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Abstract

Novel indole-containing analogs were synthesized via a one-pot, multi-component Passerini reaction and subsequently
evaluated for their anticancer activity against HeLa, MCF-7, and A549 cancer cell lines using the MTT assay. Among
the synthesized compounds, (2-(cyclohexylamino)-1-(3-fluorophenyl)-2-oxoethyl 2-(1H-indol-3-yl)acetate (4f), which
demonstrated the most potent cytotoxic activity, exhibited promising results with ICs, values of 17.71 and 19.92 uM
against HeLa and MCF-7 cells, respectively. Flow cytometry analysis confirmed that compound 4f significantly induced
apoptosis in HeLa cells in a concentration-dependent manner. Furthermore, molecular docking studies into the active
site of the anti-apoptotic protein Bcl-xL indicated that compound 4f binds with good affinity, which is consistent with its

considerable efficacy in the in vitro tests.

Keywords: Indole derivatives, Multi-component reaction (MCR), Antiproliferative activity, Bcl-xL inhibitors, Molecular

docking study.

1. Introduction

Cancer has become the second leading cause of
death worldwide, following cardiovascular diseases, ac-
cording to World Health Organization (WHO) reports.! in
2020, over 19 million cases and 10 million deaths were re-
corded due to cancer.? Cancer is recognized as a major
health problem with multifaceted and multimechanistic
features. Although significant advances have been made in
cancer diagnosis and management, successful cancer
treatment remains a significant challenge. Limited efficacy
and safety, as well as adverse toxicities, remain major is-
sues with most current chemotherapeutic agents. Conse-
quently, there is a growing demand for the discovery and
development of new, safer anticancer agents.>*

Indole core is a versatile bicyclic nitrogen-containing
scaffold widely found in naturally occurring and synthetic
bioactive structures.> Due to their unique physicochemical
properties, biodiversity, and adaptability, indole-based de-
rivatives have been extensively synthesized and evaluated

for various pharmacological activities, including antima-
larial®, antibacterial”®, antifungal®, anti-inflammatory'® ,
antidepressant!!, antihypertensive!?, and antidiabetic ef-
fects.!>!*  Additionally, indole-containing compounds
have been widely used as a core structure in the targeted
design of anticancer agents.!>"!® Biological evaluations and
mechanistic studies have revealed that anticancer indoles
target diverse pathways in cancer cells, including tubulin
polymerization, histone deacetylases (HDACs), Sirtuins,
DNA topoisomerases, and anti-apoptotic proteins (such as
Bcl-xL family). In this regard, numerous small molecules
containing indole scaffolds as anticancer agents have been
described and evaluated in recent years. These findings
have led to the approval of several indole-based anticancer
agents such as Panobinostat, Alectinib, Sunitinib, Osimer-
tinib, Anlotinib, and Nintedanib for clinical use.!*20
Multi-component reactions (MCRs) have gained
significant attention in organic synthesis as a novel, effi-
cient, and valuable tool for preparing libraries of multi-
functionalized compounds in a one-pot process. Due to
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their high efficiency, low cost, and simple experimental
procedures, MCRs have been widely utilized to synthesize
various pharmaceutical and drug-like structures.?! Among
the most important MCRs, the Passerini three-component
reaction, which involves the coupling of an aldehyde, a
carboxylic acid, and an isocyanide to afford a-acyloxyam-
ides, has recently attracted medicinal chemists for the syn-
thesis of diverse multifunctional, biologically active com-
pounds, including anticancer agents.??

Bcl-xL, a key anti-apoptotic regulator within the Bcl-
2 family, is a well-established therapeutic target in oncolo-
gy due to its central role in suppressing the intrinsic apop-
totic pathway.?* Its frequent overexpression in cancers
promotes tumorigenesis and chemoresistance by seques-
tering pro-apoptotic proteins such as Bax and Bak, thereby
preventing caspase activation.?* Targeting Bcl-xL with
novel therapeutics, such as small-molecule inhibitors that
antagonize its interactions with proteins like Bax, repre-
sents a promising strategy to eliminate cancer cells by di-
rectly triggering their apoptotic machinery.
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Building on these findings and our previous work in
designing and synthesizing novel anticancer agents?>~28,
several indole-based derivatives were synthesized via a
one-pot, three-component Passerini reaction (Scheme 1).
The target compounds were characterized and evaluated
against three human carcinoma cell lines, including the
cervical (HeLa), breast (MCF-7), and lung (A549), as well
as against normal breast MCF-10A cells. Further molecu-
lar docking studies in the active site of the anti-apoptotic
protein Bcl-xL and flow cytometry analysis were conduct-
ed to better understand the biological activities of the tar-
get compounds.

2. Results and Discussion

2. 1. Preparation of Novel Indole Derivatives

All new indole derivatives were synthesized via the
three-component Passerini reaction using various benza-
ldehyde derivatives (1), cyclohexyl isocyanide (2), and
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Scheme 1: Synthesis of target compounds (4a-0) through a three-component Passerini reaction. Reagents and conditions: benzaldehyde derivatives
1, cyclohexyl isocyanide 2, and indole-3-acetic acid 3. distilled water, r.t., 24-48 h, 58-72%;
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Scheme 2: Passerini reaction pathway for the synthesis of indole derivatives (4a-o) HN
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indole-3-acetic acid (3) in a polar solvent, as shown in
Scheme 1. The reaction was performed in a round-bottom
flask by adding 1 mmol of each component in 5 mL of
water as the solvent. The reaction mixture was then stirred
at room temperature for 24 to 48 hours to obtain the tar-
get compounds in good yields (58-72%). In the first step,
the carbonyl group of the benzaldehyde group was proto-
nated ( in the polar solvent. Subsequently, a nitrilium ion
( was formed, followed by the addition of cyclohexyl iso-
cyanide (II) to the protonated benzaldehyde derivatives.
Upon addition of indole carboxylate (, an intermediate (
was produced, which was converted to the final products
(4a-o0) through acyl transfer and amide tautomerization
(Scheme 2).

2. 2. Antiproliferative Activity

MTT assay was used to evaluate the cytotoxic activi-
ties of the synthesized 2-(cyclohexylamino)-2-oxo-1-phe-
nylethyl 2-(1H-indol-3-yl)acetate derivatives (4a-o),
against three human cancer cell lines, including cervical
(HeLa), breast (MCF-7), and lung (A549) cell lines as well
as the normal MCF-10A cell line. The calculated IC;, val-
ues are summarized in Table 1, with Doxorubicin used as
the reference drug. Based on the results obtained from the
in vitro MTT assay, most of the synthesized compounds
exhibited moderate antiproliferative activities compared
to the reference drug, which showed the highest activity
against HeLa cancer cells. The majority of compounds

showed the lowest inhibitory activity against A549 cell
line. Furthermore, the selectivity between cancer (MCF-7)
and normal cell line (MCF-10A) was also determined.
Most compounds showed no cytotoxicity against normal
MCF-10A cells (IC5 = 100 pM). The selectivity index (SI),
defined as the ratio of ICs, in normal human mammary
epithelial cells (MCF-10A) to ICs, in breast cancer cells
(MCEF-7), was calculated to evaluate the selectivity of the
compounds toward cancer cells.

The SI values for compound 4f and Doxorubicin
were 3.59 and 2.93, respectively. These results indicate that
compound 4f has a higher selectivity index compared to
Doxorubicin. Against the A549 cell line, most compounds
exhibited moderate cytotoxicity (IC5, < 96 uM),
with 4f showing the highest potency (ICsy = 68.82 uM).
Similarly, 4f was the most active compound against MCF-
7 cells (IC5o= 19.92 uM). For HeLa cells, the compounds
displayed stronger overall activity, with 4f again being the
most potent (IC5y= 17.71 pM). Electron-donating groups
(e.g., methyl, methoxy, and dimethoxy) consistently re-
duced activity across all cell lines.

Overall, the synthesized compounds showed the
highest efficacy against HeLa cells, followed by MCEF-7
and then A549 cell lines. The incorporation of elec-
tron-withdrawing groups at the meta position, particular-
ly fluorine, yielded the most promising results. Com-
pound 4f emerged as the top performer, demonstrating
potent and selective anticancer activity comparable to
Doxorubicin (Table 1).

Table 1: ICy, values of compounds 4a-o against HeLa, MCF-7, A549 and MCF-10A

ICsp (uM + SEM)?
Compound -R HeLa MCEF-7 A549 MCF-10A
4a 2-NO, 71.90 +2.97 78.66 + 1.69 89.61 +2.58 >100
4b 3-NO, 30.77 +1.43 48.66 + 2.17 >100 >100
4c 4-NO, 43.89 +1.93 64.15 + 2.37 >100 >100
4d 2,4-diNO, 33.46 +2.28 51.18 +1.48 >100 >100
4e 2-F 62.34+2.79 66.98 + 1.51 96.48 +2.26 >100
4f 3-F 17.71 £ 0.95 19.92 + 1.65 68.28 +1.89 71.45+1.97
4g 4-F 35.44 + 1.67 38.35+1.25 90.85 +1.80 >100
4h 2-Cl 49.71 £ 2.81 85.14 + 3.309 82.01 +2.82 >100
4i 3-Cl 27.84 +1.45 43.93 +1.26 86.83 +2.08 >100
4j 4-Cl 34.12 + 1.41 41.59 +2.00 >100 >100
4k 2,4-diCl 58.75+2.53 62.01 +1.78 79.08 +2.83 >100
41 3-Br 4329 +1.51 54.24 +1.37 77.12+2.10 >100
4m 4-Me 55.55 +2.41 67.19 +1.59 >100 >100
4n 4-OMe 75.05 +1.32 62.12 +2.72 80.34 +1.79 >100
40 3,4-diOMe 86.09 +1.85 > 100 91.69 +2.86 >100
Doxorubicin - 11.64 £ 0.85 12.91 +£0.61 9.38 £0.94 37.08 £1.82

3ICsq values were obtained from three separate experiments (n = 3) and expressed as means + SEM.
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The potent antiproliferative activity of compound 4f -
particularly against HeLa and MCF-7 cells — prompted fur-
ther investigation into its mechanism of action, including
apoptosis induction and molecular docking studies (dis-
cussed in Sections 2.3 and 2.4). Notably, the structure-activi-
ty relationship (SAR) analysis revealed that electron-with-
drawing groups (e.g., E Cl, and Br) significantly enhanced
activity, with meta-substitution being particularly favorable.
These findings underscore the potential of compound 4f as a
lead compound for further development.

2. 3. Apoptosis-inducing Activity

To investigate the potential mechanism of anti-can-
cer activity of the most potent compound 4f against HeLa

A

cancer cells, flow-cytometry analysis was performed using
Annexin V-FITC/propidium iodide (Annexin V/PI) dou-
ble-staining assay. HeLa cells were treated with varying
concentrations of compound 4f (10-30 uM) for 24 hours,
with untreated HeLa cells serving as the negative control.
The total apoptotic cell population was defined as the sum
of early apoptosis (Annexin V+/PI-) and late apoptosis
(Annexin V+/PI+). In untreated cells, only 5.82% were in
the apoptotic stage. Treatment with compound 4f at 10 uM
resulted in 16.6% apoptosis and 0.7% necrosis (Fig. 1).
Higher concentrations of 20 and 30 uM induced stronger
apoptotic responses, with 26.94% and 34.66% apoptosis,
respectively. These results confirm that compound 4f in-
duces apoptosis in HeLa cancer cells in a dose-dependent
manner.
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Figure 1. Flow cytometry analysis of HeLa cells treated with compound 4f (A) Untreated negative control group; :(B) treated with 4f at 10 uM con-
centration; (C) treated with 4f at 20 pM concentration. (D) treated with 4f at 30 M concentration.
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2. 4. Molecular Docking Results

A molecular docking study was applied to investi-
gate ligand—protein interactions and estimate ligand-bind-
ing affinity between the synthesized indole derivatives
(4a-0) in the active site of anti-apoptotic protein Bcl-xL
(PDB code: 4C5D) using AutoDock 4.2 software. The
binding free energies (AG,, kcal/mol) and hydrogen bond
interactions obtained from the docking studies are shown
in Table 2. The lowest binding energies among the synthe-
sized compounds belongs to compounds 41 and 4h, with
values of -10.60 and -10.59 kcal/mol, respectively. The
most potent compound from in vitro assays showed a low
binding energy of —9.97 kcal/mol. The results confirmed

Figure 2: The binding model of compound 4f to Bcl-xL protein by
PyMOL.

stable interactions between the studied compounds and
the active site of Bcl-xL.

Table 2: Free binding energy (kcal/mol) of synthesized compounds

Com- Binding energy = H-bond Interactions

pound (AGy, kcal/mol)

4a -10.13 Argl39, Leul30, Phel43

4b -10.06 Vall127, Arg139, Alal04

4c -9.80 Glul29, Argl139, Phel43

4d -9.66 Vall127, Phel43

4e -9.97 Vall127, Phel43

4f -9.97 Vall127, Phel43, Val126

4g -9.87 Vall127, Phel43

4h -10.59 Vall127, Phel43

4i -10.57 Vall127, Phel43

4j -10.42 Vall127, Phel43

4k -10.39 Glul29, Phe143

41 -10.60 Val127, Leul30, Phel43

4m -10.26 Val127, GIn111

4n -10.27 Vall127, Phel43, GInl11,
Vall26

40 -10.05 Vall127, Phel43, Val126

Cocrystal ligand  -10.87 Phel43, Argl139, Leul30

The amino acids involved in hydrogen bonds be-
tween the ligand and the protein are listed in Table 2. It is
clear that the amino acids Val127 and Phel43 of Bcl-xL
have the strongest interactions with different ligands and
play a key role in receptor-ligand binding. As a result, the
compound 4f formed key interactions in the active site of
the Bcl-xL protein with residues Phel43 and Argl39, as
well as a m—alkyl interaction between the indole core of 4f

\ ALA

\ Al04 M
Interactions

[: van der Waals - P-Sigma

- Conventional Hydrogen Bond I:I Ayl

G Halogen (Fluorine) [] Pras

Figure 3: Three-dimensional and two-dimensional interaction of the 4f compound with the Bcl-xL protein by PyMOL and Discovery Studio Visu-

alizer 3.0.
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and Val126 (Fig. 2 and Fig. 3). The results confirmed that
4f fitted well into the active site of Bcl-xL through strong
hydrogen bonds and m-alkyl interactions with a binding
energy of -9.97 kcal/mol.

3. Conclusion

A series of indole-based derivatives were synthesized
via a one-pot, multi-component Passerini reaction and
evaluated for anti-cancer activity using MTT assays against
HeLa (cervical), MCE-7 (breast), and A549 (lung) cancer
cell lines. Notably, the 3-F substituted derivative 4f effec-
tively inhibited proliferation in HeLa and MCF-7 cells
(ICso = 17.71 and 19.92 pM, respectively) and dose-de-
pendently induced apoptosis in HeLa cells. Molecular
docking revealed strong interactions of 4f with the Bcl-xL
protein, exhibiting low binding energies and key hydrogen
and noncovalent bonds. This study establishes a founda-
tion for lead identification, with compounds showing
moderate micromolar potencies suitable for further opti-
mization. Future work could include additional assays and
molecular dynamics simulations to deepen insights into
ligand-protein stability.

4. Experimental
4. 1. Materials and Methods

Reagents and solvents were purchased from com-
mercial sources, Merck and Sigma Aldrich companies, and
used without further purification. Low-resolution mass
spectra were obtained on an Agilent mass spectrometer. A
Perkin-Elmer 1600 FT-IR spectrophotometer was used to
record FTIR spectra on KBr disks (V,,,, in cm™). Melting
points were determined on the WRS-1A digital melting
point. The reaction progress was imaged by thin layer
chromatography (TLC) using ultraviolet 254 nm. Spectra
'H NMR and *C NMR were recorded on the Varian-INO-
VA 500 MHz and 300 MHz spectrometer. Chemical shifts
were reported in ppm in CDCl; or DMSO relative to te-
tramethylsilane (TMS) as the internal standard. The sig-
nals were abbreviated as s, singlet; d, doublet; t, triplet, and
m, multiplet, and coupling constants have been reported
(J) in Hertz (Hz). Elemental analyses were performed us-
ing a Perkin-Elmer 240-C apparatus (Perkin-Elmer, Bea-
consfield, UK) and were within + 0.4% of the theoretical
values for C, H, and N.

4. 2. General procedure for the synthesis of
indole derivatives by Paserini method:
4a-o.

Effective indole derivatives were synthesized through

a three-component Passerini reaction, as shown in Scheme
1. In a reaction vessel, 1 mmol of 3-acetic acid indole was

stirred in 6 mL of distilled water for 10 minutes. Then,
1 mmol of the corresponding benzaldehyde derivative and
1 mmol of cyclohexyl isocyanide were added, and the mix-
ture was continuously stirred for 24-48 hours. The result-
ing precipitate was filtered, washed with water, and recrys-
tallized from methanol. All final compounds submitted for
biological testing were of high purity, confirmed to be >
95% by elemental (CHN) analysis.?

2-(cyclohexylamino)-1-(2-nitrophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4a)

Yellow solid; yield: 68%; mp: 123-125 ; IR (KBr; cm™!):
3263 (N-H), 3142 (CON-H), 1715 (C=0, ester), 1671
(C=0, amide), 1523 (N-0), 1344 (N-O). 'H NMR (500
MHz, DMSO-d,) 8: 10.98 (s, 1H), 8.03 (d, ] = 8.1 Hz, 1H),
7.99 (d,J=8.0Hz, 1H), 7.67 (t,]= 7.6 Hz, 1H), 7.60 (t, ] =
7.8 Hz, 1H), 7.52-7.49 (m, 2H), 7.37 (d, ] = 8.2 Hz, 1H),
7.31 (s, 1H),7.09 (t, ] = 7.6 Hz, 1H), 6.98 (t,J = 7.5 Hz, 1H),
6.54 (s, 1H), 3.91 (s, 2H), 3.56-3.50 (m, 1H), 1.69-1.61 (m,
4H), 1.5-1.52 (m, 1H), 1.24-1.18 (m, 2H), 1.1-1.06 (m,
3H). BCNMR (125 MHz, DMSO-d;) 8: 170.9, 165.8, 148.9,
136.5, 134.0, 130.9, 130.2, 129.2, 127.5, 125.1, 124.7 (2C),
121.6, 119.0 (2C), 111.9, 106.8, 70.9, 48.4, 32.4, 30.8, 25.5,
24.9, 24.8. Anal. Calcd. For C,,H,5N30:: C, 66.19; H, 5.79;
N, 9.65. Found: C, 66.41; H, 5.51; N, 9.49; ESI-MS m/z:
435.6 M*.

2-(Cyclohexylamino)-1-(3-nitrophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4b)

Yellow solid; yield: 66%; mp: 15-156 ; IR (KBr; cm™):
3329 (N-H), 3258 (CON-H), 1710 (C=0, ester), 1655
(C=0, amide), 1531 (N-0O), 1352 (N-O). 'H NMR (500
MHz, DMSO-d;) 8: 10.96 (s, 1H), 8.32 (s, 1H), 8.20 (d, ] =
8.2 Hz, 1H), 8.14 (d, J = 7.9 Hz, 1H), 7.89 (d, ] = 7.7 Hz,
1H), 7.67 (t, ] = 8.0 Hz, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.35
(d, ] = 8.0 Hz, 1H), 7.30 (s, 1H), 7.07 (t, J = 7.6 Hz, 1H),
6.95(t,J=7.4Hz, 1H), 6.01 (s, 1H), 3.91 (s, 2H), 3.50-3.44
(m, 1H), 1.70-1.63 (m, 2H), 1.61-1.52 (m, 3H), 1.2-1.17
(m, 3H), 1.14-1.06 (m, 2H). 13C NMR (125 MHz, DM-
SO-dg) 6: 171.0, 166.5, 148.1, 138.6, 136.5, 134.0, 130.5,
127.4, 124.7, 123.8, 122.1 (2C), 121.5, 119.0, 118.9, 111.8,
106.9, 74.4, 48.1, 32.3, 30.9, 25.5, 24.8, 24.7. Anal. Calcd.
For C,,H,:N;0s: C, 66.19; H, 5.79; N, 9.65. Found: C,
66.21; H, 5.82; N, 9.51; ESI-MS m/z: 435.5 M*.

2-(Cyclohexylamino)-1-(4-nitrophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4c)

Yellow solid; yield: 69%; mp: 144-146 ; IR (KBr; cm™!):
3398 (N-H), 3309 (CON-H), 1742 (C=O0, ester), 1673
(C=0, amide), 1521 (N-0), 1351 (N-O). 'H NMR (500
MHz, DMSO-d,) 8: 10.97 (s, 1H), 8.22 (d, ] = 6.9 Hz, 2H),
8.12(d,J = 7.8 Hz, 1H), 7.73 (d, J = 6.9 Hz, 2H), 7.52 (d, ]
=8.1 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.31 (s, 1H), 7.08 (t,
J=7.5Hz, 1H), 6.97 (t, ] = 7.6 Hz, 1H), 6.02 (s, 1H), 3.92
(s, 2H), 3.49-3.43 (m, 1H), 1.71-1.63 (m, 2H), 1.59-1.49
(m, 3H), 1.21-1.12 (m, 4H), 1.10-1.01 (m, 1H). 1*C NMR
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(125 MHz, DMSO-dy) 6: 171.0, 166.3, 147.8, 143.7, 136.5,
128.6 (2C), 127.5, 124.7, 123.9 (2C), 121.6, 119.0, 118.9,
111.9, 110.3, 106.9, 74.6, 48.1, 32.3, 30.9, 25.5, 24.8, 24.7.
Anal. Calcd. For C,,H,5N;0s: C, 66.19; H, 5.79; N, 9.65.
Found: C, 66.31; H, 5.67; N, 9.45; ESI-MS m/z: 435.5 M*.

2-(Cyclohexylamino)-1-(2,4-dinitrophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4d)

Yellow solid; yield: 61%; mp: 167-169 ; IR (KBr; cm™!):
3310 (N-H), 3251 (CON-H), 1748 (C=0, ester), 1666
(C=0, amide), 1525 (N-0), 1374 (N-O). 'H NMR (500
MHz, DMSO-dy) 8:10.99 (s, 1H), 8.72 (s, 1H), 8.41 (d, ] =
8.4 Hz, 1H), 8.13 (d, ] = 7.9 Hz, 1H), 7.74 (d, ] = 8.6 Hz,
1H), 7.50 (d, ] = 8.0 Hz, 1H), 7.37 (d, ] = 8.1 Hz, 1H), 7.31
(s, 1H), 7.08 (t, ] = 7.6 Hz, 1H), 6.97 (t, ] = 7.5 Hz, 1H), 6.63
(s, 1H), 3.96 (s, 2H), 3.55-3.51 (m, 1H), 1.70-1.59 (m,
4H), 1.55-1.52 (m, 1H), 1.27-1.18 (m, 2H), 1.16-1.10 (m,
3H). BCNMR (125 MHz, DMSO-d,) 8: 170.8, 164.9, 148.6,
147.8, 137.3, 136.5, 130.6, 128.0, 127.4, 124.8 (2C), 121.6,
120.5,119.0,118.9,111.9, 106.6, 70.7, 48.6, 32.3, 30.8, 25.5,
24.9,24.8. Anal. Calcd. For C,,H,,N,0,: C, 60.00; H, 5.03;
N, 11.66. Found: C, 60.12; H, 5.25; N, 11.47; ESI-MS m/z:
480.7 M*.

2-(Cyclohexylamino)-1-(2-fluorophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4e)

White solid; yield: 59%; mp: 122-124; IR (KBr; cm™!):
3381 (N-H), 3224 (CON-H), 1741 (C=0, ester), 1662
(C=0, amide), 1519, 1225. 'H NMR (500 MHz, DMSO-d,)
0:10.96 (s, 1H), 7.84 (d,J=7.9 Hz, 1H), 7.49 (d, ] = 7.9 Hz,
1H), 7.46-7.37 (m, 2H), 7.35 (d, ] = 8.0 Hz, 1H), 7.28 (s,
1H), 7.26-7.17 (m, 2H), 7.08 (t, ] = 7.6 Hz, 1H), 6.96 (t, ] =
7.5 Hz, 1H), 6.12 (s, 1H), 3.90-3.82 (m, 2H), 3.56-3.50 (m,
1H), 1.68-1.59 (m, 4H), 1.54-1.51 (m, 1H), 1.23-1.12 (m,
2H), 1.10-1.01 (m, 3H). '3C NMR (125 MHz, DMSO-dj)
8:171.0, 166.2, 161.6 (d, ] = 246.4 Hz), 136.5, 131.4 (d, ] =
8.0 Hz), 129.8 (d, J = 3.3 Hz), 127.4, 125.0, 124.9, 124.6,
123.8 (d, J=13.9 Hz), 121.5, 118.9 (2C), 116.0 (d, J = 21.1
Hz), 111.8, 107.0, 69.4, 48.1, 32.3, 30.9, 25.5, 25.0, 24.9.
Anal. Calcd. For C,,H,;FN,05: C, 70.57; H, 6.17; N, 6.86.
Found: C, 70.41; H, 6.32; N, 6.69; ESI-MS m/z: 408.6 M*.

2-(Cyclohexylamino)-1-(3-fluorophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4f)

White solid; yield: 58%; mp: 126-128 ; IR (KBr; cm™!):
3322 (N-H), 3257 (CON-H), 1709 (C=0, ester), 1653
(C=0, amide). 'H NMR (300 MHz, DMSO-d;) 6: 10.97 (s,
1H),7.99(d,J=7.9Hz, 1H), 7.53 (d, ] = 7.8 Hz, 1H), 7.44—
7.35 (m, 2H), 7.31-7.24 (m, 3H), 7.17 (t, ] = 8.5 Hz, 1H),
7.08 (t, ] = 7.6 Hz, 1H), 6.97 (t, ] = 7.4 Hz, 1H), 5.88 (s, 1H),
3.90 (s, 2H), 3.52-3.42 (m, 1H), 1.71-1.61 (m, 2H), 1.56—
1.52 (m, 3H), 1.28-1.12 (m, 3H), 1.10-0.95 (m, 2H). 13C
NMR (75 MHz, DMSO-d,) 6: 170.6, 166.4, 162.5 (d, ] =
242.4Hz),138.7 (d,J=7.7 Hz), 136.1, 130.4 (d, ] = 8.3 Hz),
127.0, 124.2, 123.2,123.1, 121.1, 118.6, 118.5,115.2 (d, J =
21.0 Hz), 113.8 (d, ] = 22.8 Hz), 111.4, 106.6, 74.3, 47.6,

31.9, 30.5, 25.1, 24.4, 24.4. Anal. Calcd. For C,H,;FN,O;:
C,70.57; H,6.17; N, 6.86. Found: C, 70.69; H, 6.24; N, 6.49;
ESI-MS m/z: 408.4 M*.

2-(Cyclohexylamino)-1-(4-fluorophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4g)

White solid; yield: 65%; mp: 152-154;; IR (KBr; cm™!):
3314 (N-H), 3225 (CON-H), 1715 (C=0, ester), 1653
(C=0, amide). 'H NMR (300 MHz, DMSO-d,) 8: 10.96 (s,
1H), 7.92 (d, ] = 7.8 Hz, 1H), 7.55-7.41 (m, 3H), 7.35 (d, ]
= 8.1 Hz, 1H), 7.30-7.28 (m, 1H), 7.19 (t, ] = 8.9 Hz, 2H),
7.08 (t,J=7.5Hz, 1H), 6.96 (t,J= 7.4 Hz, 1H), 5.85 (s, 1H),
3.86 (s, 2H), 3.51-3.41 (m, 1H), 1.70-1.61 (m, 2H), 1.54-
1.50 (m, 3H), 1.23-1.04 (m, 4H), 1.01-0.92 (m, 1H). 13C
NMR (75 MHz, DMSO-dg) 6: 170.6, 166.7, 162.5 (d, ] =
243.1 Hz), 136.0, 132.3, 132.3, 129.4, 129.3, 127.0, 124.2,
121.1,118.5(d,J = 8.5 Hz), 115.2 (d, J = 2 Hz), 111.4, 106.6,
74.3, 47.5, 31.9, 30.5, 25.0, 24.4, 24.4. Anal. Calcd. For
C,4H,sFN,05: C, 70.57; H, 6.17; N, 6.86. Found: C, 70.69;
H, 6.01; N, 6.95; ESI-MS m/z: 408.1 M*.

1-(2-Chlorophenyl)-2-(cyclohexylamino)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4¢h)

White solid; yield: 66%; mp: 133-135; IR (KBr; cm™!):
3382 (N-H), 3281 (CON-H), 1745 (C=0, ester), 1665
(C=0, amide), 1530. 'H NMR (500 MHz, DMSO-d) &:
10.96 (s, 1H), 7.95 (d, ] = 8.0 Hz, 1H), 7.49 (d, ] = 7.9 Hz,
2H), 7.40-7.32 (m, 4H), 7.28 (s, 1H), 7.08 (t, ] = 7.6 Hz,
1H), 6.96 (t, ] = 7.4 Hz, 1H), 6.20 (s, 1H), 3.90-3.82 (m,
2H), 3.58-3.52 (m, 1H), 1.71-1.60 (m, 4H), 1.54-1.52 (m,
1H), 1.24-1.19 (m, 2H), 1.14-1.04 (m, 3H). '*C NMR (125
MHz, DMSO-dg) 6: 171.0, 166.1, 136.5, 134.2, 133.9, 130.9,
130.0, 129.8, 127.8, 127.4, 124.7 (2C), 121.5, 119.0, 118.9,
111.8, 107.0, 72.4, 48.2, 32.4, 30.8, 25.5, 25.0, 24.9. Anal.
Calcd. For C,,H,;CIN,O5: C, 67.84; H, 5.93; N, 6.59.
Found: C, 67.99; H, 5.79; N, 6.45; ESI-MS m/z: 424.1 M*.

1-(3-Chlorophenyl)-2-(cyclohexylamino)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4i)

White solid; yield: 62%; mp: 113-115; IR (KBr; cm™!):
3325 (N-H), 3274 (CON-H), 1711 (C=0, ester), 1656
(C=0, amide), 1571, 1241.60. 'H NMR (300 MHz, DM-
SO-dg) 8:10.97 (s, 1H), 8.01 (d, ] = 7.8 Hz, 1H), 7.54-7.51
(m, 2H), 7.50-7.30 (m, 5H), 7.08 (t, ] = 7.5 Hz, 1H), 6.97 (t,
J = 7.4 Hz, 1H), 5.86 (s, 1H), 3.89 (s, 2H), 3.52-3.42 (m,
1H), 1.70-1.62 (m, 2H), 1.56-1.52 (m, 3H), 1.24-1.14 (m,
3H), 1.10-1.00 (m, 2H). *C NMR (75 MHz, DMSO-d) 6:
170.6, 166.4, 138.4, 136.1, 133.0, 130.3, 128.4, 127.0, 126.9,
126.8, 125.7, 124.2, 121.1, 118.6, 118.5, 111.4, 106.6, 74.3,
47.6,32.1,31.9,30.5,24.5, 24.4. Anal. Calcd. For C,,H,sCl-
N,O0s: C, 67.84; H, 5.93; N, 6.59. Found: C, 67.68; H, 5.84;
N, 6.73; ESI-MS m/z: 424.5 M*.

1-(4-Chlorophenyl)-2-(cyclohexylamino)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4j)
White solid; yield: 65%; mp: 152-154; IR (KBr; cm™!):
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3356 (N-H), 3239 (CON-H), 1712 (C=0, ester), 1648
(C=0, amide). 'H NMR (500 MHz, DMSO-d,) 8: 10.96 (s,
1H), 7.95 (d, ] = 7.9 Hz, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.47
(d,J=8.5Hz,2H), 7.43 (d, = 8.5 Hz,2H), 7.35(d, J = 8.0
Hz, 1H), 7.32-7.26 (m, 1H), 7.08 (t, = 7.6 Hz, 1H), 6.97 (t,
J = 7.4 Hz, 1H), 5.85 (s, 1H), 3.87 (s, 2H), 3.49-3.43 (m,
1H), 1.69-1.62 (m, 2H), 1.59-1.49 (m, 3H), 1.23-1.17 (m,
2H), 1.14-1.11 (m, 2H), 1.09-1.01 (m, 1H). 13C NMR (125
MHz, DMSO-dy) 6: 171.1, 167.0, 136.5, 135.5, 133.5, 129.4,
128.8,127.5,124.6,121.5,119.0, 118.9, 111.8, 110.3, 107.0,
74.7, 48.0, 32.4, 31.0, 25.5, 24.8, 24.8. MS m/z (%): 423.3
M* (0.44), 157.1 (60.28), 130.1 (74.37), 43.1 (100). Anal.
Calcd. For C,,H,;CIN,O5: C, 67.84; H, 5.93; N, 6.59.
Found: C, 67.94; H, 5.62; N, 6.69; ESI-MS m/z: 424.2 M*,

2-(Cyclohexylamino)-1-(2,4-dichlorophenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4k)

White solid; yield: 60%; mp: 121-123 ; IR (KBr; cm™):
3386 (N-H), 3284 (CON-H), 1746 (C=0, ester), 1664
(C=0, amide), 1532.52. '"H NMR (500 MHz, DMSO-d,) §:
10.96 (s, 1H), 8.01 (d, ] = 8.0 Hz, 1H), 7.66 (s, 1H), 7.48 (d,
J = 8.0 Hz, 1H), 7.45-7.40 (m, 1H), 7.40-7.33 (m, 2H),
7.28 (s, 1H),7.08 (t, ] = 7.6 Hz, 1H), 6.96 (t,J = 7.4 Hz, 1H),
6.16 (s, 1H), 3.86 (s, 2H), 3.58-3.52 (m, 1H), 1.71-1.60 (m,
4H), 1.54-1.52 (m, 1H), 1.27-1.18 (m, 2H), 1.17-1.05 (m,
3H). 3C NMR (125 MHz, DMSO-dg) 8: 170.9, 165.8,
136.5, 134.8, 134.6, 133.5, 131.1, 129.5, 128.0, 127.5, 124.7
(2C), 121.6,118.9 (2C), 111.8, 106.9, 71.9, 48.3, 32.4, 30.8,
25.5,25.0, 24.9. Anal. Calcd. For C,,H,,CLLN,O;: C, 62.75;
H, 5.27; N, 6.10. Found: C, 62.59; H, 5.48; N, 6.27; ESI-MS
m/z: 458.2 M™.

1-(3-Bromophenyl)-2-(cyclohexylamino)-2-oxoethyl
2-(1H-indol-3-yl)acetate (41)

White solid; yield: 63%; mp: 108110 ; IR (KBr; cm™):
3328 (N-H), 3262 (CON-H), 1712 (C=0, ester), 1657
(C=0, amide), 1530. 'H NMR (500 MHz, DMSO-dy) &:
10.96 (s, 1H), 7.99 (d, ] = 7.9 Hz, 1H), 7.63 (s, 1H), 7.53 (t,
J=7.2Hz,2H),7.45 (d, ] = 7.7 Hz, 1H), 7.36-7.29 (m, 3H),
7.08 (t,J=7.6 Hz,1H), 6.97 (t,J=7.4 Hz, 1H), 5.84 (s, 1H),
3.89 (s, 2H), 3.50-3.43 (m, 1H), 1.69-1.57 (m, 2H), 1.52-
1.50 (m, 3H), 1.25-1.17 (m, 3H), 1.14-0.99 (m, 2H). 13C
NMR (125 MHz, DMSO-d,) 8: 171.0, 166.8, 139.0, 136.5,
131.7, 131.0, 130.1, 127.5, 126.5, 124.6 (2C), 121.9, 121.5,
119.0, 118.9, 111.8, 107.0, 74.7, 48.0, 32.4, 30.9, 25.5, 24.9,
24.8. Anal. Calcd. For C,,H,5BrN,0s: C, 62.75; H, 5.27; N,
6.10. Found: C, 62.91; H, 5.12; N, 6.34; ESI-MS m/z: 468.3
M*.
2-(Cyclohexylamino)-2-oxo-1-(p-tolyl)ethyl ~ 2-(1H-in-
dol-3-yl)acetate (4m)

White solid; yield: 60%; mp: 141-143 ; IR (KBr; cm™!):
3325 (N-H), 3245 (CON-H), 1654 (C=0, amide), 1566,
1243."H NMR (300 MHz, DMSO-dj) 8: 10.96 (s, 1H), 7.83
(d,J=7.9Hz, 1H), 7.51 (d, ] = 7.8 Hz, 1H), 7.37-7.29 (m,
4H), 7.15 (d, J = 7.9 Hz, 2H), 7.08 (t, ] = 7.6 Hz, 1H), 6.96

(t,J=7.4 Hz, 1H), 5.80 (s, 1H), 3.85 (s, 2H), 3.52-3.41 (m,
1H), 2.28 (s, 3H), 1.69-1.61 (m, 4H), 1.54-1.49 (m, 1H),
1.29-1.12 (m, 3H), 1.07-0.91 (m, 2H). 3C NMR (75 MHz,
DMSO-dy) 6:170.7, 167.0, 137.8, 136.1, 133.1, 128.9 (2C),
127.2 (2C), 127.0, 124.2 (2C), 121.15, 118.6, 118.5, 111.4,
106.7, 75.0, 47.5, 32.0, 30.6, 25.1, 24.5, 24.4, 20.7. Anal.
Calcd. For C,5H,5N,05: C, 74.23; H, 6.98; N, 6.93. Found:
C, 74.39; H, 6.75; N, 6.82; ESI-MS m/z: 404.3 M*.

2-(Cyclohexylamino)-1-(4-methoxyphenyl)-2-oxoethyl
2-(1H-indol-3-yl)acetate (4n)

White solid; yield: 72%; mp: 132-134; IR (KBr; cm™):
3319 (N-H), 3251 (CON-H), 1700 (C=0, ester), 1649
(C=0, amide), 1249 (C-O, ether). 'H NMR (500 MHz,
DMSO-dy) 8: 10.95 (s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.51
(d, J=7.9 Hz, 1H), 7.39-7.35 (m, 3H), 7.29 (s, 1H), 7.08 (t,
J=7.6Hz, 1H),6.97 (t, ] = 7.5 Hz, 1H), 6.92 (d, ] = 6.9 Hz,
2H), 5.79 (s, 1H), 3.85-3.81 (m, 2H), 3.74 (s, 3H), 3.50-
3.46 (m, 1H), 1.70-1.59 (m, 2H), 1.56-1.52 (m, 3H), 1.25—
1.11 (m, 4H), 1.09-0.97 (m, 1H). 3C NMR (125 MHz,
DMSO-dy) 6: 171.2, 167.5, 159.8, 136.5, 129.2 (2C), 128.5,
127.5, 124.6 (2C), 121.5, 119.0, 118.9, 114.1 (2C), 111.8,
107.2, 75.2, 55.5, 47.9, 32.4, 31.0, 25.5, 24.9, 24.8. MS m/z
(%): 420.5 M* (2.17), 247.3 (61.39), 157.1 (25.16), 130.2
(100), 98.2 (25.31), 77.1 (13.04), 55.1 (14.79). Anal. Calcd.
For C,sH,N,0,: C, 71.19; H, 6.47; N, 6.91. Found: C,
71.41; H, 6.71; N, 6.66; ESI-MS m/z: 420.5 M*.

2-(Cyclohexylamino)-1-(3,4-dimethoxyphenyl)-2-ox-
oethyl 2-(1H-indol-3-yl)acetate (40)

White solid; yield: 68%; mp: 160-162 decomp; IR
(KBr; cm™)): 3386 (N-H), 3325 (CON-H), 1738 (C=0, es-
ter), 1667 (C=0, amide), 1246 (C-O, ether), 1131. 'H
NMR (500 MHz, DMSO-dg) 6: 10.96 (s, 1H), 7.80 (d, ] =
8.0 Hz, 1H), 7.54 (d, ] = 7.9 Hz, 1H), 7.35 (d, ] = 8.1 Hz,
1H), 7.30 (s, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.98-6.99 (m,
3H), 6.92-6.90 (m, 1H), 5.77 (s, 1H), 3.85 (s, 2H), 3.73 (s,
3H), 3.65 (s, 3H), 3.51-3.44 (m, 1H), 1.69-1.60 (m, 2H),
1.56-1.50 (m, 3H), 1.23-1.15 (m, 2H), 1.12-0.96 (m, 3H).
13C NMR (125 MHz, DMSO-dg) 8: 171.1, 167.4, 149.3,
148.9, 136.5, 128.7, 127.5, 124.6 (2C), 121.5, 120.3, 119.1,
1189,111.9,111.8,111.3,107.2,75.4,55.9,55.8,47.9, 32 4,
31.1, 25.5, 24.9, 24.8. Anal. Calcd. For C,;H;,N,Os: C,
69.31; H, 6.71; N, 6.22. Found: C, 69.59; H, 6.54; N, 6.42;
ESI-MS m/z: 450.4 M*.

4.3. MTT Assay

A standard MTT assay with an acceptable method
was used to determine the in vitro cytotoxicity of synthe-
sized indole derivatives.*® Cancer and normal cell lines
(MCF-7, A549, Hela, and MCF-10A) from the Iranian Bi-
ological Resource Center, were grown in DMEM Medium
with 10% FBS, 1% L glutamine, and 50 mg/mL gentamicin
sulfate. Cancer cells were planted into 96-well micro-plates
and incubated at 37 °C in a CO, incubator overnight (hu-
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midified condition of 5% CO,). Different concentrations
of target compounds (in five doses) were prepared by dis-
solving in DMSO and DMEM Medium. The cells were
treated with prepared doses and incubated at 37 °C for 48
hours. The negative control was untreated cells with 0.1%
DMSO and Doxorubicin was used as the positive reference
drug. The final concentration of DMSO in all wells, includ-
ing controls, did not exceed 0.5% (v/v), which was con-
firmed to be non-toxic to the cells. Then, a fresh medium
containing 0.5 mg/mL of MTT was added, and incubation
continued for 4 hours. Optical density was measured using
an ELISA reader at 540 nm. The IC5; values (the concen-
tration required to inhibit cell proliferation by 50%) were
determined from the dose-response curves of three inde-
pendent experiments.31~33

4. 4. Analysis of Cellular Apoptosis

HeLa cells, pre-cultured for 16 hours, were seeded at
a density of 1 x 10° into six-well plates, and exposed to
various concentrations of the target compound for 24
hours. AnnexinV/PI staining was performed using eBio-
science TM Annexin V apoptosis detection kit (Invitro-
gen). After incubation, the cells were trypsinized and
washed with phosphate buffered saline (PBS), and 1000 pL
1X binding buffer. Next, the cells were suspended with 100
uL of binding buffer containing 5 uL of Annexin V-fluo-
rescein isothiocyanate (Annexin V-FITC) for 15 minutes.
After washing with 1000 pL Binding buffer again, the He-
La cells were resuspended in 200 uL of the same buffer
containing 5 pL Propodium Iodide (PI) solution. A BD
FACS Calibur™ flow cytometer (BD Biosciences, San Jose,
CA, USA) was used to determine the apoptosis percentag-
es as the sum of early and late apoptosis.33

4. 5. Molecular Docking Studies

Molecular docking studies were performed to inves-
tigate possible interactions between the receptor and the
ligand using AutoDock 4.2. The structures of Bcl-xL (PDB
code: 4C5D, resolution: 2.30 ) were obtained from the pro-
tein databank. A series of changes were applied in the re-
ceptor structure to create the corresponding pdbqt file,
such as removing benzoylurea as a co-crystallized inhibi-
tor, water molecules, 1,2-ethanediol, and sulfate ion. The
structure of synthesized compounds 4a-o was drawn with
hyperchem software and optimized using the semi-empir-
ical PM3 method. Then, the most stable conformation was
utilized for docking calculation. The AutoDock 4.2 was
used to generate the docking input files. For docking the
synthesized compounds into the Bcl-xL structure, Auto
Dock 1.5.6 software was used. The size of the grid box was
set to 40 x 40 x 40 points with a grid spacing of 0.375 A.
The center of the grid box was set to x = -15.047, y =
-25.041, and z = -12.957. For each ligand, 100 independ-
ent Lamarckian Genetic Algorithm (LGA) runs were per-

formed. The grid parameters were set according to default
parameters, and finally, the files containing the obtained
results were analyzed using the Accelrys Discovery Studio
Visualizer 3.0 program and the PYMOL Molecular Graph-
ics System.®
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Sintetizirani so bili novi indolni analogi , in sicer s pomo¢jo enolonéne veckomponentne Passerinijeve reakcije. Nato so
avtorji ocenili njihovo protirakavo aktivnosti na celi¢nih linijah raka HeLa, MCF-7 in A549 z uporabo MTT-testa. Med
sintetiziranimi spojinami je (2-(cikloheksilamino)-1-(3-fluorofenil)-2-oksoetil 2-(1H-indol-3-il)acetat (4f) pokazala na-
jmocnejso citotoksi¢no aktivnost in izkazala obetavne rezultate z IC5,-vrednostmi 17,71 in 19,92 uM proti celicam HeLa
oziroma MCF-7. Analiza s preto¢no citometrijo je potrdila, da spojina 4f pomembno inducira apoptozo v celicah HeLa
na koncentracijsko odvisen na¢in. Poleg tega so $tudije molekulskega sidranja v aktivno mesto antiapoptotskega proteina
Bcl-xL pokazale, da se spojina 4f veze z dobro afiniteto, kar je skladno z njeno znatno u¢inkovitostjo v in vitro testih.
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