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Backgrounds: The goal of this study was to employ molecular docking and dynamics to
investigate the interactions of twelve maleimide and succinimide derivatives (SD1-SD12)
with the SARS-CoV-2 main protease (Mpro) (PDB ID:6LU7).

Materials & Methods: Molecular docking and molecular dynamics simulations were
performed to study the interaction of twelve derivatives (SD1-SD12) of maleimide and
succinimide with the SARS-CoV-2 main protease (Mpro) (PDB ID:6LU7). Four compounds
(SD1, SD4, SD8, and SD12) were selected for further molecular docking analysis based on
their binding energies (-7, -7.3, -7.3, and -7.2 kcal /mol, respectively), which were lower than
the other compounds and close to the control crystal (-8.5 kcal/mol). Molecular docking was
used to find the binding energy of non-bonding interactions between ligand and receptor in
connection to the SARS-CoV-2 main protease (PDB code: 6LU7).

Findings: Molecular docking results showed binding energies ranging from -7.3 to -6.5
kcal/mol for the 2,5-pyrrolidinedione analog, the co-crystallized control ligand exhibited
a binding energy of -8.5 kcal/mol. SD1 exhibited the best binding mode and drug-like
properties to inhibit the SARS-CoV-2 main protease compared to the other ligands. Among
the demonstrated interactions with the protein, RMSD (root mean square deviation) values
decreased due to the improved and more stable states.

Conclusion: Overall, the current study proposed a strategy to combat COVID-19 using
pharmaceuticals as prospective agents, which might also serve as a starting point for drug
discovery. Additional studies on the target compounds are expected to yield substantial
advances in the fight against COVID-19.

Keywords: Cyclic imides, Succinimide derivatives, Maleimide derivatives, Molecular docking,
SARS-CoV-2 main protease (Mpro)
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Introduction

The novel contagious SARS-CoV-2 (severe
acute respiratory syndrome coronavirus
2) virus is the causative agent of COVID-19
(coronavirus disease 2019) [ 2. Aerosol
and surface transmission of the novel SARS-
CoV-2 virus is the cause of the COVID-19
pandemic. The primary protease of SARS-
CoV-2 is an attractive enzyme that has been
identified as a promising drug target in
preliminary research. It has the ability to
preferentially recognize and cleave peptide
substrates containing glutamine at the P1
position. The viral protease, Mpro, is a key
enzyme in this virus, which is responsible
for viral replication and transcription using
viral RNA by cleaving the replicase polypro-
teins ppla and pplab. SARS-CoV-2 Mpro
is a 306-residue long protease that plays a
significant role in the virus maturation pro-
cess and has gained considerable attention
as a drug target for antiviral therapies [ *.
The main protease, also known as chymo-
trypsin-like cysteine protease, is involved
in the processing and maturation of viral
polypeptides by recognizing and hydrolyz-
ing amide bonds of the respective precursor
polyproteins at Leu-GIn sites > I, 2,5-dike-
to-1,2,5,6-tetrahydropyridinone is a poten-
tially efficient Gram-negative bacterial an-
tibacterial group of compounds that have
been developed as conjugated ligands inter-
acting with the main protease enzyme. The
inhibitors that have shown efficacy against
the principal proteases of analogous coro-
naviruses have been repurposed to assess
their potential as effective therapeutics for
COVID-19, due to the significant homology
of the SARS-CoV-2 Mpro active site to that of
the SARS-CoV main protease, which was im-
plicated in the 2003 SARS outbreak 8. This
implies that compounds that have previous-
ly undergone various stages of selection, op-
timization, and pharmacodynamic profiling
against SARS also need to be rallied against
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SARS-CoV-2. Cyclic imides have gained pop-
ularity in medicinal chemistry due to their
wide range of physiological activities, in-
cluding antiviral activity, particularly against
COVID-19 I, Maleimides, on the other hand,
are found in a wide range of drugs and pro-
drugs, and their ability to combat corona-
viruses has been widely studied ™. Cyclic
imides are a type of molecule that contains
many well-known drugs. They are organic
chemical compounds with two acyl groups
(2RCO) attached to a nitrogen atom with a
general chemical formula (R-CO-NR-CO-R),
which have recently attracted much atten-
tion in medical research for therapeutic ap-
plications 'Y, Succinimides (2,5-pyrrolidine-
dione) are heterocyclic compounds with nu-
merous biochemical applications. They have
antiviral, anti-inflammatory, antimicrobial,
antitumor, and receptor ligand and enzyme
inhibitory properties. For potential targets,
a large number of succinimide derivatives
have been developed 214, Therefore, the
prospect of synthesizing new succinimide
compounds is highly alluring [*>'7. One way
to make modified succinimide derivatives is
to add nucleophiles to the maleimide dou-
ble bond through the Michael reaction 1820,
Vinyl sulfones, vinyl ketones, acrylamides,
acrylonitrile, and vinyl phosphonates are
all Michael donors. Aliphatic or aromatic
amines, amides, carbamates, or azides are
the Michael acceptors with which they react
(21,221 Maleimide derivatives are often used
in bioconjugation processes because they
combine very well with thiols. Maleimides
could also stand up to aza-, phospha-, and
oxa-Michael reactions, which are not well
known 231, Because of these features, succin-
imide could be used to make products that
could be useful in biology and medicine 4.
The potential for developing compounds
with a wide range of biological applications
is increased by utilizing succinimide and ma-
leimide in future derivative propositions, as
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demonstrated by previous structure activity
studies [2>27],

Objectives: This study aimed to employ mo-
lecular docking and dynamics simulations
to investigate the interactions of twelve ma-
leimide and succinimide derivatives (SD1-
SD12) with the SARS-CoV-2 main protease
(Mpro) (PDB ID:6LU7).

Materials and Methods

Molecular docking and dynamics studies
of the 2,5-pyrrolidinedione analogue were
performed using the SARS-CoV-2 main pro-
tease as the target protein. Docking simula-
tions with the main protease of SARS-CoV-2
were carried out to evaluate the binding af-
finity and preferred binding sites inside the
protein. The molecular docking approach
was used to screen the 2,5-pyrrolidinedi-
one analogue drug as a potential inhibitor of
the SARS-CoV-2 main protease ?® 2], Ligand
screening was carried out, and molecular
interactions were analyzed to recognize po-
tential active molecules. Furthermore, MM/
PBSA and QM/MM calculations were incor-
porated to provide a more accurate estimate
of the binding free energies. In addition, var-
ious pharmacokinetic and pharmacodynam-
ic parameters as well as different drug-like
properties of the molecules were analyzed
30.311using ADMET (absorption, distribution,
metabolism, excretion, toxicity) predictions
by employing SwissADME and pkCSM tools.
Molecular docking analysis: The com-
pounds SD1-SD12 were published by Al-
bakhit and colleagues (2023) BZ. These
compounds were used for molecular dock-
ing and molecular dynamics simulations to
estimate docking scores and choose target
compounds with the SARS-CoV-2 main pro-
tease (Mpro) (PDB ID:6LU7). To perform
molecular docking simulations, AutoDock
Vina software was used with an exhaustive-
ness of 8, a grid box centered on the active
site (coordinates: x= -10.7, y= 12.4, z= 68.8;
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size: 20x20x20 A), and default scoring func-
tion settings. For molecular dynamics (MD)
simulations, details were added, specifying
the use of the AMBER ff14SB force field,
a simulation temperature of 310 K, and a
pressure of 1 atmosphere maintained via
the Berendsen barostat. The 100 ns simu-
lation duration has already been noted. In-
duced-fit docking was employed to enhance
binding pose accuracy by allowing flexibility
in the receptor active site residues (His41,
Cys145, etc.) with a maximum of 10,000 it-
erations using AutoDockFR as a protein-li-
gand docking program. These descriptions
provide a comprehensive understanding of
our methodology. The binding energy of the
co-crystallized ligand with Mpro was exper-
imentally determined to be -5.2 kcal/mol. In
analogy, the 2,5-pyrrolidinedione ligand was
prepared and saved in the mol2 file format.
Then the mol2 file was uploaded for molec-
ular docking studies. Initially, the co-crys-
tallized ligand and the water molecule were
removed. The PDB file format was convert-
ed into a pdbqt file format to perform mo-
lecular docking analysis and compute the
binding energy of the docking results. The
docking results were analyzed and visual-
ized using virtual screening as a computa-
tional technique. The software performed
molecular visualization and visual examina-
tion of ligand binding. The binding energies
computed were typically in the low kcal /mol
range. The consensus interaction points of
the 2,5-pyrrolidinedione in the pocket of the
original ligand binding site were found to be
with His51, Phe140, Leul41, and Met165.
The 2,5-pyrrolidinedione showed bond-
ing distances between 1-3 A from His51,
Phe140, Leul41, and Met165 in the binding
pocket. The final 3D (three-dimensional)
complex file obtained was from molecular
dynamics simulation. Hence, 2,5-pyrroli-
dinedione might be promising to inhibit the
pandemic 133,
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Findings

Based on the kinetic assay and induced-fit
docking data, two derivatives (SD1 and SD8)
had the highest expression levels, inhibition
rates, and binding affinity with the main
protease.

Molecular dynamics simulation results
showed that hydrogen bond (H-bond), mt-al-
kyl, alkyl, m-sigma pair, and pi-bridge hy-
drogen interaction were the main forces be-
tween the main protease and one of the de-
rivatives (SD1) in terms of the stability and
compactness of the compound.

Binding energies of -7.3 to -6.5 kcal/mol
were derived from initial molecular docking
simulations for the 2,5-pyrrolidinedione an-
alogue, which are indeed within the range
of binding energies reported for the SARS-
CoV-2 main protease (Mpro) inhibitors B34,
although slightly higher than some typical
values 35,

For comparison, the co-crystallized control
ligand (molnupiravir) in this study exhibit-
ed a binding energy of -8.5 kcal/mol, which
aligns with values reported for known inhib-
itors like N3 (-8.5 to -9.0 kcal/mol) B,

To address this concern, a comparative
analysis was performed, validating the re-
sults against established inhibitors such as
ritonavir and remdesivir, which typically
show binding energies in the range of -7.0
to -8.5 kcal/mol 3¢l, Furthermore, MM /PBSA
calculations were incorporated to provide a
more accurate estimate of the binding free
energies.

The MM/PBSA-derived binding free ener-
gies were -7.2 (SD1), -7.5 (SD4), -7.3 (SD8),
and -6.8 (SD12) kcal/mol. This additional
assessment strengthens the validity of the
docking results. Simulation results revealed
binding to the catalytic sites as well as inside
the hydrophobic pocket of the protease en-
zyme and showed favorable activity among
the studied molecules. Also, an enantio-
meric binding to the active site of the main
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protease and a similar preferential binding
orientation were observed. ADMET (absorp-
tion, distribution, metabolism, excretion,
toxicity) predictions for SD1, SD4, SD8, and
SD12 included high gastrointestinal absorp-
tion (Log P ~2.5-3.0), non-penetration of the
blood-brain barrier, and low toxicity (LD50
> 500 mg/kg). Table 1 shows the chemical
structures of succinimide derivatives (SD1-
SD12) and their estimated binding energy
values (kcal/mol).

Some of the physicochemical properties cal-
culated for SD1,SD4,SD8,and SD12 and their
preferred binding sites inside the protein
are shown in Table 2. Based on the results
obtained from computational approaches,
the 2,5-pyrrolidinedione derivative (SD1)
was identified as a potential alternative to
block the replication of the SARS-CoV-2 viral
proteinase (Tables 1 and 2). The compound
showed no violations of Lipinski’s rule of
five, such as molecular weight and hydrogen
bond acceptor and donor (Figure 3).

The chemical structure of the most signifi-
cant drug molecule is depicted in Figure 1.
The three-dimensional (3D) structure of this
drug molecule, which was employed for mo-
lecular docking analysis, is represented in
Figure 2. The 3D structure of this drug mol-
ecule was optimized and relaxed using the
ligand preparation option. The RMSD value
was calculated to assess the accuracy of the
compound.

The standard deviation values indicate the
improvement of compound stability and val-
idation of ligand preparation. The pre- and
post-interaction RMSD values of the com-
pound were 0.2702 and 3.7647, respective-
ly, indicating good efficiency of the prepared
molecule.

These values were derived from a RMSD value
standard deviation of 0.35. The interaction of
the prepared compounds with the main prote-
ase crystallographic binding residue was pre-
dicted using a tool (Figures 4 and 5) 171,

Summer 2025, Volume 11, Issue 3
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Table 1) Chemical structures of succinimide derivatives (SD-1SD12) and their estimated binding energy
values (kcal/mol)

Ligand Chemical Structure of Compounds Binding Energy kcal/mol

Control (co-crystal) -8.5

SD1 N N‘<_i:>—CH3 -7
HO H

SD2 -6.7
SD3 -6.6
SD4 -7.3
SD5 -7
SD6 -6.7
SD7 -6.6

Infection Epidemiology and Microbiology Summer 2025, Volume 11, Issue 3
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Ligand Chemical Structure of Compounds Binding Energy kcal/mol
o "o
H;C~
SD8 N@—CI -7.3
HO
H o
SD9 -6.9
SD10 -6.5
SD11 -6.6
SD12 -7.2

The interactions of drug molecules (SD1, SD4, SD8, and SD12) with the main protease are represented in 2D

(two-dimensional) and 3D formats in Figures 1 and 2, respectively.
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Table 2) Ligand, receptor, and interaction results of compounds SD1, SD4, SD8, and SD12 with the SARS-CoV-2
main protease (Mpro) (PDB ID:6LU7), compared with the control

Ligand Receptor Interaction  Distance (A) E (kcal/mol)
N 13 O THR 190 H-donor 2.86 -2.8
N 23 0 GLU 166 H-donor 2.97 -4.4
N 39 OE1 GLN 189 H-donor 2.82 -4.4
C 43 SG CYS 145 H-donor 3.70 -1.4
0 45 OE1 GLN 189 H-donor 3.42 -1.1
-6lu7 N5 60 0 HIS 164 H-donor 2.84 -10.8
control N6 63 OE2 GLU 166 H-donor 2.87 -2.2
C19 67 OD1 ASN 142 H-donor 3.27 -1.3
0 28 N GLU 166 H-acceptor 3.10 -2.5
07 65 NE2 HIS 41 H-acceptor 2.84 -4.1
08 66 NE2 HIS 163 H-acceptor 2.81 -5.7
03 22 SG CYS 145 H-donor 3.32 -2.5
SD1 6-ring CA ASN 142 pi-H 3.78 -0.8
6-ring CA MET 165 pi-H 4.08 -0.9
SD4 04 26 OG SER 144 H-donor 2.79 -0.9
SD8 04 26 OG SER 144 H-donor 2.70 -1.9
SD12 04 26 SG CYS 145 H-donor 3.56 -1.4

In SD1, amino acid Cys145 showed polar
binding with the hydroxyl group of SD1;
amino acids Asn142 and Met165 showed
arene-H binding (Figures 1 and 2).

Table 2 and Figure 3B show that SD1 has an
H-donor (3.32 A distance) and two pi-H in-
teractions (3.78 and 4.08 A distances) com-
pared with the control (Figure 3A). In Figure
4B, RMSD results show a 1.4-1.2 A value for
the SD1 interaction with the protein com-
pared with the control RMSD value of 1.2 A.
In Figure 5B, RMSF results show a similar
analysis of the SD1-protein interaction to
the control. This result demonstrates that li-
gand binding in the protein active region is
stable throughout molecular simulation. In
SD4, amino acid Ser144 showed polar bind-
ing with the hydroxyl group of SD4 (Figures
1 and 2). Table 2 and Figure 3C show that
SD4 has an H-donor interaction 2.79( A dis-
tance) compared with the control (Figure
3A). In Figure 4C, RMSD results show a 1.4-
0.4 A value for the SD4 interaction with the
protein compared with the control RMSD
value of 1.2 A. In Figure 5C, RMSF results
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show a semi-similar analysis of the SD4-pro-
tein interaction to the control. In SD8, amino
acid Ser144 showed polar binding with the
hydroxyl group of SD8 (Figures 1 and 2)
Table 2 and Figure 3D show that SD8 has an
H-donor interaction 2.70( A distance) com-
pared with the control (Figure 3A). In Figure
4D, RMSD results show a 1.2-0.4 A value for
the SD8 interaction with the protein com-
pared with the control RMSD value of 1.2 A.
In Figure 5D, RMSF results show a non-simi-
lar analysis of the SD8-protein interaction to
the control.

In SD12, amino acid Cys145 showed polar
binding with the hydroxyl group of SD12
(Figures 1 and 2). Table 2 and Figure 3E
show that SD12 has an H-donor interac-
tion 3.56( A distance) compared with the
control (Figure 3A). In Figure 4E, RMSD
results show the unclear value of the SD12
interaction with the protein compared
with the control RMSD value of 1.2 A.

In Figure 5E, RMSF results show a
semi-similar analysis of the SD12-protein
interaction to the control.

Summer 2025, Volume 11, Issue 3



277

The hydrogen bond played an important
role in the stabilization of these compounds
during the simulation time. SD1 and SD4
showed RMSF fluctuations similar to the
control (0.5-1.0 A), indicating stable bind-
ing, while SD8 and SD12 exhibited slightly
higher fluctuations (1.0-1.5 A), suggesting
flexibility in non-catalytic regions. This pro-
vides a clearer interpretation of protein-li-
gand dynamics.

Discussion

The rapid spread of COVID-19, a lethal dis-
ease caused by the SARS-CoV-2 virus, is cur-
rently a significant threat to the world’s pop-
ulation. The clinically available medications,
including ritonavir, remdesivir, hydroxychlo-
roquine, and camostat mesylate, have been
reported to have antiviral activities but are
not sufficiently effective. Accordingly, the
focus of scientific research has shifted to
discovering innovative therapeutic agents
and developing new treatment methods
in response to this urgent need for effec-
tive drugs. Hence, it is of great importance
to evaluate therapeutic potential of other
agents including rhinacanthin-A, -I, -0, -V,
and -G from Rhinacanthus nasutus leaf ex-
tracts and 2,5-pyrrolidinedione analogues
that have been synthesized to inhibit the
activity of the main protease of SARS-CoV-2
using molecular docking and dynamics sim-
ulations to understand their impact on the
binding sites 1**.. In the drug development
process, 2,5-pyrrolidinedione heterocyclic
components have demonstrated favorable
results as antagonists of a variety of recep-
tors and enzymes. In this study, molecular
docking and molecular dynamics studies
were used to evaluate a 2,5-pyrrolidinedi-
one analogue as a potentially active com-
pound against SARS-CoV-2 Mpro. A series
of 2,5-pyrrolidinedione derivatives were
designed and synthesized, and a kinetic as-
say of the target compounds and induced-fit
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docking were carried out to study the inhib-
itory activity of all synthesized 2,5-pyrroli-
dinedione derivatives and the effect of their
binding and interaction with the main pro-
tease. The potential inhibitors showed good
binding interactions at the docking pocket
and were reoptimized by molecular dynam-
ics simulations. Simulation results showed
favorable activity among the studied mole-
cules; an enantiomeric binding to the main
protease active site and a similar preferen-
tial binding orientation were observed, sug-
gesting the R-enantiomer of the molecules as
a potential candidate for enzyme inhibition
and necessitating further investigation into
their potential for drug development. More-
over, a comprehensive screening approach
was applied to assess some pharmacoki-
netic and drug-like properties of the mole-
cules with and without well-studied inhibi-
tors of the virus main protease. Key findings
showed that the absorption, distribution,
metabolism, and half-life of the drugs were
within the acceptable ranges 3% and aligned
with Lipinski’s rule of five, enhancing the
drug-likeness of these compounds. Accord-
ing to the results, the 2,5-pyrrolidinedione
analogue (SD1) exhibited the best binding
mode as it had superior drug-like properties
compared to the other ligands based on the
molecular docking studies. SD1 was found
to be more suitable for targeting the cata-
lytic residues of the SARS-CoV-2 main pro-
tease active site. It possessed a high affinity
for blocking active sites by forming hydro-
gen bonds with residues His41 and Gly143.
Furthermore, MM/PBSA calculations used
to provide a more accurate estimate of the
binding free energies showed refined bind-
ing free energies ranging from -6.8 to -7.5
kcal/mol, which are more consistent with
the expected values and enhance the reli-
ability of the findings. The results suggest
that the compound 2,5-pyrrolidinedione
analogue (SD1) could be utilized as a poten-
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tial solution in the design of a series of novel
main protease inhibitors 3¢ 38, This addi-
tional assessment strengthens the validity
of the docking results. The 100 ns molecu-
lar dynamics simulation of SD1-SARS-CoV-2
complex was performed, and RMSD (root
mean square deviation), Rg (radius of gyra-
tion), and the binding free energy were com-
puted to validate the stability and interac-
tion between SD1 and the binding region of
the SARS-CoV-2 main protease. The results
suggest that SD1 is promising for future pre-
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clinical studies. Therefore, in vitro assess-
ment of SARS-CoV-2 suppression is neces-
sary to further confirm SD1 as a potential
primary protease inhibitor for the treatment
of COVID-19 B% %0, Rapid discovery of nov-
el medications or drug repositioning in the
virtual screening process is significantly in-
fluenced by computational approaches. The
computational approach facilitates the iden-
tification of pharmacologically active hits
from thousands or millions of compounds;
the use of other fundamental methods such as
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molecular dynamics, molecular docking,
and QSAR (quantitative structure-activity
relationship); and the development of phar-
macophore to screen drug-like compounds.
Molecular docking is a computational ap-
proach that predicts how small molecular
compounds are contained within and bind
to a protein "1,

Molecular docking plays a major role in drug
design, allowing compounds to target a spe-
cific site while screening a large number of
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potential ligands. Docking technology has
been widely used to identify and charac-
terize the binding mode of ligands to target
proteins before identifying the activity and
association between ligands.

Among the principles and techniques used
in docking technology, induced-fit docking
focuses on improving the accuracy of esti-
mating binding free energy and predicting
binding mode and affinity by sampling bind-
ing effects.
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On the other hand, molecular dynamics sim-
ulations are often used to achieve a realistic
representation of biomolecular systems. Mo-
lecular dynamics provides a large number of
physicochemical interactions between pro-
tein and ligand (such as hydrogen bonds, hy-
drophobic interactions, and solvent accessi-
bility) and helps quantify binding affinities.
Despite their distinct goals, molecular dy-
namics simulations and molecular docking
are useful and unique methods for studying
protein-ligand binding affinity. In addition,
the combination of induced-fit docking and
molecular dynamics analysis results could
provide better virtual screening results than
either method alone *# %I, In terms of sta-
bility, reliability, and computational compli-
cations, both methods have to complement
each other well, and the common industrial
or academic strategy is to use both methods
to test the results 4. The present study suc-
cessfully investigated the potential of using
molecular docking and molecular dynamics
studies to evaluate a 2,5-pyrrolidinedione
analogue as a potentially active compound
against SARS-CoV-2 Mpro. According to the
results, the 2,5-pyrrolidinedione analogue
[SD1: 3-(4-Hydroxybenzylidene)-1-(p-tolyl)
pyrrolidine-2,5-dione] exhibited a high-af-
finity binding capacity to the target recep-
tor and interfered with the activity of SARS-
CoV-2 Mpro. The highest potential relative
binding affinity was obtained from molecu-
lar docking simulations, followed by molec-
ular dynamics simulations of up to 100 ns,
evaluating the best 100 ligand-target recep-
tor poses *°l. Based on molecular dynamics
analysis, trajectories comparison, and total
energy, SD1-Mpro was identified as a stable
complex in which the ligand fit well with-
in the active site and efficiently inhibited
Mpro. The promising results obtained from
these computational approaches make the
2,5-pyrrolidinedione derivative (SD1) as a
potential and attractive alternative subject
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for further biological investigations to block
the replication of the SARS-CoV-2 viral pro-
teinase 6],

This study has the potential to serve as a
guide for future research and may provide
a clue to identifying potential inhibitors of
the SARS-CoV-2 main protease. It offers a se-
quence of 2,5-pyrrolidinedione analogues as
potential scaffolds for anti-COVID-19 ther-
apy. These analogues have the potential to
inhibit the primary protease of SARS-CoV-2,
which could affect the virus’s ability to re-
produce. Additionally, biological studies are
required to investigate the specific mecha-
nism and confirm the efficacy of 2,5-pyrro-
lidinedione analogues as well as to validate
the control potential of new main protease
inhibiting compounds. This will serve as the
next step in the development of potential
COVID-19 drugs.

Conclusion

Molecular simulations such as molecular
dynamics provide essential data for refin-
ing and enhancing the quality of complexes;
however, free energy calculation via molec-
ular simulation is required for a precise un-
derstanding of potential properties as well
as interaction events. SD1-SD12 were test-
ed as an inhibitor of the SARS-CoV-2 major
protease. Among the tested substances, SD1,
SD4, SD8, and SD12 showed lower docking
scores. The 2D and 3D structures, interac-
tion fraction, and RMSD and RMSF data re-
vealed that the compound SD1 is a promis-
ing inhibitor of the SARS-CoV-2 major pro-
tease and deserves further exploration as
a model for the design and development of
novel anti-COVID-19 drugs.

Therefore, molecular docking and dynam-
ics simulation data of the SARS-CoV-2 main
protease with a naproxen derivative were
detailed for future consideration.

For further perspectives, advanced calcula-
tions including MM /PBSA and QM /MM grading

Summer 2025, Volume 11, Issue 3



281

were applied to explain the best conforma-
tion of both ligand and receptor complexes
and their binding free energies.
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