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ABSTRACT

A series of 2-(p-substituted benzylidene)-3-(5-gietth3, 4-thiadiazol-2-yl) thiazolidin-4-ones wesgnthesized by
the reaction of Schiff's bases of N-(p-substituteenzylidene)-5-methyl-1, 3, 4-thiadiazole-2-amineih
thioglycolic acid in 1, 4-dioxane as solvent anddséd for their in vitro antibacterial activity. Retion of N-(p-
substituted benzylidene)-5-methyl-1, 3, 4-thiad&2samines with different p-substituted benzaldiesyyielded the
compounds Schiff's bases of N-(p-substituted tidemg)-5-methyl-1,3, 4-thiadiazole-2-amines whisHurther
reaction with thioglycollic acid in presence of dhramount of zinc chloride in 1,4 dioxane as sotvgave title
compounds. These compounds were characterizecbdstral analysis. All the synthesized compoundsewer
evaluated for their in vitro for their antibactefiactivity against two Gram positive bacterial stra (Bacillus
subtilis and Staphylococcus aureus) and two Gragatiee bacterial strains (Escherichia coli and Pdemonas
aeruginosa) and their minimum inhibitory concentvat(MIC) were determined.

Keywords: Thiazolidinone , Schiff's base, antibacterial, migim inhibitory concentration (MIC).

INTRODUCTION

Compounds containing heterocyclic ring systemsinaetto attract considerable interest due to tivée range of
biological activities. Amongst them five memberegtdrocyclic compounds occupy a unique place inndteral
and synthetic organic chemistry. Thiazolidinonesderivatives of thiazolidine which belong to imfamit groups of
heterocyclic compounds. Thiazolidinones are ofedéht type depending upon the presence of the e@rigooup at
different position such as 2, 4, and 5-positionknas 2-thiazolidinones, 4-thiazolidinones, andhia#olidinones.
Among these thiazolidinone, 4-thiazolidinones shgvesater biological activity [1]The wide-spread exploitation of
chemotherapeutic agents for the treatment of iiffestdiseases leads to the development of microbsidtance to
existing drugs. The emergence of resistance tart@jer classes of antibacterial drugs is recognag@ serious
health concern. The hunt for novel antibacteriatrag with different mode of actions will always r@m an
important and challenging task [2].Compounds containing thiazolidinone nucleus haeenbreported as
antimicrobials [3-6], anti-inflammatory [7-8] andt&tuberculosis [9]. These reports including ongoing research
program in the field of synthesis and antimicrolaiefivity of medicinally important compounds [10}iBspired us
to undertake the synthesis of somep(bstituted benzylidene)-3-(5-methyl-1, 3, 4-tigadl-2-yl) thiazolidin-4-
ones. The synthesized compounds were characteozethe basis of IR andH NMR spectral data. All the
compounds were screened for thiir vitro antibacterial activity against two Gram positivectesial strains
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(Bacillus subtilis and Staphylococcus aureusand two Gram negative bacterial straif&sdherichia coliand
Pseudomonas aerugingsaspectively and their minimum inhibitory conasation (MIC) were also determined.

MATERIALS AND METHODS

Chemistry

The synthetic path of the N-&ubstituted benzylidene)-3-(5-methyl-1, 3, 4-théadl-2-yl)-thiazolidin-4-one
derivatives is demonstrated in scheme. Reactiorb-afethyl-2-amino-1, 3, 4-thiadiazole with diffetep-
substituted benzaldehydes in the presence of fepsdof glacial acetic acid furnished the Schiffases.e., N-(p-
substituted benzylidene)-5-methyl-1, 3, 4-thiadiaZd-amines (2a-2h). The reaction of pgubstituted
benzylidene)-5-methyl-1, 3, 4-thiadiazole-2-amingth thiglycolic acid in 1,4-dioxane in presencesafiall amount
of zinc chloride gave 2pfsubstituted benzylidene)-3-(5-methyl-1,3,4-thiadia2-yl)thiazolidin-4-one (3a-3h). All
products were obtained in good yield. Physiochehtbaracterization of the synthesized compoundgivien in
Table 1.

Characterization of the compounds was accomplishyethe spectral (IR:HNMR, *C NMR ) means as well as
elemental analysis. Purity of the compounds waglagk by TLC. The results of elemental analysis vergood
agreement with the calculated values.

All the chemical and reagents used were of analytitade and all the reaction were monitored by thijer
chromatography (TLC) using silica gel G as statignphase, different solvent systems as mobile @laasl iodine
vapors as detecting agent. Melting points of thempounds were determined in open capillary tube kegilde
Melting Point Apparatus and were uncorrected. dfrédMR spectra were recorded on Bruker Avance 0 HOIR

Spectrometer using tetra-methyl silane as intestethdard. Infrared Spectra were recorded by Peikiner IR

spectrophotometer using KBr pellets.

-N
~N N~
N Methanol | CHs
R H—CHj \N)\S>_
H,N™ S H
1
(@] Ry
(2a-2h)
R{
I, 4-Dioxane HS COOH
Ry
R,=H, Cl, F, Br, NO,, OH, CH4, OCH ’N\>_
1= H, Gl F, Br, NOy, OH, CHa, 3 | CHj
N)\S
S
\/&O
3a-3h

Scheme: Synthesis of 2-(p-substituted benzylidene)-3-(5-methyl-1, 3, 4-thiadiazol-2-yl) thiazolidin-4-one

Table 1: Physicochemical data of 2gtsubstituted benzylidene)-3-(5-methyl-1, 3, 4-thiddzol-2-yl) thiazolidin-4-ones

Compound R Molecular Weight | Moleculer Formula | M.P.(°C) | % Yield
3a H 277.37 GH1N30S 235-237 66.4
3b CHs; 291.39 GeH13N30S 129-131 68.4
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3c OH 293.36 @H1N:0S, 147-149 71.7
3d OCH; 307.39 GaH13N3O,S, 171-173 69.6
3e Cl 311.81 G:H.1.CIN30S 138-140 74.7
3f Br 356.2¢ C12H11BrNs0S, 144-14¢ 65.£

39 F 295.36 GH1F NsOS 207-209 63.4
3h NO, 322.36 GoH11N4OsS, 195-197 69.1

Synthesis of N-p-substituted benzylidene)-5-methyl-1, 3, 4-thiadiade-2-amines

Synthesis of 2-amino-5-methyl-1,3,4-thiadiazoleaswcarried out by the reported method [16]pM«fbstituted
benzylidene)-5-methyl-1, 3, 4-thiadiazole-2-amingsre synthesized according to the method [17] frequimolar
quantity of 2-amino-5-methyl-1,3,4-thiadiazol@s06 mol) and aromatic aldehydes (0.06 mol)3@nmL of
methanol and heated at 60°TD on water bath for 4 hrsin presence of felops of glacial acetic acid. The
crude products were obtained after removal of methander reduced pressure. The products were statized
from methanol.

Synthesis of 2-4¢-substituted benzylidene)-3-(5-methyl-1, 3, 4-thiddzol-2-yl)-thiazolidin-4-one

These were prepared according to the method [17{abyng thioglycolic acid (0.04 mol) and Sdhsifbases (N-
(p-substituted benzylidene)-5-methyl-1,3,4-thiadiaz@tamines) (0.02mol) in 30 mL of 1,4-dioxane &edted at
70-80°C in presence of catalytic amount of anhydrailsc chloride on water bath for 7 hrs. The prdduas
cooled, poured into cold water, filtered and retalyzed from rectified spirit.

Spectral data of the title compounds.

3-(5-methyl-1, 3, 4-thiadiazol-2-yl)-2-phenylthiaztidin-4-one (3a)

IR (KBr, cn™): 3041 (aromatic C—Htr.), 1688 (C=0), 1656 (C=N), 1575, 1415, 1381 (C#(@ str.), 1029 (N-N),
800 (-di-substituted benzene), 644 (C-S—&INMR (DMSO, 6, & ppm): 8.12 (s, 1H, B), 7.01-7.14 (m, 4H,
ArH), 2.20 (s, 3H, E5), 3.31-3.66 (s, 2H, 96,), 5.38 (s, 1H, SEN); **C NMR (DMSO, d6, 5 ppm): 174.79,
163.80, 158.16, 142.86, 129.92, 127.66, 126.992220.05.;

2-(4-methylphenyl)-3-(5-methyl-1, 3, 4-thiadiazol-2/) thiazolidin-4-one (3b)

IR (KBr, cm™): 3019 (aromatic C—Hdtr.), 1697 (C=0), 1666 (C=N), 1507, 1476, 1327 (C#@ str.), 1323 (Ar—
CHs), 1032 (N-N), 811-di-substituted benzene); 646 (C-S—&),NMR (DMSO, d6, 5 ppm): 8.10 (s, 1H, B),
7.05-7.16 (m, 4H, A4), 5.29 (s, 1H, SBN), 3.59-3.66 (s, 2H.,9€,), 2.45-2.56 (s, 3H, B3), 2.37 (s, 3H, 85);
3C NMR (DMSO,d6, 5 ppm): 173.81, 162.31, 158.53, 134.66, 134.26,5830.30.88, 67.80, 36.02, 27.26, 20.21.

2-(4-hydroxyphenyl)-3-(5-methyl-1, 3, 4-thiadiazoR-yl) thiazolidin-4-one (3c)

IR (KBr, cm™): 3300 (Ar—OH), 3079 (aromatic C—$tr.), 1693 (C=0), 1671 (C=N), 1587,1456, 1347 (Cari
str.), 1039 (N-N), 815p-di-substituted benzene), 650 (C-S—t&J;NMR (DMSO, d6, 5 ppm): 8.10 (s, 1H, B),
7.06-7.20 (m, 4H, Ad), 5.38(s, 1H, SBN), 4.9 (s, 1H, ®f), 3.48-3.71 (s, 2H, S, 2.51 (s, 3H, E3); **C
NMR (DMSO, d6, 5 ppm): 172.45, 159.84, 158.54, 140.99, 132.63,6080.16.36, 75.17, 36.63, 23.00.

2-(4-mithoxyphenyl)-3-(5-methyl-1, 3, 4-thiadiazoR-yl) thiazolidin-4-one (3d)

IR (KBr, cm™): 3029 (aromatic C—Htr.), 1695 (C=0), 1670 (C=N), 1537, 1496, 1337 (C#@ str.), 1329 (Ar—
OCH;), 1020 (N-N), 809p-di-substituted benzene), 648 (C-S—E);NMR (DMSO,d6, 3 ppm): 8.09 (s, 1H, B),
7.02-7.19 (m, 4H, M), 5.26(s, 1H, SBN), 3.57-3.76 (s, 2H, S&,), 3.62-3.78 (s, 3H, O&;), 2.28 (s, 3H, E3);
13C NMR (DMSO,d6, 5 ppm): 173.41, 163.49, 163.49, 144.53, 136.25,118B2.5.00, 74.04, 57.26, 34.28, 18.41.

2-(4-chlorophenyl)-3-(5-methyl-1, 3, 4-thiadiazol-2/) thiazolidin-4-one (3e)

IR (KBr, cn®): 3040 (aromatic C—Htr.), 1683 (C=0), 1659 (C=N), 1574, 1413, 1382 (C=@str.), 1088 (Ar—
Cl), 1039 (N-N), 817 g-di-substituted benzene), 649 (C-S—&);NMR (DMSO, d6, & ppm): 8.09 (s, 1 H, B),
7.04-7.06 (m, 4H, Ad), 4.90(s, 1H, SBN), 3.59-3.67 (s, 2H, S&,), 2.41 (s, 3H, €3); **C NMR (DMSO,d6, &
ppm): 171.12, 159.15, 153.50, 139.94, 129.33, 128.27.66, 69.30, 32.04, 15.09.

2-(4-bromophenyl)-3-(5-methyl-1, 3, 4-thiadiazol-24) thiazolidin-4-one (3f)

IR (KBr, cm™): 3048 (aromatic C—Htr.), 1683 (C=0), 1655 (C=N), 1577, 1414, 1387 (C#@ str.), 1072 (Ar—
Br), 1019 (N-N), 803p-di-substituted benzene), 642 (C-S—-&J; NMR (DMSO, d6, § ppm): 8.09 (s, 1H, B),
7.07-7.17 (m, 4H, A), 5.26(s, 1H, SBN), 3.55-3.62 (s, 2H, S4,), 2.25 (s, 3H, B3); “*CNMR (DMSO,d6, &
ppm): 174.36, 156.96, 140.25, 134.30, 129.20, ®&B.23, 36.24, 17.10.
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2-(4-flurophenyl)-3-(5-methyl-1, 3, 4-thiadiazol-2yl) thiazolidin-4-one (3g)

IR (KBr, cm™): 3049 (aromatic C—Htr.), 1690 (C=0), 1670 (C=N), 1567, 1434, 1317 (C#@ str.), 1323 (Ar—
F), 1030 (N-N), 817p¢di-substituted benzene), 640 (C-S—&J; NMR (DMSO, d6, § ppm): 8.10 (s, 1H, B),
7.07-7.19 (m, 4H, Ad), 5.28(s, 1H, SBN), 3.58-3.64 (s, 2H.,94,), 2.31 (s, 3H, €5); *C NMR (DMSO,d6, &
ppm): 174.96, 166.25, 158.26, 145.32, 129.96, Bl42.67, 36.68, 20.10.

2-(4-nitrophenyl)-3-(5-methyl-1, 3, 4-thiadiazol-2yl) thiazolidin-4-one (3h)

IR (KBr, cmi™): 3023 (aromatic C—H str.), 1693 (C=0), 1656 (C=Nj27, 1436, 1317 (C=C ring str.), 1327 (Ar—
NO,), 1035 (N-N), 814-di-substituted benzene), 649 (C-S—&);NMR (DMSO, d6, 5 ppm): 8.06 (s, 1H, B),
7.03-7.18 (m, 4H, Ad), 5.31(s, 1H, SBN), 3.48-3.54 (s, 2H.,94,), 2.31 (s, 3H, E5); **CNMR (DMSO, d6, 5
ppm): 168.15, 149.56, 149.56, 141.50, 124.95, B37.9.84, 33.31, 15.09.

Antibacterial activity

All the title compounds were screened for theivitro antibacterial activity against two Gram positiveasts,i.e.,
Bacillus subtilis (MTCC 121) andStaphylococcus aureuMTCC 96) and two Gram negative strains.,
Escherichia coliMTCC 40) andPseudomonas aerugino$TCC 2453) respectively. Ciprofloxacin was usad a
the standard drug for the present study. Serial fab dilution technique was used for the studyaofibacterial
activity [17]. A stock solution (1@g/ml) of all the title compounds and standard dwas prepared in dimethyl
sulfoxide. Sterilized double strength nutrient brdDSNB) was used as a growth media. The stockisoluvas
serially diluted by DSNB aseptically to give contrations of 5.0-0.00ig/ml into a series of sterilized culture
tubes. All the tubes were inoculated by bactetialis. The inoculum’s size was approximately &6lony forming
units (CFU/ml). The inoculated tubes were incubdted?4 h at 37(x1) °C. After 24 h, the inoculaiadture tubes
were macroscopically examined for turbidity. Thetue tube showing turbidity (lower concentraticemd the
culture tube showing no turbidity (higher concetitr@ gave the minimum inhibitory concentration @)Ifor the
compound. The MIC for the title compounds and tia@dard drugi.e., ciprofloxacin are presented in Table 2.

Table 2: Antibacterial activity of 2-(p-substituted benzylidene)-3-(5-methyl-1, 3, 4-thidadzol-2-yl) thiazolidin-4-ones

Minimum inhibitory concentration (MIC pg/ mL)
Compound S. aureus B. subtilis E. coli P. aeruginosa
MTCC 3160 | MTCC 16 | MTCC 40 | MTCC 424
3a 0.70 0.70 0.65 0.65
3b 0.80 0.80 0.70 0.75
3c 0.55 0.55 0.45 0.40
3d 0.85 0.85 0.80 0.80
3e 0.6 0.6C 0.5C 0.5
3f 0.65 0.60 0.50 0.55
39 0.45 0.45 0.40 0.40
3h 0.40 0.40 0.40 0.40
Ciprofloxacin 0.15 0.12 0.01 0.25

RESULTS AND DISCUSSION

Chemistry

The syntheses of Z{substituted benzylidene)-3-(5-methyl-1, 3, 4-thead|-2-yl) thiazolidin-4-onesvere achieved
following the steps outlined in the schenReaction of compound with different p-substituted benzaldehydes in
presence of few drops of glacial acetic acid furaed the Schiff's basese., N-(p-substituted benzylidene)-5-
methyl-1,3, 4-thiadiazole-2-aming¢®). The reaction of compoun@) with thioglycollic acid in presence of small
amount of zinc chloride in 1,4 dioxane as solvemtagtitie compounds. All the compounds were olet@iim good
yield. All the compounds were characterized by spéanalysis.

The IR spectra showed a band for (C—Sst8tchingvibrations near 640-655 ¢finand (N-N)stretchingvibrations
were observed near 1018-1039 €nThe (C=N)stretchingvibrations were observed in range of 1652-1684*cm
The aromatic C—H stretching was observed in rarfg@a6-3098 crt and aromatic O—H stretching in range of
3300-3307 crt. Thebendingvibrations forp-di-substituted benzene appeared in the range®8389 cm”. In case

of *H NMR the signals for methyl protones at positiorefof 1, 3, 4 thiadizole appeared as singlet 20 2o 2.415
(ppm). A singlet was shown for aromatics methoxg amethyl protons at 3.62 to 3.80(ppm) and 2.33 to 2.39
1.21-1.785 (ppm) respectively. The imine proton was appeaedinglet in range 8.06-8.89ppm). The chemical
shift value for aromatic protons was observed i tlinge of 7.00-7.88 (ppm) and appeared as multiplet. In the
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Schiff's baes, imine proton was appeared as sitigleinge 8.06-8.18 (ppm). In case ofC NMR, The chemical
shift value for carbon (N=CH) were observed in ®ri$9.58-174.53 (ppm) in schiff's base. Methyl showed
signals in aliphatic region in the range of 2062ppm) — 15.1® (ppm). In the ring A the chemical shift value wer
observed for gand G in range of 153.50-166.3% (ppm), 140.25-172.95 (ppm) respectively. The signals for
aromatic carbons in ring B were detected in raofy&30.12-168.24 (ppm), 128.35-168.28 (ppm), 114.56-
134.586 (ppm), 128.36-136.94 (ppm) for Cj, C'4, (C'; and Cs), (Cand Cg) respectively. The chemical shift
value in ring C for carbon Gand C’ were observed in range of 29.02-3983¢ppm) and 168.15-176.GB(ppm)

respectively.
Ry

4
6 3 N
N/\
" 5
2 5 g
N
3 1
4

X 0

Antibacterial activity
All the synthesized title compounds were screermdtteir in vitro antibacterial activity against and two Gram
positive bacterial strainse., Bacillus subtilisqMTCC 16) andStaphylococcus aureMTCC 3160) and two Gram
negative bacterial strain®., Escherichia coliMTCC 40) andPseudomonas aerugino§l TCC 424) respectively
and their minimum inhibitory concentration (MIC) medetermined. A perusal of theble 2 shows that all the title
compounds were found to be active against all #etdrial strains used in this study. However, thlegwed more
activity against the Gram negative than the Grasitiye bacterial strains. The minimum inhibitorynoentration
(MIC) of the title compound3a-hwere found to be 0.85-0.4@/ml and 0.80-0.4Qg/ml against Gram positive and
Gram negative bacterial strains respectively. THEMof the title compounds containing electron wdidwing
groups like fluoro, chloro, bromo or nitro were fmlsomewhat less than the compounds containingrethec
releasing groups like methyl and methoxy. The exfee standard ciprofloxacin inhibited Gram negabaeteria
viz., E. coliandP. aeruginosat a MIC of 0.0lug/ml and 0.25ug/ml respectively whereas against Gram positive
bacteria viz.S. aureusandB. subtilisMIC was found to be 0.1pg/ml and 0.1gg/ml respectively. The results of
the MIC for the standard drug, ciprofloxacin, agaithe bacterial strains used were found to beimvitie range as
reported in the literature [18-20].

CONCLUSION

Present study describes the synthesis of a sdrizgpesubstituted benzylidene)-3-(5-methyl-1, 3, 4-théadl|-2-yl)
thiazolidin-4-ones. The compounds were charactérizg spectral techniques such as IR, proton NMR ‘d@d
NMR spectra. All the title compounds were screefoedheirin vitro antibacterial activity againgacillus subtilis
Staphylococcus aureys§ram positive) andescherichia coli Pseudomonas aeruginog&ram negative) and their
minimum inhibitory concentration (MIC) were determad. The results of antibacterial activity showdtt
compounds containing electron withdrawing groupgs, €hloro, bromo, fluoro or nitro were found torere active
than the compounds containing electron releasiogpg such as methyl and methoxy. These resultsestigigat
some morecompounds using different aliphatic acids and lweggomatic aldehydes or ketones should be
synthesized and screened for their antibacterialigcto explore the possibility of 2p¢substituted benzylidene)-3-
(5-methyl-1, 3, 4-thiadiazol-2-yl) thiazolidin-4-es as a new series of antibacterial.
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