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Figure 1. Dielsiquinone (1), proposed (2), and a
marcanine D and marcanine E (4).
An efficient synthesis of anthraquinones by a tandem Diels–Alder-decarboxylation-manganese dioxide
mediated oxidation reaction was developed and applied to the regioselective synthesis of an
azaanthraquinone.

� 2008 Elsevier Ltd. All rights reserved.
Topoisomerase II inhibitors are highly efficacious antineoplastic
agents for various hematopoietic and solid tumors.1 However, their
usefulness is limited by their cardiotoxicity, and the search of new
topoisomerase II inhibitors with lower side effects remains an ac-
tive field of research.2 In a previous article, we presented electro-
chemical data that suggest that dielsiquinone (Fig. 1, 1), a potent
cytotoxic natural product related to anthracyclines, should be less
cardiotoxic than anthracyclines used in clinic, and may therefore
provide the basis for the development of safer anticancer drugs.3

In 1999, Suwanborirux reported the isolation of secondary metab-
olites related to dielsiquinone from the stem bark of Goniothalamus
marcanii, a rare small tree growing in Thailand.4 Among these,
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lternative (3) structures of
marcanine D displayed cytotoxic activities superior to that of diels-
iquinone against a variety of tumor cells. Unfortunately, this com-
pound could not be isolated in sufficient amount to record a
complete 13C NMR spectrum and to characterize it unambiguously.
A NOE effect between the hydroxyl proton and the 4-methyl pro-
tons suggested that this compound should be 2, but on handling
trace amounts of material some errors may occur.

The identification of marcanine E (4) in the same extract from
the stem bark suggested that the structure of marcanine D might
also be 3. The uncertainty of its structure, coupled with its natural
scarcity and therapeutic potential, prompted us to undertake the
synthesis of 2 and 3.

Attempts to synthesize 2 according to the strategy that we
developed for 1 were unsuccessful.3 We now had to identify a
new way to create the heterocyclic core of these compounds. Our
new approach was based on the synthesis of naphthoquinones
by the base–catalyzed Diels–Alder reaction hydroxypyrone 8 with
quinones, which was recently developed by Tsuboi and co-
workers.5

The synthesis of quinone 7 started with acylation of known
amine 5 (two steps from commercial 2,5-dimethoxyacetophe-
none),6 followed by cyclization under basic conditions to yield
quinolone 6 (29% for two steps) (Scheme 1). Attempts to oxidize
6 to the quinone 7 with ceric ammonium nitrate under classical
conditions7 gave unsatisfactory yields (624%), due to an extensive
degradation of the compound. Use of silver(II) dipicolinate devel-
oped for acid-labile products slightly increased the yield to 34%.8

Gratifyingly, oxidative demethylation of 6 with phenyliodine(III)
bis(trifluoroacetate)9 in water afforded the quinone 7 in an 80%
yield.10
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Scheme 1. Synthesis of Marcanine D.
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Initial attempts to perform the tandem Diels–Alder-decarboxyl-
ation reaction of 3-hydroxypyrone 8 with quinone 7 afforded a
mixture of the adducts 2 and 3 with a regioselectivity of 8:92 albeit
with yields inferior to 45%.11 Similar good regioselectivities have
been observed in the Diels–Alder reaction of related azaanthraqui-
nones with other types of diene.12

The presence of dihydroquinone 10 in the reaction medium
indicated that these low yields stem from the oxidation of the
intermediate 9 by the starting quinone 7 (Scheme 2). In their syn-
thesis of naphthoquinones, Tsuboi and co-workers performed the
Diels–Alder reaction of hydroxypyrone 8 with unexpensive
quinones, which were used in excess to oxidize the adduct to the
corresponding naphthoquinone.5

Attempts to oxidize in situ 9 by DDQ were not satisfactory.
Inspired by the use of manganese dioxide in tandem oxidation/
olefination recently developed by Taylor et al.,13 we added over
4 h a solution of quinone 7 to a mixture of hydroxypyrone 8,
Cs2CO3, and MnO2, with the hope that the intermediate 9 would
be oxidized in situ by MnO2. As far as we know, such an in situ
MnO2 oxidation of a Diels–Alder adduct had never been described
previously. To our greater delight, this reaction proceeded with a
91% yield affording 2 and 3 in an 8:92 ratio.14

The structure of 3 was confirmed by NOE between H-5 (d
7.57 ppm) and Me-4 (d 2.51 ppm) and by key HMBC correlations
from these protons and the C-10 carbonyl carbon at d 182 ppm
(Fig. 2).
Scheme 2. Proposed mechanism to explain the low yield of the Diels–Alder
reaction in absence of MnO2.

Figure 2. Key NOE and HMBC correlations of 3.
Compounds 2 and 3 were compared by HPLC–MS with an
authentic sample of marcanine D generously provided by Pr. Su-
wanborirux. Unfortunately, this sample had been too degradated
over time to prove unambigously the structure of marcanine D.
However, 2, but not 3, displayed the same retention time and the
same mass spectrum as one of the compounds present in this sam-
ple, which tends to confirm that the structure of marcanine D is
really 2.15

In conclusion, we described herein a concise synthesis of marca-
nines based on a new construction of anthraquinones by a tandem
Diels–Alder-decarboxylation-manganese dioxide mediated oxida-
tion reaction of quinone 7 with hydroxypyrone 8.
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