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ABSTRACT

Because of the fast increase in deaths due to Corona Viral Infection in majority region in the world, the detection
of drugs potent of this infection is a major need. With this idea, docking study was executed on eighteen imi-
dazole derivatives based on 7-chloro-4-aminoquinoline against novel Coronavirus (SARS-CoV-2).

In this study, we carried out a docking study of these molecules in the active site of SARS-CoV-2 main
protease. The result indicate that Molecules N° 3, 7 and 14 have more binding energy with SARS-CoV-2 main
protease recently crystallized (pdb code 6L.U7) in comparison with the other imidazole derivatives and the two
drug; Chloroquine and hydroxychloroquine. Because of the best energy of interaction, these three molecules
could have the most potential antiviral treatment of COVID-19 than the other studied compounds. The structures
with best affinity in the binding site of the protease have more than 3 cycles and electronegative atoms in the
structure. This may increase the binding affinity of these molecules because of formation of z-bonds, halogen
interactions and/or Hydrogen bond interactions between compounds and the enzyme. So, compounds with more

cycles and electronegative atoms could have a potent inhibition of SARS-CoV-2 main protease.

1. Introduction

Infection with coronavirus (SARS-CoV-2) first reported in Wuhan
(China) in December 2019. This contagion has spread throughout the
world [1-5]. SARS-CoV-2 is a member of Betacoronaviruses like the Severe
Acute Respiratory Syndrome Human coronavirus (SARS-CoV-1) and the
Middle-East Respiratory Syndrome Human coronavirus (MERS HCoV) [6].

The sequence of coronavirus (SARS-CoV-2) was entered into
Genbank as entry QHR63300.1 and in the protein data bank (PDB) as
entry 6LU7 (DOIL: https://doi.org/10.2210/pdb6LU7/pdb) [7], this
crystallographic structure present the three dimensional form of the
crystal structure of the SARS-CoV-2 main protease that is encoded
within the viral genome, in complex with an inhibitor (N3) [8].

The antimalarial drugs chloroquine and hydroxychloroquine are cur-
rently used to treat autoimmune diseases for their immunomodulatory and
anti-thrombotic properties [9]. Although chloroquine and hydroxy-
chloroquine have also been proposed for the treatment of several viral in-
fections, due to their antiviral effects in cell cultures and animal models [9],
and, currently, for the treatment of COVID-19 [3,10-12]. The mechanism of
action of chloroquine and its derivatives, both an antiviral and an anti-
inflammatory, have not been fully elucidated. Certainly, there are many
ways in which these drugs could exert their anti-SARS-CoV-2 effects.

Chloroquine and hydroxychloroquine act as weak bases which can have
several intracellular effects, including affecting intracellular traffic and
disrupting enzymes [13]. Studies of molecular docking and mechanic mo-
lecular simulation of Baildya et al. suggest that hydroxychloroquine could
have a considerable effect on SARS-COV-2 main protease, which could have
a significant inhibitory effect on it [14]. Unfortunately these two drugs have
toxic effects and their use in high doses can create major risks for patients
[14,15]; that is why the use of these drugs to treat covid-19 is not re-
commended by World Health Organization (WHO) [16].

Imidazole is a heterocyclic aromatic molecule; its structure has been of
great importance to scientists in recent years due to its divergent synthetic
strategies and different pharmacological activities, e.g. antivirals, antic-
ancer, anti-inflammatory, antimicrobials, anti-ulcer, etc. Due to the distinct
mechanisms of actions, this area of research is always expanding [17].

Molecular docking is an effective method for predicting the struc-
ture of ligand/macromolecule complexes. Its use has grown over the
years to become one of the most widely used techniques for the dis-
covery and development of biologically active molecules. The general
principle is to minimize a simplified potential energy function which
measures the interaction between a ligand and a target macromolecule.

Repositioning medications may be the only response to the epidemic
of unexpected infectious diseases, due to the long time of producing new
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Table 1
Chemical structures of 18 imidazole derivatives based on 7-chloro-4-aminoquinoline.
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medicines. Among the drugs proposed to test the antiviral effect of
COVID-19, we selected imidazole derivatives [3,18]. To date, imidazole
derivatives has been the first choice as an effective treatment for infec-
tions with Malaria, the principle is to replace diethylamine function of
chloroquine by substituted imidazole derivatives containing tertiary
terminal nitrogen [19]. This kind of compounds has been tested against
Malaria infection to explore more active compounds than chloroquine
[19]. Many papers reported the effect of chloroquine and hydroxy-
chloroquine in the treatment of COVID-19 [3,10,11,20], today these two
drugs are used in different hospitals around the world as antiviral
treatment of COVID-19 disease caused by SARS-CoV-2 virus [12,21].

Based on all these effects, the study of interactions between chlor-
oquine, hydroxychloroquine and the eighteen imidazole derivatives
against the SARS-CoV-2 main protease are recommended.

In this paper, the modeling interaction of eighteen imidazole derivatives
against novel Coronavirus are performed using the molecular docking
method followed by comparison with chloroquine, hydroxychloroquine
interactions formed in the same binding site of SARS-CoV-2 main protease.

2. Material and methods
2.1. Data set

The studied compounds were evaluated against novel Coronavirus
(SARS-CoV-2). The chemical compounds reported as potent Antiplasmodial

inhibitors of imidazole derivatives based on 7-chloro-4-aminoquinoline
were taken from literature [19].
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Fig. 1. Position of the best conformation of all studied compounds in the binding pocket of SARS-CoV-2 main protease (the co-crystallized ligand N3 is presented by
yellow color). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2
The results of docking study: Affinity of the best conformation.

N° Affinity (kcal/mol) N° Affinity (kcal/mol) N° Affinity (kcal/mol)
1 -7.4 8 -7.8 15 -7.8
2 -7.4 9 -7.1 16 -7.9
3 -85 10 -7.4 17 -7.5
4 -7.7 11 -8.1 18 -7.9
5 -7.6 12 -7.3 Chloroquine -5.9
6 -7.4 13 -7.6 Hydroxychloroquine —6.6
7 -8.3 14 -8.3 N3 -8.7

2.2. Ligand preparation

Each structure of 18 studied compounds is sketched and optimized
with SYBYL program [22], using the standard tripos molecular mechanics
force field and energy gradient convergence criterion (0.01 kcal/mol), the
partial atomic charges required for calculation of the electrostatic potential
are assigned using the Gasteiger Huckel formation [23,24].

2.3. Molecular docking

We performed a docking study of 18 imidazole derivatives

EYS
A:145
GLU
A:166
Interactions
[ carbon Hydrogen Bond [ Ppi-Alkyl
[T Ayt

(Table 1), our research is based on crystal structures of studied enzyme
with bound ligand molecules. This structure has been obtained from X-
ray crystal data of RCSB Protein Data Bank (PDB) [25], and we have
determined the binding site location. The docking study was carried out
with Autodock vina program [26]. The crystallographic structure of
SARS-CoV-2 main protease (Code PDB: 61.U7; Resolution of 2.16 A) is
imported into “work space” of Discovery Studio 2016 program [27] for
detect binding site location. The center of the active site has been de-
termined and it corresponds to the coordinates: x = —10.782,
y = 15.787 and z = 71.277 on the basis of the co-crystallized bound
peptidomimetic ligand [28]. The grid size was set at 20 X 34 X 20 xyz
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Fig. 2. Interactions between Chloroquine and the SARS-CoV-2 main protease.


http://firstglance.jmol.org/fg.htm?mol=6LU7

A. Belhassan, et al.

Life Sciences 262 (2020) 118469

THR190

HIS41 § \\
1 . AR )
N GLN192
e \\\
\
/
7
Interactions
- Conventional Hydrogen Bond - Pi-Pi Stacked } 7
I talogen (Cl, Br, 1) [ Ayl / :
I unfavorable Donor-Donor [] Pi-Alkyl cYS145 \
[ Pi-sulfur o /
Fig. 3. Interactions between Hydroxychloroquine and the SARS-CoV-2 main protease.
yZ4
ARG(ss
Vi
\ 1)
/
P 4
HIs41 \
\

. ¢ys14s 7 LEU41
Interactions ~_ \ n__ /
- Conventional Hydrogen Bond - Pi-Pi T-shaped / N

f SER144

[ Ppi-Donor Hydrogen Bond

[ pirAlkyl
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points with a grid spacing of 1 A to cover the folic acid binding site in
the enzyme and was generated by using the co-crystallized ligand (N3)
as the center for docking [28]. For ligand and enzyme preparations; an
extended PDB format, termed PDBQT, is used for coordinate files,
which includes atomic partial charges and atom types using Autodock
tools 1.5.6. Torsion angles were calculated to assign the flexible and
non-bonded rotation of molecules. The results were subsequently ana-
lyzed using Discovery studio 2016 [29].

3. Results and discussions
3.1. Molecular docking results

Molecular docking was performed to find a type of interactions and
binding affinity between 18 different imidazole derivatives and studied
enzyme. Fig. 1 shows the position of the best conformation of all stu-
died compounds in the binding pocket of SARS-CoV-2 main protease
(the co-crystallized ligand N3 is presented by yellow color) [30]. The
result of molecular docking is presented in Table 2.

All studied compounds have a significant affinity in the binding

3 and the SARS-CoV-2 main protease.

pocket of SARS-CoV-2 main protease in comparison with chloroquine
and hydroxychloroquine. The best energies of interaction with the
SARS-CoV-2 main protease are observed for molecules N° 3, 7 and 14
(Table 2), because of their affinity in the active site of studied enzyme;
these molecules could have more potential antiviral treatment of
COVID-19 than chloroquine, hydroxychloroquine. In addition, their
affinity is close to that of the N3 inhibitor.

The interaction results of chloroquine and SARS-CoV-2 main pro-
tease (Fig. 2) shows Carbon Hydrogen Bond with Glul66 and Argl88,
st-alkyl bond with Cys145 and Met49 residues, and alkyl interaction
with Met49, Met165, Prol68 and Leul67 residues.

The docking study of hydroxychloroquine in the SARS-CoV-2 main
protease (Fig. 3) shows more type and number of interactions in com-
parison with chloroquine (s-alkyl, alkyl, Halogen interaction, m-Sul-
fure, w-it Stached and Hydrogen Bond interaction).

The interaction results of molecules N° 3, 7 and 14 in the SARS-CoV-
2 main protease (Figs. 4, 5 and 6) shows more type and number of
interactions in comparison with chloroquine and hydroxychloroquine
(m-alkyl, m-Donor Hydrogen bond, n-Sigma, m-t T-shaped, m-Sulfure,
Carbon-Hydrogen bond and Hydrogen bond interaction).
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Fig. 5. Interactions between compound N° 7 and the SARS-CoV-2 main protease.
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Fig. 6. Interactions between compound N° 14 and the SARS-CoV-2 main protease.

The results indicate that the structures with best affinity in the
binding site of the protease have four or more than 4 cycles and elec-
tronegative atoms in the structure. This may increase the binding affi-
nity of these molecules because of formation of ni-bonds, halogen in-
teractions and/or Hydrogen bond interactions between compounds and
the enzyme; compounds with more cycles and electronegative atoms
could have more potent inhibition of SARS-CoV-2 main protease than
the other compounds.

So these compounds (Molecules N° 3, 7 and 14) could have potential
antiviral treatment of COVID-19 than chloroquine and hydroxy-
chloroquine, because of their interactions and the best affinity in the
binding pocket of SARS-CoV-2 main protease.

3.2. Docking validation protocol

Re-docking of the Co-Crystallized ligand was applied to validate the
accuracy of the docking procedure. Fig. 7 clarifies the superimposed
view between the docked ligand conformation and the co-crystallized
ligand (inhibitor N3).

As observed in Fig. 7, the co-crystallized ligand (inhibitor N3)
within the active cavity of SARS-CoV-2 in a similar position and in-
teracted with similar residues, compared to that observed for the
docked ligand conformation. Thus, the docking process in this study
was successfully validated.

It could be seen from Fig. 8 that they are present of Conventional
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Fig. 7. Overlay of default conformation (red colored) on docked conformation
(blue colored) of the co-crystallized ligand validating docking protocol. (For
interpretation of the references to color in this figure legend, the reader is re-
ferred to the web version of this article.)

Hydrogen Bonds interactions with Glu 166, His 164, Gly 143, Thr 190,
Gln 189, His 163 and Phe 140 residues, amide-it Staked interactions
with Leu 141 residue, Alkyl and/or n-Alkyl interactions with Leu 167,
Ala 191, Met 167 and Pro 168, Met 49 and His 41 residues, Carbon

Life Sciences 262 (2020) 118469

Hydrogen Bond with Met 165 and His 172 residues and Van der Waals
interaction with Asn142. The selected molecules with the best affinity
present the interactions with the same residues. Thus, these molecules
could have a potent inhibition of SARS-CoV-2 main protease.

4. Conclusion

In this study, we have tried to carry out a docking study of chemical
compounds reported as potent Antiplasmodial inhibitors of imidazole
derivatives based on 7-chloro-4-aminoquinoline and analogues in the
active site of SARS-Cov-2 main protease, flowed by comparison with
two drugs; chloroquine and hydroxychloroquine.

The result indicate that molecules N° 3, 7 and 14 have the best af-
finity in the binding pocket of studied enzyme than all studied mole-
cules especially than chloroquine and hydroxychloroquine; that can
indicate that these molecules could have the most potential antiviral
treatment of COVID-19. The structures with best affinity in the binding
site of the protease have more than 3 cycles and electronegative atoms
in the structure. This may increase the binding affinity of these mole-
cules because of formation of m-bonds, halogen interactions and/or
Hydrogen bond interactions between compounds and the enzyme. So,
compounds with more cycles and electronegative atoms could have
more potent inhibition of SARS-CoV-2 main protease than the reference
compounds. So in this study, we describe the optimal binding features
of imidazole derivatives based on 7-chloro-4-aminoquinoline and ana-
logues were with the SARS-CoV-2 main protease (Code PDB: 6L.U7) for
further consideration. The synthesis of these molecules and the eva-
luation of their in vitro activity against COVID-19 could be interesting.

Interactions

[] van der waals

I conventional Hydrogen Bond
[] carbon Hydrogen Bond

[ Amide-pi Stacked
[ Alkyl
[ Pi-akyl

Fig. 8. Interactions between inhibitor N3 (co-crystallized ligand) and SARS-CoV-2 main protease.
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