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Abstract: The simulation in terms of enzymatic activity and the
estimation of the process transfer of electronic active sites of the
synthesized compound: 2-hydroxyphenyl imino naphthalen-2-ol
(Schiff basis) required the use of valuable calculation programs
such as the docking, for which we used the Arguslab program and
the Gaussian endowed to the calculation of the functional density
theory of the molecule studied. And as the experimental study
designed under difficult, costly or sometimes impossible
conditions, the docking program simulates the molecular binding
of the protein target with the ligand, which can reveal the
arrangement of the hydrogen and hydrophobic bonds that link the
active sites and the ligand; it is an economical step in terms of time
and money that can lead to the selectivity of the product of interest
in drug manufacturing. In this context, we are currently focused
on the study of the inhibitory effect of this molecule with the
enzyme (61u7) fighting against covid-19, and have compared it to
the drug chloroquine. The obtained results show that the
calculated Gibbs free energy with protease is -9.215 Kcal/mol,
which is almost more inhibiting than chloroquine (-7.2652
Kcal/mol). The DFT method allowed us to estimate that the
potentially positive sites easily cede an electron when they are
brought into contact with oxidizing species during the reduction

reaction. The study of the superoxide anion C"'z_ scavenging
activity via this product is performed practically by
electrochemical way, the Gibbs standard energy (-16.9022
KJ/mol) explains that the reaction can spontaneously form very
stable inactive species with the oxidizing ion.

Keywords:  Antioxidant Activities, DFT  Calculations,

Molecular Docking, Schiff Bases.

Manuscript received on 01 October 2023 | Revised Manuscript
received on 12 October 2023 | Manuscript Accepted on 15
October 2023 | Manuscript published on 30 December 2023.
*Correspondence Author(s)

Noudjoud HOUAS*, Laboratory of Electrochemistry of Molecular
Material and Complex (LEMMC), Department of Process Engineering,
Faculty of Technology. University of Ferhat Abbas Setif-1, Setif 19000,
Algeria. E-mail: noudjoud.houas@univ-setif.dz, ORCID ID:
0000-0001-6667-4487

Siham KITOUNI, Laboratory of Electrochemistry of Molecular
Materials and Complex (LEMMC), Department of Process Engineering.
Faculty of Technology. University of Ferhat Abbas Setif-1, Setif 19000.
Algeria. E-mail: siham.kitouni@univ-setif.dz.

Assia TOUNSI, Laboratory of Electrochemistry (LEM) and Materials.
Department of Process Engineering. Faculty of Technology. University of
Ferhat Abbas Setif-1, Setif 19000. Algeria. Email:
tounsiassia56@gmail.com.

© The Authors. Published by Lattice Science Publication (LSP). This is an
open access article under the CC-BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Check for
updates

I. INTRODUCTION

Schiﬁ bases play a particular role in providing a wide

exploitation of biological activities [1], such as antiviral
activity [2], antifungal [3], antioxidant [4], anti-inflammatory
[5], antitumor [6,7], anticancer [8,9], antibacterial activities
[10,11], and antipyretic applications [12]; these famous
compounds are known by the main formula RN=CR'R”
substrate [13] which can provide an amplifying electronic
aspect and a flexibility of steric conformation when endowed
with the proteins. Schiff bases are the most widely used
organic compounds that coordinate with metal ions via an
imine and have a wide variety of applications in many fields,
including corrosion of carbon steel and catalytic oxidation
[14,15].

Density functional theory (DFT) is a method of quantum
computation that allows electronic structure to be studied in a
principal manner; it is also used widely in chemistry, because
of its possible application to systems of different sizes. In this
context, we performed a calculation using the method
assigned by the B3LYP levels included in the Gaussian 09
package program with 6-311G (d, p) basis set [16]. The
purpose of this calculation is to determine the appropriate
active sites contributing to the positive potential aspect that
needs to access the reduction process in front of the oxidizing
species; the energy of the reactivity of this molecule is
estimated by the difference between the energies of the
frontier orbitals LUMO and HOMO. The electrochemical
study by cyclic voltammetry of the antioxidant activity
against superoxide is carried out in order to reach an
evaluation of the percentage of inhibition and the binding
energy AG through the decrease in the intensity of the peaks,
which undoubtedly defines the decrease in the quantity of
superoxide radicals. The molecular docking simulation of the
target SARS-CoV-2 main protease (M pro) is a theoretical
approach that is used to deduce the efficiency of the
enzymatic complexation of our product based on the
Arguslab program; therefore, it predicts the selectivity of
products with better binding affinity to be approved as a drug
against covid-19. [17,18][42][43].
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Molecular Docking, Simulation Against SARS-COV-2, Theoretical Study (DFT) and Superoxide Anion Scavenging by
Cyclic Voltammetry of 2-Hydroxyphenyl Imino Naphthalen-2-ol

Il. EXPERIMENTAL

A. Instrumentation

The Electrochemical measurements were recorded using
a VoltaLab40 PGZ301 potentiostat/galvanostat (Radiometer
Analytical), equipped with a system of three-electrode
consists of a saturated calomel electrode (SCE) as a reference
electrode, a platinum wire as the counter electrode and a
platinum disc as a working electrode. All measurements were
carried out at room temperature.

B. Synthesis Process of Molecule

The synthesis of the studied molecule is referred by
[19,20], proceeded with the reaction of 2- hydroxy
naphtaldehyde and 2-amino phenol dissolved in toluene and
heated progressively up to 100 C° for 1h at this temperature.
The reaction was monitored by analytical thin layer
chromatography (TLC); the crud solid was further washed
with diethylether several times and offer a pure yellow imine.

C. Electrochemical Process

In electrochemical process, there are several types of
phenomena associated with an electric charge transfer at the
interfaces formed by the contact of electrodes and an
electrolyte, the chemical transformation is carried out with
the oxidation-reduction.

D. Mathematical Description of Reaction Steps

This method allows the rapid detection of the existence of
different reaction steps by only playing on the scanning rate
[21]. The case of a reversible system is given by the equation
Randles and Sevcik: [22]:

I, =2.68.10°n¥2AD Y212 C

AE, = E,, — E,. = 0,057/n At 25° C
Where, lp: peak current (nA).
n: number of electrons involved in the electrochemical
reaction.
A: electrode surface (cm?).
D: diffusion coefficient of the electroactive species (cm?2.s?).
C: electroactive species concentration (mM).
v: scan rate (V.s).
For the irreversible system: [23]

I, =2.99.10% n (an)2AD Y202 C

Where, a: transfer coefficient.

E. Scavenging Superoxide Radical

Cyclicvoltammetric Method

Superoxide is an anionic free radical with the chemical
formula @;~ . It is formed by one-electron reduction of
dioxygen (02) [24] which is presented abundantly in nature;
it is qualified as one among of dangerous species that can
destabilize our life system [25]. Recently the cyclic
voltammetry is used to determine the antioxidant activity in
confrontation of this radical. This electrochemical method
consists in generating the radical by the reduction process of
the dissolved oxygen in aprotic solvents [26,27].

using
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a. Procedures

In an electrochemical cell, we placed 20 mL of a solution
containing the supporting electrolyte BusNBF; (0.1M)
dissolved in DMF on which immersed three electrodes; this
solution was saturated by dry air in the case of scavenging
activity [28-30]. However, the study of the reaction
mechanism and the nature of the electrochemical transfer
regime adopted at the surface of the working electrode of the
analyzed product was only performed in the absence of
oxygen by bubbling with nitrogen in solution. Measurement
of superoxide radical scavenging activity was based on the
method of Le Bourvellec et al. [31] with slight modification
in experimental conditions. The effect of inhibition of
compound was checked by the addition of different
concentrations to blank test. The percentage inhibition of
tested product was calculated using the following equation:

RSAo-% = I”I—I” X 100

el

Where [°,and I, are the intensity of peaks without and
with the analyzed compound respectively.

F. Computational of Quantum Chemical Parameters
with DFT

The geometric optimization of the compound was
performed using the Gaussian program [32], based on the
density functional theory (DFT), with Lee-Yang-Parr
correlation functional (B3LYP) at basis sets 6-311G (d,p)
[33,34]. The quantum chemical parameters of the
investigated compound as gap energy which defines the
reactivity of the molecule is evaluated at low value of the
energy difference between the LUMO and HOMO orbitals.

G. Molecular Docking

Molecular docking study was performed in order to
determine binding affinity of the present ligand against
SARS-CoV-2 main protease (M pro). The crystalline form of
this protein is evoked by Liu, X et al [35], labeled 6LU7 and
extracted from the PDB protein data base, has been used in
similar studies [36-38][44]. Molecular docking simulation
was executed by Arguslab 4.0.1 program [39], where the
docking parameters were adapted as the dimensions of the
binding site bounding box dimensions equal to: 12 x 21 x

21 A? . The graphical data of the enzyme complex is

visualized using Discovery Studio 4.0 client software [40].
I1l. RESULTS AND DISCUSSION

A. Spectral  Study  of Imino

Naphthalen-2-ol (HINP)

M.p (262°C), 99.6% yield.

FT-IR v (cm™): v(om)(3661.58), 1c-H(aromaticy (2993,2903.74),

vea=n (1612.91), &,y (1236.42).

NMR *H (400 MHz, DMSO-ds), (8) ppm: 6.98-7.94 (m, 10

H, aromatic protons); 8.37, 8.39 (s, 2H, OH), 9.50 (s, H,

N=CH). NMR 3C (400 MHz, DMSO-ds), (5): 108.2-149.9

(m, 16 C, aromatic carbons),

178.06. (CH=N).

2-Hydroxyphenyl

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijac.latticescipub.com


http://doi.org/10.54105/ijac.A2024.03021023
http://www.ijab.latticescipub.com/
https://www.rcsb.org/search?q=audit_author.name:Liu,%20X.

OPEN aACCESS

B.Electrochemical Study
= Electrochemical Properties
The voltammogram of supporting electrolyte BusNBF4
(0.1M) in DMF solution (blank test) is adjusted along the
interval from -1000 mV/ECS to 1600 mV/ECS, in order to
ensure the inert process of electron transfer carried out by
three electrodes in the absence of oxygen Fig.1.

i (mAlcm’)

T T T T T T
-1,0 -0,5 0,0 0,5 1,0 15 2,0
Potentiel (V/ECS)

Fig. 1: Cyclic Voltamogram of the Supporting Electrolyte
DMF- Bu4NBF4, 0.1 M with a Scan Rate,v=20mV /s,
Including the Activity Range [-1000- 1600 mV/ECS]

The analyzed product shows voltammograms which
differ in the shape of plots at each variation in the scanning
speed, as shown in Fig.2.

100 mV/s
75 mV/s
50 mV/s
25 mV/s
10 mV/s

i (mAfem?)
N
1

T T T T T
0,0 0,5 1,0 15 2,0
Potentiel (V/ECS)

Fig. 2: Cyclic Voltammograms of Tested Product at
Different Scan Rates in the Presence of BUu4NBF4 - DMF
(0.1M), Activity Range [0-2000 mV/ECS].

The result illustrates an anodic peak situated at 1889
mV/ECS and its cathodic peak corresponding to 217
mV/ECS; according to the potential difference, the system is
considered to be irreversible. The study of the charge transfer
on the electrode surface was carried out at different rates and
is collected in Table.1. By discrimination of the nature of
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reaction and the mechanism of the limiting step constituted at
the surface of the electrode, we can establish the regime of
electronic transfer as follows: HINP leads to a semi rapid
reaction governed by pure diffusion. Fig (3, 4).

55

504 R (0.99)

T T T T T T T T
3 4 5 6 7 8 9 10 11
V2 (mV/S)M

Fig. 3: Evolution of the Current Intensity Upon Variation

of Rate
1,885 -
_— .
18804  R*(0.9664) .
a 1,875
(@]
a
2; 1,870 4
o
1,865 -
1,860 -
1,0 12 14 16 18 2,0
Log (V)

Fig. 4: Evolution of the Potential Upon Variation of Rate

C. Superoxide Radical Via

Voltammetry

The voltammogram of the blank test in the presence of
oxygen records the redox couple O/03~. confirms that the
oxidation-reduction process of this couple is irreversible [41]

The antioxidant capacity is also evaluated by adding
different concentrations of the sample to the initial solution.
The remarkable decrease in the intensity of the oxygen
radical peak reflects a decrease in the concentration of which
can be translated the effective inhibitor that characterizes our
study product. Fig.5 and Table.2.

Scavenging Cyclic

Table. 1: Evaluation of lox and Eox as a Function of Rate Variance, vV and Log (v)

v (mV/s) 100 75 50 25 10

V12 10 8.66 7.071 5 3.162

Log(v) 2.00 1.875 1.699 1.398 1.00

HINP lox (MA) 5.15 4.198 3.739 3.029 2.252
Eox (MV/ECS) 1.889 1.868 1.858 1.845 1.827
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Table. 2: Evaluation of the Percentage of Inhibition
Related to the Current Intensity of the Anodic Peak

(x)=0.7789*x+4.599
45 R2=0.9868

Current Intensity lox APR% R? 1Cso
(mA) o, (ug/ml)
2.301
1.25 45.67
HINP 0.805 65.14 0.9 6.14
0.418 80.96
0.398 82.70

log (1/C)
N
w
1

HINP

b

m
0.3 m
04 m

)

ianc.nﬁ
1

] % -666 mV

T T
E=E3 o os 10

Fig. 5: Cyclic Voltammograms of DMF of Superoxide
with and Without Tested Sample

a. Determination of thermodynamic parameters

The thermodynamic study of the capacity of superoxide
radical scavenging of our antioxidant specie aims to
determine the stability constant K, and the standard Gibbs
free energy AG°. These parameters are expressed by the
following relationships:

1
lng(

C test

AG® =—RT In (Csolvent Kp)
Where R is the constant of perfect gases (8.314 J K
mol?). T (K) is the absolute temperature.
Csolvent IS the molar concentration of DMF solvent.

I
) = logKp + log {L]

JI-:||:u'.'_f|':u:

T T T T T T T T T
-07 -06 -05 -04 -03 -02 -01 0,0 0,1 0,2

log (ifi°-i)

Fig. 6: Graphical Determination of the K» Constant

From this linear graph the constant Ky is estimated at
39719.145 I/mol, while the energy AG® is (-16.9022 KJ/mal),
as shown in Fig. 6. The high value of K, and the negative sign
of the energy allow us to state that the scavenging reaction is
very stable and spontaneous.

D. Chemical Reactivity Study

Molecular orbitals are conceived to identify the electron
transfer process as donor or acceptor, while the absolute gap
between the two frontier orbitals assumes the chemical
reactivity. Thus, the smaller gap energy reflects the high
reactivity of a molecule.

It can be seen from the 3D plots Fig.7. that the frontier
orbitals HOMO and LUMO cover entirely the molecule; for
the Highlighted orbitals the hydroxyl moiety in the
naphthalene side is the only one that is not covered at the
level LUMO+1; however LUMO+2 is spread over the right
part of the molecule and that the left part remains clearly
naked; for HOMO-2 the covering is extended on the majority
of the molecule while it is not uniform at the right side.

ELumo : -1.828 ev

—

AEGap]_: 3648 ev
>

Enomo : -5.476 ev

ELumo+1 : -0.462 ev
=

4—

AEGapzz 5627 ev
>

Eromo-1 : -6.089 ev
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ELumo+2 : -0.289 ev

AEGap3= 6 191 ev

——

Enomo-2 : -6.480 ev

Fig. 7: Molecular Orbitals of the HINP and Related Gap Energies

Through the HOMO/LUMO energies we can explain that
the first oxidation/reduction is display with AEgs at 3.648
ev. Where the surface of electrostatic potentials mapped the
active sites of the electrophilic reactivity (lowest density)
which can easily give electrons on contact with oxidizing
species, it is illustrated in blue color around hydrogen atoms
H30 and H32 of the hydroxyl groups; these sites of positive
potential confirm the effective antioxidant activity through
the reduction process. Fig.8.

with the active sites; this simulation suggested a single
hydrogen bond with the active site Hisl64 and four
interactions according to the hydrophobic mode two of them
are linked with the same site Cys44, one with Pro52, and the
last one bind with His41. As well, the low Gibbs free energy
(AGiinding) attests to the better binding affinity compared with
chloroquine, it is therefore estimated at (-9.215 Kcal/mol),
which can approve the reliability of its use in covid-19
therapy.

Fig. 8: Molecular Electrostatic Potential Map of the
HINP Compound

The atomic charges are probably appreciated in Table.3.

Table. 3: Mulliken Atomic Charges of HINP Determined
by DFT using B3LYP Levels with 6-311G (d, p) basis Set

Atom Charge Atom Charge
C1 -0.0922530 N18 -0.3738150
(67 -0.0398820 C19 -0.1007550
C3 -0.0524190 C20 -0.0929140
c4 -0.0530200 c21 -0.1137010
C5 -0.0631820 C22 0.1767960
C6 -0.0851700 c23 0.0688960
H7 0.0918520 C24 -0.0628660
H8 0.1272350 H25 0.0895930
C9 -0.1479970 H26 0.0909210

C10 -0.0415050 H27 0.0824080
H11 0.0800020 H28 0.0983050
H12 0.0897890 029 -0.3703270
C13 -0.0956110 H30 0.2480470
C14 0.1777990 031 -0.3647980
H15 0.0873150 H32 0.2507050
H16 0.0859500 H33 0.1117520
Cc17 0.1928480

E.Molecular Docking Analysis

The molecular docking of MP® receptors with HINP
ligand was executed to define the appropriate best
conformation of the ligand within amino acid target, while
the minimal binding energy describes the highest inhibition
stability. Fig. 9.

The docking results of the ligand HINP with the target
6lu7 show that ligand bind inside of enzyme, so it promoted
an interesting inhibitory effect that due to different favorable
non-covalent interactions responsible for the complexation

Fig. 9: Docking Presentation of the Ligand with the
SARS-CoV-2 Main Protease, Visualized by Discovery
Studio 4.0 Client Software

Fig. 10: Map Binding-Interaction Diagrams of HINP
Ligand with SARS-CoV-2 Main Protease
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Table. 4: Favorable Intermolecular Interactions of HINP Compared to Chloroquine

Molecule Hydrogen Bond Hydrophobic AG Kcal/mol
Interaction Distance (A) interaction Distance (A)
0O-H---O:His164 2.96373 HIS41 3.666
Cysd4 4.844
HINP Cysa4 4133 9215
Pro52 4.375
Chloroquine N---HN:Thr190 2.676 LEU167 5,06118
MET165 3,52587 -7.265
MET165 3,17488
H-Bonds
Donor
Acceptor Ll

Fig. 11: Molecular Surfaces Colored by Hydrogen Bonds and Hydrophobicity

The physical properties of HINP-MP™ coordination such
as hydrophobicity and hydrogen-bond, suggested that these
interactions played an indispensable role in the binding of
this ligand to the active site of receptor, which may contribute
to the relatively low binding free energy. H-bonds
acceptor/donor is generally reacted in aprotic solvents; for
the hydrophobicity degree is usually quantified by the log P
scale, a concept derived from the partition coefficient of
complex between 1-octanol and water. It is estimated to be
less than 3; detected in Fig. 11.

IV. CONCLUSION

The results obtained from the exploitation of the present
imine compound considered as an inhibitor against oxidative
species by cyclic voltametry and also with the enzyme
SARS-CoV-2 by simulation using the Arguslab program,
show that HINP has an effective scavenging capacity against
the superoxide radical estimated at 6.14 pug/ml with a strong
stable energy AG at (-16.9022 KJ/mol). Therefore this
product behaves by a semi-rapid charge transfer controlled
by diffusion. For enzymatic complexation, it is evident that
the combination of intramolecular interactions leads to the
formation of different bonds such as the hydrogen bond
(His164) and four Hydrophobic bonds (HIS41, two with
Cys44 and the last one is Pro52 site), while the binding
energy is -9.215 Kcal/mol. The quantum parameters of the
molecules associated with the DFT method are also
processed in this work showed the reactivity AEgap at 3.648
eV as well the positive sites implemented through the
reduction reaction.

ACKNOWLEDGEMENT

This research was supported by the General Directorate
for Scientific Research and Technological Development
(DGRSDT), Algerian Ministry of Scientific Research,
Laboratory of Electrochemistry of Molecular Materials and
Complex (LEMMC), Ferhat ABBAS University of Setif.

DECLARATION STATEMENT

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
Funding No, | did not receive.

No conflicts of interest to the best of our
knowledge.

No, the article does not require ethical
approval and consent to participate with
evidence.

Conflicts of Interest

Ethical Approval and
Consent to Participate

Auvailability of Data
and MateritZI Not relevant.
Noudjoud HOUAS: Writing, Synthesis and
characterization, Project administration,
Data  curation, Formal analysis,
Methodology and Resources, Theoretical
studies and Review, Resources and
Investigation. Siham KITOUNI:
Contributed in experimental part. Assia
TOUNSI: Contributed in the
electrochemical study.

Authors Contributions

REFERENCES

1. D.J. Morecombe and D.W. Young. Synthesis of chirally labelled
cysteines and the steric origin of C(5) in penicillin biosynthesis.
Journal of the Chemical Society, Chemical Communications.
24(1995)2473-2670. https://doi.org/10.1039/C39750000198

2. K.S. Kumar, S. Ganguly, R. Veerasamy, E. De Clercg, Synthesis,
antiviral activity and cytotoxicity evaluation of Schiff bases of some
2-phenyl quinazoline-4 (3) H-ones, Eur. J. Med. Chem. 45 (11) (2010)
5474-5479. https://doi.org/10.1016/j.ejmech.2010.07.058.

3. 0. Giingdor, P. Giirkan, Synthesis and characterization of higher
amino acid Schiff bases, as monosodium salts and neutral forms.
Investigation of the intramolecular hydrogen bonding in all Schiff
bases, antibacterial and anti-fungal activities of neutral forms, J. Mol.

62-70.

Struct. 1074 (2014)
https://doi.org/10.1016/j.molstruc.2014.05.032.

Retrieval Number: 100.1/ijac.A202404010424
DOI: 10.54105/ijac.A2024.03021023
Journal Website: www.ijac.latticescipub.com 6

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijac.latticescipub.com



http://doi.org/10.54105/ijac.A2024.03021023
http://www.ijab.latticescipub.com/
https://pubs.rsc.org/en/results?searchtext=Author%3ADonald%20J.%20Morecombe
https://pubs.rsc.org/en/results?searchtext=Author%3ADouglas%20W.%20Young
https://doi.org/10.1039/C39750000198
https://doi.org/10.1016/j.ejmech.2010.07.058
https://doi.org/10.1016/j.molstruc.2014.05.032

OPEN aACCESS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A.A. Shanty, J.E. Philip, E.J. Sneha, M.R.P. Kurup, S. Balachandran,
P.V. Mohanan, Synthesis, characterization and biological studies of
Schiff bases derived from heterocyclic moiety, Bioorg. Chem. 70
(2017) 67-73. https://doi.org/10.1016/j.bioorg.2016.11.009.

E. Pontiki, D. Hadjipavlou-Litina, A. Chaviara, Evaluation of
anti-inflammatory and antioxidant activities of copper (ll) Schiff
mono-base and copper (Il) Schiff base coordination compounds of
dien with heterocyclic aldehydes and 2-amino-5-methyl-thiazole, J.
Enzyme Inhib. Med. Chem. 23 (6) (2008) 1011-1017.
https://doi.org/10.1080/14756360701841251.

6. S. Amer, N. El-Wakiel, H. EI-Ghamry, Synthesis, spectral,
antitumor and antimicrobial studies on Cu (II) complexes of purine
and triazole Schiff base derivatives, J. Mol. Struct. 1049 (2013)
326-335. https://doi.org/10.1016/j.molstruc.2013.06.059.

N. El-wakiel, M. El-keiy, M. Gaber, Synthesis, spectral, antitumor,
antioxidant and antimicrobial studies on Cu (l1), Ni (I1) and Co (lI)
complexes of 4-[(1H-Benzoimidazol-2-ylimino) methyl] benzene-1,
3-diol, Spectrochim Acta Part A Mol. Biomol. Spectrosc. 147 (2015)
117-123. https://doi.org/10.1016/j.saa.2015.03.020.

S.M. Bensaber, H. Allafe, N.B. Ermeli, S.B. Mohamed, A.A. Zetrini,
S.G. Alsabri, M. Erhuma, A. Hermann, M.l. Jaeda, A.M. Gbaj,
Chemical synthesis, molecular modelling, and evaluation of
anticancer activity of some pyrazol-3-one Schiff base derivatives,
Med. Chem. Res. 23 (12) (2014) 5120-5134.

A. Sinha, K. Banerjee, A. Banerjee, S. Das, S.K. Choudhuri,
Synthesis, characterization and biological evaluation of a novel
vanadium complex as a possible anticancer agent, J. Organomet.
Chem. 772 (2014) 34-41.
https://doi.org/10.1016/j.jorganchem.2014.08.032

H.A. Pramanik, D. Das, P.C. Paul, P. Mondal, C.R. Bhattacharjee,
Newer mixed ligand Schiff base complexes from aquo-N-(20
-hydroxy acetophenone) glycinatocopper (II) as synthon: DFT,
antimicrobial activity and molecular docking study, J. Mol. Struct.
1059 (2014) 309-319. https://doi.org/10.1016/j.molstruc.2013.12.009
C.M. da Silva, D.L. da Silva, L.V. Modolo, R.B. Alves, M.A. de
Resende, C.V. Martins, A. de Fatima, Schiff bases: a short review of
their antimicrobial activities, J. Adv. Res. 2 (1) (2011) 1-8.
https://doi.org/10.1016/j.jare.2010.05.004

R.P. Chinnasamy, R. Sundararajan, S. Govindaraj, Synthesis,
characterization, and analgesic activity of novel schiff base of isatin
derivatives, J. Adv. Pharm. Technol. Res. 1 (3) (2010)342-347.
https://doi.org/10.4103/0110-5558.72428.

H. Puchtler, S. Meloan, On Schiff's bases and aldehyde-Fuchsin: a
review from H. Schiff to RD Lillie, Histochem. Cell Biol. 72 (3)
(1981) 321-332. https://doi.org/10.1007/BF00501774.

H. M. AbdEI-Lateef, K. A. Soliman, M.A. Al-Omair, M. Shaker, S.
Adam. A combination of modeling and experimental approaches to
investigate the novel nicotinohydrazone Schiff base and its complexes
with Zn(I1) and ZrO(l1) as inhibitors for mild-steel corrosion in molar
HCI. J. Taiwan Institute of Chemical Engineers. 120 (2021) 391-408.
https://doi.org/10.1016/j.jtice.2021.03.036.

W. A. Zoubi, Y. Gun Ko. Organometallic complexes of Schiff bases:
Recent progress in oxidation catalysis, Journal of Organometallic
Chemistry 822 (2016) 173-188
https://doi.org/10.1016/j.jorganchem.2016.08.023.

M.J. Frisch et al. Gaussian 09, Revision D.01, Gaussian Inc.,
Wallingford, CT, 2009.

L. Adjissi, N. Chafai, K. Benbouguerra, I. Kirouani, A. Hellal, H.
Layaida, M. Elkolli, C. Bensouici, S. Chafaa. Synthesis,
characterization, DFT, antioxidant, antibacterial, pharmacokinetics
and inhibition of SARS-CoV-2 main protease of some heterocyclic
hydrazones. J. Molecular Structure. 1270 (2022) 134005.
https://doi.org/10.1016/j.molstruc.2022.134005.

M. Elkolli, N. Chafai, S. Chafaa, |. Kadi, C. Bensouici, A. Hellal. New
phosphinic and phosphonic  acids:  Synthesis, antidiabetic,
anti-Alzheimer, antioxidant activity, DFT study and SARS-CoV-2
inhibition. J.  Molecular Structure. 1268 (2022) 133701.
https://doi.org/10.1016/j.molstruc.2022.133701.

C. Sampath, K.V. Vani, Y. Kotaiah, N.H. Krishna, C.N. Raju and
C.V. Rao. A facile and efficient One-pot Three Component Reaction
(Kabachinik-Fields Reaction) for the Synthesis of Novel
a-Aminophosphonates by 1, 4-Dimethylpiperazine as a new catalyst.
Journal of Chemical and Pharmaceutical Research , 4 (2012)
1375-1382.

N. Houas, S. Chafaa, N. Chafai, S. Ghedjati, M. Djenane, S. Kitouni,
Synthesis, characterization, DFT study and antioxidant activity of
(2-hydroxynaphthalen-1-yl) methyl 2-hydroxyphenyl amino
phosphonic acid. Journal of Molecular Structure 1247 (2022)
131322. https://doi.org/10.1016/j.molstruc.2021.131322

Retrieval Number: 100.1/ijac.A202404010424
DOI: 10.54105/ijac.A2024.03021023

Journal Website: www.ijac.latticescipub.com

Indian Journal of Advanced Chemistry (1JAC)

ISSN: 2582-8975 (Online), Volume-3 Issue-2, October 2023

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Methods in
Ellis

R. Greef, R. Peat, D.Pletcher. Instrumental
Electrochimestry. Southampton Electrochimistry  Group,
Horwood Limited.USA. (1985).

B. S. Tovrog, D. J. Kitko, and R. S Dragom, Nature of the Bound O, in
a Series of Cobalt Dioxygen Adducts. J. Am. Chem. Soc. 98 (1976)
5144, https://doi.org/10.1021/ja00433a016.

M. H. Youcef, T. Benabdallah, H. Ilikti, and H. Reffas, Equilibrium
Studies on the Synergic Liquid-Liquid Extraction Process of Copper
() from Sulphate Media with Mixtures of some Bidentate
Mono-Schiff Bases and Acyclic Polyether Non-ionic Surfactant in
Chloroform, J. Solvent Extraction and lon Exchange, 26, 5 (2008)
534-555. https://doi.org/10.1080/07366290802301408.

M.E. Ortiz, L.J. NUfiez-Vergara, J.A. Squella, Cyclic voltammetric
behaviour of the O,/ redox couple at a HMDE and its interaction
with nisoldipine, J. Electroanal. Chem. 519 (2002) 46-52.
https://doi.org/10.1016/S0022-0728(01)00720-3.

T. Sun, W. Xie, P. Xu, Superoxide anion scavenging activity of graft
chitosane derivatives, Carbohydr. Polym. 58 (2004) 379-382.
https://doi.org/10.1016/j.carbpol.2004.06.042.

D. T. Sawyer, A. Sobkowiak, T. Matsushita. Metal [ML,; M = Fe, Cu,
Co, Mn]/Hydroperoxide-Induced Activation of Dioxygen for the
Oxygenation of Hydrocarbons: Oxygenated Fenton Chemistry. Acc.
Chem.Res. 29(1996) 409-416.

D. Vasudevan, H. Wendt, Electroreduction of oxygen in aprotic
media, J.  Electroanal.  Chem. 392  (1995)  69-74.
https://doi.org/10.1016/0022-0728(95)04044-O.

M. Tsushima, K. Tokuda, T. Ohsaka, Use of hydrodynamic
chronocoulometry for simultaneous determination of diffusion
coefficients and concentrations of dioxygen in various media, Anal.
Chem. 66 (1994) 4551-4556. https://doi.org/10.1021/ac00096a024.
N. Houas , S. Kitouni, N. Chafai, S. Ghedjati , M. Djenane , Assia
TOUNSI , New bi-phosphonate  derivative:  Synthesis,
characterization, antioxidant activity in vitro and via cyclic
voltammetry mode and evaluation of its inhibition of SARS-CoV-2
main protease. Journal of Molecular Structure. 2860 (23) 453-2.
https://doi.org/10.1016/j.molstruc.2023.135356

M. Mehri, N. Chafai, L. Ouksel, K. Benbouguerra, A. Hellal, S.
Chafaa. Synthesis, electrochemical and classical evaluation of the
antioxidant activity of three a-aminophosphonic acids: Experimental
and theoretical investigation. J. Molecular Structure 1171 (2018)
179-189. https://doi.org/10.1016/j.molstruc.2018.05.074.

C. Le Bourvellec, D. Hauchard, A. Darchen, J.L. Burgot, M.L. Abasq,
Validation of a new method using the reactivity of electrogenerated
superoxide radical inthe antioxidant capacity determination of
flavonoids, Talanta 75 (2008) 1098-1103.
https://doi.org/10.1016/j.talanta.2008.01.007.

A.D. Becke, Density-functional thermochemistry. The role of exact
exchange, J. Chem. Phys. 98  (1993) 5648-5652.
https://doi.org/10.1063/1.464913.

C. Lee, W. Yang, R.G. Parr, Development of the Colle-Salvetti
correlation-energy formula into a functional of the electron density,
Phys. Rev. 37 (1988) 785-789.
https://doi.org/10.1103/PhysRevB.37.785.

E.F. Silva-Junior, D.L. Silva, P.F.S. Santos-Junior, 1.J.S. Nascimento,
S.W.D. Silva, T.L. Balliano, T.M. Aquino, J.X. Arautjo-Jinior,
Crystal structure and DFT calculations of
4,5-dichloropyridazin-3-(2H)-one, J. Chem. Pharm. Res. 8 (2016)
279-286.

X. Liu et al. The Crystal Structure of 2019-nCoV Main Protease in
Complex with an Inhibitor N3. Deposited: 2020-01-26 Re- leased:
2020-02-05. doi: 10.2210/pdb6LU7/pdb Available from:https://www.
rcsb.org/structure/6LU7.

G.L. Warren, T.D. Do, B.P. Kelley, A. Nicholls, S.D. Warren.
Essential considerations for using protein-ligand structures in drug
discovery. Drug Discov Today 17 (2012) 1270-81.
https://doi.org/10.1016/j.drudis.2012.06.011.

K.W. Lam, A. Syahida, Z. Ul-Hag, M.B. Abdul Rahman, N.H. Lajis.
Synthesis and biological activity of oxadiazole and triazolothiadiazole
derivatives as tyrosinase inhibitors. Bioorg Med Chem Lett 20 (2010)
3755-9. https://doi.org/10.1016/j.bmcl.2010.04.067.

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijac.latticescipub.com


http://doi.org/10.54105/ijac.A2024.03021023
http://www.ijab.latticescipub.com/
https://doi.org/10.1016/j.bioorg.2016.11.009
https://doi.org/10.1080/14756360701841251
https://doi.org/10.1016/j.molstruc.2013.06.059
https://doi.org/10.1016/j.saa.2015.03.020
https://doi.org/10.1016/j.jorganchem.2014.08.032
https://doi.org/10.1016/j.molstruc.2013.12.009
https://doi.org/10.1016/j.jare.2010.05.004
https://doi.org/10.4103%2F0110-5558.72428
https://www.sciencedirect.com/science/article/abs/pii/S1876107021001425#!
https://www.sciencedirect.com/science/article/abs/pii/S1876107021001425#!
https://www.sciencedirect.com/science/article/abs/pii/S1876107021001425#!
https://www.sciencedirect.com/science/article/abs/pii/S1876107021001425#!
https://www.sciencedirect.com/journal/journal-of-the-taiwan-institute-of-chemical-engineers
file:///E:/seminaire/120
https://doi.org/10.1016/j.jtice.2021.03.036
https://doi.org/10.1016/j.jorganchem.2016.08.023
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/science/article/pii/S002228602201657X#!
https://www.sciencedirect.com/journal/journal-of-molecular-structure
file:///E:/seminaire/1270
https://doi.org/10.1016/j.molstruc.2022.134005
https://www.sciencedirect.com/science/article/pii/S0022286022013564#!
https://www.sciencedirect.com/science/article/pii/S0022286022013564#!
https://www.sciencedirect.com/science/article/pii/S0022286022013564#!
https://www.sciencedirect.com/science/article/pii/S0022286022013564#!
https://www.sciencedirect.com/science/article/pii/S0022286022013564#!
https://www.sciencedirect.com/journal/journal-of-molecular-structure
file:///E:/seminaire/1268
https://doi.org/10.1016/j.molstruc.2022.133701
https://doi.org/10.1021/ja00433a016
https://doi.org/10.1080/07366290802301408
https://doi.org/10.1016/S0022-0728(01)00720-3
https://doi.org/10.1016/j.carbpol.2004.06.042
https://doi.org/10.1016/0022-0728(95)04044-O
https://doi.org/10.1021/ac00096a024
https://doi.org/10.1016/j.talanta.2008.01.007
https://doi.org/10.1016/j.drudis.2012.06.011
https://doi.org/10.1016/j.bmcl.2010.04.067

Molecular Docking, Simulation Against SARS-COV-2, Theoretical Study (DFT) and Superoxide Anion Scavenging by
Cyclic Voltammetry of 2-Hydroxyphenyl Imino Naphthalen-2-ol

38. R.Bensegueni, M. Guergouri, C. Bensouici, M. Bencharif. Synthesis,
Antioxidant, and Anti-tyrosinase Activity of Some Aromatic Oximes:
An Experimental and Theoretical Study. J. Reports in Pharmaceutical
Sciences. 8 ) (2019) 195-203.
https://doi.org/10.4103/jrptps.JRPTPS_46_18.

39. M.A. Thompson. Molecular docking using ArgusLab, an efficient
shape-based search algorithm and the AScore scoring function. ACS
Meeting, Philadelphia, PA,(2004).

40. Dassault Systems Biovia, Discovery Studio Modeling Environment,
Release (2017). San Diego, CA: Dassault systemes; (2016).

41. S.M. Kuzmin, S.A. Chulovskaya, V.l. Parfenyuk, Mechanism and
superoxide  scavenging activity of hydroxy  substituted
tetraphenylporphyrins via coulometric approach, J. Electroanal.
Chem. 772 (2016) 80-88.
https://doi.org/10.1016/j.jelechem.2016.04.024.

42. Sridhar, A. V., Prasad, B. S., Mouli, K. V. V. N. R. C,, Alanka, S., &
Rajasekhar, M. (2020). Impact of Honeycomb Polylactide Infill% in
FDM Printed PLA/Nylon for Improved Mechanical Properties. In
International Journal of Recent Technology and Engineering (IJRTE)
(Vol. 8, Issue 5, pp.
3662-3668).https://doi.org/10.35940/ijrte.e6556.018520

43. Park, H. (2022). The Simplest Pharmacokinetic Equation in ADC
(Antibody Drug Conjugate) or PDC (Peptide Drug Conjugate)
Research. In International Journal of Advanced Pharmaceutical
Sciences and  Research  (Vol. 2, Issue 5, pp.
1-4).https://doi.org/10.54105/ijapsr.c4017.082522

44, Shujauddin, Dr. M., Alam, S., Rehman, S., & Ahmad, M. (2023).
Scientific Evaluation of A Unani Pharmacopoeia-Based Formulation
on BPH in Animal Model. In International Journal of Preventive
Medicine and Health (Vol. 4, Issue 1, pp. 1-8).
https://doi.org/10.54105/ijpmh.a1032.114123

AUTHOR’S PROFILE

Noudjoud HOUAS: Asst. Prof. Dr; teach in the field of chemistry,
University setif 1(Algeria) Dedicated Assistant Professor with extensive
knowledge and experience in teaching and research. Proven track record of
success in developing and in delivering high-quality courses, applied works
and Directed works particularly in the areas of general chemistry,
thermodynamics and chemical equilibriums; expert in higher education for
15 years. Supervise and provide in-depth support for Masters-level students
in their research. A member contributing to an approved PRFU project in the
field of science and technology 2021- present, | motivate myself within the
framework of national and international scientific conferences.

Siham KITOUNI: Asst. Dr Class A; held administrative work in the
company national for electrochemical products (ENPEC) from 2004 to 2011,
had posts as framework responsible for studies at the Research and
Development Laboratory and framework responsible for the environment. In
2011 to date, teach at university Setif 1 (Algeria), department of matter
science several levels and modules in general chemistry, physicochemical
analysis methods, inorganic chemistry, quantum chemistry (I and I1). Proven
the high quality courses of Crystallography for specialty pharmaceutical
chemistry (Master); experienced and knowledgeable, with a passion for
teaching and research. Currently we are in the process of carrying out a
PRFE project of science and technology.

Assia TOUNSI: doctoral degree 2023; teach as Asst.Dr for sessional work
in university of Setif. Currently working in Research Center in Industrial
Technologies CRTI, P.O.Box 64, Cheraga 16014 (Algeria), as a Senior
Researcher class B; our website is as follows URL: www.crti.dz. We are
particularly focused on research involving nanoparticles and composite
materials, motivated by large-scale national or international scientific
activities such as conferences, seminars and workshops and have earned
several certifications throughout my career. We are also overseeing the
training of master's students and emerging institutions. | master languages:
Avrabic, French and English and I hold an introductory and office automation
diploma in computer science.

Disclaimer/Publisher’s Note: The statements, opinions and data
contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the Lattice Science
Publication (LSP)/ journal and/ or the editor(s). The Lattice Science
Publication (LSP)/ journal and/or the editor(s) disclaim
responsibility for any injury to people or property resulting from any
ideas, methods, instructions or products referred to in the content.

Retrieval Number: 100.1/ijac.A202404010424 Published By:
DOI: 10.54105/ijac.A2024.03021023 Lattice Science Publication (LSP)
Journal Website: www.ijac.latticescipub.com ) © Copyright: All rights reserved.



http://doi.org/10.54105/ijac.A2024.03021023
http://www.ijab.latticescipub.com/
https://doi.org/10.1016/j.jelechem.2016.04.024
https://doi.org/10.35940/ijrte.e6556.018520
https://doi.org/10.54105/ijapsr.c4017.082522
https://doi.org/10.54105/ijpmh.a1032.114123
http://www.crti.dz/
http://i.dz/

