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Abstract

The novel coronavirus (SARS-CoV-2) is the causative factor in the COVID-19 pandemic that infected more than 3 million people and the number of deaths
continues to rise. There are currently no drugs or vaccines available to treat this disease, which is a serious global health problem. In this study, we performed
molecular docking of heterocyclic molecules based on Quinoline, Triazine and Azaaurone, and to increase their inhibitory efficacy, we have used hybrid
molecules linking two pharmacophores such as quinoline-oxalamide, quinoline-triazine and azaaurone-triazine. In order to accelerate the drug discovery
process against this new SARS-CoV-2. Hydroxychloroquine and Azithromycin drugs showed anti-SARS-CoV-2 activity, which is why we have considered these
drugs as a reference for other molecules. Most compounds showed high inhibitory activity against SARS-CoV-2, and promising results in ADMET properties
and drug likeness. Thus, these compounds present excellent drug candidates. These results would be of great help in leading discovery and optimization for
new drug against novel coronavirus.

1. Introduction

Coronaviruses are a large family of viruses that affect several animal species and some of these viruses can also affect humans. The pathologies they cause
are varied but they mainly affect the respiratory and digestive systems [1-3]. Studies have found that six strains of coronavirus are capable of infecting
humans, four strains of coronavirus circulating each year to cause the common cold, and two other strains of the infamous infectious coronavirus are Severe
Acute Respiratory Syndrome (SARS-CoV) and Middle Eastern Respiratory Syndrome (MERS-CoV) [4,5], which have infected more than 10,000 people globally
in the last two decades, with high mortality rates (9.6% for SARS-CoV and 34.4% for MERS-CoV) [6,7].

In December 2019, the world is facing the same situation as the previous epidemic due to a new coronavirus, which has been named Coronavirus Disease
2019 (COVID-19) caused Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), with symptoms including fever, dyspnea, asthenia and
pneumonia [8,9]. The current mortality rate of COVID-19 remains lower than SARS-CoV or MERS-CoV [10], however, COVID-19 is highly contagious it spreads
in a frightening way more than 3 million people with COVID-19 with more than 250000 deaths in 204 countries in just 5 months [11]. Unfortunately, there is no
effective treatment at the beginning of the outbreak to prevent its spread [12]. Current development of drugs is very slow, because it takes several years for a
molecule of therapeutic interest to become a new drug on the market. This is why it has become extremely urgent to speed up considerably the development
of new drugs that can cure patients with COVID-19.

The use of molecular modeling such as molecular docking has provided very impressive results in the domain of drug design in the last years [13]. In this
regard, we performed molecular docking of 30 heterocyclic molecules (Fig. 1) to orient experimental chemists towards molecules with anti-SARS-CoV—
2potential. These proposed heterocyclic molecules were inspired by compounds with antimalarial potential. Quinoline and its derivatives have attracted great
interest from medical chemists because it has several reaction sites and is one of the most important pharmacophores in the fight against malaria [14,15].
azaaurone are very important therapeutic targets, as they show several biological activities including antimalarial activity [16,17]. TheTriazine derivative such
as cycloguanil and chlorcycloguanil are already approved as antimalarial agents [18,19]. In this paper, we used the concept of hybrid molecules (T74-T30)l, in
which two pharmacophores are linked together to increase their inhibitory activity against covid—19 [20]. Moreover, in order to evaluate their drug-like ability,
each proposed compound was evaluated using druglikeness and standard computational pharmacokinetics parameters (ADMET).

The World Health Organization does not recommend or approve any drug for the treatment of covid—19. However, several studies have shown that
Hydroxychloroquine (X;) and Azithromycin (X;) are a good treatment for COVID-19 [21-23]. In this study, the results of molecular docking of the X; and X,
compounds were used as a reference, to determine the required modes of interaction and the key amino acids in the active site of COVID—19 protein protease.
Fig. 2 presents the structures X; and X,

2. Methodology

2.1. Docking molecular

In order to analyze potential binding sites and to better understand the key structural requirements for the compounds under investigation, we performed a
molecular docking simulation in silico using AutoDock software with COVID-19 Principal Protease which has been complexed with an N3 inhibitor was
solved (PDB ID: 6LU7) [24], obtained from the RCSB Protein Database [25]. First, we used Discovery Studio software [26] to remove the ligands and all the
water molecules from the protein. The analysis of ligand-receptor interactions was performed in AutoDock Tools version 1.5.6 [27]. The 3D grid was created
using the AUTOGRID algorithm to evaluate the ligand-receptor interaction energy [28]. The grid box was generated with a resolution of 60 A in all directions (X,
Y, Z axes), the center grid coordinates are (x = —=15.579 A, y = 13.337 A and z = 75.418 A) and the default grid space size is 0.375 A for the ligand location in
the receptor. The results of the established interactions were graphically presented using Discovery Studio software. Fig. 3 presents the visualization of the
interaction modes of crystallized ligand with the active site of the covid—19 protein protease.

2.2. In silico pharmacokinetics ADMET and drug likeness prediction

The use of molecular modelling techniques to identify new drug candidates helps to reduce the duration of experimental studies and improve the success rate.
For this reason, standard computational pharmacokinetics parameters (ADMET) and drug likeness was established for the preliminary estimation of the
physicochemical, pharmacokinetic and drug-like parameters in the drug discovery process. In silico study provides a pathway to access pharmacokinetic
parameters (Adsorption, Distribution, Metabolism, Excretion and Toxicity; ADMET) [29,30] Its absorption is the passage of a drug from its site of
administration into the systemic circulation, distribution is the diffusion of the drug into the different tissues of the body, Metabolism refers to the chemical
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biotransformation of a drug by the body, Excretion is the elimination of a drug from the body and the toxicity levels of the molecules. Prediction of the drug
likeness of the designed compound was estimated by rule-based filters from Lipinski, Ghose, Veber, Egan and Muegge [30], and the synthetic accessibility
difficulty scale was 1 to 10.

3. Results And Discussion

3.1. Molecular docking study

The interaction modes obtained by molecular docking for compounds X; and X, with covid—19 protein protease are illustrated in Fig. 4. In this research, we
focused only on hydrogen bonding interactions, although the other interactions help to stabilize the ligand inside the active site, because we want to give clear
criteria for the choice of active molecules, based on the interactions of the compound X; and X, with the active site, which was a reference for other
molecules.

The result of the molecular docking of compound X; with the active site of protein protease shows four interactions through hydrogen bonding with residues
LEU141, SER144, CYS145 and GLN198 at the distance of 1.92 A, 2.16 A, 2.91 A and 2.03 A, respectively. Further, the compound X, formed three hydrogen
bonding interactions with residues LEU141, GLU143 and SER144 at the distance of 1.81 A, 2.75 A, and 2.47 A, respectively. So, compound X; formed four
hydrogen bonding interactions and compound X, formed three hydrogen bonding interactions with the SARS-CoV-2 active site. In this study, we consider
compounds that have established three or four hydrogen bonding interactions with the SARS-CoV-2 active site as inhibitors of covid—19, and compounds
that establish more than four hydrogen bonds are the most effective at fighting this new outbreak. 2D visualization of the interaction modes obtained by
molecular docking for compounds T;-T3, are illustrated in Fig.5.

All molecules can act as inhibitors of SARS-CoV-2, because they have established many interactions with the active site of covid—19, but with different
inhibitory efficacy. Compared to Hydroxychloroquine and azithromycin, most of these molecules (T3, Ty, Ty, Tg To T T13 T14 T15 T1g T10. Top To1, Top Tog,
T26, T2, T30) have the same efficacy, since they can could form three or four hydrogen bonds with the active site of covid—19. Moreover, some of these
molecules (Ty, T5 T4 Tz Tog)have shown a higher activity against SARS-CoV-2, because they can form more than four hydrogen bonds with the active site
of the covid—19 protein protease.

Based on these results, these molecules can form several hydrogen bonds with the key residues, are therefore theoretically able to bind to the pocket formed
by these amino acids of the covid—19 proteins and interfere with the function of SARS-CoV-2. This indicates the potential of these molecules as inhibitors for
coronaviruses with similar binding sites and pocket structures. Furthermore, molecules based on quinoline, triazine and azaaurone have shown a great
significant anti-SARS-CoV-2 activity in silico, thus it is able to treat patients suffering from Covid 19. In order to increase the effectiveness of these
pharmacophores, we have used hybrid molecules. The hybrid molecules such as Quinoline-Oxalamide, Quinoline-Triazine and Azaaurone- Triazine have
shown good inhibitory activity of SARS-CoV-2. These pharmacophores could be the shortest path for the development of the drug against the covid—19 virus.

3.2 ADMET prediction and druglikeness

In order to ensure that all molecules likely to have anti-SARS-CoV-2 activity could be viable drugs. We used the pharmacokinetic parameters ADMET and
Druglikeness. The online tool pkCSM [31] was used to predict the in silico properties of ADMET (Table 1). The Druglikeness properties were also predicted
using the SwissADME online tool [32] (Table 2). An absorption value below 30% indicates poor absorbance [33], the all designed compounds displayed a value
greater than 60% which shows good absorbency in the human intestine. Volume of distribution (VDss) is estimated high if the value is greater than 0.45.
blood brain barrier (BBB) and central nervous system (CNS) permeability standard values (>0.3 to <=1 Log BB and >—2 to <—3 LogPS), respectively. For a
given compound a LogBB < —1 are poor distributed to brain, while LogBB > 0.3 are potential to cross BBB and LogPS>-2 considered to penetrate the CNS,
while LogPS<-3 are difficult to move in the CNS [34]. The metabolism refers to the chemical biotransformation of a drug by the body. As a result, drugs
produce several metabolites, which may have different physicochemical and pharmacological properties. It is necessary to consider their metabolism of drugs
and drug-drug interactions, but there are no sufficient studies or effective drugs to provide information to identify metabolism. A low total clearance value
means a decrease in the concentration of the drug in the body, Therefore a high rate of elimination of the drug by the body. Finally, it is required to test whether
the predicted compounds are non-toxic, as this plays a key role in drug selection.

According to these criteria, the designed molecules (T3, T5 To, To, T12 T14 T1s T21, T22 T23 T2s T2s T6)have the right pharmacokinetic properties. Based on
Drug likeness results, the compounds (77-T75 T79-T2s T2, T3g) respect all drug similarity rules and synthetic accessibility values for all predicted compounds
are less than 4, therefore they are easy to synthesize. Overall, Compounds (T3, T5 Ts To T15 T14 T27, T2z T2 Tos T2s Tag)have the potential to become
excellent drug candidates and are easy to synthesize. As these results appear very promising, it should be recalled that these results were obtained only by in
silico predictions, further bioassays and clinical trials are needed to confirm the inhibitory activity of these candidate drugs against SARS-Cov-2.

4. Conclusion

In this study, we succeeded in determining the key amino acids and the number of hydrogen bonds required to select compounds with inhibitory potential for
this new coronavirus, based on hydroxychloroquine and azithromycin drugs as reference. The orientation of researchers towards a new research direction
aimed at testing molecules based on quinoline, triazine and azaaurone and the use of hybrid molecules such as quinoline-oxalamide, quinoline-triazine and
azaaurone-triazine could be the shortest path to produce drugs against this new outbreak, because these molecules have shown high inhibitory efficacy and
promising results in silico ADMET evaluations and drug likeness. We hope that this work could contribute to global efforts to develop effective drugs for
SARS-CoV-2.
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Compounds

Absorption
Intestinal
absorption

(human)

Numeric
0,
(%

Absorbed)

91.469
90.249
93.283
87.827
73.942
84.525
92.382
92.837
91.848
94.007
89.911
91.661
96.865
95.078
64.529
61.948
65.617
61.489
76.967
94.725
67.724
93.821
69.132
67.276
79.189
82.331
91.361
80.028
75.471

76.774

Distribution
VDss

(human)

Numeric

(Log
L/kg)
0.116
0.147
0.836
-0.175
0.357
0.68
0.359
0.623
0.256
0.131
0.049
0.311
-0.294
0.585
-0.53
0.162
-0.689
0.447
-0.079
-0.141
0.839
0.214
1.725
1.584
0.458
0.25
-0.61
-0.704
0.247

-0.625

BBB

permeability

Numeric
(Log BB)

-0.413
0.171
-1.414
-0.361
-0.824
-0.632
0.237
0.369
0.095
-0.204
0.158
-0.824
0.031
-1.253
-1.48
-1.756
-1.599
1,512
-1.209
-1.138
-1.441
-0.619
-1.601
-1.602
-1.231
-1.494
-0.472
-1.975
-1.558

-1.289

CNS
permeability

Numeric
(Log PS)

2,182
-2.021
-3.047
-2.905
-3.02

-2.931
-0.597
-2.145
2,048
-2.949
-1.649
-2.453
-1.796
-3.424
-3.466
3.411
3.411
-3.529
-3.403
-3.383
3.125
2,962
-3.158
-3.239
-3.096
-3.484
2816
-3.497
-3.533

-3.374

Metabolism

Substrate

CYP

2D6  3A4

Inhibitor

1A2

Categorical (Yes/No)

No Yes
No Yes
No No

No Yes
No Yes
No Yes
Yes  Yes
No Yes
No No

No No

Yes  Yes
No No

No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No No

No Yes
No Yes
No Yes
No No

No No

No No

No No

No Yes
No Yes
No Yes
No Yes
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No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Excretion
Total

Clearance

Numeric
(Log

ml/min/kg)

-0.186
0.012
1.136
-0.024
0.454
0.464
0.096
0.266
0.223
0.239
0.076
0.162
0.516
0.878
-0.296
0.904
-0.114
0.811
1.286
0.288
0.896
0.105
0.932
0.993
0.195
0.184
-0.328
-0.39
0177

0.674

Toxicity
AMES

toxicity

Categorica
(Yes/No)

No
No
Yes
No
No
No
Yes
Yes
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No



Table 2. Drug likeness prediction of the compounds (T4-T3) basing on lipinski, Ghose ,veber, Egan and Muegge, and their synthetic accessibility.

Compounds  Druglikeness
Lipinski Ghose Veber Egan Muegge Synthetic accessibility

T, Yes Yes Yes Yes Yes 3.04
T, Yes Yes Yes Yes Yes 2.09
T3 Yes Yes Yes Yes Yes 2.32
Ty Yes Yes Yes Yes Yes 3.40
Ts Yes Yes Yes Yes Yes 412
Te Yes Yes Yes Yes Yes 3.95
T Yes Yes Yes Yes Yes 2.50
Tg Yes Yes Yes Yes Yes 2.66
Ty Yes Yes Yes Yes Yes 2.61
T10 Yes Yes Yes Yes Yes 2.88
T1q Yes Yes Yes Yes Yes 294
Tq2 Yes Yes Yes Yes Yes 292
T3 Yes Yes Yes Yes Yes 3.68
LET Yes Yes No Yes Yes 2.58
T1s Yes Yes Yes Yes Yes 2.94
T16 Yes Yes No Yes Yes 3.83
Tqi7 Yes Yes No Yes Yes 3.10
Tig Yes Yes No Yes Yes 3.50
T1o Yes Yes Yes Yes Yes 2.47
Too Yes Yes Yes Yes Yes 217
Toq Yes Yes Yes Yes Yes 2.47
To Yes Yes Yes Yes Yes 2.61
To3 Yes Yes Yes Yes Yes 3.2
Tog Yes Yes Yes Yes Yes 3.19
Tos Yes Yes Yes Yes Yes 2.6
T Yes Yes Yes Yes Yes 3.59
Toy Yes Yes Yes Yes No 3.37
Tog Yes Yes Yes Yes No 3.63
Tog Yes Yes Yes Yes Yes 3.66
T3 Yes Yes Yes Yes Yes 3.49
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Figure 1

All the molecules used in molecular docking

Cl

Figure 2

Structure of hydroxychloroquine (X1) and azithromycin (X2)
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Figure 3

2D visualization showing interactions of the crystallographic ligand pose with the SARS-CoV-2 protein protease.
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Figure 4

2D docking poses showing interactions of compounds X1 and X2 in the binding sites of SARS-CoV-2 protein protease.. (a) Compound X1: (binding energy

-7.51 kecal/mol). (b) Compound X2: (binding energy -6.13 kcal/mol)
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Figure 5

2D visualization of the distances and interaction modes with the active site of SARS-CoV-2 protein protease. (Also available in the Supplementary Files

section.)
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