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ABSTRACT

Combination of benzothiazole and benzothiazole isosteres (benzoxazole
and benzimidazol€) with certain anticancer active heterocyclic compounds,
in one molecule, to increase its anticancer activity, was done and the study
of this combination regarding the anticancer activity was made.

In this study, substituted pyrazoles Illa-c were prepared through
diazotization of aminocompounds la-c followed by condensation with
acetylacetone then hydrazinalysis of intermediates | 1a-c (Scheme 1).
Scheme 2 includes the reaction of the amino group of la-c with 2-
chloromethyl-1H- benzimidazole (1V) to afford new compounds Va-c.
Thereaction of the amino group of la-c with pyrazolopyrimdine V111 gave
the desired compounds | Xa-c (Scheme 3).

Thecytotoxicity of compoundsllla-c, Va-c and | Xa-c was eval uated agai nst
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human breast carcinomacell line (MCF7).
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

The biotransformation of benzothiazole playsan
important roleto ctivate or deactivatethe benzothiazole
mol ecul e asanti cancer agent, sothefollowingfigure 1
showsthemain biotransformation of benzothiazole.

S-oxidation C-oxidation

| Ve
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S,
C-oxidation —s ) NH N-oxidation (and conjugation)
N 2= N-acetylation(then oxidation and
'

conjugation)

N-oxidation

Figurel
The mechanism action of benzothiazoleinvolves

induction of cytochromeenzyme (CY P1A1), catayzed
bi otransformation of benzothiazol eto generate el ectro-
philic species, which covdentlybindto DNA, exerting
lethal damageto sensitivetumor cells,invitroandin
vivolt-l,

The literature survey revealed that many
benzothiazoleisostereshave anticancer activity!®8,

Anideaof agreat interest isto combinethe phar-
macologicaly activebenzothiazolenucleusand itsisos-
terewith other nuclel having anticancer activity todis-
closetheactivity of theresulting compounds.

Many compounds containing pyrazol €2 asapart
of their structures have anticancer action. Thisdirected
us to the incorporation of these pharmacophoresin
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benzothiazol e and benzothiazoleisosteres nucleusto
afford compounds of the expected action.

RESULT AND DISCUSSION

Chemistry

Thestarting materia s (precursors) la-c were pre-
pared viacyclodehydration reaction between o-phe-
nylenediamine, 2-aminophenol or 2-aminothiophenol
with 4-aminobenzoic acid (PABA) using
polyphosphoric acid (PPA) asadehydrating agent ac-
cord to reported condition®14

Several dehydrating agents have been reported,
however, PPA isthereagent of choicesinceit wasdocu-
mented that it gave good yiel d and thisisthe procedure
that was adapted®**'4 (Scheme 1)

Diazotisation of compounds 1a-c followed by cou-
pling of thediazonium salt with acetylacetonein basic
medium gave compounds lla-c. The basic medium of
thisreaction was achieved by using one equiva ent of
sodium acetateto convert acetyl acetoneinto themono-
sodio derivative asaresult of removal of onea-proton
to yield an ambident anion®Y.

This conjugated base will be stabilised by reso-
nanceand reacted withthediazonium sdt toyield com-

e

1-NaNO,/HCI
2- Acetylacetone

X COCH,
)—@—N—Nzc\
N H COCH,
Ila-c
J NH,NH,
H.C
X TSN
) N—-N=C_ |
=N
N H,
X=NH,0o0rS Illa-c

Scheme 1
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poundsla-c.

Compounds|lla-c weresynthesi zed through reac-
tion of lla-c with hydrazine hydrate. Compounds|ila-
c were confirmed by disappearance of (C=0)peak in
IR of compoundslla-c. (Schemel)

CompoundsVa-c were prepared by nucleophilic
subdtitution of 2-chloromethylbenzimidazolewithamino
group of la-cusingNa,CO, asbasethiswasindicatein
IR through appearance of peak at 1612-1610 (C=N)
asoinHNMR peak at 54.6-4.68(CH,) (Scheme 2).

NH,
+ CICH,COOH

NH,

3
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N
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H

N H,

i aVar
N H

Va-c

Sesiewiqw,

Scheme 2

Nucleophilic substitution of compound V111 with
la-c, was used for the preparation of 1Xa-c.

INnTHNMR of compounds|Xa-c, significant two
single peaks appeared at 6 8.64(s, 1H, CH=N of
pyrazole), 6 8.75 (s,1H, CH=N of pyrimidine) and
also at & 10.65 (s, 1H, HN, D,O exchangeable).
(Scheme 3)

Anticancer
The cytotoxicity of compoundslla-c, Va-c and
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| Xa-c was evauated agai nst human breast carcinoma
cel line(MCF7). For comparison purposes, the cyto-
toxicity of doxorubicin (DOX), asastandard antitumor
drug, was eval uated under the same conditions. The

—= Pyl Peper

IC,, and IC,, (dose of the compound which caused a
50% and 90% reduction of surviva vaues) wereshown
iINTABLE 1. Theresultsarerepresented graphicdlyin
figure2and 3.

OH
PhNHNH, COOCH;s HeoNH, <
C,H,0-CH=CH(CN)COOC H, — | i | N
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-
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Figuré2 Figure3.
All thetested compoundswere found to possess
potential antitumor activities against the tested tumor EXPERIMENTAL
cel ling, withIC_, <10ug/ml (TABLE 1). Theresuits .
; Chemistry

in TABLE 1 demonstrate the sensitivity of individual
cell lines. Compoundsliic, and I1X b arethe most po-
tent compounds.

Meélting pointsweredetermined in open capillary
tubes on a Sonar melting point apparatus and were
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uncorrected. Reaction progresswasmonitored by thin
layer chromatography onsilicage sheets(Merck sillica
gel-G) and the purity of the compounds was ascer-
tained by single spot on TLC sheet. Proton nuclear
magnetic resonance (*H NMR) spectrawererecorded
in Bruker Avance [l 300 NM R spectrometer using ap-
propriate deuterated solventsand are expressed in part
per million (d, ppm) downfield from tetramethylsilane
(internal standard). Infrared (IR) spectrawererecorded
on aShimadzu FTIR spectrometer. Massand el ement
analysiswerecarriedin micr analytica centrein Cairo
university. Anticancer activity wascarried out in phar-
macol ogy department infaculty of veterinary medicine
inCaroUniversity.

General procedure for the synthesis of 2(4-
aminophenyl) benzimidazoles (la), 2(4-
aminophenyl) benzoxazoles (1b) and 2(4-
aminophenyl) benzothiazole (1c)* %1

A mixture of o-phenylenediamine, 2-aminophenol
or 2-aminothiophenol (0.05moal), 4- aminobenzoicacid
(0.05moal) and polyphosphoric acid (85 g) was heated
inan oil-bath at 220°Cfor 3 hs.

Thereaction mixturewas cooled then poured onto
ice-cooled 10 % sodium carbonate solution (1 liter).
Theformed solid product was collected, washed with
water and crystallized from agueous methanol toyield
compoundsla-c

Yield and m.p. asreported

Yield m.p.
la 80 % 245-247
Ib 60% 185-187
Ic 50% 155-157

General procedurefor thesynthesisof I1a-c

To an ice cooled solution of the corresponding
amino compoundsla-c (0.01moal) in hydrochloricacid
(2.5ml) and digtilled water (5ml), asolution of sodium
nitrite (0.013mol) indistilled water (5ml) was added
portionwise. Thissolution wasadded portionwisetoa
well-stirred cold solution of acetylacetone (0.01 mal)
in 50% agqueous ethanol (10ml) contai ning sodium ac-
etate (0.9g, 0.011moal). Thereaction mixturewaskept
inicefor 2 hrsand thenfiltered. The product wasdried
and crystdlized from ethanaol.

@Wu'c CHEMISTRY co—

3-{[4-(1H-Benzimidazol-2-yl)phenyl]-
hydrazono}pentan-2,4-dione(l1a)

Yield 80%; m.p.>300 °C; IR (KBr): 3298 (NH),
2919 (CH dliphatic) 1674 (C=0) and 1634 (C=N)
cmt; tHNMR (300 MHz, DM SO-d6): 6 2.49(s, 6H,
CH,), 6 3.43 (S, H, NH of benzimidazole D,O ex-
changeable) 6 7.50-7,82 (m, 6H, ArH), 5 8.34-8.37
(d, 2H, Ar-H) and & 12.63 (s, H, HN-N=C, D20
exchangeable) ppm; EIMS: m/z 320 [M*](20%)
Anal.Calcd for C H,N,O,: C, 67.49; H, 5.03; N,
17.49. Found; C, 67.23; H, 5.09; N,17.55%.
3-{[4-(1H-Benzoxazol-2-yl)phenyl]-
hydrazono}pentane-2,4-dione(I1b)

Yield 75%; m.p.>300 °C; IR (KBr): 3438 (NH),
2920 (CH aliphatic) 1673 (C=0) and 1622 (C=N)
cmt; tHNMR (300 MHz, DM SO-d6): 6 2.48 (s, 6H,
CH,), 8 7.32-7,88 (m, 6H, ArH), 5 8.22-8.24 (d, 2H,
Ar-H) and 6 13.73 (s, H, HN-N=C, D,0 exchange-
able) ppm; EIMS: m/z 321 [M*](18%); Anal.Calcd
for C H,/N.O,: C,67.28; H,4.71; N, 13.08. Found,
C, 67.16; H, 4.59; N,13.20%.
3-{[4-(1H-Benzothiazol-2-yl)phenyl]-
hydrazono}pentane-2,4-dione(l1c)

Yield 75%; m.p.>300 °C; IR (KBr): 3439 (NH),
2923 (CH aliphatic) 1675 (C=0) and 1626 (C=N)
cmt; tHNMR (300 MHz, DM SO-d6): 6 2.45(s, 6H,
CH,), 3 7.44-8.05 (m, 6H, ArH), 5 8.12-8.14 (d, 2H,
Ar-H) and 6 13.76 (s, H, HN-N=C, D,O exchange-
able) ppm; EIMS: m/z 337 [M*](15%) Anal. Calcd
for CH,.N,O,S: C,64.08; H, 4.48; N, 12.45. Found,
C, 64.12; H, 4.31; N, 12.29%.

General procedurefor thesynthesisof I11a-c

A mixtureof compound lla-c (0.01mol) and 99%
hydrazine hydrate (0.011mol) in ethanol (20ml) wasre-
fluxed for 6 hs. Thereaction mixturewasevaporated.
Theresiduewaswashed with water, dried and crysta -
lizedfromDMFE
N-(4-Benzimidazol-2-ylphenyl)-N-(3,5-
dimethylpyrazol-4-ylidine) hydrazine(l11a)

Yield 74%; m.p.>300 °C; IR (KBr): 3418,3190
(2NH), and 1626 (C=N) cm'%; *H NMR (300 MHz,
DMSO-d6): 6 2.50 (s, 6H, CH.), 6 3.80 (S, H, NH of
benzimidazole D, O exchangegbl€) 6 7.52-8.01 (m, 6H,
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ArH), ¢ 8.44-8.47 (d, 2H, Ar-H) and 6 12.65 (s, H,
HN-N=C, D, O exchangeable€) ppm; EIMS: m/z316
[M*](35%); Ana.Calcd for C H, N,: C, 68.34; H,
5.10; N, 26.56. Found; C, 68.38; H, 4.88; N, 26.38%.
N-(4-Benzoxazol-2-yl-phenyl)-N—(3,5-
dimethylpyrazol-4-ylidine)hydrazine(l11b)

Yield 74%; m.p.>300 °C; IR (KBr): 3199 (NH),
and 1612 (C=N) cm?; *H NMR (300 MHz, DM SO-
d6): 6 2.48 (s, 6H, CH,), 5 7.48-7.94 (m, 6H, ArH),
6 8.32-8.35 (d, 2H, Ar-H) and 6 12.95 (s, H, HN-
N=C, D,O exchangeable) ppm; EIMS: m/z 317
[M*](30%) Anal.Calcd for C H,.N.O: C, 68.13; H,
4.76; N, 22.07. Found; C, 68.28; H, 4.78; N,22.24%.
N-(4-Benzothiazol-2-yl-phenyl)- N— (3,5-
dimethylpyrazol-4- ylidine) hydrazine(l11c)

Yield 74%; m.p.>300 °C; IR (KBr): 3224 (NH),
and 1656 (C=N) cm?; *H NMR (300 MHz, DM SO-
d6): 6 2.48 (s, 6H, CH,), 5 7.48-8,25 (m, 6H, ArH),
and  12.65 (s, H, HN-N=C, D,O exchangeabl €) ppm;
EIMS: m/z 334 [M* +1], 21.37%. EIMS: m/z 333
[M*](27%)Anal.Calcd for C H,.N.S: C, 64.84; H,
4.53; N, 21.01. Found; C, 65.02; H, 4.79; N, 21.24%.

General procedurefor the synthesisof Va-c

A wdll girred mixtureof la-c (0.01mal), anhydrous
potassium carbonate (0.01mol) and 2-chloromethyl-
1H-benzimidazoles(1V) (1.66, 0.01mal) in ethanol (100
ml) was heated under reflux for 24 hs. Thereaction
mixturewasfiltered while hot and the solvent wasre-
moved by distillation under reduced pressure. Theresi-
due obtained was washed with water, filtered, dried
and crystdlized from butanol.
N-(1H-Benzimidazol-2-ylmethyl)-2-(4-
aminophenyl)- 1H-benzimidazole (Va)

Yield 74%; m.p.>300 °C; IR (KBr): 3300 (NH),
2919(CH dliphatic) and 1612 (C=N) cm?; *H NMR
(300 MHz, DM SO-d6): 6 3.5-4-5 (broad, 3H, 3NH,
D,0O exchangeable), 6 4.65 (s, 2H, CH,) and 5 6.88-
8.09(m, 12H, Ar-H) ppm; Ana.Cdcdfor C, H,_N..C,
74.32; H, 5.05; N, 20.63. Found; C, 74.22; H, 5.02;
N, 20.71%.
N-(1H-Benzimidazol-2-ylmethyl)-2-(4-
aminophenyl) benzoxazole (Vb)

Yield 74%; m.p.>300 °C; IR (KBr): 3456, 3296

= Fyl) Paper

(2NH), 3051(CH aromatic) and 1610 (C=N) cm?;
IH NMR (300 MHz, DM SO-d6): & 3.5-4-5 (broad,
2H, 2NH, D,0 exchangeable), 5 4.60 (s, 2H, CH,)
and 6 6.69-7.92 (m, 12H, Ar-H) ppm; Anal.Calcd for
C,H,N,0:C, 74.10, H, 4.74; N, 16.46. Found, C,

21 16

74.20; H, 4.52; N,16.33%.

N-(1H-Benzimidazol-2-ylmethyl)-2-(4-
aminophenyl) benzothiazole(Vc)

Yield 74%; m.p.>300 °C; IR (KBr): 3450, 3292
(2NH), 3050(CH aromatic) and 1611 (C=N) cm%; *H
NMR (300 MHz, DM SO-d6): 6 3.5-4-5 (broad, 2H,
2NH, D,0 exchangeable), 5 4.68 (s, 2H, CH,) and 6
6.65-7.92 (m, 12H, Ar-H) ppm; EIMS. m/z356 [M*],
91.56%; Anal.Calcd for C_H. N S: C, 70.76; H,

21 16 4

452; N, 15.72. Found; C, 70.79; H, 4.52; N,15.95%.
General procedurefor thesynthesisof | Xa-c

A well gtirred mixtureof la-c (0.01mal), anhydrous
potassium carbonate (0.01mol) and compound V111
(2.3g,0.01mol) inethanol (100 ml), was heated under
reflux for 12 hrs. Themixturewasfiltered whilehot and
the sol vent was removed by distillation under reduced
pressure. The obtained residue was washed with wa
ter, filtered, dried and crystallized from DMF.
[4-(1H-Benzimidazol-2-yl)1-phenyl] (1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl) amine(l Xa)

Yield 74%; m.p.>300°C; IR (KBr): 3427 br. band
(NH) and 1605 (N=C); 'H NMR (300 MHz, DM SO-
d6): 8 3.37 (s, 1H, HN, D,O exchangeable, NH of
imidazole) ppm; 6 7.37-8,05 (m, 13H, ArH), 6 8.18 s,
1H, CH=N of pyrazole), 6 8.32 (s, 1H, CH=N of py-
rimidine) and 6 12.22 (s, 1H, HN, D, 0O exchangeabl€)
ppm; Ana.Cacdfor C,H,N.: C,71.45 H,4.25 N,
24.30. Found; C, 71.59; H, 4.64; N,24.44%.
(4-Benzoxazol-2-yl-phenyl)-1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)amine (I Xb)

Yield 70%; m.p.>300 °C; IR (KBr): 3407 (NH)
3047(CH aromatic) and 1586 (C=N) cm?; *H NMR
(300 MHz, DMSO-d6): 6 6.32-8.05 (m, 13H, Ar-
H), 6 8.19(s, 1H, CH=N of pyrazole), 6 8.32(s, 1H,
CH=N of pyrimidine) and 6 12.25 (s, 1H, HN, D20
exchangeable) ppm; Anal. Calcd for C,,H, N O: C,
71.28; H, 3.93; N, 20.78. Found; C, 70.99; H, 4.00;
N,20.66%.
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(4-Benzothiazol-2-yl-phenyl) (1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl) amine(I Xc)

Yield 74%; m.p.>300 °C; IR (KBr): 3266 (NH)
3105-3025(CH aromatic) and 1633 (C=N) cm%; *H
NMR (300 MHz, DM SO-d6): 6 6.77-8.58 (m, 13H,
Ar-H), 6 8.64(s, 1H, CH=N of pyrazole), 6 8.75(s,
1H, CH=N of pyrimidine) and 6 10.65 (s, 1H, HN,
D20 exchangeable) ppm; EIMS: m/z 420 [M*]
(100%); Anal.Cdcdfor C,H, N .S: C, 68.55; H, 3.84;
N, 19.99. Found; C, 68.45; H, 4.00; N,20.12%.

Anticancer activity studied®¥

Anticancer activity sudiesweredoneat Cairo Uni-
versity, National Cancer Institute, Cancer Biology De-
partment, Pharmacology Unit. Compoundsllla-c, Va
cand I Xa-c weretested at concentrations between 1
and 10 ug/ml using SulfoRhodamine-B (SRB) assay
for cytotoxic activity against breast carcinomacell line
(MCF7)

Measurement of potentia cytotoxicity by SRB as-
say Potentid cytotoxicity of thecompoundswastested
using themethod of Skehan et d. ¥, asfollows: Cdls
wereplatedin 96 multiwel | plate (104 cdlls/wdl) for 24
hrsbeforetreatment with the compound(s) to dlow at-
tachment tothewal |l of theplate. Different concentra-
tions of the compounds (0, 1, 2.5, 5 and 10 ug/ml)
were added to the cell monolayer triplicatewellswere
prepared for eachindividua dose. Monolayer cdlswere
incubated with the compound(s) for 48 hrsat 37 °c in
atmosphere of 5% CO,,. After 48 h, cellswerefixed,
washed and stai ned with SulfoRhodamine-B stain. Ex-
cess stain was washed with acetic acid and attached
stain wasrecovered with TrisEDTA buffer. Color in-
tensity wasmeasured in an ELISA reader. Therelation
between surviving fraction and drug concentrationis
plotted to get the survival curveof eachtumor cell line
after the specified compound.

Thefollowing TABLE 1 shows|C50 (Doseof the
compound which reduced surviva to 50%)

Results

The percentageof cell survival wascalculated as
follows
Survival fraction=0.D. (treated cells)/O.D. (control cells)

The IC50 values (the concentration required to pro-
duce 50%inhibition of cell growth) wereca culated us-

ing sigmodial dose response curve fitting models
(GraphPad, Prizm softwareincorporated). Each con-
centration wasrepeated 3times. (TABLE 1)

TABLE 1 : In-vitro cytotoxicity of 12 synthesized
compounds

Viablecdls (%)

IC50 1C90

Compound Concentration (ng/ml) (ng/ml) (ug/ml)
1 25 5
Ia 0.895 0.573 0.421 0.360 1 3.67
b 0.945 0.595 0.349 0.342 1.18 3,50
Ic 0.932 0.435 0.332 0.413 1.09 2.32
Va 0.897 0.467 0.299 0.213 1.03 2.40
Vb 0912 0.564 0.441 0.324 1.04 3.75
Vc 0.937 0.482 0.289 0.199 1.13 2.37
IXa 0.899 0.452 0.279 0.201 1.02 2.33
IXb 0.921 0.469 0.343 0.125 1.07 2.40
IXc 0.954 0.544 0.311 0.343 1.18 2.93
DOX 0.938 0.403 0.194 0.177 0.297 0.83
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