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Abstract—The regiospecific oxidative ring cleavage of naphthothiazole and naphthooxazole quinonic derivatives was performed
by a microbial methodology using a Streptomyces strain. The subsequent C�C bond cleaved products were new 2-substituted-5-(2-
hydroxybenzoyl)thiazole or oxazole-4-carboxylic acid derivatives obtained in one step with 30–65% yields. © 2001 Elsevier
Science Ltd. All rights reserved.

Biological Baeyer–Villiger oxygenation constitutes an
important bioconversion type with interesting synthetic
applications due to regioselective and/or asymmetric
lactonization.1 Baeyer–Villiger oxidations accept as
substrates various aliphatic and alicyclic carbonyl
derivatives. As far as we know no quinonic substrate
has ever been depicted as a substrate for this reaction.
By contrast, the biosynthesis of several natural prod-
ucts such as the so-called seco-anthraquinones, like
xanthones,2–4 ergochromes,5 geodin,6–9 and recently iso-
lated metabolites such as balanol,10 or
coniochaetones,11 was suggested to imply an unusual
enzymatic Baeyer–Villiger process.3,7 This conversion of
anthraquinones to benzophenones and related metabo-
lites was mainly demonstrated by feeding studies with
18O2 and 13C-acetate, and an oxidative ring cleavage of
these anthraquinonic compounds is assumed to be the

key step. There is indeed only one reported partial
purification of the enzyme from Aspergillus terreus,
presumed to be responsible for the oxidative ring cleav-
age of questin 1 to yield the corresponding benzophe-
none desmethylsulochrin 2,12 as shown in Scheme 1.

This biotransformation is remarkable because it gener-
ates in a simple way the introduction of new structural
functionalities: a carboxyl group and a phenol group.
Applied to non-natural substrates,13 this biotransforma-
tion should be valuable for the easy access to a diversity
of novel heterocyclic ketone structures. So, in an
attempt to generate novel entities of putative pharma-
cological interest, we have explored such a microbial
ring cleavage reaction leading to novel heteroaromatic
ketone derivatives using as model substrate the hetero-
cyclic naphthoquinone 3 (Table 1).

Among 50 fungal and bacterial strains tested, Strepto-
myces platensis NRRL 236413 was selected as giving in
high yield (65% after purification) a single metabolite 4
with mass peak at m/z 316 (MH+) corresponding to the
expected molecular formula C15H9NO5S. The 1H, 13C
and 2D NMR spectra confirm that compound 4 is one
of the four possible ring-cleavage products.14 The struc-
ture of 4 was established unambiguously by X-ray
crystallography.15

We have thus demonstrated the ability of S. platensis
NRRL 236416 to convert the 2-furan-2-yl-naphtho[2,3-
d ]thiazole-4,9-dione 3 into the 5-(2-hydroxy-benzoyl)-2-
(furan-2-yl)-thiazole-4-carboxylic acid 4, as shown in

Scheme 1.
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Table 1. Biotransformations by S. platensis16

Table 1. The oxidative ring cleavage is regioselective
and occurs on the C4a�C4 bond as indicated in Fig. 1.

In order to explore the potential synthetic applications
of such a biotransformation, we investigated other sub-
strates as indicated in Table 1. Naphthothiazole-(5, 7)
and naphthooxazole-9 derivatives are efficiently con-
verted to open ketones, with a similar regioselectivity,
whereas naphthoimidazole derivative 11 is not metabo-
lized. Anthraquinonic derivatives like anthraquinone
itself 12 or emodin 13 are not substrate for this reac-
tion, and xanthone 14 is not cleaved either.

No lactone intermediate, as expected from a supposed
Baeyer–Villiger like reaction, is detected among the
microbial products. Nevertheless, such a lactone com-
pound, corresponding to a phenol ester, may have been
hydrolyzed in the incubation conditions. It is notewor-
thy that anthraquinones5 as well as compound 3 are not
cleaved by peracids under chemical Baeyer–Villiger oxi-
dation conditions, emphasising the synthetic interest of
the microbial reaction.

This reaction is the first reported example of a micro-
bial oxidative ring cleavage applied to the transforma-
tion of non-natural heterocyclic quinones. Moreover
the generated products are novel heteroaromatic
ketones formed efficiently in a single step.

Figure 1. View of molecule 4 from X-ray coordinates.



L. Le Texier et al. / Tetrahedron Letters 42 (2001) 4135–4137 4137

Encouraged by these results, we want to conduct a
substrate structure–ring cleavage relationship study and
we are currently investigating this cleavage reaction in a
biocombinatorial approach on a larger diversity of
substituted heterocyclic quinones. Besides, in order to
elucidate the biochemical cleavage mechanism, an enzy-
matic study is in progress.
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