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In present study novel series of benzothiazole derivatives were
synthesized and their anticarcinogenic efficacy was analyzed using
cancer cell lines (human small cell lung carcinoma, mouse melanoma
cell line and human larynx epithelial carcinoma). The compounds were
synthesized by simple and facile procedures and characterized by IR,
'H NMR and mass spectra study. The synthesized compounds were
screened for anticarcinogenic activity using in vitro assays. The compounds
were found to exhibit moderate anticarcinogenic activities in all cell
lines. Among the synthesized six compounds, T2 showed significant
activity in all cell lines.
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INTRODUCTION

In view of the fact, that a large number of derivatives of benzoxazoles,
benzothiazoles and benzimidazoles have been found to exhibit a wide variety of
pharmacological activities. From these derivatives the anticancer agents discovered
in recent years, the identification of various 2-(4-aminophenyl) benzothiazoles as
potent and selectively antitumor drugs against breast, ovarian, colon and renal cell
lines has stimulated remarkable interest' . Moreover, there is experimental evidence
suggesting a novel mechanism of action for these benzothiazole compounds and
our interest in the benzothiazole nucleus, it was considered worthwhile to synthesize
compounds bearing benzothiazole nucleus and their anticancer activities were
screened.

EXPERIMENTAL

The melting range of the synthesized compounds was performed by LAB India
visual melting point apparatus and is uncorrected. The IR spectra of the compounds
were recorded on Perkin-Elmer FT-IR spectrometer with potassium bromide
pellets. Mass spectra were recorded on Shimadzu GCMS QP 5000. The '"H NMR
and spectra of the synthesized compounds were recorded on a Bruker 300 NMR
spectrometer in deuterated methanol.
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General procedure for preparation of compounds (T1-T6)

Step I: A mixture of different 4-substituted aniline (0.01 mol) and potassium
thiocyanate (0.01 mol) in glacial acetic acid (20 mL) was cooled and stirred. To this
solution bromine (0.01 mol) was added drop wise at 10 °C. Stirring was continued
for an additional 3 h and the separated hydrobromide salt was filtered, washed with
acetic acid and dried. It was dissolved in hot water and neutralized with aqueous
ammonia solution (25 %), filtered, washed with water and dried, recrystallized
with benzene to obtain 6- substituted-1,3-benzothiazol-2-amine'".

Step II: To the solution of sodium cyanate (0.5 g) in minimum quantity of
water, glacial acetic acid (5 mL) was added. This solution was heated with respective
6-substituted-1,3-benzothiazol-2-amine (I) (1.7 g, 0.01 mol) in alcohol, until the
contents of the mixture became turbid and volume remained half of the original
volume. The contents were added to ice cold water. The solid (II) obtained was
filtered off and dried".

Step III: To a solution of compound II (0.01 mol) in ethanol/glacial acetic acid
(25 mL) was added hydrazine hydrate (99 %, 0.01 mol). The reaction mixture was
heated at reflux for 6 h and the solvent was removed under reduced pressure. The
separated solid was recrystallized from ethanol (IIT)".

Step IV: To a solution containing 95 % ethanol and 0.05 mol potassium
hydroxide (dissolved in 10 mL water) was added 0.05 mol compound III and 0.8 mL
of carbon disulfide. The mixture was refluxed for 5-6 h, contents were concentrated
and the residue obtained was dissolved in water and poured into ice cold water-acetic
acid (1:1). The solidified product thus obtained was filtered, dried and recrystallized
from ethanol (IV)".

Step V: Equimolar quantities of compound I'V and thiosemicarbazide in glacial
acetic acid (40 mL) was refluxed for 4-6 h. After cooling, the contents were poured
into crushed ice. The resulting solid was washed with distilled water, filtered, dried
in vacuum and recrystallized from warm ethanol (V)".

Compound T1 {1-(3-(6-chlorobenzo[d]thiazol-2-ylamino)-5-thioxo-1H-
1,2,4-triazol-4(5H)-yl) thiourea}: m.p. 188-190 °C; IR (KBr, Vi, cm™): 3436
(Ar-CH), 2854 (C-N), 1050 (C-N-C), 997 (N-C=S), 684 (C-Cl); EI-MS m/z: 357.82;
'H NMR (MeOD) (8 ppm): 9.1 (1H, s, Hetero - NH), 7.4 - 7.9 (3H, m, Ar-CH), 5.2
(1H, s, C-NH), 5.0 (1H, s, N-NH), 4.6 (2H, s, -NH,).

Compound T2 {1-(3-(6-fluorobenzo[d]thiazol-2-ylamino)-5-thioxo-1H-
1,2,4-triazol-4(5H)-yl) thiourea}: m.p. 148-150 °C; IR (KBr, Vi, cm™): 3412
(Ar-CH), 2921 (C-N), 1090 (C-N-C), 802 (N-C=S); EI-MS m/z: 341.37; '"H NMR
(MeOD) (8 ppm): 8.5 (1H, s, Hetero -NH), 7.0-7.5 (3H, m, Ar-CH), 5.2 (I1H, s,
C-NH), 5.0 (1H, s, N-NH), 4.6 (2H, s, -NH,).

Compound T3 {1-(3-(6-bromobenzo[d]thiazol-2-ylamino)-5-thioxo-1H-
1,2,4-triazol-4(5H)-yl) thiourea}: m.p. 100-102 °C; IR (KBr, Vi, cm™): 3415
(Ar-CH), 2854 (C-N), 1068 (C-N-C), 860 (N-C=S), 548 (C-Br); EI-MS m/z: 402.02;
'H NMR (MeOD) (8 ppm): 9.1 (1H, s, Hetero -NH), 7.5-7.8 (3H, m, Ar-CH), 5.1
(1H, s, C-NH), 4.9 (1H, s, N-NH), 4.7 (2H, s, -NH,).
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Compound T4 {1-(3-(6-nitrobenzo[d]thiazol-2-ylamino)-5-thioxo-1H-1,2,4-
triazol-4(SH)-yl) thiourea}: m.p. 178-180 °C; IR (KBTI, Vinay, cm™): 3427 (Ar-CH),
2854 (C-N), 1090 (C-N-C), 789 (N-C=S), 1452 (C-NO»); EI-MS m/z: 368.58; 'H
NMR (MeOD) (8 ppm): 8.7 (1H, s, Hetero -NH), 7.0-7.2 (3H, m, Ar-CH), 5.0 (1H,
s, C-NH), 4.8 (1H, s, N-NH), 4.6 (2H, s, -NH,).

Compound T5 {1-(3-(6-methoxybenzo[d]thiazol-2-ylamino)-5-thioxo-1H-
1,2,4-triazol-4(5H)-yl) thiourea}: m.p. 136-138 °C; IR (KBr, Vi, cm™): 3435
(Ar-CH), 2852 (C-N), 1254 (C-N-C), 728 (N-C=S); EI-MS m/z: 353.35; 'H NMR
(MeOD) (8 ppm): 9.4 (1H, s, Hetero -NH), 6.7 - 7.5 (3H, m, Ar-CH), 5.1 (1H, s,
C-NH), 4.9 (1H, s, N-NH), 4.8 (2H, s, -NH,), 3.3 (3H, s, -OCH3).

Compound Té6 {1-(3-(4,6-dinitrobenzo[d]thiazol-2-ylamino)-5-thioxo-1H-
1,2,4-triazol-4(5H)-yl) thiourea}: m.p. 142-144 °C; IR (KBTI, Vi, cm™): 3450
(Ar-CH), 2923 (C-N), 1126 (C-N-C), 837 (N-C=S), 1496 (C-NO,); EI-MS m/z:
413.58; '"H NMR (MeOD) (8 ppm): 9.0 (1H, s, Hetero -NH), 7.0 - 8.2 (2H, m,
Ar-CH), 5.2 (1H, s, C-NH), 4.8 (1H, s, N-NH), 4.6 (2H, s, -NH.>).

Biological assay: Biological evaluation of the compounds was performed to test
a potent anticancer activity. In this study, the influence of a different concentration
of each compound on proliferation of cancer and normal cell lines was examined.
0.1 mL of the cell suspension (containing 5 x 10° cells/100 pL) and 0.1 mL of the
test solution (6.25-100 pg in 1 % DMSO such that the final concentration of DMSO
in media is less than 1 %) were added to the 96 well plates and kept in 5 % CO,
incubator at 37 °C for 72 h. Blank contains only cell suspension and control wells
contain 1 % DMSO and cell suspension.

After 72 h, 20 uL of MTT was added and kept in carbon dioxide incubator for
2 h followed by propanonl 100 uL. The plate was covered with aluminum foil to
protect it from light. Then the 96 well plates are kept in rotary shaker for 10-20
min.

After 10-20 min, the 96 well plates were processed on ELISA reader for absorption
at 562 nm. Each result is a mean value from three separate experiments, performed
in triplicate. The readings were averaged and viability of the test samples was compared
with DMSO control.

RESULTS AND DISCUSSION

Scheme-I summarizes the general synthetic approach that we employed for
the synthesis of novel benzothiazole derivatives (T1-T6). All the compounds (T1-T6)
were initially evaluated in MTT assay using three cancer cell lines consisting of
A-549 (human small cell long carcinoma), BsF;o (mouse melanoma cell line), Hep-2
(human larynx epithelial carcinoma) and their antcancer activity data (Gls,) are
provided in Table-1. Among these compounds, the highest activity was observed
with compound T2, but moderate activity was observed with compound TS.
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Scheme-I: Synthesis of novel benzothiazole derivatives

TABLE-1
GlI,, OF THE SYNTHESIZED COMPOUNDS
Sample A-549 B, F, Hep-2 Mean

G, TGI 1LC, GI, TGI LC, Gl, TGl LC, Gl
TI 228 495 >100.0 155 466 915 221 488 792 5233
T2 252 555 916 225 476 980 326 710 >1000 46.67
T3 248 592 969 269 514 992 321 769 >1000 59.16
T4 225 635 >1000 416 619 >100 268 617 >100.0 49.00
TS 183 295 680 184 438 810 297 637 >1000 47.00
T6 252 585 987 277 480 977 313 755 >1000 57.33

The final results are in G, (growth inhibition 50), TGI (total growth inhibition), LCs, (lethal
concentration 50). Concentration used (um-micro molar) 100, 10, 1, 0.1 and 0.01 um.
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Biological activity: All the synthesized compounds (T1-T6) were screened
for their anticancer activity against the cell lines (human small cell lung carcinoma,
mouse melanoma cell line, human larynx epithelial carcinoma). The Gls, of the
synthesized compounds was determined using MTT assay method. DMSO was
used as solvent and blank. It was observed that compound T2 was more effective
against all the cell lines. The best mean Gls, values were achieved with compound
T2 and TS with slight difference among them. Other examined compounds exhibited
a moderate inhibitory effect, depending on type of the cells. All the compounds
(T1-T6) were found to exhibit mild to moderate anticancer activities in all cell
lines and the results were summarized in Table-1.

Conclusion

The anticancer screening of synthesized compounds (T1-T6) were evaluated
against cancer cell lines and the synthesized compounds were found to exhibit mild
to moderate anticancer activities in all cell lines.

In conclusion, T2 >T5>T4 >T1 >T6 > T3.

Fluoro, -OCH; pharmacophore containing compounds shows significant lead
optimization. So further beneficial pharmacophore modifications in the design of
benzothiazole as promising anti cancer agent. Generally the anticancer activity of
the synthesized compounds may be due to the presence of versatile pharmacophores
like fluoro, -OCHs.

All the synthesized compounds containing -NHo as part of the structure, due to
high hydrogen bonding and delocalization of T electrons may be the reason for
promising activity.

Sulfur containing compounds have promising in biopotency, especially thio
(C=S) group as part of structure. So, this also may chance for increasing the
lipophilicity of the synthesized compounds, automatically potency also.
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