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ABSTRACT

1, 3, 4-Oxadiazole derivatives exhibited significant anti-tuberculosis
activity. They also showed antimicrobial, anti-inflammatory, analgesic,
antifungal,  antipyretic, antidepressant, anti -  convulsant,
anticholinesterase, antihypertensive, antidiabetic, antitumor/anticancer,
anti-HIV, antioxidant, etc. Benzotriazole is a nitrogen-containing
heterocyclic compound characterized by the presence of three nitrogen
atoms at the 1st, 2nd, and 3rd positions of its five-membered ring.
Benzotriazole derivatives that exhibit antimicrobial, antibacterial,
antifungal, antiviral, antitubercular, anticancer, anti-inflammatory,
anticonvulsant, analgesic, and antioxidant activities. The basis nucleus
of the research work is oxadiazole. A series of novel benzotriazole
fused with oxadiazole derivative were designed, Synthesized, and
biologically evaluated. The synthesized compounds were characterized
using various spectroscopic techniques. Molecular docking studies
were performed to predict the binding affinity and mode of interaction

with target proteins. The anti-tubercular activity of these compounds

was evaluated using the Microplate Alamar Blue Assay (MABA). The results revealed

promising anti-tubercular activity against Mycobacterium tuberculosis.
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1. INTRODUCTION

The quest for new and effective therapeutic agents has led to the exploration of various
heterocyclic compounds, including benzotriazoles and oxadiazoles. Oxadiazole have
recognized for their antimicrobial, anti-pyretic, ant-oxidant, anti-cancer and anti-tuberculosis
activity making them attractive candidates for the development of novel therapeutics.
Benzotriazoles, in particular, have garnered significant attention due to their wide-ranging
biological activities, including anti-microbial, anti-viral, and ant-cancer properties. The
incorporation of benzotriazole moieties into pharmaceutical agents has been show to enhance
their efficacy and reduce toxicity. The benzotriazole fused with oxadiazole moieties may
leads to the creation of new compounds with enhanced biological activities, improved and
reduced side effects. The structure-activity relationship (SAR) of benzotriazole fused with
oxadiazole derivatives has been explored to identify the key structural features responsible
for their biological activities. The SAR studies have revealed that the presence of certain
functional groups, such as hydroxyl, amino, or alkyl groups, can significantly impact the

biological activities of these compounds.

In-Silico Studies for Lead Identification

The basis of structure-based drug design lies in understanding the intricate molecular
interactions between active site groups and ligands. This approach has become a cornerstone
of modern drug discovery. Historically, combinatorial chemistry and high-throughput
screening dominated lead identification, while computational methods focused on lead
optimization. However, the rapid increase in available 3D protein structures and advances in
computational tools have transformed structure-based drug design into a powerful method for

both lead generation and optimization.

Computational approaches offer several advantages over traditional high-throughput
screening, including reduced storage and handling requirements, minimized false positives,
and the ability to identify low-molecular-weight leads. Target and lead discovery are crucial
components of early pharmaceutical research. Target discovery involves identifying and
validating potential drug targets, while lead discovery focuses on finding novel molecules

that interact with those targets.
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In silico models simulating biopharmaceutical, pharmacokinetic, and physiological properties
have become invaluable tools for streamlining the drug development process. These models
help predict absorption, distribution, metabolism, excretion, and toxicity (ADMET)
properties, reducing the need for experimental trials and minimizing the risk of failure during
development. By leveraging this software, medicinal chemists can rapidly assess the
biological impact of structural modifications and design optimized analogues with enhanced

physicochemical properties.

2. DESIGN AND MOLECULAR DOCKING STUDIES

The design of benzotriazole fused with oxadiazole derivatives was performed using
Molinspiration, ChemSketch, Swiss ADME, and Protox 3.0 software. Molinspiration was
used to predict the bioactivity scores of the designed compounds, while ChemSketch was
employed to draw and optimize the chemical structures. Swiss ADME was utilized to predict
the pharmacokinetic properties, such as lipophilicity, solubility, and permeability, of the
designed compounds. Protox 3.0 was used to predict the toxicity profiles of the designed
compounds. The designed compound adheres to the Lipinski Rule of Five, exhibiting a
molecular weight of < 500 Da, lipophilicity (logP) of < 5, fewer than 5 hydrogen bond
donors, fewer than 10 hydrogen bond acceptors, and a polar surface area of < 140 A2, This
suggests that the compound is likely to possess favourable pharmacokinetic properties,

including oral bioavailability.

N R- Compound C1- 4-nitro benzaldehyde
\\N Compound C2- benzaldehyde
/ Compound C3- 4-hydroxy benzaldehyde

N Compound C4- 2-nitro benzaldehyde

Compound C5- 4- N, N dimethyl benzaldehyde
o Compound C6- 2, 3 dimethyl benzaldehyde
\ Compound C7- 2, 3 diamino benzaldehyde
R /—4\ _N Compound C8- 2, 3 dihydroxy benzaldehyde
N Compound C9- pyridine

Compound C10- quinoline

MOLECULAR STUDIES
To investigate the binding affinity and mode of interaction of our designed compounds with

various protein targets, we employed molecular docking simulations using AutoDock 4.2.6.

Anti-Tuberculosis Activity: Molecular docking simulations were performed using AutoDock
4.2.6 to investigate the binding affinity of our designed compounds with the enoyl-acyl
carrier protein reductase (InhA) enzyme from Mycobacterium tuberculosis (PDB ID: 6P30).
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The docking results revealed that our designed compounds exhibited significant binding

affinity with the InhA enzyme, indicating their potential as anti-tuberculosis agents.

Antimicrobial Activity: The antimicrobial activity of our designed compounds was
evaluated using molecular docking simulations with the bacterial DNA gyrase (PDB ID:
6H96). The docking results showed that our compounds bound strongly to the DNA gyrase,
suggesting their potential as antimicrobial agents.

Anti-Cancer Activity: Molecular docking simulations were performed to investigate the
binding affinity of our designed compounds with the human epidermal growth factor receptor
2 (HER2) kinase domain (PDB ID: 80XG). The docking results indicated that our designed
compounds exhibited significant binding affinity with the HER2 kinase domain, suggesting

their potential as anti-cancer agents.

Anti-Oxidant Activity: The anti-oxidant activity of our designed compounds was evaluated
using molecular docking simulations with the human glutathione S-transferase (PDB ID:
8PUG). The docking results revealed that our compounds bound strongly to the glutathione

S-transferase, indicating their potential as anti-oxidant agents.

Anti-Pyretic Activity: Molecular docking simulations were performed to investigate the
binding affinity of our designed compounds with the human cyclooxygenase-2 (COX-2)
enzyme (PDB ID: 1G61). The docking results showed that our designed compounds
exhibited significant binding affinity with the COX-2 enzyme, suggesting their potential as

anti-pyretic agents.

Docking Parameters: All molecular docking simulations were performed using AutoDock
4.2.6 with the following parameters: grid size of 120 x 120 x 120 A, grid spacing of 0.575 A,
50 genetic algorithm runs, population size of 150, and a maximum of 2,500,000 energy

evaluations.

3. MATERIALS AND METHODS

Chemicals: All chemicals and reagents used were of analytical/synthetic grade.
Benzotriazole (Sumison Scientific Pvt Ltd), Ethyl chloroacetate (Sumison Scientific Pvt Ltd),
Acetone, Anhydrous potassium carbonate (Sumison Scientific Pvt Ltd), Hydrazine hydrate
(Sumison Scientific Pvt Ltd), Ethanol, Glacial acetic acid, Chloramine T trihydrate (Sumison
Scientific Pvt Ltd), 4-Nitrobenzaldehyde (Sumison Scientific Pvt Ltd), 2-Nitrobenzaldehyde
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(Sumison Scientific Pvt Ltd), 4-Hydroxybenzaldehyde (Sumison Scientific Pvt Ltd), Hexane,
Liquid paraffin.

The melting points of the compounds were determined using an Equiptronics digital melting
point apparatus, and the values obtained were uncorrected. Thin-layer chromatography (TLC)
was performed on Silica gel G plates to monitor the reaction progress, and the spots were
visualized under UV light. The 1H-NMR spectra were recorded on an Agilent-NMR 400-MR
DD2 spectrometer operating at 400 MHz, using chloroform as the solvent, and the chemical
shifts are reported in ppm () relative to TMS as an internal standard. The IR spectra were
obtained using an Alpha Bruker FT-IR Spectrometer with KBr discs. The UV-Visible
spectroscopy data was acquired using a JASCO V-750 spectrophotometer equipped with
accessories 1SV-922. The UV-Visible spectroscopy measurement was performed over a
range of 800-200 nm with a data interval of 1 nm, a bandwidth of 5.0 nm, and a response
time of 0.24 seconds. The scan speed was set at 400 nm/min, and the light source was
automatically changed at 340 nm. The instrument used a D2/WI light source and employed

filter exchange, step correction, and baseline correction to ensure accurate measurements.

General procedure for the synthesis of benzotriazole fused with 1, 3, 4-Oxadiazole
derivatives (C1-C4)

Step 1: 1.19 gm [0.01mol] of benzotriazole and 1.22 gm [0.01mol] of ethyl chloroacetate
were combined and heated with 60 ml of acetone and 3 gm of anhydrous potassium carbonate

under reflux for 6 hours.

Then the reaction mixture poured into crushed ice, allow it to solidify and filter it. As a result,

ethyl acetate intermediate produced.

Step 2: 2.05 gm. [0.01mol] of Ethyl chloro acetate intermediate product and 1.28 gm
[0.04mol] of hydrazine hydrate were combined and heated under reflux 4-5 hours with 30 ml
of ethanol. Then the reaction mixture poured into crushed ice, allow it to solidify and filter it.

The hydrazine intermediate product was produced.

Step 3: 1.91 gm. [0.01mol] of hydrazine hydrate intermediate product was taken and add 1.06
gm [0.01] of aromatic aldehyde. The mixture was refluxed for 5 hours with 5 ml of glacial
acetic acid and 20 ml of ethanol. Then the reaction mixture poured into crushed ice, allow it
to solidify and filter it. The intermediate product of aromatic aldehyde was produced.
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Step 4: 2.79 gm [0.01mol] of intermediate product of aromatic aldehyde refluxed for 6 hours
with 2.27 gm [0.01mol] of chloramine T and 20 ml of ethanol. Then the reaction mixture
poured into crushed ice, allow it to solidify and filter it. The physical data of title compounds

is given in Table 1.

The purity of the synthesized compounds was routinely assessed using Thin Layer
Chromatography (TLC), and their melting points were determined using the open capillary

tube method, with the values reported uncorrected.

SCHEME OF WORK

STEP 1
~N
Ny 4 © Acetone, Anhydrous K2C0O3 SN
— N4 o : | N
NH HCIL = N,

Hye— " N
(o]

Ethyl 2-(1H-benzo 1,2,3 triazol-1-yl)acetate

= N
‘ Ny - HO Ethanol = N\}
= / + HoN—NH; H2 - - | ]
N -C2H50H A
o ) Hydrazine hydrate
HaC—0” W NH
[o} HsN

o
Ethyl 2-(1H-benzo 1,2,3 triazol-1-yl)acetate
2-(1H-1,2 3-benzotriazol-1-yl)
acetohydrazide

STEP 3

N -
T ron TS
~ N
N Ethanol, Glacial Acetic Acid N/

NH R NH
HoNT \?Nz

o re)

2_(1H-1,2,3 benzotriazol-1-yl)
acetohydrazide

FT-IR spectral analysis

Infrared (IR) spectroscopy was used to confirm the presence of specific functional groups in
each compound, with characteristic peaks observed in the IR spectra. The conversion of
hydrazide to hydrazone (Schiff's base or imine) was confirmed by the presence of two
distinctive peaks in the IR spectra, indicating the successful formation of the desired

compound.

'H NMR spectral analysis

The Proton NMR (1H NMR) spectra were recorded on a Bruker Avance DPX 300 instrument
at a frequency of 300 MHz, using CDCI3 (deuterated chloroform) as the solvent and
Tetramethyl silane (TMS) as the internal standard. The chemical shifts were recorded in parts

per million (ppm) downfield from TMS. The total number of protons observed in the NMR
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spectrum was in accordance with the expected number for each compound, providing useful
information about the structure of the compounds. The report of the NMR spectrum for

synthesised compounds (C1, C2, C3 and C4) are given in Table 4.

BIOLOGICAL EVALUATION

Anti-Tuberculosis activity: The anti-tuberculosis activity of the synthesized compounds was
evaluated against Mycobacterium tuberculosis H37Rv strain using the microplate alamar blue
assay (MABA). The results showed that some of the compounds exhibited promising anti-
tuberculosis activity, with minimum inhibitory concentrations (MICs) ranging from 0.2 to
10.0 pg/mL.

4, RESULTS

In Silico ADME results: Molecular weight of each ligand was within the range of 277 to 350
D. They also had moderate to high predicted oral availability based on %ABS ranging
between 50 to 82%.

Generally, a compound needs a score less than 5 for lipophilicity, the lipophilicity data
suggested that the compounds were optimally were optimally lipophilic in nature ranging
from 1 to 3. Most of the clinical available drugs have Log S higher than -4.00. The
compounds exhibited a Log S value greater than -4.00, ranging between —3.96 to -2.74
(except compound C6). Only compound C6, exhibiting Log S value of -4.04 and one Lipinski

violation.

Molecular docking results: The docking revealed that the fusion of benzotriazole with 1,3,4
oxadiazole derivatives, possessed high affinity towards 6P30, 6H96, 80XG, 1G61 and
8PUG. The 1, 3, 4-oxadiazole derived from benzotriazole; C1-C10 exhibited a docking score
in the range of -8.93 to -12.84 Kcal/M for anti-tuberculosis activity. Compound C1 exhibits
high docking score (-12.84 Kcal/M) among all the compounds. Compound C9 with the least
docking score (-8.93 Kcal/M).

For anti-microbial activity, C1-C10 exhibits a docking score in the range of -8.74 to -11.13
Kcal/M. Compound C1 exhibits high docking score (-11.13 Kcal/M) and compound C9 with
the least docking score (-8.74 Kcal/M). For anti-cancer activity, C1-C10 exhibits a docking
score in the range of -8.2 to -10.14 Kcal/M. Compound C4 exhibits high docking score (-0.14
Kcal/M) and compound C1 with the least docking score (-8.2 Kcal/M). For anti-pyretic
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activity, C1-C10 exhibits a docking score in the range of -8.56 to -10.88 Kcal/M. Compound
C4 exhibits high docking score (-10.88 Kcal/M) and compound C9 with the least docking
score (-8.56 Kcal/M). For anti-oxidant activity, C1-C10 exhibits a docking score in the range
of -5.55 to -11.94 Kcal/M. Compound C1 exhibits high docking score (-11.94 Kcal/M) and
compound C9 with the least docking score (-5.55 Kcal/M).

BIOLOGICAL EVALUATION

Anti-tuberculosis activity: The result of MABA test reveals that the synthesized compound
(C1,C2, C3&C4) good anti-tuberculosis activity. The compound C1,C2,C3 & C4 sensitive at
(100pg/ml, 50ug/ml), compound C2, C3 &C4 sensitive at (25pg/ml, 12.5 pg/ml,6.25
pg/ml,3.12 pg/ml, compound C3 & C4 sensitive at (1.6 pg/ml).

5. SUMMARY AND CONCLUSION

This research aimed to design and develop novel benzotriazole fused with 1, 3, 4-oxadiazole
derivatives as anti-tuberculosis, anti-cancer, anti-pyretic, anti-oxidant and antimicrobial
agents. The 1, 3, 4-oxadiazole scaffold is a biologically important lead molecule, exhibiting
various activities, including analgesic, anti-inflammatory, bactericidal, antifungal,
anticonvulsant, and psychotropic effects. The benzotriazole derivatives that exhibit
antimicrobial, antibacterial, antifungal, antiviral, antitubercular, anticancer, anti-
inflammatory, anticonvulsant, analgesic, and antioxidant activities. To develop an ideal anti-
tuberculosis, anti-cancer, anti-pyretic, anti-oxidant and anti-microbial agent, this study
employed a rational approach, involving in silico screening of novel benzotriazole fused with
1,3,4-oxadiazole analogues using Molinspiration software. Compounds obeying the Lipinski
rule of five were selected for synthesis. This approach ensured that the designed compounds
possessed optimal physicochemical properties, increasing their potential for successful drug
development.

Ten analogues (C1-C10) were designed and molecular docking studies were done autodock
4.2.6 and the only four compound (C1,C2,C3&C4) were synthesized and their purity was
ascertained by melting point, Rf value, and spectroscopic studies (UV, FT-IR and 1H NMR).
The synthesized compounds (C1, C2, C3 &C4) were then characterized, and their structural

elucidation was confirmed by spectroscopic analysis.

Ten analogues were screened for anti-tuberculosis, anti-microbial, anti-cancer, anti-pyretic

and anti-oxidant activity with compounds C1, C2, C3&C4 showing promising results at
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molecular docking studies. These compounds demonstrated significant anti-tuberculosis, anti-
microbial, anti-cancer, anti-pyretic and anti-oxidant effect, indicating their potential as lead

molecules for further optimization.

The synthesized compounds (C1, C2, C3 & C4) were biologically evaluated for anti-
tuberculosis activity. The results revealed that certain compounds exhibited notable anti-
tuberculosis effects, highlighting their potential as therapeutic agents against mycobacterium
tuberculosis. Acute toxicity studies revealed that the analogues were safe with low toxicity,
making them potential leads for future anti-tuberculosis, anti-microbial, anti-cancer, anti-
pyretic and anti-oxidant activity. Overall, this study demonstrates the potential of
benzotriazole fused with 1, 3, 4-oxadiazole derivatives as novel therapeutic agents,

warranting further investigation and optimization.

Predicted ADME, Lipinski parameters and molecular properties of the synthesized

World Journal of Pharmaceutical Research

compounds.
Table No. 1
Code M.W | H-bond acceptor | H-bond donar | Log P | M.R (Cm*/mol) | No. of criteria
Rule <500 <10 <5 <5 <150 Atleast-3
Compound C1 | 322.28 7 0 2.07 85.39 ALL
Compound C2 277.28 5 0 2.58 76.57 ALL
Compound C3 293.28 6 1 2.07 78.59 ALL
Compound C4 | 322.28 7 0 1.73 85.39 ALL
Compound C5 320.35 5 0 2.69 90.78 ALL
Compound C6 | 305.33 5 0 2.98 80.50 ALL
Compound C7 307.31 5 2 1.61 85.38 ALL
Compound C8 | 309.28 7 2 1.53 80.61 ALL
Compound C9 | 278.27 6 0 2.20 74.36 ALL
Compound C10 | 328.33 6 0 2.55 91.87 ALL
Table No. 2
Code Solubility (log s) | Gl absorption | BBB permeant | Synthetic Accessibility
Compound C1 -3.49 High No 2.97
Compound C2 -3.48 High Yes 2.95
Compound C3 -3.32 High No 2.98
Compound C4 -3.49 High No 3.10
Compound C5 -3.67 High Yes 3.09
Compound C6 -4.04 High Yes 3.28
Compound C7 -2.74 High No 3.13
Compound C8 -3.17 High No 3.06
Compound C9 -2.81 High No 2.88
Compound C10 -3.96 High No 3.03
www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | ggs5
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DOCKING SCORE OF 1, 3, 4- OXADIAZOLE DERIVATIVE C1-C10 TOWARDS
RECEPTOR (6p30, 6h96, 80xg, 1g61 and 8pug).

Table No. 3
BINDING ENERGY
COMPOUNDS ANTI- ANTI- ANTI- ANTI- ANTI-
TUBERCULOSIS | MICROBIAL | CANCER | PYRETIC | OXIDANT
Cl -12.84 -11.13 -8.2 -8.79 -11.94
C2 -10.94 -9.28 -8.52 -9.04 -9.74
C3 -11.99 -10.63 -9.03 -10.59 -10.65
C4 -12.24 -11.6 -10.14 -10.88 -11.66
C5 -11.66 -10.76 -9.23 -9.88 -11.29
C6 -11.44 -8.83 -9.93 -10.04 -9.9
C7 -10.32 -8.63 -8.96 -9.56 -5.76
C8 -10.57 -8.93 -9.4 -9.47 -5.96
C9 -8.93 -8.74 -8.35 -8.56 -5.55
C10 -10.38 -8.97 -9.86 -9.07 -6.4
HIGH DOCKING SCORES
’ > TANDARD HIGHEST BINDING ENERGY
-2
-4
-6
-8
-10 9.52
-10.14
-10.88
-12
-11.94
" BmANTI-TUBERCULOSIS  mANTI-MICROBIAL .t'-‘«NTI-ICﬂ«N-C1I52R'3‘1 ANTI-FYRETIC = ANTI-OXIDANT
Figure No. 1
APPEARANCE, % YEILD, MELTING POINT AND RF- VALUE
Table No. 4
Code Appearance Yeild (%) | Melting Point | Solubility Rf Value
Compound C1 | Brown colour powder 81.09% 277-280°C Chloroform 0.52
Compound C2 | Dark Brown colour powder 76.04% 271-274°C Chloroform 0.68
Compound C3 | Brown colour powder 84.67% 270-274°C Chloroform 0.57
Compound C4 | Brown colour powder 83.27% 265-268°C Chloroform 0.65
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FT-IR DATA
Table No. 5
S.NO | CODE FUNCTIONAL GROUP OBSEITI\\I/E/[;%/ALUE
O-H str 3246.57
C=0Ostr 1745.26
C=0Ostr 1676.8
N-H bend 1595.81
1. Compound C1 N-O asymmetric str 1502.28
C-C str (in-ring) 1446.35
C-N str, N-O symmetric str 1279.54
C-N str 1220.72
C-N str 1090.55
N-H str, O-H str 3355.53
N-H str, O-H str 3257.18
O-H str 3184.88
C-H str (aromatic) 3059.51
C-H str (alkanes) 2977.55
-C=C- str 1671.98
2. Compound C2 N-O asymmetric str 1487.81
C-H bend 1453.1
C-C str (in-ring) 1415.49
C-N str 1272.79
C-Ostr 1220.72
C-N str 1089.58
=C-H bend 948.806
O-H str, H bonded 3353.6
N-H str 3254.29
N-H str 3075.9
C-H str (aromatic) 2921.63
C-H str(alkanes) 1695.12
3. Compound C3 C=0str 1591.95
C-C str(in-ring) 1520.6
N-O asymmetric str 1337.39
N-O symmetric str 1088.62
C- str 1012.45
C-H “oop” 811.885
C-H str (aromatic) 3076.87
C-H str (alkanes) 2832.92
C=0Ostr 1691.27
N-H bend 1586.16
4. Compound C4 N-O asymmetric str 1509.99
N-O symmetric str 1335.46
C-Ostr 1239.04
C-N str 1128.15
C-H “oop” 739.567

WWW.Wjpr.net | Vol 14, Issue 6, 2025. ISO 9001:2015 Certified Journal | 867



Jayaseelan et al.

UV- VISIBLE SPECTRUM DATA
Table No. 6

World Journal of Pharmaceutical Research

CODE WAVELENGTH | MAXIMUM ABSORBANCE
Compound C1 337.0000 0.87637
Compound C2 279.0000 0.79684
Compound C3 408.0000 0.96219
Compound C4 366.0000 0.87381

NMR SPECTRUM DATA
Table no. 7

CODE

OBSERVED VALUE (in ppm) & TYPE OF PROTONS

Compound C1

7.810, 7.789 (d, 4H, Ar-H),
7.305-7.264 (M, 5H, Ar-H),
5.436,5.007 (C=C-H),
1.289-1.255 (-CH3, ~CH,—, CH-)

Compound C2

8.092-7.653 (d, 4H, Ar-h),
7.530-6.048 (m, 5H, Ar-H),
5.947-5.148 (C=C-H),
4.266, 4.250 (C-0),
1.257 (-CH3, -CH2-, -CH-)

Compound C3

8.400-7.782 (d, 4H, Ar-H),
7.423-7.273 (m, 5H, Ar-H),
5.434, 5.114 (C=C-H),
1,287-1.256 (-CH3, -CH2- -CH-)

Compound C4

9.566 (-CHO),
8.408-7.793 (d, 4H, Ar-H),
7.52-6.010 (m, 5H, Ar-H),

4.887 (C-O)

ANTI-TB ACTIVITY OF SYNTHESIZED ACTIVITY

Table No. 8
SI.No.| Sample 100 |50 25 125 |6.25 |3.12 |16 0.8 0.4 0.2
pa/ml | pg/ml | pg/ml| pg/ml| pg/ml| ug/ml| pg/ml| pg/mil| pg/ml| pug/ml
01 01 S S R R R R R R R R
02 02 S S S S S S R R R R
03 03 S S S S S S S R R R
04 04 S S S S S S S R R R

Note: S- sensitive; R- resistant

The compound C1,C2,C3 & C4 sensi

tive at (100upg/ml, 50ug/ml), compound C2, C3 &C4

sensitive at (25ug/ml, 12.5 pg/ml,6.25 pg/ml,3.12 pug/ml, compound C3 & C4 sensitive at

(1.6 pg/ml).

www.wipr.net |

Vol 14, Issue 6, 2025.

ISO 9001:2015 Certified Journal | ggg




Jayaseelan et al. World Journal of Pharmaceutical Research

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

6. REFERENCES

1. Pattan SR, Pattan JS, Musmade Deepak, Vetal SS. Synthesis and evaluation of some
substituted aryl Oxadiazole and mercapto ocadiazole derivatives for antifungal,
antimicrobial and antitubercular activities. Indian Drugs, 2012; 49(4): 12-18.

2. Rahul V. Patel, Patel PK, Premlata kumara, Kishor H Chikhalia. Synthesis of
benzimidazolyl- 1, 3, 4-oxadiazol-2ylthio-N-phenyl (benzothiazolyl) acetamides as
antibacterial, antifungal an antituberculosis agents. European Journal of Medicinal
Chemistry, 2012; 53: 41-51.

3. Biju CR, llango K. Insilico dockinginvestigation, synthesis and cytotoxic studies of
coumarin substituted 1, 3, 4- oxadiazole derivatives. International Journal of Pharmacy
and Pharmaceutical Sciences, 2012; 4: 262-265.

4. Joshi SD, Unale YP, Parkale DB, Nadagouda SG. Synthesis and evaluation of
antibacterial and antifungal activities of some novel 2, 5-disubstituted-1,3,4 oxadiazoles.
Indian Journal of Heterocyclic Chemisty, 2012; 21(4): 319-322.

5. Dayashankar tripathi, nishra AR, Singh D, Dwivedi AK. Synthesis of new fungitoxic 2-
aryl - 1, 3, 4-oxadiazolo [3,2-a]-s-triazine - 5, 7 - dithiones and their 6-aryl sulphonyl
derivatives. Indian Journal of Heterocyclic Chemisty, 2007; 16(3): 239-242.

6. DV singh, Mishra AR, Mishara RM. Synthesis and antifungal activity of new 1, 3, 4-
oxadiazolo [3,2-b]-s-triazine-5-ones and their thiones analogues. Indian Journal of
Heterocyclic Chemisty, 2005; 14(4): 289-292.

7. Subrahmanya BK, Karthikeyan MS, Holla BS, Shetty NS. Synthesis of some new
fluorine containing 1,3,4 oxadiazole derivatives as potential antibacterial and anticancer
agents. Indian Journal of Chemistry- Section B., 2004; 43B(8): 1765- 1769.

8. Mrityunjoy, Jagdish Singh Brijesh Singh, Ghosh Tirtha. Synthesis and anticancer activity
of 3,5-diaryl-1,2,4- oxadiazole derivatives. Indian Journal of Chemistry- Section B.,
2012; 51B(03): 493-497.

www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | ggg



Jayaseelan et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Fatma AFR, Sahar MAS, Alfayomy AM, Mohamed Aboelmagd. Design, synthesis and
anticancer activity of new monastrol analogues bearing 1,3,4-oxadiazole moiety.
European Journal of Medicinal Chemistry, 2017; 138: 140-151.

Dora Kovacs, Janos wolfling, Nikoletta szabo, Mihaly szecsi. An efficient approach to
novel 17-5-(1',2',4") - oxadiazolyl androstenes via the cyclodehydration of cytotoxic O-
steroidacylamidoximes, and an evaluation of their inhibitory action on 17a-
hydroxylase/C;,20-lyase. European Journal of Medicinal Chemistry, 2013; 70: 649-660.
Juan sun, Hui zhu, Zhong-ming yang, Hai-liang zhu. Synthesis, molecular modeling and
biological evaluation of 2- aminomethyl-5-(quinolin-2-yl)-1,3,4-oxadiazole-2(3H)-thione
quinolone derivatives as novel anticancer agent. European Journal of Medicinal
Chemistry, 2013; 60: 23-28.

Mohd rashid, Asif Husain, Ravinesh Mishra. Synthesis of benzimidazoles bearing
oxadiazole nucleus as anticancer Singh and Ilango; JPRI., 2022; 34(1A): 10-27. Article
no. JPRI.78724 24 agents. European Journal of Medicinal Chemistry, 2012; 54: 855-866.
Liu K, Lu X, Zhang Hj, Sun J. Synthesis, molecular modeling and biological evaluation
of 2-(benzylthio)-5- aryloxadiazole derivatives as anti-tumor agents. European Journal of
Medicinal Chemistry, 2011; 47(1): 473-478.

Samir bondock, Shymaa Adel, Hassan A Etman, Farid A Badria. Synthesis and antitumor
evaluation of some new 1,3,4- oxadiazole-based heterocycles. European Journal of
Medicinal Chemistry, 2012; 48: 192-199.

Dalip kumar, Gautam patel, Angela K Chavers, Kavita shah. Synthesis of novel 1,2,4-
oxadiazoles and analogues as potential anticancer agents. European Journal of Medicinal
Chemistry, 2011; 46(7): 3085-3092.

Maftei CV, Fodor E, Jones PG, Matthias F. N-heterocyclic carbenes (NHC) with 1,2,4-
oxadiazole-substituents related to natural products: synthesis, structure and potential
antitumor activity of some corresponding gold(l) and silver(l) complexes. European
Journal of Medicinal Chemistry, 2015; 101: 431-441.

Caneschi W, Enes KB, Mendonca CCD, Fernandes FDS. Synthesis and anticancer
evaluation of new lipophilic 1,2,4 and 1,3,4-oxadiazoles. European Journal of Medicinal
Chemistry, 2019; 165: 18-30.

Lakshmithendral K, Sarvanan K, Elancheran R, Archana K. Design, synthesis and
biological evaluation of 2- (phenoxymethyl)-5-phenyl-1,3,4- oxadiazole derivatives as
anti-breast cancer agents. European Journal of Medicinal Chemistry, 2019; 16(8): 1-10.
Yang Z, Shen M, Tang M, Zhang W. Discovery of 1,2,4-oxadiazole-Containing

www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | g7p



Jayaseelan et al. World Journal of Pharmaceutical Research

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

hydroxamic acid derivatives as histon deacetylase inhibitors potential application in
cancer therapy. European Journal of Medicinal Chemistry, 2019; 17(8): 116-130.

Unnissa HS, Ravi TK Sonia George. Drug design and synthesis of 1, 3, 4-oxadiazolo
cinnoline analogs as potent antitubercular agents. World Journal of Pharmaceutical
Sciences, 2015; 3(11): 54-60.

Almansour Al, Raju SK, Arumugam N, Sriram D. A solvent free, four-component
synthesis and 1,3-dipolar cycloaddition of 4(H)-pyrans with nitrile oxides: Synthesis and
discovery of antimycobacterial activity of enantiomerically pure 1,2,4-oxadiazoles.
European Journal of Medicinal Chemistry, 2012; 53: 416-423.

Picci V. Effect of benzotriazole and of 2 benzotriazolylacetic acids on plant
growth. Farm. Sci., 1966; 21: 172-177. [PubMed] [Google Scholar].

Sparatore F., La Rotonda M.l., Paglietti G., Ramundo E., Silipo C., Vittoria A.
Benzotriazole derivatives active on plant growth. I. Preparation, characterization, and
correlation between physicochemical properties and structure. Farm. Sci., 1978; 33: 901-
923. [PubMed] [Google Scholar].

Sparatore F., La Rotonda M.I., Ramundo E., Silipo C., Vittoria A. Effect of benzotriazole
derivatives on plant growth. II. Farm. Sci., 1978; 33: 924-944. [PubMed] [Google
Scholar].

Paglietti G., Sanna P., Carta A., Sparatore F., Vazzana I., Peana A., Satta M. Choleretic
activity of 3-[ring substituted benzotriazol-1(2)-yl] alkanoic and alkenoic acids. Farm.
Sci., 1994; 40: 693-702. [PubMed] [Google Scholar].

Jamkhandi C.M., Disouza J.l. Benzotriazole derivatives as antimicrobial agents. Asian J.
Phar. Biol. Res., 2012; 2: 123-130. [Google Scholar].

Lopez-Vallejo F., Castillo R., Yepez-Mulia L., Medina-Franco J.L. Benzotriazoles and
indazoles are scaffolds with biological activity against Entamoeba histolytica. J. Biomol.
Screen, 2011; 16: 862-868. [PubMed] [Google Scholar].

Borowski P., Deinert J., Schalinski S., Bretner M., Ginalski K., Kulikowski T., Shugar D.
Halogenated benzimidazoles and benzotriazoles as inhibitors of the NTPase/helicase
activities of hepatitis C and related viruses. Eur. J. Biochem, 2003; 270: 1645—
1653. [PubMed] [Google Scholar].

Beauchard A., Jaunet A., Murillo L., Baldeyrou B., Lansiaux A., Cherouvrier J.R.,
Domon L., Picot L., Bailly C., Besson T., Thiery V. Synthesis and antitumoral activity of
novel thiazolobenzotriazole, thiazoloindolo[3,2-c]quinoline and quinolinoquinoline
derivatives. Eur. J. Med. Chem., 2009; 44: 3858-3865. [PubMed] [Google Scholar].

www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | g71


https://pubmed.ncbi.nlm.nih.gov/5939335
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Effect+of+benzotriazole+and+of+2+benzotriazolylacetic+acids+on+plant+growth&author=V.+Picci&volume=21&publication_year=1966&pages=172-177&
https://pubmed.ncbi.nlm.nih.gov/744242
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Benzotriazole+derivatives+active+on+plant+growth.+I.+Preparation,+characterization,+and+correlation+between+physicochemical+properties+and+structure&author=F.+Sparatore&author=M.I.+La+Rotonda&author=G.+Paglietti&author=E.+Ramundo&author=C.+Silipo&volume=33&publication_year=1978&pages=901-923&
https://pubmed.ncbi.nlm.nih.gov/744243
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Effect+of+benzotriazole+derivatives+on+plant+growth.+II&author=F.+Sparatore&author=M.I.+La+Rotonda&author=E.+Ramundo&author=C.+Silipo&author=A.+Vittoria&volume=33&publication_year=1978&pages=924-944&
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Effect+of+benzotriazole+derivatives+on+plant+growth.+II&author=F.+Sparatore&author=M.I.+La+Rotonda&author=E.+Ramundo&author=C.+Silipo&author=A.+Vittoria&volume=33&publication_year=1978&pages=924-944&
https://pubmed.ncbi.nlm.nih.gov/7832971
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Choleretic+activity+of+3-%5bring+substituted+benzotriazol-1(2)-yl%5dalkanoic+and+alkenoic+acids&author=G.+Paglietti&author=P.+Sanna&author=A.+Carta&author=F.+Sparatore&author=I.+Vazzana&volume=40&publication_year=1994&pages=693-702&
https://scholar.google.com/scholar_lookup?journal=Asian+J.+Phar.+Biol.+Res.&title=Benzotriazole+derivatives+as+antimicrobial+agents&author=C.M.+Jamkhandi&author=J.I.+Disouza&volume=2&publication_year=2012&pages=123-130&
https://pubmed.ncbi.nlm.nih.gov/21821786
https://scholar.google.com/scholar_lookup?journal=J.%C2%A0Biomol.+Screen.&title=Benzotriazoles+and+indazoles+are+scaffolds+with+biological+activity+against+Entamoeba+histolytica&author=F.+Lopez-Vallejo&author=R.+Castillo&author=L.+Yepez-Mulia&author=J.L.+Medina-Franco&volume=16&publication_year=2011&pages=862-868&pmid=21821786&
https://pubmed.ncbi.nlm.nih.gov/12694177
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Biochem..&title=Halogenated+benzimidazoles+and+benzotriazoles+as+inhibitors+of+the+NTPase/helicase+activities+of+hepatitis+C+and+related+viruses&author=P.+Borowski&author=J.+Deinert&author=S.+Schalinski&author=M.+Bretner&author=K.+Ginalski&volume=270&publication_year=2003&pages=1645-1653&pmid=12694177&
https://pubmed.ncbi.nlm.nih.gov/19427714
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Med.+Chem.&title=Synthesis+and+antitumoral+activity+of+novel+thiazolobenzotriazole,+thiazoloindolo%5b3,2-c%5dquinoline+and+quinolinoquinoline+derivatives&author=A.+Beauchard&author=A.+Jaunet&author=L.+Murillo&author=B.+Baldeyrou&author=A.+Lansiaux&volume=44&publication_year=2009&pages=3858-3865&pmid=19427714&

Jayaseelan et al. World Journal of Pharmaceutical Research

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Peng X.M., Cai G.X., Zhou C.H. Recent developments in azole compounds as
antibacterial and antifungal agents. Curr. Top. Med. Chem., 2013; 13: 1963-
2010. [PubMed] [Google Scholar].

Chopra I. The 2012 Garrod Lecture: discovery of antibacterial drugs in the 21st
century. Antimicrob. Chemother, 2013; 68: 496-505. [PubMed] [Google Scholar].
Boucher H.W., Talbot G.H., Bradley J.S., Edwards J.E., Gilbert D., Rice L.B., Scheld M.,
Spellberg B., Bartlett J. Bad bugs, no drugs: no ESKAPE! An update from the Infectious
Diseases Society of America. Clin. Infect. Dis.: official Publ. Infect. Dis. Soc.,
Am., 2009; 48: 1-12. [PubMed] [Google Scholar].

Sparatore F., Pagani F. Aminoalkyl derivatives of benzotriazole. Farm. Sci., 1962; 17:
414-429. [PubMed] [Google Scholar].

Sparatore F., Pagani F. Aminoalkyl derivatives of benzotriazole. Il. Farm. Sci., 1965; 20:
248-258. [PubMed] [Google Scholar].

Savelli F., Pau A., Boido A., Sparatore F. Aminoalkyl derivatives of benzotriazole and
naphthotriazole. Boll. Chim. Farm., 1988; 127: 144-147. [PubMed] [Google Scholar].
Nuvole A., Sanna P., Paglietti G., Juliano C., Zanetti S., Cappuccinelli P. 1,2,3-
triazolo[4,5-f]quinolines. Il. Preparation and antimicrobial evaluation of 6-ethyl-6,9-
dihydro-1(2)(3)-R-1(2) (3)H-triazolo [4,5-f]quinolin-9-one-8-carboxylic acids as anti-
infectives of the urinary tract (1) Farm. Sci., 1989; 44:. 619-632. [PubMed] [Google
Scholar].

Sanna P., Carta A., Paglietti G., Zanetti S., Fadda G. 1,2,3-Triazolo[4,5-h]quinolines. Il1.
Preparation and antimicrobial evaluation of 4-ethyl-4,7-dihydro-1(2)H Triazolo [4,5-
h]quinolin-7-one-6-carboxylic acids as anti infectives of the urinary tract. Farm.
Sci., 1992; 47: 1001-1019. [PubMed] [Google Scholar].

Al-Omran F., EI-Khair A.A., Mohareb R.M. Synthesis and biological effects of new
derivatives of benzotriazole as antimicrobial and antifungal agents. J. Heterocycl.
Chem., 2002; 39: 877-883. [Google Scholar].

Rauf A., Gangal S. Facile one-pot synthesis of N-acyl-1H-1,2,3-benzotriazoles from
internal and terminal olefinic fatty acids and their antimicrobial screening. J. Oleo
Sci., 2008; 57: 453-457. [PubMed] [Google Scholar].

Purohit M., Srivastava S.K. Studies in aryloxylated benzotriazoles. Indian J. Pharm.
Sci., 1992; 54: 25-27. [Google Scholar].

Upadhyay R.K., Srivastava S.D. Synthesis and studies on biologically active mono and
biheterocycles. Indian J. Pharm. Sci., 1995; 57: 12-18. [Google Scholar].

www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | g7o


https://pubmed.ncbi.nlm.nih.gov/23895097
https://scholar.google.com/scholar_lookup?journal=Curr.+Top.+Med.+Chem.&title=Recent+developments+in+azole+compounds+as+antibacterial+and+antifungal+agents&author=X.M.+Peng&author=G.X.+Cai&author=C.H.+Zhou&volume=13&publication_year=2013&pages=1963-2010&pmid=23895097&
https://pubmed.ncbi.nlm.nih.gov/23134656
https://scholar.google.com/scholar_lookup?journal=Antimicrob.+Chemother.&title=The+2012+Garrod+Lecture:+discovery+of+antibacterial+drugs+in+the+21st+century&author=I.+Chopra&volume=68&publication_year=2013&pages=496-505&
https://pubmed.ncbi.nlm.nih.gov/19035777
https://scholar.google.com/scholar_lookup?journal=Clin.+Infect.+Dis.+:+official+Publ.+Infect.+Dis.+Soc.+Am.&title=Bad+bugs,+no+drugs:+no+ESKAPE!+An+update+from+the+Infectious+Diseases+Society+of+America&author=H.W.+Boucher&author=G.H.+Talbot&author=J.S.+Bradley&author=J.E.+Edwards&author=D.+Gilbert&volume=48&publication_year=2009&pages=1-12&
https://pubmed.ncbi.nlm.nih.gov/14037754
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Aminoalkyl+derivatives+of+benzotriazole&author=F.+Sparatore&author=F.+Pagani&volume=17&publication_year=1962&pages=414-429&
https://pubmed.ncbi.nlm.nih.gov/14333189
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=Aminoalkyl+derivatives+of+benzotriazole.+II&author=F.+Sparatore&author=F.+Pagani&volume=20&publication_year=1965&pages=248-258&
https://pubmed.ncbi.nlm.nih.gov/2907860
https://scholar.google.com/scholar_lookup?journal=Boll.+Chim.+Farm.&title=Aminoalkyl+derivatives+of+benzotriazole+and+naphthotriazole&author=F.+Savelli&author=A.+Pau&author=A.+Boido&author=F.+Sparatore&volume=127&publication_year=1988&pages=144-147&pmid=2907860&
https://pubmed.ncbi.nlm.nih.gov/2553038
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=1,2,3-triazolo%5b4,5-f%5dquinolines.+II.+Preparation+and+antimicrobial+evaluation+of+6-ethyl-6,9-dihydro-1(2)(3)-R-1(2)+(3)H-triazolo+%5b4,5-f%5dquinolin-9-one-8-carboxylic+acids+as+anti-infectives+of+the+urinary+tract+(1)&author=A.+Nuvole&author=P.+Sanna&author=G.+Paglietti&author=C.+Juliano&author=S.+Zanetti&volume=44&publication_year=1989&pages=619-632&
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=1,2,3-triazolo%5b4,5-f%5dquinolines.+II.+Preparation+and+antimicrobial+evaluation+of+6-ethyl-6,9-dihydro-1(2)(3)-R-1(2)+(3)H-triazolo+%5b4,5-f%5dquinolin-9-one-8-carboxylic+acids+as+anti-infectives+of+the+urinary+tract+(1)&author=A.+Nuvole&author=P.+Sanna&author=G.+Paglietti&author=C.+Juliano&author=S.+Zanetti&volume=44&publication_year=1989&pages=619-632&
https://pubmed.ncbi.nlm.nih.gov/1332728
https://scholar.google.com/scholar_lookup?journal=Farm.+Sci.&title=1,2,3-Triazolo%5b4,5-h%5dquinolines.+III.+Preparation+and+antimicrobial+evaluation+of+4-ethyl-4,7-dihydro-1(2)H+Triazolo+%5b4,5-h%5dquinolin-7-one-6-carboxylic+acids+as+anti+infectives+of+the+urinary+tract&author=P.+Sanna&author=A.+Carta&author=G.+Paglietti&author=S.+Zanetti&author=G.+Fadda&volume=47&publication_year=1992&pages=1001-1019&
https://scholar.google.com/scholar_lookup?journal=J.%C2%A0Heterocycl.+Chem.&title=Synthesis+and+biological+effects+of+new+derivatives+of+benzotriazole+as+antimicrobial+and+antifungal+agents&author=F.+Al-Omran&author=A.A.+El-Khair&author=R.M.+Mohareb&volume=39&publication_year=2002&pages=877-883&
https://pubmed.ncbi.nlm.nih.gov/18622129
https://scholar.google.com/scholar_lookup?journal=J.%C2%A0Oleo+Sci.&title=Facile+one-pot+synthesis+of+N-acyl-1H-1,2,3-benzotriazoles+from+internal+and+terminal+olefinic+fatty+acids+and+their+antimicrobial+screening&author=A.+Rauf&author=S.+Gangal&volume=57&publication_year=2008&pages=453-457&pmid=18622129&
https://scholar.google.com/scholar_lookup?journal=Indian+J.+Pharm.+Sci.&title=Studies+in+aryloxylated+benzotriazoles&author=M.+Purohit&author=S.K.+Srivastava&volume=54&publication_year=1992&pages=25-27&
https://scholar.google.com/scholar_lookup?journal=Indian+J.+Pharm.+Sci.&title=Synthesis+and+studies+on+biologically+active+mono+and+biheterocycles&author=R.K.+Upadhyay&author=S.D.+Srivastava&volume=57&publication_year=1995&pages=12-18&

Jayaseelan et al. World Journal of Pharmaceutical Research

42. Jamkhandi C.M., Disouza J.I. Synthesis and antimicrobial evaluation of 1H-Benzotriazol-
1-yl {2-hydroxy-5-[(E)phenyldiazenyl]phenyl}methanone derivatives. Int. J. Pharm.
Pharm. Sci., 2013; 5: 225-228. [Google Scholar].

43. Jamkhandi C.M., Disouza J.I. Synthesis and antimicrobial evaluation of [(1H-
benzotriazol-1-ylacetyl) amino] acetic acid derivatives. Res. J. Pharm. Tech., 2012; 5:
1197-1200. [Google Scholar].

44. Jamkhandi C.M., Disouza J.I. Synthesis and antimicrobial evaluation of 2-(1H-1,2,3-
Benzotriazol-1-yl)-N-Phenylacetamide derivatives. Res. J. Pharm. Tech., 2012; 5: 1072—
1075. [Google Scholar].

45. Ochal Z., Bretner M., Wolinowska R., Tyski S. Synthesis and in vitro antibacterial
activity of 5-halogenomethylsulfonyl-benzimidazole and benzotriazole derivatives. Med.
Chem., 2013; 9: 1129-1136. [PubMed] [Google Scholar].

www.wipr.net | Vol 14, Issue 6,2025. | ISO 9001:2015 Certified Journal | g73


https://scholar.google.com/scholar_lookup?journal=Int.+J.+Pharm.+Pharm.+Sci.&title=Synthesis+and+antimicrobial+evaluation+of+1H-Benzotriazol-1-yl+%7b2-hydroxy-5-%5b(E)phenyldiazenyl%5dphenyl%7dmethanone+derivatives&author=C.M.+Jamkhandi&author=J.I.+Disouza&volume=5&publication_year=2013&pages=225-228&
https://scholar.google.com/scholar_lookup?journal=Res.+J.+Pharm.+Tech.&title=Synthesis+and+antimicrobial+evaluation+of+%5b(1H-benzotriazol-1-ylacetyl)+amino%5d+acetic+acid+derivatives&author=C.M.+Jamkhandi&author=J.I.+Disouza&volume=5&publication_year=2012&pages=1197-1200&
https://scholar.google.com/scholar_lookup?journal=Res.+J.+Pharm.+Tech.&title=Synthesis+and+antimicrobial+evaluation+of+2-(1H-1,2,3-Benzotriazol-1-yl)-N-Phenylacetamide+derivatives&author=C.M.+Jamkhandi&author=J.I.+Disouza&volume=5&publication_year=2012&pages=1072-1075&
https://pubmed.ncbi.nlm.nih.gov/23339322
https://scholar.google.com/scholar_lookup?journal=Med.+Chem.&title=Synthesis+and+in%C2%A0vitro+antibacterial+activity+of+5-halogenomethylsulfonyl-benzimidazole+and+benzotriazole+derivatives&author=Z.+Ochal&author=M.+Bretner&author=R.+Wolinowska&author=S.+Tyski&volume=9&publication_year=2013&pages=1129-1136&pmid=23339322&

