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Abstract: Benzimidazole derivatives play a crucial role in the field of medicinal chemistry due to their 

diverse pharmacological properties, including antibacterial, antifungal, anthelmintic, antiviral, 

antidiabetic, and anticancer activities. As a fused heterocyclic system containing both benzene and 

imidazole rings, benzimidazole has garnered significant attention in modern drug discovery and 

development. Its structural versatility and broad-spectrum bioactivity make it a valuable scaffold for the 

design of novel therapeutic agents. This review highlights recent advancements in the chemistry and 

pharmacological potential of benzimidazole derivatives, emphasizing their significance in the development 

of new drugs... 
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I. INTRODUCTION 

Benzimidazole is a distinct heterocyclic aromatic compound that holds a privileged position in medicinal chemistry as a 

crucial pharmacophore. Structurally, it is a bicyclic system formed by the fusion of benzene and imidazole rings, 

contributing to its remarkable pharmacological versatility. Benzimidazole derivatives have gained widespread attention 

due to their extensive range of bioactive properties. 

The first benzimidazole derivative was synthesized by Hobecker in 1872. Subsequent research significantly expanded 

its medicinal relevance. In 1943, Goodman and Nancy Hart explored its pharmacological properties, while in 1944, 

Woolley reported the antibacterial potential of certain benzimidazole derivatives. Later, in 1949, Norman GB and Karl 

Folker identified 5,6-dimethyl benzimidazole as a degradation product following the acid hydrolysis of vitamin B12. 

These findings laid the foundation for extensive studies, establishing benzimidazole as an essential heterocyclic system 

with broad-spectrum biological activities. 

Benzimidazole derivatives have demonstrated therapeutic potential against a wide range of diseases and pathogens. 

They exhibit diverse pharmacological effects, including antiviral, anticancer, anthelmintic, anti-inflammatory, 

analgesic, antihistaminic, antiparasitic, anticonvulsant, antiulcer, antihypertensive, antifungal, and proton pump 

inhibitory activities. Due to their broad therapeutic spectrum and significant clinical applications, benzimidazole 

derivatives continue to be a focal point in drug discovery and development. 

 

BIOLOGICAL ACTIVITY OF BENZIMIDAZOLE: ANTIBACTERIAL ACTIVITY 

The growing concern over bacterial resistance has driven significant interest in the development of novel antibacterial 

agents. Among these, 2-substituted benzimidazole derivatives have emerged as particularly potent candidates, making 

them a promising focus for antimicrobial drug development. Literature studies indicate that these derivatives exhibit 

enhanced pharmacological activity and are structurally present in several established antibacterial drugs, such as 

furacillin, furazolidone, and ftivazide. 
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BIOLOGICAL ACTIVITY OF BENZIMIDAZOLE: ANTHELMINTIC ACTIVITY

Benzimidazole derivatives have been extensively developed and widely utilized as anthelmintic agents. Notable 

examples include albendazole, cyclobendazole, fenbe

and thiabendazole, all of which have demonstrated significant efficacy in treating parasitic infections. Faruk et al. 

synthesized a series of 5-nitro benzimidazole derivatives and evaluated the

Indian earthworm (Pheretima posthuma). Their preliminary biological studies confirmed that all tested compounds 
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also garnered considerable attention in recent years due to their potential as 

chemotherapeutic agents in the design of new antimicrobial compounds. Notably, 1,2-disubstituted 1H

carboxamidine derivatives have demonstrated significant antibacterial efficacy, particularly against 

Staphylococcus aureus (MRSA) and other S. aureus strains. These findings highlight the critical 

based compounds in the ongoing search for effective antibacterial therapies 

BIOLOGICAL ACTIVITY OF BENZIMIDAZOLE: ANTHELMINTIC ACTIVITY 

Benzimidazole derivatives have been extensively developed and widely utilized as anthelmintic agents. Notable 

examples include albendazole, cyclobendazole, fenbendazole, flubendazole, mebendazole, oxibendazole, oxfendazole, 

and thiabendazole, all of which have demonstrated significant efficacy in treating parasitic infections. Faruk et al. 

nitro benzimidazole derivatives and evaluated their anthelmintic activity against the adult 

). Their preliminary biological studies confirmed that all tested compounds 

exhibited remarkable anthelmintic effects. Similarly, Vilasrao et al. reported the synthesis of a library of 2

benzimidazoles and assessed their anthelmintic potency against the adult earthworm Eisenia fetida

compounds, several displayed exceptional anthelmintic properties, comparable to the standard drug 

ally, benzimidazole derivatives were synthesized via the condensation of O-phenylenediamine and 

subsequently evaluated for their anthelmintic potential. The results indicated that these compounds exhibited 

significantly higher anthelmintic activity than the standard reference drug, piperazine citrate, reinforcing the therapeutic 

based agents in antiparasitic treatments. 

Cyclobandazole 

Benzimidazole derivatives have been widely explored for their antiulcer properties, particularly due to their ability to 

ATPase, a key enzyme in gastric acid secretion (3,4). Given their clinical relevance in treating peptic 

ulcers and other gastrointestinal conditions, researchers have developed more selective and potent benzimidazole

proton pump inhibitors (4,5). In 1991, modifications to the benzimidazole core, such as N-H substitution with electron

donating groups and the addition of propyl acetamido-thio, thiazole-amino, and tetramethyl piperidine on pyridine, 

resulted in improved antiulcer efficacy (5). Common benzimidazole-based antiulcer drugs include omeprazole (a 
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racemic mixture), lansoprazole, rabeprazole, pantoprazole, and esomeprazole (S-enantiomer) (6). Omeprazole, in 

particular, requires an enteric-coated formulation to prevent degradation in stomach acid, and its effectiveness is linked 

to the transformation of its N-H substituent into a sulfonamide (6). 

Omeprazole 

 

Lansoprazole 

 

 

 

Pantoprazole 

 

Rabeprazole 

 

 

 
 

ANTIMALARIAL ACTIVITY: 

Malaria remains a major global health concern, causing approximately 350–500 million clinical cases and over one 

million deaths annually. The highest mortality rates are observed in sub-Saharan Africa, particularly among children 

under five. It is the fifth leading cause of death due to infectious diseases, following tuberculosis, respiratory infections, 

HIV/AIDS, and diarrheal diseases. An estimated 3.3 billion people across 109 countries live in malaria-prone regions, 

making it a widespread threat. Beyond its health implications, malaria significantly hampers the economies of affected 

nations, perpetuating poverty. The 1980s witnessed a surge in malaria cases and fatalities due to multiple factors, 

including humanitarian crises in endemic regions, the decline of traditional malaria control programs, ineffective 

integration into struggling primary healthcare systems, and the growing resistance of parasites and vectors to available 

antimalarial drugs and insecticides. 

 

ANTICANCER ACTIVITY : 

Cancer is the second leading cause of death in the United States and remains a significant global public health 

challenge. It is characterized by the uncontrolled growth and spread of abnormal cells, which, if left unchecked, can be 

fatal. Benzimidazole, a nitrogen-containing heterocyclic compound, plays a crucial role in cancer treatment. Several 

benzimidazole-based drugs have been developed, including bendamustine for chronic lymphocytic leukemia (CLL), 

veliparib as a PARP inhibitor, selumetinib targeting MEK1/2, galeterone for prostate cancer, and nocodazole, which 

disrupts microtubule dynamics and prevents tumor cell mitosis. Researchers continue to explore new and more effective 

anticancer agents to address issues such as toxicity, drug resistance, and specificity. The benzimidazole framework is 

recognized for its strong anticancer potential, making it a valuable structure for designing novel drug candidates. In 

particular, 2-substituted benzimidazoles, including 2-aryl and 2-heteroaryl derivatives, have gained attention for their 

promising anticancer properties, with bisbenzimidazoles demonstrating significant cytotoxic effects against various 

cancer cell lines. 
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ANTIPROTOZOAL ACTIVITY: 

Studies have reported that benzimidazole derivatives, including 5,6-dinitro and thioalkyl or thioaryl-substituted 

compounds, exhibit significant antimicrobial activity, particularly against Stenotrophomonas maltophilia. These 

compounds are effective against both Gram-positive and Gram-negative bacteria, functioning similarly to 

metronidazole. Additionally, 2-trifluorobenzimidazole derivatives have been identified for their biological activity, 

including previously documented anti-giardial properties. In a separate study, Phillips synthesized a series of 2-

(trifluoromethyl)-1H-benzimidazole derivatives through the cyclocondensation of substituted 1,2-phenylenediamine 

with trifluoroacetic acid. These compounds exhibited potent nanomolar activity against several protozoan parasites, 

including Giardia intestinalis, Entamoeba histolytica, Trichomonas vaginalis, and Leishmania mexicana. Furthermore, 

their effectiveness was confirmed in Trichinella spiralis infections through both in vitro and in vivo testing. 

 

ANTIVIRAL ACTIVITY: 

Research indicates that benzimidazoles exhibit antiviral activity against Enterovirus, Picornavirus, and Poliovirus. 

Additionally, N-substituted benzimidazoles have been found effective against the Tobacco Mosaic Virus. Another 

reported approach involves synthesizing benzimidazole heterocycles with an amidino group at the C-5 position. In a 

published study, several novel benzimidazole derivatives were designed, synthesized, and evaluated in VERO cells for 

their inhibitory effects on four different enteroviruses. Among them, (L)-2-(pyridin-2-yl)-N-(4-nitrophenyl)pentan-3yl)-

1H-benzimidazole-4-carboxamide demonstrated the highest potential, exhibiting a strong antiviral effect along with a 

remarkable selectivity index. 

 

ANTIHYPERTENSIVE ACTIVITY: 

Biphenylbenzimidazoles have been found to possess a stronger antihypertensive effect compared to earlier similar 

drugs, primarily due to their improved oral bioavailability. The 2-position of the biphenyl structure plays a crucial role 

in their activity. Studies have also shown that 4′- and 5-substituted aryl or alkyl carboxamido derivatives act as 

antagonists of the Angiotensin-II AT1 receptor, making them effective agents for managing hypertension. 

Telmesartan 

 

Candesartan 

 

 

 

Benzimidazole is a key pharmacophore in modern drug discovery, and its derivatives have gained significant attention 

as potential antimicrobial agents. These compounds play a valuable role in medical research, with numerous studies 

highlighting the pharmacological potential of heterocycles and substituted benzimidazoles. As structural isosteres of 

nucleotides, they interact efficiently with biopolymers while exhibiting lower toxicity. Researchers are currently 

focused on developing more potent benzimidazole derivatives with diverse biological activities. 
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