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Abstract: In the presented study, a series of methoxylated pyrazoline compounds containing amine (Py1-NH2 and Py2-NH>), tosyl (Py1-
Ts and Py2-Ts), and nitrile (Py1-CN and Py2-CN) group were synthesized The structures of these compounds were clarified (by MS, FT-
IR, and NMR analysis) through the use of mass spectral (spectrometer), FT-IR (spectrophotometer), and NMR (spectrometer) data. In
order to examine the chemical properties of methoxylated pyrazoline derivatives theoretically, calculations were performed on the B3LYP,
HF, and M06-2x methods using the 6-31++g(d,p) basis set. In addition, molecular docking calculations were performed to examine the
interactions of methoxylated pyrazoline derivatives against cancer proteins. Afterwards, ADME/T was performed to examine the effects
of methoxylated pyrazoline derivatives as drugs on human metabolism. According to the Gaussian calculations, the Pyi-NH2 molecule is
typically more active than other molecules. However, after the molecular docking calculations, the compounds'’ effects on cancer proteins
were examined, and it was discovered that the Py1-NH2 molecule had more activity overall than the others. Following a comprehensive
examination of the compounds' interactions with cancer proteins, the ADME properties of the molecules were examined. According to this
analysis, it would not be detrimental to use the chemicals as drugs for human metabolism.
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1. Introduction pyrazoline-based compounds, the diversity of design
substitutions to the pyrazoline ring appears to have a
stupendous impact on the biological profile. It has been
observed by diverse researchers that the steric and
electronic properties of the substituents attached to 3,5-
diaryl-4,5-dihydro-1H-pyrazole derivatives, which
represent the 2-pyrazoline class, have changed (Nehraet. al.
2020). The structurally common feature of various drugs
used in the clinical treatment of many diseases is the
pyrazoline ring system (Fig.1) (Bhutani et. al. 2015; Kumar
et. al. 2009). Pyrazoline derivatives are used in the literature
as anticancer agents in the treatment of various types of
cancer (Amr et. al. 2018; Ahmed et. al. 2019; Chen et. al.
2018; Kim et. al. 2017; Li et. al. 2018; Moreno et. al. 2018;
Stefanes et. al. 2019; Xu et. al. 2017).

Pyrazoline derivatives, members of the heterocyclic
chemical class, are intriguing substances with a wide range
of biological profiles, potential applications as drugs, and
synthetic adaptability (Dipankar et. al. 2011). Many experts
in the realm of medicinal chemistry have researched the
pyrazoline template extensively in relation to various
diseases. Numerous biological actions, including
antifungal, anticancer, anti-inflammatory, antituberculosis,
antidepressant, antibacterial, cholinesterase, carbonic
anhydrase, and antimalarial properties, have been identified
for these compounds (Altintop et. al. 2013; Celik et. al.
2020; Kaplancikli et. al. 2010; Kharbanda et. al. 2014;
Monga et. al. 2014; Joshi et. al. 2016; Ozdemir et. al. 2010;
Wang et. al. 2013). In structure-activity studies on
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Fig. 1. Diverse pyrazoline-based clinically used drugs.
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Cancer is a broad type of disease characterized by the
uncontrolled, rapid, and pathological proliferation of
abnormally transformed cells, and despite various
alternative treatment methods developed for the treatment
of this disease, cancer is still the second leading fatal disease
after cardiovascular diseases all over the world. Lack of
resistance and selectivity to chemotherapeutic agents are
very important factors in the fight against cancer.
Anticancer drugs used in the treatment of this disease
destroy not only cancer cells but also normal cells, and this
causes serious side effects. In order to prevent this situation,
the synthesis of new antineoplastic agents that selectively
destroy tumor cells or at least prevent their proliferation is
constantly being developed by researchers (Nepali. et al.
2014; Nussbaumer et. al. 2011; Mathur et. al. 2015; Rebucci
and Michiels 2013).

Theoretical calculations provide significant information on
many aspects of molecules in addition to measuring their
activity. Theoretical computations have become faster and
more accurate with the advancement of technology. It is
used to identify the active molecules, the portions of the
molecules with the highest electron densities, and the active
regions of the molecules using computations (Chalkha et.
al. 2023; Majumdar et. al. 2022). The study used Gaussian
calculations, B3LYP, HF, and MO06-2x (Becke 1992;
Hohenstein et. al. 2008; Vautherin and Brink 1972) methods
using the 6-31++g(d,p) basis set to examine the chemical
characteristics of the compounds. To contrast a molecule's
action with biological materials, molecular docking
calculations were conducted with breast cancer protein
(PDB ID: 1INX) (Williams et. al. 2001), liver cancer
protein (PDB ID: 3WZE) (Okamoto et. al. 2015), prostate-
specific membrane antigen (PDB ID: 6 XXP) (Rosenfeld et.
al. 2020), and colon cancer protein (PDB ID: 4UYA)
(Marusiak et. al. 2016). Finally, the compounds' ADME/T
calculations were performed, and their pharmacological
characteristics were investigated.

In this study, syntheses, structural characterization, and in
silico studies of methoxylated pyrazoline compounds
containing amine (Py1-NH2z and Py2-NHz), tosyl (Pyi-Ts
and Py2-Ts), and nitrile (Py1-CN and Py2-CN) groups were
searched. The activities of these compounds against cancer
proteins and their ADME properties were investigated. It
was determined that the Py1-NH2 compound showed higher
activity than the other synthesized compounds.
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2. Materials and Method

Every chemical that was utilized was of reagent-grade
quality. Purchased from Sigma-Aldrich, Merck, and Fluka,
phenylhydrazine, NaOH, p-tosyl chloride, potassium
carbonate, and 4-nitrophthalonitrile were used exactly as
directed. Purchased from Merck and Sigma Aldrich, the
utilized solvents were used exactly as supplied.

All reactions were carried out in an oxygen-free, dry
nitrogen environment using a Schlenk apparatus. The
Perkin Elmer 1600 FT-IR Spectrophotometer was used to
record infrared spectra. Chemical shifts were reported (9) in
the *H and 3C NMR spectra recorded on a Bruker Ascent
400 MHz NMR spectrometer CDCls, using MesSi
(tetramethylsilane) as an internal standard. A MALDI-TOF
spectrometer was used to measure the mass spectra. A
device known as an electrothermal was used to determine
the melting points.

2.1. Synthesis

2.1.1. Methoxylated pyrazoline derivatives bearing amine
group (Py1-NHz and Py2-NHz2)

Phenylhydrazine (0.54g, 5.0 mmol) was added to the
solution of the appropriate chalcone-derived amine
compounds (1.27g, 5.0 mmol) (Chlcn-1) or (1.42g, 5.0
mmol) (Chlcn-2) in absolute ethanol (15 mL) containing 1
g of NaOH. After heating the reaction mixture under reflux
for 6-10 hours while monitoring its progress with a TLC
analysis, it was allowed to cool to room temperature. The
crystalline substance that had separated was filtered, then
dried and cleaned with cold methanol. Hereby, the title
products (Pyi1-NH2 and Py2-NH2) were acquired as yellow
solids.

2.1.1.1. 2-(5-(2-methoxyphenyl)-1-phenyl-4,5-dihydro-
1H-pyrazol-3-yl)benzenamine (Py:1-NH2)

Yield: 81%. M.p: 137-139 °C. FT-IR (ATR), vmax (cm™:
3384-3291 (NH>), 3026 (ArC—H), 2939-2844 (C—H), 1615
(C=N), 1592 (C=C), 1492—1446 (N-N), 1385, 1324, 1294,
1157, 1103, 1029, 999, 878, 736, 689. *H NMR (400 MHz,
8, ppm, DMSO-de): 7.12-6.56 (m,13H, Ar-H), 5.52 (bs,1H,
pyrazoline-H), 3.93 (s, 3H, —OCHs), 3.93 (bs,1H,
pyrazoline-H), 3.08 (bs,1H, pyrazoline-H). APT NMR (100
MHz, §, ppm, DMSO-dg): N=C 156.9 (C), Ar—C [155.7 (C),
147.2 (C), 150.5 (pyrazoline-C), 144.2 (C), 143.8 (C), 129.1
(CH), 129.5 (CH), 126.4 (CH), 121.1 (CH), 118.6 (CH),
117.0 (C), 115.6 (CH), 115.5 (CH), 113.7 (C), 112.7 (CH),
111.9 (CH)], 56.3 (pyrazoline-C), 56.1 (—OCHas), 43.7
(pyrazoline-C). MS (MALDI-TOF) m/z:
Calculated:343.42; Found: 343.51 [M]".

2.1.1.2. 3-(5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)benzenamine (Py2-NH>)

Yield: 78%. M.p: 174—176 °C. FT-IR (ATR), vmax (cm™):
3443-3361 (NHy), 3004 (ArC—H), 2933-2834 (C—H), 1618
(C=N), 1594 (C=C), 14951462 (N-N), 1396, 1333, 1260,
1130, 1044, 1000, 867, 744, 687 (C-S). 'H NMR (400
MHz, §, ppm, DMSO-ds): 6.45-7.18 (m,12H, Ar-H), 5.54
(bs,1H, pyrazoline-H), 3.86 (bs,1H, pyrazoline-H), 3.55 (s,
3H, —OCHas), 3.40 (s, 3H, —OCHzs), 2.92 (bs, 1H,
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pyrazoline-H). APT NMR (100 MHz, 8, ppm, DMSO-de):
N=C 1534 (C), Ar—C [150.4 (pyrazoline-C), 149.2(C),
148.7 (C), 144.8 (C), 134.8(C), 133.2(C), 130.9 (C), 129.6
(CH), 129.5 (CH), 118.7 (CH), 115.2 (CH), 114.3 (CH),
113.1 (CH), 112.9 (CH), 112.4 (CH), 111.1 (CH)], 57.9
(pyrazoline-C), 56.5 (-OCHs), 55.4 (-OCHas), 42.3
(pyrazoline-C). MS (MALDI-TOF) m/z: Calculated:
373.45; Found: 373.76 [M]*.

2.1.2. Methoxylated pyrazoline derivatives bearing tosyl
group (Py1-Ts and Py2-Ts)

Pyrazoline-derived amine compound (0.75g, 2.17 mmol)
(Py1-NH2) or (0.5g, 1.34 mmol) (Py2-NH2) was solved in
pyridine (20 mL), and p-tosyl chloride (0.46g, 2.39 mmol
for Py1-Ts) or (0.28g, 1.47 mmol for Py-Ts) dissolved in
pyridine (5 mL) was added dropwise in the reaction mixture
for about 1 hours. This mixture was continued at - 5-8 °C
with stirring for 17 hours. The orange-colored reaction
ingredients were added to crushed ice and acidified with
concentrated HCI acid. The precipitated products were
filtered, crystallized in ethanol, and dried in vacuo. Hereby,
the title products (Pyi-Ts and Py»-Ts) were acquired as
fawn-colored solids.

2.1.2.1. N-(2-(5-(2-methoxyphenyl)-1-phenyl-4,5-dihydro-
1H-pyrazol-3-yl)phenyl)-4-methyl benzene sulphonamide
(Py1-Ts)

Yield: 88%. M.p: 167-169 °C. FT-IR (ATR), vmax (cm™):
3383 (N-H), 3068 (ArC—H), 2946—2842 (C-H), 1612
(C=N), 1596 (C=C), 1497—-1462 (N-N), 1386, 1345—-1158
(SO, tosyl), 1042, 1000, 885, 744, 667 (C-S). *H NMR
(400 MHz, 8, ppm, CDCls): 7.94 (t, 2H, Ar-H), 7.73 (t, 1H,
Ar—H), 7.29-7.22 (m, 2H, Ar-H), 7.14 (d, 1H, Ar-H), 7.09
(d, 1H, Ar-H), 7.03 (d, 3H, Ar-H), 6.99 (s, 1H, Ar-H), 6.95
(d, 1H, Ar-H), 6.88-6.83 (m, 1H, Ar-H), 551 (t, 1H,
pyrazoline —CH), 3.95 (s, 1H, NH), 3.93 (s, 3H, —OCHp3),
3.82 (dd, 1H, pyrazoline —CH3), 3.01 (dd, 1H, pyrazoline —
CHy), 2.32 (s, 3H, ~CHs). C NMR (100 MHz, 8, ppm,
CDCls): 156.0, 148.2, 145.1, 143.6, 143.5, 141.5, 136.7,
136.4, 129.5, 128.9, 128.7, 128.4, 127.4, 126.9, 126.4,
123.9,123.2,120.9, 119.8, 113.1, 110.6, 57.2 (pyrazoline —
CH), 55.5 (-OCHg), 42.9 (pyrazoline CHy), 21.5 (—CHs).
MS (MALDI-TOF) m/z: Calculated:497.61; Found:497.45
[M]".

2.1.2.2. N-(3,4-dicyanophenyl)-N-(3-(5-(2,5-
dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py2-Ts)

Yield: 83%. M.p: 157159 °C. FT-IR (ATR), vmax (cm™):
3384 (N-H), 3066 (ArC-H), 2949-2838 (C—H), 1660
(C=N), 1596 (C=C), 14971455 (N-N), 1386, 1345-1158
(SO, tosyl), 1077, 1000, 919, 885, 745, 667 (C-S). H
NMR (400 MHz, 6, ppm, CDCls): 7.72 (t, 2H, Ar—H), 7.58
(d, 1H, Ar—H), 7.33-7.22 (m, 2H, Ar-H), 7.14 (d, 1H, Ar-
H), 7.09 (d, 1H, Ar—H), 7.05-6.99 (m, 1H, Ar-H), 6.96 (s,
2H, Ar-H), 6.94 (s, 1H, Ar—H), 6.88-6.84 (m, 1H, Ar-H),
5.52 (t, 1H, pyrazoline —CH), 3.98 (s, 1H, NH), 3.93 (s, 6H,
—OCHs3), 3.83 (dd, 1H, pyrazoline —CHy), 3.01 (dd, 1H,
pyrazoline —CHy), 2.32 (s, 3H,—~CHjs). *C NMR (100 MHz,
3, ppm, CDCls): 156.0, 148.2, 143.6, 143.5, 136.7, 136.4,
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130.9, 129.5, 128.9, 128.8, 127.4, 127.2, 127.1, 126.4,
123.2, 122.9, 120.9, 119.8, 113.1, 111.4, 110.6, 57.2
(pyrazoline —CH), 55.5 (-OCHzs), 54.9 (—OCHa), 42.9
(pyrazoline CHy), 21.5 (-CH3). MS (MALDI-TOF) m/z:
Calculated:527.63; Found:527.67 [M]".

2.1.3. Methoxylated pyrazoline derivatives bearing nitrile
group (Py:1-CN and Py2-CN)

Py1-Ts compound (0.5g, 1.0 mmol) or Py.-Ts compound
(0.44g, 0.84 mmol) and 4-nitrophthalonitrile (0.17g, 1.0
mmol for Py:-CN) or (0.15g, 0.84 mmol for Py2-CN) were
solved in dry dimethylformamide (10 mL). Following
thawing, trace amounts of anhydrous K,CO; (0.41g, 3.0
mmol for Py:-CN) or (0.35g, 2.52 mmol for Py2-CN) were
added to the reaction mixture. After four days at 55 °C and
N> atmospheric pressure, the reaction mixture was
transferred to ice and filtered. Using silica gel and column
chromatography, the obtained solid product was purified.
Hereby, the title products (Pyi-CN and Py2-CN) were
acquired as fawn-colored solids.

2.1.3.1. N-(3,4-dicyanophenyl)-N-(2-(5-(2-
methoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py:-CN)

Yield: 48%. Column chromatography solvent: Chloroform.
FT-IR (ATR), vmax (cm™): 3073 (ArC-H), 29222836 (C-
H), 2233 (C=N), 1672 (C=N), 1595 (C=C), 1486—1463 (N-
N), 1388, 1338—1157 (SO, tosyl), 1090, 999, 881, 748, 691
(C-S). H NMR (400 MHz, &, ppm, CDCls): 7.96 (d, 2H,
Ar-H), 7.78 (d, 2H, Ar-H), 7.31-7.28 (m, 2H, Ar-H), 7.18
(d, 2H, Ar-H), 7.11 (d, 2H, Ar-H), 7.00 (d, 2H, Ar—H), 6.97
(s, 1H, Ar-H), 6.93 (d, 1H, Ar-H), 6.87-6.82 (m, 2H, Ar—
H), 5.50 (t, 1H, pyrazoline —-CH), 3.92 (s, 3H, —OCHg), 3.80
(dd, 1H, pyrazoline —CH>), 3.00 (dd, 1H, pyrazoline —CH>),
2.31 (s, 3H, —CHs). *C NMR (100 MHz, §, ppm, CDCls):
156.0, 148.2, 143.6, 143.5, 136.7, 136.4, 131.1, 130.9,
129.5, 129.4, 128.9, 128.7, 128.6, 128.4, 128.1, 127.7,
127.4, 126.4, 124.0, 123.2, 122.9, 121.2, 120.9, 120.8,
119.8 (C=N), 119.1 (C=N), 113.1, 111.4, 110.6, 107.2, 57.2
(pyrazoline —CH), 55.5 (-OCHg), (pyrazoline CHy), 21.5 (—
CHz3). MS (MALDI-TOF) m/z: Calculated: 623.72; Found:
646.61 [M+Na]*.

2.1.3.2. N-(3,4-dicyanophenyl)-N-(3-(5-(2,5-
dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py2-CN)

Yield: 52%. Column chromatography solvent: Chloroform.
FT-IR (ATR), vmax (cm™): 3059 (ArC-H), 29222835 (C-
H), 2233 (C=N), 1660 (C=N), 1595 (C=C), 1493—1462 (N-
N), 1395, 1328-1158 (SO, tosyl), 1091, 999, 875, 747, 691
(C-S). *H NMR (400 MHz, §, ppm, CDCl3): 7.78 (t, 2H,
Ar—H), 7.62 (m, 2H, Ar—H), 7.47-7.39 (m, 2H, Ar-H), 7.12
(d, 1H, Ar—H), 7.07 (d, 2H, Ar—H), 7.05-6.98 (m, 2H, Ar—
H), 6.97 (s, 2H, Ar-H), 6.92 (s, 1H, Ar-H), 6.88-6.84 (m,
1H, Ar-H), 5.51 (t, 1H, pyrazoline —CH), 3.95 (s, 6H, —
OCHs), 3.85 (dd, 1H, pyrazoline —~CH,), 3.03 (dd, 1H,
pyrazoline —CHy), 2.30 (s, 3H,—~CHj3). *C NMR (100 MHz,
3, ppm, CDCls): 156.0, 148.3, 143.7, 143.5, 137.7, 136.4,
135.6, 134.7, 132.9, 130.9, 129.5, 129.2, 128.9, 128.1,
127.9, 127.4, 127.2, 127.1, 126.4, 123.2, 122.9, 121.6,
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120.9, 120.8, 119.8 (C=N), 119.1 (C=N), 113.1, 111.4,
110.6, 57.2 (pyrazoline —CH), 55.5 (-OCHs), 54.9 (-
OCHz), 42.9 (pyrazoline CHy), 21.5 (-CH3). MS (MALDI-
TOF) m/z: Calculated: 653.75; Found: 676.67 [M+Na]*.

2.2. Theoretical methods

Theoretical computations can teach us a great deal about the
chemical and biological properties of molecules. Many
properties of quantum chemicals are determined by
theoretical calculations (Tas et. al. 2022). The chemical
behavior of the molecules is explained by the estimated
parameters. Numerous programs are used to calculate
molecules. Gaussian09 RevD.01 and GaussView 6.0
(Dennington et. al. 2016; Frisch et. al. 2009) are the
programs in question. These programs were used to do
calculations utilizing the 6-31++g(d,p) basis set using the
B3LYP, HF, and M06-2x (Becke 1992), (Hohenstein et. al.
2008), (Vautherin and Brink 1972) methods. The outcome
of these efforts has been the discovery of numerous
quantum chemical parameters. The estimated parameters
are calculated as follows, where each parameter describes a
different chemical characteristic of molecules (Lakhrissi et.
al. 2022; Majumdar et. al. 2022).

_ <6E) _
X Ny

(o)
n=-\{35z2
ON? o)

oc=1/n w=x?/2n e=1/w

Molecular docking calculations are performed to compare
the biological activity of a molecule to that of a biological
substance. Schrodinger's Maestro Molecular Modeling
Platform (version 12.8a) was used to do the molecular
docking computations (Schrédinger 2021-3; 2021). There
are several steps involved in computation. Each step is
completed in a different way. In the first phase, proteins
were prepared using the protein preparation module
(Schrodinger 2019-4; 2016; 2019). In this module, the
protein active sites were found. After then, computations
using optimized structures can be performed with the
LigPrep module (Schrédinger 2021-3; 2021). Following
preparation, the Glide ligand docking module was used to
examine the interactions between the compounds and the
cancer protein (Tiiziin et. al. 2022). Every calculation was
carried out with the OPLS4 technique. To evaluate the
chemicals under investigation's pharmacological potential,
an ADME/T (absorption, distribution, metabolism,
excretion, and toxicity) study was conducted. The Qik-prop
module of the Schrédinger software (Schrodinger 2021-3;
2021) was used to predict the results and interactions of
molecules involved in human metabolism.

3. Results and Discussion

1
-(I+4)=

1
2 > (Enomo + ErLumo)

1 1
= E(I —4) = -3 (Egomo — ELumo)

3.1. Characterizations of synthesized all compounds

General synthesis schemes of methoxylated pyrazoline
derivatives bearing amine (Py:-NH:z and Py2-NH2), tosyl
(Py1-Ts and Py»-Ts), and nitrile (Py:1-CN and Py2-CN)
groups are given in Schemes 1 and 2.
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Scheme 1. Synthesis scheme of methoxylated pyrazoline
derivatives bearing amine (Pyi-NHz), tosyl (Pyi-Ts), and nitrile
(Py1-CN) groups.
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Scheme 2. Synthesis scheme of methoxylated pyrazoline
derivatives bearing amine (Py2-NHz2), tosyl (Py2-Ts), and nitrile
(Py2-CN) groups.
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These compounds' structural characterizations were carried
out with the use of mass, FT-IR, and NMR spectrum data.
Attained methoxylated pyrazoline derivatives bearing
amine (Py:-NH2 and Py2>-NH:) groups have characteristic
groups of NH, (amine), C=N (due to ring closure), and N—
N (proves the formation of a pyrazoline ring). NH:
stretching vibration was seen at 3384-3291 cm™ (for Py:-
NH2) and 3443-3361 cm™ (for Py2-NH2), C=N stretching
vibration was seen at 1615 cm™ (for Py1-NH2) and 1618 cm-
! (for Py2-NH2), and N-N stretching vibration was seen at
1492—1446 cm™ (for Py1-NH2) and 1495-1462 cm™ (for
Py>-NHz) in the FT-IR spectra. NMR spectra of
methoxylated pyrazoline derivatives bearing amine (Py:-
NH2 and Py2-NH2) groups were recorded in DMSO-ds
(Fig.2). The mass spectra of Py1-NH2 and Py2-NH2 showed
two distinct molecular ion peaks, located at m/z: 343.51
[M]* and 373.76 [M]*, respectively (Fig. 3). The data
obtained proves the formation of methoxylated pyrazoline
derivatives bearing an amine group.
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Py1-NH:
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500

4004

300

2004

1004

.
o,

o o sta sho

73762

Py:-NH:2

Intens. [au]
H]
g
3

&
g

2000

1500

10004

500

o-
300

400 sbo 600 0o 860 ) i

Fig. 2. Mass spectra of pyrazoline derivatives bearing the amine
(Py1/Py2-NH3) group.

Obtained methoxylated pyrazoline derivatives bearing tosyl
(Py1-Ts and Py2-Ts) group have characteristic groups as
N-H, C=N (due to ring closure), N-N (proves the formation
of pyrazoline ring), and SO (tosyl). The FT-IR spectra
showed the following: N-H stretching vibration was
observed at 3383 cm! (for Py:-Ts) and 3384 cm! (for Py2-
Ts); C=N stretching vibration was observed at 1612 cm™
(for Py1-Ts) and 1660 cm™ (for Py.-Ts); N-N stretching
vibration was observed at 1497-1462 cm™ (for Py1-Ts) and
1497-1455 cm™ (for Py2-Ts); and SO, (tosyl) stretching
vibration was observed at 1345-1158 c¢cm™ (for Pyi/Py2-
Ts). Methoxylated pyrazoline derivatives with tosyl groups
(Py1-Ts and Py2-Ts) were recorded in CDCI; and their
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NMR spectra were obtained. Doublet of doublet (dd)
characteristic peaks were observed in the 'H NMR spectra
at 3.82 and 3.01 ppm (for Py1-Ts), and 3.83 ppm and 3.01
ppm (for Py2-Ts). Additionally, for Py:-Ts and Py-Ts,
aromatic protons were detected at 7.94-6.83 ppm and 7.72—
6.84 ppm, respectively. The molecular ion peak for Py:-Ts
and Py»-Ts, respectively, were found in the mass spectra at
m/z: 497.45 [M]* and 527.67 [M]*, as shown in Figure 4.
The information gathered demonstrates the creation of
derivatives of methoxylated pyrazolines with a tosyl group.
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Fig. 2. 3C NMR and *H NMR spectra of pyrazoline derivatives
bearing the tosyl (Py1/Py2-Ts) group.

The distinctive groups of methylated pyrazoline derivatives
with nitrile groups (Py1-CN and Py2-CN) are C=N (nitrile),
C=N (because of ring closure), N-N (shows that the
pyrazoline ring is formed), and SO, (tosyl). In the FT-IR
spectra, several stretching vibrations were observed: C=N
was observed at 2233 cm™ (for Pyi/Py>-CN), C=N was
observed at 1672 cm (for Py:-CN) and 1660 cm* (for Py2-
CN), N-N was observed at 1486—1463 cm™ (for Pyi-CN)
and 1493-1462 cm™ (for Py>-CN), and SO, (tosyl) was
observed at 1338—1157 cm™ (for Py:-CN) and 1328—1158
cm? (for Py.-CN). Methoxylated pyrazoline derivatives
(Py1-CN and Py2-CN) with nitrile groups recorded their
NMR spectra in CDCls. A molecular ion peak for Py1-CN
and Py2-CN, respectively, was seen in the mass spectra at
m/z: 646.61 [M+Na]* and 676.67 [M+Na]*, respectively.
The information gathered demonstrates the creation of
derivatives of methoxylated pyrazolines with a nitrile

group.
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Fig. 4. Mass spectra of pyrazoline derivatives bearing the tosyl
(Py1/Py2-Ts) group.

3.2. Theoretical calculations

One popular technique for comparing the activity of
molecules is to perform theoretical calculations. This
approach provides significant insights into the molecular
features that are both chemical and biological. For this data,
numerous parameters are determined (Majumdar et. al.
2022). A distinct piece of information about the molecule is
provided by each parameter. The Gaussian software
program is used to calculate a number of quantum chemical
parameters, the numerical values of which are utilized to
explain the behaviors of molecules. The HOMO and LUMO
parameters are more significant than the other estimated
values for the molecules. The molecule with the greatest
HOMO parameter numerical value is assumed to have
higher activity than the other molecules since it can donate
electrons more readily than the others (Majumdar et. al.
2022). LUMO is an additional parameter. It is believed that
the molecule with the lowest numerical expression of this
characteristic has a higher activity than the other molecules
because it can acquire electrons more readily than the other
molecules (Lakhrissi et. al. 2022). The AE energy gap is the
next parameter, and for highly active molecules, its
numerical expression is the smallest. The electronegativity
value reveals how well-suited the molecules' atoms are to
luring bind electrons (Majumdar. et al. 2022). More
electrons are drawn to molecules with higher
electronegativity. The activity in this instance declines.
Gaussian calculations yielded numerous parameters, which
are included in Table 1.

When the HOMO energy values in this table are examined,
it is seen that Pyi-NH: has higher activity than other
molecules as a result of the calculations made in the B3LYP
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and M062X methods. Another parameter is the LUMO
parameter; according to this parameter, Py1-CN was found
to have higher activity than other molecules. Another
important parameter used to compare the activities of
molecules is electronegativity, which has a lower
electronegativity for Py>-NH.. For this reason, it is seen that
its activity is higher since it will interact by giving electrons
more easily (Fig. 5).
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Fig. 5. Representations of molecules' ESP, HOMO, LUMO, and
optimal structures.

Gaussian calculations are essential to elucidate the chemical
properties of molecules. To further evaluate the biological
activity of these molecules, another important calculation is
required: molecular docking. Molecular docking studies
evaluate the interactions between molecules and biological
targets, usually proteins associated with human cancer cells.
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This approach provides a detailed insight into how the
molecule under study interacts with cancer cell proteins.
The interactions include various forces such as chemical
bonding, hydrogen bonding, polar and hydrophobic
contacts, as well as n-m and halogen interactions (Celik et
al., 2023; Tapera et al., 2022). Figures 6-9 show these
molecular interactions in detail.
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Fig. 6. Presentation interactions of Py:-NH2 with Breast cancer

As a result of the docking calculations, when the
interactions that occur between molecules and proteins are
examined, in Figure 6, when the interactions that occur
between Py:-NH:2 and Breast cancer are examined, it is seen
that there is a salt bridge interaction between the nitrogen
atom in the pyrazole ring of the Py:-NH2 molecule and the
GLU 1698 protein. In addition, it is seen that the nitrogen
and hydrogen atom in the aniline ring of the Py:-NH:
molecule make hydrogen bonds with the GLU 1698 protein.
When the interactions between Pyi:-NH: and Prostate
cancer are examined in figure 7, it is seen that there is a
hydrogen bond interaction between the nitrogen atom in the
pyrazole ring and the TRP 114 protein. When the
interactions between Pyi-NH: and Colon cancer are
examined in figure 8, it is seen that there is a salt bridge
interaction between the nitrogen atom in the pyrazole ring
of the Py:-NH2 molecule and the GLU 885 and ASP 1046
proteins. In addition, it is seen that there is a salt bridge
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interaction between the nitrogen atom in the aniline ring
attached to the central ring of the Py:-NHz molecule and the
GLU 885 and ASP 1046 proteins. When the interactions
between Py2-Ts and Liver cancer are examined in Figure 9,
it is seen that a m-7 interaction occurs between the benzene
ring attached to the pyrazole ring in the Py2-Ts molecule
and the PHE 135 protein. It is seen that a m-n interaction
occurs between the toluene ring in the Py2-Ts molecule and
the TRP 296 protein. It is seen that the nitrogen atom
attached to the sulfur dioxide group in the Py2-Ts molecule
forms a salt bridge with the Mg1440 and Mg 1439 atoms.
The results obtained from the calculations made are given
in Table 2. The most important of these parameters is the
Docking Score parameter, which gives the numerical value
of the chemical interactions between molecules and
proteins. It is assumed that the molecule with the greatest
negative numerical value of this parameter has more
chemical interactions since its activity is greater than that of
other molecules (Celik et. al. 2023). It should be common
knowledge that when the molecule and protein interact
more, the docking score parameter rises and therefore does
the molecule’s activity.
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Fig. 7. Presentation interactions of Py:-NH2with Prostate cancer
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Glide ligand efficiency, glide hbond, glide evdw, and glide
ecoul are additional factors in the docking computations that
provide a numerical value for the chemical interactions
between chemicals and proteins (Celik et. al. 2023).
Additional determined parameters include a pose resulting
from the interaction of molecules with proteins; Glide
emodel, Glide energy, Glide internal, and Glide posenum
are the essential factors that provide numerical values for
this pose (Tiiziin et. al. 2022).

Comparing the activities of the studied molecules with
molecular docking calculations is not sufficient by itself for
the molecules to be used in human metabolism. Even if the
molecules have high activity against cancer proteins, it does
not allow us to comment on how they will act in human
metabolism. For this, it is necessary to examine the ADME
properties of molecules (Table 3).

As a result of this theoretical analysis, many parameters
were obtained and these parameters are given in Table 3.
The first parameter among these parameters is Solute
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Molecular Weight, which requires the molecule to have a
certain molecular weight.
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Another parameter is PISA, which is also called Solute
Total SASA. This parameter is @ (carbon and attached
hydrogen) component of the SASA. Another parameter is
QP Polarizability, which is the parameter that predicted
polarizability in cubic angstroms.

Another important parameter is QPlogHERG, which is the
numerical value of the estimated 1Cso value when the HERG
K channels are blocked. The next parameter is QPPCaco,
which is the Caco-2 cell permeability in the intestinal-blood
barrier for inactive transport. Another parameter is
QPlogBB, which is the brain-blood barrier coefficient of an
orally administered drug. The next parameter is Human
Oral Absorption, which predicts qualitative human oral
absorption: 1, 2, or 3 for low, medium, or high.

It enables the examination of many properties of molecules,
such as absorption by human metabolism, movements, and
excretion by human metabolism. In ADME analysis, many
biological and chemical properties of molecules are
examined. At the beginning of these, many properties of
molecules, such as molecular masses, dipole moments,
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Table 1. The calculated quantum chemical parameters of molecules.

Eurasian J Bio Chem Sci, 7(2):111-124, 2024

Enomo ELumo I A AE n n % Pi [0 € dipol Energy
B3LYP/6-31++g(d,p)LEVEL
Py1-NH: -5.8091  -4.9650 5.8091 4.9650 0.8441 0.4221 2.3694 53871 -53871 34.3804 0.0291 4.0298 -29665.2437
Py1-Ts -5.2654  -1.5663 5.2654 1.5663 3.6991 1.8496 0.5407 3.4159 -3.4159 3.1543 0.3170 4.4593 -51947.6386
Py1-CN -3.7283  -2.3644 3.7283 2.3644 1.3638 0.6819 1.4664 3.0463 -3.0463 6.8044 0.1470 49789 -63236.1369
Py2-NH: -3.8951  -1.2828 3.8951 1.2828 2.6123 1.3062 0.7656 2.5889 -2.5889 2.5657 0.3898 44165 -32764.1339
Py2-Ts -3.9715  -1.5037 3.9715 1.5037 2.4678 1.2339 0.8104 2.7376 -2.7376 3.0369 0.3293 7.1815 -55046.4392
Py2-CN -4.1481  -2.4436 4.1481 2.4436 1.7045 0.8523 1.1733 3.2959 -3.2959 6.3729 0.1569 47346 -66352.1260
HF/6-31++g(d,p)LEVEL
Py1-NH:2 -7.4274 0.9878 7.4274 -0.9878 8.4152  4.2076  0.2377 3.2198  -3.2198 1.2320 0.8117 2.5881 -29475.6565
Pyi-Ts -7.5888 0.8958 7.5888 -0.8958 8.4846  4.2423  0.2357 3.3465  -3.3465 1.3199 0.7576 4.2304 -51670.7547
Py1-CN -7.7254 0.7908 7.7254 -0.7908 8.5161  4.2581 0.2348 3.4673  -3.4673 1.4117 0.7084 8.7016 -62907.1335
Py2-NH> -6.8571 0.9521 6.8571 -0.9521 7.8092  3.9046 0.2561 2.9525  -2.9525 1.1163 0.8959 4.8993 -32557.4449
Py2-Ts -6.9428 0.9236 6.9428 -0.9236 7.8663  3.9332 0.2542 3.0096  -3.0096 1.1515 0.8685 7.6145 -54752.4914
Py2-CN -6.9373 0.6667 6.9373 -0.6667 7.6040  3.8020 0.2630 3.1353  -3.1353 1.2928 0.7735 5.3347 -65989.6125
MO62X/6-31++g(d,p)LEVEL
Py1-NH: -6.2842  -0.2267 6.2842 0.2267 6.0576 3.0288 0.3302 3.2555 -3.2555 1.7495 0.5716 2.9974  -29652.5460
Py1-Ts -6.5468  -0.6248 6.5468 0.6248 5.9221 2.9610 0.3377 3.5858 -3.5858 2.1712 0.4606 4.0107 -51929.3708
Py1-CN -6.8426  -1.4836 6.8426 1.4836 5.3591 2.6795 0.3732 4.1631 -4.1631 3.2340 0.3092 8.3285 -63230.9218
Py2-NH: -4.8107  -0.4150 4.8107 0.4150 4.3958 2.1979 0.4550 2.6129 -2.6129 15531 0.6439 25039 -32749.9429
Py>-Ts -4.9604  -0.6280 4.9604 0.6280 4.3324 2.1662 0.4616 2.7942 -2.7942 1.8022 0.5549 7.0935 -55026.5510
Py2-CN -6.8426  -1.4836 6.8426 1.4836 5.3591 2.6795 0.3732 4.1631 -4.1631 3.2340 0.3092 8.3285 -63230.9217
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Table 2. The docking parameters of molecules against enzymes are expressed numerically

Docking Glide ligand Glide Glideevdw  Glide ecoul Glide Glide Glide Glide
1INX Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.29 -0.17 -0.40 -22.00 -12.02 -44.32 -34.02 3.03 45
Py1-Ts -3.76 -0.10 -0.16 -26.68 -14.01 -50.70 -40.69 4.54 6
Py1-CN -2.79 -0.06 0.00 -38.94 -1.57 -44.44 -40.51 1.03 216
Py2-NH2 -3.54 -0.13 -0.55 -26.10 -4.58 -36.01 -30.68 3.89 44
Py2-Ts -2.76 -0.07 -0.32 -32.78 -4.13 -43.74 -36.91 0.96 343
Py2-CN -3.33 -0.07 -0.27 -32.77 -6.95 -47.39 -39.72 2.04 180
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
6XXP Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.79 -0.18 0.00 -27.49 -8.00 -45.23 -35.49 2.79 67
Py1-Ts -3.54 -0.10 0.00 -31.76 -7.42 -46.22 -39.18 3.97 337
Py1-CN -1.39 -0.03 0.00 -28.20 -0.52 -27.26 -28.72 4.45 262
Py2-NH2 - - - - - - - - -
Py2-Ts -2.67 -0.07 -0.50 -25.17 -8.38 -37.48 -33.54 211 174
Py2-CN -2.56 -0.05 0.00 -29.58 -6.42 -38.58 -36.00 2.53 366
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
3WZE Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -6.08 -0.23 -0.01 -36.39 -5.32 -61.46 -41.71 0.76 234
Py1-Ts -5.57 -0.15 -0.16 -33.54 -3.67 -45.73 -37.22 5.17 47
Py1-CN -4.20 -0.09 0.00 -17.32 0.73 -31.08 -16.59 19.02 86
Py2-NH2 -6.01 -0.21 -0.27 -41.31 -1.96 -56.10 -43.27 8.06 295
Py2-Ts -4.15 -0.11 0.00 -51.45 0.76 -56.45 -50.69 8.25 49
Py2-CN - - - - - - - - -
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
4UYA Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.60 -0.18 0.00 -28.94 -0.60 -34.29 -29.54 1.35 393
Py1-Ts -5.38 -0.15 0.00 -46.10 -1.61 -51.33 -47.71 11.66 89
Py1-CN -5.97 -0.13 -0.32 -52.32 -3.70 -73.12 -56.01 9.78 124
Py2-NH2 -5.63 -0.20 -0.32 -37.81 -4.28 -54.55 -42.09 4.66 359
Py2-Ts -7.94 -0.21 -0.16 -44.83 -14.87 -112.10 -59.70 5.20 68
Py2-CN -5.50 -0.11 -0.06 -47.84 -5.30 -68.06 -53.14 14.93 279
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Table 3. ADME properties of molecule

Py1-NH:2 Pyi-Ts P1y-CN Py2-NH2 Py2-Ts Py2-CN Referance Range
mol_MW 343 343 343 343 343 343 130-725
dipole (D) 3.0 7.4 10.6 5.3 8.0 4.7 1.0-12.5
SASA 632 759 871 671 883 1051 300-1000
FOSA 100 198 135 211 298 332 0-750
FISA 44 74 170 68 80 196 7-330
PISA 487 486 567 392 505 522 0-450
WPSA 0.0 0.0 0.5 0.0 0.4 0.6 0-175
volume (A%) 1129 1468 1776 1215 1621 1970 500-2000
donorHB 15 1 0 15 1 0 0-6
accptHB 2.75 6.25 9.25 35 7 10 2.0-20.0
glob (Sphere =1) 0.8 0.8 0.8 0.8 0.8 0.7 0.75-0.95
QPpolrz (A3) 424 54.7 65.8 44.3 60.3 725 13.0-70.0
QPlogPC16 12.8 16.0 19.7 13.1 17.9 22.3 4.0-18.0
QPlogPoct 17.8 23.9 28.9 19.0 26.0 30.5 8.0-35.0
QPlogPw 9.3 12.1 14.4 9.4 13.1 15.2 4.0-45.0
QPlogPo/w 5.4 5.9 5.9 53 6.6 6.5 -2.0-6.5
QPlogs -6.4 -7.1 -1.7 -6.6 -8.9 -10.6 -6.5-0.5
CIQPlogS -6.3 -8.5 -11.0 -6.6 -8.8 -11.3 -6.5-0.5
QPlogHERG -6.6 -6.7 -7.2 -6.3 -7.9 -8.5 *
QPPCaco (nm/sec) 3757 1966 245 2256 1744 137 falad
QPlogBB 0.0 -0.4 -1.6 -0.3 -0.7 -2.4 -3.0-1.2
QPPMDCK (nm/sec) 2068 1028 109 1192 907 58 *x
QPlogKp -0.4 -0.8 -2.0 -1.1 -0.7 -2.5 Kp in cm/hr
IP (ev) 85 8.9 8.5 8.1 8.1 7.1 7.9-10.5
EA (eV) -0.2 0.6 1.0 0.1 0.6 1.3 -0.9-1.7
#metab 6 6 6 7 7 7 1-8
QPlogKhsa 1.0 1.2 1.0 11 1.4 1.3 -1.5-15
Human Oral Absorption 1 1 1 1 1 1 -
Percent Human Oral Absorption. 100 100 78.133 100 100 78 faleie
PSA 45 74 99 54 76 112 7-200
RuleOfFive 1 1 2 1 2 2 Maximum is 4
RuleOfThree 1 1 1 2 2 2 Maximum is 3
Jm 0.1 0.0 0.0 0.0 0.0 0.0 -

*corcern below -5, **<25 is poor and >500 is great, *** <25% is poor and >80% is high.
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volume, and the number of hydrogen bonds occurring
between a molecule and a protein, are considered chemical
properties (Tiiziin et. al. 2022). In addition, many biological
properties of molecules, such as blood-intestinal barrier and
blood-brain barrier transitions in human metabolism,
absorption by the skin, and orally usable properties, were
investigated. In addition to these properties, the numerical
values of the molecules RuleOfFive (Lipinski 2004),
(Lipinski et. al. 1997), violations of Lipinski's rule of five,
and RuleOfThree (Jorgensen and Duffy 2002), violations of
Jorgensen's rule of three, are checked. The numerical value
of these two parameters is expected to be zero, but within
the desired confidence interval. On the other hand, the
numerical values of the QPPCaco (nm/sec) and QPPMDCK
(nm/sec) parameters were found to be quite high for some
molecules. For this reason, it is thought that it may be a drug
for different regions of human metabolism.

5. Conclusion

In the present study, in silico studies of synthesized
methoxylated pyrazoline derivatives bearing amine (Pyi-
NH: and Py2-NH3), tosyl (Py:-Ts and Py2-Ts), and nitrile
(Py1-CN and Py>-CN) groups were researched. The
activities of the molecules were compared as a result of the
theoretical calculations. The Pyi1-NH2 molecule was shown
to be usually more active than other compounds in the
Gaussian calculations. But when the compounds' actions
against cancer proteins were investigated following the
molecular docking computations, it was found that, overall,
the Py:1-NH2 molecule had more activity than the others. As
a result of the calculations, the activities of the molecules
were compared with the docking calculations. As a result of
the calculations, the activities of the molecules were
compared with the docking calculations. The Py:-NH:
molecule was generally the most active molecule. It was
observed that the Py1-NH2 molecule had the highest activity
against the LJNX protein with a docking score value of -
4.29, the Py:-NH2 molecule had the highest activity against
the 6XXP protein with a docking score value of -4.79, and
the Py1-NH2 molecule had the highest activity against the
3WZE protein with a docking score value of -6.08. In
addition, the Py2-Ts molecule had the highest activity
against the 4UYA protein with a docking score value of -
7.94. After a thorough analysis of the compounds'
interactions with cancer proteins, the molecules’ ADME
characteristics were investigated. This investigation
revealed that employing the compounds as medications for
human metabolism would not be harmful.
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