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Abstract

The indole scaffold is common in natural products and bioactive compounds, including
anti-cancer and anti-inflammatory medicines. In this work, a series of indole-acrylamide
derivatives was synthesized, and their antiproliferative and anti-inflammatory effects
were evaluated on COX enzymes and against a panel of cancer cell lines. All the final
compounds were characterized via HRMS and ('H & '3C)-NMR. Anticancer and anti-
inflammatory activities were evaluated using standard biomedical techniques by SRB,
MTS, and COX kit assays. Additionally, the molecular docking analysis was conducted
using the AutoDock Vina tool. The results demonstrated that the produced compounds
displayed significant inhibitory effects on the COX-2 enzyme, with ICsy values of 128 nM
to 1.04 uM. 6a demonstrated significant COX-2 selectivity with an ICsp of 128 nM and an
SI of 352, highlighting its preference for COX-2 over COX-1. 6¢ exhibited potent COX-2
inhibition with an ICsp of 0.215 uM and an SI of 10.6. The assessed compounds exhib-
ited substantial cytotoxic effects on cancer cells, especially against liver cancer cell lines
(Huh7, HepG2, Mahlavu, and SNU475), and breast cancer (MCF-7). 6d compound was
the most COX-1 selective inhibitor, which observed potent activity against hepatocellular
carcinoma, with ICsg values as low as 3.5 uM, and was highly effective against MCF-7. Ad-
ditionally, COX-2 selective inhibitors, 6a and 6b, exhibited strong antiproliferative effects
against both breast cancer (MCF-7) and melanoma (B16F1), with ICsj values ranging from
P —— 4.75 to 15.4 uM. Furthermore, the molecular docking of 6a demonstrated a strong affinity

for the COX-2 enzyme, with energy scores (S) of —8.392 kcal/mol, comparable to celecoxib’s
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score of —10.96 kcal/mol. The findings suggest a possible correlation between COX-2 inhi-
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bition and anticancer efficacy, especially for compounds 6a and 6¢, which demonstrate ex-
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cellent COX-2 selectivity and notable antiproliferative effects, positioning them as prospec-
tive candidates for further advancement in cancer treatment.
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1. Introduction

COX-1 and COX-2 enzymes facilitate the pivotal stage of prostaglandin production.
Given their role in tumor progression, these isoforms have emerged as vital targets for
contemporary cancer pharmacology [1]. Although expressed differently, both COX-1 and
COX-2 are associated with inflammatory reactions and overexpressed in many malignan-
cies [2]. Multiple malignancies have been linked to COX-2, which contributes to carcino-
genesis and cancer cell resistance to radiotherapy and chemotherapy [3]. Solid tumors,
including breast and bladder cancer, have elevated COX-2 levels [4,5]. COX-2 overexpres-
sion is also found in colorectal, pancreatic, and lung tumors [6,7]. COX-2 inhibits apopto-
sis, stimulates epidermal growth factor receptors, activates the mitogen-activated protein
kinase cascade, and binds to tyrosine. COX-2 may also break matrix metalloproteinase,
causing cell membrane rupture, metastasis, and tumor invasiveness [8,9].

Recent comprehensive analyses have further elucidated that the pro-tumorigenic
role of COX-2 extends beyond simple inflammation; it is a master regulator of the
tumor microenvironment, affecting angiogenesis and the maintenance of cancer stem
cell (CSC) populations [10]. The accumulation of COX-2 metabolites supports a multi-
faceted array of oncogenic processes, including metabolic transformation and the eva-
sion of apoptosis, which collectively facilitate tumor survival and metastatic dissemina-
tion. Consequently, targeting the COX-2 pathway —via both dependent and independent
mechanisms—remains a cornerstone of modern chemoprotective strategies and justifies
the rational design of novel inhibitors as potential anticancer candidates [10,11].

Inflammation and malignancy increase COX-2 levels [12], making COX-2 inhibitors
promising antiproliferative agents [13,14]. In human and animal models of colon cancer,
NSAIDs, including non-selective inhibitors like aspirin, reduce colon cancer risk and pro-
mote tumor regression [15,16].

In medicinal chemistry, indole is a significant structural framework. Considerable
pharmacological effects have been documented in indole derivatives. Indole derivatives
have been employed as anti-inflammatory, analgesic, antipyretic [17], and anticancer ther-
apeutics [18]. Strong anticancer alkaloids such as the vincristine family include the indole
scaffold [19]. Concurrently, it was shown that indomethacin (Figure 1), a COX-1 and COX-
2 inhibitor derived from indole, displayed anti-lung cancer and anti-CRC properties by
chemical alterations in its primary structure [20].

In particular, the COX-2 inhibitor celecoxib (Figure 1) has shown significant anticancer
properties in specific cancer forms such as ovarian cancer and adenomas [21]. In male
F344 rats, the selective COX-1 inhibitor mofezolac (Figure 1) has been shown to suppress
the growth of colon cancers produced by azoxymethane. This inhibition is supported by
evaluations of tumor incidence, multiplicity, and volume [22].

Penthala et al. synthesized a series of novel indol-thioxodihydropyrimidine deriva-
tives and evaluated them for their antiproliferative activities against various cancer cell
lines. Among this series, St.1 (Figure 1) showed significant growth inhibition against
melanoma cancer cell lines (MDA-MB-435) with a Glsy value of 0.85 uM. In the docking
studies, this compound was well bound to the COX-2 binding pocket via strong hydrogen
and hydrophobic bonds [23]. For instance, St.2 (Figure 1) showed significant inhibition
of the COX-2 enzyme (61%) at a concentration of 25 puM. This inhibition was found to
be correlated with anticancer activity, as indicated by an ICsy value of 0.67 uM against
MCEF-7 cancer cell lines [24]. In our last works regarding the indole derivatives, a lot of
indole derivatives showed significant anticancer activities, especially those with the tert-
butylphenyl moiety St.3 (Figure 1), and the linkers were isoxazole, pyrazole, alkene, and
substituted alkene [18,25,26]. Additionally, in our last works, we have synthesized a series
of structures that contain isoxazole-carboxamide, and notably, the compounds contain-
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ing a tert-butylphenyl moiety displayed dual effects on COX-2 enzyme ICsp 3.22 pg/mL
and ICsp 2.77, 18.22, and 9.31 pug/mL against Hep3B, HeLa, and MCF-7, respectively [27].
In contrast, St.5 exhibited significant inhibitory effects on COX, measured by ICsy val-
ues of 0.239 and 0.191 uM against COX-1 and COX-2, respectively. Nevertheless, it dis-
played little effectiveness in combating COLO205 cancer cell lines, with an ICsq value of
30.79 uM [28].

The rationale behind the design of these novel indole-acrylamide hybrids from the
indole scaffold status and the strategic incorporation of the acrylamide linker. While the
indole core provides a robust framework for COX-binding affinity —mimicking traditional
NSAIDs like indomethacin—the acrylamide moiety was specifically selected to serve as a
rigid spacer to enhance interactions within the hydrophobic pockets of the COX-2 enzyme.
Although these compounds exhibit clear anti-inflammatory potential through COX inhi-
bition, they are not categorized solely as traditional anti-inflammatory agents due to their
dual-functional design. The structural modifications were engineered to transcend simple
prostaglandin suppression. In the course of our investigation, the hybridization strategy
was conducted to connect the indole and tert-butylphenyl moieties in the same structures;
these structures were designed to demonstrate anticancer and COX inhibition activities.
This study seeks to create a new series of tert-butyl-phenyl-indol-methylacrylamide deriva-
tives and evaluate their effects on COX enzymes and their cytotoxicity in various cancer
and normal cell lines, expanding on prior findings. This method functions as a strong strat-
egy to further confirm the efficacy of our medicines as COX inhibitors. Molecular docking
analyses are set to provide a comprehensive knowledge of the binding interactions be-
tween our drugs and the COX-2 enzyme, clarifying the rationale for their observed COX
inhibitory effect.

Figure 1. The chemical structures of the compounds exhibit dual functionality as COX inhibitors and

possess anticancer properties.
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2. Materials and Methods
2.1. Chemistry

Commercial reagents and solvents were used, with normal solvent drying methods
where needed. The SMP-II Digital Melting Point Apparatus (Schorpp Geaetetechnik, Uber-
lingen, Germany) was used for all final compound melting points (M.P.) without correc-
tion. The Faculty of Pharmacy, Ankara University, analyzed the produced compounds’ 'H
and *C NMR spectra in DMSO-d6 solutions using a Bruker DPX-400 High-Performance
Digital FT-NMR Spectrometer (Billerica, MA, USA). The 'H-NMR spectra were taken at
400 MHz and the '*C-spectra at 101 MHz. Chemical shift values (§) were measured in
ppm, while coupling constants were in Hz. The water LCT Premier XE Mass Spectrometer
(Waters Corporation, Milford, MA, USA) was used to collect high-resolution mass spectra
(HRMS) data using positive polarity electrospray ionization (ESI).

2.1.1. General Procedure of (E)-Ethyl 3-(1H-Indol-3-yl)-2-methylacrylate Derivatives (2,3)

Into the solution of compound 1 (0.5 g, 3.44 mmol) in anhydrous DMF (5 mL), sodium
hydride (440 mmol) was added at room temperature; 10 min later, the appropriate benzyl
bromide or methyl iodide (3.9 mmol) was added, and the mixture was stirred for 20 min.
The mixture was then poured into a cold NaCl-saturated solution. The precipitate was col-
lected by vacuum filtration and washed with distilled water, dried in a vacuum oven. After
that, each derivative of indole aldehyde (1 eq) and (carbethoxyethylidene) triphenylphos-
phorane (1.3 eq) was dissolved in DCM. The reaction solution was refluxed for 18 h, and
the excess solvent was evaporated under reduced pressure. The residue was purified by
column flash chromatography on silica gel using n-Hexane: EtOA (1:1) to give the desired
products 2, 3.

(E)-Ethyl 2-Methyl-3-(1-methyl-1H-indol-3-yl)acrylate (2a)

Solid product, M.P. 120-122 °C. Yield 45%. IR (FTIR/FTNIR-ATR) cm~!: 2987-2908
(C-H aliphatic), 1673 (C=0). HRMS (ESI): m/z caled. for C;5Hi;sNO, [M+H]":244.1338;
found: 244.1327. '"H NMR (DMSO-dg) 6: 7.91 (1H, d, indole H-2), 7.81 (1H, s, p-H), 7.72
(1H, d, ] =8 Hz, indole H-4), 7.50 (1H, d, ] = 8 Hz, indole H-7), 7.25 (1H, td, ] =7.2, 1 Hz in-
dole H-5), 7.17 (1H, td, ] = 7.4, 0.8 Hz indole H-6), 4.18 (2H, q, ] =7.2 Hz, O-CH;-), 3.86 (3H,
s, N-methyl), 3.10 (3H, s, methyl),1.28 (3H, t, ] = 6.8 Hz, O-CH,-CHj3). '3C NMR (DMSO-d)
5: 167.99, 136.18, 131.63, 129.42, 127.70, 122.35, 120.62, 120.34, 118.03, 110.24, 110.13, 60.00,
32.89, 14.86, 14.29.

(E)-Ethyl 3-(5-Bromo-1-methyl-1H-indol-3-yl)-2-methylacrylate (2b)

Solid product, M.P. 113-113.5 °C. Yield 57%. IR (FTIR/FTNIR-ATR) cm~!: 2965-2856
(C-H aliphatic), 1647 (C=0). HRMS (ESI): m/z calcd. for C1sH17NO,Br [M+H]": 322.0443;
found: 322.0430. '"H NMR (DMSQg) &: 7.91 (1H, d, ] = 2 Hz, indole H-2), 7.85 (1H, s, -H),
7.82 (1H, s, indole H-4), 7.49 (1H, d, ] =8.8 Hz, indole H-7), 7.36 (1H, dd, | =8.8, 2 Hz indole
H-6),4.18 (2H, q, ] =6.8 Hz, O-CHj>-), 3.86 (3H, s, N-methyl), 2.09 (3H, d, | =1.2 Hz, methyl),
1.28 (3H, t, ] = 6.8 Hz, O-CH,-CH3). '3C NMR (DMSQOg) &: 167.88, 134.95, 132.84, 129.36,
128.77,124.84, 121.54, 120.52, 113.15, 112.43, 109.76, 60.08, 33.09, 14.87, 14.28.

(E)-Ethyl 3-(1-Benzyl-5-bromo-1H-indol-3-yl)-2-methylacrylate (3b)

Solid product, M.P. 111-112 °C. Yield 79%. IR (FTIR/FTNIR-ATR) cm1: 2964-2866
(C-H aliphatic), 1634 (C=0). HRMS (ESI): m/z calcd. for Cy1Hp;NO,Br [M+H]": 398.0756;
found: 398.0757. 'H NMR (DMSO-d6) &: 8.10 (1H, s, indole H-2), 7.93 (1H, d, ] =2 Hz,
3-H), 7.86 (1H, s, indole H-4), 7.49 (1H, d, | = 8.8 Hz, indole H-6), 7.34-7.24 (6H, m, indole
H-7, phenyl-H), 5.53 (2H, s, phenyl-CH,), 4.21 (2H, q, ] = 7.2 Hz, O-CH;-), 2.13 (3H, d,
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] = 1.2 Hz, methyl), 1.30 (3H, t, | = 6.8 Hz, O-CH,-CH3). 3C NMR (DMSO-dg) &:
167.83, 137.21, 134.22, 132.29, 129.71, 128.67, 128.61, 127.58, 127.04, 125.04, 122.21, 120.77,
113.30,112.89, 110.34, 60.12, 49.62, 14.97, 14.27.

2.1.2. General Synthetic Procedure for Hydrolysis (E)-2-Methyl-3-(1H-indol-3-yl)acrylic
Acid (4, 5)

Acrylate (1 eq) was dissolved in a mixture of methanol, water, and THF solvent, and
Lithium hydroxide (10 equiv.) at 5'C. The solution was refluxed for 3 h before it was cooled
to room temperature. The solution was then evaporated, and the residue was made acidic
(pH =2) by the addition of HCI. The precipitate was filtered and concentrated in a vacuum
to give the crude products 4, 5, which were used without further purification.

(E)-2-Methyl-3-(1-methyl-1H-indol-3-yl)acrylic Acid (4a)

Solid product, M.P. 199-201 °C. Yield 99%. IR (FTIR/FTNIR-ATR) cm ~!: 2988-2920 (C-
H aliphatic), 3221-2300 (O-H), 1655 (C=0). HRMS (ESI): m/z caled. for C13H14NO, [M+H]*:
216.1025; found: 216.1013. TH NMR (DMSO-dg) &: 12.06 (1H, s, O-H), 7.89 (1H, d, indole
H-2), 7.78 (1H, s, B-H), 7.71 (1H, d, ] = 7.6 Hz, indole H-4), 7.49 (1H, d, | = 8.4 Hz, indole
H-7), 7.25 (1H, td, ] = 7.4, 1.2 Hz indole H-5), 7.16 (1H, td, ] = 7.6, 0.8 Hz indole H-6), 3.86
(3H, s, N-CH3), 2.08 (3H, d, ] = 0.8 Hz, methyl). 3C NMR (DMSO-d) &: 169.69, 136.17,
131.39, 129.06, 127.72, 122.30, 121.36, 120.27, 118.06, 110.32, 110.20, 32.87, 14.87.

(E)-3-(5-Bromo-1-methyl-1H-indol-3-yl)-2-methylacrylic Acid (4b)

Solid product, M.P. 254-255 °C. Yield 88%. IR (FTIR/FTNIR-ATR) cm~': 3288-2351
(O-H), 2963-2866 (C-H aliphatic), 1634 (C=0). HRMS (ESI): m/z calcd. for C13H13NO,Br
[M+H]*: 294.0130; found: 294.0133. 'H NMR (DMSO-de) &: 12.11 (1H, s, O-H), 7.88 (1H,
d, ] =2 Hgz, #-H), 7.83 (1H, s, indole H-2), 7.80 (1H, s, indole H-4), 7.48 (1H, d, | = 8.8 Hz,
indole H-7), 7.35 (1H, dd, | = 8.6, 1.8 Hz, indole H-6), 3.86 (3H, s, N-CHj3), 2.06 (3H, d,
J = 0.8 Hz methyl). 13C NMR (DMSO-dg) §: 169.57, 134.94, 132.61, 129.39, 128.38, 124.77,
122.30, 120.54, 113.07, 112.38, 109.94, 33.08, 14.86.

(E)-3-(1-Benzyl-1H-indol-3-yl)-2-methylacrylic Acid (5a)

Solid product, M.P. 209-211 °C. Yield 98%. HRMS (ESI): m/z calcd. for C19H1sNO,
[M+H]*: 292.1338; found: 292.1337. 'H NMR (DMSO-dg) &: 12.11 (1H, s, O-H), 8.00 (1H,
s, indole H-2), 7.90 (1H, s, $-H), 7.72 (1H, d, ] = 7.2 Hz, indole H-4), 7.49 (1H, d, ] = 8 Hz,
indole H-7), 7.32-7.12 (7H, m, indole H-5, H-6, phenyl-H), 5.51 (2H, s, phenyl-CH>-), 2.10
(3H, d, ] = 0.8 Hz, methyl). 13C NMR (DMSO-dg) &: 169.64, 137.58, 135.46, 130.86, 128.92,
128.58, 128.03, 127.49, 127.10, 122.44, 122.03, 120.41, 118.27, 110.88, 110.73, 49.48, 14.97.

(E)-3-(1-Benzyl-5-bromo-1H-indol-3-yl)-2-methylacrylic Acid (5b)

Solid product, M.P. 236-238 °C. Yield 95%. IR (FTIR/FTNIR-ATR) cm~!: 2965-2951
(C-H aliphatic), 3202-2442 (O-H), 1634 (C=0). HRMS (ESI): m/z calcd. for C19Hi7NO;Br
[M+H]*: 370.0443; found: 370.0445. 'H NMR (DMSO-dg) &: 12.16 (1H, s, O-H), 8.05 (1H, s,
indole H-2), 7.89 (1H, d, | = 1.6 Hz, 3-H), 7.83 (1H, s, indole H-4), 7.47 (1H, d, | = 8.8 Hz,
indole H-6), 7.32-7.23 (6H, m, indole H-7, phenyl-H), 5.51 (2H, s, phenyl-CH>-), 2.09 (3H,
s, methyl). 13C NMR (DMSO-dg) &: 169.52, 137.27, 134.21, 132.06, 129.74, 128.62, 128.26,
127.58, 127.04, 124.98, 122.95, 120.79, 113.21, 112.85, 110.53, 49.61, 14.97.

2.1.3. General Synthetic Procedure for Indole-Acrylamide Derivatives (6a—6d)

The synthesis procedure commenced with the dissolution of each acrylic acid (4, 5)
(1 eq) in 20 mL of DCM. Subsequently, DMAP (0.3 eq) and EDC (1.3 eq) were added to
the solution, then stirred under inert gas at R.T. for 30 min. 4-tert-butylaniline (1.1 eq) was
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then added to the mixture. Afterward, the solvent was eliminated under vacuum pressure,
and the residue was re-dissolved in DCM. Final product isolation involved purification
through flash chromatography utilizing a suitable solvent system, n-hexane: ethyl acetate
(1:1) [18].

(E)-N-(4-(Tert-butyl)phenyl)-2-methyl-3-(1-methyl-1H-indol-3-yl)acrylamide (6a)

Solid product, M.P. 70-71 °C. Yield 74%. IR (FTIR/FTNIR-ATR): 3280 (N-H),
2957-2866 (C-H aliphatic), 1635 (C=0). HRMS (ESI): m/z caled. for Cp3HpyN,O [M+H]*:
347.2123; found: 347.2116. 'H NMR (DMSO-dg) &: 9.79 (1H, s, N-H), 7.85 (1H, d,
] = 7.6 Hz, indole H-4), 7.75 (1H, indole H-2), 7.65-7.63 (3H, m, 3-H, phenyl H-2, H-6),
7.49 (1H, d, ] = 8 Hz, indole H-7), 7.33 (2H, d, | = 8.4 Hz, phenyl H-3, H-5), 7.27-7.15 (2H,
m, indole H-5, H-6), 3.88 (3H, s, N-methyl), 2.89 (3H, s, methyl), 1.27 (9H, s, tert-butyl).
13C NMR (DMSO-dg) &: 168.07, 145.26, 137.12, 136.10, 130.50, 127.81, 126.22, 125.00, 124.64,
122.14,119.99, 119.77, 118.65, 110.49, 110.03, 33.96, 32.81, 31.22, 15.60.

(E)-3-(5-Bromo-1-methyl-1H-indol-3-yl)-N-(4-(tert-butyl)phenyl)-2-methylacrylamide
(6b)

Solid product, M.P. 79-81 °C. Yield 93%. IR (FTIR/FTNIR-ATR): 3281 (N-H),
2965-2855 (C-H aliphatic), 1635 (C=0). HRMS (ESI): m/z calcd. for Cy3HpeNoOBr [M+H]*:
425.1228; found: 425.1224. "TH NMR (DMSO-dg) 8: 9.77 (1H, s, N-H),8.08 (1H, d, ] = 1.6 Hz,
3-H), 7.79 (1H, s, indole H-2), 7.63 (2H, d, ] = 8.4 Hz, phenyl H-2, H-6), 7.60 (1H, s, indole
H-4), 7.48 (1H, d, | = 8.8 Hz, indole H-7), 7.36-7.32 (3H, m, phenyl H-3, H-5, indole H-6),
3.87 (3H, s, N-CH3), 2.14 (3H, s, methyl), 1.27 (9H, s, tert-butyl). 1*C NMR (DMSO-dy) :
167.88, 145.34, 137.00, 134.85, 131.74, 129.55, 127.00, 125.00, 124.59, 123.78, 121.13, 120.10,
112.67,112.22, 110.20, 33.97, 33.01, 31.21, 15.51.

(E)-3-(1-Benzyl-1H-indol-3-yl1)-N-(4-(tert-butyl)phenyl)-2-methylacrylamide (6c)

Solid product, M.P. 174-175.5 °C. Yield 97%. IR (FTIR/FTNIR-ATR): 3281 (N-H),
2965-2855 (C-H aliphatic), 1635 (C=O). HRMS (ESI): m/z caled. for CpoHz1NoO [M+H]":
423.2436; found: 423.2426. 'H NMR (DMSO-dg) &: 9.80 (1H, s, N-H), 7.95 (1H, s, indole
H-2),7.85 (1H, d, | =7.2 Hz, indole H-4) 7.65-7.63 (3H, m, 3-H, phenyl H-2, H-6), 7.48 (1H,
d, ] = 8 Hz, indole H-7), 7.34-7.22 (7H, m, phenyl-H), 7.20-7.12 (2H, m, indole H-6, H-5),
5.52 (2H, s, phenyl-CH,), 2.18 (3H, s, methyl), 1.27 (9H, s, tert-butyl). 3C NMR (DMSO-dy)
5: 168.08, 145.30, 137.76, 137.09, 135.42, 130.00, 128.55, 128.10, 127.42, 127.01, 126.91, 125.01,
124.48,122.29, 119.96, 119.93, 118.84, 111.06, 110.55, 49.39, 33.96, 31.21, 15.69.

(E)-3-(1-Benzyl-5-bromo-1H-indol-3-yl)-N-(4-(tert-butyl)phenyl)-2-methylacrylamide (6d)

Solid product, M.P. 199-201 °C. Yield 35%. IR (FTIR/FTNIR-ATR): 3289 (N-H),
2967-2866 (C-H aliphatic), 1634 (C=0). HRMS (ESI): m/z calcd. for CooHzgN,OBr [M+H]*:
501.1541; found: 501.1561. "H NMR (DMSO-d) 6: 9.82 (1H, s, N-H), 8.11 (1H, s, indole H-
2),8.03 (1H, s, B-H), 7.66-7.27 (12H, s, indole H-4, H-6, H-7, phenyl-H), 5.54 (2H, s, phenyl-
CHy), 2.17 (3H, s, methyl), 1.29 (9H, s, tert-butyl). 3C NMR (DMSO-dy) &: 167.88, 145.38,
137.43, 136.97, 134.15, 131.22, 129.89, 128.61, 127.68, 127.52, 126.99, 125.02, 124.79, 123.63,
121.35, 120.08, 112.83, 112.69, 110.77, 49.53, 33.89, 31.21, 15.62.

2.2. Biological Assays
2.2.1. COX Assay Method

Cayman Chemical, Ann Arbor, MI, USA, supplied the enzyme immunoassay (EIA)
kit 560131 for the in vitro cyclooxygenase inhibition assay. This kit was used to evaluate
the inhibitory potential of synthesized indol-acrylamide derivatives (6a—6d) and celecoxib
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against ovine and human COX-1 and COX-2, respectively, at 0.01, 0.5, 10, and 30 uM con-
centrations. ICsy values were measured in micromoles (uM) using non-linear regression
analysis of the log(inhibitor) vs. response curve (four-parameter logistic equation), a pre-
viously documented procedure [29].

2.2.2. Cell Culture

The anticancer effects of all final compounds 6a—6d were tested in vitro against eleven
cancer cell lines, including human HCC cell lines (Huh7:JCRB0403, Hep3B: ATCC-HB-
8064, HepG2: ATCC-HB-8065), Mahlavu [30] and SNU475: ATCC-CRL-2236), colon cancer
cell lines (HCT116: ATCC-CCL-247) and MCEF-7: ATCC HTB-22), adenocarcinoma (HeLa:
CCL2) and CaCo-2: CRL-2102), normal human embryo kidney (HEK 293T: CRL-3519), and
mouse melanoma (B16-F1: CRL-6323). All cell lines were grown in RPMI-1640 media with
10.0% fetal bovine serum, 1.0% l-glutamine, and 1.0% Penicillin/Streptomycin antibiotics
at 37 °C in a humid environment with 5.0% CO; [31]. All cell lines are registered in the Cel-
losaurus database and were obtained from the American Type Culture Collection (ATCC,
Manassas, VI, USA) or the Japanese Collection of Research Bioresources (Osaka, Japan).

Cells were seeded in 96-well plates at a density of 2.5 x 10* cells per well. After
24 h to allow attachment, the culture medium was replaced, and cells were treated with
compounds 6a-6d at five concentrations (1, 10, 50, 100, and 300 uM) for 24 h to determine
ICsp values. Cell viability was assessed using the CellTiter 96® Aqueous One Solution
Cell Proliferation (MTS) (Promega Corporation, Madison, W1, USA ) assay according to
the manufacturer’s instructions. Briefly, 20 uL of MTS reagent was added to each well
containing 100 pL of culture medium and incubated at 37 °C for 2 h. Absorbance was
measured at 490 nm using a microplate reader [32].

Huh?7, HepG2, Mahlavu, SNU475, MCF7, and HCT116 cells were seeded at
2-3 x 10* cells/well into Corning® 96-well plates (354516) for 24h before treatment. The test
compounds and sorafenib (positive control, Selleckchem S7397) were dissolved in DMSO
(Sigma-Aldrich, cat. no. D2650; Burlington, MA, USA). Cells were treated with five con-
centrations ranging from 2.5 to 40 uM. The final DMSO concentration in culture medium
did not exceed 0.1% (v/v) in any treatment, including vehicle controls. After 72 h, cells
were fixed with 10% trichloroacetic acid (Sigma-Aldrich, cat. no. 27242) (50 uL/well) and
stained with 0.4% SRB (Sigma-Aldrich, cat. no. 251403) dye (50 uL/well). After staining,
unbound dye was removed by washing with 1% acetic acid, and plates were air-dried. The
protein-bound sulforhodamine B (SRB) dye was solubilized with 100 uL per well of 10 mM
Tris base (Sigma-Aldrich, cat. no. T8524; pH ~10.5). Absorbance was measured at 515 nm
using a microplate reader (BMG Labtech, SuperStar Nano, Ortenberg, Germany) [25].

2.3. Molecular Modelling Study

Molecular docking simulations were performed using the crystal structure of murine
COX-2 (PDB ID: 1CX2) complexed with celecoxib, retrieved from the Protein Data Bank [33].
The murine model was selected as a representative template for human COX-2 inhibi-
tion due to the high degree of structural homology and sequence identity (approx. 90%)
between the two isoforms. Crucially, the residues defining the catalytic pocket and the
secondary binding site—specifically Arg120, Tyr355, His90, and Val523 —are strictly con-
served across murine, ovine, and human species, ensuring that binding interactions pre-
dicted in the murine model are biologically relevant to the human enzyme [34].

Molecular docking simulations were performed to elucidate the binding orientations
of compounds 6a-6d within the cyclooxygenase active site. The X-ray crystal structure of
Mus musculus COX-2 in complex with the selective inhibitor celecoxib was retrieved from
the Protein Data Bank (PDB ID: 1CX2, resolution 3.0 A) [35,36].
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Protein and Ligand Preparation: For the docking protocol, only Chain A of the pro-
tein was retained. The co-crystallized ligand and water molecules were removed, and the
protein structure was prepared using the DockPrep module within UCSF Chimera [37].
The 3D structures of compounds 6a, 6b, 6¢, 6d, and the positive controls were generated
using the Corina online service [38]. Subsequently, Gasteiger partial atomic charges were
assigned to the ligands using OpenBabel [39].

Docking Parameters and Search Space: Docking was executed using AutoDock Vina
v1.2.0 [40]. To accurately target the catalytic domain, the search space was defined by a
cubic rid box centered on the geometric coordinates of the native ligand (celecoxib) within
the CX2 structure. The grid center was set at X =22.342, Y = 22.686, and Z = 17.373. The
dimensions of the search volume were established at 27.5 x 27.8 x 29.4 A, with a grid
point spacing of 0.50 A to ensure comprehensive coverage of the binding pocket. All other
docking parameters were maintained at their default settings.

2.4. Statistical Analyses

All obtained results were expressed as the mean + standard deviation (SD) from
at least three independent experiments. For specific comparisons between two distinct
groups where applicable, the unpaired t-test was employed. In all cases, a p-value < 0.05
was considered statistically significant. The ICs values presented in Table 1 were deter-
mined by measuring the percentage inhibition across three or four concentrations (ranging
from 0.01 to 30 uM). The resulting data points were fitted to a sigmoidal dose-response
curve using non-linear regression analysis (log[inhibitor] vs. normalized response) in
GraphPad Prism 9.0. This rigorous fitting model accounts for the high precision (three
decimal places) of the reported inhibitory constants.

Table 1. IC5( values and the selectivity index of indole-acrylamide derivatives, in comparison with
the positive control celecoxib.

I1C50 UM

Code R1 R2 COX-1 COX-2 SI* S **

6a CHj H 45.01 £ 1.27 0.128 £+ 0.038 352 <0.01

6b CHj; Br 3.65 +0.27 0.218 + 0.013 16 0.06

6¢ /_Q H 228 +£0.24 0.215 £+ 0.037 10.60 0.09

6d /_Q Br <0.01 1.044 + 0.040 <1 >100
Ketoprofen - - 0.039 £ 0.008 0.250 £+ 0.011 0.156 6.4
Celecoxib - - 0.452 +0.095 0.0176 £+ 0.007 25.68 0.04

* The COX-2 selectivity index (ICsy of COX-1/IC5q of COX-2). ** The COX-1 selectivity index (ICsp of COX-2/IC5¢
of COX-1), p value <0.05.

3. Results
3.1. Chemistry

The synthetic methodology employed to synthesize the target compounds 6a-6d is
elucidated in Schemes 1 and 2. Methyl iodide or benzyl bromide was introduced into the
solution of the starting compound (1H-indole-3-carbaldehyde) in anhydrous DMF in the
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presence of sodium hydride to synthesize intermediates 1a-1d [41]. After that, the reaction
was subsequently conducted for the synthesis of indol-acrylate ester derivatives (2a-3b),
which is presented in Scheme 1. Then, by Wittig reaction (Scheme 1), the modified alde-
hyde with (carbethoxyethylidene) triphenylphosphorane, resulting in the formation of the
ethyl ester [42], which was then hydrolyzed by using LiOH into (2E)-3-(1H-indol-3-yl)-2-
methylprop-2-enoic acid derivatives (compound 4-5), which were presented in Scheme 2
accordingly [26]. Finally, the final products are synthesized by a coupling process employ-
ing DMAP as an activating agent and EDCI as a coupling agent. After a 30 min reaction
time, a 4-tert-butylaniline reactant was introduced to each reaction. Next, each reaction
product was purified using column chromatography with different solvent systems (n-
hexane and ethyl acetate) [43]. While the synthesis of 6a and 6d was previously described
by Son et al. [43] in a different context, they were included in this study to serve as structural
benchmarks for a systematic SAR analysis and to explore their previously uncharacterized
role as selective COX-2 inhibitors in the context of hepatocellular carcinoma. Following pu-
rifications, the yields of all the final compounds fell within a 35-97% range. A wide range
of spectrum data, including ITH-NMR, BC-NMR, and HRMS, were used to analyze and
verify all newly produced organic compounds.

(0] S~
\ o}
\ 7@5(
N
N 2a, R ;H
1 H-indole-3-carbaldehyde
O,
N
R
A\
N
H
1H-indole-3-carbaldehyde lc R =H @J Br
=Br

Scheme 1. Synthesis of indol-acrylate derivatives (2a-3b), (a) methyl iodide or benzyl bromide,
NaH, DMF, inert gas, 5 °C for 3 h, (b) (Carbethoxyethylidene) triphenylphosphorane, DCM,
room temperature.

\
M @f{z{ ]
N 4a,R=H

A
—
2b R: 4b,R=Br
3a,R=H 5a,R=H 6¢, R =H
3b, R =Br 5b, R:Br 6d,R =Br

Scheme 2. Synthesis of indol-acrylamide derivatives (6a—6d). (a) Methanol/THF/water, LiOH, reflux.
(b) 4-tert-butylaniline, EDC, DMAP, DCM, under inert gas, stirring 72 h.
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3.2. Anti-Inflammatory (COX-1 and COX-2)

The in vitro analysis of COX enzyme inhibition activity evaluated the potential of the
indole-acrylamide derivatives 6a-6d to inhibit COX enzymes. The assessment was carried
out using the COX-1 (ovine) and COX-2 (human) Inhibitor evaluation Assay Kit (Cayman
Chemical Company, Ann Arbour, MI, USA) [29]. The observed inhibitory results at con-
centrations 30, 10, and 0.5 uM for these derivatives in comparison with the positive con-
trols are presented in Figure 2. It was clear that the highest inhibitory percentage on the
COX-2 enzyme at all concentrations was for compound 6a, followed by compound 6c. In
contrast, compound 6d showed significant activity against the COX-1 enzyme.

H6a
= 6b
=6c

6d

m Celecoxib

30 tM 10 pM 0.5 pM
Conc.

Figure 2. The inhibitory percentage on COX enzymes of indole-acrylamide derivatives compared
with the positive control celecoxib.

According to the inhibitory percentage values, the most potent compound was com-
pound 6a, as presented in Table 1. The ICs5j value of compound 6a against COX-2 enzyme
was 0.128 uM, and the selectivity ratio was 352. The presence of methyl at the indole cycle,
like compounds 6a and 6b, was better for COX-2 inhibitory activities than the benzyl moi-
ety, like compounds 6c and 6d. In contrast, the addition of the Br atom at the 6th position
of the indole cycle increased the activities of the COX-1 enzyme.

3.3. Anticancer Activity
Cytotoxicity of the Indole-Acrylamide Derivatives in Cancer Cells

Elevated expression of cyclooxygenase (COX) enzymes has been firmly established in
several forms of cancer, such as colon cancer, breast cancer, and melanoma [44,45]. Consid-
ering the possible correlation between COX enzymes and cancer, they are very convincing
targets for the prevention and therapy of cancer. Aiming to clarify the mechanism of action
processes involved in the novel indole-acrylamide derivatives and confirm their associa-
tion with COX enzymes, the synthesized compounds were investigated in vitro for their
anticancer properties against several cancer cell lines. The obtained results (Table 2) are
expressed as ICsq values. All of the evaluated compounds showed significant antiprolifer-
ative activities against Huh?7 with ICs values in the range of 3.5-28.0 uM. Several works
were conducted to find a relation between the COX inhibitors and antiproliferative effect
on hepatocellular carcinoma cell lines [46,47]. A previous study provided evidence sup-
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porting the notion that selective or, maybe more effectively, nonselective COX-2 inhibitors
could have promising therapeutic benefits in hepatocellular carcinoma [48].

Table 2.1Cs values for the final synthesized compounds on cancer and normal cell lines.

ICs50 UM
Cell Lines 6a 6b 6¢ 6d +ve Control
Huh?7 28.0+1.9 11.6 + 0.6 4.7+ 0.3 3.5+ 0.6 434052
MCEF-7 154 +1.2 79 +0.3 6.0 +0.2 3.5+ 0.7 146 +£0.72
HCT116 174 £ 0.1 13.0 0.3 6.6 + 0.4 454+ 04 108 +0.62
HepG2 NI NI 8.0+ 0.6 9.6 +£ 0.6 32+0.82
Mahlavu NI NI 7.5+ 0.3 84+1.2 75+0.62
SNU475 NI NI 424+1.0 75+0.1 524052
CaCo-2 NI 125+ 1.1 NI 67.97 + 0.8 6.68 £1.1°
HeLa 1464 £+ 1.6 16.2 + 0.4 NI 56.25 4+ 0.2 1.33+0.7b
B16F1 7.718 + 0.5 4.748 + 0.4 10.699 £ 1.5 2248 +2.4 8245+ 1.2Pb
Hep3B NI 71.79 - 1.18 NI 74.09 £ 2.2 25+0.82
Hek293t 15.388 4 1.67 59.44 + 2.0 14257 £1.3 1493 £0.2 654 +1.0P
SI 120.22 141.19 402.74 14.36 -

NI means no inhibition; SI: Selectivity index between CCsj of Hek293t and ICsq of COX2; +ve control: # Sorafenib
& b 5-fluorouracil.

Interestingly, compound 6d displayed potent antiproliferative effects (IC5yp = 3.5,
4.5 uM in Huh7 and MCEF-7, respectively) despite possessing the most moderate COX-2
inhibitory activity (ICsg = 1.04 uM) in the series. This suggests that the biological efficacy
of 6d may not be solely dependent on COX-2 affinity. Rather, its potency likely stems from
a combination of favorable lipophilicity, which enhances cellular uptake, and potential
polypharmacology. Indole derivatives are well-documented to engage multiple oncogenic
pathways; therefore, 6d likely exerts a synergistic effect where moderate COX-2 inhibition
works in concert with secondary molecular targets to drive apoptosis.

Moreover, COX-1 selective inhibitors [49] or COX-2 selective inhibitors [50] showed
anticancer activities against MCF-7 cancer cell lines, as well as compound 6d (COX-1 selec-
tive) exhibited a significant MCF-7 antiproliferative effect with ICsy value of 3.5 uM and
compounds 6a and 6b (COX-2 selective) showed significant anticancer activities on the
cell lines with ICsy values of 15.4 and 7.9 uM respectively. Overexpression of the COX-
2 enzyme in melanoma cancer was explored in many works, which could make COX-2
inhibitors possible candidates for melanoma cancer lead compounds [51,52]. According
to our results, the COX-2 selective inhibitors compounds 6a and 6b were the most potent
agents against melanoma cancer cell lines (B16F1) with ICs( values of 7.71 and 4.75 pM, re-
spectively. These findings collectively position these agents as promising COX inhibitors
and anticancer agents, underscored by their potent anti-proliferative effects and favorable
selectivity profile.

To evaluate the safety profile and therapeutic window of the synthesized indole-
acrylamide derivatives, the Selectivity Index (SI) was determined by comparing the 1Cs
values against the non-cancerous HEK293T cell line with the ICsy values against the tar-
geted COX-2 enzyme and various cancer cell lines in Table 2. Notably, all compounds
demonstrated a significant safety margin between enzymatic inhibition and general cellu-
lar toxicity. Compound 6c emerged as the most promising lead in terms of safety, exhibit-
ing an enzymatic SI of 402.74 (HEK293T CCs(/COX-2 ICsp), indicating that the concentra-
tion required to inhibit the target enzyme is several hundred times lower than the concen-
tration inducing toxicity in normal kidney cells. Furthermore, the cellular SI for 6c reached
as high as 33.95 in SNU475 liver cancer cells. This superior selectivity, particularly when
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compared to the positive control, which often displayed SI values below 1.0, underscores
the potential of this scaffold to target cancerous phenotypes through a COX-2-mediated
mechanism while minimizing off-target cytotoxicity to healthy human tissues.

While various indole-based derivatives have been explored for their anti-inflammatory
properties [53], the current work introduces a uniquely optimized indole-acrylamide se-
ries specifically engineered for high-affinity COX-2 targeting in a cancer context. The
novelty of this design lies in the strategic placement of the tert-butylphenyl substituent
to interact with the COX-2-specific residues, an optimization strategy that differentiates
this series from previous hybrids by achieving a superior selectivity index (SI > 350) and
nanomolar potency.

The structural evolution of our current indole-acrylamide series was informed by a
critical analysis of our previous lead compounds. Specifically, the indole-isoxazole deriva-
tive 5t.2 (Figure 1) had demonstrated potent cytotoxicity, ICsy 0.67 uM against MCF-7 cells.
but exhibited relatively weak COX-2 inhibition (61% at 25 pM) [24], suggesting a lack of
mechanistic synchronization. Subsequently, our work on isoxazole-carboxamides contain-
ing a tert-butylphenyl moiety (St.4, Figure 1) revealed a promising dual-effect profile, with
ICs5¢ values of 3.22 ug/mL against the COX-2 enzyme and potent antiproliferative activ-
ity against Hep3B (ICsp = 2.77 pug/mL) and MCEF-7 (ICsg = 9.31 pug/mL) [27]. According to
these findings, we strategically designed the current indole-acrylamide hybrids (6a—6d) to
merge the high COX-affinity of the indole scaffold —a hallmark of classical NSAIDs —with
the potent antiproliferative effect of the tert-butylphenyl carboxamide moiety.

This rational hybridization strategy was intended to “re-align” the enzymatic affinity
with cellular potency, a goal that was successfully realized in the current work study. The
breakthrough in this series is best shown by compound 6a, which achieved a significant
increase in lead potency with a COX-2 ICs( of 128 nM. This represents a nearly 200 times en-
hancement in enzymatic affinity compared to the inhibition levels of the earlier St.2. While
these xenobiotics likely possess possible multi-targeted effects, the high affinity for COX-2
has now appeared as a more central and defining component of their biological profile.
Furthermore, the shift from nanomolar enzymatic inhibition to micromolar cellular cyto-
toxicity for the 6a-6d series aligns with well-known rules of drug-target interactions. This
potency gap is typically attributed to the physiological barriers the compound must over-
come, including cell membrane permeability, intracellular distribution, and non-specific
binding to serum proteins.

Although our findings suggest a link between COX-2 inhibition and antiprolifera-
tive activity —most notably for the highly selective compound 6a— this relationship can-
not yet be considered conclusive. Additional downstream studies are needed to confirm
whether the observed effects are truly COX-2 dependent. The cytotoxic response is likely
driven by multiple contributing factors, with COX-2 inhibition playing a role through the
reduction of pro-survival prostaglandin signaling. Future work, including PGE; rescue
experiments and COX-2 gene silencing using siRNA, will be important to clearly separate
COX-mediated activity from any secondary cytotoxic effects associated with the indole-
acrylamide scaffold.

3.4. Molecular Modelling

Molecular docking was applied as a supplementary in silico method to support the
results of the in vitro screening assays. COX enzymes play a major role in modulating cell
proliferation and growth signaling pathways. Inhibition of these enzymes has proven ef-
fective as a therapeutic strategy for many types of malignancies [54]. Docking simulations
were carried out for the entire compound series (6a—6d) to improve the robustness of the
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experimental findings. The docking protocol was validated by re-docking celecoxib, which
has achieved an RMSD of 0.01 A, indicating an excellent predictive performance.

All synthesized indole-acrylamide hybrids showed appropriate binding interactions
within the COX-2 active site (PDB ID: 1CX2). This provides a structural basis linking en-
zyme inhibition and the cellular antiproliferative activity discussed earlier. Specifically,
the most selective compounds, 6a and 6b, clearly showed binding affinities of —8.392 and
—8.195 kcal/mol, respectively. These findings are consistent with the discussed structure-
activity relationship studies, indicating that the tert-butylphenyl moiety in the indole scaf-
fold enhances the target-directed performance of this series.

An analysis of the predicted binding features indicates that the compound’s potent
enzymatic activity is associated with binding interactions similar to those of approved
COX-2 inhibitors (Table 3). It forms a hydrogen bond with ARG120 at 3.18 A and hy-
drophobic interactions with HIS90 and ARG120. These interactions are similar to those
formed by celecoxib, which binds to ARG120 and HIS90 in the COX-2 pocket. In contrast,
celecoxib exhibits broader binding interactions with 11 contacts and a stronger binding
affinity (—10.969 kcal/mol). Compound 6a forms seven binding interactions, supporting
its strong inhibitory effect. Moreover, the binding mode of 6a was highly reproducible in
both AutoDock Vina and Chimera docking analyses.

Table 3. In silico docking analysis data of compounds 6a—6d and celecoxib in the COX-2 pockets.

Binding

Ligand COX Affinity H-Interaction  Lengthin A Hydrophobic 2 nd Length in A
Other Interactions
(kcal/mol)
HIS90 2.63
6a COX-2 —8.392 ARG120 3.18 ARG1205 9 46-3.90
ARG1202 2.60-2.73
6b COX-2 —8.195 - - HIS90 2 2.55-2.79
ILE112° 3.51
ARG120° 2.55-3.45
HIS90 3 2.01-3.24
bc COX-2 —8.255 . - ILE112 4 1.97-3.20
LEU472 2 2.88-3.14
HIS90 2 2.97-3.68
6d COX-2 —7.964 - - ALA516 2 2.65-3.01
SER353 2.39
HIS90 3 1.19-3.04
TYR355 3 2.20-2.99
Celecoxib COX-2 —10.969 iﬁléi% %;; VAL523 2.82
: TRP387 2.67
ARG120 2.20

The 2, 3,4, 5 numbers on the amino acids are related to the count of interactions.

Docking results for the remaining compounds support the structure-activity relation-
ship studies of the entire series. Compound 6¢, which has the highest selectivity in cell-
based assays, showed the strongest binding interaction —8.255 kcal/mol, and slo showed
to be involved in binding with key residues, such as ARG120, HIS90, ILE112, and LEU472.
Similarly, compound 6d, which exhibits moderate enzymatic inhibition, showed a bind-
ing affinity of —7.964 kcal/mol via interactions with HIS90, ALA516, and SER353. Overall,
the docking results exhibit a significant correlation with the observed biological activities,
which confirms that a specific interaction with the COX-2 active site is a characteristic fea-
ture of the pharmacological profile of this indole-acrylamide series.
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The molecular modeling test results provide insights into the structural features un-
derlying the compounds’ observed pharmacological behavior. Based on the calculated
RMSD values, the predicted binding forces for compound 6a were highly consistent with
both AutoDock Vina and Chimera docking platforms. Visual inspection of the docking
poses further emphasizes a clear correlation between the number of stabilizing molecular
interactions and the measured enzymatic activity.

As shown in Figure 3A, compound 6a formed seven defined interactions within the
COX-2 active site. In contrast, celecoxib forms eleven contacts (Figure 3E), which explains
its superior binding affinity. On the other hand, compound 6d showed reduced binding,
with only five contacts within the binding pocket (Figure 3D). This reduced number of
interactions—and the associated moderate enzymatic inhibition —can be attributed to the
orientation of its benzyl moiety, which was too far from the key ARG120 residue to allow
effective engagement.

(A) 6a COX-2 (PDB:1CX2) (B) 6b COX-2 (PDB:1CX2)

LEU 352A ARG 120.A

’
't

ARG 120.A

N
| &
)\ -
¢ ’; TYR 355.A

-\.
& ST ofF
é B

L W

N
W
‘ HISQ0.A
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Figure 3. Molecular docking simulations within the COX-2 (PDB: 1CX2) binding pocket. (A) Com-
pound 6a demonstrates hydrogen bonding with ARG120 and hydrophobic interactions with HIS90.
(B) Compound 6b illustrates interactions with ARG120, HIS90, and ILE112. (C) Compound 6c re-
veals an interaction network involving ARG120, HIS90, ILE112, and LEU472. (D) Compound 6d
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showing binding contacts with HIS90, ALA516, and SER353. (E) The positive control celecoxib de-
picts its established binding orientation with residues such as SER353, ARG513, HIS90, TYR355,
VAL523, TRP387, and ARG120.

Interestingly, compound 6d exhibited the highest selectivity for the COX-1 isoform, a
finding that was explained by molecular docking results. In contrast to the potent COX-2
inhibitor 6a, compound 6d did not form the key hydrogen bond interaction with ARG120.
Instead, it formed an interaction with other residues such as ALA516 and SER353.

Although systemic COX-1 inhibition is known to cause gastrointestinal and cardio-
vascular adverse effects, recent research has shown that selective COX-1 inhibitors have
therapeutic benefits in certain cancers, including ovarian and specific colorectal malig-
nancies, in which COX-1 is overexpressed [55]. Despite the COX-1 affinity of compound
6d, it still maintains a safety margin, as reflected by a Selectivity Index (SI) of 4.27 in
Huh?7 cells relative to normal HEK293T cells. These findings suggest that the indole—
acrylamide framework of 6d may be a promising target for treating COX-1-dependent
tumors, providing significant antiproliferative effects while maintaining a safety profile
that is more manageable than that of conventional non-selective treatments, NSAIDs.

4. Conclusions

In summary, this research examined the design, synthesis, and biological evaluation
of a new series of indole-acrylamide analogues as potent and selective COX-2 inhibitors.
Among the tested series, compound 6a is a promising lead, exhibiting nanomolar enzy-
matic inhibitory activity and high COX-2 selectivity. The results were supported by molec-
ular docking studies against the COX-2 isoform. Although the binding scores were lower
than those of the reference celecoxib, the results still provided a clear structural explana-
tion for the observed selectivity. In particular, the indole-acrylamide scaffold was shown
to effectively engage the COX-2—specific side pocket.

The tested compounds exhibited a wide range of anticancer activity across eleven
cancer cell lines, with high potency against hepatocellular carcinoma, breast cancer, and
melanoma models. Compounds 6a and 6¢ were the most selective inhibitors of COX-2;
the potent COX-1 inhibitor compound 6d showed anticancer activity against MCF-7 and
Huh? cells, suggesting that COX-1 may also be a target for certain tumors. The high
Selectivity Indices (SI) observed between normal HEK293T cells and cancer models, as
summarized in Table 2, indicate a robust safety margin and high therapeutic activity for
this scaffold. Given these encouraging in vitro outcomes, this remains an exploratory
study. Future investigations will expand the biological context through PGE2 rescue as-
says, apoptosis-induction studies, and cell-cycle analysis to definitively establish the causal
link between COX inhibition and cytotoxicity. These derivatives represent a viable start-
ing point for lead optimization and warrant further in vivo investigation to evaluate their
pharmacokinetic properties.

Supplementary Materials: The following supporting information can be downloaded at: https:
/[www.mdpi.com/article/10.3390/jox16020047/s1, Figure S1. (a) NMR spectrum of 6a; (b): HRMS
spectrum of 6a; Figure S2. (a): NMR spectrum of 6b; (b): HRMS spectrum of 6b; Figure S3. (a):
NMR spectrum of 6¢; (b): HRMS spectrum of 6¢; Figure S4. (a): NMR spectrum of 6d; (b): HRMS
spectrum of 6d.
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