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ABSTRACT:

Benzimidazole derivatives have emerged as an important class of heterocyclic compounds with diverse pharmacological
activities and therapeutic applications. This review provides a comprehensive overview of benzimidazole chemistry,
including synthetic methodologies, structure-activity relationships, and biological properties. Various approaches for
synthesizing benzimidazoles are discussed, highlighting both classical and modern synthetic strategies. The review
explores benzimidazole derivatives' broad spectrum of pharmacological activities, including antimicrobial, antiparasitic,
anticancer, antioxidant, anti-inflammatory, antihypertensive, anticonvulsant, and antiviral properties. Structure-activity
relationship studies revealing key structural features influencing biological activity are examined. The clinical relevance
of benzimidazole-based drugs currently in use or under development is also addressed. This review aims to provide
researchers with insights into the therapeutic potential of benzimidazole derivatives and guide future drug discovery
efforts targeting this versatile scaffold. The ongoing research in optimizing benzimidazole structures presents promising

opportunities for developing novel therapeutic agents to address various diseases and medical conditions.
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INTRODUCTION

The discovery of the biological potential of benzimidazole compounds dates back to 1944 when Woolley hypothesized
their structural similarity to purines, suggesting possible biological applications. This observation led to recognizing of
benzimidazoles as isosteric analogs of naturally occurring nucleotides, enabling them to interact with biopolymers in
living systems. A significant milestone was reached when Brink identified 5,6-dimethylbenzimidazole as a degradation
product of vitamin B12 and subsequently discovered some of its analogs exhibiting vitamin B12-like activity, further
highlighting the biological relevance of this scaffold. Over the few decades of active research, benzimidazole has
evolved as an important heterocyclic nucleus due to its wide range of pharmacological applications.

Benzimidazole is formed by the fusion of benzene and imidazole moiety, and numbering system according to the [UPAC
is depicted in Figure 1. Historically, the first benzimidazole was prepared in 1872 by Hoebrecker, who obtained 2, 5 (or
2, 6)-dimethyl benzimidazole by the reduction of 2-nitro-4-methylacetanilide. The benzimidazole scaffold shares
structural resemblance with fundamental building blocks of biopolymers, such as the nucleic acid bases adenine and
guanine, as well as naturally occurring molecules like uric acid and caffeine. Owing to this inherent structural similarity,
it is unsurprising that the benzimidazole nucleus has emerged as a privileged pharmacophore in medicinal chemistry,
exhibiting significant biological relevance and potential for drug development!.

Benzimidazole, alternatively known as 1H-benzimidazole or 1,3-benzodiazole, is a bicyclic heterocyclic aromatic
compound in which a benzene ring is fused to the 4 and 5 positions of an imidazole ring. The benzo derivative of
imidazole is referred to as benzimidazole. Although benzimidazole is the commonest name of the parent compound of
the series, other names such as benzimidazole and 1, 3-benzodiazole (1) are often used. Nitrogen atoms are at the 1 and 3

positions of the ring system?.
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Figure 1: Benzimidazole
Benzimidazole compounds are an important class of heterocyclic compounds that have gained significant attention due to
their diverse pharmacological activities and potential therapeutic applications. These compounds have been extensively
studied and explored for their biological properties, making them a valuable subject in medicinal chemistry research.
Among these currently marketed benzimidazole drugs to treat several diseases, we can mention bendamustine,

selumetinib, galeterone, and pracinostat as antitumor agents; pantoprazole, lansoprazole, esomeprazole, and ilaprazole as
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proton pump inhibitors; bezitramide as an analgesic; mebendazole, albendazole, thiabendazole, and flubendazole as
antihelminthics; ridinilazole as antibacterial;, astemizole and bilastine as antihistamines; enviradine, samatasvir, and
maribavir as antivirals; and candesartan and mibefradil as antihypertensive?. All the structures of the drugs which are

derivatives of benzimidazole are shown in figure 2.
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Figure 2: Derivatives of Benzimidazole

Overview of Benzimidazole Synthesis:

The commercial synthesis of benzimidazole involves the condensation of o-phenylenediamine with formic acid. Nature
itself showcases the importance of this scaffold in the form of N-ribosyldimethylbenzimidazole, which serves as an axial
ligand for cobalt in vitamin B12. Benzimidazole and its derivatives have demonstrated their therapeutic potential, finding
applications as antiulcer and anthelmintic drugs. Additionally, an alternative synthetic route involves heating o-
phenylenediamine with mono or dibasic acids, a method pioneered by Fischer in 19053, This approach has proven useful
in identifying fatty acids, as o-hydroxy acids, phenylacetic acid, and diphenylacetic acid can be converted into their
corresponding benzimidazole counterparts when heated with o-phenylenediamine.

Phillips modification of the above procedure consists in refluxing with the o-phenylenediamine and mono basic acid in
4 N hydrochloric acid. The benzimidazole is then precipitated by neutralizing the solution with ammonium
hydroxide. Benzoic acid gives only traces of 2-phenylbenzimidazole. Apparently this method is not applicable to the
aromatic monobasic acid*.

The synthesis of benzimidazoles, first reported by Hoebrecker in 1872, has undergone significant improvements and
diversification over the past decades, driven by the scaffold's vast array of applications, which will be explored in the
third part of this chapter. Advancements in classical synthetic methods have focused on optimizing reaction conditions,
including the use of catalysts, solvents or solvent-free systems, alternative heating sources such as microwaves or
ultrasound, and, importantly, the development of environmentally friendly or "green" protocols®”. These efforts have
aimed to enhance the efficiency and sustainability of benzimidazole synthesis, enabling broader accessibility and

exploitation of this versatile heterocyclic scaffold.
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Methods for synthesizing benzimidazole derivatives

Highlighting the diverse starting materials that can be employed for the synthesis of benzimidazoles: The vast majority of
benzimidazole syntheses commence with benzene derivatives bearing nitrogen-containing functional groups in an ortho
arrangement (Figure 3). In other words, the starting materials possess the structural motif represented by the given
formula. Numerous synthetic methodologies have been reported for the construction of benzimidazoles, with most
approaches relying on the condensation of ortho-phenylenediamine and its derivatives with carboxylic acids or
aldehydes. This strategic choice of starting materials, featuring the requisite ortho-disposed nitrogen functions, sets the
stage for the efficient assembly of the benzimidazole core through judicious selection and manipulation of the

condensation partners®.

Figure 3: Benzene derivatives bearing nitrogen as functional groups

Benzimidazole compounds can be synthesized using various synthetic strategies, depending on the desired substituents
and structural modifications. Some common methods for the synthesis of benzimidazole derivatives include:

1. Condensation Reactions: Benzimidazoles can be synthesized by the condensation of o-phenylenediamine with
carboxylic acids, aldehydes, or their derivatives, such as nitriles, imidates, or orthoesters, under appropriate reaction
conditions®,

2. Phillips Reaction: The Phillips reaction involves the condensation of o-phenylenediamine with carboxylic acids or
their derivatives in the presence of an acidic catalyst, such as polyphosphoric acid or conc. hydrochloric acid''.

3. Oxidative Cyclization: Benzimidazoles can be obtained through the oxidative cyclization of o-phenylenediamines with
suitable oxidizing agents, such as air, metal oxides, or hydrogen peroxide'?.

4. Transition Metal-Catalyzed Reactions: Various transition metal-catalyzed reactions, such as palladium-catalyzed
cross-coupling reactions or copper-catalyzed amination reactions, have been employed for the synthesis of
benzimidazole derivatives!?.

5. Microwave-Assisted Synthesis: Microwave irradiation has been utilized to accelerate the synthesis of benzimidazole
compounds, often leading to improved yields and shorter reaction times compared to conventional heating methods.

6. Multicomponent Reactions: Benzimidazoles can be synthesized through multicomponent reactions, where three or
more reactants are combined in a single step to form the desired product.

The synthetic strategies employed for the preparation of benzimidazole compounds often involve the optimization of

reaction conditions, such as temperature, solvent, catalyst, and reaction time, to achieve efficient and selective synthesis.
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Additionally, various protecting group strategies and functional group transformations may be employed to introduce
desired substituents or modify the structure of the benzimidazole scaffold.
It is important to note that the specific synthetic route chosen for a particular benzimidazole derivative depends on
factors such as the desired substituents, functional group compatibility, and the overall synthetic efficiency. Ongoing
research in this field aims to develop more efficient, environmentally friendly, and cost-effective synthetic
methodologies for the preparation of benzimidazole compounds with diverse biological activities and therapeutic
applications.
The versatility of benzimidazole synthesis is exemplified by the wide range of starting materials that can be utilized,
including:
1. O-Phenylenediamines, which serve as direct precursors through condensation reactions.
2. o-(N-acylamino and N-arylamino)arylamines and nitroarenes, providing access to substituted benzimidazoles.
3. o-Nitroarylamines and o-dinitroarenes, enabling the construction of the benzimidazole core through reduction
and cyclization steps.
4. o-Substituted-N-benzylideneanilines, which undergo ring-closing reactions to form the desired heterocyclic
scaffold.
5. Amidines, serving as valuable building blocks for benzimidazole synthesis through condensation pathways.
6. Other heterocyclic compounds, demonstrating the versatility of benzimidazole synthesis by exploiting the
reactivity of diverse heterocyclic precursors.
This diversity in starting materials has facilitated the exploration and development of numerous synthetic strategies,
expanding the accessibility and structural diversity of benzimidazole derivative'*.
1. Synthesis of benzimidazoles by the reaction of substituted carboxylic acid with O-Phenylenediamines
Numerous catalyzed synthetic pathways have been explored for the preparation of benzimidazole derivatives.
One such approach involves the condensation of o-phenylenediamine with ortho esters in the presence of Lewis
acid catalysts, including ZrCl4, SnCl4, TiCl4, ZrOCI12-9H20, and HFCIl4. To provide a systematic overview,
presenting the different synthetic methodologies for benzimidazoles according to the use of o-phenylenediamine
as the starting material. This highlights the versatility of this precursor and the diverse strategies that have been
developed to access the desired benzimidazole scaffolds from this common building block.
Scheme-1: A comprehensive literature survey has demonstrated the facile reactivity of o-phenylenediamines
with a wide range of carboxylic acids, enabling the synthesis of 2-substituted benzimidazoles in generally

excellent yields. The condensation reaction is typically conducted by heating the reactants together under reflux
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conditions, on a steam bath, or at elevated temperatures, including sealed-tube reactions. This straightforward
and reliable approach, involving the direct coupling of o-phenylenediamines with carboxylic acid partners
(figure 4), has emerged as a robust and widely employed strategy for accessing diverse 2-substituted

benzimidazole derivatives, underscoring the synthetic utility of these readily available starting materials'®.
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H
Figure 4: O-Phenylenediamine coupling with Carboxylic Acids

Scheme-2 : Among the various synthetic strategies, the Phillip's method!’ stands out as one of the most widely
utilized approaches for the preparation of a diverse range of benzimidazoles. This method involves the
condensation of o-diaminobenzenes with carboxylic acids or their derivatives, facilitated by heating the
reactants in the presence of concentrated hydrochloric acid (figure 5). The robustness and generality of this acid-
catalyzed condensation have rendered it a method of choice for accessing a broad spectrum of benzimidazole
scaffolds. The prevalence of the Phillip's method can be attributed to its operational simplicity, mild reaction
conditions, and the commercial availability of the requisite starting materials, making it a versatile and reliable

synthetic tool in the benzimidazole chemistry repertoire.
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Figure 5: O-Phenylenediamine condensation with Carboxylic Acids in presence of HCI

Scheme-3 Hollan et al. who have reported the reaction of the appropriate imidate ester (trichloroacetimidate)
with o-phenylenediamine or its salt gives the 2-trichloromethyl benzimidazole (figure 6) only at room

temperature, and this is an important precursor for 2-carboxylic benzimidazoles'®.
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Figure 6: Synthesis of trichloromethyl benzimidazole
Scheme-4 Rithe et al. have reported various of 2-substituted benzimidazole derivatives in moderate to good
yield have been prepared in one-spot reaction by condensation of o-phenylenediamine (0.01 mol) and
different aromatic acid (0.01 mol) in the presence of ammonium chloride as catalyst at 80-90 °C (figure 7). The

reaction is green and economically viable!”.
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Figure 7: Synthesis of 2-substituted benzimidazole
2. Synthesis of benzimidazoles by the reaction of substituted aldehydes with O-Phenylenediamines (figure 8)
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Figure 8: Synthesis of trichloromethyl benzimidazole
Scheme: 5 The condensation of phenylenediamines with aldehydes is achieved by various reported conditions. As

shown in figure 9, this can be achieved in the presence of sodium metabisulphite'®.
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Figure 9: Synthesis of benzimidazoles catalyzed by sodium metabisulphite

Scheme: 6 Over heating in the presence of nitro benzene!®. Mann et al. used a mixture of unsubstituted or substituted

phenylenediamine and appropriate aldehyde in nitrobenzene heated at 140 °C., the mixture was cooled and filtered

after adding water which gives benzamidazole (figure 10).
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Figure 10: Synthesis of benzimidazoles using nitrobenzene as solvent

Scheme-7 Venkateswarlu et al. have reported the synthesis of benzimidazole derivatives, with the use
of lanthanum chloride as an efficient catalyst One-pot synthesis of 2-substituted benzimidazole derivatives from o-
phenylenediamine and a variety of aldehyde were carried out in the presence of lanthanum chloride (10 mol %)

in acetonitrile at room temperature (figure 11)%.
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Figure 11: One-pot synthesis of 2-substituted benzimidazole derivatives
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Scheme- 8 Rushi et al. have reported 2-substituted benzimidazoles have been synthesized in excellent yields in a

single pot under solvent-free conditions from o-phenylenediamine and aldehydes in the presence of a catalytic

amount of indium triflate [In(OTf);] (figure 12) at room temperature?!.
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Figure 12: One-pot synthesis of 2-substituted benzimidazole derivatives

Scheme — 9 A series of benzimidazole derivatives were synthesized in good to high yields by reaction of o-

phenylenediamine and different aromatic aldehydes in the presence of sodium hexafluroaluminate (figure 13),

Na;3AlFs, as an efficient catalyst at 50 °C 22,
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Figure 13: High yield synthesis of aromatic benzimidazole derivatives
Scheme- 10 Birajdar et al. have synthesized a mild and efficient approach for the synthesis of benzimidazole
ring? through oxidative cyclization of o-phenylenediamine and different aldehydes using dioxane dibromide, as a

user-friendly reagent (figure 14). This is a new, convenient and facile methodology for the synthesis of 2-

substituted-1H-benzo[d]imidazoles.
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Figure 14: Efficient method of Synthesis of benzimidazole derivatives

Scheme — 11 Todine catalyzed synthesis of 2-Aryl-1-arylmethyl-1H-benzimidazoles is demonstrated by Aniket et al.
using phenylenediamine and aldehydes which are carried out at 80-90 °C (figure 15). New approach is promising

and giving moderate yields with high purity and selectively single product in aqueous media®*,
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Figure 15: Iodine catalyzed synthesis of benzimidazole derivatives

3. Synthesis of benzimidazoles by the reaction of substituted acid anhydrides with O-Phenylenediamines
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The reaction between acid anhydrides and o-phenylenediamines can produce two different types of products:
benzimidazoles or N,N'-diacylphenylenediamines. Initially, it was believed that o-phenylenediamine reacts with
acids to form benzimidazoles, while its reaction with acid anhydrides yields diacyl derivatives. However, this notion
was later proven incorrect. The decisive factor influencing the product formation is the reaction time. If the reflux is
prolonged for a sufficient duration, benzimidazoles can be obtained, often in good yields (figure 16). Specifically,
when o-phenylenediamines are heated under reflux for several hours with acetic anhydride, they are completely

converted to 2-methylbenzimidazole.

MH2 ”
MH2 rlq

H

Figure 16: O-Phenylenediamines condensation with acid anhydrides

The reaction of o-phenylenediamines with acetic anhydride has been carried out with acetic anhydride alone or with
acetic anhydride to which has been added sodium acetate, mineral acids, or acetic acid.

4. Synthesis of benzimidazoles by the reaction of esters with O-Phenylenediamines
Reaction of o-phenylenediamines with esters also yields benzimidazoles. Von Niementowski first investigated the
reaction of esters and o-phenylenediamines to give benzimidazoles (figure 17). Equimolecular amounts of 3,4-
diaminotoluene dihydrochloride and ethyl formate when heated in a sealed tube for 3 h at 225 °C give 84% of 5(or

6)-methylbenzimidazole hydrochloride?.

HiC NH; H3C N
\©: 2HCI + HCOOC;Hs 2 “} HCI + 2H;0 + CoHsCl
NH; i

I
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Figure 17: O-Phenylenediamines condensation with esters

5. Synthesis of benzimidazoles by the reaction of amides with O-Phenylenediamines
Relatively few amides have been used for the synthesis of benzimidazoles. However, good yields have been
obtained in most cases. Equimolecular amounts of o-phenylenediamine dihydrochloride and benzamide when heated

to 240-250 °C give an almost quantitative yield of 2-phenylbenzimidazole as shown in table 1.

Table 1: Synthesis of benzimidazole derivatives from amides
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Diamine Amide Product
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6. Synthesis of benzimidazoles by the reaction of urea with O-Phenylenediamines
Rathod et al. have used o-phenylenediamine dihydrochloride and when it was heated with urea at 130 °C. gives
2(3H)-benzimidazolone?® By heating o-phenylenediamine and urea under reflux in amyl alcohol solution until the

evolution of ammonia ceased (figure 18), Mistry and Guha have obtained a 95% yield of 2(3H)-benzimidazolone.

MH, N
@i 2HCI + NH;CONH, e @: GO+ 2NHJHCI
&
NH3

)
H

Figure 18: O-Phenylenediamines condensation with Urea
7. Synthesis of benzimidazoles by the reaction of acid chlorides with O-Phenylenediamines
The reaction between acid chlorides and o-phenylenediamines can lead to the formation of different products,
depending on the experimental conditions employed. The products can be benzimidazoles, monoacylated o-
phenylenediamines, or diacylated o-phenylenediamines. When acetyl chloride reacts with 3, 4-diaminotoluene in a
benzene solution, the outcome varies based on the temperature of the reaction (figure 19). If the reaction is carried

out without cooling, it yields 2, 5 (or 2, 6)-dimethylbenzimidazole. However, if the reaction is cooled, the product

formed is diacetyl-o-phenylenediamine?’.

WH HaC
: o CaHe : N\
I:I4< _— >—CH3
NH; N

H

Figure 19: O-Phenylenediamines condensation with acid chlorides

8. Synthesis of benzimidazoles by the reaction of nitriles with O-Phenylenediamines
Cyanogen bromide will react with o-phenylenediamines to yield 2-aminobenzimidazoles in good yields; for

example, 2-aminobenzimidazole (figure 20) may be prepared from cyanogen bromide and o-phenylenediamine?®.
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Figure 20: O-Phenylenediamines condensation with nitriles

9. Synthesis of benzimidazoles by the reaction of ketones with O-Phenylenediamines

The reaction of o-phenylenediamines with a number of ketones has been investigated by Elderfield and Kreysa.

MH. H
2 M N
+  R'COR' S >_'3R1R” R'H B—R!
NHR N i
R

R = H or alkyl
Figure 21: O-Phenylenediamines condensation with ketones

The reaction between o-phenylenediamine and ketones results in the formation of 2-disubstituted benzimidazolines.
These benzimidazolines undergo decomposition upon heating, leading to the formation of a 2-substituted
benzimidazole and a hydrocarbon (figure 21). In the case of unsymmetrically substituted benzimidazolines, the
decomposition process can yield two different benzimidazoles, depending on whether the substituent R or the
substituent R' is preferentially eliminated.

10. Synthesis of benzimidazoles by the reaction of potassium hydroxide and chloroform with O-
Phenylenediamines
Grassi-Cristaldi and Lambarbi reported a convenient method for the synthesis of benzimidazole, which involves
heating o-phenylenediamine with chloroform and potassium hydroxide dissolved in ethanol. This method is related
to the approach involving the use of ethyl orthoformate (figure 22).
The use of ethyl orthoformate for the preparation of benzimidazoles was first introduced by von Walther and
Kessler. They synthesized 1-phenyl-5-nitrobenzimidazole by reacting ethyl orthoformate with 4-nitro-2-

aminodiphenylamine. This reaction demonstrated the utility of ethyl orthoformate in the synthesis of benzimidazole

C1sM MH-
: : HC{OC,Hg)s 0N N
- W+ 3CHsOH
NHCHg N

|
CeHs

derivatives.

Figure 22: O-Phenylenediamines condensation with Chloroform
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Diverse Pharmacological Activities of Benzimidazole derivatives

Through the course of many years of research, benzimidazole has emerged as an important heterocyclic system because
of its existence in diverse biologically active compounds, such as antiparasitics, antimicrobials, antivirals, antifungals,
anticonvulsants, antihypertensives, antihistaminics, analgesics, anti-inflammatory agents, anticancers, anticoagulants and
proton pump inhibitors?® 3,

The benzimidazole moiety gained prominence after its discovery as an integral part of the vitamin B12 structure in the
1950s. In the early 1960s, it was developed as plant fungicides and later as veterinary anthelmintics. Subsequently,
various veterinary anthelmintics were developed and marketed, including parbendazole, fenbendazole, oxfendazole, and
cambendazole. In 1962, thiabendazole became the first benzimidazole derivative approved for human use, followed by
other clinically approved derivatives such as albendazole, mebendazole, and flubendazole as anthelmintics; omeprazole,
lansoprazole, and pantoprazole as proton pump inhibitors; astemizole as an antihistamine; enviradine as an antiviral; and
candesartan cilexetil and telmisartan as antihypertensives. Numerous substituted benzimidazole derivatives have
demonstrated various therapeutic properties, including anticancer, antiproliferative, antimicrobial, antiviral, antiparasitic,
anthelmintic, anticonvulsant, antioxidant, anti-inflammatory, antihypertensive, immunomodulatory, proton pump
inhibitory, anticoagulant, hormone modulatory, and CNS stimulant, as well as antidepressant, antidiabetic, anti-HIV,
lipid level modulatory activities, among others (figure 23). The benzimidazole scaffold has proven to be crucial for the

development of new therapeutic agents! 32,
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Figure 23: Various Pharmacological activities of Benzimidazole derivatives
Recent research recommends benzimidazole derivatives as potential EGFR and erbB2 inhibitors®* **, DNA/RNA binding
35, 36

37, 38 40, 41

ligands , antitumor agents , anti-Alzheimer agents®®, antidiabetic agents , antiparasitic agents*’, antimicrobial

43, 44 45, 46

agents*» #, antiquorum-sensing agents*> %6, and antimalarial agents*’. Intensive studies have demonstrated the use of the
benzimidazole scaffold as key pharmacophore in clinically approved analgesic and anti-inflammatory agents*®. Chiral
benzimidazole derivatives were found to be NaV1.8 (voltage-gated sodium channels) blockers, which play a key role in
the transmission of pain signals, with excellent preclinical in vitro ADME and safety profile*’. Other benzimidazole
derivatives have been shown to be anti- HIV-1 agents through the protection of APOBEC3G protein®®. Benzimidazoles
grafted with aromatic nuclei have been noted as antioxidant agents>!. A correlation of the grafted organic functions on
the benzimidazole scaffold has been found with their therapeutic potential®2. Thus, carboxylic acids, carbamates, and
amidines have been shown to be effective anticancer drugs®, benzimidazole esters were reported as antifungal agents>,
and 2-aminobenzimidazole derivatives possesses very good antimicrobial activity>’.

Structure-activity relationship (SAR) studies have shown that 1,2,5,6-substituted benzimidazoles with various
substituents are analgesic and anti-inflammatory agents®. Also, SAR studies were accomplished for antiviral, anticancer,
antihelminthic, antimicrobial, antimycobacterial, antidiabetic, antiprotozoal, antipsychotic, antidepressant, and

antioxidant benzimidazole derivatives®’-¢!.
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1. Antimicrobial Activity: Many benzimidazole derivatives exhibit potent antimicrobial activity against a wide range of
microorganisms, including bacteria, fungi, and viruses. They have been investigated for their potential use as
antibacterial, antifungal, and antiviral agents.

The antimicrobial potential of benzimidazole moiety has been explored notably since late 1990s and early 2000s 2.
Considering the huge dimension of research conducted on antimicrobial property of benzimidazole derivatives after
2012, the following section focuses on the up-to-date information on antibacterial and antifungal activities, while
antiviral, antiulcer, antiprotozoal and antitubercular properties are discussed in separate sections. Different benzimidazole

based compounds with antibacterial and antifungal activities are shown in Figure 249,
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Figure 24: Benzimidazole based compounds with antibacterial and antifungal activities

2. Antiparasitic Activity: Benzimidazole compounds have shown promising activity against various parasites, such as
helminths (worms) and protozoa. Some benzimidazole derivatives are used as anthelmintic drugs for the treatment of
parasitic infections in humans and animals®*

3. Anticancer Activity: Certain benzimidazole compounds have demonstrated anticancer properties by inhibiting the
growth and proliferation of cancer cells. They have been studied for their potential use as anticancer agents, either alone

or in combination with other chemotherapeutic drugs.
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Among the anticancer drugs discovered in recent years, various benzimidazole derivatives have gained attention in
anticancer agent development due to their diverse biological activities and clinical applications. The unique core
structure of benzimidazole and its minimal toxicity property has made it an excellent scaffold in anticancer drug
development®. Benzimidazole (also known as 1H-benzimidazole, 1,3-benzodiazole, benzoglyoxaline, iminazole, and
imidazole) is an aromatic organic compound that contains a benzene ring fused to an imidazole ring at 4,5-position to

form a bicyclic ring®®’

. Historically, benzimidazole (i.e., 2,6-dimethylbenzimidazole) was first synthesized by
Hoebrecker, followed by Ladenberg and Wundt in the 1870s%®. Benzimidazole has a molecular weight of 118.14 g/mol
and appears as white tabular crystals. Benzimidazole contains a hydrogen atom attached to nitrogen in the 1-position and
can form a tautomer upon interaction with aprotic solvents, such as water or the existence of more than one
benzimidazole molecule®®. Nonetheless, substitution at position N will prohibit the tautomerism. Benzimidazole is a
weak base with a pK value at 5.3 and 12.3 for pK.i and pK., respectively’’. Therefore, the benzimidazole ring is highly

stable and can withstand extreme conditions such as being heated under pressure up to 270 °C in a concentrated sulphuric

acid solution or vigorous treatment with hot hydrochloric acid or with alkalis (figure 25)7".
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Figure 25: Anticancer benzimidazole derivatives

4. Antioxidant Activity: Some benzimidazole derivatives possess antioxidant properties, which make them potentially
useful in the prevention and treatment of oxidative stress-related diseases, such as cardiovascular disorders,
neurodegenerative diseases, and aging-related conditions’,

Benzimidazoles (BMZs) are a family of anti-helminth drugs widely used in humans and livestock since 1960s to treat
parasitic infections’”. Many members of this family including albendazole (ABZ), fenbendazole (FBZ), mebendazole
(MBZ) and thiabendazole (TBZ), are cost-effective FDA-approved drugs which are associated with very mild side
effects (figure 26)’*. In recent years, many studies have reported the anti-cancer effect of these drugs on a broad range of
cancers’>7®. The new findings have a great importance not only because of offering cancer chemotherapeutics with
minimum side effects but also due to the considerable reduction of Research and Development (R & D) and
commercializing costs compared to the costs of developing new anti-cancer agents, a substantial challenge of global

pharmaceutical industry at the moment”’.
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Figure 26: Antioxidant Benzimidazole derivatives

5. Anti-inflammatory & Analgesic Activity: Benzimidazole compounds have exhibited anti-inflammatory properties by
modulating various inflammatory pathways and mediators’®. They have been explored for their potential use in the
treatment of inflammatory diseases, such as arthritis and autoimmune disorders.

Benzimidazole based compounds are of great importance as anti-inflammatory and analgesic agents because of their
property to inhibit cyclooxygenases (COXs), enzymes involved in biosynthesis of important inflammatory mediators
called prostaglandins”™. Apart from the cyclooxygenases (COX), the benzimidazole derivatives interact with transient
receptor potential vanilloid-1, cannabinoid receptors, bradykinin receptors, specific cytokines, and 5- lipoxygenase (5-
LOX) activating protein. Thus, the compounds derived from benzimidazole moiety show the anti-inflammatory

property®. Different benzimidazole derivatives with analgesic and anti-inflammatory properties are shown in Figure 26.
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Figure 26: Analgesic & anti-inflammatory Benzimidazole Derivatives

6. Antihypertensive Activity: Certain benzimidazole derivatives have shown the ability to modulate blood pressure and
have been studied for their potential use as antihypertensive agents.
A number of marketed antihypertensive drugs comprise benzimidazole moiety, Candesartan cilexetil and Telmisartan are
two major examples. Categorically they are the antagonists of angiotensin II receptor playing important role in managing
hypertension®!. In recent years, a number of scientists have conducted research to prepare benzimidazole based novel

antihypertensive agents which provided similar or even better efficacy than the conventional types of antihypertensive

drugs. Different benzimidazole derivatives with antihypertensive activity are shown in Figure 27.
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Figure 27: Benzimidazole derivatives with antihypertensive activity

7. Anticonvulsant Activity: Some benzimidazole compounds have demonstrated anticonvulsant properties, making

them potential candidates for the treatment of epilepsy and other seizure disorders.
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Epilepsy is one of the most prevalent and serious neurological disorders, and recurrent seizures or convulsions
are its characteristic syndrome. Around one-third of patients in the world show poor response to currently
available antiepileptic drugs®. In search of novel clinically effective anticonvulsant medications, benzimidazole
nucleus has recently been explored by scientists with promising results. The benzimidazole derivatives with

anticonvulsant property are shown in Figure 28.
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Figure 28: Benzimidazole derivatives with anticonvulsant activity
8. Antiviral Activity: The antiviral properties of benzimidazole derivatives have been tested against different viral
strains; human immunodeficiency virus (HIV), hepatitis B and C virus (HBV and HCV), enteroviruses,
respiratory syncytial virus (RSV), human cytomegalovirus (HCMV), bovine viral diarrhea virus (BVDV) and

herpes simplex virus-1 (HSV-1) are some to mention®. This section focuses on the recent studies involving

varied antiviral properties of different benzimidazole derivatives, and their structures are shown in Figure 29.
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Figure 28: Benzimidazole derivatives with antiviral activity

9. Antiulcer Activity: Many benzimidazole derivatives are known to possess potent antiulcer activity and H+/K+-
ATPase inhibitory properties®*. During recent times, several new synthetic benzimidazole based compounds
were developed which exhibited similar or better antiulcerogenic potentials compared to the established market

preparations. The benzimidazole derivatives with antiulcer activity are shown in Figure 29.
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Conclusion:

Benzimidazole derivatives constitute a versatile class of compounds that have attracted significant attention in medicinal
chemistry due to their diverse pharmacological activities. These heterocyclic compounds have been extensively explored
and modified through various structural alterations, leading to the development of potential therapeutic agents with a
wide range of biological activities.

The diverse pharmacological activities of benzimidazole derivatives have been extensively explored through various
structural alterations. These modifications have involved the introduction of different substituents, the incorporation of
heterocyclic rings, or the addition of aryl or heteroaryl groups, among others. These structural changes have led to the
development of benzimidazole derivatives with enhanced biological activities, improved selectivity, and optimized
pharmacokinetic properties.

The structural diversity of benzimidazole derivatives has opened up numerous opportunities for the development of
potential therapeutic agents targeting a wide range of diseases and conditions. However, further research is needed to
fully understand the structure-activity relationships, optimize the pharmacokinetic and toxicological profiles, and explore
the potential clinical applications of these promising compounds.
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