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Benzimidazole is aheterocyclic aromgitzsf)rrzgtnic compound. Benzimidazole is also known as 1H-
benzimidazole. It is a bicyclic compound. It is formed by fusing the benzene ring with an imidazole ring
that contains two nitrogen atoms.They are widely distributed, both natural and synthetic molecules.
Benzimidazoles, known for their significant medical benefits against various diseases, have gained
significant interest due to recent advancements in synthetic methods. Recent advancements in synthetic
methodologies and drug design have facilitated the development of novel benzimidazole derivatives with
improved potency and reduced side effects. Benzimidazole and its derivatives play. amajor role in treating
various diseases, like anti-cancer, anti-inflammatory, anti-oxidant, anti-coagulant, anti-microbial, anti-
viral, anti-bacterial, antidiabetic, neuroprotective, analgesic, anti-protozoal, hypertensive, anti-ulcer, anti-
convulsant, anti-HIV, analgesic, anti-parasitic, proton pump inhibitors,etc.Benzimidazole and its
derivatives are prepared in different ways,including condensation of o-phenylenediamine with carbonyl
compounds or carboxylic acids and their derivatives. The benzimidazole can beprepared by rearranging
other heterocyclic compounds,including quinoxaline derivatives, triazole derivatives, etc. In recent years,
benzimidazoles have been prepared by using green methods like microwaves, ultrasound, ecofriendly
catalysts, and photochemical reactions. This review focuses on the benzimidazole and their derivatives,the

methods used to preparethem, as well as their biological applications in our daily lives.
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Figure 1. Diverse biological activities of benzimidazole derivatives
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Introduction:

Benzimidazole is a heterocyclic compound formed from a benzene ring with an imidazole ring that
contains nitrogen, oxygen,and sulfur.l9its derivatives are of wide interest because of their inhibitory
activity and their suitable selective ratio-®1Benzimidazole is also known as 1H-benzimidazole or 1,3-
benothiazole.[IBenzimidazoles are formed by the condensation reaction of 1,2-phenylenediamine with
carboxaldehyde and carboxylic.’l¢1Benzimidazole is a class of bioactive heterocyclic compounds that
exhibit a range of biological activities like anti-microbial(omeprazole and metronidazole), anti-
viral(ribavirin and acyclovir), anti-diabetic(metformin and thiazolidinediones), anti-cancer(vincristine and
vinblastine), anti-oxidants (2-aryl-1H-benzimidazole), anti-parasitic, anthelmintics(Albendazole and
mebendazole), anti-proliferative, anti-HIV, anti-convulsant (Clobazam and clemizole),anti-inflammatory
(ranitidine), anti-hypertensive(captopril and benazepril),anti-ulcer(esomeprazole), anti-neoplastic, and
proton pump inhibitors(lansoprazole and pantoprazole). Benzimidazoles exhibit significant activity as
potential antitumor agents. 61718l

i

Figure 2.Benzimidazole

Anti-cancer activity:

Hanan M. REFAAT etal.The benzimidazole ring system isa crucial -pharmacophore in medicinal
chemistry and modern drug discovery. 2-substitued benzimidazoles have potential anti-cancer activity.
methyl-2-benzimidazole carbamate is a potent anticancer agent that promotes apoptosis of cancer cells.[*]
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Fig 3. Methyl-2- benzimidazole carbamate

W. M.ELDEHNAet al. The new series of oxindole-thiazolo[3,2-a] benzimidazole scaffolds uses non-
rigid. Hydrazine spacers 6 and 7 as potential anticancer CDK2 inhibitors have been reported. The newly
synthesized ISATIN-TBI was tested forantiproliferation properties against two cancer cell lines, MDA-
MD-231 and MCF-7.110
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Figure 4. Potent anti-cancer benzimidazole derivatives
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EDYTA LUKOWSKAN et al. The benzimidazole derivatives are used to treat cancer. They inhibit the
protein kinase CK2 with anticancer and proapoptotic activity. A series of polybrominated benzimidazole
derivatives have been synthesized, which have been substituted by various cyanoalkyl groups.[!l
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Anti-bacterial _activity:S.B. KORRAPATI et al.Spirobenzimidazole-quinolines derivatives have
significant DNA gyrase inhibitors that have been synthesized and evaluated for their bacterial inhibitory
activity. The synthesized hybrids selectively slow down the gram-positive pathogens. The synthesized
compounds 27a,27b, and27¢ show good antibacterial activity. (12

Figure 5.Potentanti-bacterial benzimidazole derivatives
JOAO. B. MOREIRA ET AL.the benzimidazole derivatives have potential antibacterial activity. The
symmetric bis-benzimidazole conjugates show activity against a range of Gram-positive and Gram-
negative bacteria. Para-substituted ethoxy, amino, and methoxy derivatives show potent bacteriostatic
activity.[3

VALENTINA REP et al.A series of tetrahydropyramidinyl-substituted benzimidazoles were synthesized
to study their antibacterial activities against gram-positive and gram-negative bacteria. The type of
substituted at the C-3 and C-4 positions improved anti-bacterial potency, with benzoyl substitute
benzimidazole derivatives 15a being the most active.[**]

Anti-Inflammatory activity:

V.KAMAT, ET AL.A novel series of benzimidazole derivatives plays ‘a significant role to treating
inflammation. Kamat’s novel series of benzimidazoleswerefor their in vitro anti-inflammatory effect
using protein denaturation protocol. Diclofenac sodium as the reference compound.The percentage
inhibition was observed using varying 20-100ug/ml concentrations from the results, compounds 30a,30b,
and 31c displayed good activity with IC50 values ranging between31.16 and 88.49 pg/ml. 1]

MOHAMED A.SA BADAWY ET AL., non-steroidal anti-inflammatory drugs are used to treat a wide
range of inflammatory diseases, such as pain, fever, and arthritis. NSAIDS are capable of reducing the
production of key pro-inflammatory mediator’s prostaglandins by the inhibition of constitutive [COX-1]
and [COX-2] isoenzymes. The non-selective NSAIDS effectively inhibit both cox-1 and cox-2.
Indomethacin, as a potent non-selective NSAIDS, has medical applications in the treatment of
inflammation diseases including osteoarthritis, rheumatoid, etc. Clinical trials have shown that selective
cox-2 inhibitors such as celecoxib have a significantly better safety profile. According to SAR
studies,selective cox-2 inhibitors are diaryl heterocyclic compounds bearing SO2NH> or SO>NH3
groups.!16l
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S.C.RAKA et al., and R. SIVARAMAKARTHIKEYAN et al., The protein denaturation method was
used to assess the anti-inflammatory activity of benzimidazole-tethered pyrazoles. The synthesized
compound 26b with a nitro substituent shows good activity. The activity of synthesized derivatives was
evaluated for acute inflammation using carrageenan- induced rat hind paw oedema.Results showed that
compounds la and 1b at 100 mg/kg demonstrated significant anti-inflammatory activity against
carrageenan induced paw oedema, with compounds 1a showing the highest inhibition.[171[8]

PURVA SETHI et al. synthesized new benzimidazole derivatives from coumarin and benzimidazole
nuclei, showing maximum anti-inflammatory activity. The synthesized compounds show maximum
activity.[*°

e
| % 1l

Anti-diabetic activity:

SHAYEGAN ET AL. reported the benzimidazole derivatives have antidiabetic activity. Benzimidazole-
bearing Phenoxyacetamide products were screened for their antidiabetic activities. The in vitro a-amylase
inhibition was tested. The targeted compounds demonstrated 1C50 values ranging from 99.6 + 3.1 to
>750uM in comparison to the control. Compound 43a bearing the Fluoro substituent at the para position
shows significant inhibitory activity, while compound 43b bearing chloro and methoxy also displayed
good activity. The results of the a-amylase inhibitory activities indicated that compounds43c and 43a
demonstrated excellent inhibition.[2]

SINGH ET AL. designed and synthesized a new library of N-methyl/benzimidazolyl para substituted
benzyl-conjugated compounds. The a-glucosidase inhibition of the novel synthesized molecules was
screened. All tested compounds showed potent a-glucosidase inhibitory activity with 1C50 values ranging
between 4.10+0.01 and 31.5 +1.01 pm.[21

Benzimidazole derivatives with promising anti-diabetic activity

AKANDE ET AL., designed and synthesized different series of substituted benzimidazoles 53. The a-
amylase inhibitory activity of the targeted compounds was screened using acarbose as a control.
Compounds 53a, 53b and 53c good exhibited inhibitory activity with IC50 values of 1.91 + 0.02,
1.89 + 0.25 and 1.86 + 0.08 pum. against the a-amylase enzymes.[??]
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SANDHYA MJ NAIR et al. synthesized novel N-[(2-amino-5-methylene)-1,3,4-thiadiazole]-2-methyl
benzimidazole analogues selected for in vitro antidiabetic activity, showing 49.25% inhibition compared
to acarbose’s 68.61% inhibition.[?]

.

Anti-urease and anti- mycobacterial activity;

EMRE MENTASE ET AL., the non-redox metalloenzyme urease is a nickel-containing enzyme located
in the body structure of many organisms like plants, algae, fungi, and various microorganisms. Urease
enzymes cause diseases such as duodenal ulcer, chronic gastritis, andpyelonephritis. control the urease
activity by using urease inhibitors. A novel series of 5,6-dichloro-2-methyl-1H-benzimidazole derivatives
used as potent anti-urease activity. The benzimidazole derivatives such as omeprazole,
thiabendazole,albendazole,mebendazole.?4!

Emrementaseet al., A new series of benzimidazole compounds, including hydrazine
carbothioamide,1,2,4-triazole,1,3,4-oxadiazole and imine function, were synthesized starting from 5,6-
dichloro-2-cyclopropyl-1H benzimidazole All benzimidazole derivatives exhibited good urease inhibitor
activity.[?°]

YEONG KENG YOON ET AL., The novel series of benzimidazole derivatives shows their activity
against M. tuberculosis H37RV and 1NH resistant. The introduction of first line drugs like streptomycin,
Para-amino salicylic acid, and isoniazid for treatment with a four-first-line drug-regimen comprising
mainly isoniazid, rifampicin, pyrazinamide, and ethambutol for a period of at least 6 months currently
treated with a four first line drug to cure the active TB.[%]

Anti-plasmodial activity:

NEREA ESCALA ET AL., malaria cases and deathskeep being excessively highevery year. The
benzimidazole skeleton plays a major role to treating malaria. The benzimidazole derivatives have
potential antimalarial activity. 2-phenyl-1H-benzimidazole derivatives exhibited good activity in vitro
against plasmodium falciparum,with IC50 values of the most potent compounds ranging from 18nM to
1.30pum.[27]

2-phenyl-1H-benzimidazole
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OKOMBO ET AL.,A novel series of pyrido[1,2-a] benzimidazoles bearing Mannich base side chains and
their metabolites were synthesized and evaluated for in vitro anti-plasmodial activity.[28]

Block o
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Anthelmintic activity:

FARUK ALAM et al. synthesized 1 and 2-substituted-5-nitrobenzimidazole derivatives. shows
anthelmintic activity against adult Indian earth worms, all compounds showed potential anthelmintic
activity, with the compound 2-(4- chlorophenyl)-5-nitro-1-(piperidin-1-ylmethyl)-1H-benzimidazoles.[?°]

e NG R NOH(CH e s rrmbdione 3 Re suepbarbns

R.KENCHAPPA et al. synthesized the thiazolo[3,£—a] benzimidazole derivatives containing benzofuran
nucleus and conducted their anthelmintic activity against earthworms. The tested compounds show
anthelmintic activity. 3

CONCLUSION:

The benzimidazoles are the most important classes of synthetic organic compounds. Benzimidazole
derivatives have emerged as a promising class of compounds with diverse pharmacological activities,
including anti-cancer activity, anti-bacterial activity, anti-inflammatory activity, anti-diabetic activity, anti-
urease activity and anti-mycobacterial activity, anti-malarial activity.
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