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Benzimidazole is a heterocyclic compound that consists of a benzene ring fused with an 

imidazole ring, which includes nitrogen and oxygen atoms. Compounds derived from it 

are of significant interest due to their varied biological properties and medical uses; they 

demonstrate remarkable efficacy regarding their inhibitory action and favorable 

selectivity ratios. The nucleus mentioned is a part of vitamin B12. Benzimidazoles are 

considered a promising group of bioactive heterocyclic compounds that display an array 

of biological effects, including anti-microbial, anti-viral, anti-diabetic, and anti-cancer 

properties, along with numerous antioxidant, anti-parasitic, anti-helmintic, anti-

proliferative, anti-HIV, anti-convulsant, anti-inflammatory, anti-hypertensive, anti-

neoplastic, proton pump inhibiting, and anti-trichinellosis activities. These compounds 

show significant potential as antitumor agents, inhibitors of smooth muscle cell 

proliferation, treatments for intestinal cystitis, and in various chemistry applications. 

Several notable derivatives of benzimidazole have been identified. Benzimidazole 

derivatives hold significant importance in the medical field due to their diverse 

pharmacological activities, including antimicrobial, antiviral, antidiabetic, and 

anticancer properties. The effectiveness of these drugs in treating microbial infections 

and other conditions has spurred the development of even more potent and relevant 

compounds. Benzimidazoles are highly effective agents, and extensive biochemical and 

pharmacological research has established their efficacy against various microbial 

strains. This review aims to summarize the chemistry of different substituted 

benzimidazole derivatives and their associated pharmacological activities. 
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INTRODUCTION 

Benzimidazole derivatives are of wide interest 

because of their diverse biological activity and 

clinical applications, they are remarkably effective 

compounds both with respect to their inhibitory 

activity and their favorable selectivity ratio.(1,2,3) 

Looking at the importance of benzimidazole and 

oxadiazole nucleus, it was thought that it would be 

worthwhile to design and synthesize some new 

benzimidazole derivatives bearing oxadiazole 

moiety and screen them for potential biological 

activities. We have previously reported the 

synthesis of some new biologically active 

benzimidazoles. Resistance to number of anti-

microbial agents (βlactam antibiotics, macrolides, 
quinolones, and vancomycin) among a variety of 

clinically significant species of bacteria is 

becoming increasingly important global problem. 

In particular, increasing drug resistance among 

Gram-positive a bacterium such as staphylococci, 

enterococci, and streptococci is a significant health 

matter. Benzimidazole ring displays an important 

heterocyclic pharmacophor in drug discovery. 

These compounds carrying different substituent’s 
in the benzimidazole structure are associated with 

a wide range of biological activities including anti-

cancer, anti-viral, anti-bacterial, antifungal, anti-

helmintic, anti-inflammatory, antihistaminic, 

proton pump inhibitor, anti-oxidant, Anti-

hypertensive and anti-coagulant properties.  (4) In 

1960, Fort et al. reported the discovery of 

benzimidazole derivatives as proton pump 

inhibitors. Further, synthesis and evaluation of 

different substituted benzimidazole derivatives 

resulted in the discovery of omeprazole, 

lansoprazole, rabeprazole, and pantoprazole. (5) 

Benzimidazole is a heterocyclic aromatic organic 

compound. It is an important pharmacophore and 

a privileged structure in medicinal chemistry. This 

compound is bicyclic in nature which consists of 

the fusion of benzene and imidazole. Nowadays is 

a moiety of choice which possesses many 

pharmacological properties. The most prominent 

benzimidazole compound in nature is N-ribosyl-

dimethylbenzimidazole, which serves as an axial 

ligand for cobalt in vitamin B12. (6) 

The benzimidazole ring is an important 

pharmacophor in modern drug discovery. In recent 

years, attention has increasingly been given to the 

synthesis of benzimidazole derivatives. The 

synthesis of novel benzimidazole derivatives 

remains a main focus of medicinal research. 

Recent observations suggest that substituted 

benzimidazoles and heterocyclic, show easy 

interactions with the biopolymers, possess 

potential activity with lower toxicities in the 

chemotherapeutic approach in man. (7)  

 

 

Fig.1 Structure of Benzimidazole 

1.  History  
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The history of heterocyclic chemistry first began 

in the 1800s alongside the progress of organic 

chemistry.(8) Since 2020, nearly 65% of the 

literature in organic chemistry is based on 

heterocyclic chemistry.(9) Heterocycles have 

important applications in the fields of chemistry, 

industry, and biology, as they play vital roles in the 

metabolic processes of all living cells.(10) They 

typically consist of five- or six-membered rings 

and have at least one heteroatom, such as a 

nitrogen (N), oxygen (O), or sulfur (S) 

atom.(11)Nitrogenous heterocyclic compounds 

have a significant influence in the process of 

discovering and developing drugs, primarily 

because they are commonly found in natural 

products and bioactive molecules.(12) These 

compounds frequently exhibit a wide range of 

unique pharmacological effects, which make them 

interesting for researchers.(13) Particularly, the 

benzimidazole ring has been extensively 

investigated in the field of medicinal chemistry 

since 1944,(14) following the discovery of 5,6-

dimethylbenzimidazole as a byproduct of vitamin 

B12 breakdown,(15) owing to its structure 

similarity with DNA-purine nitrogen bases 

(adenine and guanine), and it consists of a bicyclic 

organic structure having an imidazole ring that 

contains two nitrogen atoms attached to one 

benzene ring. Multiple studies reported in the 

literature have presented an in-depth 

pharmacological framework of benzimidazoles 

and their derivatives(16) exhibiting potential 

biological activities such as 

antibacterial(17., 18., 19). antifungal,(20., 21).antiviral,(2

2., 23). antileishmanial,(24., 25). Antimalarial(26.

, 27). and antiprotozoal(28., 29). functions. 

Currently, several benzimidazole-based drugs are 

available and commercially accessible, including 

mebendazole (ref. 25), ciclobendazole (30), 

carbendazim (31), albendazole 32), thiabendazole 

(33), chlormidazole (34), fuberidazole (35) and 

benomyl (36)(Fig. 2).(37) Nevertheless, this 

review focused on the pharmacological properties 

of benzimidazole derivatives that have been 

evaluated between 2018 and 2024.(38,39) 

Fig. 2 some commercially available benzimidazole-based drugs
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2.    Chemistry 

The systematic nomenclature of the 1H-

benzimidazole ring system is illustrated in 

structure . Although benzimidazole in has been 

shown to have a proton at N1, there is, in fact, a 

quick exchange between the –NH– and N-nitrogen 

atoms, allowing for the appearance of two 

tautomers of the benzimidazole molecule. 

Tautomerism develops via an intermolecular 

mechanism involving two benzimidazole 

molecules and or upon interactions with a protic 

solvent like water. (40) 

 

 

Fig.3. Tautomerism of the benzimidazole nucleus 

2.1. Synthetic pathways 

Due to the significant synthetic relevance and 

diverse bioactivities of benzimidazoles and their 

derivatives, efforts have been consistently made to 

create libraries of these molecules. Numerous 

synthetic processes have been designed and 

modified to achieve products with high yield and 

purity. An initial review revealed that the first 

benzimidazole or was produced in 1872 by 

Hoebrecker via the reduction of 4-methyl-2-

nitroacetanilide. (41) After several years, 

Ladenburg synthesized compounds or with a 

moderate yield by refluxing 3,4-diaminotoluene 

with acetic acid; the term ‘Anhydrobase’ 
originated in the early literature to describe the loss 

of water during the synthesis of this type of 

chemical reaction.(42, 43, 44) 

 

 

Fig.4. The first schemes used for benzimidazole synthesis

https://www.sciencedirect.com/org/science/article/pii/S2046206925016948?utm_source=chatgpt.com#cit34
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2.2.  Biological Activity of 

Benzimidazole 

1.4.1 Antimalarial activity  

Malaria caused 350-500 million clinical episodes 

annually and result in over one million deaths, 

most of which affect children under 5 years old in 

sub Saharan Africa. Malaria is the fifth cause of 

death from infectious diseases worldwide (after 

respiratory infections, HIV/AIDS, diarrhoeal 

diseases and tuberculosis). Recent estimates so 

that as many as 3.3 billion people live in areas at 

risk of malaria in 109 countries. In addition to its 

health toll, malaria puts a heavy economic burden 

on endemic countries and contributes to the cycle 

of poverty people face in many countries.  

Malaria mortality and morbidity began to increase 

in the 1980s due to a combination of factors such 

as increase in parasite and vector resistance to the 

current anti-malarial drugs and insecticides, the 

weakening of traditional malaria control programs, 

rapid decentralization and integration into 

deteriorating primary health service, and the 

development of humanitarian crisis situations in 

many malaria-endemic areas. This dramatic 

increase led to a compelling and urgent necessity 

for new malarial, with mechanisms of action 

different from the existing ones, and to identify 

new drug targets. Cloroquine has recently been 

shown to inhibit hemozoin formation within the 

parasite food vacuole.  

This process is also thought to be the molecular 

target of other quinoline anti-malarial. Hemozoin 

was originally considered to be formed by the 

polymerization of heme, but has now been 

demonstrated to be a crystalline cyclic dimmer of 

ferriprotoporphyrin IX. Thus, hemozoin synthesis, 

a process unique to the malaria parasite, offers a 

logical and valuable potential target for new anti-

malarial drug development. New drugs that attack 

the same vital target of chloroquine but that are not 

subject to the same resistance mechanism would 

be highly desirable. (45)  

Ryckebusch et al. (2005) reported the synthesis of 

the activity of new N1-(7-chloro-4-quinolyl)-1, 4-

bis (3- aminopropyl) piperazine derivatives 

against a chloroquine-resistant strain of 

Plasmodium falciparum in which compound 1 is 

active showing best anti-malarial activity.(46) 

Camacho et al. (2011) reported a series of N-

substituted-2-(5-nitrofuran or 5- nitrothiophen-2- 

yl)-3H-benzo[d]imidazole-5- carbohydrazide 

derivatives and screened for their anti-malarial 

efficacy in rodent Plasmodium berghei.(45) Gomez 

et al. (2008) reported a series of ten novel hybrids 

from benzimidazole tested in vitro against the 

protozoa Trichomonas virginal’s, Giardia lamblia, 
Entamoeba histolytica, Leishmania mexicana, and 

Plasmodium berghei showed good anti-malarial 

activity. (47)  

1.4.2. Antifungal activity  

Infectious diseases have been serious and growing 

threatens to human health during the past few 

decades. The decrease of sensibility to anti-

microbial agents in current use has also been 

increasing for a great variety of pathogens and the 

resistance to multiple drugs is more and more 

prevalent for several microorganisms, especially 

for Grampositive bacteria and some intractable 

fungi. Their inhibitory properties as regard 

representative fungi have been extensively 

exploited. Especially, it is worthy to note that 

Fluconazole, the first -line triazole-anti-fungal 

drug Recommended by World Health 

Organization (WHO) has established an 

exceptional therapeutic record for Candida 

infections, and become the first choice in the 

treatment of infections by Candida albicans and 

Cryptococcus neoformans due to its potent 

activity, excellent safety profile, and favorable 
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pharmacokinetic characteristics. However, 

Fluconazole is not effective against invasive 

aspergillosis and is not fungicidal. In addition, 

extensive clinical use of Fluconazole has resulted 

in the increasing Fluconazole- resistant C. albicans 

isolates. (48) 

Dandia et al. (2006) reported synthesis of a series 

of novel spiro [indole-thiazolidinones and 

screened in vitro for anti-fungal activity against 

Rhizoctonia solani, Fusarium oxysporum and 

Collectotrichum. Alp et al. (2009) reported 

synthesis of series of 20- arylsubstituted-1H, 10H-

[2, 50] - bisbenzimidazolyl5-carboxamidines and 

evaluated for their antifungal activity. (49)Sharma 

et al. (2009) reported synthesis of a series of novel 

2-substituted benzimidazoles, 

tetrahydrobenzimidazoles and imidazoles and 

screened there in vitro anti-bacterial anti-fungal 

activities. Kilcigil et al. (2006) reported synthesis 

of a series of novel benzimidazole derivatives and 

evaluated for anti-fungal activity. (50)  

1.4.3. Antibacterial activity  

The increase in bacterial resistance has attracted 

considerable interest in the discovery and 

development of new classes of anti-bacterial 

agents. The new agents should preferably consist 

of chemical characteristics that clearly differ from 

those of existing agents. Actinonin was first 

isolated from a Malayan strain of Actinomyces 

and found to show a weak inhibitory activity 

against Gram-positive and Gram-negative 

bacteria. However, recently actinonin has been 

proven to have anti-proliferative effects on human 

tumor cells. The action mechanism of actinonin is 

believed to be the inhibition of the peptide de 

formylase that is a new class of metalloenzyme 

which is essential for bacterial survival. The 

hydroxamate group of actinonin, which can 

complex with the metal ion in the active pocket of 

the peptide deformylase, is necessary for its 

activity. Nevertheless, actinonin lacks in vivo 

efficacy, due to the poor bioavailability. (51)  

Secondgeneration macrolides such as 

clarithromycin (CAM) and azithromycin (AZM) 

(Figure 1) have enjoyed widespread clinical use 

for the treatment of upper and lower respiratory 

tract infections as well as genital infections due to 

their superior antibacterial activity, 

pharmacokinetic properties and fewer 

gastrointestinal side (GI) effects compared with 

first-generation macrolides such as erythromycin 

(EMA) which is its acid instability, leading to 

consequential degradation products responsible 

for its poor pharmacokinetic profile and GI side 

effects . Their mechanism of action has been 

elucidated that the macrolides bind reversibly to 

the nucleotide A2058 in domain V of the 23S 

rRNA in the ribosomal 50S subunit and block 

protein synthesis. (51) 

However, the therapeutic Utility of the macrolides 

has been severely compromised by the emergence 

of widespread bacterial resistance which has 

become a serious medical problem worldwide. 

The predominant mechanism of resistance 

involves the methylation of A2058 by a ribosomal 

methylase encoded by the erm gene, which confers 

a high level of resistance to MLSB (macrolide-

lincosamidestreptogramin B) antibiotics. Third-

generation macrolides known as ketolides such as 

telithromycin and cethromycin were developed to 

overcome erm- resistant bacteria through 

interacting with a secondary ribosomal binding 

site A752 directly in domain II of the 23S rRNA 

by their C-11-12 carbamate or C-6 side chains in 

addition to the main interaction of the drugs in 

domain V. (52) 

Kumar et al. (2006) reported synthesis of some 

novel 2-(6-fluorochroman-2-yl)-1-

alkyl/acyl/aroyl-1Hbenzimidazoles and 

compounds exhibited promising anti-bacterial 
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activity against Salmonella typhimurium. Kumar 

et al. (2008) reported synthesis of a series of novel 

and functionalized benzimidazole derivatives by 

the condensation of OPDA with 4-bromobenzoic 

acid and screened for their potential anti-bacterial. 
(53)Zhang et al. (2009) reported synthesis of a 

series of novel actinonin derivatives containing a 

benzimidazole heterocyclic linked as amide 

isostere and evaluated in vitro against 

Staphylococcus aureous, Klebsiella pneumonia, 

and Sarcina lutea.(51) Cong et al. (2011) reported 

synthesis of Novel 400-O-benzimidazolyl 

clarithromycin derivatives & evaluated for their in 

vitro anti-bacterial activities. (52) 

1.4.4. Antiviral activity  

Chronic infection with the hepatitis C virus (HCV) 

is a major risk factor for developing cirrhosis and 

hepatocellular carcinoma. Approximately 3% of 

the worldwide population is chronically infected 

with HCV. A preventive vaccine has not been 

developed and limits of current therapeutics 

include serious side effects and therapy usually 

lasting 48 weeks with only a 50% sustained 

virological response rate. (45-50) A recent major 

advance was the development of an infectious 

virus system based on the transfection of human 

hepatoma cells with genomic HCV RNA (JFH1) 

isolated from a patient with fulminant hepatitis.  

This cell culture model allows all stages of the 

HCV life cycle to be studied. Antiviral properties 

of various benzimidazole derivatives have been 

reported in a variety of studies using different virus 

strains, such as human cytomegalovirus (HCMV), 

human immunodeficiency virus, and hepatitis B 

and C virus. Also, amidinosubstituted 

benzimidazoles, such as bis(5-amidino2-

benzimidazolyl) methane (BABIM), showed 

ability to block respiratory syncytial (RS) virus 

induced cell fusion.  (48) 

In addition, introducing amidino moiety to 

benzimidazole ring was shown to possess potent 

antimicrobial and anti-protozoal activity. Liu et al. 

(2011) reported Major progress has been made in 

developing infectious HCV cell culture systems 

and these systems have been useful in identifying 

novel HCV anti-viral.(48) Starcevic et al. (2007) 

prepared a set of heterocyclic benzimidazole 

derivatives bearing amidino substituent at C-5 of 

benzimidazole ring, by introducing various 

heterocyclic nuclei (pyridine, N-methyl-pyrrole or 

imidazole) at C-2, and evaluated their anti-tumor 

and anti-viral activities.(54)  

Compounds were tested in cell-based assays 

against viruses’ representative of: i) two of the 
three genera of the Flaviviridae family, i.e. 

Flaviviruses and Pestiviruses; ii) other RNA virus 

families, such as Retroviridae, Picornaviridae, 

Paramyxoviridae, Rhabdoviridae and Reoviridae; 

iii) two DNA virus families (Herpesviridae and 

Poxviridae). Compounds 24a, 24b and 24c 

resulted moderate activity only against Yellow 

Fever Virus. Yu et al. (2006) proposed 

Watersoluble benzimidazol-2-one derivatives with 

antiviral activity in vivo in the cotton rat model of 

RSV infection following administration as a small 

particle aerosol. The acidic compounds 25a, 25b, 

25c, 25d, 25e and 25f demonstrated potent anti-

viral activity in cell culture. Budow et al. (2009) 

reported a series of benzimidazole derivatives and 

substituted benzimidazole β-L- and β-D-2’-
deoxyribonucleosides and evaluated for anti-viral 

activity against selected RNA and DNA viruses 

including HIV-1, BVDV, YFV, DENV-2, WNV, 

HBV, HCV and human RSV.(54) 

1.4.5. Antimicrobial activity 

Benomyl (1), carbendazim (2), fuberidazole (3), 

and thiabendazole (4) are benzimidazole 

derivatives which have been used as fungicidal 

agents in the market (Fig. 5). Among indole-based 
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pyrido[1,2-a]benzimidazoles synthesized by 

Kathrotiya and Patel, compounds 5, 6, 

and 7 displayed considerable antibacterial activity 

against S. typhi (MIC 50, 62.5 and 12.5 μg mL−1, 

respectively) compared to reference drugs 

ampicillin, chloramphenicol, and ciprofloxacin 

(MIC 100, 50 and 25 μg mL−1, respectively), while 

compounds 6 and 8 showed promising antifungal 

activity against C. albicans (MIC 250 μg mL−1) in 

comparison with standard griseofulvin (MIC 500 

μg mL−1) (Fig. 5). Vasantha et al. demonstrated 

the synthesis of a series of N-arylidene-2-(2,4-

dichlorophenyl)-1-propyl-1H-benzo[d]imidazole-

5-carbohydrazide derivatives and the evaluation of 

these compounds for antimicrobial activity. 

Among them, compound 9 appeared to be a 

promising antibacterial and antifungal agent with 

an MIC value of 3.12 μg mL−1 against most 

bacterial and fungal strains (Fig. 5). A library of 2-

substituted benzimidazole derivatives was 

synthesized and examined for antibacterial 

activity. Compound 10 was found to be the most 

potent antibacterial agent against both Gram-

positive and Gram-negative bacteria compared to 

the reference cefadroxil, while 

compound 11 showed maximum activity 

against A. niger (MIC = 0.018 mM) (Fig. 5). 

Amongst a series of purine benzimidazole hybrids 

synthesized by Wang et al., 

compounds 12 and 13 were the most potent 

antibacterial agents with MIC values ranging 

between 3.9 and 7.8 μg mL−1 against different 

bacterial strains (Fig. 5 ). (55-58) 

 

 

Fig.5 Benzimidazole compounds with antimicrobial activity
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CONCLUSION 

The benzimidazole ring is an important 

pharmacophore in modern drug discovery. 

Attention has been increasingly given to the 

synthesis of benzimidazole derivatives as a source 

of new antimicrobial agents. The Benzimidazole 

derivatives are a resource for medicinal research. 

The knowledge gained by various researches has 

suggested that substituted benzimidazoles and 

heterocycles, which are the structural isosteres of 

nucleotides allow them to interact easily with the 

biopolymers, possess pharmacological activity 

with lower toxicities. Since now, researchers have 

been attracted toward designing more potent 

Benzimidazole derivatives having wide diverse of 

biological activity. 

Benzimidazole are regarded as a promising class 

of bioactive heterocyclic compounds that exhibit a 

range of biological activities like anti-microbial, 

antiviral, anti-diabetic, and anti-cancer activity. 

This comprehensive overview summarizes the 

chemistry of different derivative of substituted 

benzimidazole along with their anti-microbial 

activity 
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