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In this study FDA approved antiviral drugs and lopinavir analogues in clinical trials were 

tested for their inhibitory properties towards the SARS-CoV-2 Spike protein bound to 

angiotensin converting enzyme 2 (ACE2) (6M0J) using a virtual screening approach and 

computational chemistry methods. The most stable structures and the corresponding 

binding affinities of seventeen such antiretroviral compounds were obtained. Frontier 

molecular orbital theory, global reactivity descriptors, molecular docking calculations and 

electrostatic potential (ESP) analysis were used to hypothesize the bioactivity of these 

drugs against 6M0J. It is found that increased affinity for the protein is shown by 

inhibitors with large compound volume, small charge separation, low electrophilicity, 

aromatic rings and heteroatoms that participate in hydrogen bonding. Amongst the 

drugs tested, four compounds, PubChem CID 492005, CID 486507, CID 3010249 and 

lopinavir showed excellent results – binding interactions -9.0 to -9.3 kcal.mol-1. These 

four top scoring compounds may act as lead compounds for further experimental 

validation, clinical trials and even for the development of more potent antiviral agents 

against the SARS-CoV-2.

 

In December 2019 the first cases of infection from a novel coronavirus SARS-
CoV-2  were reported. This new coronavirus was implicated in an outbreak of a severe 

pneumonia like illness COVID-19.1-2
 

Since then COVID-19 is spreading at an alarming rate and has created an 

unprecedented health emergency around the globe.
3-7

 The virus has infected more than 

23,000,000 people and 800,000 have died as of today.  

There is no effective vaccine and it will most likely take at least 1-1.5 year to develop 
one. Therefore the development of antiviral agents is an urgent priority even though it 
usually takes many years for new drugs to be discovered, clinically tested and approved. 
A good strategy would be trying to find already approved drugs that have some efficacy 

against similar type of viruses.
8
 Then test the efficacy of these drugs against SARS-CoV-

2 using computational chemistry methods and molecular docking.
9-21

 The most effective 

of these drugs can then be clinically tested and approved. 

https://www.rcsb.org/structure/6M0J
https://www.rcsb.org/structure/6M0J


 

The present work has the following objectives:  

i) to obtain the ground state optimized structures of selected antiretroviral 

drugs and their analogues (Tables 1–2) at a semiempirical level (PM3)
22-25

 

and subsequently calculate global reactivity descriptors – softness (s), 

electrophilicity index (ω) -  to identify differences in reactivity.  

ii) to calculate the energy gap between the highest occupied and the lowest 

unoccupied molecular orbital (HOMO-LUMO energy gap) of these drugs at 

the ground state since small energy gaps are associated with higher chemical 

reactivity and low kinetic stability.
26-29

  

iii) to investigate the interaction of the ground state optimized structure of 

approved antiretroviral drugs including lopinavir and its analogues (Table 2) 

with the SARS-CoV-2 Spike protein  (6M0J)
30

 using computational chemistry 

methods and molecular docking. 

iv) to determine the binding affinities of these drugs (ligands) with the  SARS-

CoV-2 Spike protein (6M0J). 

It is known that the virus enters the host cell by binding of the viral spike glycoprotein to 

the host receptor, angiotensin converting enzyme 2 (ACE2)31 therefore (6M0J) seems to 

be a biologically meaningful receptor. 

 

The semiempirical calculations were carried out using the Arguslab software32. Ab initio 
molecular orbital calculations were carried out using the ORCA 4.1 quantum chemistry 
program package.33 The most stable optimized geometries and frequency calculations of 
the compounds studied were obtained from the PM3 method at the semiempirical level 
and from the PBE0/def2-SVP34-39 and the B97-3c/def2-SVP40 methods and basis set  at 
the ab initio level.  
The recent resolved three-dimensional crystal structure of SARS-CoV-2 Spike protein 

bound to angiotensin converting enzyme 2 (ACE2) (PDB ID: 6M0J)
30 was retrieved from 

the Protein Data Bank (https://www.rcsb.org/)  with a resolution of 2.45 Å.  

Approved drugs and their analogues were downloaded from PubChem 
(https://pubchem.ncbi.nlm.nih.gov/). The most stable optimized geometries were obtained 

as described above and were subjected to molecular docking simulation against the 
SARS-CoV-2 Spike protein (PDB ID: 6M0J) using the AutoDock 4.2/Autodock Vina41   
softwares. The binding dissociation constant kd and the binding free energy (ΔGbind) 
between protein and ligand  were calculated using KDEEP.42 The drugs were considered 
as ligands while the protein as macromolecule. It is well known that in computer aided 
drug studies, binding affinity and mode(s) of ligand with target protein can be predicted 
by molecular docking simulation.43-44  
In this analysis, flexible-ligand:rigid-receptor docking was performed and accurate 
docking conditions were selected. All hetero atoms and water molecules were eliminated 
before docking. The grid box mapping parameters for AutoDock 4.2/Autodock Vina were 

https://www.rcsb.org/structure/6M0J
https://www.rcsb.org/structure/6M0J
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/structure/6M0J


 

chosen  as follows: Box dimension (Å) x= 64    y= 66   z= 72   and Center (Å) x=-
23.088   y= 18.676   z= -27.106 along x, y and z directions respectively. Electrostatic 
potentials on molecular/vdW surfaces were computed using the Multifunctional 
Wavefunction Analyzer Multiwfn.45 Pymol was used to depict protein-ligand 
interactions.46 
 
 

 
 

The antiretroviral drugs studied in this work are listed in Table 1. Computed binding 

affinities of these compounds using the procedures described above are collected in 

Table 2. The binding affinity values (kcal.mol-1)  computed by  AutoDock 4.2/Autodock 

Vina are averages of ten independent trials. The binding dissociation constants kd and 

the binding free energy values (ΔGbind) (kcal.mol-1) were singly determined. Global 

reactivity descriptors of the tabulated compounds – hardness (n), softness (s), chemical 

potential (μ) – were calculated using the PM3 version of SCF MO and the Arguslab 

software.32 It may be pointed out that in SAR studies the semiempirical SCF methods 

are more reliable than ab initio methods.47 The HOMO and LUMO energy values were 

obtained for all molecules and then the global reactivity descriptors were calculated from 

these values considering Koopman’s theorem according to the following equations:48-49 

                                                 n ≈ (ELUMO - EHOMO) /2                   (1)                             

                                                         s = 1 / n                                                        (2) 

                                               μ ≈ (ELUMO + EHOMO) /2                                            (3) 

                                                         ω =μ2 / 2n                                                     (4) 

The results obtained show that best binding energies (< -8 kcal/mol) are observed in 

most cases for drugs that exhibit lower electrophilicity indices (electrophilicity index < 

0.10) and lower to medium chemical softness s (chemical softness s < 6.4) (Table 2). 

The electrophilicity index ω encompasses the tendency of an electrophile to acquire an 

extra amount of electron density. Lopinavir and its analogues (PubChem compounds, 

Table 1) fall in this category. The higher binding affinity observed for these compounds 

can be attributed mainly to noncovalent interactions. The phenoxyacetylamino ring is 

mono or disubstituted by methyl groups (-CH3) providing high density of resonance 

electrons in the phenyl ring leading to higher binding affinities (Tables 1-2, Figs. 1-2). 

Among all sort of interactions such as CH/O, CH/N, OH/π and NH/π, the CH/π is the 

most prominent interaction found between drugs and proteins. Docking interactions of 

lopinavir and an analogue compound 17 (Table 2, PubChem CID 492005) with 6M0J are 

shown in Figs. 1 and 2. The phenyl ring of the phenoxyacetylamino group of lopinavir 

14 interacts by forming four Pi-Alkyl interactions with VAL212, LEU91, VAL209 and 

PRO565. A Pi-Sigma interaction is observed between this pheny ring and LEU95.  



 

 

 TABLE 1: List of antiviral agents and analogues docked against the SARS- CoV-2  spike protein 6M0J. 

 



 

TABLE 1 (continued) : List of antiviral agents and analogues docked against the SARS- CoV-2  spike protein 6M0J. 

 

 

 

 



 

TABLE 2: Binding affinity data of inhibitors 1 to 17  against 6M0J, global reactivity descriptors, Pkd (kd dissociation constants) and binding free energies 
(ΔGbind). 

  

 
# 

 
Compound 

 
HOMO - LUMO 

Energy Gap (a.u) 
 

 
Hardness 

(n) 

 
Softness 

 (s) 

 
Chemical 

Potential (μ) 

 
Electrophilicity 

Index (ω) 

 
Pkd 

 
ΔGbind 

 
        Binding 
        Affinity  
     (kcal.mol-1) 

 

 

 
 
1 

 
 

oseltamivir 
 

 
 

0.3434 

 
 

0.1677 

 
 

 5.9633 

 
 

-0.1797 

 
 

0.096                     

 
 

2.85 

 
 
       -3.85 

 
 

         -6.5 

 

 
2 

 
chloroquine 

 
0.2929 

 
0.1320               

 
 7.5733 

 
-0.1753 

 
0.1163 

 
3.71             

 
-5.01 

 
         -6.6 

 

 
3 

 
hydroxychloroquine 

 
0.2929 

 
0.1318          

 
 7.5897 

 
-0.1759 

 
0.1174 

 
3.54 

 
-4.78 

 
         -6.8 

 

 
4 
 

 
favipiravir 

 
0.3283 

 
0.1409 

 
 7.0964 

 
         -0.2105 

 
0.1573 

 
4.03 

 
-5.44 

 
         -7.0 

 

 
5 

 
PubChem 

CID 42637857 

 
0.3440 

 
0.1706 

 
 5.8603 

 
-0.1748 

 
0.089 

 
3.64 

 
-4.92 

 

 
         -8.1 

 

 
6 

 
remdesivir 

 
0.2996 

 
0.1323 

 
 7.5611 

 
-0.1848 

 
0.1291 

 
3.29 

 

 -4.45 
 
         -8.1 

 

 
7 
 

 
PubChem  

CID 497932 
 
 
 
 
 
 

 
0.3459 

 
0.1734 

 
 5.7663 

 
         -0.1719 

 
0.085 

 
  3.51 

 
       -4.74 

 
         -8.4 
 
 
 
 
 
 
 
 

 



 

TABLE 2 (continued): Binding affinity data of inhibitors 1 to 17  against 6M0J, global reactivity descriptors, Pkd (kd dissociation constant) and binding free energies (ΔGbind) 
 

 

 

#  
 

                                    
Compound         HOMO - LUMO 

               Energy Gap      
              (a.u)                  

 
Hardness 

(n)    

 
         Softness 
              (s) 

 
      Chemical      

Potential (μ)  

 
Electrophilicity 

Index (ω) 
 

 
    Pkd 

 
        ΔGbind 

     

      
  Binding     

Affinity 
    (kcal.mol-1) 

 

 
    

 
8 

 
PubChem 

CID 492009 

 
    0.3425 

 
        0.1681 

 
    5.9472 

 
         -0.1774 

 
      0.0936 

 
3.53 

 
  -4.77 

 
       -8.4 

 

 
9 

 
darunavir 

     
    0.3151 

 
        0.1414 

 
    7.070 

 
       -0.1897 

 
        0.1273 

 
4.02 

 
  -5.42 

 
       -8.5 

 

 
 
 10 

 
 

PubChem 
CID 3010244 

 
 

    0.2918 

 
 

      0.1390 

 
 

    7.1948 

 
 

       -0.1597 

 
 

        0.0917 

 
 

3.60 

 
 

  -4.85 

 
 

       -8.5 

 

 
 

11 

 
 

PubChem 
CID 492001 

 

 
 

    0.3466                           

 
 
0.1742 

 
 

    5.7402 

 
 

       -0.1714 

 
 

        0.0843 

 
 

3.51 

 
 

  -4.74 

 
 

       -8.6 

 

 
12 

 
PubChem 

CID 486506 

 
    0.3488 

 
 0.1742 

 
    5.7410 

 
       -0.1748 

 
        0.0878 

 
3.76 

 
  -5.08 

 
       -8.8 

 

 
13 
 
 

 
14 

 
PubChem 

CID 448420 
 

 
            lopinavir 

 
    0.3185 
 
 

   
    0.3431                     

 
 0.1483 
 
 

 
 0.1704     

 
    6.7424 
 
 

 
    5.8674                 

 
       -0.1811 
 
 

 
       -0.1737 
 
 
 
 
 

 
 
 

 
        0.1106 
 
 

 
 0.0886 

 
4.15 

 
 

 
  6.89 

 
  -5.60 

 
 

   
   -9.31 

 

 
       -8.9 
 
 

 
       -9.0 
 
 
 
 
 
 
 
 

 



 

 
 

TABLE 2 (continued): Binding affinity data of inhibitors 1 to 17  against 6M0J, global reactivity descriptors, Pkd (kd dissociation constants) and binding free energies (ΔGbind) 
 

 

 

#  
 

 
C   Compound      HOMO - LUMO      
                              Energy Gap      
                                  (a.u)  

                 

 
Hardness 
     (n)          

 
    Softness 

(s)  

 
             Chemical 

Potential (μ) 

 
Electrophilicity          

Index (ω) 

 
   Pkd 

 
      ΔGbind 

      
       Binding        
        Affinity 
    (kcal.mol-1) 

 
    

           
15 PubChem 

CID 3010249 
0.3474     0.1731     5.7763 -0.1749    0.0883 6.21     -8.38           -9.1  

           
16 PubChem 

CID 486507 
0.3476     0.1733     5.7695   -0.1747    0.0880 3.58      -4.84           -9.1  

           
17 PubChem 

CID 492005 
0.3214     0.1638     6.1035 -0.1544    0.0728  3.43     -4.63           -9.3  

    
 
 
 



 

Significant hydrogen bonding is also observed in lopinavir 14 and its analogues (Figs. 1 

and 2) that not only contributes in increasing binding affinity but may also increase 

binding specialty. The hydroxyl group of lopinavir interacts with GLN98 to form a 

hydrogen bond. The two O atoms of the phenoxyacetylamino group form two H bonds 

with ASN210 and the –NH group one H bond with TYR196. A total of four H bonds are 

observed between lopinavir and 6M0J (Fig. 1). The lopinavir analogue 17 shows a total 

of five hydrogen bonds. The hydroxyl group interacts with ASP382 and TYR385 forming 

two H bonds, the –NH2 substituent of the phenoxyacetylamino group forms one 

hydrogen bond with ASN397, the NH group attached to the phenoxyacetylamino group  

interacts with one H bond with ASN394 and the carbonyl oxygen close to the tetrahydro 

pyrimidine ring forms one H bond with ASP350 (Fig. 2). 

 

         Figure 1. Docking interactions of lopinavir with 6M0J  

 

In contrast, only three drugs that exhibit relatively higher electrophilicity indices 

(electrophilicty index ≈ 0.11 – 0.13) show binding energies lower than -8 kcal/mol (< -8 

kcal/mol). These compounds have also high values of chemical softness s (chemical 

softness s > 6.4) and relatively small HOMO-LUMO gaps. 

These molecular orbital properties and noncovalent interactions  contribute to the 

observed higher chemical reactivities and binding affinities respectively compared to 

others. Remdesivir 6, darunavir 9 and compound 13 (PubChem CID 448420) fall in this 

category.  



 

 

Figure 2. Docking interaction of lopinavir analogue PubChem CID492005 with 6M0J. 

 

Remdesivir 6 interactions with 6M0J are depicted in Fig.3. Six hydrogen bonds are 

formed. Four of them between four oxygen atoms of 6 and ASN394, ASP350 and two of 

them between the H atoms of the NH2 substituent and ALA348 and ASP382. A Pi-Cation 

bond is formed between the heteroatomic ring and HIS401. Two Pi-Alkyl interactions 

are observed  between two remdesivir rings and ARG393 and ALA348 respectively and 

one Pi-Alkyl interaction between the CH3 group of remdesivir and TRP349. A phenyl 

ring of 6 forms two Pi-Pi stacking interactions with PHE390 and PHE40. A Pi-Pi stacking 

interaction is also formed between the nitrogen containing ring and HIS401. 

The antiretroviral drugs 1-4 show lower binding scores ( binding energies > -7.1 

kcal/mol) with 6M0J compared to darunavir, remdesivir, lopinavir and its analogues 

(compounds 9, 6, 5, 7-8, 10-17, Table 2). These drugs also exhibit higher 

electrophilicity indices (electrophilicity index ≈ 0.10 – 0.15). A representative binding 

image of oseltamivir 1 (Table 1) with 6M0J is given in Fig.4. Oseltamivir shows the 

lowest binding score (binding energy = -6.5 kcal/mol). 

Three hydrogen bonds are formed between three oxygen atoms of 1 and LYS562, 

ASN210, ASN210. One carbon-hydrogen bond interaction is formed with GLU208 and 

two alkyl bond interactions of the ethyl groups of oseltamivir with LYS562 and LEU95. 



 

 

                         Figure 3. Docking interaction of remdesivir with 6M0J. 

 

 

 

 

                  Figure 4. Docking interaction of oseltamivir with 6M0J. 



 

The absence of Pi-Alkyl and Pi-Pi and the small number of total interactions results to 

the lowest binding score with 6M0J. 

Drug (ligand) interactions with 6M0J (protein) was further studied by electrostatic 

potential analysis on the drugs molecular surface. The value of electrostatic calculations 

for understanding and predicting molecular properties has been recognized for decades. 

It is well-known that molecular electrostatics can be predictive of a molecule’s chemical 

reactivity and its ability to form certain types of interactions. Electrostatic potential 

surfaces (ESP) are used to visualize the electrostatic nature of molecules.50-51 Drugs 

with a low and a high binding score to 6M0J, favipiravir 4 and lopinavir 14 respectively,  

were selected from Table 2 and their wavefunctions produced  at the B97-3c/def2-

SVP40 level. The electrostatic potential on the favipiravir/vdW and lopinavir/vdW 

surfaces was computed using the above wavefunctions. As the final part of ESP 

analysis, the molecular surface area in each ESP range was calculated in order to 

quantitatively determine ESP distribution on the whole molecular surface.45 The results 

obtained surface areas (Å2) and corresponding electrostatic potentials ESP (kcal.mol-1) 

were used to plot histogram graphs of 14 and 4  (Fig. 5 and Fig. 6 respectively). 

 
 

Figure 5. Surface area (Å
2
) in each electrostatic potential (ESP) (kcal.mol

-1
)                          

range  on  the vdW surface of lopinavir 14. 

 

From the graphs in Figs. 5 and 6 it can be seen that there is a large portion of 

molecular surface having low ESP values, namely from -20 kcal.mol-1  to 20 kcal.mol-1. 

There are also small areas having remarkable positive and negative ESP values, 

corresponding to the regions closed to the global ESP minimum and maximum, 

respectively. These global surface maxima and minima were found to be 0.072382 au. 



 

 

Figure 6. Surface area (Å
2
)  in each electrostatic potential (ESP) (kcal.mol

-1
)                         

range on the vdW surface of favipiravir 4. 

 

 

(45.42068  kcal.mol-1) and -0.072467 au. (-45.47397 kcal.mol-1) for lopinavir 14 and 
0.085190 a.u. (53.45785 kcal.mol-1)  and -0.098429 a.u. (-61.76528 kcal.mol-1) for 
favipiravir 4 and their observed differences suggested that the ESP distribution on the 
vdW surface fluctuates more remarkably in the later. Favipiravir also shows a larger 
internal charge separation equal to 0.0316099 a.u. (19.83546 kcal.mol-1) compared to 
0.01821354 a.u. (11.42918 kcal.mol-1) of lopinavir (Table 3). This observed larger 
polarity of favipiravir compared to the less polar lopinavir coupled with other factors 
may explain the lower binding score with 6M0J.  
The ESP plots of compounds 14 and 1 mapped onto the electron density surface for the 

ground state are shown in Fig. 7 and Fig. 8 respectively. Electron rich (negative ESP) 

and electron deficient areas (positive ESP) are indicated with red  and white color 

respectively. Electron rich areas are over oxygen and nitrogen atoms and on the phenyl 

rings of 14 (Fig. 7) and these atoms participate in the docking interactions of this drug 

with 6M0J (Fig. 1). Positive potential appears over hydrogen atoms particularly to those 

bound with oxygen and nitrogen and this is also consistent with the reactivity shown 

and the hydrogen bonds formed (Fig. 1). Similarly, The ESP plot of compound 1 is very 

effective to predict the reactive sites of the molecule with the target protein 6M0J51 

(Fig. 8 and Fig. 4). Electron rich areas appear over oxygen and nitrogen, and these 

atoms participate in hydrogen bonds. Electron poor areas are observed over hydrogen 

atoms and alkyl groups. Two alkyl bond interactions of the ethyl groups of oseltamivir 1 

with LYS562 and LEU95 are formed (Fig. 4). These results demonstrate that weak inter- 

 



 

 
actions between molecules, including H bonds and halogen bonds, can be predicted and 

explained by analyzing the magnitude and positions of the minima and maxima in an 

electrostatic potential (ESP) on the molecular vdW surface.52 The ESP and the drug-

protein docking interaction analysis (Table 2, Figs. 1-4 and 7-8) show that for effective 

binding between the ligand and the receptor the main residues  (aminoacids) of 6M0J 

(Table 4) that are involved are the TRP349, ASP350, PHE40,  ASP382, ASN394, ALA348,   

 

 

    Figure 7.  Electrostatic potential (ESP) mapped electron density surface of lopinavir 14 at the PM3 level 

TABLE 3: Surface analysis Electrostatic Potential Values (ESP) (units a.u.) computed for lopinavir 14 and 
favipiravir 4 using the Multiwfn Analyzer45 

 

ESP Values (a.u.) 

 
 

 

         Lopinavir (14) 

 

Favipiravir (4) 

Maximum Value           0.072382            0.085190 
Minimum  Value          -0.072467           -0.098429 

Overall Average Value           0.00147382          0.00182148 

Positive Average Value           0.01662140          0.03020425 
Negative Average Vakue          -0.02122150         -0.03374761 

Internal Charge Separation           0.01821354          0.03160979 
 



 

 

    Figure 8.  Electrostatic potential (ESP) mapped electron density surface of oseltamivir 1 at the PM3 level 

 

TABLE 4: Participated main residues in protein (6M0J)  - ligand (compounds in Table 2) interactions and 
the corresponding binding affinities ( kcal.mol

-1
).  

 

 

 Binding Affinities  
( kcal.mol-1) 

 
 

         

      Compound #        
(Table 2) 

 

                 Main Residues of  
              6M0J (chain A) 

              in contact with    
                  ligands of Table 2 

  

 
< -9.1 

 

 
 

 
 

-8.9 to -9.1 
 

 

 
 

-8.6 to -8.8 
 

 

 
-8.1 to -8.5 

 

 
15, 17 

 

 
 

 
 

13, 14, 16 
 

 

 
 

11, 12 
 

 

 
6, 7, 8, 9 

                     
            TRP349, ASP350, PHE40, 

             ASP382, ASN394, ALA348, 

             HIS378 

 
       
           ASN210, GLN98, TYR196, 

             LEU95, VAL212, LEU91, 

             VAL209, PRO565 
 

 

           
           SER44, PHE 40 
 
 
           TRP349, ALA348, ASN394 
             PHE40, PHE390, ARG393 

 



 

 HIS378 or the ASN210, GLN98, TYR196, LEU95, VAL212, LEU91, VAL209, PRO565 or 

the SER44, PHE40 or the TRP349, ALA348, ASN394  PHE40, PHE390, ARG393 (Table 4). 

The formed ligand (drug in Table 2) – receptor (6M0J) complexes reveal that 

conventional hydrogen bonding, pi-alkyl, pi-pi stacking and halogen bonds are able to 

increase the binding affinity and explain the differences in binding energies. It has been 

reported that particularly hydrogen bonds < 2.3 Å are able to increase the binding 

affinity considerably and that halogen bonds have almost similar importance as 

hydrogen bonds in chemical and biological systems.53-54 

In summary, amongst the drugs of Table 2 increased affinity for 6M0J exhibit all those 

with large compound volume, low electrophilicity, small charge separation and with 

aromatic rings and heteroatoms that participate in hydrogen bonding. 

Based on the binding energy, the best compounds were discovered to be the lopinavir 

analogues 15 – 17 (PubChem CID 486507, CID 3010249, CID 492005) and lopinavir 

14. Further optimization of these compounds can result in a more effective drug able to 

stop this newly emerged infection. 

 

 

The infectious respiratory disease COVID-19 is rapidly expanding throughout the world 

and has become a serious threat to global health. Considering the time required to 

develop a vaccine or an approved drug, drug repurposing seems the most appealing, 

safe and straightforward approach. In this study FDA approved antiviral drugs and 

lopinavir analogues in clinical trials were tested for their inhibitory properties towards 

the COVID-19 protein (6M0J) using a virtual screening approach and computational 

chemistry methods. The most stable structures and the corresponding binding affinities 

of seventeen such antiretroviral compounds were obtained. Molecular docking 

calculations, ESP analysis, frontier molecular orbital theory and global reactivity 

descriptors were used to hypothesize the bioactivity of these drugs against the COVID-

19 protein (6M0J). Compounds 5 to 13 (Table 2) showed remarkable binding 

interactions (-8.1 to -8.9  kcal.mol-1) with 6M0J.  Moreover, four compounds, CID 

492005, CID 486507, CID 3010249 and lopinavir (compounds 14 to 17, Table 2) 

showed excellent results – binding interactions -9.0 to -9.3 kcal.mol-1 - for use against 

the newly emerged strain of coronavirus. Therefore, it is concluded that these four top 

scoring compounds may act as lead compounds for further experimental validation, 

clinical trials and for the development of more potent antiviral agents against the SARS-

CoV-2. 
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