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Synthesis of Novel Schiff Bases Derived From Ferrocene as a
Chiral Sensor (Erratum)

Kiral Sensor Olarak Ferrosen Turevli Yeni Schiff Bazinin Sentezi
(Hata bildirimi)

Asuman UCAR*a, Miikerrem FINDIK?, Haluk BINGOL®, Ersin GULER2, Emine OZCANz?
aDepartment of Chemistry, Faculty of Science, Selcuk University, 42075 Konya, Turkey

bChemistry Department, Ahmet Kelesoglu Education Faculty, Necmettin Erbakan University, 42099
Konya, Turkey

asucar340@gmail.com.
ABSTRACT

Ferrocene and ferrocenyl compounds are widely used in fluorescence studies due to the realizing of
energy and electron transfer [1]. In addition to the high selectivity, because of their potential applications
in the fields of analytical, biological, clinical and biochemistry, enantioselective fluorescence sensor
studies are listed in the literature [2]. Amino acids are important to obtain chiral receptor due to the being
natural chiral molecule and excellent hydrogen bond made by amide bonds [3].

In this study the chiral compound 3 was synthesized and fluorescence properties of 3 was studied.
When we investigated the fluorescence changes after the interaction of this compound with various chiral
amino acids (D-Methionine L-Methionine, D-Alanine, L-Alanine, D-Valine, L-Valine, D-Serine, L-Serine, D-
Histidine, L-Histidine, D- Cysteine, L- Cysteine and D-Threonine, L-Threonine), it was seen that there is a
visible change observed against the D-methionine unlike other aminoacids.

Keywords

Ferrocene, Schiff base, Amino acids methylester , Fluorescence sensors, Chiral recognition
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Figure 1: The structure of the synthesized compounds and the fluorescence spectra of 3 upon the
titration of various amino acids.

Sekil 1: Sentezlenen bilesigin yapisi ve incelenen amino asitlere karsi degisen floresans yogunluk
grafigi.

OZET

Ferrosen ve ferrosenil bilesikleri enerji ve elektron transferi gerceklestirebilmesinden dolayi floresans
calismalarinda yaygin olarak kullaniimistir (1). Yuksek seciciligin yaninda analitik, biyolojik, klinik ve
biyokimya alanlarinda potansiyel uygulamalari nedeniyle enantiyosecici floresans sensdr calismalari
literatUrlerde yer almaktadir (2). Aminoasitler hem dogal kiral molekuller oldugu icin hem de amid baglar
mukemmel hidrojen bagi yaptiklari icin kiral reseptor eldesinde énem tasimaktadirlar (3).

Bu calismada kiral yapida olan 3 bilesigi sentezlenmis ve floresans 6zellikleri calisiimistir. Bu bilesigin
cesitli kiral aminoasitlerle (D- Metiyonine, L- Metiyonine, D-Alanin, L-Alanin, D-Valin, L-Valin, L-Serin, D-
Serin, D-Histidin, L-Histidin, D-Sistein, L- Sistein D- Treonin, L- Treonin) etkilesimi sonucu floresans
degisimleri incelendiginde D-metiyonine karsi g6zle gorilir bir degisim s6z konusuyken incelenen diger
amino asitlere karsi bu artisin mevcut olmadigi goriimustir. Bu sonuglar sentezlenen bilesigin D-
metiyonin enantioselektif tanimasi icin kullanish bir sensor oldugunu gostermektedir.

Anahtar Kelimeler: : Ferrosen, Schiff bazi, Aminoasit metilester, Floresans sensor, Kiral taninma
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Abstract: A simple, efficient, and green procedure has been developed for the synthesis of
dihydropyrimidinones (Products of Biginelli) using phosphate fertilizers (mono-ammonium
phosphate (MAP), di-ammonium phosphate (DAP) and triple super phosphate (TSP)) as
catalyst. The one-step reaction involved the three compounds, which are registered aromatic
aldehydes, dicarbonyl compounds and the urea/thiourea. This new method provides some
advantages such as obtaining excellent yields (98%), as well as the short duration of the
reaction, which may attain 2 minutes. These catalytic heterogeneous systems present also the
advantage of being easily recycled.

Keywords: Heterogeneous catalysts; MAP; DAP; TSP; 3,4-dihydropyrimidin-2(1H)-ones;
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INTRODUCTION

The dihydropyrimidinone derivatives constitute a major family usually with therapeutic and
pharmacological properties such as antiviral agents, antimitotic, anticarcinogenic,
antihypertensive medications and especially, as modulators of calcium channels (1-4). The
Biginelli reaction was described for the first time by the Italian chemist Pietro Biginelli 1893(5),
where the reaction was carried out in one-step, putting together an aromatic aldehyde and
urea with the ethyl acetoacetate in a strongly acidified ethanolic reflux. However, this method
has some disadvantages, such as the severe conditions in which the reaction takes place and
attains low yields. The use of catalysts in the condensation of Biginelli became necessary to
improve the yields and the time of reaction. We note in recent years, significant efforts made
in order to find new procedures to produce 3,4-dihydropyrimidin-2(1H)-one derivatives with
good yields. The use of catalysts in the condensation of Biginelli became necessary to improve
the yields and the time of reaction. We note in recent years, significant efforts which have
been made to find new procedures to produce 3,4-dihydropyrimidin-2(1H)-one derivatives.
These protocols use either Brgnsted acids (6) metal catalysts such as sulfonic acid
nanomagnetic (7) and the iron (III) tosylate (8), bis[(L)-prolinato-N,0O]Zn-water (9), the 1-
glycyl-3-methyl copper chloride imidazolium (II) (10), but the use of transition metals is toxic
and dangerous. The aim of this work is to use a simple synthetic, green, and effective protocol
for the synthesis of dihydropyrimidin-2(1H)-one and dihydropyrimidin-2(1H)-thione derivatives
using three phosphate compounds as catalysts, in addition to traditional reagents of Biginelli
reaction: urea or thiourea, ester B-ketones and aldehyde in ethanol. This method gave the
expected products with good yields accompanied by a reduction in reaction time, compared to

conventional conditions.

MATERIALS AND METHODS

All chemicals were purchased from Merck or Fluka Chemical Companies. The known products
were identified by comparison of their melting points and spectral data with those reported in
the literature. TLC using silica gel SIL G/UV 254 plates monitored the progress of the

reactions. Melting points were recorded on a Kofler hot stage apparatus and are uncorrected.

General procedure of synthetic 3,4-dihydropyrimidin-2(1H)-one or thione derivatives
4. A mixture of aromatic aldehyde (1 mmol), 1.3-dicarbonyl compounds (1 mmol), urea or
thiourea (1.5 mmol) was prepared. After that we added MAP (3 mol %) or DAP or TSP (1 mol
%) as catalyst. The mixture was dissolved in 1 mL of absolute ethanol. The mixture was

refluxed for appropriate time and the progress of the reaction was monitored by TLC. After
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completion of the reaction the catalyst was recovered by filtration, the filtrate was evaporated
and treated with acetonitrile and the solid was then washed with water. The product was
purified by recrystallization with ethanol to give the pure 3,4-dihydropyrimidin-2(1H)-one
derivatives 4a-k and 3,4-dihydropyrimidin-2(1H)-thione derivatives 4l-o0.

All spectral data of synthesized products are described below and compare favorably to those

reported in the literature. Melting points are reported in Table 4.

5-Acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one 4a: '*H NMR (300 MHz, DMSO-ds,
0 ppm): 9.16 (s, 1H, NH), 7.78 (s, 1H, NH), 6.84-7.18 (m, 5H, ArH), 5.21 (s, 1H, CH), 2.35
(s, 3H, CHs), 2.16 (s, 3H, CHs). Anal. Calcd for Ci3H14N202: C, 67.81; H, 6.13; N, 12.17%.
Found C, 67.80; H, 6.15; N, 12.15%.

5-Acetyl-4-(4-chlorophenyl)-3,4-dihydro-6-methylpyrimidin-2(1H)-one 4b: *H NMR (300 MHz,
DMSO-ds, 6 ppm): 9.17 (s, 1H, NH), 7.69 (s, 1H, NH), 7.17 (d, J= 8.2 Hz, 2H, ArH), 6.86 (d,
J= 8.2 Hz, 2H, ArH), 5.10 (s, 1H, CH), 2.32 (s, 3H, CHs), 2.10 (s, 3H, CHs). Anal. Calcd for
Ci3H13CIN202: C, 58.98; H, 4.95; N, 10.57; Cl, 13.38%. Found C, 85.97; H, 4.67; N, 10.55; Cl,
13.36%.

5-Acetyl-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one 4c: 'H NMR (300 MHz,
DMSO-ds, & ppm): 9.18 (s, 1H, NH), 8.20 (d, J= 8.4 Hz, 2H, ArH), 7.92 (s, 1H, NH), 7.50 (d,
J= 8.4 Hz, 2H, ArH), 5.18 (s, 1H, CH), 2.31 (s, 3H, CHs), 2.18 (s, 3H, CHs). Anal. Calcd for
Ci13H13N304: C, 56.72; H, 4.76; N, 15.27%. Found C, 56.70; H, 4.74; N, 15.28%.

5-Acetyl-4-(4-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one 4d: 'H NMR (300
MHz, DMSO-de, & ppm): 9.35 (s, 1H, NH), 8.26 (d, J= 8.2 Hz, 2H, ArH), 7.99 (s, 1H, NH), 7.46
(d, J=8.2 Hz, 2H, ArH), 5.31 (s, 1H, CH), 3.43 (s, 3H, OCHs), 2.32 (s, 3H, CH3), 2.09 (s, 3H,
CHs). Anal. Calcd for Ci14H16N203: C, 64.61; H, 6.20; N, 10.75%. Found C, 64.63; H, 6.22; N,
10.74%.

5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one 4e: *H NMR
(300 MHz, DMSO-ds, & ppm): 9.19 (s, 1H, NH), 8.16 (d, J= 8.1 Hz, 2H, ArH), 7.92 (s, 1H,
NH), 7.58 (d, J= 8.1 Hz, 2H, ArH), 5.20 (s, 1H, CH), 3.97 (q, J= 7.0 Hz, 2H, OCH2CH3), 3.34
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(s, 3H, OCHs), 2.19 (s, 3H, CHs), 1.07 (t, J= 7.0 Hz, 3H, OCH:CHs). Anal. Calcd for
CisH18N204: C, 62.05; H, 6.25; N, 9.65%. Found C, 62.07; H, 6.23; N, 9.68%.

5-FEthoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one 4f: 'H NMR
(300 MHz, DMSO-de, 3 ppm): 9.31 (s, 1H, NH), 7.87 (s, 1H, NH), 7.40 (d, J= 8.2 Hz, 2H, ArH),
7.21 (d, J/=8.2 Hz, 2H, ArH), 5.25 (s, 1H, CH), 3.92 (q, J= 7.0 Hz, 2H, OCH2CH3), 2.26 (s, 3H,

CHs), 1.06 (t, J= 7.0 Hz, 3H, OCHz2CHs). Anal. Calcd for CiaHisN3Os: C, 55.08; H, 4.92; N,
13.77%. Found: C, 55.14; H, 4.95; N, 13.69%.

5-FEthoxycarbonyl-4-(4-chlorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one 4g: 'H NMR
(300 MHz, DMSO-ds, d ppm): 9.25 (s, 1H, NH), 7.78 (s, 1H, NH), 7.37 (d, J= 8.3 Hz, 2H,
ArH), 7.23 (d, J= 8.3 Hz, 2H, ArH), 5.26 (s, 1H, CH), 3.95 (q, J= 7.0 Hz, 2H, OCH2CHs) 2.24
(s, 3H, CHs), 1.10 (t, J= 7.0 Hz, 3H, OCH2CH3). Anal. Calcd for Ci4H1sCIN203: C, 57.05; H,
5.13; N, 9.50, Cl, 12.03%. Found: C, 57.13; H, 5.09; N, 9.44, Cl, 12.04%.

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one 4h: 'H NMR (300 MHz,
DMSO-ds, 6 ppm): 9.18 (s, 1H, NH), 7.85 (s, 1H, NH), 7.20-7.30 (m, 5H, ArH), 5.20 (s, 1H,
CH), 3.98 (q, J= 7.2 Hz, 2H, OCH2CHs3), 2.22 (s, 3H, CH3s), 1.08 (t, J= 7.2 Hz, 3H, OCH2CH3s).
Anal. Calcd for Ci4H1sN203: C, 64.61; H, 6.20; N, 10.77%. Found: C, 64.63; H, 6.18; N,
10.80%.

5-Ethoxycarbonyl-6-methyl-4-(p-tolyl)-3,4-dihydropyrimidin-2(1H)-one 4i: *H NMR (300 MHz,
DMSO-ds, d ppm): 8.98 (s, 1H, NH), 7.94 (s, 1H, NH), 7.21 (d, J= 8.1 Hz, 2H, ArH), 7.09 (d,
J= 8. Hz, 2H, ArH), 5.17 (s, 1H, CH), 4.01 (g, J= 7.2 Hz, 2H, OCH2CHs), 2.35 (s, 3H, CH3),

2.27 (s, 3H, CH3s), 1.10 (t, J= 7.2 Hz, 3H, OCH2CH3). Anal. Calcd for CisH1sN203: C, 65.68; H,
6.62; N, 10.21%. Found: C, 65.65; H, 6.60; N, 10.17%.

5-Ethoxycarbonyl-6-methyl-4-(4-N,N-dimethylaminophenyl)-3,4-dihydropyrimidin-2(1H)-one
4j: 'H NMR (300 MHz, DMSO-ds, d ppm): 9.21 (s, 1H, NH), 7.78 (s, 1H, NH), 7.21-7.32 (m,
4H, ArH), 5.23 (s, 1H, CH), 3.94 (q, J= 7.3 Hz, 2H, OCH2CHs) 1.11 (t, J= 7.3 Hz, 3H,
OCH2CHs3), 2.60 (s, 6H, N(CHs)2), 2.24 (s, 3H, CHs). Anal. Calcd for CieH2:N303: C, 63.35; H,
6.99; N, 13.85%. Found C, 63.33; H, 6.96; N, 13.86%.

480



Sibous et al., JOTCSA. 2017; 4(2): 477-488 RESEARCH ARTICLE
5-Ethoxycarbonyl-4-(2,4-dichlorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one 4k: 'H
NMR (300 MHz, DMSO-des, d ppm): 10.34 (s, 1H, NH), 9.66 (s, 1H, NH), 7.20-7.63 (m, 3H,
ArH), 5.18 (s, 1H, CH), 4.09 (q, 2H, J= 7.2 Hz, OCH2CHs), 2.29 (s, 3H, CHs), 1.12 (t, 3H, J=
7.2 Hz, OCH2CHs). Anal. Calcd for Ci4H14Cl2N20s: C, 51.08; H, 4.29; N, 8.51; ClI, 21.54%.
Found C, 51.10; H, 4.32; N, 8.53; Cl, 21.52%.

5-Ethoxycarbonyl-6-methyl-4-(4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-thione 4l: H
NMR (300 MHz, DMSO-de, d ppm): 9.16 (s, 1H, NH), 8.01 (s, 1H, NH), 7.46 (d, J= 8.1 Hz, 2H,
ArH), 7.11 (d, J= 8.1 Hz, 2H, ArH), 5.10 (s, 1H, CH), 3.98 (q, J= 7.1 Hz, 2H, OCH2CHs), 3.35
(s, 3H, OCHs), 2.25 (s, 3H, CHs), 1.12 (t, J= 7.2 Hz, 3H, OCH2CHs). Anal. Calcd for
CisH1sN203S: C, 58.80; H, 5.92; N, 9.14, S, 10.47%. Found C, 58.82; H, 5.90; N, 9.16, S,
10.49%.

5-Ethoxycarbonyl-6-methyl-4-(4-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-thione  4m: 'H
NMR (300 MHz, DMSO-ds, & ppm): 9.25 (s, 1H, NH), 8.01 (s, 1H, NH), 7.37 (d, J= 8.3 Hz, 2H,
ArH), 7.23 (d, J= 8.3 Hz, 2H, ArH), 5.18 (s, 1H, CH), 4.08 (q, J= 7.1 Hz, 2H, OCH2CH3), 2.26
(s, 3H, CHs), 1.15 (t, J= 7.1 Hz, 3H, OCH2CHs). Anal. Calcd for Ci14H1sCIN202S: C, 51.10; H,
8.87; N, 9.01, Cl, 11.41, S, 10.32%. Found: C, 51.08; H, 8.86; N, 9.04, Cl, 11.40, S, 10.30%.

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-thione 4n: 'H NMR (300
MHz, DMSO-ds, d ppm): 9.41 (s, 1H, NH), 8.28 (s, 1H, NH), 7.14-7.31 (m, 5H, ArH), 5.16 (s,
1H, CH), 4.12 (q, 2H, J= 7.2 Hz, OCH2CHs), 2.29 (s, 3H, CHs), 1.11 (t, 3H, J= 7.2 Hz,
OCH2CH3). Anal. Calcd for Ci4H1sN202S: C, 60.85; H, 5.84; N, 10.14, S, 11.61%. Found: C,
60.84; H, 5.82; N, 10.15, S, 11.60%.

5-FEthoxycarbonyl-6-methyl-4-(p-tolyl)-3,4-dihydropyrimidin-2(1H)-thione 4o0: 'H NMR (300
MHz, DMSO-ds, 6 ppm): 9.32 (s, 1H, NH), 8.10 (s, 1H, NH), 7.30 (d, J= 8.1 Hz, 2H, ArH), 7.10
(d, J= 8.3 Hz, 2H, ArH), 5.20 (s, 1H, CH), 3.98 (q, J= 7.2 Hz, 2H, OCH2CHs), 2.35 (s, 3H,
CHs), 2.26 (s, 3H, CH3), 1.10 (t, J= 7.2 Hz, 3H, OCH2CHs). Anal. Calcd for CisH1sN202S: C,
62.04; H, 6.25; N, 9.65, S, 11.04%. Found: C, 62.01; H, 6.23; N, 9.61, S, 11.09%.

481



Sibous et al., JOTCSA. 2017; 4(2): 477-488 RESEARCH ARTICLE
RESULTS AND DISCUSSION

The synthesis of 3,4-dihydropyrimidin-2(1H)-one and 3,4-dihydropyrimidin-2(1H)-thione
derivatives is carried out according to the overall reaction below in the presence of catalysts
phosphates (11) (MAP or DAP or TSP) (Figure 1).

R" O

0 o o X
L. T+ )y MAP, DAP or TSP R HNT R2
RTH R Me H,N” “NH Py

2 1 ml EtOH , reflux., 2-50 min X N Me
1 2 3 H
4a-o

74-99%

R1= C6H5, 4-MGOCGH4’ 4-NOZCGH4’ 4-C|C6H4, 4-MeCGH4’ 4-N(Me)zcsH4’ 2,4-(C|)C6H3.
R,= OEt, Me.
X=0,S.

Figure 1. .Synthesis of the 3.4 -dihydropyrimidin-2-one derivatives in the presence of
catalysts MAP or DAP or TSP.

To find the optimum conditions for the Biginelli reaction, we chose a reaction model on which
we will study the influence of certain parameters that control the reaction, namely the solvent
of the reaction, the volume of the solvent and the catalyst amount used. The condensation
between benzaldehyde, ethyl acetoacetate and urea has been selected as a model of the
reaction.

The 5-acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidine-2-(1H)-one 4a (R'= Ce¢Hs, R?= Me, X=
0) has been prepared according to the reaction described in figure 1, in the presence of 5
mol% of MAP or DAP or TSP in 1 mL EtOH reflux, the yields and time of the reactions are
shown in Table 1.

Table 1. Comparison between a few catalysts described in the literature and our catalysts.

Entry Catalyst Time Yield %

1 nano-y-Fe>03-SO3zH 2h 80 (7)

2 ASANPs 5.3h 60 (12)

3 SBNPSA 3-4 h 90-95 (13)
4 MAP 7 min 87

5 DAP 17 min 98

6 TSP 7 min 92
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According to the observed results, we note that the effectiveness of our three catalysts are
higher than those of some catalysts described in the literature with respect to time and
reaction yields. It should be noted that it is in heterogeneous catalysis in solid/liquid phase,
the effect of the solvent is an essential factor. It can play a role as activating or inhibitor of the
reaction. We studied the effect of the solvent on the reaction model chosen previously with
different solvents, always in the presence of 5 mol% of the catalyst placed at reflux. The
results are shown in Table 2 where the efficiency of the reaction in ethanol was higher

compared to other solvents. Therefore, ethanol is the ideal solvent for this reaction.

Table 2. Influence of the solvent on the reaction of Biginelli®.

Entry Solvent (1 ml) Time (min) Yield%"
MAP DAP TAP MAP DAP TSP
1 Ethanol 7 7 7 87 98 92
2 Methanol 11 7 7 57 97.7 88
3 Butanol 8 3 3 46 95 81
4 Isopropanol 23 4 4 53 86 80
5 DMF 8 4 4 48 89 89
6 Acetonitrile 14 11 11 54 78,7 86

@ Reaction conditions: acetoacetate (2a) (1 mmol), benzaldehyde (1a) (1 mmol) and urea (3a) (1.5
mmol), catalyzed MAP or DAP or TSP under conditions at reflux.
b Isolated yield.

We have studied another factor, which is the volume of the solvent. To study the influence of
this parameter we used ethanol; previously found to be the ideal solvent for this reaction
(Table 2) by changing just the volume of the latter. The results summarized in Table 3 showed
that the reaction yield does not exceed 58% in the absence of ethanol. Good yields were
obtained when we used 1 mL of ethanol, but when the volume of ethanol is greater than 1 mL,
it was noted that there is a lowering in the reaction yield. It may be explained by the formation
of a film (layer) of ethanol into the surface of the catalyst disabling the interaction between the
reactants and the catalyst, in addition to the dispersion of the substrates. Therefore, the

optimal volume for carrying out this reaction is 1 mL.

Table 3. Influence of the solvent volume 2

Entry Volume of Ethanol Time (min) Yield %"
MAP DAP TSP MAP DAP TSP
1 Solvent-free 3 2 4 58 74 89
2 1mL 7 7 7 87 98 92
3 2mL 30 50 21 86,3 90 90
4 3mL 55 110 40 85 60 85

@ Reaction conditions: acetoacetate (2a) (1 mmol), benzaldehyde (1a) (1 mmol) and urea
(3a) (1.5 mmol), catalyzed MAP or DAP or TSP under conditions at reflux.
b Isolated yield.

The effect of the amount of the catalysts was studied on the reaction of the synthesis of 3,4-
dihydropyrimidin-2(1H)-one derivatives. To study the influence of this parameter on the
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reaction, we have changed the amount of catalysts from 1 up to 10 mol%, the results are
presented in Table 4. The good yields were obtained when we used the optimal weights (1 mol
%) for the catalysts DAP or TSP, (3 mol %) for the catalyst MAP, we noted that when the

amount of catalysts exceeds 4 mol%, the yields of reaction decreases.

One of the most significant features of the present article is the recyclability and reuse of the
catalyst. The reuse of the catalyst was studied after the completion of the reaction performed
under the optimized conditions. After the completion of the reaction, the catalyst was filtered
hot and washed several times with ethyl acetate, then dried in the oven at 40°C. After these

steps the catalyst was reused in other reactions. The experiment shows that our catalysts can

RESEARCH ARTICLE

be recycled five times without significant loss of catalytic activity (Figure 2).

Table 4. Optimization of amount of catalyst®.

Entry Amount of catalyst Time (min) Yield %"
(mol %) MAP DAP TSP MAP DAP TSP

1 1 58 7 4 72 98 97
2 2 43 30 2 88 98 96
3 3 23 33 3 95 98 95
4 4 200 25 5 90 98 94
5 5 7 17 7 87 98 92
6 6 10 16 6 68 95 91
7 7 17 5 12 67 90 87
8 8 200 21 13 66 88 85
9 9 25 6 3 61 82 82
10 10 32 36 21 61 79 79

@ Reaction conditions: acetoacetate (2a) (1 mmol), benzaldehyde (1a) (1 mmol) and urea

(3a) (1.5 mmol), catalyzed MAP or DAP or TSP under conditions at reflux.

b Isolated yield.

100%
20%%
80%
T
60%
5006
40%
30%

Yield %

20%
10%%
0%

Figure 2. Recyclability of catalyst MAP, DAP and TSP in synthesis of 3.4-dihydropyrimidin-
2(1H)-one.
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Recyclability of MAP,DAP and TSP
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After the optimization of the reaction conditions, we next thought to study the generality for
the series of 3,4-dihydropyrimidin-2(1H)-one and 3,4-dihydropyrimidin-2(1H)-thione
derivatives, using a wide range of various aryl-substituted aldehydes with different substituted
B-ketoester (acetyl acetone or ethyl acetoacetate) and (urea or thiourea) under the optimal
conditions. The results are presented in Table 5. As shown in this latter, the reaction of variety
of substituted aromatic aldehydes with acetyl acetone and urea afforded the 3,4-
dihydropyrimidin-2-one derivatives (entries 4a-4d) at short time (2-25 min) in high yields
(83-98%) and high purities. When using ethyl acetoacetate instead of acetyl acetone, the
desired compounds were also obtained at significantly shortened times (2-50 min) and
excellent yields (86-99%) (entries 4e-4k). Furthermore, the use of thiourea instead of urea the
reaction provides the corresponding 3,4-dihydropyrimidin-2-thiones (4l-40) with remarkable

time-saving (2-9 min) and high-yielding process (74-98%).

CONCLUSION

In this work, we investigated a methodology for the synthesis of 3,4-dihydropyrimidin-2(1H)-
one derivatives using phosphate fertilizers (MAP or DAP or TSP) as heterogeneous catalysts.
We synthesized 3,4-dihydropyrimidin-2(1H)-one derivatives through a one step reaction using

ethanol as a green solvent in short reaction times with high yields.
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Table 5. Generalization of the synthesis of 3,4-dihydropyrimidin-2(1H)-one/thione 4 derivatives.

Compound no R!? RZ X Time (min) Yield %P Mp °C
MAP DAP TSP MAP DAP TSP Found Reported

4a CeHs Me O 7 7 4 98 95 96.5 210-212 208-219 (14)
4b 4-ClCeHq Me O 6 10 3 98 88 88 224-226 226-227 (14)
4ac 4-NO,CeHs Me O 3 2 2 91 90 89 236-238 238-240 (14)
ad 4-MeOCgH4 Me O 20 25 10 84 83 97 190-191 191-193 (19)
de 4-MeOC¢Hs OEt O 11 15 5 92 93 86 201-203 200-201 (13)
af 4-NO,CeH4 OEt O 2 2 2 99 98 97 209-210 209-210 (13)
4g 4-ClCeH4 OEt O 17 20 10 94 93 90 212-214 214-215 (13)
4h CeHs OEt O 7 12 3 98 90 93 201-202 201-203 (13)
4i 4-MeCeH4 OEt O 4 7 3 98 8 90 212-213 213-215 (16)
4j 4-N(Me),CéHs OEt O 35 50 20 92 91 92 231-233 228-230 (17)
ak 2,4-(Cl)2,CeHs OEt O 17 20 5 91 90 90 248-250 248-250 (13)
4l 4-MeOC¢Hs OEt S 7 5 3 97 98 92 138-140 140-141 (15)
4m 4-ClCeHq OEt S 3 5 2 98 96 97 192-194 193-195 (18)
4n CeHs OEt S 4 9 5 74 94 91 208-209 209-210 (13)
40 4-MeCeHaq OEt S 3 3 2 90 88 93 214-215 214-215 (20)

b Isolated yield.
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Abstract: Interactions among micro-elements can affect their uptake by plants. Thus, it is
important to evaluate nutrient interactions when designing phytoremediation strategies. In
this study, the competitive or complementary effects between B and Cd, Cu, Fe, Mn, Mo, Pb,
Zn, and W elements in leaf tissues of Verbascum olympicum Boiss. (Scrophulariaceae) were
evaluated. This species is one of the main endemic species growing around the abandoned
Etibank tungsten mine at Uludag Mountain (Bursa, Turkey). Leaf and soil samples were
collected from unpolluted and polluted areas around the mine. Inductively coupled plasma-
mass spectrometry was used to determine the levels of selected elements in soil samples
and in leaves of V. olympicum. Classical open wet and Kjeldahl digestion methods were used
to process the samples. The analytical accuracy was guaranteed using two kinds of certified
reference materials. Complementary behaviors of B and Mo were observed in leaves of V.
olympicum, but not in the soil. This result provides information on the adaptation properties
of this species in a polluted area.
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INTRODUCTION

In plants, mineral nutrition is important for physiological and biochemical processes (1).
Boron (B) is one of the mineral nutrients required for plant growth, and it is essential for cell
structures (1, 2). The importance of B as an essential element for higher plant growth has
been demonstrated (1). It is involved in many important processes in plants, including cell
wall strength, cell wall synthesis and development, cell wall structural integrity, lignification,
respiration, cell division, carbohydrate metabolism, fruit and seed formation and
development, petal and leaf bud formation, vascular tissue repair, sugar transport, hormone
development, metabolism of ribose nucleic acids, indoleacetic acid, and phenol, membrane
stability, cytokinin production and transfer, pollen budding, and stimulation or inhibition of
specific metabolic pathways (1-3). Elevated B levels may affect the metabolism of higher
plants via its effects on enzyme activities (4). It has been suggested that B may generate
oxidative stress in higher plants via the production of reactive oxygen species as a result of
changes in the photosynthetic system (5). Total B levels in soils have been reported to
range from 20 to 200 mg B kg~! with less than 5%-10% in a form available to plants (2).
Nutrient availability mainly depends on soil texture, organic matter content, and especially
pH (6). The availability of B is also affected by interrelationships with other elements and
environmental factors. For example, moderate to heavy rainfall, dry weather, and high light

intensity are important factors for B availability to plants (2).

In plants, B interacts with macro-elements including nitrogen, phosphorus, potassium, and
calcium (1). Compared with other elements, B reaches a toxic concentration at a lower level
(4). Also, its mobility in plants differs from that of other elements, and this affects its
function (7). Molybdenum (Mo) and B have complementary functions in the biological
processes of soybean, which has higher Mo requirements than other plants. It is considered
that Mo is an essential micro-nutrient for plants, while B is an essential micro-element for
higher plants. The functions of B, the mechanisms of Mo uptake in plants, and the combined
effects of B and Mo have been studied (8). While Mo is actively absorbed into the cell from
the soil by roots mainly in the forms of MoO4%~ and HMoO4", B is passively absorbed in the
form of H3BOs (8), and there is a co-supplementary interaction between Mo and B (8, 9). On
the other hand, tungsten (W) inhibits molybdoenzymes in plants (10); therefore, the
interactions among B, Mo, and W elements in contaminated soils are significant in terms of

their uptake and function.

The aim of this study was to evaluate the interactions between B and other elements in a

plant growing around a polluted site. Verbascum olympicum Boiss. (Scrophulariaceae) was
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selected as the plant material in this study, since it is one of the dominant endemic species
growing around an abandoned tungsten mine on Uludag Mountain (Bursa, Turkey), and its
restoration and/or remediation properties in this area have been studied previously (11, 12).
The main objective of this study was to investigate the influence of the mine and its residual
wastes on V. olympicum growing at the mine site, and to collect data on its uptake of B and
other related elements in this environment. Analyses of the contents of many elements in
this plant can reveal competitive or complementary effects. Understanding the mutual,
antagonistic, or synergistic interactions among elements is important for designing
fertilization and/or phytoremediation strategies. Inductively coupled plasma-mass
spectrometry (ICP-MS) was used to detect and quantify elements in soil and plant samples
because of its multi elemental determination capability, low detection limits, and wide linear

ranges.

MATERIALS AND METHODS

Sampling site and sample preparation

Verbascum olympicum Boiss. (Scrophulariaceae), one of the main species growing around
the abandoned Etibank tungsten mine on Uludag Mountain in Turkey (Figure 1), was
selected for analysis in this study. The mine is located at an altitude between 2100 and 2487
m and lies at the intersection of 40°N latitude and 29°E longitude. It was active for
approximately 20 years from 1969 to 1989. The ore generated tungsten oxide (40%),
concentrated magnetite, pyrite, and by-products. The substratum of the waste removal
pools and waste canals is granite at lower altitudes, and a calcareous substrate at upper
altitudes (13). Samples were collected around the waste removal pools of this abandoned
mine. The canals (on the right side) and waste-removal pools (on the left side) in the area
are shown in Figure 2. Five soil samples were collected from each of three sites (sites I, II,
and III) at 0- to 15-cm depth. Sites I and II were unpolluted, and site III was a polluted site
at the waste removal pools. Soil samples were sieved (0.5 mm mesh) and air-dried under
laboratory conditions. Plant materials collected at the same sites were washed and then
dried to constant weight in an oven at 80°C. The dried plant materials were ground with a
mortar and pestle, and the ground plant material and soil samples were stored in clear
paper bags until element analyses. Leaf samples (100-500 mg) were subjected to open wet
digestion in a borosilicate glass vessel with HNO3 (5 mL) and H202 (3 mL). Soil samples (0.5
g) were digested by phosphoric acid, nitric acid, and hydrogen peroxide as described by
Bednar et al. (14) using a DK 20 Kjeldahl digestion unit (VELP Scientifica, Milan, Italy).
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Certified reference materials and blank samples were prepared in the same way as samples
(n=3).

Figure 1. Verbascum olympicum Boiss. (Scrophulariaceae) (Photo by G. Gllerylz).

Figure 2. Sample collection area in the abandoned tungsten mine on Uludag Mountain (Photo by G.
Glleryuz).

Chemicals and Apparatus

A single-element standard solution of W at a concentration of 1000 ug mL~! (Perkin Elmer,
Shelton, CT, USA) and a multi-element standard solution containing 100 mg L= B and 10
mg L=t Mo in a mixture of 30 elements (Merck 110580; Darmstadt, Germany) were used to

prepare calibration standards. Nitric acid (65%) was of “suprapur” quality and was obtained
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from Merck, as were the other reagents. The calibration curves for all elements were
constructed from 0.5 to 1000 ug L. The 1B, °8Mo, and 8W isotope levels together with
the concentrations of ''Cd, ®3Cu, >’Fe, >°Mn, 2%8Pn, and %*Zn isotopes were determined in
soil and plant samples by inductively coupled plasma-mass spectrometry (ICP-MS) using an
Elan 9000 (Perkin Elmer SCIEX) instrument. The ICP-MS system comprised a Ryton cross-
flow nebulizer, a Scott-type double-pass spray chamber, a standard glass torch, and a nickel
sampler and skimmer cones (1.1 and 0.9 mm i.d., respectively). The conditions for ICP-MS
were as follows: RF power, 1000 W; plasma argon flow rate, 17.0 L min~!; nebulizer gas
flow rate, 0.85 L min~!; sample uptake rate, 1.5 mL min~!; dwell time, 50 ms; scanning
mode, peak hopping; and detector mode, dual. Soil samples were digested using the DK 20
model Kjeldahl digestion unit (VELP Scientifica). Digests were filtered through PVDF
(polyvinylidene fluoride) hydrophilic syringe filters (0.45-pm pore size, Millex-HV, Millipore
Corp., Bedford, MA, USA) and analyzed after appropriate dilution. The water used was
ultrapure grade (18.3 MQ.cm™!, Zeneer Power I, Human Corporation, Seoul, South Korea).
Argon (99.999% purity) was purchased from Asalgaz (Bursa, Turkey). The method was
validated by analyses of GBWO07605 tea leaves (National Research Center for Certified
Reference Materials, Beijing, China) and NIST 1570 spinach leaves (National Institute of
Standards and Technology, Gaithersburg, MD, USA). Data were analyzed by one-way ANOVA
and Tukey’s HSD test using Statistica 5.0 software. Differences were considered significant
at p <0.05.

RESULTS AND DISCUSSION

The contents of elements at mg kg~! levels were determined in above-ground parts (leaves)
of V. olympicum and in soils at sampling sites I and II (unpolluted) and site III (polluted)
(Table 1). The measured levels of all elements were in good agreement with the certified
values of mentioned reference materials at the 95% confidence level, indicating that the
total element determinations were accurate. For all elements, the limits of quantitation were

below the measured values.
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Table 1. Mean contents (mg kgaw™!) of elements in soil and plant parts of Verbascum olympicum at sites (non-polluted, sites I and II;

polluted, within the waste removal pool, site III) of the abandoned tungsten mine on Uludag Mountain, Bursa Turkey.

Element Levels* in sites

Elements Site I Site IT Site III
Soil Leaf Soil Leaf Leaf
B 78.72+ 19.9 40.28 £ 7.7 9,28 £ 17.2 22.82b + 10.7 63.12+ 12.6 17.1°+ 6.5
w 20.6°+ 2.4 1.3+ 0.4 26.7°+ 0.8 0.4+ 0.1 1868.82 £ 215.3 44 .28 + 25,7
Fe 39486 20580  48.22 + 23.9 254250+ 799 8.5 + 5.7 1843462 + 26822 35.2ab + 4.3
Mo 14.02 £ 6.8 0.62 + 0.2 7.22+ 0.4 0.52 + 0.3 0.32 £ 0.1
Zn 169.9° + 17.1 34.3b + 5.1 220.60 + 11.8 19.3> + 4.6 3224.52 + 368.5 116.42 £ 35.8
Cu 211.12 £ 4.3 11.820 £ 2.4 242.0° £ 5.5 5.4+ 1.7 595.42 + 386.3 20.62+ 7.1
cd 0.22b + 0.02 0.02° £+ 0.00 0.62° + 0.09 0.04° + 0.03 12.942 £ 1.86 0.222+ 0.09
Mn 970> + 388 5382 + 207 1721b + 169 12372 £ 458 86892 + 1565 12892 £ 718
Pb 27.97° £ 1.90 0.75° £ 0.16 48.812 + 3.07 0.66° + 0.19 49.342 £ 0.84 1.392 + 0.29

Mean values are shown (n = 3) £ standard deviation. Different letters indicate significant differences between sampling sites (Tukey’s HSD

test; p < 0.05).
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The B levels in leaf and soil samples from sites I and II ranged widely. Unlike other
elements, B shows a wide range of concentrations in soil (2). The B concentrations in soils
from site III (polluted) were higher than those in samples from site II, but lower than those
in soil samples from site I. Therefore, the mean value of B at unpolluted sites was compared
with the B content at the polluted site. The B levels in leaf samples were lower at polluted
sites than at the unpolluted site. There is competition between W and Mo, as reported earlier
(15), and a positive correlation between B and Mo has also been reported (10). Thus, there
is some competition or completion for transport between B and W and between B and Mo,
respectively. As a result, low B and Mo levels in leaves were associated with higher W levels.
This is consistent with the results shown in Table 1; that is, leaf samples with higher W
levels had lower Mo and B levels. There also appeared to be some competition between B
and Mo in soil samples; that is, soil samples with higher levels of B had lower levels of Mo,
and vice versa. Thus, B and Mo also showed complementary behaviors in leaves of this
species, as outlined by Liu et al. (10). This may indicate that they are interchangeable in
some physiological functions of the plant. The association between B and Mo may have some

significance in terms of the adaptation of this plant to the polluted area.

When W levels were present at excessive levels in soils at the polluted site, this appeared to
interfere with the functions of B and Mo as they became competitive elements. Thus, any
mutual effects of elements also depends on the other elements present, their
concentrations, and how they interfere with other elements in the soil. As shown in Table 1,
all of the other studied elements, especially W, were present at higher concentrations in soil
at the polluted site than in soil at the unpolluted sites. However, the transportation ratios
(element concentration in leaves divided by element concentration in soil) of B, Fe, Zn, and
Mn were lower at the polluted site than at the unpolluted site. These three elements (Fe, Zn,
and Mn) may be associated with B. The only element present at lower concentrations at the

polluted site than at the unpolluted site was Mo.

Apart from other micro-elements, macro-elements and their quantity in the area, together
with soil pH, are important factors that can enhance or inhibit the uptake of the studied
elements from soil into plants. Phosphate was one of the main macro-elements, since water
removal pools are known to be rich in phosphate (13). Thus, the high levels of the selected
elements in leaf samples from the polluted (waste removal pools) site may be due to water-

soluble phosphate complexes that are readily taken up by plants, depending on the pH (16).
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Although it might be expected that large amounts of an element in the soil will lead to high
transportation, and thus accumulation in plants, the opposite effect was observed for B. This
may have been due to direct interference from W and Mo with the indirect interference from
Mo to B. Higher W levels in leaves were associated with lower Mo and B levels. However,
when the soil B levels were high, the B levels in leaves were low. This illustrates the
importance of transportation in determining which elements will be present at high levels in
leaves. Different transportation behaviors were observed for Mo. Therefore, interactions

among elements may also inhibit B transport in plants.

As shown in Table 1, the other effected elements with their transportation ratios were Zn
and Cd. Table 2 summarizes correlations between pairs of elements in plant parts. There
was a significant correlation (r2 =0.849) between B content and Mo content in leaf tissues of
V. olympicum, confirming the complementary effects between these elements for
translocation. This led to the conclusion that B and Mo function similarly in this species.
There was no significant correlation between B and other elements, even W. Thus the
adaptation capability of V. olympicum depends on the complementary effects of B and Mo
directly, and also B and W indirectly depending on the W-Mo interaction. There was no
significant correlation between leaf and soil B levels in this species (r> = 0.011, P = 0.789,
regression equation = 21.706 + 0.06233 x Soil B). This result highlighted that high B levels
in leaves were not associated with high B levels in soils, but depended on competition with

other elements for uptake in the natural adaptation processes of this plant.

Table 2. Simple correlation coefficients (r?), significance levels (P) and linear regression
equations (Y = a + bx) between contents of various elements and boron in Verbascum
olympicum (n = 9, P < 0.05 considered as significant correlation).

r P Y= a + bx

Leaf-B 0.294 0.131 Leaf-B = 30.922 - 0.2747 x Leaf-W
Leaf-B 0.262 0.159 Leaf-B = 17.402 + 0.30398 x Leaf-Fe
Leaf-B 0.849 0.000 Leaf-B= 8.0080 + 41.361 x Leaf-Mo
Leaf-B 0.143 0.315 Leaf-B = 32.319 - 0.0990 x Leaf-Zn
Leaf-B 0.048 0.571 Leaf-B = 31.339 - 0.3669 x Leaf-Cu
Leaf-B 0.319 0.113 Leaf-B = 33.179 - 68.47 x Leaf-Cd
Leaf-B 0.187 0.245 Leaf-B = 39.696 - 13.93 x Leaf-Pb
Leaf-B 0.101 0.406 Leaf-B = 33.979 - 0.0071 x Leaf- Mn
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CONCLUSION

Determining soil composition through elemental analyses is important for evaluating the
synergism and antagonism between elements in terms of uptake by plants. Apart from
environmental factors, the competition between B and other elements for uptake by V.
olympicum plants affected its final concentration in plant tissues. This information provides a
realistic picture about the uptake of elements under natural conditions. These results will be
useful for optimizing the formulation of fertilizers containing B, especially those intended for
use in areas with high concentrations of particular elements. As excess uptake of certain
elements from fertilizers can lead to stress responses in plants, it is important to understand
the synergistic or antagonistic relationships among elements. These data will also be useful
for designing management strategies for the area around the abandoned mine. Although the
data suggested that there is a relationship between B and Mo, this may not be the case in
other plant species or under different environmental conditions. For this reason, many
elements should be taken into account in environmental risk assessments. There is still
much to learn about the roles of various micro-elements, including B, in the synthesis and
function of molecular and macromolecular structures. This research on the relationships
among micro-elements in plants growing under stress conditions can provide a useful
baseline for further laboratory-based research on the role of B in higher plants. Further
research at the organelle and molecular levels is necessary to clarify the role of B. The
knowledge gained from such studies will be useful for producing environmentally friendly

materials.
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Abstract: The objective of the research was to synthesize new photo-switchable
photochromic fluorescence compounds. Starting from N-butyl-4-bromo-3-iodo-1,8-
naphthalimide, new compounds, namely 3,4-bis(2-phenyl-5-methyl-4-thiazolyl)-N-butyl-
1,8-naphthalimide 10 and 3,4-bis(3,5-dimethyl-4-isoxazolyl)-N-butyl-1,8-naphthalimide
20 were prepared via two-step Suzuki coupling reaction of aryl boronic acid and esters,
and their photochromic fluorescence properties were investigated. Although all prepared
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INTRODUCTION

Photochromism is defined as a reversible change of the chemical on irradiation with the
relevant light wavelength. Color change is caused by a two sided isomerization of the
molecule (1). Photochromic organic molecules have attracted considerable interest due to
their potential applications in optical memory and molecular systems; diarylethers are one
of the most promising organic photochromic molecules because of their fatigue resistance
and high thermal stability. Photochromic compounds have attracted to these applications
because of their significant fatigue resistance and high reactivity in the solid state due to
the thermal stability of the respective isomers. The photochromic compounds change not
only the absorption spectrum but also the geometric and electronic structures in a
reversible manner. Changes in molecular structure cause changes in physical properties of
molecules such as fluorescence, electrical conductivity, magnetism, refractive index, and
polarizability. In particular, the fluorescence modulation associated with the isomerization
of diarylethylenes is seen as a promising means of obtaining non-destructive reading and
safety records (2-8, 22).

Recently, a lot of research on photochromism has focused on the synthesis of new
photochromic devices with modified central ethenes of diarylethylenes. Some examples of
recently published novel photochromic compounds synthesized by this approach are as
follows: bisarylthiazoles, bisarylthiophenes, naphthalimide derivatives, bisarylindenone
derivatives, bisarylbenzindenone derivatives, bisaryl cyclopentenones,

bisarylnaphthoquinones and the like (9-14).

Photochromic diarylethines have received great interest both in terms of both basic and
practical perspectives. Although photochromic diaryl ethers have been extensively
investigated for their application as optoelectronic devices based on changes in magnetic
properties, electrochemical behavior, and chemical reaction, the main applications of
photochromic diarylethenes are based on two methods: Producing transitions between two
isomers different from their natural abilities; and the other is to perform a fluorescent
diarylethene with a UV-Vis light source, showing the on/off fluorescent transition between
the two isomers. External effect stimuli are usually sound, light, electrical, and mechanical
power, and the light control mode among them is the easiest compared to other stimuli.
Photochromic fluorescence diarylethers can be used to fabricate many light-sensitive
materials. The diarylethenes can be considered promising because of their advantages
such as two alternating photochromism, rapid reaction, high quantum vyield, fatigue
resistance, large variations in the absorption wavelength between the two isomers (15-
19).
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Multifunctional fluorescent molecules that combine diarylethene units have been examined
for their intended applications in optical memory. If the chromophore’s fluorescence
matches the absorption of the near isomer of diarylethene, ultra-high density storage may
be achieved by combining solid state fluorescence of solid emitters and photochromism of
diarylethene. Some other chromophores, such as tetrafluoroethylene, naphthalimide, can
be converted to diarylethene-like derivatives to obtain high contrast fluorescent keys (20-
23).

Recent developments in the design of diarylethene derivatives have allowed the central
bridge unit to be flexibly selected. In this context, a heteroaryl ring is provided as the
central bridging unit of diarylethenes to form photochromic naphthalimide derivatives (11,
19, 24-25).

So, our aim in this study is to synthesize a number of new diarylethene type photochromic
fluorescence compounds that contains bisaryl naphthalimide moieties utilizing the Suzuki

coupling reaction.

EXPERIMENTAL

Materials and methods

Materials

4-Bromo-1,8-naphthalic anhydride, 3,5-Dimethylisoxazole-4-boronic acid pinacol ester
and other starting chemical compounds were purchased from the company Merck, Sigma-
Aldrich, Acros Organics, and ABCR. 4-Bromo-N-butyl-3-iodo-1,8-naphthalimide (1) (11)
and (5-methyl-2-phenylthiazole-4-yl)boronic acid (2) were prepared according to the

procedures in the literature [26].

Methods

Some parts of solvent were of analytical grade and purified by distillation before use. Other
reagents were used as received without further purification. Some part of studies of
naphthalimide derivatives were performed under argon using standard schlenk techniques
and dry solvents. All chemicals were purchased from Merck, Acros Organics, ABCR and
Aldrich Chemical Company. 'H and !3C NMR spectra were recorded on Bruker 400 MHz
spectrometers for samples in (CD3)2S0 or CDCl3. The signals are expressed as parts per
million downfield from tetramethylsilane, used as an internal standard (& value). Splitting
patterns are indicated as s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet. Mass
spectra were recorded with an AB Sciex 4000 QTRAP LC-MS/MS. FT-IR spectra were

measured using a SHIMADZU FT-IR spectrometer. Luminescence spectra were measured
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on a SHIMADZU RF-5301PC fluorescence spectrophotometer. UV-Vis spectra were
recorded on a T80+ UV-VIS spectrophotometer. Photochemical reactions in organic
solvents were carried out in @ 10 mm path length quartz cell using an 8W Three-Way UV
lamp (Cole-Parmer) (for 365 nm) and an Obelux CR9 Forensic Lights Green (for 530 nm).
During the photoreaction, solutions in the cell were stirred. Melting points were measured
in open capillary tubes with a Thermo Scientific 9200 melting point apparatus and are not
corrected. Solvents were dried over anhydrous sodium sulfate. Flash column
chromatographic separation was carried out on Merck Kieselgel 60 (230-400 mesh) using
ethyl acetate and hexane as the eluent. Analytical thin-layer chromatography was

performed on Merck pre-coated silica gel 60 F-254, 0.25-mm thick TLC plates.

Synthesis

3,4-Bis(2-phenyl-5-methylthiazole-4-yl)- N-butyl-1,8-naphthalimide (10)

3-(2-phenyl-5- methyl-4-thiazole-4-yl)-4-bromo-N-butyl-1,8-naphthalimide (0.08 g, 0.15
mmol), 2-phenyl-5-methyl-4-thiazolyl boronic acid (0.10 g ,0.46 mmol) (2), potassium
carbonate (0.20 g , 1.5 mmol), tetrakis(triphenylphosphine)palladium(0) (0.017 g, 0.015
mmol), and a catalytic quantity of tris(dibenzylideneacetone) dipalladium(0Q) in
tetrahydrofuran (15 mL) and water (3 mL) were stirred for 2 h at 45-50 °C, and then
mixture of solution was boiled for 3 h. The reaction was followed by TLC. The reaction
mixture was quenched with aqueous %10 NaHCOs solution and extracted with ethyl
acetate. The organic phase was washed with saturated NaCl solution, dried with anhydrous
MgSO0s4, and the desiccant agent was filtered. Then the solvent was evaporated on a rotary
evaporator. Raw product was purified by column chromatography over silica gel with ethyl
acetate/n-hexane. 10 yellowish solid. Yield 0.04 g (41%) m.p.: 212-214 °C. *H NMR (400
MHz, CDCls, ppm): & 0.85 (t, 3H, -CH2CHs), 1.27-1.41 (m, 2H, -CH2CH3), 1.58-1.70 (m,
2H, -NCH2CH2-), 2.34 (s, 3H, -CHs, thiazole), 2.38 (s, 3H, -CHs3, thiazole), 4.12 (t, 2H, -
NCH2-), 7.73 (t, 1H, naphthalene-H), 7.60 (s, 1H, naphthalene-H), 7.20-7.69 (m, 3H,
phenyl-H), 7.80 (d, 2H, 3J4-v=6.8 Hz, phenyl-H), 8.55-8.65 (m, 2H, naphthalene-H). 3C
NMR (100 MHz, CDCIs, ppm): 6= 11.10 (CHs), 12.91 (CHs), 19.22 (CHs), 28.64 (CH2),
29.33 (CH2), 39.15 (N-CH2), 119.83 (Cpn), 121.43 (Cpn), 124.09 (Cpn), 124.72 (Cpn), 125.65
(Cen), 126.14 (Cpn), 126.58 (Cpn), 126.91 (Cpn), 127.36 (Cpen), 127.62 (Cpn), 128.27 (Cpn),
128.52 (Cpn), 128.87 (Cthiazole), 129.11 (Cthiazole), 129.48 (Cthiazole), 129.92 (Cthiazole), 130.16
(Cthiazole), 130.49 (Cthiazole), 131.21 (Cnaphthalene), 131.63 (Cnaphthalene), 131.89 (Chaphthalene),
132.34 (Cnaphthatene), 132.57 (Cnaphthalene), 132.90 (Cnaphthalene), 133.66 (Chaphthalene), 136.12
(Chaphthalene), 140.02 (Cnaphthalene), 147.45 (Chaphthalene), 164.20 (C=0), 166.35 (C=0). MS
(ESI (+) positive ion mode [M+] C36H29N302S2 Found: 599,7644; Calculated: 600,2996. IR
(ATR) Vmax(cm™t) 2954, 2924, 2862, 1695 (C=0), 1656 (C=0), 1633, 1614, 1595, 1579,
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1519, 1456, 1435, 1394, 1348, 1315, 1228, 1257, 1192, 1118, 1072, 1029, 972, 781,
761, 717.

3-(3,5-dimethyl-4-isoxazolyl)-N-butyl-4-bromo-1,8-naphthalimide(4)
N-butyl-3-iodo-4-bromo-1,8-naphthalimide (0.2 g, 0.43 mmol) (1), 3,5-dimethyl-
isoxazole-4-boronic acid pinacol ester (0.28 g, 1.29 mmol) (3), potassium carbonate (0.59
g, 4.3 mmol), tetrakis(triphenylphosphine)palladium(0) (0.049 g, 0.043 mmol), and a
catalytic quantity of tris(dibenzylideneacetone)dipalladium(0) in tetrahydrofuran (20 mL)
and water (4 mL) were stirred for 4 h at room temperature, and then this mixture was
stirred for 2 h at 45-50 °C. The mixture of solution was quenched with aqueous %10
NaHCOs solution and extraction was carried out with ethyl acetate. The organic phase was
washed with saturated NaCl solution, dried with anhydrous MgS04 and the desiccant agent
filtered. Then the solvent was evaporated on a rotary evaporator. Raw product was purified
by column chromatography over silica gel with ethyl acetate/n-hexane. 4 yellow solid. Yield
0.014 g (76%) m.p.:113-116 °C. 'H NMR (400 MHz, CDCl3, ppm): & 0.90 (t, 3H, -
CH2CHs), 1.30-1.42 (m, 2H, -CH2CH3), 1.59-1.71 (m, 2H, -NCH2CH>-), 2.11 (s, 3H, -
CHs, isoxazole), 2.32 (s, 3H, -CHs, isoxazole), 4.09 (t, 2H, -NCH2-), 7.84 (t, 1H,
naphthalene-H), 8.32 (s, 1H, naphthalene-H), 8.62 (d, 2H, 3J4-v=6.1 Hz, naphthalene-H).
13C NMR (100 MHz, CDCIs, ppm): 6= 10.74 (CHs), 11.91 (CHs), 13.61 (CHz), 20.40 (CH2),
30.18 (CHz), 40.50 (CH2), 114.15 (Cisoxazole), 121.72 (Cisoxazole), 123.20 (Cisoxazole), 128.40
(Chaphthalene), 128.46 (Chaphthatene), 128.53 (Chapnthalene), 128.59 (Chaphthalene), 128.65
(Cnaphthatene), 130.00 (Cnaphthatene), 131.11 (Cnaphthatene), 132.18 (Cnaphthalene), 133.28
(Cnaphthalene), 138.96 (Cnaphthatene), 159.01 (C=0), 163.23 (C=0). MS (ESI (+) positive ion
mode [M+] C21H19BrN203 Found: 426,0579; Calculated: 426,8548. IR (ATR) Vmax(cm™)
2927, 2862, 1697 (C=0), 1649 (C=0), 1600, 1498, 1431, 1377, 1342, 1307, 1261, 1220,
1155, 1076, 1045, 972, 854, 821, 785, 665, 632.

3,4-Bis(3,5-dimethyl-4-isoxazolyl)-N-butyl-1,8-naphthalimide(20)

3-(3,5-dimethyl-4-isoxazolyl)-N-butyl-4-bromo-1,8-naphthalimide (4) (0.14 g, 0.32
mmol), 3,5-dimethyl-isoxazole-4-boronic acid pinacol ester (0.14 g, 0.65 mmol) (3),
potassium carbonate (0.44 g, 3.2 mmol), tetrakis (triphenylphosphine)palladium(0) (0.036
g, 0.032 mmol), and a catalytic quantity of tris(dibenzylideneacetone) dipalladium(0) in
tetrahydrofuran (20 mL) and water (4 mL) were stirred for 2 h at 45-50 °C, and then
mixture of solution was boiled for 4 h. The reaction was followed by TLC. Mixture of solution
was quenched with aqueous %10 NaHCOs solution and extracted with ethyl acetate. The
organic phase was washed with saturated NaCl solution, dried with anhydrous MgS04 and
the desiccant agent filtered. Then the solvent was removed on a rotary evaporator. Raw
product was purified by column chromatography over silica gel with ethyl acetate/hexane.
20 yellow solid. Yield 0.08 g (54%) m.p.: 128-130 °C. 'H NMR (400 MHz, CDClz, ppm): &
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0.91 (t, 3H, -CH2CH3), 1.32-1.40 (m, 2H, -CH2CHs), 1.60-1.68 (m, 2H, -NCH2CH>-), 2.19
(s, 6H, -CHs, isoxazole), 2.30 (s, 3H, -CHs, isoxazole), 4.12 (t, 2H, -NCH2-), 7.85 (t, 1H,
naphthalene-H), 8.33 (s, 1H, naphthalene-H), 8.63 (d, 2H, 3J4-v=6.2 Hz, naphthalene-H).
13C NMR (100 MHz, CDCI3, ppm): 6= 11.71 (CHs), 11.91 (CHs), 13.95 (CHzs), 20.27 (CH3),
20.47 (CHs), 24.96 (CHz), 30.06 (CH2), 40.46 (CH2), 114.07 (Cisoxazole), 114.27 (Cisoxazole),
121.62 (Cisoxazole), 121.82 (Cisoxazole), 123.25 (Cisoxazole), 128.34 (Cisoxazole), 128.55
(Cnaphthatene), 129.98 (Cnaphthalene), 131.00 (Cnaphthalene), 131.20 (Cnaphthalene), 132.02
(Chaphthatene), 132.19 (Chaphthatene), 132.22 (Cnapnthalene), 133.24 (Chaphthalene), 138.95
(Cnaphthatene), 158.93 (Cnaphthatene), 163.57 (C=0), 166.98 (C=0). MS (ESI (+) positive ion
mode [M*] C2sH25N304 Found: 443.4944; Calculated: 444.1030. IR (ATR) Vmax(cm™) 3084,
3051, 2929, 2862, 1697 (C=0), 1647 (C=0), 1589, 1500, 1435, 1382, 1348, 1305, 1261,
1224, 1161, 1078, 1043, 1002, 945, 856, 821, 783, 742, 665, 632.

RESULTS AND DISCUSSION

The Suzuki cross-linking reaction is an organohalide with organoborane reaction to give

the coupling product using a palladium catalyst and base. The result is a new C-C bond.

C-C bond formation reactions are crucial in the development of bioactive molecules as well
as in the development of organic and inorganic materials with new electrical-electronic,

mechanical and optical properties (28).

In this study, N-butyl-3-iodo-4-bromo-1,8-naphthalimide and thiazole group containing
arylboronic acid were prepared via a multi-stage reaction with method published by the

author’s group (11).

3,4-Bisaryl-N-butyl-1,8-naphthalimides were synthesized from the two-step Suzuki
coupling reaction of N-butyl-3-iodo-4-bromo-1,8-naphthalimide and arylboronic acid or

pinacol ester of arylboronic acid in a medium yield (Figure 1).

10 was conveniently synthesized in moderate yield via one-step Suzuki coupling reaction
between 1 equivalent of N-butyl-3-iodo-4-bromo-1,8-naphthalimide 1 and average 3
equivalent of arylboronic acid 2. On similar terms, the reaction between N-butyl-3-iodo-4-
bromo-1,8-naphthalimide 1 and pinacol ester of arylboronic acid 3 to give compound 20
failed.

Instead, the intermediate product 4 was obtained as a yellow solid. Despite the fact that

the one-step reaction was repeated with an extreme amount of arylboronic acid ester 3 as
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well as more effective reaction conditions, the desired product 20 was not isolated and
some non-isolable by-products on TLC were observed. However, when the pure
intermediate product 4 was treated with an extreme quantity of boronic acid ester 3, the

expected product 20 was achieved in 54% vyield as a yellow solid.

Figure 1. Synthesis of 10 and 20.
Reaction conditions: i) K2COs /Pd(PPhs3)4, H20, THF, 60 °C, 5h; ii) K2CO3/Pd(PPhs)4, H20,
THF, r.t, 24 h; iii) Extreme reagent 3/ K2CO3/Pd(PPh3)4, THF 60 °C, 5 h.

Irradiation of thiazole group containing N-butyl-1,8-naphthalimide 10 in ethyl acetate with
365 nm light caused a little yellow to blue-green color change, due to the formation of
close form. The colored form (at pss) turned back to the first pale yellow solution of 10
upon exposure to visible light (530 nm). The close form with appropriate wavelength light
and opening to the ring manifested itself as a common behavior of organic photochromic

devices (Figure 2). Also, this compound 10 showed a good level fluorescence property.
Irradiation of 10 in ethyl acetate with 365 nm light caused a pale yellow to blue-green

color change, because of the formation of 1C. The colored form 1C (at pss) turned back to

the first light yellow solution of 10 upon exposure to visible light (Figure 4).
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Figure 2. Absorption changes in acetonitrile (1x10-> M). (a) 10 to 1C (Ultraviolet-PSS).
Irradiated with 365 nm ultraviolet light; (b) 1C (Ultraviolet-PSS) to 10. Irradiated with
530 nm visible light.

Other synthesized bis(3,5-dimethyl-4-isoxazolyl)-N-butyl-1,8-naphthalimide 20 was not
photochromic. On the other hand, this prepared bis(3,5-dimethyl-4-isoxazolyl)-N-butyl-

1,8-naphthalimide 20 displayed certain amount of fluorescence properties.

During the irradiation with 365 nm light, neither a color nor a spectral change was seen.
The reason why 20 does not show any photochromism is not certain clear at this step.
However, this can be said by paying attention to the steric clogging of the methyl groups
on carbon atom at 3 position on the isoxazoles with hydrogen atoms of naphthalimide

moiety. If cyclic during photoreaction, the methyl group is thought to coincide with the
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hydrogen of the naphthalimide ring in Figure 3. Although 20 is not a photochromic

compound, 20 showed fluorescence. in Fig.

Figure 3. Possible photoreaction of non-photochromic 20.

Photochromism, Quantum yield, and conversion rate

There was no absorption band in the visible range of 10 and the solutions seen colorless.
Upon irradiation with Ultraviolet light, the solution 10 turned greenish with an increase in
novel peaks in the visible region. This shows an extended m system on the photochromic

reaction, as shown in Figure 4.

Forward and backward photoreaction of 3,4-bisaryl-N-butyl-1,8-naphthalimides in
solutions was carried out with different light wavelengths. Upon irradiation of 10 and 20
in solutions with ultraviolet light (365 nm), the color changes from near colorless to blue-
green was appeared due to the formation of their closed form C-form, which turned back
to the colorless states upon exposure to visible light (530 nm). Figure 4 shows the
photochromic structure changes of 3,4-bis(2-phenyl-5-methyl-4-thiazolyl)-N-butyl-1,8-
naphthalimide 10. The absorption spectral variations of 10 to its photostationary state
(pss) incorporating 1C in acetonitrile upon ultraviolet and visible beam irradiation are

shown in Figure 2.

Ultraviolet-visible absorptivity and extinction coefficients of open-form 10 and this ring
closure form 1C are summarized in Table 1 before and after irradiation in different solvents.
Generally, for photochromic compound 10, the two thiazolyl groups are not in the same
plane due to their steric congestion, but are every time in parallel and antiparallel form.
Whereby the observed characteristic absorption peaks of the naphthalimide units indicate

poor conjugation between the open thiazolyl groups and the naphthalimide moiety.
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blue-green

A max= 658 nm

Figure 4. Photochromic structure changes of 10.

The colored blue-green photochromic compound 1C has maximum absorption
approximately at 750 nm with an absorption trough to the near infrared region. The diode
in 780 <A <840 nm region can react to laser radiation. It is essential for these optical
memory devices.

Solvent effects on the open-form 10 and its closure isomer 1C were studied in four various
solvents and the data are given in Table 1. The polarity of the solvent showed a
bathochromic shift in both colored and uncolored forms. The quantum efficiency of coloring
(@pc) at 365 nm and open-form 10 bleaching (¢pb) at 530 nm of its colored form 1C were

calculated with reference to the chemical actinometer Aberchrome 540 as developed by
Heller (27).

Table 1. Ultraviolet-Visible maximum absorption and extinction coefficients of open-form

10 and its closed isomer 1C in several solvents.

Solvent O-Form (10) C-Form (1C)
Amax (NM) | €max (Mol~! dm3 cm~1) | Amax (nm) | Absorbance (at Pss)
Hexane 328 36800 651 0.276
Toluene 336 37500 657 0.266
Ethyl acetate | 342 29900 658 0.283
Acetonitrile 361 32000 672 0.598

The quantum yields of the ring closure isomer (PO—C) of O-form 10 with 365 nm beam
irradiation and the ring open isomer (®C—0Q) of 1C form with 530 nm beam irradiation
were calculated with reference to Langan R. and Heller HG. Aberchrome 540[27]. The
quantum efficiency for coloring (¢c) and bleaching (¢pb) were calculated to be ®0—-C =

0.44 and ®C—0 = 0.09. Reference the actinometer is known as ®O0—-C= 0.20 at 366 nm
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and PC—0 = 0.04 4.69% at 546 nm in toluene. The quantum yield of 10 and 1C are quite

good from the reference compound.

HPLC followed the closed form of the photocyclization. The conversion ratio from 10 to 1C
(at the pss) of 365 nm light irradiation was detected by HPLC and was calculated to be
71%. Conversion rate was found by calculation of HPLC peak areas. The HPLC

chromatogram of 10, before and after irradiation (365 nm) to pss are given in Figure 5.
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Figure 5. HPLC chromatogram of 10. a) Before 365 nm irradiation; b)After 365 nm
irradiation to pss. HPLC conditions: Column (C8-3); Eluent: H20/CH3CN (50% / 50%, v/v);
Current: 0.7 mL/minute; Injection: 20 uL; detection wavelength:320 nm (isobestic point
in CH3CN).
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Fluorescent behavior

Photochromic compounds can potentially be applied in the recording medium, where the
two states can be read with properties prepared by photochromic reactions such as
electrochemical states, fluorescence, and absorbance. Fluorescence emission between
these outputs is considered one of the interesting due to the simply of detection. The
naphthalimide unit as the fluorophore was included in the direct centering bridge for the
fluorescence unit target. Upon irradiation at 365 nm, the polar and nonpolar solution of 10
showed a fluorescence quenching, a significant fluorescence quenching that markedly
decreased when it reached the photodenase state in Figure 6. The reason for this is the
closed form isomer as a fluorescence extinguisher in the possible resonance energy

transfer channel.

2-phenylthiazole group with naphthalimide exhibits a fluorescence photo-transfer property.
By irradiation with 350 nm light, open structure isomer 10 showed maximum fluorescence
emission at 460 nm, but closed structure isomer 1C showed lower intensity fluorescence
in Figure 6.
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4
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110 as50 4z0 =30 570
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Figure 6. Fluorescence intensity spectra of 10 and 1C before and after upon irradiation
with UV light in ethyl acetate (1x10-> M).
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Similarly, the open form 20 compound containing the isoxazole group gave fluorescence

intensity at longer wavelengths in the polar solvent (Figure 7).

Compound 20 gave an emission intensity around 460 nm in the non-polar hexane solution.
Compound 20 showed an emission intensity around 520 nm in polar acetone in Figure 7.

In the polar solvent, a longer wavelength of fluorescence intensity was seen.
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Figure 7. Fluorescence emission spectral changes of compound 20 in hexane and
acetone (1x107°), (Aex 380 nm).

We can say that solvent polarity is an important factor in the red shift between nonpolar
hexane and polar acetonitrile at the luminescence wavelength of 10. In general, as the

solvent polarity increases, the emission intensity shifts to a longer wavelength.
The fluorescence color of 10 can be well modulated by adjusting the solvent polarity ratio

with 20% increase in the acetone volume ratio of 0-100%, which can be seen directly by

the naked eye in Figure 8.
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Figure 8. Solvent effect on the fluorescence of 10 with an increase of acetone proportion in n-

hexane.

CONCLUSIONS

Starting compound "N-butyl-4-bromo-3-iodo-1,8-naphthalimide" was prepared from 4-
bromo-1,8-naphthalic anhydride with multiple-step reactions. Bisaryl naphthalimide
derivatives were synthesized from the Suzuki coupling reaction of N-butyl-3-iodo-4-bromo-
1,8-naphthalimide and hetereoaryl boronic acid or hetereoaryl boronic acid pinacol ester.
From N-butyl-3-iodo-4-bromo-1,8-naphthalimide symmetrical isoxazole and thiazole
group containing N-butyl-1,8-naphthalimides were prepared by Suzuki coupling reaction.
Among them, only thiazole group containing N-butyl-1,8-naphthalimides 10 displayed
photochromism. Detailed photochromic and fluorescence property of 10 and 1C was

investigated. As well as the fluorescence behavior of 20.

Solvent factor on the fluorescence properties of 10 and 20 was studied. Increase of
solvent polarity results in a red shift (to longer wavelengths) of the fluorescence emissions.

Conversion ratios were also calculated from HPLC chromatograms.
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INTRODUCTION

Aldol condensation reaction as a C-C bond formation reaction continued to provide
opportunity for the synthesis of valuable intermediates, natural products, as well as other
biologically important compounds (1-3). The major concern with some of the reported
methodologies has always been the issue of atom economy (4, 5). Although a number of
catalytic methods were developed to improve the condition, it however often incorporates
the use of harsh temperatures. For instance, Climent and co-workers have utilised solid
base catalysts derived from hydrotalcites to achieve high yields and selectivities in the
preparation of chalcones and flavanones of pharmacological interest, such as Vesidryl
(6). Similarly Kottapali et al. have investigated the aldol condensation of benzaldehyde
and acetone in the liquid phase on hydrotalcites tranformed into basic solid with good
yield (7). Corma and Martin-Aranda have modified sepiolites by substituting a part of the
Mg z+ located at the borders of its channels with alkaline ions to afford strong base
catalyst for the aldol condensation (8). Also Corma et al. have carried out the
condensation of benzaldehyde with various active methylene compounds in the presence
of zeolites as a basic catalyst (9). In an effort to improve the catalytic activity of their
earlier reported method on the use of hydrotalcites, Climent and co-workers successfully
increased the surface area of the catalyst by sonication, and employed it in the aldol
condensation reactions (10). In this work, a new organic-metal complex based on
ketopinic acid scaffold and manganese was constructed and tested as catalyst in the aldol

condensation of various aliphatic substrates at a mild temperature.

MATERIALS AND METHODS

Reagent-grade ethanol was used as received from commercial source, tetrahydrofuran
was distilled from benzophenone/ketyl solutions and chloroform was passed through a
column of basic alumina. Analytical thin-layer chromatography was performed on
ALUGRAM XTRA silica gel 0.2 mm (containing a fluorescent indicator at 254 nm). Flash
chromatography was carried out on MN Kieselgel 60 0.063-0.2 mm/ 70-230 mesh. All
other reagents were purchased from Aldrich and used as received. NMR spectra were
recorded on Bruker Avance III HD spectrometer (400 and 600 MHz). All signals were
expressed as ppm down field from TMS, referenced to the residual protonated solvent
signals in 'H NMR (7.26 ppm) and to the deuterated carbon signals in 3C NMR (77.36
ppm). FTIR spectral measurements were carried out on a Perkin Elmer spectrum 400 FT-

IR spectrometer (ATR). Elemental analyses were conducted using an Elementar Vario
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micro cube. Melting points were determined by means of a Reichert apparatus and are

uncorrected.

2,2'-(15,25)-cyclohexane-1,2-diylbis(azan-1-yl-1-ylidene)bis(7,7-

dimethylbicyclo[2.2.1 Jheptane-1-carboxylic acid) 3

Ketopinic acid (382 mg, 2.096 mmol) was dissolved in CHCI3 (5 mL) and S,S-1,2-
diaminocyclohexane (126 pL, 1.05 mmol) acetic acid (0.1 mL) were added successively
at room temperature. The mixture was refluxed for 36 h and then the reaction was
quenched with H20 (5 mL). The biphasic solution was extracted with CH2Cl> (10 mL), and
then separated. The subsequent organic layer was washed with brine (5 mL), dried over
anhydrous MgS04, and concentrated. Purification of the crude product was effected by
column chromatography on silica gel using 4/1 EtOAc/CH2Cl2 as eluent and the product
were obtained as a white solid (0.35g, 29%); m.p. 161-164 °C; &4 (400 MHz; CDCI3)
0.86 (s, 6H), 1.22 (s, 6H), 1.24-1.60 (m, 6H), 1.67-1.81 (m, 4H), 1.98-2.11 (m, 6H),
2.36 (m, 2H), 2.52 (m, 2H), 3.45 (m, 2H); &c (100 MHz; CDCls) 20.2, 20.5, 27.2, 28.2,
31.7, 32.7, 35.3, 43.8, 50.0, 60.8, 64.7, 173.3, 183.6 FTIR (neat, cm!) 2988, 2543,
1726, 1580

2,2'-(15,25)-cyclohexane-1,2-diylbis(azan-1-yl-1-ylidene)bis(7,7-
dimethylbicyclo[2.2.1]Jheptane-1-carboxylato) manganese (III) chloride 4

Solutions of ligand 3 (119 mg, 0.268 mmol) and KOH (0.5M, 8 mL) in ethanol were
allowed to reflux with Mn(OAc)2 - 4H20 (138 mg, 0.563 mmol) under nitrogen
atmosphere for 12 h. The reaction mixture was then cooled to room temperature and
then brine (8 mL) was added to give a biphasic solution which was later filtered and
concentrated in vacuo. The residue obtained was redissolved in dichloromethane and the
aqueous layer was removed using a separating funnel. After concentrating the organic
layer, the resulting complex was recrystallized from acetonitrile to furnish a brown
amorphous powder (66.8 mg, 47% yield). Anal. Calcd for C2sH36CIMNN204 %: C, 60.75;
H, 8.50; N, 4.72. Found: C, 60.75; H, 8.52; N, 4.73. FTIR (neat, cm™): 1738 (C=0),
1687 (C=N).

Typical procedure for the aldol condensation reactions

Potassium hexamethyldisilazide (KHMDS, 43.2 uL, 0.0216 mmol, 0.5 M in toluene) and a

solution of water (48 pL, 0.048 mmol, 1 M in THF) were vigorously stirred for 20 min.
This was followed with the addition of ketone (15 mmol) and further stirring for
additional 10 min. To the resulting solution, catalyst S,S-4 (66 mg, 10 mole %) and
aldehyde (1.5 mmol) in THF (0.5 mL) were added. The mixture was continuously stirred

with regular monitoring by 'H NMR.

519



Hassan, Klein, and Kaye, JOTCSA. 2017; 4(2): 517-524. RESEARCH ARTICLE

(Z)-2-benzylidenecyclohexanone 7

Yellow oil; >99% vyield, &1 (600 MHz; CDCl3) 1.50 (q, J = 2.0 Hz, CH2), 1.55 (q, J = 2.3
Hz, CH2), 1.57 (t, J = 3.1 Hz, CH2), 1.63 (t, J = 3.1 Hz, CH2), 6.88 (s, 2H), 7.32-7.33
(m, 2H), 7.40 (s, 1H), 7.61 (s, 1H), &c (100 MHz; CDCIs) 22.2, 24.3, 35.0, 128.2, 128.3,
128.4, 133.1, 134.0, 139.5, 198.3. FTIR (neat, cm™) 3038, 1671, 1638,1450.
(E)-2-benzylidene-6-methylcyclohexanone 9a

Yellow oil; >99% yield; &4 (600 MHz; CDClI3) 1.22 (d, J = 1.2 Hz, CH3), 1.23-1.24 (m,
2H), 1.32-1.36 (m, 2H), 2.10-2.12 (m, 2H), 2.22-2.32 (m, 2H), 6.89 (s, 2H), 7.41-7.43
(m, 2H), 7.54 (s, 1H), 7.81 (s, 1H). &c (100 MHz; CDCls) 16.2, 26.3, 29.2, 30.6, 40.6,
133.2, 136.3, 136.7, 134.2, 134.8, 140.1, 199.3. FTIR (neat, cm) 3045, 1674, 1632,
1447.

(E)-2-benzylidene-4-methylcyclohexanone 9b

Yellow oil; >99% vyield, 84 (600 MHz; CDCIs3) 0.99 (d, J = 0.5 Hz, CHs), 1.62-1.68 (m,
2H), 1.85-1.93 (m, 2H), 2.33-2.80 (m, 2H), 2.86-2.93 (m, 1H), 3.20-3.52 (m, 1H),
3.62-3.72 (m, 1H), 7.02 (s, CH), 7.61-7.68 (m, 2H), 7.72 (s, 1H), 7.84 (s, 1H). &c (100
MHz; CDCl3) 16.2, 26.3, 29.2, 30.6, 40.3, 133.2, 136.3, 136.7, 134.2, 134.8, 140.1,
199.5. FTIR (neat, cm™) 3044, 1675, 1632, 1447.

Trans-1-phenylhept-1-en-3-one 9c¢

Yellow oil; >99% vyield, 81 (600 MHz; CDCl3) 0.96 (t, J = 0.9 Hz, 3H), 1.52-1.59 (m, 4H),
3.20 (t, J = 3.1 Hz, 2H), 6.53 (d, J = 12.0 Hz, 1H), 6.66 (d, J = 12.0 Hz, 1H), 6.83 (d, J
= 6.5, 2H), 7.66-7.68 (m, 3H). &c (100 MHz; CDCI3) 12.3, 23.4, 28.6, 40.2, 128.3,
129.0, 131.1, 135.1, 140.1, 147.2, 199.5. FTIR (neat, cm') 3051, 1668, 1646, 1510.

Cis-4,4-dimethyl-1-phenylpent-1-en-3-one 9d

Yellow oil ; >99% vyield, 6u (600 MHz; CDCl3) 1.51 (s, 9H), 6.93 (d, J = 6.0 Hz, 1H), 7.43
(d, J = 6.0 Hz, 1H), 7.66-7.68 (m, 2H), 7.72-7.75 (m, 3H). &c (100 MHz; CDCIs) 33.2,
43.1, 127.3, 129.1, 129.8, 133.10, 138.0, 140.2, 198.5. FTIR (neat, cm™) 3055, 1671,
1644, 1525.

RESULTS AND DISCUSSION

The ligand 3 reported by Yang et al. (11) was synthesised using the standard procedure,
followed by the complexation step (Scheme 1) to obtain the new Mn(III) complex S,S-4
(12). Hence, the synthesis was carried out by refluxing ketopinic acid 1 with the S,S-1,2-
diaminocyclohexane 2 and a catalytic amount of glacial acetic acid, using chloroform as

solvent (Scheme 1). Condensation of ketopinic acid (2 equiv.), with the S,5-1,2-
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diaminocyclohexane as a linker enabled the generation of the C-2 symmetry and expand
the space occupied by the ligand on each face of the final complex. It was hoped that the
position of the manganese atom tightly situated at the centre of the ketopinic acid
moieties would enhance the coordination of the electrophilic centres of the substrates

during reaction.

1. KOH(aq)
2. Mn(OAc),.4H,0
CH3C02H //N 3. Satd. NaCl(aq) ~N. I}T)ﬁ
HO »
HO,C CHClza 36h, EtOH, 12h, reflux
1

O
reflux Cl
5,5-3 5,5-4

HN NH
2 2
2

Scheme 1. Synthesis of ketopinic acid-derived complex
The catalytic acitivity of complex S,S-4 was investigated following the procedure
reported by Yoshikawa et al. (13) with modification. Hence benzaldehyde was reacted
with cyclohexanone in different ethereal solvents and at three catalyst loadings (Table 1).
The results shows that THF is the most efficient solvent as it allows the formation of the
aldol product in >99% vyield at relatively shorter time. Attempt to reduce the catalyst
loading result in longer duration of the reaction. Although not captured in Table 1, but
the method development reveals that any attempt to reduce the cyclohexanone
equivalent furnish the corresponding aldol in negligible amount. In fact it could only be

detected in the 'H NMR spectroscopic analysis of the crude mixture.
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Table 1. Aldol condensation of benzaldehyde with cyclohexanone in three different
solvents in the presence of complex S,S-4!
Ph (0]

o Q KHMDS + H,0
)J\ Complex S,S-4 X
P~ TH + >
5 6

Solvent, room temperature

7

Solvent 4 (mole %) Time (h) Yield (%)?
1 18 >99
THF 5 15 >99
10 4.5 >99
1 24 >99
EtOAC 5 21 >99
10 24 >99
1 24 trace
Dioxane 5 21 trace
10 24 trace

!Benzaldehyde (1.5 mmol), cyclohexanone (15 mmol).Cis assignment for 7 was
determined using DFT calculation of the lowest energy isomer.

2Determined by the analysis of the reaction mixture using *H NMR spectroscopy
Based on the catalyst performance, other substrates were explored to further
ascertain its efficacy. The results (Table 2) demonstrate that the catalyst has relatively

wide spectrum of activity.

Table 2. Aldol condensation of various aliphatic substrates in the presence of S,S-4 (10

mole %)?
(0)
o KHMDS + H,0 | J\
S,S- 4 (10 mole %
)k + Aliphatic ketone ( %) Ph&"\{\;\f‘r R
Ph H THF, room temperature
5 8a-d 9a-d
Aliphatic ketone

2-Methylcyclohexanone

4-Methylcyclohexanone
2-Hexanone

(=T T -

Pinacolone
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Aldol product, 92 Time (h) Yield (%)3
0}
a
(0]
O/\i? 5.2 ~99
b
(0]
©/\)\/\/ 5.1 >99
c
X
©/Oj\’< 5.8 ~99
d

!Benzaldehyde (1.5 mmol), Ketone (15 mmol)

2 Geometrical assignment was determined using DFT calculation of the lowest energy

isomers

3Determined by the analysis of the reaction mixture using 'H NMR spectroscopy
CONCLUSIONS

Ketopinic acid was successfully employed as a scaffold in the synthesis of a manganese
(III) complex. The catalytic efficiency of the obtained complex was investigated in the
aldol condensation of benzadehyde with cyclohexanone to obtain product with excellent
yield at a short duration. Subsequently other aliphatic ketones were reacted with the
benzaldehyde at the optimized reaction condition to furnish the corresponding aldol
products with an impressive yield. Interestingly, it was found that irrespective of the
structure of the aliphatic ketone, the yield of the products was always excellent within a
short duration. This suggest that the catalytic system developed in this work possess
strong Lewis acidity which help in the activation of the carbonyl groups in the reacting

species.
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Abstract: Toxic effect of textile dyes their increasing quantities in air, soil and water
environments, because of growing of industrial activities, they must be taken into
consideration since they give harm to the environment. We come across textile dyes in
natural wetlands as result of uncontrolled industrial wastes. Textile dyes that can
accumulate easily in their environments may show toxic effects. Pumice, accruing as a
result of volcanic events and durable against chemical factors, is a rock that has porous
structure. Pumices have a porous structure because of sudden cooling of the rock and
sudden leaving of gases a result of volcanic events. Thanks to these pores, pumices’ heat
and sound insulation are quite high. The most distinctive feature of pumice from other
rocks is that it has different colors and there is not crystal water in its porous structure.
Adsorption studies are applied with Van Pumice at pH = 6, the adsorption mechanism and
changing dye concentration. As result of these researches, it has been found out that there
are different adsorption movements at pH 6 between Neutral Red and Van Pumice. The
result of this study shows that the Pumice found in Lake Van gives a better fit for the
Langmuir Isotherm (model) and the amount of adsorption increases with the temperature.
We thereby conclude that the Pumice located in Lake Van is a recommended adsorbent for
filtering the used textile dye in aqueous medium.
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INTRODUCTION

Pumice is a glassy, porous, and volcanic rock which occurs with the result of hollow,
spongy, volcanic rocks and is resistant against the physical and chemical effects (22). The
name "Ponza" or "Pomza" comes from Italian. There are different names in different
languages. In French it is called as "Ponce", in English, the middle ones are "Pumice",
naturally the tiny ones are "Pumicite", In German, the big ones are called as "Bimstein",
and tiny ones are called as "Bims". In Turkish, it is known as "Singer tasi", "Képuk tas!",
"Topuktas!" (6).

Because pumice it mostly porous, its heat and sound insulation is quite high. According to
Mohs scale, its hardness is 5-6. It does not contain crystal water. Its chemical component;
60%-70% SiO2, 13%-15% Al203, 1%-4% Fe203, 1%-2% Ca0, 1%-2% MgO, 2%-5% Na:0,
3%-4% K20 and it contains TiO2, SOs and Cl (13, 24).

During formation, because of sudden cooling and the gases inside the pumice's leaving, it
contains countless pores from macro scale to micro scale. Between pores are generally
(especially micro ones) disconnected hollows. Pores on pumice are mostly not connected
to each other. Each pore is isolated from each other with a glassy membrane. Because of

this feature, pumice is a good adsorbent (24, 3).

Pores on pumice are smaller than 1 mm. Pores are irregular, spherical, round and like

elongated pipes (11, 2).

The more pumice's piece size increases the more porous percent increases. Pumice’s
excess of porous percent and low specific weight ensure it to be used as a pouring material
for insulation areas. Also, thanks to the same features, it is highly porous; Pumice pieces
are not too much resistant. However, its durability is suitable for rock durability which was
used in carrier wall construction. (To 6 floors). Pumice is a good heat insulator. This feature
is increased with the event, which is called as “stack Porousness", in pumice block
manufacture that is especially struggled to reach. For the stack porousness, concrete is
prepared with a quite thin mortar and is ensured to cover only surround of pumice pieces
in a thin manner. The Pumice pores are not only helpful for insulation but also pumice
structure elements are highly adsorbent because it has features of removing capillary.
Pumice is grinded easily because of being a volcanic glass. Granulated Pumice was used
for similar goals both for the purpose of polishing and stoning and in match factories as an

ignition material and filling material, soap and cosmetic industry (21, 26).
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Because of porous being disconnected and having spaces, pumice is light, it can swim for
a long time and its permeability is low and its insulation (heat - sound insulation) is quite
high. Chemically, it contains about 75% silica. The amount of SiO2 that rock contains,
provides an abrasive feature to the rock, therefore, it reveals a chemical status that can
easily erode steel. The compound of Al20s provides a high resistant to fire and heat. Na20

and K20 are known as minerals which give reactions in textile industry (9).

Economically functioned reserves are generally after tertiary reserves. World's pumice
reserves are more than 16 billion tonnes. USA has the biggest reserves while Turkey is the
second in terms of total pumice reserves. Important reserves of Turkey are in Tatvan and
Ahlat, Nigde-Nevsehir, Igdir and Kars, Mollakasim (Van), Ercis (Van), Gidul (Ankara),

Dogubeyazit (Agr) and Cumaovasi' (Izmir).

Main manufacturers are Italy, Greece, Spain, Turkey, France, and Germany (26, 8).

Pumice rocks have recently gained updating as a popular industrial row material parallel
to various industries' establishment and development. Pumice was used in a large area
mainly as a light structure material, cement production, and filter material, acoustic and
polishing in industry. However, in our country, it is mostly used in bleaching jeans and in

production of briquette as a light structural material (24, 16).

Coloring of objects is expressed as "dyeing". Dye was used to protect the surface of objects
from external influences and to give a nice view. In speech, dye and dye material words
are used in the place of each other. These two words are not synonyms. Dyes are generally
inorganic. They are mixtures, which are mixed with a connector but dissolved in the

medium. They can be removed by scoping in large forms.

The materials which are used to color fabric and fiber are called as "dyeing material”
However, all colorful materials or color giving materials are not dye materials. Coloring,
applied by dye materials are not similar to coloring, applied by dye. Coloring is generally

applied with various dye methods in the form of solution or suspension.

All dye materials are organic compounds. The material to be dyed changes its structure by
chemical interaction with the dye. For this reason, the applicant cannot bring the material
back to the original by washing or cleaning. For that reason, the first dyes that are used

are mixture of metal-oxide, clay and some plant's sap (19).
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Fe203, Cr203, Pb3O4, HgS, graphite can be given as examples for the natural inorganic dyes.
Some of the dye materials are from natural sources, and some of them are synthetic.
Natural dye materials can be obtained generally from skin of animals and glands, root,
shell, seed, and fruit of plants and from microorganisms like yeast bacteria in the result of

simple chemical applications (4).

In the textile industry, one of the main problems is the removal of dyes and pigments from
the wastewater. It is known that most dyes are toxic, carcinogenic, and mutagenic to
aquatic organisms, so they have to be removed. Several methods, such as filtration,
coagulation, chemical oxidation, adsorption, etc., are used in order to remove dyes from
wastewater (18, 23, 9).

One of our aims is to evaluate pumice of the local resource, Van (Turkey), the original
material for production of adsorbent. Besides, it is known that pumice has pores. The
second purpose of this study is to investigate the adsorption isotherm, kinetics and the

thermodynamic parameters adsorption onto pumice derived from the Van region.

MATERIALS AND METHODS

Chemical Materials: Experimental data are obtained from pH=6 solution. Different
concentrations of dye material's solution (50 ppm, 60 ppm, 70 ppm) are prepared for the

experiment.

Adsorbents: Van Pumice was used as an adsorbent during experiment. Chemical
component of this pumice given in Table 1.

Table 1. Chemical components of Van pumice.

. Loss of
Van SIOz A|203 Fe203 Cao MgO Kzo Nazo 503 :
Combustion

Pumice
69.00 14.65 2.51 1.11 0.55 3.520 2.48 0.40 4.76

Method: In this study, Van Pumice was used whose chemical analysis results are given.

Adsorption studies were applied with Van Pumice.

Pumices were applied the following operations detailed below:

a) Washing stage: Van Pumice which was grinded in the mill and which was filtered from
230 mesh sieve, was dried for 5.5 hours in the oven. 100 grams of Van Pumice was mixed
12 hours with 1.7 liter of pure water in the mixer. After mixing stage was finished, the

material was kept idle for 12 hours. It was observed that aqueous phase and solid phase
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were separated. Solid phase was separated by filtering. Solid phase was kept at ambient
conditions for 168 hours to dry. Dried Van pumice was filtered again with 230 mesh sieve.
It was placed in a desiccator until the time of experiment. Van Pumice was grinded in the
mill. After that, the size of the piece was minimized by filtrating 230 mesh sieves.

In the studies of adsorption balance, 1 gram of Pumice was treated 500 mL of dye material
solution. Dyeing material solutions were prepared in 50, 60, and 70 ppm concentrations,
were shaken with Van Pumice at different times (2, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70,
80, 90, 100, 120, 150, and 180 minutes) in 25 °C, 35 °C, 45 °C temperatures.

Dyeing material adsorption was examined depending on heat and time in the example of
Van Pumice. All of the adsorption measurement was applied with a spectrophotometer
(T80+ UV/VIS).

RESULTS AND DISCUSSION

Freundlich Isotherm

The Freundlich isotherm assumes an empirical equation based on the heterogeneous
surface of adsorbent. The linear form of the Freundlich isotherm is expressed as (15):
logge = logKs + nlogCe (1)
where Kr is the Freundlich coefficient related to adsorption capacity, and n relates to
adsorption intensity. The values of the Freundlich constants were obtained from the linear
correlations between the values of log ge and log Ce. In the Freundlich adsorption constant,

n should be greater than 1.

Langmuir Isotherm

In the solid/liquid adsorption process, adsorption of the solute is usually characterized by
either mass transfer (boundary layer diffusion) or intraparticle diffusion or even both (12).
The adsorption data of dye removal from pumice was analyzed by the Freundlich and
Langmuir isotherm models. The Langmuir isotherm model is valid for monolayer

adsorption. The linear equation of the Langmuir isotherm is (10):

-1 1 1l¢ (2)

qe bxqm  qm

where, Ce is the equilibrium concentration of dye in the solution, ge amount of dye adsorbed
at equilibrium, gm Langmuir adsorption capacity, and b Langmuir constant.

The values of the Langmuir constants and coefficient determination R? are given in Table
2. The Langmuir adsorption capacity (gm) was found to be 27.3393, 26.5741 and 23.8115
mg/g at different temperatures (298, 308 and 318 K).
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Table 2. Equal values of Neutral Red adsorption on Langmuir and Freundlich equals from

different temperature.

T (K) Langmuir Freundlich
b (L/mg) am (mg/g) R? n Kr¢ (mg/g) R?
298 1,2921 27,3393 0,9997 3,7312 2,5977 0,9997
308 1,0537 26,5741 0,9971 10,0387 3,5430 0,9299
318 1,0209 23,8115 0,9990 34,4567 3,7676 0,7050

When R? values of both two adsorption isotherm models are taken into consideration, it
shows that the adsorption process has better compliance with the Langmuir adsorption
model than the Freundlich model. The Langmuir isotherm model is mostly valid for one
layer adsorption over specific number of similar surfaces. If the molecular interaction is
neglected, then it can be defined as adsorption behavior of a completely homogeneous
surface area. Despite the heterogeneity of the surface, Freundlich-type adsorption
isotherm displays the homogeneity of a Langmuir-type adsorption surface. The adsorption
of Langmuir isotherm increases linearly together with initial concentration of the adsorbate.
At maximum saturation point, the surface is coated with one layer and the amount of
adsorbate on the surface remains constant. Also, in this isotherm, the adsorption energy
is uniform. The speed of adsorption is directly proportional to the adsorbate concentration
and the active places over the surface. The speed of desorption is directly proportionate to

the amount of adsorbate adsorbed on the surface.

Thermodynamic Parameters
The thermodynamic parameters such as standard Gibbs fee energy (AG), entropy change

(AS) and enthalpy (AH) were calculated using following equations (17, 5):

Ky =" x (3)
Ky =2 -2 (4)
AG = AH — TAS (5)

where Kg is the equilibrium constant, Co initial concentration (mg/dm?3 ), Ce equilibrium
concentration, V volume (cm3 ), m of the pumice (g), T (Kelvin), and R gas constant (8.314
J/mol). The changes in enthalpy (AH) and entropy (AS) were determined from the slope
and intercept of the plots of InKa versus 1/T. The Gibbs free energy (AG) was calculated
using Eq (5).
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Table 3. Thermodynamic parameters of Neutral Red adsorption on Van Pumice.

Temp (K) Kc AG, kJ/mol AH, kJ/mol AS, kJmol-1K-1
298 2,6502 -2414,6987
308 7,5660 -5182,0370 0,0013 0,0292
318 8,4715 -5649,1358

Concerning the adsorption of Neutral Red solutions onto the Pumice found in Lake Van,
thermodynamic parameters such as AG, AS and AH were determined at temperatures of
298, 308, and 318 K.

The negative value of Gibbs free energy (AG) shows that the adsorption process of Neutral
Red onto the Pumice located in Lake Van is spontaneous. The (AG) value tends to decrease
at increasing temperatures and thus demonstrates that this process can be carried out
much easier at high temperatures. The positive value of AS shows that, at the interface
between Neutral Red solution and the Pumice found in Lake Van, the sorption process
tends toward increasing disorder. The positive value of AH points out that the sorption

process is endothermic.

Adsorption Kinetics
The experimental data relating to adsorption of dye onto pumice was investigated using

the Lagergren pseudo-first and pseudo-second order equation (1, 7):

10g(Qe — Q) = log(Q) — & (6)

2.303

t 1 1

Lo 42y (7)

at k242 Qe

where, ge is the amount of dye adsorbed at equilibrium (mg/g), gt amount of dye adsorbed
at various times, t time of adsorption duration, and ki is a rate constant of the equation

(min 1),

The ki and ge were calculated from the slope and intercept of the plots of log (ge — qt)
versus t according to the pseudo-first-order model (Fig. 1) and t/qt versus t according to
the pseudo-second-order model (Fig. 2) as well as ge and k2 from the slope and intercept

were calculated.
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Figure 1: Pseudo first order graph of Dye Adsorption on Van Pumice.
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Figure 2: Pseudo second order graph of Dye Adsorption on Van Pumice

Table 4. Pseudo first order parameters of the dye.

T (K) ki qe (calc.) qe (exp.) R2
298 0,0215 2,7455 18,1510 0,7089
308 0,0374 7,8126 22,0815 0,8870
318 0,0357 3,0300 22,3605 0,7560

Table 5. Pseudo second order parameters of the dye.

T (K) k2 qe (calc.) qde (exp.) R2
298 0,0250 18,2929 18,1510 0,9995
308 0,0115 22,5745 22,0815 0,9987
318 0,0388 22,5004 22,3605 0,9998

Regarding all the initial pumice amounts and temperature values of pumice, we concluded

that the kinetics of sorption onto the pumice has indicated a good compliance with the

quadratic form of the kinetic model. The correlation factor R? was found above 0,99.
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CONCLUSION

Considering all these results, we have concluded that the Pumice found in Lake Van is a
recommended adsorbent for the used dyestuff. We consider that the Pumice found in Lake

Van which is currently used in many fields of application, can also be used as an adsorbent.

In his Master of science thesis, "BIOSORPTION OF VICTORIA BLUE R (VBR) ONTO
IMMOBILIZED BIOMASS OF BONE CHAR AND SUNFLOWER HUSK”, Ozdemir has applied
his experimental data to the Langmuir isotherm model and obtained the resulting R2 values
at different temperatures, varying between 0,974 and 0,989. He later found out that these
high regression coefficients and its biosorption have indicated good compliance with the
Langmuir isotherm. Compliance with Langmuir isotherm showed out that the biosorption
occured on homogenous surfaces and the dye material VMR has coated the KIKU, forming

only one layer (20).

In his master of science thesis "Removal of Dye Materials from Aqueous solutions by
Adsorption on Coals and Cokes”, Kayacan has observed that both types of cokes comply
with the Freundlich isotherm and also with the Langmuir isotherms at the same time.
Besides, the MKP cokes rather comply with the Langmuir isotherm and the DB cokes
comply with Freundlich isotherm. It is thereby concluded that the MKP cokes have relatively
homogenous surfaces, but on the other hand, the DB cokes have relatively heterogeneous
surface. He found out that the b values of Langmuir’s isotherm of MKP cokes were relatively
high, thus he concluded that this is a clear proof of why these cokes are good adsorbents

(14). It is clear that both studies support our study.

In their studies, Turkmenoglu and her friends have used acidic Pumice found in Lake Van
in sizes of 0-2 mm, 2-4 mm and 4-8 mm respectively. They have found the physical

features of Pumice found in Lake Van as follows (25):

Van Pumice 0-2 mm 2-4 mm 4-8 mm
Specific Weight Factor 1,72 1,32 1,06
Water Absorption Rate (%) - 36,71 38,83
Bulk Density (kg/m?3) 636 495 413

The chemical and physical features of Pumice are some of those determining factors to find

out if it is a good adsorbent or not.
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Abstract: In this study, Cd(II) ion was determined using a cyclodextrin-based polymeric
fluorescence sensor prepared by UV-curing technique. The effects of several parameters
such as pH, time, and coexisting ions on the fluorescence intensity were also examined.
The excitation and emission wavelengths were found to be 374 nm and 422 nm,
respectively. The measurement range was in the range of 4.45x10° mol L to 4.45x108
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metal ions. The concentrations of the foreign ions such as Pb(II), Co(III), Ag(I), Zn(II),
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biscuit and tap water samples.
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INTRODUCTION

The rapid spread of industrialization in the world, the emergence of new technologies,
urbanization that has been continuously distorted due to the growing population around
cities and villages and the attempt is made to provide all the requirements attached to
them and the consumption of excessive quantities of chemical substances, including heavy
metals, are closely related. Cadmium is among the heavy metals that cause environmental
pollution today and it affects human life with ways such as cigarette smoke, refined
foodstuff, water pipes, coffee, tea, shellfish, coal burning, and fertilizers. In addition,
cadmium is used in coating industry, solar batteries, plastic stabilizers, and dye and
pigment industries. Cadmium compounds can be released to the atmosphere through the
metallurgical process or when the metal is removed by heating from its ore. Cadmium
passes through the ground through the rain and accumulates at the same time. It moves
through the layers of soil and enters the food chain, primarily through grains and
vegetables. Cadmium enters the human body through contaminated food and water. It is
quite poisonous, even at low concentrations, and causes damage to organs such as the
liver, lungs, and kidneys with vital importance in the human body through bioaccumulation
and it also increases the risk of getting some types of cancer, such as prostate and breast,
as a result of toxic effects. Moreover, exposure to cadmium significantly affects the basic
systems of our body such as digestion, respiration, lymph and blood circulatory, and
urinary. Therefore, the level of cadmium in various matrices, such as food and water,

especially in drinking water sources, must be constantly monitored and analyzed (1-3).

The determination of cadmium, which has such great effects on human health and
environment, has become very important nowadays. For this reason, many methods
including differential pulse anodic stripping voltammetry (DPASV) (4, 5), flame atomic
absorption spectrometry (FAAS) (6), inductively coupled plasma optical emission
spectrometry (ICP-OES) (7), potentiometry (8-9), spectrofluorimetry (10, 11),
spectrophotometry (12, 13) and inductively coupled plasma atomic emission
spectroscopy (ICP-AES) (14) have been developed. These methods can provide wide linear
range values and good detection limits, but they need to use very expensive devices in the
laboratory and a qualified staff for the application. However, spectrofluorometric methods
have many advantages over sophisticated methods such as cost, fast response time, high
precision. Considering the disadvantages of conventional methods, there is no doubt that
alternative methods of cadmium ions detection will be needed instead of these methods

and fluorescence methods will be important for cadmium ions determination.
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In our study, reusable B-cyclodextrin (B-CD) based polymeric fluorescent sensor has been
developed that provides sensitive, precise, fast and reproducible results for the
determination of Cd(II) ions. Once the characterization of the sensor has been made,

optimal conditions have been determined so that the analysis can be performed.

MATERIALS AND METHODS

Chemicals

In this study, all of the monomers and other chemical substances used in the preparation
of the polymeric membrane were obtained from Sigma and all the these were of analytical
purity. All stock single metal solutions with a concentration of 1000 ppm were purchased
from Merck Millipore. The working solutions of the metals used in the experiments were
also prepared by diluting these stock solutions with distilled water to reach the desired

concentrations.

Instrumentation

A Varian Cary Eclipse spectrofluorometer was used to record excitation and emission
spectra. The Cd(II) ion concentration in real samples was analyzed by FAAS so that the
results could be compared with the developed method. A Perkin Elmer Spectrum 100
spectrophotometer was used and ATR-FTIR spectrum of membrane and identify the surface
of membrane was carried out by a Philips XL30 ESEM-FEG/EDAX scanning electron
microscope. The results obtained from the Perkin ElImer AAnalyst 700 graphite furnace
atomic absorption spectrophotometer (GF-AAS) were used to compare the Cd(II)

concentrations of the real samples with those obtained by the developed method.

Method

Synthesis of the B -cyclodextrin acrylate (8-CD-A) monomer

The B-CD-A were synthesized following reported procedure by Constantin et. al (15). For
the synthesis of the functional B-CD-A monomer, 11.38 g of B-CD was weighed in a three-
neck round-bottom flask. Then 30 mL of dimethyl formamide (DMF) was added and
dissolved at 50 °C and 12 g of trimethylamine (TEA) was added. Then 50 mL of DMF
solution containing 10.8 g of acryloyl chloride (AC) was added dropwise to the reaction
flask over 2 hours. At the end of the time, the reaction was stopped and flask content was
filtered through the filter paper. All the filtrate was then poured dropwise onto cold acetone

to obtain white precipitates. The precipitate was left to dry overnight in the lyophilizer.
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Preparation of polymeric sensor

Polymeric sensor was prepared by UV-curing technique. The B-CD-A and 2-hydroxy-2-
methylpropiophenone (HMPP) were used as a reactive monomer and as a photoinitiator,
respectively. For preparation of the membrane, 1% B-CD-A, 25% 2-hydroxyethyl
methacrylate (HEMA), 74% hexanedioldiacrylate (HDDA) and 3% of total formulation HMPP
were placed in a beaker and then homogenized by mixing. The resulting mixture was
transferred to a mold having dimensions of 12 mm x 40 mm x 2 mm and UV light (OSRAM
300 W, Amax = 365 nm) was applied for 3 minutes. The membranes obtained at the end of
the period were removed from the matrix and allowed to stand in distilled water for 24
hours to remove the excess of unreacted monomers and initiator. Then the membranes

were dried in a lyophilizer.

Preparation of real samples

In order to validate the developed method, two different real sample analyzes were
performed for Cd(II) ions. One of them was biscuit as a food sample and the other was tap
water. Biscuit samples were purchased from public market and tap water samples were
collected from the consumer's tap. Microwave assisted acid digestion method was used for
digestion of biscuit samples. These samples were prepared for analysis according to BS EN
13804:2013 method (16). The concentrations of Cd(II) ions in the solutions were

measured by a developed sensor and GF-AAS method.

RESULTS AND DISCUSSION

Characterization

The ATR-FTIR spectrum of polymeric membrane obtained by scanning at a wavenumber
between 400-4000 cm™ is shown in Figure 1. Typical O-H vibrations in B -CD and HEMA
structures seen in the spectrum are observed at 3384 cm™. The peaks corresponding to
the C-O stretching vibration appear at 1023 cm™, 1072 cm™, 1151 cm™, 1245 cm™ and
2166 cm™, respectively. In addition, the peak of the asymmetric -CH>- vibration is at 2918
cm. The vibration of the C = O bonds is observed at 1719 cm™!. The peaks at 2918 cm™!
and 1450 cm represent the C-H bond. (15, 17).

The SEM image of the prepared membrane is shown in Figure 2. The SEM image

demonstrates that the prepared membrane has a non-porous, crack-free and

homogeneous structure as expected.
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Figure 1. FTIR spectrum of polymeric membrane.

Acc.V SpotMagn Det WD ——— | 10um
500kV 30 5000x SE 121

Figure 2. SEM micrograph of polymeric membrane at 5000x magnification.

Spectral characterization studies

In order to determine whether the polymeric membrane has a change in fluorescence
intensity with Cd(II) ions, excitation and emission wavelength scans were performed in the
absence and presence of 8.90x10-° mol L=t Cd(II) ions. Excitation was at 374 nm and the
emission spectra were scanned in the range of 400-600 nm at slit width 5 nm (Figure 3).
The emission maximum wavelength was found to be 422 nm. Figure 3 shows the increase

in fluorescence intensity in the presence of cadmium ions.
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Figure 3. Excitation and emission spectra of polymeric membrane. (a) absence (line)
and the (b) presence of 8.90x10~° mol L=! Cd(II) (dotted line).

Optimization of the parameters for Cd(II) Determination

In order to optimize the parameters required for the determination of cadmium ions using

the developed sensor, firstly the pH effect was examined between the pH ranges of 1.0

and 11.0 in the presence of 8.90x10-° mol L' concentration of Cd(II). According to the

results shown in Figure 4, the fluorescent intensity increased with increasing value of pH

1.0 to 5.0, and it started to decrease at values higher than pH 5. The highest fluorescence

intensity has been reached at pH 5.0, therefore this pH value was chosen for further

studies.

I- L (a.u.)

70 1

60

50 1

40 4

30 1

10 4

0

(1] 1 2 3 4 5 6 7 8 9 10 11
PH

Figure 4. Fluorescence intensity change as a function of pH (Io and I are the

fluorescence intensities before and after Cd(II) was added, respectively).
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Secondly, the effect of the response time on the fluorescence intensity was examined for
300 seconds. Figure 5 depicts the time-dependent changes in the fluorescence intensity of
the sensor in the presence of 8.90x107° mol L' Cd(II) ions at pH 5.0. As it can be seen
from the Figure 5, the fluorescence intensity of the sensor did not change between 15 and
90 seconds and then it started to decrease with the increase of time. Thus, for further

experiments 30 s was selected as analysis time.
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Figure 5. Time-dependent change in fluorescence intensity of the polymeric membrane
(Aex/em=374 nm/422 nm; I and Io respectively indicate the states in which Cd(II) ions are

present and absent in the solution medium).

Third, the regeneration, reversibility and reproducibility experiments of the sensor were
made. After contacting the sensor membrane with the 8.90x107° mol L* Cd (II) solution,
the initial fluorescence intensity was only achieved by washing for less than one minute
using distilled water. For this reason, distilled water was used for the regeneration of the
sensor. These results indicated that the polymeric membrane is fully reversible. A single
sensor was used approximately 160 times and reproducible results were obtained with a
very low standard deviation of about 2.1% (95% confidence levels, n = 6). In addition,

found that the same polymeric sensor was stable for at least 250 days.

Measuring range, limit of detection (LOD)

A graphical representation of the fluorescence intensities versus the logarithm of the
different Cd(II) concentrations of the developed sensor was shown in Figure 6 where Ipoand
I are the fluorescence intensities of the membrane in the absence and presence of Cd(II)
ions. The graph shows linearity between the concentrations of 4.45x10° mol L' and
4.45x10® mol L-* Cd(II) and was used as the calibration curve. Since this graph deviates

from the linearity except for this concentration range, its values are not shown. LOD was
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found to be 6.23x10°1% mol L by calculating three times the standard deviation of the

blank solution intensity (n=6).

200

y = 160.76x + 1364.1
R2 = 0.99619

I-I, (a.u.)

-8.40 -8.20 -8.00 -7.80 -7.60 -7.40 -7.20
log [ €d(II) ]

Figure 6. Calibration curve of polymeric fluorescence sensor (kex/em=374/422, pH:5.0).

Effect of coexisting ions

The effect of foreign ions on the fluorescence intensity was investigated in the presence of
8.90x10° mol Lt cadmium ions at pH 5.0, with the experiment performed under the
decided conditions, and the obtained results are shown in Table 1. From these results, it
has been observed that even at about 1000 times of the cadmium ions, there was no effect

of foreign ions on the prepared sensor intensity.

Table 1. Effect of coexisting ions on fluorescence intensity of sensor.

Species Tolerable Limit2 (mol L 1)
Au(IID) 5.07x10°6
Fe(III) 1.78x1075
Cr(I1I) 1.92x10°5
Pb(II) 4.82x106
Ag(I) 9.25x1076
Co(III) 1.70x10°5
Mn(II) 1.80x10°5
Zn(1I) 1.54x1075
Cu(Il) 1.56x1075
Mg(II) 4.16x1075
Hg(II) 2.49x10-6
Ni(II) 8.53x1076
Ca(II) 1.25x10°5

a Less than +5% relative error
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Real sample applications and recovery studies of developed sensor

The Cd(II) concentrations in tap water and biscuits samples was calculated using the
calibration graph. All experiments were conducted under optimum conditions. The results
obtained from real sample applications of the prepared polymeric fluorescence sensor and
the results of its recovery studies are summarized in Table 1. In addition, these results
were compared with the results of analyzes carried out with GF-AAS of the same samples.
The comparison showed that the developed sensor and GF-AAS results are in very good
agreement with each other and the sensor can be used successfully in the determination

of cadmium ions in real samples.

Table 1. Real samples applications and recovery studies of developed polymeric sensor

(n=6).
Sample Cd(1II) added This work GF-AAS RSD Recovery
(mol L) (mol L) (%)
Tap water - (1.47+0.08) x10-8 (1.44+0.06) x108 1.81 -
Tap water 2.31x10°8 (2.40+0.05) x108 (2.34£0.04) x10®  2.23 103.8
Tap water 4.09x108 (4.21+0.13) x108 (4.13£0.07) x10®  1.92 102.9
Biscuit Samples - (1.02+0.06) x10-° (1.01£0.04) x10°  0.79 -
Distillated water - <Detection Limit <Detection Limit - -
Distillated water 2.67x108 (2.79+0.09) x108 (2.70+£0.10) x10®  3.26 104.3
Distillated water 8.90x108 (9.10+0.17) x10-° (8.96+0.07) x10°  1.51 102.2

Comparison of the developed sensor with the other spectroscopic techniques

Many methods have been developed for Cd(II) ions analysis and comparison of some of
these methods with the developed method is shown in Table 2. As it can be seen from this
table, the proposed sensor surpasses the other methods in terms of linear range and LOD
value. The LOD value of the ICP-OES, ICP-AES and FAAS methods seems to be sufficient.
But this value is higher than that of the developed sensor and these methods require
expensive instruments. Although the analysis time of potentiometric methods seems to be
the same as the method in this article, the detection limits are higher than this method. In
addition, the analysis time of the spectrophotometric and spectrofluorometric methods
given in the table ranges from 5 minutes to 25 minutes, which is considerably higher than
the recommended sensor response time. it is also seen that it has superior performance

compared to the literature methods given in Table 2.
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Table 2. Comparison of some Cd(II) analysis methods reported in the literature with the developed method.

System Method pH or Linear Range LOD Response Ref.
Medium (mol L) (mol L) time

CB-18-crown-6-GEC DPASV 4.5 1.7x10°6 - 2.14x10® 300 sec. 4
7.03x10°8

Nafion-coated bismuth film electrode DPASV 4.5 3.56x108 - 1.51x10° 180 sec. 5
3.20x107

Dowex Marathon C resin FAAS 3.5 8.90x107° - 1.16x10° 60 sec. 6
8.90x107

2,2-bipyridyl and erythrosine ICP-OES 4.5 1.78x107- 3.56x10% N.M. 7
3.56x10°

1,13- bis (8quinolyl)-1,4,7,10,13- Potentiometric ion selective 1.0-6.0 1x10> - 1x10t1 8.4x10°% 15 sec. 8

pentaoxatridecane membrane

2-nitrophenyloctyl ether Potentiometric sensor 4.0-7.0 2.0x 107 - 1.0 1.0x107 15 sec. 9
x 1072

Tetrakis (4-nitrophenyl) porphyrin Spectrofluorometric in ethanol 1.0x10°6- 2.46x10° 25 min. 10
1.0x10-°

Glyoxal-bis-(2-hydroxyanil) Spectrofluorometric 12.0-13.0 8.90x107° - 5.78x10° 10 min. 11
8.90x108 9

Alizarin Red S Spectrophotometric 0.05M sulfuric  8.90x107- 2.67x107 N.M. 12

acid 3.60x10*

p,p’-Dinitro-SYM-Diphenylcarbazid Spectrophotometric 11.8-12.0 4.45x1076- 1.16x10® 5 min. 13
5.34x10°°

1,5-bis(di-2-pyridyl) methylene ICP-AES 9.0 4.45x10-8- 9.79x10° 60 sec. 14

thiocarbohydrazide (DPTH-gel) 8.90x1077

B- CD based polymeric sensor Spectrofluorometric 5465.0 4.45x107° - 6.23x10°  15-90 sec. oM
4.45x 108 10

NM: Not Mentioned. OM: Our Method.
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CONCLUSION

In this study, a reusable polymeric fluorescence sensor for the analysis of cadmium ions in
water and food samples, has been developed. Parameters required for determination such
as pH, measurement range, selectivity, precision, response time, and reproducibility were
also systematically examined. Fluorescence spectra showed that the excitation/emission
maxima of the sensor were at 374/422 nm, respectively. Cd(II) ions with developed sensor
can be determined in a short period of about 30 seconds. The prepared sensor shows a
linear response for Cd(II) ions at a measurement range of 4.45x107° to 4.45x 108 mol L
with a detection limit of 6.23x10'1° mol L' at pH 5. The results show that the developed

sensor can be successfully used to the detection of Cd(II) ions in various matrices.
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Abstract: This study reports the preparation and characterization of a new polymeric
fluorescence sensor for the determination of boron. The sensor was prepared by the UV-
curing of glycosyloxyethyl methacrylate (GOEM), 1,6-hexanediol diacrylate (HDDA), 2-
hydroxyethylmethacrylate (HEMA), and 2,2’-dimethoxy-2-phenylacetophenone (DMPA)
was used as the photoinitiator. The characterictics of the sensor performance including
sensitivity, response time, pH effect, stability, and matrix interferences were studied.
The excitation and emission wavelengths of the fluorescence sensor were 378 and 423
nm, respectively. With the presented sensor, the optimum pH value for the boron
solution was determined as pH 6.0, and the optimum analysis time was selected as 45
seconds. Under the optimized conditions, the linear response range was found to be 9.25
x 1077 mol L't and 9.25 x 10® mol Lt. The limit of detection (LOD) was 2.90 x 10~ mol
Lt and the limit of quantification (LOQ) was 9.66 108 mol L (n=7) with 1.2% relative
standard deviation. In addition, boron could be selectively detected by the proposed
sensor even in the presence of possible interfering substances. The fluorometric sensor
was also successfully applied to real environmental water samples.
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INTRODUCTION

Boron is used in many areas such as defense industry, jet and rocket fuel, soap,
detergent, solder, photography, textile dyes, nuclear field, glass fiber, and paper
industry. Boron is also necessary for humans and animals as well as being used for
different purposes in various industries. This element has a supportive effect on the
metabolism such as calcium, magnesium, and vitamin D. However, excessive use for
humans can result in eczema, abdominal pain, and nausea (1, 2). In addition, boron is
an essential element for plants and its deficiency affects crop productivity and plant
growth. The boron content of irrigation waters is very important because it can cause
serious damage to some plants when the boron concentration exceeds 1.0 mg L.
According to the World Health Organization (WHO) guidelines for Drinking Water Quality,
the amount of boron contained in safe drinking water should not exceed 2.4 mg L* (3,
4).

The development of methods for the determining of low levels of boron used in various
fields is an important issue. For this purpose, numerous methods have been reported
such as spectrophotometry (5-8), spectrofluorimetry (9,10), flame atomic emission
spectrophotometry (FAES) (11), voltammetry (12, 13), potentiometry (14), ion
chromatography (IC) (15) and direct current plasma optical emission spectrometry (DCP-
OES) (16). Some of these methods have been described in concentrated sulfuric acid and
others have included the solvent extraction procedure. The necessity of carrying out
experiments in the concentrated sulfuric acid medium is an important problem. In
addition, some of these methods require a long period of time to complete the reaction,
or preheating. There is also the interferences of foreign ions among the handicaps of
these methods. Another problem is that these methods involve sophisticated
instrumentation and complex data collection and processing procedures that require
trained personnel. Therefore they are expensive methods and their application areas are

limited.

In our study, GOEM-based polymeric fluorescent sensor has been prepared and applied
for the detection of trace amounts of boron in environmental water samples. The
performance parameters such as response time, pH effect, reproducibility, working linear
range, LOD and LOQ were also investigated. The determination of the boron
concentration in the real water samples was successfully conducted using the developed

sensor.
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MATERIALS AND METHODS

Reagents and instruments

Glycosyloxyethyl methacrylate (GOEM), 1,6-hexanediol diacrylate (HDDA), 2-
hydroxyethylmethacrylate (HEMA) and a photo initiator, namely 2,2’-dimethoxy-2-
phenylacetophenone (DMPA) and all other chemicals were supplied from Sigma and used
without pretreatment. All experiments performed at room temperature 25 °C with a
totally purified water source produced by using a Milli Q-water purification system
(Millipore, Labor Teknik-Turkey). The specific resistivity of obtained pure water was
recorded as 18.2 MQcm. A digital pH meter (WTW pH7110) which was continuously
calibrated with standard Merck buffer solutions was used to measure pH values of
standard solutions. The functional groups in the prepared polymeric membrane were
determined by Perkin-Elmer Spectrum 100 attenuated total reflectance-fourier transform
infrared spectrophotometer (ATR-FTIR) at 4000-400 cm™. In addition, a Philips XL30
ESEM-FEG / EDAX scanning electron microscope (SEM) was used to investigate the
surface morphology of the membrane. Fluorescence measurements were conducted by
using a Varian Cary Eclipse spectrofluorometer fitted with a Xenon light source. The slit
widths of both excitation and emission bands were set at 5 nm. Perkin Elmer Optima
8300 inductively coupled plasma optical emission spectrometry (ICP-OES) was used to
compare the boron concentrations of the real samples with those acquired with the

prepared sensor.

HO 0
CHs
o CH
o ONO%CHZ Hzcé\n/O\/\/\/\OJ\é 2
o)
OH oH (0]
(a) (b)
0
HZC%O ~_OH
HaCO OCH
CH,

(c) (d)

Figure 1: Representation of monomers and cross-linker structures of polymeric
membrane. a) GOEM, b) HDDA, c) HEMA, d) DMPA.

Preparation method of fluorescent sensor
The polymeric sensor was prepared by the free radical polymerization of GOEM, HEMA,

and HDDA where the latter was used as a crosslinker. Membrane films obtained after the
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preparation process can exhibit a number of undesirable conditions such as not uniformly
drying, twisting, very rapid swelling in aqueous media or late interaction with aqueous
solution as it is excessively hydrophilic, dispersion in water or at different pH. In such
cases, reactive monomer, cross-linking monomers and photoinitiator ratios, and curing
time under UV light are changed to produce polymeric membranes at desired properties.
The optimum monomer and photoinitiator quantities were decided by considering these
criteria. A liquid mixture consisting of 63% HDDA, 32% HEMA, 5% GOEM and 3% of total
formulation DMPA was stirred well and then poured into specially designed mold (W(cm)
x L(cm) x D(cm) =1.2x4.0x2.0). Finally, the formulations were irradiated for 200 s under
high-pressure UV lamp (OSRAM 300 W, Amax = 365 nm). Then, the membranes were
soaked into plenty of deionized water for 12 hours to remove any unreacted residues. At
the final step, the membranes were let dry in a vacuum oven at 30 °C to reach a

constant weight.
RESULTS AND DISCUSSION

As it can be seen from the FTIR spectrum (Figure 2), the peak at 3440 cm™ indicates the
hydroxyl group of HEMA and GOEM, the strong peak at 1720 cm™ shows the C=0
stretching vibration of HEMA. Asymmetric -CH2- stretching was observed at 2936 cm™.
The symmetric C-H vibration was found at 2865 cm™ and the asymmetric C-O-C
stretching was at 1157 cm™. The peaks at 1407 cm™ and 1071 cm™ were represented

CHOO- and C-0 vibrations, respectively (12).

{ \

4000,0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 8OO 650.0

Figure 2: FTIR spectrum of boron-sensing polymeric membrane.
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The surface area should be homogeneous and non-porous in order that a polymeric film
can be useful as a fluorescent sensor. The Figure 3 shows the SEM image results of the
boron sensing membrane. The surface of the membrane was scanned at 2500x and
10000x magnification factors for its morphological features. As seen from the SEM
images, the membrane surface stands crack-free and expectedly displays a satisfactory

homogenous and non-porous surface.

AceV SpotMagn Det WD |———— 10m
500KV 30 2500x SE 11.1

AcoV SpotMagn Det WD b————— 2pm
500kV 30 10000x SE 11.1

Figure 3: SEM images of polymeric membrane at different magnification levels (left:
2500x, right: 10000x).

Spectral characterization results
The changes in the fluorescence intensity in the presence and absence of boron were
measured by wavelength scanning. The excitation and emission wavelength maxima

were recorded 378 nm and 423 nm, respectively (Figure 4).
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Figure 4: The excitation and emission spectra including changes in the fluorescence
intensity of the membrane in the absence (a) and presence (b) of 2.31x10"°mol L
boron (Aex= 378 nm, Aem= 423 nm).

553



Cubuk, Kosif, Kok Yetimoglu, Kahraman. JOTCSA. 2017; 4(2): 549-562. RESEARCH ARTICLE

The study of optimal pH value

The measurements of fluorescence intensity of the developed sensor were made between
the pH range of 1.0-8.0 and within the presence of 2.31x107® mol L boron solution.
Buffer solutions were used to adjust the pH value of the medium. In solutions with a pH
greater than 8, studies were not conducted because the membrane swelled rapidly and
degraded. The membrane was designed to contain GOEM reactive monomer so that it
could form a chelate with the boron. Hydroxyl groups and carbonyl groups in the
polymeric structure are expected to chelate to boron. Boron complexes are stable in
neutral and slightly basic solutions. In this work, as the hydroxyl groups in the polymeric
structure are in the trans configuration, the formation of the neutral boron ester seems
to be favorable, which can also be seen in the literature. Furthermore, tetra-coordinated
anionic chelate formation might also be possible by incorporation by hydroxyl and
carbonyl groups in the polymeric structure at pH: 6. In addition, it is considered that the
fluorescence intensity decreases due to the borate complex in anionic form, which is
present at a pH greater than pH 6. The results were shown in Figure 5. It can be seen
that the fluorescence intensity notably increased in the range of pH 1.0 to 6.0 by giving
the maximum intensity peak at pH 6.0. When the pH is higher than 6.0, it started to
decrease. Therefore, pH 6.0 was selected as the optimum pH and this value was used in
further experiments.

45 4
40 4
35 4
30 4
25 4

20 A

Ip- I( a.u.)

15 1

10 A

] 1 2 3 4 5 6 7 8
pH

Figure 5: Changes in fluorescence intensity with increasing pH values (Io and I show

fluorescence intensities before and after 2.31x107® mol L' boron addition, respectively).
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Effect of response time on the fluorescence intensity
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Figure 6: Changes of fluorescence intensity of the sensor as a function of time (C=
2.31x10-®*mol L! boron; (Io-I) is found by subtracting the fluorescence intensities

measured in the absence of boron (I) from those obtained in the presence of boron (Io)).

Figure 6 indicates the time-dependent changes in the fluorescence intensity of the
membrane at pH 6.0. The measurements were carried out for 300 seconds at a time
interval of 15 seconds in the presence of 2.31x107% mol L' boron. As a result, it was
observed that the fluorescence intensity of the membrane increased for 30 seconds,
remained constant for 60 seconds and then tended to decrease. For this reason, the
optimal response time was chosen to be 45 seconds and this value was used in all other

experiments.

Measurement range, LOD and LOQ

The calibration graph is plotted as a function of the logarithm of the boron concentration
versus the fluorescence intensities under optimum conditions (Figure 7). The
fluorescence intensities of boron solutions at different concentrations were measured and
the linear relationship between concentration and fluorescence intensity was found
between 9.25x1077 mol L' and 9.25x107® mol L. Fluorescence intensities in the
absence and presence of boron are indicated by the symbols Io and I, respectively. LOD
and LOQ were calculated as 2.90 x 1078 mol L' and 9.66 1078 mol L' respectively
(n=7).
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Figure 7: Calibration curve obtained under optimal experimental conditions.

Reproducibility, reversibility, and stability of the sensor

In the regeneration process, it was observed that the sensor in contact with 2.31x107°
mol L' of boron solution was able to give initial fluorescence intensities after a wash of
only about 40 seconds with distilled water. Thus, the prepared sensor was found to be
fully reversible. Reuse of the reagent is not possible, because some of the methods given
in the literature are based on the formation of a colored product by complex formation.
In addition, disposable electrodes are also used in some of these methods, so it is not
possible to reuse the same electrode. However, it was also found that the same sensor
can be used 565 times by using the regeneration method proposed in this work.
Moreover, the same sensor remained stable for 720 days without any change in structure

and its fluorescence intensity.

Analyses of boron in natural water samples

The boron contents in drinking water, natural ground water, and standard irrigation were
determined by the proposed method. All samples were used directly without any
pretreatment. The comparison of the boron concentrations of the samples obtained by
ICP-OES and developed method is given in Table 1. The results of developed method and
ICP-OES were checked by t-test for accuracy of the presented method. For comparison
the t-test (at 95% confidence level) was used but no significant difference between both
developed method and ICP-OES was found. According to the results, the proposed sensor
could be used safely in determining the boron content in the environmental water

samples.
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Table 1: Results of analysis of boron concentrations in real water samples by the
developed method and ICP-OES (95% confidence levels, n=6).

*This work *ICP-OES RSD Recovery
Samples
(mol L'1) (mol L) (%) (%)
Drinking water  (3.38%0.04) x10® (3.35+0.02) x10® 1.16 100.24
Irrigation water  (1.91+0.06) x106  (1.89+0.04) x10°6 1.13 101.12
Ground water (2.02+0.03) x10¢ (2.00+0.02) x10© 1.17 101.18

*

_ ts
: The obtained values were expressed as X ;/'\/—N

The influence of some common coexisting ions

The boron solution at a concentration of 2.31x10°® mol Lt was used to demonstrate the
selectivity of the sensor to boron. The foreign ion solutions in different concentrations
were added to this solution to monitor how much the fluorescence intensity changed.
Table 2 contains the tolerable limit concentrations of the foreign ions. As it can be seen
from the table, it is obvious that the developed sensor is highly selective. The potential
foreign ions including the strongly interfering ions such as Fe3*, Zn?* and Cu 2* had no

significant effect on the fluorescence intensity of the sensor.

Table 2: Tolerance limit concentration of foreign ions (C=2.31x10"¢mol L1).

Foreign Tolerance levels
ions (mol L) *
Pb2+ 3.62 10~
Ni2+ 8.52 1074
Ag* 4.63 1074
Fe3+ 1.79 103
Cr3+ 2.40 1073
Mn2+ 9.09 10~
Cu?* 1.57 103
Co?* 8.49 104
Ca?t 2.50 1073
Mg?* 5.21 1073
Cd?+ 4.45 1074
Sb3+ 3.08 10~
Hg?* 1.25 104
Zn2+ 1.34 1073
Al3+ 2.78 1073
Na* 2.17 1073

* Less than £5% relative error.
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Comparison of some analytical methods with the proposed sensor method

The comparison of the developed method with several methods and some important
parameters are summarized in Table 3. Some of these methods are either performed
using a concentrated acid solution or involve an extraction process or require a long
analysis time. They are also influenced by the interference of many foreign ions. The
developed method is carried out with pH 6 acetate buffer instead of a corrosive medium
such as sulfuric acid. Moreover, it did not involve any extraction step and did not cause

loss of the analyte.

It is obvious from Table 3, the new polymeric sensor, when compared to the previous
techniques, has the lowest detection limit, 2.87x10® mol L!. In addition, the prepared
sensor exhibits a high selectivity even in the presence of many foreign ions without the
need to use a masking solution. Furthermore, the new polymeric sensor has a minimum
response time (45 seconds) and stability up to 720 days compared to the methods in
Table 3.
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Table 3: Comparison with some methods for boron determination.

RESEARCH ARTICLE

Linear range ] Response LOD
Reference Reagent Method pH or Medium .
(mol L) time (mol L)
5 4-methoxy-azomethine-H Spectrophotometry 0- 1.3x10* pH: 5.7 NM 4.90x107
2,2,4-Trimethyl-1,3-
6 Spectrophotometry 7.40x107- 1.85x10°% Chloroform 3 hour 2.76x107
Pentanediol+Carminic Acid

7 Victoria Blue 4R Spectrophotometry 2.78x1076-5.09x10°> pH: 2-5 30 min. 1.85x10©
8 Curcumine- oxalic acid Spectrophotometry 0-3.7x10°3 HCI/ ethanol 1 hour 7.40x107
8 Carminic acid Spectrophotometry 6.17x107%- 6.17x10°5 H,S04 1 hour 6.17x10°
9 Dibenzoylmethane Spectrofluorimetry 5x108 - 6x107 Ether-Conc. H2SO04 60 min. 4.62x108
10 Alizarin Red-S Spectrofluorimetry 2.31x107%- 9.25x1073 pH 7.4 NM 6.66x1077
11 Methanol FAES 9.25x10°4- 1.85x102 60% H2S04 60 sec. 2.74x10%
12 Alizarin Red S Voltammetry 0- 1.48x10° 7.5 5 min. 1.48x10©
13 Tiron Voltammetry 2.59x1073- 1.11x1073 7.5 NM 7.77x10°6

14 NaF Potentiometry 9.25x1073-4.63x102 pH:1 20 min. NM
15 %10 HF IC 4.63x1076-4.63x102 1 M NaOH 10 min. 4.63x10©

MIBK/ glacial
16 NM DCP-OES 0-4.62x10-° NM 1.94x10¢
CH3COOH

This work GOEM Spectrofluorimetry 9.25x 1077- 9.25x10°¢ pH:6 45 sec. 2.87x108

NM: Not mentioned
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CONCLUSION

In this study, a rapid and selective fluorescence polymeric sensor was developed for
boron determination in environmental water samples. The developed sensor does not
include the disadvantages of conventional methods such as extraction process, prolonged
color development, and use of concentrated acids. The boron concentration was
measured spectrofluorimetrically with the prepared sensor. It is also a great advantage
that the fluorescence sensor can be regenerated in a short time using distilled water.
Moreover, the same sensor could be used 565 times for boron determination. The values
of LOD and LOQ were 2.9x10® mol Lt and 9.66 108 mol L, respectively. Another
advantage is that the sensor allows the determination of boron even in the presence of
many foreign ions. It was found that the results were satisfactory when the boron
concentration in the environmental water samples was analyzed by the developed sensor
and ICP-OES method.
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Abstract: The aim of this experiment was to establish the phytochemical constitution and
antioxidant activity of the fractions of Lannea humilis. Chemical investigation and antioxidant
activity of the fractions were carried out using standard methods. Steroids and terpenes were
available in the hexane, ethyl acetate, and methanol fractions, while tannins, flavonoids and
alkaloids were available in the ethyl acetate and methanol extracts. Carbohydrate and
saponins were available in the methanol fraction. The antioxidant activity of this plant extracts
demonstrated a dose-dependent increment. The ethyl acetate extract displayed most
noteworthy antioxidant activity of 98% at 240 pg.mL?, followed by the hexane extract which
had a percentage antioxidant activity of 92 % at 240 pg.mL!. The methanol extract
demonstrated percentage antioxidant activity of 71 % at 240 pg.mL™. This result shows that
this plant can be used as a good antioxidant. These observations demonstrated that this plant
has antioxidant activity and consequently can be used as an antioxidant agent.
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INTRODUCTION

Antioxidants have various applications because of their different parts in reducing destructive
impacts of oxidative stress (1). Antioxidant agents respond by free radical or molecular
oxygen extinguishing, being able to either postpone or restrain oxidation which happens under
the influence of molecular oxygen species. Antioxidants are in charge of the shielding
mechanism of the living being against the pathologies connected with the assault of free
radicals, in this manner the consumption of plant related antioxidants is responsible for the
avoidance of degenerative ailments brought about by oxidative anxiety, for example, Cancer,
Parkinson, Alzheimer, or Atherosclerosis [2]. Free radicals are broadly accepted to facilitate
the development of a few ailments by bringing about oxidative anxiety and eventually
oxidative harm which are reasons for some pathological diseases (3-6). Researchers
recommend that if oxidative harm could be observed to be in charge of the continually
increasing occurrence of different neurotic conditions, then quest for normal cancer
prevention agents that could prevent the oxidation of free radicals would be scientifically
valuable (7, 8). The phytochemicals in plants, green tea for example, have antioxidants
properties used to enhance and give security against numerous ailments connected with
reactive oxygen species (ROS, for instance, tumor and neurodegenerative diseases) (9, 10).
It belongs to the family Anacardiaceae, it a deciduous bush growing up to 3 meters tall, at
times turning into a tree with a level or spreading crown. A decoction of the stem bark of this
plant is utilized in the treatment of sickness, hack, bodily torments intense looseness of the

bowels, cholera, and asthma (11).
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MATERIALS AND METHODS

Collection and identification of plant

The fresh stem bark of L. humilis was collected from Otukpo, Benue state, Nigeria in January
2015. The plant was identified with a voucher specimen number 3231 by Mal. S. Namadi at
the Herbarium section, Department of Botany, Faculty of Life Science, Ahmadu Bello

University, Samaru, Kaduna State, Nigeria.

Extraction of plant materials

The stem bark of L. humilis were air-dried at room temperature (27 °C) for 2 weeks, after
which it was grinded to a uniform powder. The crude methanol extract was prepared by
soaking 100 g of the dry powdered plant materials in 1 L of methanol at ambient temperature
for 48 h. The extract was filtered after 48 hrs and was concentrated using a rotary evaporator
with the water bath set at 40 °C. A portion of this extract was reconstituted in water to yield
a water-soluble fraction and water-insoluble fraction. The two fractions were subsequently
partitioned successively and exhaustively using hexane and ethyl acetate, which were then

concentrated using a rotary evaporator.

Phytochemical screening
The extract and the fractions were qualitatively examined for phytochemicals following

standard procedures (12, 13).

Determination of antioxidant activity

The radical scavenging activities of the extract against 2,2-diphenyl-1-picrylhydrazyl (DDPH)
radical were determined using UV spectrophotometer at 515 nm. Radical scavenging activity
was measured by a slightly modified method previously described (14). The following
concentrations of the extracts were prepared, 15, 30, 60, 120, 240 pg.mL* in methanol.
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Vitamin C was used as the antioxidant standard at concentrations of 15, 30, 60, 120, 240
pMg.mLt. 1 mL of the extract was placed in a test tube, and 1 mL of 0.3 mM methanolic solution
of DPPH added. A blank solution was prepared containing the same amount of methanol and

DPPH. The radical scavenging activity was calculated using the following formula:

Absorbance of control — Absorbance of sample % 100

%radical scavenging activity = Absorbance of control

RESULTS AND DISCUSSION

Table 1: Phytochemical Screening of the Extracts of the Stem Bark of L. humilis

Metabolites LHH LHE EHM
Terpenes + + +
Sterols + + +
Carbohydrates _ _ +
Glycosides - _ +
Tannins - + +
Flavonoids - + +
Anthraquinones _ _ +
Alkaloids _ + +
Key: + =present, - = absent, LHH: hexane fraction, LHE: ethyl acetate fraction, LHM:

methanol fraction.

The result of the phytochemical screening of the fractions of the stem bark of L. humilis is
reported in Table 1. The phytochemical examination of the hexane, ethyl acetate and
methanol extracts of the stem bark extract of L. humilis has uncovered the availability of
some bioactive principles. Steroids and terpenes were available in the hexane, ethyl acetate,
and methanol fractions, while tannins, flavonoids, and alkaloids were available in the ethyl
acetate and methanol fractions. Carbohydrate and saponins were available in the methanol

fraction. Anthraguinones were absent in all the fractions. The availability of these metabolites
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has proven earlier report that various plants in same family with L. humilis likewise have a
large portion of the phytochemicals as observed in this plant (11). The presence of flavonoids,
carbohydrate and cardiac glycosides in the ethyl acetate and methanol extract is not
unexpected as the majority of these constituents are basically polar in nature. Flavonoids
which are normal cancer prevention agent are acquired chiefly from plants, and are utilized
for the treatment of degenerative infections (15). The inconceivable number of these chemical
constituents in the stembark of L. humilis, some of which are be bioactive legitimizes the

ethnomedicinal uses of this plant in the treatment of diseases.

y=0,1608x + 60,042

R*=0,861

@ Seril;240;95

eril; 60;74
Seril; 30; 67

% Inhibition

“ ® Seril;15;54

Concentration (pg.mL?)

Figure 1: DDPH Scavenging Activity of the Hexane Extract of Lannea humilis.
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R*=0,9525
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Figure 2: DDPH Scavenging Activity of the Ethyl acetate Extract of Lannea humilis.
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Figure 3: DDPH Scavenging Activity of the Methanol Extract of Lannea humilis.
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Figure 4: Inhibition of DPPH by the Hexane, Ethyl acetate and Methanol Extracts of Lannea

humilis in Comparison with Ascorbic acid (pg.mL™?).

The antioxidant capacity of the hexane, ethyl acetate and methanol fraction of L. humilis to
repress and extinguish free radicals and responsive oxygen species was analyzed in this study.
DPPH radical has been utilized widely as a free radical to test the reductive capacity of
fractions or chemicals as free radical scavengers or hydrogen contributors and to assess the
antioxidant activity of plant fractions (16, 17). Antioxidants respond to DPPHe by giving
electron or hydrogen particle, in this way reducing it to 1,1-diphenyl-2-hydrazine (DPPH-H)
or a substitute practically equivalent to hydrazine. The profound violet shade of DPPH at most
extreme absorption of 515 nm is changed to light yellow, colorless or bleached product,
resulting in decrease in absorption (18, 19). The hexane extract of L. humilis displayed
noteworthy antioxidant activity of 95% at 240 ug.mL*? (Figure. 1) and compared well with
the standard ascorbic acid. In like manner, the test technique for DPPH scavenging action
connects amazingly with the adjustments in the different concentration of the hexane utilized,

with relationship coefficients (r?) of 0.861. This infers that the DPPH scavenging activity of
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the extracts of this plant is concentration dependent as highest percentage inhibitions were
observed at a corresponding highest concentration for all the extracts. The percentage
inhibition created by the ethyl acetate extract was 98 % at a concentration of 240 ug.mL?,
while that of the methanol fraction of L. humilis was 92 % at the same concentration as shown
in Figure 2 and 3. The three fractions of this plant showed comparable antioxidant activity
with the positive standard antioxidant agent, ascorbic acid (Figure 4). These results show that
the fractions of this plant can scavenge free radicals. The scavenging activity of the plant
fractions on DPPH has been shown to be related to the phenolic concentration of the fractions
(20, 21, 22), which is accepted to add to their electron exchange/hydrogen giving capacity.
It could hence be inferred that flavonoids contents of the fractions of this plant as revealed in
the phytochemical screening results is responsible for stabilizing radicals or scavenge their

activities.

In conclusion, this result suggests that the phenolic compounds might be major contributors
to the antioxidative activities of the stem bark L. humilis. Further efforts are underway to

isolate and identify the active phenolic compounds from the plant.
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Abstract: It is important to note that atomistic modeling and simulations are becoming
increasingly popular in the field of corrosion inhibition of metal surfaces. In this work, we
investigated the adsorption properties and corrosion inhibition efficiencies of some
benzothiazole derivatives (ABT, TCHBT, TSCBT) against the corrosion of iron metal using
molecular dynamics simulation approach. It is important to note that adsorption and binding
energies calculated considering adsorption processes on Fe metal surface of aforementioned
inhibitory molecules are in good agreement with experimental data reported earlier.
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INTRODUCTION

Corrosion can be defined as an undesirable process that causes destruction of the metal
surfaces (1). Nowadays, corrosion inhibition study is a very active field of research. It is
important to note that iron and copper metals are widely used in industry and the corrosion of
such metals is one of the reasons of great economic losses worldwide (2). One of the most
common approaches considered to protect the metal surfaces from corrosion is to use
corrosion inhibitor. A corrosion inhibitor is a chemical compound which, when added in small

concentrations to an environment, minimizes or prevents corrosion (3).

Many researchers noted that most effective corrosion inhibitors are n-systems and heterocyclic
compounds (4, 5). For that reason, organic inhibitors containing heteroatoms like nitrogen,
oxygen, sulfur, and aromatic ring in their molecular structure are very effective in terms of the
prevention of the corrosion of metal surfaces. Experimental corrosion analysis techniques are
widely considered to elucidate the corrosion inhibition mechanisms and to analyze the
corrosion inhibition efficiencies of new synthesized compounds, but they are generally
expensive and time-consuming. Recently, to predict the corrosion inhibition efficiencies of
molecules, quantum chemical and molecular dynamics simulation approaches are preferred by

theoretical chemists because of their speed and usability (6).

HN—NH, Nk
N\ N HN—CS N\ HN=CS
N, Y H—nH
S S S
ABT TCHBT TSCBT

Figure 1: Molecular structures of studied benzothiazole derivatives.

In Figure 1, the molecular structures of considered molecules in this study are given. In the
current literature, many benzothiazole derivatives reported as photostabilizers, metal
complexing agents and non-toxic compounds. In 2012, Parameswari (7) and coworkers
synthesized some benzothiazole derivatives, namely (benzothiazole-2-amine (ABT),
benzothiazole-2-yl-thiocarbohydrazide (TCHBT) and benzothiazole-2-yl-thiosemicarbazide
(TSCBT) and investigated their anticorrosive performances for mild steel in acidic medium by
weight loss, potentiodynamic polarization and AC-impedance techniques. As a result of these
studies, the authors obtained the experimental inhibition efficiency order for mentioned
molecules as: TCHBT > TSCBT > ABT.
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The objective of this work is to study the influence of the molecular structure on the inhibition
of iron corrosion with the help of molecular dynamics simulations approach and to make a

comparison with experimental data and theoretical data obtained in this study.

COMPUTATIONAL DETAILS

The interaction analysis between studied benzothiazole derivatives and Fe (110) surface were
made with the help of molecular dynamics simulation approach and utilizing Forcite module
from Accelrys, Inc (8). As model metal surface, Fe (110) surface was considered because in
general this surface is preferred in the Monte Carlo studies including theoretical investigations
about the adsorption on Fe metal of various organic molecules. Adopting the adsorption locator
code applied in the Material Studio 8.0 software from Biovia-Accelrys Inc. USA, simulations
were performed. To simulate the all molecules and metal-inhibitor systems, COMPASS
(condensed phase optimized molecular potentials for atomistic simulation studies) force field
was used. The simulations of the benzothiazole derivative labeled as ABT, TSCBT and TCHBT
on iron surface were carried out to determine the low energy adsorption sites of these
molecules. All simulations made in the study were performed in an NVT canonical ensemble at
298 K with a time step of 1.0 fs and a total simulation time of 1000 ps by providing via the
Andersen thermostat the temperature control. In the calculations, vacuum media was

preferred and five layers of Fe atoms were used.

Adsorption energy provides important clues about the power of the interaction between
inhibitor molecule and metal surface. To calculate the adsorption energies between inhibitor

molecules and Fe (110) metal surface, corrosion scientists use the following equation (9).

E

ads

=K

complex

_(EFe+Einh) (1)

In Eq. 1, Ecomplex is the total energy of an inhibitor molecule and the metal surface system. Ere
is described as the energy of Fe surface without adsorption of any inhibitor molecule and Einn
represents the energy of isolated inhibitor molecules. As is known, the binding energy (Ebinding)
is considered as the negative value of the adsorption energy and is calculated via following
equation (10, 11).

E

binding =

_Eads ( 2 )
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RESULTS AND DISCUSSION

Figure 2. Representative snapshots of ABT, TSCBT, and TCHBT on Fe(110) surface (inset
images show the on-top views).

Table 1. Adsorption and binding energies of three inhibitors adsorbed on Fe(110) surface.

Systems Eadas (kJ mol~1) Epinding (kJ mol-1)
Fe(110) + ABT -352.9 352.9
Fe(110) + TSCBT —-482.9 482.9
Fe(110) + TCHBT —-494.0 494.0

In Table 1, adsorption and binding energies calculated between Fe (110) surface and three
benzothiazole derivatives using Molecular dynamics simulations approach are given. Adsorption
energy is defined as the energy released when inhibitor molecule was adsorbed on metal
surface. As mentioned above, the binding energy is the negative value of the adsorption
energy. The most stable low energy configurations for the adsorption of ABT, TSCBT and
TCHBT molecules on Fe (110) in vacuum obtained are presented in Fig. 2. It is apparent from
the molecular structures of studied benzothiazole derivatives; these molecules contain a
number of lone pair electrons on N and S atoms as well as n-aromatic systems. For that
reason, giving the lone pair electrons on heteroatoms to the unoccupied d orbitals of iron
metal, mentioned molecules can form a stable coordination bonding. It can be noticed from
Fig. 2, all of the benzothiazole derivatives are adsorbed nearly parallel to the Fe (110) surface
with the help of the donation of n electrons of the rings appearing in the structures of the

molecules and the lone pair of the heteroatoms.
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It was reported in many studies that the primary mechanism of the interaction between
corrosion inhibitors and metallic iron is by adsorption. Therefore, the adsorption energies
calculated via molecular dynamics simulations approach can provide us a direct tool to
compare the anticorrosive performances of inhibitor molecules. It is seen from the Table 1 that
the calculated adsorption energies of the studied inhibitors on iron surface are -352.9, -482,9
and -494.0 for ABT, TSCBT and TCHBT molecules, respectively. All adsorption energies are
negative and these negative values which denote that the adsorption happening between
metal and inhibitors could occur spontaneously. The largest negative adsorption energy
represents that the system is most stable and adsorption is very strong. On the other hand,
positive and larger value of the binding energy implies the corrosion inhibitor combines with Fe
(110) surface more easily and tightly (10). According to calculated adsorption and binding
energies for studied benzothiazole derivative, corrosion inhibition efficiencies of mentioned
molecules against the corrosion of iron metal follow the order: TCHBT > TSCBT > ABT. This
ranking obtained via molecular dynamic simulation approach is same with experimentally
observed result. This ranking obtained can be explained in terms of the molecular structures of
studied benzothiazole derivatives. n-conjugated systems and molecules having many
heteroatoms in their structures are more easily adsorbed on metal surfaces and exhibit higher
inhibition efficiency. It is clear from the molecular structures given via Fig. 1 that TCHBT
contains good number of heteroatoms with conjugated aromatic rings in its structures
compared to others. For that reason, this molecule is the best corrosion inhibitor among

studied benzothiazole derivatives.

CONCLUSION

In the present study, molecular simulation approach was employed to evaluate the corrosion
inhibition performances against the corrosion of iron metal with some benzothiazole
derivatives. The calculated adsorption and binding energies showed that ABT, TCHBT, TSCBT
molecules are good corrosion inhibitors against the corrosion of iron. All the values of the
adsorption energies are negative and these negative values are evidences of a spontaneous
and strong adsorption process. Side chains appearing in the molecular structures of studied
benzothiazole derivatives are very important the adsorption on Fe surface of these molecules.
As results, the results obtained theoretically in this study are in good agreement with

experimental data reported earlier.
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Abstract: G-quadruplexes are biologically important DNA conformations exist generally in
guanine-rich segments of DNA, such as telomere and proto-oncogene. The formation of these
secondary structures is thought to inhibit the expression of certain genes, such as the inhibition
of telomerase. The inhibition of telomerase and suppression of a specific gene expression are
important approaches for interruption of cancer cell's proliferation. In the present study, the
effect of a versatile water soluble ball-type phthalocyanine (BtPc) on G-quadruplex formation
and stabilization was investigated to demonstrate its potential usage in cancer chemotherapy.
Two important guanine rich oligomers, cMYC and Tel 21 were used as G-quadruplex former
sequence. To the best of our knowledge, this is the first study about the interaction of a BtPc
with G-quadruplex structures. The interactions of the compound with G-quadruplex molecules
were monitored spectrophotometrically. The binding constants were calculated from Benesi-
Hildebrand equation and the highest binding constant (0.1114 pM-1) was found for Tel 21 in
the presence of KCI. The structural differentiations of G-quadruplex after binding were
investigated with circular dichroism spectrophotometry. The CD spectra were demonstrated
the stabilization of both parallel and anti-parallel Tel 21 G-quadruplex in the presence of KCI
and stabilization of anti-parallel form in the absence of KCl. The stability of the parallel
structure was achieved for cMYC in the absence of KCl up to 4.10 uM of Pc. The disruption of
staking of parallel form was achieved for cMYC in the presence of KCI. The replacement ability
of the molecule with a known DNA binding molecule, ethidium bromide, was clarified
fluorometrically. The Stern-Volmer studies were conducted for determination of the quenching
mechanism. The strong interaction of the molecules (BtPc with oligomer) showed us the
potential usage of these drug conjugates for targeted photodynamic therapy in the future.
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INTRODUCTION

Guanine-rich segments of DNA can fold into four stranded structures which are
named G-quadruplexes [1-3]. The formation of G-quadruplexes was known for more
than 40 years, but their existence in vivo has been discovered recently [4,5].
According to Bhattacharjee et al., DNA can fold into a G-quadruplex structure, formed
by n—n stacking of G-quartets [4]. G-quartets are composed of cyclic arrangement
of four guanine molecules connected via Hoogsteen hydrogen bonds and they are

stabilized by a central monovalent cation, such as K* or Na* [4].

G-quadruplexes can exist in telomeric and promotor region of oncogenes [6,7]. The
presence of these highly ordered structures in telomeric end of DNA and oncogene
regulatory regions are evident [7,8] and they have biologically important roles. The
guanine rich DNA sequences exist in different sequence of chromosome [9,10]. The
telomeric region of DNA is one of most known sequence of them. According to Gao
et al. [11], telomerase is responsible for adding telomere repeats to telomeric DNA

to maintain the integrity and stability of chromosome.

In normal somatic cells, the length of telomere sequence shortens at every cell
division until they enter replicative senescence [12]. The telomerase activities in
normal cell are highly lower compared to cancer cells, so the inhibition of telomerase
is an important target for cancer chemotherapy. According to Gao et al., it is very
important that, telomerase binds to linear telomere DNA, not folded, like quadruplex
structure [11]. The recognization of the structure by the enzyme cannot be achieved
when the sequence forms secondary structures like G-quadruplexes. So, the
formation of G-quadruplex structures results in inhibition of telomerase and
interruption of replication of DNA [13]. Considering this point, the effective G-
quadruplex stabilizing agents are promising alternative in cancer therapeutics.
Besides, G-quadruplexes are thought to be useful drug delivery vehicles for especially
cancer therapy [14]. Their thermal stability and easy/ low cost production make them
alternative targetable drug carriers. The delivering the drug to a target cell or tissue
via conjugation with a specific G-quadruplex structure seems highly feasible. So, the
binding a potential drug with a suitable G-quadruplex structure is important for its

potential therapeutic usage.

Phthalocyanines are attractive molecules due to their interesting biological

applications [15]. With differentiation of the peripheral side groups and central metal
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ions, various different types of new phthalocyanines can be synthesized. The
important biological characteristics of phthalocyanines such as antibacterial,
antifungal, antioxidant activity made scientists focus on the applicability of these

molecules in different medical areas.

The interesting studies related with the interaction of G-quadruplexes with different
phthalocyanines have been reported in the literature. Among them, generally mono
type phthalocyanines were employed. Synthesis of different types of phthalocyanines
(double-decker, clamshell, etc.) have been also accomplished by different research
groups [16]. The first studies about synthesis of BtPc were conducted by Tolbin et

al [17,18] but biological applications of BtPcs are rare in the literature.

Literature survey

The G-quadruplex stabilization effect of special molecules has attracted attention due
to their potential usages in cancer therapy. There are interesting examples of G-
quadruplex interactive molecules in the literature: Bhattacharjee et al. found that
Zn(Il) 5,10,15,20-tetrakis(N-methyl-4-pyridyl)porphyrin was a G-quadruplex
interactive molecule [4]. They showed unambiguously, and for the first time, that
ZnTMPyP4 greatly facilitated the folding of d(TAGGG)2 into parallel G-quadruplex,
probably by driving the equilibrium between unfolded and folded G-quadruplex
toward the latter under otherwise unfavorable conditions (low amount of potassium
ions). Chan et al. studied with methylene blue derivatives as a promising scaffolds
for binding the cMYC oncogene G-quadruplex DNA [6]. They used a structure-based
lead optimization approach to generate MB derivatives that displayed superior
binding affinity and selectivity for the cMYC G-quadruplex over double-stranded DNA
or other G-quadruplex structures. Gao et al. worked with 2,7-diamino-10-(3,5-
dimethoxy)benzyl-9(10H)-acridone derivatives as potent telomeric G-quadruplex
DNA ligands [11]. They showed that some of the compounds displayed good
antiproliferative activity against leukemia CCRF-CEM cells, among which compound
6a containing dimethylamine substituents at the terminal C2 and C7 positions
exhibited the highest cytotoxicity with ICso at 0.3 pM. In addition, compound 6a
showed little toxicity against normal 293T cells proliferation with IC50 more than 100
MM. The study conducted by Hassani et al. was about the interaction of copper
porphyrazines and phthalocyanines with human telomeric G-quadruplex DNA. They
found that interaction of the cationic porphyrazines was remarkably stronger than
the anionic phthalocyanines [25]. Another study concerning the interaction of

thymoquinone with G-quadruplex DNA was conducted by Salem et al. [26]. They
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concluded that interaction of thymoquinone with G-quadruplex will contribute to the
inhibition of telomerase enzyme and cancer's proliferation. Yaku et al. studied the
telomere G-quadruplex-binding and telomerase-inhibiting capacity of two cationic
and two anionic G-quadruplex ligands [27]. They concluded that ligands that bind to
G-quadruplex via interactions such n-n stacking and hydrogen bonding may

represent superior telomerase inhibitors in living cell media.

Phthalocyanines are highly interesting molecules and different types of
phthalocyanines (mono, ball-type, double-decker, etc.) and similar molecules have
been synthesized due to their usages in medicinal area. In the present study, water

soluble BtPc molecule was employed as G-quadruplex interactive molecule.

In our previous study, we have synthesized a new water-soluble, BtPc, and reported
the ct- DNA binding ability [15]. As mentioned in many study existing in the literature
[19-21], G-quadruplexes are important therapeutic targets. In the present study, in
order to clarify the usage of synthesized compound in cancer therapy, the interaction
of BtPc molecule with G-quadruplex former oligonucleotides (Tel 21 and cMYC) were
investigated in detailed. The interactions were clarified with ultraviolet visible (UV-
Vis.) and circular dichroism (CD) spectrophotometric methods. An ethidium bromide
(EtBr) replacement assay was conducted to understand the interaction closely. The
experiments were done in the presence and absence of potassium chloride (KCI)
because monovalent cations are known as G-quadruplex stabilization agents [22]. In
the first part of our experiments, with the presence of KCl, the interaction of BtPc
with pre-formed G-quadruplex was studied. In the absence of KCl, the G-quadruplex

forming or stabilizing ability of BtPc was investigated.

EXPERIMENTAL

Reagents and instruments

All chemicals were of analytical and molecular biology grade. The oligomers (cMYC
and Tel 21) were purchased from Alpha DNA and used without further purification.
The sequence of cMYC was TGAGGGTGGGAGGGTGGGAA and Tel 21 was
GGGTTAGGGTTAGGGTTAGGGG (5' to 3'). The stock (100 pM) oligomer solutions
were prepared in pH 7.4 TE (Tris-EDTA, 10 mM Tris HCI, 1 mM EDTA) buffer in the
presence and absence of 150 mM KCI. After dissolution of oligomers, the solutions

were annealed at 95 °C for five minutes and cooled to room temperature slowly. The
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solutions were incubated at +4 °C at least overnight. The double distilled water (after
autoclaving) was used all throughout the experiments. The BtPc solution was
prepared in both salty (150 mM KCI) and salt-free pH 7.4 TE buffer. BtPc solution

was magnetically stirred at least four hours for complete dissolution.

All spectrophotometric measurements were conducted with a MAPADA series 6-
spectrophotometer with using a 1 cm pathway quartz cell. A Shimadzu RF 5301
fluorescence spectrophotometer was used for spectrofluorometric measurements. pH
measurements were conducted with Sartorius basic pH meter with a glass electrode.
The pH meter was calibrated with using standard buffer solutions (pH= 4.0, 7.0, 10)
purchased from Reagecon (Sahnnon Free zone, Ireland). A Shimadzu analytical
balance was used for weighing the chemicals. CD spectra were collected with a Jasco

J-815 CD spectrophotometer.

Synthesis of BtPc

The detailed synthesis route was given in our previous study [15]. The synthesis
steps were as follows: BtPc was synthesized by the cyclotetramerization of
synthesized triethanolamine-substituted phthalonitrile derivative and water solubility

of the compound was achieved after quaternization.

0

A &

Water Soluble Ball Type Phthalocyanine.

Analysis by UV-Vis. and CD Spectroscopy

UV-Vis spectrophotometric experiments were performed with gradual addition of
aliquots of Tel 21 and cMYC to BtPc solution (final oligomer concentrations were
between 3.23-8.54 uM). The experiments were conducted with and without 150 mM
KCI. The absorbance values were recorded against buffer solution with or without
KCI. In order to evaluate the binding constant, spectrophotometric data were further

processed with the Benesi-Hildebrand equation given below [8,23]:
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1 1 1
8; (& — &)Ll | (€ — &)[LIKsn DNA]

Where the AA is the absorbance chance for corresponding Amax of BtPc (Amax is 602
nm in the presence of KCl and 611 nm in the absence of KCl), €, and &r stands for the
molar extinction coefficients of bound and free ligand, [Lt] is the total concentration
of BtPc. The binding constant of DNA to Pc was evaluated with using slope and

intercept values of Benesi-Hildebrand plot.

CD spectrophotometric titrations were conducted with gradual addition of BtPc (21
MM) to constant concentrations of Tel 21 (7.0 uM) and cMYC (2.4 uM) solutions. After
addition of Pc solution, the solution was incubated for 5 minutes. The CD spectra
were collected with the average of three scans. The spectra were taken against

reagent blank.

Determination of quenching effect of BtPc molecule

Fluorometric experiments were done to evaluate the replacement ability of BtPc
molecule with EtBr molecule. For the replacement assay, 5 yL of 10 mg/mL EtBr was
introduced to the oligomeric solution (33 uM). After incubation for ten minutes,
predetermined aliquots of BtPc (21 pM) solution was added to the mixture and the
fluorometric intensity was monitored. The quenching effect of BtPc molecule was

determined via Stern-Volmer equation given below [24]:
Fo

Where Fo was the fluorescence intensity of EtBr-oligomer complex and F was the
fluorescence intensity of EtBr-oligomer complex after addition of BtPc. [BtPc] was the
concentration of the BtPc, and Ksv was the Stern-Volmer constant which could be
used for the deduction of the binding/replacement ability of BtPc molecule. The slope

of Fo/F versus [BtPc] plot gave the Ksv value.
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RESULTS AND DISCUSSION

Evaluation of UV-Vis. spectral data
UV-Vis spectrophotometry is the simplest, economic and commonly used method for
studying both the stability of DNA secondary structures like G-quadruplexes and their

interactions with different ligands [28].

As stated in our previous study [15] the UV-Vis. spectrum of BtPc molecule showing
strong absorption band between 600-700 nm. In the present study, the absorption
spectra of BtPc in pH 7.4 buffer with and without KCI were recorded. The presence of
KCI resulted in hypochromism along with blue shift (9 nm) in Q-band region. These
results represented the formation of aggregates in the presence of strong electrolyte
[24].

The spectrophotometric analysis gives some information about the binding of two
molecules. In generally, ligands show an absorption band in visible region and the
interaction can be easily examined by the shifting of the Amax [29]. For DNA - small
molecule interaction, the differentiation in absorbance and wavelength shift are
useful data for prediction of strength of the interaction. The strong interactions
generally result in significant differentiation in absorbance (hyper- or hypochromism)

and sometimes in wavelength (bathochromic or hypsochromic shifts).

In the present study, as can be seen from Figure 1, the absorbance value of BtPc
molecule has fallen from about 1.56 to 1.05 when the concentration of cMYC
increased from 0-6.25 uM and a red shift about 21 nm occurred in the absence of
KCI. On the other hand, for the same oncogene and for the same concentrations, the
absorbance value of the BtPc molecule decreased from about 1.26 to 0.90 (for O-

6.25 pM) in the presence of KCl. The wavelength shift was also 21 nm.
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Figure 1: Change in molecular absorbance spectra of BtPc in Q band region with
addition of cMYC in the absence (upper left) and presence (upper right) of 150 mM
KCI, with addition of Tel 21 in the absence (lower left) and presence (lower right) of

150 mM KClI.

In the spectrophotometric titration of BtPc with Tel 21, the concentration of BtPc and
Tel 21 was adjusted the same values of cMYC (0-6.25 puM). In the titration of BtPc
with Tel 21, the absorbance value fallen from 1.56 to 1.16 with a red shift of 22 nm
in the KCI free medium. The absorbance decreased from 1.28 to 1.02 accompanied
with a red shift of 15 nm in the presence of KCIl. The absorbance decreases were the
obvious indicators of the BtPc oncogene/G-quadruplex interactions. The spectral data
were treated with Benesi-Hildebrand equation. As shown in Table 1, the binding
constant of Tel 21 had the highest value (about 0.1114 pM-1) in the presence of KClI
(as can be seen in section CD spectroscopic analysis, the elipticity values of Tel 21
at 265 and 290 nm increased in the presence of KCl, which confirmed stabilization of

both parallel and anti-parallel structures with BtPc molecule).
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As can be seen in Table 1, for all spectral analyses, bathochromic shifts were
observed for all circumstances. This was due to combination of BtPc's n electrons and

n electrons of bases. The energy level of n - n* transition decreases [29].

Table 1: Spectrophotometric titration data and Benisi-Hildebrand binding constants.

K binding constant, uM! A shift, nm

cMYC 0.0743+0.0023 21
Without KCI

Tel 21 0.0654+0.0067 22

cMYC 0.0718+0.0042 21
With KCI

Tel 21 0.1114+0.010 15

CD spectroscopic analysis

DNA segments can adopt various structures that are dependent on their
environment. CD is a powerful tool for clarifying the secondary structure of
biomolecules and binding characteristics of small molecules [29]. The CD spectrum
of parallel G-quadruplex generally displays two major peaks with a positive elipticity
at about 260 nm and a negative at about 240 nm. For anti-parallel structure, a
positive at about 290 nm and a negative at about 240 nm are characteristics of the

spectrum [29].

In the present study, as can be seen from Figure 2, a strong positive peak at about
260 nm, and a negative peak around 240 nm was due to formation of parallel
structure of G-quadruplex for cMCY. The CD spectrum of Tel 21 showed a negative
band around 240 nm and, two positive peaks around 260 and 295 nm. The presence
of these two characteristic peaks for Tel 21 was an obvious indicator of presence of
two types of the structure in the solution. The titration of cMYC with BtPc caused no
significant change in CD spectrum, e.g., significant change in wavelength, or
appearance or fully disappearance of a band. The decrease in elipticity at 260 nm
during titration of cMYC with BtPc in the presence of 150 mM of KCI indicated
disruption of staking of parallel form of G-quadruplex. [30]. Controversially, in KCI
free medium, an increase in the parallel conformation of cMYC with addition of BtPc
was observed. According to Saleem et al. [26], a decrease in CD intensity implies the
intercalation type binding, and an increase shows the groove binding. From the
results, it was estimated that the binding of BtPc to cMYC was intercalative in the

presence of KCl and groove binding in the absence of KCI.
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Figure 2: Change in CD spectrum of cMYC with addition of BtPc in the absence
(upper left) and presence (upper right) of 150 mM KCI, spectrum of Tel 21 with
addition of BtPc in the absence (lower left) and presence (lower right) of 150 mM
KCI.

The titration of Tel 21 with BtPc in the presence of KCI caused the stabilization of
hybrid type of structure, e.g. the elipticity of both bands at 260 and 290 nm increased
with increasing the concentration of BtPc. As stated above, an increase in elipticity
both at 260 and 290 nm might be an evidence of binding as groove type in the
presence of KCI. In contrast, as shown in Figure 2, in KCl| free medium, when the
elipticity of 260 nm decreased, the elipticity of 290 nm increased with an increase in
concentration of BtPc. These results implied the conversion of parallel structure of

Tel 21 to anti-parallel structure favorably with addition of BtPc.

Briefly, addition of BtPc to cMYC resulted in a distortion of parallel structures in the
presence of KCl, conversion of irregular oligomers to parallel type G-quadruplex
structure in the absence of KCl. Secondly, addition of BtPc to Tel 21 favored the
formation of both parallel and anti-parallel structures from irregular form in the
presence of KCI and resulted in conversion to anti-parallel structure from parallel
structure in the absence of KCI. As a whole, as can be seen from CD spectra, binding
of BtPc molecule to G-quadruplex structure induced structural deviations. As stated

by Vivec et al, this type of structural switch has been found for other studies [19].
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Fluorescence replacement assay

EtBr is a well-known dsDNA intercalator reagent that used for much biological and
molecular biological application. It also shows affinity towards G-quadruplex
molecules [31,32]. Koeppel et al. showed the affinity of EtBr derivatives to G-
quadruplex structures [32]. Fluorescence intensity of EtBr greatly increases in the
presence of G-quadruplex. In the present study the fluorescence intensity of cMYC
increased about 80 times and 100 times in the presence and absence of KCI. The
fluorescence intensity of Tel 21 also increased in the presence of EtBr. From the point
of view, we done replacement assay with EtBr. The fluorescence intensities of G-
quadruplex DNA-EtBr system decreased with the addition of quencher molecule, e.g.
BtPc molecule (from 0.0 to 5.2 yM) (Figures 3a and 3b). As shown in Figure 4, Stern-
Volmer plots were deviated from linearity, which implied that the quenching
mechanisms were consisting of both static and dynamic quenching. The regression
coefficient of Stern-Volmer had the lowest value for cMYC-EtBr replacing with BtPc in
the presence of KCI (r?= 0.92) (Figure 4). The regression coefficient of Stern-Volmer
plots for Tel 21 in the presence and absence of KCl and cMYC in the absence of KCI

were equal or higher than 0.97.

For the linear part of Stern-Volmer plot, e.g. for the 5.56x10°7-3.76x10® M of BtPc
of which the regression coefficient higher than 0.98, the Stern-Volmer constants were
calculated (they can be seen in Table 2). In the presence of KCIl, cMYC had the highest
Ksv constant. This might be an evidence of easiness of EtBr replacement. With taking
account CD spectrophotometric results, addition of BtPc to cMYC resulted in decrease

in parallel structure and increase in perturbation because of intercalation of BtPc.
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Figure 3a: Change in fluorometric intensity of EtBr- cMYC with addition of BtPc in
the absence (up) and presence (down) of 150 mM KClI.
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Figure 3b: Change in fluorometric intensity of EtBr- Tel 21 with addition of BtPc in
the absence (up) and presence (down) of 150 mM KCI.
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Figure 4: Stern-Volmer plots for quenching of EtBr-oligomer with addition of BtPc,
regression coefficients (r2) are higher than 0.97 except cMYC in the presence of KCl
(0.92).

Table 2: Stern-Volmer equations for 5.56x107-3.76x10°% M of BtPc.

Stern-Volmer plot, M1 r2

cMYC y= 2.2x10° x +0.93 0.99
Without KCI

Tel 21 y= 1.8x10>x +1.0 0.99

cMYC y= 2.7x10° x +0.91 0.98
With KCI

Tel 21 y= 2.6x10° x +0.98 0.98
CONCLUSION

In our previous study, it was documented that BtPc has a potential usage for
anticancer treatment due to its affinity to dsDNA. The certain sequences, like guanine
rich segment of DNA, have the ability to form G-quadruplex structures. As the
stabilization of G-quadruplex structure thought to be a promising target for cancer
treatment, the binding and stabilization effect of BtPc was investigated in the present
study. A telomeric and a proto-oncogenic sequence were investigated for the

mentioned purposes.

The highest binding constant was found for Tel 21 in the presence of KCI, which

indicated the stabilization effects of BtPc to mentioned G-quadruplex. The CD
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spectrums were also demonstrated the stabilization of both parallel and anti-parallel
Tel 21 G-quadruplex in the presence of KCI. Besides, the stabilization of anti-parallel
form of G-quadruplex was achieved for Tel 21 in the absence of KCI. The stability of
the parallel structure was achieved for cMYC in the absence of KCl up to 4.10 uM of
Pc. The disruption of staking of parallel form was achieved for cMYC in the presence
of KCI. According to fluorometric data, in the presence of KCI, the Stern-Volmer
constants have the higher values for both Tel 21 and cMYC compared to values

obtained in the absence of KCl.

With the results achieved in the present study, binding of BtPc with G-quadruplex
can be employed as a guide for new studies in the following ways: (i) As the G-
quadruplexes are generally over expressed in cancer cells, BtPc molecules have the
accumulation potential within cancer cells. (ii) G-quadruplexes are used as drug
delivery vehicles; targeted delivery of BtPc to a certain cell/tumor is possible via

conjugation with a specific G-quadruplex.

Conflict of interest: The authors declare that they have no conflict of interest.
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INTRODUCTION

Intense efforts are being made to synthesize good candidates for both further studies of
chemical and structural modifications as well as biological applications (1-3). The
naphthoquinone moiety, a common element in a number of different natural and synthetic
structures such as menadione, lapachol and NQ304 (2-chloro-3-(4-hexylphenyl)-amino-1,4-
naphthoquinone), is an important factor in the discovery of active substances. It is understood
from the literature that the biological activity may be effected by the number and position of
the substituents in the naphthoquinone moiety (4-8). It is no surprise that an impressive
number of antibiotics like pyrano naphthoquinones involving eleutherin, nanaomycin, and
kalafungin contains a naphthoquinone core (9-11). The biological potential of a derivative of
naphthoquinone can be altered by the addition of a substituted aniline to the structure (12,
13). The electron donating or withdrawing features of the substituents on the aniline influence
their redox functions (12). As the small and electron withdrawing group, trifluoromethyl (CFs)
has unique chemical properties due to its stereoelectronic and physiological profile that is
relevant to the position of -CF3 on aniline ring (13, 14). In addition to their marked
antimicrobial, antifungal, antimalarial, antileishmanial, antiviral, anti-oxidant properties,
sulfanyl amino derivatives of 1,4-naphthoquinones have also been found to be effective in
inhibiting the proliferation of cancer cells (15-17). There are many reports on anticancer
screening of 1,4-naphthoquinones containing an amino, a substituted amino or sulfanyl
substituents in the 2-position that proves the biological convenience of this structures (18).

In the frame of our studies on the synthesis of new naphthoquinone derivatives with
antimicrobial, antibiofilm, and anticancer activities, we have recently reported the effect of a
number of sulfanyl arylamino-1,4-naphthoquinones on Gram positive/negative bacteria and

human tumor cell lines (19).

From the previous studies of structural modifications including changes of substituents in the
side chain of the naphthoquinone ring, it can be deduced that the presence of an arylamine
containing trifluoromethyl group and straight-chained sulfanyl compounds attached to the
quinone ring can contribute to improve the bioactivity of these compounds. Thus, it is planned
to synthesize and characterize several new straight-chained sulfanyl 1,4-naphthoquinones

bearing arylamine rings with trifluoromethyl group so prevalent in drug molecules.

598



Bayrak N. JOTCSA. 2017, 4(2): 597-606. RESEARCH ARTICLE

MATERIALS AND METHODS

All chemicals were commercially purchased from various suppliers and were used directly
without further purification. The purity of the reaction products was monitored by thin-layer
chromatography on analytical thin layer chromatography (TLC), purchased from Merck - KGaA
(silica gel 60 F2s4) based on Merck DC-plates (aluminum based). Visualization of the
chromatogram was performed by UV light (254 nm). Column chromatographic separations
were carried out using silica gel 60 (Merck, 63-200 um particle size, 60-230 mesh). NMR
spectra were recorded with a Varian UNITY INOVA instrument (500 MHz frequency for 'H and
125 MHz frequency for 3C NMR) with CDClIs as solvent referring to signal center at § 7.19 td
(triplet of doublet), h (hextet) and § 76.0 ppm, respectively. The peak multiplicities are
abbreviated as follows: s (singlet), br s (broad singlet), d (doublet), t (triplet), p (pentet), dd
(doublet of doublets) and m (multiplet). Chemical shifts were given in ppm (8) relative to TMS,
and coupling constants (J) were expressed in hertz (Hz). FTIR spectra were recorded as ATR
on an Agilent Cary 630 FT-IR spectrometer. Mass spectra were obtained on a ThermoFinnigan
LCQ Advantage MAX MS/MS spectrometer equipped with an ESI (Electrospray ionization)
sources. Melting points (mp) were determined with a Buchi B-540 melting point apparatus

and were uncorrected.

General Procedure for Synthesis of the Arylamino Chloro 1,4-Naphthoquinone
Derivatives (3a-b)

2-Arylamino-3-chloro-1,4-naphthoquinone derivatives (3a-b) were prepared from the
reaction between '2,3-dichloronaphthalene-1,4-dione (1) with trifluoromethyl-substituted
arylamines (2a-b) according to methods reported in the literature and references cited therein
(20-22).

General Procedure for Synthesis of the Straight-chained Sulfanyl Arylamino-1,4-
naphthoquinone Derivatives (5a-f)

2-Arylamino-3-chloro-1,4-naphthoquinone derivatives (3a-b) and straight-chained sulfanyl
compounds (4a, 4b, 4c) in CH2Cl2 were stirred at room temperature by using EtsN as stated
in the literature (2). The resulting solution was extracted with 100 mL chloroform then washed
with water (4x100 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.
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2-(4-(trifluoromethyl)phenylamino)-3-(propylthio)naphthalene-1,4-dione (5a). It was
synthesized from 2-(4-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3a)
and propane-1-thiol (4a) as red oil by using the general procedure. Yield: 0.079 g, 71%. FTIR
(ATR) v(cm): 3324 (-NH), 3065 (CHarom.), 2921, 2846 (CHaiipn.), 1681, 1652 (C=0), 1600,
1569 (C=C). 'H NMR (500 MHz, CDC/5) § (ppm): 8.20-8.17 dd, J: 7.79, 1.19 Hz, 1H (-CHarom.);
8.14-8.12 dd, J: 7.53, 1.03 Hz, 1H (-CHarom.); 7.83 br's, 1H (-NH); 7.80-7.76 td, J: 7.53, 1.47
Hz, 1H (-CHarom.); 7.74-7.70 td, J: 7.49, 1.42 Hz, 1H (-CHarom.); 7.62-7.60 d, J: 8.44 Hz, 2H
(-CHarom.); 7.09-7.07 d, J: 8.69 Hz, 2H (-CHarom.); 2.64-2.61 t, J: 7.39 Hz, 2H (-SCH2); 1.47-
1.42 m, 2H (-CH2-); 0.87-0.83 t, J: 7.31 Hz, 3H (-CHs). !3C NMR (125 MHz, CDCI3) (ppm):
181.2, 180.1, 143.7, 141.5, 134.6, 133.3, 133.2, 130.6, 127.0, 126.8, 125.8, 121.9, 121.2,
35.7, 22.9, 13.2. MS (ESI+) m/z (%): 391 (100, [M]*). Anal. Calcd. for C20HisF3NO2S
(391.41).

2-(4-(Trifluoromethyl)phenylamino)-3-(pentylthio)naphthalene-1,4-dione (5b). It was
synthesized from 2-(4-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3a)
and pentane-1-thiol (4b) as a red powder by using the general procedure. Yield: 0.046 g,
39%; mp 93-94 °C. FTIR (ATR) v(cm): 3305 (-NH), 3061 (CHarom.), 2928, 2846, 2878
(CHaiiph.), 1669, 1656 (C=0), 1602, 1554 (C=C). 'H NMR (500 MHz, CDCI3) § (ppm): 8.19-
8.15dd, J: 7.81, 0.97 Hz, 1H (-CHarom); 8.13-8.08 d, J: 7.32, 0.98 Hz, 1H (-CHarom); 7.82 br
s, 1H (-NH); 7.78-7.75 td, J: 7.32, 1.46 Hz, 1H (-CHarom); 7.73-7.67 td, J: 7.81, 1.46 Hz, 1H
(-CHarom); 7.63-7.56 d, J: 8.29 Hz, 2H (-CHarom); 7.10-7.02 d, J: 8.29 Hz, 2H (-CHarom); 2.56-
2.64t,J: 7.8 Hz, 2H (S-CH2-); 1.34-1.44 m, 2H (-CHz-); 1.24-1.14 m, 4H (-CHz); 0.86- 0.76
t, J: 7.33 Hz, 3H (-CHs). 13C NMR (125 MHz, CDCl5) &(ppm): 181.2, 180.1, 143.4, 141.3,
134.6, 133.3, 133.1, 130.6, 127.0, 126.8, 125.7, 122.0, 121.1, 33.6; 30.7, 29.0, 22.1, 13.8.
MS (ESI+) m/z (%): 418 (100, [M-H]*). Anal. Calcd. for C22H20F3NQO2S (419.46).

2-(4-(trifluoromethyl)phenylamino)-3-(nonylthio)naphthalene-1,4-dione  (5c). It was
synthesized from 2-(4-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3a)
and nonane-1-thiol (4c) as an orange powder by using the general procedure. Yield: 0.047 g,
35%; mp 71-72 °C. FTIR (ATR) v(cm): 3328 (-NH), 3074 (CHarom.), 2926, 2857 (CHaiiph.),
1669, 1651 (C=0), 1604, 1556 (C=C). 'H NMR (500 MHz, CDCI/3) & (ppm): 8.18-8.16 dd, J:
7.81, 1.46 Hz, 1H (-CHarom); 8.12-8.07 dd, J: 7.81, 1.46 Hz, 1H (-CHarom); 7.82 br s, 1H (-
NH); 7.78-7.75 td, J: 7.81, 1.46 Hz, 1H (-CHarom); 7.73-7.69 td, J: 7.81, 1.47 Hz, 1H (-
CHarom); 7.63-7.56 d, J: 8.30 Hz, 2H (-CHarom); 7.09-7.03 d, J: 8.78 Hz, 2H (-CHarom); 2.65-
2.57 t, J: 7.32 Hz, 2H (S-CHz-); 1.42-1.33 m, 2H (-CHz-); 1.31-1.12 m, 12H (-CH); 0.51-
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0.30t,J: 7.32 Hz, 3H (-CH3s). *3C NMR (125 MHz, CDCI3) 8(ppm): 181.1, 180.1, 143.4, 141.4,
134.6, 133.3,133.1, 130.6, 127.0, 126.7, 125.7, 125.6, 122.0, 121.1, 33.7, 31.8, 29.4, 29.3,
29.2; 29.0; 28.6, 22.6, 14.1. MS (ESI+) m/z (%): 476 (100, [M+H]"). Anal. Calcd. for
Ca6H28F3NO2S (475.57).

2-(3-(trifluoromethyl)phenylamino)-3-(propylthio)naphthalene-1,4-dione  (5d). It was
synthesized from 2-(3-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3b)
and propane-1-thiol (4a) as an orange powder by using the general procedure. Yield: 0.063
g, 56%, mp 100-101 °C. FTIR (ATR) v(cm™): 3280 (-NH), 3081 (CHarom.), 2933, 2833 (CHaiiph.),
1670, 1641 (C=0), 1599, 1524 (C=C). 'H NMR (500 MHz, CDCI3) & (ppm): 8.18-8.16 dd, J:
7.32, 0.98 Hz, 1H (-CHarom); 8.12-8.07 dd, J: 7.32, 0.97 Hz, 1H (-CHarom); 7.86 s, 1H (-NH);
7.76-7.73 td, J: 7.32, 1.47 Hz, 1H (-CHarom); 7.72-7.65 td, J: 7.32, 0.97 Hz, 1H (-CHarom);
7.49-7.42 t, J: 7.81 Hz, 1H (-CHarom); 7.42-7.37 d, J: 7.81 Hz, 1H (-CHarom); 7.28 s, 1H (-
CHarom); 7.20-7.15 d, J: 7.81 Hz, 1H (-CHarom); 2.63-2.55 t, J: 7.32 Hz, 2H (S-CH2-); 1.45-
1.35 h, J: 7.32 Hz, 2H (-CH2-); 0.87-0.76 t, J: 7.32 Hz 3H (-CHs). 13C NMR (125 MHz, CDCl3)
8(ppm): 181.0, 180.2, 144.1, 138.9, 134.6, 133.4, 133.0, 130.5, 128.9, 127.0, 126.7, 125.1,
120.8, 120.2, 118.8, 35.7, 22.8, 13.2. MS (ESI+) m/z (%): 392 (100, [M+H]*). Anal. Calcd.
for C20H16F3NO2S (391.41).

2-(3-(trifluoromethyl)phenylamino)-3-(pentylthio)naphthalene-1,4-dione (5e). It was
synthesized from 2-(3-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3b)
and pentane-1-thiol (4b) as red oil by using the general procedure. Yield: 0.078 g, 66%. FTIR
(ATR) v(cm™): 3286 (-NH), 3082 (CHarom.), 2930, 2868 (CHaiph.), 1686, 1650, (C=0), 1614,
1536 (C=C). *H NMR (500 MHz, CDCI3) & (ppm): 8.20-8.18 dd, J: 7.42, 1.23 Hz, 1H (-CHarom);
8.14-8.12 dd, J: 7.55,1.11 Hz, 1H (-CHarom); 7.84 s, 1H (-NH); 7.80-7.76 td, J: 7.54, 1.44
Hz, 1H (-CHarom); 7.74-7.70 td, J: 7.51, 1.38 Hz, 1H (-CHarom); 7.50-7.46 t, J: 7.81 Hz, 1H (-
CHarom); 7.43-7.41 d, J: 7.78 Hz, 1H (-CHarom); 7.29 s, 1H (-CHarom), 7.20-7.18 d, J: 7.90 Hz,
1H (-CHarom); 2.63-2.59 t, J: 7.35 Hz, 2H (-SCH2); 1.42-1.20 m, 6H (-CH2-); 0.84-0.81 t, J:
7.0 Hz, 3H (-CHs). 13C NMR (125 MHz, CDCI3) §(ppm): 181.1, 180.2, 144.0, 138.8, 134.7,
133.4,133.0, 130.6, 128.9, 127.0, 126.8, 125.0, 120.8, 120.4, 118.7, 33.8, 30.8; 29.0, 22.1,
13.8. MS (ESI+) m/z (%): 420 (100, [M+H]"). Anal. Calcd. for C22H20F3NO2S (419.46).

2-(3-(trifluoromethyl)phenylamino)-3-(nonylthio)naphthalene-1,4-dione (5f). It was

synthesized from 2-(3-(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3b)
and nonane-1-thiol (4c) as red oil by using the general procedure. Yield: 0.096 g, 71 %. FTIR
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(ATR) v(cm): 3289 (-NH), 3086 (CHarom.), 2928, 2861 (CHaiipn.), 1671, 1641 (C=0), 1604,
1514 (C=C). '*H NMR (500 MHz, CDCI3) & (ppm): 8.20-8.18 dd, J: 7.59, 0.88 Hz, 1H (-CHarom);
8.14-8.12 dd, J: 7.56, 0.90 Hz, 1H (-CHarom.); 7.84 s, 1H (-NH); 7.80-7.76 td, J: 7.54, 1.41
Hz, 1H (-CHarom); 7.74-7.70 td, J: 7.51, 1.35 Hz, 1H (-CHarom.); 7.50-7.46 t, J: 7.85 Hz, 1H (-
CHarom.); 7.43-7.41 d, J: 7.80 Hz, 1H (-CHarom.); 7.29 s, 1H (-CHarom.); 7.19-7.17 d, J: 7.90
Hz, 1H (-CHarom.) 2.63-2.59 t, J: 7.40 Hz, 2H (-SCH2); 1.41-1.18 m, 14H (-CH:-); 0.91-0.87
t, J: 7.86 Hz, 3H (-CH3). 13C NMR (125 MHz, CDC/3) 8(ppm): 181.1, 180.2, 144.0, 138.8,
134.6, 133.4, 133.0, 130.6, 128.9, 127.0, 126.7, 125.0, 120.8, 120.4, 118.8, 33.8, 31.8,
29.7,29.4, 29.2, 29.0, 28.6, 22.6, 14.1. MS (ESI+) m/z (%): 474 (100, [M-H]"). Anal. Calcd.
for CasH28F3NO2S (475.57).

RESULTS AND DISCUSSION

In order to prepare new straight-chained sulfanyl quinone precursors containing an aryl amine
with electron donating group as trifluoromethyl at meta or para positions, 2-(4-
(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3a) and 2-(3-
(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3b) were obtained as starting
compounds by means of nucleophilic substitution reactions of 2,3-dichloro-1,4-
naphthoquinone (1) with arylamines containing trifluoromethyl group at meta and para
positions (2a, 2b) by the method previously reported (20-22). The reaction involves replacing
the chlorine atom present at the 2-position of 2,3 dicloro 1,4 naphthoquinone with an amine
functional group. Nucleophilic substitution reaction of 2,3-dichloronaphthalene-1,4-dione (1)
with primary aryl amines (2a, 2b) in ethanol resulted in the synthesis of 2-(arylamino)-3-
chloro-naphthalene-1,4-diones (3a, 3b). Trifluoromethyl substituted amino chloro quinone
substrates proved to be compatible with further nucleophilic reaction protocols due to chlorine
atom in the structure which is differentiable functional group to allow easy manipulations of
the molecular architecture. Compounds 3a and 3b are efficient new sulfanyl quinone
precursors and possible synthones for new quinone derivatives. Reactions of 3a and 3b with
propane, pentane, and nonane derivatives of aliphatic sulphanyl compounds lead to the
formation of novel straight-chained sulfanyl arylamino-1,4- naphthoquinones (5a-f) in good
yields. The reactions were performed at room temperature using a base like previous studies
(2) and the reaction products were separated by column chromatography using eluents of
varying polarity chloroform with hexane. The structures of the new members were identified
by using spectroscopic analyses. The FTIR spectra of 5a-f showed two strong signals between

1681 and 1641 cm for the carbonyl groups of the naphthoquinone moieties. The 'H NMR
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spectra of 5a-f exhibited d, dd, t and td at 8.20 - 7.02 ppm for the aromatic groups, a singlet
at around 7.82-7.86 ppm for the protons of the amine group, triplets at 2.55 - 2.65 ppm for
methylene protons of SCH2 groups, multiplet at 1.18-1.49 and hextet 1.35-1.45 for other
methylene protons 5a-c, 5e-f and 5d, respectively, triplets at 0.30 - 0.91 ppm for the methyl
protons. In the 13C NMR spectrum we can easily note the presence of methyl carbons around
13.2-14.1, CHz carbons around 22.1-35.7 ppm, carbonyl carbons around 180.1-181.2 for
quinone skeleton and C=C carbons around 118.7-143.7, as well as aromatic carbons from the

naphthoquinone and aromatic amines introduced.
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Scheme 1. Synthesized straight-chained sulfanyl 1,4-naphthoquinone derivatives

substituted with aryl amines containing trifluoromethyl group.

CONCLUSION

The initial goal of our investigation was to synthesize the starting compounds 2-(4-
(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3a) and 2-(3-
(trifluoromethyl)phenylamino)-3-chloronaphthalene-1,4-dione (3b) from the reactions of 1
with arylamines (2a, 2b). After that, our attention was turned to preparing novel straight-

chained sulfanyl arylamino-1,4- naphthoquinones (5a-f) by using 3a and 3b and aliphatic
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sulfanyl compounds (4a, 4b, 4c). Based on what has been described about the importance of
naphthoquinone derivatives, the main objective of this study was the development of new
straight-chained sulfanyl amino naphthoquinones having an aryl amine with trifluoromethyl
group at meta and para positions that may have potential pharmaceutical value.
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Abstract: In this work, a simple and versatile ultrasound-assisted extraction (UAE)
procedure, which provides high separation efficiency for bisphenol A (BPA), was developed
for its indirect determination in beverages in contact with plastic containers by flame atomic
absorption spectrometry (FAAS). The method is based on charge transfer reaction, in which
BPA reacts with Cu(Il) in alkaline tartrate solutions of pH 8.0 to produce Cu(I), which reacts
with ion-pairing reagent, Promethazine, being a phenothiazine derivative (PMZ), in the
presence of cetyl trimethylammonium bromide (CTAB). For the indirect determination of
BPA using FAAS, the change in signal of Cu(Il) depending on BPA concentration was
investigated in detail. At optimal conditions, the analytical features of the method were
obtained as follows; linearity ranges of 1.5-100 pg L for direct aqueous calibration
solutions and 3-125 pg L for matrix matched calibration solutions; the limits of detection
and quantification of 0.47 and 1.56 ug L!; sensitivity enhancement and pre-concentration
factors of 135 and 150, respectively. The method accuracy was validated by
repeatability/reproducibility precision studies using standard addition method. As the last,
the method was successfully applied for determination of BPA in selected samples. BPA as
a food stimulant was detected in ranges of 2.70-3.80 pg L in waters and 3.10-5.40 ug L
Lin milk products while its levels changed in ranges of 6.40-7.70 and 4.30-19.2 ug L' in
beverages with and without alcohol. These levels were highly lower than the specific
migration limit set by European Union.
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INTRODUCTION

Over the past few decades, endocrine disruptors (EDCs) have become a central topic in
the international discussion in environmental and food chemistry because of their potential
negative effects on the endocrine systems (1). Among phenolic EDCs, 2,2-bis(4-
hydroxyphenyl) propane (bisphenol A, BPA) is a principal component of both polycarbonate
and epoxy resins, and is widely used in the manufacture of consumer goods and products,
including food containers and utensils, baby bottles, and water supply pipes (2, 3). Thus,
there is a major source of concern for regulatory agencies and scientists. Bisphenol A can
easily migrate into the food samples from lacquer-coated cans and plastic products due to
hydrolysis of the polymer during thermal treatment (4). Consequently, it can cause adverse
health effects such as recurrent miscarriages, endometrial hyperplasia, and polycystic
ovarian syndrome (5). The scientific panel on food additives, flavourings and processing
aids in contact with food of the European Food Safety Authority (EFSA) reported its risk
assessment for BPA in 2007 and calculated a total daily intake (TDI) for BPA of 0.05 mg
(kg body weight)~! day~! with a specific migration limit (SML) of 0.6 mg kg for foods and
its use was prohibited in the manufacture of polycarbonate feeding bottles intended for
babies younger than one year since the beginning of 2011 (6, 7). So, there is still a strong
requirement for rapid, efficient and sensitive analytical methods for the assessment of low

amount of BPA exposure to humans.

To date, a variety of detection techniques have been developed to determine BPA in various
samples, including micellar liquid chromatography (MLC) (8), liquid chromatography-
fluorescence detection (LC-FD) (9), liquid chromatography-tandem mass spectrometry
(LC-MS/MS) [10], gas chromatography—-mass spectrometry (GC-MS) (11), capillary
electrophoresis (CE) (12) and capillary zone electrophoresis (CZE) (13) as well as enzyme-
linked immunosorbent assay (ELISA) (14) and micellar sensitive electroanalytical
techniques such as linear sweep voltammetry (LSW) (15), differential pulse polarography
(DPP) (16) and square wave voltammetry (SWV) (17).

In addition, analysis of trace levels of BPA in water and beverage samples using flame
atomic absorption spectrometry (FAAS) is limited not only due to insufficient sensitivity,
but also by matrix interference. Thus, different extraction procedures, including
electrophoretic methods, ultrasonic-assisted extraction (UAE) (18), soxhlet extraction
(19), cloud point extraction (CPE) (20), dispersive liquid-liquid micro-extraction (DLLME)
(21) and solid phase extraction (SPE) (22) are frequently necessary to improve the
detection limit and the selectivity. Among these procedures, the UAE is a key-technology

in achieving the objective of sustainable “green chemistry”. Using ultrasound energy, full
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extractions can now be completed in minutes with good reproducibility, lower organic
solvent requirement, simplifying manipulation and work-up, giving higher purity of the
selected samples (23). Moreover, the UAE procedures, either off- or on-line, are considered
superior to other procedures for their simple, good pre-concentration factor, little organic
solvent requirement, versatile use and time effectively. The UAE is an extraction procedure
based on the clouding phenomenon of surfactants, and often used to preconcentrate toxic
and non-toxic metals and metalloids from various sample matrices (24). Biodegradable
surfactants like Tergitol TMN-6, Tergitol 15-S-7 and Tergitol 15-S-9 are used in CPE for
extracting some polycyclic aromatic hydrocarbons (PAH) from real samples (25).
Therefore, Tergitol 15-S-7 is expected to have many advantages in CPE combined with
ultrasound energy of bisphenol A as a contaminant migrated from PC and PVC plastics into

the beverage and foodstuffs (26).

Our research group considers the possibility of implementation of the UAE in combination
with flame atomic absorption spectrometry (FAAS) in trace BPA analysis, and develop a
new method for the determination of trace BPA in plastic bottle packaging beverage
samples. For this purpose, (RS)-N,N-dimethyl-1-(10H-phenothiazin-10-yl)propan-2-
amine, (Promethazine, PMZ) was selected as chelating reagent in the presence of Cu(II),
tergitol 15-S-7 (extracting agent) at pH 8.0. To the best of our knowledge, there are no
applications in the literature of FAAS for BPA determination from the prepared samples by
ultrasonic-assisted extraction. Especially, the use of ultrasonic effect in sample preparation
has provided features like low organic solvent usage and less extraction duration. The
experimental parameters affecting the efficiency of UAE procedure and FAAS determination
were systematically investigated. The precision and accuracy were confirmed by
repeatability/reproducibility and recovery tests, respectively, and the method was then

applied to the determination of BPA in the selected samples with satisfactory results.

MATERIALS AND METHODS

Apparatus

All measurements for the indirect determination of BPA were carried out using an atomic
absorption spectrometer (AAS-6300 model, Shimadzu, Kyoto, Japan) equipped with a
deuterium background correction and hollow cathode lamp of copper as the radiation
source. The sequential device was used with following parameters: wavelength, 324.8 nm;
lamp current, 3.0 mA; spectral bandwidth, 0.5 nm; burner height, 6.0 mm; acetylene and
air flow rates, 1.8 L min* and 15.0 L min!, respectively. A centrifuge (model Universal
Hettich model, London, England) was used for complete phase separation. An ultrasound

assisted water bath (UCP-10 model, Seoul, Korea) was used to fasten the extraction
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process and digestion of the samples. A pH-meter (Selecta 2001 model, North America)

was used for pH adjustment.

Chemicals and reagents

In this study, all chemical reagents used are at least analytical grade. The water utilized in
throughout the experiment was high purity deionized water (18.2 MQ cm), which obtained
from a Labconco (Kansas City, USA) water purification system. Unless otherwise stated,
the chemicals were purchased from Sigma (St. Louis, MO. USA) and Merck (Darmstadt,
Germany). A stock solution of bisphenol A of 1000 mg L' (Sigma), was prepared in
methanol and kept at 4 °C in the dark. A stock solution of Cu(II), 1000 mg L!, was prepared
by dissolving appropriate amounts of Cu(NO3)2 (Merck) in water. Working solutions were
prepared daily by serial dilution of the stock solutions. A 1x10-% mol L! solution of PMZ as
ion-pairing reagent was prepared daily by dissolving an appropriate amount of solid in
water. A 3x103mol L of the cationic surfactant solution, cetyl trimethyl ammonium
bromide (CTAB, Sigma-Aldrich), was prepared by dissolving its suitable amount with the
water. The non-ionic surfactant, a 10.0% (w/v) Tergitol 15-S-7 solution (Sigma-Aldrich),
was prepared by dissolving in a mixture of water and methanol (9:1, v/v, Merck). The
phosphate buffer solution of pH 8.0 (KH2PO4/NaOH, 0.2 mol L) containing 5 mmol L*
sodium potassium tartrate to prevent precipitation of Cu(II) ions and to improve signal
reproducibility in alkaline conditions near to neutral was used to control the pH of the
solutions. Because of the ubiquity of BPA, to avoid its contamination, no alkylphenol
polyethoxylates detergents or plastics were used. Before starting the experiment, all the
glassware was baked for 6 h at 400 °C and then washed five times with high purity

deionized water and dried.

Sampling, sample pre-treatment

To demonstrate the applicability and reliability of the proposed method for beverages in
contact with plastic containers, two groups, including alcoholic beverages (beer and wine)
and non-alcoholic beverages (cherry juice, apricot juice, grape juice, water and milk
samples) were bought from local supermarkets in Sivas, Turkey, and prepared for
determination of BPA using the method. The selected samples, which last consumption
date is less than one month, were purchased. The samples were stored as subsamples

vacuum-packed in plastic bags at -10 °C until analysis.
Sample pre-treatment is very important step to separate the analyte from the matrix,

because they may react with other chemical reagents with the analyte during the

experimental process.
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An aliquot (30 mL) of the water samples were firstly filtered through a cellulose membrane
filter (Millipore) of pore size 0.45 mm. The samples were used without any pre-treatment
before determination, and then the pH value was adjusted to 7.0 with 0.01- 0.1 mol L

HCl and/or NaOH, and subjected to the extraction process.

Beverage samples were subjected to UAE prior to analysis. The samples were sequentially
pre-treated as follows: (Step 1) an aliquot (200 mL) of the samples were transferred into
a beaker and degassed in an ultrasonic bath. (Step 2) 20 mL of dichloromethane was added
to the samples. (Step 3) The mixture was then shaken vigorously for 5 min at 3200 rpm
using vortex device. (Step 4) The dichloromethane layer was transferred to a flask, and
the extractant was evaporated to dryness under reduced pressure at 40 °C. (Step 5) The
residue was dissolved in 5 mL of ethanol and filtered. (Step 6) The final solution was
completed to 100 mL with water (27).

The milk samples (5 g or 10 mL) were diluted with 30 mL of water/methanol (5:1, v/v) to
destabilize milk’s emulsion and to reduce viscosity of samples after efficiently shaking or
vortexing for 2 min, and then sonicated in an ultrasonic bath for 10 min approximately at
30 °C until a homogeneous clear solution is obtained. The protein, casein, and fat were
removed from the sample matrix by adding 5.0 mL of 2.5% (w/v) trichloroacetic acid (TCA)
solution to the homogenized milk samples. After centrifugation for 10 min at 4000 rpm,
the slurries were collected, and the precipitated protein and fat was rinsed five times by
3.0 mL of methanol to maximize extraction of bisphenol A. The eluate was then diluted to

100 mL with water and filtered using the membrane filters (28).

The same procedures were used for the blank solutions to determine the contamination of

the reagents used. All experimental procedures were performed in triplicate.

Ultrasonic extraction procedure

The UAE procedure for separation and preconcentration of BPA was checked with model
solutions. Firstly, 25.0 mL portion of a solutions containing of BPA in the range of 2-100
Mg L1, 0.2 mol L of phosphate buffer containing 5 mmol L tartrate (pH, 8.0), 75 umol
L't of PMZ, 125 ymol L of Cu(Il), 200 pmol L* of CTAB and 3.5 mmol L of non-ionic
surfactant, Tergitol 15-S-7 as extractant were added to 50 mL graduate tubes. To facilitate
the charge transfer sensitized complex formation and mass transfer at micellar interface,
the solution was shaken vigorously for one minute at 3200 rpm using vortex mixer, and
were then filled with water up to the mark. After accomplishing the complexation, the
mixture was left to stand in an ultrasonic bath at 55 °C for 5 min. in order to provide the

cloud event of non-ionic surfactant. After the turbid solution is obtained, separation of the
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phases was provided by centrifugation for 10 min at 4000 rpm. The aqueous phase was
carefully removed with a Pasteur pipette, and the surfactant-rich phase was diluted to 1.0
mL with methanol to reduce its viscosity. After UAE, the diluted phase was introduced into

nebuliser of FAAS for indirect analysis of BPA.
RESULTS AND DISCUSSION
The various chemicals used in indirect determination of BPA in presence of Cu(II) by FAAS,

and the possible chemical equations participated in pre-concentration procedure are as

follows:
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The chemicals used in preconcentration

Bisphenol A, BPA Promethazine, Tergitol 15-S-7 Cetyltrimethylammonium  Tartaric acid,
PMZ bromide, CTAB H,L

S
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|
N o> HaC(HzC)15~N*-CHy HOMOH
H/ CHs 0 OH

Copper(1I)
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Cu(NO3)2
x 3H20
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Cu?* + 2L% + 2H20 — Cu(OH)2L2* + 20H-, stable anionic chelate complex formation

(Eq. 1)
Cu(OH)z2L2* + PMZH* — Extractable ion-pairing adduct complex (Eq. 2)
Extractable ion-pairing complex — PMZ*. radical + Cu(OH)L?> + L2 + H20, charge transfer

(Eqg. 3a)
PMZ*. radical + Bisphenol A — PMZ2* + Bisphenolate radical, RO". (Eq. 3b)
PMZ2* + H.0O — PMZ=0 + 2H" further sulfoxide formation or (Eq. 4)
PMZ2* +Cu(OH)L? + L% + H20— PMZ* 4+ Cu(OH)2L2* + H* or (Eqg. 5a)
PMZ* +Cu(OH)z:L2* — Cu(OH)(PMZ)* + 2L% + H20 (Eqg. 5b)

Optimization of the UAE procedure

To demonstrate efficient extraction of BPA, the extraction system must be optimized. The
optimization involved testing different conditions such as pH, concentration of surfactant,
ion-pairing reagent concentration, metal concentration, sample volume, temperature, time
of ultrasonocation, and interference effects from other matrix components. The variables
were optimized by setting all variables to be constant and optimizing one each time. The

BPA concentration was fixed at level of 25 ug L! during optimization studies.

Effect of pH

In the extraction procedure, pH of the aqueous solution one of the main factors for metal
chelates formation and the subsequent extraction. BPA is also a weakly acidic compound
(pKa 9.7), and high pH can cause the ionization of compound(s) under test conditions (15).
The effect of sample pH on the analytical signal from 6.5 to 10.5 was studied for
measurement of Cu-complex, which is linearly related to bisphenol A concentration. The
results obtained are given in Fig. 1(a). As it can be observed, there was a significant
increase in analytical signal from pH 6.5 to pH 8.0, while the analytical signal decreased
when increasing the pH. The cause of decrease can greatly be dissociation of BPA to
phenolate anions with negative charge, due to have a pKa value ranging from 9.6 to 11.3.
Another cause can be deprotonation of PMZ with a pKa value of 9.1 (3). Therefore, the pH
of the solutions was adjusted to 8.0 using phosphate buffer solution (0.2 mol L'!) containing
tartrate ions at level of 5 mmol Lt, aiming the more efficient charge transfer complexation
between ion-pairing reagent, PMZH* and stable copper-tartrate complex, [Cu(OH)2L2]* in
presence of BPA in relation of the hydrolysis of the copper. Also, the effect of 0.2 mol L
buffer volume at pH 8.0 was investigated in range of 0.5-5.0 mL, and a buffer volume of
2.5 mL was found to be enough, so as to give maximum, reproducible and stable analytical

signal.
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Effect of ion-pairing reagent concentration

Among chemical variables, ion-pairing reagent concentration is a critical parameter for
formation of an ion-pairing complex also to compensate for any interactions with interfering
ions that may exist in the sample. Thus, the ion-pairing reagent must provide the following
features. (I) The ion-pair complex formed should be sufficiently hydrophobic, (II) have a
high partition coefficient, and (III) form the stable complex quickly and quantitatively with
minimum excess of reagent. As a result of the prior studies in literature, we selected PMZ,
a phenothiazine derivative as ion-pairing reagent in order to obtain efficient separation and
pre-concentration of BPA from sample matrix. Also, the pKa value of this ion-pairing
reagent, which can easily be oxidized chemically or electrochemically, is 9.1 (29). It is a
versatile chelating ligand, which can be relatively able to form stable metal complexes (30)
and form aggregates in a micelle-like manner with the value of Nagg (aggregation number)

of the order of 6 to 15 depending on concentration, pH, and temperature (31).

The effect of PMZ concentration on the analytical signal is evaluated in the range of 10-
125 pymol L. As it can be observed (Fig. 1(b)), the analytical signals are enhanced
remarkably depending on PMZ concentration. The analytical signal reaches to maximum
when the PMZ concentration is 75 pumol L', When the concentration continues to increase
until 100 pymol L, the analytic signal of BPA slightly decreased, later become flat. This is
the main reason; the excess of PMZ, which is in equilibrium of protonated and deprotonated
forms, PMZH* and PMZ, is presumably trapped in the micelles. A 75 pmol L of PMZ solution

was therefore selected for successful extraction in subsequent experiments.

Effect of metal concentration

In order to be able to perform an indirect analysis with FAAS, the amount of analyte must
be associated with a signal of metal. To accomplish this, preliminary study has been done
with different metal ions (iron, nickel, cobalt and copper) at equal amounts in the presence
of BPA and PMZ. The best sensitivity and stable signal is obtained when Cu(II) is used.
This state can be explained with the fact that Cu(II) ions form a stable anionic complex,
[Cu(OH)2L2]* with tartrate ion in presence of BPA as a reducing species and PMZ, an ion-
pairing reagent, which can be easily oxidized in redox environment and form dimer and
further aggregates by pH dependent charge transfer. Also, it is implied in literature that
Cu?* ions form a cationic complex with PMZ at pH 5.0, and anionic complex with tartrate
ions with stability constants of log B: 20.7 and 17.3 in form of Cu(OH):L>* above pH 5.7
(30, 32). In this context, the effect of Cu(II) concentration was investigated in the range
of 25-300 pmol L1, The results obtained in triplicate (Fig. 1(c)) showed that the analytical

signal increases significantly with the Cu(II) concentration up to 125 pmol L, at higher
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concentrations there was no significant change. Therefore, a 125 pmol L' Cu(IIl)

concentration was selected for successful extraction in subsequent experiments.

Effect of auxiliary ligand concentration

The UA-CPE efficiency depends on the formation of hydrophobic ion-pairing complex and
the mass transference between the phases. To create a stable ion-association between
cationic PMZH* and anionic copper complex, Cu(OH):L>* formed after pH sensitive charge
transfer process between BPA and Cu(Il). Therefore, the cationic surfactant, CTAB, was
adopted and used as the sensitivity enhancer or counter ion in order to be able to detect
BPA at sub-pg kgt or ug L levels. It is indicated that CTAB below and above its critical
micelle concentration (CMC) is used effectively to enhance the sensitivity and signal
reproducibility of the electroanalytical techniques such as differential pulse voltammetry,
linear sweep voltammetry and square wave voltammetry in determination of phenol and
BPA as contaminant in waters and foodstuffs stored in plastic container (33, 34). The effect
of CTAB concentration was investigated in the range 0.0-400 pmol L!. According to the
results shown in Fig. 1(d), the analytical signal increased by increasing CTAB concentration
up to 400 umol L' and decreased at higher concentrations. Excessive amount of CTAB is
passed to surfactant rich phase. Therefore, a 200 umol L' of CTAB concentration was

selected for successful extraction in subsequent experiments.

Effect of extracting agent concentration

In the extraction process, one of the most important parameters is the type and
concentration of the extracting agent. It is preferred that the extracting non-ionic
surfactants to be used in experiments have properties such as cheap, eco-friendly, effective
separation and commercial availability as well as being biodegradable and not absorbing
and fluorescing in the UV region, in which the BPA is generally detected by LC, CE and/or
CZE with detection of UV and fluorescence. Also, the surfactant concentration must be
sufficient above the CMC to guarantee a quantitative extraction. In addition to all these,
the volume ratio of the phases should be investigated, because an increase in surfactant
concentration can decrease the analytical signal depending on dilution of the extract in the
surfactant-rich phase volume. For all these reasons, the effect of type and concentration

of the extracting non-ionic surfactant was investigated.

As can be seen in Fig. 1(e), the best results were obtained when using Tergitol 15-S-7. At
lower concentrations, the phase separation was difficult due to the low-volume rich phase
and the inadequacy of the assemblies to entrap the hydrophobic complexes quantitatively.
Analytical signal was also increased in concentration range of 1.0-4.0 mmol L, and the

highest signal was obtained at 3.5 mmol L with a higher concentration of 40-fold, in which
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its CMC value is 0.092 mmol L. Therefore, it was selected for successful extraction in

subsequent experiments.

Effect of sample volume

Since amount of BPA is low into real samples, the effect of sample volume was also tested
in range of 10-250 mL with a constant amount of BPA. The results, as can be seen in Fig.
1(f), demonstrated that quantitative analytical signal for sample volumes was obtained in
range of 50-150 mL. Above 150 mL, the analytical signal decreased slightly. After UAE, the
surfactant-rich phase was completed to 1 mL with methanol, so the pre-concentration

factor was 150.

Effects of equilibrium temperature and time

Optimal equilibration temperature is necessary for the completion of the ion-pairing
complex formation and efficient phase separation. This hydrophobic complex, which is
bound to core and interface of the micelles by polar ethoxylate groups of micelles and
hydrophobic interactions, is extracted to the surfactant-rich phase, and this event can be
achieved when the equilibration temperature is above the cloud point temperature (CPT)
of a non-ionic surfactant. Therefore, the equilibration temperature was investigated in the
range of 25-70 °C. From studies, when the temperature increased in the range from 25 to
55 °C, the analytical signals increased correspondingly for BPA. At higher temperatures,
the analytical signal is decreased. This is because the resulting ion-pair complex is
reversibly dispersed to the solution depending on the temperature. Thus, 55 °C was chosen
as the optimal equilibration temperature for successful extraction in subsequent

experiments

In the extraction process, the sonication time is one of the prime factors influencing the
BPA extraction and mass transfer into surfactant-rich phase. Sonication caused an increase
in the mass transfer, and a decrease in reaction time. To minimize the time required for
extraction, sonication time was investigated in range of 1-15 min and the results are shown
in Fig. 1(g). Based on the results, the best analytical signal was obtained at 10 min. Thus,
10 min was chosen as the optimal sonication time for successful extraction in subsequent

experiments.

Effect of solvent
After centrifugation for 5 min at 4000 rpm, the obtained surfactant rich phase is low volume
and high viscous. Therefore, analysis with FAAS cannot be done. To overcome this problem,

this phase must be diluted with a suitable solvent. The results indicated that methanol was
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153  a suitable diluting solvent and also a suitable matrix for indirect determination of BPA using
154 FAAS.
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Figure 1 (a-g). Optimization of parameters affecting UAE for triplicate measurements of
25 ug Lt BPA.

The matrix effect

The BPA exists along with different interfering species in selected samples. This event may
be attributed to the extraction step, because high selectivity with careful utility of FAAS
can be provided. Thus, the effects of some foreign ions were investigated by conducting
UAE experiments using solutions containing 20 pg L of BPA in the presence of different
mass ratios of foreign ions under the extraction conditions. Tolerable limit is considered as
the interfering agent level that is not significantly affect the preconcentration via UAE and
subsequent determination of BPA by FAAS as determinate error smaller than £5.0%. The
results showed that at least 10000 pg Lt of Na*, Ca?*, NHs*, SO4%-, NO3", Fe3*, Al**, and
Cl-, 5000 pg Lt'of Mg?* and PO43-, 1000 pg L' of 2-chlorobenzaldehyde,
bromobenzaldehyde, phenol, and 4-nitrophenol and 750 ug L of 2,4-dinitrophenol had no

remarkable interferences with the determination of BPA. 2-aminophenol, acetaldehyde and
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acetate could be tolerated up to 500 pg Lt and nonylphenol and octylphenol could be
tolerated up to 250 pg L. As can be understood from the results, the tolerance limits of
the foreign ions have a good tolerance to matrix interference. Therefore, this method could

be applied to successfully for the extraction of BPA in selected sample matrices.

Analytical figures of merit

Under the optimal conditions, calibration graph was performed using standard addition
calibrations prepared following the UAE procedure. Table 1 shows the characteristic
performances of the proposed method. The calibration graph prepared from the aqueous
standards was linear in the range of 1.5-100 pyg L' with a good correlation coefficient (r)
of 0.9943. The limit of detection (LOD), defined as the concentration that gives a signal
equivalent to three times the standard deviation of 10 replicate measurements of the
procedural blank sample (blank digest preconcentrated by the UAE procedure), was 0.47
Mg L. For the precision of the method, the relative standard deviations (RSD) of the five
independent replicate measurements for 20 and 50 ug L! of BPA are lower than 3.5%. The
percent recoveries obtained were in range of 95.8-103.9% for the spiked BPA
concentration of 20 and 50 pg L to the selected samples. As mentioned previously, the
amount of BPA in 150 mL of sample volume was determined after extraction process by
1.0 mL of surfactant-rich phase, therefore the pre-concentration factor for this method is
150. Sensitivity enhancement factor, which calculated from the ratio of the slopes of the

calibration curves obtained with and without pre-concentration, was 135.

Due to lack of a certified reference material (CRM), which is suitable to sample matrix for
evaluation of the accuracy, the matrix-matched solutions were also prepared by externally
adding eight pointed standard solutions of BPA ranging from 5 to 125 ug L ! to blank sample
matrix. The milk powder that does not contain the analyte was used as blank sample for
calibration of “matrix-matched”. The further pre-treatment of the spiked samples was
carried out according to the two different extraction approaches described in sample
preparation section. After stepwise dilution from stock solution, the eight concentration
levels of concentrations for bisphenol A were 5, 10, 15, 25, 50, 75, 100 and 125 ug L. In
a similar way, the externally spiked samples under optimal conditions were submitted to
UAE procedure, and then each point was detected three times by FAAS. From regression
analysis, the calibration data obtained for matrix-matched solutions and the analytical
features of the method based on these data are represented in Table 1. Additionally, the
recovery study for five replicate measurements of 20 and 50 ug L' of the BPA was
conducted and found to be in range of 93.5-106.2% with lower RSD than 4.2%.
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209 Table 1 The analytical features of the proposed method for BPA
Parameters By direct calibration solutions By matrix matched calibration solutions
Linear range (ug L) 1.5-100 3-125
Regression equation A= 4.2x1073 [BPA pg L-1]+1.7%x10* A= 3.7x1073 [BPA, ug L71]+2.2x10%
Correlation coefficient, r 0.9943 0.9956
Limit of detection (30b/m) (ug L) 0.47 0.95
Limit of quantification (100,/m) (ug L) 1.56 3.20
Recovery (%) 95.8-103.9 93.5-106.2
Reproducibility (%) 3.4 4.1
Repeatability (%) 3.2 3.9
Sensitivity enhancement factor (EF) 135 115
Pre-concentration factor (PF) 150 150

210

621



Yildirim, Altunay, and Gurkan. JOTCSA. 2017; 4(2): 607-630. RESEARCH ARTICLE

The accuracy and precision

The accuracy was tested through the recovery tests from spiked samples. The work was
carried out in the following way, analytical recovery was checked for 20 and 50 pg L of
BPA, after spiking different aliquots of the selected samples. Each concentration level was
repeated in five times by the UAE procedure, and each extract was determined through
FAAS. The analytical recoveries obtained were in range of 95.0-103.8% for spiked

concentrations. The more detailed results are given in Table 2 (a-c).

The precision was tested by studying the parameters of the repeatability and
reproducibility. For the repeatability precision, using selected two of the beverages and
milk samples fortified with BPA at the concentrations of 10, 25 and 50 ug L"! were calculated
by analysing (five replicate). Then, the mean BPA concentrations were determined as 10.5,
24.3, 50.7 ug Lt'and with associated RSD values of 3.4%, 3.1% and 2.9%, respectively.
Regarding the reproducibility precision, the same three concentrations were calculated for
five consecutive days, providing mean BPA concentrations of 10.2, 25.8, 51.1 ug L and
associated RSD values of 3.2%, 2.8% and 2.7%, respectively. When looking at the results

obtained, we can conclude that the method offers good precision.

Analytical applications

Different beverage samples in contact with plastic containers were analyzed using the
proposed method in order to prove its suitability for the routine control and selective
extraction of BPA. The results were given in Table 2(a-c) as well as the recoveries obtained
after spiking the samples with 20 ug L't and 50 ug L'of BPA. The recovery% was calculated
by using the equation: Recovery% =100 (Cs—Co)/m where Cs is the amount of total BPA
in sample after spiking, Co is the amount of BPA in original sample and m is the amount of
BPA spiked at known levels. The spiked recoveries of the method for analysis of BPA in
water samples were found in range of 97.2-103.1%, with the RSD varying from 2.2 to
3.0%. For the beverage and milk samples, the spiked recoveries were found in range of
95.0-103.5% and 95.3-103.8%, respectively. The RSDs were lower than 3.9%. In the
study, the lowest amount of BPA (2.70+0.07 pg L'!) was found in water samples and the
highest amount of BPA in grape juice (19.2+0.5 pg L!). This is the main reason; the acidic
medium may accelerate the leaching of BPA into the sample. Thus, the method is capable
of the determination of BPA in these sample matrices. In addition, BPA concentrations in
range of 2.7 - 3.8 ug L! (bottled drinking water), 3.1-5.4 ug L'{(milk samples) to 4.3-19.2
Mg L't (beverages with and without alcohol) were significantly lower than specific migration
limit (SML) of 600 ug kg set by the EC Directive for BPA in foods or food simulants, so as

not to lead any safety risk on humans consuming the samples.
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Table 2(a) The analysis results of determination of BPA in spiked water samples using the proposed method (n: 5).

Commercial drinking water!

Commercial drinking water2

Commercial drinking water3

Added Found Recovery RSD Found Recovery RSD Found Recovery RSD
(Mg L) (Mg L) (%) (%) (Mg L) (%) (%) (Mg L) (%) (%)
- 2.70+0.07 - 2.5 3.80+0.1 - 3.0 3.10+0.08 - 2.7
20 22.1+0.5 97.2 2.4 24.4+0.7 103.1 2.7 22.8+0.6 98.5 2.5
50 51.7+1.2 98.1 2.2 54.7+1.4 101.8 2.6 52.6+1.3 99.0 2.4

12,3 Represents the waters in different brands.

Table 2(b) The analysis results of determination of BPA in spiked milk samples using the proposed method (n: 5).

Whole milk Semi-skimmed milk Milkshake
Added Found Recovery RSD Found Recovery RSD Found Recovery RSD
(Mg L) (Mg L) (%) (%) (g L) (%) (%) (g L) (%) (%)
- 4.8+0.1 - 2.9 3.1+0.1 - 3.3 5.4+0.2 - 3.5
20 24.1+0.6 96.3 2.7 22.2+0.7 95.3 3.1 26.2+0.8 103.8 3.2
50 53.6+1.3 97.5 2.5 51.3+1.4 96.4 2.8 56.6+1.7 102.3 3.0
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Table 2(c) The analysis results of determination of BPA in spiked beverage samples

using the proposed method (n: 5).

Sample group Sample type Added Found Recovery RSD
(ng L) (ng L) (%) (%)

Beer - 6.4%0.2 - 3.5

20 25.4+0.8 95.0 3.2

Alcoholic beverages 50 54.8+1.5 96.7 2.8
Wine - 7.7%£0.3 - 3.9

20 28.4+1.1 103.5 3.7

50 58.8+2.0 102.1 3.4

Cherry juice - 8.5+£0.3 - 3.2

20 28.0+0.8 97.4 3.0

50 57.8+1.7 98.6 2.9

Non-alcoholic beverages Apricot juice - 4.3+0.1 - 2.5
20 24.8+0.5 102.4 2.2

50 54.9+1.2 101.2 2.1

Grape juice - 19.2+0.5 - 2.8

20 38.6+0.9 96.9 2.5

50 68.1+1.6 97.8 2.4

Comparison with literature

In order to indicate positive aspects of the proposed method, a comparison between the
figures of merit of the proposed method and some of the recently published methods for
extraction and determination of BPA is given in Table 3 in terms of some optimization
parameters. As can be seen from the data, the pre-concentration factor of the proposed
method is relatively higher and, consequently, its detection limit is either lower or
comparable to the more sensitive method of chromatographic techniques except for LC-
MS-MS and GC-MS with pre-concentration and in situ derivatization. However, these
techniques have lower recovery and poor precision than those of our method especially at
low concentrations. Additionally, they are complex and expensive, and needs expert user
in his/her area and tedious and time consuming separation and/or pre-concentration steps
before detection with UV, fluorescence and mass spectrometry. The combination of UAE
with FAAS as element-selective detection tool enables accurate and reliable determination
of BPA in ranges of 1.5-100 and 3-125 ug L! by calibration curves prepared from aqueous
standards and matrix-matched standards with detection limits of 0.47 and 0.95 pg L%,
respectively. Also, the extraction time and the intra-day/inter-day precision of by the
method as RSD% are far better than most of the other reported methods. In addition, the
UAE procedure has some advantages including green chemistry solvents, simplicity,

rapidity and low contamination risk for the analysis.
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Table 3 Comparison of proposed method with those of other methods.

Sample matrix Extraction Detection technique aLR LOD RSD Recovery PEF or References
process (Hg LY) (Hg LY) (%) (%) °PF
Waters and urine IMISPE 2CE-UV 3-500 0.3 <7.2% 95.2-105.4% 50 (3)
Urine samples 3CME 4LC-FD 0.4-149 0.197 4.5% 88-95% 38 (8)
Soils SUAE 6GC-MS 5-300 0.03ng gt 9.6% 88.1-107.7% - (18)
Waters ’CPE 8LC-UV 1-100 0.34 - 90-108.6% 50 (20)
Waters °SPE 10L.C-MS/MS 0.02-0.2 0.057 <13% 85-100% - (35)
Waters UDLLME 2HPLC-UV 0.5-100 0.07 6.0% 93.4-98.2% 80 (36)
Serum - 3ELISA 0.3-100 0.3 13.6% 81.9-97.4% - (37)
Leachate 14SPME HPLC-UV 12.8-192 3.25 4.4% 94.5-103.3% - (38)
Soft drinks and 15| PME GC-MS 1-1000 0.005 15% 82-111%, 68- - (39)
powdered infant 114%
formula
Water, urine, plasma 16SBSE GC-MS with and 0.02-10, 2-100 0.005, 0.5 3.8-9.6%  95.2-104.6% - (40)
and saliva samples without derivatization
Beverages and UA-CPE FAAS 1.5-100, 3-125 0.47, 0.95 <3.9% 95.8-103.9% 135, Present
Waters 150 method

alinear range,’Enhancement factor, ‘Preconcentration factor ‘Molecularly imprinted solid-phase extraction; 2Capillary electrophoresis-UV
method; 3Coacervative microextraction; “Liquid chromatography-fluorescence detection; >Ultrasonic assisted extraction; ©Gas
chromatography-mass spectrometry; “Cloud-point extraction;8Liquid chromatography; °Solid-phase extraction; °Liquid chromatography-
tandem mass spectrometry; !'Dispersive liquid-liquid microextraction;!?High-performance liquid chromatography; !3Enzyme-linked

immunosorbent assay; '#Solid phase microextraction; '°Liquid phase microextraction; 1®Stir bar sorptive extraction.
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CONCLUSIONS

In the present study, a simple, rapid, inexpensive, and sensitive analytical method, based
on highly effective coupling of UAE with highly selective FAAS was proposed to determine
BPA in different beverage samples. This study is the first method reported for indirect
determination of BPA using FAAS. Especially, the use of ultrasound energy in sample
preparation has provided features like low organic solvent usage, and less extraction
duration. Other advantages can be pointed out like the low limits of detection, good
precision and good selectivity, wide linear working range, high analytical signal, as well as
low reagent consumption, high pre-concentration and sensitivity enhancement factors. The
quantitation or determination limit of the proposed method is about 1.6 ug L}, so it can
be used for the routine control of BPA in different beverage samples below the current
specific migration limit (SML) of 600 ug L' set by the EU Commission. As a result, the
effectiveness and efficiency of the proposed method was successfully demonstrated for

BPA determination and applied to different beverage samples.
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INTRODUCTION

In the past few decades, multi-component reactions have increasing attention in synthetic
organic chemistry due to the building of several new bonds can easily be achieved in a
single step (1, 2). These synthetic methodologies have great utility, especially for the
construction of heterocyclic compounds which exhibit biological activity (3). Multi-
component reactions act in accordance with green chemistry principles in terms of a high
degree of atomic economy, easier progress of reactions, decreased reaction times, lack of

waste products, and low power consumption (4, 5).

Pyrazolopyridine compounds have shown many biological properties such as anti-viral
agent (6, 7), (CDK1) inhibitor (8), HIV inhibitors (9), CCR1 antagonists (10), protein kinase
inhibitors (11), and they also exhibit parasiticide properties and antimalarial activities (12-
14). Many of them show fluorescence in the blue-green region and have been used in
organic light emitting experimental diodes (15). Therefore many synthetic methods for the

synthesis of pyrazolopyridines have been reported (16-19).

Along with other reaction parameters, the nature of the catalyst plays an important role in
reaction’s yield, selectivity, and general applicability. Thus, development of an inexpensive,
reusable, and non-toxic catalyst for multi-component reactions continues to be a subject
of interest. CSA has been demonstrated to be an efficient, non-toxic, and reusable
organocatalyst for several reactions such as synthesis of B-amino carbonyl compounds
(20), Friedel-Crafts reactions (21, 22), synthesis of spirocyclic compounds (23),
rearrangement of 1,2-dialkynylallyl alcohols (24), and it is widely used in the optical

resolution of amines (25).

Ultrasonic irradiation is widely used in synthetic organic chemistry as it is comply with the
principles of green chemistry (26-28). Ultrasound irradiation is able to activate many
organic reactions due to cavitational collapse (29, 30). Compared with traditional methods,
many organic synthesis can be efficiently carry out in higher yields, higher selectivity,

shorter reaction times, and milder reaction conditions under ultrasonic irradiation (31, 32).

This work aims to the preparation of pyrazolopyridines under ultrasonic irradiation in the
presence of CSA as a catalyst. There is also a rising significance in antioxidants due to
prevention of harmful effects of free radicals in human body (33, 34). Therefore in an
attempt to extend biological interest to this new group of compounds most of the
pyrazolopyridine compounds were tested for their free radical scavenging activity

(determined for DPPH), reducing activity (reduction of the Fe3*/ferricyanide complex to its
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ferrous form), metal-chelating (chelating activity capacity of ferrous ions), superoxide

scavenging activity, and total antioxidant activity.

MATERIALS AND METHODS

NMR spectra were determined on a Bruker Avance III-500 MHz NMR. Chemical shifts are
given in ppm downfield from Me4Si in DMSO-ds or CDCls solution. Coupling constants are
given in Hz. The FTIR spectra were recorded on a Perkin-Elmer FT-IR spectrometer (ATR)
and absorption frequencies are reported in cm™. MS spectra were recorded on a Thermo
Elemental X Series ICP-MS or AB Sciex 3200 QTRAP LC-MS/MS. Elemental analyses were
measured with Flash EA 1112 Series or CHNS-932 LECO apparatus and were in good
agreement (£ 0.2 %) with the calculated values. Ultrasonication was performed in a Alex
Ultrasonic Bath with a frequency of 32 kHz. The internal dimensions of the ultrasonic
cleaner tank were 240x140x100 mm with liquid holding capacity of 3L. The reactor was a
100 mL pyrex round-bottom flask. The reaction flasks were suspended in the center of the
bath, and the addition or removal of water controlled the temperature of the water bath.
Melting points were measured on a Gallenkamp melting-point apparatus. TLC was
conducted on standard conversion aluminum sheets pre-coated with a 0.2-mm layer of

silica gel. All reagents were commercially available.

General Procedure for the Synthesis of Pyrazolopyridine Compounds (4a-b, 5c-e,
7a-d) Under Ultrasonic Irradiation

A mixture of CSA (7.3 mg, 0.03 mmol), 1,3-dimethyl-1H-pyrazol-5-amine or 3-phenyl-1H-
pyrazol-5-amine, (1.00 mmol), indan-1,3-dione (1.00 mmol), and aromatic aldehyde (1.00
mmol) in 5 mL of EtOH was irradiated with ultrasound of low power (with a frequency of
32 kHz) at 40 °C for the period of time indicated in Table 3. The reaction flask was located
at the maximum energy area in the cleaner and the surface of the reactants was placed
slightly lower than the level of the water. The addition or removal of water controlled the
temperature of the water bath. After completion of the reaction, as indicated by TLC
monitoring, the resultant solid was washed with water and crystallized from ethanol to give

products 4a-b, 5c-e and 7a-d.

Antioxidant Activity

a,a-Diphenyl-B-picryl-hydrazyl (DPPH), butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), trolox, resorcinol, gallic acid, linoleic acid,
ethylenediaminetetraacetic acid (EDTA), 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonicacid)-
1,2,4-triazine (Ferrozine), polyoxyethylenesorbitan monolaurate (Tween-20) and

trichloroacetic acid (TCA), Ferrozine, Folin Ciocalteu solution, nicotinamide adenine
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dinucleotide (NADH), phenazine methosulphate (PMS), nitroblue tetrazolium (NBT) were
obtained from Sigma-Aldrich. Ammonium thiocyanate was purchased from Merck. All other

chemicals used were in analytical grade and obtained from either Sigma-Aldrich or Merck.

Free Radical Scavenging Activity

The free radical scavenging activity was determined by the 1,1-diphenyl-2-picryl-hydrazyl
(DPPHe). The activity was measured by following the methodology described by Brand-
Williams et al (35). Briefly, 20 mg/L DPPHe in methanol was prepared and 1.5 mL of this
solution was added to 0.75 mL of pyrazolopyrine compounds solution in water at different
concentrations (25-400 pg/mL). After 30 minutes, the absorbance was measured at 517
nm. Water (0.75 mL) in place of the sample was used as control. Lower absorbance of the
reaction mixture indicates higher free radical scavenging activity. The percent inhibition

activity was calculated using the following equation:

Free radical scavenging effect %= [(Ao-A1)/A0].100

(Ao= the control absorbance and A:= the sample solution absorbance).

Reducing Power Assay

The reducing power of pyrazolopyridine compounds was determined by the method of
Oyaizu (36). Different concentrations of pyrazolopyridine compounds (25-400 pg/mL) in 1
mL of water were mixed with phosphate buffer (2.5 mL, 0.2 M pH 6.6) and potassium
ferricyanide [K3Fe(CN)es] (2.5 mL, 1%, w/v). The mixture was incubated at 50°C for 30
min. A portion of trichloroacetic acid (2.5 mL, 10%, w/v) was added to the mixture which
was then centrifuged at 3000 rpm for 10 min. Finally, 2.5 mL of upper-layer solution was
mixed with distilled water (2.5 mL) and FeCls (0.5 mL, 0.1%, w/v), and the absorbance
was measured at 700 nm. Increased absorbance of the reaction mixture indicates

increased reducing power.

Metal Chelating Activity

The ferrous ions (Fe?*) chelating activities of pyrazolopyridine compounds were measured
according to the method of Decker and Welch (37). 1 mL of different concentrations of
pyrazolopyrine compounds (25-400 pg/mL) were mixed with 3.7 mL of deionized water.
The mixture was incubated with FeCl> (2 mM, 0.1 mL) for 30 min. After incubation, the
reaction was initiated by addition of ferrozine (5 mM and 0.2 mL), and the mixture was
shaken vigorously and left standing at room temperature for 10 min. Absorbance of the

solution was then measured at 562 nm. A lower absorbance indicates a higher chelating
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power. The Fe?* chelating activity of the compounds was compared with EDTA at the same

concentrations.

Metal chelating activity (%) = [(Ao-A1)/A0].100

Superoxide Scavenging Activity

Measurement of superoxide anion scavenging activity of pyrazolopyridine compounds was
done based on the method described by Liu (38). Superoxide radicals are generated in
PMS-NADH systems by oxidation of NADH and assayed by the reduction of nitroblue
tetrazolium (NBT). In this experiments, the superoxide radicals were generated in 3 mL of
Tris-HCI buffer (16 mM, pH 8.0) containing 1 mL of NBT (50 uM) solution, 1 mL of NADH
(78 uM) solution and sample solution of pyrazolopyridine compounds (from 25-400 pug/mL)
in water. The reaction started by adding 1 mL of phenazine methosulphate (PMS) solution
(10 uM) to the mixture. The reaction mixture was incubated at 25 °C for 5 min and the
absorbance at 560 nm was measured. Decreased absorbance of the reaction mixture
indicates increased superoxide anion scavenging activity. The percentage inhibition of

superoxide anion generation was calculated using the following formula:

%Inhibition= [(Ao-A1)/A0].100

Total Antioxidant Activity Assay

The total antioxidant activity of pyrazolopyridine compounds was measured according to
the thiocyanate method described by Mitsuda et al (39). The solution of pyrazolopyridine
compounds (150 pg/mL) in 2.5 mL of potassium phosphate buffer (0.04 M, pH 7.4) was
added to 2.5 mL of linoleic acid emulsion in potassium phosphate buffer (0.04 M, pH 7.4).
The mixed solution (5 mL) was incubated at 37 °C. During incubation at regular interval
moments, a 0.1 mL of the mixture was diluted with 3.7 mL of methanol, followed by the
addition of 0.1mL of 30 % ammonium thiocyanate and 0.1 mL of 20 mM ferrous chloride
in 3.5 % hydrochloric acid. The peroxide level was determined by measurement of the
absorbance at 500 nm in. This step was repeated every 10 h until the control reached its
maximum absorbance value. High absorbance indicates high linoleic acid oxidation. The
per cent inhibition of lipid peroxidation in linoleic acid emulsion was calculated by the

following equation:

Inhibition of lipid peroxidation (%)= [(Ao-A1)/A0].100
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1,3-Dimethyl-4-phenylindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-one (4a)

Red powder; m.p. 246-248 °C; FTIR (ATR, cm™): 3056, 3028, 2925, 2850, 1709, 1606,
1562, 1499, 1435, 1326, 1245, 1132, 1009, 776. 'H NMR (500 MHz, CDCls, delta, ppm):
7.85 (d, J= 6.50 Hz, 1H, Ar-H), 7.53-7.43 (m, 4H, Ar-H), 7.36-7.18 (m, 4H, Ar-H), 4.02
(s, 3H, N-CH3), 1.90 (s, 3H, CHs). 3C NMR (125 MHz, CDCI3): & 190.05 (C=0), 164.77
(Ar-C), 153.28 (Ar-C), 145.92 (Ar-C), 144.36 (Ar-C), 142.38 (Ar-C), 137.54 (Ar-C),
134.57 (Ar-CH), 132.99 (Ar-C), 131,34 (Ar-CH), 129.08 (Ar-CH), 128.66 (Ar-CH), 127.91
(Ar-CH), 123.38 (Ar-CH), 121.13 (Ar-CH), 119.15 (Ar-C), 113.72 (Ar-C), 33.81 (N-CHs3),
14.62 (CHs). MS: m/z (ESI) 326.2 [M+H]*, 310.0, 297.0, 282.0, 252.8, 230.2, Anal. Calc.
for C21H1sN30: C, 77.52; H, 4.65; N, 12.91. Found: C, 77.38; H, 4.68; N, 12.86.

4-(1,3-dimetyl-5-0x0-1,4,5,10-tetrahydroindeno[1,2-b]pyrazolo[4,3-e]pyridin-
4-yl)benzonitrile (4b)

Red powder; m.p. 273-275 °C; FTIR (ATR, cm™): 3396, 3086, 3053, 2927, 2227, 1706,
1604, 1567, 1507, 1490, 1324, 1238, 1182, 1025, 857, 771. *H NMR (500 MHz, DMSO-
ds, delta, ppm): 8.03 (d, J= 8.20 Hz, 2H, Ar-H), 7.99 (d, J= 7.50 Hz, 1H, Ar-H), 7.78-7.73
(m, 3H, Ar-H), 7.63-7.57 (m, 2H, Ar-H), 4.07 (s, 3H, N-CHz), 1.88 (s, 3H, CHs). 3C NMR
(125 MHz, DMSO-ds): & 189.04 (C=0), 162.47 (Ar-C), 157.00 (Ar-C), 151.10 (Ar-C),
143.02 (Ar-C), 142.20 (Ar-C), 137.75 (Ar-C), 135.77 (Ar-C), 133.00 (Ar-CH), 131.74 (Ar-
CH), 129.96 (Ar-CH), 129.04 (Ar-CH), 127.03 (Ar-CH), 124.72 (Ar-CH), 123.32 (Ar-CH),
121.13 (Ar-CH), 118.55 (C=N), 111.74 (Ar-C), 106.65 (Ar-C), 33.82 (N-CHs3), 14.06
(CHs3). MS: m/z (ESI) 351.2 [M*], 248.3, 233.0, 205.5, 102.1, Anal. Calc. for C22H14N4O:
C, 75.42; H, 4.03; N, 15.99. Found: C, 75.38; H, 4.15; N, 16.11.

4-(2,4-Difluorophenyl)1,3-dimetyl-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (5c¢)

Red powder; m.p. 274-276 °C; FTIR (ATR, cm): 3630, 3138, 3070, 3028, 2937, 1689,
1655, 1600, 1542, 1497, 1450, 1350, 1287, 1197, 1134, 1088, 963, 866, 772. 'H NMR
(500 MHz, DMSO-ds, delta, ppm): 10.76 (s, 1H, NH), 7.70 (d, J = 7.20 Hz, 1H, Ar-H), 7.46
(t, J = 7.40 Hz, 1H, Ar-H), 7.34 (t, J = 7.40 Hz, 1H, Ar-H), 7.27-7.17 (m, 2H, Ar-H), 7.15-
7.07 (m, 1H, Ar-H), 6.95 ( t, J = 8.40 Hz, 1H, Ar-H), 5.13 (s, 1H, C-H), 3.78 (s, 3H, N-
CHs), 1.73 (s, 3H, CHs). 13C NMR (125 MHz, DMSO-ds): 0 189.85 (C=0), 161.56 (Ar-C),
160.27 (Ar-C), 159.62 (Ar-C), 158.30 (Ar-C), 155.90 (Ar-C), 143.81 (Ar-C), 137.75 (Ar-
C), 136.40 (Ar-C), 134.10 (Ar-C), 131.35 (Ar-CH), 130.06 (Ar-CH), 119.98 (Ar-CH),
119.35 (Ar-CH), 111.40 (Ar-CH), 106.09 (Ar-C), 103.16 (Ar-CH), 102.18 (Ar-C), 35.16 (N-
CHs), 27.39 (C-H), 11.53 (CH3). MS: m/z (ESI) 364.0 [M+H]*, 344.2, 302.5, 268.2, 250.2,
236.0, 126.9, Anal. Calc. for C21H1sF2N3O: C, 69.41; H, 4.16; N, 11.56. Found: C, 69.23;
H, 4.14; N, 11.53.
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1,3-Dimethyl-4-p-tolyl-4,10-dihydroindeno[1,2-b ]pyrazolo[4,3-e]pyridin-5(1H)-
one (5d)

Red powder; m.p. 251-253 °C; FTIR (ATR, cmt): 3242, 3173, 3144, 3043, 2921, 2849,
1739, 1653, 1599, 1536, 1499, 1349, 1196, 1108, 865, 761; 'H NMR (500 MHz, CDCls,
delta, ppm): 10.90 (s, 1H, NH), 8.17-7.74 (m, 2H, Ar-H), 7.65-7.28 (m, 3H, Ar-H), 6.88
(d, J= 6.50 Hz, 1H, Ar-H), 6.80 (d, J= 6.50 Hz, 1H, Ar-H), 4.80 (s, 1H, C-H), 4.14 (s, 3H,
N-CHs), 2.49 (s, 3H, CH3), 2.06 (s, 3H, Ph-CH3). 13C NMR (125 MHz, CDCI3): & 189.90
(C=0), 155.73 (Ar-C), 152.95 (Ar-C), 143.24 (Ar-C), 139.27 (Ar-C), 136.55, (Ar-C),
135.82 (Ar-C), 135.10 (Ar-C), 133.74 (Ar-CH), 129.09 (Ar-CH), 128.60 (Ar-CH), 126.38
(Ar-CH), 125.45 (Ar-CH), 123.18 (Ar-CH), 104.86 (Ar-C), 103.50 (Ar-C), 35.67 (N-CHs3),
33.30 (C-H), 21.16 (Ph-CH3s), 11.58 (CHs). MS: m/z (ESI) 342.2 [M+H]*, 298.0, 285.3,
250.1, 236.3, 180.1, Anal. Calc. for C22H19N30: C, 77.40; H, 5.61; N, 12.31. Found: C,
77.61; H, 5.49; N, 12.35.

1,3-Dimetyl-4-(5-nitrofuran-2-yl)-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (5e)

Red powder; m.p. 300-302 °C; FTIR (ATR, cm™): 3371, 3156, 3117, 3068, 2975, 2936,
1702, 1683, 1602, 1590, 1497, 1479, 1353, 1232, 1188, 1091, 966, 813, 757. 'H NMR
(500 MHz, DMSO-ds, delta, ppm): 10.97 (s, 1H, NH), 7.79 - 7.30 (m, 5H, Ar-H), 6.66 (br
s, 1H, Ar-H), 5.25 (s, 1H, C-H), 3.79 (s, 3H, N-CH3), 1.96 (s, 3H, CH3). 13C NMR (125 MHz,
DMSO-ds): & 189.54 (C=0), 156.65 (Ar-C), 152.02 (Ar-C), 149.47 (Ar-C), 144.39 (Ar-C),
137.79 (Ar-C), 136.12 (Ar-C), 131.69 (Ar-C), 130.51 (Ar-C), 123.79 (Ar-CH), 120.41 (Ar-
CH), 119.81 (Ar-CH), 114.50 (Ar-CH), 110.31 (Ar-CH), 108.15 (Ar-CH), 103.76 (Ar-C),
35.33 (N-CHs), 29.00 (C-H), 11.83 (CHs3). MS: m/z (ESI) 363.3 [M+H]*, 316.2, 272.0,
250.2, 192.0, Anal. Calc. for Ci19H14N4O4: C, 62.98; H, 3.89; N, 15.46. Found: C, 63.14; H,
4.08; N, 15.60.

3,4-Diphenyl-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-one (7a)
Red powder; m.p. 287-289 °C; FTIR (ATR, cm): 3418, 3175, 3058, 3025, 2966, 2888,
1658, 1595, 1566, 1494, 1429, 1347, 1192, 1128, 1074, 970, 919, 760. 'H NMR (500
MHz, DMSO-ds, delta, ppm): 12.90 (s, 1H, NH), 11.41 (s, 1H, NH), 7.68-7.30 (m, 7H, Ar-
H), 7.28-7.09 (m, 6H, Ar-H), 6.99 (d, J= 6.50 Hz, 1H, Ar-H), 5.34 (s, 1H, C-H). 3C NMR
(125 MHz, DMSO-ds): 0 189.31 (C=0), 156.05 (Ar-C), 148.58 (Ar-C), 145.87 (Ar-C),
138.78 (Ar-C), 136.32 (Ar-C), 134.78 (Ar-C), 131.08 (Ar-CH), 130.07 (Ar-CH), 129.02
(Ar-C), 128.58 (Ar-CH), 128.06 (Ar-CH), 127.84 (Ar-CH), 127.57 (Ar-CH), 126.31 (Ar-
CH), 125.78 (Ar-CH), 119.64 (Ar-CH), 119.01 (Ar-CH), 105.86 (Ar-C), 103.52 (Ar-C),

637



Pelit E. JOTCSA. 2017; 4(2): 631-648. RESEARCH ARTICLE

34.88 (C-H). MS: m/z (ESI) 376.3 [M+H]*, 298.2, 268.8, 242.3, 227.2, 215.3, 180.1,
Anal. Calc. for C2sH17N30: C, 79.98; H, 4.56; N, 11.19. Found: C, 80.05; H, 4.52; N, 11.26.

4-(2,4-difluorophenyl)-3-phenyl-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-
e]pyridine-5(1H)-one (7b)

Red powder; m.p. 293-295 °C; FTIR (ATR, cm): 3406, 3378, 3197, 3059, 3027, 2971,
2888, 1657, 1614, 1595, 1566, 1488, 1443, 1349, 1172, 1135, 1088, 972, 848, 770. H
NMR (500 MHz, DMSO-ds, delta, ppm): 12.85 (s, 1H, NH), 11.44 (s, 1H, NH), 7.69 (d, J=
7.10 Hz, 1H, Ar-H), 7.47 (d, J= 7.50 Hz, 2H, Ar-H), 7.42 (t, J= 7.40 Hz, 1H, Ar-H), 7.36-
7.29 (m, 4H, Ar-H), 7.24-7.11 (m, 2H, Ar-H), 6.92 (t, J= 9.10 Hz, 1H, Ar-H), 6.78 (t, J=
8.00 Hz, 1H, Ar-H), 5.56 (s, 1H, C-H). 13C NMR (125 MHz, DMSO-ds): 6 189.06 (C=0),
161.38 (Ar-C), 160.25 (Ar-C), 159.34 (Ar-C), 158.38 (Ar-C), 156.46 (Ar-C), 148.33 (Ar-
C), 139.06 (Ar-C), 136.28 (Ar-C), 134.74 (Ar-C), 131.48 (Ar-CH), 131.08 (Ar-CH), 130.16
(Ar-CH), 128.84 (Ar-CH), 128.45 (Ar-CH), 128.17 (Ar-CH), 126.38 (Ar-CH), 123.26 (Ar-
CH), 119.63 (Ar-CH), 119.14 (Ar-CH), 111.08 (Ar-CH), 104.34 (Ar-C), 102.95 (Ar-CH),
102.77 (Ar-C), 28.17 (C-H). MS: m/z (ESI) 412.1 [M+H]*, 298.2, 269.2, 241.1, 180.0,
168.0. Anal. Calc. for CasH1sF2N30: C, 72.99; H, 3.68; N, 10.21. Found: C, 73.06; H, 3.57;
N, 10.32.

3-phenyl-4-(thiophen-2-yl)-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-e]pyridin-
5(1H)-one (7c)

Red powder; m.p. 290-292 °C; FTIR (ATR, cm™): 3378, 3152, 3091, 3024, 2967, 2885,
1657, 1595, 1564, 1486, 1428, 1345, 1189, 1123, 1099, 1075, 1036, 966, 911, 756. 'H
NMR &1 (500 MHz, DMSO-ds, delta, ppm): 12.95 (s, 1H, NH), 11.45 (s, 1H, NH), 7.96-7.90
(m, 1H, Ar-H), 7.68 (d, J= 7.10 Hz, 1H, Ar-H), 7.61 (d, J= 7.50 Hz, 2H, Ar-H), 7.44-7.27
(m, 5H, Ar-H), 7.10 (d, J= 5.10 Hz, 1H, Ar-H), 6.79 (d, J= 3.10 Hz, 1H, Ar-H), 6.74 (dd,
Ji= 4.90 Hz, J>= 3.60 Hz, 1H, Ar-H), 5.70 (s, 1H, C-H). 13C NMR (125 MHz, DMSO-ds): &
189.25 (C=0), 156.08 (Ar-C), 150.58 (Ar-C), 147.98 (Ar-C), 143.42 (Ar-CH), 141.38 (Ar-
C), 139.20 (Ar-C), 136.16 (Ar-C), 135.64 (Ar-CH), 134.77 (Ar-C), 131.16 (Ar-CH), 130.20
(Ar-CH), 128.70 (Ar-CH), 128.23 (Ar-CH), 126.43 (Ar-CH), 123.74 (Ar-CH), 123.51 (Ar-
CH), 122.80 (Ar-CH), 119.84 (Ar-CH), 119.19 (Ar-CH), 106.15 (Ar-C), 103.37 (Ar-C),
29.69 (C-H). MS: m/z (ESI) 382.3 [M+H]*, 297.8. Anal. Calc. for C23H1sN30S: C, 72.42;
H, 3.96; N, 11.02. Found: C, 72.61; H, 3.90; N, 10.98.

4-(Furan-2-yl)-3-phenyl-4,10-dihydroindeno[1,2-b]pyrazolo[4,3-e]pyridin-
5(1H)-one (7d)
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Red powder; m.p. 294-296 °C; FTIR (ATR, cml): 3376, 3188, 3139, 3096, 3062, 2945,
1727, 1691, 1606, 1589, 1467, 1351, 1220, 1161, 1017, 884, 774, 737. *H NMR &u (500
MHz, DMSO-ds, delta, ppm): 12.89 (s, 1H, NH), 11.42 (s, 1H, NH), 7.81-7.77 (m, 1H, Ar-
H), 7.64-7.54 (m, 3H, Ar-H), 7.40-7.20 (m, 5H, Ar-H), 7.08 (d, J= 5.30 Hz, 1H, Ar-H),
6.75 (d, J= 7.50 Hz, 1H, Ar-H), 6.60 (d, J= 7.40 Hz, 1H, Ar-H), 5.60 (s, 1H, C-H). 13C NMR
(125 MHz, DMSO-ds): & 189.43 (C=0), 156.25 (Ar-C), 150.20 (Ar-C), 148.10 (Ar-C),
143.36 (Ar-C), 142.18 (Ar-CH), 136.50 (Ar-C), 135.76 (Ar-C), 134.60 (Ar-C), 133.12 (Ar-
CH), 130.05 (Ar-CH), 128.60 (Ar-CH), 127.51 (Ar-CH), 127.02 (Ar-CH), 126.30 (Ar-CH),
123.45 (Ar-CH), 122.90 (Ar-CH), 119.10 (Ar-CH), 118.85 (Ar-CH), 107.70 (Ar-CH), 104.83
(Ar-C), 102.40 (Ar-C), 29.60 (C-H). MS: m/z (ESI) 366.2 [M+H]*, 298.9. Anal. Calc. for
C23H1sN302: C, 75.60; H, 4.14; N, 11.50. Found: C, 75.54; H, 4.20; N, 11.55.

RESULTS AND DISCUSSION

Initially, the condensation reaction of benzaldehyde (1.00 mmol), indan-1,3-dione (1.00
mmol), and 1,3-dimethyl-1H-pyrazol-5-amine (1.00 mmol) was examined under ultrasonic
irradiation without a catalyst at 60 °C in 5 mL of EtOH. The reaction was completed in 15
minutes with a yield of 80%. In order to observe the effect of CSA as a catalyst, the same
reaction was examined under ultrasound irradiation (Table 1) in the presence of 3 mol %
CSA at 40 °C. The reaction was completed in 7 minutes with a yield of 88%. Higher amount

of catalyst or higher temperature did not lead to significant change in the reaction yieIds

O HC
| el
ArCHO + + QNH CSA 3mo| A) M
| EtOH us
© CHs CH,
1 2 3

4 5

O Ar

Ph
0,
ACHO ©::§ >_>\ _ CSA (3mol %) _ Qﬂ N\
EtOH, US N"ON

H H
1 2 6 7

Scheme 1: Multi-component synthesis of pyrazolopyridine derivatives.
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Table 1: Effect of amount of CSA on the synthesis of 4a.

CSA (mol %) Temperature (°C) Time (min) Yield (%)?
- 60 15 80
3 40 7 88
3 60 7 88
5 40 7 88
10 40 7 89

aIsolated yield.

With the best optimized condition in hand, several pyrazolopyridines were synthesized at
40 °C using CSA catalyst in EtOH under ultrasonic irradiation (Scheme 1). The results are

summarized in Table 2.

It is important to point out the fact that when 1,3-dimethyl-1H-pyrazol-5-amine, indan-
1,3-dione and benzaldehyde or electron withdrawing 4-cyanobenzaldehyde were sonicated
for required reaction time, the reaction leads to the formation of the aromatized
pyrazolopyridine derivatives 4, which were isolated and characterized, but in the case of
using aromatic aldehydes containing electron releasing substituents,

dihydropyrazolopyridine derivatives 5 were observed.
Then the same reaction was performed with 3-phenyl-1H-pyrazol-5-amine, indan-1,3-
dione and aromatic aldehydes under the same conditions, this time only

dihydropyrazolopyridine derivatives 7 were observed (Scheme 1, Table 2) as products.

Table 2: Synthesis of pyrazolopyridine using catalytic amount of CSA.

Product Ar Time (min) Yield %)?2
4a Phenyl 7 88
4b 4-Cyanophenyl 7 94
5c 2,4-Difluorophenyl 7 92
5d 4-Methylphenyl 7 90
5e 5-Nitrofuran-2-yl 7 96
7a Phenyl 7 92
7b 2,4-Difluorophenyl 7 96
7c Thiophen-2-yl 7 97
7d Furan-2-yl 7 95

3Isolated yield
The structure of the newly generated compounds have been confirmed by Fourier
transform-infrared (FTIR), mass and NMR techniques. In the 'H NMR spectra of
dihydropyrazolopyridines 5c-e and 7a-d, benzylic C-H proton resonated at near 6 4.80-
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5.70 and in their 13C NMR spectra, the benzylic C—H carbon resonated at near d 27-35.

The mass spectra of all new compounds showed the expected molecular ion peak.

Mainly effective HAT agents are compounds with high hydrogen atom donating ability,
which is compounds with low dissociation energies of heteroatom-H bond and/or
compounds from which abstraction of hydrogen leads to C-centered radicals stabilized by
resonance or compounds from which hydrogen abstraction leads to sterically hindered
radicals (40). In this study, the antioxidant activity of compounds 4b, 5c, 5e, 7a, 7b and
7c were examined for free radical scavenging activity (determined for DPPH), reducing
activity (reduction of the Fe3*/ferricyanide complex to its ferrous form), metal chelating
(chelating activity capacity of ferrous ions) capacity, superoxide scavenging activity, and

total antioxidant activity.

120,000
100,000
80,000
W25 pg/ml
60,000 m50 pg/ml
40,000 - 1100 pg/mil
W 200 pg/ml
20,000 - he/
m 400 pg/mil
0,000 -

Figure 1: DPPH radical scavenging activity of pyrazolopyridine compounds. BHA, BHT,

Trolox and Resorcinol were used as reference antioxidants.

DPPHe (1,1-diphenyl-2-picryl-hydrazyl) is a stable free radical and accepts an electron or
hydrogen radical to become a stable diamagnetic molecule. The scavenging effect of
pyrazolopyridine compounds (4b, 5¢, 5e, 7a, 7b and 7c) and standards (BHA, BHT, trolox,
and resorcinol) on the DPPHe radical decreased in order of: BHA > trolox > BHT >
resorcinol > 5e > 4b > 5c > 7c > 7a > 7b (Figure 1). These results indicate that
pyrazolopyridine compounds had a moderate effect on scavenging free radical, and free
radical scavenging activity was increased with increasing concentration. A higher DPPH

radical scavenging activity is associated with a lower ECso value.
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Figure 2: Reducing power of pyrazolopyridine compounds. EDTA, Trolox and Gallic acid

were used as reference antioxidants.

In the reducing power assay, the presence of antioxidants in the sample would result in
the reduction of ferric iron to ferrous iron by electron donation. Pyrazolopyridine
compounds 4b, 5e, and 7c showed higher reducing power than the other pyrazolopyridine

compounds (Fig. 2), and reducing power was increased with increasing concentration.

100,000
90,000
30,000
70000 H25pg/ml
BE,000 W50 pg/ml
30,000 =100 pg/ml
HERG W 200 pg/ml
i =400 pg/ml

20,000
10,000
0,000

4h 5 5e 7a 7b 7¢  BHT Trolox EDTA

Figure 3: Metal chelating activity of pyrazolopyridine compounds. BHT, Trolox and EDTA

were used as reference antioxidants.

The metal chelating activity for ferrous ion of the pyrazolopyridine compounds (4b, 5c,
5e, 7a, 7b and 7c) was assayed by the inhibition of red-colored ferrozine/FeCl> complex.
EDTA, Trolox and BHT were used as standard compounds. The pyrazolopyridine compounds
showed moderate metal chelating activity at 25, 50,100, 200 and 400 ug/mL (Fig. 3).
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Nevertheless, compound 4b exhibited the highest chelating activity among the tested

pyrazolopyridine compounds at 400 ug/mL (78.58 %).

100,000
90,000
30,000
70,000
W25 pz/ml
00,000
W50 pg/ml
50,000
100 pg/mil
40,000
m 200 pg/ml
30,000
m 400 pg/mil

20,000
10,000
0,000

b  5¢ S5e Ja 7b  7c¢ BHT Trolox BHA

Figure 4: Superoxide scavenging activity of pyrazolopyridine compounds. BHT, Trolox

and BHA were used as reference antioxidants.

Fig. 4 shows the % inhibition of superoxide radical generation by 25, 50, 100, 200 and 400
Hg/mL of pyrazolopyridine compounds (4b, 5¢, 5e, 7a, 7b and 7c) and comparison with
same concentrations of BHT, trolox and BHA. None of the compounds showed greater
superoxide scavenging activity than the standards. The best inhibition (67.61%) was

measured for the compound 4b at 400 ug/mL.

32,0000

2,5000 /f\\
2,0000

=—4h-100
=——BHT-100

1,5000 / \

X ———RES-100
1,0000 - — A5C-100
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0,0000 . . . ﬂ“—"47— ; . : |
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Figure 5: Total antioxidant activities of pyrazolopyridine compounds. BHT, Resorcinol

and Ascorbic acid were used as reference antioxidants.

643



Pelit E. JOTCSA. 2017; 4(2): 631-648. RESEARCH ARTICLE

Total antioxidant activity of pyrazolopyridine compounds was determined by the
thiocyanate method. Compound 4b exhibited effective antioxidant activity. The effect of
100 pg/mL concentration of compound 4b on lipid peroxidation of linoleic acid emulsion
are shown in Figure 5. The results clearly showed that compound 4b had stronger total
antioxidant activity than BHT, resorcinol and ascorbic acid at the same concentration (100
Hg/mL). The effects on lipid peroxidation of linoleic acid pyrazolopyridine compound 4b and

standards decreased in that order: compound 4b > ascorbic acid > BHT > resorcinol.

In conclusion, this one-pot three component protocol using CSA as an organocatalyst in
ethanol provides a practical method for the preparation of fused pyrazolo pyridines from
1,3-dimethyl-1H-pyrazol-5-amine or 3-phenyl-1H-pyrazol-5-amine, indan-1,3-dione and
various aromatic aldehydes in short reaction times and excellent yields. The simplicity,
high atom economy, easy execution, and work up are the notable features of this
procedure. The antioxidant activity of compounds 4b, 5c¢, 5e, 7a, 7b and 7c were

determinate. Most potent was found to be compound 4b followed by 5e and 7c.
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INTRODUCTION

Oximes are very important building blocks in synthetic organic chemistry because they
are capable of undergoing numerous transformations. Oximes are widely used to protect,
purify and characterize aldehydes and ketones. In addition, oximes can successfully be
converted into amides (1), nitriles (2,3), amines (4,5), hydroxyamines (6), hydroxyamine
O-ethers (7), nitroalkanes (8), 1,3-oxazoles, thiazoles and diazoles (9), etc. The
products, as starting compounds, are proven to be biologically active amino acids (10),
alkoxyimino esters and alkoxyamino amides (11) and derivatives of pyrrole skeleton
(12). Moreover, oxime groups could be transferred into water-soluble compounds.
Through its oxime and oxime ether, limonin is rendered water soluble as being an anti-

inflammatory and analgesic agent (13).

Recently, oxime esters and related compounds are shown to possess bioactivities, thus
being attractive to researchers, especially working with agrochemicals and medicinal
compounds. Fungicidal (14), insecticidal (15,16), antitumor (17,18), herbicidal (19,20),
antineoplastic (21) and antiviral (22,23) activities were introduced for oxime esters. It
has been about fifty years since the synthesis and biological activities of oxime esters
were shown in a large number of researches. In a previous study, the synthesis of
biologically active hydroxyimino-, methoxyimino- and benzyloxyiminotetradecanoic acid
methyl esters were reported and their DNA-binding, antimicrobial and antifungal

activities were investigated (24).

Being capable of coordinating to metal ions, oxime ligands have been interesting due to
their variable geometries (25-28) and fine tuning of their substitutients (29,30). Oxime
ligands are known to serve as analytical reagents (31,32) and also employed as models
for Vitamin B:i> and dioxygen carrier systems (33), as well as catalysts in chemical

processes (34-37).

In this study, it was aimed to obtain pure y- and 0- oxime esters humbered as 2a-2j as
compounds for reference purposes. In the previous paper, Imoto et al. reported the 4-
hydroxyimino-4-phenyl-butyric acid methyl ester 2a and 5-hydroxyimino-5-phenyl-
pentanoic acid methyl ester 2f and they used these compounds as intermadiates in the
synthesis of oxyiminoalcanoic acids (38). Besides, 2a was obtained as intermadiates
compound for use in the Beckmann rearrengement (39). In the another study, 2e was
used as starting materials for synthesis of aliphatic amino acids (40). In this work, seven
novel compounds containing aryl, substituted aryl and heteroaryl groups ( 2b-2d, 2g-2j)
were synthesized. Their structures were elucidated with 'H NMR, '3C NMR, elemental

analysis and mass spectrometry.
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MATERIALS AND METHODS

Unless otherwise stated, all reagents were obtained from commercial suppliers.
Hydroxylamine hydrochloride (HONH2.HCI) was purchased from Sigma Aldrich. y- and &-
keto esters as starting materials were synthesized by Friedel-Crafts acylation (41,42).
The reactions of 2 were checked for completion on silica gel on aluminum plates. They
were purified by flash column chromatography on silica gel (Merck; 230-400 mesh) and

ethyl acetate and hexane (7:3, v:v) was used as eluent.

Proton nuclear magnetic resonance spectroscopy was obtained at 500 MHz and carbon
nuclear magnetic resonance spectroscopy was recorded at 125 MHz. As an internal
standard, tetramethylsilane in deuteriochloroform (CDCl3) was employed. A Shimadzu
QP2010 Plus was used as the GC/MS spectrometer. Fourier transform infrared spectra
were recorded on a Mattson 1000 spectrometer. A Blichi melting point B-540 apparatus
was used for melting point determinations. The chemical yields are expressed with the

pure isolated substances.

General procedure : preparation of oxime esters (43,44)

As a general procedure, the keto ester (1.0 eq) 1la-j was dissolved in ethanol.
Hydroxylamine hydrochloride (2.0 eq) was introduced into the reaction medium and the
mixture was stirred overnight. Saturated ammonium chloride was used to dilute the
mixture and it was extracted with ethyl acetate. Combined organic layers were washed
with water and brine and dried over sodium sulfate. The solvent was evaporated and the
crude product was subjected to column chromatography on silica gel and as eluent “(n-

hexane:ethyl acetate 7:3)" to yield the oximes 2a-j.

4-Hydroxyimino-4-phenyl-butyric acid methyl ester 2a

Yield: 90%; colorless oil. Anal. calcd. for C11H13NOs3: C, 63.76; H, 6.32; N, 6.76 Found:
C, 63.50; H, 6.42; N, 6.66. IR (neat, cm) v 3450 (OH stretching), 3030 (CH stretching
of aromatic rings), 2953 (-CH2- stretching), 1738 (C=0 stretching of COOCHs group),
1680 (C=N stretching),1500, 1453 (C=C- stretching of aromatic rings), 1261(CH
stretching in aliphatic plane), 1076 (C-O stretching), 769 (out-of-plane bending CH of
aromatic ring). *H NMR (500 MHz, CDCI3) 6 7.51-7.49 (m, 2H), 7.28-7.27 (m, 3H), 3.55
(s, 3H, COOCH3s), 3.04 (t, J = 7.5 Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H). *3C NMR (150MHz,
CDCl3) 6 173.4 (C=0), 158.2 (C=N), 135.4 ( C of aromatic ring), 129.6, 128.9, 126.5 (-
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CH of aromatic ring), 52.0 (COOCHs), 30.6 (CHz), 22.3 (CH2). MS (m/z): 51, 77, 104,
117, 130, 158, 176, 206 (M* -1).

4-(4-Chloro-phenyl)-4-hydroxyimino-butyric acid methyl ester 2b

Yield: 88%; White crystal; mp:45-46°C. Anal. Calcd. for C::H12CINO3 C, 54.67; H, 5.00;
Cl, 14.67; N, 5.80. Found: C, 54.73; H, 5.30; Cl, 14.55; N, 5,72. IR (neat, cm™) v 3447
(OH stretching), 3099 (CH stretching of aromatic rings), 2961 (-CHz- stretching), 1734
(C=0 stretching of COOCHs group), 1680 (C=N stretching),1503, 1456 (C=C- stretching
of aromatic rings), 1263 (CH stretching in aliphatic plane), 1094 (C-O stretching), 939,
831 (out-of-plane bending CH of aromatic ring). *H NMR (500 MHz, CDCl3) & 7.45 (d, J
= 10.0 Hz, 2H), 7.24 (d, J = 10.0 Hz, 2H), 3.55 (s, 3H, COOCHs), 3.04 (t, J = 7.5 Hz,
2H), 2.53 (t, J = 7.5 Hz, 2H). *3C NMR (150MHz, CDCI3) 8 172.9 (C=0), 157.3 (C=N),
135.6 (C of aromatic ring), 139.0, 129.7, 127.8 (-CH of aromatic ring), 51.9 (COOCH3),
30.8 (CH2), 22.1 (CH2). MS (m/z): 55, 75, 111, 138, 153, 164, 182, 206, 240(M* -1).

4-Hydroxyimino-4-(4-methoxy-phenyl)-butyric acid methyl ester 2c

Yield: 70%; colorless oil. Anal. Calcd. for Ci12H15NO4 C, 60.75; H, 6.37; N, 5.90. Found:
C, 60.90; H, 6.45; N, 5.80. IR (neat, cm™!) v 3470 (OH stretching), 3022 (CH stretching
of aromatic rings), 2953 (-CH2- stretching), 1734 (C=0 stretching of COOCH3s group),
1685 (C=N stretching), 1526, 1456 (C=C- stretching of aromatic rings), 1263 (CH
stretching in aliphatic plane), 1032 (C-O stretching), 939, 847 (out-of-plane bending CH
of aromatic ring). *H NMR (500 MHz, CDCl3) 8 7.48 (d, J = 10.0 Hz, 2H), 6.83 (d, J =
10.0 Hz, 2H), 3.75 (s, 3H, Ar-OCHs), 3.58 (s, 3H, COOCHs), 3.02 (t, J = 7.5 Hz, 2H),
2.54 (t, J = 7.5 Hz, 2H). *3C NMR (150MHz, CDCI3) & 173.3 (C=0), 160.9 (C=N), 157.7
(C of aromatic ring), 127.9, 127.6, 114.3 (-CH of aromatic ring), 55.5 (Ar-OCHs), 52.0
(COOCHSs), 30.7 (CH2), 22.1 (CH2). MS (m/z): 55, 77,91, 134, 149, 178, 207, 237(M™).

4-Furan-2-yl-4-hydroxyimino-butyric acid methyl ester 2d
Yield: 60%; colorless oil. Anal. Calcd. for CoH1:NO4 C, 54.82; H, 5.62; N, 7.10. Found:

C, 55.00; H, 5.40; N, 7.45. IR (neat, cm™) v 3462 (OH stretching), 3138 (CH stretching
of aromatic rings), 2953 (-CH:- stretching),1780 (C=0 stretching of COOCHs3 group),
1680 (C=N stretching), 1510, 1456 (C=C- stretching of aromatic rings), 1248 (CH
stretching in aliphatic plane), 1071 (C-O stretching), 824, 754 (out-of-plane bending CH
of aromatic ring). *H NMR (500 MHz, CDCI3) 8 7.39-7.33 (m, 1H), 6.62 (d, J = 5.0 Hz,
1H), 6.36-6.35 (m, 1H), 3.61 (s, 3H, COOCHs), 2.94 (t, J = 7.5 Hz, 2H), 2.59 (t, 7 = 7.5
Hz, 2H). 13C NMR (150MHz, CDCl3) & 172.0 (C=0), 154.6 (C=N), 148.4 (C of aromatic
ring), 141.5, 111.1, 109.6 (-CH of aromatic ring), 50.7 (COOCHs), 30.4 (CH2), 20.5
(CH2). MS (m/z): 55, 79, 93, 107, 120,138, 148,166,180,197 (M*).
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4-Hydroxyimino-4-thiophen-2-yl-butyric acid methyl ester 2e

Yield: 65%; White crystal; mp:59.5-60.5°C. Anal. Calcd. for CoH11NO3S C, 50.69; H,
5.20; N, 6.57; S, 15.04. Found: C, 50.96; H, 5.30; N, 6.15; S, 14.97. IR (neat, cm™)
v 3377 (OH stretching), 3115 (CH stretching of aromatic rings), 2953 (-CHz- stretching),
1780 (C=0 stretching of COOCHs group), 1675 (C=N stretching), 1549, 1456 (C=C-
stretching of aromatic rings), 1186 (CH stretching in aliphatic plane), 1032 (C-O
stretching), 855, 716 (out-of-plane bending CH of aromatic ring). *H NMR (500 MHz,
CDCI3) 6 7.47-7.46 (m, 2H), 6.93 (t, J = 5.0 Hz, 1H), 3.59 (s, 3H, COOCH3), 3.02 (t, J =
7.5 Hz, 2H), 2.61 (t, J = 7.5 Hz, 2H). *3C NMR (150MHz, CDCl3) 6 172.1 (C=0), 152.7
(C=N), 137.8 (C of aromatic ring), 129.9, 126.3, 124.6 (-CH of aromatic ring), 50.8
(COOCHSs), 29.5 (CH2), 21.6 (CH2). MS (m/z): 55, 65, 84, 97, 110, 123, 136, 154,165,
196, 213(M*).

5-Hydroxyimino-5-phenyl-pentanoic acid methyl ester 2f

Yield: 85%; White crystal; mp:55.5-56.5°C. Anal. Calcd. for Ci2HisNOs C, 65.14; H,
6.83; N, 6.33. Found: C, 65.10; H, 6.90; N, 6.20. IR (neat, cm™) v 3453 (OH
stretching), 3023 (CH stretching of aromatic rings), 2946 (-CHz- stretching), 1738 (C=0
stretching of COOCH3 group), 1682 (C=N stretching), 1500, 1453 (C=C- stretching of
aromatic rings), 1246 (CH stretching in aliphatic plane), 1076 (C-O stretching), 769, 707
(out-of-plane bending CH of aromatic ring). *H NMR (500 MHz, CDCI3) & 7.55-7.53 (m,
2H), 7.31-7.29 (m, 3H), 3.57 (s, 3H, COOCHs), 2.79 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5
Hz, 2H), 1.84 (q, J = 7.5 Hz, 2H). 3C NMR (150MHz, CDCl3) & 173.9 (C=0), 158.9
(C=N), 135.6 (C of aromatic ring), 129.5, 128.8, 126.5 (-CH of aromatic ring), 51.8
(COOCHs), 33.8 (CH2), 25.5 (CH2), 21.8 (CH2). MS (m/z): 51, 77, 104, 130, 144, 173,
204, 221(M* +1).

5-(4-Chlorophenyl)-5-hydroxyimino-pentanoic acid methyl ester 2g

Yield: 80%; White crystal; mp:51.5-52.5°C. Anal. Calcd. for Ci2H14CINO3 C, 56.37; H,
5.52; Cl, 13.87; N, 5.48. Found: : C, 56.20; H, 5.55; CI, 13.80; N, 5,52. IR (neat, cm™)
v 3454 (OH stretching), 3038 (CH stretching of aromatic rings), 2953 (-CHz- stretching),
1734 (C=0 stretching of COOCHs group), 1680 (C=N stretching), 1503, 1456 (C=C-
stretching of aromatic rings), 1263 (CH stretching in aliphatic plane), 1094 (C-O
stretching), 847, 762 (out-of-plane bending CH of aromatic ring). *H NMR (500 MHz,
CDCl3) 6 7.49 (d, J = 5.0 Hz, 2H), 7.27 (d, J = 10.0 Hz, 2H), 3.59 (s, 3H, COOCHs), 2.76
(t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5 Hz, 2H), 1.81 (q, J = 7.5 Hz, 2H). 3C NMR
(150MHz, CDCl3) 8 173.9 (C=0), 158.1 (C=N), 135.5 (C of aromatic ring), 134.0, 129.0,
127.7 (-CH of aromatic ring), 51.8 (COOCHs), 33.7 (CH2), 25.4 (CHz), 21.6 (CH2). MS
(m/z): 55, 75, 88, 102, 138, 164, 192, 224, 256(M*).
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5-Hydroxyimino-5-(4-methoxyphenyl)-pentanoic acid methyl ester 2h

Yield: 70%; White crystal; mp:102-103°C. Anal. Calcd. for Ci3Hi7NO4 C, 62.14; H,
6.82; N, 5.57. Found: C, 62.04; H, 6.85; N, 5.50. IR (neat, cm™) v 3470 (OH
stretching), 3015 (CH stretching of aromatic rings), 2961 (-CHz- stretching), 1753 (C=0
stretching of COOCHs group), 1685 (C=N stretching), 1526, 1456 (C=C- stretching of
aromatic rings), 1256 (CH stretching in aliphatic plane), 1040 (C-O stretching), 847, 747
(out-of-plane bending CH of aromatic ring). *H NMR (500 MHz, CDCI3) d 7.50 (d, J = 5.0
Hz, 2H), 6.82 (d, J = 10.0 Hz, 2H), 3.73 (s, 3H, Ar-OCHs), 3.58 (s, 3H, COOCHs), 2.77
(t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5 Hz, 2H), 1.83 (q, J = 7.5 Hz, 2H). 3C NMR
(150MHz, CDCIs) 8 173.9 (C=0), 160.7 (C=N), 158.4 (C of aromatic ring), 128.0, 127.8,
114.2 (-CH of aromatic ring), 55.5 (Ar-OCHs), 51.7 (COOCHs), 33.8 (CH2), 25.4 (CH2),
21.8 (CH2). MS (m/z) : 55, 77, 90, 103, 133, 160, 188, 205, 251(M*).

5-Furan-2-yl-5-hydroxyimino-pentanoic acid methyl ester 2i
Yield: 65%; White crystal; mp:43.5-44.5°C. Anal. Calcd. for CioH:13NO4 C, 56.86; H,

6.20; N, 6.63. Found: C, 56.95; H, 6.10; N, 6.55. IR (neat, cm™) v 3462 (OH
stretching), 3138 (CH stretching of aromatic rings), 2953 (-CHz- stretching), 1742 (C=0
stretching of COOCHs group), 1682 (C=N stretching), 1456, 1387 (C=C- stretching of
aromatic rings), 1256 (CH stretching in aliphatic plane), 1078 (C-O stretching), 932, 754
(out-of-plane bending CH of aromatic ring). *H NMR (500 MHz, CDCI3) & 7.38-7.37 (m,
1H), 6.60 (d, 1H), 6.36-6.35 (m, 1H), 3.60 (s, 3H, COOCHs), 2.68 (t, J = 7.5 Hz, 2H),
2.34 (t, J = 7.5 Hz, 2H), 1.91 (q, J = 7.5 Hz, 2H). *3C NMR (150MHz, CDCl3) d 172.7
(C=0), 149.4 (C=N), 145.6 (C of aromatic ring), 142.6, 111.6, 109.2 (-CH of aromatic
ring), 50.5 (COOCHs), 32.4 (CHz), 23.8 (CH2), 20.8 (CH2). MS (m/z) : 55, 85, 93, 107,
125, 138, 162, 160, 194, 205, 211(M*).

5-Hydroxyimino-5-thiophen-2-yl-pentanoic acid methyl ester 2j

Yield: 65%; White crystal; mp:55-56°C. Anal. Calcd. for CioH13NOsS C, 52.85; H, 5.77;
N, 6.16; S,14.11. Found: C, 52.95; H, 5.55; N, 6.20; S, 14.20. IR (neat, cm™!) v 3462
(OH stretching), 3115 (CH stretching of aromatic rings), 2953 (-CH2- stretching), 1742
(C=0 stretching of COOCH3 group), 1682 (C=N stretching), 1456, 1387 (C=C- stretching
of aromatic rings), 1256 (CH stretching in aliphatic plane), 1078 (C-O stretching), 847,
716 (out-of-plane bending CH of aromatic ring). *H NMR (500 MHz, CDCl3) & 7.50-7.47
(m, 2H), 7.03 (t, J = 5.0 Hz, 1H), 3.59 (s, 3H, COOCH3), 2.72 (t, J = 7.5 Hz, 2H), 2.37
(t, J = 7.5 Hz, 2H), 1.97 (q, J = 7.5 Hz, 2H). '3C NMR (150MHz, CDCl3) 8 172.1 (C=0),
152.7 (C=N), 137.8 (C of aromatic ring), 129.9, 126.3, 124.6 (-CH of aromatic ring),
50.8 (COOCHSs), 29.5 (CH2), 21.6 (CH2). MS (m/z) : 55, 84, 97, 110, 123, 136, 150, 178,
210, 227(M*).
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The isomeric ratios of the compounds are shown in Table 1.
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Table 1. Isomer ratios ((E)/(Z)) and yields of synthesized y- and &-ketoxime esters

Entry Keto ester Product Yield? (E)/(2)
RatioP
(0] OH
N
1 Q)Wocm @MOCHS 90 E
© 1a 0 2a
o) OH
2 J/\:I)WOCHa N 88 E
Q)\/YOCHS
o]
Cl 1b o
cl 2b
0 _oH
OCH N
3 w 3 WOCHS 70 E
HsCO 1c o)
H,CO 2c
O S:,OH
N
4 G)Wocm WO% 60 E
o) o) 1d (e 0 2d
(0] OH
N
5 Woom Wocm 65 E
\_s 0 1e \_s 0 2e
o) o) OH
6 OCHs \ i 85 E
if WO%
2f
o) o) ~oH
7 Wocm Q)N\/\/?L 80 E
OCH;
Cl 19 o Zg
(0] (0] N“_‘_,OH o
8 OCHj3 | 70 E
H3;CO 1h
H3CO 2h
o} o} O
9 WOCHS N o 65 E
\_0 MOCHB
1i \ 0 2i
0 0 O
10 WOCH3 CHN\/\/{CL 65 E
4 : ~ OCHj
1j \_4 2j

a Isolated yield. ® (E)/(Z) ratio was determined by 'H NMR.
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RESULTS AND DISCUSSION

We have obtained oxime esters 2a-2j with high yields and the products were synthesized
with the reaction between aryl, substituted aryl and heteroaryl y- and d-keto esters 1a-

1j and hydroxyamine hydrochloride (see Scheme 1).

on
M NH,OH.HCI NI 0
X n OCHs x)\ﬁn/u\ooH3
2a-2j

1a ( n=2, X=Ph) 1f ( n=3, X=Ph)

1b (n=2, X=p-CI-C¢H; )  1g (n=3, X=p-CI-CgH, )
1c (n=2, X= p-MeO-C¢gH,) 1h (n=3, X= p-MeO-CgHy,)
1d (n=2, X= 2-Furyl ) 1i (n=3, X= 2-Furyl )

1e (n=2, X= 2-Thienyl ) 1j (n=3, X= 2-Thienyl )

Scheme 1: Synthesis of y- and d-ketoxime esters

Hydroxyimino compounds are generally isolated as E isomer (45-47). In another work,
hydroxyimino derivatives of keto esters were obtained also mainly as E isomer (24).
According to these literatures (24, 45-48), the configuration of the synthesized
compounds (2a-2j) in this work were determined by 'H-NMR spectrum due to the
splitting of the methoxy signal as studied in the previous study of our group (24). Two
methoxy signals were seen for E/Z mixture. E signal resonated at lower field than Z
signal (24, 48). 'H-NMR spectras of the synthesized aryl-, substituted aryl- and
heteroaryl containing y- and d-oxime esters 2a-2j showed only one signal for methoxy
peak as obtained in the previous study, therefore the configuration of these keto oxime
esters were attributed to E structure. The position of phenyl grup let these keto oxime
esters existing in E configuration because of the interaction between phenyl and hydroxy

proton of the oxime groups and steric hinderance of the methylen protons.

As a conclusion, an extremely simple, suitable and efficient method was applied in this
study for converting keto esters to their corresponding ketoxime esters of E

configuration, which will be studied later for their biological activities.
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