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Abstract

The naphthy! pyridyl pyrazole (NPP) was the subject of a theoretical inquiry. The data determined through the calculations
were supported by experimental results from 1IHNMR and X-Ray techniques. Geometrical parameters and optimized
energies for the NPP molecule were determined via density functional theory (DFT) at the B3LYP 6-311++G (d, p) level
of theory. The vibrational spectra were obtained and the fundamental vibrations were assigned. 1THNMR chemical shifts
were recorded by using the gauge-invariant atomic orbital (GIAO) method. Further, electronic properties such as HOMO
and LUMO energies were determined via time-dependent density functional theory (TD-DFT). The results of the
calculations were found to be comparable to the experimental results obtained.
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1. INTRODUCTION

7 1% + ——
Pyrazoles™™ and their derivatives have attractive biological, ,,sl;xh 18 =10 ,;[’]M _H = \‘x
physiochemical and photochemical properties. They have a 16 e “‘C:;l . h Q f \_. 4
number of very important pharmaceutical applications.[?® [ \Q}_——&;\ .{? ’
Whilst pyrazoles exist in nature, they are generally obtained via | / \}3\ lﬁ
a number of well-established synthesis proceduresl®l. They are S S | gLZ::: -/ M —
also utilized as a multi-dentate ligand based on bis and more 3- 15 ™1 s - 1
(2-pyridyl)pyrazole arms in coordination chemistry®>8l, The 14 12 '
main feature of pyrazoles is their highly conjugated system.
This property has been used in many studies for the quantitative Figure 1. The general structure of 1-[(2-naphthyl) methyl]-
and qualitative analysis of pyrazole derivatives.®! 3-(2-pyridyl)-1Hpyrazole (NPP).

UV-visible spectroscopy is characteristically used in analytical 2. COMPUTATIONAL METHODS

chemistry for such highly conjugated organic compounds. The

solvent used directly affects the absorption patterns seen in The experimental UV and 1H NMR spectra of NPP were
UV/Vis spectroscopy. Some polar solvents, such as methanol, obtained from a previous study.™ Theoretical calculations were
can form hydrogen bonds with the organic molecule under undertaken utilizing the Gaussian 09 suite of program codes.[*]
analysis, which results in blue and red shifts in the peaks Geometric, vibration, magnetic resonance analysis, atomic
compared with nonpolar solvents®*3l. Numerous studies are charges, dipole moment and thermodynamic properties were
available on the relationship between UV absorption presented herein. The density functional theory (DFT)el
frequencies and the solvent used (141, approach was chosen to use the Becke three-parameter hybrid

functional (B3)["18] for the exchange part of the potential in
combination with the Lee-Yang-Parr (LYP) correlation
functional ! due to its cost-effective approach and its great
accuracy in experimental values.

The aims of this study are (1) to determine various physical
properties of (NPP) using DFT, (2) to calculate the HOMO and
LUMO energies of NPP in different solvents, and (3) to
determine theoretical UV-Vis and 'H NMR properties of NPP
and (4) to give a comparison of the theoretical and the The time-dependent (TD-DFT) method 2021 with the same
experimental results so determined [ (Figure 1). basis set utilized to calculate various electronic properties
(UV/Vis spectra, excitation energies, etc. The GIAO
method[?223 is one of the most common approaches for the
determination of nuclear magnetic shielding properties.
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Therefore, 1H NMR isotropic chemical calculations were
obtained via the GIAO method based on the optimized ground
state structure.

3. RESULTS AND DISCUSSION

The studying molecule has three moieties naphthalene, pyrazole
and pyridine. The calculations were performed in C1 symmetry
group (Table 1).

Table 1. The calculated energy and thermodynamically
various parameters for NPP at 298.15 K in neutral ground
state at the B3LYP/6-311++G (d, p) level of theory

Parameters C1 symmetry
Energy (RB3LYP) -892.35949478au
Sum of electronic and thermal Energies= -892.017777
Sum of electronic and thermal Enthalpies= -892.003448
Sum of electronic and thermal Free Energies= -892.002504
Dipole moment (Debye) 1.6174

4. Geometrical Structures

The crystal structure of the NPP is given in the literaturel®l.
Optimized geometric structural parameters were compared with
this structure. The optimized structure of the NPP molecule was
given with the names and numbers of atoms (Figure 2). The
optimized parameters found for this molecule are listed in
Table 2, based on the numbers scheme given in Figure 2.

Figure 2. The optimized structure of NPP
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Table2.The experimental and theoretical bond lengths (A) and bond angles (°) of NPP molecule as determined via B3LYP/6-
311++G (d, p).

. Calculated : Calculated
Bond (A°) Experimental Angle(°A) Experimental
NPP NPP

N3s—Cis 1.350(2) 1.466 C21 —N36 —C18 128.52(16) 119.901
N2z —Nass 1.353(2) 1.396 N2 —N36 —CI8 109.02(18) 118.701
N36 —C21 1.457(2) 1.375 C2—C3 —Cl10 122.68(17) 120.000

C2—C3 1.427(3) 1.421 Cl —C2—C3 120.71(18) 120.000
N37 —C27 1.338(2) 1.352 C27 —N37 —C31 117.35(15) 121.465

Theoretically, the C2—C3 bonds were predicted to be 1.421 A
for NPP. The experimental bond lengths were reported at
1.427A for NPP as expected, the nitrogen-carbon bonds were
shorter than the single carbon-carbon bond. The theoretical
bond lengths for N(36) — C(18), N(36) — C(21) and N(37) —
C(27) were recorded to be 1.466, 1.375 and 1.352 A,
respectively. The same bonds were determined experimentally
to be 1.350, 1.457 and 1.338 A. Since C(18) is sp? hybridized,
the N(36) — C(18) bond was expected to be the tallest bond.
Even though this was corroborated by theory, the experimental
bond length here was not the tallest. The central atoms in all the
measured angles were sp? hybridized. All the measured angles
should thus all be approximately 120° depending on the various
competing steric factors. The experimental and theoretical
values were very close to the trigonal planer angle.

A conformational analysis was undertaken to determine the
most stable structure of the NPP molecule, the geometry of
which is represented in Figure 3, while the least stable
conformation is represented in Figure 4. The difference in the
total energies between the most and least stable conformations
was 0.050 Ha.

Total Energy
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Figure 3. The most stable structure of NPP

Total Energy

-892.310 —
-892 315
-892.320 —
-892.325 —
-892.330 —
-892.335 —
-592.340 —
-892.345 —
-892.350 —
-892.355 —
-892.360 —

Total Energy {Hartree)

0 2 4 6 8 m 12 14
Optimization Step Number

Figure 4. The least stable structure of NPP

The lengths of some selected bonds were not in harmony with
the molecular stability. As shown in Figure 5 and Table 3, the
bond between C(13)—N(36) is the shortest case in
conformation 3 (1.443 A), but it is not the most stable
conformation. Similarly, the C(14)—C(19) bond is the shortest
in conformation 7 (1.518 A) as shown in Figure 6 and Table 3.
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Table 3. The lengths of the C(18)—N(36) and C(14) —C(18) for all NPP optimized structures.

1 2 3 4 5 6

7 8 9 10 11 12 13

C(18) —N@36) | 1.50 1.46 1.44 1.46 1.47 1.47

1.46 1.46 1.47 1.46 1.46 1.46 1.46

C(14)—C@a8)| 1.56 1.56 1.53 1.52 1.52 151

1.51 1.52 1.52 1.52 1.52 1.52 1.52
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Figure 5. The length of C(18)—N(36) bond
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Figure 6.The length of C(14) —C(18) bond

Dihedral angles were determined for C(14), C(18), N(22) and
N(36). As shown in Figure 7 and Table 4, the dihedral angles
decrease with increasing stability of the isomer in question. This

relation between dihedral angles and stability broke down for
conformation 9. However, at this point, the dihedral increased
with decreasing stability. The molecule reached the least
dihedral value at conformation10.

Table 4. The dihedral angles for (14C, 18C, 22N, 36N)

Step No. Dihedral angle Step No. Dihedral angle
(C14-C18-N22-N36) (C14-C18-N22-N36)

1 -66.463 8 -101.243

2 -68.914 9 -99.816

3 -75.623 10 -106.259

4 -76.708 11 -101.537

5 -81.207 12 -102.134

6 -92.001 13 -102.276

7 -97.599

Figure 7. The dihedral angles for (C14-C18-N22-N36)
NMR Spectrum Analysis

IH NMR spectra were obtained® and predicted. Firstly, full
geometry optimization was performed using the gauge-
including atomic orbital (GIAO) approach with the
DFT/B3LYP method, and 6-311++G(d,p) basis set for chemical
shifts predictions. The results of experimental and calculated
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NMR spectra are compared in Table 5 according to the atomic
labeling scheme shown in Figure 1.

There are two types of hydrogen atoms as in those in the CH:
groups and those on the aromatic rings. The chemical shifts of
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protons of the naphthalene ring H(7), H(8), H(9), H(12), H(13),
H(16) and H(17) are predicted theoretically (free molecule) in
the range of 6.69-7.04 ppm, while the same protons are
predicted theoretically (CDCl3) to be in the range of 6.83-7.25
ppm. The experimental results were recorded at 7.18-7.58 ppm
(CDClIs). The CHz protons group’s protons were found to have a
theoretical shift of 4.66 H(19) and 4.09(H20) ppm (gas) while in
(CDCI3) were 4.51H(19) and 3.87(H20) ppm, respectively. The
same protons were recorded experimentally at 5.87 H(19), (Hz0)
ppm. The pyrazole protons, H(24) and H(26) were found to
have a theoretical chemical shift of 6.44ppm (gas) and 6.15ppm
(CDCls), and experimentally, were recorded to have a chemical
shift of 7.07ppm. The naphthalene protons, H(30) and H(33)
were in the range 7.13-7.88 ppm (gas) and 7.05-7.46ppm
(CDCIs). Experimentally, they were in the range of 7.07—
8.01ppm.

Table 5. The experimental and theoretical 1H NMR
isotropic chemical shifts (with respect to TMS) of the NPP
molecule with DFT (B3LYP 6-311++G(d,p)) method

A Experimental Theoretical (ppm)

cDCI3 CDCls GAS
L7 - 16 7.01 6.94
He o 18 6.83 6.69
Ho 7.55-7.58 |14 6.98
H12 755758 |12 7.04
H13 7.23 6.95 6.72
H16 7.45 .01 6.89
H17 7.45 6.94 6.73
H19 5.87 (.66 4.1
H20 5.87 .09 3.87
H24 7.07 6.77 6.54
H26 7.07 6.44 6.15
H30 7.94-801 |18 [
H33 7.94-801 |13 7.05
H34 5 56 8.23 7.91
H35 6.58 6.33 6.13

UV-Vis spectrum and molecular orbital investigations

The MO analysis shows the HOMO orbital of the NPP (Figure
8). It is mainly localized on the conjugated system (—C=C—)
of the naphthalene ring and the lone pair of the pyrroles
nitrogen atoms. The LUMO orbitals are more localized on
double bonds (—C=C—) of the aryl naphthalene ring and
pyridine ring (Figure 9). Thus, the charge transfers from the
HOMO to LUMO in the compound. NPP is significant due to
the contribution of (m) bonds and lone pairs of atoms. Table 6
shows the energies of the HOMO and LUMO orbitals and the
gap between them.

Figure 9. The LUMO of NPP.

Table 6. The energies of HOMO and LUMO.

The orbital Energy
HOMO(eV) 0.29753
LUMO(eV) 0.09704
GAP(eV) 0.20049

UV/Vis Spectra

The theoretical UV-Vis spectra and molecular orbital analysis
were arranged using the TD-DFT method and the B3LYP/6-
311++G(d,p) basis set. The theoretical UV/Vis spectra for the
NPP were determined in the gas phase, methanol and
dichloromethane are shown in (Figures 10, 11 and 12
respectively). The calculated absorption (A), excitation energies
(E), and oscillator strength (f) are reported in Tables 7, 8 and 9
respectively. The peak absorption was recorded at about 260-
264nm for all solvents.

UV-VIS Spectrum
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Figure 10. The UV-VIS spectrum of NPP the gas phase
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Figure 11.The UV-VIS spectrum of NPP in CHzCl, Excitation Energy (nm)

Figure 12. The UV-VIS spectrum of NPP in methanol

Table 7. The calculated absorption wavelengths ) (nm), excitation energies (eV), and oscillator strengths (f) of the NPP in the
gas phase.

Configurations composition(corresponding transition Oscillator

Exited state | Wavelength (nm) | Excitation energy(eV) orbitals) strength

0.18957(H-1—L),0.16774(H-5—L),0.42002(H-1—L), -

So =51 272.18 4.5552 0.15215(H-1 —L-2),0.39241(H —L),0.24764(H —L+2), 0.0495

So —>S2 265.18 4.6754 0.10510 (H-3 —L), 0.27012 (H2 —L-1), 0.60837 (H —L) 0.0663
-0.21231 (H-2 —L), 0.60300 (H2 —L-1),

So —S3 263.43 4.7065 0.017

10.26935 (H —L)

Table 8. The calculated absorption wavelengths A (nm), excitation energies (eV), and oscillator strengths (f) of the NPP in
methanol.

Configurations composition(corresponding transition |  Oscillator

Exited state |Wavelength (nm)|Excitation energy (eV) orbitals) strength

0.33829 (H1 —L), 0.41834(H1 —L),
-0.15837(H —L)

So —S1 264.18 4.6931 0.0295
10.10249 (H —L1), -0.32111 (H —L.2),
10.23032(H—L.3)

SeS2 260.89 4.7523 0.10510 (H-3 —L), 0.27012 (H2 —L1), 0.60837 (H —L)| _ 0.0882
-0.21231 (H-2 —L), 0.60300 (H-2 —L-1),

So —S3 260.35 4.7621 0.0123

-0.26935 (H —L)

Table 9. The calculated absorption wavelengths A (nm), excitation energies (eV), oscillator strengths (f) pf the NPP in
dichloromethane.

. Wavelength |Excitation energy| Configurations composition(corresponding transition Oscillator
Exited state .
(nm) (eV) orbitals) strength

0.10388(H-1—L), 0.31584 (H:s—L), 0.43663 (Ha1—L), -

So —S1 264.64 4.6849 0.19043 (H —L-2), 0.0397
-0.35345 (H —L-2), -0.12126(H-1—L.3)

So —S2 261.32 47445 -0.14674(H-2 —L), 0.48305(H-2 —L-1), 0.45196(H —L), 0.0566

So —S3 260.94 47514 0.16139 (H-2 —L), -0.45513(H-2 —L-1), 0.47728(H —L), 0.0469
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Figure 13. Form of the MO involved in the formation of the absorption spectrum of NPP at Amax= 263.43as nm calculated at te
by B3LYP/6-31G* level of theory.

5. CONCLUSIONS

The study reports an experimental *HNMR) and theoretical
(DFT) study of NPP. The structure of NPP was fully optimized
to determine a stable structure and associated geometric
parameters at the B3LYP/6-311++G(d,p) level of theory. The
optimized parameters so obtained were compared to those
determined experimentally via X-ray spectroscopy. No
significant dissimilarities between theory and experiment were
observed. There has not been seen big dissimilarity in theory
from the experimental values. The 1HNMR spectra were
obtained theoretically and compared with the experiment. The
theoretical results generally compared well with their NMR
data. UV/Vis calculations of gas phase were arranged, methanol
and dichloromethane solvents.
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