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An effective route for the direct synthesis of substituted pyrazole through 3+2 annulation method
was described. (E)-ethyl 2-benzylidene-3-oxobutanoate was prepared from ethyl acetoacetate and ben-
zaldehyde via Knoevenagel approach. The cyclocondensation reaction of (E)-ethyl 2-benzylidene-3-
oxobutanoate with phenylhydrazine hydrochloride in acetic acid (30%) medium under reflux condi-
tions produced directly ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H-pyrazole-4-carboxylate and
was characterized using spectroscopic methods viz NMR, mass, UV-Vis, and CHN analysis. The compound
obtained was crystallized using methyl alcohol solvent by slow evaporation method and the 3D molecular
structure was confirmed using single crystal X-ray diffraction studies. The crystal structure is stabilized
by intermolecular hydrogen bond of the type C-HeeeO and ;reeexr stacking interactions. Further, the cal-
culated 'H-NMR, TD-SCF, HOMO/LUMO, MEP, Hirshfeld surface and Mulliken population analysis were
compared with the experimentally analyzed data. The optimized theoretical structure parameters are in
good agreement with the experimental X-ray structures. The compound was evaluated in vitro for its

antioxidant susceptibilities through DPPH and hydroxyl radical scavenging methods.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

An interest in antioxidant activity of small molecules, to prevent
the deleterious effects caused by free radicals in the human body,
has gained the attention of the wider research community. Free
radicals are believed to be associated with multiple disease condi-
tions such as carcinogenesis, inflammation, mutagenesis, arthritis
and cancer [1]. These conditions arise due to the oxidative stress
resulting from an imbalance between free radical generation and
their quenching [2]. The elimination of free radicals and related
species helps to eradicate the oxidative stress thereby associated
diseases [3]. Despite numerous attempts to search for more ef-
fective antioxidant agents, pyrazoles still remain as the scaffold of
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choice, because these class of compounds demonstrated utility in
quenching of free radicals and hence, has tremendous potential for
exploration as lead candidates for drug discovery against oxida-
tive damage [4]. Literature reveals that, the synthesized series of
3,4-diaryl-4,5-dihydro-1H-pyrazoles [5], 3,5-bis(substituted) pyra-
zoles [6], phenyl dendritic-like oxidants with pyrazolines/pyrazoles
[7], pyrazole linked isoxazoles/thiazoles [8], 3,5-diamino-4-(1,2-
diarylsulfonylethyl)-4H-yrazoles [9], possess remarkable antiox-
idant properties. The synthetic 1H-indol-2-yl (3,5-substituted
diphenylyrazol-1-yl)methanone analogues are reported to act as
promising antioxidant molecules, as these scavenges 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azino bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radicals [10] and the insertion of pyrazole
core to 2-(3-(4-hydroxy-3-methoxyphenyl)acryloyl)quinoxaline 1,4-
dioxide enhanced the radical scavenging abilities [11].
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Fig. 1. Synthesis of ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H-pyrazole-4-carboxylate
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Fig. 2. TOF-MS spectrum of ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H-pyrazole-4-carboxylate

Development of novel and accessible procedure for the trans-
formation of a simple molecule in to heterocycles is a worth-
while contribution in organic synthesis. Amongst the heterocycles,
the compounds with pyrazole skeleton are the prominent class in
active pharmaceutical drugs [12]. The reaction of substituted hy-
drazines with 1,3-dicarbonyl compounds in the presence of base, to
produce pyrazoles through an intermediate N-alkyl/phenyl/acetyl
hydrazino derivative was first reported [13]. The hydrazones pre-
pared by the reaction of benzoyl-1-phenylhydrazine and active
methylene compounds catalyzed by P,0s5, followed by cyclisation
in the base medium offered tetrasubstituted pyrazoles [14]. Highly
regioselective synthesis of phosphonylpyrazoles, sulphonyl pyra-
zoles and carbonylated pyrazoles was achieved by the reaction
of chalcones with «-diazo-f-ketophosphonate (Bestmanne Ohira
Reagent, BOR) [15].

The drugs containing pyrazole nucleus demonstrated wide
range of biological activities, such as antibacterial, anti-
inflammatory, anticancer, anesthetic, analgesic, anti-convulsant
[16-20] etc. They are also used in pharmaceutical drugs and
agrochemicals in controlling infections, diseases and pests [21,22].
In view of the broad spectrum of synthetic and biological ap-
plications of pyrazoles and in search of new antioxidants, we
herein report for the first time, the direct synthesis of a highly

substituted pyrazole derivative, its spectral and crystallographic
characterization, and the results of radical scavenging activities.
To the best of our knowledge, neither preparation nor compu-
tation studies on ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-
1H-pyrazole-4-carboxylate have been carried out until now. The
main aim of this study is to consolidate the X-ray structural
and spectral properties of the title compound together with the
computational analysis. In this study, XRD and optimized struc-
ture, vibrational spectra, electron transfer, TD-SCF, TOF-MS, 'H, 13C
NMR, MEP, HOMO/LUMO, Hirshfeld surface and Mullikan popula-
tion analysis were performed. Additionally, the antioxidant prop-
erties of the compound were evaluated by hydroxyl and DPPH
methods. These computations and the experimental data of the
molecule enrich prudence information upon pyrazole derivatives.

2. Experimental Section
2.1. Materials and Methods

Purity of the compound was checked on thin layer chromatog-
raphy (TLC) plates pre-coated with silica gel using solvent system
hexane: ethyl acetate (1:4). The spots were visualized under UV
light. TH NMR (400 MHz) and '3C NMR (100 MHz) spectra were
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Fig. 3. (a) ORTEP with thermal ellipsoids drawn at 50% probability and (b) DFT- optimized mononuclear structure of the title compound.

recorded on Agilent-NMR spectrometer using solvent CDCl3 and in-
ternal standard TMS. The chemical shifts are expressed in § ppm.
Mass spectrum was obtained on Mass Lynx SCN781 spectrometer
TOF mode. Elemental analysis was obtained on a Thermo Finnigan
Flash EA 1112 CHN analyzer.

2.2. Synthesis of ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H
pyrazole-4-carboxylate

A solution mixture of (E)-ethyl 2-benzylidene-3-oxobutanoate
(218 g, 10 mmol) and (2,4-dimethylphenyl)hydrazine hydrochlo-
ride (1.72 g, 10 mmol) in acetic acid (30%) was refluxed on a water
bath for 4 h. The progress of the reaction was monitored by TLC.
After the completion, the reaction mixture was cooled and poured
into ice cold water. The solid separated was filtered, washed thor-
oughly with ice cold water. The crude solid was recrystallized from

methyl alcohol to obtain target molecule in 90% yield; m.p., 108-
109° C. MS (my/z): 335 (MH+, 100); Anal. Calcd. for Co1Hy;N,0, (%):
C, 75.42; H, 6.63; N, 8.38; Found: C, 75.39; H, 6.59; N, 8.30. 'H
NMR (CDCls; § ppm): 1.107-1.142 (t, 3H, CH;), 1.934 (s, 3H, CHs),
2.249 (s, 3H, CH3), 2.565 (s, 3H, CHs), 4.124-4.178 (q, 2H, CH,),
6.906-7.248 (m, 8H, Ar-H); 13C NMR (CDCl;; § ppm): 14.02 (1C,
CHs), 14.29 (2C, CH3), 21.34 (1C, CH3), 59.71 (1C, OCH,), 111.81 (1C,
C-4), 125.30 (2C), 126.76 (1C), 127.49 (1C), 128.57 (2C), 128.69 (2C),
130.26 (2C), 138.74 (1C), 139.30 (1C), 146.54 (1C, C-5), 151.63 (1C,
C-3), 163.85 (1C, C=0).

2.3. Computational details

All calculations were made by Gaussian 09 software [23]. Gauss
View 5 software was used to visualize the optimized structures
[24]. X-ray structure coordinates were taken as starting point for
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Table 1

Crystal data and structure refinement details.

Parameter

Value

CCDC number.

CCDC 2018644

Empirical formula Cy1H;N,02
Formula weight 334.41
Temperature 293(2) K
Wavelength 1.54178 A

Crystal system, space group
Unit cell dimensions

Volume
Z, Calculated density

Monoclinic, P2;/c

a =12.8596(17) A, b = 8.1101(11) A
¢ =18.302(3) A and B = 95.966(8)°
1898.4(5) A3

4,1.170 Mg/m3

Absorption coefficient 0.602 mm~!
Fla00) 712
Crystal size 0.24 x 0.21 x 0.20 mm

Theta range for data collection
Limiting indices

Reflections collected |/ unique
Refinement method

Data | restraints /| parameters
Goodness-of-fit on F?

Final R indices [I>20(1)]

R indices (all data)

Largest diff. peak and hole

4.86° to 64.55°

-14< h < 15, -9< k <9, -20< | <19
15373 | 3134[R(int) = 0.0688]
Full-matrix least-squares on F?
3134 /0/ 230

1.055

R1 = 0.0740, wR2 = 0.2082

R1 = 0.0826, wR2 = 0.2214

0.316 and -0.332 e. A3

theoretical calculations. Crystal Explorer 17.5 program was used to
perform the Hirshfeld surfaces analysis [25].

Table 2

Journal of Molecular Structure 1226 (2021) 129350
2.4. X-ray diffraction studies

X-ray intensity data were collected at a temperature of 296 K
on a Bruker Proteum2 CCD diffractometer equipped with an X-ray
generator operating at 45 kV and 10 mA, using CuK, radiation of
wavelength 154178 A. A complete data set was processed using
SAINT PLUS [26]. The structure was solved by direct methods and
refined by full-matrix least squares method on F? using SHELXS
and SHELXL programs [27]. The geometrical calculations were per-
formed using the program PLATON |[28].

2.5. Antioxidant activities

2.5.1. DPPH radical scavenging activity

Antioxidants are characterized by their ability to scavenge the
free radicals. Proton radical scavenging action is an important at-
tribute of antioxidants, which is measured by DPPH scavenging
assay [2]. 1 mL of DPPH solution (0.1mM in 95% methanol) was
mixed with different aliquots of test samples (20, 40, 60, 80 and
100 wg/ml) in methanol. The mixture was shaking vigorously and
allowed to stand for 20 min at room temperature. The absorbance
was read against blank at 517 nm with ELICO SL 159 UV visi-
ble spectrophotometer. The free radical scavenging potential was
calculated as a percentage (I %) of DPPH decolouration using the
equation

1% of scavenging = (Ag-A1/Ag) x 100

All the experimental XRD bond lengths (A) and angles (°) with the DFT/B3LYP/6-311G(d) calculated values.

Bonds Exp. XRD B3LYP/6-311+ G(d,p) Angles Exp. XRD B3LYP/6-311+ G(d,p)
N1 N2 1.364 1.3675 N2 N1 c3 1131 112.73
N1 (o] 1.354 1.3662 N2 N1 C14 117.9 118.05
N1 C14 1.436 1.4357 3 N1 C14 128.9 129.19
N2 C1 1.317 1.3263 N1 N2 C1 105.1 105.52
01 C11 1.198 1.2194 C11 02 C12 117.7 115.8
02 C12 1.443 1.4435 N2 C1 Cc2 111.2 110.94
C1 Cc2 1.409 1.4276 N2 C1 C4 119.5 120.14
C1 c4 1.501 1.4969 Cc2 C1 Cc4 129.2 128.92
Cc2 (o] 1.399 1.4018 C1 Cc2 Cc3 105.7 105.37
Cc2 C11 1.465 1.4676 C1 2 C11 123.9 123.73
c3 C5 1.476 1.4784 3 c2 C11 1304 130.78
C5 C6 1.387 1.4046 N1 C3 Cc2 104.9 105.44
C5 c10 1.387 1.4033 N1 C3 C5 121.9 122.45
6 c7 1.379 1.3935 2 C3 C5 133.2 1321
Cc7 c8 1.372 1.397 3 c5 C6 120.5 120.27
8 c9 1.368 1.3953 3 C5 C10 1213 120.95
9 Cc10 1.387 1.3948 6 C5 Cc10 118.2 118.78
C14 C15 1.377 1.3938 C5 C6 Cc7 120.7 120.58
C14 Cc19 1.385 1.4052 C6 Cc7 8 120.6 120.19
C15 C16 1.378 1.3932 c7 8 c9 119.5 119.68
C16 Cc17 1.368 1.3987 c8 c9 C10 120.6 120.23
Cc17 C18 1.38 1.4008 c5 Cc10 c9 120.5 120.55
Cc17 21 1.506 1.5112 01 C11 02 1221 122.68
C18 Cc19 1.388 1.3984 01 C11 c2 122.7 123.99
C19 C20 1.505 1.5088 02 C11 Cc2 115.1 113.32
02 C12 C13 109 107.4
N1 C14 C15 118.2 118.26
N1 C14 C19 120.5 120.62
C15 C14 Cc19 121.1 121.05
C14 C15 C16 120 120.15
C15 C16 Cc17 120.8 12047
C16 Cc17 C18 1184 118.23
C16 Cc17 C21 120.7 121.25
C18 c17 C21 121 120.51
Cc17 C18 C19 122.8 122.7
C14 Cc19 C18 117 117.38
C14 C19 C20 122 121.78
C18 Cc19 C20 1209 120.84
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Fig. 4. XRD experimental structural parameters compared to DFT/B3LYP/6-31G(d) corresponding optimized data (a) bond lengths (b) bond angles and (c) torsion angles.

Where A is the absorbance of the control reaction mixture ex-
cluding the test compounds and A; is the absorbance of the test
compounds. Tests were carried out in triplicate and the results are
expressed as [% + standard deviations.

2.5.2. Hydroxyl radical scavenging activity

Hydroxyl radical scavenging assay was carried out according
to the procedure reported earlier [29]. The product formed by
degraded deoxyribose on heating with thiobarbituric acid (TBA)
formed a pink colored chromogen confirming the formation of
OHe. With the addition of test compound to the reaction mixture,
they separate the hydroxy radicals from the deoxyribose and pre-
vent their degradation. This experiment was performed by mix-
ing 0.1 ml of phosphate buffer; 0.2 ml of 2-deoxyribose, test so-
lution (20, 40, 60, 80 and 100 ng/ml) 0.1 ml of H,0, (10 mM), 0.1
ml of ascorbic acid (1 mM), 0.1 ml of EDTA and 0.01 ml of FeCls
(100 mM) was incubated at 37°C for 60 min. Thereafter, the re-
action was terminated by adding 1ml of cold 2.8% trichloroacetic
acid and the reaction product was measured by adding 1 ml
of 1% thiobarbituric acid (1 g in 100 ml of 0.05 N NaOH) in
boiling water for 15 min. The absorbance was measured at 535
nm with BHA as a positive control. Decreased absorbance of the
reaction mixture indicates increased hydroxyl radical scavenging
activity.

3. Results and discussion
3.1. Chemistry

Initially, the intermediate (E)-ethyl  2-benzylidene-3-
oxobutanoate, was synthesized by Knoevenagel reaction of
ethyl acetoacetate with benzaldehyde in presence of catalytic
amount of piperidine and trifluoroacetic acid. The cycloconden-
sation reaction of (E)-ethyl 2-benzylidene-3-oxobutanoate with
(2,4-dimethylphenyl)hydrazine hydrochloride in acetic acid (30%)
under reflux conditions produced ethyl 1-(2,4-dimethylphenyl)-3-
methyl-5-phenyl-1H-pyrazole-4-carboxylate (Fig. 1).

Spectroscopic, MS and elemental analysis provided the struc-
ture proof of the ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-
1H-pyrazole-4-carboxylate. Further, the single crystal X-ray diffrac-
tion study was also performed.

3.2. Mass and elemental analysis

The TOF-MS and elemental analysis of the title compound were
consistent with the proposed molecular formula. Fig. 2 shows the
molecular ion peak (MH+) as base peak at m/z: 335 correspond
to its real molecular mass (calculated 334). The elemental analysis
of C31Hy;N,0, formula revealed Caled: C, 75.42; H, 6.63; N, 8.38%,
found. C, 75.39; H, 6.59; N, 8.30%. The MS and elemental analysis
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Fig. 5. (a) C—H...0 hydrogen bonds connect the molecules forming 2D long chains (b) packing of molecules through C21-H21C-O1 intermolecular interactions.

showed satisfactory data consistent with the single crystal X-ray
solved structure.

3.3. X-ray diffraction studies

The ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H-
pyrazole-4-carboxylate compound (CCDC #: 2018644) was crys-
tallized from methyl alcohol to give very light yellow crystals
suitable for single crystal X-ray measurements. The details of the
crystal structure and data refinement are given in Table 1. The
ORTEP diagram of the molecule with thermal ellipsoids drawn at
50% probability is shown in Fig. 3a.

The title compound consists of three aromatic rings in which
one is a five membered ring and two are six membered phenyl
rings. The five membered pyrazole ring (N1/N2/C1/C2/C3) is
the central core of the structure with dimethyl phenyl ring
(C14/C15/C16/C17/C18/C19) at the N1 position and the plane
phenyl ring (C5/C6/C7/C8/C9/C10) at the 5 position. Apart from
these rings methyl group (C4-Hs) is substituted at the 3 position
and the ethoxy carboxylate (C11=01-02-C12-(H,)-C13-(H3)) chain
attached at the 4 position of the ring. Further, the planarity of
the aromatic rings can be described based on the sigplan values
[30] calculated for each ring using the below equation,

, [ 42
Sigplan = E dj/(N -3)
j=1

Where, d; is deviation of an atom j, the shortest distance from this
atom to the plane of the ring for which the planarity to be de-
fined and N is the maximum number of atoms present in the ring.
All the aromatic rings are planar with the sigplan value of 0.004,
0.003 and 0.006 for pyrazole, phenyl and dimethyl phenyl rings re-
spectively. The structural parameters are in good agreement with
the similar structure reported earlier [31,32]. The molecular struc-
ture is non-planar which can be confirmed by analyzing the dihe-
dral angles between the rings. The pyrazole ring makes dihedral
angles of 49.97(13)° and 74.73(13)° with the phenyl and dimethyl
phenyl rings, respectively. The dihedral angle between the phenyl
and dimethyl phenyl rings is 68.25(11)°. These values confirm that
the phenyl rings are out of plane with respect to the plane of the
pyrazole ring. The methyl group is in the same plane of the ring as
indicated by the torsion angle value of 178.2(2)° for N1-N2-C1-C4.
The pendant ethoxy carboxylate chain is slightly out of plane with
respect to the plane of the pyrazole ring as confirmed by the tor-
sion angle values of 6.3(1)° and -170.9(2)° for C3-C2-C11-02 and
C1-C2-C11-02 respectively.

The optimization of the structural coordinates of desired com-
pound were performed using DFT method at B3LYP/6-3111G(d) level
and the bond lengths and bond angles are compared with the ex-
perimental data as seen in Table 2 and Fig. 3b. Plotting of the X-ray
experimental bond length (Fig. 4a) and bond angles (Fig. 4b) versus
the corresponding theoretical data revealed an excellent matching
with correlation coefficient R2 = 0.9841 and 0.9894 respectively.
The torsion angle values were also calculated at B3LYP/6-3111G(d)
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Fig. 6. (a) dnorm, (b) curvedness and (c) 3D H-Bonds network on Hirshfeld surface of compound.

as listed in Table 3. Most of the optimized torsion angles are very
close in their values and orientations to the XRD experimental
analysis except for angles C11-02-C12-C13 and C1-C2-C3-C5 which
have an opposite orientation (Fig. 4).

Four short polar contacts per molecule were detected, two
C—Hpp..0=C and two C—Hcy3..0=C hydrogen bond links the
molecules together. The molecules are packed in the crystal struc-
ture with two classical H-bonds types: C—H,,...0=C (2.548 A) and
C—Hcys..0=C (2.527 A) as shortest and strongest H-bond Fig. 5(a).
The crystal structure is stabilized by intermolecular hydrogen bond
interactions of the type C-H...O; C(6)-H(6)..0(1) interaction with
D..A distance of 3.434(4) A, H..A distance of 2.55 A, D-H..A an-
gle of 159° with symmetry code -x,1 -y, 1-z. Similarly, C(21)-
H(21C)...0(1) interaction with D..A distance of 3.285(4) A, H..A
distance of 2.53 A, D-H...A angle of 136° with symmetry code 1-+x,
¥, z form 1D chain as shown in Fig. 5(b). Further, the crystal struc-
ture is also stabilized by 7 eeesr interaction; Cg2eeeCg3 (Cg 2 is the
centroid of the ring (C5/C6/C7/C8/C9/C10) and Cg3 is the centroid
of the ring (C14/C15/C16/C17/C18/C19) with « = 68.25°, 8 = 50.1°,
y = 40.6°, a perpendicular distance of Cg2 on ring Cg3 is 3.0197(9)
A and a CgeeeCg distance of 4.0526(19) A with symmetry code x,
v, z [33,34].

3.4. Hirshfeld surfaces analysis (HSA)

The interaction between molecules in the crystal lattice of the
desired compound was determined further more by HSA. Since
the ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-phenyl-1H-pyrazole-
4-carboxylate compound contains oxygen and nitrogen atoms in
its backbone which may act as H-bond acceptors, several H-bonds
interactions were expected to be formed as red spots on the
HSA surface of the molecule. On the HSA surface of the desired
molecule, four remarkable interactions per molecule were detected

as shown in the dporm mapped Fig. 6a, two for C=O0.....Hcys, and
two for C=0.....H,,, N-H...N- interaction was detected in the de-
sired molecular surface, see Fig. 6b. These 3D H-bonds network
interaction played critical role in crystal stabilization [35-37]. The
HSA interactions are consistent with the X-ray crystal packing data.

The finger-print plot (FP) highlights the most important inter-
molecular contacts. The FP analysis revealed the H/H intermolec-
ular as largest contributor contacts with 81.1%. The 2D-FP plots
over the Hirshfeld surfaces showed the presence of inter-contacts
as the following order: H...H > H...C > H...O > H...N, as depicted
in Fig. 7.

In experimental "H NMR spectra in CDCl; solvent, a triplet for
three protons at § 1.124 ppm due to CH3 of ester protons, three
singlets for the other CH; protons were signalled as singlet at &
1.934, 2.249 and 2.565 ppm. A quartet for two protons OCH, was
observed at § 4.151 ppm. The protons of the benzene ring res-
onate as singlet, doublet and doublet of doublet at § 6.906-7.248
ppm as seen in Fig. 8a. The 'H NMR values of the compound
were well within the spectral region of the reported structurally
related compounds. For instance, ethyl 5-benzoxyl-4-p-tolyl-4H-
pyrazole-3-carboxylate reported by D. Nair et al [38], showed the
signals as triplet at § 1.24 ppm for ester CHs, and singlet at § 2.31
ppm for Ar-CHs, quartet at & 4.30 ppm, array of singlet, doublet
and multiplet at § 7.08-7.86 ppm for aromatic protons. The re-
ported compound ethyl 1-(2,4-dimethylphenyl)-5-(4-fluorophenyl)-
3-methyl-1H-pyrazole-4-carboxylate showed the signals as triplet
at § 1.21 ppm for ester CHs, three singlets at § 1.95, 2.31, and 2.54
ppm for Ar-CHs, and pyrazole-CHs protons, also a quartet at § 4.21
ppm, and an array of signals at § 7.29-7.60 ppm for aromatic pro-
tons [39]. Theoretical 'H NMR in gaseous state using NMR-DB and
ACD-LAB were compared with the experimental '"H NMR as seen
in Fig. 8b and Fig. 8. The theoretical 'H NMR (chemical shifts and
splitting) showed a very good matching with the experimental re-
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sults as seen in Fig. 9. Better resolution was collected by ACD-LAB,
plotting the TH NMR calculated chemical shifts collected by ACD-
LAB versus the experimental gave significant R = 0.9266 (Fig. 9a),
while NMR-DB revealed the correlation coefficient of RZ = 0.9139
(Fig. 9b).

In the 3C NMR spectrum, the designed compound showed
the resonance signals at § 14.02, 14.29 (2C), and 21.34 ppm for
four CHs, at § 59.71 ppm for OCH, and at &6 163.85 ppm for
ester C=0 carbons. The carbons of newly formed pyrazole ring
C-4, C-5 and C-3 absorbed correspondingly at & 111.81, 146.54
and 151.63 ppm. A spectrum of signals absorbed for two carbons

each at § 125.30, 128.57, 128.69, 130.26 ppm and for one car-
bon each at § 126.76, 127.49, 138.74 and 139.30 ppm were un-
ambiguously assigned to aromatic carbons. The 13C NMR values
of the compound were in good agreement with the structurally
related molecule ethyl 1-(2,4-dimethylphenyl)-5-(4-fluorophenyl)-
3-methyl-1H-pyrazole-4-carboxylate [39], which showed the reso-
nance signals at § 14.2, 14.3, 15.7, and 20.9 ppm for four CHs, at §
60.3 ppm for OCH, and at § 163.2 ppm for ester carbonyl carbons.
The C-4, C-5, and C-3 carbons of pyrazole ring showed signals at §
112.4, 141.6 and 151.3 ppm, and an array of signals in the region of
6 117.8-159.4 ppm for aromatic carbons.
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3.5. FI-IR spectral studies

The experimental IR spectrum illustrate the presence of sev-
eral characteristic bands of stretching vibrations like aromatic C-
H, aliphatic C-H (CH3 and CH;), C=0, C=N, C-N, C-O and N-N
main functional groups (Fig. 10a). The theoretical DFT-IR spectrum
showed slightly higher absorptions compared to the experimen-
tal stretching vibrations (Fig. 10b). For the title compound, C-H
stretching vibrations of the phenyl rings are assigned in the range
3120-3035 cm~! and 3200-3100 cm~! theoretically. The stretch-
ing modes of the methylene CH, and methyl CH; groups are as-
signed at 3035-2980 cm~! (theoretically) and at 2970-2875 cm™!,
1100-1450 cm~! (wagging, twisting and scissoring modes). The
stretching mode of C=0 assigned at 1780 cm~! in the IR spec-
trum and at 1720 cm~! theoretically. The IR spectral data of the

compound is in good agreement with the reported structurally
related molecule, ethyl 3-(4-methylbenzoyl)-4-phenyl-1H-pyrazole-
5-carboxylate [38], which showed the absorption band at 1709
cm~! for ester C=0 stretching and at 1555 cm~! for C=N stretch-
ing of pyrazole ring, the other absorption bands in the respective
region.

The C=N stretching mode is assigned at 1550 cm~! in the IR
spectrum and at 1580 cm~! theoretically. The C-N stretching vibra-
tions are assigned in the region 1310 cm~?, the band at 1360 cm™!
(DFT). The C-O stretching frequencies are observed at 1185 cm~! in
FT-IR spectrum and at 1210 cm~! (DFT). The N-N stretching mode
is assigned at 1090 cm~! experimentally and at 1125 cm~! theo-
retically. The other stretching and bending functional groups vibra-
tions were cited to their expected positions. Graphical correlation
between the experimental determined IR and DFT/B3LYP/6-311G(d)
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Table 3
All the experimental XRD torsion angles
DFT/B3LYP/6-311G(d) calculated values.

with their

)

Torsion angles Exp. XRD  B3LYP/6-31 G(d)
c3 N1 N2 C1 0.5 -0.25
Cl4 N1 N2 C1 176.5 178.12
N2 N1 Cc3 c2 -0.1 0.14

N2 N1 C3 C5 179.9 179.51
C14 N1 c3 c2 -175.6 -177.99
Cl4 N1 Cc3 C5 44 1.37

N2 N1 Cl14 C15 749 73.5

N2 N1 C14 C19 -101.6 -103.38
c3 N1 Cl4 (C15 -109.8 -108.45
c3 N1 c14 C19 737 74.67
N1 N2 C1 Cc2 -0.6 0.25

N1 N2 C1 c4 178.2 179.64
C12 02 C11 01 -3.9 0.31
C12 02 C11 Cc2 178.5 179.21
C11 02 C12 C13 1585 -176.29
N2 C1 c2 Cc3 0.6 -0.17
N2 C1 Cc2 C11 178.3 176.13
C4 C1 c2 3 -178.2 -179.5
C4 C1 C2 C11 -0.4 -3.2

C1 c2 Cc3 N1 -0.2 0.01

C1 c2 Cc3 C5 179.8 -179.26
C11 C2 c3 N1 -177.8 -175.92
c11 Cc3 C5 2.2 4.81

C1 c2 C11 01 11.6 10.07
C1 C2 C11 02 -170.9 -168.82
c3 c2 C11 01 -171.3 -174.66
c3 Cc2 C11 02 6.3 6.46

N1 c3 c5 C6 -129.8 -124.69
N1 c3 c5 C10 49.8 54.67
Cc2 c3 c5 C6 50.2 54.48
c2 c3 c5 C10  -130.2 -126.16
c3 (&) Cc6 Cc7 180 179.16
c10 G5 C6 c7 0.4 -0.22
c3 c5 c10 @9 -179.5 -179.36
C6 (&) c10 @9 0.2 0.01

Cc5 C6 Cc7 c8 -0.5 0.21

C6 Cc7 c8 c9 0.1 0

Cc7 c8 c9 C10 04 -0.2

Cc8 c9 c10 C5 -0.5 0.2

N1 Cl4 Ci15 Ci6 -1774 -178.49
Cc19 (C14 cC15 (C16 -1 -1.62
N1 Cl4 (C19 cC18 1776 178.72
N1 Cl4 (C19 C20 -0.2 -0.36
Cl15 (C14 C19 (C18 12 1.93
Cl15 (€14 C19 C20 -1765 -177.16
Cl4 (C15 Ci6 C17 09 0.28
cl15 (C16 C17 (C18 -1.2 0.66
C15 C16 C17 C21 178.4 179.61
cl6 (C17 Ci18 (C19 15 -0.31
21 C17 C18 (C19 -178.1 -179.26
c17 C18 (C19 C14 -15 -0.97
Cc17 (C18 C19 (C20 176.2 178.13

theoretical one is shown in Fig. 10c. Significant R? value 0.9979
was collected reflecting the excellent matching between theoreti-
cal and experimental IR analysis.

3.6. Exponential electronic and theoretical TD-SCF/DFT spectra

Electronic spectrum of the prepared compound was measured
in CH,Cl, and MeOH solvents (Fig. 10a). The Amax = 250 nm as
strong absorption band (;r - 7* electron transition) appeared when
both solvents was used, no other bands were detected elsewhere;
moreover, no changes on the Anax values recorded by changing the
use of CH,Cl, to MeOH which reflected the solvents affectlessness.
The TD-SCF theoretical calculations in gaseous state, CH,Cl, and
MeOH solvents were performed to be compared with the exponen-
tial UV result, as shown in Fig. 11b. In gaseous state Amax = 248

1
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Table 4
Calculated frontier molecular orbital energies and electronic
properties of the title compound.

Parameters Value [B3LYP/6-311G(d,p)] (eV)
Enomo - 6.26787
Erumo - 0.89553
Eg 537235
Ionization potential (I) 6.26787
Electron affinity (A) 0.89553
Electronegativity () 3.58170
Chemical hardness (1) 2.68617
Global softness (o) 0.18614
Electrophilicity () 2.38789
Chemical potential(u) - 3.58170
Dipole moment (Debye)  4.5806

where, x = (I+A)/2, n = (I-A)[2, o = 1/n and ® = u?[2n, Eg_
Erumo - Enomo.

nm, in CHyCly; Amax = 248 nm and in MeOH Apax = 253 nm. No
solvent effect on Amax was detected in gaseous state nor in CH,Cl,
solvent (same values). In MeOH solvent, very small bathochromic
shift (~ 5 nm) was detected theoretically compared to the gaseous
state. In general, negligible solvent effect can be summarized by
comparing experimental with theoretical analysis.

3.7. Electronic properties and HOMO-LUMO

The electronic parameters were calculated and tabulated in
Table 4. The electron affinity related to LUMO energy degree of
electrons acceptation. Meanwhile, ionization potential of molecule
concerning directly with HOMO energy reflects the electron dona-
tion capacity. The HOMO—LUMO orbital diagram is seen in Fig. 12.
With the aid of DFT the electrophilicity (w), electronegativity (),
softness (o) and hardness () of the molecule can be estimated
[40,41]. The molecular orbital energy levels together with their en-
ergy gap (5.37235 eV) are in agreement with the experimental UV-
result.

The value of chemical potential (-3.58170 eV) reflected the sta-
bility of the molecule. The hardness of the compound (2.68617 eV)
made it a soft with faster electron transfer. Electronegativity and
electrophilicity values revealed the compound with high electronic
attraction power.

3.8. Analysis of molecular electrostatic potential surface

The MEP calculation of optimized structure of the compound
was performed on DFT/B3LYP 6-311G (d), as seen in Fig. 13. The
blue and red colours indicating the H-acceptor and H-donor sites
respectively, construct the H-bonding interactions type and num-
ber. The electrons availability is decreased in the following order:
red<orange <yellow <green<blue [42,43]. The MEP graph indicated
carbonyl (O) and ester (O) with the red colour reveals the nega-
tive region and such atoms with their free lone pair of electrons
as the best H-bond acceptor sites. This result is consistent with
the HSA and X-ray packing data. It was very interesting to find
the N atoms site with green and not red color on the MEP sur-
face, which reflected the poorness degree in the free electrons of
such atoms, this make the N atoms not suitable as H-bond acceptor
sites. N=N....H hydrogen bonds were detected by X-ray and HSA
data, this fact is in agreement with this data. The green colour of
the CH hydrogen atoms reflected it as nucleophilic favored sites.

3.9. Mulliken atomic charge population analysis

The charge distribution of donor and acceptor atoms in
molecules affects parameters like: dipole moment, polarizability,



S. Naveen, K. Kumara, A.D. Kumar et al. Journal of Molecular Structure 1226 (2021) 129350

: Experimental
§ { @
0.8 4 - CH2C 12 solvent, Amax = 250 nm
0.6 -

= MeOH solvent, Amax = 250 nm

4 T ]
200 250 300 350

Theoretical

16000 -«
(b) i CH2Cl2 solvent, Amax = 248 nm

MeOH solvent, Amax =253 nm

Gaseous state, Amax= 248 nm

200 250 300 350
Wavenumber (nm)
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Fig. 13. (a) The MEP view and (b) the contour map of the desired compound.

refractivity and electronic structural. Mulliken population charge
analysis was carried out through B3LYP/6-31G(d,p) level of the-
ory, as seen in Table 5 and Fig. 14. The analysis was carried out
into two ways: full charge calculation, all the atoms including the

Table 5
Mulliken charges of atoms in the title compound.

No. Atom Charge No. Atom Charge

hydrogen atoms, as seen in Fig. 14a, on the other side hydro- 1 N -04491 1 N -0.4491
gen atoms were summed to the heavy atoms bind it, as seen in 2 N 0353 2 N -0.3536
Fig. 14b. The calculation in general revealed the presence of sev- 3 0 0058 3 0 "0-5058
4 0 -0.4865 4 0 -0.4865
eral atoms with nucleophilic and electrophilic properties. 5 C 025775 5 C 0.25775
The analysis revealed the high electronegativity O and N atoms 6 C -0.141 6 C -0.141
with their expected nucleophilicity amounts ~ -0.35e to -0.55e. The 7 c 028551 7 ¢ 0.28551
electrophilic mostly are localized at the hydrogen atoms ~ +0.05- g ]i 601'2%54 ?2 E g'?z)lgg
0.18e values, the largest positive charge H atom was found on H46 10 H 017556 13 ¢ 0.00036
with ~ 0.18e. The carbon atoms in the molecule have both posi- 11 H 0.182 15 C -0.0095
tive and negative charges reflecting their poisons in the molecule, 12 C 010463 17  C 0.01565
for example, C23 atom revealed the largest positive charge with ~ 1B c -0.0973 19 C -0.0031
- S 14 H 009762 21 C -0.0144
+0.55e, since it is ester carbon. Furthermore, all the four CH3 car- 15 c 04131 23 ¢ 0.55905
bon atoms showed the highest nucleophilicity with ~ 0.49e value, 16 H 010355 24 C 0.28776
as seen in Fig. 14a. 17 ¢ -0.0871 27 C 0.03088
18 H 01027 31 C 0.17863
19 C -0.1079 32 C 0.04046
3.10. Antioxidant screening: DPPH and Hydroxyl radical scavenging 20 H 01048 34  C -0.0811
activity studies 21 C -0.1137 36 C 0.15272
22 H 0.09933 37 C -0.1539
23 C 055905 39 C 0.14795
In search of new potent antioxidant molecules, we success- 24 C -0.0416 40 C 0.04251
fully carried out cyclocondensation reaction of ethyl 1-(2,4- 25 H 017134 44 C 0.02306
dimethylphenyl)-3-methyl-5-phenyl-1H-pyrazole-4-carboxylate. 26 H 0.15805
The prepared compound was evaluated for in vitro DPPH and 5; E E)(.)i‘:si?s
Hydroxyl inhibitory activity method in triplicate. Both methods of 29 H 0.15852
antioxidant screening were performed in order to make sure the 30 H 0.17382
results converge and get a better method set up. Preliminary inves- 31 C 0.17863
tigation of DPPH and hydroxyl scavenging activity in comparison gg ; E)Oi%gi )
with the ascorbic acid and butylated hydroxyanisole, respectively 4 C 01742
reference is illustrated in Fig. 15. The inhibition activity at the 35 H 0.09309
several concentrations 20 mM, 40 mM, 60 mM, 80 mM and 100 36 @ 0.15272
nM are listed in Table 6. 37 ¢ -0.2349
The antioxidant results of the title compound clearly showed ;g lg g'?i;g;
that the freshly synthesized compound exhibited very good antiox- 40 C -0.4908
idant activities especially at low concentrations. At concentrations 41 H 0.16159
of 20 mM and 40 mM, the desired compound behaved in its an- 42 H 0.18765
tioxidant activity mostly like the reference. This is good for appli- ﬁ ? ?6125;1;)33
cation, since low dose of chemical can be introduced. As expected, 45 1 016225
by increasing the concentrations of the materials the antioxidant 46 H 0.18013
increased but not drastically. For example; in DPPH, moving from 47 H 0.17292

concentration 20 mM to 60 mM cased only 4% increase in the

13
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Table 6

DPPH and hydroxyl radical scavenging activities of the designed compound

% DPPH radical scavenging

20 (ng/mL) 40 (pg/mL) 60 (ug/mL) 80 (ug/mL) 100 (png/mlL)
13.20+£0.54  14.87+0.21  17.65+0.12  20.40+0.87  23.21+0.65
Ascorbic acid 15.08+0.89  16.87+0.89  21.98+0.31  24.25+0.22  28.65+0.98
% Hydroxyl radical scavenging
Compound 13.43+£0.87  14.3240.01  19.32+0.11  23.67+£0.07  26.72+0.93
Butylated hydroxyanisole 13.87+0.10 17.954+0.12 25.58+0.20  32.03+0.32 36.87+0.76

activity. Interestingly, the synthesized compound shows better
antioxidant properties in both the methods (Table 6) compa-
rable with the similar structurally related pyrazole molecules
at similar concentrations [44]. For instance, already reported
compounds  1-(2,4-dimethoxy-phenyl)-3-(1-phenyl-3-p-tolyl-1H-
pyrazol-4-yl)-propenone, and 3-[3-(2-chloro-phenyl)-1-phenyl-
1H-pyrazol-4-yl]-1-(2,4-dimethoxy-phenyl)-propenone show the
percentage inhibition of 13.5, and 13.8, respectively [45]; while the
compounds 3-(4-bromophenyl)-1-(4-chlorophenyl)-4-(4,5diphenyl-
1H-imidazol-2-yl)-1H-pyrazole, 1,3-bis(4-chlorophenyl)-4-(4,5-
diphenyl-1H-imidazol-2-yl1)-1H-pyrazole, and 3-(2-bromophenyl)-
4-(4,5-diphenyl-1H-imidazol-2yl)-1-(p-tolyl)-1H-pyrazole, have the
radical scavenging abilities of 2.0, 2.0, and 10.2%, respectively [46].

14

The two methods revealed a very close antioxidant result; the
structure of the desired compound is stable enough to scavenge
the free electron for both methods without side reactions cased
structure decomposition. The radical-scavenging ability is com-
monly regarded as the basic property of an antioxidant and evalu-
ated by trapping DPPH and Hydroxyl radical in this work. The ab-
sorbance of free radicals decreases in presence of the tested com-
pound indicating their antioxidant potentials. The antioxidant ac-
tivity of the compounds is related with their electron or hydrogen
radical releasing ability to DPPH or Hydroxyl, so that they become
stable diamagnetic molecules, which might be the reason for the
higher antioxidant activity of the synthesized compound. Antiox-
idant activity of the compounds is also well explained by Epomo
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Fig. 15. DPPH and Hydroxyl radical scavenging activities.

and E;ypmo, as the electron donation property has been strongly at-
tributed to Eyomo (electron donation capability) and Ejyymo (elec-
tron accepting capability) [45]. The synthesized compound has
higher Eyomo and Ejymo and therefore it is an effective agent for
stabilizing the DPPH, and Hydroxyl radicals.

4. Conclusions

In the present work, ethyl 1-(2,4-dimethylphenyl)-3-methyl-5-
phenyl-1H-pyrazole-4-carboxylate was prepared by Knoevenagel
condensation reaction. The title compound was characterized spec-
troscopically and the structure was confirmed by single crystal X-
ray diffraction studies. The crystal structure is stabilized by inter-
molecular hydrogen bond of the type C-H...O and meeenr stacking
interactions. Further, the optimized theoretical structure parame-
ters were compared with the experimental X-ray structure. The
calculated results of 'H-NMR, TD-SCF, HOMO/LUMO, MEP, Hirsh-
feld surface and Mullikan population analysis are in good agree-
ment with the experimental data. The MEP analysis revealed the
high electronegativity of O and N atoms with their expected nu-
cleophilicity amounts ~ -0.35e to -0.55e. The compound was eval-
uated in vitro for its antioxidant susceptibilities through DPPH and
hydroxyl methods. In vitro DPPH and Hydroxyl radical scavenging
assay results showed that the designed compound acts as a poten-
tial antioxidant.

5. Supplementary data

CCDC 2018644 contains the supplementary crystallographic
data for the title compound. This data can be obtained free
of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or
from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: de-
posit@ccdc.cam.ac.uk.
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