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Abstract: Coronavirus (COVID-19) is more than a health disaster;it is the greatest challenge that the 

world confrontsnowadays. There is a race to slow the spread of this disease. Searching for an antiviral 

agent to stop COVID-19 is an essential demand since there is no approved drug for COVID-19 till now. 

Molecular docking is a powerful tool in predicting new drugs. In this study, Favpiravir (Avigan), 

Hydroxychloroquine, and a series of biologically active compounds derived from iso-nicotinoyl 

hydrazide have been chosen for molecular docking study. Molecular docking was carried out by 

theMolegro virtual docker program on proteaseenzyme of COVID-19.The results showed that all the 

studied molecules are located in the active sites of protease after molecular docking. The tested 

nicotinoyl hydrazide derivatives showed a higher ranking docking score than Favpiravir (Avigan). 

According to the docking score ranking rearrangement, Hydroxychloroquine comes the third, and 

Favpiravir comes the last among the tested compounds. N(2-iso-nicotinoyl hydrazine-

carbonthioyl)benzamide(2) and the enol form of (E)-N-(1-phenylethylidene)-nicotinohydrazide(7) have 

shown the highest docking score (123.23 and  -123.12 kcal/mol respectively) among the tested 

compounds. Ligands (2) and (7) are expected to be potential inhibitors of the main protease enzyme of 

coronavirus. 
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1. Introduction 

Nobody in the world knows when life will turn to be normal because of COVID-19 or 

the coronavirus. It is not only a health crisis,but also, it is the cause of difficult economic, 

social, and political problems all over the world. There are many different kinds of 

Coronaviruses thatcan cause disease. The newly identified type is called COVID-19. The virus 

responsible for COVID-19 is similar to that one that caused the 2003 SARS: The two are types 

of coronaviruses, but COVID-19 seems to spread faster than the 2003 SARS and also may 

cause less severe illness [1]. 

Molecular docking is an important tool in  drug-drug design [2,3]. To design an antiviral 

drug, one must look for targets in the virus;Coronavirus main proteases are considered 

attractive targets. 

Coronaviruses contain a genome composed of large RNA, which acts as a messenger 

RNA and directs the synthesis of polyproteins in the host cell. Polyproteins is essential for a 
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replication/transcription complex that generates new virions. The main proteases have a vital 

role in slashing the polyproteins into functional fragments. The main protease (PDB 

entry 6Lu7) is a dimer that has two typical active subunits. It has similarity with trypsin, but 

cysteine and histidine amino acids are responsible for the cutting reaction. The protein structure 

is a peptide-like inhibitor restricted in the active site [4-6]. 

Isoniazid (isonicotinic acid hydrazide), which is abbreviated to  (INH) is a well-known 

hydrazide that has various important biological applications. It is a well-known drug for the 

treatment of TB tuberculosis. Besides that, it exhibits antitumoral, antimicrobial and anti-

inflammatory activities [7]. Isonicotinic acid hydrazide exhibited very strong in vivo inhibitory 

action towards M. tuberculosis H37Rv. Many derivatives of  INH exhibited high inhibitory 

activity against various strains of M. tuberculosis were studied [8,9]. Pyridine derivatives of 

Isoniazid exhibited strong cytotoxicity and good activities against both Gram-positive and 

Gram-negative bacteria and mycobacteria [10, 11]. 

In this work a molecular docking study to inhibit coronavirus was carried out on a series 

of very strong cytotoxic isonicotinic acid hydrazide derivatives: N-benzyl-2-iso nicotinoyl  

hydrazine-1-carbothioamide (1) [12], N‐(2‐isonicotinoylhydrazine‐carbonothioyl) benzamide 

(2) [13], 2‐isonicotinoyl‐N‐phenylhydrazine‐1‐carbothioamide (3) [14], 2-isonicotinoyl-N-

phenylhydrazine-1-carboxamide (4) [15]. 4-Acetylpyridine nicotinoylhydrazone(5) [16], (E)-

N ̄ -(1-Phenylethylidene)nicotinohydrazide(6) [17]. This study may assist in finding a new drug 

for the treatment of COVID-19. 

2. Materials and Methods 

 2.1. Methodology. 

The crystal structure of the molecular target, protease enzyme (COVID-19 3clpro /M 

pro (PDB ID: 6LU7), was taken from RCSB protein data bank (https://www.rcsb.org/) [18].  

 For the molecular docking, two drugs (Favpiravir and Hydroxychloroquine) 

andisonicotonyl derivatives have been included in the current study. The structures of the 

studied ligands were drawn through Chem office 2015 freeware, and the 3D chemical 

structures were optimized for energy minimization using (AMBER) force field and saved 

in.mol format subsequently converted into .pdb format. By hyperchem program 8.1 [19]. To 

prepare the ligands for  the molecular docking study, the water molecules and native ligands 

attached to the target and other heteroatoms that hindered the simulation were removed. Then 

the docking processes were carried out on the Molegro virtual docker 2013 window execution 

file [20]. 

3. Results and Discussion 

Molecular docking score, protein ligands interactions, and the hydrogen bond formed 

with the target protease of COVID-19 are presented in Table 1. The reason forthe choice of 

these organic ligands is attributed to its very strong in vitro cytotoxic activities against various 

cancer cell lines. The best poses of the ligands and protease complexes are presented in Figs 1-

7. 

 The protease enzyme is an essential enzyme in the reproduction of the virus, so 

inhibiting this enzyme is themain target for designing antiviral drugs. The interactions of the 

ligands with theseenzymes together with the possible hydrogen bonds and electrostatic 

interactions are discussed. 
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Figure 1. 2D digram hydrogen bond between the ligands  and  (6LU7). 
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The inhibitory activity of Favipiravir (Avigan) was attributed to its attachment to 

protease enzyme by hydrogen bonds with Tyr 54  (2.67Å and energy -3.60 kcal/mol) and His 

163 (2.91 Å and energy of -3.56k cal/mol). Besides that, there are protein-ligand interactions. 

 
Figure 2.  (A) 3D diagram interaction between Ligand (1) and  (6LU7). (B) H-Donor (yellow) H-acceptor 

(Blue) of Ligand (1). 

 

 
Figure 3.  (A) 3D diagram interaction between Ligand (1) and  (6LU7). (B) H-Donor (yellow) H-acceptor 

(Blue), (C) Hydrophobicity red colorhydrophilic residue; Blue color hydrophobicresidue, ( D) electrostatic 

interaction Blue Positive charge RedNegative charge of  Ligand (2) 

 Hydroxychloroquine can form two hydrogen bonds, One with Thr 26 with a distance 

of about 3.10 Å and energy  -3.19k cal/mol, and the second hydrogen bondis formed between 
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the amino acid residue Gly 143 (distance about 2.78 Å and energy of -2.59 kcal/mol). 

Noticeably, there arevery strong interactions between Hydroxychloroquine and the protein. 

 
Figure 4.  3D diagram interaction between Ligand (3) and  (6LU7). 

 
Figure 5.  3D diagram interaction between Ligand (4) and  (6LU7). 

 In case of Ligand (1), two hydrogen bonds interaction are possible between S atom of 

the thiol group with Glu 166 (distance about 2.97 Å and energy of -2.50 kcal/mol) and pyridyl 

N with Ser 144 (distance about 3.02 Å  and energy of -2.5K cal/mol).  

 Ligand (2) is the most promising one among the tested compounds with the highest-

ranking score (-123.23 Kcal/mol) as it binds to the protein through three hydrogen bonds. It 

forms two hydrogen bonds with the amino acid Glu 166 through thioamide S and N, at the 

same time, it makes two hydrogen bonds via pyridyl N with both Ser144 (distance about 3.13 

Å and energy of -2.34 kcal/mol) and Cys145 (distance about 2.92 Å and energy of -1.15 

kcal/mol). Besides that, there are hydrophobicity and electrostatic interactions between (2) and 

the protein. 

 
Figure 6.  3D diagram interaction between Ligand (5) and  (6LU7). 

 Ligand (3) binds to the protein through a hydrogen bond of thiol S with Gln 189 

(distance about 2.99 A0 and energy of -2.5 kcal/mol) and a second hydrogen bond between 
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carbonyl O with Cys145( distance about 2.65 Å and energy of-2.5 kcal/mol). There are 

hydrophobic and electrostatic interactions between (3) and the protein.  

 Ligand (4) binds to the protein through electrostatic and hydrophobic interactions 

together with two hydrogen bonds between pyridyl N with Tyr 54 (distance about 2.93 Å and 

energy of -2.5 kcal/mol) and Cys 44 (distance about 3.34 A0 and energy of -1.30 kcal/mol).  

 Ligand (5), thesecompounds forms two hydrogen bonds between pyridyl Ns with  Cys 

145 (distance about 3.11 Å and energy of - 2.43 kcal/mol) and with Tyr 54 (distance about 3.28 

Å and energy of- 1.58 kcal/mol). The carbonyl group forms a third hydrogen bond with the 

amino acid residue His 164 (distance about 3.28 Å and energy of- 1.58 kcal/mol). There is 

relatively weak interactions between (4) and the protein. 

 

 
Figure 7. (A) 3D diagram interaction between Ligand (6) and  (6LU7). (B) Hydrophobicity red color 

hydrophilic residue; Blue color hydrophobicresidue, ( C) electrostatic interaction blue positive charge red 

negative charge of  Ligand (6). 

Ligand (6) represents the keto form of (E)-N ˉ-(1-Phenylethylidene) nicotinohydrazide.  

It has high ranking docking score;this compound binds through the pyridyl N with both Ser 

144 ( distance about 3.52 Å and energy of -0.16 kcal/mol) and acid Cys 145 ( distance about 

2.74 Å and energy of -2.5k cal/mol). There isa very strong hydrophobic and electrostatic 

interaction (Figs  7 B and C). Ligand (7) represents the enol form of (6), it has the highest 

docking ranking score together with (2). It binds with the proteinvia two hydrogen bonds 

between the carbonyl oxygen and both Ser 144 (3.18 Å and energy of -0.90 kcal/mol) and Cys 

145 (distance about 2.87A0 and energy of -76k cal/mol). It is clear that the docking score of 

the keto form (6) of the ligand (E)-N ˉ- (1-Phenylethylidene)nicotinohydrazide and the enol 

form (7)are approximately the same. There are very strong hydrophobic and electrostatic 

interactions in these two compounds (Figs 8 B and C). Noticeably, the very strong electrostatic 
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interactions of Ligands (6) and (7) come from the high pi-systems resulted from the presence 

of three aromatic rings available to interact through pi-pi stacking or pi-cation interactions. 

According to the molecular docking ranking score the Ligands are arranged in the following 

order: Ligand (2)> Ligand (7)> Ligand (6)> Hydroxychloroquine > Ligand (1)> Ligand (3)> 

Ligand (4)> Ligand (5)>Favpiravir (Avigan). 

Table 1. Molecular docking score, protein-ligand interactions and  hydrogen bonds energy (Kcal/mol). 
H-bond 

Energy 

Protein-Ligandd 

Interactions 

Docking 

Score 

Name of the ligand Ligand  

No. 

-2.99 -75.47 -65.45 Favpiravir (Avigan)   Drug 1 

-116.17 -131.60 -4.93 Hydroxychloroquine Drug 2 

-113.81 -126.82 -3.73 N-benzyl-2-iso nicotinoyl  hydrazine-1-

carbothioamide  

(1) 

-123.23 -128.13 -11.53 N‐(2‐isonicotinoylhydrazine‐

carbonothioyl) benzamide 

(2) 

-112.91 -117.78 -5.00 2‐isonicotinoyl‐N‐phenylhydrazine‐1‐

carbothioamide 

(3) 

-108.82 -124.34 

 

-3.80 

 

2-isonicotinoyl-N-phenylhydrazine-1-

carboxamide 

(4) 

-105.11 -111.90 -5.62 4-Acetylpyridine nicotinoylhydrazone (5) 

-122.37 -136.82 -5.32 Keto ((E)-N ˉ-(1-phenylethylidene) 

nicotinohydrazide 

(6) 

-123.12 -136.41 -4.16 Enol ((E)-N ˉ-(1-Phenyl ethylidene) 

nicotinohydrazide 

(7) 

4. Conclusions 

 This work can help in saving time in looking for new drugs for the treatment of COVID-

19 or similar viral infections. A series of compounds of isonicotinoyl hydrazide derivatives 

have been studied by molecular docking compared with two well-known drugs (Favpiravir, 

Hydroxychloroquine), which are used in treatment of COVID-19. The suggested compounds 

showed promising results. 
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