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Abstract

Introduction. Continuous efforts to uncover new antiviral entities targeting HIV RT RNase H stem from the suffering of affected
individuals and the relentless increase in death cases. The present study focused on ten molecules based on the pyrimidine-2,4-
dione scaffold, which were discovered to have potent antiviral activity against HIV RT RNase H and acceptable bioavailability and
pharmacokinetic properties.

Aim. The main goal of this study is to discover and evaluate promising pyrimidine-2,4-dione-derived molecules as potential
inhibitors of HIV.

Materials and methods. A docking protocol was executed to investigate the binding mechanisms of the designed compounds
within RNase H's active site using the AutoDock Vina program. The molecular dynamics simulation analysis for 100 ns was carried
out using Desmond, and the complexes were constructed using the OPLS3-2005 force field. The frontier molecular orbital
energies and related reactivity factors of the best antiviral agents were determined using the DFT-B3LYP/6-31G (d,p) calculations
performed with the Gaussian program.

Results and discussion. Two molecules, Pyr06 and Pyr07, displayed a higher docking score (-10.7 kcal/mol) than the control
compound (MPD: -9.8 kcal/mol) and the other designed compounds (with affinities ranging from -9.6 to -10.4 kcal/mol). On
the other hand, it was noted that these two molecules formed significant hydrogen bonds and hydrophobic contacts with
active site residues. Furthermore, our analysis through MD simulations for 100 ns validated the binding stability and
conformation of molecules Pyr06 and Pyr07 in complexes with the 5J1E receptor. The DFT findings for both molecules, Pyr06
and Pyr07, also confirmed their docking scores and their ability to form stable complexes with RNase H.

Conclusion. The results obtained could be highly beneficial for designing and developing Pyr06 and Pyr07 as potential
therapeutic drugs to combat HIV RT RNase H.

Keywords: pyrimidine-2,4-dione ring, HIV RT RNase H, molecular docking, MD simulation, DFT

Conflict of interest. The authors declare that they have no obvious and potential conflicts of interest related to the publication
of this article.

Contribution of the authors. Yassine El Masaoudy, Hafiz Muzzammel Rehman - conceptualization, data curation, writing-
original draft. Marwa Alagarbeh, Hamid Maghat, Tahar Lakhlifi - methodology, investigation, visualization, supervision.
Mohammed Bouachrine - validation, writing-review and editing.

Acknowledgment. The authors are grateful to the Moroccan Association of Theoretical Chemists (MATC) for its pertinent help
concerning the programs.

For citation: El Masaoudy Y. Rehman H. M., Alagarbeh M., Maghat H., Lakhlifi T., Bouachrine M. Integrated computational
exploration of pyrimidine-2,4-dione derivatives as dual HIV-1 RT/RNase H inhibitor. Drug development & registration. 2026;15(2):43-57.
https://doi.org/10.33380/2305-2066-2026-15-2-2225

© El Masaoudy Y., Rehman H. M., Alagarbeh M., Maghat H., Lakhlifi T., Bouachrine M., 2026
© 2nb Macayau ., Paxmat X. M., Anakap6ex M., Marart X., Jlaxnuéu T., Byaxpun M., 2026

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPEACTB. 2026. T. 15, N2 2
DRUG DEVELOPMENT & REGISTRATION. 2026. V. 15, No. 2 43


https://crossmark.crossref.org/dialog/?doi=10.33380/2305-2066-2026-15-2-2225&domain=pdf&date_stamp=2026-05-08

Mouck u pazpabomka Ho8bIX 1IeKapcmeeHHbIX cpedcme
Research and development of new drug products

NHTerpupoBaHHOE KOMMbIOTEPHOE nccnefoBaHne
NPON3BOAHbIX NUPUMNANH-2,4-ANOHA

B KauecTBe ABONHbIX MHriM6utopoB PHKasbl H
o6paTHoM TpaHcKpunTasbl BUY-1

. Onb Macaygu’, X. M. Paxman?, M. Anakap6ex?, X. Marat', T. Jlaxnuéu', M. Byaxpun'>‘

' labopaTtopra MONEKYNAPHON XUMUM U NPUPOAHbLIX BelecTs, Kapeapa xumun, dbakynbTeT ecTeCTBeHHbIX HayKk, YHuUBepcuTeT
Mynasa Wcmanna, MekHec, MapokKko

2 lllkona 6uoxumunm 1 buotexHonorui, YHueepcutet MNeHgxaba, Jlaxop, MakucraH

3 HayuHo-nccnenoBaTenbCKui LEHTP NPUKNAAHbIX HayK, YaCTHbIV yHUBEPCUTET NPUKIaAHbIX HayK, MlopaaHua

04 KoHTaKTHOE NUL0: ByaxpuH Moxammeg. E-mail: m.bouachrine@umi.ac.ma

ORCID: A. 9nb Macayawm — https://orcid.org/0000-0003-0134-3294;
X. M. PaxmaH - https://orcid.org/0000-0002-5281-3156;
M. Anakap6ex - https://orcid.org/0000-0002-0879-5077;
X. Marar - https://orcid.org/0000-0002-7731-330X;
T. Naxnnéwu - https://orcid.org/0000-0003-4917-475X;
M. ByaxpuH — https://orcid.org/0000-0002-8901-047X.

Cratba noctynuna: 07.11.2025 CraTbA NnpuHATa B nevatb: 17.12.2025 CraTbA ony6nmkoBaHa: 08.05.2026

Peslome

BBepeHue. oCTOAHHbIE yCUIMA MO MOWCKY HOBbLIX MPOTMBOBMPYCHbIX CPefcTB, HaueneHHbix Ha PHKasy H o6patHomn
TpaHckpunTasbl BUY obycnoBneHbl BbICOKOW 3a60/1€Ba@MOCTbIO U HEYKNOHHBIM POCTOM CMepTHOCTU. HacToslee nccnegosaHue
COCPeAOTOYEHO Ha AEeCATM OCHOBAHHbIX Ha NMUPUMUAWH-2,4-ANOHE MONeKynax, KoTopble, Kak 6bl1o ycTaHoBneHo, obnapaloT
MOLLUHOW MPOTUBOBMPYCHOW akTUBHOCTbio npoTnB PHKa3sbl H ob6paTHoi TpaHckpunTtasbl BUY, a Takxe poctatouyHon
610A0CTYMHOCTHIO U PapPMaKOKMHETNYECKUMM CBOMCTBaMM.

Lenb. lMonck n oueHKa NepcneKkTMBHbIX MPOWM3BOAHbIX MONEKYNn MUPUMUANH-2,4-OMOHA B KayecTBe MOTeHUMabHbIX
NHrméutopos BAY.

Martepuanbl n mertopbl. [1na 1M3yyeHNA MEXaHU3MOB CBA3bIBAHWA CNPOEKTUPOBAHHbIX COEAUHEHWNA C aKTMBHbIM LIEHTPOM
PHKa3bl H 6b1n1 ncnonb3oBaH NpOTOKON AOKMHIFa C npuMmeHeHuem nporpammbl AutoDock Vina. MonekynAapHo gmHamuuyeckoe
MOZLENMpoBaHUe NPOAOIKUTENbHOCTbIO 100 HC BbIMONHAMNOCH B mporpamme Desmond, Komnnekcbl 6Gbiivi MOCTPOEHbI Ha
ocHoBe cunosoro nona OPLS3 2005. SHepruv GpOHTaNbHbIX MONEKYNAPHbIX opbuTanen 1 CBA3aHHble C HUMK MOKa3saTenun
peakLuMOHHON CnocobHOCTM Hambonee 3PeKTVMBHBIX aHTUBMPYCHbIX areHTOB OblIM paccuMTaHbl C MOMOLLbI MeTofa
DFT B3LYP/6 31G(d,p), peanusoBaHHoOro B nporpamme Gaussian

PesynbTatbl n o6cyxpaeHue. [1se monekynbl, Pyr06 n Pyr07, npogemoHcTpupoBanu 6onee BbICOKMUIA MOKa3aTesb HOKMHra
(=10,7 KKan/monb) B CpaBHEHUUN C KOHTPONbHbIM coeauHeHuem (MPD: —9,8 kkan/monb) U C APYrMMWU CNPOEKTUPOBaHHbIMU
coeauHeHUAMU (C apPUHHOCTAMU B AranasoHe oT —9,6 fo —10,4 kkan/monb). C Apyroli CTOPOHbI, ObIIO OTMEYEHO, UTO 3TW [iBe
MoJieKyfibl 06pa3yloT 3HauMTeNbHOE KONMYECTBO BOAOPOAHbLIX CBA3eN M rMAPOdOOHbIX KOHTAaKTOB C aMWHOKMCIIOTHbLIMM
OoCTaTKaMM aKTUBHOrO LeHTpa. Kpome TOro, aHanuns, NpoBeAeHHbI C MOMOLLbIO MOMEKYSIAPHO ANHAMMUYECKOro MOAENMPOBaHMA
B TeuyeHue 100 HC, MOATBEPAMN YCTONYMBOCTb CBA3bIBAaHUA W KOHPopmauuio Monekyn Pyr06 n PyrO7 B Komnnekcax c
peuentopom 5J1E. KBaHTOBO xmmuyeckme pacyetbl DFT ana obowx coepmHeHuin, Pyr06 n Pyr07, Takke MoATBEpAMAN UX
BbICOKME NOKa3aTenu AOKMHra U cnocobHoCTb 06pa3oBbiBaTh CTabubHble KommeKcbl ¢ PHKasoi H.

3aknoueHue. MonyyeHHble pe3ynbTaTbl MOTYT OKa3aTbCA KpaliHe Mosie3HbiMy ANA pa3paboTku coeaunHeHwid Pyr06 n Pyr07
B KauecTBe NoTeHLMasbHbIX TepaneBTUYeCcKmX npenapaTtos ana 6opbobl ¢ PHKasom H ob6patHom TpaHcKkpunTasbl BUY.

KnioueBble cnoBa: nupumunanH-2,4-guoHoBoe Konbuo, PHKasza H obpaTHoi TpaHckpunTtasbl BUY, monekynapHbI JOKMHT,
MONeKynApHO-ANHamMmyeckoe mogenupoaHue, DFT

KoH)NMKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX W MOTEHUMANbHbIX KOHGIUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nnKaumen HacToALLen cTaTby.

Bknag aBTopoB. fl. Onb Macaygu, X. M. PaxmaH — koHuentyanusaumsa, o6paboTka AaHHbIX, HanmucaHve UCXOLHOro TeKCTa.
M. Anakap6ex, X. Marart, T. Jlaxnndun - metogonorus, ncciegoBaHue, Busyanusauus, HabniogeHve. M. ByaxpuH - Banugaums,
npoBepKa TeKCTa, pefakTnpoBaHue.

BnaropapHocTb. ABTOpPbl Bblpa)kaloT 6GrarogapHocTb MapOKKaHCKON accouuaumm Teopetuvecknx xmmmkoB (MATC) 3a
CYLLeCTBEHHYIO MOMOLLb B peanvsaLlmy nporpaMmm.

Ona untupoBaHuA: 3nb Macayan f., Paxman X. M., Anakapbex M., Marat X., Jlaxnudu T., ByaxpuH M. UHTerpupoBaHHOe
KOMMbIOTEPHOE WCCNefloBaHWe MPOU3BOAHBIX MUPUMUAUH-2,4-ANOHA B KayecTBe [ABOWHbIX WHrnbmutopos PHKasbl H
obpaTHOI TpaHcKkpunTasbl BWUY-1. Paspabomka u pesucmpayus nekapcmeeHHuix cpedcms. 2026;15(2):43-57. https://doi.
org/10.33380/2305-2066-2026-15-2-2225
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INTRODUCTION

The increasing focus on the HIV infection epidemic
has been notable since AIDS became a novel public
health crisis nearly forty years ago [1, 2]. According to
recent reports from UNAIDS' and WHO? the number of
individuals infected with HIV has surpassed 85.5 million
since the beginning of the AIDS epidemic. As of the
end of 2022, around 39 million people were grappling
with HIV infections, and the disease claimed the lives
of nearly 630,000 individuals. HIV strains that have
developed resistance to treatment are responsible for
these deaths. HIV, categorized as a retrovirus within the
lentivirus family, predominantly targets immune system
cells that exhibit CD4 receptors on their surface. Preci-
sely, CD4-positive T lymphocytes serve as the foremost
target for HIV infection. Integrase, protease, and reverse
transcriptase are three viral enzymes enclosed within
a membrane called the capsid, which surrounds the
RNA genome of the virus [3, 4]. Among these enzymes,
RT is essential for the HIV viral life cycle by catalyzing
an important process in the cytoplasm [5]. RT is the first
viral enzyme to which anti-HIV drugs are directed and
represents a major source of the substantial diversity
observed among HIV strains in an infected individual [6-
8]. HIV RT is a multifunctional enzyme that performs
several crucial roles in viral replication, illustrating its
flexibility by participating in two distinct enzymatic
activities: DNA polymerase (Pol) and ribonuclease H
(RNase H). The DNA Pol activity of RT is responsible for
copying an RNA or DNA template to generate the corre-
sponding ¢DNA. This process is called reverse transcrip-
tion, the mechanism by which the viral RNA genome is
transcribed into DNA [9-12]. During reverse transcrip-
tion, the RNase H (RH) function of RT assumes a key role
in breaking down the RNA element within the RNA-DNA
hybrid structure. This degradation process is para-
mount for successfully concluding reverse transcription
and forming a DNA duplicate of the viral genome. The
cooperative action of the DNA polymerase and RH acti-
vity of RT assists the efficient synthesis of cDNA from its
viral RNA template. Newly synthesized DNA then inte-
grates into the host cell genome, resulting in chronic
infection and viral reservoir establishment [13]. Their
profound impact on HIV replication and survival in host
cells is of high importance. The RH activity of HIV RT is a
new target for the development of antiretroviral agents
in treatment against HIV [14]. A class of drugs called RT
inhibitors, however, acts to block the enzyme by either
slowing it down or inhibiting its activity. This category
of drugs is comprised of nucleoside reverse transcripta-
se inhibitors (NRTIs) and non-nucleoside RT inhibitors
(NNRTIs). They are known as nucleoside analogs and

TUNAIDS. Available at: https://www.unaids.org/en Acces-
sed: 07.11.2025.

2WHO. https://www.who.int/data/gho/data/themes/hiv-
aids Accessed: 07.11.2025.

block the action of HIV reverse transcriptase, which is
a form of enzyme necessary for the virus to be able to
replicate. They operate by integrating into the gro-
wing viral DNA strand, effectively hampering further
DNA synthesis. On the other hand, NNRTIs, also referred
to as non-nucleoside analogs, target RT specifically by
focusing on the enzyme’'s DNA polymerase-dependent
RNA and DNA processes. NNRTIs attach to a specific
pocket within the RT enzyme, effectively obstructing its
function [15-17]. Despite the effectiveness of these RT
inhibitors, resistance can occur, primarily due to muta-
tions in the RT enzyme. The development of resistance
poses a challenge in HIV treatment and indicates that it
requires continuous research and the discovery of new
antiretroviral drugs with novel mechanisms of action.

Heterocycles are organic molecules that have a ring
structure and at least one heteroatom. These types of
molecules are crucial in drug discovery and develop-
ment. Thus, considerable efforts have been made to de-
velop facile and green methods for their preparation
in satisfactory yield. Compounds derived from pyrimi-
dine-2,4-dione have exhibited a diverse range of phar-
macological and biological functions, including antimic-
robial, anti-cancer, antitumor, antiproliferative, antiviral,
and antiparasitic agents. This study investigates in sili-
co methodologies to evaluate the therapeutic viability
of new heterocyclic derivatives designed to target
HIV RT, driven by the urgent need for new therapeutic
measures against HIV RNase H.

The outcomes of our prior QSAR modeling efforts
have unveiled a novel category of pyrimidine-2,4-dio-
ne derivatives characterized by heightened antiviral
efficacy against HIV RT. We observed an increase in
RNase H activity [18]. All eleven drug candidates sho-
wed significant and promising antiviral activity, ran-
ging from 8.174 to 13.835, among which inhibitors
Pyr02 and Pyr08 showed remarkable inhibitory activi-
ty, with plIC_ values of 10.088 and 13.835, respectively.
We also evaluated the Lipinski parameters [19] and the
pharmacokinetic (PK) and toxicological properties [20]
of the proposed antiviral candidates using an in silico
ADME/toxicity examination. The results indicated that
all of these candidates, except for Pyr05, have oral bio-
availability, possess favorable PK characteristics, and
demonstrate an absence of AMES toxicity. Our findings
in previous work showed that the most active antiviral
candidates are a promising scaffold for future anti-HIV
RT RNase drug design.

In the present theoretical research, candidates with
acceptable bioavailability and favorable ADMET proper-
ties were investigated through molecular docking ana-
lysis to gain a better handle on the detailed mechanism
of proposed binding mode, interactions, and confor-
mation between these chemicals and the target protein
of therapeutic interest. We then used molecular dyna-
mics simulation analysis to assess the stability and flexi-
bility of the drug candidates, or ligands, in the active site.
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METHODOLOGY

The rapid spread of computational technologies,
particularly the Computer Assisted Drug Discovery
(CADD) approach, has stimulated the search for potent
therapeutic drugs that could act against different di-
seases. This method has revolutionized drug discovery
by accelerating the screening and testing of potential
treatment candidates. In our previous work, we repor-
ted a series of compounds originated from pyrimi-
dine-2,4-diones that exhibited potent antiviral activity
against HIV RT RNase H by using 2D-QSAR, which was
developed based on MLR and MNLR. Moreover, we
conducted drug similarity and ADMET studies to assess
their properties. It was found that all derivatives, except
for Pyr05, adhered to Lipinski's rules, exhibited favo-
rable ADME properties, and showed no mutagenicity
based on the AMES assay [18]. The anti-HIV RT RNase H
enzyme activity, drug-likeness, and ADMET predicted
results of MPD and the 11 designed compounds were

summarized in Table 1. These findings emphasize the
encouraging properties of these compounds as poten-
tial antiviral agents and deserve further investigation.

In this study, we sought to gain insight into the
potential of these derivatives as inhibitors targeting
HIV RT RNase H by employing molecular docking based
on our recent research and molecular dynamics simula-
tions. Molecular docking is a computational approach
that estimates the optimal orientation and binding abili-
ties for small molecules in a protein’s active site [21, 22].
In this work, the envisaged interaction and binding
modes of the MPD, Pyr01, Pyr02, Pyr03, Pyr04, Pyr06,
Pyr07, Pyr08, Pyr09, Pyr10 and Pyr11 compounds with
different substituents (e.g., carboxyl [COOH], hydroxyl
[OH], amino [NHZ], cyano [CN], methoxy [OMe], and ha-
loformyl [COX] groups) in the active site of RT RNase H
were analyzed using the AutoDock Vina program [23].
The 3D crystal structure of RNase H can be identified
using the ID code 5J1E [24]. Using AutoDock tools [25],

Table 1. 2D chemical structures, anti-HIV RT RNase H activity, drug-likeness, and ADMET prediction of MPD

and 11 proposed compounds

Favorable
Acceptable AMES
Cmpd R, R, R, R, PIC,, bioavailability ADME. Toxicity
properties
O o
MPD? H H OH 8.119 Yes Yes No
O
Pyr01® H H OH 8.174 Yes Yes No
o
Pyr02 H d\CI H OH 10.088 Yes Yes No
(0]
Pyr03 H c; H OH 8.955 Yes Yes No
o
(o4
Pyr04 H Br H OH 8.871 Yes Yes No
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End of Table 1

R3
o X R,
R4/ \R1
Favorable
Acceptable AMES
Cmpd R, R, R, R, PICs, bioavailability ADME. Toxicity
properties
¥
Pyr05 H N H, H OH 8.952 Yes Yes Yes
Me
(0]
Pyr06 H Q O d\Cl H OH 8.636 Yes Yes No
Me
o
Pyr07 H Q O o4 H OH 8.829 Yes Yes No
r
O Cyom
Pyro8 H %_._Q; cocl OH 13.835 Yes Yes No
O Cyom
Pyr09 H COOH OH 8.262 Yes Yes No
O Cyom
Pyr10 H Br OH 8.686 Yes Yes No
OH
Pyri1 | OH OH OH 8.754 Yes Yes No

Note. ? MPD is the most potent derivative in the previous QSAR modeling.
b Pyr01 is the least active designed compound as HIV RT RNase H inhibitor.
¢ Pyr08 is the most active designed compound as HIV RT RNase H inhibitor.

the protein structure was primed for docking by elimi-
nating both H,O molecules and the co-crystallized inhi-
bitor. Following this, the Gasteiger-Huckel charge was
applied to the protein atoms after merging non-polar
hydrogens with their corresponding carbon atoms. The

molecular docking process involved optimizing the grid
box dimensions to 35 x 26 x 35 A, with specific center
coordinates set at -52.290, 70.325, and -85.394 for
the x, y, and z axes, respectively. The best conformation
of ligands was selected by considering the lowest bin-
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ding energy. A re-docking protocol was carried out to
validate the docking method’s reliability. This involved
superimposing the native co-crystallized molecule’s po-
sition with its predicted docked pose and calculating
the root mean square deviation (RMSD) parameter,
which required a value <2 for reliability.

The ADMET prediction and molecular docking re-
sults were confirmed by conducting a 100 ns molecular
dynamics simulation analysis for protein-small molecu-
le complexes, emphasizing the binding of the protein
(PDB: 5J1E) with the ligands exhibiting the highest sta-
bility. The molecular dynamics simulations were carried
out using Desmond, and the complexes were construc-
ted using the OPLS3-2005 force field [26]. The explicit
solvent model SPC was employed to simulate the sol-
vent, placing the system in an orthorhombic box. The
box size was adjusted to ensure that the outermost
atom of the complex was distanced by 10 A from each
side of the box. The system was neutralized by adding
Na* and CI- counter-ions during molecular dynamics
simulation in order to mimic the physiologically rele-
vant conditions (0.15 M salt concentration or about
0.15 M). The Molecular dynamics simulations were con-
ducted under the NPT ensemble, with temperature
and pressure fixed at 300K and 0.987atm, respective-
ly. The evaluation of the simulated systems was based
on analyzing several parameters, namely RMSD, RMSF,
rGyr, intraHB, MolISA, SASA, and PSA.

Finally, density functional method studies were con-
ducted using the B3LYP hybrid functional to estima-
te the frontier molecular orbital energies and related
quantum chemical factors of the best antiviral agents
selected through structure-based Molecular docking
and Molecular dynamics simulations. The DFT calcula-
tions were executed by the Gaussian program using a
6-31G(d, p) basis set [27]. The objective was to evaluate
the electronic properties and reactivity indices of these
chemical structures.

N GLNS07

MPD

RESULTS AND DISCUSSION

Binding modes of MPD and Ligands
within the 5J1E receptor

Molecular docking simulations were performed for
one reference complex and ten ligand-receptor ones,
which in total contributed to obtaining the set of ne-
cessary details about the working principle of each pair.
The results included affinity-calculated values for the
most optimal combination of the enzyme active site
with the docked compounds. These affinity values re-
flect the binding strength between the ligands and the
enzyme. Furthermore, the predicted interactions bet-
ween the docked molecules and essential residues at
the active site are illustrated in Figures 1-7. The dotted
lines depict the binding interactions between ligands
and RT RNase H’s active site. At the same time, Table 2
provides a summary of the corresponding favorable
interactions and affinity values. The various modes
and interactions of ligand-receptor binding among the
MPD, Pyr01, Pyr02, Pyr03, PyrO4, Pyr06, Pyr07, Pyr08,
Pyr09, Pyr10, and Pyr11 ligands within the RT RNase H's
active site were analyzed using the AutoDock Vina
program. All the ligands had the same structural featu-
re that was characterized by the biphenyl part, which
was joined with a pyrimidine ring containing two car-
bonyl groups, the pyrimidine-2,4-dione ring. Additional-
ly, it is crucial to focus on some of the critical amino
acids that played a key role in hydrogen bonding and
hydrophobic interaction formation in the active site of
the receptor. These amino acids are the ones that for-
med the intermolecular hydrogen bonds with com-
pounds. They are as follows: LEU533, GLN507, LYS431,
GLU430, TYR532, LYS424, GLN500, TRP266, LEU425,
PRO421, and TRP535. The binding affinity among the
wide range, from moderate to excellent binding, showed
the scores from —9.6 to -10.7 kcal/mol. The ten molecule-
receptor complexes possessed a higher negative bin-
ding affinity than the reference complex (9.6 kcal/mol),
except for Pyr08 (9.6 kcal/mol) and Pyr11 (9.8 kcal/mol).

GLNS07 —\\ LEUS03 w
(2\ s \ GLNS&\\\ LEUS33
\ { // —
Pyro7 "  a 7 /
.

/’
Y5259
.

Figure 1. The 3D representation of the predicted binding modes of MPD, Pyr06, and Pyr07 inhibitors in the 5J1E receptor
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Table 2. Affinity scores and binding interactions of ligands in the 5J1E receptor in comparison with MPD

Ligand Affinity Hydrogen bonds interactions Hydrophobic interactions
'gan (kcal/mol) Conventional H-bond | Carbon H-bond | Pi-Pistacked | Alkyl/ Pi-alkyl Pi-sigma
LEU5335.28 A
GLN507 5.42 A TRP266
MPD -9.8 - TRP535 LEU425 LEU425
LYS4313.69 A PRO421
GLU4305.42 A
TYR5326.07 A
LYS424 4.21 A .
Pyro1 -10.4 TRP535 515 A TRP266 4.69 A - - -
GLN500 4.88 A
TYR5325.76 A
LYS424 4.15 A .
Pyr02 -10.3 TRP535 525 A TRP266 4.62 A - - LEU425
GLN500 4.62A
TYR5325.06 A
Pyro3 -10.2 #\R(igg' ‘;g? é TRP266 4.62 A - - LEU425
GLN500 4.48A
LYS4244.11 A
Pyr04 -10.3 TRP5355.33 A TRP266 4.63 A - - LEU425
GLN5004.53 A
PRO421
LYS424 5.48 A LEU503
Pyr06 -10.7 GLN507 5.61 A - B LEU425 TRP535
LYS259
LYS424 5.46 A 'E'ES;‘(Z);
Pyro7 -10.7 GLN507 5.63 A - - TRP535
LEU5335.14 A LEU425
LYS259
LYS424
LYS259 4.44 A PRO421
Pyro8 -9.6 GLN507 5.01 A - TRP535 LEU422 -
LEU5335.23 A LEU425
TRP266
GLN507 6.24 A TRP266 4.60 A
Pyr09 -10.3 LYS424 4.94 A GLN2696.11 A - PRO421 -
TRP5355.42 A LYS2595.05 A
. LYS259
Pyr10 -10.1 EES;’; 2'329 g\ - TRP535 LEU425 -
) PRO421
LEU425
Pyri1 -9.8 LYS424 3.62 A ALA5343.73 A - PRO421 -
LEU422

The differences in binding affinity values can be attri-
buted to variations in the number of interactions, types
of interactions, and distances between each ligand and
the amino acid residues.

Predicted binding modes of MPD, Pyr06
and Pyr07 with 5J1E receptor

In the present work, MPD was considered a control
compound to identify the binding energy between this
new series derived from pyrimidine-2,4-dione and the
RNase receptor and study their binding interactions.
The affinity and the interactions derived from molecular
docking studies with the control compound in the
5J1E receptor are shown in Table 2. The residues of the

5J1E receptor active site that mainly interacted with
the docked control compound were LEU533, GLN507,
LYS431, GLU430, TRP535, TRP266, LEU425, and PRO421
(Figure 1). Additionally, the pyrimidine-2,4-dione ring
of the control compound had H-bond interactions with
four residues: LEU533, GLN507, LYS431, and GLU430.
These interactions had bond lengths of 5.28, 5.42, 3.69,
and 5.42 A, respectively, indicated by the dotted green
line. The hydroxyl group of the control compound forms
an H-bond interaction with LYS431 and GLU430. The
molecule of interest has a carbonyl group at the C-2
position and an NH group in the pyrimidine-2,4-dione
ring; the substituents form H-bond interactions with
GLN507 and LEU533, respectively. The biphenyl moiety
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exhibited five hydrophobic contacts, such as -1 stacked,
alkyl/m-alkyl, and contact m-sigma interactions with
TRP535, TRP266, PRO421, and LEU425.

From Table 2, the binding affinity and interaction
records obtained from the molecular docking studies
of the docked Pyr06 and Pyr07 ligands in the HIV RT
RNase H receptor are displayed. The ligands Pyr06 and
Pyr07 displayed the most negative binding affinity of
-10.7 kcal/mol in comparison to the other ligands. Ad-
ditionally, the same two ligands displayed similar inte-
ractions in the HIV RT RNase H receptor. Furthermore,
the biphenyl moieties of both ligands engaged in a
similar hydrophobic contact with amino acid residues
LEU503, TRP535, LEU425, and LYS259. The same could
be observed for the pyrimidine-2,4-dione ring of Pyr06
and Pyr07, which have the same H-bond interaction
for the amino acid residues LYS424 and GLN507. The
green dotted lines in Figure 1 illustrate the commonali-
ties of the above interactions. For the carbonyl group
located at position C-2 of the pyrimidine-2,4-dione ring
of Pyr06 and Pyr07, it engaged in two different H-bond
contacts with two amino acid residues. For Pyr06, the
H-bond interaction occurred based on LYS424 and
GLN507 at a distance of 5.48 A and 5.61 A, respective-
ly. Similarly, in Pyr07, H-bond interactions occurred
with LYS424 at a distance of 5.46 A and GLN507 at a
distance of 5.63 A. Compared to Pyr06, there was one
additional conventional H-bond engagement for the
hydroxyl group in the pyrimidine-2,4-dione ring of
Pyr07 and LEU533 at a distance of 5.14 A.

Predicted binding modes of Pyr01
with 5J1E receptor

The affinity and the amino acid residue are impor-
tant for predicted binding interactions derived from
molecular docking studies with Pyr01 in the 5J1E re-
ceptor are shown in Table 2. The residues of the recep-
tor active site that mainly interacted with the docked
Pyr01 compound were TYR532, LYS424, TRP535,
GLN500, and TRP266 (Figure 2). It is worth noting that
although no hydrophobic contacts between the Pyr01
ligand and residues were observed, the Pyr01 ligand
exhibited the second-highest negative score affinity of
-10.4 kcal/mol after the Pyr06 and Pyr07 ligands. The
pyrimidine-2,4-dione ring of the molecule Pyr01 estab-
lished three H-bond contacts with TYR532, LYS424,
and TRP535, with distances of 6.07, 4.21, and 5.15 A,
respectively. The hydroxyl group of the docked PyrO1
compound participated in an H-bond with TYR532.
Moreover, the carbonyl group located at positions C-2
and C-4 of the pyrimidine-2,4-dione ring formed two
H-bonds, one with TRP535 and the other with LYS424.
Additionally, the biphenyl moiety is engaged in for-
ming two H-bond interactions. One of the interactions
is with GLN500 at a distance of 4.88 A, and is a conven-
tional H-bond, while the other is with TRP266 at a dis-
tance of 4.69 A and is a carbon H-bond.
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Figure 2. Predicted binding interactions between Pyr01
inhibitor and the 5J1E receptor

Predicted binding modes of Pyr02, Pyr04
and Pyr09 with 5J1E receptor

The affinity and the amino acid residues important
for predicted binding interactions derived from mole-
cular docking studies with Pyr02, Pyr04, and Pyr09 in
the 5J1E receptor are shown in Table 2. The Pyr02,
Pyr04, and Pyr09 ligands displayed the third-highest
negative binding affinity of -10.3 kcal/mol among the
other ligands. The docking results revealed that the
residues of the receptor active site that mainly interac-
ted with the docked compounds were TYR532, LYS424,
TRP535, GLN500, TRP266, GLN269, LYS259, LEU425,
and PRO421. Four identical residues were engaged in
H-bond interactions with the docked compounds
(LYS424, TRP535, GLN500, and TRP266).

Additionally, ligand Pyr02 interacts with TYR532,
LYS424, TRP535, GLN500, TRP266, and LEU425 residues
through H-bond interactions and hydrophobic contacts,
as shown in Table 2, and Figure 3. In the case of Pyr02,
the pyrimidine-2,4-dione ring interacted with the resi-
due TYR532 through three H-bonding distances of 5.76
and 4.15 A with LYS424 and a distance of 5.25 A with
TRP535, as shown in Table 2 and Figure 3. The pyrimi-
dine group at N-3 in pyrimidine-2,4-dione engaged in
a hydrogen bond with TYR532. In contrast, the carbo-
nyl group located at positions C-2 and C-4 of the same
ring participated in two H-bonding contacts, one with
TRP535 and the other with LYS424. The biphenyl moie-
ty of the ligand engaged in two H-bonding interactions,
one with GLN500 at a distance of 4.62 A (conventional
H-bond) and another (carbon H-bond) with TRP266 at
a distance of 4.62 A. Furthermore, the biphenyl moiety
also had a hydrophobic contact (m-sigma interaction)
with LEU425. A detailed illustration of the interactions
is depicted in Figure 3.
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Figure 3. Predicted binding interactions between Pyr02, Pyr04, and Pyr09 inhibitors derived from the pyrimidine-2,4-

dione and the 5J1E receptor

Ligand Pyr04 established its presence through
H-bond interactions and hydrophobic contacts with
LYS424, TRP535, GLN500, TRP266, and LEU425 residues
(Figure 3). The carbonyl group positioned at C-2 and
C-4 of the pyrimidine-2,4-dione ring also formed two
unique hydrogen bond interactions with TRP535 and
LYS424 with distances measuring 5.33 and 4.11 A,
respectively. The biphenyl participated in dual H-bon-
ding contacts: one formed a conventional H-bond with
GLN500 at a distance of 4.53 A, while the second pro-
duced a carbon bond H-bond with TRP266 at a distan-
ce of 463 A. Moreover, a hydrophobic contact was
seen with LEU425. It was a Pi-sigma interaction.

Ligand Pyr09 engaged in hydrogen bond interac-
tions and hydrophobic contacts with GLN507, LYS424,
TRP535, TRP266, GLN269, LYS259, and PRO421 residues
(Figure 3). The carboxylic acid moiety at C-5 of the py-
rimidine-2, 4-dione ring had 3 hydrogen bonds with
TRP535, LYS424, and GLN507 at distances of 5.42, 4.94,
and 6.24 A, respectively (Figure 3). In addition, a car-
bon-hydrogen bond was additionally formed by the
carbonyl group of the same ring at C-2 with LYS259 at
a distance of 5.05 A. The biphenyl moiety showed two
carbon-hydrogen bonds with GLN269 and TRP266 at
distances of 6.11 and 4.60 A, as well as one hydrophobic
contact — a pi-alkyl interaction with PRO421.

Predicted binding modes of Pyr03
with 5J1E receptor

Table 2 shows the affinity and important interac-
tions of the molecular docking study with the Pyr03
in the RT RNaseH receptor (Figure 4). Pyr03 with
-10.2 kcal/mol has the most negative binding affini-
ty value and is presented in fourth place among the li-
gands. The docking analysis shows that the docked
Pyr03 ligand has an important interaction with specific
receptors for the active site. These receptors are TYR532,
LYS424, TRP535, GLN500, TRP266, and LEU425. The py-
rimidine-2,4-dione ring of the Pyr03 has undergone
three separate H-bonds, which are the first H-bond with
TYR532 at 5.06 A, the second H-bond with LYS424 at

Pyro3 =
\\ LEU425\\\

/ \(/\\“\
(

LYs424

>\\ TYR532

Figure 4. Predicted binding interactions between Pyr03
inhibitor the 5J1E receptor

405 A, and the third H-bond with TRP535 at 5.55 A.
The hydroxyl group at the position N-3 of the pyri-
midine-2,4-dione ring was involved in H-bonding with
the TYR532 receptor, while a C=0 at positions C-2 and
C-4 of the same ring benefitted from two H-bonds, one
with TRP535 and another one with LYS424. The biphe-
nyl moiety of the Pyr03 made two H-bonds; one is the
conventional H-bonding at the distance of 4.48 A with
the GLN500, and another is a sigma interaction bet-
ween the carbon atom and the hydrogen bond with
the distance of 4.62 A. Further, the biphenyl moiety of
the Pyr03 makes a hydrophobic contact with the LEU425.

Predicted binding modes of Pyr10
with 5J1E receptor

Table 2 demonstrates the binding logics and cru-
cial interactions of molecular docking with Pyr10 in the
RT RNase H receptor. Pyr10 recorded the fifth-highest
binding logic of -10.1 kcal/mol in the ligand evaluation.
Docking analysis indicated critical contact residues for
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the interaction between the docked compound Pyr10
and the active site 5J1E receptor (Figure 5). The resi-
dues include GLN507, LEU533, TRP535, LYS259, LEU425,
and PRO421. The Pyr10’s pyrimidine-2,4-dione ring ma-
de two H-bonds: one with LEU533 at 6.02 A and one
with GLN507 at 5.49 A. In the pyrimidine ring, the car-
bonyl group at the C-2 position established a conven-
tional H-bond with GLN507, while the NH-group at the
aromatic ring established a conventional hydrogen bond
with LEU533. The biphenyl features made extensive
contact with the TRP535, LYS259, LEU425, and PRO421
via pi-pi stacked and alkyl/pi-alkyl contacts.

Lysa24
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=
\\ LEU425 >
e

/\“‘(

L

Figure 5. Predicted binding interactions between Pyr10
inhibitor and the 5J1E receptor

Predicted binding modes of Pyr11
with 5J1E receptor

The binding affinity and critical interactions bet-
ween ligand Pyr11 and specific residues within the acti-
ve site of the 5J1E receptor are displayed in Table 2. Pyr11
ligand exhibited the sixth-highest negative binding
affinity of -9.8 kcal/mol. 5J1E receptor active site resi-
dues that mainly interacted with the docked Pyr11 com-
pound were LYS424, ALA534, LEU425, PRO421, and
LEU422 (Figure 6). The pyrimidine-2,4-dione ring of the
inhibitor Pyr11 established two H-bonding interactions
with LYS424 (conventional H-bond) and ALA534 (car-
bon H-bond), with distances of 3.62 and 3.73 A, respec-
tively. The carbonyl group located at positions C-2 and
C-4 of the pyrimidine-2,4-dione ring formed two H-bonds,
one with LYS424 and the other with ALA534. Further-
more, the biphenyl moiety made hydrophobic contacts
(Pi-alkyl interactions) with LEU425, PRO421, and LEU422.

Predicted binding modes of Pyr08
with 5J1E receptor

The Pyr08 ligand interacted with several residues
through H-bonds and hydrophobic contacts (Figure 7).
Particularly, it made contacts with LYS259, GLN507,
LEU533, TRP535, LYS424, PRO421, LEU422, LEU425, and
TRP266. The pyrimidine-2,4-dione ring of inhibitor Pyr8
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Figure 6. Predicted binding interactions between Pyr11
inhibitor and the 5J1E receptor

formed three conventional hydrogen bond contacts
with LYS259, GLN507, and LEU533 at distances of 4.44,
5.01, and 5.23 A, respectively. The carbonyl of the posi-
tion C-2 of the pyrimidine-2,4-dione ring formed an
H-bond with GLN507, and the NH of the pyrimidine-2,4-
dione ring made an H-bond with LEU533. Furthermore,
the oxygen of the COCI group formed an H-bond with
LYS259. Lastly, the biphenyl moiety of Pyr8 made hydro-
phobic contacts with TRP535, LYS424, PRO421, LEU422,
LEU425, and TRP266.
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Figure 7. Predicted binding interactions between Pyr08
inhibitor and the 5J1E receptor

The superposition method

The precision of the results from the molecular do-
cking protocol was confirmed by utilizing the superpo-
sition approach, as the docking technique underwent
validation through a redocking procedure into the
HIV RT RNase H crystal structure (PDB code 5J1E). This
validation process revealed a noteworthy success rate
when comparing the redocking outcomes with the
co-crystallized conformation, resulting in an RMSD value
of 1.053 A. The alignment of the docked small molecu-
le’s orientation was found to be highly accurate and
perfectly matching the bioactive conformation of the
co-crystallized small molecule, as depicted in Figure 8.

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPEACTB. 2026. T. 15, N2 2

DRUG DEVELOPMENT & REGISTRATION. 2026. V. 15, No. 2



Mouck u pazpabomka HOBbIX JleKapcMeeHHbIX cpedcme
Research and development of new drug products

Figure 8. The superposition of the native small molecule
(red) and the redocked small molecule (green)

Molecular dynamics simulation

The Molecular analysis results indicate that, except
for Pyr08, all the ligands studied showed more excel-
lent stability in the receptor (PDB code: 5J1E) than the
control ligand (MPD: -9.8 kcal/mol). Pyr06 and Pyr07
were the most stable compounds in the receptor’s bin-
ding site, suggesting that they have a more substantial
binding energy for the protein and are more likely to
interact regularly and stably with the receptor than the
other ligands, including the control ligand. To examine
the interactions of the best-binding docked compounds
(Pyr06 and Pyr07) within the receptor’s binding pocket
and to evaluate the conformational stability of both
anchored complexes formed by 5J1E receptor and
Pyr06 and Pyr07 molecules (5J1E-Pyr06 and 5J1E-Pyr07),
molecular dynamics simulations were conducted.

RMS deviation (RMSD) tracks how the overall con-
formation of the system evolves, highlighting changes
from the initial structure. On the other hand, the RMS
fluctuation (RMSF) parameter was considered to articu-
late the system’s stability, the mobility of individual
atoms, and the flexibility of residues during protein-com-
pound interactions. The peaks in the RMSF plot indica-
te the fluctuating regions of the protein during the mo-
lecular dynamics simulation analysis.

The recorded RMSD values of the 5J1E-Pyr06-com-
plex and 5J1E-Pyr07-complex are shown in Figures 9
and 10, respectively. As can be seen from Figure 9, the
RMS deviation parameter of the 5J1E-Pyr06 led to an
initial deviation ranging from 3-6 A until nearly 40 ns,
after which the system attained equilibrium, and the
deviation stabilized between 6-7 A. Similarly, the RMS
deviation of the 5J1E-Pyr07 displayed a deviation from
2.4 to 4.0 A until 35 ns, following which the RMSD sta-
bilized, and the system equilibrated until 100 ns (Figu-
re 10). After looking at the trajectories, it was found
that both systems remained stable, with ligands staying
within the binding pockets, engaging in significant inte-
ractions, and maintaining consistent backbones. The
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Figure 9. RMS deviation plot of 5J1E-Pyr06-Complex
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Figure 10. RMS deviation plot of 5J1E-Pyr07-Complex

observed deviation could be attributed to conformatio-
nal changes. Likewise, recorded RMSF values below 3 A
revealed remarkable stability of both complexes. There
was no significant fluctuation in regions where the li-
gand interacted with the 5J1E receptor, as depicted by
the green lines in Figures 11 and 12. The examination
focused on the ligand in the complex to discern its
impact on the overall protein.

The six analyzed parameters (RMSD, rGyr, intraHB,
MolSA, SASA, and PSA) allow us to assess the stability
of ligands Pyr06 and Pyr07 in the receptor’s binding po-
cket during the 100 ns of simulation. Thus, ligand
RMSD is a metric that quantifies the amount of structu-
ral variance of a compound from a reference conforma-
tion, frequently their initial structure. It provides infor-
mation on how much the ligands have moved from the
initial conformation during the simulation. In general,
lower RMSD means the ligands keep the structure clo-
ser to the reference structure, which means intraHB
bonds within ligand pieces are of a more specific type
sensitive to different ligand parts’ heat. These IntraHBs
are responsible for the molecule’s shape and activity. The
existence of intraHBs can affect multiple molecular pro-
perties like structure, reactivity, function, etc. MolSA is
the total area of the surface of a molecule that is being
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Figure 11. RMS fluctuation plot of 5J1E-Pyr06-Complex
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Figure 12. RMS fluctuation plot of 5J1E-Pyr07-Complex

allowed or denied access to its environment. MolSA is
often taken as a theoretical calculation using minimum
probe radius and based on the probe-accessible sur-
face. The value of MolSA gives an idea about the mo-
lecule’s openness to the environment and the interac-
tions possible with the neighboring molecules. SASA is
a measurement of the percent of a molecule’s surface
that is solvent-accessible. This parameter will give the
idea of whether the part of a molecule is exposed or
hidden within the environment. Since understanding
the specific areas of a molecule is more common, chan-
ges in SASA will indicate potential interactions, particu-
larly in the binding site. PSA is to measure the solvent-ac-
cessible superficial area of a compound composed of
polar atoms. It concentrates on regions conducive to
polar interactions, including hydrogen bonding. Plots
of the six properties mentioned below of the ligands
Pyr06 and Pyr07 are depicted in Figures 13 and 14, re-
spectively. As shown in Figure 13, the RMSD of the mo-
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Figure 13. Variation in the small molecule’s properties in
5J1E-Pyr06-complex as a function of time during a 100 ns
MD simulation
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Figure 14. Variation in the small molecule’s properties in
5J1E-Pyr07-complex as a function of time during a 100 ns
MD simulation

lecule Pyr06 remained nearly 1.5 A and maintained
consistency throughout the 100 ns duration. The con-
stant rGyr values of the molecule Pyr06, ranging from
4.6 to 4.8 A, indicate stability in the spatial distribution
of the molecule, suggesting a stable behavior in its inte-
raction with the 5J1E receptor. Additionally, the graphs
for the MolSA, SASA, and PSA parameters reveal the co-
herence of the Pyr06 molecule across the entire MD ana-
lysis, with curves remaining steady and smooth across
the 100 ns period, indicating the ligand’s stability insi-
de the binding pocket throughout the trajectory of the
protocol of MD analysis. Along the same lines, for the
5J1E-Pyr07 complex, the ligand’s RMSD was consistent-
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ly maintained at 1.8 A throughout the simulation. The
estimated rGyr values of the Pyr07 molecule ranged
from 4.8 to 5.4 A until the simulation’s conclusion, indi-
cating constant values reflective of its stable behavior
in interaction with the 5J1E receptor. It is also important
to notice that during the simulation the Pyr07 mole-
cule remained stable, which is apparent from the MolSA,
SASA, and PSA parameter plots. As seen from Figure 14,
there are small fluctuations in the Pyr07 line over all
three parameters, and the values remained invariable
during the whole simulation.

DFT analysis

In this theoretical work, we estimated the quantum
reactivity parameters of the best antiviral agents (Pyr06
and Pyr07) using the DFT-B3LYP/6-31G(d,p) calculation.
The obtained parameters are fundamental for deter-
mining the strength of the interactions of the specified
agents in the 5J1E receptor binding pocket. This means
that the larger the E ,  value, the better the molecule
is to act as an acceptor, whereas the larger the E
value, the better the molecule is to act as a donor.
Also, there is the difference between LUMO and HOMO,
which is denoted as AE figuit is the energy gap bet-
ween the mentioned orbitals. The lower the difference
between the two, the more reactive the compound.
The electronegativity, which is denoted as 7y, describes
the entities’ ability to attract electrons to themselves.
lonization potential, which is denoted as |, is about the
energy required to remove an electron from a certain
compound, and electron affinity, denoted as A, is about
the energy released when a molecule gains electrons.
The corresponding formula for them is x = (I + A)/2.
Hardness, denoted as n, which is not a well-used term,
is the ability of a molecule to resist deformation during
a reaction. One can define it as n = (I - A)/2. Electrophi-
licity, denoted as w, is @ measure of a molecule’s affinity
to pair a bond - one can define it as w = y?/2n. Dipole
moment, denoted as DM, is practically the polarity mea-
surement of an entity, and q is the charge separation,
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Figure 15. The FMO energy values of the studied
compounds (MPD, Pyr06, and Pyr07)

and d is the distance between the charges. A higher
DM indicates a higher polarity and a stronger inte-
raction with electric fields. Figures 15 and 16 display
the energy values and the contour plots of the FMOs
of the tested agents, respectively, calculated at the
B3LYP/6-31G(d,p) level. Table 3 presents the results of
the DFT calculation.

As can be observed in Figure 16 and Table 3, the
frontier molecular orbital energies for the studied com-

pounds are MPD: E mo=—0.043 eV, E ., =-0219 eV;
Pyré: ELUMO=—0.O87 ev, EHOMO=—0.248 ev; fmd Pyr07':
E o =—0.088 eV, E, . =-0248 eV, respectively. Addi-

tionally, the gap values for the MPD, Pyr06, and Pyr07
were also found to be high, i.e,, AE=0.176 eV, 0.160 eV,
and 0.161 eV, as presented in Table 3. FMO energies
and their gap are key parameters used to judge mole-
cule stability. Therefore, the negative characteristics of
LUMO and HOMO energies show that the molecules’
energy is minimized. The HOMO-LUMO energy gap re-
veals the electronic structure, with a decrease indica-
ting a more active molecule. As shown in Table 3, results

Pyr07

Pyr06

and ELUMO for the studied compounds MDB, Pyr06, and Pyr07
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Table 3. The results of the DFT calculation of the quantum chemical parameters of the compounds MPD, Pyr06, and Pyr07

Cmpd DM ES o A° ES o [ AE® n® Xt w*®
MPD 6.124 -0.043 0.043 -0.219 0.219 0.176 0.088 0.131 0.098
Pyr06 6.186 -0.087 0.087 -0.248 0.248 0.161 0.081 0.168 0.174
Pyr07 6.891 -0.088 0.088 -0.248 0.248 0.160 0.080 0.168 0.176

Note. ¢ MPD The values of the dipole moment in debye (D).

¢ The values of the FMO energies and global reactivity indices in electronvolt (eV).

indicate that Pyr06 and Pyr07 exhibit less chemical reac-
tivity and thus are more stable. The highest dipole
moment from Pyr07, 6.891 D, is high, followed by Pyr06,
6.186 D, and MPD, 6.124 D. These results can mean
that Pyr07 has the most polarity. Table 3 also shows
the quantum chemical parameters acquired from FMOE,
for instance, the mathematical formulas above, namely,
electronegativity, electrophilicity, and hardness, which
Pyr06 and Pyr07 have. Table 3 also demonstrates that
the Pyr06 and Pyr07 electrode and electronegativity as-
sessments are higher than those of MPD, indicating
that they have the potential to attract or acquire elect-
rons from other molecules. The results obtained by the
DFT calculation of the electronic properties and reactivi-
ty indices are consistent with the outcomes of the struc-
ture-based computational methods employed in this
study.

CONCLUSION

In summary, we successfully conducted structu-
re-based computational evaluations on ten therapeu-
tic compounds derived from pyrimidine-2,4-dione with
enhanced antiviral activity and favorable ADMET pro-
perties, including molecular docking and dynamics si-
mulations. Our molecular docking investigations indi-
cated that the ten ligand-5J1E complexes possessed a
higher negative binding affinity than the reference
complex (-9.6 kcal/mol), except for the Pyr08-5J1E
complex. These studies revealed that two compounds,
Pyr06 and Pyr07, exhibited the most negative binding
affinity, displaying -10.7 kcal/mol compared to the
other ligands. The selected compounds strongly bind to
the 5J1E receptor’s active site, forming hydrogen bonds
and engaging in hydrophobic contacts with crucial ami-
no acid residues (LYS424, GLN507, PRO421, LEU503,
LEU425, and LYS259). These interactions are vital for in-
hibiting the enzyme’s activity. Moreover, the MD simu-
lation showed that Pyr06 and Pyr07 were remarkably
more stable when bound to the enzyme’s active site.
Finally, the results obtained from the FMO energies and
associated reactivity parameters, using the DFT method,
were consistent with the findings of the structure-based
computational evaluations used in this research. Hence,
our findings imply that the Pyr06 and Pyr07 compounds
from pyrimidine-2,4-dione provide an essential struc-
ture-based pharmacophore that can be explored to de-
sign better drug agents for the HIV RT RNase H receptor.
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