/

)

Celal Bayar University Journal of Science
Volume 21, Issue 4, 2025, p 1-15
Doi: 10.18466/cbayarfbe. 1538029

K. Goéren

Celal Bayar University Journal of Science

The Relationship Between AChE and BChE Enzymes and

Alzheimer’s Disease: ADME, Molecular Docking, and DFT Studies of

Schiff Base-Substituted Phenylpyrimidine

Kenan Goren'* =", Mehmet Baglan®=", Veysel Tahiroglu® =", Umit Y1ldiko*
12K afkas University, Department of Organic Chemistry, 36000 Kars, Tiirkiye
3Sirnak University, Department of Nursing, 73000 Sirnak, Tiirkiye
“Kafkas University, Department of Bioengineering, 36000 Kars, Tiirkiye
* kenangoren49@gmail.com

* Orcid No: 0000-0001-5068-1762

Received: August 24, 2024
Accepted: June 3, 2025
DOI: 10.18466/cbayarfbe.1538029

Abstract

The theoretical molecular structure of Ethyl 2-(2-benzylidenchydrazinyl)-4-methyl-6-
phenylpyrimidine-5-carboxylate (DHPM), a pyrimidine derivative containing the Schiff base
structure, was investigated using the Gaussian 09 software program. The chemical structure and
chemical reactivity of the compound were calculated using Density Functional Theory (DFT).
Quantum chemical calculations were performed using DFT(B3LYP/6-311G(d,p)) and
DFT(B3PW91/LANL2DZ) methods and basis sets. Using these two methods and basis sets,
molecular electrostatic potential (MEP) maps of the DHPM compound were drawn. Charge transfer
properties of DHPM compound were analyzed using HOMO and LUMO level energy analysis. The
stability of molecules as a consequence of charge delocalization and hyperconjugative interaction
was studied using NBO analysis. In this study, the relationship between Alzheimer's disease and
Acetylcholinesterase (AChE) (PDB:6WUY) and Butyrylcholinesterase (BChE) (PDB: 6SAM)
enzymes was evaluated by molecular docking. The molecular docking scores of in molecular
docking analysis were found to be -7.76 (PDB ID: 6WUY) and -7.98 (PDB ID: 6SAM) kcal. Finally
in the study, ADME analysis was performed to evaluate DHPM compound as a drug according to
Lipinski's rules. As a result of the ADME analysis, we think that DHPM compound will be
evaluated as a drug candidate since it complies with Lipinski's rules.

Keywords: DFT, Molecular Docking, ADME, NBO, Alzheimer, 2-(2-benzylidenehydrazinyl)-4-

methyl-6-phenylpyrimidine-5-carboxylate.

1. Introduction

Schiff base compounds are the products of condensation
reactions of primary amines with carbonyl compounds
and were first described by Hugo Schiff in 1864. The
basic structural feature of these compounds, whose
general formula is RHC=N-Ry, is that they contain an
azomethine group (C=N) [1]. The azomethine group
largely determines the chemical reactivity and complex
formation abilities of these compounds. Schiff bases play
important roles in both chemical and biological systems
thanks to the lone pair electron in the sp? hybridized
orbital of the nitrogen atom in their structures [2]. This
feature makes them strong chelating agents that can form
complexes, especially with transition metals. In addition,
the fact that Schiff bases can be easily synthesized and

can be structurally modified with various functional
groups has made these compounds versatile [3, 4]. In
recent years, the potential of Schiff base derivatives in
many areas such as bioorganic chemistry, catalysis,
materials science, supramolecular chemistry, drug design
and corrosion inhibitors has attracted attention [5]. In
particular, Schiff bases carrying hydroxyl groups at the
o-position of aromatic aldehydes show high affinity as
bidentate ligands towards transition metals. However, the
role played by the -N=CH- (imine) group in
transamination and racemization mechanisms in
biological systems increases the biological importance of
these compounds [6]. In addition, the interaction of
Schiff base compounds with metals via chemical
adsorption and the formation of protective monolayers on
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metal surfaces have made them effective corrosion
inhibitors [7].

In modern chemical research, the use of theoretical
calculation methods supporting experimental studies is
becoming increasingly widespread [8]. In this context,
quantum chemistry-based methods such as Density
Functional Theory (DFT) have an important place in
predicting the structural and electronic properties of
molecules [9]. Unlike the Hartree—Fock theory, DFT
defines electron correlation over electron density
functions and provides reliable results with lower
computational costs thanks to this feature [10-12]. In this
study, widely used exchange-correlation functionals such
as Perdew-Wang (PW91) and Lee-Yang-Parr (B3LYP)
and wide basis sets such as 6-311G(d,p) were preferred
in the examination of the physicochemical properties of
Schiff bases [13-15].

The biological importance of Schiff base derivatives is
becoming more prominent with their potential
applications  especially for the treatment of
neurodegenerative diseases such as Alzheimer's disease
(AD) [16]. AD is a serious health problem characterized
by memory loss and cognitive impairment in elderly
individuals and its treatment is still limited. [17]. One of
the most widely accepted theories, the cholinergic
hypothesis, suggests that the disease is associated with a
decrease in acetylcholine levels. In this context, the
development of compounds that can inhibit acetylcholine
esterase (AChE) and butyrylcholine esterase (BChE)
enzymes is considered as an important strategy in
alleviating the symptoms of AD. The inhibitory effects
of Schiff bases against these enzymes make them
potential pharmacophore candidates [18, 19].

In this investigation, the Ethyl 2-(2-
benzylidenehydrazinyl)-4-methyl-6-phenylpyrimidine-

S-carboxylate [20] (DHPM) molecule was first drawn
with GaussView 6.0 and the input file was created. Ab-
initio calculations were made in the Gaussian 09 package
program. DFT techniques known as hybrid functioning
hybrid exchange relative We choose B3LYP and
B3PWO1 as the study technique. Molecular optimization
and electronic characteristics have been obtained
utilizing both methods and basis sets. ADME profile
predictions and DFT calculations were made. DHPM
molecule also complied with the drug-likeness rules and
exhibited good estimated ADME characteristics.
Furthermore, the interaction types and binding energies
of the highly active DHPM molecule were calculated
through molecular docking research. The structural and
functional novelty of Schiff base-phenylpyrimidine
derivatives in our study was evaluated as a result of
literature review and it was determined that the
synthesized compounds differed from the existing
structures. Especially the unique substituent arrangement
in the phenyl groups attached to the pyrimidine ring and
the conjugation system formed with the Schiff base

distinguish these compounds from their counterparts in
the literature [21, 22].

2. Materials and Methods

Theoretical calculations of the DHPM derivative
compound were carried out using the Gaussian 09
software package [23]. In order to determine the most
stable conformation of the molecule in the gas phase, full
geometry optimizations were performed using B3LYP/6-
311G(d,p) and B3PWI1/LANL2DZ method/basis set
combinations within the framework of Density
Functional Theory (DFT). The absence of any imaginary
frequency during the optimization process confirmed that
the structures are true minimum energy conformers.
Mulliken atomic charge analyzes based on electron
density distributions were obtained and the distribution
of atomic charges on the molecule was examined in
detail. The obtained charge distribution data were
compared graphically using Origin 2019b (64-bit,
OriginLab Corporation) software. Molecular docking
analyses were performed using the Maestro Molecular
Modeling platform (version 11.8) from Schrodinger [24].
Target protein structures were obtained from the Protein
Data Bank (PDB) database, and PDB IDs are specified
separately for each analysis title [25]. Protein structures
were optimized using the Protein Preparation Wizard
module to remove water molecules and non-ligand
heteroatoms, complete missing atoms, and determine pH-
compatible protonation states during preprocessing. The
ligand structure was prepared using the LigPrep module.
Docking operations were performed in the standard
sensitivity (SP) mode of the Glide software, and binding
scores were evaluated with GlideScore. Detailed analysis
and visualization of molecule-protein interactions were
performed with Discovery Studio Visualizer (BIOVIA,
Dassault Systémes) software. Within the scope of these
analyses, hydrogen bonds, hydrophobic interactions, n-n
stacking and van der Waals forces in the binding region
were examined in detail. The pharmacokinetic properties
of the compound, ie. Absorption, Distribution,
Metabolism and Excretion (ADME) profile, were
evaluated using the Admetlab 2.0
(https://admetmesh.scbdd.com/) online platform [26].

3. Results and Discussion
3.1. Structure Analysis

The Gaussian 09 calculation program was optimized for
the structure analysis of the DHPM compound using
(B3PWI91/LANL2DZ), (B3LYP/6-311G(d,p) methods
and basis sets. The optimized structure was examined by
two different methods for bond lengths and bond angles
of the compound. The length measurements and the
angles among the constituent atoms were contrasted. A
quantum mechanical technique called density function
theory was used to perform the computations. The
fundamental principle of DFT is to use the electron
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density rather than the wave function to calculate the
molecule's energy [27-29]. The benefit of DFT
approaches is that they incorporate electron correlations
into the calculations, resulting in conclusions that are
more in line with experimental findings. Method using
very commonly in the DFT approach is BLYP (Becke,
Lee, Yang and Parr) and the B3LYP method done by
modification of BLYP. In very big nuclei, electrons close
to the nucleus are considered approximately effective
nuclear potentials (ECPs). For these atoms, relativistic
effects are a major factor in their behavior [30]. We
selected the most well-known basis set, LanL.2DZ, for
our computations. Table 1 lists the molecule's optimized
bond length parameters, which were determined utilizing
the  (B3PWO1/LANL2DZ), (B3LYP/6-311G(d,p)
methods and basis sets. This optimization provides the
molecule with the least amount of energy. Without taking
energy into account, a technique is described to produce

a good first approximation of the transition path between
particular first and last conditions of a system. In
aromatic phenyl rings, bond angles and lengths are within
typical limits [31].

For B3LYP and LanL2DZ methods, the C-C bond
lengths range from 1.33 to 1.51 A, whereas the C-O bond
lengths range from 1.21 to 1.34 A. The aromatic ring's C-
H lengths range from 1.08 to 1.09 A. The range of all C-
C C angles is 119°-121°. Some dihedral angles produce
negative results in angle degrees when atoms are used as
dihedral bonds in the Gaussian 09 software. The value of
these calculated values was determined by the position
and state of the atoms in the bonds. We observed that the
values calculated by the B3LYP and LanL.2DZ methods
are consistent with each other and with the values in the
literatiire [32-34].

Table 1. The DHPM molecule's theoretically calculated some bond lengths (A) and bond angles (°).

Bond Lengths B3LYP/ B3PW91/ Bond Lengths B3LYP/ B3PWI1/
6-311G(d,p) LANL2DZ 6-311G(d,p) LANL2DZ
C4-C7 1.48709 1.48416 C13-N19 1.28188 1.30292
C7-N12 1.33814 1.35798 C13-C37 1.46245 1.46478
C7-C8 1.40976 1.48506 C14-016 1.34675 1.37446
C8-C14 1.49138 1.46960 C14-015 1.21046 1.24577
C8-C9 1.41350 1.42428 C16-C21 1.44848 1.47874
C9-C17 1.50489 1.50406 C20-C21 1.51479 1.51896
C11-N12 1.32849 1.34473 N10-H30 1.01708 1.02035
C9-N10 1.32993 1.34844 C17-H29 1.08853 1.09152
C11-N18 1.37577 1.38004 C13-H36 1.09774 1.09962
N18-N19 1.34504 1.36515 C3-H24 1.08238 1.08527
Bond Angles B3LYP/ B3PW91/ Bond Angles B3LYP/ B3PWI1
6-311G(d,p) LANL2DZ 6-311G(d,p) LANL2DZ
C3-C4-C7 119.40307 119.16919 N18-C19-C13 117.54989 117.88401
C5-C4-C7 121.50884 121.57326 N10-C9-C17 116.14389 116.47511
C4-C7-N12 114.89793 115.06766 015-C14-016 123.36433 122.57738
N10-C11-N12 127.00788 126.03830 C14-016-C21 116.43612 117.28857
N10-C11-N18 119.67585 113.16418 016-C21-C20 107.32920 106.82177
Planar B3LYP/ B3PW9I1/ Planar B3LYP/ B3PWI1/
Bond Angles 6-311G(d,p) LANL2DZ Bond Angles 6-311G(d,p) LANL2DZ
C5-C4-C7-N12 138.41634 141.39126 C7-N12-C11-N18 -177.82100 -177.57136
C7-C8-C9-C17 -176.60012 -176.56584 N18-N19-C13-C37 179.74438 179.75867
C14-016-C21-C20 179.67436 179.31129 C11-N10-C9-C17 -178.57091 -178.00012
C7-C8-C14-016 -49.21604 -50.84606 N10-C9-C8-C14 -174.21494 -173.32770

3.2. Mulliken Atomic Charges

In quantum chemical computations, mulliken atomic
charge determination is a crucial parameter. Because a
molecule's atomic charges have an impact on a variety of
characteristics, including its electronic structure,
molecular polarization, and dipole moment [35-37].
Along with displaying intramolecular charge transfer and
charge distribution, it also demonstrates how electron
donor and acceptor pairs form. The Mulliken atom was
calculated using (B3PWO91/LANL2DZ), (B3LYP/6-
311G(d,p) methods and basis sets [38]. Table 2 displays
further calculated Mulliken atomic charge measurements
for the compound using the (B3PW91/LANL2DZ),

(B3LYP/6-311G(d,p) methods and basis sets. The
oxygen atom connected to the aromatic ring bears a
negative charge of O15 (-0.10) and O16 (-0.32),
according to the distribution of mulliken atomic charge.
The aromatic ring's connected H atom has a positive
charge value. It was found that there were positive and
negative C atoms. Furthermore, Figure 1 provides a)
Structure Optimization, b) Bond Lengths, c¢) Atomic
Mass, and d) Mulliken Charge utilizing the
DFT/B3PW91/LANL2DZ method and basis set. Using
the same basis sets, the mulliken charges of a few C
atoms in the DHPM molecule have been compared to the
graph shown in Figure 2.
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Table 2. The DHPM molecule's Mulliken Atomic Charges.

ATOMS B3LYP/ B3PW91/ ATOMS B3LYP/ B3PWI1/

6-311G(d,p) LANL2DZ 6-311G(d,p) LANL2DZ
C2 -0.072 -0.097 N10 -0.391 -0.108
C3 -0.062 -0.030 N12 -0.363 -0.103
C4 -0.011 -0.069 015 0.106 -0.236
C5 -0.090 -0.055 016 -0.327 -0.287
Co -0.083 -0.104 N18 -0.262 -0.315
Cc7 0.101 0.220 N19 -0.191 -0.059
C8 -0.044 -0.102 H22 0.106 0.227
c9 0.091 -0.154 H23 0.106 0.227
C11 0.243 0.300 H24 0.129 0.272
C13 0.060 0.139 H25 0.185 0.140
C17 -0.235 -0.258 H26 0.102 0.221
C21 -0.040 -0.021 H27 0.127 0.251
C37 -0.004 -0.153 H28 0.194 0.256
C38 -0.070 -0.033 H29 0.109 0.246
C39 -0.076 -0.071 H30 0.118 0.282
C40 -0.078 -0.096 H31 0.109 0.211
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Figure 1. DHPM molecule with B3PW91/LANL2DZ method and basis set a)Structure Optimization, b)Bond
Lengths, c)Atomic Mass, d)Mulliken Charge.
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Figure 2. Mulliken atomic charge comparison for DHPM molecule.

3.3. HOMO and LUMO Analysis

In frontier molecular orbitals, HOMO denotes a wide
variety of donor orbitals, while LUMO denotes acceptor
orbitals [39-42]. By measuring the band gap, the lowest
unoccupied molecular orbital (LUMO), and the highest
occupied molecular orbital (HOMO), The molecule's
basic electrical properties can be obtained. The LUMO
border orbitals, which have sufficient room to receive
electrons and can function as an electron acceptor, and
HOMO that has the ability to donate electrons [43].
Densities of the orbital representation of the LUMO and
HOMO for the DHPM molecule have been given in
Figures 3 and 4. As can be observed in Table 3, the
B3LYP method yielded HOMO -1.70500 eV, LUMO -
5.8405 eV, whereas the LanL2DZ method yielded -
2.9015 eV, -5.9553 eV respectively. For additional
orbits, HOMO-1 -6.8054 ¢V and LUMO+1 -1.5083 eV
were estimated using the B3LYP technique while
HOMO-1 -6.7771 eV and LUMO+1 -1.6462 eV were
calculated using the LanL2DZ method. Because

characteristics like energy and molecular orbitals
(HOMO-LUMO) are crucial for quantum chemistry and
are particularly helpful to physicists and chemists. An
electron pulse from HOMO to LUMO is identified using
boundary molecular orbital analyses. The electron
affinity and ionization potential are intimately correlated
with the HOMO and LUMO energies, respectivel. The
energy gap between the HOMO and LUMO molecules
describes the possible transfer of charge during
interaction [44]. Molecules possessing soft expression,
strong chemical reactivity, and low kinetic stability are
typically linked to their frontier orbital space. The
HOMO and LUMO orbitals of the molecule control how
it interacts with other molecules. Moreover, it aids in the
characterization of kinetic stability, chemical reactivity,
and band gap. A molecule with orbital space has
polarization, hardness, electronegativity, and other
reactivity indices indicated by a narrow boundary [45].
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Figure 3. The DHPM molecule's boundary molecular orbitals calculated using the DFT/B3LYP/6-311G(d,p)

method and basis set.
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E=-5.9553 ¢V

HOMO-1
E=-6.7771 ¢V

Figure 4. The DHPM molecule's boundary molecular orbitals calculated using the DFT/B3PW91/LANL2DZ
method and basis set
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Table 3. Quantum chemical characteristics (in eV) of the DHPM molecule calculated using the B3LYP/6-
311G(d,p), B3PWI1/LANL2DZ methods and basis sets.

Molecules Energy DFT/B3LYP/ DFT/B3PWOI1/
6-311G(d,p) LANL2DZ
ELumo -1.7050 -2.9015
Enomo -5.8405 -5.9553
Evumo+ -1.5083 -1.6462
Enomo-1 -6.8054 -6.7771
Energy Gap (AE)|Enomo-ELumol 4.1355 3.0538
Ionization Potential (I=—Enomo) 5.8405 5.9553
Electron Affinity (A=EvLumo) 1.7050 2.9015
Chemical hardness (n=(I—A)/2) 2.0677 1.5269
Chemical softness (s=1/2n) 1.0338 0.7634
Chemical Potential (== + A)/2) -3.7727 -4.4355
Electronegativity =1+ 4)/2) 1.3525 1.7993
Electrophilicity index (w=12/27) 3.4418 -2.9015

3.4. Molecular Electrostatic Potential (MEP)

To the DHPM molecule, MEP displays the molecule's
size, shape, and electrostatic potential levels. MEP map
is very useful for examining the physicochemical
properties of molecular structure [46]. Electrophilic
assault can occur on the portion of the compound having
a negative electrostatic potential [47]. In the MEP map,
the blue and red areas represent electron-rich and
electron-deficient regions, and correlate to negative and
positive potential regions [48]. Electrostatic potential
neutrality is indicated by the color green. Figure 5
illustrates how MEP was mapped for the DHPM
molecule in this investigation. The DHPM molecule's
MERP red spots on the map indicate the areas of negative
potential surrounding the oxygen atoms. The DHPM

5763 2 ‘

/

6783 > || D

molecule's oxygen atoms are surrounded by a much
larger region known as the most negative potential zone
(dark red), which allows to electrophilic interaction. The
hydrogen atom (dark blue) has the highest positive
charge. In Figure 5, the MEP map of the DHPM
compound has been given using B3LYP/6-311G(d,p),
B3PWO1/LANL2DZ methods and basis sets. The
difference of the order of 1x1072 observed in Figure 5 is
due to the difference in the level of electron correlation
or basis set completeness between the methods or basis
sets used. This indicates that the more advanced method
or larger basis set more accurately represents the
electronic structure of the system.
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Figure 5. The DHPM molecule's MEP surface calculated using the B3LYP/6-311G(d,p), B3PW91/LANL2DZ
methods and basis sets.



J Celal Bayar University Journal of Science

Volume 21, Issue 4, 2025, p 1-15
Doi: 10.18466/cbayartbe.1538029

K. Goéren

3.5. Non-Linear Optical Properties

One significant part of the energy connected to the
electromagnetic field that is supplied to the molecule is
its dipole moment. Strong intermolecular attraction is
produced via intermolecular interactions involving
dipole forces of the Van der Waals kind, which are the
fundamental component of the dipole moment [49].
Calculated parameters, total and electronic dipole
moment have been displayed in Table 4. Dipole
moment's the values, hyper polarizability (B), and
molecular polarization () are crucial in identifying the
characteristics of nonlinear optics (NLO). The average
values of the x, y, and z components' total first static
hyperpolarizability (), static dipole moment (p), and

wo= (2 +u2 )

Brotar = (.Bzx + .Bzy + .822)1/2

= [(Bxxx + Bxyy + Bxzz)? + (Byyy + Byxx + yzz)? + (Bzzz + Bzxx + Bzyy)z]%

polarizability (a) are provided by equations (1) through
(3). The molecule's the dipole moment has a significant
role in how much energy it has and is dependent upon the
electrical field that it encounters [50]. Intermolecular
interactions, such as Van der Waals type dipole forces,
which are the essential building block of the dipole
moment, result in strong intramolecular attraction. The
calculated parameters and the electronic and total dipole
moments have been given in Table 4. When determining
the properties of nonlinear optics (NLO), dipole
moment's the values, molecular polarization (o)), and
hyper polarizability (B) are critical.

€y
(2)
(3)

Table 4. NLO parameters of DHPM molecule calculated using the B3LYP/6-311G(d,p), B3PWI91/LANL2DZ
methods and basis sets.

Parameters B3LYP/ B3PWI1/ Parameters B3LYP/ B3PWI1/
6-311G(d,p) LANL2DZ 6-311G(d,p) LANL2DZ
x 0.5240 0.3483 Bxxx 50.1087 57.6438
Ky 0.4900 0.4376 Byyy 12.1062 21.3404
Mz 1.4076 1.6523 Bzzz 2.2569 6.8492
1) 1.5799 1.7444 Bxyy 16.5375 20.8044
XX -135.0268 -129.1343 Pxxy 22.9464 26.4633
ayy -141.8990 -137.8042 Pxxz 43.3387 57.7564
azz -160.5783 -161.2633 Pxzz -40.7881 -48.3109
axy -11.6318 -13.3959 Pyzz -6.0339 -4.7945
axz -3.5232 -4.3805 Byvz 5.2683 6.1840
ayz -2.2322 -2.3206 Bxvyz 19.6222 22.8479
a(au) —145.8347 —142.7339 B(esu) 5.37x1073 7.43x1073!

3.6. NBO Analysis

Determining the most stable Lewis structure of the
molecule and examining the detailed electron density of
the orbitals is possible with Natural Bonding Orbital
(NBO) analysis. The assessment of occupied and empty
orbital contacts, or the NBO approach, yields data on
intra- and intermolecular interactions. The quadratic
Fock matrix was used in the NBO study of our chemical
to assess donor-acceptor interactions [51, 52]. NBO
computation explains various second-order interactions
between occupied orbitals of one subsystem and
unoccupied orbitals of another subsystem. These are
hyperconjugation and delocalization measurements [53,
54]. In the Table 5 values comparisons utilizing the
DFTB3PW91/LANL2DZ method and basis set show the
percentages of individual bond electrons in various bonds
as well as differences in the percentages of electrons in
the s, p, and d orbitals in each atom. The relationship

between the donor (i) and acceptor (j) was estimated
using the Fock matrix. For each donor (i) and recipient
(j), the stabilizing value associated with delocalization is
expected to be as follows. NBO analysis results have
been given in Table 5. Increases in electron density (ED)
in antibonding orbitals are indicative of intramolecular
interactions, as they weaken the pertinent bonds (C-O).
More localization is provided by ¢ bonds since their
occupancy rate is larger than that of ¢* bonds. These
results clearly illustrates how the intramolecular
hyperconjugative interaction of the m (C2—C3) electron
distribution in the ring results in the stability of portion
of the ring. The intramolecular hyperconjugative
interaction of w* (C1-C6) and anti n* leads to the
stabilization of 22.25 kcal mol’! in the Ring (C4-C5).
Strong localization resulted from higher conjugation
caused by these values.
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Table 5. Selected NBO results of DHPM molecule calculated using B3PW91, LANL2DZ method and basis set.

a 0 . b s\
NBO() Type Occupancies NBO(j) Type Occupancies (Kfa(liznol) E ((J;ﬁ;l) F(S.’ uj))
C1-C2 c 1.98083 C1-H22 o* 0.01536 3.24 1.20 0.056
C1-Cé T 1.98035 C4-C5 ¥ 0.36999 22.25 0.29 0.072
C1-H22 c 1.97762 C5-Cé o* 0.01547 5.17 1.07 0.067
C2-C3 T 1.64762 C1-Cé6 * 0.33285 22.96 0.28 0.072
C2-H23 c 1.97669 C3-C4 o* 0.02545 5.52 1.06 0.068
C3-C4 c 1.96882 C7-C8 o* 0.04395 3.46 1.19 0.058
C3-H24 c 1.97557 C4-C5 o* 0.36999 6.18 1.04 0.072
C4-C5 T 1.63490 C1-Cé ¥ 0.33285 21.30 0.28 0.070
C4-C7 c 1.96335 C11-N12 o* 0.03755 5.15 1.12 0.068
C5-H25 c 1.97387 C3-C4 o* 0.02545 5.85 1.06 0.070
C6-H26 c 1.97661 C4-C5 o* 0.02612 5.67 1.05 0.069
C7-C8 c 1.96839 C14-015  «* 0.27058 0.50 0.69 0.018
C7-N12 c 1.97545 C11-N18  o* 0.04564 4.54 1.24 0.067
C8-C9 c 1.96721 C4-C7 o* 0.03797 5.18 1.16 0.069
C9-N10 o 1.74871 C11-N12 * 0.45072 34.15 0.30 0.094
C9-C17 c 1.97620 N10-C11 c* 0.04043 5.51 1.08 0.069
N10-C11 c 1.97786 C7-C8 ¥ 0.37352 31.17 0.33 0.093
C13-N19 T 1.92229 C37-C39 ¥ 0.38741 10.29 0.37 0.060
C13-H36 c 1.98406 C37-C38 o* 0.02694 5.34 1.09 0.068
C13-C37 c 1.96723 N18-N19  o* 0.02378 6.01 1.00 0.069
C14-015 o 1.98490 C7-C8 * 0.37352 2.11 0.41 0.029
C17-H28 c 1.96995 C9-N10 o* 0.02115 5.19 0.49 0.049
N18-N19 c 1.98265 C13-C37 o* 0.02572 3.33 1.35 0.060
C20-C21 c 1.98857 C14-016  o* 0.10800 3.44 0.92 0.051
C37-C39 T 1.63512 C13-N19 ¥ 0.21063 21.95 0.24 0.068
C38-C40 T 1.66637 C37-C39 ¥ 0.38741 21.23 0.28 0.070
C42-C44 T 1.66120 C37-C39 * 0.38741 21.49 0.28 0.071
C44-H47 o 1.97777 C38-C40  o* 0.01466 5.02 1.08 0.066

3.7. Molecular Docking Studies

The Protein Data Bank (http://www.rcsb.org) was used
to choose the protein crystal structures of different
enzymes for the chemical DHPM. The enzymes AChE
(PDB ID: 6WUY) and BChE (PDB ID: 6SAM) have
been employed as protein receptors. Schrodinger suite
version 11.8 Maestro, a commercial program, was used
for placement work [55]. As per prior research, ligand
preparation and protein preparation were carried out
using the LigPrep and Protein preparation modules [56,
57]. The results showed that the enzyme binding affinity
was -7.76 and -7.98 kcal. We observed that the calculated
docking values are compatible with each other and with
the values in the literatiire [58, 59]. After determining the
optimal  docking  conformations, protein-ligand
interactions were analyzed using the Discovery Studio
Client 2021 program.

Patients with Alzheimer's disease are known to
experience mental, functional, and behavioral
impairments as a result of diminished cholinergic
activity. The cholinergic hypothesis aims to counteract
this situation by increasing the neurotransmitter
acetylcholine, which is decreasing in brain synapses [60].
Enzymes known as cholinesterase hydrolyze the
neurotransmitter acetylcholine in the synaptic area.
Acetylcholine levels rise when these cholinesterase
enzymes, AChE and BChE, are inhibited. This raises
cholinergic activity. Receptor agonists or cholinesterase

enzyme inhibitors (ChEI) are typically used in treatments
to boost the activity of the cholinergic system [61].
Currently being used as acetylcholinesterase (AChE)
inhibitors in the treatment of AD, the FDA has approved
the following compounds: galantamine, donepezil,
tacrine, and rivastigmine. The only authorized
medications in use now are these inhibitors [62]. Most
studies have focused on developing inhibitors that are
specific to either AChE or BChE. For example, AChE-
specific inhibitors like donepezil tend to have high
affinity for AChE but low binding to BChE. This study
performed molecular docking studies on both 6WUY
(AChE) and 6SAM (BChE) protein structures, showing
that your compounds bind to both enzymes with similar
binding energies [63, 64]. In order to evaluate the
reliability of our docking protocol, re-docking was
performed using co-crystallized ligands taken from the
Protein Data Bank (PDB). For the 6WUY enzyme, the
docking score was found to be 8.10 using the 4-
(aminocarbonyl)-1-[({2-[(e)-
(hydroxyimino)methyl]pyridinium-1-
yl}methoxy)methyl]pyridinium control ligand.
Similarly, for the 6SAM enzyme, the docking score was
found to be 8.30 using the [(3{s})-1-(2,3-dihydro-1{h}-
inden-2-yl)piperidin-1-ium-3-yl]~{n}-phenylcarbamate
control ligand. In each protein-ligand complex, the
original ligand molecule was removed and then re-
docked to the same binding site using the docking
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protocol. The re-docked poses were compared with the
original ligand positions in the crystal structures and
RMSD (root mean square difference) values were
calculated. The RMSD values were found to be 1.9 and
this value was <2.0 A, indicating that the protocol can
reconstruct the original binding positions with high
accuracy.

Table 6. Docking score of DHPM molecule PDB:
6WUY and PDB: 6SAM.

Docking Score

Compound  —5r "o WVUY)  (PDB:6SAM)
DHPM
Moleewle 7,766 -7.980
Control
Linand -8.102 -8.301

Interactions
[] van der waals

- Conventional Hydrogen Bond
[] carbon Hydrogen Bond

[ ri-Pi Stacked

The 6WUY-AChE docking study's 3D and 2D
interactions with the DHPM molecule have been given in
Figure 6. The DHPM molecule's 6SAM-AChE binding
affinity was found to be -7.76 kcal/mol. In this binding
mechanism, the benzene ring is bound by the hydrogen
bond HOH-807, while the phenyl pyrimidine is bound by
TYR-124 (6.44 A) conventional hydrogen bond and the
oxygen is bound by PHE -295 (5.23 A). In SER-293
(4.34 A), a carbon hydrogen bond is formed. Pi-Alkyl is
attached to phenyl pyrimidine in TYR-341 (3.94 A)
while n—r interaction was observed between the benzene
ring and the molecule. This interaction occurs through
weak but directional bonds between the aromatic rings.
In our compound's binding mechanism, van der Waals-
bonded hydrogen has been found in GLY-121, ELT-635,
and ASN-87.

2D Mode

H-Bonds

Donor

\ Acceptor = )

[ Pi-Pi T-shaped
[T Ay
[] Pi-Alkyl

Figure 6. 3D and 2D representation of the interaction between DHPM compound and AChE enzym.

The 6SAM-BChE docking study's 3D and 2D
interactions with the DHPM molecule have been given in
Figure 7. The DHPM molecule had a maximum binding
affinity score of -7,980 kcal/mol. Normal hydrogen

10

bonds are bonded to nitrogen and oxygen by HIS-438
(4.38 A) and GLY-117 (3.96 A), while bonds to oxygen
are bonded by PHE-329 (4.24 A) and ALA-328 (4.72 A).
They are bonds of pi-alkyl. Pi-sulfur bond DMS-601
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(4.97 A) is joined to the benzene ring. The pi-donor
hydrogen bond cannot form without nitrophenyl
hydrogen. In our compound's binding mechanism, van

Interactions

[] van der waals
] water Hydrogen Bond
[ ] carbon Hydrogen Bond

der Waals-bonded hydrogen is found in GLN-119, THR-
120, and ALA-277.

2D Mode
( Aromatic )
Edge

\ Face =i )

[ Pi-Sulfur
[ ] Alkyl
[ Ppi-Alkyl

Figure 7. 3D and 2D representation of the interaction between DHPM compound and BChE enzym.

3.8. ADME Analysis

The field of computational ADME modeling is fairly
developed, yet it is still evolving. Drug design commonly
uses in silico ADME techniques. Additionally, the
synthesized DHPM compound demonstrated appropriate
predicted ADME properties and met the drug-likeness
requirements [65]. An evaluation was done using
SwissADME, a free online tool for determining drug-
likeness properties. After this analysis, it was found to be
compatible with the Lipinski (Pfizer) rules [66]. We used
the web servers SwissADME
(http://www.swissadme.ch/index.php) to examine this

ligand molecule's biological and chemo-informatic
characteristics. Table 7 shows the physicochemical and
lipophilicity values obtained as a result of ADME
analysis of DHPM molecule. The values obtained from
the ADME analysis result; LogP values 3.81 (<10) and
H-bond donor 1 (<10) Topological PSA 76.47<140 A2,
MW 360.41 g/mol (<500) and ABS 82.61% were
calculated and these values are compatible with Lipinski
rules (values given in parentheses). Since it carries
Lipinski rules, DHPM molecule can be evaluated as a
drug candidate.

Table 7. Physicochemical and lipophilicity of DHPM molecule.

Code Lipophilicity A . .
consensus log Physico-chemical properties
DHPM P MW?*  Heavy Aromatic Rot.  H-acceptor H-donor MR TPSA® (A?) Y%
g/mol Atoms heavy atoms bond bond bond ABS!
3.81 360.41 28 18 5 1 106.00 76.47 82.61

"MW, molecular weight; ‘TPSA, topological polar surface area; "MR, molar refractivity; “ABS%: absorption percent ABS% =

109[0.345 x TPSA].
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Figure 8. Color regions and physicochemical parameters of DHPM molecule.

4. Conclusion

In this study, the data obtained by theoretical and
computational chemistry methods performed on Ethyl 2-
(2-benzylidenehydrazinyl)-4-methyl-6-
phenylpyrimidine-5-carboxylate (DHPM) compound
were evaluated in detail. The structural and electronic
properties of the molecule were optimized using two
different density functional theory (DFT) methods,
B3LYP/6-311G(d,p) and B3PWO91/LANL2DZ. The
obtained geometry optimization results showed that the
bond lengths, bond angles and dihedral angles were
compatible with both methods and gave consistent results
when compared to similar structures reported in the
literature. In the electronic structure analysis, HOMO and
LUMO energy levels were calculated as approximately —
5.84/-5.95 eV and —1.70/-2.90 eV, respectively. This
low energy difference (HOMO-LUMO gap) suggests
that the molecule has high chemical reactivity and may
have biological activity. In the molecular electrostatic
potential (MEPS) maps, the dark red regions, especially
concentrated around oxygen atoms, revealed that the
molecule has a high attraction power against electrophilic
agents. Similarly, the high positive potential observed in
the arecas where hydrogen atoms are located (dark blue
areas) indicate nucleophilic interaction regions. In terms
of NLO (nonlinear optical) properties, the calculated
polarizability and hyperpolarizability values show that
the DHPM molecule has a high optical response and
therefore is a potential NLO material that can be used in
the field of optoelectronics in the future. Especially the
high values of polarizability (o) and hyperpolarizability
(B) reveal that the molecule offers significant advantages
in its interaction with light. Within the scope of molecular

docking analyses, the interaction of the DHPM
compound with the Alzheimer's disease-related
acetylcholinesterase ~ (AChE, PDB:6WUY) and

butyrylcholinesterase (BChE, PDB:6SAM) enzymes was
investigated. The binding energies obtained were -7.76
and -7.98 kcal/mol, respectively, and it was determined
that the molecule showed high activity against both

12

enzymes. It was observed that the interaction with the
BChE enzyme was especially stronger, indicating that
DHPM may be a potential inhibitor in the treatment of
Alzheimer's disease. Finally, the pharmacokinetic
properties of the DHPM compound were evaluated by
ADME analysis and it was found to meet Lipinski's rules.
This shows that the compound has good bioavailability
and is a potential drug candidate. When all these results
are evaluated together, the DHPM compound exhibits
both a stable and functional structure in terms of theory
and a promising profile in terms of biological activity and
optical properties. Therefore, if supported by further
studies, it is thought that DHPM can be a building block
that can be used both in the development of therapeutic
agents for Alzheimer's disease and in high-tech
optoelectronic applications.
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