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ABSTRACT

In the present study, we have reported the synthesis of various Imidazo [2, 1-b] [1,3,4] thiadiazole derivatives.
These derivatives are of interest because they exhibit a wide range of pharmacological activities. In the reactions we
have reacted various substituted benzoic acids with thiosemicarbazide in the presence of Phosphorous Oxychloride
to yield the substituted 1, 3, 4-thiadiazole nucleus. Further this was treated with various substituted bromoacetyl
compounds to synthesize various derivatives. These derivatives were further characterized by various spectral
techniques and were screened for the antimicrobial activity against Bacterial strains of Shigella flexneri,
Saphylococcus aureus and Candida albicans.

INTRODUCTION

Antimicrobial drugs are the greatest contributidnttee 20" century to therapeutics. Their advent changed the
outlook of the physician about the power of druga biave on diseases [1]. Thiadiazole is a versatilety that
exhibits a wide variety of biological activitiest &cts as “hydrogen binding domain” and “two electrdonor
system” with a constrained pharmacophore [2]. Tiazale can act as the bio-isosteric replacementthiazole
moiety. So it act like third and fourth generaticephaelosporins. Hence it can be used in antibpytparations.
Thiadiazole is 5-membered ring system containing hitrogen and one sulphar atom [3]. The 1, 3,iddilazole
isomer of thiadiazole series and its dihydro-deies provide a bulk of literature on thiadiazolhe literature
review showed that the thiadiazole nuclei havenaintobial [7-9]. Antitubercular [10], anticancer1112], anti-
inflammatory [13], anticonvulsant, antidepressaartiioxidant, radioprotective and anti-leishmaniefivaties [4],
Many drugs containing thiadiazole nucleus are atégl in the market such as acetazolamide, methaiga
sulfamethazole etc. The fusion of a imidazole rimgh a [1,3,4]thiadiazole nucleus give rise to assl of
heterocyclic systems containing a bridgehead rétnogtom known as imidazo- thiadiazoles. These neagfliwo
types, the imidazo[2,1-b][1,3,4]thiadiazoles ande thmidazo[5,1-b][1,3,4]thiadiazoles [5], Imidazdl2,
b][1,3,4]thiadiazole derivatives were first discosg in the early 1950s and, since then, the releaock on this
heterocyclic system has led to significant develepts in their chemistry and biology. The structumds
imidazo[2,1-b][1,3,4] thiadiazoles are closely tethto the biologically vibrant imidazo[1,3,4]th@e heterocycles,
in which the -CH group in the thiazole ring is stitiéed by the isosteric nitrogen atom, but thewwperties often
possess marked differences [6].

MATERIALSAND METHODS

Chemicals used were of LR grade and purchased 8pettrochem, Sigma-Aldrich, Merck India, Loba cheahi
All solvents were used after purification, distiitan and drying. Silica gel pre-coated plates freillerck and Co.
were used for TLC and spots located either by Ustidus solvent systems used for developing thensatograms
are:
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» Hexane:Ethylacetate (40%)
» Methanol:chloroform (1%)

All the melting points are determined in open-dapjl tubes by heating in paraffin bath and wereomrected.'H
NMR and™C NMR spectra of the synthesized compounds wererded in CDGYDMSO solution on a Bruker
Avance 1l 400 MHz NMR spectrometer at SAIF, Punjdbiversity (Chandigarh). Proton chemical shifte ar
relative to Tetramethylsilane (TMS) as internahdi@rd. Mass spectra were recorded on MAT 120 aESRunjab

University (Chandigarh).
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2.3 PREPARATION OF 5-(4-CHLOROPHENYL)-1, 3,4-THIADIAZOL-2-AMINE (9

The mixture of 4-chlorobenzoic acid (50mmol), tlepscarbazide (50mmol) and PQQROmI) was refluxed at
75C for 2 hrs. After cooling down to room temperafureld water was added. The mixture was again xeélfor
4 hrs. After cooling, the mixture was alkalinedpgbl 8 by the dropwise addition of 50% NaOH solutiomder
stirring. The precipitates were filtered and retallzed from ethanol to obtain compou(s).

2.4 PREPARATION OF SUBSTITUTED BROMOACETYL COMPOUNDS 3(a-h)
General Reaction

0
| N CHs Chloroform X
/ \ / Br

Substituted Acetophenone Substituted Bromoacetyl Compounds
3(a-h)

General Procedure

Substituted Acetophenone (25 mmol) was dissolvethloroform (10ml). To the mixture, bromine (25mnulas
added at once. The flask was then immediately la#thdo a reflux condensor suitably for the absonpof
hydrogen bromide, then it was shaked to make tixtune homogeneous and then allowed to stand. Aftérw
minutes a vigorous reaction took place with thelatimn of hydrogen bromide. The reaction was sdéttdlewn for
some time and solid was obtained.
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2.5 PREPARATION OF 2-(4-CHLOROPHENYL)-6-(SUBSTITUTED PHENYL) IMIDAZO[2,1-b][1,3,4]
THIADIAZOLE (S1-S8)

A mixture of equimolar quantities of 5-(4-chloromiy®-1,3,4-thiadiazol-2-aminéS) and substituted bromoacetyl
compound(3a-3h) was refluxed in dry ethanol for 46 hrs. The exceSsolvent was distilled off and the solid
hydrobromide that separated was collected by #itten, suspended in water, and neutralized by agusodium
carbonate solution to get free b&S&-S8). It was filtered washed with water, dried, andrystallized from suitable
solvent like ethanol, methanol, and acetone etc.

General products

Compound Bromoacetyl Name Structure
compounds
4-chloro phenacyll 2,6-bis(4-chlorophenyl)imidazo [2,1-b] [1,3,4] N
S1 bromide thiadiazole C|4©—</ /I\\ Cl
—
S N
4-bromo phenacyl 6-(4-bromophenyl)-2-(4-chlorophenyl) imidazo N N
2 bromide [2,1-b][1,3,4]thiadiazole CI4©—</ /IQ\ Br
S N
4-fluoro phenacyl 2-(4-chlorophenyl)-6-(4-fluorophenyl) imidazo N\N N
3 bromide [2,1-b][1,3,4]thiadiazole CI‘©—</ /I\ E
S N
4-methyl  phenacyl 2-(4-chlorophenyl)-6p-tolyl imidazo [2,1-b N\N A
4 bromide [1,3,4]thiadiazole c|4©—</ B CH3
S N
4-nitro phenacyl 2-(4-chlorophenyl)-6-(4-nitrophenyl) imidazo N\N
S5 bromide [2,1-b][1,3,4]thiadiazole CI‘©—</ /IQ\ NO»
S N
4-methoxy phenacy| 2-(4-chlorophenyl)-6-(4-methoxyphenyl) imidazo N
S6 bromide [2,1-b][1,3,4]thiadiazole C|4©—</ /|§\ OCH;
S7 4-amino phenacyl 2-(4-chlorophenyl)-6-(4-aminophenyl) imidazo
bromide [2,1-b][1,3,4]thiadiazole CI4©—< J\ N NH,
N
4-hydroxy phenacyl| 2-(4-chlorophenyl)-6-(4-hydroxyphenyl) AN
S8 bromide imidazo[2,1-b][1,3,4]thiadiazole cl /L N OH

2.6 DETERMINATION OF ANTIMICROBIAL ACTIVITIESOF SYNTHESIZED COMPOUNDS

Disc diffusion Susceptibility Testing was performedcarry out the initial screening of relativeiamtrobial effects
of the synthesized compounds. This method is aleimpy of determining the susceptibility of a misrganism to
an antimicrobial agent by inoculating an agar pisité the culture and allowing the antimicrobialeag to diffuse
into the agar medium. A filter disc impregnatedhatihe agent is applied to the surface of an agste glontaining
the microorganism to be tested. The effectivendss marticular antimicrobial agent is shown by tiresence of
growth inhibition zones. The zones of inhibitionpapr as clear areas surrounding the disc from witieh
substances with antimicrobial activity diffused.the disc diffusion assays, Tests were carriecagatnst bacterial
and fungal strains. The synthesized compounds tested for activity agains€andida albicans, Staphylococcus
aureus andshigella flexneri.

2.6.1 STANDARD PROCEDURE

1. Fresh cultures were prepared daily in 10 mltbint transferring one loop of stock bacteria whach kept in —
80°C.

2. These cultures incubated for 18 h and subcudtwere obtained by transferring 80from this 18 h incubated
cultures to fresh broth (10 ml).

3. Experiments were performed with daily preparefcsiltures which are standardized for inoculationagar

surface corresponding to certain numbers of CFULY phases of growth curves were taken into atictwureach

approximate inoculation numbers also the standaddizoculums were confirmed by measuring OD values.
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4. 100yl of bacteria culture during the lag phase wereiutated on to agar surface. The agar dept adjtst2@ml
for each plate.

5. Inoculated culture was dispersed by streaking tbeles swab over the entire sterile agar surfacedgting the
plate 60°C each time to ensure the inoculums umifpspread.

6. The inoculated plates were allowed to sit for Safifiutes to let the broth absorb into agar.

7. Sterile blank discs were applied by soaking thetm sterilized extracts by using 0.4 filters.

8. The concentration of extract solutions was deteeahias direct 10 pl for plant extracts.

9. Disc was placed on each plate and then gently pidesensure contact with the agar surface. Thelatandisc is
placed in centre of plate for comparison.

10. Plates were incubated for 24h at 37°C.

11. After 24h the zone diameters were measured by @siragnier caliper and results were expressed as mm
12. Assays for disc diffusion were performed twice.

13. After all steps plates were sterilized in Autoclatel21°C for half an hour and discarded propeslpiahazard
material.

2.6.2 DISC DIFFUSION ASSAY

The given compounds were dissolved in the extracavent di methyl sulfoxide (DMSO) to a final @@mtration.
Antimicrobial tests were then carried out using dige diffusion method with a suspension contairiid colony
forming units per ml of bacteria and ®16olony forming units per ml of yeast/fungus spread nutrient agar
(HIMEDIA) and Saboured Dextrose Agar (HIMEDIA) respompounds were applied to the disc (6 mm diapeter
and allow to soak in, and were than placed onrbedulated Media. Negative controls were prepar@ube same
solvents as employed to obtain the extracts. Adtipesontrols ciprofloxacin (10 mcg, CDRI) used foacterial
strains and fluconazole (10 mcg CDRI) for fungaists. The inoculated plates were incubated at 36f@4 hrs
for bacterial strains and at 25°C for 48 to 120 férsyeast/Fungal Strains. Antimicrobial activityasvevaluated by
measuring the inhibition zone against test micranigms that was sensitive to given compounds indike
diffusion assay.

RESULTSAND DISCUSSION

We tried to synthesized various derivatives of &librophenyl)-1, 3, 4-thiadiazol-2-amir(®) using 4-chloro
benzoic acid as starting material. Synthesis wasechaccording to reaction shown in Scheme. Thammnd(S)

was prepared according to literature methadsng 4-chloro benzoic acid and thiosemicarbazidé heating in
phosphorous oxychloride at 75°C followed by vigaeefluxing with water for 4 hr. This 5-(4-chlorogyl)-1,3,4-
thiadiazol-2-amine(S) was further condensed with various substituted Bracetyl compound8(a-f) in the
presence of dry ethanol and refluxed for the domatof 46 hr to get preparation of 2-(4-chlorophéi®yl

(substitutedphenyl) imidazo[2,1-b][1,3,4]thiadiez (S1-S8).

3.1. ANALYTICAL DATA OF SYNTHESIZED COMPOUNDS

Compound | Mol. Formula | Mol. Weight | Melting Point | R; | Yield
S1 C1HoCILN3S 346.23 158-160°C 0.6 | 67%
S2 CieHsBrCIN;S 390.68 166-168°C | 0.5 | 74%
S3 C1cHoCIFN;S 329.78 192-194°C 0.7 70%
A Ci17H1,CINSS 325.82 162-164°C | 0.6 | 62%
S5 C1¢HoCIN,O,S 356.79 172-174°C | 0.5 | 69%
S6 C;7H1:CIN;OS 341.81 188-190°C | 0.8 | 70%
S7 CieH1:CIN,S 326.80 178-180°C | 0.7 | 58%
S8 C1cH1cCIN;OS 327.02 184-186°C | 0.6 | 68%

3.2. SPECTRAL DATA OF SYNTHESIZED COMPOUNDS
S1: IR Bands (KBr cm™): 1677.24 (Ar, -C=C str), 3000.17 (Ar, -C-H str), 1584 (-C=N str), 1341.8 (-C- N str),
793.15 (-C-Cl)H NMR (DM SO 8ppm): 8.6 (s, Ar-H, imidazole); 7.1-8.2 (m,8H, Ar-H).

S2: 'H NMR (DM SO éppm): 8.6 (s,Ar-H, imidazole); 7.1-8.2 (m,8H, Ar-HY| S, m/z : [m*] 390.2; [m+1] 391.2;
[m+2] 392.2

S3: IR Bands (KBr cm™): 1677.24 (Ar, -C=C str), 3099.17 (Ar, -C-H str), #582 (-C=N), 1405.12 (-C-N), 962.12
(-C-F);*H NMR (DM SO ppm): 8.6 (s,Ar-H, imidazole); 7.1-8.2 (m, 8H, Ar-H).

S$4: 'H NMR (DM SO 8ppm): 2.35 (s, 3H, -Ch); 8.44 (s, Ar-H, imidazole); 7.1-8.1 (m,8H, Ar-HYS, m/z :
[m+1] 326.2, [m+2] 327.2
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S5: IR Bands (KBr cm™): 1677.24 (Ar, -C=C str), 3099.17 (Ar, -C-H str), B588 (-C=N), 1465.18 (-C-N),
1564.22 (N=0)H NMR (DM SO sppm): 8.8 (s,Ar-H imidazole); 7.5-8.2 (m, 8H, Ar-H).

S6: 'H NMR (DM SO éppm): 3.90 (s, 3H, -Ch); 8.49 (s, Ar-H, imidazole); 7.7-8.1 (m,8H, Ar-H)CNMR
(CdCls3 8ppm): 66.31, 100.78, 113.20, 124.75, 129.41, 137.98,55154.07, 159.99, 160.18, 164.33

S7: IR Bands (KBr cm™): 1677.6 (Ar, -C=C str), 3085.7 (Ar, -C-H str), 152¢-C=N), 1324.1 (-C-N), 3319.4 (-
N-H); *H NMR (DM SO éppm): 8.4 (s, Ar-H, imidazole)3.2(s, 2H,-NH); 6.9-8.2(m, 8H, Ar-H).

S8: IR Bands (KBr cm™): 1663.28 (Ar, -C=C str), 3087.17 (Ar, -C-H str), 7588 (-C=N), 1493.18 (-C-N), 3318.5
(O-H); MS, m/z: [m*] 327.02; [m+2] 329.02

3.3ANTIMICROBIAL ACTIVITY OF SYNTHESIZED COMPOUNDS

The antimicrobial activity of synthesized compoumdss evaluated at M.Tech Labs, Panchkula. All jhetresized
compounds were subjected to antimicrobial activdgainst Gram +ve bacteriaaphylococcus aureus

(MTCC3160), Gram —ve bacterighigella flexneri (MTCC1457) and fungal strai@andida albicans (MTCC 227).

The following pictures show zone of inhibition praed in the culture media by the synthesized comgew@and
standard antifungal drug Fluconazole (10ug/mi)Gandida albicans.

In the same manner, zones of inhibition were oleskrior Saphylococcus aureus and Shigella flexneri and
measured in mm. The standard drug used for themiesivas Ciprofloxacin (10pg/ml).
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Table No. 8 Zone of inhibition produced by compounds and standard drugs

Conc. | Disc Zone qf Inhib.ition in mm .
Sr. No. | Compound ug/mi Size S aureus Candida albicans | Shigella flexneri
MTCC 3160 MTCC 227 MTCC 1457
Standard 10 6mmn 26.90 22.70 28.71
100 | 6mm 11.25 12.23 14.18
1. 50 6mm 10.55 14.17 10.76
RB1(S1) 25 6mm 10.59 12.65 10.35
125 | 6mm 12.88 11.12 13.12
Standard 10 6mn 27.13 20.12 24.99
100 | 6mm 16.19 10.95 11.23
2. 50 6mm 13.25 11.94 14.27
RB2 (S2) 25 6mm 12.95 10.20 12.52
125 | 6mm 10.11 11.02 10.72
Standard 10 6mn 22.12 20.08 26.68
100 | 6mm 11.88 16.89 14.69
3. 50 6mm 11.18 11.95 13.14
RB3 (S3) 25 6mm 10.62 13.28 11.48
125 | 6mm 10.29 10.29 10.46
Standard 10 6mn 28.94 20.91 28.40
100 | 6mm 8.12 7.81 7.74
4, 50 6mm 7.18 7.45 7.48
RB4 (S4) 25 6mm 9.95 6.86 7.39
125 | 6mm 8.15 7.42 7.60
Standard 10 6mn 26.84 21.24 29.33
100 | 6mm 12.08 8.42 10.62
5. 50 6mm 11.06 10.46 10.35
RBS (S5) 25 6mm 9.04 12.42 10.11
125 | 6mm 10.06 7.21 7.35
Standard 10 6mn 22.44 20.42 29.79
100 | 6mm 12.18 7.66 9.57
6. 50 6mm 9.12 11.16 7.69
RB6 (S6) 25 6mm 12.32 8.40 8.52
125 | 6mm 8.06 10.04 9.82

From the above observations, it was found thathallsynthesized compounds possess moderate aatibhend
antifungal activity. The antimicrobial activitieseve less than the standard drugs: Ciprofloxacin Flodonazole.
Compounds S1-S6 possess gud activity agaiagtylococcus aureus as compared to againgandida albicans.

All the compounds showed variability in activityaagstShigella flexneri at various sample concentrations.

CONCLUSION

The main focus of this research work was to syiigkegurify, characterize and evaluate the antiofi@al activity

of newly synthesized 1, 3, 4-thiadiazole analogdwA step reaction was used to synthesize Imidaisdliazole
derivatives. The desired purity was achieved bygrystallisation using suitable solvents. Structuwaicidation of
synthesized compounds was done by using variougtaah techniques like IR, NMR & Mass Spectroscoye

physical properties like melting point, solubiligc. were also evaluated to support the identitthefcompounds.
Further to evaluate the antimicrobial activity afwly synthesized compounds these compounds weessash
against Gram +ve bacter@&aphylococcus aureus (MTCC 3160) Gram —ve bacterighigella flexneri (MTCC

1457), fungal strainCandida albicans (MTCC 227). Compounds S1-S3 showed good resultafgrmicrobial

activity which gave the basis of conclusion tha trelogen (-Cl,-F,-Br), substituted thiadiazolesevtound to
possess higher antimicrobial activity than —GiHd -OCH substituted derivatives.
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