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Abstract — The molecular structure of 4-(2-(4-bromophenyl)hydrazineylidene)-3,5-diphenyl-4h-
pyrazole (BHDH) molecule, which is a pyrazole derivative, was investigated theoretically using the
Gaussian 09 program according to the Moller-Plesset (MP2) method. The MP2 method was
optimized for these theoretical calculations using DGDZVP and 6-311G(d,p) basis sets. By taking
geometric structures, Highest-Energy Molecular Orbital (HOMO) and Lowest-Energy Molecular
Orbital (LUMO) analysis, Mulliken Atomic Charges, Molecular Electrostatic Potential (MEPS),
Nonlinear Optical (NLO) features, and Natural Bond Orbital (NBO) images of the molecule from
this optimized structure were analyzed. In the continuation of the study, Absorbed, Distributed,
Metabolized, and Excreted (ADME) analysis was performed to evaluate the BHDH molecule as a
Research Article drug. Many possible drugs for treating various medical diseases have taken their place in the world
market. Drug interactions involve combinations with drugs or other substances that change the effect
of a drug on the body. Molecular docking analysis of BHDH molecule on obesity disease was
performed with acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes. The
highest binding energies and binding conformations between ligands and enzymes were predicted.
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1. Introduction

The beneficial biological functions of pyrazole compounds, an important family of heterocyclic compounds,
include antidepressant, antipyretic, antibacterial, anti-inflammatory, analgesic, herbicidal, and insecticidal
effects. These properties make them excellent targets for synthetic chemists [1]. Furthermore, the commercial
sale of certain compounds possessing the pyrazole structure has increased interest in pharmaceutical and
synthetic organic chemistry for pyrazole compounds' production and the study of their bioactive
characteristics. For instance, fipronil is frequently used as an insecticide, zaleplon is used to treat insomnia,
crizotinib is used to treat cancer, and penflufen is used because it has an antifungal impact [2]. Pyrazole
derivatives are also utilized in pharmaceutical, agricultural, electronics, and other areas. It works well in a
variety of contexts. It is employed in many fields, including medication creation and as an insecticide and
pesticide in agriculture [3]. It is employed for optical qualities in the technology and pharmaceutical sectors,
among other industrial domains. Polymers with pyrazole groups, for instance, are utilized in optoelectronic
tools like light-releasing diodes and transistors because of their narrow band gaps. It is beneficial for gadgets

[4].
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Globally, the frequency of overweight or obesity in children has grown, and this poses a serious public health
emergency with financial ramifications and high medical expenses. Additionally, there is a correlation between
juvenile obesity and a higher prevalence of comorbidities such as insulin [5]. Increased direct and indirect
expenditures result from cardiovascular disease, diabetes, hypertension, resistance, and sleep apnea. The non-
communicable diseases (NCD) Risk Factor Collaboration recently combined and examined population-based
data on global patterns of childhood obesity [6]. It was shown that while childhood's high rates and teenage
obesity continued in several Asian nations, rises in children and adolescents' body mass index stayed steady in
high-income countries between 1975 and 2016. Furthermore, these inclinations have nothing to do with adult
impulses anymore. Due to these factors, it is imperative that childhood obesity be prevented by detecting obese
children at a young age so that successful intervention can start [7]. Children and teenagers with obesity have
adipose tissue that secretes a lot of adipocytokines in addition to storing fat. Overproduction of adipocytokines
can lead to oxidative stress, elevated blood pressure, insulin resistance, and abnormal lipid metabolism [8].

The term metabolic syndrome (MetS) refers to a set of risk factors that include glucose intolerance, abdominal
obesity, hypertension, and problems with lipid metabolism that are linked to cardiovascular disease and type
Il diabetes. The persistent obesity pandemic in children and adolescents has made MetS a public health issue
in this demographic as well. For improved public health, biomarkers that can forecast adolescent or pediatric
populations' risk of developing metabolic syndrome are essential [9]. Handling this syndrome Acetylcholine
and other choline esters are hydrolyzed by a class of enzymes that includes cholinesterase (ChE). Human
tissues contain two distinct forms of ChE enzymes: acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE). AChE is located in the erythrocyte membrane of the skeletal muscles and central nervous system,
while BChE, sometimes referred to as pseudocholinesterase, is produced in the liver and discharged into
plasma [10]. At the cholinergic synapse, AChE's primary job is to hydrolyze acetylcholine. Although BChE's
exact job inthe body is unknown, it could be related to tissue development or detoxification. The phenylalanine
residue in the acyl-binding pocket defines the pocket's structure, which in turn determines ChE enzymes'
substrate specificity. The physiological role of BChE, located at the ChE catalyst's valley at the bottom, is still
unknown; however, Numerous investigations have demonstrated its involvement in neurogenesis, cellular
adhesion, myelin maintenance, and toxin scavenging [11]. Adult patients with hepatobiliary illnesses have
been included in current investigations examining the activities of BChE in humans. Studies examining
alterations in BChE activity in adult patients or those with MetS are few. Fewer studies have looked at the
connection between obesity and plasma BChE concentrations in the general adolescent population, despite
numerous researchers having found elevated levels of BChE in the plasma of people with MetS and abdominal
obesity. Furthermore, it is yet unknown if raising BChE levels might help adolescents with MetS, although
this topic has recently gained greater attention. While elevated BChE levels have been linked to obesity in
several populations, the Chinese teenage population has not shown evidence of this connection [12].

An example of an ab-initio approach is the Moller-Plesset (MP) perturbation theory. The average interaction
between electrons is the only factor considered by the Hartree-Fock wave function. On the other hand,
immediate interactions among electrons must also be considered. Because electrons repel each other [13].
When the instantaneous interactions of the movements of electrons with each other are included in the wave
function, it can be said that the instantaneous electron correlation is included in the wave function. This method
also adds the electron correlation effect to the Hatree-Fock method. It does this using Rayleigh-Schrédinger
perturbation theory. The Moller-Plesset method is generally used for second-, third-, and fourth-order
calculations, symbolized by MP2, MP3, and MP4, respectively [14].

In this study, MP2 calculations of the pyrazole derivative BHDH [15] molecule were made with the Gaussian
09 program. In the continuation of this study, the drug properties of the 4-(2-(4-
bromophenyl)hydrazineylidene)-3,5-diphenyl-4h-pyrazole (BHDH) molecule on obesity disease were
examined by Absorbed, Distributed, Metabolized, and Excreted (ADME) analysis. In addition, molecular
docking analysis of the BHDH molecule on obesity disease was performed with BChE and AChE enzymes.
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2. Materials and Methods

For MP2, the BHDH molecule's theoretical analysis was performed utilizing Gaussian 09 [16] programs. First,
the MP2 approach optimized the molecule's gas phase using the DGDZVP and 6-311G(d,p) basis sets. The
BHDH compound's ADME analysis was conducted utilizing the online database Admetlab 2.0
(https://admetmesh.scbdd.com/). Schrodinger's Maestro Molecular Modeling platform (version 11.8) [17] was
used for molecular docking analysis, and the resulting receptor was used to visualize 3D interactions. The
Discovery Studio 2016 [18] program was used. The Origin 2019b 64-bit program was used to compare
Mulliken loads graphically.

3. Results and Discussion

This section should provide/introduce/investigate the findings and discussion/definitions and theorems.
Findings/Concepts obtained from the study should be supported in this section by figures, tables/propositions,
and examples. For Results and Discussion, the similarities and differences of the obtained results with other
studies should be provided, and the possible reasons for these should be discussed based on the literature. For
Results and Discussion, the contribution and importance of the results to science should be emphasized. The
obtained results should be interpreted, avoiding unnecessary repetitions.

3.1. Structure Details and Analysis

In chemical computation, geometry optimization is a crucial procedure. Finding the minimal energy
conformers at which all other attributes are acquired for conformationally flexible molecules requires a
conformational search. Foresman and Frisch state that geometric parameters like bond length and bond angle
may be effectively assessed as long as the experimental value's bond length differs from the expected value by
less than 0.01 and the variation in the bond length angle is less than 1-2° [19]. Atomic attributes, including
electronegativity, bond energy, and atomic size, are all determined by the length of the bond. Conversely, bond
energy and electronegativity are equal to bond distance. With the DGDZVP and 6-311G(d,p) basis sets, the
MP2 technique was used to compare BHDH molecule's bond lengths and angles [20].

Table 1 lists the optimized characteristics of the molecule, including the bond length between atoms, dihedral
angles, and bond angles. When these two different basis sets are compared, the bond between the C-C atom
for the DGDZVP basis set varied between 1.40A-1.46A, while the bond between the C-C atom for the 6-
311G(d,p) basis set varied between 1.42A-1.48A. For both basis sets, the bond between C-C atoms showed
close values. Bond angles and all bond lengths in phenyl rings are within the normal range. C-H bond lengths
in the aromatic ring varied between 1.08-1.090A. The distance between C23-Br26, C1-N2, and N2-N3 atoms
has changed between 1.9032A-1.9694A, 1.3347A-1.3631A, and 1.4241A-1.5222A, respectively. All C-C-C
angles for both basis sets are between 112° and 122°. The bond angle of C1-N2-N3 in the compound is
107.645°-109.018°, C5-N18-N19 is 119.677°-120.440°, and C22-C23-Br26 is 119.534°-119632°. We
observed that the dihedral angles of the molecule are compatible with each other for both basis sets. We saw
that the obtained theoretical bond lengths were close to the experimental numerical data in the literature [21,
22].
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Table 1. BHDH molecules theoretically computed some bond lengths (A) and bond angles (°)

Bond Lengths MP2DGDZVP  MP26-311G(d,p) Bond Lengths MP2DGDZVP  MP2 6-311G(d,p)
C1-C5 1.45607 1.48908 C23-Br26 1.90326 1.96941
ca-c7 1.46574 1.48363 C5-N18 1.33650 1.35145
C8-C9 1.40394 1.42236 N2-N3 1.42417 1.52221
C7-C13 1.41334 1.43248 C1-N2 1.33474 1.36311
C15-C16 1.40574 1.42472 N3-C4 1.33227 1.35902
C7-C17 1.41349 1.43205 N19-C20 1.40973 1.43087
C1-C6 1.47190 1.48954 N19-H37 1.03005 1.02721
C20-C25 1.41334 1.42403 C17-H36 1.08954 1.09245
C20-C21 1.40786 1.42593 C12-H31 1.09348 1.09688
C24-C25 1.40226 1.42154 C24-H40 1.08946 1.09246
C1-C5-C4 103.34091 103.97700 N18-N19-C20 120.71695 119.87856
C4-C7-C17 121.27805 121.12912 N18-N19-H37 120.84485 121.06601
C1-N2-N3 109.01830 107.64582 C7-C4-N3 122.40228 121.97692
C5-N18-N19 119.67752 120.44011 C20-C21-C22 119.30439 119.34826
C22-C23-Br26 11953433 119.63225 C20-N19-H37 118.43199 119.05126
C5-C4-C7-C13 149.85934 148.61603 N18-C5-C4-N3 166.71326 168.21426
N3-C4-C5-N18 166.71326 168.21426 C21-C20-N19-H37 177.21979 175.67830
C21-C22-C23-Br26 179.97135 179.91207 C22-C23-C24-H40 179.80592 179.84972
C5-N18-N19-C20 178.16709 177.98597 C7-C4-N3-N2 178.89941 178.63592

3.2. Mulliken Atomic Charges

Mulliken charges are present in the surrounding electron density, or charge density. It is helpful since it is
susceptible to probability density and only depends on the base set [23]. Several MP2 approaches are used in
Mulliken population studies to quantify the nuclear charges on atoms [24]. The MP2 technique and the basis
set for DGDZVP and 6-311G(d,p) were used in its execution. Table 2 lists the Mulliken atomic charges. We
observed either positive or negative Mulliken atomic charge values on carbon atoms. Every hydrogen atom
had a positive net charge. When we look at the DGDZVP basic set values in Table 2, we observed that the
electronegative atoms N2 (-0.234), N3 (-0.291), N18 (-0.121), and N19 (-0.606) had negative values. These
atoms serve as acceptor atoms. When we examined both basis sets, we observed close values with negative
values of Br26 -0.149 and -0.069. Additionally, graphical representations of the comparison of Mulliken
charges of the BHDH molecule using two different base sets have been shown in Figure 1. When the Mulliken
loads were compared in the two basic sets, we saw that the values were compatible.

Table 2. BHDH molecule's Mulliken atomic charges

ATOMS MP2/ DGDZVP MP2/ 6-311G(d,p) ATOMS MP2 / DGDZVP MP2 / 6-311G(d,p)

C1
C4
C6
C7
C9
C11
C13
C15
C17
C20
Cc21
C22
C23
C24
C25
N2

0.179
0.217
0.051
0.120
-0.242
-0.245
-0.275
-0.241
-0.288
0.506
-0.338
-0.216
0.039
-0.225
-0.383
-0.234

0.124
0.161
0.240
0.260
-0.215
-0.220
-0.297
-0.210
-0.293
0.540
-0.307
-0.107
-0.345
-0.107
-0.375
-0.189

N3
N18
N19
Br26
H27
H28
H29
H30
H32
H33
H34
H35
H37
H38
H39
H41

-0.291
-0.121
-0.606
-0.149
0.268
0.347
0.249
0.245
0.276
0.239
0.240
0.233
0.505
0.291
0.266
0.247

-0.244
0.024
-0.657
-0.069
0.246
0.218
0.221
0.217
0.251
0.212
0.213
0.207
0.426
0.270
0.237
0.224
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Figure 1. Mulliken atomic charge comparison for BHDH molecule

3.3. HUMO and LUMO Analysis

Molecules with soft expression, poor Kinetic stability, and strong chemical reactivity are typically linked to
their frontier orbital space. The molecule's relationships with other molecules are identified by its Highest-
Energy Molecular Orbital (HOMO) and Lowest-Energy Molecular Orbital (LUMO) orbitals [25]. Band gap
energies are computed, and HOMO-LUMO is predicted utilizing a solvation technique for a range of polar
(water, DMSO, and ethanol) and non-polar (benzene) solvents. In advanced molecular orbital computation,
the terms lowest unoccupied molecular orbital (LUMO) and highest occupied molecular orbital, HOMO, are
recognized as significant FMO (frontier molecular orbital) orbitals [26]. Electrons in HOMO orbitals absorb
high-frequency radiation, which causes them to leap into LUMO orbitals. Energies have a role in determining
how sensitive Frontier Molecular Orbitals are overall to several descriptors, including electronegativity, global
softness, electron affinity, global hardness, and chemical potential, as well as the molecule's global
electrophilicity index [27]. The HOMO and LUMO orbital representations' of the densities of the BHDH
molecule have been shown in Figures 2 and 3. As seen in Table 3, LUMO and HOMO for the DGD2VP set
were calculated as -8.3535 eV and -0.1235 eV, respectively, while for the 311G(d,p) set, HOMO and LUMO
were calculated as -8.4155 eV and -0.3671 eV, respectively. For the other orbitals of the DGD2VP set, HOMO"
Land LUMO™ were calculated as -8.5399 eV and 2.2938 eV, respectively, while for the different orbitals of
the 311G(d,p) set, LUMO*! and HOMO™ have been calculated as -8.2289 eV and 2.6313 eV, respectively.
When we examine the two essential chemical orbitals for LUMO and HOMO energies in Figures 2 and 3, the
HOMO and LUMO electron clouds are completely localized along the compound's ligand, as can be shown.
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Figure 3. BHDH molecule's boundary molecular orbitals computed Wlth the 6-311G (d,p) basic set
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Table 3. Quantum chemical characteristics of the BHDH molecule computed utilizing the MP2/DGDZVP-
MP2/6-311G techniques

Molecules Energy MP2/DGD2VP MP2/6-311G(d,p)
ELumo 0.1235 0.3671
Enomo -8.3535 -8.4155
ELumo+ 2.2938 2.6313
Enomo-1 -8.5399 -8.2289
Energy Gap (AE)|Enomo-ELumol| -8.477 -8.7826
lonization Potential (I=—Ewromo) 8.3535 8.4155
Electron Affinity (A=—ELumo) -0.1235 -0.3671
Chemical hardness (r=(1—-A)/2) 8.477 8.7826
Chemical softness (s=1/2n) 4.2385 4.3913
Chemical Potential (=—(1+ A)/2) -4.115 -4.0242
Electronegativity (=(1+A)/2) 8.23 8.0484
Electrophilicity index (0=1%12n) 71.7715 71.41135

3.4. Molecular Electrostatic Potential (MEP)

The relative reactivity sites to nucleophilic and electrophilic attacks in a species are estimated using the
molecular electrostatic potential, or MEP. Understanding nucleophilic (positive) and electrophilic (negative)
locations for hydrogen bond interactions and chemical reactions depends on MEP surface analysis [28]. MEP
displays the molecule size, shape, and electrostatic potential in point color order [29]. Different MEP values
correspond to different hues. Maximum positive electrostatic potential is represented by the blue zone, zero
potential by the green region, and maximum negative electrostatic potential by the red region. MEP accelerates
the blue>green>red>orange process. Negative MEP seems to hold onto a proton depending on the electron
density's evaluation within the molecule, while positive MEP detects protons repelled by their blue color
(atomic nuclei) [30]. Figure 4 displays the MEP map of the compound BHDH using the MP2 technique with
the basis sets DGDZVP and 6-311G(d,p). The MEP map displays positive and negative potential based on the
measured data, clearly indicating the biological activity of BHDH. As expected, the negative sites were
localized to the nitrogen in the pyrazole ring.

i I - -
Figure 4. BHDH molecule's MEP surface calculated DGDZVP and 6-311G(d,p) basis sets
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3.5. Nonlinear Optical Properties

When electromagnetic fields interact in disparate contexts, they produce new fields with distinct points,
repetition, proficiency, and other characteristics from the dividing fields. This phenomenon is known as the
Nonlinear Optical (NLO) effect [31]. m-conjugated particles and polymers are perfect for discovering these
applications because of their ultrafast reactions and remarkable nonlinear characteristics. The blends of NLO
materials show promise for all-optical interchange, recording, and restraint devices, even though they are not
as promising for use in rapid electro-optical modulators and switches [32]. (3.1)-(3.3) demonstrate that the
first-order hyperpolarizability of B, the second dipole moment , is the total first static hyperpolarizability of
the X, y, and z components using the DGDZVP and 6-311G(d,p) basis sets with the MP2 technique and Using
the restricted field technique, the polarizability a was found. Table 4 presents the p, a, and  recorded for the
studied atoms. The total values determined by the MP2 method using DGDZVP and 6-311G(d,p) basis sets to
the DHPM compound are 2.77x10% esu and 2.70x10% esu, respectively.

b= (2 + 22 (3.2)
Broat = (B2 + B2y + f22)? (32)

and
Broca = [(Bxxx + By + Bxz2)? + (Byyy + Byxx +yz2)? + (Bzzz + faxx + Bzyy)* T2 (33)

Table 4. NLO parameters of BHDH molecule computed using DGDZVP and 6-311G(d,p) basis sets with

MP2 method
Parameters MP2/DGD2VP MP2/6-311G(d,p) Parameters MP2/DGD2VP MP2/6-311G(d,p)

I x -4.2394 -2.9822 B xxx -329.0799 -244.5529
By 1.8038 0.5759 Bvvy -0.7758 -12.5027
T 0.3618 0.4898 B zzz -4.4802 -13.4906
1 (D) 4.6214 3.0765 B xvvy -52.8030 -6.8949
o XX -206.8374 -183.9689 B xxv -41.0396 -35.9322
ayy -136.2896 -137.6760 B xxz -35.0058 13.0767
azz -168.1933 -170.7588 B xzz -54.4855 -87.1807
o xy -9.4492 -9.3979 Bvzz 6.9026 -10.8462
o xz -6.5791 -2.6943 Bvvz -16.2187 4.9378
o vz -1.1804 3.4442 B xvz -2.0695 -16.8616

o (au) -175.172 -169.8441 B (esu) 2.77x10% 2.70x10%°

3.6. NBO Analysis

The Natural Bond Orbital (NBO) study demonstrates increased conjugation, rearrangement, and
intramolecular charge transfer of electrons in diverse orbitals. Research on natural bond orbitals sheds light on
a compound's intra- and intermolecular hydrogen bonding and conjugative and hyper-conjugative interactions
[33, 34]. The donor-acceptor stabilization energy E(2) related to delocalization i—j is computed as E(2)=qi for
each donor NBO (i) and acceptor NBO (j). F(i,j)2/(gj—¢i), where &, €j are diagonal elements (orbital energies),
and F(i,j) is the off-diagonal NBO Fock is the matrix element, and qi is the donor orbital occupancy. Because
the stabilizing energy (E2) is larger, the conjugation across the molecular system is more extensive [35]. Table
5 presents the NBO analysis findings from the BHDH molecule utilizing the 6-311G(d,p) basis set and the
MP2 technique. When we examine the results in Table 5, in the instance of C20/C25 benzene ring, nC20-C24
with t*C21-C22 (17.98 kcal/mol), nC21-C22 with *C20-C25 (22.66 kcal/mol), nC23-C25 with n*C21-C22
(20.99 kcal/mol), and 6C24-C25 and 6*C23-Br26 (22.66 kcal/mol) have high interaction energies. The
molecule's intramolecular charge transfer and stability of the benzene rings under study are mostly due to
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previously discussed stabilization energies. These energies stabilized the investigated molecule's structure, and
an aromatic ring resonance interaction occurred between the heteroatoms. Additionally, the BHDH molecule
has 1C8-C9—n*C6-C12 (22.04 kcal/mol), nC15-C16—n*C7-C17 (21.27 kcal/mol), and nC10-C11—-n*C6-
C12 (21.05 kcal/mol). The other highest stabilization energies include nC6-C12—n*C10-C11 (20.74
kcal/mol) and nC7-C17—n*C13-C14 (19.38 kcal/mol). Consequently, the donor-acceptor interaction could
be stabilized by electron delocalization between non-Lewis-type natural bond orbitals and unoccupied
occupied Lewis. Further delocalization within the molecular system is seen from the electron density of double
bonds and the conjugated single in the conjugated system. This leads to intramolecular charge transfer (ICT),
stabilizing the system. These interactions weaken the corresponding bonds in the C-C antibonding orbital,
manifesting as an increase in electron density (ED). Table 5 shows the significant stabilization energy of 22.66
kJ/mol and provides evidence for intramolecular charge transfer from (C21-C22) to *(C20-C25) antibonding
orbitals. Also, the charge distribution of all hydrogen atoms is the same.

Table 5. Selected NBO results of BHDH molecule computed using DGDZVP and 6-311G(d,p) basis sets
NBO(i)) Type Occupancies NBO(j) Type Occupancies E(2)2 (Kcal/mol) E ()-E()°(a.u) F(i,j)°(a.u)

C1-N2 G 1.98091 C5-N18 c* 0.01944 4.44 1.25 0.067
C1-N2 T 1.88422 C5-N18 ¥ 0.32111 16.07 0.27 0.062
C1-C5 G 1.97259 C4-C7 c* 0.03186 5.45 1.12 0.070
N3-C4 T 1.88279 C5-N18 * 0.32111 13.91 0.26 0.057
N2-N3 c 1.96621 C4-C7 c* 0.03186 6.04 1.10 0.073
C4-C5 c 1.95989 C1-C6 c* 0.03285 5.99 1.08 0.072
C4-C5 c 1.95989 N18-N19  o* 0.02382 6.32 0.96 0.070
C5-N18 T 1.80320 N3-C4 * 0.24950 14.30 0.35 0.064
C6-C12 T 1.65932 cio-C11  =* 0.32831 20.74 0.28 0.068
Cr7-C17 T 1.62775 C13-C14  m* 0.29730 19.38 0.28 0.067
C8-C9 G 1.98000 C1-C6 c* 0.03285 4.53 1.12 0.064
C8-C9 T 1.64005 C6-C12 n* 0.39361 22.04 0.26 0.068
C8-H27 G 1.97715 C6-C12 c* 0.02668 5.85 1.00 0.068
C9-H28 G 1.97757 Ci0-Ci1  o* 0.01544 4.77 1.02 0.063
Ci10-C11 = 1.64875 C6-C12 n* 0.39361 21.05 0.27 0.067
C10-H29 o 1.97848 Cli-C12  o* 0.01486 4.86 1.03 0.063
Cl1-H30 o 1.97771 C6-C12 c* 0.02668 5.27 1.03 0.065
Ci3-Cl4 = 1.65560 Cr-C17 * 0.37611 20.41 0.27 0.067
Ci3-H32 o 1.97710 Cr-C17 c* 0.02402 5.59 1.01 0.067
Cl4-H33 o 1.97777 C15-C16 o* 0.01559 4.69 1.03 0.062
C15-Cl6 = 1.65498 Cr-C17 * 0.37611 21.27 0.27 0.069
C15-H34 o 1.97883 C13-C14 o* 0.01382 471 1.04 0.063
C16-Cl7 o 1.97960 C4-C7 c* 0.03186 4.48 1.12 0.064
C16-H35 o 1.97787 Cr-C17 c* 0.02402 5.17 1.02 0.065
C20-C25 =« 1.64550 C21-C22 m* 0.30596 17.98 0.29 0.065
C21-C22 =« 1.67199 C20-C25 m* 0.40257 22.66 0.26 0.070
C23-C24 =« 1.68181 C21-C22 m* 0.30596 20.99 0.29 0.070
C24-C25 o 1.96833 C23-Br26  o* 0.04044 521 0.76 0.056

3.7. ADME Analysis

One of its shared objectives is predicting Absorbed, Distributed, Metabolized, and Excreted (ADME)
boundaries from subatomic structures. Lipinski and colleagues' landmark study looked at complicated
combinations supplied orally to categorize physicochemical probes based on how likely they were to become
oral drugs (drug-likeness) [36]. This illustrates the connection between pharmacokinetic and physicochemical
limitations and is also known as the Rule of Five. The fivefold Lipinski standard meets roughly 91% of the
ADME criteria. The standard explicitly addresses drug penetration through mixing-free drug distribution
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within cell films. Special instances of this norm include tranquilizers that are effectively transported across
cell layers by transporter proteins [37]. In the analysis conducted on ADME, Admetlab 2.0
(https://admetmesh.scbdd.com/), a free web tool for assessing drug similarity, was evaluated. This study
investigated the drug-likeness of the BHDH molecule and ADME. Table 6 presents the estimated findings and
interpretations of the investigated compound's physicochemical and lipophilicity features. Additionally, the
medicinal chemistry applicability and comments of the compound are given in Table 7. Table 7 illustrates
compliance with 49.11<140 (Topological Polar Surface Area) requirements for Lipinski's MW 402.05g/mol
(<500), lipophilicity coefficient LogP 5.361 (< 5), H-acceptor 4 (< 12), H-bond donor 1 (<7). The color zones
and physicochemical parameters map of the studied compound are given in Figure 5. The outcomes
demonstrated no breach of Lipinski's five rules, indicating how drug-like the molecule is. Because of the
compound's promising permeability, lipophilicity, and solubility, it demonstrated excellent absorption. The
polar surface region and the quantity of rotatable bonds showed the investigated compound's high
bioavailability.

Upper Limit Lower Limit Compound Properties
MW

LogP nRig

LogS fChar

LogD nHet

nHA MaxRing

nHD nRing

TPSA nRot

Figure 5. Color regions and physicochemical parameters of BHDH molecule

Table 6. Physicochemical and lipophilicity of BHDH molecule

Property Value Comment
Molecular Weight 402.05 Contain hydrogen atoms. Optimal:100~600

nHA 4 Number of hydrogen bond acceptors. Optimal:0~12
nHD 1 Number of hydrogen bond donors. Optimal:0~7
nRot 4 Number of rotatable bonds. Optimal:0~11
nRing 4 Number of rings. Optimal:0~6

MaxRing 6 Number of atoms in the biggest ring. Optimal:0~18
nHet 5 Number of heteroatoms. Optimal:1~15
nRig 24 Number of rigid bonds. Optimal:0~30
TPSA 49.11 Topological Polar Surface Area. Optimal:0~140
logS -6.038  Log of the aqueous solubility. Optimal: -4~0.5 log mol/L
logP 5.361 Log of the octanol/water partition coefficient. Optimal: 0~5

795



JARNAS / 2024, Vol. 10, Issue 4, Pages: 786-802 / Theoretical Calculations and Molecular Docking Analysis of ---

Table 7. Medicinal chemistry of BHDH molecule

Property Value Decision Comment
QED 0.604 A measure of drug-likeness based on the conceptof desirability; Attractive: > 0.67;
' unattractive: 0.49~0.67; toocomplex: < 0.34
Fsp3 0.0 - Fsp® >0.42 is considered a suitable value.
MCE-18 38.0 i MCE-18 stands for medicinal chemistry evolution.MCE-18>45 is considered a

suitable value.

MW < 500; logP < 5; Hacc <10; Hdon < 5 If two properties are out of range, a poor
absorption or permeability is possible; one isacceptable.

logP > 3; TPSA < 75Compounds with a high log P (>3) and low TPSA(<75) are
likely to be toxic.

200 < MW < 50; -2 < logD < 5 Compounds satisfying the Golden Triangle rulemay
have a more favorable ADMET profile.

Pan Assay Interference Compounds, frequent hitters, Alpha-screen artifacts, and

LipinskiRule  Accepted -

Pfizer Rule  Rejected -

Golden Triangle Accepted -

PAINS 0 alerts - .
reactive compound
ALARMNMR 2 alerts - Thiol reactive compounds
BMS 0 alerts - Reactive compounds, Undesirable
ChelatorRule 0 alerts - Chelating compounds

3.8. Molecular Docking Studies

All functions and activities in any living system, human, animal, plant, fungal, or bacterial, can be converted
into biological processes at the molecular, cellular, or organ level. Molecular docking is a crucial method in
medication design based on a structure that can help expedite and simplify the new medication creation process
[38]. Molecular docking estimates any species' binding conformations and affinities to the goal protein,
enabling scientists to digitally scan the interaction between the protein and the ligand [39]. By providing
predictions for the bound shape of the ligand and a way to energetically rank the protein-ligand interaction,
molecular docking techniques aid in the characterization of the protein-ligand interaction [40]. Molecular
docking was done using Schrodinger's Maestro Molecular Modeling platform to analyze the ligand-protein
interactions of the BHDH molecule with acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
enzymes on obesity disease [17]. Acetylcholinesterase (AChE) (PDB: 1ACJ) and butyrylcholinesterase
(BChE) (PDB: 1P0I) enzymes required for docking were searched from the online resource RSCB protein
database. Using the Discovery Studio Client 2017 program, good docking poses were chosen for the docking
analysis on obesity illness, and the protein-ligand interaction was shown [18]. Protein binding and active sites
are often anchored in structured cavities and pockets. In order to prevent steric hindrance, water molecules
were eliminated from the crystal packing. Excellent enzyme binding affinity was attained: -9.73 kcal for BChE
and -10.00 kcal for AChE. The binding energy value affects the target protein's choice of ligand docking. Each
species has a stronger capacity to attach to the target protein, the more negatively its binding energy value is.
Given the high binding affinity of the BHDH molecule, we believe that the chemical we studied will be crucial
to creating medications based on structure to treat obesity. The docking scores of these enzymes are given in
Table 8. Visualized findings of the BHDH molecule and the ligands' interactions and separations have been
given in Figures 6 and 7. Additionally, essential interactions, amino acids, and bond length data of our study
compound in the docking analysis are given in Tables 9 and 10.

Table 8. Docking score of BHDH molecule PDB: 1ACJ and PDB: 1P0I
Docking Score
(PDB: 1AC)) (PDB: 1P0I)
BHDH Molecule -10.00 -9.73

Compound
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Figure 6. 3D and 2D representations of the interaction between BHDH compound of AChE enzyme

Table 9. Parameters of the interaction between BHDH compound of AChE enzyme

Important Interactions Full Name Type Bond Length (A) Color
Attractive Charge A:ASP74 AsparticAcid 5.95 O
Halojen A:GLN71 Glutamine - O
Pi-Pi Stacked A:TRP286 Tryptophan 7.65 O
Pi-Pi T-shaped A TYR337 Tyrosine 6.41 =
A:PHE338 Phenylalanine 5.52 |
Alkyl A:PROS8S Proline 5.74 O
Pi-Anion A:ASP74 AsparticAcid 5.22 O
Pi-donor Hydrogen Bond A:SER125 Serine 5.97 ]
Van der Waals A:VALT3 Valine - O
A:ASN87 Asparagine -
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Figure 7. 3D and 2D representations of the interaction between BHDH compound of BChE enzyme

Table 10. Parameters of the interaction between BHDH compound of BChE enzyme

Important Interactions Full Name Type Bond Length (A) Color
Conventional Hydrogen Bond A:TYR130 Tyrosine 5.95 m
Unfavorable Acceptor-acceptor A:ASP72 AsparticAcid 4.47 [ |
Pi-Pi Stacked A:TRP84 Tryptophan 4.94 o
A:PHE330 Phenylalanine 5.26, 4.47 O
Pi-Pi T-shaped A TYR334 Tyrosine 6.67 O
Pi-Alkyl A:LEU127 Leucine 5.43 [l
Carbon Hydrogen Bond A:GLY123 Glycine 3.73 O
Pi-donor Hydrogen Bond A:SER122 Serine 5.38, 6.37 O
Van der Waals A:SER81 Serine - ]
A:MET436 Methionine -

4. Conclusion

This study, quantum chemical calculations were made for the 4-(2-(4-bromophenyl)hydrazineylidene)-3,5-
diphenyl-4h-pyrazole (BHDH) molecule using the MP2 method and DGDZVP and 6-311G(d,p) basis sets.
These two basis sets have computed structural parameters (bond lengths, bond angles, and dihedral angles).
We found that the structural parameters calculated with these basis sets are compatible. NLO, HOMO-LUMO,
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MEP, NBO, and Mulliken loadings were visualized using the same basis sets. The investigated chemical was
suitable for use as an NLO material. From the calculations made for the BHDH molecule, polarity (0=-175.172
au and 0=-169.8441 au) and static high-order polarity (B=2.77x10 esu and p=2.70x10*° esu) parameters
were determined. The boundary molecular energy gap between LUMO and HOMO calculations of the
examined compound is -8.477 eV for the DGD2VP set and -8.7826 eV for the 6-311G(d,p) set; this indicates
greater stability of the molecule. When we examined the MEP of our compound, the negative regions were
localized to the nitrogen in the pyrazole ring, as we expected. When we compared the mulliken atomic charges
in the two sets used, we observed the compatibility of the mulliken charges in the two sets. In the continuation
of the study, ADME analysis was performed to evaluate the BHDH molecule as a drug. We discovered that
the molecule had strong ADME qualities and met Lipinski's rule requirements, indicating that it is a viable
therapeutic candidate that should be investigated further. Finally, our study analyzed the ligand-protein
interactions of the BHDH molecule with AChE and BChE enzymes in obesity disease. Good binding affinity
for the enzyme was obtained, with the binding affinity being -10.00 for AChE and -9.73 kcal for BChE. Since
the BHDH molecule has good binding affinity, this study compound will be an essential prediction in structure-
based drug design on obesity disease.
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