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Aims and Scope of the Series
Biochemistry, the study of chemical transformations occurring within living 
organisms, impacts all of the life sciences, from molecular crystallography and 
genetics, to ecology, medicine and population biology. Biochemistry studies 
macromolecules - proteins, nucleic acids, carbohydrates and lipids –their building 
blocks, structures, functions and interactions. Much of biochemistry is devoted 
to enzymes, proteins that catalyze chemical reactions, enzyme structures, mech-
anisms of action and their roles within cells. Biochemistry also studies small sig-
naling molecules, coenzymes, inhibitors, vitamins and hormones, which play roles 
in the life process. Biochemical experimentation, besides coopting the methods 
of classical chemistry, e.g., chromatography, adopted new techniques, e.g., X-ray 
diffraction, electron microscopy, NMR, radioisotopes, and developed sophisticat-
ed microbial genetic tools, e.g., auxotroph mutants and their revertants, fermenta-
tion, etc. More recently, biochemistry embraced the ‘big data’ omics systems.
Initial biochemical studies have been exclusively analytic: dissecting, purifying 
and examining individual components of a biological system; in exemplary words 
of Efraim Racker, (1913 –1991) “Don’t waste clean thinking on dirty enzymes.” 
Today, however, biochemistry is becoming more agglomerative and comprehen-
sive, setting out to integrate and describe fully a particular biological system. The 
‘big data’ metabolomics can define the complement of small molecules, e.g., in a 
soil or biofilm sample; proteomics can distinguish all the proteins comprising e.g., 
serum; metagenomics can identify all the genes in a complex environment e.g., the 
bovine rumen.  
This Biochemistry Series will address both the current research on biomolecules, 
and the emerging trends with great promise.
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Preface

Benzimidazole is an aromatic, heterocyclic molecule containing C, H, N, and S 
formed from the benzene and imidazole moieties. Benzimidazole derivatives have 
attracted much interest from researchers due to their biological activities and 
clinical applications. Benzimidazole nucleus is also a constituent of Vitamin B12. 
Benzimidazole derivatives act as promising bioactive compounds and exhibit a range 
of biological activities like anticancer, antimicrobial, antiviral, anticonvulsant, 
antiproliferative, antioxidant, and antiparasitic properties. The increased interest in 
benzimidazole compounds is due to their bioavailability, increased stability, signifi-
cant biological activity, and so on. 

A vast number of benzimidazole derivatives have been reported and studies on their 
mechanism of action, structural features, and pharmacological applications have 
been carried out to achieve more stable and active pharmaceutical drugs. Interesting 
features of benzimidazole derivatives include their N-donor ligands and the physical 
interaction of double bound with other ring systems. 

This book examines aspects and newer mechanisms of benzimidazoles containing 
heterocyclic moiety. Chapters report on anticancer properties of benzimidazole 
derivatives, novel methods of synthesis of benzimidazoles, versatile nature of the 
benzimidazoles, spectral and theoretical studies of benzimidazole derivatives, and 
medicinal importance and pharmacological aspects of benzimidazole derivatives. 

The editors are thankful to Lancashire University, UK, and the director of the Angadi 
Institute of Technology and Management for her support. 
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Chapter 1

Advances of Benzimidazole 
Derivatives as Anticancer Agents: 
Bench to Bedside
Kashif Haider and Mohammad Shahar Yar

Abstract

Benzimidazole is one of the privileged nitrogen-containing scaffolds known for its 
versatile diversified role in insecticides, pesticides, dyes, pigments and pharmaceu-
ticals. Due to its electron-rich environment, structural features and binding potency 
of various therapeutic targets, benzimidazole derivatives exhibit a broad spectrum 
of biological activity that majorly includes antimicrobial, antifungal, analgesics, 
anti-diabetic and anticancer agents. Several benzimidazole scaffolds bearing drugs 
are clinically approved; they are used for various indications. For example, Bilastine, 
Lerisetron, Maribavir and Nocodazole are the most widely used benzimidazole-
based marketed drugs available as an antihistamine, antiviral and antimitotic agent, 
respectively. Another example is the recently approved anticancer drug Binimetinib 
and Selumetinib, which are indicated for BRAF mutated melanoma and plexiform 
neurofibromas. Not only this, many benzimidazole-based anticancer drugs are in late 
phases of clinical development. Due to the vast therapeutic potential of benzimid-
azole scaffold in cancer research, medicinal chemists have gained a lot of attraction to 
explore it more and develop novel, highly effective and target-specific benzimidazole-
based potential anticancer drugs.

Keywords: benzimidazole, enzyme inhibitors, anticancer agents, hybrid derivatives

1. Introduction

Cancer is a complex, severe class of diseases that involves a group of cells that 
exhibit abnormal and uncontrolled division and proliferation. It is one of the primary 
health concerns which accounts for the second major cause of death globally. As per 
the recent statistics of the world health organization (WHO), in 2020,  
around 10 million people succumbed to death due to cancer. However, every year 
the number of incidences is increasing day by day. According to WHO, around 0.3 
million new cases are diagnosed each year among the age group of 0–19 years. Cancer 
can affect a person of any age; however, with age, the risk increases. Globally, steady 
increases in cancer cases every year are taking a toll on the health care system [1–5]. 
To combat cancer, identification of potential drugs and potential drugs combina-
tion is essential. Potential research has been carried out to counter such problems 
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by addressing novel drug design and discovery approaches. In medicinal chemistry, 
heterocyclic rings have played a significant role in the search for potential therapeutic 
agents. Various drugs are currently in use and in development that widely addresses 

Figure 1. 
Examples of benzimidazole based drugs in clinical use.
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such problems. However, due to changes in cancer forms and mutations, current 
therapy faces challenges of poor selectivity and specificity towards certain types 
of cancer cells, which narrows down their effectiveness. Generally, cancer cells act 
by disrupting and disturbing the cell signaling pathways; therefore, it is crucial to 
design novel target-based heterocyclic anticancer compounds with high efficacy and 
fewer side effects, which will provide a solid backup to the present chemotherapeutic 
regime [6–10].

2. Benzimidazole

Benzimidazole is a bicyclic nitrogen bearing aromatic heterocyclic ring, structur-
ally it consists of benzene ring fused with imidazole ring at the 4th and 5th position 
of the ring. Chemically it appears as white crystals, amphoteric in nature, resembles 
the structure of purine. It is synthesized by different reported methods. However, 
condensation of 1,2-diamino benzene with carbonyl compounds to give benzimid-
azole is the conventional method which was used widely for its preparation. In 1858, 
it was synthesized by Heinrich Debus, a German chemist from glyoxal, ammonia and 
formaldehyde, that’s why it was also known as glyoxalin. Benzimidazole ring is one of 
bioactive heterocyclic scaffold exhibiting wide range of biological activities. The ▬NH 
group present at second position of the ring is both highly acidic and weak base in 
nature, it also has ability to form stable salts [11–16].

With time benzimidazole ring emerged as an important multifaceted heterocy-
clic system due to its wide range of pharmacological activity such as antibacterial 
[17], antiparasitic [18], antifungal [19], anti-inflammatory [20], analgesics [21], 
antiviral [22], antitubercular [23], anticoagulant [24], antihistaminic [25], anti-
oxidant [26], antiulcer [27] and anticancer [28–31]. Some of the benzimidazole 
based marketed drugs are listed in with their indication and marketed name in 
Figure 1. Adding to this benzimidazole scaffold have also displayed a significant 
role in synthesis of organic intermediates. In light of the application of benz-
imidazole earlier various authors have reported many review articles. Due to the 
diverse therapeutic potential, benzimidazole have attracted lot of researchers to 
explore more in the field of drug discovery to synthesize novel and potent com-
pounds with a broad spectrum of biological activities. Owing to this, with time 
efforts have been made to create libraries of these potent compounds. In cancer 
treatment benzimidazole based drugs played a significant role, various targeted 
therapies are designed and developed as Kinase inhibitors such as EGFR, VEGFR 
and PI3K inhibitors here, in this chapter we have included some potent benzimid-
azole based kinase inhibitors.

3. Advances of benzimidazole based anticancer agents

Benzimidazole based compounds have got much attention due to exhibiting 
significant cytotoxic activity. In last one decade a lot of benzimidazole based anti-
cancer drugs have received status of US FDA global approval. Recently, Binimetinib, 
Selumetinib and Abemaciclib got approval for treatment of various mutated forms of 
cancer. Here, we have discussed some of benzimidazole based anticancer drugs which 
are recently approved, under development and in pipeline.
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3.1 Benzimidazole based marketed anticancer drugs

3.1.1 Binimetinib (1)

Binimetinib (1) is chemically 5-((4-bromo-2-fluorophenyl)amino)-4-fluoro-
N-(2-hydroxyethoxy)-1-methyl-1H-benzimidazole-6-carboxamide approved 
by US FDA recently in 2018. It is an orally available, potent selective inhibitor 
of mitogen activated protein kinase (MEK 1/2). Binimetinib is developed by 
Array Biopharma, commercially available by the name of Mektovi. It is indicated 
for patients having metastatic melanoma with BRAF mutation as combination 
therapy with BRAF inhibitors Encorafenib [32]. Presently, Binimetinib is in vari-
ous phases of clinical development as monotherapy or in combination for condi-
tions like KRAS mutated cancer, mutated non-small cell lung cancer [33, 34]. 
Structures of all the drugs are presented in Figure 2. More details of clinical trials 
are enlisted in Table 1.

3.1.2 Bendamustine (2)

Bendamustine (2) is chemically 4-(5-(bis(2-chloroethyl)amino)-1-methyl-
1H-benzimidazol-2-yl)butanoic acid, it is an alkylating agent well known for its effi-
cacy and tolerability in wide range of hematologic malignancies [35]. Bendamustine 
is indicated for the treatment of chronic lymphocytic leukemia and non-Hodgkin 
lymphoma [36]. Currently Bendamustine is further investigation as combination 
therapy along with Bcl-2 inhibitor Venetoclax and Rituximab for treatment of patient 
above 60 years of age with mantle cell lymphoma (NCT03834688).

Figure 2. 
Benzimidazole based clinically approved anticancer agents.
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Drug Clinical trial 
number

Clinical trial study Date of 
study

Current status 
and study 
phase

Binimetinib NCT04965818 Phase 1b/2 study of 
Futibatinib in combination 
with Binimetinib in 
patients with advanced 
KRAS mutant cancer

Last 
update on 
September 
27, 2021

Recruiting
Phase 1b/2

NCT03170206 Study of CDK4/6 inhibitor 
Palbociclib in combination 
with the Binimetinib for 
patients with advanced 
KRAS mutant NSCLC

Last update 
on June 10, 
2021

Recruiting
Phase 1

Bendamustine NCT04217317 CPI-613 in combination 
with Bendamustine in 
patients with relapsed or 
refractory T-cell Non-
Hodgkin lymphoma

Last update 
on August 
30,2021

Recruiting
Phase 2

NCT04510636 Study of Pembrolizumab 
with Bendamustine in 
Hodgkin lymphoma

Last update 
on August 
30,2021

Not yet 
Recruiting
Phase 2

Selumetinib NCT02768766 Intermittent Selumetinib 
for uveal melanoma

Last update 
on March 
19, 2021

Recruiting
Phase 1

NCT05101148 Phase I study to assess 
the effect of food on the 
PK and gastrointestinal 
toxicity of Selumetinib 
in adolescent children 
with Neurofibromatosis 
Type 1 related plexiform 
neurofibromas

Last 
update on 
November 
1, 2021

Recruiting
Phase 1

Abemaciclib NCT04003896 A study to evaluate 
Abemaciclib in advanced 
biliary tract carcinoma 
who failed prior first line 
therapy.

Last update 
on

Active, Not 
recruiting
Phase 2

NCT04040205 Abemaciclib for bone and 
soft tissue sarcoma with 
cyclin dependent kinase 
(CDK) pathway attention

February 
15, 2021

Recruiting
Phase 2

Veliparib NCT02723864 Veliparib and VX-970 in 
combination with cisplatin 
in people with refractory 
solid tumors

Last 
update on 
February 5, 
2021

Active, Not 
recruiting
Phase 1

NCT01434316 Veliparib and Dinaciclib 
in treating patients with 
advanced solid tumors

July 20, 
2021

Recruiting
Phase 1

Dovitinib NCT01635907 Dovitinib in 
neuroendocrine tumors

Last update 
on April 14, 
2020

Completed
Phase 2
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3.1.3 Selumetinib (3)

Selumetinib (3) is chemically 5-((4-bromo-2-chlorophenyl)amino)-4-fluoro-N-
(2-hydroxyethoxy)-1-methyl-1H-benzimidazole-6-carboxamide recently approved 
by US FDA in on April 10, 2020 for the treatment of plexiform neurofibromas and 
neurofibromatosis in pediatric patients [37, 38]. Selumetinib is an orally available 
MEK 1/2 kinase inhibitor developed by AstraZeneca commercially available by the 
name of Koselugo. It is also received status of orphan drug in USA as adjuvant drug 
for treatment of thyroid cancer [39, 40].

3.1.4 Abemaciclib (4)

Abemaciclib (4) is chemically N-(5-((4-ethylpiperazin-1-yl)methyl)pyridin-
2-yl)-5-fluoro-4-(4-fluoro-1-isopropyl-2-methyl-1H-benzimidazol-6-yl)
pyrimidin-2-amine, approved by US FDA on 28 September 2017, for the treatment 
of patients with hormone receptor (HR) positive, human epidermal growth factor 
receptor (HER-2) advanced/negative metastatic breast cancer as a combination 
therapy with estrogen receptor antagonist fulvestrant in female patients and as 
monotherapy in adult patient with diseases progression following chemotherapy. 
Abemaciclib is commercially available by the name of Verzenio, developed by Eli 
Lilly as cyclin dependent kinase-4 (CDK4) and CDK6 inhibitor [41]. Furthermore, 
Abemaciclib is currently in various phase of clinical development as monotherapy 
or in combination therapy for treatment of various types of cancer and mutated 
forms [42, 43].

Drug Clinical trial 
number

Clinical trial study Date of 
study

Current status 
and study 
phase

Pracinostat NCT03848754 Pracinostat and 
Gemtuzumab ozogamicin 
in patients with relapsed or 
refractory acute myeloid 
leukemia

Last update 
on October 
18, 2021

Active, not 
recruiting
Phase 1

Galeterone NCT04098081 Galeterone with 
Gemcitabine for patients 
with metastatic pancreatic 
adenocarcinoma

Last update 
on March 
10, 2021

Recruiting
Phase 2

Nazartinib NCT02335944 Study and safety and 
efficacy of Nazartinib in 
combination with cMET 
inhibitor INC280 in 
NSCLC patients with EGFR 
mutation

Last update 
on October 
4, 2021

Active, not 
recruiting
Phase 1/2

NCT02108964 A phase I/II, multicentre, 
open label study of 
Nazartinib, administered 
orally in adult patients 
with EGFR mutated solid 
malignancies

Last update 
on August 
13, 2021

Active, Not 
recruiting
Phase 1/2

Table 1. 
Benzimidazole based anticancer drugs in clinical development.
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3.1.5 Veliparib (5)

Veliparib (5) is chemically (R)-2-(2-methylpyrrolidin-2-yl)-1H-benzimidazole-
4-carboxamide, it is an oral PARP inhibitor. Veliparib is investigational drug showed 
promising results in preclinical and clinical studies when treated for ovarian cancer 
and for mutated form BRCA-mutated ovarian cancer [44]. Further development of 
Veliparib is ongoing as monotherapy and combination therapy for treatment of differ-
ent forms of ovarian cancer [45, 46].

3.1.6 Dovitinib (6)

Dovitinib (6) is chemically 4-amino-5-fluoro-3-(5-(4-methylpiperazin-1-yl)-
1H-benzoimidazol-2-yl) quinolin-2(1H)-one, it is a potent orally available pan 
tyrosine kinase inhibitor targeting VEGFR, FGFR) and other tyrosine kinases [47]. 
It is a pipeline drug under development, for treatment of gastrointestinal stromal 
tumor, metastatic breast cancer and renal cell carcinomas. Recently on April 2, 2021 
Dovitinib has received acceptance from US FDA for premarket approval (PMA) 
which was filed by Allarity therapeutics (details can be found on Allarity therapeutics 
website). Dovitinib is also explored for different typed of mutated forms of cancer, 
currently it is under phase II clinical trial study for patient with castration resistant 
prostate cancer [48].

3.1.7 Pracinostat (7)

Pracinostat (7) is chemically (E)-3-(2-butyl-1-(2-(diethyl amino) ethyl)-1H-ben-
zoimidazol-5-yl)-N-hydroxyacrylamide, it is orally available, investigational drug 
exhibiting potential antitumor activity [49, 50]. Pracinostat is a small molecule next 
generation histone diacetylases (HDAC) inhibitor indicated acute myeloid leukemia 
[51]. In some recent study Pracinostat was found to suppresses growth and metastasis 
of breast cancer by inactivating the IL-6/STAT3 signaling pathway [52].

3.1.8 Galeterone (8)

Galeterone (8) is chemically (3S,8R,9S,10R,13S,14S)-17-(1H-benzimidazol-1-yl)-
10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15-dodecahydro-1H-cyclopenta[a]phenan-
thren-3-ol, it is an orally available, small molecule investigational drug. Galeterone is 
developed by Tokai pharmaceutical as potent androgen receptor antagonist, indicated 
for treatment of prostate cancer [53]. Some in vivo studies revealed that Galeterone 
monotherapy inhibited breast cancer growth, also when administered in combination 
with cisplatin the results where promising and much better compare to monotherapy 
of cisplatin [54].

3.1.9 Nazartinib (9)

Nazartinib (9) is chemically (R,E)-N-(7-chloro-1-(1-(4-(dimethylamino)
but-2-enoyl)azepan-3-yl)-1H-benzo[d]imidazol-2-yl)-2-methylisonicotinamide, 
it is an orally available third generation EGFR kinase inhibitor under develop-
ment for treatment of conditions like non-small cell lung cancer (NSCLC) and 
EGFR mutated NSCLC [55]. Nazartinib have demonstrated favorable safety 
profile and efficacy in a Phase-I study when administered to adult patients with 
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EGFR mutated lung carcinoma [56]. However, clinical development of Nazartinib 
is progress for different forms of mutated carcinomas as monotherapy or in 
 combination [57, 58].

3.2 Benzimidazole based derivatives as potent kinase inhibitors

Commonly the mechanism behind action of anticancer agents involve DNA 
intercalation, gene regulation, microtubule inhibition, transcription regulation, DNA 
synthesis inhibition, enzyme inhibition and so on. Nowadays in cancer treatment, 
target therapy emerged as one of the acknowledged strategies. Most of the avail-
able anticancer drugs acts by targeting structural proteins, tyrosine kinases, phos-
phoinositide 3 kinase and protein kinases for example Binimetinib acts by inhibiting 
mitogen activated kinase as discussed in earlier section. In this section we have 
included some recent examples of benzimidazole based enzyme inhibitors as potent 
anticancer agents.

3.2.1 EGFR inhibitors

Akhter et al. have reported a novel series of benzimidazole based oxadiazole 
derivatives as potential EGFR inhibitors. The target compound 10 and 11 dem-
onstrated significant binding to EGFR with an IC50 value of 0.081 and 0.098 μM 
respectively. Cytotoxicity of both derivatives against selected human cancer cell line 
A549, MDA-MB231, MCF7 and HepG2 was found promising. Compound 10 exhib-
ited excellent inhibitory potency with an IC50 value of 15.2 μM, 5.0 μM, 14.5 μM and 
12.5 μM whereas compound 11 have shown an IC50 value of 13.2 μM, 2.5 μM, 0.131 μM 
and 15.6 μM against cancer cell line A549, MCF7, MDA-MB231 and HepG2 respec-
tively. Further findings of these derivatives showed that compound 10 cause cell cycle 
arrest of MCF7 cells in a dose dependent manner at G2/M phase. Docking analysis of 
target compound 10 and 11 showed that both the compound made strong interactions 
within the active site of protein kinase, the binding pattern of target compounds 
resembles as that of standard drug erlotinib, which is a potent EGFR inhibitor. In 
vivo acute toxicity of target compound showed that both compounds 10 and 11 are 
nontoxic and safe with oral LD50 value >500 < 2000 mg/kg which is recommended by 
OECD guidelines [59].

Srour et al. have reported a novel series of thiazole benzimidazole derivatives as 
potent inhibitor of EGFR tyrosine kinase. Target compound 12 and 13 displayed sig-
nificant activity against EGFR kinase with an IC50 value of 71.67 nM and 109.71 nM. 
Both target compounds are evaluated for cytotoxicity against MCF7 cancer cell 
lines, compound 4n displayed an IC50 value of 11.91 μM and compound 4a exhibited 
excellent inhibitory potency with an IC50 value of 6.30 μM against MCF7 cancer 
cell line respectively. Furthermore, both compound 12 and 13 have shown good 
inhibition when tested against normal hTERT-RPE1 normal cells with 65 and 11.9% 
inhibition. Due to balanced bioactivity of target compound 13, it is further studied 
for cell cycle analysis against MCF7 cell line, it displayed the cell cycle arrest at G2/M 
phase. Compound 13 also displayed increase in the expression of p53, Bax/Bcl-2 and 
caspase-3 expression and remarkable decrease in levels of PARP-1 enzyme. Molecular 
docking analysis of compound 12 and 13 showed that both the compounds embedded 
tightly by hydrogen bond formed between the Nitrogen of benzimidazole with amino 
acid residue Lys721 and Phe699 respectively [60].
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Akhter et al. have reported as series of pyrazole benzimidazole derivatives as 
potential inhibitors of EGFR. Target compound 14 and 15 displayed potent activity 
against EGFR kinase with IC50 value of 0.97 μM and 1.7 μM respectively. In vitro 
cytotoxicity of both compound showed excellent inhibitory activity against selected 
cell line, compound 14 displayed an IC50 value of 0.97 μM, 2.2 μM and 11.9 μM and 
compound 5d displayed an IC50 value of 1.7 μM, 2.8 μM and 15.2 μM against MCF7, 
A549 and MDA-MB-231 cancer cell lines respectively. Target compound 14 also shown 
cell cycle arrest at G2/M phase of MCF7 cells by inducing apoptosis. Docking analysis 
of 14 displayed ability of the respective compound to fit into the active site of EGFR 
by forming strong hydrogen and hydrophobic within the domain (Figure 3) [61].

3.2.2 VEGFR 2 inhibitors

Abdullaziz et al. have reported a novel series of 2-furybenzimidazole derivatives as 
potent inhibitors of VEGFR-2 kinase. Target compound 16 and 17 displayed excellent 

Figure 3. 
Examples of benzimidazole derivatives as potent EGFR inhibitors.
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inhibitory activity with total percentage inhibition of 94% and 96% and IC50 value 
of 0.64 μM and 1.26 μM compared to standard drug Sorafenib (IC50 value 0.1 μM) 
against VEGFR-2 respectively. In vitro cytotoxicity study of compound 16 and 17 
displayed potential inhibitory activity with IC50 range of 8.33–9.86 μM against HepG2 
and MCF7 cancer cell lines respectively. Molecular docking analysis of target com-
pound showed a strong binding interaction of 2-furylbenzimidazole moiety within 
the active site of VEGFR-2 by involving hydrogen bond formation with key amino 
acid residue Glu885 and Asp1046 [62].

Lien et al. have reported novel 2-aminobenzimidazole derivative 18 as potential 
inhibitor of VEGFR-2. Target compound 18 exhibited 30% inhibition of kinase activ-
ity of VEGFR-2 when treated at a concentration of 10 μM. 18 displayed inhibitions 
of VEGF-A angiogenic action along with it also suppress MDA-MB-231 cell lines 
when studied in vivo. Compound 18 displayed anti-angiogenic properties by target-
ing VEGFR-2 signaling. Target compound 18 also found to reduce lung metastasis of 
B16F10 melanoma cells in mice models. Molecular docking studies of target compound 
showed strong binding with in the active site of VEGFR-2 by forming hydrogen bond 
between nitrogen of benzimidazole with amino acid residue His1026 [63].

Recently Yuan et al. have designed and synthesized a new series of benzimidazole 
derivatives as potent and selective inhibitor of VEGFR-2 kinase. Target compound 19 
displayed excellent inhibitory activity against with VEGFR-2 kinase with an IC50 value 
of 0.054 μM, it also displayed significant anti-angiogenesis activity. In vitro cytotoxicity 
study of compound 19 against HepG2 and A549 cancer cell line were found promising 
with an IC50 value of 2.57 μM and 73.81 μM respectively. Cell cycle analysis of target 
compound 19 shows that it arrests the HepG2 cells in G0/G1 phase in a dose dependent 
pattern. Molecular docking analysis of compound 19 demonstrated strong interactions 
within the ATP binding active site of VEGFR-2 kinase [64] (Figure 4).

3.2.3 EGFR/VEGFR-2 dual inhibitors

Meguid et al. have reported a novel series of benzimidazole derivatives as potent 
dual inhibitors of EGFR and VEGFR-2 kinases. Target compound 20 and 21 displayed 
strong inhibitory activity against EGFR kinases, however activity against VEGFR-2 is 

Figure 4. 
Examples of benzimidazole derivatives as potent VEGFR-2 inhibitors.
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considerably good. Target compound 20 exhibited an IC50 value of 0.157 μM against 
EGFR and 123.27 μM against VEGFR-2 kinase. Target compound 21 displayed an IC50 
value of 0.109 μM and 69.62 μM against EGFR and VEGFR-2 kinases respectively. 
Cytotoxicity activity of both compound 9 and 21 was also found excellent against 
HeLa cancer cell line with IC50 value of 1.62 μM and 1.44 μM compare to standard 
drug doxorubicin which displayed an IC50 value of 2.05 μM respectively. Cell cycle 
analysis study revealed that both compounds arrest cell cycle of HeLa cells at G0/
G1 phase. Furthermore, docking analysis showed that target compound 20 and 21 
demonstrated strong binding within the active site of HER2 kinase with dock score of 
−9.4 and −9.7 kcal/mol respectively [65].

Kassab et al. have reported novel quinazoline bearing benzimidazole derivatives 
as potential inhibitors of EGFR and VEGFR-2 kinases. Target compound 22 displayed 
excellent inhibitory activity against EGFR kinase with an IC50 value of 127.4 μM, 
whereas it displayed an IC50 value of 185.7 μM against VEGFR-2 kinase. Further, 
cytotoxicity study of compound against MCF7 cancer cell line demonstrated good 
potency with IC50 value of 12.0 μM [66] (Figure 5).

3.2.4 PI3K inhibitors

GSK2636771 (23) is a novel, potent, orally available benzimidazole derivatives. 
It demonstrated selective PI3K beta inhibitor with antineoplastic activity. Preclinical 
study of GSK2636771 demonstrated selective inhibition of PTEN-deficient cancer cell 
growth along with inhibition of protein kinase B in a dose and time dependent man-
ner. First in human trial study of GSK2636771 in patients of advanced solid tumors on 
oral administration as monotherapy demonstrated significant exposure, inhibition of 
target and excellent safety profile [67, 68].

Jin et al. have reported novel benzimidazole derivatives as potent PI3K inhibitor. 
Target compound 24 was found most potent against PI3Kα with 36% and 86% inhibition 
compare to reference drug Alpelisib, which showed an inhibition of 110% and 109% 
at 50 nM and 500 nM respectively. Further, molecular docking analysis of target com-
pound 24 demonstrated strong binding with six strong hydrogen bond with GLN-859, 
SER-854 and VAL-851 amino acid residues. Further, HUMO-LUMO calculation which is 
studied by using Gaussian 09 software target compound 24 showed presence of thiazole 
core and amide bonds which played an important role in its biological activity [69].

Figure 5. 
Examples of benzimidazole derivatives as potent EGFR/VEGFR dual inhibitors.
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Recently a novel series of benzimidazole based dehydroabietic acid derivatives 
were reported Yang et al. as potent PI3Kα inhibitors. Target compound 25 have 
demonstrated excellent PI3K inhibitory activity with an IC50 value of 0.012 μM 
against PI3Kα which is 17-fold greater compare to PI3Kβ (IC50 value 0.21 μM) iso-
enzyme. Compound 25 is a selective PI3Kα inhibitor, it also displayed suppression 
of phosphorylated Akt level in HCT-116 cancer cells in a dose dependent pattern. In 
vitro cytotoxic activity of compound 25 showed its potent inhibitory activity against 
selected cancer cell line namely HCT-116, MCF-7, HeLa, HepG2 and Ges-1 cancer cell 
lines with an IC50 value of 0.18 μM, 0.43 μM, 0.71 μM, 0.63 μM and 21.95 μM respec-
tively. Further cell apoptosis study of target compound 25 showed that it induces also 
apoptosis in HCT-116 when treated in a concentration dependent manner, Compound 
25 comes out as potent PI3Kα inhibitor, it can be a promising agent for further devel-
opment in discovery of novel anticancer agent [70].

Chanrasekhar et al. have reported a novel series of benzimidazole derivatives as 
potent PI3K inhibitors Target compound 26 was found to exhibit potential inhibitory 
activity against PI3Kβ inhibitor, it demonstrated excellent inhibitory potency with an 
IC50 value of 0.002 μM against PI3Kβ with good selectivity against all three isoforms 
of class I PI3Ks. Further pharmacokinetic profile of compound was evaluated in four 
different preclinical species (Sprague-Dawley rat, Beagle dog, Cynomolgus monkey, 
Rhesus monkey). Target compound 26 has shown low to intermediate clearance 
compare to hepatic flow of blood, whereas in rat model consistent high oral availabil-
ity and high permeability was observed [71].

Wu et al. have reported a novel series of triazine substituted benzimidazole 
derivatives a potent dual inhibitor of PI3K and mTOR, most of the compounds from 
the series displayed potent inhibitory activity with IC50 below 33 nM. Target com-
pound 27 was found most potent in the series, it exhibited strong inhibitory activity 
against both kinases with an IC50 value of 5.1 μM and 5.6 μM against PI3Kδ and 
mTOR, it exhibited PI3Kα and PI3Kβ at an IC50 of 7.3 nM and 21.3 nM respectively. 
Further, western blot analysis of compound 27 shown inhibition of phosphorylation 
of Akt and p70S6K, confirming dual inhibitory activity of the presenting compound. 
Target compound 27 displayed potent antiproliferative activity against selected cell 
lines, exhibited an IC50 of 0.4 μM, 0.9 μM, 1.5 μM, 7.3 μM and 7.7 μM against MCF-
7, HCT116, MDA-MB-231, CNE2 and HeLa respectively. Compound 27 displayed 
promising PI3K/mTOR dual inhibitory activity, further development can add a potent 
dual inhibitor in the regimen of cancer therapy [72].

Shin et al. have reported a novel series of benzimidazole derivatives a potent inhibi-
tor of PI3Kδ. Target compound 28 and 29 displayed an IC50 value of 0.016 μM and 
0.019 μM against PI3Kδ and IC50 value of 1.78 μM and 2.33 μM PI3Kβ respectively. In 
vivo pharmacokinetic profile of target compound was found good with oral bioavail-
ability of 45% and 41% respectively. In vivo studied of compound 28 and 29 suggested 
that both the compounds can inhibit KLH-specific antibodies [73].

He et al. has reported benzimidazole-isoquinolinone derivatives which inhibits 
the cell growth via inhibiting PI3K/mTOR/Akt pathway. Target compound 30 dem-
onstrated excellent inhibitory activity against SW620 and HT29 cancer cell line with 
an GI50 value of 23.78 μM and 24.13 μM. Target compound 30 also decreases the levels 
of phosphorylated Akt and mTOR levels. Compound 30 also demonstrated cell cycle 
arrest of human colorectal cancer cells at G2/M phase by decreasing the levels of 
cyclin B1 and CDK1 [74].

Wu et al. have reported triazine bearing benzimidazole derivatives a potent inhibi-
tor of PI3K and mTOR. Target compound 31 and 32 displayed potent activity with 
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and IC50 value of 2.3 nM and 13.0 nM against PI3Kδ, IC50 value of 14.6 and 20.1 nM 
against PI3Kα and IC50 value of 34.0 and 28.0 against PI3Kβ isoform respectively. Both 
the compound also displayed excellent inhibitory potency against mTOR with an IC50 

Figure 6. 
Examples of benzimidazole derivatives as potent PI3K inhibitors.
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value of 12.9 nM and 15.4 nM respectively. Further, compound 32 was evaluated for 
antiproliferative activity where it demonstrated moderate activities against selected 
cancer cell line HCT116, HepG2, HeLa, MDA-MB-231 and MCF7 with an IC50 value of 
0.3 μM, 1.3 μM, 2.4 μM, 4.8 μM and 4.9 μM respectively. Further western blot analysis 
study of compound 32 confirmed that it completely prevented the phosphorylation of 
Akt and p70S6K in HCT116 cells, thus target compound was determined as potential 
dual inhibitor of PI3K and mTOR kinase. Molecular docking analysis of compound 
32 displayed that good binding interaction within the active site of PI3Kα [75] 
(Figure 6).

3.2.5 CDK inhibitors

Ibrahim et al. have reported a novel series of flavopiridol-benzimidazole as potent 
inhibitor potent inhibitor of CDK2 and CDK9 kinase. Target compound 33 exhibits 
potential inhibitory activity with an IC50 value of 0.064 and 1.725 μM against CDK2 
and CDK9 kinases respectively. Furthermore, compound 33 also displayed potential 
antiproliferative activity against selected cancer cell line SKOV3, PC3 and K562 with 
an IC50 value of 94.0 μM, 85.0 μM and 50.8 μM respectively. Cell cycle analysis study 
of target compound revealed that it arrests the cell cycle of K562 cancer cell at G1 and 
G2 phase in a dose dependent manner [76] (Figure 7).

3.3 Benzimidazole based hybrid derivatives as potent anticancer agents

Pankaj et al. have reported a novel hybrid derivatives of benzimidazole-thiazoli-
dinedione as potent cytotoxic agents. Target compound 34 demonstrated potent 
inhibitory activity against A549, DU-145, MDA-MB-231 and PC-3 cancer cell line with 
an IC50 value of 11.46 μM, 31.41 μM, 29.18 μM and 39.87 μM respectively. Compound 
34 have shown cell cycle arrest in G2/M phase of A549 cells in a dose dependent man-
ner. Furthermore, compound 34 also demonstrated cell shrinkage of A549 cells along 
with chromatin condensation and horse shoe shaped nuclei formation [77].

Sivaramakarthikeyan et al. have reported novel hybrid derivatives of benzimid-
azole and pyrazole as potent anticancer agents. Compound 35 and 36 have demon-
strated potent anticancer activity against selected human pancreatic cancer cell lines 
namely SW1990 and AsPC1 with an IC50 value in range of 30.9–61.8 μM respectively. 
Molecular docking study of both compound showed significant binding with the 
active site of B-cell lymphoma [78].

Figure 7. 
Examples of benzimidazole derivative as potent CDK inhibitor.
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Mantu et al. have reported a novel series of benzimidazole-quinoline hybrid deriv-
atives as potent anticancer agent. Target compound 37 exhibited potent antitumor 
activity against renal cancer cell line A498 and breast cancer cell line MDA-MB-468 
with percentage growth inhibition of 52.92% and 56.54% respectively. Compound 
37 also exhibited potent antitumor activity against leukemia cell line RPMI-8226 and 
non-small cell lung cancer cell line NCI-H23 with total growth inhibition of 35% [79].

Sharma et al. have reported benzimidazole-thiazolidinedione hybrid derivatives 
as potent anticancer agents. Target compound 38 and 39 displayed potent anticancer 
activity against cancer cell line with an IC50 value of in range of 0.13-10.24 μM 
against prostate cancer cell line PC-3, breast cancer (MDAMB-231), cervical cancer 
(HeLa), lung cancer (A549), and bone cancer (HT1080) cell lines. Both hybrid 
derivative 38 and 39 demonstrated significant inhibition of A549 cells migration 

Figure 8. 
Examples of benzimidazole containing hybrid derivatives as potent anticancer agents.
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through disruption of F-actin assembly, further treatment with 38 and 39 also showed 
increase in level of ROS in A549 cells by collapsing the mitochondrial membrane 
potential [80].

Bistrovic et al. have reported novel hybrid derivatives of benzimidazole-1,2,3-
triazole as potent anticancer agents. Target compound 40 and 41 demonstrated 
excellent inhibitory activity with IC50 value of 0.05 and 6.18 against A549 cancer 
cell line and an IC50 value of 17.53 and 8.80 against HeLa cancer cell line respectively. 
Furthermore, apoptosis detection study by annexin assay of compound 40 showed 
significant reduction of viable cell population by 70.59%, with increase in early 
necrotic cell population by 27.81% and late apoptotic cells by 40%. Similarly com-
pound 41 also displayed markable decrease in cell population by 49.77%. Molecular 
docking analysis of compound 40 and 41 demonstrated that both the compound bind 
to the active site of p38 complex strongly [81] (Figure 8).

4. Conclusion

Many benzimidazole-containing compounds as anticancer agents are studied 
and available, involving various mechanisms in inhibiting mutated cancerous cells, 
in which kinases inhibitors play a significant role. However, in targeted therapy, 
benzimidazole-based derivatives are still widely explored. Due to the challenge of 
target specificity and poor selectivity, very few compounds have been approved to 
treat mutated cancers. The search for a novel benzimidazole-based next generation 
kinase inhibitor is going to subside such challenges. Benzimidazole-based target 
therapies such as enzyme inhibitors have gained a lot of attraction; owing to this, 
recently US FDA has approved EGFR inhibitor Abemaciclib and MEK inhibitor 
Binimetinib and Selumetinib as potent anticancer compounds against mutated forms 
of cancer. Apart from this, many benzimidazole-containing compounds are in the 
developmental phase as EGFR, VEGFR-2, CDK and PI3K inhibitors. However, some 
of the compounds demonstrated excellent kinase inhibitory activity but failed to 
provide a strong safety profile; these compounds will pave a path as lead compounds; 
further modifications, designing, and developing such compounds will give potent 
compounds with maximum efficiency and minimal side effects. The presented 
chapter mainly focuses on benzimidazole-based kinase inhibitors and their advances; 
the pivotal information catered here can be regarded as noteworthy and crucial by 
medicinal chemists for drug design, discovery and development of novel, potent and 
safe, target-based anticancer agents.

Acknowledgements

Authors wishes to acknowledge Jamia Hamdard (deemed-to-be-University) for 
providing support for conducting this study.

Conflict of interest

Authors declare “no conflict of interest.”



19

Advances of Benzimidazole Derivatives as Anticancer Agents: Bench to Bedside
DOI: http://dx.doi.org/10.5772/intechopen.101702

Author details

Kashif Haider and Mohammad Shahar Yar*
Department of Pharmaceutical Chemistry, School of Pharmaceutical Education and 
Research (SPER), Jamia Hamdard, New Delhi, India

*Address all correspondence to: msyar@jamiahamdard.ac.in

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Benzimidazole

20

[1] Siegel RL, Miller KD, Fuchs HE, 
Jemal A. Cancer statistics, 2021. CA: A 
Cancer Journal for Clinicians. 2021; 
71(1):7-33

[2] Haider K, Rahaman S, Yar MS, 
Kamal A. Tubulin inhibitors as novel 
anticancer agents: An overview on 
patents (2013-2018). Expert Opinion on 
Therapeutic Patents. 2019;29(8): 
623-641

[3] WHO report on cancer: Setting 
priorities, investing wisely and providing 
care for all. Geneva: World Health 
Organization; 2020. License: CC 
BY-NC-SA 3.0 IGO

[4] Haider K, Rehman S, Pathak A, 
Najmi AK, Yar MS. Advances in 
2-substituted benzothiazole scaffold-
based chemotherapeutic agents. Archiv 
der Pharmazie. 2021;354:e2100246

[5] Kharb R, Haider K, Neha K, Yar MS. 
Aromatase inhibitors: Role in 
postmenopausal breast cancer. Archiv 
der Pharmazie. 2020;353(8):2000081

[6] Paul A, Singh P, Kuznetsov ML, 
Karmakar A, da Silva MF, Koch B, et al. 
Influence of anchoring moieties on new 
benzimidazole-based Schiff base copper 
(ii) complexes towards estrogen 
dependent breast cancer cells. Dalton 
Transactions. 2021;50(10):3701-3716

[7] Pathak A, Pandey V, Pokharel YR, 
Devaraji V, Ali A, Haider K, et al. 
Pharmacophore based drug design and 
synthesis of oxindole bearing hybrid as 
anticancer agents. Bioorganic Chemistry. 
2021;116:105358

[8] Dandawate P, Ahmed K, Padhye S, 
Ahmad A, Biersack B. Anticancer active 
heterocyclic chalcones: Recent 

developments. Anti-Cancer Agents in 
Medicinal Chemistry (Formerly Current 
Medicinal Chemistry-Anti-Cancer 
Agents). 2021;21(5):558-566

[9] Scattolin T, Piccin A, Mauceri M, 
Rizzolio F, Demitri N, Canzonieri V,  
et al. Synthesis, characterization and 
anticancer activity of palladium allyl 
complexes bearing benzimidazole-based 
N-heterocyclic carbene (NHC) ligands. 
Polyhedron. 2021;207:115381

[10] Gondru R, Li Y, Banothu J. 
Coumarin–benzimidazole hybrids: A 
review of developments in medicinal 
chemistry. European Journal of 
Medicinal Chemistry. 2021;227:113921

[11] Shrivastava N, Naim MJ, Alam MJ, 
Nawaz F, Ahmed S, Alam O. 
Benzimidazole scaffold as anticancer 
agent: Synthetic approaches and 
structure–activity relationship. Archiv 
der Pharmazie. 2017;350(6):e201700040

[12] Shaharyar M, Mazumder A. 
Benzimidazoles: A biologically active 
compounds. Arabian Journal of 
Chemistry. 2017;10:S157-S173

[13] Satija G, Sharma B, Madan A, 
Iqubal A, Shaquiquzzaman M, Akhter M, 
et al. Benzimidazole based derivatives as 
anticancer agents: Structure activity 
relationship analysis for various targets. 
Journal of Heterocyclic Chemistry. 2021

[14] Akhtar W, Khan MF, Verma G, 
Shaquiquzzaman M, Rizvi MA, Mehdi SH, 
et al. Therapeutic evolution of 
benzimidazole derivatives in the last 
quinquennial period. European Journal of 
Medicinal Chemistry. 2017;126:705-753

[15] Akhtar MJ, Yar MS, Sharma VK, 
Khan AA, Ali Z, Haider MD, et al. Recent 
progress of benzimidazole hybrids for 

References



21

Advances of Benzimidazole Derivatives as Anticancer Agents: Bench to Bedside
DOI: http://dx.doi.org/10.5772/intechopen.101702

anticancer potential. Current Medicinal 
Chemistry. 2020;27(35):5970-6014

[16] Gaba M, Mohan C. Development of 
drugs based on imidazole and 
benzimidazole bioactive heterocycles: 
Recent advances and future directions. 
Medicinal Chemistry Research. 
2016;25(2):173-210

[17] Song D, Ma S. Recent development of 
benzimidazole-containing antibacterial 
agents. ChemMedChem. 2016;11(7): 
646-659

[18] Farahat AA, Ismail MA, Kumar A, 
Wenzler T, Brun R, Paul A, et al. Indole 
and benzimidazole bichalcophenes: 
Synthesis, DNA binding and antiparasitic 
activity. European Journal of Medicinal 
Chemistry. 2018;143:1590-1596

[19] Morcoss MM, El Shimaa MN, 
Ibrahem RA, Abdel-Rahman HM, 
Abdel-Aziz M, Abou El-Ella DA. Design, 
synthesis, mechanistic studies and in 
silico ADME predictions of benzimi-
dazole derivatives as novel antifungal 
agents. Bioorganic Chemistry. 2020;101: 
103956

[20] Veerasamy R, Roy A, Karunakaran R, 
Rajak H. Structure–activity relationship 
analysis of benzimidazoles as emerging 
anti-inflammatory agents: An overview. 
Pharmaceuticals. 2021;14(7):663

[21] Eswayah A, Khaliel S, Saad S, 
Shebani N, Fhid O, Belaid A, et al. 
Synthesis and analgesic activity 
evaluation of some new benzimidazole 
derivatives. American Journal of 
Chemistry and Application. 2017;4(5): 
30-35

[22] Kanwal A, Ahmad M, Aslam S, 
Naqvi SA, Saif MJ. Recent advances in 
antiviral benzimidazole derivatives: A 
mini review. Pharmaceutical Chemistry 
Journal. 2019;53(3):179-187

[23] Araujo DM, Maste MM, Alegaon S, 
Saxena A. Synthesis, antitubercular 
evaluation and docking studies of novel 
benzimidazole analogues. International 
Journal of Pharmaceutical Sciences and 
Research. 2018;9:3696-3704

[24] Matsubara Y, Matsumoto T, 
Yoshiya K, Yoshida A, Ikeda S, 
Furuyama T, et al. Budding uninhibited 
by benzimidazole-1 insufficiency 
prevents acute renal failure in severe 
sepsis by maintaining anticoagulant 
functions of vascular endothelial cells. 
Shock. 2019;51(3):364-371

[25] Wang XJ, Xi MY, Fu JH, Zhang FR, 
Cheng GF, You QD. Synthesis, biological 
evaluation and SAR studies of benzi-
midazole derivatives as H1-antihista mine 
agents. Chinese Chemical Letters. 
2012;23(6):707-710

[26] Aroua LM, Almuhaylan HR, 
Alminderej FM, Messaoudi S, 
Chigurupati S, Al-Mahmoud S, et al. A 
facile approach synthesis of benzoylaryl 
benzimidazole as potential α-amylase 
and α-glucosidase inhibitor with 
antioxidant activity. Bioorganic 
Chemistry. 2021;114:105073

[27] Ganie AM, Dar AM, Khan FA, 
Dar BA. Benzimidazole derivatives as 
potential antimicrobial and antiulcer 
agents: A mini review. Mini Reviews in 
Medicinal Chemistry. 2019;19(16): 
1292-1297

[28] Djemoui A, Naouri A, Ouahrani MR, 
Djemoui D, Lahcene S, Lahrech MB, et al. 
A step-by-step synthesis of triazole-
benzimidazole-chalcone hybrids: 
Anticancer activity in human cells+. 
Journal of Molecular Structure. 2020; 
1204:127487

[29] Ren Y, Wang Y, Li G, Zhang Z, Ma L, 
Cheng B, et al. Discovery of novel 
benzimidazole and indazole analogues as 



Benzimidazole

22

tubulin polymerization inhibitors with 
potent anticancer activities. Journal of 
Medicinal Chemistry. 2021;64(8): 
4498-4515

[30] Akhtar S, Abbas M, Naeem K, 
Faheem M, Nadeem H, Mehmood A. 
Benzimidazole derivative ameliorates 
opioid-mediated tolerance during 
anticancer-induced neuropathic pain in 
mice. Anti-Cancer Agents in Medicinal 
Chemistry (Formerly Current Medicinal 
Chemistry-Anti-Cancer Agents). 
2021;21(3):365-371

[31] Choi HS, Ko YS, Jin H, Kang KM, 
Ha IB, Jeong H, et al. Anticancer effect of 
benzimidazole derivatives, especially 
mebendazole, on triple-negative breast 
cancer (TNBC) and radiotherapy-
resistant TNBC in vivo and in vitro. 
Molecules. 2021;26(17):5118

[32] Shirley M. Encorafenib and 
binimetinib: First global approvals. 
Drugs. 2018;78(12):1277-1284

[33] Kopetz S, Grothey A, Yaeger R, 
Van Cutsem E, Desai J, Yoshino T, et al. 
Encorafenib, binimetinib, and cetuximab 
in BRAF V600E–mutated colorectal 
cancer. New England Journal of 
Medicine. 2019;381(17):1632-1643

[34] Grothey A, Tabernero J, Taieb J, 
Yaeger R, Yoshino T, Maiello E, et al. 
LBA-5 ANCHOR CRC: A single-arm, 
phase 2 study of encorafenib, binimetinib 
plus cetuximab in previously untreated 
BRAF V600E-mutant metastatic colorectal 
cancer. Annals of Oncology. 
2020;31:S242-S243

[35] Balfour JA, Goa KL. Bendamustine. 
Drugs. 2001;61(5):631-638

[36] Yamshon S, Martin P. Are novel 
agents ready to assume the mantle in the 
frontline treatment of mantle cell 
lymphoma? Clinical Advances in 

Hematology & Oncology: H&O. 
2021;19(6):376-382

[37] Markham A, Keam SJ. Selumetinib: 
First approval. Drugs. 2020;80:931-937

[38] Casey D, Demko S, Sinha A, 
Mishra-Kalyani PS, Shen YL, Khasar S, et 
al. FDA Approval Summary: Selumetinib 
for Plexiform Neurofibroma. Clinical 
Cancer Research. 2021

[39] Gross AM, Wolters PL, Dombi E, 
Baldwin A, Whitcomb P, Fisher MJ, et al. 
Selumetinib in children with inoperable 
plexiform neurofibromas. New England 
Journal of Medicine. 
2020;382(15):1430-1442

[40] Mukhopadhyay S, Maitra A, 
Choudhury S. Selumetinib: The first ever 
approved drug for neurofibromatosis-1 
related inoperable plexiform 
neurofibroma. Current Medical Research 
and Opinion. 2021;37(5):789-794

[41] Kim ES. Abemaciclib: First global 
approval. Drugs. 2017;77(18):2063-2070

[42] Cuyun Carter G, Sheffield KM, 
Gossai A, Huang YJ, Zhu YE, Bowman L, 
et al. Real-world treatment patterns and 
outcomes of abemaciclib for the 
treatment of HR+, HER2-metastatic 
breast cancer. Current Medical Research 
and Opinion. 2021;1:37

[43] Toi M, Inoue K, Masuda N, Iwata H, 
Sohn J, Park IH, et al. Abemaciclib in 
combination with endocrine therapy for 
East Asian patients with HR+, HER2− 
advanced breast cancer: MONARCH 2 & 
3 trials. Cancer Science. 2021;112(6): 
2381

[44] Ghisoni E, Giannone G, Tuninetti V, 
Genta S, Scotto G, Aglietta M, et al. 
Veliparib: A new therapeutic option in 
ovarian cancer? Future Oncology. 
2019;15(17):1975-1987



23

Advances of Benzimidazole Derivatives as Anticancer Agents: Bench to Bedside
DOI: http://dx.doi.org/10.5772/intechopen.101702

[45] Boussios S, Karihtala P, Moschetta M, 
Abson C, Karathanasi A, Zakynthinakis- 
Kyriakou N, et al. Veliparib in ovarian 
cancer: A new synthetically lethal 
therapeutic approach. Investigational New 
Drugs. 2020;38(1):181-193

[46] Ghisoni E, Giannone G, Tuninetti V, 
Genta S, Scotto G, Aglietta M, et al. 
Veliparib: A new therapeutic option in 
ovarian cancer? Future Oncology. 
2019;15(17):1975-1987

[47] Nightingale J, Lum B, Ladwa R, 
Simpson F, Panizza B. Adenoid cystic 
carcinoma: A review of clinical features, 
treatment targets and advancement in 
improving the immune response to 
monoclonal antibody therapy. 
Biochimica et Biophysica Acta (BBA)-
Reviews on Cancer. 2021;1875:188523

[48] Choi YJ, Kim HS, Park SH, Kim BS, 
Kim KH, Lee HJ, et al. Phase II study of 
dovitinib in patients with castration-
resistant prostate cancer (KCSG- 
GU11-05). Cancer Research and 
Treatment: Official Journal of Korean 
Cancer Association. 2018;50(4):1252

[49] Gurnari C, Voso MT, Maciejewski JP, 
Visconte V. From bench to bedside 
and beyond: Therapeutic scenario in 
acute myeloid leukemia. Cancers. 
2020;12(2):357

[50] Yu J, Jiang PY, Sun H, Zhang X, 
Jiang Z, Li Y, et al. Advances in targeted 
therapy for acute myeloid leukemia. 
Biomarker Research. 2020;8:1-1

[51] Chua CC, Wei AH. Future 
developments: Novel agents. In: Acute 
Myeloid Leukemia. Cham: Springer; 
2021. pp. 293-315

[52] Chen J, Li N, Liu B, Ling J, Yang W, 
Pang X, et al. Pracinostat (SB939), a 
histone deacetylase inhibitor, suppresses 
breast cancer metastasis and growth by 

inactivating the IL-6/STAT3 signalling 
pathways. Life Sciences. 2020;248:117469

[53] Njar VC, Brodie AM. Discovery and 
development of Galeterone (TOK-001 or 
VN/124-1) for the treatment of all stages 
of prostate cancer. Journal of Medicinal 
Chemistry. 2015;58(5): 
2077-2087

[54] Xu Y, Liao S, Wang L, Wang Y, 
Wei W, Su K, et al. Galeterone sensitizes 
breast cancer to chemotherapy via 
targeting MNK/eIF4E and β-catenin. 
Cancer Chemotherapy and 
Pharmacology. 2021;87(1):85-93

[55] Cui J, Xiao Z, Zhang LL. Clinical 
efficacy and safety of nazartinib for 
epidermal growth factor receptor 
mutated non-small cell lung cancer: 
Study protocol for a prospective, 
multicenter, open-label. Medicine. 
2021;100(21):e25992

[56] Tan DS, Leighl NB, Riely GJ, Yang JC, 
Sequist LV, Wolf J, et al. Safety and 
efficacy of nazartinib (EGF816) in adults 
with EGFR-mutant non-small-cell lung 
carcinoma: A multicentre, open-label, 
phase 1 study. The Lancet Respiratory 
Medicine. 2020;8(6):561-572

[57] Jassem J, Dziadziuszko R. Nazartinib 
in EGFR Thr790Met-mutant non-small-
cell lung cancer. The Lancet Respiratory 
Medicine. 2020;8(6):528-529

[58] Liu C, Lu H, Wang H, Loo A, 
Zhang X, Yang G, et al. Combinations 
with allosteric SHP2 inhibitor TNO155 to 
block receptor tyrosine kinase signaling. 
Clinical Cancer Research. 
2021;27(1):342-354

[59] Akhtar MJ, Siddiqui AA, Khan AA, 
Ali Z, Dewangan RP, Pasha S, et al. 
Design, synthesis, docking and QSAR 
study of substituted benzimidazole 
linked oxadiazole as cytotoxic agents, 



Benzimidazole

24

EGFR and erbB2 receptor inhibitors. 
European Journal of Medicinal 
Chemistry. 2017;126:853-869

[60] Srour AM, Ahmed NS, Abd 
El-Karim SS, Anwar MM, El-Hallouty SM. 
Design, synthesis, biological evaluation, 
QSAR analysis and molecular modelling of 
new thiazol-benzimidazoles as EGFR 
inhibitors. Bioorganic & Medicinal 
Chemistry. 2020;28(18):115657

[61] Akhtar MJ, Khan AA, Ali Z, 
Dewangan RP, Rafi M, Hassan MQ, et al. 
Synthesis of stable benzimidazole 
derivatives bearing pyrazole as anticancer 
and EGFR receptor inhibitors. Bioorganic 
Chemistry. 2018;78:158-169

[62] Abdullaziz MA, Abdel-Mohsen HT, 
El Kerdawy AM, Ragab FA, Ali MM, 
Abu-Bakr SM, et al. Design, synthesis, 
molecular docking and cytotoxic 
evaluation of novel 2-furybenzimidazoles 
as VEGFR-2 inhibitors. European Journal 
of Medicinal Chemistry. 2017;136: 
315-329

[63] Lien JC, Chung CL, Huang TF, 
Chang TC, Chen KC, Gao GY, et al. 
A novel 2-aminobenzimidazole-based 
compound Jzu 17 exhibits anti-
angiogenesis effects by targeting 
VEGFR-2 signalling. British Journal of 
Pharmacology. 2019;176(20):4034-4049

[64] Yuan X, Yang Q, Liu T, Li K, Liu Y, 
Zhu C, et al. Design, synthesis and in 
vitro evaluation of 6-amide-2-aryl 
benzoxazole/benzimidazole derivatives 
against tumor cells by inhibiting 
VEGFR-2 kinase. European Journal of 
Medicinal Chemistry. 2019;179:147-165

[65] Abd El-Meguid EA, El-Deen EM, 
Nael MA, Anwar MM. Novel 
benzimidazole derivatives as anti-cervical 
cancer agents of potential multi-targeting 
kinase inhibitory activity. Arabian Journal 
of Chemistry. 2020;13(12):9179-9195

[66] Kassab AE, Gedawy EM, 
El-Nassan HB. Synthesis of 4-heteroaryl–
quinazoline derivatives as potential 
anti-breast cancer agents. Journal of 
Heterocyclic Chemistry. 2017;54(1): 
624-633

[67] Mateo J, Ganji G, Burris HA, 
Han SW, Swales K, DeYoung P, et al. A 
first time in human trial of GSK2636771, 
a PI3Kβ selective inhibitor, in patients 
with advanced solid tumors

[68] Mateo J, Ganji G, Lemech C, 
Burris HA, Han SW, Swales K, et al. A 
first-time-in-human study of 
GSK2636771, a phosphoinositide 3 kinase 
beta-selective inhibitor, in patients with 
advanced solid tumors. Clinical Cancer 
Research. 2017;23(19):5981-5992

[69] Jin RY, Tang T, Zhou S, Long X, 
Guo H, Zhou J, et al. Design, synthesis, 
antitumor activity and theoretical 
calculation of novel PI3Ka inhibitors. 
Bioorganic Chemistry. 2020;98:103737

[70] Yang YQ, Chen H, Liu QS, Sun Y, 
Gu W. Synthesis and anticancer 
evaluation of novel 1H-benzo [d] 
imidazole derivatives of dehydroabietic 
acid as PI3Kα inhibitors. Bioorganic 
Chemistry. 2020;100:103845

[71] Chandrasekhar J, Dick R, Van 
Veldhuizen J, Koditek D, Lepist EI, 
McGrath ME, et al. Atropisomerism by 
design: Discovery of a selective and 
stable phosphoinositide 3-kinase (PI3K) 
β inhibitor. Journal of Medicinal 
Chemistry. 2018;61(15):6858-6868

[72] Wu TT, Guo QQ, Chen ZL, Wang LL, 
Du Y, Chen R, et al. Design, synthesis and 
bioevaluation of novel substituted 
triazines as potential dual PI3K/mTOR 
inhibitors. European Journal of Medicinal 
Chemistry. 2020;204:112637

[73] Shin Y, Suchomel J, Cardozo M, 
Duquette J, He X, Henne K, et al. 



25

Advances of Benzimidazole Derivatives as Anticancer Agents: Bench to Bedside
DOI: http://dx.doi.org/10.5772/intechopen.101702

Discovery, optimization, and in vivo 
evaluation of benzimidazole derivatives 
AM-8508 and AM-9635 as potent and 
selective PI3Kδ inhibitors. Journal of 
Medicinal Chemistry. 2016;59(1):431-447

[74] He LJ, Yang DL, Li SQ, Zhang YJ, 
Tang Y, Lei J, et al. Facile construction of 
fused benzimidazole-isoquinolinones 
that induce cell-cycle arrest and 
apoptosis in colorectal cancer cells. 
Bioorganic and Medicinal Chemistry. 
2018;26(14):3899-3908

[75] Wu TT, Guo QQ, Chen ZL, Wang LL, 
Du Y, Chen R, et al. Design, synthesis and 
bioevaluation of novel substituted 
triazines as potential dual PI3K/mTOR 
inhibitors. European Journal of Medicinal 
Chemistry. 2020;204:112637

[76] Ibrahim N, Bonnet P, Brion JD, 
Peyrat JF, Bignon J, Levaique H, et al. 
Identification of a new series of 
flavopiridol-like structures as kinase 
inhibitors with high cytotoxic potency. 
European Journal of Medicinal 
Chemistry. 2020;199:112355

[77] Sharma P, Reddy TS, Thummuri D, 
Senwar KR, Kumar NP, Naidu VG, et al. 
Synthesis and biological evaluation of 
new benzimidazole-thiazolidinedione 
hybrids as potential cytotoxic and 
apoptosis inducing agents. European 
Journal of Medicinal Chemistry. 
2016;124:608-621

[78] Sivaramakarthikeyan R, Iniyaval S, 
Saravanan V, Lim WM, Mai CW, 
Ramalingan C. Molecular hybrids 
integrated with benzimidazole and 
pyrazole structural motifs: Design, 
synthesis, biological evaluation, and 
molecular docking studies. ACS Omega. 
2020;5(17):10089-10098

[79] Mantu D, Antoci V, Moldoveanu C, 
Zbancioc G, Mangalagiu II. Hybrid 
imidazole (benzimidazole)/pyridine 

(quinoline) derivatives and evaluation of 
their anticancer and antimycobacterial 
activity. Journal of Enzyme Inhibition and 
Medicinal Chemistry. 2016;31 
(suppl. 2):96-103

[80] Sharma P, Reddy TS, Kumar NP, 
Senwar KR, Bhargava SK, Shankaraiah N. 
Conventional and microwave-assisted 
synthesis of new 1H-benzimidazole-
thiazolidinedione derivatives: A potential 
anticancer scaffold. European Journal of 
Medicinal Chemistry. 2017;138:234-245

[81] Bistrović A, Krstulović L, Harej A, 
Grbčić P, Sedić M, Koštrun S, et al. 
Design, synthesis and biological 
evaluation of novel benzimidazole 
amidines as potent multi-target inhibitors 
for the treatment of non-small cell lung 
cancer. European Journal of Medicinal 
Chemistry. 2018;143:1616-1634





27

Chapter 2

The Anticancer Profile of 
Benzimidazolium Salts and Their 
Metal Complexes
Imran Ahmad Khan, Noor ul Amin Mohsin,  
Sana Aslam and Matloob Ahmad

Abstract

Cancer is the most lethal ailment throughout the world in the present era. The 
development of new anticancer remedies with minor unhealthful effects and an alter-
nate mechanism is crucial. Benzimidazole is a distinguished heterocyclic compound 
and is now recognized as the privileged scaffold for new drug discovery. This chapter 
deals with the anticancer capability of benzimidazolium salts and their metal com-
plexes. The benzimidazolium derivatives have been prepared by the introduction of 
aliphatic and aromatic groups at two nitrogen atoms of the benzimidazole ring. Other 
modifications include hybridization with other pharmacophores and the preparation 
of metal complexes. The potent derivatives presented in this review can serve as novel 
drug candidates against cancer.

Keywords: benzimidazolium salts, Benzimidazole, metal complexes, salts, hybrid, 
silver, breast cancer (MCF-7) cell line, colon cancer (HCT-116) cell line

1. Introduction

Cancer is among the most dreadful diseases and a significant cause of assassina-
tions all over the globe. In 2018, 9.6 million expirations were because of this malady 
[1]. Breast cancer is the paramount form of cancer in women all over the world. In 
2018, 2.3 million victims and 627,000 fatalities were reported due to breast cancer. 
Prostate cancer is the second most common cancer in males and 1.3 million patients 
were reported in 2018 [1]. It has been deduced that more than 13 million people will 
die due to cancer in 2030 [2]. The major risk factors associated with cancer are chronic 
infections, inherited mutations in genes, overweight, no physical activity, exposure to 
ionizing radiation, and carcinogens such as polychlorinated biphenyls, chloroform, 
Dichlorodiphenyltrichloroethane (DDT), and formaldehyde [3]. Treatment patterns 
for cancer involve radiotherapy, surgery, and drug therapy. Drug therapy includes 
inorganic, organic, organometallic monomers, and polymers as well as nanoparticles 
[4]. Drug therapy is associated with severe adverse properties such as alopecia, 
anemia, and infertility. There is also the development of resistance against currently 
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available drugs [5]. Consequently, the development of new anticancer drugs affiliated 
with low toxicities is very significant.

Nitrogen-containing heterocycles are abundantly present in natural and syn-
thetic drug molecules [6]. Benzimidazole is one of the most significant members of 
nitrogen-containing heterocycles. This heterocycle is a constituent of the structures 
of some natural compounds such as vitamin B12 [7]. Benzimidazole derivatives 
have antihypertensive [8], anti-inflammatory [9], antimicrobial [10], antiulcer [11], 
antiviral [12], antioxidant [13], antitumor [14], lipid modulator, and anticoagulant 
properties [15]. Benzimidazole derivatives have also the major therapeutic activities 
against cancer [16–18]. Benzimidazole is also the main pharmacophore of anticancer 
drugs (Figure 1) such as bendamustine (1), selumetinib (2), and galeterone (3) out 
of which bendamustine is approved for clinical use, while the other two are in clinical 
trial stages [19, 20]. The structural resemblance of benzimidazole with nucleotides 
makes them very vital from the biological point of view [21]. Benzimidazolium salts 
are 1,3-disubstituted benzimidazole derivatives and possess acidic hydrogen at posi-
tion 2. Benzimidazole salts find application as a carbene precursor for the preparation 
of n-heterocyclic carbenes (NHC) with different metals [22]. These benzimidazolium 
salts and their complexes have displayed significant antimicrobial and anticancer 
properties [23]. This review deals with the anticancer activities of benzimidazolium 
salts and their metal complexes.

2. Anticancer properties of benzimidazolium salts

Benzimidazolium salts and their anticancer capabilities have been reviewed in the 
following sections.

2.1 Hybrid molecules containing benzimidazolium salts

Molecular hybridization has become an effective approach for new drug discovery. 
In molecular hybridization, two or more pharmacophores are linked to each other to 
produce the new molecules [24, 25]. Yang et al. synthesized hybrid molecules in which 
benzimidazolium salts were linked to trimethoxy phenyl chalcones. Compound 4 
(Figure 2) demonstrated excellent anticancer potential against leukemia (HL-60), 
breast carcinoma (MCF-7), and colon carcinoma (SW480) cell lines presenting IC50 
values of 0.83, 1.57, and 2.92 μM, respectively, which is 5–11-folds higher than the 
standard drug cisplatin. In compound 4, 2-naphthylmethyl substituent is attached 

Figure 1. 
Anticancer drugs based on benzimidazole scaffold.
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to benzimidazole nitrogen. The superior activity of these salts was related to the high 
solubility of benzimidazolium salts. Benzimidazole derivatives with substituents 
at positions 5, 6 showed greater activity as compared to unsubstituted benzimid-
azoles [26]. Karatas et al. reported a series of hybrid molecules in which coumarin 
was attached to the substituted benzimidazolium chlorides. Anticancer screening 
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay 
showed that these compounds have the potential to discontinue the cell cycle for 
human prostate (PC-3) and ovarian (A2780) cancer cells. Specifically, compound 
5 (IC50 = 44.5 μM) showed some inhibitory potential against PC-3 at the dose of 
1 μM [27]. Next year, Wang et al. produced the 3-benzyl coumarin imidazolium salts 
using the hybrid molecular strategy. The anticancer activity evaluation showed that 
compound 6 is one of the most active derivatives having IC50 values ranging from 
2.04 to 4.51 μM. The best activity was displayed versus the MCF-7 cell line having 
an IC50 value of 2.04 μM. The 5, 6-dimethyl-substituted benzimidazole hybrids 
exhibited prominent activity as compared to unsubstituted benzimidazoles or 
imidazoles. These molecules showed selectivity for MCF-7 and SW-480 cancer cell 
lines. Compound 6 also showed the apoptosis in liver carcinoma (SMMC-7721) cell 
line [28]. Deng et al. linked benzimidazolium salts with steroidal molecules such 
as cholesterol, dehydroepiandrosterone, and diosgenin. Anticancer activities were 
carried out against HL-60, A-549, SMMC-7721, SW480, and MCF-7 cancer cell lines. 
Diosgenin-imidazolium salts displayed higher activity, and compound 7 was the 
most effective having IC50 values from 0.44 to 0.79 μM against different cell lines. 

Figure 2. 
Hybrid molecules comprising benzimidazole salts and natural compounds.
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Compound 7 disrupted the cell cycle in G1/G0 stage and showed apoptosis in the 
SMMC-7721 cell line. Structure-activity relationship (SAR) studies showed that 5, 
6-dimethyl-substituted benzimidazolium salts showed excellent anticancer activity. 
Attachment of 2-bromobenzyl with 2-naphthyl methyl at position 3 of benzimidazole 
also amplified the activity [29]. Brazilin is a natural compound and possesses exten-
sive bioactivities such as anti-inflammatory, anticancer, and antioxidant [30]. Huang 
et al. connected aza-brazilin with imidazolium salts to produce hybrid molecules. 
Anticancer activity was evaluated against A549, SMMC-7721, MCF-7, and SW480 cell 
lines. Derivative 8 appeared as the most active (IC50 = 0.35 μM) against the MCF-7 
cell line and displayed more potency as compared to cisplatin. Derivatives having 
a 5,6-dimethylbenzimidazole ring displayed prominent activity. The introduction 
of electron-withdrawing groups on the aza-brazilin nucleus produced more active 
derivatives. Derivatives having an alkyl chain as linker groups produce higher potency 
as compared to acyl chains [31]. Zhou et al. also used a hybrid molecular strategy to 
conjugate N-substituted tetrahydro-β-carbolines with imidazolium salts. Compound 
9 exhibited prominent activity with IC50 values ranging from 2.61 to 17.13 μM against 
five different cancer cell lines. Most prominent activity was achieved against MCF-7 
(IC50 = 2.79 μM) and SW-480 (IC50 = 9.46 μM) cancer cell lines. Compound 9 carries 
a naphthyl methyl scaffold at position 3 of benzimidazole. Compound 9 also showed 
the phenomenon of apoptosis in the MCF-7 cell line as well as inhibited the cell cycle 
in the G1 phase [32].

Xu et al. coupled a three-substituted indole ring with imidazolium salts to produce 
new hybrid molecules. Upon evaluation of anticancer activity, compound 10 (Figure 3) 
showed prominent performance against MCF-7 (IC50 = 3.19 μM), A549 (IC50 = 3.51 μM), 
SW480 (IC50 = 11.57 μM), and SMMC-7721 (IC50 = 3.60 μM) cancer cell lines. SAR stud-
ies showed that 5,6-dimethyl-substituted benzimidazole derivatives showed prominent 
activity as compared to unsubstituted benzimidazoles. Compound 10 carries a naphthyl 
acyl ring at position 3 of the benzimidazole nucleus. Further studies showed that com-
pound 10 is capable of inducing apoptosis and caused cell cycle blockage in the S phase 
[33]. Li et al. synthesized carbazole and imidazolium salts using the molecular hybridiza-
tion technique. Replacement of the imidazole ring by the benzimidazole increased the 
anticancer selectivity against a particular cell line. Among the benzimidazolium salts, 
derivative 11 showed excellent activity against the HeLa cell line (IC50 = 0.02 μM) as 
compared to standard drug cisplatin (IC50 = 13.61 μM) [34]. Wang et al. synthesized 
imidazolium salts and dibenzofuran comprising hybrid molecules. The estimation of 
anticancer activity against five cancer cell lines showed that 2-methylbenzimidazolium 
and dibenzofuran hybrid molecular salts are more active as compared to individual 
molecules. 2-Methyl-substituted benzimidazolium salts showed higher activity as 
compared to unsubstituted and 5,6-dimethylbenzimidazolium salts. Compound 12 
expressed prominent activity (IC50 = 0.64–1.47 μM) against MCF-7, A549, SW480, 
HL-60, and SMMC-7721 cancer cell lines. Most prominent activity was observed 
against MCF-7 (IC50 = 0.64 μM) and SW-480 (IC50 = 0.88 μM) cell lines. Compound 12 
carries a 4-methoxy phenacyl substituent at position 3 of the benzimidazole nucleus. 
Replacement of 4-methoxy phenacyl substituent by 2-naphthylacyl also produced 
potent derivatives [35]. Zhang and co-workers synthesized hybrid molecules comprising 
2,3,6,7-tetrahydrobenzodifuran and imidazolium salts. Compound 13 appeared as the 
most active derivative against five cancer cell lines having an IC50 value less than 4.34 μM. 
Compound 13 showed selectivity for A549, SMMC-7721, and SW-480 cancer cell lines. 
Some derivatives of this series also exhibited the phenomenon of apoptosis and seized 



31

The Anticancer Profile of Benzimidazolium Salts and Their Metal Complexes
DOI: http://dx.doi.org/10.5772/intechopen.101729

cell cycle in the G1 stage [36]. Zhou et al. manufactured hexahydropyrrolo[2,3b]indole-
1H-imidazolium salts as anticancer agents. The nitrogen at position 3 of the benzimid-
azole ring was linked to 2-bromobenzyl and 2-naphthyl methyl scaffolds. Compound 
14 emerged as the most active derivative against HL-60, MCF-7, SMMC-7721, A549, 
and SW-480 cell lines having an IC50 value less than 2.68 μM. The introduction of the 
N-benzyl group at the indole nitrogen also increased the activity [37].

2.2 Benzimidazolium salts having aromatic and aliphatic substituents

Akkoc et al. reported benzimidazolium salts screened for anticancer potential 
against human embryonic kidney (HEK-293 T), human colon epithelial colorec-
tal adenocarcinoma (DLD-1), and human breast epithelial adenocarcinoma 
(MDA-MB-231) cancer cell lines by using MTT assay. Palladium (Pd) metal 
complexes were also prepared and found inactive against these cells lines having 
IC50 values over 100 μM. The naphthalen-1-yl-methyl incorporated benzimidazo-
lium chloride 15 (Figure 4) (IC50 = 26.09 μM) showed most cytotoxicity against 
DLD-1 cell line [38]. In an additional study, Akkoc and his coworkers reported a 

Figure 3. 
Hybrid molecules of benzimidazole salts with synthetic molecules.
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novel series of benzimidazolium salts containing cyanobenzyl, nitrophenyl, and 
N-methylphthalimide substitutions. All salts were tested for their cytotoxicity against 
DLD-1 and human breast cancer (MDA-MB-231) cell lines. Compounds 16 and 17 
demonstrated exceptional activity against MDA-MB-231 cell lines with IC50 values 
of 1.26 and 2.01 μM and were considerably better than cisplatin (IC50 = 5.77 μM). 
Derivatives 16 and 17 contain anthracene and naphthalene rings, respectively, 
attached with the nitrogen of benzimidazole. The N1 and N3 substituents produced 
a prominent effect on anticancer activity [39]. In 2019, Akkoc extended his previous 
finding of cytotoxicity of benzimidazolium salts. In this regard, 2-hydroxyethyl-
containing benzimidazolium salts along with respective Pd-complexes were prepared 
and their anticancer capacity was noted against human cancer cell lines. Surprisingly, 
compound 18 exhibited notable activity against MDA-MB-231 (IC50 = 7.59 μM) and 
DLD-1 (IC50 = 39.51 μM) cell lines in comparison with their Pd-complexes [40].

Lin et al. synthesized 1,3-bis-naphthyl-substituted benzimidazolium bromides 
and estimated for activity against MDA-MB-468 as well as PC-3 cell lines. As 
compared to the standard drug tamoxifen (IC50 = 22.5 μM), compound 19 (Figure 5) 
was found as an active agent (IC50 = 9.7 μM) against MDA-MB-468. The presence 
of the naphthyl group was vital for the activity of these derivatives [41]. Wright 
et al. synthesized naphthalene-substituted imidazolium salts and evaluated the 
anticancer performance against non-small-cell lung cancer (NSCLC) cell lines. 
The anticancer activity was evaluated by the MTT assay. Compound 20, the 
benzimidazolium salt, displayed IC50 values of 3, 4, and 5 μM against NCI-H460, 
NCI-H1975, and HCC-827, respectively. Compound 20 carries naphthyl rings at 
both nitrogens of benzimidazole [42]. Stromyer et al. synthesized benzimidazole 

Figure 4. 
Benzimidazole salts having aromatic substituents.



33

The Anticancer Profile of Benzimidazolium Salts and Their Metal Complexes
DOI: http://dx.doi.org/10.5772/intechopen.101729

salts having triphenylphosphonium group. The nitrogen atoms of benzimidazole 
were linked with naphthyl methyl groups. Compound 21 revealed marvelous 
activity against bladder cancer cell lines RT4, RT112, UMUC3, and SW780. This 
compound also showed apoptosis by causing mitochondrial damage. The drug 
causes a rapid and irreversible effect against bladder cancer [43]. Shelton et al. syn-
thesized N,N-bis-arylmethyl-substituted benzimidazolium salts via cyclization of 
o-phenylenediamine or 2-(2-(2-methoxy ethoxy)ethoxy)acetic acid with 2-(chlo-
romethyl) quinolone or 2-(bromomethyl)-naphthalene followed by alkylation and 
quaternization. Various hydrophilic and hydrophobic groups were added at both 
nitrogen atoms of benzimidazole. Insight into in vitro cytotoxicity of synthesized 
salts, compound 22 showed adequate activity against NSCLC cancer cells having 
IC50 values ranging between 1 and 7 μM comparable to the standard drug, cisplatin. 
This compound bears quinoline and naphthalene rings to both nitrogen atoms of 
benzimidazole. The presence of ether linkage at position two increased the hydro-
philicity of this compound [44].

Bansode et al. carried out the synthesis of ferrocene-linked ionic liquids by incor-
porating long alkyl chains. Anticancer activity was evaluated against MCF-7 by using 
sulforhodamine B assay. These ferrocene-quaternized azolium salts showed signifi-
cant cytotoxic potential against MCF-7 and 1-(ferrocenylmethyl)-3-tetradecylbenz-
imidazolium bromide 23 (Figure 6) was found to be most potent (GI50 = 0.016 μM) 
as compared to standard drug doxorubicin (GI50 = 0.018 μM). Derivatives in this 
followed the Lipinski rule of five and showed excellent pharmacokinetic properties 
[45]. Kucukbay et al. synthesized N, N-disubstituted benzimidazolium bromides 
and evaluated anticancer activity against PC-3 and ovarian (A2780) cancer cell lines. 
Derivatives 24-26 presented prominent activity against PC-3 and A2780 cancer 
cell lines having IC50 values in micromolar concentration. These compounds bear 
a 4-methoxyphenyl ethyl group at the benzimidazole nitrogen [46]. Haque et al. 
prepared a collection of bis-benzimidazolium salts and evaluated against human 
colon cancer (HCT-116). All compounds showed superior activity than the reference 

Figure 5. 
Benzimidazole salts having naphthalene and quinoline rings.
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drug, fluorouracil. Derivatives having N-methylene phenyl substituents presented 
prominent activities. The highest anticancer potential was observed in the case of 
derivative 27 (IC50 = 0.2 μM) remarkably better than reference drug, 5-fluorouracil 
(IC50 = 19.2 μM) [47]. Noor ul Huda et al. synthesized bis-NHC benzimidazolium salts 
and evaluated them as antimicrobial and anticancer agents. Compound 28 exhibited 
prominent activity against HCT-116 cancer cell lines showing 75% inhibition at 1 mg/
ml as determined by using sulforhodamine Β assay. Compound 28 contains a lipo-
philic alkyl chain and the lipophilicity of the alkyl chain was linked to the increased 
activity of this derivative [48].

2.3 Benzimidazolium silver metal complexes

Cisplatin is the first metal-based drug used for the cure of cancer [49]. The seren-
dipitous discovery of cisplatin stimulated the search for new metal-based anticancer 
agents. Silver (Ag) salts have been used as antimicrobial agents for purification of 
drinking water and wound healing [50, 51]. Based on its antimicrobial property, silver 
has also been explored as an anticancer agent. N-Heterocyclic carbenes (NHC) are a 
prominent family of organometallic ligands.

2.3.1 Bis-benzimidazolium silver metal complexes

Iqbal and his coworkers performed a detailed study to reduce the risk of malignant 
neoplasm and reported novel binuclear benzimidazolium salt and correspond-
ing Ag (I) NHC complex. Compound 29 (Figure 7)presented prominent activity 
(IC50 = 1.7 μM) against HCT-116 cell line. This compound also showed significant 
inhibition of inflammatory cytokines such as tumor necrosis factor-alpha and 
interleukin in human macrophages. Compound 29 showed apoptotic activity via 
inhibition of the caspase pathway. Photomicrographs of the cell treated with com-
pound 29 showed deposition of silver in cells [52]. Gadhayeb et al. carried out the 
synthesis of mono- and bis-NHC complexes having palladium (Pd) and silver metals. 
The anticancer activity was evaluated out against HCT-116 cell line. Compounds 

Figure 6. 
Bis-benzimidazolium and ferrocene-linked benzimidazolium salts.
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30 and 31 exhibited prominent activities having IC50 values of 12.3 ± 1.2 μM and 
10.6 ± 1.8 μM, respectively. The mono-NHC showed more activity as compared to 
bis-NHC. The increased activity of compound 31 could be due to the increased release 
of silver from the mono-NHC complex. These compounds contain a butyl chain at the 
benzimidazole nitrogen [53]. Following this principle, Sarhan et al. reported benz-
imidazolium-acridine-based salts and metal complexes with pronounced biological 
potential. Specifically, compound 32 can be considered an excellent in vitro anticancer 
agent against MCF-7 (IC50 = 21 μM) and selectivity index of 3.6. Therefore, Ag-NHC 
complexes demonstrated prominent activity [54]. A series of 5-methyl benzimid-
azole-based n-heterocyclic carbene (NHC) salts and their silver (I)-complexes were 
prepared by Habib et al. The Ag (I)-benzimidazolium complexes showed dominant 
activity against human breast cancer (MDA-MB-231) and colon cancer (HCT-
116) as compared to NHC salts. Compound 33 showed promising activity against 
MDA-MB-231 (IC50 = 4.2 ± 0.24 μM, SI = 7.63) and HCT-116 (IC50 = 7.43 ± 0.23 μM 
SI = 4.33) as compared to reference drug (IC50 = 8.20 ± 0.14 μM and 5.5 ± 0.34 μM) 
against these cell lines respectively. Compound 33 carries pentyl chains at both nitro-
gen atoms of the benzimidazole core. Derivatives having a longer alkyl chain were 
found more active. These molecules showed dose-dependent cytotoxicities and apop-
tosis by mitochondrial pathways [55]. A range of substituted Ag(I)-benzimidazolium 
carbene complexes were reported by Atif et al. and in vitro anticancer studies were 
carried out against MCF-7, HCT 116, and erythromyeloblastoid leukemia (K-562) 

Figure 7.  
Mono and binuclear bis-benzimidazolium silver metal complexes.
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cell lines. Promising anticancer activity was shown by 34 (IC50 = 0.31 μM) against 
the K-562 cell line. Compound 34 is a bis-benzimidazole silver complex and carries 
propyl groups at both nitrogen atoms of benzimidazole rings [56].

Achar et al. reported a novel series based on benzimidazolium salts linked with 
coumarin heterocycle, and their silver cationic bis-NHC and Ag neutral mono-NHC 
were synthesized. The anticancer activity was evaluated by sulforhodamine assay. 
Complex 35 (Figure 8) exhibited moderate activity against the A549 cell line having 
an IC50 value of 8.3 ± 0.40 μM. Compound 35 is the bis-NHC-coordinated Ag hexaflu-
orophosphate (PF6) salt. The mono-NHC coordinates Ag acetate complexes showed 
inferior activity with IC50 values greater than 10 μM. Bis-NHC complexes also showed 
prominent antibacterial activity [57]. Yasar et al. also worked out to yield novel 
zwitterionic-sulfonated benzimidazolium salts and their Ag-(I) complexes by follow-
ing a reported synthetic approach. Anticancer activity was assessed against human 
cervix carcinoma (HeLa), human adenocarcinoma (HT29), and mouse fibroblast 
(L929) cancer cell lines. Silver complexes were found most active as compared to their 
salts. Compound 36 (IC50 = 11 ± 1 μM) showed higher potency against HT29 cancer 
cell line as compared to cisplatin (IC50 = 42 ± 6 μM). Compound 36 was found to be 
the least toxic (IC50 = 126 ± 3 μM) against non-cancer L929 cell lines [58]. Karlık et 
al. prepared a series of aqua-bis-benzimidazole Ag (I) p-toluene sulfonate complexes 
via a multistep approach and investigated their anticancer properties against human 
colorectal (Caco-2) and MCF-7 cancer cell lines. Salts were found to be ineffective 
against these cell lines. Benzimidazolium Ag complex 37 (IC50 value of 9 ± 3 μM) 
showed excellent activity against the Caco-2 cell line but was inactive against the 
MCF-7 cell line. Derivatives 37 carries an o-chloro-substituted benzyl group attached 
with the nitrogen of benzimidazole and this substituent was found more effective at 

Figure 8. 
Bis-benzimidazolium silver metal complexes having alkyl chain, heterocyclic and aromatic scaffold.
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this position as compared to o-methyl and p-methyl analogues [59]. Fatima et al. suc-
cessfully explored the cytotoxic effect of different alkyl chains on benzimidazolium-
based Ag complexes. It was observed that compound 38 containing longer n-alkyl 
chains showed the best cytotoxic potential against HCT-116 (IC50 = 0.02 μM) as 
compared to 5-fluorouracil (IC50 = 10.2 μM) as a standard drug. The incorporation of 
silver ions and elongation of the alkyl chain amplified the anticancer activity [60].

Similarly, Haque et al. prepared Ag(I) complexes containing nitrile-functionalized 
benzimidazolium salt as an active agent against HCT-116. Among all synthesized 
complexes, compound 39 (IC50 = 14.9 ± 0.8 μM) showed the highest cytotoxicity 
as compared to fluorouracil (IC50 = 5.2 ± 0.3 μM). The activity was linked to the 
nitrile group (Figure 9) at the meta position of the benzyl group causing the weak 
electron-withdrawing effect [61]. Early on, Haque et al. also synthesized silver metal 
complexes containing benzimidazolium ligand. These silver-based benzimidazolium 
complexes are capable of slow release of the silver ion at the cancerous cell, affect-
ing cell morphology. Complex 40 (IC50 = 1.20 ± 0.3 μM), a binuclear silver entity, 
expressed superior activity as compared to fluorouracil (IC50 = 5.2 ± 0.3 μM) against 
HCT-116. Complex 40 was found to be the least active (IC50 = 103 ± 2.3 μM) against 
the HT29 cell line. Therefore, the HT-29 cell line was found to be resistant to this 
complex [62]. Hussaini et al. successfully formulated silver (I)-benzimidazolium 
carbenes. A series of propylene-linked bis-benzimidazolium salts having different 
alkyl chains and respective binuclear silver complexes were prepared. Complexes 
showed dose-dependent cytotoxicities. Their cytotoxic studies against the MCF-7 cell 
line revealed compound 41 as the most active (IC50 = 7 ± 1 μM) complex as compared 
to tamoxifen (IC50 = 11 ± 2 μM). The presence of the propyl chain at the benzimid-
azole nucleus was found to be optimum for anticancer activity [63]. Later on, in 2018, 

Figure 9. 
Bis-benzimidazolium silver metal complexes containing aliphatic nitriles, aromatic nitriles, benzyl and 
alkyl chains.
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Hussaini and his coworkers reported benzimidazolium salts having aliphatic nitrile 
group and their Ag (I)-benzimidazolium carbenes complexes. All of these NHC 
complexes showed good cytotoxicities with IC50 values in the range of 7.0–12.9 μM 
against the MCF-7 cell line. Compound 42 (IC50 = 7 ± 1.06 μM) was found to be the 
most potent and it carries a pentyl chain attached to the benzimidazole nitrogen. 
Cytotoxicities of these compounds increase as the alkyl chain length expands [64].

2.3.2 Benzimidazolium silver and gold metal complexes

Akkoc et al. reported a series of silver- and palladium-based metal complexes with 
benzimidazolium ligand. This attempt was made in search of the non-platinum anti-
tumor drugs due to the observed side effects of cisplatin and nedaplatin. However, 
silver complex 43 (Figure 10) showed promising in vitro cytotoxic potential against 
DLD-1 (IC50 = 12.41 μM), MDA-MB-231 (IC50 = 11.98 μM) cancer cell lines, and HEK-
239 (IC50 = 4.2 μM) non-cancer cell lines. Therefore, the silver complex was found 
more potent than the palladium complex [65]. Sahin et al. employed the conventional 
technique to synthesize n-allyl-substituted benzimidazolium-based carbene and cor-
responding Ag-(I) complexes. The first step was to obtain n-alkylated benzimidazole 
and later followed by salt formation. Silver dioxide was used to obtain the allyl-linked 
benzimidazolium Ag-(I) complex. Among all synthesized compounds, derivatives 44 
(IC50 = 1.41 μM) and 45 (IC50 = 1.21 μM) showed the best in vitro anticancer poten-
tial against DU-145 and MCF-7, and MDA-MB-231 (IC50 < 1 μM) cancer cell lines. 
Derivatives 44 and 45 also exhibited some degree of selectivity [66]. Ozdemir  
et al. carried out the synthesis of silver and gold (Au) NHC-propyl sulfonate com-
plexes. Silver complexes presented dominant activity as compared to gold salts. 
Compounds 46 (IC50 = 2.32 ± 0.089 μM) and 47 (IC50 = 9.31 ± 0.95 μM) presented 
prominent in vitro activities against adenocarcinoma (HEP3B) cancer cell lines. 
Complexes 46 and 47 are silver and gold complexes, respectively. These complexes 

Figure 10. 
Benzimidazolium silver and gold metal complexes.



39

The Anticancer Profile of Benzimidazolium Salts and Their Metal Complexes
DOI: http://dx.doi.org/10.5772/intechopen.101729

possess a dimethoxyethyl group at the benzimidazole nitrogen. Replacement of 
dimethoxyethyl group by diethoxyethyl group produced less active derivatives [67].

Similarly, the synthetic work of Cevik Yildiz and his coworkers resulted in the 
formation of novel benzimidazolium salt. These benzimidazolium salts were used as a 
ligand to obtain corresponding novel Ag (I)- benzimidazolium complexes. Cytotoxic 
studies of salts and complexes were carried out against MCF-7, MDA-MB-23, DU-145 
by MTT assay. Compound 48 (Figure 11) displayed prominent activity (IC50 < 1 μM) 
against breast cancer MCF-7 and MDA-MB-23 cell lines. Compound 49 also showed 
prominent activity (IC50 < 1 μM) against the MCF-7 cell line than standard drug. 
These compounds showed concentration-dependent killing and also showed selectiv-
ity for cancer cell lines [68]. Aktas et al. carried out the synthesis of 2-morpholine 
ethyl-substituted benzimidazolium salts and their Ag-NHC complexes. Compounds 
50 (IC50 = 6.59 μM) and 51 (IC50 = 6.56 μM) exhibited prominent activity against 
MCF-7 cell line. Ag-NHC complexes presented prominent activity as compared to 
benzimidazolium salts. Compounds 50 and 51 carry methyl and tetra-methyl ben-
zyl groups at the benzimidazole nitrogen [69]. A series of di-isopropylamine ethyl 
benzimidazolium salts have been reported by Kızrak et al. These salts were further 
used as a precursor for the syntheses of corresponding silver and gold benzimidazo-
lium carbene complexes. Resultant derivatives displayed prominent activity against 
the human brain (SHSY5Y) cell line and compounds 52, 53 were most prominent 
presenting IC50 values of 5.23 and 4.74 μM, respectively. Compounds 52 and 53 are 

Figure 11. 
Benzimidazolium silver metal complexes.
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silver and gold complexes, respectively. Therefore, the gold complex was found more 
potent than silver complexes. Compound 52 was also found significant against HEP3B 
(IC50 = 6.19 ± 1.09 μM) and HTC-116 (IC50 = 8.44 ± 1.07 μM) cancer cell line [70]. 
Sahin-Bolukbasi and Sahin synthesized two new benzimidazolium salts and reacted 
with silver dioxide (Ag2O) to obtain Ag-(I) benzimidazolium complexes. Evaluation 
of the anticancer potential of all these compounds reflected the higher cytotoxic-
ity (IC50 < 1 μM) of 54 against DU-145, MCF-7, and MDA-MB-231. This compound 
carries 2-methyl propenyl and p-isopropyl benzyl substituents at the N1 and N3 
positions of benzimidazole ring [71]. Early on, Sahin-Bolukbasi et al. synthesized 
unsymmetrical benzimidazolium salt and respective Ag-(I) complexes. All of the 
synthesized compounds were subjected to cytotoxic evaluation. Higher cytotoxicity 
was noted for benzimidazolium-based Ag complexes as compared to benzimidazo-
lium salts, and particularly 55 and 56 were most active (IC50 < 1 μM) against MCF-7, 
MDA-MB-231 cancer cell lines. These compounds also demonstrated activity against 
DU-145 cell line having IC50 values of 6.02 ± 0.30 μM and 5.16 ± 0.33 μM, respectively. 
The ortho-substituted benzyl group proved more active as compared to meta- and 
para-substituted benzyl groups. And in ortho-substituted derivatives methyl group 
was found more potent as compared to the chlorine atom [72].

2.4 Selenium-based benzimidazolium salts and complexes

Selenium (Se) is very important for the human body and its deficiency can lead to 
cancer, diabetes, and cardiovascular diseases [73]. Selenium is present in some food 
and drinks in traces [74]. Recently, selenium has been incorporated in new antican-
cer agents due to its low toxicity. Kamal et al. applied a green synthetic approach to 
obtain novel benzimidazolium salts and Se-based benzimidazolium-heterocyclic 
carbenes. The in vitro anticancer potential was evaluated against RGC-5, Hela, MCF-7, 
and mouse melanoma (B16F10) cancer cell lines using fluorouracil as a standard 
drug. Prominent anticancer activity was observed against Hela and RCG cell lines. 
Among benzimidazolium salts (Figure 12), compounds 57 (IC50 = 0.04 ± 0.31 μM) 
and 58 (IC50 = 0.24 ± 0.22 μM) displayed prominent activity against Hela cell line. 

Figure 12. 
Benzimidazolium salts and selenium metal complexes.
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The corresponding Se-NHC-adducts compounds 59 (IC50 = 0.11 ± 0.20 μM) and 
60 (IC50 = 4.3 ± 0.11 μM) were found most active against Hela cell line. Compound 
59 was also effective against RCG cell line (IC50 = 9.16 ± 0.27 μM). Molecular dock-
ing investigation of compounds 59 and 60 with epidermal growth factor (EGF), 
vascular endothelial growth factor (VEGF), and cyclooxygenase (COX-1) displayed 
strong interactions [75]. Similarly, green synthesis of benzimidazolium salts and 
di-Se-N-heterocyclic carbene complexes was carried out by Iqbal et al. The benz-
imidazolium salts 61 (IC50 = 3.94 μM) and respective Se-NHC 62 (IC50 = 3.49 μM) 
displayed prominent activity against HCT-116 cell line as compared to fluorouracil 
(IC50 = 4.9 μM). Both compounds possess benzyl groups at positions 1 and 3 of the 
benzimidazole nucleus. Compounds 61 and 62 also showed some degree of apoptosis 
by the mitochondrial pathway. Further pro-apoptotic evaluation for HCT-116 even at 
low concentration due to a strong release of selenium metal for DNA interaction was 
successfully reported [76].

2.5 Ruthenium complexes based on benzimidazolium salts

Organic compounds having ruthenium (Ru) metal are also being used as anti-
cancer agents. Akkoc et al. synthesized methylpyridine-linked benzimidazolium 
salt and corresponding Ru (II) complexes containing benzimidazolium ligand. 
The antiproliferative assay revealed that 63 (Figure 13) showed DNA binding 
as well as the best cytotoxic potential against MCF-7 (IC50 = 23.8 μM), Caco-2 
(IC50 = 18.0 μM) cell lines, respectively. Compound 63 carries a hexamethyl 
phenyl ring at position 2 of the benzimidazole ring. Compound 63 showed elec-
trostatic and hydrophobic interaction with DNA and presented a binding affinity 
of −13.779 kcal/mol [77]. Omar et al. synthesized benzotriazole-functionalized 
palladium and ruthenium complexes. Comparison of cytotoxic studies revealed 
that ruthenium complexes are better than palladium complexes against MCF-7 
and Caco-2 cancer cell lines. Although the activity displayed by these compounds 

Figure 13. 
Ruthenium complexes.
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was not prominent, these compounds were found inert for normal cell line 
L-929. Compound 64 (IC50 = 90 μM) is one member of this series [78]. Lam and 
his coworkers aimed for the novel benzimidazolium-based Ru complexes with 
halogen ligands for exploration of cytotoxic potential against HCT-116, SiHa, and 
NCI-H460 cell lines. Promising cytotoxic potential was observed in case of 65 
against HCT-116 (IC50 = 6.2 ± 0.4 μM), SiHa (IC50 = 8.4 ± 0.2 μM), and NCI-H460 
(IC50 = 7.8 ± 1.0 μM) cancer cell lines. Replacement of ruthenium by osmium (Os) 
also presented equal cytotoxicity against HCT-116 cell line [79].

2.6 Miscellaneous metal complexes

As mentioned earlier, NHC-carbenes are highly reactive species depending 
upon the nature of the ligand and transition metal used; consequently, different 
transition metals have been coordinated with benzimidazolium ligand for a bet-
ter cytotoxic effect. Troung et al. studied the cytotoxicity of rhodium (Rh)- and 
iridium (Ir)-based benzimidazolium complexes. A series of rhodium and iridium 
complexes were prepared and evaluated for anticancer potential against HCT-116, 
NCI-H460, SiHa, SW480 human cancer cell lines. Compounds 66 and 67 (Figure 14) 

Figure 14. 
Benzimidazole metal complexes with gold, rhodium, iridium, and palladium.
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advertised notable activity against HCT-116 (IC50 = 7.4 ± 0.5 μM, 11 ± 0.1 μM), 
NCI-H460 (IC50 = 11 ± 1 μM, 23 ± 3 μM), SiHa (IC50 = 10 ± 1 μM, 19 ± 1 μM), SW 
(IC50 = 5.8 ± 1 μM, 19 ± 1 μM) cancer cell lines. Compounds 66 and 67 are Ir and 
Rh metal complexes, respectively. These compounds contain benzyl groups at both 
nitrogen atoms of benzimidazole. Studies of the mode of action of rhodium com-
plexes are based on the fact that instead of interaction with DNA, it accumulates 
in the cytoplasm [80]. Zhao et al. synthesized naphthyl NHC-Rh complexes by 
incorporating a hydroxy alkyl chain at benzimidazole nitrogen. Upon evaluation 
against MCF-7 cell line, compounds 68 (IC50 = 0.38 μM), 69 (IC50 = 0.45 μM), 
and 70 (IC50 = 0.72 μM) showed excellent activity as compared to standard drug 
paclitaxel (IC50 = 1.38 μM). Therefore, the introduction of the hydroxyl group 
and alkyl group at the benzimidazole nitrogen is beneficial for the activity [81]. 
Sanchez-Mora et al. reported the formation of two benzimidazolium-based Ir(I) 
complexes as new cytotoxic agents. The benzimidazole ring was substituted by 
benzyl and pentafluorobenzyl groups. The benzyl-substituted derivative presented 
prominent activity and compound 71 was found to be the strongest agent against 
PC-3 (IC50 = 10.6 ± 0.9 μM) and SKLU-7 (IC50 = 10.4 ± 1.5 μM) cell lines. This com-
pound showed less toxicity for normal cell line COS-7 [82]. Choo et al. synthesized 
pyridine-functionalized Pd-based imidazolium and benzimidazolium carbenes. 
Imidazolium Pd complex showed prominent activity against cancer cell lines. 
Benzimidazolium Pd complex 72 is also an excellent candidate for anticancer stud-
ies. Generally, NHC-Pd complexes create covalent bonding with DNA resulting in 
cross-linking of guanine base [83]. Early on in 2012, Sivaram and his coworker were 
able to synthesize new gold (I) and gold (III) complexes bearing benzimidazolium 
ligand. These complexes were mono-, homo-bis-, and hetero-bis-benzimidazole 
NHC. The hetero-bis-benzimidazole complexes are nonclassical pyrazole-derived 
NHC. Complexes 73 (IC50 = 0.284 ± 0.11 μM) and 74 (IC50 = 0.24 ± 0.01 μM) 
exhibited prominent inhibitory action against NSCLC (NCI-H1666) cell line. These 
complexes are isopropyl-substituted homo-bis and hetero-bis NHC complexes, 
respectively [84]. Rehm et al. synthesized benzimidazole platinum complexes 
having different alkyl chains such as methyl, ethyl, butyl, and octyl chains. The bis-
phosphane complexes showed the excellent anticancer activity against seven cancer 
cell lines. Compound 75 appeared as the most effective against different cancer cell 
lines having IC50 values placing from 0.10 to 0.30 μM. Complex 75 displayed promi-
nent activity (IC50 = 0.10 ± 0.01 μM) against multidrug-resistant strains of MCF-7. 
Cell cycle analysis of some complexes indicated that they produced cell blockage in 
the G1 stage [85].

3. Conclusion

The pharmacological properties of benzimidazolium salts have attracted the atten-
tion of medicinal chemists. The resemblance of benzimidazole scaffold with purine 
bases establishes it biologically significant. Benzimidazolium salts have demonstrated 
promising activities against various cancer cell lines. Benzimidazolium salts deriva-
tives have been prepared by the functionalization of two nitrogen atoms in the imid-
azole ring along with the preparation of hybrid molecules, and metal complexes. The 
hybridization of benzimidazole salts with natural compounds such as chalcones and 
steroids exhibited prominent activities (IC50 < 1 μM) against various cancer cell lines. 
Some hybrids compounds also showed the phenomenon of apoptosis. Compounds 
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carrying alkyl chains and aromatic rings at benzimidazole nitrogen showed pro-
nounced activity. The introduction of phenyl, naphthalene, anthracene, and quino-
line rings at the benzimidazole nitrogens through methylene groups intensified the 
anticancer activity. The 5,6-dimethyl-substituted benzimidazole derivatives were also 
found more active as compared to unsubstituted benzimidazole rings. In the case of 
silver metal complexes, bis-benzimidazolium complexes exhibited exceptional activ-
ity against colon cancer (IC50 < 1 μM) cell line. But silver metal complexes presented 
less selectivity indices. Mono-benzimidazolium metal complexes proved more active 
against breast cancer (IC50 < 1 μM) cell lines. In some derivatives, the introduction of 
a long alkyl chain at the benzimidazole nitrogen is beneficial for the augmentation of 
anticancer activity. The activity of selenium metal complexes was almost equivalent 
to their respective salts. While the halogen-substituted ruthenium benzimidazole 
metal complexes showed moderate activity. Rhodium, platinum, and gold complexes 
have also shown encouraging anticancer activities and are excellent candidates for 
future investigations. The in vivo investigations of potent compounds mentioned in 
this chapter could lead to further developments in the field.
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Chapter 3

Benzimidazole: Pharmacological
Profile
Mahender Thatikayala, Anil Kumar Garige
and Hemalatha Gadegoni

Abstract

Benzimidazole is a bicyclic heterocyclic aromatic compound in which benzene
fused to imidazole moiety. Benzimidazole holds a vital role in the field of medicinal
chemistry which possesses wide variety of pharmacological activities like
antibacterial, anti cancer, antifungal, antileishmanial, anti tubercular, anti viral and
anti malarial respectively, hence the benzimidazole moiety attracting the medicinal
chemist to synthesize the different benzimidazole derivatives with wide variety of
pharmacological activities. The book chapter mainly discussed the anti cancer, anti
HIV, antileishmanial and anti tubercular activites of recently synthesized
benzimidazole derivatives.

Keywords: benzimidazole, anti cancer, anti HIV, antileishmanial, anti tubercular

1. Introduction

Benzimidazole is bicyclic heterocyclic aromatic compound in which benzene ring
fused to 4 and 5 position of imidazole ring, it contain two nitrogen atoms at 1 and 3
position exhibit both acidic and basic nature called amphotericin nature and exists in
two equivalent tautomeric forms, when the hydrogen present at first position nitrogen
atom possess acidic nature, when the hydrogen present at third position nitrogen atom
possess basic nature (Figures 1) [1]. Benzimidazole is a very important important
pharmacophore among all the heterocyclic compounds due to its important pharma-
cological activities like anti-Alzheimer [2], antibacterial [3], anti cancer [4], anti-
diabetic [5], antifungal [6], anti HIV [7], anti leishmanial [8], anti inflammatory [9],
analgesic [9], anti malarial [10], anti microbial [11] and anti tubercular [12] activity,
there are many benzimidazole derivatives are using to treat many diseases, few pres-
ently marketing drugs contain benzimidazole moiety are the bezitramide using as an
analgesic, ridinilazole sing as antibacterial, the candesartan, mibefradil using as anti-
hypertensive drugs, mebendazole, albendazole, thiabendazole, and flubendazole usng
as antihelminthics, astemizole, bilastine using as antihistamines, pantoprazole,
lansoprazole, esomeprazole, ilaprazole using as proton pump inhibitors,
bendamustine, selumetinib, galeterone, pracinostat using as antitumor agents and
enviradine, samatasvir, and maribavir using as antiviral agents (Figures 2) [13–17].
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2. Pharmacological profile of benzimidazole derivatives

2.1 Anti cancer activity

In the year of 2019 Tahlan et al., reported the synthesis and anti cancer activity of
the new benzimidazole derivatives, among all the derivatives the compound 1
(Figure 3) found to be best activity at IC50 value of 4.53 μM against the human
colorectal cancer cell line [4], same authors in 2018 reported the compound 2 (Figure 3)
showed best activity at IC50 value of 4.12 μM against the human colorectal carcinoma
cell line (HCT116) [18], same year few authors reported the synthesis, anti anti cancer
activity of the new benzimidazole derivatives, Aikman et al., reported the compound 3
(Figure 3) found to be best active compound at EC50 value of 5 � 2 μM against the
melanoma (A375) cells [19], Mohamed et al., reported the compound 4 (Figure 3)
showed best activity at IC50 value of 80,35, 72 μg/ml against the against human breast
adenocarcinoma (MCF-7), human lung carcinoma (A549), human epitheloid cervix
carcinoma (HELA) [20], Gohary et al., reported the compound 5 (Figure 3) showed
significant activity at IC50value of 0.022, 0.014, 0.015 μM against the against liver
cancer (HepG2), colon cancer (HCT-116), breast cancer (MCF-7) cells [21], in 2017
Wang et al., reported the synthesis, anti-cancer activity of the chrysin benzimidazole
derivatives, the compound 6 (Figure 3) showed significant activity at IC50 values of
25.72� 3.95 μM against MFC cells [22] and Yadav et al., reported the anti cancer activity
of synthesized the 2-(1H-benzo[d]imidazol-2-ylthio)acetami do)-N-(substituted-4-
oxothiazolidin-3-yl)acetamides, the compound 7, 8 (Figure 3) showed significant
activity at IC50 value of 0.00005, 0.00012 μM/ml against HCT116 cell line [23], Onnis
et al., reported the anti cancer activity of benzimidazolehydrazones, the compound 9
(Figure 3) showed excellent activity at IC50 value of 0.98 � 0.02 μM against human
T-lymphoblastic leukemia (CEM) cells [24].

In 2015 few authors worked on synthesis of benzimidazole and evaluated the
nti-cancer activit, the Gao et al., reported the compound 10 (Figure 3) showed good
activity at IC50 value of 2.68 μM against K562 and HepG-2 cells [25], Kamal et al.,
reported the compound 11 (Figure 3) found to be best at IC50 value of 1.8 μM against

Figure 1.
Chemistry of benzimidazole [1].
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Figure 2.
Structures of marketing drugs containing benzimidazole moiety [13–17].
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Figure 3.
Structures of effective anticancer compounds.
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most of the tumor cell lines [26], T.S. Reddy et al., reported the compounds 12, 13
(Figure 3) showed best anti-cancer activity with IC50 values of 1.81, 0.83, 1.76, 1.13,
0.95, 1.57 μM against lung (A549), breast (MCF-7), cervical (HeLa) human tumor cell
lines [27], Rodionov et al., reported the compound 14 (Figure 3) found to be good
activity with 87% tumor growth inhibition against carcinoma75 [28], Sharma et al.,
reported the Compound 15 (Figure 3) showed maximum activity at GI50 values of
3.16, 2, 1.36 μM against colon cancer, CNS cancer and ovarian cancer [29] and Wang
et al., reported the compound 16 (Figure 3) showed excellent activity at GI50 values of
2.4, 3.8, 5.1 μM against human lung adenocarcinoma cells (A549), human liver
hapatocellular carcinoma (HepG2), human breast carcinoma cells (MCF-7) [30].

In 2014 Yoon et al., evaluated the anti cancer activity of synthesized novel benz-
imidazole derivatives, the compounds 17 (Figure 3) 18 (Figure 4) found to be good at
IC50 value of 49.63, 46.33, 62.43, 42.30 μM against breast cancer cells (MCF-7), triple-
negative breast cancer cells (MDA-MB-468) [31], same year Wang et al., reported
anticancer activity of benzimidazole-2-urea derivates, the compound 19 (Figure 4)
showed significant activity at IC50 value range of 0.006 to1.774 μM against the K562,
A431, HepG2, Hela, MDA-MB-435S cancer cells [32], Salahuddin et al., reported the
compound 20 (Figure 4) showed best anti cancer activity at a percentage growth of
36.23, 47.56 against Breast cancer (MDA-MB-468), Melanoma (SK-MEL-28) cells
[33], Paul et al., reported the compound 21 (Figure 4) found to be good anticancer
activity at GI50 values of 0.34, 0.31 μM against colon cancer cell lines, prostate cancer
cell lines [34], Madabushi et al., reported the compound 22 (Figure 4) showed best
anticancer activity at IC50 values of 5.2, 9.8, 12.3, 11.1 μM against A549, MCF7, DU145,
HeLa human cancer cell lines [35] and Guan et al., reported the compound 23
(Figure 4) showed significant anticancer activity with IC50 values of 0.098, 0.15,
0.13 μM against SGC-7901, A-549, HT-1080 human cancer cell lines [36].

In 2013 Sharma et al., reported the anti cancer activity of synthesized the benz-
imidazole quinazoline hybrids, the compound 24 (Figure 4) found to be activity with
percentage growth of inhibition of 98, 94.2, 94.3, 97.5 against leukemia (K-562, SR),
colon (HT29), melanoma (LOX IMVI) human cancer cell lines [37], in the same year
Husain et al., reported the synthesis and the anti cancer activity of benzimidazole
clubbed with triazolo-thiadiazoles and triazolo-thiadiazines, the compound 25
(Figure 4) found to be maximum activity with growth inhibition with GI50 values
ranging from 0.20 to 2.58 mM against eukemia cell lines [38], Nassan et al., reported
the anti cancer activity of synthesized novel 1,2,3,4 tetrahydro[1,2,4]triazino[4,5-a]
benzimidazoles, the compound 26 (Figure 4) showed excellent activity at IC50 value
of 0.0390 μM against human breast adenocarcinoma cell line (MCF7) [39] and
Hranjec et al., reported the anti cancer activity of synthesized the novel benzimidazole
schiff bases, the compound 27, 28 (Figure 4) found to be significant activity at IC50

values of 4.73, 0.96, 3.24, 1.67 μM against HeLa, WI38 cell lines [40].

2.2 Anti HIV activity

In the year of 2020 Srivastava et al., reported the synthesis and anti HIV activity of
the new benzimidazole derivatives, among all the derivatives the compound 29
(Figure 5) found to be best activity at IC50 value of 0.386 � 10�5 μM against HIV-1
[7], Iannazzo et al., reported the synthesis and anti HIV activity of the new benz-
imidazole derivatives, among all the derivatives the compound 30 (Figure 5) showed
best activity at IC50 value of 0.09 μg/mL against HIV-1 [41], Yadav et al., reported the
anti HIV activity of synthesized benzimidazole derivatives, in all the synthesized
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derivatives the compounds 31–34 (Figure 5) found to be best active compounds with
more than 50% of RT inhibition at concentration of 20 μM against HIV-1 [42], same
year Pan et al., evaluated the anti HIV activity of synthesized benzimidazoles, the
compounds 35, 36 (Figure 5) found to be significant activity with IC50 values of 3.45,
58.03 nM against HIV-1 [43], Masoudi et al., synthesized the new benzimidazole
derivatives, evaluated the anti HIV activity, among all the synthesized derivatives,
compounds 37 (Figure 5) found to be significant activity at EC50 1.15 μg/mL against
HIV-1 and HIV-2 [44].

 

Figure 4.
Structures of effective anticancer compounds.
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2.3 Anti leishmanial activity

M. Tonelli et al., reported the antileishmanial activity of newly synthesized benz-
imidazole derivatives, among all the derivatives compound 38 (Figure 6) found to be

 

Figure 5.
Structures of effective anti-HIV compounds.
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significant inhibition of promastigotes, amastigotes of Leishmania tropica, Leishmania
infantum at IC50 values of 0.19, 0.34, 0.31 μM and compound 39 (Figure 6) inhibited
promastigotes of Leishmani infantum at IC50 value of 3.70, 4.76 μM [8], Oh et al.,
reported the antileishmanial activity of newly synthesized benzimidazole derivatives,
among all the derivatives compound 40, 41 (Figure 6) found to be most active against
promastigotes, amastigotes of Leishmania donavani at EC50 values of 1.25, 3.05, 1.48
5.29 μM [45].

2.4 Anti tubercular activity

In the year of 2019 S. Manivannan et al., reported the synthesis anti tubercular
activity of benzimidazole derivatives, among all the derivatives compound 42, 43
(Figure 7) showed best anti tubercular activity with MIC values of 6.5, 6.5, 12.5, 6.5,
12.5, 6.5 μg/mL against Mycobaterium tuberculosis H37Rv, drug-resistant, drug-
susceptible strains [12], previous year Mohanty et al., reported the anti tubercular
activity of synthesized the novel azo derivatives of benzimidazoles, in all the deriva-
tives the compounds 44 (Figure 7) showed best activity at IC50 value of 0.119 μM/mL
against Mycobaterium tuberculosis [46], before previous year Yadav et al., synthesized
the benzimidazole derivatives, reported the anti tubercular activity the compounds
45–53 (Figure 7) at MIC value of 12.5 μg/mL against Mycobaterium tuberculosis strains
of H37Rv [47]. In the year of 2015 Ramprasad et al., reported the synthesis, anti
tubercular activity of the imidazo[2,1-b][1,3,4]thiadiazole-benzimidazole derivatives,
the compounds 54–60 (Figures 7 and 8) showed best activity at MIC value of
3.125 μg/mL against Mycobaterium tuberculosis strains of H37Rv, Species192, Specis210
[48], same year Yoon et al., evaluated the anti tubercular activity of synthesized the
new benzimidazole aminoesters, the compound 61 (Figure 8) showed best activity
with IC50 value of 11.52 μM against Mycobaterium tuberculosis strains of H37Rv [49].

In the year of 2014 many authors reported the anti tubercular activity of synthe-
sized the new benzimidazole derivatives, Gong et al., reported the compound 62

 

Figure 6.
Structures of effective anti-leishmanial compounds.
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Figure 7.
Structures of effective anti-tubercular compounds.
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Figure 8.
Structures of effective anti-tubercular compounds.
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Figure 9.
Structures of effective anti-tubercular compounds.

65

Benzimidazole: Pharmacological Profile
DOI: http://dx.doi.org/10.5772/intechopen.102091



(Figure 8) found to be best activity at MIC value of 0.20, 0.049 μg/mL against non-
replicating Mycobaterium tuberculosis and replicating Mycobacterium tuberculosis [50],
Hameed et al., reported the compound the compounds 63 (Figure 8) showed signif-
icant activity at MIC value of 0.19 μM against fluoroquinolone-resistant strains of
Mycobaterium tuberculosis [51], Kalalbandi et al., reported the compounds 64–66
(Figure 8) showed good activity at MIC value of 3.12, 3.12, 1.6 μg/mL against
Mycobaterium tuberculosis strains of H37Rv [52], Park et al., reported the compounds
67 (Figure 8) showed excellent activity at MIC value of 0.63 μg/mL against
Mycobaterium tuberculosis strains of H37Rv [53] and Gobis et al., reported the com-
pounds 68–71 (Figure 8) found to be better activity at MIC value of 0.75 μg/mL
against Mycobaterium tuberculosis strains of H37Rv, Spec. 192, Spec. 210 [54].

In the year of 2013 also many authors evaluated the anti tubercular activity of
newly synthesized benzimidazole derivatives, Nandha et al., reported the compound
72 (Figure 9) showed best activity at MIC value of 12.5 μg/mL against Mycobaterium
tuberculosis strains of H37Rv [55], Birajdara et al., reported the compound 73, 74
(Figure 9) showed good activity at MIC value of 6.25 μg/mL against Mycobaterium
tuberculosis strains of H37Rv [56], Anand et al., reported the compounds 75, 76
(Figure 9) found to be significant activity at MIC value of 1.56 μg/mL against
Mycobaterium tuberculosis strains of H37Rv [57], Awasthi et al., reported the com-
pound 77 (Figure 9) showed better activity at MIC value of 0.06 μg/mL against
Mycobaterium tuberculosis strains of H37Rv [58], Yoon et al., reported the compound
78 (Figure 9) showed best activity at MIC value of 0.115, 6.12 μM against Mycobacte-
rium tuberculosis H37Rv and INH-resistantMycobacterium tuberculosis [59] and Ranjith
et al., reported the compounds 79–83 (Figure 9) showed excellent activity at MIC
value of 1 μg/mL against Mycobacterium tuberculosis H37Rv [60].

In 2012 Patel et al., reported the anti tubercular activity of synthesized the
benzimidazolyl-1,3,4-oxadiazol-2ylthio-N-phenyl(benzothiazolyl)acetamides, among
all the synthesized derivatives, the compounds 84–86 (Figure 9) showed best activity
at MIC value of 12.5 μg/mL against Mycobaterium tuberculosis strains of H37Rv [61],

Figure 10.
Structures of effective anti-tubercular compounds.
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Sangani et al., reported the synthesis and anti tubercular activity of pyrido[1,2-a]
benzimidazole derivatives of beta-aryloxyquinoline, among all the derivative, the
compound 87 (Figure 9) found to be best active compound at MIC value of 6.25 μg/
mL against Mycobaterium tuberculosis strains of H37Rv compared with isoniazid,
refampicin [62] and Gobis et al., reported the anti tubercular activity of new benz-
imidazoles, the compound 88 (Figure 10) showed best activity at MIC value of 3.1,
1.5, 3.1 μg/mL against Mycobaterium tuberculosis strains of H37Rv, Species 192, Species
210 [63].

In 2011 few authors reported the anti tubercular activity of synthesized
benzimidaoles, Saleshier et al., reported the compounds 89–91 (Figure 10) found to
be best activity at 10, 100mcg/ml concentrations against Mycobaterium tuberculosis
[64], Camacho et al., reported the compound 92 (Figure 6) showed best activity with
MIC values of 12.5 μg/mL, 6.25 μg/mL against multidrug-resistant MDR, MTB strains
[65], Kumar et al., reported the compound 93 (Figure 6) found to be better activity at
MIC99values of 1.0 μM, 1.0 μM against Mycobaterium tuberculosis strains of H37Rv,
W210, NHN 20, NHN335, NHN382, TN587 [66] and Pieroni et al., reported the
compound 94 (Figure 10) showed excellent activity at MIC values of 0.5 μg/mL,
1.0 μg/mL, 8.0 μg/mL against Mycobaterium tuberculosis strains of H37Rv [67].

3. Conclusions

The benimidazole plays in important role in the field of medicinal chemistry, many
of the marketing drugs contain benzimidazole moiety are using to illness. In recent
medicinal chemistry research the benzimidazole derivatives are in continuous devel-
opment with many pharmacological activities such as anti-cancer, anti-HIV, anti-
leishmanial, anti-tubercular, anti-malarial, anti-inflammatory, anti-diabetic, and so
on, to meet pharmacological requirement. The present literature may helpful to
researcher, medicinal chemist, pharmacologist to design, to synthesize, to develop
pharmacologically active benzimidazole derivatives with low toxicity in future.
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Chapter 4

Exploring the Versatility of
Benzimidazole Scaffolds as
Medicinal Agents: A Brief Update
Gopakumar Kavya and Akhil Sivan

Abstract

Benzimidazole, one of the finest classes of heterocyclic aromatic compounds have
the characteristic structure of benzene fused with a five-membered imidazole ring.
Despite being made their first appearance in the late 1870s, they are considered as a
‘privileged molecule’. The applications of this wonder molecule range from medicinal
chemistry to material science. Benzimidazole being a potent inhibitor for various
enzymes has got therapeutic effects like anticancer, antimicrobial, anthelmintic, anti-
oxidant, anticonvulsant, antifungal, anti-inflammatory, antiviral, antihistaminic,
antipsychotic, etc. It has also made its existence in various branches of medical science
viz ophthalmology, neurology, cardiology and more. The applications of benzimid-
azole are not only limited to the biological field but also expanded to the field of
material chemistry as well. This chapter summarizes the pharmacological properties
of benzimidazole, illustrated on numerous derivatives since 2016.

Keywords: anti-cancer agent, Benzimidazole, biological activity, N-heterocycle,
medicinal chemistry, pharmacophore

1. Introduction

The benzimidazole nucleus is fairly unique among heterocyclic ring systems
because of its outstanding structural similarity with various naturally occurring
nucleotides [1]. In 1872, Hoebrecker synthesized the first benzimidazole molecule by
the reduction of 2-nitro-4-methylacetanilide [2]. The biological significance is because
its structure is similar to purines, and the importance of the applications depends on
their abundance in most of the biologically active molecules. The discovery of the
structure of vitamin B12 with 5, 6-dimethylbenzimidazole moiety in it, also elicited the
search for benzimidazole - similar motifs for various pharmacological applications [3–
5]. Following this, various research groups have outlined the synthesis and applica-
tions of benzimidazole [6, 7]. Benzene when fused with imidazole results in the
formation of benzimidazole (1), which can readily undergo tautomerization as shown
in Figure 1.

The greater reactivity of the 2nd position towards various electrophiles and nucle-
ophiles is the outcome of tautomerization. Many drugs contain the benzimidazole
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nucleus as a core unit and have a widespread application in the pharmaceutical field
[8–14]. The presence of benzimidazole pharmacophore in the various branches of
medical science is inexplicable. The therapeutic uses of benzimidazole include anti-
cancer [15–20], antimicrobial [21–24], antiparasitic [25, 26], anti-inflammatory and
analgesics [27–29], antiviral [30–32], and antiulcerative [33] activities and in fields
like ophthalmology, neurology, endocrinology, etc. The first example of a benzimid-
azole that was clinically available was thiabendazole (2), which can be used as a
fungicide and for antiparasitic purposes [34]. The 2, 6-disubstituted albendazole (3)
and mebendazole (4) were used as anthelmintic or antiparasitic agents. The 1, 2-
disubstituted benomyl (5) was shown to have antifungal and anticancer activities
whereas 2-substituted lansoprazole (6) acted as a therapeutic agent for the reduced
production of stomach acid and cardiac failures (Figure 2).

In this chapter, a plethora of benzimidazole analogs with different pharmacological
properties such as anticancer, antibacterial, antifungal, antiviral, anticoagulant, anti-
inflammatory, antiparasitic, anthelmintic activity, etc. has been discussed.

2. Benzimidazole and its pharmacological significance

Benzimidazoles were initially used as a plant fungicide and veterinary
anthelminthic. After the discovery and use of thiabendazole (2), these benzimidazole
motifs were used in human beings as well. Since then, a wide variety of molecules

Figure 1.
Benzimidazole (compound 1) with its tautomeric forms.

Figure 2.
Drugs (compound 2, 3, 4, 5 and 6) based on benzimidazole core.
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having the core structure as (1) were synthesized and found their application in the
medical world as well as in the material domain.

Various substituted derivatives of (1) were showcased diversified therapeutic
properties such as antiparasitic, anticancer, anthelmintic, antiproliferative,
antioxidants, antimicrobials, anti-inflammatory, antivirals, anticoagulants, antihy-
pertensive, anticonvulsant, antidiabetic, lipid level modulators, anti-HIV, immuno-
modulators, hormone modulators, proton pump inhibitors and antidepressants. They
have also used a building block for various other therapeutic agents. Let us have a
peep at some of the innumerable reports of pharmacological activities of
benzimidazole.

2.1 Anticancer activity

Cytotoxicity of benzimidazole derivatives is well known and, recently Noha et al.
reported compounds of benzimidazole which are N-(benzimidazothiazolone) acet-
amides (7) [35]. In vitro analyses provided the cytotoxic activity of (7) over HCT-116
colon cancer cells. The further detailed study delivered the topoisomerase I-β (Topo I-
β) and inhibiting activities against tubulin (Figure 3).

The role of benzimidazole analogs as potential metal-based DNA-sensor is unani-
mous. Fluorogenic differential/sequential Schiff base chemosensors which solely con-
sists of benzimidazole derivatives (8), for detecting Cu2+, CN�, P2O7

4�, and Zn2+ ions
in human cervical (HeLa) and breast cancer (MDA-MB-231 and MCF-7) cell lines
were designed by Anbu et al. [36] (Figure 3).

Drug repurposing of benzimidazole compounds is generally considered for the
reason that, it has antitumor activities. Florio and coworkers screened anthelmintics
which are derivatives of benzimidazole [37]. Certain drugs like albendazole (3),
flubendazole (9), oxibendazole (10) etc. are subjected to the evaluation of their
pharmacokinetics and physicochemical properties (Figure 3). For the potential
repurposing of the drugs in cancer therapy, a silico target prediction was used to
access the pharmacology of these benzimidazole compounds.

Figure 3.
Benzimidazole derivatives (compound 7, 8, 9 and 10) acts as cytotoxic agents, chemosensors and repurposed
drugs.
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Synthesis of N-substituted benzimidazole analogues (11–15) with an alkyl chain and
a nitrogen-containing 5- or 6-membered ring increased the anticancer effects on human
ovarian carcinoma (OVCAR-3) and human breast adenocarcinoma (MCF-7) cell lines,
were reported by Hsieh et al. [38]. (2E)-1-(1-(3-morpholinopropyl)-1H-benzimidazol-
2-yl)-3-phenyl-2-propen-1-one) (11) acts as the most potent antiproliferative drug and
has got more advantages than the standard drug, cisplatin (Figure 4).

The stabilization of proteins in the cell is being coordinated by heat shock proteins
(HSPs). HSP90 plays a major role in it. This can be reflected in cancer therapy.
Neverdauskas et al. synthesized benzimidazole derivatives with resorcinol (16) and
(17), as potential inhibitors for HSP90 (Figure 5) [39].

Benzimidazole is considered a privileged molecule in the medicinal world. Herná-
ndez-Romero et al. in 2021 synthesized first-row transition metal compounds which
contain benzimidazole moieties (18–21) as ligands in them (Figure 6) [40]. The
advancement of metallodrugs for the treatment of cancer has been rapidly evolving.
The use of benzimidazole as mono-, di-, tri-, and tetradentate ligands with metals like
Cu, Co, Zn, Ni, Mn, V, and Fe led to the formation of effective drugs for cancer
therapy by increasing the cytotoxic and antiproliferative activity.

Bistrović et al. synthesized monocationic benzimidazoles (22) and (23), starting
from o-phenylenediamines and benzaldehydes having 1,4-disubstituted-1,2,3-triazole

Figure 4.
N-substituted benzimidazole derivatives (compound 11, 12, 13, 14 and 15) with antiproliferative activity.

Figure 5.
Benzimidazole derivatives (compound 16 and 17) for the inhibition of HSP90.
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motifs and studied its antiproliferative activities [41]. These compounds showed
potent and selective activities that are cytostatic against non-small cell lung cancer
(A549) in the low nM range and could be because of apoptosis and primary necrosis
(Figure 7). Because of the presence of different amidino groups and aromatic sub-
stituents, these compounds showed a difference in their cytostatic activities in

Figure 6.
Benzimidazole derivatives (compound 18, 19, 20 and 21) as metallodrugs.

Figure 7.
Benzimidazole derivatives (compound 22, 23, 24, 25 and 26) with potential inhibition for lung, colon, and
breast cancer.
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Western blot analysis. The enzyme p38 MAPK got inhibited by both the compounds
as shown by in silico structural analysis.

The 1, 3-disubstituted benzimidazoles (24–26) were synthesized starting from o-
diphenylamine and their interactions with cancer cells proteins were examined using
molecular docking studies (Figure 7) [42]. The biochemical assay of the synthesized
compounds were compared by doing theoretical calculations whereas its biological
activity was tested against proteins such as colon cancer antigen (ID 2HQ6) and breast
cancer (ID 2AR9) by using molecular docking studies. These benzimidazolyl halides
were found to be better against the protein molecules studied and of which (26) was
found to be more potent in action among the given three.

Synthesis of imidazo[1,2-a]pyrazine appended benzimidazoles (27) and (28) was
done, starting from 1,3-dibromobenzene and evaluated its anticancer activities on the
inhibition of growth of NCI-60 human cancer cell lines [43]. The antiproliferative
activity of these molecules is attributed to causing damage to the DNA of such cells.
The planar geometry of these compounds also enhanced the intercalated binding with
cancer cells DNA. The cytotoxicity evaluation of the compounds was also done against
the human normal cell line (Hek293) and found to be very low with higher LC50

values (Figure 8).
Srour et al. in 2020 reported the formation of a novel class of 2-thiazol linked

benzimidazoles (29) and studied its inhibiting action against epidermal growth factor
receptor (EGFR) (Figure 8). The in vitro studies of the synthesized compounds using
erlotinib as a standard drug revealed its suppression activity against EGFR PK inhib-
itors, which targets human breast cancer (MCF-7) cells. They have also exhibited a

Figure 8.
Benzimidazole derivatives (compound 27, 28, 29 and 30) with NCI-60 cell line inhibition.
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very low suppression percentage among normal cells indicating its diminished side
effects when used as an antiproliferative drug [44].

Benzimidazole-tethered pyrazoles (30) have been synthesized in multi-steps by
the condensation of phenylhydrazine with acetylphenones followed by cyclization,
Vilsmeier-Haack formylation and Knoevenagel reactions (Figure 8) [45]. A study of
anti-inflammatory and antioxidant activities of the benzimidazoles showed a marked
improvement when compared with diclofenac sodium and ascorbic acid as standards
respectively. The anticancer activity was shown against human pancreatic cancer cell
line AsPCl (progenitor) and SW1990 (squamous) which was also visible in the better
binding with B-cell lymphoma in docking studies.

Mn(I) and benzimidazole co-ligands (31) with potential photo-activated carbon
monoxide releasing molecules (CORMs) were synthesized and their biological activi-
ties were studied (Figure 9) [46]. The CO releasing properties, as well as lumines-
cence intensities of these complexes, differed with the extend of conjugation and with
the degree of unsaturation present in the benzimidazole co-ligands. The bioimaging
capabilities of these complexes were proved by the absorption of it by liver cancer
cells (SK-Hep1) and human liver cells (HL-7702) under cellular fluorescence imaging
tests. Complex (31) showed excellent anticancer activities among all the molecules
synthesized.

Prosser et al. synthesized a Cu(II) complex of benzimidazole (32) and studied their
anticancer properties [47]. This derivative that was revised at the non-coordinated
nitrogen of the benzimidazole molecules, exhibited excellent cytotoxicity against
A549 adenocarcinomic alveolar basal epithelial cells (Figure 9).

Research works concentrating on the effective therapeutic agent possessing
antiproliferative activity for human gastric cancer paved the way to the discovery of
yet another benzimidazole derivative (33) with quinoline copper-based complex
(Figure 9) [48]. The complex ensures G2/M phase arrest, apoptosis, mitochondrial
dysfunction etc. and thus provides effective cytotoxicity.

Aromatase inhibitors (AIs) are compounds that control estrogen-related diseases
and hence breast cancer, as its concentration was found to be higher in such cases.
Çevik et al. in 2020 synthesized some novel benzimidazole- triazolothiadiazine

Figure 9.
Derivatives of benzimidazole (compound 31, 32 and 33) with anticancer activity against liver, lung, and gastric
cancer cells.
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libraries and examined its aromatase inhibition activities [49]. Initial screening of
these compounds towards anticancer properties against breast cancer cell line (MCF-
7) in humans, resulted in getting good results. Upon further subjecting it to in vitro
aromatase enzyme inhibition studies, the compound (34).

among them was found to be almost equal in activity when compared with a
reference drug letrozole (Figure 10).

The role of benzimidazole compounds in the treatment of breast cancer is exem-
plary. Gangrade et al. demonstrated the use of benzimidazole derivatives in the
inhibition of Wnt/β-catenin signaling [50]. The upregulation of Wnt/β-catenin sig-
naling in triple-negative breast cancer (TNBC), when compared to normal and other
breast cancer subtypes, is inevitable. Benzimidazole compounds like SRI33576 (35)
and SRI35889 (36) have a high cytotoxicity rate in TNBC cell lines. They are found to
be active inhibitors of Wnt/β-catenin signaling and have therapeutic properties for
treating TNBC (Figure 10).

Cheong and co-workers designed and synthesized benzimidazole
methylcarbamate analogue (37) with enhanced water solubility [51]. The existed
drugs that account for the treatment of metastatic cancers are not suitably aiding the
circumstances. Poorly soluble benzimidazole methylcarbamate drugs, which are
effective anthelmintics are subjected to functionalization with oxetane or an amine
group to improve the solubility and then used as an active therapeutic agent for the
treatment of metastatic cancers. Cytotoxicity towards prostate, lung, and ovarian
cancers is exhibited by the novel oxetanyl substituted compound (37) (Figure 10).

Liang and co-workers synthesized selenium-containing benzimidazole derivatives
through condensation of peptide coupling reagents and irradiation of microwaves
[52]. These selenediazole derivatives were recognized as potent anticancer agents

Figure 10.
Benzimidazole derivatives (compound 34, 35, 36, 37, 38 and 39) provide inhibition against breast, lung, and
prostate cancer cells.
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against MDA-MB-231 and MCF-7 breast cancer cell lines. Compounds (38) and (39)
showed greater cytotoxic activity towards triple-negative breast cancer cell line MDA-
MB-231 (Figure 10).

Husain et al. prepared various derivatives of furanone appended benzimidazoles,
which effectively contribute to cancer therapy [53]. Compound (40) was found active
against DU145 and MCF7 whereas compound (41) has got excellent activity against
MCF7, A549, and DU145 cell lines (Figure 11). They are potential cytotoxic agents
than the standard drug doxorubicin.

Compounds (42) and (43) are bis-benzimidazole analogs that have been
synthesized to account for cancer therapy under microwave irradiation [54]. The
anticancer activity was studied with the help of.

Figure 11.
Benzimidazole analogs (compound 40, 41, 42, 43, 44, 45, 46 and 47) with anticancer activities.
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Molinspiration software and they possess high bioactivity scores. It was also found
that they obey Lipinski’s rule and could be emerged as a lead anticancer drug (Figure 11).

Shinde and co-workers used D-glucose as the precursor for the synthesis of
ribofuranosyl nucleosides (44) and (45) (Figure 11). Evaluation of their anticancer
activity was done using the MDA-MB-231 cell line [55].

Sireesha et al. designed and synthesized benzimidazole/benzoxazole-linked
β-carbolines (46) by the condensation of two various anti-cancer fragments
(Figure 11) [56]. With the assistance of MTT assay, these compounds were subjected
for the anti-cancer screening against Colo-205 (colon), MCF-7 (breast), A2780 (ovar-
ian), and A549 (lung) and found that these exhibits maximum anti-cancer activity
with the β-carbolines hybrid.

Benzimidazole derivatives (47) with a pyrrolidine side chain can be effectively
used to treat sorafenib resistance (SR) in hepatocellular carcinoma, was reported in
2019 [57]. Mode of action is through the inhibition of proliferation of SR cell lines by
interrupting the phosphorylation of AKT, p70S6, and the downstream molecule RPS6
(Figure 11).

Synthesis of organoruthenium(II) complexes of benzimidazoles (48) and (49) was
reported by Welsh and coworkers (Figure 12) [58]. Their anti-cancer activity was
screened against triple-negative MDA-MB-231 and MCF-7 breast cancer cell lines,
respectively. Among the synthesized compounds, (48) showed more potency and
(49) showed comparable potency with the cisplatin, against the MCF-7 cell line.

2.2 Antibacterial and antifungal activity

Heterocyclic appended benzimidazoles were synthesized and their antibacterial
and antifungal activities were tested [59]. The mechanism of action of these molecules
was also examined by using docking studies with bacterial proteins such as DNA
gyrase subunit B (DNAG) and penicillin-binding protein 1a (PBP1a). The compounds
with thiazole and thiadiazole moieties (50) and (51) respectively, showed marked
inhibitory activity against Escherichia coli, Bacillus pumilus, and Staphylococcus aureus
bacteria (Figure 13).

Ajani et al. synthesized various o-substituted and 1, 2-disubstituted benzimidazoles
and examined their antibacterial properties [60].

Figure 12.
Organoruthenium benzimidazole derivatives (compound 48 and 49) with inhibition against breast cancer cell
lines.
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Benzene-1,2- diamine undergoes condensation reactions with anthranilic acid, 3, 5-
dinitrophenylbenzoic acid, and phenylacetic acid, catalyzed by NH4Cl yielded the
precursor molecules, which on reaction with electrophile-releasing agents produced
the corresponding o-substituted and 1,2-disubstituted benzimidazoles (52) and (53),
respectively (Figure 13). In vitro studies of these compounds showed a better activity
with a low minimum inhibitory concentration (MIC) value.

1-aryl-substituted 1, 2, 3-triazole appended amidinobenzimidazoles linked via
phenoxymethylene units (54) and (55) were synthesized and their anti-bacterial as
well as anti-trypanosomal activities and DNA/RNA binding affinities, were studied
[61]. Compound (54) showed a remarked inhibition against gram-positive bacteria
whereas compound (55) showed inhibition against gram-negative bacteria. These
compounds also showed binding affinities towards ctDNA. Compound (56) with
N-isopropylamidine and p-methoxyphenyl-1,2,3-triazole units exhibited enhanced
anti-trypanosomal activities against T. brucei and reduced toxicity towards mamma-
lian cells (Figure 14).

Figure 13.
Benzimidazole derivatives (compound 50, 51, 52 and 53) with inhibitory activity against common bacteria.

Figure 14.
Benzimidazole derivatives (compound 54, 55 and 56) with antibacterial and anti-trypanosomal activities.
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A microwave-assisted, Ni(II) catalyzed novel preparation of 2,6-disubstituted and
1,2,6-trisubstituted benzimidazoles were achieved by Patel and his group (Figure 15)
[62]. The in-vitro antimicrobial studies of the title compounds (57) against gram-
positive and gram-negative bacteria and fungal strains showed an improved activity
exhibited by them when compared with ampicillin, a standard drug. Certain com-
pounds show potent anti-mycobacterium tuberculosis activity, antimalarial activity,
antioxidant activity, etc. All these activities were supported by better molecular
docking scores and their pharmacokinetics were also examined by ADME-Tox
descriptors.

A comparative antimycobacterial activity study of 2,5-disubstituted and 1,2,5-tri-
substituted benzimidazoles was reported in 2020 [63]. The in vitro studies against
Mycobacterium tuberculosis H37Rv strain revealed an increased activity correlated with
lipophilicity for disubstituted compounds (58–60) than for trisubstituted ones
because of the addition of a long hydrocarbon chain at position 1 in the latter
(Figure 15).

A library of mono and disubstituted benzimidazoles were synthesized by applying
different methodologies, i.e., by using the microwave, ultrasound (US), infrared (IR),
simultaneous application of US and IR, and by conventional heating [64]. The anti-
microbial and antifungal activities of these benzimidazole derivatives were then eval-
uated. It was found that some compounds such as (61) and (62), were proved to be a
better substitute than the standard drugs trimethoprim sulfamethoxazole and micon-
azole for antimicrobial and antifungal activities, respectively (Figure 16).

Very recently, Khan et al. designed and synthesized pyrimidine-benzimidazole
hybrids (63) using the revised Biginelli reaction and evaluated its potential inhibition
of SARS-CoV-2 main protease and spike glycoprotein [65]. Investigation about the
pharmacological properties resulted in biological evidence like antimicrobial and anti-
fungal properties. The derivatives developed possess more affinity in binding and
anti-SARS-CoV-2 activity than presently approved drugs (Figure 16).

Zha et al. demonstrated benzimidazole derivatives (64) and (65) as potent
antibacterial agents (Figure 16) [66]. Properties like enzyme inhibition, DNA bind-
ing, and having a synergistic effect with existing antibiotics makes benzimidazole an
active warrior against methicillin-resistance Staphylococcus aureus (MRSA).

Figure 15.
Benzimidazole derivatives (compound 57, 58, 59 and 60) with antibacterial and antimycobacterial activities.
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Claisen-Schmidt condensation of 2-acetylbenzimidazole and aldehydes followed
by a series of steps resulted in the synthesis of benzimidazole derivative (66) [67].
They exhibit exceptional anti-microbial and anti-bacterial activities. The grafting of
certain functional groups and the presence of pyridine, pyrimidine, indole, etc.
improvises the anti-microbial activity (Figure 17).

Karaburun et al. described the multi-step synthesis of a series of benzimidazole-
1,3,4-oxadiazole derivatives (67) which are prominent for their antifungal activities
against Candida species [68]. The ergosterol inhibition power was proven via ergos-
terol quantification assay and the docking studies were performed on 14-α-sterol
(Figure 17).

Figure 16.
Potential benzimidazole-derived antibiotics (compound 61, 62, 63, 64 and 65).

Figure 17.
Benzimidazole derivatives (compound 66, 67, 68 and 69) with antimicrobial, antifungal, and antibacterial
activities.
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Recently, Aroso and co-workers computationally designed benzimidazole deriva-
tives through palladium-catalyzed reactions [69]. The reaction between 4-bromo-1,2-
diaminobenzene and 2-nitrobenzaldehyde, followed by a couple of palladium-
catalyzed Suzuki–Miyaura and Buchwald-Hartwig amination cross-coupling reactions
resulted in the formation of (68) and (69) (Figure 17). The importance of these
benzimidazoles is that it has an inhibitory effect on E. coli DNA gyrase B.

Chen et al. designed flavonoid analogs (70) which consist of benzimidazole deriv-
atives like 4H–chromen-4-one, which provides a remarkable anti-bacterial resistance
against members of Xanthomonas and Ralstonia solanacearum (Figure 18) [70].
Molecular docking studies showed the curative and protective activity for the Tobacco
mosaic virus (TMV). The inhibition rate value is high for these analogs when compared
with other anti-viral agents.

Compound (71) synthesized by Gençer and co-workers were tested against Can-
dida species through microdilution methods [71]. MTT assay and other various
microbiological studies provided the antifungal profile with good and effective in vitro
cytotoxic effects along with inhibition on ergosterol biosynthesis (Figure 18).

Synthesis of benzimidazole derivatives like triazinane (72) and oxidiazinanes (73)
through the process of amino methylation with the aid of different aryl-N, N0 unsym-
metrical thioureas were designed by Gullapelli and co-workers (Figure 18) [72]. The
antibacterial activity was evaluated by using suitable gram-positive and negative
bacterial strains.

Wang et al. reported the synthesis of a series of benzimidazole moieties (74–76)
with quinolone analogs which exhibited antibacterial and antifungal properties
(Figure 19) [73]. The bioactive assay proved that the 2-fluorobenzyl derivative has
got remarkable antimicrobial activities against the P. aeruginosa and C. tropicalis.

A novel, one-pot synthesis of 2-substituted benzimidazoles and Mannich bases
(77–80) with potent antimicrobial activity was reported by Marinescu et al. [74].

Qualitative and quantitative antimicrobial bioassay of these benzimidazole deriva-
tives showed activity against a broad spectrum of gram-positive and negative bacterial
strains both in planktonic and adherent states. The presence of nucleophilic groups
like -OH or -CH3 accounts for the microbicidal activity (Figure 20).

Figure 18.
Derivatives of benzimidazoles (compound 70, 71, 72 and 73) with potential antibacterial, antifungal, and
cytotoxic activities.
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Benzimidazoles moieties linked with N-acyl substituted indole (81–86) were dem-
onstrated by Abraham et al. [75]. The assessment of antimicrobial activity was done
against gram-negative and gram-positive bacteria like Pseudomonas aeruginosa
(MTCC424), Staphylococcus aureus (MTCC 2940), Escherichia coli (MTCC 443), and
Enterococcus fecalis. These compounds also account for the hindering of biofilm for-
mation and then the effective growth of Staphylococcus epidermis (Figure 21). Along
with this, an HRBC membrane stabilization test was carried out for the evaluation of
the anti-inflammatory activity.

Antoci and co-workers synthesized bis-(imidazole/benzimidazole)-pyridine deriv-
atives (87) through N-alkylation (Figure 22) [76]. The anti-TB activity of the com-
pound is good to excellent against both replicating and nonreplicating Mtb. The
derivatives are effective against drug-resistant Mtb and some possess a bactericidal
approach.

The synthesis of naphthyl-substituted benzimidazole derivatives (88) and (89)
was reported by Ersan et al. in 2020 [77]. The antimicrobial activity was screened and
was found that (89) showed maximum potency against all gram-positive and gram-
negative bacteria. Also, (88) actively functions as an antifungal agent. These deriva-
tives also interact with active sites of E. coli and can be accounted for inhibition of E.
coli topoisomerase I (Figure 22).

Sirim et al. designed and synthesized benzimidazole-acrylonitrile hybrid deriva-
tives from benzene-1, 2-phenyleneamine and ethyl cyanoacetate followed by reaction
with piperazines [78]. All the derived compounds exhibited anti-mycobacterial activ-
ity against M. tuberculosis H37Rv strain by microplate alamar blue assay (MABA).
Compound (90) was found to be more effective than standard drugs like isoniazid,
ciprofloxacin, rifampicin, etc. (Figure 22).

Figure 20.
Potent antimicrobial derivatives of benzimidazole (compound 77, 78, 79 and 80).

Figure 19.
Quinolone analogs of benzimidazole (compound 74, 75 and 76) with antibacterial and antifungal activities.
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Figure 21.
N-acyl substituted indole-linked benzimidazole derivatives (compound 81, 82, 83, 84, 85 and 86) as
antimicrobial agents.

Figure 22.
Benzimidazole derivatives (compound 87, 88, 89 and 90) with antibacterial and anti-TB activities.
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2.3 Antiparasitic activity

Taman et al. evaluated the antischistosomal activity of newly synthesized
benzimidazole-related compounds like NBTP-OH (91) and NBTP-F (92) [79]. The
Suzuki-Miyaura coupling reaction of 5-formyl thiophen-2-ylboronic acid and
1-bromo-4-hydroxy benzene or 1-bromo-4-flouro benzene followed by a series of
reactions resulted in the formation of compounds (91) and (92), respectively
(Figure 23). To date, the treatment of schistosomiasis depended on Praziquantel
(PZQ). The use of these two structurally related benzimidazole derivatives can be an
alternative for PZQ. The in vitro schistosomicidal assay performed on adult worms
gave the conclusion that they were considered dead through the destruction of
tegument after two minutes of treatment with 91 and 92.

Synthesis of 1, 3-disubstituted benzimidazol-2-ones (93) and (94) starting from
o-phenylenediamine and urea, followed by the evaluation of its anti-trichinellosis
efficacy was done [80]. It was found that the synthesized benzimidazole derivatives
are more effective than the standard drug albendazole, which is the traditional drug
used in the treatment against Trichinella spiralis. The estimation of antiparasitic activ-
ity was employed through the Campbell method. Selective binding of benzimidazole
moiety with the β-tubulin of the parasite results in the destruction of the cell, followed
by the death of the parasite. The in vitro activity of all the tested benzimidazole
analogs increases with the concentration against the Trichinella spiralis (Figure 23).

Molecular docking studies and quantitative structure–activity relationship (QSAR)
delivered that benzimidazole derivatives (95–97) can be used as cruzain inhibitors for
the deadly Chagas disease [81]. The model compounds used displayed a high statistical
consistency and a notable capability to predict the inhibiting sites (Figure 24). The
scenario with Chagas disease is the unavailability of an effective treatment method.
Clinical studies related to the Chagas disease and cruzain inhibitors have been on the

Figure 23.
Benzimidazole derivatives (compound 91, 92, 93 and 94) with antischistosomal and anti-trichinellosis activities.
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account of research scientists. In short, benzimidazole derivatives can be used as a
lead in the drug discovery of Chagas disease by acting against the recombinant cruzain
enzyme.

Tonelli et al. designed and synthesized benzimidazole derivatives from benzene-1,
2-diamine and various acids followed by suitable functionalization and used it as a
potent antileishmanial agent [82]. Benzimidazole derivatives were tested against
Leishmania tropica and L. infantum and were found that compounds bearing the
derivatives of 1-lupinyl were commonly more active than dialkylaminoalkyl deriva-
tives and compounds (98) exhibited the highest potency among the synthesized
compounds (Figure 25). The observed antileishmanial activity was a result of the
interaction of benzimidazole derivatives with acidic components of the cell membrane
leading to its destruction.

Exploration of the inhibitory activity of certain benzimidazole compounds like
albendazole (3), ricobendazole (99), oxfendazole (100) etc. resulted in

Figure 24.
Benzimidazole derivatives (compound 95, 96 and 97) as cruzain inhibitors for Chagas disease.

Figure 25.
Compounds 98, 99 and 100 with antileishmanial and antiparasitic activities.

92

Benzimidazole



acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibition at
nanomolar level [83]. This has got immense importance in therapy emerging for
handling the resistance among anti-cholinergic factors and in antiparasitic treatment
(Figure 25). The benzimidazole derivatives are selectively toxic towards helminths
which are considered parasites. The inhibitive effect of benzimidazole derivatives on
β-tubulin leads to disruption of function in helminths and results in its death.

2.4 Antiviral activity

Compound (101) has been synthesized in a multi-step process by Bessieres et al.
in 2021 (Figure 26) [84]. A study about the inhibition of Ebola virus infection
resulted in the design of a more potent and selective drug than the reference drug,
Toremifene.

Ibba et al. demonstrated the role of benzimidazole derivatives (102) and (103),
which are active inhibitory agents against enterovirus A71 (EV-A71), which is a major
cause for foot-mouth disease (HFMD), herpangina, etc. [85]. Penetration and apo-
ptosis assay concluded that the derivatives are capable to inhibit viral endocytosis
through reduced viral attachment and penetration to the host cells (Figure 26).

Research for the inhibitory action of chikungunya virus (CHIKV) infection led to
the discovery of benzimidazole-related antiviral agent which targets the
nonstructural protein 4 (nsP4), was reported by Wada and co-workers [86]. One of
the compounds (104), synthesized by them can effectively inhibit CHIKV by using
M2295 residue in the nonstructural protein 4 (nsP4) and with the help of CHIKV
replicons, it inhibits the RNA-dependent RNA-polymerase (RdRp) function of
CHIKV (Figure 26).

Figure 26.
Potential antiviral derivatives of benzimidazole (compound 101, 102, 103 and 104).
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2.5 Other properties like antipsychotic, antidiabetic,
anticoagulant activities, etc.

In vitro and in vivo characteristic studies of benzimidazole acetamide derivatives
(105) in the ethanol-induced neuro-degeneration model was performed by.

Imran et al. in 2021 [87]. The derivatives lowered the neurodegeneration and
inflammation of neurons by down-regulating inflammatory cascades caused by
oxidative stress (Figure 27).

The prominence of benzimidazole in the field of medicine is exceptional. Etazene
(106), a benzimidazole opioid that has got strong analgesic activity, is used as a new
psychoactive substance (Figure 27) [88]. Misuse of certain benzimidazole derivatives
can create social crises too.

Tantray and co-workers studied psychiatric disorders like depression and acknowl-
edged the fact that glycogen synthase kinase-3β (GSK-3β) dysfunction is a potential
implication [89]. They designed and synthesized several 1,3,4-oxadiazole carboxamides
linked to benzimidazoles (107) and assessed their in vitro GSK-3β inhibition. It was
found that these molecules are having antidepressant activity (Figure 27).

Hussain et al. synthesized certain benzimidazole analogs (108) for the effective
management of type-II diabetics [90]. The sulfonamide bearing 2-marcaptobenzi-
midazoles (108), possesses better in vitro α-amylase enzyme inhibitory activity while
compared with the standard drug, acarbose (Figure 27).

Dabigatran is an effective drug having a benzimidazole core as the activity center
and is used for the treatment of cardiovascular diseases because of its antithrombin as
well as anticoagulant activities. Zhang et al. in 2020 enhanced the activity and bioavail-
ability of dabigatran by adding methyl and methoxy groups into the benzene ring [91].
By studying the anticoagulant action and thrombin inhibition properties of compounds
(109) in rats, proved the possibility of using these molecules as potential antithrombin
drug candidates in the future (Figure 27).

Figure 27.
Benzimidazole derivatives (compound 105, 106, 107, 108 and 109) with antipsychotic, antidiabetic, and
anticoagulant activities.
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3. Conclusions

To sum up, benzimidazole is a chemical compound that belongs to the family of
heterocyclic aromatic organic compounds. It is a potent biologically important mole-
cule with a noticeable therapeutic activity. Applications of benzimidazole extend to
medicinal chemistry. Several advanced research in this area also found out that the
aforementioned compound has significant antimicrobial activities especially against
many strains of viruses, fungus, bacteria, etc. It is also widely used in medicinal
chemistry as an accepted drug against parasites and their allied infections. Benzimid-
azole is also used as an analgesic and anti-inflammatory agent. Recent studies have
also created a lot of attention for the compound since it has an anti-carcinogenic
activity like cytotoxicity and hence may become a viable cure for cancer in the future.
The applications of benzimidazole cannot be marginalized. It has got a whole spec-
trum of medicinal agents. Benzimidazole has gained popularity in material science.

Apart from this, themulti-target capability of benzimidazole scaffolds has not been
explored extensively. Being a versatile motif, benzimidazole could provide a plethora of
novel multi-target ligands against various debilitated pathological conditions. The lack of
comprehensive compilation about the SAR ofmany compounds and the various research
reports stemmed the reason for less number of active benzimidazole compounds reaching
themarket. The existing design of benzimidazole derivatives can be further revised to
accommodate potential multitargeting agents, thus enhancing and treatingmultifactorial
disorders. This can be a breakthrough establishment in benzimidazole history.

In short, the importance of this imidazoline compound has been proved by the
number of research papers getting published in a short period. This chapter is trying
to narrate the formulation as well as execution of benzimidazoles in different fields of
medicinal chemistry.

Acknowledgements

The authors would like to acknowledge the support given by the Department of
Chemistry, Amrita Vishwa Vidyapeetham, Amritapuri campus for providing the nec-
essary facilities to carry out research work.

Author details

Gopakumar Kavya and Akhil Sivan*
Department of Chemistry, Amrita Vishwa Vidyapeetham, Amritapuri, Kollam,
Kerala, India

*Address all correspondence to: akhilsivan@am.amrita.edu

©2022TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms of
theCreative CommonsAttribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in anymedium, provided
the originalwork is properly cited.

95

Exploring the Versatility of Benzimidazole Scaffolds as Medicinal Agents: A Brief Update
DOI: http://dx.doi.org/10.5772/intechopen.101942



References

[1] Woolley DW. Some biological effects
produced by benzimidazole and their
reversal by purines. The Journal of
Biological Chemistry. 1944;152:225-232.
DOI: 10.1016/S0021-9258(18)72045-0

[2] Hoebrecker F. Ueber
reductionsprodukte der
nitracetamidverbindungen. Chemische
Berichte. 1872;5:920-924. DOI: 10.1002/
cber.18720050295

[3] Brink NG, Folkers K. Vitamin B12. VI.
5, 6-dimethylbenzimidazole, a
degradation product of vitamin B12.
Journal of the American Chemical
Society. 1949;71:2951. DOI: 10.1021/
ja01176a5323

[4] Epstein S. Effect of some
benzimidazoles on a vitamin B12-
requiring alga. Nature. 1960;188:
143-144. DOI: 10.1038/188143a0

[5] Emerson G, Brink NG, Holly FW,
Koniuszy F, Heyl D, Folker K. Vitamin
B12. VIII. Vitamin B12-like activity of 5,
6-dimethylbenzimidazole and tests on
related compounds. Journal of the
American Chemical Society. 1950;72:
3084-3085. DOI: 10.1021/ja01163a078

[6] Wright JB. Chemistry of
benzimidazoles. Chemical Reviews.
1951;48:397-541. DOI: 10.1021/
cr60151a002

[7] Manna SK, Das T, Samanta S.
Polycyclic benzimidazole: Synthesis and
photophysical properties.
ChemistrySelect. 2019;4:8781-8790.
DOI: 10.1002/slct.201901941

[8] Spasov AA, Yozhitsa IN, Bugaeva LI,
Anisimova VA. Benzimidazole
derivatives: Spectrum of
pharmacological activity and
toxicological properties (a review).

Pharmaceutical Chemistry Journal. 1999;
33:232-243. DOI: 10.1007/BF02510042

[9] Rossignol JF, Maisonneuve H.
Benzimidazoles in the treatment of
trichuriasis: A review. Annals of Tropical
Medicine and Parasitology. 1984;78:
135-144. DOI: 10.1080/
00034983.1984.11811787

[10] Narasimhan B, Sharma D, Kumar P.
Benzimidazole: A medicinally important
heterocyclic moiety. Medicinal
Chemistry Research. 2012;21:269-283.
DOI: 10.1007/s00044-010-9533-9

[11] Sivakumar R, Pradeepchandran R,
Jayaveera KN, Kumarnallasivan P,
Vijaianand PR, Venkatnarayanan R.
Benzimidazole: An attractive
pharmacophore in medicinal chemistry.
International Journal of Pharmaceutical
Research. 2011;3:19-31

[12] Keri RS, Hiremathad A,
Budagumpi S, Nagaraja BM.
Comprehensive review in current
developments of benzimidazole-based
medicinal chemistry. Chemical Biology &
Drug Design. 2015;86:19-65. DOI:
10.1111/cbdd.12462

[13] Yogita B, Om S. The therapeutic
journey of benzimidazoles: A review.
Bioorganic & Medicinal Chemistry.
2012;20:6208-6236. DOI: 10.1016/j.
bmc.2012.09.013

[14] Yadav G, Ganguly S. Structure
activity relationship (SAR) study of
benzimidazole scaffold for different
biological activities: A mini-review.
European Journal of Medicinal
Chemistry. 2015;97:419-443. DOI:
10.1016/j.ejmech.2014.11.053

[15] Boiani M, Gonzalez M. Imidazole and
benzimidazole derivatives as

96

Benzimidazole



chemotherapeutic agents. Mini Reviews
in Medicinal Chemistry. 2005;5:409-424.
DOI: 10.2174/1389557053544047

[16] Demirayak Ş, Abu Mohsen U, Çaǧri
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Chapter 5

Synthesis, Characterization and
Antimicrobial Properties of Novel
Benzimidazole Amide Derivatives
Bearing Thiophene Moiety
Vinayak Adimule, Pravin Kendrekar and Sheetal Batakurki

Abstract

In the present investigation, novel amide derivatives of benzimidazole (4a-f)
with different thiophene acids (a-f) coupled in the presence of 1-[Bis
(dimethylamino) methylene]-1H-1, 2, 3-triazolo [4, 5-b] pyridinium 3-oxide
hexafluorophosphate (HATU) reagent at room temperature and as-synthesized
derivatives were characterized by (1H-NMR and 13C-NMR) proton and carbon
magnetic resonance, and high-performance liquid chromatography (HPLC) analyti-
cal techniques. The amide derivatives were tested for in vitro antimicrobial and
antifungal activity and ciprofloxacin was used as standard. The antifungal activity
was tested with Carbendazim and Fenbendazole cell lines using clotrimazole standard
drug. The results indicated the potential activity toward S. bacillus with compounds
having IC 50 of 4 (a), 4 (b), 4 (d) and 4 (e) against antimicrobial strains with IC50

of 51.8 μm, 57.4 μm, 54.5 μm and 56.5 μm respectively. However, compounds 4
(a), 4 (c) and 4 (d) showed greater inhibitions against Carbendazim fungal cell line
with IC50 of 22.9, 26.8 and 28.8 μm. On the other hand IC50 values of the
Fenbendazole for compounds 4 (a), 4(c) and 4 (d) were found to be 12.7, 10.2 and
12.7 μm, respectively. The thiophene-substituted benzimidazole amide derivatives
are the potential candidate drug for antibacterial and antifungal activity.

Keywords: thiophene, antibacterial, antifungal, benzimidazole, amides, HATU

1. Introduction

In the present investigation, organic and medicinal chemistry involves the nitrogen
containing heterocycles especially Benzimidazole derivatives [1, 2]. Benzimidazole has
become nature and synthetic active structural part in the biological characteristics such
as antibacterial [3], anticancer [4], antiviral [5], antifungal [6] and antioxidant [7] etc.
It is widely accepted that the amidino moieties at the benzimidazole substituents ter-
minal would generate numerous pathophysiological and biochemical processes in the
human body. Additional biological activity can be found with the benzimidazole sub-
stituents carrying amide moiety and tetracyclic derivatives interaction with DNA is
large enough to encounter the selectivity towards the drug molecules. Benzimidazole is
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indispensable nucleus for the discovery of the new biologically important molecules.
Literature reports suggest that benzimidazole has potential interest in antimicrobial
[8, 9] and anticancer agents [10, 11]. New class of oxadiazole and thiadiazoles
containing thiophene and phenyl substituents reported for enhanced anticancer activity
[12–15]. Benzimidazole nucleus structurally analogues to purine and its derivatives and
exhibit the synthesis of nucleic acids. Several DNA molecules will be cleaved upon
interaction with the benzimidazole moiety and inhibit the growth of the microbial
strains [16–18]. The development of new antimicrobial agents remains on priority [19].
Furthermore, Bisbezimidazole derivatives found to be biologically active towards
antibacterial [20], antimicrobial [21] and anticancer [22] activities. On the other hand,
benzylvanilline benzimidazole [23] derivatives were found to cleave DNA and potent
towards leukemic cell lines. Distance between the benzimidazole molecule and ester
containing phenyl group is very important factor for the antifungal activity. Extending
the spacer between the benzimidazole and ester or amide substituents become impor-
tant factor for the increased antifungal activity. Antitumor activity depends on the
distance between the benzimidazole and spacer link of the ester or amide molecules.
Thiophene and their derivatives which are sulfur compounds widely studied for their
antifungal activity [24–28]. Some of the thiophene containing derivatives such as
thicyofen, ethaboxam, silthiopham and penthiopyrad were widely used in agriculture
as antifungal compounds [29–30]. Recently certain amide, thiazole, 1, 3, 4-oxadiazoles
has been designed, synthesized and studied for their enhanced anticancer properties
[31–36]. Incorporation of the thiophenemoiety would enhance the antifungal activity of
the benzimdiazole derivatives.

Based on the above literature evidences, Author envisaged by constructing the novel
benzimidazole containing thiophene derivative could increase the antimicrobial and
antifungal activity of the synthesized compounds. All the synthesized derivatives were
characterized by 1H-NMR, 13C-NMR, LCMS spectroscopic studies and tested against
microbial and fungal cell lines. The results indicated potential activity towards S. bacillus
tested compound with IC 50 of 4 (a), 4 (b), 4 (d) and 4 (e) derivatives against
antimicrobial strains with IC50 of 51.8 μm, 57.4 μm, 54.5 μm and 56.5 μm respectively.
However, compounds 4 (a), 4 (c) and 4 (d) showed greater inhibitions against
Carbendazim fungal cell line with IC50 of 22.9 μm 26.8 μm and 28.8 μm respectively. On
the other hand IC50 values of the Fenbendazole for compounds 4 (a), 4(c) and 4 (d) was
found to be 12.7 μm, 10.2 μm and 12.7 μm respectively.

2. Materials and methods

All the chemicals, reagents and solvents are procured from Sigma-Aldrich, S-d fine
chemicals Ltd., Spectrochem Ltd. and used without any further purification. Intermedi-
ate chemicals purchased directly (99.8% purity, thiophene-2-carboxylic acid, Sigma
Aldrich India (a)), (98% purity, (thiophen-3-yl) acetic acid Sigma Aldrich India (b)),
(99.1% purity, 3,6-dichloro-1-benzothiophene-2-carboxylic acid, Matrix Scientific, India
(c)), (99.2% purity, 5-(4-fluorophenyl)thiophene-2-carboxylic acid.

Sigma Aldrich, India (d)), (98% purity, 4-bromo-5-chlorothiophene-2-carboxylic
acid, Chem Src, China (e)), (99.2% purity, 3-chloro-1-benzothiophene-2-carboxylic
acid, Sigma-Aldrich India (f)) and used without any further purifications. 1H-NMR,
13C-NMR spectral analysis was carried out using 300 MHz-1.2 GHz consisting of
cryostat with excellent thermal efficiency, available with high performance vibration
isolator make from Bruker Ascend series. LCMS (liquid crystal mass spectrometry)
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Triple quadrapole series of GCMS-TQ8050 NX fitted with high efficient trace level
detection. In order to prepare the culture medium, the synthesized compounds were
dissolved in DMSO and diluted with culture broth solution to 1 mg/mL. Serial dilu-
tions were made to reach up to the 10 mL of the final concentration. About 100 μL of
the each of the solution were distributed to 96 well plates and the sterility control and
growth control solutions were placed into it. About 5 μL of the test and the growth
solutions were inoculated into the well plates. All the experiments were carried out in
triplicate. Bacterial growth was detected former by optical density (ELISA reader,
CLX800 Biotech Instruments) and after by addition of 20 μL of an INT alcoholic
solution (0.5 mg/mL). 7 mm filter paper discs (Whatman, no. 3) were impregnated
with 10 mL of each of the different dilutions [37, 38]. The discs were allowed to
remain at RT until complete diluent evaporation and kept under refrigeration until
ready to be used. Discs loaded with synthesized derivatives which were placed onto
the surface of the agar. Commercial chloramphenicol discs and paper discs impreg-
nated with 20 mL of diluents used to dilute concentration of the synthesized products
were used as control.

3. Experimental

3.1 Synthesis of 1H-benzimidazole-2-carboxylic acid

In a 100 mL round bottom flask fitted with a reflux condenser, 2-methyl-1H-benz-
imidazole (5.69 g, 1.1mole), KMnO4 (4mole), K2CO3 (3mole)were dissolved in 100mL
of absolute ethanol and 20 mL of water under stirring. The contents of the reaction
mixture heated to 90C for 5 h. The progress of the reactionwasmonitored by TLC (thin-
layer chromatography) (ethyl acetate: hexane: 40:60). After completion of the reaction,
contents of the RB flask cooled to room temperature (RT), filtered over celite bed,
filtrate was concentrated to half of its initial volume, acidified with concentrated HCl to
PH � 2. Off white colored solid separated out was filtered, washed with cold water and
dried. Yield: 5.2 g. The solid was taken to next step without any purification [39, 40].

3.2 Synthesis of 1-(1H-benzimidazol-2-yl) methanamine

In a 100 mL RB flask fitted with an inert nitrogen atmosphere, 1H-benzimidazole-
2-carboxylic acid (5.2 g) dissolved in dry THF solvent and LiAlH4 (1 mole) were
added under stirring at RT. Progress of the reaction was monitored by TLC, after
completion of the reaction. LiAlH4 was quenched in carbonate solution. The reaction
mixture was concentrated to remove the organic solvent and filtered. The product was
extracted in ethyl acetate (100 mL � 3 times), washed with Na2CO3 (25 mL � 2
times), brine (25 mL � 2 times) and dried over Na2SO4. Solid that are separated out
was filtered in 10 mL of n-hexane solvent and obtained as 1-(1H-benzimidazol-2-yl)
methanamine (Figure 1). Yield: 3.87 g.

3.3 General procedure for the synthesis of benzimidazole amide derivatives

In a 100 mL RB flask fitted with a condenser, 1-(1H-benzimidazol-2-yl)
methanamine (1mole) added with different thiophene substituted acids (a-f),
Dichloromethane (DCC) (10 mL), HATU (0.25mole), Triethyl amine (TEA)
(1.5mole) and stirred at RT for 24 h, after completion of the reaction (monitored by
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TLC), solvent and other volatile reagents are evaporated, solid obtained was mixed
with 60–120 silica gel and purified by column-chromatography (ethyl acetate: hexane:
30:70), Solids obtained after the solvent evaporation was used for the antimicrobial
property studies [41].

3.4 Characterization of the synthesized compounds (Benzimidazole 2, 3
and 4a-4f)

1H-NMR Spectrum of the compounds 2, 3, 4a to 4 f.
1H-NMR, 13C-NMR and LCMS analysis of the synthesized compounds.
Compound 2.
Yellow solid; m.p-157.8°C; Yield = 97.8%; LCMS-98.1%; 1H-NMR: δ 1H NMR: δ

7.04 (1H, ddd, J = 7.7, 6.9, 1.3 Hz), 7.23 (1H, ddd, J = 8.2, 6.9, 1.7 Hz), 7.77 (1H, ddd,
J = 8.2, 1.3, 0.5 Hz), 7.90 (1H, ddd, J = 7.7, 1.7, 0.5 Hz). 13C-NMR: δ 13C NMR: δ 114.3
(1C, s), 118.4 (1C, s), 128.1–128.3 (2C, 128.2 (s), 128.2 (s), 137.9 (1C, s), 138.4 (1C, s),
150.9 (1C, s), 156.7 (1C, s) (Figure 2) (Figures 3–6).

Figure 1.
Synthetic pathway of Benzimidazole intermediates.

Figure 2.
Synthesis of amide derivatives of Benzimidazoles.
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Figure 3.
1H-NMR of the spectrum of 2 and 3.

Figure 4.
1H-NMR of the spectrum 4a and 4b.

109

Synthesis, Characterization and Antimicrobial Properties of Novel Benzimidazole Amide…
DOI: http://dx.doi.org/10.5772/intechopen.104908



Figure 5.
1H-NMR of the compounds 4c and 4d.

Figure 6.
1H-NMR Spectrum of the compounds 4e and 4 f.
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Compound 3.
Pale yellow solid; m.p-159.2°C; Yield = 98.8%; LCMS-98.7%;1H-NMR: δ 1H NMR: δ

4.32 (2H, s), 6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.19 (1H, ddd, J = 8.1, 7.6, 1.4 Hz),
7.59–7.75 (2H, 7.65 (ddd, J = 8.1, 1.2, 0.5 Hz), 7.69 (ddd, J = 7.7, 1.4, 0.5 Hz). 13C-NMR:
δ 13C NMR: δ 49.1 (1C, s), 114.3 (1C, s), 118.4 (1C, s), 128.1–128.3 (2C, 128.2 (s), 128.2
(s), 137.9 (1C, s), 138.4 (1C, s), 150.9 (1C, s).

Compound 4a.
Pale yellow solid; m.p-163.4°C; Yield = 97.8%; LCMS- 98.1%;1H NMR: δ 4.93 (2H, s),

6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.12–7.27 (2H, 7.19 (ddd, J = 8.1, 7.6, 1.4 Hz), 7.21
(dd, J = 7.2, 5.0 Hz)), 7.60–7.83 (4H, 7.66 (ddd, J = 8.1, 1.2, 0.5 Hz), 7.69 (ddd, J = 7.7,
1.4, 0.5 Hz), 7.76 (dd, J = 5.0, 1.2 Hz), 7.76 (dd, J = 7.2, 1.2 Hz). 13C-NMR: δ 13C NMR:
δ 44.7 (1C, s), 114.3 (1C, s), 118.4 (1C, s), 127.5 (1C, s), 127.8 (1C, s), 128.1–128.3
(2C, 128.2 (s), 128.2 (s), 131.0 (1C, s), 137.9 (1C, s), 138.4 (1C, s), 139.9 (1C, s), 150.9
(1C, s), 160.1 (1C, s).

Compound 4b.
Off white colored solid; m.p-171.8°C; Yield = 97.8%; LCMS- 98.3%; 1H NMR: δ 3.88

(2H, s), 4.99 (2H, s), 6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.10–7.26 (2H, 7.16 (dd, J = 7.5,
5.0 Hz), 7.19 (ddd, J = 8.1, 7.6, 1.4 Hz), 7.31–7.45 (2H, 7.37 (dd, J = 5.0, 1.3 Hz), 7.39 (dd,
J = 7.5, 1.3 Hz), 7.59–7.76 (2H, 7.66 (ddd, J = 8.1, 1.2, 0.5 Hz), 7.69 (ddd, J = 7.7, 1.4,
0.5 Hz). 13C-NMR: δ 13C NMR: δ 29.2 (1C, s), 44.7 (1C, s), 114.3 (1C, s), 118.4 (1C, s),
126.6 (1C, s), 127.5 (1C, s), 127.8 (1C, s), 128.1–128.3 (2C, 128.2 (s), 128.2 (s), 137.9
(1C, s), 138.1 (1C, s), 138.4 (1C, s), 150.9 (1C, s), 172.7 (1C, s).

Compound 4c.
Pale Yellow Solid; m.p�174.5°C; Yield = 99.4%; LCMS- 97.8%; 1H NMR: δ 4.90

(2H, s), 6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.19 (1H, ddd, J = 8.1, 7.6, 1.4 Hz), 7.42 (1H,
dd, J = 8.6, 1.9 Hz), 7.60–7.76 (2H, 7.66 (ddd, J = 8.1, 1.2, 0.5 Hz), 7.69 (ddd, J = 7.7, 1.4,
0.5 Hz), 7.94–8.07 (2H, 8.00 (dd, J = 1.9, 0.5 Hz), 8.01 (dd, J = 8.6, 0.5 Hz)). 13C-NMR:
δ 13C NMR: δ 44.7 (1C, s), 114.3 (1C, s), 118.4–118.5 (2C, 118.4 (s), 118.5 (s)), 127.0
(1C, s), 127.8 (1C, s), 128.1–128.3 (2C, 128.2 (s), 128.2 (s), 128.7 (1C, s), 130.3 (1C, s),
132.6 (1C, s), 136.6 (1C, s), 137.9 (1C, s), 138.4 (1C, s), 139.3 (1C, s), 150.9 (1C, s), 160.1
(1C, s).

Compound 4d.
Yellow solid; m.p-157.8°C; Yield = 97.8%; LCMS- 96.8%; 1H NMR: δ 4.92 (2H, s),

6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.12–7.32 (3H, 7.19 (ddd, J = 8.1, 7.6, 1.4 Hz), 7.25
(ddd, J = 8.9, 1.4, 0.5 Hz)), 7.40 (1H, d, J = 8.7 Hz), 7.60–7.82 (5H, 7.66 (ddd, J = 8.1, 1.2,
0.5 Hz), 7.66 (d, J = 8.7 Hz), 7.69 (ddd, J = 7.7, 1.4, 0.5 Hz), 7.76 (ddd, J = 8.9, 1.5,
0.5 Hz). 13C-NMR: δ 13C NMR: δ 44.7 (1C, s), 114.3 (1C, s), 115.4 (2C, s), 118.4 (1C, s),
124.0 (1C, s), 127.8 (2C, s), 128.1–128.3 (2C, 128.2 (s), 128.2 (s)), 129.6 (1C, s), 134.3
(1C, s), 137.8–138.0 (2C, 137.8 (s), 137.9 (s), 138.4 (1C, s), 150.9 (1C, s), 151.1 (1C, s),
160.1 (1C, s), 162.5 (1C, s).

Compound 4e.
Pale Yellow Solid; m.p-179.2°C; Yield = 95.1%; LCMS- 98.2%; 1H NMR: δ 4.92

(2H, s), 6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.19 (1H, ddd, J = 8.1, 7.6, 1.4 Hz),
7.60–7.76 (3H, 7.66 (ddd, J = 8.1, 1.2, 0.5 Hz), 7.65 (s), 7.69 (ddd, J = 7.7, 1.4, 0.5 Hz).
13C-NMR: δ 13C NMR: δ 44.7 (1C, s), 110.5 (1C, s), 114.3 (1C, s), 118.4 (1C, s), 123.0
(1C, s), 128.0 (1C, s), 128.1–128.3 (2C, 128.2 (s), 128.2 (s), 134.4 (1C, s), 137.9 (1C, s),
138.4 (1C, s), 150.9 (1C, s), 160.1 (1C, s).

Compound 4f.
White colored solid; m.p-178.5°C; Yield = 94.3%; LCMS- 99.2%; 1H NMR: δ 4.91

(2H, s), 6.94 (1H, ddd, J = 7.7, 7.6, 1.2 Hz), 7.19 (1H, ddd, J = 8.1, 7.6, 1.4 Hz), 7.40–7.59
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(2H, 7.47 (ddd, J = 8.0, 7.8, 1.4 Hz), 7.52 (ddd, J = 8.5, 7.8, 1.6 Hz), 7.60–7.80 (3H, 7.66
(ddd, J = 8.1, 1.2, 0.5 Hz), 7.69 (ddd, J = 7.7, 1.4, 0.5 Hz), 7.74 (ddd, J = 8.0, 1.6,
0.5 Hz)), 8.47 (1H, ddd, J = 8.5, 1.4, 0.5 Hz). 13C-NMR: δ 13C NMR: δ 44.7 (1C, s), 114.3
(1C, s), 118.4–118.5 (2C, 118.4 (s), 118.5 (s), 122.5 (1C, s), 123.3 (1C, s), 128.1–128.3 (2C,
128.2 (s), 128.2 (s), 128.3–128.6 (2C, 128.4 (s), 128.5 (s), 132.6 (1C, s), 136.1 (1C, s),
136.6 (1C, s), 137.9 (1C, s), 138.4 (1C, s), 150.9 (1C, s), 160.1 (1C, s).

4. Results and discussion

4.1 Antimicrobial activity of the synthesized derivatives

Antibacterial and antifungal activities of the synthesized compounds were tested
by Agar well diffusion method. One mL of the fresh bacterial or fungi was placed in
the sterile petri dish. Cooled Muller Hi was placed over it and upon solidification. 5 μL
of the compounds dissolved in DMSO solvent was added to respective wells. The
concentration has been fixed as per the previous reported literature [42, 43]. The Agar
well plates were incubated for 30 minutes and subsequently kept at 35°C for 24 h.
Antimicrobial activity was detected by measuring the zone of inhibition (including
the wells diameter) appeared after the incubation period. DMSO at a concentration of
10% was employed as a negative control. All tested samples and their antimicrobial
activity were expressed in terms of minimum inhibitory concentration (MIC values)
(Tables 1–3). Different concentrations of the test solution are prepared and zone of
inhibition and MIC values compared with the standards used for the evaluation [44].
The MIC was considered as the lowest concentration which inhibited the growth of
the respective microorganisms. All assays were performed in triplicate. DMSO was
served as a control for all the synthesized samples. Tables 1 and 2 depicts the mini-
mum inhibitory concentration of the antibacterial and antifungal activity (Table 3) of
the synthesized derivatives. The results indicated potential activity towards S. bacillus
tested compound with IC50 of 4 (a), 4 (b), 4 (d) and 4 (e) derivatives against
antimicrobial strains with IC50 of 51.8 μm, 57.4 μm, 54.5 μm and 56.5 μm respectively.
However, compounds 4 (a), 4 (c) and 4 (d) showed greater inhibitions against
Carbendazim fungal cell line with IC50 of 22.9 μm 26.8 μm and 28.8 μm respectively.
The compounds 4 (a), 4(c) and 4 (d) tested for anti micro (IC50) of the Fenbendazole
for compounds were found to be 12.7 μm, 10.2 μm and 12.7 μm respectively [45].

4.2 Structure activity relationships (SAR)

The SAR may be attributed from the presence of halo, phenyl and aliphatic linkage
present in the benzimidazoles derivatives and deduced from the following points. The
minimum inhibitory concentration of the Cl, Br substituted aliphatic amide linkage
draw attention for the enhanced binding and increased solubility of the compounds
with respect to the target sites. Compounds of benzimidazoles derivatives bearing
most active one 4(a), 4 (c) and 4 (d) as a lead compound to develop novel antimi-
crobial agent [46]. The appreciable antimicrobial activity of the synthesized Benz-
imidazole derivatives compared to the standard drugs show that only minor structural
changes needed for the derivatives to improve the binding of the molecules. The
excellent antimicrobial activity of the synthesized Benzimidazole derivatives com-
pared to the standard drug indicated a fact that for developing novel antimicrobial
agent based on synthesized Benzimidazole derivatives. The above results also
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Compounds Carbendazim Fenbendazole

Zone of Inhibition (mm) IC50 (μm) Zone of Inhibition (mm) IC50 (μm)

1 6.1 11.8 � 0.11 2.2 8.9 � 0.13

2 9.8 16.1 � 0.11 2.4 4.7 � 0.15

3 2.2 10.4 � 0.10 1.8 18.1 � 0.14

4a 7.8 22.9 � 0.25 1.9 12.7 � 0.18

4b 2.3 14.4 � 0.23 1.8 13.7� 0.19

4c 12.2 26.8 � 0.28 2.2 10.2 � 0.29

4d 10.2 28.8 � 0.34 2.7 12.7 � 0.22

4e 2.4 12.5 � 0.28 2.7 13.8 � 0.11

4f 2.8 13.8 � 0.14 5.5 11.8� 0.10

Clotrimazole 12.2 22.8 � 0.132.2 10.2 26.1 � 0.13
*Potent antimicrobial compounds.

Table 2.
Antimicrobial activities of the compounds against Staphylococcus A and Salmonella Typhi.

Compounds Carbendazim Fenbendazole % change
in the
activity

Zone of
Inhibition
(mm)

IC50 (μm) Zone of
Inhibition
(mm)

IC50 (μm)

2-methyl-1H-benzimidazole (1) 6.1 11.8 � 0.11 2.2 8.9 � 0.13 2.2

1H-benzimidazole-2-carboxylic acid (2) 9.8 16.1 � 0.11 2.4 4.7 � 0.15 3.6

1-(1H-benzimidazol-2-yl) methanamine (3) 2.2 10.4 � 0.10 1.8 18.1 � 0.14 4.8

N-[(1H-benzimidazol-2-yl) methyl]
thiophene-2-carboxamide (4a)

7.8 22.9 � 0.25 1.9 12.7 � 0.18* 12.4

N-[(1H-benzimidazol-2-yl) methyl]-2-
(thiophen-2-yl) acetamide (4b)

2.3 14.4 � 0.23 1.8 13.7� 0.19 1.8

N-[(1H-benzimidazol-2-yl) methyl]-3, 6-
dichloro-1-benzothiophene -2-carboxamide
(4c)

12.2 26.8 � 0.28 2.2 10.2 � 0.29* 32.4

N-[(1H-benzimidazol-2-yl)methyl]-5-(4-
fluorophenyl) thiophene-2-carboxamide
(4d)

10.2 28.8 � 0.34 2.7 12.7 � 0.22* 24.7

N-[(1H-benzimidazol-2-yl) methyl]-4-
bromo-5-chlorothiophene-2-carboxamide
(4e)

2.4 12.5 � 0.28 2.7 13.8 � 0.11 5.9

N-[(1H-benzimidazol-2-yl)methyl]-3-
chloro-1-benzothiophene-2-carboxamide
(4f)

2.8 13.8 � 0.14 5.5 11.8 � 0.10 3.6

Clotrimazole 12.2 22.8 � 0.13 10.2 26.1 � 0.13 1.8

*Potent antifungal agent.

Table 3.
Antifungal activity data of the synthesized compounds.
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indicated a fact that different structural requirements are necessary for a compound to
show different activities.

SAR study of synthesized compounds showed that the presence of electron-
withdrawing moieties phenyl thiophene substituted with Cl, Br groups adjacent to the
amide linkage in the benzimidazoles enhanced ant mycobacterial activity [47]. Fur-
ther SAR of most of the derivatives indicated the attachment of thiophene-2-
carboxamide moieties at amide position of the benzimidazoles increased antibacterial
activity and the presence of 3, 6-dichloro-1-benzothiophene (compound 4c) at 2nd
position of Benzimidazole carboximide also important for antimicrobial activities
[48, 49]. The presence of electron withdrawing Cl and Br groups at 3rd and 4th
position (compound 4f and 4e) required for antimicrobial activity. However substi-
tution of 4-fluorophenyl) thiophene at 5th position of benzimidazoles carboxamide
moiety increases the solubility of the compound (compound 4d) as well as the
presence of phenyl ring increases the antibacterial properties (Figure 7).

Further, (thiophen-2-yl) acetamide and thiophene-2-carboxamide (compound 4a
and 4b) attached to the benzimidazoles moiety at 2nd position of the ring system
results in basicity of the –NH2 (amine) linker and thus increases the Clog P values
where, C is the concentration of the compounds and P is permeability. On the other
hand compound 4c contains 3, 6-dichloro-1-benzothiophene-2-carboxamide group
attached at 2nd position of the benzimidazoles moiety responsible for moderate
antibacterial and antiviral activities. If the 3, 6 dichloro groups present in the opposite
direction of the ring system results in enhanced bioavailability of the benzimidazoles
derivatives.

5. Conclusion

In the present research, novel series of thiophene amide derivatives containing
benzimidazole moiety has been synthesized by the reaction with HATU at room
temperature. All the synthesized derivatives are characterized by 1H-NMR, 13C-NMR

Figure 7.
SAR of the novel derivatives of benzimidazoles containing thiophene moiety.
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and LCMS spectroscopic studies. Synthesized compounds are purified by column-
chromatography, and tested for antimicrobial strains (antibacterial and antifungal).
The cell lines used was E. coli, S. bacillus, Staphylococcus Aures and Salmonella Typhi
and ciprofloxacin used as standard. The results indicated potential activity towards S.
bacillus tested compound with IC50 of 4 (a), 4 (b), 4 (d) and 4 (e) derivatives against
antimicrobial strains with IC50 of 51.8 μm, 57.4 μm, 54.5 μm and 56.5 μm respectively.
However, compounds 4 (a), 4 (c) and 4 (d) showed greater inhibitions against
Carbendazim fungal cell line with IC50 of 22.9 μm 26.8 μm and 28.8 μm respectively.
Compared with the activity (IC50) of the Fenbendazole for compounds 4 (a), 4(c) and
4 (d) was found to be 12.7 μm, 10.2 μm and 12.7 μm respectively. The newly synthe-
sized derivatives find its potential application in antibacterial and antifungal cells and
replacing the existing drug in the market.
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Chapter 6

Spectral and Theoretical Studies
of Benzimidazole and 2-Phenyl
Substituted Benzimidazoles
A. Antony Muthu Prabhu

Abstract

This chapter discusses about the spectral and theoretical aspects of selected benz-
imidazole and 2-phenyl substituted benzimidazole molecules. The synthesis of these
benzimidazoles was reported in many methods by the reaction between o-
phenylenediamine with formic acid, aromatic aldehydes and N-benzylbezene-1,2-
diamine in presence of oxidant tert-butyl hydroperoxide (TBHP). The spectral analy-
sis of these molecules mainly such as UV-visible, fluorescence in solvents will be
included in this chapter and discussed about the absorption, fluorescence maximum,
conjugation, transition. Further the optimized structure of these molecules will be
given using Gaussian 09 W (DFT 6-31G method). And also will be discussed about
structural parameters, highest occupied molecular orbital (HOMO) – lowest unoccu-
pied molecular orbital (LUMO) energy energy values, natural bond orbital (NBO),
molecular electrostatic potential map (ESP). Many benzimidazole molecules having
tautomers in the structure will be explained with the help of theoretical parameters to
describe the structural properties.

Keywords: benzimidazole, spectral properties, computational study, NBO, MSP

1. Introduction

This chapter will be discussed about the spectral and theoretical studies of benz-
imidazole and 2-phenyl substituted benzimidazoles. A series of benzimidazole mole-
cules are very important heterocyclic compounds in organic chemistry with two
nitrogen atoms in five membered ring fused with aromatic moiety having different
nature in spectral and biological properties. Benzimidazoles which contain a hydrogen
atom attached to nitrogen in the 1-position readily tautomerize. In this way, many
benzimidazole molecules are synthesized from the basic moiety to involving in large
applications especially in medicinal fields. This type of benzimidazole derivatives
possess the many pharmaceutical properties such as antiviral [1], antitumor [2],
antihistaminic [3], antimicrobial [4], antihelminthic [5, 6], anticancer [7], antifungal
[8], antimicrobial [4], antibacterial [9], analgesic [10], anti-convulsant [11] and anti-
ulcer [12] activity. Some of benzimidazole molecules are used as corrosion inhibitors
for metals and alloy surfaces in industrial field [13–15].
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Particularly, Albendazole, Mebendazole and Thiabendazole having benzimidazole
moiety are widely used as anthelmintic drugs [16].

Some fluoroquinolones substituted benzimidazole derivatives have been reported
by microwave assisted method. The synthesized compounds are reported to be the
derivatives of Ciprofloxacin & Norfloxacin [17].

The structural studies of synthesized benzimidazole derivatives are characterized
using the spectral techniques such as single crystal XRD, UV-visible, Infrared, 1H
NMR, 13C NMR etc. [18–21]. These main techniques are usually referred for charac-
terizing many organic synthesized molecules to elucidate the presence of functional
groups, conjugation and structural parameters. Particularly the absorption and fluo-
rescence spectral properties of these benzimidazole derivatives have been changed
with respect to the change in substitution in aromatic ring at o- and p-position [22–
28].

Another important application of benzimidazoles is involved to exhibit the excited
state intra-molecular proton transfer reaction (ESIPT) [22, 25, 29–31]. Particularly, the
presence of hydroxyl group in benzimidazole at 2-position in benzene ring is exhibited
this process through intramolecular hydrogen bonding between the acidic protons (-OH,
-NH2) and basic centers (=N-, -C=O) in same molecule. ESIPT process for benzimid-
azole molecules is observed through dual fluorescence in aqueous solvent, one a normal
stoke shifted fluorescence band and second large stoke shifted fluorescence band.
Absorption and emission spectral study of these molecules were reported in different
solvents with changing polarity. Moreover, the 2(20-hydroxyphenyl)benzimidazole mol-
ecule are studied the enhancement of ESIPT process in aqueous β-cyclodextrin through
the formation of host-guest inclusion complex [32].

The density functional theory (DFT) studies give information regarding the struc-
tural parameters, the functional groups, orbital interactions and vibrational
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frequencies [33]. The DFT calculations with the hybrid exchange-correlation
functional B3LYP (Becke’s three parameter (B3) exchange in conjunction with the
Lee–Yang–Parr’s (LYP) correlation functional) which are especially important in sys-
tems containing extensive electron conjugation and/or electron lone pairs [34–36].
The HOMO–LUMO energy, MSP map and the Mullikan population analysis will be
calculated for the studied molecules. The natural bond orbital (NBO) analysis will
explains the most important orbital interactions in order to clarify general structural
features. The excited state potential energy surface, excited state intramolecular pro-
ton transfer of 2-(20-Hydroxyphenyl)benzimidazole was investigated by TD-DFT
method in gas phase and in solvent [37–39]. Further the theoretical calculations of
Methyl-6-Nitro-1H-Benzimidazole and 1-methyl-2-phenyl benzimidazole was
reported [40, 41]. Many benzimidazole molecules were reported theoretically struc-
tural properties and vibrational spectra, HOMO-LUMO, NBO analysis by ab initio HF
and DFT methods [42–45]. Theoretical calculations of many benzimidazole molecules
in gas phase were analyzed for the structural investigation with the help of experi-
mental results [20, 44, 46–49].

2. Benzimidazole and 2-phenyl benzimidazoles

The benzimidazole molecule without any substitution was synthesized by the simple
reaction between o-phenylenediamine with formic acid in the presence of alkali like
sodium hydroxide, potassium hydroxide etc., [50]. The synthesis procedure of benz-
imidazole is given briefly. 27 g of o-phenylenediamine and 17.5 g of 90% formic acid are
taken a 250 ml round bottom flask, the reaction mixture is heated at 100°C on a water
bath for 2 hours. After cooling this reaction mixture, the 10% sodium hydroxide solution
is added slowly to the solution with constant rotation then the reaction mixture becomes
alkaline. Crude benzimidazole is filterd off at the pumb and washed with 25 ml of cold
water and the crude product is dissolved in 400 ml of boiling water. Then 2 g of
decolourising carbon is added to the solution and heat for 20 minutes. Finally the
benzimidazole is formed after filteration at the pumb. New series of benzimidazole and
its derivatives were synthesized and characterized using spectral analysis and applied for
biological properties [51, 52]. For example, the series of substituted benzimidazole were
reported particularly in the 2-position and 1-position replacing the hydrogen atom by
both small and large size molecules (Figure 1).

The substituted 2-phenyl benzimidazoles were synthesized from the condensation
reaction between o-Phenylenediamine and substituted aromatic aldehydes in chloro-
form and in the presence of ammonium chloride as a catalyst [53]. This reaction
carried out at room temperature using many ammonium salts like ammonium bro-
mide (NH4Br), ammonium chloride (NH4Cl), ammonium fluoride (NH4F), ammo-
nium sulphate ((NH4)2SO4) and ammonium carbonate ((NH4)2CO3). Aromatic
aldehydes such as benzaldehyde, m-methyl benzaldehyde, p-methyl benzaldehyde,

Figure 1.
The reaction shows between o-phenylene diamine with formic acid in presence of sodium hydroxide.
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m-methoxy benzaldehyde, p-methoxy benzaldehyde, o-hydroxy benzaldehyde, p-
hydroxy benzaldehyde, o-amino benzaldehyde, p-amino benzaldehyde are used for
the preparation of 2-phenyl substituted benzimidazole molecules. 1,2-
phenylenediamine is added to the stirred solution of aromatic aldehydes and NH4Cl in
CHCl3. This reaction mixture is stirred for 4 hours at room temperature. After com-
pletion of the reaction, the phenyl substituted benzimidazoles are formed using Thin
layer chromatography, column chromatography (Figure 2).

Thus 2-phenyl substituted benzimidazole derivative has been reported by another
method and the reaction scheme shows in Figure 3. The oxidative dehydrative cou-
pling reaction of N-benzylbenzene-1,2-diamine in the presence of oxidant tert-butyl
hydroperoxide (TBHP) in solvent acetonitrile to give substituted 2-phenyl benzimid-
azoles [54]. N-benzylbenzene1,2-diamine 1.96 g, I2 0.25 g, TBHP 1.8 g, is added in a
25 ml round bottomed flask in acetonitirle solvent and stirred at room temperature.
The product is purified by column chromatography and finally the phenyl substituted
benzimidazole is formed at the end of reaction.

3. Absorption and emission spectral study

Thus, themolecular diagrams of studiedbenzimidazole derivatives are shown inFigure
4. In this section, the absorption and emission spectral study is discussed for the selected
benzimidazoles in solvents. The absorption and emissionmaximumwas observed at
273 nm, 279 nm and at 291 nm for benzimidazole [55, 56] and at 295 and 350 nm for 2-
phenyl benzimidazole [57]. Thesemaximumare similar to 2-(m-methylphenyl)benzimid-
azole, 2-(p-methylphenyl)benzimidazole, 2-(m-methoxyphenyl)benzimidazole, 2-(p-
methoxyphenyl)benzimidazole. But the 2-(o-hydroxyphenyl)benzimidazolemolecule is
observed the specific property in the ground and excited states to describe the keto-enol
tautomeric equilibrium through the excited state intramolecular proton transfer [58–65],
which property already given in introduction part and theoretical study also done for keto-
enol tautomer in solvent effect. The absorptionmaximumof 2-(o-hydroxyphenyl)benz-
imidazolewas observed at 335, 318 and 295 nm and fluorescencemaximumat 355 and
465 nm inDMSO [32]. The absorption and emissionmaximumwas observed at 320, 285
and 240 nmand fluorescencemaximumat 417 nm inwater for 2-(o-aminophenyl)benz-
imidazole [66] and at 313, 255, and 207 nm and at 382 nm inwater for 2-(p-aminophenyl)
benzimidazole [67].

Figure 2.
The reaction shows between o-phenylene diamine with aromatic aldehyde in chloroform and in presence of
ammonium chloride.

Figure 3.
Tandem oxidative cyclization of different N-substituted benzene-1,2-diamines.
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4. Theoretical study

4.1 HOMO-LUMO energy parameters

Initial computational study of selected benzimidazoles has been investigated from
the HOMO, LUMO energy diagram in gas phase using DFT B3LYP 6-31G method. The
chemical stability of selected benzimidazoles is demonstrated with the help of
explaining this energy diagram [68]. Generally, the HOMO energy picture represents
the ability to donate an electron and LUMO energy picture represent the ability to
obtain an electron. For selected benzimidazoles the electron density is completely
localized on the whole ring for both orbitals which shows in Table 1. The higher
HOMO-LUMO energy gap of benzimidazole (�5.56 eV) and lower HOMO-LUMO
energy gap of 2-(o-aminophenyl)benzimidazole (�4.38 eV) is observed theoretically to
describing the stability and reactivity with addition of substitution in the phenyl ring. If
the substitution in the benzimidazole is clearly changed the HOMO-LUMO energy gap
particularly the amino group at o-position in the phenyl ring with lower value.

The theoretical physical parameters of selected benzimidazoles are determined by
electronic chemical potential (μ), electronegativity (χ), absolute hardness (η), soft-
ness (S) and electrophilicity (ω) values from the HOMO as ionization energy (IE) and
LUMO as electron affinity (EA) using the following equations, respectively. These
parameters can be calculated using the following Eqs. (1)–(5).

μ ¼ EHOMO þ ELUMOð Þ=2 (1)

χ ¼ �μ (2)

η ¼ EHOMO � ELUMOð Þ=2 (3)

S ¼ 1=η (4)

ω ¼ μ2=2η (5)

Figure 4.
It shows the molecular diagram of selected molecules by DFT B3LYP 6-31G method.
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Theoretically calculated absolute hardness and softness are observed in the range
from 1.11 to 2.78 eV. The values of μ, χ, η, S, ω for the amino group at o- and p-position
leads to lesser values due to the electron donating nature of amino group. Absolute
hardness and softness are important properties to measure the molecular stability and
reactivity. S has been known as an indicator of the overall stability of a chemical
system. A hard molecule has a large energy gap and a soft molecule has a narrow
energy gap. Soft molecules are more reactive than hard molecules because they could
easily offer electrons to an acceptor. For the simplest transfer of electrons, adsorption
could occur at the part of the molecule where softness has the highest magnitude and
hardness has the lowest [69]. The absolute hardness and softness of Albendazole
molecule (benzimidazole moiety) was reported in the values of 2.56 and 0.39 eV in the
gas phase [70]. Further the parameter of electrophilicity index (ω) of a organic
molecule gives the information about the binding ability with biomolecules [71–73].

The calculated dipole moment values of the methoxy substituent at m- and p- are
higher than those of other derivatives. But the hydroxyl group at o-position is higher
than that of p-position and in amino group at p-position is higher value than that of o-
position. The compound that has the highest dipole moment value is 2-(-
p-methoxyphenyl)benzimidazole with the value of 4.91 D. 2-(p-hydroxyphenyl)
benzimidazole has the lowest dipole moment among the studied compounds (1.88 D).

Theoretically calculated energy for selected benzimidazole molecules are investi-
gated with respect to substitution at m- and p-position of methyl, methoxy and also o-
and p-position for hydroxyl and amino groups. More negative energy values are
observed for 2-(m-methoxyphenyl)benzimidazole and 2-(p-methoxyphenyl)benz-
imidazole. Further the comparisons of substitutions at m-, p-positions and o-, p-
position are not significantly changed in energy values in gas phase. Also thermody-
namic parameters such as enthalpy, free energy and entropy are calculated theoreti-
cally at room temperature in the gas phase. All values of substituted benzimidazoles
are higher than the parent benzimidazole (Table 2).

4.2 Molecular electrostatic potential

Another investigating theoretical study is molecular electrostatic potential map
(MSP) and displayed in Table 1. The electrophiles tend to negative ESP and the
nucleophiles tend to region of positive ESP. The molecular electrostatic potential was
calculated with DFT B3LYP 6-31G level of theory. The negative regions (red) are
mainly contained on the nitrogen atom (=N-) and oxygen atom from methoxy,
hydroxyl groups while the positive regions (blue) for the proton from –N-H, -OCH3, -
OH and -NH2 group.

4.3 Natural bond orbital (NBO) analysis

Further to study of the intramolecular interactions of selected benzimidazoles, the
theoretical NBO is used to calculate the stabilization energy for -C-H, -N-H and lone
pair electrons in heteroatoms using second-order perturbation theory [74]. Some
calculations about NBO analysis for investigating the intra and intermolecular inter-
actions of isolated organic molecules and inclusion complexes between organic mole-
cules and cyclodextrins [75, 76] were reported theoretically. NBO 3.1 program is
applied to perform the natural bond orbital (NBO) analysis [77, 78] in the Gaussian
09 W package at the DFT/B3LYP level. In this work, DFT B3LYP 6-31G method is
applied to analysis of intramolecular interactions for selected benzimidazoles. The
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stabilization energy E(2) for the donor and acceptor orbital delocalization is involved
through the occupied Lewis-type (bond or lone pair) NBOs and formally unoccupied
(antibond or Rydberg) non-Lewis NBOs within the molecules [79, 80]. The electron
density of all atoms is noted in the selected benzimidazole molecules.

The second-order Fock matrix is carry out to evaluate the donor–acceptor interac-
tions within the molecules to specify in conjugative π bonds and lone pair electrons
through the NBO analysis [81]. The Eq. (6) is given below to estimate the stabilization
energy E(2) for the donor and acceptor orbital delocalization within the molecule.

E 2ð Þ ¼ ΔEij ¼ qi
F i, jð Þ2
εj‐εi (6)

where qi is the donor orbital occupancy, εi and εj are diagonal elements (orbital
energies), and F(i, j) is the off-diagonal NBO Fock matrix element [82–84]. This
analysis reveals that the conjugative interaction, hyper-conjugative interaction, intra
and intermolecular hydrogen bond in the same molecules and combine with other
molecules are well described for the donor – acceptor orbitals.

Thus the interaction between π(N11-C12) and π*(C4-C7) are reveals the
hyperconjugative energy about 19.04, 20.00, 20.05, 19.99, 20.10, 20.13, 19.41, 20.11,
19.96, and 20.30 kJ/mol for selected benzimidazole and 2-phenyl benzimidazoles
respectively. This interaction could be revealed that the delocalization occurs in five
membered ring for benzimidazole, due to the presence of C=N-C. Similarly the
conjugative π bonds in the phenyl ring shows maximum delocalization during the
interaction with π* acceptor bonds. It is evident from benzimidazoles that the πC2-C5,
C3-C6 and C4-C7 delocalize more energy to the acceptor bond (π* acceptor). The
electron density of donor bonds decreases while the acceptor (π*) bond electron
density increases. Investigation of NBO analysis is described the stabilization energy
for the conjugative interaction or charge transfer between the donor and acceptor
bond orbitals [85, 86]. The interactions of π(C-C) with π*(C-C), π*(N-C) and π(N-C)
with π*(C-C) are more responsible for the conjugation of respective π* bonds in
benzimidazole and substituted 2-phenyl benzimidazole. The investigated molecules
are divided into parts from the results of NBO analysis. One part is benzimidazole
moiety and other benzene ring without and with substitutions. From the Table 3 these
conjugative interactions are formed with close stabilization energy in the range from
17.00 to 23.00 kcal/mol. The stabilization energy values for these interactions are
agreed with literature values [87]. From the Table 3, the π*(N11-C12) delocalizes the
maximum energy to π(C4-C7) and (C15-C18) bond respectively for all benzimid-
azoles in the range from 54.62 to 190.30 kJ/mol. Similarly, the π*(C18-C19) bond
transfers the high energy about 247.57 kJ/mol to (C16-C20) bond for 2-(o-
hydroxyphenyl)benzimidazole. The second order perturbation energies associated
with the hyperconjugative interactions in NBO basis confirms the presence of
intermolecular interactions.

4.4 Mulliken atomic charges

Thus the important quantum mechanical calculations further applied to calculate
the atomic charges for molecular system [88]. The charge distributions of all atoms
present in benzimidazole molecules are calculated by the Mulliken method [89].
The Mulliken atomic charges of selected benzimidazole molecules are presented in
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Table 4 and shown in Figure 5. The Mulliken atomic charges were computed at the
DFT B3LYP 6-31G method. The carbon atoms numbering C4, C7 and C12 are shown
with the positive values except other carbon atoms in the whole system. These results

Figure 5.
The computed Mulliken charges for all atoms in selected benzimidazoles.
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expected that these carbon atoms are connected with electronegative nitrogen atoms
in benzimidazole [90]. In benzimidazole, C7 atom is bonded with N13-H having high
positive value (0.329 a.u.) and C4 atom with N11 atom having less positive value
(0.032 a.u.). The other benzimidazole molecules are following the same trend. A
positive charge of all the hydrogen atoms are displayed in Table 4, but H26 was
gained maximum positive charge than the other hydrogen atoms, due to the presence
of electronegative atom (O25) in o-hydroxy and p-hydroxyphenyl benzimidazole
when compared with the hydrogen in amino group lesser values. The presence of
three nitrogen atoms in o-amino and p-aminophenyl benzimidazole (N11 = �0.481 a.
u., N13 = �0.804 a.u. and N25 = �0.721 a.u.) are shown in different environment
because N13 atom more negative values.

5. Conclusion

Ten compounds of benzimidazole and 2-phenyl substituted benzimidazoles such
as (1) benzimidazole, (2) 2-phenylbenzimidazole, (3) 2-(m-methylphenyl)benzimid-
azole, (4) 2-(p-methylphenyl)benzimidazole, (5) 2-(m-methoxyphenyl)benzimid-
azole, (6) 2-(p-methoxyphenyl)benzimidazole, (7) 2-(o-hydroxyphenyl)
benzimidazole, (8) 2-(p-hydroxyphenyl)benzimidazole, (9) 2-(o-aminophenyl)benz-
imidazole and (10) 2-(p-aminophenyl)benzimidazole were selected to study for the
spectral and theoretical properties. Synthesis of these molecules by many methods
were discussed and given the reaction scheme. Then the absorption and fluorescence
spectrum of all molecules were given with changing the wavelength respect to the
substitution of groups in the benzene ring. The conjugation and maximum also
involved and π-π* transition possible in the absorption spectrum. Further, DFT
method was used to determine the structural parameters, energy values, HOMO-
LUMO energy gap, thermodynamic parameters, molecular electrostatic potential map
for all molecules. NBO analysis was revealed the hyperconjugative interaction
between bonding orbitals, lone pair orbitals and antibonding orbitals and also calcu-
lated the stabilization energy of selected bonded orbitals. Finally the computed Mulli-
ken atomic charges was determined using DFT B3LYP 6-31G method.
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