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Abstract

Because of their peculiar properties, heterocyclic compounds have become
important in the design of pharmaceuticals. It’s superior quality. Specifically,
because nitrogen-based heterocyclic group atoms are beneficial in multiple
ways, these compounds are the pharmaceutical industry is finding new
treatments for diseases. Numerous studies have been conducted on creating
and utilizing novel bioactive compounds. Even though many types of
active compounds have been identified, it is still important to know that
benzimidazole stents are still popular. Conversely, research on hybridization
has a significant role in the literature and contributes to the diversification
of pharmaceutical activity. After the investigation, studying the structure-
activity relationships (SAR) of recently created molecules is useful for
further research. Based on the information listed above, this chapter
discusses the recent accomplishments in synthesizing benzimidazoles and
their pharmacological properties. Synthesis methods, structural studies, and
significant findings in the pharmaceutical field of research and the analysis
of new compounds synthesized by humans show how these methods are
different from one another. As a result, it’s significant in the literature as a
source for researchers who want to acquire the latest information on this
topic quickly.
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1. INTRODUCTION

Nitrogen-containing heterocycles have been described for their
medical importance. An important class of heterocyclic benzimidazoles or
benzoclolines consists of fused benzene and imidazole. Benzimidazoles, also
known as cyclic analogs of amidines; exist in two equivalent tautomeric
forms in which the hydrogen atom can be placed on either of the two
nitrogen atoms (Figure 1) [1-4].
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Figure 1: Structure of Benzimidazole.

Benzimidazole is a fundamental structure for medicinal chemists because
its derivatives have antioxidant [5], anti-hepatitis [6], antimicrobial [7],
antihypertensive [8], antiulcer [9], anti-inflammatory [10], anticonvulsant
[11], analgesic [12], antiprotozoal [13], antifungal [14], and anticancer
activity [15]. Benzimidazole with a wide range of pharmacological activity;
it is one of the oldest and best-studied nitrogen heterocycles. In addition,
several benzimidazole derivatives have also been used in sunburns as
a means to protect the skin by absorbing ultraviolet radiation. Clinically
approved benzimidazole drugs include dibazole, mebendazole, timoprazol,
fuberidazole, albendazole, fenbendazole, thiabendazole, and, carbendazim

(Table 1) [16].
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Table 1. Some benzimidazole drugs.

Compound | Structure Ref.
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Fenbendazole S N [23]
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Timoprazol N [24]
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2. PHARMACOLOGICAL ACTIVITIES

In the study conducted by Albay ez al. (2023), new benzimidazole
derivatives were synthesized, and their enzyme inhibition and antioxidant
activities were investigated. Methods such as DPPH free radical scavenging
and iron-reducing power activities were used to determine elastase inhibition
capacities in enzyme inhibition tests and two different antioxidant capacities
in antioxidant tests. One of the synthesized compounds showed the highest
clastase inhibition and antioxidant activity with iron reduction power.
Another of the synthesized compounds showed the highest antioxidant
activity with DPPH. These two compounds are shown below [25].

Cl N

N\

Cl

H,N

2-(5,6-dichloro-2-phenyl-1H-benzo[d]imidazol-1-yl)acetohydrazide

Antielastase IC, ) (uM): 0.007 = 0.0430
Reducing power absorbancea:

0.249 = 0.0573
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0.249 = 0.0707
0.395 + 0.0339
0.517 = 0.0297

N

cl | H
0 NH

Cl

2-(2-(5,6-dichloro-2-phenyl-1H-benzo[d ]imidazol-1-yl)acetyl)-N-phenylhydrazinecarbothioamide

DPPH SC,, (uM): 407.21 *+ 33.998

Shinde et al. (2023) synthesized a number of novel benzimidazole
compounds with high yields. The reaction with various aromatic carboxylic
acids was initiated with compound ethyl 3-(3-amino-4-(methylamino)-N-
(pyridin-2-yl)benzamido)propanoate, EDC.HCI, a starting agent, and a
small amount of DMAP. The compounds obtained as a result of this process
were evaluated for cancer prevention in vitro. This study revealed that the
benzimidazole compound, to which the 2-chloro thiophene-5-carboxylic
acid group is attached, has the strongest 77 vivo anti-cancer capacity [26].
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R: Benzoic Acid, 2-(4-cyanophenyl) amino acetic acid, 3-Bromo Benzoic acid, Phenyl acetic acid,
Thiophene-2-Carboxylic acid, o-Toluic acid, 3,5-Dichloro Benzoic acid, and 3-Nitro Benzoic acid
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ethyl 3-(2-(4,5-dichlorothiophen-2-yl)-1-methyl-N-(pyridin-2-yl)-1H-benzo[d ]imidazole-5-carboxamido)propanoate

Anticancer IC,, (uM): HepG2 (12.02 + 0.11), MCF-7 (9.14 = 0.09),
HCT116 (4.96 = 0.06)

Champa et al. (2023) synthesized six benzimidazole derivatives and
considered the quantum chemical properties of compounds to understand
the concept of structural activity. To evaluate all synthesized compounds in
terms of antioxidant activity, cytotoxicity, and DPPH scavenging activity
using MTT test and Ferrous-Ion Chelating Assay were used. All of the tested
compounds showed anti-inflammatory, antioxidant, and toxic potential. Of
all the compounds, only two compounds were found to have the highest
potency. These compounds are shown below. The agar diffusion method
was used to perform antibacterial and antifungal tests with bacteria and
fungi. Although there are no compounds that are effective against isolated
fungal species, some have been found to have a weak antibacterial effect.
Furthermore, the benzimidazole compound at the 5-chloro position was
found to have a significantly greater effect on all bacterial species (E. coli, S.
aureus, Bacillus ceveus, and Acetobacter sp.). In addition, the i vitro anticancer
properties of the designed compounds have been documented using in silico
molecular placement simulation studies [27].
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(E)-2-(4-((6-nitro-1H-benzo[d ]imidazol-2-yl)thio)benzylidene)hydrazinecarbothioamide

H

\_ s
G/T OYN\NJKNH

(E)-2-(4-((5-chloro-1H-benzo[d]imidazol-2-yl)thio)benzylidene)hydrazinecarbothioamide

Rajagopal et al. (2023) were synthesized using bis-benzimidazole using
simple and environmentally friendly reactions. The antibacterial activities of
bis-benzimidazole oils of all synthesized images were tested against Gram-
positive properties (Bacillus subtilis, Staphylococcus aureus), Gram-negative
properties (Escherichia coli, Serratin sp.) and fungal pathogen Candida
albicans. According to the natural substances obtained, 1,7’-dimethyl-3’-
(2-(piperidin-1-yl)ethyl)-2’-propyl-1H,3°’H-2,5>-bibenzo[4|imidazole  had
strong activity against C. albicans [28].
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H;

Minimum inhibitory concentration (MIC): 16 ug/ml

Novel  benzimidazole-1,2,3-triazole-quinoline  derivatives ~ were
synthesized by Nyoni ez al. (2023) with high yield. An i vitro assessment
of antimycobacterial activity against the H37Rv strain of Mycobacterial
tuberculosis was performed on all synthesized compounds. The hybrid
compounds showed potent MIC, activities ranging from 1.07 to 8.66
uM, showing more effective than the first-line reference drug ethambutol
(MIC,,=9.54 uM). Three of the synthesized compounds showed excellent
MIC,, activities (between 1.49 and 2.08 uM) compared to the other
compounds [29].

N Cl
X

O,N Z

7-chloro-4-(5-((6-nitro-1 H-benzo[d ]imidazol-1-yl)methyl)-1H-1,2,3-triazol-1-yl)quinoline

(H37Rv) MIC,, (uM): 1.54
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N Cl
X

H,C =

7-chloro-4-(5-((6-methyl-1H-benzo[d Jimidazol-1 -yl)methyl)- 1H -1 »2°3-17az0]" | “yl)quinoline

(H37Rv) MIC,, (uM): 2.08

N Cl
X

O,N ‘ =
<\ \%N . ;/%N
N

7-chloro-4-(5-((2-methyl-6-nitro-1H-benzo[d]imidaZol 1-yl)ymethyl) 1 H1,2:3 triaZ0]- ] -yl)quinoline

(H37Rv) MIC,, (uM): 1.49

Aietal. (2023) synthesized novel derivatives of benzimidazole and found
that the compounds showed significant inhibition activity against TRPV4
current. According to the findings, the group of compounds containing
cyanocyclobutyl was found to be a new and highly potent TRPV4 antagonist.
In addition, evaluations of this compound for drug-like properties are

ongoing [30].
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Cl

NK/
\( ! %
N-(5,6-dichloro-1-(1-(4-(1-cyanocyclobutyl)phenyl)piperidin-4-yl)-2-(isopropylamino)- 1 -benzo[d |imidazol-4-yl)acetamide

IC,: 22.65 nM and IR at 1 uM: 79.85%
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