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ABSTRACT

In this study, the spectroscopic characterization, frontier molecular orbital analysis, and
natural bond orbital analysis (NBO) analysis were executed to determine the movement of
electrons within the molecule and the stability, and charge delocalization of the 4H-1,2,4-
triazol-4-amine (4-AHT) through density functional theory (DFT) approach and B3LYP/6-
311++G(d,p) level of theory. Surface plots of the hybrids’ Molecular Electrostatic Potential
(MEP) revealed probable electrophilic and nucleophilic attacking sites. The discussed ligand
were observed to be characterized by various spectral studies (FT-IR, UV-Vis). The
calculated IR was found to be correlated with experimental values. The UV-Vis data of the
molecule was used to analyze the visible absorption maximum (Amax) using the time-
dependent DFT method. Since the principle of drug-likeness is usually used in combinatorial
chemistry to minimize depletion in pharmacological investigations and growth, drug-
likeness and ADME properties were calculated in this research to establish 4-AHT molecule
bioavailability. Furthermore, molecular docking studies were carried out. Molecular docking
analysis was performed for the title ligand inside the active site of the Epidermal Growth
Factor Receptor (EGFR). The title compound’s anti-tumor activity against the cancer cell, in
which EGFR is strongly expressed, prompted us to conduct molecular docking into the ATP
binding site of EGFR to predict whether this molecule has an analogous binding mode to the
EGFR inhibitors (PDB: ID: 1M17).

Cite this: Eur. J. Chem. 2021, 12(4), 401-411 Journal website: www.eurjchem.com

1. Introduction

properties of the Pt (II) complex of the 4-AHT molecule were
investigated using various spectroscopic techniques (IR, H-

1,2,4-Triazoles, broadly used as agricultural chemicals and
pharmaceuticals [1], are synthesized in chemical coordination
as a metal-azolate framework, and azole coordination polymers
[1-3]. Furthermore, 1,2,4-triazoles demonstrated a wide range
of bioactivities in the medicinal and agrochemical fields,
resulting in a plethora of therapeutically interesting drug
candidates with antimicrobial [4], anti-inflammatory [5],
analgesic [6], and anticancer activities [7,8]. Due to their
diverse properties, compounds containing the 1,2,4-triazole
ring, such as triadimefon, triadimenol, and flusilazole, which are
manufactured as commercial fungicides, may be the subject of
fungicide drug research [9-12].

4H-1,2,4-Triazol-4-amine (4-AHT), a nitrogen-rich ligand,
has extremely versatile coordination behavior [13]. Therefore,
existing research has focused on the spectroscopic properties,
synthesis, and crystal structures of complexes containing the 4-
AHT molecule. A study by Dirtu [14] worked on the crystal
structures and synthesis of Cu(ll) [NHztrz] mononuclear
complexes. In another study, the structure and spectroscopic

and 13C-NMR, UV-Vis, and mass spectroscopy) [15].

As far as we know, no experimental or theoretical studies of
the isolated on the ligand have been conducted. When it comes
to developing structure-property relationships, the 4-AHT
molecule has been extensively studied theoretically and
experimentally using spectroscopic methods such as FT-IR and
UV-Visible. The current work’s main aim was to perform
experimental and computational spectroscopic studies to
better understand the title molecule’s molecular geometry,
vibrational modes, HOMO-LUMO, and electronic excitation.
However, the NBO and NHO analyses have also been calculated
and discussed in details. The bioavailability and drug-likeness
screening of the title molecule was screened based on Lipinski’s
rule of five and ADME properties. The biological activity of the
4-AHT molecule was examined using molecular docking
analysis to determine hydrogen bond length and binding
energy against tyrosine kinase inhibitor (1M17) protein.
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Table 1. Optimized geometrical parameters of 4-amino-4H-1,2,4-triazole obtained by B3LYP/6311G++(d,p) basis set.

Parameters Bond lengths(A) Parameters Bond angles (°) Parameters Dihedral angles (°)
Calc. XRD * Calc. XRD * Calc.
C1-N3 1.367 1.335 N3-C1-H4 122.5 125.2 H4-C1-N3-C2 180.0
C1-H4 1.078 0.930 N3-C1-N7 110.3 109.7 H4-C1-N3-N8 0.0
C1-N7 1.305 1.306 H4-C1-N7 127.0 125.1 N7-C1-N3-C2 0.0
C2-N3 1.373 1.346 N3-C2-H5 123.4 125.2 N7-C1-N3-N8 -180.0
C2-H5 1.079 0.930 N3-C2-N6 110.2 109.7 N3-C1-N7-N6 0.0
C2-N6 1.305 1.297 H5-C2-N6 126.4 125.1 H4-C1-N7-N6 -180.0
N3-N8 1.401 1.419 C1-N3-C2 104.5 106.4 H5-C2-N3-C1 -180.0
N6-N7 1.386 1.382 C1-N3-N8 124.9 128.4 H5-C2-N3-N8 0.0
N8-H9 1.015 1.010 C2-N3-N8 130.5 125.0 N6-C2-N3-C1 0.0
N8-H10 1.015 1.010 C2-N6-N7 107.5 107.2 N6-C2-N3-N8 180.0
C1-N7-N6 107.3 107.0 N3-C2-N6-N7 0.0
N3-N8-H9 109.7 102.0 H5-C2-N6-N7 -180.0
N3-N8-H9 109.7 98.0 C1-N3-N8-H9 -119.7
H9-N8-H10 109.7 108.0 C1-N3-N8-H10 119.7
C2-N3-N8-H9 60.2
C2-N3-N8-H10 -60.2
C2-N6-N7-C1 0.0

* X-Ray data taken from [28].

Figure 1. Optimized molecular structure and numbering of 4-amino-4H-1,2,4-triazole.

2. Experimental
2.1. Spectroscopic measurement

Infrared spectrum of ligand was observed between 4000
and 400 cm? on Bruker FT-IR spectrometer with ATR
equipment.

2.2. Theoretical calculations

Density functional theory calculations were obtained with
GAUSSIAN 09 [16] and the molecule was pictured utilizing
GaussView programs [17]. The B3LYP method and B3LYP/6-
311G++(d,p) basis set were used for an optimized ground-state
geometry. The GaussView visualization program was used to
develop the molecular electrostatic potential (MEP) surface and
the frontier molecular orbitals. DOS diagram analysis was
conducted using the Gauss Sum 2.2 program [18]. The
absorption spectra were determined as the vertical electrical
excitation energies from the ground-state structure in DMSO by
time-dependent density functional theory [19]. TED (Total
Energy Distribution) values were computed by means of PQS
(Parallel Quantum Solutions) software [20]

The theoretical Raman intensities were calculated
according to the Equation (1),

-1
F=C(v,-0) 0" {I*exp(*%ﬂ St @)

where v;is the calculated frequency of normal mode @Q;, Si® is the
Raman scattering activity of the normal mode @, C is a constant
which is equal to 1x10-12 [21]. In this equation h, k, ¢, and T are
Planck and Boltzmann constants, speed of light and
temperature in Kelvin, respectively. vo is the excitation
frequency of the laser line (in this study we have used vo =
9398.5 cm! which corresponds to the wavelength of 1064 nm
of a Nd:YAG laser), and [iR is given in arbitrary units.

The physicochemical parameters of the title compound 4-
AHT were measured using Molinspiration software [22] to
predict drug-likeness behavior. Drug-likeness screening and
bioavailability, and pharmacokinetics profiles of the title
compound were calculated by ADME properties [23] on
preADMET online server [24]. Molecular docking was done on
Autodock 4.2.6 software [25] and the docking results were
analyzed using Discovery StudioVisualizer [26] and Pymol
software [27].

3. Result and discussion
3.1. Geometry optimization

The molecular geometry of 4-AHT with atom numbering
obtained by the B3LYP/6-311++G(d,p) method is shown in
Figure 1. All the bond lengths and bond angle values show small
deviations when compared to the calculated XRD values in
Table 1. Experimental X-ray crystal data results obtained by
Said [28] were used for comparison.

As seen from Figure 1, the molecular structure of 4-AHT
consists of the triazole ring and the -NH: group. This molecule
contains four C-N bonds, two N-N bonds, two C-H bonds, and
two N-H bonds. The C1-H4 and C2-H5 bond lengths calculated
are of the value 1.078 A which is slightly deviated from the
experimental data of a related molecule by 0.930 A [28]. The
calculated C-N bond lengths in the triazole ring are C1-N7 and
C2-N6 double bonds, 1.305 A, C1-N3 and C2-N3 single bonds,
1.367, 1.373 A, respectively. These values are similar to the
associated experimental values such as 1.306, 1.297, 1.335, and
1.346 A. The C-N bonds reveal impartial double bond properties
which are relative to the normal value of the single C-N bond
(1.47 A) and C-N bond 1.22 A assemble given in the literature
[28]. As seen in Table 1, the calculated N-H bond length in -NH>
group varies from 1.015 A by the B3LYP/6-311G (d,p). The
corresponding values are equal experimental XRD values (1.01

A).
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Table 2. Detailed assignments of fundamental vibrations and TED of 4-amino-4H-1,2,4-triazole.

No Mode Calculated Observed %TED ¢
Freq.2 Iirb Ira® IR Assignment 4
N A” 3570 16.57 37.12 - 85 unn
V23 A” 3482 1.31 100 - 85 unn
V22 A 3260 0.69 57.16 3227 s 70 vcn
Va1 A 3242 0.10 40.82 3107 s 70 vcn
V20 A” 1682 24.02 6.27 1686 m 50 unu+ 26 Snnu
V19 A 1527 37.38 7.29 1526's 28 ven + 14 unn + 19 Sncu + 16 Snen
V18 A 1493 1.48 0.67 1454 w 25 ven + 21 Snen + 14 Sucw
V17 A 1400 0.85 15.58 1379w 52 ven
Vie A” 1321 2.20 2.31 1316 w 34 unu+ 22 Snnvn + 16 Tennn
Vis A 1318 0.46 1.58 - 26 ven +15 uwn
Vi4 A 1211 0.75 3.42 - 23 &ncn + 37 Sucn
V13 A 1205 15.01 5.75 1194 vs 24 Sucn + 14 Snen
viz A 1070 3891 4.11 1074 vs 25 ven + 24 Snen + 14 Snen
Vi1 A 993 3.69 4.50 978 m 30 unn
V1o A 939 6.73 0.53 945 m 23 Sncn + 24 Senn +12 Fennn
Vo A” 882 100 1.22 873s 16 unu + 21 Snwn + 41 Fenvn
Vg A” 832 26.16 0.05 833 s 52 F'uenn + 21 Tuene
V7 A” 792 413 0.08 - 28 I'nene + 45 Taenn
Ve A” 688 0.50 0.18 - 13 Cuenn + 32 I'nenn
Vs A 681 5.42 5.02 677 m 13 unn + 20 Fennn
Va4 A” 613 30.18 0.11 615vs 15 T'uene + 20 Tnene + 26 Tenni
V3 A 386 7.84 0.96 - 12 ven + 47 Scnw
V2 A” 269 44.52 0.95 - 40 vunn + 18 I'enwn
V1 A” 206 0.05 0.26 - 20 unu + 24 Tewnn + 11 Thenn

a Scaled wavenumbers calculated at B3LYP/6-311G++(d,p) using scaling factors 0.9978.
b Relative absorption intensities and relative Raman intensities normalized with highest peak absorption equal to 100.
cTotal energy distribution calculated B3LYP/6-311G++(d,p) level, TED less than 10% are not shown.

dv-stretching, 8-in-plan bending, I'-torsion, s-strong, m-medium, w-weak, v-very.

Similarly, the bond angle computed for H-N-H in the present
investigation is 109.7°, which is comparable with the corres-
ponding experimental value of 108.0° for the related molecule
given by Said et al. [28].

When Said et al. measured the X-ray data of their prepared
title molecule, the maximum bond length deviation was 0.023
A, which corresponded to the calculated findings in this paper.
The experimental values are slightly higher than the optimized
values, as seen in the data in the table. A possible explanation
for this is that the experimental results are for molecules in a
solid state with intermolecular interactions and crystal packing
effects, while the theoretical measurements are for isolated
molecules in a gas state.

3.2. Assignment of vibrational spectra

Experimental infrared bands, computed frequencies, inten-
sities, and detailed assignments for the title molecule are given
in Table 2. Moreover, a comparison between the experimental
and theoretical FT-IR spectra was shown in Figure 2. Since non-
harmonic effects are ignored in the theoretical process, the
measured quantum chemical harmonic vibrational frequencies
are usually greater than the fundamentals found experi-
mentally [29-31]. In the current study, a scale factor of 0.9978
[32] was used to compare the experimental vibrational modes
with the theoretical frequencies for the 4-AHT molecule.

The presence of the H, N, and C atoms in the 4-AHT molecule
is obvious based on the optimized configuration and geometric
parameters of the molecule. Therefore, the vibration modes
that characterize C-H, N-H, C-N and N-N bonds must appear in
the FT-IR spectrum of the 4-AHT.

The IR band at 3319 cm! corresponds to the vi},vibration
of the hydrogen-bonded. The corresponding vy,is observed as
a split IR band at 3277 and 3180 cm-. This phenomenon is
common in systems with asymmetric hydrogen bonding
involving the primary amino group, and it is caused by the
Fermi resonance splitting of the corresponding band for vy,
[15]. The corresponding values for and should be 3570 and
3482 cml, respectively.

The obtained low-frequency change of the stretching
vibrations of the NHz group in the experimental IR spectrum is

explained by the NHz group’s involvement in intermolecular
NH-::N, which is common for other NH:-substituted hetero-
cycles [33,35,36]. The relatively intense IR band in molecules at
1686 cm! (medium) belongs to unuz (bending), while the
observed maximum at 1600-1500 cm! to the in-plane (i.p.)
vibrations of the aromatic skeleton [33-36]. The experimental
vibration evidence was found to be in strong harmony with the
theoretical vibration.

The presence of purely C-H vibrations in the experimental
FT-IR spectrum of the title molecule was shown by strong
infrared bands in the 3227 cm! (calculated at 3260 cm1, 70%
TED) and 3107 cm! (calculated at 3242 cm!, 70 % TED),
respectively.

Torsion CNNH vibrations were calculated at 1321, 939, 882
681, and 613 cm-l. These infrared bands were found to be at
1316 weak (16% TED), 945 medium (12% TED), 873 strong
(41% TED), 677 medium (20% TED), and 615 cm! very strong
(26% TED), respectively in the 4-AHT’s experimental FT-IR
spectrum.

The arrangement comprises a heterocyclic five-membered
ring (1,2,4-triazole) consisting of two carbon and three nitrogen
atoms [37], as determined by quantum chemical harmonic
vibrational frequencies (Figure 1). Based on this, it was fair to
conclude that the FT-IR spectrum of the title compound Joshi et
al. would show a significant number of infrared bands due to C-
N and N-N vibrations. Joshi et al. [30] reported the presence of
aromatic C-N stretching absorption at 1618 cm! in the
experimental FT-IR spectrum of 4-amino-5-[N’-(2-nitro-
benzylidene)-hydrazino]-2,4-dihydro-[1,2,4]-triazole-3-thione.
In another work [38], C-N stretching vibrations were observed
experimentally at wavenumbers of 1629 and 1528 cm. We
detected C-N stretching vibrations experimentally at 1526
(strong) and 1074 cm! (very strong), which coincide strongly
with the values calculated theoretically, 1527 (28% TED) and
1070 cm* (25% TED), respectively. It found the presence of N-
N stretching vibrations at wavenumber values of 978 and 677
cm! (medium). These modes calculated in the infrared band at
993 and 681 cm1with a 30% TED contribution assigned to N-N
stretching vibration, can be observed in the theoretical FT-IR
spectrum of 4-AHT as well (Figure 2, Table 2).
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Table 3. The second order perturbation energies E@ (kcal/mol) corresponding to the most important charge transfer interactions (donor-acceptor) in the

compound studied by B3LYP/6-11++G(d,p) method.

Donor NBO (i) Acceptor NBO (i) E®) (kcal/mol) 2 sj-si (a.u.) P F(i,j) (a.u) ©
n(N3) o%(C2-N6) 39.70 0.29 0.099
n(N3) o*(C1-N7) 39.63 0.30 0.100
a(C1-N7) o%(C2-N6) 14.43 0.32 0.064
a(C2-N6) o*(C1-N7) 13.26 0.33 0.062
n(N8) mx(C2-N3) 9.23 0.80 0.077
n(N6) mx(C2-N3) 6.10 0.81 0.063
n(N7) mx(C1-N3) 5.87 0.82 0.062
n(N6) RY*(C2) 4.99 1.42 0.076
n(N7) wx(C2-N6) 4.92 0.96 0.062
n(N7) RY*(C1) 4.89 1.50 0.077
n(C2-N6) x(N3-N8) 4.86 1.13 0.066
n(N6) mx(C1-N7) 4.80 0.96 0.061
7 (C1-N7) mx(N3-N8) 4.49 1.13 0.064
n(N3) mx(N8-H9) 4.28 0.68 0.054
n(N3) mx(N8-H10) 4.28 0.68 0.054
n(N6-N7) mx(C2-H5) 3.98 1.17 0.061
n(N6-N7) mx(C1-H4) 3.83 1.18 0.06
n(C1-H4) mx(N6-N7) 3.13 0.95 0.049
n(C2-H5) wx(N6-N7) 3.08 0.96 0.049
n(N3) RY*(C2) 3.02 1.35 0.064

o-Sigma bonds, 7-Pi bonds, 7: Lone pairs, RY*: Rydberg.

aE(2 means energy of hyper conjugative interactions.

b Energy difference between donor and acceptor i and j NBO orbitals.
¢F(i, j) is the Fock matrix element between i and j NBO orbitals.

a)
b)

Transmittance (o5 )

T T T T
3500 3250 3000 2750 1800 1600

T T T T T
1400 1200 1000 800 600

Wavenumber (cm™)

Figure 2. Experimental (a) and theoretical (b) FT-IR spectra of 4-amino-4H-1,2,4-triazole.

3.3. Natural bond orbital analysis

Natural bond orbital (NBO) analysis can provide an exact
Lewis structure of a molecule by using the highest percentage
of electron density of an orbital, and it is commonly recognized
as a sensitive tool for the analysis of intramolecular and
intermolecular interactions since it provides information on
interactions between filled and virtual orbitals [39]. The
distribution of electron density is measured in atoms and in
bonds between atoms by normal (localized) orbits in the field
of computer chemical chemistry.

NBO contains information such as donor (i), type, acceptor
(j), occupancy, E®), (j)-(i)b, F(i,j)c that E@ is calculated using
the formula below.

2

.. Fij
E® = AEij = qi(F(zi,j)/e]-_Si) ) (2)

Ej—¢&;

The value of the donor orbital is qgi, the diagonal elements
are g and g, and the off-diagonal NBO Fock matrix element is
Fj). Whatever the value of E( is, it means that the atoms are
interacting further.

The NBO analysis for the 4-AHT molecule was done to
determine non-bonding electron pairs between atoms and their
electron transfers using the B3LYP/6-311++G(d,p) method
(Table 3).

The orbital overlapping between bonding and antibonding
orbitals forms the title molecule intramolecular interaction

which result in intermolecular charge transfer basis electron
density and device stabilization. In the present study, strong
intramolecular hyper conjugative interaction was observed for
the bonding orbital ¢(C1-N7) distributed to the anti-bonding
orbital 0*(C2-N6) with a stabilization energy of 14.43 k] /mol. It
was seen that the intra-molecular interaction of ™ — m* was
between m(C2-N6) — m*(N3-N8) having E(@ = 4.86 kcal/mol.
Since the m type orbitals are weaker than the o type orbitals,
resulting in lowering of electron occupancy with associated
atoms. In addition, there was strong interaction between n(N3)
— 0* (C2-N6) with E(?=39.70 kcal/mol [40]. Because the E®
value is higher, there is more contact between electron donors
and electron acceptors, i.e., the donation propensity of electron
donors to electron acceptors is higher, resulting in the system’s
stability [41].

The natural localized molecular orbital (NLMO) analysis of
the 4-AHT molecule is a significant electron overlap, as shown
in Table 4, and NLMO is a slightly delocalized NBO [42]. The C1-
N3 orbital with 1.9869 electrons has 35.84% C1 character in a
spz45 hybrid and 64.16% N2 character in a sp'87 hybrid. The C1-
N7 orbital with 1.9828 electrons has a 42.58% C1 character in
asp8hybrid and 57.42% N7 character in a sp*78 hybrid (Table
4). The magnitudes of these coefficients demonstrate the
significance of the two hybrids in the creation of the bond. Since
nitrogen has a higher electronegativity, it has a higher
percentage of NBO in the molecule and therefore a higher
polarization coefficient.
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Table 4. Bond orbital analysis of 4-AHT on B3LYP/6-311++G(d,p) *.
Bond (A-B) EDenergy EDa EDg NBO sa pa da sB Ps

(%) (%) (%) (%) (%) (%) (%)
o(C1-N3) 1.9869 35.84 64.16 0.5986  (sp2.45) + 0.8010 x (sp1.87) 2893 7095 - 3488 65.08
o(C1-H4) 1.9828 60.74 39.26 0.7794 x (sp173) + 0.6266 x (sp) 3666 6331 - 99.94  0.06
a(C1-N7) 1.9894 42.58 57.42 0.6525 x (sp199) + 0.7578 x (sp78) 3464 6526 - 3598  63.90
n(C1-N7) 1.8896 42.70 57.30 0.6535 x (sp) + 0.7570 x (sp) 0.00 9980 - 0.00  99.82
a(C2-N3) 1.9890 35.94 64.06 0.5995 x (sp245) + 0.8004 x (sp183) 2895 7093 - 3529  64.67
a(C2-HS) 1.9833 60.31 39.69 0.7766 x (sp175) + 0.6300 x (sp) 3633  63.64 - 99.94  0.06
a(C2-N6) 1.9887 42.68 57.32 0.6533 x (sp196) + 0.7571 x (sp178) 3494 6496 - 3595  63.93
n(C2-N6) 1.8977 43.88 56.12 0.6624 x (sp) + 0.7491 x (sp) 000 9982 - 0.00  99.82
o(N3-N8) 1.9944 54.52 45.48 0.7383 x (sp23) + 0.6744 x (sp27) 29.74 7020 - 25.80  74.07
a(N6-N7) 1.9738 50.14 49.86 0.7081 x (sp12d001) + 0.7061 x (sp316d0o1) 2423 7561 016 2403 7581
o(N8-H9) 1.9891 68.40 31.60 0.8270 x (sp274) + 0.5622 x (sp) 2669 7322 - 99.93  0.07
o(N8-H10) 1.9891 68.40 31.60 0.8270 x (sp274) + 0.5622 x (sp) 2669 7322 - 99.93  0.07
n(N6) 1.9425 - - (sp5°d) 4004 5988 008 - -
n(N7) 1.9434 - - (spt#&d) 4022 5970 008 - -
o*(C1-N3) 0.0412 64.16 35.84 0.8010  (sp245)-0.5986 x (sp1#7) 2893 7095 - 3488  65.08
o*(C1-H4) 0.0172 39.26 60.74 0.6266 x (sp173)-0.7794 x (sp) 3666 6331 - 99.94  0.06
o*(C1-N7) 0.0148 57.42 42.58 0.7578 x (sp1-#8)-0.6525 x (sp178) 3464 6526 - 3598  63.90
7(C1-N7) 0.3033 57.30 42.70 0.7570 x (sp)-0.6535 x (sp) 000 9980 - 0.00  99.82
o*(C2-N3) 0.0481 64.06 35.94 0.8004 x (sp245)-0.5995 x (sp63) 2895 7093 - 3529  64.67
o*(C2-H5) 0.0178 39.69 60.31 0.6300 x (sp175)-0.7766 x (sp) 3633  63.64 - 99.94  0.06
a*(C2-N6) 0.0160 57.32 42.68 0.7571  (sp186)-0.6533 x (sp178) 3494 6496 - 3595  63.93
7*(C2-N6) 0.3098 56.12 0.00 0.7491 x (sp) 0.00 9982 - 0.00  0.00
o*(N3-N8) 0.0256 45.48 54.52 0.6744 x (sp236)-0.7383 x (sp287) 29.74 7020 - 25.80  74.07
o*(N6-N7) 0.0164 49.86 50.14 0.7061 x (sp312d001)-0.7081 x (sp316d0.01) 2423 7561 016 2403 7581
o*(N8-H9) 0.0102 31.60 68.40 0.5622 x (sp274)-0.8270 x (sp) 2669 7322 - 99.93  0.07
o*(N8-H10) 0.0102 31.60 68.40 0.5622 x (sp274)-0.8270 x (sp) 2669 7322 - 99.93  0.07

* ED: occupancy, EDa, EDs: Percent contribution of occupancy from A and B atoms, NBO: Hybrids, sa, pa, ss, ps percentage s-character, p-character, d-character

each atom.

Table 5. The NHO data obtained at B3BLYP/6-311++G(d,p) level of theory for 4-AHT, which include NHO directionally and bending angles (deviations from line
of nuclear centers) *.

NBO Line of centers Hybrid 1 Hybrid 2

0 [ 0 [ Dev. 0 [ Dev.
m(C1-N3) 90.0 51.2 90.0 49.4 1.8 90.0 238.5 7.3
m(C1-N7) 90.0 161.6 - - - 90.0 339.5 2.0
o(C1-N7) 90.0 161.6 0 0.0 90.0 0.0 0.0 90.0
m(C2-N3) 90.0 306.6 90.0 309.8 3.2 90.0 118.0 8.6
m(C2-H5) 90.0 70.0 90.0 69.0 1.1 - - -
m(C2-N6) 90.0 196.5 - - - 90.0 18.5 2.1
o(C2-N6) 90.0 196.5 0.0 0.0 90.0 0.0 0.0 90.0
m(N3-N8) 90.0 356.1 90.0 358.8 2.7 - - -
n(N3) - - 0.0 0.0 - - - -
n(N6) - - 90.0 147.5 - - - -
n(N7) - - 90.0 210.3 - - - -
m(N8) - - 90.0 283.6 - - - -
0*(C1-N7) 90.0 161.6 0.0 0.0 90.0 0.0 0.0 90.0
0*(C2-N6) 90.0 196.5 0.0 0.0 90.0 0.0 0.0 90.0

* 0 and @ spherical polar angles. Dev: The deviation angle from line of the centers between the bonded nuclei.

Natural hybrid orbitals (NHOs) are the product of unitary
transformation of a symmetrically orthogonalized hybrid
orbital based on a single atom into a regular atomic orbital
(NAO). In the simple bond orbital picture, an NBO is an orbital
formed from NHOs. The NBO for a localized o-bond between
atoms A and B, is defined as:

Oap = Cahy + cghyp (3)

where ha and hg are the natural hybrids centred on atoms A and
B and ca and cg are the polarization coefficients for atoms A and
B. The spherical polar angles teta (6) and phi (¢) from the
nucleus, as well as the deviation angle Dev from the line
connecting the bonded nuclei, determine the position of each
hybrid. Generally, for the sp* d* hybrids, the hybrid orientation
is numerically calculated to equate to the highest angular
amplitude. It is then compared to the direction of the
internuclear axis to calculate the degree of bending in the bond
as the deviation angle between them. In terms of the 4-AHT
molecule, the NHO of the (C-N) bond is more bent away from
the line of C1- N7, C2-N6 centres by 90° as a result of the
conjugative effect of strong charge transfer and steric effect,
while C1-N3, and C2-N3 centres deviate by 7.3 and 8.6°
respectively. A little lower bending effect of 2.0° is also noticed
on the m(Ci-N7), m(Cz2-N¢) title molecule. The critical data

collected from Table 5 can be used to predict the course of
geometry shifts caused by geometrical optimization.

3.4. Electronic properties
3.4.1. UV-Visible spectral analysis

The theoretical UV-Visible spectrum of the title molecule in
DMSO was calculated by using the TD-DFT/B3LYP/6-
311+G(d,p) method. The calculated results involving the
excited electronic states, vertical excitation energies, excited
electronic states, oscillator strength (f) and wavelength are
presented in Table 6. The oscillator strength was used to
quantify absorptivity as well as the sensitivity of an electronic
transition (i.e. how strongly the particular electronic transition
is allowed) [43]. The electronic transitions were assigned
depending on the main contribution of molecular orbitals, with
the orbital contributions of 10% being neglected. The visible
absorption maxima of the title molecule correspond to electron
transfers between frontier orbitals, such as conversion from
HOMO to LUMO, according to molecular orbital geometry
calculations. Among the absorption peaks found in the title
compound’s calculated UV-Vis spectrum, the bands at 159 and
152 nm were found to be significantly more intense than those
at 197, 184, and 175 nmin the measured UV-Vis spectrum of
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Table 6. Theoretical electronic absorption spectrum values of 4-amino-4H-1,2,4-triazole *.

Wavelength A (nm) Excitation energies (eV) Excited state Oscillator strengths (f)
197 6.2931 (H - L+a) (H - Lus) 0.0145
189 6.5414 (H-2 = L+1) (H-2 = L+4) (H-1 = L+1) (H-1 - Lus) 0.0741
184 6.7272 (H - Li2) (H- Lu3) 0.0204
175 7.0463 (H-4—> L) (H-3 > L) (H-2 > Ls1) (H-1 > L+4) 0.0322
159 7.7776 (H-1 - L+4) (39%) (H-z = L+s) (10%) (H — Ls7) (20%) 0.1309
159 7.8030 (H-2 = L+1) (H-2 > Lus) (H-1 > Lis) (H > Li7) 0.0136
154 8.0511 (H-2 = L+1) (H-2 = Lis) (H-1 = Lisa) (H-1 - Lus) 0.0178
152 8.1305 (H-2 = L+4) (3%) (H-1— Lus) (10%) (H - L+s) (59%) 0.0903

*H: HOMO, L: LUMO.

Table 7. The calculated HOMO-LUMO energy gaps and quantum chemical properties of title compound at DFT-B3LYP/6-311++G(d,p) *.

No Molecular orbitals Energy Energy gap I A n X e c u) AEback-donation
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)? (eV)1 (eV)
1 H -7.18 AEy_;, 6.26 7.18 0.92 3.13 4.05 -4.05 0.32 2.62 -0.78
L -0.92
2 H-1 -7.65 AEy_ 1, 7.15 7.65 0.50 3.57 4.08 -4.08 0.28 2.33 -0.89
L+1 -0.50
3 H-2 -8.48 AEy_, .., 8.72 8.48 -0.25 4.36 4.11 -4.11 0.23 1.94 -1.09
L+2 0.25

*1: Ionization potential, A: Electron affinity, n: Global hardness, x: Electronegativity, ji.: Chemical potential, o: Global softness, w: Global electrophilicity, H: HOMO,

(1-4)  _ —(1+4)
2 P72

L: LUMO, I = -Enomo , A = -ELumo, 1 = G

)

Ervmon=—0.50 eV '

AE =7.15eV 9
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Figure 3. Frontier molecular orbitals of the 4-amino-4H-1,2,4-triazole.

the compound. As a result, it was fair to conclude that
transitions at wavelengths of 159 and 152 nm would have a
greater chance of occurring than those at 197 and 175 nm. The
first excited state (197 nm) with a transition energy of 6.2931
eV and vanishing oscillator strength of 0.0145 represents the
transitions H—-L«4 and H-L:s (Table 6). Maximum UV-Vis
radiation absorption was also observed at 159 nm with an
oscillator strength of f = 0.1309. This absorption band orbital
transition H-1—L+s has a contribution of 39%. The electron
transition H-L reflects a charge transfer between the 1,2,4-
triazole ring and amino group in the configuration of the 4-AHT
molecule, since the HOMO and LUMO are delocalized on the
cation and anion, respectively.

3.4.2. HOMO-LUMO analysis and density of state

The energy levels of molecular orbitals and density of state
(DOS) were computed by the DFT-B3LYP/6-311++G(d,p)
method and the diagrams of HOMO and LUMO are shown in
Figure 3. The red color indicates the positive phase, while the
green color indicates the negative phase, as seen in Figure 3.
Furthermore, HOMO orbitals were located on the whole
molecule. While LUMO orbitals have mostly been localized on
the -NHz group and partially located on (N3-C1), (C2-H5) bonds
in the triazole ring (Figure 3).

The importance of HOMO and LUMO energy can be used to
describe a molecule’s potential to donate and receive electrons.

Electronic and optical properties, luminescence, photochemical
reactions, UV-Vis, quantum chemistry, and pharmaceutical
research all benefit from understanding molecular orbitals, as
well as biological processes [44-46]. The FMO’s energy gap
(AEnomo- Lumo) of the described organic molecule was found to
be 6.26 eV, which explains the charge transfer interactions
within the molecule. Moreover, by using HOMO and LUMO
energy values for 4-AHT, electron affinity (A), electronegativity
(x), ionization potential (I), chemical potential (u.), softness
(o), hardness () and electrophilicity index (w) can be
computed as their values are listed in Table 7. The chemical
softness of the title molecule is 0.32 eV, while the chemical
hardness is 3.13 eV, indicating that the 4-AHT molecule has
strength as well as good chemical stability. The calculated value
of the electrophilicity index was found to have 2.62 eV. The
electrophilicity index of a molecule shows a compound’s ability
to bind to biomolecules [44-46]. The higher the value of the
electrophilicity index of the described molecule, the greater its
binding potential with biomolecules and its ability to function
as an electrophilic species.

The density of states (DOS), a key concept in quantum
chemistry and physics, is the number of electronic states in a
unit energy interval [47]. The occupied and unoccupied
molecular orbitals of the corresponding molecule are visually
represented in the DOS spectrum [48]. DOS contributions
reinforced the facts obtained by FMOs. The graphs of DOS
calculations are shown in Figure 4.
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Table 8. Comparison of NBO, Hirshfeld and APT atomic charges for title compound at B3LYP method with 6311++G(d,p) basis set.

Atoms APT Hirshfeld NBO
C1 0.246 0.055 0.195
Cz2 0.199 0.043 0.167
N3 -0.165 -0.001 -0.271
Ha 0.100 0.074 0.210
Hs 0.087 0.069 0.200
N6 -0.295 -0.173 -0.297
N7 -0.295 -0.176 -0.306
Ns -0.175 -0.151 -0.622
Ho 0.149 0.130 0.362
Hio 0.149 0.130 0.362
6 - 005 spectrum
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Figure 4. Density of states diagram for 4-amino-4H-1,2,4-triazole.
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Figure 5. 3D and 2D molecular surface maps of 4-amino-4H-1,2,4-triazole.

3.5. Molecular electrostatic potential

The molecular electrostatic potential (MESP) surface for the
4-AHT molecule can be seen as a plot of electrostatic potential
on total electron density. It depicts the distribution of charge or
electron density within the molecule. Figure 5 shows MEP, 3D,
and 2D contour plot maps of the 4-AHT created with the
GaussView 5.0 visualization program. The varying values of the
electrostatic potential are represented by varying colors. That
is, blue, green, and red colors show the regions of the most
positive electrostatic potential, the region of zero potential, and
the regions of the most negative electrostatic potential,
respectively [49]. Here, the positive electrostatic potential (blue
region) is related to the repulsion of a proton by the nuclei,
whereas the negative electrostatic potential (red and yellow)
corresponds to the attraction of a proton by the molecule’s
accumulated electron density. The color range for the potential
map varies from -6.562 to 6.562. As seen in Figure 5, the
negative electrostatic potential (red regions) is primarily
located over nitrogen atoms (N6-N7), which are the most
reactive sites for an electrophilic attack, while the positive
electrostatic potential (blue region) is primarily located around

the -NH: group, which is the most reactive location for a
nucleophilic attack.

3.6. Charge analysis and Fukui functions

The molecule’s charge distribution has a major effect on the
vibrational spectra. The Hirshfeld, APT, and NBO atomic
charges and Fukui functions of the 4-AHT molecule were
calculated by the computational method of DFT/B3LYP with a
6-311++G(d,p) basis set. Atomic charge distribution research
reveals the magnitude of individual net charges exhibited by
atoms. Calculated atomic charge results are shown in Table 8.

It showed in the table that the nitrogen atoms had negative
charge and the calculated amount of negative charge for atoms
N6, N7 was more than all and it was equal to -0.295 (in APT).
The triazole ring’s nitrogen atom N3, which is directly attached
to the amino group, has the lowest negative charge in the ring.
However, carbon atoms C1 and C2 had a positive charge
because they were present in the C-N structure. As a result,
nitrogen’s electronegativity was greater than carbon’s, and it
absorbed electrons into itself.
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Table 9. Condensed Fukui functions calculated from Hirshfeld charges.

Atoms F [ i FIE FIf

C1 0.187 0.028 0.115 0.143 0.234
Cz 0.187 0.029 0.127 0.118 0.364
N3 0.046 -0.002 0.022 0.048 -0.044
Ha 0.072 0.040 0.056 0.031 0.565
Hs 0.072 0.035 0.104 -0.063 0.486
Ne 0.154 0.033 0.094 0.121 0.215
N7 0.169 0.037 0.103 0.132 0.218
Ng 0.043 0.039 0.039 0.006 0.847
Ho 0.033 0.299 0.166 -0.265 8.865
Hio 0.033 0.299 0.166 -0.265 8.865

Table 10. Probabilities for ADME and Drug-Likeness properties of 4-amino-4H-1,2,4-triazole.

Compound HBD HBA TPSA

Gl absorption BBB

Caco2 permeability HIA Bioavailability score

4-AHT 2 4 56.74 High

9.29 88.32 0.55

* HBD: Hydrogen Bond Donor, HBA: Hydrogen bond acceptor, MR: Molar refractivity, TPSA: Topological polar surface area, BBB: blood-brain barrier penetration.

Fukui functions are related to the frontier orbital principle
in partbecause itaddresses how nucleophiles attract the HOMO
while depositing their excess electrons in the LUMO [50]. Fukui
functions are evaluated based on the finite difference (FD)
methodology for the molecule for neutral, cationic and anionic
charge values of optimized molecular geometry.

The Fukui functions are calculated by the following
equations [51]:

fi* = ax(N + 1) — g, (N) for nucleophilic attack 4)
fim = ax(N) — qi(N — 1) for electrophilic attack 5

f?=(1/2) [ q(N + 1) = q,(N — 1)] for neutral (radical)
attack (6)

In these equations q is the atomic charges and (N), (N-1),
(N+1) are the neutral, cationic and anionic species of the
molecule. The highest value of the (f;’/ff) ratio is relative
electrophilicity and the highest value of the (fj_/ff) ratio is
relative nucleophilicity.

The calculated Fukui functions for title molecule are
presented in Table 9. According to the data provided within the
table, f]-+ value of carbon atoms and f;~ value of amino group
have maximum values. According to the equations, C1 and C2
atoms are the most prone to nucleophilic attack, while N8
atoms are the most prone to electrophilic attack in the title
molecule (Table 9). The Fukui function analysis findings align
well with the MEP and charge distribution results.

3.7. Drug-Likeness and ADME Analysis

The 4-AHT molecule has been tested for drug-likeness and
ADME parameters in order to assess its ability for use as an
active component in many novel pharmaceutical products. The
pharmacokinetic parameters of absorption, delivery, meta-
bolism, and excretion of a living body can be studied using drug-
likeness data [52]. The computed values of drug-likeness and
ADME parameters have been summarized in Table 10 should
take values according to Lipinski’s rule of five [53]. According
to the Lipinski rule of five (MW < 500, (milogP) must be < 5,
number of H bond donors must be < 10 and H bond acceptors
must be < 10, any chemical compound as an oral drug would be
biologically active provided it did not break more than one of
the suggested laws, commonly known as Pfizer’s law of five. The
octanol/water partition coefficient (milogP) values of any
substance determine its hydrophilicity, which determines
toxicity, absorption, and drug-receptor interactions. The data of
milogP not visible in the table was calculated as 1,16. In
addition, TPSA (Total polar surface area) (<140) in the
acceptable range [54,55]. The drug-likeness parameters
obtained in this study met Lipinski’s rule of five.

The acceptable range of Blood-brain barrier penetration
(BBB) for an ideal drug candidate, in accordance with its entry
into the central nervous system, is 0.73-0.91 [56], which
indicates that this molecule is 0.180 not in the acceptable range.
The negative Kp value (-7.40) indicated poor skin permeability
resulting in good oral absorption. In the event of accidental
contact with skin, no effect will be observed. The PPB value was
less than 90 %. The bioavailability score was found to be 0.55.
In terms of bioavailability, drug likeness behavior is critical for
becoming an oral drug. The HIA value indicated good oral
absorption of the compound. The Caco-2 (colorectal carcinoma)
cell permeability values were between 4-70 considered mode-
rately permeable. Analysis of these results shows that com-
pounds were predicted to have human intestinal absorption
(HIA) and Caco-2 (colorectal carcinoma) cell permeability.

When the physicochemical properties of the molecule
found by the Lipinski’s rule are combined with the ADME
results, it has good drug-likeness properties. These results
definitely support the pharmaceutical potential of the title
molecule.

3.8. Molecular docking

1,2,4-triazole derivatives have anticancer and EGFR
inhibitory activities [57]. The epidermal growth factor receptor
(EGFR) is an ErbB family receptor tyrosine kinase (RTK) [2].
Aberrant activity of EGFR has been observed in various human
cancers, such as non-small cell lung cancer (NSCLC), head and
neck cancer, breast cancer, and colorectal cancer. Also, EGFR
has a more selective role and could be a preferred target for
anticancer agents. The title compound will be molecular docked
within the active site of EGFR to confirm its possible mode of
action within the enzyme. To demonstrate the active
compound’s anti-cancer activity, the 4-AHT molecule was
docked against the ATP-active sites of EGFR using the 3D
protein structure (PDB ID: 1M17) retrieved from the protein
data bank for EGFR [58,59]. The Ramachandran plot is used to
check the protein’s quality. As seen in Figure 6, all residues are
present within the permitted region.

A molecular docking study was performed to determine the
existence of the inter-molecular interactions between the target
protein (1M17) and the ligand compound. The study of protein-
ligand interactions is critical in structurally based drug design.
Molecular docking tests yielded binding energy, full fitness
score, hydrogen bond location and length values of each ligand-
protein pair. The binding energy value against anticancer
protein is -6.07, indicating that the drug has a high affinity to
bind and is highly active. Also, the full fitness score of the
docked structure was found to be -2206.43 kcal/mol.

Figure 7 showed amino acid residues that have H-bond
interactions with the ligands. The 3D and 2D diagrams showed
the binding sites of the ligands within the macromolecule 1M17
(Figures 7 and 8).
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Figure 7. (a) 2D model of interaction between amino acid residues and ligand with types of bond (b) 3D model of 4-AHT ligand bonded with active site of EGFR
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Figure 8. (a) Molecular docked model of 4-AHT ligand into the active site of EGFR (b) The hydrophobic surface model of the compound with EGFR (PDB code:

1M17) obtained by PyMOL Software.

As can be seen from the results, the hydrogen bonding of
the active site of residues was demonstrated. The computed
results show that LEU 814, ALA 858, SER 861, SER 871, SER 875
amino acids form a hydrogen bond interaction with bond length
of 2.96, 2.69, 2.16, 2.88, 1.97 A, respectively. The N7 of the
triazole ring and the amino group were the most important for
formation of the hydrogen bonds. SER814 forms two H bonds
with N in the triazole ring. In addition, SER875, an H bond with
N in the triazole ring, and SER861 interactions with amine
group are important interactions for protein of PDB ID:1M17.
ARG 812 amino acid interact with the molecule’s triazole ring
via a pi-alkyl (3.47 &) interaction. In protein-ligand interactions,
bond length < 3 A indicates a strong hydrogen bond interaction

[60]. This analysis shows that the 4-AHT molecule may indicate
inhibitory activity against protein inhibitors.

4. Conclusions

The experimental geometric parameters of 4-AHT in the
literature agree with the values calculated by the DFT method.
Simultaneously, it was discovered that the experimentally
recorded FT-IR spectra were well compatible with the
calculated vibration waves. The UV-Vis study absorption
maximum of the title molecule corresponds to electron
transfers between frontier orbitals, such as conversion from
HOMO to LUMO, according to molecular orbital geometry
calculations. Among the absorption peaks revealed in the title
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compound’s calculated UV-Vis spectrum, the bands at 159 and
152 nm were found to be significantly intense. The identified
HOMO-LUMO energy gap was discovered to be 6.26 eV, which
explains the charge transfer relationships within the molecule.
The calculated softness and hardness values of the 4-AHT
molecule indicate that it has good chemical stability as well as
molecule strength. According to the MEP diagram, the NH:
group has the highest positive potential, while the predo-
minantly located over nitrogen atoms (N6-N7) have the highest
negative potential in the corresponding area, which is the most
reactive for a nucleophilic attack. The NBO analysis has
identified significant intramolecular charge transfer interac-
tions in the molecule, all kinds of interactions. The calculated
drug-likeness and ADME properties demonstrated that the
physicochemical properties of the title molecule follow
Lipinski’s rule. Also, these results show that this molecule has
considerable pharmaceutical potential. Finally, the interactions
between 4-AHT and the EGFR protein demonstrate that the
electrostatic, hydrophobic, and hydrogen bonds, as well as the
binding energy values, suggest that the ligand bind to the EGFR
protein and that the 4-AHT molecule has pharmacological
properties.
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