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Abstract

A few 1-substituted imidazolé&-d) and 2(a-jlhave been synthesized and characterized on the
basis of elemental analysis, FT-IRH-NMR, DART-MS spectral data. The synthesized
compounds were screened for their in vitro growthibiting activity against different strains of
bacteria and fungi viz., Staphylococcus aureus, ilB&c subtilis, Streptococcus faecalis,
Escherichia coli, Pseudomonas aeruginosa, Salmanglhi, Candida albicans, Aspergillus
niger and Penicillium chrysogenum (10 and 50pg/amjl the results were compared with the
standard antibioticCiprofloxacin and ketoconazole (10pg/ml) using adidfiusion technique.

Key words: 1-substituted imidazoles, Phenacyl bromides,n@ntbbial evaluation, agar well
diffusion method.

INTRODUCTION

Fungal infections (mycoses), though not as frequentbacterial or viral infections, have
nonetheless been increasing in incidence in theahupopulation over the last 15 years. A
number of fungal infections can be difficult to ateeven when the offending organism is
identified and appropriate therapy is applied. t@other hand, like bacteria, fungi have unique
characteristics, distinct from their mammalian bkpsallowing for selective targeting of
therapeutic drugs. Fungi are, however, much mongptex organisms in comparison to bacteria,
are in fact eukaryotic and often grow fairly slowlZonsequently, only a few drugs are aimed at
interfering with cell division and have limited us&lost antifungal drugs are targeted to the cell
membrane.
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Imidazoles are a versatile lead molecule for desgymotential bioactive agents. The 1-
substituted imidazole derivatives have been foundxhibit diverse biological activities such
as antiprotozoal, mutagenic properties, anticaraxgiviral, enzyme inhibition, Hantagonism,
a-adrenergic agonism ang-blocking, anticonvulsant, broad spectrum antib@ateand
antifungal activities [1-11]it is well known that imidazoles are effective antimicrobial studies
especially in the case of azole antifungals vimidazole antifungals: miconazole, ketoconazole,
econazole, bifonazole, butoconazole, fenticonazideconazole, oxiconazole, sertaconazole,
sulconazole, tioconazole all were used for thettmeat of candidiasis (yeast infection or thrush),
athlete's foot, ringworm and jock itch like variowsrm infections both internal and external in
decades.

Keeping this context in mind an attempt has beedeama synthesis anidh vitro antimicrobial
activity of some novel 1-substituted 2-methyl imidazole- 1@ia and 1-substituted imidazole (2a-
2d) derivatives. This possibly led to the developtr& compounds with probable antimicrobial
activity especially in antifungal study to overcortiee strains those are resistant with earlier
imidazole derivatives by developing structural nfigdtions.

MATERIALS AND METHODS

Experimental

Melting points were determined in open glass capédbs using an Electro thermal 1A 9000
SERIES digital melting point apparatus (Electrothar, UK) and are uncorrected. IR spectra
(KBr wafers) were taken on Shimadzu FT-IR Spectotpimeter, Model No0.8400S (Japati
NMR spectra were recorded on Bruker 300 MHz NMRctpeneter (Switzerland) using CDCI3
as solvent. Mass spectra were documented on JoellOZPEI/CI/DART/MS) (USA).
Microanalysis was done on a Vario EL Il Elemen@rH, N analyzer (Germany). lodine vapour
was used as the developing agent and the solvat¢énsyused was benzene: ethanol (8:2).
Imidazole, 2-methyl imidazole and para substitugggenacyl bromides were procured from
sigma-Aldrich, USA. All other chemicals used in ttesent studies were either of A.R or G.R
guality. Anhydrous sodium sulphate was used aglifimg agent. The purity of all compounds
was established by a single spot on the TLC pl@fesck, Germany). Para substituted phenacyl
bromides (Aldrich), dimethyl formamide (Sigma), ifioxacin; ketoconazole (pure drug) was
used.All the prototypes were dissolved in dimethyl suifte for making the concentration of
10pg/ml and 50pg/ml.

Chemical Synthesis

Synthesisof 1-(4-substitutedphenyl)-2-(2-methylH-imidazol-1-yl) ethanone (1a-d)

In the present scheme [12], 1-phenacyl 2-Methyldamble derivatives la-d (Scheme:1) have
been synthesized by treating 2.46 g (0.03mol) afe2hyl imidazole and 0.46g(0.002 mol) of
appropriate para substituted phenacyl bromide®{ehbromo, phenyl and nitro) in presence of
dry DMF (dimethylformamide) with the cold stirrin@-10°C) for about (3-6) hrs. Next, the
mixture was poured into cold water (20 ml) andretrfor further one hour. The precipitate was
collected and then treated with benzene and fdtefée benzene soluble portion on removal of
solvent yielded a solid mass, which was recryskdlifrom benzene-ethanol. The purity of all
compounds was established by single spot on theplates as described above.
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Synthesis of 1-(4-substituted phenyl)-2-f@-imidazol-1-yl) ethanone (2a-d)

1-phenacyl Imidazole derivatives 2a-d (Scheme:Mehlaeen synthesized by treating 2.04 g
(0.03mol) of imidazole and 0.46g (0.002 mol) of eggpiate para substituted phenacyl bromides

(chloro, bromo, phenyl and nitro) in presence of BMF (dimethylformamide) with the cold
stirring (5-10°C) for about 3-6 hrs [12]. Next, thmxture was poured into cold water (20ml) and

stirred for further one hour. The precipitate wadlected and then treated with benzene and
filtered. The benzene soluble portion on removakalfvent yielded a solid mass, which was
recrystallised from benzene-ethanol. The purityalbfcompounds was established by a single

spot on the TLC plates.

0
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H H
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N (3-5)hrs Stir N
\ - HBr \
N N
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(R =Cl, Br, Phenyl & No, )
R la-d 2a-d R
Scheme 1: Represents the synthesis of 1-substitutetddazoles.
Table 1. Physico-chemical data of synthesised compuals

Compd R MF Mr Y MP Elemental analysis

(%) (°C) Calcd. / found (%)

H N

la cl Ci,HiCIN,O 234.68 55  149-152 61.41/61.38  4.72/4.66  11.9461.8
1b Br CH;;BrN,O 279.13 41  186-188 51.63/51.49  3.97/3.87  10.04/09.94
1c CeHs  CigHigN,O  276.33 58  182-185 78.24/78.13  5.84/5.76  10.1amo0.
1d NO, Ci,HiNsO; 24523 64  194-196 58.77/58.59  4.52/4.42  17.13017.0
2a cl CiiH,CIN,O 220.65 52 132-135 61.41/61.39  4.72/4.67  11.98Al1.
2b Br CiHoBIN,O 265.10 59  142-144 49.84/49.79  3.42/3.35  10.5%R10.
2c CeHs  Ci/HuN,O 26230 66  164-166 77.84/77.76  5.38/5.25  10.6B6L0
2d NO, CiHoN;O;  231.20 62  152-154 57.14/57.11  3.92/3.79  18.17WAS.

MF: Molecular formula, Mr: Molecular weight, Y: Yl MP: Melting point
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Table 2. Spectral data of synthesised compounds

Compd IR (v, cm) '"H NMR (300 MHz, 6, ppm) (DMSO-ds) DART-MS (m/z)

la 2964, 1288, 2.3 (s, 3H, - CH), 5.27 (s, 2H, -Ch), 7-7.4 (m, 4H, Ar-H), 7.5 235 (M+H)
1496, 1691, (d, 1H, Het-H) 7.9 (d, 1H, Het-H)
827, 669.

1b 2960, 226, 2.3 (s, 3H, -CH), 5.26 (s, 2H, Ck), 7-7.6 (m, 4H, Ar-H), 7.7 279 (M+ H)
1436, 1691, (d, 1H, Het-H) 7.8 (d, 1H, Het-H)
823, 563.

1c 2960, 1224, 2.44 (s, 3H, - Ck), 5.348 (s, 2H, -C}), 6.8-7.2 (m, 9H, AH), 277 (M+ H, bp]
1693, 1494, 8.1 (d, 1H, Het-H), 8.3 (d, 1H, Het-H)
846, 767.

1d 3088, 1217, 2.34(s, 3H, - Ch), 5.34 (s, 2H, Ch), 7.2-7.5 (m, 4H, Ar-H), 246 (M+ H, bpJ
1435, 1691, 7.6 (d,1H, Het-H), 7.7(d, 1H, Het-H)
825, 1517.

2a 3018, 1493, 5.37(s, 2H, -CH), 6.9-7.4 (m, 4H, Ar-H), 7.5 (d, 1H, Het-H), 221 (M+ HY
1680, 842, 7.9 (1H, d, Het-H)
684.

2b 2999, 1458, 5.364 (s, 2H, -Ch), 6.9-7.4 (m, 4H, Ar-H), 7.7 (d, 1H, Het- 265 (M+ HY
1595, 831, H), 7.8(d, 1H, Het-H)
578.

2c 3159, 1514, 5.43(s, 2H, -CH), 7.3-7.5 (m, 9H, Ar-H), 7.6 (d, 1H, Het- 263 (M+ HY
1593, 815, H), 7.7 (d, 1H, Het-H), 8.0 (s, 1H, Het-H)
748.

2d 3020, 1464, 5.66 (2H, s, -Ch), 7.3-7.5 (m, 4H, Ar-H), 7.6 (d, 1H, Het-H), 232 (M+ HY
1678, 828, 8.2 (d, 1H, Het-H), 8.3 (s, 1H, Het-H)
1522,

Screening for Antimicrobial activity

The antimicrobial activity of all the newly synthssd compoundsl(a-d) and 2(a)dwas
determined by well plate or agar diffusion metht@]][ The medium used were double strength
nutrient broth (Hi-Media) for antibacterial actiiand double strength malt yeast extract (Hi-
Media) for antifungal activity. Than vitro antimicrobial activity was carried out against 214
cultures of bacterial and 72h old cultures of fursgeain. The different strains of bacteria and
fungi viz., Staphylococcus aureydlCIM 2122) Bacillus subtilis(NCIM 2193) Streptococcus
faecalis(NCIM 5024) (Gram positive bacteria,9Escherichia col(NCIM 2809) Pseudomonas
aeruginosa(NCIM 2036), Salmonella typh{NCIM 2501) (Gram negative bacteria’€§andida
albicans (NCIM 3471), Aspergillus niger(NCIM 1056) andPenicillium chrysogenuniNCIM
723) (fungal strains) were usedure cultures of the test microorganisms were peatdrom
Institute of Microbial Technology, Chandigarh andtidnal Chemical Laboratory, Pune. The
compounds were tested at the concentrations ohti(68 L g/ml and solutions were prepared by
dissolving in dimethyl sulfoxide (DMSQO). The peisbes used for antibacterial screening were
incubated at 37+1°C for 24h, while those used fuifengal activity were incubated at 28°C
for 48-72h. The results were compared to Ciprofbixgd10pg/ml) and ketoconazole (10pg/ml)
for antibacterial and antifungal activity respeetivby measuring zone of inhibition in mm. The
antibacterial and antifungal screening results vpeesented in Table 3 and Table 4.
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Table: 3 Evaluation of In Vitro antibacterial activity of 1-Substituted Imidazoles

Compounds Zone of inhibition (mm)
Gram positive Gram negative
Staphylococcus  Bacillus Streptococcus Escherichia  Salmonella Pseudomonas
Aureus Subtilis Faecalis Coli Aeruginosa
107 50 100 50 1¢° 50 10 50 56 10 50
la - - - - - - - - - -
1b - 06 - 06 - 06 07 07 - - 06
1c 06 06 - 07 06 07 - 05 06 05 07
1d - 05 - - - 05 - 07 - 05
2a - - - - - - - - - -
2b 05 06 05 05 - - 05 06 07 - -
2c 09 08 - 07 05 07 - 08 07 05 07
2d 07 06 - 05 - 04 - 05 - - 04
Ciprofloxacin® 31 32 39 32 38

2 ng/ml,” Ciprofloxacin (10pg/ml) was used as positive rafesestandard antibiotic.
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Table 4. Evaluation ofin vitro antifungal activity of 1-Substituted Imidazoles

Compounds Zone of inhibition (mm)

Candida albican Aspergillus nige Penicillium chrysogenu

107 50 107 50 10 50
1la 10 24 07 11 14 21
1b 15 27 09 14 17 26
1c 16 25 11 15 18 27
1d 19 23 8 13 15 22
2a 17 23 9 13 19 24
2b 21 28 11 15 21 26
2 29 27 10 11 20 27
2d 20 25 09 18 19 23
Ketoconazol@ 24 17 21

2 ug/ml, °Ketoconazole (10pg/ml) was used as positive referstandard antibiotic.

H Candidaalbicans
(10png/ml)

| Agpergillusniger
(1Opg/ml)

Zone of inhibition (mm)
—
n

M Penicillium
chrysogenum
(1Opg/ml)

Test compounds &

Fig.1: Effect of prototypes (1@g/ml) and Ketoconazole (1@g/ml) onin Vitro antifungal
activity.

RESULTS AND DISCUSSION

The results of antimicrobial activity indicated ttel the compound4(a-d) and 2(a-dwere
found to be very less or no activity against alkteaal strains used in thia vitro bioassay at
the concentration range of 10-50 pg/ml whereas dsecof anti fungal activity all the
compounds exhibit an excellent activity at 50 g/fille test compounds 1b, 1c, and 2b, 2c and
2d exhibited highest activity again§€tandida albicansand Penicillium chrysogenunbut
moderate activity againgtspergillus nigeiat 10pg/ml concentration. In fact, these compounds
exhibited comparatively equipotent activity at 50plgconcentration with that of standard
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ketoconazole (10ug/ml) which has an imidazole nyoiBtg.1). Rather the test compounds la
[1-(p-chlorophenacyl imidazole)] and 2a [1-(p-cldphenacyl)-2-methyl imidazole] showed
comparatively lesser activity than other compounds.

It was noticed that 2-methyl derivatives (la-1d)revéound to possess comparatively less
activity than imidazole derivatives (2a-2d) duetite presence of methyl moiety in its second
position. Introduction of p-bromophenacyl, p-phgdnacyl and p-nitrophenacyl at first
position of the imidazole nucleus has significanthproved potency. Moreover from a perusal
of the results, it was evident that the compoundbstituted with p-bromophenacyl, p-
phenylphenacyl and p-nitrophenacyl at first positf the imidazole nucleus showed higher
activity against all the tested fungi stra@andida albicans Aspergillus nigerand Penicillium
chrysogenum

CONCLUSION

In the present attempt, all the newly synthesizastildstituted imidazole$(a-d) and 2(a)dare
related to azoles. Therefore the probable mechawisantifungal activity is to inhibit the
fungal cytochrome P-450-3-A dependent enzyme 1lHaaltemethylase, thereby interrupting
the synthesis of ergosterol. Inhibition of thidical enzyme in the ergosterol synthesis pathway
leads to the depletion of ergosterol in the cellmbmne and accumulation of toxic
intermediate sterols, causing increased membramesadility and inhibition of fungal growth.
However, further revision is necessary to ascerthen molecular mechanism of antifungal
activity of test compounds.
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