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Abstract: This research examined the tautomerization of a 7-amino-1,3-dioxo-2,5-diphenyl-2,3-dihydro-1H,5H-pyrazolo[1,2-
a][1,2,4]triazole-6-carbonitrile at CAM-B3LYP/6-311G (d,p) level of theory. The total energy, relative energy and dipole
moment values of these molecules was investigated. Moreover, NBO analysis was used to illustrate the hyperconjugative
anomeric effect on the conformers. ** NQR parameters of the tautomers were illustrated. Electric field gradient tensors (Qyy,
Oyy.dzz), nuclear quadrupole coupling constant (., Xy, %Axx), asymmetry parameter (n), nuclear quadrupole resonance

frequencies (v, L., Vg) Values were estimated.
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Introduction

Compounds containing pyrazoles [1] are recognized
to show various pharmacological activities such as
antibacterial, antifungal, anti-inflammatory, analgesic,
and antipyretic [2]. Several heterocyclic compounds
fused with pyrazole are identified for their diverse
biological and industrial uses [3]. The pyrazolotriazole
are precursors for photosensitive materials (e.g. inks
and toners) [4] and ingredients in cosmetics [5]. 7-
amino-1,3-dioxo-1,2,3,5-  tetrahydropyrazolo [1,2-
a][1,2,4]triazole has been synthesized using magnetic
Fe;O, nanoparticles coated with (3 aminopropyl)-
triethoxysilane as catalyst for the formation of the 7
amino-1,3-dioxo-1,2,3,5- tetrahydropyrazolo[1,2-
a][1,2,4]triazoles [6]. In a study, we have reported
effects of substituent and temperature on the electronic
properties and thermodynamics parameters of 1-
(Benzothiazolylamino) methyl-2-naphthol at the CAM-
B3LYP/6-311G(d,p) level of theory [7].
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Nuclear guadrupole resonance (NQR) spectroscopy
is useful for characterization of the physical properties
of matters [8]. "N NQR parameters of the many
molecules were investigated for illustration of the
structural details and the variations in the electronic
environment of the nuclei [9-13]. Electric field
gradient (EFG) tensors are very sensitive to the
electrostatic surroundings at the sites of quadrupole
nuclei with spin angular momenta higher than one-half
(1 > 1/2). For example, N nucleus has I=1.
Measurements of quadrupole coupling constants (y)
and asymmetry parameters (1) are possible with
experimental NQR investigations. If the experimental
NQR studies are not accessible, then high-level
guantum chemical calculations can provide the reliable
NQR parameters [14-24].

Because of lack of experimental studies on the *N
NQR parameters of the tautomers of 7 amino-1,3-
dioxo-2,5-diphenyl-2,3-dihydro-1H,5H-pyrazolo[1,2-
a][1,2,4]triazole-6-carbonitrile, we encouraged to
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computational exploration of these parameters of them.
This study is useful for illustration the charge on
quadruple nuclei and electron distribution in these
molecules. In this paper, we explore the stability and
Y“NQR parameters of the tautomers are illustrated at
the CAM-B3LYP/6-311G(d,p) level of theory.

Computational Methods:

Optimization and vibrational analysis were done
using Gaussian 09 software package [25]. The standard
6-311G(d,p) basis set [26-29] was considered for the
elements. CAM-B3LYP functional was used for
optimizing the geometries of the compound. This
functional is Handy et al.’s long range corrected
version of B3LYP using the Coulomb-attenuating
method [30]. The identities of the optimized structures
as an energy minimum were confirmed via vibrational
analysis. The identity of the reactants, transition states,
and products was confirmed through vibrational
analysis. All the transition states (TS) were checked by
the intrinsic reaction coordinate (IRC) analysis at the
same level of theory [31-34].

The electrostatic interaction of a nuclear electric
qguadrupole moment and the electron charge
surrounding the nucleus can increase the existence of
pure Nuclear Quadrupole Resonance (NQR) [35]. The
Hamiltonian of this interaction for a nucleus of spin | is
given [36]:
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where, e is elementary charge and all | s in the
denominator include scalar values while all I’ s in the
square brackets are operators [37]. Quantum chemical
calculations result in principal components of the EFG
tensor, @, in atomic units (1 au = 9.717365 x 10 Vm’
3, with a,| = [ay| = [gul. gee Gy and g, are the
components of EFG in the directions of X, y and z,
respectively. APT charges are also computed by
default during vibrational frequency calculations [38].

Results and discussion
Energetic aspects

The structures of 7-amino-1,3-dioxo-2,5-diphenyl-
2,3-dihydro-1H,5H-pyrazolo[1,2-a][1,2,4]triazole-6-
carbonitrile (1),  5-imino-1,3-dioxo-2,7-diphenyl
tetrahydro-1H,5H-pyrazolo[1,2-a][1,2,4]  triazole-6-
carbonitrile (I1) and transition state (TS) of these
tautomers are shown in Figure . Table 1 reports the
total energy values of these molecules. These values
show that I1-isomer is more stable than I-isomer.

Figure 1 presents the transition state geometry of the
studied tautomerization reaction. This structure shows
a four-membered ring. The frequency analysis
calculations illustrate an imaginary frequency for this
transition state at -1289.4 cm™. This imaginary
frequency is presented in Figure 2.
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Figure 1: The structures of (I) molecule, its tautomer (I1) and transition state (TS) of them.
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Figure 2: Imaginary frequency mode of transition state in the investigated tautomerization.

Table 1: total energy (E, a.u) and dipol moment values (p, Debye) of studied tautomers and transition state between them (a.u).
AE* and AE, are energy barrier and reaction energy of the tautomerisation (kcal/mol). miuwest IS imaginary wave-number of
transition state (in cm™).

Phase E(l) E(TS) E(IN) u() pd)  AE? AE;  Oowest
gas -1117.6485 -1117.4482 -1117.6695 4.24 3.41 125.68 -13.19 -1289.4
The thermodynamic parameters of the studied As a larger dipole moment can increase the overall
tautomerization reaction are outlined in Table 2. The energy corresponding to a conformation, the
negative values of the reaction free energy (AGy) population corresponding to the conformation with a
reveal that the studied reaction is spontaneous. larger dipole moment can be reduced compared with
The enthalpy values of the reaction (AH,) are listed ~ the conformation with a less dipole moment [39]. A
in Table 2. The negative values of the studied reaction greater dipole moment is associated with greater
show that this reaction is exothermic. charge distribution  (polarization). ~ Thus, the
conformations with greater dipole moments can be
Table 2: Thermodynamic parameters of tautomerism of 7- softer than those with smaller dipole moments.
amino-1,3-dioxo-2,5-diphenyl-2,3-dihydro-1H,5H- The results show that the dipole moments of the I1-
pyrazolo[1,2-a][1,2,4]triazole-6-carbonitrile in gas phase isomer compounds are smaller compared with their I-
and various solvents. isomer (Table 1).
Phase AG' AG, AH'  AH, “NQR parameters
gas 12219 -13.20 121.46 -12.87 Electric field gradient tensor:

Table 3 denotes the Electric field gradient (EFG)
tensors of N, in studied tautomers. The EFG tensors
in the nitrogen molecule include are: Q(xx) = Q(yy) = -
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Q(z2)/2. To compute the nuclear quadrupole coupling
constants, y;i , the calculated g values were used:
reMHz) = T =y

where Q is the nuclear quadrupole moment of the
YN nucleus, e is the elementary charge and h is Plank's
constant. The standard values of uadrupole moment,

B. Mohtat et. al.

Q, provided by Pyykkd [40] were utilized in equation
(1), Q(**N) = 20.44 mb.

It can be deduced, Q(zz) value is larger for the N, atom
in 11-isomer as compared to N, atom in I-isomer.

Table 3. ** NQR parameters: Electric field gradient tensors (qyy, Oyy.dz in a.u), nuclear quadrupole coupling constant (3, xyy
Yxx: 1IN MHZ), asymmetry parameter (n), nuclear quadrupole resonance frequencies (v., v., vy in MHz) of studied tautomers.

X

Q(z2) Q(yy) Q(xx) x(@z2)  xlyy)  x(xx) n Vv, v. Vo
| 0.582670  -0.423803 -0.158867 2.799 2.036 0.763  0.455 2417 1781 0.636
1 0.659790 -0.626773 -0.033017 3.169 3.010 0.159  0.900 3.090 1664 1.426
Nuclear quadrupole coupling constant 3
Usually, the NQR parameters are reported Yo = g A== 1l

experimentally as the nuclear quadrupole coupling
constant in the units of frequency:
QcC = y(MHz) = =3%=;

Since it calculates the deviation of the field gradient
tensor from axial symmetry.

Nuclear quadrupole coupling constants of N in
studied molecules are collected in Table 3. The
calculated y(zz) for nitrogen atoms in N, free molecule
is 5.824 (MHz) at the CAM-B3LYP /6-311G(d,p) level
of theory.

It can be realized, y(zz) values are larger for the N,
atom in Il-isomer as compared to N, atom in I-isomer.

Asymmetry parameter:
Asymmetry parameter (n) is defined as:
n= ‘hql-l-_‘?xx} :':' ::_: n i: 1 :

Frz

Table 3 represents the asymmetry parameters of N
in examined molecules. These value display the
distribution of electric charge around the nitrogen
nucleus is noticeably dissimilar from cylindrical
symmetry in comparison with that in nitrogen
molecules.

It can be understood, n values are larger for the N,
atom in Il-isomer as compared to N, atom in I-isomer.

Nuclear quadrupole resonance frequencies
A nucleus of unit spin (such as **N) has three energy

levels, consequently, there are three nuclear
quadrupole resonance frequencies [36]:
n
vy = Z Xzz(l + E:]
3 1
v = Z Xzz(]' _gj
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The nuclear quadrupole resonance frequencies **N,
in these tautomers are listed in Table 3. In these
molecules, the nitrogen atoms are located in the
electric field of the other nuclei, hence, the symmetry
of the EFG nearby them varies. This variation results
in the splitting of the energy levels of *N nuclei, thus
three NQR frequencies for **N, will be observed. The
variations between the frequencies of N, atom can be
related to the straight contribution of the electron pairs
of N, atom through chemical bond formation or
diatropic current in the ring. It can be found the larger
v, and v, values for the N, atom in Il-isomer as
compared to N, atom in I-isomer.

The Atomic Polar Tensors (APT) charges:

The partial atomic charges calculated by the APT
method for N, atom in two tautomers are -0.2152 and -
0.4860 e for | and 11 isomers, respectively. The results
indicate that the more negative partial atomic charge
on the N, nucleus of Il-isomer.

Conclusion

Computational investigation of the tautomerization
of 7-amino-1,3-dioxo-2,5-diphenyl-2,3-dihydro-
1H,5H-pyrazolo[1,2 a][1,2,4]triazole-6-carbonitrile
were studied at CAM-B3LYP/6-311G (d,p) level of
theory reveal that Il1-isomer was more stable than I1-
isomer. The negative values of AG, and AH, showed
that the studied reaction was exothermic, respectively.
Calculated ** NQR parameters revealed the y,,, 1, v:
and v values for the N, atom in I1-isomer as compared
to N, atom in I-isomer. APT results indicated that the
more negative partial atomic charge on the N, nucleus
of ll-isomer than I-isomer.
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