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ABSTRACT

In an approach to develop potent cytotoxic compounds with targeted action, a systematic methodology was
employed to design and initially synthesize parent compounds A1, A8, A13 and A14 followed by synthesis
of further analogs of A1 (A2-A7) and A8 (A9-A12) with characterization by IR, NMR, mass and elemental
techniques. These compounds were evaluated for their in vitro anti-proliferative activities against DU-145,
MCF-7, HCT-15, HT-29 cell lines and apoptosis inducing potential via various mechanistic studies.
Compounds A2, A9, A10 exhibited significant cytotoxic activities compared to their parent compounds and
standard drug 5-fluorouracil. Compound A2 displayed superior cytotoxicity with ICsy values less than 1
uM in most of the tested cell lines. Further, compound A2 also induced apoptosis in DU-145 cells as
exemplified from DAPI staining, Annexin V-FITC assay, ROS generation and mitochondrial membrane
alteration studies. The above studies depict the synthesized compound A2 as potent anticancer agent with
the ability to induce apoptosis in prostate cancerous cells.
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INTRODUCTION

Research on cancer remains a continuous strive to unveil the novel drugs possessing targeted action with
minimal side effects [1]. Generation of a tumor involves activation/deactivation of numerous pathways and
proteins involved in cell growth and regulation [2,3]. Design and development of novel drugs for cancer
therapy involves activation of proapoptotic factors and inhibition of antiapoptotic factors [4,5]. The various
modes of cancerous cell death include the activation of intrinsic and extrinsic pathways of apoptosis,
followed by release of caspase-3, release of cytochrome-c following mitochondrial stress, ROS mediated
cell death and so on [6-9].

Pyrimidine is a renowned endogenous metabolite and its analogs have various therapeutic roles
including anticancer action [10]. 5-Fluoro uracil, Tegafar are renowned pyrimidine antimetabolites for
cancer therapy [11]. Various fused pyrimidines and aryl pyrimidines are reported in literature for their
prominent anticancer activities [12-15]. Benzene sulphonamides are reported to have anticancer activity
exhibited through multiple mechanisms, the most prominent ones being carbonic anhydrase inhibition and
apoptotic induction [16,17]. Indisulam, SLC-0111 are the sulphonamide analogs possessing anticancer
activity with induction of apoptosis [18,19]. Literature reports thioureido benzene sulphonamides [20],
thiazolidone benzene sulphonamides [21], 7-chloro quinoline benzene sulphonamides [22], guanidinyl
benzene sulphonamides [23] as anticancer compounds exhibited through various mechanisms.

Owing to the crucial role of pyrimidine analogs as antimetabolites and sulphonamide moiety as an
essential pharmacophoric group in multiple anticancer drugs [19,24,25], we attempted to link substituted
pyrimidine/ tetrahydro quinazoline with benzene sulphonamide and initially synthesized a set of four
variously substituted benzene sulphonamide derivatives as parent compounds (Al, A8, A13 and A14)
employing four different schemes, and thereby evaluated for anticancer activity (Fig. 1). Subsequent
analogs were synthesized from Al (A2-A7) and A8 (A9-A12) and mechanistically investigated for their

apoptotic potentials.
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Fig. 1. Design of variously substituted benzene sulphonamides

2. RESULTS AND DISCUSSION
2.1. Chemistry

The scaffold was designed based on the indisulam anticancer drug. Two variants of pyrimidines were
synthesized initially, one with attached aromatic groups and the other fused with cyclohexene. Then, the
sulphonamide group was attached in two different ways, one substituted on the pyrimidine ring as
sulphomoyl group (A1-A12) and other on the benzene ring as terminal sulphonamide (A13, A14). Overall,
four variants of analogs were synthesized employing two common synthetic routes (Fig. 1).
Claisen-Schmidt condensation of substituted benzaldehydes with substituted acetophenones
/cyclohexanone in 40% aq. NaOH and methanol afforded chalcones C1-C12. Reaction with cyclohexanone
yielded mixture of products generating mono and di substituted alkenes. The required compound was
separated by column chromatography. The IR spectrum showed the characteristic (C=0) peaks between
1680-1730 cm™! and (C=C) peaks at 1600 to 1650 cm™!' along with molecular ion peaks [M*] in mass
spectrum. The chalcones were converted to 2-amino pyrimidines P1-P12 by refluxing guanidine
hydrochloride in DMF with sodium ethoxide as base. The IR spectra of compounds showed the presence
of N-H, C=C, C=N, C-N stretching around 3300-3400 cm!, 1600-1650 cm-!, 1690-1640 cm™', 1300-1350
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cm! respectively; '"H NMR signals were observed at ¢ 5.0-5.5 ppm representing amino protons and ¢ 7.7-
8.0 ppm indicating pyrimidine proton. The characteristic mass fragmentation pattern was observed at amino
(-NH,) group. In the third step, the scheme was bifurcated into two parts, one part involved the nucleophilic
acyl substitution reaction between 2-amino pyrimidine with benzene sulphonyl chloride in pyridine to
produce benzene sulphonamides A1-A12 (Scheme 1 and 2, Table 1 and 2). The IR spectrum of these
compounds showed characteristic N-H stretching at 3300-3600 cm™! and 1300-1360, 1100-1150 cm! for
0=S=0 stretching; 'H-NMR depicted the peaks for aliphatic methylene protons of cyclohexene ring at o
1.6-1.7 and 6 2.6-2.7 ppm, methoxy protons at J 3.5-4.0 ppm, aromatic protons at J 6.8-8.3 ppm and the
proton of sulphonamide group at ¢ 11.0-11.8 ppm. In another part, the amino group of pyrimidine (P2, P9)
reacted with benzoyl chloride to generate benzamide group (Q1, Q2), which was further reacted with chloro
sulphonyl chloride to obtain intermediates (R1, R2) and then refluxed with ammonium hydroxide to yield
the final products (A13, A14) possessing terminal sulphonamide group (Scheme 3 and 4). The IR spectrum
of these compounds showed absorptions bands characteristic for N-H stretching at 3500-3600 cm™'; O=S=0
stretching at 1360, 1150 cm™!; C=0 stretching at 1690-1720 cm™!, 'H-NMR confirmed the presence of two
NH groups , free amino group at ¢ 5.5-6.0 ppm and NH group of benzamide at § 9.5-9.8 ppm. Mass
spectrums (molecular ion peaks) and elemental analysis (limits within 0.4) further confirmed the chemical

structures of the final compounds.
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Scheme 2. Synthesis of 4-substituted 56,7 8-tetrahydro gquinazolinyl benzene sulphonamides.
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Scheme 4. Synthesis of N-(4-(4-chlorophenyl)-5,6,7 8-tetrahydroquinazalin-2-yl)-3-sulfamoylbenzamide.

2.2. Biology

2.2.1 Anticancer activity

To comprehend the effect the sulphonamide substitution, initially A1, A8 (parent compounds) with
sulphomoyl group, A13 and A14 (parent compounds) with terminal sulphonamide group were synthesized
and evaluated for anticancer screening by MTT assay. Compounds Al, A8 were moderately active and

A13, A14 were least active (Table 1,2,3). Therefore, further analogs of Al (pyrimidinyl series) were



developed with various substitutions (A2-A7) and similarly for A8 (tetrahydro quinazolinyl series), further
analogs (A9-A12) were developed. A2 was the most potent compound in all the tested cell lines except
MCF-7. Its potency was comparably higher than the tested standard drugs, 5-fluoro uracil (5-FU) against
DU-145 (prostrate carcinoma), HCT-15, HT-29 (colon carcinoma) cell lines. Compound A3 was the most
potent one in MCF-7 (breast carcinoma) cell line. Compared to A1; compounds A2, A3, A4, A6 were more
active in DU-145 cell line; similarly, A2, A3 in MCF-7; A2, A3, A4 in HCT-15 cell line; A2, A4 in HT-29
cell line. Compared with A8, compounds A9, A10, A12 were more active in DU-145 cell line; A10, A12
in HCT-15 cell line; A9, A10 in HT-29 cell line. Overall, A2, A9 and A10 were comparatively more active
WRT anticancer activity. This could be due to multiple methoxy substitutions on the phenyl rings. Further,
compounds with methoxy substitutions were more active than chloro substituted ones, tri/di substitution

predominated over mono substitution (A6, A7, A11 were least active); dichloro compounds were more

active than mono chloro compounds as elucidated in SAR studies.

Table 1
Structural features of compounds A1-A7 along with their ICs, values (uWM) for anticancer activity
obtained by MTT assay.
Structural features of A1-A7 Results of MTT assay (ICsy, pM)
# R! R? R3 R* RS R¢ R’ DU-145 | MCF-7 | HCT-15 | HT-29
Al 18.45+ 16.87+ | 5.54+
. - . .
(parent H H Cl H H OCH; | OCH; 152 20 161 0.59
compd)
0.76+ 8.56+ 0.10+ 0.22+
A2 H H H H H H H
OCH, 1 OCH, | OCH, | OCH, OCH: 1 011 0.96 0.04 0.05
4.29+ 6.33+ 341+ 17.80+
A3 OCH; H OCH; H H OCHj; | OCH; 025 0.54 0.20 023
2.08+ 11.52+ | 0.86+
>
A4 OCH; H OCH; H Cl H Cl 0.5 20 47 0.7
14.60+
A5 H OCHj; | OCH; H Cl H Cl >20 >20 >20 0.96
13.72+
A6 H H OCH; H H Cl | OCH; 49 >20 >20 >20
A7 H H OCH; H H Cl Cl >20 >20 >20 >20




Cytotoxicity value in pM between 0-10: most active; 10-20: moderately active; >20: least active. Each
reading represents mean of three £SD; MCF-7, breast carcinoma; HCT-15, HT-29, colon adenocarcinoma;
DU-145, prostate carcinoma.

Table 2

Structural features of compounds A8-A12 along with their ICsy values (WM) for anticancer activity

obtained by MTT assay.
Structural features of A8-A12 Results of MTT assay (ICsy, uM)
# R! R? R3 R* R5 DU-145 MCF-7 HCT-15 HT-29
A8 7.34+ 10.40+ 11.04+ 14.43+
(parent | H  H | Cl | H H 0.37 0.33 0.23 0.66
compd)
3,4,5-
43+ .84+ 11+
A9 H OCH; | OCH; | OCHj; | trimethoxy 343 >20 14.84 311
. 0.28 1.31 0.45
benzylidene
3.4 1.14+ 1.87+ 4.99+
: . - . .
Al10 H OCH; | OCH; H dlmethoxy 0.08 20 0.41 0.60
benzylidene
3,4-
All | OCH; H OCH; H dichloro >20 >20 >20 >20
benzylidene
ol 5.55+ 19.59+ 9.74% 14.38+
Al2 1 H JOCH: | H o H o dimethoxy ) o 151 0.42 0.97
benzylidene

Cytotoxicity value in pM between 0-10: most active; 10-20: moderately active; >20: least active. Each
reading represents mean of three £SD; MCF-7, breast carcinoma; HCT-15, HT-29, colon adenocarcinoma;
DU-145, prostate carcinoma.

Table 3

Cytotoxicity (ICsy) values in uM obtained by MTT assay.

DU-145 MCF-7 | HCT-15 | HT-29
Al3 >20 >20 >20 >20
(parent
compd)
Al4 >20 >20 >20 >20
(parent
compd)
5.FU 1.15+0.07 5.12+1.33 | 1.02+0.4 | 4.2+1.2

Cytotoxicity value >20 uM represents least activity. Each reading
represents mean of three =SD; MCF-7, breast carcinoma,;




HCT-15, HT-29, colon adenocarcinoma; DU-145, prostate
carcinoma.5-FU, 5-fluoro uracil: positive control.

\2.2.2. Morphological changes observed through DAPI staining

Nucleomorphological changes like horse shoe shaped nuclei and nuclear fragmentation were
observed upon treatment of DU-145 cells with compound A2 for 24 h and further staining with DAPI. The
effect was observed in concentration dependent manner (0.5, 1, 2, 4 uM) similar to the standard 5-FU.
Nuclear morphology of control cells was devoid of any changes. (Fig. 2). These nuclear changes indicate

the progression of apoptosis following drug treatment.

CONTROL

STANDARD

Fig. 2. Nucleomorphological changes induced by compound A2 in DU-
145 cells. The cells were treated with increasing concentrations of drug along
with standard for 24 h, stained with DAPI and analyzed by flow cytometry.
Arrows represent the horse shoe shaped nuclear fragementation.

2.2.3. Apoptosis induction confirmed by Annexin V binding assay

To exploit the underlying mechanism of title compound A2, Annexin V/PI double staining assay
was performed. The percentage of cells in various stages of apoptosis were noted after treatment with A2

and the results were compared with control and standard. There was a rise in total percentage of apoptotic



and dead cell population from 6.70 % in control to 14.91 % at 0.5 pM and 35.46 % at 4 uM respectively in

a dose dependent manner, while standard (5-FU, 1 uM) displayed 26.78 % of apoptotic population. The

percentage of live cells declined in a dose dependent manner from 93.30% in control to 64.54 % at 4 uM,

while the standard displayed 73.22% of live cells (Fig. 3.). The increase in apoptotic population indicates

the ability of title compound A2 to induce apoptosis mediated cytotoxicity.
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Fig. 3. Apoptosis induced by compound A2 in DU-145 cells. (a) The cells were incubated and treated with increasing
concentrations of drug along with standard for 24 h. The treated cells were stained with Annexin V and PI and analyzed
by flow cytometry (lower left (LL): live cells, lower right (LR): early apoptotic cells, upper right (UR): late apoptotic
cells, upper left (UL): dead cells). (b) The bar graph represents total apoptotic and dead cell population at various
concentrations. Data were expressed as mean + SEM, ***p<0.001, **p<0.01 of two independent experiments.

2.2.4. Alteration of mitochondrial membrane potential in apoptotic cells identified by JC-1 stain.

JC-1 stain is an indicator of mitochondrial membrane potential in healthy cells due to accumulation

of J-aggregates with excitation frequency at 590 nm. In apoptosis, there is a significant change in

mitochondrial potential due to the opening of mitochondrial permeability transition pore (MPTP) leading

to decoupling of respiratory chain and release of cytochrome c. This is evidenced by blue fluorescence

(540 nm) due to the formation of J-monomers upon blue light excitation (490 nm). Flow cytometric analysis
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displayed an increase in apoptotic population (depolarized cell population) from 23.11% in control to 39.54
% at 4 uM. The alteration of mitochondrial membrane potential upon treatment with A2 was manifested

by decrease in orange fluorescence and increase in blue fluorescence in dose dependent manner (Fig. 4).
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Fig. 4. Alteration of mitochondrial membrane potential by compound A2 in DU-145 cells. a) Cells were treated with
increasing concentrations of compound Al and compared with control and standard. The formation of J-monomers (blue,
P1) and J-aggregates (orange, P2) was analyzed by flow cytometry. b) Graphical representation of dose dependent increase
in fluorescence intensity depicting the J-monomer accumulation. Data were expressed as mean + SEM, ***p<0.001,
*p<0.05 of two independent experiments.

This could be due to increase in J-monomer formation upon apoptosis depicting the mitochondrial
involvement in cell arrest probably via release of cytochrome c.
2.2.5. ROS generation by DCFDA staining

ROS is a reactive molecular entity involved in many biological pathways. When the levels of ROS
increases in cancer cells, there would be an irreparable damage to DNA and proteins followed by activation
of caspase-3 with apoptosis induction. tumor cells. In the present study, production of ROS was observed
when DU-145 cells were treated with increasing concentrations (2.5, 5, 10 uM) of compound A2 followed
by DCFDA staining (Fig. 5.). The dose dependent shift in peaks towards right indicates the rise in

fluorescence intensity. Similar effect was observed with standard 5-FU at 10 uM concentration.
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Fig. 5. Effect of compound A2 on ROS generation.
DU-145 cells were treated with increasing concentrations
of drug for 24 h and the results obtained were compared with
control and standard. The ROS generated was stained with

DCFDA and analysed by flow cytometer.

2.3. Structure Activity Relationship (SAR)

To understand the substituent effects on cytotoxicity, structure activity relationship studies were
established (Table 1,2 and 3). The highlights are summarized below.

Basic skeleton: Compounds bearing benzene sulphonamide moiety (A1-A12) were more active
than 3-sulphomoyl benzamide derivatives (A13, A14). 4,6-disubstituted pyrimidine nucleus (A1-A7) was
comparatively more active than tetrahydro quinazolinyl nucleus (A8-A12).

Methoxy substitution: Increasing the methoxy groups significantly increased the cytotoxicity of the
molecules. This was observed with compounds A2, A3, A9 and A10. Increasing the methoxy groups in the
range of 4-6 was more advantageous. This could be due to enhanced lipophilicity that allows the molecule
to enter into the cytotoxic cells easily and thereby display their inhibitory potential.

Chloro substitution: Dichloro substitution was more predominate over mono chloro substitution.
This is well exemplified with compounds A4, A5, A11 with dichloro substitution being more active than

parent analogs A1 and A8 with mono chloro substitution. Increase in chloro groups enhances the polarity
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of the molecule and therefore could be the reason for enhanced activity observed with A4 and AS. However,
methoxy substituted compounds (A2, A3, A9, A10) were more active than chloro substituted ones.
Benzylidene substitution: Compounds bearing benzylidene group at 8 position on quinazoline ring
(A9-A12) were more active than the parent compound AS8. Trimethoxy benzylidene group (A9) and
dimethoxy (A10) were more active than mono methoxy benzylidene group (A12). Further, dichloro

substitution on benzylidene decreased the activity of the molecule (A11).

CONCLUSION

Four variants of benzene sulphonamides were developed and their effect on anticancer activity was
analyzed. Preliminary anti-proliferative screening has identified compounds Al, A8 as lead parent
molecules. Further analogs of A1 and A8 were developed as 4,6-disubstituted pyrimidinyl benzene
sulphonamides (A2-A7) and other as tetrahydro quinazolinyl benzene sulphonamides (A9-A12). Most of
them have shown improvised activity profiles than parent compounds. A2 was the most potent compound
of the series and also potent than the standard drug, 5-fluorouracil with ICs, values less than 1 uM in DU-
145, HCT-15, HT-29 cell lines. The drug also induced apoptosis in DU-145 cells as evidenced by various
mechanistic studies on apoptosis. All of the above studies proved compound A2 as excellent apoptosis

inducing cytotoxic agent with potential source as lead for next generation.

4. MATERIALS AND METHODS
4.1. Chemistry
IR spectra were recorded by KBr pellet technique on Shimadzu IR affinity-1, FT-IR

spectrophotometer (Schimadzu, Germany). Nuclear magnetic resonance ('H and *C NMR) spectra were
recorded using Bruker Avance spectrophotometer (Bruker Analytic, Karlsruhe, Germany; Bruker AG,
Fallanden, Switzerland) with chemical shifts in parts per million (ppm, J) downfield from TMS as an
internal standard using CDCl; or DMSO solvent. Mass spectra were recorded with 6540 Qtof - Infinity
1290 (Agilent Technologies, India). Elemental analyses were carried out on Perkin-Elmer 2400 analyser

(Waltham, MA, USA) and the results were found to be in good agreement within +0.4 compared to their
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theoretical valves. All the melting points were determined using BUCHI Melting Point B-450 apparatus
(Biichi Labortechnik, Switzerland) and were uncorrected. Commercially available reagents and solvents
were procured from Sigma Aldrich/Merck and used without any purification unless stated. All the
synthesized compounds were purified on Buchi Flash Chromatography using Merck silica gel 200-400#.
Analytical thin-layer chromatography was carried out on Merck silica gel plates. All reactions were carried
out nitrogen or under air atmosphere. General procedures for Chalcone synthesis (C1-C12) and pyrimidine
synthesis (P1-P12) was performed in according to the procedures prescribed by Verma et.al.[26].
General procedure for synthesis of N-[4,6-diaryl pyrimidin-2-yl]benzene sulfonamides and N-
[2,6-diaryl (5,6,7,8-tetrahydro-quinazolin-2-yl) |]-benzenesulfonamides

To an ice cooled solution of intermediates (P1-P12, 1 mmol) in pyridine, benzene sulfonyl chloride (5
mmol) was slowly added. Then the reaction mixture was stirred at 0 °C to room temperature for 24 h.
Further, dil. HCI was added and the obtained crystals were filtered, washed with water and recrystallized
from ethanol to yield final compounds A1-A12 (Scheme 1 and 2; Table 1 and 2).
N-[4-(4-chloro-phenyl)-6-(3,4-dimethoxy-phenyl)-pyrimidin-2-yl]-4-sulfamoyl-benzamide A1

Yellowish solid, yield 75%, mp 102 °C. FT-IR (KBr) cm™': 3649 (N-H stretching), 1350, 1150 (O=S=0
stretching), 1616, 1454 (C=C aromatic stretching). "H-NMR (300 MHz, CDCl;) ¢ (ppm): 3.86 (s, 3H,
OCHs), 3.94 (s, 3H, OCHs;) 7.05-7.07 (d, 1H, ArH), 7.09-7.11 (d, 1H, ArH), 7.44 (s, 1H, ArH), 7.53-7.55
(d, 2H, ArH), 7.77-7.96 (m, 3H, ArH), 8.05-8.07 (d, 2H, ArH), 8.19-8.21 (d, 2H, ArH), 8.35-8.37 (s, 1H,
ArH), 11.46 (s, 1H, NH)."*C-NMR (75 MHz, CDCl;): 167.7, 164.2, 160.3, 149.9, 148.6, 144.3, 134.2,
133.5,132.4,130.3, 129.5,129.4,128.9, 127.6, 122.8, 109.6, 100.2, 97.4, 56.4. ESI-MS: m/z 482 (M+H)".
Anal. Calcd. for C,4H,,CIN;0,S: C, 59.81; H, 4.81; N, 8.72. Found: C, 59.85; H, 4.83; N, 8.61.
N-[4-(3,4-dimethoxy-phenyl)-6-(3,4,5-trimethoxy-phenyl)-pyrimidin-2-yl[-benzenesulfonamide A2
Yellowish solid, yield 45%, mp 220 °C. FT-IR (KBr) cm™': 3612 (N-H stretching), 1338, 1126 (O=S=0
stretching), 1650, 1456 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCls) 6 (ppm): 'H-NMR (300

MHz, CDCLy) § (ppm): 3.79 (s, 3H, OCHs), 3.83 (s, 6H, OCH3), 3.85 (s, 3H, OCHs), 3.87 (s, 3H, OCHs),
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7.04-7.06 (d, 1H, ArH), 7.10-7.12 (d, 1H, ArH), 7.33-7.35 (d, 1H, ArH), 7.40 (d, 1H, ArH), 7.59-7.65 (m,
2H, ArH), 7.77 (s, 1H, ArH), 7.85-7.87 (dd, 1H, ArH), 8.05-8.07 (dd, 1H, ArH), 8.14 (s, 1H, ArH), 8.20-
8.22 (d, 1H, ArH), 11.86 (d, 1H, NH). 3C-NMR (75 MHz, CDCl;): 165.1, 163.7, 160.5, 153.5, 150.8,
149.6, 144.3, 137.7, 132.4, 131.5, 129.4, 128.7, 128.0, 122.8, 110.8, 110.2, 106.2, 104.7, 56.4, 56.0. ESI-
MS: m/z 538 (M + H"). Anal. Calcd. for C,;H,;N;04S: C, 60.32; H, 5.06; N, 7.82. Found: C, 60.35; H, 5.07;
N, 7.78.

N-[4-(3,4-dimethoxy-phenyl)-6-(2,4-dimethoxy-phenyl)-pyrimidin-2-yl]-benzenesulfonamide A3
Colorless solid, yield 45%, mp 160 °C, FT-IR (KBr) cm™ : 3489 (N-H stretching), 1367, 1145 (O=S=0
stretching) , 1607, 1467 (C=C aromatic stretching)."H-NMR (300 MHz, CDCl;) ¢ (ppm): 3.78 (s, 3H,
OCH,), 3.81 (s, 3H, OCH3), 3.82 (s, 3H, OCHs;), 3.83 (s, 3H, OCHj,), 7.11-7.13 (d, 1H, ArH), 7.15 (s, 1H,
ArH), 7.56 (s, 1H, ArH), 7.58-7.60 (d, 1H, ArH), 7.61-7.63 (d, 2H, ArH), 7.72-7.73 (m, 2H, ArH), 7.84-
7.87 (t, 1H, ArH), 8.01-8.02 (d, 1H, ArH), 8.10 (s, 1H, ArH), 8.22-8.23 (d, 1H, ArH) ), 11.66 (s, 1H, NH)
. BC-NMR (75 MHz, CDCl;): 167.3, 163.9, 161.7, 159.4, 158.2, 154.6, 150.3, 134.2, 132.4, 131.1, 130.4,
129.4, 129.5, 128.9, 127.6, 122.8, 105.6, 100.2, 97.4, 56.1. ESI-MS: m/z 530 (M+Na"). Anal. Calcd. for
C,ysHasN3O6S: C, 61.53; H, 4.96; N, 8.28. Found: C, 61.51; H, 4.94; N, 8.30.
N-(4-(2,4-dichlorophenyl)-6-(2,4-dimethoxyphenyl) pyrimidin-2-yl) benzenesulfonamide A4

Colorless solid, yield 60 %, mp 112 °C, FT-IR (KBr) cm™': 3365 (N-H stretching), 1314, 1156 (O=S=0
stretching), 1649, 1445 (C=C aromatic stretching).'"H-NMR (300 MHz, CDCl;) § (ppm): 3.83 (s, 3H,
OCH,), 3.85 (s, 3H, OCHs;), 7.04-7.12 (d, 2H, ArH), 7.28-7.31 (d, 1H, ArH), 7.39 (s, 2H, ArH), 7.45-7.48
(d, 1H, ArH), 7.62-7.65 (m, 3H, ArH), 7.85-7.87 (dd, 2H, ArH), 8.14 (s, 1H, ArH), 11.58 (s, 1H, NH). 13C-
NMR (75 MHz, CDCl;): 165.4, 163.2, 156.7, 153.5, 152.1, 149.1, 136.5, 133.3, 130.8, 129.9, 129.4, 128.8,
128.3, 126.2, 122.8, 110.9, 110.7, 110.0, 106.6, 100.2, 56.1. ESI-MS: m/z 515 (M"). Anal. Calcd. for
CsH9CLN;0,4S: C, 55.82; H, 3.71; N, 8.14. Found: C, 55.61; H, 3.94; N, 8.27.
N-[4-(2,4-dichloro-phenyl)-6-(3,4-dimethoxy-phenyl)-pyrimidin-2-yl]-benzenesulfonamide A5
Yellowish solid, yield 67%, mp 108 °C, FT-IR (KBr) cm!: 3371 (N-H stretching), 1312, 1162 (O=S=0
stretching), 1656, 1459 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCl;) ¢ (ppm): 3.84 (s, 3H,
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OCHs), 3.86 (s, 3H, OCH3), 7.02-7.11 (dd, 1H, ArH), 7.28-7.48 (m, 1H, ArH), 7.56-7.65 (d, 2H, ArH),
7.77-7.89 (m, 3H, ArH), 8.02-8.05 (d, 2H, ArH), 8.19 (d, 2H, ArH), 8.38 (s, 1H, ArH), 11.92 (s, 1H, NH).
BC-NMR (75 MHz, CDCl;): 164.4, 161.2, 160.0, 157.6, 154.6, 147.3, 136.4, 134.2, 132.4, 130.4, 129.9,
129.0,128.5, 128.2,127.6,126.2, 122.8, 111.5, 108.9, 100.6, 56.1. ESI-MS: m/z 516 (M+H"). Anal. Calcd.
for C,4H,9oCLLN;04S: C, 61.53; H, 4.96; N, 8.28. Found: C, 61.51; H, 4.94; N, 8.30.
N-[4-(4-methoxy phenyl)-6-(4-methoxy-phenyl)-pyrimidin-2-yl]-benzenesulfonamide A6
Colorless solid, yield 72 %, mp 242 °C, FT-IR (KBr) cm™': 3592 (N-H stretching), 1378, 1143 (O=S=0
stretching), 1650, 1489 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCls) J (ppm): 3.83 (s, 6H,
OCH,), 7.05-7.08 (d, 4H, ArH), 7.58-7.60 (d, 3H, ArH), 8.00 (s, 1H, ArH), 8.03-8.06 (m, 2H, ArH), 8.13-
8.16 (d, 4H, ArH), 11.74 (s, 1H, NH). *C-NMR (75 MHz, CDCl;): 166.6, 163.3, 159.3, 146.4, 131.6,
129.4, 128.3, 128.8, 128.1, 127.8, 101.2, 56.1. ESI-MS: m/z 447 (M*). Anal. Calcd. for CyH;N;0,S: C,
64.41; H, 4.73; N, 9.39. Found: C, 64.56; H, 4.65; N, 9.40.
N-(4-(3,4-dichlorophenyl)-6-(4-methoxy phenyl) pyrimidin-2-yl) benzenesulfonamide A7
Yellowish solid, yield 57 %, mp 163 °C, FT-IR (KBr) cm™': 3584 (N-H stretching), 1369, 1139 (O=S=0
stretching), 1642, 1476 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCl;) 6 (ppm): 3.89 (s, 3H,
OCHs), 6.68-6.70 (d, 2H, ArH), 7.01-7.03 (d, 2H, ArH), 7.68-7.79 (m, 6H, ArH), 7.97-8.00 (d, 2H, ArH),
8.21-8.23 (d, 1H, ArH), 11.32 (s, 1H, NH). 'BC-NMR (75 MHz, CDCl;): 165.7, 163.9, 160.2, 158.8,
145.1, 134.7, 132.8, 132.4, 131.6, 130.5, 129.4, 128.5, 128.3, 127.2, 127.0, 114.8, 101.5, 108.9, 55.4. ESI-
MS: m/z 487 (M*). Anal. Calcd. for C,3H;CI,N305S: C, 56.80; H, 3.52; N, 8.64. Found: C, 56.76; H, 3.59;
N, 8.71.
N [4-(4- chloro -phenyl)-5,6,7,8-tetrahydro-quinazolin-2-yl]-benzenesulfonamide A8

Yellowish solid, yield 65 %, mp 130 °C, FT-IR (KBr) cm': 3678 (N-H stretching), 1350, 1150
(O=S=0 stretching), 1624, 1431 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCl;) ¢ (ppm): 1.61-
1.82 (m, 4H, CH,), 2.42-2.55 (m, 4H, CH,), 7.05-7.15 (d, 2H, ArH), 7.38-7.51 (m, 3H, ArH), 7.81-7.89 (d,

2H, ArH), 8.05-8.07 (d, 2H, ArH), 11.25 (s, 1H, NH). 3C-NMR (75 MHz, CDCl;): 167.8, 164.7, 144.4,
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134.2,132.4, 131.3, 129.4, 129.0, 128.7, 127.5, 126.9, 123.3, 29.8, 28.7, 24.7, 23.9. ESI-MS: m/z 422 (M
+ Na"). Anal. Calcd. for C,0H3CIN;O,S: C, 60.07; H, 4.54; N, 10.51. Found: C, 62.51; H, 4.59; N, 10.67.
N-[8-(3,4,5-timethoxy benzylidene)-2-(3,4,5-trimethoxy phenyl)-5,6,7,8-tetrahydro-quinazolin-4-yljf-
benzenesulfonamide A9

Yellow solid, yield 45%, mp 195°C, FT-IR (KBr) cm!: 3649 (N-H stretching), 1336, 1128 (O=S=0
stretching), 1630, 1446 (C=C aromatic stretching). '"H-NMR (300 MHz, CDCl;) 6 (ppm): 1.69-1.92 (m,
4H, CH,), 2.85-2.88 (m, 2H, CH,), 3.89 (s, 6H, OCH,), 3.91(s, 6H, OCHj;), 3.92 (s, 6H, OCH,), 6.66 (s,
2H, ArH), 6.74 (s, 2H, ArH), 7.45-7.60 (m, 3H, ArH), 7.98 (s, 1H, =CH), 8.16-8.19 (d, 2H, ArH), 11.23 (s,
1H, NH)."*C-NMR (75 MHz, CDCl;): 167.6, 163.4, 162.2, 153.2, 153.0, 139.7, 139.4, 138.8, 138.4, 132.4,
130.1, 129.4, 129.0, 127.3, 124.8, 115.8, 104.6, 103.7, 60.5, 56.1, 30.6, 27.8, 23.7. ESI-MS: m/z 634 (M +
H*). Anal. Calcd. for C33H3sN;05S: C, 62.54; H, 5.57; N, 6.63. Found: C, 62.51; H, 5.49; N,
N-[6-(3,4-dimethoxy-benzylidene)-2-(3,4-dimethoxy-phenyl)-5,6,7,8-tetrahydro-quinazolin-4-ylj-
benzenesulfonamide A10
Yellowish solid, yield 45%, mp 110 °C, FT-IR (KBr) cm!: 3673 (N-H stretching), 1372, 1156 (O=S=0
stretching), 1606, 1478 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCls) 6 (ppm): 1.57-1.59 (m,
2H, CH,), 1.78-1.80 (m, 2H, CH,), 2.67-2.74 (m, 2H, CH.), 3.79 (s, 6H, OCHj;), 3.81 (s, 6H, OCH3;), 7.00-
7.03 (d, 4H, ArH), 7.38-7.62 (m, 5H, ArH), 7.76 (s, 1H, =CH), 7.98-8.00 (d, 2H, ArH), 11.58 (s, 1H, NH).
BC-NMR (75 MHz, CDCl;): 166.7, 166.5, 161.9, 150.3, 149.8, 149.7, 149.1, 144.3, 139.7, 134.3, 131 .4,
129.4, 127.6, 126.8, 122.5, 121.7, 121.3, 120.2, 117.6, 114.9, 109.6, 56.1, 30.3, 27.6, 24.4. ESI-MS: m/z
573 (M*). Anal. Caled. for C;;H3N306S: C, 64.90; H, 5.45; N, 7.32. Found: C, 64.81; H, 5.55; N, 7.45.
N-[6-(3,4-dichloro-benzylidene)-2-(3,4-dichloro-phenyl)-5,6,7,8-tetrahydro-quinazolin-4-ylJ-
benzenesulfonamide A11
Colorless solid, yield 45%, mp 230 °C, FT-IR (KBr) cm™': 3493 (N-H stretching), 1369, 1143 (O=S=0
stretching), 1655, 1467 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCl;) ¢ (ppm): 1.59-1.60 (m,
4H, CH,), 2.63-2.72 (m, 2H, CH,), 6.60 (s, 1H, ArH), 6.76 (s, 1H, ArH), 7.36-7.59 (m, 6H, ArH), 7.72-
7.76 (m, 3H, ArH), 7.99 (s, 1H, =CH), 9.82 (s, 1H, NH). 3C-NMR (75 MHz, CDCl;): 166.3, 166.1, 163.5,
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144.3, 134.5, 133.8, 133.6, 132.7, 132.5, 132.3, 131.1, 130.6, 130.2, 129.4, 129.0, 128.6, 127.8, 127.3,
127.1, 122.5, 30.5, 27.6, 24.8. ESI-MS: m/z 591 (M*). Anal. Calcd. for C;;H3N;04S: C, 62.10; H, 5.45;
N, 9.88. Found: C, 62.11; H, 5.43; N, 9.87.
N-[6-(4-methoxy-benzylidene)-2-(4-methoxy-phenyl)-5,6,7,8-tetrahydro-quinazolin-4-ylj-
benzenesulfonamide A12
Colorless solid, yield 45%, mp 165 °C. FT-IR (KBr) cm™: 3567 (N-H stretching), 1310, 1162 (O=S=0
stretching), 1630, 1467 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCls) 6 (ppm): 1.52-1.78 (m,
4H, CH,), 2.73-2.87 (m, 2H, CH,), 3.11 (s, 6H, OCH3;), 6.38-6.41 (d, 1H, ArH), 6.56-6.64 (d, 2H, ArH),
6.78-6.81 (d, 1H, ArH), 7.01-7.13 (dd, 2H, ArH), 7.25-7.27 (d, 1H, ArH), 7.45-7.60 (m, 5H, ArH), 7.69-
7.77 (d, 1H, ArH), 8.02 (s, 1H,=CH), 11.62 (s, 1H, NH). 3C-NMR (75 MHz, CDCl;): 164.8, 164.3,161.2,
159.6,144.7,135.3,134.2,132.7,131.1, 130.4, 129.4, 129.0, 128.5, 128.1, 127.6, 125.4,117.8, 114.2, 56.1,
34.6, 31.3, 29.8. ESI-MS: m/z 516. (M+H"). Anal. Calcd. for C;;H;3;N304S: C, 67.82; H, 5.30; N, 8.18.
Found: C, 67.95; H, 5.42; N, 8.25.
Procedure for synthesis of N-[4-(4-chloro-phenyl)-6-(3,4-dimethoxy-phenyl)-pyrimidin-2-yl]-4-sulfamoyl-
benzamide (A13) and N-[4-(4-chloro-phenyl)-5,6,7,8-tetrahydro-quinazolin-2-yl]-4-sulfamoyl-benzamide
(A14)
To the mixture of ice cooled solution of pyrimidines (P2, P9; 1 mmol) in pyridine, triethylamine (5 mmol)
and benzoyl chloride (5 mmol) were added and the reaction was allowed to stir at room temperature for
about 24 h. To the reaction mixture, dil. HCI was added and the obtained solid was filtered, washed with
water and recrystallized from ethanol to produce Q1 and Q2. The products were confirmed by their
molecular ion (M*) peaks observed in mass spectrums [27].

A mixture of ice cooled benzamides (Q1, Q2; 1 mmol) in chloro sulfonic acid (0.33 mL, 5 mmol)
was heated on water bath for 1 h then poured onto crushed ice and the obtained solid was filtered, washed
with water and recrystallized from ethanol to produce R1 and R2. Further, the benzamido sulphonyl

chloride (R1, R2; Immol) was refluxed with ammonium hydroxide (2 mL) for 1 h. After cooling to room
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temperature, the obtained solid was filtered and washed with water to obtain the final products A13 and
A14 (Scheme 3 and 4).

A13: Yellowish solid, yield 41%, mp 124 °C. FT-IR (KBr) cm™: 3565 (N-H stretching), 1321, 1165
(O=S=0 stretching), 1604, 1458 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCI5) J (ppm): 3.85 (s,
6H, OCHs;), 5.55 (s, 2H, NH,), 6.81-6.90 (d, 2H, ArH), 7.12-7.15 (d, 2H, ArH), 7.24 (s, 1H, ArH), 7.72-
7.76 (d, 2H, ArH), 7.88-7.99 (m, 3H, ArH), 8.32-8.38 (d, 2H, ArH), 9.62 (s, |H, NH). 3C-NMR (75 MHz,
CDCly): 166.8, 164.5, 164.3, 159.4, 151.6, 149.6, 146.8, 137.3, 135.6, 131.8, 130.2, 129.4, 128.6, 127.5,
126.1, 121.3, 110.5, 107.6, 101.7, 56.2. ESI-MS: m/z 526 (M+H)*. Anal. Calcd. for C,sH;,CIN,OsS: C,
59.81; H, 4.81; N, 8.72. Found: C, 59.85; H, 4.83; N, 8.61.

Al4: Yellowish solid, yield 47 %, mp 116 °C, FT-IR (KBr) cm™: 3630 (N-H stretching), 1360, 1150
(O=S=0 stretching), 1641, 1466 (C=C aromatic stretching). 'H-NMR (300 MHz, CDCl;) ¢ (ppm): 1.65-
1.92 (m, 4H, CH,), 2.44-2.55 (t, 2H, CH,), 2.65-2.71 (t, 2H, CH,), 5.38 (s, 2H, NH,) 7.48-7.68 (d, 2H,
ArH), 7.72-7.83 (d, 2H, ArH), 7.92-8.00 (d, 2H, ArH), 8.32-8.48 (d, 2H, ArH), 9.52 (s, IH, NH). 3C-NMR
(75 MHz, CDCl5): 165.2, 163.8, 159.4, 146.9, 136.8, 133.3, 132.3, 130.5, 129.6, 128.6, 127.6, 127.4, 122.7,
29.6, 28.2, 24.3, 23.7. ESI-MS: m/z 463 (M + Na"). Anal. Calcd. for C,;H;sCIN,O5S: C, 56.95; H, 4.32;

N, 12.65. Found: C, 56.86; H, 4.23; N, 12.67.

4.2. Biology
4.2.1. Cytotoxicity assay

Cytotoxicity studies on the test compounds was carried by MTT assay. DU-145, MCF-7, HCT-15,
HT 29, cell lines were seeded at a density of 4 x 103, 3.7 x 104, 3.5 x 10* cells per well in 100 uL of
respective media and were allowed to attach overnight for 24 h. The cells were treated with test compounds
(A1-A14) at different concentrations for a period of 48 h. After the treatment, MTT (0.5 mg/ml) was added
and incubated at 37 °C for 4 h. The insoluble purple formazan crystals were dissolved in 100 uL. DMSO

and cell viability was assessed by measuring the absorbance at 570 nm in a multi detection plate reader
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(Spectramax M4, Molecular devices, USA). The ICs, values shown are the means and standard deviation
of at least three independent experiments performed in duplicate [28].
4.2.2. DAPI staining
To evaluate the morphological changes following treatment with compound A2, DAPI staining was
performed. DU-145 cells were grown in 24-well plates at a seeding density of 5x10*cells/well for 24 h and
then treated with compound A2 at various concentrations (0.5, 1, 2, 4 uM). After 24 h, untreated cells, cells
treated with PS01 and standard 5-FU (1 uM) were washed thrice with PBS. Then, 200 uL of 0.1 % triton
X was added for permeabilization and stained with 1 uM of DAPI at 37 °C for 10 min. The stained cells
with fragmented nuclei/ condensed chromatin were observed under fluorescence microscope with
excitation at 359 nm and emission at 461 nm using DAPI filter at 200X magnification.
4.2.3. FITC- Annexin V apoptosis detection

Annexin V is labeled with a fluorescent tag, FITC, to detect and quantify the apoptotic cells
generated by treatment with compound A2. DU-145 cells (1x10¢) were seeded in 12-well plates and allowed
to grow for 24 h. After cell attachment, the supernatant liquid was replaced by new 10% FBS/ RPMI 1640
medium containing DMSO alone for negative control, varying concentrations of compound A2 (0.5, 1, 2,
4 uM) and standard 5-FU (1 puM). After 24 h of treatment, cells from the supernatant and adherent
monolayer cells were harvested by trypsinization, washed with PBS and centrifuged at 3000 rpm. Then
cells were processed with Annexin V- assay kit (FITC Annexin V Apoptosis Detection Kit, BD
Pharmingen, USA) according to the manufacturer’s instruction [29,30]. Further, flow cytometric analysis
was performed using a flow cytometer (BD FACS Verse USA).
4.2.4. Analysis of mitochondrial membrane potential (MMP)

Apoptosis induces changes in mitochondrial membrane permeability that allows accumulation of
JC-1 dye and thereby decrease the red/ green fluorescence intensity ratio. DU-145 cells were plated at a
seeding density of 1x10° cells/well in a 12-well plate. They were treated with DMSO as negative control

and varying concentrations of compound A2 (0.5, 1, 2, 4) and standard 5-FU (1 pM) for 24 h. After
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treatment, cells were incubated with JC-1 (5 uM) for 30 min at 37 °C. Finally, cells were harvested,
collected in tubes, washed with PBS and analyzed using flow cytometer [31].
4.2.5. Detection of intracellular ROS

2, 7’-dichlorofluorescindiacetate (DCFDA), is a cell permeable fluorogenic dye that measures
hydroxyl, peroxyl and other reactive oxygen species (ROS) activity within the cell. DU-145 cells were
seeded in 12-well plate at density of 1x10°¢ cells/well and incubated for 24 h at 37 °C. After incubation,
cells were treated with DMSO for negative control or with varying concentrations of compound A2 (2.5,
5, 10 uM) concentrations along with standard 5-FU (10 uM). After 24 h of treatment, 400pL of DCFDA
working solution was added per well containing 5uM of DCFDA and incubated for 30 min. Then, DCFDA
working solution was removed and the cells were trypsinised and centrifuged at 5000 rpm for 5 min. The
obtained pellet was rinsed with PBS and centrifuged at 3000 rpm for 3 min [32, 33]. Finally, 400uL of PBS
was added and analyzed by flow cytometer (BD FAC Verse, USA).
2.9. Statistical Analysis

All the results were expressed as mean £ SD and ICs, standard deviation and P-value were
evaluated by one way analysis of variance (ANOVA). P <0.05 was the allowed standard deviation. All the
experiments were independently repeated thrice and the readings from the triplicates were combined and
analyzed.
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Highlights

e Four variants of benzene sulphonamides A1-A14 were designed, synthesized and characterized
analytically.

e Compounds were excellent anti-proliferative agents tested on four cell lines.

e Apoptotic mechanisms were exemplified in DU-145 cells by various mechanistic studies.

e Compounds A2 was the most potent compound of the series.

e Structure activity relationships were established.
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