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Abstract: In this study, N-(4-(4-chlorophenyl)oxazol-2-yl)-4-phenyl-1H-pyrazole-
3-carboxamide (NOPC), a benzoxazole derivative with potential biological activity, 
was investigated in detail by theoretical and computational methods. The structural 
and electronic properties of the molecule were analyzed usinsg the 6-31G(d,p) basis 
set with B3LYP and PBEPBE methods within the scope of Density Functional Theory 
(DFT). In this context, optimized geometry, HOMO-LUMO energy levels, NBO 
analysis, Mulliken charge distribution, NLO properties and MEPS surface were 
evaluated. In addition, the interaction of the NOPC molecule with 6W75 and 7BV2, 
the main proteases of the SARS-CoV-2 virus, was investigated by molecular docking 
method, and binding energies of -7.70 and -8.40 kcal/mol were obtained, 
respectively. These findings indicate that the molecule exhibits strong binding 
affinity and may be a potential inhibitor against COVID-19. Finally, ADME analyses 
performed with ADMETlab 2.0 revealed that NOPC complies with Lipinski rules and 
has high oral bioavailability potential. The obtained data indicate that NOPC 
molecule is a promising candidate for drug design. 

  
  

N-(4-(4-Klorofenil)oksazol-2-il)-4-fenil-1H-pirazol-3-karboksamid Molekülünün DFT 
Yöntemiyle Teorik İncelenmesi ve SARS-CoV-2 Ana Proteazlarına Karşı Moleküler 

Doking Değerlendirilmesi 
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Öz: Bu çalışmada, potansiyel biyolojik aktiviteye sahip bir benzoksazol türevi olan 
N-(4-(4-klorofenil)oksazol-2-il)-4-fenil-1H-pirazol-3-karboksamid (NOPC) 
molekülü teorik ve hesaplamalı yöntemlerle detaylı olarak incelenmiştir. Molekülün 
yapısal ve elektronik özellikleri, Yoğunluk Fonksiyonel Teorisi (DFT) kapsamında 
B3LYP ve PBEPBE metotları ile 6-31G(d,p) temel seti kullanılarak analiz edilmiştir. 
Bu kapsamda optimize geometri, HOMO-LUMO enerji seviyeleri, NBO analizi, 
Mulliken yük dağılımı, NLO özellikleri ve MEPS yüzeyi değerlendirilmiştir. Ayrıca, 
NOPC molekülünün SARS-CoV-2 virüsünün ana proteazları olan 6W75 ve 7BV2 ile 
etkileşimi moleküler doking yöntemiyle araştırılmış, sırasıyla -7,70 ve -8,40 
kcal/mol bağlanma enerjileri elde edilmiştir. Bu bulgular, molekülün güçlü 
bağlanma afinitesi gösterdiğini ve COVID-19’a karşı potansiyel bir inhibitör 
olabileceğini göstermektedir. Son olarak, ADMETlab 2.0 ile yapılan ADME analizleri, 
NOPC’nin Lipinski kurallarına uygun olduğunu ve yüksek oral biyoyararlanım 
potansiyeline sahip olduğunu ortaya koymuştur. Elde edilen veriler, NOPC 
molekülünün ilaç tasarımı açısından umut vadeden bir aday olduğunu 
göstermektedir. 

  
 
1. Introduction 
 

Heterocyclic compounds, which are cyclic organic 
structures containing at least one heteroatom such as 
nitrogen, oxygen, or sulfur, are of great importance in 
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contemporary drug design and development. This 
class of compounds has a high importance in 
pharmaceutical chemistry due to its chemical 
diversity and potential to interact with biological 
targets [1, 2]. In particular, natural and synthetic 
derivatives exhibit activity in a very wide 
pharmacological spectrum such as antimicrobial, 
anticancer, antiviral, antifungal, anti-inflammatory 
and central nervous system agents [3, 4]. The broad 
spectrum of biological activities exhibited by 
heterocyclic systems arises from their capacity to 
interact with specific binding regions of molecular 
targets and to efficiently facilitate molecular 
recognition. In this context, the benzoxazole nucleus, 
which is formed by the fusion of the benzene ring and 
the oxazole ring, is a structure that draws attention 
with both its aromatic character and 
polypharmacological potential. Benzoxazole 
derivatives have been extensively demonstrated in the 
literature to have numerous biological activities, 
including antibacterial, antifungal, antitumor, 
antituberculosis and antiviral effects [5]. The 
pharmacological effects of such structures can 
generally be modulated by various functional groups 
attached to the core structure. This makes the 
benzoxazole skeleton an attractive structural platform 
for the design of new therapeutic agents [6]. 
 
In recent years, the global outbreak of Coronavirus 
disease 2019 (COVID-19) has represented a 
significant public health challenge, prompting 
intensified research efforts toward the discovery and 
development of novel antiviral agents. The disease is 
caused by SARS-CoV-2, an enveloped, positive-sense 
single-stranded RNA virus that was first detected in 
Wuhan, China, in December 2019 and rapidly evolved 
into a worldwide crisis [7]. The World Health 
Organization (WHO) declared COVID-19 a public 
health emergency of international concern on January 
30, 2020, and a global pandemic on March 11, 2020. 
The rapid spread and impact of the outbreak have 
been influenced by some critical epidemiological 
factors, such as the ability of infected individuals to 
transmit the virus before showing symptoms. A better 
understanding of SARS-CoV-2 at the molecular level is 
vital for the development of Effective medical care  
strategies and antiviral compounds [8]. 
 
At this stage, computational chemistry 
approachesparticularly DFT have emerged as 
powerful tools for investigating the structural and 
electronic characteristics of biologically active 
molecules [9]. DFT is widely preferred in theoretical 
chemistry due to its ability to predict the ground state 
energies, molecular orbitals, charge distributions, and 
reactivity indices of molecules with high accuracy and 
in a cost-effective manner. This method is used in 
molecular modeling studies, especially to predict the 

potential biological activities of new compounds and 
to evaluate molecule-target interactions [9]. 
 
Recent research has emphasized the promise of 
heterocyclic frameworks, particularly oxazole and 
pyrazole derivatives, as potential antiviral agents 
targeting coronaviruses. Notably, several macrocyclic 
compounds containing oxazole units have 
demonstrated inhibitory activity against the SARS-
CoV-2 main protease (Mpro) in both in vitro and 
cellular assays, supported by molecular docking 
studies that reveal favorable interactions within the 
enzyme’s active site [10]. Additionally, pyrazole 
derivatives bearing hydroxyquinoline scaffolds have 
demonstrated significant antiviral activity against 
SARS-CoV-2 and other coronaviruses (MERS-CoV, 
HCoV-229E), with molecular docking studies 
supporting their interaction with key viral proteins, as 
well as pharmacokinetic profiles compatible with 
drug-like properties [11]. A broader review of 
heterocyclic compounds further indicates that both 
oxazole and pyrazole motifs are recurrently identified 
among diverse small molecules investigated for anti-
SARS-CoV-2 activity in vitro and in silico [12]. 
However, most of these reports focus on either 
individual heterocyclic units or simpler analogs, and 
relatively few studies have integrated comprehensive 
electronic structure analysis, pharmacokinetic 
evaluation, and molecular docking for structurally 
hybrid systems. In this context, the NOPC molecule, 
which incorporates both oxazole and pyrazole rings 
connected via a carboxamide linker, represents a 
unique hybrid scaffold whose detailed theoretical 
evaluation against SARS-CoV-2 targets has not been 
previously reported. 
 
In this study, the compound N-(4-(4-
chlorophenyl)oxazol-2-yl)-4-phenyl-1H-pyrazole-3-
carboxamide (NOPC) [5], which carries a benzoxazole 
ring in its structure and is evaluated as a potential 
antiviral agent candidate, was comprehensively 
investigated by theoretical calculations and molecular 
modeling approaches. The structural optimization of 
the compound was performed by DFT using B3LYP 
and PBEPBE methods, the pharmacokinetic profile 
was evaluated by ADME analyses, and the possible 
inhibitory effect against the SARS-CoV-2 virus was 
investigated through molecular docking simulations. 
Such theoretical studies provide scientific 
contributions to the development of rapid and 
effective treatment strategies against global health 
threats such as COVID-19. 
 
2.  Materials and Methods 
 
Quantum chemical calculations of NOPC molecule 
were performed within the scope of density functional 
theory (DFT) using Gaussian 09 software package 
[13]. All calculations were carried out using the B3LYP 
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and PBEPBE density functional methods in 
conjunction with the 6-31G(d,p) basis set. These 
methods are widely used and have been demonstrated 
to provide reliable results for molecular geometries 
and electronic properties. The 6-31G(d,p) basis set 
was chosen as it offers a good balance between 
computational cost and accuracy, while the inclusion 
of polarization functions allows for an improved 
description of electron distribution and bonding 
characteristics. Three-dimensional crystal structures 
of target proteins were obtained from Protein Data 
Bank (PDB) [14]. Molecular docking studies were 
performed using the Glide module implemented in 
Schrödinger Maestro software (version 11.8) [15]; to 
investigate the binding affinity and interaction modes 
of the NOPC molecule with the active sites of the target 
proteins. The receptor grid was generated by 
centering on the co-crystallized ligand present in the 
active site of each protein. The grid box dimensions 
were set to [20×20×20 Å] to adequately encompass 
the binding pocket and allow sufficient ligand 
flexibility. Docking calculations were carried out using 
the Glide Standard Precision (SP) scoring function, and 
the most favorable binding poses were selected based 
on Glide docking scores and interaction profiles. To 
validate the docking protocol, the co-crystallized 
ligand was re-docked into the active site of the 
corresponding protein, and the root-mean-square 
deviation (RMSD) between the experimental and re-
docked ligand conformations was calculated using the 
MOE (Molecular Operating Environment) program 
[16]. An RMSD value of less than 2.0 Å was obtained, 
indicating good agreement with the crystallographic 
binding mode and confirming the reliability of the 
docking procedure. The resulting ligand–protein 
complexes were thoroughly examined using 
Discovery Studio Visualizer (version 2016) [17] to 
identify key interactions such as hydrogen bonding, 
hydrophobic contacts, and π–π interactions, and to 
elucidate the structural features of the binding modes. 
Interaction types (hydrogen bonds, hydrophobic 
interactions, etc.) were visualized and the binding 
mode of the molecule was structurally interpreted. 
The pharmacokinetic properties and drug candidacy 
potential of NOPC molecule were evaluated using the 
ADMETlab 2.0 online platform 
(https://admetmesh.scbdd.com/). Absorption, 
distribution, metabolism, and excretion (ADME) 
parameters were analyzed. In this context, important 
parameters such as Lipinski rules, gastrointestinal 
absorption, blood-brain barrier permeability, and 
interaction potential with CYP3A4 enzymes were 
taken into consideration. 

3. Results and Discussion 
 
3.1. Structure details and analysis 
 

Geometry optimization aims to find the lowest energy 
configuration of a molecule or material. This type of 
optimization allows the system to become more stable 
and more accurate results to be obtained [18, 19]. 
Software such as Gaussian-09 [13], together with such 
optimization processes, is effective in calculating 
molecular orbitals, bond energies, charge 
distributions and many other important 
physicochemical properties [20]. Correct modeling of 
structural and electronic properties of pharmaceutical 
compounds is critical for drug design and 
understanding of their mechanisms of action [21]. In 
this study, molecular geometry optimization of a 
pharmaceutically important compound was 
performed using B3LYP and PBEPBE methods and 
calculations were carried out with 6-31G(d,p) basis 
set. The obtained data revealed that functional choices 
had significant effects on bond lengths, bond angles 
and planar angles. Particularly, structural differences 
around the active site indicate potential structural 
variations that may directly affect the interaction 
profile of the compound with target proteins and its 
biological activity. These results indicate that 
theoretical calculations can provide significant 
contributions in early-stage drug discovery processes, 
especially in the evaluation of molecular interactions 
and conformational conformations. Bond lengths, 
bond angles and planar bond angles in B3LYP and 
PBEPBE methods have been given in Table 1. 
Optimized geometric parameters show significant 
changes when both methods are used. First, C11-C12 
bond length is 1.49135 Å with B3LYP functional, while 
it decreases to 1.43376 Å with PBEPBE functional. 
Similarly, C15-O16 bond length is found to be 1.41430 
Å with B3LYP and 1.37112 Å with PBEPBE. Such 
changes are related to how the functionals used model 
the electron density differently. These bond length 
changes give crucial hints about the stability and 
reactivity of the molecule. Bond angles also reflect the 
differences between both methods. C17-C18-C20 
bond angle is calculated as 130.74091° with B3LYP, 
while this angle decreases to 129.94430° with 
PBEPBE. Similarly, the C8-N9-N10 bond angle was 
found to be 113.28330° with B3LYP and 107.22671° 
with PBEPBE. The O13-C12-N14 bond angle was 
calculated as 119.41905° with B3LYP and 115.10687° 
with PBEPBE. The changes between these bond angles 
are a result of the fact that both functionals handle the 
electron density between the bonds differently. Planar 
bond angles are of critical importance, especially in 
understanding the in-plane structure of the molecule 
and the relationships between atoms. The C2-C3-C4-
C7 planar bond angle was calculated as -177.58703° 
with B3LYP and 176.40643° with PBEPBE. Similarly, 
the O16-C17-C18-C20 planar bond angle was found to 
be 179.92739° with B3LYP and -179.56154° with 
PBEPBE. The large changes in these angles are due to 
the fact that the functionals used model the planar 
symmetry of the bond between the atoms differently. 
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Figure 1 shows the geometric representation of the 
NOPC compound optimized by the B3LYP method. 
 
The calculated geometric parameters show that the 
structural properties of NOPC are generally consistent 
with the values reported in the literature for similar 
oxazole and pyrozole derivatives. The C–C bond 
lengths in the aromatic rings (C1–C2=1.395 Å, C4–

C5=1.405 Å) were found to be in the range of 1.39–
1.41 Å at both levels of calculation, which is consistent 
with typical C–C bond lengths in similar aromatic and 
heteroaromatic systems [22]. The calculated C11–N10 
(1.338 Å) and C8–N9 (1.356 Å) bond lengths in the 
pyrosol core of NOPC also show good comparison with 
the 1.33–1.38 Å range reported in the literature for 
pyrosol and pyrazolo derivatives[23].  

 
Table 1. The NOPC molecule's theoretically determined bond lengths (Å) and bond angles (o). 

Bond Lengths B3LYP PBEPBE  Bond Lengths B3LYP PBEPBE  

C1-C2 

C4-C5 

1.39581 

1.40489 

1.40202 

1.41117 

C12-O13 

C15-O16 

1.22478  

1.41430 

1.24881 

1.37112 

C4-C7 1.47818 1.47733 C12-N14 1.39027 1.45677 

C7-C11 1.43561 1.44636 C11-N10 1.33825 1.40750 

C11-C12 1.49135 1.43376 C8-N9 1.35640 1.38504 

C17-C18 1.35160 1.36949 C23-CI26 1.75822 1.75537 

Bond Angles B3LYP PBEPBE  Bond Angles B3LYP  PBEPBE  

C1–C2-C3 120.04235 120.02479 C8-N9-NI0 113.28330 107.22671 

C5-C4-C7 122.53490 122.52055 O13-C12-N14 119.41905 115.10687 

C7-C11-C12 128.94737 128.98903 O16-C15-N19 107.05023 114.01142 

C17-C18-C20 130.74091 129.94430 C22-C23-CI26 119.48292 119.46420 

Planar 

Bond Angles 

B3LYP PBEPBE  Planar 

Bond Angles 

B3LYP  PBEPBE  

C2-C3-C4-C7 -177.58703 176.40643 N14-C15-N19-C18 142.63522 177.91219 

C17-C18-C20-C25 160.29872 166.95496 O16-C17-C18-C20 179.92739 -179.56154 

C7-C11-C12-NI4 

N10-C11-C12-O13 

140.75331 

138.41786 

179.49238 

169.16589 

C8-C7-C11-C12 

C21-C22-C23-CI26 

177.34999 

179.28264 

178.80198 

179.71435 

 

 

Figure 1. Optimized geometry representation of NOPC compound by PBEPBE method. 

3.2. Mulliken atomic charges 
 
The impact of SARS-CoV-2 on the global health system 
has necessitated the design of new antiviral agents and 
the understanding of their mechanisms of action [21, 
24]. In this context, theoretical calculations and in 
silico analyses at the molecular level have become an 
important tool in the identification of potential 
inhibitors [25, 26]. Mulliken charge analysis, which is 
used for the detailed examination of the electronic 
structure, contributes to the elucidation of possible 
interaction sites with target proteins by determining 
the electron distribution within the molecule. In the 
present study, the electronic properties of the NOPC 
compound were optimized using the B3PW91 and 
PBEPBE functionals in combination with the 6-
31G(d,p) basis set, followed by the calculation of 
Mulliken charge distributions. The results obtained in 

the Mulliken analysis have been given in Table 2. The 
results show that especially some nitrogen (N14, N19) 
and oxygen atoms on the molecule carry significant 
negative charges and these regions can serve as 
potential hydrogen bond acceptors. On the other hand, 
hydrogen atoms such as H33 attached to N9 carry 
more positive charges, which increases the potential 
of these regions to bind to protein receptors via 
electrostatic interactions. These active sites identified 
based on Mulliken charge distribution were then 
integrated into molecular docking analysis with SARS-
CoV-2 core proteases (PDB ID: 6W75) and RNA-
dependent RNA polymerase (RdRp; PDB ID: 7BV2). It 
has been observed that NOPC compound establishes 
strong hydrogen bonds and electrostatic interactions 
with critical amino acids such as ASN459, ARG349 and 
PHE396 in the enzyme PDB ID: 7BV2, especially 
through highly negatively charged nitrogen and 
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oxygen atoms. These interactions stabilize the binding 
conformation of the ligand and also reveal the 
molecular basis of its inhibitory effect. In addition, the 
fact that the charges carried by the carbon atoms vary 
between positive and negative values strengthens the 
possibility that these regions bind to the target protein 
by π-π stacking or van der Waals interactions. This 
electronic perspective provided by Mulliken charge 
analysis, combined with the docking results, indicates 
that NOPC compound may be a potential inhibitor 
against SARS-CoV-2. 

The Mulliken atomic charge distribution in the NOPC 
(N-(4-(4-chlorophenyl)oxazol-2-yl)-4-phenyl-1H-
pyrazole-3-carboxamide) compound is generally 
consistent with the literature trends observed in 
heteroaromatic and amide-containing molecules. 
Studies at the theoretical level, such as B3LYP/6-
31G(d,p), have shown that heteroatoms (especially N 
and O) carry significant negative charges in their 
charge distribution and that carbon atoms can show 
both positive and negative values [27]. In NOPC, four 
nitrogen atoms (N9, N10, N14 and N19) carry 
significantly negative charges, and especially the N14 
and N19 atoms belonging to the amide group showed 
values in the range of –0.55 to –0.61 in the 
calculations. This result supports DFT studies showing 
that nitrogen atoms generally have high charge 
density in pyrazole and similar N-containing 
heterocyclic systems. This trend has been frequently 
reported in the literature in heterocyclic molecules 
where heteroatoms carry high negative charges by 
Mulliken analysis [28]. 
 
Table 2. The NOPC molecule's theoretically determined 
Mulliken Atomic Charges. 
ATOM B3LYP PBEPBE ATOM B3LYP PBEPBE 

C1 -0.081 -0.091 N9 -0.320 -0.342 
C3 -0.119 -0.123 N10 -0.336 -0.461 
C5 -0.105 -0.078 N14 -0.555 -0.611 
C7 -0.061 -0.031 N19 -0.584 -0.591 

C11  0.175 0.245 O13 -0.488 -0.496 
C15  0.513 0.746 O16 -0.442 0.421 
C17  0.121 0.055 H27 0.085 0.094 
C20  0.098 0.070 H29 0.075 0.085 
C22 -0.078 -0.088 H31 0.090 0.098 
C24 -0.072 -0.084 H33 0.286 0.289 
C25 -0.126 -0.120 H38 0.112 0.122 
CI26 -0.021 0.004 H40 0.106 0.123 

 
3.3. HOMO and LUMO analysis 
 
The highest occupied molecular orbital (HOMO) and 
lowest unoccupied molecular orbital (LUMO) energy 

Moreover, DFT investigations of various pyrazole-
containing compounds have demonstrated that 
HOMO and LUMO energy levels directly influence 
electron donor–acceptor behavior. These levels 
represent essential parameters for interpreting 
molecular electronic properties and provide 

valuable insight into chemical reactivity, stability, 
and interactions with biological targets [29, 30]. 

HOMO reflects the tendency of the molecule to donate 
electrons, while LUMO represents the ability to accept 
electrons [31, 32]. The energy gap (ΔE) between these 
orbitals influences the molecule’s chemical stability 
and reactivity, as well as its potential interactions with 
biological targets. In this work, quantum chemical 
analyses were carried out on the NOPC molecule using 
density functional theory (DFT). The compound was 
evaluated for its potential inhibitory interactions with 
the SARS-CoV-2 main protease enzymes (PDB IDs: 
6W75 and 7BV2). The HOMO and LUMO parameters 
obtained from two different computational methods 
are listed in Table 3. Visual representations of the 
HOMO and LUMO orbitals of NOPC are provided in 
Figures 2 and 3. These quantum chemical parameters 
were determined using Equations (1–6). For the 
optimized structure with the 6-31G(d,p) basis set, the 
HOMO–LUMO energy gap was found to be 1.531 eV 
using B3LYP and 1.969 eV using PBEPBE. This narrow 
band gap indicates that the molecule has high 
chemical reactivity and the capacity to interact 
effectively with possible biological targets. NOPC 
showed strong binding with critical residues (ASN459, 
ARG349 and PHE396) located in the active site of the 
protease via hydrogen bonds and hydrophobic 
interactions. Furthermore, the overlap of HOMO and 
LUMO distribution with π-systems and 
electrophilic/nucleophilic regions in the ligand 
structure supported the interactions with the active 
site, which was consistent with the docking results. 
Electrophilicity indices (B3LYP: 3.2791; PBEPBE: 
2.5162) also reveal that the molecule has a high 
reactivity potential and can effectively bind to 
biological targets. These results show that NOPC 
molecule can be considered as a potential inhibitor 
against SARS-CoV-2 and HOMO–LUMO analyses are an 
important tool in the prediction of biological activity. 
 
The HOMO–LUMO energy values of NOPC (B3LYP: ΔE= 
1.53 eV; PBEPBE: ΔE=1.97 eV) obtained in this study 
show significant differences when compared with 
DFT-based approaches commonly used in evaluating 
the electronic structures of heterocyclic systems. 
Studies of pyrazolo[1,5-c]pyrimidin-7(1H)-one 
derivatives at the DFT/B3LYP level reported in the 
literature show that HOMO–LUMO gaps are relatively 
higher, and this is associated with chemical stability, 
revealing a higher potential for electronic reactivity 
compared to the lower energy gap of NOPC [33]. 
Similarly, HOMO–LUMO analyses of the molecular 
structure of 3-(4-chlorophenyl)-5-aryl-1H-pyrazol-1-
yl methanol derivatives have been reported with 
larger energy gaps reflecting intermolecular charge 
transfer tendencies, indicating that ΔE strongly 
reflects molecular stability in such pi-conjugated 

heterocyclic systems [34]. Moreover, DFT 
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investigations of various pyrazole-containing 
compounds have demonstrated that HOMO and 
LUMO energy levels directly influence electron 
donor–acceptor behavior. These levels represent 
essential parameters for interpreting molecular 
electronic properties and provide valuable insight 

into chemical reactivity, stability, and interactions 
with biological targets.molecule, with smaller energy 

gaps associated with higher reactivity and potential 
biological interactions. It is emphasized that [35]. 
 

 

 
Figure 2.  Frontier orbitals of NOPC calculated at the B3LYP/6-31G(d,p) level. 

 

 
Figure 3. Frontier orbitals of NOPC calculated at the PBEPBE/6-31G(d,p) level.

ΔE = |EHOMO − ELUMO|  (1) 
 

η= (I − 𝐴)/2     (2)  

 

s= I/2𝜂      (2) 
 

(3) 
 

 

μ =
I+𝐴

2
  (4) 

χ= (1 + 𝐴) (5) 
 

ω = 𝜇2/2𝜂  (2) 
 

(6) 
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Table 3. HOMO–LUMO characteristics of NOPC computed by B3LYP and PBEPBE methods. 
 EHOMO ELUMO ΔE I A η s μ χ ω 

B3LYP -3.0061 -1.4751  1.531 3.0061 1.4751 0.7655 1.9635 2.2406 1.2375 3.2791 

PBEPBE -3.2112 -1.2414 1.969 3.2112 1.2414 0.9849 1.6302 2.2263 1.1207 2.5162 

ΔE→Energy Gap, I→Ionization Potential(−EHOMO), A→Electron Affinity(−ELUMO), η→Chemical hardness, s→Chemical softness, μ→Chemical 

Potential,  χ→Electronegativity, ω→Electrophilicity index  

 

3.4. Molecular electrostatic potential (MEP) 
 
MEP maps are used as a very effective tool in 
determining the potential reactive sites of a molecule 
by visualizing the spatial distribution of the 
electrostatic potential around it [36-38]. In this study, 
the MEP map of the NOPC molecule was obtained 
using the 6-31G(d,p) basis set with B3LYP and 
PBEPBE functionals based on density functional 
theory (DFT). The MEP map of the NOPC molecule 
calculated by the gas phase study methods has been 
shown in Figure 4. As a result of the calculations, the 
potential values for the B3LYP method varied between 
-7.138 eV and +7.138 eV, while this range was found 
to be -6.199 eV and +6.199 eV for the PBEPBE method. 
These values reveal that the distribution of 
electrostatic potential around the molecule varies 
depending on the methods. In the obtained MEP maps, 
color coding represents potential differences. The 
regions shown in red on the map have high electron 
density and are generally concentrated around 
electronegative atoms (e.g. oxygen and nitrogen). 
These regions show high affinity for electrophilic 
agents and are evaluated as possible reaction centers. 
Blue regions indicate electron-poor zones, usually 
associated with hydrogen atoms or positively charged 
centers. MEP mapping provides crucial information 
for identifying likely reactive regions in the NOPC 
molecule, which were subsequently considered in 
docking simulations against SARS-CoV-2. The 
significant negative potential around the carbonyl 
oxygen implies that this area can engage in strong 
electrostatic contacts with electrophilic amino acid 
residues of the viral protease. Similarly, the positive 
potential areas detected around the hydrogen atoms 
attached to the nitrogen group suggest that it can 
interact with nucleophilic viral target regions via 
hydrogen bonding. Molecular docking analyses 
performed in line with these electrostatic properties 
revealed that the NOPC molecule can bind to the active 
site of the SARS-CoV-2 main protease (6W75 and 
7BV2 proteins) with high affinity, and especially the 
carbonyl oxygen and nitrogen group interactions 
played a decisive role in binding stability. These 
findings reveal that MEP analysis provides important 
contributions not only in the identification of reactive 
regions but also in the prediction of ligand-target 
interactions. The calculated MEP values for the NOPC  
compound ranged from −7.138 to +7.138 eV and 
−6.199 to +6.199 eV at the B3LYP/6-31G(d,p) and 
PBEPBE/6-31G(d,p) levels, respectively, and these 

ranges are consistent with similar heterocyclic 
carboxamide and pyrazole derivatives in the literature 
in terms of electron density distribution across MEP 
surfaces. For example, in a DFT study on heterocyclic 
aromatic compounds such as 4-phenylpyrimidine, 
MEP analysis showed that the determination of 
negative potential regions on the molecular surface is 
reactivity determinant [39]. Furthermore, it has been 
reported that the MEP distribution in heteroatom-
containing molecules clearly reveals electron-rich 
(suitable for electrophilic attack) and electron-poor 
(suitable for nucleophilic interactions) regions; These 
studies emphasize that negative potential regions 
around the carbonyl oxygen are critical for reactive 
interactions [40]. The literature also reports that MEP 
analyses performed on similar heterocyclic structures 
have proven to be an effective tool in evaluating 
intermolecular hydrogen bonding and electrostatic 
interactions [41]. These findings support the idea that 
the electrostatic potential distribution of NOPCs can 
be used to assess reactivity and bonding properties. 
 

 
Figure 4. MEP map of the NOPC molecule calculated by 
B3LYP and PBEPBE methods. 

 

3.5. Non-linear optical properties (NLO) 
 
Nowadays, the design of molecules with nonlinear 
optical (NLO) properties stands out as an important 
research area in optical data storage systems and 
modern communication Technologies [42, 43]. In this 
context, dipolar molecules, especially those containing 
electron donor and electron acceptor groups, are 
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among the most investigated structures in the 
development of NLO properties. Some standard 
compounds are used as references for the 
understanding and comparative evaluation of NLO 
properties at the molecular level [44]. Urea, one of 
these compounds, is widely accepted as a reference 
point in the evaluation of nonlinear optical properties 
in theoretical studies [45]. The nonlinear optical 
characteristics of urea were theoretically evaluated in 
this work, and the derived values were offered as a 
benchmark for subsequent studies. Table 4 shows the 
dipole moment (µ), polarizability (α), and first 
hyperpolarizability (β) of NOPC obtained through two 
distinct computational approaches. When these data 
are evaluated with the comparisons made with urea, it 
is observed that the relevant parameters of NOPC in 
the gas phase are approximately eight times higher. 
This significant difference reveals that NOPC has a 
great potential in terms of nonlinear optical 
properties. These findings indicate that NOPC is an 
important candidate especially in the field of 
optoelectronic applications and nonlinear optical 
materials. Nonlinear optical (NLO) properties play an 
important role in the study of changes in the electronic 
structures of molecules, especially in biological 
systems. NLO active compounds can provide a strong 
polarization response due to the asymmetric 
properties in their electron density distributions, 
which makes them valuable for biosensor applications 
and drug design. In this context, the combined use of 
both NLO properties and molecular docking analyses 
in the determination of potential inhibitors against the 
SARS-CoV-2 virus provides a comprehensive 
evaluation of both optoelectronic and biological 
activities of molecules. Studies have shown that some 
compounds with high hyperpolarizability exhibit high 
binding affinity to the target proteins of SARS-CoV-2. 

This approach provides a multidisciplinary 
perspective in the development of new antiviral 
agents, enabling the joint analysis of both optical 
properties at the molecular level and interactions with 
biological targets. 
 
Many studies have investigated the NLO properties of 
heterocyclic and pi-conjugated organic systems using 
B3LYP and similar DFT methods. For example, a study 
on 1,2,4-triazole and phenylpropanamide derivatives 
showed that the total β values calculated by femto DFT 
were in the order of 6.3×10⁻³⁰ esu, indicating that 
these compounds are promising for optoelectronic 
applications; It has been stated that this increased 
hyperpolarizability value is related to the electron 
migration effect in the molecular structure and the 
contribution of bound heteroatoms [46]. The fact that 
the β values obtained at the B3LYP and PBEPBE levels 
in your calculations for the NOPC molecule are in the 
range of 1.55×10⁻³⁰ –1.58 × 10⁻³⁰ esu shows that the 
NLO efficiency of heterocyclic core organic 
compounds is of the same order of magnitude 
compared to similar systems in the literature. These 
results reveal that heterocyclic pi-systems, 
particularly those with N-a, can achieve significant 
hyperpolarizability through charge concentration and 
molecular asymmetry 3 [46]. On the other hand, some 
pi-conjugated systems reported in the literature show 
much higher β values (around 2.9×10⁻²⁹ esu) for 
example, 1,3,4-oxadiazole derivatives; it is stated that 
in such systems, the strong electron donor-acceptor 
interaction and the larger conjugation structure 
significantly increase hyperpolarizability, which may 
be the reason for the higher β values compared to 
NOPC [47]. 
 

 

Table 4. NLO parameters of the NOPC molecule calculated using B3LYP and PBEPBE methods. 

Parameters          B3LYP PBEPBE  Parameters B3LYP  PBEPBE  
μx 5.7484 5.2424 βXXX 33.4129 32.6351 
μy -1.4583 -1.5570 βYYY 11.4750 9.0032 
μz -0.8744 -0.8993 βZZZ -17.9272 -17.4776 

μ(D) 5.9946 5.5422 βXYY 37.0192 33.7689 
αxx -147.9027 -147.7385 βXXY -100.5969 -96.1515 
αYY -156.3746 -154.4782 βXXZ 60.0632 62.3132 
α zz -155.8632 -154.8301 βXZZ -11.8166 -14.7312 
αXY -8.1752 -7.2873 βYZZ -5.2132 33.7689 
αXZ -7.6218 -7.5954 βYYZ -22.2425 -21.4024 
αYZ 6.7476 6.3255 βXYZ -15.6334 -13.5984 

α(au) -133.1339 -137.3467 β(esu) 1.55x10-30 1.58x10-30 

Urea (Reference)= μ(D) = 1.3197, β(esu) = 0.1947x10-3 

 

3.6. NBO analysis 
 
NBO analysis is a powerful method that allows 
detailed investigation of intramolecular and 
intermolecular bonding and bond interactions [48]. It 
is also an important tool for understanding charge 

transfers and conjugative interactions occurring in 
molecular systems [49]. NBO analysis was carried out 
for the NOPC molecule optimized using the 
PBEPBE/6-31G(d,p) method. Table 5 presents the 
results, including intramolecular delocalization 
interactions, hybridization details, and electron 
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density distributions. Analysis results, the second-
order stabilization energy that defines the interactions 
between electron donor and acceptor orbitals is 
usually calculated as follows: 
 

𝐸(2) = −𝑛𝑖 .  
   (𝐹𝑖𝑗)

ℇ𝑗 − ℇ𝑖

2

               (7) 

 𝑛𝑖 : Number of electrons in donor orbital 
 𝐹𝑖𝑗 : Fock matrix element between donor and 

acceptor orbitals 
 ℇ𝑗 − ℇ𝑖 : Acceptor and donor orbital energies 

The magnitude of these values indicates the intensity 
of conjugative interactions between the relevant 
orbitals and the degree of charge transfer within the 
system. The highest interaction was determined with 
a value of 19.98 kcal/mol calculated for the π*(C22–
C23) → π*(C20–C21) transition. This situation reveals 
the existence of a strong π-π* conjugation between the 
orbitals in question. On the other hand, the lowest 

interaction was observed with 0.50 kcal/mol for the 

σ(C15–N19) → σ*(C18–C20) transition, indicating that 
this interaction is quite weak. The interaction of the 
chosen compound with SARS-CoV-2 main proteases 
(6W75 and 7BV2) was explored through molecular 
docking and NBO analysis. Molecular docking 
demonstrated that the compound binds strongly to 
both enzymes, and NBO analysis was used to assess 
electron density redistribution, conjugation effects, 
and hybridization patterns within the ligand–protein 
complex. In the NBO analysis, the second-order 
stabilization energy (E(2)) values, especially between 
the donor (electron donating) and acceptor (electron 

receiving) orbitals, quantitatively revealed the 
electronic interactions of the compound with the 
amino acid residues in the binding site. The high E(2) 
values obtained indicate that the compound 
establishes strong π-π or σ-σ conjugative interactions 
with some amino acids in the active site and thus 
forms stable complexes with protease enzymes. These 
findings support that the compound could be a 
potential inhibitor candidate targeting the main 
proteases of SARS-CoV-2.  
 
NBO (Natural Bond Orbital) analysis shows that the π-
system is significantly delocalized in the NOPC 
compound and contributes significantly to the overall 
stability of the molecule. In particular, the C22–C23 
π→C20–C21 π* (E(2)=19.98 kcal/mol) and C22–C23 
π→C24–C25 π* (E(2)=17.73 kcal/mol) transitions are 
consistent with the strong π→π* interactions 
observed in aromatic/conjugated systems. Similarly, 
in pyrazol-oxazole and similar heteroaromatic 
systems reported in the literature, π→π* stabilization 
energies are typically reported in the range of 15–22 
kcal/mol, which supports the fact that NOPC exhibits 
a high degree of conjugation and resonance 
stabilization [50, 51]. Furthermore, the π*→π* 
interactions observed in NOPC (C7–C8 π* → C3–C4 π*; 
E(2)=10.28 kcal/mol) parallel the significant 
antibonding-antibonding interactions reported in 
similar heteroaromatic molecules [52]. The σ→σ* and 
σ→π* transitions (N14–H34 σ→C15–N19 σ*, 
E(2)=0.80 kcal/mol; O16–C17 σ→N14–C15 σ*, 
E(2)=0.57 kcal/mol) correspond to the typical 
hyperconjugation level seen in amide/heteroatomic 
systems in the literature and partially contribute to 
the bond stability of the molecule [53]. 

 

 

Table 5. Selected NBO results of NOPC molecule calculated using PBEPBE/6-31G(d,p) basis sets.  

NBO(i) Type Occupancies NBO(j) Type Occupancies 
E(2)a 

(Kcal/mol) 
E (j)-E(i)b 

(Kcal/mol) 
F (i, j)c 

(Kcal/mol) 

C1-C2 π 0.83071           C3-C4 π* 0.19200 1.76 144.33 32.65 
C1- C2 π 0.83071            C5-C6 π* 0.15449 1.69 144.33 32.65 
C3-C4 π 0.82402           C1-C2 π* 0.17283 1.81 144.33 33.28 
C3-C4 π 0.82402           C5-C6 π* 0.15449 1.70 144.33 32.65 
C3-C4 π 0.82402           C7-C8 π* 0.14840 1.36 131.78 28.24 
C5-C6 π 0.82886          C1-C2 π* 0.17283 1.84 137.95 33.28 
C5-C6 π 0.82886           C3-C4 π* 0.19200 1.76 144.33 32.65 

C11-C12 π 0.93085          C7-C8 π* 0.14840 1.70 150.60 34.51 
N14-H34 σ 0.98692 C15-N19 σ* 0.23844 0.80 659.88 47.06 
C15-N19 σ 0.99280             C18-C20 σ* 0.01657 0.50 771.84 40.79 
C15-N19 π 0.93968           C17-C18 π* 0.14660 1.81 181.88 38.90 
O16-C17 σ 0.99200           N14-C15 σ* 0.00842 0.57 765.81 42.71 
C18-N19 σ 0.98301         N14-C15 σ* 0.00842 1.12 696.03 57.09 
C20-C21 π 0.81369        C17-C18 π* 0.14660 1.74 137.95 32.65 

C20-C21 π 0.81369           C22-C23 π* 0.20501 1.98 131.78 33.87 
C17-H30 π 0.98886 C16-C21 π* 0.01559 0.76 577.91 42.71 
C20-C21 π 0.81369  C24-C25 π* 0.15758 1.75 144.33 32.65 
C22-C23 π 0.83301          C20-C21 π* 0.19544 1.60 150.60 32.65 
C22-C23 π 0.83301 C24-C25 π* 0.15758 1.68 150.60 33.28 
C24-C25 π 0.83659 C20-C21 π* 0.19544 1.70 144.33 32.65 
C24-C25 π 0.83659 C22-C23 π* 0.20501 1.79 137.95 32.65 
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C7-C8  π* 0.14840 C3-C4 π* 0.19200 10.28 6.28 33.87 
C11-C12  π* 0.26219 C7-C8 π* 0.14840 10.04 12.55 34.51 
C15-N19 π* 0.23844 C17-C18 π* 0.14660 4.34 18.83 31.38 
C22-C23 π* 0.20501 C20-C21 π* 0.19544 19.98 12.55 45.18 
C22-C23 π* 0.20501 C24-C25 π* 0.15758 17.73 6.28 42.71 

 

3.7. Molecular docking studies 
 
In this study, SARS-CoV-2 was selected as the 
biological target due to its continued global impact and 
the urgent need for novel antiviral agents. Although 
vaccines have significantly reduced the severity of 
COVID-19, the emergence of new variants and 
breakthrough infections highlights the necessity of 
developing additional therapeutic strategies. Among 
the viral proteins, the main protease (Mpro) and RNA-
dependent RNA polymerase (RdRp) were chosen 
because they are essential for viral replication and 
exhibit high conservation across SARS-CoV-2 variants, 
making them promising targets for broad-spectrum 
inhibitors. Mpro mediates the proteolytic processing 
of viral polyproteins into functional non-structural 
proteins, and its inhibition effectively blocks viral 
maturation. RdRp is responsible for viral RNA 
synthesis and has no close human homolog, which 
increases the likelihood of selective inhibition. The 
selected PDB structures, 6W75 and 7BV2 (RdRp), 
were used because they provide high-resolution, 
experimentally validated conformations with clearly 
defined active sites and cofactor binding regions, 
allowing reliable docking simulations. Although other 
SARS-CoV-2 proteins such as the spike protein, 
papain-like protease (PLpro), helicase (nsp13), and 
exoribonuclease (nsp14) are also relevant, the current 
work focuses on replication-related enzymes due to 
their established druggability and extensive use in 
antiviral drug discovery. 
 
The 2D structure of the NOPC ligand was plotted using 
ChemDraw and saved in MDL SD format (SDF). The 
ligand geometry was not subjected to DFT 
optimization; the 3D structure obtained from the SDF 
file was used directly for docking studies. Target 
proteins (PDB ID: 6W75; PDB ID: 7BV2) were 
downloaded from the Protein Data Bank. Protein 
preparation (removal of water molecules, addition of 
hydrogen, and optimization of protonation states) was 
performed using Schrödinger Maestro (version 11.8) 
software. The binding site for docking was defined 
using the Receptor Grid Generation module in 
Maestro, based on the active site containing the co-
crystallized ligand in the crystal structure. Grid 
dimensions were adjusted to completely encompass 
the active site amino acids and were determined as 
20×20×20 Å for Mpro and RdRp. Docking simulations 
were performed using the Glide module with these 
grid parameters. 
Structure-based drug design is a rational drug 
discovery approach that aims to develop inhibitory or 

agonist compounds with high specificity by utilizing 
three-dimensional structural information of the target 
protein. In this context, molecular docking methods 
are widely used to predict possible binding 
conformations and binding affinities of small 
molecules with biological targets [54]. These methods, 
based on computational modeling techniques, provide 
significant advantages in terms of both cost and time 
compared to traditional high-throughput screening 
methods [55]. In addition, they provide valuable 
insights in terms of structural optimization and 
biological activity prediction of candidate molecules 
by allowing atomic-level analysis of ligand-protein 
interactions [56]. Therefore, molecular docking-based 
virtual screening approaches are among the 
indispensable components of early-stage drug 
discovery processes. The impact of the COVID-19 
pandemic on global health has made the development 
of effective antiviral agents against the SARS-CoV-2 
virus a priority area of research [57]. In this context, 
molecular docking studies conducted within the 
framework of structure-based drug design 
approaches offer the opportunity to evaluate the 
interactions of potential inhibitors with viral target 
proteins at the molecular level [58]. In this study, the 
potential binding affinity of the NOPC molecule, a 
pyrazole derivative, with the main protease (PDB ID: 
6W75) and RNA-dependent RNA polymerase (PDB ID: 
7BV2), one of the critical enzymes of SARS-CoV-2, was 
investigated. In this study, Discovery Studio Visualizer 
(version 2016) [59] software was used to visualize 
protein-ligand interactions. As a result of molecular 
docking analyses, it was determined that the ligands 
bind to the active sites of target proteins with high 
affinity; it was observed that the amino acid residues 
in these binding sites have different physicochemical 
properties (Figure 5). In line with the docking results, 
the most suitable binding conformations were 
obtained and these positions have been visually 
presented in Figure 6 and Figure 7. In particular, the 
interactions of the NOPC compound with the target 
proteins were evaluated in detail and the critical 
amino acid residues in the binding site and the types 
of interactions between them have been shown in 
Table 6. Binding energy calculations revealed that 
NOPC obtained docking scores of −7.70 kcal/mol for 
6W75 and −8.40 kcal/mol for 7BV2 (Table 6), 
indicating strong and specific binding to these 
proteases. The simulations were performed with 
Schrödinger Maestro (version 11.8) [15] software, The 
results indicated that NOPC achieved high binding 
scores with both of the target proteins. Especially the 
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high binding affinity obtained in the interaction with 
RdRp target indicates that this compound may be a 
strong candidate for the inhibition of viral replication 
mechanism. Interaction analyses performed using 
Discovery Studio software revealed that numerous 
hydrogen bonds, π–π stacking and hydrophobic 
interactions were formed between the ligand and the 
target protein. These interactions support the 
conformationally stable placement of the ligand in the 
binding site and strengthen its inhibitory potential. 
These results indicate that NOPC may be regarded as 
a promising multi-target antiviral agent against SARS-
CoV-2. Moreover, the compound’s pharmacological 
effects and safety profile should be evaluated in detail 
using comprehensive in vitro and in vivo experiments. 
The docking protocol was validated by re-docking the 
co-crystallized ligands into the active sites of the 
target proteins, and the root-mean-square deviation 

(RMSD) values were calculated using the MOE 
program [16]. As shown in Table 6, the RMSD values 
obtained for the re-docked poses of NOPC with 6W75 
and 7BV2 were 1.5584 Å and 1.4212 Å, respectively. 
These RMSD values are well below the widely 
accepted threshold of 2.0 Å, indicating a strong 
agreement between the experimentally observed and 
predicted binding conformations. Consequently, the 
docking protocol can be considered reliable, and the 
predicted binding modes of NOPC within the active 
sites of both target proteins are deemed accurate. 
 
Table 6. Molecular docking interactions scores with PDBID: 

6W75, PDBID: 7BV2 enzymes of NOPC compound.  

NOPC Compound       PDB: 6W75                PDB: 7BV2 

Docking Score -7.70 -8.40 

RMSD Values 1.5584 1.4212 

Table 7. The interaction parameters between NOPC compound and 6W75, 7BV2 enzyms. 

 
 

 6W75 Enzym 7BV2 Enzym 

Important 

Interactions 

Full 

Name 

Type           Bond 

      Length(Å) 

Full Name Type     Bond  

Length(Å) 

Van der Waals MET6929 

ASN6899 

SER6872 

GLY6869 

GLU7001 

THR6970 

Methionine 

Asparagine 

Serine 

Glycine 

GlutamicAcid 

Threonin 

- 

- 

- 

- 

- 

THR394 

CYS395 

SER318 

GLU350 

PRO677 

ASN28 

Threonine 

Cysteine 

Serine 

GlutamicAcid 

Proline 

Asparagine 

- 

- 

- 

- 

- 

Conventional 

Hydrogen Bond 

ASN6841 

LYS6968 

LYS6844 

Asparagine 

Lysine 

Lysine 

5.39 

5.74 

5.98 

ASN459 

ASP464 

ARG574 

Asparagine 

Arginine 

3.11 

5.94 

Pi-Anion ASP6897 

ASP6928 

AsparticAcid 

AsparticAcid 

7.07 

5.96 

- - - 

Pi-Sigma - - - PRO677 Proline 4.12 

Pi-Cation LYS6935 Lysine 7.84 ARG349 Arginine 6.98 

Amide-Pi stacked - - - LEU460 Leucine 4.71 

Alkyl LEU6998 Leucine 4.36 - - - 

Pi-Alkyl - - - VAL315 

PRO323 

Valine 

Proline 

6.10 

5.01 
Carbon 

Hydrogen Bond 
GLY6869 

 

Glycine 

 

5.20 - - - 

Pİ-Pi Stacked - - - PHE396 Phenylalanine 5.18 

Pi-Donor 
Hydrogen Bond 

- - - - - - 

Pİ-Pi T-Shaped TYR6930 Tyrosine 4.36 - - - 
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Figure 5. 2D Mode view of NOPC Compound and PDBID: 6W75, PDBID: 7BV2 enzyms. 

 

 
Figure 6. Molecular docking visual results of NOPC compound with 6W75 enzyme. 
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Figure 7. Molecular docking visual results of NOPC compound with 7BV2 enzyme 

 

3.8. ADME Analysis 

Nowadays, in drug discovery processes, early 
prediction of pharmacokinetic and pharmacodynamic 
properties of candidate compounds is of great 
importance in terms of reducing drug development 
costs and accelerating the process [60]. In this context, 
in silico methods enable the pre-evaluation of ADME 
parameters covering absorption, distribution, 
metabolism and excretion processes, allowing results 
to be obtained in a shorter time, at lower cost and with 
higher efficiency compared to experimental studies 
[61]. In this study, NOPC compound was analyzed in 
silico using ADMETlab 2.0 platform 
(https://admetmesh.scbdd.com/). Table 8 shows the 
calculated molecular properties of Lipinski's rule of 
five determined using ADMETlab 2.0 online tool. The 
compound fully complied with Lipinski's Rule of Five, 
revealing that it is a potential drug candidate with oral 
bioavailability. It offers a favorable pharmacokinetic 
profile with its properties such as high intestinal 
absorption (HIA), ability to cross the blood-brain 
barrier (BBB permeability), strong binding to plasma 
proteins (95.7%) and the ability to inhibit liver 
enzymes such as CYP2D6 and CYP3A4. In addition, the  

half-life (T1/2) of the compound along with its renal 
and hepatic clearance values provides information 
about its persistence in systemic circulation and 
duration of activity; which plays a critical role in 
determining dosing intervals. The aforementioned 
pharmacokinetic and physicochemical data support 
the evaluation of NOPC as a lead drug candidate; and 
form the scientific basis for carrying this compound to 
in vitro and in vivo studies to be conducted at later 
stages. Therefore, such in silico analyses stand out as a 
powerful pre-screening tool in terms of rational 
molecule design and candidate selection in the drug 
development process. When the in silico ADME profile 
analysis results of the compound are evaluated 
together with the docking results, the NOPC 
compound stands out as a promising antiviral 
candidate with both its target-specific binding 
potential and appropriate ADME profile against SARS-
CoV-2. The color regions and physicochemical 
parameter maps of the NOPC compound have been 
given in Figure 8. 

 
Table 8. NOPC molecule’s physicochemical and lipophilicity.  

Property  NOPC Comment 
Molecular Weight   364.07 Molecular Weight< 500 
nHA 6 Hydrogen bond acceptors< 12 
nHD 2 Hydrogen bond donors< 7 
logP 4.302 Log of the octanol/water partition coefficien: 0-5 
TPSA 83.81 Topological Polar Surface Area:0-140 
HIA 0.00 Category 1: HIA+( HIA < 30%);  

Category 0: HIA-( HIA >= 30%);  
The output value is the probability of being HIA+ 

BBB 0.957 The output value is the probability of being BBB+ 
CYP2D6 0.00 Category 1: Inhibitor; Category 0: Non-inhibitor;  
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The output value is the probability of being inhibitor. 
CYP3A4 0.005 Category 1: Inhibitor; Category 0: Non-inhibitor;  

The output value is the probability of being inhibitor. 
T1/2 0.826 The unit of predicted T1/2 is hours.  

ultra-short half-life drugs: 1/2 < 1 hour; short half-life drugs: T1/2 
between 1-4 hours; intermediate short half-life drugs: T1/2 
between 4-8 hours; long half-life drugs: T1/2 > 8 hours. 

 
Figure 8. Color regions and physicochemical parameters of NOPC molecule. 

 
 

4. Conclusions 

 
In this study, the molecule NOPC compound was 
investigated comprehensively for the first time using 
multidimensional theoretical calculations and 
molecular modeling approaches. Structural and 
electronic data obtained with DFT optimizations 
(B3LYP/6-31G(d,p) and PBEPBE/6-31G(d,p)) 
demonstrated high agreement between the two 
methods, confirming the reliability of the calculations. 
The HOMO–LUMO energy gap and the obtained 
chemical reactivity parameters showed that NOPC has 
high chemical stability and controlled reactivity. MEP 
analysis identified potential interaction sites on the 
molecule, revealing suitable binding sites for 
hydrogen bonding and electrostatic interactions. 
Pharmacokinetic evaluations (ADMETlab 2.0) showed 
that NOPC satisfies Lipinski's Five Rules and has a 
favorable profile in terms of oral bioavailability. These 
results support the molecule's potential to enter 
systemic circulation and be evaluated among drug 
candidates. Molecular docking studies revealed that 
NOPC exhibited binding affinities of −7.70 kcal/mol 
and −8.40 kcal/mol to SARS-CoV-2 major protease 
(PDB ID: 6W75) and RNA-dependent RNA polymerase 
(PDB ID: 7BV2), respectively. These findings strongly 
support NOPC's potential as a dual-target inhibitor 
against two critical enzymes of the virus. Overall, the 
findings demonstrate that NOPC is both chemically 
stable and amenable to interaction with biological 
targets; it stands out as a novel starting compound that 
can be evaluated, particularly in antiviral drug 
development studies targeting SARS-CoV-2. Further 
studies are recommended to confirm this potential in 

more detail with molecular dynamics simulations and 
in vitro/in vivo biological tests. 
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