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The present study is aimed at the synthesis and biological evaluation of a variety of disubstituted 
benzimidazole derivatives. The disubstituted benzimidazoles, identified as 3a, 3b, 3c, and 3d were 
synthesized through condensation of o-phenylenediamine compounds with aromatic aldehydes in the 
presence of ammonium salt as a catalyst and characterized by infrared spectroscopy and 1H nuclear 
magnetic resonance spectra. The compounds were screened for analgesic and antidiarrheal activities 
using acetic acid-induced writhing and castor oil-induced diarrhea models, respectively in Swiss mice. 
Compounds 3c, 3a, and 3b at a dose of 25 mg/kg decreased the number of writhes by 88.81, 69.40 and 
64.93 %, respectively (P<0.05) as compared to standard aceclofenac (88.81 %). Derivatives 3d and 3a 
displayed promising antidiarrheal activity (P<0.05) at both 25 (inhibition of defecation 67.64 and  
56.45 %, respectively) and 50 mg/kg dose levels (80.65 and 75.81 % inhibition respectively) in comparison 
to standard loperamide (85.48 % inhibition at a dose of 25 mg/kg). Among the synthesized derivatives, 
3a emerged as the most effective analgesic and antidiarrheal agent, and it might be employed as a lead 
compound for future investigation.

Key words: Synthesis, disubstituted benzimidazole, analgesic activity, antidiarrheal activity, writhing 
inhibition, inhibition of defecation

Heterocyclic compounds occupy a very prominent place 
as drug molecules by virtue of their diverse biological 
profiles. Among the wide variety of heterocycles that 
have been explored in recent years for developing new 
pharmaceuticals, benzimidazole and its substituted 
derivatives carry special significance because of their 
biological and pharmaceutical applications[1]. Among 
the substituted benzimidazole derivatives, disubstituted 
benzimidazoles are endowed with varied pharmacological 
properties among which antimicrobial[2,3], antiviral[4], 
analgesic and antiinflammatory[5,6], antioxidant[7,8], 
anticancer[9,10], antitubercular[11], antiparasitic[12,13], 
antihypertensive[14,15], antidiabetic[16,17], 
anticonvulsant[18] and thrombin inhibitory property[19] 
are most prominently reported in the literature. Inspired 
by these findings, many research groups around the 
world have employed different synthetic procedures 
in recent times to obtain disubstituted benzimidazole 
derivatives as primary products and assessed their 
biological activities[20-25]. However, many of these 
derivatives are yet to be evaluated for their scope as 

pharmaceutical agents. Besides, some of these methods 
displayed several limitations including the use of high 
temperature, harsh acidic condition, low yield and the 
production of monosubstituted benzimidazoles as by-
products[26,27]. In order to overcome these limitations, 
a synthetic approach has been employed involving 
the condensation between o-phenylenediamines 
and aromatic aldehydes to selectively produce 
1,2-disubstituted benzimidazole derivatives with 
good yield and also as major products over their 
monosubstituted counterparts. Initially a number 
of pharmacological activities of these synthesized 
derivatives were screened among which the analgesic 
and antidiarrheal properties were most significantly 
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exhibited. The management of pain has traditionally 
involved the use of nonsteroidal antiinflammatory 
drugs (NSAIDs), selective cyclooxygenase-2 (COX-
2) inhibitors, glucocorticoids and immunosuppressive 
agents. However, long-term use of these classes of 
drugs often given rise to a variety of side effects 
including gastrointestinal ulceration, cardiovascular, 
hepatic and renal toxicity and platelet dysfunction[28,29]. 
To overcome these adverse effects associated with the 
classical treatment, a lot of efforts have been made to 
develop new analgesic and antiinflammatory agents 
with less toxicity and improved therapeutic profile. 
Benzimidazole is one of the most widely explored 
heterocyclic moieties to develop such pharmaceutical 
agents. Gaba et al. provided a comprehensive overview 
about the antiinflammatory and analgesic properties of a 
variety of benzimidazole derivatives acting on different 
therapeutic targets such as COX enzyme, cannabinoid 
receptors, transient receptor potential vanilloid-1 
(TRPV-1) ion channels, bradykinin receptors, some 
specific cytokines and 5-lipoxygenase activating 
protein (FLAP)[30]. Bezitramide, a benzimidazole 
based compound was introduced as an oral narcotic 
analgesic in the early 1970s to treat chronic and severe 
pain[31,32]. Meijer et al. reported its therapeutic efficacy 
against experimentally-induced pain and also the 
pharmacokinetic profile of the parent compound and its 
hydrolysis product, despropionylbezitramide[33]. More 
recently, a piperazine-linked benzimidazole derivative 
has been reported for its analgesic potential as  
TRPV-1 antagonist in a patent application from 
Amgen[34]. Inspired by these findings, the present 
investigation made a special focus on the analgesic 
activity displayed by the synthesized derivatives with 
an intention to explore the possibility of developing 
new analgesic agents.

The antidiarrheal activity of benzimidazole derivatives 
presents a slightly different scenario. Compared to 
other pharmacological activities, there have been a few 
reports about benzimidazole-based compounds with 
promising activity to control and treat gastrointestinal 
motility disorders, such as diarrhea. A patent by Cupps 
and Bogdan described the usefulness of substituted 
5-(2- imidazolinylamino)benzimidazole derivatives 
for treating diarrhea and other functional bowel 
disorders by acting as alpha-2 adrenoceptor agonist 
and exerting antimotility and antisecretory effects on 
the gastrointestinal tract[35]. Rifaximin, a semisynthetic 
antibiotic derived from rifamycin was first introduced 
in Italy in 1987 and following its US FDA approval 
in 2004, the drug found its worldwide application for 

the treatment and prevention of traveler’s diarrhea[36,37]. 
Even after the introduction of a benzimidazole 
derivative into clinical practice, not many studies 
have been carried out since then to explore the 
antidiarrheal potential of both novel and already 
reported benzimidazole derivatives. As a result, it was 
identified that the antidiarrheal activity displayed by the 
synthesized derivatives as an interesting and promising 
source of research. Considering the importance of 
synthetic drugs and medications in relief of pain and 
gastrointestinal disorders, herein a disclosure was made 
on the effects of  the synthesized 1,2-disubstituted 
benzimidazole derivatives.

MATERIALS AND METHODS

Chemistry:

All reactions were carried out in well-dried glassware 
using magnetic stirrer. Chemicals and reagents such as, 
o-phenylenediamine, 4-chloro-o-phenylenediamine, 
benzaldehyde, 4-chlorobenzaldehyde, ammonium 
chloride, chloroform, n-hexane, ethyl acetate, sodium 
chloride, and sodium sulfate were purchased from 
Sigma-Aldrich, USA. Ethyl acetate and n-hexane 
were distilled over calcium hydride prior to use. For 
column chromatography (CC), silica gel 60 (0.06 
-0.2 mm, Roth) was employed. 1H NMR was recorded 
on a Jeol Alpha 400 spectrometer (operating at 400 
MHz) and a Bruker 400 MHz spectrometer using 
CDCl3 as solvent and tetramethylsilane (TMS) as 
an internal reference standard. All chemical shift (δ) 
values were reported in parts per million (ppm), and 
spin-spin coupling constants, J, were expressed in 
Hz. IR spectra was recorded on a Shimadzu FTIR-
8400S spectrometer (Shimadzu Corporation, Japan). 
Thin layer chromatography (TLC) was performed on 
precoated plates of silica gel (silica gel 60 GF254, 
Sigma-Aldrich) to monitor the reactions.

General procedure for the synthesis of benzimidazole 
derivatives:

The synthetic pathway for disubstituted benzimidazole 
derivatives is depicted in Scheme 1. The substituted 
benzimidazole derivatives were synthesized by 
modification of a previously reported method[38]. 
At first, 1.0 equivalent of diamine compounds,  
10.0 equivalents of aromatic aldehydes and 4.0 
equivalents of ammonium chloride were taken in 
a round bottom flask and the resultant mixture was 
dissolved in 5 ml of chloroform and stirred for 24 h. 
The completion of the reaction was monitored by TLC 
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(eluent n-hexane: ethyl acetate-3:1). Later, the solvent 
was removed under reduced pressure using a rotary 
evaporator and the residue was extracted with ethyl 
acetate (30 ml). The organic layer was washed with 
10 ml brine (sodium chloride) solution. The layers 
were separated and the organic layer was dried over 
sodium sulfate. Upon removal of the solvent under 
reduced pressure, the product was subjected to column 
chromatography using n-hexane and ethyl acetate in 
different ratios. A number of compounds 3a to 3d were 
obtained (Table 1) which were taken for analytical tests 
for characterization.

Benzyl-2-phenyl-1-H-benzimidazole (3a):

 IR (KBr, cm-1) 3083.31 (C-H stretching of 
aromatic ring), 2958.9 (C-H stretching of aliphatic ring, 
1450.52, 1391.89 (C-N stretching of imidazole ring). 1H 
NMR (400 MHz, TMS, CDCl3, δ/ppm): 5.46 (s, 2H), 
7.09 (d, J = 6.4 Hz, 2H), 7.24-7.35 (m, 6H), 7.42-7.48 
(m, 3H), 7.71 (dd, J = 1.2 Hz, 2H), 7.90 (d, J = 8 Hz, 
1H). The above spectral data was compared with the 
reported data[26] and the structure of the compound was 
confirmed as 1-benzyl-2-phenyl-1-H-benzimidazole. 

1-(4-Chlorobenzyl)-2-(4-chlorophenyl)-1-H-
benzimidazole (3b):

IR (KBr, cm-1)- 3446.91 (C-H stretching of aromatic 
ring), 2928.04 (C-H stretching of aliphatic ring), 
1683.91, 1591.33 (C=N stretching of imidazole ring), 
1250.88 (C-N stretching of imidazole ring). 1H NMR 
(400 MHz, DMSO (d6), δ/ppm)- 5.59 (s, 2H), 7.00-7.02 

(d, J = 8 Hz, 2H), 7.26-7.28 (m, 2H), 7.34-7.37 (dd,  
J = 8 Hz, 4 Hz, 2H), 7.48-7.51 (m, 1H), 7.59-7.61 (dd,  
J = 8Hz, 4 Hz, 2H), 7.72-7.74 (d, J = 8 Hz,1H), 7.73 
-7.75 (dd, J = 8 Hz, 4 Hz, 2H). The above spectral data 
was compared with the reported data[26] and the structure 
of the compound was confirmed as 1-(4-Chlorobenzyl)-
2-(4-chlorophenyl)-1-H-benzimidazole.

Phenyl-1-benzyl-5-chloro-1-H-benzimidazole (3c):

IR (KBr, cm-1)- 3446.91 (C-H stretching of aromatic 
ring), 1457.27, 1390.72 (C-N stretching of imidazole 
ring). 1H NMR (400 MHz, TMS, DMSO (d6), δ/ppm): 
5.62 (s, 2H), 7.00 (dd, J = 6Hz, 12 Hz, 2H), 7.25-
7.31 (m, 4H), 7.52-7.56 (m, 4H), 7.73-7.76 (m, 2H),  
7.81 (d, J =1.2 Hz, 1H). This spectral data was found to 
be identical with the published data[39] and the structure 
of the compound was confirmed as 1-Benzyl-2-phenyl-
5-chloro-1-H-benzimidazole. 

1-Benzyl-2-phenyl-6-chloro-1-H-benzimidazole 
(3d):

IR (KBr, cm-1)- 3565.53, 3414.12 (C-H stretching of 
aromatic ring), 2917.43 (C-H stretching of aliphatic 
ring), 1688.73, 1636.65 (C=N stretching of imidazole 
ring). 1274.03 (C-N stretching of imidazole ring).  
1H NMR (400 MHz, TMS, DMSO (d6), δ/ppm)- 5.61 
(s, 2H), 6.97-6.98 (d, J = 6 Hz, 2H), 7.24-7.29 (m, 4H), 
7.52-7.55 (m, 3H), 7.65-7.75 (m, 4H). This spectral 
data was compared with the reported data[40] and the 
structure of the compound was confirmed as 1-benzyl-
2-Phenyl-6-chloro-1-H-benzimidazole.

Screening of analgesic activity:

The in vivo analgesic activity of the synthesized 
compounds was assessed using the acetic acid-induced 
writhing method (peripheral analgesia) in Swiss 
albino mice (Mus musculus)[41,42]. Mice of either sex, 

Product (3) R1 R2 R3 Isolated yield (%)
3a H H H 73
3b H Cl H 74
3c Cl H Cl 77 (3c = 42, 3d = 35)
3d Cl H H

TABLE 1: 1,2-DISUBSTITUTED BENZIMIDAZOLES

 
Scheme 1: Synthesis of 1,2-disubstituted benzimidazole derivatives 
1,2-disubstituted benzimidazole derivatives were synthesized by condensing o- phenylenediamines with aromatic aldehydes. RT is 
room temperature
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of 4-5 w old, were obtained from the animal house of 
Jahangirnagar University. The animals were housed in 
polypropylene cages (30×20×13 cm) under standard 
conditions (21±1º with a 12 h light and dark cycle) 
for 7 d before the experiment. The animals were fed 
with standard diet and water was provided ad libitum. 
Diet was stopped 12 h prior to the experiment. As these 
animals were very sensitive to environmental changes, 
they were kept for at least 3-4 d before the test in the 
environment where the experiment would take place. 
All ethical matters for the use of experimental animals 
were considered carefully.

Fifty mice were randomly selected and divided into 
10 groups denoted as control, standard, 3a (d1), 3a 
(d2), 3b (d1), 3b (d2), 3c (d1), 3c (d2), 3d (d1) and 3d 
(d2) consisting of 5 mice in each group. Each group 
received a particular treatment (lower dose, d1 =  
25 mg/kg and higher dose, d2 = 50 mg/kg). Prior to 
any treatment, each mouse was weighed properly and 
the doses of the test samples, standard aceclofenac and 
control were adjusted accordingly. After 40 min, acetic 
acid (0.7 %) was administered intraperitoneally at a 
dose of 0.1 ml/10 g to each animal of all the groups to 
produce writhes. After 5 min of its administration, the 
number of squirms or writhings was counted for each 
mouse for 15 min. The responses of the test samples 
and aceclofenac treated groups were compared to those 
of the animals in the control group. Percent inhibition 
of writhing in comparison to control group was taken 
as an index of analgesia and was calculated using the 
following formula: % inhibition = (Wc-Wt)×100)/Wc, 
where Wc is the average number of writhing reflexes 
in the control group and Wt is the average number of 
writhing reflexes in the test group.

Screening of antidiarrheal activity:

Antidiarrheal activity of the synthesized benzimidazole 
derivatives was tested using castor oil-induced diarrhea 
in Swiss albino mice[43]. Mice of either sex (4-5 w 
old) were used in this experiment. The mice were 
divided into 10 groups of five mice each. The animals 

were divided into control, standard and test groups  
(d1= 25 mg/kg and d2= 50 mg/kg dose). Control groups 
received normal saline (1 % Tween 80 in normal saline) 
while the standard group received loperamide. After 
oral administration of the samples, an interval of 30 min 
was given for proper absorption of the samples. Then 
0.5 ml of castor oil was given orally to mice in all the 
groups. Each mouse was kept in an individual cage. The 
floor lining was changed every hour. The total number 
of defecation for each mouse was counted up to 4 h 
and then the data was evaluated statistically to find its 
significance. The percent inhibition of defecation was 
calculated using the following formula, % inhibition of 
defecation = (1-B/A)×100, where A is the mean number 
of defecations produced by castor oil, B is the mean 
number of defecations after standard or test sample 
treatment. The observations of the experimental groups 
were compared to that of the control and standard to 
evaluate the antidiarrheal activity of the samples. 

Statistical analysis:

All values were expressed as the mean±standard error 
of the mean (SEM) and the results were analyzed using 
the One Way Analysis of Variance (ANOVA) followed 
by Dunnett’s test by using Graph Pad software. P<0.05 
was considered to be statistically significant.

RESULTS AND DISCUSSION

1,2-disubstituted benzimidazoles were synthesized 
via condensation of o-phenylenediamines with 
several aldehydes. Initially, for selective synthesis of 
1,2-disubstituted benzimidazoles, reaction conditions 
were optimized using o-phenylenediamine (OPD) and 
benzaldehyde. This condensation reaction was carried 
out under diverse reaction conditions by increasing 
the equivalent amount of benzaldehyde, temperature 
and reaction time and the most suitable condition 
for the highest yield of disubstituted benzimidazoles 
was identified (Table 2). When benzaldehyde and 
o-phenylenediamine were condensed in room 
temperature in 1:1 equivalent amount for 24 h  

OPD mol (Compound 1) Benzaldehyde mmol
(Compound 2)

Equivalents 
(1:2)

Reaction 
conditions

Yield (%)
3a 4a Total

1.97 1.97 1:1 RT, 24 h 12 65 77
1.97 5.91 1:3 RT, 24 h 37 53 90
1.97 9.85 1:5 RT, 24 h 51 36 87
1.97 19.7 1:10 RT, 24 h 73 15 88
1.97 19.7 1:10 60º, 48 h 55 19 74
1.97 19.7 1:10 90º, 48 h 41 14 55

TABLE 2: REACTION OPTIMIZATION AND YIELD 

OPD is o-phenylenediamine, RT is room temperature
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prostaglandin pathways[45]. The antinociceptive effect 
produced by the benzimidazole derivatives in this 
study was comparable to that of standard aceclofenac, 
an NSAID. This category of drugs produce action 
primarily by blocking prostaglandin synthesis through 
the inhibition of COX enzyme, specifically COX-2 
for aceclofenac[46]. The synthesized compounds might 
have analgesic potentials that could interfere with 
the prostaglandin pathways and therefore have the 
potential to be developed as NSAIDs to relieve pain. In 
the evaluation of antidiarrheal property, the compounds 
3a and 3d exhibited significant activity in mice (% of 
inhibition of defecation 56.45 and 67.64, respectively) 
at a dose level of 25 mg/kg which was comparable 
to that obtained by standard loperamide (85.48 % of 
inhibition of defecation at 25 mg/kg). At 50 mg/kg, 
3a and 3d displayed improved diarrheal inhibition 
(75.81 and 80.65 %, respectively). Compounds 3b 
and 3c also showed notable antidiarrheal activity at  
50 mg/kg (66.13 and 64.52 %, respectively). It is evident 
that the antidiarrheal property of all the derivatives 
was increased significantly upon the increasing the 
dose level. The results of antidiarrheal activity are 
summarized in Table 4.

(fig. 1), monosubstituted derivative 4a was the major 
product (65 % yield, Table 2) and the minor product 
was the disubstituted benzimidazole derivative, 
3a (12 % yield,). Upon increasing the amount of 
benzaldehyde to 3 equivalents of o-phenylenediamine, 
the yield of 3a was increased (37 % yield). Further 
increment of benzaldehyde resulted in the formation 
of the disubstituted derivative as the major product. 
Good yield (73 %) of 3a was obtained using excess  
(10 equivalents) amount of benzaldehyde. The yield 
value of the condensation reaction was also monitored 
in increased temperature using different reaction time. 
When the reaction was performed at 60º and 90o for 
48 h the yield value of 3a was decreased to 55 and  
41 %, respectively presumably due to the degradation 
of the desired products[44]. In the evaluation of the 
pharmacological properties, both monosubstituted 
and disubstituted derivatives were screened 
initially. However, the monosubstituted derivatives  
(4a, fig. 1) displayed inferior activity compared to their 
disubstituted counterparts. Therefore, the results of 
biological evaluation of the monosubstituted derivatives 
was not shown. In peripheral analgesic activity, the 
disubstituted derivatives decreased the number of 
acetic acid-induced writhings in mice. The compounds 
3a, 3b, and 3c displayed promising analgesic activity 
(% inhibition of 69.40, 64.93 and 88.81, respectively) 
at a dose of 25 mg/kg, which was comparable to 
that produced by 25 mg/kg aceclofenac (88.81 %). 
Analgesic activity of 3c was found to be equal to that of 
aceclofenac. At 50 mg/kg dose, 3a, 3b, and 3c inhibited 
writhings to the extent of 73.88, 77.61 and 89.55 %, 
respectively. Compound 3d, at 50 mg/kg exhibited mild 
analgesic activity with 47.01 % inhibition. The results 
are summarized in Table 3. The abdominal constriction 
response produced by acetic acid is a sensitive method 
for establishing nociception in experimental animals. 
The response is believed to involve local peritoneal 
macrophages and mast cells which release cytokines, 
e.g. tumor necrosis factor α (TNF-α), interleukin 1β 
(IL-1β) and interleukin 8 (IL-8) and is regulated by the 

 

Fig. 1: Condensation between o-phenylenediamine and benzaldehyde 
Both starting material used in 1:1 equivalent. RT is room temperature

Sample 
code

Number of writhings 
(mean±SEM)a

Writhings
 (%)

Inhibition 
(%)

CS 26.80 ±1.53 100 -
SS 3.00±0.71 11.19 88.81
3a (d1) 8.20±1.56* 30.60 69.4
3a (d2) 7.00±1.30* 26.12 73.88
3b (d1) 9.40±1.81* 35.07 64.93
3b (d2) 6.00±1.30* 22.39 77.61
3c (d1) 3.00±0.71* 11.19 88.81
3c (d2) 2.80±0.66* 10.45 89.55
3d (d1) 19.00±0.71* 70.90 29.10
3d (d2) 14.20±1.16* 52.99 47.01

TABLE 3: ANALGESIC ACTIVITY OF 
DISUBSTITUTED BENZIMIDAZOLE DERIVATIVES 
ON THE ACETIC ACID-INDUCED WRITHINGS IN 
MICE 

aEach value represents the mean±SEM, (n=5), *P<0.05 compared to 
control. CS is control sample; SS is standard aceclofenac, 25 mg/kg, 
d1 is lower dose 25 mg/kg, d2 is higher dose 50 mg/kg
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Castor oil has the inherent property of inducing diarrhea 
in experimental animals. Upon hydrolysis of castor 
oil, ricinoleic acid and ricinoleate salts are formed[47], 
which are responsible for the hypersecretory response 
of water and electrolytes stimulating adenyl cyclase 
and prostaglandin secretion from intestinal epithelial 
cells[48]. The antidiarrheal activity produced by the 
1,2-disubstituted benzimidazoles in the present study was 
comparable to that of loperamide, which is commonly 
used in the treatment of diarrhea. Loperamide, an opioid-
receptor agonist, acts on the μ-opioid receptors located 
in the myenteric plexus of the large intestine leading to 
decreased activity of the myenteric plexus and reduced 
longitudinal and circular smooth muscles tone of the 
intestinal wall[49]. The antagonism by benzimidazole 
derivatives of castor oil-induced diarrhea might 
involve the reduction in the severity of inflammatory 
changes in the intestinal wall[43]. They could interfere 
with the motor function and absorption rate from the 
intestine by acting on the μ-opioid receptors in the large 
intestine to produce antidiarrheal effect and they have 
the potential to be developed as antidiarrheal drugs like 
loperamide. In conclusion, preferential synthesis of the 
1,2-disubstituted benzimidazole derivatives (3a-3d) 
from o-phenylenediamines and aldehydes by a simple, 
inexpensive and easy method was accomplished. All 
compounds demonstrated remarkable analgesic and 
antidiarrheal properties amongst which the derivative 
3a appeared to be the most promising agent. To the best 
of our knowledge, this is the first report of analgesic and 
antidiarrheal potentials of the synthesized derivatives. 
These derivatives could serve as lead compounds 
for designing and developing novel, potent and safe 
antidiarrheal and analgesic agents.
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