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In this study, we examined five previously synthesized compounds and checked their binding affinity
towards the SARS-CoV-2 main protease (Mpro) by molecular docking study, and compared the data with
three FDA approved drugs, i.e., Remdesivir, Ivermectine and Hydroxychlorochine. In addition, we have
investigated the docking study against the main protease of SARS-CoV-2 (Mpro) by using Autodock 4.2
software package. The results suggested that the investigated compounds have property to bind the
active position of the protein as reported in approved drugs. Hence, further experimental studies are
required. The formation of intermolecular interactions, negative values of scoring functions, free binding
energy and the calculated binding constants confirmed that the studied compounds have significant
affinity for the specified biotarget. These studied compounds were passed the drug-likeness criteria as
suggested by calculating ADME data by SwissADME server. Moreover, the ADMET properties suggested
that the investigated compounds to be orally active compounds in human. Furthermore, density func-
tional computations (DFT) were executed by applying GAUSSIAN 09 suit program. In addition,
Quantitative Structure-Activity Relationship (QSAR) was studied by applying HyperChem Professional
8.0.3 program.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The appearance of highly transmitted pathogen SARS-CoV-2 has
given gives birth to the pandemic COVID-19, causing anxiety
among the people, and has significantly influenced the global econ-
omy (Mohapatra et al., 2020a, 2020b). The unwanted COVID-19
outbreak driven by this highly infectious virus SARS-CoV-2 has
spread its tentacles over the entire world and has taken millions
of people under its cover (Lipsitch et al., 2020; Mohapatra and
Rahman, 2020). Everyday huge number of people loses their lives
due to this deadly disease. The number of infected patients is spi-
raling exponentially despite adequate measures taken by the
respective governments. Besides, there is a social stigma attached
to the disease too. The household where any member contracts
the disease gets ostracized by the neighbors. This outbreak has
overturned the normal living of human being worldwide and
turned on the most critical universal health disaster of this century
due to cross country transmission. (Almendros, 2020; Tiwari et al.,
2020). As a preventive measure, people are forced to use masks,
gloves, sanitizers, tissue papers during their daily activities
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resulting a huge amounts of medical waste (Ramteke et al., 2019;
Saadat et al., 2020). The medical waste management would soon
emerge as a big challenge before the governments in the wake of
the rapid transmission of the disease, and the large scale use of
masks and other accessories thereof. As there is no efficient
approved treatment or drugs, the computational strategy is a
promising way and plays a significant role in pharmaceutical
industries to bring new drugs (Baildya et al., 2020; Mohapatra
et al., 2020; Milenkovic et al., 2020; Cardoso and Mendanha,
2021; Kodchakorn et al., 2020).

We examined the binding affinity of the five previously synthe-
sized compounds (Sahu et al., 2020) towards the SARS-CoV-2 main
protease (Mpro) by molecular docking study and compared the data
with three FDA approved drugs, i.e. Remdesivir, Ivermectine and
Hydroxychlorochine. The SARS-CoV-2 main protease (Mpro) is a
basic CoV enzyme playing a key role in mediating viral replication
and transcription. Using computer-aided drug design the crystal
structure of the COVID-19 virus (Mpro) in the complex with the
N3 ligand (PDB ID: 6LU7) was determined; candidates for clinical
trials were found in the virtual screening of more than 10,000 com-
pounds (Jin et al., 2020). Thus, docking research was aimed at this
particular target. On the basis of results of molecular docking, we
have calculated the scoring function indicating the enthalpy con-
tribution to the value of free binding energy (Affinity DG) for the
best conformational positions; values of free binding energy and
binding constants (EDoc kcal/mol and Ki uM (micromolar)) for a
fixed conformational position of the ligand allowed to measure
the stability of complexes formed between ligands and the corre-
sponding target. Furthermore, the studied compounds passed the
drug-likeness criteria as suggested by calculating ADME data by
SwissADME server.
2. DFT investigations

The studied compounds were first optimized and then analyzed
using Gauss View 6.0.16 program (GaussView 6.0, (Gaussian Inc.,
Wallingford, CT, USA), 2019). The most reliable theoretical method,
i.e., density functional computations (DFT) were performed by
using GAUSSIAN 09 suit programs (Becke, 1993; Frisch, 2009).
The calculations were executed with the help of B3LYP and
exchange correlation functional with 6–31 G (d, p) basis set for car-
bon, nitrogen, oxygen, hydrogen atoms.
2.1. Computational investigation (DFT studies)

DFT calculations were measured on GAUSSIAN 09 platform to
interpret the atomic arrangement of studied compound (Figs. S1–
S5), and were optimized using B3LYP/ 6–31 + G (d, p) basis set to
establish the geometry theoretically. The values for dipole moment
(D) and single point energy of the compounds is tested by applying
DFT/B3LYP 6–31 + G (d, p) basis sets (Table 1), revealing that com-
pound 3 keeps grater single point energy as compared to other
compounds (Mahapatra et al., 2013; Sarangi et al., 2020; El-ajaily
et al., 2019). However, compound 5 assumed to have less energy
Table 1
Properties of the studied compounds.

Compounds DFT/B3LYP 6.31G+ (d, P)

Single point energy (kcal/mol) Dipole moment (D)

C16H20O (Comp. 1) �4.3735 � 105 0.139
C17H20O2 (Comp. 2) �5.0844 � 105 0.466
C16H20O (Comp. 3) �4.3727 � 105 0.950
C16H22O3 (Comp. 4) �5.3249 � 105 �0.987
C19H22O4S (Comp. 5) �9.0126 � 105 0.393
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means greater stability, whereas the compound 3 has higher dipole
moment value as compared to other compounds. These values
clearly confirm that all the compounds possess dipole–dipole
interaction.

2.2. Frontier molecular orbitals (FMO) studies

From the FMO studies it is clear to understand the reaction of
the compound and to envisage the active site located in the conju-
gate system, whereas the EHOMO and ELUMO of the invetigated com-
pounds clarified the global reactivity descriptors, viz., chemical
hardness, chemical potential, and electrophilicity. However, the
negative values of EHOMO and ELUMO confirmed that the investi-
gated compounds are stable (Yousef et al., 2012, 2013). The elec-
tron cloud of the compound 1 is confined to O17 for the active
atomic sites susceptible to the attack of nucleophile. The difference
in bond energy distinctly explains the chemical reactivity and
chemical stability of the active molecules (Govindarajan et al.,
2012). The low [EHOMO - ELUMO) value supports that compound 2
is highly reactive among all compounds. But in reverse the stability
of compound-1 is more (Fig-S3).

The FMO studies explained the chemical reactivity and the
selection of the active sites in the molecular system. The values
for the band energy and energy difference (LUMO-HOMO) describe
the charge transfer (CT) interaction. However, significant chemical
reactivity parameters, such as electronegativity (v), chemical
potential (l), global hardness (g), global softness (S) and global
electrophilicity index (x) (Pearson, 1989; Padmanabhan et al.,
2007) are listed in Table 2.

v ¼ �ðELUMO þ EHOMOÞ
2

l ¼ �v ¼ ðELUMO þ EHOMOÞ
2

g ¼ ðELUMO � EHOMOÞ
2

S ¼ 1
2g

x ¼ l2

2g

r ¼ 1
g

The EHOMO and ELUMO plots (Fig. 1) of the compounds estab-
lished a precise orbital energy gap within the mapped molecular
orbitals. The less chemical softness (S) for the compound 1 indi-
cates its greater stability than the other compounds. However,
some essential parameters, i.e., electrophilicity (x), as a positive
quantity, measures the tendency to accept electron from the sur-
rounding. The whole study reveals that the low electrophilicity
value for compound 1 makes it the most stable than the other
investigated compounds (Table 2).

2.3. Quantitative Structure-Activity Relationship (QSAR) studies

The QSAR technique anticipate the reactivity and properties of
the investigated compounds. All the computations were obtained
using HyperChem Professional 8.0.3 program. However, (MM+)
force field with semi-empirical PM3 methods were applied to opti-
mize the structures, whereas the energy minimization method was
used with Fletcher-Reeves conjugate gradient algorithm. The parti-
tion coefficient (log P) value, which is more for compound 5, plays



Table 2
Quantum chemical parameters of the compounds.

Compounds HOMO (eV) LUMO (eV) DE (eV) v (Pauling) g (eV) r l (eV) S x (eV)

C16H20O (Comp. 1) �0.2221 �0.0256 0.1965 �0.1238 0.0982 10.18 0.1238 5.091 0.196
C17H20O2 (Comp. 2) �0.2241 �0.0411 0.183 �0.1326 0.0915 10.92 0.1326 5.464 0.095
C16H20O (Comp. 3) �0.2276 �0.0408 0.1868 �0.1342 0.0934 10.70 0.1342 5.353 0.096
C16H22O3 (Comp. 4) �0.2353 �0.0427 0.1926 �0.139 0.0963 10.38 0.139 5.192 0.1
C19H22O4S (Comp. 5) �0.2492 �0.0662 0.1832 �0.1577 0.0915 10.92 0.1577 5.464 0.135
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a key role in measuring the permeability of the investigated com-
pound into the cell membrane (Padmanabhan et al., 2007). Some
other physical parameters, i.e., volume, surface area, mass, refrac-
tivity, hydration energy, polarizability, free energy, total energy
and RMS Gradient also suggest the action of the investigated com-
pounds listed in Table 3.
2.4. Molecular docking study

The receptor-oriented flexible docking was carried out using
Autodock 4.2 software package. The ligandswere prepared by using
MGL Tools 1.5.6 program and optimized with Avogadro program.
The calculations were performed as reported previously
(Mohapatra et al., 2020; Alam et al., 2019). The active macro-
molecule center of COVID-19 main protease (Mpro) (PDB ID:6LU7)
obtained formhe Protein Data Bank was used as the biological tar-
get for the docking analysis. The receptor maps were designed with
AutoGrid programs and MGL Tools. Water molecules, ions, and the
ligand were detached from the PDB file ID: 6LU7. The following
docking parameters were determined: the maximum RMS toler-
ance for the conformational cluster analysis – 2 Å; the free energy
coefficient for torsional degrees of freedom – 0.2983; the cluster
tolerance – 2 Å; the external grid energy – 1000; the maximum ini-
tial energy – 0; the maximum number of retries – 10000; the num-
ber of individuals in the population – 150; themaximumnumber of
energy evaluations – 2500000; the maximum number of genera-
tions – 27,000; the number of top individuals to survive to the next
generation – 1; the rate of gene mutation – 0.02; the rate of cross-
over – 0.8; the crossover mode – arithmetic; the a-parameter of
Gauss distribution – 0; the b-parameter of Gauss distribution – 1.
The visual analysis of complexes of substances in the active center
of the COVID-19 main protease (Mpro) (PDB ID: 6LU7) was per-
formed using the Discovery Studio Visualizer program.
3. Results of the docking study

Computer prediction of the antiviral activity was performed for
molecules and drugs used in formularies for the treatment of
COVID-19 (Jans and Wagstaff, 2020; Al-Tawfiq et al., 2020;
Monforte et al., 2020). The scoring function (Affinity DG) for the
best conformational positions; values of free binding energy and
binding constants (EDoc kcal/mol and Ki uM (micromolar)) for a
fixed conformational position of the ligand have been calculated
on the basis of molecular docking analyses (Table 4).

The inhibitory activity of the tested molecules against COVID-
19 virus (Mpro) protease may be due to the formation of stable
complexes resulting from the energetically favorable geometric
arrangement of ligands in the active site, and the formation of
hydrogen bonds, donor–acceptor and intermolecular electrostatic
interactions between them. The thermodynamic probability of
such binding is established by the negative AffinityDG (kcal/mol)
scoring function, calculated free binding energy EDoc (kcal/mol),
and binding constants Ki (uM). As can be seen from the results,
among the test compounds the leader is the molecule M16 (Affin-
ity DG = �7.3 kcal/mol, EDoc = �6.25, Ki = 26.20 uM), but it is sig-
3

nificantly inferior by the values of binding constants to the
reference drugs Hydroxychlorochine (Ki = 2.49 mM) and 22,23-
dihydroavermectin B1a (Ki = 2.79 mM) (Table 4).

The next step in molecular docking is a thorough investigation
of the geometrical arrangement of the studied molecules and the
reference drugs in the active site of the viral protease. This will pro-
vide a complete understanding which molecular fragments are
involved in binding to a biotarget, and allow us to give clear recom-
mendations for the rational design of future candidates. Remde-
sivir with the viral protease (PDB ID: 6LU7) forms a complex due
to hydrogen bonds between the oxygen atom of the hydroxyl
group of the tetrahydrofuran fragment and the residues of amino
acids Ser144 and Gly143. The attractive charge occurs between
the phosphorus atom of the orthophosphoric acid residue and
the Glu166 residue.

The formation of the complex is facilitated by the unfavorable
donor–donor interaction, which occurs between the hydrogen pro-
ton of the substituted amino group of the pyrrolo (Mohapatra et al.,
2020a, 2020b; Mohapatra and Rahman, 2020) triazin cycle with
the residue of amino acid Thr26. The p-H p-Sulphur interaction
takes place between the pyrrolo (Mohapatra et al., 2020a, 2020b;
Mohapatra and Rahman, 2020) triazin cycle and the residues of
Gly143 and Cys145, respectively. The complex of p-Alkand Alk
interactions between triazine, ethyl fragments with the residues
of leucine Leu27 and methionine Met165 is also stabilized (Fig. 2).

Ivermectin is composed of two molecules – 22,23-
dihydroavermectin B1a and 22,23-dihydroavermectin B1b. The
complex of 22,23-dihydroavermectin B1a with the viral protease
is formed by four hydrogen bonds. These bonds appear due to
three oxygen atoms and a hydrogen proton of the hydroxyl group
with the residues of amino acids His246, Glu240, Gln110. Carbon-
hydrogen bonds occur between two ethoxyl substituents and the
residues of glycine Gln107 and aspartic acid Asp245. The p-Alk
and Alk interactions between methyl substituents of the molecule
and the residues of His246 Ile249 and Phe294 contribute to the
stabilization of the complex (Fig. S6a). The molecule of 22,23-
dihydroavermectin B1b, unlike 22,23-dihydroavermectin B1a, has
a different binding site. It forms a complex with a biotarget by
hydrogen bond between the oxygen of the carbonyl group and
the residue of leucine Leu287.

The carbon hydrogen bond between the ethoxyl group and the
residue of Asp197 also contributes to the appearance of the com-
plex. Intermolecular Alk interactions and the unfavorable accep-
tor–acceptor interaction with the residues of amino acids
Met276, Leu286, Lys137, and Val171 contribute to the stabilization
of the complex (Fig. S6b). Hydroxychlorochine with the viral pro-
tease forms a complex with the participation of hydrogen bonds
between hydrogen protons of the hydroxyl, amino groups and
the residues of leucine Leu141 and histidine His164. The hydrogen
carbon and p-H bonds appear between the hydrogen proton of the
amino and methyl groups with the residues of amino acids Asn142
and His41, respectively. Additionally, the complex of p-p, p-Alk
and Alk interactions with the residues of amino acids Met165,
His41 is stabilized (Fig. 3).

The values of interatomic distances in the active site of the
COVID-19 virus (Mpro) protease (PDB ID: 6LU7) between fragments



Fig. 1. Comparison of HOMO-LUMO energy of the compounds (1–5).
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Table 3
QSAR rating for optimized compounds.

Function Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5

Surface area (Approx) (Å2) 328.09 334.43 327.49 352.68 467.38
Surface area (Grid) (Å2) 433.13 453.32 426.52 456.62 437.25
Volume (Å3) 721.14 767.44 719.88 768.74 938.40
Hydration energy (Kcal/mole) 0.64 �0.75 0.56 �7.42 �4.78
Log P 5.09 4.23 5.28 3.26 8.68
Refractivity (Å3) 50.58 54.54 50.37 66.11 60.60
Polarizability (Å3) 26.74 28.44 26.74 27.62 33.64
Mass (amu) 228.33 256.34 228.33 262.35 346.44
Total energy (kcal/mol) �57607.3 �67071.6 �57595.7 �71860.0.5 �91108
Dipole Moment (Debye) 2.878 3.355 2.496 3.602 7.496
Free energy (kcal/mol) �57607.3 �67071.6 �57595.7 �71860.0.5 �91108
RMS Gradient (kcal/Å mol) 0.08536 0.09712 0.09696 0.08229 0.09258

Table 4
The values for affinity DG, free binding energy, and binding coefficients of the test
compounds in the complex with the COVID-19 virus (Mpro) protease (PDB ID: 6LU7).

Compounds 6LU7

Affinity DG
(kcal/mol)

EDoc
(kcal/mol)

Ki
(uMmicromolar)

1 �6.4 �5.19 155.75 mM
2 �6.2 �4.56 453.00 mM
3 �6.5 �6.22 27.69 mM
4 �6.4 �5.39 112.79 mM
5 �7.3 �6.25 26.20 mM
Hydroxychlorochine �6.1 �3.55 2.49 mM
Remdesivir �6.5 �2.53 14.00 mM
22,23-dihydroavermectin B1a �9.3 �3.48 2.79 mM
22,23-dihydroavermectin B1b �8.3 �6.21 28.28 mM
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of molecules of the reference drugs and amino acid residues are
shown in the diagrams (Figs. S2, S3, S6), categories and types of
intermolecular interactions are given in Table S1.

Due to the oxygen atom in the active site of the COVID-19 virus
(Mpro) protease, Compound 1 forms hydrogen bonds with the
amino acid residues of threonine Thr292 and glycine Gln110. Com-
plex is stabilized by p-Alk and Alk interactions with the residues of
Val104, Phe294, Ile106 (Fig. S7). The formation of a complex with
Compound 2 is provided by a hydrogen bond between the oxygen
of the molecule and the residue of asparagusate Asn151. Further,
the p-Alk interaction complex with the phenylalanine residue
Phe294 is stabilized (Fig. S8).
Fig. 2. The superposition of the Remdesivir molecule and the intermolecular interac

5

The complex with the viral protease of Compound 3 is formed
by p-Alk and Alk interactions between methyl substituents and
the condensed cyclobuta[d]s-indacen-2-one system with the resi-
dues of amino acids of phenylalanine Phe 294 and valine Val104
(Fig. S9). Compound 4 forms a complex with the viral protease
due to hydrogen bonds occurring between oxygen and hydrogen
atoms of hydroxyl groups with the residues of Lys97, Asn95, and
Gly15. The p-Alk and Alk interactions with the residues of amino
acids Val73, Pro96, Ala70, and Trp31 contribute to the stabilization
of the complex (Fig. S10).

The formation of a complex of Compound 5 with the COVID-19
virus (Mpro) protease is facilitated by hydrogen and carbon hydro-
gen bonds occurring between the oxygen atoms of the sulfo- and
keto groups of the molecule studied with the residues of Asp151
and Asp153. The p-r bond is formed between the phenyl fragment
and the residue of isoleucine Ile106. The complex p-Alk is stabi-
lized by interactions between methyl, cyclopentane, and phenyl
fragments of the molecule with the residues of Phe294 and
Val104, respectively (Fig. S11).

The values of interatomic distances in the active site of the
COVID-19 virus (Mpro) protease (PDB ID: 6LU7) between fragments
of the compounds (1–5) and amino acid residues shown in the dia-
grams (Figs. S7–S11), whereas types of intermolecular interactions
are given in Table S2. On the basis of detailed analysis of the loca-
tion of the tested molecules in the binding sites with the Mpro pro-
tease (PDB ID: 6LU7), formation of a number of intermolecular
interactions, the negative scoring functions, free binding energy
and the calculated binding constants, we can conclude that the
tions in the complex with the COVID-19 virus (Mpro) protease (PDB ID: 6LU7).



Fig. 3. The superposition of the Hydroxychlorochinemolecule and the intermolecular interactions in the complex with the COVID-19 virus (Mpro)protease(PDB ID: 6LU7).
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studied molecules have affinity for the specified biotarget. As per
the docking results, the test compounds have the same binding site
with 22,23-dihydroavermectin B1a, which has the best values of
scoring functions, free energy, and binding constants, indicating a
high efficiency and direction of action of the studied molecules.

4. In silico toxicity analysis

The ADME data screening was carried out and identified the
studied compounds with good drug-likeness (Amin et al., 2020;
Daina et al., 2017; El-Saadi et al., 2015). Ccompounds (1–5) passed
the drug-likeness criteria (Fig. S12) as suggested by the calculated
ADME data by SwissADME server (http://www.swissadme.ch/ (as
accessed on 30th Oct., 2020)). Radar plot of the compounds sug-
gesting the drug-likeness are important to identify compounds
with poor absorption and permeation, and address a portion of
the range of obstacles, which a compound must show its drugga-
bility. The tested ccompounds (1–5) showed excellent drug-
likeness, while the reference compounds displayed compromised
data (Fig. S13). However, the flexibility of the molecules is poor.
Additionally, these potential ccompounds (1–5) were considered
for further Lipinski-Veber test (Lipinski et al., 2001; Veber et al.,
2002) in Discover Studio 2016 (https://www.3ds.com/products-
services/biovia/products/molecular-modeling-simulation/biovia-
discovery-studio/ (as accessed on 30th Oct., 2020)). In order to
accurately check the molecules, drug-like indices were utilized
for comparing Lipinski’s RO5, Veber’s selective criteria for oral
bioavailable drugs (Amin et al., 2018) (Table 5).

Each designed compounds met Lipinski’s RO5 criteria. Besides
RO5, MW independent rules can accurately predict oral bioavail-
Table 5
Results of the Lipinski-Veber test.

Index Name HBALip HBDLip MW

1 Comp. 5 4 0 346
2 Comp. 4 3 2 262
3 Comp. 3 1 0 228
4 Comp. 2 2 0 256
5 Comp. 1 1 0 228
6 Hydroxychlorochine 4 2 335

Num_H_Acceptors_Lipinski, HBALip; Num_H_Donors_Lipinski, HBDLip; Molecular_W
Num_H_Acceptors, HBA; Num_H_Donors, HBD.

6

ability (Veber et al., 2002). In addition, ADMET_BBB_Level,
ADMET_EXT_CYP2D6#Prediction, ADMET_EXT_Hepatotoxic#Predic
tion, ADMET_EXT_PPB#Prediction, ADMET_AlogP98 and ADMET_
PSA_2D properties were also checked for these molecules (https://
www.3ds.com/products-services/biovia/products/molecular-
modeling-simulation/biovia-discovery-studio/ (as accessed on
30th Oct., 2020)), and depicted in Table 6 for comparing with
known compounds such as Remdesivir, Ivermectine_b1b, Iver-
mectine_b1a and Hydroxychlorochine.

Moreover, the ADMET_AlogP98vsADMET_PSA_2D plot also sug-
gested that Compounds 1–5 were within the applicability domain
(Fig. 4), whereas Remdesivir, Ivermectine_b1b, Ivermectine_b1a
were found to be outlier. Hence, the high compliance with in silico
ADMET suggested that our compounds (1–5) were likely to be
orally active compounds in human.

5. Conclusion

In this work, we have investigated the molecular docking study
of five previously synthesized compounds for their binding affinity
towards the SARS-CoV-2 main protease (Mpro) and the data are
compared with three FDA approved drugs (Remdesivir, Iver-
mectine and Hydroxychlorochine). As per DFT study, compound
1 is most stable because it possess less electrophilicity value corre-
sponding to the others. According to QSAR study, the evaluated log
P values for the compound 5 are greater than other compounds,
and explain the biological activity of the reported synthesized
compounds. These studied ccompounds also passed the drug-
likeness criteria as suggested by calculating ADME data by Swis-
sADME server. Moreover, the ADMET properties suggested that
ALogP RB MPSA HBA HBD

.441 3.145 2 68.81 4 0

.344 0.494 0 57.53 3 2

.329 2.762 0 17.07 1 0

.339 2.261 0 29.6 2 0

.329 2.791 0 17.07 1 0

.872 3.457 9 48.39 4 2

eight, MW; Num_RotatableBonds, RB; Molecular_Polar SurfaceArea, MPSA;



Table 6
Comparison of ADMET properties of the mentioned compounds.

Index Name ADMET_
BBB_Level

ADMET_EXT_
CYP2D6#Prediction

ADMET_EXT_
Hepatotoxic#Prediction

ADMET_EXT_
PPB#Prediction

ADMET_
AlogP98

ADMET_
PSA_2D

1 Remdesivir 4 FALSE TRUE FALSE 1.588 205.713
2 Comp. 5 2 FALSE FALSE TRUE 3.145 60.832
3 Comp. 4 3 FALSE TRUE FALSE 0.494 58.931
4 Comp. 3 1 FALSE TRUE TRUE 2.762 17.3
5 Comp. 2 1 FALSE FALSE TRUE 2.261 26.23
6 Comp. 1 1 FALSE FALSE TRUE 2.791 17.3
7 Ivermectine_b1b 4 FALSE TRUE FALSE 4.287 169.048
8 Ivermectine_b1a 4 FALSE TRUE FALSE 4.743 169.048
9 Hydroxychlorochine 1 TRUE TRUE FALSE 3.457 48.239

Fig. 4. ADMET_AlogP98vsADMET_PSA_2D plot of these molecules.
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the investigated compounds are likely to orally active in human. As
per Radar plot, the compounds showed excellent drug-likeness,
while the reference compounds displayed compromised data.
However, the flexibility of the molecules is poor. On the whole,
we hope this work should help the researchers in this field to
develop potential vaccines and therapeutics against the novel
CoV. The formation of intermolecular interactions, negative scoring
functions, free binding energy and the calculated values of binding
constants confirmed that the studied compounds have significant
affinity for the specified biotarget. As per the docking results,
the test compounds have the same binding site with
22,23-dihydroavermectin B1a, which has the best values of scoring
functions, free energy, and binding constants. This indicates a high
efficiency and direction of action of the studied molecules. We
hope this work should help the researchers to develop potential
drugs and therapeutics for combating the novel CoV-19.
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