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A highly efficient protocol was developed for the synthesis of 3-(indoline-1-carbonyl)-N-(substituted)benzenesulfonamide compounds with
excellent yields. The in vitro anticancer activity of the new 3-(indoline-1-carbonyl)-N-(substituted)benzenesulfonamide derivatives against
A549 (lung cancer cell), HeLa (cervical), MCF-7 (breast cancer cell) and Du-145 (prostate cancer cell) cell lines were studied. Most of the

tested compounds showed anticancer activity (ICso values ranged between 1.98 and 9.12 pM against different cell lines).
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INTRODUCTION

Antibiotic-resistant  bacteria are rapidly emerging
worldwide.! The indole derivatives are key structural features
commonly found in biologically active natural products?®as
tryptophan,* tryptamine® and auxin.® It has been reported that
sharing of the indole 3-carbon in the formation of
spiroindoline derivatives profoundly enhances the biological
activity of the formed compounds.” Moreover, some of the
compounds containing benzenesulfonamide moiety also
show a broad spectrum of important biological properties
such as elastase inhibition,® carbonic anhydrase inhibition,®
Clostridium histolyticum collagenase inhibition’® as well as
herbicides and plant growth regulator effect.

Sulfonamides are common motifs in many drugs and
medicinal compounds and play an essential role in their
bioactivity.> Common drugs such as glibenclamide,®
sultiame,** and COX-Il inhibitors like Piroxicam,
Ampiroxicam,'® and Celecoxib'” containing a sulfonyl
moiety. The sulfonamides have attracted increasing attention
for their excellent biological activity'®-?° including antitumor,

antibacterial, thrombin inhibition and antifungal activities.?"
23

In continuation of our previous work on triazoles,
pyrimidine, thiazoles and thiazolidinones of pharmaceutical
interest?»?® we report here the synthesis and anticancer
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activity of several new 3-(indoline-1-carbonyl)-N-
(substituted)benzenesulfonamide derivatives.

RESULTS AND DISCUSSION

We have synthesized new indole derivatives containing
sulfonamide linkage. The synthetic methods for the
preparation of the N-(substituted phenyl)-3-(indoline-1-
carbonyl)benzenesulfonamide  derivatives  (5a-g) are
presented at Scheme 1. We have screened peptide coupling
conditions in (Table 1) to obtain better yield, excellent purity,
shorter reaction time, avoiding costly reagents and mainly
reproducibility of yields
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Scheme 1 Synthesis of N-(substituted phenyl)-3-(indoline-1-
carbonyl)benzenesulfonamides. 3a-5a: R'=2-methyl; 3b-5b: R!=2-
ethyl; 3c-5¢c: R=2-CFs, 3d-5d: 2-t-Bu; 3e-5e: RI=indoline, 3f-5f:
R!=2-Me, 4-t-Bu; 3g-59: R'=H. Reagents and conditions: (a)
sulfonyl chlorlde dichloromethane (DCM) 0 °C-rt; (b) substituted
amine, pyridine, DCM, 0 °C-rt; (c) lithium hydrOX|de (LiOH),
tetrahydrofuran (THF), water (HzO) rt; (d) Indoline, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI), diisopropylethyl-
amine (DIPEA), DCM, rt.

The synthesis of compound 2 was done by treatment ofl
with sulfonyl chloride at 0 °C in DCM for 60 min and room
temperature for 1 h. The reaction mixture was evaporated
under reduced pressure and the obtained gummy material was
washed with an excess of n-hexane. Recrystallization using
20 % ethyl acetate: n-hexane mixture gave pure 2 as yellow
solid
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Table 1.Optimization of peptide coupling reactions (5a-g)
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Coupling Reagent Base Solvent Time, h Yield, %
HATU (1.1 equiv) TEA (1.2 equiv) DMF 14 57
HATU (1.1 equiv) DIPEA (1.2 equiv) DMF 14 55
PyBOP (1.1 equiv) TEA (1.2 equiv) THF 14 45
PyBOP (1.1 equiv) DIPEA (1.2 equiv) THF 14 50
EDCI (1.5 equiv) TEA (2.5 equiv.) DMF 14 62
HOBt (1.5 equiv)

EDCI (1.5 equiv) DIPEA (2.5 equiv) DMF 14 72
HOBt (1.5 equiv)

EDCI (1.5 equiv) TEA (4 equiv) DMF 14 78
HOBt (1.5 equiv) DIPEA (4 equiv) DMF 14 67
T3P (1.2 equiv) TEA (2.5 equiv) DCM 10 50
T3P (1.2 equiv) DIPEA (2.5equiv) DCM 10 60
EDCI (1.5 equiv) DIPEA (2.5 equiv) DCM 10 95
Acid (1 equiv) and Indoline (1.2 equiv)

PyBOP=benzotriazol-1-yl-oxytripyrrolidinophosphonium

hexafluorophosphate; TEA=triethylamine;

HATU=1-[bis(dimethylamino)-

methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid hexafluorophosphate; EDCI=1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide,
HOBt=hydroxybenzotriazole, T3P=propylphosphonic anhydride; DIPEA=diisopropylethylamine; DMF-dimethyformamid; DCM-

dichloromethane; THF-tetrahydrofuran

Table 2. In vitro anticancer screening of the synthesized compounds 4a-4g and 5a-5g against A549, HeLa, MCF-7 and Du-145 cell lines.

Data are expressed as ICso (UM) £ SD (n = 3)

Compound A549 HelLa MCF-7 Du-145

4a 1.98+0.12 3.83+0.16 3.52+0.06 3.86+0.16
4b 2.81+0.13 2.92+0.08 2.32+0.22 3.82+0.12
4c 4.81+0.12 6.32+0.04 4.32+0.06 3.73+0.12
4d 2.82+0.11 1.99+0.22 2.36+0.12 3.52+0.11
4e 3.86+0.08 4.38+0.06 3.63+0.12 6.52+0.22
4f 2.72+0.11 3.87+0.08 4.12+0.06 3.86+0.22
49 3.14+0.14 3.98+0.12 4.86+0.11 4.57+0.11
5a 8.48+0.14 9.12+0.08 7.82+0.08 9.12+0.06
5b 3.82+0.08 4.13+0.12 3.13+0.11 3.52+0.08
5¢ 4.13+0.12 5.16+0.08 6.12+0.12 4.52+0.11
5d 2.06+0.12 2.12+0.08 2.52+0.16 5.12+0.08
5e 2.52+0.11 3.52+0.11 4.48+0.08 4.08+0.11
5f 4.48+0.08 4.98+0.11 5.17+0.22 5.18+0.18
59 2.73+0.08 2.1240.12 2.12+0.08 2.12+0.04
5-Fluorouracil 1.61+0.12 1.7240.18 1.81+0.10 1.89+0.12

The synthesis of compounds 3a-3g was performed with
sulfonamide coupling using variously substituted amines and
compound 2 in the presence of pyridine as base and DCM as
solvent at room temperature for 4 h. The reaction mass was
treated with cold 2 M aqg. HCI and the precipitated solids were
washed with cold diethyl ether and pentane. The white solids
(3a-3g) yield was varied between 85 and 95 %. The
compounds 4a-4g were prepared with hydrolysis of the
compounds 3a-3g using lithium hydroxide, tetrahydrofuran
and water at room temperature for 10 h. Washing under basic
conditions and acidifying led to the desired products as white
solids with the required purity. The compounds 4a-4g yield
was varied between 80 and 85 %.

In order to synthesize compounds 5a-5g, a series of
coupling reagents and bases, and various solvents and
reaction times were tested. We have varied the molar ratio of
reagents and bases used to get better yield and purity in order
to avoid column purifications (Table 1).
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Using 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazo-
lo[4,5-b]py-ridinium 3-oxid hexafluorophosphate (HATU) as
coupling reagent and DMF as solvent and triethylamine
(TEA) and diisopropylethylamine (DIPEA) as bases, after 14
h, the yield of the product was 57 and 55 %, respectively.
Using benzotriazol-1-yl-oxytripyrrolidino-phosphonium
hexafluorophosphate (PyBOP) as coupling reagent and THF
solvent, and TEA and DIPEA as a base, the obtained yields
were 45 and 50%, respectively. 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI) and
hydroxybenzotriazole (HOBt) as coupling reagents with
DMF as a solvent, with 2.5 and 4 equiv. of TEA and DIPEA
as bases for 14 h, gave 62, 78, and 72 and 67 % yields,
respectively. Propylphosphonic anhydride (T3P) as coupling
reagent with TEA and DIPEA as bases in DCM gave 50 and
60 % yield, respectively. When EDCI (1.5 equiv) was used
together with DIPEA (2.5 equiv) in DCM, the yields were
95 %. Working up does not require column chromatography,
no costly reagents are required.

DOI: 10.17628/ech.2019.8.1-6 2



Synthesis and anticancer evaluation of new benzenesulfonamides

The 1Cs values for 4a-4g and 5a-5g are presented in Table
2, where all compounds exhibit moderate to a good activity
toward cancer cell lines compared to 5-fluorouracil as a
positive control. In the case of the human lung cancer cell line
(A549) compounds 4a, 4b, 4d, 4f, 5d and 5g were the most
potent with 1Cso values ranging from 1.98-2.82 uM. The 4b,
4d, 5d and 5g compounds showed activity against HelLa cell
line (ICso = 1.99-2.92 uM), while in case of the MCF-7 breast
cancer cell line, the most potent compounds were 4d, 5d and
5g withlCsovalues of 2.12-2.52 uM. Lower activity was
observed for the synthesized compounds on the Du-145
prostate cancer cell line, where the most potent candidate was
the compounds 5g with an ICsq value of 2.12 pM.

Generally, the lung (A549) and cervical (HeLa) cancer cell
lines were the most sensitive toward the synthesized
compounds. Regarding broad-spectrum anticancer activity
reveals that compounds 4b, 4d and 5g were the most active,
showing effectivity toward all four cell lines. The structure-
activity relationship (SAR) showed that less hindered
substitutions like methyl and ethyl groups at ortho and para
position of aromatic rings increase the anticancer activity at
all four cell lines, while ortho trifluoromethyl and indole
groups decrease the anticancer activity. Despite steric
hindrances, 4b, 4d, 5d and 5g show promising anticancer
activity due to electron donating substituents, and generally,
the compounds with electron donating groups on the aromatic
ring have more considerable anticancer activity than the
compounds with electron withdrawing groups.

EXPERIMENTAL PART

Sulfonyl chloride and various solvents were commercially
available. The chemicals were purchased from Sigma-
Aldrich and Avra labs. Reaction courses were monitored by
TLC on silica gel precoated F254 Merck plates. Developed
plates were examined with UV lamps (254 nm). IR spectra
were recorded on an FT-IR (Bruker). Melting points were
recorded on SRS Optimelt, melting point apparatus and are
uncorrected. The *H and *3C NMR spectra were recorded on
a 400 MHz Varian NMR spectrometer with DMSO-ds
solvent. The chemical shifts are reported as 6 ppm units
(TMS). The following abbreviations are used; singlet (s),

doublet (d), triplet (t), quartet (q), multiplet (m) and broad (br).

mass spectra were taken with Micromass-Quattro-11 of water
mass spectrometer.

General experimental procedure for the synthesis of N-(subs-
tituted phenyl)-3-(indoline-1-carbonyl)benzenesulfonamides
(5a-50)

Preparation of ethyl 3-(chlorosulfonyl)benzoate (2)

To a stirred solution of ethyl benzoate (10 g, 67 mmol) in
DCM (25 mL) cooled to 0 °C, chlorosulfonic acid (9 g, 73
mmol) was added dropwise and the mixture was stirred for
1h at the same temperature followed by stirring at room
temperature for further 1 h. After completion of reaction, the
reaction mixture was evaporated under reduced pressure and
the obtained gummy material was washed with excess of
hexane and crystallized from 20 % ethyl acetate:hexane
mixture to obtain ethyl 3-(chlorosulfonyl)benzoate (2) as
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white solid which is used further for sulfonamide coupling
reaction, Yield 54 g (81 %).

Preparation of ethyl 3-(N-(o-tolyl)sulfamoyl)benzoate (3a)

To a stirred solution of ethyl 3-(chlorosulfonyl)benzoate
(2) (3 g, 10.1 mmol) in DCM (5 ml ), pyridine (5 ml) was
added and the mixture was stirred at room temperature for 10
min. The reaction mixture was cooled to 0 °C and 2-
methylaniline (1.6 g, 15.16 mmol ) was added dropwise
followed by stirring at room temperature for 3 h. The reaction
was monitored by TLC and LCMS, after completion of the
reaction the reaction mixture was poured into cold 2 M
aqueous HCI (10 ml) and stirred the mixture for 30 min. The
obtained solid was filtered and washed with an excess of
water, cold diethyl ether (10 ml) and cold pentane (10 ml).
Ethyl 3-(N-(o-tolyl)sulfamoyl)benzoate (2) was obtained as
white solid. Yield 2.8 g (90 %).

Preparation of 3-(N-(o-tolyl)sulfamoyl)benzoic acid (4a)

To a stirred solution of ethyl  3-(N-(o-
tolyl)sulfamoyl)benzoate (3a) (2 g, 5.40 mmol) in THF (10
ml), water (2 ml) and lithium hydroxide (0.377 g, 18.2 mmol)
were added and the reaction mixture was stirred for 4 h. The
progress of the reaction was monitored by TLC and LC-MS.
After the completion of the reaction, the reaction mixture was
evaporated under reduced pressure with obtaining a gummy
material. After adding 10 ml of water, the mixture was
extracted with diethyl ether (10 ml). The pH of the collected
aqueous layer was adjusted to 4 by 6 M ag. HCI. A precipitate
was formed, and the mixture was stirred for 30 min. The
obtained solid was filtered off, washed it with an excess of
water, cold diethyl ether (10 ml) and cold pentane (10 ml) to
obtain the desired 3-(N-(o-tolyl)sulfamoyl)benzoic acid (4a)
as white solids. Yield 1.6 g (90 %)

N-(substituted phenyl)-3-(indoline-1-carbonyl)benzenesulfon-
amide (5a)

The compound 3-(N-(o-tolyl)sulfamoyl)benzoic acid (4a)
(0.2 g, 0.65 mmol) was treated with EDCI (0.188 g, 0.98
mmol) and DIPEA (0.34 ml, 1.96 mmol) in DCM (10 ml).
Then 2,4-dimethylaniline (0.238 g, 1.96 mmol) was added
and the mixture was stirred at room temperature for 4 h. The
reaction was monitored with TLC. 10 ml of cold water was
added and the mixture was stirred for 10 min, then extracted
with 10 ml of DCM. The collected organic layer was washed
with 1 M aqueous HCI and brine (10 ml). Evaporating the
organic layer, the compound 5a was obtained with 90 %
purity. Purification was done by washing with 5:95 % of
DCM:hexane mixture, when the solid obtained was further
washed with cold diethyl ether (20 ml) and cold pentane (20
ml).

3-(Indoline-1-carbonyl)-N-(o-tolyl)benzenesulfonamide (5a)

White solid (0.242 g, 92 %). LC-MS m/z (%): 393 (M+H).
'H NMR (400 MHz, DMSO-ds) 5 9.70 (s, 1H), 8.26 (s, 1H),
8.22 (d,J=7.6 Hz, 1H), 7.81 (d, J=8 Hz, 1H), 7.7 (d, J=8 Hz,
1H), 7.18-7.13 (m, 4H), 7.1 (d, J=7.6 Hz, 2H), 6.95-6.92 (m,
2H), 3.60 (t, 2H), 3.16 (t, 2H), 2.14 (s, 3H). HPLC-98.50 %
RT-5.68 min. *C NMR (CDCls, 100 MHz): 17.65, 27.79,
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51.54, 126.09, 126.38, 126.40, 126.43, 126.58, 129.23,
129.42, 130.82, 130.89, 131.38, 133.42, 133.62, 134.27,
134.65, 135.40, 135.41, 135.45, 141.09, 163.93.

N-(2-Ethylphenyl)-3-(indoline-1-carbonyl)benzenesulfonamide
(5b)

White solid, (0.240 g, 92 %) LC-MS m/z (%): 406 (M+H).
'H NMR (400 MHz, DMSO-dg) 5 9.70 (s, 1H), 8.27 (s, 1H),
8.22(d, J=8 Hz, 1H), 7.84 (d, J=8 Hz, 1H), 7.71 (t, J=7.6 Hz,
1H), 7.21-7.13 (m, 4H), 7.08-7.01 (m, 4H), 3.63 (t, 2H), 3.08
(t, 2H), 2.16 (g, 2H), 0.96 (t, 3H). HPLC-99.53% RT-9.21
min. 3C NMR (CDCls, 100 MHz): 14.39, 18.80, 27.57, 53.18,
111.2, 120.3, 122.3, 124.5, 126.15, 126.23, 126.62, 126.63,
126.66, 129.34, 129.46, 131.36, 133.44, 133.67, 133.88,
135.46, 140.52, 141.13, 164.0.

3-(Indoline-1-carbonyl)-N-(2-(trifluoromethyl)phenyl)benzene-
sulfonamide (5c)

White solid, (0.240 g, 94 %). LC-MS m/z (%): 446 (M+H).
'H NMR (400 MHz, DMSO-ds) 5 9.16 (s, 1H), 8.34 (s, 1H),
8.26 (d,J=7.2 Hz, 1H), 7.96 (d, J=7.6 Hz, 1H), 7.79 (d, 2H),
7.58 (t, J=8 Hz, 1H), 7.49 (t, J=7.8 Hz, 1H), 7.18 (d, J=8
Hz, 1H), 7.08-7.01 (m, 4H), 3.63 (t, 2H), 3.08 (t, 2H), HPLC-
96.65%RT-4.89 min. *C NMR (CDCl;, 100 MHz): 27.74,
52.51,111.55,115.07, 119.55, 125.6, 127.08, 127.09, 127.54,
128.58, 128.59, 129.23, 129.57, 130.86, 131.51, 133.29,
133.39, 133.59, 133.88, 135.36, 139.51,164.87.

N-(2-(tert-butyl)phenyl)-3-(indoline-1-carbonyl)benzenesulfon-
amide (5d)

White solid (0.240 g, 92 %), LC-MS m/z (%): 434 (M+H).
'H NMR (400 MHz, DMSO-ds) 5 9.16 (s, 1H), 8.32 (s, 1H),
8.24 (d,J=7.2 Hz, 1H), 7.94 (d, J=7.6 Hz, 1H), 7.77 (d, 2H),
7.54 (t, J=8 Hz, 1H), 7.45 (t, J=7.8 Hz, 1H), 7.16 (d, J=8
Hz, 1H), 7.06-7.02 (m, 4H), 3.61 (t, 2H), 3.06 (t, 2H), 1.43 (s,
9H). HPLC-99.33% RT-6.18 min. **C NMR (CDCl;, 100
MHz): 27.65, 31.3, 53.79, 51.54, 126.09, 126.38, 126.40,
126.43, 126.58, 129.23, 129.42, 130.82, 130.89, 131.38,
133.42, 133.62, 134.27, 134.65, 135.40, 135.41, 135.45,
141.09, 163.93.

Indolin-1-yl(3-(indolin-1-ylsulfonyl)phenyl)methanone (5e)

White solid (0.244 g, 94 %). LC-MS m/z (%): 404 (M+H).
'H NMR (400 MHz, DMSO-ds) & 8.26 (s, 1H), 8.22 (d, J=7.6
Hz, 1H), 7.81 (d, J=8 Hz, 1H), 7.7 (t, J=8 Hz, 1H), 7.20-7.15
(m, 4H), 7.06-7.02 (m, 4H), 4.11 (t, 2H), 3.65 (t, 2H), 3.11 (t,
2H), 3.06 (t, 2H). HPLC-97.99 %. RT-8.42 min. °C NMR
(CDCls, 100 MHz): 26.65, 27.79, 42.40, 51.54, 111.23,
126.09, 126.38, 126.40, 126.43, 126.58, 129.23, 129.42,
130.82, 130.89, 131.38, 133.42, 134.27, 134.65, 135.40,
135.41, 135.45, 141.09, 163.93.

N-(4-(tert-butyl)-2-methylphenyl)-3-(indoline-1-carbonyl)-
benzenesulfonamide (5f)

White solid (0.238 g, 90 %), LC-MS m/z (%): 448 (M+H).
'H NMR (400 MHz, DMSO-ds) 5 9.62 (s, 1H), 8.27 (s, 1H),
8.23 (d,J=7.2 Hz, 1H), 7.87 (d, J=7.6 Hz, 1H), 7.73 (d, J=7,6
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Hz, 1H), 7.29 (d, J=8.4 Hz, 2H), 7.06-7.02 (m, 4H), 6.83 (d,
J=8.4 Hz, 1H), 3.61 (t, 2H), 3.05 (t, 2H), 2.04 (s, 3H), 1.21
(s, 9H). HPLC-98.67% RT-7.43 min. *C NMR (CDCls, 100
MHz): 27.65, 31.79, 34.21, 52.33, 111.56, 120.19, 123.17,
125.17, 126.03, 126.29, 126.32, 126.34, 127.64, 129.3,
129.49, 131.24, 131.95, 133.85, 135.35, 139.56, 141.42,
148.88, 151.78, 163.81.

3-(Indoline-1-carbonyl)-N-phenylbenzenesulfonamide (59)

(0.244 g, 94 %) as White solid, LC-MS m/z (%): 378
(M+H). *H NMR (400 MHz, DMSO-ds) § 9.72 (s, 1H), 8.28
(s, 1H), 8.24 (d, J=7.6 Hz, 1H), 7.85 (d, J=8 Hz, 1H), 7.70
(d, J=8 Hz, 1H), 7.16-7.13 (m, 5H), 7.06-7.02 (m, 4H), 3.61
(t, 2H), 3.05 (t, 2H). HPLC-93.70% RT-7.58 min.*C NMR
(CDCls, 100 MHz): 27.34, 53.63, 119.40, 122.34, 125.63,
126.03, 126.12, 126.29, 126.71, 126.84, 128.2, 129.01,
129.37, 129.53, 129.94, 130.31, 133.87, 135.11, 136.24,
140.41, 165.03.

Anticancer activity

The synthesized compounds were evaluated for their in
vitro anticancer activity against human lung cancer cell line
(A549), cervical (HeLa) cancer cell line, breast cancer cell
line (MCF-7) and prostate cell line (DU-145) using 5-
fluorouracil as reference drug.?® The 1Cso value which
corresponds to the concentration required for 50% inhibition
of cell viability was determined.

Briefly, cells are grown in 96 - well plates in suspension
and then were exposed for 48 hours to four serial
concentrations of 1 X107, 1X10°%, 1X10%, 1X10* and 1 X
10 M of each compound. Following this, cells were fixed
and stained with protein binding SRB stain. Excess stain is
washed out and the bound stain was solubilized, and the
absorbance was measured at 492 nm in a plate reader. The
concentration of the compounds that inhibited 50 % of the net
cell growth was calculated from the dose-response curve
obtained for each test compound and cell line. I1Cso values
were presented in micromolar (uM) concentration. 5 -
Fluorouracil (5 - Fu) was used as positive control for the
comparison of cytotoxicity of synthesized compounds.
Assays were performed in triplicate on three independent
experiments and their mean

CONCLUSION

An effective method was developed which provides easy
access to new N-(substituted phenyl)-3-(indoline-1-
carbonyl)benzenesulfonamide (5a-g) analogs. The mild
reaction conditions, good to excellent yields, easiness of
workup and the available substrates make the reactions to be
attractive for the preparation of this compound class. The
compounds (4b, 4d, 5d and5g) show potent anticancer
activity in all the four cell lines tested.
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