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Abstract

In the present investigation, in order to identify Gl-safe anti-inflammatory and analgesic agents, a series of novel 1,
2 and 5-substituted benzimidazole derivatives were synthesized and biologically evaluated. The results demonstrated
that the compounds 3b, 4b, and 5b could serve as gastroprotective lead compounds for developing a novel class of
potent as well as orally active anti-inflammatory and analgesic agents in the future research.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used
as a first choice of drug for the treatment of various inflammatory
diseases as well as to relieve aches and pain of everyday life [1].
However, long term use of NSAIDs is associated with side effects like
hepatotoxicity, platelet dysfunction and bleeding [2-4]. But the major
and potential side effect with chronic use of NSAIDs is gastrointestinal
(GI) ulcerations due to inhibition of cyclooxygenase (COX) in tissues
where prostaglandins exert their physiological functions, such as
gastric mucosal defense and renal homeostasis [5]. The discovery of
two COX isoforms, namely COX-1 constitutively expressed in most
tissues such as kidney and GI tract, while COX-2 is induced at the sites
of inflammation, led to the development of selective COX-2 inhibitors,
with the hope of significantly reducing the GI toxicity associated
with acute and chronic use of NSAIDs. However, with the increased
knowledge of physiological roles of COX-2 enzyme in a variety of
tissues, including stomach and kidney, some selective COX-2 inhibitors
are withdrawn from the market because of cardiovascular toxicity,
have challenged the benefits of selective COX-2 inhibition [6]. As a
consequence, the interest for alternative approaches to reduce GI side
effects associated with NSAIDs has re-emerged. Different approaches
were pursued in the search for GI-sparing NSAIDs like addition of
chemical moieties that release gastro protective mediators such as nitric
oxide (NO)-releasing or hydrogen sulphide (H,S)-releasing NSAIDs,
dual cyclooxygenase/5-lipoxygenase or microsomal prostaglandin E
synthase-1 inhibitors [7,8]. But these approaches are associated with
some limitations, [9-14] so a real need exists to develop new anti-
inflammatory, analgesic agents with better efficacy, less toxicity and
fewer side effects of gastric ulceration. According to reported literature,
reactive oxygen species or oxidative stress components are involved
in pathophysiology of NSAIDs-induced ulcerations. On synthesizing
novel chemical entities or chemical modifications/derivatization of
existing molecules could lead to neutral molecules with greatly reduced
acidic character and oxidative stress as a useful approach to explore
safer and potent anti-inflammatory and analgesic agents [15].

Benzimidazoles and its derivatives substituted at 1, 2, 5 and
6-positions fulfill the minimum structural requirements for anti-
inflammatory, analgesic and antioxidant activity [20,23]. Encouraged
by the aforementioned findings and in continuation of an ongoing
program aiming at finding new gastroprotective leads with potential
anti-inflammatory, analgesic activities, it was rationalized to explore
novel benzimidazole derivatives. In the present research work, a novel

series of 1, 2 and 5-substituted benzimidazole derivatives have been
synthesized and bio-evaluated for their anti-inflammatory, analgesic,
ulcerogenic as well as antioxidant activity. Moreover, the drug-likeness
properties of the resulted compounds are also presented.

Experimental

Materials and methods

All research reagents and solvents used in synthesis were of
laboratory grade and were procured from SD Fine Chemicals,
Qualigens, Loba Chemie and Sigma-Aldrich, India. All the solvents
were dried and distilled before use. Reactions were monitored by
thin layer chromatography (TLC) on precoated silica gel plates and
compounds were visualized by exposure to iodine vapours. Melting
points (m.p.) were determined using open capillary tube method and
were uncorrected. Spectral data were obtained as follows: Infra-red
(IR) spectra were recorded on Bruker Alpha-FT-IR Spectrophotometer
Attenuated total reflection mode from ASBASJSM College of
Pharmacy, Bela. The 'H-NMR spectra were recorded on a Bruker
Avance DPX-200 (400 MHz) (Panjab University, Chandigarh, India)
using tetramethylsilane as an internal standard and the values are
expressed in parts per million (ppm). Mass spectra were obtained using
electrospray ionization (ESI) technique by Agilent 1100 series LC-MS
instrument. Elemental analyses were performed on Leco CHNS-932
(Leco, St. Joseph, MI, USA).

The synthesis of 5-substituted-2-chloromethylbenzimidazoles
(1a, 1b and 1c) and intermediate compounds 2a, 2b and 2c was done
according to procedures reported in the literature [25,26]. Further,
novel benzimidazole derivatives 3a-c, 4a-c and 5a-c were synthesized
whose synthesis procedure and spectral data are as follows:

General procedure for synthesis of 3a-c, 4a-cand 5a-c derivatives:
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For the synthesis of benzimidazole derivatives, different substituted
aryl amines were added to the solution of compound 2a-c (2g, 0.006
mol), potassium iodide (2 g, 0.012 mol) and potassium hydroxide (1
g, 0.017 mol) in dry ethanol in a round bottom flask. The mixture was
refluxed for 24 h and then poured into ice-cold water. The precipitates
formed were filtered at the pump, washed, dried and crystallized by
using hot water.

N-((5-Nitro-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)benzenamine (3a): Yield: 60%; m.p. 242-24°C; dark yellow
solid; Rf; 0.62 [Chloroform:Methanol (92:8)]; IR: 2960 (Aromatic -CH
str), 1510 (Aromatic -C=C str), 3425 (-NH str), 1340 (-CN str), 740
(-CClstr), 886, (S(=0), str), 1513 (N=0 str) cm™. "H NMR (DMSO-d6,
400 MHz, § ppm): 2.19 (s, 2H, 'CHz)’ 4.44 (s, 1H, NH), 7.16-7.39 (m,
5H, Ar-H), 7.87-7.85 (m, 2H, Ar-H), 7.76 (s, 1H, Ar-H), 6.52-6.58
(m, 5H, Ar-H). “C NMR (CDCL): 6 147.6, 142.8, 141.5, 139.8, 137.2,
133.8, 129.8, 128.3, 118.0, 117.2, 113.5, 110.5, 36.1. Anal. Calcd for
C H N O,S:C,58.81;H,3.95N, 13.72%. Found: C, 58.70; H, 3.80; N,
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13.62%. ESI-MS (m/z): 408 (M*).

N-((5-Methoxy-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)benzenamine (3b): Yield: 60%; m.p. 238-240°C; brown solid,
Rf- 0.80 [Chloroform:Methanol (92:8)], IR: 3050 (Aromatic -CH str),
1640 (Aromatic -C=C str), 2767 (-NH str), 990 (S(=0), str), 3421
(Alkane -CH, bending) cm™. '"H NMR (CDCI,, 400 MHz, § ppm):
2.73 (s, 2H, -CH,), 2.13 (s, 3H, -CH,), 4.60 (s, 1H, NH), 7.20-7.30 (m,
5H, Ar-H), 6.60 (m, 3H, Ar-H), 7.46-7.52 (m, 5H, Ar-H). *C NMR
(CDC]S): 6 156.2, 147.6, 141.5, 139.9, 137.9, 133.8, 129.6, 128.3, 123 .4,
117.2,116.3, 113.5, 36.1. Anal. Calcd for C,,H N,O,S: C, 64.10; H, 4.87;
N, 10.68%. Found: C, 64.01; H, 4.77; N, 10.60%. ESI-MS (m/z): 393
(M").

N-((5-Chloro-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)benzenamine (3c): Yield: 50%; m.p. 230-234°C; dark black
solid, Rf- 0.67; [Chloroform:Methanol (92:8)], IR: 3060 (Aromatic
-CH str), 1590 (Aromatic -C=C str), 1203 (-CN str), 3300 (-NH str),
790 (-CCI str), 1074 (S(=0), str), 1549 (Alkane -CH, str). 'H NMR
(CDCI, 400 MHz, § ppm): 2.67 (s, 2H, -CH,), 4.57 (s, 1H, NH), 7.47-
7.50 (m, 3H, Ar-H), 7.19-7.31 (m, 5H, Ar-H), 6.49 (m, 3H, Ar-H), 6.67
(s, 2H, Ar-H). *C NMR (CDCls): 6 147.6, 141.5, 140.3, 137.9, 133.8,
129.8, 128.3, 124.1, 117.2, 116.7, 115.8, 113.5, 36.1. Anal. Calcd for
C20H16CIN3OZS: C, 60.37; H, 4.05; N, 10.56%. Found: C, 60.30; H, 4.00;
N, 10.66%. ESI-MS (m/z): 397 (M").

2-Methyl-N-((5-nitro-1-(phenylsulfonyl)-1H-benzo[d]
imidazol-2-yl)methyl)benzenamine (4a): Yield: 56%; m.p. 250-252°C;
yellow semisolid, Rf' 0.64 [Chloroform:Methanol (92:8)], IR: 3060
(Aromatic -CH str), 1510 (Aromatic -C=C str), 3400 (-NH str), 1340
(-CN str), 880, (S(=0), str), 1510 (N=O str) cm™. '"H NMR (DMSO-d6,
400 MHz, 6 ppm): 2.14 (s, 2H, -CH,), 4.61 (s, 1H, NH), 2.04 (s, 3H,
—CH3), 8.00-8.07 (m, 3H, Ar-H), 7.19-7.49 (m, 5H, Ar-H), 6.44-6.47 (m,
4H, Ar-H). Anal. Calcd for C,H,N,0,S: C, 59.70; H, 4.29; N, 13.26%.

187 44

Found: C, 59.60; H, 4.39; N, 13.36%. ESI-MS (m/z): 422 (M*).

N-((5-Methoxy-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)-2-methylbenzenamine (4b): Yield: 56%; m.p. 262-265°C;
yellow color flakes, Rf' 0.60 [Chloroform:Methanol (92:8)], IR: 3058
(Aromatic -CH str), 1517 (Aromatic -C=C str), 1330 (-CN str), 3332
(-NH str), 1070 (S(=0), stretching), 2909 (Alkane -CH, str) cm™. 'H
NMR (DMSO-d6, 400 MHz, 8 ppm): 2.30 (s, 2H, CH,), 3.34 (s, 3H,
—CH3), 2.52 (s, 3H, —CH3), 4.61 (s, 1H, NH), 7.94-7.97 (m, 5H, Ar-H),
7.29-7.58 (m, 3H, Ar-H), 7.21-7.29 (m, 1H, Ar-H), 7.61-7.69 (m, 3H,
Ar-H). BC NMR (DMSO-d6): § 156.2, 146.5, 141.5, 139.9, 137.9, 133.8,
129.8, 128.3, 126.6, 123.4, 117.1, 116.3, 113.4, 109.8, 55.9, 36.4, 15.5.

Anal. Calcd for C_ H, N.O.S: C, 64.85; H, 5.19; N, 10.31%. Found: C,
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64.75; H, 5.09; N, 10.40%. ESI-MS (m/z): 407 (M?).

N-((5-Chloro-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)-2-methylbenzenamine (4¢): Yield: 52%; m.p. 230-232°C;
black semisolid, Rf' 0.88 [Chloroform:Methanol (92:8)], IR: 2850
(Aromatic -CH str), 1300 (-CN str), 3300 (-NH str), 797.04 (-CCl str),
1026 (S(=0), str), 1459 (Alkane -CH, str) cm™. '"H NMR (CDCI,, 400
MHz, & ppm): 2.70 (s, 2H, -CH,), 4.51 (s, 1H, NH), 2.96 (s, 3H, CH,),
7.19-7.31 (m, 5H, Ar-H), 6.67 (m, 3H, Ar-H), 6.49 (m, 1H, Ar-H), 7.47-
7.50 (m, 3H, Ar-H). *C NMR (CDCL,): § 146.5, 141.5, 140.3, 137.9,
133.8, 129.8, 128.3, 126.6, 124.1, 117.1, 116.7, 115.8, 113.4, 36.4, 15.5.
Anal. Caled for C, H ,CIN,O,S: C, 61.23; H, 4.40; N, 10.20%. Found: C,
61.33; H, 4.50; N, 10.00%. ESI-MS (m/z): 411 (M*).

2-Nitro-N-((5-nitro-1-(phenylsulfonyl)-1H-benzo[d]imidazol-
2-yl)methyl)benzenamine (5a): Yield: 60%; m.p. 240-242°C; orange
solid, Rf: 0.80 [Chloroform:Methanol (92:8)], IR: 2964 (Aromatic -CH
str), 1500 (Aromatic -C=C str), 3405 (-NH str), 1300 (-CN str), 886,
(8(=0), str), 1300 (N=0O str) cm™. '"H NMR (DMSO-d6, 400 MHz, §
ppm): 2.10 (s, 2H, -CH,), 4.42 (s, 1H, NH), 7.17-7.29 (m, 5H, Ar-H),
7.85-7.87 (m, 3H, Ar-H), 7.56-7.58 (m, 2H, Ar-H), 6.55-6.58 (m, 2H,
Ar-H). Anal. Calcd for C,_H N.O S: C, 52.98; H, 3.33; N, 15.45%.

2007157 576

Found: C, 52.88; H, 3.43; N, 15.40; %. ESI-MS (m/z): 453 (M*).

N-((5-Methoxy-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-
yl)methyl)-2-nitrobenzenamine (5b): Yield: 60%; m.p. 230-235°C;
brown semisolid, Rf' 0.87 [Chloroform:Methanol (92:8)], IR: 3003
(Aromatic -CH str), 1640 (Aromatic -C=C str), 3448 (-NH str), 990
(8(=0), str) cm™. '"H NMR (CDCI,, 400 MHz, § ppm): 2.40 (s, 2H,
-CH,), 2.73 (s, 3H, -CH,), 4.50 (s, IH, NH), 6.58-6.61 (m, 2H, Ar-H),
7.20-7.30 (m, 5H, Ar-H), 7.46-7.52 (m, 4H, Ar-H), 6.92 (m, 1H, Ar-H).
BC NMR (DMSO-d6): § 156.2, 141.5, 139.9, 138.6, 135.7, 133.8, 132.2,
129.8, 128.3, 123.4, 121.9, 118.1, 116.3, 114.4, 109.8, 100.9, 55.9, 35.1.
Anal. Caled for C, H N,O.S: C, 57.53; H, 4.14; N, 12.78%. Found: C,

187475

57.43; H, 4.10; N, 12.88%. ESI-MS (m/z): 438 (M*).

N-((5-Chloro-1-(phenylsulfonyl)-1H-benzo[d]imidazol-2-yl)
methyl)benzenamine (5¢): Yield: 58%; m.p. 220-224°C; brown solid,
Rf- 0.68 [Chloroform:Methanol (92:8)], IR: 2920 (Aromatic -CH str),
1510 (Aromatic -C=C str), 1317.36 (-CN str), 3333 (-NH str), 1026.97,
880 (S(=0), str) cm™. 'H NMR (DMSO-d6, 400 MHz, § ppm): 2.16
(s, 2H, -CH), 471 (s, 1H, NH), 6.92-6.96 (m, 5H, Ar-H), 8.00-8.07
(m, 3H, Ar-H), 7.45-7.49 (m, 1H, Ar-H), 7.35-7.39 (m, 3H, Ar-H).
BC NMR (DMSO-d6): § 141.5, 140.3, 138.6, 137.9, 135.7, 133.8, 132.2,
129.8, 128.3, 124.1, 121.9, 118.1, 116.7, 115.8, 114.4, 35.1. Anal. Calcd
for C H C1N4O4S: C, 54.24; H, 3.41; N, 12.65%. Found: C, 54.15; H,

207715

3.51; N, 13.00%. ESI-MS (m/z): 397 (M*).
Biological evaluation

All the experimental procedures used in this study were approved
by the Institutional Animal Ethical Committee, registered under
Committee for the Purpose of Control and Supervision of Experiments
on Animals, Government of India. Animals were housed individually
in polypropylene cages, maintained under standard conditions of
alternating light-and-dark cycles at a constant temperature (25+2°C
and 35-60% relative humidity). All the animals were allowed free
access to food and water (ad libitum).

Carrageenan-induced paw edema model: The newly synthesized
test compounds were subjected to in vivo anti-inflammatory studies
using carrageenan-induced rat paw edema model by employing 1%
carrageenan solution as the phlogistic agent [34]. The test compounds
were administered p.o. as suspensions in 2% sodium carboxy
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methylcellulose (CMC), 30 min before the injection of the phlogistic
agent, at a dose level of 100 mg/kg body weight. Indomethacin was used
as a standard at a dose level of 50 mg/kg body weight. Groups of six SD
rats of either sex were used in each experiment. The 2% sodium CMC
was served as a control. The paw edema volume was measured with the
help of plethysmograph by mercury displacement method at 0 h and 3
h (immediately after injection and 3h post injection of carrageenan).
The % edema is shown in Table 1. The percent anti-inflammatory
activity was calculated according to the formula as given below:

% edema=100-[(1-Vt/Vc) x 100]
% reduction in edema=(1-Vt/Vc) x 100

Vtand Vcis the edema volume in drug treated and control groups,
respectively.

Acetic acid-induced writhing assay: The most active compounds
(3b, 4b and 5b) emerged in the anti-inflammatory study were further
tested for their analgesic potential by employing acetic acid-induced
writhing assay [35]. Albino mice of either sex (20-25 g, body weight)
were divided into control, standard and different test groups of six
mice each. The control group was administered p.o., with 2% sodium
CMC, whereas standard and test compound groups were administered
with acetyl salicylic acid and different test compounds, respectively
at a dose level of 100 mg/kg suspended in 2% sodium CMC, 30 min
before the i.p. injection of the acetic acid solution (0.6% v/v in distilled
water) at a dose level of 1 ml/kg. The number of writhes per animal was
recorded for 15 min. The analgesic activity was expressed as percentage
of protection and the results are presented in Table 2.

% Protection=100-[(Vt/Vc) x 100]

Ulcerogenic assay: SD rats of either sex weighing 150-200 g were
divided into vehicle control, standard (indomethacin) and different
test compound groups (n=6). The test compounds and indomethacin
were administered orally in 2% sodium CMC orally at a dose of 100
and 50 mg/kg, respectively. After 6 h later, the rats were sacrificed, and
their stomach was removed. Formal-saline (2% v/v) was then injected
into the totally ligated stomach for storage overnight. The next day,
the stomach were opened along the greater curvature, washed in warm
water, and examined under 3-fold magnifier. The lengths of the longest
diameters of the lesions were measured and summated to give a total
lesion score (in mm) for each animal, the mean count for each group
being calculated [36] and results are depicted in Table 3.

Statistical analysis: Statistical analysis of the biological activity
of synthesized compounds on animals was performed by one-way
variance (ANOVA) followed by Tukey’s test; as “p” value of less than
0.05 was considered as statistically significant. All values were expressed
as mean + SEM. The SIGMASTAT, version 2.0 by Jandel Corporation
was used for statistical analysis.

In vitro Antioxidant activity: The in vitro antioxidant activity for
all the newly synthesized compounds was performed by FRAP assay
based on the reduction of a colorless Fe*-tripyridyltriazine complex
into a blue-colored Fe*'-tripyridyltriazine complex [37]. The working
FRAP reagent was prepared by mixing 10 ml of sodium acetate buffer
(pH=3.6) with 1 ml of TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-triazine)
solution and 1 ml FeCL,.6H,O in a volume ratio of 10:1:1, respectively.
The FRAP reagent was warmed to 37°C before being used and the assay
was started by adding 228 pl of FRAP reagent into 96-well microtiter-
plate. The 12 pl of methanol as blank, test samples dissolved in methanol
and ascorbic acid as standard dissolved in water, were taken into the
wells. The reaction was allowed to run for 30 min and absorbance was
read at 593 nm. The experiments were performed in triplicate and their

mean was calculated for each compound and the absorbance change
was translated into FRAP value (in uM) by following formula:

FRAP value=[Sample,, (30" min - 0* min)/Standard,, (30" min -
0" min)] x conc of standard

Ferrous sulfate was used as standard at conc. 200 uM
0% min=blank methanol at 0" min
Abs: Absorbance

Drug-likeness properties: A promising small molecule inhibitor
should have properties similar to existing drugs. These properties
are influenced by drug-like properties, i.e. lipophilicity, MW, HBD,
hydrogen bond acceptors (HBA), PSA, molar volume (MV), molar
refractivity (MR) and flexibility [38]. Drug-likeness properties of all the
compounds were calculated by ACD/Labs software.

Results and Discussion

Synthesis of compounds

A novel series of compounds are designed by taking cue from
the structures of indomethacin and sulindac with the absence of
acidic moiety while retaining the functional groups that are required
to bind with cyclooxygenase enzyme. Most of the COX-2 inhibitors
contain sulfone moiety and the oxygen of the sulfone group interacts

Compound % edema at 3 h (Mean £ SEM) = % reduction in edema
Control 100 + 3.59 0.00
3a 74.63 +£4.43 25.37
3b? 59.70 + 2.99 40.302
3c 76.12 + 3.83 23.88
4a 71.64 £3.27 28.36
4b? 53.73 £ 4.62 46.27°
4c 73.13+4.27 26.87
5a 74.63 +8.23 25.37
5b? 68.66 + 3.78 31.342
5c 79.10 £ 4.86 20.90
Indomethacin?® 52.24 +4.27 47.76°

Values are mean = standard error of mean (SEM) (n=6)
aStatistically significant compared to control group (p < 0.05)
Data was analyzed by unpaired one-way ANOVA test

Table 1: Anti-inflammatory activity of tested compounds and Indomethacin.

Compound No. of wriths in 15 min (Mean * SEM) | % Protection
Control 70.33 + 3.01 0.00
3b? 30.33+3.40 56.872
4b? 27.17 £5.02 61.372
5b? 36.50 + 2.65 48.10°
Acetyl salicylic acid® 25.67 +1.45 63.512

Values are mean + SEM (n=6)
aStatistically significant compared to control group (p < 0.05)

Table 2: Analgesic activity of tested compounds and Acetyl salicylic acid.

Compound Lesion score (mm) (Mean £ SEM)
Control® 1.0 0472
3b? 16.33 + 1.59°
4b? 14.67 + 1.68°
5b? 19.00 + 0.822
Indomethacin 30.67 £ 1.85

Values are mean + SEM (n=6).
aStatistically significant compared to Indomethacin (p < 0.05).

Table 3: Ulcerogenic activity of tested compounds and Indomethacin.
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with Hist90, Arg513, and GIn192 and forms hydrogen bonds with
the enzyme pocket. Moreover, benzimidazole is recently emerged
as pharmacophore of choice for anti-inflammatory analgesic action
[24]. Inspired from abovementioned findings and with a new hope to
develop gastroprotective NSAIDs, we designed novel 1, 2, 5-substitited
benzimidazole derivatives (Figure 1). The synthetic strategy employed
for the construction of novel benzimidazole derivatives is given in

F

cl ﬂ

Indomethacin

N
benzimidazole 0=%=0
recently emerged as
privilage motif for
antiinflammatory

analgesic action

Scheme 1. The compounds 1a, 1b and 1c were prepared according to the
reported literature starting from o-phenylenediamine i.e. substituted
with small activating (CH,) and deactivating groups (NO,, Cl) [25].
Sulfonylation of compounds 1a, 1b and 1c was done in the presence
of dry pyridine and benzenesulfonyl chloride to give intermediate
compound 2a, 2b and 2c [26], which were further reacted with aryl
amines of choice to get target compounds 3a-c, 4a-c and 5a-c. The

Sulindac

group
< /
N R'
s
e |

R= OCH3, NO,, Cl
R'= H, CH,, NO,

2-substituted benzimidazoles
required for antioxidant activity

Figure 1: Design strategy for the target compounds.

H B — 0=S= —_— \>_CH2~NH
1a, R=-NO, NH N
lb, R= -OCH3
1c, R=-Cl

0=8=0
H3CO\©[
3¢, R'=-H
4c, R'=-CH;4 0=S§
5¢, R'=-NO,

3a,R'=-H
4a, R'= -CHj;
5a, R'=-NO,
NH,
R’

3b, R'=-H
4b, R'=-CH,
5b, R'= -NO,

Scheme 1: Reagents: (A) Benzenesulfonylchloride, Dry pyridine; (B) Ethanol, Potassium iodide, Potassium hydroxide.
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purity of the compounds was achieved by column chromatographic
separation using silica gel as stationary phase and chloroform:
methanol as mobile phase.

Biological assays

The entire series of newly synthesized benzimidazole derivatives
were biologically tested in order to evaluate their pharmacological
activity. The anti-inflammatory activity of all the test compounds was
carried out in rats by the carrageenan-induced rat paw edema model
test with interesting activity ranging from 20.90-46.27%. It is observed
that the tested compounds 3b, 4b, and 5b with electron donating
substituents exhibited significant reduction in edema, 3h post dosing
of test compounds, i.e. 40.30, 46.27 and 31.34% comparable to standard
drug indomethacin, which exhibited reduction in edema as 47.76%
(Table 1). The test compounds 3b, 4b, and 5b that exhibited potent anti-
inflammatory activity were further selected to evaluate their analgesic
activity. The compounds 3b, 4b, and 5b exhibited percentage protection
as 56.87,61.37 and 48.10% comparable to acetyl salicylic acid which
was found to 63.51% against acetic acid-induced writhing test. The
ulcerogenic potential of 3b, 4b and 5b was also studied in rats, which
was appreciably lower than indomethacin. The mean lesion scores for
the test compounds were 16.33, 14.67 and 19.00 mm when compared
to indomethacin which was found to 30.67 mm. These findings suggest
that the compounds 3b, 4b and 5b can produce less gastric ulceration
and may be considered as safer for treating inflammatory conditions.
The analgesic and ulcerogenic activity results are illustrated in Table 2
and Table 3, respectively.

It has been well known that local generation of various reactive
oxygen species plays a significant role in the formation of gastric
ulceration associated with NSAIDs therapy [27,28]. These observations
indicate that NSAIDs with antioxidant activity could be a useful
approach to prevent gastric ulcers. In present investigation, the

antioxidant potential of all the newly synthesized compounds was
accessed in vitro by Ferric reducing antioxidant power FRAP assay. The
increase in absorbance is proportional to the antioxidant content. From
the results, it is observed the compounds 3b, 4b and 5b were the most
efficient compounds in FRAP assay with strongest ferric reductants
FRAP values as 272.4, 325.6 and 230.6 uM (Table 4).

Drug-likeness properties

The present study also attempts the calculation of drug-likeness
properties of all the newly synthesised derivatives. Lipinski’s Rule of
five is a rule to predict high probability of success or failure due to drug-
likeness for molecules complying with 3 or more of the following [29]:

>  High lipophilicity (expressed as logP less than 5)
Molecular weight less than 500 g/mol

Less than 5 hydrogen bond donors

Less than 10 hydrogen bond acceptors

YV V V VY

Molar refractivity should be between 40-130

The molecule’s hydrophilicity can be reliably evaluated using its
logP value (logarithm partition coefficient). Molecules with logP<5
and molecular weight (MW) of 500 or less are considered to the best
candidates for better oral absorption. The newly synthesized derivatives
have logP in the range of 3.2-4.7 and MW in the range of 393.4-453.4
g/mol indicates good bioavailability with less than 10 freely rotatable
bonds [30,31]. The polar surface area (PSA) of all the derivatives is in
the range of 72.3-164.0 shows their ability to permeate cell membranes
[32]. Similarly, all the derivatives exhibited fewer than 6 hydrogen
bond donors (HBD) are viable drug candidates with no violation of
drug-likeness [33]. Drug-likeness properties of all newly synthesized
compounds were assessed by using ACD/Labs software and the results
are disclosed in Table 5.

Absorbance [Sample (12 ul) + FRAP Reagent (228 pl)] FRAP
Compound . . . . . . .
0 min 5 min 10 min 15 min 20 min 25 min 30 min Value (pM)

Blank (Methanol) 0.063 0.064 0.065 0.065 0.066 0.066 0.073 3.643
3a 0.063 0.199 0.217 0.230 0.339 0.345 0.497 158.106
3b 0.063 0.284 0.312 0.311 0.328 0.335 0.811 272.495

3c 0.063 0.118 0.129 0.138 0.147 0.155 0.32 93.625
4a 0.063 0.100 0.118 0.133 0.145 0.154 0.452 141.712
4b 0.063 0.074 0.104 0.141 0.247 0.283 0.957 325.683

4c 0.063 0.079 0.087 0.091 0.095 0.098 0.299 85.974

5a 0.063 0.338 0.422 0.844 0.920 1.015 0.15 31.694

5b 0.063 0.102 0.115 0.129 0.137 0.142 0.696 230.601

5c 0.063 0.079 0.087 0.094 0.097 0.101 0.249 67.760
Ascorbic acid 0.063 1.782 1.818 1.861 1.912 1.960 1.009 344.627

Table 4: Ferric reducing antioxidant power of tested compounds and ascorbic acid.
Nf.lml-)er of Freely
Compound MW (<500) LogP (<5) HBD (<5) HBA (<10) MR (40-130) criteria met rotatable bonds PSA MV
(At least 3)

3a 408.4 3.2 1 8 110.0 All 6 118.1 286.1
3b 393.4 3.3 1 6 110.1 All 6 81.6 302.5
3c 397.8 5.7 1 5 108.9 All 5 72.3 290.2
4a 422.4 3.2 1 8 114.4 All 6 118.1 301.3
4b 407.4 3.3 1 6 114.5 All 6 81.6 317.7
4c 411.9 4.1 1 5 113.3 All 5 72.3 305.3
5a 453.4 3.8 1 11 115.6 4 7 164.0 291.4
5b 438.4 3.9 1 9 115.8 All 7 127.4 307.8
5c 442.8 4.7 1 8 114.6 All 6 118.1 2954
Indomethacin 357.7 4.3 1 5 94.59 All 4 68.5 269.5

Table 5: Drug-likeness properties of benzimidazole derivatives.

Med chem
ISSN: 2161-0444 Med chem, an open access journal

Volume 5(2): 058-063 (2015) - 62


http://dx.doi.org/10.4172/2161-0444.1000243

Citation: Gaba M, Mohan C (2015) Design, Synthesis and Biological Evaluation of Novel 1, 2, 5-Substituted Benzimidazole Derivatives as Gastropro-
tective Anti-inflammatory and Analgesic Agents. Med chem 5: 058-063. doi:10.4172/2161-0444.1000243

Conclusion

In our attempt to discover potent and safer anti-inflammatory,

analgesic agents with lower gastric ulceration, a series of 1, 2 and

5-substituted benzimidazole

derivatives were synthesized and

biologically evaluated. Further, the results suggested that the
compounds 3b, 4b and 5b were found to possess encouraging anti-
inflammatory and analgesic activity with significant reduction in
ulcerogenic side effect. The absence of gastric damage may be attributed
to their antioxidant activity. Hopefully, in the future, the compounds
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