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In-silico Drug Evaluation by Molecular Docking and ADME
Studies, DFT Calculations of 2-(4-Chlorobenzyl)-6-(4-
methoxyphenyl)imidazo [2,1-b][1,3,4]thiadiazole

ABSTRACT

The discovery of the imidazo[2,1-b][1,3,4]thiadiazole heterocycle was seen in the 1950s. The pharmacological
potential of imidazo[2,1-b][1,3,4]thiadiazole derivatives as antibacterial, antifungal, anticonvulsant, anticancer,
analgesic, anti-inflammatory, diuretic, and anesthetic has been extensively studied. The present investigation is to
examine the 2-(4-Chlorobenzyl)-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (CMT) compound
theoretically with the Gaussian 09 software program. The mentioned compound’s theoretical calculations were
done on using the popular density functional theory (DFT) theories B3ALYP, MPW1PW91 methods, the 6-
311G(d,p) basis set. The highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital
LUMO, natural bonding orbital NBO, nonlinear optical (NLO), molecular electrostatic potential (MEP), and
Mulliken charges of the optimized structure were calculated theoretically with the same basis set and different
methods, and the obtained values were compared with each other. Additionally, in silico studies were conducted
to estimate the absorption, distribution, metabolism, excretion and toxicity (ADME) profiles of CMT compound
to evaluate it as a drug. Based on the ADME study, we believe that the compound will have good potential drug-
like character. Finally, 3PPO and 1M17 enzymes were downloaded from PDB (Protein Data Bank) and the
potential of CMT compound on breast cancer was calculated in silico by molecular docking analysis. According
to the docking analysis outcomes, the docking score of CMT compound was obtained as -10.20 and -7.50 kcal/mol,
respectively. In the docking analysis, it was shown that the theoretical data on breast cancer were well correlated
with the observed values.

Keywords-Molecular Docking, DFT, NBO, MEP, ADME

Highlights

* This study theoretically investigates the structural, electronic, and biological properties of 2-(4-chlorobenzyl)-6-
(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (CMT) as a potential anticancer drug candidate.

* The compound was optimized using DFT methods (B3LYP and MPW1PW91) with the 6-311G(d,p) basis set,
and key parameters such as HOMO-LUMO energies, NBO, NLO, MEP, and Mulliken charges were calculated.
e Comparative analysis of theoretical results showed strong agreement between the two DFT approaches,
confirming the molecule’s stability and charge distribution characteristics.

e In silico ADME evaluation revealed that CMT possesses favorable drug-like properties and acceptable
pharmacokinetic behavior.

* Molecular docking studies against 3PP0 and 1M 17 breast cancer enzymes yielded significant binding affinities
(—10.20 and —7.20 kcal/mol, respectively), supporting its potential as an effective anticancer agent.

2-(4-Klorobenzil)-6-(4-metoksifenil)imidazo[2,1-
b][1,3.4|tiadiazol’un DFT Hesaplamalari, ADME Cahsmalar ve
Molekiiler Doking ile in-silico ila¢ degerlendirmesi

0z

Imidazo[2,1-b][1,3,4]tiadiazol  heterosikliinin kesfi 1950'lerde  goriildii. Imidazo[2,1-b][1,3,4]tiadiazol
tiirevlerinin antibakteriyel, antifungal, antikonviilsan, analjezik, antikanser, antiinflamatuar, diiiretik ve anestezik
olarak farmakolojik potansiyeli kapsamli bir sekilde incelenmistir. Mevcut arastirma, 2-(4-Klorobenzil)-6-(4-
metoksifenil)imidazo[2,1-b][1,3,4]tiadiazol (CMT) bilesigini Gaussian 09 yazilim programi ile teorik olarak
incelemektir. Bahsedilen bilesigin teorik hesaplamalari, popiiler yogunluk fonksiyonel teorisi (DFT) teorileri
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B3LYP, MPWI1PWO91 metotlar 6-311G(d,p) temel set kullanilarak yapilmistir. Optimize edilmis yapinin en
yiiksek dolu molekiiler orbitali (HOMO), en diisikk bos molekiiler orbitali LUMO, dogal bag orbitali NBO,
dogrusal olmayan optik (NLO), molekiiler elektrostatik potansiyeli (MEP), ve Mulliken yiikleri ayni temel set ve
farkli metotlar teorik olarak hesaplandi ve elde edilen degerler birbirleriyle kiyaslandi. Ek olarak, CMT bilesiginin
bir ilag olarak degerlendirilmesi i¢in emilim, dagilim, metabolizma, atilim ve toksisite (ADME) profillerini tahmin
etmek i¢in in silico ¢aligmalar yiiriitiilmiistir. ADME calismasina dayanarak, bilesigin iyi bir potansiyel ilag
benzeri karaktere sahip olacagina inaniyoruz. Son olarak, 3PPO ve 1M17 enzimleri PDB'den (Protein Veri
Bankasi) indirildi ve CMT bilesiginin meme kanseri iizerindeki potansiyeli molekiiler doking analizi ile in silico
olarak hesaplandi. Doking analizi sonucununa gore, CMT bilesiginin doking skoru sirastyla -10.20 ve -7.20
kcal/mol olarak elde edildi. Doking analizinde, meme kanseri hakkindaki teorik verilerin gdzlenen degerlerle iyi
bir sekilde iliskili oldugu gosterildi.

Anahtar Kelimeler- Molekiiler Doking, MEP, DFT, NBO, ADME

One Cikanlar

* Bu calisma, potansiyel bir antikanser ila¢ adayi olarak 2-(4-klorobenzil)-6-(4-metoksifenil)imidazo[2,1-
b][1,3,4]tiadiazoliin (CMT) yapisal, elektronik ve biyolojik 6zelliklerini teorik olarak incelemektedir.

* Bilesik, 6-311G(d,p) temel setiyle DFT yontemleri (B3LYP ve MPW1PWO1) kullanilarak optimize edilmis ve
HOMO-LUMO enerjileri, NBO, NLO, MEP ve Mulliken yiikleri gibi temel parametreler hesaplanmistir.

e Teorik sonuglarin karsilastirmali analizi, iki DFT yaklasimi arasinda giiglii bir uyum oldugunu gostererek
molekdiliin kararliligini ve yiik dagilimi 6zelliklerini dogrulamistir.

¢ Silico ADME degerlendirmesi, CMT'nin olumlu ila¢ benzeri dzelliklere ve kabul edilebilir farmakokinetik
davranisa sahip oldugunu ortaya koymustur.

* 3PP0 ve IM17 meme kanseri enzimlerine kars1 yapilan molekiiler yerlestirme ¢alismalar1, dnemli baglanma
afinitesi (swrasiyla -10,20 ve -7,20 kcal/mol) saglayarak, etkili bir kanser karsiti ajan olarak potansiyelini
desteklemektedir.

L. INTRODUCTION

In medicinal chemistry research, the imidazo[2,1-b][1,3,4] thiadiazole moiety is a significant family of
heterocyclic molecules. Because of their diverse biological effects, imidazo[2,1-b][1,3,4]thiadiazole derivatives
have been outlined in several publications in the literature [, These compounds have antibacterial, anti-
inflammatory, anticonvulsant, antituberculosis, anticancer, and antihyperlipidemic properties, according to the
most recent and pertinent research 21 Indeed, the 1,3,4-thiadiazole nucleus is present in a number of commercially
available medications, including sulfamethizole, cefazedone, cefazolin, and ceftezol (used as antibacterial
medications) and acetazolamide and methazolamide (carbonic anhydrase inhibitors for the treatment of glaucoma).
However, because of its significant biological effects and synthetic uses, benzimidazole and its derivatives are
becoming increasingly essential in medicinal chemistry Investigation 31, A fundamental structural component of
several significant medications, including albendazole, mebendazole, thiabendazole, rabeprazole, and others, is
benzoimidazole. Benzimidazole derivatives have demonstrated encouraging antituberculosis efficacy in a number
of recent investigations.

Computer-aided quantum chemical calculations are calculations that combine quantum mechanics and
computer science. These types of calculations are used to understand and predict the behavior of chemical systems.
Quantum chemistry is a field that aims to understand chemical reactions at the atomic and molecular level, and
these calculations can provide much more precise and accurate results . Computer-aided quantum chemical
calculations increase the speed and accuracy of scientific research, allowing us to make more accurate and effective
designs at the atomic and molecular level. It continues to revolutionize many fields such as chemistry, biology,
materials science, and engineering. Gaussian is a widely used software package for chemical calculations P!,

DFT is a theory used in quantum chemistry to study solids and molecules’ the electronic structure. DFT
is used to calculate the energy and characteristics of a system based on the electron density in the system. While
traditional quantum chemistry calculations use the wave functions of electrons to determine the energy of a system,
DFT performs these calculations on the electron density ). This approach is more computationally efficient, yet
can still provide fairly accurate results. Computational efficiency allows DFT to analyze very large systems
because it requires much less computational power than traditional wave function-based methods. It can be used
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on a variety of systems, including molecules, solids, and liquids. DFT is considered an approach that provides
accurate results, especially in predicting energies and structures [,

The condition known as cancer occurs when cells proliferate and expand out of control, harming the
tissues around them. These unchecked cells have the ability to spread (metastasize) to the body's healthy tissues
and organs. Because the body contains a wide variety of cells, all of which have the potential to develop into
cancer, there are several forms of cancer ®. The kind, stage, and overall health of the patient all influence the
symptoms and treatment options for cancer. Breast cancer, lung cancer, prostate cancer, colon cancer, and skin
cancer (melanoma) are among the common forms of cancer. One kind of cancer that results from aberrant cell
development and proliferation in the breast tissue is breast cancer. Although it is a type of cancer that can be treated
with early diagnosis and treatment, it can become more challenging at certain stages. Breast cancer is usually seen
in women, but it can also occur in men rarely ],

In this study, compound 2-(4-Chlorobenzyl)-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole
(CMT) 19 was theoretically investigated with B3LYP, MPW1PW91 methods and 6-311G(d,p) basis set. Then,
molecular docking (with 4DRH and 3PP0 enzymes) and ADME analysis were performed to evaluate the potential
of CMT molecule on breast cancer and as a potential drug candidate.

II. METHODS

The CMT molecule was drawn from the ChemDraw program. The drawn molecule was optimized with
the Gaussian09 program [''l. The most stable conformations were computed utilizing the B3LYP, MPW1PW91
methods and 6-311G(d,p) basis set in the DFT technique. Enzymes required for docking analysis were downloaded
from PDB (Protein Data Bank) 2. Schrodinger Maestro (version 11.8) was utilized for the CMT molecule’s
docking analysis [*!. Discovery Studio program was utilized to visualize the docking analysis outcomes ['4]. An
online tool such as SwissADME (http://www.swissadme.ch/index.php) was utilized to ADME analysis of the
CMT molecule.

I11. RESULTS
A. Structure Details and Analysis

Gaussian theoretical calculations are a powerful tool widely used in chemistry and physics to analyze
molecular structures and energies. Geometry optimization is the calculations made for the structure of a molecule
to reach the lowest energy state ['> 161, This process is done to optimize the geometry (arrangement of atoms) of
the molecule and to obtain a certain structure. Gaussian software is a software that performs such theoretical
calculations. Geometry optimization is the calculations made to change a molecule’s the structure parameters
(bond angles, bond lengths) ['7]. The aim is to determine the most suitable (stable) configuration of the system in
terms of energy by minimizing the energy function of a molecule. Using the DFT method and polarizing functions
added to eliminate the polarization effect, the geometry of this molecule in the gas phase was drawn utilizing the
GaussView 6.0.16 program. Using the Gaussian09 program [l the bond lengths, bond angles and planar bond
angles of the molecule were calculated utilizing BALYP, MPW1PW91 methods and the 6-311G(d,p) basis set, and
these calculated data have been shown in Table 1. By the time we examine the data calculated in Table 1, we
observed that the bond angles and lengths calculated utilizing the same basis set and different methods are
compatible with each other by taking values close to each other. We observed that the C-C bond lengths are in the
range of 1.37394 (A), -1.42544 (A) and the values in the literature are close. When we examine the literature, we
observed that the bond lengths of the carbon atom with other atoms are close to each other ['®1. We observed that
the bond angles and planar bond angles calculated with different methods are compatible by taking values close
to each other. The CMT molecule’s optimized geometry utilizing the B3LYP 6-311G(d,p) method and basis set
has been given in Figure 1. When the bond lengths obtained in the theoretical calculations for the selected 2-(4-
Chlorobenzyl)-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (CMT) molecule were examined, the
thiadiazole ring C—S bond; values for the CMT molecule: C1-S2 = 1.85994A, C3-S2 = 1.72981A (B3LYP), S1—
C (thiadiazole) bond was seen as 1.756—1.772A (S1-C1 =1.756A, S1-C4 =1.736A) in similar compounds in the
literature (). For N-C and N-N bonds in the imidazothiadiazole ring; values for the CMT molecule were seen as:
C3-N4=1.34976A, C3-N6 = 1.35949A, Another study: C-N bond=1.304A, N-N=1.366A, C-N=1.304A. Values
for the CMT molecule were seen as; C—N bonds (1.35A), with a range of 1.30—1.36A in the literature 2°). For
aromatic C—C bonds; for CMT molecule: C1-C16 = 1.413A, C12-C13 = 1.403A, C13-C14 = 1.382A, Typical
aromatic C—C bonds are reported as 1.39-1.41A in the literature. ['> 2221, The bond lengths obtained with
Gaussian(9 are in good agreement with the structures reported in the literature for both the Thiadiazole—C—S and
imidazole-N—C/N-N bonds. Furthermore, the aromatic C—C bond predictions lie within the expected range of
1.39-1.41A, indicating the reliability of the computational model. In this context, the theoretical geometry of the
CMT molecule is consistent and accurate with the existing literature data. Calculated angles for CMT molecule:
C1-N5-N4: 108.9° (B3LYP), 108.5° (MPW1PW91), N6—C3-S2: 139.7° (both methods), C8—-C7-C9: 130.9°,
C20-C19-CI22: 119.8°. Angles measured in similar rings in the literature: N—-C—N angles in imidazo[2,1-
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b][1,3,4]thiadiazole derivatives are reported to be between 107—109°. Bond angles around halogenated carbons
vary between 118-121° 12324 'When the Planar (Torsion) Angles for the CMT molecule are examined (C1-C16—
C17-C18 and C13—C12-015-C23 179.9°), it is seen that the molecule is largely planar. These results are in high
agreement with similar imidazo[2,1 b][1,3,4]thiadiazole derivatives in the literature. Anilkumar et al. reported only
5.2(1)° torsion angle between the hetero-ring and the phenyl ring in the crystal structure of 6-(4 chloro
phenyl)imidazo[2,1 b][1,3,4]thiadiazole-2-sulfonamide, which reveals that the rings are almost completely
coplanar *. Hoong KunFun et al. also determined only 5.07(8)° dihedral angle between the plane of imidazo-
thiadiazole ring and phenyl ring in the structure of 6-(4 chlorophenyl)-2 isobutylimidazo[2,1-b][1,3,4]thiadiazole,
indicating that the structure exhibits high level of conjugation and planarity 2. These findings support the
reliability of the theoretical optimizations performed and the consistency of the molecular geometry with the
literature. A similar  structure = was  studied by  crystallography  for the = compound
2-[6-(4-chlorophenyl)imidazo[2,1-b][1,3]thiadiazole]-N'-[(E)-4-methoxybenzylidene]acetohydrazide, and the
molecule was reported to have a nearly planar geometry. The study reported that the dihedral angle between the
imidazo and thiadiazole rings was only 1.9(2)°, the angle between the heteroaromatic nucleus and the 4-
chlorophenyl ring was 5.5(2)°, and the inclination of the methoxyphenyl group with respect to the nucleus was
39.9(2)°. These values are in high agreement with theoretical results calculated for similar structures and support
the preservation of molecular planarity 2%, The crystal structure of the structurally similar compound
6(4chlorophenyl)2isobutylimidazo[2,1b][1,3,4]thiadiazole was also investigated, and the
imidazo[2,1b][1,3,4]thiadiazole core was determined to be planar. In this study, the chlorophenyl group was
reported to be inclined only 5.07(8)° relative to the core plane, i.e., positioned very close to the plane. Furthermore,
the bond lengths of S1-C9 and S1-C10 were reported to be 1.772(4) A and 1.724(2) A, respectively, and these
differences were attributed to resonance effects 7],

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

Bond Lengths DFT/B3LYP 6- DFT/MPWI1PW91 Bond Lengths DFT/B3LYP 6- DFT/MPWI1PW91
311G(d,p) 6-311G(d,p) 311G(d,p) 6-311G(d,p)
C1-C16 1.41344 1.40886 C1-S2 1.85994 1.83407
C7-C8 1.37394 1.37039 C3-S2 1.72981 1.71799
C9-C10 1.39945 1.39465 C7-N6 1.39451 1.38562
C12-C13 1.40260 1.39847 C1-N5 1.35476 1.35219
C13-C14 1.38186 1.37802 C3-N4 1.34976 1.34250
C16-C17 1.42544 1.42006 C3-N6 1.35949 1.35217
C17-C18 1.38049 1.37669 C12-015 1.35740 1.34861
C19-C20 1.39359 1.39060 N6-H24 1.00687 1.00462
C20-C21 1.38501 1.38088 C8-H25 1.07428 1.07393
C19-C122 1.76541 1.74607 C23-H36 1.09525 1.09458
Bond Angles DFT/B3LYP DFT/MPW1PW91 Bond Angles DFT/B3LYP DFT/MPW1PW91
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
C1-N5-N4 108.87924 108.46666 C17-C18-C19 119.98621 120.06407
C8-C7-C9 130.87539 130.83858 C16-C21-C20 121.37844 121.33272
C13-C12-015 115.79954 115.90622 C20-C21-H33 118.41283 118.46211
N6-C3-S2 139.67706 139.69832 C16-C1-S2 120.41415 120.26634
C20-C19-CI122 119.79148 119.85349 C3-N6-H24 124.96604 125.15470
Planar DFT/B3LYP DFT/MPW1PW91 Planar DFT/B3LYP 6- DFT/MPW1PW91
Bond Angles 6-311G(d,p) 6-311G(d,p) Bond Angles 311G(d,p) 6-311G(d,p)
C1-C16-C17-C18 179.89802 179.92701 C13-C12-015-C23 179.93435 179.95025
C17-C18-C19-C122 179.94508 179.94966 C9-C7-N6-C3 178.52409 178.77696
N5-N4-C3-N6 177.55235 177.97238 C12-C11-C10-H26 177.14545 177.11874
C7-N6-C3-S2 178.40718 178.93366 C13-C12-C11-H27 179.16927 179.13711

Figure 1. Optimized geometry display of molecule CMT utilizing the B3LYP/6-311G(d,p) method and basis set
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B. Mulliken Atomic Charges

One of the most common and traditional techniques for charge analysis is the Mulliken charge
distribution. This method is utilized to study the distribution of electrons between molecules and is particularly
important in the analysis of chemical bonds ?%2°, Mulliken charge analysis attempts to determine how the charges
on each atom of the molecule are distributed. Mulliken charge calculates how the wave function of the molecule
will be distributed in each atomic orbital and determines the sharing of each of these orbitals between atoms 31,
In this way, information is obtained about the total charge of an atom in the molecule. It illustrates how each atom's
electron density is positioned. Because the amount of charge on an atom may alter its chemical reactivity, it is
utilized to understand the electrical characteristics of molecules P!, Utilizing the BSLYP, MPW1PW91 methods
and the 6-311G(d,p) basis set, the CMT compound’s the Mulliken atomic charges were calculated and these
calculated values have been given in Table 2. When we compare the Mulliken atomic charges calculated utilizing
two different methods, they have values close to each other except for C12 and CI22 atoms. It was discovered that
while some C atoms have a positive charge, some have a negative charge. It was observed that the electronegative
atoms (N4, N5, N6, O2 and CI22) in the CMT molecule have negative charge values.

Table 2. Mulliken Atomic Charges of the CMT molecule's

ATOMS DFT/B3LYP DFT/MPW1PWI1 ATOMS DFT/B3LYP DFT/MPW1PWI1
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
C1 -0.035 -0.017 N6 -0.418 -0.465
Cc7 0.102 0.106 015 -0.341 -0.346
c9 -0.086 -0.101 CI22 -0.107 -0.196
C10 -0.059 -0.062 S2 0.217 0.246
C11 -0.133 -0.147 H24 0.252 0.262
C12 0.101 0.192 H25 0.129 0.138
C13 -0.088 -0.100 H26 0.090 0.100
C14 -0.050 -0.051 H27 0.111 0.127
C1e6 -0.044 -0.068 H28 0.112 0.122
C17 -0.044 -0.041 H29 0.101 0.110
C18 0.015 0.013 H30 0.092 0.101
C19 -0.250 -0.274 H31 0.106 0.116
C20 0.012 0.009 H32 0.104 0.133
C21 -0.110 -0.121 H33 0.084 0.096
N4 -0.192 -0.222 H34 0.137 0.147
NS -0.252 -0.286 H36 0.116 0.130

C. Molecular Electrostatic Potential (MEP)

MEP describes the electrical potential at the surface of a molecule and is used to understand how
molecules can interact. MEP is shaped by the charge distribution of the atoms of the molecule and shows the
potential effects of this distribution on the molecule’s the surface ['% 3234, The molecule’s the electrical potential
is related to the bonds between the atoms, electron densities and especially charge separations. MEP is used to
predict electrostatic interactions between molecules 3%, It plays a significant role in biological systems, protein-
ligand interactions and drug design. MEP defines positive (acceptor) and negative (donor) regions on the surface
of a molecule. This provides information about how the molecule can interact with other molecules. In areas with
low electron density, the positive electrostatic potential repels the proton, whereas the negative electrostatic
potential defines the proton's attraction to the electron density %), Chemically active areas of a molecule are linked
to MEP, which also enhances perceptions of electrophilic reactions, substituent effects, intermolecular and
intramolecular interactions, and molecular reactivity. The electrostatic potential increases in the following order:
red, yellow, blue, and green 7). Using B3LYP, MPW1PW91 methods and 6-311G(d,p) basis set, MEP of CMT
compound was calculated and MEP map of the molecule has been given in Figure 2. The highest electrostatic
potential or nucleophilicity has been given by the blue region, while the lowest electrostatic potential or
electrophilicity has been represented by the red region. When we examine the MEP map in Figure 2, we observed
that the blue region is commonly found and the highest electrostatic potential or nucleophilicity. The lone oxygen
atom caused the molecule to be somewhat electron rich (yellow) on the color scale, while the hydrogen atoms
were in the electron-deficient (blue) area. The electronegative nitrogen atom's bonding with the hydrogen atoms
is the cause of this.
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Figure 2. MEP map CMT using B3LYP, MPW1PW91 methods and 6-311G(d,p) basis set
D. HOMO and LUMO Analysis

HOMO and LUMO analyses are concepts utilized to study molecular structures, playing a significant role
in understanding physical and chemical properties. This analysis is frequently used, especially in the field of
quantum chemistry and molecular modeling 3% 3%, HOMO is especially important in understanding the behavior
of molecules that donate electrons. Because electrons in the HOMO of a molecule can be transferred to another
molecule (usually an acceptor). This plays a significant role, especially in the initiation of chemical reactions or
redox processes. If a molecule has a high energy HOMO, it can more easily donate electrons (be an electron donor)
(401, The LUMO is the lowest energy molecular orbital in a molecule which does not contain electrons. Electrons
could fill the vacant positions in this orbital. The LUMO is often used to understand the properties of a molecule
that accepts electrons. In chemical reactions, the LUMO of a molecule can be an orbital that can interact with
another molecule !, The LUMO energy indicates the molecule’s the chemical reactivity and how easily it can
accept electrons. If the LUMO of a molecule is low in energy, it can more easily accept electrons (be an electron
acceptor). We show the HOMO-LUMO energy diagram (Figure 3 and Figure 4) utilizing the B3LYP,
MPWI1PWO1 methods and the 6-311G(d,p) basis set, showing the electron-rich region (red) and the electron-rich
region (green). When we examine Figure 3 and Figure 4, we see that the LUMO+1 electron clouds are localized
on the imidazo[2,1-b][1,3,4]thiadiazole ring in both methods. While the HOMO-1 was localized on the
imidazo[2,1-b][1,3,4]thiadiazole ring in the B3LYP method, it was localized on the benzene ring in the
MPWI1PWI91 method. We observed that in both sets of localized sites HOMO-1 is differently localized and
LUMO-+1 is the same localized, indicating that the frontier molecular orbitals have important roles in chemical
reactivity and stability. Table 3 shows the theoretically calculated electrical structural properties of the CMT
molecule. Table 3 shows that the B3LYP method gives HOMO -6.124 ¢V / LUMO -3.027 eV, and the
MPWI1PWO91 method gives HOMO -6.124 ¢V / LUMO -3.139 eV. The energy difference between HOMO and
LUMO is an important parameter that determines the chemical reactivity of a molecule. This energy difference
indicates how easily the molecule can give or take electrons. If the HOMO-LUMO energy difference is small, the
molecule is more reactive because electrons can move more easily. If the HOMO-LUMO energy difference is
large, the molecule is more stable and less reactive because electrons have difficulty moving. The HOMO-LUMO
energy difference calculated by the B3LYP method was found to be 3.097 eV and the MPW1PW91 method was
found to be 2.985 eV. Since the energy difference calculated by the MPW1PW91 method is smaller than the energy
difference calculated by the B3LYP method, we think that the molecule may be more reactive according to this
method.
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Figure 4. Pictures of molecular frontier orbitals utilizing the B3LYP method

Table 3. The CMT molecule’s calculated electrical structural characteristics

Molecules Energy B3LYP MPWI1PWI1
6-311G(d,p) 6-311G(d,p)
ELumo -3.027 -3.139
Enomo -6.124 -6.124
Erumo+ -4.140 -4.181
Enomo-1 -2.341 -2.241
Energy Gap (AE)|Enomo-Erumol 3.097 2.985
Tonization Potential (I==Enomo) 6.124 6.124
Electron Affinity (A=—Erumo) 3.027 3.139
Chemical hardness m=(1-A)/2) 3.097 2.985
Chemical softness (s=1/2n) 1.5485 1.4925
Chemical Potential (u=—(1+A)/2) -4.5755 -4.6315
Electronegativity (x=(1+ A)/2) 2.0135 2.0695
Electrophilicity index (0=p%2n) 3.3799 3.5931
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E. NBO Analysis

Natural Bonding Orbital (NBO) is a method of analysis of molecular orbitals and is widely used in
chemistry, especially in quantum chemistry calculations > 41, NBO is a significant tool to understanding the
structural properties of a molecule and the character of its bonds. This concept was developed to explain the bonds
within the molecule not only with molecular orbitals but also by determining them in a more natural way. Natural
Bonding Orbital (NBO) is a powerful tool which enables the chemical structure of a molecule to be analyzed in a
more natural way ™. It is used based on quantum chemistry calculations to provide information such as electron
distribution, bond strengths, and chemical reactivity of the molecule. Natural Bonding Orbital analysis can show
energy transitions of acceptors and donors . The study of intramolecular and intermolecular interactions has
been promoted by NBO. In NBO analysis, the electron donor (i) (filled) and electron acceptor (j) (empty) bonds
have been examined using a second-order Fock matrix. The 6-311G(d,p) basis set for the parent compound and
the MPW1PWO1 technique have been used for NBO.

The expected stabilization and acceptor-donor orbital energies E(2) for the charge transfer interaction
have been displayed in Table 4. The study of intramolecular and intermolecular interactions has been promoted by
NBO. In NBO analysis, the electron donor (i) (filled) and electron acceptor (j) (empty) bonds have been examined
using a second-order Fock matrix. The 6-311G(d,p) basis set for the parent compound and the MPWI1PW91
technique were used for NBO. The expected stabilization and acceptor-donor orbital energies E(2) for the charge
transfer interaction have been displayed in Table 4. In the molecule studied, these bonds, along with their transition
states and energy values, are as follows: n(C18-C19)—n*( C16-C17) 47.70 kcal/mol, n(C7-C8)—n*( C9-C10)
32.01 kecal/mol, ©(C1-N5)—n*( C1-N5) 16.96 kcal/mol and n(C9-C10)—n*(C7-C8) 11.24 kcal/mol.

Table 4. The CMT molecule’s selected NBO results computed using B3PW91method

N S ob C e
NBO(i) Type Occupancies NBO(j) Type Occupancies (Ki(lil)nol) K ?a)-f il) F(z(ll.’uj))
C1-N5 c 0.96763 C16-C17 o* 0.14242 3.53 0.36 0.048
Ne6- C7 T 0.98547 S2-C3 * 0.01476 4.59 0.94 0.083
C7-C8 c 0.95765 C9-C10 o* 0.11950 4.49 0.32 0.050
C9-C10 c 0.89845 C7-C8 o* 0.15419 6.91 0.29 0.058
C9-C10 c 0.89845 C11-C12 o* 0.12416 4.85 0.30 0.049
C9-C10 c 0.89845 C13-C14 o* 0.08594 5.29 0.31 0.051
C9-C10 T 0.98971 C13-C14 w* 0.00443 3.08 0.93 0.068
C11-C12 c 0.90246 C9-C10 o* 0.11950 5.68 0.32 0.054
C11-C12 c 0.90246 C13-C14 o* 0.08594 4.89 0.31 0.050
C13-C14 o 091714 C9-C10 o* 0.11950 5.40 0.31 0.053
C13-C14 c 091714 C11-C12 o* 0.12416 5.65 0.31 0.054
C16-C17 c 0.88384 C1-N5 o* 0.21398 6.28 0.25 0.053
C16-C17 o 0.88384 C18-C19 o* 0.14006 6.21 0.29 0.054
C16-C17 c 0.88384 C20-C21 o* 0.08793 5.14 0.30 0.050
C17-C18 T 0.98166 C19-CI22 * 0.01599 3.36 0.74 0.063
C17-H30 o 0.98886 C16-C21 o* 0.01559 3.19 0.92 0.068
C18-C19 c 0.91082 C16-C17 o* 0.14242 4.44 0.32 0.049
C18-C19 c 0.91082 C20-C21 o* 0.08793 5.54 0.32 0.053
C20-C21 o 0.91590 C16-C17 o* 0.14242 5.42 0.31 0.054
C20-C21 c 0.91590 C18-C19 o* 0.14006 4.89 0.30 0.050
C1-N5 T 0.21398 C16-C17 ¥ 0.14242 16.96 0.06 0.066
C7-C8 T 0.15419 C9-C10 * 0.11950 32.01 0.02 0.060
C18-C19 T 0.14006 C16-C17 w* 0.14242 47.70 0.02 0.067
C18-C19 m 0.14006 C20-C21 * 0.08793 53.84 0.01 0.062

F. Non-Linear Optical Properties (NLO)

Quantum chemical computations are used to study the behavior of nonlinear optics. The interplay of
electromagnetic fields results in NLO activity. Nonlinear optical activity has applications in bright materials,
optical signals, telecommunications, molecular switches, and electrochemical sensors. Due to their extensive
application in several scientific domains, NLO materials have garnered more attention recently . Good NLO
properties can be found in numerous photonic applications, including digital communication, signal processing,
optical computing, sensors and the creation of optical interconnect materials. An isolated molecule has a dipole
moment change when an external electric field is present. Therefore, in the equation for the total dipole moment,
first and second order contributions appear, as well as the permanent dipole moment 7). The a-polarizability, p-
electric dipole moment, and B-hyperpolarizability values calculated utilizing B3LYP, MPW1PW91 methods and
6-311G(d,p) basis set for the title compound at various solvations have been shown in Table 5. Equations (1-3)
were then used to calculate the average molecular polarizability value in Cartesian coordinates from the output
file. The dipole moments of CMT compound calculated by B3LYP and MPW1PW91 methods are 6.2597, 5.9512,
and the first order hyperpolarizability is 2.63x1073°, 2.62x107°, respectively. Urea molecule is one of the model
molecules utilized in the studies on systems exhibiting NLO properties. According to the calculations, the p and
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values for both methods are around four and seven times greater than those of the common NLO material "urea."
In polar solvents, the chemical with the title exhibits significant NLO activity. The claim that the title molecule is
an active NLO substance is supported by this.

po= (i + ) M
ﬁTotal = (ﬁzx + ﬂzy + ﬁzz)l/z (2)
= [(Bxxx + Bxyy + Bxzz)? + (Byyy + Byxx + yzz)? + (Bzzz + Bzxx + Bzyy)z]% (3)

Table 5. The polarizability (au), dipole moments (Debye), components, and total value of molecule CMT computed utilizing B3LYP,
MPWI1PW91 methods

Parameters B3LYP MPWI1PWI1 Parameters B3LYP MPWI1PWI1
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
Mx 5.5721 5.2176 B xxx 265.9138 252.7748
Ry 1.8984 1.7802 B vyy -4.2104 -4.7359
1P 2.1288 2.2423 B zzz 18.1363 19.4646
[1H0) 6.2597 5.9515 B xvy 13.5081 12.5514
a XX -150.5949 -146.7330 B xxy 76.3318 74.3412
ayy -133.7086 -131.8728 B xxz 92.8499 99.5425
07z -153.3637 -152.8741 B xzz 34.4034 34.4679
@ xY 4.4569 4.6455 B vzz -2.5995 -2.7669
Xz 11.5094 11.5571 Byvz 0.6740 0.8114
vz 7.5246 8.0849 B xvz 4.9390 5.3433
o (au) 5.9649 5.6790 B (esu) 2.63x10% 2.62x107°

G. In silico studies
1. ADME Analysis

The drug research and development process relies heavily on the prediction of ADME characteristics to
develop effective and safe drugs. ADME provides critical information to understand how a drug acts in the body
and what biological effects it produces. Each stage can affect the drug's efficacy, safety and potential side effects.
Accurate prediction of ADME data is critical to the drug development process and can affect the clinical success
of drugs 8. The physicochemical properties and drug similarity (Lipinski rules) of the CMT compound were
predicted using the SwissADME web (http://swissadme.ch/index.phpundefined). Lipinski rules are a set of
chemical rules developed to predict whether a compound is biologically active or not 1. These rules are used
particularly in drug discovery and development processes. Developed by Dr. Christopher A. Lipinski in 1997,
Lipinski's rules help predict the bioavailability (i.e., ability to work effectively in the body) of a compound by
taking into account certain properties of the molecular structure %, The predicted results have been given in Table
6. When we examine the values in Table 6, according to Lipinski's five important rules; having less than 5 hydrogen
bond donors (0), less than 10 hydrogen bond acceptors (3), lipophilicity coefficient LogP being less than 5 (4.26),
molar refraction values between 4-130 (93.24) and finally We found that the molecular weight (MW) being lower
than 500 (341.81) fits. It demonstrates that Lipinski's criteria have not been broken and that this molecule is
appropriate for the drug development process. Using %A=109-(0.345xTPY A) to compute the percent absorption,
the compounds had a decent absorption profile of 85.65%. The color regions and physicochemical parameters of
molecule CMT have been shown in Figure 5. When we examine Figure 5, The pink region on polar surface area
maps symbolizes the physicochemical area suitable for oral bioavailability. According to the radar diagram, it is
aside from the saturation setting, in the pink region. LogP is a measure of the lipophilicity or hydrophobicity of
the compound. A medication is considered lipophilic if its LogP value is more than zero, and hydrophilic if its
LogP value is less than zero. The fact that the compound's LogP>0 (4.26) indicates that it is a lipophilic medication.
Lipinski's rule states that a good medicine should have a topological polar surface area (TPSA) of less than 140 A.
This is one of the most significant chemical descriptors that corresponds strongly with PK parameters. The TPSA
value of HMFC compound was calculated as 85.65 and we think that it will be evaluated as a good drug candidate.

Table 6. Physicochemical and lipophilicity of molecule CMT

Code Lipophilicity Physico-chemical properties
consensus log
CMT P

MW? Heavy  Aromatic  Rot. H-acceptor ~ H-donor ~ MR® TPSA® (A?) %
g/mol Atoms heavy atoms bond bond bond ABS¢
4.26 341.81 23 20 3 3 0 93.24 67.66 85.65

"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 5. Color regions and physicochemical parameters of molecule CMT
2. Molecular docking studies

The preferred orientation of a molecule (usually a medication or ligand) when attached to another
molecule (usually a receptor or protein) may be predicted computationally using a technique called molecular
docking. Molecular docking studies' purpose is to understand how two molecules interact, discover possible
binding sites, and evaluate the strength of their interactions [3!). This is an important step in drug design, where
researchers use docking simulations to forecast how a new drug might interact with its desired protein B2,
Molecular docking analysis was performed with Maestro 11.8 software [31. The protein crystal structure (3PP0
and 1M17) of the compound was selected using the Protein Data Bank ['?1. Utilizing the protein preparation wizard,
the protein was created by adding hydrogen atoms and removing water molecules. Clicking on any ligand atom
launched the Receptor Grid Creation application and created the default grid box. Using Standard Precision, the
ligand was attached to the protein grid box (SP). In the study, the potential of CMT compound on breast cancer
was calculated in silico by molecular docking analysis. According to the docking analysis outcomes, CMT
compound’s the docking score was calculated as -10.20 and -7.50 kcal/mol, respectively, and has been given in
Table 7. The docking analysis showed that the theoretical data on breast cancer correlated well with the observed
values. Considering the high binding affinity of CMT compound, we believe that the chemical we examined will
be an important drug candidate in the creation of structure-based drugs for breast cancer. It was also shown that
CMT compound 3PP0 enzyme has a higher docking score than 1M17 enzyme and has the ability to inhibit the
biological process of the protein at a higher rate. Using Discovery Studio Client 2017 program, good docking
positions were selected for docking analysis and protein-ligand interaction and molecular docking images have
been given in Figure 7 and Figure 9. The significant interactions, amino acids and bond lengths of the CMT
compound in the docking analysis have been given in Tables 8 and 9. The bond lengths calculated for the CMT
molecule are consistent with experimental and theoretical data obtained with similar structures in the literature,
supporting a reliable prediction of the molecule's potential biological activity. In particular, the C—S, C-N, and C—
O bond lengths, which contain electrophilic and nucleophilic centers and heterocyclic systems
(imidazo[2,1b][1,3,4]thiadiazole nuclei), which can be considered pharmacophore regions, are consistent with the
literature. This compatibility allows for the creation of accurate bond structures and interaction surfaces during the
molecular docking of ligand-target interactions. Therefore, the agreement of theoretically obtained bond lengths
with the literature is a critical parameter that directly affects the validity of interaction models of the molecule with
biological targets.

Table 7. Docking score of molecule CMT PDB: 3PP0 and PDB: IM17

Docking Score
(PDB: 3PP0) Control Ligand (PDB:1M17) Control Ligand
CMT -10.20 -10.90 -7.50 -8.30

Compound
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Figure 6. 2D Mode view of CMT Compound-PDBID: 3P00 and control ligand-PDBID: 3P00

Table 7 shows the docking scores obtained in the molecular docking analysis of the CMT compound
(calculated docking score -10.20) and  the control ligand (2-{2-[4-({5-chloro-6-[3-
(trifluoromethyl)phenoxy]pyridin-3-yamino)-5H-pyrrolo[3,2-d]pyrimidin-5-yl]ethoxy } ethanol) (calculated
docking score -10.90) with the 3PP0O protein. When we look at the docking scores in Table 7, it is seen that the
binding scores for the CMT compound are close to the binding scores of the natural ligand. Figure 6 shows the 2D
mode image of the Alpidem compound and the control ligand with 3PPO protein. When we examine Figure 6, we
observe that the targets in question carry different amino acids other than the amino acids found in the receptor
binding sites and the compound classes that interact with the targets, namely Van der Waals, Pi-Donor Hyrogen
Bond, Pi-Pi T-shaped, Pi-Alkyl.

Table 8. Parameters of the interaction between CMT compound of 3PP0 enzym

Important Interactions Full Name Type Bond Length (A) Color
Van der Waals GLU770 GlutamicAcid -
MET774 Methionine - D
SER783 Serine -
CYS805 Cysteine -
ASP863 AsparticAcid -
Pi Donor Hydrogen Bond THR862 Threonine 3.23 I:I
ASP863 AsparticAcid 3.96
Pi-Sigma LEU785 Leucine 5.77
VAL734 Valine 5.74
LEU852 Leucine 5.38
Pi-Lone Pair THRS862 Methionine 4.53 D
Pi-Pi T-Shaped PHES64 Phenylalanine 5.50
ALA771 Alanine 3.83
Alkyl LEU796 Leucine 485 D
. LYS753 Lysine 4.76
Pi-Alkyl VAL734 Valine 4.84 D
LEU726 Leucine 5.59
ALA751 Alanine 5.85
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Figure 7. Molecular docking visual results of CMT compound with 3PP0 enzyme

A

A(Eg} K, A

617 453

53998/
g

s e
U ; AR LN 5%
A5 P
AS3 L
54
o
Alpidem compound-PDBID: 1M17 Control Ligand-PDBID: 1M17
Interactions Interactions
[] van der waals [ Pi-sulfur [ van der waals B rrsigma
[ Halogen (cl, Br, 1) ] Ayl I conventional Hydrogen Bond [ pi-sulfur
[T] Pi-Donor Hydrogen Bond [ Pi-alkyl B Caibon Hydrogen Bond il A
Bl F-sigma [ Fi-cation [ Prralkyl

[T] pi-Donor Hydrogen Bond
Figure 8. 2D Mode view of CMT Compound-PDBID: 1M17 and control ligand-PDBID: 1M17.

Table 7 presents the docking scores obtained in the molecular docking analysis of the CMT compound
(calculated docking score -7.50) and the control ligand [6,7-bis(2-methoxy-ethoxy)quinazoline-4-yl]-(3-
ethynylphenyl)amine (calculated docking score -8.30) with the 1M 17 protein. When we look at the docking scores
in Table 7, it is seen that the binding scores for the CMT compound are close to the binding scores of the natural
ligand. Figure 8 shows the 2D mode image of the Alpidem compound and the control ligand with the 1M 17 protein.
When we examine Figure 8, we observed that the targets in question carry different amino acids other than the
amino acids found in the receptor binding sites and the compound classes that interact with the targets, namely Pi-
Donor Hyrogen Bond, Van der Waals, Pi-Sigma, Alkyl, PI-Sulfur, Pi-Alkyl.

Table 9. Parameters of the interaction between CMT compound of 1M 17 enzym

Important Interactions Full Name Type Bond Length (A) Color
Van der Waals GLU738 GlutamicAcid -
THR830 Threonine - l:l
GLY772 Glycine -
PHE771 Phenylalanine -
MET769 Methionine -
Halogen (CLBr, 1) MET742 Methionine 534 D
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Figure 9. Molecular docking visual results of CMT compound with 1M17 enzyme
IV. CONCLUSION

The first step in our research was to optimize the geometry to discover the lowest energy or stable
structure of the molecule with two different methods. During the optimization process, the molecule’s the bond
lengths and bond angles were determined with two different methods and compared with each other, and it was
shown that the molecule’s the bond lengths and bond angles were compatible with each other. Then, the total
energies and leading molecular orbital energies of the molecule were calculated with two different methods. These
energies were shown to agree with each other when compared by calculating the molecular properties (1 or
electronegativity and 1 or molecular hardness) based on the HOMOLUMO energy differences in the two different
methods. By examining the variations in NBO hybridization % and Mulliken and NBO atomic charge values, it
was discovered that there was relatively little variation. In order to provide more information about the molecule
under study, MEP energy surface map and NLO characteristics (polarizability, anisotropic polarizability and high
polarizability) were determined. In the study, CMT compound was evaluated according to Lipinski rules by
performing ADME analysis to evaluate it as a drug. We believe that the analysis outcomes carry Lipinski rules
and will be evaluated as a drug. According to ADME research, it has an excellent absorption profile of 85.65%
and the findings of the research in the field that produces safe and effective drugs can be used. In the study, 3PP0
and 1M17 enzymes were downloaded from PDB (Protein Data Bank) and the potential of CMT compound on
breast cancer was calculated in silico by molecular docking analysis. In the molecular docking study, it was
discovered that the optimum docking modes for PDB: 3PP0 and PDB: 1M17 proteins had binding affinities of -
10.20 and -7.50 kcal/mol, respectively. The obtained docking scores were good values close to the reference ligand
doing scores. We think that this molecular structure can be used to develop new enzyme inhibitors and novel
medications to treat breast cancer.
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