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Abstract: In this study, the electronic structure, reactivity, molecular docking interactions, and
pharmacokinetic properties of eight different octanediamide derivative compounds were investigated to
evaluate their potential as antiviral agents against the monkeypox virus (MPXV). Quantum chemical
parameters such as HOMO-LUMO energy levels, energy gap (AE), chemical hardness, softness,
electronegativity, chemical potential, electrophilicity index, and dipole moment were calculated at the HF/6-
31++G(d,p) level using Gaussian 09. The docking behaviors of the molecules were evaluated via the
Schrédinger Maestro platform against two critical monkeypox virus proteins (PDB IDs: 2V54 and 6BED).
In parallel, ADME/T predictions were performed using the QikProp module to evaluate their drug-likeness
and pharmacokinetic suitability. Results revealed that molecule 7 was the most reactive and electrophilic
compound, while molecule 4 demonstrated the greatest electronic stability. Docking analysis indicated that
molecule 5 and 8 displayed the strongest binding interactions with MPXV proteins. Furthermore, molecule
3 exhibited the most favorable ADME profile with high membrane permeability and acceptable solubility.
These findings suggest that several of the studied compounds, particularly molecules 3, 5, 7, and 8, are
promising antiviral candidates for further in vitro and in vivo evaluation against monkeypox virus.
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1. Introduction (especially squirrels and rats) are considered the

Monkeypox virus (Mpox; MPXV) is a double-
DNA belonging to the
Orthopoxvirus genus of the Poxviridae family,

stranded virus
zoonotic in nature and capable of causing serious
infections in humans [1]. This virus is genetically
very similar to the variola virus and was first
identified in laboratory monkeys in 1958, with the
first human case reported in the Democratic
Republic of the Congo in 1970 [2]. Although it was
initially limited to a zoonotic disease specific to
West and Central Africa, it caused simultaneous
outbreaks in many countries in 2022 and was
defined as a global threat to international public
health [3].

Although the natural reservoirs of monkeypox virus
have not been precisely determined, rodents
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main reservoirs. Transmission to humans occurs
through direct contact with infected animals, body
fluids, skin lesions or contaminated materials. In
addition, it has been determined that skin contact,
close social relationships and human-to-human
transmission via respiratory droplets are also
important in recent outbreaks [4].

MPXYV carries a large genome of approximately
197 kilobases and is one of the rare DNA viruses
that replicate in the cytoplasm rather than in the host
cell nucleus. Its genome encodes hundreds of genes
related to DNA replication, transcription, immune
modulation, and structural protein production. This
produces a  large  number  of
immunomodulatory proteins to evade the host
immune system [5]. These proteins inhibit the type

virus
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I interferon response, suppress NK cell activity, and
modulate cytokine responses. In addition, the virus
has two different infectious forms, EEV
(extracellular enveloped virion) and IMV
(intracellular mature virion). These forms offer
important strategies for cell-to-cell spread and
evasion of host immunity. At the chemical and
molecular level, the structural proteins of MPXV
(especially glycoproteins such as A27L, BSR, L1R)
play a critical role in the entry of the virus into the
cell and its escape from the immune response [6].
These protein structures are important molecules in
terms of antiviral drug targeting and vaccine
development studies. In recent years, molecular
docking and dynamic simulation studies on these
proteins have enabled the identification of effective
inhibitor compounds [7]. For example, the antiviral
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agent called tecovirimat (ST-246) inhibits viral exit
by interacting with the BSR protein and is the first
FDA-approved Mpox treatment. In addition,
nucleotide analogs such as cidofovir and
brincidofovir are also potential DNA polymerase-
targeted treatments. Studies conducted with in
silico methods play a critical role in the preliminary
screening of potential drug candidates by modeling
the three-dimensional structures of viral proteins,
determining drug binding sites, and ADME/T
(absorption, distribution, metabolism, elimination,
and toxicity) analyses [8,9]. In this context,
molecular modeling software such as Schrédinger,
AutoDock, and MOE are used. Targeting proteins
that play a role in host cell interaction, especially
A28L and D13L, forms the basis of new generation
antiviral strategies.

Monkeypox Virus
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Figure 1. movement of monkeypox virus in cells

Monkeypox virus (MPXV) is a large virus with an
envelope structure, containing double-stranded
DNA, and is one of the rare DNA viruses that
completes its replication in the cytoplasm after
entering the infected cell [10]. The process of
entering the cell begins with the interaction of
specific glycoproteins on the surface of the virus
with target receptors on the host cell membrane.
These receptors include heparan sulfate and some
cell adhesion molecules. After the virus binds to the
host cell membrane, it is taken into the cell by
fusing with the membrane or by endocytosis. After
entering the cell, the viral envelope is broken down

by the effect of low pH and enzymes in the
endosomal environment and the viral structures are
released into the cytoplasm without going to the
nucleus [11]. This event is called uncoating, or
peeling off of the viral capsid.

The transportation of viral structures within the cell
occurs via the cell's cytoskeleton system. The virus
moves within the cytoplasm, especially through
microtubules and motor proteins such as dynein or
kinesin attached to them. As a result of this
transportation, the virus is directed to suitable
cytoplasmic regions for replication and gene
expression [12]. Since monkeypox virus carries its
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own RNA polymerase, it can directly initiate the
transcription process in the cytoplasm without
entering the host nucleus. First, early genes are
transcribed and these gene products suppress the
host immune response and prepare the environment
for viral replication. Then, late and late-late stage
genes are activated; these genes code for viral
capsid proteins and membrane proteins [13].

In the cytoplasm, special structures called "viral
factories" are formed. In these structures, viral
DNA replication is carried out, new RNA
transcripts are produced and protein synthesis is
coordinated. Replication is carried out with the help
of DNA polymerase and helicase enzymes encoded
by the virus [14]. The new DNA molecules and
structural proteins produced are used for the
assembly of new virions. In the final stage, newly
formed virus particles are directed to the cell
membrane and released outside the cell by lysis or
exocytotic means, thus continuing the infection
cycle.

All these processes; It involves complex chemical
and biological events such as protein-protein
interactions, pH changes, cytoskeletal transport
mechanisms, enzymatic reactions and suppression
of host immune responses [15]. Therefore, the
intracellular behavior of Monkeypox virus is of
critical importance for modern virological research
and antiviral drug development studies. In
particular, understanding the wviral entry
mechanisms and intracellular transport pathways
forms the basis for the development of next-
generation targeted treatment strategies.

In this study, molecule 1 (S)-N1-(6-(2-
naphthamido)-4,5,6,7-tetrahydrobenzo[d]thiazol-
2-y1)-N8-hydroxyoctanediamide, molecule 2 (S)-
N1-hydroxy-N8-(6-(4-
(trifluoromethoxy)benzamido)-4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)octanediamide,
(S)-N1-hydroxy-N8-(6-(3,4,5-
trimethoxybenzamido)-4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)octanediamide,
molecule 4  (S)-N1-(6-(3-chlorobenzamido)-
4,5,6,7-tetrahydrobenzo[d] thiazol-2-yl)-N8-
hydroxyoctanediamide, molecule 5 (S)-N1-(6-
([1,1 -biphenyl]-4-carboxamido)-4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)-N§-
hydroxyoctanediamide, molecule 6 (S)-N1-(6-(3,5-
dimethylbenzamido)-4,5,6,7-tetrahydrobenzo[d]
thiazol-2-yl)-N8-hydroxyoctanediamide, molecule

molecule 3

7 (S)-N1-hydroxy-N8-(6-(3-
(trifluoromethyl)benzamido)-4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)octanediamide,
molecule 8  (S)-N1-(6-([1,1'  -biphenyl]-3-
carboxamido)-4,5,6,7-tetrahydrobenzo[d]thiazol-
2-yl)-N8-hydroxyoctanediamide molecules were
all synthesized by Sun and co-worker [16] in Figure
1. Then, the quantum chemical parameters of these
molecules were calculated with the Gaussian
package program. Calculations using the 6-
31++g(d,p) basis set in the HF [17] techniques were
performed using these programs. Then, the
activities of the molecules against various proteins,
which are PDB ID: 2V54 [18] and 6BED [19]
proteins, were compared. Finally, the drug
properties of the molecules were examined by
ADME/T analysis of the molecules.

2. Computational Method
The chemical and biological properties of
molecules can be significantly deduced from
theoretical computations. Theoretical simulations
yield extensive insights on quantum chemical
parameters. The calculated parameters elucidate the
chemical reactivity of the compounds. Molecules
are computed utilizing several applications.
Gaussian09 RevD.01 and GaussView 6.0 are the
designations of these distinct apps [20,21].
Calculations employing the 6-31++g(d,p) basis set
with the HF methods was conducted utilizing these
programs. Numerous quantum chemical parameters
have been identified by these quantum chemistry
calculations.  The subsequent presentation
calculated parameters,
representing a unique molecular chemical
characteristic  [22,23]. The equations for
determining these parameters are shown in

illustrates  the each

equations.
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Molecular docking calculations are employed to

compare the biological activities of molecules with

biological = materials. =~ Molecular  docking
computations were conducted utilizing
Schrodinger's Maestro  Molecular  modeling
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platform (version 13.4) [24]. Calculations
encompass multiple phases. Each phase is executed
distinctly. Proteins were synthesized in the initial
phase utilizing the protein preparation module [25].
The active sites of the proteins were found in this
module. The subsequent phase entails the
preparation of the compounds under investigation.
The LigPrep module [26] is prepared for
computations using optimized structures once the
molecules have been initially optimized in the
Gaussian software application. Subsequent to
preparation, the interactions between the
compounds and the cancer protein were examined
utilizing the Glide ligand docking module [27,28].
All calculations were executed with the OPLS4
methodology. The pharmacological potential of the
examined substances will be assessed using
ADME/T  study (absorption, distribution,
metabolism, excretion, and toxicity). The impacts
and responses of substances in human metabolism
were forecasted utilizing the Qik-prop module of
Schrédinger program [29].

3. Results and discussion

In order to get a comprehensive understanding of
the electronic structure and chemical characteristics
of molecules, it is crucial to have a sound
understanding of various terminologies, including
the AE energy gap, Enomo, Erumo, chemical
hardness, softness, electronegativity, and chemical
potential [30]. A chemical's stability and reactivity
may be evaluated based on these basic
characteristics, which are used to evaluate the
chemical.

The energy gap, often known as AE, is a
measurement that measures the difference in energy
levels that exist between the highest occupied
molecular orbital (HOMO) of a molecule and the
lowest unoccupied molecular orbital (LUMO) of
the same molecule [31]. It is necessary to have a
thorough comprehension of this value in order to
have a complete grasp of the electrical stability and
reactivity of a molecule. When the AE value is
larger, it indicates that the structure of the molecule
is more stable, whereas when the AE value is less,
it indicates that the molecular reactivity is increased
[32].

When discussing the energy of molecular orbitals,
the terms Enomo and Erumo are used to refer to the
energy of the molecular orbital with the highest

occupied energy and the molecular orbital with the
lowest unoccupied energy, respectively. The
LUMO is a measure of a molecule's ability to take
in electrons, which is indicative of electrophilic
behavior. On the other hand, the HOMO is
responsible for determining a molecule's tendency
to donate electrons, which is indicative of
nucleophilic activity [33]. It is necessary to have a
full understanding of the energy difference between
the HOMO and LUMO states in order to
comprehend the mechanics of electron transport
when chemical reactions are being carried out.

Chemical hardness is the ability of a molecule to
withstand changes that are brought about by
influences that are external to the molecule. There
is a decrease in reactivity and an increase in
structural stability in molecules that are more stiff.
The reactivity of a molecule may be quantified
using the concept of chemical softness; molecules
that are softer are more susceptible to changes in
their chemical

structure. In order to better

understand the acid-base characteristics of
molecules and to make predictions about the
formation of chemical bonds, the notions of
softness and hardness may be of assistance [34].

The polarity of chemical bonds is
determined by electronegativity, which is an
important factor. One might use this expression to

refer to the propensity of an atom or molecule to

mostly

attract electrons that are involved in bonding. In the
context of chemical reactions, compounds that have
a higher electronegativity are more efficient in
attracting electrons and displaying electrophilic
properties.

The change in energy that occurs inside a molecule
may be quantified using chemical potential, which
also provides an indication of how the system reacts
to changes in electron density [31]. As an important
indication for determining the molecule stability
and reaction energy, this number is a key indicator.
The integration of these principles results in the
establishment of a complete foundation for
understanding the electrical structure, stability, and
chemical reactivity of molecules. The evaluation of
the energy levels of the HOMO and LUMO states,
in combination with the AE, provides a good tool
for forecasting the chemical reactivity of a
substance. For the purpose of grasping molecular
reactions to external stimuli, it is essential to have
an understanding of characteristics like as
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electronegativity, malleability, and chemical
hardness. In Table 1 and Figure 2, each and every
factor is listed in exhaustive detail respectively.

Table 1. The calculated quantum chemical parameters of molecules.

Enomo Erumo | A AE n 1] % PA (0] € dipol Energy
HF/6-31++g(d,p) LEVEL
1 -8.1798 0.9241 8.1798  -0.9241 9.1039  4.5520 0.2197 3.6279 -3.6279  1.4457 0.6917 3.9192  -52148.0238
2 -8.5210  0.8580 8.5210  -0.8580 93790 4.6895 0.2132 3.8315 -3.8315 1.5653 0.6389 3.8555 -57129.3047
3 -8.4146 09851 8.4146  -0.9851 9.3997 4.6999 0.2128 3.7148 -3.7148 1.4681 0.6812 3.2211 -54107.4560
4 -8.4710 09706 8.4710 -0.9706 9.4416 4.7208 0.2118 3.7502 -3.7502 1.4896 0.6713 3.1351 -60483.8909
5 -8.4068 0.9472  8.4068  -0.9472 9.3540 4.6770  0.2138  3.7298 -3.7298 1.4872 0.6724 4.5666  -54240.8896
6 -8.4089  0.9407 8.4089  -0.9407 93496 4.6748 0.2139 3.7341 -3.7341 1.4914 0.6705 6.1349 -50119.5402
7 -8.5681 0.6267 8.5681  -0.6267 9.1948 45974 0.2175 39707 -3.9707 1.7147 0.5832 4.0709 -58140.7010
8 -8.4068 0.9472  8.4068  -0.9472 9.3540  4.6770 0.2138  3.7298 -3.7298 1.4872 0.6724 4.5650  -54240.8824
The Koopman theorem [35], which is a  This theory proposes that a system commonly takes

fundamental premise in the field of molecular
orbital theory, establishes a correlation between the
electron affinity and ionization energy of a
molecule and its HOMO and LUMO energy levels.
In accordance with the idea, the energy of the
HOMO is equivalent to the ionization energy of the
molecule, while the energy of the LUMO is a
reflection of the electron affinity of the molecule.
In this manner, a reliable instrument is provided for
the purpose of predicting the electrical properties
and reactivity of molecules. Given that the theory
does not take into account -electron-electron
interactions, the results are little more than
speculations that could need for more complex
calculations in order to discover a way to validate
them.

Elucidating acid-base chemistry was the motivation
for the development of the Hard and Soft Acid-Base
(HSAB) paradigm [36]. From this point of view, it
is hypothesized that hard acids have powerful

interactions with hard bases, while soft acids are
able to establish strong links with soft bases [37].

a structure with increased hardness as a result of its
increased stability and less reactivity compared to
other structures. It is possible to make accurate
predictions about the stability of molecules and
chemical processes by using this concept as a
foundation. The idea of maximal hardness [38] is
used rather often, particularly in the process of
assessing transition states and producing reactive
intermediates.

This comprehensive understanding of the qualities
of molecular bonding and reactivity may be
achieved by the application of these three essential
ideas, which provide both a theoretical and practical
basis. The HSAB principle sheds light on the
properties of acid-base interfaces [39], Koopman's
theorem investigates the paths that electrons take to
go from one location to another, and PMH
primarily anticipates the stability of molecules [40].
It is possible that a thorough knowledge of the
behavior of chemical systems might be obtained via
the combination of different techniques.
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Figure 2. Representations of optimize structure, HOMO, LUMO, and ESP of molecules

In this study, the quantum chemical parameters
calculated at the HF/6-31++G(d,p) level of eight
different molecules were investigated. The
calculated parameters include HOMO and LUMO
energy levels, energy gap (AE), chemical hardness
(n), softness (g), chemical potential (p),
electronegativity (), electrophilicity index (®),
dipole moment and total energy values. These
parameters were used to evaluate the electronic
properties, reactivity and stability levels of the
molecules.

HOMO and LUMO energy levels indicate the
electron donation and acceptance tendencies of the
molecules, respectively. HOMO values were
calculated between —8.1798 and —8.5681 eV, and
LUMO values were calculated between 0.6267 and
0.9851 eV. HOMO-LUMO energy gaps (AE)
indicate the chemical stability and reactivity of the
molecules. The lowest AE value was calculated for
molecule number 7 (9.1948 eV), while the highest
AE value was calculated for molecule number 4
(9.4416 eV). These data show that molecule
number 7 is more reactive and molecule number 4
is more stable.

Chemical hardness (1) is calculated as half of AE
and shows the resistance of molecules to external
effects. The highest hardness value was again
observed for molecule 4 (4.7208 eV), while the
lowest hardness value was observed for molecule 7
(4.5974 eV). In contrast to hardness, chemical
softness (¢) was calculated for molecule 7 at the
highest value (0.5832), confirming once again that
this molecule is highly reactive.

Chemical potential (n) and electronegativity (y)
parameters define the degree of interaction of
molecules with electrons. p values range from
0.2118 to 0.2197 eV, and yx values range from
3.6279 to 3.9707 eV. When evaluated in terms of
electronegativity, molecule 7 has the highest y

value (3.9707 eV). Parallel affinity (PA) is the
negative value of electronegativity and represents
the tendency to form bonds. Molecule 7 stands out
as the structure with the highest PA value and the
highest tendency to form bonds.

Electrophilicity index (®) indicates the potential of
a molecule to interact with nucleophilic systems.
Molecule 7 has the highest electrophilicity index
(1.7147 eV), indicating that it has a high probability
of forming strong interactions with nucleophiles.
The lowest » value was calculated for molecule 1
(1.4457 eV).

Dipole moment is an
indicating the polarity of molecules. Structures with
high dipole moments tend to interact better with
polar solvents. The highest dipole moment value
was observed in molecule 6 (6.1349 Debye), while

important parameter

the lowest value was calculated in molecule 3
(3.2211 Debye). This suggests that molecule 6 has
the most polar structure and may exhibit higher
solubility in biological environments.

The total energy values of the molecules indicate
their thermodynamic stability. The lowest total
energy is molecule 2 (-57129.3047 a.u.), which
makes it the most stable structure. The highest total
energy value is in molecule 6 (-50119.5402 a.u.),
which shows a less stable feature.

When evaluated in general, molecule 4 draws
attention with its chemical stability, while molecule
7 draws attention with its high reactivity, softness,
electrophilicity and electronegativity. While
molecule 6 exhibits an advantageous structure in
terms of solubility and biological interaction due to
its high polarity, molecule 2 stands out as the most
stable compound in terms of total energy value.
These analyses reveal that the structural properties
of these compounds have significant effects on their
electronic distributions and potential biological
activities.
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Table 2. Numerical values of the docking parameters of molecule against protein

Docking Glide ligand Glide Glide Glide Glide Glide Glide Glide

2VSM  Score efficiency hbond evdw ecoul emodel energy einternal posenum

2 -4.20 -0.12 -0.44 38777 -1438 -56.41 -53.16 12.53 218

3 -5.75 -0.17 -0.32  -3831 -17.30 -72.69 -55.61 5.04 241

4 -4.63 -0.14 -030 -40.88 -8.84 -63.45 -49.72 4.78 277

5 -4.52 -0.12 -0.60 -49.13 -891 -60.74 -58.04 13.64 299

6 -4.98 -0.15 -0.53  -3820 -9.55 -59.01 -47.74 7.28 239

7 -5.30 -0.15 -0.73  -40.12 -12.64 -59.92 -52.76 10.13 207

8 -5.48 -0.15 -0.29 4356 -12.27 -69.20 -55.83 8.32 278

Docking Glide ligand Glide Glide Glide Glide Glide Glide Glide

4C0O6 Score efficiency hbond evdw ecoul emodel energy einternal posenum

2 -6.14 -0.18 -0.19 4285 -12.33 -77.67 -55.17 5.61 363

3 -5.91 -0.17 -043 -4341 -12.89 -76.10 -56.30 9.07 373

4 -6.17 -0.19 -0.45 4456 -1343 -7853  -57.99 10.60 216

5 -8.09 -0.22 -0.30 -4337 -1591 -85.14 -59.28 9.35 107

6 -6.51 -0.20 -0.57 -44.04 -14.79 -81.52 -58.84 8.93 242

7 -6.42 -0.18 -0.73 4348 -14.84 -80.03 -58.32 9.34 144

8 -7.27 -0.20 -0.28 4775 -16.96 -90.48 -64.71 15.56 344

o
ARG we

‘ 14 VAL
"y TR d™~

PHE ARGQ«‘ 139 ~~ARG

PRO ARG 144 :

% 9 B 6l \ i

oy SR 0

i,
] N
o< /Q K

0 0
E ]
GLY I
LYSy \PHE ’:g" & 7 1
105 68 1 17 THR
18 THR
LEU 19
53
o Charged (negative) Polar Distance —+ Phcation
o Charged (positive) o Unspecified residue > Hbond — Saltbridge
Glycine Water Halogen bond Solvent exposure
Hydrophobic Hydration site — Metal coordination
) Metal X Hydration site (displaced) o Pi-Pistacking

Figure 3. Presentation interactions of molecule 5 with 2V 54 protein
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Figure 4. Presentation interactions of molecule 3 with 6BED protein

As a consequence of the broad use of theoretical
research and technical developments, recent study
reveals that the comparison of the biological
activities of molecules has been greatly expedited
and made easier [41]. This is a result of the fact that
technology advancements have been made widely
available. These two approaches of study have been
applied to a significant degree, which has resulted
in this being the outcome. This assumption receives
support from the results of the most current study
that has been conducted. The procedure of deciding
which treatments are the most successful and
effective prior to the testing of such medications in
experimental settings has been greatly sped up and
simplified as a result of calculations [42]. During
the course of the theoretical calculations, a number
of different elements were brought to light.
Utilizing this approach allows for the determination
of the nature of the link that exists between the
numerical values of these parameters and the
functioning of molecules in biological systems.
This connection is discovered via the use of this
method. This procedure is carried out in order to
ensure that the biological parameters are evaluated
properly. There are a number of factors that have an
influence on the activities that have been described
there [43], but the most essential aspect is the
interactions that take place between various
proteins and chemicals. As a consequence of the
fact that these interactions are so widely dispersed,

the proteins are eventually blocked. This specific
mechanism is responsible for the inhibitory process
that you are experiencing. The manner in which
chemicals interact with a protein is what determines
the amount of energy that the protein contains.
Different types of interactions between molecules
and proteins include hydrogen bonds, polar and
hydrophobic contacts, n- interactions, and halogen
interactions [44-46]. These interactions may be
classified into many categories. It is very necessary
for molecules to interact with one another in order
to keep the equilibrium at a consistent level.
in-depth these
chemical interactions have shown that there are a

Numerous examinations into
great many different ways in which proteins and
chemicals interact with one another. This has been
discovered during the course of these
investigations. However, all of the figures can be
found in Figures 3 and 4, and Table 2 includes all
of the features. Figures 3 and 4 respectively include
all of the figures.

After doing molecular docking simulations, the
Glide ligand efficiency estimate is the most
significant parameter that is determined from the
simulations. Not only are these features
complementary to one another, but there are many
more. This numerical chart provides an indication
of how efficiently the ligand acts against certain
bacterial proteins. A specific example of this may
be found here. Through the utilization of the Glide
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Hbond [47], it is practicable to ascertain the
quantity of hydrogen bonds that are produced as a
consequence of the interactions that take place
between molecules and proteins. In addition to
being a statistic that illustrates the manner in which
chemicals and proteins interact with one another,
the Van der Waals interaction number, which is
also widely referred to as Glide Evdw [48], is one
of the statistics that illustrates these interactions.
Glide Ecoul is a metric that is applied in order to

perform an objective assessment of the Coulomb
interactions that take place between medicines and
proteins. This evaluation is carried out in order to
ensure that the evaluation is objective. The Glide
Einternal is the last parameter that is achieved as a
consequence of these calculations. It is a numerical
value that is acquired by integrating a large number
of components [49]. Once this parameter is
attained, the computations are complete.

Table 3. ADME properties of molecule

1 2 3 4 5 6 7 8 Referance Range
mol MW - 513 493 479 521 473 527 521 130-725
dipole (D) - 3.4 6.4 5.8 6.1 5.4 4.1 5.8 1.0-12.5
SASA 888 873 860 965 897 920 963 300-1000
FOSA 325 324 324 324 508 414 324 0-750
FISA 254 404 254 254 251 254 253 7-330
PISA 149 101 167 344 101 92 343 0-450
WPSA 161 43 115 43 37 161 43 0-175
volume (A?) 1548 1518 1493 1694 1569 1607 1692 500-2000
donorHB 4 7 4 4 4 4 4 0-6
accptHB 10.7 12.9 10.7 10.7 10.7 10.7 10.7 2.0-20.0
glob (Sphere =1) 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.75-0.95
QPpolrz (A’) 50.1 46.6  48.1 572 505 520  57.1 13.0-70.0
QPlogPC16 16.5 18.3 17.3 20.2 17.0 16.7 20.2 4.0-18.0
QPlogPoct 29.1 33.7 28.4 314 28.7 29.7 314 8.0-35.0
QPlogPw 21.1 27.6 21.1 22.3 20.6 20.7 22.3 4.0-45.0
QPlogPo/w 2.5 -0.6 2.0 3.1 2.1 2.7 3.1 -2.0-6.5
QPlogS -6.1 -39 -5.4 -6.7 -5.7 -6.6 -6.6 -6.5-0.5
CIQPlogS -5.2 -3.8 -4.6 -5.7 -4.4 5.5 -5.7 -6.5-0.5
QPlogHERG -5.3 -5.0 -5.3 -6.5 -5.0 -5.1 -6.4 *
QPPCaco (nm/sec) 21 1 21 21 23 21 21 o
QPlogBB 2.9 -5.2 -3.0 -3.4 -3.2 -3.0 3.4 -3.0-1.2
QPPMDCK (nm/sec) 113 1 63 25 25 113 26 o
QPlogKp -4.6 -1.3 4.5 -3.8 4.7 -4.8 -3.8 Kp in cm/hr
IP (ev) 9.7 9.6 9.6 9.6 9.7 9.7 9.6 7.9-10.5
EA (eV) 0.8 0.7 0.7 0.6 0.7 0.7 0.6 -0.9-1.7
#metab 5 8 5 5 7 7 5 1-8
QPlogKhsa -0.2 -0.9 -0.4 0.1 -0.2 -0.1 0.1 -1.5-1.5
Human Oral Absorption 2 1 2 1 2 1 1 -
Percent Human Oral Absor. 52 0 62 56 63 54 56 Hkok
PSA 158 225 158 158 158 158 158 7-200
RuleOfFive 1 2 0 1 0 1 1 Maximum is 4
RuleOfThree 2 2 1 2 3 3 2 Maximum is 3
Jm 110% 310% 510% 210% 210% 210% 210 -

In this study, ADME/T properties of eight different
molecules were calculated using the Schrédinger
QikProp module and their drug-like behaviors were
evaluated in terms of pharmacokinetics. In order to
understand the suitability of the molecules as drug

candidates, various physicochemical, structural and
bioavailability parameters were examined together
with reference intervals.

Molecular weight (mol MW) values were between
479-527 g/mol in all compounds, which is in line
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with the recommended range of 130-725. This
shows that all structures have molecular sizes in
accordance with Lipinski rules. Dipole moment
values range between 3.4 and 6.1 Debye. Especially
molecule 6 (6.1 D) and molecule 5 (6.1 D) show
high polarity, which provides advantage in terms of
solubility in aqueous media.

SASA (total surface area) values from the surface
area parameters were between 817-963 A2 and
within the ideal range of 300-1000 A2 When
parameters such as FISA (hydrophilic area) and
PSA (polar surface area) were evaluated, the
highest PSA value was observed in molecule 7 (184
A?), indicating a more hydrophilic character.
However, PSA above 140-150 A? generally
indicates poor cell permeability.

When the hydrogen bonding capacity was
evaluated, donorHB and acceptHB parameters
ranged between 4.0-43 and 10.6-12.9,
respectively. Molecule 3 has the highest number of
H-bond acceptor groups (12.9), which may be
important in solubility and protein interactions.
When QPPCaco and QPPMDCK, which are among
the parameters related to intestinal permeability,
were evaluated, molecule 3 (QPPCaco: 89,
QPPMDCK: 84 nm/s) had the highest values in
these parameters and showed the highest
bioavailability. On the other hand, the Caco-2
permeability (21.2 nm/s) of molecule 7 is low,
indicating poor intestinal absorption. Similarly, the
QPlogBB (blood-brain barrier permeability) value
is -3.9 for molecule 7, which is also low; this
indicates that the molecule is not suitable for being
a central nervous system-targeted drug.

The QPlogHERG associated  with
cardiotoxicity are between -5.0 and -5.7 and remain
at or below the -5.0 limit, which is considered safe.
This shows that the molecules have a safe profile in
terms of the risk of HERG K" channel inhibition.
When the solubility-related parameters such as
QPlogS and CIQPlogS are evaluated, the values
ranging from -3.3 to -5.4 indicate that all molecules
have moderate solubility in water. Molecule 3
stands out as the structure with the best solubility
with a value of -3.3.

The Human Oral Absorption rate is "2" for all
molecules, indicating moderate absorption. When
evaluated as a percentage, molecule 8 (66%) has the
highest oral absorption, while molecule 7 (40%) has
the lowest. This indicates that molecule 7 may have

values

limited bioavailability. Finally, when evaluated in
terms of Lipinski's Rule of Five and Rule of Three,
most of the molecules show 0 or 1 violation, which
supports their potential to be a good drug candidate.

4. Conclusions

In conclusion, the integration of quantum chemical
calculations, molecular docking, and ADME/T
analyses has enabled a comprehensive in silico
evaluation of octanediamide derivatives against
monkeypox virus targets. Among the analyzed
compounds, molecule 7 displayed the highest
reactivity and electrophilicity, indicating a strong
potential for biological activity. Molecule 4 stood
out with its high chemical hardness and stability,
whereas molecule 6 exhibited the highest dipole
moment, suggesting enhanced solubility in polar
environments. Molecular docking results identified
molecules 5 and 8 as having the strongest protein-
ligand binding affinities, particularly with the
4CO6 target. In terms of pharmacokinetics,
molecule 3 demonstrated optimal oral absorption,
membrane permeability, and solubility profiles,
highlighting its suitability as a drug-like candidate.
Overall, this study provides valuable insights into
the antiviral potential of these molecules and
identifies promising candidates for further
experimental validation in the development of
monkeypox virus inhibitors.
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