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ABSTRACT

Cyclization of the intermediate radical formed after initial oxidative coupling between thiophenols and aromatic nitriles leads to the synthesis
of a wide range of 2-arylbenzothiazoles.

The benzothiazole nucleus is of particular interest especially
within the realm of medicinal chemistry. Many useful
therapeutic agents contain the benzothiazole moiety. For
example, 2-(4-aminophenyl)benzothiazoles (I ) represent a
novel class of potent and selective antitumor agents.1

2-Arylbenzothiazoles are most commonly synthesized via
one of the two major routes. The most commonly used direct
method involves the condensation of ortho amino thiophenols
with substituted aldehydes, carboxylic acids, acyl chlorides,
and nitriles.2 This method, however, suffers from limitations
such as the difficulties encountered in the synthesis of readily
oxidizable 2-aminothiophenols bearing substituent groups.
Another route is based on the potassium ferricyanide
(Jacobson’s method) cyclization of thiobenzanilides.3

Roe and Tucker reported the synthesis of 2-arylbenzothia-
zoles through the use of a bromo substituent ortho to the
anilido nitrogen and formation of a benzyne intermediate
followed by intramolecular cyclization.4 A similar strategy,
for the synthesis of a range of 7-substituted benzothiazoles
via directed metalation followed by benzyne formation and
subsequent cyclization, has also been reported.5 These
strategies, however, were found to be incompatible with nitro
functionality on the aryl ring and do not represent a general
route to 2-arylbenzothiazoles. On the basis of the strategy
of Spitulnik6 for the synthesis of 2-methylbenzothiazoles,
recently the regiospecific synthesis of 5- and 7-monosub-
stituted and 5,6-disubstituted-2-arylbenzothiazoles via base-
induced cyclization/bromide displacement strategy has been
reported.

All the above routes to 2-arylbenzothiazoles except the
very first one need the precursor thiobenzanilides, whose
synthesis involves a multistep transformation.7 Therefore, a
new alternative route for the synthesis of 2-arylbenzothiazoles
needs to be explored. It was reasoned that ceric ammonium
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nitrate (CAN), an excellent one-electron oxidant,8 can be
employed for radical generation and subsequent cyclization.
Accordingly, the thiophenols were treated with aromatic
nitriles in the presence of ceric ammonium nitrate, and as
envisaged the reactions proceed smoothly to afford the
corresponding 2-arylbenzothiazoles in excellent yield9 (Scheme
1).

The results are summarized in Table 1. As shown in the
table, the synthesis of 2-arylbenzothiazoles bearing substit-
uents in both the benzothiazolyl and aryl rings is ac-
complished in excellent yield. It is further seen that 2-aryl-
benzothiazole bearing nitro functionality on the aryl ring
(entry 1e) is obtained in good yield by this method. This
contrasts, however, with the Bu3SnH/AIBN-promoted10 cy-
clization of aryl radical onto thioamides for the synthesis of
arylbenzothiazoles, where under these conditions thioamides

containing a nitro functionality on the aryl ring underwent
decomposition rather than benzothiazole formation.

The usefulness of this methodology lies in the fact that
the reactions are carried out rapidly under extremely mild
conditions to give the product 2-arylbenzothiazoles (entries
1a-j) in excellent yield. Moreover, the method is compatible
with many substituents such as halogen, alkoxy, cyano, nitro,
etc. in the substrate. Unfortunately, the presence of an amino
substituent in the substrate leads to the quinone type product
via ready oxidation under reaction conditions rather than
benzothiazole formation. In conclusion, the methodology
reported herein is expected to be a quite general route for
the synthesis of a wide range of 2-arylbenzothiazoles.
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Scheme 1

Table 1. CAN-Mediated Synthesis of 2-Arylbenzothiazoles

R1 R2 R3 R4 yielda (%)

1a H H H H 95
1b H H H CH3O 95
1c H CH3 H CH3 90
1d H CH3 CH3O CH3O 89
1e CH3 H H NO2 85
1f F H Cl H 87
1g Cl Cl H Cl 87
1h H CF3 H Br 78
1i H CF3 I H 80
1j Br H H CN 96

a Yield refers to the pure isolated product.
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