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ABSTRACT

A series of imidazole derivativesd4) have been synthesized from 2-(4-chlorophenys}diphenyl-1H-imidazole-
1-yl)-acetic acid hydrazide under various reacticonditions. Elemental analysis, 1B NMR and mass spectral
data confirmed the structure of the newly syntleesicompounds. All the synthesized imidazole dérasthave

been investigated for their anti-inflammatory, abécterial and antifungal effect and showed modenat good

activity.
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INTRODUCTION

The nonsteroidal anti-inflammatory drugs (NSA)ire commonly used in the treatment of rheumadoilritis,

and other inflammatory diseases. Even with the midoECOX-2 inhibitors, their long term use has tassociated
with gastrointestinal ulceration, bleeding and mepixicity[1]. The tendency of many acidic drugsaccumulate
in the stomach walls soon after oral absorptione@slenced by radio autography, has been considased
contributory factor for Gl irritation[2]. The adrse effect of NSAID’s are mediated via inhibitiohprostaglandin
synthesis from arachidonic acid by non-specificcking of the enzyme cycloxygenase leading to vassitiction

and reversible mild renal impairment[3]. It hasebereported in the literature that certain five rbened

heterocyclic compounds possess interesting anéirmhatory activity with lesser Gl side effect[3,. 4mong

heterocyclic compounds, imidazole ring bearing coumuls are reported to have significant anti-infleatory

activitys, 6. Multi drug treatment of inflammatoopnditions associated with microbial infections go& unique
problem especially for patients with impaired livar kidney functions. Hence, mono therapy with agdhaving

both anti-inflammatory and antimicrobial activitisshighly desirable, both from the pharmaco-ecoicas well as
patient compliance points of view[7-15]. Encouradgdthese observations and in continuation of #search
programme on the synthesis of five membered hegelisccompounds, herein is reported the synthekisadous

derivatives of 2-(4-chlorophenyl)-4, 5-dipheny-imidazole.
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MATERIALSAND METHODS

Experimental Section

All the chemicals used in the synthesis were seppliy E. Merck and S. D. Fine Chemicals. Meltingnpavas
determined by open capillary tube method and iourected. Homogeneity of the compounds were cheoketthin
layer chromatography using iodine vapors as vigimgi agent. IR spectra were obtained on a PerkimeEI1720
FT-IR spectrometer (KBr pelletsjJH NMR spectra were obtained on a Bruker DRX-3000(80Hz FT NMR)
spectrometer in CDglsing tetramethysilane (TMS) as the internal refeee(chemical shifts id, ppm). Mass
spectra were recorded on a Jeol SX-102 spectrong&yathesis of 2-(4-chlorophenyl)-4, 5-diphenid-imidazole
1 was carried out by using chlorobenzaldehdye byrththods reported in literatdfe

Synthesis of 2-(4-chlorophenyl)-4, 5-diphenyl-1H-imidazole (1): Eqgimolar quantity of benzyl (2.65 gm),
ammonium acetate (5 gm) and chlorobenzaldehdyen(l). %vere dissolved in 50 ml glacial acetic acicaii00 ml
RBF containing a magnetic stirrer. The reactiontorix was heated to reflux for 5 hrs on an oil baith stirring.
The 300 ml cooled water was added to reaction mexwhich resulted in precipitation of product. T@duct
immediately filtered and neutralized with 5% ammuonisolution. The compound was recrystallized frdyscdute
ethanol to yield colourless crystalline compo@ield 65%; m.p. 26fC; *H NMR (CDCk) of compound shows a
double doublet ad 7.92-7.94 ;5 8.21-8.50 and 8.50-8.53 respectively showing presence of 4Hgmetof 2-
phenyl ring attached to imidazole. A multipilatesa@btained ad7.32-7.78 showing the presence of remaining 10H
protons of 4, 5-diphenyl rings. A singlet was atdbained at 13.09 showing the presence of NH peoton

Synthesis of 2-(4-chlorophenyl)-4, 5-diphenyl-imidazole-1-yl)-acetic acid ethyl ester 2: A mixture of 2-(4-
chlorophenyl)-4, 5-diphenylH-imidazole (0.03 mole) and ethyl chloroacetate (Or@le) in dry acetone (40 mL)
was refluxed on a heating mantle for 30 hr. Thetiea mixture was cooled to RT. The crystals thotamed was
filtered, washed with water, dried and purified k®crystallization from ethanol to yield colourlessystalline
compound?. Yield 66%; m.p. 26%C; IR (KBr, cm"): 8.33.86,7.64.48,6.72.64 (C-Cl); 3026.85 (arom@tiH);1668
(C=0), 1595 crit (C=N); "H NMR (CDCL): 5 1.31-1.37 (t, 3H, Ck), 4.08-4.16 (q, 2H, C}), 4.48 (s, 2H, NCH),
7.20-7.45 (m, 10H, ArH)) 8.04 & 8.10 (4H, 3d, ArH); MSm/z382 (M). Anal. Calcd for GsH,;N,O,Cl.

Synthesis of 2-(4-chlorophenyl)-4,5-diphenyl-imidazole-1-yl)-acetic acid hydrazide 3: A mixture of 2-(4-
chlorophenyl)-4, 5-diphenyl-imidazole-1-yl)-aceéicid ethyl este0.01 mole) and hydrazine hydrate (0.05 mole) in
ethanol (50 ml) was refluxed on water bath for 12The reaction-mixture was cooled to RT. The @algsthus
obtained were filtered, washed with water, dried anrified by recrystallization from ethanol to lgecolourless
crystalline compoun@. Yield 68%; m.p. 24%C; IR (KBr): 8.33.86,7.64.48,6.72.64 (C-Cl); 3026 @romatic C-H);
1595 cm (C=N); 3038 (NH), 1694 (C=OYH NMR (CDCkL): 3 5.35 (s, 2H, NCH), 5.1 (d, 2H, NH), 7.20-7.5 (m,
10H, ArH),58.04 8 8.10 (4H, 2d, ArH); 9.8 (bs, 1H, s, CONH); M8(z368 (M"). Anal. Calcd for GsH;oN,OCI.

General method of synthesis of  N-(2-(4-chlorophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*-
substitutedphenyl thiosemicarbazide: A mixture of acid hydrazide (0.01 mole) and suhbgtitd phenyl
isothiocynate (0.01 mole) in absolute ethanol (3pwas refluxed on a water bath for 6 hr. The tie@emixture
was concentrated and allowed to stand at RT ovetnibhe needle shaped crystals of thiosemicarbattide
obtained were filtered, washed with petroleum etiret purified by re-crystallization from ethanol.

N*-(2-(4-chlorophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*-phenyl thiosemicarbazide, 4a: Yield 52%;
m.p. 228C; IR (KBr): 8 1502 (C=C),5 3032 (aromatic C-H), 3196 (NHJ, 1751 (CONH), 1683 (C=0), 1597
(C=N), 1099 crit (C=S)."H NMR (CDCl3): 4.53 (s, 2H, NCh), 7.2-7.5 (m, 19H, ArH), 8.12 (bs, 1H, NH) 10.88
(bs, 1H, CSNH), 12.70 (bs, 1H, CONH); M&/z533 (M"). Anal. Calcd for GoH,4Ns0,SCI.

N*-(2-(4-chlorophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*-4-methoxyphenyl  thiosemicarbazide, 4b:
Yield 49.3%; m.p. 23(C; IR (KBr): 1502 (C=C),d 3032 (aromatic C-H), 3196 (NH}, 1751 (CONH), 1668
(C=0), 1606 (C=N), 1208 c(C=S) and 2988 alkyl —CH- stretchintii NMR (CDCls): & 3.73 (s, 3H, OCH),
4.45 (s, 2H, NCH), 56.91 (m, 16H, ArH)p 8.08-8.11(d, 2H, ArH) § 10.91 (bs, 1H, NH) 12.41 (bs, 1H, CSNH),
512.75 (bs, 1H, CONH); (K). m/z530 (M'). Anal. Calcd for GiH,6NsO,SCl.
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N™-(2-(4-chlor ophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*--4-methylyphenyl  thiosemicarbazide, 4c:
Yield 52%; m.p. 23%; IR (KBr): 8 1539 (C=C),51044 (C-F),d 3037 (aromatic C-H), 3196 (NH}j 1892
(CONH), 1668 (C=0), 1596 (C=N), 1207 ¢rtC=S) and 2988 alkyl —CH- stretchirff NMR (CDCl5): 5 2.28 (s,
3H, CH), 4.53 (s, 2H, NCH), & 7.21-7.53 (m, 16H, ArH) 8.07-8.09 (d, 2H, ArH) $ 8.08 (bs, 1H, NH)$ 12.41
(bs, 1H, CSNH)$ 12.59 (bs, 1H, CONH); MSn/z517 (M'). Anal. Calcd for G, HysNsO2SCl.

N™-(2-(4-chlor ophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*-4-flour ophenyl thiosemicarbazide, 4d: Yield
48.8%; m.p. 25°C; IR (KBr): 5 4.99 (C-Cl),51044 (C-F),5 3032 (aromatic C-H)» 3196 (NH),5 1751 (CONH),
1651 (C=0), 1606 (C=N), 1208 ¢h{C=S); H NMR (CDCls): 34.52 (s, 2H, NCh), 5 7.21-8.02 (m, 18H, ArH),
8.14 (bs, 1H, NH), 11.08 (bs, 1H, CSNH), 12.80 18), CONH); MS: m/z 521 (M’); Anal. Calcd for
C3oH23FNsOSCI.

N*-(2-(4-chlorophenyl)-4,5-diphenyl-imidazol-1-yl-ethanoyl)-N*-4-chlorophenyl thiosemicarbazide, 4e: Yield
48%; m.p. 22%C; IR (KBr): 4 4.99 (C-CI),5 3032 (aromatic C-H) 3196 (NH),d 1751 (CONH), 1651 (C=0),
1591 (C=N), 1101 cih(C=S);'"H NMR (CDCls): & 4.49 (s, 2H, NCK), 7.22-7.67 (m, 18H, ArH), 11.16 (bs, 1H,
NH), 12.69 (bs,1H, CSNH), 12.83 (bs, 1H, CONH); M&z 538 (M"), 540 (M'+2). Anal. Calcd for GH.sCl,
NsOS.

RESULTSAND DISCUSSION

The reaction sequence leading to the formatiomefdesired heterocyclic compounds are outlinegcheme|. 2-
(4-chlorophenyl)-4, 5-diphenylH-imidazole-1-yl)-acetic acid hydrazid@ was prepared by treating 2-(4-
chlorophenyl)-4, 5-diphenylH-imidazole with ethyl chloroacetate in the presenéeanhydrous acetone and
potassium carbonatellowed by reaction with hydrazine hydrate in dios® ethanol. Hydrazid8 is treated with
phenylisothiocynates derivatives. Hydraziglen treatment with various substituted phenylisatpimtes gave N
(2-(4-chlorophenyl)-4,5-diphenyl-imidazol-1-yl-ethayl)-N*-substitutedphenyl thiosemicarbazide.

The 'H NMR spectra of compounda showed a multiplat® 7.2-7.5 for 19 aromatic protons of phenyl ring of
imidazole derivatives. A peak was also obtained &.12 showing the presence of 1H of NH. A singletsw
obtained at anothe¥ 4.52-4.55 for NCH protons. Furthermore, two singlets were also olethiatd 12.70 and
10.88 of CONH and CSNH- group respectively.
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The'H NMR spectra of compourdb showed a multiplat®6.91 showing the presence of 16 aromatic protons of
phenyl ring attached to imidazole derivatives. dublet was also observed@8.08-8.11 showing the presence of
remaining two protons of phenyl ring attached tidemole. Singlets were obtainedda®.73,04.45 and12.75 for
methoxy, N-CH protons and —CONH- group respectively and a singéet also obtained at 12.41 for one proton of
CSNH group. The IR spectrum of compound showed ratisa peaks at 1502 ¢mC=C stretching; 1606 cm
C=N; 1456cnt C-N stretching; 3032cth ArC-H stretching, 1751cth -CONH- stretching, 1208 ¢ C=S
stretching, and 1166chmethoxy stretching.

The'H NMR spectra ofic compound showed a multiplate &.21-7.53 for 16 aromatic protons of phenyl rings
attached to imidazole. A doublet was also obseat®®.07-8.09 showing the presence of remaining tvebgms of
phenyl ring attached to imidazole. Two singletseva&lso obtained a 2.28 and 4.53 for CH and N-CH protons
respectively. Furthermore, another singlet was alstained ad 12.59 of —-CONH- proton, 12.41 for one proton of
CSNH group and one peak at 8.08 for one protorNdtd—group. The IR spectrum of compound showed giikmr
peaks ad 1539 (C=C), (aromatic C-H), 3196 (NH),1892 (CONH), 1668 (C=0), 1596 (C=N), 1207 tfC=S)
stretching.

TheH NMR spectra ofid compound showed a multiplate &&.21-8.02 for 18 aromatic protons of phenyl rings
attached to imidazole. A singlet was obtained 4t52 for N-CH protons. Three singlets were also obtained at
12.80,% 8.14 andd 11.08 of —.CONH-, -NH- and -CSNH- group respedglify The IR spectrum of compound
showed absorption peaksd#.99 (C-Cl),5 3032 (aromatic C-H) 3196 (NH),0 1751 (CONH), 1651 (C=0), 1606
(C=N), 1208 crit (C=S) stretching.

TheH NMR spectra offe compound showed a multiplate &.22-7.67 for 18 aromatic protons of phenyl rings
attached to imidazole. A singlet was obtained 4t49 for N-CH protons. Three singlet were also obtained at
12.83,011.16 and®d 12.69 of —-CONH-, -NH- and -CSNH- group respeslify The IR spectrum of compoude
showed absorption peaksd&at.99 (C-Cl),d 3032 (aromatic C-H)) 3196 (NH),6 1751 (CONH), 1651 (C=0),
1591 (C=N), 1101 cth(C=S), 1547 cm C=C stretching. The structure 4¢ compound was further characterized
by mass spectra: molecular ions peaks at ni/300.2. Further peaks at m/z =383, 319 and 297.

Biological Studies

Adult male Wister strain rats of either sex, weighil80-200 gm were used. The animals were allowed &nd
waterad libitum They were housed at room at 25 % 2and 50 + 5% of relative humidity with 12 hr lighark
cycle. The animals were randomly allocated intougeo at the beginning of all the experiment. All tesst
compounds and reference drug were administeredyomispended in 0.5% carboxymethyl cellulose (CMC)
solution.

Anti-inflammatory activity

The test was performed by the method of Wieteal.” on the group of six animals in each. Carrageepéutisn
(0.1% in sterile 0.9% NaCl solution) in a volumet ml was injected subcutaneously into the saltpl region
of the right hind paw of each rat, 1 hr after #tministration of test compounds and standard drdgmethacin
(10 mg/kg, p.o). One group was kept as controleikéag only 0.5% carboxymethyl cellulose solutidrhe right
hind paw volume was measured before and afterof barrageenan treatment by means of a plethysnesmEte
percentage anti-inflammatory activity was calcudedecording to the following formula.

IlG

Percentage anti-inflammatory activity = (1-Vt/Vc)L80, where Vt represents the mean in paw volumatstested
with test compounds and Vc represents the meaadre in paw volume in control group of rats.

Data are expressed as mean + SEM. The studest was applied to determine the significancéhefdifference
between the control group and rats treated withtélse compounds. The anti-inflammatory activitytioé newly
synthesized compounds 4a, 4b, 4c, 4d and 4e wenpared with the standard drug indomethacin. Atstirme oral
dose, indomethacin showed 71.56% inhibition of patv edema whereas the tested compounds (4a-e) dhowe
inhibition ranging from 41.90 to 83.40% after 4(fiable ). The compounds 4c and 4d having methyl, 4-Fluoro
groups showed moderate activity (53.90 and 54.0m%pmparison to standard drug indomethacin (71)568%e
compounds 4e having 4-chloro group showed bettivitgc(83%) in comparison to standard drug indohaetin
(71.56%). It was noted that when the phenyl ringhadsemicarbazide of triphenylimidazole moiety veabstituted
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by methylphenyl group (4c) and fluorophenyl groygd), there was marked increase in the anti-infieatory
activity (from 40.81% to 54%) respectively. The quunds 4e having 4-chlorophenyl group showed ergthnc
activity (83.40 %) greater than the standard dnaipimethacin (71.56%).

The other two imidazole derivatives 4a and 4b hgnphenyl and 4-methoxy phenyl group respectivelgwsid
poor anti-inflammatory activity (40.81 and 41.90.%) was observed that chloro group substitutiesutted in the
significant increase of anti-inflammatory activi{§3.40 %). The results of anti-inflammatory actjvitlearly
indicated that among all four imidazole derivativikge chlorophenyl substituted imidazole derivativere the most
active compounds of the series.

Antibacterial and antifungal activities

All the compounds have been screened for both artiébial and antifungal activities using cup plagar diffusion
method’ by measuring the inhibition zone in mm. Ofloxacib0Q pg/mL) was used as standard drug for
antibacterial activity, and Voriconazole (10§/mL) as a standard drug for antifungal activitiheTcompounds were
screened for antibacterial activity agairist coli, B. subtalisand S. aureusin nutrient agar medium, and for
antifungal activity againg€andida albicansn Sabouraud’s dextrose agar medium. These getithgar media were
poured into Petri-dishes and allowed to solidif@n the surface of the media microbial suspensiosie \spread
with the help of sterilized triangular loop. A ist@ss steel cylinder of 8 mm diameter (pre-steeili) was used to
bore cavities. All the synthesized compounds (L80ml) were placed serially in the cavities with thelp of
micropipette and allowed to diffuse for 1 hr. DMRsvused as solvent for all compounds and as conirbese
plates were incubated at°&7for 34hr and 2& for 48hr, for antibacterial and antifungal adtviespectively. The
zone of inhibition observed around cup after repecincubation was assured and percent inhibitidrthe
compounds was calculated. Results were presenteabie II.

The 2-(4-chlorophenyl)-4, 5-diphenyHiimidazole derivative 4e, 4b and 4c having 4-chitwepyl group, 4-
methoxyphenyl group and 4-methylphenyl group showighest activity (75%, 72% and 69% respectively)
againstS. aureousThe compound 4c and 4d having 4-methylphenyl grang 4-fluorophenyl group showed
highest activity (67% and 62.5% respectively) agtin coliwhen compared with standard drug Ofloxacin. Ré&st
the compound showed moderate to good activity aggincoli, B. subtaliandS. aureusThe derivative 4e having
chloro phenyl group showed highest activity aga{ises).

All the derivatives (4a-e) showed good antifungetivity (68 to 75%) agains€andida AlbicansThe derivative 4a
and 4b having phenyl and 4-methoxy phenyl ring sfbhvighest antifungal activity (75%) agaistalbicans The
compound 4d also showed good activity. When 4-methdenyl group replaced by 4-methylphenyl in connpd
4c and 4-chlorophenyl in compound 4e respectivtbie was slight decrease of antifungal activi8.§% and 68.5
%). The imidazole derivative having 4-methylpheggbup showed minimum activity. Thus, it is conclddeom
the screening results that imidazole derivativad@ 4b were most effective against at a conceotrati 100ug/ml.
Overall screening result show variable trend oé&fbf imidazole derivative (4a-e)) against all thiero-organism.

Table|-Anti-inflammatory activity of compounds4a, 4b, 4c, 4d and 4e
Compd Mean values (£SEM) Anti—in_ﬂamm_atory activity
) of oedema Volume (% inhibition+SEM)
3hr 4 hr 3hr 4 hr
Control 1.74+0.076 1.62+0.082
Indomethacin 0.50+0.026 0.46+0.029 71.10+1.42 AR
4a 1.06+0.04: 0.97+0.04 39.32+1.37 40.81+1.40
4b 1.05+0.04. 0.94+0.04. 40.73+1.87 41.90+1.21
4c 0.82+0.031 0.74+0.035 53.00+1.67* 53.90+1.39*
Xd 0.83+0.028 0.75+0.028 52.44+1.28* 54.01+1.24*
Xe 0.32+0.031 0.25+0.018 81.98+1.77* 83.40+1.06*
Anti-inflammatory activity of the test compoundseneompared w.r.t. standard drug.
Data were analyzed by student's t test for n=6; #8001, **p<0.01, ***p<0.5
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Tablell- Antibacterial and antifungal activity of compounds4a, 4b, 4c, 4d and 4e
Antibacterial activity Antifungal activity
Compd. E. coli B. subtalis S. aureus C. albicans
Zone of % Zone of % Zone of % Zone of %
inhibition (mm) | inhibition | inhibition (mm) | inhibition | inhibition (mm) | inhibition | inhibition (mm) | inhibition
4a 22 61.1] 14 43 14 48 20 75
4b 22 61.11 15 47 21 72 20 69
4c 23 67 15 47 20 69 17 58.6
Xd 22.5 62.5 20 62 19 65.5 20 69
Xe 19 52 12 50 22 75 20 685
Ofloxacin 36 100 32 100 29 100
Voriconazol -- - 29 10C
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