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ABSTRACT

A series of imidazo[2,1-b][1,3,4] -thiadiazoles (6a-p) were synthesized by a condensation reaction of 2-amino-5-
substituted-[ 1,3,4] thidiazoles (5a-b) with various substituted phenacyl bromides. All structures of the newly
synthesized compounds were elucidated by elemental analyses and spectral data. The new compounds were tested
for their in vitro antimicrobial activities.
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INTRODUCTION

Tetramisole [1] is one of the broad spectrum amtiic drug, whose discovery led to the search iffeént
condensed imidazo-[2 4}{1,3,4]-thiazole systems [2-5]. Bioisosteric reg@anent method led to the identification
of imidazo[2,1b][1,3,4]thiadiazoles as structurally close to inddi2,1b][1,3,4]thiazole systems. This led to the
increase in investigation of these heterocycleseas pharmacophores. As a result, a large numbinidazo[2,1-
b][1,3,4]- thiadiazoles have been reported to passéde range of biological properties such as awtirial [6],
antifungal [7], anticancer [8], antitubercular [8hticonvulsant, analgesic [10], and antisecrefbty activities.

The increasing clinical importance of drug-resistdracterial pathogens has lent additional urgenay t
microbiological and antibacterial research. Derixegt of [1,3,4]-thiadiazoles are known to exhibittibacterial
[12,13], antifungal [14], anti-inflammatory [15] dranalgesic [16] activities. Most of the known a@nflammatory
drugs show a tendency to exacerbate stomach uideg\&en precipitate these. Ibuprofen [17] is a st@meidal anti-
inflammatory drug much more potent than ibufenaajsed in the treatment of several inflammatioeass with
decreased side effects of all the known anti-infreatory drugs. Ibuprofen containing heterocyclic poinds are
found to possess antiinflammatory [18,19], antimiidal, anticonvulsant [20], analgesic [21] and wgenic [22]
activities. It has also been reported that hetalacgompounds containing 4-thiomethylphenyl moipbssess good
anti-inflammatory [23] and antimicrobial [24-26]tadties.

In view of the marked bioactivity of these condehdesterocyclic systems and also the biological ifg®fof
heterocycles derived from ibuprofen and 4-thiometttyenyl moiety, we thought of designing and systhieg
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some new imidazo-[2,b}f{1,3,4]-thiadiazoles &a-p) by replacing the carboxylic acid group of 42-(
isobutylphenyl)propanoic acid and 4-thiomethylpHeagetic acid by a imidazothiadiazole nucleus anévaluate
their antibacterial and antifungal activity.

MATERIALS AND METHODS

The melting points were determined by an open leapilmethod and are uncorrected. The IR spectra&KBn
pellets) were recorded on a Shimadzu FT-IR 157 tegsltotometer. The *H-NMR and**C-NMR spectra were
recorded (CDGIDMSO-d; mixture) on a BRUKER AVANCE II - 400 (400 MHz) sgteometer using TMS as an
internal standard. LC-Mass spectra were recordeddgilent Technology. Elemental analysis (CHNS) was
performed on the CHNS Elementar Vario EL lll. Theogress of the reaction was monitored by thin layer
chromatography (TLC) on silica gel plates.

Procedure for the preparation of aroylhydrazides (3

The mixture of ethyl esters of substituted aromaticis2 (0.1 mol) and hydrazine hydrate (0.2 mol) waswedt in
absolute alcohol (50 mL) for 8 h. The excess sdlwgas then distilled off under reduced pressure #ral
concentrated solution was quenched in to ice catew The solid separated was filtered, washeddaiedl. The
crude product was purified by recrystallizationnfrethanol.

2-(4-1sobutylphenyl)propionic acid hydrazidtg: Elemental analysis for gH,,N,O (MW=220) in wt %. Calc. C=
70.87, H= 9.15, N= 12.72, found C= 70.85, H= 9NI3,12.70. m.pt 70-71C. yield 85 %, IR (KBr) in cn: 3449

(NH, NH,), 3275 (NH), 2972 (C-H), 1695 (CO-NHYH NMR (400 MHz, CDCJ, 6 ppm): 0.85 (d, 6H, 2CHJ =8

Hz), 1.68 (d, 3H, Ck J = 8 Hz), 1.80-1.88 (m, IH, CH), 2.45 (d, 2H, €Hd = 4 Hz), 4.11 (q, IH, CHJ) = 8 Hz),

4.0 (s, 2H, NH), 7.5 (br-s, 5H, ¢H,- and NH); LC-MS (m/z): 220 (N);

4-Methylthiophenyl acetic acid hydrazid&y: Elemental analysis ford8;,N,OS (MW=196) in wt %. Calcd.: C=
55.09, H= 6.16, N= 14.27, S= 16.34, found C= 55K6,6.15, N= 10.25, S= 15.71. m.pt 136-188 yield 86 %.
IR (KBr) in cm™: 3344 (NH, NH), 3203 (NH), 2963 (C-H), 1622 (CO-NHJH NMR (400 MHz, CDC}, 5 ppm):
2.49 (s, 3H, SC¥h), 3.53 (s, 2H,CH), 3.82 (br.s, 2H, N}, 6.67 (br.s, 1H, NH), 7.18 (d, Ar-H,= 8.36 Hz), 7.26 (d,
Ar-H, J = 8.36 Hz); LC-MS (m/z): 196 (W);

Procedure for the preparation of 5-substituted-[1,34]thidiazole-2-amine, 5a,b

Acid hydrazide3 (0.1 mol) was dissolved in water (100 mL) containguncentrated hydrochloric acid (10 mL).
Potassium thiocyanate (0.2 mol) was added to itthadnixture was warmed on a water bath for 5 ke fdaction
mixture was cooled. The precipitated solid wasefdd, dried and recrystalied from ethanol to getylar
thiosemicarbazide (177C). The resultant thiosemicarbazide on cyclizatisith Conc. HSO, followed by
basification with ammonia to afford 5-substitutddd,4]thidiazole-2-amine and it is recrystalliseahfi ethanol.

5-(4-1sobutylphenyl)ethyl-[1,3,4]-thiadiazol-2-amein5a: Elemental analysis for :gH:gN3:S (MW= 261) in wt %
calc. C=64.31, H=7.33, N=16.08, S=12.27, fourd62.30, H= 7.31, N= 16.09, S= 12.29. m.pt 198yi€ld 92

%. IR (KBr) in cm’: 3274 ( NH), 3112 (Ar-H), 2952 (C-H), 1619 (C=N).*H-NMR (CDCL): 6 = 0.88 (d,J = 8
Hz, 6 H, 2 x CH), 1.72 (dJ =8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.44 (d,= 4.0 Hz, 2 H, CK), 4.35 (qJ =

8.0 Hz, | H, CH), 5.26 (br-s, 2 H, NH 7.01 (d,J = 8 Hz, 2 H, Ar-H), 7.19 (d) = 8 Hz, 2 H, Ar-H), *C NMR
([Dg] DMSO): 6 = 18.34, 18.78, 22.42, 30.28, 37.48, 126.13, 126128.25, 128.43, 136.20, 139.05, 161.05,
167.15. - LC-MS:mVz= 261(M).

5-(4-Thiomethylbenzyl)-[1,3,4]-thiadiazol-2-aminBb: Elemental analysis for 1gH1:NsS, (MW= 237) in wt %
calc. C= 50.60, H= 4.67, N= 17.70, S= 27.02, fo@w50.56, H= 4.71, N= 17.79, S= 27.05. m.pt. 198-1G.
yield 88 %. IR (KBr) in crit: 3329 ( NH), 3098 (Ar-H), 2964 (C-H), 1632 (C=N)."H-NMR ([Dg] DMSO): § =
2.49 (s, 3 H, SCH), 3.83 (s, 2 H, Ch), 6.64 (br-s, 2 H, NpJ, 7.18 (d,J = 8.36 Hz, Ar-H), 7.26 (d] = 8.36 Hz, Ar-
H), - *C NMR ([Dg] DMSO): 6 = 16.12, 32.13, 127.51, 128.25, 131.99, 139.82,16, 167.10: LC-MS: m/z =
237 (M).

Procedure for the preparation of substituted Imidaolo-[2,1-b][1,3,4]-thiadiazole derivatives (6a-p)
A mixtures of 5-substituted-[1,3,4]-thidiazole-2-a®s (10 mmol) and appropriate substituted phenbyides
(10 mmol) was refluxed in dry ethanol for 24 h. #cess of solvent distilled off and solid hydrabide that
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separated was collected by filtration, suspendeddter and neutralized by aqueous sodium carbawigion to
get free base. It was filtered, washed with watded and recrystallized from suitable solvent.

6-Phenyl-2-(4-isobutylphenyl)ethyl-imidazo-[2h][,3,4]-thiadiazole 6a

Elemental analysis for &H»3NsS (MW=361) in wt % calc.C= 73.09, H= 6.41, N= 11.62 8.87. Found.C= 73.12,
H= 6.39, N= 11.68, S= 8.84. IR (KBr) in ¢m3101, 3022, 2915, 1631, 1527, 1473H-NMR (CDCL): § = 0.88
(d,J=8Hz, 6 H, 2x Ch), 1.68 (d,J =8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,= 4.0 Hz, 2 H, CHh),
4.40 (q,J = 8.0 Hz, | H, CH), 7.09 (d] = 8 Hz, 2 H, Ar-H), 7.18 (d) = 8 Hz, 2 H, Ar-H), 7.69-7.83 (m, 5 H, Ar-
H), 7.95 (s, imidazole-proton). ¥C-NMR ([Dg] DMSO): 6 = 20.85, 20.86, 27.76, 30.66, 43.33, 45.43, 111.63
124.26, 124.61, 125.64, 127.34, 127.82, 128.96,182938.02, 140.12, 141.05, 143.18, 146.89, 1471.08.05.

6-(4-Chlorophenyl)-2-(4-isobutylphenyl)ethyl-imida§2,1-b][1,3,4]-thiadiazole b

Elemental analysis for £H,,CIN3;S (MW= 395) in wt % calc.C= 66.73, H= 5.60, N=@D. S= 8.10, Found.C=
66.68, H= 5.63, N= 10.66, S= 8.07, IR (KBr) in tn8124 (ArC-H), 2959 (C-H), 1578 (C=N), 770 (C-Cl)‘H-
NMR (CDCk): 6 = 0.88 (dJ =8 Hz, 6 H, 2 x Ch), 1.68 (dJ = 8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,
= 4.0 Hz, 2 H, CH), 4.40 (q,J = 8.0 Hz, | H, CH), 7.11 (d] = 8 Hz, 2 H, Ar-H), 7.25 (d) = 8 Hz, 2 H, Ar-H),
7.89 (d,J = 8 Hz, 2 H, Ar-H), 8.19 (d] = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton)=*€-NMR ([Dg] DMSO): &
= 20.85, 20.86, 27.73, 30.67, 43.35, 45.47, 111184,34, 124.60, 125.74, 127.72, 129.76, 130.38,68B3 140.91,
142.28, 143.96, 147.12, 147.41, 171.26.

6-(4-Nitrophenyl)-2-(4-isobutylphenyl)ethyl-imida£@,1-b][1,3,4]-thiadiazole 6¢

Elemental analysis for gH,,N,0,S (MW=406) in wt % calc.C= 65.00, H= 5.46, N= 13.8- 7.89. Found.C=
65.06, H= 5.42, N= 13.83, S= 7.84. IR (KBr) in tn8115 (ArC-H), 2968 (C-H), 1640 (C=N), 1555 (C=@518
(NO,), 1255 (NQ). -*H-NMR (CDCl): 6 = 0.88 (d,J = 8 Hz, 6 H, 2 x Ch), 1.68 (d,J = 8 Hz, 3 H, CH), 1.81-
1.85 (m, | H, CH), 2.46 (d] = 4.0 Hz, 2 H, CH), 4.40 (qJ = 8.0 Hz, | H, CH), 7.11 (dl = 8 Hz, 2 H, Ar-H), 7.25
(d,J=8Hz, 2 H, Ar-H), 7.89 (d]) = 8 Hz, 2 H, Ar-H), 8.19 (d]) = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton). —
3C-NMR ([Ds] DMSO): ¢ = 20.86, 20.87, 27.74, 30.68, 43.37, 45.48, 111124158, 124.94, 125.80, 127.86,
130.04, 131.13, 138.78, 140.88, 142.65, 144.22.4747148.03, 171.63.

6-(2-Nitrorophenyl)-2-(4-isobutylphenyl)ethyl-imida-[2,1b][1,3,4]-thiadiazole 5d

Elemental analysis for £H,,N,0,S (MW=406). calc.C= 65.00, H= 5.46, N= 13.78, S897.Found.C= 64.97, H=
5.42, N= 13.83, S= 7.92. IR (KBr) in €m3095 (ArC-H), 2945 (C-H), 1619 (C=N), 1538 (C=CH08 (NQ), 1272
(NO,). -*H-NMR (CDCL): 6 = 0.88 (dJ =8 Hz, 6 H, 2 x Ch), 1.68 (d,J = 8 Hz, 3 H, Ch)), 1.81-1.85 (m, | H,
CH), 2.46 (dJ=4.0 Hz, 2 H, CH), 4.40 (g,J = 8.0 Hz, | H, CH), 7.11 (dl = 8 Hz, 2 H, Ar-H), 7.25 (d] = 8 Hz,

2 H, Ar-H), 7.89 (dJ = 8 Hz, 2 H, Ar-H), 8.19 (dJ = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton)*¢-NMR
([De) DMSO): 6 = 20.85, 20.86, 27.74, 30.68, 43.36, 45.48, 11,1184.58, 124.94, 125.80, 127.86, 130.04, 131.13,
138.78, 140.88, 142.65, 144.22, 147.47, 148.03,5871

6-(4-Fluorophenyl)-2-(4-isobutylphenyl)ethyl-imidaf2,1-b][1,3,4]-thiadiazole fe

Elemental analysis for gH,,FN:S (MW=379.49), calc.C= 69.63, H= 5.84, N= 11.07,845. Found.C= 69.67, H=
5.78, N= 11.11, S= 8.40. IR (KBr) in ¢m3106 (ArC-H), 2947 (C-H), 1600 (C=N), 1540 (C=@p21(C-F). *H-
NMR (CDCk): 6 =0.88 (dJ=8 Hz, 6 H, 2 x CH), 1.68 (dJ=8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,
=4.0 Hz, 2 H, CH), 4.40 (9,0 =8.0 Hz, | H, CH), 7.11 (d] = 8 Hz, 2 H, Ar-H), 7.25 (d) = 8 Hz, 2 H, Ar-H),
7.89 (d,J = 8 Hz, 2 H, Ar-H), 8.19 (d] = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton)**€-NMR ([Dg] DMSO): 6

= 20.84, 20.85, 27.72, 30.65, 43.34, 45.44, 111138,28, 124.55, 125.63, 127.53, 129.60, 130.18,413 140.58,
141.96, 143.41, 147.02, 147.12, 171.18.

6-(4-Methylphenyl)-2-(4-isobutylphenyl)ethyl-imide£2,1-b][1,3,4]-thiadiazole 6f

Elemental analysis for £gH,sN:S (MW=375). calc.C= 73.56, H= 6.71, N= 11.19, S548.Found.C= 73.60, H=
6.68, N= 11.24, S= 8.58. IR (KBr) in €m3108 (ArC-H), 2950 (C-H), 1567 (C=N)H-NMR (CDCl): 6 = 0.88
(d,J=8Hz,6 H, 2xCH), 1.68 (d,J =8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,= 4.0 Hz, 2 H, CH),
4.40 (q,J=8.0 Hz, I H, CH), 7.11 (dl = 8 Hz, 2 H, Ar-H), 7.25 (d) = 8 Hz, 2 H, Ar-H), 7.89 (d) = 8 Hz, 2 H,
Ar-H), 8.19 (d,J = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton)**¢-NMR ([D¢] DMSO): § = 20.84, 20.85, 21.36,
27.72, 30.65, 43.34, 45.44, 111.62, 124.32, 124.83,41, 127.42, 129.27, 130.04, 138.54, 141.08,8%4 143.52,
147.16, 147.06, 171.41.
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6-(4-Methoxyphenyl)-2-(4-isobutylphenyl)ethyl-imizia[2,1b][1,3,4]-thiadiazole 6g

Elemental analysis for gH,sNsOS (MW=391). calc. C= 70.56, H 6.44, N= 10.73, S$98 Found. C= 70.51, H
6.38, N= 10.79, S= 8.25. IR (KBr) in ém3113 (ArC-H), 22951 (C-H), 1603 (C=N), 1223 (C-0) *H-NMR
(CDCl3): =0.88 (dJ=8Hz, 6 H,2 xCh), 1.68 (dJ =8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,= 4.0
Hz, 2 H, CH), 4.40 (gJ = 8.0 Hz, | H, CH), 7.11 (dl = 8 Hz, 2 H, Ar-H), 7.25 (d] = 8 Hz, 2 H, Ar-H), 7.89 (dJ
=8 Hz, 2 H, Ar-H), 8.19 (d) = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-protoa)= 20.85, 20.86, 27.73, 30.65, 43.34,
45.44, 67.26, 111.62, 124.32, 124.67, 125.41, 1271£29.27, 130.04, 138.54, 141.08, 141.82, 143187,16,
147.06, 171.41.

6-(4-Bromophenyl)-2-(4-isobutylphenyl)ethyl-imidaf,1-b][1,3,4]-thiadiazole 6h

Elemental analysis for £H,,BrNsS (MW=440). calc.C= 60.00, H= 5.04, N= 9.54, S=87.Eound.C= 59.95, H=
5.01, N= 9.59, S= 7.24. IR (KBr) in ¢m3112 (ArC-H), 2972 (C-H), 1604 (C=N), 1535 (C=6GR0(C-Br). -'H-
NMR (CDCl): 6 =0.88 (dJ=8 Hz, 6 H, 2 x Ch), 1.68 (dJ =8 Hz, 3 H, CH), 1.81-1.85 (m, | H, CH), 2.46 (d,
= 4.0 Hz, 2 H, CH), 4.40 (g,J = 8.0 Hz, | H, CH), 7.11 (d] = 8 Hz, 2 H, Ar-H), 7.25 (dJ = 8 Hz, 2 H, Ar-H),
7.89 (d,J = 8 Hz, 2 H, Ar-H), 8.19 (d] = 8 Hz, 2 H, Ar-H), 8.07 (s, imidazole-proton)**¢-NMR ([Dg] DMSO): 6
= 20.85, 20.86, 27.73, 30.67, 43.35, 45.47, 111@@,32, 124.65, 125.73, 127.70, 129.80, 130.38,723 140.82,
142.15, 143.88, 147.08, 147.33, 171.25.

6-Phenyl-2-(4-methylthiobenzyl)-imidazo-[2H[1,3,4]-thiadiazole 6i

Elemental analysis for gH1sNsS, (MW=337) in wt % calc C, 64.06; H, 4.48; N, 12.45%;19.00. Found: C, 64.09;
H, 4.30; N, 12.62; S, 18.98. IR (KBr) in €m3079 (ArC-H), 2951 (C-H), 1610 (C=N), 1517 (C=C)}'H-NMR
([Dg] DMSO): 6 = 2.45 (s, 3 H, SCH), 4.39 (s, 2 H, Cy, 7.25(dJ=8Hz, 2 H, Ar-H), 7.33 (dJ = 8 Hz, 2 H,
Ar-H), 7.69-7.83 (m, 5 H, Ar-H), 8.69 (s, imidazegbeoton). 16.13, 32.81, 47.08, 47.36, 66.14, 11588B.02,
127.61, 129.18, 137.24, 138.83, 143.08, 147.94,085378.08;

6-(4-Chlorophenyl)-2-(4-methylthiobenzyl)-imidaz@;Lb][1,3,4]-thiadiazole ]

Elemental analysis faC1gH:4CIN3S,; (371) in wt % calc. C= 58.13, H=3.79, N= 11.3)% 17.24, Found. C=58.17,
H=3.72, N= 11.38, S=17.20. IR (KBr) in ém3116 (ArC-H), 2953 (C-H), 1599 (C=N), 752 (C-CHH-NMR
([De] DMSO): 6 =2.45 (s, 3 H, SC#), 4.39 (s, 2 H, Ch, 7.25(dJ=8Hz, 2 H, Ar-H), 7.33 (d) = 8 Hz, 2 H,
Ar-H), 7.57 (d,J = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.68 {midazole-proton). 2*C-NMR ([Dg] DMSO): 6 =
16.13, 32.81, 47.08, 47.36, 66.14, 115.68, 118.02,61, 129.18, 137.24, 138.83, 143.08, 147.94,086378.08;

6-(4-Nitrophenyl)-2-(4-methylthiobenzyl)-imidazo;[2b][1,3,4]-thiadiazole 6k

Elemental analysis for 1gH14N40,S, (MW=382) in wt % calc C, 56.53; H, 3.69; N, 14.65; 16.77. Found: C,
56.60; H, 3.66; N, 14.76; S, 16.79. IR (KBr) in tn8082 (ArC-H), 2954 (C-H), 1629 (C=N), 1519 (C=Qj12
(NOy), 1268 (NQ). -'H-NMR ([Dg] DMSO): 6 = 2.45 (s, 3 H, SCH), 4.39 (s, 2 H, C), 7.25 (dJ =8 Hz, 2 H,
Ar-H), 7.33 (d,J =8 Hz, 2 H, Ar-H), 7.57 (d] = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.70 (midazole-proton).
—*C-NMR ([Dg] DMSO): § = 16.13, 32.81, 47.08, 47.36, 66.14, 115.68, 12,8127.61, 129.18, 137.24, 138.83,
143.08, 147.94, 163.03, 178.08;

6-(2-Nitrophenyl)-2-(4-methylthiobenzyl)-imidazo;[2b][1,3,4]-thiadiazole, 6l Elemental analysis for
C1gH14N40,S, (MW=382) in wt % calc. C= 56.53, H= 3.69, N= 14.65= 16.77. Found. C= 56.56, H= 3.75, N=
14.60, S=16.71. IR (KBr) in ¢ 3115 (ArC-H), 2966 (C-H), 1638 (C=N), 1544 (C=C516 (NQ), 1262 (NQ).

- 'H-NMR ([D¢] DMSO): 6 = 2.45 (s, 3 H, SCh), 4.39 (s, 2 H, Cb), 7.25(dJ=8Hz, 2 H, Ar-H), 7.33 ()= 8

Hz, 2 H, Ar-H), 7.57 (dJ = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.70 (snidazole-proton). 2*C-NMR ([Dg]
DMSO): ¢ = 16.13, 32.81, 47.08, 47.36, 66.14, 115.68, 1181@7.61, 129.18, 137.24, 138.83, 143.08, 147.94,
163.03, 178.08.

6-(4-Fluorophenyl)-2-(4-methylthiobenzyl)-imidaz®d;{ b][1,3,4]-thiadiazole sm.

Elemental analysis for gH4FNsS, (MW=355) in wt % calc. C, 60.82; H, 3.97; N, 11,82 18.04. Found: C,
60.76; H, 4.05; N, 11.88; S, 18.05. IR (KBr) intn8081 (ArC-H), 2947 (C-H), 1633 (C=N), 1532 (C=@j1 (C-

F). -'H-NMR ([D¢] DMSO): 6 = 2.45 (s, 3 H, SCH, 4.39 (s, 2 H, Ch, 7.25(dJ=8Hz, 2 H, Ar-H), 7.33 (d] =

8 Hz, 2 H, Ar-H), 7.57 (dJ = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.67 (saidazole-proton). 2*C-NMR ([De]
DMSO): ¢ = 16.13, 32.81, 47.08, 47.36, 66.14, 115.68, ,81@7.61, 129.18, 137.24, 138.83, 143.08, 147.94,
163.03, 178.08.
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6-(4-Methylphenyl)-2-(4-methylthiobenzyl)-imidaz@;[L-b][1,3,4]-thiadiazole fn

Elemental analysis for gH;/NsS, (MW=351) in wt % calc. C= 64.92, H= 4.87, N= 11.95; 18.25, found. C=
64.99, H= 4.81, N= 11.99, S= 18.20. IR (KBr) in'tn3102 (ArC-H), 2948 (C-H), 1560 (C=N)."H-NMR ([Dg]
DMSO): ¢ = 2.45 (s, 3 H, SCH, 4.39 (s, 2 H, Ch), 7.25(dJ = 8 Hz, 2 H, Ar-H), 7.33 (d] = 8 Hz, 2 H, Ar-H),
7.57 (d,J = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.67 {midazole-proton). 2*C-NMR ([D¢g] DMSO): § = 16.13,
32.81, 47.08, 47.36, 66.14, 115.68, 118.02, 127.89,18, 137.24, 138.83, 143.08, 147.94, 163.08,087

6-(4-Methoxyphenyl)-2-(4-methylthiobenzyl)-imidaf®;1-b][1,3,4]-thiadiazole, 60 Elemental analysis for
C1oH17/N30S, (MW=367) in wt % calc. C, 62.10; H, 4.66; N, 11.48;17.45. Found: C, 62.10; H, 4.64; N, 11.44; S,
17.42. IR (KBr) in crt: 3091 (ArC-H), 2945 (C-H), 1621 (C=N), 1520 (C=AR15 (C-0). -*H-NMR ([Dg]
DMSO): 6 = 2.45 (s, 3 H, SCH, 4.39 (s, 2 H, Ch), 7.25 (dJ = 8 Hz, 2 H, Ar-H), 7.33 (d] = 8 Hz, 2 H, Ar-H),
7.57 (d,J = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.67 (midazole-proton). 2*C-NMR ([Dg] DMSO): § = 16.13,
32.81, 47.08, 47.36, 66.14, 115.68, 118.02, 127.89,18, 137.24, 138.83, 143.08, 147.94, 163.08,087

6-(4-Bromophenyl)-2-(4-methylthiobenzyl)-imidazo{2][1,3,4]-thiadiazole, 6p Elemental analysis for
C1gH14BrNsS, (MW=416) in wt % calc. C= 51.92, H= 3.39, N= 10.@= 15.40, found. C= 51.86, H= 3.32, N=
10.15, S= 15.47. IR (KBr) in ¢t 3160 (ArC-H), 2966 (C-H), 1588 (C=N), 1563 (C=GE8(C-Br). -'H-NMR
([Dg] DMSO): 6 = 2.45 (s, 3 H, SCH), 4.39 (s, 2 H, Ch, 7.25(dJ=8Hz, 2 H, Ar-H), 7.33 (dJ = 8 Hz, 2 H,
Ar-H), 7.57 (d,J = 8 Hz, 2 H, Ar-H), 7.78 (d, 2 H, Ar-H), 8.67 {midazole-proton). 2*C-NMR ([Dg] DMSO): 6 =
16.13, 32.81, 47.08, 47.36, 66.14, 115.68, 118.022,61, 129.18, 137.24, 138.83, 143.08, 147.94,0B5378.08.

RESULTS AND DISCUSSION

Chemistry

Synthetic strategy of the title compounds is oetliin Scheme 1.The acid hydrazides3Y were synthesized by the
esterification of 2-(4-isobutylphenyl)propanoic &@nd 4-methylthiophenyl acetic acid followed bgattment with
hydrazine hydrate in absolute alcohol [27, 28]. Tésulting acid hydrazides on reaction with potassthiocyanate

in the presence of conc. hydrochloric acid yieldleel corresponding thiosemicarbazidd}, (vhich on cyclization
with conc. HSQ, afforded 2-amino-5-substituted-[1,3,4]thidiazol&$. (Condensation of the above aminothidiazols
with various substituted phenacyl bromides in acatid media yielded imidazothiadiazol €. (

R R R
o . 0 O
C,H,OH/H NH,NH,.H,0
—_——> _—
HN.
OH 1 S 1 N
(€Y CHg
KSCN/HCI/H,0
R
New R
4 ,N
L 0
S Conc. H,SO, S
NH2 - J]\
HN.
() R @ SNHSNH,

Br
R2

R N
o
(6)
R1

Scheme 1. Synthetic route of the title compounds
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The formation of fused imidazo-[2Hf1,3,4]-thiadiazoles §a-p) was evidenced by their elemental analyses and
spectral data. Characterization data of all thelyjeynthesized compounds are presentethible 1

Table 1: Characterization data of the compounds, 6@

Compound R R R, Mol. Formula Mol. Wt.  M.p. (°C)  Yield (%)
6a CH; CH,CH(CHs), H CooH2aN3S 361 111-113 67
6b CH; CH,CH(CH), 4-Cl C2:H2:CINSS 39t 92-94 78
6C CH; CH,CH(CH), 4-NG, CpoH2N4O,S 406 134-136 69
6d CH; CH,CH(CH;). 2-NG, CoH2N40,S 406 146-148 82
6¢€ CH; CH,CH(CHs), 4-F CaoH2oFN3S 37¢ 98-10C 74
6f CH; CH,CH(CH;), 4-Chs CoaH2sNsS 375 81-83 80
69 CH; CH,CH(CHs)2 4-OCH  CyH2sN30S 391 114-120 65
6h CH; CHch(CH3)z 4-Br Co2H2,BrNsS 43¢ 98-10C 82
6i H SCH H CigH1sN3S, 337 131-133 76
6j H SCH 4-Cl CigH14CIN3S, 371 122-124 72
6k H SCH 4-NG,  CigH1NJOS, 382 160-162 70
6l H SCH 2-NG,  CigHiN4OS, 382 127-129 69
6m H SCH; 4-F GiH1sFN:S, 355 110-112 84
6n H SCH 4-CH; CioH17N3S, 351 74-76 79
60 H SCH 4-OCH,  CyH1i/N3:0S 367 78-80 76
6p H SCH 4-Br CigH14BrNsS; 414 114-116 71

The general IR spectral characterssafand 5b showed absorption bands ranging from 3,329-3, 24 for NH,
and 1632-1619 cthfor C=N moieties. Absence of absorptions bandsesponding to the amide carbonyl group in
the region 1760-1705 cmand NH-NH in the region 3455-3203 chindicated their formation from the
corresponding acid hydrazides. Similarly compoufdsp have showed absorption bands at 1632-1619 fom
C=N. The absence of absorption bands of, kbup in the region 3,329-3,274 ¢im the respective IR spectra
supported the assigned structures of imidazo4}1,3,4]-thiadiazoles.

'H NMR spectrum of 2-amino-5-substituted-[1,3,4]attliazole5a showed a down-field I exchangeable broad
singlet atd 5.64 ppm for its NH protons. Two distinct doublets &0.85 (0 = 8.0 Hz) and 1.68 ( = 8.0 Hz) were
also observed for its methyl protons. Isopropylhyee proton was observed as a multiplet in theoregil.80-1.88
and the other methyne proton was observed as tetjaés 4.14. Methylene protons were resonated as a doablet
0 2.45 0 = 4.0 Hz). The aromatic protons appeared as twdldtaiatd 6.97 and) 7.06 withd = 8.0 Hz. Further,
LCMS spectrum oba showed the molecular ion peakrafz = 262, in conformity with its molecular formula,
Cl4H19N38.

On the other handH NMR spectrum o6b also showed a down-field,D exchangeable broad singletsa6.30
corresponding to its Njprotons. Two singlets appeareddd?.41 and 3.83 have been attributed to the SGid
CH,protons. The four aromatic protons of 4-metylthiepyi moiety resonated as two doublets @&t18 and 7.20
(J = 8.3 Hz) respectively. Further, LC-MS spectrunBbfshowed the molecular ion peak at A8, in conformity
with its molecular formula, GH11N3S,.

In the™H-NMR spectra of compoundda—p, protons of imidazole CH appeared as a sharpesimglhe regiors =
7.80 — 8.10 ppm. Also, 2D NMR antC-NMR spectra oba-p, the imidazole carbon atom appeared in the regjion
= 113.1-114.2 in addition to other characteristignals of remaining carbon atoms. In th¢ NMR spectra of
compoundsa—p protons of imidazole CH appeared as sharp simdgtethe regiorv 7.80 — 8.10 ppm. Also, 2D
NMR and**C NMR spectra oba-p, the imidazole carbon atom appeared in the regibh3.1-114.2 in addition to
other characteristic signals of remaining carbamet

ANTIMICROBIAL ACTIVITY

Antibacterial activity

The newly synthesized compounds were screeneché&r antibacterial activity again&scherichia coli (ATTC-
25922), Saphylococcus aureus (ATTC-25923), Pseudomonas aeruginosa (ATTC-27853) and Klebsiella pneumonia
(recultured) bacterial stains by serial plate dilution metlj2€, 30]. Serial dilutions of the drug in Muller tibn
broth were taken in tubes and their pH was adjustéd0 using phosphate buffer. A standardized ensipn of the
test bacterium was inoculated and incubated fot86-at 37C. The minimum inhibitory concentration (MIC) was
noted by seeing the lowest concentration of thg dtuvhich there was no visible growth.
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A number of antibacterial discs were placed onafar for the sole purpose of producing zones abitibn in the
bacterial lawn. Twenty milliliters of agar media svpoured into each Petri dish. Excess of suspengsndecanted
and plates were dried by placing in an incubatoB7atC for an hour. Using a punch, wells were made @seh
seeds agar plates and minimum inhibitory conceotratof the test compounds in dimethyl sulfoxidéAB0) were
added into each labeled well. A control was alssppred for the plates in the same way using DMS® sivent.
The Petri dishes were prepared in triplicate andntamed a 37°C for 3-4 days. Antibacterial activity was
determined by measuring the diameter of inhibitmome. Activity of each compound was compared with
ciprofloxacin as standard [31, 32]. Zone of inhidsitwas determined fda-p and results are summarizedTiable

2. The MIC values were evaluated at concentratiolgea 1.56-25ug/mL. The figures in the table shoe/ MiC
values in pg/mL and the corresponding zone of itibibin mm.

Table 2: Antibacterial activity of the compounds, &-p

MIC [ pg/mL] and zone of inhibition (mm) in parenthese

Compound

S. aureus E. coli P. aeruginosa K. pneumoniae
6a 25(<10) 25(<10) 25(<10) 25(<10)
6b 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20)
6C 12.5(11-15) 12.5(11-15) 12.5(11-15) 12.5(11-15)
6d 25(<10) 25(<10) 25(<10) 25(<10)
6e 12.5(11-15) 12.5(11-15)  12.5(11-15) 12.5(11-15)
6f 12.5(11-15) 12.5(11-15) 12.5(11-15) 12.5(11-15)
69 12.5(11-15) 12.5(11-15) 12.5(11-15) 12.5(11-15)
6h 25(<10) 25(<10) 25(<10) 25(<10)
6i 25(<10 25(<10 25(<10 25(<10
6j 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20)
6k 12.5(11-15) 12.5(11-15)  12.5(11-15) 12.5(11-15)
6l 25(<10 25(<10 25(<10 25(<10
6m 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20)
6n 25(<10) 25(<10) 25(<10) 25(<10)

60 12.5(1-15) 12.5(1-15) 12.5(1-15) 12.5(1:-15)
6p 25(<10) 25(<10) 25(<10) 25(<10)

Standard (Ciprofloxacin)  1.56(22-30)  6.25(30-40) 6.25(25-33) 6.25(23-27)

From the antimicrobial activity results, the strret activity relationship can be drawn for test poomdsGa-p. The
variation in antimicrobial activity of the test cpomunds was explored by varying the substituenpesition 2 and 6
of the imidazothiadiazole ring system. Compouy6t) containing 2-(4-isobutylphenyl)ethyl moiety at pgas 2
and 4-chlorophenyl substituent at 6 of the imidhizatiazole ring exhibited good antibacterial atyivagainst all
the bacterial pathogens. When the 4-chloropherodgmas replaced by 4-fluorophengk, 4-nitrophenyl 6c), 4-
methylphenyl 6f) and 4-methoxyphenybg) groups, the activity was found to be decreasdwreas when the 4-
chlorophenyl group was replaced by phenyl gro6g),(4-bromophenyl §h) and 2-nitrophenyl €d), there was
further reduction of activity. Compounds having 4thylthiobenzyl moiety at position 2 and 4-chlorepil (6j),
4-fluorophenyl 6m) groups at position 6 of the imidazothiadiazole ring showgdod antibacterial activity
compared to that of the standard used for testiogvever, the replacement of above groups with bpltenyl 6k)
and 4-methoxyphenyb) groups decreased the activity. Whereas, when ittdatophenyl group was replaced by
phenyl 6i), 4-bromophenyl&p), 2-nitrophenyl §1) and 4-methylphenyl6f) groups, there was further decrease in
antibacterial activity.

Antifungal activity

Newly prepared compounds were screened for théifiuagal activity againsfspergillus flavus (NCIM No. 524),
Aspergilus fumigatus (NCIM No. 902), Penicillium maneffei (recultured) and Trichophyton mentagrophytes
(recultured) in DMSO by serial plate dilution method [33, 3&Rabourauds agar media was prepared by dissolving
peptone (1g). D glucose (4g) and agar (2g) inlidtiwater (100 mL) and adjusting the pH to 5.7 riNal saline
was used to make a suspension of sore of fungahstfor lawning. A loopful of particular fungalrain was
transferred to 3mL saline to get a suspension nEsponding species. Twenty milliliters of agar medas poured
into each Petri dish. Excess of suspension washtist@and plated were dried by placing in an inanbat 37°C for
1h. Using a punch wells were made on these seegldpdates. Minimum inhibitory concentrations o€ ttest
compounds in DMSO were added into each labeled weaibntrol was also prepared for the plates insddu@e way
using solvent DMSO. The Petri dishes were preparéedplicate and maintained at 3T for 3-4 days. Antifungal
activity was determined by measuring the diametdnlaibition zone. Activity of each compound wasngoared
with cyclopiroxolamine as standard. Zones of intiiioi were determined fa8a-p. The results are summarized in
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Table 3 The MIC values were evaluated at concentratiogea 1.56-25ug/mL. The data in thable 3 show the
MIC values in pg/mL and the corresponding zonenbftition in mm.

Table 3: Antifungal activity of the compounds, 6a-p

MIC [pg/mL] and zone of inhibition (mm) in parentheses

Compound P. marneffei  T. mentagrophytes A. flavus A. fumigat
6a 25(<10) 25(<10) 25(<10) 25(<10)
6b 12.5(11-15) 12.5(11-15) 12.5(11-15)  12.5(11-15)
6¢c 12.5(11-15) 12.5(11-15) 12.5(11-15)  12.5(11-15)
6d 25(<10) 25(<10) 25(<10) 25(<10)
6e 6.25(16-20) 6.25(18-22) 6.25(16-20)  6.25(16-20)
6f 25(<10) 25(<10) 25(<10) 25(<10)

69 25(<10) 25(<10) 25(<10) 25(<10)

6h 25(<10) 25(<10) 25(<10) 25(<10)

6i 25(<10) 25(<10) 25(<10) 25(<10)

6 12.5(1:-15) 12.5(1:-15) 12.5(1+15) 12.5(1:-15)

6k 12.5(11-15) 12.5(11-15) 12.5(11-15)  12.5(11-15)

6l 25(<10) 25(<10) 25(<10) 25(<10)

6m 6.25(1¢-20) 6.25(1¢22) 6.25(1¢:20)  6.25(1¢20)

6n 25(<10) 25(<10) 25(<10) 25(<10)

60 12.5(11-15) 12.5(11-15) 12.5(11-15)  12.5(11-15)

6p 25(<10 25(<10 25(<10 25(<10
Standard (Ciclopiroxolamine)  1.56(22-30) 6.25(30-40) 6.25(25-33)  6.25(23-27)

The investigation of antifungal screening data ade® that compoundsaving the 2-(4-isobutylphenyl)ethyl moiety
at position 2 and 4-fluorophenyb€) moiety at position 6 of the imidazothiadiazole riexhibited good antifungal
activity against all the fungal strains. Howevére replacement of the above substituents at pasi by 4-
chlorophenyl §b) and 4-nitrophenylgc) groups reduced their antifungal potency. Furtieeluction of antifungal
activity was observed when phenya), 4-bromophenyl €h), 2-nitrophenyl 6d), 4-methylphenyl §f) and 4-
methoxyphenyl §g) moieties were substituted at position 6 of thédamothiadiazole ring Compounds having .4-
methylthiobenzyl group at position 2 and 4-fluorepil 6m) moiety at position 6 were found to possess
comparable antifungal activity. The remaining males containing 4-chlorophenyéjj, 4-nitrophenyl 6k) and 4-
methoxyphenyl §o) groups showed lesser degree of activiBurthermore compounds containinghenyl i), 2-
nitrophenyl 6l), 4-bromophenyl@p) and 4-methylphenybf)) moieties exhibited only marginal antifungal aittiv

CONCLUSION

We synthesized a new series of imidazo-[&:1t,3,4]-thiadiazoles in good yield and evaluatbdir antibacterial
as well as antifungal activity. The screening dateealed that the synthesized compounds exhibitedenate to
good activity. The compounddb, 6] and6m showedvery good bacterial growth inhibition. The good teaial
growth inhibition can be attributed to the preseofé-chlorophenyl and 4-fluorophenyl substituesitposition 6 of
the imidazothiadiazole system. On the other hanthpowunds6e and6m containing 2-(4-isobutylphenyl)ethyl/4-
methylthiophenyl and 4-fluorophenyl substituents2aposition and 6 position of imidazothiadiazolgstem
respectively were found to possess good antifuagality. The observed activity may be attributedhe increased
lipophilicity of these molecules due to the preseatfluorine.
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