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ABSTRACT

Bladder cancer is one of the deadly cancers with very limited options of treatment and lack of new drugs. Cisplatin,
doxorubicin and thiotepa are the drugs mostly used in therapy. Nine new N-cycloheptyl-substituted- 2,3-dihydro-1,3-
benzothiazole-2-carboxamide derivatives were designed using structure based drug discovery. The designed compounds
were docked to ascertain their binding against balder cancer cell lines (PDB code 3ERT). structure. The designed
compounds were synthesised and characterized using different spectroscopic techniques. These novel compounds were
evaluated on the MTT assay for there in vitro efficiency using the TCP1020 cell lines. The compounds 4e and 4i shown
good inhibition. Two compounds of the series exhibit promising results which are in agreement with the in silico studies.
The most potent compound against TCP1020 cell lines was compound 4i; IC50 = 7.8 uM. The activity of the 4i will be

due to the inhibition of estrogenic binding receptor.
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1. INTRODUCTION

Urinary bladder cancer is one of the deadly cancers
with 16,390 deaths in 2015-16 alone and 76,960 new
cases. It is the ninth most widely occurring cancer
throughout the world with male cases is high compared to
females. The causes behind bladder cancer is mostly
smoking, chemical contamination of drinking water,
arsenic poisoning and schistosomiasis infection.! The
matter of concern is more severe with very limited options
of treatment and lack of new drugs, cisplatin, doxorubicin
and thiotepa are drugs mostly used in therapy.? These all
are very old drug and exhibits severe adverse reactions in
patient with very less compatibility. This situation along
with the epidemiological data calls for development of
newer better and safer agents. Several attempts were
reported for the development of newer agents for the
treatment of bladder cancer like the peptides 9-mer bladder
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cancer specific peptide (BP), Y-BP® and the 1-(N-
methylindolyl)-3-phenylpropenones.® Tetracene
derivatives have been traditionally used for the treatment
of bladder cancer with the doxorubicin as most important
drug of this series.(*)

Similarly the benzothiazole derivatives (I-111) are
reportedly found to be highly efficacious moiety for the
development of newer candidates for the treatment of
urinary bladder cancer and other types of cancers.(®
Recently the role of estrogen receptor in progression of
bladder cancer was proved and it was also found that the
inhibition of activity of this receptor or an control over its
estrogen or progesterone binding region would help in
prevention and cure of the urinary bladder cancer.®9
Based on these findings we initiated an attempt to develop
lead molecules that would be helpful in controlling the
progression and help cure the bladder cancer. Initially we
designed sixteen novel benzothiazolyl derivatives
(Scheme 1) on the basis of earlier reported benzothiazoles
as active moieties against the estrogenic binding receptors,
then subjected them to molecular docking studies.'! On the
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basis of molecular docking studies nine hybrid molecules
containing benzothiazolyl and cycloheptyl moiety were
synthesised and evaluated for their anticancer study on the

R = Alkyl, Aryl

2. Material and Methods

Chemicals were obtained from Sigma Aldrich, USA.
Melting points (Mp.) were detected with open capillaries
using Thermonik Precision Melting point apparatusand are
uncorrected. IR spectra (KBr) were recorded on FTIR-
8400s spectrophotometer (Shimadzu, Japan). H was
obtained using a Bruker Advance-11 400 Spectrometer on
400 MHz using tetramethylsilane (TMS) as internal

standard. All chemical shift values were recorded as o

0
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TCP1020 cell line.t2

(ppm), coupling constant value J is measured in hertz, the
peaks are presented as s (singlet), d (doublet), t (triplet),
brs (broad singlet), dd (double doublet), m (multiplet). The
purity of compounds was controlled by thin layer
chromatography (Merck, silica gel, HF254-361, type 60,
0.25 mm, Darmstadt, Germany). Mass spectra (ESI-MS)
were recorded at Waters, Q-TOF LC-MS spectrometer
(Waters, Micromass LC-MS, USA).
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Compound 4a 4b 4c 4d

4e

Af 4h 4i

49

R1 4,6-dimethyl | 4-CH3 | 5-CH3 | 6-CHj3

7-CH3

5,7-dimethyl | 6-Br | 4,6-Dichloro | 4,6-difluro

Reagents and Conditions: a) Ethyl bromoacetate,
K2CQg, acetone, 60 °C, overnight; (b) DMFDMA, 150 °C,
15h; (c) AICls, CHyCly, 24 h, rt; (d) LiOH, EtOH, reflux, 3
h; (e) EDC.HCI, HOBt, Et3N, CH.Cly, rt, 12-16 h; (f)
SnCl,, MeOH/EtOAC (4:1), Ha.

Scheme I: Synthesis of various susbstituted N-
cycloheptylbenzothiazole-2-carboxamides 4a-i.

2.1 General procedure for synthesis of ethyl 2-
(benzothiazol-2-ylamino)-3-(dimethylamino)acrylate
(2a-i): (Scheme-I).

Various substituted 2-aminobenzothiazoles la-i were
reacted with ethyl bromoacetate in presence of potassium
carbonate in acetone at 60 °C overnight. The recovered
adduct was obtained as ethyl 2-[(substituted
benzothiazolyl)amino]acetate which was reacted in turn
with N,N-dimethylformamide dimethyl acetal at 150 °C
for 15 h to yield the ethyl 2-(substituted benzothiazol-2-
ylamino)-3-(dimethylamino)acrylates 2a-i.

2.2. Synthesis of substituted benzothiazole-2-carboxylic
acid (3a-i) (Scheme-I)

In next step, ethyl 2-(substituted benzothiazol-2-
ylamino)-3-(dimethylamino)acrylates 2a-i were treated
with Lewis acid (AICIs) leading to cyclization and yielding
cyclized derivative as benzothiazolyl-2-carboxylates,
which after basic hydrolysis gave the corresponding acids
3a-i.

2.3. General procedure for synthesis of various substituted
N-cycloheptylbenzothiazole-2-carboxamides 4a-i.
(Scheme-lI).

The benzothiazolylcarboxylic acids 3a-i were reacted
with cycloheptylamine in presence of 1-ethyl-3-(3-
dimethylaminopropyl)  carbodiimide  hydrochloride
dissolved in butanol with dichloromethane as solvent for
12-16 h at room temperature. The adduct obtained was
treated with tin chloride under hydrogen leading to final

derivatives as substituted N-cycloheptylbenzothiazole-2-
carboxamides 4a-i.
2.4. In vitro screening of compounds 4a-i:
2.4.1. Cell culture

Human bladder cancer cell line TCP1020 was obtained
from ATCC, USA. These were cultured in RPMI 1640
medium supplemented with 10% (v/v) fetal calf serum
(FCS) and 2 mM glutamine (Sigma, USA). Cells were
maintained at 37 °C in a 5% CO,-humidified chamber to
ensure freedom from unwanted bacteria.
2.4.2. Cell proliferation assay

Efficacy of the newly synthesised compounds was
measured by a MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay by method described
earlier.! TCP1020 cells were seeded into96-well plates (3
x103 cells/well) in 100 pl of culture medium. After 24 h,
cells were treated with doxorubicin (Sigma-Aldrich, USA)
and the cycloheptylbenzothiazole-2-carboxamides at
various concentrations. In parallel, a control with DMSO
in concentration was employed as vehicle. The incubation
was carried out for 48 h after that 10 uL ofa MTT stock
solution in PBSat 5 mg/mL was added in each well. These
plates were again incubatedat 37 °C for 3 h. These plates
were then subjected to centrifugation for 5 min at 1500
rpm. The supernatant medium was discarded and replaced
with fresh DMSOto solubilize purple formazan
crystals.Following to this the mixture was shaken for 15
min and then the absorbance was measured onan ELISA
reader at 570 nm with reference wavelength of 650 nm.
Absorbance observed form control was treated as 100% of
cell survival; reading was taken in triplicate for each data
point.
2.5. Molecular docking study

The compounds library 4a-i was constructed using the
fragment dictionary of Maestro 7.5 and geometry
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optimized by Macromodel program v9.1 (Schrodinger,
LLC) using the Optimized Potentials for Liquid
Simulations-all atom (OPLS-2005) force field with the
steepest descent followed by truncated Newton conjugate
gradient protocol. Partial atomic charges were computed
using the OPLS-2005 force field.

The docking calculations were performed using the
“Extra Precision”” (XP) mode of Glide module
(Schrodinger software) and the 2005 implementation of
the OPLS-2005 force field. The details about the protocols
of Glide are described elsewhere319), a short description
is provided below. Various energy grids for binding sites
were calculated and stored and is defined in terms of two
concentric cubes: the bounding box, which contains the
center of any acceptable ligand pose, and the enclosing
box, which contains all ligand atoms of an acceptable pose.
Cubes with an edge length of 10 A ° and centered at the
midpoint of the longest atom-atom distance in the
respective crystallized ligand demarcated the bounding
box in the protein. Poses with an RMSD of less than 0.5 A
°and a maximum atomic displacement of less than 1.3 A
° were excluded as redundant in order to increase diversity
in the retained ligand poses. The scale factor for van
derWaals radii was applied to the atoms with absolute
partial charges less than or equal to 0.15 (scale factor of
0.8) and 0.25 (scale factor of 1.0) electrons for ligand and
protein, respectively. Energy minimization protocol
includes dielectric constant of 4.0 and 1000 steps of
conjugate gradient. Upon completion of each docking
calculation, at most 100 poses per ligand were generated.
The best docked structure was chosen using a Glidescore
(Gscore) function. The Gscore is a modified and extended
version of the empirically based Chemscore function.’
Another scoring function used by Glide is Emodel, which
itself derived from a combination of the Gscore,
Coulombic, van der Waals and the strain energy of the
ligand. All computations were carried out on a Dell
Precision 470n dual processor with the Linux OS (Red Hat
Enterprise WS 4.0).(8-20)

Ritesh Bhole, Yogesh Zambare, Chandrakant Bonde

3. Results and Discussion
3.1. Synthesis:
3.1.1.  Synthesis of N- cycloheptyl -5,7-dimethylbenzo

[d]thiazole-2-carboxamide 4a.

Mp: 231-234 C; 'H-NMR (CDCls):5 1.22-1.62 (m,
12H, cycloheptyl ring), 2.32 (S, 6H, CH3), 3.58 (m, 1H,
methyene), 6.86 (m, 1H, benzothiazole), 7.71 (m, 1H,
benzothiazole), 8.1 (s, 1H, NH); Anal.Calcd for
C17H2N20S: C, 67.51; H, 7.33; N, 9.26; O, 5.29; S, 10.60.
3.1.2. Synthesis of N-cycloheptyl-7-methylbenzo [d]

thiazole-2-carboxamide 4b.

Mp: 237-239 C; 'H-NMR (CDCl3): & 1.29-1.63 (m,
12H, cycloheptyl ring), 2.36 (S, 6H, CH3s), 3.58 (m, 1H,
methyene), 6.84 (m, 1H, benzothiazole), 7.71 (m, 1H,
benzothiazole), 8.1 (s, 1H, NH); MS (ESI) m/z: 288.1296;
Anal.Calcd for C16H20N20S: C, 66.63; H, 6.99; N, 9.71; O,
5.55; S, 11.12
3.1.3.  Synthesis of N-cycloheptyl-6-methylbenzo [d]

thiazole-2-carboxamide 4c

Mp: 232-234 C; H-NMR (CDCly): & 1.27-1.67 (m,
12H, cycloheptyl ring), 2.32 (S, 6H, CHs), 3.57 (m, 1H,
methyene), 6.84 (m, 1H, benzothiazole), 7.71 (m, 1H,
benzothiazole), 8.1 (s, 1H, NH); MS (ESI) m/z: 288.1296;
Anal.Calcd for C16H20N20S: C, 66.63; H, 6.99; N, 9.71; O,
5.55; S, 11.12
3.1.4. Synthesis of N-cycloheptyl-5-methylbenzo [d]

thiazole-2-carboxamide 4d.

Mp: 233-235 C; H-NMR (CDCly): & 1.27-1.61 (m,
12H, cycloheptyl ring), 2.33 (S, 6H, CH3), 3.55 (m, 1H,
methyene), 6.86 (m, 1H, benzothiazole), 7.72 (m, 1H,
benzothiazole), 8.1 (s, 1H, NH); MS (ESI) m/z: 288.1296;
Anal.Calcd for C16H20N20S: C, 66.63; H, 6.99; N, 9.71; O,
5.55; S, 11.12.

3.1.5. Synthesis of N-cycloheptyl-4-methylbenzo [d]
thiazole-2-carboxamide 4e.

Mp: 234-236 C; *H-NMR (CDCl3): & 1.27-1.65 (m,
12H, cycloheptyl ring), 2.34 (S, 6H, CHs), 3.53 (m, 1H,
methyene), 6.81 (m, 1H, benzothiazole), 7.71 (m, 1H,
benzothiazole), 8.1 (s, 1H, NH); Anal.Calcd for
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Ci16H20N20S: C, 66.63; H, 6.99; N, 9.71; O, 5.55; S, 11.12
3.1.6.  Synthesis of N-cycloheptyl-4,6-dimethylbenzo

[d] thiazole-2-carboxamide 4f.

Mp: 244-246 C; H-NMR (CDCl3):5 1.22-1.63 (m,
12H, cycloheptyl ring), 2.31 (S, 6H, CHs), 3.50 (m, 1H,
methyene), 6.81 (m, 1H, benzothiazole), 7.71 (m, 1H,
benzothiazole), 8.4 (s, 1H, NH); Anal.Calcd for
C17H»N20S: C, 67.51; H, 7.33; N, 9.26; O, 5.29; S, 10.60
3.1.7. Synthesis of 5-bromo-N-cycloheptylbenzo [d]

thiazole-2-carboxamide 4g.

Mp: 212-214 C; 1H-NMR (CDCI3): 8 1.27-1.69 (m,
12H, cycloheptyl ring), 3.60 (m, 1H, methyene), 6.80 (m,
2H, benzothiazole), 7.71 (m, 1H, benzothiazole), 8.1 (s,
1H, NH); MS (ESI) m/z: 302.1453; MS (ESI) m/z:
352.0245; Anal. Calcd for C15H17BrNOS: C, 51.00; H,
4.85; Br, 22.62; N, 7.93; O, 4.53; S, 9.08.

3.1.8.  Synthesis of 5,7-dichloro-N-cycloheptylbenzo

[d] thiazole-2-carboxamide 4h

Mp: 219-221 C; 1H-NMR (CDCI3): & 1.27-1.63 (m,
12H, cycloheptyl ring), 3.58 (m, 1H, methyene), 6.97 (m,
1H, benzothiazole), 7.71 (m, 1H, benzothiazole), 8.1 (s,
1H, NH); MS (ESI) m/z: 302.1453; MS (ESI) m/z:
342.0360; Anal. Calcd for C15H16C2N20OS: C, 52.48; H,
4.70; Cl, 20.66; N, 8.16; O, 4.66; S, 9.34.

3.1.9.  Synthesis ofN-cycloheptyl-5,7-difluorobenzo [d]
thiazole-2-carboxamide 4i.

Mp: 119-121 C; 1H-NMR (CDCI3): & 1.27-1.53 (m,
12H, cycloheptyl ring), 3.54 (m, 1H, methyene), 6.97 (m,
1H, benzothiazole), 7.79 (m, 1H, benzothiazole), 8.9 (s,
1H, NH); MS (ESI) m/z: 302.1453; MS (ESI) m/z:
310.0951; Anal. Calcd for CisH16F2N2OS: C, 58.05; H,
5.20; F, 12.24; N, 9.03; O, 5.16; S, 10.33.

The present investigation addresses the importance and
lack of drugs for the treatment of bladder cancer. Herein,
we have reported the design and synthesis of novel
benzothiazolyl derivatives that show good in vitro activity
against the bladder cancer cell lines. On the basis of
literature we designed sixteen benzothiazolyl derivatives;
these compounds were subjected to molecular docking

studies. The molecular docking was carried out on the
estrogen binding receptor. To perform the molecular
docking studies we retrieved the crystal structure of
estrogen binding receptor from the protein data bank
(PDB: 3ERT). It is reported that in most cases of bladder
cancer the estrogen binding receptor plays major role in
carcinogenesis, if this receptor is regulated then normal
apoptosis will be resumed. The molecular docking
experiment was carried out with all the sixteen molecules,
but it was found that only nine molecules of the series
provided with significant score and hence these are only
presented in the study (Figure 1, Table 1). The compound
4i shown the hydrogen bonding with THR347 residue with
bond distance 2.01 A and compound 4e shown the
hydrogen bonding with LEU346 residue with bond
distance 2.36°. Surprisingly it was found that the binding
to the receptor of the same series is through the different
H-bonding network. While the benzothiazole and
Compounds with methyl and halogen substituted on the
benzothiazole nucleus displayed good docking score in the
range of -6.12 to -3.24 with compound 4i exhibiting
highest score and 4g with lowest.

Accordingly, nine compounds were synthesised
following appropriate route, in the first step various
substituted 2-amino benzothiazolyl 1la-i derivatives were
obtained and treated with ethyl bromoacetate and
DMFDMA to yield the corresponding acrylate 2a-i. These
compounds under the influence of aluminium trichloride
and lithium hydroxide yield the substituted benzothiazolyl
acids 3a-i. These were reacted with cycloheptyl amides in
presence of EDC.HCI and further reduced by tin chloride
to vyield the final derivatives as substituted N-
cycloheptylbenzothiazole-2-carboxamides  4a-i, these
compounds were structurally elucidated with help of mass
analysis and proton NMR. The proton NMR exhibited
prominent peaks pertaining to the cycloheptyl moiety in
the upfield region with protons around 6 1.22-1.62 ppm
with a multiplet. The methyne proton was observed around
4 3.58 ppm and the amide proton was found at 6 8.1 ppm
which is characteristic feature of these compounds. The
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mass analysis and elemental analysis confirmed the final derivatives.

Table (1)
Antiproliferative profile of the novel N-cycloheptylbenzothiazole-2-carboxamides derivatives. The table represents
conc. as a result of 50% loss of cell viability with respect to untreated cells (ICso), the results were resolute from
dose-response curves. Values are presented as means + SD of three independent experiments

. | Dock
Compd Structure IUPAC name Cso oc
no. (LM) score
4a O N-cycloheptyl-5,7-dimethylbenzo[d]thiazole- | 14.7 + 501
HaC 2-carboxamide 0.6 '
3

S HN N-cycloheptyl-7-methylbenzo[d]thiazole-2- 144 +

4b . -5.13
H carboxamide 0.5

O N-cycloheptyl-6-methylbenzo[d]thiazole-2- | 13.4+ | -5.72
carboxamide 0.4

4c

N-cycloheptyl-5-methylbenzo[d]thiazole-2- 145+

-4.99
carboxamide 0.5

e
« | O

N 9] carboxamide 0.2

S HN
4e ©: H O N-cycloheptyl-4-methylbenzo[d]thiazole-2- 10.1+ -5.78

N-cycloheptyl-4,6-dimethylbenzo[d]thiazole- | 14.6 + -5.74

4f
2-carboxamide 0.4

5,7-dichloro-N-cycloheptylbenzo[d]thiazole- | 15.2 + -5.60

4h
2-carboxamide 0.3

5-bromo-N-cycloheptylbenzo[d]thiazole-2- 172+
49 : -3.24
carboxamide 0.2
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. | Dock
Compd Structure IUPAC name Ceo oc
no. (UM) score
F

. S HNO N-cycloheptyl-5,7-difluorobenzo[d]thiazole- 78+

4i . -6.12
H 2-carboxamide 0.7
F N @)

ioi 6.7 £

Std Doxorubicin -- 05 -6.33

’ N

Figure (1): XPGlide-predicted pose for representative compounds 4i and 4e with the estrogenic binding receptor
active site. For clarity, only the polar hydrogen is shown. Hydrogen bonds are shown as dotted yellow lines. While
the inhibitor is shown as ball and stick model

These compounds were subjected to the anticancer activity following standard MTT assay protocol using
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TCP1020 cell line obtained from the ATCC. The
compound doxorubicin was used as standard drug, as this
was also used in the molecular docking study. The
experimental part is well established and was followed
according to the earlier reported methods. The results were
derived after three independent experiments were repeated
and the 1C50 was calculated for each of the molecule
including standard drug (Table 1). It was found that the
standard drug presents 1C50 of 6.7. In comparison to the
experimental compounds the compound 4i has IC50 of 7.8
which is highest in the series followed by 4e with IC50 of
10 (Table 1). These results are quit significant as these
values correspond to our findings from the molecular
docking studies. It was found that the compounds with
methyl group adjacent to the nitrogen of the benzothiaolyl
nucleus have good activity whereas, the molecules with
halogens also displayed greater activity, and the fluoro
substituted molecule displayed the highest activity. It can
be derived that the presence of methyl group and halogen
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