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AbstractÐThe synthesis of a series of new antitumour agents, the benzothiazole substituted quinol ethers and esters, is reported via
the hypervalent iodine mediated oxidation of hydroxylated 2-phenylbenzothiazoles. The products were found to be active in vitro
against human colon and breast cancer cell lines with IC50 values in the nanomolar range. # 2000 Elsevier Science Ltd. All rights
reserved.

The hypervalent iodine reagent, [di(acetoxy)iodo]-
benzene (DAIB) and its tri¯uoroacetate analogue, have
emerged in recent years as mild and selective oxidising
agents for a wide range of phenolic substrates.1 In
addition, it has recently been reported that the oxida-
tion products of bioactive phenols may be more active
as antitumour agents than their reduced counterparts.2

With these observations in mind, we initiated a program
of research looking into the antitumour activity of novel
chemically diverse oxidation products of biologically
active phenols.3 As an extension to our interest in the
area of hydroxylated tyrosine kinase inhibitors,4 we
have recently described how control of structural diver-
sity can be achieved for the oxidation of tyrphostins
using DAIB5 according to the reaction conditions
employed and the choice of phenol.

In this paper, the novel products arising from the oxida-
tion of 2-(4-hydroxyphenyl)benzothiazole (1), namely
quinol ester 3a and ethers 3b±e, and their potent and
selective in vitro activity against human tumour cell lines
is described. Products of type 3 represent a distinct, but
structurally related, series of antitumour agents com-
pared to the 2-(4-aminophenyl)benzothiazoles dis-
covered and under development in our laboratories.6 The
oxidation of 2-(3-hydroxyphenyl)benzothiazole (2) and 6-

hydroxy-2-phenylbenzothiazole (5) under analogous con-
ditions to give 4,4-dialkoxy-3-(benzothiazol-2-yl)cyclo-
hexa-2,5-dienones (4a,b) and 7,7-dialkoxy-6,7-dihydro-6-
oxo-2-phenylbenzothiazoles (6a,b) respectively and eva-
luation of their antitumour properties is also described.

Chemistry

The precursor phenols for the oxidation studies are
readily synthesised via condensation of o-aminothio-
phenol with 4- or 3-hydroxybenzaldehyde7 under Dean±
Stark conditions to give the product 2-(4-hydroxy-
phenyl)- and 2-(3-hydroxyphenyl)benzothiazoles 1 and
2 respectively. Treatment of 2-(4-hydroxyphenyl)-
benzothiazole 1 with DAIB in acetic acid and in a range
of alcohols as shown in Scheme 1 gives rise to a series of
novel benzothiazole-substituted quinol ester and ether
derivatives.8 Although the yields for the oxidation reac-
tions described are modest, the products resulting from
the oxidation represent unusual examples of heteroaro-
matic quinol derivatives and are stable solids at ambient
temperature. Previous examples of this type of oxida-
tion reaction have been con®ned to the corresponding
alkyl-9 or phenyl-substituted quinol methyl ethers pre-
pared from the precursor phenols via DAIB10 or elec-
trochemical11 oxidation.

The corresponding oxidation of 2-(3-hydroxyphenyl)-
benzothiazole (2) using two equivalents of DAIB in
methanol or ethanol to give 4,4-dimethoxy- or 4,4-di-
ethoxy-3-(benzothiazol-2-yl)cyclohexa-2,5-dienone 4a or
4b respectively12 is outlined in Scheme 2.
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DAIB oxidation of 6-hydroxy-2-phenylbenzothiazole
(5)13 gave similar results; the major product arising from
oxidation (two equivalents of DAIB) in methanol or
ethanol being 7,7-dialkoxy-6,7-dihydro-6-oxo-2-phenyl-
benzothiazoles 6a or 6b14 (Scheme 3).

Biological Results

Compounds 3a±e and 4a,b have been evaluated for in
vitro antitumour activity in the human colon cancer
cell lines HCT-116 (wt p53, mutant ras) and HT29
(mutant p53, wt ras) and also in the breast cell lines
MCF-7 (oestrogen receptor positive) and MDA468
(oestrogen receptor negative). IC50 values (mM) for each
cell line were determined using the three day MTT assay
previously used for studies on the antitumour 2-(4-ami-
nophenyl)benzothiazole series.5 IC50 values for the phe-
nolic starting materials were also determined. The
results of these studies are shown in Table 1.

A number of interesting conclusions can be drawn from
the results shown in Table 1:

(i) In both colon cell lines tested quinol ester com-
pound 3a was the most potent (0.24 mM for
HCT-116). All the oxidation products tested were
found to be more active in the HCT-116 cell line
(wt p53, mutant ras) than the HT29 (mutant p53,
wt ras).

(ii) In three of the four cell lines tested the oxidation
product quinol derivatives 3±4 were found to be
signi®cantly more active than the phenols from
which they were derived, providing some valida-
tion of our original hypothesis that the oxidation
products would show increased antitumour activ-
ity. The exception to this observation was the
breast cell line MDA468 (oestrogen receptor
negative), where compounds 1 and 2 were found
to be potent and to exhibit an unusual biphasic
dose±response relationship.6

Conclusions

A novel series of antitumour quinol derivatives has been
synthesised and evaluated in vitro against human colon
and breast cancer cell lines. The most potent com-
pounds in the series exhibit nanomolar activity in these
cells. Further work is underway to build on these excit-
ing preliminary ®ndings through the synthesis and eva-
luation of new examples of this class of compound and
through biological mechanism of action studies.
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Scheme 1. DAIB oxidation of 2-(4-hydroxyphenyl)benzothiazole 1.

Scheme 2. DAIB oxidation of 2-(3-hydroxyphenyl)benzothiazole 2.

Scheme 3. DAIB oxidation of 6-hydroxy-2-phenylbenzothiazole 5.

Table 1. IC50 (mM) values for compounds 1,2, 3a±e and 4a,b against

colon (HCT-116 and HT29) and breast (MCF-7 and MDA468) cell

lines in vitro (3 day assay)a

Compound HCT-116 HT29 MCF-7 MDA468

1 >100 83.7 53.4 0.14b

2 >100 78.7 51.8 0.05b

3a 0.24 0.52 0.23 0.09
3b 0.60 2.6 0.56 0.51
3c 0.89 1.98 0.51 0.74
3d 0.27 1.10 0.31 0.19
3e 0.53 1.81 0.28 0.77
4a 22.2 40.5 19.1 15.4
4b 1.18 14.7 1.80 3.7

aValues are the mean of three experiments.
bIndicates biphasic dose±response relationship.6
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