Current Opinion
CO3(3),318—328(2023)

Current Opinion

Current Opinion

Received 25 February 2023 | Revised 24 March 2023 | Accepted 26 April 2023 | Online Available 25 May 2023

https://doi.ora/10.52845/currentopinion.v3i3.217
OPEN ACCESS JOURNAL

Original Article

ISSN(O) 2795- 935X

Check for
updates

Molecular Docking Studies of Novel Benzotriazole Derivative as Potent
Antimicrobial Agent

Priyanka Ramani', Kratika Daniel?, Vivek Daniel®, Sachin K Jain’

'Research Scholar, Oriental College of Pharmacy & Research, Oriental University, Indore, MP.
?Professor, Oriental College of Pharmacy & Research, Oriental University, Indore, MP.
3Professor & Principal, NTVS Institute of Pharmacy, Nandurbar, Maharashtra

Corresponding Author: Dr. Kratika Daniel,

Abstract:

The Benzo fused heterocyclic nucleus Benzotriazole founds an important class for new drug development.
Molecular Docking study is a key tool in Computer Aided Drug Designing. The main objective of this work
is to perform preliminary docking screening using SAR studies, Physicochemical Properties SWISS ADME
property Explorer, PASS prediction Activity spectra, and the Lipinski Rule of Five. This study is also an
attempt to explore the antimicrobial activity of Benzotriazole derivative by Molecular docking with
Staphylococcus aureus tyrosyl t-RNA synthetase (PDB: 1J1J) via Autodock 4.2. Among all the
Benzotriazole derivatives, 2-(1H-1,2,3-Benzotriazol-1-yl)-N-(4-methoxyphenyl) acetamide is the most
effective and showed maximum binding energy (-8.9 K/Cal) showed interaction with TYR36, GLY 38,

ALA39, ASP40, THR42, LEU70, and GLN196.
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Introduction

A heterocyclic compound is any class of organic
compounds in which at least one noncarbon
element is present, most often oxygen, nitrogen,
or Sulphur [1]. The most significant benefit of
medicinal chemistry has been discovering the link
between molecular structure and bioactivity. The
fact that heterocyclic compounds constitute the
majority of therapeutic medicines is widely
recognized [2].

Benzo fused rings have been demonstrated in
numerous studies to be promising components for

creating novel antibacterial structures [3].
Heterocyclic compounds are of particular interest
to medicinal chemists due to their unique
chemical and biological properties [4]. A five-
membered ring with 3N-atoms is triazoles. It has
one N-atoms being pyrrole-like and the other 2
being pyridine-like. In 1,2,3-triazoles (1), all 3N-
atoms are nearby connected with 2C-atoms and
two double bonds. When the 4,5-position or the
“d” site of the Il are attached to the benzene ring,
it forms Benzotriazoles (nn [5].
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Figure 1 Structure of Benzotriazole
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The BT structure has been shown to have an
extensive range of uses. It is currently employed
as a synthetic auxiliary or after reactions with
various carbonyl groups as a good leaving
group.[6-7]. Apart from medicinal applications,
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BT is used in industry as a photographic emulsion
fixing agent, [8] anti-tarnish agents for copper and
its alloys, and a corrosion inhibitor in anti-freeze
and water cooling systems. [9]
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Figure 2 Pharmacological Activities of Benzotriazole [10-15]

The main objective of this work is to perform
preliminary docking screening using SAR studies,
OSIRIS molecular property explorer, PASS
prediction Activity spectra, and Rule of Five. This
study is also an attempt to explore the
antimicrobial activity of Benzotriazole derivatives
by Molecular docking studies.

Methodology
In silico screening - In silico screening are now

help in the evaluation of a compound's chemical
and physical qualities.

Evaluation of Physicochemical parameter:
Structure-Activity Relationship [SAR] Studies

From the Literature survey, [11-17] it was
analyzed that Benzotriazole possesses a
Hydrophobic pocket, electron-donating site,
Electron Withdrawing atom, and Hydrogen Bond

widely used to observe key parameters that might Donor/Acceptor Site as shown in Figure 3.
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Figure 3 Structural feature of targeted benzotriazole Nucleus
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Prediction of PASS and Lipinski Rule of Five
PASS online (http://way2drug.com/PassOnline/)
was used to undertake studies on the prediction of

activity spectra for drugs (PASS) [18]. All data
are summarized in Table 1.
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Molecular properties such as oral bioavailability
are usually associated with some basic molecular
descriptors, such as log P (partition coefficient),
molecular weight (MW), and the acceptors and
donors for hydrogen bonding in a molecule. Using
these molecular properties, Lipinski [19]
established a divisive rule for in-silico studies.
The rule is important to keep in mind during in-
silico studies when a pharmacologically active

lead structure is optimized step-wise to increase
the activity and selectivity of the compound as
well as to ensure drug-like physicochemical
properties are maintained as described by
Lipinski's rule [19]. Limits of Lipinski’s ‘Rule of
Five states that the compounds are more likely to
be orally bioavailable if they obey the following
criteria: -

S.No. Parameters Limits

1. Molecular weight 180-500 dalton
2. ClogP 0.4-5.6

3. Hydrogen Bond Donor [HBD] <5

4. Hydrogen Bond Acceptor [HBA] <10

5. Polar Surface Area [PSA] <140 A?

6. Molar refractivity [MR] 40-130m*/mol

These parameters were calculated by using
Marvin sketch 5.0 and Chem draw software.
Proposed Benzotriazole compounds show limits
under the standard values of the Lipinski rule of
five which are shown in Table 1.

Physicochemical Parameter:

Molinspiration (http://www.molinspiration.com),
an online calculator for physicochemical
characteristics was used to calculate properties.
[20] The structures were created using the
Molinspiration platform, the SMILES (simple
molecular-input line-entry system) was created,
and pharmacokinetic characteristics, bioactivity
scores, and other metrics were computed.
Additionally, produced SMILES were put into the
PreADMET server (http://preadmet.omdrc.org/)
[21] and Swiss ADME
(http://www.swissadme.ch)189 to predict
pharmacologically  relevant  physicochemical
characteristics such as ADME and Toxicity.[22]

Molecular Docking:

Molecular docking is a frequently used tool in
computer-aided structure-based rational drug
design. It evaluates how small molecules called

ligands (proposed Benzotriazole derivatives) and
the target macromolecule (Staphylococcus aureus
tyrosyl t-RNA synthetase (PDB: 1J1J) fit together
[23].

Auto Dock Tools (ADT) is a program package of
automated docking tools and designed to predict
how small molecules bind to a target protein of a
known 3D- structure. Besides generating binding
energies in these docking studies, the position of
the ligand in the enzyme binding site can be
visualized [24]. It can be useful for developing
potential ligands and also for understanding the
binding nature [25-26]. Docking Studies were
performed in order to check the binding affinity of
Benzotriazole derivatives with Staphylococcus
aureus tyrosyl t-RNA synthetase (PDB: 1J1J) [27].

Crystal structure of Staphylococcus aureus tyrosyl
t-RNA synthetase (PDB: 1JIJ) (Figure 4) was
downloaded from  Protein Data  Bank
(http://www.pdb.org/pdb/home/home.do), which
was resolved at 2.92 A, and 2.70 A respectively.
The optimized ligand molecules were docked into
refined Staphylococcus aureus tyrosyl t-RNA
synthetase enzyme model using “Ligand Fit” in
Autodock 4.2 [27].

Current Opinion

CO 3 (3), 318-328 (2023) 321


http://www.pdb.org/pdb/home/home.do)
http://www.pdb.org/pdb/home/home.do)

Current Opinion

Friedhelm M. Jbge

\

Figure 4 Crystal structure of Staphylococcus aureus tyrosyl t-RNA synthetase (PDB: 1J1J) [Downloaded
from https://www.rcsb.org/structure/1J1J retrieved on 12/02/2023]

PDB sum’s Ligplot/2D Interaction of standard ligand with enzyme (1J1J) showing all amino acid residues of
active pocket shown in Figure 5
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Figure 5- 2D Interaction of standard Ligand results for 1J1J showing all amino acid residues

All proposed Benzotriazole derivatives were
drawn in Chem Draw 3D. All compounds are
subjected to minimize the energy and the 3D
structure of ligands was converted into PDBQT
using Autodock 4.2. The Grid Box for the
Staphylococcus aureus tyrosyl t-RNA synthetase

in complex with SB-239629 (Standard Ligand)
was generated with the help of Autodock 4.2 with
dimensions X=70, Y =74, Z =70 A, covering all
amino acid residues (Ser 165, Val236, Thr237,
Met233, Glu 108 etc). The center grid box was set
at 8.671 x - 8.036 x 0.67 dimension as shown in
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Figure 6 [28]. Autodock Studies were performed
using Lamarakian Genetic algorithm via

Autodock 4.2.
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Figure 6 Grid box for the Staphyl
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ococcus aureus tyrosyl t-RNA synthtase (PDB ID: 1J13J) with the

standard ligand

Result and Discussion

Computational techniques provide the advantage
of making novel medications faster and for less
cost. Virtual screening, and in silico ADME/T
prediction, are innovative techniques for detecting
protein-ligand interaction are three major
functions of computing in drug development. [29].
PreADMET is then utilized to double-check the
drug likeness. The concept of drug-likeness was
developed as a way to give valuable guidance
throughout the early phases of drug development
to increase the likelihood of a chemical entering
and passing clinical trials. It may be described as
the total of the molecular physicochemical
characteristics that distinguish medicines from
other substances [30].

Prediction using PASS (Prediction of Activity
Spectra for Substances) [18]

It is a software product designed as a tool for
evaluating the general biological potential of an
organic drug-like molecule. PASS provides
simultaneous predictions of many types of
biological activity based on the structure of
organic compounds. Calculated values of all
compounds were interpreted in Table 1 in terms
of Pa (probability "to be active") more than Pi
(probability "to be inactive”) as potent

antimicrobial agents. Compounds BT 4 possess
more scores as shown in Table 1.

Physiochemical properties and Lipinski Rule of
Five:

Physiochemical properties must be defined to
predict the molecule's potential as a drug.
Physicochemical ~ characteristics  are  the
quantifiable qualities of molecules that are
connected to interactions with various substrates
and surroundings in drug development [31]. For
more than a century, physicochemical
characteristics of substances have been utilized to
predict or anticipate pharmacokinetic processes.
Lipophilicity is the most  well-known
characteristic which is related to diffusion through
cell membranes, solubility, interactions with
receptors, metabolism, and toxicity. The chemical
must attach to a binding pocket in order to activate
proteins, such as receptors and enzymes [19 - 21].
Aside from lipophilicity, other important
physicochemical characteristics for binding are
molecular size, hydrogen bond acceptors/donors,
and charge [22] Table 1 describes the
physicochemical parameters of all proposed
Benzotriazole derivatives among which 2-(1H-
1,2,3-Benzotriazol-1-yl)-  N-(4-methoxyphenyl)
acetamide (BT4) compound showed more
potential.
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Table 1 Physicochemical Parameter and Prediction of Activity by PASS & Lipinski Rule

N
\\N
/

W

H,C H
T ar
O
PASS : . : Follo
Prediction Physicochemical Properties W
S. Compound Name A_ntlmlcro No. of ME{ Llpln
N (ID) Ar bial Mol. | rotata HB | HB | TPSA( | lo (m® | ski
0. Activity Weig | ble 2 91/ Rule
A |D |A) P
. ht bonds mol
Pa |Pi )
1. . - 0,31 | 0,09 | 201.0 | 3 2.1 |71. | Yes
Benzotriazole 1 3 9 3 1 56.88 3 |62
2. | 2-(1H-1,2,3- Pheny 4 Yes
Benzotriazol-1-yl)- | | 0,16 | 0,13 | 252.2 3 1 59.81 2.1 | 72.
N-phenylacetamide 5 0 7 ' 6 |62
(BT1)
3. | 2-(1H-1,2,3- 4- 4 Yes
Benzotriazol-1-yl)- | Methy 0.26 | 0,14 | 266.3 24|77
N-(p- I 6 4 0 3 1 59.81 s |63
tolyl)acetamide pheny
(BT2) I
4. | 2-(1H-1,2,3- 4- 4 Yes
Benzotriazol-1-yl)- | Chlor
N-(4-chloro- o | 015]014 72867 3 |1 |ses1 20|77
. 5 3 2 1 |59
phenyl)-acetamide | pheny
(BT3) I
5. 2-(1H-1,2,3- 4- 5 Yes
Benzotriazol-1-yl)- | metho 0.34 | 0,07 | 282.3 29 | 79,
N-(4- Xy 3 2 0 4 1 69.04 5 |12
methoxyphenyl)ace | Pheny
tamide (BT4) I
6. . 0,24 | 0,00 | 265.0 | 2 3.2 |73. | Yes
Standard Ligand 7 2 1 4 2 72.31 0 |97
HBA: Hydrogen Bond Donor, HBA: Hydrogen Bond Acceptor, MW: Molecular Weight, TPSA: total
Polarizable Surface area, MR: Molar Refractivity.
ADMET Prediction: using various parameters was also calculated for
ADMET prediction is very crucial for any these compounds by the PreADMET web server
(www.preadmet.omdrc.org), which was

compound which is used to be applied as a

medication in the future [30]. ADME prediction summarized in Table 2.

Table 2: ADME predicted data of Benzotriazole derivatives from PreADMET

Compound | BBB | CaCO2+ CYP HIA MDCK | PGP Plasma | Skin

ID Cell inhibition inhibition | Protein | Permeab
Permeability Binding | ility

Benzotriazole | 1.114 | 19.214 Non 92.141 | 21.0005 | Non 91.164 | -3.8828

BT1 1.143 | 20.504 Non 95.714 | 22.4985 | Non 100 -3.4828

BT2 0.741 | 20.837 Non 95.750 | 24.7306 | Non 100 -3.4130
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BT3

0.434

21.672

Non

95.988

14.8835

Non

99.550

-3.5288

BT4

0.542

23.898

Non

96.113

14.1237

Non

90.164

-3.6901

Throughout the drug research and development
process, toxicology plays a critical role. The
objective of toxicity screening was to identify
derivatives with safety profiles as soon as possible

[32]. Table 3 summarizes the toxicity screening
result of Benzotriazole derivatives calculated

using

online

PreADMET

software.

Table 3.: Toxicity parameter of Benzotriazole derivatives predicted by PreADMET

Compound | Algae | Ames Carcino | Carcino | Daphni | hERG Medak | Minno

ID at test Mouse | Rat aat inhibition | a at w at

Benzotriazole | 0.04263 | Mutagen | Positive | Negative | 0.033253 | Medium | 0.004126 | 0.01604
Risk

BT1 0.08506 | Mutagen | Negative | Negative | 0.097544 | Medium | 0.016303 | 0.023663
Risk

BT2 0.05264 | Mutagen | Positive | Negative | 0.073256 | Medium | 0.009786 | 0.019644
Risk

BT3 0.03781 | Mutagen | Positive | Negative | 0.050814 | Medium | 0.005195 | 0.011414
Risk

BT4 0.06747 | Mutagen | Negative | Negative | 0.113123 | Medium | 0.023006 | 0.039922
Risk

Molecular docking: proposed benzotriazole derivative's binding

The binding affinities of newly synthesized
derivatives and target proteins (1J1J) were studied

using molecular docking. Table 4 showed the

affinity to the target protein with amino acid
interaction.

Table 4: Docking Score and interaction of synthesized derivatives with 1J1J

Compound ID | Binding affinity | Amino acid in Interacting Amino Acid
(kcal/mol) Hydrogen bond
Benzotriazole -7.2 ASP80, GLN174, TYR36, GLY38, ALA39, ASP40, THR42,
GLN196 GLY58, ASP80, LEU70, THR75
BT1 -8.0 ASP80, GLN174, ASP80, LEU70, THR75, LYS84, ARGSS,
GLN196 SN124, TYR170, GLN174, ASP177,
ASP195,
BT2 -8.1 ASP80, GLN174, | THR42, HIS50, GLY58, ASP80, LEU70,
GLN196 THR75, LYS84, ARG88, ASN124,
TYR170
BT3 -7.6 ASP40, ASP80, TYR36, GLY38, ALA39, ASP40,
GLN174, GLN196 | THR42, HIS50, LEU70, THR75,
ASP80, LYS84, ARG88, ASN124,
BT4 -8.9 ASP80, ARG8S, TYR36, GLY38, ALA39, ASP40,
GLN174, GLN196 | THR42, LEU70, THR75, ASP80,
LYS84, ARG88, ASN124,
Standard -7.8 TYR36, ASP40, TYR36, CYS37, ALA39, ASP40,
Ligand GLY58, ASP80, THR42, PRO53, GLY49, HIS50,
TYR170, ASP177, | GLY58 ASP80, LEU70, THRT75,
GLN174, ASP195 | GLN174
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Molecular docking predicts the binding
relationship between macromolecules and a small
ligand. It is a theoretical method of examining a
compound for potential pharmacological action
before its actual synthesis. Understanding binding
affinity is  critical to  comprehending
intermolecular interaction [33].

The magnitude of the binding interaction is
referred to as binding affinity. Hence binding
affinity (kcal/mol) is used to the categorized result
obtained after virtual screening [34]. PDB: 1J1J,
were chosen as studies Tyrosyl-tRNA synthetase
catalyzes the covalent binding of amino acids to
their tRNA and plays an important role in protein
synthesi [27]. The ligand present in the protein
molecule was used as a reference ligand for
comparing binding affinity shown in Figures 4 &
5 The binding domain was prepared as a grid box
in AutoDock after visualization of the binding
interaction of reference ligand in discovery studio
(Figure 5). The docking findings revealed that all
of the compounds in the binding pocket had major
bonding interactions showed in Figure 6 and The
binding affinity of the benzotriazole derivatives to
the target protein with amino acid interaction was

All Benzotriazole derivatives have more binding
affinity as compare to Standard ligand SB-219383
with the Staphylococcus aureus tyrosyl-tRNA
synthetase (PDB: 1jij). Figure 6 shows the 2D
and 3D interaction of N-substituted Benzotriazole
derivatives with the amino acid in the active
domain.  The binding  affinity  against
Staphylococcus aureus tyrosyl-tRNA synthetase
was -7.2 to - 8.9 kcal /mol as compare to -7.8
kcal/mol for reference ligand SB-219383. This
docking result reveals that Benzotriazole
derivatives showed stronger affinity

The compound BT4 (2-(1H-1,2,3-Benzotriazol-1-
yl)-N-(4-methoxyphenyl) acetamide ) also shows
significant binding affinity towards the active
pocket of tyrosyl-tRNA synthetase. The amino
acid involved in binding with ligands and present
in the binding domain were Ala39, Asp40, Leu70,
Asp80, Lys84, Aspl195, and GIn196. This amino
acid interacts with the ligand through carbon-
hydrogen bonding, Pi-cation, Pi-anion, alkyl Pi-
alkyl, Van der Waals, and traditional hydrogen
bonding. AIll these interactions and binding
affinity studies suggest that the derivatives are
stronger inhibitors of t-RNA synthetase protein

shown in Table 4. even stronger than the reference ligand.
Compound Docked Pose 2D interaction of Docked Pose
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Figure 6 2D and 3D interaction of N-substituted Benzotriazole derivatives with the amino acid in the
active domain

Conclusion

Bio-molecules, natural products, and marketed
medications all contain benzo-fused nitrogen with
five-membered heterocycles as a basic nucleus.
Benzotriazole was chosen for study because of the
importance of  these compounds as
pharmacophores, biopotential the literature, and
their structural closeness to nucleic acid bases.
According to the in-silico study, all proposed
benzotriazole nitrogen-containing five-membered

heterocyclic compounds follow all drug-likeness
rules which suggest that all derivatives have drug-
like properties. Further, they have considerable
pharmacokinetic features required for drug action
like logP value, BBB, HIA, and protein binding.
In concern to toxicity, study derivatives possess
moderate toxicity. This compound exhibits a
higher affinity to bind with tyrosyl t-RNA
synthetase enzyme, than the reference ligand
under research.

Current Opinion

CO 3 (3), 318-328 (2023) 326



Current Opinion

Friedhelm M. Jbge

References

1.

Alvarez-Builla, J.; Barluenga, J. Heterocyclic
Compounds:  An Introduction. Mod.
Heterocycl. Chem. 2011, 1, 1-9. https://doi.
0rg/10.1002/9783527637737.

Thakral, S.; Singh, V. Recent Development on
Importance of Heterocyclic Amides as
Potential Bioactive Molecules: A Review.
Curr. Bioact. Compd. 2018, 15 (3), 316-336.
https://doi.org/10.2174/157340721466618061
4121140.

Picconi, P.; Hind, C.; Jamshidi, S.; Nahar, K,;
Clifford, M.; Wand, M. E.; Sutton, J. M.;
Rahman, K. M. Triaryl Benzimidazoles as a
New Class of Antibacterial Agents against
Resistant Pathogenic Microorganisms. J. Med.
Chem. 2017, 60 (14), 6045-6059.
https://doi.org/10.1021/acs.jmedchem.7b0010
8.

Hameed, S.; Kanwal; Seraj, F.; Rafique, R.;
Chigurupati, S.; Wadood, A.; Rehman, A. U.;
Venugopal, V.; Salar, U.; Taha, M.; Khan, K.
M. Synthesis of Benzotriazoles Derivatives
and Their Dual Potential as a-Amylase and o-
Glucosidase Inhibitors in Vitro: Structure-
Activity Relationship, Molecular Docking,
and Kinetic Studies. Eur. J. Med. Chem. 2019,
183, 1-23.
https://doi.org/10.1016/j.ejmech.2019.111677.
Laconde, G.; Amblard, M.; Martinez, J. A
Simple and Versatile Method to Synthesize N-
Acyl-Benzotriazoles. Tetrahedron Lett. 2019,
60 (4), 341-343. https://doi.org/10.1016/j.tetl
et.2018.12.046.

Gonnet, L.; Tintillier, T.; Venturini, N.;
Konnert, L.; Hernandez, J. F.; Lamaty, F.;
Laconde, G.; Martinez, J.; Colacino, E. N-
Acyl Benzotriazole Derivatives for the
Synthesis of Dipeptides and Tripeptides and
Peptide Biotinylation by Mechanochemistry.
ACS Sustain. Chem. Eng. 2017, 5 (4), 2936—
2941. https://doi.org/10.1021/acssuschemeng.
6b024309.

Wang, X.; Liu, Y.; Zhang, Y. Elimination of
Benzotriazolyl Group in N-(a-Benzotriazol-1-
Y1 alkyl)Amides and N-( a -Benzotriazol-1-
Ylalkyl)Sulfonamides: Their Self-Coupling
and Cross-Coupling Reactions with Carbonyl
Compounds. Tetrahedron 2003, 59 (41),
8257-8263. https://doi.org/10.1016/j.tet.2003.

10.

11.

12.

13.

14.

15.

16.

17.

Katritzky, A. R.; Angrish, P.; Todadze, E.
Chiral Acylation with N-(Protected o -
aminoacyl)Benzotriazoles for Advantageous
Syntheses of Peptides and Peptide Conjugates.
Synlett 2009, No. 15, 2392-2411. https://doi.
0rg/10.1055/s-0029-1217827.

Walker, R. The Use of Benzotriazole as a
Corrosion  Inhibitor for Copper. Anti
Corrosion Methods Mater. 1970, 17 (9), 9-15.
https://doi.org/10.1108/eb006791.

Leonard, N. J.; Golankiewicz, K. Thermolysis
of  Substituted  1-Acetoxybenzotriazoles.
Carbon-to-Oxygen Migration of an Alkyl
Group. J. Org. Chem. 1969, 34 (2), 359-365.
https://doi.org/10.1021/j001254a022.

Kamel, M.; Ali, M. 1.; Kamel, M. M. Studies
in the Benzotriazole Series—IIl. Tetrahedron
1967, 23 (6), 2863-2868. https://doi.org/10.10
16/0040-4020(67)85152-4.

Jamkhandi, C. M.; Disouza, J. |. Benzotriazole
Derivatives as Antimicrobial Agents. Asian J.
Biochem. Pharm. Res. 2012, 2 (3), 123-130.
Suma, B. V.; Natesh, N. N.; Madhavan, V.
Benzotriazole in Medicinal Chemistry: An
Overview. J. Chem. Pharm. Res. 2011, 3 (6),
375-381.

Parekh, D. V; Desai, P. S. Synthesis,
Characterization and Antimicrobial Activity
Studies of 5-(2-(5-Benzoyl-1H-1,2,3-
Benzotriazole-1-Y1)2-Oxoethylamino)-2-
Hydroxy Benzoic Acid and Their Transition
Metal Chelates.Adv. Appl. Sci. Res. 2012, 3
(4), 1992-1996.

Baghel, M. S.; Goswami, K. Bcl-2 Targeted
Structural Based Computer Aided Drug
Design ( CAAD ) For Therapeutic Assessment
of Ricin in Prostate Cancer.Int. J. Pharm. Sci.
Drug Res. 2015, 7 (2), 168-171.

Singh, V. K.; Rishishwar, P.; Bhardwaj, P.;
Alok, S. Benzotriazole: A Heterocyclic
Molecule With Diversified Pharmacological
Activities. Int. J.Pharm. Sci. Res. 2017, 8 (2),
446-456.  https://doi.org/10.13040/1JPSR.09
75-8232.8(2).446-56.

Wan, J.; Peng-Cheng, L. V.; Tian, N. N.; Zhu,
H. L. Facile Synthesis of Novel Benzotriazole
Derivatives and Their Antibacterial Activities.
J. Chem. Sci. 2010, 122 (4), 597-606.
https://doi.org/10.1007/s12039-010-0094-8.

. Filimonov, D.A., Poroikov, V.V., Karaicheva

08.039 ,E.l, Kazaryan, R.K., Boudunova, A.P.,
RN Mikhailovsky, E.M., Rudnitskih, A.V.,
Current Opinion CO 3 (3), 318-328 (2023) 327


https://doi.org/10.2174/1573407214666180614121140
https://doi.org/10.2174/1573407214666180614121140
https://doi.org/10.1021/acs.jmedchem.7b00108
https://doi.org/10.1021/acs.jmedchem.7b00108
https://doi.org/10.1016/j.ejmech.2019.111677
https://doi.org/10.1021/jo01254a022
https://doi.org/10.1007/s12039-010-0094-8

19.

20.

21.

22,

23.

24,

25.

Current Opinion

Friedhelm M. Jbge

Goncharenko, L.V., Burov, Yu.V. (1995)
Computer-aided prediction of biological
activity spectra of chemical substances on the
basis of their  structural formulae:
computerized system PASS. Experimental and
Clinical Pharmacology (Rus), 8(2): 56-62.
Lipinski CA (December 2004). "Lead- and
drug-like  compounds: the rule-of-five
revolution”.  Drug  Discovery  Today:
Technologies 1 (4): 337-341

Brito, M. A. de. Pharmacokinetic Study with
Computational Tools in the Medicinal
Chemistry Course. Brazilian J. Pharm. Sci.
2011, 47 (4), 797-805. https://doi.org/10
.1590 /S19 84-82502011000400017.

Viana Nunes, A. M.; das Chagas Pereira de
Andrade, F.; Filgueiras, L. A.; de Carvalho
Maia, O. A.; Cunha, R. L. O. R.; Rodezno, S.
V. A.; Maia Filho, A. L. M.; de Amorim
Carvalho, F. A.; Braz, D. C.; Mendes, A. N.
PreADMET Analysis and Clinical Aspects of
Dogs Treated with the Organotellurium
Compound RFO7: A Possible Control for
Canine Visceral Leishmaniasis. Environ.
Toxicol. Pharmacol. 2020, 80 (August),
103470.  https://doi.org/10.1016/j.etap.2020.
103470.

Daina, A.; Michielin, O.; Zoete, V.
SwissADME: A Free Web Tool to Evaluate
Pharmacokinetics, Drug-Likeness and
Medicinal Chemistry Friendliness of Small
Molecules. Sci. Rep. 2017, 7 (January), 1-13.
https://doi.org/10.1038/srep42717.

Seeliger D, de GrootLigand BL (2010)
Docking and binding site analysis with
PyMOL and Autodock/Vina. J Comput Aided
Mol Des 24(5):417-422.

Umamaheswari, M., Madeswaran, A.,
Asokkumar, K.,  Sivashanmugam, T.,
Subhadradevi, V., & Jagannath, P. (2011).
Study of potential xanthine oxidase inhibitors:
In silico and in vitro biological activity. |||
Bangladesh Journal of Pharmacology]||, 6(2),
117-123.

Madeswaran, A., Umamaheswari, M.,
Asokkumar, K.,  Sivashanmugam, T.,
Subhadradevi, V., & Jagannath, P. (2012).
Discovery of potential aldose reductase
inhibitors using in silico docking studies.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Oriental Pharmacy and
Medicine, 12(2), 157-161.
Morris, G. M., Huey, R., Lindstrom, W.,
Sanner, M. F., Belew, R. K., Goodsell, D. S.,
& Olson, A. J. (2009). AutoDock4 and
AutoDockTools4: Automated docking with
selective  receptor flexibility. Journal of
computational chemistry, 30(16), 2785-2791.
Gullapelli, K. Brahmeshwari, G,
Ravichander, M.; Kusuma, U. Synthesis,
Antibacterial and Molecular Docking Studies
of New Benzimidazole Derivatives. Egypt. J.
Basic Appl. Sci. 2017, 4 (4), 303-309.
https://doi.org/10.1016/j.ejbas.2017.09.002.
Autodock Tools, the free GUI for AutoDock.
[http://autodock.scripps.edu/resources/adtretri
eved on 12/02/2023.

Khedkar, S. A.; Malde, A. K.; Coutinho, E. C.
In Silico Screening of Ligand Databases:
Methods and Applications. Indian Journal of
Pharmaceutical Sciences. 2006, pp 689-696.
https://doi.org/10.4103/0250-474x.30998.

Jia, C. Y,; Li,J. Y.,; Hao, G. F,; Yang, G. F. A
Drug-Likeness Toolbox Facilitates ADMET
Study in Drug Discovery. Drug Discov. Today
2020, 25 (1), 248-258. https://doi.org/10.1016
/j.drudis.2019.10.014.

Bunally, S. B.; Luscombe, C. N.; Young, R. J.
Using Physicochemical Measurements to
Influence Better Compound Design. SLAS
Discov. 2019, 24 (8), 791-801. https://doi.org/
10.1177/2472555219859845.

Dorato, M. A.; Buckley, L. A. Toxicology in
the Drug Discovery and Development Process.
Curr. Protoc. Pharmacol. 2006, Chapter 10,
1-35. https://doi.org/10.1002/0471141755.
ph1003s32.

Yakubu, N. S.; Poyi, O. C.; Afolabi, E. O.
Design, Molecular Docking And In Silico
Analysis Of Analogues Of Chloroquine And
Hydroxychloroquine Against SARs-COV-2
Target. 2020, 1-12. https://doi.org/10.21203/
rs.3.rs-40615/v1.

Wienken, C. J.; Baaske, P.; Rothbauer, U.;
Braun, D.; Duhr, S. Protein-Binding Assays in
Biological  Liquids Using  Microscale
Thermophoresis. Nat. Commun. 2010, 1 (7),
1-7.https://doi.org/10.1038/ncomms1093.

Experimental

Current Opinion

CO 3 (3), 318-328 (2023) 328


https://doi.org/10.1016/j.ejbas.2017.09.002
https://doi.org/10.4103/0250-474x.30998

