28) with slight modifications. 7 mM ABTS and 2.5 mM K2S2O8 

dissolved in 10 mL of ultrapure water were allowed to stand in dark for 16 h at room temperature 

to create ABTS•+ free radical cation. Prior to the assay, ABTS•+ solution was diluted with absolute 

ethanol to an absorbance between 0.7-0.8 at 734 nm. The solutions of the essential oils (5 

mg/mL), and Trolox (standard, 3.0; 2.0; 1.0; 0.5; 0.25; 0.125 mM) were prepared in MeOH. 10 

L of the sample solution was mixed with 990 L of ABTS•+ solution. 10 L of MeOH instead of 

sample or standard mixed with ABTS•+ solution was used as control. Gallic acid (0.1 mg/mL) 
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was used as the positive control. Decrease in the absorbance after 30 minutes of incubation was 

recorded at 734 nm to get a linear Trolox equation. ABTS•+ scavenging activity of the samples 

was expressed as Trolox equivalent antioxidant capacity and calculated using linear equation 

obtained for Trolox (y =23,224x - 1,7141, r² = 0.9989) (Figure 1). 

 

 

Figure 1. Calibration curve obtained for Trolox. 

 

Statistical Analysis of Data 

Data obtained from antioxidant and enzyme inhibition experiments were expressed as mean 

standard error (±SEM). IC50 values were estimated using a nonlinear regression algorithm. Data 

were analyzed using the SigmaPlot software (Version 12.0).  

 

RESULTS AND DISCUSSION 

 

In course of our ongoing studies on biodiversity of Turkish essential oil bearing plants, the 

composition of Tanacetum praeteritum ssp. praeteritum essential oils (A and B) from two 

localities and their biological activities were comparatively studied. The oils were hydrodistilled 

from aerial parts of the plants and phytochemically investigated with GC-FID and GC/MS 

techniques. The essential oils of T. praeteritum ssp. praeteritum obtained by hydrodistillation 

method were yellow with a distinct odor. The oils yields obtained after 3 h were 0.18% and 

0.24% (w/w) for the oils A and B, respectively. 

 

GC-FID and GC/MS analyses of the oils A and B resulted with 60 and 53 compounds respectively 

which belong to monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene 

hydrocarbons, and oxygenated sesquiterpenes. Distribution of the major compound groups 

detected in the oils A and B of T. praeteritum ssp. praeteritum is presented on Figure 2. The list 

of detected compounds with their relative retention indices, relative percentages and method of 

identification is given in Table 1 in order of their elution on the HP-Innowax FSC column. Gas-

chromatographic profiles of T. praeteritum ssp. praeteritum oils is presented on Figure 3. Gas 

chromatographic study revealed distinguish difference between the oils A and B. The oils A and 
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B were characterized by predominance of the oxygenated monoterpenes (79.5% and 95.8%, 

respectively). However, the main constituents were different. Namely, camphor (37.6%), 1,8-

cineole (19.5%) and terpinen-4-ol (9.3%) were found as the major constituents in the oil A, 

while -thujone (79.4%) and -thujone (8.5%) were detected in the oil B. The monoterpene 

hydrocarbons constituted 17.1% in the oil A with p-cymene (8.6%) and camphene (6.2%) as 

the main representatives. However, the oil B was characterized by scarce amount (2.1%) of this 

group. The sesquiterpenes were detected in low amounts in both of the oils (1.5% and 0.7%).  

 

Table 1. Chemical compositions of Tanacetum praeteritum ssp. praeteritum essential oils. 

No RRIa) RRIb) Compound 
%b) ID 

Method A B 

1.  1014 1017(29) Tricyclene 0.3 - c),d),e) 

2.  1032 1029(29) -Pinene 0.6 0.3 c),d),e) 

3.  1034 1029(29) -Thujene 0.8 0.2 c),d),e) 

4.  1076 1074(29) Camphene 6.2 0.1 c),d),e) 

5.  1118 1116(29) -Pinene 0.3 0.2 c),d),e) 

6.  1132 1132(30) Sabinene 0.2 0.1 c),d),e) 

7.  1174 1161(29) Myrcene - t c),d),e) 

8.  1188 1180(29) -Terpinene - 0.2 c),d),e) 

9.  1195 1193(31) Dehydro-1,8-cineole 0.1 t c),d),e) 

10.  1203 1204(29) Limonene - t c),d),e) 

11.  1213 1211(29) 1,8-Cineole 19.5 4.3 c),d),e) 

12.  1244  2-Pentyl furan t - c),d),e) 

13.  1255 1255(32) -Terpinene 0.1 0.4 c),d),e) 

14.  1280 1280(32) p-Cymene 8.6 0.5 c),d),e) 

15.  1285 1304(33) Isoamyl isovalerate t - c),d),e) 

16.  1290 1290(32) Terpinolene t 0.1 c),d),e) 

17.  1296 1283(34) Octanal t - c),d),e) 

18.  1437 1428(35) -Thujone - 79.4 c),d),e) 

19.  1451 1446(35) -Thujone - 8.5 c),d),e) 

20.  1474 1474(32) trans-Sabinene hydrate 2.4 0.3 c),d),e) 

21.  1478  Norbornyl acetate t - d),e) 

22.  1482 
 (Z)-3-Hexenyl-2-methyl 

butyrate 
- t 

d),e) 

23.  1532 1532(30) Camphor 37.6 0.7 c),d),e) 

24.  1542 
1564(36) cis-Sabinene hydrate 

acetate 
1.6 - 

c),d),e) 

25.  1553 1553(30) Linalool - t c),d),e) 

26.  1556 1555(30) cis-Sabinene hydrate - 0.2 c),d),e) 

27.  1558 1548(36) Linalyl acetate - t c),d),e) 

28.  1568 
 1-Methyl-4-

acetylcyclohex-1-ene* 
0.4 0.4 

e) 
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No RRIa) RRIb) Compound 
%b) ID 

Method A B 

29.  1575 1578(33) trans-p-Menth-2-en-1-ol 0.9 0.1 c),d),e) 

30.  1582 
1561(30) cis-Chrysanthenyl 

acetate 
0.6 - 

c),d),e) 

31.  1586 1587(37) Pinocarvone t t c),d),e) 

32.  1590 1597(32) Bornyl acetate 0.1 - c),d),e) 

33.  1611 1611(32) Terpinen-4-ol 9.3 1.0 c),d),e) 

34.  1612 1612(37) -Caryophyllene t t c),d),e) 

35.  1630  Terpinen-4-yl acetate 0.3 - d),e) 

36.  1640 1645(33) cis-p-Menth-2-en-1-ol 0.6 - c),d),e) 

37.  1670 1671(33) trans-Pinocarveol 0.1 - c),d),e) 

38.  1682 1687(33) -Terpineol 0.2 0.1 c),d),e) 

39.  1683 1685(30) trans-Verbenol - 0.1 c),d),e) 

40.  1685 1675(36) trans-Piperitol 0.3 t c),d),e) 

41.  1694  Drima-7,9(11)-diene - 0.1 d),e) 

42.  1702  Selina-4(14),7-diene - t d),e) 

43.  1706 1706(37) -Terpineol 1.7 0.5 c),d),e) 

44.  1719 1719(37) Borneol 0.9 0.2 c),d),e) 

45.  1720 1720(38) trans-Sabinol - 0.3 d),e) 

46.  1726 1722(32) Germacrene D - t c),d),e) 

47.  1729 1729(39) cis-1,2-Epoxy-terpin-4-ol 0.3 - d),e) 

48.  1742 1741(30) -Selinene - t c),d),e) 

49.  1744 1735(33) -Selinene - t c),d),e) 

50.  1748 1744(33) Piperitone t - c),d),e) 

51.  1751 1750(33) Carvone 0.1 - c),d),e) 

52.  1755 1747(33) Bicyclogermacrene - 0.1 c),d),e) 

53.  1758 1757(33) cis-Piperitol 0.3 t c),d),e) 

54.  1764 1764(40) cis-Chrysanthenol 1.7 - c),d),e) 

55.  1782 1772(41) cis-Carvyl acetate 0.1 - c),d),e) 

56.  1802 1800(33) Cumin aldehyde 0.1 - c),d),e) 

57.  1804 1807(33) Myrtenol t - c),d),e) 

58.  1805 1793(40) -Campholene alcohol t t c),d),e) 

59.  1845 1845(30) trans-Carveol 0.1 - c),d),e) 

60.  1864 1856(30) p-Cymen-8-ol 0.2 - c),d),e) 

61.  1882 1880(37) cis-Carveol 0.3 - c),d),e) 

62.  1969 1959(30) cis-Jasmone - t d),e) 

63.  1985 
1965(42) 2-Phenylethyl-2-

methylbutyrate 
- t 

c),d),e) 

64.  2008 2008(32) Caryophyllene oxide 0.2 0.2 c),d),e) 

65.  2037 2037(32) Salvial-4(14)-en-1-one t - c),d),e) 

66.  2050 2042(43) (E)-Nerolidol 0.3 - c),d),e) 

67.  2056  13-Tetradecanolide 0.1 t d),e) 
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No RRIa) RRIb) Compound 
%b) ID 

Method A B 

68.  2063 2041(44) p-Mentha-1,4-dien-7-ol - t d),e) 

69.  2084 2084(45) Octanoic acid t - c),d),e) 

70.  2113 2114(46) Cumin alcohol t t c),d),e) 

71.  2144 2136(33) Spathulenol 0.5 0.3 c),d),e) 

72.  2184 2184(47) 
cis-p-Menth-3-en-1,2-

diol 
0.1 - 

c),d),e) 

73.  2192 2173(48) Nonanoic acid 0.1 - c),d),e) 

74.  2198 2187(35) Thymol 0.1 - c),d),e) 

75.  2232 2236(37) -Bisabolol t t c),d),e) 

76.  2239 2239(37) Carvacrol - 0.1 c),d),e) 

77.  2247 2247(32) trans--Bergamotol - t c),d),e) 

78.  2260 2260(40) 15-Hexadecanolide 0.3 0.2 d),e) 

79.  2273 2273(49) Selin-11-en-4-ol 0.3 - c),d),e) 

80.  2324 2324(50) 
Caryophylla-2(12),6(13)-

dien-5-ol 
0.1 - 

c),d),e) 

81.  2365 2349(51) (Z)-Methyl jasmonate t t c),d),e) 

82.  2931 2931(32) Hexadecanoic acid t t c),d),e) 

  
 Total 99.0 99.2  

a) Relative Retention Indices calculated against n-alkanes (C8-C40) on HP-

Innowax column; b)% calculated from FID data; c) Identification based on 

retention index of genuine compounds on the HP-Innowax column; d) 

Identification on the basis of computer matching of the mass spectra from 

Başer; e) Tentative identified on the basis of computer matching of the mass 

spectra from Adams, MassFinder, Wiley, and NIST libraries; t Trace (< 0.1%). 

 

 

Figure 2. Distribution of the major compound groups in the oils A and B of Tanacetum praeteritum ssp. 

praeteritum. MH, monoterpene hydrocarbons; OM, oxygenated monoterpenes; SH, sesquiterpene 

hydrocarbons; OS, oxygenated sesquiterpenes.
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Figure 3. Chromatographic profile of the essential oils (A) and (B) of Tanacetum praeteritm ssp. praeteritum. Numeration of the peaks is depicted 

according to the list (Table 1) of detected compounds. 
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Results of the gas-chromatographic analyses of T. praeteritum ssp. praeteritum oils were 

compared with previously reported for this species actually and for Tanacetum species in 

general. Earlier, two subspecies, T. praeteritum ssp. praeteritum and T. praeteritum 

(Horwood) Heywood ssp. massicyticum Heywood collected in Muğla and Antalya provinces, 

respectively, have been investigated for the oils’ chemical profiles. Noteworthy differences 

on the major compounds of the oils were detected. Namely, borneol (28.1%), 1,8-cineole 

(12.3%), bornyl acetate (10.0%), terpinen-4-ol (7.1%), -pinene (5.7%) were reported 

for T. praeteritum ssp. praeteritum. The oil of T. praeteritum ssp. massicyticum was 

characterized with 1,8-cineole (4.0%), - and -thujone (51.1% and 10.0%, respectively) 

(19). It seems to be that the oils A and B investigated in the present work have different 

compositions than the previously reported ones. Borneol and bornyl acetate were detected 

in our samples in very scarce amounts. In our work, high abundance of camphor (>37%) 

was detected, while scarce amount of camphor was detected by Gönen et al. (19).  

 

Although, oxygenated monoterpenes as major constituents have earlier been detected in 

different representatives of Tanacetum genus. The literature search revealed that α-

thujone was found to be the major constituent in T. argyrophyllum var. argyrophyllum leaf 

(52%) and flower (63%) oils; in T. argenteum subsp. canum var. canum (12%) and T. 

praeteritum subsp. massicyticum (51%) oils (19). Table 2 summarizes Tanacetum species 

in which similar major constituents have earlier been detected. As can be seen from Table 

2, the oxygenated monoterpenes such as camphor, 1,8-cineole, - and -thujone and 

borneol belong to common volatile constituents detected in Tanacetum oils. 

 

  



Özek G. JOTCSA. 2018; 5(2): 493-510.   RESEARCH ARTICLE 

504 
 

Table 2. Tanacetum species with oxygenated monoterpenes as major volatile 

constituents (literature survey). 

Tanacetum species Main compounds (%) Ref. 

T. argyrophyllum (C. Koch) Tvzel. var. 

argyrophyllum (C. Koch) Tvzel. 

Camphor (26.6-29.7), 1,8-cineole 

(8.4-17.5), borneol (12.0-15.0) 

(52) 

-Thujone (52.0, 69.0) (19, 53) 

T. balsamita L. subsp. balsamita L. -Thujone (20.8) (54) 

T. chiliophyllum (Fisch. Et Mey.) 

Schultz Bip. var. chiliophyllum (Fisch. 

Et Mey.) Schultz 

Camphor (19.7), 1,8-cineole (16.6), 

borneol (15.4) 

(55) 

Camphor (17.0) (56) 

T. chiliophyllum (Fisch. et Mey.) 

Schultz Bip. var. monocephalum 

Grierson 

1,8-Cineole (8.3), camphor (17.3) (57) 

T. densum (Lab.) Schultz Bip. subsp. 

eginense Heywood 

Camphor (25.7-30.9) (58) 

T. densum (Lab.) Schultz Bip. subsp. 

sivasicum Hub.-Mor. et Grierson 

1,8-Cineole (21.1, 28.3), camphor 

(19.2, 16.4), borneol (5.8, 6.4) 

(59) 

T. mucroniferum Hub. – Mor. et 

Grierson 

1,8-Cineole (21.9), camphor (6.4) (60) 

T. parthenium (L.) Schultz Bip. 

varieties 

Camphor (28-61) (53, 61, 62) 

T. tabrisianum (Boiss.) Sosn. et Takht 1,8-Cineole (17.6, 22.5) (63) 

T. vulgare L. 1,8-Cineole (10.8), camphor (30.5), 

borneol (14.8) 

(9) 

 

Biological activities of the oils 

In the present work we evaluated the biological properties of T. praeteritum subsp. 

praeteritum essential oils, including antioxidant, antineurodegenerative, and antidiabetic 

effects in vitro using microplate titer assays. Antioxidant activity assessments were 

performed in vitro by using non-enzymatic systems employing different model substrates: 

Stable free radical DPPH• and cation radical ABTS+•. Our results for antioxidant activities 

showed that the T. praeteritum subsp. praeteritum essential oils A and B had moderate 

(0.23 mM and 0.15 mM, respectively) Trolox equivalent antioxidant capacities. The oils 

demonstrated weak (3% and 8% inhibition) scavenging activities towards DPPH free 

radicals (Table 3).  

 

Evaluation of T. praeteritum subsp. praeteritum oils for anti-neurodegenerative activity via 

inhibition of acetylcholinesterase revealed that the oil A showed higher inhibitory effect 

with an IC50 of 0.74 mg/mL than the oil B (IC50 of 1.78 mg/mL). Anti-cholinesterase effects 
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of 1,8-cineole, camphor and terpinen-4-ol which were the main constituents of the oil A 

have earlier been reported in a number of papers (34, 64-66). 

 

A previous literature search revealed information about antidiabetic and enzyme inhibition 

properties of thujone (6, 67, 68). The use of thujone for the treatment of diabetes mellitus 

has recently been suggested by Baddar (6). Moreover, it was reported that the application 

of thujone appeared to have an effect similar to metformin; four-weeks treatment with 

thujone produced a pronounced hypoglycemic effect in alloxan diabetic rats (69). This 

information led us to the empirical search of the T. praeteritum subsp. praeteritum oils A 

and B to find additional therapeutic resources for diabetes treatment. The oils of T. 

praeteritum subsp. praeteritum were in vitro evaluated for hypoglycemic activity via 

inhibition of the porcine pancreatic -amylase. So, previous testing showed that both the 

oils have noteworthy inhibitory activity (> 80%). Further serial dilution on microtiter plate 

allowed us to detect an IC50 values of the oils. As can be seen in Table 3, the oil B 

demonstrated higher inhibitory activity (IC50 of 0.89 ± 0.13 mg/mL) than the oil A (IC50 of 

1.02 ± 0.24).  

 

Table 3. Biological activities of Tanacetum praeteritum subsp. praeteritum essential oils. 

Test sample 

Antioxidant activity Enzyme Inhibition 

DPPH, 

Inh% 

TEAC, 

mM ±SED 

AChE, 

IC50±SED 

-Amylase, 

IC50±SED 

Essential oil A 8 0.23±0.008 0.74±0.07 1.02±0.24 

Essential oil B 3 0.152±0.035 1.78±0.16 0.89±0.13 

Gallic acid 85 2.4 - - 

Galanthamine - - 0.01 - 

Acarbose - - - 0.08 

 

CONCLUSION 

 

Analysis of the chemical composition of T. praeteritum subsp. praeteritum essential oils 

demonstrated that they were mainly comprised of oxygenated monoterpenes such as 

camphor, borneol, 1,8-cineole, - and -thujone. In the present study, the essential oils 

were found to provide promising and effective alternative in the field of 

antineurodegenerative and antidiabetic applications. The oils demonstrated significant 

inhibitory potential on acetylcholinesterase and -amylase enzymes, which involved into 

Alzheimer’s disease and carbohydrate metabolism disorders. Finally, the essential oils 

inhibited ABTS cation radicals. 
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Abstract: In these notable study successful by chemical composition of the aerial parts of 

Tanacetum abrotonifolium Druce, collected in eastern region of Anatolia in Turkey and was study 

for the first time. Eight known sesquiterpene lactones, namely tanachin (1), tavulin (2), tamirin 

(3), spiciformin (4), isospiciformin (5), 1β-hydroxy-6α-angeloxy-oxygermacra-

4(5),10(14),11(13)-trien-8,12-olide (6), dentatin A (7), 1-β-hydroxy-6α-angeloyloxyeudesm-

4(15), 11(13)-dien-8,12-olide (8) as well as α-amyrin (9) and β-sitosterol (10) were isolated 

by using ethyl acetate and MeOH extracts from the aerial parts of Tanacetum abratonifolium 

Druce. The structures were isolated and identified by comparing their physical and spectroscopic 

data with those given in the literature. 
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INTRODUCTION 

 

The genus Tanacetum is distributed in Europe and in Western part of Asia throughout the 

northern temperate regions. Tanacetum genus has about 200 (1, 2) species and is represented 

by 44 species altogether 59 taxa in Turkey, 17 of them being endemic (3). Since some 

Tanacetum species which belong to the family of Asteraceae have been used as folk remedies 

for centuries in all over the world, it seemed to be important to investigate the genus being one 

of the riches genera in the flora of Turkey (4). Although many species of the genus Tanacetum, 

such as T. annuum, T. balsamita, T. indicum, T. nubigenum, T. santolinoides, T. microphyllum, 

T. artemisioides, T. vulgare and T. parthenium are used therapeutically around the world the 

last two are the most studied and the best characterized (5-8).  

 

Tanacetum abrotanifolium Druce. (Asteraceae) is a tall (60–100 cm), perennial herb that finds 

a natural habitat on rocky slopes or in Quercus woods at 1630–2300 m altitude. This species 

intrinsically grows in eastern and northeastern Asia Minor (1). 

 

Previous investigations on the essential oils of T. abrotanifolium were documented 

comprehensively in the literature (9, 10). Aerial part of T. abrotanifolium was also documented 

in the literature for biological activity tests (11). Flavonoids and essential oils are also pointed 

out as active substance in T. abrotonifolium (9, 10).  

 

However, to the best of our knowledge, there is no report on constituents of the aerial parts of 

T. abrotanifolium. In the course of our studies on Tanacetum species growing in Turkey, we 

investigated the chemical composition of Tanacetum abrotonifolium which afforded eight 

sesquiterpene lactones as well as  α-amyrin and β-sitosterol. 

 

MATERIAL AND METHODS 

 

General  

CC was carried out on Kieselgel 60 (0.063-0.200 mm, Merck), TLC was performed on precoated 

silica gel 60 F254, 0.2 mm plates (Merck), spots were detected under UV light and spraying 

acidified ceric sulfate followed by heating. FTIR spectra were recorded on a Mattson 1000 on 

NaCl cells at Yıldız Technical University; 1H NMR spectra were recorded at 400 MHz on a Bruker-

Spectrospin Avance DPx400 Ultrashield NMR instrument at Middle East Technical University 

(Ankara). 

 

List of abbreviations: Thin Layer Chromatography (TLC); Ultraviolet (UV); Fourier-transform 

infrared spectroscopy (FTIR); Nuclear magnetic resonance spectroscopy (NMR); Column 

Chromatography (CC). 



Zerenler Çalışkan Z, Gören N. JOTCSA. 2018; 5(2): 511-520.  RESEARCH ARTICLE 

513 

 

Plant Material 

T. abrotanifolium was collected from Muradiye – Van at 2494 m altitude in its flowering period. 

Voucher specimen has been deposited in the Herbarium of the Faculty of Pharmacy, Istanbul 

University, Turkey (Voucher no. ISTE 83755). Plant materials were identified by Dr.Kerim 

Alpinar. 

 

Extraction and Isolation 

The extraction of 2800 gr dried and powdered aerial parts  of T. abrotanifolium collected from 

Muradiye – Van at 2494 m altitude in its flowering period. Voucher specimen has been deposited 

in the Herbarium of the Faculty of Pharmacy, Istanbul University, Turkey (Voucher no. ISTE 

83755). Plant materials were identified by Dr.Kerim Alpinar. 2800 g of viscous mass which 

subjected to column chromatography on silica gel with n-hexane, ethyl acetate, and MeOH. The 

ethyl acetate and MeOH extracts (93.80 g) were combined and treated with MeOH in order to 

remove the long-chain saturated hydrocarbons.  

 

The residue was applied on a silica gel column to afford 8 fractions and eluted successively with 

the following solvent systems in increasing polarity: Fraction 1) n-hexane (1500 mL), Fraction 

2) dichloromethane-hexane (750:750 mL), Fraction 3) dichloromethane (1500 mL), Fraction 4) 

dichloromethane-ethyl acetate (750:750 mL), Fraction 5) ethyl acetate (1500 mL), Fraction 6) 

ethyl acetate-methanol (750:750 mL), 77) methanol (1500 mL) and 8) methanol-dist. H2O (750-

750 mL).  

 

The fractions from CC were controlled by TLC and similar fractions were combined and further 

separated on silica gel columns and by prep. TLC. Thus Fraction 2 by elution with 

dichloromethane-hexane (%50:% 50) yielded 1β-hydroxy-6α-angeloxy-oxylgermacra-

4(5),10(14),11(13)-trien-8,12-olide (6) (3 mg), dentatin A (7) (27.10 mg), 1-β-hydroxy-6α-

angeloyloxyeudesm-4(15), 11(13)-dien-8,12-olide (8) (4.50 mg). Fraction 3 gave α-amyrin (9) 

(50.80 mg) by column chromatography on silica gel using % 100 dichloromethane;  Fraction 4 

by elution with by CC on silica gel using dichloromethane-ethyl acetate (%50:%50) yielded β-

sitosterol (10) (383.20 mg) ; Fraction 5 gave tanachin (1) (359.52 mg) and tavulin (2) (301.32 

mg) by column chromatography on silica gel using % 100 ethyl acetate, Finally from the fraction 

6 that was submitted to CC with ethyl acetate-methanol (%50:%50 mL) tamirin (3) (14 mg), 

spiciformin (4) (355.61 mg), isospiciformin (5) (449.88 mg) was obtained. (Fig. 1). 
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Figure 1: Compounds isolated from T. Abrotonifolium. 

 

RESULTS AND DISCUSSION 

 

In this study, the chemical compositions of the aerial parts of T. abrotonifolium collected from 

Eastern Turkey is reported for the first time. 

 

The genus Tanacetum belongs to family Asteraceae or Compositae. Interest is increasing in 

species of Tanacetum due to constituents and the presence of sesquiterpene lactones, which 

exhibited biological activities like cytotoxicity, antimicrobial activity, and growth regulation.(7). 

Tanacetum species have been used for centuries as folk remedies due to their diverse biological 

activities. Sesquiterpenoids which are the main components of the genus, supposed to be active 

principles of the plants. The lactone ring of sesquiterpene lactones, having exocyclic methylene 

group, has been suggessed to be responsible for biological activities of sesquiterpenoids (7) 

Biological activities of the sesquiterpene lactones from Tanacetum genus were reported 

extensively. Tavulin, isospiciformin, tanachin, and dentatin A were isolated from T. 
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argyrophyllum var. argyrophyllum, exhibited bactericidal effects against Staphylococcus aureus, 

and Escherichia coli (12). Tavulin, spiciformin, dentatin A isolated from T. densum ssp. 

sivasicum, were found to be active activity against human epidermoid (KB) cells, with the IC50 

values of 3.2, 2.9 and 2.4 μgm-1, respectively (13). The sesquiterpene lactones tavulin, tanachin 

and tamirin isolated from Tanacetum praeteritum ssp. praeteritum showed cytotoxic activity 

against the human pulmonary carcinoma cell line GLC4 and the colorectal cancer cell line COLO 

320 as well as antibacterial activities against the bacteria Bacillus subtilis, Staphylococcus 

aureus, Proteus mirabilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 

Enterococcus, beta-hemolytic Streptococcus, and the yeast Candida albicans (14). 

 

In Table 1 shows that, biological activities and active principles in Tanacetum species which also 

analyzed in chemical structure of T. abrotonifolium. 

 

Table 1. Biological active principles in T. abrotonifolium 

Sources Name Activity References 

T. argyrophyllum 

var.argyrophyllum 
Tanachin Antimicrobial activity (12, 13) 

T. densum ssp 

Sivasicum 

T. argyrophyllum 

var.argyrophyllum Tavulin 
Antimicrobial activity 

Cytotoxic activity 
(12, 13) 

T. densum ssp 

Sivasicum Spiciformin Cytotoxic activity (13) 

T. argyrophyllum 

var.argyrophyllum 

Isospiciformin Antimicrobial activity (12) 

Dentatin A 

Antimicrobial activity (12) 

T. densum ssp 

Sivasicum 

Cytotoxic activity (13) 

T. praeteritum ssp. 

Praeteritum 
Tamirin 

Antimicrobial activity 
(14) 

Cytotoxic activity 

 

Polatoglu et al. investigated on the phytochemistry and the essential oils composition of T. 

abrotonifolium  and they reported that insecticidal and biological activity of this species. (9) 

Gecibesler et al. reported of the essential oils components of T. abrotonifolium by using HS-

SPME-GC-MS method. (10) Gecisler also investigated biological activity studies of aerial parts 

this species. According to this report aireal parts of T. abrotonifolium were shown that anti-

cancer, anti-microbial anti-oxidant activity (11). 

However, the chemical constituents of aireal parts of T. abrotanifolium species have not been 

investigated. It is important to know the chemical structures of the air parts of T. abrotonifolium 

for scientific studies and future drug investigations. 
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Therefore, the aim of the study presented here was to examine the chemical compositions of 

the aerial parts of T. abrotonifolium. 

 

The aerial parts of T. abrotonifolium yielded the known compounds tanachin (1) (15), tavulin 

(2) (16), tamirin (3) (16, 17), spiciformin (4) (18, 13), isospiciformin (5) (13, 12), 1β-hydroxy-

6α-angeloxy-oxygermacra-4(5),10(14),11(13)-trien-8,12-olide (6) (19), dentatin A (7) (20), 1-

β-hydroxy-6α-angeloyloxyeudesm-4(15), 11(13)-dien-8,12-olide (8) (19). β-sitosterol (10) 

(21)which is the common steroids in the genus and α-amyrin (9) (22) which is only few common 

triterpenes  were also isolated from T. abrotonifolium.  

 

The 1H-NMR spectrum of some compounds which belongs to T. abrotonifolium and 13C-NMR 

spectrum of compounds were given in Table 2 and Table 3 respectively.  

 

Table 2. The 1H-NMR spectrum of some compounds which belongs to T. abrotonifolium (400 

MHz; a. CDCl3 b. CDCl3+ CD3OD) 

H 1a (15) 2a (16) 3a (16, 17) 7b (20) 

1 4.02 brd 4.38 brd.d  3.54 d.d 

2  2.05-1.85 
m 

3.27 m 
 

1.85 d.d.d 

2’  2.05-1.85 
m 

3.27 m 1.55d.d.d 

3 2.30-1.90 
m 

2.29 brd.d 2.30-2.60 m  

3’  1.78 m 2.30-1.60 m  

5 5.25 brd 4.99brd 5.07 brd 2.19 brd 

5’     

6 4.41 d.d 4.50 d.d.d 4.15 d.d 4.04 d.d 

7 2.88 
d.d.d.d 

2.80 
d.d.d.d 

2.73 d.d.d.d.d 2.62 
d.d.d.d 

8 3.94 

d.d.d 

4.54 d.d 3.95 d.d.d 4.10 d.d.d 

8’     

9 3.05 

d.d.d.d 

5.32 brd 3.40 d.d.d.d.d 2.38 d.d 

9’ 2.41 d.d  2.15 d.d 1.33 d.d 

13 6.30 d.d 6.30 d.d 6.37 d.d 6.18 d.d 

13’ 6.18 d.d 6.21 d.d 6.17 d.d 5.99 d.d 

14  1.83 d 5.83 d 0.82 s 

14’ 5.16 d  5.78 d  

15 1.70 d 1.78 brs 1.65 d 5.0 brs 

15’    4.87 brs 

 

Table 3. The 13C-NMR and the 1H-NMR data of the compounds isolated from T. abrotonifolium 

( 50-50.75 MHz; a. CDCl3 b. CDCl3+ CD3OD) 

C 1a (15) 2a (16) 3a(16, 
17) 

7b (20) 

1 76.6 66.9 203.1 67.7 
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2 36.3 27.2 36.4 31.4 

3 36.5 35.3 35.6 46.3 
4 138.2 135.3 136.5 141.8 

5 127.9 129.9 131.5 52.0 
6 71.4 71.1 70.2 78.0 
7 58.1 52.3 50.5 55.2 
8 83.5 74.2 76.8 67.7 

9 41.9 126.8 40.2 33.6  
10 152.9 142.5 146.6 42.2  
11 137.3 137.6 136.3 136.6 
12 170.1 169.9 169.6 170.6 
13 124.5 123.7 124.2 119.8 
14 113.0 16.8 126.0 12.8 
15 17.8 15.7 17.3 110.8 

 

CONCLUSIONS 

 

Tanacetum species have been used for centuries as folk remidy since their various biological 

activity. T. abrotanifolium is used by the people for cure purposes, even sold by herbalists, in 

Turkey. Phytochemical investigation on the essential oil composition of T. abrotonifolium and 

biological activity studies of this species is reported but the chemical constituents of aerial parts 

of T. abrotanifolium species have not been reported so far. Therefore, the main goal of this study 

of the chemical constituents of aerial parts of T. abrotonifolium. It is important to know the 

chemical structures of the aerial parts of T. abrotonifolium for scientific studies and future drug 

investigations. Further study should be carried out to the active compounds for pharmaceutical 

and industrial purposes. 
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Abstract: Amidoxime modified ethyl cellulose (EC-g-AO) was utilized to recover uranyl ions from 

aqueous solutions through a process of complexation. Adsorption trials were carried out at 

varying UO2
2+concentrations ranging from 100 to 1000 mg/L and at temperatures ranging from 

25 to 50C. Thermodynamics and kinetics of the adsorption of uranyl ions (UO2
2+) by EC-g-AO 

were examined. The findings suggested an adsorption capacity of 240 mg UO2
2+/g dry 

copolymer. Thermodynamic parameters applicable to the interaction of UO2
2+ with EC-g-AO were 

calculated from thermodynamic relations. Calculations indicated that adsorption took place 

through powerful electrostatic interactions with an enthalpy of -23.6 kJ/mol. UO2
2+ desorption 

was investigated by desorption agents like EDTA, HCl, NaHCO3, and NaOH. The desorption yield 

found for NaHCO3 was 52%.  
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INTRODUCTION 

 

Seawater contains abundant dissolved alkali and rare earth alkali metal ions, alongside a lesser 

amount of some valuable metals like lithium and uranium (1). The relevant literature (2-5) 

features numerous studies related to the removal of heavy metal ions from seawater and 

wastewater, especially for the selective recovery and the enrichment of uranyl ions.  

 

Being toxic and radioactive, uranium poses a risk for both surface and underground waters. On 

the other hand, uranium is utilized as a raw material for nuclear power plants and has had a 

tremendous commercial significance. Nevertheless, as the uranium reserves are anticipated to 

be depleted in the near future, studies have focused on the recovery of uranium from natural 

water sources (0.1–10 mg U/m3), especially from sea water (2.8–3.3 mg U/m3). Various organic 

adsorbents containing different functional groups or organic chelates that are more or less 

selective towards uranium were synthesized and used to recover uranium from seawater or 

mining wastewaters (6-9). The desired properties of these chelates are high capacity, high 

selectivity, fast kinetics, high mechanical strength, and a fast equilibrium established with metal 

ion solution. Notably, amidoxime containing synthetic and natural polymers are the most 

promising systems for the uranium recovery (10). From past to present, a number of studies 

were published on the adsorption of uranyl ions by polymers and copolymers containing 

amidoxime functional groups (11-14). 

 

Neti et al. (15) reported their effort to induce hydrophilicity in the support polymer through the 

grafting of a hydrophilic monomer onto PE prior to ATRP polymerization of acrylonitrile and 2-

hydroxyethyl acrylate. The prepared adsorbents demonstrated promise (159.9 g U/kg of 

adsorbent) in laboratory screening tests using a high uranium concentration brine and 1.24 g 

U/kg of adsorbent in the filtered natural seawater in 21 days. Abney et al. (16) published a 

review of inorganic and organic materials used in the recovery of uranium from seawater and 

their detailed synthesis methods. He mentioned that amidoxime-functionalized polymers are the 

most technologically ripe adsorbent for the uranium recovery and have indicated impressive 

performance following protracted contact with seawater in screening studies, as well as in long-

term dehiscence at the pilot scale in the open ocean. In another study (17), uranyl ion uptake 

from sulfuric acid solutions has been evaluated as a function of pH and sulfate concentration, 

with comparison to a commercially available weak base anion exchange resin. Maximum uranyl 

loading capacity was found as 269.50 mg/g for weak base anion exchange resin. 

 

It is well known that currently available adsorbents require security measures and a 

sophisticated installation process, and they are more expensive than water treatment. Due to 

such constraints and environmental issues, there is a growing interest in the use of biomass for 

the removal of dissolved metals. For this purpose, numerous low-cost biomasses have been 

developed and commercially utilized to control pollution (18-21). Examples to low-cost 
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adsorbents include activated carbon, clay, agricultural waste, tea leaves, cellulose, fly ash, wool 

fiber, animal bones, immobilized fungal biomass, peanut shell pellets, and pineapple shells. 

Among them, cellulose has attractive properties; it is biodegradable, biocompatible, highly 

abundant, cheap, and it has been obtained from renewable resources. Cellulose interacts with 

soil microorganisms, transforms into eco-friendly end products, CO2 and H2O, and does not cause 

secondary pollution; thus, it is superior to synthetic polymers (22,23). 

 

In our previous study, we synthesized graft copolymers consisting of ethyl cellulose (EC) and 

acrylonitrile (AN) through high-energy radiation. Details concerning the characterization and 

yield of grafting and amidoxime conversion were provided in this previous study (24). This study 

aimed to investigate how UO2
2+- and amidoxime-modified ethyl cellulose interacted within a 

certain temperature range, and it also revealed some conclusions about the physicochemical 

quantities that are effective in the specific adsorption process. These interactions were 

investigated as a function of temperature based on adsorption isotherms. The enthalpy, entropy, 

activation energy, and Gibbs free energy parameters of UO2
2+ adsorption were calculated from 

basic thermodynamic equations. Different releasing agents including HCl, EDTA, NaHCO3 and 

NaOH were tested for desorption studies. Morphological, structural, and thermal changes were 

monitored through SEM-EDX, FTIR/ATR, and TGA, respectively.  

 

MATERIALS AND METHODS 

 

Materials 

Ethyl cellulose (Sigma-Aldrich Chemie GmbH, Germany) and acrylonitrile (Aldrich, Germany) 

were used as received. Hydroxylamine hydrochloride and sodium hydroxide were supplied from 

Riedel de Haën and Merck, respectively.  

 

Uranyl nitrate, UO2(NO3)2.6H2O (purity98%) (BDH Chemicals Ltd., Poole, U.K.) was utilized as 

the source of uranyl ions. Sodium salicylate, HOC6H4COONa (analytical grade), which forms a 

complex with UO2
2+ for UV spectrophotometric measurements, was obtained from Fischer 

Scientific, U.K.  

 

Synthesis of ethyl cellulose and acrylonitrile graft copolymers 

Ethyl cellulose (EC) and acrylonitrile (AN) graft copolymers (EC-g-AN) were synthesized by 

irradiating various initial feed compositions of EC and AN through 60Co- irradiator at room 

temperature. The conversion of initial mixtures into crosslinked, insoluble structures was 

determined gravimetrically after the copolymers kept in dimethyl formamide for a period of one 

week in order to extract the unreacted monomers and uncrosslinked soluble fractions. With 

100% success, nitrile groups were converted into amidoxime groups in a neutralized NH2OH.HCl 

solution at 50 C. The details concerning the characterization, radiation synthesis, and 

amidoximation of EC-g-AN copolymers were reported in our previous study (24). 
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Adsorption of UO2
2+ onto amidoxime (AO) modified ethyl cellulose (EC-g-AO) 

Approximately 0.25 g of EC-g-AO copolymers in cylindrical form (~0.5 cm in length) were 

immersed into 25 mL UO2
2+ solutions at concentrations varying from 100 to 1000 mg/L (pH 4.1). 

In a thermostatically controlled water bath, the solutions were shaken in closed flasks at 25 C 

 0.5 C. 0.5 mL aliquot was taken and sodium salicylate was added to form a complex during 

the shaking process. Then, the absorbance of this solution was recorded at 429 nm using a Jasco 

V-530 model UV-vis spectrophotometer and concentration changes were read from a previously 

obtained calibration curve. The adsorption equilibrium was achieved in 7-10 days. We repeated 

the adsorption trials following the same experimental route at other temperatures (30C, 40C, 

and 50C). The adsorbed amount of UO2
2+ was calculated with the equation (1): 

 

 𝑞𝑒 =
𝑉

𝑚
𝑥(𝐶0 − 𝐶)     (Eq. 1) 

 

Where qe is the amount of adsorbed UO2
2+ (mg UO2

2+ / g dry EC-g-AO), V is the volume of the 

UO2
2+ solution (L), m is the dry weight of EC-g-AO (g), and Co and C are the initial and equilibrium 

concentrations of UO2
2+ (mg/L), respectively. 

 

The kinetics and thermodynamic quantities as activation energy (Ea), adsorption enthalpy 

(Ho
ads), Gibbs free energy of adsorption (Go

ads), and entropy of adsorption (So
ads) were 

calculated based on the below-given classical equations, respectively: 

 𝑘 = 𝐴. 𝑒−
𝐸𝑎
𝑅𝑇  Arrhenius equation  (Eq. 2) 

 ∆𝐺𝑎𝑑𝑠
0 = −𝑅𝑇𝑙𝑛𝐾𝐿  Gibbs free energy (Eq. 3) 

 𝑙𝑛𝐾𝐿 = − ∆𝐻0 𝑅𝑇⁄ + ∆𝑆0 𝑅⁄  Gibbs-Helmholtz equation (Eq. 4) 

 

Desorption of UO2
2+ from EC-g-AO copolymers using different agents 

Solutions each of which having the concentration of 0.1 M EDTA, NaOH, HCl, and NaHCO3 

functioned as desorption agents in order to release adsorbed UO2
2+ from EC-g-AO copolymers. 

EDTA was provided by BDH; and the other three were obtained from Merck, Darmstadt, 

Germany. Also, desorption was carried out at pH 4.1. UO2
2+ adsorbed EC-g-AO copolymers were 

placed, separately and in predetermined amounts, into the aforementioned solutions, and the 

concentration of released UO2
2+ was measured in regular intervals with the UV-Vis 

spectrophotometer at 429 nm. Desorption (%) values were calculated in the following manner: 

 𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) =
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 𝑈𝑂2

2+

𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑 𝑈𝑂2
2+ 𝑥100     (Eq. 5) 

 

Thermal, spectroscopic, and morphological analyses of UO2
2+ adsorbed EC-g-AO 

We directly recorded the FTIR/ATR spectra of EC-g-AO copolymers with and without UO2
2+ in a 

4000-400 cm-1 range and took a total of 10 scans at 4 cm-1 resolution. A Nicolet IS10 Model 

FTIR/ATR spectrometer was used for this operation. We examined UO2
2+ adsorbed EC-g-AO’s 
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thermal behavior with a DTG-60H Shimadzu (Simultaneous DTA-TG Apparatus) 

thermogravimetric analyzer in N2 atmosphere; the temperature range was 0-700 C and the 

heating rate was 10C/min. The flow rate of N2 gas was 60 mL/min. SEM images of UO2
2+ 

adsorbed EC-g-AO copolymers were obtained with Quanta 200 FEG SEM-FEI Model Scanning 

Electron Microscope, which enabled an observation of morphological changes at an accelerating 

voltage ranging from 10.00 kV to 15.00 kV. We ensured the conductivity of polymer samples by 

gold-coating. A simultaneous analysis of SEM and EDX (Energy Dispersive X-Ray Spectroscopy) 

with Bruker Electron Microscope enabled the elemental analysis of UO2
2+ adsorbed EC-g-AO 

copolymers. 

 

RESULTS AND DISCUSSION 

 

Detailed information regarding the amidoxime conversion, radiation synthesis, and 

characterization of EC-g-AO copolymers were presented as another study (24). EC-g-AO 

copolymers were subjected to adsorption experiments in order to determine their UO2
2+ uptake 

capacity, which is explained in the experimental section. For the adsorption kinetics studies, 

copolymer samples were removed from UO2
2+ solutions at regular intervals and complexed with 

sodium salicylate. Then, using a UV-Vis spectrophotometer, the absorbance of orange-colored 

complexes was recorded at 429 nm.  

 

The ion-exchange mechanism for UO2
2+, which binds to the polymer, is complicated by the 

hydrolyzation of UO2
2+ in an aqueous solution within the pH range of the examined adsorption 

system, and different types of hydrolyzed UO2
2+ species are formed. UO2

2+ species are dominant 

in pH 1-4 range. At pH 4, the presence of UO2(OH)+ within the solution remains around 2.2%; 

the maximum value of which rises to 18.6% at pH 6. The presence of UO2(OH)2 within the 

solution – maintained at pH 4 – is approximately 1.5%. UO2
2+ and H3O+ compete in the solution 

within the range of pH 1-4. As the aqueous solution’s pH value rises from 1 to 4, UO2
2+ adsorption 

increases, whereas the adsorption of H3O+ decreases. Above pH 4, the hydrolysis of UO2
2+ 

triggers the formation of UO2(OH)2, UO2(OH)+, and UO2(OH)3
+ species (25). Based on these 

evaluations, we kept the pH value at constant 4.1 (own value of UO2
2+ solution). Below this 

value, we observed some distortions in the geometry of amidoximated copolymer, and even 

better UO2
2+ adsorption values were obtained. Some hydroxyl species formed above this limit 

pH value. During the whole adsorption experiments, this pH value was not affected with the 

presence of neutral ethyl cellulose copolymers although very few fluctuations occurred within pH 

4-4.5.  

 

Figure 1 shows the decrease in UO2
2+ concentrations in time for constant composition of EC-g-

AO (the initial composition of 0.6 g EC in 6 mL acrylonitrile (AN) were used in our previous 

paper) copolymers for different initial UO2
2+ concentrations at 25C (at pH 4.1). Using first order 

kinetic model, the initial rates (- d[UO2
2+]/dt = ri), calculated based on the initial slope of those 
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curves shown in Figure 1, are presented in Table 1, for each temperature, as a function of the 

initial UO2
2+ concentration. Table 1 demonstrates that the ri of interaction between UO2

2+ and 

amidoxime groups increases with increasing concentration of UO2
2+ at a given temperature. In 

addition, contrary to what we know about the physical and chemical adsorption, the UO2
2+ 

adsorption increases with rising temperatures. This is because the structure of ethyl cellulose 

contains plenty of OH groups that link the glucose units layered. Rising temperature may cause 

some of these bonds to be broken and the rigidity of ethyl cellulose is decomposed to a certain 

extent. The adsorption rate of UO2
2+ on copolymers increases, enabling access to amidoxime 

groups.  

 

Figure 1. Kinetics of UO2
2+ adsorption at different UO2

2+ concentrations (0.6 g EC dissolved in 

6 mL of AN; 25C; pH 4.1) 
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Table 1. Initial rates and rate constants calculated from kinetic data. 

Temperature Inıtial conc. of 

UO2
2+ (mg/L) 

initial conc. of UO2
2+ 

(x104 mol/L) 

Initial rate, ri (x106 

mol/L.h) 

rate constant, k 

(x104 1/h) 

25 °C 

400 14.80 2.34 

5.1 
600 22.22 3.76 

800 29.62 4.43 

1000 37.03 4.96 

40 °C 

400 14.80 4.32 

6.6 
600 22.22 4.96 

800 29.62 7.13 

1000 37.03 8.63 

50 °C 

400 14.80 4.87 

7.3 
600 22.22 6.39 

800 29.62 8.24 

1000 37.03 9.79 

     

 Calculated Ea value from Arrhenius equation = 43.04 kJ/mol 

 

Certain amounts of EC-g-AO copolymers were added to varying concentrations of UO2
2+ solutions 

at known volume and shaken for a predetermined period (around 10 days). This process 

continued until the adsorption equilibrium was reached. The equilibrium amounts of adsorbed 

UO2
2+ were calculated based on Equation 1. The adsorption capacity values of UO2

2+ mg/g dry 

copolymer were plotted versus equilibrium concentrations (Ce) of UO2
2+ to obtain adsorption 

isotherms for each temperature studied. From Figure 2, the adsorption isotherms demonstrate 

a high-affinity type (26) behavior due to the strong interaction between UO2
2+ and amidoxime 

groups for all temperatures. The shape of the isotherms shows that the same amount of UO2
2+ 

adsorption takes place in all active regions of EC-g-AO copolymers. In other words, adsorption 

takes place when the specifically adsorbed amount of ionic species on solid polymer exceeds 

that of ionic species found in the solution (27). To put it another way, copolymer gives a specific 

and strong significance to uranium; adsorption takes place very fast initially, then slows down 

as the sites available for adsorption decrease. This is the usual case for Langmuir isotherm. The 

linearized Langmuir equation (28) enables one to determine a significant parameter representing 

a measurement of the chelating resin-binding capacity for a given species [KL, the equilibrium-

binding constant (kads/kdes)]. The linearized form of Langmuir equation is presented in Equation 

(6): 

 

Ce

qe
= 

1

KLqs
+ 

Ce

qs
     (Eq. 6)  
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Figure 2. Adsorption isotherms obtained at different temperatures. 

 

The KL values obtained for Ec-g-AO copolymers are listed in Table 2 with qe values. Despite the 

fact that UO2
2+ adsorption rose at higher temperatures, KL values indicated the genuine results: 

The desorption rate remained high at high temperatures for KL values from 25 to 50C. Equations 

2-4 and 6 are interpreted together in order to calculate the thermodynamic parameters of UO2
2+ 

adsorption. Activation energy, entropy, enthalpy, and Gibbs free energy values applicable to the 

UO2
2+ adsorption onto EC-g-AO copolymers were demonstrated in Tables 1 and 2. Calculated 

from Equation 2, Ea (43.04 kJ/mol) indicates that the adsorption of UO2
2+ by EC-g-AO 

copolymers has taken place through an internal diffusion-controlled process for chemical 

adsorption (30-120 kJ/mol) (29). Moreover, the other thermodynamic parameters calculated 

using Eq. 2-4 confirmed the powerful interaction between amidoxime groups and UO2
2+, and 

such interactions have been demonstrated for exothermic favorability. In our study, the most 

important parameter that determines the tendency of a spontaneous event, Gibbs free energy, 

Gads, has a negative value. In addition, Hads value has been found as -23.61 kJ/mol. This is 

very close to the threshold of the enthalpy of chemical adsorption and that of the physical 

adsorption. Adsorption happens physically at Hads << -40 kJ/mol and chemically at Hads > -

40 kJ/mol. Although the interaction between UO2
2+ and amidoxime groups takes place with the 

aim of physical forces, binding between the two is quite strong. Desorption studies support our 

findings in this context. 
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Table 2. Thermodynamic parameters of UO2
2+ adsorption onto EC-g-AO copolymers  

Temperature 

(°C) 

qe 

(mg/g) 

KL (Langmuir 

eqn.) 

-ΔGads (kJ/mol, 

Gibbs eqn. ) 

ΔSads (J/K mol, Gibbs-

Helmholtz eqn. ) 

25 24 523 15.51 27.18 

40 35 292 14.07 30.48 

50 51 255 13.73 30.60 

Hads = -23.61 kJ/mol  (Gibbs-Helmholtz eqn.) 

 

The relevant literature (12-14,30,31) contains many studies conducted on both amidoximated 

resin and unmodified biomass, separately, for the uranium recovery. But none of them included 

the uranium recovery by amidoximated biomass. In some studies, the modification was achieved 

by some acid groups (13), and in others, those heavy metal ions other than uranium (10) were 

used, or they presented only the synthesis and characterization. Therefore, direct study was not 

present for the uranium recovery by amidoximated cellulose. Only in one study performed by 

Badawy et al. (7) the authors showed that acrylonitrile/methacrylic acid grafted cotton cloths 

can be used to recover uranium from aqueous systems with an adsorption capacity of 662 g/g. 

This value is a rather small value from the value obtained in our study (240 mg/g). 

 

To be able to explain the mechanism by which UO2
2+ binds to amidoxime groups, FTIR/ATR 

spectra of UO2
2+ adsorbed EC-g-AO copolymers were obtained, which are shown in Figure 3. 

Because of interactions with UO2
2+, there are some shifts on some characteristic bands. The 

band for C=N belonging to amidoxime group at 1660 cm-1 shifts by approximately 15 cm-1, and 

also there is an 8 cm-1 shift for N-O stretching vibrations at 912 cm-1. The band intensity at 1550 

cm-1, attributed to C-N group of amidoxime, increased, and it got clearer after UO2
2+ adsorption. 

Other band shifts occur at 3200 cm-1 for the interaction of both =N-OH and –NH2 (of amidoxime) 

groups with UO2
2+. This suggests that UO2

2+ on EC-g-AO copolymers is absorbed through both 

–C-NH2 and –C=N-O-H segments of amidoxime, and the mechanism is proposed as in scheme 

1:  
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Figure 3. FTIR/ATR spectra of EC-g-AO copolymers before and after UO2
2+ adsorption 

 

 

Scheme 1. Coordination of amidoxime group to uranyl cation. 

 

Another similar mechanism was observed as part of the study of adsorption of metal ions by 

amidoxime-modified synthetic resins (32). Given the bidentate character of amidoxime groups, 

two amidoxime groups hold an UO2
2+ as a clamp and ensure 6-coordination. 

 

Thermal analyses were performed to account for the thermal behavior of EC-g-AO after UO2
2+ 

adsorption. Evaluations of EC-g-AN copolymers in terms of TGA and derivative TGA before and 

after amidoxime conversion were reported in another study of ours (24). Figure 4 presents TGA, 
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der.TGA, and DTA thermograms for UO2
2+ adsorbed EC-g-AO copolymer. As can be seen in the 

figure, there are different steps of decomposition upon the adsorption of UO2
2+. Due to the 

interaction between the amidoxime group and UO2
2+, the level of decomposition observed at 275 

°C corresponded to the amidoxime groups and the decomposition at 433 °C corresponded to 

cellulosic structures. The addition of CN (nitrile) groups affected it, leading a slight increase in 

the cellulose’s stability. The decompositions observed at 462°C, 508°C and 621°C probably show 

the decompositions of some groups which interacted with UO2
2+. The last three decompositions 

were not observed in the TGA thermogram of EC-g-AO copolymer itself (24). The EC-g-AO 

copolymer lost approximately 90% of its weight throughout the heating process that continued 

up to 700C. Since the UO2
2+ did not diffuse thoroughly into the crystalline cellulose by defeating 

strong H-bonds, it would not access to all adsorption sites, and the adsorption amounts of UO2
2+ 

is lesser compared to the other studies in the literature (33-35). As a result, such a high weight 

loss arose from carbonization of cellulosic units. When the residue of TGA was analyzed, it was 

shown that the structure belongs to U3O8 (36).  

 

 

 
Figure 4. TGA thermogram of EC-g-AO copolymers after UO2

2+ adsorption. 

 

SEM and SEM-EDX images were obtained to analyze the surface morphology of EC-g-AO 

copolymers following UO2
2+ adsorption. The Scanning Electron Microscopy (SEM) enables an 

observation of the materials’ topographic features as 3-D images, whereas the Energy Dispersive 

X-Ray Spectroscopy (EDX) allows performance of an elemental analysis on the materials’ 

microscopic sections. The SEM images of EC-g-AO copolymers, before and after UO2
2+ 

adsorption, are provided in Figure 5. As shown in the figure (b,c), there are highly visible 

orthorhombic bipyramidal crystal structures of UO2
2+. In the colored figure, bright regions 

observed around crystals indicates that radioactive heavy metal ion is attached to the structure. 
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SEM images were taken to analyze if the UO2
2+ is connected to EC-g-AN copolymer before 

amidoxime conversion (Figure 5(a)). As can be clearly seen, the absence of UO2
2+ crystals on 

the topological image of EC-g-AN copolymer confirmed that the unamidoximated copolymer did 

not adsorb UO2
2+. This draws attention to similar crystal occurrences on the surface, reported 

by Allen and Tempest (37). The orthorhombic bipyramidal crystal structure of UO2
2+, which is 

seen on the copolymer surface, is presented in Scheme 2: 

 

                  (a) 

 

     
 

                        (b)             (c) 

Figure 5. SEM images of (a) EC-g-AN-UO2
2+, (b), and (c) EC-g-AO-UO2

2+ systems 
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Scheme 2. The orthorhombic bipyramidal crystal structure of UO2
2+. 

 

Using EDX as a non-destructive determination method, it is possible to perform a quantitative 

analysis of uranium in the organic or inorganic compounds. To this aim, EDX spectrum of UO2
2+ 

adsorbed EC-g-AO was taken simultaneously based on the SEM image. The surface was coated 

with gold (Au) for conductivity during the analysis. As indicated in Figure 6, the UO2
2+ attached 

sites are marked in red, and the copolymer surface is almost entirely covered by UO2
2+. Starting 

from the low energy region, the bands observed for 0.4 keV and 0.5 keV were attributed to N 

K, and O K X-ray lines, respectively. Due to the copolymer surface coated with Au, bands 

observed at 2.120 keV, and 9.712 keV belong to Au M, and Au L X-ray lines, respectively. The 

EDX spectrum revealed two different lines depending on UO2
2+ adsorption: one is at 3.17 keV, 

which corresponds to U M, and the other is at 3.34 keV, belonging to U M. It is normal that the 

band intensities corresponding to the energy values are different because the UO2
2+adsorption 

values obtained at different initial concentrations are different.  
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Figure 6. SEM-EDX spectrum of UO2
2+ adsorbed EC-g-AO copolymer (adsorption conditions: 

800 mg/L UO2
2+, 25C, pH 4.1) 

 

The final part of our study featured desorption experiments to determine the release of UO2
2+ 

from EC-g-AO copolymers. Certain amounts of UO2
2+ adsorbed EC-g-AO copolymers were 

separately added to 10 mL of EDTA, HCl, NaOH, and NaHCO3 solutions (0.1 M each), and we 

measured, in regular intervals, the concentration of released UO2
2+ with UV-Vis 

spectrophotometer at 429 nm. The values of desorption (%) were calculated based on Equation 

5. Table 3 indicates the total amounts of UO2
2+ (%) released from different desorption agent 

solutions. As can be seen in the table, NaHCO3 is the most effective agent for desorption. 

Desorption of UO2
2+ from EC-g-AO copolymer in 0.1 M NaHCO3 was found to be 52 %. A similar 

result was observed in the study conducted by Das et al. (13). In their study, amidoximated 

electron-beam-grafted polypropylene membranes were used for the uranium recovery; 

desorption of uranium from membrane was realized with 1.0 M NaHCO3 with 85 % yield. Table 

3 reveals another interesting point: We found that the desorption yield remained only at 52%. 

In our view, the low desorption yield might be due to the strong interaction between amidoxime 

groups close to the chemical adsorption boundary. 

 

Table 3. Total release amounts (%) of UO2
2+ from EC-g-AO copolymers using different 

desorption agents. 

mg UO2
2+ / g copolymer 

 

Total UO2
2+ release (%) 

0.1 M HCl 0.1. M EDTA 0.1 M NaHCO3 0.1 M NaOH 
    

240 17 12 52 13 

 

CONCLUSIONS 

 

The EC-g-AO copolymers are prepared by gamma irradiating binary mixtures of ethyl cellulose 

and acrylonitrile and subsequent amidoximation of the grafting chains. The adsorption behavior 
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of the uranyl ions in initial concentrations over a range of 100 – 1000 mg/L on the EC-g-AO 

copolymers is studied by the batch technique at a pH value of 4.1 at different temperatures. 

Interaction between UO2
2+ and amidoxime groups increases with increasing concentration of 

UO2
2+ at a given temperature. It can be found that the temperature induces a positive effect on 

the adsorption process and the adsorption capacity increases with an increase of UO2
2+ initial 

concentration. The findings suggested an adsorption capacity of 240 mg UO2
2+/g dry copolymer. 

Desorption of adsorbed UO2
2+ ions from EC-g-AO copolymers was performed using different 

agents and it was found that NaHCO3 is the most effective agent for desorption. 
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Abstract: Successive reaction of long chain -1, -2, -4 and -5 hydroxycarboxylic acids 1a-

1e with a cyanuric chloride (CC) and triethylamine afforded the corresponding racemic 

lactones 2a-2e in high yields. Optically pure R lactones 4a-4e were synthesized 

stereoselectively by porcine pancreas lipase-catalyzed resolution of racemic 2a-2e. The 

resolution conditions were investigated, determined and optical rotations were measured. The 

mentioned chiral lactones were synthesized by this method for the first time. The obtained 

racemic and chiral lactones were analyzed by NMR, IR, Mass, optical rotation, and elemental 

analysis. 
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INTRODUCTION 

 

Racemic and chiral lactones are commonly found in natural products as a series of pheromones 

and medical compounds (1-9). They are used also as intermediates for the synthesis of 

biological substances and natural products (10) due to their biological activities. There are 

many types of lactones and among them alkyl substituted lactones have gained a lot of 

interest from the synthetic and medicinal chemists (11, 12). Short chain alkyl lactones are 

essential and significant aromatic compounds in beverages and food. 

 

Enzymes as biocatalysts find significant usage for preparing enantiomerically pure compounds 

(13). Lipases (triacylglycerol hydrolases, EC 3.1.1.3) are the most commonly used enzymes. 

They are not only cheap and easy to deliver but also are highly stable and have high 

enantioselectivity in synthesis. 

 

Various synthetic procedures have been declared in the literature for the preparation of 

racemic and enantiomerically pure medium and large- ring sized lactones. Several methods 

using reagents like DCC (14), 2,4,6-trichlorobenzoyl chloride (15), 2,2’-dipyridyl disulfide /Ph3P 

(16), 1-methyl-2-chloropyridinium iodide / Et3N (17), 2-Me-6-NO2-benzoic anhydride (18,19)  

and cyanuric chloride (20) have been known for the preparation of the lactones from their 

corresponding hydroxy acids. 

 

Cyanuric chloride method was chosen in this study, because it is an economical and 

commercially available reagent. This method has been applied for the synthesis of 

isoambrettolide (20), exaltolide (21), phorocantholide (21,22), pentadecanolide (22) and 

patutolide (23). According to the literature survey, the synthesized racemic lactones 2a-2e 

have not yet been synthesized by cyanuric chloride method. The obtained R- lactones 4a-4e 

were synthesized by hydrolysis of porcine pancreatic lipase by the first time in this work. 

 

Racemic forms of 12-tetradecanolide (2c) and 14-hexadecanolide (2e) were obtained before 

differently from the used method in this study (24). There is no record available about their 

enantiomeric forms 4c and 4e. Information on racemic and chiral 9-tetradecanolide (2a) and 

13-tetradecanolide (2d) is accessible (25-29), but the procedures are not the same. Racemic 

forms of 2a, 2c, 2d and 2e were found in the literature but the methods are dissimilar. Chiral 

4a, 4c, 4d and 4e were known compounds but their preparation methods are not similar. 

Racemic 10 tetradecanolide (2b) and chiral (4b) are original compounds in this study.  

 

These synthesized racemic and chiral lactones can be used in perfumery, medicine, and 

chemistry as ionic liquids and chromatographic separators due to their ring size. In previous 

studies, lactones and their derivatives were used as elastase inhibitors (30, 31), but this 
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inhibition was carried out there only with small ring lactones. In the future, these mentioned 

racemic and chiral lactones 2a-2e, 4a-4e will be examined for their inhibition of different 

enzymes especially for their elastase activity, which plays an important and protective role 

against diseases of lung, arteries, skin, and ligaments. 
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CC, TEA

Acetone

O
O

O
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O
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1c: C2H5     10
1d: CH3       11
1e: C2H5      12

 

Scheme 1. Synthesis of  medium and large sized racemic and enantiomeric lactones. 

 

EXPERIMENTAL SECTION 

 

General 

All reagents were purchased from commercial products and were used without further 

purification. Acetone and triethylamine were dried with CaCl2. The reactions were followed up 

with TLC plate (Merck 60 F-254). Column chromatography was performed on silica gel 60 (70-

230 mesh). 1H-NMR and 13C-NMR spectra were moderated in CDCl3 and booked on a Varian 

(400 MHz). Mass spectra (ESI) were recorded on a Thermo Finnigan Spectrometer. Infrared 

(IR) spectra were booked on a Mattson 1000 series spectrometer as thin films between NaCl 

plates. Optical rotations were measured on an Optical Activity AA-55 digital polarimeter. 

 

General method for the synthesis of chiral lactones 

Enzymatic hydrolysis of substrate / PPL of varying the weight ratio and reaction time (entries 

1-4) were applied by the conditions described in Table 3. Several suspension amounts of the 

racemic lactones (2a-e, 100 mg) were incubated at pH 7.6 (citric acid/Na2HPO4 buffer solution 

0.02 M) and 36 oC in water. The obtained suspension was stirred in an ultrasonic bath. Then, 

the reaction was finished with the supplementation of CH2Cl2 (32) at the time shown in the 

Table III. The organic layer was separated, washed with distilled water and dried with Na2SO4. 

The solvent was removed in vacuo. To offer a mixture (R)-4a-e and (S)-5a-e that was 

separated with column chromatography (silica gel, hexane/ethyl acetate= 4/1 v:v) to give 
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lactones in good yield. The obtained lactones that are not UV-active can be seen by the TLC 

plate dipped into a 5% H2SO4 solution and then heated. 

 

(9R)-(-)-9-tetradecanolide (4a). 58% yield (58 mg) as a colorless oil, hexane/ethyl 

acetate=4/1 Rf: 0.44. [𝛼]𝐷
20 = -28o (c 0.45, CHCl3). FTFTIR (neat): vmax= 2946, 2865, 1727, 

1188 cm-1. 1H-NMR (400 MHz, CDCl3): δ= 0.84 (t, J= 7.3 Hz, 3H), 0.98-1.1 (m, 2H), 1.2-1.33 

(m, 14H), 1.46-1.7 (m, 4H), 2.27 (ddd, J= 14.16, 7.8 and 5.3 Hz, 2H), 4.82 (m, 1H) ppm. 

13C-NMR (125 MHz, CDCl3): δ= 9.9, 22.2, 24.6, 26.4, 28.1, 28.4, 28.6, 28.7, 28.9, 32.6, 

34.00, 40.2, 74.00, 172.75 ppm. MS (EI): m/e 227 [M+1]+. Anal. Calc. for C14H26O2: C, 74.29; 

H, 11.58. Found: C, 74.20; H, 11.52.  

 

(10R)-(-)-10-tetradecanolide (4b). 54% yield (54 mg) as a colorless oil, hexane/ethyl 

acetate=4/1 Rf: 0.41  [𝛼]𝐷
20 = -25o (c 0.45, CHCl3). FTIR (neat): vmax= 2919, 2865, 1730, 1212 

cm-1. 1H-NMR (400 MHz, CDCl3): δ= 0.89 (t, J= 6.8 Hz, 3H), 1.18-1.32 (m, 14H), 1.42-1.7 (m, 

6H), 2.25 (m, 2H), 4.88 (dddd, J= 7.8, 6.8, 6.35 and 3.9 Hz, 1H) ppm. 13C-NMR (125 MHz, 

CDCl3): δ= 12.95, 21.59, 24.12, 24.28, 26.53, 27.66, 27.97, 28.11, 28.30, 32.85, 33.69, 

34.12, 76.11, 175.26 ppm. MS (EI): m/e 227 [M+1]+. Anal. Calc. for C14H26O2: C, 74.29; H, 

11.58. Found: C, 74.25; H, 11.52.  

 

(12R)-(-)-12-tetradecanolide (4c). 50% yield (50 mg) as a colorless oil, hexane/ethyl 

acetate=4/1 Rf: 0.32.  [𝛼]𝐷
20 = -26o (c 0.45, CHCl3). FTFTIR (neat): vmax= 2920, 2865, 1728, 

1202 cm-1. 1H-NMR (400 MHz, CDCl3): δ= 0.84 (t, J= 7.3 Hz, 3H), 0.98-1.1 (m, 2H), 1.2-1.33 

(m, 14H), 1.46-1.7 (m, 4H), 2.27 (ddd, J= 14.16, 7.8 and 5.3 Hz, 2H), 4.82 (m, 1H) ppm. 

13C-NMR (125 MHz, CDCl3): δ= 9.99, 24.2, 24.6, 26.4, 28.1, 28.4, 28.6, 28.7, 28.9, 32.6, 

34.00, 40.2, 74.00, 172.75 ppm. MS (EI): m/e 227 [M+1]+. Anal. Calc. for C16H26O2: C, 74.29; 

H, 11.58. Found: C, 74.27; H, 11.56. 

 

(13R)-(-)-13-tetradecanolide (4d). 60% yield (60 mg) as a colorless oil, hexane/ethyl 

acetate=4/1 Rf: 0.27. [𝛼]𝐷
20 = -33o (c 0.45, CHCl3). FTIR (neat): vmax= 2919, 2865, 1728, 1266, 

1104 cm-1. 1H-NMR (400 MHz, CDCl3): δ= 1.19 (d, J= 6.25 Hz, 3H), 1.22-1.51 (m, 16H), 1.54-

1.64 (m, 2H),  1.66-1.72 (m, 1H), 1.94-2.05 (m. 1H),  2.26 (ddd, J= 15.09, 7.5 and 4.3 Hz, 

1H), 2.34 (ddd, J= 15.09, 7.4 and 4.3 Hz, 1H),  4.9 (qdd, J= 6.76, 12.25 and 6.25 Hz,  1H) 

ppm. 13C-NMR (125 MHz, CDCl3): δ= 14.49, 23.73, 25.23, 25.99, 29.38, 29.49 29.78, 29.87, 

34.65, 39.63, 39.65, 60.39, 68.44, 174.17 ppm. MS (EI): m/e 227 [M+1]+. Anal. Calc. for 

C14H26O2: C, 74.29; H, 11.58. Found: C, 74.26; H, 11.52.  

 

(14R)-(-)-14-hexadecanolide (4e). 56% yield (56 mg) as a colorless oil, hexane/ethyl 

acetate=4/1 Rf: 0.25. [𝛼]𝐷
20 = -44o (c 0.45, CHCl3). FTIR (neat): vmax= 2919, 2865, 17327 1185 

cm-1. 1H-NMR (400 MHz, CDCl3): δ= 0.86 (t, J= 7.3 Hz, 3H), 1.1 (m, 2H), 1.2-1.34 (m, 16H), 
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1.48-1.62 (m, 6H), 2.28 (ddd, J= 14.65, 7.8 and 4.3 Hz, 2H), 4.8 (m, 1H) ppm. 13C-NMR (125 

MHz, CDCl3): δ= 8.7, 24.34, 24.42, 25.26, 25.95, 26.24, 26.76, 27.95, 28.12, 28.54, 30.48, 

32.62, 33.74, 37.10, 74.15, 175.26 ppm. MS (EI): m/e 254 [M]+. Anal. Calc. for C16H30O2: C, 

75.53; H, 11.89. Found: C, 75.48; H, 11.85. 

 

General method for the synthesis of racemic lactones 

0.01 mole of hydroxy acid was placed in a two-necked reaction flask equipped with a magnetic 

stirrer. It was dissolved in 100 mL of acetone with heating (if necessary) and cooled to room 

temperature. 0.01 mole of cyanuric chloride and 0.02 mole of triethylamine was added until a 

clear solution was obtained. After about 20 minutes, a precipitate comes out and gradually 

increases. The obtained precipitate was filtered. The filtrate was diluted with water and 

extracted with chloroform. The organic phase was washed with 10% Na2CO3 and water, dried 

by Na2SO4, and evaporated. The colorless oil was purified by flash chromatography to give 

lactones in excellent yield (20). 

 

9-tetradecanolide (2a). This compound is a colorless oil and has 64% yield. The spectroscopic 

data were identical to that of enantiomeric 4a. 

 

10-tetradecanolide (2b). This compound is a colorless oil and has 73% yield. The spectroscopic 

data were identical to that of enantiomeric 4b. 

 

12-tetradecanolide (2c). This compound is a colorless oil and has 75% yield. The spectroscopic 

data were identical to that of enantiomeric 4c. 

 

13-tetradecanolide (2d). This compound is a colorless oil and has 78% yield. The spectroscopic 

data were identical to that of enantiomeric 4d. 

 

14-hexadecanolide (2e). This compound is a colorless oil and has 54% yield. The spectroscopic 

data were identical to that of enantiomeric 4e. 

 

RESULTS AND DISCUSSION 

 

The starting substances 9-, 10-, 12- hydroxytetradecanoic acids and 14-hydroxyhexadecanoic 

acid (1a-1e) were synthesized by NaBH4 reduction and hydrolysis of their corresponding keto 

esters, which were prepared by Blaise condensation method (33) and 13-hydroxytetradecanoic 

acid was obtained according to the acetoacetic ester method with good yields (Table 1) (34, 

35). 
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Table 1: The results of synthesized racemic hydroxy acids (RHOHC(CH2)nCOOH (1a-1e). 

Entry R n Hydroxy 

Acids 

mp (oC) 𝑛𝐷
80 Yield *           

%  

1 C5H11 7 1a 69-70 1.4432 80 

2 C4H9 8 1b 57-58 1.4410 85 

3 C2H5 10 1c 58-59 1.4390 90 

4 CH3 11 1d 58-59 1.4405 90 

5 C2H5 12 1e 59-60 1.4420 95 

    * Isolated yield.  

 

The synthesized hydroxycarboxylic acids were converted to their corresponding racemic 

lactones by cyanuric chloride method (Scheme 1, Table 2). 

 

The best lactonization yield was found for the molar fraction of hydroxy acid:CC:TEA as 1:1:2. 

Increased ring size is reduced the efficiency of lactonization yield (Table 2, entries 13-15). The 

size of alkyl substitution has not played an important role in the lactonization yield. Various 

acetone amounts were tried to increase of the lactonization reaction yield, the optimal amount 

was found to be 10 mL (Table 2). The lactonization was carried out at room temperature until 

the disappearance of hydroxy acid. The reaction was also examined at refluxing temperature 

for the reduced reaction time, but dilactone was obtained as a by-product in this reaction. 

Therefore, lactonization was preferred at room temperature. (Table 2).  

 

  



Yasa and Yusufoglu. JOTCSA. 2018;5(2): 539-550. RESEARCH ARTICLE 

545 
 

Table 2: Synthesis of medium- and large-sized racemic lactones. 

Entry  R n Lactone Acetone 

(mL) 

 

Yield  (%)[b]      

1 

O

O

(CH2)4CH3

 

 

C5H11 

 

 

7 

 

 

2a 

 

10 65 (19[c]) 

2 20 64 (20[c]) 

3 30 63 (18[c]) 

4 

O

(CH2)3CH3

O

 

 

C4H9 

 

 

8 

 

 

2b 

 

10 74.5 (10[c]) 

5 20 73 (11[c]) 

6 30 72 (12[c]) 

7 

O

CH2CH3

O

 

 

C2H5 

 

 

10 

 

 

2c 

 

10 76 (17[c]) 

8 20 75 (18[c]) 

9 30 

 

74 (19[c]) 

10 

O

CH3

O  

 

CH3 

 

 

11 

 

 

2d 

 

10 80 (21[c]) 

11 20 78 (20[c]) 

12 30 78.5 (19[c]) 

13 

O

CH2CH3

O  

 

C2H5 

 

 

12 

 

 

2e 

 

10 56 (9[c]) 

14 20 54 (10[c]) 

15 30 53 (11[c]) 

 [a] Conditions, hydroxycarboxylic acids 1 mmol, cyanuric chloride (CC) 1 mmol, triethylamine 

(TEA) 2 mmol, t= room temperature, reaction time: 24 h. [b] Isolated yield. [c] Dilactone 

yield. 

 

Choice of lipase enzyme to be used 

According to the literature survey made, porcine pancreas lipase was considered to be proper 

in the enzymes for enzymatic hydrolysis. Moreover, it is advantageous that this enzyme is 

much more economical than other enzymes. It hydrolyzed the S enantiomers making the 

formations of (R)-4a-4e by enzyme PPL chosen in this study. The best conditions for synthesis 

of (R)-4a-4e in good yields are given in Table 4. 
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Table 3: Enantioselective resolution of 2a-2e by PPL. 

Entry (R)-4a (R)-4b (R)-4c (R)-4d (R)-4e 

 [𝛼]𝐷
20

 

 

Yielda 

% 

[𝛼]𝐷
20

 

 

Yielda 

% 

[𝛼]𝐷
20

 

 

Yielda 

% 

[𝛼]𝐷
20

 

 

Yielda 

% 

[𝛼]𝐷
20

 

 

Yielda 

% 

1 -27o 45 -22o 35 -25o 38 -30o 42 -39o 41 

2 -28o 58 -25o 54 -26o 50 -33o 60 -44o 56 

3 -20o 20 -21o 25 -23o 30 -29o 34 -36o 36 

4 -19o 10 -20o 20 -24o 25 -28o 30 -31o 32 

      a isolated yields 

 

Table 4: PPL-catalyzed hydrolysis of racemic 2a-2e with different ratios of substrate/PPL. 

Entry Substratea(mg)/ 

Suspensionb(cm3) 

PPL (mg)/ 

Suspension(cm3) 

Substrate/PPL Reaction time(h) 

1 1,000:56 1,000/56 1:1 7 

2 1,000:28 500/28 2:1 7 

3 1,000:18.67 333:18.67 3:1 7 

4 1,000:9.33 166.6:9.33 6:1 7 

    a Racemic 2a-e (1.000 mg) was taken in these procedures. 

    b 1 cm3 of suspension, produced from 1 g of lipase and 15 cm3 of water, hydrolyzed 50 mg of 

trimyristine (36) 

 

The best resolution for 2a-2e was entry 3. (R)-4a-4e were synthesized with good yields after 

7 h incubation with a substrate/PPL weight ratio 2:1 (Entry 2, Table 4). There are a lot of 

studies mentioned about chiral lactones that clearly refined by R configuration due to negative 

optical rotation. Therefore, the synthesized chiral lactones were attributed to be of R 

configuration according to the measured optical rotations. The configurations of the chiral 

lactones with negative sign were defined in the literature as (R) (25-29).  

 

Therefore, enantioseparation studies were also tried in this work and the enantiospecificity of 

the resolution was determined after purification of the (R)-4a-4e by column chromatography. 

For determination of enantiomeric enrichment (% ee), Cyclodex β-25 m column chiral capillary 

GC column was used for gas chromatographic separation. Different GC separation conditions 

were tried, but resolution of (R) and (S) enantiomers of the obtained lactones were not 

succeeded. Configuration of the synthesized lactones were assigned due to the optical rotation 

degrees in the literature (24-28), where lactones with negative optical rotations were defined 

as (R). Therefore the synthesized lactones in this study were attributed to be of R 

configuration (Table 3). Synthesized racemic and chiral lactones were obtained for the first 

time by the method used in this study.  
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CONCLUSION 

 

In this work, medium- and large-ring racemic 2a-2e and chiral lactones 4a-4e were 

synthesized in good yields. The enzymatic resolution of the synthesized racemic lactones was 

carried out under mild conditions. The described processes in this study are cheap and 

environmentally friendly. The purification of the lactones were achieved by column 

chromatography. The synthesized racemic and chiral lactones 2a-2e and 4a-4e mentioned 

were analyzed by FTIR, 1H-NMR, 13C-NMR, Mass spectra, optical rotation, and C,H analysis. 

The synthesized racemic and chiral lactones will be examined in the future for their usefulness 

in food, pharmacy and cosmetic industries. They will be investigated for their inhibition effect 

of several enzyme types. 
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Abstract: In this work, 15 different coumarin hydrazides were successfully synthesized and 

screened for their antioxidant and antilipase activities. To do this, firstly, salicylaldehyde 

derivatives and Meldrum's Acid were reacted in absolute ethanol with catalytic amount of 

pyridine to obtain coumarin-3-carboxylic acid derivatives (1a-e). Then, these compounds were 

treated with 1H-benzotriazole in dichloromethane by using thionyl chloride to synthesize 

benzotriazole derivatives (2a-e). Then, compounds 2a-e were reacted with three commercial 

hydrazides (nicotinic hydrazide, benzhydrazide,and phenyl acetichydrazide) in ethanol by using 

microwave irradiation and conventional heating procedures to obtain final products (3-5a-e). 

Finally, these compounds were tested for their anti-oxidant and anti-lipase activities. The 

structure of newly synthesized compounds was identified by IR, 1H NMR, 13C NMR, and elemental 

analysis data. 

 

Keywords: Coumarin, Hydrazide, Porcine pancreatic lipase, Antioxidant.  

 

Submitted: February 06, 2018. Accepted: March 16, 2018.  

 

Cite this: Yılmaz F, Faiz Ö. Microwave-Assisted Synthesis and Biological Evaluation of Some 

Coumarin Hydrazides. JOTCSA. 2018;5(2):551–68. 

 

DOI: http://dx.doi.org/10.18596/jotcsa.390928.  

 

*Corresponding author: Fatih YILMAZ , E-mail: fyilmaz@erdogan.edu.tr (telephone:+90 

(464) 228 00 22, fax: +90 (464) 228 00 25) 

  

http://dx.doi.org/10.18596/jotcsa.390928
http://dergipark.gov.tr/jotcsa
http://www.turchemsoc.org
mailto:fyilmaz@erdogan.edu.tr
https://orcid.org/0000-0002-6666-3566
mailto:ozlem.faiz@erdogan.edu.tr
https://orcid.org/0000-0003-2447-0763


Yilmaz F and Faiz Ö. JOTCSA. 2018; 5(2): 551-568.  RESEARCH ARTICLE 

552 
 

INTRODUCTION 

 

Since the first publication on microwave synthesis in 1986, the use of microwave heating in 

organic synthesis has become so popular that it has been termed as the Bunsen burner of the 

21st century. In many respects, this technique is superior to classical heating because it reduces 

the reaction time and provides higher yields and purity (1-5). 

 

Coumarins (known as benzopyran-2-ones) are a family of lactones and they are the most 

abundant secondary metabolite. They show important biological activities such as antibacterial 

(6, 7), antifungal (8, 9), anti-tubercular (10, 11), antitumor (12), antioxidant (13), and anti-HIV 

(14). Also, coumarins are used as food additive and cosmetics industry (15). The general 

commercial application of coumarins is the use of dispersed fluorescent brightening agents and 

as dyes for tuning lasers (16-18). A few coumarin-based derivatives acenocoumarol, 

dicoumarolum, and hymecromone which are approved for therapeutic purposes in the clinic are 

given below (Figure 1.) (10). This broad spectrum of biological activities and successful usage 

of coumarin derivatives in medicinal and industrial chemistry have further inspired more research 

on coumarin derivatives. In addition to numerous activities of coumarin derivatives, some 

enzyme inhibitors were reported such as α-glucosidase, anti-lipase, carbonic anhydrase, urease 

and acetylcholinesterase (19-27). 

 

 

Figure 1.Acenocoumarol, Dicoumarolum,and Hymecromone. 

 

Recent researches have proved that coumarin hydrazones have pharmacologically powerful 

properties. Nasr et al. reported in vitro anticancer activity of some coumarin hydrazide-

hydrazone derivatives and found that one of the compounds could be a potent anticancer drug 

to overcome drug resistance in cancer (26, 28, 29). Also, Karatas et al. have showed that 

coumarins bind to the active pocket of the enzyme in a similar carbonic anhydrase enzyme study 

of coumarin by molecular docking study (19).  

 

In our previous works, we have already synthesized coumarin-triazole and coumarin-

quinazolinone hybrid molecules and investigated their biological activities. Some of the 

compounds showed potent antitumor, antilipase and α-glucosidase activities (26, 27). In these 

works, we have found that coumarin has a positive effect on antitumor, antilipase and α-
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glucosidase activities. In the present study, we focused on the synthesis of coumarin hydrazides 

and investigation of their antioxidant and lipase inhibition activities (27, 30). 

 

MATERIALS AND METHODS 

 

Chemistry 

All reaction progress was monitored by TLC on silica gel plates (Merck 60, F254, 0.2 mm). The 

melting points were determined on capillary tubes on Stuart SMP30 melting point apparatus and 

are uncorrected. The FTIR spectra were recorded on a Perkin-Elmer 100 FTIR spectrometer as 

KBr pellets. 1H and 13C NMR spectra (400 and 100 MHz, respectively) were obtained using a 

Varian-Mercury (tetramethylsilane as the internal standard) and the chemical shifts are 

expressed in δ values (ppm). The experiments were carried out in microwave process vials 

(30 mL) with control of the temperature by infrared detection temperature sensor. It was 

monitored by a computer and maintained at a constant value by a discrete modulation of 

delivered microwave power. After the completion of the reaction, the vial was cooled to 60 °C 

via air jet cooling. 

 

EXPERIMENTAL SECTION 

 

General procedure for the synthesis of compounds 1a-e 

A solution of corresponding salicylaldehyde derivative (0.01 mol) and 2,2-dimethyl-1,3-

dioxane-4,6-dione (Meldrum's acid) (1.58 g, 0.011 mol) in absolute ethanol (50 mL) and 

pyridine (0.5 mL) was refluxed in a round-bottomed flask for 6 h. After the reaction was 

completed (monitored by TLC, eluent ethyl acetate–hexane, 4:1 v:v), the solvent was 

evaporated under reduced pressure. The obtained solid was washed with H2O and recrystallized 

from a mixture of EtOH–H2O, 3:2. 

 

2-Oxo-2H-chromene-3-carboxylic acid (1a). Yield: 1.39 g (73%). M.P.: 189–190°C (M.P.: 

188°C (31)).  

 

6-Chloro-2-oxo-2H-chromene-3-carboxylic acid (1b). Yield: 1.57 g (70%). M.P.: 200-201 

°C (M.P.: 198-199 °C (32)). 

 

6-Bromo-2-oxo-2H-chromene-3-carboxylic acid (1c). Yield: 1.80 g (67%). M.P.: 195–

196°C (M.P.: 194–196°C (33)). 

 

6,8-Dichloro-2-oxo-2H-chromene-3-carboxylic acid (1d). Yield: 1.80 g (67%).M.P.: 225-

226 °C (M.P.: 220-224 °C (34)). 
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7-diethylamino-2-oxo-2H-chromene-3-carboxylic acid (1e).Yield: 1.88 g (67%).M.P.: 

225-226 °C (M.P.: 224-225 °C (35)). 

 

General procedure for the synthesis of compounds 2a-e 

Thionyl chloride (1.78 g, 0.015 mol) was added to a solution of 1H-benzotriazole (5.95 g, 0.05 

mol) in CH2Cl2 (75 mL). The mixture was stirred for 30 min at room temperature. Then the 

corresponding coumarin-3-carboxylic acid 1a-e (0.01 mol) was added and the reaction mixture 

was stirred for 12 hours at room temperature. The precipitate was removed by filtration, and 

the filtrate was evaporated under reduced pressure. The residue was diluted with CH2Cl2 (100 

mL), and the solution was washed with 10% Na2CO3 solution (50 mL) and 4 N HCl (50 mL) and 

dried over MgSO4. Removal of the solvent under reduced pressure gave compounds 2a-e, which 

were recrystallized from CH2Cl2–hexane, 1:1. 

 

3-(1H-Benzotriazol-1-ylcarbonyl)-2H-chromen-2-one (2a). Yield: 2.12 g (73%). M.P.: 

179–180°C (M.P.: 176–177 °C (36)).  

 

3-(1H-Benzotriazol-1-ylcarbonyl)-6-chloro-2H-chromen-2-on (2b) Yield: 2.20 g 

(63%).M.P.: 248–249 °C. 

 

3-(1H-Benzotriazol-1-ylcarbonyl)-6-bromo-2H-chromen-2-one (2c). Yield 2.52 g 

(68%). M.P.: 250–251 °C.  

 

3-(1H-Benzotriazol-1-ylcarbonyl)-6,8-dichloro-2H-chromen-2-on (2d). Yield: 2.34 g 

(65%).M.P.:263–264 °C. 

3-(1H-Benzotriazol-1-ylcarbonyl)-7-diethylamino-2H-chromen-2-on (2e). Yield: 2.46 g 

(68%).M.P.:210–211°C (M.P.:212–214 °C (37)). 

 

General procedure for the synthesis of compounds 3-5a-e 

Conventional method: A solution of compounds 2a-e (0.01 mol) in absolute ethanol (15 mL) 

and corresponding hydrazide derivative (0.011 mol) was taken in a round-bottomed flask. The 

mixture was refluxed for 4h. After the completion of the reaction, the mixture was cooled to 

room temperature and the product appeared as a white solid. It was filtered and washed with 

ethanol to obtain the pure product. 

 

Microwave method: Compounds 2a-e (0.01 mol) and corresponding hydrazide derivative 

(0.011 mol) were taken in a microwave process vial (30 mL) and dry ethanol (5 mL) was added. 

Then, the mixture was irradiated in microwave at 135 °C for 15 min at 200 W maximum power. 

After the completion of the reaction, the mixture was taken in the beaker with hot ethanol, and 
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a product appeared as a white solid. It was filtered and washed with ethanol to obtain the pure 

product. 

 

N'-(2-Oxo-2H-1-benzopyran-3-ylcarbonyl)pyridine-3-carbohydrazide (3a): M.P.: 269–

270 °C (38), FTIR (KBr): 3365, 3232 (NH), 1709, 1681, 1640 (C=O), 1190 (C-O) cm-1. 1H NMR 

(400 MHz, DMSO-d6): 7.43 (s, 1H, Ar-H), 7.52 (d, J=6.4 Hz,1H, Ar-H), 8.00 (d, J=6.8 Hz,1H,Ar-

H), 8.27 (d, J=9.2 Hz,1H,Ar-H), 8.75 (d, J=7.6 Hz,2H,Ar-H), 8.90 (d, J=8.4 Hz, 2H, Ar-H), 9.05 

(s, 1H, coumarin C-4H), 10.61 (s, 1H, NH), 11.20 (s, 1H, NH). 13C NMR (100MHz, DMSO-

d6):116.72, 118.74, 118.82, 124.11, 128.36, 130.86, 134.92, 135.81, 148.51, 149.03, 153.00 

(coumarin C-3), 154.47 (coumarin C-4), 160.17 (C=O), 160.57 (C=O), 163.79 (C=O). 

Elemental Analysis: Calculated C16H11N3O4: C, 62.14; H, 3.58; N, 13.59. Found: C, 62.10; H, 

3.51; N, 13.50. 

 

N'-(6-Chloro-2-oxo-2H-1-benzopyran-3-ylcarbonyl)pyridine-3-carbohydrazide (3b): 

M.P.:284–285 °C, FTIR (KBr): 3201, 3039 (NH), 1706, 1683 (C=O), 1192 (C-O) cm-1. 1H NMR 

(400 MHz, DMSO-d6):7.39 (s, 1H, Ar-H), 7.62 (d, J=6.0Hz, 1H, Ar-H),8.00 (d,J=6.0Hz,1H,Ar-

H), 8.28 (d, J=9.2 Hz,1H, Ar-H), 8.69(d, J=7.6 Hz,1H,Ar-H), 8.96 (d, J=8.0 Hz, 2H, Ar-H), 9.03 

(s, 1H, coumarin C-4H),  10.55 (s, 1H, NH), 11.24 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): 

121.07, 121.18, 121.37, 124.11, 128.31, 128.75, 129.21, 133.48, 135.82, 146.84, 149.02, 

153.0 (coumarin C-4), 158.76 (coumarin C-3), 160.11 (C=O), 163.94 (C=O), 165.79 (C=O). 

Elemental analysis: Calculated for C16H10ClN3O4: C, 55.91; H, 2.93; N, 12.23. Found: C, 55.93; 

H, 2.95; N, 12.27. 

N'-(6-Bromo-2-oxo-2H-1-benzopyran-3-ylcarbonyl)pyridine-3-carbohydrazide (3c): 

M.P.: 289–290 °C, FTIR (KBr): 3363, 3282 (NH), 1739, 1694, 1662 (C=O), 1240 (C-O) cm-1. 

1H NMR (400 MHz, DMSO-d6): 7.35 (s, 1H, Ar-H), 7.80 (d, J=6.4 Hz,1H,Ar-H), 8.03 (d, J=6.8 

Hz, 1H, Ar-H), 8.20 (d, J=9.0 Hz, 1H, Ar-H), 8.73 (d, J=7.6 Hz, 1H, Ar-H), 8.80 (d, J=8.0 Hz, 

2H, Ar-H), 9.05 (s, 1H, coumarin C-4H),   10.50 (s, 1H, NH), 11.20 (s, 1H, NH). 13C NMR (100 

MHz,DMSO-d6): 117.17, 119.01, 120.63, 124.11, 128.34, 132.66, 135.82, 137.02, 147.68, 

148.20, 149.02 (coumarin C-4), 155.64 (coumarin C-3), 156.31 (C=O), 160.35 (C=O), 163.90 

(C =O). Elemental analysis: Calculated for C16H10BrN3O4: C, 49.51; H, 2.60; N, 10.83. Found: 

C, 49.55; H, 2.57; N, 10.76. 

 

N'-(6,8-Dichloro-2-oxo-2H-1-benzopyran-3-ylcarbonyl)pyridine-3-carbohydrazide 

(3d): M.P.:292–293 °C, FTIR (KBr): 3199, 3040 (NH), 1706, 1684 (C=O), 1192 (C-O) cm-1.  1H 

NMR (400 MHz,DMSO-d6): 7.54 (s, 1H, Ar-H), 8.09-8.15 (m,2H,Ar-H), 8.25 (s, 1H, Ar-H), 8.56-

8.76 (m,2H,Ar-H), 9.04 (s, 1H, coumarin C-4H),  10.60 (s, 1H, NH), 11.10 (s,1H,NH).13C NMR 

(100 MHz, DMSO-d6): 121.20, 121.37, 124.12, 128.12, 128.32, 128.75, 129.20, 133.49, 

135.83, 146.82, 148.92, 149.02 (coumarin C-3), 153.04 (coumarin C-4), 158.75 (C=O), 160.14 

(C=O), 163.95 (C=O). Elemental analysis: Calculated for C16H9Cl2N3O4: C, 50.82; H, 2.40; N, 
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11.11. Found: C, 50.79; H, 2.37;N,11.11. 

 

N'-[7-(diethylamino)-2-oxo-2H-1-benzopyran-3-carbonyl]pyridine-3-carbohydrazide 

(3e): M.P.: 266–267 °C (266–267 °C (16)), FTIR (KBr): 3268 (NH), 1685,1644 (C=O), 1190 

(C-O) cm-1.  1H NMR (400 MHz, DMSO-d6): 1.13 (t, J=6.8 Hz, 6H, CH3), 3.90 (q, J=6.8 Hz, 4H, 

CH2), 6.63 (s, 1H,Ar-H), 6.82 (d, J=6.4 Hz, 1H, Ar-H), 7.55 (d, J=6.8Hz, 1H, Ar-H), 7.73(d, 

J=9.2 Hz,1H,Ar-H),8.24(d, J=7.6 Hz, 1H, Ar-H), 8.74(d, J=8.4 Hz, 2H, Ar-H), 9.03 (s, 1H, 

coumarin C-4H),  10.47 (s, 1H, NH), 11.12 (s, 1H,NH).13C NMR (100 MHz,DMSO-d6):12.77 

(2CH3), 44.87 (2CH2), 96.38, 108.13, 108.29, 110.81, 124.06, 128.45, 132.33, 135.79, 148.94, 

149.01 (coumarinC-4), 152.90, 153.31 (coumarin C-3), 157.94 (C=O), 161.65 (C=O), 161.84 

(C=O), 163.79 (C=O). Elemental analysis: Calculated for C20H20N4O4: C, 63.15; H, 5.30; N, 

14.73. Found: C, 63.08; H, 5.25; N, 14.68. 

 

N'-Benzoyl-2-oxo-2H-1-benzopyran-3-ylcarbohidrazide (4a): M.P.: 239-240°C (38), 

FTIR (KBr): 3266, 3112 (NH), 1706, 1681 (C=O), 1188 (C-O) cm-1.  1H NMR (400 MHz, DMSO-

d6): 7.42 (s, 1H, Ar-H), 7.54 (t, J=6.8 Hz, 1H, Ar-H), 7.61 (d, J=9.2 Hz, 2H, Ar-H), 7.73 (t, 

J=7.6 Hz, 2H, Ar-H), 8.00(d, J=8.4 Hz, 2H, Ar-H), 8.03 (s, 1H, Ar-H), 8.89 (s, 1H, coumarin C-

4H), 10.57 (s, 1H, NH), 10.93 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): 116.70, 118.73, 

118.87, 125.68, 128.06 (2C), 128.94 (2C), 130.83, 132.42, 134.88, 148.53 (coumarin C-4), 

154.43 (coumarin C-3), 160.21 (C=O), 160.62 (C=O), 165.32 (C=O). Elemental analysis: 

Calculated for C17H12N2O4: C, 66.23; H, 3.92; N, 9.09. Found: C,66.29;H,3.82;N,9.00. 

 

N'-Benzoyl-6-chloro-2-oxo-2H-1-benzopyran-3-ylcarbohydrazide (4b): M.P.:266–267 

°C, FTIR (KBr): 3326, 3184 (NH), 1688, 1648 (C=O), 1135 (C-O) cm-1. 1H NMR (400 MHz, 

DMSO-d6): 7.49 (s, 2H,Ar-H), 7.55 (d, J=6.6Hz, 2H, Ar-H), 7.90 (d, J=9.2 Hz, 2H, Ar-H), 8.74 

(d, J=8.4 Hz,2H, Ar-H), 8.82 (s, 1H, coumarin C-4H), 10.47 (s, 1H, NH), 10.96 (s,1H,NH).13C 

NMR (100 MHz, DMSO-d6): 121.20, 121.36, 128.06, 128.73 (2C), 128.95 (2C), 129.19, 132.45, 

133.45, 146.73, 148.90 (coumarin C-4) (coumarin C-3), 158.76 (C=O), 160.17 (C=O), 165.34 

(C=O). Elemental analysis: Calculated for C17H11ClN2O4: C, 59.57; H, 3.23; N, 8.17. Found: C, 

59.65; H, 3.29; N, 8.11. 

 

N'-Benzoyl-6-bromo-2-oxo-2H-1-benzopyran-3-ylcarbohydrazide (4c): M.P.: 258–259 

°C (Cas No: 322414-14-2), FTIR (KBr): 3320, 3085 (NH), 1715, 1654 (C=O), 1190 (C-O) cm-1.  

1H NMR (400 MHz, DMSO-d6):7.47 (d, J=6.6 Hz, 2H, Ar-H), 7.21 (d, J=6.0 Hz ,2H, Ar-H), 7.70 

(d, J=9.2Hz, 1H, Ar-H), 8.10 (d, J=7.6 Hz, 1H, Ar-H), 8.76 (d, J=8.4 Hz, 2H, Ar-H), 8.82 (s, 1H, 

coumarin C-4H), 10.48 (s, 1H, NH), 10.95 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): 117.18, 

118.98, 120.98, 121.14, 121.60, 128.05 (2C), 128.93 (2C), 132.44, 132.63, 136.97, 147.11 

(coumarin C-4), 153.48 (coumarin C-3), 159.68 (C=O), 160.37 (C=O), 165.31 (C=O). 

Elemental analysis: Calculated for C17H11BrN2O4: C, 52.74; H, 2.86; N, 7.24. Found: C, 52.70; 



Yilmaz F and Faiz Ö. JOTCSA. 2018; 5(2): 551-568.  RESEARCH ARTICLE 

557 
 

H, 2.80; N, 7.21. 

 

N'-Benzoyl-6,8-dichloro-2-oxo-2H-1-benzopyran-3-ylcarbohydrazide (4d): M.P.: 269–

271 °C, FTIR (KBr): 3156, 3030 (NH), 1723, 1645 (C=O), 1190 (C-O) cm-1.  1H NMR (400 MHz, 

DMSO-d6): 7.54 (s, 1H, Ar-H), 8.11 (d, J=6.0 Hz, 2H, Ar-H), 8.25 (d, J=9.2 Hz, 1H, Ar-H), 8.74-

8.82 (m, 3H, Ar-H), 9.05 (s, 1H, coumarin C-4H), 10.15 (s,1H,NH), 11.11 (s,1H,NH).13C NMR 

(100 MHz, DMSO-d6): 121.18, 121.36, 124.11 (2C), 128.31 (2C), 128.73, 129.18, 133.47, 

135.81, 146.80 148.90, 148.99 (coumarin C-4), 153.02 (coumarin-C-3), 158.73 (C=O), 160.12 

(C=O), 163.93 (C=O). Elemental analysis: Calculated for C17H10Cl2N2O4: C, 54.13; H, 2.67; N, 

7.43. Found: C, 54.10; H, 2.61; N, 7.39. 

 

N′-Benzoyl-7-(diethylamino)-2-oxo-2H-chromen-3-ylcarbohydrazide (4e): M.P.: 263–

264 °C, (263–264 °C (16)), FTIR (KBr): 3326, 3264 (NH), 1688, 1648 (C=O), 1191 (C-O) cm-

1.  1H NMR (400 MHz, DMSO-d6): 1.12 (t, J=6.8 Hz, 6H, CH3), 3.48 (q, J=6.8 Hz, 4H, CH2), 6.62 

(s, 1H, Ar-H), 6.81 (d, J=6.8 Hz, 1H, Ar-H), 7.49 (t, J=7.2 Hz, 2H, ArH), 7.57 (d, J=7.2 Hz, 1H, 

Ar-H), 7.72 (d, J=6.8 Hz, 1H, ArH), 7.92 (d, J=6.8 Hz, 2H, Ar-H), 8.70 (s, 1H, coumarin C-4H), 

10.40 (s, 1H, NH), 10.85 (s,1H,NH). 13C NMR (100 MHz,DMSO-d6): 12.75 (2CH3), 44.87 (2CH2), 

96.36, 108.11, 108.41, 110.79, 128.01 (2C), 128.91 (2C), 132.31, 132.66, 148.89 (coumarin 

C-4), 153.28 (coumarin C-3), 157.91 (C=O), 161.76 (C=O), 165.27 (C=O). Elemental analysis: 

Calculated for C21H21N3O4: C, 66.48; H, 5.58; N, 11.08. Found: C, 66.39; H, 5.50; N, 11.01. 

 

2-Oxo-N'-(phenylacetyl)-2H-1-benzopyran-3-ylcarbohydrazide (5a): M.P.: 253–254 °C 

(Cas No: 505065-35-0), FTIR (KBr): 3231, 3048 (NH), 1703, 1664 (C=O), 1206 (C-O) cm-1.  1H 

NMR (400 MHz, DMSO-d6): 3.58 (s, 2H, CH2), 7.22 (s, 1H, Ar-H), 7.39 (s,2H, Ar-H, 7.72 (d, 

J=9.2 Hz, 2H, Ar-H), 7.80 (d, J=7.6 Hz, 2H, Ar-H), 8.00 (d, J=8.4 Hz, 2H, Ar-H), 8.87 (s, 1H, 

coumarin C-4H), 10.68 (s, 1H, NH), 11.04 (s,1H,NH).13C NMR (100 MHz, DMSO-d6): 40.23 

(CH2), 116.68, 118.43, 125.67, 127.02, 128.66 (2C), 128.96 (2C), 129.44, 129.52, 130.78, 

134.85, 136.00, 148.36 (coumarin C-4), 154.36 (coumarin C-3), 158.83 (C=O), 160.34 (C=O), 

167.88 (C=O). Elemental analysis: Calculated for C18H14N2O4: C, 67.07; H, 4.38; N, 8.69. Found: 

C, 67.01; H, 4.33; N, 8.62. 

 

6-Chloro-2-oxo-N'-(phenylacetyl)-2H-1-benzopyran-3-ylcarbohydrazide (5b): 

M.P.:253–254°C, FTIR (KBr): 3238, 3054 (NH), 1702, 1681 (C=O), 1189 (C-O) cm-1.  1H NMR 

(400 MHz, DMSO-d6): 3.56 (s,2H,CH2), 7.22-7.31 (m,5H,Ar-H), 8.10 (m, 2H, Ar-H), 8.81 (s, 

1H, coumarin C-4H), 10.59 (s, 1H, NH), 11.03 (s, 1H, NH). 13C NMR (100 MHz,DMSO-d6):39.32 

(CH2), 120.71, 121.18, 121.35, 127.02, 128.68, 128.72, 129.22 (2C), 129.52 (2C), 133.43, 

135.94, 146.61 (coumarin C-4), 148.79 (coumarin C-3), 158.41 (C=O), 158.92 (C=O), 168.01 

(C=O). Elemental analysis: Calculated for C18H13ClN2O4: C,60.60;H,3.67;N,7.85. 

Found:C,60.53;H,3.60;N,7.76. 
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6-Bromo-2-oxo-N'-(phenylacetyl)-2H-1-benzopyran-3-ylcarbohydrazide (5c): M.P.: 

250–252 °C (Cas No: 353473-63-9), FTIR (KBr): 3274, 3100 (NH), 1715, 1680 (C=O), 1187 

(C-O) cm-1.  1H NMR (400 MHz, DMSO-d6): 3.33 (s, 2H, CH2), 7.22-7.33(m, 4H, Ar H), 7.48 (s, 

1H, Ar-H), 7.88 (d, J=9.2 Hz,1H, Ar-H), 8.23 (d, J=7.6 Hz,2H, Ar-H), 8.82 (s, 1H, coumarin C-

4H), 10.59 (s, 1H, NH), 11.17 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): 39.33 (CH2), 117.18, 

119.72, 120.61, 127.02, 128.72 (2C), 129.51 (2C),  132.59, 135.98, 136.94, 146.95 (coumarin 

C-4), 153.40 (coumarin C-3), 158.62 (C=O), 159.81 (C=O), 167.93(C=O). Elemental analysis: 

Calculated for C18H13BrN2O4: C,53.89; H,3.27; N,6.98. Found: C,53.81; H, 3.20; N, 6.91. 

 

6,8-Dichloro-2-oxo-N'-(phenlacetyl)-2H-1-benzopyran-3-ylcarbohydrazide (5d): M.P.: 

250–252 °C, FTIR (KBr): 3187, 3056 (NH), 1700, 1685 (C=O), 1190 (C-O) cm-1.  1H NMR (400 

MHz, DMSO-d6): 3.56 (s, 2H, CH2), 7.22-7.33 (m, 5H, Ar-H), 7.46 (d, J=6.8 Hz,1H, Ar-H), 7.89 

(d, J=9.6 Hz, 1H, Ar-H), 8.82 (s, 1H, coumarin C-4H), 10.64 (s, 1H, NH), 11.03 (s, 1H, NH). 13C 

NMR (100 MHz, DMSO-d6): 40.36 (CH2), 116.67, 118.41, 118.73, 125.66, 127.00, 128.70, 

129.51 (2C), 130.77 (2C), 134.83, 135.99, 148.35 (coumarin C-4), 154.34 (coumarin C-3), 

158.82 (C=O), 160.32 (C=O), 167.87 (C=O). Elemental analysis: Calculated for C18H12Cl2N2O4: 

C, 55.26; H, 3.09; N, 7.16. Found: C, 55.20; H, 3.03; N, 7.11. 

 

7-(Diethylamino)-2-oxo-N'-(phenylacetyl)-2H-1-benzopyran-3-ylcarbohydrazide 

(5e): M.P.: 263–264 °C, FTIR (KBr): 3362, 3300 (NH), 1697, 1672 (C=O), 1199 (C-O) cm-1.  

1H NMR (400 MHz, DMSO-d6): 1.11 (t, J=6.8 Hz, 6H, CH3), 3.43 (q, J=6.8 Hz, 4H, CH2), 3.56 

(s, 2H, CH2), 6.59 (s, 1H, Ar-H), 6.78 (d, J=8.8 Hz, 1H, Ar-H), 7.23-7.31 (m, 4H, ArH), 7.66 (s, 

1H, Ar-H), 7.89 (d, J=6.8 Hz, 1H, ArH), 8.66 (s, 1H, coumarin C-4H), 10.55 (s, 1H, NH), 10.95 

(s, 1H, NH).13C NMR (100 MHz, DMSO-d6): 12.74 (CH3), 39.32 (CH2), 44.85 (CH2), 96.34, 

108.11, 108.13, 110.75, 126.97, 128.69 (2C), 129.49 (2C), 132.21, 136.11, 148.60 (coumarin 

C-4), 153.19, 157.80 (coumarin-C-3), 159.99 (C=O), 161.82 (C=O), 167.66 (C=O). Elemental 

analysis: Calculated for C22H23N3O4: C, 67.16; H, 5.89; N, 10.68. Found: C, 67.11; H, 5.80 N, 

10.62. 

 

Anti-lipase activity 

Lipase inhibition potential of synthesized compounds was investigated according to the method 

described previously (39, 40) against porcine pancreatic lipase using 4-nitrophenylpalmitate as 

the substrate. Enzyme and compounds (10 µM) were preincubated for 20 minutes at 37 °C in 

50 mM pH 7.5 phosphate buffer containing 5mM sodium deoxycholate and 1 mg/mL gum arabic. 

Then,substrate (0.1 mM) was added to the reaction mixture and after 15-minute incubation, the 

amount of p-nitrophenol released was measured at 410 nm. Orlistat was used as positive control 
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and ethanol was used as the negative control. %lipase inhibition was calculated using the 

following equation: 

 

Lipase inhibition (%) = 100 (A − B) − (C − D) / (A − B) 

 

where A is the activity in the absence of inhibitor, B is the negative control in the presence of 

inhibitor, Cistheactivity presence inhibitor, and D is the negative control in the presence of 

inhibitor. 

 

Cupric ion reducing antioxidant capacity (CUPRAC) 

1 mL of 10 mM Cu (II) Cl, 1 mL of 7.5 mM neocuproine, 1 mL of 1 M NH3COOCH3 pH 7 buffer 

and 20 µL of compounds solution were mixed in test tubes. The final volume in the test tubes 

was adjusted to 4.1 mL by adding distilled water. After 45 min incubation period at room 

temperature, the absorbances were recorded at 450 nm against a blank containing no compound 

(41) used as a standard. The CUPRAC of compounds was expressed as milligrams of Trolox per 

1 mg synthesized compound. Trolox® (Sigma Chemical Co, USA) was also tested under the 

same conditions as a standard antioxidant compound. The standard curve was linear between 8 

mg/mL and 0.125 mg/mL trolox (r2 =0.998). CUPRAC values were expressed as mg Trolox 

equivalent of 1 mg synthesized compound. 

 

RESULTS AND DISCUSSION 

 

In this study, a convenient method has been used for the synthesis of coumarin hydrazides (3-

5a-e). The synthesis of the target compounds (3-5a-e) was performed by the reaction of 3-

(1H-benzotriazol-1-ylcarbonyl)-2H-chromen-2-ones (2a-e) and corresponding hydrazide 

derivatives. Coumarin-3-carboxylic acid derivatives 1a-e were obtained from the treatment 

of corresponding salicylic aldehydes and Meldrum's acid in absolute ethanol with catalytic 

amount of pyridine. Then, compounds 1a-e were treated with 1H-benzotriazole in the presence 

of SOCl2 to synthesize compounds 2a-e (Scheme 1.). 
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Scheme 1. Synthetic route of target compounds. 

 

In the literature, it is found that benzotriazole group offers some advantages in organic 

synthesis. Moreover, we have seen that compound 2a has been used for the preparation of 

some biologically active compounds in literature. Especially, this compound was reacted with 

some type of molecules like amino acids, thioles and peptides to synthesize some coumarin-

hybrid compounds. However, many of these reactions have required long reaction time, hard 

purification technique, and expensive catalyst requirement. Therefore, microwave heating was 

used for a short reaction time and a catalyst-free synthesis of compounds (3-5a-e). By this 

time, these compounds were synthesized with conventional heating for compotation with 

microwave heating (Table 1.). 
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Table 1.Comparison of yield and reaction times of compounds 3-5a-e. 

Compound Conventional Heating Microwave Irradiation 

Time (h) Yield (%) Time 

(min.) 

Yield (%) 

3a 4 70 15 74 

3b 4 67 15 70 

3c 4 71 15 69 

3d 4 74 15 75 

3e 4 67 15 70 

4a 4 69 15 70 

4b 4 71 15 72 

4c 4 72 15 75 

4d 4 59 15 65 

4e 4 72 15 77 

5a 4 76 15 80 

5b 4 74 15 82 

5c 4 75 15 78 

5d 4 76 15 82 

5e 4 68 15 75 

 

In literature, some of the obtained compounds were previously synthesized from the reaction 

of coumarin-3-acylchloride and hydrazide derivatives (42-45). However, these reactions were 

not performed under microwave irradiation. Also, the microwave irradiation technique was not 

suitable for this type of reaction because, in this type of reactions, the discharge of HCl gas 

causes the increase of reaction pressure and that is very dangerous. Therefore, we have chosen 

to synthesize coumarin-benzotriazole derivative instead of acyl chloride derivative because 

benzotriazole derivatives are more stable and benzotriazole is an easy leaving group (26, 30, 

37). 

 

Spectral investigations of compounds 3-5a-e are suitable with the proposed structures. FTIR 

spectra of each compounds have two NH signals 3300-3200 cm-1 and three C=O signals at 

about 1700-1600 cm-1. In 1H NMR spectra of compounds 3-5a-e , two NH signals were obtained 

at about 11.50 and 10.00 ppm. In 13C NMR spectra of compounds 3-5a-e , three C=O were 

found at about 164.00 (hydrazide), 159.00 (hydrazide) and 158.00 ppm (coumarin C-2), while 

coumarin C-3 and coumarin C-4 were shown at about 155.00 and 148.00 ppm. The FTIR, 1H 

NMR and 13C NMR (APT) spectra of compounds 5e are given in Figure 1,2, and 3. Also, ın 13C 

NMR spectra the number of aromatic carbons was suitable with the structure. 
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Figure 1. FTIR spectra of compound 5e. 

 

 

Figure 2. 1H NMR spectra of compound 5e. 
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Figure 3. 13C NMR (APT) spectra of compound 5e. 

 

Lipase Inhibition 

Compounds 3-5a-e were evaluated for their lipase inhibitory potential against porcine pancreatic 

lipase. All compounds except 3d, 3e, 4d and 4e inhibited porcine pancreatic lipase at different 

ratios. Compounds 5d, 5e and 3b presented greatest lipase inhibitory activity by 46.31±3.55, 

42.96±3.75 and 42.50±3.62, respectively. Compound 5d was determined to be the most 

effective lipase inhibitor among studied compounds. There is no inhibitory effect for the 

compounds 4a and 4b. Orlistat, a known anti-obesity drug approved by European Medical 

Association (46), showed 97.97±0.15 inhibition at 300 nM (Tablo 2.).  

 

Table 2. Lipase inhibitory activities of the synthesized compounds 3-5a-e at 10 µM final 

concentration against porcine pancreatic lipase. 

Compound (10µM) % Pancreatic lipase inhibition 

3a 35.00±2.41 

3b 42.50±3.62 

3c 27.50±1.25 

4a 11.25±1.66 

4b 8.08±1.08 

4c 26.67±1.98 

5a 20.61±2.00 

5d 46.31±3.55 

5e 42.96±3.75 

Orlistat (300 nM) 97.97±0.15 

 

Cupric ion reducing antioxidant capacity (CUPRAC) 

In CUPRAC method bis (2,9-dimethyl-1,10-phenanthroline: neocuproine) Cu(II) chelate cation 

is used as the chromogenic oxidant. Antioxidants reduce neocuproine to the cuprous neocuproine 
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chelate [Cu(I)-Nc] which shows maximum absorption at 450 nm (41). All studied compounds 

reduced cupric ions at different ratios (Table 3.). The highest cupric ion reducing activity was 

observed for compound 4e. When compared with other studied compounds, compound 3c 

showed the least antioxidant power.  

 

Table 3.Antioxidant capacities of the synthesized compounds 3-5a-e. 

 

Compounds 
CUPRAC method 

(mg TEAC/mg compound) 

3a 1.23±0.02 

3b 1.51±0.08 

3c 0.80±0.01 

3d 1.09±0.02 

3e 1.34±0.03 

4a 1.23±0.02 

4b 1.57±0.04 

4c 1.38±0.03 

4d 1.65±0.05 

4e 1.82±0.08 

5a 1.46±0.05 

5b 1.51±0.06 

5c 1.48±0.02 

5d 1.68±0.05 

5e 1.38±0.03 

 

CONCLUSION 

 

This study reports the synthesis of novel coumarin hydrazide derivatives from 3-(1H-

benzotriazol-1-ylcarbonyl)-2H-chromen-2-ones 2a-e and hydrazide derivatives by using 

microwave heating and conventional heating procedures. Microwave heating procedure has 

shown some advantages on classical heating with short reaction times, easy work-up, and the 

less quantity of organic solvent. In anti-lipase inhibition study, compound 5d showed the highest 

activity among the synthesized compounds with 46.31±3.55% pancreatic lipase inhibition. In 

antioxidant activity study, all compounds showed the activity, while compound 4e showed the 

best antioxidant capacity. 
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Abstract: The growing increase in multidrug resistance malaria cases necessitates the need to 

search for new cost-effective drugs. Quantitative Structure-Activity Relationship (QSAR) and 

molecular docking studies were performed on a data set of forty-nine Pyrrolones antimalarial agents 

against Plasmodium falciparum (P. falciparum). Forty-two molecules were used as a training set 

and seven as the test set. The molecular descriptors were obtained by Density Functional Theory 

(DFT) using Becke's three-parameter Lee-Yang-Parr hybrid functional (B3LYP) in combination with 

the 6-31G* basis set. The QSAR model was built using Genetic Function Algorithm (GFA) method. 

The model with the best statistical significance (N = 42, R2
ext = 0.700, R2 = 0.933, R2a = 0.916, 

Q2cv = 0.894, LOF = 0.417, Minimum experimental error for non-significant LOF (95%) = 0.250 

was selected. The docking experiment was carried out using AutoDock Vina of PyRx and Discovery 

Studio Visualizer. Docking analysis revealed that three of the studied compounds with binding 

affinity values of -10.7 kcal/mol, -10.9 kcal/mol and -11.1 kcal/mol possess higher potency than 

standard antimalarial drugs with binding affinity values of -8.8 kcal/mol, -9.5 kcal/mol and -9.0 

kcal/mol. It is envisioned that the wealth of information provided by the QSAR and molecular 

docking results in this study will offer important structural insights for further laboratory 

experiments in the future design of novel and highly potent antimalarial from the pyrrolones. 
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INTRODUCTION 

 

Approximately half of the world's population is at risk of malaria. In 2015, there were roughly 212 

million malaria cases and an estimated 429 000 malarial deaths. Increased prevention and control 

measures have led to a 29% reduction in malaria mortality rates globally since 2010. Sub-Saharan 

Africa continues to carry a disproportionately high share of the global malarial burden. In 2015, the 

region was home to 90% of malaria cases and 92% of malaria deaths (1). Among the Plasmodium 

species responsible for this disease, most commonly encountered and deadliest is Plasmodium 

falciparum (P. falciparum) (2). In addition to its fatal effects, it has been reported to also have a 

huge economic impact in countries where it is prevalent. Malaria disease have a huge tendency of 

spreading to other regions of the world due to increasing globalization and global warming (3). The 

increasing resistance of P. falciparum to clinically used chemotherapeutic agents coupled with the 

unavailability of vaccines (3,4,5). Though many drugs are abounded for the treatment of this 

disease, the increasing instances of resistance against antimalarial drugs in recent years are 

becoming worrisome (6). This underscores the need to discover novel and highly potent drugs in 

the drug development pipeline to combat the scourge of this disease. In the pursuant of this effort, 

several molecular drug targets have been identified to develop new drug candidates. Very prominent 

among these targets are cysteine proteases. This target protein plays an essential role in malaria 

parasites; therefore, an obvious area of investigation is the inhibition of these enzymes to treat 

malaria. Studies with cysteine protease inhibitors have revealed its role in hemoglobin hydrolysis. 

The best characterized Plasmodium cysteine proteases are falcipains, which are papain family 

enzymes. Falcipain-2 and falcipain-3 are major hemoglobinases of P. falciparum (7). In-silico 

techniques such as QSAR and molecular docking have been proving valuable tools in recent years 

for rapid discovery of novel drug candidates, e.g. the discovery of o-acetyl-L-serine sulfhydrylase 

of Entamoeba histolytica inhibitors, acetylcholinesterase inhibitors, and antagonists 

acetophenazine, fluphenazine and periciazine against human androgen receptor (8,9,10).  

 

QSAR plays a crucial role in drug development as it analyzes the properties of the drug. It is 

mathematical model that links the structural features of compounds (i.e. molecular descriptors) to 

their quantity showing specific biological or chemical activity (11). It gives description of how 

biological activity can vary as a function of molecular descriptors derived from the chemical structure 

of a set of molecules using regression models. Hence, a model containing those calculated 

descriptors can be used to predict responses of new compounds (12). The molecular descriptors for 

the compounds are calculated and used to build QSAR Model (13). 

 

Molecular docking, on the other hand, is a computational method used to determine the binding 

compatibility of the active site residues to specific groups and to reveal the strength of interaction. 



Shehu, Uzairu and Sagagi. JOTCSA. 2018; 5(2): 569-584.  RESEARCH ARTICLE 

571 
 

The results of docking procedure are analyzed by a statistical scoring function which converts 

interacting energy into numerical values known as the docking score. The 3D pose of the bound 

ligand can be visualized using different visualizing tools like Pymol, Rasmol, and Discovery Studio, 

which could help in the inference of the best fit of ligand. Predicting the mode of protein-ligand 

interaction can assume the active site of the protein molecule and further help in protein annotation. 

Moreover, molecular docking has major application in drug discovery and designing (14). 

 

The main aim of the present study was to develop various QSAR models using Genetic Function 

Algorithm (GFA) method for pyrrolones for their antimalarial activities and to relate antimalarial 

activity to its physicochemical properties. Also to docked falcipain-2 protein (2GHU) with bound 

ligands (pyrrolone analogues). 

 

MATERIALS AND METHODS 

 

Dataset of Experimental Falcipain-2 Inhibitors 

A dataset of 49 pyrrolone compounds known as inhibitors of P. falciparum was obtained from 

reference (3) and used in this study. The inhibitory bioactivities of the compounds expressed as half 

maximal effective concentration (EC50) were converted to the logarithmic scale (pEC50 = Log EC50) 

to reduce data dispersion and obtain a more linear response in the process of building the QSAR 

model. EC50 is the concentration of the drug which induces a response halfway between the baseline 

and maximum after a specified exposure time (15). It is a commonly used index for assessing the 

drug’s potency. The IUPAC name and biological activities of antimalarial used in this study are 

presented in Table 1 (See Supplementary Information). 

 

Computational and Statistical Techniques 

The molecular structure of each compound was optimized using the molecular modeling program, 

Spartan’14 V1.1.0 on Speedstar computer system (4.00 GB RAM, 2.66 GHz processor) on Microsoft 

windows 10 Ultimate using Density Functional Theory (DFT) level using Becke's three-parameter 

Lee-Yang-Parr hybrid functional (B3LYP) in combination with the 6-31G* basis set. Our choice of 

B3LYP/6-311G* basis set is anchored on the fact that it gives a far more accurate result. 

Optimization of the molecules is necessary to get the lowest energy geometries (most stable 

geometries).  The molecular descriptors of the optimized compounds were calculated using the 

Spartan’14 V.1.1.0 quantum chemistry package and paDEL descriptor toolkit. The data sets of the 

molecules were split into the training set (42 molecules) for model development and test set (7 

molecules) for external validation of the models using Euclidian Distance Based model and the 

distance between cluster was set at 5. Subsequently, the QSAR models were built by means of 

Genetic Function Approximation (GFA) techniques embedded in Material Studio, a modeling and 
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simulation software using the experimentally obtained biological activities as the dependent variable 

the computed molecular descriptors as independent variables. Five QSAR models were generated 

but the best set was selected based on the model with the lowest Lack of Fit (LOF) score, a 

parameter used for assessing the robustness of GFA derived QSAR model. As a form of quality 

assurance evaluation of the built QSAR model, the external predictive ability and extrapolation of 

the best model evaluated using the test set molecules with the aid of Equation 1. 

𝑅2
𝑝𝑟𝑒𝑑  =1–

∑(𝑃𝑟𝑒𝑑.𝑌𝑡𝑒−𝐴𝑐𝑡.𝑌𝑡𝑒)2

∑(𝐴𝑐𝑡.𝑌𝑡𝑒−𝑌𝑚)2       (Eq 1) 

 

Where R2
pred is termed the predictive R2 of a development model and is an important parameter 

that is used to test the external predictive ability of a QSAR model, 𝑃𝑟𝑒𝑑. 𝑌𝑡𝑒 and 𝐴𝑐𝑡. 𝑌𝑡𝑒 indicate 

predicted and observed activity values of the test set compounds respectively and 𝑌𝑚 indicates 

mean activity value of the training set (17). 

 

Applicabilty Domain of the Model 

Applicability domain (AD) is the physicochemical, structural or biological space, knowledge or 

information on which the training set of the model has been developed (18). The resulting model 

can be reliably applicable for only those compounds which are inside this domain since it cannot be 

applied to the entire universe of anti-P.falciparum compounds. The AD of the model was calculated 

by the leverage approach (19). 

 

The leverage values of all compounds were calculated and plotted against the standardized residuals 

(William plot) (20). This method offers a graphical assessment of the leverage values (hii) as a 

function of the standardized cross-validated residuals. It is suitable not only for detection of the 

structurally-influential outliers, but also for determination of the response outliers. The leverage is 

defined as a compound’s distance from the centroid of 𝑋. Mathematically, the leverage (hii) of a 

given compound in the multidimensional descriptor space, can be calculated as in the following 

equation: 

ℎ𝑖𝑖 = 𝑥𝑖
𝑇(𝑋𝑇𝑋)−1𝑥𝑖     (Eq 2) 

Where 𝑥𝑖 the descriptor row matrix of the compound under consideration and 𝑋 is the 

multidimensional matrix carrying the structural information (calculated molecular descriptors) for 

each training set compound. 

 

Molecular docking studies 

In order to have an in-depth knowledge of the nature of the described interaction of inhibitors (3) 

with the falcipain-2 receptor, molecular docking was performed using AutoDock Vina of PyRx virtual 
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screening software. The energy grid calculations and visual analysis of the docking site performed 

using AutoDock Vina of PyRx and Discovery Studio visualization software, respectively. The crystal 

structure of falcipain-2 was obtained from protein data bank (PDB CODE: 2GHU). The removal of 

native ligands present in the protein was confirmed by calculating the root mean square deviation 

(RMSD) value of the original structure and the structure with ligand deletion (21,22). 

 

All heteroatomic molecules were excluded from the three-dimensional structure of falcipain-2 

receptor (Figure 1) and its structure was minimized, protonated and saved in PDBQT file format in 

all polar residues. Likewise, the 3D structures of the optimized 49 different pyrrolone compounds 

(Figure 2) were also converted to PDBQT format with the aid of AutoDock 4.2 software. The protein-

ligand interaction was analyzed using AutoDock Vina of PyRx Virtual Screening software. (23) 

 

 

  

Figure 1: Structure of falcipain-2 (2GHU)  

Source: (http://www.pdb.org) (24). 
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Figure 2: 3D structure of the prepared ligand.  

 

RESULTS AND DISCUSSION 

 

The five models constructed are detailed as follows:  

 Model 1 

 𝑝𝐸𝐶50 =  − 3.441 (𝑮𝑨𝑻𝑺𝟐𝒎) +  1.934 (𝒎𝒊𝒏𝒔𝒔𝒔𝑵) +  1.314 (𝑴𝑫𝑬𝑶 −

𝟐𝟐) +  3.251 (𝑹𝑫𝑭𝟗𝟓𝒖)                                  −  5.776 (𝑹𝑫𝑭𝟏𝟑𝟎𝒖) +  3.038 (𝑹𝑫𝑭𝟑𝟎𝒗) +

2.324 (𝑹𝑫𝑭𝟏𝟓𝟓𝒗) −  1.739 (𝑹𝑫𝑭𝟏𝟓𝒔) +  7.131   

 

Model 2 

𝑝𝐸𝐶50 = − 4.943 (𝑮𝑨𝑻𝑺𝟐𝒎) − 1.663(𝑺𝒑𝑴𝒂𝒙𝟔𝑩𝒉𝒔) + 1.799 (𝒎𝒊𝒏𝒔𝒔𝒔𝑵) + 1.196(𝑴𝑫𝑬𝑶 −

𝟐𝟐) +                                    2.707 (𝑹𝑫𝑭𝟗𝟓𝒖) − 5.842 (𝑹𝑫𝑭𝟏𝟑𝟎𝒖) +  2.774 (𝑹𝑫𝑭𝟑𝟎𝒗) +  2.375(𝑹𝑫𝑭𝟏𝟓𝟓𝒗) +  7.982 

 

Model 3 

𝑝𝐸𝐶50 =   −  4.585 (𝑮𝑨𝑻𝑺𝟐𝒎) + 1.959 (𝒎𝒂𝒙𝒔𝒔𝒔𝑵) −  1.735 (𝑻𝑰𝑪𝟎) +  1.261 (𝑴𝑫𝑬𝑶 − 𝟐𝟐) +

 3.278 (𝑹𝑫𝑭𝟗𝟓𝒖) −  5.290 (𝑹𝑫𝑭𝟏𝟑𝟎𝒖) +  3.123 (𝑹𝑫𝑭𝟑𝟎𝒗) +  2.609 (𝑹𝑫𝑭𝟏𝟓𝟓𝒗) +  7.276416456 

 

Model 4 

𝑝𝐸𝐶50 =  − 4.242 (𝑮𝑨𝑻𝑺𝟐𝒎) +  1.783 (𝒎𝒂𝒙𝒔𝒔𝒔𝑵) +  1.659 (𝑴𝑫𝑬𝑶 − 𝟐𝟐) +  2.908 (𝑹𝑫𝑭𝟗𝟓𝒖) 

           −  5.612 (𝑹𝑫𝑭𝟏𝟑𝟎𝒖) −  1.076 (𝑹𝑫𝑭𝟐𝟎𝒎) +  2.999 (𝑹𝑫𝑭𝟑𝟎𝒗) +  2.136 (𝑹𝑫𝑭𝟏𝟓𝟓𝒗) +  7.216 

 

Model 5 

𝑝𝐸𝐶50  =  − 3.544 (𝑮𝑨𝑻𝑺𝟐𝒎) −  1.983( 𝑽𝑷) − 7 +  2.459 (𝒎𝒊𝒏𝒔𝒔𝒔𝑵) +  1.218 (𝑴𝑫𝑬𝑶 −

𝟐𝟐) +               3.482 (𝑹𝑫𝑭𝟗𝟓𝒖) −  6.363( 𝑹𝑫𝑭𝟏𝟑𝟎𝒖) +  3.007 (𝑹𝑫𝑭𝟑𝟎𝒗) +  2.708 (𝑹𝑫𝑭𝟏𝟓𝟓𝒗) +  7.0614 

 



Shehu, Uzairu and Sagagi. JOTCSA. 2018; 5(2): 569-584.  RESEARCH ARTICLE 

575 
 

The validation parameters for the QSAR models are presented in Table 2 and the detailed definition 

of the descriptors in the model 1 are presented in Table 3. Out of the five models generated, Model 

1 shows the best GFA derived QSAR models for inhibitory activity of the studied pyrrolones against 

P. falciparum. Table 4 gives the comparison of observed  𝑝𝐸𝐶50 and predicted 𝑝𝐸𝐶50 of the model 1. 

 

Table 2: Validation Metrics for Models 

Parameter Model 1 Model 2 Model 3 Model 4 Model 5 Recommended 

R2 0.933 0.929 0.928 0.928 0.928 ≥ 0.6 

R2
a 0.916 0.911 0.911 0.911 0.911 Very close to R2 

QCV 2 0.844 0.887 0.891 0.887 0.882 ˂ 0.5 

LOF 0.417 0.441 0.443 0.444 0.444 Very low 

R2
ext 0.700 - - - - ≥ 0.6 

Error 0.490 0.257 0.257 0.257 0.257 Very minimal 

F-value 56.993 53.676 53.427 53.323 53.312 High 

Source: Ravinchandran, (2011) (25) 
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Table 3: Definition of descriptors in Model 1. 

S/n Descriptor Definition 

1 GATS2m Geary autocorrelation - lag 2 / weighted by mass 

2 MinsssN Minimum atom-type E-State: >N- 

3 MDEO-22 Molecular distance edge between all secondary oxygens 

4 RDF95u Radial distribution function - 095 / unweighted 

5 RDF130u Radial distribution function - 130 / unweighted 

6 RDF30v Radial distribution function - 030 / weighted by relative van der Waals volumes 

7 RDF155v Radial distribution function - 155 / weighted by relative van der Waals volumes 

8 RDF15s Radial distribution function - 015 / weighted by relative I-state 

9 RDF20m Radial Distribution Function-020 / weighted by mass 

10 MaxsssN Maximum atom-type E-State: >N- 

11 spMax6Bhs largest eigenvalue n. 6 of Burden matrix weighted by I-state 

12 TICO Total Information Content index (neighborhood symmetry of 0-order) 

13 Vp Valance path order 

Source: Descriptor Manual (2012) (26,27) 
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Table 4: Comparison of observed pEC50 and predicted pEC50 of Model 1 

Cpd Act. pEC50 Pred. pEC50 Cpd Act. pEC50 Pred. pEC50 

1a 7.85 7.78 26a 6.96 7.05 

2a 7.46 7.27 27a 5.85 6.34 

3a 4.92 5.00 28a 8.39 8.23 

4a 5.85 5.59 29b 9.39 9.13 

5a 5.62 5.49 30a 6.82 6.75 

6a 6.72 6.39 31a 5.92 6.51 

7a 5.96 5.61 32b 7.00 8.91 

8a 7.23 7.36 33a 7.74 7.81 

9a 6.42 6.77 34b 6.00 7.11 

10a 6.33 6.49 35a 7.92 7.43 

11b 7.62 6.98 36a 9.00 8.94 

12a 7.64 7.62 37a 5.82 6.21 

13a 8.69 8.78 38a 8.12 7.94 

14a 9.30 9.41 39a 5.59 7.71 

15b 7.62 8.18 40a 7.21 7.24 

16a 6.49 7.02 41a 7.33 7.21 

17a 7.08 6.78 42a 7.85 7.85 

18a 6.89 6.97 43a 7.68 7.64 

19b 7.02 6.47 44a 6.82 7.30 

20a 8.15 8.21 45a 6.64 6.16 

21a 9.00 8.91 46a 6.60 6.86 

22b 5.28 6.39 47a 6.64 6.75 

23a 5.62 -0.03 48a 7.34 7.36 

24a 5.46 5.61 49a 7.11 6.99 

25a 7.79 7.51    

      

      

a: training set, b: test set Cpd: compounds, Act: Actual, Pred:Predicted 

 

Figures 3a and 3b give the plot of predicted pEC50 against actual pEC50 of the compounds for the 

test set and training set, respectively. The William’s plot is depicted in Figure 4.  
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Figure 3a: Plot of predicted versus the observed pEC50 values for the test set compounds. 

 

 

 

Figure 3b: Plot of predicted versus the observed pEC50 values for the training set compounds 
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Figure 4. William’s plot, the plot of the standardized residuals versus the activity leverage value 

of model 1. 

 

Table 5 (supplementary files) shows the docking scores, hydrogen bonding length (in Angström) 

and interacting residues involved in the docking of inhibitors (ligands) at the active site of Falcipain-

2.  

Figures 5a-c show the best three docking results obtained. 
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(5a) 

 

       

(5b)

 

       

(5c) 
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Figure 5: Three-dimensional docked Falcipain-2-Ligands Complex: (5a) Interactions between 

Falcipain-2 and Ligand 45a, (5b) interactions between Falcipain-2 and Ligand 49a and (5c) 

interactions between Falcipain-2 and Ligand 48a Green dashed lines represent the H-bond 

interactions, and red dashed lines represent the hydrophobic interactions. 

 

The statistical parameters of the Genetic Function Algorithm derived QSAR model is in compliance 

with the standard QSAR validation metrics shown in Table 2. The high predictability of the model is 

evidenced by the low residual values observed in Table 4 which gives the comparison of observed 

and predicted anti-P. falciparum activities of the Pyrrolones. Also, the high linearity of the plot of 

predicted pEC50 against observed pEC50 depicted in Figures 3a and 3b for test set and training set 

molecules, respectively confirms the robustness of the model. 

 

William’s plot (Figure 4) obtained to ascertain the inclusiveness of the studied pyrrolones in model’s 

applicability domain reveals that all the compounds of the training set have leverage values lower 

than the warning hi value (hi = 0.64) except two compounds with leverage values higher than hi. 

This implies that the models can be successfully applied to this series of pyrrolone antimalarial 
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compounds. The two compounds with higher leverage than hi value are most likely to be structural 

outliers. 

 

Molecular docking studies were carried out between the targets (falcipain-2) and the inhibitors 

reveal that all the compounds were found to strongly inhibit the growth of P. falciparum by 

completely occupying the active sites of the target protein (falcipain-2). Most of the inhibitors were 

found to be involved in both hydrophobic interactions and hydrogen bonding with the receptor 

(falcipain-2).  

 

The best three docking results are shown in Figure 5. Ligand   45a with a binding energy of -10.7 

kcal/mol shows hydrophobic interactions Trp210, Trp206, Gln209, Gln36, Lys37, Asn38, Cys39, 

Cys42, Cys80, Gly82, Asn81, Glu222, Ala157, Asp18, His19, Asn16 and Phe17 with the target in 

addition to three hydrogen bonding (2.57 Å, 2.91 Å, and 2.21 Å) with Trp206, Trp210 and Asn16. 

Ligand  49a with binding score of -10.9 kcal/mol forms four hydrogen bonding (2.26 Å, 2.92 Å, 2.22 

Å and 2.69 Å) with Trp206, Trp210, Asn16 and Glu14 respectively, and hydrophobic interaction with 

Trp210, Trp206, Gln209, Gln36, Lys37, Asn38, Cys39, Gly40, Asn16, Asp18, Ala157, His19, Glu222, 

Phe17, Asn173, Glu14. Similarly, compound  48a with binding score of -11.1 kcal/mol forms 

hydrogen bonds (2.40 Å, 2.97 Å, and 2.27 Å) with Trp206, Trp210 and Asn16 respectively, and 

hydrophobic interactions with Trp210, Trp206, Gln209, Gln36, Lys37, Asn38, Cys39, Gly40, Asn16, 

Asp18, Ala157, His19, Glu222, Phe17, Glu14, and Glu15. 

 

CONCLUSIONS 

 

The present study aimed to generate a highly predictive GFAQSAR model capable of revealing the 

structural requirements for the observed antimalarial inhibitory activities of Pyrrolones against the 

Plasmodium, P. falciparum. In addition to that, it also investigates the Pyrrolones with best binding 

affinity to falcipain-2 of the parasite. Falcipain-2 is an essential and validated drug target involved 

in performing various enzymatic functions such as hemoglobin digestion, erythrocyte invasion, and 

parasite growth in the host cell. The robustness and applicability of QSAR equation have been 

established by internal and external validation techniques. The best three docking score is seen in 

compounds 45a, 49a and 48a, due to their low binding affinity (-10.7, -10.9 and -11.1 kcal/mol) 

which is higher compared to the standard antimalarial drugs binding affinity value of (-8.8, -9.5 and 

-9.0 kcal/mol) (28). These compounds may be considered for further studies in view of their high 

potency and binding affinity to the target protein of P. falciparum. 
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It is envisioned that the wealth of information provided by the QSAR and Molecular docking results 

in this study will offer important structural insight for further laboratory experiments in the future 

design of novel and highly potent antimalarial.  

 

In view of the high potency and binding affinity of the compounds to falcipain-2, it is recommended 

that these compounds be subjected to further laboratory studies. Also, our study advocates the use 

of combined approaches of QSAR and molecular docking to search for novel potential inhibitors 

unique to falcipain-2 of P. falciparum. 
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Abstract: In this study, we prepared nine Schiff bases by condensation of amino acid methyl 

esters (isoleucine, phenylalanine, and methionine) with salicylaldehyde derivatives (2,4-

dihydroxybenzaldehyde, 2-hydroxy-3-methoxybenzaldehyde, and 5-bromo-2-

hydroxybenzaldehyde) and characterized by various spectroscopic methods (FT-IR, UV-Vis, and 

NMR techniques). FT-IR and UV-Vis spectra exhibited characteristic peaks for all imine 

compounds. NMR spectra pointed out the imine bond which is the indicator of the formation of 

Schiff bases. Besides, antiproliferative and cytotoxic features of the Schiff bases were examined 

by using MTT cell proliferation and LDH cytotoxicity assays, respectively. Amongst the 

synthesized Schiff bases, compound 3d exhibited a very strong antiproliferative effect against 

all cells except A549. The experimental studies revealed that the Schiff bases synthesized in this 

study, especially 3d, have an important potential to enter drug developmental studies. 
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INTRODUCTION 

 

The nitrogen atom in an amine compound can attack to an electrophilic carbon atom of a carbonyl 

compound under certain conditions like acidic or basic media or with heating. This nucleophilic 

attack results in a compound known as Schiff base named after Hugo Schiff, who synthesized 

first this compound group in 1864 (1).  

 

Schiff bases are regarded as very significant compounds because of their potential uses ranging 

from pharmacology and industry to biology and chemistry. According to the literature survey, 

Schiff bases have wide applications containing antibacterial (2-6), antifungal (7-11), anticancer 

(12-17), antimalarial (18-22), and antioxidant (23-28). Besides, they are convenient pioneers 

of a great number of compounds, such as α-branched amines (29,30), tetramic acids (31), α- 

and β-amino acids (32,33), bicyclic lactams (34,35), and oxaziridines (36,37). 

 

Amino acid-derived Schiff bases have attracted more attention because of incorporating amino 

acid component to the structure, taking important parts in chemical processes in living 

organisms. There are so many studies about the synthesis and the biological activities of amino 

acid Schiff bases and metal complexes. One of them focused on the effect of two amino acid 

Schiff bases on certain enzyme activities (38). The results showed that the Schiff bases acted 

as the activator or inhibitor on total, prostatic and non prostatic acid phosphatase enzymes 

depending upon their concentration. In another study, Zhang et al. synthesized chiral gossypol 

derivative Schiff bases (39). Some of the Schiff bases exhibited high anticancer activity, even 

higher than cisplatin anticancer drug. A series of benzaldehyde Schiff bases were prepared and 

their structure-microbicidal activity correlation was studied by Xia et al. (40). They expressed 

that the Schiff bases exhibited unique antibacterial activity and might be used for therapeutic 

purposes for bacterial infections. Another Schiff base series with aloin, a bioactive compound 

obtained from Aloe Vera, and amino acids was examined for anticancer and antioxidant 

properties (41). The results emphasized the enhanced antioxidant activity of aloin by the Schiff 

bases. The amino acid Schiff bases with a pyrazole derivative synthesized by Joksovic et al. were 

studied for anticancer activity (42). According to the results, the phenylalanine Schiff base was 

the most active compound against leukemic cell lines.  

 

The purpose of this work was to synthesize nine Schiff bases (3a-i), from which the reduced 

form of 3a was known (43), from amino acid methyl esters and salicylaldehyde derivatives 

(Scheme 1). Structures of the obtained Schiff base compounds were elucidated by FT-IR and 

UV-Vis spectrometry, elemental analysis, 1H-NMR and 13C-NMR techniques. Besides, cytotoxic 

activities of aforesaid compounds were investigated. 



Akkuş Taş N, Şenocak A and Aydın A. JOTCSA. 2018;5(2): 585-606. RESEARCH ARTICLE 

587 
 

OH

R3

O

R1

R2

+

NH3
+Cl-

R4

O

O Et3N

CHCl3

OH

R3

R1

R2

N

R4

O

O

1a: R1=Br, R2=H,    R3=H

1b: R1=H,  R2=OH,  R3=H

1c: R1=H,  R2=H,    R3=OCH3

2a: R4=CH3CH2(CH3)CH

2b: R4=PhCH2 

2c: R4=CH3SCH2CH2

3a: R1=Br, R2=H,    R3=H,        R4=CH3CH2(CH3)CH 

3b: R1=H,  R2=OH,  R3=H,        R4=CH3CH2(CH3)CH 

3c: R1=H,  R2=H,    R3=OCH3,   R
4=CH3CH2(CH3)CH

3d: R1=Br, R2=H,    R3=H,        R4=PhCH2  

3e: R1=H,  R2=OH,  R3=H,        R4=PhCH2  

3f:  R1=H,  R2=H,    R3=OCH3,  R
4=PhCH2  

3g: R1=Br, R2=H,    R3=H,        R4=CH3SCH2CH2

3h: R1=H,  R2=OH,  R3=H,        R4=CH3SCH2CH2

3i:  R1=H,  R2=H,    R3=OCH3,   R
4=CH3SCH2CH2  

Scheme 1: The Schiff bases synthesized in this study. 

 

MATERIALS AND METHODS 

 

Chemistry 

1H-NMR and 13C-NMR spectra of all imine compounds were measured using AC Bruker 400 MHz 

NMR spectrometer in DMSO-d6 at ambient temperature. FT-IR spectra were recorded on a Jasco 

FT-IR 430 spectrometer in the range of 400-4000 cm-1 by using KBr pellets. UV-Vis absorption 

spectra were measured using a Perkin-Elmer Lambda 35 Spectrophotometer in a 10 mm quartz 

cell. The concentration of the Schiff base solutions prepared in methanol was about 10-4 M. 

Elemental analyses were recorded on a Elementar Vario Micro Cube elemental analyzer. 

Isoleucine, phenylalanine and methionine were used without purification and these amino acids 

were converted to corresponding methyl esters according to the literature (44). Solvents were 

used as received from commercial sources.  

 

Experimental Procedure For the Preparation of the Amino Acid Schiff Bases 

A round-bottomed flask containing amino acid methyl ester (2a-c) (1 mmol), N(Et)3 (0.7 mmol) 

and CHCl3 (20 mL) was fitted with a reflux condenser. This mixture was refluxed until all amino 

acid was dissolved. When all content was dissolved, salicylaldehyde derivative (1a-c) (0.7 mmol) 

was added to the clear solution. The reaction mixture was refluxed a couple of days long. During 

this time the color of the solution has changed to yellow. The completion of the reaction was 

followed by TLC. After completion of the reaction, the reaction mixture was extracted with CHCl3 

and 1 M HCl. The extract was dried using Na2SO4 and evaporated under vacuum.  

 

3a: Yield 65%; FT-IR (KBr, cm-1): 3458 (O-H), 2963,2935,2876 (aliphatic C-H), 1737 (C=O), 

1630 (azomethine, C=N), 1256 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 0.84 (3H, d, 

3JHH=1.5, CH3), 0.86 (3H, t, 3JHH=7.3, CH3), 1.14 (H1, m, CH2), 1.43 (H2, m, CH2), 2.00 (1H, m, 

CH), 3.67 (3H, s, OCH3), 4.02 (1H, d, 3JHH=5.5, CH), 6.86 (1H, d, 3JHH=8.8, Ph), 7.48 (1H, dd, 
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3JHH=8.8, 4JHH=2.5, Ph), 7.68 (1H, d, 4JHH=2.5, Ph), 8.53 (1H, s, azomethine), 13.39 (1H, s, 

OH). 13C-NMR (DMSO-d6, δ, ppm): 11.16, 15.56, 24.54, 37.98, 51.94 (OCH3), 74.84, 109.38 

(PhBr), 119.01, 120.19, 133.63, 135.17, 159.68 (PhOH), 166.38 (azomethine), 170.99 (C=O). 

Anal. calcd. for C14H18BrNO3 (328.2 g/mol): C, 51.23; H, 5.53; N, 4.27. Found: C, 51.68; H, 

6.27; N, 4.96%. 

 

3b: Yield 94%; FT-IR (KBr, cm-1): 3371 (O-H), 2960,2932,2876 (aliphatic C-H), 1737 (C=O), 

1638 (azomethine, C=N), 1227 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 0.83 (3H, d, 

3JHH=6.7, CH3), 0.86 (3H, t, 3JHH=7.7, CH3), 1.12 (H1, m, CH2), 1.42 (H2, m, CH2), 1.96 (1H, m, 

CH), 3.65 (3H, s, OCH3), 3.91 (1H, d, 3JHH=5.6, CH), 6.20 (1H, d, 4JHH=2.5, Ph), 6.30 (1H, dd, 

3JHH=8.5, 4JHH=2.5, Ph), 7.21 (1H, d, 3JHH=8.5, Ph), 8.37 (1H, s, azomethine), 13.64 (1H, s, 

OH). 13C-NMR (DMSO-d6, δ, ppm): 11.16, 15.63, 24.54, 37.91, 51.83 (OCH3), 74.43, 102.40, 

107.22, 111.19, 133.57, 161.97 (azomethine), 163.44 (PhOH), 166.77 (PhOH), 171.48 (C=O). 

Anal. calcd. for C14H19NO4 (265.3 g/mol): C, 63.38; H, 7.22; N, 5.28. Found: C, 63.51; H, 7.26; 

N, 4.87%. 

 

3c: Yield 73%; FT-IR (KBr, cm-1): 3424 (O-H), 2963,2935,2876 (aliphatic C-H), 1739 (C=O), 

1630 (azomethine, C=N), 1226 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 0.84 (3H, d, 

3JHH=7.7, CH3), 0.87 (3H, t, 3JHH=6.8, CH3), 1.15 (H1, m, CH2), 1.43 (H2, m, CH2), 2.03 (1H, m, 

CH), 3.67 (3H, s, OCH3), 3.77 (3H, s, OCH3), 4.03 (1H, d, 3JHH=5.4, CH), 6.82 (1H, t, 3JHH=7.9, 

Ph), 7.03 (1H, d, 3JHH=7.9, Ph), 7.05 (1H, d, 3JHH=7.9, Ph), 8.53 (1H, s, azomethine), 13.51 

(1H, s, OH). 13C-NMR (DMSO-d6, δ, ppm): 11.20, 15.62, 24.56, 37.94, 51.91 (OCH3), 55.81 

(OCH3), 74.65, 115.25, 118.11, 118.28, 123.34, 147.95 (Ph-OCH3), 151.04 (PhOH), 167.93 

(azomethine), 171.19 (C=O). Anal. calcd. for C15H21NO4 (279.3 g/mol): C, 64.50; H, 7.58; N, 

5.01. Found: C, 64.86; H, 8.01; N, 5.52%. 

 

3d: Yield 78%; FT-IR (KBr, cm-1): 3382 (O-H), 3087,3061,3028 (aromatic C-H), 2950,2901 

(aliphatic C-H), 1744 (C=O), 1630 (azomethine, C=N), 1276 (C-O phenolic); 1H-NMR (DMSO-

d6, δ, ppm): 3.09 (1H, dd, 2JHH=13.6, 3JHH=8.2, CH2), 3.25 (1H, dd, 2JHH=13.6, 4JHH=5.3, CH2), 

3.65 (3H, s, OCH3), 4.43 (1H, dd, 3JHH=8.2, 4JHH=5.3, CH), 6.85 (1H, d, 3JHH=8.8, Ph), 7.18 (3H, 

m, Ph), 7.26 (2H, m, Ph), 7.45 (1H, dd, 3JHH=8.8, 4JHH=2.5, Ph), 7.57 (1H, d, 4JHH=2.5, Ph), 

8.32 (1H, s, azomethine), 13.01 (1H, s, OH). 13C-NMR (DMSO-d6, δ, ppm): 51.39, 52.15 (OCH3), 

71.13, 118.98 (PhBr), 120.24, 126.31, 126.60, 128.27, 129.35, 133.39, 135.19, 136.68, 159.35 

(PhOH), 166.17 (azomethine), 170.82 (C=O). Anal. calcd. for C17H16BrNO3 (362.2 g/mol): C, 

56.37; H, 4.45; N, 3.87. Found: C, 56.97; H, 4.63; N, 3.51%. 

 

3e: Yield 63%; FT-IR (KBr, cm-1): 3390 (O-H), 3059,3028 (aromatic C-H), 2950,2926 (aliphatic 

C-H), 1741 (C=O), 1626 (azomethine, C=N), 1221 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 

3.04 (1H, dd, 2JHH=13.6, 3JHH=8.2, CH2), 3.21 (1H, dd, 3JHH=13.6, 4JHH=5.4, CH2), 3.64 (3H, s, 
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OCH3), 4.33 (1H, dd, 3JHH=8.2, 4JHH=5.4, CH), 6.19 (1H, d, 4JHH=2.2, Ph), 6.27 (1H, dd, 3JHH=8.4, 

4JHH=2.2, Ph), 7.09 (1H, d, 3JHH=8.4, Ph), 7.18 (3H, m, Ph), 7.25 (2H, m, Ph), 8.15 (1H, s, 

azomethine), 13.29 (1H, s, OH). 13C-NMR (DMSO-d6, δ, ppm): 52.03, 70.74 (OCH3), 79.16, 

102.34, 107.26, 111.15, 126.50, 128.23, 129.35, 133.53, 136.97, 161.90 (azomethine), 162.96 

(PhOH), 166.88 (PhOH), 171.27 (C=O). Anal. calcd. for C17H17NO4 (299.3 g/mol): C, 68.21; H, 

5.72; N, 4.68. Found: C, 68.16; H, 5.91; N, 4.44%. 

 

3f: Yield 88%; FT-IR (KBr, cm-1): 3412 (O-H), 3061,3028,3003 (aromatic C-H), 2950,2938 

(aliphatic C-H), 1741 (C=O), 1632 (azomethine, C=N), 1224 (C-O phenolic); 1H-NMR (DMSO-

d6, δ, ppm): 3.08 (1H, dd, 2JHH=13.5, 3JHH=8.3, CH2), 3.25 (1H, dd, 2JHH=13.5, 4JHH=5.3, CH2), 

3.66 (3H, s, OCH3), 3.76 (3H, s, OCH3), 4.44 (1H, dd, 3JHH=8.3, 4JHH=5.3, CH), 6.78 (1H, t, 

3JHH=7.9, Ph), 6.90 (1H, d, 3JHH=7.9, Ph), 7.03 (1H, d, 3JHH=7.9, Ph), 7.19 (3H, m, Ph), 7.26 

(2H, m, Ph), 8.32 (1H, s, azomethine). 13C-NMR (DMSO-d6, δ, ppm): 51.29, 52.11 (OCH3), 55.73 

(OCH3), 70.97, 115.16, 118.19, 123.20, 126.24, 126.56, 128.08, 128.26, 129.16, 129.37, 

137.91, 147.83 (Ph-OCH3), 150.58 (PhOH), 167.94 (azomethine), 170.99 (C=O). Anal. calcd. 

for C18H19NO4 (313.4 g/mol): C, 68.99; H, 6.11; N, 4.47. Found: C, 69.71; H, 6.82 N, 4.64%. 

 

3g: Yield 86%; FT-IR (KBr, cm-1): 3436 (O-H), 2953,2916,2840 (aliphatic C-H), 1741 (C=O), 

1632 (azomethine, C=N), 1276 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 2.03 (3H, s, SCH3), 

2.08 (H1, m, CH2), 2.18 (H2, m, CH2), 2.42 (H1, m, CH2), 2.49 (H2, m, CH2), 3.68 (3H, s, OCH3), 

4.30 (1H, dd, 3JHH=7.9, 4JHH=5.0, CH), 6.87 (1H, d, 3JHH=8.8, Ph), 7.48 (1H, dd, 3JHH=8.8, 

4JHH=2.5, Ph), 7.71 (1H, d, 4JHH=2.5, Ph), 8.57 (1H, s, azomethine). 13C-NMR (DMSO-d6, δ, 

ppm): 14.46 (SCH3), 29.20 (SCH2), 32.15, 52.25 (OCH3), 68.52, 109.55 (PhBr), 118.97, 120.40, 

133.55, 135.23, 159.36 (PhOH), 166.55 (azomethine), 171.05 (C=O). Anal. calcd. for 

C13H16BrNO3S (346.2 g/mol): C, 45.10; H, 4.66; N, 4.05. Found: C, 45.38; H, 5.54; N, 4.73%. 

 

3h: Yield 69%; FT-IR (KBr, cm-1): 3412 (O-H), 2953,2916,2837 (aliphatic C-H), 1740 (C=O), 

1630 (azomethine, C=N), 1226 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 2.02 (3H, s, SCH3), 

2.06 (2H, m, CH2), 2.47 (2H, m, CH2), 3.66 (3H, s, OCH3), 4.19 (1H, s, CH), 6.21 (1H, s, Ph), 

6.32 (1H, d, 3JHH=8.0, Ph), 7.24 (1H, d, 3JHH=8.0, Ph), 8.40 (1H, s, azomethine), 13.20 (1H, s, 

OH). 13C-NMR (DMSO-d6, δ, ppm): 14.50 (SCH3), 29.30 (SCH2), 32.33, 52.14 (OCH3), 68.08, 

102.35, 107.37, 111.20, 133.66, 162.04 (azomethine), 162.96 (PhOH), 167.28 (PhOH), 171.49 

(C=O). Anal. calcd. for C13H17NO4S (283.3 g/mol): C, 55.11; H, 6.05; N, 4.94. Found: C, 55.80; 

H, 6.63; N, 5.71%. 

 

3i: Yield 78%; FT-IR (KBr, cm-1): 3435 (O-H), 2950,2913,2837 (aliphatic C-H), 1740 (C=O), 

1630 (azomethine, C=N), 1227 (C-O phenolic); 1H-NMR (DMSO-d6, δ, ppm): 2.02 (3H, s, SCH3), 

2.10 (H1, m, CH2), 2.18 (H2, m, CH2), 2.43 (H1, m, CH2), 2.50 (H2, m, CH2), 3.67 (3H, s, OCH3), 

3.78 (3H, s, OCH3), 4.30 (1H, dd, 3JHH=7.9, 4JHH=5.0, CH), 6.83 (1H, t, 3JHH=7.9, Ph), 7.05 (1H, 
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d, 3JHH=7.9, Ph), 7.06 (1H, d, 3JHH=7.9, Ph), 8.58 (1H, s, azomethine), 13.12 (1H, s, OH). 13C-

NMR (DMSO-d6, δ, ppm): 14.48 (SCH3), 29.25 (SCH2), 32.23, 52.21 (OCH3), 55.82 (OCH3), 

68.36, 115.33, 118.27, 118.41, 123.36, 147.89 (Ph-OCH3), 150.63 (Ph-OH), 168.31 

(azomethine), 171.19 (C=O). Anal. calcd. for C14H19NO4S (297.4 g/mol): C, 56.55; H, 6.44; N, 

4.71. Found: C, 57.28; H, 6.89; N, 5.00%. 

 

BIOLOGICAL ACTIVITY 

 

MTT Cell Proliferation Assay 

HT29 (Human colorectal adenocarcinoma, ATCC® HTB-38™), HeLa (Human cervix 

adenocarcinoma, ATCC® CCL-2™), MCF7 (Human breast adenocarcinoma, ATCC® HTB22™), 

A549 (Human lung carcinoma, ATCC® CCL185™), C6 (Rat brain glioma, ATCC® CCL-107™), and 

Hep3B (Human hepatocellular carcinoma, ATCC® HB8064™) cancer cells and, FL (Human amnion 

cells, ATCC® CCL62™) and Vero (African green monkey kidney normal epithelial, ATCC® CCL-

81™) normal cells were kept in a suitable medium involving fetal bovine serum and antibiotic 

solution. The cell suspension was adjusted to 1x106 cells in 10 mL and transferred 100 µL into 

the each well in culture plates. The compounds dissolved in sterile DMSO at 10-200 µg/mL final 

concentration were transferred to the cells and incubated at 37 °C under 5% CO2 atmosphere 

overnight. The cytotoxic activity of the Schiff bases was examined using MTT cell proliferation 

assay noted as percent inhibition. The percent inhibition calculated as shown below: 

 

%inhibition = [1-(Absorbance of Treatments / Absorbance of DMSO) × 100]. 

 

The half maximal inhibitory concentration (IC50) of the compounds was noted in µg/mL at 95 

% confidence intervals. GI50 values were calculated by following: 

 

[(Ti-Tz)/(C-Tz)] x 100 = 50, 

 

which is the drug concentration bringing about a 50% reduction in the net growth in control cells 

in the course of the drug incubation.  

 

Total growth inhibition (TGI) was calculated by Ti = Tz. The LC50 indicating a net loss of cells 

following treatment was calculated according to the formula below:  

 

[(Ti-Tz)/Tz] x 100 = -50. 

 

Cytotoxicity Assay 

The cytotoxicity of the Schiff bases was determined by using the cytosolic LDH measurement 

kit. Into each well, 5x103 cells were conveyed as triplicates in order to expose to IC50 
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concentrations of the test compounds and incubated at 37 °C under 5% CO2 atmosphere 

overnight. The percentage cytotoxicity was obtained by the following equation:  

 

(experimental value - low control / high control - low control) x 100, 

 

in which experimental value is the test-compound treated cells, high control (maximum LDH 

release) is Triton X-100 treated cells, low control (spontaneous LDH release) is the untreated 

cells. 

 

Cell imaging 

HeLa and C6 cells were plated in 96-well plates at a density of 5.000 cells per well and awaited 

for 24 h. The compound 3d in a concentration dependent manner was added and morphological 

changes of the cells were screened by phase contrast microscopy in every 6 h for 24 h. Images 

of the treated and untreated cells were photographed after the completion of the process by an 

inverted microscope equipped with a digital camera.  

 

Statistical Analysis 

The statistical significance of the variations was determined by the one-way analyses of variance 

(one-way ANOVA) followed by Tukey’s test. SPSS for Windows was used for statistical analyses. 

 

RESULTS AND DISCUSSION 

 

The Schiff bases were obtained by refluxing amino acid esters with salicylaldehyde derivatives 

in a chloroform medium under basic conditions. The condensation products were obtained in a 

couple of days with moderate to high yields. Azomethines were yellow oily compounds which did 

not need further purification. The compounds were soluble in common organic solvents 

(methanol, ethanol, CHCl3, CH2Cl2, etc.) Their structures were proved by elemental analysis and, 

UV-Vis, FT-IR, 1H- and 13C-NMR spectroscopic methods.  

 

FT-IR and UV-Vis Spectra 

The positions of the important IR bands were shown in the experimental part and the FT-IR 

spectra of 3a was depicted in Figure 1. Sharp absorption bands between 1638-1626 cm-1 were 

ascribed to the CH=N stretching bands for all of the Schiff bases. Aromatic hydroxy substituent 

participating in intramolecular hydrogen bonding with azomethine nitrogen atom was observed 

as a broad band about 3400 cm-1. The sharp absorption bands near 1740 cm-1 were related to 

the asymmetric carboxylate stretches (COO). The Ph-O vibrations were observed around 1276-

1221 cm-1. Symmetric and asymmetric aliphatic C-H stretching bands were assigned to 2953-

2837 cm-1 range. As it comes to aromatic C-H protons, they could not be observed in 3a-c and 

3g-i Schiff bases, however the FT-IR spectra of 3d-f Schiff bases exhibited aromatic proton 
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stretching vibration peaks because of existence of aromatic protons of phenylalanine in addition 

to those of aldehyde part. 

 

 

Figure 1: FT-IR spectrum of 3a. 

 

UV-Vis studies were also performed for all of the Schiff bases by dissolving in methanol. UV-Vis 

spectra exhibited three bands for all compounds as listed in Table 1.  

 

Figure 2: UV-Vis spectrum of 3a. 

 

A high energy band observed below 300 nm can be assigned to →* transitions carried out in 

aromatic rings. The band at 376 and 379 nm in phenylalanine Schiff bases 3b, 3e and 3h can 

be sprung from charge transfer within the whole Schiff base molecule. That kind of band is 

caused by the strong intramolecular hydrogen bond between the hydroxyl and the azomethine 

group of o-hydroxyl Schiff bases (45). As it comes to the bands observed in the range of 327-

424 nm, they can be assigned to the n→* transitions for the isoleucine and methionine Schiff 

bases. 
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1H- and 13C-NMR Spectra 

The 1H- and 13C-NMR spectra of all of the Schiff bases were consistent with the suggested 

structures. The 1H- and 13C-NMR spectra for 3a were demonstrated in Figure 3. A singlet peak 

about 13.5 ppm was attributed to the hydroxyl group of all imine compounds. The azomethine 

peak, an evidence for the Schiff base formation, was observed as a singlet in the range of 8.15-

8.58 ppm. Methoxy group belonging to the amino acid ester induced to a singlet about 3.65 

ppm. Aromatic ring protons were observed at 6.20-7.71 ppm as doublets and triplets for 

isoleucine (3a-c) and methionine (3g-i) Schiff bases. Same protons appeared in the similar 

region, but as overlapped with aromatic protons of phenylalanine for the Schiff bases 3d-f. As 

it comes to aliphatic protons, they were observed in characteristic methyl, methylene and 

methyne region as shown in the experimental. 

 

BIOLOGICAL ACTIVITY 

 

Antiproliferative Actions of the Compounds 

The antiproliferative activities of the Schiff bases and positive control against cell lines were 

screened according to a cell proliferation assay performed by using the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT). The antiproliferative actions and selectivity of the 

Schiff bases were evaluated through tumor cells and normal cells (Vero and FL). Also, statistically 

significant differences (P < 0.05) attracted the attention among cancer cell lines compared to 

normal cell lines for the different concentrations. According to TGI and IC50 values in Table 2, 

3d displayed very strong cytotoxic activity than the control drugs, 5-fluorouracil and cisplatin, 

on all cancer cell lines (TGI 5.81-52.36 µg/mL, IC50 5.72-46.35), except for A549. Compounds 

3c, 3e, 3h and 3i were effective on HeLa (TGI 44.24 μg/mL, IC50 41.99±2.9 μg/mL), HT29 

(TGI 28.19 μg/mL, IC50 18.58±3.4 μg/mL), and C6 (TGI 38.70 μg/mL, IC50 36.33±3.8 for 3h 

and TGI 3.75 μg/mL, IC50 3.69±2.7 μg/mL for 3i) cell lines, respectively (Table 2-4) (Figure 4). 

For HeLa and HT29 cell lines, compounds 3a, 3b, 3f, and 3g had remarkable TGI values (Table 

3-4). The IC50 values of the 3a, 3b, 3f, and 3g (2.79-23.31, 12.49-64.17, 21.98-26.59, and 

6.27-89.89 μg/mL, respectively) for these two cancer lines were similar to the TGI parameters. 

3a and 3b also had potent cytotoxic activity on C6 cells (TGI 5.63, IC50 5.42 and TGI 7.59, 

IC50 7.49 µg/mL, respectively) (Table 3-4) (Figure 4). For C6 cells, compounds 3b, 3d and 3i 

had remarkable LC50 values (37.21, 26.76 and 17.39 µg/mL, respectively) (Figure 4). However, 

the LC50 values of compounds 3a and 3g were only meaningful for HeLa cell line (11.09 and 

29.73 µg/mL, respectively) (Tables 2-4) (Figure 4). Compound 3a had the best GI50 values 

(1.55, 1.93, and 1.78 µg/mL, respectively) when it came to the HeLa, MCF7, and C6 cell lines. 

In addition, compound 3d and 3e had remarkable GI50 values (1.68 and 1.84 µg/mL, 

respectively) for MCF7 cell line. Compound 3i exhibited significant GI50 value (1.84 µg/mL) for 

C6 cell line.  
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Table 1: UV-Vis spectral data for the Schiff bases in methanol. 

Compound  (nm) 

3a 
255 
330 

416 

3b 
282 
307 

376 

3c 
265 
327 

423 

3d 
255 
330 

418 

3e 
282 
310 

379 

3f 
264 
328 

423 

3g 
255 

330 
410 

3h 
282 
310 

376 

3i 
265 
330 

424 

 

 

Figure 3: 1H- and 13C-NMR spectra of 3a. 
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Table 2: GI50, TGI, LC50 and IC50 values for 3a, 3b, and 3c. 

µg/mL 
3a 3b 3c 

GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 

A549 
68.49
8.34 

>10000 >10000 >10000 
104.53
8.4 

>10000 >10000 >10000 
18.89
1.0 

>10000 >10000 >10000 

HeLa 
1.55

0.08 

2.800.

08 

11.090

.77 

2.790.

07 

2.920

.21 

12.700

.64 

416.42

15.3 

12.490

.71 

2.64

0.12 

44.243

.7 
>10000 

41.993

.1 

HT29 
4.18

0.17 

28.391

.3 

2504.05
51.9 

23.310

.89 

3.790

.25 

115.02

7.9 
>10000 

64.174

.3 

3.60

0.17 

3613.74
54.6 

>10000 
702.60

28.3 

Hep3B 
3.81

0.11 

1316.12
47.5 

>10000 
1133.57
33.9 

6.530

.37 
>10000 >10000 >10000 

5.11

0.43 
>10000 >10000 >10000 

MCF7 
1.93

0.09 

1296.89

42.8 
>10000 

904.30

28.4 

2.680

.29 

4169.61

61.7 
>10000 

2833.66

59.2 

1.68

0.08 

2099.80

72.3 
>10000 

1347.86

54.8 

C6 
1.78

0.09 

5.630.

46 

176.18

14.5 

5.420.

18 

3.110

.20 

7.590.

76 

37.212

.1 

7.490.

33 

5.32

0.51 

5675.32
71.4 

>10000 
3796,80
65.4 

Vero 
3.50

0.21 

10.550

.98 

83.991

1.0 

10.260

.34 

2.430

.19 

115.33

5.6 
>10000 

92.315

.32 

4.03

0.36 

248.67

17.9 
>10000 

195.66

15.8 

FL 
4.21

0.27 

31.571

.4 
3977.09
71.4 

30.911

.5 

3.630

.27 

19.902

.7 
1020.77
22.6 

19.541

.4 

4.14

0.37 
2736.46
65.1 

>10000 
2394.84
69.1 

Values are given as the mean ± SD of three experiments and r²=0.86 to 0.97. Significant at P < 0.05 

 

Table 3: GI50, TGI, LC50 and IC50 values for 3d, 3e, and 3f. 

µg/mL 
3d 3e 3f 

GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 

A549 
74.49
4.3 

>10000 >10000 >10000 
152.22
9.7 

>10000 >10000 >10000 
32.98
1.2 

>10000 >10000 >10000 

HeLa 
3.06

0.41 

13.63

0.49 

442.07

21.0 

13.39

0.77 

3.590

.63 

108.90
9.1 

>10000 
102.28

5.7 

3.28

0.54 

22.56

0.87 

3513.62
71.6 

21.980

.88 

HT29 
2.63

0.22 

14.97

0.41 

1933.71
59.7 

12.01

0.63 

2.480

.57 

28.19

0.93 
>10000 

18.581

.1 

3.29

0.21 

36.87

0.93 
>10000 

26.590

.87 

Hep3B 
3.07

0.37 

30.62

0.97 
>10000 

29.55

1.5 

4.670

.45 
>10000 >10000 >10000 

7.13

0.48 
>10000 >10000 >10000 

MCF7 
2.19

0.33 

52.36

1.4 
>10000 

46.35

1.7 

1.840

.24 

814.18

19.2 
>10000 

581.23

17.8 

3.96

0.27 
>10000 >10000 >10000 

C6 
2.56

0.31 

5.810.

37 

26.761

.0 

5.720.

19 

9.610

.61 
>10000 >10000 

7380.55
51.0 

4.13

0.18 

2897.4
62.7 

>10000 
1962.94
21.3 

Vero 
2.34

0.34 

12.43

0.42 

1740.98
44.0 

11.61

0.23 

4.640

.42 

100.54
8.7 

>10000 
86.565

.9 

3.76

0.19 

36.31

0.99 
>10000 

32.891

.1 

FL 
3.58

0.33 

20.70

0.88 

1327.85

42.5 

20.31

0.41 

4.200

.39 

66.21

4.3 
>10000 

63.615

.3 

5.53

0.34 

265.96

8.6 
>10000 

250.97

7.4 

                    Values are given as the mean ± SD of three experiments and r²=0.86 to 0.97. Significant at P < 0.05 
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Table 4: GI50, TGI, LC50 and IC50 values for 3g, 3h, and 3i. 

µg/mL 
3g 3h 3i 

GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 GI50 TGI LC50 IC50 

A549 
145.66 

14.7 
>10000 >10000 >10000 

27.42 

1.2 
>10000 >10000 >10000 

26.43 

0.97 
>10000 >10000 >10000 

HeLa 
2.72 

0.09 

6.310 

.30 

29.73 

1.7 

6.27 

0.43 

5.36 

0.52 

3123.2 
57.8 

>10000 
2708.12 
59.2 

3.75 

0.44 

116.36 

5.4 
>10000 

108.75 

9.8 

HT29 
3.71 

0.13 

160.88 

15.2 
>10000 

89.89 

11.4 

2.56 

0.43 
>10000 >10000 >10000 

2.86 

0.11 

1193.61 

14.9 
>10000 

268.47 

10.1 

Hep3B 
4.42 

0.22 

996.31 

37.8 
>10000 

874.91 

32.1 
2.74 

0.37 
>10000 >10000 >10000 

7.23 

0.28 
>10000 >10000 >10000 

MCF7 
2.15 

0.14 

374.11 

24.7 
>10000 

293.37 

17.4 
3.09 

0.39 

2657.17 
54.6 

>10000 
1903.43 
51.3 

2.43 

0.14 
>10000 >10000 >10000 

C6 
4.79 

0.25 
>10000 >10000 >10000 

4.98 

0.40 

38.70 

1.6 

4110.5 
67.4 

36.33 

1.1 

1.84 

0.07 

3.75 

0.19 

17.39 

2.2 

3.69 

0.55 

Vero 
4.06 

0.31 

17.57 

1.7 

349.06 

27.6 

16.84 

0.49 

3.00 

0.35 
>10000 >10000 >10000 

3.35 

0.34 

647.63 

13.5 
>10000 

452.61 

12.7 

FL 
3.43 

0.27 

26.20 

1.8 

5663.91 

77.3 

25.60 

1.0 

5.06 

0.46 
>10000 >10000 

9447.3 

71.4 

6.82 

0.95 

1625.41 

37.2 
>10000 

1475.11 

47.6 

                   Values are given as the mean ± SD of three experiments and r²=0.86 to 0.97. Significant at P < 0.05
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Some cancer cells were more sensitive to the tested Schiff bases than FL and Vero normal cells. 

A comparison of the activities of these compounds in regard to the IC50 values as against normal 

cells (FL and Vero) revealed the following: 3d, 3e, 3h for HT29, 3a, 3b, 3c, 3d, 3e, 3f, 3g for 

HeLa and 3a, 3b, 3d, 3h, 3i for C6 were more selective than others. Hence, the findings 

significantly highlight some compounds as possible selective antiproliferative agents for some 

cancer types. The pharmacological activities of these compounds are probably due to the major 

bioactive substituents such as hydroxy, methoxy, phenyl, methylthio, and bromine. Especially, 

bromine group may be responsible for cytotoxic activities of 3a, 3d and 3g having the highest 

pharmacological activity against cancer cells. The higher antiproliferative activity of compound 

3d than 3a points out the importance of the phenyl substituent on cytotoxic activity. Overall, 

the high cytotoxic effects of these compounds may be related to their unique three-dimensional 

structures arising from the substituents. It was noted that three parameters (GI50, TGI, LC50) 

of these compounds met NCI-60 criteria enough to pass into further pharmacological 

investigations. 

 

 

Figure 4: Effects of the compounds on the proliferation of C6, HeLa, FL, and Vero cells. 

Exponentially growing cells were incubated with the Schiff bases for 24 hours. 
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Table 5: IC50 (µg/mL) of positive controls in cell lines. 

 HeLa HT29 A549 MCF7 C6 Hep3B FL Vero 

Cisplatin 
50.29 

8.3 

40.39 

5.6 

60.49 

8.5 

63.79 

7.4 

33.08 

4.8 

48.69 

5.3 

52.79 

6.0 

56.20 

5.3 

5FU 
61.59 

7.1 

65.19 

5.3 

69.79 

8.1 

74.19 

8.0 

54.30 

7.3 

62.89 

6.8 

59.09 

6.4 

65.35 

5.9 

  Values are given as the mean ± SD of three experiments and r²=0.94 to 0.99. Significant at P < 0.05 

 

Cytotoxic Mode of the Compounds 

Cytotoxic activities of the Schiff bases (25, 50, 75, and 100 μg/mL) on cell lines were monitored 

by the LDH cytotoxicity kit. The %cytotoxicity values of these compounds at concentration of 25 

µg/mL were in the range of 6.21%-34.74% against all cell lines. Compound 3b caused the most 

powerful cytotoxic effect (34.71%, p<0.05) against C6 cell when compared to the other 

compounds and cell lines (Table 7). Compound 3e had the lowest percentage cytotoxicity with 

the values of 10.45% (A549) and 23.31% (C6) (Tables 6 and 7) (Figure 5). Compound 3c also 

exhibited the smallest percentage cytotoxicity for HeLa (8.11%) and FL (14.88%) cells. 

Compound 3i, the condensation product of methionine methyl ester and o-vanilin, was 

interestingly highly toxic for A549 and HT29 cells (22.80% and 32.68%, respectively), whereas 

less toxic for Hep3B and Vero cells (8.36% and 11.91%, respectively) (Tables 6-8) (Figure 5). 

Similarly, 3b, composed of isoleucine methyl ester and 2,4-dihydroxybenzaldehyde, was very 

toxic for C6 (34.71%) and less toxic for HT29 (16.34%). However, 3i and 3b may cause 

cytotoxic effect via the same mechanisms of action. It is noteworthy that the compound 3f, 

containing phenylalanine methyl ester and o-vanilin, had slightly high toxicity against MCF7, 

Vero, and FL cells (11.91%, 23.69%, and 29.32%, respectively) than the other compounds 

which had similar potent cytotoxic activity. Compound 3h exhibited the lowest percentage 

cytotoxicity for MCF7 cell lines. The rest of the compounds (3a and 3d) had the highest cytotoxic 

effect towards HeLa and Hep3B cells (31.22% and 19.57, respectively). One of the most 

important conditions for being an anticancer agent is the minimal toxicity against normal cells. 

Therefore, cytotoxic features were compared in order to find out the advanced pharmacological 

capacities of these compounds. Compounds 3c (for HeLa, 8.11%), 3e (for A549, 10.45%), 3h 

(for MCF7, 6.21%), and 3i (for Hep3B and Vero, 8.36% and 11.91%, respectively) exhibited 

equal cytotoxicity with controls, indicating their significant antiproliferative potential as well as 

low cytotoxicity (Tables 6-9).  
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Table 6: % Cytotoxicity of the compounds against A549, HeLa, and HT29. 

%Cytotoxicity 
A549 HeLa HT29 

25µg/mL 50µg/mL 75µg/mL 100µg/mL 25µg/mL 50µg/mL 75µg/mL 100µg/mL 25µg/mL 50µg/mL 75µg/mL 100µg/mL 

3a 
17,73 

1.3 

26,85 

1.9 

50,73 

3.7 

60,67 

4.3 

31,22 

1.6 

68,90 

1.7 

77,71 

2.7 

103,86 

5.1 

23,12 

1.4 

52,44 

2.9 

70,17 

3.5 

89,74 

3.9 

3b 
17,54 

1.4 

24,07 

2.1 

43,64 

3.1 

53,45 

3.9 

18,94 

1.4 

34,96 

1.5 

53,07 

2.1 

58,45 

2.4 

16,34 

1.1 

54,34 

2.5 

80,24 

3.7 

100,63 

4.9 

3c 
15,64 

1.4 

27,61 

1.8 

47,44 

2.9 

71,56 

4.4 

8,11 

0.8 

18,43 

1.2 

36,10 

1.8 

44,52 

2.4 

22,55 

1.1 

28,37 

1.8 

54,97 

2.8 

79,16 

4.0 

3d 
10,64 

1.2 

20,27 

1.5 

27,99 

1.8 

46,87 

3.1 

18,62 

1.4 

31,92 

1.8 

52,06 

2.2 

81,06 

3.1 

25,21 

1.6 

53,70 

2.3 

80,11 

4.0 

102,47 

5.0 

3e 
10,45 

1.1 

20,01 

1.5 

42,37 

2.7 

51,11 

3.8 

17,16 

1.4 

26,60 

1.5 

35,02 

1.7 

50,28 

1.9 

25,97 

1.5 

48,01 

1.9 

72,70 

3.8 

85,18 

4.1 

3f 
18,43 

1.5 

39,01 

2.1 

60,73 

3.6 

66,56 

4.1 

21,72 

1.5 

36,16 

1.6 

49,40 

2.0 

93,79 

4.7 

32,17 

1.5 

34,71 

1.8 

60,67 

3.1 

76,12 

3.7 

3g 
14,12 

1.4 

34,77 

2.0 

60,92 

3.4 

76,50 

4.5 

22,23 

1.5 

72,70 

2.3 

82,77 

3.4 

93,98 

5.0 

20,39 

1.4 

49,27 

2.7 

72,70 

3.5 

100,13 

4.3 

3h 
21,15 

1.7 

28,56 

1.7 

50,03 

3.3 

58,71 

4.0 

14,00 

1.1 

22,42 

1.3 

31,86 

1.9 

50,73 

2.4 

24,89 

1.4 

43,57 

2.0 

69,54 

3.4 

85,81 

3.9 

3i 
22,80 

1.5 

48,20 

3.7 

54,53 

3.5 

58,96 

4.0 

18,05 

1.1 

24,70 

1.4 

43,64 

1.9 

45,60 

2.3 

32,68 

1.6 

44,84 

1.9 

72,70 

3.4 

90,63 

4.6 

   Values are given as the mean ± SD of three experiments and r²=0.88 to 0.99. Significant at P < 0.05 
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Table 7: % Cytotoxicity of the compounds against Hep3B, MCF7, and C6. 

%Cytotoxicity 
Hep3B MCF7 C6 

25µg/mL 50µg/mL 75µg/mL 100µg/mL 25µg/mL 50µg/mL 75µg/mL 100µg/mL 25µg/mL 50µg/mL 75µg/mL 100µg/mL 

3a 
10,01 

0.8 

25,46 

2.2 

38,38 

2.7 

51,04 

3.0 

10,64 

0.8 

18,49 

1.5 

29,51 

1.9 

43,89 

3.0 

30,27 

1.5 

66,37 

3.4 

78,97 

4.0 

99,94 

5.1 

3b 
14,00 

1.0 

23,81 

2.1 

41,61 

2.8 

55,29 

3.0 

6,84 

0.7 

14,31 

1.0 

32,74 

2.1 

50,66 

3.6 

34,71 

1.4 

64,47 

3.5 

82,08 

4.5 

96,20 

5.2 

3c 
11,91 

1.1 

21,22 

1.7 

32,55 

2.3 

49,91 

3.1 

9,37 

0.8 

18,49 

1.5 

26,47 

1.9 

54,21 

3.7 

30,91 

1.8 

67,00 

3.9 

82,96 

4.7 

99,11 

5.3 

3d 
19,57 

1.5 

28,88 

2.0 

48,01 

2.5 

60,99 

3.8 

10,01 

0.9 

20,14 

1.1 

27,04 

1.8 

45,35 

2.1 

27,68 

1.5 

63,84 

2.9 

79,42 

4.0 

104,75 

5.4 

3e 
18,56 

1.4 

26,35 

1.6 

45,41 

2.3 

51,23 

3.4 

9,37 

0.9 

19,19 

1.3 

30,53 

1.9 

40,28 

2.0 

23,31 

1.4 

62,57 

3.1 

78,28 

4.2 

85,18 

4.9 

3f 
14,63 

1.2 

32,68 

2.5 

57,82 

3.4 

70,80 

4.1 

11,91 

0.9 

15,96 

1.0 

29,26 

1.5 

47,31 

2.2 

31,54 

1.8 

55,60 

3.1 

80,56 

4.9 

96,45 

5.0 

3g 
14,31 

1.1 

26,98 

2.0 

35,66 

2.7 

48,51 

2.9 

11,27 

0.9 

19,13 

1.4 

27,68 

1.8 

57,88 

3.4 

25,84 

1.1 

63,84 

3.5 

82,46 

4.8 

97,21 

5.4 

3h 
14,25 

1.4 

25,40 

2.1 

39,65 

2.9 

51,68 

3.2 

6,21 

0.8 

16,02 

1.2 

32,11 

1.9 

47,18 

2.3 

29,64 

1.4 

56,87 

3.0 

78,72 

4.6 

93,60 

5.0 

3i 
8,36 

0.78 

25,90 

2.0 

33,82 

2.4 

51,99 

3.1 

8,11 

0.7 

23,75 

1.1 

38,51 

2.3 

50,35 

3.4 

33,44 

1.9 

63,20 

3.7 

81,13 

4.2 

101,01 

5.3 

   Values are given as the mean ± SD of three experiments and r²=0.88 to 0.99. Significant at P < 0.05 
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Table 8: % Cytotoxicity of the compounds against Vero and FL. 

%Cytotoxicity 
Vero FL 

25µg/mL 50µg/mL 75µg/mL 100µg/mL 25µg/mL 50µg/mL 75µg/mL 100µg/mL 

3a 
19,76 

1.5 

32,93 

2.1 

44,97 

2.8 

73,46 

3.9 

20,08 

1.5 

29,39 

1.9 

57,76 

3.5 

72,96 

4.0 

3b 
16,85 

1.5 

29,32 

1.9 

56,87 

3.2 

81,63 

4.2 

15,64 

1.1 

29,83 

1.7 

48,77 

3.0 

70,87 

4.1 

3c 
17,23 

1.3 

36,67 

2.2 

51,61 

2.9 

60,99 

3.7 

14,88 

1.2 

32,74 

2.1 

44,59 

2.9 

68,14 

3.7 

3d 
17,99 

1.2 

33,38 

1.9 

52,56 

3.1 

74,48 

3.9 

25,40 

1.6 

65,10 

2.9 

70,93 

4.1 

77,33 

4.4 

3e 
14,95 

1.0 

30,91 

1.8 

63,77 

3.4 

79,16 

4.0 

18,94 

1.4 

33,38 

1.7 

46,55 

2.4 

66,75 

2.9 

3f 
23,69 

1.5 

34,33 

1.8 

54,65 

2.7 

87,71 

5.0 

29,32 

1.4 

54,34 

2.0 

82,08 

4.3 

93,35 

5.1 

3g 
18,11 

1.4 

30,40 

2.0 

59,66 

3.5 

83,09 

4.5 

16,21 

1.2 

37,75 

2.4 

46,61 

2.8 

70,74 

4.0 

3h 
19,25 

1.4 

32,74 

1.7 

64,28 

3.0 

80,30 

4.4 

19,19 

1.5 

46,42 

1.8 

59,91 

3.6 

72,32 

4.0 

3i 
11,91 

0.9 

24,13 

1.5 

43,19 

2.9 

54,02 

3.5 

28,37 

1.6 

43,57 

1.9 

63,84 

3.8 

73,46 

4.2 

                                 Values are given as the mean ± SD of three experiments and r²=0.88 to 0.99. Significant at P < 0.05 

 

Table 9: % Cytotoxicity of positive controls at IC50 concentrations. 

 HeLa HT29 A549 MCF7 C6 ep3B FL Vero 

Cisplatin 
9.85 

0.8 

11.23 

0.9 

8.63 

0.8 

10.71 

0.9 

9.04 

0.8 

8.46 

0.8 

8.33 

0.7 

9.41 

0.9 

5FU 
8.83 

0.7 

7.91 

0.7 

9.19 

0.8 

7.69 

0.7 

10.01 

0.9 

9.67 

0.8 

8.44 

0.8 

8.81 

0.9 

                                                    Values are given as the mean ± SD of three experiments and r²=0.95 to 0.98. Significant at P < 0.05  
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Figure 5. The cytotoxic activity of the compounds on C6, HeLa, FL, and Vero cells. 

Exponentially growing cells were incubated with various concentrations of the Schiff bases and 

cytotoxicity was measured by LDH Cytotoxicity Assay. 

 

The Effect of the 3d on the Morphology of the Cells 

The morphology alters of treated and untreated (control) cells were monitored by using the 

inverted phase-contrast microscopy techniques. As shown in Figures 6 and 7, visible morphology 

alters such as cytoplasmic blebs, anomalous globular structure and reduction in cell quality and 

cell count in the flask monolayer were recorded.  

 

 

 

Figure 6: The effect of 3d on the morphology of C6 cell line. Exponentially growing cells were 

incubated by adding various concentrations of 3d at 37 °C overnight. Control cells were 

treated with only DMSO. 
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Figure 7: The effect of 3d on the morphology of HeLa cell line. Exponentially growing cells 

were incubated by adding various concentrations of 3d at 37 °C overnight. Control cells were 

treated with only DMSO. 

 

CONCLUSIONS 

 

In brief, a new series of amino acid methyl ester Schiff bases (3a-i) was prepared and 

characterized by spectroscopic methods (FT-IR, UV-Vis, 1H- and 13C-NMR). Schiff bases were 

synthesized by condensation reactions of salicylaldehyde derivatives and amino acid methyl 

esters in alkaline chloroform media. All analysis results were in accordance with suggested Schiff 

base structures. All Schiff bases were validated against A549, HeLa, HT29, Hep3B, MCF7 and C6 

cell lines by the MTT assay. According to the results, all of the imine compounds exhibited 

selectivity for aforementioned carcinoma cell lines. Especially, compound 3d was the most active 

compound against all tested cell lines with good TGI and IC50 values of 5.81-52.36 µg/mL and 

5.72-46.35 µg/mL, respectively. GI50, TGI and LC50 values of the Schiff bases 3a-i emphasized 

that they satisfied the NCI-60 criteria to pass into further pharmacological investigations. 

Although full mechanism underlying the cytotoxic activity could not be explained, it is known 

that some organic substituents like phenyl, halogens, hydroxy and methoxy enhance cytotoxic 

activity. It can be concluded that the existence of two phenyl rings and bromo substituent and 

the position of bromo group highlight compound 3d as a strong anticancer agent.  
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Abstract: This paper presents the design of a novel Schiff base, 2,2'-{[1,2-di(pyridin-2-

yl)ethane-1,2-diylidene]bis(azanylylidene)}diphenol (2,2’-DBD), and its oligophenol, Oligo-

(2,2'-{[1,2-di(pyridin-2-yl)ethane-1,2-diylidene]bis(azanylylidene)}diphenol) O(2,2’-DBD), 

synthesized with NaOCl and O2 oxidants by oxidative polycondensation reaction in aqueous 

alkaline media. The effects of oxidant type, polymerization temperature, and time on oligomer 

yield were determined. Characterization of the structures of the synthesized (2,2’-DBD) and 

O(2,2’-DBD) were done by UV-Vis, FTIR and 1HNMR techniques. Also, thermal degradations of 

the monomer and oligomer were investigated TG-DTG analysis and it was determined that the 

oligomer thermally stable up to 1200 °C. Additionally, electrical conductivity of the oligomer was 

improved by doping with iodine at 20 °C and the conductivity of the oligomer reached to 9x10-4 

S/cm by increasing 107 at the end of the 48 h doping time fold according to its undoped form. 
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INTRODUCTION 

 

Schiff base polymers, also known as polyazomethines, have drawn attention of researchers to 

design thermally resistant (1) and semiconductive (2) materials. They are promising materials 

for several applications such as photorefractive holographic materials (PRHMs) (3), solar cells 

(4) (SCs), organic light emitting diodes (OLEDs) (5), and organic field effect transistors (OFETs) 

(6).  

 

Researchers have enhanced superior properties of the Schiff base polymers by adding different 

functional groups to their structures (7-11). One of these polymers are Schiff base polymers 

containing phenol groups. These polymers have excellent properties such as high thermal 

stability (12), bonding ability to metals (13), electrochemical (14, 15), antimicrobial (11, 16), 

semiconductive (11, 15), and superior optical (14) properties. Although several methods have 

been used (17, 18) to synthesize Schiff base polymers containing phenol groups, oxidative 

polycondensation method have been frequently preferred due to its superior advantages such 

as cheapness of the used oxidants (NaOCl, H2O2, O2), to synthesize polymers with high solubility, 

moderate reaction conditions and release of eco-friendly by products (NaCl and H2O) (12, 19). 

 

In this study, a novel Schiff base oligomer, O(2,2’-DBD), was produced with NaOCl, and O2 

oxidants by oxidative polycondensation of 2,2’-DBD monomer in an aqueous alkaline media. The 

effects of oxidant types, polymerization temperature, and time on oligomer yield were 

investigated. UV-Vis, FTIR, 1H-NMR techniques were used for verifying of structures of 2,2’-DBD 

and O(2,2’-DBD). Additionally, thermal degradations of monomer and oligomer were determined 

by TG-DTG. Also, the changing of electrical conductivity of O(2,2’-DBD) were monitored by 

doping with iodine at 20 °C with increasing doping time.  

 

EXPERIMENTAL  

 

Materials 

2-Aminophenol, 2,2’-pyridil, potassium hydroxide (KOH), hydrochloric acid (HCl, 37%), iodine, 

acetone, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), methanol, ethyl acetate, 

ethanol, n-methylpyrrolidone, 1,4-dioxane, n-heptane and tetrahydrofuran were purchased from 

Merck Chem. Co. (Germany). Also, sodium hypochlorite (NaOCl, 15% aqu.) was supplied from 

Birpa Co. (Turkey).  

 

Method 

Synthesis of 2,2’-DBD 

Production of 2,2’-DBD monomer was carried out by condensation of 2-aminophenol and 2,2’-

pyridil (Scheme 1). Solution of 2,2’-pyridil (0,01 mol, 2.12 g) prepared in 40 mL of methanol 
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was added on the solution of 2-aminophenol (0.02 mol, 2.18 g) in 15 mL methanol. The prepared 

mixture was continuously stirred at 40 °C for 24 h. After the reaction was completed, ice water-

salt mixture was added on the obtained brown solution  

and the yellow product precipitated. Then it was filtered out and rinsed with cold methanol. The 

product was recrystallized from n-heptane for purification. (Yield: 86%; melting point: 147 °C.)  

 

Synthesis of O(2,2’-DBD) 

O(2,2’-DBD) was synthesized using NaOCl (15%), and air O2 oxidants by oxidative 

polycondensation reaction of 2,2’-DBD in aqueous alkaline media. Firstly, 2,2’-DBD (1 mmol, 

0,394 g) was dissolved in aqueous solution of KOH (10%, 1 mmol) under nitrogen atmosphere 

at the temperature which the polymerization reaction would be carried out. Then, 1 mmol NaOCl 

was added drop by drop. Nitrogen was passed during the reaction. When aerial O2 was used to 

be an oxidant, after the dissolution of monomer was completed, nitrogen gas was discontinued. 

At the end of the desired polymerization time, the cooled polymerization solution to room 

temperature was precipitated by neutralizing with HCl (37%). The product was filtered, washed 

with hot water and methanol, and then dried in oven.  

 

Oligomer yield was determined using Equation 1: 

Yield (%) =  
𝑊p

𝑊m
× 100      (1) 

Where Wp and Wm show the oligomer and initial monomer weights, respectively. 

 

 

Scheme 1. Synthesis of 2,2’-DBD and O(2,2’-DBD). 
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Characterization 

UV-Vis spectra of 2,2’-DBD and O(2,2’-DBD) were got in DMSO in a 260-700 nm wavelength 

range using Shimadzu UV-1700 PharmaSpec UV-Visible Spectrophotometer.  FTIR spectra of the 

products were obtained by Perkin Elmer FTIR Spectrometer in the frequency range of 4000-650 

cm-1. To clarify the molecular structures of the 2,2’-DBD and O(2,2’-DBD), 1H-NMR spectra were 

acquired from their solutions in DMSO by Bruker Avance 500 MHz NMR.  Thermal degradations 

of the products were determined by TG/DTG techniques recorded in the temperature range of 

30-1200 °C with a heating rate of 10 °C/min using EXSTAR S11 7300 thermal analyzer under 

nitrogen atmosphere with a platinum crucible.  To determine molecular weight values of the 

oligomer, Shimadzu Prominence Gel Permeation Chromatography which was fitted out a 

Nucleogel GPC 103-5 VA300/7.7 column was employed (eluent: DMF, flow rate: 0.5 mL/min, 

temperature: 40 °C). 

 

Surface resistivity values of the oligomer were measured from the prepared sample pellets 2 

mm thick and 1.3 cm in diameter under a hydraulic pressure (1687.2 kg/cm2) by two probe 

technique. The electrical conductivity values of the O(2,2’-DBD) were calculated using the 

measured surface resistivity values according to Equation 2: 

 

𝜎 =
𝑙

𝑅𝑎
        (2) 

 

Where σ (S/cm) corresponds the conductivity of the oligomer, R (ohm cm-2) is the monitored 

surface resistivity. a (cm2) and l (cm) are the area and thickness of the prepared sample pellet, 

respectively. 

 

Solubility test 

To determine qualitative solubility of 2,2’-DBD and O(2,2’-DBD) 1 mg sample was dissolved in 

1 mL of solvent (Table 1). It was observed that 2,2’-DBD dissolved in all of the tested solvents 

at room temperature. However, O(2,2’-DBD) was only dissolved in DMF and DMSO.  The 

solubility of the oligomer will facilitate the characterization and processability of the oligomer. 

 

Table 1. The solubility of 2,2’-DBD and O(2,2’-DBD) in several solvents. 
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RESULTS AND DISCUSSION 

 

Effect of Synthesis Conditions on the Yield of O(2,2’-DBD)  

 

Oxidant type and concentration 

O(2,2’-DBD) was synthesized in aqueous alkaline media with NaOCl and O2 (aerial) oxidants. 

Yields and molecular weight values of oligomers which obtained 80 °C for 6 h (11) were 

determined. While yield and Mw, Mn and PDI values of the oligomer synthesized with NaOCl 

oxidant were 76% and 5435, 4216 g/mol and 1.28, the same values, which were obtained using 

air O2 as oxidant, were 8% and 1321,992 g/mol 1.33, respectively. Thus, since higher yield and 

molecular weight values were obtained with NaOCl oxidant, the next experiments were carried 

out using NaOCl (11, 20, 21). Also, 0.1 mol/L NaOCl concentration at which the highest polymer 

yields were obtained in the literature was used in the experiments.  

 

Polymerization temperature and time 

The effect of polymerization temperature and time on oligomer yield were investigated and the 

data were given in Figures 1 and 2, respectively. 

 

As seen from Figure 1, the oligomer yield increased with increasing polymerization temperature 

(11, 12). Thus, the following experiments were performed at 90 °C which the highest oligomer 

yield was obtained. 

 

Figure 1.  The effect of polymerization temperature on % yield of O(2,2’-DBD) 

([2,2’-DBD]0==[NaOCl]0=[KOH]0=0.1 mol/L, polymerization time: 6 h). 

 

When Figure 2, showing the change of the oligomer yield with polymerization time, was 

examined, it was seen that the yield increased with increasing time up to 4h. A significant 
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increase in yield was not seen after 4 h. Also, the highest oligomer yield (85.4 %) was obtained 

at the end of 6 h.  

 

Figure 2.  The effect of polymerization time on % yield of O(2,2’-DBD) 

(([2,2’-DBD]0==[NaOCl]0=[KOH]0=0.1, polymerization temperature: 90 °C). 

 

Structures of 2,2’-DBD and O(2,2’-DBD) 

 

UV-Vis Spectra 

UV-Vis spectra of 2,2’-DBD and O(2,2’-DBD) acquired from their solutions in DMSO in the range 

of 250-700 nm wavelength are presented in Figure 3. While it is seen a sharp band at 302 nm 

wavelength and a shoulder at  341 nm in the spectrum of 2,2’-DBD, the same bands are observed 

at wavelengths of 270 and 305 nm as shoulders in the spectrum of oligomer. These bands can 

be ascribed to π-π∗ transitions of -C=C-, π-π∗ transitions of the imine functional groups and the 

n-π∗ transitions of OH functional groups, respectively. When the spectra of monomer and 

oligomer were compared to each other, it was determined that the O(2,2’-DBD) spectrum 

broadened to 700 nm while the spectrum of 2,2’-DBD finished at 500 nm, and the bands of 

oligomer broadened and shifted to blue wavelengths. These changes originate from increasing 

of conjugation during polymerization and verify that polymerization was achieved (11, 13, 21, 

22). 
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Figure 3.  UV-Vis spectra of 2,2’-DBD and O(2,2’-DBD). 

 

FTIR Spectra 

FTIR spectra recorded to support the structures of 2,2’-DBD and O(2,2’-DBD) and emphasize 

the changes in the structure after polymerization are given in Figure 4.  

 

In the spectrum of 2,2’-DBD, while the peak seen at 3056 cm-1 is arisen from phenolic OH groups, 

the same peak is determined at 3364 cm-1 in the O(2,2’-DBD) spectrum. While the –C=N- 

vibration, which is characteristic for Schiff bases, is appeared to be sharp peak at 1620 cm-1 in 

the monomer spectrum, in the oligomer spectrum this vibration shifted to 1606 cm-1. The 

presence of the -C=N- peak in the oligomer spectrum also indicates that the imine groups 

characteristic for polyazomethines are preserved without decomposition during polymerization 

(11). Additionally, the peaks at 1587, 1468, 1435 cm-1 in the monomer spectrum and at 1582 

and 1562 cm-1 in the oligomer spectrum are due to -C=C- vibrations. While the peaks belonging 

to -C-O- and C-N stretching vibrations are seen at 1235 and 1137 cm-1 for monomer, these same 

peaks are recorded at 1232 and 1098 cm-1 for oligomer, respectively. When the FTIR spectra of 

monomer and oligomer are compared to each other, the changes (i) broadening of the peaks, 

(ii) decrease in the peak number and (iii) shifting in the characteristic –C=N– vibration to lower 

wavenumber are seen in the oligomer spectrum. All of these changes are originated from 

increasing in conjugation length and support that the polymeric structure  was achieved (11, 13, 

21, 22).  
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Figure 4.  FTIR spectra of 2,2’-DBD and O(2,2’-DBD). 

 

1H-NMR Spectra 

To prove that the synthesis of 2,2’-DBD and O(2,2’-DBD) was successfully performed, 1H-NMR 

spectra of the samples were recorded and they are presented in Figure 5 and 6, respectively. In 

the 1H-NMR spectrum of Schiff base monomer, the signal of protons –OH functional groups is 

seen at 10.55 (s, 2H). The other signals indicating the aromatic structure of 2,2’-DBD were 

determined  at δ= 7.90 (d, 2H, Ar-Ha); 7.82(t, 2H, Ar-Hb); 7.78 (t, 2H, Ar-Hc); 7.57 (d, 2H, Ar-

Hd); 7.27 (t, 2H, Ar- Hf); 7.21 (d, 2H, Ar-Hh); 7.09 (d, 2H, Ar-He); 6.96 (t, 2H, Ar-Hg) ppm. Also 

the  signals confirming the aromatic structure of  O(2,2’-DBD)  were recorded at δ= 8.53 (s, 2H, 

Ar-Hf); 8.40 (s, 2H, Ar-He) 7.80 (d, 2H, Ar-Ha); 7.78 (t, 2H, Ar-Hb); 7.66 (t, 2H, Ar-Hc); 7.20 (d, 

2H, Ar-Hd) ppm. When the 1H-NMR spectrum of oligomer is compared to monomer spectrum, 

(I) absence of the signals of He (dublet) and Hg (triplet) protons of monomer, in the polymer 

spectrum, (II) while Hf and Hh  protons of monomer seen as triplet and dublet, respectively in 

the monomer spectrum, observation of  the same protons as singlets in the polymer spectrum, 

emphasizing that the oligomerization continues from the C-C couplings which occur on the ortho 

and para positions of the OH groups. Moreover, absence of the signal of OH groups in the polymer 



Yılmaz Baran N. JOTCSA. 2018; 5(2): 607-620.   RESEARCH ARTıCLE 

615 
 

spectrum states that  the oligomerization also progresses from C-O-C couplings which form from 

OH groups in addition to C-C couplings  (11, 15, 21). 

 

 

Figure 5.  1H NMR spectrum of 2,2’-DBD. 

 

 

 

 

Figure 6.  1H NMR spectrum of O(2,2’-DBD). 
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Thermal Degradation Process of O(2,2’-DBD) 

To determine the thermal stability of 2,2’-DBD and O(2,2’-DBD), their TG and DTG curves were 

acquired up to 600 and 1200 °C, respectively (Figure 7). It was determined from TG curve of 

2,2’-DBD that 2,2’-DBD decomposed in two steps which are in the temperature range of 166-

282 °C and 282-560 °C. The monomer which started to degrade at 166 °C finished the process 

at 78.25% up to 282 °C. Also the weight loss in the second degradation step was 21.75% in the 

temperature range of 282-560 °C. The maximum degradation temperature (Tmax) were 

determined from DTG curve as 243 °C. 

 

From the TG curve, which was recorded up to 1200 °C, belonging to O(2,2’-DBD), it was seen 

that the oligomer degraded in three steps. Firstly, the weight loss of 4.25 % in the temperature 

range of 30-180 °C can be ascribed to removal of water of crystallization (23). The other weight 

losses of the oligomer were determined as 8.5% in the temperature range of 180-339 °C for the 

first step, 20.25% in the temperature range of 339-555 °C for the second step and 67.0% in 

the temperature range of 555-1200 °C for the third step. The maximum degradation 

temperatures (Tmax) found from DTG curve corresponded to 136 °C, 264 °C, 442 °C, and 867 

°C for each degradation steps, respectively. 

 

When the thermal degradations of the monomer and oligomer were compared to each other, 

while the temperatures at which the 30% weight loss formed were 234 °C and 464 °C, these 

temperatures for 50% weight loss were 251 °C and 784 °C for monomer and oligomer, 

respectively. Moreover, while the monomer completely decomposed up to 560 °C without any 

carbon residue, the oligomer completely degraded up to 1200 °C without any carbon residue.  

These data verify that the thermal stability of oligomer is much higher than its monomer. The 

case is also due to the increasing conjugation of the oligomer according to monomer (11, 13, 

21).  
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Figure 7.  TG and DTG curves of 2,2’-DBD and O(2,2’-DBD). 

 

Doping with Iodine 

The effects of doping time were monitored on conductivity of oligomer which was doped with 

iodine vapor at 20 °C up to 120 h and the obtained data are presented in Figure 8.  The initial 

conductivity value of the oligomer was measured as 6.5×10-11 S/cm before doping. By starting 

of doping, the conductivity value of the oligomer increased fastly and the conductivity value was 

measured as 8×10-5 S/cm by increasing 106 fold after doping 1 h. The increase of the conductivity 
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value continued to 48 h with increasing doping time and at the end of the 48 h doping time, the 

values was reached to 9×10-4 S/cm by increasing 107 fold according to initial conductivity value. 

After 48 h doping time, it was not observed a significant increase in the conductivity. 

 

This doping process occurring between iodine and the Schiff base oligomer can be explained by 

the coordination between iodine molecules and the highly electronegative N atoms of the 

oligomer (24, 25). 

 

 

 

Figure 8.  The effect of doping time with iodine on conductivity of O(2,2’-DBD) at 25 ˚C. 

 

CONCLUSIONS 

 

Within the scope of this study, synthesis of O(2,2’-DBD) was achieved by oxidative 

polycondensation reaction of 2,2’-DBD in an aqueous alkaline media using NaOCl and O2 

oxidants. To be soluble oligomer in DMF, DMSO, which were the most widely used organic 

solvents, enables us to investigate different analytical, environmental usages and its properties 

such as fluorescence and phosphorescence, catalysis and antimicrobial activity. From the 

thermal analysis results, it was determined that the oligomer is thermally stable up to 1200 °C 

and it facilitates that the oligomer may be used in materials which requires high thermal 

resistance. The studies carried out to increase the conductivity of the oligomer showed that the 

conductivity value of the oligomer increased 107 fold according to initial conductivity value and 

it was measured 9x10-4 S/cm at 20 °C after doping 48 h. Thus, it can be said that the oligomer 

could be used in applications which require semiconductive properties.  
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Abstract: The Cl substitution reaction of N3P3Cl6 (1) with N-(2-pyridyl)-methyl-N'-

methylpropane-1,3-diamine (2) afforded the partly substituted 2-

pyridyl(N/N)spirocyclotriphosphazene (3) (with a yield of 57%) in dry THF. When the Cl 

replacement reactions of 2 carried out with excess pyrrolidine, morpholine, and 1,4-dioxa-

8-azaspiro[4,5]decane (DASD), the corresponding 2-pyridyl(N/N)spirotetrapyrrolidino 

(3a), tetramorpholino (3b) and tetra(1,4-dioxa-8-azaspiro[4,5]decano) (3c) 

cyclotriphosphazenes were prepared in moderate yields. The structures of four 

cyclotriphosphazene derivatives were elucidated by the elemental analyses, Fourier 

transform infrared (FTIR), heteronuclear mass spectrometry (ESI-MS), heteronuclear 

multiple-bond correlation (HMBC), single quantum coherence (HSQC), 1H, 13C, and 31P NMR 

techniques. 
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INTRODUCTION 

 

Cyclophosphazenes are inorganic heterocyclic ring systems consisting of a backbone that 

contains the repeating unit [N=PX2]n (n=3,4,5,…) with nitrogen and phosphorus atoms and 

two organic, inorganic and/or organometallic side groups (X), linked covalently to each 

phosphorus atom (1,2). Hexachlorocyclotriphosphazene, N3P3Cl6, is the best-known 

starting compound used for the preparation of the new phosphazene derivatives in the field 

of phosphazene chemistry (3). Hence, its Cl substitution reactions with monodentate (4,5) 

and bidentate reagents (6,7) have been thoroughly examined for years on account of the 

formation of various structural isomers and stereoisomers. The replacement reactions of 

N3P3Cl6 with monoamines and diamines led to the formation of partly and fully substituted 

aminocyclotriphosphazenes (8). For instance, in the literature, there are many studies on 

the reactions of N3P3Cl6 with various N/N donor typed difunctional ligands, e.g. containing 

4-fluorobenzyl, ferrocenyl, and 4-nitrobenzyl pendant arms for the formation of the partly 

substituted (N/N)spirocyclotriphosphazenes (9-11). The fully substituted 

cyclophosphazenes are also obtained with the reactions of these products with excess 

monoamines (9-11).  

 

On the other hand, the prepared cyclotriphosphazenes are used as liquid crystalline 

materials (12), ionic liquids (13), organic light emitting diodes (OLEDs) (14), 

photosensitizers (15), fluorescence chemosensors (16) and Langmuir–Blodgett thin films 

(17). 

 

Besides, aziridino, pyrrolidino, morpholino and tetra(1,4-dioxa-8-azaspiro[4,5]decano) 

phosphazenes have revealed significant antibacterial, antifungal, and anticancer activities, 

and they were determined to be efficient in changing the mobility of the DNA (18-21). In 

such a manner, that some of the cyclophosphazenes were also found to be active in the 

different tumor cells; e.g. Hep2, HT-29, Hela, C6, Vero, DLD1 and A549 cells (22-24).  

 

In addition, the pyridine derivatives are quite essential compounds with the incredible 

biological applications (25,26). The new compounds, which contain a trimeric phosphazene 

ring with 2-pyridyl pendant arm, may be considered to have possibly antimicrobial, 

anticancer, antituberculosis, and antiproliferative activities.  

 

Consequently, this paper reports herein the salient features of the synthetic and 

spectroscopic properties of the partly (3) and fully heterocyclic amine substituted spiro-

phosphazene derivatives (3a-3c). 
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EXPERIMENTAL PART 

 

Materials and Methods 

The starting compound, N3P3Cl6 (Aldrich) was recrystallized from n-hexane. The solvents 

and reagents were purified using the standard methods before use. N-methylpropane-1,3-

diamine, pyridine-2-carboxaldehyde, pyrrolidine, morpholine and 1,4-dioxa-8-

azaspiro[4,5]decane (DASD) were supplied by Merck. The reactions were performed under 

Ar and monitored by TLC on Merck DC Alufolien Kiesegel 60 B254 sheets using various 

solvents. The melting points of the phosphazenes were designated on a Gallenkamp 

apparatus by capillary tubes. The elemental analyses of the compounds were carried out 

using a Leco CHNS-932 instrument in microanalytical service of Ankara University. The 

FTIR spectra were obtained from Jasco FT/IR-430 spectrometer in KBr disks and reported 

in cm-1 units. Mass spectra (ESI-MS) of the products were recorded on the Waters 2695 

Alliance Micromass ZQ spectrometer. The 1D (1H and 13C NMR) and 2D (HSQC and HMBC) 

spectra were monitored on a Varian Mercury FT-NMR (400 MHz) spectrometer using SiMe4 

as an internal standard operating at 400.13 and 100.62 MHz (at Ankara University). 31P 

{1H} NMR spectra were saved on a Bruker Avance III HD (600 MHz) spectrometer using 

85% H3PO4 as an external standard operating at 242.94 MHz (at Inönü University). The 

spectrometer was fitted with a 5 mm PABBO BB inverse-gradient probe, and standard 

Bruker pulse programs (27) were used.  

 

Synthesis of 2-pyridyldiamine (2). N-(2-Pyridyl)-methyl-N'-methylpropane-1,3-

diamine (2) was obtained from the reaction of pyridine-2-carboxyaldehyde with N-

methylpropane-1,3-diamine in ethanol at -10 °C concerning to the published procedure 

(28).  

 

Synthesis of 2-pyridyl(N/N)spirocyclotriphosphazene (3). A solution of 2 (2.20 g, 

12.30 mmol) in THF (100 mL) and triethylamine (5.70 mL, 40.00 mmol) was added to a 

solution of N3P3Cl6 (3.56 g, 10.00 mmol) in THF (50 mL) at -10 °C under Ar. The mixture 

was stirred for three days at room temperature, and then it was refluxed for two days. The 

precipitated triethylamine hydrochloride was filtered off, and the solvent was evaporated 

at reduced pressure. The product was purified by column chromatography using 

toluene:THF (2:1) as eluent, and an off-white powder of 3 crystallized from toluene. Yield: 

2.59 g (57%). mp: 120 °C. Anal. Calcd. for P3N6Cl4C10H15: C, 26.46; H, 3.33; N, 18.51. 

Found: C, 25.98; H, 3.67; N, 18.41. ESI-MS (fragments are based on 35Cl, Ir %, Ir 

designates the fragment abundance percentage): m/z 455 ([M+H]+, 100). FTIR (KBr, cm-

1): ν 2924, 2855 (C-H aliph.), 1220 (asymm.), 1169 (symm.) (P=N), 579 (asymm.), 510 
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(symm.) (PCl). 1H NMR (400 MHz, CDCl3, ppm, numberings of protons are given in Figure 

1): δ 8.59 (d, H, 3JHH=5.2 Hz, H5), 7.89 (dd, H, 3JHH=7.6 Hz, 3JHH=8.0 Hz, H3), 7.73 (d, H, 

3JHH=8.0 Hz, H2), 7.38 (dd, H, 3JHH=5.2 Hz, 3JHH=7.6 Hz, H4), 4.31 (d, 2H, 3JPH=11.2 Hz, 

Py-CH2-N), 3.20 (t, 2H, 3JPH=12.0 Hz, 2JHH=6.0 Hz, Py-CH2-N-CH2), 3.15 (t, 2H, 3JPH=11.6 

Hz, 2JHH=5.6 Hz, CH3-N-CH2), 2.63 (d, 3H, 3JPH=14.0 Hz, N-CH3), 1.92 (m, 2H, 3JHH=6.0 

Hz, 3JHH=5.2 Hz, N-CH2-CH2). 13C NMR (100 MHz, CDCl3, ppm, numberings of carbons are 

given in Figure 1): δ 156.79 (d, 3JPC=8.5 Hz, C1), 147.02 (s, C5), 138.96 (s, C3), 123.18 

(s, C2), 122.94 (s, C4), 51.44 (d, 2JPC=3.8 Hz, Py-CH2-N), 50.03 (s, Py-CH2-N-CH2), 47.16 

(s, CH3-N-CH2), 34.98 (d, 2JPC=1.5 Hz, N-CH3), 25.09 (d, 3JPC=3.0 Hz, N-CH2-CH2). 

 

Synthesis of 2-pyridyl(N/N)spirotetrapyrrolidino-cyclotriphosphazene (3a). A 

solution of 3 (0.80 g, 1.80 mmol) and triethylamine (1.00 mL, 7.20 mmol) in dry THF (100 

mL) was added slowly to a solution of pyrrolidine (1.19 mL, 14.40 mmol) in dry THF (50 

mL) under Ar. The mixture was stirred for two days at ambient temperature, and then it 

was refluxed for two days. The crude product was purified by column chromatography 

using toluene-THF (2:1) as eluent, and an off-white powder of 3a was crystallized from 

toluene. Yield: 0.68 g (64%). mp: 169 °C. Anal. Calcd. for P3N10C26H47. 0.5 C7H8: C, 55.50; 

H, 8.05; N, 21.94. Found: C 55.66; H, 8.28; N, 21.48. ESI-MS (Ir %): m/z 593 ([M+H]+, 

100). FTIR (KBr, cm-1): ν 2958, 2851 (C-H aliph.), 1225 (asymm.), 1172 (symm.) (P=N). 

1H NMR (400 MHz, CDCl3, ppm): δ 8.48 (d, H, 3JHH=4.2 Hz, H5), 7.72 (d, H, 3JHH=8.0 Hz, 

H2), 7.63 (dd, H, 3JHH=7.6 Hz, 3JHH=8.0 Hz, H3), 7.12 (dd, H, 3JHH=6.0 Hz, 3JHH=7.6 Hz, 

H4), 4.20 (d, 2H, 3JPH=7.6 Hz, Py-CH2-N), 3.16 (m, 2H, CH3-N-CH2), 3.08 [m, 16H, N-CH2 

(pyrr)], 3.07 (m, 2H, Py-CH2-N-CH2), 2.60 (d, 3H, 3JPH=13.6 Hz, N-CH3), 1.79 (m, 2H, 

3JHH=5.2 Hz, N-CH2-CH2), 1.78 [m, 8H, N-CH2-CH2 (pyrr)], 1.64 [m, 8H, N-CH2-CH2 (pyrr)]. 

13C NMR (100 MHz, CDCl3, ppm): δ 161.16 (d, 3JPC=11.6 Hz, C1), 148.68 (s, C5), 136.45 

(s, C3), 121.72 (s, C2), 121.61 (s, C4), 52.78 (d, 2JPC=2.9 Hz, Py-CH2-N), 50.99 (s, Py-CH2-

N-CH2), 47.09 (s, CH3-N-CH2), 46.20 and 46.18 [s, N-CH2 (pyrr)], 36.36 (m, N-CH3), 26.29 

[(d, 3JPC=6.9 Hz, N-CH2-CH2 (pyrr)], 26.22 [(d, 3JPC=6.1 Hz, N-CH2-CH2 (pyrr)], 25.01 (d, 

3JPC=2.9 Hz, N-CH2-CH2). 

 

Synthesis of 2-pyridyl(N/N)spirotetramorpholino-cyclotriphosphazene (3b). The 

experimental procedure was carried out as in 3a, using 3 (0.80 g, 1.80 mmol), 

triethylamine (1.00 mL, 7.20 mmol) and morpholine (1.25 mL, 14.40 mmol). The mixture 

was stirred for two days at ambient temperature, and then it was refluxed for three days. 

The crude product was purified by column chromatography using toluene-THF (2:1) as 

eluent, and an off-white powder of 3b crystallized from toluene. Yield: 0.66 g (56%). mp: 

145 °C. Anal. Calcd. for P3N10O4C26H47. 0.5 C7H8: C, 50.45; H, 7.32; N, 19.94. Found: C, 

50.93; H, 7.38; N, 20.05. ESI-MS (Ir %): m/z 657 ([M+H]+, 100). FTIR (KBr, cm-1): ν 
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2918, 2851 (C-H aliph.), 1248 (asymm.), 1159 (symm.) (P=N). 1H NMR (400 MHz, CDCl3, 

ppm): δ 8.55 (d, H, 3JHH=4.8 Hz, H5), 7.45 (d, H, 3JHH=8.0 Hz, H2), 7.30 (dd, H, 3JHH=8.0 

Hz, 3JHH=8.0 Hz, H3), 7.18 (dd, H, 3JHH=4.4 Hz, 3JHH=8.0 Hz, H4), 4.32 (d, 2H, 3JPH=9.6 Hz, 

Py-CH2-N), 3.69 [m, 8H, O-CH2 (morp)], 3.65 [m, 8H, O-CH2 (morp)], 3.21 (t, 2H, 

3JPH=12.0 Hz, 2JHH=6.0 Hz, Py-CH2-N-CH2), 3.16 [m, 16H, N-CH2 (morp)], 3.12 (t, 2H, 

3JPH=11.2 Hz, 2JHH=5.6 Hz, CH3-N-CH2), 2.69 (d, 3H, 3JPH=11.6 Hz, N-CH3), 1.97 (m, 2H, 

3JHH=7.2 Hz, 3JHH=7.2 Hz, N-CH2-CH2). 13C NMR (100 MHz, CDCl3, ppm): δ 157.45 (d, 

3JPC=6.1 Hz, C1), 149.45 (s, C5), 137.17 (s, C3), 122.77 (s, C2), 121.66 (s, C4), 67.10 [(d, 

3JPC=7.7 Hz, O-CH2 (morp)], 66.87 [(s, O-CH2 (morp)], 52.18 (d, 2JPC=2.8 Hz, Py-CH2-N), 

50.49 (s, Py-CH2-N-CH2), 46.99 (s, CH3-N-CH2), 44.96 and 44.70 [s, N-CH2 (morp)], 35.61 

(d, 2JPC=3.1 Hz, N-CH3), 25.07 (d, 3JPC=3.1 Hz, N-CH2-CH2). 

 

Synthesis of 2-pyridyl(N/N)spirotetra-DASD-cyclotriphosphazene (3c). The 

experimental procedure was carried out as in 3a, using 3 (0.80 g, 1.80 mmol), 

triethylamine (1.00 mL, 7.20 mmol) and DASD (1.85 mL, 14.40 mmol). The mixture was 

stirred for two days at ambient temperature, and then it was refluxed for two days. The 

crude product was purified by column chromatography using toluene-THF (2:1) as eluent, 

and an off-white powder of 3c crystallized from toluene. Yield: 0.95 g (60%). mp: 177 °C. 

Anal. Calcd. for P3N10O8C38H63: C, 51.84; H, 7.21; N, 15.91. Found: C, 51.49; H, 7.33; N, 

15.46. ESI-MS (Ir %): m/z 881 ([M+H]+, 100). FTIR (KBr, cm-1): ν 2918, 2851 (C-H 

aliph.), 1216 (asymm.), 1152 (symm.) (P=N). 1H NMR (400 MHz, CDCl3, ppm): δ 8.49 (d, 

H, 3JHH=4.8 Hz, H5), 7.68 (dd, H, 3JHH=6.0 Hz, 3JHH=7.6 Hz, H3), 7.65 (d, H, 3JHH=7.6 Hz, 

H2), 7.13 (dd, H, 3JHH=6.0 Hz, 3JHH=7.6 Hz, H4), 4.11 (d, 2H, 3JPH=7.6 Hz, Py-CH2-N), 3.95 

[s, 8H, O-CH2 (DASD)], 3.89 [s, 8H, O-CH2 (DASD)], 3.22 [m, 16H, N-CH2 (DASD)], 3.14 

(m, 2H, Py-CH2-N-CH2), 3.05 (m, 2H, CH3-N-CH2), 2.54 (d, 3H, 3JPH=13.6 Hz, N-CH3), 1.81 

(m, 2H, N-CH2-CH2), 1.65 [m, 8H, N-CH2-CH2 (DASD)], 1.52 [m, 8H, N-CH2-CH2 (DASD)]. 

13C NMR (100 MHz, CDCl3, ppm): δ 160.16 (d, 3JPC=7.5 Hz, C1), 148.64 (s, C5), 136.57 (s, 

C3), 125.45 (s, C2), 121.74 (s, C4), 107.79 and 107.52 [s, O-C-O (DASD)], 64.16 and 

64.07 [s, O-CH2 (DASD)], 52.63 (d, 2JPC=3.0 Hz, Py-CH2-N), 50.83 (s, Py-CH2-N-CH2), 

47.16 (s, CH3-N-CH2), 42.77 and 42.68 [s, N-CH2 (DASD)], 36.31 (m, N-CH3), 35.65 and 

35.44 [m, N-CH2-CH2 (DASD)], 25.16 (d, 3JPC=3.0 Hz, N-CH2-CH2). 
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Figure 1. The synthesis of 2-pyridylspiro(N/N)cyclotriphosphazene (3) and its 

tetraamino derivatives (3a-3c). 

 

RESULTS AND DISCUSSION  

 

Syntheses 

The reaction of pyridine-2-carboxyaldehyde with N-methylpropane-1,3-diamine led to the 

formation of the intermediate Schiff base. This product was reduced with NaBH4 in ethanol 

to produce the difunctional ligand, N-(2-pyridyl)-methyl-N'-methylpropane-1,3-diamine 

(2), in accordance with the literature (28). The preliminary spiro cyclotriphosphazene; 2-

pyridyl(N/N)spiro cyclotriphosphazene (3), was prepared from the reaction of N3P3Cl6 with 

one equimolar amount of the 2-pyridyldiamine (2) with a yield of 57% in dry THF. The 

condensation reactions of 3 with excess pyrrolidine, morpholine and 1,4-dioxa-8-

azaspiro[4,5]decane (DASD) afforded the fully amino substituted cyclotriphosphazenes 

(3a-3c). The estimating yields of these products were found to be 64, 56 and 60%, 

respectively (Figure 1).  
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The structures of the 2-pyridylspiro(N/N)cyclotriphosphazenes with a half mole of toluene 

for 3a and 3b, were characterized by the elemental analyses, ESI-MS, FTIR, HSQC, HMBC, 

1H, 13C and 31P NMR techniques. The analytical and NMR results are given in the 

"Experimental Part". The ESI-MS spectra of all the trimeric phosphazenes exhibit the 

protonated molecular [MH]+ ion peaks. The first leaving group in the ESI-MS spectra of the 

fully substituted compounds (3a-3c) was determined as 2-pyridyl-methyl [M-C5H4N-CH2, 

92].  

 

NMR and IR Spectroscopy 

The 31P {1H} NMR chemical shifts and the coupling constants of 2-

pyridylspiro(N/N)cyclotriphosphazenes (3 and 3a-3c) are tabulated in Table 1. The 31P 

spectra of all the compounds display AX2 type spectra on account of two different 

phosphorus environments within the structures, and they appear as one doublet (PX) and 

one triplet (Pspiro, PA). It is determined that the δ Pspiro chemical shifts of all the tetraamino-

2-pyridylspiro(N/N)cyclotriphosphazenes (3a-3c) are higher than the compound 3. As 

known, in compound 3, the Cl atoms are withdrawing the electrons of the phosphazene 

ring. Hence, electrons are releasing from the nitrogen atoms of the spiro ring to the 

phosphazene skeleton and negative hyperconjugation occurs on the spiro phosphorus atom 

(29). This is reversed for the amino phosphazenes (3a-3c). On the contrary, the coupling 

constants of all the phosphazenes are nearly the same. 

 

As examples, 31P {1H} NMR spectra of the beginning spiro compound (3) and its morpholine 

substituted derivative (3b) are depicted in Figure 2. In the spectra of 3 and 3b, the δ PA 

of spiro (PNN) and δ PX (PCl2 or PNN) are 11.66 and 23.25 ppm, and 22.02 and 20.14 ppm, 

respectively. The 2JPP values of both are calculated as 38.9 Hz.  
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Compoun

d 

 

Spin 

Systems 

 PA 

(PNN) 

PX 

(PNN) 

PX 

(PCl2) 

2JPP (Hz) 

 

      

3 AX2 11.66 (t) - 22.02 (d) 2JAX 38.9 

3a AX2 23.79 (t) 17.39 (d) - 2JAX 38.9 

3b AX2 23.25 (t) 20.14 (d) - 2JAX 38.9 

3c AX2 23.00 (t) 20.33 (d) - 2JAX 36.4 

Table 1. 31P {1H} NMR data of 2-pyridyl(N/N)spirocyclotriphosphazenes.a 

a242.925 MHz 31P NMR measurements in CDCl3 solutions at 298 K, and the 

chemical shifts referenced to external standard H3PO4. 

 

 

Figure 2.  31P {1H} NMR spectra of the compounds 3 and 3b. 

 

The interpretations of the δ chemical shifts, multiplicities, and J coupling constants are 

elucidated from the 13C and 1H NMR spectra of the new 2-

pyridyl(N/N)spirocyclotriphosphazenes (3 and 3a-3c), and presented in “Experimental 

Part”. The HSQC [using values corresponding to 1JCH] and HMBC [using values 

corresponding to 2JCH, 3JCH and 4JCH between the protons and carbons] are also quite useful 

for the assignments of the signals. The HMBC and HSQC spectra of 3a are given in Figures 

3a and 3b, respectively, as examples. 
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Figure 3. The (a) HMBC and (b) HSQC spectra of 3a.  

 

The signals of all the carbons of the 2-pyridyl(N/N)spirocyclotriphosphazenes are 

interpreted in the 13C NMR spectra. The N-CH3 carbons of the phosphazenes are observed 

in the range of 34.98-36.36 ppm, and the average value is 35.88 ppm. The average values 

of 3JPNCC, for the N-CH2-CH2 carbons of the cyclotriphosphazene derivatives are 6.5 Hz (for 

pyrrolidine rings), 7.7 Hz (for morpholine) and 3.0 Hz (for six-membered NN spiro rings). 

In contrast with, the 2JPNC, for the Py-CH2-N-CH2 and CH3-N-CH2 carbons of the compounds 

are not observed. As expected, the geminal amine substituents in the 13C spectra of the 

tetraaminocyclotriphosphazenes (3a-3c) displayed two small separated peaks for N-CH2, 
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N-CH2-CH2, O-CH2 and O-C-O groups, because two geminal groups were not equivalent to 

each other. The O-C-O and C-O-CH2 carbon signals of 3c are very characteristic, and they 

are observed at ca. 107 and 64 ppm as four separate singlets. The O-CH2 carbons of 

tetramorpholino-2-pyridyl(N/N)spirocyclotriphosphazene (3b) also appear at ca. 67 ppm 

as two separate singlets. On the other hand, the expected carbon peaks (C1-C5) of the 

pyridyl ring are assigned from the 13C NMR spectra of all the compounds, and the obtained 

results are consistent with the literature findings of 2-pyridyl substituted derivatives (28).  

 

The 3JPNCC values of the tetrapyrrolidino-2-pyridyl(N/N)spirocyclotriphosphazenes (3a) 

reveal to triplets of the N-CH2-CH2 carbons on account of the second-order effects that 

have also been observed previously for some of the cyclotriphosphazenes (30,31) (Figure 

4). The 3JPNCC values were estimated using the external transitions of the triplet peaks.  

 

 

Figure 4. The second order effect in 13C {1H} NMR spectrum of 3a. 

 

The signals of the protons of the 2-pyridyl(N/N)spirocyclotriphosphazenes are evaluated in 

the 1H NMR spectra. The 1H NMR spectra of the fully substituted phosphazenes (3a-3c) 

show that four secondary monoamines (pyrrolidine, morpholine and DASD) were bonded 

to the P2 and P3 atoms (see numbering of trimer in Figure 1). The average values of N-

CH2-CH2, Py-CH2-N-CH2 and CH3-N-CH2 spiro protons of the phosphazenes (3a-3c) were 

found to be at 1.86 ppm, 3.14 ppm and 3.12 ppm, respectively, in comparison to the 

values (1.92 ppm, 3.20 ppm and 3.15 ppm) of the starting phosphazene (3). Furthermore, 

the δH shift of the protons of Py-CH2-N of the compounds was observed in the range of 

4.11-4.32 ppm, and the average 3JPH value is 9.0 Hz. On the other hand, the expected 

proton peaks (H2-H5) of the pyridyl ring were determined from the 1H NMR spectra of all 

the compounds, and the finding data are in accordance with the literature (28). The N-CH3 
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protons of the cyclotriphosphazenes were observed in the range of 2.54-2.69 ppm, and 

the average 3JPH value, 13.2 Hz, was very large. 

 

The characteristic FTIR bands of the 2-pyridyl(N/N)spirocyclotriphosphazenes are given in 

“Experimental Part”. The compounds exhibited intense asymmetric and symmetric 

stretching vibrations between 1216-1248 cm-1 and 1152-1172 cm-1, ascribed to the P=N 

bonds of the P3N3 skeletons (32). As expected, the asymmetric and symmetric vibrations 

of νPCl2 for the partly substituted phosphazene (3) emerged at 579 cm-1 and 510 cm-1, 

respectively (33). In other compounds (3a-3c), these peaks disappeared.  

 

CONCLUSIONS 

 

The reactions of N3P3Cl6 (1) with one equimolar amount of the 2-pyridyl substituted N/N 

donor-type bidentate ligand (2) produced 2-pyridyl(N/N)spirocyclotriphosphazene (3) 

regioselectively in dry THF. The partly substituted spiro compound (3) reacted with excess 

secondary amines in THF to afford the fully substituted cyclotriphosphazenes (3a-3c). The 

obtained 2-pyridyl(N/N)spirocyclotriphosphazenes (3 and 3a-3c) are the first examples of 

the pyridyl pendant armed cyclotriphosphazenes. The spectroscopic features of the 

cyclophosphazenes were scrutinized using one and two dimensional NMR techniques in 

CDCl3 solution. The synthetic and spectroscopic properties of the compounds were 

compared to each other. As known, the aminospirocyclotriphosphazenes are strong bases. 

Thus, the tetraamino-2-pyridyl(N/N)spirocyclotriphosphazenes synthesized in this paper 

ought to be used as heterocyclic ligands for the transition metal cations, and they may be 

produced phosphazenium salts with biologically active bulky organic acids. Moreover, 2-

pyridyl-diamine (2), which is a pyridine derivative, is very essential chemical with great 

biological applications. Hence, the obtained new phosphazene derivatives (3 and 3a-3c), 

which contain a trimeric phosphazene ring with 2-pyridyl pendant arm, are considered to 

have probably anticancer, antituberculosis, antimicrobial, antiviral and antiproliferative 

activities.  
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Abstract: Novel precursors were developed for deposition of Cu and Pd nanoparticles on 

multiwalled carbon nanotubes for supercritical carbon dioxide deposition technique. 3-

(heptadecafluorooctyl)aniline-vic-dioxime and phenanthrenequinone dioxime were used as 

ligands in synthesis of the palladium and copper precursors. All synthesized ligands and 

complexes were characterized with elemental analysis, 1H and 19F NMR, FT-IR and magnetic 

susceptibility technique. Deposition of these precursors in supercritical carbon dioxide was 

performed at 363 K in the pressure 0.69 MPa H2 and 27.6 MPa CO2. Surface morphology of metal 

deposited multiwalled carbon nanotubes has been investigated with X-ray diffraction, high-

resolution transmission electron microscopy and scanning electron microscopy with EDX. TEM 

micrographs showed homogenous distributions of Cu and Pd nanoparticles on the multiwalled 

carbon nanotubes. The nature and crystallinity of the nanoparticles were confirmed using XRD. 

This study showed that these novel vic-dioxime complexes are suitable precursors for the 

preparation of supported metal nanoparticles in supercritical carbon dioxide.  
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INTRODUCTION  

 

The green chemistry techniques gain importance day by day due to their use as an alternative 

solvent. Especially, supercritical fluids (SCF) have been used in various techniques such as 

organic synthesis, extraction, cosmetics, energy, food, materials, pharmaceutics, chemistry, 

sterilization, formulation, impregnation, cleaning, waste treatment and deposition of metals on 

the solid materials (1, 2). For the past two decades, the deposition process in the scCO2 

environment has become a focus of interest for scientists and has made an important 

contribution to the preparation of catalysts, especially with green chemistry. The method of 

preparing these nano-catalysts in supercritical fluids (SCF) follows a three-step deposition 

process. The first step involves dissolving a metallic precursor and treating the support material 

in the SCF. In the second step, the precursor is adsorbed onto the support surface. The last step 

requires the thermal or chemical reduction of the precursors to their metallic form.  

 

The deposition of transition metals such as Ni, Pd, Cu, Pt, and Rh on a solid support is an 

important research area because of the extensive applications of these supported nanoparticles 

in a wide variety of disciplines (3-6). Metal nanoparticles on supporting materials are commonly 

used as catalysts for hydrogenation, oxidation, synthesis, Heck and Suzuki-Miyaura C-C bond 

forming reactions. (5-8). Among various supports, carbon materials are desired for a wide 

variety of applications (9). Common substrates used as supports in deposition are carbon black, 

activated carbon, carbon aerogel and carbon nanotubes (CNTs). Carbon-supported nanoparticle 

metals are used widely as catalysts for a variety of reactions; palladium catalysts deposited on 

multi-walled carbon nanotubes (MWCNTs) are often used in hydrogenation and oxidation 

reactions (10). This catalyst also shows a high electro-catalytic activity in oxygen reduction for 

potential fuel cell application (11, 12).  

 

The metal precursor plays an important role in the control of the morphology of the metal 

nanoparticles (8). The metallic precursors used so far include complexes containing 

cyclooctadiene, dithiocarbamate, hexamethylene glycol dimethyl ether, hexamethyl triethylene, 

acetylacetonate, and tetramethyl heptanedionate ligands (13-18). However, these precursors 

have proven to be inadequate for some metals due to the formation of large clusters on the 

surface as well as the wide size distribution of the nanoparticles (18). By synthesizing new 

precursors, it is expected that better alternatives allowing for adequately small sizes and uniform 

distribution of nickel nanoparticles on the substrate will be discovered. An oxime is defined as a 

compound with a C=N-OH functional group; a molecule with two of these functional groups on 

adjacent carbons is known as a vic-dioxime. Another advantage of vic-dioxime type precursors 

is their inexpensive and easy synthesis with a wide variety of metals, such as Ni, Pd, Cu, Co, 

and Fe (17, 19).  
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Our group has been working on developing new precursors used in the scCO2 deposition due to 

the limited alternatives in the literature. So far, we have been able to synthesize Pd(II) 

complexes of phenanthrenequinone dioxime and dimethylglyoxime ligands and carried out 

depositions on alumina in the scCO2 medium and used the nanocatalysts for Suzuki-Miyaura 

coupling reactions (1). In addition to this, we also synthesized bipyridyl-derived Pd(II) 

complexes and deposited Pd on SBA-15 supports in the scCO2 medium (20). In this paper, 3-

(heptadecafluorooctyl)aniline-vic-dioxime and phenanthrene quinonedioxime were synthesized, 

used as a ligands for preparing Cu and Pd precursors. The preparation of the M/MWCNT 

composites was done by adsorbing the dissolved precursors in scCO2 followed by a subsequent 

chemical reduction by introduction of a mixture of H2 and CO2 gas into the system to produce 

the metal nanoparticles. The resulting MWCNT supported metal nanocatalysts were 

characterized with XRD, HR-TEM and TEM. A comparative analysis of their solubility in 

supercritical carbon dioxide, the size and distribution of the resulting nanoparticles is reported. 

 

MATERIALS AND METHODS  

 

All chemicals were obtained from Sigma Aldrich and used without further purification. It was 

characterized by general spectroscopic techniques. Multiwalled carbon nanotubes (MWCNT), 

obtained from Sigma Aldrich, were used and had the following average dimensions: O.D. xL (6-

9nm x 5µm), diameter (mode, 5.5 nm; median, 6.6 nm). Elemental analysis was performed with 

Thermo Scientific Flash 2000 CHN. The 1H NMR spectra of ligands were recorded on a Bruker 

AVANCE- 500 (in DMSO). The FT-IR spectra of compounds were obtained on a Thermo FT-IR 

spectrometer; Smart ITR diamond attenuated total reflection (ATR). The magnetic 

susceptibilities of metal complexes were determined on a Sherwood Scientific Magnetic 

Susceptibility balance (Model MK1) using CuSO4.5H2O as a calibration standard at room 

temperature; diamagnetic corrections were calculated from Pascal’s constants. The separation 

and washing of the MWCNTs by precipitation were performed with a Serico 80-2 centrifuge 

machine. The XRD spectra were recorded on Rigaku Miniflex CuKα, λ=0.154 nm. High-resolution 

transmission electron microscope (HR-TEM) and hgh-angle annular dark-field scanning TEM 

(HAADF-TEM) were recorded on Jem Jeol 2100F 200kV HR-TEM. Scanning Electron Microscopy 

(SEM) images were recorded on Zeiss Supra 55. The resolution of this microscope is a working 

distance of 10 mm at an accelerating voltage of 10 kV. The metal/MWCNTs nanoparticles were 

mounted on platinum pins with double-sided carbon tape and their corresponding SEM images 

were recorded. Elemental analysis of metals was obtained from EDAX Genesis EDS system. We 

described the effect of a dioxime derivative on Pd loading yield by inductively coupled plasma-

optical emission spectrometry (ICP-OES) (Perkin Elmer 2100 DV). 

Synthesis of phenanthrenequinone dioxime [PTQD]: PTQD was synthesized to be used as 

ligand according to the methodology given in (21). A nitrogen-flushed mixture of 9,10-

phenanthrenequinone (2.1331 g, 10.2 mmol), hydroxylamine hydrochloride (2.7 g, 35.6 mmol), 
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and BaCO3 (2.91 g, 15.3 mmol) in 150 mL of anhydrous ethanol was refluxed for 24 hours. 

Then, the mixture was cooled to room temperature, after which the ethanol was evaporated 

using a rotary evaporator. The residue was treated with 250 mL of 0.25 M HCl. This mixture was 

stirred for 1.5 hours and filtered. The filtered solid was washed with water, ethanol, and 

anhydrous diethyl ether respectively; then, it was dried in a vacuum desiccator to afford 2.4 g 

(98%) of phenanthrenequinone dioxime as a yellowish solid: m.p.: 214.2 °C ; Elemental analysis 

for [C14H10O2N2], calculated: C, 70.58; N,11.76; H, 4.23, found: C, 68.92; N,11.30; H, 4.14; IR 

3140 cm-1 (O-H), 3029 cm-1 (C-H Ph), 1647 cm-1 (C=N), 1598 cm-1 (C=C Ph), 1297-1341 cm-1 

(N-O), 910-1021 cm-1 (N-O) ; 1H NMR (CDCl3), δ ppm: 12.45-12.10 (m, 2H, -OH), 8.4-7.4 (m, 

4H, Ph). The ligand was found to be soluble in some organic solvents like THF, DMSO, ethanol 

and acetone; and insoluble in chloroform, n-hexane and water. (Figure 1.) 

 

 

Figure 1. Synthesis of phenanthrenequinone dioxime and metal complexes. 

 

Synthesis of 3-perfluoro-vic-dioxime [3PFVD]: The ligand was synthesized to be used as 

ligand according to the methodology given in (19). A solution of 3-(heptadecafluorooctyl) aniline 

(1 mmol) in 20 mL of absolute ethanol at -10 °C was added to a solution of anti-

monochloroglyoxime (1 mmol) in 10 mL of ethanol at -10 °C (22, 23). Then the mixture was 

stirred for 4.5 hours, keeping its temperature under -10 °C. When the solution turned yellow, 

the pH was brought to 6 by adding 0.1 M NaOH, in a drop wise manner. As a result, its color 

turned to yellowish-orange. 30 mL of water was added to the mixture and left for 20 days. After 

this time, yellow crystals formed. These were filtered and then dried in a vacuum desiccator. 

Yield: %66. m.p.: 205.32 °C. Elemental analysis [C16H8F17N3O2]; Found C, 32.28; H, 1.07; N, 

6.20%, calculated C, 32.18; H, 1.35; N, 7.04%; FT-IR (ATR, mmax/cm-1); 3383 (N-H), 3244 

(O-H), 1611 (C=N), 1608-1527(C=C), 1310 (N-O), 1202 (C-F), 950 (N-O); 1H NMR (CDCl3), δ 
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ppm: 11.5 (d, 2H, -OH), 8.0 (s, 1H, -NH), 7.26-6.8 (m, 4H, Ph), 3.8 (s, 1H, =CH); 19F NMR 

(CDCl3), δ ppm: -80.73, -80.75, -80.77, -80.81 (CF2CF3) , -110.92, -110.85, -110.78, -121, -

122, -123 (CF2-CF2-CF2). The yellowish-orange ligand proved soluble in some organic solvents 

like THF, DMSO, ethanol and acetone; and insoluble in chloroform, n-hexane and water. (Figure 

2.). 

 

Figure 2. Reaction of 3PFVD and its metal complexes. 

 

Synthesis of bis(3-perfluoro-vic-dioxime)copper(II) [Cu(3PFVD)2]: The complex was 

synthesized to be used as metaloorganic precursor according to the methodology given in (19). 

A solution of vic-dioxime (2 mmol) in 15 mL of absolute ethanol was added to a solution of 

copper(II) acetate monohydrate (1mmol) in 10 mL of absolute ethanol. The mixture was refluxed 

at 65 °C for 4.5 hours and then it was allowed to cool to room temperature. The precipitate was 

filtered and dried in desiccator by vacuum to furnish the pure Cu oxime. Yield: 80% m.p.>330 

ºC. Elemental Analysis [C32H14F34N6O4Cu]; Found C, 31.20; H, 1.39; N, 6.49%; calculated, C, 

30.60; H, 1.12; N, 6.69%; FT-IR (ATR) (mmax/cm-1); 3400(N-H), 1673 (O•••H–O)(w), 

1597(C=N), 1304(N-O), 1197-1140(C-F), 968(N-O). The green complex was soluble in some 

organic solvents like THF, DMSO, ethanol and acetone; and insoluble in chloroform, n-hexane 

and water.  

 

Synthesis of bis(phenanthrenequinone dioxime)copper(II) [Cu(PTQD)2]: Synthesis was 

done by following the same procedure as described above for [Cu(PTQD)2]. Yield: 98% 

m.p.>330 °C. Elemental Analysis [C28H18O4N4Cu]; Found C, 61.57; H, 3.29; N, 10.03%; 

calculated, C, 62.51; H, 3.37; N, 10.41%; IR(ATR)(mmax/cm-1); 3063(C-H (ar)), 1594 (C=N), 
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1525 (C=C), 1240-1289 (N-O) 1095-957 (N-O). The green complex was soluble in some organic 

solvents like THF, DMSO, ethanol and acetone and insoluble in chloroform, n-hexane and water.  

 

Synthesis of bis(3-perfluoro-vic-dioxime)palladium(II) [Pd(3PFVD)2]: The Pd complex 

was synthesized to be used as metaloorganic precursor according to the methodology given in 

(24,25). A solution of oxime (2 mmol) in 20 mL of absolute ethanol was put in a solution of 

palladium(II) chloride (1 mmol) in 10 mL of absolute ethanol. Sodium acetate (0.5 g) was added 

to the solution. Then the mixture was refluxed at 75ºC for 4.5 hours. It was allowed to cool to 

room temperature. The mixture was filtered and dried in a vacuum desiccator to furnish the pure 

Pd oxime complex. Yield: 70.0% m.p.:258 ºC. Elemental Analysis [C32H14F34N6O4Pd]; Found C, 

29.19; H, 1.05; N, 6.12%; calculated, C, 29.59; H, 1.09 ;N, 6.47%; FT-IR(ATR) (mmax/cm-1); 

3302 (N-H), 3058 (C-H (ar)), 1667 (O•••H–O)(w), 1617 (C=N), 1568 (C=C), 1131 (N-O), 1194-

1144 (C-F), 958 (N-O); 1H NMR (DMSO-d6) δ ppm: 3.8 (s, 2H, H-C=NOH), 8.0 (s, 2H, Ph-N-H), 

6.8-7.5 (m, 8H, Ar-H). The yellowish-orange complex was soluble in some organic solvents like 

THF, DMSO, ethanol and acetone and insoluble in chloroform, n-hexane and water.  

 

Synthesis of bis(phenanthrenequinone dioxime)palladium(II) [Pd(PTQD)2]: Synthesis 

was done by following the same method as described above for [Pd(PTQD)2]. Yield: %90. 

m.p.>330 ºC. Elemental Analysis [C28H18O4N4Pd]; Found C, 56.19; H, 2.73; N, 7.77%; 

calculated, C, 57.89; H, 3.12; N, 9.65%; FT-IR(ATR) (mmax/cm-1); 3065 (C-H(ar)), 1595 

(C=N), 1510 (C=C), 1256-1293 (N-O), 1010 (N-O). The yellow complex was soluble in some 

organic solvents like THF, DMSO, ethanol, and acetone and insoluble in chloroform, n-hexane 

and water. 

 

Determination of Solubility in Supercritical Carbon Dioxide: The solubility of the 

precursors was measured in a stainless steel reactor with an inner volume of 54 mL and equipped 

with two sapphire windows. In a typical experiment held in scCO2, the reactor was cleaned with 

CO2 and ethanol at a pressure of 4.8 MPa. A determined amount (45-50 mg) of precursor were 

weighed and placed inside the reactor. The solubility tests were performed three times at a 

temperature of 363 K and pressure (13.8, 20.7 and 27.6 MPa) for 4 hours by stirring. At the end 

of this time, the solubility of each complex in scCO2 was determined quantitatively by releasing 

CO2 gas from the reactor into a receptacle with an inner volume of 5 mL. The CO2 gas in the 

receptacle was run through 5 mL ethanol. The receptacle was washed with approximately 15 mL 

ethanol and added to first solution. The standard solutions of complexes among 10-7-10-3 M were 

prepared. These solutions were measured by UV-Vis spectrophotometer at the wavelength of 

maximum absorption and concentration-absorption graph was drawn according to these data. 

Molar absorption coefficients were calculated from this graph. The ethanolic solutions of 

dissolved complexes in scCO2 were measured at the wavelength of maximum absorption. The 

amount of precursors dissolved in scCO2 was calculated from Beer law. 
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Deposition of Precursors on MWCNT: A stainless steel reactor with a 100 mL inner volume 

was used for the deposition of the metals onto MWCNTs. The precursor was first adsorbed onto 

a MWCNT and then converted to metal nanoparticles (Figure 3). The reactor was firstly cleaned 

using chemical solvents and then with flowing CO2 under a pressure of 5 MPa. 50 mg precursor 

and 50 mg MWCNT (precursor/MWCNT:1/1 mass ratio) were placed in the reactor. The reactor 

was heated to 363 K and charged to 0.69 MPa with H2 gas and to 27.6 MPa with CO2. It was 

stirred for 4 hours and then the reactor was allowed to cool to room temperature. Then the 

pressure in the reactor was released. The MWCNTs were then washed by centrifuging with THF 

until the impurity had been removed. The M/MWCNT nanoparticles were dried in an oven at 75 

ºC. XRD was used to confirm the presence of the metal, the size of its particles. SEM-EDX was 

used to confirm of the distribution of the metals on the MWCNT and the percent of metals 

present. HR-TEM was used to confirm of the metals’ distribution on the MWCNT and the particle 

size range. 

 

 

Figure 3. Schematic diagram of deposition system (1: CO2, 2: H2, 3: Syringe pump, 5: 

High pressure reactor, 6: Support and precursor 7: Vent, 8: Receiving vessel, 9: Mantle 

heater. 
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RESULTS AND DISCUSSION  

 

Structure characterization of ligands and metal complexes (precursors) 

3-Perfluoro vic-dioxime [3PFVD]: The elemental analysis of the [3PFVD] agreed with the 

calculated values, confirming the successful synthesis of the desired compounds. The FTIR 

spectra showed characteristic peaks at 3383 cm-1 (N-H), 3244-3000 cm-1 (O-H), 1680 cm-1 

(C=N), 1310 cm-1 (N-O), 1202 cm-1 (C-F) and 950 cm-1 (N-O). New bands, which were not 

present in the starting material, appeared between 1100 cm-1 and 1250 cm-1 in the FTIR spectra 

of 3PFVD which correspond to the new C-F bond. The presence of these as well as the peaks 

corresponding to O-H, C=N and N-O bonds confirm that the desired ligand was synthesized. The 

1H NMR spectra showed two overlapping singlet peaks at 11.5 ppm (19). This is due the presence 

of two different =N-OH groups in the ligand. The rest of the peaks observed in the 1H NMR and 

19F NMR spectra were consistent with what was expected. The expected number of peaks was 

present in the 19F NMR spectrum.  

 

Phenanthrenequinone dioxime [PTQD]: The IR spectra of [PTQD] showed peaks at 3140-

3050 cm-1 (O-H), 3029 cm-1 (C-H (aromatic)), 1647 cm-1 (C=N), 1598 cm-1 (C=C), 1297-1341 

cm-1 (N-O), 910-1021 cm-1 (N-O). The presence of the N-O, O-H and C=N bands confirm that 

the desired ligand was procured. The 1H NMR spectra of [PTQD] demonstrated a very sharp 

singlet peak at 12.45-12.10 ppm, arising from the two identical =N-OH groups present (19). 

The other peaks observed in the 1H NMR spectra were as expected. All of the spectral data agree 

with what would be expected for this ligand, so it was determined that the desired ligand was 

synthesized. 

 

Bis(3-perfluoro-vic-dioxime)palladium(II) [Pd(3PFVD)2]: The elemental analysis data for 

this complex was in agreement with the calculated values. The analytical and physical data 

(elemental analysis, magnetic susceptibility) indicated a metal to ligand ratio of 1:2 (26). This 

showed that reactions of [3PFVD] with PdCl2 yielded complexes with the overall formula 

[Pd(3PFVD)2]. The FTIR spectra of the palladium complex showed that the peaks assigned to the 

ν(C=N) frequency shifted downfield from those the free ligand. This is due to coordination of the 

metal to the nitrogen atom, which in turn weakened the C=N bond. For the [3PFVD] ligand, the 

C=N peak was observed at 1680 cm-1. The same peak was shifted downfield to 1667 cm-1 in 

[Pd(3PFVD)2]. In the free ligand, bands arising from the O-H bond were observed. These were 

lost after complexation (27, 28). The magnetic susceptibility of the Pd(II) complex 3PFVD 

indicated that the complex is diamagnetic.  

 

Bis(3-perfluoro-vic-dioxime)copper (II) [Cu(3PFVD)2: The elemental analysis of the 

complex is in agreement with calculated values. The analytical and physical data (FTIR and 

magnetic susceptibility) indicated a metal to ligand ratio of 1:2. This showed that reactions of 
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[3PFVD] with Cu(CH3COO)2.H2O yielded complexes with the overall formula [Cu(3PFVD)2]. The 

FTIR spectra of the complex showed that the peaks assigned to the ν(C=N) frequency shifted 

downfield from those of the free ligand. This is due to coordination of the metal to the nitrogen 

atom, which in turn weakened the C=N bond. For the [3PFVD] ligand, the C=N peak was 

observed at 1680 cm-1. The same peak was shifted downfield to 1673 cm-1 for [Cu(3PFVD)2]. In 

the free ligand, bands arising from the O-H bond were observed. These were lost after 

complexation. The Cu(II) complexes are paramagnetic as expected and the magnetic 

susceptibility value of the copper complex is 1.42 μB. 

 

Bis(phenanthrenequinonedioxime)palladium(II) [Pd(PTQD)2]: The elemental analysis of 

the complex is in agreement with calculated values. The analytical and physical data (elemental 

analysis, magnetic susceptibility) indicated a metal to ligand ratio of 1:2. This showed that 

reactions of [PTQD] with PdCl2 yielded complexes with the overall formula [Pd(PTQD)2]. The 

FTIR spectra of the complex showed that the peaks assigned to the ν(C=N) frequency shifted 

downfield from those the free ligand. This is due to coordination of the metal to the nitrogen 

atom, which in turn weakened the C=N bond. For the [3PFVD] ligand, the C=N peak was 

observed at 1680 cm-1. The same peak was shifted downfield to 1595 cm-1 for [Pd(3PFVD)2]. In 

the free ligand, bands arising from the O-H bond were observed. These were lost after 

complexation. Magnetic susceptibility measurements supplied sufficient data to characterize the 

geometry of the metal complexes. The magnetic susceptibility of the Pd(II) complex PTQD 

indicated that the complex is diamagnetic.  

 

Bis(phenanthrenequinone dioxime)copper(II) [Cu(PTQD)2]: The elemental analysis of 

the complex is in agreement with calculated expectations. The analytical and physical data (FTIR 

and magnetic susceptibility) indicated a metal to ligand ratio of 1:2. This showed that reactions 

of [3PFVD] with Cu(CH3COO)2.H2O yielded complexes with the overall formula [Cu(3PFVD)2]. 

The FTIR spectra of the complex showed that the peaks assigned to the ν(C=N) frequency shifted 

downfield from those the free ligand. This is due to coordination of the metal to the nitrogen 

atom, which in turn weakened the C=N bond. For the [3PFVD] ligand, the C=N peak was 

observed at 1680 cm-1. The same peak was shifted downfield to 1594 cm-1 for [Cu(3PFVD)2]. In 

the free ligand, bands arising from the O-H bond were observed. These were lost after 

complexation. The Cu(II) complexes are paramagnetic as expected and the magnetic 

susceptibility value of the copper complex is 2.12 μB. 

 

Solubility of Precursors 

The solubility of all four complexes was performed, to indicate the suitability of these oxime 

complexes for using precursor in scCO2 deposition method. The solubility of all synthesized vic-

dioxime precursors were in agreement with commonly known precursors reported in literature 

(29, 30). The solubility data are shown in Table 1. Precursors in comparison, the solubility of Pd 
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complexes are better than Cu complexes. Distance between ligand and center atom is the bigger 

in palladium complexes because of palladium diameter is bigger than copper’s. The distance 

between ligand and center atom is inversely proportional to the shielding of the center palladium 

atom by the ligands. The solubility of Pd complex of 3PFVD was 6.7 times, PTQD was 2 times 

better than Cu complexes. 

 

Table1. The solubility data of precursor in scCO2 at different pressures. 

Solubility (molar fraction) 
molar 

absorptivity 
coefficient 

(ɛ)  

 
Wavelength 

(nm) 
 2000 (PSI) 

3000 
(PSI) 

4000 
(PSI) 

[Pd(PTQD)2] 1.59 x10-3 1.89 x10-3 2.74 x10-3 
14883 235 

[Cu(PTQD)2] 1.06 x10-3 1.64 x10-3 2.55 x10-3 
19407 236 

[Pd(3PFVD)2] 3.26 x10-3 5.22 x10-3 8.27 x10-3 
6006 234 

[Cu(3PFVD)2] 1.78 x10-4 3.96 x10-4 9.12 x10-4 
9761 316 

 

Characterization of MW-CNT supported metal nanoparticles 

The following vic-dioxime metal complexes were used as precursors in the deposition process. 

The deposition was performed in three steps:  

(1) Dissolving of the precursor in supercritical carbon dioxide,  

(2) Adsorbing of metal complex on the MWCNTs  

(3) Supercritical reduction.  

 

A chemical reduction method utilizing H2 gas was employed to deposit Cu(0) and Pd(0) form 

nanoparticles onto MWCNTs. After this step, precursors were converted to metallic Cu and Pd. 

However, Cu nanoparticles were found to convert to Cu(OH)2, CuO and Cu2O form by contact 

with oxygen in air after the synthesis.  

 

HR-TEM results 

High resolution TEM image that was taken from the composite obtained from the [Pd(PTQD)2] 

precursor, after its deposition using a 1:1 ratio of precursor: MWCNT indicates that palladium 

nanoparticles were distributed homogeneously on the MWCNTs. HR-TEM image is shown in 

Figure 4. The HR-TEM results indicated a size range between 2-5 nm, which is as good as 

nanoparticles obtained from available precursors (6,13,14). Aggregate of palladium was not 

observed on MWCNT. The HR-TEM images of Cu/MWCNT composite obtained from [Cu(3PFVD)2] 

precursor is shown in Figure 5. These images indicate that the copper nanoparticles are 

distributed homogeneously on the MWCNTs and there is no aggregate on the substrate. The HR-

TEM results indicated a size range between 2-5 nm. 
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Figure 4. High-resolution TEM images of Pd/MWCNT obtained from [Pd(PTQD)2]. 

 

  

Figure 5. High resolution TEM images of Cu/MWCNT obtained from [Cu(3PFVD)2]. 

 

SEM-EDX Results 

The percentages of the metals on the MWCNTs were obtained from SEM-EDX images. SEM-EDX 

data provided the chemical properties of these particles.  

 

The SEM-EDX micrographs of Pd/MWCNT obtained from [Pd(PTQD)2] is shown in Figure 6(a) and 

[Pd(3PFVD)2] is shown in Figure 6(b). These EDX spectra showed that Pd and C atoms are the 

main elements in these composites. While a high intensity carbon peak was observed, the 

palladium peak had a relatively low intensity. This is because MWCNTs are the main components 

in these samples. Metal content was calculated from the EDX data. From the SEM-EDX 

micrograph of Pd/MW-CNTs composites indicated that the palladium nanoparticles were 

distributed homogeneously on the MWCNTs. The ICP-OES and EDX data results showed that the 

percentage of Pd on the MWCNTs is 5.6 % wt. (68 % of the total Pd in the system) for 

[Pd(3PFVD)2] and 10 % wt. (54.4 % of the total Pd in the system) for [Pd(PTQD)2].  
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Figure 6. SEM-EDX images of Pd/MWCNT obtained from [Pd(PTQD)2] (a) and 

[Pd(3PFVD)2] (b). 

 

The SEM-EDX micrographs of Cu/MWCNT obtained from [Cu(PTQD)2] is shown in Figure 7(a) 

and [Cu(3PFVD)2] is shown in Figure 7(b). The Cu and C atoms are the main elements in these 

composites according to EDX spectra. Carbon peaks were observed to have a high intensity and 

the copper peaks had relatively low intensity. This is because MWCNTs are the main components 

in these samples and MWCNT is composed from only carbon atoms (31). EDX figures were used 

for calculation of metal content. SEM images show that a large fraction of Cu nanoparticles had 

very small size. Differently from Pd/MWCNT, there were no Cu agglomerates on MWCNTs. From 

the SEM-EDX micrograph of Cu/MWCNTs composites clearly show that the copper is distributed 

on the MWCNTs. The ICP-OES and EDX data results showed that the percentage of Pd on the 

MWCNTs is 7.19 % wt. (59.3 % of the total Cu in the system) for [Cu(3PFVD)2] and 2.3 % wt. 

(46.5% of the total Cu in the system) for [Cu(PTQD)2].  
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Figure 7. SEM-EDX images of Cu/MWCNT obtained from [Cu (PTQD)2] (a) and [Cu(3PFVD)2] 

(b). 

 

XRD Results 

The XRD patterns of the Pd/MWCNT composites obtained from the [Pd(PTQD)2] and 

[Pd(3PFVD)2] precursors are given in Figure 8 and show that the metals on the MW-CNT surface 

were polycrystalline. The observed main diffraction peaks of the Pd nanoparticles on the MW-

CNTs were as expected. Three very sharp diffraction peaks were observed at 40.0, Pd(111); 

46.5, Pd(200); and 68.1, Pd(220) (Reference was made to the surface-centered cubic system 

with JCPDS card number; 46-1043) [7-9, 32]. All these peaks indicate that the Pd metal particles 

are arranged in a cubic crystallite structure on the MW-CNTs. The average particle size of the Pd 

metal nanoparticles were calculated according to the Scherrer’s equation taking Pd(111) as the 

main peak. The mean metal particle size was calculated to be 6.4 nm for the composite obtained 

from [Pd(PTQD)2] and 3.1 nm for the one obtained from [Pd(3PFVD)2]. The mean particle size 

obtained from the TEM images was slightly different than that obtained from the XRD data. 

(Figure 8) 
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Figure 8. XRD pattern of MWCNT deposited with Pd by [Pd(PTQD)2] (a) and 

[Pd(3PFVD)2] (b) mechanism of PTQD and it’s metal complexes. 

 

The XRD patterns of the Cu/MW-CNT composites obtained from the [Cu(PTQD)2] and 

[Cu(3PFVD)2] precursors are given in Figure 9 and show that the metals on the MW-CNT surface 

were polycrystalline. The Cu nanoparticles seem to have been converted to CuO and Cu2O form 

by contact with air after removing from the reactor. The observed main diffraction peaks of the 

Cu nanoparticles on the MW-CNTs were as expected. Three diffraction peaks were observed at 

17.0, Cu(OH)2 (020) (JCPDS 13-420); 33.1, CuO(110) (JCPDS 48-1548) and 42.3, Cu(111) 

(JCPDS 04-0836) (13,21,30-31). The main diffraction peak was observed at 17.0, Cu(OH)2 for 

[Cu(PTQD)2] and at 33.1, Cu(111) for [Cu(3PFVD)2]. Cu and Cu(OH)2 peaks for [Cu(3PFVD)2] 

and Cu peak for [Cu(PTQD)2] appear to be amorphous. The average particle size of the Cu metal 

nanoparticles were calculated according to the Scherrer’s equation taking Cu(OH)2 for 

[Cu(PTQD)2] and CuO for [Cu(3PFVD)2] as the main peak. The mean metal particle size was 

calculated to be 2.0 nm for obtained from [Cu(PTQD)2] and 2.1 nm for obtained from 

[Cu(3PFVD)2]. The mean particle size obtained from the TEM images was slightly different than 

that obtained from the XRD data (Fig.9). 
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Figure 9. XRD pattern of MWCNT deposited with Pd by [Cu(PTQD)2] (a) and 

[Cu(3PFVD)2] (b). 

 

CONCLUSION 

 

Vic-dioxime metal complexes were synthesized, characterized, and used as precursors for the 

deposition of Pd and Cu nanoparticles on MWCNTs. The resulting composites were analyzed by 

TEM, SEM-EDX, and XRD. The metal nanoparticles formed were evenly dispersed over the 

substrate with particle sizes as small as 2 nm. These results clearly show that vic-dioxime metal 

precursors have been used as a precursor on SCF deposition technique. Further research on the 

different isomers of vic-dioximes, such as the syn form, could provide insight. This research is 

hoped to be expanded by studying the deposition of other oxime derivatives on various supports 

as well as testing the effects of different temperature and pressures during the deposition 

process. 
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Abstract: Two new coordination polymers, namely [Mn(µ3-5-nip)(1-meim)2(H2O)]n (1) and 

{[Co(µ-5-nip)(1-meim)3]∙H2O}n (2) (5-nip: 5-nitroisophthalate, 1-meim: 1-methylimidazole), 

were hydrothermally synthesized and characterized by FTIR spectroscopy, elemental analysis, 

single crystal X-ray diffraction, and simultaneous thermal analysis techniques. The 5-nip ligand 

exhibited two different coordination modes in its structures. In 1 and 2, 1D chains were 

generated by 5-nip ligands and metal(II) ions. In 1 and 2, 5-nip ligand coordinated to three 

Mn(II) and two Co(II) ions as bis(monodentate) bridging mode and a monodentate and bidentate 

chelating modes, respectively. For 1 and 2, 2D supramolecular layers were formed by hydrogen 

bonds which were extend into 3D supramolecular structures via π···π stacking interactions 

between two symmetry–related imidazole rings of neighboring molecules. Furthermore, optical 

and thermal properties of the complexes were also studied. 
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INTRODUCTION 

 

In recent years, the field of crystal engineering of coordination polymers has received 

considerable interest due to their interesting architectures and their application areas such as 

gas adsorption/separation, magnetism, sensor, luminescence, and catalysis, etc. (1-6). For the 

above-mentioned applications, the selections of organic building blocks and metal ions are crucial 

factors in the construction of coordination polymers with desired architecture (7, 8). Moreover, 

several factors as e.g. metal-ligand ratio, temperature, and pH have influence on the final 

structure (9). In the synthesis of coordination polymers, aromatic multi-carboxylic acids, 

especially dicarboxylic acid as an anionic ligand have been extensively preferred owing to their 

diverse coordination modes and structural stabilities in their complexes (10). Hence, in this 

study, 5-nitroisophthalic acid was selected as an anionic ligand in the construction of 

coordination polymers. It can connect to metal ions with four potential oxygen donor atoms from 

two carboxylate groups with the bending angle of 120o and its 5-substituted nitro group has 

electron withdrawing ability and steric effect (11-14) (Scheme 1). Moreover, mixed-ligand 

coordination polymers (with dicarboxylic acid and N- donor neutral ligand) have been widely 

synthesized to improve the structural diversity and dimensionality in the assembly process (7, 

15). 1-methylimidazole ligand was used as a secondary neutral ligand to provide geometric need 

of metal centers. In this work, two 1D mixed-ligand Mn(II) and Co(II) coordination polymers, 

[Mn(µ3-5-nip)(1-meim)2(H2O)]n (1) and {[Co(µ-5-nip)(1-meim)3]∙H2O}n (2) were 

hydrothermally synthesized with 5-nipH2 and 1-meim ligands and characterized by using FTIR 

spectroscopy, single crystal X-ray diffraction, elemental analysis, and thermal analysis 

techniques (TG/DTA). Moreover, diffuse reflectance spectra of the compounds were recorded 

and band-gaps of the complexes were calculated by using Kubelka-Munk function (16). 

 

EXPERIMENTAL SECTION 

 

Materials and measurements 

All reagents were of analytical grade and used without further purification. Perkin-Elmer 2400C 

elemental analyzer was used for elemental analyses (CHN). FTIR spectra using KBr pellets were 

acquired with a Bruker Tensor 27 spectrometer device in the range of 4000400 cm1. The diffuse 

reflectance spectra (DRS) were obtained with Shimadzu UV-2600 spectrophotometer using 

BaSO4 as a reference in the wavelength range 200–800 nm. TG/DTA analyses were measured 

on a Perkin Elmer Diamond TG/DTA Thermal Analyzer from 30 to 700 °C under static air. A 

Bruker Smart Apex II CCD with a D8-QUEST diffractometer equipped with a graphite-

monochromatic Mo-Kα radiation (λ = 0.71073 Å) was used for single crystal data collections at 

296 K. The structure solutions and refinements were performed with direct methods using 

SHELXT and full-matrix least-squares on all F2 data using SHELXL in connection with the OLEX2 

software (17). Refinements of all non-hydrogen atoms were carried out with anisotropic 
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parameters. Molecular graphics were drawn with Mercury software (18). Crystallographic 

information files are deposited with the CCDC 1576332 and 1576333. 

 

Syntheses 

[Mn(µ3-5-nip)(1-meim)2(H2O)]n (1): Mn(CH3COO)2·4H2O (1 mmol, 0.245 g) and 5–

nitroisophthalic acid (5-nipH2) (1 mmol, 0.22 g) were mixed in water (20 mL) and stirred at 70 

oC for an hour and then 1- methylimidazole (1-meim) (3 mmol, 0.246 g) was added into the 

mixture. The final mixture was placed in a 25 mL closed capped-glass bottle and heated at 120 

oC for four days to obtain colorless crystals of 1. (Yield: 0.112 g, 25.11 % based on 

Mn(CH3COO)2·4H2O). Anal. Calcd. for C16H17MnN5O7: C, 43.06; H, 3.84; N, 15.69 %. Found: C, 

43.56; H, 3.38; N, 15.13 %. FTIR (KBr, cm–1): 3356, 3288, 3129, 3316, 3089, 2967, 1629, 

1612, 1562, 1535, 1453, 1373, 1346, 1106, 942, 840, 762, 738 cm–1. 

 

{[Co(µ-5-nip)(1-meim)3]∙H2O}n (2): The procedure for preparation of complex 2 was similar to 

that used for 1, except that the Co(CH3COO)2·4H2O (1 mmol, 0.249 g) was used instead of 

Mn(CH3COO)2·4H2O. After hydrothermal conditions, the resulting mixture was filtered and 

evaporated at room temperature. The purple-colored crystals of 2 were obtained (Yield: 0.168 

g, 31.58% based on Co(CH3COO)2·4H2O). Anal. Calcd. for C20H23CoN7O7: C, 45.12; H, 4.35; N, 

18.42 %. Found: C, 44.97; H, 4.41; N, 18.02 %. FTIR (KBr, cm–1): 3509, 3373, 3146, 3112, 

3051, 2963, 1629, 1615, 1564, 1534, 1368, 1344, 1104, 944, 840, 731 cm–1. 

 

    

Scheme 1: Coordination modes of 5-nip ligand in its compounds 

 

RESULTS AND DISCUSSION 

 

Synthesis and characterization 

The complexes were hydrothermally synthesized by using M(CH3COO)2·4H2O (M: Mn(II) and 

Co(II)), 5-nipH2 and 1-meim ligands. The complexes were characterized with various techniques. 

In the FTIR spectra of the complexes, the broad bands appearing in the range of 3556-3509 cm–

1 are assigned to ν(O–H) stretching vibrations of coordinated and uncoordinated water 

molecules. For 1 and 2, the bands observed between 3146 and 3051 cm–1 are due to aromatic 

ν(C–H) stretchings. For 1 and 2, aliphatic ν(C–H) stretching vibrations of 1-meim ligand 

appeared at 2967 and 2963 cm–1, respectively. For both complexes, the bands observing 

between at 1629 and 1612 cm–1 and between at 1373 and 1368 cm–1 are due to the asymmetric 

(νasym(COO)) and symmetric (νsym(COO)) stretching vibrations of 5-nip, respectively. 
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Description of crystal structure 

Table 1 indicates the crystal data and structural refinement parameters. 

 

Table 1: Crystal data and structural refinement parameters for 1 and 2. 

 1 2 

Empirical formula C16H17MnN5O7 C20H23CoN7O7 

Formula weight 446.28 532.38 

Crystal system Triclinic  Monoclinic 

Space group P-1 C2/c 

a (Å) 8.836 20.570 

b (Å) 10.162 16.679 

c (Å) 11.960 15.327 

α(º) 105.12 90 

 (º) 105.87 115.99 

γ(º) 105.30 90 

V (Å3) 930 4726.8 

Z 2 8 

Dc (g cm-3) 1.594 1.496 

μ (mm-1) 0.76 0.78 

Measured refls. 44930 58988 

Independent refls. 4621 5796 

Rint 0.046 0.042 

S 1.18 1.21 

R1/wR2 0.043/0.110 0.057/0.123 

max/min (eÅ-3) 0.42/−0.78 0.61/−0.55 

 

[Mn(µ3-5-nip)(1-meim)2(H2O)]n (1). The crystal structure of 1 is given in Figure 1 and 

selected bond distances, angles and hydrogen bond geometries are given in Table 2. X-ray result 

shows that 1 crystallizes in triclinic system and P-1 space group. The asymmetric unit has one 

Mn(II) ion, one 5-nip, two 1-meim ligands, and a coordinated water molecule. As seen in Figure 

1, each Mn(II) ion is coordinated by three oxygen atoms from different 5-nip ligands, two 

nitrogen atoms from two different 1-meim ligands, and one oxygen atom from one aqua ligand 

to form a distorted octahedral geometry. Each nip ligand acts as a µ3- bridging ligand to connect 

three Mn(II) ions. Two Mn(II) ions are bridged by two carboxylate groups from two different 5-

nip ligands with Mn···Mn distance of 5.017 Å to generate [Mn2(CO2)2] secondary building unit 

(SBU). SBUs are linked by carboxylate oxygen atoms (O9) of 5-nip to generate 1D chain with 

16–membered rings (Figure 2). 1D chains are extend to 2D supramolecular layer with hydrogen 

bonds between carboxylate oxygen atom (O4ii) of 5-nip and coordinated water molecule (O7) 

and [O7···O4ii = 2.964 Å; O7-H7···O4ii = 155.31o] (ii: 1-x, -y, 1-z) (Figure 3). Moreover, adjacent 

2D layers are further connected by π···π stacking interactions between two symmetry–related 



Arıcı M. JOTCSA. 2018; 5(2): 653-664.   RESEARCH ARTICLE 

657 
 

imidazole rings of neighboring molecules forming a 3D supramolecular network (Cg1···Cg1iii = 

3.719 Å, Cg1: N1-C9-N2-C11-C10, iii: 2-x, 2-y, 2-z) (Figure 3). 

 

Table 2: Selected bond distances (Å), angles (º) and hydrogen-bond geometry data for 1*. 

Bond Lengths (Å) 

Mn1‒O2i 2.1656 (1) Mn1‒N3 2.2292 (2) 
Mn1‒O1 2.1649 (1) Mn1‒N1 2.2271 (2) 
Mn1‒O7 2.2985 (1) Mn1‒O3ii 2.1947 (1) 

Angles (º) 

O2i‒Mn1‒O3ii 93.74 (5) O1‒Mn1‒O2i 94.36 (5) 
O2i‒Mn1‒N3 90.50 (6) O1‒Mn1‒O7 91.31 (5) 
O2i‒Mn1‒N1 89.30 (6) N3‒Mn1‒O7 91.57 (6) 
O1‒Mn1‒N1 93.07 (6) N1‒Mn1‒O7 88.33 (6) 
O3ii‒Mn1‒O7 80.63 (5) N1‒Mn1‒N3 176.98 (6) 
O3ii‒Mn1‒N3 89.11 (6) O2i‒Mn1‒O7 173.97 (5) 

Hydrogen bond geometry (Å, o) 

D‒H···A D‒H H···A D···A D‒H···A 

O7‒H7B···O4ii 0.88  1.85 2.722(2)  167 (3) 
O7‒H7A···O4iv 0.80  2.22 2.964(2) 155 (3) 

*Symmetry codes: (i) −x+1, −y+1, −z+2; (ii) x, y+1, z; (iii) x, y−1, z, (iv) −x+1, −y, 
−z+1. 

 

 

Figure 1: The molecular structure of 1  
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Figure 2: 1D chain structure of complex 1. 
 

 

Figure 3: 3D supramolecular structure of complex 1 generated by hydrogen bonds and π···π 

stacking interactions. 

 

{[Co(µ-5-nip)(1-meim)3]∙H2O}n (2). Table 3 shows the selected bond distances and angles. 

X-ray result demonstrates that complex 2 crystallizes in monoclinic C2/c space group. There are 

one Co(II) ion, one 5-nip, three 1-meim ligands, and one uncoordinated water molecule in the 

asymmetric unit (Figure 4). Each Co(II) ion is six-coordinated by three carboxylate oxygen atoms 

from two different 5-nip ligands and three nitrogen atoms from three different 1-meim ligands. 



Arıcı M. JOTCSA. 2018; 5(2): 653-664.   RESEARCH ARTICLE 

659 
 

 

Figure 4: The molecular structure of 2  

 

In 2, 5-nip ligand coordinates to two Co(II) ions in monodentate and bidentate chelating modes 

to form 1D zig-zag chain (Figure 5).  

 

 

Figure 5: 1D chain structure of complex 2. 

 

Adjacent 1D chains expand into 2D supramolecular layer with hydrogen bonding between 

carboxylate oxygen atom (O2) of 5-nip and uncoordinated water molecule (O7) [O2···O7 = 2.76 

Å, O2···H7B-O7 = 176.16o] and between uncoordinated carboxylate oxygen atom (O4iii) of 

adjacent 5-nip ligand and water molecule (O7) [O7···O4iii = 2.931 Å, O7-H7A···O4iii = 168.27o] 

(Figure 6a). Furthermore, 2D layers are further connected by π···π stacking interactions between 

two symmetry–related imidazole rings of neighboring molecules forming a 3D supramolecular 

network (Cg3···Cg3iv = 3.719 Å, Cg1: N1-C9-N2-C11-C10, iv: 1/2-x, 1/2-y, 1-z) (Figure 6b). 
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(a) (b) 

  

Figure 6: (a) 2D supramolecular layer of complex 2 generated by hydrogen bondings (b) 3D 

supramolecular structure of complex 2 generated by π···π stacking interactions 

 

Table 3: Selected bond distances (Å), angles (º) and hydrogen-bond geometry data for 2*. 

Bond Lengths (Å) 

Co1‒O4i 2.293 (2) Co1‒N1 2.115 (2) 
Co1‒O3i 2.241 (2) Co1‒N5 2.122 (2) 

Co1‒O1 2.0714 (2) Co1‒N3 2.088 (2) 

Angles (º) 

O3i‒Co1‒O4i 57.98 (7) N1‒Co1‒O3i 87.17 (8) 
O1‒Co1‒O4i 177.88 (8) N1‒Co1‒N5 174.50 (9) 

O1‒Co1‒O3i 120.34 (8) N5‒Co1‒O4i 88.06 (9) 
O1‒Co1‒N1 88.10 (9) N5‒Co1‒O3i 88.86 (9) 
O1‒Co1‒N5 90.63 (9) N3‒Co1‒O4i 89.77 (8) 
O1‒Co1‒N3 91.90 (8) N3‒Co1‒O3i 147.75 (8) 
N1‒Co1‒O4i 93.05 (9) N3‒Co1‒N1 95.31 (9) 
N3‒Co1‒N5 90.08 (9)   

Hydrogen bond geometry (Å, o) 

D‒H···A D‒H H···A D···A D‒H···A 

O7‒H7A···O4iii 0.85 2.09 2.931(4) 168 
O7‒H7B···O2 0.85 1.91 2.760(3) 176 

*Symmetry codes: (i) −x+1/2, y+1/2, −z+3/2; (ii) −x+1/2, y−1/2, −z+3/2, (iii) 
−x+1, −y, −z+2.  

 

Optical absorption and thermal properties 

Solid state UV-Vis diffuse reflectance spectra of the compounds were acquired at room 

temperature to determine optical absorption properties and evaluate semiconductor properties. 

Solid state UV-Vis absorption spectra and curves of Kubelka–Munk function of free ligand 5-

nipH2 and the complexes as a function of energy are given in Figure 7. The optical band gap (Eg) 

was determined by extrapolation from the linear portion of absorption edges based on Kubelka–

Munk function (the curve of (hνF(R))1/2 versus photon energy (hν): where, hν is the photon 

energy, F(R) is Kubelka–Munk function (F(R) = (1–R)2/2R). The Eg values of 5-nipH2 and 

complexes 1 and 2 are 2.93, 2.85 and 2.874 eV, respectively. These results show the semi-

conductive properties of complexes 1 and 2 and complex 1 displays higher conductivity than 

complex 2. 
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Figure 7: Plots of Kubelka-Munk as a function of energy for free ligand 5-nipH2 and complexes 

1 and 2. 

 

In order to determine thermal behaviors and stabilities of title complexes, simultaneous TG/DTA 

analyses were carried out (Figures 8 and 9). For complexes 1 and 2, the first weight losses in 

the temperature range 40-125 oC are related to elimination of coordinated and uncoordinated 

water molecules (found: 4.80 %, calcd.: 4.033 % for 1; found: 3.50 %, calcd.: 3.40 % for 2). 

After these steps, the weight losses of 35.34% in the temperature range 160-368 oC for 1 and 

45.5 % in the temperature range 118-365 oC for 2 correspond to the removal of 1-meim ligands. 

On further heating, the complexes were completely decomposed with exothermic picks and 

remaining products are possibly MnO and CoO (found: 15.62 %, calcd.: 15.90 % for 1; found: 

14.13 %, calcd.: 14.08 % for 2). 
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Figure 8: TG, DTG, and DTA curves of complex 1. 

 

 

 

Figure 9: TG, DTG and DTA curves of complex 2. 

 

CONCLUSION 

 

In this study, two new Mn(II) and Co(II)-coordination polymers were synthesized and 

characterized. 5-nip ligand displayed different coordination modes in two structures. 5-nip ligand 

acted as a bridging ligand between metal(II) centers to form 1D. 2D and 3D supramolecular 

structures are generated through hydrogen bondings and π···π stacking interactions. Optical 

band gap results of the complexes showed that complex 1 had higher conductivity than free 

ligand 5-nipH2 and complex 2. 
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Abstract: In this study, amine-mediated silica aerogels dried under the ambient conditions in 

monolithic form were prepared by following sol-gel method. 3-aminopropyltriethoxysilane 

(APTES) was involved in the synthesis as a silica co-precursor. Imidazolium-based short-chain 

ionic liquids (ILs) were incorporated into the silica gel structure to control the gel shrinkage 

within the pores, as well as to eliminate the capillary effect during the solvent evaporation. A 

production procedure was developed to explore the synergistic effect of ionic liquids and amine-

functionalized silica precursor on the textural and chemical properties of the final silica gels. 

Surface modifications of the samples were performed by using 3-

Methacryloxypropyltrimethoxysilane (MEMO) to ensure hydrophobic characteristics. To reveal 

the chemical and morphological characteristics of the resultant material, various analyses were 

conducted. SEM and FTIR analyses were performed to investigate the morphological and 

chemical structure, whereas TGA analysis was carried out to determine the thermal stability of 

the silica gels. As a result, the ionic liquid embedded sample was obtained in a monolithic 

structure with a low density (0.45 g/cm3) and had a good thermal stability (up to 381 °C). 

Contact angle measurement also demonstrated that the desired monolithic sample has a 

hydrophobic characteristic with a water contact angle value of 113°. 
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INTRODUCTION 

 

Silica aerogels are exceptional porous materials with splendid physical properties such as very 

low density (0.003-0.5 g/cm3), notably high surface area (500-1200 m2/g), and high porosity 

(80%-99.8%) (1-4). Due to their outstanding properties aerogels are become a promising 

candidate in a wide range of applications such as thermal insulation in the construction sector 

(5), catalysis, chemical sensors (6), drug delivery systems (7), acoustic impedance (8), and 

space applications (9). They can be produced in various forms (i.e. powders, granular, or 

monolithic) by changing the synthesis conditions. Silica aerogels in monolithic form have wider 

applications as it allows controlling final shape of the product for any particular applications. 

Hence, production of silica aerogel as monolithic blocks can promote the commercialization of 

these materials.  

 

The silica aerogels are mainly synthesized with the traditional sol-gel method. Typical sol-gel 

chemistry consists of consecutive hydrolysis and condensation reactions of a silicon alkoxide 

group in a liquid solvent with proper acid and/or base catalysis to form a colloidal solution called 

“sol”. This process is followed by gelation of the sol, aging of the gel, and then drying (10). 

Several parameters affect the evolution of the microstructural pattern of the aerogel network, 

such as the type and amount of precursors, catalyst concentration, type of solvent, and reaction 

temperature and pH of sol (7). Aging is also an important step that allows continuation of 

condensation reactions of some monomers and unreacted Si-OR and Si-OH groups. Hence, it 

strengthens the structural gel network. However, drying is the most crucial step to satisfy the 

desired properties of the final product. The main challenge of drying is to perform it without 

allowing the collapse of a 3D network of the gel. During drying, development of capillary tension 

in pore walls causes a shrinkage of the gel body and crack the gel (7). This problem generally 

can be overcome by CO2 supercritical drying. Although supercritical drying technique is used to 

avoid the destruction of the porous structure, it is unable to proceed beyond the small-scale 

batch type applications as it is both an expensive and risky process due to its high-pressure 

requirement. Therefore, most of the recent studies mainly focus on producing silica aerogels by 

ambient pressure drying (5-9). Generally, during the production of silica aerogels under ambient 

conditions, gel shrinkage arises from organic solvent evaporation during aging period and pore 

destruction and the collapse of the network occurs during the drying period. So, the resulting 

product often exhibits a low degree of monolithicity (16). Hence, several modifications can be 

applied to overcome these circumstances such as:  

 

1. Using co-precursor to accelerate the condensation reaction rate during aging to be able 

to develop a stable network. 

2. Adding target specific agents to control the gel shrinkage within the pores by satisfying a 

“spring back effect” on the pore walls. 



Gizli N, Sert Çok S, Koç F. JOTCSA. 2018, 5(2): 663-678.  RESEARCH ARTICLE 

665 
 

3. Exchanging solvents to eliminate the capillary effect by minimizing surface tension on the 

liquid and vapor interface. 

 

Gel shrinkage, which is the main obstacle obtaining crack-free monolithic silica aerogel, usually 

arises from organic solvent evaporation during the aging period. This situation can be prevented 

by replacing organic solvent with some other solvent that has a lower vapor pressure. Ionic 

liquids are organic salts with an extremely low vapor pressure over a large temperature range 

(-96 to 400 °C), therefore they do not evaporate during long aging periods (10). For that reason, 

using ionic liquids in the sol-gel process may yield a well-ordered pore structure and a stable gel 

network. They composed of a large organic cation group such as ammonium, phosphonium, 

pyridinium, imidazolium, etc. and inorganic/organic anion group. Due to their wide range of 

cation-anion combinations, ionic liquids can be produced with tunable properties and applied in 

diverse applications (17). Zhang et al. used various room temperature ionic liquids as templates 

in the synthesis of mesoporous silica gels and reported that increasing the alkyl chain length on 

the imidazolium cation can increase the pore size of silica gel and lead to slightly enlarged pores 

(18). Ivanova et al. produced silica ionogels with a one-step sol-gel method dried with 

supercritical CO2 by using imidazolium-based ionic liquids with different anionic groups. They 

stated that each ionic liquid behaved as a co-catalyst during the sol-gel process and reduced the 

required gelation time (17). Same authors in another study denoted that depending on the 

functional groups of ILs incorporated in aerogel structure can lead to tailor-made porous 

materials (19). Karout and Pierre investigated the effect of ionic liquids on silica aerogel produced 

by partial evaporative drying followed by supercritical drying and stated that shrinkage of 

xerogels depended largely on the IL volume present in the gel before drying (20). They also 

investigated the effect of four kinds of ionic liquids on the silica gelation time and indicated that 

ionic liquids combine a double effect of condensation catalysts of silica and moderator of the 

condensation rate (21).  

 

Dorcheh and Abbasi reported that acid-catalyzed hydrolysis and condensation lead to weakly 

branch and microporous structure, whereas basic conditions or two-step acid-base processes 

increase crosslinking, leading to decrease microporosity and a broader distribution of larger 

pores in silica gels. However, silica aerogels with larger pores usually have a lower specific 

surface area (4). In another study, Dourbash et al. explained that although ammonium hydroxide 

is the most used basic catalyst in the preparation of alcogels, it prolongs the gelation time and 

usually results in a dense structure. Instead of ammonium hydroxide, they recommended the 

fluoride-based catalysis to reduce the gelation time (22). On the other hand, Yang et al. prepared 

a silica aerogel using a two-step process in which a silica co-precursor containing an amine group 

3-aminopropyltriethoxysilane (APTES) was involved to the sol. They reported that amine-rich 

APTES behaved like a basic catalyst and eliminated the additional requirement for a base catalyst 

during condensation reactions (15). 
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In this study, the main purpose is to prepare monolithic silica aerogels mediated with APTES 

under ambient conditions. It is also aimed to explore the synergistic spring back effect of adding 

ionic liquid into the sol-gel process on the morphological and chemical structure of the final 

product. Additionally, the reciprocal influence of ionic liquid and APTES on each other through 

the synthesis is evaluated with various characterizations for the first time to the best of our 

knowledge. 

 

EXPERIMENTAL PROCEDURE 

 

Materials 

Tetraethylorthosilicate (TEOS) as precursor and 3-aminopropyltriethoxy-silane (APTES) as co-

precursor were acquired from Sigma Aldrich. 1-Ethyl-3-methylimidazolium 

bis(trifluoromethanesulfonyl)imide (EMIMTF2N) was utilized as the short-chain imidazolium-

based ionic liquid, and 3-methacryloxypropyltrimethoxysilane (MEMO) as surface modification 

agent were purchased from Sigma Aldrich. Ethanol (EtOH) and n-hexane were used as solvents 

and hydrochloric acid (HCl) was used as the acid catalyst. 

 

Preparation of silica aerogels 

The silica aerogels were prepared by following one-step sol-gel processes with or without ionic 

liquid. For comparion purposes, silica aerogels were prepared in the absence (SG) or presence 

(SG-IL) of ionic liquid. During the preparation of the first sample SG-IL, TEOS was hydrolyzed 

by using 0.01 M HCl for 90 min by stirring at 25 °C. Hydrolysis reaction can take place as follows:  

𝑇𝐸𝑂𝑆 +  𝑊𝑎𝑡𝑒𝑟 ↔  𝑆𝑖𝑙𝑎𝑛𝑜𝑙 +  𝐸𝑡ℎ𝑎𝑛𝑜𝑙 

(𝐶2𝐻5𝑂)4 − 𝑆𝑖 + 𝐻2𝑂 ↔  𝑆𝑖 − (𝑂𝐻)4 +  𝐶2𝐻5𝑂𝐻 

 

 

 

EtOH was used as a solvent whereas imidazolium-based ionic liquid was involved in the sol to 

serve as target-specific agent. After stirring for 90 minutes, the sol was placed in an ultrasonic 

media and APTES was added to the sol to start condensation reaction. It can be demonstrated 

as given below: 

(𝐶2𝐻5𝑂)4 − 𝑆𝑖 + 𝑆𝑖 − (𝐶2𝐻5𝑂)4  → 𝑅1 − (−𝑆𝑖 − 𝑂 − 𝑆𝑖 −)𝑛 − 𝑅2   +  𝐻2𝑂 
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 The sol component consists of TEOS: APTES: IL: EtOH: HCl with the molar ratios of 

1:0.47:0.14:6.3:7.4×10-5. After complete gelation, the sample was allowed to age for 24 h in a 

polypropylene cylindrical mold to further continuation of the condensation reaction. 

Subsequently, the solvent exchange was carried out by treating the wet gels with fresh n-hexane 

for 12 h to ensure complete removal of the impurities within the gel. Then, surface modification 

was conducted by immersing the sample in silylating agent MEMO diluted with n-hexane at a 

volumetric percent of 50% at room temperature. Surface modification reaction can be shown as 

follows; 

 

Finally, the sample SG-IL was dried in atmospheric media for two days. During the preparation 

of the second sample SG, the same procedure was followed with one difference that, unlike SG-

IL, sample SG did not include ionic liquid in the sol. The sol components molar ratio for SG was 

1:0.47:6.3:7.4×10-5 for TEOS: APTES: EtOH: HCl. Figure 1 represents to preparation steps of 

the samples by following sol-gel method. 
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Figure 1 Sol-gel preparation steps. 
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Characterization 

Bulk densities of dried gels were determined from mass to volume ratio (Eq. 1). The percentages 

of volume shrinkage and porosity of the samples were estimated according to equations below 

(Eq. 2, Eq. 3): 

𝜌𝑏 (𝑔 𝑐𝑚3⁄ ) =
𝑚𝑏𝑢𝑙𝑘 

𝑉𝑏𝑢𝑙𝑘
⁄  (Eq. 1) 

%Porosity = (1 −
𝜌𝑏

𝜌𝑠
⁄ )𝑥100 (Eq. 2) 

%Volume shrinkage = (1 −
𝑉𝑎

𝑉𝑔
⁄ ) 𝑥100 (Eq. 3) 

where 𝜌
𝑏
  is the bulk density of synthesized silica aerogel and 𝜌

𝑠
 is the density of solid skeleton. 

With respect to former studies 𝜌
𝑠
 can be assumed as (2.2 g)⁄cm3 (1).  𝑉𝑎 and 𝑉𝑔 in the Eq. 3 

denote the volumes of the samples after drying and before the solvent exchange, respectively 

(4, 23). 

 

Fourier Transform Infrared Spectroscopy (FTIR) (PERKIN ELMER Spectrum 100, USA) was used 

between the wavenumber range of 500 - 4000 cm-1 to identify the chemical compositions of the 

samples.  

 

The morphology of the samples was observed by using scanning electron microscope (SEM) 

(PHILIPS, XL 30S FEG) with a magnification rate of 5000.  

 

To investigate the thermal stability of the samples, thermo-gravimetric analysis (TGA) was 

performed using a TA Instruments SDT Q600 operating at a heating rate of 5 °C/min from room 

temperature to 600˚C under a nitrogen atmosphere.  

 

Hydrophobicity of the aerogels was examined by measuring the contact angle (θ) of the water 

droplet with the sample surface.  

𝜃 = 2 tan−1 (
2ℎ

𝑤
)     (4) 

where h is the height and w is the width of the water droplet touching the aerogel surface. 

Travelling micropores were used for measuring h and w (24). Figure 2 demonstrates that small 

values of contact angle (<90˚) correspond to high wettability whereas large contact angles 

represent hydrophobicity. 
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Figure 2: Water drop - surface contact angle.  

 

RESULTS and DISCUSSION 

 

Up to now, many studies have been directed their attention toward the enhancement of aerogel 

production under ambient conditions for further commercialization of these materials. One of 

the key issues about ambient pressure drying in aerogel production is to conserve monolithic 

structure during drying. Hence, removing of entrapped solvents from the wet gel while avoiding 

shrinkage and maintaining the porous structure become today’s prior challenge. Imidazolium-

based ionic liquid incorporated into silica aerogel synthesis in this study with the intention of 

promoting spring-back effect against deterioration of porous structure during ambient drying. 

On the other hand, an amine-containing silica co-precursor APTES was involved in the 

preparation of aerogels for the purpose of reducing required time for synthesis. To explore the 

interaction between ionic liquid and APTES, two different samples were prepared using same 

components and same procedure with or without ionic liquid and various physical and chemical 

characterizations were conducted as follows.  

 

Physical Properties 

To compute the density values of the samples with standart errors by using Eq.1, the weight 

and volume of the samples was measured three times. Calculated density, porosity and 

percentage of volumetric shrinkage of the SG-IL and SG were tabulated in Table 1 with standart 

deviations. The sample SG-IL had small volume shrinkage and lower density (ρSG-IL=0.45 g/cm3) 

whether the sample SG could not resist the capillary effect. 

 

Table 1. Observations about the produced silica aerogels. 

Sample ID 
Density , g/cm3 

(Eq.1) 

%Porosity 

(Eq.2) 

%Volume Shrinkage 

(Eq.3) 

SG-IL 0.45±0.01 80±0.012 8.50±0.01 0 

SG 1.23±0.01 4480±0.012 - 
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It can be stated that the sample prepared without ionic liquid may contain dense regions in the 

silica network and has large pores. Since ionic liquid controls the solvent evaporation by ensuring 

elasticity on the pore walls, without ionic liquid as a support, solid skeleton of the silica cluster 

of sample SG drastically collapse due to the severe capillary tension. Besides, IL-embedded 

sample SG-IL exhibit high porosity with relatively low density. Also, we can say that it remained 

stable after drying process as the total volumetric shrinkage has a relatively low value of 8.5%. 

 

Visual observations  

Physical appearance  

Figure 3 demonstrates the physical form of two samples SG-IL and SG after ambient pressure 

drying. As seen from the figure, the physical appearance of silica aerogels dried under ambient 

conditions strongly affected by the addition of ionic liquid through the synthesis. The sample SG-

IL appeared in monolithic form without cracks while the sample SG was grounded into pieces 

because of capillary forces occurred during the solvent evaporation. On the other hand, the low 

surface tension and lower vapor pressure of ILs make it possible to sustain the physical stability 

of silica framework after the subsequent solvent exchange and drying steps. 

 

    

(a)      (b) 
 

  

Figure 3. Physical appearances of the samples SG-IL(a) and SG (b).  

 

Gelation time  

Reduction the required time for complete gelation became a major interest in recent studies. An 

appreciable decrease in a total synthesis time of silica aerogels brings about considerable 

advantages to these materials for practical purposes. It was suggested in the study of Dourbash 

et al. that developing one-step sol-gel process instead of time-consuming two-step processes 

would be preferable (22). In this study, it was observed that amine-rich APTES used as co-

precursor eliminated the need for additional base catalyst in the sol-gel method. Regarding its 

marvelous ability in catalyzing the condensation reactions, APTES significantly reduced to 

gelation time. Necessary times for complete gelation in this study are observed as 3 min and 6 

min for the samples of SG-IL and SG, respectively which indicates that ionic liquid supports the 

catalytic activity of APTES in the condensation reactions, synergistically.  
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Morphological properties 

Although the physical appearance of the first sample points out the desired monolithic form 

under ambient conditions has been achieved, it was not conclusive in visualizing the 

morphological differences in the porous structures of the samples with or without ionic liquid. 

The SEM images of the synthesized silica aerogels prepared with/without ionic liquid are 

demonstrated in Figure 4. Sample SG-IL exhibits a three-dimensional porous network consisting 

of the spherical silica clusters indicates that typical microstructure pattern of silica aerogels was 

obtained. Sample SG, however, results in the insufficient porous network. As it is very weak to 

withstand capillary pressure, it exhibits a rigid structure.  

   

  

Figure 4. SEM Images of the samples SG-IL and SG with magnification rate is 5000. 

 

FTIR spectra 

FTIR analysis was conducted to reveal related chemical bonding in silica aerogel synthesis and 

shown in Figure 5. 
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Figure 5. FTIR Spectral results of the samples SG-IL and SG. 

The absorption peaks around 1080 cm-1 may be attributed to Si-O-Si bonding confirming the 

development of the silica network. It is obvious from the spectrum that intensity of the Si-O-Si 

vibrations increases prominently with the addition of ionic liquid to the sample. Hence, it can be 

affirmed that ionic liquid is incorporated into the structure of silica aerogels and can improve 

network formation. The peaks observed the around 1352 cm-1 and 1471 cm-1 may be related to 

the existence of the imidazolium-based ionic liquid. Distinct Si-CH3 peaks observed around 785 

cm-1 and 1350 cm-1 verify stronger gel network and attachment of the methyl groups to the gel 

surface may indicate a successful surface modification with MEMO. 

 

TGA/DTG analysis and thermal stability  

Based on the previous characterizations applied through the study, it can be seen that ionic 

liquids enhanced the formation and conservation of the monolithicity of the samples as well as 

it served as a catalyst and accelerated the condensation rate in the sol-gel method. TGA analysis 

was conducted to investigate the effect of the ionic liquid on the thermal stability of the samples. 

Figure 6 demonstrates the thermal degradation of the Sample SG-IL and Sample SG with respect 

to temperature. The sample prepared without ionic liquid exhibited a thermal decomposition 

temperature around 144 °C. It lost almost 12% of its total weight up to this temperature. 

Confinement ionic liquid, however, increased the thermal stability of the sample SG-IL by 

extending the thermal degradation temperature of the sample up to 381 °C.   
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Figure 6. TGA analysis results of the samples SG-IL and SG. 

 

Figure 7. DTG analysis results of the samples SG-IL and SG. 

 

%
W

e
ig

h
t,

 m
g/

m
g 



Gizli N, Sert Çok S, Koç F. JOTCSA. 2018, 5(2): 663-678.  RESEARCH ARTICLE 

675 
 

Then, a drastic change in the total weight of the sample of SG-IL after the temperature of 381°C 

which leads almost two times higher weight loss comparing with the other sample (SG), can be 

attributed to the degradation of imidazolium based ionic liquid. The results also confirmed with 

the DTG analysis given in Figure 7. For the ionic liquid embedded samples, having good thermal 

stability within the temperature range of 0°C- 380°C,  can bring the material a valuable 

characteristic when considering possible target applications such as household thermal insulation 

material, as catalyst supports or as adsorbents.   

 

Hydrophobicity and contact angle  

The surface modification was performed by replacing hydroxyl groups on the surface of the silica 

gel with the alkyl groups for the purpose of reducing the surface energy of the gel and turns the 

sample into hydrophobic form. MEMO was selected as silylating agent and the water re-balancing 

ability of dried sample SG-IL was determined by measuring the contact angle of water droplet 

on the sample surface and presented in Figure 8. Then again, surface energy of the sample SG-

IL was determined 15.47 mN/m by the same measurement. For the sample SG, however, contact 

angle measurement could not be performed because of its fractural structure.  

 

Figure 8. The contact angle value of the sample SG-IL 

 

CONCLUSION 

 

In this study, monolithic silica gels were synthesized by taking advantage of the synergistic 

effect of imidazolium-based short-chain ionic liquid and amine-rich co-precursor APTES in the 

sol-gel method. With the help of these agents, required gelation time was reduced down to 3 

min. This collective interaction also eliminated the need for the repeated surface modification 

periods and hydrophobic characteristic of the samples was achieved by applying one-step surface 

modification only. Ionic liquid also served as a drying control agent during the solvent 

evaporation of the gel and contributed in retaining solid skeleton network of silica particles with 

highly homogeneous pore distribution after ambient pressure drying. It was also observed that 

thermal stability of these samples highly affected by the presence of ionic liquid.  

Due to the obtained superior physical properties such as low density and highly porous structure 

and high thermal stability, the synthesized samples can be promising candidates for a wide range 

of applications to be used as thermal and acoustic insulators, as adsorbents (especially in the 

CO2 capture applications due to the amine containing functional groups of the samples) as 
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catalyst supports or as energy storage barriers. Synthesizing the samples as monolithic blocks 

with controlled shape, have also gave them the opportunity to be used more easily for any 

particular application.   

 

For the further studies, it can be suggested that using ionic liquids along with an amine mediated 

precursor through the silica aerogel preparation can be an attractive approach.  
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Abstract: The atom efficient synthesis of quinaldinium chlorochromate(VI), C10H9NH[CrO3Cl], 

(QnCC) was performed by using a 1:1:1 stoichiometric amounts of CrO3, HCl (aq) and 

quinaldine. QnCC was isolated in 99% yield as an orange crystalline solid and characterized 

with FT-IR, 1H-NMR, and 13C-NMR. An efficient, selective, and environmentally friendly periodic 

acid (H5IO6) oxidation of alcohols catalyzed by QnCC (2 mol%) is described. Oxidation 

reactions of some primary and secondary alcohols to their corresponding aldehydes and 
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INTRODUCTION 

 

The selective oxidation of alcohols to carbonyl compounds is a foremost functional group 

conversion in synthetic organic chemistry, due to the key role of this process in the production 

of valuable compounds for pharmaceutical, dyestuff, and agrochemical industries (1–4). Thus, 

to date, various oxochromium(VI) amine complexes have been commonly used as stable 

oxidizing agents for selective oxidation of alcohols with high efficiency. Some of them are 

pyridinium chlorochromate, pyridinium fluorochromate, pyridinium dichromate, dipyrazinium 

tris(fluorotrioxochromate), 1-decyl-4-aza-1-azonia-bicyclo[2.2.2]-octane chlorochromate, 3,5-

dimethylpyrazolium fluorochromate, and triethylammonium chlorochromate (5–11). 

 

In traditional oxidation processes, volatile organic solvents and stochiometric amounts of 

chromium(VI) based reagents have widely been used though these reagents are highly toxic, 

and environmentally polluting. Therefore, the search for effective catalytic oxidation systems 

that use clean, inexpensive primary oxidant with high activity and selectivity are still needed 

(12–18). Recently, several methods have been reported for the catalytic oxidation of various 

alcohols by using periodic acid (H5IO6) as co-oxidant and CrO3 or oxochromium(VI) reagents as 

catalysts (19–22). However, these oxidation reactions are generally carried out in a solvent 

and long reaction times are required. Additionally, microwave-assisted oxidation reactions 

coupled with solvent-free conditions have gained special attention as environmentally friendly 

processes in recent years (23–25). 

 

We have described for the first time the quinaldinium fluorochromate (QnFC)-catalyzed 

periodic acid oxidation of various alcohols under solvent-free conditions (26). Herein, in order 

to continue to develop environmentally benign synthetic protocols, oxidation of alcohols with 

periodic acid catalyzed by quinaldinium chlorochromate (QnCC) under solvent-free conditions 

at room temperature and under microwave irradiation has been investigated. 

 

MATERIAL AND METHODS 

 

All chemicals were supplied by Aldrich, Merck, and Fluka and used without further purification. 

Thermo Fischer Scientific Nicolet iS10 FT-IR spectrometer was used to obtain an FT-IR 

spectrum of QnCC. 1H NMR and 13C NMR spectra were recorded on Bruker Avance III- 400 MHz 

spectrometer (in DMSO-d6). Microwave-assisted oxidation reactions were performed with 

professional multimode Microsynth-Milestone oven. 
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Economic synthesis of quinaldinium chlorochromate  

 

Chromium(VI) oxide (5 mmol, 0.5 g) was taken in a beaker and hydrochloric acid (37%, 5 

mmol, 0.41 mL) was added dropwise with continuous stirring for 10 min. This was followed by 

dropwise addition of 1.0 mL of water under stirring over a period of 15 min, leading to a clear 

orange colored solution. The solution was cooled in an ice-water bath for 15 min and 

quinaldine (5 mmol, 0.71 mL) was added dropwise to this solution with vigorous stirring. The 

whole was allowed to stand first in an ice-water bath for 30 min. and then at room 

temperature for 30 min. The compound was washed twice with hexane, kept under suction 

until moderately dried. Yield: 99.0%, mp: 139 °C. 

 

FT-IR (ATR, cm-1) νmax = 3292, 3030, 2884, 2610, 1645, 1603, 1546, 1492, 1412, 1382, 

1307, 1231,1150, 1047, 938, 880, 770, 726, 639, 615. 1H-NMR (400 MHz, DMSO-d6, ppm): δ 

= 2.85 (s,3H); 7.77-8.15 (m,6H); 8.78 (s,1H) . 13C-NMR (100 MHz, DMSO-d6, ppm) δ = 

22.02; 122.45; 123.25; 126.39; 127.96; 128.60; 132.81; 142.75; 158.19. 

 

General procedure for oxidation of alcohols with QnCC/H5IO6 under solvent-free 

conditions 

 

A mixture of the corresponding alcohol (1 mmol) and QnCC (2 mol%) was ground in a mortar 

until it became homogeneous and H5IO6 (1.1 mmol) was introduced slowly. The progress of 

the reaction was monitored by using TLC on silica gel (n-hexane-ethyl acetate: 2:1). Upon 

completion of the reaction, work up with ether (3x15 mL) and evaporation of the solvent gave 

the corresponding carbonyl compounds. 

 

General procedure for microwave-assisted oxidation of alcohols with QnCC/H5IO6  

under solvent-free conditions 

 

The mixture of the corresponding alcohol (1 mmol), QnCC (2 mol %), and H5IO6 (1.1 mmol) 

was irradiated and heated to 50 °C in the microwave reactor by the time indicated in Table 1. 

The progress of the reaction was monitored by using TLC on silica gel (n-hexane-ethyl acetate: 

2:1). At the end of the exposure to microwaves, the mixture was cooled to room temperature 

and extracted with ether (3x15 mL) and evaporation of the solvent gave the corresponding 

carbonyl compounds. 

 

Yields were based on the isolation of the 2,4-dinitrophenylhydrazones (DNPH) (Table 1). Since 

the carbonyl compounds are all known compounds, the qualitative identification of the 
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products was made by comparing of the melting points of the 2,4-dinitrophenylhydrazones 

with those of corresponding DNPH derivatives. 

 

RESULTS AND DISCUSSION 

 

An atom-efficient and environmentally benign procedure for the synthesis of quinaldinium 

chlorochromate was accomplished by using stoichiometric amounts of hydrochloric acid, 

chromium trioxide, quinaldine and minimum amount of water. Using a minimum amount of 

water leads to waste minimization by preventing the loss of QnCC through its solubility. 

Thereby, quinaldinium chlorochromate(VI) was obtained in 99.0 % isolated yield as an orange-

colored crystalline solid (Scheme 1). 

 

CrO3   +

N

HCl (37%)

N

H

Cr

O

O

ClO

 

Scheme 1: Atom-efficient synthesis of quinaldinium chlorochromate. 

 

The structure of QnCC was confirmed by FT-IR, 1H-NMR, and 13C-NMR. The FTIR spectra of 

QnCC shows the characteristic bands of the quinaldine moiety and chlorochromate anion, 

where appropriate. In particular, characteristic bands of chlorochromate anion are observed at 

ca. ν= 938, and 880 cm-1 corresponding to νasym (Cr=O), and νsym (Cr=O), respectively (27). 

The singlet observed at δ 2.85 at the 1H-NMR spectra of QnCC proved three aliphatic protons 

of a methyl group and multiple peak at δ 7.77-8.15 substantiated the presence of aromatic 

protons of quinaldinium cation. In addition, singlet at δ 8.78 verified the N-H proton of 

quinaldinium cation. The obtained 13C-NMR spectral data for QnCC was compatible with its the 

structure. 

 

Quinaldinium chlorochromate (QnCC) supported on alumina has previously been reported as a 

powerful oxidant for the oxidation of various alcohols (28). However, the need to use an 

excess amount of QnCC/alumina (alcohol to oxidant ratio 1:1.5) in CH2Cl2 to perform the 

oxidation is a major drawback, due to toxicity and environmentally polluting effects of 

chromium based reagents and chlorinated solvents. Therefore, practical and efficient oxidation 

processes that produce smaller amounts of toxic chromium waste are still in demand. 
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In the absence of QnCC, benzyl alcohol was oxidized to benzaldehyde by using 1.1 equivalents 

of H5IO6 under solvent-free conditions at room temperature, and under MW irradiation. The 

yields of the reactions obtained were 15% after 180 min at room temperature, and 22% after 

2 min under MW irradiation. 

 

In order to determine the optimum amount of QnCC which maximizes the yield of oxidation 

reaction, benzyl alcohol was oxidized to benzaldehyde by using 1.1 equivalents of H5IO6 and 

0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, and 4.0% moles of QnCC under solvent-free 

conditions at room temperature. The use of 2.0 mol% QnCC almost maximized the yield of 

reaction (Figure 1). To avoid the use of excess amount of chromium compound, 2 mol% of 

QnCC was used for the oxidation of all the alcohols. 

 

 

Figure 1: The influence of QnCC amount on the yield of oxidation reaction of benzyl alcohol. 

 

Having determined the optimum QnCC amount which maximizes the yield of reaction, the 

oxidation reactions of various alcohols were examined. As shown in Table 1, all the primary 

benzylic alcohols (1-7) were almost quantitatively and selectively oxidized to corresponding 

aldehydes and all the secondary alcohols (8-11) to ketones with high to excellent yields in very 

short reaction times with the H5IO6/QnCC system. 

 

In the present procedure the chemoselectivity of the oxidation reactions of some primary 

benzylic alcohols into the corresponding aldehydes was provided by using 1.1 equivalents of 

H5IO6 and 2% mol of QnCC (Table 1). As a result, no overoxidation to carboxylic acids has 

been observed. On the other hand, in the oxidation reactions carried out by using with 2.2 

equivalents of H5IO6, and catalytic (2% mol) amount of QnCC almost quantitative conversion 

to carboxylic acids with the yields of 85% ( 8 min), 91% (5 min), 92% (5 min), and 90%( 15 
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min) has been observed for the oxidation of benzyl alcohol, 4-methylbenzyl alcohol, 4-

chlorobenzyl alcohol, and 4-nitrobenzyl alcohol, respectively, at room temperature under 

solvent-free conditions.  

 

The solvent-free oxidation reactions of all the alcohols with the H5IO6/QnCC system were also 

carried out under MW irradiation at 50 °C. The results are presented in Table 1 in comparison 

to the results of the reactions performed at room temperature. It is notable that the yields of 

the products are close to each other, but the reactions which were carried out under MW 

irradiation occur much faster than the reactions carried out at room temperature. 
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Table 1: Solvent-free oxidation of alcohols by QnCC/H5IO6 at room temperature and under MW irradiation. 

   QnCC/H5IO6 (RT) QnCC/H5IO6 (MW) Mp(°C) of DNPH 
Entry Substrate Producta Time 

(min) 
Yield (%)b Time 

(sec) 
Yield (%)b Found Reported 

(29) 

1 Benzyl alcohol Benzaldehyde 1 92 30 96 237 237 
2 4-Methylbenzyl alcohol 4-Methylbenzaldehyde 1.5 100 20 98 232 233 
3 4-Chlorobenzyl alcohol 4-Chlorobenzaldehyde 2 95 30 97 265 265 
4 4-Methoxybenzyl alcohol 4-Methoxybenzaldehyde 2 98 10 98 254 254 
5 4-Nitrobenzyl alcohol 4-Nitrobenzaldehyde 5 85 40 90 319 320 
6 3-Chlorobenzyl alcohol 3-Chlorobenzaldehyde 2 100 30 100 247 248 
7 3-Nitrobenzyl alcohol 3-Nitrobenzaldehyde 3 83 40 90 291 292 
8 4-tert-Butylcyclohexanol 4-tert-Butylcyclohexanone 6 99 30 98 155 156 
9 Cyclohexanol Cyclohexanone 6 89 40 90 162 162 
10 Menthol Menthone 12 86 40 88 146 146 
11 Cycloheptanol Cycloheptanone 3 97 20 92 148 148 

 

a All the products have already been reported in the literature and were defined by melting points of their 2,4-dinitrophenylhydrazones. b Isolated yields based 
on their corresponding dinitrophenylhydrazones. 
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The recyclability of QnCC was determined by performing the oxidation reaction of benzyl 

alcohol to benzaldehyde. Subsequent to the end of the first run of the oxidation reaction, 

benzaldehyde was separated from QnCC with diethyl ether extraction. Then, the fresh charges 

of H5IO6 (1.1 mmol) and benzyl alcohol (1.0 mmol) were introduced for each subsequent run 

of the oxidation reactions. The yields thus obtained were 92%, 90%, 89%, 83%, and 70%, 

respectively. As shown in Figure 2, QnCC is recyclable for 4 runs without a considerable 

reduction in its catalytic performance. 

 

 

Figure 2: Recyclability of the QnCC for oxidation of benzyl alcohol. 

 

The mechanism of periodic acid oxidation reactions catalyzed by chromium(VI) reagents has 

not been exactly clarified. However, based on the previously reported mechanism (20,22), it 

may be presumed that the QnCC/H5IO6 system may form chlorochromateperiodate which is 

possibly a more efficient oxidant than the chlorochromate (Scheme 2). Besides, Cr(VI) may 

keep its oxidation state during the reaction until all periodic acid is consumed (30). 
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Scheme 2: The recommended mechanism for QnCC catalyzed the periodic acid oxidation of 

alcohols. 

 

To show the catalytic activity of QnCC/H5IO6 system, we compared the results of our study 

with the known data from the literature for the oxidation of benzyl alcohol (Table 2). As shown 

in Table 2, QnCC-catalyzed periodic acid oxidation has many advantages such as the amount 

of chromium(VI) compound used, solvent-free conditions, relatively short reaction times, and 

high to excellent yields of products in comparison with previous reports. Compared to our 

previous work (26), a catalytic amount of QnCC (2 mol%) required for the oxidation reactions 

is less than that of QnFC (3 mol%), and the reactions which were carried out under MW were 

completed in very short reaction times with high yields. 

 

Table 2: Comparision of oxidation of benzyl alcohol with periodic acid catalyzed by 

chromium(VI) based oxidants. 
Catalyst H5IO6 

(equiv.) 

Catalyst 

(mol %) 

Conditions Time 

(min.) 

Yield 

(%) 

Ref. 

QnCC 1.1 2 Solvent-free, rt 2 92 - 

QnCC 1.1 2 Solvent-free, MW 0.5 96 - 

QnFC 1.1 3 Solvent-free, rt 2 93 (26) 

PCC 1.1 2 CH3CN, 0 °C to rt 120 72 (20) 

Cr(acac)3 1.5 10 CH3CN, rt 180 93 (31) 
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CONCLUSION 

 

In conclusion, QnCC effectively catalyzes the selective oxidation of alcohols with periodic acid 

under solvent-free conditions at room temperature and under MW irridation. The QnCC/H5IO6 

system is simple, effective, versatile and selectively oxidizes various alcohols in very short 

reaction times with high to excellent yields. In addition, this system leads to much less 

chromium contamination while preserving the all known advantages of chromium(VI) based 

oxidant. Remarkably, QnCC can be recycled for 4 times without notable loss of its catalytic 

performance. From the environmental point of view, this new catalytic system can be 

evaluated as a green protocol for the oxidation of alcohols. 
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Ultrafiltration (MEUF) with Surfactants 
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Abstract: In the present study, the optimum conditions have been investigated for the 

separation of Zn2+ ions from aqueous solution by micellar enhanced ultrafiltration (MEUF). For 

this purpose, the best conditions for the concentration of surface active agent in the feed solution 

(sodium dodecyl sulfate, SDS), cetyltrimethylammonium bromide (CTAB), triton-X-100 

(TX100)), filtering pressure, stirring rate, and for the membrane porosity have been determined. 

It was found that the filtering pressure has a significant effect on the permeate flux but a 

relatively insignificant impact on rejection of Zn2+. Permeate flux increased linearly with 

increasing pressure, ranging from 0.32 mLmin-1m-2 at 3 bar to 0.72 mLmin-1m-2 at 4 bar. The 

results showed that by adding SDS anionic surfactant, the permeate flux and the removal 

efficiency of zinc increased. Best results in terms of zinc rejection coefficient is 97.5 % at 5.0 x 

10-4 M zinc concentration, 1.0 x 10-2 M SDS concentration (~x 8 cmc), stirring rate 500 rpm and 

transmembrane pressure 4 bar. 
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INTRODUCTION 

 

Zinc is a trace element known to be an essential nutrient for life. It plays an important role in 

biological functions; however, if it is in excess, it has major effects on the human body, including 

abdominal pain, vomiting, nausea, cramps, cardiac irregularities, and increase the risk for 

development of an autoimmune disease, between others (1, 2). The heavy metal toxicity effects 

is highly dependent on the metal's chemical form. Generally, toxicities of aquo-ionic forms of 

metals are assumed to be more than those of the bound into particles or organic compounds. 

Zinc is found naturally in water. Industrial wastewaters with dissolved zinc compounds is 

released from battery production industries, galvanic industries, the fertilizer industry etc. Zinc 

compounds are widely used in industry. Zinc chloride is applied for dry cell batteries and paper-

parchment production, zinc oxide used in production of creams, paints and catalysts, and zinc 

sulfate is especially applied as a fertilizer ingredient. The main source of Zn in the surface waters 

is from zinc leakages zinc pipes and/or rain pipes, consequential to the circulation of carbon-rich 

water. Car tires containing zinc and motor oil from zinc tanks which releases zinc compounds on 

the roads. Other source of zinc into water surface is use of fungicides and insecticides and zinc 

may be emitted from chemical waste dumps and landfills, or from dredge mortar (3, 4).  

 

Several different techniques have been developed for use in removal of zinc from waters, such 

as chemical precipitation, ion-exchange, adsorption, coagulation–flocculation, flotation and 

electrochemical methods (5). These methods present deficiencies such as, quite energy intensive 

and operating costs. The main inconvenience of chemical precipitation is the formation of 

hydroxide precipitate and further, necessity of this compound disposal. Ion-exchange and 

adsorption are preferred methods for the purification of diluted effluents due to limited 

adsorption/ion exchange capacity. To overcome the aforementioned problems, a micellar 

enhanced ultrafiltration (MEUF) system was introduced. In this process, small pollutants are 

bound (for ionic pollutants) or solubilized (for organic pollutants) in large surfactant micelles 

which can be separated by ultrafiltration membranes with larger pore size. This process was 

studied for the removal of metal ions from dilute aqueous streams by researchers (6-10). 

Scamehorn et al. (11, 12) proposed that MEUF was very effective in removing multivalent metal 

ions and toxic organics simultaneously from industrial wastestreams with the use of anionic 

synthetic surfactants like sodium dodecyl sulfate. They conclude that system performance can 

be improved by reducing the feed concentration of metal ions, and/or increasing the surfactant 

concentration, transmembrane pressure, and membrane pore size (up to 5000 MWCO). The 

permeate concentration decreases with use of surfactant mixtures (non-ionic and anionic 

surfactants) and increases with addition of monovalent salts such as NaCl. The rejection rate 

increases with the following metal types: Ca2+ Cu2+ Zn2+ Cd2+. In the removal of copper, zinc, 

and cadmium, rejection rates of 99+% were observed. Akita used in MEUF to remove zinc ions 

https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj4rMLBw9_PAhXIuhQKHUaHBV8QFggbMAA&url=https%3A%2F%2Fwww.drugs.com%2Fcdi%2Fzinc-oxide-cream.html&usg=AFQjCNH6emO6EGdf2H4cPOI4KDbDWEN-gg&bvm=bv.135974163,d.d24
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from aqueous solutions (up to 0.5 mmol/L) include CPC, PONPE10 and SDS, the Zn2+ rejection 

were near to 0, 8.7, and 84.8% (13). 

 

In this work, MEUF was used to remove zinc from aqueous solutions using the ultrafiltration 

membrane. The effects of some important parameters on metal percent rejection and permeate 

flux were investigated. These parameters include filtering pressure, the concentration of surface 

active agent, stirring rate, and for the membrane porosity. These results can be helpful in 

achieving the practical application of this process. 

 

MATERIALS AND METHOD 

 

Materials 

All the chemicals used were of analytical reagent grade. Deionized water (DI) was used 

throughout the experiments. The stock solution of Zn (II) (1000 mg L-1) was prepared by 

dissolving an appropriate amount of Zn(NO3)2·6H2O (Merck) in DI water. SDS (Merck), CTAB 

(Aldrich), TX100 (Riedel) were used as supplied. The surfactant stock solutions (2%, v/v) were 

prepared by dissolving 2 mL of concentrated solution in deionized water. 

 

Method  

All experiments were carried out in a batch-stirred ultrafiltration cell (Amicon 8050, Millipore, 

USA; Figure 1). Two organic regenerated cellulose membranes with a molecular weight cut-off 

(MWCO) 1000 and 5000 Da obtained from Millipore were used for all the MEUF experiments. A 

new membrane was used for each test except in cases where the permeability of the used 

membrane could be fully recovered. A 30 mL feed solution was charged into the cell. The 

ultrafiltration was carried out at room temperature (28±20C). Pressurized air was used to 

maintain the transmembrane pressure. The stirred cell was placed on a magnetic stirrer. The 

stirring speed was measured with a digital tachometer (Optic DT-838).  

 

The first 5 mL of the permeate was discarded. The ultrafiltration was continued until 5 mL of 

sample remained in the retentate. 20 mL of permeate was collected and analyzed.  

 

Figure 1. UF cell used in the experiments. 
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Surfactant concentration in the permeate samples [S]p was determined via surface tension 

measurements. The plot of surface tension (ordinate) as a function of the logarithm of surfactant 

concentration (abscissa) was constructed to determine the [S]p. 

 

Concentrations of Zn(II) ions in the feed and permeate were determined by flame atomic 

absorption spectrometry (VARIAN 240 FS, FAAS). The operating conditions were as follows: 

wavelength: 213.9 nm, lamp current: 7 mA, bandpass: 1.0 nm and fuel flow rate: 1.2 Lmin-1. 

Deuterium lamp background correction was used. Determinations were performed in triplicate.  

 

RESULTS and DISCUSSION 

 

Effect of the surfactant concentration and membrane porosity 

Penetration of the surfactant through the membranes to permeate flux is one of the main 

disadvantages of the MEUF process (14). Due to this disadvantage, the retention of the 

surfactant was investigated without addition of metal ion in the filtrated solution. For this 

purpose, the filtration of the surfactant solutions was performed. The results of ultrafiltration of 

aqueous surfactant solutions of different concentrations with regenerated cellulose membranes 

(1000-5000 Da) are shown in Table 1. The performance of the membranes is indicated in terms 

of initial surfactant retention and permeation rate during batch ultrafiltration (15). A general 

increase in surfactant retention with increase in feed concentration [S]i is observed during 

ultrafiltration with each membrane.  

 

Concentration below critical micelle concentration (CMC), micelles are not absent so surfactant 

will be present as monomers. These monomers are able to form complex with the metal ions 

which can easily pass through the membrane. At smaller concentrations, due to the membrane 

effect, monomer attracts towards membrane and either adsorbed in pores or amasses on the 

membrane surface on a gel layers (16). When surfactant concentration increased up to CMC, 

the micelle formation provides binding sites to metal ions on the surface and the rejection of 

ions increases (17). On further increase in the concentration of surfactant, the formed micelles 

break into smaller aggregates of low aggregation size. These aggregates effectively bind the 

metal ions, after concentration of the metal ion also increase and pass through the membrane 

towards the permeate side (18, 19). Examination of the literature shows that the concentration 

of a surfactant in solution increases after the CMC and a second CMC occurs (20). These, 

undoubtly, reflect change in size, shape, polydispersity and degree of concentration binding to 

binding to the micelle and also change rate of hydration (21). A second CMC exists where the 

aggregates gain positional order due to increased electrical repulsions among the micelles (22). 

According to Porte et al (23), the second CMC arises from a sphere to rod transition of the micelle 

geometry. 
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In our preliminary experiments, we determined to find the CMC of surfactants (not shown). CMCs 

for SDS, CTAB, and TX-100 using surface tension technique (our propositional method) were 

8.1× 10−3, 1.14 × 10−3 and 3.6 × 10−4 mol L−1, respectively. The permeate surfactant 

concentration were approximately equal to the CMCs for SDS and CTAB but about 2 times lower 

than CMC for TX-100. The difference can be explained in terms of the relative size of the TX-100 

micelles. The CMC of TX-100 is lower and the aggregation number of micelles is greater (Table 

1), so there are larger TX-100 micelles in a lower TX-100 concentration and the concentration 

in the retentate of TX-100 micelles may increase. The structural difference of used surfactants 

depends on theirs hydrophilicity as listed in Table 2, and an increase aggregation number caused 

by the decrease in hydrophilic chain length (24, 25) results in increasing the number of Zn2+ 

binding sites.  

 

Table 1. Ultrafiltration of surfactant solutions. 

   [S]px104 Permeation Rate  

[SDS] [CTAB] [TX100] 

  

(mLxmin-1) 

 

   

x102 x103 x103 
1000 
Da 5000 Da 1000 Da 5000 Da  

        

2.00   21.00 29.00 0.361 0.750  

5.00   - 33.00 - 0.670  

10.00   38.00 43.00 0.273 0.550  

20.00   - 52.00 - 0.360  

30.00   52.00 60.00 0.070 0.170  

 2.00  4.72 4.81 0.300 0.630  

 5.00  4.75 4.85 0.294 0.610  

 10.00  4.75 4.90 0.285 0.600  

 20.00  4.79 4.90 0.280 0.540  

 30.00  4.80 4.95 0.275 0.530  

  0.50 0.64 0.94 0.350 0.630  

  1.25 - 1.03 - 0.620  

  2.50 0.67 1.12 0.347 0.600  

  5.00 - 1.19 - 0.600  

  7.50 0.77 1.30 0.346 0.600  

 

Further increase in the membrane porosity, up to 5000 Da, resulted in a marginal increase in 

the permeation rate. Therefore, 5000 Da was selected as membrane porosity for further 

experimental works. 

 

Table 2. Characteristics of selected surfactants. 

Name MWa 
(g/mol) 

CMC 
(mM) 

HLBb Aggregation 
numberc 

MW of 
micelled 
(g/mol) 

Solubility 
e 

 

SDS 288  8.1 40 80 23040 s 
CTAB 364 1.14 – – – s 
TX-100 625 0.36 13.5 140 87500 s 

 

http://www.google.com/books?hl=tr&lr=&id=Fj0r-IQneaEC&oi=fnd&pg=PP1&dq=Characteristics+of+used+surfactants.&ots=UGmAREP4XB&sig=kRwXcyOjNGo5KC1Y-bvdLtSTcvo
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a MW: An average molecular mass, b HLB: hydrophilic–lipophilic balance, c Aggregation number 

of the micelle, d MW: molecular mass of the miçelle, e s means readily soluble in water.  

 

Effect of applied pressure  

The pressure was varied from 3 to 4 bar, because the maximum operating pressure limit is 4 

bar in our laboratory systems. The flow rates in different pressure and constant surfactant 

concentrations (Table 3) show same behaviors for each surfactant and help choose the most 

suitable transmembrane pressure force.  

 

Table 3. Concentration of surfactant in the permeate and permeation rate as a function of 

applied pressure. 

 [S]i 1.0x10-1 M SDS 1.0X10-2 M CTAB 2.5x10-3 M TX100  

        

Transmembrane Pressure 

(Bar) 
3 4 3 4 3 4  

[S]px104 9.53 9.60 8.33 8.40 1.10 1.12  

Permeation Rate (mLxmin-1) 0.32 0.72 0.34 0.75 0.46 0.89  

 

No significant effect was observed on the permeate surfactant concentration if the pressure was 

increased from 3 to 4 Bar, but the permeation rate increased slightly. The permeate flux 

increased linearly with applied pressure at a constant surfactant concentration. This may be due 

to the fact that the operating pressure between retentate and permeate acts as effective driving 

force for membrane separation process. The increase of this could overcome the osmotic 

pressure and the resistance, thereby forcing more solution to filter through the membrane and 

leading to a higher permeate flux (26-28). At CMC, sites for binding of Zn2+ increased with 

increasing concentration of micelles near the membrane surface which may contribute to 

increase in rejection. The pressure can also vary according to the capacity of membrane to 

withstand (29, 30). 

 

Effect of filtration speed 

In order to determine the optimize sampling rate, the filtration speed was varied between 100 

and 500 rpm, maintaining constant other experimental conditions (Table 4).  
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Table 4. Effect of filtration speed on the permeation rate and permeate surfactant 

concentration. 

[S]i 2.0x10-2 M SDS 

Stirring Speed (rpm) 100 500 

[S]px104 0.30 0.28 

Permeation Rate (mLxmin-1) 0.625 0.740 

 

With the increase in the flow rate, velocity and turbulence near the membrane surface also 

increased. This leads to an increase in mass transfer across the membrane surface and hence 

an increase in the permeate flux. A filtration flow rate of 500 rpm, was the most adequate for 

the quantitative retention. Permeation rate of 500 rpm was chosen as optimal. Moreover, the 

maximum permeate flux is achieved by SDS. SDS has higher CMC and lower aggregation number 

of single SDS micelle than other surfactants as listed in Table 2, so it makes micellization more 

difficult and deposit fewer micelles in large size surface area of the membrane. Therefore, SDS 

was selected as surfactant for following experiences. 

 

 Ultrafiltration of Zn (II) ions with addition of surfactant (MEUF process) 

The optimum conditions obtained during experimentation were; pressure: 4 bar, surfactant: 

SDS, flow rate: 500 rpm, and membrane porosity: 5000Da and temperature: 25◦C, at which 

>96.0 % of rejection had been observed for the removal of zinc.  

 

  The applicability of MEUF method to zinc ions separation was examined by the use of SDS.  As 

observed from the figure the rejection of Zn2+ increased from 10.85% to 97.5%, when removing 

the Zn2+ from the feed solution, we used the rejection rate R expressed as: 

𝑅% =  (1 −
𝐶𝑝

𝐶𝑖

) × 100 

where Ci is the initial concentration of the Zn2+ ion in the feed solution and Cp is the Zn2+ ion 

concentration in the permeate. 
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Figure 2. Effect of the initial SDS concentration on the rejection of Zn2+. 

 

Figure 2 shows the variation of the Zn2+ rejection with the initial SDS concentrations ranging 

from 5.0 x 10-3 M up to 2.0 x 10-2 M at a constant Zn2+ concentration of 5.0 x 10-4 M and a 

constant pressure of 4 bar. This curve shows an immediate rise in the retention of Zn2+ with the 

increasing feed SDS concentration, which later reaches a plateau at a higher SDS concentration. 

The rejection may be attributed to the fact that the number of micelles increased with increase 

in SDS concentration. When the SDS concentration is below its cmc, micelles not found in the 

bulk solution and no separation of Zn2+ is expected in theory. When the SDS concentration 

reaches cmc level at the concentration polarization layer, many SDS monomers can be present 

large numbers of big-size micelles at the concentration polarization layer (31).  

 

CONCLUSION 

 

The MEUF process was successfully applied for removal of Zn2+ ions from aqueous solutions. A 

regenerated cellulose membrane was used for filtration process, while SDS was used as the 

surface active agent. The influence of some important parameters including the feed SDS 

concentration, membrane porosity, operating pressure, and filtration speed was investigated. 

The results revealed that the permeate flux increased with increasing, to optimal levels, 

transmembrane pressure and filtration speed. When the initial SDS concentration was the 6 mM, 

high Zn2+ rejection (97%) was obtained due to concentration polarization phenomena occurring 

at the membrane/solution interface. 
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Abstract Novel metallophthalocyanines (M = Zn, Co) carrying four (E)-1-(furan-2-yl)-3-(4-

hydroxyphenyl)prop-2-en-1-one (chalcone) at the peripheral positions were sythesized. These 

complexes have been characterized by a combination of infrared spectroscopy (FT-IR), proton 

NMR (1H-NMR), high resolution mass spectroscopy (HRMS), and ultraviolet visible (UV–Vis) 

spectrophotometry techniques. Also, cyclic voltammograms of these phthalocyanines were 

recorded and zinc phthalocyanine has one and cobalt phthalocyanine has two reduction 

reactions. Spectroelectrochemical investigation shows the ring-based reduction of MPcs. Pc-7 

cobalt(II) phthalocyanine was investigated as a catalyst in the catalytic oxidation of 2-

mercaptoethanol. Turnover number, initial reaction rate, and the oxygen consumption were 

found in the catalytic oxidation of 2-mercaptoethanol as 16.6, 0.29, 2.52, respectively. 
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INTRODUCTION  

 

Dyes and catalysts (1-4), organic photovoltaic devices (5-10), photodynamic therapy (11-14), 

and electrochemical applications (15-18) are phthalocyanines’ widespread applications 

stemmed from peripheral functionalization of them. New properties of phthalocyanines arise 

from their conjugated macrocyclic units. The phthalocyanines should be soluble in water or in 

organic solvents in order to be used in these applications. Solubility could be improved by 

deriving on the peripheral or non-peripheral position of the phthalocyanines via substitution 

with large groups and by changing the metal on the core of the phthalocyanines (19-23).  

 

Chalcones have the following characteristics: Anticancer, anti-inflammatory, antioxidant, 

cytotoxic, antimicrobial, analgesic and antipyretic (24,25). In recent years, chalcones are 

investigated as sensors and biological activities. The substituents on the periphery of 

phthalocyanines effect the physical and chemical properties. In this paper, the chalcone group 

with furan is directly attached to the phthalonitrile and then newly designed phthalocyanines 

were obtained (24-30). Chalcone group is electron-rich and has a high absorption property. It 

is estimated that the electron flow is realized from the chalcone groups located in the 

peripheral structure towards the phthalociyanine ring. Therefore, this gives usability to these 

molecules when they are used in dye sensitized solar cells as sensitizer. In addition, it is 

thought that electron-rich structure of chalcones positively contribute to the catalytic effect of 

phthalocyanine. 

 

Mercaptans are thiol compounds and have environmental pollutant properties. The removal of 

mercaptans is not only important in terms of preventing environmental pollution. In addition, 

the mercaptan eliminates the effects of catalysts added to petroleum products such as 

petroleum and diesel to improve performance. So the mercaptan oxidation process is used to 

remove the thiols. Mercaptan oxidation occurs by means of oxygen in the air through catalysts. 

Both homogeneous and heterogeneous catalysts have been used for the oxidation of thiols 

(37-40). 

 

In this study, novel MPcs having four chalcone moiety on their peripheral positions were 

synthesized and characterized by 1H-NMR, 13C-NMR, FTIR, MALDI-TOF, and UV/Vis spectra. 

These phthalocyanines have potential for applications as a multifunctional material in future 

studies. 
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EXPERIMENTAL 

 

General  

All experimental runs of this work were carried out with a pre-dried glass substrate heated at 

150 °C for 1 hour and then cooled under an inert nitrogen atmosphere. Then the reaction 

solvents are distilled from the specified drying agents: 2-Dimethylaminoethanol, DMAE, N,N-

Dimethylformamide, DMF (CaH2). All fine chemicals were purchased from commercial suppliers 

and used without further purification. Melting points of the synthesized molecules were 

obtained on a Barnstead Electrothermal 9200 model melting point apparatus. 

 

The thick-walled glass columns were used for flash column chromatography with flash grade 

silica (Merck Silica Gel 60). The reaction monitoring was achieved by thin layer 

chromatography (TLC) using pre-coated silica gel plates (Merck Silica Gel PF-254), visualized 

under UV-light and polymolybdenum phosphoric acid in ethanol as appropriate. All extracts 

obtained were dried over anhydrous magnesium sulfate and solvents was evaporated under 

vacuum by using a rotary evaporator. 

 

Spectroscopy  

The NMR spectra, 1H NMR and 13C NMR were taken in deuterio chloroform (CDCl3) and deuterio 

DMSO (DMSO-d6) on a VARIAN Infinity Plus 300 MHz NMR spectrometer. Chemical shifts were 

expressed in ppm relative to CDCl3 (δ7.26 and 77.0 for 1H and 13C NMR, respectively) and 

DMSO-d6 as the internal standards. For recording of Infrared spectra a Perkin Elmer Spectrum 

Two FT-IR spectrometer was used. HRMS and MALDI-TOF spectra were taken on Bruker 

Daltonics flexAnalysis. UV-Visible spectroscopy was measured on a Shimadzu UV 2600 model 

spectrophotometer. 

 

Catalytic oxidation of 2-mercaptoethanol 

A CyberScan DO 300 model dissolved oxygen meter was used to achieve catalytic oxidation of 

2-mercaptoethanol. 0.152 micromole (μmoL) Co(II) phthalocyanine (Co(II)Pc) (Pc-7) was 

dissolved in 50 mL of THF. The reaction vessel was bubbled with air in order to obtain oxygen 

saturation in the solution. 7,3 μL (1.52 millimole (mmol)) 2-mercaptoethanol was added. The 

molar ratio 2-mercaptoethanol as substrate to Co(II)phthalocyanine as catalyst was 10000:1. 

Then 1 mL of 0.25 wt% aqueous sodium hydroxide solution was added to the reaction vessel. 

The recording of the oxygen in the reaction mixture was started at the same time. Then time-

dependent oxygen consumption was calculated. The catalytic activity of Co(II) phthalocyanine 

Pc-7 is characterized by turnover number TON (conversion of mol oxygen per mol 

phthalocyanine), initial reaction rate (μmol oxygen consumption per second) and the oxygen 

consumption (μmol/min) (31-33). 
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Synthesis 

Synthesis of (E)-1-(furan-2-yl)-3-(4-hydroxyphenyl)prop-2-en-1-one, (chalcone),  3  

KOH solution (16 mL, 10%) and ethanol (32 mL) were mixed in a round-bottomed flask. 2 g of 

4-hydroxybenzaldehyde (16.4 mmol) was added into the prepared solution and stirring was 

continued for 15 minutes. 1.9 g of 1-(furan-2-yl)ethanone 2 (17.2 mmoL) was added into the 

stirring solution. The reaction mixture was continued to stir under nitrogen atmosphere for 24 

h. The reaction mixture was poured in a beaker, dilute aqueous HCl solution was added for 

neutralizing. Solid was filtered over a sintered funnel, recrystallized in ethanol and 

chromatographed by eluting with ethyl acetate:hexane (ratio is 1:3). Greenish yellow solid 

(2.99 g, 21.9% chemical yield). Soluble in ethylacetate, acetonitrile and tetrahydrofuran. FT-IR 

(ATR, cm-1):3379, 3193, 3174, 3132, 3025, 2971, 2821, 1739, 1643, 1609, 1574, 1508, 

1549, 1461, 1379, 1343, 1275, 1225, 1171, 1156, 1086, 1049, 1014, 988, 926, 881, 824, 

766, 737. 1H NMR (300 MHz, DMSO-d6) δ 8.04 (dd, J=1.76, J=0.59, 1H), 7.75 (dd, J=3.51, 

J=0.59, 2H), 7.73-7.68 (m, 2H), 7.65 (s, 1H), 7.50 (d, J=15.82, 1H), 6.86-6.82 (m, 2H), 

6.79-6.76 (m, 1H), 13C NMR (75 MHz, DMSO-d6) δ 177.4, 160.8, 158.1, 153.8, 148.7, 143.9, 

131.6, 126.2, 119.5, 119.0 (overlapped 2C signals), 116.5, 113.3. Exact mass: 214.06. 

HRMS: m/z [M] calcd. For C13H10O3 : 214.06; found [M+H]+215.7 and [M+Na]+ 237.6 

 

Synthesis of chalcone-substituted phthalonitrile, 5 

Compound 3 (670 mg, 3.1 mmol) and 4-nitrophthalonitrile (540 mg, 3.1 mmol) were dissolved 

in 12 mL of DMSO in a round-bottomed flask and stirred under nitrogen atmosphere. 

Potassium carbonate (861 mg, 6.2 mmol) was added and stirring was continued for 24 h. The 

reaction was monitored by TLC. The mixture was poured into 50 mL cold water. The grey solid 

obtained was filtered through a sintered funnel, washed with methanol, and dried under 

vacuum, then separated by column chromatography by eluting with ethyl acetate : hexane 

(ratio is 1:3, v:v). (421 mg, 39.7% chemical yield). FT-IR (ATR, cm-1):3146, 3132, 3108,  

3073, 3043, 2227, 1661, 1605, 1588, 1561, 1507, 1483, 1465, 1411, 1397, 1341, 1294, 

1281, 1248, 1219, 1201, 1181, 1168, 1158, 1117, 1085, 1053, 1016,  983, 954, 930, 894, 

884, 870, 854, 831, 826, 816, 764. 1H NMR (300 MHz, CDCl3) δ 8.13 (d, J=8.49, 1H), 8.07 (s, 

1H), 7.98 (d, J=7.91, 2H), 7.87 (d, J=12.59, 2H), 7.80-7.67 (m, 2H), 7.48 (d, J=9.08, 1H), 

7.27 (d, J=8.20, 2H), 6.80 (s, 1H). 13C NMR (75 MHz, DMSO-d6) δ 177.9, 161.2, 155.6, 153.8, 

147.0,142.4, 140.0, 135.8, 133.0, 131.1 (overlapped 2C signals), 122.3, 122.1 (overlapped 

2C signals), 122.0, 121.1, 118.1 (overlapped 2C signals), 115.5, 113.0, 109.8, Exact mass: 

340.08. HRMS: m/z [M] calcd. For C21H12N2O3 : 340.33; found [M+H]+ 341.4 and [M+Na]+ 

363.5 

 

Synthesis of chalcone substituted zinc phthalocyanine, Pc-6 

Compound 5 (200 mg, 0.59 mmol) was dissolved in the 6 mL mixture of DMAE/DMF (1:2 v:v). 

Zinc acetate dihydrate (32.6 mg, 0.15 mmol) was added to this stirring mixture, and then 
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refluxed under nitrogen atmosphere for 24 h. After finishing the reaction, methanol:water 

(ratio is 1:1 v:v) was used to stop the reaction and to obtain the precipitate. The obtained 

dark green solid was centrifuged. The solid was dried in a vacuum incubator and purified by 

column chromatography (elution with ethyl acetate : hexane (ratio is 1:3)). Dark green solid, 

mp >300 oC, (162.7 mg, 76.3% chemical yield). FT-IR (ATR, cm-1):3125, 3063, 2924, 2853, 

1768, 1713, 1657, 1591, 1504, 1464, 1387, 1358, 1333, 1310, 1292, 1259, 1228, 1165, 

1086, 1044, 1013, 986, 943, 923, 883, 830, 759, 746. 1H NMR (300 MHz, DMSO-d6) δ 8.11-

8.08 (m, 5H), 8.02-7.95 (m, 13H), 7.88-7.83 (m, 8H), 7.78-7.71 (m, 8H), 7.46-7.41 (m, 5H), 

7.36-7.33 (m, 3H), 7.28-7.23 (m, 6H), 6.84-6.79 (m 4H). MALDI-TOF MS: m/z [M]+ calcd. For 

C84H48N8O12Zn  : 1422.78; found [M+4H]+ 1426.8. Anal. Calc. for  C, 70.71; H, 3.39; N, 7.85; 

O, 13.46; Zn, 4.58, Found: C, 70,7; H, 3.4; N, 7.8 %. 

 

Synthesis of chalcone substituted Cobalt phthalocyanine, Pc-7 

Compound 5 (220 mg, 0.65 mmol) was dissolved in a 6 mL mixture of DMAE/DMF (1:2). 

Cobalt(II) acetate tetrahydrate (41.4 mg, 0.16 mmol) was added to this stirring mixture then 

refluxed under the nitrogen atmosphere for 24 h. After finishing the reaction, methanol/water 

mixture (1:1 v:v) was used to stop the reaction and to obtain the precipitate. The obtained 

dark green solid was centrifuged. The solid was dried in a vacuum incubator and column 

chromatography was applied by eluting with ethyl acetate : n-hexane (ratio is 1:3 v:v). Dark 

green solid, mp >300 oC, (163 mg, 71.2% chemical yield). FT-IR (ATR System, cm-1):3124, 

2922, 1713, 1657, 1591, 1503, 1463, 1393, 1328, 1290, 1229, 1163, 1117, 1087,  1043, 

1011, 955, 922, 882, 824, 751. MALDI-TOF MS: m/z [M]+ calcd. For C84H48N8O12Co  : 1424.3; 

found [M-5H]+ 1419.2., Anal. Calc. For  C, 71.04; H, 3.41; Co, 4.15; N, 7.89; O, 13.52., 

Found: C, 71.0; H, 3.4; N, 7.9 %.    
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Scheme 1. Synthesis of (E)-4-(4-(3-(furan-2-yl)-3-oxoprop-1-enyl)phenoxy)phthalonitrile 5 

and target Pc scaffolds. 

 

RESULTS AND DISCUSSION 

 

Synthesis 

The literature about phthalocyanine shows us that in order to enhance solubility and to prevent 

aggregation in organic media or water, bulky substituents could be used as peripheral or non-

peripheral substituents of phthalocyanines. Furthermore, changing the metal in the 

phthalocyanine center affects the solubility of the phthalocyanines (1,26). We used chalcone 3 

in this research as a bulky substituent synthesized from 4-hydroxybenzaldehyde and 2-

acetylfuran in the mixture of ethanol and water by using KOH as the harsh alkaline media. The 

reaction has given 21.9% yield. Then the novel chalcone-derived phthalonitrile 5 was obtained 

from the nucleophilic aromatic substitution (SNAr) type substitution reaction between chalcone 

3 and 4-nitrophthalonitrile 4, after the column chromatographic isolation chemical yield was 

calculated as 39.7% (Scheme 1). Moreover, chalcone-derived phthalocyanines are newly 

discovered for synthesis and application. Chalcones have metal sensing potential along with 

biological activity. So, deriving metallo Pcs with chalcones will give solubility and these 

phthalocyanines will be mentioned in the new researches about biologic activity of Pcs and 

characteristics for sensing (25-30). 
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The molecular structures of 3 and 5 are described on the basis of 1H and 13C NMR spectra and 

approved by FT-IR spectra. The obtained phthalonitrile 5 was used for the synthesis of 

metallophthalocyanines Pc-6 and Pc-7. In the synthetic routes of Pcs, Zn(OAc)2.2H2O and 

Co(OAc)2.4H2O salts were used to give center ions to Pcs respectively Zn2+ and Co2+ in the 

cyclotetramerization reaction of 5, using DMEA as the catalyst at high temperature, an 

isomeric mixture of the desired metallo-Pcs Pc-6 and Pc-7 as expected (Scheme 2). The 1H 

NMR spectra of Pc-6 was recorded in DMSO-d6.  

 

Pc-6 is soluble in DMSO, so the 1H NMR spectra for Pc-6 was carried out in DMSO-d6. Pc-7 is 

well soluble in both DMSO and DMF. Both phthalocyanines are soluble in the mixture of DMSO-

water. The structures of novel Pc compounds Pc-6 and Pc-7 were characterized by FTIR, UV-

Vis, 1H and 13C NMR, and MALDI-TOF techniques. 

 

Scheme 2. Synthesis of target phthalocyanines Pc-6 and Pc-7 

 

Structure Elucidation  

The FT-IR spectrum of all synthesized species clearly shows that the products desired in all 

steps are obtained as intended. 

 

The C=O carbonyl bonds stretching vibrations can be attributed to the bands appearing at 

1661 cm-1 for compound 5. After the cyclotetramerization of phthalonitrile 5, this band shifts 

to 1713 cm-1 for both Pc-6 and Pc-7. The band observed at 1605 cm-1 for compund 5 was 

assigned to C=C bonds stretching vibration. After the synthesis of phthalocyanines this band 
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shifts to 1657 cm-1 for both Pc-6 and Pc-7. The FT-IR spectra of 5 gives us the specific 

information on the synthesis of chalcone-derived phthalonitrile shows the disappearance of the 

characteristic broad band at 3193 cm-1 which can be referred to hydroxyl on the chalcone 3. 

Additionally, the strong characteristic single band at 2227 cm-1 can be referred to as the CN 

vibration which was observed clearly. The disappearance of this characteristic signal at 2227 

cm-1 in the FT-IR spectrum of both Pc-6 and Pc-7 have been accepted as a proof of 

cyclotetramerization of the monomer 5. The other bands under 2000 cm-1 do not have 

considering changes. Absorption bands at 3125, 3063, 2924, 2853, 1768, 1713, 1657, 1652, 

1591, 1504, 1464, 1387, 1358, 1333, 1310, 1292, 1259, 1228, 1165, 1086, 1044, 1013, 986, 

943, 923, 883, 830, 759, and 746 cm-1 are observed for Pc-6; these can be attributed to 

phthalocyanine’s skeletal vibrations (31). Pc-7 also shows very similar peaks between 751-

3124 cm-1. Because of having aromatic structures for 3 and 5, the NMR spectra of 3 and 5 

have peaks in between 6-8 ppm, similar to starting phthalonitriles. The 1H-NMR spectra of the 

phthalocyanines show the peaks in the aromatic region with small chemical shift differences 

(Figure 1). 

 

Figure 1. Expanded 1H NMR spectrum of compounds 3 (bottom), 5 (middle) and Pc-6 (top). 

 

The mass spectra of phthalocyanines Pc-6 and Pc-7 were also acquired. Molecular ion peaks 

are identified as 1426.8 for [M+4H]+ for Pc-6 and as 1419.2 for [M+4H]+ for Pc-7.  

 

UV-Vis absorption spectra 

The UV-Visible spectra of Pc-6 and Pc-7 are recorded in a mixture of DMSO: water (1: 4 ratio, 

v:v) in DMSO and a wide range of 10-6 M and 10-5 M. The electronic absorption spectrum in 

between 300 nm and 750 nm for both solvent systems can be seen in Figures 2 and 3, 

respectively. All of the absorption spectra show about 330 nm typical Soret band for Pc-6 and 

Pc-7. Figures 2 and 3 show typical non-aggregated phthalocyanines. Figure 2a shows that Pc-

6 has a strong Q band at 678 nm in DMSO, having a shoulder at 641 nm with a vibronic band 
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at 611 nm and also a Soret band peaking at 334 nm. Figure 2b, on the other hand, shows that 

Pc-6 has a strong Q band at 684 nm in the mixture of DMSO:water (1:4, v:v) with a vibronic 

band at 637 nm and also a Soret band peaking at 335 nm. Figure 3a shows Pc-7 gives a 

weaker but clear Q band at 668 nm, having a shoulder at 617 nm and a Soret band at 332 nm. 

Figure 3b shows that Pc-7 has a strong Q band at 679 nm in the mixture of DMSO:water (1:4) 

having a shoulder at 622 nm and also a Soret band at 329 nm. Non-aggregation behavior of 

both Pc-6 and Pc-7 phthalocyanines can be seen clearly in the insets of Figures 2 and 3. So 

both Pcs are able to use for water soluble applications. 

 

Figure 2. Comparison of the electronic absorption spectra in different concentration (from 10-6 

M to 10-5 M) in the range of 400-750 nm for Pc-6 (a) in DMSO, (b) in DMSO:water (1:4 ratio). 
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Figure 3. Comparison of the electronic absorption spectra in different concentration (from 10-6 

M to 10-5 M) in the range of 400-750 nm for Pc-7 and (a) in DMSO (b) in DMSO:water (1:4 

ratio) 
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Cyclic voltammetric measurements 

 

Figure 4. CVs of Zinc phthalocyanine, Pc-6 and cobalt(II)phthalocyanine, Pc-7 recorded at 

100 mV/s scan rate on a Pt working electrode in DMSO/TBAP for Zinc phthalocyanine, Pc-6, 

DMF/TBAP for cobalt(II)phthalocyanine, Pc-7. 

 

Cyclic voltammograms (CVs) were taken with Parstat 2273 potentiostat/galvanostat. A three 

electrode system having a Pt working electrode, Pt counter electrode, and a Ag/AgCl reference 

electrode was used. Extra pure dimethylsulfoxide and N,N-dimethylformamide were used to 

dissolve the phthalocyanines and 0.1 mol/L tetrabutylammonium perchlorate (TBAP) was used 

as electrolyte.  

 

Figure 4 shows CV responses in DMSO/TBAP for Pc-6 and DMF/TBAP Pc-7. It can be seen 

clearly from Figure 4 Pc-6 while zinc phthalocyanine, Pc-6, having one reversible reduction, R 

at -0.22 V, cobalt phthalocyanine, Pc-7, has two reversible reductions, R1 at -0.11 V and R2 at 

-0.72 V. The difference that having one and two reduction reaction is coming from metal ions 

in the cavity of phthalocyanine. 

 

Spectroelectrochemistry  

Optically transparent thin-layer electrode cell kit was used cell in order to determine the nature 

of the redox processes in spectroelectrochemical studies. 

 

http://www.sigmaaldrich.com/catalog/product/sigma/d4551?lang=en&region=US
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Figure 5.  UV-Vis spectral changes of complex Pc-6 in DMSO containing 0.1 M TBAP observed 

during application of controlled potential at -0.25 V.  

 

Figure 5 shows UV-Visible spectral changes when the reduction potential at -0.25 V for Pc-6 

with a slight decrease in absorption of whole range and there is no isosbestic point and shift of 

Q band. It is well known that an isosbestic point occurs when the spectrum collected is 

overlaid, and it indicates that there is a change from one state to another. The absence of 

isosbestic point would be interpreted in two ways; the decomposition of the molecule or there 

is not a change in the structure of the molecule. Decomposition is eliminated because the 

reduction process is renewable (Fig 4). So the molecule is not decomposing and not 

undergoing a structural change.  
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Figure 6.  UV-Vis spectral changes of complex Pc-7 in DMF containing 0.1 M TBAP observed 

during application of controlled potential at -0.25V. 

 

Figure 6 shows the UV-Visible spectral changes when the reduction potential at -0.25V for Pc-

7. There is no shift of the Q band. This spectroelectrochemical investigation was done for Pc-7 

R1 process (Figure 4). It is agreed that there is no change to CoIPc or CoIIPc from the absence 

of Q band shift. Isosbestic points were observed at 355 nm, 600 nm and 662 nm. Further 

reduction at the potential of process R1 (Figure 4) showed the spectral changes typical of ring-

based processes. There is a decrease in the absorbance of Q band with isosbestic points 

mentioned above. That the Q band is not shifting is due to stabilization of the highest occupied 

molecular orbital (HOMO) in MPc complexes relative to the lowest unoccupied molecular orbital 

(LUMO) (35). 

 

Catalytic oxidation of 2-mercaptoethanol 

The catalytic activity of Co(II) phthalocyanines on the oxidation of 2-mercaptoethanol is well 

known application (36-40). Pc-7 is well soluble and non-aggregated as seen in the sections 

above. RS- ion generated by NaOH and O2 coordinate to two axial sides of the central Co(II) in 

Pc-7. Then the electron transfer from the thiolate to oxygen via central Co(II) occurs and 

disulfide forms. The reaction between 2-mercaptoethanol and oxygen can be seen in equation 

(1).  

 

4R-S- + O2 → R-S-S-R +  4OH-     (1) 

 

The catalytic ratio of 2-mercaptoethanol and phthalocyanine (thiol/catalyst=10000). This 

reaction needs a basic media. When a small amount of NaOH solution was added to the 
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reaction mixture, the thiol (RSH) will immediately produce thiolate (RS-). Then the Co(II)Pc 

will start to catalyze the oxidation of 2-mercaptoethanol by oxygen. TON (mol oxygen per mol 

phthalocyanine), initial reaction rate (μmol/sec) and the oxygen consumption (μmol/min) was 

calculated as 16.6, 0.29, and 2.52 respectively and oxygen consumption over time is seen on 

Figure 7. 

 

Figure 7.  Oxygen consumption in the reaction of catalytic oxidation of 2-mercaptoethanol by 

Co(II)Pc, Pc-7, as catalyst in THF. 

 

CONCLUSION 

 

In conclusion, novel Zn(II) and Co(II) phthalocyanines which are substituted with chalcone 

bearing furyl moiety have been synthesized and characterized. In our synthetic route, in the 

presence of KOH as catalyst the chalcone group that is carrying one hydroxyl was synthesized 

first in the mixture of ethanol and water. Then 4-nitrophthalonitrile was derived with 

synthesized chalcone group via SNAr type substitution reaction. Widespread Pc synthetic 

approach was used for the direct synthesis of both Pc-6 and Pc-7 phthalocyanines. The 

synthesized chalcone in this study is newly designed and synthesized by our group. The 

structures of all compounds synthesized have been fully characterized by using FT-IR, 1H NMR, 

13C NMR, MALDI-TOF MS, and UV-Vis spectroscopic techniques. Electronic absorption spectra 

showed that both Pcs are nonaggregated and also well soluble in DMSO and in the mixture of 

DMSO : water (1 : 4 ratio). Pc-7 is also well soluble in DMF. Cyclic voltammograms give one 

reduction for Pc-6 and two reduction for Pc-7. The spectroelectrochemical investigation shows 

the ring based reduction potential for MPc’s. Pc-7 cobalt(II) phthalocyanine was investigated 

as a catalyst in the catalytic oxidation of 2-mercaptoethanol. The catalytic oxidation of 2-

mercaptoethanol is a widely studied reaction for the detection of catalytic activity. Turnover 
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number, initial reaction rate and the oxygen consumption was found in the catalytic oxidation 

of 2-mercaptoethanol as 16.6, 0.29, 2.52, respectively. 
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Abstract: Chlorotoxin (CLTX) is a neurotoxin found in the venom of the Israeli scorpion, Leirius 

quinquestriatus. It contains 36-amino acids with four disulfide bonds and inhibits low-

conductance chloride channels. CLTX also binds to matrix metalloproteinase-2 (MMP-2) 

selectively. The synthesis of chlorotoxin using solid phase peptide synthesis (SPPS) is very 

difficult and has a very low yield (<1%) due to high number of amino acid sequence. In this 

work, to improve the efficiency of the synthesis, native chemical ligation was applied. In this 

strategy, chlorotoxin sequence was split into two parts having 15 and 21 amino acids. 21-mer 

peptide was synthesized in its native form based on 9-fluorenylmethyloxycarbonyl (Fmoc) 

chemistry. 15-mer peptide was synthesized having o-aminoanilide linker on C-terminal. These 

parts were coupled by native chemical ligation to produce chlorotoxin.   
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INTRODUCTION 

 

Chlorotoxin (CLTX) is a venom peptide that was first isolated from the Israeli scorpion, Leirius 

quinquestriatus. It is a neurotoxic peptide having 36-amino acids and four disulfide bonds. It 

inhibits low-conductance chloride channels (1). It has also been shown that CLTX is an inhibitor 

of matrix metalloproteinase-2 (MMP-2) which is a protease that functions in the breakdowns of 

the extracellular matrix (2). The CLTX is classified as an inhibitor cysteine knot (knottin) due to 

its “disulfide through disulfide knot” structure. Fluorescent dye conjugated CLTX derivatives were 

used in the imaging of cancer tissues (3). Iodine radioconjugated CLTX with a trial name TM-

601, was in phase II clinical trial for its selective binding to glioma cells without affecting healthy 

cells (4, 5). Boc-SPPS was used in the chemical synthesis of chlorotoxin and its derivatives (6). 

There are also examples of one-step Fmoc-based SPPS synthesis of chlorotoxin, however the 

yields after purification and folding were lower than 1% (7). In general, Fmoc-based SPPS suffers 

from the low efficiency of coupling reactions after certain length of peptide sequence has been 

reached due to aggregation of peptide under basic reaction conditions. This results in formation 

of deletion products and causes difficulties in the purification of peptides (8).  

 

Figure 1. 3D structure of CLTX. Disulfide bridges are shown in yellow (Obtained from Protein 

Data Bank: 1CHL). 

 

Kent and Dawson developed (8) native chemical ligation (NCL), which is the method commonly 

used in the synthesis of long peptides from the reaction of two native peptides which are 

synthesized and purified separately. One peptide has a thioester at its C-terminal and the other 

peptide has a cysteine at the N-terminal of the peptide sequence. Under certain reaction 

conditions, thiol sidechain in cysteine reacts with thioester moiety selectively and afterwards S-

to-N acyl shift that forms an amide bond to form native peptide as ligation product.   
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NCL method is developed based on Boc-SPPS. The synthesis of thioester moiety at the C-terminal 

of the peptide is not suitable for Fmoc-based SPPS. But recently, Dawson et al. developed a new 

native chemical ligation method which is suitable for Fmoc-SPPS (10). In this method, o-

aminoanilides are used as linkers in the synthesis of the peptide and this linker further converted 

into N-acyl urea group at the end of the peptide sequence before cleaving from the resin. The 

cleaved product is stable under the acidic conditions. However, in neutral conditions, this acyl 

urea peptide product can undergo rapid thiolysis, and forms thioester peptide to be used in the 

native chemical ligation. 

 

In this work, chlorotoxin is synthesized by native chemical ligation based on Fmoc-SPPS strategy 

developed by Dawson et al. (9,10).  

 

MATERIALS AND METHODS 

 

Synthesis of 3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-aminobenzoic acid 

 

Based on the literature procedure (8), to a solution of 3,4-diaminobenzoic acid (1.0 g, 6.6 mmol) 

in NaHCO3 (84 mg) water/acetonitrile (1:1, 20 mL) was added N-(9-fluorenylmethoxy 

carbonyloxy) succinimide (Fmoc-OSu) (2.2 g, 6.6 mmol) in small quantities. After stirring 

overnight at room temperature, acidification with 1 M HCl (aq) formed a precipitate that was 

filtered, washed with methanol, cold ether and n-hexane. The solid was dried under vacuum 

affording the desired compound as a pale white solid (1.7 g, 70%). 1H NMR (400 MHz, d6-DMSO) 

: 4.29-4.40 (m, 3H), 6.72 (d, J=8.3 Hz, 1H), 7.33-7.36 (m, 2H), 7.44 (t, J=7.4 Hz, 2H), 7.51 

(d, J=7.8 Hz 1H), 7.72-7.80 (m, 3H), 7.91 (d, J=7.4 Hz), 8.78 (s, 1H).  

 

General procedure for solid phase peptide synthesis (8, 10) 

Loading the amino acid and coupling with an Fmoc-protected amino acid: 169 mg (0.1 mmol) 

Rink amide resin was weighed in a reaction vessel. It was washed with DMF (2x) and swollen in 

5-6 mL of DMF for 40-45 min. After Fmoc-deprotection of resin, Fmoc-protected amino acid 

(0.45 mmol, 4.5 eq.) (Fmoc-protected 3,4-diaminobenzoic acid acts like Fmoc-protected amino 

acid) dissolved in HBTU (0.8 mL, 0.5 M in DMF) then DIEA (140 μL) was added. After addition 

of DIEA, the solution was mixed and added to the resin in 30 seconds at max. The mixture was 

allowed to stand for 15 minutes and agitated in every 5 min. Then, the solution was filtered and 

the resin was washed with DMF. This process repeated one more time. The reaction was 

monitored by Kaiser test.  
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Fmoc Deprotection: The Fmoc group was removed by treating the pre-swollen resin with 20% 

piperidine in dimethylformamide for 2x10 min (2x10 mL). Then the solution is drained and the 

resin was washed with dimethylformamide several times.  

 

Final Fmoc Deprotection: After deprotection of Fmoc group from the very last amino acid residue, 

the resin was washed with DMF (4 × 2 mL), DCM (4 × 2 mL) then dried under vacuum. As an 

alternative way, final Fmoc deprotection can also be done in solution phase, after cleavage. In 

order to do that, completely dry crude product was dissolved in 20% piperidine in DMF solution. 

After the mixture was mixed for 10 min. with sonication, it was precipitated with methyl-tert-

butyl ether. The precipitate was centrifuged and the supernatant was poured off. The process 

was repeated 3-4 times until the supernatant becomes neutral by checking with pH paper.  

 

Cleavage: 95% TFA, 2.5% decontaminated water and 2.5% TIPS solution (cleavage cocktail) 

was used to cleave the peptide sequence from resin. This cocktail (for 50 mg peptidyl resin was 

needed 1 mL of cocktail solution) added to the resin and waited for 2 or 3 hours. Then the 

solution was collected. The peptide was triturated by addition of ice-cold diethyl ether. The solid 

was filtered off. The product was dissolved in distilled water and lyophilized.  

 

Conversion of Dbz group into Nbz: After peptide elongation, the resin was washed with 

dichloromethane and 100 mg p-nitrochloroformate in 10 mL dichloromethane was added to the 

peptide reactor. The resin was bubbled with N2 for 40 min. This process was repeated one more 

time. Then, it was washed with dichloromethane and treated with 10 mL 0.5 M DIEA in DMF for 

20 min and, finally, it washed with DMF and dichloromethane. The peptidyl-resin was dried under 

vacuum and the peptide was cleaved by using cleavage cocktail. The final deprotection of Fmoc 

was not performed.  

 

Native Chemical Ligation: Ligation was performed at room temperature in the following ligation 

buffer: 6 M guanidine hydrochloride (Gn.HCl), 200 mM potassium phosphate, 200 mM 4-

mercaptophenylacetic acid (MPAA), 20 mM tris(2-carboxyethyl) phosphine hydrochloride 

(TCEP.HCl). Take 2.5 mL of stock solution of 6 M Gn.HCl and 0.2 M K2HPO4 and filter using a 0.2 

μm syringe-driven filter into a 20 mL scintillation vial containing 14.3 mg TCEP.HCl (0.05 mmol) 

and 84.1 mg MPAA (0.5 mmol). Buffer was degassed under nitrogen for 15 min before the 

reaction. And the pH was set to 7.0 with 2 M NaOH.  

 

In a 20-mL scintillation vial, the peptide containing Dbz group (1.5x10-3 mmol) and linear peptide 

(1.8x10-3 mmol) were dissolved in ligation buffer (0.75 mL) to achieve a final concentration of 

2.0 mM with regards to the peptide containing Dbz group. The reaction solution was mixed at 

room temperature and monitored by HPLC.  
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RESULTS AND DISCUSSION 

 

The amino acid sequence of chlorotoxin is as follows: 

 

1         10 16  20   30  

MCMPCFTTDHQMARKCDDCCGGKGRGKCYGPQCLCR 

 

In order to synthesize CLTX by native chemical ligation, the sequence was split into two parts 

between Lys-15 and Cys-16. 15-mer peptide with methionine on its N-terminal was synthesized 

having 3,4-diaminobenzamide (Dbz) group on its C-terminal. For this purpose, 3,4-

diaminobenzoic acid was selectively protected by Fmoc group by simple treatment with Fmoc-

OSu at basic pH values in H2O/CH3CN mixture. This benzoic acid derivative was attached to Rink 

amide resin using standard peptide coupling conditions (HBTU-DIEA). After coupling and 

deprotection of Fmoc group by 20% piperidine in DMF, amino acids were coupled and Fmoc-

MCMPCFTTDHQMARK-Dbz was synthesized. At this stage, the peptide bond could form at the 

meta- or para-nitrogen atoms on Dbz group. These two structural isomers would not be a 

problem since both would give the same type of ligation reaction. Before cleaving the peptide 

from the resin, Dbz group was converted into N-acyl-benzimidazolinone (Nbz) by the treatment 

with p-nitrophenyl chloroformate under N2 atmosphere to give two isomeric form of Fmoc-

MCMPCFTTDHQMARK-Nbz (Pep1 and Pep1’).  

 

 

Scheme 1. Synthesis of Pep1-Pep1’ starting from Rink amide resin. 

 

Crude Pep1-Pep1’ mixture was purified using reverse phase HPLC on a C18 semi-preparative 

column and characterized by LC-MS (Figure S1).  

 

21-mer peptide (CDDCCGGKGRGKCYGPQCLCR)(Pep2) was synthesized in a native form using 

standard Fmoc-SPPS conditions on Rink amide resin. After cleaving it from resin, it was purified 

by reverse phase HPLC C18 semi-preparative column and characterized by LC-MS (Figure S2).  
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Ligation of Pep1 and Pep2 was performed in ligation buffer which was developed by Kent and 

Dawson (8, 10). For this purpose, Pep1 and Pep2 were dissolved in ligation buffer with a final 

concentration of 2 mM. The reaction mixture was stirred at room temperature and monitored by 

HPLC.  

 

 

Scheme 2. Synthesis of CLTX via native chemical ligation. 

 

Figure 2A and 2B show the HPLC chromatogram of pure Pep1 and Pep2, respectively. Two 

isomeric peaks from Pep1 and Pep1’ had very separated retention times (10.5 and 23 min.). 

Figure 2C represents the ligation mixture immediately after mixing (t=0 hour). The peak 

appeared at 20.3 minutes is 4-mercaptophenylacetic acid (MPAA) that was used in ligation 

buffer. Between the time after mixing the peptides in ligation buffer and taking an aliquot, it was 

even possible to see the formation of ligation product (Fmoc-CLTX) as the new peak appeared 

at 21 minutes. In Figure 2D, it was shown that after 1 hour, the amount of ligation product 

started to increase and those of Pep1 and Pep2 started to decrease.  

CDDCCGGKGRGKCYGPQCLCRH2N

HS

MCMPCFTTDHQMARK
N

N
H

O

O

NH2

O
+

Native 
Chemical 
Ligation

MCMPCFTTDHQMARK-CDDCCGGKGRGKCYGPQCLCR

(Chlorotoxin)



Karaca U, Kesici MS, Özçubukçu S. JOTCSA. 2018; 5(2): 719-726.  RESEARCH ARTICLE 

725 
 

 

Figure 2. RP-HPLC monitoring of native chemical ligation between Pep1 and Pep2 at 210 and 

280 nm using C18 column. A. Pure Pep1-Pep1’ mixture. B. Pure Pep2. C. The ligation reaction 

at t=0 h. C. The ligation reaction at t=1 h. 

 

After ligation was over (overnight), the reaction mixture was diluted by water and purified using 

semi-preparative RP-HPLC C18 column and Fmoc-CLTX was obtained in pure form. It was 

characterized by LC-MS (Figure S3).  

 

In conclusion, the synthesis of chlorotoxin was successfully completed by native chemical 

ligation. The overall efficiency of the synthesis was found to be in the range of 5-10%. Ligation 

Pep1 Pep1’ Pep2 

MPA

A 

Fmoc-
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method found to be more efficient and easier in purification compared to the one-step synthesis 

of chlorotoxin which resulted less than 1% yield and required several purifications (7).     
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Abstract: ABA type triblock copolymers possessing polystyrene as middle segment and poly(ε-

caprolactone) (PCL) and poly(ethylene glycol) (PEG) as side segments were synthesized by 

combining two photochemical strategies, namely photoinduced atom transfer radical 

polymerization (ATRP) and click processes. For this purpose, α,ω-diazido functional polystyrene 

(N3-PS-N3) was synthesized by photoinduced ATRP using a bifunctional initiator, followed by a 

simple substitution of the chain end halides. Parallel to this, the alkyne-PCL was synthesized by 

ring opening polymerization of ε-caprolactone, employing propargyl alcohol as initiator. For the 

synthesis of alkyne-PEG, industrially available PEG was functionalized by a simple esterification 

reaction using 5-pentynoic acid. After the syntheses of these alkyne functional polymers as 

clickable counterparts, they were reacted with N3-PS-N3 by photoinduced click reactions to 

prepare the desired triblock copolymers. All polymers were characterized by NMR, FTIR, and 

GPC analyses. 
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INTRODUCTION 

 

Development of controlled/living radical polymerization (CLRP) processes has brought a 

complete breath of fresh air to the synthetic polymer community by providing molecular weight 

and functional group control over the materials prepared (1-4). Among the most intensively used 

CLRP techniques, Atom Transfer Radical Polymerization (ATRP) has attracted a great deal of 

interest, as its applicability to a wide range of monomers and high tolerance to a variety of 

chemical environments (5-8). In addition, it eventually yields polymers with halogen chain-end 

functionality, which can be used for further modification processes. Combination of ATRP with 

highly effective click reactions provides the syntheses of complex macromolecular architectures 

including telechelic polymers (5), block (9), graft (10, 11), and star copolymers (12, 13), which 

cannot be synthesized by a single polymerization mechanism. The most favored click reactions 

by the synthetic polymer scientists are undoubtedly the Diels-Alder (14) and copper-catalyzed 

azide-alkyne cycloaddition (CuAAC)(14, 15) reactions that can be realized with almost 

quantitative efficiencies. Specifically, CuAAC reactions, which occur between an alkyne and azido 

functionality, is the most intensively investigated click reaction due to the possibility of 

performing these reactions under milder conditions in comparison to Diels-Alder reactions.  

 

Both ATRP and CuAAC require low oxidation state copper (Cu(I)) complexes as catalysts 

(Scheme 1). 

 

Scheme 1. Conventional ATRP and CuAAC. 

 

Therefore, a major drawback surfaces as Cu(I) complexes may undergo oxidation that alter the 

rates of reactions. Thus, concurrent generation of Cu(I) catalysts by the reduction of the Cu(II) 

complexes was proposed to deal with this problem. This is achievable by using the chemical 

reduction method, which require phenols, ascorbic acid, and hydrazines as reducing agents (16, 

17). Alternatively, photochemical reduction processes can also be utilized by employing radicalic 

photoinitiators or photosensitizers (18-21).  

 

Photochemical approaches have distinctive advantages in comparison to other strategies as they 

supply 3D-shape control over the materials prepared and temporal control over the reactions. 

To take such advantages, photochemical processes were utilized to ATRP techniques and CuAAC 
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(Scheme 2).(9, 22-24) Specifically, decomposition of certain photoinitiators yield radicals, which 

can efficiently reduce Cu(II) in to Cu(I) catalysts required. 

 

Scheme 2. Photoinduced ATRP and CuAAC reactions. 

 

Herein, a novel strategy for the preparation of triblock copolymers by the combination of two 

photoinduced processes, namely ATRP and click reactions was described. For this purpose, a 

bifunctional ATRP initiator was used, which yielded bifunctional polystyrene (Br-PS-Br). 

Subsequently, the halogen functionalities were substituted to azido groups, which will be used 

for click reactions (N3-PS-N3). In parallel to this, alkyne functional poly(ε-caprolactone) alkyne-

PCL and poly(ethylene glycol) (alkyne-PEG) were synthesized as clickable counterparts. Finally, 

these polymers with antagonist groups were clicked under photoinduced reaction conditions to 

afford the triblock copolymers. The structures were confirmed by spectral analyses and the 

molecular weight characteristics were analyzed by chromatographic measurements. 

 

EXPERIMENTAL SECTION 

 

Materials  

α,α′-Dibromo-p-xylene, sodium azide (97%, Sigma-Aldrich), N, N, N’, N’’, N’’- 

pentametyldiethylenetriamine (PMDETA, 99%, Aldrich), copper(II) bromide (98%, Acros),  

tin(II) chloride, poly(ethylene glycol) methyl ether (Me-PEG, Mn ~550 g/mol, Aldrich), N, N’-

dicyclohexylcarbodiimide (DCC, 99%, Aldrich), bis (2, 4, 6-trimethylbenzoyl)phenylphosphine 

oxide (BAPO) were used as recieved. Styrene (99%, Aldrich) and ε-Caprolactone (99%, Aldrich) 

were vacuum-distilled prior to use. 
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Characterization 

1H NMR of the polymers were recorded at room temperature using a Bruker AC250 (250.133 

MHz) instrument. Molecular weight characteristics of the polymers were analyzed by using gel 

permeation chromatography (GPC) (Agilent 1100 instrument) using polystyrene standards.  

 

Syntheses of Precursor Polymers 

α, ω-Bromo functional polystyrene (Br-PS-Br)(25) (Mn,NMR= 4800, Mn,GPC = 5400 g/mol, Mw/Mn = 

1.38), α, ω-azido functional polystyrene (N3-PS-N3)(24) Mn,GPC = 5600 g/mol, Mw/Mn = 1.37), α-

alkyne functional poly(ɛ-caprolactone) (Alkyne-PCL)(26, 27) (Mn,NMR= 2100; Mn,GPC= 2600; 

Mw/Mn= 1.22 and ω-alkyne functional poly(ethylene glycol) (Mn,GPC= 690; Mw/Mn= 1.09) were 

prepared according to modified literature procedures. 

 

Photoinduced CuAAC reactions 

A typical photoinduced CuAAC reaction is carried out as follows: to a Schlenk tube equipped with 

a magnetic stirrer, N3-PS-N3 (1.0 eq), alkyne-PCL or alkyne-PEG (1.2 eq), ligand (PMDETA, 0.5 

eq) and CuCl2 (0.5 eq) was added and dissolved in dry DMF. The reaction mixture was purged 

with nitrogen for 5 min and the tube was sealed, which was then exposed to visible light 

irradiation (λ= 400-500 nm) for 24 h. At the end of the irradiation, the reaction mixture was 

poured into ten-fold excess methanol and the precipitate was filtered off and dried. (PCL-b-PS-

b-PCL: (Yield: 91%, (Mn,NMR= 8150 g/mol, Mn,GPC= 8750 g/mol, Mw/Mn= 1.31); PEG-b-PS-b-PEG: 

Yield: 94%, (Mn,NMR= 5690 g/mol, Mn,GPC= 6150 g/mol, Mw/Mn= 1.27). 

 

RESULTS AND DISCUSSION 

 

For the preparation of triblock copolymers, N3-PS-N3 was synthesized as the clickable inner 

segment by applying photoinduced ATRP, followed by a simple substitution reaction using sodium 

azide. In parallel to this, alkyne-PCL and alkyne-PEG was synthesized, which were then 

photochemically clicked with N3-PS-N3 to afford the corresponding PCL-b-PS-b-PCL and PEG-b-

PS-b-PEG triblock copolymers. In both photoinduced steps, bis(acyl)phosphine oxide (BAPO) 

was used as the photoreducing agent for the generation of Cu(I) catalyst. The choice of BAPO 

lies back on the high efficiency of the phosphonyl radicals to reduce Cu(II) salts as reported 

previously (24, 28, 29). The overall process for the synthesis of triblock copolymers is shown in 

Scheme 3. 
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Scheme 3. Syntheses of PCL-b-PS-b-PCL and PEG-b-PS-b-PEG by the combination of 

photoinduced ATRP and CuAAC processes. 

 

The structures of the triblock copolymers were investigated by 1H NMR spectroscopy (Figure 1). 

The 1H NMR spectra of both triblock copolymers show the characteristic protons of the main 

segments. The triazole proton appeared at 7.9 and 7.6 ppm in the spectra of PCL-b-PS-b-PCL 

and PEG-b-PS-b-PEG, respectively (peak a in Figure 1(a) and (b)), which were used for the 

calculation of the efficiency of the photoinduced click processes. By comparing the integrated 

ratios of the triazole peaks with respect to the main PS protons, the click efficiencies were 

calculated to be 91% and 94% (for PCL-b-PS-b-PCL and PEG-b-PS-b-PEG, respectively). In 

addition, the peaks appeared around 5.1 ppm are attributed to the protons adjacent to the 

triazole ring (peaks shown as  b+c in both cases).  
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(a) 

 

(b) 

 

Figure 1. 1H NMR spectra of PCL-b-PS-b-PCL (a) and PEG-b-PS-b-PEG (b). Solvent: 

CDCl3. 

 

The photoinduced click reactions were also followed by FT-IR analyses (Figure 2). In both figures, 

the black line above shows the FT-IR spectrum of N3-PS-N3, which clearly displays a transition 

around 2100 cm-1 corresponding to the azide functionality. Clearly, after the triblock copolymer 

formations, the aforementioned peak disappeared and new stretching peaks around 1730 cm-1 

and 1100 cm-1 appeared, which relate to the carbonyl groups of PCL and etheric bonds of PEG 

segments, correspondingly.  
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(a) 

 

(b) 

 

Figure 2. Comparison of the FT-IR spectra of N3-PS-N3 with PCL-b-PS-b-PCL (a) and 

PEG-b-PS-b-PEG. 

 

The success of the photoinduced CuAAC reaction was also proved by GPC analyses. As can be 

seen from Figure 3, there is a clear shift to the high molecular weight region in both cases with 

respect to the precursor polymers. The unimodal regime of the chromatograms and the absence 

of shoulder variations confirm that the triblock copolymer formations are efficiently realized 

without any side reactions.    
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(a) 

 

(b) 

 

 
Figure 3. Comparison of the GPC chromatograms of PCL-b-PS-b-PCL (a) and 

PEG-b-PS-b-PEG (b) with respect to their precursor polymers. 

 

CONCLUSION 

 

In conclusion, two photochemical processes, namely photoinduced ATRP and CuAAC, were 

combined in a sequential fashion for the preparation of triblock copolymers. Given that the 

antagonist click functionalities are attained at the chain ends of the polymers, the methodology 

described here was shown to be an efficient and useful strategy for triblock copolymer syntheses. 

Notably, it provides the preparation of triblock copolymers, which can not be synthesized by a 

single polymerization technique. Therefore, triblock copolymers with biocompatible segment 

properties can be synthesized by this strategy as we showed on the case of PCL and PEG. This 

study is expected to receive interest from the synthetic polymer community and open new 

pathways for the design and syntheses of various macromolecular architectures.  
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Abstract: Benzaldehyde lyase (BAL) is an enzyme that is used in the C-C bond cleavage and 

formation which was isolated first from Pseudomonas fluorescens Biovar I. It requires thiamine 

diphosphate (ThDP) and Mg(II) ions as cofactors. In this work, BAL was used as an enzymatic 

catalyst for the trans-benzoin condensation reaction between racemic benzoins and 

benzyloxyacetaldehyde to form unsymmetrical benzoin products with moderate enantiomeric 

excesses. (S)-benzoin derivatives remained unreacted at the end of the reaction. In this 

enzymatic trans-benzoin condensation, benzyloxyacetaldehyde acted as acceptor and different 

variety of racemic benzoin derivatives were used as donor and (R)-2-hydroxy-1-

phenylpropanone derivatives were synthesized up to 66% ee. 
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INTRODUCTION 

 

Benzaldehyde lyase was first isolated from Pseudomonas fluorescens Biovar I strain which was 

found in a cellulose factory growing on lignin-degradation products. It was realized that BAL was 

using a chiral benzoin derivative as an energy source by cleaving the acyloin linkage to give 

benzaldehyde derivatives (1). BAL can also catalyze the benzoin formation reaction rather than 

cleavage especially from benzaldehyde to yield (R)-benzoin with high chemical yield and 

enantioselectivity (ee>99%) (Scheme 1). These high selectivities and yields of BAL-catalyzed 

benzoin condensation reactions make it very attractive for industrial processes. In benzoin 

condensation reaction catalyzed by BAL, substituted benzaldehyde derivatives were used as 

donors. Formaldehyde, acetaldehyde and its derivatives were acted as acceptors (2).  

 

Scheme 1. Benzoin condensation of benzaldehyde catalyzed by BAL to give (R)-benzoin. 

 

Demir et al. reported various examples of asymmetric benzoin condensation catalyzed by BAL 

(3, 4). One significant example of BAL-catalyzed reactions was the trans-benzoin condensation 

where the cleavage of C-C bond and the formation of C-C bond occurred at the same time to 

give chiral unsymmetrical benzoin derivatives. (R)-benzoin was used as a benzaldehyde source 

and reaction with acetaldehyde in the presence of BAL as a catalyst produced (R)-2-hydroxy-1-

phenylpropanone, ((R)-HPP) in an optically pure form, quantitatively (5). Furthermore, Demir et 

al also showed (6) a single example of trans benzoin condensation using rac-benzoin as an 

aromatic aldehyde source to react with acetaldehyde to produce (R)-HPP with perfect 

enantioselectivity (Scheme 2). However, the scope of this reactions remained unexplored.   

 

Scheme 2. Trans-benzoin condensation of rac-benzoin with acetaldehyde. 

 

In this work, trans-benzoin condensation of various racemic benzoin derivatives with 

benzyloxyacetaldehyde catalyzed by BAL to produce unsymmetrical benzoin products were 

studied. The obtained HPP derivatives are important precursors in the synthesis of asymmetric 

triol derivatives.  
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MATERIALS AND METHODS  

 

Production of Benzaldehyde lyase 

The cells of E. coli SG13009/BALHis that contain the overexpressed enzyme were supplied from 

Institute of Biotechnology, Research Centre Jülich. Hexahistidine tagged BAL was obtained from 

recombinant E.Coli SG13009 cells. Expression of BAL was performed based on the literature (6). 

The recombinant E.coli strains were grown on LB agar that contains 100 μg/mL ampicillin and 

35 μg/mL chloroamphenicol incubated in an oven overnight at 37 °C. Firstly, to produce our 

enzyme, cells were taken from LB agars by sterile loop and transported to a sterile 10 mL LB 

medium contains 20 μL ampicillin and 20 μL chloroamphenicol. This medium was inoculated for 

12 hours at 37 °C. In the precultivation part, growing time range of the bacteria is critical 

because cells begin to die at some point. In this part, a 500 mL Erlenmeyer flask was used for 

100 mL of LB (90 mL distilled water + 10 mL growth cell) medium containing 100 μL ampicillin 

and chloroamphenicol inoculation ratio 1/1000. It was incubated and grown for 6 hours at 37 

°C, then 100 mL transferred to the production medium that contains 1500 mL of LB medium is 

shaken with 180 rpm. Four hours after the inoculation of the microorganism, production of 

enzyme was initiated with addition of isopropyl-β-D-thiogalactopyranosid (IPTG). After the 

induction, enzyme production was started and continued for 12 hours, cell pellets were collected 

by using centrifugation. In order to break the cell walls to release our enzyme, the cell pellets 

which are taken from -20 °C were melted to room temperature and sonicated. Finally, removal 

of water from cells by lyophilization was made with a freeze dryer. 

 

Activity assay 

According to the literature (3), one unit (U) of activity is described as the quantity of enzyme 

that catalyzes the formation of 1 μmol benzoin (1.5 mM) from benzaldehyde in potassium 

phosphate buffer (50 mM, pH 7) that contains MgSO4 (2.5 mM), ThDP (0.15 mM) and DMSO 

(20%, v/v) in 1 minute at 30 °C. To measure the activity of our enzyme, a set of reactions with 

the same concentration of benzaldehyde was prepared with commercially available 

benzaldehyde. At appropriate time intervals, samples were withdrawn to measure the amount 

of benzoin. Then, the standard curve was drawn by using HPLC analysis results to measure the 

activity of BAL. 

 

For activity experiment, to a set of 2.5 μL benzaldehyde, 0.5 mL DMSO and 1.5 mL phosphate 

buffer containing ThDP and MgSO4 was added. The process was initiated with the addition of 5 

mg crude enzyme. At 10 minute intervals, one sample was withdrawn by adding chloroform and 

it was centrifuged. Finally, organic layer was collected and analyzed with HPLC to determine the 

activity.  

 



Bilir G, Demir AS, Özçubukçu S. JOTCSA. 2018; 5(2): 737-750.  RESEARCH ARTICLE 

740 
 

General procedure for racemic synthesis of self-benzoin condensation products 

The synthesis of racemic benzoin derivatives was done based on the literature procedure (7). A 

solution of sodium cyanide (2 mmol, 0.098 g) in H2O (2 mL) was added to a stirred solution of 

a benzaldehyde derivative (10 mmol) in EtOH (10 mL). The mixture was then refluxed. The 

progress of reaction was monitored by TLC using hexane/ethyl acetate as eluent. The solvent 

was then removed by evaporation under reduced pressure. The residue was washed with water 

and diethyl ether. The product was purified by using flash column chromatography technique. 

 

Synthesis of 3,3’-difluorobenzoin (1) 

General procedure stated above starting from 3-fluorobenzaldehyde was applied and the pure 

product was obtained after crystallization with ethyl acetate and washed with ethyl acetate (48% 

yield, white solid). TLC: hexane/ethyl acetate = 80:20. Rf = 0.60. 

 

1H NMR (400 MHz, CDCl3) δ: 7.67-7.58 (m, 1H), 7.55-7.50 (m, 1H), 7.41-7.29 (m, 2H), 7.08-

7.03 (m, 2H), 6.98-6.88 (m, 2H), 5.83 (s, 1H), 4.43 (br s, 1H, OH). 

 

Synthesis of 3,3’-dibromobenzoin (2) 

General procedure stated above starting from 3-bromobenzaldehyde was applied and the pure 

product was obtained after crystallization with ethyl acetate and washed with ethyl acetate (60% 

yield, yellow oil). TLC: hexane/ethyl acetate = 80:20. Rf = 0.75 

 

1H NMR (400 MHz, CDCl3) δ: 8.06 (t, J = 1.8 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.66 (dd, J = 

8.01, 1.0 Hz, 1H), 7.48 (t, J = 1.7 Hz, 1H), 7.42 (d, J = 7.7 Hz, 1H), 7.31-7.17 (m, 3H), 5.87 

(s, 1H), 4.45 (br s, 1H, OH). 

 

Synthesis of 3,3’-dimethoxybenzoin (3) 

The general procedure stated above, starting from 3-methoxybenzaldehyde, was applied and 

pure product was obtained after crystallization with ethyl acetate and washed with ethyl acetate 

(45% yield, light yellow solid). TLC: hexane/ethyl acetate = 80:20. Rf = 0.65. 

 

1H NMR (400 MHz, CDCl3) δ: 7.50-7.44 (m, 2H), 7.33-7.20 (m, 2H), 7.09-7.02 (m, 1H), 6.92 

(d, J = 7.6 Hz, 1H), 6.86-6.79 (m, 2H), 5.90 (s, 1H), 4.55 (br s, 1H, OH), 3.79 (s, 3H), 3.76 (s, 

3H). 

 

Synthesis of 4,4’-difluorobenzoin (4) 

General procedure stated above starting from 4-fluorobenzaldehyde was applied and the pure 

product was obtained after crystallization with ethyl acetate and washed with ethyl acetate (68% 

yield, light yellow solid). TLC: hexane/ethyl acetate = 80:20. Rf = 0.63. 
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1H NMR (400 MHz, CDCl3) δ: 8.09-8.03 (m, 1H), 7.89-7.82 (m, 2H), 7.26-7.20 (m, 1H), 7.03-

6.89 (m, 4H), 5.83 (s, 1H). 

 

Synthesis of 3,3’-dimethylbenzoin (5) 

General procedure stated above starting from m-tolualdehyde was applied and the pure product 

was obtained after crystallization with ethyl acetate and washed with ethyl acetate (42% yield, 

yellow oil). TLC: hexane/ethyl acetate = 80:20. Rf = 0.62. 

 

1H NMR (400 MHz, CDCl3) δ: 7.76 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 

7.21-7.17 (m, 2H), 7.13 (d, J = 5.8 Hz, 2H), 7.06 (t, J = 6.4 Hz, 1H), 5.90 (d, J = 5.5 Hz, 1H), 

4.54 (d, J = 6.0 Hz, 1H, OH), 2.34 (s, 3H), 2.29 (s, 3H).  

 

Synthesis of 4,4’-dimethylbenzoin (6) 

General procedure stated above starting from p-tolualdehyde was applied and the pure product 

was obtained after crystallization with ethyl acetate and washed with ethyl acetate (55% yield, 

light yellow oil). TLC: hexane/ethyl acetate = 80:20. Rf = 0.50. 

 

1H NMR (400 MHz, CDCl3) δ: 7.70 (d, J = 8.1 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 7.04-6.90 (m, 

4H), 5.78 (s, 1H), 2.12 (s, 3H), 2.08 (s, 3H). 

 

General procedure of enzymatic trans-benzoin condensation of benzoin and 

benzyloxyacetaldehyde 

To a mixture of rac-benzoin derivative (0.25 mmol) and benzyloxyacetaldehyde (0.25 mmol) in 

2.5 mL DMSO (25 vol%) 7.5 mL (75 vol%) MOPS buffer (50 mM, pH 7) that contains 0.15 mM 

ThDP and 2.5 mM MgSO4 was transferred. The reaction was initiated with the addition of BAL 

(0.2 U) at 37 °C (120 rpm). Every 24 hours 0.2 U of BAL was added. The reaction was controlled 

with TLC and concluded after 72 h. The reaction mixture was extracted with diethyl ether (8 x 

40 mL) and the combined organic layers were washed with brine and dried over MgSO4, and the 

solvent was concentrated in vacuo to yield the product which was further purified by using flash 

column chromatography. 

 

Synthesis of (R)-3-(benzyloxy)-2-hydroxy-1-(3-methoxyphenyl)-propan-1-one (8) 

General procedure described above starting from m-anisoin and benzyloxyacetaldehyde, 

provided the pure product obtained as white oil (43% yield). TLC: hexane/ethyl acetate = 10:1. 

Rf = 0.28. 

 

1H NMR (400 MHz, CDCl3) δ: 7.40-7.35 (m, 2H), 7.32-7.26 (m, 1H), 7.18-7.12 (m, 3H), 7.10-

7.02 (m, 3H), 5.10 (br s, 1H), 4.44 (d, J = 12.3 Hz, 1H), ), 4.36 (d, J = 12.3 Hz, 1H), 3.90 (br 

s, 1H, OH), 3.78 (s, 3H), 3.74 (dd, J = 10.3, 3.8 Hz, 1H), 3.68 (dd, J = 10.3, 4.4 Hz, 1H).  
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13C NMR (100 MHz, CDCl3) δ: 199.5, 159.9, 137.6, 135.3, 129.8, 128.3, 127.6, 127.5, 121.0, 

120.5, 112.8, 73.9, 73.4, 72.6, 55.5.  

 

IR: 3444, 2959, 2922, 2859, 1684, 1596, 1581, 1452, 1258, 1094, 1014 cm-1 

 

[𝛼]𝐷
22= +3.22° (c = 0.026 g/mL, CHCl3). 

 

HRMS C17H18O4 (M+Na+): Calcd. 309.1103, found 309.1104. 

 

Synthesis of (R)-3-(benzyloxy)-2-hydroxy-1-(p-tolyl)-propan-1-one (9) 

General procedure described above starting from 4,4’-dimethylbenzoin and 

benzyloxyacetaldehyde, provided the pure product obtained as yellow oil (44% yield). TLC: 

hexane/ethyl acetate = 10:1. Rf = 0.21.  

 

1H NMR (400 MHz, CDCl3) δ: 7.84-7.70 (m, 2H), 7.23-7.14 (m, 5H), 7.07-7.04 (m, 2H), 5.16-

5.10 (m, 1H), 4.44 (d, J = 12.3 Hz, 1H), 4.38 (d, J = 12.3 Hz, 1H), 3.94 (d, J= 6.6 Hz, 1H, OH), 

3.74 (dd, J = 10.3, 3.1 Hz, 1H), 3.66 (dd, J = 10.3, 4.5 Hz, 1H), 2.36 (s, 3H).  

 

13C NMR (100 MHz, CDCl3) δ: 198.0, 144.0, 136.6, 132.9, 130.4, 128.5, 127.7, 127.3, 126.5, 

72.6, 72.4, 71.8, 20.7. 

 

IR: 3457, 2957, 2919, 2855, 1680, 1606, 1452, 1258, 1093, 1017 cm-1. 

 

[𝛼]𝐷
22= +6.80 (c = 1.7 x 10-3 g/mL, CHCl3). 

 

HRMS C17H18O3 (M+Na+): Calcd. 293.1154, found 293.1158. 

 

Synthesis of (R)-3-(benzyloxy)-2-hydroxy-1-phenylpropan-1-one (10) 

General procedure described above starting from commercially available rac-benzoin and 

benzyloxyacetaldehyde, provided the pure product obtained as white powder (24% yield). TLC: 

hexane/ethyl acetate = 50:10. Rf = 0.67. 

 

1H NMR (400 MHz, CDCl3) δ: 7.92-7.88 (d, J= 7.1 Hz, 2H), 7.61 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 

7.8 Hz, 2H), 7.25-7.20 (m, 3H), 7.15-7.09 (m, 2H), 5.24-5.18 (m, 1H), 4.52 (d, J = 12.3 Hz, 

1H), 4.44 (d, J = 12.3 Hz, 1H), 3.96 (d, J = 6.5 Hz, 1H, OH), 3.82 (dd, J = 10.3, 3.2 Hz, 1H), 

3.75 (dd, J = 10.3, 4.4 Hz, 1H).  

 

13C NMR (100 MHz, CDCl3) δ: 199.5, 137.6, 134.0, 133.9, 128.8, 128.6, 128.3, 



Bilir G, Demir AS, Özçubukçu S. JOTCSA. 2018; 5(2): 737-750.  RESEARCH ARTICLE 

743 
 

127.6, 127.5, 73.8, 73.4, 72.5. 

 

IR: 3445, 3017, 2926, 1685, 1618, 1559, 1508, 1496, 1214, 1099 cm-1. 

 

[𝛼]𝐷
22= -0.0264 (c = 1.0 x 10-4 g/mL, CHCl3). 

 

HRMS C16H16O3 (M+Na+): Calcd. 279.0997, found 279.0999. 

 

Synthesis of (R)-3-(benzyloxy)-2-hydroxy-1-(4-methoxyphenyl)-propan-1-one (11) 

General procedure described above starting from commercially available p-anisoin and 

benzyloxyacetaldehyde, provided the pure product obtained as white oil (43% yield). TLC: 

hexane/ethyl acetate = 10:1. Rf = 0.24. 

 

1H NMR (400 MHz, CDCl3) δ: 7.83 (d, J = 8.9 Hz, 2H), 7.20-7.15 (m, 3H), 7.09 (dd, J = 8.3, 

5.9 Hz, 2H), 6.89-6.83 (d, J= 8.9 Hz, 2H), 5.10 (br s, 1H), 4.45 (d, J = 12.3 Hz, 1H), 4.39 (d, 

J = 12.3 Hz, 1H), 3.94 (br s, 1H, OH), 3.81 (s, 3H), 3.73 (dd, J= 9.6, 3.4 Hz, 1H), 3.65 (dd, J= 

9.6, 4.7 Hz, 1H). 

 

13C NMR (100 MHz, CDCl3) δ: 197.7, 164.2, 137.7, 131.0, 129.0, 128.3, 127.5, 126.8, 114.0, 

73.4, 73.3, 73.0, 55.6. 

 

IR: 3444, 2923, 2856, 1671, 1598, 1572, 1510, 1454, 1256, 1172, 1101, 1025 cm-1. 

 

[𝛼]𝐷
22= +19.26 (c = 0.0185 g/mL, CHCl3). 

 

HRMS C17H18O4 (M+Na+): Calcd. 309.1103, found 309.1106. 

 

HPLC conditions of chiral -hydroxy ketones 

(R)-3-(benzyloxy)-2-hydroxy-1-(3-methoxyphenyl)-propan-1-one (8) 

 

Enantiomerically enriched compound 8 was obtained in 36% ee. The enantiomeric excess was 

verified by using chiral HPLC analysis (AD-H Column, hexane:i-PrOH / 90:10, flow rate 0.75 

mL/min, λ= 254 nm), tR= 21.36 min (minor enantiomer), tR= 26.39 min (major enantiomer). 

 

(R)-3-(benzyloxy)-2-hydroxy-1-(p-tolyl)-propan-1-one (9) 

Enantiomerically enriched compound 9 was obtained in 62% ee. The enantiomeric excess was 

verified by using chiral HPLC analysis (AD-H Column, hexane:i-PrOH / 95:5, flow rate 0.75 

mL/min, λ= 254 nm), tR= 31.75 min (minor enantiomer), tR= 33.46 min (major enantiomer). 
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(R)-3-(benzyloxy)-2-hydroxy-1-phenylpropan-1-one (10) 

Enantiomerically enriched compound 10 was obtained in 36% ee. The enantiomeric excess was 

verified by using chiral HPLC analysis (AD-H Column, hexane:i-PrOH / 90:10, flow rate 0.75 

mL/min, λ= 254 nm) tR= 19.49 min (minor enantiomer), tR= 22.75 min (major enantiomer). 

 

(R)-3-(benzyloxy)-2-hydroxy-1-(4-methoxyphenyl)-propan-1-one (11) 

Enantiomerically enriched compound 11 was obtained in 63% ee. The enantiomeric excess was 

verified by using chiral HPLC analysis (AD-H Column, hexane:i-PrOH / 90:10, flow rate 0.75 

mL/min, λ= 254 nm), tR= 33.87 min (minor enantiomer), tR= 35.76 min (major enantiomer). 

 

General procedure for racemic cross benzoin condensation of benzaldehyde 

derivative and benzyloxyacetaldehyde with thiazolium catalyst (8)  

Firstly, to the derivatives of benzaldehyde (0.3 mmol) and benzyloxyacetaldehyde (0.5 mmol), 

dry THF (1 mL) and 3-ethyl-5-(2-hydroxyethyl)-4-methylthiazol-3-ium bromide was added as a 

catalyst (0.05 mmol); subsequently Cs2CO3 (0.05 mmol) was transferred into the reaction 

medium. After 20 hours, the reaction mixture was extracted with EtOAc (10 mL x 3), dried over 

Na2SO4 and solvent was removed under reduced pressure. The residue was afforded after flash 

column chromatography (EtOAc/Hexane =1:10) as an oil. This procedure was adapted from the 

literature (8).  

 

Synthesis of racemic-3-(benzyloxy)-2-hydroxy-1-(3-bromophenyl)-propan-1-one 

(rac-12)  

General procedure described above starting from 3-bromobenzaldehyde and 

benzyloxyacetaldehyde, provided the pure product obtained as yellow powder (21% yield). TLC 

hexane/ethyl acetate = 90:10. Rf = 0.67.   

 

1H NMR (400 MHz, CDCl3) δ: 8.18 (t, J = 1.7 Hz, 1H), 7.98-7.96 (m, 2H), 7.74- 7.70 (m, 1H), 

7.32-7.28 (m, 1H), 7.19-7.16 (m, 4H), 5.07 (t, J = 3.8 Hz, 1H), 4.44 (d, J = 12.3 Hz, 1H), 4.35 

(d, J = 12.3 Hz, 1H), 3.71 (dd, J = 10.3, 3.6 Hz, 1H), 3.69 (dd, J = 10.3, 4.1 Hz, 1H). 

  

Synthesis of racemic-3-(benzyloxy)-2-hydroxy-1-(m-tolyl)-propan-1-one (rac-13)  

General procedure described above starting from m-tolualdehyde and benzyloxyacetaldehyde, 

provided the pure product obtained as white oil (23% yield). TLC hexane/ethyl acetate = 90:10. 

Rf = 0.73.  

 

H NMR (400 MHz, CDCl3) δ: 7.68-7.59 (m, 3H), 7.35 (d, J = 7.6 Hz, 2H), 7.16 (m, 2H), 7.06 

(dd, J = 6.8, 2.5 Hz, 2H), 5.13 (t, J = 3.8 Hz, 1H), 4.44 (d, J = 12.3 Hz, 1H), 4.37 (d, J = 12.3 

Hz, 1H), 3.71 (dd, J = 10.3, 3.2 Hz, 1H), 3.67 (dd, J = 10.3, 4.4 Hz, 1H), 2.33 (s, 3H).  
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Synthesis of racemic 3-(benzyloxy)-2-hydroxy-1-(3-fluorophenyl)-propan-1-one 

(rac-14)  

The general procedure described above, starting from 3-fluorobenzaldehyde and 

benzyloxyacetaldehyde, provided the pure product obtained as a white powder (36% yield). 

TLC: hexane/ethyl acetate = 90:10. Rf = 0.63. 

  

1H NMR (400 MHz, CDCl3) δ: 7.83 (d, J = 7.7 Hz, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.37 (tt, J = 

7.9, 5.5 Hz, 2H), 7.27-7.19 (m, 3H), 7.06 (dd, J = 7.9, 5.1 Hz, 2H), 5.08 (t, J = 3.7 Hz, 1H), 

4.45 (d, J = 12.3 Hz, 1H), 4.36 (d, J = 12.3 Hz, 1H), 3.73 (dd, J = 9.8, 3.5 Hz, 1H), 3.69 (dd, 

J = 10.3, 4.2 Hz, 1H).  

 

RESULTS AND DISCUSSION 

 

BAL was expressed in E. coli based on the procedures described before. Crude lysate was used 

without purification as catalyst after determination of its activity in benzoin condensation 

reactions based on literature. One unit activity (U) of BAL is defined as the amount of the enzyme 

that is used for the formation of 1 µmol of benzoin in pH 7 buffer containing 50 mM phosphate, 

2.5 mM MgSO4, 0.15 mM ThDP and DMSO (20%, v/v) in 1 minute at 30 °C.   

 

For this measurement, a set of reactions with the same concentration of benzaldehyde was 

treated with BAL and every 10 minutes, a small sample was taken from the reaction mixture. 

The amount of benzoin that was formed during the reaction was determined by HPLC based on 

the calibration curve that was drawn by using commercial benzoin samples. The activity of BAL 

that was used in this work found to be 0.2 U.  

 

For the synthesis of racemic benzoin derivatives, standard benzoin condensation reactions were 

used by using NaCN as catalyst and water/ethanol mixture as solvent. In Figure 1, the 

synthesized rac-benzoin derivatives are given with their yields. Racemic benzoin and 4,4’-

dimethoxybenzoin were commercially available and obtained from Sigma-Aldrich.  
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Figure 1. The structure and the yield of the rac-benzoin derivatives that were used in trans-

benzoin condensation reactions. 

 

These six synthesized and two commercially available rac-benzoin derivatives were used in the 

enzymatic trans-benzoin condensation reactions. For this purpose, each rac-benzoin derivative 

and benzyloxyacetaldehyde (–) were dissolved in DMSO and then added to pH 7 buffer 

containing MOPS (50 mM), ThDP and MgSO4. After the temperature of the reaction mixture was 

set to 37 °C, BAL was added (0.2 U) and it was shaken with a constant speed at 120 rpm. The 

reaction was monitored by TLC, and BAL was added daily. After 72 hours, the reaction was 

stopped and the aqueous phase was extracted by diethyl ether three times. Then, the combined 

etheric phases were washed with brine and dried over MgSO4. After removal of the solvent under 

reduced pressure, the crude product was purified by flash column chromatography using ethyl 

acetate-hexane solvent mixture as eluent.  
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Scheme 3. All possible prodeucts of enzymatic-trans benzoin condensation reaction. 

 

From the trans-benzoin condensation reaction of rac-banzoin and benzyloxyacetaldeyde, 

theoretically four different products can be formed. One of them is the unreacted (S)-benzoin 

derivative. Two of them are trans-benzoin products where benzyloxyacetaldeyde acts as a donor 

and acceptor. Another of them is the self-benzoin condensation of benzyloxyacetaldeyde. 

However, practically only (S)-benzoin and one trans-benzoin products, where 

benzyloxyacetaldehyde acted as an acceptor, was observed (Scheme 3).   

 

Among eight different rac-benzoin derivatives, four of them were able to be purified, 

characterized, and their enantiomeric excess were determined by chiral HPLC (9). 4,4’-

dimethoxybenzoin and 4,4’-dimethylbenzoin gave the corresponding trans-benzoin products 

with the highest enantiomeric excesses (63 and 62% ee, respectively). Benzoin and 3,3’-

dimethoxybenzoin resulted trans-benzoin products with relatively low enantiomeric excesses (35 

and 36% ee, respectively) (Figure 2).     
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Figure 2. Yield and enantiomeric excess of purified enzymatic trans-benzoin reaction products.  

 

The trans-benzoin products that were formed from 3,3’-difluoro-, 3,3’-dibromo- and 3,3’-

dimethylbenzoin derivatives were detected by 1H NMR spectroscopy in their crude mixture. 

However, they could not be separated from other benzoin products due to structural similarities. 

Enantiomeric excesses of these products were able to be determined by chiral HPLC (9) by 

comparing the retention time of racemic benzoin derivatives (rac-12, rac-13, rac-14) obtained 

from cross-benzoin condensation reaction of corresponding aldehyde derivatives and 

benzyloxyacetaldehyde. 4,4’-difluorobenzoin derivative gave a complex mixture of products that 

were not possible to determine enantiomeric excess of the trans-benzoin product (Figure 3).  

 

 

 

Figure 3. Enantiomeric excesses of crude enzymatic trans-benzoin reaction products.  

 

In conclusion, various racemic benzoin derivatives were reacted with benzyloxyacetaldehyde 

with BAL as a catalyst to obtain enantiomerically enriched trans-benzoin products. These 

products are important precursors in the synthesis of chiral polyalcohols. After removal of benzyl 
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protection and reduction of carbonyl group, they can be converted into corresponding 1,2,3-

triols.  
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Abstract: In this study, macro elements (Na, Mg, and Ca) and trace elements (Li, Fe, Zn, Mn, 

Se, Al, V, Cr, Ni, Cu, Pb, As, Co, Cd, and Hg) in wild edible plant samples (Campanula sp, 

Anethum graveolens, Malva sylvestris, Onopordum tauricum, Cichorium endivia, Rumex 

patientia, Urtica diocia, Papaver rhaeas, Opopanax hispidus, Rumex acetosella, Eradium sp, 

Petroselinum crispum, Metha viridis, Eruca sativa, Sinapis arvensis, Lepidium sativum, and 

Cardaria draba) purchased from three different markets in Manisa district were analyzed using 

inductively coupled plasma-mass spectrometry after microwave digestion procedure. Selected 

plants for analysis are mostly consumed by people throughout the season. The mean 

concentrations of Na, Mg, Ca, Li, Fe, Zn, Mn, Se, Al, V, Cr, Ni, Cu, Pb, As, Co and Cd were 

determined as 201 to 15896, 1597 to 4783, 3676 to 13290, 0.27 to 4.37, 144 to 666, 18.0 to 

52.0, 21.2 to 86.5, 0.08 to 0.25, 111 to 693, 2.18 to 5.67, 2.62 to 13.4, 1.32 to 6.30, 6.40 to 

38.7, 0.12 to 0.78, 1.07 to 3.25, 0.05 to 0.47, 0.08 to 0.50 (µg g-1,dry weight), respectively. 

Hg values for plant samples were well below the detection limit of the method. 
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People living in Aegean region in Turkey consume wild edible plants to provide their nutritional 

requirements. Wild plants that are not well known in other geographical regions in Turkey 

constitute the Aegean main cuisine. However, wild plants with leaves have an important role in 

recent well-balanced diet programs. In dietary programs, the idea of getting less amounts of 

red meat and more vegetable and fruits becomes more popular (1,2). Due to their high water 

content, with few exceptions, wild plants are believed to occupy a modest place as a source of 

trace elements (3). 

 

The trace elements and other essential nutrients are necessary for growth, and maintaining of 

life. Since the body cannot synthesize them, trace elements must be supplied by food. There is 

no clear classification of trace vs. macro minerals, but traces are often considered as minerals 

required by the body in amounts less than 100 mg daily (4). The nutritional and toxicity values 

have also been studied and extensively discussed (5). Elements, above threshold 

concentrations, can cause morphological abnormalities, and mutagenic effects in humans (6). 

Therefore, determination of macro and trace element contents in edible wild plants is 

important. 

 

Flame and graphite furnace atomic absorption spectrophotometry (7) (FAAS and GFAAS), 

inductively coupled plasma-optical emission spectrometry (8) (ICP-OES) and inductively 

coupled plasma-mass spectrometry (9) (ICP-MS) were used in the studies of element 

concentrations in plant samples. Especially, ICP-MS is considered excellent technique for the 

analysis of trace and macro elements in plants. MS is, without a doubt, one of the most 

important and widely used analytical techniques for the detection and determination of 

element and molecule concentrations. The mass spectrometer is a highly sophisticated 

instrument that can aid in the measurement of concentrations in the trace and ultra-trace 

range (10). 

 

Several studies has been carried out to determine the element contents of some plants in 

different habitats in Turkey (11–13). The aim of present work was to determine the macro 

(Na, Mg and Ca) and trace (Li, Fe, Zn, Mn, Se, Al, V, Cr, Ni, Cu, Pb, As, Co, Cd and Hg) 

element content of seventeen wild plants sold in three different markets of Manisa after 

microwave digestion using ICP-MS. 

 

 

 

 

 

 

EXPERIMENTAL 
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Sampling 

Approximately 100 g of each plants were purchased from each of the three markets. Table 1 

summarizes botanical features including the scientific name, regional name, family, edible 

part, and usage. 

 

 

Table 1: Analysis of characteristics of the plants 

Scientific Name Regional Name Family Edible Part Usage 

Campanula sp Çıngırak otu Campanulaceae Aerial Vegetable 

Anethum graveolens Dere Otu Apiaceae Aerial Vegetable, tea 
Malva sylvestris Ebe Gümeci Malvaceae Aerial Vegetable, tea 

Onopordum tauricum Eşek Helvası Asteraceae Aerial Vegetable 
Cichorium endivia Hindiba Asteraceae Aerial Vegetable 
Rumex patientia Labada Polygonaceae Aerial Vegetable 

Urtica diocia Isırgan Otu Urticaceae Aerial Vegetable, tea 
Papaver rhaeas Kapurcak Papaveraceae Aerial Vegetable 

Opopanax hispidus Kaymak Otu Apiaceae Aerial Vegetable 
Rumex acetosella Kuzu Kulağı Polygonaceae Aerial Vegetable 

Eradium sp Leylek Gagası Geraniaceae Aerial Vegetable 
Petroselinum crispum Maydanoz Apiaceae Aerial Vegetable 

Metha viridis Nane Lamiaceae Aerial Vegetable, tea 
Eruca sativa Roka Brassicaceae Aerial Vegetable 

Sinapis arvensis Tatlı Hardal Brassicaceae Aerial Vegetable 

Lepidium sativum Tere Brassicaceae Aerial Vegetable 
Cardaria draba Toklu Başı Brassicaceae Aerial Vegetable 

 

 

Sample preparation 

Samples were washed with ultra-pure water and 100 g samples from each species were dried 

in an oven at 80 °C for 24 hours before homogenization. Samples milled in a micro-hammer 

cutter and sieved through 0.2 mm after homogenization process and placed temporarily in 

clean self-sealing plastic bags until their analysis for their Na, Mg, Ca, Li, Fe, Zn, Mn, Se, Al, V, 

Cr, Ni, Cu, Pb, As, Co, Cd and Hg content. An appropriate quantity (1 g) from each 100 g 

sample was used for analysis. All the samples were analyzed in triplicate and the results were 

reported as mean values ± standard deviation. 

 

Instruments 

All metal measurements were carried out using a Perkin Elmer, DRC-e; CCD Simultaneous ICP-

MS. The ICP-MS operating conditions are listed in Table 2. Microwave MARS 5 closed vessel 

microwave system (CEM, Matthews, NC, and USA) was used for microwave digestion. 

 

 

 

 

 

 

Table 2: The operating parameters of determination of elements by ICP- MS 
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Plasma conditions Value 

RF power 1.2 kW 

Plasma Ar flow rate 15 L min−1 

Auxiliary Ar flow rate 0.89 L min−1 

Carrier Ar flow rate 0.95–1.0 L min−1 

Torch horizontal alignment (0.5–1.0) mm 

Torch vertical alignment 0.2–0.5 mm 

Sampling depth 6.0–8.0 mm 

Sample uptake rate 0.80 mL min−1 

 

 

Reagents and chemicals 

Suprapure grade chemicals were employed in the preparation of all solutions. Ultrapure water 

(Milli-Q Millipore 18.2Ω/cm) was used in all experiments. HCl, HNO3 and H2O2 were of 

suprapure quality (E. Merck). All the plastic and glassware were cleaned by soaking in dilute 

nitric acid and were rinsed with distilled water prior to use. The standard solutions of analytes 

for calibration procedure were produced by diluting individual stock solutions of the 

investigated element supplied by Sigma. 

 

Digestion procedure 

Microwave digestion procedure was applied to the plant samples; microwave digestion (with 

HNO3–H2O2 in microwave oven). Approximately 1.0 g of sample was digested with 6 mL of 

HNO3 and 2 mL of H2O2 in microwave digestion system. The temperature program was as 

follows: 2 min for 400 w, 2 min for 400 w, 6 min for 400 w, 5 min for 400 w, 8 min for 800 w 

and 8 min for vent. The resulting solutions were cooled and diluted to 10 mL with distilled 

water. The clear solutions were analyzed by ICP-MS after additional dilution if necessary. 

 

Calibration and detection limits 

Calibration standard solutions were prepared by dilution of the stock standard solutions to 

desired concentration in 1% HNO3. The ranges of the calibration curves (7 points) were 

selected to match the expected concentrations (0–30 µg g-1) for all the elements of the sample 

studied by ICP-MS. The correlation coefficient r2 obtained for all cases was 0.9999. The 

detection limits (LOD) were calculated as the concentrations of an element that gave the 

standard deviation of a series of ten consecutive measurements of microwave digested blank 

solutions. The LOD values of Na, Mg, Ca, Li, Fe, Zn, Mn, Se, Al, V, Cr, Ni, Cu, Pb, As, Co, Cd 

and Hg were calculated as; 0.0036, 0.0012, 0.0003, 0.0042, 0,0018, 0.0018, 0.0021, 0.0018, 

0.0006, 0.0003, 0.0033, 0.0024, 0.0036, 0.0009, 0.0003, 0.0027, 0.0021 and 0.0009 (µg g-1) 

respectively. 

 

 

Statistical analysis 
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All the samples were analyzed in triplicate and mean values along with standard deviation (±) 

are shown in the Table 3 and 4. 

 

RESULTS AND DISCUSSION 

 

Levels of the macro (Na, Mg and Ca) and the trace (Li, Fe, Zn, Mn, Se, Al, V, Cr, Ni, Cu, Pb, 

As, Co, Cd and Hg) elements in plant samples are given in Tables 3 and 4, respectively. The 

mean concentrations of Na, Mg, Ca, Li, Fe, Zn, Mn, Se, Al, V, Cr, Ni, Cu, Pb, As, Co and Cd 

were found as 201 to 15896, 1597 to 4783, 3676 to 13290, 0.27 to 4.37, 144 to 666, 18.0 to 

52.0, 21.2 to 86.5, 0.08 to 0.25, 111 to 693, 2.18 to 5.67, 2.62 to 13.4, 1.32 to 6.30, 6.40 to 

38.7, 0.12 to 0.78, 1.07 to 3.25, 0.05 to 0.47, 0.08 to 0.50 µg g-1, dry weight in plant 

samples, respectively (Figures 1, 2, 3 and 4). Hg values for selected plant samples were well 

below the detection limit of the method. 

 

Table 3: Macro element contents in selected 17 different plants from 3 different markets (51 

samples) (μg g–1 dry weight) (n=3) 

Sample Na Mg Ca 

Campanula sp 643±143 2593±1925 9012±1266 

Anethum graveolens 13617±11613 4353±1624 5851±155 

Malva sylvestris 2919±1704 2877±1425 7621±631 

Onopordum tauricum 15896±10472 2594±1729 6722±702 

Cichorium endivia 1847±256 2224±1275 4417±103 

Rumex patientia 2862±1847 2433±3165 3676±535 

Urtica diocia 1185±133 4783±3281 13290±724 

Papaver rhaeas 706±90 2834±3106 6871±54 

Opopanax hispidus 201±49 2181±1443 5381±717 

Rumex acetosella 1442±1034 3824±2266 4435±991 

Eradium sp 1494±1165 1918±1494 8190±1138 

Petroselinum crispum 1518±1027 1736±1238 4757±656 

Metha viridis 391±60 3224±1735 5370±566 

Eruca sativa 441±73 3266±1382 6926±487 

Sinapis arvensis 1082±202 1919±1591 6554±357 

Lepidium sativum 675±108 1597±1424 7675±2179 

Cardaria draba 3451±1644 3364±1553 6469±1161 

Minimum 201±48 1597±1424 3676±535 

Maximum 15896±10472 4783±3280 13290±724 

Mean 2962±1105 2807±220 6659±544 
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Table 4: Trace element contents in selected 17 different plants from 3 different markets (51 samples) (μg g–1 dry weight) (n=3) 

Sample Li Al V Cr Mn Fe Co Ni 

Campanula sp 0.93±0.14 327±94.8 2.30±1.32 3.85±0.29 29.2±8.09 364±50.9 0.18±0.17 4.22±1.00 

Anethum graveolens 1.00±0.02 287±117 5.17±2.43 5.40±1.75 86.5±28.0 423±142 0.20±0.19 5.10±0.78 

Malva sylvestris 1.00±0.19 288±100 2.18±1.60 4.65±1.18 33.4±5.95 334±84.4 0.18±0.09 3.97±0.71 

Onopordum tauricum  1.10±0.12 227±81.5 3.95±1.87 4.43±0.60 54.7±5.61 270±71.7 0.08±0.07 6.30±3.57 

Cichorium endivia 1.13±0.14 242±64.2 2.48±2.01 3.67±0.76 33.5±3.29 265±54.9 0.17±0.08 2.57±0.45 

Rumex patientia 4.37±3.08 420±113 2.63±0.31 5.70±2.17 30.1±0.40 432±124 0.17±0.16 4.02±1.08 

Urtica diocia 2.42±0.95 155±49.1 2.83±1.12 2.62±0.20 21.2±0.23 246±34,1 < LOD 2.72±0.23 

Papaver rhaeas 1.02±0.27 195±96.5 3.03±2.14 13.4±6.91 45.2±4.28 289±102 0.10±0.09 2.92±0.55 

Opopanax hispidus 0.27±0.09 111±35.8 2.22±1.83 5.15±1.08 22.2±0.12 144±26.0 < LOD 1.32±0.16 

Rumex acetosella 0.82±0.13 403±155 3.43±2.35 5.52±2.08 53.9±4.74 434±136 0.28±0.16 3.37±0.78 

Eradium sp 0.90±0.25 298±43.9 2.18±1.17 6.58±2.52 40.8±4.57 370±41.0 0.13±0.08 3.38±0.97 

Petroselinum crispum 1.05±0.27 192±121 3.33±1.34 4.23±1.04 48.9±7.11 262±77.5 0.08±0.07 2.62±0.31 

Metha viridis 1.28±0.06 693±60.7 5.67±1.57 7.07±1.43 45.3±6.71 666±75.7 0.47±0.06 5.32±0.75 

Eruca sativa 0.60±0.10 163±12.1 2.19±1.28 3.38±0.49 29.5±5.84 243±1.16 < LOD 2.83±0.40 

Sinapis arvensis 0.95±0.13 144±15.6 4.95±0.98 11.5±4.78 33.2±3.58 212±8.67 0.05±0.04 2.75±0.40 

Lepidium sativum 1.23±0.35 490±103 4.32±1.72 6.95±1.76 61.1±7.57 470±40.5 0.40±0.23 6.30±0.50 

Cardaria draba 0.70±0.57 310±88.4 4.30±1.58 4.63±1.10 33.3±5.20 352±91,9 0.22±0.11 3.87±1.64 

Minimum 0.27±0.09 111±35.8 2.18±1.17 2.62±0.20 21.2±0.23 144±26.0 0.05±0.04 1.32±0.16 

Maximum 4.37±3.07 693±60.7 5.67±1.57 13.4±6.91 86.5±28.0 666±75.7 0.47±0.06 6.30±3.57 

Mean 1.22±0.22 291±35.7 3.36±0.28 5.81±0.68 41.29±3.98 340±29.8 0.19±0.03 3.74±0.33 
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Sample Cu Zn As Se Cd Pb Hg 

Campanula sp 6.40±0.70 33.5±12.3 1.72±1.16 < LOD < LOD 0.18±0.09 < LOD 

Anethum graveolens 18.2±5.50 26.7±3.12 1.53±1.34 < LOD < LOD 0.32±0.16 < LOD 

Malva sylvestris 9.20±0.98 20.7±3.29 1.30±1.11 < LOD 0.13±0.12 0.67±0.48 < LOD 

Onopordum tauricum  10.2±0.69 22.1±2.77 2.35±1.18 < LOD 0.08±0.07 0.22±0.11 < LOD 

Cichorium endivia 9.60±1.23 21.4±4.51 1.08±0.89 0.25±0.24 < LOD 0.15±0.09 < LOD 

Rumex patientia 9.52±1.05 31.3±4.45 1.33±0.16 < LOD < LOD 0.52±0.13 < LOD 

Urtica diocia 38.7±22.3 18.0±0.81 3.25±1.23 < LOD < LOD 0.12±0.11 < LOD 

Papaver rhaeas 18.1±6.46 34.9±5.55 1.75±1.38 0.08±0.07 0.27±0.14 0.30±0.03 < LOD 

Opopanax hispidus 16.4±9.86 32.3±4.91 1.07±0.92 < LOD < LOD 0.12±0.11 < LOD 

Rumex acetosella 10.2±1.73 22.3±1.27 1.13±0.76 < LOD < LOD 0.65±0.17 < LOD 

Eradium sp 25.4±8.68 21.9±1.97 1.37±1.05 < LOD < LOD 0.30±0.03 < LOD 

Petroselinum 

crispum 
6.68±0.97 19.5±4.05 1.67±0.76 < LOD < LOD 0.25±0.14 < LOD 

Metha viridis 12.9±3.78 31.1±2.43 2.63±0.94 < LOD < LOD 0.47±0.07 < LOD 

Eruca sativa 7.93±0.92 22.6±2.08 1.52±0.83 < LOD 0.12±0.11 0.65±0.30 < LOD 

Sinapis arvensis 11.9±1.85 26.9±6.71 2.20±0.82 < LOD 0.50±0.14 0.78±0.27 < LOD 

Lepidium sativum 9.78±2.62 52.0±18.6 2.33±1.03 < LOD 0.37±0.20 0.45±0.31 < LOD 

Cardaria draba 10.3±2.89 24.3±1.73 2.12±0.84 < LOD 0.10±0.09 0.35±0.08 < LOD 

Minimum 6.40±0.70 18.0±0.81 1.07±0.92 0.08±0.08 0.08±0.07 0.12±0.11 < LOD 

Maximum 38.7±22.3 52.0±18.6 3.25±1.23 0.25±0.24 0.50±0.14 0.78±0.27 < LOD 

Mean 13.6±1.97 27.2±2.01 1.79±0.15 0.17±0.09 0.22±0.06 0.38±0.05 < LOD 
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The results of macro elements are provided in Table 3. All values are expressed as dry weight 

in µg g-1. In the plants, Na was highest in Onopordum tauricum (15896), lowest in Opopanax 

hispidus (201), Mg was highest in Urtica diocia (4783), lowest in Lepidium sativum (1597), Ca 

was highest Urtica diocia (13290), lowest in Rumex patientia (3676). 

 

Trace element results of the plants are presented in Table 4. All values are expressed as dry 

weight in µg g-1. The table shows that Li was highest in Rumex patientia (4.37), lowest in 

Opopanax hispidus (0.27), Al was highest Metha viridis (693), lowest in Opopanax hispidus 

(111), V was highest in Metha viridis (5.67), lowest in Malva sylvestris and Eradium sp (2.18), 

Cr was highest in Papaver rhaeas (13.4), lowest in Urtica diocia (2.62), Mn was highest in 

Anethum graveolens (86.5), lowest in Urtica diocia (21.2), Fe was highest in Metha viridis 

(666), lowest in Opopanax hispidus (144), Co was highest in Metha viridis (0.47), lowest in 

Sinapis arvensis (0.05), Ni was highest in Onopordum tauricum (6.30), lowest in Opopanax 

hispidus (1.32), Cu was highest in Urtica diocia (38.7), lowest in Campanula sp (6.40), Zn was 

highest in Lepidium sativum (52.0), lowest in Urtica diocia (18.0), As was highest in Urtica 

diocia (3.25), lowest in Opopanax hispidus (1.07), Se was highest in Cichorium endivia (0.25), 

lowest in Papaver rhaeas (0.08), Cd was highest in Sinapis arvensis (0.50), lowest in 

Onopordum tauricum (0.08), Pb was highest in Sinapis arvensis (0.78), lowest in Urtica diocia 

and Opopanax hispidus (0.12). 

 

 

Figure 1: Concentrations of Na, Mg and Ca in selected wild plant samples (μg g–1, dry weight). 
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Figure 2: Concentrations of Li, V, Ni, As and Cr in selected wild plant samples (μg g–1, dry 

weight). 

 

 

Figure 3: Concentrations of Fe, Zn, Mn, Cu and Al in selected wild plant samples (μg g–1, dry 

weight). 
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Figure 4: Concentrations of Se, Pb, Cd and Co in selected wild plant samples (μg g–1, dry 

weight). 

 

CONCLUSION 

 

In this study, the concentrations of trace elements: Na, Mg, Ca, Li, Fe, Zn, Mn, Se, Al, V, Cr, 

Ni, Cu, Pb, As, Co, Cd and Hg in seventeen wild plant samples (Campanula sp, Anethum 

graveolens, Malva sylvestris, Onopordum tauricum, Cichorium endivia, Rumex patientia, Urtica 

diocia, Papaver rhaeas, Opopanax hispidus, Rumex acetosella, Eradium sp, Petroselinum 

crispum, Metha viridis, Eruca sativa, Sinapis arvensis, Lepidium sativum, and Cardaria draba) 

purchased from three different markets in Manisa district were analyzed using ICP-MS after 

microwave digestion procedure. The quantitative results obtained from the study provide 

significant information about the macro and trace element contents of the wild edible plants 

that are frequently consumed by the people of the region. 
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In the present study, a simple, fast, and accurate HPLC-PDA method was developed for the 

simultaneous determination of paracetamol (PAR), methylparaben (MP), sunset yellow (SSY) 

and carmoisine (CAR) in oral suspensions. The concentrations of colorants are less than with 

respect to those of active ingredient and this variation makes process of analysis troublesome. 

In the developed HPLC method, efficient chromatographic separation was achieved using 

reversed phase C18 column (4.6 mm x 150 mm x 5 μm particle size) and phosphate buffer 

solution (pH = 6.5)-acetonitrile mobile phase with a flow rate of 1.6 mL/min in the gradient 

mode. The eluents were monitored via a PDA detector at 300, 254 and 230 nm. The mean 

retention times of PAR, MP, SSY and CAR were found to be 2.15, 4.42, 1.58 and 3.81, 

respectively. The proposed method was validated in accordance with ICH guidelines and it was 

seen that the method met all requirements in terms of linearity, precision, accuracy, and 

selectivity. The developed method was successfully applied for simultaneous determination of 

the studied compounds in two commercial oral suspension samples.  
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INTRODUCTION 

 

Paracetamol (N-acetyl-4-aminophenol) is widely used in pediatric syrup-suspension formulations 

as a pain-reliever and fever-reducer. It is easily available alone without a prescription or in 

combination with other drugs. Some preservatives and colorants are commonly used in these 

pediatric pharmaceutical formulations to prevent microbial growth and to improve appearance 

and color (1). In general, sodium benzoate, potassium sorbate or parabens such as methyl 

paraben or propyl paraben are used as a preservant system in the liquid formulations (2). Methyl 

paraben (methyl 4-hydroxybenzoate) is the most frequently used due to its broad antimicrobial 

spectrum and the fact that it does not modify the physical properties of the final products like 

taste, smell or color (3). According to some research reports, parabens exhibit estrogenic activity 

and their extreme usage could lead to some detrimental effects such as breast cancers and 

oxidative DNA damage (4-6). Owing to these concerns, many countries have put a ban to limit 

the use of parabens (7). Hence, determinations of these preservatives in pharmaceuticals are 

vitally necessary for both quality assurance and consumer safety. 

 

Although the allowable amounts of synthetic colorants which could have toxicity are reduced by 

human health reasons, many synthetic colorants in stead of natural colorants are still widely 

used due to their low price, high effectiveness, and excellent stability in foods and 

pharmaceuticals (8-10). Since synthetic colorants could provoke allergic reactions including 

urticaria, dermatitis, and asthma and may give rise to hyperactive behavior in children, the use 

of synthetic colorants in many countries is strictly regulated under existing food laws (11,12). 

Thus, determination of colorants in food samples and pharmaceutical products is important to 

control the amount of use permitted and to ensure quality control. Also, in order to colorize 

pharmaceuticals, the mixture of two or three of them is used to create a hue corresponding with 

selected natural color. So, simultaneous determination of these colorants becomes difficult as 

the number of components in the mixtures increases (13). Furthermore, since the quantity of 

active compound is commonly higher than additives, there is a need of accurate, efficient, and 

fast analytical method for simultaneous quantification of ingredients and excipients (14,15). In 

this respect, we focused on simultaneous high performance liquid chromatography (HPLC) 

determination of the single drug, paracetamol, along with colorants, sunset yellow and 

carmoisine, and preservative, methyl paraben, in pediatric oral suspension samples that belong 

to the same pharmaceutical company, in this study. Many analytical methods, either for single 

or combination with other analytes in various matrices, have been described in the literature for 

determination of paracetamol (16,17), methyl paraben (18,19), sunset yellow (20,21) and 

carmoisine (22,23) by HPLC in particular. However, no method describes quantification of this 

drug and color and preservative additives simultaneously. There are some HPLC methods 

developed in order to quantify different active compounds and additives in association, which 

are non labor-intensive, without extraction step and with short analysis time (2, 13, 24-27).  
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This study aims a fast, simple, and sensitive HPLC method for the simultaneous determination 

of paracetamol, methyl paraben, sunset yellow and carmoisine in pediatric oral suspensions. 

Validation parameters for the current method were also tested according to the requirements of 

ICH guidelines.  

 

MATERIALS and METHODS 

 

Chemicals and Reagents 

Reference standards of paracetamol (PAR), methyl paraben (MP), sunset yellow (SSY) and 

carmoisine (CAR) were obtained as gifts from a local pharmaceutical company (all purities ≥ 

99%). HPLC grade acetonitrile, methanol, orthophosphoric acid (H3PO4) and di-potassium 

hydrogen phosphate (K2HPO4) were purchased from Merck Chemicals (Germany). Ultrapure 

water was produced by a Milli-Q® Elix Water Purification System (Milford, MA, USA). 

 

Instruments and Chromatographic Conditions 

The HPLC system was a Shimadzu HPLC system LC-10AT VP equiped with a SIL-20AC 

autosampler and SPD-M10A VP photodiode array dedector (PDA). The chromatographic 

separations were performed on an Inertsil C18 column (4.6 mm x 150 mm x 5 μm particle size, 

GL Sciences, Japan). The mobile phase was made up of phosphate buffer (0.025 M, pH 6.5) and 

acetonitrile. Gradient elution conditions are given in Table 1. The flow rate of mobile phase was 

1.6 mL/min at room temperature and injection volumes were 20 μL. The eluents were monitored 

in the range of 190 to 800 nm via a PDA dedector and the detections were carried out at 300 

nm for PAR, at 254 nm for MP, at 230 nm for SSY and CAR. The run time was approximately 5 

min and the total peak area was used for the quantification of each analyte.  

 

Table 1. Gradient elution conditions for the separation of analytes. 

Mobile Phase A 
 

Mobile Phase B 
 

Gradient Conditions 
 

Acetonitrile 
Phosphate buffer  
(0.025 M, pH 6.5) 

87%B 2.0 min,  
70%B 3.0 min 

 

Preparation of Standard and Sample Solutions 

Stock standard solutions of PAR (5000 μg/mL) and MP (500 μg/mL) were prepared in methanol 

by accurately weighting. Stock standard solutions of SSY and CAR (100 μg /mL) were prepared 

in Milli-Q water. All stock solutions were stored at 4 °Ϲ and further dilutions to obtain calibration 

and other validation studies solutions were made in Milli-Q water.  

 

Two kinds of marketed liquid pharmaceutical formulations (suspension) comprising an aqueous 

solution of paracetamol were purchased from local pharmacy shop in Istanbul, Turkey. 2.5 mL 

of Suspension I containing 250 mg PAR, 4 mg MP and an unknown amount of SSY in 5 mL was 
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accurately transferred into an 100 mL measuring flask, sonicated in ultrapure water, and the 

volume was then made up to the mark with the same solvent. Similarly, 5.0 mL of Suspension 

II containing 120 mg PAR, 5 mg MP and an unknown amount of CAR in 5 mL was accurately 

transferred into a 50 mL measuring flask, sonicated and diluted to its volume with ultrapure 

water. All standard and sample solutions were filtered through 0.45 micron membrane filter. 

 

Method Validation 

Method validation including selectivity, linearity, limit of detection and limit of quantification, 

precision and accuracy of the proposed method was performed according to ICH guidelines (28).  

 

RESULTS and DISCUSSION 

 

Method Development 

In order to achieve good chromatographic separation of the studied compounds, different 

solvents (water, acetonitrile and methanol) and buffer solutions (acetic acid/acetate and 

phosphate), ideal mobile phase proportion, pH and flow rate were duly studied. Satisfactory 

results were achieved by 87:13% (v:v) of phosphate buffer (0.025 M) pH 6.5 : acetonitrile for 

first 2.0 min and then 70:30% (v:v) of the same mobile phase for 2.0-5.0 min at flow rate of 

1.6 mL/min in the gradient mode.  

 

As the quantity of active ingredient in these pharmaceutical formulations is compared to those 

of colorants in particular, it is seen that there is an imbalance between the analytes. Generally, 

the amount of the colorants is less than the active compound and excipients. This variation 

makes the simultaneous chromatographic analysis of them along with other ingredients difficult. 

This difficulty can be overcome by choosing the appropriate wavelength for determination. 

Absorption spectra of the studied compunds can be seen in Figure 1. Detection wavelength was 

chosen at 300 nm for PAR, at 254 nm for MP, at 230 nm for SSY and CAR, accordingly. 
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Figure 1. Absorption spectra of paracetamol (PAR), methyl paraben (MP), sunset yellow (SSY) 

and carmoisine (CAR) by PDA dedector. 

 

Figure 2 shows the chromatogram obtained for the analytes in synthetic mixture and 

pharmaceutical formulations by the chromatographic conditions described above. 

 

 

(a) 
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(b) 

 

 

 

c) 

Figure 2. a) Chromatogram of standard mixture solution containing 4 μg/mL SSY, 1000 μg/mL 

PAR, 2 μg/mL CAR and 20 μg/mL MP. b) Chromatogram of oral Suspension I, c) Chromatogram 

of oral Suspension II. 

 

Method Validation 

Selectivity: Selectivity was evaluated by the peak purity test using PDA detector. According to 

the results obtained, peak purity values were higher than 0.9990. Also no interferences were 

detected at retention times of the studied compounds in sample solutions, which shows that the 

developed method is selective (Figure 2). 

 

Linearity: For linearity, seven different concentrations were chosen taking into account 

suspension contents. Hence, concentrations of the solutions were PAR 250 to 3000 μg/mL, MP 

10 to 110 μg/mL, SSY 1 to 12 μg/mL and CAR 1 to 7 μg/mL. Each concentration of standard 

solutions was analyzed in triplicate and the mean values of peak areas were calculated and used 
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for the calibration graph. Calibration curves of the studied compounds obtained by the proposed 

method can be seen in Figure 3. The linear regression equations for PAR, MP, SSY and CAR were 

found to be y = 652.7x – 715.58, y = 25654x + 1814.3, y = 10558x + 1532.5 and y = 15052x 

+ 1742.6, respectively. The regression cofficients (R2) were found to be higher than 0.999, which 

indicates that the method has an acceptable degree of linearity. 

 

 

MP 

PAR 
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Figure 3. Calibration curves of PAR, MP, SSY and CAR. 

 

Limits of Detection and Quantification (LOD and LOQ): Limits of detection (LOD) were 

calculated at a signal-to-noise ratio (S/N) of 3. Limits of quantification (LOQ) were calculated at 

a signal-to-noise ratio (S/N) of 10. The LOD was calculated to be 0.42, 0.20, 0.27 and 0.15 

µg/mL and the LOQ was calculated to be 1.35, 0.65, 0.80 and 0.46 µg/mL for PAR, MP, SSY and 

CAR, respectively. 

 

Precision: Precision of the method is assessed by the estimate of the relative standard deviation 

(RSD) with respect to both repeatability and intermediate precision. For repeatability, three 

different concentrations of standard solutions were analyzed in triplicate on the same day. 

CAR 

SSY 
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Intermediate precision (n=4) was performed on three different days. Acceptable RSD% values 

(<3.38% RSD) as shown in Table 2 were obtained. 

 

Table 2. Repeatability and intermediate precision values of PAR, MP, SSY and CAR. 

 

Compound 
 

Actual 

Concentration 
(µg/mL) 

Repeatability 
Mean  ± %RSD 
(n =3) (µg/mL) 

Intermediate precision 

Mean  ± %RSD 
(n=4) (µg/mL) 

 

PAR 

1000 

1500 
2000 

990.10 ± 1.52 
1479.33 ± 0.95 
1992.67 ± 1.65 

993.75 ± 1.49 

1487.00 ± 1.66 
1991.75 ± 1.26 

 
MP 

20 
30 
40 

20.47 ± 1.97 
29.5 ± 1.70 
39.6 ± 2.91 

19.19 ± 2.45 
29.83 ± 1.82 
40.20 ± 2.96 

 

SSY 

2 

4 
6 

2.07 ± 3.38 
3.96 ± 3.26 
5.97 ± 1.94 

1.98 ± 2.80 

4.08 ± 2.27 
6.06 ± 2.27 

 
CAR 

1 
2 
3 

0.98 ± 2.00 
 1.90 ± 2.80 
3.10 ± 2.50 

1.05 ± 2.52 
1.95 ± 3.05 
3.15 ± 2.65 

 

Accuracy 

Accuracy of the method was expressed as % recovery obtained by standard addition method at 

three different levels. Good recovery data for accuracy are displayed in Table 3. The recovery 

values obtained also imply that there is no matrix effect on the determination of analytes by the 

proposed method. 

 

Table 3. Accuracy studies of PAR, MP, SSY and CAR. 

Analytes 
Sample 

Concentration 
(µg/mL) 

Amount 
Added 

(µg/mL) 

Amount Found 
(µg/mL) ± %RSD 

(n=5) 

 
Mean 

Recovery 
(%) 

  500 487.0 ± 1.03 97.40 

PAR 1250 1000 1002.67 ± 0.75 100.27 

  1500 1496 ± 0.68 99.73 

  10 9.98 ± 0.76  99.80 

MP 20 20 19.80 ± 1.35 99.00 

  30 29.12 ± 2.00 97.07 

  2 1.97 ± 2.18 98.50 

SSY 1.75 4 3.95 ± 2.50 98.75 

  6 6.05 ± 2.20 100.83 

  1 1.05 ± 2.44 105.00 

CAR 1.5 2 1.98 ± 1.96 99.00 

  3 3.08 ± 2.15 102.67 
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Application of the Method to Commercial Oral Suspensions 

After method optimization and validation, the developed method was successfully applied for the 

simultaneous determination of PAR, MP, SSY and CAR in oral suspension samples produced by 

the same pharmaceutical company. The quantitative results of the analysis are summarized in 

Table 4. Found values close to 100% demonstrate the applicability of the method for control of 

the liquid formulations in quality control laboratories. So these formulations containing the 

studied compounds can be analyzed with the same HPLC method in a short time. 

 

Table 4. Analysis of marketed samples by the HPLC method. 

 Ingredients Labeled 
amount  

(mg/5 mL) 

Amount found 
(mg/5 mL) 

Recovery 
(%) 

 
PAR 

250 250.6 100.24 

Commercial  
Oral  Suspension I 

MP 
4 4.05 101.32 

 
SSY 

- 0.35 - 

 
PAR 

120 121.2 101.0 
 

Commercial  
Oral Suspension II 

MP 
5 5.11 102.29 

 
CAR 

- 0.075 - 

 

CONCLUSION 

 

A novel, facile, rapid, and efficient reversed phase HPLC-PDA method without any extraction 

stage was developed for the simultaneous quantification of PAR, MP, SSY and CAR in oral 

suspensions which the ingredients are present in variable concentrations. The most important 

advantage of this method is to analyze PAR, MP, SSY and CAR at the same time as there is no 

method in the literature for simultaneous determination of these compounds. The developed 

method has a good resolution between all analytes with a short analysis time below 5 min. In 

addition, according to validation study results, this method is linear, precise, accurate, sensitive, 

and selective. So the proposed method can be used for routine analysis of these compounds in 

similar pharmaceutical products.  
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INTRODUCTION 

 

Fluorescent molecules are quite important and have been extensively studied due to their 

usability in optoelectronic area. In the same manner, there are a lot of publications about optical 

and organic electronics applications of naphthalimide derivatives, and this structure can appear 

as a different subclass of fluorescent dyes. Especially, donor group containing derivatives at 4-

position are generally photo-stable materials and have relatively high fluorescence quantum 

yield thanks to compact donor-acceptor architecture. Therefore, it is possible to use them as high 

effective fluorescent materials, fluorescent brightening agents, pH/metal/anion sensors, light 

harvesting materials, light emitting diodes, and more (1-5). 

 

Light-induced absorption of naphthalimide derivatives occurs by decomposition into charge 

carriers in the conjugate system. For this reason, the application of naphthalimide derivatives in 

organic electronic area depends on the relationship between the chemicals. For example, 

photovoltaic cells require materials with an effective charge separation capability, and therefore 

high electron mobility is required to increase the probability of electron migration to a charge 

separation region. Naphthalimide derivatives can be shifted to longer wavelengths by extending 

the π-conjugation system via structure modification. In addition, the photophysical properties 

can be changed by modifications on the naphthalimide molecule. With suitable structural 

arrangements, naphthalimide derivatives can act as energy donor or acceptor in various energy 

transfer systems (6-10). 

 

pH sensors widely take place in various fields such as chemical process control, environmental 

analysis, medical diagnostics, and industrial applications (11). Fluorescence-based pH probes 

have become promising tools due to their high sensitivity, selectivity, and low cost. In order to 

understand many physiological processes better, the development of effective chemosensors to 

monitor pH changes has a great deal of precaution (12-15). For example, a proportional pH 

sensor based on fluorescence resonance energy transfer (FRET) has been recently reported to 

visualize the stimulus-sensitive changes in intracellular pH values by integrating an amino-

naphthalimide pH probe as a FRET acceptor with a pH-insensitive coumarin fluorophore as a 

FRET donor (16). 

 

In brief, 1,8-naphthalimides are quite suitable candidates for optoelectronic and organic 

electronics applications and it is essential to synthesize their new derivatives and 

comprehensively investigate of some properties on photo-physics, pH/metal/anion sensing, and 

chemical/photo-stability etc. to provide development in these areas. In our study, the aim was 

to combine naphthalimide and thiazoline fragment which might contribute to photophysics and 

pH sensing behavior of the target compound. For this reason, we synthesized a novel 
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naphthalimide-thiazoline compound as a fluorophore. Then, comprehensive photophysics, pH 

sensing and hydrolysis behaviors were also investigated via absorption and emission studies. 

EXPERIMENTAL SECTION 

 

DMA-NI (dimethylamino-naphthalimide compound) was synthesized by two steps synthetic 

method depicted in Scheme 1. The reactions were monitored by Silica Gel TLC plates in 

CH2Cl2/Ethyl acetate mixture (1:1). All the chemicals used in this study were purchased from 

Merck, Alfa, Sigma, and Fluka. Purification of crude DMA-NI was realized by a silica column 

chromatography by using dichloromethane and ethyl acetate mixture. Melting point was 

determined on a Electrothermal IA-9200. FTIR spectra were recorded on a Shimadzu Prestige-

21 (200 VCE) spectrometer combined with ATR apparatus. 1H and 13C NMR spectra were 

measured in CDCl3 on a Bruker Avance-II spectrometer at 400 and 100 MHz, respectively and 

TMS (tetramethylsilane) was used as internal standard. The solutions of acetic acid (0.10 M), 

sodium acetate (0.10 M), KH2PO4 (0.10 M), Na2B4O7.10H2O (0.025 M), hydrochloric acid (0.10 

M), sodium hydroxide (0.10 M) and Na2HPO4 (0.05 M) were used to prepare Britton Robinson 

buffer solutions in pH range 3.0 to 12.0. All the photophysical measurements (absorption and 

emission) were realized by a PG Instruments T80 double beam spectrophotometer and Shimadzu 

RF 5301PC fluorescence spectrophotometer, respectively, in common organic solvents by a 1 

cm path length quartz cells at ~22 ºC.   

 

Synthesis 

Synthesis of DMA-NA 

DMA-NA (dimethylamino-naphthalic anhydride compound) was synthesized and purified 

according to the known procedure (17). This reaction includes bonding of dimethylamine to 4-

bromonaphthalene-1,8-dicarboxylic anhydride in the presence of CuSO4·5H2O as catalyst. 

Spectral data (1H, 13C NMR and FTIR) are fully in accordance with the literature mentioned above. 

 

Synthesis of DMA-NI 

0.120 g (0.5 mmol) of DMA-NA, 0.051 (0.5 mmol) 2-amino-2-thiazoline, and 10% mol of zinc 

acetate dihydrate refluxed in dioxane (5 mL) and pyridine (5 mL) for 2 days. After evaporation 

of volatiles in the reaction flask, the residue was extracted by adding chloroform and water.  

Combined organic phases dried over Na2SO4, evaporated under vacuum, and the crude product 

was purified by silica column chromatography by using CH2Cl2 and ethyl acetate as eluent. Yield: 

75%; melting point: 198-201 °C; FTIR: 2918, 2873, 1699, 1654, 1581, 1354, 1012, 769, 758; 

1H NMR (400 MHz, CDCl3): 8.52 (dd, j= 6.0 Hz, 1.2 Hz, 1H), 8.43-8.40 (m, 2H), 7.60 (dd, j= 

6.8 Hz, 5.6 Hz, 1H), 7.05 (d, j= 6.4 Hz, 1H), 4.44 (t, j= 6.8 Hz, 2H), 3.71 (t, j= 6.8 Hz, 2H) 

3.07 (s, 6H); 13C NMR (100 MHz, CDCl3): 163.0, 162.3, 157.6, 157.6, 133.3, 132.1, 131.7, 

130.9, 125.3, 124.9, 122.5, 114.0, 113.3, 61.5, 44.8 (2C), 36.40. 
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Scheme 1: Synthesis of the target compound. 

 

Photophysics 

All the absorption and emission measurements were performed at 10-5 M concentration. 

Quantum yields (Φ) of DMA-NI in common organic solvents were determined by comparing with 

a perylene reference solution. For this, the following equation has been used to calculate relative 

quantum yields (18). 

𝛷𝑠𝑎𝑚𝑝 = 𝛷𝑟𝑒𝑓  
𝜂2

𝜂2
𝑟𝑒𝑓

  
𝐼

𝐼𝑟𝑒𝑓
 
𝐴𝑟𝑒𝑓

𝐴
   (1) 

Where η and ηref are the refractive indices of sample and reference solvents, I and Iref are the 

integrated areas of the emission signal for the sample and reference, respectively. A and Aref are 

the absorbance values for the sample and reference at the excitation wavelength, respectively. 

Perylene solution in toluene used as reference and this compound has a known fluorescence 

quantum yield of 0.75 under these conditions (19). 

 

pH Sensing  

pH sensing studies were performed based on absorption and emission of DMA-NI solution (10‒4 

M) in the pH range of 3.0–12.0 at room temperature with slight modification of previous study 

(20). For this, firstly, 16.2 mg of DMA-NI dissolved in 100 mL acetonitrile to prepare the 5.0x10-

4 M solution. Britton Robinson buffers in the pH range of 3.0–12.0 have been prepared by 

following a published method (21). Then 0.5 mL of DMA-NI and 2.0 mL buffer solution were 

mixed and absorption/emission spectra were recorded. This recording was repeated for each 

integer of pH between 3 and 12. 

 

Hydrolysis 

Hydrolysis of DMA-NI was monitored via adaptation to the literature (20). For this, firstly, 0.5 

mL of 5.0 x 10-4 M DMA-NI solution in acetonitrile and 2.0 mL of Britton Robinson buffer (pH=12) 

were mixed in a 1 cm path length quartz UV cuvette to get 1.0 x 10-4 M concentration and 

absorption spectrum has been recorded immediately for t=0. Then, emission spectrum of same 

mixture was displayed without losing time. Absorption and emission recordings were repeated 

for t=3, 10, 30, 90 and 180 minutes.  
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RESULTS AND DISCUSSION 

 

Synthesis 

Anhydride compound (DMA-NA) was synthesized and purified according to the known procedure 

(17) and NMR results verified its structure and purity. Synthesis of its imide derivative (DMA-

NI) containing aminothiazoline fragment was accomplished by adaptation of literature method 

(22). This method contains 10% mol Zn(OAc)2 catalyst under dioxane and pyridine refluxing 

during 2 days. At the end of this reaction time, it has been shown that a tiny amount of starting 

compound could be separated from the target compound with column chromatography. 1H NMR 

spectrum is fully in accordance with proposed structure. Five different signal groups at aromatic 

region, roughly four doublets (two doublets overlap) and a triplet, verifies the structure. Also 

two different aliphatic triplets and a singlet having 2, 2 and 6 integration values clearly shows 

the presence of two -CH2- and N(CH3)2 groups, respectively. In the 13C NMR spectrum of DMA-

NI, four downfield carbon signals are shown corresponding to two carbonyl carbon, 

dimethylamino group attached carbon and imine carbon of thiazoline fragment. In aromatic 

region, nine carbon signals can be seen which concerns naphthalene skeleton except of 

dimethylamino attached carbon. Also, three aliphatic signals are ascribed to methylene carbons 

and dimethylamino carbons. Lastly, FTIR spectrum verifies the structure with these specific 

signals at 2918 (aliphatic C-H), 1699 (C=O), 1654 (C=O), 1581 (C=N) and 1354 (C-N amine) 

cm-1. 

  

Photophysics 

Normalized emission spectra of DMA-NI are shown in Figure 1 and all photophysical results were 

summarized in Table 1. Absorption values of DMA-NI are affected from solvent polarity as 

expected and they change between 396-438 nm (Table 1). These changes are directly affected 

from solvent polarity and increasing of solvent polarity causes bathochromic shift. Fluorescence 

λmax values are shown between 460-537 nm. These results are also affected form solvent polarity 

like absorption values. Stokes’ shift values are not polarity-related and change between 62-105 

nm. The fluorescence quantum yield (ΦF) varies over a wide range and roughly decreases with 

increasing solvent polarity. 
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Figure 1: Normalized emission spectra of DMA-NI in common organic solvents. 

Table 1: Photophysical results for DMA-NI. 

Solvent λmax(abs) λmax(ems) 
Stokes’ 

shift 
ΦF 

Hexane 396 460 64 0.451 

Cyclohexane 400 462 62 0.464 

Benzene  410 495 85 0.551 

Dioxane 410 503 93 0.282 

CHCl3 412 505 93 0.722 

EtOAc 412 513 101 0.347 

THF 412 512 100 0.372 

CH2Cl2 412 513 101 0.510 

Acetone 432 525 93 0.015 

DMF 434 530 96 0.007 

Acetonitrile 428 533 105 0.031 

Ethanol 432 533 101 0.014 

DMSO 438 534 96 0.008 

Methanol 434 537 103 0.006 

   λmax(abs): maximum absorption wavelength, λmax(ems): maximum emission wavelength,  

   ΦF: fluorescence quantum yield. 

 

pH Sensing  

At first, the aim was to investigate pH sensing behaviors at different pH values based on changing 

the absorption and emission spectra. For this, 10-4 M DMA-NI solutions at known pH was 

prepared by mixing 5.0x10-4 M DMA-NI solution and Robinson Britton buffers in 1:4 volume 

ratio. After immediately recording absorption and emission spectra, any different spectrum has 

not been observed at first. However, in a second recording a several minutes later, absorption 

band started to diminish and λmax(ems) started to blue shifting and enhancing peak area for 

pH=12. In an hour, the change was clearly observed in absorption and emission spectra (Figure 

2). In the literature, it can be shown that a lot of examples about hydrolyzing imide derivatives 

are present at strong acidic and basic media. For this reason, we think that this change comes 

from hydrolysis reaction and new spectrum is ascribed to the hydrolysis product of DMA-NI.  
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Figure 2: Emission spectra of DMA-NI at different pH values. 

Hydrolysis 

In order to clarify the special changing in photophysical results, we started to investigate time-

dependent hydrolysis of DMA-NI and pH=12 was selected as hydrolysis pH because it has optimal 

reaction rate value. Investigations have been carried out at 10-4 M concentrations and first 

measurement was made as soon as possible after preparation for t=0. At the third minute, it 

has been shown that the absorbance value started to decrease and following recordings exhibited 

similar behaviors in absorption value (Figure 3). From the graphical representation in Figure 4, 

it can be seen that the decreasing is not linear for selected two different wavelength points and 

this situation can indicate that the degradation is dependent on DMA-NI and/or OH- 

concentrations.  

 

      

Figure 3: Absorption graphics for          Figure 4: Absorption vs. time graphics 

DMA-NI hydrolysis at pH=12 (t=min).          of DMA-NI hydrolysis at pH=12. 

 

After a long time, this absorption band completely disappeared because of the completion of 

hydrolysis reaction. The results have showed a drastic decrease of absorbance with time. Long 

time experiments under ambient light have been applied to large scale pH values (pH=3-12) 

and Figure 5 shows the situation of 10-4 M solutions of DMA-NI a week later. As seen in Figure 

5, at strong basic conditions, the colors of solutions changed from yellow to colourless for pH=10, 

11 and 12 and this situation gives an evidence for the significant reactivity of this molecule in 

alkaline solution. These results show that this compound is quite photo-stable at acidic and 

neutral pH values. 
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Figure 5: Bleaching of DMA-NI in different pH values a week later.  

 

 

 

CONCLUSIONS 

 

In conclusion, we have described the synthesis, photophysics, pH sensing behaviors, and 

hydrolysis investigation of a new naphthalimide compound (DMA-NI). Herein, the fluorophore 

was selected as naphthalimide because of its high photo-stability, high fluorescence quantum 

yield, large Stokes’ shift, and simplicity of modification. Samples of DMA-NI were successfully 

prepared in two steps (amination and imide formation) starting from 4-bromonaphthalic 

anhydride. The yields were quite high and the procedure was extremely easy and clear. The 

originality of this structure was the presence of thiazoline fragment which could change the 

whole characteristics of target compound and we investigated here its effect on the nature of 

this compound. Then photophysical profile of this compound has been illuminated by absorption 

and emission studies. DMA-NI compound displayed broadband visible region absorption and 

emission band, and its emission band is quite broad and featureless due to intramolecular charge 

transfer of compact donor-acceptor structure. An exception to this generality arises in non-polar 

solvents, such as n-hexane and cyclohexane, where the emission spectrum is slightly structured. 

This situation may arise from the relative stability of bipolar resonance structure of excited state in 

polar solvents. Photophysical calculations based on perylene standard showed that this molecule 

has the highest quantum yield in chloroform (ΦF=0.72). In addition, this molecule has high 

quantum yields in benzene (ΦF=0.55) and dichloromethane (ΦF=0.51) as well. For other 

solvents, quantum yields were less than 0.5. In pH sensing studies and long time pH effect 

investigations, it has been shown that the compound has similar absorption and emission spectra 

for all pH values, but differentiated with time. This situation shows no specific pH sensing and 

stems from hydrolysis of DMA-NI. As a result, the DMA-NI compound is quite photo-stable and 

resistant to hydrolysis under the neutral and acidic conditions. Therefore, it can be used in 

optoelectronic and organic electronic devices that need photostability and high fluorescence 

quantum yield under acidic and neutral pH values. In addition, more effective novel derivatives 
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of 1,8-naphthalimide can be synthesized and investigated for similar electronic applications in 

the illumination of this study. 
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INTRODUCTION 

 

Heteronuclear and homonuclear complexes 

especially nickel(II) and copper(II) 

compounds are of great interest in the last 

decades years chiefly because of the 

convenience of bioinorganic chemistry of 

nickel and copper and molecular magnetism 

(1-2). Important attention has been devoted 

to their correlations with the active sites of 

metalloproteinase including binuclear 

metallocenters and to the mimicking of the 

activity of such biomolecules. Important 

interest has been committed to their relation 

with the active sites of metalloproteinase and 

metalloenzymes having homodinuclear and 

heterodinuclear metallocenters and 

biomolecules (3-4). Morever, because 

copper(II) and nickel(II) complexes especially 

with tetradentate oxime groups are models of 

chemical and physical behavior of biological 

metal system. Recently, biological studies of 

oxime ligands and metal complexes gained 

importance. In order to examine the features 

of DNA cleaving and combining, many studies 

have been conducted about characterization 

and developing new compounds modified with 

organic and inorganic subtances for 30 years 

(5-13). 

 

The importance of nickel and copper 

compounds is increasing day by day in the 

preparation and design of new magnetic 

materials and composites. Nickel- and copper-

bridged structures are used for magnetic 

properties especially in space and medicine 

industry. (𝐸, 𝐸)-dioxime-containing 

unsymmetrical ligands can form square 

pyramidal, octahedral and square planar 

complexes with cobalt(II), nickel(II), 

palladium(II) and copper(II) as central metal 

atoms (14). The pharmacological properties of 

the complexes obtained from our study have 

been observed but the results of this study 

have not been reported. Some researchers 

have synthesized containing o-

phenylenediamine but the substances we 

synthesized were not found in the literature. 

Ligands and complexes were characterized by 

magnetic susceptibility, elemental analyses, 

molar conductivity, 1H- and 13C-NMR, FT-IR, 

LC-MS and TG-DTG studies (15-21). The 

newly obtained materials provide new 

contributions especially in the literature and it 

is aimed to be used as a reference substance 

for use in various branches of science.  

 

EXPERIMENTAL 

 

IR spectra were performed in the 4000-400 

cm-1 on Perkin Elmer FTIR-Spectrometer 

Spectrum Two Model. Mass spectra were 

recorded on Agilent Micromass Quattro LC-

MS/MS model spectrometer. 13C-NMR and 1H-

NMR data of the ligands were recorded from 

DMSO-d6 solutions and on a Varian 400 MHz 

NMR Spectrometer Direct Drive Console Dell 

Precision 380 Model spectrometer. The molar 

conductance was measured with WTW Cond 

7110. Elemental analyses (C, H and N) were 

recorded on a Thermo Finnigan Flash EA 1112 

Model analyzer. Sherwood Scientific MX1 

Model devices used at for Magnetic 

susceptibility measurements. The TGA 

thermograms were carried out 900-25 °C on a 

Perkin-Elmer Diamond TGA System; nitrogen 

flow and heating rate were 50 mL/min and 10 

0C/min-1.  

 

Synthesis of the ligand 

The preparation of isonitrosomethyl-p-tolyl 

ketone (HL) was described in the literature 

(22-24). Coated glass reactors were used in 

the synthesis of the experiments. 
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To an ethanolic solution (30 mL) of 

isonitrosomethyl-p-tolyl ketone (30 mmol, 

4.8951 g HL in was added o-phenylenediamine 

(1.622 g, 15 mmol) in ethanol (15 ml) 

respectively  (25-26) (H2L1) (1). This solution 

was heated and strirred for 3 h and monitored 

by thin layer chromatography (TLC) using 

ethyl acetate/n-hexane (1:5). The precipitates 

thus formed were filtered off with Et2O and 

dried on P2O5.  

 

Light Brown; Yield 81%. m.p.:101 oC. 1H-NMR 

(400 MHz, DMSO-d6, ppm): δ 9.31 (s, 2H, 

OH), 8.12 (s, 2H, H-C=N), 8.16-7.37 (m, 12H, 

Ar-H), 2,46 (s, 6H, Ar-CH3). 13C-NMR (100 

MHz, DMSO-d6, ppm): δ=151.83 (C=N(imine)), 

143.26 (C=N(oxime)), 141.38, (C(aromatic)) 

140.51, (C(aromatic)) 133.94 (C(aromatic)), 130.21 

(C(aromatic)), 129.89 (C(aromatic)), 129.51 

(C(aromatic)), 129.31, 129.05, 127.42, 

(C(aromatic)), 21.43 (Ar-CH3). (MS-ESI): [M-2]+ 

=398.4 [C24H22N4O2, %27.3], 395.2 

[C24H21N4O2, %100], 349.2 [C23H21N3O, 

%7.8],  255.2 [C15H13N3O, %6.9], 235.1 

[C15H14N2O, %31.5], 161.0 [C9H9N2O, %2.8]. 

Elemental analysis: Anal.Calc.for 

C22H16Br2N4O2: C, 72.34; H, 5.57; N, 14.06; 

Found C, 72.25; H, 5.19; N, 14.67%. IR (KBr) 

cm-1: 3219 (OH), 1672 (C=N)imine,  1607 

(C=N)oxime,
 992 (=N-O); Structure of the 

ligands is given in Scheme 1. 
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Scheme 1: Synthesis of the H2L1 ligand. 

Synthesis of the complexes 

Caution: All perchlorate salts are potentially 

explosive so the readers are urged to be 

careful when using them.  

[Cu(H2L1)(H2O)](ClO4)2.(H2O) (2) : A solution 

of Cu(ClO4)2.6H2O (370 mg, 1 mmol) dissolved 

in acetone (10 ml), were added to a stirred 

solution of ligands (1 mmol) dissolved in 10 

mL of acetone, and this mixture was refluxed 

with stirring for 1 h and monitored by thin 

layer chromatography (TLC) using ethyl 

acetate/n-hexane (1:5). The precipitated 

complexes were filtered off, washed with H2O 

and dried over P4O10. Light green solid; Yield 

43%. m.p.:249 oC. µeff B.M.=1.56. ΛM
b=325. 

(MS-ESI): [M-[(ClO4)2]]+ =498.0 

[C24H26CuN4O4, %19], 379.6 [C24H20N4O, 

%27], 238.7 [C15H13N2O, %100],  216.8 

[C15H13N2, %63]. Elemental analysis: Anal. 

Calc. for C24H26Cl2CuN4O12: C, 41.36; H, 3.76; 

N, 8.04; Cu, 9.12; Found C, 41.46; H, 3.59; 

N, 8.24; Cu, 9.35%. IR (KBr) cm-1: 3516 (OH 

or H2O), 2320 (O…H-H), 1613 (C=N)imine,  1592 

(C=N)oxime,
 1428 (=N-O), 1091, 1046, 618 

(ClO4), 474 (M-N).  

  

[Cu(H2L1)(H2O)2Cu(phen)](ClO4)2.(H2O) (3) : 

A mixture of mononuclear copper(II) complex 

(1 mmol) and Et3N (101 mg, 1 mmol) in MeOH 

(20 ml) was refluxed for 0.5 h. The solution of 

1,10-phenanthroline monohydrate (198 mg, 1 

mmol) in MeOH (10 ml) and Cu(ClO4)2.6H2O 
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(370 mg, 1 mmol) in MeOH (10 ml) was added 

to the resulting mixture, which was refluxed 

for 3 h and monitored by thin layer 

chromatography (TLC) using ethyl acetate/n-

hexane (1:5). The precipitated complexes 

were filtered off, washed with H2O and dried 

over P4O10. Dark Brown Solid; Yield 36%. 

m.p.:217 oC. µeff  B.M.=1.94. ΛM
b=473. (MS-

ESI): 757.7 [M-[(ClO4)2]+2]+ = 

[C36H34Cu2N6O5, %2], 703.7 [C36H28Cu2N6O2, 

%5], 523.5 [C24H20Cu2N4O2, %100], 398.4 

[C24H22N4O2, %22]. Elemental analysis: Anal. 

Calc. for C36H34Cl2Cu2N6O13 C, 45.20; H, 3.58; 

N, 8.78; Cu, 13.28; Found C, 45.34; H, 3.46; 

N, 8.59; Cu, 13.41%. IR (KBr) cm-1: 3338 (OH 

or H2O), 1610 (C=N)imine,  1589 (C=N)oxime,
 

1429 (=N-O), 1035, 618 (ClO4), 557 (M-O), 

475 (M-N). 

 

[Cu(H2L1)(H2O)2Ni(phen)](ClO4)2 (4) : A 

mixture of mononuclear copper(II) complex (1 

mmol) and Et3N (101 mg, 1 mmol) in MeOH 

(20 ml) was refluxed for 0.5 h. The solution of 

1,10-phenanthroline monohydrate (198 mg, 1 

mmol) in MeOH (10 ml) and Ni(ClO4)2.6H2O 

(366 mg, 1 mmol) in MeOH (10 ml) was added 

to the resulting mixture, which was refluxed 

for 5 h and monitored by thin layer 

chromatography (TLC) using ethyl acetate/n-

hexane (1:5). The precipitated complexes 

were filtered off washed with H2O and dried 

over P4O10. Dark Yellow Solid; Yield 48%. 

m.p.:229 oC. µeff  B.M.=2.81. ΛM
b=369. (MS-

ESI): 734.9 [M-[(ClO4)2]+1]+ = 

[C36H32CuNiN6O4, 2%], 698.8 

[C36H28CuNiN6O2, 18%], 462.0 [C24H22CuN4O2 

100%], 253.2 [C15H15N3O, 56%]. Elemental 

analysis: Anal. Calc. for C36H32Cl2CuNiN6O12 C, 

46.30; H, 3.45; N, 9.00; Cu, 6.81; Ni, 6.29; 

Found C, 46.44; H, 3.39; N, 8.86; Cu, 6.70; 

Ni, 6.31%. IR (KBr) cm-1: 3538 (OH or H2O), 

1611 (C=N)imine,  1591 (C=N)oxime,
 1485 (=N-

O), 1089, 1044, 617 (ClO4), 553 (M-O), 479 

(M-N). 

 

[Cu3(H2L1)2(H2O)2](ClO4)2 (5) : Mononuclear 

copper complex (2 mmol), Cu(ClO4)2.6H2O 

(370 mg, 1 mmol) and Et3N (101 mg, 1 mmol) 

in MeOH (25 ml) was refluxed for 5 h and 

monitored by thin layer chromatography (TLC) 

using ethyl acetate/n-hexane (1:5). The 

precipitated complexes were filtered off 

washed with H2O and dried over P4O10. Dark 

Yellow Solid; Yield 42%. m.p.:246 oC. µeff  

B.M.=2.13. ΛM
b=551. (MS-ESI): 1019.5 [M-

[(ClO4)2]-4]+ = [C48H44Cu3N8O6, 15%], 983.5 

[C48H40Cu3N8O4, 28%], 679.6 [C29H28Cu2N8O4 

100%], 557.5 [C24H22Cu2N4O2, 38%], 462.0 

[C24H22CuN4O2, 37%]. Elemental analysis: 

Anal. Calc. for C48H44Cl2Cu3N8O14 C, 47.32; H, 

3.64; N, 9.20; Cu, 15.65; Found C, 47.21; H, 

3.55; N, 9.11; Cu, 15.80%. IR (KBr) cm-1: 

3581, 3548, 3510 (OH or H2O), 1609 

(C=N)imine,  1576 (C=N)oxime,
 1485 (=N-O), 

1101, 1040, 619 (ClO4), 514 (M-O), 495 (M-

N). The materials obtained were based on the 

studies in the literature. 
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Scheme 2: Structures for the mono, homo-heterodinuclear copper(II) and homotrinuclear 

copper(II) complexes 

 

RESULTS AND DISCUSSION 

 

In this work, 4’-methylacetophenone was used 

as the starting substance. Isonitroso-p-

methylacetophenone has been isolated 

through the nitrosation reaction between 4’-

methylacetophenone with butylnitrite in 

sodium ethoxide medium. The new ligand was 

synthesized as a result of 

isonitrosoacetophenone derivative reaction 

with aromatic amine (o-phenylenediamine) 

and four novel complexes were synthesized by 

the addition of metal salts of nickel(II) and 

copper(II) to the Schiff-based ligands. Study 

has shown that the obtained theoretical 

optimized structural parameters are in 

coherence with the experimental results.  

 

Condensation of the 4’-methylacetophenone 

with diamine was coordinated and identified by 

1H and 13C-NMR spectra, elemental analysis, 

mass spectra, FT-IR and thermal analysis. This 

newly synthesized oxime ligand and its metal 

complexes are shown Scheme 2. In addition, 

ligand and its copper(II) and nickel(II) 

complexes were verified by elemental 

analysis, mass spectra, thermal analysis and 

FT-IR. All the complexes and ligand are 

durable at room temperature, are soluble in 

methanol, DMSO and ethanol, insoluble in 

hexane, diethyl ether and water and slightly 

soluble in acetone and dichloromethane. 

Single crystals were not obtained for 

complexes and the ligand.  

 

The resulting complexes are highly colored, 

and durable in air. Spectroscopic techniques, 

elemental analyses, magnetic susceptibility, 
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conductivity, and thermal techniques were 

applied to shed light into the complexes. The 

ligand and their metal complexes are in good 

agreement with the previous experimental 

studies. Mononuclear complexes have square 

bipyramidal geometric structure while 

homodinuclear and heterodinuclear complexes 

have not been stable geometric structure. 

Because homodinuclear complexes possess 

two copper(II) ions and heterodinuclear 

complexes one copper(II) and one nickel(II) 

ions, and different axial position of metal ions 

are effected geometrical structure. 

Homodinuclear and heterodinuclear copper(II) 

complex were found to have a 2:1 

metal:ligand ratio. Due to trinuclear copper(II) 

complexes have three copper(II) ions and not 

to say solely one geometrical structure. 

Homotrinuclear copper(II) complex were 

found to have a 3:2 metal:ligand ratio. 

 

NMR spectra 

All the 1H-NMR and 13C-NMR spectra of the 

tetradentate Schiff base types were recorded 

in DMSO-d6. 1H-NMR spectrum of the ligand 

shifts observed at δ=9.31 ppm was observed 

to the oxime group of the protons (N–OH) of 

the schiff base ligands H2L1, as a singlet peak. 

All the multiplet signals of the ligand 8.16–

7.37 ppm range were observed to the protons 

of the aromatic rings (27). The oxime proton 

signals (H-C=N) at δ=8.12 ppm disappeared 

upon deuterium exchange of the H2L1 ligand. 

The spectrum of the H2L1 ligand observed at 

singlets 2.46 (6H) ppm of the aromatic amine 

of methylene group protons.  

 

13C-NMR spectrum of H2L1 observed a single 

peak at 151.83 ppm, respectively which 

showed that the (C=N) imine carbon atoms 

were equivalent, 143.26 ppm were observed 

to the (C=N) oxime carbon atoms of the 

ligands (27). All the signals in the 141.38–

127.42 ppm range were assigned to the 

aromatic carbons of the ligand. In addition, 

signals were observed in the 21.43 ppm of the 

aromatic amine of the methylene group 

carbon (29-30). When the NMR spectra were 

evaluated, it was determined that they were 

compatible with previous studies. it is difficult 

to elucidate the structure solely on the basis 

of NMR spectroscopy, so the data should be 

supported by elemental analysis and mass 

spectral studies. 

 

 

Scheme 3: The mass spectrum of [(H2L1)] ligand 

 IR spectra 

The IR spectra of the metal complexes and 

ligand were studied in the range 4000–400 
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cm–1. The oxime peaks in general were 

determined as ν(C=N), ν(O–H), and ν(N–O) 

(31). The FT-IR spectrum of the ligand showed 

(C=N) imine peak at 1672 cm−1 and (C=N) 

oxime at 1607 cm−1 absence of a (C=O) at 

around 1710-1700 cm-1 were observed of 

oxime ligand condensation. In the IR spectrum 

of ligand (–O-H) band of oxime group peak 

was showed at 3219 cm-1. Coordinated water 

of the complexes was observed 3581-3338 

cm-1 and which exhibit medium intense broad 

bands. FT-IR data confirmed the presence of 

coordinated water. (C=N) imine stretching 

vibrations for complexes at 1613–1609 cm−1 

and (C=N) oxime stretching vibrations for 

complexes at 1592-1576 cm-1. it was found 

that the (C=N) imine and (C=N) oxime bands 

in the complexes were changed by about 63-

59 cm−1, 31-15 cm−1 to the free ligand of H2L1. 

Azomethine nitrogen also coordinated to the 

metal ion (38). 

 

Results were supported by shifting N–O 

stretching vibrations to lower or higher 

frequencies than the ligands (32-35). In the 

FT-IR spectrum of the complexes (M–N) imino 

or oximino nitrogen atoms were observed as a 

new band 495–474 cm−1 (36) and oxygen 

atom of oxime and the metal ions of the 

copper(II) complexes (M-O) showed a new 

band at 557–514 cm−1 (37). (H–O….H) 

intramolecular hydrogen bond was observed 

at 2320 cm-1 for mononuclear copper(II) 

complexes (39). All of the perchlorate salts 

showed a strong band 1101–1089 cm−1 and 

1046–1035 cm−1 (antisymmetric stretch) and 

sharp band at 619–617 cm−1 (antisymmetric 

bend), which showed of uncoordinated 

perchlorate anions (40). Although the general 

spectroscopic peaks for oximes are  (C = N), 

(O-H) and (N-O),  perchlorate, (C=O) and 

(OH) ions also play an important role. 

 

Thermal studies 

The thermal studies of the ligand, one 

mononuclear, one homodinuclear, one 

heterodinuclear, and one trinuclear copper(II) 

complexes were discussed in this section. The 

data from the thermogravimetric analyses 

showed that the fragmentation of the 

complexes occurs in two or three steps and the 

ligand proceeds in two steps (41). The thermal 

behavior of the complexes and ligand are 

given in Table 1.  

 

The ligand [C24H22N4O2] was thermally 

decomposed two degradation steps. The first 

step at range 92–186 °C with an estimated 

mass loss 7.97% (calculated mass loss = 

8.53) which indicating the removal of two OH 

groups. The 2nd decomposition step within the 

temperature range 186–255 °C with an 

estimated mass loss 92.03% (calculated mass 

loss = 91.47%), due to the removal of four 

CN, Aramine, two 4’-methylacetophenone. At 

the end of the study there is no product left so 

total estimated mass loss was 100.00%.  

 

The complex [C24H26Cl2CuN4O12] showed three 

steps of decomposition at 35–82 °C with an 

estimated mass loss 2.39% leaving one 

hydrate H2O group. (calculated mass loss = 

2.58%). The second step within the 

temperature range 82–193 °C with an 

estimated mass loss 2.30% (calculated mass 

loss = 2.58%), which leaving coordination 

H2O. The third and last step exhibited an 

estimated mass loss of 81.12% (calculated 

mass loss = 80.52%) within the temperature 

range 193–1000 °C due to the liberation of 

four CN, Aramine, two (ClO4), and two 4’-

methylacetophenone groups. The mass loss is 

continues, so final product was not 

determined. 
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The thermogram of the dimeric complex 

[C36H34Cl2Cu2N6O13] showed three steps of 

decomposition at 22–104 °C leaving one 

hydrate group. The DTG curve gave a peak at 

62 °C. The 2nd decomposition step at within 

the temperature range 104–186 °C with an 

estimated mass loss 3.68% (calculated mass 

loss = 3.76%), ascribable to two hydrate 

molecules leaving coordination. The 3rd step 

186-1000 °C with an estimated mass loss of 

%78.34 leaving four CN, Aramine, two (ClO4), 

phenanthroline groups, two 4’-

methylacetophenone groups. Finally two CuO 

leaves the residue. (calculated mass loss = 

77.74%). Total estimated mass loss was 

100.00%.   

 

The thermogram of the heterodinuclear 

complex [C36H32Cl2CuNiN6O12] showed three 

steps of decomposition at 29–94 °C with an 

estimated mass loss 0.9% which is reasonably 

accountable for the loss of moisture. The DTG 

curve gave a peak at 72 °C. The 2nd 

decomposition step at within the temperature 

range 94–196 °C with an estimated mass loss 

of 3.71% (calculated mass loss = 3.85%), 

meaning that two hydrate molecules leaving 

the coordination. The 3rd step indicates the 

removal of four CN, Aramine, two (ClO4), 

phenanthroline groups, and two 4’-

methylacetophenone groups. The mass loss is 

in continuation, so the final product was not 

determined. 

 

The thermogram of the trinuclear complex (5) 

[C48H44Cl2Cu3N8O14] was thermally 

decomposed in three decomposition steps. 

The first step at range 42–108 °C with an 

estimated mass loss of 0.85% which means 

the leaving of moisture. The 2nd decomposition 

step at range 108–205 °C with an estimated 

mass loss of 2.84% (calculated mass loss = 

2.95%), which means that two hydrate 

molecules leaving the coordination. The 3rd 

step between 205-1000 °C with an estimated 

mass loss of leaving eight CN, two Aramine, two 

(ClO4), and four 4’-methylacetophenone 

groups. Finally, three moles of CuO was found 

as residue. Total estimated mass loss was 

100.00%. 
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Table 1. Thermoanalytical results (TG, DTG) of the ligands and their metal complexes 

Comp. TG 

range 

(oC) 

DTA 

max.(oC) 

Founded 

mass 

 loss % 

 Calc. 

mass 

loss 

% 

Assignment Residue 

(1) 

 

92-

186 

96 (+) 7.97 8.53 Loss of two OH - 

186-

255 

253 (+) 

 

92.03 91.47 Loss of four CN, Aramine,. 

two 4’-

methylacetophenone 

(2) 

 

35-82  79(+) 2.39 2.58 Loss of hydrate H2O Decomposition 

is in progress 82-

193 

154(-) 2.30 2.58 Loss of coordination H2O 

193-

1000 

395(-) 

625(-) 

88.12 80.52 Loss of four CN, Aramine, 

two (ClO4, two 4’- 

methylacetophenone  

(3)  

 

22–

104 

62(+) 1.69 1.88 Loss of hydrate H2O 2 CuO 16.29 

(16.62) 

104-

186 

169(+) 3.68 3.76 Loss of coordination two 

H2O 

186-

1000 

376(-) 78.34 77.74 Loss of four CN, Aramine, 

two (ClO4), 

phenanthroline groups, 

two 4’-

methylacetophenone 

(4)  

 

29-94 72(+) 0.9 - Loss of moisture Decomposition 

is in progress 94-

196 

156(+) 3.71 3.85 Loss of coordination two 

H2O 

196-

1000 

726(-) 86.68 79.40 Loss of four CN, Aramine, 

two (ClO4), 

phenanthroline groups, 

two 4’- 

methylacetophenone 

(5)  

  

42-

108 

86(+) 0.85 - Loss of moisture 3 CuO 20.19 

(21.24) 

108-

205 

203(-) 2.84 2.95 Loss of coordination two 

H2O 

205-

1000 

670(-) 76.12 75.80 Loss of eight CN, two 

Aramine, two (ClO4), four 

4’- methylacetophenone 
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Molar conductance and magnetic 

susceptibility 

2x10−5 mol/dm−3 methanolic solutions were 

used for conductivity measurements at 25 °C. 

For all the complexes, conductivity 

measurement data fall within between 325 

and 551 Ω-1 cm2.mol-1 and behaved as 1:2 

electrolytes because of the fact that the 

complex includes perchlorate ions (42). 

 

The magnetic moments measurements 

showed that complexes were paramagnetic. 

The magnetic moment data of the 

mononuclear copper(II) complex (2) 1.56 B.M. 

corresponding to one unpaired electron. The 

measured magnetic moments of the trinuclear 

complex (5) 2.13 B.M., homodinuclear 

complex (3) have magnetic moments 1.94 

B.M., heterodinuclear complex (4) 2.81 B.M., 

which have strong intramolecular 

antiferromagnetic effected for the complexes 

(43-45). It was possible that a distorted 

tetragonal geometry was responsible for this 

kind of interaction (46). 

 

Mass spectra 

The molecular ion peak of the H2L1 ligand was 

observed at 398.4 [M-2]+ (1). The 

mononuclear copper(II) ion peak appeared at 

(m/z, ESI) 498.0 [M-[(ClO4)2]]+ (2), at 757.7 

[M-[(ClO4)2]+2]+ for the homodinuclear 

copper(II) (3), at 734.9 [M-[(ClO4)2]+1]+ for 

the heterodinuclear copper(II)-nickel(II) (4), 

at 1019.5 [M-[(ClO4)2]-4]+ for the 

homotrinuclear copper(II) (5) complex. 

According to the mass spectroscopy values, 

the proposed structure coincides with the 

experimental data obtained. Mass 

spectroscopy shows us the decomposition 

products of the compounds. There are two 

figures showing the fragmentation products. 

In mass spectra of the heterodinuclear Cu(II) 

complex m/z 734.9 [Cu(H2L1)(H2O)2Ni(phen)] 

(Calcd. 734.90 amu) represents the molecular 

ion of the Cu(II) complex with 2% abundance. 

The other peaks (698, 462, 253) are attributed 

to fragmentation. In mass spectra of the 

mononuclear Cu(II) complex m/z 490.0 

[Cu(H2L1)(H2O)](H2O) Calcd. 490.0 amu) 

represents the molecular ion of the Cu(II) 

complex with 19% abundance. The other 

peaks (379, 238, 216) were attributed to 

fragmentation. When fragmentation products 

are carefully evaluated, a cycle is contrary to 

the synthesized steps. Since mass 

spectrometer operates in negative mode, all 

the complexes perchlorate ions was not 

observed. Schemes 4 and 5 show that the 

proposed path of decomposition for the 

investigated homodinuclear and 

homotrinuclear Cu(II) complexes (46). 
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Scheme 4. Mass fragmentation pattern of the [Cu(H2L1)(H2O)2Cu(phen)](H2O) complex of 

dioxime. 
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Scheme 5. Mass fragmentation pattern of the [Cu3(H2L1)2(H2O)2](ClO4)2 complex of dioxime. 

  



Topal T, Karapınar E. JOTCSA. 2018; 5(2): 785-800.  RESEARCH ARTICLE 

797 

 

CONCLUSION 

 

In this article, a new Schiff base ligand and its 

metal complexes were designed and 

synthesized. Spectroscopic and stoichiometric 

data were shown and discussed above. The 

metal ion in the mononuclear copper (II) 

complexes is covalently bound to the nitrogen 

atom in the oxime and imine groups and a 

square pyramidal geometric structure is 

considered. In the homodinuclear and 

heterodinuclear complexes, the first 

copper(II) metal atom forms a coordinate 

covalent bond with the nitrogen atom of the 

oxime and imine group, while the second 

metal ion linked with the oxygen atom of the 

oxime group via the 1,10-phenanthroline 

nitrogen atom. As there are 2 metal ions in the 

structure, it is not possible to propose a single 

geometry.The two mononuclear copper (II) 

compounds are linked by a coordinated 

covalent bond to form a homotrinuclear 

compound, and it is not possible to mention 

any geometrical structure related to this 

structure. No single crystal analysis of the 

ligand and complexes could be made, but it 

was determined that elemental analysis, mass 

spectroscopy and magnetic moment data 

yielded the predicted structure and the results 

were in agreement The thermal analyses data 

of ligand and complexes showed that generally 

thermally decomposed in 2-3 decomposition 

steps and the correlations between the 

founded and calculated mass were in good 

agreement. 
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Abstract: Photochemical degradation contributes to the environmental fate of many pesticides, 
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(NB) has been studied using a UV light source and Fenton’s reagent under different experimental 

conditions. The effect of concentration on PCD of NB was monitored and recorded in the range 0.5 x 
10-4 M to 3.0 x 10-4 M. The concentration of H2O2 was performed from 5.0 x 10-4 M to 2.5 x 10-4 M 
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PCD was recorded at fixed pH 2.42 of solution. Two optima for pH were found for PCD of nitrobenzene 
ranging from pH 2.42 to 4.20. The intermediates formed during PCD of NB were identified, by which 

a mechanism was then suggested that PCD is actually found to follow pseudo-first-order kinetics.  
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INTRODUCTION  

 

In the last decade since 2004, Bangladesh 

averaged a gross domestic product (GDP) 

growth of 6.5% that has been largely achieved 

by its exports  ready-made garments, 

remittances, and the agricultural sector (1,2). 

Textiles and garments industries are key 

major export oriented sectors of the country 

along with other exporting goods like 

fish, sea-food, jute, and leather. The country 

also developed self-sufficient industries 

in pharmaceuticals, steel, and food 

processing (1–3). Being on the path of a 

medium developing country, all the structures 

in any sector are not set-up well. Most of these 

industries are situated in Dhaka, Chittagong, 

Khulna, Gazipur, and Narayangong cities 

which have the Buriganga, the Karnaphuli, the 

Shitalokkha, and the Poshur rivers, 

respectively (4,5). These rivers are related, 

directly or indirectly, to the survival of about 

fifty million people. More than 60,000 cubic 

meters of toxic waste, including a majority of 

textile dying, printing, washing, and 

pharmaceuticals, are being released into the 

main water bodies of Dhaka, Chittagong, and 

Narayangong cities everyday (6,7). The waste 

water and industrial waste turned into the 

river water cause river pollution so human 

health remains under risk from contaminated 

water (8,9). 

 

Wastewater from manufacturing or chemical 

processes in industries add to the water 

pollution (9). Because of being comparatively 

steady chemical structures of aromatic dyes 

(10). Most of the commercially available 

dyestuffs are not favorable to decompose and 

therefore cause severe contamination to the 

drinking water and irrigation systems (10–14). 

Many of the dyestuffs have even been 

identified as harmful for human body and 

environment, and thus severe attention have 

been raised about it. Industrial waste water 

usually contains specific and readily 

identifiable chemical compounds (15). During 

the last five decades, a large the number of 

industries in Bangladesh has grown rapidly in 

both chemical and agricultural fields. The 

growth of textile (16), pharmaceutical, and 

garment industries are the highest among all 

the industries (1,17). Nitrobenzene (NB) is 

one of the frequently used chemical for aniline 

manufacturing, solvent in the manufacturing 

paints, shoe polishes, floor polishes, metal 

polishes, explosive, rubber making, textile, 

pesticide, cosmetic, and pharmaceutical 

purposes (such as acetaminophen) (8,18–23). 

NB is a highly toxic organic pollutant (24). NBs 

and their derivatives cause several harmful 

health effects, for example, nitrobenzene can 

reduce the ability of blood to carry oxygen 

because it causes methemoglobinemia (8,19). 

Repeated exposure to high level of it may 

cause anemia, development of bluish colour in 

the skin, headache, nausea, weakness, 

sleepiness, vomiting, grouchiness, and 

dizziness (25). Experimental studies in 

animals showed that 1,3-dinitrobenzene and 

1,3,5-trinitrobenzene cause male reproductive 

damage and may reduce sperm production 

(25). 4-Chloronitrobenzene has been 

identified as a potent hemoglobin toxicant, 

whereas 2-chloronitrobenzine is a potent 

hepatotoxicant (23). For this reason, it was 

selected to be the model pollutant in this 

study. General treatments of such polluted 

wastewater include adsorption (26), 

ozonization (27), or biodegradation (20), but 

water pollution is concentrated within a few 

sub sectors, mainly in the form of toxic wastes 

and organic pollutants (24). Out of this, a large 

portion can be traced to the processing of 
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industrial chemicals and to the food products 

industry. In fact, a number of large and 

medium sized industries in the region are 

connected to the Buriganga, the Karnaphuli, 

and the Shitolokha rivers. Action Plan does not 

have adequate effluent treatment facilities 

(16). Most of the heavy industries have 

effluent treatment facilities by effluent 

treatment plant (ETP). But small and medium 

scale industries usually are not concern about 

pollution control and unable to afford huge 

cost of waste water treatment equipment as 

their profit margin is very small. They require 

further treatments and are very prone to 

cause secondary pollution (16). 

 

In order to remove colour from waste water, it 

is necessary to find an efficient  technique of 

industrial effluents’ treatment (10,28). A 

number of physical and chemical methods has 

been reported for the removal of dye 

compounds, mainly nitrobenzene and its 

derivatives (27,29) such as adsorption on 

carbon (26), biodegradation (20), ozonization 

(27) and advanced oxidation processes (AOPs) 

(30,31) such as Fenton and photo-Fenton 

catalytic reactions (32), H2O2/UV processes, 

and semiconductor photo catalysis (13,27,33). 

Highly reactive species such as hydroxyl 

radicals (·OH) are produced by advanced 

oxidation methods. For rapid and non-

selective oxidation of organic molecules, 

hydroxyl radical is a very powerful oxidant that 

can oxidize organic compounds into carbon 

dioxide and water, so it is capable to 

decompose pollutants efficiently. Among the 

AOPs homogeneous photo-catalytic oxidation 

using Fenton has been widely studied. H2O2 is 

a very efficient, relatively cheap, commercially 

available, and chemically stable photo-catalyst 

(34).  

 

MATERIALS AND METHODS  

 

Used chemicals  

Mohr’s salt, FeSO4.(NH4)2SO4.6H2O (AR.BDH), 

hydrogen peroxide (BDH), potassium 

permanganate (AR, BDH), oxalic acid (AR, 

BDH), buffer solution (ammonium acetate), 

(MERCK India), nitrobenzene  (Analytical 

grade), sulfuric acid (AR, BDH), sodium 

hydroxide (AR, BDH) and hydrochloric acid 

(AR, BDH) were used without further 

purification. All the aqueous solutions were 

prepared with deionized water. The stock 

solution of 1.0×10-2M of nitrobenzene was 

prepared and kept in the dark (31). Mohr’s salt 

solution (0.01M) was prepared in 0.05M 

sulfuric acid solution (35). H2O2 solutions were 

freshly prepared before each experiment and 

titrated against standard KMnO4 solution.  

 

Experiment of photo-degradation 

All the experiments were carried out in a 

beaker used as the reactor. The source of 

radiation comprised fluorescent lamps in a 

wooden box. The top and sides of the box had 

five (50-watt) fluorescent lamps. The intensity 

of light at the reactor was measured with a 

spectro-radiometer (International light, 

U.S.A., model no IL-588). The intensity was 

1.802 x 10-4 Wcm-2. The reactor was placed on 

a magnetically stirred plate and the distance 

of the solution surface from the lower part of 

the lamp was fixed. The total system was 

enclosed in a wooden box, called lamp house. 

The inner walls of the box were covered with 

aluminum foil to prevent the absorption of 

light (31,36,37). 

 

After taking 100 mL of (0.5 × 10-4  M) NB 

solution in 100 mL volumetric beaker with (5.0 

× 10-3 M) H2O2 and (5.0 × 10-4 M) Fe(II) 

solution, the pH of the solution was measured 
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and recorded at 2.42. The constant pH was 

controlled by the addition of dilute sulfuric acid 

and sodium hydroxide before up to the mark. 

Then absorbance of the solution was 

measured by UV-visible spectrophotometer at 

different time intervals in concentration of NB 

0.5 × 10-4 M, 1.0 × 10-4 M, 2.0 × 10-4 M, 2.5 

× 10-4 M, and 3.0 × 10-4 M respectively. This 

experiment again was carried on at fixed pH 

1.5 and 7.0 and recorded. The effect of H2O2 

activity in 5.0 × 10-3 M to 0.025 M H2O2 

solution in fixed pH 2.42 and 4.20 was 

measured and recorded. Again, the effect of 

Fe(II) concentration from 1.0 × 10-4 M to 5.0 

× 10-4 M were measured and recorded. A peak 

was recorded at 318 nm at fixed pH at 4.20 in 

UV-visible spectrophotometer which was 

confirmed as para-nitrophenol (PNP).  

 

Determination of the percentage (%) 

degradation by UV-Vis spectra of NB 

In each experiment, the % degradation was 

calculated after 30 minutes using the (Eq. 1) 

% 𝒐𝒇 𝒅𝒆𝒈𝒓𝒂𝒅𝒂𝒕𝒊𝒐𝒏 = (𝟏 −
𝑨𝒕

𝑨𝟎
) × 𝟏𝟎𝟎 … … … … … … … … … … … … … … ( 𝑬𝒒. 𝟏)

 

 Here, Ao = absorbance at time = 0 min, and 

At= Absorbance at t = 30 min. 
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RESULTS AND DISCUSSION  

 

Determination of the effect of pH in 

absorbance of photochemical 

degradation of NB 

Absorbances at different pH’s were recorded 

for the 0.5 × 10-4 M solution of NB with 

reference water at temperature at 31˚C was 

shown in Figure 1  

 

Figure 1.  Effect of absorbance of NB solution at different pH. 
 

Effect of different concentration on 

absorption for nitrobenzene 

The solution of nitrobenzene 100 mL of 0.75 x 

10-4 M to 2.25 x 10-4 M with 5.00 x 10-4 M 

[Fe(II)] and 5.0 x 10-3 M [H2O2]o was taken for 

experiment at constant pH at 2.42. The effect 

on initial concentration of NBs 

photodegradation was recorded in Table 1, 

which shows that with increasing the 

concentration of NB, the absorbance 

increases.  

 

Table 1. Absorbance of Nitrobenzene at different concentrations at wavelength 267nm. 

Concentration×10-4/M Absorbance at λmaxnm 

X = 0.75 0.562 

1.00 0.729 

1.25 0.960 

1.50 1.147 

1.75 1.328 

2.00 1.498 

2.25 1.699 

2.50 1.880 

 

Effect of time on absorbance and 

concentration 

The effect of time on absorbance and different 

concentration with 5.00 x 10-4 M [Fe(II)] and 

5.0 x 10-3 M [H2O2]o was recorded at constant 

0.0
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pH  2.42 and plotted time versus absorbance 

and concentration (Figure 2). The graph shows 

that with increasing time, the absorbance 

slowly decreases i.e., concentration NB also 

decrease as with decreasing the concentration 

of NB, the absorbance decrease (Table 1) . 

 

Figure 2. Effect of time on absorbance.  
 

 Effect of different concentrations of NB 

on photodegradation 

Solution of nitrobenzene of different 

concentration with 5.00 x 10-4 M [Fe(II)] and 

5.0 x 10-3 M [H2O2] was taken for experiment 

at constant pH 2.42 and at temperature 31.0 

°C. The absorption of different concentrations 

with respect to time were recorded in Table 2, 

which gives evidence that at high 

concentrations the absorption increases. 

Furthermore, with increasing time both the 

concentration and absorption decrease. As the 

concentration of NB increases both the rate 

constant and the initial rate increase. This 

might be due to the following reactions taking 

place. The reactions shown in (Eq. 2) and (Eq. 

3) are important to produce OH. Radicals. 

 

𝐻2𝑂2 +  ℎ𝑣 = 𝑂𝐻.      … … … … … … … … … … … … … … … … … … … … … (𝐸𝑞. 2) 

 

𝐹𝑒2+ + 𝐻2 𝑂2 =  𝐹𝑒3+ + 𝑂𝐻. + 𝑂𝐻−   … … … … … … … … … … … … … . . (𝐸𝑞. 3) 

 

These suggest that there were enough OH.  

radicals during the increasing concentration of 

NB over the range 0.5x10-4 M to 3.0x10-4 M. 

However, the increase of initial rate was 

influenced by the ratio of H2O2 /Fe(II) solution. 
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Table 2. Effect of different concentration (×10-4) M of NB on photodegradation in terms of 

absorbance. 

Time (min) 
0.5 1.0 2.0 2.5 3.0 

0.00 0.593 0.833 1.162 1.476 1.791 

1.50 0.587 0.801 1.125 1.418 1.715 

2.50 0.581 0.785 1.098 1.369 1.661 

3.50 0.576 0.763 1.056 1.321 1.591 

4.50 0.571 0.746 1.025 1.287 1.541 

5.50 0.564 0.735 1.006 1.234 1.487 

6.50 0.557 0.724 0.991 1.189 1.401 

7.80 0.553 0.715 0.981 1.141 1.378 

8.50 0.551 0.709 0.971 1.118 1.351 

10.00 0.550 0.701 0.951 1.069 1.305 

12.00 0.543 0.697 0.936 1.045 1.271 

14.00 0.547 0.691 0.923 1.031 1.257 

16.00 0.539 0.688 0.905 1.023 1.241 

18.00 0.531 0.684 0.890 1.011 1.229 
20.00 0.523 0.677 0.880 1.005 1.209 
25.00 0.516 0.666 0.860 0.987 1.181 
30.00 0.508 0.662 0.849 0.971      1.173 

 

When the ratio of H2O2/Fe(II) is 10/1, the 

initial rates observed, during the increasing 

concentration of NB, when compared with the 

values obtain using the ratio to be 50/1, it was 

found that the initial rates were increased at 

higher rate of H2O2 / Fe(II) but the percentage 

of degradation was found to 35% during 30 

minutes in both cases. Although it was 

expected that at a higher ratio of H2O2/Fe(II) 

the higher the rate of degradation percentage 

would be, but practically it did not happen. 

This might be due to the scavenging effect of 

OH.  radicals at higher concentrations of H2O2. 

Reactions shown in (Eq. 4), (Eq. 5) and (Eq. 

6) might occur under that condition:   

  

𝑂𝐻. + 𝐻2𝑂2 = 𝐻2𝑂 + 𝐻𝑂2   … … … … … … … … … … … … … … … ….  (𝐸𝑞. 4) 

 

𝐻𝑂2 .  +  𝑂𝐻. = 𝐻2𝑂 + 𝑂2    … … … . ′ … … … … … … … … … … … … . . (𝐸𝑞. 5) 

𝑂𝐻. + 𝑂𝐻. =  𝐻2𝑂2  … … … . . … … … … … … … … … … … … … … … … . . ( 𝐸𝑞. 6) 

 

However, it can be concluded that the rate 

always increased because there was a high 

concentration of OH. radicals available to 

degrade NB. 

 

Effect of pH on photo degradation of NB 

The effect of pH was studied by varying the pH 

of the solution from 1.5 to 7.0 keeping the 

initial concentration of NB, Fe(II) and H2O2 

constant, the values were 3.0 x 10-4 M, 5.0 x 

10-4 M, and 2.50 x 10-3 M respectively. It was 

observed that with the increase of pH the 

initial rate was increased at pH 2.50 but 

further increases of pH caused the decrease of 

initial rate of % degradation. Table 4 suggests 

2.50 to be the optimal pH. At this pH 75% 

degradation was observed in less than 2 

hours. The low removal rate at pH values 2.50 

might be due to the following reaction (Eq. 7) 

taking place:  

 

 𝑂𝐻. + 𝐻+ +  𝑒− =  𝐻2𝑂 … … … … … … … … … … … … … … … … … … … … … . . ( 𝐸𝑞. 7 )  
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100 mL (3.0 × 10-4 M) NB solution was taken 

in 100 mL volumetric flasks and desired pH 

was controlled by the addition of hydrochloric 

acid or sodium hydroxide solution. Absorbance 

of each of the solutions at different pH was 

recorded in Table 3, where the concentration 

of nitrobenzene is 3.0 × 10-4 M and reference 

was water at temperature 31 °C. 

Table 3. Absorbance in different pH at λmax 267  (nm). 

pH of the solution Absorbance 

2.53 0.30 

3.00 0.42 

3.50 0.27 

4.20 0.20 
4.46 0.53 
6.10 0.70 

7.00 0.77 

 

Effect of concentration of NB by different 

pH for the photo degradation of NB 

The percentage (%) degradation in different 

pH after 110 min time [NB]=3.0 x 10-4 M, 

[H2O2] = 0.025 M, [Fe(II)] =5.0x10-4 M was 

recorded in Table 4. In acidic solution, this 

reaction predominates causing the decrease of 

concentration of OH. which in turn decreases 

the degradation of NB. 

 

 

Table 4. Degradation of NB in different pH 

pH 1.5 1.75 2 2.25 2.5 2.75 3 3.5 4 4.2 4.5 5 5.5 6 6.5 7 

 

% of 

NB 

Deg.  

60 61 63 67 72 65 62 78 88 92 85 80 70 60 49 38 

 

The decrease of the degradation rate beyond 

pH 2.5 might be due to the coagulation of Fe3+ 

complex formed in the reaction which reduces 

the amount of Fe2+ for catalysis. When the 

concentration was changed to one third of the 

earlier value, the optimum pH was shifted to 

4.2, Table 4 shows that, % degradation was 

above 90. S. H. Lin et al. (38) has also studied 

the effect of pH for treatment of wastewater 

by Fenton process and reported 3.0 as 

optimum pH.  

 

At higher pH values, there might be the 

possibility of direct reaction between NB and 

Fe(III) complexes. 

𝑁𝐵 + 𝐹𝑒(𝑂𝐻)2+  → 𝑁𝐵 … … … 𝐹𝑒(𝐼𝐼𝐼) → 𝑁𝐵 ∗ … … … 𝐹𝑒(𝐼𝐼𝐼) → 𝑁𝐵+ +  𝐹𝑒(𝐼𝐼)

→ 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 … … … … … … … … … … … … … . (𝐸𝑞. 8) 

               This might be the reason for a 

higher degradation rate at pH 4.2 

 

Effect of H2O2 concentration on photo 

degradation of NB 

The kinetics of photo degradation were studied 

using the effect of H2O2 concentration under 
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constant values of [NB], and [Fe(II)], which 

were 3.0 x 10-4 M and 5.0 x 10-4 M 

respectively, and using optimum pH of 2.42. 

 

From the Figure 3, it is observed that the initial 

rate increases with the increase of H2O2 

concentration. In the concentration 0.025 M of 

Fe(II) solution it shows the high absorbance 

with low absorbance being shown with 

concentration of [H2O2]o: 5.0x10-4 M. 

 
Figure 3. Percentage (%) degradation of NB in presence of Fe(II) at different H2O2  concentration 
(a) conc. 5.0 x 10-4 M (b) conc. 5.0 x 10-3 M (c) conc. 10.0 x 10-4 M (d) conc. 2.0 x 10-2 M and, (e) 

conc. 2.5 x 10-2 M vs Time in Fenton process [NB]=3.0 x 10-4 M, [Fe(II)]=5.0 x 10-4 M, pH 2.42, 
4.20, Temp =31.0 °C. 

 
Effect of Fe(II) ion concentrations on the 

kinetics of photodegradation of 

nitrobenzene by Fenton process at pH 

2.42 

The effect of Fe(II) concentration on the 

degradation of NB was studied using two 

optimum pH values of 2.42 and 4.20 and the 

concentrations of NB and H2O2 to be 2.5 x 10-

4 M, 0.025 M respectively. 

 

Figure 4 shows at pH 2.42 initial rates increase 

with the increasing concentration of Fe(II) 

ions, which is expected because the 

production of .OH radicals by reaction 4(b). 

 

The increases of initial rate with the increase 

of concentration of Fe(II) were observed in 

case of pH 4.20. This is the major reaction 

taking place, as supported by the 

experimental results, that show as the Fe(II) 

concentration increases, rate of degradation 

also increases. 
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Figure 4. Variation of absorbance of NB with time under different Fe(II) concentrations (a) conc. 

1.0 x 10-4 M (b) conc. 2.0 x 10-4 M (c) conc. 3.0 x 10-4 M (d) conc. 4.0 x 10-4 M (e) conc. 4.50 x 
10-4 M and, (f) conc. 5.0 x 10-4 M,  at pH = 2.42, 4.20 [NB]=2.5 x 10-4 M, [H2O2]=0.025 M, Temp 

= 31.0 °C. 
 

Estimation of rate constant and reaction 

kinetics with degradation of NB 

Percentage (%) of degradation of NB has been 

studied at pH 1.5, 2.0, 2.5 and 3.0. over 60 

minutes. In all pH studied, degradation of NB 

follows a nearly similar order. Among them, 

percentage (%) of degradation of NB at pH 2.5 

is tabulated in Table 5. The results clearly 

demonstrate that NB significantly decomposed 

and more than 70% of the initial nitrobenzene 

disappeared within 60 minutes.  

 

Table 5. Change of ct /c0 with degradation time of  NB at pH 2.5 

Time (min) % of Degradation Co/Ct ln(c0/ct) Rate constant, k (min-1) 

0 0 1.0000 0.0000 

0.0230 

6.5 15 0.8667 0.1477 

11.5 26 0.7278 0.2626 
31.5 49 0.4844 0.7249 
46.3 63 0.3444 1.0651 
60.0 72 0.2611 1.3800 

 

Figure 5 also drawn to present the reaction 

kinetics that was plotted as ln(Ct/C0) versus 

time where Ct and C0 are the concentrations of 

nitrobenzene at a given time t and time zero 

i.e., initiated concentration of NB, 

respectively. The linear regression model fits 

the data very well reflecting that the reduction 

of nitrobenzene follows  pseudo-first-order 

kinetics (39). Slope of the straight line 

calculated from equation of the line 𝑦 =

0.023𝑥 − 0.001 as 0.0230 that shown in Figure 

5. The slope indicates the rate constant of 

photodegradation of NB. So the rate constant 

of disappearance of NB is 0.0230 min-1. Again 

at higher concentration of H2O2, the reaction 

only depends on the concentration of radical 

.OH, which also represents pseudo-first-order 

reaction. Jun Dong et al. (40) have studied 

degradation of nitrobenzene in groundwater 

using emulsified nano-zero-valent iron that 

followed pseudo-first-order reaction and rate 

constant of nitrobenzene was 0.0942 min-1. 
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Figure 5. Plot of ln(c0/ct) vs time. 

 

Product analysis 

Product analysis (Figure 1) shows that the 

degradation of NB follows a conjugative state. 

The intermediate compound during the 

experiment was authenticated and found to be 

PNP. The degradation of NB might follow the 

following mechanism: 

𝐻2𝑂2 +  ℎ𝑣 →  𝑂𝐻. 

𝑂𝐻. +  𝑁𝐵 → 𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒  (𝑃𝑁𝑃) 

𝑂𝐻. +  𝑃𝑁𝑃 → 𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 (𝑥) 

𝑂𝐻. +  𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 (𝑥) → 𝐶𝑂2 + 𝐻2𝑂 + 𝑀𝑖𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡  

At higher concentrations of H2O2the following reactions might occur: 

𝑂𝐻. + 𝐻2𝑂2  →  𝐻2𝑂 + 𝐻𝑂2.  

𝐻𝑂2 .  + 𝑂𝐻.  → 𝐻2𝑂 + 𝑂2 

𝑂𝐻. + 𝑂𝐻.  →  𝐻2𝑂2 

 

CONCLUSION 

 

The dependence of percent photodegradation 

of NB, on initial concentration of NB solution, 

was studied. The investigation showed that 

the percentage of photodegradation of NB 

increases with the increase of initial 

concentration of NB solution. This is due to the 

fact that the concentrations of H2O2 and Fe (II) 

were comparable to NB concentration so that 

enough .OH radicals were produced to oxidize 

NB throughout the concentrations used. 

 

The effect of concentration of H2O2 on 

photodegradation of NB was studied and it has 

been observed that the initial rate of 

photodegradation of NB increases with the 

increased concentration of H2O2. But the 

increasing rate was not significant due to some 

scavenger reactions. Similarly, it was found 

that the photodegradation of NB increases 

with the increasing concentration of Fe2+ 

suggesting the product of .OH via reaction of 

Fe(II) + H2O2  was important. 

 

The effect of pH on photodegradation of NB 

solution was studied by varying the pH from 

1.0 to 7.0 and it has been deduced that the 

percent photodegradation was maximum at 

y = 0.023x - 0.001
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the pH 2.42 and pH 4.20. The product analysis 

suggests that the degradation follows stepwise 

reactions. 

 

NB       X     Degraded product. 

 

The disappearance of NB follows pseudo-first-

order kinetics. 

 

Conclusively, the present method may be used 

for the destruction of organic compounds 

discharged from various industries. 
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INTRODUCTION 
 

Metallic corrosion is the deformation of metals in 
their environment, which occurs on the surfaces 
of the metals as a result of chemical and 
electrochemical attacks (1). The tendency of 
metals and alloys to turn into stable states of the 
compound causes metal corrosion leading to 
serious economic losses. Corrosion in the metals 

consists of two electrochemical reactions. The 
metal is oxidized at the anode while the positively 
charged hydrogen ion from the acidic medium is 

reduced to H2 gas at the cathode. 
 
A large number of corrosion types are known in 

the literature (2). The most common corrosion 
type occurring in low pH (acidic) environments is 
called "general corrosion" (3). One of the most 
commonly used methods to overcome this type of 
corrosion is the addition of an organic corrosion 
inhibitor to the corrosive medium. Corrosion 
inhibitors dissolve or disperse in corrosive media 

(4) and generally form a protective film layer by 
adsorbing onto the metal surface. This slows 
down the corrosion rate by slowing down the 

rates of either the anode or cathode reactions or 
both of them. 

 
In recent years, it has been established that 
cationic surfactants act as the most effective 
inhibitors against corrosion occurring on iron and 
steel materials in acidic environments (5-8). In 
particular, cationic quaternary ammonium 
surfactants have been reported to play a 

significant role in preventing corrosion in iron and 
steel materials in acidic environments (9-12). 
Therefore, there has been a growing number of 

studies on the synthesis of di-cationic surfactants 
containing more than one positive group and their 
use as corrosion inhibitors in the acidic medium 

(15-21). 
 
In this study, three aromatic di-cationic 
surfactants with different carbon chain lengths 
were synthesized and their structures were 
elucidated by FT-IR and NMR techniques. The aim 
of the study was to determine the corrosion 

inhibition activities of di-cationic surfactants in 
the acidic corrosive environment by the 
gravimetric method based on following the weight 
loss in metal coupons (in accordance with ASTM 

Abstract: In this study, three aromatic-structured di-cationic surfactants of different carbon chain 

lengths were synthesized and their inhibition efficiencies against metal corrosion in 1.0 M HCl solution 
were investigated. Corrosion inhibition efficiencies of di-cationic surfactants, the structures of which 
were elucidated by spectroscopic methods (FT-IR and NMR), were determined in acidic media by 
gravimetric method based upon weight loss in metal coupons. Corrosion tests resulted in good 
inhibition efficiencies (90.40% - 96.85%) against metallic corrosion at different concentrations of 
inhibitors. By using the weight loss values, corrosion rates were also calculated in inhibited and 
uninhibited medium. Finally, images of metal surfaces were obtained using scanning electron 

microscopy to give support to the data on the corrosion inhibition effect. 
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NACE / ASTMG31-12a standard method (22)). 

For this purpose, corrosion tests were carried out 

using low carbon steel at room temperature for 
24 h at various inhibitor concentrations. 
 
MATERIALS AND METHODS 
 

Materials and Instrumentation 
Ethyl-(4-dimethylamino)benzoate, corresponding 
long-carbon-chain amines, ethanol, and other 
solvents used in the synthesis part of this work 
were obtained from Merck and Sigma-Aldrich and 
used without further purification. FT-IR spectra of 
the synthesized compounds were recorded using 

Thermo Nicolet 6700 FT-IR spectrometer. NMR 
spectra (1H NMR and 13C NMR) of the compounds 
were obtained in DMSO (dimethylsulfoxide) 
solvent with Agilent 600 MHz Premium Compact 

NMR spectrometer. After the corrosion test, 
images of the metal surface were taken with a 
Carl Zeiss EVO 40 model scanning electron 

microscope. The NUVE EV 018 vacuum oven was 
used to dry metal coupons to a constant weight 
in air-free environment. Elemental analyses were 
performed using a LECO CHNS-932 instrument. 
 
Synthesis of Compounds 

Synthesis of 4-(dimethylamino)-N-
octylbenzamide (1a): 2.0 g (10.35 mmol) of 
ethyl-(4-dimethylamino)benzoate and 1.338 g 
(10.35 mmol) of octylamine reagents were placed 
in a 50 mL reaction flask. The flask was heated 
overnight at 150 oC under reflux without solvent. 
At the end of the reaction, the flask was cooled 

down to room temperature. A small amount of 

DMF was added to the cooling reaction mixture, 
and then cold water to precipitate the crude 
product. The crude product, after filtering off 
under vacuum and drying, was crystallized from 
a mixture of methanol / water (9:1). The yellow 
solid product was obtained in 82% yield. 

 
Synthesis of 4-(dimethylamino)-N-
decylbenzamide (1b): The synthesis of 
compound 1b was performed with the same 
procedure used for 1a, using 2.0 g (10.35 mmol) 
of ethyl-(4-dimethylamino)benzoate and 1.628 g 

(10.35 mmol) of decylamine reagents. The yellow 
solid product was obtained with a yield of 62%. 
 
Synthesis of 4-(dimethylamino)-N-

dodecylbenzamide (1c): The synthesis of 
compound 1c was carried out applying the same 
procedure used for 1a, using 2.0 g (10.35 mmol) 

of ethyl-(4-dimethylamino)benzoate and 1.918 g 
(10.35 mmol) of dodecylamine reagents. The 
yellow solid product (yield: 69%) was obtained. 
 
Synthesis of N,N,N,N’,N’-pentamethyl-N’-[4-
(octylcarbamoyl)phenyl]ethane-1,2-diaminium 
dibromide (2a): 2.0 g (7.23 mmol) of compound 

1a, 1.786 g (7.23 mmol) of (2-
bromoethyl)trimethylammonium bromide and 20 
mL of ethanol as solvent were placed in a 50 mL 
reaction flask. The mixture was heated at 100 oC 
under reflux for 48 h. At the end of the reaction, 

ethanol was evaporated under vacuum. The 

reaction mixture was washed several times with 

ether and a light brown solid wax was obtained as 
the product. FT-IR (KBr), vibrational modes, 
v/cm-1: 3370 (amide N-H), 3013 (aromatic C-H), 
2962, 2904 ve 2871 (aliphatic C-H), 1691 (amide 
C=O). 1H NMR data (600 MHz, DMSO-d6): δ 

(ppm) = 7.74 (d, 2H, Ar-H), 6.68 (d, 2H, Ar-H), 
4.20 (quartet, 2H, CH2-CH2-NH-CO), 3.31 (t, 2H, 
Ar-N+-CH2-CH2-N+), 3.24 (t, 2H, Ar-N+-CH2-CH2-
N+), 3.10 (s, 6H, (CH3)2-N+-CH2-CH2-N+-(CH3)3), 
2.97 (s, 9H, CH2-N+-(CH3)3), 0.83 (t, 3H, CH3). 
13C NMR data (150 MHz, DMSO-d6): δ (ppm) = 
166.32 (HN-CO), 153.63 (Ar-C), 131.12 (Ar-C), 

116.48 (Ar-C), 111.21 (Ar-C), 60.05 (-N+-CH2-
CH2-N+-), 53.96 (-N+-CH2-CH2-N+-(CH3)3), 53.31 
(-(CH3)2-N+-CH2-CH2-N+-(CH3)3), 39.27 (-CH2-
NH-CO), 22.51 (CH3-CH2-), 14.80 (CH3-CH2-). 

 
Synthesis of N,N,N,N’,N’-pentamethyl-N’-[4-
(decylcarbamoyl)phenyl]ethane-1,2-diaminium 

dibromide (2b): The synthesis of compound 2b 
was performed with the same procedure used for 
2a, using 1.65 g (5.42 mmol) of compound 1b, 
1.338 g (5.42 mmol) of (2-
bromoethyl)trimethylammonium bromide and 20 
mL of ethanol as solvent. A light brown solid wax 

product was obtained. FT-IR (KBr), vibrational 
modes, v/cm-1: 3372 (amide N-H), 3015 
(aromatic C-H), 2950, 2917 ve 2847 (aliphatic C-
H), 1691 (amide C=O). 1H NMR data (600 MHz, 
DMSO-d6): δ (ppm) = 7.74 (d, 2H, Ar-H), 6.69 
(d, 2H, Ar-H), 4.20 (quartet, 2H, CH2-CH2-NH-
CO), 3.32 (t, 2H, Ar-N+-CH2-CH2-N+), 3.25 (t, 2H, 

Ar-N+-CH2-CH2-N+), 3.10 (s, 6H, (CH3)2-N+-CH2-

CH2-N+-(CH3)3), 2.97 (s, 9H, CH2-N+-(CH3)3), 
0.83 (t, 3H, CH3). 13C NMR data (150 MHz, DMSO-
d6): δ (ppm) = 166.32 (HN-CO), 153.64 (Ar-C), 
131.11 (Ar-C), 116.48 (Ar-C), 111.21 (Ar-C), 
60.04 (-N+-CH2-CH2-N+-), 53.95 (-N+-CH2-CH2-
N+-(CH3)3), 53.31 (-(CH3)2-N+-CH2-CH2-N+-

(CH3)3), 39.25 (-CH2-NH-CO), 22.53 (CH3-CH2-), 
14.80 (CH3-CH2-). 
 
Synthesis of N,N,N,N’,N’-pentamethyl-N’-[4-
(dodecylcarbamoyl)phenyl]ethane-1,2-
diaminium dibromide (2c): The synthesis of 

compound 2c was performed with the same 
procedure used for 2a, using 0.30 g (0.90 mmol) 
of compound 1c, 0.223 g (0.90 mmol) of (2-
bromoethyl)trimethylammonium bromide and 20 

mL of ethanol as solvent. FT-IR (KBr), vibrational 
modes, v/cm-1: 3411 (amide N-H), 3015 
(aromatic C-H), 2950, 2917 ve 2848 (aliphatic C-

H), 1691 (amide C=O). 1H NMR data (600 MHz, 
DMSO-d6): δ (ppm) = 7.73 (d, 2H, Ar-H), 6.69 
(d, 2H, Ar-H), 4.20 (quartet, 2H, CH2-CH2-NH-
CO), 3.31 (t, 2H, Ar-N+-CH2-CH2-N+), 3.24 (t, 2H, 
Ar-N+-CH2-CH2-N+), 3.10 (s, 6H, (CH3)2-N+-CH2-
CH2-N+-(CH3)3), 2.97 (s, 9H, CH2-N+-(CH3)3), 
0.83 (t, 3H, CH3). 13C NMR data (150 MHz, DMSO-

d6): δ (ppm) = 166.30 (HN-CO), 153.62 (Ar-C), 
131.11 (Ar-C), 116.48 (Ar-C), 111.21 (Ar-C), 
60.05 (-N+-CH2-CH2-N+-), 53.95 (-N+-CH2-CH2-
N+-(CH3)3), 53.32 (-(CH3)2-N+-CH2-CH2-N+-
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(CH3)3), 39.25 (-CH2-NH-CO), 22.53 (CH3-CH2-), 

14.80 (CH3-CH2-). 

 
 
 
Corrosion Test Based on Gravimetric 
Measurement 

Metal and its properties used in corrosion tests: 
Metal plates used in the corrosion tests in acidic 
media were prepared from low-carbon cold-rolled 
steel. The steel material used conforms to the 
norm of DIN EN 10130 (23) with the content 
composition of 0.07% (C), 0.35% (Mn), 0.015% 
(P), 0.015% (S) and the rest is Fe. The metal 

plates were cut in rectangular shape with the 
thickness of 0.1 cm, the width of 2.2 cm and the 
length of 5.0 cm. 
 

Preparation of metal plates before corrosion test: 
The metal plates of 0.1 cm thickness, 2.2 cm 
width and 5.0 cm length, were immersed in 15% 

HCl solution for a short time to clean the rust 
stains and oxide layer. The plates were then 
cleaned with distilled water and briefly stored in 
acetone. Plates removed from acetone were dried 
in a vacuum oven until constant weight and the 
mass of the metal plate was recorded before 

testing. 
 
Corrosion test in acidic environment 
Corrosion tests in 1.0 M HCl solution were carried 
out following the relevant standard method (22). 
Before testing, 1.0 M HCl solution was freshly 
prepared. The di-cationic surfactant solutions 

were prepared in concentrations of 10, 25, 50, 

100 and 250 ppm in 100 mL of 1.0 M HCl medium. 
These solutions were poured into 150-mL sealed 
glass bottles. The coupons were kept in the 
solutions without stirring for 24 h at room 
temperature. Control tests were performed in the 
same way without the inhibitors. After 24 h test 

period, metal plates were removed from the 
corrosive medium and were rinsed with distilled 
water. The plates were then cleaned with 
acetone, dried in a vacuum oven and the mass of 
the metals were measured after testing. 

 

Calculation of percent inhibition efficiencies and 

corrosion rates: The percent inhibition efficiencies 
(% IE) of the aromatic structured di-cationic 
surfactants tested were calculated by the formula 
given below: 

 

IE % =  
Wo−W

Wo
 x 100    (Eq. 1) 

 
IE % is the percentage inhibition efficiency, Wo 
and W represent the weight losses of the coupon 
in the absence and presence of an inhibitor in the 
same environment, respectively. However, using 

the weight loss values, the corrosion rates in the 
uninhibited and inhibited corrosive media were 
calculated by the following formula (24, 25):  
 

CR =  
∆W

A t
     (Eq. 2) 

 
CR is the corrosion rate; ΔW is the weight loss 
(mg); A is the surface area of the coupon (cm2) 
and t is the time of immersion (h). 
 

SEM analysis 
The SEM image of the metal surface was taken on 
the metal coupons that were square-shaped with 
the thickness of 0.1 cm, the width of 2.0 cm and 
the length of 2.0 cm. After performing the 
corrosion tests in the acidic medium, the metal 
coupons were washed with acetone and then 

dried in a vacuum oven. Subsequently, the SEM 
images of the metal surfaces were obtained, 
using scanning electron microscope under high 
vacuum at 1000x magnification. 

 
RESULTS AND DISCUSSION 
 

Synthesis of di-cationic surfactants 
The synthetic scheme of the aromatic-structured 
di-cationic surfactants that act as corrosion 
inhibitors in the acidic environment are shown in 
Figure 1. 
 

 
Figure 1. Synthesis scheme of the aromatic di-cationic surfactants.  
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As can be seen in Figure 1, the synthesis of 

organic surfactants were carried out in two steps. 
In the first step, the ethyl-(4-
dimethylamino)benzoate compound was reacted 
with the corresponding long carbon chain amine 
compound in a solvent-free environment to give 

compounds 1a-c. The compounds obtained in the 

first step were reacted in ethanol with the (2-

bromoethyl)trimethylammonium bromide in the 

second step to reach the target products 2a-c di-
cationic surfactants. The elemental analysis 
results of the synthesized 2a-c compounds and 
some other physical properties are given in Tables 
1 and 2, respectively. 

 
 

Table 1. Elemental analysis (C, H, N) results of synthesized aromatic structured surfactants. 

Compound 
No 

C [%] H [%] N [%] 
Calculated Found Calculated Found Calculated Found 

2a 50.49 50.60 7.90 7.96 8.03 8.08 
2b 52.27 52.38 8.23 8.32 7.62 7.72 
2c 53.89 53.75 8.52 8.46 7.25 7.17 

 

 

Table 2. Some physical properties of the synthesized di-cationic surfactants. 

Compound 
No 

Formula Molecular Weight 
(g/mol) 

Yield (%) Color 

2a C22H41N3O . 2Br 523.39 61 Light brown 

2b C24H45N3O . 2Br 551.45 70 Light brown 
2c C26H49N3O . 2Br 579.50 85 Light brown 

The structures of the synthesized 2a-c surface 
active compounds were determined by FT-IR, 1H 

NMR, and 13C NMR spectroscopic methods. FT-IR 

and NMR spectra (1H and 13C NMR) of compound 
2b are given in Figures 2 and 3, respectively. 

 

 
Figure 2. FT-IR spectrum of compound 2b. 
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Figure 3. 1H NMR and 13C NMR spectra of compound 2b. 

 
 

 
The FT-IR spectra of (2b) showed absorption 
bands at 3372 cm-1 (amide N-H), at 3015 cm-1 
(aromatic C-H), at 2950, 2917, 2847 cm-1 

(aliphatic C-H) and at 1691 cm-1 (amide C=O). In 
the 1H NMR spectrum of 2b (Figure 3), there is a 

doublet peak at 7.74 ppm for the two hydrogen 
atoms which are connected to aromatic carbon 
labeled with a, a doublet peak at 6.69 ppm for the 
two hydrogen atoms of aromatic carbon labeled 
with b, a triplet peak at 3.32 ppm for the two 

hydrogen atoms of the (Ar-N+-CH2-CH2-N+) 
group, a singlet peak at 3.10 ppm originating 
from the six hydrogen atoms of the (CH3)2-N+-
CH2-CH2-N+-(CH3)3 group and a singlet peak at 
2.97 ppm ascribed to the nine hydrogen atoms of 
the CH2-N+-(CH3)3. The triplet peak at 3.32 ppm 
in the spectrum proved that the di-cationic 

surfactant (2b) was successfully synthesized. 
 

Corrosion test results in acidic media 
The corrosion test data of the synthesized 2a-c 
aromatic structured di-cationic surfactants in 1.0 
M HCl are listed in Table 3. The corrosion rate and 

inhibition efficiency values given here were 
calculated from the weight loss values 

determined for the metal coupons after the 
corrosion tests for 24 h. 
 
It can be seen from Table 3 that the values of 
weight loss and corrosion rate of the metal 

coupons in uninhibited medium (0 ppm) are high, 
while they are quite low in the inhibited medium 
(10, 25, 50, 100 and 250 ppm). Due to the large 
differences in weight loss and corrosion rate 
between inhibited and uninhibited media, the 
inhibition efficiencies of the synthesized 
compounds became high. The plots of corrosion 

rate and inhibition efficiency calculated at 
different concentrations, versus inhibitor 
concentration are shown in Figure 4. 
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Table 3. Weight loss, corrosion rate and corrosion inhibition efficiencies (IE %) calculated for different 
concentrations of compounds 2a-c in 1.0 M HCl medium for 24 h at room temperature. 

Concentration 
(ppm) 

Weight loss* 

(mg cm-2) 
Corrosion rate 
(mg cm-2 h-1) 

Inhibition efficiency 
(IE%) 

2a 2b 2c 2a 2b 2c 2a 2b 2c 

0 11.27 11.27 11.27 0.47 0.47 0.47 — — — 

10 0.49 1.08 0.85 0.020 0.045 0.035 95.64 90.40 92.50 

25 0.45 0.65 0.64 0.019 0.027 0.027 95.97 94.27 94.35 

50 0.48 0.44 0.52 0.020 0.018 0.022 95.73 96.13 95.40 

100 0.35 0.40 0.56 0.015 0.017 0.023 96.85 96.45 95.00 

250 0.45 0.35 0.60 0.019 0.015 0.025 95.97 96.85 94.68 

*  Mean of the two measured values. 
 

 

 
Figure 4. Plots of corrosion rate and inhibition efficiency against inhibitor concentration from weight loss 

measurements after immersed in 1.0 M HCl. 
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SEM analysis results 

Surface analysis by scanning electron microscopy 

is of great importance for observing the 
morphological changes on metal surfaces. 
Through examination of these morphological 
changes, the interactions between the organic 
molecules and the metal surface can be 

explained. The 1000x magnified surface images 
of the metal coupon surfaces immersed to 
inhibitor-free acid solution and to acid solution 
with inhibitor for 24 h, are shown in Figure 5. 
 
It may be clearly seen in Figure 5 that the metal 
surface exposed to acidic environment without 

inhibitor is exposed to wear and the surface 

becomes rough. In this environment containing 

cationic surfactants 2a, 2b and 2c, there is no 

wear and roughness on the metal surfaces that 
have been left for 24 h, and it appears to have a 
smoother appearance. The scratch marks on the 
metal surfaces are caused by the sanding process 
made before the test. This proves that the 

inhibitor molecules are adsorbed onto the metal 
surface and protect the metal surface against 
corrosion. Hence, the SEM images of the metal 
surface obtained support the high inhibition 
activity results shown in Table 3. 
 
 

 

 

 
Figure 5. SEM images of the metal coupon surfaces, which were kept in a 1.0 M HCl medium without 

inhibitor and with 100 ppm inhibitor for 24 h. 
 
 

The mechanism of corrosion inhibition  

The first step in the mechanism of action to retard 

or prevent corrosion is the adsorption of 
surfactant molecules onto the metal surface. The 
adsorption process depends on the nature and 
surface load of the metal used, the chemical 
structure of the surface active substance, the 

nature of both the surface active substance and 
the corrosive environment (26). In the structure 
of the synthesized aromatic structured di-cationic 
surfactants, there are two positively charged 
nitrogen atoms acting as the hydrophilic group. 
This hydrophilic group leads both to dissolution of 
the compounds in the aqueous acid environment 

and adsorption to the metal surface by 
electrostatic forces between the positively 

charged nitrogen atom and the induced negative 

charges on the metal surface (27). The induced 

negative charge on the metal surface is provided 
by the formation of dipoles on the surface. These 
dipoles arise as a result of attachment to the 
positively charged metal surface of negatively 
charged halogen ions from the acidic medium by 

electrostatic attraction (13, 14). Due to the 
dipoles formed on the surface, the aromatic 
surface-active di-cationic surfactants can be 
easily attached to the metal surface which 
becomes negatively charged. Therefore, a 
protective monomolecular layer is formed against 
the corrosive nature of the acidic environment on 

the surface of the carbon steel. 
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Besides the physisorption process on the metal 

surface due to the electrostatic attraction force, 

the chemisorption process also plays an 
important role on the corrosion inhibition in the 
acidic environment. Chemisorption occurs via the 
interaction of the benzene ring and the N and O 
heteroatoms in the structure of the surface active 

materials with the iron atoms on the metal 
surface separately. Non-bonding electrons in the 
p orbital of the heteroatoms (N and O) and π-
electrons in the aromatic benzene ring are 
involved in chemisorption. Due to the donor-
acceptor interactions between these electrons 
and the free d orbital in the Fe atoms on the metal 

surface, the surfactant molecules adsorbed onto 
the metal surface with coordinated covalent 
bonds (28). The adsorption of the synthesized 
inhibitors to the metal surface is favoured by 

these coordinated covalent bonds and provides a 
stronger protection against corrosion. 
 

The long alkyl chain containing amide functional 
group of the synthesized aromatic structured di-
cationic surfactants constitutes the hydrophobic 
part of the di-cationic surfactant. This part is 
oriented perpendicular to the metal surface so as 
not to bring the water molecules coming from the 

corrosive environment closer to the surface. 

These hydrophobic groups, oriented 

perpendicular to the metal surface, form non-

polar interactions originating from van der Waals 
attraction forces. Thus, double layered or 
multilayered protective layers are formed which 
act as a barrier between the metal surface and 
the acidic corrosive medium (13). It is known that 

non-polar interactions between the long alkyl 
chains in the molecule increase in parallel with the 
concentration of surfactant (14). Therefore, as 
the concentration increases, the inhibition 
efficiency of the surface active compound against 
corrosion also increases. In Table 3, a slight 
increase in the inhibition efficiency value with an 

increase in the concentration of compound 2b in 
the 1.0 M HCl medium is a result of this situation. 
On the other hand, the inhibition efficencies of the 
compounds 2a and 2c, in particular, does not 

increase markedly with the increase in the 
concentration, which means that the di-cationic 
surfactants reach the critical micelle 

concentration and are in the form of micelles at 
the interface of the metal in the working 
concentrations. The possible orientations and 
inhibition mechanisms of the compounds 2a, 2b 
and 2c on the metal surface are shown in Figures 
6 and 7, respectively. 

 
 

 
Figure 6. The possible orientations and inhibition mechanism of the compound 2b. 

 
 

CONCLUSIONS 
 

Newly synthesized three aromatic di-cationic 
surfactants having different carbon chain lengths 
act as inhibitors against corrosion of the carbon 
steel in 1.0 M HCl solution. In the light of the data 
obtained in the study, the following conclusions 
can be drawn: 
 

(1) All the synthesized aromatic structured di-
cationic surfactants exhibited good inhibition 
activities under working concentrations. 
(2) The inhibitory efficiency of compound 2b 
increased with the increasing of the 
concentration. 

(3) The inhibitory efficiencies of the 
compounds 2a and 2c increased slightly up to 

a certain concentration, and then decreased 
afterwards.  
(4) Physisorption seemed to be more effective 
than chemisorption on the corrosion behavior 
of the synthesized aromatic structured di-
cationic surfactants. 
(5) Corrosion inhibition activities of the 

synthesized inhibitors in acidic medium were 
supported by surface imaging technique 
(SEM). 
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Figure 7. The possible orientations and inhibition mechanism of the compounds 2a and 2c. 
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Abstract: In this study, factors affecting removal of color by ozonation of synthetic dye solutions containing 

water-soluble reactive dye [Reactive Yellow 17 (RY17)] were investigated using chemical oxygen demand 
(COD) measurement method. The research was conducted using a semi-batch bubble column. As a result, 
the COD of the reactive dye wastewater was reduced by 78.58%, and decolorization was remarkable at pH 
12, complete degradation of the dye solution occurs in 12 min, ozone consumption goes on for a further 

30 min after which time most degradation reaction is completed. Kinetic study results have shown that 
direct ozonation of the dye solutions is a pseudo-first-order reaction with respect to dyes. The apparent 
rate constant increased both with applied ozone dosing and higher pH values, logarithmically decreased 

with the initial dye concentration. 
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INTRODUCTION 
 
One of the most important natural resources for 
living beings and vital water is threatening our 
world because of the water crisis that will come 

out with increasing human population, rapid 
industrialization, living standards, and 
consumption. One of these threatening factors is 
the textile industry, which consumes a high 
volume of wastewater. Textile wastewaters 
usually consist of many contaminant parameters 
such as acidic and basic solutions, water-soluble 

solids, toxic compounds, and coloring materials. 
Even at low concentrations, the most serious 
pollutant and textile wastewater are the most 
serious problems. Disposal of these wastes into 
the receiving water damages the environment. 
Removal of dye wastewater from surface waters 

is due to not only aesthetic reasons and the effect 
of dyes on plant photosynthesis and fish mortality 
in water, but also because many of these dyes are 
toxic and carcinogenic (1-3). 
 
The basis for the classification of the dye 
according to chemical structures is the 

chromophore group, which gives absorption to 
the dye material. Among these classes are the 

most known azo dyes. Around 7x105 tons of dye 
are produced annually in the world, and 60-70% 
of them are azo dyes (4). Most azo dyes, except 
for some, lead to the formation of aromatic 
amines that are mutagenic or carcinogenic to 

human beings. One such class of reactive dyes 
has complex chemical structures, including 
organic ring forms with dyed double bonds. A 
typical case of reactive dyes is the formation of a 
constant covalent bond between the hydroxyl 
groups and the dye reactive groups of the 
cellulose fiber (5). Wastes from reactive dyeing 

processes require special attention due to their 
basic properties which relatively low dye fixation 
ratio, high organic and inorganic substance and 
high alkalinity (6). It is very difficult to treat 
wastewater from textile dyeing processes with 
conventional activated sludge systems. The 

wastewater color is because the structure of the 
dyes does not have the biodegradability 
properties. Physical-chemistry methods such as 
coagulation/flocculation, clay, perlite and 
activated carbon adsorption, as well as reverse 
osmosis systems, have been improved because of 
removing the color. However, limited success is 

achieved in these methods and uncompensated 
costs arise (7). Today, advanced oxidation 

http://dx.doi.org/10.18596/jotcsa.389062
mailto:kturhan@yildiz.edu.tr
http://dergipark.gov.tr/jotcsa
http://www.turchemsoc.org
mailto:kturhan@yildiz.edu.tr
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processes (AOP’s) are present for the treatment 

of wastewaters, such as electro-oxidation, 

ozonation, photocatalytic degradation, etc. (8-
10).  
 
Among ozone’s numerous applications, 
decolorization of textile wastewater has gained an 

increasing interest in the over recent years. AOPs, 
such as treatment with ozone (O3), ultra-violet 
and hydrogen peroxide (UV/H2O2, UV/O3/H2O2), 
can prompt to the demolition of the dye-molecule 
chromophore group, decolorizing thus the textile 
effluent (11-14). 
  

Ozone is widely used in both drinking and non-
drinking water treatment and industrial 
wastewater treatment. The ozone and its 
molecular oxygen are the first choice for oxidation 

or disinfection. Indeed, it is one of the most 
effective and readily obtainable oxidizing agents 
that can be produced everywhere. Furthermore, 

ozone dissociates quickly without leaving any 
residue, and reactions usually do not produce 
toxicants.  
 
Ozone reacts, directly or indirectly, with complex 
organic and inorganic compounds, thereby 

breaking them into simpler and smaller 
molecules. The oxidizing action of ozone in 
aqueous solutions is rather complex since ozone 
acts by several mechanisms, including the 
presence of other highly strong oxidizing agents, 
like atomic oxygen (O), perhydroxyl (HO2•), or 
hydroxyl (OH•) free radicals. In fact, oxidation 

reactions occur both directly and indirectly. 

However, the reaction is usually dependent on 

various factors such as the temperature, pH, and 

chemical composition of the solution (15-17). 

 
The objective of this study is to demonstrate the 
ability of ozonation to fully and effectively 
decolorize aqueous solutions of azo-reactive dye 
(Reactive Yellow 17 (RY17)). For this purpose, 

optimum oxidation conditions, e.g. color and 
Chemical Oxygen Requirement (COD) were 
removed to determine dye, ozone concentration, 
pH, and temperature. All of the experiments were 
applied in the Semi-Batch Bubble Column Reactor 
(SBBCR). 
 

EXPERIMENTAL  
 
Experimental set-up 
The experimental set-up that is shown in Figure 1 

consist of oxygen gas, ozone generator, a glass 
bubble column reactor, reactor, dosimeter, 
temperature control unit, two peristaltic pumps 

and two washing bottles. Fischer 502 Model ozone 
generator was used for the production of ozone 
from dry oxygen (99.9% purity). All experiments 
were carried out in a semi-batch bubble column 
reactor (Diameter: 5 cm, Volume: 2000 mL). 
Oxygen gas was passed through the ozonizer, 

where ozone formation takes place. The resulting 
mixture of O3 and O2 was passed through a 
silicone hose to the bottom of the bubble column 
in which the dye solution was present. The gas 
flow rate was controlled by a valve and measured 
by a flow meter. In all experiments the 
temperature was kept constant at 20±1 0C. 

 

   

 
Figure 1. Schematic diagram of the bench-scale reactor system. 

 
Unused ozone was sent to wash bottles containing 2% KI in the bubble column reactor via a silicone hose. 
The potassium iodide solution was reacted with excess ozone according to the following equation: 
 

O3 + 2 KI + H2O  I2 + 2 KOH + O2     (Eq. 1) 

 
The resulting iodine was titrated using standard sodium thiosulfate, in the presence of starch as indicator. 
The values of unused ozone were determined accordingly. The concentrations of dye solution were 
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determined by Agilent 8453 model spectrophotometer at its maximum absorption wavelength of 408 nm 

for RY17. 

 
On the basis of our previous experiences, high ozone-air flow rate and high ozone concentration were 
required for the effective treatment of the dyestuff wastewater by ozone (18-23). Thus, experiments were 
performed with ozone-air flow rate at 120 L/h. 
 

Reagents and solutions 
Due to its widespread use, C.I. Reactive Yellow 17, chosen as the model dyestuff, was purchased from Alfa 
Aesar. The characteristics of disperse dyes are displayed in Table 1. Figure 2 shows the general structures 
of the disperse dyes. Dye solutions at a concentration of 1000 mg/L were prepared from distilled water. 
The pH of the solutions was adjusted by using NaOH (Merck) or H2SO4 (Merck) by dosimeter and was 
measured by using a pH meter (WTW pH 315i). This stock solution was stirred for 30 min. It was then 
cooled and stored in the dark. The stock solution was used to prepare the desired concentration (100, 200, 

300 and 400 mg/L).   
 

Table 1. The characteristics of the reactive dye.  
Reactive Dye Formula CAS Number max (nm) Mw (g/mol) 

Reactive Yellow 17 C20H20K2N4O12S3 20317-19-5 408.0 682.77 

  

 
Figure 2. Structures of the Reactive Yellow 17 

 
 

Equipment 
The concentration of each dye solution was 

determined by an Agilent 8453 model 

spectrophotometer at maximum absorption 
wavelength 408.0 nm for RY17. De-ionized water 
was used throughout the experiments for all 
solution preparations. The color of dye solutions 
was measured by an integration method 
developed COD measurement of Wu et al. (1998) 
and Wu and Wang (2001) (24,25).  

 
This method involved scanning the absorbance of 
a sample from 200 to 600 nm and integrating the 
area under the absorbance curve. The integrated 
area is expressed as the Integrated Absorbance 
Units (IAU), which is directly proportional to the 
sample color. The integration method is simpler 

than the American Dye Manufacturers Institute 

(ADMI) tristimulus filter method but the two 
methods have been shown to yield similar results 
(25,26).  
 
RESULTS AND DISCUSSION 

 
Decolorization kinetics 
The reaction mechanisms of ozonation reactions 
follow two possible pathways of degradation. One 
of these occurs at basic pH, at which the ozone 
rapidly forms hydroxyl radical and the other at 

acidic pH, where ozone reacts directly with 
organic substrates as an electrophilic. Because 

ozone attacks the double bonds associated with 

the color in the dye, it is often used to decolorizing 
dye wastewaters.  
 
The decomposition of ozone is also influenced by 
the presence of inorganic/organic species in the 
reaction medium. 
 

The decolorization of dyes by ozonation is first 
order with respect to ozone and the dye, 
respectively (27). If the amount of ozone is 
increased, the reaction is pseudo-first order 
according to dye. When the data obtained in this 
study were calculated it was found that the 
pseudo first-order reaction.  

dyeapp

dye
Ck

dt

dC
.     (Eq. 2) 

 
where Cdye is dye concentration, and kapp is the 
apparent rate constant. 
 

The representative curve and the corresponding 
pseudo first-order correlation are shown in Figure 
3. 
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Figure 3.  log k = f (log C) plots of  RY17. 

 
 

Also, the apparent rate constant declines 
logarithmically with the initial dye concentration 
as follows:  
 

kapp = 0.8441 x CRY17
-0.6955   (Eq. 3) 

 
where, kapp : apparent rate constant, 1/min; Cdye 
: the initial dye concentration, mg/L. 
 

Initial dye concentrations of 5, 10, 15 and 20 

mg/L were taken so that the absorbance of the 
dye solutions can be measured directly without 
dilution. As can be seen in Table 2, higher values 
for rate constant could be obtained in a basic 

medium. For this reason, the pH environment has 
been chosen to be high for the duration of the 
study.  
 

Table 2. Line-fitted values of rate constant k, (1/min). 
  k (1/min) 

Reactive dye pH   C0 = 5 mg/L    C0 = 10 mg/L     C0 = 15 mg/L C0 = 20 mg/L 

Reactive Yellow 17    6.0 0.278 0.202 0.145 0.092 
   8.0 0.404 0.338 0.246 0.113 
 10.0 0.411 0.317 0.208 0.106 
 12.0 0.448 0.246 0.187 0.099 

 

The effect of pH of initial solution on COD 
At the beginning of the ozonation process, the 
solution (5 L) of dye that has 300 mg/L 
concentration was put into the reactor. The 
experiment was initiated by the formation of 
ozone gas.  Sampling was done at regular 
intervals to determine dye concentration and 

COD. The pH of the RY17 wastewater prior to 
reaction with ozone was determined to be 6.3. 
The COD of reactive dyestuff wastewaters was 
reduced from 761 mg/L to 541 mg/L after ozone 
treatment for 2 hrs. When the pH was adjusted to 

12.0, the COD value of the reactive dye solution 

was reduced to 163 mg/L. With the idea that the 
difference in the results came from the difference 
of the pH of samples, ozone treatment 
experiments were performed with various pH of 
samples. For this purpose, COD values were 
measured at selected pH ranges of 2-12 after 
ozone treatment and the results are shown in 

Figure 4. The results obtained with RY17 
wastewater showed that the COD reduction was 
significant at pH 12. For this reason, 12 was 
chosen as the most suitable pH value for 
subsequent experiments.  

   
Figure 4. Effect of pH of the initial solution on COD (COD raw reactive dyestuff: 761 mg/L for DY17; 

Ozone conc.: 24 g/m3; Dye concentration: 300 mg/L; Dye solution: 5 L; Ozone-air flow rate: 120 L/h; 
Ozonation time: 120 min.). 
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Spectrophotometric investigation of the 

process 
The decolorization UV-Vis spectra of RY17 is 
shown in Figure 5. During the course of the 12-
minute reaction period, the absorption of RY17 in 

solution decreased with the duration of the 

reaction. In the presence of ozone, the decrease 

in absorbance at 408.0 nm of the RY17 solution 
showed that the RY17 structure was reduced or 
abolished. 
 

 

Figure 5. UV–Vis spectral changes of RY17 (300 mg/L) with ozone after different reaction time at initial 

pH. 
 

 
Effect of reaction time 
COD was also measured during the reaction. As 
shown in Figure 6, the optimal time for 120 

minutes of ozonation was chosen because there 

was no reasonable reduction in the COD of the 
dye solution after 120 minutes of ozonation. 
Figure 6 shows that COD of dye wastewater 
decreases 78.58% for RY17 (at pH 12.0) with 

ozonation. 

 
Figure 6. CODs of RY17 with ozone after different reaction time at pH 12. (Ozone conc.: 24 g/m3; Dye 

concentration: 300 mg/L; Dye solution: 5 L; Ozone-air flow rate: 120 L/h). 
 

 
Effect of initial dye concentration on rate of 
dye removal 
Figure 7 shows the change in the dye 
concentration during the ozonation at different 

initial concentrations. Based to these results, the 
removal rate of RY17 is higher at lower initial dye 
concentrations and lower at higher dye 
concentrations.
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Figure 7. Concentration-time data for different dye concentration treated with ozone (Ozone conc.: 24 

g/m3; Dye solution: 5 L; Ozone-air flow rate: 120 L/h; pH:12) 

 
 
Effect of initial dye concentration on 
decolorization time 
Figure 8 shows the effect of initial dye 

concentrations (100 to 400 mg/L) on the time 
required for the decolorization process. According 
to the results obtained, the color removal time is 
directly proportional to the initial dye 
concentration. The data fit equation:  

 

    (Eq. 4) 
  
where tD is the dye decolorization time (min), m: 

a constant, and c: the initial dye concentration 
(mg/L).  
 

 
Figure 8. Effect of initial dye concentration on the decolorization time of RY17 or dye treated by ozone 

(Ozone conc.: 24 g/m3; Dye solution: 5 L; Ozone-air flow rate: 120 L/h; pH: 12). 
 
 

Effect of ozone concentration on 

decolorization time 
Figure 9 shows the relationship between ozone 
concentration and the duration of decolorization; 
with increasing ozone concentration, it is very 
clear that the duration of color removal decreases 
linearly. For example, increasing ozone 
concentration from 4.21 g/m3 to 24.03 g/m3 in 

the gas phase reduces the decolorization time of 

300 mg/L dye concentration by 73.08%. This 
result is consistent with mass transfer theory 
(28). According to this theory, the repulsive force 
required to transfer the ozone to the dye solution, 
in other words, increases as the concentration of 
ozone in the air bubbles (ozone carrier), the rate 
of dye oxidation increases. 
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Figure 9. Effect of ozone concentration on dye decolorization time (Dye conc.: 300 mg/L; Dye solution: 

5 L; Ozone-air flow rate: 120 L/h; pH: 12). 
 
 

 
Effect of pH of initial dye solution on 
decolorization time 
Figure 10 shows the initial dye solution pH versus 
decolorization time of the dye solution. It appears 
that the decolorization time decreases with 

increasing initial pH of the solution. The rate of 
decomposition of ozone is directed toward the 
formation of hydroxyl radicals by increasing pH. 
This explains the reduction of 67.10% of the dye 
decolorization time by increasing the pH from 2 
to 12. 

 
Figure 10. Effect of initial dye solution pH on decolorization time (Dye conc.: 300 mg/L; Dye solution: 5 

L; Ozone-air flow rate: 120 L/h; Ozone conc.: 24 g/m3) 
. 
 

CONCLUSIONS 
 
In this study, the aqueous solutions of Reactive 
Yellow 17, selected as the model textile dye, were 

ozonated in a semi-batch bubble column reactor. 
To increase the solubility of the aqueous solutions 
of the stubborn pollutant at the laboratory scale, 

an experimental series of experiments was 
conducted to evaluate the effectiveness of the 
indirect ozonation of the radical type reactions 
with the RY17 model. A detailed review of the 
results provided us with the following results: 
 

After ozone bubbling treatment, the reactive dye 
wastewater showed a 78.58% reduction in COD. 
The results obtained with reactive dye (RY17) 
showed that COD reduction and decolorization 
were more effective under basic conditions. The 

decolorization took place in 12 minutes for RY17, 
ozone consumption continued for another 30 
minutes, after which a large part of the 
degradation was completed. A large number of 

bubbly ozone gases at high concentrations have 
been effective in reducing COD at high inlet gas 
flow-rates. In all experimental studies, 

decomposition kinetics for the reaction of the 
ozone-dye solution were observed as pseudo-first 
order. The increase in k by the increase of the 
ozone dose can be explained by the higher ozone 
dose applied to increase the dissolved ozone 
concentration. This makes decolorization of the 

dye solution faster. Higher rate constants were 
obtained at higher pH values in the experiments. 
This can be explained by the fact that high pH 
values promote spontaneous dissociation of 
ozone in the water. 
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The knowledge gained in this study is thought to 

be a guide for future studies. However, it is highly 
probable that UV-assisted ozonation, which is to 
be carried out as a continuation of these studies, 
may have a higher effect. This laboratory-scale 
work can be used in industrial treatment systems. 

The industrialists do not prefer ozonation because 
of its expensiveness, but they should be aware of 
its benefit for ecosystem. Although they seem 
cheap, the damage of the systems used as 
alternatives in the removal and disintegration of 
the aromatic compounds in particular, must not 
be ignored. However, it should be remembered 

that the degradation products in the purification 
process may be more harmful. For this reason, 
the continuity of such studies will provide an idea 
for the plant as well as a pre-feasibility. 
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Synthesis, spectral studies, XRD, thermal analysis and biological 

screening of metal complexes derived from (N-(3-methoxyphenyl)-2-
[(2E)-3-phenylprop-2-enoyl] hydrazinecarboxamide 
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Abstract: Complexes of nickel(II), cobalt(II), copper(II), zinc(II), and manganese(II) are derived from 
the ligand, (N-(3-methoxyphenyl)-2-[(2E)-3-phenylprop-2-enoyl]hydrazinecarboxamide [MPH] and 
structurally characterized by various physicochemical and spectral tools such as FTIR, UV-Visible, 1H 

NMR, LC-Mass, P-XRD and TGA-DTC. These studies showed that the ligand coordinated to the 3d metal 
ions in bidentate manner. X-ray diffraction studies indicates that the Ni(II), Cu(II) and Zn(II) complexes 
are crystalline in nature. Degradation mechanisms, thermodynamic and kinetic parameters of the 
synthesized metal complexes have been evaluated. The prepared ligand and complexes were evaluated 
for in-vitro antioxidant DPPH assay, in which metal complexes showed excellent activity. The molecular 

docking analysis by using human antioxidant enzyme DTT (PDB: 3MNG) have also been evaluated. The 
ligand and their metal complexes were screened for their antimicrobial activities against different 

pathogenic bacterial and fungal species. 
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INTRODUCTION 
 
Semicarbazide and its derivatives are reported 

to be pharmacologically and physiologically 
active and find various applications in the 
treatment of several diseases (1-2). These are 
biologically active and are nontoxic due to the 
presence of ureido unit (–NH–CO–NH–NH-), 
which acts as pseudodipeptide motif. The 

derivatives of semicarbazone are an important 
class of ligand containing nitrogen and oxygen 

as donor atoms. The chemistry of the transition 
metal complexes of semicarbazone became 
largely appealing because of their extensive 
profile of medicinal and pharmacological activity 
that provides a variety of compounds with 

diverse applications (3-5). The semicarbazone 
derivatives and their transition metal complexes 

show variable bio-potential activities like 
antibacterial, antifungal, antiarthritic, 
antimalarial, antitumor, antiviral, and anti-HIV 

agents and they have been well documented in 
the literature (6–7). The above important 
applications of semicarbazone derivatives and 
their 3d metal complexes in various fields 
prompted us to synthesize some derivatives of 
semicarbazone and their complexes to enhance 

their activities and test against mycobacterium 
tuberculosis (8-9. Now we report the synthesis, 

characterization, and biological activities of 
transition metal complexes containing amide-
appended (2E)-3-phenylprop-2-enehydrazide 
and 1-isocyanato-3-methoxybenzene. This 
ligand system coordinates with the metal ion in 

a bidentate manner through the carbonyl oxygen 
and azomethine nitrogen (10). The aim of the 

http://dergipark.gov.tr/jotcsa
http://dergipark.gov.tr/jotcsa
mailto:yuvarajsahyadri69@gmail.com
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present work deals specifically the coordination 

properties of (N-(3-methoxyphenyl)-2-[(2E)-3-
phenylprop-2-enoyl]hydrazinecarboxamide 
concerning its interactions with Ni(II), Co(II), 
Cu(II), Zn(II) and Mn(II) complexes, spectral 
characterization and thermal decomposition 
studies serve as important tools for the 

interpretation of structures of molecules and 
also biological and analytical importance. 
molecular docking study have been performed to 
investigate the interaction and binding energies 
of the complexes with protein enzyme by using 
HEX 8.2 for antioxidant activity, the compounds 
were also performed to investigate against the 

growth of in-vitro bacteria and pathogenic fungi. 
 

MATERIALS AND METHODS  
 
The chemicals cinnamic acid, 1-isocyanato-3-
methoxybenzene, hydrazine hydrate, and 
methanol were purchased from Sigma Aldrich, 

Laboratory chemicals, Bangalore, Karnataka, 
India. Nickel(II) chloride hexahydrate, cobalt(II) 
chloride hexahydrate, copper(II) chloride 
hexahydrate, anhydrous zinc(II) chloride and 
manganese(II) chloride were purchased from 
Merck. The metal chlorides were used in their 

hydrated form. The solvents were distilled and 
dried by standard method. 
 

Synthesis of N-(3-methoxyphenyl)-2-[(2E)-

3-phenylprop-2-enoyl] 
hydrazinecarboxamide (MPH) 
A mixture of cinnamic acid (2.96 g, 0.02 mol) 
and 5 drops of conc. H2SO4 in 30 mL of dry 
methanol was refluxed for 8 hours. The solvent 
was evaporated under reduced pressure. The 

white solid methyl (2E)-3-phenylprop-2-enoate 
formed was filtered and recrystallized from a 
mixture of ethanol and acetone in the ratio 1:2. 
The mixture of methyl (2E)-3-phenylprop-2-
enoate (3.24 g, 0.02 mol) and hydrazine 
hydrate (1.10 g, 0.022 mol) in 20 mL of dry 
methanol was refluxed for 6 hours and the 

resulting mixture was evaporated under 
vacuum. The white solid, (2E)-3-phenylprop-2-

enehydrazide formed was filtered off, washed 
with water, dried and recrystallized from 
dioxane. Then, the solution of (2E)-3-
phenylprop-2-enehydrazide (3.23 g, 0.02 mol), 
1-isocyanato-3-methoxybenzene (2,98 g, 0.02 

mol) and triethylamine (0.51 g, 0.005 mol) in 40 
mL of dry methanol was added and refluxed for 
about 10 hours. The reaction mixture was 
poured into ice-cold water. The cream colored 
solid of N-(3-methoxyphenyl)-2-[(2E)-3-
phenylprop-2-enoyl]hydrazinecarboxamide 

formed was filtered and recrystallized from 
ethanol. 
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Scheme1: Synthesis of the ligand MPH. 

 
C17H17N3O3: Yield: 78%; Color: Cream; M.p: 
122-124 °C; Mol.wt: 311.33; Elemental 
analyses: calculated and found (%): C: 65.58 
(65.99), H: 5.50 (5.72), N: 13.50 (13.69), O: 
15.42; IR (KBr, cm-1): 3182 (NH9), 3243 (NH12), 

3320 (NH13), 2943 (Ar-CH), 1709 (C=O10), 1665 
(C=O14), 1014 (N-N), 1604 (Ar-OCH3), 1207 
(CH16=CH17). 1H NMR (DMSO-d6, 400 MHz): 
δppm 8.24 (s, 1H, NH9), 8.84 (s, 1H, NH12), 
9.99 (s,1H, NH13), 7.16 (s, 1H, Ar-H2), 6.56, 
7.25 (d, 2H,Ar-H4,6), 7.13 (t, 1H,Ar-H5), 3.71 (s, 

3H, OCH3), 7.62, 7.61 (d, 2H, Ar-H19,23), 7.39-

7.45 (t, 3H, Ar-H20,21,22); Mass of the ligand  M+1 
at m/z: 312.00. 
 
Synthesis of the metal complexes 
A solution of nickel(II) chloride hexahydrate 
(0.950 g, 0.004 mol), cobalt(II) chloride 

hexahydrate (0.951 g, 0.004 mol), copper(II) 
chloride dihydrate (0.697 g, 0.004 mol), zinc(II) 
chloride (0.545 g, 0.004 mol) and 
manganese(II)chloride tetrahydrate (0.692 g, 
0.004 mol) in 20 mL of ethanol was added one 

each time to the solution of N-(3-
methoxyphenyl)-2-[(2E)-3-phenylprop-2-
enoyl]hydrazinecarboxamide (1.245 g, 0.004 
mol) in 20 mL of ethanol. The resulting reaction 
mixture was refluxed for about 10 hours. The 
solid product was collected by filtration and 

washed with 4–5 mL of hot water and dried 

under vacuum over anhydrous calcium chloride 
in desiccator.  
 
(i) [Ni(MPH)2Cl2]H2O: C34H32Cl2N6NiO6.H2O: 
Yield: 68%; Color: Dark brown; M.p: 280-282 
°C; Mol. wt: 768.25; Elemental analyses: 
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calculated and found (%): C: 54.43 (54.64), H: 

4.30 (4.80), N: 11.20 (11.48); IR (KBr, cm-1): 
3441 (H2O), 3168 (NH9), 3056 (NH12), 1592 
(C=O10), 1504 (C=O14), 1218 (N-N), 1504 (A-
OCH3), 1218 (CH=CH), 448 (M-O), 422 (M-N); 
Molar conductance: 15.72 ohm-1 cm2 mol-1.  
 

 (ii) [Co(MPH)2Cl2]: C34H32Cl2CoN6O6: Yield: 
62%; Color: Gray; M.p: 253-254 °C; Mol.wt: 
750.49; Elemental analyses: calculated and 
found (%): C: 54.41 (54.61), H: 4.30 (4.44), N: 
11.20 (11.32); IR (KBr, cm-1): 3159 (N9H), 3084 
(NH12), 1605 (C=O10), 1506 (C=O14), 1221 (N-
N), 1508 (Ar-OCH3), 1221 (CH=CH), 456 (M-O), 

424 (M-N); Molar conductance: 14.92 ohm-1 cm2 
mol-1.  

 
 (iii) [Cu(MPH)2Cl]Cl.H2O: 
C34H32Cl2CuN6O6.H2O: Yield: 74%; Color: Dark 
green; M.p :290-292 °C; Mol.wt: 773.10; 
Elemental analyses: calculated and found (%): 

C: 54.08 (54.68), H: 4.27  (4.63), N: 11.13 
(11.34); IR (KBr, cm-1): 3445 (H2O), 3196 
(NH9), 3056 (NH12), 1592  (C=O10), 1504 
(C=O14), 1219 (N-N), 1504 (Ar-OCH3), 1219 
(CH=CH), 437 (M-O), 418 (M-N); Molar 
conductance: 57.40 ohm-1 cm2 mol-1.  

 
 (iv) [Zn(MPH)2Cl]Cl.H2O: C34H32Cl2N6O6Zn: 
Yield: 66%; Color: White; M.p: 269-272 °C; 

Mol.wt: 756.97; Elemental analyses: calculated 
and found (%): C: 53.95 (54.15), H: 4.26 
(4.42), N: 11.10 (11.58); IR (KBr, cm-1): 3228 
(NH9), 3068 (NH12), 1594 (C=O10), 1542 

(C=O14), 1218 (N-N), 1542 (A-OCH3), 1218 
(CH=CH), 456 (M-O), 427 (M-N); Molar 
conductance: 54.92 ohm-1 cm2 mol-1.  
 

(v) [Mn(MPH)2Cl]Cl: C34H32Cl2MnN6O6: Yield: 

71%; Color: light orange; M.p: 281-283 °C; 
Mol.wt: 746.49; Elemental analyses: calculated 
and found (%): C: 54.70 (55.10), H: 4.32 
(4.72), N: 11.26 (11.48); IR (KBr, cm-1): 3181 
(NH9), 3018 (NH12), 1598 (C=O10), 1511 
(C=O14), 1242 (N-N), 1541 (A-OCH3), 1249 

(CH=CH), 458 (M-O), 416 (M-N); Molar 
conductance: 58.62 ohm-1 cm2 mol-1. 
 
Biological studies  
 
Antioxidant activity: 
The free radical scavenging activity of the ligand 

MPH and their complexes was measured in-vitro 
by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay. 

The stock solution was prepared by dissolving 24 
mg of DPPH with 100 mL of methanol and stored 
at 20 °C until required. The working solution was 
obtained by diluting the DPPH solution with 
methanol to attain an absorbance of about 

0.98±0.02 at 517 nm using a 
spectrophotometer. All the tested samples in 
various concentrations (50, 75 and 100 μg/mL) 
were prepared in methanol and the 
homogeneous solutions were achieved by 
stirring. An aliquot of test sample (1 mL) was 

added to 4 mL of 0.004% (w/v) methanolic 
solution of DPPH and then reaction mixture was 
vortexed for 1 min and kept at room 

temperature for 30 min in the dark to complete 
the reaction. The absorbance was read against 
blank at 517 nm. The synthetic antioxidant 
butylated hydroxytoluene (BHT) was used as the 

positive control (11). The ability of the tested 
samples at tested concentration to scavenge 
DPPH radicals was calculated using the equation 
below. 
 

 
Scavenging ratio (%) = [(Ai‒Ao) ⁄ (Ac‒Ao)] × 100% 

 

Where Ai is the absorbance in the presence of 

the test compound; A0 is absorbance of the 
blank in the absence of the test compound and 
Ac is the absorbance in the absence of the test 
compound. 
 
Molecular docking studies 

Molecular modeling studies were performed by 
using Hex 8.2 protein-ligand docking in PDB 
formats. The parameters used for docking 
include: correlation type-shape only, FFT mode 
3D, grid dimension 0.6, receptor range 180, 
ligand range 180, twist range 360, distance 
range 40. The starting coordinates of the human 

antioxidant enzyme in complexes with the 
competitive inhibitor DTT (PDB: 3MNG) were 

taken from the Protein Data Bank 
(http://www.rcsb.org/pdb) (12-14). The ligand 
was docked against the lead competitive 
inhibitor ligand DTT at the crystal enzyme 

structure of the target protein and the best 
energy conformations of receptor ligand was 
studied and the binding energy was calculated 

as the difference between the energy of the 

MPH, metal complexes and the individual energy 
of enzyme. In order to interrupt the binding 
interactions modes of the MPH and metal 
complexes with human antioxidant enzyme DTT 
(PDB: 3MNG). 
 

Physical measurements 
Elemental analyses (C, H, N) were performed 
with a Perkin–Elmer 2400 series II analyzer. 
Molar conductance values (10-3 mol/L) of the 
complexes in DMSO at 28 °C were measured 
using an EQUIP-TRONICS model-660A 
instrument. Melting point of the synthesized 

compounds was recorded by using apparatus 
model code NAMPA/045. UV-Visible spectra were 

measured in DMF/DMSO on an Ocean Optics 
USB 4000USA spectrophotometer, using 1 cm 
path length cuvette at room temperature. 
Infrared spectra were recorded using FT-IR 

8400s Shimadzu spectrometer with KBr pellets 
in the range of 400-4000 cm-1. The NMR spectra 
have been recorded as 400 MHz Varian-AS NMR 

https://en.wikipedia.org/wiki/Butylated_hydroxytoluene
http://www.rcsb.org/pdb
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spectrometer in DMSO-d6 using 

tetramethylsilane (TMS) as the internal 
standard. Thermal measurements (TGA, DTA, 
28–900 °C) were noted on a DTG-50 Shimadzu 
thermo-gravimetric analyzer at a heating rate of 
10 °C/min and nitrogen flow rate of 20 mL/min. 
Magnetic susceptibilities were recorded with a 

Sherwood scientific magnetic susceptibility 
balance at 298 K. Mass spectra was recorded 
using the instrument Code; SC/AD/10-014.  
 
RESULTS AND DISCUSSION 
 
The molar conductance of 0.1×10-2 mol/L 

solution in DMF was recorded; the synthesized 
3d series metal complexes have been confirmed 

by physico-chemical techniques. The synthesized 
complexes such as [Ni(LMPH)2Cl2]H2O, 
[Co(LMPH)2Cl2], [Cu(MPH)2Cl]Cl.H2O, 
[Zn(MPH)2Cl]Cl.H2O and [Mn(MPH)2Cl]Cl are 
quite stable in air and soluble in some organic 

solvents such as DMF and DMSO. The elemental 
analyses and molar conductivity values were in 
premising agreement with the suggested 
structure. The molar conductivity of 
[Ni(LMPH)2Cl2]H2O and [Co(MPH)2Cl2] complexes 
were 15.72 and 14.92 ohm-1 cm2 mol-1 due to 

non electrolytic nature. Also, the molar 
conductances of [Cu(MPH)2Cl]Cl.H2O, 
[Zn(MPH)2Cl]Cl.H2O and [Mn(MPH)2Cl]Cl were 

57.40, 54.92 and 58.62 ohm-1 cm2 mol-1 
respectively due to uni-uni valent electrolytic 
state. 
 

1H NMR and Mass studies: 
The proton NMR spectrum of ligand MPH showed 
at 8.24, 8.84 and 9.99 ppm (s, 3H, NH9, 12, 13) 
are assigned to NH protons of derivative of the 
semicarbazone group. The aromatic hydrogen 
resonance observed at 7.16 ppm (s, 1H, Ar-H2), 
6.56, 7.25 ppm (d, 2H, Ar-H4, 6), 7.13 ppm (t, 

1H, Ar-H5), 3.71 ppm (s, 3H, OCH3). In addition, 
the doublets and triplets around 7.62, 7.61 ppm 
(d, 2H, Ar-H19, 23) and 7.39-7.45 ppm (t, 3H, Ar-

H20, 21, 22) are due to aromatic ring protons were 
represented in Supplementary file S1. The mass 
spectrum confirms the formula of MPH by giving 

molecular ion peak (M+) corresponding to their 
molecular weight shown in Supplementary file 
S2.  

 
FT-IR Spectral studies:  
Infrared spectrum of the ligand and their metal 
complexes were taken as KBr pellets. The strong 

bands appeared at 3182 (NH9), 3243 (NH12) and 
3320 (NH13) cm-1 assignable to ν(NH) of the 
derivative of semicarbazone group. One band 

disappeared out of three in the IR spectra of 

metal complexes like [Ni(MPH)2Cl2]H2O, 
[Co(MPH)2Cl2] [Cu(MPH)2Cl]Cl.H2O, 
[Zn(MPH)2Cl]Cl.H2O and [Mn(MPH)2Cl]Cl which 
showed the deprotonation of the NH group (12-
13). The strong band observed at 1604 cm-1 

range in the uncoordinated ligand have been 

assigned to ν(N-N) stretching vibrations. On 
complexation, these bands were observed at 
1488-1542 cm-1 to lower intensity, thus 
representing the coordination of =N-N= nitrogen 
to metal ion and appearance of a new bands 
indicated -N=N- bond formation (14). A sharp 
bands observed at 1709, 1665 cm-1 in derivative 

of semicarbazone mainly due to ν(C=O) 
stretching frequency, a split band is an indicative 

of cis arrangement of both C=O groups. These 
bands are shifted to lower frequency side at 
1605-1542 cm-1 which indicates that carbonyl 
oxygen involves in the coordination with metal 
ion (15).  In the spectra of complexes, the 

appearance new bands in the region at 437-458 
cm-1 and 416-427 cm-1 showed stretching 
vibrations of (M-N) and (M-O) respectively. 
 
Electronic absorption spectra and magnetic 
moment: 

Electronic spectrum of gray colored cobalt(II) 
complex showed three strong bands at 14,598, 
16,393 and 16,949 cm-1 due to the 
4T1g(F)→4T2g(F)(ν1), 4T1g(F)→4A2g(F)(ν2) and  
4T1g(F)→4T1g (P)(ν3) transitions, respectively 

(16). The observed magnetic moment values 
3.92 B.M, also support the complex to have 

octahedral geometry (17). The spectrum of dark 
brown colored nickel(II) complex showed bands 
at 14,705, 16,000 and 16,949 cm-1 respectively. 
These bands can be attributed to the transitions 
3A2g(F)→ 3T2g (F)(ν1), 3A2g(F)→3T1g(F)(ν2) and 
3A2g(F)→3T1g(P)(ν3) respectively. Three bands 

exhibited by nickel complex with magnetic 

moment 2.86 B.M may be due to octahedral 
geometry. Copper(II) complex showed strong 
bands at 14,492 and 16,393 cm−1, which can be 
assigned to the transitions 2B1g→2A1g(dx

2
-

y
2←dz

2(ν1) and 2B1g→2Eg(dx
2
-y

2←dxyyz(ν1). The 

two bands of dark green colored copper(II) 
complex showed the magnetic moment value 

1.76 B.M evidence for square pyramidal. The 
manganese(II) complex exhibits a band with 
weak intensity at 10,309 cm-1and its magnetic 
moment value 5.95 BM, which can be attributed 
to 6A1g→4T1g transition in a square pyramidal 

environment (18). The electronic spectra of the 
ligand and complexes are presented in Figure 1. 
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Figure 1: Electronic spectra of ligand and Ni(MPH)2Cl2]H2O, [Co(MPH)2Cl2] and [Cu(MPH)2Cl]Cl.H2O. 

 
Powder XRD analysis: 
Diffraction patterns of Ni(II), Co(II), Cu(II), 

Zn(II) and Mn(II) complexes have been carried 
out and recorded at 2θ = 10–80°, among them 
[Ni(MPH)2Cl2]H2O, [Cu(MPH)2Cl]Cl.H2O and 

[Zn(MPH)2Cl]Cl.H2O complexes exhibited sharp 
peaks showed crystalline nature. The values of 

relative intensities, d, 2θ and sin2θ values of 
both observed and calculated are given in Tables 
1 and 2. 

 
Table 1. Diffraction pattern of [Cu(L)2Cl]Cl.H2O  

Peak 
No 

2θ 
(deg) 

θ 
(deg) 

Sinθ Intensity 
(cps deg) 

d (Å) FWHM 
(deg) 

Calcd.    Obs. 

1 15.387 7.693 0.133 359.22 5.752 5.753 0.404 

2 18.325 9.162 0.159 425.15 4.836 4.837 0.700 
3 21.313 10.656 0.184 344.98 4.164 4.165 1.094 
4 22.722 11.361 0.196 329.52 3.969 3.910 0.372 
5 23.852 11.926 0.206 58.24 3.726 3.727 0.238 
6 24.578 12.289 0.212 195.85 3.617 3.618 0.387 

7 25.492 12.746 0.220 366.35 3.490 3.491 0.443 

8 26.481 13.740 0.229 470.42 3.362 3.363 0.398 

9 27.982 13.991 0.241 51.44 3.185 3.185 0.368 

10 28.888 14.444 0.249 62.88 3.092 3.088 0.538 

 
Table 2. Diffraction pattern of [Zn(L)2Cl]Cl.H2O 

 

 

Peak 
No 

2θ 
(deg) 

θ 
(deg) 

 
Sinθ 

Intensity 
(cps deg) 

d (Å) FWHM 
(deg) 

Calcd.  
Obs. 

1 16.362 8.184 0.142 144.34 5.411 5.413 0.561 

2 20.268 10.134 0.176 10109.91 4.372 4.377 9.877 

3 22.468 11.234 0.194 319.17 3.952 3.953 0.642 

4 23.587 11.793 0.204 408.83 3.768 3.768 0.614 

5 26.248 13.124 0.227 878.89 3.315 3.392 0.719 

6 27.556 13.778 0.238 126.11 3.233 3.234 0.522 

7 30.301 15.150 0.261 119.93 2.946 2.947 0.920 

8 46.964 23.484 0.398 245.77 1.932 1.933 6.230 
 

    

        
The diffraction patterns were further analyzed by 
using Debye Scherrer equation D = Kλ/βCosθ 
Where D = size of the particle, K = 
dimensionless shape factor, λ = wavelength of 

the X-ray (1.5406 Å), β = full width half 

maximum x 3.13/180, θ = Bragg’s diffraction 
angle, the metal complexes [Ni(MPH)2Cl2]H2O, 
[Cu(MPH)2Cl]Cl.H2O and [Zn(MPH)2Cl]Cl.H2O 

complexes are showing the nano-crystallinity 
size of 2.445, 11.225 and 20.275 nm 
respectively, while the other complexes 

exhibited amorphousness in nature (19). The 

unit cell dimension can be calculated by using 
equation a = 2r√2 for Cu(II) and Zn(II) 
complexes. Where r is the atomic radius of 
corresponding metals. For copper: a = 4.101Å 

and zinc: a = 3.931Å.  

 
Thermo gravimetric analysis of metal 
complexes:  
The thermogravimetric analysis was carried out 
in the temperature range 30–850 °C. Metal 
complexes of [Ni(MPH)2Cl2]H2O, 

[Cu(MPH)2Cl]Cl.H2O and [Zn(MPH)2Cl]Cl.H2O 
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showed mass loss of calculated: 2.34, 2.32 and 

2.31% (found: 2.44, 2.48 and 2.58%) in the 
temperature range 99-170 °C, 90-160 °C and 
99-180 °C, showed the dissociation of water 
molecules. The second stage of mass loss 
involves in the temperature range 180–240 °C, 
170–220 °C and 180–240 °C, mass loss 9.24, 

9.18 and 9.11% (9.11, 10.01 and 9.24%) 
assigned to dissociation of two chlorine atoms, 
the next stage involves the dissociation in the 
temperature range 260-380 °C, 220-310 °C and 
240-380 °C respectively, with weight loss 27.62, 
27.45 and 27.24% (2.44, 2.48 and 2.58%) 
which corresponds to the decomposition of 

methoxy benzene moiety (20-21). The fourth 
step at 380–600 °C, 310–580 °C and 380–630 

°C respectively, with weight loss 51.07, 50.75 
and 51.71% (50.01, 49.08 and 51.88%) the 
removal of phenyl group moiety and the metal 
residue of NiO, CuO and ZnO with weight loss of 
9.72, 10.28 and 9.10% (10.06, 10.30 and 

9.18%) from 610-850 °C. Also, the TGA curves 
of the [Co(MPH)2Cl2] and [Mn(MPH)2Cl]Cl 
showed three stages of degradation. The first 
stage from 180–240 °C and 180-230 °C with 
weight loss 9.46 and 9.51% (10.11 and 
10.12%) was attributed to the loss of equivalent 

mass  of two chlorine atoms, the second step 
with weight loss 28.28 and 28.39% (29.01 and 

28.76%) from 220-305 °C and 240-330 °C 

corresponded to the removal of methoxy 
benzene moiety. In the third stage from 310-
600 °C and 330-600 °C with weight loss 52.36 
and 52.10% (51.66 and 50.88%) which involves 
in the removal of phenyl group moiety. The 
mass of the final residue, weight loss of 9.91 

and 9.96% (10.22, and 10.17%) occur from 
620-800 °C as stable metal residue of CoO and 
MnO. Degradation mechanism and kinetic and 
thermodynamic parameters of the synthesized 
complexes has been evaluated by Broido’s 
graphical method for straight-line decomposition 
portion of the thermodynamic analytical curve 

(22). Energy of activation (Ea) were calculated 
by the slope of ln(ln1/y) versus 1/T X 10-3. The 

thermodynamic properties like change in 
enthalpy (ΔH), entropy change (ΔS), free energy 
change (ΔG) and frequency factor (lnA) are 
calculated using the standard equations by 
employing Broido’s relation: -ln[ln(1/y)] = 

Ea/RTd-lnA-ln(8.314/Td) where y is the fraction 
of the complex undecomposed, Td is the 
decomposition temperature, R is the gas 
constant and Ea is the activation energy in 
kJ/mol. The nature of decomposition curve for 
metal  complexes are represented in Figure 2. 

 

 
Figure 2: TGA curves of metal complexes. 

 

The major weight loss for all the complexes was 
found in the temperature range 222.03-294.60 
°C. The activation energies of zinc(II) complex 
(14.381 kJ/mol) and cobalt(II) complex (8.196 
kJ/mol) were found to be very high, which 
accounts for their rapid degradation compared to 

nickel(II) complex (6.345 kJ/mol), 
manganese(II) complex (6.343 kJ/mol) and 

copper(II) complex (5.623 kJ/mol) that exhibit 
higher thermal stability was in the order of Zn > 
Mn > Co > Ni > Cu. The negative values of ΔS 
indicated that the decomposition reactions are 
slower than normal. The positive sign of ΔG 

values for the investigated complexes indicated 
that the free energy of the final residue was 

higher than that of the initial compound and all 
the decomposition stages are non-isothermal 
processes. The major weight losses for all the 
complexes were found in the temperature range 
222.03-294.60 °C. The activation energies of 
Zn(II) (14.381 kJ/mol) and Co(II)(8.196 kJ/mol) 

were found to be very high, which accounts for 
their rapid degradation compared to Ni(II) 

(6.345 kJ/mol), Mn(II) (6.343 kJ/mol) and 
Cu(II) (5.623 kJ/mol) that exhibit higher 
thermal stability was in the order of Zn > Co > 
Ni > Mn > Cu. The negative values of ΔS 
indicated that the decomposition reactions are 

slower than normal. The positive sign of ΔG 
values for the investigated complexes indicated 
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that the free energy of the final residue is higher 

than that of the initial compound and all the 
decomposition stages are non-isothermal 
processes.  
 
Biological evaluation 
 

Antioxidant activity: 
The free radical scavenging ability of the 
synthesized ligand MPH and their metal 
complexes such as [Ni(L)2Cl2]H2O, [Co(L)2Cl2], 
[Cu(L)2Cl]Cl.H2O, [Zn(L)2Cl]Cl.H2O and 

[Mn(L)2Cl]Cl were evaluated at different 

concentrations. The metal complexes found to 
be more potent antioxidant activity as compared 
to uncoordinated ligand. In which, the Co(II), 
Cu(II) and Zn(II) complexes assigning more 
antioxidant result approximately close to the 
standard butylated hydroxytoluene and Ni(II) 

and Mn(II) complexes exhibited moderate 
activity when compared with BHT. The activity is 
due the chelation of semicarbazone nucleus in 
the coordinated metal ion with the ligand (23). 
The results were shown Figure 3. 
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Figure 3: Antioxidant data of the ligand MPH and its metal complexes. 

 

Molecular docking studies: 
The docking studies of all the complexes showed 
prominent binding interactions, Co(II), Cu(II) 
and Zn(II) complexes offer the highest binding 

energy of -335.61, -329.54, -330.02 kcal/mol, 
while Ni(II) complex showed and -318.17 
kcal/mol with human antioxidant 3MNG protein 
receptor by the key of amino acid residues are 

PHE128, LEU97, VAL39, LEU110, LEU125, 
GLY38, ARG127, HIS51, PHE37, GLY38, 
ARG127, HIS51 ,LEU36, VAL39, LEU125, LEU96, 

CYS72, LEU97, GLY38, ARG127, PHE37, 
MET130, LEU36, PHE29, ALA71, LEU97, VAL39, 
PRO40, LEU125, ARG127, and LEU36 (24). The 

binding interaction of ligand with receptors 
amino acid residues shows conventional 
hydrogen bond, pi-alkyl and pi-sigma interaction 
bonds as shown in Figures 4 and 5. The 

interesting binding sites present in the receptor 
will favors the binding interaction with ligand, 
the computational docking studies were done for 
good docking scored complexes revels that they 

showed good antioxidant inhibition activity (25-
27). Finally, the results are good comparison for 
the wet analysis of antioxidant study. These 

results are shown in Table 3. 
 

 
Table 3: Docking scores of metal complexes. 

Compounds Receptor PDB code ΔG (kcal/mol) 

MPH 3MNG -240.51 

[Ni(MPH)2Cl2]H2O 3MNG -318.61 

[Co(MPH)2Cl2] 3MNG -329.54 

[Cu(MPH)2Cl]Cl.H2O 3MNG -330.02 

[Zn(MPH)2Cl]Cl.H2O 3MNG -335.17 
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Figure 4: 3D & 2D binding interactions of [Ni(L)2Cl2]H2O and [Co(L)2Cl2] 
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Figure 5: 3D & 2D binding interactions of [Cu(L)2Cl]Cl.H2O and [Zn(L)2Cl]Cl.H2O 

 
Antimicrobial activity: 
The antibacterial and antifungal activity of the 

ligand and its metal complexes was evaluated 

against S.aureus, B.subtilis and E.coli bacteria 
by the agar well diffusion method using nutrient 
agar medium at ±37 °C, incubated for 24 hrs 
and potato dextrose agar (PDA) for fungal 
strains like C. neoformans, C.albicans and 
A.niger at ±25 °C, incubated for 48 to 78 hours. 

Compounds were basically dissolved in DMSO 
and about 100 µL of this compound were filled 

to pre labelled wells using micropipette (28). 

DMSO used as negative control and 
chloramphenicol and fluconazole were used as 
standards (positive control) for bactericide and 
fungicide. All the synthesized complexes and the 
uncoordinated ligand showed inhibition property, 
among them Cu(II), Zn(II) and Mn(II) 
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complexes showed excellent activity when 

compared to standards and represented in Table 
4. Our results showed that ligand MPH least 
activity against S. aureus with 03±0.3 mm zone 
of inhibition, but the complexes MPH2, MPH3 and 
MPH4 indicated highest activity against S. aureus 
with zone of inhibition 13±0.1 mm. B. subtilis 

showed highest susceptibility against MPH3, 
MPH4 and MPH5 with zone of inhibition 15±0.1 
mm. the complexes MPH3, MPH4 and MPH5 

showed a significant antibacterial activity against 

E. coli with zone of inhibition 12±0.3 mm (29). 
In case of antifungal activity, the highest activity 
was observed in MPH2 against C. neoformans 
with 10±0.6 mm zone of inhibition. C. albicans 
showed highest susceptibility against complexes 
MPH3, MPH4 and MPH5 with zone of inhibition 

10±0.1 mm respectively. Also, the complex 
MPH2 showed highest activity aligned A. niger 
with 11±0.3 mm zone of inhibition. 

 
Table 4: Zone inhibition of antimicrobial data 

 

Compounds 

Antibacterial zone inhibition in mm 

(mean ± SD) 

Antifungal zone inhibition in mm 

(mean ± SD) 

S. aureus B. subtilis E. coli C. neoformans C. 

albicans 

A. niger 

Ligand  03±0.3 05±0.2 05±0.7 04±0.4 03±0.1 - 
MPH1 06±0.3 

 
- 
 

07±0.3 
 

08±0.2 
 

- 
 

06±0.3 
 

MPH2 14±0.2 
 

12±0.4 
 

10±0.2 
 

10±0.6 
 

09±0.2 
 

11±0.3 
 

MPH3 13±0.1 
 

15±0.1 
 

12±0.3 
 

08±0.4 
 

10±0.1 
 

10±0.3 
 

MPH4 13±0.1 
 

15±0.1 
 

12±0.3 
 

08±0.4 
 

10±0.1 
 

10±0.3 
 

MPH5 13±0.1 
 

15±0.1 
 

12±0.3 
 

08±0.4 
 

10±0.1 
 

10±0.3 
 

Chloramphenicol 15±0.2 
 

16±0.3 
 

13±0.3 
 

12±0.2 
 

11±0.4 
 

13±0.3 
 

Fluconazole - - - 12±0.2 10±0.1 12±0.3 

DMSO 0 0 0 0 0 0 

 
CONCLUSION 
 

In the present work, the ligand and a series of 
its metal complexes [Ni(MPH)2Cl2]H2O, 
[Co(MPH)2Cl2], [Cu(MPH)2Cl]Cl.H2O, 
[Zn(MPH)2Cl]Cl.H2O and [Mn(MPH)2Cl]Cl have 
been synthesized by a conventional method. The 
obtained compounds were analyzed by various 
spectroscopic techniques. Thermogravimetric 

analyses curve explains step by step 
degradation and the results are also supported 

the stability of metal complexes in the order of 
Zn(II) > Mn(II) > Co(II) > Ni(II)> Cu(II) 
complexes. The synthesized ligand is bidentate 
and coordinates through the nitrogen and 
carbonyl oxygen atoms of semicarbazone 

derivative. The two chlorine atoms also occupy 
the two sites of each metal giving an octahedral 
geometry for nickel(II) and cobalt(II) 
complexes. However, copper(II) complex is 
square pyramidal. The 2D and 3D binding 
interactions of all metal complexes exhibited 

highest binding energy scores as compared to 
ligand with human 3MNG protein receptor. In 
case of antioxidant activity, the cobalt(II), 

copper(II), and zinc(II) complexes showed 
better results than other complexes. The 
complexes were also screened for antimicrobial 
and molecular docking studies. The results are 

suggested that the complexes more prominent 
when compared to uncoordinated ligand, but 

less prominent in comparison with standard 
drugs.  
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Elemental analysis of henna samples by MP AES 
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Abstract : In this study, a new methodology using microwave-induced plasma atomic emission 

spectrometry (MP AES) after microwave assisted digestion been developed to determine aluminum, 
boron, cadmium, cobalt, chromium, copper, iron, lead, manganese, molybdenum, nickel, and tin 
concentrations in 18 commercial henna samples purchased from markets in Turkey. For the 
elemental determination, 0.100 g henna sample weighed and digested with 10 mL of HNO3+H2O2 
(3:1) mixture in a microwave digestion system. The analytes in certified reference material bush 
branches and the leaves were determined in the uncertainty limits of the certified values as well as 
the analytes added to the henna sample prior the digestion were recovered quantitatively (95-105 

%). Finally found results in henna samples were compared with several regulations from different 

countries as well as other published results. 
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INTRODUCTION 

 

Henna is a dye prepared from the Lawsonia 

inermis, plant, which is found in hot climates 

such as Egypt, India, Africa, and Morocco. 

Originally, henna was used in Egypt. It is well 

documented that Cleopatra used henna for 

cosmetic purposes. It is mainly used for dying 

the skin, hair, and nails, and as a component 

for some cosmetic products (1). Since it is 

believed to create healthy and beautiful hair, 

it is also used as a common hair product, as a 

natural component for shampoos and 

conditioners (2). Henna is also applied as a 

temporary tattoo on hands and feet for 

cosmetic purposes. Since it is not permanent 

and is painless, cheap and carries no risk of 

HIV or hepatitis infections, it is highly popular 

among children and young adults (1, 3). 

 

Lawsone, primarily concentrated in the 

petioles of the leaves of Lawsonia inermis, 

causes staining or dyeing. However, they must 

be crushed in order to release the lawsone 

molecules contained within the leaf. Once 

released, the lawsone gradually binds to the 

http://dx.doi.org/10.18596/jotcsa.423820
mailto:nil.ozbek@itu.edu.tr
http://dergipark.gov.tr/jotcsa
http://www.turchemsoc.org
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outer layer of the proteins in the skin or hair, 

thus staining or dyeing it. Its characteristic 

staining properties are caused by the 

compound 2-hydroxy-1,4-napthoquinone, 

which is also known as hennotannic acid. 

Leaves of henna contain this compound up to 

5% by weight. Since hennotannic acid does 

not dissolve in water, henna leaves are mixed 

with a mild acidic agent (i.e. lemon juice, and 

strong tea, etc.) to release it from the plant. 

In order to enhance the scent of henna paste, 

various oils and herbs may also be added. One 

day after mixing, the activation of dye is 

completed. But after three days, it loses 

staining capabilities. The lawsone dye does not 

chemically alter the skin and hair so there is 

no permanent change. Since the dye 

molecules, 2-hydroxy-1,4-napthoquinone, are 

about the same size as amino acid molecules, 

they migrate from the outermost layer of the 

skin or hair. 

 

Natural henna, while being totally organic and 

natural, is altered by additives such as p-

phenyldiamine (PPD), eucalyptus oil, black 

tea, vinegar, lemon oil, clove oil, mustard oil 

or coffee powder to obtain different colors in 

the applications (4, 5). Natural henna is 

relatively safe but these additions may cause 

allergic reactions; moreover, heavy metal 

concentrations of these enhanced types of 

hennas are reportedly high (6). In a previous 

study, heavy metals such as chromium, 

cobalt, nickel and lead were found in black 

henna tattoo samples (4). Moreover, as an 

allergic reaction to cobalt and lead in henna, 

contact dermatitis were observed in a patient 

(7).  

 

Some non-essential heavy metals like 

cadmium, mercury and lead, can damage 

biological structures and cause health 

problems even at the lowest concentrations 

(8). These metals can have toxic effects by 

ingestion, inhalation, and by skin exposure 

(9). The Canadian Government determined 

heavy metal impurity concentrations in 

cosmetic products as 5 ppm for antimony, 3 

ppm for arsenic, 3 ppm for cadmium, 10 ppm 

for lead and 1 ppm for mercury (10). Heavy 

metal concentrations in cosmetic products in 

Germany are also limited to 0.5 ppm for 

antimony, 0.5 ppm for arsenic, 0.1 ppm for 

cadmium, 2.0 ppm for lead and 0.1 ppm for 

mercury (11). U.S. Food and Drug 

Administration (FDA) limited lead and arsenic 

content of henna (as a color additive for 

cosmetic products) as not more than 20 ppm 

and 3 ppm, respectively (12). In this context, 

levels of different elements should be 

determined in henna samples. Till now, 

potential stripping analysis (PSA) (13), 

graphite furnace and flame atomic absorption 

spectrometry (GFAAS and FAAS) (14-17) and 

inductively coupled plasma atomic emission 

and mass spectrometry (ICP-AES and ICP-MS) 

(2, 4, 18) have been used for determination of 

different elements in henna samples (Table 1). 
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Table 1: Available methods for determination of different elements in henna samples. 

Sample Method Elements (Ranges) Ref 

Henna (3 Samples) PSA Pb (8.52-19.61 µg g-1) 

Zn (˂LOD-490 µg g-1)  

(13) 

Henna (7 Samples) GFAAS Pb (2.20-19.9 µg g-1) (16) 

Henna (15 samples) FAAS Ni (2940-3900 µg g-1) 

Co (2960-3540 µg g-1) 

(15) 

Henna (4 Samples) ICP-AES Al (610-3293 µg g-1) 

Cr (33-86 µg g-1) 

Cu (7.0-21 µg g-1) 

Fe (750-2404 µg g-1) 

Mn (65-120 µg g-1) 

Ni (˂LOD-8.0 µg g-1) 

(18) 

Henna (20 Samples) GFAAS Pb (1.29-16.48 µg g-1) (14) 
Henna (12 Samples) ICP-AES Pb (2.29-65.98 µg g-1) (2) 

Henna (5 Samples) ICP-MS Cr (35.0-76.9 µg g-1) 

Co (0.44-3.11 µg g-1) 

Ni (1.13-2.20 µg g-1) 

Pb (1.59-17.7 µg g-1) 

(4) 

 

  Microwave Induced Plasma Atomic Emission 

Spectrometry (MP AES) is a plasma technique 

which uses 2.45 GHz microwave magnetic field 

and nitrogen gas to sustain the plasma (Figure 

1). In this technique, since nitrogen generator 

is used, flammable and toxic gasses are not 

required. Nitrogen plasma have relatively 

higher temperature than the flame of AA, 

which makes possible to determine refractive 

and carbide forming elements. This technique 

has recently become commercialized, so the 

number of papers regarding the applications of 

MP AES on different samples are relatively low 

when compared to the AAS and ICP techniques 

(19, 20). It was recently used for different 

elemental determination in various matrices, 

i.e. gasoline and ethanol fuel (21), diesel and 

biodiesel (22), animal feed and fertilizer (23), 

steel (24), wine (25), cheese (26), leather and 

fur (27), maize seed (28), vinegar (29), bread 

(30) and tarhana (sundried food made of curd, 

tomato and flour) (31) and geological samples 

(32). Total dissolved salt (TDS) content 

limitation of the sample is the only drawback 

of the method. When TDS of the solution is 

above 4%, with the aspiration of sample, a 

critical damage to the torch may occur due to 

the accumulation of salt residues. 
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Figure 1: Schematic of Microwave Induced Plasma Atomic Emission Instrument. 

 

In this paper, a novel and easy method were 

developed for the determination of aluminum, 

boron, cadmium, chromium, cobalt, copper, 

iron, manganese, molybdenum, nickel, lead 

and tin concentrations in 18 commercial henna 

samples sold in Turkey by MP AES.  

 

MATERIALS AND METHODS 

 

Instrumental 

An Agilent 4200 Microwave Induced Plasma 

Atomic Emission Spectrometer (MP OES) 

(Agilent Technologies, Melbourne, Australia) 

equipped with an Inert One Neb nebulizer and 

a double-pass glass cyclonic spray chamber 

(Agilent Technologies, Melbourne, Australia) 

were used throughout this study. Nitrogen was 

extracted from the air using an F-DGSi, 

Thyster 8/1 LV, (Innovative Gas System Co., 

Evry, France), dual flow nitrogen generator. 

The sample and waste tubings were 

orange/green and blue/blue solvent resistant, 

respectively (Agilent Technologies, Melbourne, 

Australia). Before every sample reading, 10 

seconds of uptake time and 20 seconds of 

torch stabilization time were set, whereas for 

the emission measurement of each sample, 5 

seconds read time with 3 replicates were 

applied. The torch alignment and wavelength 

calibration were optimized using a wavelength 

calibration solution (Agilent Technologies, 

Melbourne, Australia). The instrumental 

parameters for MP AES are given in Table 2. 

Samples were weighed using a Model XR 

205SM-DR Precisa 5-digits balance with 

0.01 mg readability. For digestion procedure, 

Topwave microwave-assisted digestion 

system (Analytik Jena, Berlin, Germany) 

equipped with pressure controlled Teflon 

vessels (50 mL) were used. 

 

  



Ozbek N. JOTCSA. 2018; 5(2):857–68.   RESEARCH ARTICLE 

861 
 

Table 2: Optimized instrumental parameters and figures of merit for the method. 

  Al B Cd Co Cr Cu 

Wavelength, nm 396.15 249.77 228.80 340.51 425.43 324.75 

Ion Type I I I I I I 

Viewing Position 0.00 0.00 0.00 0.00 0.00 0.00 
Nebulizer Flow, 
L min-1 0.85 0.40 0.45 0.65 0.95 0.75 
Background 
Correction Auto Auto Auto Auto Auto Auto 
Uptake Time, 
sec 15.00 15.00 15.00 15.00 15.00 15.00 

Stabilization 
Time, sec 20.00 20.00 20.00 20.00 20.00 20.00 

LOD, µg L-1 1.58 1.14 3.56 4.39 1.19 0.30 

LOQ, µg L-1 5.28 3.79 11.8 14.6 3.98 0.99 
Regression 
Coefficient, r2 0.999 0.998 0.999 0.999 0.999 0.999 
Calibration 
Curve Equation 

44476.694C-
1767.305 

17404.721C-
1060.608 

23016.624C
+86.113 

34681.460C+
144.598 

50288.135C
+12.838 

137723.124C
-23.418 

Linearity, mg L-1 LOQ-10 LOQ -10 LOQ -5 LOQ -10 LOQ -10 LOQ -10 

 Fe Mn Mo Ni Pb Sn 

Wavelength, nm 371.99 403.08 379.83 352.45 405.78 317.51 

Ion Type I I I I I I 

Viewing Position 0.00 0.00 0.00 0.00 0.00 0.00 
Nebulizer Flow, 
L min-1 0.80 0.75 0.80 0.30 0.65 0.90 
Background 
Correction Auto Auto Auto Auto Auto Auto 
Uptake Time, 
sec 15.00 15.00 15.00 15.00 15.00 15.00 
Stabilization 
Time, sec 20.00 20.00 20.00 20.00 20.00 20.00 

LOD, µg L-1 3.51 0.333 0.987 8.43 2.43 7.71 

LOQ, µg L-1 11.71 1.11 3.29 28.1 8.11 25.7 
Regression 
Coefficient, r2 0.999 0.999 0.999 0.998 0.999 0.998 
Calibration 
Curve Equation 

11874.461C-
9.994 

50176.156C+
17.206 

40646.008C-
64.484 

7945.255C+8
6.744 

8314.895C+
51.168 

3652.684C+
146.860 

Linearity, mg L-1 LOQ -10 LOQ -10 LOQ -10 LOQ -10 LOQ -10 LOQ -10 

*C: concentration, mg L-1. 

 

Reagents and Solutions 

For the preparation of the solutions, the water 

with 18.2 MΩ cm resistivity obtained from a 

TKA reverse osmosis and a deionizer system 

(TKA Wasseraufbereitungsstandards, system 

GmbH, Niederelbert Germany) were used. The 

calibration standards were prepared from a 

mixed standard which included 1000 mg L-1 of  

Al, B, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, and 

Sn (Carlo Erba, Radona, Italy) daily. For 

accuracy tests, certified reference material, 

bush branches and leaves CRM from the China 

National Analysis Center for Iron and Steel 

(Beijing, China) were used.  

 

Procedure 

Before starting the experiments, eighteen 

henna samples were bought from different 

locations in Istanbul. They and the certified 

reference materials were stored in 

polyethylene bags and kept at room 

temperature. Prior to the analysis, the 

samples were dried at 50 °C in an air-

ventilated oven for 12 h. The samples were 

allowed to cool over silica gel and stored in 
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tightly closed folding polyethylene cups. All the 

samples were ground manually in an agate 

mortar. A topwave microwave-assisted 

digestion system (Analytik Jena, Berlin, 

Germany) equipped with pressure controlled 

Teflon vessels (50 mL) were used for the 

sample digestion. Each sample was weighed 

around 0.1 g with 0.1 mg sensitivity and 

underwent microwave-assisted digestion 

using 10 mL of HNO3+H2O2 (3:1) mixture. 

After the microwave digestion program, the 

digested samples were allowed to cool down 

and then completed to 10 mL. The microwave-

assisted digestion program is shown in Table 

3.  

 

Table 3: The microwave–assisted digestion programme for the digestion of henna samples. 

Temperature  
(°C) 

Pressure 
(bar) 

Ramp 
(min) 

Time  
(min) 

Power 
(%) 

180 60 36 5 90 
180 60 1 15 90 
50 50 10 10 0 
50 50 10 10 0 
50 50 10 10 0 

 

RESULTS AND DISCUSSION 

 

Instrumental Optimization 

The main limitation of this technique is the 

total dissolved salt (TDS) concentration of the 

samples. In case of excess salt concentration 

in the sample, the accumulation of salts may 

cause blockages of the torch and the 

nebulizer. For the 4200 MP AES system, the 

limiting TDS concentration is 4%. This 

problem can be avoided using diluted 

solutions. However, while the dilution of the 

sample reduces the TDS concentration and the 

risk of damaging the torch and nebulizer, 

diluting the sample too much may cause the 

concentration of the analyte falling under LOD. 

Therefore, selecting the appropriate emission 

wavelength and optimum dilution factor is an 

important step for this analysis. 

 

First of all, optimum wavelengths were 

selected for highest sensitivity and lowest 

spectral interference. After several 

experiments 396.15 nm, 249.77 nm, 228.80 

nm, 340.51 nm, 425.43 nm, 324.75 nm, 

371.99 nm, 405.78 nm, 403.08 nm, 379.83 

nm, 352.45 nm, and 317.51 nm  were selected 

as most appropriate wavelengths for 

aluminum, boron, cadmium, cobalt, 

chromium, copper, iron, lead, manganese, 

molybdenum, nickel, and tin respectively. 

Then, automatic optimization for nebulizer 

pressure and viewing position were done by 

the instrument for the highest sensitivity 

(Table 1). Finally, the dilution factor was 

determined. It is important to determine the 

optimum dilution factor in order to prevent 

defections at the torch and stay above LOD for 

all the analytes. After several tries, it was 

decided to dilute all samples to 10 mL in order 

to stay in the linear range of all elements and 

generally above LOD. Some further dilution 

were needed for some samples in order to 

determine aluminum and iron. With this 

dilution factors, samples did not cause any 

damage to the torch during the whole study.  

 

Figures of Merit  

Limit of detection and quantification (LOD and 

LOQ) were calculated as figures of merit for 

the method. The limit of detection (LOD) and 

the limit of quantification (LOQ) were 

calculated as 3 and 10 times the standard 



Ozbek N. JOTCSA. 2018; 5(2):857–68.   RESEARCH ARTICLE 

863 
 

deviation (σ) for 10 repetitive aspiration of a 

blank used for the digestion of samples were 

divided by the slope of linear calibration graph 

(3σ and 10σ /slope of calibration graph), 

respectively. The figures of merit are given in 

Table 1.  

 

In order to test the accuracy of the method, 

the analytes in a certified reference material 

(CRM) were determined. Since henna CRM 

could not be found, a plant based CRM, NCS 

DC 73349-bush branches and leaves were 

used. As can be seen from Table 4, the 

accuracy test showed that there were no 

systematical errors (due to the balance, 

pipettes, flasks, and impurities of the reagents 

etc.).  

Table 4: Accuracy tests for CRM (NCS DC 73349-bush branches and leaves) (n:4). 

 

Certified Value 
(µg g-1±SD) 

Found Value 
(µg g-1±SD) 

Al 2000±300 1995±80 

B 38±6 35.2±8 

Cd (0.38) 0.40±0.01 

Co 0.41±0.05 0.39±0.06 

Cr 2.6±0.2 2.8±0.1 

Cu 6.6±0.8 7.2±0.1 

Fe 1070±57 999±32 

Mn 61±5 64±5 

Mo 0.28±0.05 0.22±0.5 

Ni 1.7±0.3 2.0±0.1 

Pb 47±3 43±3 

Sn (0.27) 0.17±0.11 

*Data enclosed in the brackets show unceritifed values, given as reference only in the certificate. 

 

In order to validate the results, recovery tests 

were conducted also. In order to find out if 

there is any analyte lost in digestion step, 

analytes were added to henna samples prior 

the digestion step. As can be seen from Table 

5, added elements were completely recovered. 

This shows that the sensitivity (emission 

intensities) were not influenced from the 

sample matrix and there is no analyte loss 

during sample preparation step. The obtained 

recoveries were between 95 to 105 %, which 

allows us to use linear calibration technique 

without needing standard addition technique. 

 

Table 5: Recoveries of analytes added to a henna sample prior to the digestion step. 

 
Addition  

Recovery (%) 

Al 0.1 mg g-1 
95.7 

B 10 µg g-1 
97.3 

Cr 10 µg g-1 
96.7 

Cu 10 µg g-1 
98.4 

Fe 1 mg g-1 
96.4 

Mn 10 µg g-1 
101.2 

Ni 10 µg g-1 
97.3 

Pb 10 µg g-1 
95.6 
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Finally, in Table 6, the concentrations of 

aluminum, boron, cadmium, cobalt, 

chromium, copper, iron, manganese, 

molybdenum, nickel, lead, and tin in the henna 

samples are given. As can be seen from the 

table, Cd, Co, Mo and Sn concentrations are 

under their respective LOD values (0.356 µg 

g-1 for Cd, 0.439 µg g-1 for Co, 0.0333 µg g-1 

for Mo and 0.771 µg g-1 for Sn). After all the 

optimizations, there is no accumulation of 

deposits in the torch during the whole 

analysis. Repeatability of the results were 

checked by the RSDs of the emissions, which 

were below 10% for all the analytes on the 

same day. In 18 different henna samples 

bought from Turkey, Fe (0.26-3.17 mg g-1) 

and Al (0.122-5.22 mg g-1) were the most 

abundant elements. On basis of the overall 

mean levels, the mean heavy metal levels 

were in the following order Fe (0.26-3.17 mg 

g-1) ˃Al (0.122-5.22 mg g-1)˃Mn (15.5-188 µg 

g-1)˃B (4.5-71.6 µg g-1)˃Cr (0.70-54.4 µg g-

1)>Ni (6.50-25.2 µg g-1)>Cu (2.70-67.6 µg g-

1)>Pb (6.50-17.4 µg g-1) which were similar 

with previous studies. Found concentrations 

were below the limits regulated by the FDA 

(12) and Canadian Government (10), except 

for some lead values for Canadian 

Government. Lead values also exceeded the 

limits regulated by Germany (11).  

CONCLUSION 

 

In this study, MP AES was used to analyze 

henna samples after wet digestion procedure. 

Various elements were determined 

(aluminum, boron, cadmium, cobalt, 

chromium, copper, iron, lead, manganese, 

molybdenum, nickel, and tin) in henna 

samples. This technique offers multiple 

benefits over other methods, such as fast 

sequential determination of multiple elements 

with lower detection limits when compared to 

FAAS. Since there is no need to change and 

optimize lamps, there is no need of a 

complicated procedure for optimization. Each 

element was optimized by the software 

automatically in a few minutes. Sample 

consumption is also very low when compared 

to AAS methods (around 2 mL for 10 

elements). Moreover, since there is no use of 

flammable gases and nitrogen is extracted 

from air by a nitrogen generator, this method 

is safer and has low running costs when 

compared to other emission techniques. To 

conclude, a fast, practical, and 

environmentally friendly and also a safe 

procedure was developed. Determined 

concentration values of 18 henna samples 

were below regulated limits except lead 

concentrations. With this study, it is proved 

that MP AES can be use to determine 

elemental values in cosmetic industry. 
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Table 6: Metal concentrations in various kinds of henna samples determined by MP AES (Mean Values±SD, n:4). 

Brand Place of Origin Color of Henna 
 Expected 

Color Effect Al B Cr Cu Fe Mn Ni Pb 

    mg g-1 µg g-1 µg g-1 µg g-1 mg g-1 µg g-1 µg g-1 µg g-1 

BRAND 1 Iran Green ND 0.122±0.001 ˂LOD ˂LOD 2.70±0.162 0.24±0.015 15.5±0.653 ˂LOD ˂LOD 

BRAND 2 Iran Green ND 0.743±0.035 14.2±0.712 44.4±1.61 11.8±0.85 1.31±0.079 149±7.46 10.2±0.421 7.82±0.421 

BRAND 3 Iran Green ND 1.25±0.063 18.2±0.861 0.70±0.042 11.9±0.65 2.61±0.134 188±9.35 11.6±0.543 17.4±0.542 

BRAND 4 India Green ND 1.22±0.061 18.4±0.744 8.20±0.511 9.50±0.431 2.21±0.143 147±6.54 9.31±0.521 11.5±0.423 

BRAND 5 India Green ND 1.59±0.081 20.4±0.853 3.70±0.213 9.80±0.588 3.17±0.176 169±7.45 11.3±0.621 6.12±0.352 
BRAND 6 India Brown Chestnut 0.541±0.027 19.3±0.852 23.6±1.23 6.80±0.421 1.05±0.056 69.6±2.41 10.3±0.554 3.63±0.198 

BRAND 6 India Brown Brown 0.283±0.015 17.2±0.657 19.2±1.101 6.70±0.561 0.80±0.045 59.8±3.21 10.3±0.345 2.52±0.135 

BRAND 7 India Brown Burgundy 0.354±0.018 10.1±0.641 34.7±1.53 6.70±0.402 0.75±0.053 101±5.04 9.70±0.521 3.83±0.302 
BRAND 7 India Green Yellow 0.211±0.010 15.3±0.665 9.70±0.352 4.90±0.321 0.44±0.032 42.5±2.14 25.2±1.32 1.73±0.085 

BRAND 8 ND Green ND 0.311±0.016 4.50±0.151 2.40±0.151 67.6±3.21 0.26±0.015 29.6±1.54 10.3±0.545 5.14±0.274 

BRAND 9 Turkey Green ND 1.29±0.065 20.5±1.04 6.30±0.323 10.1±0.511 2.67±0.164 159±6.54 11.0±0.623 13.4±0.713 

BRAND 10 Saudi Arabia Brown ND 1.11±0.055 15.0±0.644 54.4±2.14 14.0±0.75 2.06±0.123 158±8.53 11.1±0.488 5.11±0.321 
BRAND 11 ND Black Black 5.22±0.261 6.80±0.457 2.20±0.112 3.60±0.231 1.70±0.321 144±6.54 7.90±0.432 14.5±0.652 
BRAND 12 India Light Brown Orange 0.721±0.036 71.6±2.89 8.30±0.432 10.9±0.652 1.80±0.234 65.0±3.24 19.7±1.05 5.92±0.213 
BRAND 12 India Light Brown Burgundy 0.258±0.013 15.1±0.862 2.30±0.112 4.20±0.342 0.74±0.045 28.9±1.54 6.50±0.345 1.62±0.075 
BRAND 12 India Dark Brown Purple 0.434±0.022 5.20±0.455 3.50±0.164 5.30±0.317 0.86±0.064 63.0±3.15 7.00±0.421 2.14±0.114 
BRAND 12 India Dark Brown Brown 0.440±0.022 8.90±0.546 2.10±0.142 9.40±0.452 9.59±0.641 87.4±4.24 12.4±0.658 3.63±0.203 
BRAND 12 India Black Black 0.561±0.028 10.6±0.649 ˂LOD 6.70±0.328 1.23±0.053 80.6±4.07 9.70±0.521 4.80±0.354 

*ND: Not Defined. *Cd, Co, Mo and Sn concentrations are under their respective LOD values. 
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Abstract: Synthesis of calcium carbonate (CaCO3) particles in the presence of a population of carbon dioxide 

(CO2) bubbles was investigated in the calcium hydroxide (Ca(OH)2) solution, which is a natural stabilizer for 
CaCO3. Possible chemical speciation reactions were presented for an inorganic synthesis of hollow nano-
CaCO3 particles. In the progress of CaCO3 synthesis, some of the particles started to dissolve at their edges 
and turned into hollow nano-CaCO3 particles. Some of the pores closed at the end of crystallization as a 

result of dissolution-recrystallization mechanism. Hollow nano-CaCO3 particles with sizes of about 300 nm 
were synthesized with a narrow size distribution. It was concluded that the hollow nano-CaCO3 particles 

could be advantageous due to lower weights and higher surface areas. 
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INTRODUCTION 
 
Calcium carbonate (CaCO3) is one of the cheapest 
filling materials widely used in paper, cement, and 

paint industries to decrease the product’s cost and 
to enhance the physical properties of the 
composite materials. The enhancement in the 
physical properties of the composite materials is 
more important when the particles are used in 
nano sizes (1). However, production of CaCO3 
particles in nano sizes and at narrow size 

distribution is difficult and rare in the literature (2-
4). Therefore, new methods need to be developed 

to produce monodispersed nano CaCO3 particles in 
large scale. 

 

Calcium carbonate from nature was generally 

supplied to the industry after a series of crushing, 
grinding, and sieving processes called Ground 
Calcium Carbonate (GCC) (5). However, nano-
CaCO3 particles cannot be obtained in the GCC 
process. Furthermore, the produced micron to 
millimeter sized CaCO3 are not in desired quality, 
homogenous size distribution, and purity (5). 

Nano-CaCO3 particles therefore need to be 

synthesized by recrystallization methods. There 
are basically two recrystallization methods for the 
CaCO3 synthesis. One is chemical method where 
sodium carbonate (Na2CO3) and calcium chloride 

(CaCl2) are used as reactants (6). For this case, 
other ions such as Na+ and Cl- play an important 
role on crystallization and bigger particles are 
produced with sizes larger than 3 µm (7). The 

other method is carbonization method and uses 
carbon dioxide (CO2) and calcium hydroxide 
(Ca(OH)2) as the reactants (8-10). Nano size 
particles can be produced in carbonization method 
depending on concentration and temperature of 

the solution (11). There are different carbonation 

methods appeared in the literature to synthesize 
nano-CaCO3 particles. Examples are reactive 
crystallization processes (12-15), sono-chemical 
processes (16, 17), sol-gel processes (18), 
reverse-microemulsion processes (19, 20), and 
supercritical chemical processes (16, 21). In 
reactive crystallization processes, Ca(OH)2-CO2-

H2O multiphase system is used to produce CaCO3 
nanoparticles. Temperature, concentration of 
reactants, stirring rates as well as mechanisms of 
CO2 transport to the gas–liquid interface were 

http://dergipark.gov.tr/jotcsa
http://dergipark.gov.tr/jotcsa
mailto:sevgikilic@iyte.edu.tr
http://dx.doi.org/10.18596/jotcsa.371374
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investigated as the process parameters to obtain 

nanocrystals (22). In sonochemical process, 

ultrasonic agitation was employed for a high 
conversion from Ca(OH)2 to precipitated CaCO3 
particles. Crystallization usually takes place with 
the formation of a CaCO3 layer around the 
Ca(OH)2 particles causing a diffusion limitation for 

Ca2+ ions. These limitations could be overcome by 
the type of stirring and/or increasing the stirring 
rate. Smaller particles were obtained in short 
times (16). In sol-gel process, CaCO3 particles 
were synthesized by reacting Ca(OH)2 with CO2 in 
the presence of methanol. The resulting product 
was an aerogel. The aerogel was dried with 

supercritical carbon dioxide (scCO2) to produce 
CaCO3 aerogel. CaCO3 aerogel formation was a 
three-step process; primary CaCO3 nanoparticles 
formation (5-20 nm), secondary particles 

formation by growing primary particles (spherical 
or fiber-like) and aggregation to the CaCO3 gel 
(18). In reverse microemulsion system, CO2 

dissolved in an organic phase and diffused into the 
reverse micelles containing Ca(OH)2, where CaCO3 
particles produced at the superstation. The 
nucleation and growth continued during formation 
of new CaCO3 particles in the micelles (19). In 
supercritical chemical system, accelerated 

carbonation process was achieved by using scCO2 
with high yield to produce CaCO3 particles in 
narrow particle size distribution (16). Among the 
nano-CaCO3 production processes, reactive 
precipitation was the most useful industrial 
technique because it has low cost and sustainable 
for a large scale process. However, aggregation is 

an important problem among the newly formed 
nano particles and new techniques are needed to 
overcome the detrimental drawbacks.  
 
Nano particles are naturally unstable due to their 
unbalanced surface changes, which is generally 
related to their surface potential (23, 24). It is 

clear that the CaCO3 particles aggregate when the 
zeta potential is between +30 mV and -30 mV 
(25). A general consensus of about -10 mV of zeta 
potential value was reported for the CaCO3 (24). 
This value shows that the synthesized new CaCO3 
clusters are naturally unstable. However, in one of 

our recent papers (26), we reported that the zeta 
potential of CaCO3 particles are more than +30 
mV in Ca(OH)2 solution and they are stable. We 

have proved that stable nano-CaCO3 particles 
could be produced in “hollow” shapes when CO2 
was injected into the Ca(OH)2 solution as 
individual bubbles one after another (27). In this 

case, however, the CaCO3 crystallization rate was 
slower, the conversion took longer time, and the 
particle size was relatively larger with a particle 
size of about 450 nm. In our subsequent paper, 
CO2 bubbles were injected into the Ca(OH)2 
solution at much higher rates with 420 mL/min 
and the newly produced particles were forced to 

be removed from the crystallization region into the 

Ca(OH)2 solution as the stabilization region by a 

jet-flow (28). In such design, much smaller and 

“round” shaped nano-CaCO3 particles of about 300 
nm were produced.  
 
In the present study, a population of CO2 bubbles 
were injected into the Ca(OH)2 solution at a 

slower rate with 80 mL/min and the effect of 
multiple bubbles next to each other on the 
formation of “hollow” nano-CaCO3 synthesis was 
investigated without a jet flow. It was found that 
the stirring rate was satisfactory to remove the 
newly synthesized nano-CaCO3 particles from the 
crystallization region into the stabilization region, 

where rice-like hollow nano-CaCO3 particles were 
produced. The chemical speciation reactions were 
also reviewed for the formation of stable nano-
CaCO3 particles with almost homogenous particle 

size distribution. It was concluded that hollow 
nano-CaCO3 particles can be produced by bubbling 
the CO2 into Ca(OH)2 solution with a concentration 

of 15 mM without significant aggregation. 
 
MATERIALS AND METHODS 
 
Calcium hydroxide (Ca(OH)2) was purchased from 
Merck, Germany, with a purity of about 96%. The 

impurity contained 3% calcium carbonate (CaCO3) 
and 1% other impurities such as 0.05% of Na, K, 
Fe, Sr; 0.5% of Mg; 0.01% of SO4

2-, and 0.005% 
of Cl-. Carbon dioxide (CO2) gas was purchased 
from Carbogas, Turkey, and its purity was 
99.99%. Ultrapure water was obtained with a 
MilliQ (Millipore- Elix UV5/ Milli-Q) water 

purification system with a conductivity of 18.2 
MΩ.cm at 25 oC. 

 
Stable Nano CaCO3 Synthesis  
The experimental set up designed to synthesize 
stable nano-CaCO3 particles in Ca(OH)2 solution 
(26) was shown in Figure 1. Different 

configurations in the experimental set up was also 
used in the synthesis of rice-like hollow nano-
CaCO3 particles with a single bubble injection (27) 
and round shape nano-CaCO3 particles with a jet 
flow (28). Briefly, the experimental set up 
consisted of a coil pipe containing small openings 

submerged in the Ca(OH)2 solution at the upper 
corner of the tank. Therefore, two “crystallization” 
and “stabilization” regions were created. The 

diameter of the holes on the coil was about 2 mm 
for the injection of a population of CO2 bubbles. 15 
mM of Ca(OH)2 solution was prepared in ultrapure 
water to a final volume of 7 liters. Dissolution of 

CO2 from the atmosphere was measured and 
found negligible. The mechanical stirring rate was 
set to 800 rpm to make a homogeneous mixing in 
the tank containing Ca(OH)2 solution and later the 
CaCO3 slurry. The total CO2 flow rate was 80 
mL/min so that the population of CO2 bubbles 
were used to test the effect of CO2 dissolution on 

the aggregation of newly synthesized CaCO3 
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crystallites and particle growth. pH and 

conductivity values were monitored during the 

crystallization. 

 
 

 

CO2

Stirrer

Ca(OH)2

Solution

pH

Cond.

Computer

Stabilization
region

Crystallization
region

 
 

Figure 1: Experimental set up for stable nano-CaCO3 production. 
 

Sample Preparation and Characterization  
The average size, size distribution, and zeta 
potential values of the CaCO3 particles were 
measured by the dynamic light scattering (DLS) 
method using particle size analyzer (Malvern nano 
ZS model). Size distribution was obtained from 1 
mL of sample withdrawn from the solution into a 

UV cuvette and measured by DLS. Zeta potential 

values were also measured using another 1 mL of 
sample withdrawn from the solution into a zeta 
cell and estimated by the DLS. At certain time 
intervals, precipitates were obtained by 
centrifugation at 9000 rpm for 20 min. The 

particles were washed with acetone and dried at 
103 oC overnight. The morphologies of the CaCO3 
crystals were determined by the scanning electron 
microscope (SEM) (Philips XL 30 S FEG). The 
crystal structure was determined using the X-ray 
powder diffraction (XRD) measurements.  
 

RESULTS AND DISCUSSION 
 
Crystallization of calcium carbonate is widely 

studied in the literature because it is a model 
system for ionic crystallization. The CaCO3 
particles formed in chemical method are generally 
in micron sizes and CaCO3 particles synthesized in 
carbonization method are generally in nano sizes, 

however, they became usually aggregated (29, 
30). In order to synthesize nano sized CaCO3 
particles with a narrow particle size distribution, 
mass transfer between reactants need to be 
controlled in a semi-batch bubble reactor. This 
type of reactor is mostly used in gas-liquid 
reactive crystallization processes in industry (14). 

The micron-scale bubble generation also helps 
micro-mixing. Therefore, the bubble reactor 
provides to maintain perfect mixing and a rapid 
mass transfer between reactants in Ca(OH)2-CO2-
H2O-CaCO3 multiphase carbonization system. The 
size of gas bubbles is the most important 
parameter for an effective mass transfer and 

reactive absorption. Decreasing the bubble size 

causes to increase the gas–liquid interfacial area 
and the residence time for the bubbles by 
decreasing the lifting force on bubbles. The CO2 
dissolution at the bubble surface can be increased 
upon increasing the retention time of the CO2 

bubbles in the solution (15).  
 
The present method was designed to synthesize 
nano-CaCO3 particles at narrow size distribution in 
a bubble crystallizer-reactor. The stability of the 
particles was achieved by the excess Ca2+ ions in 
the Ca(OH)2 solution when the surfaces of 
particles are covered by the Ca2+ ions and 

positively charged (26). Figure 2 shows the 
measured pH and conductivity values during 

crystallization in the presence of the CO2 bubbles. 
The numbers indicated on the figure show the 
time at which samples were taken from the 
crystallization reactor for analysis. As shown in the 
figure, a sudden increase in pH and conductivity 

was realized when powdered Ca(OH)2 was added 
into the ultrapure water. This was the first step in 
CaCO3 crystallization for the dissolution of powder 
Ca(OH)2 in water. Ca(OH)2 was the source for 
Ca2+, OH-, and Ca(OH)+ ions in solution according 
to the chemical speciation reactions as follows 
(24): 
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Ca(OH)
2
 
(s)

Ca(OH)
2
 
(aq)

    (Eq. 1) 

Ca(OH)
2
 
(aq) Ca(OH)+ 

(aq) + OH- 
(aq)

    (Eq. 2) 

Ca(OH)+ 
(aq) Ca2+ 

(aq) + OH- 
(aq)

    (Eq. 3) 

Reactions (1) to (3) produce a homogeneous 
solution when the Ca(OH)2 concentration is less 
than its solubility limit of 18 mM (26). However, 
when the Ca(OH)2 concentration is higher than its 
solubility limit, part of the powdery Ca(OH)2 exists 

in the solution in solid form and the solution 
becomes a slurry. In this case, the dissolution 
from the powder Ca(OH)2 occurs with a surface 
diffusion limited process (31).  

Ca(OH)
2 Ca2+ + 2 OH- 

(surface)
   (Eq. 4)  

Ca2+ + 2 OH- 
(surface)

Ca2+ 2 OH- 
(bulk solution)+

  (Eq. 5) 
As shown in the figure, the Ca(OH)2 dissolution 
took more than 20 minutes in water, where the 

powder Ca(OH)2 was fully dissolved and converted 
into Ca2+, Ca(OH)+, and OH- ions. 
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Figure 2: Changes in conductivity and pH during crystallization. Numbers indicate the time intervals where 

samples were taken. 
 
The time was set to zero when the CO2 bubbles 
were injected into the Ca(OH)2 solution to initiate 
the CaCO3 crystallization. Therefore, the second 
step in CaCO3 crystallization was the dissolution of 

CO2 in Ca(OH)2 solution. The CO2 dissolution from 

the gas phase into the liquid phase is a 
complicated process. In the two-film theory, the 

CO2 first diffuses from the gas phase to the gas-
liquid interphase. Then, it dissolves at the gas-
liquid interphase. And finally, it diffuses through 
the liquid film into the solution (12). When CO2 

was introduced into Ca(OH)2 solution at pH 12.6, 

CO3
2- ions were expected to form preferentially 

(32).  

CO
2
 
(aq)

 + OH- CO
3
2-  + H+ 

    (Eq. 4) 
However, when pH was lower, other 
transformations were expected to occur at the 
gas-liquid interphase such as dissolution of CO2 in 

aqueous phase (Eq. 5), hydration by water (Eq. 
6), followed by quick ionization into HCO3

- and H+ 
ions (Eq. 7) (32).   

CO
2
 
(g) CO

2
 
(aq)

       (Eq. 5) 
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CO
2
 
(aq) + H

2
O H

2
CO

3

     (Eq. 6) 

H
2
CO

3 HCO
3
- + H+

     (Eq. 7) 
 
The dissolution of CO2 in an aqueous solution 
therefore decreases its pH. It is known that the 
pKa of a carbonated water is about 6.4 at 

atmospheric pressure (26). This value becomes 
lower when pressure of CO2 is increased.  
 
The third step in CaCO3 crystallization was the 
nucleation and crystalline growth. Newly 
synthesized nanocrystalline CaCO3 nuclei forms 

from the presence of Ca2+, HCO3
- and OH- ions 

and other ionic species such as CaHCO3
+ and 

CaOH+ ions. These latter ions could also 

participate in nano crystalline CaCO3 formation, 
which may initiate new nucleation sites or collide 
to form growing particles. Here, the solubility of 
CaCO3 is about 0.1 mM (26) and all these species 
were eventually converted into the solid-CaCO3 
particles. 

Ca2+ + HCO
3
- CaHCO

3
+

    (Eq. 8) 

CaHCO
3
+ CaCO

3 (aq) + H+

    (Eq. 9) 

Ca2+ CO
3
2-+ CaCO

3

    (Eq. 10) 
 
As shown in the figure, at the initial stage of 

crystallization, the pH and conductivity were 
higher. A pH value of 11.0 or higher is important 
for the calcite formation in the solution. When the 
pH is lower than 11.0, other CaCO3 polymorphs 
such as aragonite, vatarite, and its different 

hydrated species would form during crystallization 
(33-37). The conductivity started to decrease 

almost linearly when CO2 bubbles were injected 
into the Ca(OH)2 solution. In the subsequent 
stages, the decrease in pH was relatively small. 
The conductivity was related to the Ca2+ ion 
concentration (26). A decrease in conductivity 
clearly indicated that the Ca2+ ions were 
consumed in the Ca(OH)2 solution to produce 

CaCO3 particles. The near zero conductivity value 
indicated the consumption of all Ca2+ ions in 
solution. At this late stage, an abrupt decrease in 

pH was observed to about 7.0 due to a dissolving 

of an excess amount of CO2. In this case, an 
increase in H+ and HCO3

- ion concentrations 
results in a decrease in pH in the slurry. The low 
pHs cause the dissolution of some of CaCO3 
particles releasing Ca2+ ions back into the slurry. 

Thus, the released Ca2+ ions and its new 
complexes with OH- and HCO3

- ions to form CaOH+ 

and CaHCO3
+ species, respectively, increased the 

conductivity back again at the end of the 
crystallization as shown in the figure.  
 
It is important to measure the CO2 diffusion rate 
or the CaCO3 crystallization rate during CaCO3 
crystallization. We have shown that the 

conductivity is related to the Ca(OH)2 
concentration up to its solubility limit of 18 mM 
(26).  

Conductivity = 0.4268 [Ca(OH)2]    (Eq. 11) 
 
Here, the conductivity is in mS/cm and [Ca(OH)2] 

concentration is in mM. Such relationship agreed 

very well with Burns et al. (38). Therefore, the 
[Ca2+] ion concentration was estimated form the 

conductivity change during crystallization. The 

[OH-] ion concentration was calculated from Eq. 

(12), assuming that the OH- ions activity, aOH-, is 
about 1.0.  

  14
10

pH
OH

   
        (Eq. 12) 

The overall reaction for the crystallization of 
CaCO3 is given in Eq. 13, for which the CaCO3 
crystallization rate will be equal to the Ca(OH)2 

consumption rate as well as the CO2 consumption 
rate. 

Ca(OH)
2 + CO

2
CaCO

3 + H
2
O

     (Eq. 13) 
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Therefore, the CO2 injection rate, the Ca(OH)2 

consumption rate, and CaCO3 crystallization rate 

can be estimated from the conductivity 

measurements for the experiments. 

 
Equations (11) and (12) respectively show the 
calculated [Ca2+] and [OH-] ion concentrations and 
the results were plotted in Figure 3a. As shown in 
the figure, Ca2+ and OH- ion concentrations of 15 
mM and 30 mM were obtained, respectively, when 
15 mM of Ca(OH)2 was dissolved. As seen in the 

figure, Ca2+ and OH- ion concentrations both 
started to decline as the CO2 bubbles were 
introduced into the solution. Figure 3b shows the 
consumption rates for the Ca2+ and OH- ions 
calculated from the slopes of the Ca2+ and OH- ion 
concentration curves in Figure 3a, respectively. As 
shown in the figure, the consumption rates for 
Ca2+ and OH- were estimated to be about 0.4 

±0.07 mM/min and 0.8±0.2 mM/min, 

respectively. Here, the CO2 consumption rate was 
calculated in 7 liter of Ca(OH)2 solution to be 

about 0.047±0.012 mmoles/s, which agree very 
well with the literature (39, 40).  
 
The experimental method can also be used in the 
estimation of CO2 dissolution rate and the 
enzymatic activity of carbonic anhydrase, an 

enzyme to catalyze the hydration of CO2 in 
aqueous media (41). Therefore, a new method 
was developed for the biocatalytic activity of 
carbonic anhydrase using CO2-Ca(OH)2 system 
(41). It was found that free-CA lost its activity in 
less than 6 mins at pH 12.5 in Ca(OH)2 solution, 
however, its activity was retained when the CA 
was immobilized within polyurethane foam (41). 

Therefore, the biocatalytic activity of CA could be 

estimated at alkaline conditions in the aqueous 
solution of Ca(OH)2 (41).   
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Figure 3. (a) Estimated Ca2+ and OH- concentrations in the stirred reactor during crystallization. (b) Ca2+ 

and OH- consumption rates calculated from the estimated concentrations. 
 
Figure 4 shows the zeta potential values measured 
and the average particle sizes for the produced 
CaCO3 particles during crystallization. As Figure 4 
shows, at the first stage of crystallization, the 

average size of particles was measured to be ca. 

300 nm and the estimated zeta potential value 
was about +30 mV. The early stage particles were 
thought to be most probably charged nano CaCO3 
clusters. As CO2 was injected into the solution, the 

average particle size was again about 300 nm, 
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and the zeta potential increased to about +50 mV. 

The zeta potential is important for the surface 

charge of the particles. The positive zeta potential 
higher than +30 mV indicated that the CaCO3 
particles obtained were in a stable form and little 
or no aggregation was expected to occur (25). As 
shown in the figure, the removal of particles from 

the crystallization region in the solution facilitated 
the formation of nano particles without 
aggregation and growth to larger particles. At the 
late stage, where the Ca2+ was consumed and pH 
decreased, the zeta potential value was shown to 
decrease to about +24 mV for which some 

aggregation expected to occur. Therefore, we 

observed that the average size of particles slightly 

increased. On the other hand, the measurement in 
an increase in CaCO3 particle size could be due to 
the increase in the population of the particles. 
When the number of particles increased in the 
solution, the scattered light to the detectors could 

be increased due to interactions of these particles 
in the slurry. Therefore, the figure shows that the 
increase in particle size towards the end of 
crystallization could be due to an artifact which 
can best be visualized from electron microscopic 
images.  
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Figure 4. The zeta potential and average particle size for the particles that were obtained in the stirred 
reactor. 

 

Figure 5 shows the scanning electron microscopy 
(SEM) images of the CaCO3 particles obtained at 
the indicated sampling time intervals of 
crystallization. The values for the conductivity, pH 
value, and zeta potential were also provided with 

the images. As shown in the images, rice-like and 
chunks of CaCO3 particles were seen before CO2 

injection. The chunks of cubic CaCO3 residues 
were expected to come from the impurities in the 
Ca(OH)2 powder. The rice-like particles occurred 
at lower CO2 dissolution rates. Or, these rice-like 
CaCO3 particles did form initially due to a 

dissolution-recrystallization mechanism with 
CaCO3 particles that are present in the solution as 
the impurity as defined in the materials section (4, 
42-44). When the CO2 bubbles were introduced in 

the solution, rice-like nano CaCO3 particles formed 
with an average particle size of about 220 nm. 
Growing the primary CaCO3 crystals alongside 

indicating that the edges of the particles are the 

most energetic sites. Therefore, the CaCO3 
particles grow much faster at their end-edges. No 
aggregation was seen due to the stabilization 
effect of Ca(OH)2 solution (26), where the zeta 
potential values were higher than +30 mV (25). 
During crystallization as pH of the solution started 

to decrease, some of the particles slightly 
dissolved at their edges and produced “hollow” 
CaCO3 particles. The growth rate and the 
dissolution rate were both higher at the edges of 
the CaCO3 particles. Some of the edges closed as 
a result of dissolution at low pH values and then 
recrystallization on the particles (42, 44). The 
images indicate that negligible aggregations were 

seen due to their surface potentials indicated from 
higher zeta potential values. Any aggregation seen 

in the images, if any, would be probably the effect 
of drying on particles. The SEM images indicated 
that nano-CaCO3 can be produced with almost 
homogenous size distribution. 
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Figure 5. SEM images showing the progress of “hollow” nano CaCO3 particle production with homogenous 
size distribution. 

 

XRD patterns for the produced CaCO3 particles 
indicated that these particles were all of calcite 

form as shown in Figure 6. The 2θ value at 
29.468o showed the well-characterized calcite 
form of CaCO3. The Sheerer equation indicates 
that the crystallite species on the particles is 

about 40 nm. Therefore, it was clear that when 
the particles were removed from the crystallization 

region and stabilized in the Ca(OH)2 solution, 
hollow nano calcite particles can be produced with 
a narrow size distribution.  
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Figure 6. XRD patterns obtained for the CaCO3 particles in the progress of CaCO3 crystallization. 
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CONCLUSIONS 

 
Calcium carbonate particles were synthesized with 
the carbonization method where a population of 
CO2 bubbles were introduced into the Ca(OH)2 
solution. However, the CO2 bubbling was at the 

upper left corner of the solution so that the 
produced particles were separated from the 
crystallization region into the stabilization region 
by stirring. In this case, the zeta potential values 
for the particles were measured to be higher than 
+30 mV indicating that these particles were stable 
in Ca(OH)2 solution. To the end of crystallization, 

where Ca2+ ions were all consumed and pH 
decreased, some of the CaCO3 particles were seen 
to dissolve at their edges. The dissolution at the 
edges was faster for the rice-like CaCO3 particles. 

The dissolution from the edges resulted in an 
empty space in the CaCO3 particles. Therefore, 
“hollow” nano-CaCO3 particles were produced with 

homogenous size distribution without aggregation 
in the Ca(OH)2 solution. It was concluded that 
slower CO2 flow rates needed for the production of 
nano-CaCO3 particles at narrow size distribution.  
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INTRODUCTION 
 
Catalysis for most industrial processes has 

significance due to saving time, energy, and 
money. The catalysts used in these processes are 
generally transition metal oxides which are 
applied either alone or mixtures. The basic 
mixtures contain V2O5 and 
MoO3/WO3/Fe2O3/Cr2O3. Among them, Cr2O3‒
V2O5‒MoO3 three-component system has been 

studied in early times by many researchers (1-4). 
The formula CrVMoO7 as unknown phase has 
occurred by the reaction of Cr2O3‒V2O5‒MoO3 

system in the solid-state form (5-7). The 

properties of this phase have been limitedly 
known , except melting point at 820 °C to form 
solid Cr2O3 (2). According to the other 

investigations, the related phase has been formed 
via incorporation of MoO3 into the Cr2V4O13 lattice 
(6, 7). It has not been examined in previous 
reports what the nature of CrVMoO7 is and how 
the structure occurs (3, 8, 9). There are only a 
few documents about crystallographic 

morphology and thermal properties of CrVMoO7. 
The prominent one is about indexing of powder X-
ray diffraction pattern and calculation of unit cell 
parameters of CrVMoO7 resulting a=5.53346 Å, 
b=6.58901 Å and c=7.86551 Å in triclinic system 

(8). The infrared spectrum of the compound point 
out that VO4, MoO4 and CrO6 subgroups exist in 
the structure (10, 11). As a result of these, to the 

best of our knowledge, microwave synthesis, 
crystallographic, morphologic and thermal 
properties of CrVMoO7 have been studied for the 
first time with this paper which has not been 
reported previously.  
 
MATERIALS AND METHODS  

 
Cr2O3, V2O5 and MoO3 compounds have been used 
as analytical grade and supplied by Merck. Oxide 
types starting materials have been weighed in 

0.5:0.5:1 molar ratio and ground in an agate 
mortar followed by microwave treatment in a 
domestic microwave oven (2.45 GHz, 850 W 

power) for 20 min. The final sample has been 
washed three times with hot pure water and 
ethanol. The washed material has been treated at 
400 °C for 2 hours to get the best crystals.  
 
The powder X-ray diffraction (XRD) measurement 

has been completed by Panalytical X’Pert Pro 
Diffractometer and CuKα radiation (λ=1.54056 Ǻ, 
40 mA, 50 kV) with a scan rate of 1°/min with a 
step size 0.02°. The Rietveld analysis of the 
sample has been calculated by using powder 
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diffraction data via High Score Plus (HS+) 

Program (License number: 92000029). Fourier 

transform infrared spectrum (FTIR) has been 
formed on a Perkin Elmer Spectrum 100 FTIR 
Spectrometer from 4000 to 650 cm-1. Scanning 
electron microscopy/energy dispersive X-ray 
analysis has been achieved in SEM JEOL 6390-

LV/EDX. Thermal property of the sample has been 
checked by Perkin Elmer thermogravimetric 
analyzer TGA. A Siemens V12 domestic 
microwave oven has been used as the microwave 
source. 

 

RESULTS AND DISCUSSION  

 
Figure 1 displays the XRD pattern of the 
synthesized material. The XRD pattern of the 
sample corresponds to CrVMoO7 with the ICSD 
card number 008-5712 (Fig. 2). The unit cell 

parameters of the observed diffraction data has 
been calculated by Rietveld Refinement Program. 
The findings are completely in accordance with 
database given in Table 1. There is no other phase 
as an impurity or starting material.  

 
Figure 1. The XRD pattern of CrVMoO7. 

 

 
Figure 2. The comparison of powder XRD pattern between CrVMoO7 (ICSD:008-5712) and CrVMoO7 

(synthesized). 
 

Table 1. The comparison of unit cell parameters calculated and database values. 
 

Compound 
 

Unit cell parameters 

a (Å) b (Å) c (Å) 

CrVMoO7 (ICSD:008-5712) 5.5310 6.5850 7.8640 

CrVMoO7 (synthesized) 5.5253 6.5792 7.8532 

 
Figure 3 shows FTIR spectrum of CrVMoO7. The 
four wavenumbers in the range of 600-1000 cm-

1 correspond to vibrations of M‒M and Mo‒O 
bonds (12-14).  
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Figure 3. The FTIR spectrum of CrVMoO7. 

 
Figure 4 exhibits the SEM micrograph of CrVMoO7. 

The homogeneous view of the sample confirm the 

formation of chromium vanadium molybdate. The 
particle size distribution of CrVMoO7 is in 2-5 μm.  

 

 
Figure 4. The SEM image of CrVMoO7. 

 
The EDS graph of CrVMoO7 is given in Figure 5. 
The elemental composition of the compounds has 
been calculated as 3:3:3.2:6.8 by EDS results 

which are in accordance with the molecular 
formula.  

 

 
Figure 5. The EDS graph of CrVMoO7. 

 
The graph of thermogravimetric analysis is 
represented in Figure 6. The first smaller thermal 
loss starts nearly at 700 °C, and the other is in 

the range of 1050‒1200 °C. The material lost 
totally 40% of its mass.  
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Figure 6. TGA thermograph of CrVMoO7. 

 

As a conclusion, CrVMoO7 has been synthesized 
for the first time with microwave method at 850 
W power for 20 minutes. The unit cell parameters 
of the compound have been calculated by 
Rietveld Refinement Program benefiting from 

XRD data. The homogeneous morphology and 
similar elemental composition have been 
confirmed via SEM and EDS results. High thermal 
stability of the compound has been determined 
from TGA.  
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Abstract: This paper presents the synthesis, characterization, and catalytic evaluation of Jeffamine core 

PAMAM dendrimer-silver nanocomposites (Ag JCPDNCs). Generation-4 polymeric Jeffamine cored PAMAM 
dendrimer (JCPD or P4.NH2) was used as the stabilizing and templating agent for the synthesis of Ag-
JCPDNCs. Characterization of the synthesized Ag JCPDNC was performed by UV-visible (UV-Vis) 
spectroscopy and high resolution transmission electron microscopy (HRTEM). The catalytic activity of 
dendrimer nanocomposite (DNC) was assessed on the reduction of 4-nitrophenol (4-NP) to 4-aminophenol 
(4-AMP) in the presence of sodium borohydride (NaBH4) as reducing agent by monitoring the conversion 
at λ = 400 nm. The prepared Ag JCPDNCs displayed a good catalytic activity (K = 0.12 x 10-2 s-1) for the 

model reduction reaction of 4-NP with the particle size distribution of 4.72 ± 0.81 nm, which offer a mixed 
type (interior and exterior) of DNC formation. The Ag JCPDNCs can be a valid complete alternative to their 
existing candidates in the literature with their different polymeric organics components and be great 

potential for the future studies as new materials. 

 
Keywords: Poly (amidoamine) Dendrimers (PAMAMs), Dendrimer Nanocomposite (DNC), Jeffamine, 4-
nitrophenol, Kinetics. 
 
Submitted: May 30, 2018. Accepted: July 16, 2018. 
 
Cite this: Gürbüz M, Ertürk A. Synthesis and Characterization of Jeffamine Core PAMAM Dendrimer-Silver 

Nanocomposites (Ag JCPDNCs) and Their Evaluation in the Reduction of 4-Nitrophenol. JOTCSA. 
2018;5(2):885-94.  
 
DOI: http://dx.doi.org/10.18596/jotcsa.428572.  
 
*Corresponding author. E-mail: aserturk@gmail.com; Phone: +90-416-2233800/2808; fax: +90 

(416) 223 3809. 
 
INTRODUCTION 
 

Over the last decades, due to their unique 
structural properties, metal nanoparticles (NPs) 
have received greater attraction in various 

applications compared to their bulk counterparts 
(1, 2). Although NPs have been applied in several 
applications (3-7), their use as catalysts has 
attracted great interest (8-10). In case of their 
prone-to-agglomerate in solution, stabilization of 
NPs is of great deal. Among various stabilizers 
such as surfactants (11), ligands, micelles and 

polymers (12, 13), dendrimers are promising 
templates to synthesize numerous transition 

metal NPs such as Ag (14-16), Au (14, 17), Cu 
(18, 19), Ni (20), and Ru (21) with well-regulated 

size, position, and composition depending on 
their three-dimensional, monodisperse, unique 
architectures preventing them from nanoparticle 

growth, assembly, aggregation, and damage (22, 
23). Thus, the size and shape of the resulting 
dendrimer nanocomposites (DNCs) or dendrimer-
encapsulated metal nanoparticles (DENs), can 
remain steady so that a constant desired activity 
can be reached. These characteristics of DNCs 
make them useful and attractive in various 

applications involving optoelectronics (24), 
semiconductor, noble metals, magnetic DNC, 
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environmental cleanup, and especially in catalysis 

(25-27). In particular, DNCs can be potentially 
used in homogeneous and heterogeneous 

catalysis owing to their size and the ability to 
design catalytic active sites (28).  
 
In recent years, DNCs have been intensively 

prepared and characterized by using 
commercially available ethylene diamine core 
poly(amido amine) (PAMAM) cored dendrimers, 
and their catalytic properties were investigated 
(22). Results of these studies revealed that 
generation number and surface functional group 
has a crucial role on effect on the catalytic activity 

of DNCs. However, no one to the best of our 
knowledge has studied to the preparation of DNCs 
by using a polymeric cored PAMAM dendrimer and 
a little attention has been paid for the preparation 
DNCs from PAMAMs having a different core than 
traditional ones (ethylene diamine) and 

investigation of their catalytic activities.   

 
Nitrophenols are regarded to be one of the most 
common sources of organic pollutants from 
industrial and agricultural activities. This case 
also involves the companies which area 
manufacturing explosives, dyestuffs, insecticides, 

and other products (29-31). In particular, United 
States Environmental Protection Agency (USEPA) 
considers nitrophenols as the leading toxic 
pollutants (19). Interestingly, 4-aminophenol (4-
AMP) is an important commercial intermediate for 
the production of analgesic and antipyretic drugs, 
one of which is paracetamol (32). Thus, the direct 

catalytic reduction of 4-nitrophenol (4-NP) to the 
4-AMP is a significant and urgent request by many 

industries as it could be an environmentally 
friendly process (33).  
 
In one of our recent studies (34), we have 
reported the microwave assisted fast, facile and 

one pot synthesis of polymeric cored Jeffamine 
core PAMAM dendrimers (JCPDs) up to 
generation-4 (G4). Here, we introduce for the 
first time the synthesis and characterization of 
Jeffamine core PAMAM dendrimer-silver 
nanocomposites (Ag-JCPDNCs) with the use G4 

JCPD and later applied these DNCs in the catalytic 
conversion of 4-NP to 4-AMP by using sodium 
borohydride (NaBH4).  
 
MATERIALS AND METHODS 
 

Chemicals and Materials 

Jeffamine ® T-403 cored and amine terminated 
P4.NH2 PAMAM dendrimers were synthesized by 
using microwave technology according to the 

procedure which was reported in our recent study 

(34). All the other chemicals were of analytical 
grade and obtained from Merck and Sigma 

chemical companies, and used without any 
further purifications. All the experiments were 
conducted using ultrapure water (18.2 mΩ cm) 
from a Millipore Milli-Q system.  

 
Instrumentation 
pH measurements were performed with Mettler 
Toledo five easy pH meter. Calibration of the pH 
meter was performed by using pH solutions at 
4.01, 7.00 and 10.01 standard solutions (Merck 
Millipore, USA).  

 
Ultraviolet-visible (UV-Vis) absorption spectra 
were recorded with Cary 60 UV-Vis 
spectrophotometer (Agilent, USA) with 1-cm 
quartz cells. The morphology and the sizes of the 
Ag JCDNCs were characterized using a Tecnai G2 

Spirit BioTwin high resolution transmission 

electron microscope (HRTEM, FEI, USA) at 80 kV 
accelerating voltage. The microscope was 
equipped with a charge couple device (CCD) 
digital camera and samples were prepared by 
using 200 mesh carbon-coated copper grid.  
 

Microwave-irradiated reactions were carried out 
with a microwave reactor (Discover SP, CEM, 
Matthews, NC, USA), with a continuous 
microwave power delivery system with operator 
selectable power output from 0 to 300 W (±30 W) 
programmable at 1-watt increments, infrared 
temperature control system programmable from 

25 to 250 oC, pressure controlled and 5 to 125 mL 
vessel capacity was used as microwave reactor.  

 
Preparation of Ag-JCPDNCs 
The synthetic method used in the preparation of 
Ag JCPDNCs was adapted from the literature with 
slight modifications (35). Briefly, the pH of the 

P4.NH2 2 mM dendrimer solution (0.2 mmol, 10 
mL in water) was adjusted approximately to 2.0 
by using 0.1 N HNO3 solution. Then, aqueous 8. 
75 mM AgNO3 solution (2 mmol, 228 µL) was 
added to the dendrimer solution. The mixture was 
stirred for 4 h by purging nitrogen to allow Ag+ 

ions to coordinate with the tertiary amine groups 
of the dendrimer. This was followed by the 
dropwise addition of 10-fold excess of 0.1 M 
NaBH4 aqueous solution (20 mmol, 200 µL) to 
reduce the Ag+ ions to Ag0 in P4.NH2/Ag+ salt 
complex. The colorless solutions turned 

immediately to yellow. The reaction was stirred 

for 1 h at room temperature and the UV-Vis 
measurements were performed (Scheme 1). 
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Scheme 1. Schematic illustration of the preparation of P4.NH2 dendrimer-encapsulated silver 

nanoparticles (Ag JCPDNCs). 

 
Catalytic Activity Assay  
The catalytic activity of Ag JCPDNCs was 
investigated in the reduction of 4-NP to 4-AMP. In 

a typical catalysis assay, Ag JCPDNC (100 µL, 
0.02 mM), 0.1 M NaBH4 (35 mmol, 350 µL), de-

ionized water (2.5 mL) and 12.75 mM 4-NP (0.38 
mmol, 30 µL) were mixed together in a 10 mm 
path-length glass cuvette. The change in the 
absorbance of 4-NP as a function of time was 
monitored by UV-Vis spectrophotometry in the 
wavelength range of 250-500 nm immediately. 
The yellow solution turned to colorless gradually 

in the presence of dendrimer nanocomposites. 
 
RESULTS AND DISCUSSION 
 
Characterization of Ag JCPDNCs 
The preparation of Ag JCPDNCs using JCPDs as 

templates were monitored by UV-Vis spectra 
(Figure 1). Investigation of Figure 1 showed that 
neat aqueous JCPD solution displayed an 

absorption band approximately at λ 284 nm in 
accordance well correlated with the literature 

(34). The sudden appearance of a new absorption 
band at around λ 300 nm, indicating the 
occurrence of (Ag+)10 JCPD complex between the 
tertiary amine groups of PAMAMs and Ag+ ions 
(36), was seen by the addition of the AgNO3 
solution. After reduction by NaBH4, an intense 
plasmon peak at λ 400 nm were formed. This 

clear UV-Vis band was the proof the formation of 
Ag JCPDNCs and all these spectral changes were 
in good alignment with the literature where 
PAMAMs are used as templates for Ag NP 
preparation (35, 37, 38). 

 
Figure 1. UV-Vis spectra of (a) JCPD or P4.NH2, aqueous solution, (b) P4.NH2/Ag+ complex and (c) Ag 

JCPDNC. 
 
Unlike conventional NPs, which are usually in the 
structure of microcrystalline and their surface are 
passivated against further crystallization leading 
to secondary clustering by stabilizers, DNCs are 

soft hybrid materials composed of inorganic 
domains embedded inside or dispersed on the 
surface of dendrimers and covalent branches 
behaving like separators (39). Such kind of their 



Gürbüz MU, Ertürk AS. JOTCSA. 2018; 5(2): 885-894.  RESEARCH ARTICLE 

888 

 

unique structures enable them to be often as 

amorphous in different types of single 
nanocomposite structures in which the metal NPs 

are generated or stabilized as internal “I” (intra 
type DENs), external “E” (inter type DENs) or 
mixed “M”. Former studies revealed that 
metallodendrimers, having average particle size 

between 1 to 4 nm, are supposed to be intra type 
DENs while those of greater than 5 nm are called 
as inter type DENs (39, 40). 
 
In order to provoke the small sized Ag NP 
formation, we have kept the pH~2 and the time 
long by keeping to metal to dendrimer ratio (10) 

almost approximate the one fifth of the tertiary 
amine number (45) of JCPD P4.NH2 so as to 
promote the formation of interior type DNCs. The 
morphology and the average NP size distribution 
were analyzed using HRTEM. The resultant 
micrograph and particle size distribution 

histogram are shown in Figure 2. In general, the 

shape of Ag DENs exhibited spherical 

morphology. HRTEM characterization showed 
83.06% distribution with the Ag DEN size of 4.71 

± 0.845 nm. It is noteworthy that the Ag DENs 
with the polydispersity index of 17.94%. These 
HRTEM results indicated and it could be concluded 
that mixed “M” type DNCs, where the NPs are 

stabilized in both interior and exterior of 
dendrimer, were formed in all cases when the 
JCPDs are used as the templating agent for the 
preparation of DNCs since the average NP size 
obtained in this study were above 4 nm but not 
greater than 5 nm (39, 40). Indeed, the smallest 
Ag DEN can be reasonably attributed to “I” type 

nanocomposite formation while biggest particles 
can be evidenced to “E” type formations. This 
could be attributed to use of G4 JCPD as the 
templating agent for the preparation of Ag DENs 
as being different from the existing literature 
where the conventional ethylene diamine 

monomer used as the core (35, 37, 38). 

 
Figure 2. HRTEM image (a) and particle size distribution histogram of Ag JCPDNC (b).  

 
Catalytic activity and UV measurements 
The model reduction reaction of 4-NP to 4-AMP 
with NaBH4 as the hydrogen source was chosen 
to estimate the catalytic activity of the 

synthesized Ag-JCPDNCs (35). This reaction has 
a unique feature of exhibiting maximum 
absorbance band at λ 317 nm in water whereas it 
has a maximum at λ 400 nm because of its 
conversion to p-nitrophenolate and can be 
pursued easily by observing the alteration in the 
UV-Vis spectrum at λ 300 and 400 nm (41). 

Before investigating the catalytic activity of DNCs, 
NaBH4 was added to the 4-NP solution without the 

nanocatalyst to prove that the NaBH4 compound 
used during the reduction only as the proton 
source. After 24 h, UV-Vis measurement of the 
prepared solution was taken again and an 
insignificant decrease in the adsorption band of 4-

NP, which is indicating a non-proceeding of the 
reduction reaction even with the use of large 

amount of NaBH4, was remarked (Figure 3). In 
the presence of a catalyst, the addition of NaBH4 
arose a gradual drop in the absorption band λ 400 
nm while a new characteristic absorption band 

occurrence and increase at around 295 nm, which 
is the characteristic peak of 4-AMP and signal of 
the successful reduction of the 4-NP to 4-AMP, 
was observed. (42, 43) (Figure 4). It is 
noteworthy that the UV-Vis spectra are useful 
tools to identify the species in the solution; 
however, it fails while getting information about 

the intermediated on the particle surfaces. All in 
all, the isosbestic point at λ ~325 nm proves the 

complete transformation of 4-NP to 4-AMP 
without side reactions (44). Therefore, it could be 
inferred that the reactant molecules establish a 
direct contact with the Ag DENs by transferring 
electrons from the donor BH4

- to the acceptor 4-

NP by adsorption through the dendrimer 
nanocomposites (42).  



Gürbüz MU, Ertürk AS. JOTCSA. 2018; 5(2): 885-894.  RESEARCH ARTICLE 

889 

 

 
Figure 3. UV-Vis spectra of 4-NP in the presence of NaBH4 without Ag JCPDNC.  

 

 
Figure 4. Time based variation in the UV-Vis spectra for the 4-NP reduction reaction in the presence of 

Ag JCPDNC ([4-NP] = 0.38 mmol; [NaBH4] = 35 mmol; [Ag JCPDNC] = 0.02 mM; 25 oC) 

 
In the reduction experiments, the reaction media 
was purged with nitrogen to avoid oxygen. 
Nevertheless, an induction time was observed in 

all cases up to 200 sec (Figure 5). This case is a 
typical one and is related with the activation time 
of the catalyst at heterogeneous catalytic 

processes (41). As the concentration of the all 
used NaBH4 was in considerable excess in 
contrast to 4-NP, the reduction process 
guarantees pseudo-first-order reaction conditions 
as demonstrated in Figure 5. Investigation of 
Figure 5 reveals that there occurs and intercept 

point at the absorbance variation scatter plots at 
λ 295 and 400 nm bands in time. This is the point 
where the solution color decolorized from yellow 

to colorless and the reaction ended (776.47 sec). 
The inset of Figure 5 displays the first order 
kinetic plots for the Ag JCPNCs. As it can be seen 

clearly, the linear fitting plot of ln(A/A0) versus 
time obeys the first order kinetics and the 
apparent first-order rate constant (K) were 
calculated as 0.0012 s-1 from the slope of this 
curve (R2 = 0.9982). 
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Figure 5. Time dependence of the adsorption of 4-NP ions at λ 295 and 400 nm. The inset demonstrates 

the linear fit for the first order kinetics at λ 400 nm ([4-NP] = 0.38 mmol; [NaBH4] = 35 mmol; [Ag 
JCPDNC] = 0.02 mM; 25 oC) 

 
Table 1 shows the catalytic results obtained from 
different works for the reduction of 4-NP in the 
presence of Ag DNCs with different structures, 

where the Ag DENs involved and prepared by 
ethylene diamine cored conventional G4 amine-
terminated PAMAMs as templates (15, 16, 35). As 
can be seen from Table 1, the rate constant 
obtained here for Ag JCPDNCs was considerable 

higher than DNCs having possible exterior type 
DNC structure while approximate to ones with 

interior type DNC structures. Notably, it could be 
clearly seen from Table 1 that a small decrease in 
the size of Ag DENs are resulted in observable 
enhance at the rate constant. This could be 
attributed to size and shape dependence of the 
synthesized Ag DENs to the type and variation of 
architecture of the used dendrimer template in 

the aqueous media as well as the synthesis 
conditions. Several factors such as generation 
size, type of core and repeating branches, density 
of functional groups and voids in the inner cavities 
can affect the conformation of dendrimers in 
aqueous media (45). Among these factors, pH is 

the one of the most important factors. Previous 
studies have shown that upon lowering the pH, 

amine-terminated PAMAMs display extended 
configuration owing to the electrostatic repulsions 
stemming from the protonated tertiary amine 
groups in the interior and primary amine groups 
at the periphery so that dendrimer branches apart 

(46, 47). On the contrary, at high pHs over 9, 
shrinking or back-folding happens on account of 

the hydrogen bonding between the tertiary amine 
and surface primary amine groups leading a 
densely packed structure to dendrimer (47, 48). 

Considering these results, the common property 
of the procedures presented in Table 1 except for 
exterior type possible DNC structure formation is 
the use of acidic media, pH ~2, in the preparation 
of Ag DENs with a well-defined metal dendrimer 

ratio for G4 amine-terminated PAMAMs. Thus, the 
extended structure of the dendrimer templates 

should be favored to formation of inner type DENs 
with particles sizes lower than 4 nm. For our 
study, mixed type DNC structure have been 
observed. This could be attributed to pH-
dependent conformational change and nature of 
the charged groups on the polymeric Jeffamine 
core P4.NH2 PAMAM template due to their extent 

of protonation, and therefore, stabilization 
properties while preparing Ag DNCs. In particular, 
it might be difficult for the substrate to contact 
the active metallic site on Ag JCPDNCs due to its 
different pH dependent conformation that may 
lead to increase in sterically branches emanating 

from three arms in contrast to two for 
conventional PAMAMs. Thus, this could be also 

attributed differences in particle sizes and 
negligible catalytic activity decrease for Ag 
JCPDNCs. Overall, the proposed Ag JCPDNCs in 
here can be complete and good alternative to 
other Ag DENs present in the literature with 

mixed type possible structures and good catalytic 
behaviors.  
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Table 1. Comparison of the rate constants of Ag DNCs with the literature. 

Catalyst Dendrimer 
core 

Possible DNC 
structure 

D (nm) K (s-1) Reference 

Ag12 DEN EDA Interior 3.1 ± 0.6 0.7 × 10-2 (35) 
Ag13 DEN EDAa Interior 1.17 ± 0.13 1.1 × 10-2 (15) 

Ag DEN EDA Exterior 6.5 ± 1.9 5.9 × 10-4 (16) 

Ag10 DEN Jeffamine Mixedb 4.72 ± 0.81 0.12 × 10-2 This work 
a EDA: Ethylene diamine 
b Mixed: Interior and exterior 

 
CONCLUSIONS 
 
In this paper, G4 JCPDs which has a polymeric 
Jeffamine core were evaluated for the first time 
for the preparation of Ag JCPDNCs. The average 

particle size was found to be 4.72 ± 0.81 nm, 
which offers a mixed type of possible DNC 
structure. The prepared Ag JCPDNCs were found 
as catalytically active in the model reduction of 4-

NP to 4-AMP by demonstrating first-order kinetics 
with a rate constant of 0.12 × 10-2 s-1, which 
offers a satisfactory and pleasurable performance 

compared with the existing literature with its 
different size distributions and structures. In 
particular, the synthesized Ag JCPDNCs can be a 
valid complete alternative and great potential to 
their existing candidates in the literature with 
their different polymeric organics components for 
the future studies. 
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INTRODUCTION 

 
Suzuki-Miyaura carbon-carbon (SM) coupling 

reactions generally catalyzed by palladium 
complexes have been most widely studied for the 
construction of new carbon-carbon bonds, since 
they allow the formation of highly complex 

molecules from relatively simple precursor (1-3). 
In the SM coupling reaction carbon-carbon bond 
formation takes place between phenylboronic 
acid and aryl or vinyl halides. In many cases, the 
reaction is homogeneously catalyzed by Pd(II) or 
Pd(0) complexes which were generally formed 
with phosphine, N-heterocyclic carbene (NHC) or 

salen type ligands, in good conversions and high 
yields. Especially, monodentate or bidentate 
phosphine ligands have been successfully applied 
for palladium-catalyzed C-C coupling reactions 
such as SM coupling because of their high 
reactivity, high turnover numbers and milder 

reaction conditions (4). Although extremely high 

catalytic activities can sometimes be achieved by 
using phosphine-free palladium catalysts such as 
Pd(OAc)2, [{(η3-C3H5)PdCl}2], and [Pd2(dba)3], in 
some cases the formation of inactive palladium 
black during the catalytic cycle reveals the 
necessity of increasing the stability of the 

palladium center. So, sterically hindered tertiary 
phosphine ligands are generally used which has 
often circumvented catalyst deactivation by 
inhibiting the formation of palladium black (5,6).  
 
So far, many types of monodentate phosphine 
ligands and their metal catalysts have been 

prepared and applied for various catalytic 
transformations such as hydrogenation, 

hydroformylation or several carbon-carbon 
coupling reactions etc., (7-9) but 
triphenylphosphine-based palladium(II) pre-
catalysts were not examined for SM coupling 
reactions. Here we focused on the synthesis and 

characterization a series of Pd(II) complexes 
which have monodentate tertiary phosphine 
ligands and optimization studies of these pre-
catalysts for SM coupling reactions. These pre-
catalysts were also applied for SM coupling 
reactions using a wide range of substituted 

substrates, bearing electron releasing or 
withdrawing groups at different positions.   
 

MATERIALS AND METHODS  

 
General 

All of the reagents were purchased from 
commercial sources (Aldrich or ABCR) and used 
as received, unless otherwise indicated. The 
solvents were dried, deoxygenated, and purified 

according to standard methods in the literature 
(10). 2-(Diphenylphosphino)benzaldehyde (1), 
2-(bis(3,5-dimethylphenyl)phosphino) 
benzaldehyde (2), 2-(bis(3,5-
bis(trifluoromethyl)phenyl)phosphino)benzaldeh
yde (3) and 2-(bis(4-
tolyl)phosphino)benzaldehyde (4) and their 

Pd(II) complexes were prepared according to the 
published procedures (11-14). Pd(II) complexes 
were characterized by NMR analyses on a Bruker 
Ultrashield Plus Biospin Avance III 400 
spectrometer NaNoBay FT-NMR operating at 
400.2 MHz (1H NMR), 162.0 MHz (31P{1H} NMR) 

and 100.2 MHz (13C NMR) using acetone-d6 or 

chloroform-d as the solvent. High resolution mass 
spectroscopy analyses were provided with a 
Waters series mass spectrometer (SYNAPT G1 MS 
model). Melting points were obtained with a 
Thermo scientific electrothermal digital 
programmable melting point apparatus system 

and are uncorrected. GCMS analyses were 
reported on an Agilent 7890A GC and 5975C MSD 
system equipped with Rxi-5ms capillary column 
(5% diphenyl/95% polysiloxane). Flash 
chromatography was applied on silica gel (230-
400 mesh). 
 

Synthesis of [PdCl2(1-4)2] pre-catalysts 
(1a-4a) 

The synthesis of monodentate phosphine based 
Pd(II) complexes is shown in Scheme 1. The 
complexes [PdCl2(1-4)2] were prepared by the 
reaction of Pd(cod)Cl2 (15) with the 
corresponding 2-(diaryl)phosphinobenzaldehyde 

(1-4) in dichloromethane according to the 
literature (16,17). To a solution of 2-
(diaryl)phosphinobenzaldehyde (1-4) in CH2Cl2 

(10 mL) was added Pd(cod)Cl2 in CH2Cl2 (10 mL). 
Reaction mixture was stirred for 2 hours at 25 °C. 
The solvents were then evaporated and remaining 

precipitate was washed with diethyl ether to give 
the title Pd(II) complexes as an orange powder. 

 
Scheme 1. Synthesis of Pd(II) Complexes. 

 
Synthesis of [PdCl2(1)2], (1a). 1a was 
prepared using 2-

(diphenylphosphino)benzaldehyde (10.4 mmol, 
3.01 g) and Pd(cod)Cl2 (5.07 mmol, 1.44 g) 



Yılmaz MK, İnce S. JOTCSA. 2018; 5(2): 895-902.   RESEARCH ARTICLE 

897 
 

according to the procedure given above. Yield 

3.06 g (80%). Melting point: 219 °C. 1H NMR 
(400.2 MHz, CDCl3): δ (ppm) 10.39 (s, -C(H)O, 

2H), 7.92 (dd, J = 7.6, 1.5 Hz, ArH, 2H), 7.74 (dt, 
J = 12.7, 3.5 Hz, ArH, 9H), 7.50 (t, J= 7.4 Hz, 
ArH, 2H), 7.38 (d, J= 7.1 Hz, ArH, 6H), 7.33 (d, 
J = 7.5 Hz, ArH, 7H), 6.96 (dd, J = 12.4, 5.5 Hz, 

ArH, 2H). 31P NMR (162.0 MHz, CDCl3): δ 
(ppm) 20.28. 13C NMR (100.6 MHz, CDCl3): δ 
(ppm) 189.07 (s), 134.58 (t, JPC= 6.4 Hz), 132.61 
(t, JPC= 2.5 Hz), 131.85 (t, JPC= 4.0 Hz), 130.28 
(t, JPC= 3.5 Hz), 129.82 (s), 129.56 (s), 128.52 
(s), 128.27 (s), 128.02 (s), 127.32 (t, JPC= 5.4 
Hz). HRMS (ESI): calcd. for [M+2H]2+: 

C38H30Cl2O2P2Pd 758.0289; found [M+2H]2+: 
758.0131. 
 
Synthesis of [PdCl2(2)2], (2a). 2a was 
prepared using 2-(bis(3,5-
dimethylphenyl)phosphino)benzaldehyde (2) 

(11.6 mmol, 4.02 g) and Pd(cod)Cl2 (5.6 mmol, 

1.61 g) according to the procedure given above. 
Yield 3.83 g (78%). Melting point: 215-216°C. 
1H NMR (400.2 MHz, CDCl3): δ (ppm) 10.51 (s, 
-C(H)O, 2H), 7.91 (dd, J = 7.6, 1.4 Hz, ArH, 2H), 
7.45 (t, J = 7.4 Hz, ArH, 2H), 7.35 (t, J = 5.7 Hz, 
ArH, 10H), 7.18 (s, ArH, 4H), 6.92 (dd, J = 12.6, 

5.7 Hz, ArH, 2H), 2.22 (s, ArCH3, 24H). 31P NMR 
(162.0 MHz, CDCl3): δ (ppm) 20.11. 13C NMR 
(100.6 MHz, CDCl3): δ (ppm) 189.80 (t, JPC= 
4.5 Hz), 138.30 (t, JPC= 3.3 Hz), 137.85 (t, JPC= 
5.7 Hz), 133.52 (t, JPC= 2.5 Hz), 133.26 (t, JPC= 
6.4 Hz), 132.82 (s), 130.34 (s), 129.87 (t, JPC= 
3.3 Hz), 129.04 (s), 128.80 (s), 128.55 (s), 21.45 

(s). HRMS (ESI): calcd. for [M+2H]2+: 
C46H46Cl2O2P2Pd 870.1541; found [M+2H]2+: 

870.1385. 
 
Synthesis of [PdCl2(3)2], (3a). 3a was 
prepared using 2-(bis(3,5-
bis(trifluoromethyl)phenyl)phosphino)benzaldeh

yde (3) (6.8 mmol, 3.82 g) and Pd(cod)Cl2 (3.3 
mmol, 0.94 g) according to the procedure given 
above. Yield 3.62 g (84%). Melting point: 
225°C. 1H NMR (400.2 MHz, (CD3)2CO): δ 
(ppm) 9.87 (s, -C(H)O, 2H), 8.32 (t, J = 4.7 Hz, 
ArH, 8H), 8.17 (d, J = 1.5 Hz, ArH, 2H), 8.14 (s, 

ArH, 4H), 7.78 (t, J = 7.5 Hz, ArH, 2H), 7.63 (td, 
J = 7.6, 0.9 Hz, ArH, 2H), 7.29 (dd, J = 13.1, 5.7 
Hz, ArH, 2H). 31P NMR (162.0 MHz, CDCl3): δ 
(ppm) 22.72. 13C NMR (100.6 MHz, (CD3)2CO): 
δ (ppm) 192.95 (s), 140.18 (t, JPC= 4.1 Hz), 
136.36 (d, JPC= 3.5 Hz), 136.01 (t, JPC= 4.1 Hz), 

135.45 (t, JPC= 2.0 Hz), 135.00 (t, JPC= 4.4 Hz), 

133.88 (s), 133.64 (s), 133.39 (s), 132.28 (t, 
JPC= 5.2 Hz), 131.95 (t, JPC= 5.2 Hz), 127.63 (t, 
JPC= 23.2 Hz), 126.01 (s), 124.03(q, JPC= 272.5 
Hz). HRMS (ESI): calcd. for [M+2H]2+: 
C46H22Cl2F24O2P2Pd 1301.9280; found [M+2H]2+: 
1301.9125. 
 

Synthesis of [PdCl2(4)2], (4a). 4a was 
prepared using 2-(bis(4-
tolyl)phosphino)benzaldehyde (4) (9.54 mmol, 
3.03 g) and Pd(cod)Cl2 (4.6 mmol, 1.32 g) 
according to the procedure given above. Yield 

3.09 g (82%). Melting point: 226°C. 1H NMR 

(400.2 MHz, CDCl3): δ (ppm) 10.58 (s, -C(H)O, 
2H), 8.02 (dd, J = 7.6, 1.4 Hz, ArH, 2H), 7.73 (dt, 

J = 7.6, 5.6 Hz, ArH, 8H), 7.57 (t, J = 7.5 Hz, 
ArH, 2H), 7.45 (t, J = 7.5 Hz, ArH, 2H), 7.23 (d, 
J = 7.9 Hz, ArH, 8H), 7.06 (dd, J = 12.9, 5.6 Hz, 
ArH, 2H), 2.40 (s, ArCH3, 12H). 31P NMR (162.0 

MHz, CDCl3): δ (ppm) 18.92. 13C NMR (100.6 
MHz, CDCl3): δ (ppm) 190.08 (t, JPC= 4.2 Hz), 
141.20 (s), 138.29 (t, JPC= 3.6 Hz), 135.54 (t, 
JPC= 6.6 Hz), 133.47 (t, JPC= 2.4 Hz), 133.20 (s), 
133.00 (s), 132.76 (t, JPC= 3.9 Hz), 130.59 (t, 
JPC= 3.6 Hz), 130.40 (s), 129.19 (t, JPC= 5.5 Hz), 
126.14 (s), 125.89 (s), 125.63 (s), 21.49 (s). 

HRMS (ESI): calcd. for [M+2H]2+: 
C42H38Cl2O2P2Pd 814.0915; found [M+2H]2+: 
814.0758. 
 
Procedure for the SM coupling reaction 
Aryl halide (1.0 mmol), phenylboronic acid (1.2 

mmol), base (1.2 mmol), catalyst (0.01 mmol) 

and 4.0 mL of solvent (organic solvent/water:2.0 
mL/2.0 mL) was added in a sealed tube and the 
mixture was stirred for 5 hours at room 
temperature. Next, the mixture was washed with 
saturated ammonium chloride solution and 
extracted with chloroform. The organic phase was 

dried and then chromatographed on silica gel. 
Conversions and yields were determined by 
GCMS analyses.  
 
RESULTS AND DISCUSSION  
 
Characterization 

All the palladium(II) complexes 1a-4a are air- 
and moisture-stable and they are soluble in a 

wide range of polar solvents such as CHCl3, MeOH 
and DCM, but insoluble in low-polar solvents or 
non-polar solvents. The NMR (1H, 13C and 31P) 
spectra of the complexes were carried out in order 
to contribute to the characterization of the 

synthesized compounds. The Pd(II) complexes 
were further characterized by high resolution 
mass spectroscopy (HRMS) analyses and the 
results are in agreement with the proposed 
structures. Based on 31P NMR analysis, 
displacement of the phosphorus singlet peaks 

from up field in non-coordinated ligands (1: -
11.96; 2: -12.51; 3: -6.49; 4: -13.71 ppm) to 
the down field in the Pd(II) complexes (1a: 
20.28; 2a: 20.11; 3a: 22.72; 4a: 18.92 ppm) 
suggest the coordination of desired Pd(II) 
complexes (9, 16, 17). Also, the appearance of 

only one singlet indicates the formation of only 

one product. Meanwhile, the disappearance of the 
characteristic doublet (due to the coupling with 
the lone pair of phosphorus atom) of the aldehyde 
proton in the free ligands (1: 9.04 ppm (JPH=5.1 
Hz); 2: 8.94 ppm (JPH= 5.3 Hz); 3: 8.57 ppm 
(JPH= 3.2 Hz); 4: 10.58 ppm (JPH= 5.5 Hz)) and 
formation of a singlet for the Pd(II) complexes 

(1a: 10.39; 2a: 10.51; 3a: 9.87; 4a: 10.58 
ppm) further confirmed the formation of the 
desired monodentate complexes (16-20). 
Otherwise, the signal of the methyl protons in 2a 
and 4a appeared at 2.22 and 2.40 ppm as singlet, 
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respectively.  The signals for the aromatic protons 

of the complexes appear in the region 6.96-8.48 
ppm as expected. In the 13C NMR spectrum of the 

complexes, the signals of the aldehyde carbon are 
found at 189.07 (1a), 189.80 (2a), 192.95 (3a) 
and 190,08 (4a) ppm as singlet and triplet 
(probably carbon-carbon interaction has become 

more active due to the increasing electron density 
of the methyl carbon by methyl protons), 
respectively. Besides that, the signals of the 
methyl carbon, for the 2a and 4a complexes, 
were observed at 21.45 and 21.49 ppm, 
respectively (19, 21). Also, 13C NMR spectrum of 
the complex 3a showed the characteristic signal 

of -CF3 bonded-carbon (CF3-ArC) as a quartet at 
124.03 ppm (JFC=272.5 Hz) due to the fluorine-
carbon coupling (13). These results and high 
resolution mass spectroscopy data which showed 
[M+2H]2+ as the highest molecular weight 
fragment together support and are in agreement 

for our suggested structures of the monodentate 

phosphine-palladium(II) pre-catalysts shown in 
Scheme 1 (see supporting information).        
 
SM coupling reactions  
Initially, we performed optimization studies using 
various bases (K2CO3, NaOAc, NaOH, and Et3N) 

and polar aprotic solvents (1,4-dioxane and DMF) 
to determine how solvents and bases affect the 
SM coupling reaction between phenylboronic acid 
and bromobenzene in the presence of catalyst 1a 
(substrate/catalyst:100/1) at room temperature 
(Figure 1). Among the bases examined, Et3N 
afforded none or very little of the biphenyl in both 

DMF and 1,4-dioxane. We found better 

conversion for K2CO3 in both solvent when 

compared to the Na2CO3, it appears that the 
cation plays a key role and this is known as 

“potassium effect” which has been previously 
reported (22-24). Otherwise, when NaOH was 
used as the base, good to excellent yields (73% 
and 98% for 1,4-dioxane and DMF, respectively) 

were obtained for this catalytic system. These 
results showed strong base has a great effect to 
neutralize acidic condition and to generate the 
active species in the catalytic system for facilities 
the transmetallation step compared to the weak 
bases such as K2CO3, Na2CO3 and Et3N in SM 
coupling reaction (25). On the other hand, in all 

cases, DMF gave better coupling product when 
comparing the results obtained from 1,4-dioxane. 
It’s known polar aprotic solvents are generally 
preferred for the SM coupling reactions since they 
allow the higher solubility of the catalyst and 
substrates used (26,27). It can also be said DMF 

is more likely to coordinate to the Pd(II) center 

since the nitrogen donor in DMF is a softer base 
than oxygen donor in 1,4-dioxane (6).  
 
It’s noted that reaction temperature also plays an 
important role for the SM coupling reaction. We 
did not investigate the higher reaction 

temperatures since we achieved almost complete 
conversion with a combination of DMF-KOH 
solvent-base system in the preliminary 
experiment here reported. Nevertheless, it clearly 
appears from the optimization studies that the 
best catalytic activity was obtained in DMF in the 
presence of NaOH at room temperature.  

 
 

 
Figure 1: The effect of base and solvent on SM coupling reaction between bromobenzene and 

phenylboronic acid. Reaction conditions: PhBr (1.0 mmol), PhB(OH)2 (1.2 mmol), base (1.2 
mmol), cat. (1a) (0.01 mmol), solvent (2 mL), H2O (2 mL), temperature: 25°C, time: 5h. 

Yields were analyzed by GC-MS. 
 
After the optimization of the reaction conditions, 
we examined a range of substituted aryl bromides 
in the SM coupling reaction with phenylboronic 
acid. The results were given in Table 1. We have 
discovered that, for activated, sterically hindered, 

and deactivated aryl bromides, our catalyst 

systems can serve as an effective catalyst. For 
example, the reaction of 1-bromo-4-nitrobenzene 
containing electron-withdrawing group at para 
position, which could accelerate the rate 
determining oxidative addition step in the 

catalytic cycle due to the reduced electron density 
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of C-Br bond, gave 4-nitrobiphenyl as the 

principal product in excellent yields (87-99%) 
with all catalysts (entry 21-24) (6, 28). Our 

catalysts are also effective towards the coupling 
of 2-bromoanisole, 2-bromotoluene and 2-
bromoacetophenone, which have bulky -
methoxy, -ethyl and -aceto group at ortho 

position respectively, giving corresponding biaryls 
as major product up to 68% conversion (entry 1-
4, 13-16, and 25-28) and steric effect of these 
substituents on the C-Br bond were well 
tolerated. In general, the reaction rate slows 
down in the presence of the electronically 
deactivated aryl halides, which have electron-

releasing groups such as -methoxy and -methyl 

group on the phenyl ring for the SM coupling 

reactions (14, 29). However, the coupling of 
these deactivated aryl bromides with 

phenylboronic acid gave desired coupling product 
moderate to good yields by all catalysts. Also, the 
catalytic efficiency of the palladium(II) pre-
catalysts 1a-3a were investigated for the 

coupling of 2-bromo-6-methoxynaphthalene with 
phenylboronic acid and moderate coupling 
product was obtained (58-70%, entries 9-12). 
These results showed that our monodentate 
phosphine based Pd(II) complexes were capable 
of effectively catalyzing the coupling of 
bromobenzene and phenylboronic acid at room 

temperature. 
 

 
Table 1. SM coupling reactions with monodentate phosphine based Pd(II) pre-catalysts (1a-
4a)a 

Entry 
Aryl 

bromide 
Product Catalyst 

Conversion 
(%)b 

Yield 
(%)b 

TOF 
(h-1)c 

1 

  

1a 53 49 11 

2 2a 51 48 10 

3 3a 37 31 7 

4 4a 48 43 10 

5 

 

 

1a 68 65 14 

6 2a 80 77 16 

7 3a 84 80 17 

8 4a 65 60 13 

9 

 

 

 

1a 58 55 12 

10 2a 63 58 13 

11 3a 76 75 15 

12 4a 70 61 14 

13 

  

1a 45 43 9 

14 2a 61 58 12 

15 3a 68 65 14 

16 4a 56 55 11 

17 

 

 

1a 64 56 13 

18 2a 70 64 14 

19 3a 83 78 17 

20 4a 67 65 13 

21 

 

 

1a 99 96 20 

22 2a 99 97 20 

23 3a 99 87 20 

24 4a 87 85 17 

25 

  

1a 40 38 8 

26 2a 39 37 8 

27 3a 55 53 11 

28 4a 40 37 8 

aConditions: Aryl bromide (1.0 mmol), PhB(OH)2 (1.2 mmol), KOH (1.2 mmol), cat. (0.01 

mmol), DMF (5 mL), 25°C, time: 5 h. 
bConversions and yields were analyzed by GCMS. 
cTurnover frequency= (mole of product/mole of catalyst)/time(h). 

CONCLUSION 
 

We have synthesized and fully characterized a 
series of monodentate triaryl phosphine based 
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Pd(II) complexes. These complexes are 

insensitive to oxygen and moisture. Catalytic 
activity of these pre-catalysts were tested for SM 

coupling reaction between phenylboronic acid and 
bromobenzene and an extensive study on the 
scope of these complexes was performed. The 
results showed that, moderate to excellent yields 

were obtained for these pre-catalysts at room 
temperature and sterically hindered and 
deactivated aryl bromides were well tolerated.  
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Abstract: In this study, novel peripherally ferulic acid tetra-substituted Zn(II) phthalocyanine was 
synthesized for the first time. The synthesized phthalocyanine was characterized by elemental analysis, 

infrared spectroscopy, UV-Vis spectrophotometry, 1H-NMR spectroscopy, and MALDI-TOF MS techniques. 
The photophysical, photochemical and aggregation properties of this phthalocyanine were also investigated 
in DMSO and DMF solvents. The aggregation studies showed that the synthesized Zn(II) phthalocyanine 
does not aggregate in DMSO and DMF. Fluorescence quantum yield (ΦF: 0.23 in DMSO and 0.17 in DMF), 
singlet oxygen quantum yield (Φ∆:0.57 in DMSO and 0.45 in DMF) and photodegradation quantum yield 
(Φd:1.08x10-5 in DMSO and 4.44x10-5 in DMF) were also determined. These results show that the 

synthesized phthalocyanine has potential use in photodynamic therapy.  
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INTRODUCTION 
 
In the recent years, phthalocyanines (Pcs) have 
been comprehensively studied by scientists due 
to their unique chemical, physical, optical and 

structural properties such as aromatic 18- 

conjugated electron systems, very versatile and 
stabile aromatic macrocyclic ring, strong and 

long-wavelength absorption, high thermal 
stability, chemical resistance, photoconductivity, 
and catalytic activity (1-3). Because of these 
properties, Pcs have been used in many 
applications. For example, catalysis (4), liquid 

crystals (5), chemical sensors (6), semiconductor 
materials (7), photovoltaics (8), electrochemistry 
(9, 10), photodynamic therapy (PDT) (11) are 
important areas in which Pcs are used. In 
particular, metallo Pcs can absorb at high 
wavelength lights near the red region of light. 
With this feature, they are used in photodynamic 

therapy as photosensitizers suitable for cancer 
treatment studies (12).  
 

Photodynamic therapy (PDT) is a process in which 
compounds called as photosensitizers absorb 
light in a specific wavelength, lower energy triplet 
into a high energy singlet and thus causing the 
destruction of the cancerous cells in the area 

where the photosensitizers are located (13). Pcs 
exhibit photosensitizer properties (14). Pcs 
containing diamagnetic metal ions (Zn, Ga, In, Si) 

are photoactive and are usually utilized in PDT 
due to their high efficiency of cytotoxic singlet 
oxygen photogeneration and long triplet lifetimes 

(15, 16). However, Pcs have disadvantage such 
as insolubility in common organic solvents. The 
use of Pcs is limited due to this disadvantage. 
Alkyl, alkoxy/alkylthio, sulfonyl, carboxyl and 
quaternized ammonium groups may be used in 
peripheral and non-peripheral positions to 
overcome this disadvantage (17-19). Especially, 

carboxylic acid groups are particularly useful to 
acquire solubility in common organic solvents and 
water (20-22). There are many studies in the 
literature that include carboxylic acid groups to 
increase solubility and prevent aggregation (23). 

http://dx.doi.org/10.18596/jotcsa.438111
http://dergipark.gov.tr/jotcsa
http://www.turchemsoc.org
mailto:sgorduk@yildiz.edu.tr;semih_grdk@hotmail.com
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For example, ZnPc bearing 16-carboxylic acid 

groups was reported by M. Liu et al. (2005) to 

diminish aggregation for utilize as a potential 
photosensitizer for PDT (24).  M.-R. Ke et al. 
(2009) synthesized non-peripherally and 
peripherally tetra-substituted with carboxylic acid 
zinc(II) Pcs as photosensitizers (25). Beta and 

alpha tetra-[4-oxy-3-methoxybenzoic acid]-
substituted Zn(II), Co(II) and Cu(II) Pcs were 
reported by G. Özgül et al. (2015) for 
comparative electrochemistry studies (26).  
 
Herein, we reported synthesis and 
characterization of ferulic acid functionalized 

peripherally tetra-substituted Zn(II) 
phthalocyanine. Zinc(II) Pcs have a high singlet 
oxygen quantum yield and thus they were studied 
as photosensitizers for PDT. For this reason, we 

investigated the aggregation, photophysical and 
photochemical properties of the Zn(II) 
phthalocyanine synthesized here. Fluorescence 

quantum yield, singlet oxygen quantum yield and 
photodegradation quantum yield indicate that this 
compound is a potential photosensitizer in the 
PDT. 
MATERIALS AND METHODS 
 

Chemical and Reagents 
Trans-ferulic acid (trans-4-hydroxy-3-
methoxycinnamic acid), 4-nitrophthalonitrile, 
zinc(II) acetate, 1,3-diphenylisobenzofuran 
(DPBF), potassium carbonate (K2CO3), and 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) were 
purchased from Sigma-Aldrich and TCI chemical 

companies. All chemicals and solvents were 

acquired with high purity from commercial 
suppliers. All solvents were dried and stored over 
molecular sieves.  
 
Equipments 

Melting points of the substances were determined 

using an Electrothermal Gallenkamp device. The 

IR spectra were recorded using a Perkin Elmer 
spectrometer with ATR sampling accessory. The 
UV-Vis spectra were recorded on an Agilent 8453 
UV/Vis spectrophotometer. Elemental analysis 
was carried out by a LECO CHNS 932 instrument. 

A Varian Unity Inova 500 MHz spectrometer was 
used for 1H-NMR and 13C-NMR spectra. MALDI-
TOF mass spectrum was performed using a 
Bruker Microflex LT MALDI-TOF-MS. The LC–MS 
spectrum was obtained on a Shimadzu LCMS-
8030 Plus. Fluorescence spectra were measured 
using a Varian Eclipse spectrofluorometer using 1 

cm path length cuvettes at room temperature. In 
photochemical measurements, UV-Vis spectra 
were recorded on a Shimadzu UV-2001 UV–Vis 
spectrophotometer. 

 
Photoirradiation studies were performed using a 
General Electric quartz line lamp (300 W). A 600 

nm glass cut off filter (Schott) and a water filter 
were used to filter off ultraviolet and infrared 
radiations, respectively. An interference filter 
(Intor, 670 nm with a band width of 40 nm) was 
additionally placed in the light path before the 
sample. Light intensities were measured with a 

POWER MAX5100 (Molelectron detector 
incorporated) power meter. 
 
Photophysical and Photochemical 
Parameters 
Fluorescence quantum yield determination 
Fluorescence quantum yields (ΦF) were calculated 

by the comparative method (Eq. 1) (27, 28) 

using unsubstituted Zn(II) phthalocyanine as the 
reference. ΦF values of unsubstituted Zn(II) 
phthalocyanine are 0.20 in DMSO and is 0.17 in 
DMF (29, 30).  

 

2

Std Std

2
 Std

FF

n .A  .F

n .A . F
(Std)ΦΦ 

     (Eq. 1) 
 

Where F and FStd are the areas under the 
fluorescence emission curves of the sample (The 
synthesized phthalocyanine) and the standard, 
respectively. A and AStd are the respective 
absorbances of the sample and standard at the 

excitation wavelengths. n and nstd are the 
refractive indices of solvents used for the samples 
and standard, respectively. 
 
Singlet oxygen quantum yield determination 
Singlet oxygen quantum yield () 

determinations were carried out using the 
experimental setup described in the literature 

(22, 30, 31) with standard unsubstituted Zn(II) 
phthalocyanine (in DMSO and DMF) as the 
reference. Typically, a 2 mL portion of the zinc(II) 
phthalocyanine solution (C = 1.0 × 10-5 M) that 
contained the singlet oxygen scavenger was 

irradiated in the Q-band region with the 
photoirradiation setup described in the literature. 
The  values were determined in air using the 

relative method with DPBF as a singlet oxygen 
chemical scavenger in DMSO and DMF using Eq. 
2. 

 

      (Eq. 2) 
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Std

ΔΦ  is the singlet oxygen quantum yield for the 

standard unsubstituted Zn(II) phthalocyanine (
Std

ΔΦ  = 0.67 in DMSO and 0.56 in DMF) (32) (27). 
R and RStd are the DPBF photobleaching rates in 
the presence of the respective sample zinc(II) 
phthalocyanine and standard Zn(II) 

phthalocyanine, respectively. Iabs and Iabs
std  are the 

rates of light absorption by the sample zinc(II) 
phthalocyanine and standard unsubstituted 
zinc(II) phthalocyanine, respectively. To avoid 

chain reactions induced by DPBF in the presence 
of singlet oxygen (33), the concentration of 
quenchers (DPBF) was lowered to ~3×10-5 M. 

Solutions of the photosensitizer containing DPBF 

were prepared in the dark and irradiated in the Q-

band region using the setup described in 
equipment part. DPBF degradation at 417 nm was 
monitored. The light intensity of 2.20×1016 

photons.s-1.cm-2 was used for   determinations. 

 
Photodegradation quantum yield determination 
Photodegradation quantum yield (Φd) 

determinations were carried out using the 
experimental set-up described in the literature 
(34-36). Photodegradation quantum yields of the 
sample (The synthesized phthalocyanine) were 
determined using Eq. 3. 

 

 t. SI

N . V . )C(C
Φ

 . abs

At0
d




     (Eq. 3) 

 
Where C0 and Ct are the sample concentration 
before and after irradiation respectively. V is the 
reaction volume. NA is the Avogadro’s constant. S 
is the irradiated cell area. t is the irradiation time 

and Iabs is the overlap integral of the radiation 
source light intensity and the absorption of the 
sample. A light intensity of 7.05×1015 photons.s-

1.cm-2 was employed for Φd determinations. 
 
Synthesis of Compounds 
Synthesis of (E)-3-(4-(3,4-dicyanophenoxy)-3-

methoxyphenyl)acrylic acid (compound 1): 
Firstly, trans-4-hydroxy-3-methoxycinnamic acid 
(ferulic acid) (2.89 mmol, 0.56 g) was dissolved 
in dry DMF (50 mL) and then 4-nitrophthalonitrile 

(2.89 mmol, 0.5 g) was added into the solution. 
The solution was mixed for 15 min to obtain a 

homogenous mixture. Then, anhydrous K2CO3 

(11.56 mmol, 1.59 g) was added into the solution 
during 2 hours. The system was heated during 72 
hours under nitrogen atmosphere at 45-50 ˚C. 
The system was cooled to the room temperature 
at the end of the reaction and diluted HCl was 
added to set the pH to 2. The solid particles were 

obtained in one hour. The particles were filtered 
and then washed with water, n-hexane, and 
diethyl ether. After drying process, light brown 
particles were recrystallized in MeOH. The final 
product was soluble in many solvents such as 
MeOH, EtOH, acetone, chloroform, and THF. 
Yield: 0.832 g (90.1%), M.p.: 225-226 °C, Anal. 

Calc. for C18H12N2O4 (MA: 320.30 g/mol): C, 
67.50; H, 3.78; N, 8.75. Found: C, 67.30; H, 
3.70; N, 8.65%. FT-IR (KBr), max/(cm-1): 3073-

3047 (Ar–CH), 3300-2500 (broad peak, 
carboxylic acid-COOH), 2981–2844 (aliphatic 
─CH, ─CH3), 2231 (-C≡N), 1688 (CO), 1589–

1487 (CC), 1246 (Ar–O–Ar).  1H-NMR (MeOD3, 

500 MHz,  δ:ppm): 12.45 (s, 1H, -OH), 7.85-7.83 
(d, 1H, Ar-H), 7.69-7.65 (d, 1H, Ar-H), 7.41-7.39 
(dd, 1H Ar-H), 7.29 ( s, 1H Ar─CHC), 7.27 (d, 

1H, Ar-H), 7.21 (d, 1H, Ar-H), 7.19-7.18 (d, 1H, 
Ar-H), 6.53-6.50 ( d, 1H, CH─COO), 3.78 (s, 3H, 

O-CH3). 13C-NMR (MeOD3, 500 MHz, δ:ppm): 
170.23 (-COOH), 163.09, 153.27, 145.24, 
144.50 (Ar-C=C), 137.00, 135.57, 124.15, 

123.14, 122.12, 121.75, 120.47, 118.56 (=C-
COOH), 116.65 (-C≡N), 116.39 (-C≡N), 113.78, 
109.76, 56.56 (O-CH3). MS (LC-MS) m/z. 
Calculated: 320.30 Found: 359.31 [M+K]+. 

 
Synthesis of (E)-3-(2,9,16,23-tetrakis-(4-oxy-3-
methoxyphenyl)acrylic acid) phthalociyaninato 
zinc(II) (compound 2): Compound 1 was 
dissolved in n-pentanol (3 mL). Anhydrous 
Zn(CH3COO)2 (0.156 mmol, 0.041 g) was added 
into the solution and the reaction tube was heated 

to 80 °C under nitrogen atmosphere. Five drops 
of DBU were added to the solution and kept at 
150-160 °C for 24 hours. While the temperature 
was increasing, the color of solution changed from 

dark brown to dark green. Then, the solution was 
cooled to room temperature and diluted HCl was 

added to arrange of pH as 2-3. Green precipitates 
were filtered and washed with water, n-hexane, 
hot acetone, hot dichloromethane, hot 
acetonitrile, hot chloroform, hot ethyl acetate, 
and hot diethyl ether. The dried product was 
soluble in MeOH, EtOH, THF, DMSO and DMF. 
Yield: 0.064 g (30%). M.p. >300 ºC. Anal. Calc. 

for C72H48ZnN8O16 (MA: 1346.58 g/mol): C, 
64.22; H, 3.59; N, 8.32. Found: C, 64.52; H, 
3.45; N, 8.12%. FT-IR (KBr), max/(cm-1): 3300-

2500 (broad peak, carboxylic acid-COOH), 3070 
(Ar–CH), 2930–2870 (aliphatic-CH, -CH3), 1686 
(CO), 1592–1467 (CC), 1259 (Ar–O–Ar). 1H-

NMR (500 MHz, d-DMSO) δ ppm: 12.30 (s, 4H, -

OH), 8.05-7.55 (m, 12H, Pc-Ar-H), 7.29-7.16 (m, 
12H, subs-Ar-H) 7.45-7.39 (m, 4H, Ar-HCC), 

6.52 (m, 4H, -CCH-COO) 3.35 (s, 12H Ar-O-

CH3).  UV–vis (DMSO, 1×10−5 M): λmax/nm (log 
ε): 682 (5.03), 614 (4.36), 349 (4.76). UV–vis 
(DMF, 1×10−5 M): λmax/nm (log ε): 680 (4.99), 
611 (4.30), 352 (4.71). UV–vis (THF, 1×10−5 M): 

λmax/nm (log ε): 678 (4.98), 610 (4.30), 348 
(4.70). MALDI TOF MS (m/z): Calculated: 
1346.58, Found: 1346.48 [M]+, 1416.49 
[M+2CI]+, 1485.84 [M+4CI]+ .  
 
RESULT AND DISCUSSION 
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Synthesis and Characterization of 

Compounds 

Scheme 1 shows the general synthesis of the 
compounds. In the first step of synthesis, trans-
4-hydroxy-3-methoxycinnamic acid and 4-
nitrophthalonitrile were dissolved in DMF and 
anhydrous K2CO3 was added into the solution. 

The solution was heated under nitrogen 
atmosphere for 72 hours at 45-50 °C. Then, the 
solution was cooled and diluted HCl was added in 
the solution to obtain precipitates. The formed 
precipitate was washed with ultra-pure water for 
neutralization, the precipitate was then washed 
with n-hexane and diethyl ether and dried under 

vacuum. The structure of compound 1 was 
proved by elemental analysis, FT-IR, 1H-NMR, 
13C-NMR and LC-MS techniques.  
 

In the FT-IR spectrum of compound 1, there is no 
peak around 1365 cm-1 corresponding –NO2 
groups indicating the full reaction of 4-

nitrophthalonitrile. Besides, obtained peaks at 
around 2231 cm-1, 1688 cm-1 and a broad peak 
between 2500-3300 cm-1 on the structure of 
compound 1 support the (-C≡N), carbonyl (C═O) 

and carboxyl groups (COOH), respectively. 

Indeed, no peaks at around 3380 cm-1 (─OH) 
supporting the reaction of trans-4-hydroxy-3-
methoxycinnamic acid to form of compound 1. 
Aliphatic -CH and -CH3 peaks at around 2981-
2844 cm-1 and Ar-O-Ar etheric peak at 1246 cm-

1 support the formation of compound 1.  
 
1H-NMR analysis of compound 1 also proves the 
formation of expected structure of this 

compound. Chemical shifts at around 7.85-7.83, 
7.69-7.65 and 7.41-7.39 ppm correspond to 
aromatic protons to which the nitrile groups are 
attached. Other aromatic protons were 
determined in 7.27, 7.21 and 7.19-7.18 ppm as 

total of three protons. The chemical shifts at 
around 7.29, 6.53-6.50 and 3.78 ppm were 
related with Ar-CH=C for one proton bonded 
aromatic ring, C=CH-COO for one proton and –
OCH3 for three protons, respectively. The signal 
at 12.45 ppm was related with –OH group (22). 
1H-NMR spectrum supports the formation of 
compound 1 with total of 12 protons. 13C-NMR 
analysis of compound 1 also supports the 
formation of proposed structure of this 
compound. The carbon peaks bonded with nitrile 

groups were determined at 116.65 and 116.39 
ppm. The –OCH3 bonded carbon peak was also 

observed at around of 56.56 ppm. 13C-NMR 
spectrum also demonstrates the formation of 
compound 1 with total of 18 peaks for the carbon 
atom.  
 
The observed peak at 359.31 [M+K]+ in the mass 

spectrum also confirms structure of compound 1. 

Finally, the results of experimental elemental 
analysis data are consistent with the theoretical 
data of compound 1 and are satisfactory for the 
formation of this compound. 
 

Compound 2 was synthesized by 

cyclotetramerization of compound 1 in presence 

of Zn(OAc)2 and DBU in dry n-pentanol at 150-
160 C (Scheme 1). Upon addition of diluted HCl 

to solution of the mixture until pH 2-3, carboxylic 
acid group bearing compound 2 were obtained. 
The obtained product was washed many times 
different solvents and was dried under vacuum. 
In the synthesis of tetra-substituted zinc(II) 

phthalocyanine, a mixture of four possible 
structural isomers occurs. These isomers can be 
explained by their molecular symmetry as Cs, C2v, 
C4h and D2h. Herein, the synthesized compound 2 
is formed as isomer mixtures as expected. No 
attempt was made for separating the isomers of 
compound 2. The structure of compound 2 was 

verified by FT-IR, elemental analysis, UV-Vis, 1H-
NMR, and MALDI-TOF MS techniques. The results 

are consistent with the expected structure. 
 
In the FT-IR spectrum of compound 2, the any 
peak was observed at around 2231 cm-1 

supported formation of compound 2 by 
cyclotetramerization reaction. Besides, the peaks 
at around 1686 cm-1 and 2500-3300 cm-1 on the 
structure of compound 2 belong to the carboxyl 
group (-C=O) and carboxylic acid  group, 
respectively. The peaks at 1259 cm-1 and 2930-
2870 cm-1 are related with Ar–O–Ar ether and 

aliphatic –CH and –CH3 supporting the formation 
of compound 2.  
 
The 1H NMR spectrum of compound 2 exhibits 
quite broad signals when compared with that of 
starting compound 1 derivative. The OH protons 

were observed with a total of 4 protons at 12.30 

ppm. The Pc ring protons were detected between 
8.05 and 7.55 ppm integrating for a total of 12 
protons. Aromatic functional group protons were 
observed with a total of 12 protons at 7.16 ppm. 
The protons with a total number of 8 at 7.45-7.39 
and 6.52 ppm belong to Ar-CH=C- and -C=CH-

COO- groups, respectively. Finally, the protons 
with a total number of 12 were observed at 
around 3.35 ppm as singlet for the -O-CH3 

groups.  
 
UV-Vis spectrophotometry plays an important 
role to clarify the structure of metallo-Pcs. Pcs are 

colored substances and give specific absorption 
peaks in the visible and ultraviolet regions. Pcs 

show typical UV-Vis spectra with two 
characteristic absorption bands, one in the UV 
region at about 300-400 nm is the B band and the 
other one in the visible region at 600-700 nm is 
the Q band, both are based on -* transitions 

(37). The Q band is also a characteristic peak for 

differentiating metallo and metal-free Pcs. While 
the metal-free Pcs give two equal bands at 600-
700 nm, the metallo Pcs give a single band. UV-
Vis spectra of compound 2 were recorded in THF, 
DMF, and DMSO solvents and can be seen in 
Figure 1. These spectra show monomeric 
behavior evidenced by a single (narrow) Q band 

(at around 678–682 nm) in THF, DMF, and DMSO. 
The Q band and its shoulder of compound 2 were 
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determined as a single band at 682 and 614 nm 

in DMSO, 680 and 611 in DMF, and 678 and 609 

nm in THF, respectively and B band of compound 
2 was also observed at 349 nm in DMSO, 352 nm 
in DMF, and 348 in THF, respectively supported 

the formation of compound 2. The obtained 

compound 2 exhibits a single Q band, indicating 

that it contains the metal ion in the macrocyclic 
cavity. 
 

 

 
Scheme 1: General synthesis procedure of compounds 1 and 2. 
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Figure 1: UV-vis spectra of compound 2 in different solvents. 

 
The obtained [M]+ m/z:1346.48, [M+2Cl]+ 
m/z:1416.49, [M+4Cl]+ m/z:1485.84 peaks in 
MALDI TOF MS spectrum also support the 
formation of compound 2 (Figure 2). Finally, the 

results of experimental elemental analysis data 
are consistent with the theoretical data of 
compound 2 and are satisfactory for the 
formation of this compound. 

 

 
Figure 2: MALDI-TOF MS spectrum of compound 2. 

 
Aggregation properties of compound 2 
The aggregation properties of Pcs have been 
known since the discovery of these substances 
(38, 39). Generally, aggregation is a common 
association of molecules in solution, which is the 

overlaying of two or more macro-ring structures 

due to intermolecular attraction forces. A co-
planar relation of macrocyclic rings and 
progresses through the assembly of monomers to 
dimers and higher-order aggregates are effective 
on aggregation behavior. With aggregation, the 

structure of compound can change from 
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monomer to dimeric, trimeric, or oligomeric 

structure. The structure of the Pcs (neutral, 

metal, cationic, etc.), size, position of the 
substituent group, substituents in the peripheral 
position, solvent and temperature are very 
effective on aggregation. In the case of Pcs 
aggregation, the interactions between the 

electronic molecules change the physical and 
chemical properties. Aggregation is the most 
important factor affecting the photochemical and 
photophysical behavior of Pcs. The resolution of 
Pcs is reduced due to aggregation and this is an 
unwanted situation in applications such as PDT 
(40, 41). In particularly, in water and other polar 

solvents, the macrocyclic Pc becomes an 
aggregate due to its hydrophobic nature. For this 
reason, DMSO and DMF solvents which are dipolar 
aprotic solvents, have similar physical properties 

and which do not cause aggregation have been 
chosen. Water, DMSO and DMF are used in many 
similar applications. Aggregation not only leads to 

a decrease in solubility, but also decreases the 
quantum efficiency of fluorescence and singlet 
oxygen. This means that the sensitivity to light 
for Pc is reduced (42). To reduce these limiting 
factors and maintain effective photoactivity, Pc 

may be substituted with various ligands, such as 

carboxylic acid groups at the peripherally position 

(24). In this study, the purpose of the 
aggregation assay is to examine whether 
compound 2 conforms to the Lambert-Beer law in 
DMSO and DMF solvents at specific 
concentrations and to determine if they have 

undergone aggregation. To make these 
measurements, the solutions of compound 2 in 
DMSO and DMF were separately prepared. 
The UV–vis spectra for compound 2 were 
examined in both DMSO and DMF under different 
concentrations ranging from 12x10−6 M to 
2x10−6 M. UV-Vis spectra in Figures 3 and 4 show 

the aggregation behavior of compound 2 in DMSO 
and DMF, respectively. At the end of this 
investigation, it was found that the compound 2 
conformed to the Lambert-Beer law and there 

was no aggregation in DMF and DMSO. When 
Figures 3 and 4 are examined, it is seen that due 
to the increase in concentration, the Q-band rises 

but there are no new bands (normally blue-
shifted) due to aggregation. The linear variation 
in the absorbance of the Q band with increasing 
concentration confirms that there is no tendency 
to aggregation. 

 

 
Figure 3: Aggregation behavior of compound 2 in DMSO at different concentrations   

(Inset: Absorbances versus concentrations). 
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Figure 4: Aggregation behavior of compound 2 in DMF at different concentrations   

(Inset: Absorbances versus concentrations). 
 

Photophysical properties of compound 2 
The fluorescence excitation, emission, and 
absorption spectra of compound 2 in DMSO and 
DMF are depicted in Figures 5 and 6, respectively. 

Table 1 also shows fluorescence emission, 
excitation, absorption peaks and stokes shift 
values of compound 2. Stokes shift values have 
been found in the observed region. The observed 
stokes shifts for compound 2 are 12 in DMSO and 
are 10 in DMF. The obtained stokes shifts of the 
compound have been found to be compatible with 

unsubstituted zinc(II) phthalocyanine (43). The 
compound exhibits similar fluorescence behavior 
in both solvents, excitation and absorption 
spectra are similar and they appear to be mirror 

images in both solvents. The wavelengths of the 
Q band of absorption and the Q band of excitation 
is proximity and this situation assumes that the 
nuclear configurations of the ground and excited 

states are similar and they are not affected by 
excitation (44). One of the important problems 
affecting fluorescent behavior of Pcs is 
aggregation. The reason for this is that the 
compounds of agglomerated phthalocyanine do 
not have fluorescence in the solution medium. 
Compound 2 obtained in this work did not exhibit 

any aggregation in DMSO and DMF. For this 
reason, the compound 2 exhibits fluorescence 
behavior in both solvents.  
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Figure 5: Absorption, emission and excitation spectra for compound 2 in DMSO. 

 

 
Figure 6: Absorption, emission and excitation spectra for compound 2 in DMF. 

 
Table 1: Absorption, excitation and emission spectral data for compound 2 in DMSO and DMF. 

Compound 

name 

Solvent Q band max 

(nm) 

Log Excitation 
Ex, (nm) 

Emission  
Em, (nm) 

Stokes shift 

∆stokes (nm) 

2 DMSO 682 5.03 683 695 12 

2 DMF 680 4.99 681 691 10 
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The photophysical properties such as 

fluorescence quantum yield of photosensitizers 
are highly significant parameters in PDT 
applications because of the imaging necessity of 
the photosensitizer in the human body. The 
fluorescence quantum yields (ΦF) for compound 2 

in both DMSO and DMF are given in Table 2. The 
ΦF values for compound 2 in both solvents are 
compatible with typical zinc(II) Pcs (29) and are 

found similar with ΦF values of unsubstituted 

standard zinc(II) phthalocyanine in DMSO and 
DMF (29). These values reveal that the 
substitution groups of compound 2 are not have 
important effect on the fluorescence behavior. 
But the solvent may have little effect (45). 

Therefore, the compound 2 has showed slightly 
higher ΦF values in DMSO (0.23) compared to 
DMF (0.17). 

 
Table 2: Photophysical and photochemical data for compound 2 in DMSO and DMF. 

Solvent ΦF Φd(10-5) Φ∆ 

DMSO 0.23 1.08 0.57 

DMF 0.17 4.44 0.45 

 
Photochemical properties of compound 2 
The photochemical properties include values such 

as singlet oxygen quantum yields and 

photodegradation quantum yields. Pcs act as 
photosensitizers in PDT of some cancers. The 
photosensitizer, which is activated by a certain 
light, is excited and molecular oxygen is 
converted into a reactive oxygen species such as 
singlet oxygen. This singlet oxygen helps to 
destroy the cancerous cells. Because singlet 

oxygen is highly reactive, it can normally damage 
healthy cells. But it is unstable, it exists very 
briefly and its effective area is short. Therefore, 
healthy cells can be minimally damaged (12). The 
calculation of the singlet oxygen quantum yield is 
important in PDT. In this study, for singlet oxygen 
quantum yield measurements; the solutions of 

compound 2 in both DMSO and DMF at 1x10-5 M 

concentration were prepared and then 1,3-
difenilisobenzofuran (DPBF) (quencher) which 
prepared at 3x10-5 concentration was added into 
these solutions. The mixtures were exposed to 
light of 2.20x1016 photon/(s.cm2) intensity at a 

certain time and UV-Vis spectra of these mixture 
were separately taken. The change in absorption 
at 417 nm of the DPBF compound was 

investigated and singlet oxygen quantum yields 
were calculated using Eq. 2. The same procedure 

was made for std-ZnPc in DMSO and DMF for 

comparative purposes. Figures 7 and 8 show the 
UV-Vis spectral changes during the measurement 
of singlet oxygen quantum yield of the compound 
2 in DMSO and DMF. The figures show that the 
concentration of DPBF decreases over time with 
light irradiation. The Q band intensity of 
compound 2 does not show a significant change 

as a result of exposure to light, indicating that the 
compound is not degraded during single oxygen 
measurements (Figures 7 and 8). The calculated 
data are given in Table 2. The results show that 
the calculated Φ∆ values in DMSO and DMF are 
slightly lower than the std-ZnPc (29). Substituted 
groups in the peripheral locations may cause in a 

slightly lower Φ∆ value. It is known in the 

literature that Pcs containing substituted groups 
in peripheral positions reduce singlet oxygen 
generation (46). Although compound 2 has 
slightly low ΦΔ, it has enough singlet oxygen 
generation as photosensitizers for PDT application 

area. The obtained values of singlet oxygen 
quantum yields for compound 2 in DMSO and 
DMF are typical for metal Pcs (47, 48).  
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Figure 7: A typical spectrum for the compound 2 during the determination of singlet oxygen quantum 

yield in DMSO (Inset: Plot of DPBF absorbance versus time). 
 

 
Figure 8: A typical spectrum for the compound 2 during the determination of singlet oxygen quantum 

yield in DMF (Inset: Plot of DPBF absorbance versus time). 
 

When Pcs are exposed to light irradiation during 

measurement, they may be degraded. This 
process is an important parameter for the use of 
Pcs as photosensitizers. Photodegradation 
quantum yield (Φd) is durability of a molecule 

against light. Φd can be calculated by examining 

the change in the absorption spectrum of 
compound during the light irradiation. 
Photodegradation in Pcs is observed with a 
decrease in the Q band. The photodegradation 
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quantum yields are calculated through Eq. 3 using 

the slopes of the calibration graphs generated at 

specific time intervals. In this study, the 
sensitivity of the compound to light was 
measured. For these measurements, firstly, the 
solutions of the compound 2 in both DMSO and 
DMF solvents were separately prepared and then 

the mixtures were exposed to light of 7.05x1015 
photon.s-1.cm-2 intensity at a certain time and 
UV-Vis spectra of these mixtures were separately 
taken and the change in the Q band of compound 
2 was investigated. Figure 9 for DMSO solution 
and Figure 10 for DMF solution show absorbance 
change during photodegradation quantum yield 

measurements of compound 2 showing the 
decreasing of the Q and B bands. As it can be seen 
from figures, there are no significant decrease in 

Q band of compound 2 in both solvents. The Φd 

values of compound 2 in DMSO and DMF were 

found the order of 10-5 (Table 2). Ordinary values 
for stable Pcs are of the order of 10-6, but these 
values for unstable Pcs are of the order of 10-3 
(49). The Φd value of compound 2 is 1.08x10-5 in 
DMSO and is 4.44x10-5 in DMF. These values are 

typical for zinc Pcs bearing different substituents 
on the peripherally as described in the literature 
(50, 52). The Φd value in DMSO is slightly lower 
than unsubstituted zinc(II) phthalocyanine 
(Φd:2.61x10-5). But the Φd value in DMF is slightly 
higher than unsubstituted zinc(II) phthalocyanine 
(Φd:2.30x10-5). According to the data obtained, 

compound 2 in DMSO is slightly stable than 
compound 2 in DMF due to having lower Φd value. 

 

 
Figure 9: Absorbance changes during the photodegradation study of compound 2 in DMSO (Inset: plot 

of Q band absorbance versus time). 
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Figure 10: Absorbance changes during the photodegradation study of compound 2 in DMF (Inset: plot of 

Q band absorbance versus time). 
 
CONCLUSION 
 
In summary, this study reports synthesis, 
characterization and photochemical and 

photophysical properties of ferulic acid 
substituted zinc(II) phthalocyanine for the first 
time. The synthesized phthalocyanine has 

solubility in many solvents such as THF, DMSO 
and DMF and it does not exhibit any aggregation 
in the mentioned solvents. Fluorescence quantum 
yield, singlet oxygen quantum yield and 

photodegradation quantum yield of this 
phthalocyanine were also determined in DMSO 
and DMF solvent to reveal their potential in PDT 
applications. This phthalocyanine gives good 
results as photosensitizers for PDT treatment.  
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Oligo-N-Salicylidenephenylhydrazone via Oxidative Polymerization 
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Abstract: The oxidative polycondensation conditions and optimum parameters of N-
salicylidenephenylhydrazone (SPH) were determined using air, H2O2 and NaOCl as oxidants at a 
temperature range between 50 °C and 95 °C in an aqueous alkaline medium. The molecular 
structures of the obtained monomer and oligomer were confirmed by FT-IR, UV-Vis, 1H-NMR and 

elemental analyses. The molecular weight distributions of oligo-N-salicylidenephenylhydrazone were 
determined (OSPH) by SEC measurement. Thermal behavior (TG-DTA) of OSPH was examined using 
thermogravimetric techniques. The conversion of N-salicylidenephenylhydrazone into its oligomeric 
form was performed using air, H2O2 and NaOCl as oxidants in an aqueous alkaline medium. According 
to SEC analysis, the number-average molecular weight (Mn), weight-average molecular weight (Mw) 
and polydispersity index (PDI) values of OSPH obtained using NaOCl oxidant were found to be 1436 

g mol-1, 1631 g mol-1 and 1.14, respectively. The conversion yield of N-salicylidenephenylhydrazone 
into oligo-N-salicylidenephenylhydrazone was 100% at optimum reaction conditions such as [SPH]0 

= [KOH]0 = [H2O2]0 =0.06 mol/L and at 90 °C for 10 h. Also, according to TG-DTA analysis, oligo-N-
salicylidenephenylhydrazone was shown to be thermally stable and resistant to thermo-oxidative 
decomposition. The weight loss of OSPH was found to be 20, 50 and 92.56% at 275°, 597° and 1000 

°C, respectively. 
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INTRODUCTION 

 
The oligo-phenols and their Schiff base 
derivatives including –OH and –CH=N groups 
have been used in various fields. They have 

useful properties such as paramagnetism, 
semi conductivity, employed in 
electrochemical cells and they resist to high 
energy (1-4). Polymer-metal complex 
compounds can be prepared with the reaction 
of metal salts and polymers containing 
electron donor groups such as –OH and –

CH=N (5). Antimicrobial properties of 

oligophenols with Schiff base substitute and 

their oligomer-metal complex compounds 
were investigated by Kaya et al (6,7). 
Oligophenols may be used in cleaning 
poisonous heavy metals in the industrial 

wastewaters. Also, Schiff base compounds 
have been used to determine the transition 
metals in some natural food samples (8). 
Therefore, the syntheses of oligomer and 
oligomer-metal complexes are very important 
for analytical, environmental and food 
chemistry.  

 

mailto:feyzakolcu@comu.edu.tr
http://dergipark.gov.tr/jotcsa
http://www.turchemsoc.org
mailto:feyzakolcu@comu.edu.tr
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All azomethine polymers show a remarkable 

thermal stability. Non-conjugated polymers 

are white or cream colored and have thermal 
stabilities at about 300 °C in N2 and 250 °C in 
air atmosphere. The color of aromatic 
azomethine polymers changes from yellow-
orange to red-brown or black products, with 
thermal stabilities up to 500-550 °C in N2 and 

430-480 °C in air atmosphere. They are also 
resistant to radiation and their stability is 
found to be independent of dose rate and 
nature of the ionizing radiation (9).  
 
In this study, we have investigated the effects 

of different parameters such as temperature, 
initial concentrations of NaOCl, H2O2 and KOH 
for the polymerization of N-
salicylidenephenylhydrazone. The molecular 

structures of the obtained monomer and 
oligomer were confirmed by using FT-IR, UV-
Vis, 1H-NMR, elemental analyses. Additionally, 

OSPH was characterized by TG-DTA, SEC, and 
solubility tests. 

 
MATERIALS AND METHODS 
 
Materials 
Phenylhydrazine, salicylaldehyde (SA), 1,4-

dioxane, ethanol, methanol, benzene, 
acetone, ethyl acetate, n-heptane, 
tetrahydrofuran (THF), dimethylsulfoxide 
(DMSO), N,N’-dimethylformamide (DMF), 
H2SO4, toluene, pyridine, n-hexane, 
hydrochloric acid (HCl) (37%) and H2O2 (35% 

solution in water) were supplied from Merck 

Chemical Co. (Germany) and they were used 
as received. Sodium hypochlorite (NaOCl), 
(30% solution in water) was supplied from 
Paksoy Chem. Co. (Turkey).  
 
Preparation of N-

salicylidenephenylhydrazone (SPH) 
N-salicylidenephenylhydrazone (SPH) was 
prepared by the condensation of 
salicylaldehyde (0.025 mol) and 
phenylhydrazine (0.025 mol) in 25-mL 
methanol under reflux for 3 h (Scheme 1). The 
precipitated N-salicylidenephenylhydrazone 

(SPH) was filtered and recrystallized from 
methanol and dried in a vacuum desiccator 
(m.p.: 125 °C, yield, 90%).  
 

Anal. calcd. for SPH: C, 73.59; H, 5.66; N, 
13.21. Found: C, 73.35; H, 5.52; N, 13.12. 
UV-Vis (max):  220, 236, 280 and 340 nm. FT-

IR (KBr, cm-1):  (O-H) 3470 s,  (C-H aryl) 

3030 m,  (C=N) 1615 s,  (N-H) 3300 s,  

(C=C) 1580, 1455, 1450 s,  (Ar-O) 1280 s. 

1H-NMR (DMSO):  ppm, 10.15 (s, 1H, OH); 

8.30 (s, 1H, CH=N); 5.60 (s, 1H, NH); 7.48 
(d, 1H, Ar-Ha), 6.85 (t, 1H, Ar-Hb), 7.25 (t, 
1H, Ar-Hc), 6.70 (d, 1H, Ar-Hd) 7.00 (d, 2H, 

Ar-Hee’) 7.15 (t, 2H, Ar-Hff’) 6.70 (t, 1H, Ar-

Hg).   

 
Synthesis of Oligo- N-
salicylidenephenylhydrazone with air 
SPH (4.24 g, 0.02 mol) was dissolved in an 
aqueous solution of KOH (10%) (1.12 g, 0.02 
mol) and placed into a 100 mL three-necked 

round-bottomed flask. It was fitted with a 
condenser, thermometer, stirrer and a glass 
tube was placed over condenser for air to pass 
through. The reaction mixture was heated at 
various temperatures and times. Air was 
passed through an aqueous solution of KOH 

(20%) before being sent to the reaction tube 
to eliminate CO2 in the air. It was cooled to 
room temperature and then, 0.02 mol of HCl 
(37%) was added to the reaction mixture. 

Unreacted monomer was separated from the 
reaction products by washing with n-heptane. 
The mixture was filtered and washed with hot 

water for separating it from mineral salts and 
dried in the oven at 110 °C 
 
Anal. calcd. for OSPH : C, 74.29; H, 4.76; N, 
13.33. Found: C, 73.75; H, 4.62; N, 13.00. 
UV-Vis (max):  221, 241, 291 and 346 nm. FT-

IR (KBr, cm-1):  (O-H) 3500 s,  (C-H aryl) 

3030 m,  (C=N) 1600 s,  (N-H) 3280 s,  

(C=C) 1500, 1470 s,  (Ar-O) 1270 s. 1H-NMR 

(DMSO):  ppm, 10.40 (s, 1H, OH); 9.20 (s, 

1H, CH=N); 6.55 (s, 1H, NH); 7.30 (s, 1H, Ar-
Ha), 6.80 (s, 1H, Ar-Hc), 6.50 (d, 2H, Ar-Hdd’) 
7.00 (t, 2H, Ar-Hee’) 6.70 (t, 1H, Ar-Hf).   
 

Synthesis of Oligo-N-
salicylidenephenylhydrazone with NaOCl  

OSPH was synthesized through oxidative 
polycondensation of SPH using NaOCl (30%) 
as the oxidant. SPH (4.24 g, 0.02 mol) was 
placed into a 50-mL three-necked round-
bottomed flask and dissolved in an aqueous 
solution of KOH (10%, 1.12 g, 0.02 mol). The 

flask was connected to a condenser, a 
thermometer, a magnetic stirrer, and an 
additional funnel containing NaOCl. After 
heating at 60 °C, NaOCl (30%) was added 
drop wise within 20 min. The reaction mixture 
was heated at various temperatures and 
times. The mixture was neutralized by HCl 

(37%, 0.02 mol) at room temperature. 
Unreacted monomer was separated from the 

reaction products by washing with cold n-
heptane. The mixture was filtered and washed 
with hot water for separating from mineral 
salts and dried in the oven at 110 °C.  
 

Synthesis of Oligo-N-
salicylidenephenylhydrazone with H2O2  
OSPH was synthesized through oxidative 
polycondensation in an aqueous alkaline 
medium using H2O2 (35%) as the oxidant. 
Polymerization was performed in a 50 mL 
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three-necked round-bottomed flask connected 

to a condenser, a thermometer and a 

magnetic stirrer, and an addition to funnel 
containing H2O2. SPH (4.24 g, 0.02 mol) was 
dissolved in an aqueous solution of KOH (10%, 
1.12 g, 0.02 mol). After heating at 40 °C, H2O2 

was added drop wise within 20 min. The 
reaction mixture was heated at various 

temperature and time. The mixture was 
neutralized by HCl (37%, 0.02 mol) at room 
temperature. Unreacted monomer was 
separated from the reaction products using n-
heptane. The mixture was filtered and washed 
with hot water for separating from mineral 

salts and dried in the oven at 110 °C.  
 
Characterization Techniques 
FT-IR and UV-Vis spectra were recorded by 

Mattson FT-IR 8010 and UV-160 (Shimadzu), 
respectively. The FT-IR spectra were recorded 
using KBr disc (4000-400 cm-1). UV-Vis 

spectra of SPH and OSPH were determined 
using THF. Elemental analysis was carried out 
by a Carlo Erba 1106. OSPH was characterized 
by 1H-NMR spectra (Bruker AC FT-NMR 400 
MHz spectrometer) and the spectra were 
recorded at 25 °C using deuterated DMSO as 
solvent. Tetramethylsilane (TMS) was used as 

internal standard. Thermal data were obtained 

by STA 409C NETZSCH-Geratebau GmbH 

Thermal Analysis. TG-DTA measurements 

were performed between 20 and 1000 °C (in 
air, rate 10°C/min). SEC analyses were used 
to investigate both size and polydispersity of 
the synthesized polymers that is, the ability to 
be able to find the molecular range distribution 
of the polymer molecules (PDI), as well as the 

number-average molecular weight (Mn) and 
the average molecular weight (Mw), by using a 
mixture of polystyrene standards (Polymer 
Laboratories; the peak molecular weights, Mp, 
between 162 and 19880 g mol-1) for 
calibration of the instrument SEC (Shimadzu 

10AVp series HPLC-SEC system), and a SGX 
(100 Å and 7.7 nm diameter loading material) 
3.3 mm i.d. x 300 mm column. DMF as eluent 
at a flow rate of 0.4 mL/min was used in SEC 

analyses. A refractive index detector (at 25°C) 
was used to analyze the product.  
 

RESULTS AND DISCUSSION 
Possible four main coupling modes for the 
polymerization of N-
salicylidenephenylhydrazone (SPH) and the 
general synthetic route for the synthesis of 
oligo-N-salicylidenephenylhydrazone (OSPH) 
and were identified and given in Schemes 1 

and 2 respectively. 
 

 
 

Scheme 1. Synthetic route of N-saliciylidenehydrazone (SPH) and possible resonance and coupling 
modes of SPH. 
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Scheme 2. Synthetic pathway of OSPH. 

 
Specifying the optimal reaction 
conditions and solubility of OSPH 
Oxidative polymerization of SPH was observed 
to be affected to different reaction 
parameters. To specify the optimum 
polycondensation conditions, polymerization 

of SPH was carried out using various oxidants 

such as NaOCl, H2O2 and air in aqueous KOH 
solution by tuning the temperature in the 
range between 40 and 95 C at constant SPH, 

KOH and oxidant concentration (Figure 1(a)). 
Additionally, the polymerization was carried 
out at different reaction time to assign the 
optimum reaction time (Figure 1(b)).  
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Figure 1. Reaction yields of OSPH at various temperature (a) and time (b) 

(Conditions: SPH= 0.06 mol L-1, KOH= 0.06 mol L-1, NaOCl= 0.06 mol L-1, H2O2= 0.06 mol L-1 

and air= 8.5 L h-1). 
 
The oxidative polycondensation conditions of 
SPH with air as oxidant in aqueous alkaline 
medium are given in Table 1. The oxidative 
polycondensation of SPH was not observed in 

THF and acetic acid medium at various 
temperature and time. SPH was soluble in 
aqueous KOH but no reaction was observed 
when it was heated for 3 h at 80 °C. However, 
the oxidative polycondensation of SPH took 
place in an aqueous alkaline solution and the 

color turned into brown by adding oxidants 
such as NaOCl, H2O2 and air. With [SPH]0 = 
[KOH]0 = 0.06 mol/L, the yield of OSPH was 
75% by air oxidant for 5h at 50 °C (Table 1).  

While the yield of OSPH was 80% for 5 h at 60 
°C, the polymerization yield was found to be 
35% for 5 h at 80°C. The reason may be the 
disruption of the polymer into monomers at 
high temperatures. 
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Table 1. The optimum oxidative polycondensation conditions of SPH in the aqueous 

alkaline medium with air oxidant. 

Run 
SPH0 

(mol/L) 

KOH0 

(mol/L) 

Air 
(L/h) 

Temp. 
(C) 

Time 
(h) 

Yield of SPH (%) 

1 0.06 0.06 8.5 50 5 75 

2 0.06 0.06 8.5 60 5 80 

3 0.06 0.06 8.5 80 25 60 

4 0.06 0.06 8.5 80 3 20 

5 0.06 0.12 8.5 80 5 35 

6 0.06 0.06 8.5 70 10 50 

7 0.06 0.06 8.5 75 10 40 

8 0.06 0.06 8.5 80 10 54 

9 0.06 0.06 8.5 85 10 35 

10 0.06 0.06 8.5 90 10 38 

11 0.06 0.06 8.5 95 10 30 

 

As seen in Table 1, the yield of oligomer 

depends on temperature and time variables. 
For air as the oxidant, the maximum yield of 
OSPH was observed as 80% at optimum 
conditions, such as [SPH]0 = [KOH]0 = 0.06 
mol/L for 5 h at 60 °C (Table 1).  
 
The oxidative polycondensation conditions of 

SPH with 30% NaOCl solution in aqueous 

alkaline medium are given in Table 2. The yield 

of OSPH was 77% at optimum conditions such 
as [SPH]0 = [KOH]0 = [NaOCl]0 = 0.06 mol/L 
for 3 h at 80 °C. The yield of OSPH was 73% 
at the reaction conditions such as [SPH]0 = 
[KOH]0 = 0.06 mol/L and [NaOCl]0 = 0.12 
mol/L for 10 h at 90 °C. The various conditions 
of OSPH are given for NaOCl in Table 2.  
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Table 2. The optimum oxidative polycondensation conditions of SPH in the aqueous 

alkaline medium with NaOCl as the oxidant. 

Run  
SPH0 

(mol/L) 

KOH0 

(mol/L) 

NaOCl0, 
(mol/L) 

Temp. 

  (C) 
Time 
(h) 

Yield of SPH 
(%) 

1 0.06 0.06 0.06 70 10 50 

2 0.06 0.06 0.06 70 5 58 

3 0.06 0.06 0.06 80 10 60 

4 0.06 0.06 0.06 80 5 62 

5 0.06 0.06 0.06 90 10 68 

6 0.06 0.06 0.06 90 5 65 

7 0.06 0.06 0.06 95 10 60 

8 0.06 0.06 0.06 95 5 55 

9 0.06 0.06 0.06 70 2 40 

10 0.06 0.06 0.06 80 3 77 

11 0.06 0.06 0.06 90 25 73 

12 0.06 0.06 0.12 90 10 73 

13 0.06 0.12 0.06 90 10 68 

 
The oxidative polycondensation conditions of 
SPH with 35% H2O2 solution in aqueous 

alkaline medium are given in Table 3. The yield 
of OSPH was 100% at optimum conditions 
such as [SPH]0 = [KOH]0 = [H2O2]0 = 0.06 
mol/L for 10 h at 90 °C. The polymerization of 
SPH was 64% at the reaction conditions such 

as [SPH]0 = [KOH]0 = 0.06 mol/L and [NaOCl]0 

= 0.12 mol/L for 10 h at 95 °C. While the 

polymerization of SPH was 100% and 75% for 
10 h at 90 °C and for 10 h at 95 °C, 
respectively. The reason may be the disruption 
of the polymer into monomers at high 
temperatures. 
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Table 3. The optimum oxidative polycondensation conditions of SPH in the aqueous alkaline 

medium with H2O2 as the oxidant. 

Run  
SPH0 

(mol/L) 

KOH0 

(mol/L) 

H2O20 

(mol/L) 

Temp. 
  (C) 

Time 
(h) 

Yield of SPH 
(%) 

1 0.06 0.06 0.06 50 10 76 

2 0.06 0.06 0.06 60 10 68 

3 0.06 0.06 0.06 70 10 90 

4 0.06 0.06 0.06 75 10 96 

5 0.06 0.06 0.06 80 10 99 

6 0.06 0.06 0.06 85 10 99 

7 0.06 0.06 0.06 90 10 100 

8 0.06 0.06 0.06 95 10 75 

9 0.06 0.06 0.06 95 2 60 

10 0.06 0.06 0.06 95 25 46 

11 0.06 0.06 0.12 95 10 64 

12 0.06 0.06 0.06 75 5 70 

 
Since the growing macromolecular chain come 

out of solution during the polycondensation at 
low polymerization degrees, high molecular 
weight polymers can not be obtained. 

Oxidatively polymerized products of OSPH 
synthesized by air, H2O2 and NaOCl in aqueous 
alkaline medium were brown solid powders. 
OSPH was soluble in common organic solvents 

such as CHCl3, DMSO, concentrated H2SO4 and 
aqueous KOH, DMF, benzene, toluene, 
acetone, THF, ethyl acetate, 1,4-dioxane, 
ethanol, methanol and pyridine, but it was 
insoluble in n-hexane and n-heptane.  

 
Characterization of SPH and OSPH 

Based on the SEC chromatograms of OSPH, 
the calculated number-average molecular 
weight (Mn), weight average molecular weight 
(Mw), and polydispersity index (PDI) values 
were organized in Table 4. According to SEC 
analyses, Mn, Mw and PDI values of OSPH were 

found to be 1436 g mol-1, 1631 g mol-1 and 

1.14, respectively, for NaOCl oxidant. Total 
values delineated that Mn, Mw and PDI values 
of OSPH were found to be 850 g mol-1, 1155 g 

mol-1 and 1.36, respectively, for air as the 
oxidant. At the molecular weight distribution 
of OSPH, two fractions were observed with 
93% of OSPH for the low molecular weight (for 

the first fraction: Mn, 1418 g mol-1; Mw, 1650 
g mol-1; PDI, 1.16), but 7% of its weight for 
the high molecular weight (for the second 
fraction: Mn, 37632 g mol-1; Mw, 40217 g mol-
1; PDI, 1.07).  Mn, Mw and PDI values of OSPH 
were found to be 825 g mol-1, 1660 g mol-1 
and 2.01, respectively, for H2O2 oxidant. Two 

peaks were observed with 92% of OSPH for 
the low molecular weight (for the first fraction: 
Mn, 1635 g mol-1; Mw, 2157 g mol-1; PDI, 
1.32), but 8 % of its weight for the high 
molecular weight (for the second fraction: Mn, 
8736 g mol-1; Mw, 10123 g mol-1; PDI, 1.16).  
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Table 4. SEC analyses data of the synthesized compounds. 

 Total Fraction I Fraction II 

Compounds Mn Mw PDI Mn Mw PDI % Mn Mw PDI % 

OSPH (air) 
850 1155 1.36 1418 1650 1.16 93 37632 40217 1.07 7 

OSPH(NaO
Cl) 
(na(NaOCl) 

1436 1631 1.14
4 

1436 1631 1.14
4 

100 - - - - 

OSPH 
(H2O2) 

825 1660 2.01 1635 2157 1.32 92 8736 10123 1.16 8 

 

The electronic spectra of SPH and OSPH were 
recorded in THF. UV-Vis spectrum of SPH was 
observed with the bands at 220, 240, 287, 315 
and 342 nm. K band belongs to –OH and 
azomethine groups of SPH observed at 240 

and 315 nm, respectively. B and R bands for 

SPH were observed at 287 and 342 nm, 
respectively. R band for -CH=N group of SPH 
was observed at 342 nm. UV-Vis spectrum of 
OSPH was observed with the same bands at 
221, 241, 291 and 346 nm. K bands for –OH 
and azomethine groups of OSPH were 
observed at 241 and 291 nm, respectively. R 

band for -CH=N group of OSPH was seen at 
346 nm.  
 

FT-IR spectrum of SPH (Figure 2) shows the 
characteristic peaks of the functional groups 
for SPH. Phenolic O-H stretching and 
secondary N-H stretching frequencies were 
observed at 3470 cm-1 and 3300 cm-1, 

respectively. The peak at 2980 cm-1 was 

attributed to the aromatic –C-H stretching 
frequency. The peak for imine (-HC=N-) group 
was observed at 1615 cm-1. Aromatic -C=C 
stretching and the sharp peak attributed to the 
N-H bending in the molecular structure of SPH 
were observed at 1580 cm-1 and 1380 cm-1, 
respectively. The results confirm the structure 

of Schiff base containing an imine (–HC=N-) 
bond in the structure of SPH. 

 

 
Figure 2. FT-IR spectrum of N-salicylidenehydrazone (SPH). 

 
In the FT-IR spectrum of OSPH (Figure 3), the 
stretching frequencies of -OH and –CH=N 
groups were observed at 3500 and 1600 cm-1, 

respectively. The characteristic peaks clearly 
show the binding of functional groups of the 
synthesized products (10,11).  
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Figure 3. FT-IR spectrum of oligo-N-Salicylidenehydrazone (OSPH). 

 
According to the spectral results and SEC 
analyses, OSPH’s molecular structure is given 
as in Scheme 3. In order to identify the 
structures of Schiff base (SPH) and its 
oligomer (OSPH), 1H-NMR spectra were 

recorded in DMSO-d6. At the 1H-NMR spectrum 
of SPH, the characteristic peaks of the 
functional groups were observed. Phenyl-OH 
group at 10.15 ppm, azomethine (-CH=N) 
group at 8.30 ppm and secondary amine (–
NH) group at 5.60 ppm. The 1H-NMR and FT-

IR results showed the formation of oligomeric 
macromolecules from SPH unit by the 

oxidative polymerization through the carbons 
which are ortho and para positioned to 
hydroxyl group. At the 1H-NMR spectrum of 
OSPH, the characteristic peaks of the 
functional groups were observed. Phenyl-OH 

group at 10.40 ppm, azomethine (-CH=N) 
group at 9.20 ppm and secondary amine (–
NH) group at 6.55 ppm (Scheme 3). The FT-
IR spectral data and the results of 1H-NMR 
spectra of OSPH confirm the formation of the 
synthesized molecules. The spectral results 

are given below the synthesis part of the 
compounds. 

 

 
Figure 4. The structures of SPH and OSPH. 
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Thermal analysis of OSPH 

The TG-DTA measurements of OSPH were 

performed under air atmosphere in the 
temperature range from 20 °C to 1000 °C in 
order to investigate its thermal stability. 
Figure 4 shows the TG-DTA curves for OSPH 
which was oxidatively polymerized of SPH in 
the aqueous alkaline medium by air as the 

oxidant. According to TG curves, OSPH started 
to degrade at 190 °C. OSPH thermo-
oxidatively degraded in three steps. According 

to TG curve of OSPH, Tmax values were 

observed at 506, 625 and 820 °C. 20% and 

50% weight losses of OSPH were found to be 
at 275 °C and 597 °C, respectively. The weight 
loss of OSPH was 92.56% at 1000 °C. 5% 
weight loss in the range of 50-150 °C assigned 
to water removal was also seen on TG curve 
of OSPH. TG-DTA analyses showed that OSPH 

was found to be thermally stable and resistant 
to thermo-oxidative decomposition.  

 
 

 
Figure 5. TG/DTA curves of oligo-N-Salicylidenehydrazone (OSPH). 

 
CONCLUSIONS 
 
In this study, the synthesized Schiff base 
(SPH) was transformed into oligo-N-

salicylidenephenylhydrazone (OSPH) using 
air, H2O2 and NaOCl as oxidants in an aqueous 
alkaline medium. According to spectral 
analyses, the synthesized oligo-N-
salicylidenephenylhydrazone oligomer was 
confirmed by bonding units through ortho and 
para carbons to hydroxyl group of N-

salicylidenephenylhydrazone. Mn, Mw and PDI 

values of OSPH were found to be 1436 g mol-
1, 1631 g mol-1 and 1.14; 850 g mol-1, 1155 g 
mol-1 and 1.36; 825 g mol-1, 1660 g mol-1 and 
2.01, respectively, for NaOCl, air and H2O2 
oxidants. Based on TG analysis OSPH in the 
aqueous alkaline medium with air oxidant, 

carbonaceous residue value of OSPH was 
found to be 7.44% at 1000 °C. 
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complexes 
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Abstract : Four known dithiophosphinic acids, DTPA, were synthesized and their zinc complexes were 

newly prepared. The complexes have been proven to have the structures [Zn(µ-DTPAn)2(DTPAn)2], 
([DTPAn]= Rn(R)P(S)H, R= 4-CH3O-C6H4-; R1= iso-amyl-, DTPA1; R2= iso-butyl-, DTPA2; R3= sec-butyl-, 
DTPA3; R4= iso-propyl-, DTPA4). The DTPAs were prepared by the reaction of the Lawesson reagent, 
[2,4–bis(4-methoxyphenyl)–1,3,2,4–dithiodiphosphetane–2,4–disulfide] (LR), with the corresponding 
Grignard compounds. The acids formed are viscous liquids difficult to purify and so they were converted 
to ammonium salts, [DTPAn][NH4], which are easy to obtain as pure crystals. The complexes were 

identified to have dimeric structures on the basis of mass spectroscopic data. 
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INTRODUCTION 
 
Acidic organodithiophosphorus compounds like 
dithiophosphoric, dithiophosphonic and 

dithiophosphinic acids (Figure 1) and the 
coordination compounds thereof have some 
industrial interest because of their use as a 

rubber vulcanizing agent (1,2), lubricating oil 
additives (3-5), metal flotation mediators (6-8), 
and pesticides (9-11). Potential uses as 
chemotherapeutic agents (12), clinical imaging 

aids (13) and antibiotic synergists are also 
investigated (14). 
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P

 
Dithiophosphoric acid            Dithiophosphonic acid           Dithiophosphinic acid 

R, R’= Alkyl- or aryl- groups 
 

Figure 1. Different types of organodithiophosphorus compounds 
 
DTPA metal complexes are mostly classified as 
four-coordination number. The nickel(II)-DTPA 
complexes are mono-nucleic and as a square-

planar (15), on the other hand Zn(II)- or Cd(II)-
DTPA complexes are shown to be four 
coordinated, dimeric structures (16,17). Here, 

we present the preparation and characterization 
of the zinc complexes of four different 
dithiophosphinic acids, [DTPAn], 4-

methoxyphenyl(3-methylbutyl) dithiophosphinic 
acid, [DTPA1]; 4-methoxyphenyl(2-
methylpropyl) dithiophosphihinic acid, [DTPA2]; 
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4-methoxyphenyl(1-methylpropyl) 

dithiophosphinic acid, [DTPA3]; 4-
methoxyphenyl(1-methylpropyl) 

dithiophosphinic acid, [DTPA4]. The synthesis of 
the dithiophosphinato ligand was described 
elsewhere (18-20). As it is general for the 
related compounds the Lawesson reagent, 2,4-

bis(4-methoxyphenyl)-1,3,2,4-

dithiadiphosphetane-2,4-disulfide (LR) was 

reacted with the appropriate Grignard reagent to 
obtain the corresponding dithiophosphinic acid 

and the product was neutralized with dry 
ammonia to yield a crystallizable ammonium salt 
for purification, [DTPAn][NH4]. The reactions and 
the products are summarized in Scheme 1.  

 
Scheme 1. Synthesis of [DTPAn] and [DTPAn][NH4]. 

 
Zinc complexes of the four dithiophosphinic 
acids described above were obtained by the 
treatment of the corresponding ammonium-

ligand salt with zinc(II)chloride in ethanolic 
medium, [Zn(µ-DTPAn)2(DTPAn)2], (Scheme 2). 
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Scheme 2. Synthesis of [Zn(µ-DTPAn)2(DTPAn)2]. 
 
EXPERIMENTAL 
 
General 
Analytical-grade LR, iso-amyl bromide, iso-butyl 

bromide, sec-butyl bromide and iso-propyl 
bromide were purchased from Merck and used 
directly without further purification. Benzene, 
chloroform, ethanol, diethyl ether and ZnCl2 
were purchased from Merck. Benzene and 
diethyl ether were distilled and dried before use. 
[DTPA1][NH4], [DTPA2][NH4], [DTPA3][NH4] and 

[DTPA4][NH4] were prepared according to the 
literature (21). 
 
The LC/MS system was supplied by Waters with 
a C-18 HPLC column and a Waters Micromass 
ZQ connected to an ESI ionizer. Melting point 

determinations were performed on a Gallenkamp 
apparatus with a glass capillary. 1H, proton-
coupled 13C and 31P NMR spectra were recorded 
on a Varian Mercury (Agilent) 400 MHz FT 

spectrometer. CDCl3 was the solvent of 
preferences for zinc complexes. Internal 
standards were SiMe4 for the 1H-, 13C-NMR and 
85% H3PO4 for 31P-NMR. IR spectra were 
recorded on a Perkin Elmer Spectrum 400 FTIR 
instrument (200–4000 cm−1) with wavenumbers 
in cm−1 units. Elemental analyses were 

performed on a LECO CHNS-932 C instrument. 
 
General procedure for the zinc complexes 
To pure ethyl alcoholic solution of 2 mmol (0.04 
g) of ZnCl2 in a beaker (40-50 mL) were added 4 
mmoles of the ligand of interest (0.34 g of 
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[DTFA1][NH4]; 0.31 g of [DTFA2][NH4]; 0.31 g of 

[DTFA3][NH4] and 0.28 g of [DTFA4][NH4];). 
After mixing the cation with the ligand, the 

colorless complex was formed. Upon waiting for 
2 days, fine crystals of the complex were formed 
at the bottom. These crystals were filtered and 
recrystallized from ethanol or chloroform. 

 
Bis-{bis-[4-methoxyphenyl(3-
methylbutyl)dithiophosphinato]zinc(II)} 
[Zn(µ-DTPA1)2(DTPA1)2]. Yield: 1.83 g, 74%. 
Colorless. M.P. 221-222oC. 1H NMR (δ:ppm, 
CDCl3): δ= 0.85 (dd, 3JHH= 6.51 Hz, 24H, -CH-
(CH3)2), 1.47 (m, 8H, -CH-), 1.55 (m, 4H, -CH2-

CH), 2.28 (m, 8H, -CH2-CH2), 3.84 (s, 12H, 
OCH3), 6.95 (A-part of AA’MM’X, 4JPH= 2.30 Hz 
(JAX), N= 8.70 Hz, 8H, m-H), 7.86 M-part of 
AA’MM’X, 3JPH= 13.36 Hz (JMX), N= 8.70 Hz, 8H, 
o-H). 13C-NMR (CDCl3): δ= 22.1 (s, -(CH3)2), 
32.0 (d, 3JP-C= 4.4 Hz, -CH-(CH3)2)), 28.6 (d, 2JP-

C= 17.5 Hz, -CH2-CH), 40.2 (d, JP-C= 50.9 Hz, P-

CH2-), 55.4 (s, CH3O-), 113.3 (d, 3JP-C= 14.2 Hz, 
Ar-Cmeta), 126.5 (d, JP-C= 88.9 Hz, P-Carom) 
132.3 (d, 2JP-C = 11.9 Hz, Ar-Cortho), 162.1 (s, 
CH3O-C). 31P-NMR (CdCl3): δ= 68.1. LC/MS: m/z 
647.3 ([[M/2+CH3CN)]+, 100%), 1222.9 ([M]+, 
4%), 883.3 ([M-DTPA1]+, 4%), 614.3 ([M/2-H]+, 

6%). Anal. Calcd. for C48H72Zn2O4P4S8 (1224.3 
g.mol-1): C, 47.1; H, 5.9; S, 21.0. Found: C, 
47.2; H, 5.7; S, 20.8%. 
 
Bis-{bis-[4-methoxyphenyl(2-
methylpropyl)dithiophosphinato]zinc(II)} 
[Zn(µ-DTPA2)2(DTPA2)2]. Yield: 2.54 g, 85%. 

Colorless. M.P. 167-168oC. 1H NMR (CDCl3): δ= 
0.88 (t, 3JHH= 6.67 Hz, 24H, -CH2-CH3), 2.11 

(m, 4H, -CH-CH3), 2.28 (m, 8H, 2JPH= 11.90 Hz, 
3JPH= 6.10 Hz P-CH2), 3.84 (s, 12H, OCH3), 6.92 
(A-part of AA’MM’X, 4JPH= 2.46 Hz (JAX), N= 8.50 
Hz, 8H, m-H), 7.91 M-part of AA’MM’X, 3JPH= 
13.44 Hz (JMX), N= 8.50 Hz, 8H, o-H). 13C-NMR 

(CDCl3): δ= 25.5 (d, 3JP-C= 3.9 Hz, -(CH3)2), 
24.3 (d, 2JP-C= 10.0 Hz, -CH-(CH3)2)), 42.9 (d, 
JP-C= 51.4 Hz, P-CH2-), 55.4 (s, CH3O-), 113.7 
(d, 3JP-C= 14.1 Hz, Ar-Cmeta), 127.8 (d, JP-C= 
80.3 Hz, P-Carom) 132.6 (d, 2JP-C = 13.1 Hz, Ar-
Cortho), 161.9 (d, 4JP-C= 3.0 Hz, CH3O-C). 31P-

NMR (CDCl3): δ= 60,7. LC/MS: m/z 1190.3 
([M+Na]+, 2%), 845.2 ([M-(Zn(DTPA2)]+, 4%), 
619.3 ([M/2+CH3CN]+, 92%), 607.2 
([M/2+Na]+, 35%). Anal. Calcd. for 
C44H64Zn2O4P4S8 (1168.2 g mol-1): C,45.2; H, 
5.5; S, 22.0. Found: C, 45.4; H, 5.5; S, 22.2%. 

 

Bis-{bis-[4-methoxyphenyl(1-
methylpropyl)dithiophosphinato]zinc(II)} 
[Zn(µ-DTPA3)2(DTPA3)2]. Yield: 2.33 g, 78%. 
Colorless. M.P. 187-188oC. 1H NMR (CDCl3): δ= 
0.92 (t, 3JHH= 7.30 Hz, 12H, -CH2-CH3), 1.98 
(m, 8H, -CH2-CH3), 1.16 (m, -CH3-CH- adjacent 
with -CH3-CH-, 16H), 1.16 (dd, -CH3-CH- ve -

CH3-CH- adjacent, 2JPH= 21.94 Hz, 3JPH= 6.86 

Hz, 16H), 3.84 (s, 12H, OCH3), 6.95 (A-part of 

AA’MM’X, 4JPH= 2.32 Hz (JAX), N= 8.80 Hz, 8H, 
m-H), 7.83 M-part of AA’MM’X, 3JPH = 12.95 Hz 

(JMX), N =8.80 Hz, 4H, o-H). 13C-NMR (ppm, 
CDCl3): δ =16.26 (d, 2JP-C = 1.0 Hz, -(CH3)2), 
38.19 (d, JP-C = 49.6 Hz, P-CH-), 55.37 (s, 
CH3O-), 113.6 (d, 3JP-C = 13.9 Hz, Ar-Cmeta), δ= 

124.85 (d, JP-C = 78.1 Hz, P-Carom) 132.97 (d, 
2JP-C = 12.5 Hz, Ar-Cortho), 162.05 (d, 4JP-C = 2.8 
Hz, CH3O-C). 31P-NMR (ppm, CDCl3): δ = 82.9. 
LC/MS: m/z 1191.1 ([M+Na]+, 31.2 %); 909.1 
([(M-(Zn(DTPA3)]+, 89.0 %); 583.2 ([M/2-H]+, 
78,5 %). Anal. Calcd. for C44H64Zn2O4P4S8 
(1168.2 g mol-1): C,45.2; H, 5.5; S, 22.0. 

Found: C, 45.6; H, 5.8; S, 22.6%. 
 
Bis-{bis-[4-methoxyphenyl(2-
propyl)dithiophosphinato]zinc(II)} 
[Zn(µ-DTFA4)2(DTFA4)2]. Yield: 2.00 g (81 %). 
Colorless. M.P. 209-210oC. 1H NMR (CDCl3): δ 

=1.16 (dd, 3JPH= 21. 5 Hz, 3JHH = 6.9 Hz, 12H, -

CH-(CH3)2), 2.3 (m, 4H, -CH-), 3.84 (s, 6H, 
OCH3), 6.94 (A-part of AA’MM’X, 4JPH = 2.35 Hz 
(JAX), N =8.80 Hz, 4H, m-H), 7.83 M-part of 
AA’MM’X, 3JPH = 12.95 Hz (JMX), N =8.80 Hz, 4H, 
o-H). 13C-NMR (ppm, CDCl3): δ =16.26 (d, 2JP-C 
= 1.0 Hz, -(CH3)2), 38.19 (d, JP-C = 49.6 Hz, P-

CH-), 55.37 (s, CH3O-), 113.6 (d, 3JP-C = 13.9 
Hz, Ar-Cmeta), δ= 124.85 (d, JP-C = 78.1 Hz, P-
Carom) 132.97 (d, 2JP-C = 12.5 Hz, Ar-Cortho), 
162.05 (d, 4JP-C = 2.8 Hz, CH3O-C). 31P-NMR 
(ppm, CDCl3): δ = 82.9. LC/MS: m/z 1133.8 
([M+Na]+, 31.2 %); 864.9 ([(M-(Zn(DTFA4)]+, 
100.0 %); 576.9 ([M/2]++Na]+, 78,5 %); 308.8 

([Zn(DTFA4]+, 12,3 %). Anal. Calcd. for 
C40H56Zn2O4P4S8 (1112.1 g mol-1): C,43.2; H, 

5.1; S, 23.1. Found: C, 43.2; H, 4.9; S, 23.3%. 
 
RESULT AND DISCUSSION 
 
The data relating to the percent yields, physical 

appearance, and elemental analyses of the 
complexes as well as IR-, mass- and NMR (1H-, 
13C-, 31P-) spectra are given in the section 
“Experimental”. The major spectroscopic 
features are as follows: 
 

IR Spectra  
The prominent IR bands of the complexes, 
[Zn(µ-DTPA1)2(DTPA1)2], [Zn(µ-
DTPA2)2(DTPA2)2], [Zn(µ-DTPA3)2(DTPA3)2] and 
[Zn(µ-DTPA4)2(DTPA4)2], are summarized in 
Table 1. The asymmetrical and symmetrical PS 

stretching vibrations, asym and sym, show up in 

the ranges 610–588 cm-1 and 492–549 cm-1, 
respectively. The bands in the range 282–311 

cm-1 were assigned to Zn-S stretching bands, 
Zn-S. These values agree well with those 

reported in the literature for analogous 
compounds (22-24). 
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Table 1: Selected FTIR (R) data (cm-1 ) assignment of significant bands for  
[Zn(µ-DTPAn)2(DTPAn)2] 

Compounds 
Zn-S asym (PS) sym (PS) 

IR  IR  IR  

[Zn(µ-DTFA1)2(DTFA1)2] 308  610;599  518;534  

[Zn(µ-DTFA2)2(DTFA2)2] 282  589  517;542  

[Zn(µ-DTFA3)2(DTFA3)2] 297  588  492  

[Zn(µ-DTFA4)2(DTFA4)2] 311  611  523; 550  

 

Mass Spectra 
The mass signals of the complexes reflect the 
isotopical multitudes of zinc and sulfur.  Some of 

the mass peaks indicate the attachment of an 
CH3CN or a Na+ cation to the species responsible 
for the signal. CH3CN or Na+ ions are likely to be 
originated from the buffer solution used in the 

ionization chamber and similar cases were 
reported in the literature (25). The 
disintegration pattern of the complexes are also 
comparable to the literature data reported for 
analogous structures (26-29). Molecular peaks 
corresponding to the dimeric structures of the 

complexes are discernable for all the 
compounds, but [Zn(µ-DTPA1)2(DTPA1)2]. The 
complexes display Mass-peaks corresponding to 
the mono-nuclear [Zn(DTPAn)2] moieties. In the 
Mass spectrum of all the [Zn(µ-
DTPAn)2(DTPAn)2] complexes display peaks 
indicating removal of a DTPAn leaving back a 

sort of the formula [Zn2(DTPAn)3]. 
 
1H–NMR Spectra 
1H–NMR data are summarized in Table 2. For all 
the structures investigated the four anisole-ring 
protons and the phosphorus atom constitute an 
AA’MM’X system. The AA’MM’ part display 

practically an AMX pattern (30). This is obviously 
because JAM’ and JA’M are virtually zero. The 
aromatic protons were assigned on the basis of 
the magnitudes of the coupling constants to 
phosphorus. In all the compounds, the protons 
in  ortho- position to phosphorus display a 3JPH of 

~13 Hz and those meta- to phosphorus a 4JPH of 
~2.3 Hz. 
 
The peak area integrals of all the signals confirm 

the assignments of the peaks. Chemical shift 
and coupling data are in compliance with the 
literature (31,32). 

 

13C-NMR Spectra 
13C–NMR data are given in Table 3. The contact 
31P-13C coupling of the ipso- carbons varies 

between 76.3 Hz and 88.8 Hz whereas the one-
bond coupling for the aliphatic carbons, C6, lies 
in the range 48.1 Hz-51.4 Hz. The δ and J 
values are in agreement with those given in the 

literature (33-35). 
 
31P–NMR Spectra 
Proton-decoupled 31P–NMR signals of the 
compounds, [Zn(µ-DTPA1)2(DTPA1)2], [Zn(µ-
DTPA2)2(DTPA2)2], [Zn(µ-DTPA3)2(DTPA3)2] and 

[Zn(µ-DTPA4)2(DTPA4)2], appear at 68.1, 60.1, 
79.4 and 82.9 ppm, respectively. The fact that 
each compound displays only one singlet 
indicate that the phosphorus atoms are in an 
equivalent environment within the molecule 
except for [Zn(µ-DTPA2)2(DTPA2)2]. These data 
comply with those reported in the literature 

(31). 
 
CONCLUSION 
 
In this work four new dithiophosphinato zinc 
complexes were synthesized and characterized. 
The characteristic N-H stretching bands of the 

ligands appear at ~3000-3100 cm-1 on IR (18-
20). These bands disappear on the IR spectra of 

the complexes proving the substitution of the 
ammonium group by metal cations. All the 
complexes are of dimeric structures. The one-
bond 13C-31P coupling constants for the aromatic 
ipso- carbons were found to be 30-40 Hz greater 
than that of the aliphatic carbons (76.3-88.8 Hz 

and 48.1-51.4 Hz, respectively). Due to the 
equivalent chemical environment of the 

phosphorus in the complexes except for [Zn(µ-
DTPA2)2(DTPA2)2], a single peak appeared in the 
31P-NMR spectrum. The structures of the 
complexes were elucidated on the basis of 
elemental analysis as well as mas-, FTIR- and 

NMR- spectra.  
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Table 2:  1H NMR spectral data of complexes. 

5

4

1

P

O

R

P

Zn

S S S

Zn

S

P

S SS S

O

O

R

R

P

CH

CH
CH

CH

CH3O

R

H3C

CH3

H3C

2
A 3

M

3
M'2

A'

X

spin system
AA'MM'X

 

[Zn(µ-
DTFA1)2(DTFA1)2] 

R1= iso-amyl- 
AA’MM’X spin system, (N= JAM + JAM’) -OCH3 -C6-H -C7-H -C8-H -C9-H 

 CH2

CH2 HC

CH3

CH3
6

7 8

9  

δ= 7.86 

(dd, 8H) 
3JP-H= 13.36, (JMX) 

N= 8.70 

δ= 6.95 
(dd, 8H) 

4JP-H= 2.30, 
(JAX) 

N = 8.70 

δ= 3.84 
(s, 12H) 

δ= 2.28 
(m, 8H) 

δ= 1.55 
(m, 8H) 

δ= 1.47 
(m, 4H) 

δ= 0.85 
(d, 24H) 

3JHH = 

6.51 

[Zn(µ-
DTFA2)2(DTFA2)2] 

R2= iso-butyl-   
    

 

 CH2 HC

CH3

CH3

6 7

8  

δ= 7.91 
(dd, 8H) 

3JP-H= 13.44, (JMX) 
N= 8.50 

δ= 6.92 

(dd 8H) 
4JP-H= 2.46, 

(JAX) 
N= 8.50 

δ= 3.84 
(s, 12H) 

δ= 2.28 
(dd, 8H) 

2JP-H= 11.90 
3JHH = 6.10 

δ= 2.11 
(m, 24H) 

δ= 0.88 
(d, 24H) 

3JHH = 
6.67 

- 

[Zn(µ-
DTFA3)2(DTFA3)2] 

R3= sec- butyl-   
 

  
 

 

CH3

CH2CH

CH3

 

6

7

8

9

 

δ= 7.83 
(dd, 8H) 

3JP-H= 12.94, (JMX) 
N= 8.80 

δ = 6.92 
(dd 8H) 

4JP-H= 2.32, 

(JAX) 
N= 8.80 

δ= 3.84 
(s, 12H) 

δ= 1.16 
(dd, C6-H and 
C7-H adjacent, 

16H) 
2JP-H= 21.94 
3JHH = 6.86 

δ= 1.16 
(m, C6-H and 
C7-H adjacent, 

16H) 

δ= 1.98 
(m, 8H) 

δ= 0.92 
(t, 12H) 

3JHH = 
7.30 

[Zn(µ-

DTFA4)2(DTFA4)2] 

R4= iso-propyl-   

 

   

 



Sağlam EG and Acar N. JOTCSA. 2018; 5(2); 931-940.  RESEARCH ARTICLE 

936 
 

 HC

CH3

CH3

6

7  

δ= 7.83, (dd, 8H) 
3JP-H= 12.95, (JMX) 

N= 8.80 

δ = 6.94 
(dd 8H) 

4JP-H= 2.35, 
(JAX) 

N= 8.80 

δ= 3.84 

(s, 12H) 

δ= 2.28 

(m, 4H) 

δ= 1.16 
(dd 12H) 

3JP-H= 21.5 
3JHH = 6.9 

- - 

 
Table 3:  13C-NMR spectral data of complexes. 
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(d) 
4JP-C = 

2.9 

δ= 132.9 
(d) 

2JP-C = 
12.1 

δ= 125.1 
(d) 

JP-C = 
76.3 

δ= 113.6 
(d) 

3JP-C = 
13.9 

 

 
δ= 55.4 

(s) 

δ= 45.6 
(d) 

JP-C = 
48.1 

δ= 12.4 
(d) 

2JP-C = 16.8 
δ= 22.8 

(s) 
δ= 12.4 

(s) 

CH3

CH2CH

CH3

 

6

7

8

9

 

[Zn(µ-

DTFA4)2(DTFA4)2] 

R4= iso-
propyl- 

δ= 162.1 

(d) 
4JP-C = 

2.8 

δ= 133.0 

(d) 
2JP-C = 
12.5 

δ= 125.9 

(d) 

JP-C = 
78.1 

δ= 113.6 

(d) 
3JP-C = 
13.9 

 
δ= 55.4 

(s) 

δ= 38.9 

(d) 

JP-C = 
49.6 

δ= 16.3 

(d) 
2JP-C = 1.0 

- - 
 HC

CH3

CH3

6

7  

 
Chemical shifts (δ) are reported in ppm. J values are reported in Hz. s: singlet; d: doublet; t: triplet; dd: doublet of doublets; m: multiplet.  
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Abstract: Chlordane is only one of the persistent pesticides used in some countries despite the ban. 

Removal of chlordane, a severe threat to all living things, was performed using nicotinamide-modified poly 
(2-hydroxyethyl methacrylate-glycidyl methacrylate), poly(HEMA-GMA)-Nic, polymeric cryogels in this 
study. Poly(HEMA-GMA) polymeric cryogels were synthesized based on previously reported literature 
procedures and were subsequently modified by nicotinamide moieties. Removal of chlordane in alcoholic 

medium has been accomplished exploiting the alcoho-phobic interaction, which was the first indication in 
our previous study. Structural analysis of poly(HEMA-GMA)-Nic was performed using Fourier transform 
infrared spectroscopy (FT-IR) and elemental analysis methods. Scanning electron microscopy (SEM) was 
used to understand the surface morphology of cryogels. Surface area and cavity volume calculations were 
determined by applying N2 adsorption method and swelling test. The interaction time and maximum 
adsorption capacity were identified as 5 minutes and 64.61 mg chlordane/g cryogel for 300 mg/L chlordane 
concentration and 108.818 mg chlordane/g cryogel for 800 mg/L chlordane concentration during the 

adsorption experiments. Cyclohexane, toluene, chloroform, dichloromethane, acetone, and acetonitrile 

were used as solvents to observe the solvent effect on adsorption of chlordane onto the polymeric material. 
As expected, the removal of chlordane was performed with the highest adsorption performance in 

cyclohexane with the lowest dielectric constant. 
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INTRODUCTION 

 

The technical chlordane, which is a mixture of 
approximately 150 different chemicals, mainly 
contains three chlordane compounds, cis-
chlordane (CC), trans-chlordane (TC), and trans-
nonachlor (1, 2). Chlordane was at the forefront 
of 12 prohibited pesticides in the UNER Stockholm 

Convention, which was signed on persistent 
organic pollutants in 2001 (3). As a broad-
spectrum pesticide used against insects and pests 
in many vegetable and fruit cultures, chlordane, 
which has been used for many years in the United 

States of America (after the 1940s) and Japan 

(1980s), is almost insoluble in water, like other 

pesticides (4-7). Chlordane, which is considered 
to be one of the most harmful members of 
pesticides, is profoundly harmful to health, and a 
severe endocrine disruptor (8-11). Results of 
exposure to low doses of chlordane may be the 
symptoms such as a headache, vomiting, loss of 

consciousness while exposure to high doses can 
result in death (12, 13). Also, it has been revealed 
that chlordane is linked to diabetes in the recent 
researches (14). 
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Monitoring, removal and degradation studies 

have been performed up to date to deal with the 
persistent organic pollutants resistant to 

degradation (7, 15-23). These methods have 
disadvantages such as the need for experienced 
users, harmful chemicals, long-term 
experimental procedure. Therefore, it is 

necessary to find new ways to be able to remove 
unwanted compounds in a short process 
efficiently. 
 
Polymeric cryogels have been used extensively in 
many studies over the last 20 years and continue 
to be used due to the advantages such as easy 

synthesis, adequate performance, and low cost 
(24-27). In particular, the micro- and 
macroporous structure of cryogels overcome the 
disadvantages in conventional techniques. The 
primary downside of cryogels over micro- and 
nano-adsorbents is that they seem to have a low 

surface area, but they also eliminate many 

problems coming from these adsorbents such as 
agglomeration, low yield, and the need for high-
performance devices such as centrifuges (28-32). 
Polymeric cryogels have interconnected flow-
channels providing the diffusion of the target 
molecule to the cavities of the cryogels, 

therefore, this provides a healthy interaction 
between the ligands on the surface of cryogels 
and the target molecules residing on the cavities 
for a while (33). 
 
We have applied the modification of a polymeric 
structure used in affinity techniques. 

Nicotinamide was added as a ligand to the poly 
(HEMA-GMA) polymeric structure, which was 

previously used in some studies (34). As an 
adsorbent, poly (HEMA-GMA) polymeric cryogels 
have been modified using nicotinamide. The 
modification of poly(HEMA-GMA) with 
nicotinamide is quite rare in the literature. 

Ethanol was used instead of water as a solvent. 
The main reason for using ethanol is that 
chlordane does not dissolve in water as 
mentioned before. Also, various organic solvents 
were also used to measure the chlordane 
adsorption performance of the synthesized 

polymeric material in different solutions.  
 
MATERIALS AND METHODS 
 
Materials 
2-Hydroxyethyl methacrylate (HEMA), ethylene 

glycol di-methacrylate (EGDMA), glycidyl 

methacrylate (GMA), nicotinamide (Nic), 
ammonium persulfate (APS), sodium dodecyl 
sulfate (SDS) and N,N,N′,N′-tetramethyl 
ethylenediamine (TEMED) and chlordane 

(C10H6Cl8, analytical standard, PN: 442449) were 

obtained from Sigma-Aldrich (St. Louis, MO, 
USA). All experiments were conducted using 

freshly prepared deionized (DI, (18 MΩ.cm)) 
water.  
 
Synthesis and Characterization 

The mixture of GMA (500 μL), HEMA (5000 μL) 
and distilled water (6500 μL) was prepared as the 
monomer phase. The dispersing phase was 
prepared using 1 g of sodium lauryl sulfate (SLS), 
25.60 mL of distilled water, and 2.4 mL of 
EGDMA. The two phases were then mixed. They 
were kept in ice cubes for 10-15 minutes. 20 mg 

of APS and 100 μL of TEMED were added to start 
the polymerization. The polymerization mixture 
was poured in between two glass plates to have 
a polymeric plate. The polymeric mixture in 
between the glass plates was kept at -20˚C for 
24 hours. At the end of this period, the glass 

plates were removed, and the polymeric plate 

was cut in the shape of a disk. The polymeric 
cryogel discs were washed with distilled water 
many times to remove unwanted chemicals. All 
cryogel disks were kept at +4˚C until use. 
 
Some cryogel membranes (20 cryogel discs) were 

mixed with 1 M NaOH (10 mL) for 2 hours. 
Membranes washed several times with distilled 
water were incubated with 50 mg/mL 
nicotinamide solution (10 mL) for 24 hours. The 
aim of this process is to provide oxygen bonding 
of the epoxy groups of the GMA monomer of the 
amine groups in the nicotinamide molecules. 

Proof of Nic decoration can be observed by the 
color change from white to yellow. 

 
For structural characterization of poly(HEMA-
GMA)-Nic cryogels, Fourier transform infrared 
spectroscopy (FT-IR, Nicolet™ is ™10 FTIR 
spectrometer, USA) and elemental analysis 

(CHNS-932, Leco, USA) methods were used. 
Surface morphology of the polymeric structure 
was observed in the course of the physical 
characterization. For this purpose, a scanning 
electron microscope (SEM, Carl Zeiss AG - EVO® 
50 Series, Germany) was used. Also, surface area 

estimation of the cryogels was crucial for the 
successful interaction process. Surface area 
calculations were performed using the BET 
equations using the AUTOSORPI 6B 
(Quantachrome Instruments, USA) N2-adsorption 
method. At last, swelling test, the water holding 

capacity of the polymeric material, was calculated 

using Equation 1 given below. The water holding 
capacity is informative about analyte diffusion. 
 

𝑊𝑎𝑡𝑒𝑟 𝑢𝑝𝑡𝑎𝑘𝑒 % = [
𝑊𝑠𝑤𝑜𝑙𝑙𝑒𝑛−𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
]          (Eq. 1) 

Wswollen  : weight in grams of water-retained 
Wdry   : weight in grams of dry cryogels. 
 
The polymeric material that will serve as solid 
support has been given functional properties by 

adding nicotinamide to the synthesized 

poly(HEMA-GMA) polymeric structure. The target 
molecule contains six chlorine atoms and 
therefore acts as a Lewis base. The need for the 
adsorbent to be a suitable Lewis acid will be met 
by the nitrogen molecule around the nicotinamide 

and the unpaired electrons on the nitrogen atom. 
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Thus, a substantial electrostatic interaction will 

take place, and the removal will be successful, as 
the Lewis acid-base interaction and consequently 

the dipole-dipole electrostatic interaction 
between the positively charged amine groups and 
the polymer-dependent amino acids and chlorine 
atoms in the chlordane structure. If no 

nicotinamide were added, the electron cloud on 
the GMA would push the electron cloud around 
the chlordane, and there would be no interaction. 
The quantitative adsorption performance of 

poly(HEMA-GMA)-Nic polymeric cryogels was 

measured using a UV-Visible spectrophotometer 
(OPTIZEN POP UV/Vis, Mecasys Co., Ltd., Korea). 

 
Adsorption Studies 
To determine the amount of adsorbed chlordane 
on the polymeric material spectroscopically, the 

wavelength at which chlordane has the highest 
absorbance was scanned. The highest absorbance 
of chlordane was observed at 216 cm-1 (Figure 1). 
This result is consistent with the literature (35). 

 
 

 
Figure 1. Maximum wavelength survey taken from the UV spectrum. 

 
Adsorption experiments were carried out using 2 
mL of chlordane (taken from 500 ppm stock 
solution)/8 mL of ethanol (98% v/v) in closed test 

tubes since the solvent is a volatile chemical. 
Chlordane (2 mL) was added to ethanol and 
homogenized for 15 minutes to ensure physical 
equilibrium. The disk-shaped cryogels, which 
were introduced to the adsorption solution, were 
then interacted with the chlordane during the 

optimum period determined by preliminary 

experiments. The amount of chlordane adsorbed 
on the polymeric cryogels was calculated using 
Equation 2. Chloride solutions with concentrations 

ranging from 200-1000 mg/L were used to 
determine the chlordane saturation concentration 
capacities of the synthesized polymeric cryogels. 
All solutions were prepared using stock solutions 
of 500 and 1000 mg of chlordane/L ethanol. 

 

𝑞 =
[(𝐶𝑖−𝐶𝑓)×𝑉]

𝑚
               (Eq. 2) 

q : adsorption capacity in mg/g,  
Ci  : amount of chlordane before adsorption in 

mg/L 
Cf  : amount of chlordane after adsorption in mg/L 
V  : volume of the adsorption medium in mL  
m  : absorbance in g. 

 
RESULTS and DISCUSSION 
 
Characterization  
The synthetic procedure of the poly (HEMA-GMA)-
Nic polymeric cryogels used as adsorbents in this 
study is shown in Figure 2. As can be seen from 

the figure, the oxirane ring on the glycidyl 
methacrylate is opened when the nicotinamide is 

attached. A bond was formed in between oxirane 
ring and amide end of nicotinamide. According to 

the FT-IR results, the peaks in the region of 1200-
1700 cm-1 originating from the nitrogen atom on 
the nicotinamide are the most prominent 
indicators that nicotinamide is involved in the 

structure (Figure 3A). The characteristic poly 
(HEMA-GMA) peaks given by green circles are the 
peaks at 343.11 (-OH from HEMA), 1733.44 (-
C═O from HEMA), 1247.75 and 903.35 cm-1 (36, 

37). C-H, C = O, N-H, C = N, C-NH2, C-N 
stretching and C-N-C bending peaks of the 

nicotinamide indicated by red circles were 
observed at 2931.48, 1680.46, 1571.55, 
1274.24, 1160.56 and 520.69 cm-1, respectively 
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(38). As a conclusion, 18.10-4 mole of 

nicotinamide has been successfully incorporated 
into the poly(HEMA-GMA) polymeric structure. 

 
Figure 2. Schematic diagram of Poly(HEMA-GMA)-Nic polymeric cryogels. 

 

 
Figure 3. A) FT-IR spectrum and B) SEM images of poly(HEMA-GMA)-Nic polymeric cryogels 
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As can be seen from Figure 3B, the synthesized 

cryogels have cavities that allow the analyte to 
diffuse readily. The presence of holes in the 

porous structure, having a water retention 
capacity of about ~800%, although having a 
surface area of ~8.5 m2/g less than 
microparticles or nanoparticles (28-32, 39), 

provides the necessary retention time for the 
analyte to interact with ligand within polymeric 
structure. Ability to swallow high amount of 
analytes and the cavities connected with 
interconnected flow channels are the critical 

properties of cryogels providing them to be 

indispensable absorbents. 
 

To increase the strength of electrostatic 
attraction, the addition of iron cation with 
oxidation number 2 caused changes in the 
morphological structure of polymeric cryogels, 

such as the disappearance of the cavities and the 
appearance of needle-like structures (Figure 4). 
It is thought that the degradation of the surface 
morphology affects the adsorption kinetics in the 
negative direction. 
 

 
Figure 4. SEM images of Fe2+-decorated polymeric cryogels 

 
Adsorption Studies  
Since the chlordane is not soluble in water, all 

experiments were carried out in ethanol (98% 
v/v) (40). The eight chlorine atoms around the 
chlordane form a dense electron cloud around the 
molecule. Therefore, the adsorbent expected to 

interact with chlordane should have binding sites 
with positive charges. However, the structure of 
poly(HEMA-GMA) shows that the electron density 
is high in the periphery of GMA. To overcome this 
obstacle, decoration of nicotinamide to the 
polymeric structure will provide a positive charge, 

and thus it will act as a Lewis base. Nicotinamide 
is attached to the polymeric material from the -
NH2 end (Figure 2). Due to the resonance stability 
of the pyridine ring, the N atom within the ring is 
partially positively charged. Also, the unpaired 
electron on the nitrogen atom of the pyridine ring 
will also contribute to the electrostatic interaction 

by allowing the molecule to behave like a Lewis 
base. Fe2+ ions were added to the structure to 
increase the electrostatic attraction force of the 
structure. However, low adsorption was observed 
on the contrary to expectation (41). In their work, 
Köse and Köse, added Ni2+, Cu2+ and Co2+ ions to 
the structure to increase electrostatic force, but 

they have observed a decrease in the adsorption 
of the pesticides to the polymeric adsorbent (42). 
As a result, poly(HEMA-GMA)-Nic without Fe2+ 
was used in all experiments. The electron cloud 
around the chlordane molecule causes 
electrostatic attraction because of the existence 

of eight chlorine atoms to create the desired 
interaction with the Nic molecule linked to the 

ligand of the polymeric material. The pKa value of 
the nicotinamide molecule is 3.35 (43). Thus the 
partially positively charged N atom and the stable 
pyridine ring because of resonance phenomenon 

meet this requirement in the adsorption 
environment with neutral pH value. However, the 
carbonyl structure found in the nicotinamide 
molecule repels the -OH moieties and thus the 
partially positively charged N-atom in the pyridine 
ring does the -CH2-CH3 moieties of the ethanol 

molecules. In the same way, chlordane will cause 
ethanol to move away due to its massive 
structure, dense electron cloud, and its 3-
dimensional structure. The ethanol will be 
withdrawn from between interacting groups, the 
alcoho-phobic interaction, resulting in a 
substantial electrostatic interaction between 

chlordane and poly(HEMA-HEMA)@Nic polymeric 
cryogels (40) (Figure 5A). The adsorption of 
chlordane on the surface of cryogels can be seen 
clearly in Figure 5B, the surface morphology of 
poly(HEMA-GMA)-Nic cryogels was changed. In 
the meantime, decorating the Nic molecules 
causes an increase in the route of the electrons 

traveling on around of the Nic molecule itself. 
Therefore, the time for the presence of the 
partially positive charge clouds on the Nic was 
increased. Thus, the interaction between Nic and 
the chlordane will be stronger. It is significantly 
important that because the ethanol does not have 
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ionization ability, it meets the requirement as a 

solvent for an ideal electrostatic interaction. 

 
Figure 5. A) Expected interaction between poly(HEMA-GMA)-Nic cryogels and chlordane molecules, B) 

Chlordane adsorbed poly(HEMA-GMA)-Nic cryogels. 
 

As can be seen from Figure 6, the chlordane 
adsorption performance of poly(HEMA-GMA)-Nic 
cryogels was investigated at varying time 
intervals for different chlordane concentrations. 

Moreover, the effect of initial chlordane 
concentration on the adsorption performance of 
the polymeric material was determined. All 
experiments were repeated three times, and 
standard deviations were calculated. Adsorption 
experiments were carried out at concentrations of 
100, 200 and 300 mg chlordane/ethanol to 

determine the effect of concentration on the 
optimum adsorption time. As expected, the 

increased concentration of chlordane increased 
the amount of adsorption but no significant 
change in the time of interaction was observed. 
The interaction was completed within the first 5 

minutes (Figure 6a-b-c). A plateau was observed 
in all plots after five minutes, which is attributed 
to the fact that all binding sites of the polymeric 
cryogels were saturated by the chlordane. 
Likewise, Figure 6d shows how the increased 
chlordane initial concentration affects the 
adsorption performance of polymeric cryogels. As 

can be seen, adsorption process increased up to 
800 mg chlordane/L ethanol concentration, after 
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which a plateau was observed in the graph. This 

value is critical regarding the adsorption amount 
of 108.818 mg of chlordane/L ethanol for a short 

period of 5 minutes for each same-sized cryogel 
disk. This value achieved by the removal of 
chlordane is quite comparable to similar studies 
in the literature (17, 44, 45). At the same time, 

as mentioned above, all of the binding sites of a 

cryogel disk were engaged with the target 
molecules, chlordane. It can be concluded that 

the poly(HEMA-GMA)-Nic cryogels can be a good 
candidate for every concentration of pesticides, 
i.e., very low and very high amount of pesticide. 
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Figure 6. Parameters for chlordane adsorption process: A) tinteraction; Cchlordane: 100 mg/L, pH: 7.0 (ethanol 

medium), T: 25°C, B) tinteraction; Cchlordane: 200 mg/L, pH: 7.0 (ethanol medium), T: 25°C, C) tinteraction; 
Cchlordane: 300 mg/L, pH: 7.0 (ethanol medium), T: 25°C, D) Ci,chlordane; pH: 7.0 (ethanol medium), tAdsorption: 
10 min, T: 25°C. 

 
Like other pesticides, chlordane is highly soluble 
in organic solvents (46, 47). The adsorption 
performances in the solutions containing 
chlordane molecules and solvents such as 
cyclohexane, toluene, chloroform, 
dichloromethane, acetone and acetonitrile 

solvents were compared with that in ethanol to 
observe how the chemical structures of the 
solvents affected the interaction between the 

polymeric cryogels and the chlordane in this study 
(Figure 7). Since the dielectric coefficients of 
organic solvents mentioned are different (48), the 
solubility of chlordane and therefore the 
electrostatic interaction in between will be 
different. At the end of the adsorption 

experiments, a correlation was observed between 
the dielectric coefficients and the adsorption 
performance. The solvent with a relatively high 
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dielectric constant will separate the opposing 

charges better which is the primary requirement 
for stronger electrostatic interaction. Therefore, 

electron cloud formation will occur smoothly and 
so thus proton clustering (49). As seen in Figure 
7, the solubility of the chlordane in cyclohexane 
and hence its adsorption on the polymeric 

material is the highest. All works were performed 
in ethanol although the performances in other 
organic solvents were higher than that in ethanol. 

The most important reasons for this are the 

toxicity (50) and cost of these organic solvents. 
Moreover, polymeric materials have been gone 

deformation during adsorption in acetone and 
acetonitrile. Therefore, it is more feasible to use 
the least harmful chemical in the adsorption 
process. Also, studies performed in ethanol have 

been carried out, and very positive results have 
been obtained in the literature (40). 

 
Figure 7. Solvent effect on the chlordane adsorption. 

 
Mathematical calculations performed to 
characterize the interaction between the 
polymeric material and chlordane indicate that 
the adsorption is chemically controlled and 
homogeneous. The chemical character of the 

interaction is determined by pseudo-first and -
second-order kinetic models and results are given 
in Table 1. As can be seen, the correlation 
coefficient (R2) obtained with the pseudo-second-
order kinetic model is very close to unity. 
Moreover, the theoretically calculated adsorption 

amount of chlordane is almost similar to that 
obtained experimentally. The polymeric cryogels 
acted virtually like a chemical adhesive 
throughout the adsorption. 

 
The degree of homogeneity and non-specific 
interactions are determined by Langmuir and 
Freundlich adsorption isotherm calculations. 
According to the values given in Table 2, the 

correlation constant obtained for the Langmuir 
adsorption model is closer to 1 than the value 
obtained in the Freundlich model calculations. 
Furthermore, the fact that the b value is close to 
0 and the experimental and theoretical Q values 
are nearly the same indicates that the interaction 

in this study is more appropriate for the Langmuir 
adsorption model. The interaction was 
homogeneous in a single layer and resulted in no 
interaction between neighboring regions. 
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Table 1. Chemical kinetic parameters for the chlordane-poly(HEMA-GMA)-Nic interaction. 

 

 
Table 2. Adsorption isotherm parameters for the chlordane-poly(HEMA-GMA)-Nic interaction. 

Adsorption Isotherms 
Langmuir Adsorption 

Isotherm 
Freundlich Adsorption 

Isotherm 

Equations 
1

𝑄𝑒𝑞
= [

1

𝑄𝑚𝑎𝑥. 𝑏
] [

1

𝐶𝑒𝑞
] + [

1

𝑄 𝑚𝑎𝑥
] ln 𝑄𝑒𝑞 = ln 𝐾𝐹 +

1

𝑛
ln 𝐶𝑒𝑞 

Linear Equation 𝑦 = 1.1208𝑥 + 0.0066 𝑦 = 0.4961𝑥 + 1.7118 

Cryogel / 
Parameters 

𝑄𝑒𝑥𝑝 𝑄𝑚𝑎𝑥 (𝑚𝑔 𝑔⁄ ) 𝑏 (𝐿 𝑚𝑔)⁄  𝑅2 𝐾𝐹 1 𝑛⁄  𝑅2 

Poly(HEMA-GMA)-Nic 110.19 151,51 0,0058 0.9946 5,5389 2,0157 0.9714 

 
CONCLUSION 
 
In this study, the previously synthesized 
poly(HEMA-GMA) polymeric material was 

modified with Nic, and chlordane removal 
performance in ethanol was investigated. As a 
first step of the study, poly(HEMA-GMA) 
polymeric material was synthesized and modified 
with nicotinamide monomer. 
 

Successful Nic-decoration on the poly(HEMA-
GMA) cryogels was confirmed with the presence 
of bending and stretching of N containing bonds 

in the FT-IR plot. The porous and 3-dimensional 
structure of polymeric cryogel were approved 
SEM images. Changes in the surface morphology 
given by SEM images also is also a proof of 

chlordane adsorption. Chlordane molecules were 
adsorbed on the poly(HEMA-GMA)-Nic quite fast. 
The highest chlordane adsorption capacity was 
achieved at the chlordane concentration of 800 
mg/L as 108.818 mg/g. According to the 
experimental results, Nic-decoration enhances 
the Lewis acid-base interaction between polarized 

chlordane shell and poly(HEMA-GMA) polymeric 
solid support. This polarization causes the 
inductive polarization of Nic decorated on the 
polymeric material. As mentioned in the text, Nic 
decoration increases the pathway of an electron 
on the Nic along the whole polymeric structure, 

so thus the time of being positively charged. As a 
conclusion, poly(HEMA-GMA)-Nic cryogels can be 
used efficiently for the removal of pesticides from 
alcohol matrix. Therefore, it is the main 
advantages of this method over the traditional 
removal methods with some difficulties. It is 
claimed by this study that formation of alcoho-

phobic interaction enables adsorption of 
chlordane in ethanol.  
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Novel Coordination Compounds Based on 2-Methylimidazole and 2,2-

Dimethylglutarate: Synthesis and Characterization 
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Abstract: Two novel complexes, [Cu2(-dmg)2(2-meim)4]∙5H2O (1) and {[Cd(-dmg)(2-meim)2]∙H2O}n 

(2), with 2-methylimidazole (2-meim) and 2,2-dimethylglutarate (dmg) as ligands, have been 

systematically prepared by a conventional method.  As a result, organic-inorganic crystalline solids were 
obtained. Their solid-state structures have been solved with elemental analysis, fourier transform infrared 

spectroscopy (FTIR) Powder X-ray diffraction (PXRD) and single-crystal X-ray diffraction (XRD). The Cu(II) 
ions displayed a distorted square planar geometry (CuO2N2), while Cd(II) ions showed a distorted 
octahedral geometry (CdO4N2). Complex 1 formeda dimeric structure, in which the Cu(II) ions were 
bridged by dmg. These dimeric units were extended to the 3D supramolecular structure with hydrogen 
bonding and -bonding interactions. Complex 2 formed a 1D polymeric structure, where the Cd(II) ions  

were linked by dmg ligand to form 1D zig-zag polymer layers which  were further extended in 3D 
supramolecular structure through molecular interactions as complex 1. Moreover, the thermal properties of 

the complexes  were reported.  
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INTRODUCTION 
 
Supramolecular systems and coordination 
polymers are quite remarkable in coordination 
chemistry due to their new topologies and 

different potentials applications like a 
luminescence, adsorption, catalysis, gas storage, 

and magnetism, etc. (1–4). In many cases, it is 
very difficult to establish an interaction between 
the synthesis conditions and the structural 
properties (5–7). In determining the chemical 
properties of the coordination polymer, selected 

metal ions and organic ligands play the key role 
(8,9). Molecular interactions such as strong 
hydrogen bonds and weaker non-covalent 
interactions such as, , C-H, C-H, van der 

Waals force in the stability of inorganic 

complexes have shown to be very significant 
(10,11). Organic molecules containing carboxylic 
acid have been used as building blocks in crystal 

solids (12). When heterocyclic rings containing N-
donor atoms such as imidazole, triazole, etc., are 

used as ligands, they determine the size and 
structure of the inorganic network (13–15). 
Complexes of 2-methylimidazole (2-meim) with 
transition metal ions have attracted great 
importance because of their biological and 

pharmaceutical activities (13,16). In the past, 
our group studied various N-donor molecules 
which are a member of the potentially interesting 
imidazole ligands (11,17). In this work, new 
dimeric Cu(II) and polymeric Cd(II) complexes, 
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[Cu2(-dmg)2(2-meim)4]∙5H2O (1) and {[Cd(-

dmg)(2-meim)2]∙H2O}n (2) were synthesized 

with dmg and 2-meim ligands. These complexes 

were characterized with FTIR, XRD, elemental 
analysis, PXRD and thermal analysis techniques 
(TG/DTA) (Scheme 1).  
 
EXPERIMENTAL SECTION 

 
Materials and methods 
All chemicals were received and used without any 
further purification. Elemental analyses (C, H, 
and N) were performed on a Perkin Elmer 2400C 
Elemental Analyzer. Powder X-ray diffraction 
(PXRD) patterns were collected by a Panalytical 

Empyrian X-ray diffractometer with Cu-Kα 
radiation (λ= 1.5406 nm). FTIR spectra of the 
complexes were carried out at room temperature 
by a Perkin-Elmer FTIR 100 spectrometer in the 

region of 4000–400 cm−1. The resolution was set 
up to 4 cm−1, signal/noise ratio was established 
by 16 scans with Attenuated Total Reflection 

(ATR). A Perkin Elmer Diamond TG/DTA thermal 
analyzer was used to record simultaneous TG, 
DTG and DTA curves in a static air atmosphere at 

a heating rate of 10 C min-1 in the temperature 

range 30–1000 C using platinum crucibles. 

 

Crystallographic analyses 

Suitable crystals of 1 and 2 were selected for 
data collection which was performed on a Bruker 
D8 QUEST diffractometer equipped with a 
graphite-monochromatic Mo-Kα radiation at 296 
K. The structures were solved by SHELXT and 
refined by full-matrix least-squares on all F2 data 

using SHELXL in conjunction with the OLEX2 
graphical user interface (18,19). For all 
complexes, the anisotropic thermal parameters 
were refined for non-hydrogen atoms and 
hydrogen atoms were calculated and refined with 
a riding model. Molecular drawings were obtained 
by Mercury and OLEX2 programs (20).The details 

of data collection and crystal structure 
determinations are given in Table 1. The 

crystallographic information file was deposited 
with the Cambridge Crystallographic Data Centre 
(CCDC) with the reference number 1826900 for 1 
and 1826901 for 2. 

 

 
Scheme 1: Molecular structures and coordination modes of dmg and 2-meim ligands in complexes 1 and 2 

. 
 

Synthesis of complexes 1-2 
A solution of 2,2-dimethylglutaric acid (0.80 g, 5 

mmol) in water (50 mL) was added dropwise with 
stirring at 80 C to a solution of 

Cu(CH3COO)2·H2O (0.99 g, 5 mmol) (1) or 
Cd(CH3COO)2·2H2O (1.33 g, 5 mmol) (2) in 
distilled water (25 mL). The solutions 

immediately became suspensions and were 
stirred for 10 h at 60 C. Then 2-methylimidazole 

(2-meim) (1.65 g, 20 mmol) in water (10 mL) 
was added dropwise to these suspensions. The 
clear solutions that formed were stirred for 2 h at 
60 C and then cooled to room temperature. The 

blue (1) and colorless (2) crystals that formed 

were filtered and washed with 10 mL of water 
and dried in air. Anal. Calc. for complex 1 
C30H54Cu2N8O13: C, 41.81; H, 6.32; N, 13.00. 
Found:C, 41.01; H, 6.26; N, 13.53%. Anal. Calc. 

for complex 2 C15H24N4O5Cd: C, 39.79;H, 5.34; 
N, 12.37. Found: C, 39.94; H, 5.88; N, 12.96%. 
 
RESULTS AND DISCUSSION 
 
Synthesis and characterization 

IR spectroscopy was used to elucidate the 

structures of the synthesized coordination 
polymers and to identify functional groups. IR 
spectra showed frequencies in the range 2934-
2852 cm-1 which are due to (C-H) stretching 

vibrations. (N-H) stretching vibrations appear in 

the range 3152-3263 cm-1 for 1 and 3157-3249 
cm-1 for 2. The new complexes display a very 
strong and slightly broad band about at 1500 cm-

1 due to the combination of C-O and C-C 
stretches (15). The broad absorption bands of 

(OH) vibrations of water in complexes are 
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detected 3411 and 3433 cm-1, respectively for 1 
and 2. The strong and broad bands 
corresponding to the asymmetric (υasCOO-) and 

symmetric (υsCOO-) stretching vibrations of 
carboxylate groups of free dmg ligand 
approximately at 1694 and 1414 cm-1(21). In the 

resulting new complexes, these bands are seen 
at about 1526-1572 cm-1 and 1414–1401 cm-1 
regions respectively. 

Description of the crystal structure 
Table 1 indicates the crystal data and structural 
refinement parameters. 

Table 1. Crystal data and structural refinement parameters for complexes 1 and 2. 

 1 2 

Empirical formula C30H54Cu2N8O1

3 
C15H24CdN4O5 

Formula weight (g/mol) 861.89 452.78 

Crystal system Orthorhombic Monoclinic 

Space group Pbca P21/n 

a (Å) 14.3309 (11) 14.020 (5) 

b (Å) 14.1050 (14) 10.644 (4) 

c (Å) 40.693 (4) 14.659 (6) 

α(º) 90 90 

 (º) 90 117.492 (11) 

γ(º) 90 90 

V (Å3) 8225.6 (13) 1940.6 (13) 

Z 8 4 

Dc (g cm-3) 1.392 1.550 

μ (mm-1) 1.10 1.16 

Measured refls. 89930 20572 

Independent refls. 8351 3880 

Rint 0.086 0.085 

R [I>2σ(I)] 0.077 0.070 

wR [I>2σ(I)] 0.166 0.181 

S 1.27 1.20 

 
[Cu2(-dmg)2(2-meim)4]∙5H2O (1). The 

molecular structure of complex 1 consists of 
dimeric [Cu2(µ-dmg)2(2-meim)4] units (Figure 1). 

The complex has the orthorhombic crystal system 
with the Pbca space group (Table 1). According 
to single crystal X-ray structural analysis, the 
asymmetric unit of the complex 1 contains two 
copper ions, two bridging dmg ligands, four 2-
meim moieties and five uncoordinated water 

molecules. Each copper metal ion coordinated to 
two different dmg ligands by means of the 

oxygen atoms and two different 2-meim ligands 

by means of the nitrogen atoms. The geometry of 
each Cu(II) ion is a distorted square planar 
geometry (CuO2N2). The dmg ligands forms a 
bridge between the Cu(II) ions by means of the 
four carboxylate atoms of each dmg to form a 16 
membered dimeric [Cu2(µ-dmg)2] unit. These 
dimeric units are extended to 3D supramolecular 

structure with intra- and intermolecular hydrogen 
bonds, C–H, C–O and ∙∙∙ interactions 

(Figure 2). 
 
Table 2: Selected bond distances (Å), angles (º) and hydrogen-bond geometry data for 1. 

Bond Lengths (Å) 

Cu1—O1 2.005 (4) Cu2—O3 1.967 (4) 

Cu1—O5 1.968 (4) Cu2—O7 1.966 (4) 

Cu1—N3 1.992 (4) Cu2—N7 1.982 (5) 

Cu1—N1 1.981 (4) Cu2—N5 1.983 (5) 

Angles (º) 

O5—Cu1—O1 90.98 (16) O3—Cu2—N7 162.1 (2) 

O5—Cu1—N3 92.07 (18) O3—Cu2—N5 90.4 (2) 

file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky172%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_chemical_formula_moiety
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_space_group_name_H-M_alt
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_space_group_name_H-M_alt
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_space_group_name_H-M_alt
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_space_group_name_H-M_alt
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_space_group_name_H-M_alt
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_cell_length_a
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_cell_length_b
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_cell_length_c
../../../oyesilel/Desktop/CU_OZY/pelin_makale/Paper2/dpetan_cifler_sonhal/okan263_22pky210/okan263%20_cell_angle_alpha
../../../oyesilel/Desktop/CU_OZY/pelin_makale/Paper2/dpetan_cifler_sonhal/okan263_22pky210/okan263%20_cell_angle_beta
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_cell_angle_beta
../../../oyesilel/Desktop/CU_OZY/pelin_makale/Paper2/dpetan_cifler_sonhal/okan263_22pky210/okan263%20_cell_angle_gamma
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_cell_volume
file:///E:/pelin%20cif/TR_index_1_pelin/pky169%20_exptl_crystal_density_diffrn


Köse Yaman P, Erer H. JOTCSA. 2018; 5(2): 953-962  RESEARCH ARTICLE 

956 

 

O5—Cu1—N1 159.71 (19) O7—Cu2—O3 90.19 (18) 

N3—Cu1—O1 165.27 (17) O7—Cu2—N7 90.48 (19) 

N1—Cu1—O1 89.47 (17) O7—Cu2—N5 163.3 (2) 

N1—Cu1—N3 92.62 (19) N7—Cu2—N5 94.1 (2) 

Hydrogen bond geometry (Å, o) 

D‒H···A D‒H H···A D···A D‒H···A 

O11—H11A···O10 0.85 1.91 2.753 (7) 173 

O11—H11B···O5 0.85 1.88 2.729 (6) 173 

N4—H4···O1i 0.86 2.13 2.930 (6) 155 

N2—H2···O11ii 0.86 2.01 2.851 (7) 167 

O10—H10C···O9 0.85 1.96 2.807 (8) 174 

O10—H10D···O2iii 0.85 1.96 2.803 (6) 172 

N6—H6···O12iv 0.86 1.96 2.804 (8) 167 

O12—H12D···O4 0.85 2.17 2.890 (7) 142 

O12—H12E···O7 0.85 1.91 2.732 (7) 162 

N8—H8···O13 0.86 1.96 2.780 (7) 160 

O9—H9C···O13v 0.85 2.03 2.881 (8) 174 

*Symmetry codes: (i) x−1/2, y, −z+3/2; (ii) x+1/2, y, −z+3/2; (iii) 

−x+1/2, y+1/2, z; (iv) x−1/2, −y+3/2, −z+1; (v) −x+1, −y+2, −z+1; 
(vi) x+1/2, −y+3/2, −z+1. 

 

 
Figure 1. The molecular structure of 1. 
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Figure 2: 3D supramolecular structure of complex 1 generated by hydrogen bonds and C–H∙∙∙, C–O∙∙∙ 

and ∙∙∙ interactions. 

 
{[Cd(-dmg)(2-meim)2]∙H2O}n (2). The 

molecular structure of complex 2 consists of 
polymeric [Cd(µ-dmg)(2-meim)2] units (Figure 
3). The complex has the monoclinic crystal 
system with the P21/n space group (Table 2.). 
The asymmetric unit consists of one Cd(II) ion, 
one dmg ligand, two 2-meim ligands and one 
water molecule (Scheme 1). As shown in Figure 

3, Cd ion has distorted octahedral geometry and 
linked to four carboxylate oxygens from two 

different dmg ligands and two nitrogen atoms 
from 2-meim ligands (CdO4N2). The Cd(II) ions in 
2 are bound by dmg ligands to form 1D zig-zag 
chains. The adjacent 1D chains are linked with 

the dmg to form the zig-zag-like structure shown 
in Figure 4. The neighboring 1D chains are 
expanded into 2D supramolecular layer with 
hydrogen bonding between carboxylate oxygen 
atom (O1) of dmg and uncoordinated water 
molecule (O5) [O1···O5 = 2.85 Å, O1···H5D-O5 = 

170.06o] and between the imidazole nitrogen 
atom (N4) of adjacent 2-meim ligand and water 
molecule (O5) [N4···O5 = 2.69 Å, N4-H4···O5 = 
166.89o] (Figure 5). Furthermore, 2D 

supramolecular structures form a three 
dimensional (3D) supramolecular network 
through C–H∙∙∙ and C–O∙∙∙ interactions. (Figure 

6). 
 

Table 3. Selected bond distances (Å), angles (º) and hydrogen-bond geometry data for 2*. 

Bond Lengths (Å) 

Cd1—O1 2.344 (6) Cd1—N3 2.241 (7) 

Cd1—O2 2.415 (7) Cd1—O3i 2.375 (7) 

Cd1—N1 2.225 (8) Cd1—C7i 2.714 (9) 

Cd1—O4i 2.356 (8) O3—Cd1ii 2.375 (7) 

Angles (º) 

O1—Cd1—O2 54.4 (2) O4i—Cd1—O2 87.0 (3) 

O1—Cd1—O4i 97.2 (3) O4i—Cd1—O3i 54.2 (3) 

O1—Cd1—O3i 147.2 (3) O4i—Cd1—C7i 27.1 (3) 

O1—Cd1—C7i 122.3 (3) N3—Cd1—O1 108.0 (3) 

O2—Cd1—C7i 94.2 (3) N3—Cd1—O2 88.1 (3) 

N1—Cd1—O1 97.0 (3) N3—Cd1—O4i 144.7 (3) 

N1—Cd1—O2 151.3 (2) N3—Cd1—O3i 93.3 (3) 

N1—Cd1—O4i 98.5 (3) N3—Cd1—C7i 119.0 (3) 



Köse Yaman P, Erer H. JOTCSA. 2018; 5(2): 953-962  RESEARCH ARTICLE 

958 

 

N1—Cd1—N3 102.3 (3) O3i—Cd1—O2 103.4 (3) 

N1—Cd1—O3i 102.6 (3) O3i—Cd1—C7i 27.2 (3) 

N1—Cd1—C7i 103.5 (3)   

Hydrogen bond geometry (Å, o) 

D‒H···A D‒H H···A D···A D‒H···A 

N2—H2···O2iii 0.86 1.89 2.731 (11) 165 

N4—H4···O5 0.86 1.85 2.693 (12) 167 

O5—H5C···O3iv 0.85 1.86 2.714 (11) 179 

O5—H5D···O1v 0.85 2.02 2.857 (11) 170 

*Symmetry codes: (iii) x+1/2, −y+1/2, z+1/2; (iv) x+1/2, −y+1/2, z−1/2; (v) −x+3/2, 
y−1/2, −z+1/2. 

 

 
Figure 3: The molecular structure of 2. 

 

 
Figure 4: 1D zig-zag polymeric structure of 2. 
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Figure 5: 2D supramolecular layer of complex 2 generated by hydrogen bondings.  

 
 

Figure 6: 3D supramolecular structure of complex 2 generated by C–H∙∙∙π and C–O∙∙∙π interactions. 
 
Powder X-ray diffraction (PXRD) and 

Thermal Analyses of complexes 1 and 2 

The complexes of the PXRD patterns obtained 
from the crystal structures are compatible with 
the simulated patterns obtained from single 
crystal results; indicating the phase purity of the 
complexes 1 and 2 (Figure 7 and 8). 
TG, DTG and DTA curves for complexes 1 and 2 

were obtained in static air atmospheres between 
30-1000 C (Figure 9 and 10). For complex 1, 

three stage thermal decomposition is observed. 

The first stage starts at about 60 °C with the 

release of the five water molecules and ends at 

104 C (found 10.18%; theoretical value 

10.44%). The diversion of water is at low 
temperature because the water molecule is not 
coordinated as shown by the crystal structure 
(Figure 7). The second step occurs between 284 
and 334 °C which corresponds to the release of 
one 2-meim ligand and one dmg ligand (found 
57.69%; theoretical value 56.79%). The 
following stage between 379 and 457 C involves 
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the decay of one dmg molecule. Also the highest 
exothermic mass loss occurs at this step. The 
final decomposition product is 2 molecules of CuO 

(found: 17.81%; theoretical value 18.33%). The 
Cd complex is stable up to 112 C. The first stage 

between 112 and 138 C corresponds to the 

endothermic removal of uncoordinated water 
molecule (found 4.10; theoretical value 3.90%). 
The second weight loss takes place between 226 
and 271 C, corresponding to the decomposition 

of one 2-meim ligand (found 8.73%; theoretical 
value 9.07%). The remaining organic ligands are 
degradation between 415 and 506 C (found 

52.77%; theoretical value 53.55%) by the most 
severe exothermic effect (DTAmax = 460 C). 

Total mass loss is 73.22% (theoretical value 
71.60%) as a result of the thermal degradation 
of complex 2 (Figure 8). The final product for the 
complex 2 is suggested to be CdO. 
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Figure 7 PXRD pattern of [Cu2(-dmg)2(2-meim)4]2·5H2O (1). 
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Figure 8 PXRD pattern of {[Cd(-dmg)(2-meim)2]∙H2O}n (2). 
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Figure 9. Thermal analysis curves of [Cu2(-dmg)2(2-meim)4]2·5H2O (1). 

 

 
Figure 10. Thermal analysis curves of {[Cd(-dmg)(2-meim)2]∙H2O}n (2). 

 
CONCLUSION 
 
In summary, new dimeric Cu(II) and polymeric 

Cd(II) coordination compounds with 2-meim and 
flexible dmg ligands have been successfully 
synthesized and characterized by spectroscopic 
and thermal studies. The dmg ligand in all of the 
complexes coordinated to the metal centers as a 

bidentate fashion and acted as a bridging ligand 
between the metal(II) centers to form dimeric 

[Cu2(µ-dmg)2] units for complex 1 and 1D zig-
zag polymeric structure for complex 2. The 
reason for the difference may be due to the 
radius variations of the metal (II) ions. In 
addition, the Cd(II) ion may have more 
coordination ability than the Cu(II) ion. 
Nevertheless, more studies are necessary to 

support or disprove such a claim. The compounds 

decompose in three main thermal stages. The 
final decomposition products corresponds to the 
metal oxides. 
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Abstract: The preparation of new mono- and bis- NH-substituted-1,4-benzoquinones, namely 2,5-

bis(5,6-dimethylbenzo[d]thiazol-2-ylamino)cyclohexa-2,5-diene-1,4-dione (3), 2,5-bis(3-(2-
methylpiperidin-1-yl)propylamino)-3-chlorocyclohexa-2,5-diene-1,4-dione (6), 2-(4-tert-
butylbenzylamino)-3,5,6-trichlorocyclohexa-2,5-diene-1,4-dione (9), 2-(4-fluorophenylamino)-6-
tert-butylcyclohexa-2,5-diene-1,4-dione (12) are reported. The synthesis of new quinone 
derivatives (3, 6, 9, 12) have been carried out from the reactions between quinones (p-
benzoquinone (1), 2,6-dichloro-1,4-benzoquinone (4), tetrachloro-1,4-benzoquinone (7) or 2-tert-

butyl-1,4-benzoquinone (10)) and different amines (2-amino-5,6-dimethylbenzothiazole (2), N-(3-
aminopropyl)-2-pipecoline (5), 4-tert-butylbenzylamine (8) or 4-fluoroaniline (11)). The new 
compounds were characterized by elemental analysis, mass spectrometry, IR, 1H-NMR, 13C-NMR 

spectroscopy. 
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INTRODUCTION  

 
Quinones are found in both natural and 
synthetic products (1-3). And, these 
compounds are important in many fields 
including medicinal chemistry, color 
chemistry, optical data storage, 
photoconductors, supercapacitors, 

coordination polymers (4-10). Especially,  
these compounds are of particular interest 
because of their biological and 

chemotherapeutic activities, such as 
antifungal, antibacterial, anti-tumor, anti-
inflammatory, antiplatelet, and antiallergic 
(11-13). The biological activity of the quinones 

is related to the redox chemistry of these 
compounds (14-15). 
 
There are a lot of reports on biological or 
pharmalogical evaluation of amino or thio 
substituted 1,4-(naphtho/benzo)quinones 

(16-19). Also, the presence of different 
substituent (NH, SR, alkyl, halogen, etc.) on 

the quinoid structure can impact the quinone’s 

capability to accept electrons and thus its 
biological activities (12, 20, 21), including 
antifungal, antibacterial, antitumor, and 
sometimes the substituents improve these 
activities. Thus, many researchers have 
centered their studies on the synthesis, 
characterization, biological activity and redox 

properties of quinones. In this respect, many 
quinones were reacted with amines, thiols, 
alcohols, to produce amino-, azido, hydroxy-, 

thio-, halogeno- or alkyl- substituted quinones 
by using different solvents such as EtOH, 
MeOH, H2O, CH3CN, CH2Cl2, at room or reflux 
temperature (22-26). Recently, in our 

laboratory, some NH-/SR- substituted 
quinones were synthesized between the 
reaction of quinones and amines/thiols, and 
also the antifungal, antibacterial, antioxidant 
or anticancer activities of these compounds 
have been evaluated (27-30).  
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Among quinones, 2,5-diamino-1,4-

benzoquinones are obtained the reaction 

between 1,4-benzoquinones and primary 
aliphatic amines, which by the addition, 
isomerization, and oxidation reactions (31, 
32). There are some uses these type of 
compounds. For example, the quinone-
containing conducting additive, 2,5-bis((2-

(1H-indol-3-yl)ethyl)amino)cyclohexa-2,5-
diene-1,4-dione (HBU), was synthesized and 
used as an additive for application to electrode 
material for supercapacitors (8). Another 
example, Barbosa et al. synthesized new 2,5-
bis(alkylamino)-1,4-benzoquinones and 

investigated their cytotoxicity (33). They 
indicated that the some synthesized 2,5-
bis(NH-substituted)-1,4-benzoquinone 
compounds exhibited activity against HL-60 

(leukemia), MDA-MB-435 (melanoma), SF-
295 (brain) and HCT-8 (colon) human cancer 
cell lines (33). In this study, compounds 3 and 

6 have 2,5-bis(NH-substituted)-1,4-
benzoquinone structure, including not halogen 
and chlorine, respectively. 
 
MATERIALS AND METHODS  
 
The melting points were obtained on a Buchi 

B-540 apparatus. The IR spectra were 
measured using a Jasco FT/IR-4700 
instrument. The mass spectra were recorded 
on a Thermo Finnigan LCQ Advantage MAX 
system using ion-trap mass analyzer for ESI 
source.  The 1H and 13C NMR spectra were 

recorded on a Varian Unity Inova spectrometer 

(500 and 125 MHz, respectively) using CDCl3 
as solvent and TMS an internal standard. 
Column chromatography was carried out using 
silica gel (Kieselgel 60, 70–230 mesh, Merck). 
Kieselgel 60 F-254 plates (Merck) were used 
for thin-layer chromatography. 

 
Synthesis of 2,5-bis(5,6-
dimethylbenzo[d]thiazol-2-
ylamino)cyclohexa-2,5-diene-1,4-dione  
(3): A solution of p-benzoquinone 1 (0.8 g, 
4.5 mmol) and 2-amino-5,6-
dimethylbenzothiazole 2 (0.5 g, 4.5 mmol) in 

methanol (20 mL) was stirred at reflux 
temperature. The progress of the reaction was 
monitored by thin layer chromatography (TLC) 
using CH2Cl2 as eluent. Upon the completion of 

the reaction, the reaction mixture was diluted 
with water (30 mL) and extracted with 

chloroform (3×15 mL). The combined organic 
extract was dried over anhydrous Na2SO4, 
concentrated under vacuum and the residue 
was subjected to column chromatography 
using silica gel in dichloromethane/ethyl 
acetate (1:1) to give the pure product 3: Rf 

(MeOH): 0.7. Yield: 16 % (165 mg). 

Brownish solid. M.p= 180-182 oC. IR (ATR): 
3371, 3289, 2912, 1642, 1531, 1454, 1364, 
1314, 1272, 1200, 1108, 859. Mass spectrum 

(+ESI), m/z [M-H]+= 459.3. 1H NMR (CDCl3) 

δ (ppm): 7.58 (s, CHarom, 1H), 7.52 (s, CHarom, 

1H), 7.40 (bs, 2H, NH), 7.27 (s, CHarom, 1H), 
7.22 (s, CHarom, 1H), 5.83 (s, 1H, CHquinone), 
5.06 (s, 1H, CHquinone), 2.27 (s, 3H, CH3), 2.22 
(s, 3H, CH3), 2.21 (s, 3H, CH3), 2.20 (s, 3H, 
CH3). 13C NMR (CDCl3) δ (ppm):182.5 (C=O), 
181.7 (C=O), 165.6, 160.9, 157.3, 150.0, 

139.7, 135.9, 134.8, 133.9, 132.1, 131.3, 
128.6, 127.6, 122.3, 122.3, 121.2, 119.8, 
108.0, 103.8, 20.1 (CH3), 20.1 (CH3), 20.1 
(CH3), 19.8 (CH3). C24H20N4O2S2 calcd. C, 
62.59; H, 4.38; N, 12.16; S, 13.92. Found C, 
62.60; H, 4.39; N, 12.14; S, 13.90.  

 
Synthesis of 2,5-bis(3-(2-
methylpiperidin-1-yl)propylamino)-3-
chlorocyclohexa-2,5-diene-1,4-dione 

(6):  A solution of 2,6-dichloro-1,4-
benzoquinone 4 (0.75 g, 4.2 mmol) and N-(3-
aminopropyl)-2-pipecoline 5 (0.66 g, 4.2 

mmol) in dichloromethane (20 mL) was stirred 
at room temperature. The progress of the 
reaction was monitored by thin layer 
chromatography (TLC) using CH2Cl2 as eluent. 
Upon the completion of the reaction, the 
reaction mixture was diluted with water (30 
mL) and extracted with chloroform (3×15 

mL). The combined organic extract was dried 
over anhydrous Na2SO4, concentrated under 
vacuum and the residue was subjected to 
column chromatography using silica gel in 
ethyl acetate to give the pure product 6: Rf 

(Ethylacetate): 0.16. Yield: 15% (286 mg). 

M.p: 126-128 oC. Mass spectrum (+ESI), m/z 

[M+H]+= 451.3, Mass spectrum (-ESI), m/z 
[M]-=449.5. 1H NMR (CDCl3) δ (ppm): 5.19 (s, 
1H, CHquinone), 4.80 (bs, 2H, NH), 3.70-4.0 (m, 
2H), 3.08-3.20 (m, 2H), 2.78-2.92 (m, 4H), 
2.26-2.46 (m, 4H), 2.06-2.24 (m, 2H), 1.68-
1.88 (m, 5H), 1.54-1.64 (m, 7H), 1.38-1.48 

(m, 2H), 1.20-1.32 (m, 2H), 1.05 (d, 3H, CH3, 
3J=6.35 Hz), 1.00 (d, 3H, CH3, 3J=6.35 Hz). 
13C NMR (CDCl3) δ (ppm): 176.8 (C=O), 176.3 
(C=O), 173.5, 151.0, 146.0, 91.4, 56.7, 52.2, 
52.1, 51.8, 51.6, 51.2, 47.5, 43.7, 42.9, 33.6, 
33.3, 26.1, 25.3, 25.0, 23.9, 23.8, 23.1, 18.0. 
C24H39ClN4O2 calcd. C, 63.91; H, 8.72; N, 

12.42. Found C, 63.90; H, 8.70; N, 12.42.  
 
2-(4-Tert-butylbenzylamino)-3,5,6-
trichlorocyclohexa-2,5-diene-1,4-dione 

(9): A solution of tetrachloro-1,4-
benzoquinone 7 (1.5 g, 6.1 mmol) and 4-tert-

butylbenzylamine 8 (1 g, 6.1 mmol) in 
dichloromethane (20 mL) and ethanol (20 mL) 
in the presence of NaHCO3 was stirred at 45 oC 
temperature. The progress of the reaction was 
monitored by thin layer chromatography (TLC) 
using CH2Cl2 as eluent. Upon the completion of 
the reaction, the reaction mixture was diluted 

with water (30 mL) and extracted with 
chloroform (3×15 mL). The combined organic 
extract was dried over anhydrous Na2SO4, 
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concentrated under vacuum and the residue 

was subjected to column chromatography 

using silica gel in hexane/chloroform (3:1) to 
give the pure product 9: Rf (CH2Cl2): 0.66. 
Dark purple, semi-solid. Yield: 10% (230 
mg). IR (ATR): 3299, 2956, 2927, 2861, 
1686, 1606, 1572, 1514, 1293, 1085. Mass 
spectrum (-ESI), m/z [M-H]-= 370.8. 1H NMR 

(CDCl3) δ (ppm): 7.33 (dd, 2H, CHarom, J3= 
6.35 Hz, J4= 1.95 Hz), 7.15 (d, 2H, CHarom, 
J3= 8.30 Hz), 5.90-6.0 (bs, 1H, NH), 4.86 
(d, 2H, CH2ethyl, J3= 5.85 Hz), 1.25 (9H, 
3xCH3). 13 C NMR (CDCl3) δ (ppm): 188.9, 
182.7 (C=O), 164.9, 158.6, 145.6, 138.1, 

130.9, 127.6, 126.13, 47.7, 31.3, 29.7. 
C17H16Cl3NO2 calcd. C, 54.79; H, 4.33; N, 
3.76. Found C, 54.80; H, 4.31; N, 3.74.  
 

2-(4-Fluorophenylamino)-6-tert-
butylcyclohexa-2,5-diene-1,4-dione 
(12) A solution of 2-tert-butyl-1,4-

benzoquinone 10 (1.5 g, 9.1 mmol) and 4-
fluoroaniline 11 (1.2 g, 9.1 mmol) in 
dichloromethane (20 mL) was stirred at room 
temperature. The progress of the reaction was 
monitored by thin layer chromatography (TLC) 
using CH2Cl2 as eluent. Upon the completion of 
the reaction, the reaction mixture was diluted 

with water (30 mL) and extracted with 
chloroform (3×15 mL). The combined organic 
extract was dried over anhydrous Na2SO4, 
concentrated under vacuum and the residue 
was subjected to column chromatography 
using silica gel in dichloromethane to give the 

pure product 12: Brown solid, M.p= 166-

168 oC. Yield: 8 % (200 mg). IR (ATR): 3270 
(NH), 2959, 2919, 1666, 1623, 1572, 1496, 
1404, 1353, 1210, 908. Mass spectrum (+EI), 
m/z [M]+=273.1. 1H NMR (CDCl3) δ (ppm): 
7.08-7.14 (m, 3H, CHarom and NH), 7.03 (t, 
2H, 3J=8.54 Hz, CHarom), 6.44 (d, 1H, CHquinone, 
4J= 2.44 Hz), 5.88 (d, 1H, CHquinone, 4J= 2.44 
Hz), 1.23 (s, 9H, 3 x CH3). 13 C NMR (CDCl3) δ 
(ppm): 187.0, 183.3, 161.2, 159.2, 151.7, 
144.7, 134.4, 134.4, 133.6, 124.6, 116.5, 
99.7, 99.5, 35.0, 29.1, 29.0. 19F NMR (CDCl3) 

δ (ppm): -115.6. C16H16FNO2 calc. C, 70.31; 

H, 5.90; N, 5.12. Found C, 70.29; H, 5.87; N, 

5.10. 
 
RESULTS AND DISCUSSION  
 
In this study, 1,4-benzoquinone compounds 
(1, 4, 7 or 10), respectively, were reacted 

with primary amines (2, 5, 8 or 11) to obtain 
mono-/bis-(NHsubstituted) 
1,4,benzoquinones (3, 6, 9, 12) as illustrated 
in Scheme 1. All compounds were purified by 
coloumn chromatography. The purity was 
checked by TLC and chemical structures were 

confirmed using FTIR, 1H-NMR, 13C-NMR 
spectroscopies and ESI-MS spectrometry.  
 
Conjugated addition of nucleophiles to p-

benzoquinone give initially mono-products 
(34). However, depending on the character of 
the nucleophile (nitrogen, sulfur, oxygen, etc.) 

may form further nucleophilic reactions to 
produce bis-, tris- or tetrakis-products. (34). 
For example, p-benzoquinone undergoes a 
nucleophilic attack by primary aliphatic amine 
to produce 2,5-diamino-1,4-benzoquinones 
(31). Furthermore, monoamino-1,4-
benzoquinones were not obtained in this 

reaction. The result of exclusively 2,5-isomer 
formation can be explained that attack of two 
amines to 1,4-benzoquinone require the 
furthest possible distance due to electrostatic 
reasons (35). According to the explanation of 
Kutyrev, the reaction mechanism includes 

firstly by the addition of an amine to a carbon-

carbon double bond (the formation of 
intermediate), after the intermediate 
isomerize to aminohydroquinone, which is 
oxidized to monoaminoquinone, and then the 
reaction of monoaminoquinone and second 
amine produce diaminoquinone via 

intermediate (31, 32).  Also, the general 
scheme of the reaction of 1,4-quinones with 
nucleophilic compounds was given as Scheme 
2 (31). 
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Scheme 1. Synthesis of NH-substituted-1,4-benzoquinones. 

 

 
 

Scheme 2. The general scheme of the reaction of 1,4-quinones with nucleophilic compounds (31). 

 
In this study, it was obtained the reaction 
between p-benzoquinone (1) and 2 to obtain 
bis-NH-substituted compound (3), in 
methanol at reflux temperature. The 
corresponding 1H NMR spectrum of compound 

3, the apperance of CHarom (δ 7.58-7.22 ppm), 
CHquinone (δ 5.83, 5.06 ppm) and NH- (δ 7.40 
ppm) proton signals were a clear evidence for 
–NHR formation. The stretching vibration of 
the carbonyl (C=O) group of quinone was 
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observed at 1642 cm-1, in the IR spectra, 

whereas the ESI mass spectrum of 3 exhibited 

the molecular ion peak at m/z 459.3, as 
expected. 
 
The reaction between 2,6-dichloro-1,4-
benzoquinone 4 and N-(3-aminopropyl)-2-
pipecoline 5 was obtained at room 

temperature in dichloromethane to obtain 2,5-
(bis-NH)-substituted-3-chloro-1,4-
benzoquinone derivative 6. In 1H NMR spectra 
of 6, the presence of benzoquinone proton was 
confirmed by one signal at δ 5.19 ppm (s). 
And, in 13C NMR spectrum of 6, two quinonic 

carbonyl moieties (C=O) appeared in δ 176.8 
and 176.3 ppm, as expected. In the mass 
spectra (ESI-MS) of this compound (6), the 
protonated [M+H]+ molecular ion peak gave 

m/z= 451.3 in the positive ion mode and 
molecular ion peak gave m/z [M]-=449.5 in 
the negative ion mode, which were agreement 

with the molecular formula. 
 
It is known that mono- and bis- NH-
substituted-1,4-benzoquinones by the 
reaction between p-chloranil and primary 
amines (10, 36, 37). In order to prepare 
mono(NH-substituted)-trichloro-1,4-

benzoquinone derivative (9), tetrachloro-1,4-
benzoquinone (7) was treated with 4-tert-
butylbenzylamine (8) in dichloromethane and 
ethanol in the presence of NaHCO3 at a 
temperature of 50 oC. Compound 9 displayed 
signals due to CHarom groups at 7.33 ppm and 

7.15 ppm with proper 3J and 4J coupling 

constants. In the mass spectra MS(ESI) of 
compound 9, the deprotonated molecular ion 
peak m/z [M-H]-= 370.8 gave the expected 
molecular weight. 
 
The reaction between 2-tert-butyl-1,4-

benzoquinone (10) and 4-fluoroaniline (11) in 
equimolar ratio, using dichloromethane as 
solvent at room temperature, yielded 
compound 12. During structural elucidation of 
compound 12, the assignment of the location 
of the -NHR group (C2 or C3) is determined by 
the splitting patern (4J= 2.44 Hz). In the 

literature, there are similar situations, 
including different location of –NHR (38-40). 
Also, the mass spectrum obtained for 12 and 
showed a molecular ion peak m/z= 273.1 

(C16H16FNO2, 273.3 g.mol-1). Also, in the 
corresponding 13C NMR spectrum of 12, the 

apperance of C=O and Ctert carbon signals at 
δ= 187.0, 183.3 and 35.0 ppm, respectively, 
and in the corresponding 19F NMR spectrum of 
12, the presence of of signal at δ= -115.6 ppm 
(belong to F-C6H4-) is a clear evidence for -
NHR formation.  
 

 
 
 

CONCLUSION 

 

In conclusion, in this study, the synthesis and 
characterization of mono- or bis- NH-
substituted-1,4-benzoquinones (3, 6, 9 and 
12) have been reported. Compounds were 
prepared by the reaction of p-benzoquinone 
(1), 2,6-dichloro-1,4-benzoquinone (4), 

tetrachloro-1,4-benzoquinone (7) or 2-tert-
butyl-1,4-benzoquinone (10), respectively, 
with amines (2-amino-5,6-
dimethylbenzothiazole (2), N-(3-
aminopropyl)-2-pipecoline (5), 4-tert-
butylbenzylamine (8) or 4-fluoroaniline (11) 

at room temperature to reflux. The new 
synthesized compounds might have biological 
activities because of their quinoid skeleton.  
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INTRODUCTION 
 

Nitrogen-containing heterocycles are unique 
pharmacophoric units found in bioactive natural 
products, synthetic medicines, and 
agrochemicals. Among these heterocyclic 
compounds, benzimidazole and its derivatives 
have a significant role due to their wide variety 

pharmacological properties such as anticancer, 
antimicrobial, anti-inflammatory, anti-diabetic, 
anticonvulsant, antibacterial, antihypertensive, 
anti-cholinesterase, antimalarial, antitumor, 
antivirals, antiparasite, antioxidant, antiurease, 
CNS stimulant, and depressant (1-13). And also, 
literature studies have clearly demonstrated that 

the attachment of different groups to the 
benzimidazole core at different positions leads to 

the increase and differentiation of the activities of 
this class of compounds (10, 14-17). Especially, 
it is known that the presence of groups such as 
triazole, thiadiazole, oxadiazole, morpholine, 
piperazine, piperidine, etc. increases the 

bioactivity and biodiversity of the benzimidazole 
core (12-16). 
 
In this work, we have synthesized a series of new 
5,6-dichlorobenzimidazole derivatives containing 
the 2,4-dichlorobenzyl group at position 2 and 

carbothioamide structure, triazole, thiadiazole 
rings at position 1 of benzimidazole ring. 

Moreover, we have studied the urease and 
antioxidant properties of these compounds. 
 
MATERIALS AND METHODS 
 
Chemistry 

The chemicals were supplied from Merck, Sigma-
Alrich and Tekkim. Melting points were detected 
at the SMP30 Stuart melting point device and are 
uncorrected. The FTIR data were taken on a 
Perkin-Elmer 100 FTIR spectrometer as ATR 
(attenuated total reflectance). 1H and 13C NMR 
spectra were recorded on 400 MHz Varian-

Mercury spectrometer in the DMSO-d6 solvent 
using TMS as internal standard and the chemical 

shifts values were given in δ ppm. The reaction 
times and progress were determined by TLC 
plates (silicagel 60, F 2.54, 0.2 mm). The 
elemental compositions were performed on a 
Carlo Erba 1106 CHN analyzer. 

 
General procedure for the synthesis of 
compounds 1 
2-(2,4-dichlorophenyl)-1-ethoxyethaniminium 
chloride (a) (0.011 mol) synthesized according to 
the reported method in the literature (18) and 

http://dx.doi.org/10.18596/jotcsa.440202
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4,5-dichlorobenzene-1,2-diamine (b) (0.010 

mol) in absolute methanol (30 mL) were stirred 
for 2 hours at room temperature (monitored by 

TLC, ethyl acetate : n-hexane, 2:1). Then, plenty 
of water was added to the mixture to precipitate. 
The mixture, which was rested for a while, was 
filtered and washed with plenty of water and 

purified by recrystallization from a mixture of 
ethanol:water, v:v 1:1. 
 
5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazole (1). CAS Registry Number: 
1632028-81-9. Yield: 3.01 g (87 %). M.P.: 185–
187 °C, FTIR (KBr): 3078 (NH), 1628 (CN), 1445, 

1097, 864 cm-1. 1H NMR (400 MHz, DMSO-d6, δ, 
ppm): 12.60 (1H, s, NH), 7.77-7.40 (5H, m, Ar-
H), 4.30 (2H, s, CH2).  

 
General procedure for the synthesis of 
compounds 2 

Compound 1 (0.01 mol) and  dry K2CO3 (0.03 

mol) in absolute acetone (30 mL) was stirred at 
room temperature for 1 hour, followed by addition 
of ethylbromoacetate (0.01 mol) stirring at room 
temperature for a further 4 hours (monitored by 
TLC, ethyl acetate : n-hexane, 2:1). Plenty of 
water was added to the mixture to dissolve the 

excess K2CO3 and precipitate the expected 
product. The mixture, which was rested for a 
while, was filtered and washed with plenty of 
water and purified by recrystallization from a 
mixture of ethanol:water, v:v 1:2. 
 
Ethyl [5,6-dichloro-2-(2,4-dichlorobenzyl)-1H-

benzimidazol-1-yl]acetate (2). Yield: 3.58 g (83 
%). M.P.: 128–130 °C, FTIR (KBr): 1735 (C=O), 
1670 (CN), 1228 (C-O) cm-1. 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 7.96 (1H, s, Ar-H), 7.82 (1H, 

s, Ar-H), 7.60 (1H, s, Ar-H), 7.40-7.34 (2H, m, 
Ar-H), 5.28 (2H, s, NCH2), 4.31 (2H, s, CH2), 4.10 
(2H, q, J=8 Hz, OCH2), 1.17 (3H, t, J= 8 Hz, CH3). 
13C NMR (100 MHz, DMSO-d6): δ 14.4 (CH3), 30.9 
(CH2), 45.2 (NCH2), 61.9 (OCH2), 112.6 (Ar-CH), 
120.3 (Ar-CH), 124.7 (Ar-C), 125.2 (Ar-C), 129.1 
(Ar-CH), 132.9 (Ar-C), 133.4 (Ar-CH), 133.6 (Ar-
C), 134.9 (Ar-C), 135.7 (Ar-C), 141.9 (Ar-C), 
155.7 (NCN), 168.0 (C=O). Elemental analysis: 

Calculated for C18H14Cl4N2O2: C, 50.03; H, 3.27; 
N, 6.48. Found: C, 50.09; H, 3.22; N, 6.51. 
 
General procedure for the synthesis of 
compound 3 
A mixture of compound 2 (0.010 mol) and 
hydrazine monohydrate (0.050 mol) in absolute 

ethanol (25 mL) was stirred at room temperature 

for 2 hours (monitored by TLC, ethyl 
acetate:hexane, 3:1). The mixture was filtered 
and purified by recrystallization from ethanol. 
 
2-[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]acetohydrazide (3). Yield: 

2.84 g (68 %). M.P.: 253-254 °C, FTIR (KBr): 
3301, 3153 (NH2+NH), 1650 (CN), 1457, 1092, 
868 cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
9.51 (1H, s, NH), 7.86 (1H, s, Ar-H), 7.80 (1H, s, 
Ar-H), 7.62 (1H, s, Ar-H), 7.41-7.35 (2H, m, Ar-

H), 5.28, 4.92 (2H, s, NCH2), 4.56, 4.36 (2H, s, 

NH2), 4.33, 4.23 (2H, s, CH2). 13C NMR (100 MHz, 
DMSO-d6): δ 30.9 (CH2), 45.2 (NCH2), 112.6 (Ar-

CH), 120.3 (Ar-CH), 124.5 (Ar-C), 124.9 (Ar-C), 
127.8 (Ar-CH), 129.1 (Ar-CH), 132.8 (Ar-C), 
133.4 (Ar-CH), 133.9 (Ar-C), 134.9 (Ar-C), 135.7 
(Ar-C), 142.0 (Ar-C), 155.9 (NCN), 165.9 (C=O). 

Elemental analysis: Calculated for C16H12Cl4N4O: 
C, 45.96; H, 2.89; N, 13.40. Found: C, 45.94; H, 
2.92; N, 13.37. 
 
General procedure for the synthesis of 
compound 4 
A mixture of compound 3 (0.010 mol) and 

morpholine (0.030 mol) was heated in an oil bath 
at 130-140 °C reflux temperature for 16 h 
(monitored by TLC, ethyl acetate:hexane, v:v 
2:1). The viscous residue was cooled to room 
temperature and acetone (10 mL) was added and 
allowed to cool overnight, a solid appeared. The 

crude product was recrystallized from a mixture 

of ethanol:water, 3:1 in order to obtain the 
desired compound.  
 
5,6-Dichloro-2-(2,4-dichlorobenzyl)-1-(2-
morpholin-4-yl-2-oxoethyl)-1H-benzimidazole 
(4). Yield: 2.45 g (52 %). M.P.: 193-195 °C, FTIR 

(KBr): 1659 (C=O), 1236 (C-O), 1094, 860, 826 
cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 7.91 
(1H, s, Ar-H), 7.80 (1H, s, Ar-H), 7.61 (1H, s, Ar-
H), 7.34-7.37 (2H, m, Ar-H), 5.33 (2H s, NCH2), 
4.23 (2H s, CH2), 3.70-3.68 (2H, m, OCH2), 3.57-
3.54 (4H, m, OCH2, morpholine-NCH2), 3.41-3.39 
(2H, m, morpholine-NCH2). 13C NMR (100 MHz, 

DMSO-d6): δ 30.9 (CH2), 42.2 (morpholine-
NCH2), 42.4 (morpholine-NCH2), 45.2 (NCH2), 
66.3 (OCH2), 66.4 (OCH2), 112.5 (Ar-CH), 120.2 
(Ar-CH), 124.3 (Ar-C), 124.8 (Ar-C), 127.8 (Ar-

CH), 129.1 (Ar-CH), 132.8 (Ar-C), 133.5 (Ar-CH), 
133.8 (Ar-C), 134.8 (Ar-C), 136.1 (Ar-C), 142.1 
(Ar-C), 156.3 (NCN), 165.0 (C=O). Elemental 

analysis: Calculated for C20H17Cl4N3O2: C, 50.77; 
H, 3.62; N, 8.88. Found: C, 50.81; H, 3.59; N, 
8.85. 
 
General procedure for the synthesis of the 
compounds 5, 6, 7 

To a solution of compound 3 (0.010 mol) in 
absolute ethanol (30 mL), methylisothiocyanate 
for compound 5, ethylisothiocyanate for 
compound 6, 4-bromophenylisothiocyanate for 
compound 7 was added and refluxed for 2 hours 
(monitored by TLC, ethyl acetate:hexane, 2:1). 
The mixture was cooled to room temperature and 

water was added. After a while, it was filtered and 

purified by recrystallization from a mixture of 
ethanol:water, v:v 3:1. 
 
2-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]acetyl}-N-
methylhydrazinecarbothioamide (5). Yield: 4.27 

g (87 %). M.P.: 205-206 °C, FTIR (KBr): 3404, 
3303, 3152 (NH), 1693 (C=O), 1616, 1554 (CN) 
cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
10.25, 9.33, 8.08 (3H, s, NH), 7.88 (1H, s, Ar-H), 
7.80 (1H, s, Ar-H), 7.63 (1H, s, Ar-H), 7.42-7.35 
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(2H, m, Ar-H), 5.09, 5.04 (2H, s, NCH2), 4.31, 

4.24 (2H, s, CH2), 2.90 (3H, s, CH3). 13C NMR 
(100 MHz, DMSO-d6): δ 30.9 (CH2), 31.4 (NCH3), 

45.2 (NCH2), 112.5 (Ar-CH), 120.3 (Ar-CH), 
124.6 (Ar-C), 124.9 (Ar-C), 127.9 (Ar-CH), 129.2 
(Ar-CH), 132.9 (Ar-C), 133.4 (Ar-CH), 133.9 (Ar-
C), 134.9 (Ar-C), 135.7 (Ar-C), 142.0 (Ar-C), 

156.0 (NCN), 166.5 (C=O), 170.3 (CS). 
Elemental analysis: Calculated for C18H15Cl4N5OS: 
C, 44.01; H, 3.08; N, 14.26. Found: C, 44.05; H, 
3.13; N, 14.22. 
 
2-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]acetyl}-N-

ethylhydrazinecarbothioamide (6). Yield: 3.84 g 
(76 %). M.P.: 214-216 °C, FTIR (KBr): 3382, 
3282, 3153 (NH), 1694 (C=O), 1620, 1551 (CN) 
cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
10.24, 9.26, 8.08 (3H, s, NH), 7.91 (1H, s, Ar-H), 
7.81 (1H, s, Ar-H), 7.63 (1H, s, Ar-H), 7.41-7.34 

(2H, m, Ar-H), 5.05 (2H, s, NCH2), 4.24, 4.31 

(2H, s, CH2), 3.45 (2H, q, J=8 Hz, OCH2), 1.06 
(3H, t, J=8 Hz, CH3). 13C NMR (100 MHz, DMSO-
d6): δ 14.8 (CH3), 30.9 (CH2), 39.3-40.6 (DMSO-
d6+CH2), 45.1 (NCH2), 112.5 (Ar-CH), 120.3 (Ar-
CH), 124.6 (Ar-C), 124.9 (Ar-C), 127.9 (Ar-CH), 
129.1 (Ar-CH), 132.8 (Ar-C), 133.4 (Ar-CH), 

133.9 (Ar-C), 134.9 (Ar-C), 135.7 (Ar-C), 142.1 
(Ar-C), 156.1 (NCN), 166.4 (C=O), 172.6 (CS). 
Elemental analysis: Calculated for C19H17Cl4N5OS: 
C, 45.17; H, 3.39; N, 13.84. Found: C, 45.18; H, 
3.34; N, 13.88. 
  
N-(4-bromophenyl)-2-{[5,6-dichloro-2-(2,4-

dichlorobenzyl)-1H-benzimidazol-1-
yl]acetyl}hydrazinecarbothioamide (7). Yield: 
4.23 g (67 %). M.P.: 184-185 °C, FTIR (KBr): 
3354, 3296, 3151 (NH), 1691 (C=O), 1590, 1541 

(CN) cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
10.53, 9.89, 9.82 (3H, s, NH), 7.94 (1H, s, Ar-H), 
7.82 (1H, s, Ar-H), 7.63 (1H, s, Ar-H), 7.57-7.51 

(3H, m, Ar-H), 7.42-7.34 (3H, m, Ar-H), 5.19, 
5.12 (2H s, NCH2), 4.35 (2H, s, CH2). 13C NMR 
(100 MHz, DMSO-d6): δ 31.0 (CH2), 45.3 (NCH2), 
112.6 (Ar-CH), 120.3 (Ar-CH), 124.6 (Ar-C), 
124.9 (Ar-C), 127.9 (Ar-CH), 129.2 (Ar-CH), 
131.5 (Ar-CH), 132.5 (Ar-C), 132.8 (Ar-C), 133.4 

(Ar-CH), 133.5 (Ar-CH),  133.9 (Ar-C), 134.9 (Ar-
C), 135.7 (Ar-C), 138.8 (Ar-C), 142.1 (Ar-C), 
156.1 (NCN), 166.5 (C=O), 171.9 (CS). 
Elemental analysis: Calculated for 
C23H16BrCl4N5OS: C, 43.70; H, 2.55; N, 11.08. 
Found: C, 43.68; H, 2.52; N, 11.13. 
 

General procedure for the synthesis of 

compounds 8, 9, 10 
To the appropriate carbothioamide compound (5, 
6, 7) (0.01 mol) in an ice bath, concentrated cold 
sulfuric acid (0.064 mol) was added dropwise and 
the mixture was stirred for 15 minutes. Then, the 
mixture was stirred at room temperature for an 

additional 30 minutes. Then the mixture was 
added to ice-water and adjusted to pH 7-8 with 
ammonia. The resulting product was filtered, 
washed with water purified by recrystallization 
from a mixture of ethanol:water, v:v 3:1. 

 

5-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]methyl}-N-methyl-1,3,4-

thiadiazol-2-amine (8). Yield: 2.64 g (56 %). 
M.P.: 242-244 °C, FTIR (KBr): 3219 (NH), 1567, 
1520, 1501 (CN) cm-1. 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 8.03 (1H, s, Ar-H), 7.83 (1H, s, Ar-

H), 7.68-7.59 (1H, m, Ar-H), 7.32-7.38 (2H, s, 
Ar-H), 5.80 (2H, s, NCH2), 4.42 (2H, s, CH2), 2.81 
(3H, s, CH3). 13C NMR (100 MHz, DMSO-d6): δ 
31.2 (CH2), 31.7 (CH3), 42.3 (NCH2), 112.5 (Ar-
CH), 120.5 (Ar-CH), 124.9 (Ar-C), 125.2 (Ar-C), 
127.8 (Ar-CH), 129.2 (Ar-CH), 132.9 (Ar-C), 
133.4 (Ar-CH), 133.7 (Ar-C),  134.9 (2Ar-C), 

142.1 (Ar-C), 152.2 (NCN), 155.2 (thiadiazole-
C5), 170.8 (thiadiazole-C2). Elemental analysis: 
Calculated for C18H13Cl4N5S: C, 45.69; H, 2.77; N, 
14.80. Found: C, 45.72; H, 2.73; N, 14.82. 
 
5-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-

benzimidazol-1-yl]methyl}-N-ethyl-1,3,4-

thiadiazol-2-amine (9). Yield: 2.28 g (47 %). 
M.P.: 205-207 °C, FTIR (KBr): 3203 (NH), 1581, 
1563, 1516 (CN) cm-1. 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 8.04 (1H, s, Ar-H), 7.83 (1H, s, Ar-
H), 7.73-7.59 (1H, m, Ar-H), 7.38-7.32 (2H, s, 
Ar-H), 5.79 (2H, s, NCH2), 4.42 (2H, s, CH2), 3.20 

(2H, q, J=8 Hz, CH2), 2.48 (3H, t, J= 8Hz, CH3). 
13C NMR (100 MHz, DMSO-d6): δ 14.6 (CH3), 31.2 
(CH2), 39.4-40.6 (DMSO-d6+CH2), 42.3 (NCH2), 
112.5 (Ar-CH), 120.5 (Ar-CH), 124.9 (Ar-C), 
125.2 (Ar-C), 127.8 (Ar-CH), 129.2 (Ar-CH), 
132.9 (Ar-C), 133.4 (Ar-CH), 133.7 (Ar-C),  
134.9 (Ar-C), 134. 9 (Ar-C), 142.1 (Ar-C), 152.0 

(NCN), 155.4 (thiadiazole-C5), 169.8 
(thiadiazole-C2). Elemental analysis: Calculated 
for C19H15Cl4N5S: C, 46.84; H, 3.10; N, 14.37. 
Found: C, 46.82; H, 3.07; N, 14.39. 

 
N-(4-bromophenyl)-5-{[5,6-dichloro-2-(2,4-
dichlorobenzyl)-1H-benzimidazol-1-yl]methyl}-

1,3,4-thiadiazol-2-amine (10). Yield: 3.68 g (60 
%). M.P.: 263-264 °C, FTIR (KBr): 3188 (NH), 
1617, 1556, 1511 (CN) cm-1. 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 10.48 (1H, brs, NH), 8.09 
(1H, s, Ar-H), 7.85 (1H, s, Ar-H), 7.60-7.56 (1H, 
m, Ar-H), 7.54-7.08 (6H, m, Ar-H), 5.92 (2H, s, 

NCH2), 4.45 (2H, s, CH2). 13C NMR (100 MHz, 
DMSO-d6): δ 31.2 (CH2), 42.1 (NCH2), 112.6 (Ar-
CH), 113.8 (Ar-C), 119.8 (Ar-CH), 120.5 (Ar-CH), 
125.1 (Ar-C), 125.4 (Ar-C), 127.8 (Ar-CH), 129.2 
(Ar-CH), 132.2 (Ar-CH), 132.9 (Ar-C), 133.4 (Ar-
CH), 133.6 (Ar-C),  134.9 (Ar-C), 140.0 (Ar-C), 
142.0 (Ar-C), 154.8 (NCN), 155.5 (thiadiazole-

C5), 165.3 (thiadiazole-C2). Elemental analysis: 

Calculated for C23H14BrCl4N5S: C, 44.98; H, 2.30; 
N, 11.40. Found: C, 44.96; H, 2.32; N, 11.38. 
 
General procedure for the synthesis of the 
compounds 11, 12, 13 
To the appropriate carbothioamide compound (5, 

6, 7) (0.01 mol) in ethanol (15 mL) 2 N 15 mL of 
NaOH (0.064 mol) is added and the mixture was 
refluxed for 2 h. Then, the mixture was cooled to 
room temperature and adjusted to pH 4-5 with 
37% HCl. The resulting product was filtered, 
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washed with water and purified by 

recrystallization from a mixture of ethanol:water, 
v:v 2:1. 

 
5-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]methyl}-4-methyl-4H-1,2,4-
triazole-3-thiol (11). Yield: 3.40 g (72 %). M.P.: 

255-256 °C, FTIR (KBr): 2930 (SH), 1598, 1584 
(CN) cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
13.53 (1H, s, SH), 8.03 (1H, s, Ar-H), 7.83 (1H, 
s, Ar-H), 7.59 (1H, s, Ar-H), 7.40-7.33 (2H, m, 
Ar-H), 5.73 (2H, s, NCH2), 4.32 (2H, s, CH2), 3.50 
(3H, s, CH3) . 13C NMR (100 MHz, DMSO-d6): δ 
30.4 (NCH3), 30.9 (CH2), 45.2 (NCH2), 112.7 (Ar-

CH), 120.4 (Ar-CH), 124.8 (Ar-C), 125.2 (Ar-C), 
127.8 (Ar-CH), 129.1 (Ar-CH), 132.9 (Ar-C), 
133.4 (Ar-CH), 133.8 (Ar-C), 134.9 (Ar-C), 135.6 
(Ar-C), 142.1 (Ar-C), 148.5 (NCN), 155.9 
(triazole-C5), 168.1 (triazole-C2). Elemental 
analysis: Calculated for C18H13Cl4N5S: C, 45.69; 

H, 2.77; N, 14.80. Found: C, 45.71; H, 2.79; N, 

14.83. 
 
5-{[5,6-Dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]methyl}-4-ethyl-4H-1,2,4-
triazole-3-thiol (12). Yield: 3.31 g (68 %).  M.P.: 
240-242 °C, FTIR (KBr):2832 (SH), 1590, 1567 

(CN) cm-1. 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
13.58 (1H, s, SH), 8.04 (1H, s, Ar-H), 7.84 (1H, 
s, Ar-H), 7.59 (1H, s, Ar-H), 7.37-7.33 (2H, m, 
Ar-H), 5.78 (2H, s, NCH2), 4.34 (2H, s, CH2), 4.03 
(2H, q, J=8 Hz, OCH2), 1.19 (3H, t, J= 8 Hz, CH3). 
13C NMR (100 MHz, DMSO-d6): δ 13.5 (CH3), 30.9 
(CH2), 39.1 (triazole-NCH2) 45.2 (NCH2), 112.6 

(Ar-CH), 120.4 (Ar-CH), 124.9 (Ar-C), 125.3 (Ar-
C), 127.8 (Ar-CH), 129.1 (Ar-CH), 132.9 (Ar-C), 
133.4 (Ar-CH), 133.6 (Ar-C), 134.8 (Ar-C), 135.6 
(Ar-C), 142.0 (Ar-C), 147.0 (NCN), 155.9 

(triazole-C5), 167.6 (triazole-C2). Elemental 
analysis: Calculated for C19H15Cl4N5S: C, 46.84; 
H, 3.10; N, 14.37. Found: C, 46.81; H, 3.14; N, 

14.32. 
 
4-(4-Bromophenyl)-5-{[5,6-dichloro-2-(2,4-
dichlorobenzyl)-1H-benzimidazol-1-yl]methyl}-
4H-1,2,4-triazole-3-thiol (13). Yield: 3.93 g (64 
%). M.P.: 254-255 °C, FTIR (KBr): 2893 (SH), 

1587, 1578 (CN) cm-1. 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 13.93 (1H, s, SH), 7.96 (1H, s, Ar-
H), 7.81 (1H, s, Ar-H), 7.74 (1H, s, Ar-H), 7.66-
7.61 (3H, m, Ar-H), 7.40-7.29 (3H, m, Ar-H),  
5.50 (2H, s, NCH2), 4.29 (2H, s, CH2). 13C NMR 
(100 MHz, DMSO-d6): δ 30.8 (CH2), 45.3 (NCH2), 
112.6 (Ar-CH), 120.2 (Ar-CH), 123.7 (Ar-C), 

124.6 (Ar-C), 125.1 (Ar-C), 127.8 (Ar-CH), 129.1 

(Ar-CH), 130.7 (Ar-CH), 132.5 (Ar-C), 132.9 (Ar-
C), 133.4 (Ar-CH), 133.4 (Ar-CH), 133.7 (Ar-C), 
134.8 (Ar-C), 135.7 (Ar-C), 141.9 (Ar-C), 147.5 
(NCN), 155.8 (triazole-C5), 169.5 (triazole-C2). 
Elemental analysis: Calculated for 
C23H14BrCl4N5S: C, 44.98; H, 2.30; N, 11.40. 

Found: C, 45.01; H, 2.27; N, 11.43. 
 
Antioxidant Activity and Radical Scavenging 
Assays 

Antioxidant activities of the synthesized 

compounds were clarified using various in vitro 
antioxidant assays, including Cupric Reducing 

Antioxidant Capacity (CUPRAC), ABTS (2,2-
azinobis(3-ethylbenzothiazoline-6-sulfonic 
acid)/Persulfate and DPPH (1,1-diphenyl-2-
picrylhydrazyl) assays. Catechin, Trolox® and 

Ascorbic acid were used as positive antioxidants. 
 
Cupric reducing antioxidant capacity 
(CUPRAC) assay 
In order to determine the cupric ions (Cu2+) 
reducing ability of the synthesized compounds 
was determined according to the literature (19, 

20, 21). The standard curve was linear between 
32 mM and 1.25 mM trolox (r2=0.9989). CUPRAC 
values were expressed as mM Trolox® equivalent 
of 1 mg synthesized compound. 
 
DPPH-Free radical scavenging assay 

The DPPH radical scavenging activity of the 

synthesized compounds was measured using the 
method of Brand-Williams (20, 21, 22, 23,). 
Briefly, 1200 microliter of 0.1 mM DPPH (2,2-
diphenyl-1-picrylhydrazyl) solution in methanol 
was added 300 µL of the synthesized compound’s 
solution in DMSO. Then, the mixture was kept in 

the dark for 50 minutes, the decrease in 
absorbance at 517 nm was measured, using a UV-
Visible spectrophotometer (1601UV-Shimadzu, 
Australia). All determinations were carried out in 
triplicate and the results are expressed as % 
scavenging of DPPH radical, the percentage 
scavenging was calculated from the Formula 

given below: 
  

% Scavenging = [(Odcontrol – ODtest) / ( 
ODcontrol) x 100]. 

 
ABTS•+ Radical Cation Decolorization Assay 
The ability of the synthesized compounds to 

scavenge ABTS•+ radical was determined 
according to the literature (20, 21, 24). ABTS 
[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid)] was dissolved in water to a 7 mM 
concentration and diluted to get an absorbance of 
0.700 ± 0.020 at 734 nm before use. After 5 min 

in the dark at room temperature, the decrease of 
absorbance of reaction mixture containing 200 µL 
of compound solution and 1800 µL of the ABTS•+ 

solution was measured. The percentage 
scavenging was calculated from the formula 
below: 
 

% Scavenging = [(ODcontrol – ODtest) / ( 

ODcontrol) x 100]. 
 

Urease inhibition assay 
Urease is an enzyme that catalyzes the hydrolysis 
of urea into carbon dioxide and ammonia. The 
production of ammonia was measured by 

indophenol method and used to determine the 
urease inhibitory activity (25, 26, 27). The 
percentage remaining activity was calculated 
from the formula % Remaining Activity = 
[(ODtest)/(ODcontrol)x100]. Thiourea (S1) and 
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acetohydroxamic acid (S2) were used as standard 

inhibitors. In order to calculate IC50 values, 
different concentrations of synthesized 

compounds and standards were assayed at the 
same reaction conditions. 
 
RESULTS AND DISCUSSION 

 
In the present study, we reported the synthesis 
and investigated the biological activities of 

antioxidant and urease inhibition of new 2-

substituted benzimidazole derivatives containing 
triazole, thiadiazole, morpholine ring, and 

carbothioamide moiety. The synthetic procedures 
for target compounds were depicted in Schemes 
1 and 2. The structures of the newly synthesized 
compounds were elucidated by elemental 

analysis, 1H-13C (APT) NMR, and FTIR spectral 
data. 

 

 
Scheme 1. The synthetic routes for compounds 1-4.  

 
Imino ester hydrochloride compound (a) was 

synthesized according to the reported method in 
the literature (18). 5,6-Dichloro-2-(2,4-
dichlorobenzyl)-1H-benzimidazole (1) was 
obtained by the nucleophilic attack of 4,5-
dichlorobenzene-1,2-diamine to the imine carbon 
of compound a and subsequent removal of the 
ester group. The compound 1 was treated with 

ethylbromoacetate in the presence of potassium 
carbonate at room temparature to give ethyl 

[5,6-dichloro-2-(2,4-dichlorobenzyl)-1H-
benzimidazol-1-yl]acetate (2) followed by 

nucleophilic substitution with hydrazine 

monohydrate to obtain 2-[5,6-dichloro-2-(2,4-
dichlorobenzyl)-1H-benzimidazol-1-
yl]acetohydrazide (3). 
 
The nucleophilic addition of morpholine nitrogen 
to the carbonyl group of compound 2 and 
followed by elimination of a mole of ethanol 

afforded 5,6-dichloro-2-(2,4-dichlorobenzyl)-1-
(2-morpholin-4-yl-2-oxoethyl)-1H-benzimidazole 

(4). The reaction was carried out in solvent-free 
at 130-140 °C (reflux temperature). 
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Scheme 2. The synthetic routes for compounds 5-13.  

 

The synthesis of carbothioamide compounds (5, 
6, 7) was accomplished by nucleophilic addition 
of the acetohyrazide compound (3) to the 
alkyl(aryl)isothiocyanates under reflux in ethanol. 
1,3,4-Thiadiazole compounds (8, 9, 10) were 
obtained by the intramolecular cyclization 

reaction of carbothioamide compounds (5, 6, 7) 
in the presence of concentrated sulfuric acid. On 
the other hand, the synthesis of 1,2,4-triazole 
compounds (11, 12, 13) in the presence of 2 N 
NaOH was carried out by cyclization of the same 
compound (5, 6, 7). These compounds (11, 12, 
13) may be present in the mercapto (-SH) or 

thioxo (C=S) tautomeric forms. The -SH protons 
of these compounds (11, 12, 13) resonate at 
13.53, 13.58 and 13.93 ppm in the 1H NMR, 
respectively. And also in the FT-IR spectra, the 
stretching bands of –SH function at 2913, 2832 
and 2893 cm-1 and the signals of the triazole-C2 
atom at 168.1, 167.6 and 169.5 ppm in 13C NMR 

show us that these compounds are in the 
mercapto form. The 1H NMR and 13C NMR spectra 
of the synthesized compounds are in accordance 

with the structures of the synthesized compounds 
and the elemental data results of C, H and N 
atoms are within acceptable limits. 

 

CUPRAC Antioxidant Activity Assay 
With CUPRAC analysis, the exemplary compounds 
were examined for their capacity to reduce Cu+2 
ions of Cu+. And the absorbance of the complex 
Cu+ neocuproin was gauged at 450 nm, 
increasing the antioxidants with higher activity. 

The absorbance values for the samples were 
transformed to Trolox-equivalent antioxidant 
capacity (TEAC) values using the absorbance 
calibration graph [Trolox®]. And the TEAC results 
(mM) were shown in Figure 1. The highest 
antioxidant capacity was observed for the 
compound 11 (4.60 mM) in the CUPRAC method 

(Figure 1.). On the other hand, the compounds 3, 
5, 6, 7 and 12 showed good activity, while 
compounds 1, 2, 4, 8 and 9 showed little activity. 
The others (10 and 13) had moderate TEAC 
values. Similar to the CUPRAC test results 
obtained, we have published benzimidazole 
derivative compounds containing triazole and 

thiophene groups with TEAC data in the range of 
0.400 to 1.476 mM in one of our previous studies 
(20). Another study reported that a series of new 

benzimidazole derivative containing the triazole 
ring compounds with a high inhibitory activity 
with TEAC values at 4.16-8.67 mM in cuprac 

assay were synthesized (21). 
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Figure 1. CUPRAC test results of all the synthesized compounds as mM TEAC (Trolox equivalent 

antioxidant capacity) values obtained from [Trolox]- absorbance calibration graph. TEAC values of 

compounds are expressed as the mean ±S.D. in triplicate. 
 
DPPH• and ABTS•+ Radical Scavenging 
Activity Results 
The total radical scavenging activity of the 
synthesized compounds was identified using 

DPPH and ABTS•+ radical scavenging assays and 
compared with catechin, ascorbic acid and 
Trolox® as standards. DPPH activity results of the 
synthesized compounds are given in Table 1. The 
compound 13 showed good DPPH activity at the 
240 μg/mL concentration with 86.43% (Table 1). 

Beside this reality, it has been found that 

compounds 7, 9 and 10 moderate scavenging 
activity at the same concentration. In the earlier 

published study, it has been determined that the 
SC50 results of the benzimidazole compounds 
containing the 1,2,4-triazole circle vary from 3.91 
to 16.75 μg / mL according to the DPPH method 

(28). The benzimidazole compounds containing 
thiosemicarbazide moiety and 1,3,4-oxadiazole 
circle, were also effective DPPH radical 
scavengers, with SC50 results 77.36, 19.34, 13.46 
and 13.27 µg/mL (23). In another study, 
benzimidazole derivatives containing triazole 

cycle were reported to be highly active with the 

SC50 values 7.03-31.27 μg / mL  in the DPPH 
method (21). 

 
Tablo 1. DPPH• radical scavenging activities of the compounds and standards at various final 

concentrations were expressed as the mean ±S.D. in triplicate. 

Compounds and Standards 

DPPH• Method 

Radical Scavenging (%) 

240 µg/mL 120 µg/mL 60 µg/mL 30 µg/mL 15 µg/mL 

1 10.71 10.71 10.71 9.29 8.71 

2 9.43 9.43 9.43 9.00 9.00 
3 56.71 57.86 58.86 57.43 46.57 
4 13.29 8.57 8.29 8.14 7.86 
5 50.86 43.00 50.14 50.29 43.14 
6 53.14 51.71 51.14 52.14 48.86 
7 69.57 67.00 60.57 58.43 45.71 
8 16.86 10.43 10.43 10.29 9.71 

9 63.29 54.57 34.29 17.00 11.71 
10 70.00 35.43 17.29 11.71 10.00 
11 45.86 35.00 26.57 20.14 13.29 
12 49.86 39.29 26.43 19.57 15.43 
13 86.43 74.43 50.00 26.57 17.71 

Catechin  90.71 90.71 90.71 90.71 85.57 

Ascorbic Acid 90.71 90.71 90.71 90.71 82.29 
Trolox® 90.71 90.71 90.71 85.86 80.14 

 
ABTS•+ is produced by oxidation of ABTS with 
K2S2O8 and is reduced in the presence of 

hydrogen-donating antioxidants. The compounds 
3, 5, 6, 7, 11, 12 and 13 showed efficient radical 
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scavenging activity, at all concentrations (Table 

2). According to Radical Scavenging (%) activity 
results, the compounds can be listed 12 = 7, 11 

= 5, 3 = 6, 13 by decreasing degree at 24 µg/mL 

concentration (Table 2.).  

 
Table 2. % ABTS•+ radical scavenging activities of the compounds and standards at various final 

concentrations were expressed as the mean ±S.D. in triplicate. 

Compounds and Standards 

ABTS•+ Method 

Radical Scavenging (%) 

24 µg/mL 12 µg/mL 6 µg/mL 3 µg/mL 1.5 µg/mL 

1 11.43 11.43 11.29 11.29 11.29 
2 8.71 8.57 8.43 8.29 8.14 
3 90.43 89.86 75.57 57.29 30.57 
4 15.71 12.86 12.71 11.86 11.00 
5 91.00 89.57 83.00 49.71 30.43 
6 90.43 90.29 76.43 48.14 31.14 
7 91.14 91.14 70.14 41.71 27.14 

8 13.43 13.43 13.43 12.86 12.00 
9 47.00 27.43 20.00 18.00 15.00 

10 33.43 23.00 20.86 19.43 18.57 
11 91.00 80.14 54.71 40.00 30.71 

12 91.14 82.14 54.29 38.00 31.00 
13 84.29 57.14 38.57 29.14 24.29 

Catechin  91.43 91.43 90.71 85.43 43.43 

Ascorbic Acid 91.43 91.43 90.71 75.00 36.43 
Trolox® 91.43 91.43 90.71 67.57 45.00 

 
Urease Inhibition Results 
In vitro inhibitory activity of all the synthesized 

compounds against Jack bean urease were 
investigated. Thiourea (S1) and acetohydroxamic 
acid (S2), clinically used for the treatment of 
urinary tract infections, were used as standard 
inhibitors. Initially, all the synthesized 
compounds were evaluated at the 60 µg/mL final 
concentration. Among these compounds, 6 

exhibited the best inhibitory effect against urease 
with IC50 2.52 µg/mL (Figure 2.). Also, the 

compounds 1, 2, 3, 4, 5, 7, 8, 9, 11, 12 and 13 
had higher inhibitory effect on urease and 
exhibited the lower IC50 values than 

acetohydroxamic acid and thiourea (Figure 2). 
The compound 10 demonstrated moderately 

inhibitory effect, according to the others. Baltas 
et al., reported IC50 values of thiourea, 
compounds 5b and 5c as 11.91±0.33, 7.41±0.13 
and 10.48±0.15 μg/mL, respectively (26). 
Researchers emphasized 9b exhibited the best 
inhibitory effect against urease with IC50 value 
28.89±0.11 µM. Compound 9b inhibited urease 

activity by 36.07±0.41%, 68.29±0.09% and 
98.43±0.28 at concentrations of 10.94, 21.87 

and 43.75 µg/mL, respectively (27).  
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Figure 2. IC50 values of the synthesized compounds and standards against Jack bean urease. Thiourea 

(S1) and acetohydroxamic acid (S2)were used as standard inhibitors. 
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CONCLUSION 

 
The present work led to the synthesis of novel 

benzimidazole derivatives containing the 
hybridization of the 5,6-dichlorobenzimidazole 
ring with different bioactive groups such as 
carbothioamide, morpholine, triazole ring and 

thiadiazole rings. Also, inhibition of antioxidant 
and urease enzymes of these compounds has 
been examined in this study. Most of the 
synthesized compounds showed good and 
moderate antioxidant activity. Especially 3, 5, 6, 
7, 11, 12, 13 compounds showed efficient 
antioxidant activity in % ABTS•+ radical 

scavenging capacity tests. It was also found that 
all synthesized compounds except compound 10 
had higher inhibitory effect on urease and 
exhibited the lower IC50 values (2.52-12.60 
µg/mL) than acetohydroxamic acid (20.50 
µg/mL) and thiourea (13.84 µg/mL), which are 

used as standard. The literature and this study 

show that the differences, location and number of 
substituents significantly effect the activities of 
these compounds. 
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