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ABSTRACT
The SARS-CoV-2 virus is a major problem in the world right now. Currently, all the attention of
research centers and governments globally are focused on the investigation of vaccination studies and
the discovery of small molecules that inhibit the SARS-CoV-2 virus in the treatment of patients. The
goal of this study was to locate small molecules to be used against COVID19 instead of favipiravir.
Favipiravir analogues were selected as drug candidates from the PubChem web tool. The RNA
dependent RNA polymerase (RdRp) protein was selected as the target protein as favipiravir inhibits
this protein in the human body. Initially, the inhibition activity of the studied compounds against
RdRp of different virus types was investigated. Then, the inhibition properties of selected drug candi-
dates and favipiravir were examined in detail against SARS-CoV-2 RdRp proteins. It was found that 2-
oxo-1H-pyrazine-3-carboxamide performed better than favipiravir in the results of molecular docking,
molecular mechanics Poisson-Boltzmann surface area (MM-PSBA) calculations, and ADME analyses.
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1. Introduction

The COVID19 pandemic, which has high mortality and infect-
ivity, occurred in Wuhan Province of the People’s Republic of
China in December 2019 and subsequently become one of
the world’s major health problems. As of April 2020, approxi-
mately 1 million infected patients and 50,000 deaths have
been observed. Its infectivity is very high, and there is an
exponential increase in the number of infections (World
Health Organization, 2020). Numerous treatment studies for
COVID19, including medicines, anti-virals and herbal products
originally used for different diseases are continuing all over
the world. Many anti-virals, such as the lopinavir/ritonavir
combination, favipiravir and arbidol have been experimented
with in the treatment of this pandemic (Lim et al., 2020).

The coronavirus leading to COVID19 is the large and
enveloped RNA virus with crown-shaped protrusions.

Coronaviruses (CoVs) can cause respiratory, enteric, hepatic
and neurological diseases. CoVs are divided into four subfa-
milies serologically and genotypically, which are a, b, c and
d-CoVs. SARS coronavirus (SARS-CoVs) and MERS coronavirus
(MERS-CoVs) are members of the b-CoV family. In genome
analysis, SARS-CoV-2 exhibits 79.5% and 50% similarity with
SARS-CoV and MERS-CoV, respectively (Jin et al., 2020).

The SARS-CoV-2 virus has a 30 kb genome size, similar to
other b-CoVs, with a nucleocapsid consisting of a genomic
RNA and a phosphorylated nucleocapsid (N) protein. The
phospholipid double layers contain nucleocapsids that are
surrounded by two different types of spike proteins. There
are spike glycoprotein trimmers found in all CoVs. Also,
some CoVs contain hemagglutinin-esterase. The membrane
protein and the envelope protein are among the S proteins
in the viral envelope (Elfiky, 2020). The SARS-CoV-2 cell rep-
resentation is shown in Figure 1.
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Like other RNA viruses, SARS-CoV-2 contains the RNA
Polymerase 2 enzyme. It performs RNA replication, as well as
virus replication (Furuta et al., 2017). Favipiravir is an anti-
viral agent that selectively and strongly inhibits the RNA-
dependent RNA polymerase (RdRp) of RNA viruses.
Favipiravir is effective against a wide range of influenza
viruses and subtypes, including strains resistant to existing
anti-influenza drugs. Favipiravir also affects other RNA
viruses, such as arenaviruses, bunyaviruses, filoviruses, and
coronaviruses. Due to these effects, it is thought that favipir-
avir can be used in the treatment of diseases occurring not
only with influenza infection, but also with other RNA viruses
(Cai et al., 2020). The results of a study conducted with a
total of 80 patients (the experimental group consisted of 35
patients given favipiravir, and the control group consisted of
45 patients given lopinavir/ritonavir) showed that favipiravir
had a better anti-viral effect than lopinavir/ritonavir. The
study showed that patients treated with favipiravir recover
faster than the other treatments. The favipiravir group
showed that the patient lungs healed better than in the con-
trol group. It was observed that patients receiving favipiravir
gave positive results in terms of the virus within four days
after treatment, while patients in the control group showed
positive results only after 11 days. Finally, it was observed
that 91.4% of those given favipiravir showed better results
from imaging tests of the lungs, whereas only 62.2% of the
control group showed an improvement. While no favourable
side effects were observed in the treatment group, favipiravir
was shown to have significantly fewer side effects than the
lopinavir/ritonavir group (Nguyen & Haenni, 2003).

While viruses are replicating, an RNA with positive polarity
is similar to mRNA and can be read directly by host cell ribo-
somes. RNA with negative polarity is the complement of
mRNA; it must be converted to a positive-strand by the
enzyme RNA polymerase for the host cell ribosomes to be able
to read it (Fodor, 2013). In influenza viruses with negative
polarity, during RNA polymerase transcription, viral RNA poly-
merase synthesizes mRNA using 5q-capped RNA primers.
During replication, the viral RNA polymerase forms a comple-
mentary RNA (cRNA) replication intermediate, which is the
complement of the RNA that acts as a pattern for the synthesis
of new vRNA copies (Turkish Min. of Health, 2020). During rep-
lication, coronaviruses do not contain RNA-dependent RNA
polymerase (RdRp) enzymes because they have a positive
polarity, but they encode this enzyme into their genome.
Coronaviruses have a large RNA genome encoded by viral rep-
licase/polymerase (Bost et al., 2000). Similar to other positive-
chain RNA viruses, the SARS-CoV RdRp is estimated to be the
central enzyme that forms a replication complex responsible
for replication of the viral RNA genome with other viral and
cellular proteins (Brockway et al., 2003; Fudo et al., 2016).

In this article, the analogues of favipiravir, with a
PubChem ID of 492405, are scanned from the PubChem
website (https://pubchem.ncbi.nlm.nih.gov/). The selected
whole molecules are minimized by the OPLS3e method using
Maestro 12.2. At this stage, the acidity (pH) is determined in
the range of 1� 9. The possible state structures belonging to
each compound is calculated at pH¼ 1–9. As for the target

protein, RNA polymerase is investigated in the Protein Data
Bank (PDB) web tool. PDB IDs of selected target proteins,
which belong to different virus types, are 5FDD, 5I13, 5W44,
6CFP, 6E6V, 6FS8, 6QWL, 6QX3 and 6QX8 (Beylkin et al.,
2017; Credille et al., 2019; Fan et al., 2019; Kirchdoerfer &
Ward, 2019; Omoto et al., 2018). Some of these proteins are
multi-chain while others are single chain. Molecular docking
calculations are performed between the studied compounds
and target proteins. Then, all results are compared with favi-
piravir due to favipiravir being selected as the reference
material in this study.

As for the second stage of the study, the inhibition activ-
ities of the selected drug candidates are re-investigated
against SARS-CoV RNA polymerase proteins which are 6NUR
and 6NUS (Harder et al., 2016; Jin et al., 2020; Mesecar,
2020). All of these proteins were reported in 2020 and
belong to the COVID virus.

The molecular mechanics Poisson-Boltzmann surface bind-
ing free energy values of area (MM-PBSA) calculations are
completed to investigate the interaction stability between
inhibitors and proteins, each at 100ps. Finally, absorption,
distribution, metabolism and excretion/toxicity (ADME) analy-
ses are performed for the related compounds and favipiravir.

2. Methods

2.1. Molecular docking and ADME analyses

The studied compounds were downloaded from the
PubChem web tool. At this stage, the favipiravir was taken
into account, and eleven compounds were determined as
favipiravir analogues. The whole compounds are prepared as
ligands under a pH condition of 5 ± 4.

As for the target proteins, all proteins were downloaded
from the PDB web tool. Firstly, attention was paid to ensure
that RNA depended RNA polymerase (RdRp) proteins are
obtained from homosapiens. Then, 14 target proteins with
the IDs of 5FDD, 5I13, 5W44, 6CFP, 6E6V, 6FS8, 6QWL, 6QX3,
6QX8, 6NUR, 6NUS, 6W63 and 6LU7 were selected. These
proteins were minimized using the OPLS3e method to pre-
pare them for docking calculations at pH ¼ 5 ± 4. Active sites
of these proteins were prepared using the Maestro 12.2 pro-
gram (Beylkin et al., 2017; Credille et al., 2019; Fan et al.,
2019; Harder et al., 2016; Jin et al., 2020; Kirchdoerfer &
Ward, 2019; Mesecar, 2020; Omoto et al., 2018). Favipiravir

Figure 1. SARS-CoV-2 genom and particles.
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Table 1. ID, name and structures of the studied compounds.

PubChem ID Name Structure

CID 294642 2-oxo-1H-pyrazine-3-carboxamide

CID 492405 (Favipiravir) 5-fluoro-2-oxo-1H-pyrazine-3-carboxamide

CID 22674959 6-fluoro-2-oxo-1H-pyrazine-3-carboxamide

CID 67534452 N-methyl-2-oxo-1H-pyrazine-3-carboxamide

CID 72188728 5,6-dideuterio-2-oxo-1H-pyrazine-3-carboxamide

CID 72201087 6-deuterio-5-fluoro-2-oxo-1H-pyrazine-3-carboxamide

CID 76973015 2-oxo-(1,4-15N2)1H-pyrazine-3-(
15N)carboxamide

(continued)
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and its analogues were then examined against different virus
types and the better ones were selected for further analyses.
Then, the inhibition activity of favipiravir and the selected
samples were investigated against RdRp proteins of SARS-
CoV. Finally, ADME analyses were performed for favipiravir
and the selected samples. All these calculations were per-
formed using the OPLS3e method with the Maestro 12.2
Schr€odinger software program (Friesner et al., 2004, 2006;
Schr€odinger, 2019a, 2019b, 2020). Molecular docking calcula-
tions were completed at extra precision (XP). As for the
ADME analyses, the Qik-prop module of the Maestro soft-
ware is used to perform this analysis (Mermer et al., 2019).

2.2. Mm-PBSA binding free energy calculations

Molecular mechanics Poisson-Boltzmann surface area (MM-
PBSA) calculations were performed for favipiravir, CID 294642
and CID 76973015. Binding free energy, van der Waals energy,
electrostatic energy, kinetic energy and potential energy

changes were determined for these ligand–protein structures
in 6NUR and 6NUS from 0ns to 100 ns (Kollman et al., 2000).
For these calculations, Nanoscale Molecular Dynamics (NAMD)
(Nelson et al., 1996) and Visual Molecular Dynamics (VMD)
(Humphrey et al., 1996) software programs were used.where;
is the binding free energy, and demonstrates the total free
energy of the protein-ligand complex and total free energies
of the isolated protein and ligand, respectively. Each of the
above terms is also used in the calculation of various energy
components, including van der Waals energy, electrostatic
energy, polar contribution to internal energy and solvent
energy collected from molecular mechanics.

3. Results and discussion

3.1. Favipiravir and its analogues

The PubChem ID, name and structures of favipiravir and
selected analogues are given in Table 1.

Table 1. Continued.

PubChem ID Name Structure

CID 76973034 5,6-dideuterio-2-oxo-(5,6-13C2)1H-pyrazine-3-carboxamide

CID 76973035 5,6-dideuterio-2-oxo-(1,4-15N2)1H-pyrazine-3-(
15N)carboxamide

CID 89869520 6-fluoro-4-methyl-3-oxopyrazine-2-carboxamide

CID 123273976 3-(aminomethyl)-5-fluoro-1H-pyrazin-2-one

CID 135001386 5-amino-2-oxo-1H-pyrazine-3-carboxamide

7266 A. AKTAŞ ET AL.



All compounds were minimized with the OPLS3e method,
and a pH of 5 ± 4 was used in the calculations. The possible
state structure at pH ¼ 5 ± 4 was determined for all studied
compounds. The number of total investigated structures with
their possible states were determined as nearly
120 compounds.

3.2. Determination of active compounds

Molecular docking calculations were performed between the
selected ligands and target proteins. It was found that CID
22674959 and CID 89869520 have no activity against RdRp
proteins. As for the other samples, compounds and their pos-
sible states were docked with some of the selected proteins.
Only the original structure of some of the studied com-
pounds, such as favipiravir, were found to be active while
both original and possible state structures, like CID 294642
were found to be active. The docking results are given in
Table 2. The table lists each protein, its interaction with each
drug candidate, and the interacting ligand structure types.

According to Table 2, the 6CFP protein is not inhibited by
any ligands. Additionally, the CID 22674959 and CID
89869520 compounds are found to be inactive as they failed
to interact with the proteins. As for favipiravir, it interacted
with 5W44, 6FS8 and 6QX8. CID 294642 and favipiravir
inhibit the same proteins. Therefore, it can be said that these
structure have similar properties. However, the original struc-
ture and possible state structures of CID 294642 interacted
with 5W44, while only the original structure of favipiravir
inhibits the protein. Considering the total number of inter-
acting structures, CID 294642 has an advantage in respect to
favipiravir. In terms of the total number of interacting mole-
cules, CID 294642 exhibits better properties than the others.
The results of CID 76973015 and CID 1350011386 are better
than that of favipiravir because the possible state structures
of them both inhibit the target proteins too. The docking
score (DS), van der Waals energy (Evdw), coulomb energy
(ECoul) and total interaction energy (ETotal) of CID 294642, CID
76973015, CID 1350011386 and favipiravir are given in
Table 3.

To determine the better drug candidate, the first criteria
is the docking score, and the total energy is the second crite-
ria. This is because, key-lock harmony is vitally important in
drug protein interactions. According to Table 3, the docking

score of CID 1350011386 is worse than that of favipiravir,
and therefore, is excluded from further analyses. Because the
docking score implies the key-lock compatibility in the lig-
and-receptor complex, it is desired that the docking score of
any ligand should be better than that of the reference sub-
stance. As for the other compounds, the docking and van
der Waals energy scores are better than that of favipiravir.
Although total interaction energy in CID 76973015 is smaller
than favipiravir, they are closely similar to each other. As a
result, CID 294642 and 76973015 are selected for further
analyses. The docking structures for favipiravir and CID
294642 with the 6QX8 protein are represented in Figure 2.

3.3. The interaction with COVID19 RNA depends on the
RNA polymerase protein

RNA polymerase proteins with PDB IDs of 6NUR and 6NUS
were reported in late 2019 and early 2020 as belonging to
SARS-CoV (Jin et al., 2020; Kirchdoerfer & Ward, 2019;
Mesecar, 2020). The active region of related proteins was cal-
culated by using the Maestro 12.2 software program, and
this region of 6NUR is represented in Figure 3.

According to Figure 3, the active sites of 6NUR are repre-
sented with a dummy ball and different colored (blue, red
and yellow) surfaces. These regions are the active sites of the
RdRp proteins for inhibitors. The three colors red, blue and
yellow imply the hydrogen bond acceptor, hydrogen bond
donor and hydrophobic interaction regions, respectively.
Thus, the selected compounds were to dock with this region
in each target protein. The inhibition properties of the
selected compounds and favipiravir are determined from the
docking calculations, and the active and passive structures
against 6NUR and 6NUS are expressed in Table 4.

According to Table 4, favipiravir inhibited only the 6NUS
protein while CID 294642 and CID 76973015 inhibited both
proteins. The complex (ligand–receptor) structures and the
ligand binding domain electrostatic potential map of 6NUS
are represented in Figure 4. Additionally, DS, Evdw, ECoul and
ETotal are reported in Table 5 for each target protein.

According to Table 5, docking results of CID 294642 and
CID 76973015 are better than that of favipiravir. If the results
are examined in detail, especially the docking score and total
interaction energy, it can be easily said that CID 294642 shows
better results than the other molecules. For 6NUR, CID 294642
and CID 76973015 have similar properties. However, the calcu-
lated results of CID 294642 are superior compared to the cal-
culated results of the others. As a result, CID 294642 and CID
76973015 have the potential to be good alternatives of favipir-
avir in the treatment of patients with COVID19.

Table 2. The ligandsa that interacted with the target proteins.

Compound ID 5FDD 5I13 5W44 6CFP 6E6V 6FS8 6QWL 6QX3 6QX8

294642 – – OS, PS – – OS, PS – – OS
492405b – – OS – – OS – – OS
22674959 – – – – – – – – –
67534452 – – – – – OS OS, PS – –
72188728 OS – – – OS – – – –
72201087 – – OS – – OS – OS –
76973015 – OS, PS – – – OS – – OS
76973034 – – – – – OS, PS – – –
76973035 – OS – – – – – – –
89869520 – – – – – – – – –
123273976 – OS – – – – – – –
135001386 OS, PS OS OS – – – – – –
aOS: Original Structure; PS: Possible State.
bCID 492405 is favipiravir.

Table 3. The calculated docking score, van der Waals energy and coulomb
energy for selected drug candidates.

Compound ID DSa Evdw
a ECoul

a ETotal
a

492405 �2.804 �12.669 �10.216 �22.885
294642 �3.279 �14.495 �12.784 �27.280
76973015 �3.320 �15.385 �6.524 �21.910
1350011386 �2.223 �14.031 �11.372 �25.404
a in kcal/mol.
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The interaction scheme of related ligands against 6NUS is
represented in Figure 5.

According to Figure 5, the hydrogen bond is especially
significant in the interaction between the receptors of the
ligands. Furthermore, hydrophobic, polar, charged (negative
and positive), glycine and solvent exposure plays a signifi-
cant role in the interaction.

3.4. Sar studies

3.4.1. Mm-PSBA calculations
Molecular docking has some disadvantages in the analysis of
binding stability at the nano-second level of the ligand-pro-
tein complex. The protein accepts a rigid structure in the
docking calculations while the ligand is flexible. Molecular
mechanics-Poisson-Boltzmann surface area (MM-PSBA) calcu-
lations should be made for a more detailed examination of
the stability between the ligand and protein. In this calcula-
tion, the ligand and protein are flexible and solvent mole-
cules surround the entire structure. In this study, the binding
stabilities of protein-ligand structures are investigated in
each 100ps. Gibbs free energy of protein and ligand-protein
structures are represented in Figures 6 and 7 for 6NUR and
6NUS proteins, respectively.

The binding free energy changes and their deviations in
each five ns intervals are given in Table 6. The van der Waals
energy, electrostatic energy, kinetic energy and potential
energy changes are given in supp. Table S1-S4, respectively.

Inhibitor activities of favipiravir and its analogues against
RNA dependent RNA polymerase (RdRp) proteins were com-
pared. With this comparison, calculations were made to sup-
port the estimation of the free energies of binding using the
molecular mechanics-Poisson-Boltzmann surface area (MM-
PBSA) method. The negative value of the related parameters
indicates better binding (Gupta et al., 2020). As a result of
the calculations, the average values of Gibbs free energies
were �36.6 kcal/mol for 6NUR-CID294642; and 43.7 kcal/mol
for 6NUR-CID76973015. According to these results,
CID294642 exhibits better inhibiting properties for the 6NUR
protein. Moreover, CID294642 becomes more stable with
6NUR more quickly. As for 6NUS, CID294642 and favipiravir
exhibit better properties than CID76973015 due to the Gibbs
free energy changes. When these results are examined in
more detail, the negative Gibbs free energy in the
CID294642-6NUS complex is more than that of the favipira-
vir-6NUS complex. As a result, CID294642 is selected as the
best drug candidate for the SARS-CoV-2 virus via MM-PSBA
calculations.

3.4.2. Adme analysis
Absorption, distribution, metabolism, and excretion (ADME)
is related to the pharmacokinetics and pharmacology proper-
ties of drug candidates. Absorption is related to the uptake

Figure 2. Docking structures of favipiravir and CID 294642 with 6QX8.

Figure 3. The active region of the 6NUR protein.

Table 4. The active and passive compounds against 6NUR and 6NUS proteins.

Compound ID 6NUR 6NUS

Favipiravir NO YES
294642 YES YES
76973015 YES YES
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into the bloodstream of the compound to reach the target
tissue. Distribution is related to the carrying of the com-
pounds in the circulatory system. Metabolism is related to
the breaking down of compounds as soon as entering the
body and excretion is related to the removing of the com-
pound from the body. These properties are vitally important
for drug candidates because ADME analyses give us signifi-
cant clues about the likely success of the drug. There are
some parameters to investigate the ADME properties of drug
candidates such as the solute total SASA, QPlogHERG,
RuleOfFive, etc.

ADME analyses of CID 294642, CID 76973015 and favipira-
vir were completed and all results were compared with refer-
ence ranges. In this study, thirty-one parameters, which are
the most commonly used, are calculated by the Maestro pro-
gram. The ADME results of selected compounds are given in
Table 7.

According to Table 7, the calculated parameters of CID
264642, CID 76973015 and favipiravir are mainly in the
desired range. There are three deviations, which are, solute
molar volume, QP polarizability and QPlogHERG. In these
parameters, the results of selected compounds are out of the
desired range. The meanings of the investigated parameters
are given below.

Many parameters obtained from the calculations have
been examined for the future probability of ligand molecules
to be drugs. The first of these parameters is the Solute
Molecular Weight of the molecules, which is desired to be
between 130-725 g/mol. Molecules are required to be
between the Solute Dipole Moment of 1.0-12.5 Debye. Many
other parameters are indicated as follows - Solute Total
SASA: total solvent-accessible surface area; Solute Carbom Pi

Figure 4. Electrostatic potential map of the active site in 6NUS and ligand-receptor complexes.

Table 5. Molecular docking results.

Compound ID DS a Evdw
a ECoul

a ETotal
a

6NUR
294642 �4.063 �13.498 �11.839 �25.336
76973015 �4.063 �13.498 �11.839 �25.336
6NUS

Favipriavir �5.001 �16.755 �10.427 �27.182
294642 �5.878 �16.612 �11.739 �28.350
76973015 �5.345 �16.218 �11.205 �27.423
ain kcal/mol.
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SASA: Van der Waals surface area of polar nitrogen and oxy-
gen atoms and carbonyl carbon atoms; QPlogPo/w:
Predicted octanol/water partition coefficient; QPlogS:
Predicted aqueous solubility; log S: S in mol dm-3 is the con-
centration of the solute in a saturated solution that is in
equilibrium with the crystalline solid; QPlogBB: brain/blood
partition coefficient; QPlogKhsa: binding to human serum
albumin; Apparent Caco-2 Permeability: Predicted apparent
Caco-2 cell permeability (nm/s) where Caco-2 cells are a
model for the gut–blood barrier; QP log BB for brain/blood:
Predicted brain/blood partition coefficient for orally delivered
drugs; Apparent MDCK Permeability: Predicted apparent
MDCK cell permeability (nm/s) where MDCK cells are consid-
ered to be a good mimic for the blood-brain barrier; %
Human Oral Absorption in Gl: Human oral absorption on a
0-100% scale (>80% is high, <25% is poor); Solute as Donor-

Hydrogen Bonds: Predicted number of donor hydrogen
bonds; Solute as Acceptor-Hydrogen: Predicted number of
acceptor hydrogen bond; QP log p for X/Y: Predicted X/Y
partition coefficient; IC50 value for the blockage of HERG
Kþ channels (acceptable range: above 25.0); Solute CdW
Polar SA (PSA): total polar surface area (Acar et al., 2019;
Bicak et al., 2019; Budama-Kilinc et al., 2018; Ertas et al.,
2019; Kecel-Gunduz et al., 2020; Menteşe et al., 2019;
Mermer et al., 2019; Sari et al., 2019; Singh & Bast, 2014);
Lipinski Rule of 5 Violations: Number of violations of
Lipinski’s rule of five where the rules are: mol_MW (molecular
weight of the molecule) < 500; QPlogPo/w (predicted octa-
nol/water partition coefficient) < 5; donorHB (hydrogen-
bond donor atoms) � 5; accptHB (hydrogen-bond acceptor
atoms) � 10 where compounds that provide these rules are
considered as drug-like molecules (Saglık et al., 2019a; Saglık

Figure 5. The interaction schema at the ligand-receptor complexes in the 6NUS protein.

Figure 6. Change of Gibbs free energy values of protein and inhibitors in every five ns intervals.
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et al., 2019 b; Lipinski et al., 1997; Jorgensen & Duffy, 2002);
and Jorgensen Rule of 3 Violations: Number of violations of
Jorgensen’s rule of three where the three rules are: QPlogS
(predicted aqueous solubility) > �5.7, QPPCaco (predicted
apparent Caco-2 cell permeability in nm/s) > 22 nm/s, #
Primary Metabolites < 7 where compounds with fewer (and
preferably no) violations of these rules are more likely to be
orally available agents. When the numerical values of these
parameters are very close to each other, as can be seen from
Table 7, it can be concluded that the results obtained show
the potential future use of these three molecules as drugs,
and will not cause a problem according to ADME analyses.

4. Conclusion

Currently countries worldwide are taking precautions against
the COVID19 epidemic, and active molecule research and

vaccination studies against the SARS-CoV-2 virus are of great
importance. Most research has focused on COVID19.
Favipiravir is one of the drugs used in the treatment of the
virus. In this study, a target molecule investigation is com-
pleted against RNA polymerase of different virus types and
RNA polymerase proteins of the SARS-CoV-2 virus. The drug
candidates are identified as analogues of favipiravir from
PubChem. All analyzes are performed in silico, and the target
proteins selected from the protein data bank are 5FDD, 5I13,
5W44, 6CFP, 6E6V, 6FS8, 6QWL, 6QX3, 6QX8, 6NUR and
6NUS. The last four of the selected proteins belong to the
SARS-CoV virus. As a result of docking analysis, drug candi-
dates which may be more effective than favipiravir are iden-
tified. The PubChem IDs of these drug candidates are CID
294642 and CID 76973015. The ADME of related compounds
of the two drug candidates and favipiravir are performed.
Additionally, MM-PSBA calculations are performed and it is

Figure 7. Change of Gibbs free energy values of protein and inhibitors in every five ns intervals.

Table 6. Representation of DG of the binding free energy (kcal/mol) and standard deviation values of proteins and inhibitors.

Second 6NUR-CID 294642 6NUR-CID 76973015 6NUS-CID 294642 6NUS-CID 76973015 6NUS- Favipiravir

5 369.9 ±510.8 �89.5 ±1586.5 �249.8 ±214.7 392.1 ±399.8 �174.6 ±174.9
10 �92.0 ±377.5 �776.8 ±409.7 �65.0 ±181.3 �349.4 ±252.6 166.8 ±466.1
15 291.7 ±321.2 �457.2 ±332.1 166.7 ±314.5 �208.4 ±149.2 88.4 ±215.5
20 101.6 ±183.7 �45.8 ±314.5 402.2 ±301.7 373.7 ±234.3 �417.0 ±266.9
25 �288.4 ±255.4 �379.5 ±418.3 150.4 ±138.0 �179.4 ±349.9 �583.2 ±270.1
30 105.3 ±274.7 �886.7 ±204.1 296.1 ±191.6 �34.4 ±204.4 �253.4 ±263.7
35 �153.7 ±289.1 232.9 ±580.1 �356.1 ±428.6 �839.2 ±189.6 �463.4 ±209.8
40 �644.5 ±334.6 �307.9 ±303.5 �190.7 ±224.5 53.6 ±355.1 301.7 ±356.5
45 221.2 ±262.8 326.1 ±363.7 �736.9 ±319.2 215.9 ±279.9 �735.2 ±220.4
50 �1015.9 ±404.0 �502.1 ±369.3 �696.1 ±178.9 �609.2 ±314.5 �594.7 ±200.4
55 1226.8 ±585.2 949.4 ±468.8 �974.3 ±244.3 �300.5 ±225.9 �481.9 ±218.8
60 174.1 ±335.3 238.7 ±275.0 �834.9 ±480.5 362.1 ±241.0 674.2 ±343.9
65 377.0 ±186.5 �366.5 ±357.5 �112.0 ±531.3 �587.2 ±425.0 �399.1 ±443.1
70 585.1 ±275.5 485.8 ±269.8 �578.3 ±330.2 �77.2 ±234.2 82.6 ±317.6
75 17.5 ±501.3 365.9 ±369.3 �230.1 ±152.3 �16.9 ±264.7 48.5 ±209.9
80 �862.8 ±349.6 �1107.2 ±392.5 249.1 ±327.5 115.2 ±278.9 457.3 ±234.6
85 �113.7 ±487.8 241.0 ±441.6 880.7 ±481.2 793.9 ±272.6 1018.6 ±307.1
90 �532.9 ±331.9 �540.7 ±332.5 273.7 ±265.9 124.7 ±208.2 231.4 ±188.3
95 �707.4 ±231.0 211.3 ±268.7 941.9 ±202.8 551.7 ±316.8 284.0 ±130.5
100 �266.2 ±265.3 �452.3 ±277.5 �74.4 ±318.7 �176.1 ±307.3 �46.3 ±260.7
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found that CID 294642 exhibits superior activity. As a result,
CID 294642 can be a good candidate as an antiviral drug
against SARS-CoV-2. Accordingly, in vitro and in vivo research
is certainly recommended.
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