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 Abstract: The novel severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is 
responsible for causing the lethal infectious disease known as COVID-19. The RNA-
dependent RNA polymerase (RdRp) is a pivotal component that facilitates the translation 
of viral RNA into viral proteins. Therefore, our study aimed to synthesize new inhibitors 
from favipiravir (FVP) analogs by modifying the hydrophobicity through a nucleophilic 
aromatic substitution at the C-6 position of the pyrazine ring with alkoxy groups under 
acidic conditions. Moreover, the synthesized FVP analogs were investigated for their 
antiviral potency against SARS-CoV-2 RdRp through in silico studies. Five FVP analogs 
(3–7), including four known (3, 4, 5, 7) and one new (6), were successfully synthesized 
with yields ranging from 2.3 to 32.7%. All favipiravir analogs could be drug-likeness with 
inactive hepatotoxicity and carcinogenicity. The docking study showed that compound 5 
exhibited a strong binding affinity with a binding score of −7.00 kcal/mol by interacting 
with the catalytic site residues of Asp618 and Asp760 of SARS-CoV-2 RdRp. Furthermore, 
the molecular dynamics simulation revealed that the compound 5 was stable, as indicated 
by RMSD, Rg, solute H-bonds, RMSF, and binding energy calculations. Thus, these results 
suggest that the FVP-RTP analog (5) may have antiviral potency by targeting SARS-CoV-
2 RdRp. 

Keywords: favipiravir; COVID-19; SARS-CoV-2 RdRp; molecular docking; molecular 
dynamics simulation 

 
■ INTRODUCTION 

Coronavirus disease 2019, commonly known as 
COVID-19, is a severe infectious disease caused by the 
novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). First identified in Hubei Province, 
Central Eastern China, in December 2019, the disease has 
since spread globally, leading to widespread panic and 
accelerating efforts to combat it [1-2]. Although 
vaccination rates have been high, vulnerable individuals 
are still at risk of severe health consequences. Antiviral 
and immunomodulatory drugs are crucial for treating 
vulnerable patients. SARS-CoV-2 belongs to the family 
Coronaviridae, specifically to the genus Beta-coronavirus, 
and has a positive-sense RNA genome that ranges in 
length from 29.8 to 29.9 kB [3-4]. SARS-CoV-2 depends 
on its RNA-dependent RNA polymerase (RdRp) to 

replicate its genetic material. This enzyme is also critical 
for transcribing viral RNA into viral proteins [5-6]. 
Moreover, remdesivir and favipiravir are two nucleoside 
analogs that have been shown to inhibit viral replication 
by incorporating into the growing viral RNA chain and 
causing chain termination [7-8]. 

In a previous study, favipiravir (FVP) was reported 
to have broad antiviral activity at higher concentrations 
against many other RNA viruses [9-11]. Recent studies 
have shown that SARS-CoV-2 has acquired phenotypic 
resistance to Remdesivir and PaxlovidTM [12], except 
for favipiravir. In addition, favipiravir is known as a pro-
drug that must be first converted by hypoxanthine-
guanine phosphoribosyltransferase (HGPRT) to FVP-
ribosyl-5'-monophosphate (FVP-RMP) and then 
metabolized to the FVP-ribofuranosyl-5'-triphosphate 
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(FVP-RTP) by cellular kinases [12-13] to inhibit the 
enzyme. Although this inhibitor has relatively low antiviral 
activity, a large oral dose is necessary for clinical use [14]. 
Moreover, FVP is easily modifiable while maintaining its 
unique mode of action because of its relatively simple 
structure. Thus, additional structural modifications of 
favipiravir and pyrazine are necessary [15-16]. Based on 
the in silico studies, Latosińska and Latosińska reported 
that two FVP analogs possessing -CF3 and -CN at the C-6 
position of the pyrazine ring exhibited a strong binding 
affinity for the RNA template, RNA primer, cofactors, and 
RdRp, which suggested that they could serve as effective 
alternatives to favipiravir [15]. In our recent study, we 
aimed to modify lipophilicity by altering the substituents 
at the C-6 position of the pyrazine ring with alkoxy using 
a nucleophilic aromatic substitution (SNAr) and evaluate 
the FVP analogs for their potential use. In silico studies 
were conducted to assess the potential of FVP analogs as 
antiviral agents against COVID-19, with a focus on their 
binding efficiency and stability within the SARS-CoV-2 
RdRp in aqueous conditions. 

■ EXPERIMENTAL SECTION 

Materials 

All chemicals were acquired from commercial 
suppliers and used without further purification. All the 
solvents were sourced from non-commercial sources and 
were subsequently purified for further use. Silica gel for 
column chromatography (0.063–0.200 mm) was 
purchased from Merck Company. Thin-layer 
chromatography (TLC) was conducted on Merck TLC 
plates (0.23 mm thickness) and visualized by UV light. 

Instrumentation 

NMR measurements were performed using Agilent 
Varian DD2 500 MHz spectrometers (Agilent, USA). 
Mass spectra (MS) were taken on high-resolution mass 
spectrometry (HRMS) Waters LCT Premier XE ESI-TOF-
MS (Waters, USA). 

Procedure 

Synthesis of favipiravir analogs (3–7) 
The favipiravir analogs were synthesized using a 

previous method [16]. First, 6-fluoro-3-hydroxy-

pyrazine-2-carboxamide (0.30 g, 1.9 mmol) and alcohol 
(5 mL) were mixed in the carousel tube at room 
temperature. Then, 0.96 mL of HCl in dioxan (4.0 M) 
was added dropwise. The reaction was stirred at room 
temperature for 1–24 h or refluxed for 1–3 h, and then 
continued by stirring for an additional 1 h. The reaction 
was monitored by TLC. After that, water was added 
dropwise until a precipitate formed, or the extract was 
purified using ethyl acetate and then further purified 
using radial/column chromatography. The pure 
products were characterized using 1H-NMR, 13C-NMR, 
and HRMS. All NMR and MS spectra are available in the 
supplementary material. 

In silico studies 
ADME, drug-likeness, and toxicology prediction. 
The SwissADME web-based tool was employed to 
predict the physicochemical and ADME properties of 
compounds 1–7 [17]. Toxicology assessment was 
predicted using the ProTox 3.0 web server 
(https://tox.charite.de/protox3/) [18]. The SMILES for 
these compounds were generated using ChemOffice 
Professional 15.0 and subsequently submitted to 
SwissADME for analysis. 
Molecular docking. Molecular docking was conducted 
using PyRx (version 1.1) virtual screening software 
based on the AutoDock V.4.2.6 [19-20]. The complex 
structures of SARS-CoV-2 with ligand were retrieved 
from the RSCB Protein Databank with PDB ID 7CTT. 
Before docking the candidate ligands, the native ligand 
that crystallized with the RNA was removed from the 
structure, and water was removed using Discovery 
Studio software. The redocking process of the native 
ligand was conducted to validate the docking method 
using AutoDock by docking into the active site of the 
SARS-CoV-2 receptor to obtain the RMSD value ≤ 2.0 Å 
[21]. The grid box center was set to coordinates (x, y, z) 
= (123.680, 124.324, 129.415) with a grid spacing of (x, 
y, z) = (20, 20, 20) Å. The AutoDock calculations were 
carried out in two separate steps: 1) the pre-calculation 
of atomic affinities with AutoGrid, and 2) ligands were 
docked utilizing AutoDock with Lamarckian Genetic 
Algorithm (LGA). The use of Automatic Docking with 
AutoGrid was used to pre-calculate the grids for each 
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atom type in the ligand. The pre-calculated grids were 
used as a template. The tested ligands were docked into 
the active site of the SARS-CoV-2 receptor, using a box 
size and location identical to those of the native ligand. 
Molecular dynamics simulation. Molecular dynamics 
simulations were performed on the selected molecules 
using the YASARA Structure package (version 21.6.17) 
with the AMBER14 force field [22-24]. The simulations 
revealed the structural integrity and conformational 
changes in the protein-ligand docked complex. Prior to 
the simulation, a series of preparations, including 
hydrogenation, optimization, and calibration, were 
performed. The initial energy of the system was 
minimized before the operating temperature was 
maintained at 298 K and 0.997 g/mL (water density) for 
the duration of the MD simulation. The complex was 
placed in a water box with dimensions of 100.0 × 100.0 × 
100.0 Å along the x-, y-, and z-axes, and periodic 
boundary conditions were applied. The Particle-Mesh 
Ewald algorithm, with a cutoff of 8.0 Å, was used to 
calculate the Coulomb forces. The simulation was 
conducted using a time step of 2 × 1.25 fs (normal speed). 
Trajectory data were saved at 100-ps intervals throughout 
the 100-ns simulation. 

■ RESULTS AND DISCUSSION 

Synthesis of Favipiravir Analogs 

Five synthesized FVP analogs (3–7), including four 
known (3, 4, 5, 7) and one new (6), were successfully 
prepared using a previously reported method [16] that 
utilized favipiravir as the starting material, as shown in 
Scheme 1. FVP in this research was obtained from our 
work, which had been reported in a patent with the 
number 2024/01553 in Indonesia, using Selectfluor® as a 
fluorinating agent [25-27]. FVP was reacted with aliphatic 
alcohol, catalyzed by 4.0 M HCl in dioxane, yielding a 
range of 2.3–32.7% as presented in Table 1. Among five 
FVP analogs (3–7), three compounds (3, 6, 7) were easily 
precipitated by adding water to yield 21.7, 32.7, and 3.9%, 
respectively. Nevertheless, the compound 4 was obtained 
using radial chromatography with an eluent gradient of 
100% n-hexane to 60% n-hexane in ethyl acetate, yielding 
2.3% of the compound. Additionally, compound 5 was 

purified using column chromatography with an eluent 
gradient of 100% chloroform to 80% chloroform in 
methanol, yielding 7.5% of the compound. All 
synthesized compounds of this study were obtained with 
modest yield. This result could be caused by the 
formation of a highly protonated favipiravir salt, which 
would decrease its reactivity. Moreover, the use of a dry 
solvent and inert conditions is required in this reaction 
[16]. 

To address the structure elucidation of the new 
compound (6) as presented in Fig. 1, 1H- and 13C NMR 
spectroscopy, as well as MS, were conducted. The 1H-
NMR spectra showed a proton doublet at 1.03 ppm, 
which belonged to two methyl groups close to the 
methine group, with a coupling constant of 6.7 Hz. The 
proton signals of methine and methylene groups 
appeared as multiplets and doublets at 2.11 and 
4.01 ppm, respectively. The proton of hydroxy attached 
to the pyrazine ring showed a singlet at 11.9 ppm. 
However, the proton of the NH2 group appeared as two 
singlet signals at 5.92 and 7.43 ppm, where one proton 
was  downfield  due  to a  hydrogen  bonding  interaction  

 
Scheme 1. Synthesis of favipiravir analogs (3–7) 

Table 1. The result of the synthesis of favipiravir analogs 
(3–7) 

Compounds OR Condition 
(temp, time) 

%Yield 

3 –OCH3 rt, 21 h 21.7% 
4 –OCH2CH3 rt, 21 h 2.3% 
5 –OCH(CH3)2 60 °C, 4 h 7.5% 
6 –OCH2CH(CH3)2 60 °C, 6 h 32.7% 
7 –OCH2CH2OCH3 rt, 21 h 3.9% 

 
Fig 1. Structure of compound 6 
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with the hydroxy group [28]. Moreover, the proton signal 
of the CH-sp2 group belonging to the pyrazine ring 
showed a singlet at 8.13 ppm, which confirmed that the 
fluorine atom had been replaced with an alkoxy group to 
form favipiravir analogs. In addition, the HMBC 
experiment showed a correlation between the proton of 
the CH2 group at 4.01 ppm and the oxygenated carbon of 
the C-6 position at 153.6 ppm, as presented in Table 2, 
indicating that the alkoxy group was attached to the 
carbon at the C-6 position. Besides, the result of high-
resolution mass spectrometry for compound 6 was found 
to be 212.1027 m/z for C9H14N3O3

+ (calc. for C9H14N3O3
+: 

212.1030 m/z). Furthermore, the results of ¹H- and ¹³C-
NMR spectroscopy for compounds 3–5 and 7 are 
summarized in Tables 3 and 4. Additionally, all the known 
compounds (3–5, 7) have been reported by Song et al. [16]. 

In Silico Studies 

ADME predictions 
In silico ADME refers to the use of computational 

methods and models to predict the pharmacokinetic 
properties of drug candidates during the early stages of 
drug discovery. Understanding the ADME characteristics 
of a compound is crucial for identifying potential drug 
candidates with favorable bioavailability, distribution, 

metabolism, and elimination properties. In silico ADME 
predictions serve as complementary tools to 
experimental assays, aiding in the prioritization of 
compounds for further development [29-31]. In this 
study, ADME predictions were evaluated based on five 
criteria for drug-likeness, including molecular weight 
(MW), log P, solubility, bioavailability, topological polar 
surface area (TPSA), and gastrointestinal absorption 
(GI). Moreover, toxicology profiles were predicted, 
namely hepatotoxicity and carcinogenicity. 

Table 2. The result of 1H-, 13C-NMR, and HMBC 
correlation of compound 6 

No. C δC
* δH (m, J (Hz))* HMBC (H→C) 

2 139.7 - - 
3 157.5 - - 
5 119.4 8.13 (s, 1H) C-3 
6 153.6 - - 
1' 73.1 4.01 (d, 2H, J = 6.6) C-6, C-3', C-4' 
2' 27.8 2.11 (m, 1H) C-1', C-3', C-4' 
3' 19.1 1.03 (d, 6H, J = 6.7) C-1', C-2', C-4 
4' 19.1 1.03 (d, 6H, J = 6.7) C-1', C-2', C-3' 

−CONH2 170.0 
5.92 (s, 1H) 
7.43 (s, 1H) 

- 

−OH - 11.90 (s, 1H) - 
* 1H- and 13C-NMR spectroscopy at 500 and 125 MHz in CDCl3 

Table 3. The summary of 1H- and 13C-NMR of compounds 3 and 4 

 
Compound 3* Compound 4* 

No. C δC δH (m, J (Hz)) No. C δC δH (m, J (Hz)) 
2 138.4 - 2 138.5 - 
3 157.7 - 3 157.5 - 
5 120.9 8.16 (s, 1H) 5 120.9 8.13 (s, 1H) 
6 153.8 - 6 153.5 - 
1' 54.6 3.93 (s, 3H) 1' 62.9 4.38 (q, 2H, J = 7.05) 

−CONH2 170.4 8.37 (s, 1H) 
8.54 (s, 1H) 

2' 14.8 1.31 (t, 3H, J = 7.05) 

−OH - 12.78 (s, 1H) −CONH2 170.5 8.35 (s, 1H) 
8.52 (s, 1H) 

   −OH - 12.78 (s, 1H) 
* 1H- and 13C-NMR spectroscopy at 500 and 125 MHz in CDCl3 
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Table 4. The summary of 1H- and 13C-NMR of compounds 5 and 7 

 
Compound 5* Compound 7* 

No. C δC δH (m, J (Hz)) No. C δC δH (m, J (Hz)) 
2 138.7 - 2 143.3 - 
3 157.6 - 3 162.4 - 
5 121.1 8.05 (s, 1H) 5 125.6 8.17 (s, 1H) 
6 152.7 - 6 158.1 - 
1' 22.2 5.36 (m, 1H) 1' 70.9 3.65 (t, 2H, J = 4.45) 
2' 70.2 1.27 (d, 6H, J = 6.10) 2' 75.3 4.48 (t, 2H, J = 4.45) 
3' 69.3 1.27 (d, 6H, J = 6.10) 3' 63.3 3.32 (s, 3H) 

−CONH2 170.4 
8.29 (s, 1H) 
8.58 (s, 1H) 

−CONH2 175.2 
8.36 (s, 1H) 
8.58 (s, 1H) 

−OH - 12.78 (s, 1H) −OH - 12.79 (s, 1H) 
* 1H- and 13C-NMR spectroscopy at 500 and 125 MHz in CDCl3 

Table 5. The physicochemical properties of the favipiravir analogs 

 
OR MW Log P Solubility Bioavailability 

TPSA 
(A2) 

GI Drug-likeness Hepatotoxicity Carcinogenicity 

F (FVP) 157.10 −0.16 Soluble 0.55 89.10 High Yes Inactive Inactive 
H 139.11 −0.60 Soluble 0.55 89.10 High Yes Inactive Inactive 
–OCH3 169.14 −0.37 Soluble 0.55 98.33 High Yes Inactive Inactive 
–OCH2CH3 189.16 −0.04 Soluble 0.55 98.33 High Yes Inactive Inactive 
–OCH(CH3)2 197.19 0.23 Soluble 0.55 98.33 High Yes Inactive Inactive 
–OCH2CH(CH3)2 211.22 0.59 Soluble 0.55 98.33 High Yes Inactive Inactive 
–OCH2CH2OCH3 213.19 −0.35 Soluble 0.55 107.56 High Yes Inactive Inactive 

 
As presented in Table 5, the MW of the FVP analogs 

(3–7) was all below 500 g/mol. SwissADME prediction 
indicated that the FVP analogs (3–7) showed a log P value 
ranging from −0.37 to 0.59, suggesting high water 
solubility for all FVP analogs. The methoxy and ethoxy 
analogs, such as FVP, showed low and negative 
lipophilicity. Meanwhile, the isopropoxy (5), isobutoxy 
(6), and 2-ethoxyethoxy (7) analogs exhibited positive 
lipophilicity, with isobutoxy (6) showing the highest and 
most positive lipophilicity. The substitution of F with 
isopropoxy enhanced the lipophilicity of the FVP analogs, 

demonstrating the potential for altering lipophilicity to 
target hydrophobic sites. 

Furthermore, the FVP analogs demonstrated high 
GI and bioavailability values with a probability of 55%. 
The TPSA, which characterizes passive molecular 
transport across cell membranes, was 98.33, except for 
compound 7, which displayed a significantly higher 
TPSA of 107.56; however, it did not exceed 140. As a 
result, there were no violations of the drug-likeness rules 
indicative of lead-likeness. In addition, toxicology 
prediction indicated that favipiravir (1) and its analogs 
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(2–7) were classified as inactive hepatotoxicity and 
carcinogenicity. 

Molecular docking 
Molecular docking was conducted for the 

triphosphorylated forms of the favipiravir analogs (FVP-
RTP) by targeting SARS-CoV-2 RdRp (RNA-dependent 
RNA polymerase). All FVP-RTP analogs were docked 
together into the active site of SARS-CoV-2 RdRp using 
PyRx virtual screening (AutoDock v4.2.6). In this study, a 
more negative binding score indicates high binding 
affinity, while a more positive binding score indicates low 
binding affinity. According to Table 6, FVP-RTP (1) 
showed the highest binding affinity and inhibition 
constants (Ki) with values of −8.88 kcal/mol and 0.31 μM, 
respectively. Among all FVP-RTP analogs, compound 5 
exhibited the highest binding affinity and Ki values of 
−7.00 kcal/mol and 7.34 μM, respectively, compared with 
the others. This indicated that binding affinity was 
associated with the inhibition constant. Compounds 3 
and 4, which possess methoxy and ethoxy groups, showed 
a lower binding affinity compared with compound 2. 
Moreover, the introduction of isobutoxy (6) and 2-
methoxyethoxy (7) groups enhanced the binding score, 
with values of −5.83 and −5.65 kcal/mol, respectively, 
compared with compound 5. This result suggested that 
compound 5, possessing isopropyl, could be the best 
hydrophobic property to enhance binding affinity in the 
active site of SARS-CoV-2 RdRp. Moreover, compounds 
with a minimum binding energy of ≤ −6 kcal/mol were 
classified as active or hit molecules, in line with previous 
reports [32-33]. 

To address the binding interaction of FVP-RTP (1) 
and FVP-RTP analog (5), a 2D interaction of ligand-
protein was prepared using BIOVIA Discovery Studio 
Visualizer. The redocking procedure produced a root-
mean-square deviation (RMSD) of 1.75 Å compared to 
the native ligand’s position in the co-crystallized FVP-
RTP structure (Fig. 2). As shown in Fig. 3(a), the complex 
of FVP-RTP (1) with SARS-CoV-2 RdRp exhibited eight 
hydrogen bonding interactions with four amino acid 
residues (Cys622, Asp623, Ser682, and Asn691) and RNA 
(C10T). The ionic interaction showed significantly with 

residues Arg553, Arg555, Lys621, and Lys798. 
Moreover, the Van der Waals interaction had three 
interactions with RNA (U11T and A20Q), as well as 
Asp760. This result demonstrated that hydrogen 
bonding and ionic interactions could be the key 
interactions for stabilizing the complex of FPV-RTP 
with SARS-CoV-2 RdRp in the active site [15]. 

Furthermore, 2D interaction of the complex of 
FPV-RTP analog (5) with SARS-CoV-2 RdRp (Fig. 3(b)) 
displayed twelve hydrogen bonding interactions with six 
amino acid residues (Lys545, Arg553, Arg555, Lys621, 
Cys622, Lys798) and RNA (A20Q). Additionally, π-ionic  

Table 6. The binding energy and inhibition constant of 
FVP-RTP analogs 

N

NRO

O

NH2

O

O

HO OH

OP

O

OH

OPOPHO

O

OH

O

OH
 

OR Binding score (kcal/mol) Ki (μM) 
F (FVP)* −8.88 0.31 
H −6.37 21.42 
–CH3 −5.82 54.42 
–CH2CH3 −5.57 82.83 
–CH(CH3)2 −7.00 7.34 
–CH2CH(CH3)2 −5.83 53.03 
–CH2CH2OCH3 −5.02 210.27 

*Redocking 

 
Fig 2. Superimpose co-crystallized FVP-RTP (grey) and 
redocking FVP-RTP (green) 
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Fig 3. Two-dimensional ligand–protein interaction profiles and superimposition of (a) favipiravir (1) and (b) its 
analogs (5) in (c) complex with SARS-CoV-2 RdRp (7CCT) 
 
and π-π interactions were observed with Arg555 and RNA 
(A20Q). Notably, this compound also interacts with the 
catalytic site residues Asp618 and Asp760 [34]. This 
finding suggests that the presence of a hydrogen bonding 
interaction in the complex of FVP-RTP analogs with 
SARS-CoV-2 RdRp may be a crucial interaction for 
stabilizing the complex form (Fig. 3(c)) [33,35-36]. 

Molecular dynamics simulation 
Molecular dynamics simulation is a computationally 

appealing approach for evaluating the stability of protein-
ligand complexes over time, considering a range of 
parameters [37]. In this study, four parameters were used 
to investigate the stability of protein-ligand complexes, 
such as RMSD, radius of gyration (Rg), binding energy, 
the number of solute H-bonds, and root-mean-square-
fluctuation (RMSF). As shown in Fig. 4(a), the RMSD 
values of both complexes of the FVP-RTP analog (5) with 

7CCT and FVP with SARS-CoV-2 RdRp showed slight 
fluctuations, and the average for both complexes was 
approximately 2.24 and 1.94 Å, respectively. 
Furthermore, the measurements of the Rg and the 
number of hydrogen bonds for both complexes showed 
no significant difference, as depicted in Fig. 4(c) and 
4(d). Therefore, these results indicate that both complexes 
were stable [33,36]. As shown in Fig. 4(b), the binding 
energy of the FVP-RTP complex with SARS-CoV-2 
RdRp remained consistent around −1349.29 kJ/mol. 
Moreover, the average binding energy of the FVP-RTP 
analog (5) complex with SARS-CoV-2 RdRp 
(−1744.75 kcal/mol) was lower compared with FVP-RTP. 
However, the ligand-protein interactions were not as 
stable as those of FVP-RTP. The RMSF analysis provides 
insights into the flexibility of amino acid residues during 
the molecular dynamics simulation. As shown in Fig. 4(e),  
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Fig 4. Time evolution of (a) RMSD, (b) binding energy, (c) Rg, (d) #solute H-bonds, and (e) RMSF of FVP-RTP analog 
(5) in complex with the SARS-CoV-2 RdRp (7CCT) 
 
FVP-RTP analog (5) and FVP-RTP exhibited generally 
similar fluctuation patterns across the entire protein, 
particularly in the binding site residues (545–798). These 
results suggested that the FVP-RTP analog (5) could be a 
potential inhibitor of SARS-CoV-2 RdRp and warrant 
further investigation through in vitro and in vivo studies to 
confirm its efficacy. 

■ CONCLUSION 

To summarize, five FVP analogs (3-7), including four 
known (3, 4, 5, 7) and one new (6), were synthesized via 
nucleophilic aromatic substitution in acidic conditions, 

yielding 2.3–32.7% of the target compounds. Moreover, 
seven compounds (1–7) including favipiravir (1), 3-
hydroxy-pyrazine-2-carboxamide (2), and favipiravir 
analogs (3–7) were investigated their inhibitory potency 
against SARS-CoV-2 RdRp using in silico studies, such 
as drug-likeness MW, log P, solubility, bioavailability, 
TPSA, and GI, toxicology assessment (hepatotoxicity 
and carcinogenicity), molecular docking, and molecular 
dynamics simulation. All compounds obey Lipinski’s 
rule, exhibit inactive hepatotoxicity, and are inactive in 
terms of carcinogenicity. Molecular docking indicated 
that compound 5 showed a high binding affinity, with a 
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binding score and Ki value of −7.0 kcal/mol and 7.34 μM, 
respectively. Compound 5 exhibited twelve H-bond 
interactions with six amino acid residues and one RNA, 
specifically Lys545, Arg553, Arg555, Lys621, Cys622, and 
Lys798, as well as RNA (A20Q). Molecular dynamics 
simulation suggested that compound 5 was stable in 
complex with SARS-CoV-2 RdRp based on root-mean-
square deviation, binding energy, radius of gyration, 
number of solute H-bonds, and RMSF during simulation. 
Thus, compound 5 may be a potent antiviral drug against 
SARS-CoV-2 RdRp. Further in vitro and in vivo assays are 
required to validate this hypothesis. 
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