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Abstract—In recent years, the rise of multidrug-resistant bacteria has spurred significant advancements in the development of
new antimicrobial agents. Within the field of medicinal chemistry, benzimidazole has emerged as a crucial pharmacophore.
This study focuses on the synthesis of a series of N-((1H-benzoimidazol-2-yl)methyl)-2-(phenoxymethyl)-3H-benzoimidazol-
5-amine derivatives (6a-f), achieved through the reaction of substituted 2-(phenoxymethyl)-3H-benzoimidazol-5-amine
derivatives with 2-chloromethyl benzimidazole. The structures of the synthesized compounds were confirmed using various
spectroscopic techniques, including IR, 1H-NMR, 13C-NMR, and mass spectrometry. Furthermore, the antibacterial activity
of compounds 6a-f was evaluated against Bacillus subtilis and Bacillus pumilus (gram-positive), as well as Escherichia
coli and Pseudomonas aeruginosa (gram-negative) strains, utilizing the agar well diffusion method. Notably, compounds 6¢
and 6f exhibited significant antibacterial activity when compared to the standard drug Ciprofloxacin.

Index Terms—Benzimidazole derivatives, antibacterial activity, agar well diffusion method

. INTRODUCTION

The excessive use of antimicrobial drugs has led to a concerning rise in microbial resistance against various diseases,
posing a significant threat in the medical field. This issue is escalating daily, resulting in decreased effectiveness of current
drugs. To address this challenge, there is a pressing need to develop new, more potent drugs to combat microbial infections.
The impact of microbial diseases on a global scale is undeniable, with countless individuals suffering from these infections.
Alarmingly, many microbes have demonstrated resistance to commonly used antimicrobial agents. Given the widespread
resistance observed worldwide, it is imperative to create chemotherapeutic agents that can effectively overcome microbial
resistance and shorten the duration of treatment [1-7].

Many heterocyclic compounds have been discovered to be effective against a variety of microbes. To develop selective and
potent drugs, these compounds are often used as foundational structures to incorporate different pharmacophores.
Heterocyclic compounds typically contain heteroatoms like oxygen, sulfur, and nitrogen. It has been noted that compounds
with diverse biological activities often have heterocyclic structures with nitrogen as a key heteroatom [8-10].
Benzimidazole is a heterocyclic aromatic compound that consists of a fused benzene ring with an imidazole. It contains two
nitrogen atoms as heteroatoms and possesses valuable medicinal properties. The benzimidazole molecule has demonstrated
its significance in the drug development process, with several drugs in the medicinal field containing a benzimidazole
moiety. In the field of medicinal chemistry, benzimidazole serves as an essential pharmacophore. A wide range of
benzimidazole derivatives have been utilized as therapeutic agents, including antibacterial, antifungal, anticonvulsant,
antiviral, anthelmintic, antihypertensive, anti-inflammatory, anticancer, antihistaminic, proton pump inhibitors,
antiparasitic, analgesic, antiulcer, and anticoagulant medications [11-18]. Well-known drugs like proton pump inhibitors
(Omeprazole, Lansoprazole), antihypertensives (Candesartan, Telmisartan), anthelmintics (Flubendazole, Albendazole,
Mebendazole), antihistamines (Astemizole), contains benzimidazole ring [19-20]. The medicinal value of benzimidazole
and its derivatives has garnered significant attention from the research community. Through a thorough literature survey, it
was discovered that compounds containing two benzimidazole rings within a single molecule exhibit promising
pharmacological activities. The current study is centered on synthesizing novel benzimidazole derivatives that
feature two benzimidazole rings in light of the aforementioned facts.

Phenoxyacetic acid stands out as a crucial compound renowned for its strong fungicidal properties. Derivatives of
aryloxyacetic acid exhibit a remarkable spectrum of biological activities. These include antimycobacterial, anti-
inflammatory, antioxidant, antibacterial, and analgesic effects, along with properties that combat sickle cell disease, lower
lipid levels, and inhibit platelet aggregation. Additionally, they function as non-prostanoid prostacyclin (PGI) mimetics and
exhibit antagonistic activity against gastrin and cholecystokinin (CCK)-B receptors. Furthermore, these compounds
demonstrate inhibitory effects on cathepsin K and aldose reductase, as well as diuretic effects and roles as growth regulators
[21-22].

To enhance the bioactivity of benzimidazole derivatives, a substituted phenoxy methyl group was introduced at the C2
position of the benzimidazole. The antibacterial activity of these compounds was then evaluated against four distinct

bacterial strains.
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Il. MATERIAL AND METHOD
Chemistry
5-nitro-2-phenylenediamine and substituted phenoxyacetic acid were used as starting materials for the synthesis of different
derivatives of benzimidazole. All the new derivatives of benzimidazole were synthesized using previously reported methods.
The progress and completion of the reaction were checked by TLC using aluminum-supported silica gel plates. A digital
melting point apparatus was used to determine the melting point of the synthesized compound and was uncorrected. *H-NMR
spectra were recorded in DMSO using TMS as an internal standard on Brucker 300 MHz instrument and chemical shift (8)
values are expressed in ppm. IR spectra were recorded on Jasco 4100 FT-IR [23-25]. Reaction Scheme, substituents, and
reagents used for the synthesis of benzimidazole derivatives 6a-f are shown in Scheme 1.
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Scheme 1: Synthetic scheme, reagent and substituent

Table 1: Substituents present on compound 6a-f

R R1
6a -H -H
6b -OCH3 -H
6c -Cl -H
6d -H -NO2
6e -OCH3 -NO2
6f -Cl -NO2

In vitro antimicrobial activity

The tube dilution method determined the Minimum Inhibitory Concentration (MIC). Ciprofloxacin dissolved in Sterile Nutrient
Broth was used as the antibacterial standard. All synthesized compounds were subjected to antibacterial activity testing
against Bacillus subtilis, Bacillus pumilus (gram-positive) and Escherichia coli, Pseudomonas aeruginosa (gram-
negative) bacterial strains using the agar well diffusion method. The agar well diffusion method is a widely used technique to
assess antimicrobial activity [26-27].The Clinical and Laboratory Standards Institute (CLSI) has published many standards for
bacteria and yeast testing [28]. In this method, agar plates are inoculated with a standardized inoculum of the test
microorganism. Then, a well of 9 mm diameter is made on the agar plate using a sterile cork borer, and a volume (5-10 pL) of
the synthesized compound solution at the desired concentration is introduced into the well. The agar plates are then incubated
under suitable conditions depending on the test microorganism. After 24 hours, the inhibition of the growth of microorganisms
is studied, and the diameters of the inhibition growth zones are measured in millimeters [29].
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I1l. EXPERIMENTAL

Synthesis

Synthesis of 2-Substituted Benzimidazole Derivatives 3a-c

5-nitro-2-phenylenediamine (1) (0.1 mole) and substituted phenoxyacetic acid (2a-c) (0.1 mole) were mixed with 4N
hydrochloric acid (40 mL) and heated in a water bath for 2.5 hours. TLC monitored the progress of the reaction. After complete
heating, the mixture was cooled and basified with ammonia. The solid product obtained was filtered and recrystallized with
aqueous ethanol.

Synthesis of 5-amino benzimidazole derivatives 4a-c

A mixture of 5-nitro-2-substituted benzimidazole (3a-c) (0.1 mol), 10 mL ethanol, and 10 mL 6N HCI was heated under reflux.
Solid SnCl>-2H,0 was added in portions until the mixture was completely exhausted. The reaction mixture was then cooled,
and the solid product was collected by decantation with ethanol. The residue was made alkaline by using a KOH solution and
extracted with ethyl acetate. The ethyl acetate extract was evaporated, and the resulting solid was recrystallized from water.
Synthesis 2-chloromethyl benzimidazole derivatives 5a and 5b:

0-Phenylenediamine (1) (0.1 mol) and monochloroacetic acid (0.1 mol) were mixed with 4N hydrochloric acid (20 mL) and
refluxed for 2.5 hours. TLC monitored the progress of the reaction. After complete heating, the reaction mixture was cooled and
basified with ammonium hydroxide by keeping it in ice-cold water. The product, 2-chloromethyl benzimidazole (5a), was
obtained as a yellow solid.

The 2-chloromethyl benzimidazole (5a) was further nitrated using concentrated sulfuric acid and concentrated nitric acid to
obtain the nitro-substituted compound (5b).

Synthesis of benzimidazole substituted derivative of 5-amino benzimidazole 6a-f

A mixture of 2-chloromethyl benzimidazole derivatives (5a-b) (0.01 mol), substituted 5-amino benzimidazole derivatives (4a-
c) (0.01 mol), and potassium iodide (K1) (0.01 mol) in 50 mL of ethanol was heated under reflux for 6 hours. Then, potassium
hydroxide (KOH) (0.01 mol in 5 mL of water) was added with continuous stirring for an additional 2 hours. Finally, the
reaction mixture was left at room temperature and poured into crushed ice. The precipitated solid product was filtered off,
recrystallized from ethanol, and dried in a vacuum desiccator.

The synthetic route for the target compounds 6a—f is shown in Scheme 1.

Physical and Spectral Analysis

5-nitro-2-(phenoxymethyl)-1H-benzimidazole (3a)

Yield= 65%, Mol. Wt.: 269.26, M. P.= 118-120°C, IR: 1160 (-C-N), 1482, 1619, 1662 (Ar), 2927 (-C-H), 3115, 3214 (-N-H)
cm-1; 'H-NMR (CDCl3) & ppm: 5.2 (2H, s, -CHy), 6.7-7.1 (m, 5H, Ar—H), 7.9-8.6 (dd, 3H, Ar-H), 9.2 (s, 1H, Ar-H); 3C-NMR:
§72.3,110.2,114.3,116.0, 118.2, 121.2, 129.8, 139.8, 141.2, 142.8, 160.7, m/e:269.26

5-amino-2-(phenoxymethyl)-1H-benzimidazole (4a)

Yield= 53%, Mol. Wt.: 239.11, M. P.= 160-162°C, IR: 1165 (-C-N), 1445, 1608, 1655 (Ar), 2931 (-C-H), 3116, 3230 (-N-H)
cm-1; *H-NMR (CDCls) § ppm: 5.1 (2H, s, -CHy), 5.5 (s, 2H, -NHjy), 6.7-7.1 (m, 5H, Ar-H), 6.4-7.4 (dd, 3H, Ar-H), 9.2 (s, 1H,
Ar-H); 3C-NMR: § 72.8, 104.5, 114.1, 116.2, 118.4, 121.1, 128.3, 129.8, 139.5, 141.5, 144.6, 160.7, m/e:239.11

N-((1H-benzimidazol-2-yl)methyl)-2-(phenoxymethyl)-3H-benzimidazol-5-amine (6a)

Yield= 51%, Mol. Wt.: 369.42, M. P.= 210-212°C, IR (KBr): 3321 (-N-H), 3162 (C-H, Ar-H), 2943 (C-H, -CH,), 1650(C=N),
1597(C=C), 1336 (C-O) cm*; H-NMR (CDCls) & ppm: 4.4 (s, 2H, -CHy-), 5.1 (s, 1H, -NH-), 5.3 (s, 2H, -CHy-), 6.7-7.0 (m,
5H, Ar-H), 7.1-7.3 (m, 3H, Ar-H), 7.3-7.7 (m, 4H, Ar-H), 9.1 (s, 1H, Ar-H); 3C-NMR: § 158.5, 142.5, 138.7, 138.2, 137.9,
129.4,128.2,127.8, 116.7, 116.6, 114.3, 113.8, 66.9, 44.7, m/e:239.11

N-((1H-benzimidazol-2-yl)methyl)-2-((4-methoxyphenoxy)methyl)-3H-benzimidazol-5-amine (6b)

Yield= 48%, Mol. Wt.: 399.45, M. P.= 198-200°C, IR (KBr): 3325 (-N-H), 3158 (C-H, Ar-H), 2925 (C-H, -CH,), 1655(C=N),
1580 (C=C), 1325 (C-0) cm?; IH-NMR (CDCls) & ppm: 3.2 (s, 3H, -CHg), 4.4 (s, 2H), 5.1 (s, 1H, -NH-), 5.3 (s, 2H), 6.7-7.0
(m, 4H, Ar-H), 7.1-7.3 (m, 3H, Ar-H), 7.3-7.7 (m, 4H, Ar-H), 9.1 (s, 1H, Ar-H);®*C-NMR: § 158.5, 145.3, 142.5, 138.7,
138.2, 137.9,129.4, 128.2, 127.8, 116.6, 114.3, 66.9, 55.9, 44.7, m/e:399.45

N-((1H-benzimidazol-2-yl)methyl)-2-((4-chlorophenoxy)methyl)-3H-benzimidazol-5-amine (6c)

Yield= 55%, Mol. Wt.: 403.86, M. P.= 224-226°C, IR (KBr): 3342 (-N-H), 3168 (C-H, Ar-H), 2925 (C-H, -CH,), 1670(C=N),
1571 (C=C), 1325 (C-0), 750 (C-Cl) cm?; *H-NMR (CDCl3) & ppm: 4.4 (s, 2H), 5.1 (s, 1H, -NH-), 5.3 (s, 2H), 6.9-7.2 (m, 4H,
Ar-H), 7.2-7.4 (m, 3H, Ar-H), 7.4-7.7 (m, 4H, Ar-H), 9.1 (s, 1H, Ar-H); BC-NMR: § 158.5, 147.5, 142.5, 138.7, 138.2, 137.9,
129.4,128.2,127.8, 116.6, 116.9, 114.3, 114.8, 66.9, 44.7, m/e:403.86

N-((5-nitro-1H-benzimidazol-2-yl)methyl)-2-(phenoxymethyl)-3H-benzimidazol-5-amine (6d)

Yield= 45%, Mol. Wt.: 414.42, M. P.= 232-234°C, IR (KBr): 3346 (-N-H), 3110 (C-H, Ar-H), 2931 (C-H, -CH), 1672 (C=N),
1568(C=C), 1550, 1432 (-NO), 1320 (C-0) cm?; *H-NMR (CDCl3) & ppm: 4.4 (s, 2H), 5.1 (s, 1H, -NH-), 5.3 (s, 2H), 6.7-7.0
(m, 5H, Ar-H), 7.1-7.3 (m, 3H, Ar-H), 7.4-7.9 (m, 3H, Ar-H), 9.1 (s, 1H, Ar-H); ¥C-NMR: § 158.5, 142.5, 140.5, 138.7,
138.2,129.4,128.2, 127.8, 116.7, 116.6, 114.3, 113.8, 66.9, 44.7, m/e:141.42
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2-((4-methoxyphenoxy)methyl)-N-((5-nitro-1H-benzimidazol-2-yl)methyl)-3H-benzimidazol-5-amine (6e)

Yield= 48%, Mol. Wt.: 444.44, M. P.= 240-242°C, IR (KBr): 3346 (-N-H), 3110 (C-H, Ar-H), 2931 (C-H, -CH,), 1672 (C=N),
1568(C=C), 1550, 1432 (-NO), 1320 (C-0) cm; *H-NMR (CDCl3) § ppm: 3.2 (s, 3H, -CHj3), 4.4 (s, 2H), 5.1 (s, 1H, -NH-),
5.3 (s, 2H), 6.7-7.0 (m, 4H, Ar-H), 7.1-7.3 (m, 3H, Ar-H), 7.4-7.8 (m, 3H, Ar-H), 9.1 (s, 1H, Ar-H);**C-NMR: § 158.5, 145.3,
142.5, 140.8, 138.7, 138.2, 129.4, 128.2, 127.8, 116.6, 114.3, 66.9, 55.9, 44.7, mle:444.44

2-((4-chlorophenoxy)methyl)-N-((5-nitro-1H-benzimidazol-2-yl)methyl)-3H-benzimidazol-5-amine (6f)

Yield= 55%, Mol. Wt.: 448.86, M. P.= 246-248°C, IR (KBr): 3346 (-N-H), 3110 (C-H, Ar-H), 2931 (C-H, -CH,), 1672 (C=N),
1568(C=C), 1550, 1432 (-NO;), 1320 (C-0), 765 (C-Cl) cm?; 'H-NMR (CDCls) § ppm: 4.4 (s, 2H), 5.1 (s, 1H, -NH-), 5.3 (s,
2H), 6.9-7.2 (m, 4H, Ar-H), 7.2-7.4 (m, 3H, Ar-H), 7.4-7.7 (m, 3H, Ar-H), 9.1 (s, 1H, Ar-H);**C-NMR: § 158.5, 147.5, 142.5,
140.6, 138.7, 138.2, 129.4, 128.2, 127.8, 116.6, 116.9, 114.3, 114.8, 66.9, 44.7, m/e:448.86

Biological Evolution

The target molecules were screened for their antibacterial activity against test organisms Escherichia Coli, Pseudomonas
aeruginosa (gram-negative) and Bacillus subtilis, Bacillus pumilus (gram-positive) bacteria by Agar well diffusion method on
the Nutrient agar medium. The agar well diffusion method is a widely used to evaluate the antimicrobial activity of plants or
microbial extracts [26-27].

The tube dilution method determined the Minimum Inhibitory Concentration (MIC). Ciprofloxacin dissolved in Sterile
Nutrient Broth was used as the antibacterial standard.

Tube Dilution Method:

For the bacterial minimum inhibitory concentration (MIC) assay, we prepared a range of compound concentrations in St.
Nutrient broth. The test concentrations were set at 150 pg/ml, 100 pg/ml, and 50 pg/ml. We then determined the MIC values
after incubating the bacterial cultures at 37°C for 24 to 48 hours, utilizing the standard tube dilution method. Ciprofloxacin was
included as a reference antibacterial agent for comparison. Appropriate positive and negative controls were also maintained
throughout the experiment to ensure the validity of the results.

Table 2: Set for standard Ciprofloxacin MIC

Test organism Concentration Approx. MIC
50 pg/ml 100 pg/ml 150 pg/ml
E. coli ++ == -- 100 pg/ml
P. aeruginosa ++ - - 100 pg/ml
B. subtilis ++ -- -- 100 pg/ml
B. pumilus ++ -- -- 100 pg/ml

++ = Confluent growth, no inhibition
-- = Total inhibition, no growth of the organism

IV. RESULTS AND DISCUSSION

The synthesis of the title compounds 6a-f was outlined in Scheme 1.

In the first step, 5-nitro-2-phenylenediamine was reacted with substituted phenoxyacetic acids to afford the intermediate
compounds 3a-c. The nitro group of compounds 3a-c was then reduced using stannous chloride, yielding the 5-
aminobenzimidazole derivatives 4a-c. The 5-amino benzimidazole derivatives 4a-c were further coupled with substituted 2-
chloromethyl benzimidazoles 5a and 5b using a base (KOH) and a catalyst (KI) in ethanol, resulting in the formation of the
final target compounds 6a-f [24]. The yield of the product reported in the physical analysis section is for every single step
only.

The newly synthesized benzimidazole derivatives 6a-f were thoroughly characterized using various spectroscopic techniques,
including IR, 1H-NMR, 13C-NMR, and mass spectrometry. The 1H-NMR spectrum of compound 6a showed a characteristic
singlet at 4.4 ppm, which is indicative of the coupling between the two benzimidazole moieties. This is in contrast to the 2-
chloromethyl benzimidazole precursor, where the corresponding signal appears at 4.9 ppm: The IR spectra provided further
support for the structural assignments. In the 5-amino benzimidazole intermediate 4a, two distinct peaks were observed at
3136 and 3230 cm, corresponding to the -NH; group (secondary amine). However, in the final compound 6a-f, only a
single peak around 3225 cm™ was observed, which is characteristic of the -NH- group (primary amine).

A thorough literature survey revealed that antibacterial drugs can exhibit diverse modes of action against bacteria, including
interference with nucleic acid synthesis, cell wall synthesis, metabolic pathways, and protein synthesis. Interestingly, the
specific mode of action can be influenced by the structural modifications made to the drug molecules. In the case of
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benzimidazole derivatives, the available evidence suggests that they act as potent topoisomerase inhibitors. Benzimidazoles

can bind to the bacterial DNA and induce highly specific single-strand DNA breakage. This mechanism of action is attributed
to the structural similarity between benzimidazole and purine bases. The imidazole ring within the benzimidazole scaffold
mimics the purine moiety, allowing these compounds to interfere with the synthesis of nucleic acids and proteins within the
bacterial cell. By targeting essential cellular processes such as DNA replication and protein synthesis, benzimidazole
derivatives demonstrate the potential to effectively inhibit bacterial growth or even exert bactericidal effects against various
strains. This versatile mode of action makes benzimidazole-based compounds an attractive class of antibacterial agents worthy
of further investigation and development [30-33]. The Agar well diffusion method studied the antibacterial activity of all
synthesized compounds (6a-f) using E. Coli, P. aeruginosa, B. subtilis and B. pumilus bacterial strains. Dimethyl Sulphoxide
is used as a solvent. Zone of inhibition at concentrations 50 pg/ml, 100 pg/ml and 150 pg/ml are measured [34-36]. Among the
synthesized compounds, 6¢ and 6f were found to be active against all the bacterial strains used for screening. The results of the
antibacterial study are shown in Table 3.

Ciprofloxacin is used as a standard antibacterial drug. Ciprofloxacin is a member of the fluoroquinolone (FQ) family of
antibiotics. Ciprofloxacin is used against a variety of bacteria. Ciprofloxacin blocks the activity of the DNA gyrase enzyme,
which is essential for bacterial DNA replication. By interfering with this crucial cellular process, the drug effectively disrupts
the ability of bacteria to replicate their genetic material. In addition to its effects on DNA replication, Ciprofloxacin also has
an impact on the composition and integrity of the bacterial cell wall [37-38]. The minimum inhibitory concentration (MIC) of
the standard antibiotic Ciprofloxacin was determined using the agar dilution method. The MIC of Ciprofloxacin was found to
be 100 pg/ml. The results of the present study further reinforce the notion that the incorporation of heterocyclic moieties into
organic compounds can lead to an increase in their biological activity. This principle has been observed in the case of the
benzimidazole derivatives synthesized and evaluated in this work.

Table 3: Antimicrobial activity of compound 6a-f

Compound Concen- Zone inhibition in mm
Code tration E. coli P. aeruginosa B. substilis B. pumilus
(ug/ml)

6a 50 - - - -
100 = - 14 -

150 14 16 16 16

6b 50 - - - -
100 10 - - -

150 12 14 16 13

6c 50 - - - -
100 20 16 - 20

150 30 26 28 28

6d 50 - - - -
100 14 15 12 -

150 16 18 16 16

6e 50 - - - -
100 16 18 16 20

150 20 20 18 22

6f 50 - - - -
100 16 20 28 16

150 28 30 29 28

Ciprofloxacin 100 33 34 32 33
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The results showed that most of the tested compounds had excellent to moderate antibacterial activity in between 100 to 150
pg/ml. Compounds 6¢ and 6f have the zone of inhibition at 150 pg/ml as that of the standard Ciprofloxacin (100 pg/ml) against
E. coli. (Fig.1), P. aeruginosa (Fig.2), B. substilis (Fig.3) and B. pumilus (Fig.4).

Ciprofloxacin
S= Control
Fig. 1: Zone of inhibition against E. coli

R= Ciprofloxacin
S= Control
Fig.2: Zone of inhibition against P. aeruginosa

Ciprofloxacin

S= Control
Fig.3: Zone of inhibition against B. substilis
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6f

Ciprofloxacin
S= Control
Fig.4: Zone of inhibition against B. pumilus

V. CONCLUSION
The present research study describes an efficient synthetic approach for the preparation of substituted bis-benzimidazole
derivatives using straightforward laboratory techniques. The antibacterial activity of the synthesized compounds 6a-f was
evaluated using the Well Diffusion method. Among the tested compounds, 6¢c and 6f demonstrated antibacterial activity
comparable to the standard drug Ciprofloxacin. Interestingly, compounds 6¢ and 6f, which bear a chlorine substituent, were found
to be the most potent against the tested bacterial strains. This observation suggests that the presence of the chlorine moiety may be
a key structural feature contributing to the enhanced antibacterial properties of these bis-benzimidazole derivatives.
LIST OF ABBREVIATIONS
DNA-= Deoxyribonucleic acid
pg/ml= microgram per millilitre
mm= Millimetre
CONSENT FOR PUBLICATION
Not Applicable
AVAILABILITY OF DATA AND MATERIALS
The authors confirm that the data supporting the findings of this research are available within the article.
FUNDING
None.
CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS
The authors are thankful to the Department of Biotechnology, B. K. Birla College (Autonomous), Kalyan, for carrying out
antibacterial activity.

VI. REFERENCES

[1] P. M. Krishna Prasad, S. Avdhut Kanvinde, and S. Raja, “Potent biological agent benzimidazole—a review”, Innovare
Academics Sciences Pvt. Ltd, 8(12), 22-33, 2016

[2] G. K. Devendra,Singh N, Singh M and Singh N, “Antibacterial Activity of Benzimidazole Derivatives: A Mini Review,”
J Chem, 6(3), 18-28, 2017

[3] H. Y. Aboul-Enein, “Benzimidazole Derivatives as Antidiabetic Agents,” Med Chem 2015, 5(7), 318-325

[4] M. Hossain, “A Review on Heterocyclic: Synthesis and Their Application in Medicinal Chemistry of Imidazole Moiety,”
Science Journal of Chemistry, 6(5), 83-89, 2018

[5] A. Nefzi, J. M. Ostresh, and R. A. Houghten, “The Current Status of Heterocyclic Combinatorial Libraries,” 97, 449-472,
1997

[6] M. M. Heravi and V. Zadsirjan, “Prescribed drugs containing nitrogen heterocycles: an overview,” Royal Society of
Chemistry, 10(72), 4424744311, 2020

[7] S. Thakral and V. Singh, “Recent Development on Importance of Heterocyclic Amides as Potential Bioactive Molecules:
A Review,” Curr Bioact Compd, 15(3), 316-336, 2018

[8] N. C. Desai, D. D. Pandya, V. V. Joshi, K. M. Rajpara, H. V. Vaghani, and H. M. Satodiya, “Synthesis, characterization
and antimicrobial screening of hybrid molecules containing Benzimidazole-Pyrazole and pyridine nucleus,” Medicinal
Chemistry Research, 21(12), 4463-4472, 2012

[91 R. Gupta, “Biological Significance of Nitrogen Containing Heterocyclic compounds-A Mini Review” International
Journal of Computer Applications, 18-23, 2015,

IJRTI2412016 International Journal for Research Trends and Innovation (www.ijrti.org)


http://www.ijrti.org/

© 2024 IJRTI | Volume 9, Issue 12 December 2024 | ISSN: 2456-3315
[10]B. Ardiansah, “Chalcones bearing N, O, and S-heterocycles: Recent notes on their biological significances,” J Appl

Pharm Sci, 9(8) 117-129, 2019

[11]1D. Song and S. Ma, “Recent Development of Benzimidazole-Containing Antibacterial Agents.” Chem Med Chem,
11,646 —659, 2016

[12]H. T. Abdel-Mohsen, F. A. F. Ragab, M. M. Ramla, and H. I. El Diwani, “Novel benzimidazole-pyrimidine conjugates as
potent antitumor agents,” Eur J Med Chem, 45(6), 2336-2344, 2010

[13] M. R. Mehta S. Batra, Design, Synthesis And Biological Activity Of Some Benzimidazole-Benzthiazole Carbohydrazide
Derivatives,” 5(2), 75-86, 2015

[14]V. Onnis et al., “Design, synthesis and evaluation of antiproliferative activity of new benzimidazolehydrazones,”
Molecules, 21(5), 4-12, 2016

[15] A. Husain, M. Bhutani, S. Parveen, S. A. Khan, A. Ahmad, and M. A. Igbal, “Synthesis, in vitro cytotoxicity, ADME,
and molecular docking studies of benzimidazole-bearing furanone derivatives,” Journal of the Chinese Chemical Society,
68(2), 362-373, 2021

[16]K. Shah, S. Chhabra, S. K. Shrivastava, and P. Mishra, “Benzimidazole: A promising pharmacophore,” Medicinal
Chemistry Research, 22(11), 5077-5104, 2013

[17]1K. Kumar et al., “Benzimidazole-based antibacterial agents against Francisella tularensis,” Bioorg Med Chem, 21(11),
3318-3326, 2013

[18] V. Kumar Singh, A. Parle, “The Intriguing Benzimidazole: A Review”, Int J Pharm Sci Res, 10(4), 1540-1552, 2019

[19] B. Pathare, T. Bansode, “Review- biological active benzimidazole derivatives,” Results in Chemistry, 3, 2021

[20]R. Chintakunta and G. Meka, “Synthesis, in silico studies and antibacterial activity of some novel 2-substituted
benzimidazole derivatives,” Futur J Pharm Sci, 6(1), 2020

[21]R. Dahiya and R. Kaur, “Synthesis and Biological Screening of a Novel Series of 3,4,5-Trisubstituted Phenoxyacetic
Acid Analogs,” Aust J Basic Appl Sci, 1(4), 525-532, 2007

[22] K. Zelechowski et al., “Synthesis and herbicidal and fungistatic evaluation of Passerini adducts bearing phenoxyacetic
moieties,” Chemical Papers, 75(7),3047-3059, 2021

[23]S. Phadke, R. Somani, and D. Pathak, “New benzimidazole derivatives as inhibitors of Pteridine reductase 1: Design,
molecular docking study and ADMET prediction,” J Appl Pharm Sci, 10(9),30-39, 2020

[24]R. Sharma, A. Bali, and B. B. Chaudhari, “Synthesis of methanesulphonamido-benzimidazole derivatives as gastro-
sparing antiinflammatory agents with antioxidant effect,” Bioorg Med Chem Lett, 27(13), 3007-3013, 2017

[25]S. Srivastava, S. N. Pandeya, M. K. Yadav, and B. K. Singh, “Synthesis and analgesic activity of novel derivatives of 1,2-
substituted benzimidazoles,” J Chem, vol. 2, 1-6, 2013

[26] M. Balouiri, M. Sadiki, and S. K. Ibnsouda, “Methods for in vitro evaluating antimicrobial activity: A review,” Journal of
Pharmaceutical Analysis, 6(2), 71-79, 2016

[27]S. Magaldi et al., “Well diffusion for antifungal susceptibility testing,” International Journal of Infectious Diseases, 8(1),
39-45, 2004

[28]“M02-A12 Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved Standard-Twelfth Edition,”
2015

[29]C. Valgas, S. Machado De Souza; Elza, F. A. Smania; A. Smania; “Screening Methods To Determine Antibacterial
Activity Of Natural Products, Brazilian Journal of Microbiology, 38, 369380, 2007

[30]S. M. Reeve, M. N. Lombardo, and A. C. Anderson, “Understanding the structural mechanisms of antibiotic resistance
sets the platform for new discovery,” Future Microbiology,10(11), 1727-1733, 2015

[31] A. Kapoor and N. Dhiman, “Synthesis and evaluation of 2-aryl substituted benzimidazole derivatives bearing 1, 3, 4-
oxadiazole nucleus for antimicrobial activity,” 8(12), 97-104, 2016

[32]E. M. E. Dokla et al., “Development of benzimidazole-based derivatives as antimicrobial agents and their synergistic
effect with colistin against gram-negative bacteria,” Eur J Med Chem, 186, 1-26, 2020

[33]S. L. Zhang, G. L. V. Damu, L. Zhang, R. X. Geng, and C. H. Zhou, “Synthesis and biological evaluation of novel
benzimidazole derivatives and their binding behavior with bovine serum albumin,” Eur J Med Chem, 2012, 55, 164-175

[34]S. Yadav et al., “Synthesis and evaluation of antimicrobial, antitubercular and anticancer activities of benzimidazole
derivatives,” Egyptian Journal of Basic and Applied Sciences, 5(1),100-109, 2018

[35]F. A. S. Alasmary, A. M. Snelling, M. E. Zain, A. M. Alafeefy, A. S. Awaad, and N. Karodia, “Synthesis and evaluation
of selected benzimidazole derivatives as potential antimicrobial agents,” Molecules, 20(8), 15206-15223, 2015

[36]E. I. Elnima, Uppal Zubair, M. Antibacterial and antifungal activities of benzimidazole and benzoxazole
derivatives. Antimicrob Agents Chemother. , 19(1), 29-32, 1981

[37]M. Osman, S. Chusri, M. Heidary, and S. Khoshnood, “The resistance mechanisms of bacteria against ciprofloxacin and
new approaches for enhancing the efficacy of this antibiotic.” 10, 2022

[38]B. Pathare and T. Bansode, “The Synthesis and Antibacterial Activity of N-((1H-benzimidazol-2- yl)methyl)-2-
substituted-3H- benzimidazol-5-amine Derivatives,” Current Chinese Chemistry, 03,100-107, 2023

[JRTI2412016 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

