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Synthesis, Docking Study and Biological Evaluation
of Naproxen-Based Heterocyclic Derivatives

A series of Naproxen-based heterocyclic derivatives (NA1-NA4) were designed, synthesized, and evaluated
for their antibacterial and anticancer activities. These heterocyclic derivatives were developed by integrating
Naproxen with various heterocycles, including indole, benzothiophene, benzothiazole, and pyrazole, in order
to enhance efficacy while reducing gastrointestinal side effects. The synthesized compounds were character-
ized using FT-IR, 1H NMR, and 13C NMR spectroscopy. The antibacterial activity was evaluated against
S. aureus (Gram-positive) and two Gram-negative bacteria (P. aeruginosa and K. pneumonia) by measuring
the diameter of the zone of inhibition. Compounds NA2 and NA3 showed promising inhibitory activity
against the tested bacteria compared to amoxicillin. The anticancer activity of NA1-NA4 compounds against
the MDA-MB-231 human breast cancer cell line was assessed by determining the 1C50 values (the concentra-
tion required to inhibit 50 % of cell viability). NA1 and NA3 exhibited notable antiproliferative effects with
IC50 values of 11.81 and 11.08 pg/mL, respectively. Molecular docking studies of compounds NA1-NA4
were performed against COX-2 enzyme (PDB Code: 3NT1) using MOE software. The compounds showed
strong binding affinities, indicating potential anti-inflammatory properties. Collectively, the antibacterial, an-
ticancer, and molecular docking data suggest that these Naproxen derivatives possess promising multifunc-
tional therapeutic potential.

Keywords: Naproxen derivatives, heterocyclic compounds, COX-2 inhibition, MTT assay, antibacterial, anti-
cancer, breast cancer, anti-inflammatory properties

Introduction

Cancer is characterized by the rapid growth of abnormal cells that can spread to other parts of the body,
eventually leading to death [1]. Globally, cancer has become the leading cause of mortality, with the number
of deaths projected to reach 16.4 million by 2040 [2]. It is estimated that 30-50 % of cancer-related deaths
could be prevented through early detection, effective treatment, and long-term care. Breast, lung, and colo-
rectal cancers currently represent the most prevalent cancer types based on incidence rates. In terms of treat-
ment, cancer has remained at the forefront of advancements in surgery, radiotherapy, chemotherapy, and
hormonal therapies. However, most currently available anticancer agents are associated with dose-limiting
toxicity, drug resistance, and limited selectivity [3]. Therefore, the development of new chemotherapeutic
agents capable of overcoming these challenges is of critical importance.

Naproxen is both a COX inhibitor and a strong anti-inflammatory agent. However, one of the most
common problems associated with oral Naproxen administration is gastrointestinal disorders [4, 5]. This ad-
verse effect is primarily attributed to the presence of a free carboxylic acid group. Therefore, masking this
acidic group has been proposed as an effective strategy to reduce or eliminate gastrointestinal side ef-
fects [6]. It has been reported that the therapeutic index for NSAIDs can be improved by synthesizing ester
prodrugs of Naproxen, which serve as promoieties [7]. Compounds containing naproxen amide have also
shown consistent anti-inflammatory properties [8]. Additionally, it has been observed that amide derivatives
of Naproxen, such as Naproxen glycolamide, exhibit anti-inflammatory activity with significantly less gas-
tric damage compared to the parent drug [9]. Compared to conventional Naproxen, amide prodrugs of
Naproxen derivatives have demonstrated strong anti-inflammatory activity [10].
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The anticancer properties of Naproxen and its derivatives have also been extensively studied, with sev-
eral derivatives reported to inhibit the proliferation of various cancer cell lines [11, 12]. For instance,
Naproxen derivatives such as propanamide and urea analogues have shown promising activity in suppressing
colon cancer growth [13]. Moreover, 1,3,4-oxaadiazole derivatives exhibit significant activity against epi-
dermal growth factor receptor (EGFR) [14], while hydrazide and hydrazone derivatives display potent inhi-
bition of vascular endothelial growth factor receptor-2 (VEGFR-2) [15]. Triazole derivatives have also been
found to effectively target histone deacetylases (HDACSs) [16]. Naproxen’s propanamide derivatives have
demonstrated notable antimicrobial activity against both Gram-positive and Gram-negative bacteria, includ-
ing Escherichia coli and Pseudomonas aeruginosa [10, 17]. These antibacterial effects are comparable to
those of standard antibiotics such as ciprofloxacin (for Gram-negative bacteria) and ampicillin (for Gram-
positive bacteria) [18]. Furthermore, Naproxen administration has been shown to reduce tumor progression
in tumor-bearing rats [11, 12]. Strong suppression of histone deacetylase has been demonstrated by a
naproxen hydroxamic acid derivative [5]. Overall, Naproxen represents a promising scaffold for the devel-
opment of novel therapeutic agents with antiviral, anticancer activities [17, 19, 20], including potential appli-
cations in bladder cancer prevention [21].

Heterocycles are considered a vital component in medicinal chemistry. Benzofused and five-membered
heterocycles motifs, in particular, represent a significant class of compounds with well-documented anti-
cancer and antibacterial activities [22-25]. Derivatives of benzothiazole, benzothiophene, and indole, for
example, have demonstrated notable antimicrobial and antitumor properties [26].

Based on the importance of these heterocycles, we designed a new series of Naproxen-based heterocy-
clic derivatives. The heterocycles were conjugated to the Naproxen core via its carboxylic acid moiety, aim-
ing to mask this functional group and thereby reduce its associated gastrointestinal side effects. The synthe-
sized analogs were evaluated for their anticancer and antibacterial activities (Fig. 1). Furthermore, molecular
docking study was conducted to assess the potential of these compounds as analgesic and anti-inflammatory
agents.
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Figure 1. Chemical structures of the newly designed Naproxen-based heterocyclic analogues (NA1-NA4)

Experimental

Material and Methods

All chemical reagents used in this study were of analytical grade and were supplied by Sigma-Aldrich,
Fluka, CDH, and Thomas Baker. Naproxen was purchased from Leyan Company (China). Melting points
were determined using a Gallenkamp MFB-600 melting point apparatus (Stuart). FT-IR spectra were record-
ed on a Shimadzu IRAffinity-1S spectrometer. *H NMR (400 MHz) and *C NMR (100 MHz) spectra were
recorded on a Bruker Multinuclear Spectrometer.

Synthesis of Naproxen acid chloride [27]

To a stirred solution of Naproxen (1.0 g, 4.34 mmol, 1 equiv.) in dichloromethane (DCM, 20 mL),
phosphorous trichloride (128 pL, 1.450 mmol, 0.33 equiv.) was added. The resulting mixture was stirred at
0 °C for one hour, then allowed to warm to room temperature (RT) and stirred overnight. The solution was
then transferred to a 50 mL round-bottom flask to remove the precipitated phosphorous acid. Thin-layer
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chromatography (TLC) was performed to confirm the complete consumption of Naproxen. The resulting
mixture was used directly in the subsequent steps without further workup.

Synthesis of (N-(1H-indol-5-yl)-2-(6-methoxynaphthalen-2-yl) propenamide [NA1]

To a solution of acid chloride, [27], in DCM, (0.57 g, 4.34 mmo of 1l)H-indol-5-amine and triethyla-
mine (0.73 ml, 5 mmol) were added with stirring at RT for 18 hours. Upon completion of the reaction, the
organic layer was removed. The crude product was dissolved in 50 mL of ethyl acetate, then washed sequen-
tially with 50 mL of 5 % NaOH solution and 50 mL of 2 N HCI. The organic phase was dried over anhy-
drous magnesium sulfate, and the solvent was removed under reduced pressure using a rotary evaporator.
The desired product was obtained as a pink solid (0.96 g, 64 % vyield).

FT-IR vmax, cm*: 3211 (N-H, and NH, Amide), 3066 and 3024 (C—H, aromatic), 2929 (C—H, aliphatic),
1653 (CO, Amide), 15951435 (aromatic rings); *H NMR (500 MHz, DMSO), ppm: 10.65 (s, 1H, CO-NH-
), 9.68 (s, 1H, Ar—NH-), 7.88-7.26 (11 H, Ar-H), 3.97 (s, 3H, O—-CHjs), 3.91 (m, 1H, CO-CH-), 1.57 (d,
J=1 Hz, 3H, —CHjs). ¥C NMR (125 MHz), ppm: 172.48 (1C, CO), 152.79 (1C, MeO-C), 132.63-101.06
(17C, Ar-C), 51.21 (1C, —OCHs), 33.30 (1C, Ar (Me)-CH-CO), 14.14 (1C, —CHg) (Figures S1-S3).

Synthesis of N-(benzo[b]thiophen-5-yl)-2-(6-methoxynaphthalen-2-yl) propenamide [NA2]

To a pre-cooled solution of NAC in DCM, benzo[b]thiophen-5-amine (0.647 g, 4.34 mmol) and tri-
ethylamine (0.73 mL, 5.00 mmol) were added and left to stir at RT for 18 hours.

After completion of the reaction, the solvent was evaporated, and the crude product was dissolved in
50 mL of ethyl acetate. The solution was washed sequentially with 50 mL of 5 % NaOH solution, 50 mL of
2 N HCI, and a saturated NaCl solution. The organic layer was dried over anhydrous magnesium sulfate, and
the solvent was removed under reduced pressure using a rotary evaporator, affording the product as brown
crystals (1.2 g, 76 % vyield). FT-IR vmax, cm™: 3255 (-NH, Amide), 3064 (C—H, aromatic), 1662 (CO, Am-
ide), 1556-1435 (aromatic carbons). *H NMR (500 MHz, DMSO), ppm: 10.25 (s, 1H, CO-NH-), 7.81-7.14
(m, 11 H, Ar-H), 3.86 (s, 3H, methoxy), 3.81 (d, 1H, J=1 Hz, CO-CH-), 1.45 (d, J=2 Hz, 3H,
—methyl). *C NMR (125 MHz), ppm: 173.22 (1C, CO), 157.09 (1C, Methoxy-C), 145-105.69 (17C, Aro-
matic-C), 55.12 (1C, Methoxy), 44.64 (1C, Aromatic (Me)-CH-CO), 18.44 (1C — Methyl) (Figures S4-S6).

Synthesis of N-(benzo[d]thiazol-2-yl)-2-(6-methoxynaphthalen-2-yl)propanamide [NA3]

To a pre-cooled [27] solution in DCM, (0.65 g, 4.34 mmol) of benzo[d]thiazol-2-amine and (0.73 ml,
5 mmol) of triethylamine was added and left to stir at RT for 18 hours. After completion of the reaction, the
solvent was evaporated, and the crude product was recrystallized from 70 % ethyl acetate/hexane mixture
(50 mL of ethyl acetate) to afford off-white crystals (0.80 g, 50 % yield). FT-IR vmax, cm=: 3343 (-NH, Am-
ide), 2953, 2908, and 2868 (C—H, aliphatic), 1666 (CO, Amide), 1606-1427 (aromatic rings); *H NMR (500
MHz, DMSO), ppm: 12.52 (s, 1H, amide NH), 7.98-7.12 (m, 11 H, aromatic-H), 3.95 (s, 1H, -CH-), 3.86
(s, 3H, methoxy), 1.53 (d, J = 2 Hz, 3H, methyl). C NMR (125 MHz), ppm: 175.48 (thiazole-C-NH-),
172.69 (1C, CO) 157.51 (1C, methoxy—C), 150.38-104.56 (16 C, aromatic—C), 56.16 (1C, —methoxy), 45.02
(1C, Ar(methyl)-CH-CO), 19.11 (1C, methyl) (Figures S7-S9).

Synthesis of N-(1,5-dimethyl-3-o0x0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-(6-methoxynaphthalen-2-
yl) propanamide [NA4]

To a pre-cooled [27] solution in DCM, (0.88 g, 4.34 mmol) of 4-Aminoantipyrine and (0.73 ml,
5 mmol) of triethylamine were added and the reaction mixture was stirred at RT for 18 hours. After comple-
tion of the reaction, the solvent was evaporated, and the crude product was dissolved in 50 mL of ethyl ace-
tate, washed successively with 5% NaOH solution (50 mL) and 2 N HCI (50 mL). The organic layer was
then washed with saturated NaCl solution, dried over anhydrous magnesium sulfate, and concentrated using
a rotary evaporator to afford the desired product as brown crystals (1.50 g, 83 % yield). FT-IR vmax, cm™:
3257 (-NH, Amide), 3043 (C—H, Aromatic) 2972 and 2920 (C—H, aliphatic), 1660 (CO, Amide), 1620-1427
(aromatic rings); *H NMR (500 MHz, DMSO): 9.01 (s, 1H, amide-NH-), 8.00-7.37 (m, 11 H, aromatic-H),
3.25 (s, 3H, methoxy-CHs), 3.09 (q, J = 2 Hz, 1H,), 2.25 (s, 3H, methyl), 2.23 (s, 3H, methyl), 1.18 (d, J =2
Hz, 3H, methyl). °C NMR (125 MHz), ppm: 172.97 (1C, CO-NH), 168.64 (CO), 158.16 (1C, MeO-C),
134-116.20 (18 C, Ar-C), 58.28 (1C, —OCHs), 46.10 (1C, Ar(Me)-CH-CO), 24.17, 16.20, and 12.96 (3C, 3
CHs) (Figures S10-S12).
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Antibacterial Activity

The antibacterial activity of the synthesized compounds (50 mg/mL) was evaluated against three patho-
genic bacterial strains, namely S. aureus (Gram-positive) and P. aeruginosa and E. coli (Gram-negative).
Dimethyl sulfoxide (DMSO) was used as a negative control, and amoxicillin at a concentration of 50 pg/mL
was used as the standard reference drug. All tests were performed in duplicate at 37 °C. After 24 hours of
incubation, the diameter of the inhibition zone was measured and recorded.

Culture and Cell Lines

The human breast cancer cell line (MDA-MB-231) was obtained from the Pasteur Institute, Iran. The
cells were cultured in RPMI-1640 medium (Gibco) supplemented with 10 % fetal bovine serum (FBS), peni-
cillin (100 U/mL), and streptomycin (0.1 mg/mL). The cancer cells were incubated under standard condi-
tions: humidified atmosphere with 5 % CO; at 37 °C.

MTT Test for Cell Viability in MCF7 Cells

To evaluate cell viability, the MTT assay was performed following standard protocols described by
Wang, Rui, et al. and Mahdi, Zainab H., et al. [28, 29]. The absorbance was measured at 570 nm using an
ELISA microplate reader. The results were expressed as ICso values, determined as the concentration of
compound required to cause 50 % inhibition of cell viability.

Molecular Docking Studies

Molecular docking facilitates understanding of ligand-enzyme interactions, predicts the binding con-
formations of ligands within a protein’s active site, and assists in the design of novel, potent inhibitors. In
this study, molecular docking analysis was performed using MOE docking software (version 2019) [30] to
evaluate the binding behavior of the naproxen-COX-2 complex (oxidoreductase, PDB Code: 3NT1) [31].
The protein structure files were obtained from the Protein Data Bank (PDB). Water molecules (H20) were
removed prior to docking to avoid potential interference with ligand binding. The docking analysis using
MOE revealed key insights into the position, size, and characteristics of the COX-2 binding site within the
3NT1 structure, which are critical parameters for the development of selective COX-2 inhibitors [32]. The
COX-2 active site is located within a hydrophobic pocket that plays a crucial role in ligand accommodation.
This binding cavity is sufficiently spacious to allow the binding of structurally diverse ligands [30]. Ser530,
Val523, and Leu531 were identified as the key amino acid residues involved in ligand-enzyme interactions,
contributing significantly to ligand specificity and binding affinity [33]. All compounds were sketched and
cleaned using ChemDraw 22.2.0, and geometry optimization was carried out using MOE software prior to
docking. The docking scores and binding interactions of the designed and synthesized compounds are sum-
marized in Table 3.

Results and Discussion

Chemistry

The newly synthesized compounds (NAL1-NA4) were obtained via direct amidation of various aromatic
amines with the acyl derivative of Naproxen, as illustrated in Scheme. In the first step of the synthesis,
Naproxen acyl chloride was prepared by treating naproxen with phosphorous trichloride (PCls) in dichloro-
methane (DCM) at RT for 30 hours. Completion of the reaction was confirmed by the formation of a white
solid precipitate of phosphorous acid, and by monitoring the complete consumption of Naproxen using thin-
layer chromatography (TLC). After formation, the Naproxen acyl chloride solution was cooled, and the solu-
tion of the respective amine was added dropwise under continuous stirring. The mixture was stirred for
18 hours, which was also the maximum reaction time required for the synthesis of compound NA4.

The structures of compounds NA1-NA4 were confirmed by spectroscopic analysis. The FT-IR spectra
of all synthesized compounds showed the disappearance of the broad bands corresponding to the COOH
group and the carbonyl of Naproxen, and the appearance of characteristic amide (NH) bands at 3211, 3343,
3255, and 3257 cm?, along with amide carbonyl (C=0) stretches at 1653, 1662, 1666, and 1660 cm™, re-
spectively. The 'H NMR spectra exhibited characteristic amide proton signals at 10.65, 10.25, 12.52, and
9.01 ppm, respectively, with the disappearance of the broad signal previously attributed to the carboxylic
acid proton of Naproxen. Additionally, the *C NMR spectra showed distinct signals for the amide carbonyl
carbons at 172.48, 173.22, 172.29, and 172.97 ppm.
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Scheme. Synthesis of compounds NA1-NA4

Antibacterial Activity

A solution of each synthesized compound (NA1-NA4) at a concentration of 5 pg/mL in 1 mL of DMSO
was prepared to evaluate the preliminary antibacterial activity. The susceptibility testing technique [34] was
employed against E. Coli, P. aeruginosa, Proteus, K. pneumonia and S. aureus.

Furthermore, dimethyl sulfoxide was used as a negative control, as it has no effect on bacterial growth.
The antibacterial activity of each compound-is expressed by the diameter of the inhibition zone (in millime-
ters, mm), as shown in Table 1 and Figure 2.

Table 1
The diameter of inhibition zone of compounds (NA1-NA4)
against P. aeruginosa, E. Coli, K. pneumonia, Proteus and S. aureus

Sample code P. aeruginosa E. Coli K. pneumoniae Proteus S. aureus

NA1l 12 20 13 0 12

NA2 26 20 22 10 30

NA3 32 16 30 18 35

NA4 13 10 0 0 5
Amoxicillin 28 26 20 16 30

Compounds NA2 and NA3 exhibited the highest antibacterial activity among the tested compounds,
particularly against P. aeruginosa, K. pneumonia, and S. aureus. The inhibition zone diameters for NA2
were 26 mm, 22 mm, and 30 mm, respectively, while those for NA3 were 32 mm, 30 mm, and 35 mm,
demonstrating comparable or even superior activity to the standard drug amoxicillin. This enhanced activity
may be attributed to the presence of sulfur-containing heterocyclic moieties, which are known to contribute
significantly to antimicrobial efficacy [35].
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Figure 2. Antibacterial activity of NA1-NA4

Cell Viability Assay

Based on the results, the synthesized compounds NA1-NA4 exhibited notable cytotoxic activity against
the selected cancer cell line when compared to the standard drug, doxorubicin. Compounds NA1 and NA3
demonstrated potent inhibitory effects, with 1Cso values of 11.81 pg/mL and 11.08 pg/mL, respectively.
Compounds NA2 and NA4 also showed considerable inhibitory activity, both with 1Csy values of
12.05 pug/mL, as presented in Figure 3A-D.
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Figure 3. Cell viability diagram for compound NA1 (a), NA2 (b), NA3 (c), and NA4 (d)
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Table 2

ICso values for the tested compounds compared to the standard

Compound MDA-MB-231
1C50 (uM)
Standard (Doxorubicin) 9.81
NA1 11.81
NA2 12.05
NA3 11.08
NA4 15.16

Molecular Docking Studies

Molecular docking simulations were performed to evaluate the potential anti-inflammatory activity of
the synthesized analogues (NA1-NA4) against COX-2. The study employed Molecular Operating Environ-
ment (MOE) software, which enables detailed visualization, characterization, and assessment of protein-
ligand interactions. MOE provided detailed information on the ligand positioning and key interactions with
receptor-binding residues, along with high-quality graphical representations. Docking analysis revealed that
the proposed compounds (NA1-NA4) bind at the same active site as Naproxen within the COX-2 enzyme
(oxidoreductase), with additional interactions observed at conserved residues of the Naproxen-binding pock-
et. The newly synthesized compounds exhibited improved binding affinities, with S-scores ranging from —
8.7078 t0-8.3094 kcal/mol, and low root-mean-square deviation (RMSD) values ranging from 1.0012 to
1.6844, in  comparison  to Naproxen,  which  showed ~a  binding energy  of
—7.1006 kcal/mol and RMSD value of 1.9156. These results suggest that the designed derivatives possess a
stronger binding affinity toward the COX-2 active site, potentially enhancing their anti-inflammatory effica-
cy. Furthermore, the higher structural congruency of these ligands with the target site as visualized in Fig-
ures 4-8 supports their improved binding performance, as summarized in Table 3.

Table 3
Binding properties of the synthesized compounds with Oxidoreductase (PDB code: 3NT1)
Compound S-score RMSD No. of binding sites Binding amino acids
(Kcal/mol) '

Naproxen 3NT1 —7.1006 1.9156 3 Arg120, Tyr 355, Ala527
NA 1 -8.4290 1.6844 3 Arg120, Tyr 115, Val 116
NA2 -8.3094 1.4927 2 Argl120, Val 116
NA3 -8.7078 1.0012 2 Two Arg120
NA4 —8.4155 1.4196 4 Arg120, Tyr 355, Val 349, Glu 524

Entry: 1/20
mol: NA1

8¢ -8.4290
msd_refine: 1.6844
E_conf: 22.6578
E_place: ~73.0360
E_scorel: -12.2810
E_refine: -42.1100
o 2
Entry: 3/10
mol: 3NTL
e T
mmsd_refine: 1.0468
E_conf: ~56.2958
E_place: -81.7084
E_scorel: -11.6347
E_refine: -40.1327
E_score2: -7.1006

a) 3D model b) 2D model

Figure 4. Interactions of native ligand Naproxen and NA1 with COX-2 oxidoreductase (PDB Code: 3NT1)
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Entry:
mol:
S

E_conf:
E_place:
E_scorel:
E_refine:
E_score2:

PLIF_pronum: 1

22

msd_refine: 1.0012

Entry: 1/20

mol: NAL

st -8.4290

msd_refine: 1.6844

E_conf: 22.6578

Eplace:  -73.0360 b3
Escorel:  -12.2810

Erefine:  -42.1100

Escore2:  -8.4290
PLIE_pronun: 1

a) 3D model b) 2D model

Figure 5. Interactions of NA1 ligand with COX-2 oxidoreductase (PDB Code: 3NT1)

Entry: 12/20
mol: Na2

Sz 8.3094
msd_refine: 1.4927
E_conf: 15.3887
E_place: -91.1746
E_scorel: ~-12.4157
E_refine:  -40.6061
E_score2: -8.3094

PLIE_pronum: 1

Leu3s9

a) 3D model b) 2D model

Figure 6. Interactions of NA3 ligand with COX-2 oxidoreductase (PDB Code: 3NT1)

-21.0285
-98.1535
-11.9878
-44.8827
-8.7078

a) 3D model b) 2D model

Figure 7. Interactions of NA4 ligand with COX-2 oxidoreductase (PDB Code: 3NT1)
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Entry: 12/20 Entry: 1/20
mol: NA2 mol: NA1

S: -8.3094 S: -8.4290
msd_refine: 1.4927 msd_refine: 1.6844
E_conf: 15.3887 E_conf: 22.6578
E_place: -91.1746 F_place: ~73.0360
E_scorel: -12.4157 E_scorel: -12.2810
E_refine: -40. 6061 E_refine: -42.1100
E_score2: -8.3094 E_score2: -8.4290

PLIF_pronum: 1 PLIF_pronum: 1

a) NA1—3NT1 b) NA2 — 3NT1
Entry: 6/20
mol: NA3 Entry: 17/20
S: -8.7078 mol: NA4
msd_refine: 1.0012 S: -8.4155
E_conf: -21.0285 msd_refine: 1.4196
E_place: -98.1535 E_conf: 92.4786
E_scorel: -11.9878 E_place: -55.9223
E_refine: -44.8827 E_scorel: -11.4557
E_score2:  -8.7078 fr:reﬁl? -:45‘5127
. score2: -8.
FRLE-pronums; 1 PLIF_pronum: 1
c) NA3 —3NT1 d) NA4 —3NT1

Figure 8. The 3D receptor surface interactions of NA1-NA4 ligand
with COX-2 oxidoreductase (PDB Code: 3NT1)

Conclusion

In conclusion, the newly designed Naproxen-based heterocyclic derivatives (NA1-NA4) have been syn-
thesized and demonstrated strong biological activity as antibacterial and anticancer agents. Antibacterial
screening revealed that NA2 and NA3 exhibited significant inhibitory effects, with inhibition zones reaching
32 mm against P. aeruginosa and 35 mm against S. aureus, in some cases surpassing the standard antibiotic
amoxicillin. Similarly, anticancer evaluations showed that NA1 and NA3 effectively inhibited the growth of
MDA-MB-231 breast cancer cells, with 1Cso values of 11.81 pg/mL and 11.08 pg/mL, respectively, compa-
rable to standard chemotherapeutic agents. Furthermore, molecular docking studies revealed strong binding
interactions between NA1-NA4 and COX-2 enzyme, indicating potential anti-inflammatory properties.
These findings emphasize the value of incorporating heterocyclic moieties into the Naproxen scaffold to de-
velop multifunctional therapeutic agents. The promising biological activities of these derivatives suggest that
they hold potential for further development as antimicrobial, anticancer, and anti-inflammatory drug candi-
dates.
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