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Infectious microbial diseases remained press-
ing problems worldwide, because of resistance to a
number of antimicrobial agents among variety of
clinically significant species of microorganisms and
has become an important global health problem (1).
One way to battle with this challenge is the con-
scious usage of the currently marketed antibiotics;
the other is the development of novel antimicrobial
agents (2). Hence, there will always be a vital need
to discover new chemotherapeutic agents to avert
the emergence of resistance and ideally shorten the
duration of therapy. 

Benzimidazole derivatives are of wide interest
because of their diverse biological activity and clin-
ical applications (3ñ6). They have is an important
pharmacophore and privileged structure in medici-
nal chemistry both with respect to their inhibitory
activity and their favorable selectivity ratio (7).
Literature survey revealed that amongst the benzim-
idazole derivatives, 2-substituted are found to be
pharmacologically more potent and hence the design
and synthesis of 2-substituted benzimidazoles are
the potential area of research (8). Extensive bio-
chemical and pharmacological studies have con-
firmed that these derivatives are effective against
various strains of microorganisms (9ñ14). Thus,

benzimidazoles are regarded as a promising class of
bioactive heterocyclic compounds that exhibited the
immense potential and varied bioactivities; there-
fore, efforts have been made from time to time to
generate libraries of these compounds and screened
them for potential biological activities. Therefore,
seeing the importance of benzimidazole nucleus, it
was thought that it would be worthwhile to design
and synthesize some new 2-substituted benzimida-
zole derivatives and screen them for potential bio-
logical activities.

EXPERIMENTAL

All chemicals were of reagent grade. The melt-
ing points of synthesized derivatives were deter-
mined in an open end capillary tube on Hicon digi-
tal melting point apparatus and are uncorrected.
Infrared (IR) and proton nuclear magnetic resonance
(1H NMR) spectra were recorded for the compounds
on FT-IR Rez Bio Rad Win-IR (KBr) and Brucker
DRX-300 instruments, respectively. Chemical shifts
were expressed in parts per million (ppm) relative to
tetramethylsilane as an internal standard. The ele-
mental analyses were performed on Vario EL III
CHNS analyzer using sulfanilic acid as a standard,
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and all the values were within ± 0.4% of the theo-
retical compositions. The fast atom bombardment
(FAB) spectra were recorded on Jeol SX 102/DA-
600 mass spectrometer using Argon/Xenon (6 KV
10 mA) as the FAB gas. The homogeneity of the
compounds was monitored by ascending thin layer
chromatography (TLC) accomplished with silica gel
G chromatoplates of 15 cm length and 0.2 cm thick
(Merck). Solvent system: toluene : ethyl acetate :
formic acid (5:4:1, v/v/v), vizualization with iodine
vapor.

Synthesis of hippuric acid (1) 

Hippuric acid was prepared according to
reported method (15). The compound was recrystal-
lized from boiling water. The practical yield of prod-
uct was 80% and its m.p. 186OC.

General procedure for the synthesis of 4-benzyli-

dene-2-phenyl-4H-oxazol-5-one derivatives (2añf)

The azlactones (2añf) were prepared according
to previously reported methods (15). The 1H NMR
spectral data of all the synthesized compounds are
presented in Table 1.

General procedure for the synthesis of substituted

(benzamidostyryl)benzimidazoles (3a-r)
To 2-phenyl-4-(substituted) benzylidene-5-

oxazolone (2añf), an equimolar quantity of o-
phenylendiamine (OPDA, substituted) was added,
then 20 mL of 50% acetic acid, followed by 30 mL
of dioxane and the mixture was stirred until all the
solids get dissolved. The solution was then refluxed
at 135ñ140OC for 20 h with stirring. The reaction
mixture was then evaporated to near dryness to

Table 1. Physicochemical data of 4-(substituted benzylidene)-2-phenyl-4H-oxazol-5-ones.

R M.p.a Yield Color Mol. formulab 1H-NMR (δ ppm, DMSO-d6) 
(OC) (%) (M.w.)

-H 158 60 Yellow  C16H11NO2 8.31ñ8.29 (d, 2H, 2í,6í Ar-H),
needle (249.27) 8.14ñ8.12 (d, 2H, 2,6 Ar-H), 

7.74ñ7.52 (m, 6H, Ar-H), 7.35 (s, 1H, 
CH=C)

p-CH3 134 58 Parrot C17H13NO2 8.38ñ8.35 (d, 2H, 2í,6í Ar-H),
green (263.20)  8.14ñ8.12 (d, 2H, 2,6 Ar-H), 

7.74ñ7.49 ( m, 3H, Ar-H), 7.45 
(s, 1H, CH=C), 7.28ñ7.26 (d, 2H, 
3,5 Ar-H), 2.37(s, 3H, CH3)

p-OH 172ñ173 62 Yellow C16H11NO3 10.62 (s, 1H, OH), 8.38ñ8.35 (d,
(265.27)  2H, 2í,6í Ar-H), 8.19ñ8.16 (d, 2H, 

2,6 Ar-H), 7.70ñ7.45 (m, 3H, Ar-H), 
7.39 (s, 1H, CH=C), 6.94ñ6.91 (d, 2H, 
3,5 Ar-H)

p-OCH3 156 52 Yellow C17H13NO3 8.20ñ8.17 (d, 2H, 2í,6í Ar-H),
fluffy (279.30)  8.14ñ8.12 (d, 2H, 2,6 Ar-H), 7.63-7.43 

(m, 3H, Ar-H), 7.39 (s, 1H, CH=C), 
6.85ñ6.83 (d, 2H, 3,5 Ar-H), 3.82 
(s, 3H, OCH3)

o-Cl 156ñ158 61 Yellow C16H10ClNO2 8.17ñ8.15 (d, 2H, 2í,6í Ar-H), 
(283.72) 7.92ñ7.90 (d, 1H, 6 Ar-H), 7.66ñ7.56

(m, 5H, Ar-H), 7.48 (s, 1H, CH=C), 
7.18ñ7.13 (d, 1H, Ar-H)

p-N(CH3)2 217ñ219 55 Dark C18H16N2O2 8.20ñ8.17 (d, 2H, 2í,6í Ar-H), 
brown (292.34) 8.08ñ8.06 (d, 2H, 2,6 Ar-H), 7.67ñ7.61

(t, 3H, 3í,4í,5í Ar-H), 7.24 (CH=C), 
6.85ñ6.83 (d, 2H, 3,5 Ar-H), 3.08 
(s, 6H, N(CH3)2) 

aMelting point of the compounds at their decomposition. bElemental analyses for C, N were within ± 0.4 % of the theoretical values.
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yield brownish material, which was further redis-
solved in methanol, to which activated charcoal was
added, and the mixture was again refluxed for 20
min, followed by filteration while hot and the fil-
trate was then allowed to cool and the solid thus
precipitated out was recrystallized from methanol,
to give colored crystals (16). The physicochemical
data of all the synthesized compounds are given in
Table 2.

The spectral data of all newly synthesized
derivatives are mentioned below:

N-[-1-(1 H-benzimidazol-2-yl)-2-(phenyl)vinyl]

benzamide (3a)
IR: vmax (cm-1): 3278 (NH), 1656 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.01 (bs, 1H,
CONH, D2O exchangeable), 9.6 (s, 1H, NH, D2O
exchangeable), 8.14ñ8.11 (d, 2H, 2í,6í Ar-H),
7.76ñ7.42 (m, 12H, Ar-H), 7.35 (s, 1H, CH=C). MS
(m/z): M+ (339), Mñ77 (262), Mñ105 (234).

N-[-1-(1H-benzimidazol-2-yl)-2-(4-methylphen-

yl)vinyl]benzamide (3b)

Table 2. Physicochemical data of N-[- 2 -(2/4-substituted phenyl)-1-(6 substituted 1H-benzimidazol-2-yl)vinyl] benzamides.

Compound R R1
Yield M.pa Mol. formulab

(%) (OC) (M.w.)

3a -H -H 43 235ñ238 C22H17N3O
(339.40)  

3b p-CH3 -H 32 266ñ268 C23H19N3O
(353.43)  

3c p-OH -H 26 187ñ190 C22H17N3O2

(355.40)  

3d p-OCH3 -H 23 278 C23H19N3O2

(369.43)  

3e o-Cl -H 36 236ñ238 C22H16ClN3O
(373.85)  

3f p-N(CH3)2 -H 23 234ñ235 C24H22N4O
(382.47)  

3g -H -NO2 24 255ñ259 C22H16N4O3

(384.40)  

3h p-CH3 -NO2 33 220ñ221 C23H18N4O3

(398.42)  

3i p-OH -NO2 32 187ñ189 C22H16N4O4

(400.40)  

3j p-OCH3 -NO2 28 198ñ200 C23H18N4O4

(414.42)  

3k o-Cl -NO2 29 280 C22H15ClN4O3

(418.84)  

3l p-N(CH3)2 -NO2 27 248ñ251 C24H21N5O3

(427.47)  

3m -H -CH3 39 281 C23H19N3O
(353.43)  

3n p-CH3 -CH3 33 206ñ209 C24H21N3O
(367.45)  

3o p-OH -CH3 43 165ñ168 C23H19N3O2

(369.43)  

3p p-OCH3 -CH3 28 233ñ235 C24H21N3O2

(383.45)  

3q o-Cl -CH3 37 279 C23H18ClN3O
(387.87)  

3r p-N(CH3)2 -CH3 23 236ñ238 C25H24N4O
(396.50)  

aMelting point of the compounds at their decomposition. bElemental analyses for C, N were within ± 0.4 % of the theoretical values 
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IR: vmax (cm-1): 3269 (NH), 1640 (C=O), 1597
(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.08 (bs, 1H,
CONH), 9.54 (s, 1H, NH), 8.03ñ8.01 (d, 2H, Ar-H),
7.70ñ7.34 (m, 9H, Ar-H), 7.33 (CH=C), 7.12ñ7.10
(d, 2H, Ar-H), 2.37 (s, 3H, CH3).

N-[-1-(1H-benzimidazol-2-yl)-2-(4-hydroxyphen-

yl)vinyl]benzamide (3c)
IR: vmax (cm-1): 3274 (NH), 1648 (C=O), 1604

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.03 (bs, 1H,
CONH), 10.41 (s, 1H, OH), 9.40 (s, 1H, NH),
8.06ñ8.03 (d, 2H, Ar-H), 7.77ñ7.38 (m, 9H, Ar-H),
7.33 (s, 1H, CH=C), 6.94ñ6.91 (d, 2H, Ar-H).

N-[-1-(1H-benzimidazol-2-yl)-2-(4-methoxyphen-

yl)vinyl]benzamide (3d)
IR: vmax (cm-1): 3265 (NH), 1643 (C=O), 1604

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.01 (bs, 1H,
CONH), 9.54 (s, 1H, NH), 812ñ8.10 (d, 2H, 2í, 6í Ar-
H), 7.66ñ7.41 (m, 9H, Ar-H), 7.19 (s, 1H, CH=C),
6.85ñ6.82 (d, 2H, Ar-H), 3.79 (s, 3H, OCH3). MS
(m/z): M+ (369), Mñ77 (292), Mñ105 (264).

N-[-1-(1H-benzimidazol-2-yl)-2-(2-chlorophen-

yl)vinyl]benzamide (3e)
IR: vmax (cm-1): 3271 (NH), 1654 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.04 (bs, 1H,
CONH), 9.41 (s, 1H, NH), 8.05ñ8.03 (d, 2H, Ar-H),
7.76ñ7.43 (m, 7H, Ar-H), 7.42 (s, 1H, CH=C),
7.22ñ7.04 (m, 4H, Ar-H).

N-[-1-(1H-benzimidazol-2-yl)-2-(4-dimethyl-

amino-phenyl)vinyl]benzamide (3f)
IR: vmax (cm-1): 3273 (NH), 1656 (C=O), 1603

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.01 (bs, 1H,
CONH), 9.42 (s, 1H, NH), 8.05ñ8.03 (d, 2H, 2í,6í
Ar-H), 7.78ñ7.41 (m, 9H, Ar-H), 7.28 (s, 1H,
CH=C), 6.85ñ6.83 (d, 2H, Ar-H), 3.04 (s, 6H, CH3).

N-[-1-(6-nitro-1H-benzimidazol-2-yl)-2-phenyl-

vinyl]benzamide (3g)
IR: vmax (cm-1): 3298 (NH), 1644 (C=O), 1605

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.21 (bs, 1H,
CONH), 10.38 (s, 1H, NH), 8.49 (s, 1H, Ar-H),
8.18ñ8.16 (d, 1H, Ar-H), 8.03ñ8.01 (d, 2H, Ar-H),
7.73ñ7.70 (d, 2H, Ar-H), 7.64ñ7.58 (m, 5H, Ar-H),
7.42 (s, 1H, CH=C), 7.37ñ7.32 (t, 2H, Ar-H). MS
(m/z): M+ (384), Mñ77 (307), Mñ105 (279).

N-[-2-(4-methylphenyl)-1-(6-nitro-1H-benzimi-

dazol-2-yl)vinyl]benzamide (3h)
IR: vmax (cm-1): 3312 (NH), 1658 (C=O), 1607

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.37 (bs, 1H,
CONH), 10.37 (s, 1H, NH), 8.51 (s, 1H, Ar-H),

8.14ñ8.12 (d, 1H, Ar-H), 8.03ñ8.01 (d, 2H, Ar-H),
7.66ñ7.38 (m, 6H, Ar-H), 7.34 (s, 1H, CH=C),
7.12ñ7.10 (d, 2H, Ar-H), 2.38 (s, 3H, CH3).

N-[-2-(4-hydroxyphenyl)-1-(6-nitro-1H-benzimi-

dazol-2-yl)vinyl]benzamide (3i)
IR: vmax (cm-1): 3296 (NH), 1647 (C=O), 1606

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.32 (bs, 1H,
CONH), 10.49 (s, 1H, OH), 10.38 (s, 1H, NH), 8.49
(s, 1H, Ar-H), 8.14ñ8.12 (d, 1H, Ar-H), 8.03ñ8.01
(d, 2H, Ar-H), 7.76ñ7.32 (m, 6H, Ar-H), 7.29 (s, 1H,
CH=C), 6.91ñ6.89 (d, 2H, Ar-H).

N-[-2-(4-methoxyphenyl)-1-(6-nitro-1H-benzimi-

dazol-2-yl)vinyl]benzamide (3j)
IR: vmax (cm-1): 3308 (NH), 1650 (C=O), 1604

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.34 (bs, 1H,
CONH), 10.38 (s, 1H, NH), 8.49 (s, 1H, Ar-H),
8.14ñ8.12 (d, 1H, Ar-H), 8.03ñ8.01 (d, 2H, Ar-H),
7.76ñ7.41 (m, 6H, Ar-H), 7.34 (s, 1H, CH=C),
6.86ñ6.84 (d, 2H, Ar-H), 3.84 (s, 3H, OCH3).

N-[-2-(2-chlorophenyl)-1-(6-nitro-1H-benzimida-

zol-2-yl)vinyl]benzamide (3k)
IR: vmax (cm-1): 3306 (NH), 1654 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.30 (bs, 1H,
CONH), 10.33 (s, 1H, NH), 8.52 (s, 1H, Ar-H),
8.14ñ8.11 (d, 1H, Ar-H), 7.99ñ7.97 (d, 2H, Ar-H),
7.77 (s, 1H, CH=C), 7.73ñ7.70 (d, 2H, Ar-H),
7.64ñ7.58 (m, 4H, Ar-H), 7.37ñ7.32 (t, 2H, Ar-H).

N-[-2-(4-dimethylamino-phenyl)-1-(6-nitro-1H-

benzimidazol-2-yl)vinyl]benzamide (3l)
IR: vmax (cm-1): 3310 (NH), 1645 (C=O), 1611

(C=N). 1H NMR (DMSO-d6, δ, ppm): 13.38 (bs, 1H,
CONH), 10.24 (s, 1H, NH), 8.50 (s, 1H, Ar-H),
8.24ñ8.22 (d, 1H, Ar-H), 8.13ñ8.11 (d, 2H, Ar-H),
7.71ñ7.68 (d, 2H, Ar-H), 7.64ñ7.58 (m, 4H, Ar-H),
7.26 (s, 1H, CH=C), 6.86ñ6.83 (d, 2H, Ar-H), 3.07
(s, 6H, N(CH3)2).

N-[-1-(6-methyl-1H-benzimidazol-2-yl)-2-phen-

ylvinyl]benzamide (3m)
IR: vmax (cm-1): 3305 (NH), 1648 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.41 (bs, 1H,
CONH), 10.15 (s, 1H, NH), 8.03ñ8.01 (d, 2H, Ar-
H), 7.81 (s, 1H, Ar-H), 7.68ñ7.44 (m, 8H, Ar-H),
7.34 (s, 1H, CH=C), 7.14ñ7.12 (d, 2H, Ar-H), 2.37
(s, 3H, CH3).

N-[-2-(4-methylphenyl)-1-(6-methyl-1H-benzimi-

dazol-2-yl)vinyl]benzamide (3n)
IR: vmax (cm-1): 3310 (NH), 1647 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.33 (bs, 1H,
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CONH), 10.13 (s, 1H, NH), 8.06ñ8.04 (d, 2H, Ar-
H), 7.82 (s, 1H, Ar-H), 7.76ñ7.37 (m, 6H, Ar-H),
7.36 (s, 1H, CH=C), 7.20ñ7.13 (m, 3H, Ar-H), 2.39
(s, 3H, CH3), 2.26 (s, 3H, CH3).

N-[-2-(4-hydroxyphenyl)-1-(6-methyl-1H-benz-

imidazol-2-yl)vinyl]benzamide (3o)
IR: vmax (cm-1): 3296 (NH), 1656 (C=O), 1604

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.30 (bs, 1H,
CONH, D2O exchangeable), 11.05 (s, 1H, OH, D2O
exchangeable), 10.11 (s, 1H, NH, D2O exchange-
able), 8.03ñ8.01 (d, 2H, Ar-H), 7.79 (s, 1H, Ar-H),
7.68ñ7.42 (m, 6H, Ar-H), 7.34 (s, 1H, CH=C),
7.14ñ7.12 (d, 1H, Ar-H), 7.03ñ7.01 (d, 2H, Ar-H),
2.37 (s, 3H, CH3).

N-[-2-(4-methoxyphenyl)-1-(6-methyl-1H-benz-

imidazol-2-yl)vinyl] benzamide (3p)
IR: vmax (cm-1): 3312 (NH), 1648 (C=O), 1605

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.44 (bs, 1H,
CONH), 10.12 (s, 1H, NH), 8.03ñ8.01 (d, 2H, Ar-
H), 7.80 (s, 1H, Ar-H), 7.62ñ7.37 (m, 6H, Ar-H),
7.34 (s, 1H, CH=C), 7.14ñ7.12 (d, 1H, Ar-H),
6.85ñ6.82 (d, 2H, Ar-H), 3.79 (s, 3H, OCH3), 2.38
(s, 3H, CH3).

N-[-2-(2-chlorophenyl)-1-(6-methyl-1H-benzimi-

dazol-2-yl)vinyl]benzamide (3q)
IR: vmax (cm-1): 3308 (NH), 1654 (C=O), 1602

(C=N). 1H NMR (DMSO-d6, δ, ppm): 12.54 (bs, 1H,
CONH), 10.14 (s, 1H, NH), 7.98ñ7.95 (d, 2H, Ar-
H), 7.78 (s, 1H, Ar-H), 7.67ñ7.48 (m, 6H, Ar-H),
7.41 (s, 1H, CH=C), 7.34ñ7.23 (m, 2H, Ar-H),
7.04ñ6.90 (t, 1H, Ar-H), 2.40 (s, 3H, CH3).

N-[-2-(4-dimethylamino-phenyl)-1-(6-methyl-

1H-benzimidazol-2-yl)vinyl]benzamide (3r)
IR: vmax (cm-1): 3310 (NH), 1650 (C=O), 1603

(C=N), 1H NMR (DMSO-d6, δ, ppm): 12.21 (bs, 1H,
CONH), 10.14 (s, 1H, NH), 8.03ñ8.01 (d, 2H, Ar-

H), 7.79 (s, 1H, Ar-H), 7.62ñ7.37 (m, 6H, Ar-H),
7.33 (s, 1H, CH=C), 7.14ñ7.12 (d, 1H, Ar-H),
6.85ñ6.83 (d, 2H, Ar-H), 3.08 (s, 6H, N(CH3)2), 2.38
(s, 3H, CH3).

Antimicrobial activity test

All the synthesized compounds were screened
for their in vitro antimicrobial activity against the
standard strains of: Staphylococcus aureus
(MTCCB, 96), Bacillus subtilis (MTCC 121),
Streptococcus mutans (MTCC 890), Escherichia
coli (MTCCB, 1610), Pseudomonas aeruginosa
(MTCCB, 741) and various fungi: Aspergillus niger
(MTCC, 281), Aspergillus flavus (MTCC, 277),
Monascus purpureos (MTCC, 369), Penicillium cit-
rinum (NCIM, 768) using the cup diffusion tech-
nique (17). Compounds showing inhibition zones of
at least 18 mm were considered active and were fur-
ther evaluated for their minimal inhibitory concen-
tration (MIC) and minimal bacteriostatic concentra-
tion (MBC) values using the two-fold serial dilution
method (18). Also as control, antimicrobial effects
of the DMSO were determined. The results were
evaluated according to the values of the controls.

Methodology for in vitro antimicrobial screening

Inhibition zone measurement

The antibacterial and antifungal testing was
studied using the cup diffusion technique. The test
compounds at 200 µg/mL solutions in dimethyl sul-
foxide (DMSO), were evaluated in vitro for antibac-
terial activity against Gram positive bacterial strains
i.e., S. aureus (MTCCB, 96), B. subtilis (MTCC
121), S. mutans (MTCC 890) and Gram negative
bacteria including E. coli (MTCCB, 1610), P. aerug-
inosa (MTCCB, 741) and antifungal activity against
A. niger (MTCC, 281), A. flavus (MTCC, 277), M.
purpureos ( MTCC, 369), P. citrinum ( NCIM, 768).
Sterile nutrient agar and potato dextrose agar (Hi-
media) was respectively inoculated with the test

R = -H, -CH3, -OH, -OCH3, o-Cl, p-(CH3)2N-

R1 = -H, -NO2, -CH3

Scheme 1. Synthetic pathway of compounds 3añr. OPDA = o-phenylenediamines
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organisms (each 100 mL of the medium received 1
mL of 24 h broth culture) for the determination of
antibacterial and antifungal activity, and then seed-
ed media were poured into sterile Petri dishes. Cups
(8 mm in diameter) were cut in the agar, and each
cup received 0.1 mL of the test compound solution
in triplicate. The plates were then incubated at 37OC
for 24 h and 5 days for the respective activity. The
activities were estimated as range of zones of inhi-

bition in mm diameter as depicted in Table 3. A 50
µg/mL solution of ciprofloxacin and fluconazole
were used as reference standards. DMSO was used
as a negative control and did not show any inhibition
zones.

Minimal inhibitory concentration measurement

The two fold dilution technique (18) was fol-
lowed to determine the minimal inhibitory concen-

Table 3. Preliminary screening of zone of inhibition against identifiable strains.

Microorganism
Compound

S. aureus B. subtilis S. mutans E. coli P. aeruginosa 

Control ñ ñ ñ ñ ñ

3a + + + + ñ  

3b ++ + + + ñ  

3c + + + ++ ñ  

3d ++ + + + ñ  

3e ++ + + + ñ  

3f ++ + ++ ++ ñ  

3g ++++ +++ ++++ ++++ ++  

3h ++ + ++ ++ ñ  

3i +++ ++ ++ +++ ñ  

3j +++ +++ +++ ++++ +++  

3k +++ +++ ++++ +++ +++  

3l + + ++ ++ ++  

3m + + + ++ +  

3n ++ ++ + + +  

3o + ++ + ++ +

3p ++ + ++ + +  

3q + + + + +  

3r ++ + ++ ++ +  

Ciprofloxacin ++++ ++++ ++++ ++++ ++++

Range of zone of inhibition (as studied in triplicate): + = 5ñ10 mm, ++ = 11ñ15 mm, +++ = 16ñ20 mm, ++++ = More than 20 mm, ñ =
No inhibition.

Table 4. Antibacterial activity of compounds (MIC in µg/mL)

Microorganism

Compound    S. aureus B. subtilis S. mutans E. coli  P. aeruginosa 

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

3g 3.12 12.5 6.25 12.5 3.12 6.25 3.12 6.25 50 100

3i 12.5 25 12.5 25 25 25 12.5 25 X X

3j 6.25 12.5 6.25 12.5 6.25 12.5 3.12 12.5 25 50

3k 6.25 12.5 6.25 12.5 3.12 12.5 6.25 12.5 12.5 50

Ciprofloxacin 0.8 < 0.8 < 0.8 < 0.8 < 0.8

X ñ Not tested
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tration (MIC) of the synthesized compounds. The
test compounds were dissolved in dimethyl sulfox-
ide (DMSO) and diluted with culture medium at the
required final concentration with variation of
1.6ñ100 µg/mL. A plate containing only the culture
medium and DMSO in the same dilution was used
as negative control. The final amount applied was
104 CFU/plate. The MIC values were recorded after
incubation at 37OC for a period of 24 h. The lowest
concentration of the test substance that completely
inhibited the growth of the microorganism was
reported as MIC expressed in terms of µg/mL.
Ciprofloxacin was used as reference drug. All
experiments were performed three times.

Minimal bacteriostatic concentration (MBC)

measurement

A loopful from the plate not showing visible
growth (MIC) was spread over a quarter of a nutri-
ent agar plate. After an overnight incubation (18 h),
the plates were examined for growth. The tube con-
taining the lowest concentration of the test com-
pound that failed to yield growth on subculture
plates was judged to contain the MBC (19) of that
compound for the respective test organism.

RESULTS AND DISCUSSION

Title compounds were synthesized by
hydrolyzing 2-phenyl-4-benzylidene-5-oxazolone,
the azlactone precursor in an acidic medium and
treating the subsequent product formed on hydroly-
sis with substituted o-phenylenediamine (OPDA) in
situ. The hydrolysis of azlactone and condensation
of acid with OPDA are both acid catalyzed reac-
tions. 

The Erlenmeyer azlactone synthesis of arylide-
neoxazolones involves condensation of aromatic
aldehyde under the influence of base with the reac-
tive methylene group in azlactone (2-phenyloxazol-
5-one), which is formed by the dehydration of ben-
zoylglycine, when the latter is heated with acetic
anhydride in the presence of sodium acetate. The
azalactone ring of arylideneoxazolones is readily
cleaved hydrolytically and yielded compounds of
substituted acylaminoacrylic acids (N-benzoyl-α-
aminocinnamic acid). The hippuric acid (benzoyl-
glycine) is prepared by benzoylation of amino group
of glycine by Schotten-Baumann method. The final
synthesized compounds were characterized by ele-
mental analysis, FT-IR, 1H NMR and mass spectra.
FT-IR spectrum showed bands at 1656ñ1640 cm-1

for C=O stretch, 3091ñ3010 CH-Ar and 3312ñ3265
cm-1 for N-H stretch. The 1H NMR of compounds

confirms the presence of singlet at δ 13.38ñ12.01,
10.49ñ9.41, 7.77ñ7.19 ppm for ñCONH, -NH, -
CH=C, respectively, of which first two are D2O
exchangeable.

The final products 3añr were tested for their in
vitro growth inhibitory activity against human
pathogens. The in vitro activity was performed
against Gram positive and negative bacterial strains,
and various fungi to test the antifungal activity. All
the test compounds were preliminary screened at
200 µg/mL concentration, whereas the standard was
kept at 50 µg/mL. Based on initial preliminary
screening of percentage inhibition of zone with ref-
erence to the positive control, the synthesized com-
pounds were further evaluated for their MIC and
MBC for bacteria. Known antibiotics like
ciprofloxacin (the reference for antibacterial drugs)
and fluconazole (the reference for antifungal drugs)
were used as positive control.

According to the obtained results, no antifun-
gal activity has been observed for any of com-
pounds. The antibacterial profile of all the synthe-
sized compounds 3a-r revealed that all of the nitro
substituted synthesized derivatives 3g-k only exhib-
ited good to moderate activity against the Gram-pos-
itive and negative strains, while other compounds
had very weak potency. 

Compound 3g was found to be most active
with MIC of 3.12 µg/mL and MBC of 12.5 µg/mL
against the S. aureus while 3g and 3k were equipo-
tent with MIC of 3.12 µg/mL while MBC were 6.25
and 12.5 µg/mL, respectively, against the S. mutans.
Compounds 3g, 3j-k were equally potent with MIC
of 6.25 µg/mL and MBC of 12.5 µg/mL against B.
subtilis, while 3g and 3j were equally potent against
E. coli, with the MIC of 3.12 µg/mL and MBC of
6.25 and 12.5 µg/mL, respectively. Only 3g and 3k

were found to have activity against P. aeruginosa
with MIC of 50 and 12.5 µg/mL as presented in
Table 4. The activity from studies of P. aeruginosa
is interesting as point of research but not have any
therapeutic application. These data showed that the
compounds possess varying degree of antibacterial
effect compared to reference compound. 

CONCLUSION

The results give clear indication that the nitro
substitution on benzimidazole ring only results in
very good activity against bacterial strains, but none
of the synthesized derivatives showed promising
result against the fungal strains. Moreover, these
nitro derivatives showed both bacterostatic and bac-
tericidal effect, but not at the same concentrations. 
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As the compounds tested are not numerous, it is pre-
mature to discuss the SAR of the tested series, but
one point can be assured from our study that the
nitro group on benzimidazole moiety played an
important role in the antibacterial activity. Since this
preliminary series of nitro benzimidazoles has
shown good activity against the tested organisms,
the possibility remains that more divergent structur-
al modifications might improve the spectrum of
antibacterial activity. Thus, our results may provide
some guidance for future development of some
novel nitrobenzimidazoles.
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