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In this work, few new pyrazoline derivatives Py1-Py5 were synthesised, characterised and their potential as EGFR kinase inhibitors was
assessed. The target compounds were synthesized via Claisen-Schmidt condensation, followed by cyclization of the resulting chalcones
using thiosemicarbazide. The anticipated chemical frameworks were confirmed by structural elucidation utilizing IR, *H NMR, *C NMR
and HRMS studies. All the derivatives showed substantial binding affinities in molecular docking analysis using AutoDock Vina against
EGFR kinase (PDB ID: 3POZ). Compound Py3 exhibited the highest docking score (-10.2 kcal/mol), surpassing the co-crystallized
ligand O3P (-10.0 kcal/mol) and demonstrated interactions with key EGFR inhibitory residues, including Lys50, Thr95, Met98 and
Val131. ADMET projections indicated low toxicity, excellent pharmacokinetic characteristics and synthetic accessibility. Furthermore,
compound Py2 had the lowest ICso value (44.47 ug/mL) in an in vitro cytotoxicity screening against MCF-7 breast cancer cells using the
MTT test, indicating considerable activity. The structure-activity relationship analysis suggested that the presence of electron withdrawing

substituents, especially chloro and nitro groups, enhances the cytotoxicity activity.
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INTRODUCTION

The broad spectrum of biological potential heterocyclic
compounds makes them an important component of medici-
nal chemistry [1]. The versatility and great biological poten-
tial of nitrogen-containing heterocycles have aroused the
curiosity of numerous researchers in recent years. The basic
character of pyrazolone is attributed to the nitrogen atoms
present in its five-membered heterocyclic ring, which can
readily accept protons [2,3]. Pyrazoline, a partially saturated
derivative of pyrazole containing an endocyclic double bond,
is another important heterocyclic scaffold, with 2-pyrazoline
being the most extensively studied because of its greater
stability [4]. Chalcones play a significant role in organic syn-
thesis and industrial applications, serving as key intermed-
iates in the preparation of various heterocyclic compounds,
including pyrazoline derivatives [5-8].

Cancer is one of the most serious health challenges world-
wide and remains a major cause of mortality [9]. It comprises
more than 100 distinct diseases which are generally classified
based on the organ or tissue in which they originate. Among
women, the most frequently diagnosed cancers include breast,

lung, uterine, colorectal and thyroid cancers, whereas prostate,
lung, colorectal and bladder cancers are commonly reported
among men. Globally, prostate cancer in men and breast cancer
in women are among the most prevalent forms of the disease
[10]. Reports from the International Agency for Research on
Cancer (IARC) of the World Health Organization (WHO)
indicate that lung cancer accounts for approximately 2.5 million
new cases each year, followed by female breast cancer with
around 2.3 million cases. Lung cancer also represents the lea-
ding cause of cancer-related deaths, while breast cancer remains
one of the major contributors to global cancer mortality
[11,12].

A variety of therapeutic approaches have been developed
for the management of cancer, with chemotherapy being one
of the most commonly employed treatments. Chemotherapy
involves the use of powerful chemical agents that primarily
target rapidly dividing cells, thereby inhibiting the growth of
cancer cells that proliferate more quickly than normal cells
[13,14]. Despite its effectiveness, chemotherapy is associated
with several drawbacks including lack of selectivity, systemic
toxicity, development of drug resistance and damage to
healthy tissues, all of which can adversely affect patients’
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quality of life. These limitations have encouraged ongoing
efforts to identify safer and more targeted anticancer thera-
pies. In this regard, tyrosine kinase inhibitors have emerged
as promising therapeutic agents for cancer treatment [15,16].
The epidermal growth factor receptor (EGFR) family, which
includes EGFR (ErbB1), HER2 (ErbB2), HER3 (ErbB3) and
HERA4 (ErbB4), belongs to the receptor tyrosine kinase group
and plays a key role in regulating essential cellular functions
such as proliferation, differentiation, metabolism and survival
[17-19]. Activation of these receptors occurs when specific
ligands bind to the extracellular domain, resulting in receptor
dimerisation and phosphorylation of the intracellular tyrosine
kinase domain, which subsequently activates several down-
stream signalling pathways [20-23].

Based on these facts, an attempt was made to synthesise
and investigate new pyrazoline-based derivatives as potential
anticancer agents targeting the epidermal growth factor rece-
ptor (EGFR) kinase. The synthesized compounds were charac-
terised using spectroscopic methods and evaluated through
the molecular docking to examine their interaction with the
EGFR active site. In addition, their cytotoxic potential against
MCEF-7 breast cancer cells was assessed along with ADMET
predictions to identify compounds with promising biological
activity and favourable pharmacokinetic properties.

EXPERIMENTAL

All reagents were purchased from commercial suppliers.
The melting points were determined using an Equiptronics
digital melting point device and are uncorrected. IR spectra
were recorded using on Shimadzu FTIR in the 4000-400 cm™
range. *H NMR & C NMR spectra were recorded on a
BRUKER AVANCE NEO 500 MHz NMR spectrophoto-
meter in CDCl; and DMSO, respectively as solvent. Mass
spectra were recorded using a TOF MS ES model. The pro-
gress of the reaction was tracked by using thin-layer chrom-
atography (TLC) on TLC silica gel 60 F2s4 aluminium sheets
using ethyl acetate:n-hexane (9:1 v/v) as eluent.

Synthesis of chalcones (Chal-Cha5): 3-Acetylcoumarin
(1, 2 mmol) dissolved in ethanol was mixed with KOH solu-
tion and stirred at room temperature followed by the addition
of substituted benzaldehyde (2, 2 mmol) after 0.5 h. The mix-
ture was stirred continuously for a further 24 h. Using a 9:1
ethyl acetate:n-hexane solvent solution, the progress of the
reaction through TLC was monitored. After completion, the
mixture was neutralised with dilute HCI and quenched with
crushed ice (Scheme-1) [24,25]. The resulting residue was
collected by filtration and the product was recrystallisation in
ethanol to afford Chal-Chab as a pale-yellow solid in 42-68%

yield.
KOH
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Synthesis of pyrazoline derivatives (Py1-Py5): A mixture
of thiosemicarbazide (0.01 mol, 0.91 g), substituted chalcones
(Chal-Chab) (0.01 mol) and a catalytic quantity of HCI (1
mL) was refluxed in 30 mL of ethanol for 6-8 h. Following
cooling, the formed precipitate was filtered, washed with water,
dried and then recrystallised from ethanol.

5-(2-Chlorophenyl)-3-(2-ox0-2H-1-benzopyran-3-yl)-
4,5-dihydro-1H-pyrazole-1-carbothioamide (Pyl): Yield:
68%, m.p.: 169-172 °C, m.f.: C1gH14N30,SCI (m.w. 355.18);
IR (KB, Vmax, cmt): 3368.74, 3261.04 (N-H), 3174.88 (C-H
str. arom.), 1286.51 (C=S), 1161.68 (C-O-C), 772.54 (C-Cl);
H NMR (500 MHz, CDCls, 8 ppm): 3.90 (s, 2H), 5.19 (s, 2H),
7.26 (s, 1H), 7.40 (d, 1H), 7.53 (t, 1H), 7.63 (t, 1H), 8.01 (d,
1H), 8.07 (d, 1H); 3C NMR (500 MHz, DMSO, & ppm):
195.56, 159.28, 155.36, 147.52, 134.43, 130.25, 125.01,
12455, 121.00, 118.28, 116.73; HR-MS: m/z 356.09.

5-(2-Chloro-5-nitro-phenyl)-3-(2-oxo-2H-1-benzopyran-
3-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide (Py2):
Yield: 42%, m.p.: 172-178 °C, m.f.: C19H13N4O4SCI (m.w.
428.8); IR (KBr, vmax, cm™): 3439.10, 3315.61 (N-H), 3170.58
(C—H str. arom.), 1266.07 (C=S), 1108.55 (C-0O-C), 751.00
(C-Cl); *H NMR (500 MHz, CDCls, & ppm): 3.89 (s, 2H),
6.90 (m, 2H), 7.30 (t, 1H), 7.40 (d, 1H), 7.74 (t, 1H), 7.85 (d,
1H), 7.26 (d, 1H), 8.20 (dd, 1H); **C NMR (500 MHz, DMSO,
3 ppm): 194.96, 156.31, 154.49, 146.91, 134.35, 130.65, 124.61,
118.05, 115.99; HR-MS: m/z 428.28.

5-(4-Hydroxy-3,5-dimethyl-phenyl)-3-(2-ox0-2H-1-
benzopyran-3-yl)-4,5-dihydro-1H-pyrazole-1-carbothio-
amide (Py3): Yield: 58%, m.p.: 170-182 °C; m.f.: C21H19N3O3S
(m.w. 393.46); IR (KB, vmax, cm): 3410.38, 3285.45 (N-H),
3169.14 (C—H str. arom.), 1266.1 (C=S), 1158.81 (C-O-C);
'H NMR (500 MHz, DMSO, § ppm): 2.50 (s, 6H), 3.31 (s,
2H), 6.71 (d, 3H), 7.40 (m, 1H), 7.30-7.60 (t, 1H), 7.96 (d,
1H), 8.66 (d, 1H), 9.30 (s, 1H), 11.23 (s, 1H); 3C NMR (500
MHz, DMSO, & ppm): 190.28, 158.31, 154.49, 146.91, 134.35,
130.49, 126.57, 124.30, 124.09, 118.0, 115.9, 29.70, 15.17;
HR-MS: m/z 394.10.

5-(3,4,5-Trimethoxyphenyl)-3-(2-ox0-2H-1-benzo-
pyran-3-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide
(Py4): Yield: 45%, m.p.: 110-115 °C, m.f.: CxH21N3OsS
(m.w. 439.49); IR (KB, Vmax, cm™): 3294.07, 3192.11 (N-H),
2996 (C—H str. arom.), 1272 (C=S), 1121.48 (C-O-C); H
NMR (500 MHz, CDCls, & ppm): 3.81 (dd, 1H), 3.85-3.95
(m, 9H), 6.73 (d, 1H), 6.90 (d, 2H), 7.25-7.41 (2H), 7.61-8.07
(s, 3H), 9.98 (s, 1H); *3C NMR (500 MHz, DMSO, & ppm):
161.8,156.7,154.3, 145.3, 141.9, 131.3, 128.0, 125.7, 122.6,
117.8, 116.6, 125.7, 122.6, 117.8, 116.6, 111.8, 61.1, 59.1,
56.3,41.8,61.1,59.1, 56.3, 41.8. HRMS: m/z 438.19.

reflux

Pyl1-Py5 )\NH2

N

R = Pyl: 2-Cl; Py2: 2-C1,5-NO,; Py3: 4-OH,3,5-(CHj),; Py4: 3,4,5-(OCH3)3; PyS: 4-OH,3-OCH;

Scheme-I: Synthetic route of pyrazolines (Py1-Py5)
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5-(4-Hydroxy-3-methoxy-phenyl)-3-(2-oxo-2H-1-benzo-
pyran-3-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide
(Py5): Yield: 42%, m.p.: 140-144 °C, m.f.: CoH17N304S
(m.w. 395.5); IR (KBr, vmax, cm™): 3367.30, 3259.60 (N-H),
3174.88 (C—H str. arom.), 1285.87 (C=S), 1161.68 (C-O-C);
'H NMR (500 MHz, CDCls, & ppm): 3.57 (dd, 1H), 3.77 (s,
3H), 3.97 (dd, 1H), 6.71 (dd, , 1H), 7.63-7.26 (m, 7H), 8.07
(d, 1H), 9.18-9.05 (s, 2H), 11.39 (s, 1H); 3C NMR (500 MHz,
DMSO, & ppm): 163.6, 160.9, 153.3,152.1, 141.9, 130.3, 128.4,
126.7, 122.2, 118.8, 116.4, 115.5, 109.2, 60.0, 55.3, 40.4;
HRMS: m/z 396.13.

In silico and molecular docking studies

Molecular docking studies: To investigate the molecular
docking investigations, AutoDock Tools software (Version
1.5.7) was used. An open-source, grid-based molecular inter-
action tool called AutoDock Vina (ADV) was used to fore-
cast the best non-covalent binding conformations between
the ligand and the macromolecular receptor. This tool uses an
effective scoring and search algorithm to improve the accuracy
of binding mode predictions. ChemDraw 16.0 was used to
sketch the targeted ligands, the Protein Data Bank was used
to retrieve the protein EGFR kinase and PyMOL Visualizer
was used to visualize and interpret the docking results. To
ensure full coverage of the active site, the grid box was
adjusted to dimensions of 17.05 x 33.038 x 13.333 A2 for the
docking technique. The grid center coordinates were defined
as x =40,y =40 and z = 40 A. Based on the target protein’s
binding site for the co-crystallised ligand, these characteristics
were ascertained visually. In order to confirm the specificity
of the binding site and assess the docking protocol, the co-
crystallized ligand, N-{2-[4-({3-chloro-4-[3-(trifluoromethyl)-
phenoxy]phenyl}amino)-5H-pyrrolo[3,2-d]pyrimidin-5-yl]-
ethyl}-3-hydroxy-3-methylbutanamide, was re-docked into
the active site, and its resulting conformation was compared
with the original crystallographic pose. Moreover, the PLIP

web-based program was used to examine the detailed protein-
ligand interaction modes for each complex [26].

Ligand preparation: The ligands used for the mole-
cular docking study were initially sketched using ChemDraw
software (Fig. 1) and their structures were cleaned and corr-
ected for proper bond alignment. Each ligand molecule was
given 3D conformations after hydrogen atoms were added by
the normal ligand synthesis procedure. Partial charges were
also allocated and the pH was changed to 7.2 to correspond
with physiological conditions. These changes guaranteed the
ligands’ precise electrical characteristics and shape, which are
necessary for docking simulations. Afterwards, every prod-
uced ligand was transformed and stored in the ".pdbqt" format,
which is the required AutoDock Vina (ADV) input file type.
The PDBQT format contains important chemical information
that isn’t included in regular PDB files, like AutoDock-speci-
fic atom types (T) and partial charges (Q). These atom types
improve the accuracy of docking predictions by enabling a
more accurate representation of molecular characteristics, such
as the distinction between aliphatic and aromatic carbons.
Reliable molecular interactions during the docking process
depend on the creation of PDBQT files with the correct
shape, charge and atom-type information [27,28].

Protein preparation: Utilizing AutoDock Tools (ADT)
[29], the protein structure utilised for the molecular docking
investigation was created by AutoDock Vina’s normal proce-
dure. The protein data bank provided the crystal structure of
EGFR kinase (PDB ID: 3POZ). Ligand N-{2-[4-({3-chloro-
4-[3-(trifluoromethyl)phenoxy]phenyl}amino)-5H-pyrrolo-
[3,2-d]pyrimidin-5-yl]ethyl}-3-hydroxy-3-methylbutanamide
co-crystallizes with this structure, which was determined by
X-ray diffraction at a high resolution of 1.50 A. PyMOL was
used for the protein’s first processing and visualisation [30].
In the preparation process, the co-crystallised ligand, water
molecules and any undesirable heteroatoms were eliminated.
Homology modeling was used to adjust for any missing side

Co-Crystal ligand O3P CH;,

Fig. 1. 2D structures of synthesised Py1-Py5 compound and co-crystal ligand O3P
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chains and residues. A thorough analysis of the protein reve-
aled structural anomalies that required remedial action, such
as missing loops. The protein was homologously modeled
using the SWISS-MODEL service to rectify these anomalies
[31]. Pymol visualisation software was then used to compare
the modelled protein to the original co-crystallised O3P pro-
tein on several criteria. The reduced protein was then loaded
into AutoDock Tools, where Gasteiger charges and polar
hydrogen atoms were added. The AMBER force field (FF)
was then used to minimize energy in the protein to minimize
steric conflicts and optimize the structure. The final receptor
structure was saved in the .pdbgt format for docking and the
atom types were determined using the AutoDock4 format
[32,33].

Before screening a molecular database, the docking pro-
tocol must be validated. This was achieved through self-
docking, where the co-crystallized ligand was redrawn and
docked into the same binding site to verify whether a similar
orientation could be reproduced. The co-crystal ligand N-{2-
[4-({3-chloro-4-[3-(trifluoromethyl)phenoxy]phenyl }amino]
was re-docked, and the superimposition using PyMol yielded
an RMSD value of 0.678 A (Fig. 2). Since an RMSD value
below 2 A indicates reliable docking accuracy, the protocol
was considered valid. The binding energy of the co-crystal
ligand was -10 kcal/mol, which was used as the reference
threshold for further molecular screening [34].

Fig. 2. Redocking of co-crystal ligand

Prediction of synthetic accessibility and toxicity: To
determine whether the selected new compounds are drug-like
and suitable for further development, their synthetic accessi-
bility and toxicity profiles were analysed. The SwissADME
web tool was used to predict the synthetic accessibility (SA)
of the compounds. The SA values range from 1 to 10, with a
lower number indicating easier synthesis. Compounds that were
considered synthetically feasible and selected for further
investigation had SA values less than 5 [35]. The ADMETAI
tool, which uses a machine-learning algorithm based on mole-
cular fingerprints to predict various toxicity characteristics,
was used to assess the toxicity. In addition, the compounds
showed adequate skin permeability, blood-brain barrier (BBB)
penetration, intestinal absorption and central nervous system
(CNS) permeability. All compounds were within safe limits
and show no toxicity concerns, including AMES mutageni-
city, maximum tolerated dose, hepatotoxicity, skin sensitisa-
tion or minnow toxicity. According to these results, the sele-
cted compounds have good pharmacokinetic, toxicological and
synthetic accessibility characteristics, making them attractive
options for further research [36,37].

In vitro cytotoxicity studies: The MTT assay was used
to evaluate the cytotoxic potential of synthetic pyrazoline
derivatives on human breast cancer cells, MCF-7. The cells
from NCCS, Pune, India were cultivated in minimum essen-
tial medium (MEM) with the addition of 10% FBS and main-
tained at 37 °C and 5% CO,. Approximately 1 x 10* cells per
well were seeded in 96-well plates and the test drugs were
added at doses between 10 and 100 pg/mL. A 0.2% DMSO
in PBS was added to the control wells. Each treatment was
performed in triplicate. After 24 h, 20 uL of MTT solution (5
mg/mL) was added and the mixture was incubated for 4 h.
After a 10 min incubation, 200 pn L of DMSO was used to
dissolve the formazan crystals produced by the live cells on
the plates. The absorbance at 570 nm was measured using an
ELISA reader (Benephera E21). To calculate the 1Csq values,
cell viability (%) was compared with the control [38].

RESULTS AND DISCUSSION

The pyrazoline derivatives (Pyl-Py5) were obtained
through cyclization of the previously synthesized chalcones
(Chal-Chab) with thiosemicarbazide in ethanol under reflux
in acidic conditions. This transformation involves nucleophilic
addition of thiosemicarbazide to the B-unsaturated carbonyl
system of chalcone, followed by intramolecular ring closure
to form the pyrazoline framework. The reactions proceeded
efficiently and produced the target compounds in moderate
yields ranging from 42% to 68%. The physical character-
isation further supported the successful synthesis of the deri-
vatives. For instance, compound Py1 exhibited a melting point
in the range of 187-195 °C, indicating good purity and cryst-
allinity. In the IR spectra, the coumarin moiety showed
characteristic C-O-C stretching vibrations, along with N-H
stretching bands around 3400-3200 cm™ and thioamide (C=S)
absorptions at 1286-1260 cm. In the *H NMR spectra, the
methine proton of the pyrazoline ring appeared at 6 5.5-5.9
ppm, while the methylene protons appeared as doublets of
doublets between & 3.1-3.4 ppm. Aromatic protons were dete-
cted as multiplets in the region of & 7.0-8.5 ppm. The 3C NMR
spectra showed signals for methylene and methine carbons of
the pyrazoline ring at approximately 6 40 and & 54 ppm, resp-
ectively, along with signals corresponding to carbonyl and
thioamide carbons. Mass spectrometry further confirmed the
structures by displaying molecular ion peaks consistent with
theoretical values. For example, compound Pyl (m.f.
C19H14N302SCl) showed a molecular ion peak at m/z 392.
Based on these results, the combined spectroscopic and anal-
ytical data confirmed the successful synthesis and structural
integrity of the pyrazoline-based carbothioamide derivatives.

In silico and ADMET study

Homology modelling: Homology madelling was perfor-
med to find the missing residues in the protein structure to
ensure the structural completeness of the EGFR kinase domain
used in the docking studies. Fig. 3 shows the superimposed
structures of the original EGFR protein and the homology-
modelled structure, with the newly added residues high-
lighted. The green coloured segments represent the modelled
regions reconstructed during the homology modelling process.
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Addition of missing
residues after
Homology
modelling

Fig. 3. Homology modelling of co-crystal ligand

This structural refinement was important to improve mole-
cular docking accuracy by restoring the binding site’s biolo-
gically relevant conformation. The co-crystallised ligand was
retained to validate the modelled protein by ensuring its bin-
ding pose remained consistent, thereby confirming the relia-
bility of the model for further in silico analyses.

Molecular docking: Molecular docking studies were
performed to evaluate the binding affinities of the synthesised
pyrazoline derivatives (Pyl-Py5) against the EGFR kinase
domain, utilizing the co-crystallised ligand (O3P) as a refer-
ence. The reference ligand O3P exhibited a docking score of
-10.0 kcal/mol, while compound Py3 demonstrated the high-
est binding affinity among the synthesized derivatives with a
score of -10.2 kcal/mol. Other compounds also showed favour-
able docking scores including compound Py1 (-9.4 kcal/mol),
Py5 (-9.3 kcal/mol), Py2 (-9.1 kcal/mol) and Py4 (-8.5 kcal/
mol). These results indicate that all synthesized molecules
possess the ability to interact effectively with the active site
of EGFR (Table-1). The superior docking score of compound
Py3 may be attributed to its structural features that facilitate
stronger interactions within the binding pocket, such as hydro-
phobic interactions, m—n stacking and hydrogen bonding. In
addition, compound Py2 displayed the lowest ICsy value
(44.47 ng/ mL) against MCF-7 cells along with a favourable
docking score (-9.1 kcal/mol), highlighting its potential as an
effective EGFR inhibitor.

Protein-ligand interaction analysis: To examine the
binding orientation and key molecular interactions within the
EGFR active site, molecular docking studies were performed
for the co-crystallized ligand (O3P) and the synthesized novel
pyrazoline derivatives (Py1-Py5). The results (Fig. 4) indi-

cate that all compounds established multiple hydrogen bonds
and hydrophobic interactions with important amino acid
residues located in the EGFR binding pocket. Compound Py1
interacted through hydrogen bonding with Val31, Ala48,
Thr95 and Lys50. Py2 formed interactions with Lys50, Thr95,
Leu23 and Leu149, suggesting stable accommodation within
the binding cavity. Compound Py3, which exhibited the
highest docking score, showed strong interactions with Val31,
Thr95, Lys50, Ala48, Met98 and Phe302, indicating a fav-
ourable binding orientation within the active site. Compound
Py4 interacted with residues such as Thr159, Leu23, Leu93
and Val31, whereas compound Py5 formed hydrogen bond
interactions with Thr95, Leu149, Gly24, Met98 and Val31.

For comparison, the reference ligand O3P interacted with
Lys50, Thr95, Val31, Met98 and Leu97 within the EGFR
active site. Remarkably, several residues including Lys50,
Thr95, Val31 and Met98 were involved in the binding inter-
actions of most compounds, suggesting their crucial role in
stabilizing ligand binding. These observations highlight the
ability of the synthesized derivatives to occupy the EGFR
binding pocket effectively, supporting their potential as
EGFR inhibitors. Although compound Py3 demonstrated the
strongest docking affinity, compound Py2 showed the highest
cytotoxic activity in vitro. This difference may arise from
factors such as variations in membrane permeability, meta-
bolic stability or interactions with additional cellular targets.
While docking studies provide insight into the affinity of
compounds toward the EGFR active site, the biological acti-
vity observed in vitro is also influenced by pharmacokinetic
behaviour and cell-specific responses.

ADMET and synthetic accessibility analysis: In order
to evaluate the synthesised compounds Pyl1-Py5 for drug-
likeness, physico-chemical properties and toxicity, an in silico
ADMET evaluation was performed using SwissADME and
associated tools. All compounds had molecular weights below
the acceptable range (< 500 Da) according to Lipinski’s rule
of five, ranging from 383.86 (Pyl) to 439.493 (Py4). Since
Pyl and Py2 were slightly more lipophilic (3.84 and 3.74,
respectively), the log P values for all compounds were in the
ideal range (< 5), indicating adequate membrane permeability.
The hydrogen bond acceptors (HBA) and hydrogen bond
donors (HBD) of all compounds were in the drug-like range,
indicating the possibility of favourable pharmacokinetics. All
analogues scored 4/4, indicating that the compounds fulfilled
the Lipinski criteria well and were therefore drug-like (Table-

TABLE-1
BINDING AFFINITY AND INTERACTION PROFILE OF THE Py1-Py5 COMPOUNDS AND CO-CRYSTAL LIGAND O3P
Binding
Compounds energy Interacting amino acid residues
(Kcal/mol)
Pyl -9.4 Leu23 (Hydrogen bond)/Leu23, Val31, Ala48, Lys50, Leu93, Thr95, Leul49 (Hydrophobic)/Lys50 (Salt
Bridges)
Py2 -9.1 Leu23, Ala48, Lys50, Leu93, Thr95, Leul49 (Hydrophobic)/Lys50 (Salt Bridges)
Py3 -10.2 Leu23 (Hydrogen bond)/Leu23, Val31, Ala48, Lys50, Leu93, Thr95, Leul49, Met98, Phe302 (Hydrophobic)/
Lys50 (Salt Bridges)
Py4 -8.5 Lys50 (Hydrogen bond), Leu23, Val31, Lys50, Leu82, Leu93, Thr95, Thr159 (Hydrophobic)
Py5 9.3 Gly24, Met98Val31 (Hydrogen bond), Lys50, Leu93, Thr95, Leu149 (Hydrophobic)/Lys50 (Salt Bridges)
Co-crystal -10.0 Met98 (Hydrogen bond) Leu23, Val31, Lys50, Leu93, Thr95, Leu97, Leul63 (Hydrophobic)/Met71, Leu93,

ligand Thr95 (Halogen bonds)
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Leul49

Py4 Py5 Co-Crystal O3P —_—
Fig. 4. Interactions of novel compounds Py1-Py5 and co-crystal ligand O3P with protein EGFR kinase
TABLE-2
ADMET DATA OF COMPOUNDS Py1-Py5 AND CO-CRYSTAL LIGAND
ADMET CO-Crystal
properties Pyt ae ae P e ligand )é)BP
MW 383.86 428.857 393.468 439.493 395.44 547.96
LogP 3.8411 3.7493 3.51014 3.2135 2.9019 5.9166
HBA 4 6 5 7 6 7
HBD 1 1 2 1 2 3
Lipinski 4 4 4 4 4 2
QED 0.53 0.29 0.51 0.47 0.51 0.24
TPSA 71.83 114.97 92.06 99.52 101.29 101.3
Ames 0.10 0.61 0.23 0.14 0.31 0.19
Bioavailability 0.85 0.86 0.89 0.91 0.82 0.800729
Carcinogenicity 0.30 0.34 0.38 0.20 0.13 78.32493
BBB 0.74 0.80 0.40 0.63 0.55 43.62156
ClinTox 0.04 0.09 0.05 0.06 0.06 1

MW = molecular weight, HBA = hydrogen bond acceptor, HBD = hydrogen bond donor, QED = quantitative estimation of drug likeliness, TPSA

= topological polar surface area, Ames = AmesSalmonella/microsomemutagenicityassay, BBB = blood-brain barrier

2). The range of QED (quantitative estimate of drug-likeness)
values was between 0.29 (Py2) and 0.53 (Py1), indicating a
moderate to high potential for drug-likeness. The topological
polar surface area (TPSA) values ranged from 71.83 A2 (Py1)
to 114.97 A? (Py2), indicating high oral bioavailability. It is
noteworthy that none of the compounds exhibited significant
Ames toxicity and all showed high bioavailability (> 0.80).
Compounds Py1 to Py3 were predicted to penetrate the blood-
brain barrier (BBB) into the central nervous system (CNS),
although compounds Py4 and Py5 had moderate BBB values.
Carcinogenicity projections ranged from 0.13 to 0.38, indica-
ting low to insignificant risk for the synthesised compounds.
However, the reference co-crystal O3P compound (75.99)
had much higher ClinTox scores than this molecule, sugges-
ting the relatively lesser toxicity (Table-2). SwissADME was
also used to evaluate synthetic accessibility, which ranged

from 4.04 (Py1) to 4.39 (Py4), indicating that the compounds
are relatively easy to synthesise under typical laboratory con-
ditions (Table-3). The combined in silico analysis shows that
the synthesised pyrazoline-based coumarin derivatives (Py1-
Py5) exhibit potential oral bicavailability, drug-likeness and
synthetic feasibility, along with excellent physico-chemical
and pharmacokinetic properties. These properties favour their
further investigation as potential EGFR kinase inhibitors.

Biological evaluation: To determine the cytotoxic capa-
bility of the synthesised pyrazoline-based derivatives (Py1-
Py5), the MTT test was utilised, with 5-fluorouracil (5-FU)
acting as the reference standard. After incubating for 24 h,
the 1Csq values were calculated for a 10-100 png/mL. As obs-
erved in the dose-response plot (Fig. 5), all compounds
produced a concentration-dependent decrease in cell viability,
confirming dose-dependent cytotoxic activity.
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TABLE-3
SYNTHETIC ACCESSIBILITY SCORE
VALUES OF COMPOUNDS Py1-Py5

Compounds Synthetic accessibility score
Pyl 4.04
Py2 4.08
Py3 4.18
Py4 4.39
Py5 4.10
150 =
—~ 100 =
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Fig. 5. Dose response curves showing the cell viability

The cytotoxic effects of the synthesised pyrazoline deri-
vatives (Pyl-Py5) were assessed by measuring percent cell
viability across a concentration range (0-100 pug/mL) and the
corresponding 1Cso values are shown in Table-4. Among the
studied concentrations, the standard anticancer drug 5-FU
showed the highest potency (1Cso = 9.06 png/mL) and the dras-
tical reduction in viability. Compound Py2 showed the high-
est potency (ICso = 44.47 ug/mL) among the pyrazoline deri-
vatives, which is consistent with its reduced percent viability
at intermediate and high doses on the graph. Py5 (ICso = 61.07
pg/mL) and particularly Py3 (ICso = 90.93 pg/mL) were less
potent, as seen by their comparatively higher percent viability
at similar dosages, while Py4 (ICso = 50.09 ng/mL) and Py1
(ICso = 58.16 pg/mL) had moderate activity. A clear structure
activity relationship among the series is suggested by the
close match between the ordering of the viability curves and
the 1Cso ranking, which supports the dependability of the
assay. These findings suggest that certain substituents in Py2
(and to a lesser extent Py4) may increase cytotoxic action; on
the other hand, characteristics in Py3 probably decrease cell-
ular uptake or target engagement.

TABLE-4
CYTOTOXIC 1Cs0 VALUES OF COMPOUNDS
Py1-Py5 AGAINST MCF7 CELL LINE

Sample 1Cso (ng/mL)

Control -
Pyl 58.16
Py2 44.47
Py3 90.93
Py4 50.09
Py5 61.07
5FU 9.06

Structural-activity relationship (SAR): The I1Cs values
and structural changes of the synthesised pyrazoline deriva-
tives (Pyl-Py5) were used to determine their structure
activity relationship. The coumarin—pyrazoline core is shared
by all compounds, but the cytotoxic effectiveness was greatly
impacted by variations in the substituents on the aromatic
rings. Py2 was the most active of the series, indicating that the
presence of an electron-withdrawing group, like a halogen on
the aromatic ring, increases lipophilicity and promotes stron-
ger interactions inside the binding pocket. Py4 also shown
good activity, which could be explained by the presence of
methoxy groups that enhance molecule stability and have a
mild impact on electron density. The moderate cytotoxicity of
Pyl and Py5 suggests that their substituent patterns provide a
compromise between polar and hydrophobic interactions. Py3,
on the other hand, had the lowest activity, which may be
because of the presence of large or potent electron-donating
groups that lower cellular uptake and binding affinity. Based
on these results, the trend Py2 > Py4 > Pyl > Py5 > Py3 shows
that cytotoxic activity is favoured by the addition of somewhat
electron-withdrawing or less sterically hindered substituents,
offering valuable information for additional structural optimi-
sation of this pyrazoline scaffold.

Conclusion

In the present work, a series of coumarin-based pyra-
zoline derivatives (Py1-Py5) was successfully synthesized
and characterized through IR, *H NMR, **C NMR and mass
spectrometry analyses. The synthesized compounds were
further evaluated for their anticancer potential against the
MCF-7 breast cancer cell line, where all derivatives displayed
significant cytotoxic activity. Among the tested compounds,
Py2 showed the most pronounced inhibitory effect with an
ICso value of 44.47 ug/mL, followed by Py4, Pyl and Py5.
Molecular docking analysis supported the experimental find-
ings by demonstrating favourable interactions of the comp-
ounds within the EGFR kinase binding site. In particular,
compound Py2 exhibited strong binding affinity (-9.3 kcal/
mol), indicating its potential to interact effectively with the
EGFR active site. The computational ADMET predictions and
synthetic accessibility evaluation suggested that the designed
molecules possess acceptable pharmacokinetic properties,
relatively low toxicity risks and feasible synthetic profiles.
The presence of the 2-chloro-5-nitro substituent in compound
Py2 appears to contribute significantly to its enhanced bio-
logical activity, highlighting its importance in the structure-
activity relationship within this series. These findings suggest
that coumarin—pyrazoline hybrids represent promising scaff-
olds for the development of EGFR-targeted anticancer agents.
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