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4-(5-metil-[1, 2, 4] triazolo [1, 5-a] pirimidin-7-iloksi) ftalonitrilin Yapisal ve Spektral Ozellikleri: TD-
DFT Yontemi ile Analizi, ADME analizi ve Molekiiler Doking Simiilasyonlari

Kenan ALTUN?, Umit YILDIKO?, Aslithan Aycan TANRIVERDI?", Ahmet Turan TEKES?, Ahmet Cagr1
ATA? Baris KARTALS?, ismail CAKMAK?

OZET: Bu galismada ftalonitril bilesigi ve kuantum kimyasali olarak 4-(5-metil-[1,2,4]triazolo[1,5-a]pirimidin-
7-iloksi)ftalonitril (MTPPN olarak kodlanmistir) secilmistir ve in-siliko ¢aligmalar yapilmistir. {1k basta zamana
bagli yogunluk fonksiyonel teorisi (TD-DFT) yonteminin temel seti kullanilmis ve molekiiliin sinir yoriinge
enerjileri ve bant araligi hesaplamalar1 yapilmigtir. Elektron yogunlugu ve bag kritik nokta hakkinda bilgi edinmek
icin molekiillerdeki atomlarin analizi (AIM) teorik hesaplamalari sunulmaktadir. Ayrica bilesigin ilag potansiyeli
icin absorpsiyon, dagilim, metabolizma ve atilim (ADME) analizleri yapildi. MTPPN bilesiginin bazi enzimler
tizerindeki etkisi incelenmistir. Yerlestirme puani sirasiyla AChE, BChE, a-GLY proteinleri -7.864, -6.848 ve -
5.511 kcal/mol i¢in elde edilmistir. MTPPN, bir ila¢ aday1 olarak in-siliko bir ¢alismada iyi bir inhibitor
performans gostermistir.

Anahtar Kelimeler: Ftalonitril, molekiiler doking, ADME, TD-DFT, AIM

Structural and Spectral Properties of 4-(5-methyl-[1, 2, 4] triazolo [1, 5-a] pyrimidine-7-yloxy)
phthalonitrile: Analysis by TD-DFT Method, ADME Analysis, and Molecular Docking Simulations

ABSTRACT: In this study, 4-(5-methyl-[1,2,4]triazolo[1,5-a]pyrimidine-7-yloxy) phthalonitrile (coded as
MTPPN) was chosen as the phthalonitrile compound and the quantum chemical and in-silico studies have been
done. First, the basis set of the time dependent density functional theory (TD-DFT) method was used and the
boundary orbital energies and band gap calculations of the molecule were performed. Analysis of atoms in
molecules (AIM) theoretical calculations is presented to learn about electron density and bond critical point. In
addition, absorption, distribution, metabolism, and excretion analyzes (ADME) were performed for the drug
potential of the compound. On some enzymes effect of MTPPN compound was examined. The docking score was
obtained for AChE, BChE, a-GLY proteins -7.864, -6.848, and -5.511 kcal/mol, respectively. MTPPN gave a
good inhibitory performance in an in-silico study as a drug candidate.
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INTRODUCTION

Phthalonitrile compounds are versatile 4-macrocyclic compounds that use as precursors for
phthalocyanine and other pigments, fluorescent brighteners, and photographic sensitizers (Nemykin et
al., 2010). These composites and materials offer important properties for applications in many fields
such as industry, electronic material quality improvement, aviation, and maritime. Synthesis of
symmetrical or unsymmetrical MPcs by modification of phthalonitriles has been used in many studies
(Pathak et al., 2021; Priya Madhuri et al., 2022). Phthalonitriles are used to prepare composite materials
and improve material properties. These studies include the addition of polymer matrix, doping of flame
retardant, fluorescent sensing, and photosensitizing properties (Madakbas et al., 2013; Ilyas et al., 2021;
Yang et al., 2021).

NLO-type materials are classified as semiconductor structures or inorganic compounds. These
structures have certain nonlinear optical properties because they can be hyperpolarized (LEDOUX et al.,
1994; HASHIMOTO et al.,, 2001; Mendiratta et al., 2015). Optoelectronics is a rapidly growing
technology, especially in the communication sector, and its importance in our lives is increasing day by
day (Liu et al., 2021). Some application areas where optoelectronics have entered our lives and changed
our way of life have become important in many areas such as barcode readers, the entertainment industry,
magnetic recording media, defense industry, communication industry, and the health sector (Oida 2006).
Density functional theory (DFT) and time dependent density functional theory (TD-DFT) excels in
theoretical modeling. With this technique, it is used to determine the interaction properties of molecules
in biological and chemical systems and to calculate many important chemical and physical properties
(van Mourik et al., 2014; Zangwill 2014). The synthesis of phthalonitrile is given Figure 1 (Agirtas et
al., 2017).
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Figure 1. Synthetic route to the compound (Agirtas et al., 2017)
In this study, the electronic structure of the molecule, energy levels, and various chemical parameters
were calculated by DFT analysis. Some thermodynamic parameters, potential energy maps, HOMO-
LUMO energy levels, and Fukui function of the title compound were calculated. The chemical bonds
are characterized as theoretical via AIM analysis and enzyme inhibitor properties were carried out as
drug candidates with the pharmacokinetic analysis.

MATERIALS AND METHODS

Computational Methods

Molecular quantum chemical and drug potential studies

The MTPPN molecule was calculated with the DFT/B3LYP method via the TD-DFT/LanL2DZ
and 6-311G (d,p) basis set in the Gaussian 09 program (Frisch and et al., 2016). The topology analysis
was carried out in the AIMAII program (Pendés and Gatti, 2021). Online servers just as SwissADME
were used for ADME analysis (Daina and et al., 2017). Molecular docking study for ligand-enzyme
interactions and the compound's potential to bind to protein as an inhibitor was performed with

Schrodinger's Maestro Molecular Modeling (version 11.8) platform (Madhavi and et al., 2013). The
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crystal structures of human acetylcholinesterase (AChE) (PDB code:4MOE), butyrylcholinesterase
(BChE) (PDB code:6SAM) and alpha-glucosidase (o-GLY) (PDB code:3A4A) enzymes were
downloaded from PDB database (Altun and et al., 2021; Dong and et al., 2021; Tekes and et al., 2021).
Preparation and ligand docking placement studies were carried out using ligprep module, protein prep,
and receptor grid box modules. Inhibition performance, docking score, and binding conformations were
determined. Docking study results were envisioned (Visualizer 2005) with the Discovery Studio 2016
client (BIOVIA Discovery Studio, 2016).

RESULTS AND DISCUSSION
TD-DFT and DFT Studies

Frontier molecular orbitals of MTPPN

For electrical parameters formed by electrons in a molecule and presented by molecular orbitals,
HOMO and LUMO and energy are the band gaps (De Lile et al., 2020). The outermost orbitals filled
with electrons are HOMO and the vacant orbitals that can receive electrons in intramolecular electron
transfer, while the LUMO orbitals state the interplay of the molecule with other sorts (Yankova et al.,
2016). The volume orbit of HOMO and LUMO for molecules is shown in Figure 2. In addition,
LUMO +1 and HOMO-1 graphs of the compound were taken. From Table 1, HOMO -4.236 eV—
LUMO -2.154 eV was found in the calculation by DFT/ B3LYP/ 6-311G (d,p) basis set for the MTPPN
compound, and HOMO -4.208 eV—LUMO -2.106 eV in the calculation made by the TD-
DFT/LanL2DZ/6-311G level. Band Gap (A) = |Enomo - ELumo| calculated by DFT and TD-DFT method,
values of 2.082 eV and 2.102 eV were obtained, respectively. Therefore, HOMO-LUMO energy values
and Band Gap values are quite close to each other. This is because the energies contribute to the same
electronic region. In this case, as a result of the calculation of the HOMO-LUMO energies and other
parameters, the electronic properties of the MTPPN compound were determined by the small group
approach. With the energy maps of the molecular structure, the kinetic equilibrium and chemical
reactivity values of the molecule in chemical reactions or intramolecular interactions can be calculated
from the orbitals. The chemical softness of the molecule will allow it to be excited with lower energies.
Other parameters obtained in the calculations are given in Table 1. It is thought that the obtained
parameter for the obtained phthalonitrile is a soft molecule and can easily be polarized.

Table 1. Energy parameters for MTPPN

Molecular Energy DFT TD-DFT
ELumo -2.154 -2.106
Enomo -4.236 -4.208
ELumo+ -1.536 -1.471
Enomo-1 -7.165 -7.359
Band Gap A= |EHOMO— ELUMOl 2.082 2.102
lonization Potential (1 =- Enomo) 4.236 4.208
Electron Affinity (A=- ELumo) 2.154 2.106
Chemical hardness (7 = (1 - A)/ 2) 1.041 1.051
Chemical softness (s =1/2 ) 0.48 0.475
Chemical potential (u=-(1+A)/2) -3.195 -3.155
Electronegativity (y = (1+A)/ 2) 3.195 3.155
Electrophilicity index (w=u?/2 #) 4.903 4.735

Herein, the HOMO, which can be like the outer orbital containing electrons, tends to donate these
electrons as electron donors, and hence the ionization potential is directly related to the energy of the
HOMO. On the other hand, LUMO can accept electrons and LUMO energy is directly related to electron
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affinity. Two important molecular orbitals were investigated for MTPPN, HOMO and LUMO, given in
Figure 2.
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Figure 2. Frontier orbital energy maps for MTPPN with DFT in the UV-Visible region
Fukui function

Fukui functions were calculated to predict attack sites in the compounds. The cation position and
anion position of the compound are considered as the Fukui function, provided that the attack sites have
an optimized and maximum condensed structure (Bulat et al., 2004) by the DFT technique. This function
indicates the tendency and tendency of the electronic density to deform at an appropriate position on the
accepting or donating phenomenon of the molecule’s electrons. Fukui functions are explained with the
following expression (Demircioglu et al., 2015),

Electrophilic attack;  fi =qjno -Qj (-1

Nucleophilic attack;  fi*= gjn+1) - qjno

Radical attack; fi°= (@iv+1) -0j (v-1) /2

Dual descriptor; — Af{r)= fj*-

Mulliken atomic charges are denoted by cationic (N-1), anionic (N+1), and neutral (N) chemical
species in the atomic region. Here, sprawl with the radical, electrophilic and nucleophilic signs 0", "+",
and "-", respectively. Table 2 presents the values of the MTPPN Fukui function calculated parameters
fi* +, fjo, and fj at the level of DFT theory with the B3LYP/6-311G basis set. When 4f{r) is negative, the
atom is electrophilic and when Af(r) is positive, the atom is nucleophilic. In the following order, the
duplicate identifier for electrophilic attack is N21> N19> O7> N15> C2> C3> C9> C6> C13. Pairs
that allow nucleophilic attack and are negative are listed as 8 N>16 C>12 C>1 C>20 C>14 C>18 C>4
C>5C>17N>11C.

AIM analysis of MTPPN

Atoms in molecules (AIM) characterize chemical bonds. In this theory, the critical point (CP) and
the bond path (BP) between atoms attached to chemical bonds are always accompanied. Each bond path
critical point (BCP) contains well-done chemical information that fully describes the form of the
chemical bond.
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Table 2. Fukui function for the MTPPN

Atoms Mulliken atomic charges Fukui functions

qN+1) gno gN-1) fi+ fi- fi0 Af(r)
1C 0.235 0.137 0.103 0.098 0.034 0.066 0.064
2C 0.037 0.027 -0.049 0.01 0.076 0.043 -0.066
3C 0.016 0.031 -0.064 -0.015 0.095 0.04 -0.11
4C 0.203 0.099 0.049 0.104 0.05 0.077 0.054
5C 0.177 0.078 0.028 0.099 0.05 0.0745 0.049
6C 0.094 0.157 0.061 -0.063 0.096 0.0165 -0.159
70 -0.314 -0.333 -0.372 0.019 0.039 0.029 -0.02
8N -0.211 -0.34 -0.243 0.129 -0.097 0.016 0.226
9C 0.427 0.46 0.342 -0.033 0.118 0.0425 -0.151
10N -0.279 -0.321 -0.363 0.042 0.042 0.042 0
1nc 0.117 0.087 0.07 0.03 0.017 0.0235 0.013
12¢C 0.032 -0.076 -0.115 0.108 0.039 0.0735 0.069
13¢C 0.367 0.48 0.34 -0.113 0.14 0.0135 -0.253
14¢C 0.252 0.133 0.07 0.119 0.063 0.091 0.056
15N 0211 -0.204 -0.242 -0.007 0.038 0.0155 -0.045
16C 0.39 0.241 0.232 0.149 0.009 0.079 0.14
17N -0.26 -0.319 -0.348 0.059 0.029 0.044 0.03
18 C 0.086 0.022 0.014 0.064 0.008 0.036 0.056
19 N -0.121 -0.188 -0.262 0.067 0.074 0.0705 -0.007
20 C 0.086 0.02 0.013 0.066 0.007 0.0365 0.059
21 N -0.123 -0.192 -0.263 0.069 0.071 0.07 -0.002

The potential energy density (Vecp), electronic energy density (Hscp), Kinetic energy density
(Ggcp), the electron density (psce), Laplacian of electron density (V2 pgce), and ellipticity (5) are
parameters (Weinhold 2012; Yildiko et al., 2021). Molecular graphs of the MTPPN compound are
shown in Figure 3. MTPPN compound was analyzed in the program and reported in Table 3.
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Figure 3. Molecular graphs of MTPPN compound
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Table 3. The parameters of the MTPPN compound (all in a.u.)

Contact PBCP V2 pecp Gecp Vecp Hecp d
Cl-C2 0.305 -0.837 0.1 -0.409 0.309 0.23
c2-C3 0.299 -0.804 0.094 -0.388 0.295 0.234
C3-C4 0.305 -0.841 0.098 -0.405 0.308 0.213
C6 - 07 0.264 -0.282 0.292 -0.655 0.363 0.034
N8 - C13 0.319 -0.870 0.231 -0.68 0.449 0.237
N8 - C9 0.289 -0.722 0.197 0575 0.378 0.154
C9 - N10 0.345 -1.086 0.19 -0.652 0.462 0.152
C12-C13 0.325 -0.94 0.128 -0.491 0.363 0.332
N10 - C11 0.350 -0.961 0.274 -0.789 0.515 0.135
O7-C13 0.293 -0.428 0.312 0.732 0.419 0.054
N8 - N15 0.357 -0.627 0.197 0551 0.354 0.103
C16 - N17 0.338 -1.016 0.206 -0.665 0.460 0.144
C9 - N17 0.36 -1.125 0.207 -0.696 0.488 0.216
N15 - C16 0.346 -0.94 0.275 -0.785 0.510 0.213
C2-C18 0.281 -0.769 0.079 -0.351 0.272 0.071
C18 - N19 0.478 -0.25 0.8 -1.664 0.863 0.023
C20 - N21 0.478 -0.26 0.797 -1.659 0.862 0.023
C3-C20 0.281 -0.769 0.081 -0.354 0.273 0.080
C1-H22 0.284 -0.987 0.037 -0.320 0.284 0.020
C4 - H23 0.286 -1.00 0.035 0.321 0.285 0.015

It has been pointed out that the bond critical point property Rho (pece) and ring critical point
property Rho (prcp) values of the MTPPN compound are higher in the regions where the nitrogen core
are attached. As a result of the analysis, it was determined that nitrogen atoms have a high electron
density. In this case, the bond interactions in these regions of the molecule are expected to be strong.

ADME analysis of MTPPN

The absorption, distribution, metabolism, and excretion of a compound in the human body are
related to its ADME properties. ADME, which forms the pharmacological profile of a drug molecule, is
very significant in the assessment of its pharmacological activities. Today, many online tools and offline
software programs are existing that help us predict this drug candidate behavior (Nisha et al., 2016).
ADME studies are used in drug production in order to select the right promising compounds and to
minimize the risk of new-term drugs as much as possible. There should be a harmonious balance between
pharmacokinetic and pharmacodynamic properties to be predicted in these studies (Abdelhady et al.,
2019). Referring to Lipinski's rule of 5, the LogP and molecular weight of an existing orally selected
drug should be greater than 5 and 500, respectively. It should be capable of accepting less than 10
hydrogen bonds and donating less than 5 hydrogen bonds (Lin et al., 2003). Online servers such as
SwissADME (http://www.swissadme.ch/index.php) were used. Check the chemo-informatics and
biological properties of these ligand molecules.

PSA value is 99.89 <140 (Topological), A?> ABS is between 74.54-82.42% (Figure 4 and Table 4).
Among all values, the compound seems to have preferable permeability to the other molecule.

Molecular docking simulations of MTPPN
Molecular docking is useful for studying the ligand-receptor binding mechanism and for
understanding the interaction of binding modes (Bernetti et al., 2017).
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Figure 4. Color regions and pharmacological parameters of MTPPN

Table 4. Potansiyel drug parameters of the title molecules

Lipophilicity Physicochemical properties

con. logP
2 MR* 9% ABS® TPSA®  H-bond H- Rot. MW¢d g/mol Aromatic Heavy
2 don. bond  bond heavy atoms
—_ (AZ)
§ acc. atoms
MTPPN 154 7169 7454 99.89 0 6 2 276.25 15 21

3MR, molar refractivity; "%ABS: percentage of absorption (%ABS = 109-[0.345 x TPSA]; ‘MW, molecular weight; TPSA, topological polar surface
area,

Crystallographic structures of enzymes obtain from the Research Collaboratory for Structural
Bioinformatics (RCSB) protein database (PDB) (see http // www.rcsb.org/pdb). Here, molecular docking
was performed to acquire preferential binding sites of ligands with the receptor and to largely approve
the empirical investigation. As a result of this study, which included a compound and 3 sets of enzymes,
3 good docking results were reached (see Table 5). These ligands placed in the catalytic active area of
the enzyme were analyzed based on binding affinity and docking results in interaction mode. However,
the best binding affinity score in terms of molecular structure was observed in AChE and BChE
enzymes.

Table 5. The best binding affinity scores (kcal/mol) of compounds in the catalytic sites of enzymes

Code Docking Score
AChE BChE a-GLY
(PDB: 4MOE) (PDB:6SAM) (PDB:3A4A)
MTPPN -7.864 -6.848 -5.511

The structural similarity of the protein structure to the native ligand increases this value. Protein
dynamics play an important role in creating the conditions for how proteins interact with certain
derivatives to create complexes that can improve or inhibit their biological functions. Since AChE is in
the binding internal area of proteins, sophisticated proximity was obtained compared to other enzymes.

After catching the optimal distance pose in the whole ligand-enzyme insertion study, the binding
modes were investigated to figure out the inhibition mechanisms. The proximity number for binding
proximity was calculated docking scores.
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Figure 5. 2D view of MTPPN - AChE enzyme interactions and 3D view of the aromatic surface on the receptor

Figures 5-7 show the 3D and 2D interaction of 4-((5-methyl-[1,2,4]triazolo[1,5-a]pyrimidin-7-
yl)oxy)phthalonitrile (MTPPN) — AChE, MTPPN — BchE and MTPPN - a-GLY insertion study (see
Table 6).

2D View
w Chamed (negative) Polar Distance = Salt bridge
¥ Charged (postive) » Unspecfed residus -+ Hbond Solvent exposure
Glycine Water —=  Metal coordinstion
Hydrophobe Hydration site o+ PiPistacking
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Figure 6. 2D view of MTPPN - BChE enzyme interactions and 3D view of hydrogen bond donor/acceptor surface on the
receptor
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Figure 7. 2D view of MTPPN - a-GLY enzyme interactions and 3D view of the SAS surface on the receptor

Table 6. Bonding mechanisms of MTPPN - AChE, MTPPN - BChE and MTPPN - a-GLY

Enzymes  Codes Bonds Types of bonding Bonding points
length (A)
PHE-295 1.84 Conventional Hydrogen Bond Nitrogen
TYR-72 2.08 Nitrogen of pyrazole
VAL-294 2.66 Carbon Hydrogen Bond Nitrogen of phthalonitrile
LEU-76 4,52 n -alkyl attached Center of pyrazole ring
AChE LEU-76 5.40 Center of pyrimidine ring
TYR-341 3.99 7 - 7 stacking attached Center of benzene ring
TRP-286 5.95 Center of benzene ring
TYR-341 5.56 n - © T-shaped Center of pyrimidine ring
TYR-341 5.63 Center of pyrazole ring
TYR-124 5.67 Center of benzene ring
SER-198 2.70 Conventional Hydrogen Bond Nitrogen of pyrazole
LEU-286 2.59 Carbon Hydrogen Bond Nitrogen of pyrimidine
GLY-116 2.71 Bridge oxygen
GLY-116 421 Amid- = stacking attached Center of pyrimidine ring
GLY-116 4.59 Center of pyrazole ring
LEU-286 5.47 = -alkyl attached Center of pyrazole ring
BChE TRP-231 5.30 7 - m stacking Center of pyrazole ring
TYR-341 5.56 Cnter of pyrimidine ring
PHE-329 5.26 Center of pyrimidine ring
PHE-329 5.69 n - © T-shaped Center of pyrimidine ring
GLN-353 2.13 Conventional Hydrogen Bond Nitrogen of pyrazole
ASN-415 2.25 Nitrogen of phthalonitrile
ASP-307 2.46 Carbon Hydrogen Bond Hydrogen of pyrazole ring
a-GLY ARG-315 3.82 7 -cation attached Center of pyrazole ring
ARG-315 5.04 = -alkyl attached Center of benzene ring
PHE-303 4.13 n- 7 stacking Center of pyrazole ring
PHE-303 5.18 Center of pyrimidine ring
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CONCLUSION

As molecular modeling techniques have become essential components of chemical, physical and
biological study, the aim here is to describe the basic methodology behind three commonly used
techniques. Theoretical studies with DFT calculations (HOMO-LUMO, and Fukui function) were made
for each structure. It has been pointed out that the bond critical point property Rho (pscp) and ring critical
point property Rho (prcp) values of the MTPPN compound are higher in the regions where the nitrogen
core is attached as a result of AIM analysis. In addition, ADME analysis was applied to the special
compound belonging to the phthalonitrile group, and its color regions and all values were presented.
Finally, molecular docking studies were executed on three different enzymes (AChE, BChE, a-GLY)
for this particular compound. Docking scores and receptor models are presented one by one.Here, it was
seen that BChE and MTPPN had the highest scores with AChE.
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