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Theoretical Study of Tautomeric Conformations for

1,2,4-Triazole Derivatives

Radia Mahboub*

We have performing theoretical calculations of the 1,2,4-triazole derivatives using DFT B3LYP method to study
the tautomeric conformations of 1,2,4-triazole-3-thiol (TL 2A and TL 2C) and 1,2,4-triazole-3-thione (TL 2B)
derivatives. Then, we compare the obtained results to methyltriazole thioether (MTE 1). The full geometry
optimizations were carried out using 6-31G basis set. The frontier orbital energy, atomic net charges were

discussed.
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1. Introduction

Triazole derivatives have attracted a large number of
scientists. Triazoles are used as analytical reagent [1], dye [2]
and in the preparation of polymers [3]. Their important
applications appear in the fields of medicine [4, 5] agriculture
[6] and industry [7]. In 1885, Bladin was the first to
synthesized 1,2,4-triazole derivatives [8, 9]. Recently,
synthesis of 1,2,3-triazole has conducted via C-F bond
cleavage [10]. Different methods have been used to prepare
1,2,4-triazole derivatives. The best known are Pellizzari and
Einhorn-Brunner reactions [11]. Authors have used various
series of compounds as: i) carboxylic acid hydrazide [12], ii)
1,3,5-triazine [13], iii) oxazole [14], iv) thiosemicarbazide [15],
v) urea [16] and vi) acid chloride [17] for preparing 1,2,4-
triazoles. Numerous bioactive sulfur-related 1,2,4-triazole
have been reported for their different activity, such as
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antibacterial [18, 19], anti-tumor [20], anti-HIV [21], and anti-
TMV [22]. The C-substituted 1,2,4-triazoles have been widely
studied experimentally and computationally in many areas
for their tautomeric equilibrium. The tautomeric equilibrium
of substituted 1,2,4-triazoles has been widely studied to
elucidate the influence of the substituents attached to the
triazole ring or introduced on the phenyl ring linked to the
triazole. The tautomers effects affect the reactivity of
compounds in chemical processes as: alkylation, acylation
and nucleophilic substitution; biological and biochemical
systems through their equilibrium. Tautomerism is important
for many biological and biochemical processes. It is an
essential factor which can modify the properties of nucleic
acids. As a result, the adoption of a tautomeric form may
influence the bioactivity of potential new drugs [23-29].
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In the present paper, we have evaluated the performance
of DFT B3LYP method in the study of the tautomeric
conformations of some 1,2,4-triazole derivatives : 4-amino-5-
phenyl-4H-1,2,4-triazole-3-thiol 2A, 4-amino-5-phenyl-2H-1,2,4-
triazole-3-thione 2B, and 4-amino-5-phenyl-4H-1,2,4-triazole-3-
thiol 2C (respectively TL 2A, TN 2B and TL 2C) then to
compared the obtained results to 4-amino-3-methylthio-5-
phenyl-4H-1,2,4-triazole 1 (MTE 1) (Fig. 1).

Fig. 1. Structures of 1,2,4-triazoles.

2. Results and Discussion

Our objective was to study the following tautomers: 4-
amino-5-phenyl-4H-1,2,4-triazole-3-thiol 2A [30, 11] 4-amino-
5-phenyl-2H-1,2,4-triazole-3-thione 2B, and 4-amino-5-phenyl-
4H-1,2,4-triazole-3-thiol 2C (respectively TL 2A, TN 2B and TL
2C) then to compared the obtained results to 4-amino-3-
methylthio-5-phenyl-4H-1,2,4-triazole 1 (MTE 1) [31]. For the
last compound, we have chosen the most stable
conformation which correspond to the cis-form (with torsion
angle ¢1(N4-03-S-Me) = 1800).

The thiol group has two properties. The TL 2A structure
can exchange the proton with nitrogen in position 2 and give
thione TN 2B. Thus, the stability of the tautomer depends on
the conjugation and the resonance of the structures.
Furthermore, the thiol group can rotate freely and leads to
the existence of two tautomers TL 2A and TL 2C. The two
tautomers have specific conformations with different torsion
angles (TL 2A: ®TacasH) = 180°, ®2n2c3shy= 0°% TL 2C:
DT (naca-sH) = 0°, D2n2-cashy= 180°) (Fig. 2).
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Fig. 2. Tautomeric conformations: of 4-amino-5-phenyl-2H-
1,2 ,4-triazole-3-thione TN 2B, and 4-amino-5-phenyl-4H-1,2,4-
triazole-3-thiols: TL 2A and TL 2C.

From the DFT B3LYP method, we have evaluated: i)
frontier molecular orbital (HOMO and LUMO), ii) chemical
hardness (n), iii) electrophilicity index (w) and iv) fraction of
electrons AN. These results are listed in Table 1. Based on
the frontier molecular orbital theory, HOMO and LUMO are
the most important factors which can affect the reactivity of
molecule. The energy gap (EG) between the HOMO and
LUMO describes an important stability factor [32-34].

Our simulated results reveal that the tautomer thione TN
2B has a high reactivity if compared to that of MTE 1 and
relative to TL 2A and TL 2C (Table 1, entry 6). In contrast, the
chemical hardness n of TL 2A is higher than that to tautomer
TL 2C and thionic form TN 2B (Table 1, entry 7). The TL 2C
conformation results from the formation of intramolecular
hydrogen bond S-H-NH,. Thus, this molecule adopts a
pseudo-five hydrazinylmethanethiol ring. At the opposite, we
note that the electrophilicity index w increases with
electrophilic power of a molecule (TN 2B) and withdrawing
effect of nitrogen in the intramolecular hydrogen bond (TL
2C) (Table 1, entry 10).

We conclude that this equilibrium is shifted towards the
most stable tautomer following the order TN 2B> TL2A>
TL2C. As a result, the thionic form is predominant and may
influence receptor activity.

Table 1. Quantum chemical parameters for different triazoles with DFT B3LYP method.

Entry Parameter MTE 1 TL 2A TN 2B TL2C
1 E:(eV) -26282.493 -25212.895 -259.311 -25212.822
2 u (D) 4311 4.697 3.686 7.588
3 IP (eV) 5.922 6.149 5.768 6.177
4 HOMO (eV) -5.922 -6.149 -5.768 -6.177
5 LUMO (eV) -1.106 -1.056 -1.415 -1.252
6 EG (eV) 4.816 5.093 4.353 4.925
7 n (eV) 2.408 2.546 2.176 2.463
8 o (eV") 0.415 0.393 0.460 0.406
9 X (eV) 3.514 3.603 3.591 3.714
10 w (eV) 2.564 2.550 2.966 2.800
11 AN10) 0.271 0.239 0.289 0.224

The fraction of electrons AN transferred between _ (@re(y19)=Xinh)
AN110y = ———— (2)

inhibitor molecules and the metal surface can be estimated
according to the following equations 1 and 2 [35, 36]:
(Xmet—Xinh) (1 )

AN(IIO) - 2(Minn+Mmet)

2Ninn

where Preyyg = 482 EV is the metal work function used

rather than yz,, more suitable for an adsorbate-metal
surface interaction and high stability [35, 37], and 7z, = 0.
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Table 1 shows that all the AN values calculated for the
interaction between the inhibitory molecules and the Fe@1g)
surface are positive. This result indicates that all these
molecules have the ability to donate electrons to the vacant
orbital d of the metal (Fe). Thus, calculated AN values of the
inhibitors decrease by the order of TN 2B > MTE 1 > TL 2A >
TL 2C, which allows a better capacity for adsorption of TN 2B

9

MTE 1 HOMO

TL 2A HOMO

TN 2B HOMO

TL 2C HOMO
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on metal surface. Accordingly, the fraction of electrons AN
correlate very well with those of the energy gap values given
over (Table 1, entries 6, 11). The transfer of electron is hardly
increases by the presence of thione form (TN 2B), the
introduction of thioether group on the 1,2,4-triazole ring (MTE
1) and the non steric hindrance of the thiol tautomers (TL 2A
and TL 2C) (Fig. 3).

MTE 1 LUMO

2

TL 2A LUMO

TN 2B LUMO

TL 2C LUMO

Fig. 3. Frontier molecular orbitals (HOMO and LUMO) of MTE 1, TL 2A, TN 2B and TL 2C. Hydrogens are omitted for clarity.

The calculated Mulliken charge distributions of the
different triazoles distributions are shown in Fig. 4. The
Mulliken charges of these molecules occur due to
polarization on each compound. All nitrogen atoms are
negatively charged. The Mulliken charges on nitrogen atom
N4 is more negative than that on NH3, Ni and N2. In TN 2B
tautomer, the nitrogen atom N3 is the most negative due to
the neighboring atom Cs; charged positively. Within the
triazole thione, S is negative this is due to the resonance (C =
S) while in the three molecules are positive (S-H, S-Me). All
aromatic carbon atoms are negatively charged except C+ due
to its bonding with the triazol ring. Cs is the highest positively
charged carbon atom due to it bonding to nitrogens. The
hydrogen atoms are located at different functional group
such as amine, thiol, methyl and phenyl. Thus, all hydrogen
atoms are positively charged.

Molecular electrostatic potential (MESP) is an important
tool for studying the relationship between molecular
structure and chemical property. Each 2D ESP representation
drawn as an outline around each molecule is an MESP
surface. The external contour has a lower iso-surface value
and the internal contour has a higher iso-surface value. The
surface of the electrostatic potential (ESP) indicates the

available unoccupied surface around the molecule where the
excitation is going to reside around the molecule. It gives the
molecular size, the shape and the distribution of the charges
[38, 39].

MTE 1 charge
2A charge
2B charge
2C charge

i

TL
™
04 T

0,2

0,0

-0,2

Mulliken charges (a.u)

-0.4-

-0,6 o

Fig. 4. Mulliken charge distribution for different triazoles.

First, we used MESP as a visual method to evaluate the
relative polarity of each molecule. Thus, the different values
of the electrostatic potential are represented by different
colors; blue, red and green. The potential increases in the
following order: blue> green> yellow> orange> red. We note
that the negative region (red, orange and yellow) indicates
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the electrophilic reactivity for: i) the nitrogen atoms N1 and
N2 (in the triazole group) for MTE 1, TL 2A and TL 2C
molecules, and ii) the sulfur atom for TN 2B tautomer while
the positive region (blue) reveals the nucleophilic reactivity of
the NH2 amine group of all these compounds.

To complete this study, we also used the electrostatic
potential (ESP). The negative regions are associated to:
nitrogen atoms in amine and triazole groups for TL 2A and
TL 2C tautomers. In thionic form TN 2B, the situation is
different. The negative regions are associated to: nitrogen
atoms in amine group and imine bond (included in triazole)
and sulfur atom in thione function. The proton of the thiol
group is exchanged on the nitrogen located in alpha of the
thione function by prototropy phenomenon, and transformed
into a secondary amine. Therefore, it loses its nucleophilic

MTE 1 ESP contour

MTE 1 MESP
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reactivity.

For the compound MTE 1, the situation is identical to that
TL 2A and TL 2C conformers. Concerning the nitrogen atom
in triazole, the difference is situated in thioether function
which interacts with amino group. The electrostatic
potentials of nitrogen atoms in triazole, amine groups, imine
bond and thione function ranging from -4 to -40 103 a. u. has
been unchanged in compounds MTE 1, TL 2A, TN 2B and TL
2C.

We conclude that compound TN 2B has the highest
polarity. The 2D representation of electrostatic potential
(ESP), molecular electrostatic potential map (MESP) and 3D
electrostatic potential (ESP) surface of triazoles are
illustrated in Fig. 5.

MTE 1 ESP surface

TN 2B ESP contour

0

\

TL 2C ESP contour

TL 2A MESP

TN 2B MESP

TL 2C MESP

TL 2A ESP surface

)

TN 2B ESP surface

TL 2C ESP surface

Fig. 5. Electrostatic Potential (ESP) contour, Molecular Electrostatic Potential map (MESP) and Electrostatic potential (ESP) surface of

triazoles. Hydrogens are omitted for clarity (iso-value 0.0004).
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3. Material and Methods

The molecular quantum optimisation calculations are
performed by density functional theory DFT B3LYP method
using 6-31G basis set implemented in Gaussian 03 W
programme [40-43]. The following quantum chemical results
are considered: total energy (E:), ionisation potential (IP),
energy of the highest occupied molecular orbital (Enomo),
energy of the lowest unoccupied molecular orbital (ELumo),
energy gap (EG = ELumo - Enomo), dipole moment (u), chemical
hardness (n = - (ELumo - Enomo)/2), softness (o = 1/n), Mulliken
electronegativity (X = - (E.umo + Enomo)/2), electrophilicity
index (w = x2/2n) [44], and the fraction of electrons (AN =
(Pre(110)Xinh) /2Ninn) [35, 36].

4. Conclusions

We have studied the tautomeric form of 4-amino-5-
phenyl-4H-1,2,4-triazole-3-thiol 2A, 4-amino-5-phenyl-2H-1,2,4-
triazole-3-thione 2B, and 4-amino-5-phenyl-4H-1,2,4-triazole-3-
thiol 2C (respectively TL 2A, TN 2B and TL 2C) then we
compared the obtained results to 4-amino-3-methylthio-5-
phenyl-4H-1,2,4-triazole 1 (MTE 1). The simulated results
reveal that the tautomer thione 2B has a high reactivity than
MTE 1. We note also that the electrophilicity index w
increases with electrophilic power of a molecule. MTE 1 and
TL 2A have similar electrophilicity index. However, TL 2C has
a high value due to intramolecular hydrogen bond. The
transfer of electron is hardly increased by the presence of
thione form (TN 2B). This result correlates very well with this
of the energy gap value.

Molecular electrostatic potential (MESP) shows that the
electrophilic reactivity is located on the thione group, while
the nucleophilic reactivity is situated on N1, N2 and NH,. We
conclude that compound TN 2B has the highest polarity. The
Mulliken analyses explicate the net charge distribution of the
computed molecules.

From the obtained data, we suggest that tautomer TN 2B
is the preferred and stable form of resonance; TL 2A and TL
2C are the most stable tautomeric forms strongly depend on
the orientation of thiol group. We conclude that 4-amino-5-
phenyl-2H-1,2,4-triazole-3-thione 2B and 4-amino-3-
methylthio-5-phenyl-4H-1,2,4-triazole 1 (MTE 1) have big
capacity to transfer electrons to a metal surface. The
predicted results indicated that 1,2,4-triazoles with thione
and thioether functions can be considered as best corrosion
inhibitors.
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