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Theoretical investigation of 1H- and 3H-7-methyl-1,2,3-triazole[4,5-
c]pyridine tautomers and chemical quantum calculation have been studied
using density function theory (DFT) (PED, optimized bond lengths and
angles) at the B3LYP/6-31G(d,p) level.
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The result reveals Optimized bond lengths and angles in good agreement
with X-ray data of other triazole-pyridine compounds. The result of chemical
quantum calculation reveals that the vibrational characteristics of the triazole
compound display several distinct patterns that remain almost unchanged in
the vibrations of compounds containing the same structure. The vibrational
characteristics of the triazole-pyridine system show distinct patterns that are
consistent across similar compounds with the same core structure.
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The findings highlight the transferability of vibrational patterns in triazole-
pyridine systems, which is useful for spectroscopic identification and further
chemical design.

1 Introduction

Heterocyclic compounds are an integral part of organic
chemistry, constituting more than 65% of organic
chemistry (Pozharskii et al., 2011). They are cyclic
organic compounds in which the ring contains at least
one atom of an element other than carbon, and triazole-
pyridine compounds constitute an essential part of these
compounds used in various applications. Triazole
compounds are characterized by their biological effects
through their antibacterial, antifungal and antiparasitic
effects (Karnas et al., 2024; Marepu et al., 2018; Soumya
et al., 2017). Therefore, they have been used in the
manufacture of some medical antifungal drugs, such as
fluconazole and isavuconazole, and in the manufacture
of insecticides to protect plants from fungi, such as

paclobutrazol (Asif, 2015; Nagaraj et al., 2015; Tian et
al., 2024).

The triazole ring connected to the pyridine ring in the
studied compound is one of the essential electron-giving
compounds. Due to its chemical composition and
analysis of elements, it is also considered a material with
a high nitrogen content (Bhatia & Dewangan, 2024;
Zhao et al., 2023). They are used to prepare some drugs,
such as tazobactam and mubritinib (da SM Forezi et al.,
2018). In this paper, the Geometric optimization shape
of the compound was calculated (Obtaining the best
stable geometry for the compound) and the molecular
spectra of the compound were studied theoretically by
using density function theory (DFT).
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DFT is a versatile tool within the ab initio framework
that allows researchers to understand the electronic and
chemical properties of molecules across a wide range of
systems, making it applicable to various molecular
systems and their properties (Butera, 2024; Madsen et
al., 2021).

The main method for studying the molecular spectra of
any compound, no matter how complex the structure, is
infrared spectra, IR, which depends on the interaction of
infrared radiation with the molecules, where the
molecule absorbs this radiation and converts its energy
into vibrational energy for the atoms that construct the
molecule (Byrne et al.,, 2016). Each molecule has
different vibrational patterns that depend on the number
of atoms that make it up.

The main goal of the density functional theory is to
replace the wave function with the density function with
only three variables (x-position, y-position, and z-
position of the electrons) and make it a base for
calculation. Therefore, treating it as a mathematical or
physical concept is much easier. The DFT principle is a
reformulation of the quantum problem and its
transformation from an issue of a multiparticle system to
a single-particle matter (Zavatski et al., 2024). The
theoretical DFT results are quite satisfactorily close to
experimental data and relatively cheap with traditional
methods that consume both money and time (Koch &
Holthausen, 2015; Medvedev et al., 2017).

The results of chemical computing had an essential role
in studying and solving complex and overlapping
problems in the study of the system and seeing its results
clearly, which simplified the determination of the
structure of the studied system.

2  Chemical quantum calculation

The molecular structure of the studied compound was
studied at the theoretical density function (DFT) level
using the Lee-Yang-Parr correlation functional
(B3LYP), the 6-31G(d,p) basis has been used (Miehlich
et al., 1989).

IR wavenumbers as well as the band intensities were also
calculated at the same DFT level using Gaussian 09W
software (Frisch et al., 2009).

3 Results

The geometric parameters of the compound 1H & 3H-
TMTP[4,5-c] (Fig. 1-2) were calculated and compared
with the compound 1H&3H-7MTP[4-5-b] [6] (Fig. 3-4)
(see Table 1).

Fig. 3: 1H-7MTP[4,5-b] Fig. 4: 3H-7MTP[4,5-b]

Table 1: Calculated geometrical parameters of 7MTP(4,5-c) using DFT at B3LYP/6-31G(d,p) level, and comparison with
TMTP(4,5-b) (Lorenc et al., 2007)and experimental X-ray data for 7TMTPHcNO3.H20 (Dyminska et al., 2017)

Optimized parameters from DFT data B3LYP/6-31G(d,p)

Experimental values

Bond length (A°) TMTP(4,5-c) 7TMTP(4,5-b) (Lorenc et al., 2007)

and angles (%) 1H 3H 3H (Dyminska et al., 2017)
N1-N2/(N2-N3) 1372 A 1362 A 1.370 A 1.363 A 1352 A
N2=N3/(N1=N2) 1288 A A 1.293 1.289 A 1.293 A 1292 A
N1-C8/(N3-C9) 1361 A A1.365 1.361 A 1.363 A 1.343 A
N1-H12/(N3-H12) 1.008 A A1.009 1.008 A 1.009 A -
N3-C9/(N1-C8) 1382 A A1380 1.383 A 1378 A 1.381 A
C4-N5*(N4-C5) 1.326 A A1.330 1.327 A 1.334 A 1.320 A
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C6-C7 1391 A A1.391 1.389 A 1.392 A 1.365 A
C6-H11 1.088 A A1.087 1.086 A 1.086 A -
C4-H10*(C5-H10) 1.087 A A1.087 1.088 A 1.088 A --
C7-CH3 1504 A A1.501 1.504 A 1.501 A 1.493 A
C8-C9 1406 A A1.406 1411 A 1.407 A 1.392 A
C7-C8 1406 A A1.408 1.406 A 1.408 A 1.406 A
C13-H14 1.092 A A1.092 1.092 A 1.002 A --
C13-H15 1.096 A A1.095 1.096 A 1.095 A -
C13-H16 1.096 A 1.095 A 1.096 A 1.095 A --
N2=N3-C9/(N2=N1-C8)  108.5° 108.4° 108.4° 108.3° 107.5°
N1-N2-N3 108.7° 108.8° 109.0° 108.8° 109.8°
N2-N1-C8/(N2-N3-C9)  110.7° 110.7° 110.5° 110.7° 110.1°
C4-N5-C6*(C9-N4-C5)  118.9° 119.6° 114.0° 112.3° 123.9°
Table (2): vibrational normal modes of the 1H-7MTP and
v 5=3086 cm-1 v 5=3110 cm-1

3H-7MTP using DFT at the B3LYP/6-31G(d,p) level.

1H-7-methyl-1,2,3-
triazole[4,5-c]pyridine
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Fig.5:Theoretical infrared spectra of 1H,3H-7TMTP
isomers
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4  Discussion

The geometric structure of 7MTP has been studied in
several previous studies, and the double-ring system is
the main component of this compound.

The results of the experimental geometric parameters
(bond, lengths, and angles) of 7MTPHcNO3.H,0 [14]
and the geometric parameters of the compound 1H&3H-
TMTP[4,5-b] (Fig. 3-4) [6] were taken to compare them
with the theoretical results calculated for the two isomers
1H&3H-7MTP(4,5-c) (Fig. 1-2) using the theoretical
density function DFT at the level B3LYP/6-31G(d, p) as
in Table (1). The experimental and theoretical data agree
very well that the 7MTP skeleton is planar; a
discrepancy appears between the theoretical and
experimental data of the C-H bond in the pyridine ring
because the average length of the theoretical bond is
1.088 A° while the experimental one is .093 A°Q. In
contrast, the rest of the engineering parameters for all
bonds are close to each other, indicating that the B3LYP
function is suitable for predicting the geometry of the
studied compound.

The 7-MTP(4,5-c) has the formula CsHsN., and
according to the law (3N) for calculating the vibrational,
translational, and rotational movements, it has 48
movements, both for the 1H and 3H-tautomer. There
were three translational movements, three rotational
movements, and 42 vibrational movements (Carmer,
2002). These vibrations include 29 in-plane movements,
11 out-of-plane movements, and two movements are a
mixture of in-plane and out-of-plane (Clark, 1985).

e In-plane movements

There are three vibrational movements in the plane; v-
stretching, 6—bending, and 3T—trigonal def (see Table 2).

There are two types of Stretching and bending:
symmetric (s) and asymmetric (as).

Symmetric stretching appears in: (v-NH) at vl by 100%,
(v-CH) at vy, vs by 99%, 100% for the 1H-3H-isomers,
(v-CHa) at vg by 100%, the pyridine ring (v- ®P) at vg by
69%, and the rest of the pyridine ring symmetric
stretching appear as a mixture of vibrations for the 1H-
isomers at vz, Vg, V1o, V12, V15, V16 , V20, V24, V31, V32, and for
the 3H-isomers, they appear at vs by 57%, while the rest
of the stretching appear as mixtures at v7, vy, V12, V15, Vis,
Vis, V19, V20, V21, V25, V31, V32 (Dronskowski, 2008), and the

trizole ring ( v-®T) at vz, vi2, V15, V16, V17, V18, V19, V21, V23,
Vs, vog for 1H- isomers, and for 3H- isomers at v7, viy,
Vi1a, V15, V16, V18, V19, V23, V24, V2 (Schmidt et al., 2022).

Asymmetric stretching appears in: (vas - CHzs) at va, vs.

Symmetric bending appears in: (8s-CHs) at v13 by 68%,
92% for the 1H, 3H- isomers, and at vi4 for the 1H-
isomers, the pyridine ring (5-®P) at va1, va2, V35, Va7, Vag
for the isomers -1H and at vzs, V32, V35, V37, V39 for the -
3H isomers, and triazole ring (3-®T) at v24, V28, Va1, Va2
for the 1H- isomers and at vo1, Vo4, V25, Vo8, Va1, Va2 fOr the
3H- isomers.

Symmetric bending appears in: (das-CHzs) at vi1 by 93%,
92% for the 1H, 3H- isomers, and the rest of the
vibrations appear as a mixture at o, vio, v12 for the 1H-
isomers, and at vio for the 3H-isomers.

The trigonal def (87) appears in: the pyridine ring (37-
®p) at vig for the 1H- isomers and at vog for the 3H-
isomers (Dronskowski, 2008; Serdaroglu & Sahin,
2019).

oOut-of-plane movements

There are three types of vibrational movements out-of-
plane; y-bending, t-torsion, and tp-puckering.

The bending appears in: (y-CH) at vz, V27, v29 for the 1H-
isomers, and at vz, vo7 for 3H-isomers, (y- NH) at vao,
vaa, v3s for 1H isomers, and at vao, vas for 3H-isomer.

The twisting appears in; (1-CHs) at va by 92% for the
1H- isomers, and at v42 by 93% for the 3H- isomers, the
pyridine ring (t-®P) at vo6, Vg, Va3, Va4, Vag, Vao, Va1 for
the 1H-isomers and at vzg, V33, Vaa, Vs, va1 for the 3H-
isomers, the triazole ring (t-®T) at v29, V30, V33, V36, V3s
for the 1H, 3H-isomers.

Twisting of the pyridine ring and triazole ring together
(t-®P/®T) appears at vas, and vao for the -1H and -3H
isomers.

The puckering appears in: the pyridine ring (tp- ®P) at
Va7, Ve, and vas for the 1H, 3H-isomers.

e Mixture of in-plane and out-of-plane
movements

The rocking movement (p) is a mixture of vibrational
motions between in-plane and out-of-plane; it appears in
the (p-CHz) at v, by 80%, 78%
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for the 1H, 3H-isomers, and it appear as mixtures at vy1,
Va3, Va4 Tor the 1H-isomers, and at vas, vos for the 3H-
isomers (Schmidt et al., 2022).

Theoretical infrared spectra of 1H, and 3H-isomers show
in (Fig. 5).
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