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ABSTRACT

2-mercaptobenzimidazole derivatives are Sulphur containing heterocyclic compounds with diverse pharmacological
properties. This review discusses structural modifications, reactivity, traditional to advanced synthetic methods, chemical
properties, biological studies, and structure-activity relationship of these derivatives. Traditional methods are used
commonly for their synthesis, but green approaches and nanomaterial-based technology offer better pathways with
environmental-friendly properties. Nanotechnology also improves the delivery of drug molecules to specific biological
targets. In-vitro molecular docking studies of the derivatives also discussed which demonstrate their affinity towards
biological targets and predict their better therapeutic activity against various pathological conditions. By compiling recent
developments in synthetic strategies, structure—activity relationships (SAR), and in silico screening results, this review
highlights the therapeutic potential and future prospects of 2-mercaptobenzimidazole-based compounds in drug discovery
and development. However, these derivatives have some issues related to metabolic stability, bioavailability, and toxicity,
they can be proved novel therapeutic molecules with better activities by overcoming these problems.
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INTRODUCTION

Heterocyclics are those cyclic organic compounds that also
contain an atom other than carbon i-e nitrogen, Sulphur or
oxygen, incorporated in their ring structure. Medicinal
chemists are using these compounds in treatment of
different diseases to achieve desired therapeutic effects
because of their ability to use hydrogen atoms which
interact with enzymes and have high biological protection
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profile (Joule et al., 2020; Romine et al., 2011). Example of
heterocyclic compounds are those compounds containing
oxadiazole ring in their structure. They are well known for
their anti-inflammatory, analgesic and antirhinoviral
characteristics (Gutierréz-Hernandez et al., 2019; Sheikha et
al., 2018; Youssif et al., 2019; Abd ElI-Hameed et al., 2021;
Diana et al., 1994; Mohamed et al., 2020).

Another example of heterocyclic compounds are
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benzimidazoles, which are heterocyclic compounds in
which benzene ring and imidazole ring are fused together.
They are very important compounds in medicinal chemistry
due to their large spectrum of pharmacological properties
(Tahlan et al., 2019; Shaharyar et al., 2017; Sharaf et al.,
2025; Wright et al., 1951; Garcia-Valverde et al., 2005;
Obaid et al., 2023). They are used in treatment of various
pathological conditions such as infections due to bacteria
(Kulkarni et al., 2016; Tahlan et al., 2019; Negi et al.,
2017), fungi (Si et al., 2015) or viruses (Francesconi et al.,
2020; Gigante et al., 1999) as well as in diabetes (Enumula
et al, 2014), leishmania (Tonelli et al, 2018),
hyperlipidemia (Sheikha et al., 2018), oxidative stress (Ali
et al., 2018), inflammation (Sethi et al., 2018) and malaria
(Camacho et al., 2011). They are also used as diuretics
(Wang et al., 2007) and antimycobacterial agents (Pathak et
al., 2010).

Benzimidazole rings allow substitution at different positions
of the ring that considerably affect their therapeutic activity
e.g. substitution of different groups such as thiol, halogen
etc at position 2 of the ring structure influences their
pharmacodynamic and pharmacokinetic properties (Figure
1) (Brishty et al, 2021; Lgaz et al, 2021). 2-
mercaptobenzimidazole are heterocyclic compounds
containing sulfur functional group at position-2 which
highly influence its activities and make it important in the
field of drug discovery and development (Poonam et al.,
2022; Martinez-Pascual et al., 2025). As an important
nucleophilic center 2-mercapto group of these compounds
facilitates bonding with hydrogen and metal ions which
enhance its enzyme inhibition, antibiotic and anti-cancer
characteristics. Hydrogen bond formation, participating in
enzyme inhibitory mechanism and acting as biomolecular
moiety, is an important property of 2-MBI which makes its
derivatives effective against cancer, infections and oxidative
stress (de Sousa Couto and Guerra et al., 2021). Its
pharmacological activities are also influenced by the
presence of a 2-mercapto group that react with biological
macromolecules (Badgujar et al., 2024).

Due to their significance researchers are studying their
possible synthesis processes and explore advanced ones that
can give better results with less drawbacks. Computational
techniques such as molecular docking are frequently used to
explain their mechanism and interaction with biological
targets at molecular level (Heckenlively et al., 2022; Sahu et
al., 2023). Structure-activity relation analysis suggests
improvements in their selectivity and efficacy. Some studies
overclaimed their characteristics but they have
bioavailability, toxicity and stability issues yet. The aim of
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this study is to overcome these flaws via advanced synthesis
process and structure modifications to make them better
drug candidates, and it also covers chemical properties,
synthesis and biological activities of 2-
mercaptobeznimidazoles (Figure 2) (Vaishnav et al., 2025;
de Sousa Couto & Guerra et al., 2021).

Chemical Properties and Structural Characteristics

As discussed earlier, the primary reactivity of 2-BMI is due
to thiol group because as nucleophilic atom it reacts with
electrophilic centers of various species including ions of
metals, organic electrophiles and biological targets such as
enzymes and make strong bond due to polarizability of
Sulphur atom. This property makes it significant in
coordination chemistry where Sulphur atom as ligand, make
complexes with  metals having properties like
metalloenzyme inhibition. Lone pair of Sulphur is
responsible  for its nucleophilicity and eventually
nucleophilic substitution reactions. It has importance in
metal-based drug formulation due to its capability of metal-
Sulphur complexes (Osuofa et al., 2023; Andrés et al.,
2023; Santos et al., 2022; Ebenso et al., 2021; Zhu et al.,
2022).

It has dual solubility (hydrophobic nature of benzimidazole
ring and hydrophilic nature of thiol group) character and
hence possesses improved pharmacokinetic (solubility in
various solvents) and pharmacodynamic (drug delivery
system) properties (Kumari et al., 2023).

Methods of synthesis

Traditional method

Disulfide method is the most common traditional method of
its synthesis in which o-phenylenediamine reacts with
carbon disulfide to produce 2-mercaptobenzimidazole. This
reaction is significant at industrial scale due to high yield,
but it has limitations such as it is energy consuming as it
requires prolonged elevated temperature and the solvents
(DFM and DMSO) which are used in reaction, have
environmental safety risks. It also produces Sulphur
containing by-products which are difficult to dispose of. So,
the interest of researchers is growing towards more eco-
friendly methods (Jakeria et al., 2022; Poonam et al., 2022;
Ahamed et al., 2013; Tejaswini et al., 2021; Vidal et al.,
2021).

Green synthesis

Researchers have developed methods that are eco-friendly
and reduce the risks related to environmental crises (Ying et
al., 2022). Amon them microwave-assisted method is most
common method in which o-phenylenediamine reacts with
carbon disulfide in ethyl alcohol using radiations of
microwaves. This method has advantages over traditional
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synthesis such as low time and energy consumption, higher
yield and possibility of solvent-free mechanism (Chung et
al., 2023). Solvent-free technique is an emerging option for
large scale production as it eliminates the need for toxic
solvents and hence harmful waste (Langsdorf et al., 2021).
Advancement in synthetic processes

Several advanced techniques are being used for 2-
mercaptobenzimidazole synthesis. One of them s
nanomaterial-assisted synthesis in which nanoparticles or
nanocatalysts are used in reaction that improves the efficacy
of reaction and stability of product (Bin Rashid et al., 2023;
Abbas et al., 2024). Another method is biocatalysis in which

a) Traditional Method

NH4

DMSO

+ Cs,
DMF
NH,

¢) Nanoparticle
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enzymes or microorganisms are used as catalysts and
reaction occurs on normal conditions of pH and temperature
that helps to conserve energy, and this method is also
regioselective hence, selective derivatives can be obtained
easily which is impossible in other old methods (Bell et al.,
2021).

Mohammed et al. proposed a new efficient synthesis method
of the 2-(thiophen-2-yl)-1H-benzo[d]imidazole 9, by
reacting orthophenyl- enediamine 7 with thiophene-2-
carbaldehyde 8 in equimolar quantities, in the presence of a
catalytic quantity of zinc oxide (nanoparticles) in ethanol at
70 °C for 15 minutes (Scheme 1) (El-Alami et al., 2024).

b) Green Synthesis

NH4

NH4

EtOH

\>_SH

Zn0O-NPs
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Figure 1: Different ways to synthesize 2-Mercaptobenzimidazole a) Traditional method by utilizing solvents (DMSO, DMF)
b) Green Synthesis method by utilizing Microwave radiations ¢) Nanoparticle (Catalyst) driven synthesis.

Significance in Medicinal Chemistry

Therapeutic Potential

Modification of side chains and substitutions at different
sites of 2-mercaptobenzimidazole ring capable it to interact
with various biological targets hance it has broad range of
therapeutic activities in several pathological conditions
(Parthiban et al., 2024; Ngoepe & Clayton et al., 2021).
Drug Delivery system

Stable complexes of 2-MBI with metals, nanoparticles,
liposomes and micelles influence their bioavailability and
make them capable of developing nanocarriers to target
specific biological targets such as enzymes and tumors and
hence alleviate systemic toxicity and increase therapeutic
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efficacy (Ezike et al., 2023).

Enzyme Inhibition

The thiol group of 2-MBI interacts with the metal ions of
active sites of enzymes and disrupts them hence causes
enzyme inhibition. For example, some 2-MBI derivatives
inhibit matrix metalloproteinases (MMPs) enzymes that are
involved in remodeling tissues and hence inhibit cancer.
Another example is carbonic anhydrase enzyme inhibition.
As this enzyme involves regulation of pH and transport of
carbon dioxide hance show activity in glaucoma and cancer
(Lee et al., 2023). Schiff derivatives, including 5-(2-
hydroxy-4-methoxybenzylideneamino)-2-

mercaptobenzimidazole and 5-(4-hydroxy-3-
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methoxybenzylideneamino)-2-mercaptobenzimidazole ere
synthesized to assess their glutathione-S-transferase
inhibitory activity by using spectroscopy and molecular

4
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Figure 1: Structure of 2-Mercaptobenzimidazole.

|
7a

DOI: 10. 39401/jpbm.002.02.0051

docking techniques (by using Chimera and AutoDock
Vina). The second derivative showed greater inhibitory
potential (Figure 3) (Aras et al., 2022).
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Figure 2: Therapeutic applications of 2-MBI derivatives.

Biological Activities of 2-Mercaptobenzimidazole
Antimicrobial Activity

Research has revealed that 2-MBI derivatives have potent
antimicrobial activity against certain multidrug-resistant
strains of microbes and can play pivotal role against drug
resistance (Dad et al., 2023). Combined derivatives with
sugars such as mannose, arabinose, glucose as well as
aldehydes show good activity against gram positive and
gram-negative bacterial species (Hosamani et al., 2011). For
example, antimicrobial activity of 2-mercaptobenzimidazole
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derivatives having 50, 100 and 200 microgram per milliliter
concentration, was determined against E. coli ATCC3750 and
B. subtilis 6633 at Haffkine institute of Mumbai through
paper disc method and compared their activity against
standard drug, Ciprofloxacin (Yaseen et al., 2010). Poonam et
al., (2022) also investigated 2-MBI derivatives against gram
positive and negative bacterial species and results showed
even better activity than standard drug, Ciprofloxacin proving
them equivalent even superior antimicrobial drug candidates.
2-mercaptobenzimidazoles derivatives also showed antifungal
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activity by interacting with biosynthesis and functionality of
fungal cell membranes. Attachment of electron withdrawing
groups (EWGs) with phenyl ring increases its activity against
target fungi, hence improves efficacy (Poonam et al., 2022).
For instance, benzimidazole, levamisole, closantel and
ivermectin have been extensively used in Asia and worldwide
to treat worm infections (Qamar & Alkheraije 2023).
Anticancer Activity

2-MBI derivatives show anticancer activity by arresting cell
cycle and induction of apoptosis, inhibition of DNA
replication and protein synthesis. Researchers are working
on the selectivity of these derivatives for target cells so that
they show their only against cancer cells but not normal
human body cells (Gousias et al., 2022). Mavvaji et al.,
(2025) synthesized a series of 2-mercaptobenzimidazole
derivative 1 compounds and tested them against three
human cell lines; colon (DLD-1), lung (A549) and liver
(HepG2) to check their cytotoxic activity. Results showed
that all synthesized derivatives had cytotoxic activity with
low or high minimum inhibitory concentration (minimum
concentration of compound required for inhibitory effect)
values (Mavvaji et al., 2025).

In a study by Tahlan et al., (2020) novel compounds,
azomethine of 2-mercaptobenzimidazoles were synthesized
and  characterized by  Fourier transform-infrared
spectroscopy (FT-IR), proton and carbon-nuclear magnetic
resonance (*H/**C-NMR), mass spectroscopy (MS) and
carbon, hydrogen, nitrogen analysis. The in-vitro anticancer
activity of these synthesized derivatives was investigated
against human colorectal carcinoma cancer cell line (HCT-
116) by using 5-Fluorouracil (5-FU) as reference drug. All
derivatives contained anticancer property and one of them
showed potent activity (Tahlan et al., 2020).

Antioxidant Activity

Antioxidant activity of 2-MBI derivatives is also reported
and they can play a role in the treatment of cardiovascular
diseases, neurodegenerative diseases, and diabetes (Lee et
al.,, 2023). Kharl et al., (2020) reported the scavenging
activity of 2-MBI derivatives 2 on DPPH and results
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showed that they have equivalent, even superior activity as
compared to standard drug, ascorbic acid. This activity
makes them capable of taking part in the treatment of
diseases in which oxidative stress is cause of progression
(Ali Kharl et al., 2025).
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These derivatives have also shown tyrosine inhibitory
activity and can be used as anti-browning agent in the food
industry. Kinetic analysis and docking studies were used to
explain the inhibitory activity of these derivatives. It is also
proved that the thiol group is responsible for this activity
and in the absence of thiol group antioxidant activity is not
shown (Figure 4) (Lee et al., 2023). A series of thirty-four
derivatives of  2-mercaptobenzimidazoles 3  were
synthesized and explored their antioxidant acidity by Ata et
al., (2023). These compounds were tested for 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radicals scavenging and urease
inhibition activities. Results showed that all compounds had
potent to moderate antioxidant activity (Ata et al., 2023).

Anti-inflammatory and Anti-Arthritic activity

They show anti-inflammatory activity in some diseases such
as arthritis by blocking the production of pro-inflammatory
cytokines e.g., TNF-a (Tumor necrosis factor-alpha) and IL-
6 (Interleukin-6) which are principal mediators of
autoimmune diseases. So, they can be used in the treatment
of chronic inflammatory diseases like rheumatoid arthritis
and osteoarthritis (Figure 5) (Moudgil and Venkatesha et al.,
2022; Direito et al., 2021). Mobashir et al., (2025) studied
2-MBI derivatives and their efficacy in inflammatory and
autoimmune disorders was determined. Symptoms of
rheumatoid arthritis were diminished due to reduction in
production of pro-inflammatory markers. The level of
prostaglandin E, was also lowered. One of the reasons for
anti-inflammatory activity is autocoid suppression which is
evident by carrageenan model of inflammation (Mobashir et
al., 2025).
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Figure 5: Mechanism of Anti-Inflammatory and Immunomodulatory Activities.

Activity against COVID-19

Recent studies have discovered the activity of 2-MBI
derivatives against SARS CoV-2. The study was done on
sixty-one 2-MBI derivatives out of which twenty-two
compounds were eliminated from the experiment due to
having insufficient pharmacokinetic properties. Binding
affinities with target sites of remaining thirty-nine
derivatives were studied by molecular docking. Results
showed that they bind with spikes proteins of virus even
with greater strength than standard drugs, Remdesivir and
Umifenovir and hence block their entry in human body
cells. Former standard drug is only available medication for
the treatment of new coronavirus but it is very costly due to
having complex structure So novel synthesized 2-MBI
derivatives can be proved economical treatment. As they
also have anti-inflammatory activity so they can play a role
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against cytokine storms in severe COVID-19 infection
(Porto et al., 2022).

Anti-hypertensive Activity

Although  less data is  reported, some  2-
mercaptobenzimidazole derivatives 4 showed blood
pressure lowering activity due to their vasodilatory effect
and can play role in cardiovascular diseases (Gutierrez-

Hernandez et al., 2024).
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Antihyperlipidemic Activity

2-MBI derivatives 5 showed antihyperlipidemic effect by
increasing the metabolism of lipids in the body. Molecular
docking studies also confirmed their strong binding with
lipid-modulating enzymes (Sharaf et al., 2024).

a- Glucosidase Inhibitory Activity

Anticonvulsant and antidiabetic activities of a new series of
2-MBI derivatives 6 were investigated by using Maximal
electric shock model and oral glucose tolerance test
respectively. One derivative showed potent antidiabetic
activity (Figure 6) (Shingalapur et al., 2010; Rosales
Hernandez et al., 2024).

N—N
\>5LH*\/\\

H

T
6

In-silico Docking Studies and Binding Affinities
In silico docking studies suggested the binding affinity of
2-MBI derivatives with different biological targets and
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active sites of various enzymes e.g. binding with
metalloenzymes and spikes proteins of corona virus. It also
showed the resulting effects of modifications of thiol
group or benzimidazole ring (Mohapatra et al., 2023; Ni et
al., 2025). Several derivatives substituted by alkyl group
of carbons, were investigated by using in-vitro molecular
docking and it was found that some of them had potent
antioxidant property at several concentrations.

The results also showed the significant inhibitory action
on a-glucosidase enzyme is even greater than standard
drug, acarbose and hence indicated as novel drug
molecules for antidiabetic activity (Ali et al., 2018). A
series of  S-substituted  2-mercaptobenzimidazole
derivatives was synthesized and investigated for urease
inhibitory and DPPH radicals scavenging activities. All
compounds showed good activity but some of them even
showed better results as compared to standard drug,
thiourea. Molecular docking showed binding affinities
between synthesized derivatives and active site of target
enzymes and predicted some compounds as novel
therapeutic agents having antioxidant and urease
inhibitory properties (Figure 7) (Ata et al., 2023).

BIOLOGICAL ACTIVITY OF 2-
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Figure 6: Biological Activities of 2-MBlIs.

A series of novel N, N-disubstituted-2-
mercaptobenzimidazolium salts were synthesized in
conjugation with two novel benzimidazolium chlorides and
investigated through nuclear magnetic resonance (NMR)

107

*‘ANTI MICROBIAL

« Effective against MDR
pathogrns

. Active against gram +/-
Bacteria

Ji.:.g ANTI-COVID

* Block Spikes Protein Entry
* Superior Binding than
Remdesivir

and liquid chromatography-mass spectroscopy (LC-MS)
techniques. Binding affinities of relative active compounds
with topo2a (topoisomerase II alpha) were determined by
molecular docking. According to docking studies some of
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these compounds had cytotoxic effect against cancer cell
lines (Figure 8) (Mavvaji et al., 2025).

Structure Activity Relationship (SAR) Study
Structure-activity relationship of 2-mercaptobenzimidazole
derivatives show the possible effects of modification at
different sites of imidazole ring and thiol group. Khan et al.,
(2023) synthesized various derivatives of 2-MBI with
substitutions at distinct positions of benzimidazole ring and
mercapto group and showed that substitution has prominent
effect on the therapeutic activity of these compounds
(Hassan & Khan et al., 2021; Satija et al., 2022).
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Modification at Benzimidazole ring

Modification at different sites of ring highly affects its
therapeutic characteristics. For example: Substitution at 5-
position: Substitution of electron withdrawing groups at
position 5 of the ring increases its electrophilicity towards
nucleophilic center of bacterial enzymes and hence enhances
its antimicrobial activity but substitution of electron donating
groups at position 5 of the ring influences its anticancer
activity (Kurishiba et al., 2024). Substitution at 6-position:
Substitution at position 6 of the ring enhances its cytotoxic
and enzyme inhibitory activity (Huang et al., 2024).
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Figure 7: Molecular docking against specific protein to predlct the b|olog|cal activity of 2-MBls.

In Silico Docking and Target Binding Affinities of 2-
Mercaptobenzimidazole Derivatives
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Figure 3: In-silico docking and target binding affinities of 2-Mercaptobenzimidazole Derivatives.

Modification to the Mercapto group

Mercapto  group present at position-2 of 2-
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mercaptobenzimidazole ring highly affects its activity. For
example: Electron-withdrawing substitution: Substitution of
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electron withdrawing groups at mercapto group increases its
nucleophilicity against electrophilic centers of biological
targets and hence influences it anticancer activity and
enzyme inhibitory activity of those containing iron
containing active sites (Mloston et al., 2024).

Electron-donating group substitution: Substitution of

DOI: 10. 39401/jpbm.002.02.0051

electron donating groups at mercapto group of 2-MBI ring
reduces its anticancer activity by decreasing nucleophilicity,
but antioxidant property is increased (Zhang and Fang et al.,
2024). So, the researchers can develop derivatives having
more potency and selectivity by refining these modifications
(Figure 9).

Figure 4: Structure Activity Relationship (SAR) of 2-MBI derivatives.

CONCLUSION
2-Mercaptobenzimidazoles represent a crucial class of
heterocyclic ~ compounds  with  diverse  chemical,

pharmacological, and therapeutic potential. Their unique
structural framework featuring both benzimidazole and thiol
functionalities allows for extensive chemical modification
and  broad-spectrum  biological activities, including
antimicrobial, anticancer, anti-inflammatory, antiviral, and
antioxidant properties. Recent advances in synthesis
strategies, including green and efficient routes, have
improved the accessibility of various derivatives. Usually,
traditional methods are used on an industrial scale for
synthesis of these compounds, but nanotechnology opened
the doors towards environmental-friendly synthesis and
improved the delivery of synthesized compounds to desired
biological targets. As they have potent antiviral and anti-
inflammatory properties, molecular docking studies of these
compounds predict that these molecules can be proved
effective against severe inflammatory diseases and HIV
(human immunodeficiency virus).Moreover, the integration
of molecular docking and in silico screening has greatly
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enhanced the understanding of structure activity relationships
(SARs), enabling the rational design of more potent and
selective therapeutic candidates. The combined insights from
synthetic chemistry and computational modeling support the
growing significance of 2-mercaptobenzimidazoles as lead
scaffolds in drug discovery. However, further in vivo
validation,  pharmacokinetic  profiling, and toxicity
assessments are essential to translate these promising
compounds into clinically viable drugs. Overall, this review
highlights the versatility and biomedical relevance of 2-
mercaptobenzimidazoles and provides a foundation for future
research in medicinal chemistry, especially in the context of
rational drug design and targeted therapeutic development. So
further research on pharmacokinetic and structural properties
of 2-mercaptobenzimidazole derivatives can provide novel
therapeutic drug candidates with superior biological activities
than standard drugs and treatment of some unmet medical
needs.
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