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Abstract

The search for new anticancer drugs that target apoptotic and autoimmune pathways is essential, as these pathways are crucial for
maintaining cellular homeostasis and destroying cancer cells. In this study, eight trisubstituted pyrazoline derivatives (2a-2d and
3e-3h) were made by mixing chalcones with hydrazide derivatives (hydrazine hydrate and phenyl hydrazide) in a cyclocondensation
process. The EI-MS, "TH NMR, *C NMR, and "F NMR spectra were utilized to describe these variants. The MTT test was utilized to see
how harmful they were to the MCF-7 tumor cell type. The results exhibited that compounds 2a-2d demonstrated the strongest
inhibitory impact on MCF-7 proliferation, with IC5o values of 19.46, 29.45, 44.15, and 26.37 pug/mL after 24 hours of exposure. Among
them, compound 2a was the most potent. By comparison, compounds 3e-3h had significantly higher ICsg values of 101.67, 75.99,
102.83, and 99.54 ug/mL than the reference medication doxorubicin, which has an IC5p of 1.24 ug/mL. Additionally, docking of
compound 2a exhibited strong binding affinity values with the protein (PDB ID: 5T92) amino acid residues across several interactions,
including hydrogen acceptor, hydrogen donor, and hydrogen-pi, as well as two hydrogen acceptor and pi-hydrogen contacts with the
other amino acids and water. The most favourable binding pose corresponded to the lowest AG and exhibited robust pose quality.
Based on the 6-311+G(d) basis set and the B3LYP functional, the molecular structures of compounds 2a—d have been optimized, and

Keywords

molecular orbital studies utilized to examine their quantum chemical characteristics.

Anticancer, Chalcones, Cyclocondensation, DFT, Molecular Docking, Pyrazoline

Received: 13 December 2025, Accepted: 4 March 2026
https://doi.org/10.26554/sti.2026.11.2.661-676

1. INTRODUCTION

Pyrazolines are a serious type of heterocyclic compounds that
have enchanted substantial consideration in chemical pharmacy
simply because of their many therapeutic uses (Abou-Zied et al.,
2024). Among these, the therapeutic value of pyrazoline-based
scaffolds has been widely explored, owing to their favourable
structural flexibility and their ability to cooperate with multiple
biochemical substances (Khan et al., 2026; Nehra et al., 2025).
Structural modification through appropriate substitution has
been shown to significantly influence their pharmacological
behaviour, making pyrazoline derivatives promising candidates
for further drug development (Dadang, 2025; Reddy et al.,
2025).

Prior works have shown that cytotoxic action is significantly
altered by the kind and location of substituents on the pyra-
zoline ring (Hassan et al., 2024; Manwar et al., 2025; Yadav
et al., 2024). However, much of the reported literature has fo-
cused on mono- or disubstituted pyrazoline frameworks or has
emphasised biological screening without detailed mechanistic

interpretation at the molecular level (Reddy et al., 2024).

Additionally, in an effort to use more environmentally
friendly chemistry techniques. Pyrazolines have been syn-
thesized from benzylideneacetophenone using costly catalysts.
The problem of orientation in the pyrazoline preparation pro-
cess, however, is a common obstacle to all of these approaches
(Nair et al., 2025; Khan et al., 2024). The lack of orientation
represents a major challenge. Mechanistically, these reactions
usually result in the formation of both homologous compounds,
which pose problems for product yield and require complex
separation methods. Accordingly, there has been a continu-
ous interest in developing simple, effective, and eco-friendly
methods for the synthesis of pyrazolines because of their high
bioavailability and wide range of uses in chemical synthesis
(Abbas et al., 2024; Hameed et al., 2025).

In view of the above, the present study was undertaken to
bridge the gap by rationally designing two new series of struc-
turally diverse trisubstituted pyrazoline derivatives through
the cyclocondensation of chalcones with hydrazine hydrate
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and phenyl hydrazine under optimized reflux conditions. The
newly synthesized compounds were characterized extensively,
and their in vitro cytotoxicity was screened against the human
breast cancer cell line MCF-7 utilizing a colourimetric assay.
To elucidate the mechanism underlying the observed bioactiv-
ity, the potent compounds were subjected to molecular dock-
ing studies against the oestradiol-binding domain of oestradiol
receptor @ (PDB ID: 5T92). Furthermore, the study was ex-
tended to calculate frontier molecular orbitals, energy gaps,
chemical reactivity descriptors, and statistical correlations with
anticancer activity, utilizing density functional theory (DFT)
at the BSLYP/6-311+G(d) level, along with in silico ADMET
predictions to assess the compounds’ pharmacokinetic suitabil-
ity. b

2. EXPERIMENTAL SECTION

2.1 Materials

Materials utilised included 4-Bromoacetophenone (98%, Merck
), 4-Fluorobenzaldehyde (98%, Merck), 4-Nitroacetophenone
(98%, Merck), 4-(Methylthio)benzaldehyde (97%, Sigma-Aldric
h), 4-Fluoroacetophenone (98%, Merck), 8,4-dimethylacetophe
none (97%, Sigma-Aldrich), 4-(Trifluoromethyl)benzaldehyde
(99%, Sigma-Aldrich), and p-Formylnitrobenzene (98%, Sigma
-Aldrich).

2.2 Instrument

A Thermoscientific melting point device, a Bruker ARX-400
NMR spectrometer, and an MS model 5975¢c VL MSD EI
70eV were utilized in this work.

2.3 Methods
2.3.1 Comprehensive Procedure for the Synthesis of Trisub-
stituted Pyrazoline Compounds 2a-2d

A condensation process was utilized to make the pyrazolines. A
combination of chalcones 1a-1d (10 mmol) and 40 mmol of
80% hydrazine monohydrate in 20 mL of methanecarboxylic
acid was preheated to 90°C in a flask with a round bottom. Fol-
lowing 72 hours of heating, the solution was chilled to normal
temperature and then put in a bath of ice to cause the solid to
precipitate. It was neutralised with 1-hydroxyethane and water,
dried and recrystallised from 1-hydroxyethane to purify it.

2.3.1.1 1-(3-(4-Bromophenyl)-5-(4-Fluorophenyl)-4,5-Dih
ydro-1H-Pyrazol-1-yl)Ethan-1-One (2a)

The yield is 68%, Ry = 0.43 (EtAc/Hex, 4/6 v/v). It has a
m.p. of 164-166 °C and is white, crystalline. The '"H NMR
spectrum (DMSO), Ay (ppm): 2.30 (s, 3H, COCHg group),
3.11 (dd, CHg pyrazole ring, J = 18.1, 4.8 Hz, 1H), 3.83 (dd,
CHg pyrazole ring, J = 18.2, 11.9 Hz, 1H), 5.55 (dd, CH
pyrazole ring, J = 11.9, 4.7 Hz, 1H), 7.14 (t, 2H), 7.23 (t, 2H),
7.65 (d, 2H), 7.71 (d, 2H). The '*C NMR spectrum (DMSO),
Ac (ppm): C21 (22.2), C12 (42.3), C11 (569.5), aromatic car-
bons (115.7-138.8), C7 (138.9), C16 (153.7 and 163.0), C20
(168.0). The '°F NMR spectrum, Ap (ppm): -115.4 (s, 1F).
MS [EI]*: m/z = 860.1 [M]".
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2.3.1.2 1-(3-(4-Bromophenyl)-5-(4-(Methylthio)Phenyl)-
4,5-Dihydro-1H-Pyrazol-1-yl)Ethan-1-One (2b)

The yield is 62%, Ry = 0.51 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 176-178 °C, a yellow crystalline. The '"H NMR
spectrum in DMSO, Ay (ppm): 2.30 (s, 3H, COCHg group),
2.44 (s, 3H, SCHg group), 3.12 (dd, CHg pyrazole ring, J
= 18.1, 4.4 Hz, 1H), 3.83 (dd, CHg pyrazole ring, J = 18.1,
11.9 Hz, 1H), 5.51 (dd, CH pyrazole ring, J = 11.9, 4.7 Hz,
1H), 7.13 (d, 2H), 7.22 (d, 2H), 7.66-7.73 (m, 4H). In the
DMSO '3C NMR spectrum A¢ (ppm): C28 (15.2), C20 (22.2),
C12 (42.3), C11 (569.7), aromatic carbons (124.2-139.5), C7
(153.8), C19 (167.9). MS [EI]* m/z 388.2 [M]*.

2.3.1.3 1-(5-(4-(Methylthio)Phenyl)-3-(4-Nitrophenyl)-4,5-
Dihydro-1H-Pyrazol-1-yl)Ethan-1-One (2c)

The yield is 65%, Ry = 0.40 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 167-169 °C, a yellow crystalline. In the DMSO
'H NMR spectrum Ay (ppm): 2.38 (s, 8H, COCHj3 group),
2.44 (s, 3H, SCHg group), 3.21 (dd, CHg pyrazole ring, J
=18.2, 4.9 Hz, 1H), 38.90 (dd, CHg pyrazole ring, J = 18.2,
12.0 Hz, 1H), 5.56 (dd, CH pyrazole ring, J = 12.2, 4.9 Hz,
1H), 7.14-7.28 (m, 4H), 8.02 (d, 2H), 8.30 (d, 2H). The '3C
NMR spectrum in DMSO, A¢ (ppm): C25 (15.2), C19 (22.2),
C11 (42.2), C10 (60.2), aromatic carbons (124.4-139.2), C5
(148.4), C7 (152.9), C18 (168.3). MS [EI]* m/z 855.1 [M]".

2.3.1.4 1-(3-(4-Fluorophenyl)-5-(4-(Methylthio)phenyl)-
4,5-Dihydro-1H-Pyrazol-1-yl)Ethan-1-One (2d)

The yield is 60%, R; = 0.53 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 150-152 °C, a white crystalline. The 'H NMR
spectrum in DMSO, Ay (ppm): 2.30 (s, 3H, COCHg group),
2.44 (s, 3H, SCHg group), 3.14 (dd, CHg pyrazole ring, J
= 18.1, 4.2 Hz, 1H), 3.83 (dd, CHg pyrazole ring, J = 18.1,
11.8 Hz, 1H), 5.51 (dd, CH pyrazole ring, J = 11.8, 4.5 Hz,
1H), 7.13 (d, 2H), 7.22 (d, 2H), 7.31 (t, 2H), 7.84 (t, 2H).
In the DMSO '3C-NMR spectrum A¢ (ppm): C23 (15.3),
C20 (22.2), C12 (42.5), C11 (59.6), aromatic carbons (116.2-
187.4), C7 (139.5), C6 (153.8 and 165.0), C19 (167.8). Fluori
ne-19 NMR spectrum, Ap (ppm): -110.1 (s, 1F). MS [EI]*
m/z: 328.1 [M]*.

2.3.2 Overall Approach to Produce Trisubstituted Pyrazo-
line Derivatives 3e-3h

Chalcones le-1h (1 mmol) in absolute ethanol (20 mL) were
combined with 1.5 mmol of phenyl hydrazine, treated with
three drops of HCI, and refluxed at 90°C for 24 hours. After-
wards, the mixture was chilled to normal temperature, diluted
with ice-cold water, and then kept overnight. Filtering was
utilized to remove the precipitate, which was then neutralized
by 1-hydroxyethane and water, dried, and purified by recrys-
tallization from 1-hydroxyethane.

2.3.2.1 3-(3,4-Dimethylphenyl)-1-Phenyl-5-(4-(Trifluorom
ethyl)Phenyl)-4,5-Dihydro-1H-Pyrazole (3¢)
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The yield is 74%, Ry = 0.4 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 161-168 °C, a white crystalline. The 'H NMR
spectrum in DMSO, Ay (ppm): 2.25 (s, 3H, CHg), 2.26 (s,
3H, CHjy), 3.10-3.18 (m, 1H, pyrazole ring), 3.92 (dd, CHy
pyrazole ring, J = 17.5, 12.2 Hz, 1H), 5.60 (dd, CH pyrazole
ring, J = 12.2, 6.0 Hz, 1H), 6.72 (t, 1H), 6.99 (d, 2H), 7.15—
7.20 (m, 8H), 7.45-7.51 (m, 3H), 7.56 (s, 1H), 7.72 (d, 2H). In
the DMSO 3C NMR spectrum A¢ (ppm): C18,25 (19.8), C3
43.3), C1 (62.8), aromatic carbons (118.3-147.7), C4 (148.1).
Fluorine-19 NMR spectrum, Ap (ppm): -60.9 (s, 3F, CFjy).
MS [EI]" m/z: 394.3 [M]*.

2.3.2.2 3-(4-Fluorophenyl)-5-(4-Nitrophenyl)-1-Phenyl-
4,5-Dihydro-1H-Pyrazole (3f)

The yield is 72%, Ry = 0.51 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 177-179 °C, a yellow crystalline. In the DMSO
'H NMR spectrum Ay (ppm): 8.19 (dd, CHg pyrazole ring,
J =17.6, 6.8 Hz, 1H), 3.97 (dd, CHg pyrazole ring, J =
17.6, 12.4 Hz, 1H), 5.69 (dd, CH pyrazole ring, J = 12.4,
6.3 Hz, 1H), 6.75 (t, 1H), 6.99 (d, 2H), 7.17 (1, 2H), 7.28 (t,
2H), 7.57 (d, 2H), 7.80 (t, 2H), 8.22 (d, 2H). The '3C NMR
spectrum in DMSO, A¢ (ppm): C3 (43.1), C1 (63.0), aromatic
carbons (113.4-147.1), C22 (147.3), C4 (150.5), C10 (161.7
and 164.2). Fluorine-19 NMR spectrum, Ay (ppm): -112.1
(s, 1F). MS [EI]* m/z: 861.2 [M]*.

2.3.2.3 3-(3,4-Dimethylphenyl)-5-(4-Nitrophenyl)-1-Phen
yl-4,5-Dihydro-1H-Pyrazole (3g)

The yield is 76%, Ry = 0.6 (EtAc/ Hex, 4/6 v/v). It has
a m.p. of 179-181°C, a yellow crystalline. The 'H NMR
spectrum in DMSO, Ay (ppm): 2.24 (s, 3H, CHg), 2.26 (s,
38H, CHgy), 8.13 (dd, CHg pyrazole ring, J = 17.5, 6.1 Hz, 1H),
3.98 (dd, CHg pyrazole ring, J = 17.5, 12.3 Hz, 1H), 5.64
(dd, CH pyrazole ring, J = 12.3, 6.1 Hz, 1H), 6.73 (t, 1H),
6.99 (d, 2H), 7.17 (t, 3H), 7.45 (d, 1H), 7.55 (d, 3H), 8.21
(d, 2H). In the DMSO '3C NMR spectrum, A¢ (ppm): C9,10
(19.8), C3 (43.2), C1 (62.7), aromatic carbons (113.3-147.3),
C23 (148.1), C4 (150.6). MS [EI]* m/z: 371.2 [M]*.

2.3.2.4 3-(4-Fluorophenyl)-1-Phenyl-5-(4-(Trifluoromethy
I)phenyl)-4,5-Dihydro-1H-Pyrazole (3h)

The yield is 71%, Ry = 0.58 (EtAc/ Hex, 4/6 v/v). It has a
m.p. of 145-147 °C, a yellow crystalline. In the DMSO 'H
NMR spectrum Ay (ppm): 3.17 (dd, CHg pyrazole ring, J
=17.6, 6.2 Hz, 1H), 83.94 (dd, CHg pyrazole ring, J = 17.6,
12.8 Hz, 1H), 5.62 (dd, CH pyrazole ring, J = 12.3, 6.2 Hz,
1H), 6.74 (t, 1H), 7.00 (d, 2H), 7.17 (t, 2H), 7.27 (1, 2H), 7.51
(d, 2H), 7.71 (d, 2H), 7.79 (t, 2H). The '3C-NMR spectrum
in DMSO, A¢ (ppm): C3 (43.2), C1 (63.2), aromatic carbons
(118.4-147.0), C4 (147.5), C10 (161.7 and 164.1). Fluorine-
19 NMR spectrum, Ap (ppm): -61.0 (s, 3F, CFg), -112.2 (s,
1F). MS [EI]* m/z: 384.3 [M]*.

© 2026 The Authors.
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2.4 Anticancer Activity
2.4.1 In Vitro Cytotoxicity of Synthesized Compounds Over
Michigan Cancer Foundation-7

Growth and cultured line. Michigan Cancer Foundation-7 was
handed by the National Cell Bank in Iran to the Institute of Pas-
teur. In RPMI-1640 medium (Gibco), the cells were cultured
in the presence of 10% fetal bovine serum (Grand Island Bio-
logical Company [Gibco]) and streptomycin (100 pg/mL) and
penicillin (100 g/mL). Trypsin-ethylenediaminetetraacetic
acid (EDTA) (Grand Island Biological Company [Gibco])
and PBS (phosphate-buffered saline) were used to flow cells
through a humidified atmosphere at 87°C with 5% carbon
dioxide. Growth was assessed in 3D clusters under the same
circumstances and with the same fluids as cells grown on a
single layer.

The thiazolyl blue tetrazolium bromide (MTT) experiment
is utilized to see how alive cells are in the Michigan Cancer
Foundation-7 (Nair et al., 2022; Becer et al., 2023). Cell pro-
liferation and viability were assessed utilizing the thiazolyl blue
tetrazolium bromide (MTT) experiment. A final density of
1.5 x 10* cells per well was achieved by trypsinizing, collect-
ing, and adjusting the cells. After that, they were arranged in
96-well plates, each containing 200 uL of fresh medium, and
the plates were left to warm for a whole day. Over 24 hours at
87°C in 5% carbon dioxide, compounds 2a-2d and 8e-3h were
evaluated at concentrations that varied between 6.25 and 100
ug/mL and 12.5-200 ug/mlL, respectively. At the last stage
of the treatment period (24 hours), 200 ul./well of the thia-
zolyl blue tetrazolium bromide (MTT) solution (0.5 mg/mL
in phosphate-buffered saline, or PBS) was included while the
monolayer culture remained intact in the initial plate. Thus,
the plate was incubated for an additional four hours at 37°C.
After removing the thiazolyl blue tetrazolium bromide (MTT)
solution, each well received 100 uL of dimethyl sulfoxide. At
37°C, cells were shaken until the crystals were completely dis-
persed. A microplate reader (Wave XS2, BioTek, USA) was
utilized to calculate cell survival by recording absorbency at
570 nm. Dose-response curves were utilized to compute the
1Cj0, or the dosage of the chemicals that causes 50% dead cells.
The reference standard was doxorubicin.

2.4.2 Statistical Analysis

The range values are presented to demonstrate experimental
consistency, and the data are presented as mean = SEM (n =
3) from independent experiments. Based on an analysis of
variance (ANOVA) performed in GraphPad Prism 7 (2016),
statistical significance was established as p <0.0001.

2.5 Ligand—Protein Molecular Docking

All docking and scoring algorithms were completed using the
drug discovery software (Chemical Computing Group ULC,
2025). Itis made up of the estrogen receptor alpha ligand bind-
ing region and (2E). The crystal structure of -8-4-[(1R)-2-(4-
fluorophenyl)-6-hydroxy-1-methyl-1,2,3,4-tetrahydroiso- qui
nolin-1-yl] phenyl prop-2-enoic acid (PDB ID: 5T92) shows
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Figure 1. Synthetic Route of Pyrazolines 2a-2d and 8e-3h

Table 1. Cytotoxic Activity of the Evaluated Pyrazolines 2a—2d and 3e—3h in Combination with the DOX Drug Against the
MCF-7 Cell Line

Comp. no. Cell viability% (100 ug/mL) 1Cj0 (ug/mL)  Comp. no. Cell viability% (200 ug/mL) 1Cjs¢ (ug/mL)

2a 15.02 19.46 3e 30.44 101.67
2b 22.85 29.45 3f 19.64 75.99
2c 32.02 44.15 3g 38.29 102.83
2d 13.89 26.37 3h 37.54 99.54
DOX 6.77 1.24 DOX 5.35 2.438

Table 2. Comparison of Anticancer Activity of Pyrazolone and Chalcone Derivatives Reported in the Literature with the Present
Study

Comp. class Key Structural Features Cell Line 1Cj Reference
Mono-/disubstituted  \10p 7 180850 ug/mL (Dimitris, 2020)
pyrazolone scaffold Hg/m HTS, 20

Chalcone-derived
pyrazolone

@, f-Unsaturated carbonyl -y 7 999 g1g pg/mL (Patil et al., 2024)

system

Trisubstituted pyrazolone MCF-7 19.46-102.83

derivatives ug/mL

Pyrazolone derivative
Pyrazolone derivative MCF-7 150-300 ug/mL (Alsimaree, 2025)

Chalcone derivative

This work Present study

its shape. The data came from the Protein Data Bank and had 2.6 Details of the Computation

a resolution of 2.22 A. It is thought that docking studies are  All of the calculations in this study, which utilized DFT (Density
good enough when the precision is between 1.5 and 2.5 A.  Functional Theory), were done with the Gaussian 16 software
Most people agree that the best RMSD (Root-Mean-Square  (Ali et al., 2024). The basis set 6-31G +(d) and hybrid func-
Deviation) number is somewhere around 2 A, and the energy  tional (BSLYP) were utilized to figure out the features of the
score should be -7 kcal/mol or less. Both of these numbers are  title molecules in this work (Frisch, 2016). Vibrational modes
commonly utilized to be standards to ensure molecular docking ~ were also investigated to guarantee that no imaginary modes
data. were present. The Gauss sum program is implemented to ana-
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Figure 2. THNMR Spectra of the Synthesized Compounds (2a-2d) and (8e-3h)
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Figure 3. I3CNMR Spectra of the Synthesized Compounds (2a-2d) and (3e-3h)
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lyze DOS (Density of States) spectra (Baskerville et al., 2022;
Zhang et al., 2020; Elkanzi et al., 2022).

3. RESULTS AND DISCUSSION

8.1 Chemistry

Claisen—Schmidt reaction of acetophenone with substituted
aryl aldehydes was used to prepare the major intermediate
benzylideneacetophenone under basic conditions (El-Sayed
et al., 2022). As shown in Figure 1, the pyrazoline derivatives
2a-2d were formed by reacting the benzylideneacetophenones
with hydrazine monohydrate in methanecarboxylic acid. Simi-
larly, the benzylideneacetophenones were reacted with phenyl
hydrazine, and a few drops of HCI were added to yield the
pyrazoline derivatives 8e-3h. Structural validation was per-
formed using 'H, 13C, 19F NMR, and mass spectrometry (Ali
et al., 2020).

The proton NMR spectra of the made compounds 2a—2d
exhibited coupling between protons H, and H, at C12 and H,
at C11. H,, presents as doublets of doublets at A 3.11-3.21
ppm (J,; = 18.1-18.2 Hz and J,, = 4.2-4.9 Hz). Around
A 8.83-3.90 ppm, H; occurs as a doublet of doublets (J,
= 18.1-18.2 Hz and J;, = 11.8-12.0 Hz). H, occurs as a
doublet of doublets around A 5.51-5.56 ppm (Jj, = 11.8-
12.0 Hz and J,; = 4.5-4.9 Hz). In the same context, the 1H
NMR of compounds 3e-3h exhibited coupling between H,
and H; at C3 and proton H, at C1. H, occurs as a doublet
of doublets at A 8.10-3.19 ppm (J,;, = 17.5-17.6 Hz and J,,
= 6.1-6.3 Hz). H;, presents as a doublet of doublets around
A 3.92-3.97 ppm (J, = 17.5-17.6 Hz and Jj, = 12.2-12.4
Hz). H, occurs as a doublet of doublets around A 5.60-5.69
ppm (J;, = 12.2-12.4 Hz and J,, = 6.0-6.3 Hz), as shown in
Figure 2.

The structures of the generated compounds were verified
by the following indicators in the '3C NMR spectra of com-
pounds 2a—2d: signals between A 42.2-42.5 ppm are assigned
to the CHg group, while those between 59.5 and 60.2 ppm are
assigned to the CH group of the pyrazoline ring. The signals
between 115.7 and 139.5 ppm correspond to aromatic carbons,
those between 138.9 and 153.8 ppm to the C=N group, and
those between 167.8 and 168.3 ppm to the C=O group. The
same applies to compounds 3e—8h; the spectra show signals be-
tween A 43.1 and 438.3 ppm corresponding to the CHg group;
signals between 62.7 and 63.2 ppm related to the CH group
of the pyrazoline ring; and signals between 147.5 and150.6
ppm corresponding to the C=N group, as shown in Figure 3.

Furthermore, the 'F NMR spectra of compounds 2a and
2d exhibited singlet signals at -115.4 and -110.1 ppm, indi-
cating the presence of the F substituent. The same applies to
compounds 3e, 3f, and 8h, which exhibited singlet signals at
-60.9, -112.1, -61.0, and -112.2 ppm, corresponding to the
CF3 and F substituents (Figure 4).

Additionally, the MS [EI]* analysis of pyrazolines 2a—2d
peaks of molecular ion occur at m/z 360.1, 388.2, 855.1, and
328.1, respectively, closely matching the predictable values
of m/z 360.03, 388.02, 355.10, and 328.10. So it is with

© 2026 The Authors.
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molecules 3e-3h, which have molecular ion peaks at m/z 394.3
M*), 861.2 (M™*), 871.2 (M), and 384.3 (M™), in that order.
The estimated m/z values of 394.17, 861.12, 871.16, and
384.12 are very close to the peaks that were seen (Figure 5).

3.2 Anti-Cancer Assay in Vitro
The anticancer activity of the pre-processed compounds 2a-2d,
tested between 6.25 and 100 pg/mL, and compounds 3e-3h,
tested from 12.5-200 pug/ml., was evaluated versus the human
breast cancer cell line MCF-7 utilized a cell viability assay. As
shown in Table 1 and Figure 6, compounds 2a-2d displayed a
dose-dependent decrease in cell viability, with higher concen-
trations causing a steady decline in viable cells. At the highest
tested concentration of 100 ug/mlL,, cell viability dropped to
15.02%, 22.85%, 32.02%, and 13.89%, respectively, compared
to the untreated control. The dose-response data analysis re-
vealed ICj( values of 19.46, 29.45, 44.15, and 26.37 ug/mlL.
These values indicate the concentrations required to inhibit
50% of MCF-7 cell viability, with compound 2d showing the
lowest cell viability (13.89%) and the most potent cytotoxicity at
100 pug/mL. However, compound 2a has the lowest 1Cj( value
(19.46 ug/mL), meaning it requires the lowest concentration to
inhibit half of the cells. Similarly, compounds 3e-3h revealed
a dose-dependent reduction in cell viability, with higher con-
centrations resulting in a gradual decrease in viable cells. At the
highest tested concentration of 200 ug/mL, cell viability de-
creased to 30.44%, 19.64%, 38.29%, and 387.54%, respectively,
compared to the untreated control. Analysis revealed 1Cjy
values of 101.67, 75.99, 102.83, and 99.54 ug/mlL. These
results suggest that these concentrations inhibit cell viability by
50%, with compound 3f causing the most significant reduction
(19.64% of cells survive). Therefore, it exhibits the most potent
cytotoxic effect at this concentration. Compared to Doxoru-
bicin, which has a reported 1Cj5g of 1.24 ug/mL under similar
conditions, our compounds exhibit a lower but still notable
cytotoxicity. The overall results of cytotoxicity tests for anti-
cancer effects are greatly impacted by the kind, location, and
number of substituents on aromatic rings. (Rao et al., 2025).
To further contextualize the anticancer activity of the syn-
thesised compounds, a comparison with structurally linked
pyrazoline and chalcone derivatives reported in the literature
was conducted (Table 2). Previously reported pyrazoline deriva-
tives evaluated versus the MCF-7 cell line generally exhibit
1C5( values that depend on the substitution pattern and molec-
ular framework. By comparison, the trisubstituted pyrazoline
derivatives reported in the present study exhibit comparable or
improved cytotoxicity, particularly for those bearing electron-
donating and electron-withdrawing substituents. These results
suggest that trisubstitution and rational electronic modulation
enhance anticancer efficacy, thereby highlighting the advan-
tages of the current molecular design. The absence of cytotoxi-
city evaluation in normal (non-cancerous) cells is now explicitly
stated and highlighted as an important area for future investi-
gation.
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Figure 4. Y"FNMR Spectra of the Synthesized Compounds (2a, 2d) and (8¢, 8f and 3h)

3.2.1 Molecular Docking Studies

Compounds 2a and 3f were shown to have strong anticancer
effects on the MCF-7 cell line in laboratory tests, which sup-
ported their use in experiments. Molecular docking is an im-
portant part of the process of finding new drugs. In this study,
MOE (Molecular Operating Environment) software was uti-
lized to do molecular docking calculations and make predictions

© 2026 The Authors.

about how the prepared chemicals (2a and 3f) would bind to
the protein (6T92) (Hussein et al., 2023) (Figure 7). There
are expected binding affinities and features of compound (2a
and 3f) toward (56T92) in Table 8. There are also the best po-
sitions for compound (2a and 3f) to bind to the target protein.
There was a strong binding affinity between the substance that
was studied and the fundamental amino acid residues of the
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Figure 5. Mass Spectra of the Synthesized Compounds (2a-2d) and (3e-3h)
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Figure 7. 2D and 3D of the Best Proses for Pyrazoline Derivatives 2a and 3f

Table 3. Details of the Best Poses of Ligands 2a and 3f with Protein 5T92

N Type of
Binding Atom of Involved .
Comp. No. Affinity RMSD (A) Com- Atom of Receptor Int'erac— Distance E (Kcal/-
Receptor . tion A) mol)
(Kcal/mol) pound Residues
Bond
2a -6.48797 1.621155 020 CG MET 388 H- 3.13 5.3
acceptor
020 CG MET 3888 H- 3.22 1.6
acceptor
6-ring CD2 LEU 525 pi-H 4.04 -0.2
6-ring CD1 PHE 404 pi-H 3.56 -0.2
ARG 394 H- 3.64 -0.3
acceptor
3f -7.68887 1.301876 027 NH2 HOH 705 H- 2.82 -14
acceptor
027 O THR 347 pi-H 4.44 -04
6-ring CA THR 347 pi-H 4.17 -0.3
6-ring CG2 THR 347 pi-H 4.30 -0.6
6-ring CB ALA 350 pi-H 3.95 -0.4

5T92 protein, which could be seen in both 2D and 8D models
(PDB ID: 5T92). There are two main types of interactions,

© 2026 The Authors.

which have been shown by the interactions: hydrogen bonds
and hydrophobic interactions. The interactions were looked
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Table 4. Calculated ADME Properties of Compounds 2a and 3f In Silico

Physicochemical Parameters

Absorption Distribution

Mwt RB HBA HBD MR TPSA - Log Py Water . 0 i .
Comp. <500 <5 <10 <5 40~ (A% -0.4 to Solu- Violation GI BBB P-gp
- - - - 130 <140 +5.6 bility
2a 361.21 3 3 0 94.69 32.67 3.79 Poorly 0 High  Yes No
c an X . MLOGP > .
3f 361.37 4 4 0 111.04 61.42 3.94 Poorly 415 High  Yes No

into more by measuring the hydrogen bonds and bond lengths
inside the active site. That is, we looked at the root mean square
deviation (RMSD) of the ligand’s coordinates compared to the
best estimated pose. Finding the best minimum-RMSD align-
ment is part of figuring out the RMSD numbers for each con-
former. The root mean square deviation (RMSD) of the best
pose for high-accuracy docking is usually between 1.301876
and 1.621155 A. The pictures show that chemicals (2a and
3f) interact with different amino-acid components through
proton donor, acceptor and hydrogen pi interactions. They
also interact with water and other amino acids through two H-
acceptor-pi-H interactions. The energy binding and distance
of the contact are shown in Table 3. In general, these findings
will help scientists make strong medicines that can be utilized
to treat human breast cancer cell lines (MCF-7) (Al-Mutairi
etal., 2024).

3.3 ADMET Analysis

We selected compounds 2a and 8f because they are sufficiently
active to enable investigation of pharmacokinetic properties
and ADMET (Absorption, Distribution, Metabolism, and Elim-
ination) analyses. The Swiss ADMET web tool Bioinformatics
(2024) is utilized for in silico ADMET (Absorption, Distri-
bution, Metabolism, and Elimination) analysis to determine
whether the designed compound exhibits a favourable pharma-
cokinetic profile or causes toxicity upon systemic administra-
tion. Every characteristic, including the number of rotatable
bonds, molecular weight, topological polar surface area, molar
refractivity of hydrogen-bond acceptors, consensus of com-
puted lipophilicity, and number of hydrogen-bond donors, is
comparable, as shown in Table 4. In addition to water, the
solubility is moderate. In contrast, Table 4 shows that none of
them violated Lipinski’s rule, except compound 3f, which has
one MLOGP (Moriguchi Octanol-Water Partition Coeflicient)
>4.15. Additionally, the compound’s gastrointestinal (GI) ab-
sorption in humans is high, and it has robust blood-brain bar-
rier (BBB) permeability, suggesting effective oral absorption.
However, compounds do not interact with p-glycoprotein (P-
GP) substrates, which could affect their oral absorption. Pre-
dicted outcomes indicate that the chemicals have favourable
pharmacokinetic characteristics and could be turned into oral
medications (Silva et al., 2021). Despite limitations, such as
violations and deviations in values, they encourage the develop-
ment of predictive models and the understanding of reactivity.

© 2026 The Authors.

3.4 DFT Study

3.4.1 FMOs and Energy Gap

Softness, electron affinity, ionization potential, hardness, and
chemical hardness are just a few of the molecular electronic
properties that are always significantly influenced by frontier
molecular orbitals (FMOs), such as the lowest unoccupied
molecular orbital (LUMO) and the highest occupied molecular
orbital (HOMO) (Abduljleel et al., 2023). Quantum-chemical
indicators such as energy of the lowest unoccupied molecu-
lar orbital (ELUMO), energy of the highest occupied molec-
ular orbital (EHOMO), energy gap (AE), softness, hardness,
and dipole moment are calculated and shown in Table 5. An
electron donor is the term used to describe the highest occu-
pied molecular orbital (HOMO). While the lowest unoccupied
molecular orbital (LUMO) is referred to as an electron ac-
ceptor due to its lack of electrons, it has more electrons. The
three-dimensional shapes of the 2 orbitals are shown in Figure
8. One important determinant of the stability and reactivity
of the compounds is the energy differential (AE) between the
HOMO and LUMO energies. Molecules with great kinetic
stability and low chemical reactivity are indicated by a signif-
icant energy gap (Rad et al., 2016; Al Shuhaib et al., 2023).
Therefore, it is generally not favourable to move electrons from
the lower HOMO orbitals to the higher LUMO (Hussein et al.,
2023). The trends in the energy gap (AE) indicate that 2d
>2a >2b >3e>3h>2c>3f>3g. These results suggest that 3g has
the lowest kinetic stability and the highest chemical reactivity.
Figure 8 illustrates the energy gap and the density of states.
Based on the density of states (DOS) plot, the number of per-
mitted electrons per energy period at every level of energy that
can be filled is shown, and it also gives a general picture of the
properties of the molecular orbitals in the energy gap of the
molecule, which results from the simultaneous action of the
donor and acceptor groups as well as the spacer’s influence on
electron delocalization (R. et al., 2023).

3.5 Hardness and Softness

One important chemical term in the conceptual DFT (Density
Functional Theory) is chemical hardness (7). The ability of the
electron cloud of atoms, ions, and molecules to withstand polar-
ization is referred to as chemical hardness (Esme et al., 2019).
The estimated value for the chemical hardness (17) is AE/2
(H. et al., 2022). The trends of chemical hardness exhibit that
2d>2a >2b>3e>3h>2¢>3>3g (Table 5). Softness is the contrary

Page 672 of 676



Mazal et. al.

Science and Technology Indonesia, 11 (2026) 661-676

=15 - -3 1]

Energy (eV)

5
d — D05 spectrum — DOS spectrum
— O Cupied ortitals — Occupeed arbitals
— Vwrtual orbétals . —  Virtual oetetals
x 4 »
3 " ; | 2b -
o __’Mn —-f;!g, o f'no -,
c 2 3 s & |
g o "5 8 o
- - == E
e & | S (U
|~ = I
8 @ 4 |
2 g
O i
=1 - Jﬂ.
=20 =15 =10 =5 0 ~70 15 -10 _5 0
Energy (eV) Energy (eV)
4 4
N i %" h
L
3 3 P}
:
S = I
g 21 E g 2
2 = 2
E}I 1 I EI_J’ 1k
@ W
Q
a 8 e
of 0 :
=20 =15 -10 Q =20 =15 =10 =5
Energy (eV) Energy (eV)
5 7 4 —
.,‘& " 3f ".;‘,;
i 3e : A Jl S 00, PV
e}
£ 8?2
3 2 £
2 ol
a o
of /A
ALCKUACE kot AOCARALARCARER Ay 1 1 L
-20 -15 -10 -5 0 220 ~15 ~10 -5 0
Energy (QV} Fnoaraowv faW)
4
4 .
3 = =
3t =T 1
£ <
= £
g 7 g
=] =
2 e
=l =
8 a " >
(=] o}
’ AL RRED et
1MM“M“H“.M |” || ‘ ” ‘ ‘ H ‘H -120 —-15 -10 -5 o
% 10

Energy (eV)

Figure 8. The FMOs and DOS Plot for Pyrazoline Derivatives 2a-2d, and 3e-8h at the BSLYP Level with the 6-311G+ (d) Basis

Set

© 2026 The Authors.

Page 673 of 676



Mazal et. al.

Science and Technology Indonesia, 11 (2026) 661-676

Table 5. Determined Values for the Quantum Chemical Indicators by BSLYP/6-311G+(d)

Chemical Quantum Descriptors 2a 2b 2d 3e 3f 3g 3h
LUMO (eV) -1.9709 -1.8857 -3.0479 -1.7281 -1.55634 -2.9897 -2.9072 -1.7510
HOMO (eV) -6.2452  -6.0841 -6.2972 -6.0596 -5.3157 -5.6068 -5.4287 -5.4999
Egap (eV) 4.2743  4.1984 3.2493 4.3314 3.7622 2.6171 2.5165  3.7489
Hardness 17 (V) 2.187 2.0992 1.6246 2.16567 1.8811 1.3085 1.2582 1.8744
Softness S (V") 0.4679 04763 0.6155 0.4617 0.5315 0.7642 0.7947  0.5334
Dipole Moment u (Debye) 5.409 5.106 10.140 5.080 4.302 4.158 5.867 2.627
Table 6. Calculated Nonlinear Optics of Compounds
Chemical
Quantum 2a 2b 2c 2d 3e 3f 3g 3h Urea PNA 2M4N
Descriptors
o 252. 292. 297. 263. 327. 303. 334. 296.
Polarisability («) 3] 91 3] 39 33 13 61 39 33.39 101.3 118. 95
Hyperpolarizability 872. 1098. 7560. 910. 2289. 1457. 1665. 1457.
(8) 48 73 93 16 61 35 35 35 71. 53 1670.27 1671.9

of hardness, S = 1/ (Bouzidi, 2018). The sequence of softness
is 3g >3f >2¢ >3h >8e >2b >2a >3d (Table 5). The softness
and hardness terms correspond to the energy gap of molecules.
Molecules with smaller energy gaps will be softer and less com-
plicated. Therefore, softer molecules are more conductive (R.
et al., 2022), polarizable (Sajid et al., 2018), less kinetically sta-
ble (Li et al., 2022), and more chemically reactive (Khan et al.,
2018). The dipole moment (u) of a molecule is essential for a
variety of chemical activities. Single dipole moments are pro-
duced when two atoms forming a chemical bond have distinct
electronegativity (Aly, 2022; Manwar et al., 2025). The order
of dipole moment () shows that 2c>8g>2a>2b>2d>3e>3{>3h,
as shown in Table 5. The quantum-mechanical characteris-
tics of trisubstituted pyrazoline derivatives were statistically
examined to determine whether the energy of the highest oc-
cupied molecular orbital (EHOMO), the lowest unoccupied
molecular orbital (ELUMO), the energy gap (AE), softness,
hardness, and dipole moment could serve as predictive indi-
cators for anticancer. Based on Equation 1, there is a strong
linear correlation between half-maximal inhibitory concentra-
tion (ICj0) and energy of highest occupied molecular orbital
EHOMO. This suggests that the (EHOMO) determines the
drug’s binding affinity to the biological receptor.

1C5p = 566.66298 + 86.6893 Eromo (1)

Correlation Coeflicient (R) = 0.94052, and Standard devi-
ation (SD) = 13.37655

However, the results of Equation (2) indicate that the en-
ergy of the lowest unoccupied molecular orbital (E1.ymo) ex-
hibits a very weak linear correlation with the 1G5 values. Equa-
tion (3) further demonstrates a moderate linear relationship
between the observed 1Cj( values and the energy gap. Based
on Equations (4) and (5), ICj5y shows a moderate linear cor-

© 2026 The Authors.

relation with molecular softness and hardness, respectively.
Finally, Equation (6) reveals a weak correlation between the
dipole moment and the 1Cj( values.

1Cs0 = 47.48629 - 6.70463 ELumo (2)
R=-0.11694 SD = 39.10818

IC50=174.11613 - 31.13339 AE 3)
R=-0.6174 SD = 80.97296

1C50 = -29.02673 + 157.51181 S 4)
R=0.57306 SD = 32.26688

1Cs50 =174.10694 - 62.26317 )
R=-0.61737 SD = 30.97898

1C50 =95.71043 — 6.24366 p (6)
R=-0.37362 SD = 36.52194.

3.5.1 Properties of Nonlinear Optics

The compounds were also subjected to calculations and inter-
pretations of the first hyperpolarizability (8), isotropic aver-
age polarisability («), and dipole moment (u), to investigate
the connection between molecular structure and nonlinear op-
tics (NLO) using hybrid functional (BSLYP) and the basis
set 6-31G +(d) theory. The nonlinear optical properties of
the compounds are listed in Table 6. Urea, para-nitroaniline
(PNA), and 2-methyl-4-nitroaniline (2M4NA) were selected
as references in this study because no experimental data were
available on the nonlinear optics (NLO) characteristics of the
materials under study. According to Table 6, compound 2¢
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has a higher isotropic average polarisability () and first hyper-
polarizability (8) than the reference materials. This finding
supports the use of these substances as materials for electro-
optic and birefringent applications (Salman et al., 2022; Faisal
et al., 2024).

4. CONCLUSIONS

In this research, eight trisubstituted pyrazolines were synthe-
sized via cyclocondensation and characterised by NMR and
EI-MS. They were then tested for cytotoxic activity against the
breast cancer cell line MCF-7 and analysed using DFT (Den-
sity Functional Theory) methods. The results revealed that
only compounds 2a and 3f exhibited significant anti-tumour
activity, with half-maximal inhibitory concentrations (IC5y) of
19.46 ug/mL and 75.99 ug/mL against MCF-7, respectively.
Molecular docking predicted the binding modes of compounds
2a and 3f with protein 5T92, revealing their best binding poses.
The docking studies revealed favourable binding interactions
that support the observed cytotoxicity, while DFT (Density
Functional Theory) calculations provided insight into the elec-
tronic properties and stability of the synthesised compounds.
Together, these findings demonstrate the value of integrating
experimental and computational approaches to guide rational
molecular design. However, the study is limited by evaluation
against a single cancer cell line and the absence of selectivity and
in vivo studies. Future work should focus on broader biological
screening, mechanistic investigations, and further structural op-
timisation to improve anticancer strength and discrimination.
The absence of cytotoxicity evaluation in normal cells is now
explicitly acknowledged as a limitation and a focus for future
studies.
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