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ABSTRACT

In the study, the title compound 2-oxo-2-phenylethyl 3-nitroso-2-phenylimidazo[1,2-a]pyridine-8-carboxylate
(PIP) was deliberated spectroscopically. Molecular geometry (bond length, bond angle), electronic properties
(electronegativity, chemical potential, global hardness, global softness), the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO), Mulliken atomic charge were calculated using
the density functional theory DFT/B3LYP method 6—311G++(d,p) level of theory. DFT calculations of the
molecular electrostatic potential (MEP), frontier molecular orbitals (FMO), Mulliken charges recognize the
chemically active sites of this molecule responsible for its chemical reactivity. The natural bond orbital (NBO)
analysis gives an efficient methodology for investigating the inter- and intramolecular bonding, charge transfer
and hyperconjugative interactions in molecular systems. TD-DFT calculations were performed at the B3LYP/6—
311G++(d,p) level of theory to obtain information about excited states and absorption characteristics.
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2-0kso-2-feniletil 3-nitroso-2-fenilimidazo[1,2-a]piridin-8-karboksilat
bilesiginin DFT calismalar1

(074

Bu calisma da, bashk bilesigi 2-okso-2-feniletil 3-nitroso-2-fenilimidazo[1,2-a]piridin-8-karboksilat (PIP)
spektroskopik olarak degerlendirildi. Molekiiler geometri (bag uzunlugu, bag agisi), elektronik ozellikler
(elektronegatiflik, kimyasal potansiyel, global sertlik, global yumusaklik), en yiiksek dolu molekiiler orbital
(HOMO) ve en diisiik bos molekiiler orbital (LUMO), Mulliken atom yiikii, yogunluk fonksiyonel teorisi
DFT/B3LYP yontemi 6—311G++(d,p) teori seviyesi kullanilarak hesaplandi. Molekiiler elektrostatik potansiyel
(MEP), smir molekiiler orbitaller (FMO), Mulliken yiiklerinin DFT hesaplamalari, bu molekiiliin kimyasal
reaktifliginden sorumlu kimyasal olarak aktif bolgelerini tanimlar. Dogal bag orbital (NBO) analizi, molekiiler
sistemlerde molekiiller arast ve molekdil i¢i bag, yiik transferi ve hiperkonjugatif etkilesimlerin arastirilmasi i¢in
etkili bir metodoloji sunar. Uyarilmis durumlar ve absorpsiyon karakteristikleri hakkinda bilgi elde etmek igin
B3LYP/6-311G++(d,p) teori diizeyinde TD-DFT hesaplamalar1 yapildi.
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. INTRODUCTION

Imidazo[1,2-a]pyridines constitute a class of nitrogen-based heterocyclic compounds consisting of the
fused of a pyridine moiety to an imidazole ring. A large number of drugs contain N-heterocycles as core
structures, including imidazo [1,2-a] pyridine and its derivatives, which are used in medicinal chemistry
[1, 2] or exhibit various biological activities such as antibacterial [3], antituberculosis [4], tyrosinase
inhibitor [5], HIV inhibitor [6], antidiabetic [7], anti-inflammatory [8] or anticancer activities [9, 10]. A
wide range of medications such as Olprinone (for the treatment of acute heart failure), Zolpidem (used
in the treatment of insomnia), Miroprofen [11] (used as a analgesic), Zolimidine (used for the treatment
of pepticulcer), Minodronic acid [11] (for the treatment of osteoporosis), Saripidem (works as an
anxiolytic agent) [12] contain imidazo[1,2-a]pyridine derivatives.

Quantum chemical methods have been veritable tools in determining the molecular structure as well as
elucidating the electronic structure and reactivity [13]. Among other methods, the density functional
theory (DFT) method has been a very useful method for appraising the structural and spectral properties
of organic compounds. This method is based on Kohn-Sham approximation to solve the Schrodinger
equation. DFT allows a close connection between theory and experiment and often leads to important
clues about the geometric, electronic, and spectroscopic properties of the systems being studied. The
goal of a basis set is to provide the best representation of the unknown molecular orbitals (or electron
density), with as small a computational cost as possible [14]. Pople and co-workers have introduced a
number of basis sets suitable for widespread application of ab-initio molecular orbital theory. These
include (i) minimal basis sets, the most popular of which is STO-3G [15] (ii) splitvalence basis sets such
as 3-21G, 4-316, and 6-31G [16-18] and (iii) split-valence plus polarization basis sets such as 6-31G*
(polarization functions on first-row atoms only) and 6-31G** (polarization functions on hydrogen also)
[19]. Pople-type basis sets represented by 6-31G** [18, 20] are widely used as standard basis sets for
calculations of large systems because of their reasonable accuracy and computational cost. The literature
contains many reports on the successful application of DFT to imidazo[1,2-a]pyridine [21-28].

In this context, the objective of this study is to contribute to the advancement of understanding of the
DFT characteristics of substituted imidazo[1,2-a]pyridine derivatives. For this, a series of DFT studies
were performed, such as molecular geometric parameters, the highest occupied molecular orbital
(HOMO), least unoccupied molecular orbital (LUMO) molecular orbital energy values, molecular
electrostatic potential (MEP) map, Mulliken charge analysis, visible ultraviolet light spectrum.

II. MATERIAL AND METHODS

In the present work, a new imidazo[1,2-a]pyridine derivative, 2-oxo-2-phenylethyl 3-nitroso-2-
phenylimidazo[1,2-a]pyridine-8-carboxylate (C22H1sN3Os) was synthesized and its structure was
determined by X-ray crystallography [29]. Diffraction data of PIP was collected with STOE IPDS 2
diffractometer equipped with graphite monochromatic MoKa radiation (A= 0.71073) at 296 K [30]. The
structure was solved and refined with SHELXT-2018/3 [31] program. Molecular graphics was plotted
with Mercury for Windows [32]. For investigating the hydrogen bond in the crystal was used PLATON
[33] software. In preparation for publication was used WinGX [34] and PubICIF [35] programs.

DFT calculations were made using the Gaussian 09 package program [36] and the results are shown
using Gaussview 5.0 [37] molecular visulation program. The applied method are Becke’s [38] three
parameter hybrid exchange functional with Lee-Yang- Parr correlation functional [39] method (B3LYP)
with 6-311++G (d,p) basis set. TD-DFT calculations at the B3LYP/6-311++G(d,p) level were
performed to obtain information about the excited states and absorption characteristics. The natural bond
orbital (NBO) calculations [40] were performed using NBO 3.1 program implemented in the Gaussian
09 package [36] at the DFT/B3LYP/6-31G(d,p) method.
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By using the energies of Frontier Molecular Orbitals, the ionization energy (IP) and electron affinity
(EA) can be determined by the following formulas [41].

EA = —Eymo (1)

IP = —Enomo (2)

The chemical potential (i), absolute electronegativity (y) and absolute hardness (r) were calculated
from combination of ionization energy and electron affinity values using the following equations [42]

x= —pu= (IP+EA)/2 3)
n=(P—EA)/2 &
and

o=1/n ®)

denotes the softness (o).

The electrophilicity index (w) and its multiplicative inverse i.e. the nucleophilicity index (¢) were
calculated using the following formulas [43, 44].

w = p®/2n (6)
e=1/w @

In the Natural Bond Orbital (NBO) analysis, the hyper-conjugative interaction energy was deduced from
the second-order perturbation approach.

2 s
E(Z) — Q'F (l,]) (8)

i ..
EjTEj

where @i is the donor orbital occupancy, €j and &; are diagonal elements and F(i, j) is the off diagonal
NBO Fock matrix element.

In NMR analysis, the difference between the isotropic magnetic shielding (IMS) of tetramethylsilane
(TMS) and proton (x) determines the chemical shift of any "x" proton (X). The following formula
defines it:

OX = IMSTMS =—-IMSX

1. RESULTS AND DISCUSSION

A. GEOMETRY OPTIMIZATION

The molecule (PIP) has an imidazole ring, a pyridine ring, and two phenyl rings. The molecular structure
of PIP is shown in Figure 1 (a). The optimized geometry of the molecule (PIP) is presented in Figure 1
(b). DFT and XRD studies, optimized structural parameters such as bond length and bond angle are
given in Table 1 and Table 2.
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(a)

(b)

(b)

Figure 1. a) X-Ray crystal structure of the PIP compound, b) optimized geometric structure obtained using
B3LYP/6—311++G(d,p) level

The bond lengths and bond angles of the molecule obtained experimentally from the X-ray structure

analysis of the PIP compound and theoretically optimized by DFT/B3LYP/6—311G(d,p) are given in
Table 1 and Table 2, respectively.
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Table 1. Experimental and theoretical bond lengths.

Experimental Theoretical A
Bond length (A) X-ray 6-311G++(d,p) 6-31G++(d,p)
03-Cl14 1.3431(16) 1.343 1.343 0.0001
03-C15 1.4365(16) 1.4364 1.4364 0.0001
02-C14 1.2018(16) 1.2019 1.2018 -0.0001
N3-C7 1.3491(16) 1.349 1.3491 0.0001
N3—-C13 1.3526(16) 1.3526 1.3526 0
N2-C9 1.3729(17) 1.3729 1.3729 0
N2-C13 1.3918(16) 1.3916 1.3919 0.0002
N2-C8 1.4092(16) 1.4093 1.4092 -0.0001
04-C16 1.2157(17) 1.2159 1.2157 -0.0002
O1-N1 1.2446(16) 1.2446 1.2445 0
N1-C8 1.3732(17) 1.3731 1.3733 0.0001
Cl4-C12 1.4951(18) 1.495 1.4052 0.0001
Cl2-Cl11 1.3783(18) 1.3783 1.3784 0
C12-C13 1.4166(18) 1.4167 1.4165 -0.0001
C7-C8 1.4115(19) 1.4116 1.4115 -0.0001
C7-C6 1.4803(18) 1.4803 1.4802 0
C17-C18 1.390(2) 1.3903 1.3902 -0.0003
C17-C22 1.391(2) 1.3904 1.3906 -0.0004
C17-C16 1.4907(19) 1.4906 1.4908 0.0001
C6—C5 1.387(2) 1.3866 1.3868 0.0004
C6—C1 1.396(2) 1.3961 1.3960 -0.0001
C11-C10 1.4002(19) 1.4002 1.4002 0
Cl11-H11 0.9300 0.9299 0.9299 0.0001
C16-C15 1.511(2) 1.5106 1.5109 0.0004
C15-H15A 0.9700 0.9703 0.9700 -0.0003
C15-H15B 0.9700 0.9699 0.9700 0.0001
C18-C19 1,381(2) 1,3814 1.3814 -0,0004
C18-H18 0.9300 0.93 0.93 0
C9-C10 1.3581(19) 1.3582 1.3581 -0.0001
C9-H9 0.9300 0.93 0.9301 0
C10-H10 0.9300 0.9299 0.9300 0.0001
C5-C4 1.386(2) 1.3863 1.3861 -0.0003
C5-H5 0.9300 0.9299 0.9300 0.0001
C4-C3 1.380(2) 1.3803 1.3805 -0.0003
C4-H4 0.9300 0.93 0.93 0
C19-C20 1.385(3) 1.3772 1.3844 0.0078
C19-H19 0.9300 0.9299 0.9300 0.0001
C3-C2 1.375(3) 1..3753 1.3753 -0.0003
C3-H3 0.9300 0.93 0.93 0
Cl-C2 1.381(2) 1.3805 1.3806 0.0005
Cl1-H1 0.9300 0.9301 0.9300 -0.0001
Cc22-C21 1.376(2) 1.376 1.3762 0
C22-H22 0.9300 0.9301 0.9299 -0.0001
C20-C21 1.377(3) 1.376 1.3844 0.0001
C20-H20 0.9300 0.9299 0.9300 0.0001
C2-H2 0.9300 0.9301 0.9300 -0.0001
C21-H21 0.9300 0.9299 0.9299 0.0001

Table 2. Experimental and theoretical bond angles.

1076



Experimental Theoretical A
Bond angle (A) X-ray 6-311G++(d,p) 6-31G++(d,p)

C14—03-C15 117.98(11) 117.9746 117.9817 0.0054
C7-N3-C13 105.94(10) 105.9402 105.9449 -0.0002
C9-N2-C13 123.04(11) 123.0446 123.0335 -0.0046

C9-N2-C8 131.29(11) 131.281 131.3003 0.009
C13—-N2-C8 105.67(10) 105.6742 105.6661 -0.0042
O1-N1-C8 117.36(12) 117.3547 117.3628 0,0053
02-C14-03 124.53(12) 124.5349 124.5381 -0.0049
02-C14-C12 125.28(12) 125.2799 125.2785 0.0001
03-C14-C12 110.15(11) 110.1519 110.1498 -0.0019
C11-C12-C13 118.33(11) 118.3246 118.3336 0.0054
C11-C12-C14 120.41(11) 120.415 120.4110 -0.005
C13-C12-C14 120.94(11) 120.9489 120.9337 -0.0089
N3—-C13-N2 111.88(10) 111.8815 105.9449 -0,0015
N3-C13-C12 130.17(11) 130.1666 130.1757 0.0034
N2-C13-C12 117.93(11) 117.9311 130.9282 -0.0011
N3-C7-C8 111.24(11) 111.2482 111.2429 -0.0082
N3—-C7-C6 121.04(11) 121.0434 121.0462 -0.0034
C8-C7-C6 127.70(11) 127.695 127.6978 0.005
C18—C17-C22 119.06(13) 119.052 119.0586 0.008
C18-C17-C16 122.36(13) 122.357 122.3633 0.003
C22-C17-C16 118.53(13) 118.5445 118.5324 -0.0145
N1-C8-N2 127.33(12) 127.3477 127.3316 -0.0177
N1-C8-C7 127.34(12) 127.3386 127.3378 0.0014
N2-C8-C7 105.26(10) 105.2506 105.2658 0.0094
C5-C6—C1 118.72(13) 121.7281 118.7151 -3.0081
C5-C6—C7 119.55(12) 119.5482 119.5528 0.0018
C1-C6—C7 121.73(13) 121.7281 121.7313 0.0019
C12-C11-C10 121.69(12) 121.6964 121.6887 -0.0064
C12-Cl11-H11 119.2 119.1538 119.1573 0.0462
C10-C11-H11 119.2 119.1498 119.1540 0.0462
04-C16-C17 121.74(14) 121.7382 121.7421 0.0018
04-C16-C15 118.84(13 118.8188 118.8380 0.0212
C17-C16-C15 119.41(12) 119.4364 119.4129 -0.0264
03-C15-C16 108.54(11) 108.5589 108.5364 -0.0189
03-C15-H15A 110.0 109.9747 109.9875 0.0253
C16—C15-H15A 110.0 109.9626 109.9785 0.0374
03-C15-H15B 110.0 109.9975 109.9909 0.0025
C16—C15-H15B 110.0 110.0098 109.9877 -0.0098
H15A-C15-H15B 108.4 108.3333 108.3558 0.0667
C19-C18-C17 119.98(15) 119.9894 119.9824 -0.0094
C19-C18-H18 120.0 119.813 120.0121 -0.0017
C17-C18-H18 120.0 120.0017 120.0055 -0.0017
C10—C9-N2 118.84(12) 118.8332 118.8384 0.0068
C10—C9-H9 120.6 120.5765 120.5840 0.0235
N2—-C9-H9 120.6 120.5904 120.5776 0.0096
C9-C10-C11 120.11(13) 120.1041 120.1115 0.0059
C9-C10-H10 119.9 119.9461 119.9425 -0.0461
C11-C10-H10 119.9 119.9498 119.9460 -0.0498
C4-C5-—C6 120.80(14) 120.7907 120.8041 0.0093
C4-C5-H5 119.6 119.6021 119.6016 -0.0021
C6—C5-H5 119.6 119.6072 119.5943 -0.0072
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C3-C4-C5 119.83(15) 119.8396 119.8343 -0.0096

C3-C4-H4 120.1 120.0884 120.0825 0.0116
C5-C4-H4 120.1 120.072 120.0832 0.028
C18-C19-C20 120.37(16) 120.3628 120.3755 0.0072
C18-C19-H19 119.8 119.8242 119.8098 -0.013
C20—-C19-H19 119.8 119.813 119.8147 -0.013
C2-C3-C4 119.82(14) 119.825 119.8248 -0.005
C2-C3-H3 120.1 120.0793 120.0845 0.0207
C4-C3-H3 120.1 120.0957 119.6292 0.0043
C2-C1-C6 120.06(16) 120.0619 120.0636 -0.0019
C2-C1-H1 120.0 119.9804 119.9728 0.0196
C21-C22-C17 120.64(16) 120.6594 120.6379 -0.0194
C21-C22—-H22 119.7 119.6693 119.6867 0.0307
C17-C22-H22 119.7 119.6713 119.6754 0.0287
C21-C20-C19 119.80(15) 120.1272 119.7980 -0.3272
C21-C20-H20 120.1 119.957 120.0978 0.143
C19-C20-H20 120.1 120.0938 120.1042 0.0062
C3-C2-C1 120,74(15) 120,7402 120.7382 -0,0032
C3-C2-H2 119.6 119.630 119.6292 -0.03
C1-C2-H2 119.6 119.6298 119.6326 -0.0298
C22-C21-C20 120.14(17) 120.1272 120.1384 0.0128
C22-C21-H21 119.9 119.957 119.9278 -0.057
C20-C21-H21 119.9 119.9158 119.9338 -0.0158

The selected DFT optimization and metrical parameters from X-ray diffraction are tabulated in Table 1
and Table 2. It is understood from the results given in Table 1 and Table 2 that, experimental and
theoretical data are in good agreement with each other. The negligible differences between the
experimental and calculated bond lengths and angles are due to the fact that the computations were
performed and calculated in the gas phase, while the X-ray data were obtained in the solid phase. The
maximum difference between experimental and theoretical bond lengths was determined as 0.0078 A
between C19—C20 atoms, and the maximum difference between bond angles was determined as -
0.3272° between C21-C20—C19 atoms. The bond length C19—C20 in the molecule was observed as
1.385(3) A and the same bond length was calculated as 1.3844 and 1.3772 A for 6-31G++(d, p) and 6—
311G++(d, p) basis sets. As a result, the fact that the error margin in the calculations was quite low
showed that the DFT/B3LYP/6—311G++(d,p) method can be used in the characterization of the three-
dimensional structure of the molecular geometries of Imidazo [1,2-a] pyridine derivative compounds in
similar studies.

B. FRONTIER MOLECULAR ORBITAL ANALYSIS

The HOMO (highest occupied molecular orbital) acts as an electron donor and the LUMO (lowest
occupied molecular orbital) as an electron acceptor. When the energy gap is small, the molecule is highly
polarizable and has high chemical reactivity. The energy levels, energy gaps, hardness ( 1), softness (o)
and electronegativity ( ) are given in Table 3. The electron transition from the HOMO to the LUMO
energy level is shown in Figure 2. The chemical hardness and softness of a molecule is a sign of its
chemical stability. From the HOMO-LUMO energy gap, we can see whether or not the molecule is hard
or soft. If the energy gap is large, the molecule is hard and if small the molecule is soft. Soft molecules
are more polarizable than hard ones because they need less energy for excitation.

Table 3. Quantum molecular descriptors of the compound Cz2H15N30a4.

FMO Energy (eV)
Eromo -6.0034
ELumo -2.7810
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Energy difference (AE) 3.2224

lonization Potential (IP) 6.0034
Electron Affinity (EA) 2.7810
Chemical Potential () -4.3922
Electronegativity (x) 4.3922
Global Hardness (1) 1.6112
Global Softness (o) 0.3103

Based on the numerical values collated in Table 3, the title compound can be classified as a hard material
with a HOMO-LUMO energy gap of 3.2224 eV.

Evumo =-2.7810 eV
t

9 )
0. 2
,vj ’
P 9
AE=32224¢V 1
s 0 o
9
\
Eriomo = 6.0034 eV 9
J

Figure 2. Three-dimensional representation and energy values of the occupied and empty molecular orbitals of
the C22H15N304 molecule.

C. MOLECULAR ELECTROSTATIC POTENTIAL (MEP)

Molecular electrostatic potential (MEP) displays molecular size and shape as well as positive, negative
and neutral electrostatic potential regions in terms of colour grading and is useful in investigating
relationships between molecular structure and physicochemical properties [45]. The MEP map (Figure
3) was calculated at the B3LYP/6-311 G++(d,p) level of theory. The red and blue-coloured regions
indicate nucleophiles (electron rich) and electrophile regions (electron poor), respectively. The white
regions indicate neutral atoms. In the title molecule, the red regions are concentrated at the carbonyl
group. It possesses the most negative potential and is thus the strongest repulsion site (electrophilic
attack). The blue regions indicate the strongest attraction regions, which are occupied mostly by
hydrogen atoms.
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Figure 3. MEP surface of CHisN304 molecule.

D. EXAMINATION OF MULLIKEN’S CHARGE

Mulliken atomic charge calculation has an important role for the application of quantum chemical
calculations of the molecular system. Atomic charge affects dipole moment, polarizability, electronic
structure and other properties of a molecular system [46].

The results calculated with the 6—311G++(d,p) basis set in the Mulliken density analysis DFT/B3LYP
method to calculate the atomic charges of the PIP molecule are listed in Table 4.

Table 4. Calculated Mulliken charge of C2H15N30a4.

Atoms  B3LYP/6-311G++(d,p)

01 0.086102
02 -0.145763
N3 0.102607
N4 0.119621
05 -0.195024
06 -0.004001
N7 -0.314148
C8 -0.827447
C9 0.868358
C10 -0.032332
Cl1 0.761205
C12 1.420419
C13 -0.719964
C14 1.195501
C15 -0.394814
C17 -0.060600
C18 -0.112647
C21 -1.435191
C23 0.166112
C25 -0.802156
C27 0.061925
C29 -0.399728
C31 -0.466708
C33 -0.176385
C35 -0.818374
C37 0.530548
C39 -0.217663
C41 -0.261100
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C43 -0.297953

When these results are examined, positive charges are collected on the atoms O1, N3, N4, C9, C11,
C12, C14, C23, C27, C37 in the PIP molecule. Negative charges are collected on all other atoms.

E. VISIBLE ULTRAVIOLET LIGHT (UV-VIS) ANALYSIS

The calculated electronic absorption spectrum of the compound PIP was calculated by TD-DFT at the
B3LYP/6-311G++(d,p) level. The visible ultraviolet light spectrum of the 2-oxo-2-phenylethyl 3-
nitroso-2-phenylimidazo[1,2-a]pyridine-8-carboxylate compound is shown in Figure 4. Table 5
summarizes the theoretical maximum absorption wavelengths (Amax), €xcitation energy (E), oscillator
strengths (fos) and major transitions of the investigated compound.

50000 4

40000 r0.30

30000 4
w

Oscillator strength

20000 4

o
o
w

o
H
o

10000 A

F0.05

T T T T 0.00
100 200 300 400 500 600 700 800

Wavelength (nm)
Figure 4. Visible ultraviolet light spectrum of the title molecule

Table 5. Excitation energy (cm™1), oscillator strengths (fos) and maximum absorption wavelengths (Ama/nm) of
the PIP molecule

Mnm) E(cm?) f Major contributions (>%10)

362.42 27592 0.123 H-2—LUMO (%46), H-1-LUMO (%43)

322.68 30990 0.1732  H-1—LUMO (%35), H-1—L+2 (%44)

297.20 33648 04084 H-2-LUMO (%19), H-2—L+2 (%21), H-1—>LUMO (%11), H-
1—L+2 (%28)

231.87 43128 0.4142  H-7—L+1 (%46), H-6—L+1 (%28)

219.78 45501 0116  H-3—L+4 (%23), H-1>L+4 (%32), H-1—L+6 (%17)

200.94 49766 0.1944  H-11-LUMO (%17), H-2—L+5 (%40), H-1—L+5 (%15)

180.45 55416  0.2233  H-11-L+2 (%37), H-9—L+4 (%13), H-3—L+6 (%10)

177.46 56351 0.245  H-7—L+3 (%30), H-6—L+3 (%21)

17051 58646 0.1119  H-18>LUMO (%28), H-14—L+2 (%15), H-8—L+5 (%11)

167.18 59815 0.1086 H-18—-LUMO (%33), H-9—>L+4 (%10), H-8—L+4 (%14)

The calculated maximum absorption wavelengths are 362.42, 322.68, 297.20, 231.87, 219.78, 200.94,
180.45, 177.46, 170.51 and 167.18 nm. The oscillator strengths corresponding to these values are 0.123,
0.1732, 0.4084, 0.4142, 0.116, 0.1944, 0.2233, 0.245, 0.1119 and 0.1086. These values indicate more
intense permitted transitions.

F. NATURAL BOND ORBITAL ANALYSIS
1081



Natural Bond Orbital (NBO) approach expressed by E@, an energy from the second-order perturbation
is an analytical method for examining intra and intermolecular bonding. The NBO analysis provides a
simple foundation for studying charge transfer or hyperconjugative interactions. This analysis enables
study of interactions between filled Lewis type donor and empty non-Lewis acceptor orbitals. The most
efficient interactions between the Lewis-type occupied NBO orbital (bonding) with non-Lewis
unoccupied NBO orbital (anti-bonding) are listed in Table 6.

Table 6. Selected Second Order Perturbation Theory Analysis of Fock Matrix in NBO Basis (E® > 20 kcal/mol)
of the title compound.

Type Donor Acceptor E®@ (kcal/mol) Ej-Ei (a.u.) Fi(a.u.)

o-c* N4-C10 C23-C25 21.02 0.37 0.079
o-c* C9-C15 N4-C10 33.11 0.20 0.081
c-N C11-C13 N3 56.21 0.09 0.085
o-c* Cl11-C13 06-N7 43.14 0.20 0.084
o-c* Cl2-C21 05-C17 20.81 0.26 0.069
o-c* Cl2-C21 C37-C43 19.97 0.29 0.070
o-c* Cl14-C27 C11-C13 20.66 0.23 0.064
o-c* Cl14-C27 (C35-C41 20.60 0.28 0.070
o-c* C23-C25 C9-C15 20.73 0.31 0.071
o-c* C29-C33 C14-C27 22.06 0.29 0.071
o-c* C31-C39 C12-C21 22.90 0.28 0.072
o-c* (C35-C41 C29-C33 22.65 0.28 0.072
o-c* C37-C43 C12-C21 20.43 0.28 0.068
o-c* C37-C43 C31-C39 22.73 0.28 0.072
n-c* O1 02-C8 43.32 0.34 0.109
n-c* 02 01-C8 36.48 0.60 0.135
n-c* 02 C8-C9 20.37 0.67 0.107
n-c* N3 N4-C10 184.60 0.10 0.126
n-c* N3 C11-C13 80.18 0.18 0.116
n-c* 05 C17-C18 21.52 0.64 0.106
o*-0* N4-C10 C9-C15 53.05 0.09 0.088
o*-0* N4-C10 (C23-C25 27.05 0.08 0.061
o*-0* 05-C17 C12-C21 63.06 0.03 0.072
o*-c* 06-N7 C11-C13 40.83 0.07 0.075
o*-c* Cl1-C13 C14-C27 4494 0.05 0.066
o*-0* Cl12-C21 C37-C43 266.86 0.01 0.083

As can be seen from this table 6, NBO analysis revealed that the n(N3)— ¢*(N4-C10), *(C12-
C21)—c*(C37-C43) interactions give a strong stabilization to the system of the title compound by
184.60 kcal/mol, 266.86 kcal/mol respectively. The other primary hyperconjugative interactions lone
pair NBO orbitals of n(O1)— ¢*(02-C8), n(02)— o*(01-C8), n(02)— c*(C8-C9), n(0O5)—
0*(C17-C18) and n(N3)— o*(C11-C13) are stabilized to the molecule up to 43.32, 36.48, 20.37, 21.52
and 80.18 kcal/mol, respectively. A few essential hyperconductivity interactions between bonding to
antibonding c-c* orbitals are o(C11-C13) —o+(06-N7) with a stabilization energy value of 43.14
kcal/mol.

F. NMR SPECTRAL STUDIES
Nuclear magnetic resonance spectroscopy, most commonly known as NMR spectroscopy is one of the

most essential techniques for determining the structure of organic compounds. In this study, The
theoretical *C and 'H chemical transformations are calculated for the optimal geometry using the
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standard Gauge Invariant Atomic Orbital (GIAO) method [47]. The theoretical NMR chemical shifts
are given in Table 7.

Table. 7. The theoretical *H and **C NMR Chemical Shifts in ppm

H-atom B3LYP C-atom B3LYP
H-24 7.09 C-17  199.15
H-36 6.85 C-11 168.66
H-28 6.39 C-8 166.29
H-38 6.02 C-13 162.50
H-16 5.85 C-10  149.07
H-22 5.55 C-12 137.41
H-34 5.45 C-14  137.05
H-30 5.37 C-15 13551
H-40 5.36 C-35 131.87
H-44 5.28 C-39 129.42
H-42 5.22 C-23 128.33
H-32 5.17 C-27 128.23
H-26 4,55 C-9 127.70
H-20 2.99 C-37 126.53
H-19 2.11 C-33 126.40

C-43 12521
C-29 124.66
C-31 124.36
C-41  123.62
C-21 12355
C-25 114.18
C-18 58.87

In 3C NMR spectra (Figure 5), the resonance signals of the carbonyl group (C=0) were obtained a
theoretically at 199.15 and 166.29 ppm. The chemical shifts of the carbons present in the pyrimidine
ring are found computed data at 168.66 and 162.50 ppm. The carbon at the junction (N—C=N) was
theoretically found at 149.07 ppm. The signals at 137.41, 129.42, 126.53, 125.21, 124.36 and 123.55
ppm in the theoretical spectrum are assigned to the carbons of the phenyl ring. Additionally, the other
phenyl ring carbons appeared at 137.05, 131.87, 128.23, 126.40, 124.66 and 123.62 ppm.
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Figure 5. 3C NMR spectrum of title molecule.
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In *H NMR spectra (Figure 6), the title compound contains one set of aromatic protons in the region
84.55—7.09 and a set of aliphatic protons in the region 62.11-2.99.
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Figure 6. *"H NMR spectrum of title molecule.

V. RESULTS

Quantum chemical computations were carried out using DFT at B3LYP/6-311G++(d, p) level of theory
and the optimized parameters were investigated to predict and to understand their reactivity and be-
havior. The optimal structure was calculated using DFT and compared with the single crystal structure,
and the results were consistent. Moreover, the physicochemical properties of the title compound were
further clarified by the analysis of MEP, FMOs and NBO. The energy gap (AE) between the HOMO
and LUMO molecular orbitals was obtained as 3.2224 eV. This value shows that the molecule has a low
tendency to react chemically and that the molecule has a stable structure. The predicted MEP surface
reveals potential nucleophilic and electrophilic sites for chemical interactions. Notably, the negative
electrostatic potential region is prominently concentrated around O1 and O2, indicating the presence of
nucleophilic centers in this region. The Mulliken atomic charges of the molecule were calculated and it
was found that the carbonyl group and the nitrogen atom inductively withdraw electrons. The NBO
analysis indicated the intra and intermolecular charge transfer between the bonding and antibonding
orbitals. From NBO analysis it is observed that for the title compound n(N3)—oc*(N4-C10), 6*(C12—
C21)—0c*(C37-C43) interaction has highest stabilization energy of 184.60 kcal/mol, 266.86 kcal/mol,
respectively.

Finally, according to the theoretical data, the title molecule has high potential for application value in
the pharmaceutical and chemical fields.
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