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Abstract: This study successfully designed and synthesized a novel series of
quinazoline—chalcone hybrids. The key innovation lies in the molecular hybrid-
ization of the pharmacophoric quinazoline scaffold with a chalcone moiety,
creating new chemical entities to exploit potential synergistic antitumor effects.
A concise multi-step synthetic route was efficiently implemented. Preliminary
evaluation demonstrated that a majority of these hybrids exhibited potent anti-
proliferative activity against non-small cell lung cancer (NSCLC) cell lines
(A549 and H1975) in vitro. Molecular docking studies suggested against epi-
dermal growth factor receptor (EGFR) inhibition as a potential mechanism, with
the compounds forming stable interactions with the kinase domain. Furthermore,
in silico absorption, distribution, metabolism and excretion (ADME) and toxicity
predictions by SwissADME and ProTox 3.0, respectively, indicated promising
drug-like properties and safety profiles. However, the cytotoxicity was assessed
only on cancer cell lines, and the selectivity against normal cells remains to be
determined. Despite this limitation, the compelling initial results position these
novel hybrids as promising leads for future optimization and development.

Keywords: synthesis; EGFR inhibition; molecular docking; antitumor activity;
ADME prediction; structure—activity relationship.

INTRODUCTION

Targeted therapies achieve precision treatment by specifically inhibiting key
signaling pathways in cancer cells.!=> The 4-aminoquinazoline scaffold serves as
a privileged pharmacophore that forms the structural basis of multiple clinically
approved EGFR tyrosine kinase inhibitors (EGFR-TKIs),%~9 such as zorifertinib.10
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Its high structural versatility enables rational optimization of inhibitory activity
against specific mutations. Meanwhile, natural chalcone derivatives exhibit broad-
spectrum antitumor effects through their unsaturated ketone moiety,!!~14 which
modulates diverse oncogenic processes via multiple mechanisms. The present
study innovatively integrates the quinazoline core with chalcone structures using
flexible linkers.15-17 It preserves the critical hydrogen-bonding network between
the quinazoline scaffold and EGFR’s adenosine triphosphate (ATP)-binding
pocket while leveraging chalcone’s covalent binding capability to enhance target
engagement.!8 The systematic molecular optimization through bioisosteric rep-
lacement and pharmacophore refinement generated novel small-molecule inhib-
itors with improved selectivity and pharmacokinetic profiles. 1921

The molecular design strategy is illustrated in Fig. 1. The third-generation
EGFR inhibitor zorifertinib demonstrates a characteristic binding mode wherein
the N3 nitrogen atom of the quinazoline core establishes a hydrogen-bonding inter-
action with the catalytic residue ASP-855 of the target protein. The molecular scaf-
fold occupies the ATP-binding pocket delineated by ARG748, GLY857, ASP855,
LYS875 and GLY874 residues, with 6- and 7-position substituents projecting into
the solvent-accessible region. This binding conformation exemplifies the con-
served structural motif of quinazoline-derived EGFR inhibitors. Accordingly, a
rational design strategy was implemented by introducing flexible linkers con-
taining chalcone structures at the 6-position. The unsaturated ketone moiety serves
as a Michael acceptor to form selective covalent bonds with target protein residues
while the aromatic system enhances binding affinity through hydrophobic inter-

Fig. 1. Zorifertinib molecular docking interaction diagram.
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actions.22-26 Additionally, the methoxy group at this position is retained to syner-
gistically improve antitumor activity and mutation selectivity.2” Based on the
structure—activity relationship analysis, the present study adopted highly selective
pharmacophores as the molecular design framework and innovatively constructed
a hybrid quinazoline-chalcone molecular system. By integrating the protein-bind-
ing patterns and structure—activity relationship data of zorifertinib, this study pre-
cisely preserved the quinazoline core structure of EGFR inhibitors using the bio-
isosterism principle,28:29 while systematically optimizing the pharmacokinetic
properties of candidate compounds through pharmacophore refinement and iso-
steric replacement strategies. Through rational design, a series of novel small-
molecule EGFR inhibitors, featuring combined quinazoline and chalcone struc-
tural motifs, were successfully developed.

Based on the aforementioned research background, the present study syn-
thesized and characterized a series of novel quinazoline—chalcone hybrids using
IR, 'H-NMR, !3C-NMR and mass spectrometry. Their antitumor activities were
evaluated against A549 and H1975 cell lines. In addition, in silico ADME predict-
ion, toxicity prediction, and molecular docking with the EGFR kinase domain
(PDB ID:70XB) were performed to assess drug-like properties and explore the
binding mode of representative compound 9h, providing mechanistic insights into
1ts action.

EXPERIMENTAL
Chemistry

General. All reagents and solvents were commercially available and used as received
unless otherwise specified. Reaction progress was monitored by thin-layer chromatography
(TLC) on pre-coated silica gel GF254 plates (Qingdao Haiyang Chemical Co., Ltd.).

Instrumentation and Characterization. Melting points were determined on an X-4 micro-
-melting point apparatus and are uncorrected. 'H-NMR and '3C-NMR spectra were recorded
on a Bruker ARX-400 spectrometer (400 MHz for 'H- NMR, 101 MHz for '3C-NMR) in the
indicated deuterated solvents (CDCl; or DMSO-dg) using tetramethylsilane (TMS) as an inter-
nal standard; chemical shifts are reported in ppm and coupling constants (J) are given in Hz.
FT-IR spectra were acquired on a Bruker Tensor II spectrometer using KBr pellets and wave-
numbers are reported in cm™!. Low-resolution electrospray ionization (ESI) mass spectra were
recorded on a Finnigan Trace MS spectrometer. Samples were dissolved in a mixed solvent of
methanol and acetonitrile and introduced via direct infusion in positive ion mode. All observed
m/z values corresponded to the expected [M]* or [M+H]" of the target compounds.

General procedure for the synthesis of intermediates 2

At room temperature, the mixed solution of 7-methoxy-4-oxo0-3,4-dihydroquinazolin-6-yl
acetate 1 (1.20 g, 5.12 mmol), toluene (15 mL) and triethylamine (0.88 g, 8.71 mmol) were
heated to 80 °C. Then, phosphorus oxychloride (1.96 g, 12.81 mmol) was added to the mixture.
After completion, the reaction proceeds directly to the next step.
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General procedure for the synthesis of intermediates 3a—h3"

Substituted aniline (0.48 g, 4.35 mmol) was added to intermediate 2, and the mixture was
stirred for 5 h. After completion, the solvent was concentrated under vacuum and mixed with
isopropanol (15 mL) for 12 h. The product was filtered to afford intermediate 3.

General procedure for the synthesis of intermediates 4a—h3"

Intermediate 3 (1.00 g, 3.06 mmol), methanol (15 mL) and ammonia solution (1 mL) were
stirred at room temperature. After completion,. the solvent was concentrated under vacuum,
followed by addition of water (8 mL). It was filtered to afford intermediate 4.

General procedure for the synthesis of intermediates 7a—c

Refered to reference,’! taking (2E)-1-(4-aminophenyl)-3-(3-methylphenyl)prop-2-en-1-
-one (6a) as an example: 4-aminoacetop-henone (1.00 g, 3.70 mmol), 3-methylbenzaldehyde
(0.88 g, 3.70 mmol) and ethanol (15 mL) were added sequentially; the reaction vessel was trans-
ferred to a cooling bath maintained at 5 °C. Add a 20 % aqueous sodium hydroxide (0.29 g,
7.40 mmol) solution dropwise over 0.25 h. After completion, the solvent was concentrated
under vacuum to afford intermediates 7a. The reaction proceeds directly to the next step.
General procedure for the synthesis of intermediates 8a—c3?

Taking N-{4-[(2E)-3-(3-methylphenyl)-1-oxop-rop-2-en-1-yl]phenyl}-2-chloroacetamide
(7a) as an example: intermediate 7a (1.00 g, 4.21 mmol), dichloromethane (15 mL), chloro-
acetyl chloride (1.43 g, 12.64 mmol) and triethylamine (0.51 g, 5.06 mmol) were stirred at 0 °C
under nitrogen in a cooling bath. After completion, the mixture was warmed to 25 °C and stirred
for 6 h. The solvent was concentrated under vacuum to afford intermediate 8a.

General procedure for the synthesis of compounds 9a—k

Taking N-{4-[(2F)-3-(3-methylphenyl)-1-oxoprop-2-en-1-yl]phenyl}-2-{[7-methoxy-4-
-(phenylamino)quinazolin-6-yl]oxy }acetamide (9a) as an example: a mixture of intermediate
4a (0.50 g, 1.69 mmol), intermediate 8a (0.58 g, 1.86 mmol), potassium carbonate (0.47 g, 3.39
mmol) and N,N-dimethylformamide (10 mL) was heated to 80 °C. After completion, water (20
mL) was added to the mixture, followed by filtration. The filter cake was collected and dried at
50 °C, then purified by column chromatography to afford the final product.

Pharmacological experiments of target compounds

Cell culture. The human NSCLC cell lines A549 and H1975 were obtained from the
Shanghai Institute of Life Sciences, Chinese Academy of Sciences. Cells were cultured in RPMI
1640 medium (Invitrogen) supplemented with 10 % fetal bovine serum (FBS, Invitrogen) in a
humidified incubator at 37 °C under an atmosphere of 5 % CO,. The cells were passaged using
0.25 % trypsin (Amresco) upon reaching approximately 90 % confluence.

Cell viability assay (CCK-8). The antiproliferative activity of the synthesized compounds
was assessed using the CCK-8 (Wuhan Heyan Biotechnology). Briefly, cells in the logarithmic
growth phase were digested, centrifuged, and resuspended in complete medium. Cell density
was adjusted to 3x10% cells/mL using a hemocytometer. Subsequently, 100 pL of the cell sus-
pension was seeded into each well of a 96-well plate (NEST Biotechnology) and incubated for
24 h to allow attachment. After incubation, the medium was removed and replaced with 100
pL of fresh medium containing various concentrations of the test compounds or the positive
control (zorifertinib). Cells treated with medium containing an equivalent volume of DMSO
served as the negative control. The plates were then incubated for 72 h. Following the treatment
period, 10 pL of CCK-8 reagent was added to each well, and the plates were incubated for an
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additional 2 h. The absorbance at 450 nm was measured using a multifunctional microplate
reader (Shanghan Hanfei Medical Instrument Co., Ltd.). The inhibition rate (/R%) was cal-
culated using the following formula:

IRY% =100 ODsample - ODnegative control

&)
DSTSP - ODnegative control
The half-maximal inhibitory concentration (/Cs,) values were determined from concen-
tration—response curves using GraphPad Prism software via nonlinear regression analysis (Bliss
method). All experiments were performed in triplicate wells and repeated independently at least
three times.

Molecular docking protocol

Molecular docking of target derivatives with EGFR (PDB ID: 70XB) was performed
using AutoDock Vina. Small molecule ligands were prepared in ChemDraw/Chem3D and con-
verted to PDBQT format alongside the pretreated protein. Following binding pocket configur-
ation, 20 docking runs were conducted. Results were selected based on binding energy and
conformation, with PyMOL used for interaction visualization.

The selection of the EGFR kinase domain (PDB ID:70XB) for molecular docking studies
is based on its established relevance in elucidating the structural basis of quinazoline-based
inhibitor binding. Although the anticancer activity was evaluated in whole-cell systems, dock-
ing simulations against the isolated kinase domain provide mechanistic insights into potential
direct interactions with the EGFR target. The 70XB structure represents a well-characterized
model of the ATP-binding pocket and has been widely employed in structural studies of EGFR
inhibitors. This approach allows for the prediction of key intermolecular interactions, such as
hydrogen bonding and hydrophobic contacts, between the synthesized hybrids and critical resi-
dues (e.g., ASP-855, LYS-875), thereby supporting the interpretation of the observed structure—
—activity relationships and guiding future design strategies.

ADME prediction introduction

ADME prediction is vital in drug development, using computational models to evaluate a
compound’s absorption, distribution, metabolism and excretion. Researchers simply input the
molecular structure into a prediction platform and run the analysis. The system quickly gen-
erates key parameters like partition coefficients and permeability in standardized reports, enab-
ling efficient lead compound optimization. This computer-aided approach significantly acceler-
ates early-stage drug screening.

Toxicity prediction introduction

Toxicity prediction is essential in drug development, using computational models to eval-
uate the safety profile of a compound. Researchers simply input the molecular structure into a
prediction platform and run the analysis. The system quickly generates key parameters such as
LDs, values and toxicity classes in standardized reports, enabling efficient identification of
compounds with favorable safety margins. This computer-aided approach significantly reduces
the risk of late-stage drug failure.

RESULTS AND DISCUSSION

Based on the synthesis methods of the references,31-35 we systematically
optimized the synthetic route for target compounds 9a-k, as illustrated in Scheme
1. Using 3,4-dihydro-7-methoxy-4-oxoquinazolin-6-yl acetate 1 as the starting mat-
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Scheme 1. The synthesis route of target derivatives.

erial in toluene with triethylamine as the acid scavenger, we investigated the effect
of reaction temperature on the chlorination with phosphorus oxychloride. As
demonstrated in Table S-I of the Supplementary material to this paper, optimal
yields of 85-95 % were achieved at 70 °C for 2 h, whereas higher temperatures or
prolonged reaction times led to increased byproduct formation. As shown in Table
S-II of the Supplementary material, intermediate 2 reacted with substituted anilines
for 5 h to give intermediate 3 in high yield exceeding 90 %, with both insufficient
and excessive reaction times negatively impacting the yield. Subsequent alkaline
hydrolysis of 3 with aqueous ammonia yielded intermediate 4. In the synthesis of
intermediates 7a—c, the influence of various basic conditions was systematically
investigated. Using 4-aminoacetophenone and substituted benzaldehydes as start-
ing materials, the reactions were conducted for 4 h under different basic conditions.
As evidenced in Table S-III of the Supplementary material, the results demon-
strated that sodium hydroxide afforded the highest product yield, while sodium
carbonate showed reduced efficiency due to its weaker alkalinity and poor solub-
ility. When triethylamine was employed as the base, the reaction yield was approx-
imately, only 50 %. The results demonstrate that strong inorganic bases are more
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effective than weaker or organic bases in promoting the condensation. For inter-
mediates 8a—c, optimization showed that a molar ratio of 7a—¢ to chloroacetyl
chloride of 1.0:2.5 (Table S-IV of the Supplementary material) and addition at 0 °C
(Table S-V of the Supplementary material) afforded the best yield, avoiding
incomplete conversion or bis-acylation. For the final etherification of 9a—d, 80 °C
proved optimal (Table S-VI of the Supplementary material), balancing conversion
and byproduct formation. Screening of bases (Table S-VII of the Supplementary
material) indicated that potassium carbonate, owing to its moderate basicity, effect-
ively promoted alkoxide formation without triggering elimination side reactions,
unlike sodium hydroxide which reduced yield through competitive elimination.

Through systematic optimization as described, we have established an effi-
cient six-step synthetic route starting from 3,4-dihydro-7-methoxy-4-oxoquina-
zolin-6-yl acetate 1, involving sequential chlorination, amination, hydrolysis, con-
densation, acylation and etherification reactions. Each reaction condition was
thoroughly investigated and optimized, with all key steps achieving satisfactory
yields to provide sufficient compound samples for subsequent structure-activity
relationship studies. This synthetic route demonstrates several advantageous char-
acteristics including readily available starting materials, mild reaction conditions,
and straightforward operational procedures.

Antitumor activity

The antitumor activity of the target compounds was evaluated using the CCK-8
assay in vitro. Zorifertinib was employed as the positive control drug. The inhi-
bitory effects on A549 and H1975 cell lines are summarized in Table 1.

TABLE I. The inhibition rate of target compounds on tumor cells; compounds concentration:
50 uM

Inhibition rate, %

Compound R, R, 2549 11975
9a H 3-CH;4 —4.16 36.77
9b 4-CH;4 3-CH;4 0.12 36.17
9¢ 3-OCH;, 3-CHjy 23.80 20.06
9d 4-OCH;, 3-CHjy 54.27 62.22
9e 2,4-CH; 3-CH; 49.82 54.97
of H 3-OCH; 36.55 58.99
9g 2-F 3-OCH; 43.99 62.63
9h 4-OCH; 3-OCH; 47.80 58.17
9i 2,4-CH; 3-OCHj; 14.96 35.25
9j 4-Cl1,2-CH;3 3-OCHj; 41.63 34.45
9k 2-F,3-Cl 4-OCH; 47.56 61.92

Zorifertinib — — 62.14 49.60
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The data in Table I demonstrate that the activity of target compounds is closely
related to the type and position of R and R, substituents in their structures. When
R, was meta-methyl substituted, compounds 9d and 9e exhibited inhibitory rates
0f 49.82 and 54.27 % against A549 cells, respectively, approaching the efficacy of
the positive control zorifertinib (62.14 %). Notably, these compounds demon-
strated more pronounced inhibitory effects against H1975 cells, with rates reaching
54.97 and 62.22 % (compared to zorifertinib’s 49.60 % in this cell line). These
results indicate that meta-methyl substitution can significantly enhance the inhibit-
ory activity of compounds against H1975 cells. This enhancement effect may ori-
ginate from the steric hindrance effect of meta-methyl optimizing the binding con-
formation between molecules and target proteins, while its hydrophobicity
strengthens interactions with active sites. Additionally, meta-substitution may red-
uce molecular conformational freedom, maintaining pharmacophores in a more
favorable orientation, thereby improving inhibitory efficiency.

Further investigation of the meta-methoxy substituted compounds at the R,
position revealed that 9j (Ry: 4-chloro-2-methyl), 9g (R;: 2-fluoro) and 9h (R;:
4-methoxy) exhibited inhibition rates of 41.63, 43.99 and 47.80 % against A549
cells, respectively, all slightly lower than that of the positive control zorifertinib
(62.14 %). In contrast, against H1975 cells, both 9g (62.63 %) and 9h (58.17 %)
demonstrated significantly enhanced inhibitory activity compared to zorifertinib
(49.60 %), whereas 9j (34.45 %) showed reduced potency. These results clearly
indicate that with meta-methoxy substitution, the choice of R; substituent signific-
antly impacts biological activity, with the 2-fluoro-substituted compound 9g dem-
onstrating particularly enhanced inhibition against H1975 cells, achieving an inhi-
bition rate of 62.63 %. The observed activity differences likely stem from the
strong electronegativity of the 2-fluoro group facilitating improved hydrogen
bonding interactions with the target protein, whereas the steric hindrance intro-
duced by the 4-chloro, 2-methyl disubstitution in 9j may impair optimal molecular
binding to the target site.

Structure—activity relationship analysis demonstrated that the position of R,
substituents critically influences biological activity. In H1975 cells, meta-sub-
stituted compounds 9e (Rp: 3-methyl) and 9g (R,: 3-methoxy) demonstrated
significantly superior inhibitory activities of 54.97 and 62.63 %. This marked
enhancement suggests that meta-substitution facilitates stronger molecular binding
to the target protein. This advantage likely arises from the optimal accommodation
within the three-dimensional architecture of the target’s active site, improving
spatial complementarity and hydrophobic interactions to enhance binding affinity.
Furthermore, the structural characteristics of R substituents exert a decisive influ-
ence on the antitumor activity of these compounds. Notably, compounds 9d (R;:
4-methoxy) and 9e (Rj: 2,4-dimethyl) exhibited the most prominent inhibitory
activities. Specifically, 9d demonstrated inhibition rates of 54.27 and 62.22 %
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against A549 and H1975 cell lines, respectively, while 9e showed corresponding
inhibition rates of 49.82 and 54.97 %. Remarkably, compound 9g (R;: 2-fluoro)
displayed the strongest inhibitory activity against H1975 cells with an inhibition
rate of 62.63 %, although it exhibited relatively weaker activity against A549 cells
(43.99 % inhibition), indicating excellent cellular selectivity. Comprehensive ana-
lysis reveals that introducing medium-sized electron-donating groups (e.g., meth-
oxy and methyl) at the R position substantially enhances antitumor efficacy, with
the 4-methoxy-substituted compounds 9d and 9h emerging as particularly pro-
mising drug candidates due to their optimal overall performance profile, rendering
them promising candidates for further development.

According to the /Csp determination results shown in Table II, these com-
pounds exhibited superior inhibitory activity against both A549 (ICso: 7.479 uM)
and H1975 (ICsp: 6.652 uM) cell lines compared to zorifertinib (A549: 31.080
uM; H1975: 64.170 uM). Notably, compound 9e demonstrated the lowest /Cs
values (A549: 7.479 uM; H1975: 6.652 uM), indicating the most potent inhibitory
effect. Furthermore, both 9d (A549: 8.463 uM; H1975: 7.885 uM) and 9h (A549:
7.944 uM; H1975: 8.739 uM) displayed /Csq values below 10 uM, further con-
firming their excellent antitumor potential. In conclusion, compounds 9e, 9d and
9h warrant further in-depth investigation due to their remarkable inhibitory activity
and structural advantages.

TABLE II. ICs value of preferred compounds

1C50 / H.M
Compound A549 H1975
9d 8.463 7.885
9e 7.479 6.652
9g 20.960 23.500
9h 7.944 8.739
9k 8.113 18.080
Zorifertinib 31.08 54.71

Preliminary structure—activity relationship analysis revealed several key pat-
terns. First, the position of the R, substituent on the chalcone moiety had a decisive
influence on activity with meta-substitution significantly outperforming para-sub-
stitution, likely due to its greater potential to form stable interactions with the target
protein. Second, methoxy-substituted compounds generally exhibited stronger act-
ivity than their methyl-substituted counterparts, suggesting the importance of hyd-
rogen bonding in target recognition. Additionally, the number of R substituents
on the quinazoline moiety also affected activity with mono-substituted derivatives
typically outperforming di-substituted analogs, possibly due to steric hindrance
effects. These findings provide important guidance for the rational design of future



8 52 WANG et al.

antitumor drugs. In particular, the lead compound 9h shows promising develop-
ment potential and warrants further investigation into its pharmacological mech-
anisms and preclinical evaluation.

Molecular docking

Molecular docking of the positive control drug zorifertinib and selected target
derivatives with EGFR kinase (PDB ID: 70XB) was performed using AutoDock
Vina. The binding modes between ligand molecules and receptor proteins were
analyzed to further explore their interactions. The selected target derivative 9h and
the positive control drug zorifertinib were individually docked with the target pro-
tein EGFR.

The molecular docking analysis (Fig. 2, PDB ID:70XB) reveals that comp-
ound 9h binds to EGFR primarily through an extensive hydrogen-bonding
network. The quinazoline core forms critical hydrogen bonds with residues in the
catalytic pocket (GLU-1015, GLN-820), while the side-chain substituents engage
additional residues (GLN-812, ASN-816, TYR-813), collectively contributing to
a stable and potent inhibition.

Fig. 2. Molecular docking models of compound 9h with EGFR (PDB ID code: 70XB).

Molecular docking of zorifertinib with EGFR (PDB ID: 70XB, Fig. 3) reveals
that its quinazoline core forms three key hydrogen bonds with the kinase domain:
the 3-position nitrogen with ASP-855 (1.9 A), the 4-position amino nitrogen with
ASP-837 (2.3 A), and the 6-position oxygen with LYS-875 (2.3 A). These inter-
actions, particularly the short, strong bond with ASP-855, are critical for anchoring
the inhibitor tightly within the ATP-binding pocket. This binding network enh-
ances stability and specificity, effectively competing with ATP to inhibit EGFR
signaling and providing a structural basis for its potent antitumor activity.

While both compound 9h and zorifertinib share a conserved quinazoline core
that targets the ATP-binding pocket of EGFR (PDB ID:70XB), their distinct side
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chains dictate divergent binding modes and inhibitory profiles. Compound 9h, with
its flexible C-6 substituent, engages the solvent-front region (GLN-812, TYR-813),
potentially conferring adaptive binding to various mutants like L§58R/T790M. In
contrast, zorifertinib’s rigid structure deeply penetrates the back pocket, forming a
strong salt bridge with ASP-855 in the DFG motif and a cation interaction with
LYS-875, which may enhance its potency against wild-type EGFR. This analysis
suggests that 9h’s flexibility could be key for a broader mutant spectrum, whereas
zorifertinib’s pre-organization favors strong wild-type inhibition.

e 19
ASP-855

Fig. 3. Molecular docking models of zorifertinib with EGFR (PDB ID code: 70XB).

Physicochemical properties and ADME prediction

As summarized in Table III, all synthesized compounds (9a—k) exhibit mole-
cular weights exceeding 500 Da, constituting a single Lipinski violation, while

TABLE III. Physicochemical properties and ADME properties of target compounds; RB —
rotable bonds; HAcc — H-bond acceptors; HDon — H-bond donors; Lipinski — violation Lipinski
Rule of 5; * — MW > 500 g/mol, Log s — the water solubility of the compound; GI — gastro-
intestinal absorption; bioavailability score: 0.55

MW HAcc TPSA

Cmpd. g/mol RB (<10) HDon A (<140) Log P, Logs GI Lipinski
9a 544.60 11 6 2 102.44 5.52 -7.02 Low 1*
9b 558.63 11 6 2 102.44 5.87 -7.33 Low 1*
9¢ 574.63 12 7 2 111.67 5.45 —7.11 Low 1*
9d 574.63 12 7 2 111.67 5.45 -7.11 Low 1*
9e 572.65 11 6 2 102.44 6.21 -7.63 Low 1*
of 560.60 12 7 2 111.67 5.03 -6.80 Low 1*
9g 578.59 12 8 2 111.67 5.40 -6.96 Low 1*
9h 590.63 11 6 2 102.44 6.21 -7.11 Low 1*
9i 588.65 12 7 2 111.67 5.73 -7.41 Low 1*
9j 609.07 12 7 2 111.67 5.98 -7.70 Low 1*
9k 613.03 12 8 2 111.67 5.99 -7.56 Low 1*
Zorifertinib 45990 6 7 1 79.82 3.65 - 5.50 High 0
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other key parameters such as TPSA (102.44-111.67 A2) and bioavailability scores
(0.55) remain within favorable ranges. Despite the predicted low gastrointestinal
absorption, the overall physicochemical profiles are typical of beyond-rule-of-5
kinase inhibitors, and the potent in vitro antiproliferative activity against NSCLC
cells demonstrates that these compounds can effectively reach their intracellular
targets. The consistent drug-like parameters across the series, combined with their
strong biological activity, highlight the potential of the quinazoline—chalcone hyb-
rids as promising lead compounds for further optimization and development as
novel anticancer agents.

Toxicity profile of the designed compound

As shown in Table IV, all designed compounds (9a—k) exhibited a predicted
LDsg of 2000 mg/kg and a toxicity class of 4, whereas zorifertinib showed an LDs
of 1150 mg/kg (class 4). The average similarity of the designed compounds ranged
from 54.91 to 58.50 %, slightly higher than that of zorifertinib (50.88 %), with
prediction accuracies around 67 %. These results indicate that the designed com-
pounds possess toxicity profiles comparable to or slightly better than the reference
drug.

TABLE IV. Predicted toxicity properties of target compounds

Compound Predicted LDs, Predicted toxicity class Average Prediction
mg/kg (1 to 6) similarity, % accuracy, %
9a 2000 4 56.76 67.38
9b 2000 4 56.76 67.38
9¢ 2000 4 55.25 67.38
9d 2000 4 56.76 67.38
9e 2000 4 55.25 67.38
of 2000 4 58.50 67.38
9g 2000 4 55.78 67.38
%h 2000 4 58.50 67.38
9i 2000 4 56.40 67.38
9j 2000 4 58.26 67.38
9k 2000 4 5491 67.38
Zorifertinib 1150 4 50.88 67.38
CONCLUSIONS

Collectively, this study developed novel antitumor agents by designing and
synthesizing a series of quinazoline-chalcone hybrids. Their antiproliferative act-
ivity was evaluated against A549 and H1975 cell lines, with zorifertinib as the
positive control. Molecular docking revealed their stable binding to EGFR, and
ADME/toxicity predictions validated their favorable drug-like and safety profiles,
particularly for compound 9h. However, the cytotoxicity was assessed only on
cancer cell lines, and the selectivity against normal cells remains to be determined.
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Future work will address this limitation to establish their therapeutic selectivity
index.
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H3BO[O

ITH3AJH HOBUX XUBPUIA XUHA30/IMHA U XAJIKOHA KAO CHAXHHUX MHXUBUTOPA
PELIEIITOPA EITMJEPMATHOT ®AKTOPA PACTA

YINGNUO WANG!, JURANG LI!, CHUNMENG LI, YANG LIU', ZHIQIANG CAI' u SHUAI LI1*

Liaoning Province Professional and Technical Innovation Center for Fine Chemical Engineering of Aromatics
Downstream, School of Petrochemical Engineering, Shenyang University of Technology, Liaoning, Liaoyang
111003, P. R. China u *Shandong Engineering Research Center of Pharmaceutical Green Intelligent
Technology, Shandong Academy of Pharmaceutical Sciences, Shandong, Jinan 250101, P. R. China

Y OKBHpY OBOT MCTpPa’KMBamba YCIEIIHO je AU3ajHUPaHa U CUHTETHCAHA HOBA CepHja Xub-
pYIa XWHA30/IMHA U XankoHa. HajBakHUja MHOBALIMja je MOIeKyscKa XUdpuau3sandja gapma-
KOOPHOT CKe/leTa XMHa30/IMHa Ca XalTKOHCKUM (parMeHTOM, YUMe Cy CTBOpEHE HOBE XeMHj-
CKe BPCTE 33 UCIIUTHBae NOTeHIIUjaTHOT CHHEPTUCTUYKOT aHTUTYMOPHOT edeKTa. YCIIelHo je
CTIpOBefieHa YCMepeHa CHHTe3a Y BHUINe peaklMOHMX Kopaka. [IpBU pesynTaTH HCIUTHBAHA
NOKa3aiu cy Ja BehWHa CHHTeTHCAaHUX XUOpHIA MoKa3yje CHAXKHY aHTHITPONIUQEepaTHBHY aKT-
UBHOCT in vitro npema henujckum nuHujama HecuTHOhenujckor paka miyha (NSCLC) (A549 u
H1975). Ha ocHOBYy ucnuTHBamba MOJKYJICKAM HOKHHIOM NPENJIOXKEHO je Aa je HHXUOUUHja
peuenropa enupepmantor ¢akropa pacta (EGFR) rmaBHM MexaHu3am JeoBama U Ja jenu-
HheHa 0CTBapyjy cTabuIHe MHTepaKlHje ca KWHa3HUM JoMeHoM. OcuM Tora, in silico mpesBu-
hame ancopnuyje, auctpudyuuje, Mmeradonusma u usnyuusamwa (ADME) u nmpensubamwa TokCH-
yHOCTH JodujeHa Ha SwissADME u ProTox 3.0 miargopmama, penom, ykasyjy Ha TO fa jefiu-
IEHa N10Celyjy CBOjCTBA CIMYHA JIEKOBUMa U ofrosapajyhu npodun de3dennoctu. Mnak, nuro-
TOKCUYHOCT je onpeheHa camo npema henujckum TrHHjaMa paka U CeleKTUBHOCT IIpeMa HeTy-
MOPCKHM, 30paBuM, henrjama ek Tpeda onpenutu. be3 0b3upa Ha oBa OorpaHHueHa, TOUETHH
pe3ynrtatu cy oxpadpyjyhu u ynyhyjy Ha HacTaBak ONTUMH3alMje ¥ Pa3B0j OBUX HOBUX XUOPHUTI-
HHX jeIHBEHa.

(ITpumssero 13. okrodpa 2025, pesuaupaHo 4. jyHa, mpuxsaheno 13. aBrycra 2026)
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