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Synthesis of 1,6-hexanediyl-bis(semicarbazides) and 
1,6-hexanediyl-bis(1,2,4-triazol-5-ones) and their 

antiproliferative and antimicrobial activity 
MONIKA PITUCHA1*, JOLANTA RZYMOWSKA2, ALINA OLENDER3 

and LUDMIŁA GRZYBOWSKA-SZATKOWSKA4 
1Department of Organic Chemistry, Medical University, 20-081 Lublin, Poland, 2Department 
of Biology and Genetics, Medical University, 20-081 Lublin, Poland, 3Chair and Department 

of Medical Microbiology, Medical University, 20-093 Lublin, Poland and 4Department of 
Oncology, Medical University, 20-090 Lublin, Poland 

(Received 12 February, revised 14 August 2011) 

Abstract. A series of 1,6-bi s(3-substituted 1,5-dihydro-5-oxo-4H-1,2,4-triazol- 
-4-yl)hexanes 3a–g were synthesized by the cyclization reaction of 1,6-bis{[(2- 
-substituted hydrazinyl)carbonyl]amino}hexanes 2a–g in alkaline medium. The 
new derivatives 3a–c were screened in vitro for their antiproliferative and anti -
cancer activity in hu man tumor cell lines d erived from breast and lun g car-
cinoma cells. Compounds 3a (at a concentration of 0.18 mM), 3b (at concen-
trations of 0.12 and 0.02 mM) and 3c (at concentrations of 0.23 and 0.11 mM) 
were found to be the most effective against the lung cell line. Compound 3a 
had the great est antiproliferative eff ect on the breast carcinoma cell line. Re-
presentative compounds were established and evaluated as antimicrobial agents. 
All the tested derivatives showed minimum inhibitory concentrations (MIC) in 
the range 1.87–7.5 µg mL-1. Compound 3b was the most effective against Can-
dida albicans (MIC 1.87 µg mL-1). 

Keywords: synthesis; semicarbazide; 1,2,4–triazole; biological activity. 

INTRODUCTION 

The synthesis of compounds containing a 1,2,4–triazole ring in t heir struc-
ture has attracted widespread attention, mainly in connection with their wide range 
of pharmacological properties. A variety  of biological activities, such as antide-
pressant,1,2 anticonvulsant,3 antitumor4 and antimicrobial5,6 have been reported 
for mono-substituted 1,2,4–triazole systems. A great number of these derivatives 
display interesting anticancer activity.7,8 It was repo rted that compounds having 
triazole moieties, such as vorozole, anastrozole and letrozole, appear to be very 
effective aromatase inhibitors and are very useful for preventing breast cance r.9 
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2 PITUCHA et al. 

Moreover, several compounds involving the triazole moiety and having diverse 
antibacterial and antifungal activities were reported.10–12 1,2,4-Triazol-3-ones 
have been prepared by different methods. One of t he most common routes lead-
ing to the preparation of these compounds involves cyclodehydration of 1-acetyl-
semicarbazide with a vari ety of reag ents, such as tr is(formylamino)methane,13 
sodium hydroxide14,15 and form ic acid.16 4,5-Disubstituted and 2,4,5-trisubs ti-
tuted 1,2,4-triazol-3-ones have been obtained in the reaction of am idrazones salts 
with isocyanate or urea perform ed in the melt. 17 Some bis(3,4-disubstituted 5- 
-oxo-1,2,4-triazol-5-4-yl)alkanes were synthesized using esters of ethox yalkyl-
idene)hydrazinecarboxylic acids and diamines.18 

On the other hand, it is known that semicarba zides, the key  intermediates 
used in the synthesis of 1, 2,4-triazol-3-one derivatives, are compounds with va-
rious pharmacological activities: antitubercular, 19 anticonvulsant20 and antinoci-
ceptive.21 It was found that some compounds possess antibacterial activity against 
Gram-positive bacteria, including staphylococci (coagulase-positive Staphylococ-
cus aureus and coagulase-negative Staphylococcus epidermidis).22 Semicarbazi-
des possessing a heterocyclic ring show anticancer activity against human gastric 
carcinoma cell line.23 

In view of the above-mentioned findings and in conti nuation of our research 
in the domain of heterocyclic compounds of the 1,2,4-triazole class with expec-
ted biological activity,24,25 herein, the synthesis of some new bis-semicarbazides 
and their c yclization derivatives fro m the bis-1,2,4-triazole clas s with potentia l 
biological activity are described. 

The newly obtained compounds were screened in vitro for their anticancer  
and antimicrobial activity. 

RESULTS AND DISCUSSION 

Synthesis 

The carboxylic acid hydrazides 1a–g, the key inte rmediates used for the 
synthesis of the 1,6-bis{[(2 -substituted hydrazinyl)carbonyl]amino}hexanes 2a–g, 
were synthesized according to a literatu re method.26,27 New semicarbazide deri-
vatives were obtained by the reaction of corresponding carboxylic acid hydrazide 
1 with 1,6-hexamethylene diisocyanate (HDI). The reaction mediu m was diethyl 
ether and the process was realized at room temperature. Next, the obtained semi-
carbazides were subjected to cyclization in a 2 % solution of sodium hydroxide 
obtaining the corresponding 1,6-bis(3-substituted 1,5-dihydro-5-oxo-4H-1,2,4- 
-triazol-4-yl)hexanes 3a–g. The s ynthetic pathway followed for  the preparation 
of the title compounds is presented in Scheme 1. 
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Comp. R 
a CH3 
b C6H5 
c 

N

CH3

CH2

d H 
e 

f 
N

g 
N

Scheme 1. Synthesis of the 1,6-bis[(hydrazinylcarbonyl)amino)hexanes 2a–g and of the 
1,6-bis(5-oxo-1,2,4-triazol-4-yl)hexanes 3a–g. 

Characterization 

The structures of the sy nthesized compounds were elucidated by  1H-NMR, 
13C-NMR, MS and IR spectroscopy . Analytical and spectral data of the synthe-
sized compounds are given in the Supplementary material. 

The reaction products m ay exist in two different tautomeric forms (Schem e 
1). The IR and 1H-NMR data indicated that the obtained cy clization products 
exist in the keto form both in the solution and in the solid. In the IR spectra of the 
cyclic compounds containing the 1,2,4-triazole system, absorption bands of the 
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C=O group at 1683–1651 cm–1 were observed. 1H-NMR spectra showed protons 
signals for the –N–C(O)–NH– group in the δ range 8.00–10.46 ppm. 

Preliminary anticancer screening 

The bis-1,2,4-triazol-3-one derivatives 3a–c were evaluated for their anti-
proliferative and anticancer activity  in two hum an cell lines derived from  lung 
and breast carcinoma cells. One normal cell line was included in the cy totoxicity 
study – primary cell line of human skin fibroblasts (HSF). The results for eac h 
tested compound are repor ted as the growth inhi bition percentage of the tested 
cells in comparison with the untreated cells. According to the data listed in Table 
I, compounds 3a–c were found to be the most effective against human lung car-
cinoma cells in vitro. In the case of the human breast cancer cell line, a slight in-
hibition for compounds 3a and 3b was observed. A non-cytotoxic or stimulation 
effect of compound 3a referring to normal cell line HSF and several-fold higher 
effect on the  two observed carcino ma cell lines w ere ascertained. The investi-
gated compounds exhibited dose-dependent effects. The most evident action was 
observed for all the examined compounds at a 50 μg mL–1 dose. 

TABLE I. In vitro inhibition of the growth of  normal and cancer cells by compounds 3a–c; 
the examined concentration of compounds: I – a concen tration of 100  µg mL-1, which 
corresponds to a concentration of 0.35 (3a), 0.25 (3b) and 0.23 mM (3c); II – a concentration of 
50 µg mL-1, which corresponds to a concentrat ion of 0.18 ( 3a), 0.12 (3b) and 0.11 m M (3c); 
III – a concentr ation of 10 µg mL-1, which corresponds to a concentration of 0.04 (3a), 0.02 
(3b) and 0.02 mM (3c) 

Cell Time of incubation
h 

Growth inhibition factor, GI / % 
Compound 

3a 3b 3c 
 Dose  

I II III I II III I II III 
Human skin fibroblast HSF 24 0 0 0 5 5 0 0 0 5 
 48 0 0 0 5 5 5 0 5 10 
 72 0 0 0 5 5 5 5 5 10 
Human lung cancer cell line A549 24 0 22 0 5 5 10 10 10 0 
 48 0 25 0 5 20 10 25 25 0 
 72 5 25 5 5 20 10 25 25 5 
Human breast cancer cell line T47D 24 5 5 5 0 0 0 0 5 5 
 48 5 10 10 0 10 10 5 5 5 
 72 0 10 10 5 10 0 0 0 5 

Antimicrobial activity 

Selected compounds, 2a–c and 3a–c, were screened for their possible anti-
microbial activities against Staphylococcus aureus ATCC 25923, Klebsiella pneu-
moniae ATCC 700603, Enterococcus faecalis ATCC 2912, Escherichia coli ATCC 
25822, Pseudomonas aeruginosa ATCC 27853 and Candida albicans ATCC 
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90028, and clinical isolates of C. albicans, C. parapsilosis, C. kefyr, and C. tropi-
calis. The antimicrobial susceptibility to the tested co mpounds was determined 
by MIC (minimum inhibitory concentration) values and com pared to amphoteri-
cin B and meropenem as standard drugs. All the stu died bacterial species were 
classified as resistant to the standard meropenem, MIC > 1.0 µg mL–1,28 and the 
studied species Candida spp. as resistant to the stan dard amphotericin B, MIC >  
> 16.0 µg mL–1.29 Compounds 3a and 3b at concentrations 3.75 and 1.87µg mL–1, 
respectively, were active against the tested C. albicans (clinical isolates, 3b), C. 
albicans ATCC 90028 ( 3b) and C. tropicalis (3a, Table II). The other com-
pounds were also found to inhibit growth of Candida spp. at a concentration of 7.5 
µg mL–1. All the tested derivatives showed in vitro effectiveness against the five  
reference species: S. aureus ATCC 25923, K. pneumoniae ATCC 700603, E. fae-
calis ATCC 2912, E. coli ATCC 25822 and P. aeruginosa ATCC 27853 at a 
concentration of 7.5 µg mL–1. 

TABLE II. Minimum inhibitory concentration (MIC / µg mL-1) of compounds 2a–c and 3a–c; 
Ca* – C. albicans ATCC 90028, Ca - C. albicans, Cp - C. parapsilosis, Ck - C. kefyr, Ct- C. 
tropicalis, Sa- S. aureus ATCC 25923, Kp - K. pneumoniae ATCC 700603, Ef - E. faecalis 
ATCC 2912, Ec – E. coli ATCC 2582 2, Pa- P. aeruginosa ATCC 27853,  ST - Standard: 
*amphotericin B, **meropenem 

Compound Microorganism 
Ca* Ca Cp Ck Ct Sa Kp Ef Ec Pa 

2a 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
2b 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
2c 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
3a 7.5 7.5 7.5 7.5 3.75 7.5 7.5 7.5 7.5 7.5 
3b 1.87 1.87 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
3c 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
ST <0.5* <0.5* <0.5* <0.5* <0.5* 0.05** 0.05** 5.0** 0.5** 0.1** 

EXPERIMENTAL 
All chemicals were purchased from Merck or Alfa-Aesar and used without further puri-

fication. Melting points (m.p.) were determined in a Fisher-Johns block and are not corrected. 
The IR spectra were recorded in KBr discs using a Specord IR-75 spectrophotometer. The 1H- 
and 13C-NMR spectra were generally recorded at roo m temperature on a  Bruker A C 200F 
instrument (300 MHz) in DMSO-d6 with TMS as the internal standard. The mass spectra were 
obtained using an AMD-604 mass spectrometer with a 70 eV electron beam. The purity of the 
obtained compounds was checked by TLC on aluminum oxide 60 F 254 plates (Merck) in 
CHCl3/C2H5OH (10:1 and 10:2) solvent systems with UV or iodine visualization. 
General procedure for the synthesis of 1,6-bis{[(2-substituted hydrazinyl)carbonyl]amino}-
hexanes 2a–g 

A mixture of a n appropriate c arboxylic acid hydrazide 1 (20 mmol) and 1 ,6-hexame-
tylene diisocyanate (1.68 g, 10 mmol), and 10 mL of diethyl ether was kept at room tempera-
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ture for 24 h. Then, the form ed compound was filtered off, washed with diethyl ether and  
crystallized from ethanol.  
General procedure for the synthesis of 1,6-bis(3-substituted 1,5-dihydro-5-oxo-4H-1,2,4-tri-
azol-4-yl)hexanes 3a–g 

The appropriate semicarbazide 2 (10 mmol) was placed in a round-bottomed flask equip-
ped with reflux and 40–50 mL of a 2 % sodium hydroxide solution was added. The flask was 
heated for 10 h. After cooling, the solution was neutralized with dilute hydrochloric acid. The 
precipitate was filtered off and then crystallized from ethanol.  
Proliferation of tumor cells assay 

The synthesized compounds 3a–c were evaluated for their anticancer activi ty in human 
tumor cell lines derived from lung and breast carcinoma cells. The studies was performed on 
A549 (ECACC 86012804 human lung epithelial) cells and T4 7D (ECACC 85102201 human 
breast epithelial). The influence of the newly  synthesized triazoles on human skin fibroblast 
cells (HSF) was also determined. The cell lines were incubated at 104 cells per mL density on 
microtiter plates. The test ed compounds were then a dded at three exa mined concentrations: 
10, 50 and 100 µg mL-1, and the cultures were incubated under standard conditions (37 °C, 5 % 
CO2 and 90 % hu midity) for 24, 48 and 72 h. The deter minations were realized by 5-bromo- 
-2’-deoxyuridine (BrdU) labeling 30,31 and detection kit (Roc he) on an ELISA reader (BI O- 
-TEC Instruments, USA). The viability of normal and carcinoma cells were evaluated spectro-
photometrically. The result s of all spectrophotometric measurements were registered as per-
cent growth inhibition or growth stimulation. All experiments were repeated in triplicate. 
Antifungal screening 

Clinical isolates of Candida albicans, C. parapsilosis, C. kefyr and C. tropicalis and C. 
albicans ATCC 90028, all susceptible to a mphotericin B (as deter mined by ATB fungitest - 
-bioMerieux), were tested for their susceptibil ity to the newly obtained co mpounds. Stock so-
lutions were prepared in dimethyl sulfoxide (DMSO), at a working concentr ation of 300 mg 
mL-1. Final dilutions were prepared in RPMI 1640 medium (Sigma) buffered to pH 7.0, 0.165 M 
4-morpholinepropanesulfonic acid (MOPS) b uffer (Sigma) in 96-well plates (NUNC). The 
concentration of the Candida species in the final inoculums was (1.5±1.0) ×103 cells mL-1 
RPMI 1640. All strains were incubated for 48 h at 35 °C.32-34 As controls, DMSO and ampho-
tericin B were used. The results were obtained spectrophotometrically (570 nm) and compared 
to the control results.35 
Antibacterial screening 

Antibacterial susceptibility was determined on following strains: S. aureus ATCC 25923, 
K. pneumoniae ATCC 700 603, E. faecalis ATCC 29 12, E. coli ATCC 25822 and P. 
aeruginosa ATCC 27853. Dilutions of the t ested compounds were prep ared from the stock 
solutions in D MSO. The susceptibilities of the bacterial strains 1.0 x 1 03 cells mL–1 to the 
tested compounds were d etermined by the CLSI microlitre broth dilution method,22,36 
performed in 96-well plates (NUNC) – 200 µL per well, at  35 °C for 24  h. As the control, 
meropenem at the same dilutions in DMSO was used for bacterial strains cultured under the 
same conditions. The results were obtained spectrophotometrically at 570 nm. 

CONCLUSIONS 

In the present study, novel series of 1,6-bis{[(2-substituted hydrazinyl)carbo-
nyl]amino}hexanes and 1,6-bis(3-substituted 1,5-dihydro-5-oxo-4H-1,2,4-triazol- 
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-4-yl)hexanes were sy nthesized and characterized. The new derivatives 3a–c 
were screened in vitro for their antiproliferative and anticancer activity in human 
tumor cell lines derived from breast and lung carcinoma cells. Compounds 3a (at 
a concentration of 0.18 mM), 3b (at concentrations of 0.12 and 0.02 mM) and 3c 
(at concentrations of 0.23  and 0.11 mM ) were found to be the most effective 
against the lung cell line.  Compounds 2a–c and 3a–c were screened for their 
antimicrobial activities. A ll the tested derivatives showed MIC values in range 
1.87–7.5 μg mL–1. 

SUPPLEMENTARY MATERIAL 
Аnalytical and spectral data of synthesized compounds are available electronically from 

http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 

И З В О Д  

СИНТЕЗА 1,6-ХЕКСАНДИИЛ-БИС(СЕМИКАРБАЗИДА) И 1,6-ХЕКСАНДИИЛ-БИС- 
(1,2,4,-ТРИАЗОЛ-5-ОНА) И ЊИХОВА АНТИПРОЛИФЕРАТИВНА И 

АНТИБАКТЕРИЈСКА АКТИВНОСТ 
M. PITUCHA1, J. RZYMOWSKA2, A. OLENDER3 и L. GRZYBOWSKA-SZATKOWSKA4 

1Department of Organic Chemistry, Medical University, 20-081 Lublin, Poland, 2Department of Biology and 
Genetics, Medical University, 20-081 Lublin, Poland, 3Chair and Department of Microbiology, Medical 

University, 20-093 Lublin, Poland и 4Department of Oncology, Medical University, 20-090 Lublin, Poland 

Синтетисана је серија 1,6-бис(3-супституисаних 1,5-дихидро-5-оксо-4H-1,2,4-триазол-4- 
-ил)хексана 3a–g реакцијом циклизације 1,6-бис{[(2-супституисаних хидразинил)карбо-
нил]}хексана 2a–g под базним условима. Испитана је in vitro антипролиферативна активност 
нових деривата 3a–3c према ћелијским линијама хуманих тумора дојке и плућа. Утврђено је 
да су једињењења 3а (при концентрацији 0,18 mM), 3b (при концентрацијама 0,12 и 0,02 
mМ) и 3c (при концентрацијама 0,23 и 0,11 mМ) најактивнија према ћелијској линији рака 
плућа. Једињење 3а је најактивније према ћелијској линији рака дојке. Репрезентативним 
једињењима испитана је антимикробна активност. Сва испитана једињења показују MIC 
вредности у опсегу 1,87–7,5 µg/mL. Једињење 3b је најактивније према C. albicans (MIC = 
= 1,87 µg/mL). 

(Примљено 12. фебруара, ревидирано 14. августа 2011) 
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Synthesis of 1,6-hexanediyl-bis(semicarbazides) and 

1,6-hexanediyl-bis(1,2,4-triazol-5-ones) and their 
antiproliferative and antimicrobial activity 
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AND LUDMIŁA GRZYBOWSKA-SZATKOWSKA4 
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of Biology and Genetics, Medical University, 20-081 Lublin, Poland, 3Chair and Department 
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Oncology, Medical University, 20-090 Lublin, Poland 

J. Serb. Chem. Soc. 77 (1) (2012) 1–8 

ANALYTICAL AND SPECTRAL DATA OF THE SYNTHESIZED COMPOUNDS 
Acetic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]dihydrazide (2a). Yield: 

78 %; m.p. 270–272 °C; Anal. Calcd. for C 12H24N6O4 (FW: 316.36): C, 45.55; 
H, 7.64; N, 26.56 %. Found: C, 45.27; H, 7. 58; N, 26.88 %; IR (KBr, cm –1): 
3312 (NH), 2937, 1470 (CH aliph.), 1641 (CO); 1H-NMR (300 MHz, DMSO, δ /  
/ ppm): 1.03–1.35 (8H, m, CH2), 1.80 (6H, s, CH3), 2.94–3.07 (4H, m, CH2), 
6.31 (2H, s, NH), 7.56 ( 2H, s, NH), 9,36 (2H, s, NH); 13C-NMR (75 MH z, 
DMSO, δ / ppm): 19.24 (CH3), 24.63, 28.45 (CH2), 156.81, 167.80 (CO); MS 
(m/z, (%)): 152 (45), 113 (60), 102 (100), 99 (90), 56(85). 

Benzoic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]dihydrazide (2b). Yield: 
79 %; m.p. 229–230 °C; Anal. Calcd. for C 22H28N6O4 (FW: 440.49): C, 59.98; 
H, 6.40; N, 19.07 %. Found: C, 59.77; H, 6. 38; N, 19.32 %; IR (KBr, cm –1): 
3304 (NH), 3116 (CH arom.), 2933, 1482 (CH aliph.), 1651 (CO); 1H-NMR (300 
MHz, DMSO, δ / ppm): 1.05–1.38 (8H, m, CH2), 2.93–3.17 (4H, m, CH2), 5.73 
(2H, s, NH), 6.48 (2H, s, NH), 7.35–8.37 (10H, m, CH), 10.10 (2H, s, NH); 13C- 
-NMR (75 MHz, DMSO, δ / ppm): 24.74, 28.51 (CH2), 126.20, 126.92, 130.27, 
131.35 (CH arom.), 157.14 (C Ar), 16 5.08 (CO); MS (m/z, (%)): 284 ( 15), 143 
(100), 98 (50), 86 (45). 

1-Methyl-1H-pyrrole-2-acetic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]-
dihydrazide (2c). Yield: 80 %; m.p. 203–205 °C; Anal. Calcd. fo r C22H34N8O4 
(FW: 474.56): C, 55.68; H, 7.22; N, 23.61 %. Found: C, 55.45; H, 7.42; N, 23.78 
%; IR (KBr, cm–1): 3349 (NH), 3030 (CH arom.), 2934, 1463 (CH aliph.), 1590 
                                                                                                                    

* Corresponding author. E-mail: monika.pitucha@umlub.pl 
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(CO); 1H-NMR (300 MHz, DMSO, δ / ppm): 1.22–1.35 (8H, m, CH2), 2.96–2.99 
(4H, m, CH2), 3.31 (4H, s, CH2), 3.52 (6H, s, CH3), 5.84 (2H, s, NH), 6.23–6.60 
(6H, m, CH), 7.66 (2H, s, NH), 9.55 (2H, s, NH); 13C-NMR (75 MHz, DMSO, 
δ / ppm): 22.33 (CH3), 24.14, 24.35, 24.77, 26.72 (CH2), 32.05 (CH2), 104.98, 
106.49, 121.06, 123.95 (CH arom), 143.73 (C arom), 153.76 (CO); MS (m/z, %): 
277 (33), 94 (100). 

Formic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]dihydrazide (2d). Yield: 
77 %; m.p. 155–157 °C; Anal. Calcd. for C 10H20N6O4 (FW: 288.30): C, 41.65; 
H, 6.99; N, 29.14 %. Found: C, 41.44; H, 7. 03; N, 29.03 %; IR (KBr, cm –1): 
3351 (NH), 3032 (CH arom.), 2931, 1465 (CH aliph.) 1589 (CO); 1H-NMR (300 
MHz, DMSO, δ / ppm): 1.06–1.36 (8H, m, CH2), 2.91–3.07 (4H, m, CH2), 7.94 
(1H, s, CH), 8.01 (1H, s, CH), 9.16 (2H, d, NH), 9.54 (2H, d, NH), 10.05 (2H, s, 
NH); 13C-NMR (75 MHz, DMSO, δ / ppm): 24.57, 24.71, 27.79. 28.30 (CH2), 
63.57 (CH), 166.39 (CO).  

1-Naphthoic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]dihydrazide (2e). 
Yield: 73 %; m.p. 138–140 °C; Anal. Calcd. for C30H32N6O4 (FW: 540.61): C, 
66.65; H, 5.96; N, 15.54 %. Found: C, 66.73; H, 5.88; N, 15.34 %; IR (KBr, cm–1): 
3353 (NH), 3032 (CH arom.), 2937, 1465 (CH aliph.), 1587 (CO); 1H-NMR (300 
MHz, DMSO, δ / ppm): 1.33–1.56 (8H, m, CH2), 3.32–3.37 (4H, m, CH2), 6.44 
(2H, s, NH), 7.49–8.06 (15H, m, CH), 8.34 (2H, s, NH), 10.01 (2H, s, NH). 

3-Isoquinolinecarboxylic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]di-
hydrazide (2f). Yield: 71 % ; m.p. 242–244 °C; Anal. Calcd. for C 28H30N8O4 
(FW: 542.59): C, 61.98; H, 5.57; N, 20.65 %. Found: C, 61.81; H, 5.68; N, 20.46 
%. IR (KBr, cm–1): 3347 (NH), 3028 (CH aro m.), 2933, 1459 (CH aliph.), 1594 
(CO); 1H-NMR (300 MHz, DMSO, δ / ppm): 1.06–1.57 (8H, m, CH2), 3.32–3.36 
(4H, m, CH2), 6.42 (2H, t, NH), 7.80–8.5 7 (14H, m, CH), 9.40 (2H, s, NH), 
10.26 (2H, s, NH); 13C-NMR (75 MHz, DMSO, δ / ppm): 13.71, 24.70, 27.79, 
28.31 (CH2), 154.54, 156.41, 157.74, 158.80, 159.36, 160.27 (CH aro m.), 
165.51, 165.64 (C arom.), 166.39 (CO). 

Nicotinic acid, 2,2’-[1,6-hexanediylbis(iminocarbonyl)]dihydrazide (2g). 
Yield: 66 %; m.p. 185–187 °C; Anal. Calcd. for C20H26N8O4 (FW: 442.47): C, 
54.28; H, 5.92; N, 25.32 %. Found: C, 54.12; H, 5.98; N, 25.34 %; IR (KBr, cm–1): 
3353 (NH), 3028 (CH arom.), 2931, 1466 (CH aliph.), 1593 (CO); 1H-NMR (300 
MHz, DMSO, δ / ppm): 1.13–1.38 (8H, m, CH2), 2.93–3.02 (4H, m, CH2), 7.47– 
–8.14 (8H, m, CH), 7.87 (2H, s, NH), 10.29 (4H, s, NH).  

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-methyl-3H-1,2,4-triazol-3-one] (3a). 
Yield: 89 %; m.p. 235–237 °C.18 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-phenyl-3H-1,2,4-triazol-3-one] (3b). 
Yield: 70 %; m.p. 238–240 °C.18 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-[(1H-pyrrol-2-yl)methyl]-3H-1,2,4-tri-
azol-3-one] (3c). Yield: 77 %; m.p. 228–230 °C; Calcd. for C 22H30N8O2 (FW: 
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438.53): C, 60.25; H, 6.89; N, 25.55 % . Found: C, 6 0.33; H, 6.78; N, 25.34; I R 
(KBr, cm–1): 3067 (CH arom.), 2928, 1496 (CH aliph.), 1698 (CO), 1575 (C=N), 
1428 (C–N); 1H-NMR (300 MHz, D MSO, δ / ppm): 1.09–1. 26 (8H, m, CH2), 
3.39–3.44 (4H, m, CH2), 3.49 (6H, s, CH3), 3.89 (4H, s, CH2), 5.69–6.64 (6H, m, 
CH), 11.44 ( 2H, s, NH); 13C-NMR (75 MHz, DM SO, δ / ppm): 23.7 0 (CH3), 
25.50, 28.09, 33.41 (CH2 ), 106.32, 107.84 (CH arom.), 145.05 (C arom.), 155.09 
(CO); MS (m/z, (%)): 438 (54) [M+], 177 (47), 94 (100). 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-3H-1,2,4-triazol-3-one] (3d). Yield: 71  
%; m.p. 170–171 °C: Anal. Calcd. for C10H16N6O4 (FW: 284.27): C, 42.25; H, 
5.67; N, 29.56 %. Found: C, 42.33; H, 5.77; N, 29.48 %; IR (KBr, cm –1): 3072 
(CH arom.), 2931, 1489 (CH aliph.), 1708 (CO), 1568 (C=N), 1430 (C–N); 1H- 
-NMR (300 MHz, DMSO, δ / ppm): 1.03–1.57 (8H, m, CH2), 2.93–3.00 (4H, m, 
CH2), 7.51 (1H, s, CH), 7.88 (1H, s, CH), 11.59 (2H, s, NH); 13C-NMR (75 
MHz, DMSO, δ / pp m): 25.32, 2 5.59, 28.55 (CH2), 137.82 (CH), 154.53 (C 
arom.), 158.90 (CO). 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-(1-naphthyl)-3H-1,2,4-triazol-3-one] 
(3e). Yield: 68 % ; m.p. 160–161 °C; Anal. Calcd. for C 30H28N6O2 (FW: 
504.58): C, 71.40; H, 5.59; N, 16.65 %. Found: C, 71.22; H, 5.38; N, 16.73 %; IR 
(KBr, cm–1): 3067 (CH arom.), 2928, 1496 (CH aliph.), 1698 (CO), 1575 (C=N), 
1428 (C–N); 1H-NMR (300 MHz, D MSO, δ / ppm): 0.89–1. 57 (8H, m, CH2), 
2.72–3.39 (4H, m, CH2), 7.31–8.35 (14H, m, CH), 10.01 (1H, s, NH), 12.05 (1H, 
s, NH); 13C-NMR (75 MHz, DMSO, δ / ppm): 25.28, 25.49, 25.85, 26.11, 26.18, 
28.02 (CH2), 124.5–132.7 (CH), 133.1 , 133.5, 145.3, 155.2 (C arom.), 168.7 
(CO); MS (m/z, (%)): 212 (75), 155 (100), 127 (80). 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-(1-isoquinolinyl)-3H-1,2,4-triazol-3- 
-one] (3f). Yield: 67 % ; m.p. 150–152 °C; Anal. Calcd. for C 28H26N8O2 (FW: 
506.56): C, 66.38; H, 5.17; N, 22.12 %. Found: C, 66.24; H, 5.07; N, 22.34 %; IR 
(KBr, cm–1): 3068 (CH arom.), 2929, 1702 (CH aliph.), 1573 (CO), 1495 (C=N), 
1427 (C–N); 1H-NMR (300 MHz, D MSO, δ / ppm): 1.11–1. 58 (8H, m, CH2), 
3.89–4.11 (4H, m, CH2), 7.48–8.69 (14H, m, CH), 12.12 (2H, s, NH); MS ( m/z, 
(%)): 189 (22), 163 (39), 137 (100), 78 (57). 

4,4’-(1,6-Hexanediyl)bis[2,4-dihydro-5-(1-pyridinyl)-3H-1,2,4-triazol-3-one] 
(3g). Yield: 66 % ; m.p. 125–126 °C; Anal. Calcd. for C 20H22N8O2 (FW: 
406.44): C, 59.10; H, 5.45; N, 27.56 % . Found: C, 5 9.32; H, 5.33; N, 27.43 % ; 
1H-NMR (300 MHz, DMSO, δ / ppm): 1.08–1.41 (8H, m, CH2), 3.59–3.71 (4H, 
m, CH2), 7.53–68.84 (8H, m, CH), 11 .80 (2H, s, NH); 13C-NMR (75 MHz, 
DMSO, δ / ppm): 23.72, 24.15, 24.29, 24.76, 26.73 (CH2), 122.02, 122.49, 
133.87, 134.07, 142.72, 142.77 (CH arom.), 146.89, 149.55 (C arom .), 156.84, 
163.42 (CO); MS ( m/z, (%)): 406 (23) [ M+], 231 (65), 189 (67), 163 (100), 105 
(65). 
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New oxadiazole derivatives of isonicotinohydrazide in the search 
for antimicrobial agents: Synthesis and in vitro evaluation 
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Bypass Road-Baghpat Crossing, Meerut-250005, Uttar Pradesh, India, 2Department of 
Pharmaceutical Chemistry, ISF College of Pharmacy, Ferozepur Road, Moga-142001, 
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King Saud University, Riyadh, Saudi Arabia and 4Department of Pharmaceutical 

Sciences, Maharshi Dayanand University, Rohtak-124001, India 

(Received 23 January, revised 24 June 2011) 

Abstract: Structural modifications of the front line antitubercular drug isoniazid 
provide lipophilic adaptations of the drug in which the hydrazide moiety of iso-
niazid is replaced by 1,3,4-oxadiazole heterocycles to eliminate in vivo acetyla-
tion by arylamine N-acetyltransferase, which results in the f ormation of inac-
tive acetylated drug. In the present study, a series of sixteen o xadiazole deriva-
tives were synthesized and characterized by IR, 1H-NMR, 13C-NMR and mass 
spectral studies. All the sy nthesized compounds were evaluated for their ant i-
microbial activity by broth dilution method against two Gram-positive bacterial 
strains (Bacillus subtilis and Staphylococcus aureus), two Gram-negative bac-
terial strains (Pseudomonas aeruginosa and Escherichia coli) and two fungal 
strains (Candida albicans and Aspergillus niger). The minimum inhibitory 
concentrations of the compounds were in the range of 1.56–50 µg ml-1 against 
the bacterial and fungal strains. The re sults revealed that all the synthesized 
compounds have a significant biological activity against the tested microorga-
nisms. Among the synthesized derivatives 4g, 4h, 4m and 4p were found to be 
the most effective antimicrobial compounds. 

Keywords: 1,3,4-oxadiazoles; antimicrobial activity; isoniazid; Mannich bases; 
lipophilicity.  

INTRODUCTION 

One of the key objectives of organic and medicinal chemists is to design and 
synthesize molecules having potent therapeutic values. 1 The rapid developm ent 
of resistance to existing antimicrobial drugs generates a serious challenge to the  
scientific community. Consequently, there is a vital need for the development of 
new antimicrobial agents having potent activity against the resistant m icroorga-
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nism.2–5 1,3,4-Oxadiazoles have play ed an important role in medicinal chemis-
try, pesticide chemistry, polymer science and they are the building blocks in t he 
construction of new molecular systems for biologically active molecules.6 Many 
1,3,4-oxadiazoles display a remarkable biological activity, such as anti micro-
bial,7,8 anti-HIV,9 antitubercular,10 antimalarial,11 analgesic,12 anti-inflamma-
tory.13 The oxadiazole pharmacophore has a key property that influences the abi-
lity of a drug to reach the target by transmembrane diffusion and show pote nt 
antimicrobial activity.14 Inspired by the above facts and in continuation of an on-
going research program in the field of the sy nthesis and determination of the an-
timicrobial activity of medicinally important compounds,15,16 the synthesis and  
antimicrobial evaluation of new oxadiazole derivatives are reported herein. 

EXPERIMENTAL 
Material and methods 

Melting points of the synthesized compounds were determined in open-glass capillaries 
on Stuart SMP10 melting point apparatus and are uncorrected. The purity of the compounds 
was checked by thin layer chromatography (TLC). Silica gel, 0.25 m m, 60 GF254, precoated 
sheets obtained from Merck, (Germany) were used for the TLC and the spots were visualized 
by iodine vapor/ultraviolet light. The IR spectra were obtained on a Perkin-Elmer 1600 FTIR 
spectrometer in KBr pellets . The 1H-NMR spectra were recorded in DMSO-d6 solutions on a 
Varian-Mercury 300 MHz spectrometer using tetramethylsilane as the internal reference. The 
13C-NMR spectra were record ed in D MSO-d6 solutions on a Bruker Av ance II 400 spe c-
trometer at using tetramethylsilane as the inter nal reference. The mass spectra were recorded 
on a Shimadzu GCMS-QP 1000 EX. The elemental analyses were performed on an ECS 4010 
elemental combustion system. The necessary chemicals were purchased from Loba Chemie, 
Fluka and Aldrich. 
(E)-N’-(2-Methoxybenzylidene)isonicotinohydrazide (1a) 

A mixture of 2-methoxybenzaldehyde (1.36 g, 0.01 mol) and isoniazid (1.37 g, 0.010 0 
mol) in 15 ml of ab solute ethanol was refluxed for 7 h. The co mpletion of reaction  was 
confirmed by TLC. The reaction mixture was then poured into ice-cold water and the obtained 
precipitate was filtered and dried in an o ven at a low temperature. The product w as 
recrystallized from absolute ethanol.17 Yield 68 %; m.p. 204–207 °C. 
(E)-N’-3-((Dimethylamino)methyl)-2-methoxybenzylidene)isonicotinohydrazide (2a) 

(E)-N’-(2-Methoxybenzylidene)isonicotinohydrazide (612 mg, 0.00240 mol) along with 
(0.10 ml, 0.0036 mol) of formaldehyde and (0.0024 mol) of dimethylamine was placed in 100 
ml round bottom flask to which 50 ml of absolute ethanol was added. The pH was adjusted to 
4 with hydrochloric acid and the mixture refluxed for 35 h. Completion of the reaction wa s 
confirmed by TLC. The reaction mixture was then poured into a beaker and concentrated on a 
water bath. The reaction mixture was allowed to cool to room temperature and then diethyl 
ether was added. The reaction mixture was kept for 3–5 h in a refrigerator, filtered and washed 
with n-hexane. The product was recrystallized from absolute ethanol. Yield 78 %; m.p. 222– 
–225 °C. 
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1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)-1,3,4-oxadiazol- 
-3(2H)-yl)ethanone (3a) 

A mixture of ( E)-N’-3-((dimethyamino)methyl)-2-methoxybenzylidene)isonicotinohyd-
razide (3.57 g, 0.0100 mol) with an excess of acetic anhydride was refluxed for 7 h until th e 
completion of the reaction, which was confirmed by TLC. The excess acetic anhydride was 
distilled off and the residue was poured onto crushed ice. The solid thus obtained was filtered; 
washed with water and then recrystallized with aqueous methanol. Yield 75 %; m.p. 168–170 °C. 
General procedure for synthesis of the substituted oxadiazoles 4a–p 

A mixture of 3a (0.010 mol) and an equimolar amount of an appropriate aromatic amine 
(0.010 mol) was added to 25 ml absolute ethanol with a drop of glacial acetic acid and heated 
under reflux for 7–9 h. The o btained precipitate was filtered off; washed w ith ethanol an d 
recrystallized from absolute ethanol to obtain compounds 4a–p.  
Antimicrobial activity 

The synthesized compounds were evaluated for their in vitro antimicrobial activity 
against the Gram-positive bacteria Staphylococcus aureus (MTCC 96) and  Bacillus subtilis 
(MTCC 121), the Gra m-negative bacteria Escherichia coli (MTCC 40) an d Pseudomonas 
aeruginosa (MTCC 2453) and the fungal strains Candida albicans (MTCC 227) and Asper-
gillus niger (MTCC 8189). Antimicrobial activity was assessed by the serial two-fold dilution 
technique. Amoxicillin was used as the standard drug for the antibacterial activity and nystatin 
was used as the standard drug for the antifungal activity. All the compounds were dissolved in 
dimethyl sulfoxide to give a concentration of 10 µg ml-1. The two-fold dilutions of the test and 
standard compounds were prepared in double strength nutrient broth I.P. (bacteria) or Sabou-
raud dextrose broth I.P. (fungi).18 The stock solution wa s serially diluted to give conc en-
trations of 50–0.78 µg ml-1 in the nutrient broth. The inoculu m size was approximately 106 
colony forming units (CFU ml-1). The tubes were incubated at 37±1°C for 24 h (bacteria), 25 
°C for C. albicans and 35°C for A. niger for 7 days. Subsequently, the inoculated culture tubes 
were macroscopically examined for turbidity. The culture tube showin g turbidity (lower con-
centration) and the c ulture tube showing no turbidity (higher conc entration) gave the mi-
nimum inhibitory concentration (MIC) for the compound. 

RESULTS AND DISCUSSION 

The syntheses of the target compounds were performed according to the out-
line given in Scheme 1. Co mpounds 4a–p were readily prepared in good yield 
and purity. Firstly, an equimolar mixture of 2-methoxybenzaldehyde and isonico-
tinohydrazide was refluxed to form  (E)-N’-(2-methoxybenzylidene)isonicotino-
hydrazide (1a), then its r eaction with formaldehy de and dimethylamine formed 
(E)-N’-(3-((dimethyamino)methyl)-2-methoxybenzylidene)isonicotinohydrazide 
(2a), which on treatment with acetic anhydride yielded 1-(2-(3-((dimethylami-
no)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanone 
(3a) and in the last reactio n with substituted aromatic amines, it afforded a series 
of (Z)-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine derivatives (4a–p). The struc-
ture, melting points and y ields the synthesized co mpounds 4a–p are given in 
Table I. The purity of the compounds was checked by TLC and elemental analyses. 
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Scheme 1. Synthetic route for the formation of the title compounds. 
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TABLE I. Physical data of the synthesized compounds 4a–4p 
Compd. R Molecular formula Molecular weight Melting point, °C Yield, % 
4a H C25H27N5O2 429.5 205–207 72 
4b 2-F C25H26FN5O2 447.5 195–197 69 
4c 3-F C25H26FN5O2 447.5 187–189 72 
4d 4-F C25H26FN5O2 447.5 212–214 64 
4e 2-Cl C25H26ClN5O2 463.9 178–180 65 
4f 3-Cl C25H26ClN5O2 463.9 185–187 59 
4g 4-Cl C25H26ClN5O2 463.9 218–220 69 
4h 2-Br C25H26BrN5O2 508.4 228–230 77 
4i 3-Br C25H26BrN5O2 508.4 235–237 64 
4j 4-Br C25H26BrN5O2 508.4 215–217 65 
4k 2-NO2 C25H26N6O4 474.5 223–225 79 
4l 3-NO2 C25H26N6O4 474.5 210–212 65 
4m 4-NO2 C25H26N6O4 474.5 217–219 73 
4n 2-OCH3 C26H29N5O3 459.2 213–215 56 
4o 3-OCH3 C26H29N5O3 459.2 207–209 73 
4p 4-OCH3 C26H29N5O3 459.2 210–212 65 

Nevertheless, the structures of all ne w compounds synthesized were confirmed 
by IR, 1H-NMR and 13C-NMR spectroscopy. The analytic and spectral data for 
all the co mpounds synthesized in this stud y are given in the Supple mentary 
material to this p aper. The IR spectra of all the compounds 4a–p showed 
absorption bands at around 2993–2955, 2868–2839, 1679–1664, 1589–1557, 1189–  
–1174, 1097–1018 cm–1 regions, confirming the presence of CH, CH2, C=N, C=C, 
C–N, C–O g roups, respectively. The, th e chemical shifts, multiplicities, and 
coupling constants of the signals in the  1H-NMR spectra of the respective der i-
vatives 4a–p verified their structures. The spectra of most compounds showed 
the characteristic 4H protons of pyridine at around δ 8.98–8.15 ppm, the charac-
teristic protons of phenyl at δ 7.95–6.45 ppm, the 1H proton of oxadiazole at around 
δ 5.73–5.37 ppm, the 3H protons of O–CH3 at around δ 3.88–3.64 ppm, the 2H 
protons of Ar–CH2–N at around δ 3.69–3.52 ppm, the 6H protons of N–2CH3 at 
around δ 2.49–2.26 ppm and the 3H p rotons of CH 3 at δ 1.21–1.05 ppm. The 
13C-NMR spectra of co mpounds 4a–p exhibited charact eristic signals o f 
–N=C–CH3 at around δ 164.77–164.18 ppm, phenyl at δ 155.87–119.15 ppm, 
pyridine at δ 149.78–124.11 ppm, oxadiazole at δ 155.17–154.13, O–CH3 at δ 
57.63–54.29, Ar–CH2–N at δ 54.73–53.92 ppm, N-2CH3 at δ 47.38–45.49 ppm 
and N–C–CH3 at δ 22.77–15.13 ppm.  

Antimicrobial activity 

The compounds were evaluated for the ir antimicrobial properties in compa-
rison to the control antibacterial drug amoxicillin and antifungal drug ny statin. 
The determined MIC values of compounds 4a–p are listed in Table II. The inves-
tigation of antibacterial screening data revealed that all the tested com pounds 
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showed moderate to good bacterial inhibition. The compounds 4g, 4h, 4m and 4p 
displayed excellent activity against the Gram-positive bacteria B. subtilis and S. 
aureus and good activity against the Gram-negative bacteria P. aeruginosa and 
E. coli. Compounds 4c, 4d and 4f showed moderate antibacterial activity, while 
compounds 4a, 4b, 4e and 4o were less active against the tested ba cterial strains. 
Of all the synthesized derivatives, compound 4a was found to be the least active 
compound against most of the bacterial strain. From, these results, it could be ge-
neralized that the p-chloro-, o-bromo-, p-nitro- and p-methoxy-substituted oxadi-
azole derivatives showed higher antibacterial activity compared to the other ana-
logues. 

TABLE II. Anti microbial screening results of the tested compounds (minimum inhibitory 
concentration, µg ml-1) 

Compound 
Gram-positive bacteria Gram-negative bacteria Fungal strain 
B. subtilis 

(MTCC121) 
S. aureus 

(MTCC96)
P. aeruginosa 
(MTCC2453)

E. coli 
(MTCC40)

C. albicans 
(MTCC227)

A. nigar 
(MTCC8189) 

4a 6.25 12.5 50 3.12 12.5 25 
4b 12.5 50 25 12.5 3.12 12.5 
4c 6.25 6.25 12.5 3.12 6.25 3.12 
4d 6.25 6.25 6.25 12.5 3.12 12.5 
4e 12.5 6.25 3.12 12.5 6.25 12.5 
4f 12.5 6.25 6.25 3.12 6.25 3.12 
4g 3.12 1.56 1.56 3.12 6.25 3.12 
4h 12.5 6.25 3.12 6.25 3.12 6.25 
4i 3.12 12.5 12.5 25 50 12.5 
4j 3.12 12.5 6.25 25 25 12.5 
4k 6.25 25 12.5 6.25 12.5 25 
4l 3.12 12.5 12.5 25 6.25 12.5 
4m 1.56 3.12 3.12 1.56 6.25 12.5 
4n 6.25 12.5 25 12.5 6.25 12.5 
4o 25 12.5 12.5 6.25 12.5 6.25 
4p 3.12 6.25 1.56 3.12 6.25 1.56 
Amoxicillin 0.12 0.25 0.15 0.20 – – 
Nystatin – – – – 0.30 0.78 

Concerning the antifungal activity of the tested compounds, only two fungal 
strains were selected C. albicans and A. niger and the result of antifungal screen-
ing data revealed that all t he synthesized compounds showed variable degrees of 
inhibition against the tested fungi.  The investigation of anti bacterial screening 
data revealed that all the tested compounds showed moderate to good fungal inhi-
bition as compare to stand ard drug nystatin. Of the screened co mpounds, 4g, 4h, 
4m and 4p exhibited the highest antifungal activity  against both fungal strains, 
while compounds 4e, 4l and 4n showed moderate antifungal activity. Among all 
the synthesized derivatives, com pound 4i was found to be t he least active co m-
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pound against the fungal strains. From  these result, it could be generalized that  
the p-fluoro-, o-bromo-, p-nitro- and m-methoxy-substituted oxadiazole deriva-
tives 4g, 4h, 4m and 4p showed higher antifungal activity than the other analo-
gues. It was also observed that the derivatives having a chloro- , bromo-, nitro- 
and methoxy- substituent at the ortho and meta positions were not as potent as 
the derivatives having same substituent at the para position. Thus, from the ob-
tained results it was found that the na ture and posi tion of the substituent ha d 
marked effects on antibacterial and antifungal activity. 

SUPPLEMENTARY MATERIAL 
Аnalytical and spectral data of synthesized compounds are available electronically from 

http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 

И З В О Д  

НОВИ ОКСАДИАЗОЛНИ ДЕРИВАТИ ИЗОНИКОТИНОХИДРАЗИДА У ПОТРАЗИ ЗА 
АНТИМИКРОБНИМ АГЕНСИМА: СИНТЕЗА И IN VITRO ЕВАЛУАЦИЈА 

MANAV MALHOTRA1, MOHIT SANDUJA2, ABDUL SAMAD3 и AAKASH DEEP4 

1Department of Pharmaceutical Chemistry, Meerut Institute of Engineering and Technology, Bypass Road- 
-Baghpat Crossing, Meerut-250005, Uttar Pradesh, India, 2Department of Pharmaceutical Chemistry, ISF 
College of Pharmacy, Ferozepur Road, Moga-142001, India, 3Department of Pharmaceutical Chemistry, 

College of Pharmacy in Al-Kharj, King Saud University, Riyadh, Saudi Arabia и 4Department of 
Pharmaceutical Sciences, Maharshi Dayanand University, Rohtak-124001, India 

Структурним модификацијама најважнијег лека против туберкулозе, изониjазида, доби-
јени су деривати који имају израженије липофилне особине услед замене хидразидне функ-
ције 1,3,4-оксадиазолским хетероцикличним делом структуре. На тај начин се спречава in 
vivo ацетиловање ензимом ариламин-N-ацетилтрансфераза чиме су добијани неактивни 
ацетиловани деривати. У овом раду приказано је шеснаест нових оксадиазолских деривата 
који су окарактерисани спектралним анализама (IR, 1H-NMR, 13C-NMR и MS). Испитана је 
антимикробна активност синтетисаних деривата према Грам-позитивним (Bacillus subtilis и 
Staphylococcus aureus), Грам-негативним сојевима (Pseudomonas aeruginosa и Escherichia 
coli) и сојевима гљива (Candida albicans и Aspergillus niger). Минималне инхибиторне 
концентрација једињења налазе се у опсегу 1,56–50 µg ml -1 према сојевима бактерија и 
гљива. Резултати показују да једињења показују изражену активност, од којих су нај-
активнији деривати 4g, 4h, 4m и 4p. 

(Примљено 23. јануара , ревидирано 24. јуна 2011) 
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J. Serb. Chem. Soc. 77 (1) (2012) 9–16 

ANALYTICAL AND SPECTRAL DATA OF THE SYNTHESIZED COMPOUNDS 
(E)-N’-(2-Methoxybenzylidеne)isonicotinohydrazide (1a). Anal. Calcd. for 

C14H13N3O2: C, 65.87; H, 5.13; N, 16. 46 %. Found: C, 65.74; H, 5.18; N, 16. 54 
%; IR (KBr, cm–1): 3261, 2926, 2865, 2838, 1674, 1652, 1561, 1116, 1064; 1H- 
-NMR (300 MHz, DMSO-d6, δ / ppm): 12.05 (1H, s, –NH–N=), 8.82 (2H, d, J =  
= 4.7 Hz, pyridine), 8.7 4 (1H, s, –N=C–H), 7.88 ( 2H, d, J = 4.7 Hz, py ridine), 
7.82 (2H, d, J = 9.2 Hz, benzylidene), 7.40 (2H, d, J = 8 .9, benzylidene), 3.86 
(3H, s, O–CH3); 13C-NMR (DMSO-d6, δ / p pm): 163.45, 160.61, 149.81, 
143.37, 139.24, 133.58, 131.74, 123.69, 121.31, 117.83, 113.77, 55.44. 

(E)-N’-3-((Dimethylamino)methyl)-2-methoxybenzylidene)isonicotinohyd-
razide (2a). Anal. Calcd. for C 17H20N4O2: C, 65 .37; H, 6.45; N, 17 .94 %. 
Found: C, 65.43; H, 6.44; N, 17.89 %; IR (KBr, cm–1): 3258, 2952, 2858, 2840, 
1668, 1654, 1545, 1121, 1072; 1H-NMR (300 MHz, DMSO- d6, δ / ppm): 11.92 
(1H, s, –NH–N=), 8.74 (2H, d, J = 4.2 Hz, pyridine), 8.44 (1H, s, –N=C–H), 7.85 
(2H, d, J = 3.9 Hz, pyridine), 7.54 (2H, d, J = 7.5 Hz, benzylidene), 7.19 (1H, m, 
J = 7.5 Hz, b enzylidene,), 3.84 (3H, s, O–CH3), 3.32 (2H, s, Ar–CH2–N), 0.98 
(6H, t, 2CH3); 13C-NMR (DMSO-d6, δ / ppm): 163.59, 160.71, 149.37, 143.45, 
139.41, 133.52, 129.82, 122.64, 119.14, 117.38, 113.15, 55.61, 45.57. ESI-MS 
(m/z) = 297 (M+1). 

1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)-1,3,4- 
-oxadiazol-3(2H)-yl) ethanone (3a). Anal. Calcd. for C 19H22N4O3: C, 64.39; H, 
6.26; N, 15.81 %. Found: C, 64.35; H, 6.28; N, 15.83 5; IR (KBr, cm –1): 2983, 
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2861, 2842, 1673, 1565, 1185, 1059; 1H-NMR (300 MHz, DMSO- d6, δ / ppm): 
8.94 (2H, d, J = 4.6 Hz, pyridine), 8.34 (2H, d, J = 4.2 Hz, pyridine), 7.35 (2H, d, 
J = 3.7 Hz, p henyl), 6.69 (1H, m, phenyl), 5.55 (1H, s, oxadiazole), 3.69 (3H, s, 
O–CH3), 3.47 (2H, s, Ar–CH2–N), 2.18 (6H, s, N–2CH3), 1.13 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 168.75, 1 54.88, 154.29, 149.53, 
137.91, 126.37, 125.54, 123.91, 119.71, 118.63, 65.75, 55.26, 54.63, 4 5.12, 
28.46; ESI-MS (m/z) = 355 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4a). Anal. Calcd. for 
C25H27N5O2: C, 69.91; H, 6.34; N, 16. 31 %. Found: C, 69.83; H, 6.35; N, 16. 38 
%; IR (KBr, cm–1): 2955, 2863, 2841, 1678, 1571, 1182, 1079; 1H-NMR (300 
MHz, DMSO-d6, δ / ppm): 8.98 (2H, d, J = 4.8 Hz, pyridine), 8.19 (2H, d, J = 
= 4.2 Hz, p yridine), 7.35–7.18 (8H, m, phenyl), 5.69 (1H, s, oxadiazole), 3.74 
(3H, s, O–CH3), 3.67 (2H, s, Ar–CH2–N), 2.32 (6H, s, N–2CH3), 1.13 (3H,  s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.75, 1 55.48, 152.17, 149.17, 
139.82, 137.15, 129.77, 127.74, 125.18, 124.28, 122.19, 119.75, 117.66, 68.53, 
57.63, 54.73, 47.12, 18.46; ESI-MS (m/z) = 431 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-2-fluorobenzenamine (4b). Anal. Calcd. 
for C25H26FN5O2: C, 67.10; H, 5 .86; N, 4.25 %. Found: C, 66.92; H, 5 .95; N, 
4.34 %; IR (KBr, cm –1): 2988, 2864, 2844, 1675, 1557, 1179, 1145, 1097; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.98 (2H, d, J = 4.5 Hz, p yridine), 8.75 
(2H, d, J = 4.1 Hz, py ridine), 7.58 ( 2H, d, J = 3.7 Hz, phenyl), 7.26 ( d, 2H, 
phenyl, J = 3.4 Hz ), 6.82 –6.67 (m, 3H, phenyl), 5.54 (s, 1H, oxadiazole), 3.84  
(3H, s, O–CH3), 3.56 (2H, s, Ar–CH2–N), 2.33 (6H, s, N–2CH3), 1.11 (s, 3 H, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.23, 1 55.87, 154.92, 154.13, 
149.18, 137.53, 127.15, 126.19, 125.13, 124.88, 123.12, 121.22, 119.87, 115.38, 
64.52, 55.18, 54.58, 45.91, 21.81. ESI-MS (m/z) = 449 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-3-fluorobenzenamine (4c). Anal. Calcd. 
for C25H26FN5O2: C, 67.10; H, 5 .86; N, 4.25 %. Found: C, 66.92; H, 5 .95; N, 
4.34 %; IR (KBr, cm–1): 2975, 2863, 2845, 1679, 1583, 1188, 1139, 1075. 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.92 (2H, d, J = 4.7 Hz, p yridine), 8.75 
(2H, d, J = 4.1 Hz, pyridine), 7.21 (1H, m, phenyl), 7.18–7.10 (3H, m, phenyl), 
6.88–6.72 (3H, m, phenyl), 5.59 (1H, s, oxadiazole), 3.71 (3H, s, O–CH3), 3.62 
(2H, s, Ar–CH2–N), 2.35 (6H, s, N–2CH3), 1.15 (3H, s, N=C–CH3); 13C-NMR 
(DMSO-d6, δ / ppm ): 164.37, 155.18, 154.72, 150.56, 149.78, 139.13, 130.14, 
126.19, 125.15, 123.17, 119.91, 116.55, 115.18, 111.19, 66.12, 55.15, 54.27, 
46.75, 22.75; ESI-MS (m/z) = 449 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-4-fluorobenzenamine (4d). Anal. Calcd. 
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for C25H26FN5O2: C, 67.10; H, 5 .86; N, 4.25 %. Found: C, 66.92; H, 5 .95; N, 
4.34 %; IR (KBr, cm–1): 2967, 2861, 2845, 1673, 1574, 1188, 1156, 1072. 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.95 (2H, d, J = 4.6 Hz, p yridine), 8.71 
(2H, d, J = 4.1 Hz, pyridine), 7.45 (2H, d, J = 3.7 Hz , phenyl), 7.17 (2H, d, J = 
= 3.2 Hz, phenyl), 6.85–6.67 (3H, m, phenyl), 5.62 (1H, s, oxadiazole), 3.88 (3H, 
s, O–CH3), 3.66 ( 2H, s, Ar–CH2–N), 2.45 (6H, s, N–2CH3), 1.05 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.18, 1 61.42, 155.79, 155.17, 
149.13, 144.54, 138.89, 126.17, 125.58, 124.72, 123.92, 121.11, 120.27, 116.85, 
67.54, 56.15, 55.64, 46.28, 15.27; ESI-MS (m/z) = 449 (M+1). 

(Z)-2-Chloro-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4e). Anal. Calcd. 
for C25H26ClN5O2: C, 64.72; H, 5.65; N, 15.09 %. Found: C, 64.61; H, 5.72; N, 
15.13 %; IR (KBr, cm –1): 2983, 2859, 2838, 1669, 1561, 1181, 1018, 788. 1H- 
-NMR (300 MHz, DMSO-d 6, δ / ppm): 8.74 (2H, d, J = 4.4 Hz, p yridine), 8.71 
(2H, d, J = 4.1, Hz pyridine), 7.83 (2H, d, J = 3.7 Hz , phenyl), 7.21 (2H, d, J = 
= 3.2 Hz, phenyl), 6.72–6.66 (3H, m, phenyl), 5.37 (1H, s, oxadiazole), 3.81 (3H, 
s, O–CH3), 3.54 ( 2H, s, Ar–CH2–N), 2.35 (6H, s, N–2CH3), 1.13 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.25, 1 55.85, 154.91, 153.88, 
149.24, 137.18, 126.25, 125.18, 124.27, 123.94, 121.21, 119.86, 114.18, 64.51, 
54.29, 53.92, 46.92, 21.85; ESI-MS (m/z) = 465 (M+1). 

(Z)-3-Chloro-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4f). Anal. Calcd. 
for C25H26ClN5O2: C, 64.72; H, 5.65; N, 15.09 %. Found: C, 64.61; H, 5.72; N, 
15.13 %; IR (KBr, cm–1): 2993, 2856, 2843, 1676, 1559, 1185, 1031, 759; 1H-
NMR (300 MHz, DMSO- d6, δ / ppm): 8.88 (2H, d, J = 4.5 Hz, p yridine), 8.73 
(2H, d, J = 4.1 Hz, pyridine), 7.28 (7H, m, phenyl), 5.45 (1H, s, oxadiazole), 3.75 
(3H, s, O–CH3), 3.65 (2H, s, Ar–CH2–N), 2.35 (6H, s, N–2CH3), 1.18 (3H,  s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.31, 1 55.25, 154.77, 150.58, 
149.72, 138.64, 130.19, 126.17, 124.39, 122.26, 119.93, 116.19, 114.74, 111.32, 
67.19, 55.44, 54.13, 46.71, 22.77; ESI-MS (m/z) = 465 (M+1). 

(Z)-4-Chloro-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4g). Anal. Calcd. 
for C25H26ClN5O2: C, 64.72; H, 5.65; N, 15.09 %. Found: C, 64.61; H, 5.72; N, 
15.13 %; IR (KBr, cm –1): 2991, 2859, 2843, 1673, 1565, 1183, 1018, 755. 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.88 (2H, d, J = 4.5 Hz, p yridine), 8.37 
(2H, d, J = 4.1, Hz pyridine), 7.86 (2H, d, J = 3.8 Hz , phenyl), 7.49 (2H, d, J = 
= 3.3 Hz, phenyl), 6.77–6.59 (3H, m, phenyl), 5.55 (1H, s, oxadiazole), 3.79 (3H, 
s, O–CH3), 3.67 ( 2H, s, Ar–CH2–N), 2.39 (6H, s, N–2CH3), 1.08 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.35, 1 55.44, 154.78, 149.69, 
147.18, 138.74, 132.33, 130.29, 127.19, 126.55, 124.37, 122.75, 121.63, 119.68, 
66.56, 56.59, 55.27, 47.26, 15.88; ESI-MS (m/z) = 465 (M+1). 
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(Z)-2-Bromo-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4h). Anal. Calcd. 
for C25H26BrN5O2: C, 59.06; H, 5.15; N, 13.77 %. Found: C, 58.96; H, 5.13; N, 
13.89 %; IR (KBr, cm–1): 2977, 2861, 2845, 1679, 1557, 1181, 1069, 589; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.81 (2H, d, J = 4.4 Hz, p yridine), 8.77 
(2H, d, J = 3.9 Hz, pyridine), 7.59 (2H, d, J = 3.6 Hz , phenyl), 7.55 (2H, d, J = 
= 3.2 Hz, phenyl), 6.74–6.59 (3H, m, phenyl), 5.48 (1H, s, oxadiazole), 3.74 (3H, 
s, O–CH3), 3.66 ( 2H, s, Ar–CH2–N), 2.35 (6H, s, N–2CH3), 1.18 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.37, 1 55.38, 154.17, 149.75, 
145.73, 135.14, 132.19, 128.19, 127.94, 126.88, 124.11, 119.91, 110.15, 66.72, 
56.71, 55.53, 45.52, 21.72; ESI-MS (m/z) = 509 (M+1). 

(Z)-3-Bromo-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene)benzenamine (4i). Anal. Calcd. 
for C25H26BrN5O2: C, 59.06; H, 5.15; N, 13.77 %. Found: C, 59.11; H, 5.12; N, 
13.75 %; IR (KBr, cm–1): 2986, 2863, 2844, 1664, 1589, 1182, 1079, 584; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.85 (2H, d, J = 4.6 Hz, p yridine), 8.41 
(2H, d, J = 4.2 Hz, pyridine), 7.73 (2H, d, J = 3.7 Hz , phenyl), 7.47 (2H, d, J = 
= 3.2 Hz, phenyl), 6.69–6.49 (3H, m, phenyl), 5.58 (1H, s, oxadiazole), 3.64 (3H, 
s, O–CH3), 3.59 ( 2H, s, Ar–CH2–N), 2.33 (6H, s, N–2CH3), 1.15 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.53, 1 55.51, 154.37, 149.62, 
147.34, 137.92, 133.41, 129.53, 127.73, 127.32, 125.16, 124.72, 124.35, 121.72, 
119.15, 65.53, 55.69, 54.38, 46.24, 21.34; ESI-MS (m/z) = 509 (M+1). 

(Z)-4-Bromo-N-(1-(2-(3-((dimethylamino)methyl)-2-methoxyphenyl)-5-(py-
ridin-4-yl)-1,3,4-oxadiazol-3(2H)-yl)ethylidene) benzenamine (4j). Anal. Calcd . 
for C25H26BrN5O2: C, 59.06; H, 5.15; N, 13.77 %. Found: C, 58.95; H, 5.18; N, 
13.85 %; IR (KBr; cm –1): 2972, 2863, 2842, 1675, 1563, 1185, 1069, 839; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.79 (2H, d, J = 4.7, Hz p yridine), 8.44 
(2H, d, J = 4.2 Hz, pyridine), 7.77 (2H, d, J = 3.9 Hz , phenyl), 7.55 (2H, d, J = 
= 3.3 Hz, phenyl), 6.71–6.48 (3H, m, phenyl), 5.59 (1H, s, oxadiazole), 3.71 (3H, 
s, O–CH3), 3.64 ( 2H, s, Ar–CH2–N), 2.34 (6H, s, N–2CH3), 1.13 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.45, 1 55.39, 154.18, 149.55, 
147.64, 137.94, 133.38, 127.95, 125.72, 124.12, 121.72, 119.15, 65.29, 56.74, 
55.18, 47.38, 15.34; ESI–MS (m/z) = 509 (M+1).  

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-2-nitrobenzenamine (4k). Anal. Calcd. for 
C25H26N6O4: C, 63.28; H, 5.52; N, 17. 71 %. Found: C, 63.11; H, 5.65; N, 17. 75 
%; IR (KBr, cm–1): 2987, 2859, 2842, 1676, 1569, 1547, 1357, 1189, 1059; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.91 (2H, d, J = 4.4 Hz, p yridine), 8.19 
(2H, d, J = 4.1 Hz, pyridine), 7.93 (2H, d, J = 3.6 Hz, phenyl), 7.55 (2H, d, J = 
3.2 Hz, phenyl), 6.82–6.75 (3H, m, phenyl), 5.51 (1H, s, oxadiazole), 3.66 (3H, s, 
O–CH3), 3.59 (2H, s, Ar–CH2–N), 2.31 (6H, s, N–2CH3), 1.08 (3H, s, 
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N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.74, 1 55.19, 154.27, 149.37, 
145.72, 141.18, 138.44, 135.53, 127.88, 125.72, 124.93, 123.15, 122.58, 121.18, 
119.88, 65.71, 56.53, 55.34, 47.19, 21.13; ESI-MS (m/z) = 476 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-3-nitrobenzenamine (4l). Anal. Calcd. for 
C25H26N6O4: C, 63.28; H, 5.52; N, 17. 71 %. Found: C, 63.25; H, 5.51; N, 17. 75 
%; IR (KBr, cm–1): 2979, 2855, 2843, 1677, 1564, 1545, 1355, 1184, 1056; 1H- 
-NMR (300 MHz, DMSO- d6, δ / ppm): 8.83 (2H, d, J = 4.4 Hz, p yridine), 8.21 
(2H, d, J = 4.1 Hz, pyridine), 7.93 (2H, d, J = 3.6 Hz , phenyl), 7.59 (2H, d, J = 
= 3.1 Hz, phenyl), 6.84–6.79 (3H, m, phenyl), 5.49 (1H, s, oxadiazole), 3.72 (3H, 
s, O–CH3), 3.52 ( 2H, s, Ar–CH2–N), 2.26 (6H, s, N–2CH3), 1.19 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.72, 1 55.79, 154.13, 149.75, 
146.77, 138.44, 127.92, 125.72, 124.93, 123.12, 122.72, 121.19, 119.88, 66.24, 
56.57, 55.19, 47.11, 15.13; ESI-MS (m/z) = 476 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-4-nitrobenzenamine (4m). Anal. Calcd. for 
C25H26N6O4: C, 63.28; H, 5.52; N, 17. 71 %. Found: C, 63.11; H, 5.65; N, 17. 75 
%; IR (KBr, cm–1): 2985, 2858, 2839, 1673, 1564, 1184, 1055; 1H-NMR (300 
MHz, DMSO-d6, δ / ppm): 8.95 (2H, d, J = 4.7 Hz, pyridine), 8.25 (2H, d, J = 
= 4.2 Hz, py ridine), 7.95 (2H, d, J = 3.8 Hz, phenyl), 7.55 (2H, d, J = 3.3 Hz, 
phenyl), 6.83–6.67 (3H, m, phenyl), 5.59 (1H, s, oxadiazole), 3.75 (3H,  s, 
O–CH3), 3.62 (2H, s, Ar–CH2–N), 2.35 (6H, s, N–2CH3), 1.13 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.77, 1 55.84, 154.25, 149.38, 
146.75, 137.94, 128.12, 125.57, 124.91, 123.17, 122.18, 121.37, 119.81, 65.92, 
56.52, 55.29, 47.24, 15.87; ESI-MS (m/z) = 476 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-2-methoxybenzenamine (4n). Anal. Calcd. 
for C26H29N5O3: C, 67.95; H, 6.36; N, 15.24 % . Found: C, 67. 87; H, 6.34; N, 
15.34 %; IR (KBr, cm–1): 2977, 2858, 2843, 1679, 1561, 1174, 1076; 1H-NMR 
(300 MHz, DMSO-d6, δ / ppm): 8.77 (2H, d, J = 4.4 Hz, pyridine), 8.34 (2H, d, 
J = 4.1 Hz, pyridine), 7.69 (2H, d, J = 3.9 Hz, phenyl), 7.45 (2H, d, J = 3.2 Hz, 
phenyl), 6.66–6.51 (3H, m, phenyl), 5.73 (1H, s, oxadiazole), 3.77 (6H,  s, 
O–2CH3), 3.62 ( 2H, s, Ar–CH2–N), 2.49 (6H, s, N–2CH3), 1.09 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.39, 1 55.17, 154.29, 149.21, 
144.53, 140.77, 137.87, 135.91, 127.88, 126.29, 124.27, 123.27, 122.32, 120.74, 
119.31, 65.42, 55.21, 54.37, 45.49, 15.55; ESI-MS (m/z) = 460 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl)ethylidene)-3-methoxybenzenamine (4o). Anal. Calcd.  
for C26H29N5O3: C, 67.95; H, 6.36; N, 15.24 % . Found: C, 67. 98; H, 6.27; N, 
15.30 %; IR (KBr, cm–1): 2975, 2861, 2839, 1674, 1568, 1188, 1072; 1H-NMR 
(300 MHz, DMSO-d6, δ / ppm): 8.74 (2H, d, J = 4.7 Hz, pyridine), 8.15 (2H, d, 
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J = 4.3 Hz, p yridine), 7.76 (2H, d, J = 3.5 Hz, phenyl), 7.36 (2H, d, J = 3.1 Hz, 
phenyl), 6.63–6.48 (3H, m, phenyl), 5.63 (1H, s, oxadiazole), 3.75 (6H,  s, 
O–2CH3), 3.68 ( 2H, s, Ar–CH2–N), 2.44 (6H, s, N–2CH3), 1.11 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.52, 1 55.27, 154.37, 149.41, 
148.87, 137.58, 131.55, 127.52, 126.89, 125.12, 124.43, 123.38, 120.63, 119.35, 
115.55, 65.42, 55.27, 54.39, 46.77, 21.48. ESI-MS (m/z) = 460 (M+1). 

(Z)-N-(1-(2-(3-((Dimethylamino)methyl)-2-methoxyphenyl)-5-(pyridin-4-yl)- 
-1,3,4-oxadiazol-3(2H)-yl) ethylidene)-4-methoxybenzenamine (4p). Anal. Calcd. 
for C26H29N5O3: C, 67.95; H, 6.36; N, 15.24 % . Found: C, 67. 83; H, 6.35; N, 
15.37 %; IR (KBr, cm–1): 2976, 2868, 2847, 1669, 1568, 1177, 1083; 1H-NMR 
(300 MHz, DMSO-d6, δ / ppm): 8.87 (2H, d, J = 4.5 Hz, pyridine), 8.28 (2H, d, 
J = 4.1 Hz, p yridine), 7.83 (2H, d, J = 3.8 Hz, phenyl), 7.36 (2H, d, J = 3.2 Hz, 
phenyl), 6.59–6.45 (3H, m, phenyl), 5.65 (1H, s , oxadiazole), 3.72 (6H,  s, 
O–2CH3), 3.69 ( 2H, s, Ar–CH2–N), 2.49 (6H, s, N–2CH3), 1.21 (3H, s, 
N=C–CH3); 13C-NMR (DMSO-d6, δ / ppm ): 164.75, 1 59.23, 155.17, 154.29, 
149.27, 140.37, 137.93, 127.24, 126.19, 124.27, 123.17, 120.92, 119.33, 115.55, 
55.42, 54.18, 46.24, 15.83; ESI-MS (m/z) = 460 (M+1). 
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Abstract: A new series of N-[3-(10H-phenothiazin-10-yl)propyl]-2-(substituted 
phenyl)-4-oxo-5-(substituted benzylidene)-3-thiazolidinecarboxamide, 5a–s 
were synthesized. The reaction of thiogly colic acid with N-[3-(10H-phenothia-
zin-10-yl)propyl]-N’-[(substituted phenyl)methylidene]urea, 3a–s in th e pre-
sence of anhy drous ZnCl2 afforded the new  heterocyclic compounds N-[3- 
-(10H-phenothiazin-10-yl)propyl]-2-(substituted phenyl)-4-oxo-3-thiazolidine-
carboxamide, 4a–s. The latter product on treat ment with several selected sub-
stituted aromatic aldehydes in the presence of C2H5ONa underwent the Knoe-
venagel reaction to y ield 5a–s. The struct ure of co mpounds 1, 2, 3a–s, 4a–s 
and 5a–s were confirmed by IR, 1H-NMR, 13C-NMR and FAB mass spectros-
copy and by chemical analysis. All the above compounds were screened for their 
antimicrobial activity against so me selected bacteria and fu ngi and for their 
antituberculosis activity, the co mpounds were screened against the ba cterium 
Mycobacterium tuberculosis. 

Keywords: synthesis; phenothiazine; 4-oxothiazolidine; antimicrobial; antitu-
bercular. 

INTRODUCTION 
Thiazolidines have been shown to possess various remarkable biological ac-

tivities such as analge sic,1 amoebicidal,2 nematocidal,3 anaesthetic,4 mosquito- 
-repеllent,5 anti-HIV, anticancer,6 antibacterial,7–12 antifungal,13–14 antiinflam-
matory,16–19 antitubercular,20–22 EGFR and HER-2 kinase inhibitor, 23 antiproli-
ferative,24,25 etc. Phenothiazine is also a bioactive heterocy clic compound of 
pharmaceutical importance and possesses different biological activities viz. anti-
bacterial,26,27 antifungal,28 antitubercular,29 and anti-inflammatory.30 In the pre-
sent study, compounds 1, 2, 3a–s, 4a–s and 5a–s were synthesized as shown in 
Scheme 1. The starting material, phenothiazine with 1-bromo-3-chloropropane un- 
                                                                                                                    

* Corresponding author. E-mail: ritusharmaic@rediffmail.com 
doi: 10.2298/JSC100924152S 
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derwent an n ucleophilic substitution reaction y ielding 10-(3-chloropropyl)-10H-
phenothiazine, compound 1. Compound 1 on reaction with urea afforded N-[3-
(10H-phenothiazin-10-yl)propyl]urea, compound 2. Compound 2 on reaction 
with several selected substituted benzaldehydes underwent a condensation reac-
tion to afford N-[3-(10H-phenothiazin-10-yl)propyl]-N’-[(substituted phenyl)-
methylidene]urea, compounds 3a–s. The reaction of thiogl ycolic acid with co m-
pounds 3a–s in the presence of anhydrous ZnCl 2 gave new heterocyclic com-
pounds N-[3-(10H-phenothiazin-10-yl)propyl]-2-(substituted phenyl)-4-oxo-3- 
-thiazolidinecarboxamide, compounds 4a–s. Compounds 4a–s on treatment with 
various selected substituted benzaldehydes in the pr esence of C 2H5ONa under-
went a Knoevenagel condensation reaction to yield the final products N-[3-(10H- 
-phenothiazin-10-yl)propyl]-2-(substituted phenyl)-4-oxo-5-(substituted benzyli-
dene)-3-thiazolidine-carboxamide, compounds 5a–s. The structures of all th e 
newly synthesized compounds 1, 2, 3a–s, 4a–s and 5a–s were confirmed b y IR, 
1H-NMR, 13C-NMR and FAB mass spectroscopy and by chemical analysis. All 

HSCH2COOH+ZnCl2

N
H

S BrCH2CH2CH2Cl NH2CONH2

CH2CH2CH2NHCONH2

ArCHO

CH2CH2CH2NHCON=CHAr3(a-s)

Ar= substituted phenyl ring

1
N

S

CH2CH2CH2Cl

N

S

N

S

2

N

S

CH2CH2CH2NHCO

4(a-s) S
CHArN

O

S
CHArN

O
CHAr1

CH2CH2CH2NHCO
N

S

ArCHO+C2H5ONa

5(a-s)

 
Compound Ar = Ar1 Compound Ar = Ar1 Compound Ar = Ar1 
3a, 4a, 5a C6H5 3h, 4h, 5h 4-NO2C6H4 3o, 4o, 5o 3-CH3OC6H4 
3b, 4b, 5b 4-ClC6H4 3i, 4i, 5i 3-NO2C6H4 3p, 4p, 5p 2-CH3OC6H4 
3c, 4c, 5c 3-ClC6H4 3j, 4j, 5j 2-NO2C6H4 3q, 4q, 5q 4-HOC6H4 
3d, 4d, 5d 2-ClC6H4 3k, 4k, 5k 4-CH3OC6H4 3r, 4r, 5r 3-HOC6H4 
3e, 4e, 5e 4-BrC6H4 3l, 4l, 5l 3-CH3OC6H4 3s, 4s, 5s 2-HOC6H4 
3f, 4f, 5f 3-BrC6H4 3m, 4m, 5m 2-CH3OC6H4   
3g, 4g, 5g 2-BrC6H4 3n, 4n, 5n 4-CH3C6H4   

Scheme 1. Reaction scheme for synthesis of compounds 1–5. 
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the above compounds were screened for their antimicrobial activity against some 
selected bacteria and fungi and an tituberculosis activity against Mycobacterium 
tuberculosis. 

EXPERIMENTAL 
Melting points were taken in open capillaries and are uncorrected. The progress of the 

reactions was monitored on si lica gel-G coated TLC plates using MeOH : CH Cl3 (1:9). The 
spot was visualized by exposing the dry plate to iodine vapour. The IR spectra were recorded 
in KBr discs on a Shimadzu 8201 PC FTIR spectrophotometer (νmax in cm–1) and the 1H- and 
13C-NMR spectra were measured on a Bruker DRX-300 spectrometer in CDCl3 at 300 and 75 
MHz, respectively, using TMS as an interna l standard. All che mical shifts are reported o n 
δ scales. The FAB mass spectra were recorded on a Jeol SX–102 mass spectrometer. Elemen-
tal analyses were realised on  a Carlo Erba-1108 analy zer. The analy tical data of all the 
compounds were highly satisfactory. For colu mn chromatographic purification of th e pro-
ducts, Merck silica Gel 60 (230–400 Mesh) was used. The employed reagent grade chemicals 
were purchased from commercial sources and further purified before use. 
Synthesis of 10-(3-chloropropyl)-10H-phenothiazine, compound 1 

Phenothiazine (0.301 mol) and 1-bromo-3-chloropropane (0.301 mol) in et hanol (100 
ml) were stirred on a magnetic stirrer for 5.0 h at roo m temperature. Completion of the reac-
tion was monitored on silica gel-G coated TLC plates. The product was filtered and purified 
over a silica gel packed column chromatography using CHCl3:CH3OH (8:2 v/v) as the eluant 
(120 ml). The purified produc t was dried un der vacuum and recrystallized from acetone to 
yield compound 1 (Fig. 1). 

1

N
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S
9 4

3

2
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8
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1a

4a
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Fig. 1. Structure of compound 1. 

Synthesis of N-[3-(10H-phenothiazin-10-yl)propyl]urea, compound 2 

Compound 1 (0.20 mol) and urea (0.20 mol) in ethanol (100 m l) were stirred on a mag-
netic stirrer for 4.0 h at roo m temperature. The completion of the reaction w as monitored by 
silica gel-G coated TLC plates. The product was filtered and purified over a silica gel packed 
column chromatography using CHCl3:CH3OH (8:2 v/v) as el uant (120 ml). The purified pro-
duct was dried under vacuo and recrystallized from ethanol to yield compound 2 (Fig. 2). 

2 N H 2
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S
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Fig. 2. Structure of compound 2. 
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Synthesis of N-[3-(10H-phenothiazin-10-yl)propyl]-N’-(phenylmethylidene)urea, compound 3a 

Compound 2 (0.026 mol) and benzaldehyde (0.026 mol) in ethanol (100 ml) in the pre-
sence of 2–4 drops glacial acetic acid were first stirred on a magnetic stirrer for 2.0 h at room 
temperature followed by refluxing on a steam bath at 80–90 °C for 3.3 h. The completion of 
the reaction was monitored using silica gel-G coated TLC pl ates. The prod uct was filtered, 
cooled and purified over a silica gel packed column chromatography using CH3OH:CHCl3 
(7:3 v/v) as elu ant (90 ml). The purified prod uct was dried under vacuum and recrystallized 
from acetone at room temperature to furnish compound 3a (Fig. 3).  

Compounds 3b–s (Fig. 3) were synthesized using a similar method. 

3(a-s)

X1716
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20 19

18CH
14

N

O

N
H

N
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12

13

S
9

4 3

2

16

7 8

5

1'
2'

3'

4a

5a

1a

8a

 
Fig. 3. Structure of compounds 3a–s. 

Synthesis of 4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-2-(phenyl)-3-thiazolidine-carbox-
amide, compound 4a 

Compound 3a (0.0129 mol) and thioglycolic acid (0.0129 mol) in methanol (50 ml) in 
the presence of ZnCl2 were fir st stirred on a magnetic stirrer for 2.0 h at  room temperature 
followed by refluxing on a steam bath at 70–90 °C for 6.0 h . The completion of the re action 
was monitored using silica gel-G coated TLC plates. The  product w as filtered, cooled a nd 
purified over a  silica gel packed column chromatography using CH3OH:CHCl3 (7:3 v/v) as 
eluant (80 ml). The purified product wa s dried under vacuum and recrystallized from ethanol 
at room temperature to furnish compound 4a (Fig. 4). 

Compounds 4b–s (Fig. 4) were synthesized using a similar method. 
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Fig. 4. Structure of compounds 4a–s. 
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Synthesis of 4-oxo-N-[3-(10H-phenothiazin-10-yl)-propyl]-2-phenyl-5-(phenylmethylidene)- 
-3-thiazolidinecarboxamide, compound 5a 

Compound 4a (0.008 mol) and benzaldehyde (0.008 mol) in ethanol (50 ml) in the pre-
sence of CH3CH2ONa were firs t stirred on a magnetic stirrer for 2.0 h at room  temperature 
followed by refluxing on a steam bath at 80–90 °C for 5.0 h. Co mpletion of the reaction was 
monitored using silica gel-G coated TLC plates. The product was filtered, cooled and purifie d 
by a silica gel packed column chromatography using CH3OH:CHCl3 (7:3 v/v) as eluant (70  
ml). The purified produ ct was dried u nder vacuum and recrystallized from ethanol at room 
temperature to furnish compound 5a. 

Compounds 5b–s were synthesized using a similar method. 

Biological study 

The antibacterial, antifungal and antitubercular activities of compounds 1, 2, 3a–s, 4a–s 
and 5a–s were assayed in vitro against selected bacteria, i.e., Escherichia coli, Bacillus sub-
tilis, Staphylococus aureus, and selected fungi, Aspergillus flavus, Aspergillus niger and Can-
dida albicans H37Rv strain. The inhibition zone (mm) of compounds 1, 2, 3a–s, 4a–s and 5a–s 
were determined using t he filter paper di sc diffusion method31 (antibacterial and a ntifungal 
activity) at two concentration of 50 and 100 ppm and the percentage activity of compounds 1, 
2, 3a–s, 4a–s and 5a–s were determined using the L. J. medium (conventional) method (anti-
tubercular activity) at 25 and 50 μg mL-1 and lower concentrations. Streptomycin and griseo-
fulvin were used as the standard for the antibacterial and antifungal activity, respectively, and 
for the antitubercular activity, isoniazid and rifampicin were taken as standards. 

RESULTS AND DISCUSSION 

The analytical and spectral data of the synthesized com pounds are given in 
the Supplementary material to this paper. 

The reaction of 1-bromo-3-chloropropane with phenothiazine was performed 
in ethanol as solvent to afford compound 1. The spectroscopic analyses of com-
pound 1 showed absorption peaks for N–CH, C–Cl and C–S–C at 1272, 774 and 
687 cm–1 in the IR spectr um. The IR s pectrum confirms the formation of com-
pound 1. This fact was also supported by the disappe arance of NH absorption of 
the phenothiazine. 

Compound 1 on reaction with urea under continuous stirring at room tem-
perature yielded compound 2. In the spectroscopic analyses of compound 2, three 
absorption peaks were found i n the IR spectrum for NH, NH 2 and CO at 33 42, 
3412 and 1 655 cm–1, respectively while the absorption of C–Cl found in the 
spectrum of 1 had disapp eared. This clearly  indicated that co mpound 1 under-
went substitution reaction with urea. This fact  was also supported by the 1H- and 
13C-NMR spectra as two signals appeared in the 1H-NMR spectrum for NH and 
NH2 at δ 5.83 and 5. 99 ppm, respectively. The formation of com pound 2 was 
fully supported by the signal for the CO group at δ 163.4 ppm in the 13C-NMR 
spectrum. All the facts together were strong evidence for the synthesis of com-
pound 2. 
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Substituted benzaldehydes underwent condensation reaction with compound 
2, resulting in the formati on of Schiff bases N=CH, which was confirmed by the 
IR, 1H-NMR and 13C-NMR spectra of compounds 3a–s. In the IR spectra, an ab-
sorption was found in the range 1531–1584 cm–1, while a strong signal appeared 
in the range of δ 7.84–8.34 and 143–158.4 ppm in the 1H-NMR and 13C-NMR 
spectra of compounds 3a–s, respectively. These facts were also supported by the 
disappearance of the signal for NH 2 present in the 1H-NMR spectrum of com-
pound 2. 

Compounds 3a–s on reaction with an e quimolar amount of thioglycolic acid 
in the presence of ZnCl 2 underwent a reaction whereby  a five-membered thiazo-
lidinone ring was formed, compounds 4a–s. Compounds 4a–s showed a characte-
ristic absorption for a cy clic carbonyl group in the range 1725 –1758 cm–1 in the 
IR spectra. The 1H-NMR spectra of co mpounds 4a–s clearly indicated the 
presence of t he active methylene group in  the thiazolidine ring by  exhibiting a 
signal in the range δ 3.26–3.68 ppm. The 13C-NMR spectra of co mpounds 4a–s 
also supported the fact that a cyclic carbonyl group was present by the signal that 
appeared in the range δ 160.4–178.8 ppm. These facts were supported b y a) the 
disappearance of the N=CH proton an d b) the appearance of a N–CH proton i n 
the range of δ 5.23–5.82 ppm in the 1H-NMR spectra of compounds 4a–s. 

Compounds 4a–s underwent a Knoevenagel condensation reaction with sub-
stituted benzaldehydes in the presence of alkali metal alkoxide (C 2H5ONa) to 
afford compounds 5a–s. In the 1H-NMR spectra of compounds 5a–s, the two me-
thylene protons of compounds 4a–s were absent and a new signal for C=CH ap -
peared in the range δ 6.32–6.77 ppm and in the 13C-NMR spectra of compounds 
5a–s, two new signals for C=CH and C=CH appeared in the δ range 134.6–143.2 
and 140.1–149.2 ppm, respectively. All these facts  clearly confirmed the syn-
thesis of all the final products. 

Biological study 

The results of the antim icrobial (antibacterial, antifungal and antitubercular ) 
activities are summarized in Table I. All the co mpounds 1, 2, 3a–s, 4a–s and 5a–s 
were screened for their antim icrobial activity against selected strains of bacteria 
and fungi and antitubercular activity against M. tuberculosis (H37Rv strain). The 
investigation of antimicrobial data revealed that compounds 5c, 5d, 5e, 5f, 5h, 5i 
and 5j displayed high activity, compounds 4h, 4j, 5b, 5g and 5q showed mode-
rate activity and the other compounds showed less activity against all the str ains 
compared with standard drugs. 

The compounds exhibited a structure– activity relationship (SAR) because 
the activity of co mpounds varies with substitution. The nitro group-containi ng 
compounds 5h, 5i and 5j showed higher activity than the chloro g roup- (5c and 
5d) or the b romo group-containing c ompounds (5e and 5f). In addition, t he 
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chloro- and bromo-derivatives also had a higher activity than the other tested  
compounds. Based on the SAR, it  could be concluded that the activity of com-
pounds depended on t he electron withdrawing nature of the substituent groups. 
The sequence of the activity is following: 
 NO2 > Cl > Br > OCH3 < OH > CH3 

TABLE I. Ant ibacterial, antifungal (inhibition zone in mm) and antitubercular activity of 
compounds 1, 2, 3a–s, 4a–s and 5a–s 

Compound 

Antibacterial activity Antifungal activity Antitubercular 
activity, % 

B. subtilis E. coli S. aureus A. niger A. flavus
C. 

albicans 
M. tuberculosis 
H37Rv strain 

c / ppm c / μg mL-1 
50 100 50 100 50 100 50 100 50 100 50 100 25 50 

1 – 7 – 5 4 7 – 8 4 6 – 5 13 20 
2 2 9 – 7 2 6 5 8 4 7 3 6 10 18 
3a 7 12 10 14 11 13 9 12 10 15 9 13 18 22 
3b 10 20 11 18 13 19 10 17 13 17 11 14 25 32 
3c 12 19 12 16 10 16 11 17 13 17 11 14 27 34 
3d 10 13 14 17 12 19 13 20 14 20 13 17 30 35 
3e 8 21 9 22 10 21 9 18 8 15 8 16 28 40 
3f 9 20 10 21 11 20 8 14 6 13 6 17 27 50 
3g 10 24 7 21 9 20 6 13 8 12 9 14 25 52 
3h 13 26 10 24 13 27 10 18 12 25 14 22 32 65 
3i 11 23 9 20 10 25 10 17 11 26 12 23 35 68 
3j 13 27 10 24 12 26 10 18 10 24 11 22 38 66 
3k 7 10 6 10 8 12 7 13 6 13 8 14 25 40 
3l 8 12 6 13 7 13 6 14 7 13 7 12 28 42 
3m 8 13 7 14 6 12 7 12 6 14 6 10 23 43 
3n 4 10 5 12 4 11 6 13 5 9 4 10 20 38 
3o 5 7 6 8 6 10 5 12 6 11 7 10 24 35 
3p 5 8 5 9 4 7 6 10 5 9 6 11 25 38 
3q 9 14 8 13 8 15 7 13 6 14 8 14 28 50 
3r 10 16 9 14 8 13 7 12 7 15 9 14 30 52 
3s 9 13 10 15 7 14 9 13 8 15 10 14 32 55 
4a 15 20 13 19 14 20 10 15 12 20 10 14 20 35 
4b 14 23 10 21 13 21 10 17 11 17 12 18 25 55 
4c 10 27 10 28 12 27 11 20 10 19 11 21 30 60 
4d 12 26 11 27 12 29 11 20 8 17 12 19 30 60 
4e 10 29 10 27 10 28 9 21 8 17 10 19 30 68 
4f 10 28 11 30 13 30 12 24 13 20 13 21 32 70 
4g 17 30 8 31 10 30 7 20 8 21 10 22 30 75 
4h 18 30 15 28 10 30 11 24 9 20 8 22 30 70 
4i 10 22 13 24 12 28 10 12 9 19 8 20 32 68 
4j 12 24 15 30 13 27 12 28 10 22 9 24 35 70 
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TABLE I. Continued 

Compound 

Antibacterial activity Antifungal activity Antitubercular 
activity, % 

B. subtilis E. coli S. aureus A. niger A. flavus
C. 

albicans 
M. tuberculosis 
H37Rv strain 

c / ppm c / μg mL-1 
50 100 50 100 50 100 50 100 50 100 50 100 25 50 

4k 10 14 9 22 10 20 8 21 9 17 7 21 30 50 
4l 11 15 8 20 10 21 8 20 8 15 6 15 32 53 
4m 9 14 10 16 8 18 8 15 7 14 7 13 30 50 
4n 8 10 8 12 8 14 7 13 9 13 7 13 29 41 
4o 9 13 8 14 7 13 7 13 8 12 8 10 28 42 
4p 8 14 9 17 8 15 7 16 7 13 8 14 30 45 
4q 16 26 18 30 14 29 14 25 12 22 13 25 33 70 
4r 17 24 15 30 15 27 13 24 13 21 10 21 34 70 
4s 12 20 11 22 10 21 11 23 10 18 10 22 33 65 
5a 18 25 07 22 10 23 07 15 07 12 10 14 22 45 
5b 15 29 10 30 15 29 12 20 10 20 14 21 32 74 
5c 13 34 12 32 14 31 15 24 17 25 14 23 36 80 
5d 15 32 10 31 13 32 11 23 10 21 13 22 32 80 
5e 12 33 12 31 15 31 10 22 12 23 15 23 30 78 
5f 11 31 11 31 14 32 11 22 11 21 14 23 30 79 
5g 20 27 10 28 10 28 10 19 10 20 10 20 29 76 
5h 22 35 19 33 12 34 18 24 09 24 12 25 32 82 
5i 20 34 10 32 12 35 12 25 10 23 12 24 27 83 
5j 24 36 11 33 10 33 13 25 11 22 10 24 28 81 
5k 08 28 09 21 08 27 11 18 10 14 11 17 28 60 
5l 11 26 12 23 12 25 10 16 12 15 12 16 30 63 
5m 13 27 15 25 14 26 13 15 13 15 12 12 31 65 
5n 14 18 14 17 16 22 10 15 10 13 10 14 22 45 
5o 12 19 14 15 15 20 09 14 09 12 11 15 18 49 
5p 14 20 15 18 14 19 08 12 10 18 09 15 20 47 
5q 12 29 13 28 12 30 14 20 13 16 12 21 24 76 
5r 13 28 14 24 13 27 13 18 13 17 13 20 27 70 
5s 11 30 12 21 11 29 12 18 10 15 11 19 25 65 

Standard 
28 37 26 34 27 35 20 26 18 25 19 26 100 100 

Streptomycin Griseofulvin Standardsa 
aStandards for the antitubercular activity, isoniazid and rifa mpicin, showed 100 % activity at both tested con-
centrations 

CONCLUSIONS 

The present research study reports the su ccessful synthesis of all the newly 
synthesized compounds 1, 2, 3a–s, 4a–s and 5a–s. Some of the synthesized com-
pounds displayed good biological activities while the others showed lower anti-
microbial and antitubercular activities.  
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SUPPLEMENTARY MATERIAL 
Аnalytical and spectral data of synthesized compounds are available electronically from 

http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 
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И З В О Д  

СИНТЕЗА И БИОЛОШКА АКТИВНОСТ 4-ТИАЗОЛИДИНОНСКИХ ДЕРИВАТА 
ФЕНОТИАЗИНА 

RITU SHARMA, PUSHKAL SAMADHIYA, SAVITRI D. SRIVASTAVA и SANTOSH K. SRIVASTAVA  

Synthetic Organic Chemistry Laboratory, Department of Chemistry, Dr. H.S. Gour University (A Central 
University), Sagar-470003, India 

Синтетисана је серија нових деривата N-[3-(10H-фенотиазин-10-ил)-пропил]-2-(супсти-
туисани фенил)-4-оксо-5-(супституисани бензилиден)-3-тиазолидин-карбоксамида 5a–s. Ре-
акција тиогликолне киселине и N-[3-(10H-фенотиазин-10-ил)-пропил]-N’-[(супституисани 
фенил)-метилиден]-уреа 3a–s, у присуству анхидрованог ZnCl2 даје нова хетероциклична 
једињења N-[3-(10H-фенотиазин-10-ил)-пропил]-2-(супституисани фенил)-4-oксo-3-тиазоли-
дин-карбоксамиде, 4a–s. Добијени производи у реакцији са одабраним супституисаним аро-
матични алдехидима, у присуству C2H5ONa подлежу Кневенагеловој реакцији и дају једи-
њења 5a–s. Једињења 1, 2, 3a–s, 4a–s и 5a–s потвргнуте су IR, 1H-NMR, 13C-NMR, FAB MS 
инструменталним анализама и елементалној анализи. Испитана је антибактеријска, антифун-
гална и антитуберкулозна активност према M. tuberculosis синтетисаних једињења. 

(Примљено 24. септембра 2010, ревидирано 24. априла 2011) 
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ANALYTICAL AND SPECTRAL DATA OF THE SYNTHESIZED COMPOUNDS 
10-(3-Chloropropyl)-10H-phenothiazine (1). Yield: 60 %; m.p. 170–172 °C; 

Anal. Calcd. for C15H14ClNS: C, 65.32; H, 5.11; N, 5.07 %. Found: C, 65.27; H, 
5.08; N, 4.97 %; IR (KBr, cm –1): 687 (C–S–C), 774  (C–Cl), 1320 (N–C), 1552 
(C=C), 1428, 2844, 2932 (CH2), 3020 (CH–Ar); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.09–2.15 (2H, m, H-12), 3.51 (2H, t, J = 7.65 Hz, H-13), 4.12 (2H, t, J = 
= 7.65 Hz, H-11), 6.31–7.75 (8H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / 
/ ppm): 34.1 (C-12), 44.4 (C-13), 48.4 (C-11), 113.8 (C-4 and C- 5), 119.2 (C-1 
and C-8), 122.7 (C-2 and C-7), 124.3  (C-3 and C-6), 138. 2 (C-4a and C-5a), 
146.7 (C-1a and C-8a); FAB mass (m/z): 275 [M+].  

N-[3-(10H-Phenothiazin-10-yl)propyl]urea (2). Yield: 71 %; m.p. 152–153 °C; 
Anal. Calcd. for C16H17N3OS: C, 64.18; H, 5.72; N, 14.03 %. Found: C, 64 .12; 
H, 5.65; N, 13.98 %; IR (KBr, cm–1): 678 (C–S–C), 1228 (N–C), 1465 (C=C), 
1655 (CO), 1434, 2837, 2892 (CH2), 3025 (CH–Ar), 3342, 3413 (NH2); 1H-NMR 
(300 MHz, CDCl3, δ / ppm): 2.16–2.25 (2H, m, H-12), 3.22–3.28 (2H, m, H-12), 
4.16 (2H, t, J = 7.40 Hz, H-11), 5.83 (1H, s, H-1’), 5.99 (2H, s, H-3’), 6.44–7.73 
(8H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 34.0 (C-12), 44.2 (C-13), 
48.9 (C-11), 114.0 (C-4 and C-5), 1 19.2 (C-1 and C-8), 122.7 (C-2 and C-7) , 
124.3 (C-3 and C-6), 138.2 (C-4a and C-5a), 145.3 (C-1a and C-8a) 163.4 (C-2’); 
FAB mass (m/z): 299 [M+].  

N-[3-(10H-Phenothiazin-10-yl)propyl]-N’-(phenylmethylidene)urea (3a). 
Yield: 61 %; m.p. 148–149 °C; Anal. Calcd. for C23H21N3OS: C, 71.29; H, 5.46; 
N, 10.84 %. Found: C, 71.24; H, 5.38; N, 10.81 %; IR (KBr, cm–1): 684 (C–S–C), 
1332 (N–C), 1464 (C=C), 1547  (N=CH), 1652 (CO), 1430, 2836, 2894 (CH2), 
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3022 (CH–Ar), 335 6 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.28–2.35 
(2H, m, H-12), 3.26–3.34 (2H, m, H-13), 4.18 (2H, t, J = 7.50 Hz, H-11), 5.88 
(1H, s, H-1’), 7.84 (1H, s, H-14), 6.40 –7.81 (13H, m, Ar–H); 13C-NMR (75 
MHz, CDCl3, δ / ppm): 33.5 (C-12), 43.6 (C-13), 49.3 (C-11), 115.3 (C-4 and C-5), 
116.7 (C-1 and C-8), 120.8 (C-2 and C-7), 121.6 (C-3 and C-6), 123.6 (C-16 and 
C-20), 125.5 (C-17 and C-19), 126.8 (C-18), 135.6 (C-15), 136.9 (C-4a and 5a), 
143.7 (C-1a and C-8a), 150.6 (C-14), 162.4 (C-2’); FAB mass (m/z): 387 [M+].  

N-[(4-Chlorophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3b). Yield: 66 %; m.p. 168–169 °C; Anal. Calcd. for C 23H20ClN3OS: C, 65.47; 
H, 4.77; N, 9.95 % . Found: C, 65.43; H, 4.65; N, 9.9 1 %; IR (KBr, cm –1): 684 
(C–S–C), 735 (C–Cl), 1303 (N–C), 1472 (C=C), 1569 (N=CH), 1661 (CO), 1448, 
2869, 2913 (CH2), 3031 (CH–Ar), 3373 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.18–2.22 (m, 2H, H-12), 3.26–3.32 (m, 2H, H-13), 4.16 (t, 2H, J = 7.65 
Hz, H-11), 5. 97 (1H, s, H-1’), 7.84 (1H, s, H-14), 6.29–7.75 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 35.0 (C-12 ), 44.7 (C-13 ), 50.0 (C-11 ), 
115.8 (C-4 and C-5), 120. 4 (C-1 and C-8) , 124.5 (C-2 and C-7), 125. 4 (C-3 and 
C-6), 127.6 (C-16 and C-20), 126.5 (C-17 and C-19), 128.8 (C-18), 137.3 (C-15), 
138.4 (C-4a and 5a), 147. 2 (C-1a and C-8a), 152.0 (C-14), 165.3 (C-2’); FAB 
mass (m/z): 421 [M+].  

N-[(3-Chlorophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3c). Yield: 67 %; m.p. 166–167 °C; Anal. Calcd. for C 23H20ClN3OS: C, 65.47; 
H, 4.77; N, 9.95 % . Found: C, 65.41; H, 4.71; N, 9.8 3 %; IR (KBr, cm –1): 693 
(C–S–C), 739 (C–Cl), 1344 (N–C), 1476 (C=C), 1572  (N=CH), 16 65 (CO), 
1440, 2845, 2902 (CH2), 3033 (CH–Ar), 3364 ( NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.20–2.25 (2H, m, H-12), 3.23–3.29 (2H, m, H-13), 4.20 (2H, t, 
J = 7.65 Hz, H-11), 5.9 8 (1H, s, H-1’), 7.84 (1H, s, H-14), 6.34–7.76 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 35.5 (C-12), 44.5 (C-13), 51.0 (C- 
-11), 116.7 (C-4 and C-5), 120.3 (C-1 and C-8), 124.5 (C-2 and C-7), 125.6 (C-3 
and C-6), 126.3 (C-16), 126.8 (C-20), 127.4 (C-17), 127.9 (C-19), 128.5 (C-18), 
137.2 (C-15), 138.1 (C-4a and C-5a), 147.5 (C-1a and C-8a), 151.3 (C-14), 164.2 
(C-2’); FAB mass (m/z): 421 [M+]. 

N-[(2-Chlorophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3d). Yield 65 % ; m.p. 160–162 °C; Anal. Calcd. fo r C23H20ClN3OS: C, 65.46; 
H, 4.77; N, 9.95 % . Found: C, 65.41; H, 4.72; N, 9.8 5 %; IR (KBr, cm –1): 692 
(C–S–C), 743 (C–Cl), 1338 (N–C), 1474 (C=C), 1578  (N=CH), 16 70 (CO), 
1439, 2848, 2906 (CH2), 3034 (CH–Ar), 3367 ( NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.18–2.25 (2H, m, H-12), 3.29–3.34 (2H, m, H-13), 4.19 (2H, t, 
J = 7.65 Hz, H-11), 5.9 1 (1H, s, H-1’), 7.87 (1H, s, H-14), 6.41–7.88 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 34.9 (C-12), 44.3 (C-13), 50.3 (C- 
-11), 116.5 (C-4 and C-5), 119.4 (C-1 and C-8), 123.4 (C-2 and C-7), 124.1 (C-3 
and C-6), 126.5 (C-16), 127.4 (C-20), 128.1 (C-17), 128.8 (C-19), 129.5 (C-18), 
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136.1 (C-15), 137.7 (C-4a and C-5a), 146.1 (C-1a and C-8a), 153.4 (C-14), 162.7 
(C-2’); FAB mass (m/z): 421 [M+].  

N-[(4-Bromophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3e). Yield: 65 %; m.p. 159–161 °C; Anal. Calcd. for C 23H20BrN3OS: C, 59.23; 
H, 4.32; N, 9.00 % . Found: C, 59.15; H, 4.23; N, 8.9 4 %; IR (KBr, cm –1): 631 
(C–Br), 697 (C–S–C), 1342 (N–C), 1472 (C=C), 1574 (N=CH), 1663 (CO), 
1441, 2850, 2907 (CH2), 3037 (CH–Ar), 3371 ( NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.19–2.22 (2H, m, H-12), 3.21–3.26 (2H, m, H-13), 4.17 (2H, t, 
J = 7.60 Hz, H-11), 5.8 2 (1H, s, H-1’), 7.92 (1H, s, H-14), 6.39–7.68 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 35.0 (C-12), 43.8 (C-13), 50.2 (C- 
-11), 115.1 (C-4 and C-5), 117.8 (C-1 and C-8), 122.7 (C-2 and C-7), 123.8 (C-3 
and C-6), 12 4.4 (C-16 and C-20), 127.3 (C-17 and C-19), 1 28.8 (C-18), 1 40.8 
(C-15), 141.2 (C-4a and C-5a), 146.4 ( C-1a and C-8a), 153.8 (C-14), 16 2.1 (C- 
-2’); FAB mass (m/z): 466 [M+1].  

N-[(3-Bromophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]ure 
(3f). Yield: 64 %; m.p. 157–158 °C; Anal. Calcd. fo r C23H20BrN3OS: C, 59.23; 
H, 4.32; N, 9.00 % . Found: C, 59.19; H, 4.31; N, 8.9 7 %; IR (KBr, cm –1): 640 
(C–Br), 691 (C–S–C), 1346 (N–C), 1479 (C=C), 1574 (N=CH), 1661 (CO), 1445, 
2852, 2910 (CH2), 3035 (CH–Ar), 3362 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.16–2.23 (2H, m, H-12), 3.24-3.30 (2H, m, C-13), 4.21 (2H, t, J = 7.60 
Hz, H-11), 5. 88 (1H, s, H-1’), 7.93 (1H, s, H-14), 6.36–7.86 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 33.6 (C-12 ), 44.2 (C-13 ), 49.3 (C-11 ), 
116.3 (C-4 and C-5), 117. 5 (C-1 and C-8) , 122.6 (C-2 and C-7), 123. 4 (C-3 and 
C-6), 125.3 (C-16), 126.4 (C-20), 12 8.5 (C-17), 128.9 (C-19), 129.6 (C-1 8), 
140.5 (C-15), 141.8 (C-4a and C-5a), 148.4 (C-1a and C-8a), 151.6 (C-14), 164.9 
(C-2’); FAB mass (m/z): 466 [M+1].  

N-[(2-Bromophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3g). Yield: 62 %; m.p. 161–163 °C; Anal. Calcd. for C 23H20BrN3OS: C, 59.23; 
H, 4.32; N, 9.00 % . Found: C, 59.15; H, 4.24; N, 8.9 2 %; IR (KBr, cm –1): 623 
(C–Br), 699 (C–S–C), 1339 (N–C), 1473 (C=C), 1584 (N=CH), 1666 (CO), 1438, 
2846, 2904 (CH2), 3040 (CH–Ar), 3361 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.22–2.29 (2H, m, H-12), 3.27–3.36 (2H, m, H-13), 4.22 (2H, t, J = 7.65 
Hz, H-11), 5. 89 (1H, s, H-1’), 7.88 (1H, s, H-14), 6.23–7.83 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 33.2 (C-12 ), 45.0 (C-13 ), 51.2 (C-11 ), 
116.8 (C-4 and C-5), 119. 2 (C-1 and C-8) , 123.5 (C-2 and C-7), 124. 3 (C-3 and 
C-6), 125.9 (C-16 and C-20), 127.6 (C-17), 128.1 (C-19), 128.4 (C-18), 139.0 
(C-15), 140.6 (C-4a and C-5a), 145.4 ( C-1a and C-8a), 151.3 (C-14), 16 1.5 (C- 
-2’); FAB mass (m/z): 466 [M+1]. 

N-[(4-Nitrophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3h). Yield: 66 %; m.p. 155–157 °C; Anal. Calcd. for C 23H20N4O3S: C, 63.87; 
H, 4.66; N, 12.95 %. Found: C, 63.74; H, 4.61; N, 12.91 %; IR (KBr, cm–1): 696 
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(C–S–C), 848 (C–N), 1478 (C=C), 1524 (N=O), 1559 (N=CH), 1669 (CO), 1444, 
2851, 2909 (CH2), 3036 (CH–Ar), 3351 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.28–2.32 (2H, m, H-12), 3.25–3.31 (2H, m, H-13), 4.21 (2H, t, J = 7.60 
Hz, H-11), 5. 83 (1H, s, H-1’), 8.12 (1H, s, H-14), 6.24–7.89 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 38.7 (C-12 ), 46.4 (C-13 ), 47.3 (C-11 ), 
116.8 (C-4 and C-5), 118. 3 (C-1 and C-8) , 124.0 (C-2 and C-7), 125. 3 (C-3 and 
C-6), 126.6 (C-16 and C-20), 128.7 (C-17 and C-19), 129.3 (C-18), 139.9 (C-15), 
140.5 (C-4a and C-5a), 149.2 (C-1a and C-8a), 153.7 (C-14), 1 65 (C-2’); FAB 
mass (m/z): 432 [M+]. 

N-[(3-Nitrophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3i). Yield: 70 %; m.p. 157–159 °C; Anal. Calcd. for C23H20N4O3S: C, 63.87; H, 
4.66; N, 12.95 %. Found: C, 63.75; H, 4.63; N, 12.87 %; IR (KBr, cm –1): 694 
(C–S–C), 845 (C–N), 1475 (C=C), 1534 (N=O), 1567 (N=CH), 1632 (CO), 1437, 
2854, 2905 (CH2), 3031 (CH–Ar), 3355 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.25–2.29 (2H, m, H-12), 3.21–3.27 (2H, m, H-13), 4.18 (2H, t, J = 7.60 
Hz, H-11), 6. 13 (1H, s, H-1’), 7.84 (1H, s, H-14), 6.37–7.67 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 32.2 (C-12 ), 44.6 (C-13 ), 50.8 (C-11 ), 
114.6 (C-4 and C-5), 119. 6 (C-1 and C-8) , 125.7 (C-2 and C-7), 126. 1 (C-3 and 
C-6), 127.2 (C-16), 128.4 (C-20), 12 9.0 (C-17), 129.4 (C-19), 130.7 (C-1 8), 
138.4 (C-15), 139.2 (C-4a and C-5a), 145.4 (C-1a and C-8a), 156.0 (C-14), 163.4 
(C-2’); FAB mass (m/z): 432 [M+]. 

N-[(2-Nitrophenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3j). Yield: 61 %; m.p. 149–150 °C; Anal. Calcd. for C23H20N4O3S: C, 63.87; H, 
4.66; N, 12.95 %. Found: C, 63.71; H, 4.61; N, 12.85 %; IR (KBr, cm –1): 698 
(C–S–C), 845 (C–NH), 1473 (C=C), 1531 (N=O), 1554 (N=CH), 1639 (CO), 1446, 
2849, 2912 (CH2), 3039 (CH–Ar), 3344 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.21–2.24 (2H, m, H-12), 3.26–3.32 (2H, m, H-13), 4.21 (2H, t, J = 7.65 
Hz, H-11), 6.08 (1H, s, H-1’), 8.23 (1H, s, H-14), 6.45-8 .22 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 33.6 (C-12 ), 45.1 (C-13 ), 49.4 (C-11 ), 
112.4 (C-4 and C-5), 118. 2 (C-1 and C-8) , 125.5 (C-2 and C-7), 126. 4 (C-3 and 
C-6), 127.5 (C-16), 128.2 (C-20), 12 9.6 (C-17), 130.1 (C-19), 130.4 (C-1 8), 
138.7 (C-15), 139.3 (C-4a and C-5a), 148.3 (C-1a and C-8a), 158.0 (C-14), 163.4 
(C-2’); FAB mass (m/z): 432 [M+]. 

N-[(4-Methoxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3k). Yield: 61 % ; m.p. 150–151 °C; Anal. Calcd. for C 24H23N3O2S: C, 
69.04; H, 5.55; N, 10.06 %. Found: C, 68.92; H, 5.48; N, 10.02 %; IR (KBr, cm–1): 
702 (C–S–C), 1336 (N–C), 1467 (C=C), 1546 (N=CH), 1667 (CO), 1433, 2839, 
2895 (CH2), 2943 (OCH3), 3024 (CH–Ar), 3351 (NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.12–2.16 (2H, m, H-12), 3.18–3.26 (2H, m, H-13), 3.61 (3H, s, 
OCH3), 4.12 (2H,  t, J = 7.55 Hz, H-11), 5.82 ( 1H, s, H-1’), 7.95 (1H, s, H-14), 
6.35–7.89 (12H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 32.0 (C-12), 
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42.5 (C-13), 48.4 (C-11), 53.0 (OCH3),109.8 (C-4 and C-5), 116. 0 (C-1 and C- 
-8), 121.7 (C-2 and C-7), 122.4 (C-3 and C-6), 124.8 (C-16 and C-20), 126.0 (C- 
-17 and C-19), 127.7 (C-18), 136.6 (C-15), 137.0 (C-4a and C-5a), 158.0 (C-1 a 
and C-8a), 147.0 (C-14), 161.3 (C-2’); FAB mass (m/z): 417 [M+]. 

N-[(3-Methoxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3l). Yield: 62 % ; m.p. 149–150 °C; Anal. Calcd. for C 24H23N3O2S: C, 
69.04; H, 5.55; N, 10.06 %. Found: C, 68.99; H, 5.51; N, 10.01 %; IR (KBr, cm–1): 
704 (C–S–C), 1332 (N–C), 1461 (C=C), 1534 (N=CH), 1667 (CO), 1436, 2834, 
2897 (CH2), 2941 (OCH3), 3020 (CH–Ar), 3353 (NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.14–2.19 (2H, m, H-12), 3.18–3.25 (2H, m, H-13), 3.75 (3H, s, 
OCH3), 4.16 (2H,  t, J = 7.55 Hz, H-11), 5.84 ( 1H, s, H-1’), 7.88 (1H, s, H-14), 
6.55–7.98 (12H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 32.4 (C-12), 
42.7 (C-13), 48.6 (C-11), 54.5 (OCH3), 114.1 (C-4 and C-5), 117. 4 (C-1 and C - 
-8), 120.3 (C-2 and C-7), 123.4 (C-3 and C-6), 125.5 (C-16), 126.2 (C-20), 126.5 
(C-17), 127.3 (C-19), 128.9 (C-18), 135.6 (C-15), 138.6 (C-4a and C-5a), 158.7 
(C-1a and C-8a), 146.0 (C-14), 163.9 (C-2’); FAB mass (m/z): 417 [M+]. 

N-[(2-Methoxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3m). Yield: 64 % ; m.p. 144–145 °C; Anal. Calcd. for C 24H23N3O2S: C, 
69.04; H, 5.55; N, 10.06 %. Found: C, 68.97; H, 5.51; N, 09.96 %; IR (KBr, cm–1): 
705 (C–S–C), 1339 (N–C), 1463 (C=C), 1531 (N=CH), 1665 (CO), 1431, 2836, 
2899 (CH2), 2941 (OCH3), 3025 (CH–Ar), 3356 (NH); 1H-NMR (300 M Hz, 
CDCl3, δ / ppm): 2.16–2.23 (2H, m, H-12), 3.20–3.28 (2H, m, H-13), 3.32 (3H, s, 
OCH3), 4.12 (2H, t, J = 7.55 Hz, H-11), 5.73 ( 1H, s, H-1’), 8.15 (1H, s, H-14), 
6.45–7.88 (12H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 33.9 (C-12), 
43.6 (C-13), 47.8 (CC-11), 52.0 (OCH3), 115.4 (C-4 and C-5), 115.4 (C-1 and C- 
-8), 120.7 (C-2 and C-7), 122.6 (C-3 and C-6), 124.3 (C-16), 125.4 (C-20), 126.0 
(C-17), 126.8 (C-19), 127.5 (C-18), 138.6 (C-15), 141.0 (C-4a and 5a), 157.3 (C-
1a and C-8a), 146.0 (C-14), 162.3 (C-2’); FAB–Mass (m/z): 417 [M+]. 

N-[(4-Methylphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3n). Yield: 60 %; m.p. 141–142 °C; Anal. Calcd. for C24H23N3OS: C, 71.79; H, 
5.77; N, 10.46 %. Found: C, 71.69; H, 5.74; N, 10.37 %; IR (KBr, cm –1): 699 
(C–S–C), 1326 (N–C), 1460 (C=C), 1538 (N=CH), 1661 (CO), 1428, 2833, 2891 
(CH2), 2918 (CH3), 3019 (CH–Ar), 3339 (NH); 1H-NMR (300 MHz, CDCl3, δ /  
/ ppm): 2.11–2.19 (2H, m, H-12), 1 .96 (3H, s, CH3), 3.17–3.24 (2H, m, H-13), 
4.06 (2H, t, J = 7.50 Hz, H-11), 5.82 (1H, s, H-1’), 8.14 (1H, s, H-14), 6.42-7.83 
(12H, m, Ar-H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 23.2 (CH3), 33.0 (C-12), 
45.5 (C-13), 51.8 (C-11), 112.9 (C-4 and C-5), 115.3 (C-1 and C-8), 120.4 (C-2 
and C-7), 121.2 (C-3 and C-6), 123.4 (C-16 and C-20), 125.2 (C-17 and C-19), 
126.3 (C-18), 135.4 (C-15), 136.3 (C-4a and C-5a), 145.9 (C-1a and C-8a), 151.0 
(C-14), 162.3 (C-2’); FAB mass (m/z): 401 [M+]. 
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N-[(3-Methylphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3o). Yield: 61 %; m.p. 139–140 °C; Anal. for Calcd. C24H23N3OS: C, 71.79; H, 
5.77; N, 10.46 %. Found: C, 71.71; H, 5.69; N, 10.41 %; IR (KBr, cm –1): 701 
(C–S–C), 1323 (N–C), 1465 (C=C), 1536 (N=CH), 1663 (CO), 1425, 2838, 2892 
(CH2), 2920 (CH3), 3014 (CH–Ar), 3354 (NH); 1H-NMR (300 MHz, CDCl3, δ /  
/ ppm): 2.15–2.19 (2H, m, H-12), 2 .01 (3H, s, CH3), 3.21–3.29 (2H, m, H-13), 
4.04 (2H, t, J = 7.45 Hz, H-11), 5.78 (1H, s, H-1’), 8.22 (1H, s, H-14), 6.41–7.81 
(12H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 24.0 (CH3), 34.0 (C-12), 
45.2 (C-13), 47.1 (C-11), 113.5 (C-4 and C-5), 116.6 (C-1 and C-8), 119.4 (C-2 
and C-7), 122.4 (C-3 and C-6), 123.8 (C-16), 124.2 (C-20), 124.7 (C-17 and C - 
-19), 126.7 (C-18), 139.4 (C-15), 142.3 (C-4a and C-5a), 146.8 (C-1a and C-8a), 
148.0 (C-14), 162.2 (C-2’); FAB mass (m/z): 401 [M+]. 

N-[(2-Methylphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]urea 
(3p). Yield: 62 %; m.p. 136–138 °C; Anal. Calcd. for C24H23N3OS: C, 71.79; H, 
5.77; N, 10.46 %. Found: C, 71.69; H, 5.67; N, 10.42 %; IR (KBr, cm –1): 695 
(C–S–C), 1323 (N–C), 1467 (C=C), 1531 (N=CH), 1665 (CO), 1426, 2830, 2894 
(CH2), 2910 (CH3), 3017 (CH–Ar), 3345 (NH); 1H-NMR (300 MHz, CDCl3, δ /  
/ ppm): 2.13–2.18 (2H, m, H-12), 2 .05 (3H, s, CH3), 3.18–3.26 (2H, m, H-13), 
4.00 (2H, t, J = 7.50 Hz, H-11), 5.79 (1H, s, H-1’), 8.34 (1H, s, H-14), 6.34–7.85 
(12H, m, Ar-H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 21.6 (CH3), 32.2 (C-12), 
43.9 (C-13), 48.6 (C-11), 113.7 (C-4 and C-5), 116.5 (C-1 and C-8), 121.4 (C-2 
and C-7), 122.4 (C-3 and C-6), 123.6 (C-16), 125.3 (C-20), 126.4 (C-17), 127.5 
(C-19), 128.3 (C-18), 137.7 (C-15), 139.4 (C-4a and C-5a), 143. 7 (C-1a and C- 
-8a), 152.0 (C-14), 160.5 (C-2’); FAB mass (m/z): 401 [M+]. 

N-[(4-Hydroxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3q). Yield: 64 % ; m.p. 162–164 °C; Anal. Calcd. for C 23H21N3O2S: C, 
68.46; H, 5.24; N, 10.41 %. Found: C, 68.41; H, 5.22; N, 10.35 %; IR (KBr, cm–1): 
702 (C–S–C), 1337 (N–C), 1468 (C=C), 1555 (N=CH), 1670 (CO), 1435, 2841, 
2898 (CH2), 3027 (CH–Ar), 3357 (NH), 3468 (OH); 1H-NMR (300 MHz, 
CDCl3, δ / ppm): 2.29–2.36 (2H, m, H-12), 3.07–3.14 (2H, m, H-13), 4.84 (1H, s, 
OH), 4.14 (2H,  t, J = 7.45 Hz, H-11), 5.75 (1H, s, H-1’), 8.2 6 (1H, s, H-14), 
6.52–7.79 (12H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 32.4 (C-12), 
43.6 (C-13), 51.3 (C-11), 114.7 (C-4 and C-5), 116.4 (C-1 and C-8), 121.6 (C-2 
and C-7), 122.2 (C-3 and C-6), 124.6 (C-16 and C-20), 126.1 (C-17 and C-19), 
127.4 (C-18), 136.5 (C-15), 137.2 (C-4a and C-5a), 154.6 (C-1a and C-8a), 146.0 
(C-14), 157.0 (C-2’); FAB mass (m/z): 403 [M+]. 

N-[(3-Hydroxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3r). Yield: 60 % ; m.p. 166–167 °C; Anal. Calcd. for C 23H21N3O2S: C, 
68.46; H, 5.24; N, 10.41 %. Found: C, 68.32; H, 5.16; N, 10.38 %; IR (KBr, cm–1): 
706 (C–S–C), 1336 (N–C), 1465 (C=C), 1551 (N=CH), 1673 (CO), 1431, 2844, 
2895 (CH2), 3029 (CH–Ar), 3352 (NH), 3458 (OH); 1H-NMR (300 MHz, CDCl3, 
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δ / ppm): 2.31–2.36 (2H, m, H-12), 3.16–3.21 (2H, m, H-13), 4.78 (1H, s, OH), 
4.20 (2H, t, J = 7.45 Hz, H-11), 5.81 (1H, s, H-1’), 7.99 (1H, s, H-14), 6.32–7.79 
(m, 12H, Ar–H); 13C NMR (75 MHz, CDCl3, δ / ppm): 32.2 (C-12), 43.0 (C-13), 
48.2 (C-11), 115.4 (C-4 and C-5), 1 19.5 (C-1 and C-8), 120.4 (C-2 and C-7) , 
123.7 (C-3 and C-6), 12 5.6 (C-16), 126.2 (C-20), 126.5 (C-17 and C-19), 129.7 
(C-18), 135.6 (C-15), 139.2 (C-4a and C- 5a), 154.6 (C-1a and C-8a), 149.0 (C - 
-14), 155.7 (C-2’); FAB mass (m/z): 403 [M+]. 

N-[(2-Hydroxyphenyl)methylidene]-N’-[3-(10H-phenothiazin-10-yl)propyl]-
urea (3s). Yield: 62 % ; m.p. 160–162 °C; Anal. Calcd. for C 23H21N3O2S: C, 
68.46; H, 5.24; N, 10.41 %. Found: C, 68.33; H, 5.15; N, 10.37 %; IR (KBr, cm–1): 
703 (C–S–C), 1335 (N–C), 1473 (C=C), 1541 (N=CH), 1669 (CO), 1437, 2842, 
2900 (CH2), 3024 (CH–Ar), 3345 (NH), 3458 (OH); 1H-NMR (300 MHz, 
CDCl3, δ / ppm): 2.26–2.31 (2H, m, H-12), 3.14–3.19 (2H, m, H-13), 4.57 (1H, s, 
OH), 4.15 (2H, t, J = 7.45 Hz, H-11), 5.76 (1H, s, H-1’), 7.8 4 (1H, s, H-14), 
6.35–7.85 (12H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 32.4 (C-12), 
42.3 (C-13), 49.4 (C-11), 114.2 (C-4 and C-5), 117.5 (C-1 and C-8), 122.4 (C-2 
and C-7), 124.5 (C-3 and C-6), 126.3 (C-16), 126.9 (C-20), 127.4 (C-17), 128.4 
(C-19), 130.3 (C-18), 138.6 (C-15), 143.5 (C-4a and C-5a), 154. 0 (C-1a and C- 
-8a), 152.0 (C-14), 157.2 (C-2’); FAB mass (m/z): 403 [M+]. 

4-Oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-2-phenyl-3-thiazolidinecarbox-
amide (4a). Yield: 64 %; m.p. 155–157 °C; Anal. Calcd. for C25H23N3O2S2: C, 
65.04; H, 5.02; N, 9.10 %. Found: C, 64.97; H, 4.93; N, 9.02 %; IR (KBr, cm–1): 
680 (C–S–C), 1330 (C–NH), 1457 (C=C), 1558, 1662 (CO), 1738 (CO cyclic), 
1434, 2836, 2912 (CH2), 2936 (S–CH2), 3012 (CH–Ar), 3352 (N H); 1H-NMR 
(300 MHz, CDCl3, δ / ppm): 2.20–2.24 (2H, m, H-12), 3.43 (2H, s, H-5”), 3.35– 
–3.41 (2H, m, H-13), 4.24 (2H, t, J = 7.55 Hz, H-11), 5. 31 (1H, s, H-2”), 5.82 
(1H, s, H-1’), 6.25–7.86 (13H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 
37.9 (C-12), 41.4 (C-5”), 46.6 (C-13), 51.7 (C-11), 63.2 (C-2”), 112.0 (C-4 and 
C-5), 119.7 (C-1 and C-8), 122.3 (C-2 a nd C-7), 123.7 (C-3 and C-6), 125.5 ( C- 
-15 and C-19), 127.9 (C-16 and C-18), 128.4 (C-17), 137.9 (C-14), 138.7 (C-4a 
and C-5a), 145.0 (C-1a and C-8a), 162.2 (C-2’), 172.3 (C-4”); FAB mass (m/z): 
462 [M+]. 

2-(4-Chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4b). Yield: 71 %; m.p. 180–182 °C; Anal. Calcd. for 
C25H22ClN3O2S2: C, 60.59; H, 4.4 7; N, 8.48 %. Found: C, 60.53; H, 4.43; N, 
8.44 %; IR (KBr, cm –1): 715 (C–S–C), 768 (C–Cl), 1340 (C–NH), 1462 (C=C), 
1667 (CO), 1752 (CO cyclic), 1440, 2850, 2917 (CH2), 2948 (S–CH 2), 3016 
(CH–Ar), 3358 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.34–2.38 (2H, m, 
H-12), 3.68 (2H, s, H-5”), 3.44–3.49 (2H, m, H-13), 4.31 (2H, t, J = 7.45 Hz, H- 
-11), 5.39 (1H, s, H-2”), 5.90 (1H, s, H-1’), 6.44–8.05 (12H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 40.1 (C-12), 3 8.0 (C-5”), 48.3 (C-13), 55.5 
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(C-11), 59.0 (C-2”), 113.0 (C-4 and C-5), 121.1 (C-1 and C-8), 1 25.5 (C-2 and 
C-7), 126.5 (C-3 and C-6), 128.8 (C-15 and C-19), 129.4 (C-16 and C-18), 130.4 
(C-17), 140.5 (C-14), 141.6 (C-4a and C- 5a), 147.0 (C-1a and C-8a), 167.8 (C -
2’), 176.5 (C-4”); FAB mass (m/z): 496 [M+]. 

2-(3-Chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4c). Yield: 69 %; m.p. 178–179 °C; Anal. Calcd. for 
C25H22ClN3O2S2: C, 60.59; H, 4.4 7; N, 8.48 %. Found: C, 60.53; H, 4.43; N, 
8.41 %; IR (KBr, cm –1): 687, 716 (C–S–C), 752 ( C–Cl), 1343 (C–N), 1463  
(C=C), 1670 (CO), 1750 (CO cyclic), 1444, 2836, 2918 (CH2), 2954 (S–CH2), 
3027 (CH–Ar), 336 2 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.35–2.40 
(2H, m, H-12), 3.57 (2H, s, H-5”), 3.45–3.50 (2H, m, H-13), 4.37 (2H, t, J = 7.55 
Hz, H-11), 5 .57 (1H, s, H-2”), 5.92 (1H, s, H-1’), 6.32–7 .65 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 40.4 (C-12 ), 32.0 (C-5”), 49.4 (C-13 ), 
55.6 (C-11), 59.0 (C-2”), 115.0 (C-4 and C-5), 122.3 (C-1 and C-8), 125.5 (C-2 
and C-7), 126.9 (C-3 and C-6), 130.3 (C-15), 131.2 (C-19), 132.1 (C-16), 132.7 
(C-18), 133.7 (C-17), 141.5 (C-14), 142.6 (C-4a and C-5a), 146. 0 (C-1a and C- 
-8a), 163.6 (C-2’), 178.8 (C-4”); FAB mass (m/z): 496 [M+]. 

2-(2-Chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4d). Yield: 68 %; m.p. 176–177 °C; Anal. Calcd. fo r 
C25H22ClN3O2S2: C, 60.59; H, 4.4 7; N, 8.48 %. Found: C, 60.53; H, 4.43; N, 
8.44 %; IR (KBr, cm –1): 689, 710 (C–S–C), 760 ( C–Cl), 1347 (C–N), 1472  
(C=C), 1673 (CO), 1755 (CO cyclic), 1447, 2844, 2922 (CH2), 2950 (S–CH2), 
3022 (CH–Ar), 336 0 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.40–2.46 
(2H, m, H-12), 3.61 (2H, s, H-5”), 3.41–3.47 (2H, m, H-13), 4.33 (2H, t, J = 7.40 
Hz, H-11), 5 .46 (1H, s, H-2”), 5.94 (1H, s, H-1’), 6.51–7 .92 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 41.7 (C-12 ), 36.0 (C-5”), 46.3 (C-13 ), 
53.1 (C-11), 61.0 (C-3”), 113.0 (C-4 and C-5), 119.7 (C-1 and C-8), 126.5 (C-2 
and C-7), 127.2 (C-3 and C-6), 131.4 (C-15), 131.8 (C-19), 132.8 (C-16), 133.0 
(C-18), 133.6 (C-17), 138.9 (C-14), 143.7 (C-4a and C-5a), 147. 0 (C-1a and C- 
-8a), 167.9 (C-2’), 175.0 (C-4”); FAB mass (m/z): 496 [M+]. 

2-(4-Bromophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4e). Yield: 70 %; m.p. 173–174 °C; Anal. Calcd. for 
C25H22BrN3O2S2: C, 55.55; H, 4.10; N, 7.77 %. Found: C, 55 .43; H, 4.04; N, 
7.71 %; IR (KBr, cm –1): 709 (C–S–C), 755 (C–Cl), 1338 (C–NH), 1466 (C=C), 
1674 (CO), 1758 (CO cyclic), 1448, 2845, 2924 (CH2), 2949 (S–CH 2), 3018 
(CH–Ar), 3365 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.41–2.46 (2H, m, 
H-12), 3.51 (2H, s, H-5”), 3.47–3.53 (2H, m, H-13), 4.45 (2H, t, J = 7.45 Hz, H- 
-11), 5.36 (1H, s, H-2”), 5.95 (1H, s, H-1’), 6.39–7.81 (12H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 41.8 (C-12), 3 7.6 (C-5”), 46.3 (C-13), 53.4 
(C-11), 62.6 (C-2”), 114.0 (C-4 and C-5), 121.3 (C-1 and C-8), 1 23.8 (C-2 and 
C-7), 124.6 (C-3 and C-6), 128.4 (C-15 and C-19), 130.3 (C-16 and C-18), 131.8 
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(C-17), 141.9 (C-14), 142.8 (C-4a and C- 5a), 148.0 (C-1a and C-8a), 164.0 (C - 
-2’), 176.0 (C-4”); FAB mass (m/z): 541 [M+]. 

2-(3-Bromophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4f). Yield: 69 %; m.p. 168–170 °C; Anal. Calcd. for 
C25H22BrN3O2S2: C, 55.55; H, 4.10; N, 7.77 %. Found: C, 55 .45; H, 4.06; N, 
7.72 %; IR (KBr, cm –1): 705 (C–S–C), 749 (C–Cl),  1350 (C–N),  1467 (C=C), 
1678 (CO), 1746 (CO cyclic), 1450, 2843, 2923 (CH2), 2947 (S–CH 2), 3025 
(CH–Ar), 3359 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.35–2.42 (2H, m, 
H-12), 3.49 (2H, s, H-5”), 3.45–3.51 (2H, m, H-13), 4.38 (2H, t, J = 7.60 Hz, H- 
-11), 5.62 (1H, s, H-2”), 5.98 (1H, s, H-1’), 6.25–7.79 (12H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 43.9 (C-12), 3 5.4 (C-5”), 48.6 (C-13), 54.1 
(C-11), 64.3 (C-2”), 113.0 (C-4 and C-5), 121.7 (C-1 and C-8), 1 23.2 (C-2 and 
C-7), 124.3 (C-3 and C-6), 129.4 (C-15 ), 129.8 (C-19), 130.7 (C-16), 130.9 (C- 
-18), 131.3 (C-17), 139.1 (C-14), 140.9 (C-4a and C-5a), 148.0 (C-1a and C-8a), 
165.5 (C-2’), 174.3 (C-4”); FAB mass (m/z): 541 [M+]. 

2-(2-Bromophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4g). Yield: 67 % ; m.p. 163–164 °C, Anal. Calcd. for 
C25H22BrN3O2S2: C, 55.55; H, 4.10; N, 7.77 %. Found: C, 55 .43; H, 4.03; N, 
7.73 %; IR (KBr, cm –1): 702 (C–S–C), 748 (C–Cl),  1341 (C–N),  1468 (C=C), 
1671 (CO), 1752 (CO cyclic), 1452, 2847, 2919 (CH2), 2951 (S–CH 2), 3024 
(CH–Ar), 3356 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.39–2.43 (2H, m, 
H-12), 3.34 (2H, s, H-5”), 3.42–3.48 (2H, m, H-13), 4.40 (2H, t, J = 7.50 Hz, H- 
-11), 5.51 (1H, s, H-2”), 5.93 (1H, s, H-1’), 6.35–7.92 (12H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 32.3 (C-12), 3 7.0 (C-5”), 45.1 (C-13), 49.2 
(C-11), 65.1 (C-2”), 114.0 (C-4 and C-5), 120.2 (C-1 and C-8), 1 26.4 (C-2 and 
C-7), 127.2 (C-3 and C-6), 130.8 (C-15 ), 131.4 (C-19), 131.9 (C-16), 132.2 (C- 
-18), 132.8 (C-17), 139.1 (C-14), 140.6 (C-4a and C-5a), 145.0 (C-1a and C-8a), 
166.7 (C-2’), 171.4 (C-4”); FAB mass (m/z): 541 [M+]. 

2-(4-Nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4h). Yield: 74 % ; m.p. 167–168 °C; Anal. Calcd. for  
C25H22N4O4S2: C, 59.27;  H, 4.37; N, 11.05 %. Found: C, 59.1 8; H, 4.32; N, 
10.99 %; IR (cm–1): 692 (C–S–C), 870 (C–NO), 1324 (C–N), 1540 (N=O), 1464 
(C=C), 1672 (CO), 1748 (CO cyclic), 1453, 2841, 2921 (CH2), 2955 (S–CH2), 
3019 (CH–Ar), 336 1 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.41–2.45 
(2H, m, H-12), 3.52 (2H, s, H-5”), 3.50–3.57 (2H, m, H-13), 4.36 (2H, t, J = 7.55 
Hz, H-11), 5 .39 (1H, s, H-2”), 6.01 (1H, s, H-1’), 6.45–7 .94 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 42.2 (C-12 ), 37.6 (C-5”), 47.5 (C-13 ), 
56.6 (C-11), 63.0 (C-2”), 116.0 (C-4 and C-5), 122.0 (C-1 and C-8), 126.8 (C-2 
and C-7), 127.6 (C-3 and C-6), 131.5 (C-15 and C-19), 132.7 (C-16 and C-18), 
133.1 (C-17), 140.2 (C-14), 141.6 (C-4a and C-5a), 149.0 (C-1a and C-8a), 164.4 
(C-2’), 162.2 (C-4”); FAB mass (m/z): 507 [M+]. 
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2-(3-Nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4i). Yield: 72 % ; m.p. 164–165 °C; Anal. Calcd. for 
C25H22N4O4S2: C, 59.27;  H, 4.37; N, 11.05 %. Found: C, 59.1 8; H, 4.32; N, 
10.99 %; IR (KBr, cm–1): 698 (C–S–C), 865 (C–NO), 1324 (C–N), 1545 (N=O), 
1470 (C=C), 1679 (CO),  1752 (CO cy clic), 1454, 2840, 2925 (CH2), 2945 
(S–CH2), 3024 (CH–Ar), 3363 (NH); 1H-NMR (300 MHz, C DCl3, δ / ppm): 
2.32–2.37 (2H, m, H-12), 3.64 (2H, s, H-5”), 3.46–3.52 (2H, m, H-13), 4.42 (2H, 
t, J = 7.45 Hz, H-11), 5.69 (1H, s, H-2”), 6.00 (1H, s, H-1’), 6.35–7.84 (12H, m, 
Ar-H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 43.3 (C-12), 38.6 (C-5”), 47.9 (C- 
-13), 54.8 (C-11), 63.4 (C-2”), 116.0 (C-4 and C-5), 119.6 (C-1 and C-8), 124.8  
(C-2 and C-7), 125.7 (C-3  and C-6), 131.6 (C-15), 130.5 (C-19), 129.1 (C-16), 
129.7 (C-18), 130.4 (C-1 7), 141.7 (C-1 4), 142.7 (C-4a and C-5a), 148. 0 (C-1a 
and C-8a), 165.4 (C-2’), 173.0 (C-4”); FAB mass (m/z): 507 [M+]. 

2-(2-Nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4j). Yield: 73 % ; m.p. 162–163 °C; Anal. Calcd. for 
C25H22N4O4S2: C, 59.27;  H, 4.37; N, 11.05 %. Found: C, 59.1 9; H, 4.34; N, 
10.97 %; IR (KBr, cm–1): 655 (C–S–C), 1325 (C–N), 1489 (C=C), 1496 (N=O), 
1680 (CO), 1745 (CO cyclic), 1446, 2851, 2924 (CH2), 2948 (S–CH 2), 3020 
(CH–Ar), 3362 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.35–2.41 (2H, m, 
H-12), 3.38 (2H, s, H-5”), 3.41–3.46 (2H, m, H-13), 4.37 (2H, t, J = 7.50 Hz, H- 
-11), 5.26 (1H, s, H-2”), 5.93 (1H, s, H-1’), 6.29–7.97 (12H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 41.0 (C-12), 4 2.9 (C-5”), 48.2 (C-13), 56.4 
(C-11), 63.6 (C-2”), 112.0 (C-4 and C-5), 120.3 (C-1 and C-8), 1 24.6 (C-2 and 
C-7), 125.9 (C-3 and C-6), 129.7 (C-15 ), 130.2 (C-19), 131.2 (C-16), 132.6 (C- 
-18), 142.4 (C-17), 143.6 (C-14), 148.6 (C-4a and C-5a), 146.0 (C-1a and C-8a), 
162.2 (C-2’), 163.4 (C-4”); FAB mass (m/z): 507 [M+]. 

2-(4-Methoxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4k). Yield: 66 %; m.p. 157–159 °C; Anal. Calcd. fo r 
C26H25N3O3S2: C, 63.51; H, 5.12; N, 8.54 %. Found: C, 63.38; H, 5.08; N, 8.49 
%; IR (KBr, cm–1): 688 (C–S–C), 106 5 (C–O), 1331 (C–N), 1458 (C=C), 1664 
(CO), 1729 (CO cyclic), 1435, 2837, 2913 (CH2), 2949 (S–CH2), 2958 (OCH3), 
3014 (CH–Ar), 335 4 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.29–2.33 
(2H, m, H-12), 3.39 (2H, s, H-5”), 3.42–3.47 (2H, m, H-13), 3.56 (3H, s, OCH3), 
4.27 (2H, t, J = 7.45 Hz, H-11), 5.42 (1H, s, H-2”), 5.85 (1H, s, H-1’), 6.36–7.85 
(12H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 39.5 (C-12), 38.0 (C-5”), 
45.7 (C-13), 52.4 (C-11), 60.3 (C-2”), 52.0 (OCH3), 116.0 (C-4 and C-5), 118.1 
(C-1 and C-8), 122.3 (C-2 and C-7), 123.4 (C-3 and C-6), 126.5 (C-15 and C-19), 
128.5 (C-16 and C-18), 129.7 (C-17), 138.4 (C-14), 142.4 (C-4a and C-5a), 158.0 
(C-1a and C-8a), 163.9 (C-2’), 162.0 (C-4”); FAB mass (m/z): 492 [M+]. 

2-(3-Methoxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4l). Yield: 64 %; m.p. 154–155 °C; Anal. Calcd. for 
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C26H25N3O3S2: C, 63.51; H, 5.12; N, 8.54 %. Found: C, 63.37; H, 5.05; N, 8.44 
%; IR (KBr, cm–1): 688 (C–S–C), 102 8 (C–O), 1336 (C–N), 1453 (C=C), 1669 
(CO), 1752 (CO cyclic), 1433, 2838, 2911 (CH2), 2948 (S–CH2), 2951 (OCH3), 
3015 (CH–Ar), 335 9 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.25–2.30 
(2H, m, H-12), 3.46 (2H, s, H-5”), 3.45–3.49 (2H, m, H-13), 3.49 (3H, s, OCH3), 
4.28 (2H, t, J = 7.45 Hz, H-11), 5.33 (1H, s, H-2”), 5.88 (1H, s, H-1’), 6.52–7.84 
(12H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 38.4 (C-12), 34.0 (C-5”), 
44.8 (C-13), 52.1 (C-11), 59.6 (C-2”), 54.3 (OCH3), 118.2 (C-4 and C-5), 120.4 
(C-1 and C-8), 123.9 (C-2 and C-7), 1 24.6 (C-3 and C-6), 126.8 (C-15), 128.4 
(C-19), 129.4 (C-16), 131.1 (C-18), 132.4 (C-17), 137.3 (C-14), 144.1 (C-4a and 
C-5a), 156.0 (C-1a and C-8a), 159. 9 (C-2’), 161.0 (C-4”); FAB mass (m/z): 492 
[M+]. 

2-(2-Methoxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4m). Yield: 61 % ; m.p. 156–158 °C; An al. Calcd. for 
C26H25N3O3S2: C, 63.51; H, 5.12; N, 8.54 %. Found: C, 63.42; H, 5.09; N, 8.51 
%; IR (KBr, cm–1): 687 (C–S–C), 105 5 (C–O), 1335 (C–N), 1455 (C=C), 1663 
(CO), 1725 (CO cyclic), 1438, 2834, 2919 (CH2), 2943 (S–CH2), 2945 (OCH3), 
3016 (CH–Ar), 335 0 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.21–2.27 
(2H, m, H-12), 3.35 (2H, s, H-5”), 3.39–3.45 (2H, m, H-13), 3.52 (3H, s, OCH3), 
4.24 (2H, t, J = 7.45 Hz, H-11), 5.21 (1H, s, H-2”), 5.80 (1H, s, H-1’), 6.46–7.86 
(12H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 37.3 (C-12), 33.1 (C-5”), 
43.9 (C-13), 53.6 (C-11), 61.2 (C-2”), 56.2 (OCH3), 119.0 (C-4 and C-5), 120.3 
(C-1 and C-8), 121.6 (C-2 and C-7), 1 25.7 (C-3 and C-6), 127.5 (C-15), 129.2 
(C-19), 130.4 (C-16), 131.5 (C-18), 133.8 (C-17), 140.3 (C-14), 146.1 (C-4a and 
C-5a), 155.0 (C-1a and C-8a), 162. 4 (C-2’), 161.2 (C-4”); FAB mass (m/z): 492 
[M+]. 

2-(4-Methylphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4n). Yield: 68 % ; m.p. 148–151 °C; Anal. Calcd. for  
C26H25N3O2S2: C, 65.65; H, 5.29; N, 8.83 %. Found: C, 65.48; H, 5.22; N, 8.73 
%; IR (KBr, cm–1): 672 (C–S–C), 1326 (C–N), 1456 (C=C), 1660 (CO), 1728 
(CO cyclic), 1433, 2 835, 2910 (CH 2), 2942 (S–C H2), 3011 ( CH–Ar), 2898 
(CH3), 3350 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 2.02 (3H, s, CH3), 
2.20–2.24 (2H, m, H-12), 3.49 (2H, s, H-5”), 3.39–3.45 (2H, m, H-13), 4.21 (2H, 
t, J = 7.40 Hz, H-11), 5.64 (1H, s, H-2”), 5.80 (1H, s, H-1’), 6.35–7.90 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 20.5 (CH3), 38.1 (C-12), 33.5 (C- 
-5”), 43.3 (C-13), 51.1 (C-11), 63.0 (C-2”), 117.0 (C-4 and C-5), 118.7 (C-1 and 
C-8), 122.1 (C-2 and C-7), 123.2 (C-3 and C-6), 124.8 (C-15 and C-19), 127. 4 
(C-16 and C-18), 128.5 (C-17), 137.6 (C-14), 138.5 (C-4a and C-5a), 149.0 (C-1a 
and C-8a), 161.7 (C-2’), 160.0 (C-4”); FAB mass (m/z): 476 [M+]. 

2-(3-Methylphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4o). Yield: 66 % ; m.p. 147–148 °C; Anal. Calcd. for  
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C26H25N3O2S2: C, 65.65; H, 5.29; N, 8.83 %. Found: C, 65.46; H, 5.20; N, 8.75 
%; IR (KBr, cm–1): 679 (C–S–C), 1325 (C–N), 1458 (C=C), 1663 (CO), 1727 
(CO cyclic), 1439, 2 833, 2917 (CH 2), 2945 (S–C H2), 3017 ( CH–Ar), 2888 
(CH3), 3353 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 1.95 (3H, s, CH3), 
2.23–2.27 (2H, m, H-12), 3.64 (2H, s, H-5”), 3.41–3.48 (2H, m, H-13), 4.24 (2H, 
t, J = 7.40 Hz, H-11), 5.39 (1H, s, H-2”), 5.87 (1H, s, H-1’), 6.35–7.82 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 23.8 (CH3), 35.5 (C-12), 37.6 (C- 
-5”), 44.7 (C-13), 55.6 (C-11), 62.0 (C-2”), 115.0 (C-4 and C-5), 119.5 (C-1 and 
C-8), 120.3 (C-2 and C-7 ), 124.8 (C-3 and C-6), 1 26.3 (C-15), 127.1 (C-19), 
127.7 (C-16), 129.3 (C-18), 131.4 (C-17), 136.5 (C-14), 142.7 (C-4a and C-5a), 
147.0 (C-1a and C-8a), 160.0 (C-2’), 161.4 (C-4”); FAB mass (m/z): 476 [M+]. 

2-(2-Methylphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazolidi-
necarboxamide (4p). Yield: 64 % ; m.p. 144–145 °C; Anal. Calcd. for  
C26H25N3O2S2: C, 65.65; H, 5.29; N, 8.83 %. Found: C, 65.40; H, 5.19; N, 8.71 
%; IR (KBr, cm–1): 681 (C–S–C), 1324 (C–N), 1457 (C=C), 1663 (CO), 1730 
(CO cyclic), 1438, 2 834, 2917 (CH 2), 2945 (S–C H2), 3018 ( CH–Ar), 2882 
(CH3), 3354 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 2.07 (3H, s, CH3), 
2.23–2.29 (2H, m, H-12), 3.39 (2H, s, H-5”), 3.33–3.38 (2H, m, H-13), 4.24 (2H, 
t, J = 7.40 Hz, H-11), 5.82 (1H, s, H-2”), 5.86 (1H, s, H-1’), 6.54–7.85 (12H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 22.5 (CH3), 35.6 (C-12), 37.5 (C- 
-5”), 47.4 (C-13), 54.5 (C-11), 62.2 (C-2”), 117.0 (C-4 and C-5), 119.7 (C-1 and 
C-8), 121.5 (C-2 and C-7 ), 122.7 (C-3 and C-6), 1 26.4 (C-15), 127.4 (C-19), 
128.5 (C-16), 129.8 (C-18), 131.1 (C-17), 136.5 (C-14), 139.4 (C-4a and C-5a), 
150.0 (C-1a and C-8a), 161.1 (C-2’), 162.8 (C-4”); FAB mass (m/z): 476 [M+]. 

2-(4-Hydroxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4q). Yield: 62 %; m.p. 170–172 °C; Anal. Calcd. fo r 
C25H23N3O3S2: C, 62.87; H, 4.85; N, 8.79 %. Found: C, 62.72; H, 4.81; N, 8.75 
%; IR (KBr, cm–1): 687 (C–S–C), 1332 (C–NH), 1460 (C=C), 1666 (CO), 1757 
(CO cyclic), 1438, 2838, 2915 (CH2), 2950 (S–CH2), 3015 (CH–Ar), 3355 (NH), 
3498 (OH); 1H-NMR (300 MHz, CDCl 3, δ / pp m): 2.32–2.36 (2H, m, H-12), 
3.39 (2H, s, H-5”), 3.44–3.50 (2H, m, H-13), 4.29 (2H, t, J = 7.45 Hz, H-8), 4.57 
(1H, s, OH), 5.35 (1H, s, H-2”), 5.87 ( 1H, s, H-1’), 6.36–7.92 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 35.3 (C-12 ), 37.0 (C-5”), 46.6 (C-13 ), 
52.3 (C-11), 62.0 (C-2”), 118.0 (C-4 and C-5), 119.7 (C-1 and C-8), 125.6 (C-2 
and C-7), 127.2 (C-3 and C-6), 128.4 (C-15 and C-19), 130.2 (C-16 and C-18), 
131.9 (C-17), 138.9 (C-14), 142.4 (C-4a and C-5a), 154.0 (C-1a and C-8a), 163.9 
(C-2’), 162.3 (C-4”); FAB–Mass (m/z): 478 [M+]. 

2-(3-Hydroxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4r). Yield: 61 %; m.p. 168–170 °C; Anal. Calcd. for 
C25H23N3O3S2: C, 62.87; H, 4.85; N, 8.79 %. Found: C, 62.75; H, 4.79; N, 8.73 
%; IR (KBr, cm–1): 689 (C–S–C), 1335 (C–NH), 1463 (C=C), 1668 (CO), 1752 
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(CO cyclic), 1434, 2838, 2913 (CH2), 2957 (S–CH2), 3013 (CH–Ar), 3358 (NH), 
3504 (OH); 1H-NMR (300 MHz, CDCl 3, δ / pp m): 2.36–2.41 (2H, m, H-12), 
3.45 (2H, s, H-5”), 3.43–3.48 (2H, m, H-13), 4.32 (2H, t, J = 7.45 Hz, H-8), 4.50 
(1H, s, OH), 5.52 (1H, s, H-2”), 5.84 ( 1H, s, H-1’), 6.36–7.78 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 32.2 (C-12 ), 37.6 (C-5”), 41.8 (C-13 ), 
47.5 (C-11), 63.0 (C-2”), 116.0 (C-4 and C-5), 120.1 (C-1 and C-8), 124.7 (C-2 
and C-7), 126.8 (C-3 and C-6), 130.3 (C-15), 131.2 (C-19), 132.7 (C-16), 133.4 
(C-18), 134.2 (C-17), 140.5 (C-14), 146.8 (C-4a and C-5a), 153. 0 (C-1a and C- 
-8a), 160.1 (C-2’), 162.1 (C-4”); FAB–Mass (m/z): 478 [M+]. 

2-(2-Hydroxyphenyl)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-3-thiazoli-
dinecarboxamide (4s). Yield: 64 %; m.p. 171–172 °C; Anal. Calcd. for 
C25H23N3O3S2: C, 62.87; H, 4.85; N, 8.79 %. Found: C, 62.81; H, 4.77; N, 8.69 
%; IR (KBr, cm–1): 697 (C–S–C), 1329 (C–NH), 1458 (C=C), 1664 (CO), 1751 
(CO cyclic), 1432, 2835, 2918 (CH2), 2953 (S–CH2), 3019 (CH–Ar), 3351 (NH), 
3505 (OH); 1H-NMR (300 MHz, CDCl 3, δ / pp m): 2.30–2.35 (2H, m, H-12), 
3.33 (2H, s, H-5”), 3.47–3.52 (2H, m, H-13), 4.35 (2H, t, J = 7.45 Hz, H-8), 4.52 
(1H, s, OH), 5.45 (1H, s, H-2”), 5.91 ( 1H, s, H-1’), 6.38–7.83 (12H, m, Ar–H); 
13C-NMR (75 MHz, C DCl3, δ / pp m): 36.1 (C-12 ), 37.6 (C-5”), 46.9 (C-13 ), 
50.5 (C-11), 62.0 (C-2”), 114.0 (C-4 and C-5), 118.4 (C-1 and C-8), 123.8 (C-2 
and C-7), 126.3 (C-3 and C-6), 129.5 (C-15), 130.1 (C-19), 130.4 (C-16), 131.4 
(C-18), 134.5 (C-17), 140.6 (C-14), 141.5 (C-4a and C-5a), 154. 0 (C-1a and C- 
-8a), 159.2 (C-2’), 162.0 (C-4”); FAB–Mass (m/z): 478 [M+]. 

5-(Benzylidene)-4-oxo-N-[3-(10H-phenothiazin-10-yl)propyl]-2-phenyl-3-thia-
zolidinecarboxamide (5a). Yield: 64 % ; m.p. 145–146 °C; Anal. Calcd. fo r 
C32H27N3O2S2: C, 69.91; H, 4.95; N, 7.64 %. Found: C, 69.83; H, 4.91; N, 7.61 
%; IR (KBr, cm–1): 689 (C–S–C), 1335 (C–N), 1595 (C=C), 1467 (C=CH), 1673 
(CO), 1740 (CO cyclic), 2987 (C=CH), 1444, 2845, 2921 (CH2), 3028 (CH–Ar), 
3371 (NH); 1H-NMR (300 MHz, CDCl 3, δ / pp m): 2.18–2.22 (2H, m, H-12), 
3.45–3.50 (2H, m, H-13), 4.33 (2H,  t, J = 7.45 Hz, H-11), 5.2 5 (1H, s, H-2”), 
5.90 (1H, s, H-1’), 6.45 (1H, s, H-20), 6.36–7.85 (18H, m, Ar–H); 13C-NMR (75 
MHz, CDCl3, δ / ppm): 39.4 (C-12), 45.4 (C-13), 52.8 (C-11), 63.4 (C-2”), 114.0 
(C-4 and C-5), 118.7 (C-1 and C-8), 123. 7 (C-2 and C-7), 124.9 ( C-3 and C-6), 
125.8 (C-15 and C-19), 126.9 (C-22 and C-26), 127.7 (C-16 and C-18), 128.6 (C- 
-23 and C-25), 129.8 (C-17), 130.7 (C-24), 131.6 (C-14), 141.2 (C-5”), 134.8 (C- 
-21), 139.9 (C-4a and C-5a), 136.0  (C-20), 148.0 (C-1a and C-8a), 163. 0 (C-2’), 
168.6 (C-4”); FAB mass (m/z): 550 [M+]. 

5-(4-Chlorobenzylidene)-2-(4-chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5b). Yield: 67 % ; m.p.160–162 °C; 
Anal. Calcd. for C 32H25Cl2N3O2S2: C, 62.13; H, 4.07; N, 6.79 %. Found: C, 
62.05; H, 4.01; N, 6.73 %; IR (KBr, cm–1): 698, 755 (C–Cl), 1339 (C–N), 1625 
(C=CH), 1683 (CO), 1748 (CO cy clic), 3012 (C=CH), 1445, 28 55, 2928 (CH2), 
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3034 (CH–Ar), 339 0 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.32–2.38 
(2H, m, H-12), 3.65–3.70 (2H, m, H-13), 4.38 (2H,  t, J = 7.50 Hz, H-11), 5.96 
(1H, s, H-1’), 5.30 (1H, s, H-2”), 6.74 (1H, s, H-20), 6.41–8.15 (16H, m, Ar–H); 
13C-NMR (75 MHz, CDCl 3, δ / ppm): 42.6 (C-12), 146.3 (C-5”), 50.7 (C-13), 
55.5 (C-11), 66.3 (C-2”), 115.0 (C-4 and C-5), 123.7 (C-1 and C-8), 126.4 (C-2 
and C-7), 127.5 (C-3 and C-6), 128.7 (C-15 and C-19), 129.5 (C-22 and C-26), 
130.1 (C-16 and C-18), 131.6 (C-23 and C-25), 132.2 (C-17), 133.5 (C-24), 
134.0 (C-14), 139.7 (C-2 1), 140.0 (C-2 0), 142.3 (C-4a and C-5a), 146. 0 (C-1a 
and C-8a), 165.3 (C-2’), 172.2 (C-4”); FAB mass (m/z): 618 [M+]. 

5-(3-Chlorobenzylidene)-2-(3-chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5c). Yield: 66 % ; m.p. 158–159 °C; 
Anal. Calcd. for C32H25Cl2N3O2S2: C, 62.13; H, 4.07; N, 6.79 %. Found: C, 62.08; 
H, 4.03; N, 6.75 %; IR ( KBr, cm–1): 696 (C–S–C), 741 (C–Cl), 134 2 (C–N), 
1622 (C=CH), 1688 (CO), 1747 (CO cy clic), 3009 (C=CH), 1456, 2857 , 2932 
(CH2), 3034 (CH–Ar), 3386 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.35– 
–2.40 (2H, m, H-12), 3.60–3.67 (2H, m, H-13), 4.40 (2H, t, J = 7.55 Hz, H-11), 
6.00 (1H, s, H-1’), 5.32 (1H, s, H-2”), 6.72  (1H, s, H-20), 6.32–7.99 (16H, m, 
Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm) δ: 43.3 (C-12), 146.3 (C-5”), 48.6 
(C-13), 55.3 (C-11), 66.7 (C-2”), 113.0 (C-4 and C-5), 122. 3 (C-1 and C-8), 
125.5 (C-2 and C-7), 126.6 (C-3 and C-6), 127.5 (C-15), 127.9 (C-19), 128.9 (C- 
-22), 129.2 (C-26), 129. 4 (C-16), 129 .8 (C-18), 130.2 (C-23),  130.7 (C-25 ), 
131.1 (C-17), 131.7 (C-24), 132.5 (C-14), 139.5 (C-21), 141.0 (C-20), 143.3 (C- 
-4a and C-5a), 143. 0 (C-1a and C-8a),  168.2 (C-2’), 174.4 (C-4”); FAB mass 
(m/z): 618 [M+]. 

5-(2-Chlorobenzylidene)-2-(2-chlorophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5d). Yield: 67 %; m.p. 156–157 °C; 
Anal. Calcd. for C 32H25Cl2N3O2S2: C, 62.13; H, 4.07; N, 6.79 %. Found: C, 
62.02; H, 4. 04; N, 6. 76 %; IR (KBr, cm –1): 739 (C–Cl), 1347 (C–N), 161 0 
(C=C), 1684 (CO), 1755 (CO cyclic), 2999 (C=CH), 1447, 28 52, 2929 (CH 2), 
3039 (CH–Ar), 338 3 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.37–2.42 
(2H, m, H-12), 3.59–3.63 (2H, m, H-13), 4.43 (2H,  t, J = 7.50 Hz, H-11), 6.07 
(1H, s, H-1’), 5.34 (1H, s, H-2”), 6.73 (1H, s, H-20), 6.49–8.14 (16H, m, Ar–H); 
13C-NMR (75 MHz, CDCl 3, δ / ppm): 41.3 (C-12), 145.8 (C-5”), 50.7 (C-13), 
54.8 (C-11), 65.1 (C-2”), 117.0 (C-4 and C-5), 120.6 (C-1 and C-8), 125.2 (C-2 
and C-7), 126.9 (C-3 and C-6), 127.4 (C-15), 127.8 (C-19), 128.4 (C-22), 128.8 
(C-26), 129.8 (C-16), 130. 0 (C-18), 13 0.4 (C-23), 1 30.7 (C-25), 131.6 (C-17), 
132.7 (C-24), 133.3 (C-14), 136.9 (C-21), 141.5 (C-20), 141.2 (C-4a and C-5a), 
146.0 (C-1a and C-8a), 167.3 (C-2’), 177.8 (C-4”); FAB mass (m/z): 618 [M+]. 

5-(4-Bromobenzylidene)-2-(4-bromophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5e). Yield: 65 % ; m.p. 152–153 °C; 
Anal. Calcd. for C 32H25Br2N3O2S2: C, 54.32; H,  3,56; N, 5. 93 %. Found: C, 
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54.23; H, 3.51; N, 5.88 %; IR (KBr, cm–1): 563 (C–Br), 1610 (C=CH), 1350 (C–H), 
1678 (CO), 1745 (CO cyclic), 2995 ( C=CH), 1448, 285 9, 2935 (CH2), 3035 
(CH–Ar), 3384 (NH); 1H-NMR (300 MHz, CDCl3, δ / ppm): 2.33–2.37 (2H, m, 
H-12), 3.67–3.71 (2H, m, H-13), 4.45 (2H, t, J = 7.55 Hz, H-11), 6.03 (1H, s, H- 
-1’), 5.37 (1H, s, H-2”), 6.70 (1H, s, H-20), 6.32–8.03 (16H, m, Ar–H); 13C- 
-NMR (75 MHz, CDCl 3, δ / ppm): 44.2 (C-12), 143.2 (C-5”), 46.6 (C-13), 54.9 
(C-11), 65.4 (C-2”), 112.0 (C-4 and C-5), 122.5 (C-1 and C-8), 1 24.4 (C-2 and 
C-7), 125.8 (C-3 and C-6), 126.3 (C-15 and C-19), 127.3 (C-22 and C-26), 128.6 
(C-16 and C-18), 129.5 (C-23 and C-2 5), 130.8 (C-17), 131.6 (C-24), 132.8 (C- 
-14), 137.1 (C-21), 139.8 (C-20), 143.6 (C-4a and C-5a), 150.0 (C-1a and C-8a), 
165.2 (C-2’), 1174.4 (C-4”); FAB mass (m/z): 707 [M+]. 

5-(3-Bromobenzylidene)-2-(3-bromophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5f). Yield: 63 % ; m.p. 154–156 °C; 
Anal. Calcd. for C 32H25Br2N3O2S2: C, 54.32; H,  3,56; N, 5. 93 %. Found: C, 
54.27; H, 3. 53; N, 5.8 6 %; IR (KBr, cm –1): 570 (C–Br), 1350  (C–N), 158 7 
(C=CH), 1681 (CO), 1750 (CO cy clic), 2989 (C=CH), 1453, 28 54, 2934 (CH2), 
3045 (CH–Ar), 338 1 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.34–2.39 
(2H, m, H-12), 3.70–3.75 (2H, m, H-13), 4.41 (2H,  t, J = 7.60 Hz, H-11), 5.97 
(1H, s, H-1’), 5.38 (1H, s, H-2”), 6.68 (1H, s, H-20), 6.22–7.79 (16H, m, Ar–H); 
13C-NMR (75 MHz, CDCl 3, δ / ppm): 40.2 (C-12), 144.0 (C-5”), 49.5 (C-13), 
56.7 (C-11), 67.5 (C-2”), 113.0 (C-4 and C-5), 119.2 (C-1 and C-8), 127.6 (C-2 
and C-7), 128.2 (C-3 and C-6), 129.1 (C-15), 130.2 (C-19), 130.6 (C-22), 131.1 
(C-26), 131.6 (C-16), 131. 9 (C-18), 13 2.7 (C-23), 1 32.9 (C-25), 133.2 (C-17), 
133.9 (C-24), 134.7 (C-14), 138.6 (C-21), 138.9 (C-20), 142.9 (C-4a and C-5a), 
148.0 (C-1a and C-8a), 167.7 (C-2’), 175.3 (C-4”); FAB mass (m/z): 707 [M+]. 

5-(2-Bromobenzylidene)-2-(2-bromophenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5g). Yield: 64 %; m.p. 151–152 °C; 
Anal. Calcd. for C 32H25Br2N3O2S2: C, 54.32; H,  3,56; N, 5. 93 %. Found: C, 
54.25; H, 3. 52; N, 5.8 3 %; IR (KBr, cm –1): 577 (C–Br), 134 8 (C–NH), 1597 
(C=C), 1686 (CO), 1753 (CO cyclic), 2988 (C=CH), 1450, 28 55, 2926 (CH 2), 
3042 (CH–Ar), 338 0 (NH); 1H-NMR (300 MHz, C DCl3, δ / pp m): 2.36–2.40 
(2H, m, H-12), 3.72–3.76 (2H, m, H-13), 4.42 (2H,  t, J = 7.55 Hz, H-11), 5.98 
(1H, s, H-1’), 5.40 (1H, s, H-2”), 6.65 (1H, s, H-20), 6.37–7.88 (16H, m, Ar–H); 
13C-NMR (75 MHz, CDCl 3, δ / ppm): 43.7 (C-12), 143.2 (C-5”), 49.4 (C-13), 
56.3 (C-11), 67.2 (C-2”), 117.0 (C-4 and C-5), 123.4 (C-1 and C-8), 126.9 (C-2 
and C-7), 127.5 (C-3 and C-6), 128.7 (C-15), 129.1 (C-19), 129.5 (C-22), 129.8 
(C-26), 130.4 (C-16), 130. 8 (C-18), 13 1.9 (C-23), 1 32.1 (C-25), 132.5 (C-17), 
133.6 (C-24), 134.9 (C-14), 138.7 (C-21), 139.8 (C-20), 144.4 (C-4a and C-5a), 
147.0 (C-1a and C-8a), 165.1 (C-2’), 177.3 (C-4”); FAB mass (m/z): 707 [M+]. 

5-(4-Nitrobenzylidene)-2-(4-nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10- 
-yl)propyl]-3-thiazolidinecarboxamide (5h). Yield: 70 %; m.p. 149–151 °C; 
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Anal. Calcd. for C 32H25N5O6S2: C, 60.08; H, 3, 93; N, 10. 94 %. Found: C, 
60.04; H, 3.89; N, 10 .91 %; IR (KBr, c m–1): 695 (C–S–C), 870 (C–NO), 1347 
(C–NH), 1521 (N=O), 1 588 (C=CH), 1680 (CO), 1754 (CO cy clic), 3014 
(C=CH), 1450, 285 3, 2933 (CH2), 3036 (CH–Ar), 3382 (NH); 1H-NMR (300 
MHz, CDCl3, δ / ppm): 2.31–2.36 (2H, m, H-12), 3.74–3.80 (2H, m, H-13), 4.37 
(2H, t, J = 7.50 Hz, H-11), 6.04 (1H, s, H-1’), 5.29 (1H, s, H-2”), 6.62 (1H, s, H- 
-20), 6.29–797 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 42.9 (C- 
-12), 142.0 (C-5”), 47.3 (C-13), 57.4 ( C-11), 64.5 (C-2”), 115.0 (C-4 and C-5 ), 
121.4 (C-1 and C-8), 127.5 (C-2 and C-7), 128.6 (C-3 and C-6), 129.8 (C-15 and 
C-19), 130.4 (C-22 and C-26), 13 1.5 (C-16 and C-18), 132.6 (C-23 and C-25),  
133.2 (C-17), 134.5 (C-24), 134.9 (C-14), 138.4 (C-21), 139.0 (C-20), 144.2 (C- 
-4a and C-5a), 146. 0 (C-1a and C-8a),  168.8 (C-2’), 177.4 (C-4”); FAB mass 
(m/z): 639 [M+]. 

5-(3-Nitrobenzylidene)-2-(3-nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10- 
-yl)propyl]-3-thiazolidinecarboxamide (5i). Yield: 72 %; m.p. 150–151 °C; Anal. 
Calcd. for C32H25N5O6S2: C, 60.08; H, 3,93; N, 10.94 %. Found: C, 60.06; H, 
3.90; N, 10.89 %; IR (KBr, cm–1): 679 (C–S–C), 868 (C–NO), 1351 (C–N), 1594 
(C=CH), 1511 (N=O), 1685 (CO), 1750  (CO cyclic), 3011 (C=CH), 1449, 2852, 
2930 (CH2), 3041 (CH–Ar), 3384 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 
2.33–2.38 (2H, m, H-12), 3.72–3.77 (2H, m, H-13), 4.39 (2H,  t, J = 7.50 Hz, H- 
-11), 5.99 (1H, s, H-1’), 5.36 (1H, s, H-2”), 6.58 (1H, s, H-20), 6.38–7.95 (16H, 
m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 44.8 (C-12), 144.5 (C-5”), 48.7 
(C-13), 57.6 (C-11), 65.5 (C-2”), 114.0 (C-4 and C-5), 121. 3 (C-1 and C-8), 
125.7 (C-2 and C-7), 126.4 (C-3 and C-6), 127.5 (C-15), 128.2 (C-19), 128.7 (C- 
-22), 129.1 (C-26), 129. 6 (C-16), 129 .8 (C-18), 130.3 (C-23),  130.8 (C-25 ), 
131.6 (C-17), 132.5 (C-24), 133.6 (C-14), 137.9 (C-21), 140.0 (C-20), 145.5 (C- 
-4a and C-5a), 147. 0 (C-1a and C-8a),  166.3 (C-2’), 178.6 (C-4”); FAB mass 
(m/z): 639 [M+]. 

5-(2-Nitrobenzylidene)-2-(2-nitrophenyl)-4-oxo-N-[3-(10H-phenothiazin-10- 
-yl)propyl]-3-thiazolidinecarboxamide (5j). Yield: 69 %; m.p. 153–155 °C; Anal. 
Calcd. for C32H25N5O6S2: C, 60.08; H, 3,93; N, 10.94 %. Found: C, 60.02; H, 
3.88; N, 1 0.92 %; IR (KBr, cm –1): 697 (C–S–C), 8 72 (C–NO), 1 356 (C–NH), 
1509 (N=O), 1584 (C=CH), 1679 (CO),  1751 (CO cy clic), 2980 (C=CH), 1457, 
2860, 2931 (CH2), 3040 (CH–Ar), 3388 (NH); 1H-NMR (300 MHz, CDCl3, δ / 
/ ppm): 2.32–2.37 (2H, m, H-12), 3.64–3.68 (2H, m, H-13), 4.44 (2H, t, J = 7.55 
Hz, H-11), 6.05 (1H, s, H-1’), 5.38 (1H, s, H-2”), 6.69 (1H, s, H-20), 6.31–7.83 
(16H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 41.3 (C-12), 1 45.6 (C- 
-5”), 47.2 (C-13), 57.1 (C-11), 66.5 (C-2”), 113.0 (C-4 and C-5), 120.1 (C-1 and 
C-8), 126.5 (C-2 and C-7 ), 127.6 (C-3 and C-6), 1 28.2 (C-15), 128.9 (C-19), 
129.6 (C-22), 129.9 (C-26), 130.1 (C-16), 130.7 (C-18), 131.4 (C-23), 131.8 (C- 
-25), 132.1 (C-17), 133. 6 (C-24), 133 .8 (C-14), 137.5 (C-21),  140.1 (C-20 ), 
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144.7 (C-4a and C-5a), 14 5.0 (C-1a and C-8a), 168.8 (C-2’), 176.4 (C-4”); FAB 
mass (m/z): 639 [M+]. 

5-(4-Methoxybenzylidene)-2-(4-methoxyphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5k). Yield: 63 %; m.p. 146–147 
°C; Anal. Calcd. for C 33H31N3O2S2: C, 66.97; H, 5.12; N, 6.8 9 %. Found: C, 
66.89; H, 5.08; N, 6.82 %; IR (KBr, cm–1): 692 (C–S–C), 1085 (C–O), 1341 (C–N), 
1590 (C=CH), 1675 (CO), 1741 (CO cy clic), 2995 (C=CH), 1443, 2846 , 2923 
(CH2), 2965 (OCH3), 3030 (CH–Ar), 3 373 (NH); 1H-NMR (300 MHz, CDCl3, 
δ / ppm): 2.32–2.36 (2H, m, H-12), 3.22 (6H, s, 2×OCH3), 3.64–3.69 (2H, m, H- 
-13), 4.35 (2H, t, J = 7.40 Hz, H-11), 5.27 (1H, s, H-2”), 5.95 (1H, s, H-1’), 6.66 
(1H, s, H-20), 6.35–7.68 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 
40.3 (C-12), 145.8 (C-5”), 45.3 (C-13), 53.1 (C-11), 52.4 (2×OCH3), 64.5 (C-2”), 
112.0 (C-4 and C-5), 118. 9 (C-1 and C-8) , 124.3 (C-2 and C-7), 125. 1 (C-3 and 
C-6), 126.1 (C-15 and C- 19), 127.7 (C-22 and C- 26), 128.6 (C-16 and C- 18), 
129.5 (C-23 and C-25), 130.1 (C-17), 131.3 (C-24), 131.8 (C-14), 137.2 (C-21), 
139.5 (C-20), 141.2 (C-4a and C-5a), 144.0 (C-1a and C-8a), 164.7 (C-2’), 170.5 
(C-4”); FAB mass (m/z): 609 [M+]. 

5-(3-Methoxybenzylidene)-2-(3-methoxyphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5l). Yield: 62 %; m.p. 142–144 °C; 
Anal. Calcd. for C33H31N3O2S2: C, 66.97; H, 5.12; N, 6.89 %. Found: C, 66.86; 
H, 5.05; N, 6.80 %; IR ( KBr, cm–1): 690 (C–S–C), 1089 (C–O), 134 6 (C–N), 
1594 (C=CH), 1673 (CO), 1744 (CO cy clic), 2982 (C=CH), 1447, 2849 , 2925 
(CH2), 2958 (OCH3), 3033 (CH–Ar), 3 377 (NH); 1H-NMR (300 MHz, CDCl3, 
δ / ppm): 2.35–2.41 (2H, m, H-12), 3.65 (6H, s, 2×OCH3), 3.65–3.73 (2H, m, H- 
-13), 4.38 (2H, t, J = 7.40 Hz, H-11), 5.26 (1H, s, H-2”), 5.97 (1H, s, H-1’), 6.70 
(1H, s, H-20), 6.22–7.73 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 
44.6 (C-12), 145.2 (C-5”), 48.4 (C-13), 55.8 (C-11), 55.4 (2×OCH3), 66.8 (C-2”), 
113.0 (C-4 and C-5), 119. 5 (C-1 and C-8) , 123.5 (C-2 and C-7), 124. 5 (C-3 and 
C-6), 125.7 (C-15), 126.4 (C-19), 12 8.5 (C-22), 128.9 (C-26), 129.4 (C-1 6), 
129.9 (C-18), 130.2 (C-23), 130.8 (C-25), 131.6 (C-17), 132.5 (C-24), 132.9 (C- 
-14), 134.2 (C-21), 137.5 (C-20), 144.7 (C-4a and C-5a), 148.0 (C-1a and C-8a), 
166.8 (C-2’), 171.7 (C-4”); FAB mass (m/z): 609 [M+]. 

5-(2-Methoxybenzylidene)-2-(2-methoxyphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5m). Yield: 61 % ; m.p. 148–150 
°C; Anal. for Calcd. C33H31N3O2S2: C, 66.97; H, 5.12; N, 6.89 %. Found: C, 66.87; 
H, 5.04; N, 6.79 %; IR ( KBr, cm–1): 699 (C–S–C), 1088 (C–O), 134 5 (C–N), 
1598 (C=CH), 1671 (CO), 1743 (CO cy clic), 2986 (C=CH), 1442, 2845 , 2927 
(CH2), 2966 (OCH3), 3032 (CH–Ar), 3 377 (NH); 1H-NMR (300 MHz, CDCl3, 
 δ / ppm): 2.37–2.44 (2H, m, H-12), 3.54 (6H, s, 2×OCH3), 3.69–3.75 (2H, m, H- 
-13), 4.38 (2H, t, J = 7.40 Hz, H-11), 5.31 (1H, s, H-2”), 5.97 (1H, s, H-1’), 6.45 
(1H, s, H-20), 6.55–7.92 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 
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41.9 (C-12), 46.2 (C-13), 52.7 (C-11), 56.4 (2×OCH3), 61.3 (C-2”), 116.0 (C -4 
and C-5), 118.3 (C-1 and C-8), 124.9 (C-2 and C-7), 125.4 (C-3 and C-6), 126.7 
(C-15), 126.8 (C-19), 127. 2 (C-22), 12 7.8 (C-26), 1 28.9 (C-16), 129.1 (C-18), 
129.4 (C-23), 130.2 (C-25), 131.9 (C-17), 132.7 (C-24), 133.5 (C-14), 134.6 (C- 
-21), 136.5 (C-20), 140.9 (C-4a and C-5a), 142.0 (C-5”), 145.0 (C-1a and C-8a), 
163.7 (C-2’), 172.3 (C-4”); FAB mass (m/z): 609 [M+]. 

5-(4-Metylbenzylidene)-2-(4-methylphenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5n). Yield: 62 % ; m.p. 136–138 °C; 
Anal. Calcd. for C34H31N3O2S2: C, 70.68; H, 5.40; N, 7.27 %. Found: C, 70.65; 
H, 4.37; N, 7.21 %; IR (KBr, cm–1): 687 (C–S–C), 1336 (C–N), 1580 (C=CH), 
1672 (CO), 1738 (CO cyclic), 2991 ( C=CH), 1440, 284 2, 2919 (CH2), 2992 
(CH3), 3027 (CH–Ar), 3370 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 2.04 
(6H, s, 2×CH3), 2.27–2.30 (2H, m, H-12), 3.58–3.62 (2H, m, H-13), 4.29 (2H, t, 
J = 7.45 Hz,  H-11), 5.23 (1H, s, H-2”), 5.89 (1H, s, H-1’), 6.49 (1H, s, H-20), 
6.42–7.74 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 22.5 (2×CH3), 
39.7 (C-12), 140.2 (C-5”), 45.1 (C-13), 52.4 (C-11), 63.1 (C-2”), 116.0 (C-4 and 
C-5), 118.5 (C-1 and C-8), 123.4 (C-2 a nd C-7), 124.7 (C-3 and C-6), 125.3 ( C- 
-15 and C-19), 126.6 (C-22 and C-26), 127.1 (C-16 and C-18), 1 28.0 (C-23 and 
C-25), 129.5 (C-17), 130. 4 (C-24), 13 1.1 (C-14), 137.5 (C-21), 137.6 (C-20), 
139.6 (C-4a and C-5a), 14 8.0 (C-1a and C-8a), 163.3 (C-2’), 167.5 (C-4”); FAB 
mass (m/z): 577 [M+]. 

5-(3-Metylbenzylidene)-2-(3-methylphenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5o). Yield: 65 %; m.p. 141–142 °C; 
Anal. Calcd. for C34H31N3O2S2: C, 70.68; H, 5.40; N, 7.27 %. Found: C, 70.61; 
H, 4.33; N, 7.19 %; IR (KBr, cm–1): 684 (C–S–C), 1332 (C–N), 1586 (C=CH), 
1677 (CO), 1740 (CO cyclic), 2989 ( C=CH), 1443, 284 7, 2915 (CH2), 2878 
(CH3), 3030 (CH–Ar), 3373 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 2.00 
(6H, s, 2×CH3), 2.26–2.32 (2H, m, H-12), 3.55–3.61 (2H, m, H-13), 4.25 (2H, t, 
J = 7.45 Hz,  H-11), 5.21 (1H, s, H-2”), 5.86 (1H, s, H-1’), 6.42 (1H, s, H-20), 
6.29-7.71 (16H, m, Ar-H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 23.1 (2×CH3), 
37.6 (C-12), 43.5 (C-13), 54.7 (C-11), 65.4 (C-2”), 118.0 (C-4 and C-5), 11 9.5 
(C-1 and C-8), 122.3 (C-2 and C-7), 1 23.7 (C-3 and C-6), 124.5 (C-15), 124.9 
(C-19), 125.2 (C-22), 125. 8 (C-26), 12 6.7 (C-16), 1 27.1 (C-18), 127.4 (C-23), 
127.9 (C-25), 128.7 (C-17), 129.4 (C-24), 130.8 (C-14), 133.2 (C-21), 135.1 (C- 
-20), 138.9 (C-4a and C-5a), 141.1 (C-5”), 151.0 (C-1a and C-8a), 164 .6 (C-2’), 
168.5 (C-4”); FAB mass (m/z): 577 [M+]. 

5-(2-Metylbenzylidene)-2-(2-methylphenyl)-4-oxo-N-[3-(10H-phenothiazin- 
-10-yl)propyl]-3-thiazolidinecarboxamide (5p). Yield: 62 %; m.p. 138–139 °C; 
Anal. Calcd. for C34H31N3O2S2: C, 70.68; H, 5.40; N, 7.27 %. Found: C, 70.60; 
H, 4.31; N, 7.24 %; IR (KBr, cm–1): 686 (C–S–C), 1339 (C–N), 1594 (C=CH), 
1674 (CO), 1736 (CO cyclic), 2989 ( C=CH), 1443, 284 8, 2914 (CH2), 2875 
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(CH3), 3023 (CH–Ar), 3377 (NH); 1H-NMR (300 MHz, CDCl 3, δ / ppm): 2.05 
(6H, s, 2×CH3), 2.24–2.28 (2H, m, H-12), 3.53–3.68 (2H, m, H-13), 4.30 (2H, t, 
J = 7.45 Hz,  H-11), 5.25 (1H, s, H-2”), 5.83 (1H, s, H-1’), 6.39 (1H, s, H-20), 
6.44–7.80 (16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 22.1 (2×CH3), 
38.5 (C-12), 45.1 (C-13), 52.9 (C-11), 65.7 (C-2”), 116.0 (C-4 and C-5), 11 7.4 
(C-1 and C-8), 122.5 (C-2 and C-7), 1 23.6 (C-3 and C-6), 125.4 (C-15), 125.8 
(C-19), 126.2 (C-22), 126. 9 (C-26), 12 7.6 (C-16), 1 27.9 (C-18), 128.3 (C-23), 
129.7 (C-25), 130.1 (C-17), 131.9 (C-24), 132.4 (C-14), 136.4 (C-21), 134.6 (C- 
-20), 138.4 (C-4a and C-5a), 142.1 (C-5”), 154.4 (C-1a and C-8a), 161 .6 (C-2’), 
168.4 (C-4”); FAB mass (m/z): 577 [M+]. 

5-(4-Hydroxybenzylidene)-2-(4-hydroxylphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5q). Yield: 60 %; m.p. 154–155 
°C; Anal. Calcd. for C 32H27N3O4S2: C, 66.07; H, 4.67; N, 7.2 2 %. Found: C, 
65.97; H, 4.62; N, 7.18 %; IR (KBr, cm–1): 693 (C–S–C), 1134 (C–O), 1344 (C–N), 
1602 (C=CH), 1677 (CO), 1743 (CO cy clic), 2981 (C=CH), 1444, 2848 , 2925 
(CH2), 3031 (CH–Ar), 3374 (NH), 348 7 (OH); 1H-NMR (300 MHz, CDCl 3, δ / 
/ ppm): 2.33–2.37 (2H, m, H-12), 3.75–3.80 (2H, m, H-13), 4.35 (2H, t, J = 7.40 
Hz, H-11), 5.85 (1H, s, H-1’), 4.52 (2H, s, 2×OH), 6.58 (1H, s, H-20), 6.32–7.86 
(16H, m, Ar–H); 13C-NMR (75 MHz, CDCl 3, δ / ppm): 40.7 (C-12), 1 42.3 (C- 
-5”), 46.5 (C-13), 53.6 (C-11), 64.2 (C-2”), 115.0 (C-4 and C-5), 119.8 (C-1 and 
C-8), 124.6 (C-2 and C-7), 125.4 (C-3 and C-6), 126.9 (C-15 and C-19), 127. 6 
(C-22 and C-26), 1 28.6 (C-16 and C-18 ), 129.8 (C-23 and C-25), 130.3 (C-17), 
131.7 (C-24), 132.2 (C-14), 137.7 (C-21), 139.2 (C-20), 140.6 (C-4a and C-5a), 
155.0 (C-1a and C-8a), 164.1 (C-2’), 171.5 (C-4”); FAB mass (m/z): 581 [M+]. 

5-(3-Hydroxybenzylidene)-2-(3-hydroxylphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5r). Yield: 63 %; m.p. 158–160 °C; 
Anal. Calcd. for C32H27N3O4S2: C, 66.07; H, 4.67; N, 7.22 %. Found: C, 66.03; 
H, 4.60; N, 7.16 %; IR ( KBr, cm–1): 696 (C–S–C), 1133 (C–O), 134 8 (C–N), 
1617 (C=CH), 1673 (CO), 1749 (CO cy clic), 2998 (C=CH), 1440, 2847 , 2921 
(CH2), 3038 (CH–Ar), 3378 (NH), 348 6 (OH); 1H-NMR (300 MHz, CDCl 3, δ / 
/ ppm): 2.32–2.39 (2H, m, H-12), 3.73–3.82 (2H, m, H-13), 4.37 (2H, t, J = 7.40 
Hz, H-11), 5.82 (1H, s, H-1’), 4.72 (2H, s, 2×OH), 6.62 (1H, s, H-20), 6.35–7.87 
(16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 40.1 (C-12), 49.3 (C-13), 
51.5 (C-11), 65.6 (C-2”), 115.0 (C-4 and C-5), 117.3 (C-1 and C-8), 122.3 (C-2 
and C-7), 124.7 (C-3 and C-6), 127.3 (C-15), 127.9 (C-19), 128.9 (C-22), 129.1 
(C-26), 129.3 (C-16), 130. 4 (C-18), 13 0.8 (C-23), 1 31.8 (C-25), 132.4 (C-17), 
133.5 (C-24), 135.3 (C-14), 139.3 (C-21), 140.2 (C-20), 143.5 (C-4a and C-5a), 
145.2 (C-5”), 153.0 (C-1a  and C-8a), 165. 1 (C-2’), 171.3 (C-4” ); FAB mass 
(m/z): 581 [M+]. 

5-(2-Hydroxybenzylidene)-2-(2-hydroxylphenyl)-4-oxo-N-[3-(10H-phenothia-
zin-10-yl)propyl]-3-thiazolidinecarboxamide (5s). Yield: 60 %; m.p. 162–164 °C; 
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Anal. Calcd. for C32H27N3O4S2: C, 66.07; H, 4.67; N, 7.22 %. Found: C, 66.05; 
H, 4.59; N, 7.15 %; IR ( KBr, cm–1): 695 (C–S–C), 1138 (C–O), 134 1 (C–N), 
1612 (C=CH), 1674 (CO), 1748 (CO cy clic), 2987 (C=CH), 1449, 2842 , 2925 
(CH2), 3037 (CH–Ar), 3378 (NH), 348 0 (OH); 1H-NMR (300 MHz, CDCl 3, δ / 
/ ppm): 2.31–2.36 (2H, m, H-12), 3.72–3.73 (2H, m, H-13), 4.38 (2H, t, J = 7.40 
Hz, H-11), 5.80 (1H, s, H-1’), 4.55 (2H, s, 2×OH), 6.68 (1H, s, H-20), 6.36–7.91 
(16H, m, Ar–H); 13C-NMR (75 MHz, CDCl3, δ / ppm): 45.8 (C-12), 46.5 (C-13), 
55.8 (C-11), 62.9 (C-2”), 114.0 (C-4 and C-5), 116.7 (C-1 and C-8), 122.5 (C-2 
and C-7), 123.6 (C-3 and C-6), 126.5 (C-15), 126.8 (C-19), 127.9 (C-22), 128.3 
(C-26), 128.6 (C-16), 128. 9 (C-18), 12 9.5 (C-23), 1 30.2 (C-25), 131.6 (C-17), 
132.7 (C-24), 134.6 (C-14), 138.4 (C-21), 139.9 (C-20), 142.4 (C-4a and C-5a), 
144.6 (C-5”), 154.5 (C-1a  and C-8a), 163. 1 (C-2’), 170.2 (C-4” ); FAB mass 
(m/z): 581 [M+]. 
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Abstract: The p roduction and characteristics of rhamnolipid biosurfactant ob-
tained by the strain Pseudomonas aeruginosa san-ai w ere investigated. With 
regard to the carbon and nitrogen sources, several media were tested to enhance 
the production of rha mnolipids. Phosphate-limited proteose peptone–ammo-
nium salt (PPAS) medium supplemented with sunflower oil as a source of car-
bon and mineral ammonium chloride and peptone as nitrogen sources greatly 
improved the production of rhamnolipid, from 0.15 on b asic PPAS (C/N r atio 
4.0) to 3 g L -1 on optimized PPAS medium (C/N ratio 7.7). Response surface 
methodology analysis was used for testing the effect of three factors, i.e., tem-
perature, concentration of carb on and nitrog en source (mass %), in the opt i-
mized PPAS medium on the production of rhamnolipid. The isolated rhamno-
lipids were characterized by infrared (IR) spectroscopy  and electrospray ioni-
zation mass spectrometry (ESI–MS). The IR spectra confirmed that the isolated 
compound corresponded to the rhamnolipid structure, whereas MS indicated 
that the isol ated preparation was a mixture of mono-rhamno-mono-lipidic, 
mono-rhamno-di-lipidic and di-rhamno-di-lipidic congeners. 

Keywords: rhamnolipids; Pseudomonas aeruginosa; renewable sources. 

INTRODUCTION 

Biosurfactants are microbial secondary metabolites that appear to play a role  
whenever a microbe encounters an interfac e.1 Biosurfactants are im portant for 
motility, cell–cell interact ions (biofilm formation, maintenance and maturation, 
quorum sensing, amensalism and pathogenicity) and cellular differentiation, sub-
strate accession (via direct interfacial contact and pseudosolubi lization of sub-
strates), as well as avoidance of toxic elements and  compounds. They may also 
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be used as carbon and e nergy storage molecules, as a protective mechanis m 
against high ionic strength, and may simply be byproducts released in response to 
environmental changes (e.g., extracellular coverings).2 

Almost all surfactants currently in use are chemically derived from petro-
leum. However, biosurfactants have several advantages over the chemical surfac-
tants, such as lower toxicit y, higher biodegradability, better environmental co m-
patibility, higher foaming, high selectivity and specific activity at extreme tempe-
ratures, pH and salinit y, and the ability to be synthesized from renewable feed-
stock.1 Due to these properties, biosurfactants are becoming important biotechno-
logy products for industrial and medical applications.3 They can be used as emul-
sifiers, de-emulsifiers, wetting and foam ing agents, functional food ingredie nts 
and as detergents in petroleum, petrochemicals, environmental management, agro-
chemicals, foods and beverages, cos metics and pharmaceuticals, and in the m i-
ning and metallurgical industries. Surfactants  also play  an important role in en-
hanced oil re covery by increasing the a pparent solubility of petroleum compo-
nents and effectively reducing the interfacial tensions of oil and water in situ.4 

The main factor lim iting commercialization of biosurfactants is a ssociated 
with their non-economic large-scale production. To overcome this obstacle and  
to compete with synthetic surfactants, an inexpensive substrate and effective mic-
roorganism have to be intensively  developed for biosurfactant production. Agro-
industrial wastes are considered as promising substrates for biosurfactant produc-
tion, which could alleviate many processing industrial waste management prob-
lems.5 The fact should be noted that although the literature mentions a number of 
microbe producers with potential to be advantageous for increasing pr oduction 
and efficiency, in practice, this has only been confirmed for a few genera such as 
Bacillus, Candida and Pseudomonas.1 Regardless of these problems, the produc-
tion of microbial surfactants follows the trend of  green chemistry and forms the 
basis of modern industrial processes. The creation of an ecological society, which 
is in harmony with its sur roundings, is now, with g reen chemistry, the greatest 
challenge for science and mankind. 

Biosurfactants can be divided into two classes: low-molecular-mass mole-
cules, which efficiently lower surface and interfacial tension, and high-m olecu-
lar-mass polymers, which are more effective as emulsion stabilizing agents. Th e 
classes of low-m ass surfactants include gl ycolipids, lipopeptides and ph ospho-
lipids, whereas high-mass  ones include poly meric and particulate surfactants . 
Most biosurfactants are either anionic or nonio nic and the hydrophobic moiety is 
based on long-chain fatty  acids or their derivatives whereas the hy drophilic por-
tion can be a carbohydrate, amino acid, phosphate or cyclic peptide. Bacteria are 
the predominant group of surfactant-producing organisms.3 Pseudomonas spe-
cies synthesize both classes of surfactants, low- and high-m olecular-mass mole-
cules, but are commonly mentioned as rhamnolipid (RL) producers.2,6 
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Rhamnolipids (RLs) belong to class of low-molecular-mass molecules. The 
principal rhamnolipids: mono-rhamno-di-lipidic congener and di-rhamno-di-lipi-
dic congener, consist of o ne or two L-rhamnose units and two units of β-hydro-
xydecanoic acid (RL1 and RL2 in Fig. 1), while mono-rhamno-mono-lipidic con-
gener and di-rham no-mono-lipidic congener, consisting of one o r two L-rham-
nose and one unit of β-hydroxydecanoic acid, are biosynthesized only under cer-
tain cultivation conditions (RL3 and RL 4 in Fig. 1). 7 Rhamnolipids are second-
ary metabolites, and as such, their production coincides with the onset of the sta -
tionary phase of microbial growth .8 Rhamnolipid production seems possible fro m 
most carbon sources supporting bacterial growth. Nevertheless, oil of vegetable 
origin, such as soybean, corn, canola, a nd olive, provides the highest product i-
vity. Elevated C/N and C/P ratios promote the produ ction of rhamnolipids, while 
high concentrations of divalent cations, especially iron, are inhibitory. Production 
of rhamnolipids is inhibited by the presence of NH4+, glutamine, asparagine, and 
arginine as nitrogen source and promoted by NO3−, glutamate and aspartate.9 

 
Fig. 1. Structure of rhamnolipid: RL1 (mono-rhamno-di-lipidic congener), RL2 
(mono-rhamno-mono-lipidic congener), RL3 (di-rhamno-di-lipidic congener) 

and RL4 (di-rhamno-mono-lipidic congener). 

Pseudomonas sp. are well known for t heir ability to produce rham nolipid 
biosurfactants with potential surfa ce active properties when grown on different 
carbon substrates and, therefore, are promising candidates for large scale produc-
tion of biosurfactants.6,7 In addition to t ensioactive properties, rhamnolipids are 
compounds which play a vital role in regulating th e cell population densit y-de-
pendent control of genes expression, term ed quorum sensing (QS) or cell-to-cell 
communication.10 Except these, biosurfactants in  the mentioned physiological 
process are involved as transcription factors, signal m olecules and as a r ange of 
other secondary metabolites, among others extracellular lipase, the expression of  
which on a genetic level is regulated  together with the rham nolipids themsel-
ves.11 
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The aim of this research was to optimize the medium with regard to sources  
of carbon and nitrogen for improved production of rhamnolipids by the strain P. 
aeruginosa san-ai and to characterize the obtained rhamnolipids by FTIR and MS 
analysis. This is the first  investigation of the produ ction of rham nolipids by a 
strain isolated from an un usual environment, i.e., an extremely alkaline environ-
ment with a high amount of hydrocarbons. The dynamics of the production of RL 
by P. aeruginosa san-ai during su bmerged growth, as well co mparison of the 
productivity of a referent strain and stra ins isolated from similar environments, 
was also investigated.  

EXPERIMENTAL 
Microorganisms 

P. aeruginosa san-ai strain was isolated fro m industrial mineral metal-cutting oil.12 P. 
aeruginosa 67 was isolated from a biopile c onstructed in Oil Refinery Pančevo,13 Serbia, 
whereas P. aeruginosa ATCC 27853 was used as the referent strain.  
Culture conditions 

The strains w ere cultivated o n nutrient agar  (Torlak, Serbi a) at 30 °C for 24 h and 
transferred to a 500 mL Erlenmeyer flask, containing 100 mL of Kay’s mineral medium (3 g 
L-1 NH4H2PO4, 2 g L -1 K2HPO4, 2 g L-1 glucose, 0.5 mg L-1 FeSO4 and 1 g L-1 MgSO4).14 
The flask was incubated at 30  °C for 20 h and shake n at 250 cy cles min-1 on a horizontal  
shaker Kuhner (Switzerland). An actively  growing culture was used to in oculate the basic 
medium. 
Selection of the basic medium  

Investigation of production media was realized in three steps: i) selection of the ba sic 
medium, ii) selection of the sources of N and C and iii) final optimization of the C and N ratio 
by the response surface methodology (RSM). 

To select the b asic medium, an actively growing culture from Kay ’s medium was dis-
pensed (1 %) into 500 mL Erlenmeyer flasks containing 100 mL of one of three media: LB 
(Lurie–Bertani), MSM (mineral salt medium) and PPAS (phosphate-limited proteose peptone– 
–ammonium salt) as a modification of PPG AS (phosphate-limited peptone–glucose–ammo-
nium salt).14 The composition of the LB medium was 5 g L-1 NaCl, 5 g L-1 yeast extract and 10 
g L-1 peptone I.12 The MSM medium contained 4 g L -1 NH4NO3, 4.08 g L-1 KH2PO4, 5.68 g 
L-1 Na2HPO4, 7.77×10-4 g L –1 CaCl2, 0.2 g  L-1 MgSO4·7H2O, 1.49×10-3 g L -1 ethylenedi-
aminetetraacetate disodium salt (sodium EDTA) and 5.56 ×10-4 g L -1 FeSO4·7H2O.15 The 
PPAS medium consisted of 1.07 g L-1 NH4Cl, 1.49 g L-1 KCl, 14.54 g L-1 Tris HCl, 0.20 g L-1 
MgSO4 and 10 g L-1 peptone.14 As a source of carbon, 0.7 % of olive oil (Carapelli, Italy) was 
added to all the listed basic media7 and fermentation was realized at 30 °C for 96 h. 
Selection of optimal type of nitrogen and carbon source 

The effect of different source s of carbon and nitrogen was investigated using PPAS, as 
the basic medium selected in the previous step. To elucid ate the effects of C-sources (2 % 
w/w), glucose, sunflower oil ( Vital, Serbia), olive oil, metal cutting oil, kerosene, fry ing sun-
flower oil, ethanol, gly cerol, or sunflower mill effluent (Plima M, Serbia) were inves tigated. 
Two fractions fro m sunflower mill effluent were tested: th e oil e mulsion (residue after oil  
degumming, composed of water, oil and phosphatides), and the fatty acids after neutralization 
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and saponification (composed of neutral oil, fatty  acids and waxe s.) For selection of opti mal 
nitrogen source, peptone I (Torlak, Serbia) from the PPAS medium (with 2 % of olive oil) was 
replaced with (1 % w/w): whe y, meat extract, yeast extract, soy flour (Soja Vita, Serbia) and 
tryptone (Torlak, Serbia). 

An actively growing cult ure from Kay’s medium was dispensed (1 %) in to 500 mL 
Erlenmeyer flasks containing 100 mL of medium and the fermentation was performed at 30 
°C for 96 h. All experiments were realized in tetraplicate. 
Determination of the carbon and nitrogen contents of the media 

The total contents of carbon and nitrogen were determined using a Vario EL III CHNS/O 
elemental analyzer (Germany). 
Growth of bacterial strains 

Bacterial growth was monitored as the change of optical de nsity (OD) at 580 n m, mea-
sured on a Gilford 250 spectro photometer (Oberlin, Ohio, USA), using steril e medium as the 
reference.16 
Determination of the RL concentration 

After removal of the biomass, 0.25 mL of 500 mM glycine buffer, pH 2, was a dded to 
0.25 mL of supernatant. The mixture was well stirred and centrifuged for 10 min at 10000 rpm 
(Denver Instrument, USA). The supernatant was discarded and precipitate resuspended in 0.5 
mL of a  mixture of chloroform /methanol (2:1), with inten se agitation for 5 min. The sus-
pension was centrifuged for 5 min at 10000 rpm and 0.25 mL of supernatant was transferred 
to a new Epp endorf tube. After evaporation of the solvent mixture, the precipitate remaining 
was dissolved in water. The concentration of RL ( crl) was determined spectrophotometrically 
by the orcinol reaction u sing rhamnose as a standard. The orcinol reagent (0.19 % orcinol in 
53 % (v/v) sulf uric acid) was prepared immediately before use. The rea ction mixture, com-
posed of 150 μL of sample and 1350 μL of reagents, was well stirred, warmed for 30 min at 
80 °C, and kept for 15 min at room temperature. The absorbance was measured at 421 nm 
using a Gilford 250 instrument. crl was calculated based on the assumption that 1 μg of rham-
nose corresponds to 2.5 μg of RL.17,18 
Isolation of RL 

RL was isolated from the fermentation broth after separation of th e bacterial cells by 
centrifugation. The crude preparation of RL was obtained by acidic precipi tation using 1 M 
HCl (final pH:  2). The precipitate wa s collected by centrifugation at 5 000 rpm for 10 min 
(Sorvall, rotor SS-1, UK) and  the RL s were dissolved in a mixture of chlo roform and me-
thanol (2:1). Clear supernatant obtained after centrifugation at 5000 rpm for 10 min (Janetzki 
T32c, Germany)16 was vacuumed to dryness and used for FTIR and MS analysis.  
Response surface methodology (RSM) 

Response surface methodology (RSM) was applied for data analysis using Design Expert 
software (version 8.0.5). The PPAS medium with sunflower oil as the carbon source and  
peptone I as the  nitrogen source was used. The plan applied i n this study involved 17 experi-
ments conducted according a Box–Behnken design.19 The effects of the conce ntrations of the 
C and N sources and temperature were tested in following ranges: concentration of sunflower 
oil, as the carbon source (1–6 %), concentration of peptone I, as the nitrogen source (0.5–4 %) 
and temperature (20–40 ° C). The respon se value was the concentration of rhamnolipid (crl) 
expressed as g L-1. The conc entration of rh amnolipid was measured on t he fourth day  of 
fermentation.  
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Lipase enzyme assay 

The lipase activity (ce) was measured spectrophotometrically using an assay based on the 
hydrolysis of p-nitrophenyl palmitate (pNPP, Sigma Aldrich, USA) at a concentration of 0.79 
mmol pNPP mL-1. The reaction mixture was composed of 900 μL of pNPP solution and 100 
μL of lipase solution. The pNPP solution was prepared as follows: 30 mg of pNPP in 10 mL 
of 2-propanol was added to 90 mL of 0.05 M phosphate buffer pH 8.0 supplemented with 207 
mg of Na-d eoxycholate and 100 mg of g umarabic. The enzyme reaction mixture was 
incubated at 30 °C and the absorbance measured at 410 nm during the first 3 min of reaction. 
One unit (1 U) is defined as that quantity of enzyme that (under the test conditions) liberates 1 
μmol pNPP min-1.12 
FTIR analysis 

The IR spectra were recorded on a Perkin-Elmer 31725 X FTIR spectrophotometer using 
KBr discs. 
HPLC–MS-ESI analysis 

Mass spectra of RL were recorded on MS system consisting of an HPLC (Agilent 1200 
Series, Agilent Technologies) and a 6210 Ti me-of-Flight LC/MS (Agilent Technologies), 
using Zorbax Eclipse Plus C18 column and a DAD detector. The mobile phase was a mixture 
of solvent A (0.2 % for mic acid in water) and B (acetonitrile) in a gradient  mode: 0–1.5 min 
95 % A, 1.5–1 2 min 95–5 % A, 12–15 min 5 % A, 15–16 min 5–95 % A. The data w ere 
processed by means of a Mass Hunter Workstation. 

RESULTS AND DISCUSSION 

Strain P. aeruginosa san-ai, isolated from an unusual extremely alkaline en-
vironment with high conte nt of hydrocarbons (m ineral cutting oil), was investi-
gated to determine its capability to produce rhamnolipids (RLs) on different sour-
ces of carbon and nitr ogen.12 Potential of P. aeruginosa san ai to produce RLs  
was compared to that of a  referent strain ATCC 27853 and the strain P. aerugi-
nosa 67, isolated from a biopile with a high level of petroleum hydrocarbons. 

Selection of the basic medium 

Pseudomonas sp. produce rham nolipids as secondary  metabolites and the 
production, among other thi ngs, depends on t he general medium composition, 
particularly on the sources  of carbon and nitrogen, as well as the total C/N r a-
tio.8,20–24 LB, MSM and  PPAS m edium were investigated to f ind the optimal 
base for testing the influence of carbon and nitrogen sources on the production of 
RLs by P. aeruginosa san-ai. All media were supplemented with olive oil as a 
source of carbon, which according to the literature provides the greatest produc-
tion of rhamnolipids.8 The production of rhamnolipids on LB, MS M, and PPAS 
medium was found to be 15.5, 10.7, and 1010.4 mg L–1, respectively, indicating 
that PPAS is  the optim al base to i mprove rhamnolipid production, which is in 
good agreement with previously reported data.14 
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Influence of carbon source on the production of RL 

Results obtained by testing sunflower oil, olive oil, metal cutting oil, kero-
sene, frying sunflower oil, ethanol, glucose, glycerol, a combination of glucose and 
sunflower, and sunflower mill effluent on the production of RL by P. aeruginosa 
san-ai in PPAS medium are shown in Fig. 2a. The histogram shows that the yield 
of RL was the highest on sunflower (1.35 g L–1) and olive oil (1.01 g L–1). A high 
production of RL was achieved on the f rying sunflower oil (0.96 g L–1), suggest-
ing the possibility of using this substrate as a renewable source. Low producti on 

 
(a) 

 
(b) 

Fig. 2. a) Effect of different sources of carbon on the production of RL by P. aeruginosa 
san-ai. PPAS medium with (2 %): 1 – kerosene, 2 – frying sunflower oil, 3 – sunflower oil, 
4 – olive oil, 5 – sunflower oil and glucose, 6 – metal cutting oil and glucose, 7 – ethanol, 

8 – glycerol, 9 – glucose, 10 – sunflower mill effluent suspension, 11 – sunflower mill 
effluent emulsion; 12 – 0.5 % glucose (basic PPAS14). b) Effect of different sources of 
nitrogen on the production of RL by P. aeruginosa san-ai. PPAS medium with 2 % of 

sunflower oil, supplemented with (1 %): 1 – peptone I (control), 2 – whey, 
3 – meat extract, 4 – yeast extract, 5 – soy flour, 6 – tryptone. 
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was detected on sunflower oil mill effluent and the other sources of carbon (kero-
sene, ethanol, glycerol, metal cutting oil , a combination of sugar and sunflower 
oil, glucose). Thus, sunflower oil was selected as the optimal carbon source. 

Using PPAS medium supplemented with sunflower oil as a source of carbon 
and six different nitrogen sources: whey, meat extract, yeast extract, soybean 
flour, tryptone, peptone I, their effect on the production of RL by P. aeruginosa 
san-ai was te sted. Preliminary experiments (data not shown) with urea, sodium 
nitrate and ammonium chloride as unique N-source s, showed that these sour ces 
were not suitable for a minimal growth of the cultur e, giving extremely low pro-
ductions of RL. Fig. 2b shows that th e highest production of rh amnolipid was 
achieved using peptone I (1.35 g L –1) and meat extract (0.95 g L –1). Production 
of RL on yeast extract, soy flour, tryptone and the whey was low or undetectable. 
Therefore, peptone I was selected as the optimal nitrogen source.  

After selection of the optimal carbon (sunflower oil) and the op timal nitro-
gen sources (peptone I), P. aeruginosa san-ai on improved PPAS medium gave 
an RL production of 3.1 g L–1. Under the same conditions, the productions of RL 
by P. aeruginosa ATCC 27853 and P. aeruginosa 67 were found to be 1.2 and 
0.8 g L–1, respectively. Compared to P. aeruginosa san-ai, both strains exhibited 
lower productions of RL. Interestingly, despite being isolated from an environ-
ment with a high content of hydrocarbon derivates (similar to the natural environ-
ment of P. aeruginosa san-ai), strain 67 produced less RL than strain san-ai. 

This study showed that good substrates for the production of RL were vege-
table oils, including oil wastes, as a carbon so urce and peptone I as an organic 
nitrogen source, which differs significantly from producing strains reported in the 
literature. Namely, glucose, glycerol and olive oil in combination with inorganic 
nitrogen were found t o be preferential sources for RL production giving a high 
yield of 1.2–7.65 g L–1 of RL, respectively.22–27 In addition, industrial waste and 
byproducts, such as whey  waste, with yield of 0.92 g L–1 of RL, and molasses 
and corn steep liquor, both with yield of 0.25 g L–1 of RL, showed themselves to 
be relatively good substrates.  

Comparison of the production of rhamnolipids by P. aeruginosa grown in 
LB, as a commonly used medium and the optimized PPAS medium, which were 
found to be 15 and 3000 mg L–1, respectively, clearly shows the  potential of P. 
aeruginosa san-ai for enhanced RL production.  
Dynamics of fermentation on optimized medium  

Production of RL by P. aeruginosa san-ai on optimized medium (PPAS sup-
plemented with sunflower oil, as carbon source and ammonium chloride and pep-
tone I as nitrogen sources) for a period of 8 da ys was monitored and the results  
are shown in Fig. 3a. Obviously, a significant production of RL begins after the 
third day of fermentation, when the bacterial populat ion is in a stationary  phase 
of growth, which is consistent with th e fact that RL, as a secondary m etabolite, 
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was produced after the ph ase of intensive growth. crl varied considerably during 
the fermentation with a maximum production of RL on the fourth day (3.0 g L–1) 
with an OD of 2.2, while on the seventh day, the yield of 4.6 g L–1 RL, with a 
culture OD of 0.25, was the result of cell lysis. 

 
(a) 

 
(b) 

Fig. 3. Dynamics of the growth (OD), production of RL (crl) and lipase activity (ce) of 
P. aeruginosa san-ai on: a) optimized PPAS medium (sunflower oil and peptone I) 

and b) LB medium. 

Comparison of the dynamics of the fermentation (OD, crl and ce) on the opti-
mized PPAS medium (Fig. 3a) and th e commonly used LB medium (Fig. 3b) 
showed differences. The bacterial culture was more active on the optimized me-
dium, giving five times higher growth and favoring rhamnolipid production (30 
times higher) than the LB mediu m. Interesting, on th e other hand, the composi-
tion of the LB medium was more suitable for enzyme synthesis, giving a higher  
lipase production. The obs erved differences between the growth of the culture 
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and the production of rham nolipids and lipase are related to cell-to-cell co mmu-
nication. Namely, rhamnolipids play a vital role in regulating the cell population 
density-dependent control of genes expression, termed quorum sensing (QS ).10 
Observed cell density changes and exchanged activity  of extracellular lipase, a s 
indicators of QS response on environmental change clearly suggest that the effect 
of nutritional compounds should be considered in the context of environmental 
regulation of the P. aeruginosa QS system.28 

RSM Analysis 

The highest production of RL achieved by the one-factor-at-a-time approach 
was found to be 3 g L –1. Analysis of the effect  of temperature and the concen-
trations of the carbon and nitrogen s ources on RL p roduction on the optimized 
PPAS medium was made by the RSM experimental design methodology. A si-
milar approach based on the co mbination of the one-factor-at-a-time and the sta-
tistical experimental desig n methodology for enhan ced RL production was re-
cently reported.19 For the RSM analysis, 17 experiments were conducted under a 
three-factorial Box–Behnken (BC) design. The valu e of the F-test of 3.51 and P 
value of 0.0389 indicate that the model was adequate for describing the obtained 
experimental results, the P value BC model term (co mbination of tem perature 
and concentration of nitrogen source) of 0.0167 was significant. The equation o f 
the statistical model is:  
 Y = 1.42 – 0.50A – 0.78B – 0.36C+ 1.06 AB+0.37AC+1.44BC 
where A, B, C and Y correspond to the sunflower oil and peptone I content, %, 
temperature, °C, and crl, g L–1, respectively. The results of the experimental runs 
and points are given in Table I. The 3D response surface shows the effect of pep-

TABLE I. Experimental RSM design according to the Box–Behnken method, for rhamnolipid 
production on optimized medium with a total C/N ratio of medium per run 

Run Carbon source 
% 

Nitrogen source
% 

Temperature
°C Total C/N ratio crl / g L-1 

1 6.00 4.00 30 9.78 0.36 
2, 4, 9,12, 14 3.50 2.25 30 8.73 1.59 
3 3.50 0.50 20 12.83 4.07 
5 6.00 0.50 30 19.51 0 
6 3.50 4.00 20 7.10 0.83 
7 6.00 2.25 20 12.55 0.26 
8 1.00 2.25 20 4.83 0.68 
10 3.50 4.00 40 7.10 1.56 
11 6.00 2.25 40 12.55 1.72 
13 1.00 0.50 30 5.68 3.00 
15 3.50 0.50 40 12.83 0.05 
16 1.00 2.25 40 4.83 0.67 
17 1.00 4.00 30 4.39 0.56 
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tone I and temperature (sunflower oil, 3.5 %) (Fig. 4). The optimal response pre-
dicted by the RSM was fo und to be 4.07 g L–1 of RL, obtained with 3.5 % sun-
flower oil and 0.5 % peptone I (C/N ratio  12.83), at 20 °C. With 1 %  sunflower 
oil and 0.5 % peptone I (C/N ratio 5.68) at 30 °C, a rhamnolipid concentration of 
3.00 g L–1 was achieved. 

 
Fig. 4. 3D surface graph: effect of temperature and concentration of nitrogen source, with a 

3.5 % concentration of the carbon source, on rhamnolipid production by P. aeruginosa san-ai. 

Comparison of C/N ratio in the basic, one-factor-at-a-ti me optimized and 
RSM optimized PPAS medium for the highest yield showed a C/N ratio of 4.0, 
7.7 to 12. 83, respectively. This correlat es with the  fact that the  evaluated C/N 
conditions gave higher yield of rhamnolipids.7–9 However, this C/N ratio is strongly 
affected by temperature, as Table I indicates. 

A previously reported optimization of rhamnolipid production by P. aerugi-
nosa san-ai on LB medium using RSM analysis gave a yield of only 138 mg L–1.29 
Thus, the present co mbined one-factor-at-a-time and statistic al approach to en-
hance the production  of RL gave an over 30 times better y ield than using only 
RSM on a single basic medium. 

Characterization of the RL 

IR analysis. The IR spect rum of rhamnolipid from  P. aeruginosa san-ai i s 
shown in Fig. 5. The fingerprint areas between 400–1500 cm–1 showed the defor-
mation C–OH band at 13 84 cm–1, the O–H in plane deformation at 1315 cm–1, 
the O–C–O symmetric band at 1047 cm–1, the C–O stretching at 1 168, 1127 and 
1047 cm–1, C–H deformations at 14 51, 1238 and 808 cm–1 and CH3 rocking at 
983 cm–1 for RL. There are also the typical stretchi ng vibrations of the COO – 
group. The strong symmetric stretching C=O band of the carboxylate group of 
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RL was at 1739 cm–1. The IR spectra of RL gave abs orption bands at 3360 cm−1 
for symmetric O–H stretching. The spectru m also showed vibrations at 2928  
cm−1 and 2856 cm−1 typical for the C–H stretching  vibrations of CH 2 and CH3 
groups. The results are in a good agreement with  a ty pical IR spectru m of 
rhamnolipids.30 

 
Fig. 5. IR Spectrum of rhamnolipid showing the following vibrations: C–H stretching asym. 

(2928 and 2856 cm-1), C=O stretching (1739 cm-1), C–H deformations (1451, 1238 and 
808 cm-1), C–H/O–H deformation (1384 cm-1), O–H in plane deformation (1315 cm-1), 

C–O stretching (1168, 1127 and 1047 cm-1), CH3 rocking (983 cm-1). 

HPLC–ESI-MS analysis. A list of th e rhamnolipid congeners detected by 
HPLC–MS-ESI analysis with their molecular formulas, molecular weights, reten-
tion time and abundance of M– and [M–H]– is given in Table II. The mass spec-
tra of Rha-C10, Rha-C10- C10:1/Rha-C10:1-C10 and Rha-Rha-C10-C12:1/Rha- 
-Rha-C12:1-C10 observed by ESI–MS in the negative mode are given in Figs. 6–
8. Table II shows a list of the detected rham nolipid congeners with their mo-
lecular formulas, weights and relative abundance of M– and [M–H]–. The strain 
P. aeruginosa san ai produces a  unique mixture of rhamnolipids composed of: 
Rha-C8, Rha-C10, Rha-C12, Rha-C8-C10/Rha-C8-C10, Rha-C10-C10:1/R ha-
C10:1-C10, Rha-C8-C12/Rha-C12-C8//Rha-C10-C10, Rha-C10-C12:1/Rha-C12:1-
C10, Rha-C10-C12/Rha-C12-C10, Rha-C10-C14/Rha-C14-C10//Rha-C12-C12, 
Rha-C10-C10-CH3, Rha-Rha-C10-C10, Rha-Rha-C10-C12/Rha-Rha-C12-C10, 
Rha-Rha-C10-C12:1/Rha-Rha-C12:1-C10, Rha-Rha-C10-C14:1/Rha-Rha-C14:1-
C10//Rha-Rha-C12-C12:1 and Rha-Rha-C10-C10-CH3. Thus, the most frequent 
were mono-rhamno-di-lipidic (7 detected), followed b y di-rhamno-di-lipidic (5 
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detected) and mono-rhamno-mono-lipidic (3 detected) congeners. The relative 
abundance of M– and [M–H]– of mono-rhamno-mono-lipidic, mono-rhamno-di-
lipidic and d i-rhamno-di-lipidic structures were 1.8 3, 53.15 and 44.77 % , res-
pectively.31 The most abundant (12 %) individual congeners were ions of Rha-
C8-C10/Rha-C8-C10, Rha-C8-C12/Rha-C12-C8//Rha-C10-C10, Rha-C10-C12/  
/Rha-C12-C10, Rha-Rha-C10-C10, Rha-Rha-C10-C12:1/Rha-Rha-C12:1-C10. 

TABLE II. Lis t of rha mnolipid congeners detected by HPLC–MS-ESI analysis with their  
molecular formulas, molecular weights, retention time and abundance of M– and [M–H]– 

Rhamnolipid congener Molecular 
formula 

Molecular weight
g mol–-1 

Retention 
time, min 

Relative abundance 
of M– + [M–H]–, % 

Rha-C8 C14H26O7 306.17 10.29 0.06 
Rha-C10 C16H30O7 334.20 8.05 1.61 
Rha-C12 C18H34O7 362.23 9.22 0.16 
Rha-C8-C10/Rha-C10-C8 C24H44O9 476.30 11.16 12.64 
Rha-C10-C10:1/Rha-C10:1-
C10 

C26H46O9 502.31 11.88 6.95 

Rha-C8-C12/Rha-C12-
C8//Rha-C10-C10 

C26H48O9 504.33 12.34 12.71 

Rha-C10-C12:1/Rha-C12:1-
C10 

C28H50O9 530.34 12.98 4.40 

Rha-C10-C12/Rha-C12-C10 C28H52O9 532.36 13.43 12.48 
Rha-C10-C14/Rha-C14-
C10//Rha-C12-C12 

C30H56O9 560.39 14.40 1.50 

Rha-C10-C10-CH3 C27H50O9 518.34 12.89 2.47 
Rha-Rha-C10-C10 C32H58O13 650.39 11.55 12.47 
Rha-Rha-C10-C12:1/Rha-
Rha-C12:1-C10 

C34H60O13 676.40 11.98 12.32 

Rha-Rha-C10-C12/Rha-Rha-
C12-C10 

C34H62O13 678.42 13.30 0.13 

Rha-Rha-C10-C10-CH3 C33H60O13 664.40 12.11 8.64 
Rha-Rha-C10-C14:1/Rha-
Rha-C14:1-C10//Rha-Rha-
C12-C12:1 

C36H64O13 704.43 13.76 11.21 

 
Fig. 6. MS spectrum of mono-rhamno-mono-lipidic Rha-C10 rhamnolipid congener detected 

in the rhamnolipid mixture produced by P. aeruginosa san-ai. 
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Fig. 7. MS spectrum of mono-rhamno-di-lipidic Rha-C10-C10:1/Rha-C10:1-C10 rhamnolipid 

congener detected in the rhamnolipid mixture produced by P. aeruginosa san-ai. 

 
Fig. 8. MS spectrum of di-rhamno-di-lipidic Rha-Rha-C10-C12:1/Rha-Rha-C12:1-C10 

rhamnolipid congener detected in the rhamnolipid mixture produced by P. aeruginosa san-ai. 

CONCLUSIONS 

Rhamnolipid production by the P. aeruginosa san-ai strain was significantly 
enhanced on optimized PPAS medium. The tested carbon and nitrogen sources 
indicated that the strain P. aeruginosa san-ai also grew and produced RL on waste 
raw materials (oil from  the fryers and sunflower mill effluent). PPAS medium 
supplemented with sunflower oil as a source of carbon and ammonium  chloride 
and peptone as nitrogen sources greatl y improved rhamnolipid production, from 
0.15 g L –1 on basic PPAS (C/N ratio  4.0) to 3 g L–1 on the optim ized PPAS 
medium (C/N ratio 7.7). A comparison of the production of rhamnolipids by P. 
aeruginosa grown in LB, a commonly used medium, and optimized PPAS showed 
the production to 15 and 3000 mg L–1, respectively, clearly showing the potential 
of P. aeruginosa san-ai for enhanced RL productio n. Further elevation of RL 
production on optimized PPAS was achieved by RSM analysis of the concentra-
tions of the carbon and nit rogen sources, and temperature. The best yield of 4.07 
g L–1 was achieved at 20 °C with a carbon co ncentration of 3.5 % and a 0.5 % 
concentration of nitrogen sources with a C/N ratio of 12.83. Com pared to the  
referent P. aeruginosa ATCC 27853 strain and strain 67 isolate d from biopile, 
the strain P. aeruginosa san-ai has a much better potential for RL production. 

As confirmed by MS analysis, the rhamnolipid produced by  P. aeruginosa 
san-ai is a mixture of different rham nolipidic congeners (mono-rhamno-mono- 
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-lipidic, mono-rhamno-di-lipidic and di-rham no-di-lipidic). The m ono-rhamno- 
-di-lipidic congener had the highest relative abundance of M– and [M–H]–.  
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И З В О Д  

ПРОДУКЦИЈА И КАРАКТЕРИЗАЦИЈА РАМНОЛИПИДА COJA 
Pseudomonas aeruginosa SAN-AI 

МИЛЕНА Г. РИКАЛОВИЋ1, ГОРДАНА ГОЈГИЋ-ЦВИЈОВИЋ2, МИРОСЛАВ М. ВРВИЋ1,2 и ИВАНКА КАРАЏИЋ3 
1
Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12–16, Beograd, 2Centar za hemiju IHTM, 

Univerzitet u Beogradu, Wego{eva 12, Beograd i 3Medicinski fakultet , Hemijski institut, 

Univerzitet u Beogradu, Vi{egradska 26, Beograd 

У овом раду је описана продукција и карактеризација рамнолипидног биосурфактанта 
соја Pseudomonas aeruginosa san-ai. Испитан је утицај различитих извора угљеника и азота 
на продукцију рамнолипида. Подлога протеозе пептон-амонијум соли са ограниченом коли-
чином фосфата (PPAS) са сунцокретовим уљем као извором угљеника и амонијум-хлоридом 
и пептонoм као извором азота, знатно повећава продукцију рамнолипида, од 0,15, на PPAS 
са стандардним саставом (однос C/N 4,0), до 3 g L-1 на оптимизованој PPAS подлози (однос 
C/N 7,7). Mетодом планираног експеримента (response surface methodology) испитан је ефе-
кат три параметра: температуре, концентрације извора угљеника и азота на оптимизованој 
подлози. Карактеризација изолованог препарата рамнолипида урађена је помоћу IR и ESI-MS 
анализа. IR анализа је потврдила присуство структурних елемeната карактеристичних за 
рамнолипиде. MS анализа показала је да реч о смеши у којој су присутне моно-рамно-моно-
липидне, ди-рамно-моно-липидне и ди-рамно-ди-липидне компоненте. 

(Примљено 11. фебруара, ревидирано 3. августa 2011) 
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Abstract: For the heterologous production of a banana glucanase in Escherichia 
coli, its gene ( GenBank GQ268963) was cloned into a pG EX-4T expression 
vector as a fusion protein wit h glutathione-S-transferase (GST). BL21 cells  
transformed with the GST-Mus a 5 con struct were employed for production of 
the protein induced by 1 mM isopropyl-β-D-thiogalactopyranoside (IPTG). The 
conditions for protein expression were opti mized by varying the tem perature 
(25, 30 and 37 °C) and duration of protein expression (3, 6 and 12 h). The level 
of protein production was analyzed by densitometry of the sodium dodecyl sul-
fate–polyacrylamide gel (SDS–PAG) after electrophoretic resolution of the res-
pective cell lysates. The optimal protein expression for downstream processing 
was obtained after 12 h of cell growth at 25 °C upon addition of IPTG. Re-
combinant GST-Mus a 5 purified by glutathione affinity chromatography re-
vealed a molecular mass of about 60 kDa. The IgE and  IgG reactivity of the  
rGST-Mus a 5 was confirmed by dot blot an alysis with sera of individual pa-
tients from subjects with banana allergy and polyclonal rabbit antibodies against 
banana extract, respectively. The purified reco mbinant glucanase is a potential 
candidate for banana allergy diagnosis.  

Keywords: food allergen; protein expression; glucanase. 

INTRODUCTION 

Immunoglobulin E (IgE)-mediated allergy affects more that 25  % of the 
world’s population, and b elongs to the most chronic disorders in m odern so-
ciety.1 The key issue for the treat ment of allergies is the employment of reliable 
diagnostic reagents. The allergen extracts currently employed for diagnosis re-
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present mixtures of aller gens and non-alle rgenic material. Diagnostic tests for 
food allergy frequently have poor specificity and sensitivit y,2 as the quality of 
allergen extracts fro m fruits and ot her plant-derived foods can vary due t o the 
inherent presence of proteoly tic enzymes, the ripening stage and/or storage con-
ditions of the allergenic so urce materials.3,4 Therefore, replace ment of allergen 
extracts with a panel of IgE reactive molecules from an allergen source is a pro-
mising strategy for the i mprovement of allergy diagnostics. A panel of three 
cherry recombinant allergens was superior to diagnostic methods based on cherry 
extract.5 In this respect, t he evaluation of allergenic  properties of a particular al-
lergen candidate for component-resolved diagnostics needs to be performed.  

Allergy to banana fruit has been reported as an isolated allergy , but some-
times it is associated with pollen or latex allergy.6 Component-resolved diagnos-
tics (CRD) of allergy to plant foods is essential for the clinical management of 
allergic patients.7 Specific IgE immunodetection has enabled the identification of 
several IgE binding components in banana fruit, covering a wide range of m ole-
cular sizes. However, putative allerge ns of 30–37 kDa are the m ost frequently 
recognized in the sera from  allergic patients.8–10 The molecular basis of banana 
allergy has been ascribed to five IUIS (www.allergen.org) nominated allergens: 
profilin (Mus a 1), class I chitinase (Mus a 2), non-specific lipid transfer protein 
(Mus a 3), thaumatin-like protein (Mus a 4) and beta-1,3-glucanase (Mus a 5).  

Most fruit allergens are structurally  and evolutionary related to “pathoge-
nesis-related proteins” (PR-proteins).11 Beta-1,3-glucanase belo ngs to the PR-2 
family of proteins and is involved n ot only in plant defense, but also in diverse 
physiological and developmental processes. Besides banana fruit,12 IgE reactive 
beta-1,3-glucanases were found in several pollens ( olive, ash and birch), vege-
tables (tomato, potato and  bell pepper) and latex. 13,14 Palomares et al. showed 
that beta-1,3-glucanases contribute to the latex–pollen–vegetable food cross-reac-
tivity,14 In addition, an occupational allergy due to Ole e 9, glucanase fro m olive 
pollen has b een reported.15 The cry stal structure of the banana glucanase has  
been revealed and its three-dim ensional structure exhibits a canonical ( β/α)8 
TIM-barrel motif found in other glucan endohydrolases.16 

The aim of this work was to optimize the procedure for recombinant banana 
glucanase (Mus a 5) production in E. coli and its downstream processing for po-
tential application in component-resolved allergy diagnostics.  

EXPERIMENTAL 
Bacterial strain and construct 

E. coli BL21-CodonPlus (DE3)-RIPL cells, kindly provided by Dr Knud Poulsen (Uni-
versity of Aar hus, Denmark), were tran sformed with the construct pGEX-4T-glucanase 
denoted as rGST-Mus a 5. The cloning strategy was to produce recombinant Mus a 5 (GenBank 
GQ268963) with glutathione-S-transferase as an expression tag on the N-terminal. Total RNA 
was isolated from banana fruit by an RNea sy Plant Mini Kit (Qiagen, Hilden, Germany) 
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according to t he manufacturer’s instructions. Cyclic-DNA (cDNA) wa s transcribed by  a 
RevertAidTM First Strand cDNA synthesis kit (Fermentas UAB, Vilnius, Lithuania). For am-
plification of the mature gene of Mus a 5, sen se and antisense – specific primers with EcoR I 
and Xho I restriction sites (marked in italic) 5 ’-GAATTCATTGGTGTCTGCTACGG-3’ and 
5’-CTCGAGCTAAAAGCTTATTTGGTAGAC-3’ were u sed, respectively. The amplified 
Mus a 5-encoding fragment, was cloned into a pGEX-4T vector. The construct was verified 
by DNA sequencing.  
Cell growth and induction of protein expression 

Inocula were prepared from transformed BL21 cells that were grown overnight at 37 °C 
in LB medium (1 g L -1 tryptone, 5 g L -1 yeast extract, 5 g L-1 NaCl, 2 g L -1 glucose) con-
taining 100 mg L-1 ampicillin, 25 mg L-1 chloramphenicol and 25 mg L-1 kanamycin. The cul-
ture (0.5 mL) was introduced into 10 mL of LB medium containing the respective antibiotics. 
Once the absorbance (OD600) reached a value of 0.6 following an initial growth phase, protein 
expression was induced with 1 mM IPTG (Fermentas), and the cells were grown at 25, 30 or  
37 °C. Following induction of protein expression, aliquots (1 mL) were taken after 3, 6 and 12 h. 
SDS–PAGE analysis 

The GST-Mus a 5 protein expression was analyzed in cell lysates of induced and non-in-
duced bacteria by SDS–PAG electrophoresis under reducing conditions, as outlined by Laem-
mli.17 In brief, prior to separation on 14 % SDS–PAG, cell lysates (100 μg) were incubated in 
sample buffer (6 mM Tris–HCl, 5 % 2- mercaptoethanol, 2 % SDS and 25 % glycerol) for 5 
min at 95 ° C and centrifuged (14000×g, 1 min). After electrophoresis, the proteins in the g el 
were stained with Coomassie brilliant blue (CBB-R250, Serva, Germany). For comparison of 
the level of rGST-Mus a 5 pr otein expression under differe nt experimental conditions, the 
SDS–PAG was scanned for densito metric quantification usi ng GelPro Ana lyzer 3.1 (Media 
Cybernetics).  
Isolation of rGST-Mus a 5 

Recombinant GST-Mus a 5 wa s purified from a BL21 cell cul ture (100 mL), after 12 h 
of protein expression at 25 °C. The cells  were harvested by  centrifugation (3000×g, 15 min), 
and the pellet was suspended in 25 mL of ice-cold L buffer (5 mM Tris–HCl, pH 8.0, 10 mM 
NaCl, 5 mM EDTA, 0.1 % NaN3 and 0.1 % Na-deoxycholate). Immediately before use, PMSF 
(0.1 mM) and DTT (1 mM) were added to the L buffer. After s onication (3×20 s, 20 r ms, 
Branson Sonifier 150), MgSO 4 (1 mM), benzonase (0.01 mg mL-1, Novagen) and ly sozyme 
(0.1 mg mL-1, Serva, Germany) were added to the cell ly sate, which was fur ther incubated at 
RT for 15 min. To collect the insolubl e fraction (IF), the cell ly sate was centrifuged (3000×g, 
for 15 min). After two w ashings with the buffer (5 mM Tris–HCl, pH 8.0, 10 mM NaCl, 5 
mM EDTA, 0.1 % NaN3), the IF was solubilized in S buffer (10 mM Tris, 5 mM glycine, 6 M 
urea, pH 8.0). Protein refolding was ac hieved by rapid mixing of denatured protein solutio n 
with R buffer (30 mM NaCl, 2 mM Na2HPO4, 3.6 mM KH2PO4, pH 7.50; 1:7, v:v), in whic h 
a cocktail of protease inhibitors (1 mL L-1 of buffer) and oxidized (0.3 mM GSSG) and re -
duced glutathione (3 mM GSH) were added. The rGST-Mus a 5 so lution was applied onto a 
pre-equilibrated GST-Bind® resin (Novagen) according to th e manufacturer’s instruction.18 
The concentration of the rGS T-Mus a 5 pro tein was determined using a molar extinction 
coefficient of 1.434, which was calculated from the amino acid sequence by ProtParam 
(http://expasy.org/cgi-bin/protparam). 

________________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



46 ABUGHREN et al. 

Production of the polyclonal antibodies to banana extract 

Two rabbits were immunized according to the protocol described by Harlow and Lane.19 
In brief, 0.25 mL of banana extract (0.5 mg mL-1) which was prepared according to Gavrović- 
-Jankulović et al.20 was mixed with 0.25 mL CFA (complete Freunds adjuvant) for the first  
immunization. Every 15 day s, for four months, the rabbits were boosted with a mixture of 
0.25 mL of the banana extract and 0.25 mL of IFA (incomplete Freunds adjuvant). Each rabbit 
was subcutaneously immunized with 0.5 mL of the emulsion. After four months, sera were 
collected and the antibodies were pooled and fractionated by ammonium sulfate (50% sa tu-
ration). After d ialysis against phosphate buffer saline (PBS)  antibodies w ere aliquoted an d 
stored in 20% glycerol at –20°C. 
Dot blot 

Six sera from persons with positive clinical history to banana allergy and positive skin 
prick test to banana extract were used for the evaluation of IgE reactivity of rGST-Mus a 5  in 
dot blot. A pool of three sera from persons without banana allergy was used as a control. Pu-
rified rGST-Mus a 5 (5 μg) was applied to a nitrocellulose membrane (NC) using 96-well dot 
blot hybridization manifold (VWR, Vienna, Austria). To d iscriminate IgE reactivity of t he 
GST tag from IgE reactivity of glucanase, rGST was applied onto the NC membrane as a con-
trol. Membranes were blocked using 30 mM Tris buffer saline (TBS) pH 7.4, containing  5% 
w/v skimmed milk for 1 h at RT. Membranes were incubated with the pooled sera in 1 % 
skimmed milk in TBS (dilution, 1:3, v:v) ov ernight at RT. Goat anti-hu man IgE (dilutio n 
1:10000, v:v) was used for detection of IgE binding. Alkaline phosphatase-labeled rabbit anti-
goat IgE antibodies (dilution 1: 30000, v:v, Sigma) were used as the tertiary antibody. IgE re-
active spots were visualized with BCIP/NBT solution.  

For detection of IgG reactivity of rGST-Mus a 5, rabbit antibodies against banana extract 
were employed. After blockin g, the membrane was incubated with t he primary antibodies 
(dilution 1:5000) for 2 h at room temperature. After three washings, the membrane was incu-
bated with alkaline phosphatase anti-rabbit antibodies (dilution 1:30000, Sigma–Aldrich, Mis-
souri, USA) as previously described.21 
IgG inhibition assay 

For IgG inhibition assay s natural Mus a 522 (5 μg) was ap plied to the N C membrane 
according to previously described procedure. After blocking, the respective membranes were 
incubated overnight with anti-banana rabbit antibodies, which had been previously incubated 
for 2 h with two different concentrations of rGST-Mus a 5 (5 and 50 μg mL-1).  

RESULTS AND DISCUSSION 

Optimization of rGST-Mus a 5 expression  

Structural homogeneity, batch-to-batch consistency and unlimited availabi-
lity makes recombinantly produced protei ns advantageous over their natural 
counterparts. Various expression sy stems have been adopted for reco mbinant 
protein production. Natural banana glucanase is a 32 kDa protein that possesse s 
no post-translational modifications,12 making prokaryotic cells a suitable option 
for its expression. Protein purification with a glutathione- S-transferase (GST) 
affinity tag, which was introduced in 1 988 by Smith and Johnson,23 is based o n 
the strong affinity of GST for glutathione-covered matrices. In the GST gene fu-
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sion system, expression is under the control of the tac promoter, which is induced 
using the lactose analogue IPTG. Induced  cultures are allowed to express GST  
fusion proteins for several hours before the cells are harvested. E. coli BL21 is a 
protease-deficient strain specifically selected to give high efficiency  transforma-
tion and high level of expression of GST fusion proteins.24 

The cloning strategy of Mus a 5 into the pGEX expression vector is given in 
Fig. 1. For the optimization of the expression of a given protein construct, a time-
course analysis of the leve l of protein e xpression in recommended.25 Therefore, 
for the optimization of rGST-Mus a 5 expression upon induction of protein s yn-
thesis, BL21 (DE3) cells were grown at different temperatures, i.e., 25, 30 and 37 
°C. Aliquots taken after 3, 6 and 1 2 h upon rGST-Mus a 5 indu ction were ana-
lyzed by SDS–PAG electrophoresis. Densitometric comparison of the intensity of 
the rGST-Mus a 5  band with all other c onstitutively expressed proteins per line, 
revealed that the highest yield of expression was obtained after 12 h of induction 
of protein synthesis under all the tested  temperatures (Fig. 2). The band of about  

 
Fig. 1. Cloning of banana glucanase gene into the pGEX-4T vector. 
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60 kDa, representing rGST-Mus a 5, i s predominant in all tested samples, except 
in the non-induced cells with the pG EX-4T-glucanase plasmid (Fig. 2, lane 1) 
and after 3 h  of induction of protein synthesis at 25 °C (Fig. 2, la ne 2). Taking 
into consideration the presence of othe r proteins in the cell ly sates, the optimal 
conditions for the protein expression and further downstream purification was 
protein synthesis for 12 h at 25 °C. 

 
Fig. 2. Time course of rGST-Mus a 5 expression at 25, 30 and 37 °C. Expression of 
rGST-Mus a 5 was induced with 1 mM IPTG. Aliquots were removed at the times 

indicated. Proteins were visualized by Coomassie brilliant blue staining; 
line 1: control, MM: molecular markers. 

Isolation of rGST-Mus a 5  

Recombinant GST-Mus a  5 was  isolated from BL21 cells by  glutathione 
affinity chromatography. Prior to affinity purification, the cells were harvested by 
centrifugation and after resuspension were ly sed with lysozyme. Benzonase was 
employed to reduce the viscosity  of the cell ly sate caused by nucleic acid s. 
Further SDS–PAG electrophoresis revealed that rGST-Mus a 5 was accumulated 
in the insoluble fraction of the cell ly sate, and its solubilization was achieved 
with 6 M urea. Prior to separation, denatured rGST-Mus a 5 was refolded by 
rapid batch dilution and subsequentl y applied onto an affinity column. The ho-
mogeneity of the isolated rGST-Mus a 5 was assessed b y SDS-PAG electropho-
resis, revealing a protein band of about  60 kDa (Fig. 3). The y ield of the purified 
rGST-Mus a 5 was about 35 mg L–1 of LB, as calculated using the molar extinc-
tion coefficient for rGST-Mus a 5. 

IgE and IgG reactivity of rGST-Mus a 5 

The IgE reactivity of the rGST-Mus a 5 was examined by dot blot analy sis 
using the sera of six banana allergic patients. To evaluate the IgE reactivity of the 
fusion tag, reco mbinant GST was  also tested as a control. IgE reactivity  was 
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detected only for the rGST-Mus a 5 (Fig. 4), while no  IgE binding was found for 
GST. Although the correct protein fold ing should be confirmed by a thoro ugh 
structural characterization, the IgE react ivity of the rGST-Mus a 5 suggests that 
this protein could find application as a diagnostic reagent in banana allergy. 

 

Fig. 3. SDS-PAG electrophoresis of purified rGST-Mus a 5 pro-
duced in E. coli: 1 – solu bilized rGST-Mus a 5 fraction; 2 – 
rGST-Mus a 5 eluted from the affinity matrix; MM – molecular 
markers. 

 
Fig. 4. IgE reactivity of rGST-Mus a 5: 1–6 – individual sera from banana allergic persons, 

7 – pool of sera from 3 healthy individuals, ca – control of secondary antibody; IgE reactivity 
of rGST: 8 – pool of sera from 6 banana allergic persons, 9 – pool of sera from 

3 healthy individuals and cb – control of secondary antibody. 

The IgG reactivit y of rGST-Mus a 5 w as shown b y dot blot analysis with 
anti-banana rabbit antibodies (Fig. 5). 

 Fig. 5. IgG reactivity of rGST-Mus a 5: c – control, 1 – rGST-Mus a 5. 

IgG inhibition assay 

To evaluate the IgG reactivity of the rGST-Mus a 5, an inhibition assay with 
anti-banana rabbit antibodies was perfo rmed. Compared to the positive control , 
IgG binding to natural Mus a 5 was red uced with 5 μg of rGST-Mus a 5. Com-
plete inhibition was achieved b y pre-incubation of the antibodies with 50 μg of 
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inhibitor (Fig. 6), su ggesting that t he rGST-Mus a 5 shares imm unodominant 
epitopes with natural Mus a 5. 

Fig. 6. Inhibition of IgG binding to natural Mus a 5 by 
rGST-Mus a 5.  The membranes were inc ubated with 
c – secondary antibodies, 1 – anti-banana antibodies, 
2 – anti-banan a antibodies pre-incubated with 5 μg 
rGST-Mus a 5, 3 – anti-banana antibodie s pre-incu–
bated with 50 μg rGST-Mus a 5. 

CONCLUSIONS 

An optimization of expression of recombinant banana glucanase - Mus a 5 in 
a prokaryotic expression sy stem with a GST fusion tag is reported. Optimal 
expression of rGST-Mus a  5 in E. coli BL21(DE3) cells was established (12 h 
protein expression at 25 °C), and the protein was isolated by glutathione affinity 
chromatography. The rGST-Mus a 5 s howed IgE reactivity  with five out of s ix 
individual sera of banana allergic subject s. A dot blot inhibition assay  with anti- 
-banana rabbit antibodies revealed that the rGST-Mus a 5 shares immunodomi-
nant epitopes with natural Mus a 5. Further structural and immunological charac-
terization should assess the applicability of the recombinant banana glucanase for 
the diagnosis of banana allergy.  
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За потребе производње у Escherichia coli ген глуканазе из банане (GenBank GQ268963) 
је уклониран у експресиони вектор pGEX-4T са глутатион-S-трансферазом (GST). Произ-
водња овог протеина у ћелијама је индукована 1 mМ изопропил-β-D-тиогалактопиранозидом 
(IPTG). Услови за експресију протеина су оптимизовани варирањем температуре (25, 30 и 37 
°C) и дужине трајања протеинске синтезе (3, 6 и 12 h). Ниво производње протеина је ана-
лизиран дензитометријом SDS–PA гела након електрофоретског раздвајања ћелијских лиза-
та. Оптимална производња протеина за његово даље процесовање је добијена гајењем ћелија 
након додатка IPTG на 25 °C током 12 h. Рекомбинантни GST-Mus a 5 пречишћен афинитет-
ном хроматографијом са глутатионом показује молекулску масу од 60 kDa. IgE и IgG реак-
тивност изоловане глуканазе потврђена је у “dot blot” са појединачним серумима особа алер-
гичних на банану, и са поликлонским зечијим антителима на екстракт банане, редом. Пре-
чишћена рекомбинантна глуканаза је потенцијалан кандидат за дијагнозу алергије на банану. 

(Примљено 9. марта, ревидирано 21. јуна 2011) 
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Abstract: Five new dioxomolybdenum(VI) complexes of t he general formula 
[MoO2(Rdtc)2], 1–5, where Rdtc - refer to pi peridine (Pipdtc), 4-morpholine 
(Morphdtc), 4-thiomorpholine (Timdtc), piperazine (Pzdtc) or N-methylpipe-
razine (N-Mepzdtc) dithiocarbamates, respectively, have been prepared. The 
complexes were characterized by elemental analysis, conductometric measu-
rements, electronic, IR and NMR spectroscopy. The complexes 1–5 contain a 
cis-MoO2 group and have an octahedral  geometry. Two dithiocarbamato ions 
join as bidentates with both the sulfur atoms to the molybdenum atom. The pre-
sence of different heteroatoms in the piperidinо moiety influences the ν(C N) 
and ν(C S) vibrations, which wavelengths decrease in the or der: Pipdtc > N- 
-Mepzdtc > Morphdtc > Pzdtc > Ti mdtc ligands. Based on th eir spectral data, 
the molecular structures of complexes 1–5 were optimized at the se mi-empi-
rical molecular-orbital level, and the geometries, as obtained from calculations, 
are described. The antimicrobial activities of the complexes were tested against 
nine different laboratory control strains of ba cteria and two strains of the yeast 
Candida albicans. All the  tested strains were sensitive. Complexes bearing 
heteroatom in position 4 of p iperidine moiety were significantly  more potent 
against the tested bacteria compared to the corresponding ligands. 

Keywords: dithiocarbamates; molybdenum(VI) complexes; MoO2
2+ group; 

geometry optimization. 

INTRODUCTION 

Molybdenum complexes with organic ligands are compounds of great theo-
retical and practical interest, especially valuable as model systems for biochemi-
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cal processes. The presence of [MoVIO2]2+ groups can serve as oxygen atom 
transfer agents and is of im portance in the fully  oxidized states of a number of 
redox enzymes, in which their active site consists of a cis-molybdenum dioxo 
moiety.1,2 In recent y ears, their antimicrobial potency has gained special atten-
tion against both human and plant pathogenic microorganisms.3,4 

Moreover, dithiocarbamato (Rdtc–) ligands are known to form  stable co m-
plexes with many transition m etals.5–14 Interest in dithiocarbamate complexes 
arises because of their versatile structures, depending on th e manner of coordi-
nation,15–19 and the type of their biological activity.20–24 Additionally, these co-
ordination compounds have intriguing properties, being good corrosion inhibitors 
in acidic media.23–27  

The aim of the present study  was to synthesize dioxomolybdenum(VI) com-
plexes with piperidine- (Pipdtc), 4-morpholine- (Morphdtc), 4-thiomorpholine- 
(Timdtc), piperazine- (Pzdtc) and N-methylpiperazine- (N-Mepzdtc) dithiocarba-
mato ligands. As a contribution t o the problem of the coordinati on behavior of 
heteroalicyclic dithiocarbamates, their mode of coordination was determined and, 
particularly, the spectrochemical properties of these compounds are discussed. In 
order to obtain further insight of the electronic struct ure of the complexes, the ef-
fect of heteroatom variation in the pi peridino moiety on the C–N, and the C–S 
bonds, as well as on the electronic structure of the  complexes was examined.  
Molecular modeling is a powerful tool t o add chemical and physical information 
to the information obtained by other techniques.28–32 For these reasons, based on 
the available spectral dat a, the molecular structures of all the prepared com-
plexes, 1–5, was optimized and a description of the structural para meters is 
given. Finally, the complexes were examined as potential antimicrobial agents.  

EXPERIMENTAL 
Syntheses of the [MoO2(Rdtc)2] complexes 1–5 

All the used chemicals were commercial products of analytical reagent grade. The start-
ing acetylacetonato complex [MoO2(acac)2] and the sodiu m salts of Rdtc - were prepared as 
described in the literature.12,33 

To a methanolic solution (5 c m3) of MoO2(acac)2 (330 mg, 1.0 mmol) was added drop-
wise 2.0 mmol of the corresponding NaRdtc·2H2O ligand (i.e., 468 mg of Pipdtc; 452 mg of 
Morphdtc; 484 mg of Timdtc; 450 mg of Pzdtc or 478 mg of N-Mepzdtc) dissolved in wat er 
(5 cm3), during 1 h under stirr ing and ther mostating at 40 °C. The mixture was then conti-
nuously stirred under reflux for about 2 h. The filtrate was concentrated under vacuum to 10 
cm3. Upon cooling the mixture for two days in a refrigerator, the crude products precipitated. 
After recrystallization from a 1-heptene/toluene mixture (1:1, v/v), light b rown crystalline 
substances of the corresponding complexes were obtained.  
Materials and methods 

Elemental analyses (C, H, N)  were perfor med by standard micro methods at the De-
partment of Instrumental Analyses of the In stitute of Chemistry, Technology and Metallurgy 
(ICTM), Belgrade. The molar conductivity of methanolic solutions (1.0×10-3 mol dm-3) was 
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measured at 20 °C using a Jenway-4009 conductometer. The electronic spectra of methanol 
solutions (1.0×10-3 M) were recorded on a G BC UV/VIS 911 A spectrophotometer. The IR 
spectra in the 4000–400 cm-1 ranges were measured on a Perkin Elmer 31725x FTIR spectro-
photometer, using KBr discs. The 1H- and 13C-NMR spectra were taken o n a Varian Gemini 
200 instrument at 200/50 MH z in DMSO- d6, at roo m temperature. All che mical shifts are 
reported in ppm downfield from tetramethylsilane (TMS), used as the internal standard.  

Molecular modeling was realized by MOPAC2009,34 a general-purpose semi-empirical 
molecular orbital package for the study of the solid state and molecular structures. The semi-
empirical molecular-orbital (MO) PM6 method35 was used. Geometry optimizations (full opti-
mization of bond angles and bond distances), without any input constraints, were performed 
by Eigenvector following optimization with a convergence limit of 0.001 kcal mol-1 Å-1. Geo-
metry optimization of the co mplexes 1–5 were realized in  vacuum and by using i mplicit 
solvation in water (COSMO).36 The IR spectra of the repre sentative complex 1 was obtained 
from the initial  structure assessed by the semi-empirical MO PM6 method additionally opti-
mized on the DFT level (B3LYP) using the LanL2DZ basis set, without a ny constraint. The 
1H- and 13C-NMR spectra were calculated by the Gauge-Independent Atomic Orbital (GIAO) 
method,37 using single point c alculation (B3LYP/LanL2DZ) and i mplicit solvation in dime-
thyl sulfoxide (PCM)38 on the structure assessed by the semi-empirical MO PM6 method. All 
calculations on the DFT level were realized by the Gausian03 suit of programs.39 Superimpo-
sition of th e calculated structures for co mplexes 1 and 3 with the ex perimentally obtained 
crystal structures of similar ones taken from literature was realized by VegaZZ 2.4.0.40 The 
complexes and their molecular orbitals were visualized by Jmol.41 All computations were per-
formed on AMD Athlon 64 x2 Dual Core Processors, in Windows or Linux environments.  
Antimicrobial activity 

The antimicrobial activities of  the sy nthesized complexes were evaluated using nin e 
laboratory control strains of b acteria, i.e., the Gram-positive: Staphylococcus aureus (ATCC 
25923), S. epidermidis (ATCC 12228), Micrococcus luteus (ATCC 9341), M. flavus (10240), 
Еnterococcus faecalis (ATCC 29212), Bacillus subtilis (ATCC 6633) and the Gram-negative: 
Escherichia coli (ATCC 25922), Klebsiella pneumoniae (NCIMB 9111), Pseudomonas aeru-
ginosa (ATCC 27853), an d two strains of y east, i.e., Candida albicans (ATCC 2443 3 and 
ATCC 10259). The microorganisms were provided by the Institute for Imm unology and 
Virology, Torlak, Belgrade, Serbia. A broth microdilution method was used to determine the 
minimal inhibitory concentration (MIC) of complexes 1–5, according to the Clinical and  La-
boratory Standards Institute (CLSI 2005). 

All tests were performed in Müller Hinton broth for the bacterial strain s and in Sabou-
raud dextrose broth for the yeasts. Overnight broth cultures of each strain were prepared, and 
the final concentration in each well was adjusted to 2 ×106 CFU ml-1 for the b acteria and 
2×105 CFU ml-1 for the yeasts. The investigated compounds were dissolved in 1 % di methyl 
sulfoxide (DMSO) and then diluted to the highest concentration. Serial doubling dilutions of 
the compounds were prepared  in a 96-well microtiter plate over the concentration range  
31.25–1000 μg ml-1. In the t ests, triphenyl tetrazolium chloride (TTC) (Aldrich Chemical 
Company Inc., USA) was also added to the c ulture medium as a growth ind icator. The final 
concentration of TTC after in oculation was 0.05 %. The microbial growth was deter mined 
from the absorbance at 600 nm, using a universal microplate reader after 24 h incubation at 37 
°C for the bacteria and after 48 h incubation at 25 °C for the fungi. The MIC is defined as the  
lowest concentration of the compound at which no vi sible growth of microorganism is ob-
served. All determinations were performed in duplicate and two positive growth controls were 
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included.42 To resolve structure–activity trends, the MIC values of complexes 1–5, the corres-
ponding ligands and [MoO2(acac)2] used for comparison, originally determined in mass con-
centration (μg ml-1), were converted to molar concentrations (M). 

RESULTS AND DISCUSSION 

Syntheses and physico–chemical properties of the complexes 

Complexes 1–5 were obtained by mixing the reactants in a 1:2 molar ratio, 
in a substitution reaction of the two acet ylacetonato anions in the [MoO2(acac)2] 
complex by Rdtc– ligands:  
 [MoO2(acac)2] + 2RdtcNa·2H2O → [MoO2(Rdtc)2] + 2acacNa + 2H2O 

The obtained complexes were light brown microcrystalline substances, stable 
under atmospheric conditions and soluble in  methanol, ethanol, 1-heptene, tolu-
ene and dimethyl sulfoxide and insoluble in water, chloroform, dichloromethane 
and benzene.  

The analytical results confirmed the proposed composition: 
[MoO2(Pipdtc)2] (1). Yield: 106  mg (17 % ); Anal. Calcd. for 

C12H20MoN2O2S4 (FW: 448.30): C, 32.14; H, 4.49; N, 6.25 %. Found: C, 32.31; 
H, 4.80; N, 6.38 %; 

[MoO2(Morphdtc)2] (2). Yield: 90 mg (19.8 % ); Anal. Calcd. for 
C10H16MoN2O4S4 (FW: 452.05): C, 26.55; H, 3.57; N, 6.19 %. Found: C, 27.02; 
H, 4.11; N, 6.20 %; 

[MoO2(Timdtc)2] (3). Yield: 52 m g (10.8 % ); Anal. Calcd. for 
C10H16MoN2O2S6 (FW: 484.05): C, 24.79; H, 4.33; N, 5.79 %. Found: C, 24.44; 
H, 4.17; N, 5.80 %; 

[MoO2(Pzdtc)2] (4). Yield: 153 m g (33.8 % ); Anal. Calcd. for 
C10H18MoN4O2S4 (FW: 450.08): C, 26.6 6; H, 4.03; N, 12.45  %. Found: C,  
26.39; H, 4.31; N, 11.54 %; 

[MoO2(N-Mepzdtc)2] (5). Yield: 130 m g (27.1 % ); Anal. Calcd. for 
C12H22MoN4O2S4 (FW: 478.10): C, 35.1 2; H, 4.64; N, 11.71  %. Found: C,  
35.37; H, 4.77; N, 11.77 %. 

The non-electrolyte nature of the complexes was confirmed by their low mo-
lar conductivities43 (λM = 45.30; 17.80; 25.90; 33.30 and 13.70 Ω–1 cm2 mol–1 
for complexes 1–5, respectively). 

Spectroscopic properties 

Electronic absorption spectra. The complexes are di amagnetic, as expected 
for the 4d0 configuration. Since there are no d electrons, splitting from d–d tran-
sitions was not discernible. The absorptions appearing in the electronic spectra in 
the range of 280–400 nm arise from charge transfer and intraliga nd transitions, 
especially due to the  NCS2 chromophore, but the assignments of charge-transfer 
spectra are controversial.44 
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IR Spectra. The pertinent IR data, i.e., ν(C–N), ν(C–S) vibrations of the free 
and coordinated Rdtc– ligands, ν(Mo–S) bands, as  well as the MoO 22+ core 
vibrations of the complexes 1–5 are collected in Table I. 

TABLE I. IR spectral data (cm -1) for complexes 1–5, and for the Rdtc- ligands (abbre-
viations: vs, very strong; s, strong; m, medium; w, weak) 
Compound ν(C N) ν(C S) ν(Mo–S) νs(Mo=O) νas(Mo=S) 
1 1442s

 948s 437m 880m 907m 
2 1455s 985s 429m 870s 897s 
3 1465s 997s 436m 815m 948s 
4 1458s 986s 439w 875w 899m 
5 1448s 975s 430w 860m 908s 
PipdtcNa 1465vs 965s – – – 
MorphdtcNa 1449vs 990s – – – 
TimdtcNa 1465vs 995s – – – 
PzdtcNa 1460vs 1000s – – – 
N-MepzdtcNa 1450vs 995s – – – 

Concerning the electronic  and structur al characteristics of the described 
compounds, there are several regions of cons iderable interest in the IR spectra. 
The 1390–1430 cm–1 region is associated prim arily with the thioureide vibration 
and is attributed to the ν(C N) vibrations of the S 2C NR2 bond12,14 (Table I). 
This indicates a significant increase in double bond character of the C N bond, 
resulting in higher frequencies compared with the free Rdtc – ligands. All the 
complexes exhibit ν(C N) bands in the 1470–1480 cm–1 range, which lie between 
ν(C=N) and ν(C–N), in the 164 0–1690 and 1250–1350 cm–1 range,9 respecti-
vely. The 95 0–1100 cm–1 region is associated with ν(CSS) vibrations and ha s 
been effectively used to differentiate between monodentate and bidentate Rdtc– 
ligands.9,14 In the IR spectra of the obtained complexes, the presence of only one 
strong band in this region supports a symmetrical bidentate coordination of t he 
dithio ligands, while a doublet expected in the case of monodentate coordination9 
was absent. New absorption bands i n the 420–440 cm–1 region, absent in the 
spectra of the free Rdtc– ligands, are in good agreemen t with the available lite-
rature data.10,14 The heter oatoms (N, O, S) in the piperidino moiety influen ce 
both the ν(C N) and ν(C S) values that increase in the order of the  complexes 
with: Pipdtc > N-Mepzdtc > Morphdtc > Pzdtc > Ti mdtc ligands (Table I). This 
band, however, demonstrates the partial double bo nd character of the C S bond 
on consideration of its position between ν(C=S) (1080–1200 cm–1) and the ν(C–S) 
bond (600–800 cm–1). This behavior can be attributed to the electron releasing 
ability of the  heterocyclic atom that fo rces a high electron density  towards the 
SCS group.45,46 The symmetric and antisymmetric stretching vibrations observed 
near 900 cm–1 can be attributed to a cis-[MoO2]2+ core.47 Generally, the wave 
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numbers of νsym(Mo=O) vibrations are higher than t hose of νasym(Mo=O).48,49 
Finally, the skeletal pyperidine bands are located at ca. 1610 cm–1. 

The recorded and calculated (see Experimental) IR sp ectra of complex 1 are 
shown in Fig. S1 in the Supplementary material. Fair agreement can be visually 
observed. 

NMR spectra. Although molybdenum(VI) complexes were well characte-
rized in the s olid state, their charact erization in solution is necess ary in order to  
evaluate the stability of the obtained co mplexes under biologically relevant con-
ditions. However, the poor solubility of the molybdenum(VI) complexes 1–5 and 
the related free ligands hampered NMR experiments in an aqueous environment; 
therefore, the spectra were recorded in DMSO-d6. The structure enumeration for 
the structure–spectra assignments are as given in Scheme 1. 

 
Scheme 1. Numbering of the non-hydrogen atoms that correspond to the labels in Table II. 

TABLE II. 1H- and 13C-NMR chemical shifts for complexes 1–5 in ppm downfield from 
TMS. Assignment of the atoms given according to the Scheme 1 
Complex δ 1H δ 13C δ 13C 
1 2.51 (2H, t (C1)); 1.91 (2H, s (C2)); 

1.68 (2H, s (C3)); 2.00 (2H, s (C4)); 
3.36 (2H, s (C5)) 

S2CN, 190.91 C1(C5), 52.35; C2, 
22.13; C3, 25.97; 

C4, 23.54 
2  2.73 (2H, s (C1)); 3.51 (2H, m (C2)); 

3.67 (2H, s (C4)); 3.17 (2H, s (C5)) 
S2CN, 195.42 C1(C5), 51.82; 

C2, 66.5; C4, 66.5 
3  3.27 (2H, t (C1)); 2.58 (2H, s (C2)); 

2.82 (2H, m (C4)); 3.27(2H, t (C5)) 
S2CN, 201.66 C1(C5), 53.88; C2, 

29.54; C4, 29.54 
4 2.92(2H, s (C1)); 2.51 (2H, t (C2)); 

1.91 (H, s (C3)); 2.46 (2H, s (C4)); 
2.99 (2H, s (C5)) 

S2CN, 201.93 C1(C5), 66.42; C2, 
45.43; C4, 45.43 

5 3.39 (2H, s (C1)); 2.51 (2H, d (C2)); 
2.25 (3H, t (C3)); 2.40 (2H, s (C4)); 

3.39 (2H, s (C5)) 

S2CN, 197.40 C1(C5), 49.13; C2, 
54.96; C4, 54.96; 

C6, 45.71 
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The absence of S–H protons and a slight downfield shift of the protons in the 
NMR spectra of all co mplexes, with respect to the correspondin g ligands, were 
observed. This indicates that the ligands are coordinated to molybdenum through 
sulfur atoms.50 In the 1H-NMR spectra (Table II), signals of five protons, which 
belong to the Rdtc– ligand, were found for complex 1. The position and multipli-
city of the proton signals for complexes 2–5 depend on the type of heteroatom in 
position four of the piperidinyl moiety. In the 13C-NMR spectrum for complex 1, 
there are signals at 52.35, 22.13, 25.97 and 23.64 ppm that belong to the Rdtc – 
ligand (Table II). Two signals for co mplexes 2, 3 and 4 originated from the sym-
metrical Rdtc– ligands. The last signal, C6, in the spectru m of complex 5 is as-
cribed to the methyl carbon N-Me of N-methylpiperidine. Only one signal that 
corresponds to the CS 2 moieties of Rdtc – was observed in the spectru m of each 
complex, indicating that the che mical environments of the CS 2 moieties of the 
two Rdtc– ligands bound to the cis-MoO2 center are equivalent to each other.51,52 
The experimentally obtained 1H- and 13C-NMR spectra for co mplex 1 and the  
Pipdtc ligand, and the cal culated NMR spectra for complex 1 are given in th e 
Supplementary material. Fair agreement between the calculated and experim en-
tally obtained spectra can be seen (Figs. S2–S4 in the Supplementary material). 

Molecular modeling 

Data of the total energy  and heat of for mation for each sy stem, as well as 
selected bond distances and angles of the calculated geometry for complexes 1–5, 
as accessed by the geom etry optimization, are presented in Table  III. The opti-
mized structures of the complexes 1 and 3 are shown in Figs. 1a and 1b, respecti-
vely. 

TABLE III. Selected bond distances and bond angle values for complexes 1–5, as obtained by 
the semi-empirical MO PM6 method in vacuum 
PM6 1 2 3 4 5 
Total energy, eV –3579.16 –3861.72 –3628.15 –3665.11 –3964.50 
ΔHf / kJ mol–1, vacuum implicit 
water model 

–496.64 
–593.34 

–727.48 
–838.31 

–399.42 
–504.80 

–350.89 
–496.38 

–364.40 
–479.33 

Distance N6–C16 (N12–C17), Å 1.331 
(1.331) 

1.333 
(1.333) 

1.338 
(1.338) 

1.331 
(1.331) 

1.331 
(1.331) 

Angle S18–Mo13–S20, ° 82.152 87.400 87.432 87.321 87.334 
Angle S19–Mo13–S21, ° 148.494 148.60 148.545 148.453 148.502 
Angle S19–Mo13–S18 
(S21–Mo13–S20), ° 

68.642 
(68.641) 

68.788 
(68.782) 

68.698 
(68.695) 

68.705 
(68.705) 

68.713 
(68.713) 

Angle O15–Mo13–O14, ° 107.508 107.531 107.672 107.493 107.476 
Distance O15–Mo13 (O14–Mo13), Å 1.681 

(1.681) 
1.680 

(1.680) 
1.680 

(1.680) 
1.680 

(1.680) 
1.681 

(1.681) 
Distance S18–Mo13 (S20–Mo13), Å 2.635 

(2.635) 
2.636 

(2.637) 
2.636 

(2.635) 
2.638 

(2.638) 
2.639 

(2.639) 
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TABLE III. Continued 
PM6 1 2 3 4 5 
Distance S19–Mo13 (S21–Mo13), Å 2.456 

(2.456) 
2.457 

(2.456) 
2.456 

(2.455) 
2.457 

(2.457) 
2.457 

(2.457) 
Distance C16–S19 (S18–C16), Å 1.742 

(1.710) 
1.740 

(1.707) 
1.739 

(1.706) 
1.740 

(1.709) 
1.741 

(1.709) 
Distance C17–S21 (C17–S20), Å 1.742 

(1.710) 
1.740 

(1.707) 
1.737 

(1.706) 
1.740 

(1.709) 
1.741 

(1.709) 
Angle O15–Mo13–S19 
(O15–Mo13–S20), ° 

104.068 
(160.266)

103.809 
(160.562)

103.712 
(160.548)

103.987 
(160.386) 

104.012 
(160.381) 

Angle O15–Mo13–S18 
(O15–Mo13–S21), ° 

87.166 
(97.432) 

86.976 
(94.671) 

86.876 
(94.769) 

87.150 
(94.569) 

87.135 
(94.530) 

Angle O14–Mo13–S21 
(O14–Mo13–S18), ° 

104.130 
(160.250)

103.804 
(160.566)

103.700 
(160.528)

104.000 
(160.394) 

104.222 
(160.378) 

Angle O14–Mo13–S19 
(O14–Mo13–S20), ° 

94.451 
(87.125) 

94.656 
(86.956) 

94.749 
(86.871) 

94.573 
(87.133) 

94.530 
(87.142) 

Angle S19–C16–S18 
(S21–C17–S20), ° 

112.754
(112.764)

113.380
(113.380)

113.261
(113.255)

113.140 
(113.142) 

113.111 
(113.112) 

 

 
(a) 

 
(b) 

Fig. 1. Opti mized geometry 
of the complexes obtained by 
the semi-empirical MO PM6  
method: 
a) [MoO2(Pipdtc)2] (1); 
b) [MoO2(Timdtc)2] (3). 

The non-hydrogen atoms numbering in Table III correspond to the labels as 
given in Scheme 1. The complexes 1–5 represent a deformed octahedral structure 
around the metal atom with the two oxygen atoms in the cis-position. The S–Mo–S 
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chelate angle of 69° is in a greement with X-ray crystal structures for this type of 
complexes.51,53 Length difference between Mo13–S18 (Mo13–S20) and 
Mo13–S19 (Mo13–S21) is a consequence of the trans influence of the oxo- 
-group.45 The two Rdtc – ligands are oriented in the cis-position toward each 
other coordinated to m etal ion via their deprotonated dithiocarba mato (CS2–) 
groups, as presented in Figs. 1a and 1b for com plexes 1 and 3, respectively. The 
short N–C distance indicates a significant double bond character of these bonds.  

In all the complexes, the heteroalicyclic parts of both ligands are in the chair 
conformation. The im proper torsion an gle in the he teroalicyclic part of the li -
gands, defined by the angle between the bonds C1–C2 and C5–C6 (C7–C8 and 
C11–C12) smaller than 1°, dem onstrate an almost ideal chair co nformation for 
the ligands in all the complexes. The planes of the cyclic part of the ligands, in 
the chair conformation, are oriented to  each other a t an angle of  ca. 180°. The 
obtained results of m olecular modeling demonstrate C2 sy mmetry for all th e 
complexes. Degree of de formation from an  ideal octahedral stru cture is repre-
sented by the bond and torsion angles in the coordination sphere (Table III). The 
HOMO (highest occupied m olecular orbital), HOMO-1 and HOMO-2 orbit als 
are located almost exclusively on the dioxo oxygen atoms and the dithiocarba-
mato sulfur atoms, as exem plified for complex 1 in Fig. 2, indic ating involve-

 
(a) 

 
(b) 

Fig. 2. a) HO MO (–8.31 eV ) and b) 
HOMO-1 (–8.38 eV) of complex 1. 
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ments of molybdenum dx2–y2 and dz2 orbitals in the coordination. All the com-
plexes appear to be somewhat more stable (have a more negative heat of form a-
tion) in the implicit water model than in vacuum, probably due to favorable elec-
trostatic interactions of the heterato ms (N, O, S), a ccessible to the solvent. Cal-
culated structures of complexes 1 and 3 were superimposed on similar53 or the 
same51 experimentally obtained structures taken  from the lit erature (Fig. S5 in  
the Supplementary material). For the s uperimposition, the coordi nation sphere 
(MoO2=S2C–) and t he heteroalicyclic N connected to dithiocarbamato moiety 
were used. The very good agreement should be noted. The calculated structure of 
complex 1 and the literature dioxom olybdenum di-(dithiocarbamato-N-pyrrolo) 
complex (CSD code 153544) superimpose their coordination spheres with a root-
mean square deviation of 0.147. The calculated structure of complex 3 and the 
same experimentally obtained structures taken from literature superimpose their 
coordination spheres with a root-mean square deviation of 0.11 3. It should be 
noted that the symmetrically oriented thiomorpholino part of the ligands for com-
plex 3, as obtained by semi-empirical calculations, appears somewhat more stable 
both in solution and in vacuum than the asy mmetrically oriented ones found in 
the crystal structure. 

Suggested structure 

The important features of the IR spectra  provide a consistent picture that the 
Rdtc– ligands are bound th rough the both sulfur atoms to the m olybdenum atom, 
as it can also be seen from the chemical environments of the CS2 moieties in the 
NMR spectra. This bidentate S,S’ structure is again the m ost favorable in com-
parison with a monodentate one. The geometry of the MoO2S4 core is a distorted 
octahedron (Fig. 1) with t he two terminal oxo ligands lying invariably in a cis- 
-position to each other, usual for dio xomolybdenum(VI) complexes,51–53 while 
the two Rdtc– ligands complete the distorted oc tahedral coordination. Based on 
the above calculation (Table III), the inf luence of the variation of the heteroatom 
in position 4 of the piperidine moiety on the coordination sphere can be straight-
forwardly elucidated.  

Antimicrobial activity 

The results of the obtained antim icrobial activities of [MoO2(acac)2], the 
five Rdtc– ligands, complexes 1–5, standard antibiotics and ny statin are pre-
sented in Tables IV and V. Generally , the complexes were more potent than the  
corresponding ligands and [MoO2(acac)2]. Obviously, the introduction of a hete-
roatom in position 4 of the piperidino moiety makes the complexes significantly 
more potent in respect to the correspo nding ligands. A higher potency of the 
ligand compared to the complex was only observed in the data of co mplex 1, for 
some of the tested microbial strains (Table IV). 

________________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



 DIOXOMOLYBDENUM(VI) COMPLEXES WITH HETEROCYCLIC S,S’-LIGANDS 63 

TABLE IV. Minimal inhibitory concentrations (MIC) of the tested compounds 

Microorganism [MoO2(acac)2] Complexes/corresponding ligand 
1/L 2/L 3/L 4/L 5/L 

S. aureus 
ATCC 25923a 

3.81 5.56/6.21 5.53/22.8 2.58/45.6 2.78/11.4 10.5/10.7 

S. epidermidis 
ATCC 12228 

7.62 2.79/6.21 2.76/22.8 2.58/22.8 1.39/11.4 2.61/10.7 

M. luteus 
ATCC 9341 

13.81 5.56/1.24 5.53/22.8 2.58/22.8 2.78/11.4 2.61/5.38 

M. flavus 
ATCC 10240 

3.81 5.56/1.24 2.76/22.8 2.58/45.6 2.78/11.4 2.61/5.38 

E. faecalis 
ATCC 29212 

7.62 5.56/49.6 2.76/45.6 2.58/45.6 2.78/11.4 2.61/10.7 

B. subtilis 
ATCC 6633 

7.62 5.56/1.24 2.76/22.8 2.58/22.8 2.78/11.4 2.61/10.7 

E. coli 
ATCC 25922 

7.62 5.56/6.21 2.76/45.6 2.58/45.6 2.78/11.4 2.61/10.7 

K. pneumoniae 
NCIMB 9111b 

7.62 5.56/6.21 2.76/45.6 2.58/45.6 2.78/11.4 2.61/10.7 

P. aeruginosa 
ATCC 27853 

7.62 5.56/49.6 5.53/45.6 5.16/45.6 5.55/22.9 2.61/10.7 

C. albicans 
ATCC 10259 

7.62 2.79/2.48 11.2/11.38 2.58/22.8 2.78/5.72 2.61/5.38 

C. albicans 
ATCC 24433 

7.62 2.79/2.48 11.2 /5.69 2.58 /22.8 2.78/5.72 2.61/5.38 

aAmerican Type Culture Collection (http://www.atcc.org/); bNational Collections of Industrial Food and Mari-
ne Bacteria: NCIMB Ltd, UK 

TABLE V. Mi nimal inhibitory concentrations (MIC) of the  standard antibiotics against the 
tested microbial strains (n.t. – not tested) 

Microorganism Amikacin Ampicillin Vancomycin Nystatin 
S. aureus ATCC 25923 3.42 2.86 1.52 n.t. 
S. epidermidis ATCC 12228 n.t. n.t. 1.38 n.t. 
M. luteus ATCC 9341 n.t. 10.3 n.t. n.t. 
M. flavus ATCC 10240 n.t. 12.0 n.t. n.t. 
E. faecalis ATCC 29212 4.09 n.t. n.t. n.t. 
E. coli ATCC 25922 14.7 12.6 n.t. n.t. 
K. pneumoniae NCIMB 9111 10.9 n.t. n.t. n.t. 
P. aeruginosa ATCC 27853 4.78 n.t. n.t. n.t. 
C. albicans ATCC 10259 n.t. n.t. n.t. 4.1 
C. albicans ATCC 24433 n.t. n.t. n.t. 6.69 

It should be noted that all the co mplexes were active against S. epidermidis, 
as well as ag ainst P. aeruginosa, which is one of the most resistant human pa-
thogen. 
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CONCLUSIONS 

The present study  demonstrates simple synthetic routes to five new dioxo-
molybdenum(VI) complexes with heterocy clic dithiocarbamates. The employed 
spectroscopic techniques suggest that the coordination in all [MoO2(Rdtc)2] com-
plexes yielded an octahedral geo metry through both sulfur dona ting atoms, the 
NCSS group coordinating the metal center in a bidentate symmetrical mode. The 
geometries of 1–5, obtained on semi-empirical MO PM6 levels are in g ood agre-
ement with similar complexes for which X-ray structure data can be found in the 
literature. The dioxom olybdenumdithiocarbamates were capable of inhibiting 
bacterial growth to a certain degree. 

SUPPLEMENTARY MATERIAL 
IR, 1H- and 13C-NMR spectra of sy nthesized compounds are available electronically 

from http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 
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И З В О Д  

СПЕКТРОСКОПСКА СВОЈСТВА И АНТИМИКРОБНА АКТИВНОСТ 
ДИОКСОМОЛИБДЕН(VI) КОМПЛЕКСА СА ХЕТЕРОЦИКЛИЧНИМ S,S’-ЛИГАНДИМА 

СОФИЈА П. СОВИЉ1, ДРАГАНА МИТИЋ1, БРАНКО Ј. ДРАКУЛИЋ2 и МАРИНА МИЛЕНКОВИЋ3 

1Hemijski fakultet Univerziteta u Beogradu, p. pr. 118, 11158 Beograd, 2Institut za hemiju, tehnologiju 

i metalurgiju – Centar za hemiju, Wego{eva 12, 11001 Beograd i 3Farmaceutski fakultet, 

Univerzitet u Beogradu, Vojvode Stepe 450, 11000 Beograd 

Синтетисано је пет нових диоксомолибден(VI) комплекса, опште формуле [МоО2(Rdtc-)2], 
са Rdtc- лигандима: пиперидин- (Pipdtc), 4-морфолин- (Morphdtc), 4-тиоморфолин- (Timdtc), 
пиперазин- (Pzdtc) и N-метилпиперазин- (N-Mepzdtc) дитиокарбаматима. Комплекси су 
окарактерисани елементалном анализом, IR и NMR спектроскопијом као и мерењем моларне 
проводљивости. Претпостављена геометрија свих комплекса је октаедарска. Rdtc- лиганди су 
бидентатно координовани преко оба атома сумпора за атом молибдена. Присуство различи-
тих хетероатома утиче на промену положаја ν(C Н) и ν(C S) вибрација, чији опада следе-
ћим редом лиганада: Pipdtc > N-Mepzdtc > Morphdt > Pzdtc > Timdtc. На основу спектралних 
података, структуре свих комплекса су оптимизоване на семиемпиријском молекулско-орби-
талном нивоу употребом PM6 метода. Антимикробна активност испитивана је на једанаест 
различитих патогена. Уочено је да комплекси који имају хетероатом у положају 4 пипери-
динског прстена испољавају значајно већу јачину антимикробног дејства према бактеријaма, 
у поређењу са одговарајућим лигандима. 

(Примљено 28. марта, ревидирано 26. августа 2011) 
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Fig. S1a. Recorded IR spectrum for the complex 1. 
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Fig. S1b. Calculated IR spectrum for the complex 1. 

 
Fig. S2a. 1H-NMR spectrum of Pipdtc. 
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Fig. S2b. 13C-NMR spectrum of Pipdtc. 

 
Fig. S3a. Experimentally obtained 1H-NMR spectrum of complex 1. 
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Fig. S3b. Experimentally obtained 13C-NMR spectrum of complex 1. 

 
Fig. S3c. Calculated 1H-NMR spectrum of complex 1. 
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Fig. S3d. Calculated 13C-NMR spectrum of complex 1. 

 
Fig. S4. Atoms enumeration that correspond to assignation given on 

calculated spectra for complex 1, Fig. S3. 
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(a) 

 
(b) 

Fig. S5. Superimposed structures of: a) calculated complex 1 to CSD entry 153544 taken from 
reference 49; and b) calculated complex 3 to crystal structure taken from reference 47 (see 

References in the paper). 
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X-Ray structure of a 1D-coordination polymer of copper(II) 
bearing pyrazine-2,3-dicarboxylic acid and 

2-aminopyrimidine 
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Abstract: A new 1D-coordination pol ymer of Cu(II) ions, {(2-
apymH)2[Cu(pyzdc)2]·6H2O}n, (2-apym = 2-aminopyrimidine, pyzdcH2 = py-
razine-2,3-dicarboxylic acid), was synthesized based on the proton transfer me-
chanism and characterized by elemental analysis, infrared spectrosc opy and 
single crystal X-ray diffraction. The coordination polymer consists of infinite  
chains of [Cu(pyzdc)2]2- bridged across a double chain running along the a-axis 
and discrete (2-apymH)+ fragments. The Cu(II) ion is  located on the invers ion 
centre in the basal plane of a n elongated octahedron with two oxygen atoms 
from adjacent (pyzdc)2- ligands occupying the ax ial positions. The interaction 
between oxygen atoms of water molecules with the dicarboxylic acid plays an 
important role in the overall supramolecular assembly. 

Key words: copper; pyrazine-2,3-dicarboxylic acid; 2-aminopyrimidine; proton 
transfer; hydrogen bond; coordination polymer; water cluster. 

INTRODUCTION 
The field of coordination polymer particles has received much attention in 

coordination chemistry in recent y ears owing to the ir novel and diverse topo-
logies and p otential applications in ho st–guest chemistry, catalysis, biomedical 
applications, magnetism, and non-linear optics.1–4 By selecting appropriate metal 
ions and organic linkers, coordinatio n polymers with various structures, such as 
1D chains ladders, 5–7 2D grids 8 and 3D networks 9 can be obtained. Pol ycar-
boxylic acids represent su pramolecular connectors that can gener ate infinite net-
works and metal–organic frameworks.10 The carboxylate group may present va-
rious coordination modes, leading to the formation of mono-nuclear, di-nuclear, 
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metal–organic frameworks or coordination pol ymers.11 In particular, p yrazine-
dicarboxylic acids have many different modes of coordination to metal ions. For 
example, it coordinated to the Cu(II) ion as a monodentate ligand in the 
[Cu(pyzdc)(H2O)(en)2] (en = ethy lene diamine) complex.12 In another instance,  
pyzdcH2 behaved as a bidentate ligand via the oxygen atom of carboxylate and 
the nitrogen atom of 1,4-pyrazine ring in the (ampyH)2[Cu(pyzdc)2(H2O)2]·6H2O 
(ampy = 2-amino-4-methylpyridine) coordination compound.13 Moreover, pyzdcH2 
is well known to act as a bridgin g ligand, especially in the design  and construc-
tion of metal–organic frameworks and coordination polymers.11 It acts as multi-
dentate bridges between metal ions forming 1D-network chains. For ex ample, 
pyzdcH2 coordinated to t he metal ions as a tr identate and tetradentate ligand i n 
{(acrH)2[Zn(pyzdc)2]}n (acr = acridine) and {[Mn(p yzdc)(H2O)]·2H2O}n 
complexes.14–16 In the mentioned complexes, the coordination sites for each 
(pyzdc)2– are, respectively, three and f our O atom s of carbox ylate groups an d 
one N atom of the 1,4-pyrazine ring. In this work, the synthesis and identification 
of {(2-apymH)2[Cu(pyzdc)2]·6H2O}n by elemental analysis, infrared spe ctros-
copy, and crystal structure determination are described. 

EXPERIMENTAL 
Materials and physical measurements 

All reagents used in t he synthesis were purchased from commercial sources and were 
used as received without further purification. The infrared spectrum in the r ange (4000–600 
cm–1) was recorded on a Buck 500 scientific spectrometer using a KBr disc. Elemental ana-
lyses were performed using a Thermo Finnigan Flash-1112EA microanalyzer. The X-ray dif-
fraction studies were performed on a Bruker-APEX diffractom eter with a CCD area dete ctor, 
using Mo K α-radiation, (λ = 0.71073 Å), and a graphit e monochromator. Frames were col-
lected at T = 100 K via ω/φ-rotation at 10 s per frame (SMART).17 The measured intensities 
were reduced to F2 and corrected for ad sorption with SADABS (SAINT-NT).18 Corrections 
were made for Lorentz and po larization effects. Structure solution, refinement, and data out -
put were realised with the SH ELXTL-NT program package.19 Non-hydrogen atoms were re-
fined anisotropically. C−H hydrogen atoms were placed in the geometrically calculated posi-
tions using a riding model. O−H and N−H hydrogen atoms were localized by difference Fou-
rier maps. 
Preparation of {(2-apymH)2[Cu(pyzdc)2]·6H2O}n (1) 

A mixture of pyzdcH2 (0.18 mmol, 0.030 g) and 2-apym (0.36 mmol, 0.030 g) in water 
(10 mL) was refluxed for 1 h, then CuCl2·2H2O (0.060 mmol, 0.010 g) was added and reflux-
ing was continued for 6 h, wh ereby a green solution wa s obtained. This solution gave green 
needle crystals of 1 in a yield of approximate 60 % (based on  copper) after slow evaporatio n 
of the solvent at room temperature. Anal. Calcd. for C20H28CuN10O14: C, 34.56; H, 4.03; N,  
20.16 %. Foun d: C, 34.15; H,  3.93; N, 21.05  %; IR (KBr, c m–1): 3400, 16 51, 1607, 1554 , 
1437, 1362, 1283, 1174, 1127, 1060, 975, 880, 842. 
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RESULTS AND DISCUSSION 

X-Ray crystallographic study of {(2-apymH)2[Cu(pyzdc)2]·6H2O}n (1) 

The crystallographic data of the title  compound is given in Table I. The 
molecular structure of 1 contains a discrete coordination polymer of th e 
[Cu(pyzdc)2]2–, organic s pecies of (2-apy mH)+ and cry stallization water mole-
cules in a 1:2:6 molar ratio (Fig. 1). In the polymeric chain of [Cu(pyzdc)2]2–, the 
copper ion is six-coordinated showing CuN2O4 bound set by two N and four O 
atoms belonging to two (pyzdc)2– ligands which are related by an i nversion 
centre (the N1−Cu−N1i bond angle is 180°). This arrangem ent causes the for -
mation of a distorted octahedral geometry. The equatorial plane around the Cu(II) 
ion consists of a five-membered chelate ring with N (Cu−N1, 1.991(2) Å) and O 
(Cu−O1, 1.959(17) Å) as donor  atoms while the axial positions a re occupied by 
two oxygen atoms (Cu−O3, 2.427(19) Å) belonging to the remaining carboxylate 
group. The bonds length in the title co mpound can be co mpared with two 1D- 
-coordination polymers, i.e., {Cu(pzdc)(H2O)2·H2O}n (a)20 and {[ Cu(μ- 
-pzdc)(bipy)]·H2O}n (b)21 (bipy = bipyridine). The axial bond distance in 1 is 

TABLE I. Selected crystallographic data and structure refinement parameters of 1 
Empirical formula C20H28CuN10O14 
Formula weight, g mol-1 696.07 
Temperature, K 293(2) 
Wavelength λ, Å 0.71073 
Crystal system Monoclinic 
Space group P21/c 
a / Å 6.625 (3) 
b / Å 11.600 (5) 
c / Å 18.438 (8) 
β / ° 82.901 (8) 
V / Å3 1395.4 (11) 
Z 2 
Dc / kg m-3 1657 
F000 718 
µ / mm-1 0.87 
Crystal size, mm 0.45×0.32×0.26 
Space range, ° 2.1< θ < 23.4 
Reciprocal lattice segments:   h –7 → 7, 
                                                k –12 → 12, 
                                                l  –20 → 20 
Reflections collected 11294 
Reflection independent 2026 
R1, wR2[I >2σ (I)] 0.0317, 0.0752 
R1, wR2 (all data) 0.0350, 0.0770 
Goodness-of-fit on F2 1.061 
Largest differences peak and hole, e Å-3 0.31 and –0.29 
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Fig. 1. The coordination environment of the Cu(II) ion with atom numbering, showing 

displacement ellipsoids at the 50 % probability level. Hydrogen bonds shown as dashed line. 
Atom symmetry operators: O6, 1–x, –y, 1–z; O7, 1+x, 1/2–y, 1/2+z; O5, 1+x, 1/2–y, 1/2+z; 
O7’, 2–x, –1/2+y, 1.5–z; O5’, 2–x, –1/2+y, 1.5–z; O6’, 2–x, –y, 1–z; O4, 2–x, –y, 1–z; O1’, 

1–x, –y, 1–z; O3’, 1–x, –y, 1–z; N1’, 1–x, –y, 1–z; Cu1’, 1+x, y, z; Cu1”, –1+x, y, z. 

longer than in a (2.306(3) Å) and b (2.151(3) Å), while the equatorial Cu−O 
bond distance is shorter than the respective bond (1.987(3) and 1 .963(3) Å) in a 
and b, respectively. In add ition to t he covalent coordinative bonds in the crys-
talline network that cause the form ation of a 1D-ch ain-like polymer, coopera-
tively there are intriguin g intermolecular hydrogen bonds that j oin together t o 
create various motifs and chains of  solvent water molecules. The N5−H5A···O2 
and N4−H1···O3 interactions between  [Cu(pyzdc)2]2– polymeric species and 
protonated moiety resulted in the formation of hetero synthon R22(11). One of the 
most significant points in this study  is the molecules of cry stallization water, 
which play an important role in expandi ng the title pol ymer to give a 3D supra-
molecular architecture. In fact, these water molecules, which are linked by 
hydrogen bonds to form  tapes co mprised of an alternating sequence of fused 
hexamer and tetramer water clusters, a ct as a gluing factor for connecting ad-
jacent polymeric chains by the establishment of hydrogen bonding interactions.22 
In 2006, Castillo and co-workers reported the synthesis of a coordination polymer, 
{(H2bpe)[Cu(μ-pyzdc)2]·2H2O}n, (bpe = 1,2-bis(4-pyridyl)ethylene), that is simi-
lar to co mpound 1.23 In both structures, the catio ns and water  molecules are 
inserted between two paral lel arrays of chains giving rise to a pill ared structure 
which acts as a hydrogen -bond donor linking the upper and l ower arrays of 
chains (Fig. 2). However,  the differen ce in reaction conditions and type of the 
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cationic entities leads to a change in the crystalline network, the packing diagram 
and the hydrogen bonding interactions. One of the significant diff erences within 
1 in comparison to the Castillo compound is the presence of water  clusters in the 
former and their absence in the latter. 

 

 
Fig. 2. View of the network including non-coordinated water molecules formed by 

N−H···O and O−H···O bonds. 

CONCLUSIONS 

A new 1D-Cu(II) coordination poly mer was sy nthesized and structurally 
characterized by means of elemental analysis, infrared spectroscopy and single  
crystal X-ray diffraction. A novel topological net with channels was prepared by 
using a flexible ligand. The cry stal structure of 1 consists of a 1 D-polymer and 
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shows a coordination number of six for the Cu(II) i ons. Presently, other com-
plexes are being explored with much more flexible polycarboxylate ligands and 
relationships between their coordination mode and the structures obtained via the 
proton transfer mechanism are being studied.24 Many aspects of these categories 
of coordination polymer with a proton transfer ligand and their complexes, such 
as their solid phase fluorescence and biological activity, as well as further studies 
employing SEM and/or TEM techniques with the view of obt aining layered 
coordination metal–organic frameworks in nano-size regime using sonochemical 
irradiation, for comparing with the routine methods, remain to b e investigated, 
which are our aims for the near future. 

SUPPLEMENTARY DATA 
CCDC 785660 contains the supplementary crystallographic data for thi s paper. These 

data can be obt ained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from 
the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: 
+44 1223 336033). 
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И З В О Д  

МОЛЕКУЛСКА СТРУКТУРА 1D-КООРДИНАЦИОНОГ ПОЛИМЕРА БАКРА(II) СА 
ПИРАЗИН-2,3-ДИКАРБОКСИЛНОМ КИСЕЛИНОМ И 2-АМИНОПИРИМИДИНОМ 

MASOUD MIRZAEI1, HOSSEIN ESHTIAGH-HOSSEINI1, AZAM HASSANPOOR1 и VICTOR BARBA2 
1Department of Chemistry, Ferdowsi University of Mashhad, 917791436 Mashhad, Iran и 2Centro de 

Investigaciones Químicas, UAEM, Av. Universidad 1001, 62209 Cuernavaca, México 

На основу протон-трансфер механизма синтетизован је нови 1D-координациони поли-
мер бакар(II) јона, {(2-apymH)2[Cu(pyzdc)2]·6H2O}n, (2-apym = 2-аминопиримидин, pyzdcH2 =  
= пиразин-2,3-дикарбоксилна киселина). За карактеризацију овог полимера употребљени су 
елементална микроанализа, инфрацрвена спектроскопија и дифракција X-зрака са монокрис-
тала. Координациони полимер садржи непрекидне полимерне ланце од [Cu(pyzdc)2]2–, где су 
два ланца међусобно мосно повезана дуж а-осе, и дискретних (2-apymH)+ фрагмената. 
Бакар(II) јон се налази у инверзионом центру основне равни издуженог октаедра, док су два 
кисеоникова атома суседних (pyzdc)2– лиганада у аксијалном положају актаедра. Интерак-
ције између атома кисеоника из молекула воде заједно са дикарбоксилном киселином имају 
значајну улогу у грађењу супрамолекулске структуре. 

(Примљено 15. новембра 2010, ревидирано 28. септембра 2011) 
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Ab initio study of mechanism of the formation of a silicic bis-
heterocyclic compound in the reaction of silylenesilylene 

(H2Si=Si:) with ethene 
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Abstract: The mechanism of the cy cloaddition reaction of t he formation of a 
silicic bis-heterocyclic compound between singlet state silylenesilylene 
(H2Si=Si:) and ethene was investigated by the CCSD(T)//MP2/6-31G method. 
From the potential energy profile, it can be pr edicted that the reaction has one 
dominant reaction pathway. The presented rule of the dominant reaction 
pathway is that the [2+2] cycloaddition effect of the two reactants leads to the 
formation of a four -membered ring silylene (INT1). When the four-membered 
ring silylene (INT1) interacts with ethene, due to sp 3 hybridization of the Si: 
atom in four-membered ring silylene (INT1), the four-membered ring silylene 
(INT1) further combines with ethene to for m a silicic bi s-heterocyclic com-
pound (P2). 

Keywords: silylenesilylene (H2Si=Si:); cycloaddition reaction; potential energy 
profile. 

INTRODUCTION 
In recent y ears, silylene as an i mportant active inter mediate has attracted 

much attention in various fields of chemistry 1,2 and has led to a varied chemistry 
concerning silylenes. Reactions of silylene are regarded as an effective method in 
the synthesis of new bonds and heterocyclic compounds containing Si, which have 
long been some of the most interesting topics for organo–silicon chemists. There 
have been many theoretical and experimental investigations on addition reactions 
to saturated s ilylene.3–9 For example, the rate constant for the reaction of SiH 2 
( 1X A ) and C2H4 is 9.7×10–11 cm3 mol–1 s–1, measured by Inoue and Suzuki using 
the laser photolysis–laser-induced fluorescence method at 298 K and 1 Torr.6 

Becerra et al.9 obtained t he following Arrhenius parameters: lo g (A / cm 3 
mol–1 s–1) = –10.10±0.06, Ea = –3.91±0.47 kJ mol–1, and the Arrhenius Equa-
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tion: log (k / cm3 mol–1 s–1) = (–10.10±0.06) + (3.91±0.47 kJ mol–1) / RTln 10, 
by using laser flash photol ysis to generate SiH2 and monitoring the reaction of 
SiH2 with acetaldehy de over the pressure range 1–100 T orr and tem perature 
range 297–599 K. Some studies were performed on th e cycloaddition reaction of 
saturated silylene.10–13 In addition, the cycloaddition reaction of u nsaturated si-
lylenes were preliminarily studied,14–18 but these studies wer e always limited to 
the cycloaddition reaction of silylidene and its derivatives (R1R2C=Si: (R1, R2 =  
= H, Me, F , Cl, Br, Ph, Ar, etc.)). Hitherto, there are no reports on the cyclo-
addition reaction of sil ylene silylene and its derivatives (R1R2 Si=Si: (R1, R2 = 
H, Me, F, Cl, Br, Ph, Ar, etc.)); hence, this is a new study field of the cy cload-
dition reaction of unsatura ted silylene. In order to explore the rules of the c yclo-
addition reactions between silylenesilylene or its derivatives and symmetric π- 
-bonded compounds, silylenesilylene (H2Si=Si:) and ethene were chosen as mo-
del molecules, and it’s the mechanism of their reaction was investigated and ana-
lyzed theoretically. The results showed that this c ycloaddition reaction has two 
possible pathways (considering the hydrogen transfer simultaneously) as follows: 

INT1 + H2C=CH2
SiH2

Si

CH2H2C

CH2

H2C
P2 (2)

H2Si=Si: + H2C =CH2

:Si SiH2

H2C CH2

HSi SiH2

HC CH2

HSi SiH2

H2C CH
INT1

P1.3

P1.2 (1)

Si

SiH2

CH2H2C
P1.1

 
The research result indicates the laws of the cy cloaddition reaction between 

silylenesilylene (H2Si=Si:) and its derivatives and sy mmetric π-bonded com-
pounds, which are significant for the s ynthesis of small-ring and b is-heterocyclic 
compounds with Si. This  study extends the resear ch area of the reactions of 
ethene with R2C=C:19,20 and heteroatom substituted ylenes (Si and Ge)14,17,21–25, 
and especially enriches the research knowledge of silylene chemistry. 
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CALCULATION METHOD 
MP2/6-31G26 implemented in the Gaussian 9 8 package was employed to locate all the 

stationary points along the reaction pathway s. Full optimization and vibrational analysis were 
realized for the stationary  points on the reac tion profile. Ze ro point ener gy and CCSD(T) 
corrections were included in the energy calculations. In order to explicitly  establish th e 
relevant species, the intrinsi c reaction coordinate (IRC)27,28 was also calculated for all t he 
transition states appearing on the cycloaddition energy profile. 

RESULTS AND DISCUSSION 

The geometric parameters of t he four-membered ring sil ylene (INT1), the 
transition states (TS1.1, TS1.2 and TS1.3) and the products (P1.1, P1.2, P1.3 and 
P2) which appear in the cy cloaddition reactions (1) and (2) between sily lene-
silylene (R1) and ethene (R2) are given in  Fig. 1. The energies are listed in Table 
I, and the potential energy profile for the cycloaddition reaction is shown in Fig. 
2. The results of the IRC calculation for TS1.1, TS1.2 and TS1.3 are given in Fig. 
3. According to the calculations of th e IRC of TS1.1, TS1.2 and TS1.3 and fur-
ther optimization for the pri mary IRC r esults, TS1.1 connects IN T1 with P1.1;  
TS1.2 connects INT1 with P1.2 and TS1.3 connects INT1 with P1.3. According  
to Fig. 2, it c an be seen th at reaction (1) consists of four steps: 1) the two reac -
tants (R1 and R2) form a four-membered ring silylene (INT1), which is a barrier- 
-free exothermic reaction of 509.6 kJ mol–1; 2) INT1 isomerizes to a three-mem-
bered ring product (P1.1) through transition state (TS1.1) with an energy  barrier 
of 72.7 kJ mol–1; 3) and 4) INT1 undergoes hydrogen transfer, via either transi-
tion state TS1.2 and TS1. 3 with energy barriers of 60.1 and 11 6.0 kJ mol–1, re-
sulting in the formation of product P1.2 and P1.3, respectively. According to Fig. 
2, because the energy of P1.1 is 51.5 kJ mol–1 higher than that of INT1, the reac-
tion of INT1→P1.1 is thermodynamically prohibited at normal temperatures and 
pressure. INT1→P1.2 and INT1→P1.3 are mutually competing reactions but be-
cause the energy of TS1.3 is 55.9 kJ mol–1 higher than that of TS1.2, P1.2 is the 
main product of reaction (1). 

In reaction (2), INT1 further reacts with  ethene (R2) to form a silicic bis-he-
terocyclic compound (P2). According to Fig. 2, this reaction is a barrier-free exo-
thermic reaction of 141.7 kJ mol–1. A careful and detailed study of this reaction, 
for which no interm ediates or transition states exist, was performed. It was be-
lieved that when INT1 interacts with ethe ne, due to the lar ge radius of the Si 
atom, sp3 hybridization the Si(2) atom in INT1 occurs before INT1 and ethen e 
could form intermediate and transition states, and thus INT1 combines with 
ethene to form the silicic bis-heterocyclic compound (P2).  

According to Fig. 2, INT1→P1.2 and reaction (2) are two mutually competi-
tive reactions and as the reaction INT1 →P1.2 has a  barrier of 6 0.1 kJ mol–1 
while the reaction INT1+R2→P2 directly reduces the system energy by 141.7 kJ 
mol–1, reaction (2) should be the main reaction pathway. 
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According to the above analysis, the dominant reaction channel of the cyclo-
addition reaction between singlet silylenesilylene and ethene is as follows: 

 R2R1 R2 INT1 P2+ ⎯⎯→ ⎯⎯⎯→  

 
Fig.1. Optimized MP2/6-31G geometrical parameters and the atomic numbering for the 

species in cycloaddition reactions (1) and (2). Bond lengths and bond angles 
are in angstroms and degrees, respectively. 

 
Fig. 2. The potential energy profile for the cycloaddition reactions between 

H2Si=Si: and ethene with CCSD (T)//MP2/6-31G. 
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The mechanism of the dominant reaction pathway can be explained by the mo-
lecular orbital diagrams (Figs. 4 and 5) and Fig. 1. According to the NBO analy-
sis of INT1, the natural electron configuration of the Si(2) atom in INT1 is [core] 
3s(1.69) 3p(1.62) 3d(0.02). Hence, it is certain that the hybridization of Si(2) 
atom in INT1 is sp (Fig. 5). According to Figs. 1 and 4, when the silylenesilylene 
(R1) interacts with ethane (R2), due to the [2+2] cycloaddition effect of the two 
π-bonds in silylenesilylene (R1) and ethene, a four-membered ring silylene (INT1) 
is formed. As INT1 is still an active inter mediate, INT1 may further react  with 
ethene to form a silicic bis-heterocy clic compound (P2). The mechanism of this 
reaction can be explained with Figs. 1 a nd 5. When INT1 interacts with ethene, 
due to the large radius of the Si atom, sp3 hybridization of the Si(2) atom in INT1 
occurs before any intermediate or trans ition states could be form ed. Thus INT1 
combined with ethene to f orm a silicic bis-heterocyclic compound (P2). Accord-
ing to the NBO analy sis of P2, the Si(2) atom is sp2.53 in the Si(2)–C(1) bond, 
the Si(2) atom is sp 2.54 in the Si(2)–Si(1) bond, the Si(2) ato m is sp3.81 in the 
Si(2)–C(3) bond, the Si(2) atom is sp3.24 in the Si(2 )–C(4) bond. Thus, it is cer-
tain that the Si(2) atom in INT1 undergoes sp 3 hybridization, when INT1 inter-
acts with ethene. 

 

Fig. 3. IRC of TS1.1, TS1.2 a nd TS1.3, and their  
geometric evolution. 
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Fig. 4. A schematic interaction diagram for the 
frontier orbitals of H2Si=Si: (R1) and H2C=CH2 
(R2). 

 
Fig. 5. A schematic interaction diagram for the 
frontier orbitals of INT1 and H2C= CH2 (R2). 

CONCLUSIONS 

From the potential energy profile of the cycloaddition reaction between sing-
let silylenesilylene and ethene obtained by the CCSD(T)//MP2/6-31G method, it 
can be predicted that the dominant channel of this reaction consists of two steps: I) 
the two reactants first form a four-membered ring silylene (INT1) through a bar-
rier-free exothermic reaction of 509.6 kJ mol–1 and (II) INT1 further reacts with 
ethene (R2) to form a silicic bis-heterocyclic compound (P2), which is also a bar-
rier-free exothermic reaction of 141.7 kJ mol–1. 

И З В О Д  

AB INICIO ПРОУЧАВАЊЕ МЕХАНИЗМА НАСТАЈАЊА БИС-ХЕТЕРОЦИКЛИЧНОГ 
ЈЕДИЊЕЊА РЕАКЦИЈОМ СИЛИЛЕНСИЛИЛЕНА (H2Si=Si:) И ЕТЕНА 

XIUHUI LU, LEYI SHI, YONGQING LI и ZHINA WANG  

School of Chemistry and Chemical Engineering, University of Jinan, Jinan, 
Shandong, 250022, People’s Republic of China 

Механизам циклоадицијске реакције између синглетног силиленесилилена (H2Si=Si:) и 
етена, у којој настаје једно бис-хетероциклично једињење, истраживан је методом 
CCSD(T)//MP2/6-31G. На основу профила потенцијалне енергије, предвиђа се да реакција 
има један доминантни реакциони пут. То је [2+2] циклоадиција која доводи до формирања 
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силилена са четворочланим прстеном (INT1). Када четворочлани прстен силилена (INT1) 
интерагује са етеном, услед sp3 хибридизације Si: атома у прстену, овај прстен се комбинује 
са етеном градећи једно бис-хетероциклично силицијумово једињење (P2). 

(Примљено 15. јануара, ревидирано 4. октобра 2011) 
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Influence of the sodium dodecyl sulphate (SDS) concentration on 
the disperse and rheological characteristics of oil-in-water 

emulsions stabilized by octenyl succinic anhydride 
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Abstract: Stability of oil-in-water e mulsions can be achieved by chemically 
modified starch, such as oct enyl succinic anhydride (OSA) starch, as an e mul-
sifier. In order to analyse the disperse and rheological ch aracteristics of emul-
sions containing two kinds of e mulsifiers, part of the OSA starch can be su b-
stituted with an adequate co ncentration of sodiu m dodecyl sulphate (SDS ), 
which is a small surfactant with the same charge as OSA starch. The oil co n-
tents of the examined emulsions were 5, 20 and 50 %. The selected OSA starch 
concentration was 10 % a nd replacements of a part of the OSA st arch were 
realized with SDS concentrations of 1, 3 and 5 %. Dispersed droplets of emul-
sions were defined by determination of the Sauter mean diameter d32 and par-
ticle size distribution. Flow curves were use d to describe the rheological p ro-
perties of the emulsions. In addition, the stabi lity of the emulsion samples was 
observed and expressed by the creaming index. The obtained results indicated a 
decrease in the  Sauter mean diameter of the droplets, the st andard deviation 
and the appare nt viscosity of the emulsions with increasing amounts of SDS 
within the emulsifier mixture OSA starch–SDS. According to cre aming rate, 
the emulsions with OSA starch were more stable than the emulsions stabilized 
by the OSA starch and SDS combinations.  

Keywords: oil/water emulsions; octenyl succinic anhydride starch; sodium do-
decyl sulphate, rheology; disperse characteristics. 
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INTRODUCTION 
An emulsion is a dispersed system that contains at least two immiscible li-

quids and a t hird component that ensures sy stem stability, known as an em ul-
sifier. An emulsifier adsorbs at the oil–water interface, where it decreases the sur-
face tension and coats the  dispersed droplets, thereby protecting them from coa-
lescence.  

The classification of emulsifiers includes two groups of widely applied com-
pounds for em ulsion stability: small-molecule surfactants and macromolecular 
emulsifiers, known as biop olymers. Sodium dodecyl sulphate (SDS) belongs to  
the first group and octenyl succinic anhydride (OSA) starch to the second.  

Modified starches ar e native starches that have bee n chemically or phy si-
cally changed in order to improve their properties and to satisfy specific demands 
of industrial application.1 Chemically modified starches are, generally, obtained 
by introducing a chemical group or molecule part that reacts with hydroxyl groups 
of the starch molecules. Accordingly, the properties of native star ch are more or 
less changed.2 

OSA starch is formed by the modification of native starch by  octenyl suc-
cinic anhydrides. One of the three accessible carbon atoms of the glucose mole-
cule, at position 2, 3 and 6, are substit uted by octenyl succinic anhydride. The 
substitution largely occurs at branched  amylopectin chains, and the degree o f 
substitution (DS value) for food application is in the range 0.01–0.03.3,4 The hyd-
rophobic OSA group incorporated into the hydrop hilic structure of native starch 
provides surface active properties to th e macromolecule. In addition, the h ydro-
phobic OSA substituent contains a carboxylic group that can be negatively charged, 
thus considering the low degree of substitu tion, this modified starch has proper-
ties of a weakly charged polyelectrolyte.5 

In this manner, OSA starch has dual properties; the amphiphilic nature of the 
molecules provides stronger surface activity compared to native starch molecu-
les,6 and the macro molecule characteristic increases the viscosity of the conti-
nuous phase. These characteristics make it suitable for stabilisation of dispersed 
systems, especially oil-in-water emulsions. The macromolecules are brought to 
the oil–water interface by  short, hydrophobic, octenyl succinic chains that are in 
the oil phase, while long am ylopectin chains stay at the water phase and protect 
the droplets against flocculation by the steric stabilization mechanism.7,8 

Synthetic surfactants, such as SDS, are widely used components for different 
industrial formulations. The specific molecular structure of SDS, represented by 
long aliphatic chains with a sulphate ester group, confers am phiphilic properties 
and significant surface  activity to the m olecule.9 The dispersed droplets of a n 
emulsion are stabilized by electrostatic repulsion, unlike OSA starch that accom-
plishes stabilization by the steri c mechanism.10 The adsorption of negatively 
charged SDS molecules to the surface  of the oil droplets increa ses the electro-
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static repulsion between droplets. 11 Dickinson and Ritzoulis 12 examined cream-
ing and rheology  of an oil-in-water  emulsion containing SDS and sodium  ca-
seinate. They concluded that an excess of SDS promoted destabilization through 
fast creaming and explained that non-adsorbed surfactant micelles in the aqueous 
phase of the emulsions caused depletion flocculation. 

The aim of this work was to exam ine the properties of em ulsions stabilized 
by OSA starch and mixtures of OSA starch and SDS. SDS is chosen because of 
its same electric charge as OSA starch, but different chemical structure and diffe-
rent stabilizing m echanism. Knowledge about properties of the final em ulsion 
product, such as droplet size, stability  and rheology, when those two surfactants 
are used together, is im portant in order to improve quality and the range of their 
application. Due to that part of the OSA starch, which are used as emulsifier, will 
be substituted with adequate concentra tions of SDS  and the cha racteristics of 
emulsions will be analyzed. 

EXPERIMENTAL 
Material 

Sunflower oil “Olivko”, acquired from the l ocal oil produ ction plant “ Banat” Nova 
Crnja, Serbia, has a hig h content of oleic a cid as a monounsaturated acid and is highl y 
resistant to oil hy drolysis and oxidation. Its p hysico–chemical characteristics at 25 °C were:  
density, ρ = 0.9145 g cm-3, viscosity coefficient, η = 56 mPa s, and total acid number, TAN = 
0.353 mg KOH g-1 oil. The fa tty acid composition of the “Olivko” oil presented in Table I 
was determined by gas chromatography–mass spectrometry analysis.13 

As an emulsion stabilizer, OSA starch with the trade name Purity Gum 2000, which is a 
waxy maize derivative produced by the National Starch and Chemicals GmbH, Germany, was 
used. It is recommended as good natural emulsifier for food and pharmaceutical applications. 
The SDS was obtained from Centrohem, Beograd, Serbia. Double-distilled water was u sed. 
All chemicals were of reagent grade and were used as such. 
Preparation of the emulsions 

The continuous phase was formed by dissolving an appropriate amount of OSA starch or 
OSA starch–SDS mixtures in water and heat ing at 50 °C. The sele cted OSA starch concen-
tration was 10 %. Part of the OSA starch was replaced with adequate SDS concentrations (1, 3 
and 5 %). Hence, emulsions stabilized with: 10 % OSA starch; 9 % OSA starch and 1 % SDS; 
7 % OSA starch and 3 % SDS; and 5 % OSA starch and 5 % SDS. The chosen a mount of oil, 
the dispersed phase, based on the mass of e mulsion, was a dded to the continuous pha se in 
order to form an emulsion. The dispersed phase concentrations were 5, 20 and 50 %. In  order 
to avoid microbial contamination, 0.01% of sodium azide was added. Homogenization was 
performed in an Ultra–Turrax T25 basic h omogenizer, equipped with a n S 25 N–18 G dis-
persing tool, at a constant temperature of 25±0.1 °C at 9500 min-1. The energy density for the 
preparation of t he emulsions14 was 6.0 ×106 W m-3. The tot al homogenization time was 20 
min. Prior to the measurements, the prepared emulsions were kept at room temperature for 24 h. 
Determination of the particle size and particle size distribution  

The size distribution of the droplets was determined using microphotography. The emul-
sion samples required pre-arrangements before taking the microphotographs.15 
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The microphotographs were taken at few optical fields using an optical microscope (TP-
1001C TOPICA CCD CAMERA (Kruss)). They  were adjusted by adequate software a nd 
expanded 1:1000; hence, a droplet with an actual size of 1 μm corresponded to 1 mm on the 
photograph. Due to the dia meter frequency, the Sauter mean diameter d32, µm, (Eq. (1)) was 
determined in order to define the droplet size distribution.  
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The standard deviation was calculated according to Eq. (2): 
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where ni is number of droplets in each size class, di is the droplet diameter, Σni is total number 
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Rheological measurement  

The determination of rheological behaviour was performed using a HAAKE Rheostress 
RS600 rotational viscometer (“Thermo Electron Corporation”, Karlsruhe, G ermany) with a  
cone–plate C60/1Ti sensor (the cone and plate  gap was 0.052  mm). The measurements were 
realized at a co nstant temperature of 25±0.1 °C. The rheological method included hysteresis 
loop tests. The samples were exposed for the first 180 s to an  increasing shear rate from 0 to 
500 s-1, the shear rate was held constant at 500 s-1 for 120 s and finally, the shear rate was 
decreased to 0 s-1 in 180 s.  
Creaming rate determination 

Creaming of the emulsion samples was observed at room temperature. The volume of the 
transparent serum layer formed at the bott om of the cylinder was re gistered visually and 
expressed by HS. The total volume of the emulsion sample was HE. The extent of creaming 
was characterized by the creaming index H / % (Eq. (4)): 

 S

E
100 H

H
H

=  (4) 

Statistical analysis 

Statistical analysis of the data and significant differences at the significant level 0.05 for 
several variables, based on three individual measurements, were determined by the ANOVA 
procedure and Duncan multiple range tests. The calculations were p erformed using the sta-
tistical software SPSS 15.0 (SPSS Inc, Chicago, Illinois, USA). 

RESULTS AND DISCUSSION 

Disperse characteristics 

A comparison of the Sauter mean diameter d32 of the e mulsions stabilized 
with OSA starch and suitable concentrations of SDS is given in Fig. 1A. 
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Fig. 1. The influences of OSA starch–SDS ratio on A) the Sauter mean diameter d32 of the 

dispersed droplets and B) the standard deviations of the investigated emulsions. 
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Increasing the amount of SDS in the OSA starch–SDS mixtures led to a de-
crease in the average droplet diameter of the examined emulsions. The same ef-
fect occurred for all the examined oil concentrations. 

SDS molecules are able t o adsorb at  the oil–water interface more rapidly 
than biopolymers, such as OSA starch.18,22 The slow adsorption of OSA starch is 
caused by the crowding of its hydrophobic and hydrophilic groups that slows  
down the diffusion process and delay s adsorption.16–18,22 Several biopol ymer 
molecules can be adsorbed at a newly created interface at the early stage of the  
emulsification process, but presence of adsorbed small surfactant molecules cause 
biopolymer substitution from interface.17,19,20  

The standard deviation is a value of the width of the size distribution of the 
droplets in a pol ydisperse emulsion.21 The change s in the standard deviation 
(Fig. 1B) were similar to those for d32. It is obvious that emulsions without SDS 
had the largest standard deviation valu es, irrespective of the oil content, which 
means that they were highly polydisperse. 

Jafari et al.18 announced that addition of Tween 20 to oil-in-water emulsions 
stabilized with OSA starch caused a cons iderable reduction of the average drop-
let diameter. This occurrence is a reperc ussion of the ability  of the small Tween  
20 molecules to adsorb at the interface before the OSA starch and to disable coa-
lescence during the  emulsification process. SDS is also a s mall molecule like 
Tween 20 and they have similar mobility and adsorption properties in compari-
son to OSA starch; hence, the pre mise by Jafari et al. could also be valid for the 
composite emulsifiers analyzed in this work. The results presented in Fig 1A  
were confirmed by Tesch et al.,22 who reported that the average droplets diame-
ters of emulsions stabilized by OSA starch were higher than those for emulsions 
stabilized by SDS. This was caused by the faster adsorption of small SDS mole-
cules at the oil–water interface. 

The observation is also in accordance t o the results presented by Tangsu-
phoom et al.23 They added SDS to coconut milk before the homogenization step 
and noticed a reduction in the average diameter of the droplets.  

Rheological characteristics 

To determine flow parameters of the emulsions, a power law equ ation (Eq. 
(5)) was suitable because the systems did not show yield stress:  
 nKτ γ=   (5) 

where τ is the shear stre ss, γ  is the shear rate, K is a consistency  index and n is 
the flow behaviour index.  

The consistency index K is a measure of the sy stem consistency and it is 
related to the apparent viscos ity. The flow behaviour index n determines the 
degree of non-Newtonian behaviour and varies in the range between 0 and 1. The 
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non-Newtonian character of an inves tigated system is more pronounced for 
smaller values of constant n. 

The values of K and n for the sa me concentration of oil phase, which are 
located in the same row, are presented in Table I. The values are presented at the 
confidence interval 95 % and the val ues of the in dividual measurements are 
given as mean value ± error of determination. 

TABLE I. Flow curves parameters K and n of the emulsions stabilized with OSA starch and  
OSA starch–SDS mixtures; the values are presented at the confidence level 95 % and the va-
lues of the i ndividual measurement are given as the mean value ± the error o f determination; 
the mean values do not differ significantly (p > 0.05) if they are followed by the same letter in 
the superscript 
Oil content, % (cOSA starch + cSDS), % K / Pa s n 
5 10 + 0 0.0088990 ± 0.00016(cd) 0.9463667 ± 0.00588(d) 
 9 + 1 0.0088623 ± 0.00041(cd) 0.9772000 ± 0.00578 (c) 

7 + 3 0.0070097 ± 0.00032 (b) 0.9533667 ± 0.00745(b) 
5 + 5 0.0042753 ± 0.00005(a) 0.9634333 ± 0.00225 (a) 

20 10 + 0 0.0216700 ± 0.00342 (cd) 0.9314000 ± 0.00375(cd) 
9 + 1 0.0209600 ± 0.00038(cd) 0.9300667 ± 0.00428 (cd) 
7 + 3 0.0190533 ± 0.00076 (b) 0.8834333 ± 0.00373 (b) 
5 + 5 0.0103467 ± 0.00048 (a) 0.9095333 ± 0.00621 (a) 

50 10 + 0 0.2717333 ± 0.01986(d) 0.7781333 ± 0.01249 (ad) 
9 + 1 0.2010000 ± 0.01288 (c) 0.7586000 ± 0.01102 (c) 
7 + 3 0.1697000 ± 0.00366(b) 0.7423000 ± 0.01032 (b) 
5 + 5 0.1094000 ± 0.02085 (a) 0.7815333 ± 0.02315 (ad) 

The conclusion of the re sults presented in Table I is that  increasing the 
amount of SDS in the emulsifier mixtures of OSA starch and SDS, used to  sta-
bilize emulsions, led to a decrease in consistency index K, meaning a reduction in 
the apparent viscosity of the emulsions. The reason for such behaviour lies in the 
fact that OSA starch is macro molecular emulsifier, which has a significan t 
influence on the viscosity  of continuous phase due to  its macromolecular nature. 
A characteristic of polymers is their capability of modifying the viscosity of water. 
OSA starch replacement with a low-m olecular mass emulsifier, such as SDS,  
which has a negligible effect on the vi scosity, still resulted in a decrease in the 
viscosity of the continuous phase. The  decrease in aqueous phase viscosity  re-
flected on the consistency index of the emulsions. Changes in the SDS concentra-
tion did not show a specific dependence on the flow behaviour index n. 

Increasing the oil concent ration in the e mulsions led to an incre ase in con-
sistency index K due to the increase in the packing density of oil droplets, as well 
as a decrease in flow behaviour index n, indicating a pronounced shear thinning 
behaviour of the systems at higher oil contents. This phenomenon is related to the 
fact that the droplets are closer to one  another at h igher oil concentrations a nd 
they tend to flocculate. Small hydrodynamic forces at low shear rates are not able 
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to disrupt th e flocs, but at higher shear  rates, the flocs beca me deformed a nd 
eventually disrupted, causing a reduction in the emulsion viscosity.21,24,25  
Emulsion stability 

Emulsions with only OSA starch were more stable in terms of their creaming 
appearance compared to emulsions stabilized by the OSA starch–SDS mixtures. 

Particularly, on comparing the occurrence of crea ming of em ulsions stabi-
lized by OSA starch–SDS mixtures with those that were stabilized only by OSA 
starch, it was  noticed that the addition of SDS enhanced the separation of the 
droplets. The influence of different amount of SDS in the OSA starch–SDS mix-
tures on the creaming rate of the examined emulsions is shown in Fig. 2. 

In the presence of SDS, r apid creaming was noticed. In the emulsions that 
contained 5 % and 20 % of dispersed phase, for all OSA starch and SDS ratios , 
the creaming index reached maximal values after an hour. In addition, increasing 
the amount of SDS in the mixture led to an increase of the maximum values of 
creaming index for the e mulsions with 20 and 50 % of the oil phase, while thi s 
effect was less pronounced in the emulsions with an oil content of 5 % (Fig. 2). 

The emulsions stabilized only by OSA starch showed a slower cre aming be-
haviour and the maximum value of  the creaming index was achieved after two 
days. Increasing the SDS concentration in the OSA starch–SDS mixtures led to a 
decrease in the creaming time. Emulsions that contained 50 % oil showed a delay 
time of creaming. For t he emulsions with an OSA starch–SDS ratio of 9: 1, as 
well as for the emulsions stabilized only by OSA starch, the delay  period was 72 
h. The delay time decreased with increasing amount of SDS, and it was 24 h fo r 
an emulsifier ratio of 1:1. 

A significant difference in the tur bidity of the transparent seru m layer was 
noticed between the emulsions that contained SDS and those that were stabilized 
only by OSA starch. Namely, the serum layer of the emulsion that did not contain 
SDS, after the appear ance of cre aming, was turbid, and the border of the tw o 
layers was not sharp. The  serum layer became clearer during storage while th e 
border between the two layers became more noticeable. This is typical behaviour 
for highly polydisperse systems, and is in accordance with the Stocks Law. The 
larger droplets move faster, while the smaller ones remain longer in t he serum 
layer thereby making it turbid. 

Thus, emulsions stabilized with OSA starch and SDS mixtures after th e 
creaming had a clear serum layer without remaining oil droplets. According to 
Dickinson26 and McClements,21 surfactants micelles and non-adsorbed biopoly-
mers can lead to destabilization of an e mulsion system by the depletion floccu-
lation mechanism, which occurred in th ese examined systems. The oil droplets 
moved faster during the crea ming process because of flocculation and the cle ar 
serum layer evidenced that all droplets were in the top layer. 
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Fig. 2. The influence of OSA starch–SDS ratio on the creaming rate of the emulsions with 

different oil contents A) 5 and B) 20 %. 
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Fig. 2. (Continued) The influence of OSA starch–SDS ratio on 

the creaming rate of the emulsions with oil content 50 %. 

CONCLUSIONS 

From the presented results, it can be concluded that i ncreasing the amount of 
SDS in OSA starch–SDS mixtures decreased the apparent emulsion viscosity and 
the mean diameter of the dispersed droplets. However, despite the slow adsorp-
tion, OSA starch molecules provide a better stability to the emulsion than a com-
bination of OSA starch and SDS. This is be cause surfactant micelles and non -
adsorbed biopolymers destabilize the emulsions by the depletion flocculation of 
the droplets when OSA starch and SDS are employed together. 
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Стабилизација емулзија типа уља у води може се остварити хемијски модификованим 
скробом, октенил сукцинат анхидридом скроба – ОСА скробом, као емулгатором. У циљу 
испитивања дисперзионих и реолошких особина емулзија које садрже две врсте емулгатора 
део ОСА скроба може да буде замењен адекватном концентрацијом натријум-додецил-сул-
фата, који је сурфактант истог наелектрисања као и ОСА скроб. Садржај уља испитиваних 
емулзија износио је 5, 20 и 50 %. Поред одабране концентрације ОСА скроба од 10 %, натри-
јум-додецил-сулфат је уведен у концентрацијама 1, 3 и 5 % заменом адекватног дела ОСА 
скроба. Методом одређивања величине и расподеле величине капи дефинисан је средњи 
пречник диспергованих капи – Саутеров пречник, d32. Испитивањем кривих протицања 
утврђена су реолошка својства емулзија. Такође је праћена стабилност емулзија која је изра-
жена преко криминг индекса. Добијени резултати указали су на смањење Саутеровог сред-
њег пречника капи диспергованог уља и стандардне девијације и смањење вредности при-
видних вискозитета емулзија са повећањем удела натријум додецил сулфата у смеши емул-
гатора. Емулзије које су садржале само ОСА скроб, на основу праћења појаве криминга, 
показале су већу стабилност од емулзија стабилизованих комбинацијом ОСА скроба и на-
тријум-додецил-сулфата. 

(Примљено 30. јуна 2010, ревидирано 7. фебруара 2011) 
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Abstract: A highly  sensitive method for the determination of epinephrine is 
proposed, which is based on the perturbation of epinephrine to a Briggs–Rau-
scher oscillating system involving malonic acid, Mn2+, H+, IO3

– and H2O2 at a 
non-equilibrium stationary state. The concentration of KIO 3 was chose n as a 
control parameter to find the bifurcation point in this study. The results showed 
that a good lin ear relationship between the di fference in the potential and th e 
negative logarithm of the concentrations of epinephrine existed in the ra nge 
1.1×10-7–5.2×10-9 mol L-1 with a lo wer detection limit of 6.8×10-10 mol L-1 
and a correlation coefficient of 0.9974. Com pared to the classical o scillating 
reaction, this method has a lower detection limit and a wider linear range. The 
effects of some foreign species, which may possibly exist with epinephrine, on 
determination were also inve stigated. The propose d method was successfully 
used to determine epinephrine both in serum and adren aline hydrochloride 
injection. 

Keywords: Briggs–Rauscher oscillating system; epinephrine; determination; 
non-equilibrium stationary state. 

INTRODUCTION 

The application of classical oscillating chem ical reactions in analy tical che-
mistry has made significant progress since a continuousl y stirred tank reactor  
(CSTR)1 was combined with the analy te pulse perturbation technique (APP). 2 
The simple equipment used, the large linear range ( ca. 10–7–10–4 mol L–1) and 
low detection limit (ca. 10–6–10–8 mol L–1) are its unique advantages, in general, 
which could satisfy the need of common determinations in many fields. In recent 
years, for improving further the sensitivity, the Perez-Bendito group 3,4 and the 
Strizhak group5,6 investigated theoretically the largest Lyapunov exponent in the 
transient chaotic regime with the BZ (Belousov–Zhabotinsky) oscillating system 
and developed a new analytical method with a very high sensitivity (detection li-
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mit ≤ 10–12 mol L–1). Gao et al.7,8 reported that a sulfide- modified BZ oscil -
lating chemical system is very sensitive to trace amounts of some metal ions. Vu-
kojevic and Pejic et al.9–11 studied the characteristics of a non-equilibrium statio-
nary state close to the bifurcation point between the non-oscillatory and oscilla-
tory state, an d proposed successfully  a novel kineti c method for the deter mi-
nation of organic compounds and inorganic ions. The above methods are basi-
cally a BZ oscillating chemical system, i.e., a cerium ion cataly zed oxidation 
reaction of malonic acid by  BrO3– in sulfuric acid. In addition t o the BZ oscil-
lating reaction, the BR (Briggs–Rauscher) o scillating reaction is also very  inte-
resting in analytical chemistry.  

The classical BR reaction12 is the Mn2+ catalyzed oxidation of malonic acid 
by iodate and h ydrogen peroxide in su lfuric or perchloric acid medium, which 
was reported by Briggs and Rauscher in  1973. Although the sustained oscillating 
time of the BR is shorter than that of the BZ oscillating reacti on, it has been  
successfully used to analyze so me antioxidant-type substances with one or more 
phenolic hydroxyl groups, such as pol yphenolic compounds,13 virgin olive oil14 
and red wine. 15 It is meaningful to determine food and dru gs using the BR 
oscillating system because the pH employed is similar to the acidity of the fluids 
in the stomach13 and the stomach is part of the digestive system. In the process of 
disease treatments, drugs are involved in some non-linear oscillat ion such as t he 
human blood circulation and metabolism; hence explorin g therapeutic mecha-
nisms through studying oscillating reactions could more truly reflect the nature of 
the drugs. 

As a natural catechola mine in the huma n body, epinephrine (the chemical 
structure of which is shown in Fig. 1) is an important compound for message 
transfer in the mammalian central ner vous system, and it can also excite the 
heart, contract blood vessels and relax bronchial smooth muscle contraction. Many 
life phenomena are related to its concentra tion, thus, it is meaningful to develop 
an efficient determination method to study its physiological function and diagno-
sis in some diseases in clinical medicine. In this paper, a new method for the de-
termination of epinephrine is proposed and compared with other methods, such 
as fluorimetry,16 chemiluminescence,17 voltammetry,18 and m olecular imprint-
ing.19 The results indicated that the sensitivit y of the proposed method is better 
than those of the others. 

Fig. 1. Chemical structure of epinephrine. 
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EXPERIMENTAL 
Apparatus 

A SY-601 thermostat (Tianjin Ounuo Instrument Ltd. Co., China) with an accuracy±0.1 K 
and a Model ML-902 magnetic stirrer (Sha nghai Pujiang Analytical Instrumental Factory, 
China) were used to maintain the temperature constant. A CHI-832 electrochemistry analyzer 
(Shanghai Chenhua Instrument Co., China) was directly connected to the reactor through two 
Pt-electrodes (Rex, 213, Chin a), whereby, one served as the working electrode and the othe r 
as auxiliary electrode, and a H g2SO4 reference electrode to r ecord the potential changes. An 
injector was used to add the sample solutions. 
Reagents 

All the employed chemicals were of analytical-reagent grade and doubly distilled water 
was used throughout to prepa re the working solutions, i.e., malonic acid (0.25 m ol L-1), 
MnSO4 (0.025 mol L-1), H2SO4 (0.16 mol L-1), H2O2 (4.8 mol L-1) and KIO3 (0.25 mol L-1). 
The H2O2 solution was standardized by KMnO4 solution before the u se and preserved in a 
brown reagent-bottle. A stock solution of epinephrine was prepared with distilled water an d 
stored in a refrigerator. Working solutions with lower concentrations were prepared by dilu-
tion immediately prior to use. 
Procedure 

The experiments were performed in a gl ass reactor (ca. 50 mL) coupled with a SY-601 
thermostat and a Model ML-902 magnetic stirrer. A mixture containing malonic acid, MnSO4, 
H2SO4, H2O2 and KIO3 was placed in the reactor at 295±0.1 K. Then doubl y distilled water 
was added to a final volume of 20 mL. Finally, the three electrodes were immersed into the re-
action media under stirring, and the time–potential curve was recorded immediately. 

RESULTS AND DISCUSSION 

Finding bifurcation point 

Generally, the initial concentration of r eactants and the specific flow rate, as 
well as temperature, can be chosen as the control parameter to study a non-equi-
librium stationary state. In this study, t he initial concentration of  KIO3, which 
was varied from 5.75×10–2 to 4.0×10–3mol L–1, was chosen as the control para-
meter to defi ne the bifurcation profile. With decreasing initial concentration of 
KIO3, the a mplitude of the sy stem gradually decreased and eve ntually disap-
peared at a KIO3 concentration 5.0×10–3 mol L–1 (Fig. 2A), i.e., the sy stem 
transformed from a steady oscillation state to a non- equilibrium stationary state. 
Then, the bifurcation profile (Fig. 2B) using the initia l concentration of KIO 3 as 
the control parameter was made following Fig. 2A. 

The theoretical bifurcation point of the system was also found at a concen-
tration of 4.1×10–3 mol L–1 by linear extrapolation,9 i.e., a plot of the square of 
the amplitude of the oscillations versus the initial concentration of KIO3 (Fig. 3). 

In order to investigate the determination sensitivity in different non-equilib-
rium stationary states, the same am ount of epinephrine was added into t his sys-
tem at different concentrations of KIO 3. Fig. 4 indicates that the  closer to the 
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concentration of bifurcation point, the higher sensitivity  is. Hence,  a KIO3 con-
centration of 5.0×10–3 mol L–1 was used in this study. 

 

 

 
Fig. 2. A. Time series profiles at different initial concentration of KIO3; A) 7.0×10-3, 
B) 6.0×10-3, C) 5.8×10-3, D) 5.6×10-3 and E) 5.0×10-3 mol L-1; F) bifurcation profile 
using the initial concentration of KIO3 as the control parameter. Common conditions: 

[malonic acid] = 1.625×10-2 mol L-1, [MnSO4] = 1.0×10-3 mol L-1, 
[H2SO4] = 0.02 mol L-1, [H2O2] = 1.08 mol L-1, T = 295 K. 
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Fig. 3. The pl ot of the square of 
the amplitude versus the i nitial 
concentration of KIO3 in mol m-3. 

Fig. 4. The profiles of ad ding 
2.1×10-8 mol L-1 epinephrine near 
to the point of bifurcation. [KIO3]: 
a) 5.0×10-3, b) 4.7×10-3, c) 4.4×10-3, 
d) 4.1×10-3 and e) 3.8×10-3 mol L-1. 
The other conditions were  the 
same as those given in the caption 
to Fig. 2. 

Determination of epinephrine in non-equilibrium stationary state  

In the vicinity of the bifurcation point, the system is extremely sensitive to 
surrounding change. When the epinephrine was injected into the system, the po-
tential of system changed. In the range of 1.1×10–7 to 5.2×10–9 mol L–1, the po-
tential difference ΔE (ΔE = E – Ep, where E and Ep are the potential of the 
system before and after addition of epin ephrine, respectively) was linearly  pro-
portional to the negative logarithm of the epinephrine concentration (–log c), and 
the detection limit was 6.8×10–10 mol L–1 (Fig. 5). The linear relationship can be 
expressed by the following regression equation: 
 ΔE (mV) = 41.33–3.82 (–log c / mol L–1) (r = 0.9974, N = 11) 

Moreover, a comparative study between the classical oscillating profile and  
the bifurcation point was performed for the same system. 
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Fig. 5. Calibra tion curve for the  
determination of epinephrine using 
the non-equilibrium stationary state. 

Determination of epinephrine in a regular oscillation system  

In order to gain higher sensitivit y, the effects of experimental variables on 
the determination were investigat ed. As shown in F ig. 6, 1.625×10–2 mol L–1 
malonic acid, 5.7 5×10–2 mol L–1 KIO3, 1.08 mol L–1 H2O2 and 2 95 K w ere 
chosen as the optimal con ditions. In addition, the effects of the  MnSO4 concen-
tration and solutio n acidity were studied over the range fro m 6.25×10–4 to 
1.87×10–3 mol L–1 and from 0.016 t o 0.032 mol L–1, respectively. As th e 
MnSO4 and H 2SO4 concentrations decreased, the p erturbations of epinephrine 
increased. When the MnSO 4 concentration was lower than 6.25×10 –4 mol L–1 
and the H2SO4 concentration was lower than 0.016 m ol L–1, the oscillating pro-
files became irregular. In term s of stabilit y and se nsitivity, 1.0×10–3 mol L–1 
MnSO4 and 0.02 mol L−1 H2SO4 were finally adopted for further study. 

Fig. 6. Influence of the concentration of A) MnSO4, 
B) malonic acid, C) KIO 3, D) H 2O2, E) sulfuric 
acid and F) te mperature on t he determination of 
5.24×10-8 mol L-1 epinephrine. 

Under the optimal conditions mentioned above, a regular oscillating profile 
(i.e., constantly oscillating am plitude and period) was obtained and then, t he 
determination of was perf ormed. The results showe d that the difference in th e 
oscillating amplitude ΔE (ΔE = E – E0, where E0 and E are the amplitudes before 
and after injection of epinephrine, resp ectively) was linearly  proportional to the 
negative logarithm of ep inephrine concentration over the range of 1.4×10 –8– 
–2.1×10–7 mol L–1 (Fig. 7), with a detection lim it of 1.0×10–8 mol L–1. The li-
near relationship can be expressed by the following regression equation:  
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 ΔE (mV) =67.65–8.40 (–log c / mol L–1) (r = 0.9950, N = 10) 

Fig. 7. Calibration curve for deter-
mination of ep inephrine using the 
regular oscillating reaction. 

Interferences 

It is well known that a non-equilibrium  stationary state is highly vulnerable 
to foreign species; henc e, some potentially interfering species that  may possibly 
be present in adrenaline hydrochloride i njection or serum were investigated. The 
tolerable ratio (defined as the maximum amount of foreign species causing an er-
ror of less than ±5 % in the determination of 5.24×10–8 mol L–1 epinephrine) are 
listed in Table I. It can be seen that common inorganic ions, glucose and EDTA 
have no influence on the d etermination of epinephrine, while adenine affects the 
determination slightly. 

TABLE I. Effects of foreign species on the determination of 5.24×10-8 mol L-1 epinephrine 
Foreign species Tolerable ratio (foreign/epinephrine) 
K+, Mg2+, Na+, Fe2+ 
Glucose, EDTA- 
HPO4

2-, HCO3
-, Cl- 

Uric acid 
Adenine 

3000 
2000 
500 
100 
40 

Comparison with other methods 

In order to confirm  the applicability and sensitivity of the non-e quilibrium 
stationary state, the m ethod developed in this study was co mpared with other 
methods employed for the determination of epinephrine, including regular 
oscillating reactions. From Table II, it can be seen that the detecti on limit of the 
proposed method was the lowest. 
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TABLE II. Comparison of the proposed method with others employed for the determination 
of epinephrine 
Method Linear range, mol L-1 Detection limit, mol L-1 Reference 
Fluorescence 6.0×10-8–1.0×10-5 1.5×10-8 16 
Chemiluminescence 5.0×10-9–1.0×10-7 3.0×10-9 17 
Voltammetry 5.0×10-8–5.5×10-4 9.4×10-9 18 
Molecular imprinting 5.0×10-8–2.0×10-5 2.0×10-8 19 
Regular oscillating system 1.4×10-8–2.1×10-7 1.0×10-8 This paper 
Non-equilibrium, stationary 
state 

5.2×10-9–1.1×10-7 6.8×10-10 This paper 

Sample analysis 

Epinephrine in adrenaline h ydrochloride injection (Tianjin Pharmaceutical 
Group, Xinzheng Ltd. C o., China) and ser um were determ ined by the regul ar 
oscillator and bifurcation profile. Adrenaline hydrochloride injection and serum 
were directly used after dilution. T he recovery was also examined by standard 
addition method using the non-equilibrium stationary state of the BR oscillating 
chemical reaction. Results in Tables III and IV indicated that this method could 
be used in routine analysis of epinephrine, benefiting from its reproducibility and 
accuracy. 

TABLE III. The results of the determination of epinephrine in adrenaline hydrochloride injec-
tion 
Sample No. Original×108, mol L-1 Added×108, mol L-1 Found×108, mol L-1 Recovery, % 
1 1.019 0 1.045 102.5 
2 1.019 2.094 3.076 98.8 
3 1.019 3.490 4.597 101.9 
4 1.019 0.698 1.738 101.2 

TABLE IV. The results of the determination and recovery analysis of epinephrine in serum 
Sample No. Original×109, mol L-1 Added×109, mol L-1 Found×109, mol L-1 Recovery, % 
1 8.725 0 8.885 101.8 
2 8.725 6.980 15.65 99.6 
3 8.725 13.96 22.47 99.1 
4 8.725 20.94 29.64 99.9 

CONCLUSIONS 

In this paper, epinephrine was successfully determined using a non-equilib-
rium stationary state in a BR oscillating chemical system. Moreover, larger linear 
range (ca. 10–9–10–7 mol L–1) and lower detection lim it (ca. 10–10 mol L–1) 
could satisfy the needs of routine determinations. It could be used for real sample 
due to its advantages co mpared with other instrumental analysis, such as ease of 
operation, inexpensive set-up, etc. In addition, the BR oscillatin g system is of 
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more interest for understanding the oscillators in biological system because the 
employed pH of about 1.7 is similar to the acidity of the fluids in the stomach.  
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И З В О Д  

ОДРЕЂИВАЊЕ ЕПИНЕФРИНА ОСЦИЛАТОРНИМ СИСТЕМОМ BRIGGS–RAUSCHER 
ПРИ НЕРАВНОТЕЖНИМ СТАЦИОНАРНИМ СТАЊИМА 

JINZHANG GAO, YANJUN LIU, JIE REN, XIAOLI ZHANG, MING LI и WU YANG 

Chemistry & Chemical Engineering College, Northwest Normal University, Lanzhou 730070, P. R. China 

Развијен је високо селективан метод за одредјивање епинефрина, базиран на пертурба-
цији Briggs–Rauscher осцилаторног система који укључује малонску киселину, Mn2+, H+, 
IO3

– и H2O2 при неравнотежним стационарним стањима. У раду је изабрана концентрација 
KIO3 као контролни параметер за утврђивање бифуркационе тачке Резултати су показали 
добро линерно слагање (корелациони коефицијент 0,9974) између разлике потенцијала и не-
гативног логаритма концентрације епинефрина у опсегу 1,1×10-7–5,2×10-9 mol L-1, и детек-
циони лимит 6,8×10-10 mol L-1. У поређењу са класичном осцилаторном реакцијом, овај 
метод има нижи детекциони лимит и шири опсег линеарности. Утицаји других врста, које 
могу постојати поред епинефрина су такође испитани. Развијен метод се може користити за 
одређивање епинефрина у серуму и адреналинским инекцијама. 

(Примљено 21. августа 2010, ревидирано 9. јула 2011) 
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Abstract: The concentration and accumulation of trace metals (Co, Ni, As, Cd, 
Pb and Hg) were measured in seawater, sediments and marine organisms on the 
coastline of Montenegro. The obtained results of trace metals in sea gra ss and 
mussels were compared with those found in t he water column and sediment. 
Sampling was performed in t he fall of 2005  at five locatio ns on the Monte-
negrin coastline, Sveta Sta sija, Herceg Novi,  Zanjice, Budva and Bar, which 
present different levels and sources of human impact. The heavy metals ana-
lyses of seawater, sediment, Posidonia oceanica and Mytilus galloprovincialis 
identified the harbor of Bar as the most Hg-contaminated site, Zanjice as the 
most As-contaminated and Sveta Stasija as the most Pb-contaminated areas of 
the Montenegrin coastal area. This study  showed that P. oceanica may have a 
greater bioaccumulation capacity than M. galloprovincialis for the cons idered 
metals, except for As and Hg, and both organisms may reflect contamination in 
the water column and in the sediment. For the first time, the sea grass P. ocea-
nica and M. galloprovincialis were e mployed as metal bioindicators for t he 
southeastern Adriatic. The results of this stu dy could serve as a baselin e for 
future assessments of anthropogenic effects in this marine ecosystem. 

Keywords: heavy metals; seawater; sediment; marine organisms; biomoni-
toring; Montenegro. 

INTRODUCTION 

The Adriatic Sea is situated between th e northeastern Italian coas t and th e 
southwestern coasts of Slovenia, Croatia, Montenegro and Albania. It is espe-
cially subject to pollution due to its enclosed charact er. The coastal parts of this 
Adriatic area receive large amounts of contaminants introduced by dom estic, in-
dustrial and agricultural activities, directly, via rivers, or through atmospheric 
deposition. The pollution of the Adriatic Sea is more marked along the Italian 
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coast, especially of the northern basin, than along the east ern coast.1 Most of the 
previous studies considered trace metal concentrations in sediments and mussels 
from selected coastal areas of the Adriatic, mainly of northern part of the Italian 
Adriatic coast.2 Along the eastern Adriatic coast, the effects of coastal pollution 
were investigated mainly in the Slovenian 3 and Croatian coasta l areas4–7 and 
some initial investigations  in the Mont enegrin coastal area. 8,9 Investigation of 
sediments also included a number of sites in the Albanian coastal area.10,11 

The chemical analysis of waters does not provide sufficient infor mation on 
the bioavailability of t he metals present in a m arine environment.12 Currently, 
there is great interest in th e use of living organisms as pollution bioindicators in 
aquatic ecosystems in order to evaluate the quality of a marine environment. A 
comparison of metal contamination in different aquatic environments is possible 
by analysis of water,13 sediment14 and biota,15–17 but in most cases, the impact 
and synergistic effects of trace metals in marine ecosystem are poorly understood. 

Sea grasses and mussels are increasingly used as indicators of che mical 
contamination of coastal regions. The endemic sea grass Posidonia oceanica (L.) 
Delile has been used as a metal bioindicator17 for the last two decades in the  
Mediterranean Sea, but in the area of the southeastern Adriatic coast, there is n o 
published data concerning P. oceanica as a metal bioindicator. The mussel My-
tilus galloprovincialis has the ability to accumulate metals from the environment 
in which lives 18 and their  usefulness as sentinel or ganisms in metal biomoni-
toring studies is widely  recognized. Bivalves are filter feeders and thus o btain 
elements not only from food and water but also from particulate materials.19,20 In 
both organisms, the concentration of heavy metals is largely governed by the bio-
logical, chemical, and physical chara cteristics of the surrounding environm ent. 
For example, light and nitrogen availability positively affected the rate of Cd up-
take in sea grass, which increas ed with increasing concentration of nitrate in the 
growth medium.21 However, in environments with high nutrient levels, Ni uptake 
by plants can  be inhibited due to co mplex formation between the nutrients an d 
metal ions.22 

For the first time, the concentrations of Co, Ni, As, Cd, Pb and Hg have been 
determined and compared in different marine environmental compartments in 
the area of the southeaste rn Adriatic Sea, Montenegro: seaw ater, sediment, the 
mussel M. galloprovincialis (L) Lamarck, 1819 and the sea grass P. oceanica 
(L) Delile. As there is no quant itative data avail able on t he concentration of 
these metals in seawater, sediment, mussels and sea grass in this coastal part of 
the southeastern Adriatic Sea, the results of this study could serve as a baseline for 
future assessments of anthropogenic effects in this part of the Adriatic Sea. 
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EXPERIMENTAL 
Chemicals and instrumentation 

Ultra pure water (18.2 MΩ cm) from a Milli-Q system (Millipore, Bedford, MA, USA)  
was used to prepare all the aqueous solutions. All the  employed mineral acids and oxidants 
(HNO3, H2O2 and HCl) were of the highest quality (Suprapure, Merck, Germany). The mine-
ralized samples were analyzed using a cold vapor atomic absorption spectrometer (CV–AAS 
and and F–AAS Perkin–Elmer, AAnalyst 200) and graphite furnace ato mic absorption 
spectrometer (GF–AAS, Perkin–Elmer, 4100ZL, with Zeeman background correction).  
Sampling locations 

Samples were collected at five selected locations from this Adriatic coastal area: Sveta  
Stasija and Herceg Novi in  the se mi-enclosed Boka Ko torska Bay, which is on the 
UNESCO’s World Heritage List, and on th e open coastline at Zanjice, Budva and Bar, Fig. 
1, situated in the proximity of different geochemical, hydrological and human impacts. 

 
Fig. 1. Sampling locations in the southeastern Adriatic Sea, Montenegro: 1. Sveta Stasija, 

2. Herceg Novi, 3. Zanjice, 4. Budva and 5. Bar. 

Boka Kotorska Bay is on the northern coast of Montenegro with a mouth 2.95 km in 
width and an in-land length of 28.13 km, surrounded by mountains, with 75000 inhabitants 
living on its coast. Sveta Stasija is located in a small Kotor bay near Kotor, a city where a 
previous galvanization plant discharged used galvanization baths directly into the sea between  
1965 and 1991. Herceg Novi was/is a favored tourist city with marine, shipyard and food 
industries. The beach Zanjice with hotels and cottages is situated close to the entrance of the  
Bay. Budva is an urban, tourist and industrial city located in the middle of the Montenegrin 
coastline with 18000 inhabitants. The Harbor Bar is in the south of the Montenegrin coastal 
area with 15000 inhabitants. Bar was an important industrial harbor in former Yugoslavia, the 
largest on the eastern side of the Adriatic, especially for crude oil and oil products traffic, and  
still is. The problem  of poll ution in the vici nity of these sites increases in the fall p eriods 
because of the summer tourist seasons and increased discharge of wastewater directly into the 
sea. For this reason, the sa mples of seawater and sediment, and mussels and sea grass were  
collected in the fall, at the same time. No mussels were found at the location Budva. 
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Sampling method, sample preparation and trace metal analyses 

All the seawater samples, from the surface and the bottom, were collected at the same 
time as the sediment and th e biota samples at all the studied locations. The water samples 
were analyzed after filtration and acidification with nitric acid (pH ≤ 2) for the deter mination 
of metals, immediately in the day s following sampling. The pre-concentration technique was 
applied for the analy sis of the sea wat er samples following a  solvent extract ion technique23 
prior to analysis by GF–AAS (Ni, Co, Cd and Pb), while Hg and As were measured following 
a CV–AAS procedure17 using a Perkin–El mer Hydride System coupled to an atomic absorp-
tion spectrometry (AAS). The accuracy of the methods was checked with three calibration 
standards laboratory prepared from standard solutions of 1000 mg L-1 (Merck) and a seawater 
matrix was used for the preparation of the Ni, Co, Cd an d Pb standards. These standards were 
analyzed directly after solvent extraction as mentioned above. 

Surface sediments (500 g) were collected in t he vicinity of P. oceanica meadows. Only 
the top 5 cm was used for the purpose of this study. The fraction of the sediment smaller than 
2 mm was frozen, lyophilized and analyzed by AAS. At the same time and place, about 350 g 
of fresh P. oceanica samples and two liters of seawater from the bottom were collected at a 
depth of 7±1 m. The P. oceanica samples were washed very thoroughly, rinsed with ultra pure 
water, frozen, lyophilized and reduced to powder, dissolved and analyzed. 

The mussels and the seawater samples from the surface were collected in the vicinity of 
the P. oceanica meadows. 25–30 mussels of similar shell length were c ollected, placed in 
plastic bags and transported t o the laboratory . The m ussels were washe d and cleane d out, 
opened raw and the fle sh scraped out of th e shells, which was then frozen, lyophilized, re-
duced to powder, dissolved and analyzed. 

Preparation of dissolved biota samples (approximately 0.5 g) for trace metal analysis was 
performed as follows: the po wder was digested with a mixture of 7 m L concentrated HNO3 
(65 % Merck, Suprapur) and 2 mL H2O2 (30 % Merck, Suprapur). The sediment samples (0.5 
g), were digested with 2 mL of HNO3 (65 %) and 6 mL HC1 (37 %) in  a high microwave 
digestion system (CEM. Corporation, MDS-2100) for 30 min at 200 °C. The digested samples 
were diluted with ultra pure water in 25 mL volumetric flasks and then transferred to 100 mL 
polypropylene bottles until analysis. 

To ensure the quality control and accura cy of the applied a nalytical procedure for the 
determination of heavy metals in the sediments, mussels and sea grass, certified reference ma-
terials, IAEA 158 (Marine sediment), NIST 2976 (Mussel homogenate) and IAEA 140 (Fucus 
sample), were also digested and analyzed. 

All the results of the investigated elements in sediment, sea grass and mussel are expres-
sed in dry  weight (dw). To  check for contamination, procedural blanks were analyzed after 
every five sa mples. The reco very of metals in  the stan dard reference materials was in t he 
range of 82–115 % of the certified total conc entrations. This was indi cated by results of tri-
plicate measurements for the all samples. No correction was applied to the obtained data. 

To evaluate th e efficiency of metal bioaccumulation by M. galloprovincialis and P. 
oceanica, the bioconcentration factor (BCF) and the biosediment factor (BSAF), defined as the 
ratio between the metal concentration in the organism and that in the seaw ater24 and sedi-
ment,16 respectively, were calculated. 
Statistical analysis 

The certified values a nd analysis results of the reference materials are given in Table I. 
The analytical precision, measured as the relative standard deviations for Ni, Co and Hg, were 
routinely under or around 10 %, but were higher than 10 % for Cd, Pb and As. The avera ge 
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analytical standard errors observed with the reported certified materials were below 10 % for 
all investigated elements, except for Ni and As in the sedi ment samples, and Cd and As in the  
mussel tissue and Fucus samples. 

TABLE I. Analysis of certified reference materials: certified values and found values (mean ± 
± S.D., mg kg-1 dw.) 

Element 
IAEA 158 

(marine sediment) 
NIST 2976 

(mussel tissue) 
IAEA 140 

(Fucus sample) 
Certified Found Certified Found Certified Found 

Ni 29.4±4.12 31.0±0.72 0.93±0.12 0.91±0.20 3.79±0.41 4.10±0.31 
Co 9.0±1.35 10.1±1.5 0.61±0.02 0.70±0.05 0.83±0.13 0.95±0.09 
Pb 38.0±7.7 35.0±3.9 1.19±0.18 0.98±0.23 2.19±0.28 1.87±0.11 
As 11.4±1.71 12.6±0.91 13.3±1.8 14.7±2.10 44.3±2.1 47.10±3.4 
Cd 0.37±0.09 0.45±0.05 0.82±0.16 0.84±0.18 0.54±0.04 0.65±0.03 
Hg 0.132±0.017 0.12±0.018 0.061±0.0036 0.053±0.006 0.038±0.006 0.037±0.009 

For the metal concentrations in the sediment, differences between the sampling locations 
were evaluated by the Kruskal–W allis test. For the metal concentrations in M. galloprovin-
cialis and P. oceanica, the differences between the organisms and between locations were de-
termined by a t wo-way analysis of th e variance (ANOVA). Correlations between the metal 
concentrations in P. oceanica and M. galloprovincialis and in the sediment and water samples 
were performed by analysis of the Pearson’s correlations. 

RESULTS AND DISCUSSION 

Marine water 

The measured trace element concentrations are listed in Table II. The Co, Ni, 
As, Cd, Hg and Pb mean levels are relatively high (up to 10.4. µg L–1 Co, 7.8 µg 
L–1 Ni, 3.1 µ g L–1 As, 8.1 µg L –1 Cd, 1.56 µ g L–1 Hg and 27.8 µg L–1 Pb). In 
the Venice lagoon and southern Adriatic of Italy such a high levels of elements in 
sea water were also found.2,3 The concentration of Cd was below the detection 
limit at the lo cation Budva. The relative standard deviation of replicate analyses 
of each sample was within 10–30 %. 

Following recommended marine water qua lity criteria for the pr otection of 
aquatic life and human health, i.e., the MAC values25 of the investigated metals in 
surface waters, the Hg concentrations were below the MAC value for Hg and the 
Pb concentrations were above the MAC value for Pb in seawater at three loca-
tions (Table II). Considering the Montenegrin regulations for the maxim um per-
missible concentrations of hazardous and harmful substances in waste water that 
may be discharged into surface  waters,26 the concentrations of the investigated  
elements that may be discharged into the seawater of Montenegro are much higher 
than the MAC values and the values mea sured in this study . The EU Dire ctive 
2008/56/EC in the field  of marine environmental policy establishes common 
principles based on which Me mber States must draw up their own strategies,  in 
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cooperation with other Mem ber States a nd third countries, to achieve a good  
ecological status in the marine waters for which they are responsible.27 

TABLE II. Total metal concentrations in seawater in µg L-1 (MAC – maximum allowable 
concentration; nv – no value) 
Sampling place  Co Ni As Cd Hg Pb 

Surface 
Sv. Stasija 4.4 5.7 1.4 2.5 1.38 18.0 
H. Novi 4.3 3.4 2.5 6.2 1.36 3.9 
Zanjice 3.5 4.9 3.1 1.9 1.56 2.09 
Budva – 4.3 2.7 – 0.70 5.75 
Bar 4.7 6.9 2.4 7.0 1.01 27.8 

Bottom 
Sv. Stasija 3.9 6.4 2.5 2.5 0.92 5.7 
H. Novi 10.4 5.9 2.6 6.2 0.98 3.9 
Zanjice 4.5 5.0 2.9 3.3 0.40 2.6 
Budva 3.9 3.9 2.5 – 0.62 2.9 
Bar 4.3 4.3 2.7 8.1 1.28 26.4 
MAC25 

Montenegrin Regulation26 
nv 
100 

8.2 
1250 

36.0 
100 

8.8 
10 

0.94 
5.0 

8.1 
500 

Sediment 

The highest As and Cd concentrations we re recorded in Zanjice, the highest 
Hg and Co levels in the Harbor Bar, whereas the concentrations of Ni  and Pb 
were the highest in H. Novi and Sveta Stasija ( p < 0.05; Table III) . In Table III, 
the Interim Marine Sediment Quality Guidelines (ISQG) and Probable Effect 
Level (PEL) values are given in dr y weight. The ISQG and PEL values for ma-
rine organisms have been adopted by Environment Canada for a range of to xic 
substances.28 These guidelines may not be validate d for use eve rywhere; there 
may be fundamental differences in sediment geochemistry.28 However, in the ab-
sence of any standards, these guidelines can  be used as a first approxim ation in 
assessing whether organisms are at ris k from sediment concentrations of toxic 
substances. The concentrations of the investigated elements measured in this stu-
dy were below the PEL values in the all sediment samples. 

TABLE III. Trace metal concentrations in surface sediment (mean ± S.D. in mg kg-1 dw, for 
Hg μg kg-1 dw; nv – no value) 
Sampling place Co Ni As Cd Hg Pb 
Sv. Stasija 3.9±0.35 18.2±1.7 4. 9±0.55 0.75±0.10 24.2±2.2 7.0±1.2 
H. Novi 9.0±0.80 32.3±3.3 3.7±0.4 0.77±0.11 28.4±2.3 3.7±0.4 
Zanjice 6.6±0.72 16.3±1.5 19.7± 2.6 0.87±0.13 9.20±1.0 3.9±0.5 
Budva 5.2±0.5 2.7±0.2 2.6±0.37 0.063±0.01 14.0±1.1 2.6±0.3 
Bar 11.4±1.1 15.8±1.2 3.1±0.4 0.068±0.01 154.7±9 5.2±0.7 
ISQG28 
PEL28 

nv 
nv 

15.9 
42.8 

7.24 
41.6 

0.7 
4.2 

130 
700.0 

30.2 
112.0 
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Biota 

The metal concentrations found  in t he marine organisms M. galloprovin-
cialis and P. oceanica from the different locations are presented in Table IV. The 
maximum allowable concentrations or MACs8 for Ni, As, Hg and Pb in m ussels 
are shown in Table I V. In the all inves tigated mussel samples, the Cd conce n-
trations were lower than t he MAC value for Cd and the Hg concentrations were 
higher than the MAC value for Hg. Recommended MLC values for the sea gras s 
do not exist in the literature. 

TABLE IV. Trace metal concentrations in M. galloprovincialis (Mg) and P. oceanica (Po); 
mean ± SD in mg kg-1 dw; MAC – maximum allowable concentration; nv – no value 
Sampling place Co Ni As Cd Hg Pb 

Mg 
Sv. Stasija 3.92±0.4 3.35±0.3 7.35±1.0 2.15±0.3 0.95±0.12 9.10±1.1 
H. Novi 1.10±0.10 4.7±0.46 17.8±2.3 1.50±0.19 0.35±0.031 3.50±0.4 
Zanjice 8.98±0.76 18.9±1.8 40.8±5.6 1.70±0.24 0.59±0.062 1.77±0.23 
Bar 6.07±0.6 12.3±1.2 7.54±1.1 3.53±0.47 1.06±0.130 8.50±0.9 
MAC8 nv 3.40 16.0 3.70 0.23 3.20 

Po 
Sv. Stasija 4.15±0.4 24.8±2.3 3.82±0.53 2.20±0.25 0. 26±0.03 10.1±1.5 
H. Novi 3.75±0.38 22.8±2.1 2.71± 0.41 2.90±0.39 0.35±0.04 8.2±0.9 
Zanjice 4.30±0.41 31.0±3.2 7.96± 1.34 2.80±0.46 0.57±0.06 3.4±0.28 
Bar 6.50±0.60 36.7±3.6 2.50±0. 29 3.50±0.52 1.37±0.12 5.1±0.60 
Budva 3.80±0.39 24.7±2.5 2.68±0. 38 2.70±0.44 0.46±0.04 4.5±0.5 

The M. galloprovincialis and P. oceanica samples from Zanjice presented 
the highest As concentrations ( p < 0.05), whereas fr om the Harbor Bar, they had 
the highest Cd and Hg concentrations (p < 0.05) and from  Sveta Stasija, the 
highest Pb concentrations (p < 0.05; Table IV). The C d and Hg concentrations in 
the biota samples from Bar and the Pb concentrations in the Sveta Stasija sa mles 
were very similar. The concentrations of Ni were significantly higher in P. ocea-
nica than i n M. galloprovincialis, whereas the As concentrations were signifi-
cantly higher in M. galloprovincialis (p < 0.05; Table IV). 

Bioconcentration and sediment accumulation factors 

The bioconcentration and sedim ent accumulation factors ( BCF and BSAF) 
are shown for both species from  the sa me sampling points, Figs. 2 and 3, res -
pectively. The mean values the BCF should be multiplied by 103 in Fig. 2. The 
metal which presents the highest mean BCF is As and Hg is the metal with the 
lowest one (Fig. 2), while Cd is the metal which presents the highest mean BSAF 
and Hg is t he metal with the lowest one (Fig. 3). P. oceanica exhibited higher 
mean BCF and BSAF values compared to M. galloprovincialis, except for As and 
Hg (Figs. 2. and 3). 
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Fig. 2. Mean bioconcentration factor (BCF) values in M. galloprovincialis and 

P. oceanica (multiplied by 103). 

 
Fig. 3. Mean biosediment accumulation factor (BSAF) values in 

M. galloprovincialis and P. oceanica. 

Relation between the metal concentrations in P. oceanica and M. 
galloprovincialis with the metal concentrations in seawater 

There were significant positive correlations for the Cd and Pb concentrations 
in M. galloprovincialis and P. oceanica, relative to  their concen trations in sea-
water (rCd = 0.95; rPb = 0 .92; p < 0.05, and rCd = 0.95; rPb = 0 .95; p < 0.05, 
respectively) and positive relations for the As and Co concentrations (rAs = 0.62; 
rCo = 0.73; p < 0.05 and rAs = 0.78; rCo = 0.66; p < 0.05, respectively). Signi-
ficant relations were found in the case of Ni (rNi = 0.61; rNi = 0.49). 
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Relation between the metals concentrations in P. oceanica and M. 
galloprovincialis with the metal concentrations in the sediments 

There were positive correlations for the As in P. oceanica and the Hg con-
centrations in M. galloprovincialis relative to their concentrations in the sed i-
ments (rAs = 0.52;  rHg = 0.65;  p < 0.05) and positive relations for t he Pb 
concentrations in P. oceanica and M. galloprovincialis relative to their concen-
trations in sediments ( rPb = 0.65; rPb = 0.52; p < 0.05), but non-significant rela-
tions were found in the case of the Cd concentrations for both organisms (rCd = – 
0.70; rCd = – 0.64; p < 0.05), respectively. 

The Harbor Bar was previousl y identified as the m ost Hg- and Cd-conta-
minated location based on previous mussels studies29 and by  the investigated 
compartments, except for Cd in the sed iment analysis, for which a maximum 
value was revealed for Zanjice. The fact that no correlations were found between 
the Cd concentrations in M. galloprovincialis and P. oceanica and in the sedi-
ment, but very high correlations were found between the Cd concentrations in the 
investigated biota and seawater indicate that the Cd in P. oceanica5,15,30 and M. 
galloprovincialis6,31 tissues reflect the Cd in the water colu mn. Cd accumulation 
in M. galloprovincialis and P. oceanica seems to be a function of the Cd concen-
tration in seawater, which was also found in the present study. 

The Harbor Bar was identified as the most Hg-contaminated location accord-
ing to the results obtained for all the i nvestigated compartments, especially the 
surface sediment. This result is probably related to th e effluents from the storage 
of crude oil and oil products, transoce anic ships and tankers traffic, as w ell as 
untreated urban and industrial effluents. In this study, a positive correlation was 
found between the Hg concentrations ( rHg = 0.65) in M. galloprovincialis and in 
the sediment but a non-significant relati on with the concentration in seawate r 
(rHg = 0.01). This result c ould be related to the presence of a hi gh level of Hg 
from sediment in the suspended particulate matter and of high levels of the parti-
culate matter in the wat er column.19 Metals in mussels can correlate with metal 
levels in sediments, although mussels are not in direct contact with the sedim ent, 
which is resuspended and wafted to them by wave action.32  

Sveta Stasija was identified as the most Pb-contaminated location according 
to the results obtained f or all the inves tigated compartments, except the bottom 
seawater. Seawater had maximum Pb values in the Harbor Bar. The extre me Pb 
contamination in the vicinity of Sveta Stasija could be associated with an anthro-
pogenic impact due to the proximity of Kotor, a city with a harbor, chem ical in-
dustry, food industry and the geographical location of Sveta Stasija, i.e., there is a 
low hydrological influx to the small Kotor Bay. 

The identification of Sveta Stasija as the most Pb-contaminated site was pre-
viously explained by the fact that the bed of the sm all Kotor bay is clay33 and a 
trace element such as Pb is preferentially associated with clay mineral particles,34 
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which form more or less soluble organic matter particles, indicating that the evi-
denced Pb originated primarily  from human activities. 7 Significant correlations  
between the concentrations Pb in the organisms and Pb in the surroundi ng water 
were obtained. The positive correlations found between the Pb concentrations in 
P. oceanica and M. galloprovincialis and in the water would suggest that Pb in 
the tissues of the organisms primarily reflects the Pb in the water.16,17 Therefore, 
in the case of P. oceanica, this leads to the hypothesis of preferential Pb uptake 
from the water column.16 However, the positive correla tion found for Pb related 
to the sediment, and previously in this st udy for Hg related to th e water in this 
sea grass suggests that there could be some other uptakes and distributions routes 
for these two elements, not only by leaves and for P b also by the root system,5 
and vice versa, leaves for Hg.35 The maximum Pb level in sediment found i n Sv. 
Stasija is related to the hi ghest Pb level in M. galloprovincialis at this location.  
Pb in M. galloprovincialis is absorbed bound to pa rticulate material and in a 
water-soluble form.36 

Zanjice was identified as the most As-contaminated location by the results of 
all the investigated compartments. Arsenic was homogeneously distributed along 
the Montenegrin coast in the sedi ment except at the location Zanj ice. This could 
be due to natural leaching of terrestrial soils and sediments or increases in the As 
concentration when the sediment content changed, 37 which in Zanjice could be 
attributable to the transport of m etals by waves from  the open sea and by  the 
branch of the Mediterr anean current coming from the southeastern side of t he 
Adriatic38 entering into the Bay, or on leaving, carrying wastes from the Bay. For 
the other locations, the low As concentrations in the sediment may be explained 
by the lack of low conta minant inputs and the low leaching of natural arsenic. I n 
this study, the concentrations of As in M. galloprovincialis were higher tha n 
those in the s ediment were, but slightly less in P. oceanica than in the sedi ment 
(Tables III and IV). Positive correlations were found between the As levels in 
these organisms and the As levels in the sediment and water. Generally, the arse-
nic levels in these organisms generally  reflect the total arsenic in the sedi ment.39 
Langston39 supports the view that particulate arsenic is the most important source 
of the metal accumulated in bivalves, although som e absorption from solution 
cannot be disregarded, which is in agreement with the results obtained in the pre-
sent study. The lower relationship between As in P. oceanica and in water/se-
diment, compared to mussels, may be explained by other factors such as phos-
phate competition related to As39 or that As is mostly immobilized as a form not 
available to plants.40 

The M. galloprovincialis from Zanjice, located at the entrance of  the Bay, 
had greater contents of As, Ni and Co  than M. galloprovincialis from the Bay. 
This could be attributable to the hydro logical influence mentioned above in th e 
case of this location.19,20 
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The Ni concentrations in the bio monitored organisms in this study were 
similar to those reported in the literature. 2,15,17 Positive correlations between the 
Ni concentrations in the organisms and those in seawater/sediment were not evi-
denced. This is possibly due to the background Ni levels15 in the organisms. In 
the case of the Co concentrations, the po sitive correlations found between the Co 
concentrations in P. oceanica and M. galloprovincialis with those in seaw ater 
indicate that Co in these organis ms mainly came from the water, which is con-
trary to the assertions of Lafabrie.16,17 

CONCLUSIONS 

The data obtained in the present inves tigation showed that the se a grass P. 
oceanica and the mussel M. galloprovincialis could be used as organisms for the 
biomonitoring of heavy metals pollution in the marine environment of the south-
eastern Adriatic Sea. These data showed that the ac cumulation ratios of the s ix 
studied metals in the sea grass and in the mussel differed. From the determined 
BCF and BSAF values calculated for t he two differ ent marine species investi-
gated in this study , P. oceanica was found to be a stronger accum ulator for Cd, 
Pb, Ni and Co, and M. galloprovincialis for As and Hg. P. oceanica was a 
stronger Cd accumulator from the surr ounding water and M. galloprovincialis 
had a higher capacity  to accumulate As, mostly from particles. Th e Hg accumu-
lation by both the investigated organism s was the lowest of t he investigated 
metals. 

However, it m ust be bor n in m ind that the actual uptake m echanisms of 
heavy metals by the studied organisms are probably rather complex because their 
exposure to trace elements is not limited to soluble metals in the aquatic medium. 
Metal uptake from sediment particles and food, in the cas e of the mussels, and 
from sediments (through the roots), in the case of the sea grass, cannot be ignored.  

The results o f this first st udy provide a valuable baseline for fur ther moni-
toring of the marine ecosystem of the southeastern Adriatic Sea. 
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И З В О Д  

АКУМУЛАЦИЈА ТРАГОВА МЕТАЛА У МОРСКИМ ОРГАНИЗМИМА 
ЈУГОИСТОЧНЕ ЈАДРАНСКЕ ОБАЛЕ 

ДАНИЈЕЛА ЈОКСИМОВИЋ1 и СЛАВКА СТАНКОВИЋ2 
1Institut za biologiju mora, Univerzitet Crne Gore, Dobrota bb, 85330 Kotor, Crna Gora i 

2Tehnolo{ko–metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd 

Концентрација и акумулација трагова метала (Co, Ni, As, Cd, Pb и Hg) одређивана је у 
седименту, морским организмима и морској води дуж Црногорске обале. Добијени резул-
тати трагова метала у морској трави Posidonia oceanica и шкољкама Mytilus galloprovincialis 
били су анализирани у односу на исте елементе добијене у морској води и седиментима. 
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Узорковање је вршено у јесен 2005. године на пет локација, Света Стасија, Херцег Нови, 
Жањице, Будва и Бар, које су под утицајем различитих загађивача изазваних човековом 
активношћу. Анализом трагова метала у морској води, седиментима и испитиваним морским 
организмима у приобалном делу Црногорског приморја утврђено је да је лука Бар првенс-
твено загађена живом, Жањице арсеном, а Света Стасија оловом. Такође је утврђено да 
морска трава P. oceanica има већи капацитет биоакумулације у односу на шкољку M. gallo-
provincialis за Co, Ni, Cd и Pb, али не и за As и Hg. Први пут у овом раду морска трава P. 
oceanica и шкољка M. galloprovincialis коришћене су као биоиндикатори трагова метала у 
морској води и седименту Црногорског приморја. Такође резултати овог рада могу бити 
коришћени као основа за процену будућих антропогених утицаја на испитивани екосистем. 

(Примљено 23. марта, ревидирано 13. априла 2011) 
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Leaching of chromium from chromium contaminated soil –  
a speciation study and geochemical modelling 
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Abstract: The distribution of chromium between soil and leachate was mo-
nitored. The natural process of percolation of rainwater through soil w as 
simulated under laboratory conditions and studied by column leaching ex-
traction. Migration of chro mium in soil is co nditioned by the level of chro -
mium soil contamination, the organic matter content in the soil and rainwat er 
acidity. Chromium(III) and chromium(VI) were determined by a spectrophoto-
metric method with diphenylcarbazide in acidic media. Comparing the results 
of chromium speciation in the  leachate obtai ned by experimental model sys-
tems and geochemical modelling calculations using the Visu al MINTEQ mo-
del, a correlation was ob served regarding the  influence of the tested p arame-
ters. Leachate solutions showed that the concentration of Cr depended on the 
organic matter content. The influences of pH  and soil organ ic matter content 
were in co mpliance after thei r experimental and theo retical definition. The 
Stockholm humic model used to ev aluate the leaching results corre sponded 
rather well with the measured values. 

Keywords: chromium; speciation; leaching; rainwater; soil organic content. 

INTRODUCTION 
Speciation analysis is a measurement process giving quantitative and qua-

litative data about the chemical forms of an element in a sam ple. It usually  in-
volves two phases: separation of the target  element from the sample matrix and 
its determination. Differentiation of the forms of the element is realized between 
oxidation states, simple and coordinated ions, cationic, neutral and anionic forms, 
protonated and unprotonated, and monomeric and polymeric species.1 
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Chromium speciation is im portant due to  its wide usage in the metallurgic 
and chemical industries. I mproper disposal, poor st orage and leakage of chro-
mium from waste discharge through soil can releas e chromium to the environ-
ment, causing contamination of groundwater and adverse biolog ical and ecolo-
gical effects.2 Cr(VI) is a strong oxidizing agent and shows chronic toxic effects 
including carcinogenic property and it induces dermatitis. Occupational exposure 
to Cr(VI) com pounds leads to a variety  of clin ical problems. A significant 
concentration of Cr(III) can cause adverse effects because its strong capability to 
coordinate various organic co mpounds results in in hibition of some metallo–
enzyme systems.3,4 

Chromium is present in the environm ent in the form of Cr(III) an d Cr(VI). 
These two f orms show d ifferent chemical, physico-chemical and biochemical 
properties. Cr(VI) species are more soluble, mobile and bioavailable than Cr(III ) 
species. The presence of these two forms and their relative ratio is dependent on 
chemical and photochemical redox transformation, precipitation/dissolution and 
adsorption/desorption reactions.5 Due of these differences in che mistry, bioche-
mistry and physico–chemistry of Cr(III) and Cr(VI) species, the determination of 
the total Cr concentration in a variety of sam ples does not give the necess ary 
information to evaluate the effe cts of the different species. The p otential risk of 
chromium from soils is d etermined by its solid–solution partitioning rather than 
its content. The release of chromium to the aqueous phase depends on its affinity 
to bind to reactive surfaces in the so il matrix. Quantifying adsorption/desorption 
and precipitation/dissolution reactions is a critical a spect of predicting the che-
mical behaviour of chr omium in soil. Many factors can influence the m igration 
process, such as pH, dissolved and solid  organic matter and soil characte ris-
tics,6,7 e.g., cation exchange capacity , clay content, and competition from other 
metal ions. In addition, the presence of soluble natural organic ligands in soil, 
such as fulvic acid (FA), may significantly influence metal adsorption through 
the formation of stable complexes. 

The objectives of this investigation were to study  the distribution of chro-
mium between soil and soil leachate. The natural percolation of rainwater  
through the soil was sim ulated under labor atory conditions and studied by  co-
lumn leaching extraction. Migration of chromium in the soil is conditioned by the 
level of chromium soil contamination, the organic matter content of t he soil and 
the acidity of rainwater. 

Comparing the results of speciation o f chromium in soil and infiltration 
water obtained by  experimental model systems and geochem ical modelling 
calculations using the Visual MINTEQ model, a correlation was observed re-
garding the influence of the tested parameters. 

Visual MINTEQ includes three different models for calculating cation bin d-
ing to humics: i) the Gaussian dissolved organic matter (DOM) model,8 ii) the 
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Stockholm humic model (SHM),9 which can be used for both aqueous speciation 
and solid–solution partitioning, and iii) the non-ide al competitive adsorption-
Donnan (NICA-Donnan) m odel,10 which is available onl y for aqueous specia-
tion. Each of these models show considerable complexity caused by the extreme 
heterogeneity of the hum ic binding sit es, the variable stoichiometry  of m etal–
humic binding reactions and the presence of electrostatic interactions.  

This study focused on the Stockholm hum ic model (SHM),9 which was 
created to provide a more realistic assessment of metal–humic complexation than 
had been possible using the Gaussian  DOM model in MINTEQ. The SHM i s 
related to more mechanistic models and the NICA-Donnan model, although it is 
also different in some respects, i.e., in the electrostatic model.  

EXPERIMENTAL 
Soil sampling, properties and soil column set up 

Two soil types were used in th is study: i) grass-covered and well-drained urban green- 
-field soil and ii) organic substrate for horticultural container growing. A 10-cm depth of park 
soil (situated within the city  centre of Ni š, Serbia) was collected immediately beneath th e 
upper zone, in which plant remains were dominant. The soils were air dried and passed through a 
60 mesh sieve. Selected physico-chemical soil properties, i.e., pH, electrical conductivity (EC) 
and organic matter content, a re given in Table I. The electric conduc tivity and pH were  
measured in water suspensions. The soil conte nt of organic matter was determined on finely 
ground samples by the wet combustion method based on bichromate reduction.11 

TABLE I. Characteristics of the employed soil and rainwater  
Characteristic Urban soil Organic substrate Rainwater Acid rainwater 
pH 8.6 8.3 5.7 3.2 
Electrical conductivity, μS cm-1 113.0 677.0 26.7 270.0 
Organic matter, % 1.76 15.77 – – 

Glass columns, 20 c m in leng th with an internal dia meter of 2 cm  were used in thi s 
study. The botto m of each col umn contained a porous glass frit. Soil (30  g) was carefull y 
packed with gently tapping on  the sid es of th e column to ensure good contact between the 
materials without making air compartments. 
Chromium leaching and determination 

Four different treatments were included in the study. In all treatments, artificial rainwater 
was added to the columns. The chemical composition of the artificial rainwater was similar to 
that of average rainwater in urban areas (SO4 – S 0.8 mg L-1, Cl 0.5 mg L-1, NO3 – N 0.4 mg 
L-1, NH4 – N 0 .3 mg L-1, Na 0.2 mg L-1, K 0.03 mg L-1, Mg 0.03 mg L-1, pH 5.0). The acid 
rainwater was obtained by acidification of rainwater with H2SO4 to pH 3.5. Before starting the 
leaching, de-ionized water was added to the c olumns to bring the soil to field water capa city. 
40 mL of inflow solution w as added slowly (2 h) as droplets to the top of t he columns. The 
total volume of rainwater corresponded to 734 mm, the average total annual precipitation in 
the region of Serbia. The pH value and EC of the rainwaters are given in Table I. 
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The urban soil and organic su bstrates were p olluted with po tassium dichromate. Con-
sidering the fact that the avera ge chromium content of urban soil is 40–80 mg Cr kg-1 soil,12 
the applied Cr amount was 2.4 mg Cr per 30 g of soil. 

Leaching was monitored after treatment of soil and organic substrate (polluted and 
unpolluted) with rainwater and acid rainwater. All treat ments were conducted in triplicate for 
both soils and both rainwater types in 3 columns. 

The leachate was collected in 10 mL portions. After ce ntrifugation of the leac hate 
portions, the pH, EC and chr omium contents were determined. pH and E C were determined 
using HACH SensIon 3 pH- meter and HACH SensIon 5 c onductometer. The most common 
method for deter mining Cr(VI) in aqueous solu tions is ba sed on the reaction of dipheny l-
carbazide with Cr(VI) at a pH of 1.0±0.3. As stated by many researchers, diphenylcarbazide 
has a very sensitive colour reaction with Cr(VI) in acid sol ution.13-15 Chromium(III) was 
analyzed spectrophotometrically with diphen ylcarbazide after oxidation w ith persulphate 
using a Lovibond multidirect colorimeter.  
Modelling of chromium solubility 

Equilibrium modelling of the metal concentrations in the leachates was performed using 
the Stockholm humic model (SHM). The parameterisation of the model uses the tot al 
concentrations of each component and the stability constants of species formed at equilibrium 
to set up a series of si multaneous mole balance and mass law equations, which are solved  to 
give the e quilibrium concentration of eac h species. The SH M was implemented in Visual 
MINTEQ, ver. 3.0 (www.lwr. kth.se/english/ourSoftware/Vminteq/index.htm).9,16,17  

RESULTS AND DISCUSSION 

There are several soil characteristics, such as soil pH, electrical conducti vity 
and organic matter content, which are im portant for defining processes in soil. 
The urban soil used in the presen t study was a highly  alkaline soil18 and, due to 
the organic matter content (1.76 % ), is considered as a soil with a low organic 
matter content19 (Table I). The organic substrate for horticultural container grow-
ing had a similar pH value but with a characteristically hig h organic matter con-
tent (15.77 %). 

During leaching with rainwater and ac id rainwater, there was a s ignificant 
change in pH and EC of  the lea chate at the st art of the treat ment, while su b-
sequently all the values converged to a similar pH and EC level (Fig. 1). 

In the first 7 0 mL of the leachate, the amount chromium leached was less 
than 2 % of the total chromium added to the soil for the treatments with polluted 
soil (PS) and polluted organic substrate (POS) (Table II). The obtained results for 
PS indicate that more chromium was leached with acid rainwater (2.01 %) than  
with rainwater (1.44 %). Acid rainwat er, which frequently precipitates in urban 
areas, can control chromium ac cumulation in the soil profile, enhance th e 
downward movement of chromium to the groundwater and the bioavailability for 
plant uptake. 

However, in the case of soil rich in organic matter (POS), the acidity of the 
rainwater decreased the amount of leached chromium. Only 0.29 % of the total  
chromium applied to the soil is leached  by acid rainwater. This d ecrease is pro-
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bably due to the retention of some of the chromium by the soil in the form of in-
soluble Cr(OH)3, which is  adsorbed on the surface of the soil. 12 The insoluble  
Cr(OH)3 was formed b y the reduction of Cr(VI) that was enhanced b y the high 
content of organic matter and the increased acidity  of sy stem.12 This was con -
firmed by the fact that  only a minor quantity of chromium was detected in t he 
leachate and that only Cr(VI) species were detected in the leachate. On the other  
hand, in the case of low  acidity, more chromium was leached (0.63 %) than wit h 
acid rainwater, because in the acidic pH range, chromium appears only as soluble 
Cr(III) species, generated by reduction of Cr(VI). This was also co nfirmed by the 
fact that only Cr(III) species were detected in the leachate. 

 
(a) 

 
(b) 

Fig. 1. a) pH and b) ele ctrical 
conductivity of the lea chate du-
ring the leaching of polluted so il 
and organic substrate. 
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TABLE II. Ratio of leached chromium to total added Cr in the soil column (%) 
Sample Rainwater Acid rainwater 
Polluted soil (PS) 1.44 2.01 
Polluted organic substrate (POS) 0.63 0.29 

Humic substances (HS), that mostly comprise soil o rganic matter, are very 
important components that control the adsorption of heavy metals by soil. Humic 
substances are heterogeneous in nature and are considered as poly disperse 
mixtures of natural organic polyelectrolytes containing a large number of diffe-
rent functional groups. T he ability of HS to form  stable complexes with pol y-
valent cations is attributed to their high content of ox ygen-containing functional 
groups, including carboxyl, phenol, hydroxyl, enol and carbonyl structures of 
various types.20,21 

If this highly complex natural ligand strongly complexes with Cr in solution, 
the presence of this ligand in the soluble form has the potential to reduce sorption 
to soil and increas e leaching. The results  presented in Table II s hows that the  
humic ligand mixture in POS sorbed to the soil and increased  the am ount of 
ternary soil–ligand–chromium complexes, facilitating the chromium retention in 
soil column, and leading t o decreased mobility.22–25 Thus, in the treat ment set 
with POS and acid rainwater, the decre ase of chromium in leachate was 10 times 
more compared to the soil with the low organic matter content – PS (0.29 com-
paring to 2.01 %). This confirms the influence of organic matter on the retentio n 
of chromium by soil. 

The speciation diagram  of Cr(III) as a function of pH, calculated by  the 
speciation software MINT EQ, is shown in Fig. 2a. The dom inant species of  
Cr(III) for pH < 4.5 are Cr3+(aq) and Cr(OH)2+. For pH > 4.5, mainly insoluble 
Cr(OH)3 is formed. Soluble polyhydroxyl species, such as Cr(OH)4−, Cr2(OH)24+, 
Cr3O4(OH)43−, Cr4(OH)45+, Cr2O2(OH)42− and others, appear at highly alkaline 
values.26,27 

The speciation diagram of Cr(III) vs. pH in the presence of soil organic mat-
ter, as defined b y the Stockholm humic model (SHM), is presented in Fig. 2b.  
The SHM was created to provide a more  realistic assessment of metal–humic 
complexation than the Gaussian dissolved organic matter model in MINTEQ. The 
SHM allows metals binding to humic to be described either as monodentate or as 
bidentate ligand. As humic substances may occur both in the dis solved and solid 
phases, cation binding was considered both for dis solved and solid-phase humic 
substances. This model is based on the following: dissolved fulvic acid ( FA(aq)) 
and its value of 0.04 8 g L–1 represents the concent ration of ‘active’  dissolved 
organic matter in the s ystem. The hu mic substances in the solid phase are as-
sumed to be a mixture of humic and fulvic acid and the relative proporti ons of 
these were set to FA(s) 0.845 g L–1 and HA(s) 1.457 g L–1. To accelerate the cal- 
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(a) 

 
(b) 

 
(c) 

Fig. 2. Concentration of chromium species (mol L-1) at different pH values, calculated by 
Visual MINTEQ in the presence of a) Cr(III), b) Cr(III) and organic matter and c) Cr(VI). 
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(d) 

Fig. 2. (Continued) Concentration of chromium species (mol L-1) at different pH values, 
calculated by Visual MINTEQ in the presence of d) Cr(VI) and organic matter. 

culations, solid-phase HA (humic acid) and solid-phase FA ar e normally bulked 
together as one component. Using such a defined hu mic model, the equilibrium 
chemistry of a soil suspe nsion with 2.5 g L –1 of active hum ic substances, of 
which 62 % is HA and 38 %  FA, was sim ulated. 48 mg L–1 FA was dissolved 
(equivalent to 24 mg L–1 dissolved organic carbon (DOC) if the entire DOC  is 
assumed to be FA). The soil was suspended with SO 4 – S 0.8 mg L–1, Cl 0.5 mg 
L–1, NO3– – N 0.4 mg L–1, NH4 – N 0.3 mg L–1, Na 0.2 mg L–1, K 0.03 mg L–1 
and Mg 0.03 mg L–1. In this problem, the total concentrations of K, Mg and Na 
constitute the sum of the d issolved + complexed ions. The equilibrium constants 
of the chro mium species and the model parameters for soil FA  and soil H A 
defined in Visual MINTEQ are given in Table III. 

TABLE III. Model parameters and equilibrium constants defined in Vis ual MINTEQ for the 
system Cr(III), Cr(VI) and soil organic matter 

Sample Proton dissociating 
groups (mmol g-1) 

Site density 
(sites nm-2) 

ΔpKA (strong acid 
groups) 

ΔpKB (weak acid 
groups) 

Soil FA 7.02 1.2 3.48 2.49 
Soil HA 5.33 1.2 3.03 3.03 

Equilibrium constants 

( ) 3
22Cr OH 2H Cr H O+ + ++ ↔ +  log K = 9.84 

( ) ( )4
2 22 22Cr OH 2H Cr OH 2H O+ +++ ↔ +  log K = 14.68 

( ) ( )5
3 22 43Cr OH 2H Cr OH 2H O+ +++ ↔ +  log K = 18.77 
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TABLE III. Continued 
Equilibrium constants 

2
4 2 4CrO 2H H CrO− ++ ↔  log K = 6.31 

4 4CrO H HCrO− + −+ ↔  log K = 6.51 

2 2
4 2 7 22CrO 2H Cr O H O− + −+ ↔ +  log K = 14.56 

( ) 2
22Cr OH H CrOH H O+ + ++ ↔ +  log K = 6.27 

The distribution of chromium  between dissolved, sorbed and precipitated  
phases for Cr(III) and organic matter and Cr(VI) and organic m atter, calculated 
by Visual MINTEQ, are presented in Table IV. Under the leaching conditions, 99 
% of Cr(III) is sorbed (Table IV), which confirm s the experimentally observed 
trend. Chromium(III) was not detected in the leachate of the organic substrat e 
when acid rainwater was used, due to its sorption on organic matter (Fig. 2b). 

TABLE IV. Equilibrium mass distribution of chromium between dissolved, sorbed and pre-
cipitated phases calculated by Vis ual MINTEQ for systems: Cr(III) and organic matter and 
Cr(VI) and organic matter 
Sample Dominant species Dissolved, % Sorbed, % Precipitated, % 
Cr(III) + organic matter Cr(OH)2

1+ 0.966 99.034 0.0 
Cr(VI) + organic matter CrO4

2- 100 0 0.0 

The chromium speciation when the soil has a low organic matter content is 
shown in Fig. 2c. The dominate chromium(VI) ionic specie s are HCrO4– and 
Cr2O72– for pH < 6.5. O n increasing the pH, the  concentration of HCrO 4– 
decreases rapidly and at pH 8 approaches zero. For pH > 6.5, CrO 42– is prefe-
rably observed. Under highly alkaline conditions, Cr(VI) exists only in the form 
of CrO42–. 

It is apparent com paring to Fig 2d that the presence  of organic matter does 
not affect the Cr(VI) con centration in in filtration water. Leaching of soil  with 
high or low organic matter content, the concentration of Cr(VI), in the form of 
HCrO4–, Cr2O72– and CrO42–, is the sam e. This is probably due to the fact that  
no interaction occurs between the negativ ely charged ionic species and the nega-
tively charged active functional groups of the organic matter, which leads to leach-
ing of chromium and its migration to the groundwater. The results in Table I V 
show also that no chromium is sorbed or precipitated, leading to its total disso-
lution and possible downward movement to the groundwater or plant uptake. 
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CONCLUSIONS 

This study demonstrated that the exte nt of chrom ium transport in soil co-
lumns depends on the m obility of the organic matter–metal complexes and that  
this mobility is governed by  a variety  of factors: the extent of soil pollut ion by 
chromium, the chromium valence state, soil organic matter content and acidity of 
the rainwater.  

Chromium leaching was monitored for urban soil and an organ ic substrate 
for horticultural container growing with  and without chrom ium pollution by 
treating with rainwater. T he leachate solutions from all treat ments showed tha t 
the concentration of Cr was strongly  influenced by the organic matter content. 
This is explained by the increased metal sorption onto the organic matter of soil. 
Increasing the rain acidity resulted in th e presence of not only Cr(VI), but also 
Cr(III) in the  leachate. Considering that the soil was artificially  polluted with 
chromium(VI) by addition of K2Cr2O72– to the soil, the Cr(VI) was reduced to 
Cr(III) only when the acidity  of the ra in was incr eased, because dichromat e 
reduction by electron donor soil components, such as soil organic matter (humic 
substances), is realised with the consumption of H+. 

The experimentally and theoretically  determined influences of pH and soil 
organic matter content are in agreement. The Stockholm humic model was used 
to evaluate the leaching results, and th e obtained theoretical values corresponded 
rather well with the measured ones 

И З В О Д  

ИЗЛУЖИВАЊЕ ХРОМА ИЗ ХРОМОМ ЗАГАЂЕНОГ ЗЕМЉИШТА –  
СПЕЦИЈАЦИОНА АНАЛИЗА И ГЕОХЕМИЈСКО МОДЕЛОВАЊЕ 

ДАРКО Х. АНЂЕЛКОВИЋ1, ТАТЈАНА Д. АНДЈЕЛКОВИЋ2, РУЖИЦА С. НИКОЛИЋ2, МИЛОВАН М. 
ПУРЕНОВИЋ2, СРДЈАН Д. БЛАГОЈЕВИЋ3, АЛЕКСАНДАР Љ. БОЈИЋ2 и МИЛИЦА М. РИСТИЋ1 

1JKP „Naissus“, Knegiwe Qubice 1/I, 18000 Ni{, 2Prirodno–matemati~ki fakultet, Univerzitet u 

Ni{u,Vi{egradska 33, 18000 Ni{ i 3Poqoprivredni fakultet, Univerzitet u 

Beogradu, Nemawina 16, 11081 Beograd 

У раду је праћена дистрибуција хрома између земљишта и инфилтрационих вода. При-
родни процес перколирања кишнице кроз земљиште је симулиран у лабораторијским усло-
вима помоћу екстракције и излуживања у колони. Миграција хрома у земљишту је праћена у 
зависности од нивоа загађења земљишта хромом, садржаја органске материје земљишта и 
киселости кишнице. Хром(III) и хром(VI) су одређени спектрофотометријски помоћу дифе-
нилкарбазида у киселој средини. Специјација хрома у инфилтрационим водама добијена екс-
перименталним модел системом је у сагласности са специјацијом добијеном прорачуном 
геохемијским моделом Visual MINTEQ. Концентрација хрома у инфилтрационим раство-
рима показује значајну зависност од садржаја органске материје земљишта. Компјутерски 
геохемијски модел – Stockholm хумински модел, који је коришћен за евалуацију експеримен-
талних резултата може се применити у специјацији хрома у урбаном земљишту и органском 
супстрату, који су испитивани у раду. 

(Примљено 16. децембра 2010, ревидирано 20. фебруара 2011) 
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original, has been written by the stated authors and has not been published elsewhere; is currently not being 
considered for publication by any other journal and will not be submitted for such a review while under review by the 
Journal; the manuscript contains no libellous or other unlawful statements and does not contain any materials that 
violate any personal or proprietary rights of any other person or entity. All manuscripts will be acknowledged on 
receipt (by e-mail) and given a reference number, which should be quoted in all subsequent correspondence. A 
password for “Article Tracking” (www.shd.org.rs/JSCS/) will also be supplied. 

A MANUSCRIPT NOT PREPARED ACCORDING TO THESE INTRUCTIONS WILL BE RETURNED 
FOR RESUBMITION WITHOUT BEING ASSIGNED A REFERENCE NUMBER. 

PROCEDURE 
All contributions will be peer reviewed and only those deemed worthy will be accepted for publication. The 

Editor has the final decision. To facilitate the reviewing process, authors are encouraged to suggest up to three persons 
competent to review their manuscript. Such suggestions will be taken into consideration but not always accepted. 

Manuscripts requiring revision should be returned according to the requirement of the Editor, within 60 days or 
the manuscript will be considered as having been withdrawn. Later, the manuscript would have to be resubmitted. 

The Journal maintains its policy and takes the liberty of correcting the English of manuscripts scientifically 
accepted for publication.  

When a manuscript is ready for printing, the corresponding author will receive a PDF-formatted manuscript for 
proof reading, which should be returned to the Journal within 2 days. Failure to do so will be taken as the authors are 
in agreement with any alteration which may have occurred during the preparation of the manuscript. 

Accepted manuscripts of active members of the Serbian Chemical Society (all authors) have publishing priority. 
The corresponding author will receive by e-mail a PDF-formatted version of the paper as published in the 

journal. 
MANUSCRIPT PRESENTATION 

Manuscripts should be typed in English (either standard British or American English, but consistent throughout) 
with 1.5 spacing (12 points Times New Roman; Greek letters in the character font Symbol) in A4 format leaving 2.5 
cm for margins. For Regional specific, non-standard save documents with Embed fonts Word option: Save as -> 
(Tools) -> Save Options… -> Embed fonts in the text. 

The authors are requested to seek the assistance of competent English language expert, if necessary, to ensure 
their English is of a reasonable standard. The Serbian Chemical Society can provide this service in advance of 
submission of the manuscript. If this service is required, please contact the office of the Society by e-mail (jscs-
info@shd.org.rs). 

Tables and figures and/or schemes should not be embedded in the manuscript but their position in the text 
indicated. In electronic version (Word.doc document) tables and figures and/or schemes should follow the text, each 
on a separate page. Please number all pages of the manuscript including separate lists of references, tables and figures 
and their captions. 

 



IUPAC recommendations for the naming of compounds should be followed. SI units, or other permissible units, 
should be employed. The designation of physical quantities must be in italic throughout the text (including figures, 
tables and equations), whereas the units are in upright letters. They should be in Times New Roman font. In graphs 
and tables, a slash should be used to separate the designation of a physical quantity from the unit (example: p / kPa, t / 
°C, T / K, τ / h…). Designations such as: p (kPa), t [min]…, are not acceptable. However, if the full name of a 
physical quantity is unavoidable, it should be given in upright letters and separated from the unit by a comma 
(example: Pressure, kPa, Temperature, K…). Please do not use the axes of graphs for additional explanations; these 
should be mentioned in the figure captions and/or the manuscript (example: “pressure at the inlet of the system, kPa” 
should be avoided). The axis name should follow the direction of the axis (the name of y–axis should be rotated by 
90°). Top and right axes should be avoided in diagrams, unless they are absolutely necessary. 

Latin words, as well as the names of species, should be in italic, as for example: i.e., e.g., in vivo, ibid, 
Calendula officinalis L., etc. The branching of organic compound should also be indicated in italic, for example,  
n-butanol, tert-butanol, etc. 

Decimal numbers must have decimal points and not commas in the text (except in the Serbian abstract), tables 
and axis labels in graphical presentations of results. 

ARTICLE STRUCTURE 

• TITLE PAGE 
• MAIN TEXT 
• TABLE CAPTIONS 
• TABLES (each on a separate page) 
• FIGURE and/or SCHEME CAPTIONS 
• FIGURES and/or SCHEMES (each on a separate page) 

Title page.  
Title in bold letters, should be clear and concise, preferably 12 words or less. The use of non-standard 

abbreviations, symbols and formulae is discouraged.  
AUTHORS’ NAMES in capital letters with the full first name, initials of further names separated by a space 

and surname. Commas should separate the author’s names except for the last two names when ‘and’ is to be used. In 
multi-affiliation manuscripts, the author’s affiliation should be indicated by an Arabic number placed in superscript 
after the name and before the affiliation. Use * to denote the corresponding author(s).  

Affiliations should be written in italic. The e-mail address of the corresponding author should be given after the 
affiliation(s).  

Abstract: A one-paragraph abstract written of 150–200 words in an impersonal form indicating the aims of the 
work, the main results and conclusions should be given and clearly set off from the text. Domestic authors should also 
submit, on a separate page, an Abstract – Izvod, the author’s name(s) and affiliation(s) in Serbian (Latin letters). For 
authors outside Serbia, the Editorial Board will provide a Serbian translation of their English abstract.  

Keywords: Up to 6 keywords should be given. Do not use words appearing in the manuscript title  
RUNNING TITLE: A one line (maximum five words) short title in capital letters should be provided. 

Main text. The main text should have the form:  
INTRODUCTION,  
EXPERIMENTAL (RESULTS AND DISCUSSION),  
RESULTS AND DISCUSSION (EXPERIMENTAL),  
CONCLUSIONS,  
NOMENCLATURE (optional),  
Acknowledgements: If any,  
REFERENCES (Citation of recent papers published in chemistry journals that highlight the significance of 

work to the general readership is encouraged.) 

The sections should be arranged in a sequence generally accepted for publication in the respective fields. They 
subtitles should be in capital letters, centred and NOT numbered. 

The INTRODUCTION should include the aim of the research and a concise description of background 
information and related studies directly connected to the paper.  

The EXPERIMENTAL section should give the purity and source of all employed materials, as well as details of 
the instruments used. The employed methods should be described in sufficient detail to enable experienced persons to 
repeat them. Standard procedures should be referenced and only modifications described in detail. On no account 
should results be included in the experimental section.  

The RESULTS AND DISCUSSION should include concisely presented results and there significance discussed 
and compared to relevant literature data. The results and discussion may be combined or kept separate.  

The inclusion of a CONCLUSION section, which briefly summarizes the principal conclusions, is highly 
recommended. NOMENCLATURE is optional but, if the authors wish, a list of employed symbols may be included.  

REFERENCES should be numbered sequentially as they appear in the text. When cited in the text, the reference 
number should be superscripted in Font 12, following any punctuation mark. In the reference list, they should be in 
normal position followed by a full stop. Reference entry must not be formatted using Carriage returns (enter key;   
key) or multiple space key. The formatting of references to published work should follow the Journal’s style as 
follows: 



 

Journals*: 1. A. B. Surname1, C. D. Surname2, J. Serb. Chem. Soc. Vol. (Year) first page Number 

Books: 2. A. B. Surname1, C. D. Surname2, Name of Book, Publisher, City, Year, p. 100 

Compilations: 3. A. B. Surname1, C. D. Surname2, in: Name of Compilation, A. B. Editor1, C. D. Editor2, Ed(s)., 
Publisher, City, Year, p. 100

Proceedings: 4. A. B. Surname1, C. D. Surname2, , in: Proceeding of Name of the Conference or Symposium, 
Title of the Proceeding, (Year of publishing), Place of the Conference, Country, Year, p. 100 

Patents: 5. A. B. Inventor1, C. D. Inventor2, (Holder), Country Code and patent number (registration year) 

Chemical  
Abstracts: 

6. A. B. Surname1, C. D. Surname2, Chem. Abstr. CA 234 567a 
For non-readily available literature, the Chemical Abstracts reference should be given in square 
brackets: [C.A. 139/2003 357348t] after the reference

Standards: 7. EN ISO 250: Name of the Standard (Year)

Websites: 8. Title of the website, URL in full (date accessed)

* International Library Journal abbreviation is required. Please consult e.g. http://www.library.ubc.ca/scieng/coden.html 

Only the last entry in the reference list should end with a full stop. 
The names of all authors should be given in the list of references; the abbreviation et al. may only be used in the 

text. The original journal title is to be retained in the case of publications published in any language other than English 
(please denote the language in parenthesis after the reference). Titles of publications in non-Latin alphabets should be 
transliterated. Russian references are to be transliterated using the following transcriptions:  

ж→zh,  ҳ→kh,  ц→ts,  ч→ch,  ш→sh,  щ→shch,  ы→y,  ю→yu,  я→ya,  э→e,  й→i,  ь→’. 

Table Captions. A separate list of table captions, which makes the tables comprehensible without reference to 
the text, should be provided in numerical order on a separate page. 

Tables. Tables are part of the text but must be given on separate pages. The tables should be numbered 
consequently in Roman numbers. Quantities should be separated from units by a slash (/). Footnotes to tables, in size 
10 font, are to be indicated consequently (line-by-line) in superscript letters. Tables should be prepared with the aid of 
the WORD table function, without vertical lines. The minimum size of the font in the tables should be 10 pt. Table 
columns must not be formatted using multiple spaces. Table rows must not be formatted using Carriage returns (enter 
key;   key). Tables should not be incorporated as graphical objects. In setting up tables, Authors should keep in mind 
the area of the Journal’s page (12.5 cm × 19 cm) and should make tables conform to the limitations of these 
dimensions. 

Figure and/or Scheme Captions. A separate list of figure and/or scheme captions, which makes the figures 
and/or schemes comprehensible without reference to the text, should be provided in numerical order on a separate 
page. 

Figures and/or Schemes. Figures and/or Schemes (of moderate resolution) should follow the captions, each on 
a separate page of the manuscript. High resolution illustrations in TIF or EPS format (JPG format is acceptable for 
colour and greyscale photos, only) must be uploaded as a separate archived (.zip, .rar or .arj) file. 

Figures and/or Schemes should be prepared according to the ARTWORK INSTRUCTIONS! 

Mathematical and chemical equations must be numbered, Arabic numbers, consecutively in parenthesis at the 
end of the line. All equations should be embedded in the text except when they contain graphical elements (tables, 
figures, schemes and formulae). Complex equations (fractions, inegrals, matrix…) should be prepared with the aid of 
the WORD Equation editor. 

Reporting analytic and spectral data 
Adequate evidence to enable the identity and purity of all newly synthesized compounds should be provided. 
The styles for the presentation of analytical and spectral data, which should be strictly adhered to (including the 

order), are as follows: 
Compound (3a). Yield: 60 %; m.p. 120 °C. Anal. Calcd. for C30H23N3O5: C, 71.27; H 4.58; N, 8.31. Found: C, 

71.30, H, 4.54, N, 8.70. IR (KBr, cm-1): 1535, 1469 (C=C– stretching of aromatic ring), 1680s (–C=O stretching of -
COOH group), 3128 (–NH stretching of secondary amine). 1H-NMR (200 MHz, DMSO-d6, δ / ppm): 1.38–1.39 (3H, 
t, –CH2–CH3), 4.0–4.49 (2H, q, –CH2–CH3), 10.92 (1H, s, –NH, D2O exchangeable), 7.75 (2H, t, aromatic, J = 7.8 
Hz), 2.26–2.75 (2H, m, –CH2). 

13C-NMR (100 MHz, CDCl3, δ / ppm): 157.76 (C1), 146.89 (C2), 177.69 (–COO), 
33.44 (–CH), 38.55 (–CH2). MS (m/z, (relative abundance, %)): 252 (M+, 32.5) 225, 213, 211 (BP, 100). UV–Vis 
(EtOH) (λmax / nm, eV or cm-1 (ε / L mol-1 cm-1)): 205 (2300), 243 (1800). Optical rotation values, α (589 nm, 20 °C, 10 
g dm-3 in H2O, 10 cm): +66.470°. Specific rotation [α]20

589 / deg dm-1 g-1 cm3. Magnetic moment, μeff / μB: 3.1. 
Deposition of crystallographic data 
Prior to submission, the crystallographic data included in a manuscript presenting such data should be deposited 

at the appropriate database. Crystallographic data associated with organic and metal-organic structures should be 
deposited at the Cambridge Crystallographic Data Centre (CCDC) by e-mail to deposit@ccdc.cam.ac.uk 

Crystallographic data associated with inorganic structures should be deposited with the Fachin-
formationszentrum Karlsruhe (FIZ) by e-mail to crysdata@fiz-karlsruhe.de. A deposition number will then be 
provided, which should be added to the reference section of the manuscript. 



ARTWORK INSTRUCTIONS 

JSCS accepts only TIFF or EPS formats, as well as JPEG format (only for colour and greyscale photographs) 
for electronic artwork and graphic files. MS files (Word, PowerPoint, Excel, Visio) NOT acceptable. Generally, 
scanned instrument data sheets should be avoided. Authors are responsible for the quality of their submitted artwork. 
Every single Figure or Scheme, as well as any part of the Figure (A, B, C…) should be prepared according to 
following instructions (every part of the figure, A, B, C…, must be submitted as an independent single graphic file). 

TIFF 
Virtually all common artwork and graphic creation software is capable of saving files in TIFF format. This 

“option” can normally be found under the “Save As...” or “Export...” commands in the “File” menu. TIFF (Tagged 
Image File Format) is the recommended file format for bitmap, greyscale and colour images. Colour images should be 
in the RGB mode. When supplying TIFF files, please ensure that the files are supplied at the correct resolution: 

Line artwork: minimum of 1000 dpi 
RGB image: minimum of 300 dpi 
Greyscale image: minimum of 300 dpi  
Combination artwork (line/greyscale/RGB): minimum of 500 dpi 
Images should be tightly cropped. 
If applicable, please re-label artwork with a font supported by JSCS (Arial, Helvetica, Times, Symbol) and 

ensure it is of an appropriate font size. Save an image in TIFF format with LZW compression applied. It is 
recommended to remove Alpha channels before submitting TIFF files. It is recommended to flatten layers before 
submitting TIFF files. 

EPS 
Virtually all common artwork creation software, such as Canvas, ChemDraw, CorelDraw, SigmaPlot, Origin 

Lab…, are capable of saving files in EPS format. This “option” can normally be found under the “Save As...” or 
“Export...” commands in the “File” menu. For vector graphics, EPS (Encapsulated PostScript) files are the preferred 
format as long as they are provided in accordance with the following conditions: when they contain bitmap images, 
the bitmaps should be of good resolution (see instructions for TIFF files). 

JPEG 
JPEG (Joint Photographic Experts Group) is the acceptable file format only for colour and greyscale 

photographs. JPEG can be created with respect to photo quality (low, medium, high; from 1 to 10), ensuring file sizes 
are kept to a minimum to aid easy file transfer. Images should have a minimum resolution of 300 dpi. Image width: 
minimum 8.0 cm; maximum 12.0 cm. 

When colour is involved, it should be encoded as RGB. An 8-bit preview/header at a resolution of 72 dpi should 
always be included. Embed fonts should be always included and only the following fonts should be used in artwork: 
Arial, Helvetica, Times, Symbol. The vertical space between the parts of an illustration should be limited to the bare 
necessity for visual clarity. No data should be present outside the actual illustration area. Line weights should range 
from 1 pt to 2 pt. When using layers, they should be reduced to one layer before saving the image (Flatten Artwork). 

Sizing of artwork 
JSCS aspires to have a uniform look for all artwork contained in a single article. Hence, it is important to be 

aware of the style of the journal. Figures should be submitted in black and white or, if required, colour (charged). If 
coloured figures or photographs are required, this must be stated in the cover letter and arrangements made for 
payment through the office of the Serbian Chemical Society. As a general rule, the lettering on an artwork should 
have a finished, printed size of 11 pt for normal text and no smaller than 7 pt for subscript and superscript characters. 
Smaller lettering will yield a text that is barely legible. This is a rule-of-thumb rather than a strict rule. There are in-
stances where other factors in the artwork, (for example, tints and shadings) dictate a finished size of perhaps 10 pt. 
Lines should be of at least 1 pt thickness. When deciding on the size of a line art graphic, in addition to the lettering, 
there are several other factors to address. These all have a bearing on the reproducibility/readability of the final 
artwork. Tints and shadings have to be printable at the finished size. All relevant detail in the illustration, the graph 
symbols (squares, triangles, circles, etc.) and a key to the diagram (to explain the explanation of the graph symbols 
used) must be discernible. The sizing of halftones (photographs, micrographs,...) normally causes more problems than 
line art. It is sometimes difficult to know what an author is trying to emphasize on a photograph, so you can help us by 
identifying the important parts of the image, perhaps by highlighting the relevant areas on a photocopy. The best 
advice that can be given to graphics suppliers is not to over-reduce halftones. Attention should also be paid to magni-
fication factors or scale bars on the artwork and they should be compared with the details inside. If a set of artwork 
contains more than one halftone, again please ensure that there is consistency in size between similar diagrams. 

General sizing of illustrations which can be used for the Journal of the Serbian Chemical Society:  
Fig. size: Minimum 30 mm width; Small - 60 mm width; Large - 90 mm width; Maximum - 120 mm width 

Pixel requirements (width) per print size and resolution for bitmap images: 
 Image width A B C
Minimal size 30 mm 354 591 1181
Small size 60 mm 709 1181 2362
Large size 90 mm 1063 1772 3543
Maximal size 120 mm 1417 2362 4724

A: 300 dpi > RGB or Greyscale image; B: 500 dpi >   Combination artwork (line/greyscale/RGB); C: 1000 dpi> Line artwork 
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