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Plain English Summary

These compounds were designed in the lab and carefully analysed to confirm their structure using
different techniques. Tested the effects of these compounds on human lung cancer cells (A549) and
compared them to their effects on normal cells. One of the compounds, designated as 7a, exhibited
potent anticancer activity and demonstrated a particular affinity for targeting cancer cells without
harming healthy ones. In addition, computer simulations (called molecular docking) showed that these
compounds could effectively bind to a key protein (EGFR) involved in cancer growth. The study also
utilised specialised tools to predict how the compounds behave within the body, including their
absorption rates, safety profiles, and potential for side effects. Overall, this research highlights
compound 7a as a promising starting point for developing new cancer treatments with fewer side
effects.
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Introduction

Non-small cell lung cancer (NSCLC) remains
the leading cause of cancer-related mortality
worldwide, accounting for approximately 85 % of
lung cancer cases and featuring a 5-year
survival rate below 15% (1). Among NSCLC
subtypes, overexpression or activating
mutations in the epidermal growth factor
receptor (EGFR) drive malignant behaviour
through continuous activation of downstream
signalling pathways such as RAS/MAPK and
PI3K/AKT, promoting proliferation, inhibiting
apoptosis, and facilitating metastasis (2).
Specifically, the  A549 human lung
adenocarcinoma cell line expresses elevated
levels of EGFR and HER2, making it a widely
accepted in vitro model for assessing EGFR-
targeted therapeutics (3). Given the critical role
of EGFR in NSCLC, tyrosine kinase inhibitors
such as gefitinib, erlotinib, and osimertinib have
become foundational in targeted therapy.
However, their clinical efficacy is often limited by
acquired resistance mechanisms, notably the
T790M mutation, which elevates ATP affinity
and diminishes inhibitor binding (4). This
underscores the pressing need for new
molecular scaffolds capable of effective EGFR
inhibition  with  improved selectivity and
resistance profiles. Pyrazole derivatives have
emerged in recent years as versatile scaffolds in
anticancer drug discovery, demonstrating potent
activities and favourable selectivity indices in
both in vitro and in vivo models (5). Significantly,
hybrid molecules combining pyrazole cores with
nitrone moieties may offer dual advantages: the
kinase-inhibitory potential of pyrazole and the
radical-trapping, redox-modulating features of
nitrones. Such hybrids have started to attract
attention as promising anticancer agents (6).
Therefore, designing pyrazole-nitrone hybrids
as EGFR-targeted anticancer agents represents
a rational approach: the pyrazole structure
supports binding in the ATP-pocket of the EGFR
kinase domain, while the nitrone fragment may
confer redox-mediated selectivity toward
malignant cells. This combination is expected to
enhance potency against EGFR-overexpressing
NSCLC cells such as A549, while minimising
toxicity to normal fibroblasts, justifying the
therapeutic hypothesis of this study (7).

Materials and Methods

Necessary materials were sourced directly from
existing supplies, ensuring a convenient and
efficient process without the delays of additional
purification. Melting points were accurately
determined using a state-of-the-art digital
Electrothermal IA 9100 Series apparatus,
guaranteeing reliable results. FT-IR spectra
were recorded with an FT-IR Shemidz—8100S

plus spectrometer, which operates within a
range of 4000 to 400 cm™, utilising KBr disc.
NMR spectra were obtained using an Inova
NMR spectrometer (400 MHz, 'H-NMR) and
(100 MHz for "*C-NMR) spectra in DMSO-ds as
solvent. The chemical shifts are stated in (ppm).

Synthesis of the hydrazone derivative of 3-
nitroacetophenone (8)

In a round-bottom flask (150 mL),
Phenylhydrazine 1 (0.02 mol) and four to five
drops of G. AcOH were added to a solution of 1-
(3-nitrophenyl) ethenone 2 (0.02 mol) in 25 mL
of absolute ethanol. The reaction was stirred at
75-85°C for up to 2 hrs. Afterwards, it was
allowed to stand overnight. The product 3 was
filtered and purified with ethanol, yield (4.30 g,
84.8%), m. p 130-132°C. The purity was
assessed using thin-layer chromatography
(TLC) with a hexane and ethyl acetate mixture
(7:3) as the eluent.

Synthesis  of  4-formyl-3-(3-nitrophenyl)-1-
phenyl-1H-pyrazole (9)

In a well-prepared 150 mL round-bottomed
flask, add equimolar phosphoryl chloride to cold
dimethylformamide (DMF) while stirring slowly
for 30 minutes. This careful addition ensured
optimal reaction conditions. The mixture should
be maintained at 0°C for 40 minutes to promote
stability. Compound 3 (0.02 mol) was then
added. The reaction proceeded by heating to
90°C, with continuous stirring for four hours,
allowing for thorough interaction. crushed ice
was added to the mixture after it cooled and was
slowly neutralised with NaOH. The resulting
desired compound was effectively filtered, dried,
and recrystallised using a precise chloroform:
methanol ratio of 1:1. The impressive yield of 4.8
g (82.7%) and a melting point of 160-165°C
underscore the efficiency and success of this
synthesis.

Synthesis of N-substituted phenylhydroxylamine
(6a-6d) (10)

In a conical flask (150 mL), ammonium chloride
(0.05 mol), 100 mL of water and substituted
nitrobenzene (5a-5d) (0.04 mol) were mixed with
stirring. Gradually add (0.15) mol of zinc dust to
the stirred mixture. As the reduction proceeds,
the temperature rises to 60-65°C. Stirring was
continued for 15 min. At the end of this time, the
hot mixture was carefully filtered. Next, a
saturated sodium chloride (NaCl) solution was
applied to the filtrate that was produced. The
saturated filtrate is cooled with an ice-salt
mixture to precipitate hydroxylamine. The
desired N-substituted phenylhydroxylamine is
then filtered, dried, and recrystallised using a
toluene and petroleum ether mixture.
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Synthesis of nitrones derivatives (7a-7d) (11)
An equimolar mixture of aldehyde 4 and N-
substituted-phenylhydroxylamines (6a-6d) was
carefully dissolved in 30 ml of dioxane and
stirred for an extended period overnight. This
process allowed for the efficient formation of the
nitrone, which was then filtered out and
successfully recrystallised using a blend of
dioxane and methanol, ensuring purity and
optimal yield of the desired compound.

Docking study

Molecular docking studies were conducted to
assess the binding affinity of the synthesised
compounds (7a-7d) to the active site of EGFR
tyrosine kinase. The protein structure was
retrieved from the Protein Data Bank (PDB ID:
4HJO), and preparation involved removal of
water molecules and energy minimisation
(https://www.rcsb.org). All ligands were
optimised using the MMFF94 (Merck Molecular
Force Field) to ensure realistic geometry.
Docking was performed using MOE 19.0901
software, employing the London dG scoring
function to estimate binding free energy (AG)
values. A total often poses were generated for
each compound, and the best-ranked pose was
selected based on the lowest binding energy
and proper orientation within the binding pocket.
Validation of the docking protocol was
performed by redocking the co-crystallised
ligand, and an RMSD cutoff of <2.0 A was used
to ensure reliable alignment.

Physicochemical properties of Pyrazole-Nitrone
compounds

The pharmacokinetic and  drug-likeness
properties of the synthesised compounds (7a—
7d) were predicted using the SwissADME online
platform  (https://www.swissadme.ch/). The
assessment included key parameters aligned
with Lipinski’'s Rule of Five, which evaluates
drug-likeness based on the following criteria:
Molecular weight (MW < 500 g/mol).
Octanol-water partition coefficient (Log P < 5).
Number of hydrogen bond donors (HBD < 5).
Number of hydrogen bond acceptors (HBA <
10).

Additional descriptors such as the Topological
Polar Surface Area (TPSA), number of rotatable
bonds (NRB), gastrointestinal (Gl) absorption,
blood-brain barrier (BBB) permeability, and P-
glycoprotein (P-gp) substrate potential were also
analysed to estimate oral bioavailability, CNS
safety, and efflux susceptibility (12, 13, 14). All
data were recorded and interpreted based on
the generated SwissADME profiles.

Cell viability assay

In the current study, the MTT screening was
employed for evaluating the cellular toxicity of
synthetic compounds (7a-7d) using A549 cells,
and human HdFn as normal cells. Cells were
maintained as described in (15). The absorbing
capacity of formed formazan was determined at
570 nm utilising an ELISA microplate reader
(Bio-Rad, USA).

Statistical analysis

Using Duncan's test to determine the
significance of group variance, one-way analysis
of variance (ANOVA) was used. For this test, the
statistical designation was established at p <
0.05. The findings are effectively presented as
mean = standard deviation; all statistical
calculations were performed using GraphPad
Prism 6 (GraphPad Software Inc., La Jolla, CA).
This rigorous approach ensures the reliability
and validity of the results.

Results

Chemistry

The titled compound 4 was obtained (Scheme 1)
from the 3-nitroacetophenone and

phenylhydrazine under reflux conditions and
transformed via Vilsmeier-Haack reagent using
POCls and DMF to get 4-formyl-3-(3-
nitrophenyl)-1-phenyl-1H-pyrazole 4. Four
different N-substituted phenylhydroxylamines
6a-6d were obtained from the reduction reaction
of nitrobenzene derivatives with zinc dust
(Scheme 1). The reaction of 4 with N-substituted
phenylhydroxylamines under stirring overnight,
6a-6d, affords the title nitrones 7a-7d (Scheme
1). Table 1 summarises the properties of the
intermediate compound.
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Scheme 1: Chemical synthesis of target compounds (7a-7d)

Table 1: Physical properties of all intermediate compounds

Compound  Chemical formula  Molecular weight Melting point (°C) Colour  Yield (%)
3 C14H13N302 255.28 130-132 Orange 84.3
4 C16H11N3Os3 293.28 160-165 White 82.7
6a C7HaNO 123.16 95-96 Yellow 77.2
6b CsH7NO 109.13 65-67 White 93.3
6c C7HaNO 123.16 78-80 White 85.7
6d CsHeBrNO 188.02 98-100 Yellow 90.05

1-(3-(3-Nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)-

N-(p-tolyl)methanamineoxide (7a)

Yield (3.3 g, 82.9 %) as a pale yellowish powder,
m.p. 170-172. FT-IR (KBr disc/ cm"): 3163(-CH,
aromatic), 2860, 2918 (C'H, aliphatic), 1595 (-C=N),
1587,1446 (C=C), 1342 (N-O), 688 (-CH, aromatic)
out of plane bending. "H NMR: 6= 2.36 (s) (3H,
CHs), 9.84(s) (1H), 8.53(s) (1H), 8.35(s) (1H)
,8.33(dt) (1H), 8.31(dt) (1H). 3C NMR: 21.37 -
CMethyl), 135.38 -C=N(pyrazoley 139.9 -C=Cpyrazoley
145.7 C(-NOZ, Aromatic), 148.6 C(-NO2, Aromatic), 150.6
C(imine-oxide).

1-(3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)-
N-phenylmethanimineoxide (7b)

Yield (3.2 g, 83.3 %) as a pale yellowish powder,
m.p. 174-176. FT-IR (KBr disc/ cm), 3078,
3157 (-CH, aromatic), 1595 (-C=N), 1568, 1462
(C=C), 1354 (N-O), 692(-CH, aromatic) out of plane
bending. "H NMR: 6= 9.89(s) (1H), 8.5(s) (1H),
8.40(s) (1H), 8.35(dt) (1H), 8.33(dt) (1H). 3C
NMR: 1354 -C=N(Pyrazole)’ 139.2 -C=C(Pyrazole)’
148.0 C(Nno2-Aromatic), 148.6 C(No2-aromatic 150.7

C(Imine—oxide)

1-(3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)-
N-(m-tolyl)methanimineoxide (7c)

Yield (3.5 g, 87.9 %) as a yellowish powder, m.p
211-213°C. FT-IR (KBr disc/ cm): 3169 (-CH,

aromatic), 1598 (-C=N), 1579, 1413 (C=C), 1535
(N-O), 688 (-CH, aromatic) out of plane bending.
TH-NMR: 8= 2.38(s) (3H, CHa), 9.84(s) (1H),
8.52(s) (1H), 8.33(s) (1H), 8.31(dt) (1H), 8.27(clt)
(1H) BC-NMR: 21.3 C(Methyl), 135.3 C=N(Pyrazole),
139.2 C=C(Pyrazole), 148.0 C(-NOZ-Aromatic’ 148.6 C(-
No2-Aromatic' 150.6 C(imine).

N-(4-bromophenyl)-1-(3-(3-nitrophenyl)-1-
phenyl-1H-pyrazol-4-yl) methanimineoxide (7d)
Yield (4.1 g, 88.7 %) as a yellowish powder, m.p
215-217 °C. FT-IR (KBr disc/ cm'): 3194, 3062
(-CH, aromatic), 1600 (-C=N), 1579, 1429 (C=C).
1504 (N-O), 908 (-CH, aromatic) out of plane
bending. 'TH NMR: 5= 9.87(s) (1H), 8.54(s) (1H),
8.42(s) (1H), 8.34(dt) (1H), 8.28(dt) (1H). 3C
NMR: 135.53 C=N(pyrazole), 139.2 C=Cpyrazole).

The 1H NMR and 13C NMR spectra of
compound 7a are illustrated in Figure 1. This
figure depicts the chemical scaffold common to
the pyrazole-nitrone derivatives (7a—7d). The
structural core includes a pyrazole ring, with
substitutions influencing their physicochemical
and biological properties. This serves as the
foundational template for SAR (structure—
activity relationship) considerations.
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Hs

Figure 1: General structure of synthesised compounds 7a

Molecular docking

Figure 2 presents both 2D and 3D docking
orientations of the synthesised compounds and
the reference drug erlotinib within the EGFR
tyrosine kinase active site. The docking analysis
shows that the test compounds interact

favourably with key amino acid residues,
forming hydrogen bonds, hydrophobic contacts,
and Tm—m stacking interactions. Notably,
compound 7a exhibits stable interactions similar
to erlotinib, indicating its potential as a lead
candidate.

=

-

Erlotinib: 30

TR, S

ey
A .-':_ ?
5 S A

__j IJ-!"Lﬂ_, J

Figure 2: 2D and 3D orientation of Erlotinib and synthesised compounds (7a-7d) docked in
EGFR tyrosine kinase
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Table 2 displays the molecular docking results highest docking score (-7.52 kcal/mol), though
of compounds 7a-7d against EGFR (PDB ID: erlotinib remained the strongest binder (-8.30
4HJO). All compounds demonstrated good kcal/mol). RMSD values below 2.0 A indicate
binding affinity, with compound 7c¢ showing the acceptable docking accuracy for all ligands.

Table 2: Docking Scores and RMSD Values for Compounds 7a—7d and Erlotinib
Compound Docking Score AG kcal/mol RMSD (A)

7a -7.01 1.03
7b -7.51 1.74
7c -7.52 0.89
7d -6.48 0.87
Erlotinib -8.30 1.28

RMSD: Root Mean Square Deviation

Physicochemical Properties of Synthesised Water solubility was uniformly poor (P), and

Compounds 7a-7d and Erlotinib compound 7d, with the highest Log P (3.84),
Table 3 outlines molecular weights, hydrogen may pose formulation challenges. Erlotinib,
bond donors and acceptors, lipophilicity (Log P), used as the reference, had similar parameters
and total polar surface area (TPSA). All but more rotatable bonds and hydrogen bond
synthesised compounds complied with Lipinski’s acceptors.

rule of five, suggesting good oral bioavailability.

Table 3: Physicochemical Properties of Synthesised Compounds 7a-7d and Erlotinib

Comp. Chem. M.W NRB NHA NHD TPSAA°2 Water Loqg p Lipinski
7a C23H18N4O3 398.42 5 4 0 92.39 P 3.37 Yes:0 violation
7b C22H16N4O3 384.39 5 4 0 92.39 P 3.21 Yes:0 violation
7c C23H18N4O3 398.42 5 4 0 92.39 P 3.38 Yes:0 violation
7d C22H15BrN4O3 463.29 5 4 0 92.39 P 3.84 Yes:0 violation
Erlotinib C22H23N304 393.44 10 6 1 74.73 P 3.23 Yes:0 violation

NRB = No. of rotatable bonds, NHA = No. H-bonds acceptors, NHD = No. H-bonds donors, TPSA =
total polar surface area, Log p = Lipophilicity (Log Pow), P = Poorly water soluble.

Pharmacokinetic Predictions of Synthesised blood—brain barrier or serve as P-glycoprotein

Compounds (7a-7d) substrates. Each compound was also predicted
Table 4 summarises the key ADME (absorption, to inhibit at least one cytochrome P450 enzyme,
distribution, metabolism, and excretion) indicating  possible drug—drug interaction
properties predicted using SwissADME. All test potential. These results support the drug-
compounds exhibited high gastrointestinal likeness of the synthesised compounds.

absorption, but none were predicted to cross the

Table 4: Pharmacokinetic Predictions of Synthesised Compounds (7a-7d)
Name Glabs. BBB permeant P-gp. Subs. Enzyme inhibitors

7a High +
7b High - - +
7c High - - +
7d High - - +
Erlotinib High + - +

Gl abs. = gastric intestine absorption, BBB=blood brain barrier, P-gp Subs.= P-glycoprotein substrate.
(-) = No, (+) = Yes.

In vitro study anticancer activity of compounds fibroblasts. Among all, compound 7a
7a-d demonstrated the most potent activity against
Figure 3 shows the dose-response cytotoxicity A549 cells while maintaining low toxicity to
curves of the synthesised compounds against normal cells, confirming its favourable selectivity
the A549 lung cancer cell line and HdFn normal profile.
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Figure 3: Cytotoxic Effects of Compounds 7a-7d Against A549 Lung Cancer Cells and
Normal Lung Fibroblasts (HdFn)

Table 5 summarises the in vitro cytotoxic effects
of the test compounds. Compound 7a exhibited
the lowest IC5, against A549 (85.62 yg/mL) and
the highest ICs, against normal cells (471.3
pg/mL), resulting in the highest selectivity index

(SI = 5.5). This indicates a better therapeutic
window compared to erlotinib (SI = 2.57),
highlighting 7a as a promising anticancer
candidate.

Table 5: Cytotoxicity Data: IC5, Values and Selectivity Indices for Compounds 7a-7d and

Erlotinib
Compound  HdFn ICso (ug\mL)  A549 IC5o (ug\mL) Sl
7a 471.3 85.62 5.50
7b 190.4 150.8 1.26
7c 121.5 102.8 1.15
7d 146.5 105.5 1.38
Erlotinib 147.1 57.23 2.57

Full spectral data (FT IR, '"H NMR, "*C NMR) and
docking poses for compounds 7a-7d are
provided in the supplementary data file.

Discussion

All synthesised pyrazole-nitrone compounds
were identified with spectral data that confirmed
the proposed structures. FT- IR spectra of pure
compounds 7a-d showed a new typical band at
1595-1600 cm™ assigned to the vibrations of
C=C and C=N groups. The key diagnostic

feature supporting nitrone formation was the
disappearance of the characteristic aldehyde
C=0 absorption band at ~1680 cm™ in the FT-
IR spectrum, indicating complete condensation
with hydroxylamines. Concurrently, a new band
appeared in the region 1595-1600 cm™,
assigned to the C=N bond of the nitrone moiety,
along with distinct N-O stretches (1342-1535
cm™), confirming successful cycloaddition (16).
The bands at 688-958 cm-! and 3055-3194 cm-!
are related to the bending and stretching
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vibrations of the aromatic C-H, respectively
(17,18). The bands appeared at (1535-1500 cm-
D and (1342-1386 cm'™') correlated with
symmetrical and asymmetrical vibrations,
respectively, to the —NO: group (19, 20). The IR
spectra of 7a-d compounds showed a
characteristic vibration in the region 1413-
1587 cm™! related to the aromatic C=C group
(21).

The 'H-NMR spectra of 7a-7d compounds in
DMSO-ds revealed characteristic singlet signals
at 2.50-2.51 ppm attributed to —-CH=NO proton,
and singlet signals at 9.84-9.89 ppm and 8.33-
8.41ppm attributed to proton H-2 and H-3,
respectively (22). Besides, a doublet signal was
detected at 8.31-8.35 (ppm) corresponding to
the proton H-5. The '"H-NMR spectra of pyrazole
derivatives revealed a significant singlet signal
at 8.41-8.55 ppm attributed to the proton H-1
(23).

Additionally, the "3C-NMR spectra showed
characteristic signals at 135.3-135.5 ppm,
139.2-1139.9 ppm and 150.6- 150.7 ppm for
atoms C-1, C-2 and C-3, respectively (24).
Moreover, the '3C-NMR spectra showed signals
at regions 145.75-148.0 ppm and 148.6 ppm for
C4 and C-5 atoms, respectively (25).
Compounds 7a and 7c showed signals at 21.3
Ppm and 21.0 ppm corresponding to the methyl
group (26).

The crystal ligand Erlotinib exhibits a remarkably
strong binding affinity, with an energy of binding
of -8.303 kcal/mol when interacting with EGFR
tyrosine kinase, highlighting its potential as an
effective therapeutic agent. Erlotinib formed two
H-r interactions with Lys 721 and Val 702, and
additionally, it formed two hydrogen bonds
between the O-methoxy atom and NH with Met
769 and Asp 831, respectively (27). Compound
7a exhibited a binding energy of -7.014 kcal/mol,
which was slightly lower than that of erlotinib (-
8.30 kcal/mol), yet still indicative of strong
binding affinity; it forms one hydrogen-m
interaction bond with Leu 694. In contrast,
compound 7b shows a binding energy of -7.516
kcal/mol. It establishes a hydrogen-Tr interaction
between the pyrazole ring and Val 702. In
addition to forming two H-bonds between the N-
pyrazole and Lys 721, and between the oxygen
of the nitro group and Asp 831. Compound 7¢c
has a binding energy of -7.522 kcal/mol. The
Nitro group also generates an H-bond with Lys
721. Conversely, Compound 7d shows the
energy of binding -6.481 kcal/mol, with its
binding mode indicating two T interactions
between its aromatic rings and Asp 831(28).
These results support the potential of these
derivatives as effective EGFR-targeted agents.
The physicochemical and pharmacokinetic
properties demonstrate that all the designed

compounds meet the essential criteria for oral
absorption. Since their molecular weights are all
below 500 g/mol, it is evident that NRB 5
demonstrates a favourable balance between
molecular flexibility, oral bioavailability, and
permeability. NHA had a value of 4, indicating a
limited capacity for hydrogen bonding along with
a highly lipophilic character, as suggested by an
NHD zero. These factors could influence the
solubility and binding interactions with biological
targets. We noticed in Table 3 that all
compounds have a total surface area (TPSA) of
92.39. Despite the promising biological activity,
Table 2 indicates that all compounds exhibited
poor aqueous solubility, which could limit their
bioavailability in physiological environments. To
address this limitation, future studies should
explore formulation strategies such as
nanoemulsions, lipid-based delivery systems, or
polymeric micelles. These platforms have
shown success in improving solubility, cellular
uptake, and tumour accumulation of poorly
soluble drugs, and could significantly enhance
the therapeutic potential of pyrazole-nitrone
derivatives (29). Despite  the good
gastrointestinal (GI) absorption of the
compounds, pharmacokinetic property Analyses
showed that no compound could penetrate the
blood-brain barrier. This characteristic suggests
that they are less likely to produce negative
central nervous system (CNS) effects after use.
Additionally, none of the study compounds act
as P-glycoprotein (P-gp) substrates. This
feature could be advantageous for drugs
targeting specific tissues or organs, such as
anticancer drugs, where P-gp efflux presents a
limiting factor. However, it also means that
careful monitoring may be required to prevent
the accumulation of these compounds in certain
tissues (30). Most of the compounds analysed in
this study were enzyme inhibitors. To reduce the
risk of drug interactions, it is important to allow a
gap between the administration of these
substances and other medications.

MTT assay was used to evaluate the in vitro
anticancer activity against the human lung
cancer cell line A549 and HdFn as a normal cell
(31). From the dose-response curve, the
maximum inhibitory concentration (ICs0) was
determined by measuring the percentage of
cells remaining at different concentrations of the
compounds, as noted in Figure 3. Compounds
that exhibited anticancer specificity had a
selectivity index (SI) higher than 1.0. are
considered highly selective. The prepared
compounds showed cytotoxicity within the range
of 85.62-150.8 ug/mL, as displayed in Table 5.
Among the synthesised derivatives, compound
7a demonstrated the most potent and selective
anticancer activity with an ICs, of 85.62 ug/mL
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and a selectivity index (SI) of 5.5, compared to
erlotinib, which had an Sl of 2.57. This enhanced
selectivity of 7a may be attributed to the
presence of a para-methyl (p-tolyl) substituent,
an electron-donating group (EDG) that likely
increases electron density across the nitrone
system. This may enhance the compound's
ability to selectively interact with the electron-
deficient ATP-binding pocket of EGFR in cancer
cells, while exhibiting lower reactivity toward
normal cells. Moreover, the methyl group may
contribute to improved - interactions with
hydrophobic residues such as Leu694 or
Val702, supporting stronger binding affinity in
docking simulations (28).

Conclusion

In conclusion, a novel series of pyrazole-nitrone
derivatives was successfully synthesised and
structurally characterised. Compound 7a
emerged as the most promising candidate,
exhibiting significant anticancer activity against
A549 lung cancer cells with a high selectivity
index (SI = 5.5), outperforming the reference
drug erlotinib. Molecular docking and ADME
studies further supported its potential as an
EGFR-targeted agent  with favourable
pharmacokinetic and safety profiles.

To strengthen the translational relevance of
these findings, future studies should focus on
evaluating the in vivo efficacy of compound 7a
using xenograft tumour models, particularly to
confirm its selectivity and systemic safety.
Additionally, structural optimisation strategies
such as PEGylation or prodrug design may be
explored to overcome the solubility limitations
identified in silico, without compromising the
compound’s anticancer activity or target affinity.
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