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Özet: Bu çalışmada iki yeni molekül 4-((4-metoksifenil)diazenil)-2-(((4-
(triflorometil)fenil)imino)metil)fenol (3a) ve 2-(((4-metoksifenil)imino) metil)-4-
((4-(triflorometil)fenil)diazenil)fenol (3b) sentezlendi. 3a ve 3b'nin yapılarını 
doğrulamak için 1H-NMR, FTIR, UV-vis ve Kütle analiz teknikleri kullanıldı. 
Sentezlenen bileşiklerin antioksidan özelliklerini araştırmak için CUPRAC in vitro 
antioksidan aktivite yöntemi de kullanıldı. Bileşiklerin ADME ve toksisite 
parametreleri de sırasıyla SwissADME, Protox-II web sunucuları kullanılarak 
hesaplandı. Sentezlenen bileşikler 3a ve 3b'nin potansiyel antioksidan özelliklerini 
araştırmak için PDB ID: Lipoksijenaz için 1N8Q, CYP2C9 için 1OG5, NADPH oksidaz 
için 2CDU ve Sığır Serum Albümini için 4JK4 gibi dört farklı antioksidan protein 
kullanılarak in siliko moleküler yerleştirme çalışmaları yapıldı. ADME ve toksisite 
(ADMEt) sonuçları, farmakokinetik, fiziko-kimyasal, ilaç benzerliği ve toksisite 
verilerinin tamamının potansiyel bir biyoaktif madde için uygun olduğunu gösterdi. 
Moleküler yerleştirme sonuçları, tüm yerleştirme sonuçlarının standarttan 
(Troloks) daha yüksek olduğunu göstermiştir. En iyi kenetlenme skoru (-9,4 
kcal/mol), 3b ligandı ile 2CDU proteini arasındaydı. Bileşiklerin TEAC değerleri de 
standarttan daha yüksekti ve bu da moleküler yerleştirme skorlarıyla uyumluydu. 
Elde edilen tüm verilerden, bileşik 3b'nin potansiyel antioksidan özelliğe sahip 
olduğu sonucuna varılmıştır. 
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Abstract: In this study, two new molecules 4-((4-methoxyphenyl)diazenyl)-2-(((4-
(trifluoromethyl)phenyl)imino)methyl)phenol (3a) and 2-(((4-
methoxyphenyl)imino)methyl)-4-((4-(trifluoromethyl)phenyl)diazenyl)phenol 
(3b)   were synthesized. The 1H-NMR, FTIR, UV-vis, and Mass analysis techniques 
were used to confirm the structures of the 3a and 3b. CUPRAC in vitro antioxidant 
activity method was also used to investigate the antioxidant properties of 
synthesized compounds. The compounds' ADME and toxicity parameters were also 
computed using SwissADME, Protox-II web servers respectively. In silico Molecular 
docking studies were conducted utilizing four different antioxidant proteins, such 
as PDB ID: 1N8Q for Lipoxygenase, 1OG5 for CYP2C9, 2CDU for NADPH oxidase, and 
4JK4 for Bovine Serum Albumin, to investigate the potential antioxidant properties 
of the synthesized compounds 3a and 3b. ADME and toxicity (ADMEt) results 
showed that pharmacokinetic, physico-chemical, drug-similarity, and toxicity data 
were all appropriate for a potential bioactive agent. Molecular docking results have 
shown that all docking results were higher than standard (Trolox). The best docking 
score (-9.4 kcal/mol) was between 3b ligand and 2CDU protein. TEAC values of 
compounds were also higher than standard which was in harmony with molecular 
docking scores. From all obtained data It was concluded that the compound 3b has 
the potential antioxidant agent. 
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1. Introduction 
 
Free radical generation and antioxidant defense 
mechanisms are out of balance, which leads to the 
syndrome known as oxidative stress [1]. There are 
several potential causes of this imbalance, such as a 
lack of antioxidants in the diet, endogenous 
overproduction brought on by inflammation, or 
exposure to pro-oxidant elements in the environment 
[2]. In addition, many serious illnesses, including some 
metabolic disorders (diabetes, cancer), and 
neurodegenerative diseases, have oxidative stress as a 
key side effect [3,4]. Thus, it's necessary to develop 
novel antioxidants that can interact with free radicals 
or suppress their activity to stop oxidative damage. 
Primary and secondary antioxidants are two types of 
antioxidants. One of the primary classes of secondary 
metabolites present in plants is the source of phenolic 
chemicals. While metabolism is operating regularly, 
phenolic antioxidants can eliminate free radicals and 
stop reactive species from developing. Moreover, they 
can protect cells from lipid, protein, and nucleic acid 
damage, which can result in harm or death [5].  Because 
of this, they are often associated with delaying the 
beginning of some diseases, including diabetes, cancer, 
autoimmune disorders, neurological diseases, and 
cardiovascular diseases [6–8]. 
 
In organic chemistry, fluorine (F) is the smallest 
substituent that can be substituted with a hydrogen 
atom. In medicinal chemistry, the displacement of 
hydrogen atoms with F atoms is a common method. 
The main causes of this include fluorine's strong 
electron attraction, electrostatic interactions, small 
atomic size, and high lipophilicity. Research on the 
synthesis and biological functions of compounds 
containing fluorine, particularly those with the -CF3 
group, is growing continually [9,10]. Because of the 
significant influence that fluorine-containing 
compounds have on pharmaceutical growth, the US 
Food and Drug Administration (FDA) has approved 
over half of the most popular medicinal molecules [11]. 
 
Imines are substances with a double bond between 
carbon and nitrogen -C=N- and substituents at the 
carbon and nitrogen atoms that might be the same or 
different. When aldehydes combine with primary 
amines, commonly known as Schiff's base, an imine 
intermediate is created. It plays a crucial role not just 
in synthetic chemistry [12] but also in some biological 
activities such as antifungal [13], antibacterial [14], 
antimalarial [15], antiviral [16], anticancer [17], and 
antioxidant [18]. 
 
Azo compounds, which contain N=N- groups in 
structure, are among the most widely used chemical 
classes of organic compounds because of their wide 
range of applications in lasers, electro-optical devices, 
biomedical research, liquid crystal displays, textile 
dyeing, and inkjet printing and biological medical 
studies [19–21]. The synthesis of derivatives of azo 

compounds has generated considerable interest due to 
their wide biological activities and functions, which 
include antibacterial, anti-inflammatory, 
anthelminthic, antiviral, and anticancer effects [22]. 
The in silico and in vitro properties of synthesized azo 
compounds have been the subject of many studies of 
investigations in recent years [23]. After more 
research, the studies indicate that the produced azo 
compounds may have therapeutic potential [24–27]. 
 
Drug discovery is a difficult, costly, and time-
consuming process that can take years and millions of 
dollars to complete. Therefore, recent technological 
and methodological advances have facilitated the 
development of computational methods, and it has 
been possible to quickly and easily discover new 
anticancer medications thanks to these developments. 
In developing and discovering new anti-cancer drugs, 
computational techniques such as computer-aided 
drug design, or CADD, have gained significance. 
Researchers can find compounds with the potential to 
be effective therapeutic candidates against a variety of 
diseases, by using computational methods (such as 
Absorption, Distribution, Metabolism, Elimination, 
Toxicity (ADMEt), Molecular Docking, etc). 
Furthermore, They can examine methodologies to 
simulate and predict the interactions between 
potential drug molecules and biological targets [28]. 
 
In the present study, new 3a and 3b compounds were 
synthesized and characterized via 1H-NMR, FTIR, UV-
Vis and Mass Spectrometer. The CUPRAC method was 
used to evaluate each molecule's in vitro antioxidant 
activity. The ADMEt parameters were predicted using 
the SwissADME ProTox-II and ADMETlab 2.0 server. 
Furthermore, the interaction of the synthesized 
compounds and some selected proteins (PDB ID: 1N8Q 
for Lipoxygenase, 1OG5 for CYP2C9, 2CDU for NADPH 
oxidase, and 4JK4 for Bovine Serum Albumin) 
associated with antioxidant properties was 
investigated using an in silico method. At the end of the 
molecular docking investigations, the ligand-protein 
interaction's quantities and properties were 
determined. 
 
2.  Material and Method 
 
2.1. General information 

All of the chemicals used for synthesis and purification 
were acquired from the companies Aldrich, Merck, and 
Isolab. Thin Layer Chromatography (TLC: SIL G/UV254 
from MN GmbH & Co.) was utilized to monitor reaction 
conversion, and UV light (254 nm) was employed to see 
the spot. The Stuart SMP 30 was used to test the 
melting point of the synthesized compound in an open 
glass capillary tube. An Agilent 400 MHz spectrometer 
and DMSO-d6 as a solvent were used to record NMR 
spectra. Parts per million (ppm) of chemical changes 
are shown for residual protons (DMSO-d6: δ 2.50). FTIR 
spectrum was recorded using the Shimadzu IRSpirit 
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QATR-S, νmax in cm-1. A PG T80+ double beam 
spectrophotometer and a 1×10−4 M solution compound 
were utilized to record the UV-Vis spectrum. The 
Waters Radıan Asap Direct Mass Detector was 
employed for mass analyses. The full scan acquisition 
mode, ASAP+/ASAP ionization mode, gas (N2), mass 

range of 100-1200 m/z, cone voltage of 10 V, 
isothermal heater temperature of 600 °C, corona 
current of 3 µA, and capillary dip sample technique 
were all incorporated in the analytical process. 

2.2. Synthesis studies 

 

 

Figure 1. Synthesis Pathway for compounds 3a-b 

 

Synthesis of 2-hydroxy-5-((4-
(methoxyphenyl)diazenyl)benzaldehyde (2a) 
compound: Synthesis Pathway for 2a was shown in 
Figure 1. 4-methoxy aniline (10.0 mmol, 1.23 g) was 
dissolved in 2.1 mL of concentrated hydrochloric acid 
(25.0 mmol, 2.46 g) and 30 mL of distilled water in 50 
mL beaker. After cooling the mixture to 0-(-5) ℃ using 
an ice-salt bath, NaNO2 (10.0 mmol, 0.7 g) in 3 mL of 
distilled water was added dropwise while being 
continuously stirred. The diazonium salt formed after 
1 h of stirring the mixture without allowing the 
temperature to increase above 0 ℃. In another beaker, 
the coupling reagent, Salicylaldehyde (10.0 mmol, 1.22 
g) was dissolved in NaOH (20.0 mmol, 0.8 g in 10 mL of 
distilled water) solution, and the mixture was cooled to 
0 ℃ with an ice-salt bath. After preparing the coupling 
mixtures, the diazonium salt solution was added 

dropwise and stirred for 1 h at 0-5 ℃. The resulting 
dark yellow precipitated solution was poured into 
beaker containing 100 mL of ice water and stirred for 
1 h. After 1 h, the mixture was extracted with EtOAC (2 
x 250 mL). The combined organic phases were dried 
with Na2SO4, filtered, and concentrated until 
approximately 20-25 mL of solvent remained by rotary 
evaporation in vacuo. The precipitated product was 
kept in the refrigerator (at 4 ℃) for overnight. The 
crude product was filtered, dried, and crystalized with 
EtOAc/Hexane (1:5, v/v). As the compound is known in 
the literature [29],  only melting point and mass 
analyses were done to confirm the structure.  Yield: 
2.35 g, 92%. Color: Brown solid. Mp: 123–125 °C. MS = 
m/z: [M+H]+ Calcd for C14H13N2O3, 257.09; Found: 
257.24 (Figure 2).  

 

 
Figure 2. Mass spectrum of compound 2a 
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Synthesis of 2-hydroxy-5-((4-
(trifluoromethyl)phenyl)diazenyl)benzaldehyde 
(2b) compound:  Synthesis Pathway for 2b was 
shown in Figure 1. 4-trifluoromethylaniline (10.0 
mmol, 1.61 g) was dissolved in 2.1 mL of concentrated 
hydrochloric acid (25.0 mmol, 2.46 g) and 30 mL of 
distilled water in 50 mL beaker. After cooling the 
mixture to 0-(-5) ℃ using an ice-salt bath, NaNO2 (10.0 
mmol, 0.7 g) in 3 mL of distilled water was added 
dropwise while being continuously stirred. The 
diazonium salt formed after 1 h of stirring the mixture 
without allowing the temperature to increase above 0 
℃. In another beaker, the coupling reagent, 
Salicylaldehyde (10.0 mmol, 1.22 g) was dissolved in 
NaOH (20.0 mmol, 0.8 g in 10 mL of distilled water) 
solution, and the mixture was cooled to 0 ℃ with an ice-
salt bath. After preparing the coupling mixtures, the 

diazonium salt solution was added dropwise and 
stirred for 1 h at 0-5 ℃. The resulting dark yellow 
precipitated solution was poured into beaker 
containing 100 mL of ice water and stirred for 1 h. After 
1 h, the mixture was extracted with EtOAC (2 x 250 
mL). The combined organic phases were dried with 
Na2SO4, filtered, and concentrated until approximately 
20-25 mL of solvent remained by rotary evaporation in 
vacuo. The precipitated product was kept in the 
refrigerator (at 4 ℃) for overnight. The crude product 
was filtered, dried, and crystalized with EtOAc/Hexane 
(1:5, v/v). As the compound is known in literature [30], 
only melting point and mass analyses were done to 
confirm the structure.  Yield: 2.59 g, 88%. Color: 
Orange solid. Mp: 160–162 °C. MS = m/z: [M+H]+ Calcd 
for C14H10F3N2O2, 295.07; Found: 295.18 (Figure 3).  

 

 
Figure 3. Mass spectrum of compound 2b 

 

Synthesis of 4-((4-methoxyphenyl)diazenyl)-2-
(((4-(trifluoromethyl)phenyl)imino)methyl) 
phenol (3a) compound: Synthesis Pathway for 3a 
was shown in Figure 1. A two-necked flask that had 
been oven-dried and equipped with a reflux condenser 
and magnetic stirring bar was charged with 1.1 mmol 
of 4-(trifluoromethyl)aniline (1b) and 25 mL of 
absolute ethanol. After clear solution was obtained, the 
1 mmol 4-methoxy azoaldehyde (2a) was added to the 
flask. With the help of an oil bath, the flask was heated 
up until the solvent reflux point (approximately 85 °C). 
The conversion was followed by TLC and after the 
conversion was completed, half of the solvent was 

removed by rotary evaporation. After cooling the flask 
to room temperature, the precipitate was filtered and 
washed with n-hexane and cold ethanol. Yield: 90%. 
Color: Yellow solid. Mp: 195–197 °C. FTIR (ATR): ṽmax 
(cm−1) = 2946 (br, w), 2914 (w), 2840 (w), 1600 (s), 
1485 (m), 1324 (s), 1276 (s), 1126 (s). 1H NMR (400 
MHz, DMSO-d6)   13.04 (s, 1H), 9.11 (s, 1H), 8.25 (s, 
1H), 7.96 (d, J = 8.4 Hz, 1H), 7.90 – 7.78 (m, 4H), 7.60 
(d, J = 7.7 Hz, 2H), 7.12 (dd, J = 12.9, 9.0 Hz, 3H), 3.84 (s, 
3H) (Figure 4). MS = m/z: [M+H]+ Calcd for 
C21H17F3N3O2, 400.13; Found: 400.22 (Figure 5).  
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Figure 4. 1H-NMR spectrometry of compound 3a 

 

 
Figure 5. Mass spectrometry of compound 3a 

 

Synthesis of 2-(((4-
methoxyphenyl)imino)methyl)-4-((4-
(trifluoromethyl)phenyl)diazenyl)phenol (3b) 
compound: Synthesis Pathway for 3b was shown in 
Figure 1. A two-necked flask that had been oven-dried 
and equipped with a reflux condenser and magnetic 
stirring bar was charged with 1.1 mmol of 4-methoxy 
aniline (1a) and 25 mL of absolute ethanol. After clear 
solution was obtained, the 1 mmol 4-trifluoro 
azoaldehyde (2b) was added to the flask. With the help 
of an oil bath, the flask was heated up until the solvent 

reflux point (approximately 85 °C). The conversion was 
followed by TLC and after the conversion was 
completed, half of the solvent was removed by rotary 
evaporation. After cooling the flask to room 
temperature, the precipitate was filtered and washed 
with n-hexane and cold ethanol. Yield: 86%. Color: 
Yellow solid. Mp: 186-188 °C. FTIR (ATR): ṽmax (cm−1) 
= 3024 (br, w), 2974 (w), 1620 (s), 1571 (m), 1508 (s), 
1404 (s), 1350 (s), 1165 (s). 1H NMR (400 MHz, 
DMSO-d6)   9.12 (s, 1H), 8.27 (d, J = 1.7 Hz, 1H), 7.95 
(dd, J = 28.7, 8.5 Hz, 5H), 7.48 (d, J = 8.7 Hz, 2H), 7.12 
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(d, J = 8.9 Hz, 1H), 7.04 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H) 
(Figure 6). MS = m/z: [M+H]+ Calcd for C21H17F3N3O2, 
400.13; Found: 400.22 (Figure 7). 

 

 

 
Figure 6. 1H-NMR spectrometry of compound 3b 

 

 
Figure 7. Mass spectrometry of compound 3b 

 

 
 
2.3. In vitro antioxidant activity studies 
 
The antioxidant activities of synthesized compounds in 
absolute ethanol (3a-b) were determined using the 
CUPRAC method specified in literature. [31]. 

 

2.4. Computational studies 
 
2.4.1. ADMEt properties 
 
The ADME properties of 3a-b compounds were 
calculated using the SwissADME web server [32]. 
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Toxicity properties of 3a-b compounds were 
determined via the Protox-II web server [33]. 
 
2.4.2. Geometry optimization  
 
The structure of compounds 3a-b was drawn in 
ChemBioDraw Ultra 14.0, Then the structures were 
transferred to ChemBio3D Ultra 14.0. The structures 
were saved as .mol2 files extension. .mol2 files were 
opened using Avogadro software [34]. The Structures 
were optimized using UFP parameters and optimized 
structures were saved as .mol2 file. 
 
2.4.3. Molecular docking studies 
 

The AutodockVina 1.1.2 [35] program was used for 
molecular docking investigations. All imaging 
processes were carried out using UCSF Chimera 1.17.3 
for 3D [36] and BIOVIA Discovery Studio Visualizer for 
2D [37]. For the molecular docking investigations, 
target proteins listed by PDB ID in Table 1 were 
utilized, and selected proteins (1N8Q, 1OG5, 2CDU, and 
4JK4) were obtained as .pdb files from PDB Bank [38]. 
Using the UCSF Chimera 1.17.3 program, all 
heteroatoms, waters, and non-standard residues were 
eliminated from the protein. The proteins were 
prepared using UCSF Chimera 1.17.3 Dock Prep 
module. The 3D binding coordinates (x,y,z) of selected 
proteins were used as received in literature [39,40] 
and Molecular docking studies were conducted with 
proteins encircled by a grid box (40 x 40 x 40 Å3).  

 
Table 1. Selected proteins with PDB ID and binding coordinates for Molecular Docking studies 

Proteins and PDB IDs Coordinates and Values 
Protein PDB ID X Y Z 

Lipoxygenase 1N8Q 22.45 1.29 20.36 
CYP2C9 1OG5 -19.82 86.68 38.27 

NADPH Oxidase 2CDU 18.99 -5.77 -1.80 
Bovine Serum Albumin 

(BSA) 
4JK4 95.87 16.04 13.49 

 

3. Results 
 
3.1. UV-Vis absorbance measurements 
 
UV absorbance measurements were performed using a 
1 × 10-4 M solution of the synthesized compound in 
DMSO between 200 and 900 nm to identify the 
maximum wavelengths of compounds 3a-b. Table 2 
provides the maximum wavelengths of compounds 
3a–b, and Figure 8 shows the UV–Vis spectra. 
 

  
Figure 8. UV-Vis spectras of compound 3a-b 

 
The maximum absorbance values of the synthesized 
compounds were significant because absorbance 
measurements of antioxidant activity investigations 
were carried out at 450 nm. There was no maximum 
found at 450 nm when the maximum absorbance 
values were assessed. When the maximum 
wavelengths of the synthesized compounds were 
examined, it was observed that both of them had two 
maximum wavelengths. The first maximum 
wavelengths of the compounds were determined as 

263 nm for 3a, 281 nm for 3b, and the second 
maximum wavelengths were determined as 359 nm 
and 346 nm, respectively.  
 
Table 2. The maximum wavelengths of compounds 3a–b 

Compound Maximum Wavelengths 
3a 359, 263 
3b 346, 281 

 
3.2. In vitro antioxidant activity studies 
 
The CUPRAC technique has been extensively studied in 
the literature for determining the antioxidant 
properties of synthesized compounds. TEAC (Trolox 
Equivalents antioxidant Capacity) value has important 
to do meaningful comparison of synthesized 
compounds against the trolox standard. 1.0 x 10-3 M 
stock solution containing all synthesized compounds 
(3a–b) was prepared in absolute ethanol. Five distinct 
solutions containing different concentrations of 
synthesized compounds were prepared using 1 x 10-3 
M, and the CUPRAC method was used to investigate 
their antioxidant properties. To create calibration 
curves, the investigations were conducted three times, 
and mean data were obtained. Table 3 displayed the 
TEAC values of synthesized compounds and trolox.  
 
Table 3. TEAC values of compounds (3a-b) and Trolox at 450 

nm  

 
Compound 

3a 
Compound 

3b 
Trolox 

TEAC 1.09 1.13 1.0 
 
Antioxidant activity and TEAC levels are directly 
correlated. When the TEAC values of the synthesized 
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compounds (3a-b) are examined (Table 3), it can be 
said that they are higher than Trolox (TEAC > 1) and 
therefore have higher antioxidant activity than Trolox. 
 
3.3. Computational studies 
 
3.3.1. ADMEt properties 
 
A crucial initial phase in the development of any 
pharmaceutical compound is determining the ADMEt 
parameters of a new drug candidate. Most candidate 
compounds are eliminated for a variety of reasons, 
including their incorrect pharmacokinetics and drug-
likeness [41]. ADMEt properties of compounds (3a-b) 
were demonstrated in Table 4. 
 
According to Lipinski’s rules, the drug candidate 
should have a molecular weight of between 150 and 
500 g/mol, an MLOGP value of less than 4.15, fewer 
than 10 hydrogen bond acceptor atoms, and fewer than 
5 hydrogen bond donor atoms. When the 
physicochemical parameters of the synthesized 
molecules 3a and 3b were assessed, it was found that 
their molecular weights were 399.37 g/mol. 
Compounds 3a and 3b were accepted by Lipinski after 
being examined for molecular weight and all other 
criteria. Compounds' ability to penetrate cell 
membranes is determined by their TPSA value, which 
is also important and should be less than 140 Å[42]. 
The TPSA values of compounds 3a and 3b were 
calculated 66.54 Å². 
 

The term "lipophilicity" describes a lipid's ability to 
dissolve in water. Drug molecules must pass through a 
number of biological barriers, including as the skin, the 
gut, and the blood-brain barrier, in order to reach their 
target locations. Therefore, a molecule must break 
down at specific rates in both oil and water. When 
Table 4 was examined, the lipophilicity (CLogPo/w) 
number of compounds 3a and 3b were calculated 5.43 
and 5.37, respectively. 
 
BOILED-Egg graphs were used to calculate the ADME 
parameters, the blood-brain barrier, and 
gastrointestinal absorption (GI). In this diagram, the 
yellow area denotes possible BBB permeability 
locations, whereas the white area shows possible GI 
absorption sites. P-gp is shown as an active substrate 
by blue spots (PGP+) and as an inactive substrate by 
red dots (PGP-)[32]. When Figure 9 was examined, The 
presence of compounds 3a and 3b in the outer gray 
zone indicated that they had limited brain permeability 
and low absorption. 
 
Compounds 3a and 3b were found to have toxicity 
properties that could be determined using the widely 
used Protox-II web server. Upon analyzing Table 4, The 
LD50 (Lethal Dose) value of each compound was 
determined to be 1500 mg/kg. Protox-II web server 
was also used to evaluate the toxicity class of 
compounds. When the toxicity level was compared 
from 1st (the worst) to 6th (the best), compounds 3a 
and 3b were found to be in the fourth class. 
 

 

Table 4. ADME and Toxicity Properties of compounds 3a-b 

Compounds 3a 3b 

Lipinski’s Rule of 
Five 

Molecular Weight 
(g/mol) ≤ 500 

399.37 399.37 

MLogP ≤ 4.15 3.89 3.62 
Hydrogen Bond  
Acceptor ≤ 10 

8 8 

Hydrogen Bond  
Donor ≤ 5 

1 1 

Lipinski Yes Yes 
Physicochemical 

Properties 
TPSA (Å²) 66.54 66.54 

Lipophilicity 
Properties 

Consensus Log Po/w 5.43 5.37 
WLogP 7.74 7.74 

Pharmacokinetic 
Properties 

GI Low Low 

Toxicity 
Properties 

LD50 (mg/kg) 1500 1500 
Toxicity Class 4 4 
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Figure 9. Boiled-Egg diagram of compounds 3a-b 

 
3.3.2. Molecular docking studies 
 
Molecular docking, an effective method based on 
receptor-ligand interactions, involves docking small 
molecules into the receptor's binding site to estimate 
the complex's binding affinity [43].  AutodockVina 1.1.2 
was used to conduct molecular docking investigations 
of all synthesized compounds. For molecular docking 
studies of compounds and standard antioxidant Trolox 
were performed on proteins associated with 
antioxidants that had encoded by PDB IDs of 1N8Q, 
1OG5, 2CDU, and 4JK4. All synthesized molecule was 

individually docked to distinct protein coordinates, 
encircling the active region of the protein with a 40 x 
40 x 40 Å3 grid box. The Docking scores of compounds 
(3a-b), which ranged from -8.3 kcal/mol to -9.4 
kcal/mol, were depicted in Table 5. The protein-ligand 
complex pairing 1N8Q-3b, 1OG5-3a, 2CDU-3b, and 
4JK4-3b had the highest docking scores. The 2CDU-3b 
complex has the best docking scores (ΔG: -9.4 
kcal/mol) than Trolox and among all ligand complexes. 
It was observed that these data were compatible with 
in vitro antioxidant results. Table 6 analysis shows that 
hydrogen bonds, carbon-hydrogen bonds, halogen, π-
cation, alkyl, and π-alkyl bonds are the interactions 
between 2CDU and 3b complexes. There are two 
hydrogen bonds between 2CDU-3b complex. These 
bonds have a length of 2.09 Å between ASP179 
aminoacid and phenolic -OH group, 2.28 Å between 
WAL214 aminoacid and methoxy oxygen group. 
 
Table 5. Docking scores of compounds 3a-b and Trolox 

PDB ID 
Compounds Standard 

3a 3b Trolox 
1N8Q -8.3 -8.5 -6.9 
1OG5 -8.6 -8.5 -7.2 
2CDU -9.2 -9.4 -7.2 
4JK4 -8.5 -8.8 -6.7 

 

 
Table 6. 2D and 3D representation of 2CDU-3b interaction 

   

2CDU-3b 
 
Discussion and Conclusion  
 
In this study, Novel Trifluoromethyl Containing Azo-
Imincompounds (3a-b) were synthesized (Yield: 90-
86 %) and were characterized by using The 1H-NMR, 
FT-IR, UV-vis, and Mass analysis techniques to confirm 
the structures of compounds. SwissADME and Protox-
II web services were utilized to calculate the toxicity 
and ADME parameters of the compounds, 
respectively. According to ADME and toxicity (ADMEt) 
results, the drug-similarity, pharmacokinetic, physico-
chemical, and toxicity data were all within acceptable 
level for a potential bioactive agent. To investigate the 
potential antioxidant properties of the synthesized 
compounds 3a and 3b, molecular docking studies 
were carried out using four distinct antioxidant 
proteins, such as PDB ID: 1N8Q for lipoxygenase, 1OG5 
for CYP2C9, 2CDU for NADPH oxidase, and 4JK4 for 
bovine serum albumin. All of the docking results from 
molecular docking were higher than trolox. The 
interaction between the 2CDU protein and the 3b 

ligand had the best docking score (-9.4 kcal/mol). The 
antioxidant properties of the compound 3a and 3b 
were also examined using the CUPRAC in vitro 
antioxidant activity method. When the TEAC values of 
the compounds were examined, the TEAC value was 
above the trolox values and this was compatible with 
the molecular docking scores. Based on all of the data 
obtained, it was determined that compound 3b can 
potential antioxidant agent. 
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