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ABSTRACT

The 6-311G(d,p) and SDD basis sets have been used to calculate the vibration frequencies, and the DFT/B3LYP approach was
used to optimize the structure. The energy gap of the molecule has been calculated using the lowest unoccupied molecular
orbital (LUMO) with the highest occupied molecular orbital (HOMO). The stability and charge delocalization of the Title
molecule have been investigated using natural bond orbital (NBO) analysis. The dipole moment, polarizability, and first-order
hyperpolarizability, as well as the molecular electrostatic potentially (MEP) and thermodynamic features, have been used to
compute the nonlinear optical (NLO) behavior of the title molecule. The Schrédinger program was used to conduct molecular
docking works to determine information about the interactions between the AChE and BChE enzymes and the chemical. In
addition, a molecular docking study was analyzed for compounds 6-(2”-Pyrrolidinone-5-yl)-(-)epicatechin (PEP) with AChE
and BChE synthase binding proteins (PDB:4MOE) and (PDB:6SAM) using the Discovery Studio 2021 Client program. In the
compound, the AChE enzyme showed -7.105 kcal/mol, while the BChE enzyme showed a result score of -7.784 kcal/mol.

Keywords: PEP, DFT, HOMO-LUMO, NBO, Molecular docking

1. INTRODUCTION

Flavonoid alkaloids, unlike others, are a natural product. Almost always, flavonoids contain five or six-
membered nitrogen heterocycles attached to the C6 and C8 places of the ring in their skeleton [1]. Most
of the compounds in this category can be optained in plants used in traditional medicine as herbal
medicine for various ailments [2]. Some substances have been found to have beneficial pharmacological
properties [3]. Research on flavonoid alkaloids has drawn even more attention to the fact that it is a
synthetic derivative of flavonoid alkaloids, flavopiridol. The synthesis and The isolation of flavonoid
alkaloids and their variants is a very relevant research topic today because of the as yet untapped
potential for bioactivity and structural diversity inherent in this family of natural compounds [4]. PEP is
a derivative of flavan-3-ol (-)-epicatechin [5].

D.S. Jang and colleagues identified the flavonoid from the roots of Actinida arguta in 2009 [6]. The
perennial vine Actinidia arguta (also known as hardy kiwi) is endemic to northern China, Japan, Korea,
and Siberia [7]. It grows a fruit like kiwi that is believed to boost general health in Chinese's traditional
medicine. In in-vitro biological investigations, the compound PEP was revealed to exhibit a considerable
inhibitory effect against diabetic complications' the formation, cataracts, atherosclerosis's (AGES) end
products [8].

In physics, chemistry, and materials science, density functional theory (DFT) is a computational
quantum mechanical modeling tool used to examine the electronic structure (or nuclear structure) of
atoms, molecules, and dense phases in a variety of ways [9]. With advances in technique and
applications, it is now possible to acquire high-quality predicted attributes such as lattice constants,
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cohesion/absorption energies, band structures, surface reactivity, thermochemistry, rate constants, and
other physical and chemical parameters [10, 11]. As a result, the microscopic mechanism can be
analyzed by constructing interaction models between different components. A set of necessary
parameters can be obtained computationally without compromising the integrity of the system, which
greatly complements the experimental work and even ventures into previously unexplored areas with
confidence.

In this study, B3LYP/6-311G(d,p) and B3LYP/SDD methods have been used to investigate the PEP
molecule theoretically. In this study, B3LYP/6-311G(d,p) and B3LYP/SDD methods have been used to
investigate the PEP molecule theoretically. The MEP surface was visualized and simulated. The title
compound's molecular characteristics were computed, including polarizability, dipole moment, first-
order hyperpolarizability, and thermodynamic parameters. DFT calculations with a base set were also
used to compute the energy of the Highest Occupied Molecular Orbit (HOMO) and the Lowest Occupied
Molecular Orbit (LUMO). The interaction between the molecules and the ligand molecule's target
binding site was determined using the findings of molecular docking experiments. It was discovered
what the minimal binding energy was. PEP, one of the flavonoid derivatives, was discovered in plants
used as herbal therapy for numerous diseases in traditional medicine, according to the literature study.
Thus, the studied compound was interlock with AChE and BChE protein.

2. MATERIALS AND METHODS

The B3LYP/6-311G(d,p) and B3LYP/SDD techniques were used to do all of the DFT calculations,
which were done in Gaussian 09 software [12, 13]. For conformational analysis, a quasi-experimental
technique was adopted. The shape of the final molecule was optimized as the initial stage in the computer
analysis. In particular, it requires low energy sensitivity to changes in molecular structure caused by
core position displacement of PEP [14]. The DFT technique in the Gaussian 09 software was used to
compute the optimum geometries, vibration frequencies, and energies of the molecular structure of PEP
[15]. Lee's-Yang-Parr correlation function was formed based on 6-311G(d,p) and SDD basic set based
program package with DFT/B3LYP method. GaussView 6.0.16 and ChemBio Ultra Drive 3D have been
used to prepare and import the visualization and input file. Molecular docking was also used to
investigate the ligand's exact binding location and mechanism on the protein (using the Schrodinger,
LLC model's Maestro Molecular Modeling platform (version 11.8)). Acetylcholinesterase (AChE) and
Butyrylcholinesterase (BChE) enzymes obtained high resolution (2.00 A) and (2.50 A) crystal
structures, respectively (see https://www.rcsb.org/pbd ). Ligand constructs were obtained individually
from the PubChem website as SDF files. It was synthesized using the previous implementation of the
Ligprep module. Waited to receive data for protein preparation in the wizard module. In the meantime,
all water molecules were separated as a crystal structure. The protein ion balance was adjusted by
addressing this module again, this time by selecting the active site for flexible binding of the protein.
Network boxes were created as the basis of the receptor networking module, allowing flexible docking
by forming networks at the protein's binding sites. Network boxes have been created as the basis of the
receptor networking module, allowing flexible docking by forming networks at binding sites of the
protein. The highest binding affinity is indicated by the lowest energy configurations. Discovery Studio
4.5 was used to show the 2D and 3D interactions as well as the receptor model that occurred.

3. RESULTS AND DISCUSSION
3.1. Structure Details and Analysis

Figures 4a and 4b were showed the optimized chemical structure and bond length of 6-(2"-
Pyrrolidinone-5"-yl)-(-)epicatech (PEP) [16, 17]. The optimal bond lengths of the molecule determined
using the 6-311G (d,p) and SDD basis sets and the B3LYP/B3LYP method have been shown in Table
1. If it is a PEP compound, the bond parameters calculated by two different methods are compared with
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each other. In phenyl rings, all bond lengths and angles are within typical limits. C-C bond distances
range from 1.387-1.545 A to the 6-311 G(d,p) base set and between 1.395-1.354 A for the SDD base
set. The C-N bond lengths between the phenyl rings of the nitrogen atom were found to be 1.367-1.373.
The N-H distance in the structure was 1.008-1.014 A. The C-H lengths in the aromatic ring vary from
1.086 to 1.088, whereas the O-H bond distances are between 0.962 and 0.977. The whole C-C-C angles
range 109° to 121° A. The C-N-C angle in the compound was found to be between 115° and 116° A.
The values of the 6.311 G (d,p) and SDD basis sets differ slightly. The theoretically estimated results
from the B3LYP-/6-311G(d,p) and B3LYP/SDD techniques offer a sense of how the shape of the
molecules alters for specific PEP compounds.

Table 1. Theoretically, derived some of the molecule's bond lengths (A) and bond angles (°).

Bond Lengths B3LYP/6- B3LYP /SDD Bond Lengths B3LYP/6- B3LYP/
311G(d,p) 311G(d,p) SDD
Cl-C2 1.545 1.554 C21-H40 1.082 1.084
C6-C8 1.407 1.418 C1-H28 1.098 1.101
Cl-C14 1.511 1.514 C23-H43 1.088 1.095
C8-C22 1.515 1.542 C2-H29 1.1099 1.102
C9-C11 1.392 1.403 C22-H41 1.102 1.105
Cl4-C21 1.395 1.409 C20-H39 1.086 1.088
C18-C20 1.387 1.401 C2-03 1.417 1.454
C24-C25 1.532 1.533 C16-017 1.360 1.390
C16-C18 1.403 1.412 C25-027 1.213 1.252
C11-C12 1.388 1.395 C25-N26 1.367 1.373
Bond Angles B3LYP/6- B3LYP /SDD Bond Angles B3LYP/6- B3LYP/
311G 311G SDD
Cl-C2-C4 109.378 110.236 C23-C22-H41 106.967 108.762
C4-C5-C6 121.508 117.25 H44-C24-H45 107.431 107.653
C5-C12-C11 121.508 121.246 C1-013-C12 117.202 116.463
C15-C16-017 119.992 119.799 C22-N26-C25 116.025 115.744
C18-019-H38 110.149 113.307 C25-N26-H46 120.933 123.679
Bond Angles B3LYP/6- B3LYP /SDD Bond Angles B3LYP/6- B3LYP/
311G 311G SDD
C1-C14-C21-C20 177.653 -177.577 C23-C22-N26-H46 165.465 168.459
C4-C2-C1-C14 177.247 -177.793 C4-N2-C1-C15 179.891 -175.845
03-C2-C1- 013 -179.124 -179.401 C9-C8-C6-07 -179.782 174.356

3.2. HOMO and LUMO Analysis

HOMO and LUMO are defined as the chemical structure in the major orbitals [18]. The electron
donating and receiving capacity is defined by the HOMO and LUMO energy properties [19]. Kinetic
stability of a molecule, optical polarizability, chemical reactivity and chemical hardness or softness are
all designated by the energy disparity between HOMO and LUMO [20]. Boundary electron density can
be used to predict the positions of more reactive electrons in conjugated systems and to characterize
various reactions [21]. The surfaces of the boundary orbital defined the crystalline bonding architecture
developed. Red represents the positive phase while green represents the negative phase. Pictorial
representations of PEP based upon B3LYP/6-311G (d,p) and B3LYP/SDD and its HOMO and LUMO
are shown in Figures 1 and 2. While the PEP compound’s the Exomo=-6.08 eV-ELumo=-0.59 eV was
used to compute by the DFT/B3LYP/6-311G (d,p) method, the Enomo=-6.34 €V - ELumo = -0.76 eV of
the DFT/B3LY/SDD method was calculated. When using DFT, the estimated energy gap with the
B3LYP/6-311G (d,p ) and B3LYP/SDD methods is 5.49 eV and 5.58 eV, in turn. The energy different
between the HOMO-LUMO sizes can be used to determine the reactivity of the molecule. It stands for
the molecule’s high efficient electrical activity as well as a reduced energy gap. Chemical reactivity
indices are listed in Table 2.
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Figure 2. Boundary molecular orbitals of the PEP compound according to the DFT/B3LYP/SDD level.
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Table 2. Comparison of HOMO, LUMO and chemical reactivity descriptors by DFT/B3LYP/6-311G-DFT/
B3PW91/SDD levels methods at 298.15 K in ground state.

Molecules Energy DFT/B3LYP/6- DFT/B3LYP/SDD
311G(d,p)
ELumo -0.5951 -0.7608
Enomo -6.0849 -6.3423
ELumo+1 -0.2887 -0.4960
Eromo-1 -6.1312 -6.3788
Energy Gap (A) |[EHomo- ELumo| 5.4898 5.5815
Ionization Potential (I =—EHomo) 6.0849 6.3423
Electron Affinity (A=—ELumo) 0.5951 0.7608
Chemical hardness (7 = (1 — A)/2) 2.7449 2.7907
Chemical softness (s = 1/2 n) 0.1821 0.1792
Chemical Potential (« = —(1+ A)/2) -3.34 -3.5515
Electronegativity (y = (1+ A)/2) 0.7975 0.8804
Electrophilicity index (o= u?/2 1) 1.9987 2.2598

3.3. Molecular Electrostatic Potential (MEP)

The electric potential (considered as static charge distributions) created by the electrons in the a
molecule’s nucleus and the surrounding area is a very useful property for predicting and analyzing
chemical reactivity behavior [22]. The potential has proven particularly effective as a predictor of which
amolecule’s regions or areas have been at first attracted by an approaching nucleophile and electrophile
[23]. Electronic density determines the molecular electrostatic potential (MEP), which is a valuable
descriptor for detecting electrophilic assault, hydrogen bond interactions and nucleophilic reactions
[24]. The regions reactive to nucleophilic and electrophilic attack in the PEP compound are clearly
evident in Figure 3. Different color codes can be used to locate reagent positions in MEP analysis. The
red color in Figure 3 indicates an electron-rich region, which indicates the negative area in Electrophilic
reactivity. The blue color in the MEP map represents an electron-deficient region indicating the positive
area in Nucleophilic reactivity. In addition, the green color on the MEP map shows neutral, that is,
hydrogen bond interactions and represents the zero electrostatic potential region.

a T N b

v

Figure 3. Molecular electrostatic potential surface by DFT/B3LYP and DFT/B3LYP methods with 6-311G(d,p)
and SDD basis set
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3.4. Non-Linear Optical Properties (NLO)

The molecules hyperpolarizability, chromophore density, and non-centrosymmetric order of individual
organic chromophores all affect the macroscopic NLO activity of organic materials [25, 26]. Calculating the
molecule’s the nonlinear optical properties, using B3LYP method under SDD and 6-311G (d,p) basis sets,
total static dipole moment p, dipole moment pi component, mean polarization o, oij polarization anisotropy
and first order hyperpolarizability Bijk anisotropy have been calculated and the values have been presented in
both atomic and electrostatic units in Table 3. B3LYP/6-311G (d,p) method with p= 8.4176 D. a = -157.075
a.u, B=2.151x10" esu and B3LYP/SDD method with u=8.4253 D , a=-161.068 a.u., p=1.093x10° esu
found. Its estimated values in the PEP molecule are proof that it is NLO material.

Table 3. DFT/B3LYP- B3LYP belong to 6-311G(d,p) and SDD basis set calculated dipole moments (Debye), (au)
polarizability, p components, and  tot PEP value.

Parameters B3LYP/6- B3LYP /SDD Parameters B3LYP/6- B3LYP /SDD
311G(d,p) 311G(d,p)
M x 5.4098 5.6931 P xxx 480.9939 498.6413
Ry -2.2360 -4.0763 [ xxv -205.1694 -345.1168
Mz -0.0642 -4.4779 B xvy 16.8028 55.1368
I (D) 5.8540 8.3114  f vvv 7.270 -3.4727
o XX -154.1447 -157.3272 B xxz 40.9120 -167.9551
ayy -159.5987 -163.8682 P xvz -8.8088 46.5488
o zzZ -155.9008 -158.6133 B vvz -6.4183 -25.7389
o XY 4.5393 10.7298 B xzz 34.0086 10.3992
o Xz -30.4499 0.8387 B vzz -7.8849 -3.6198
o vz 7.4560 -2.4244 [ zzz -11.0534 -4.6276
a (au) -156.5480 -159.9362 3 (esu) 2.957 x108 1.093x10°°

3.5. Mulliken Atomic Charges

Mulliken obtained a natural population analysis of flavonoid derivatives. It explains how the charges
are distributed in the various subshells (nucleus, valence, and Rydberg) of the molecular orbital [27, 28].
In the table 4 has been showed the buildup of natural charges on the PEP compound’s each atom. The
dipole moment, electronic structure, polarizability and a system’s other molecular properties are all
affected by atomic charge. Atoms represented by colors according to their Mulliken charges and other
images are shown in Figure 4.

Table 4. DFT/B3LYP and B3PW91 techniques with 6-311G(d,p) and SDD base set computed Mulliken atomic

charges.

B3LYP/6- B3LYP /SDD B3LYP/6- B3LYP /SDD

311G(d,p) 311G(d,p)
C1 0.104 -0.096 O3 O3 -0.480
C2 0.051 -0.102 o7 o7 -0.525
C4 -0.175 -0.536 010 010 -0.443
C5 -0.156 0.194 013 013 -0.337
C8 -0.120 0.203 017 017 -0.469
C9 0.157 0.130 019 019 -0.513
C11 -0.090 -0.587 027 027 -.0.404
C12 0.249 -0.233 N26 N26 0.23
Ci14 -0.187 0.451 H28 H28 0.220
C15 -0.087 -0.554 H33 H33 0.389
C16 0.169 0.194 H35 H35 0.275
C18 0.124 0.135 H38 H38 0.379
C20 -0.096 -0.308 H40 H40 0.265
C22 0.015 -0.117 H42 H42 0.172
C24 -0.269 -0.493 H44 H44 0.239
C25 0.347 -0.155 H46 H46 0.387

47



Baglan et al. / Eskisehir Technical Univ. J. of Sci. and Tech. B — Theo. Sci. 11 (1) — 2023

Figure 4. PEP molecule with DFT/B3LYP/6-311G(d,p) basis set a) mulliken b) bond length ¢) atomic mass d)
structure optimization

3.6. NBO Analizi

Charge transfer interactions inside bonds are investigated using natural bond trajectory (NBO) analysis.
NBO has been measured using the B3LYP/6-311G (d,p) basis set to the PEP compound [29]. The
interaction energy is used to calculate the off-diagonal NBO Fock matrix components F(ij) [30]. This
may be calculated using the quadratic perturbations method [31]. From the NBO analysis, monocentric
lone pairs and dicentric bonds give a chemical bond’s precise representation to a stable molecular
species corresponding to a single Lewis formula [32]. The un-Lewis structure, the un-empty valence
bond (LP) and the extravalence shelled Rydberg (RY*) orbitals can be seen valence anti-bonds (BD).
The absence of Lewis-type NBOs (lone pairs and bonds) expressing the density matrix may be identified
by the occupancy of these NBOs.

(BT

E(2) = AEij = qi (Ej = ED)
Hyper-conjugative interactions’ The energy is denoted by E (2). On an NBO basis, qi denotes the
occupancy of the donating orbital, | and j. denote the energies of the accepting and giving orbitals, and
Fij denotes the Fock matrix's off-diagonal element. The occupancy of the contributing (Lewis type)
orbital is represented by gi, the energies of the giving and accepting orbitals are represented by i and j.,
and the off-diagonal element of the Fock matrix is represented by Fij. The B3LYP/6-311 basis set was
used to calculate molecule PEP, electron density delocalization and intermolecular hybridization in
NBO. As shown in Table 5, (C5-C6) diffuse’s the intermolecular hype-conjugative interaction to o*
(C6-C8), resulting in a 5.62 KJ/mol stabilization. The molecule’s the highest and most important energy
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is m*(C5-C6) electron donation to the anti-bond acceptor acceptor, which has 26.89 KJ/mol’s a
stabilization energy from 7(C8-C9).

Table 5. NBO findings selected for PEP utilizing the B3LYP / 6-311 G (d, p) theory level to illustrate the
production of Lewis and non-Lewis orbitals.

a H i\b
NBO()  Type ED/e NBOG) 1P EDIe (K;(l?nol) E ((QUE)(') F (i) (au)
C1-C2 5 196032 Cl4C2l  o* 002521 2.7 0.65 0.042
C1-013 198423  C11-C12  o* 002088 2.46 1.40 0.052
Cl-Cl4 196720  CI5-C16  o* 002223 2.49 1.20 0.049
Cl1-H28 197401  C14-C21  o* 002521 3.49 1.09 0.055
Co-C4 o 197145  C5-C6 ot 003207 3.32 119 0.056
cacs s 196919  C6-C8 ot 0.03088 3.25 118 0.055
C5-C6 s 196811  C5-C12  o* 003580 458 127 0.068
C5-C6 s 196811  C6-C8 o* 003088 5.62 1.26 0.075
C5-C6 s 196811  C12-013  o* 002917 431 107 0.061
C5-C6 H 168162  C8-CO n* 044278 13.18 0.29 0.057
C5-C6 . 168162  CI11-C12  m* 040600 26.63 0.29 0.080
C5-Cl2 o 196999  C5-C6 ot 003207 4.40 126 0.067
C5-Cl12 o 196999  CI1-C12  o* 002088 5.16 128 0.073
C6-C8 5 196410  C9-010  o* 002158 417 104 0.059
O7-H33 o 198777  C6-C8 ot 0.03088 415 130 0.066
C8-C9 5 196949  CO-Cll  o* 002102 469 127 0.069
C8-C9 . 168000  C5-C6 T 042699 26.89 0.28 0.080
C8-C9 T 168000  C9-C9 T 044278 13.58 0.29 0.057
C8-C9 . 168000  C22-N26  o* 003481 4.95 0.61 0.053
Cl11-C12 = 168465  C5-C6 T 003207 14.71 0.28 0.059
C11-C12 = 168465  C8-CO T 0.44278 26.85 0.28 0.080
C14-C21 = 168523  CI15-C16  m*  0.38576 19.19 0.28 0.066
C14-C21 = 168523  C18-C20  n*  0.39535 20.06 0.27 0.067
C15C16 = 167176  C14-C21  m* 037352 21.01 0.30 0.072
C15C16 = 167176  C18-C20  m*  0.39535 19.62 0.28 0.068
C18-C20 = 170086  C14-C21  n*  0.37352 18.33 0.31 0.068
C18-C20 = 170086  CI15-C16  n*  0.38576 19.11 0.30 0.069

8E (2) means the energy of hyper conjugative interaction (stabilization energy).
b Energy difference between donor and acceptor i and j NBO orbitals.
¢ F(i, j) is the Fock matrix element between i and j NBO orbitals

3.7. Molecular Docking Studies

Molecular docking’s the in silico approach is used to recognize the interaction between ligands and
proteins [33-35]. As a consequence of the PEP-AChE insertion work, Figure 5 shows their interaction
in 2D and 3D modes. As a consequence of, the slip score was determined to be -7.105 cal/mol with PEP-
AChE in Table 6. The bonding mechanism is ASP-74 (1.65 A) and TYR-341 (2.58 A) Hydroxyl-bonded
Conventional Hydrogen Bond, TYR-341 (2.51 A) Hydrogen Bond, PHE-295 (1.79 A) and VAL-294
(2.51A) Oxygen-bound and trational Hydrogen Bond in hydroxyl, Carbon-bound and hydrogen bond,
LEU-76 (5.25 A) Examples of Pi-alkyl bonds attached to Phenyl ring’s the 2nd center and other
interactions are as in Figure 5. Figure 5 shows a three-dimensional picture of the hydrogen bond
donor/acceptor surface of the receptor.

Table 6. Docking score of PEP - AChE and PEP - BChE

Docking Score

Compound AChE BChE
(PDB:4MOE) (PDB:6SAM)
PEP -7.105 -7.784

49



Baglan et al. / Eskisehir Technical Univ. J. of Sci. and Tech. B — Theo. Sci. 11 (1) — 2023

& Charged (negative) Polar Distance — Sak bridge

& Charged (positive) & Unspecified residue - H-bond Solvent exposure
Glycine Water — Metal coordination
Hydrophobic Hydration site *-® Pi-Pistacking

@ Metal X Hydration site (displaced) —e Pr-cation

Figure 5. PEP-AChE interactions in 2D, and the receptor's aromatic surface in 3D.

As a consequence of BChE settlement work is like the 3D and 2D view in figure 6. As a result of binding
with PEP-BDhE, the slip score was determined as -7.784 cal/mol in Table 6. ASP-70 (4.13 A), PRO-
285 (4.73), GLY-78 (4.47) and HIS-438 (3.73 A) Conventional Hydrogen Bonding in Hydroxyl, PHE-
329 (6.10 A) and TRP-82 (6.03) 1. Pi-Pi T-shaped bonded to the phenyl ring, ALA-328 (5.56) and TYR-
332 (5.75) attached to the center of the benzene ring are Pi-alkyl bond’s examples. Other interactions
are as in Figure 6.

-
-
-~
-~
~—

2D Mode
H-Bonds.
Dono.

Acceptor B8

& Charged (negative) Polar -+ Distance — Salt bridge

W Charged (positive) & Unspecified residue - H-bond Solvent exposure
Glycine Water — Metal coordination
Hydrophobic Hydration site ®-® Pi-Pistacking

@ Metl X wdmponsue(dsp@cgd) —e _Pication

Figure 6. 2D picture of PEP - BChE interactions and 3D view of the receptor's aromatic surface.
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4. CONCLUSION

In this study, a detailed theoretical analysis of PEP molecule was performed. DFT was used to analyze
the structural characteristics utilizing the B3LYP exchange correlation functional, the SDD and 6-
311G(d,p) basis sets. The parameters optimized, especially dihedral angles, bond angles and bond length
have been calculated and shown to have a high correlation with the reference values. To determine the
chemical stability, the compound’s the reactivity, boundary molecular orbitals and molecular which
based different electron intensive like total energy (E), polarizability (o), dipole moment (d),
electronegativity (), chemical hardness and (1) electrophilicity (o) used features. The LUMO and the
HOMO’s the energy have been calculated using DFT calculations with a base set. NBO analysis was
utilized to determine quality and the charge distribution of optimized chemical structures. The highest
stabilization energy value for the PEP compound was found as 26.89, 26.63 and 26.62 Kcal/mol,
respectively. According to the NLO study, the molecule exhibited strong optical properties in various
directions. The isotropic polarizability of the compound was found as 2.151 x10° esu in the B3LYP/6-
311G(d,p) method and 1.093x10°° esu in the B3LYP/SDD method. The molecule has a high ability to
associate with AChE and BChE proteins according to molecular docking simulation. In the study, it was
shown that the binding affinity shift scores with PEP-AChE and PEP-BChE were more effective with
-7.105 cal/mol and -7.784 cal/mol and PEP-AChE receptor binding score, respectively. It could be
investigated that the molecule may be a suitable candidate for innovation in medical applications, anti-
cancer drugs with high potency and low side effects, and drugs used in Alzheimer disease’s treatment.
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