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ABSTRACT:

A new series of quinazolinidione—amide derivatives (B1-B5) was synthesized through a two-step procedure
involving palladium-catalyzed cyclization followed by amide coupling with substituted anilines. The structures
of the synthesized compounds were confirmed using spectroscopic techniques such as 'H NMR and LCMS, and
their purity was validated through elemental analysis. The anticancer activity of the compounds was evaluated in
vitro against the MCF-7 human breast cancer cell line using the Sulforhodamine B (SRB) assay. Among the
tested derivatives, B3 and B5 exhibited significant cytotoxicity, with ICso values of 9.1 pg/mL and 10.2 pg/mL,
respectively, compared to standard drugs Doxorubicin and Erlotinib. Molecular docking studies were conducted
using AutoDock Vina to predict protein—ligand interactions with the target receptor (PDB ID: 1M17). The results
revealed strong binding affinities for all synthesized compounds, with BS displaying the highest docking score
(-9.9 kcal/mol). Consistent hydrophobic and hydrogen-bonding interactions were observed across the series.
Overall, the integrated synthetic, biological, and computational findings suggest that compounds B3 and BS5 are

promising candidates for further development as anticancer agents.

INTRODUCTION

Cancer remains one of the leading causes of mortality
worldwide, despite the availability of a wide range of
chemotherapeutic agents used either as monotherapies or
in combination regimens. The clinical efficacy of many
existing treatments is often limited by factors such as
tumor heterogeneity, drug resistance, and the inability to
selectively target malignant cells without affecting
healthy tissues. These challenges underscore the urgent
need for novel, more effective anticancer agents with
improved selectivity and reduced side effects.
Heterocyclic scaffolds continue to attract significant
attention in medicinal chemistry due to their structural
diversity and broad spectrum of biological activities.
Among them, quinazolinidiones have emerged as a
particularly promising class of compounds, exhibiting a
wide array of pharmacological properties including
antimicrobial, anti-inflammatory, antiviral, CNS-
modulating, and notably, anticancer effects. The core
quinazolinidione framework offers synthetic flexibility,
enabling the development of diverse derivatives tailored
for specific therapeutic targets.

Motivated by the therapeutic potential of this class, and
as a continuation of our research on quinazoline-based
pharmacophores, we synthesized a new series of
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quinazolinidione—amide hybrids (B1-BS5). These novel
derivatives were designed to explore their cytotoxic
potential against MCF-7 human breast cancer cell lines.
In addition to in vitro biological evaluation, in silico
molecular docking studies were conducted to assess their
binding interactions with key oncogenic targets. This
integrated experimental and computational approach was
employed to identify promising lead compounds for
further development in anticancer drug discovery.

MATERIAL AND METHODS
Chemistry

Procedure for Quinazolinidione Cyclization (A)

Compound 1 and Compound 2 were introduced into a dry
reaction vessel, followed by the addition of palladium
catalyst Pd:(dba)s, the Xantphos ligand, and cesium
carbonate (Cs2C0O:s) as a base. The mixture was dissolved
in dioxane and heated at 100 °C to initiate the cyclization
reaction, resulting in the formation of the
quinazolinidione intermediate (A). After the reaction
reached completion, the mixture was filtered through a
Celite pad, and the filtrate was extracted with ethyl
acetate (EtOAc). The organic phase was then
concentrated under reduced pressure to obtain the crude
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product, which was subsequently purified by column
chromatography to yield the pure intermediate A.

Procedure of Amide Coupling (B1-B5)

The quinazolinidione intermediate (A) was subjected to
amide coupling with a series of substituted anilines to
synthesize final derivatives B1-B5. The coupling
reaction was carried out in dichloromethane (DCM) at
ambient temperature 25°0) using T3P
(propylphosphonic anhydride) as the activating reagent
and triethylamine (TEA) as the base. The reaction
mixture was stirred for 4 hours.

Progress of the reaction was monitored by thin-layer
chromatography (TLC) using a Benzene:Methanol (9:1)
solvent system and confirmed via mass spectrometry.
Upon completion, the reaction mixture was quenched
with water and extracted with ethyl acetate (EtOAc). The
combined organic layers were dried, concentrated under
reduced pressure, and the resulting crude products were
purified by column chromatography. The purified
compounds B1-B5 were characterized by TLC, melting
point determination, and spectroscopic techniques
including NMR and mass spectrometry. Elemental
analysis was performed to confirm the purity and
composition of the final products.
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Table 1: Physico-Chemical data of compound B1-B5S

Compound | Melting Point | Yield Rt
°C) (o)
Bl 186-188 66 0.58
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B2 212-216 81 0.75
B3 174-176 84 0.79
B4 178-182 75 0.73
BS5 202-206 86 0.73

Table 2: LCMS and 1H NMR of compound B1-BS

Co | LC
mp | MS
ou | (m/
nd |z 'H NMR (ppm)
1.29 (s, 3H), 1.35 (s, 3H), 2.85-3.24 (m,
443 | 1H), 3.85 (s, 3H), 4.19 (s, 1H), 5.94 (s,
B1 .18 | 1H), 7.09-8.49 (m, 13H)
1.33 (s, 3H), 1.39 (s, 3H), 3.01-3.39 (m,
488 | 1H), 3.87 (s, 3H), 4.25 (s, 1H), 5.37 (s,
B2 .17 | 1H), 7.34-8.35 (m, 12H)
1.30 (s, 3H), 1.37 (s, 3H), 2.86-3.25 (m,
477 | 1H), 3.85 (s, 3H), 4.28 (s, 1H), 5.63 (s,
B3 .15 | 1H), 7.15-8.35 (m, 12H)
1.31 (s, 3H), 1.37 (s, 3H), 2.90a€°3.28
459 | (m, 1H), 3.83 (s, 3H), 4.00 (s, 1H), 5.75
B4 18 | (s, 1H), 6.798€9.43 (m, 13H)
1.25 (s, 3H), 1.32 (s, 3H), 2.32 (s, 1H),
2.812€°3.20 (m, 1H), 3.74 (s, 3H), 4.11
457 | (s, 1H), 5.08 (s, 1H), 7.108€“8.92 (m,
BS5 .2 | 12H)
Table 3: CHN analysis of compound B1-B5
Compou | Calculated Experimental
nd C H |N C H |N
704 | 5.6 | 9.47 | 704 | 5.6 | 945
B1 18 5
639149 | 114 | 639 |49 | 114
B2 315 7 1 2 3
653 5.0 | 879 | 653 |50 |874
B3 416 2 3
679 |54 19.14 | 679 |54 |9.12
B4 6|8 3 5
70.8 1 59 |19.18 | 70.8 |59 | 9.15
B5 815 5 3
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Biological Activity
In vitro anticancer activity (SRB Assay)

The anticancer potential of the synthesized compounds
B1-B5 was assessed using the Sulforhodamine B (SRB)
colorimetric assay against the human breast cancer cell
line MCF-7. Doxorubicin served as the standard
reference compound for comparative analysis.

MCF-7 cells were cultured in RPMI-1640 or DMEM
media, each supplemented with 10% fetal bovine serum
(FBS), and maintained under standard incubation
conditions (37 °C, 5% CO., humidified atmosphere).
Cells were seeded into 96-well microplates at a density
of 5 x 10 to 1 x 10* cells per well and allowed to adhere
for 24 hours.

Post-incubation, cells were treated with varying
concentrations (1, 10, 25, 50, and 100 pM) of test
compounds, prepared in DMSO with a final DMSO
concentration not exceeding 0.1%. Control wells
received medium with 0.1% DMSO, while positive
control wells were treated with either Doxorubicin or
Erlotinib.

After 48 hours of exposure, the cells were fixed by the
addition of 50 pL of ice-cold 50% trichloroacetic acid
(TCA) and incubated at 4 °C for 1 hour. The plates were
subsequently washed with tap water and air-dried. Each
well was then stained with 100 uL of 0.4% SRB solution
prepared in 1% acetic acid and incubated at room
temperature for 30 minutes in the dark. Unbound dye was
removed by rinsing with 1% acetic acid, and the plates
were air-dried once again.

To solubilize the protein-bound SRB, 100 uL of 10 mM
Tris base (pH 10.5) was added to each well, and the
plates were gently agitated for 10 minutes. Absorbance
was measured at 510 nm using a microplate reader.

Cell viability was calculated relative to the untreated
control, and percentage growth inhibition was
determined. ICso values (concentration required to inhibit
50% of cell growth) were computed using nonlinear
regression analysis in GraphPad Prism. All experiments
were conducted in triplicate to ensure consistency and
statistical reliability.

Molecular Docking Study

The target protein structure was retrieved from the RCSB
Protein Data Bank (https://www.rcsb.org/) for use in
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molecular docking studies. Prior to docking, the protein
was prepared using the Protein Preparation Wizard,
which involved steps such as optimization,
minimization, and removal of water molecules and
heteroatoms to ensure accurate binding site geometry.
Ligand molecules were also preprocessed using
AutoDock Tools, where they were converted to the
appropriate PDB format and optimized for docking by
assigning torsions and calculating Gasteiger charges. A
grid box was defined to encompass the active site
residues of the target protein, ensuring precise docking
within the functional region of the binding pocket.

The docking process was executed using PyRx software,
employing the AutoDock Vina algorithm to predict
binding conformations and affinities. Glide scores
(binding affinities) were calculated to evaluate ligand—
protein  interactions. Post-docking analysis was
conducted using Discovery Studio Visualizer, which
facilitated identification of binding site residues and
interaction types. Additionally, Maestro Visualizer was
employed for detailed 3D rendering and structural
interpretation of the docked complexes.

RESULTS AND DISCUSSION

The synthetic route comprised a two-step strategy. In the
initial step, compounds 1 and 2 were subjected to
cyclization in dioxane at 100°C in the presence of
Pd:(dba)s, Xantphos ligand, and cesium carbonate
(Cs2C0s) as a base, leading to the formation of the
quinazolinidione intermediate (A). The intermediate was
subsequently purified by column chromatography.

In the second step, the purified intermediate A was
coupled with a series of substituted anilines via amide
bond formation, using T3P (propylphosphonic
anhydride) as the coupling agent and triethylamine
(TEA) as a base in dichloromethane (DCM) at room
temperature. This step yielded the final amide derivatives
BI1-B5.

The chemical structures of the synthesized compounds
were confirmed through 'H NMR spectroscopy and
LCMS analysis. The results of elemental analysis (C, H,
N) were consistent with the calculated values, thereby
validating the identity and purity of the synthesized
derivatives.
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In vitro Cancer Activity
Table 4: In vitro anticancer activity of Compound

ICso
Compound (ng/ml)
MCF7

Bl 12.4

B2 22.2

B3 9.1

B4 22.6

BS 10.2

Doxorubicin 1.0

Erlotinib 1.6

The cytotoxic potential of the synthesized
quinazolinidione—amide derivatives (B1-B5) was
evaluated against the MCF-7 human breast cancer cell
line using the SRB assay. The ICso values, representing
the concentration required to inhibit 50% of cell
proliferation, were calculated and compared with
standard anticancer agents Doxorubicin and Erlotinib.

The results are summarized in Table 4. Among the
synthesized compounds, B3 exhibited the highest
cytotoxic activity with an ICso 0of 9.1 ug/mL, followed by
BS5 (10.2 pg/mL) and B1 (12.4 pg/mL). Compounds B2
and B4 were comparatively less potent, with ICso values
of 22.2 pg/mL and 22.6 pg/mL, respectively.

As expected, the reference drugs Doxorubicin and
Erlotinib showed significantly lower ICso values of 1.0
pg/mL and 1.6 pg/mL, respectively, confirming their
high cytotoxic efficacy.

Molecular Docking Study

The docking study compared the binding interactions and
affinities of the synthesized compounds B1-B5 with
those of reference drugs Erlotinib and Doxorubicin
against a target protein. Compounds B1, B3, and B5
exhibited similar hydrophobic interactions with key
residues including ALA719, LEU694, LEU764,
LEU820, MET742, PHE699, and VAL702. In contrast,
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B2 and B4 demonstrated additional interactions with
LEU768, indicating a slightly expanded hydrophobic
binding profile.

All five synthesized ligands consistently formed
hydrogen bonds with ASP831, CYS773, and MET769,
suggesting a common polar interaction pattern. The
calculated binding affinities revealed a range from —9.5
kcal/mol (B4) to —9.9 kcal/mol (B5), identifying B5 as
the most potent binder, followed by B3 (-9.8 kcal/mol)
and B1 (-9.7 kcal/mol).

In comparison, Erlotinib interacted hydrophobically with
ALA719, ILE720, LEU694, LEUS820, MET742,
PHE699, and VAL702, and formed H-bonds with
THR766, in addition to ASP831, CYS773, and MET769.
However, its binding affinity was notably lower at —7.5
kcal/mol, indicating comparatively weaker binding
strength.

Doxorubicin shared the hydrophobic interaction profile
of B1, B3, and B5 but engaged in fewer hydrogen
bonds—only with ASP831 and MET769—and exhibited
a binding affinity of —9.6 kcal/mol, equal to B2 and
slightly lower than B1-BS.

Overall, the B-series compounds demonstrated superior
binding affinity compared to Erlotinib, with B5 emerging
as the most promising ligand. The shared interaction
patterns across the series suggest a conserved binding
mode, with minor variations in hydrophobic contacts
contributing to differences in binding strength.
Erlotinib’s distinct interaction with THR766 may reflect
a divergent binding conformation, potentially explaining
its reduced affinity.

Table 4: Molecular Docking Study Results of
compounds B1-B5 with PDB Id: 1m17

Binding
Ligand Affinity
kJ/mol
Bl -9.7
B2 -9.6
B3 -9.8
B4 9.5
B5 9.9
Erlotinib -7.5
Doxorubicin -9.6
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LEU
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Figure 1: Binding interactions of Compounds (B1-B5),
Doxorubicin and erlotinib with PDB id: 1m17

These results suggest that the 5-series ligands,
particularly BS, could be more effective binders than
Erlotinib, though further stability validation would be
necessary to confirm their potential as drug candidates.

CONCLUSION

In the present study, a novel series of quinazolinidione—
amide derivatives (B1-B5) was successfully synthesized
through a two-step protocol involving palladium-
catalyzed cyclization and subsequent amide coupling
with substituted anilines. Structural elucidation was
accomplished using spectroscopic techniques such as 'H
NMR and LCMS, with elemental analysis confirming the
purity of the synthesized compounds. The in vitro
anticancer activity of these derivatives was evaluated
against the MCF-7 breast cancer cell line using the SRB
assay. Among the tested compounds, B3 and BS5
demonstrated the most potent cytotoxic effects, with ICso
values of 9.1 pug/mL and 10.2 pg/mL, respectively,
indicating  promising  antiproliferative  potential.
Molecular docking studies further supported these
findings, revealing strong binding affinities and
favorable interactions with key active site residues of the
target protein. Notably, compound B5 exhibited the
highest docking score (9.9 kcal/mol), suggesting a
strong and stable interaction profile. Overall, the
combined biological and computational data highlight
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compounds B3 and B5 as promising lead molecules for
further investigation and development as potential
anticancer agents. Future studies involving detailed
mechanistic evaluation and in vivo validation are
warranted to advance these compounds in the drug
discovery pipeline.
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