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ABSTRACT

A short synthesis of intermediates possessing the tricyclic core of natural madangamines, bioactive alkaloids found in marine sponges, is
described. The key reaction entails the condensation of the sodium salt of diethylacetonedicarboxylate with a dihydropyridinium salt derivative.
This new approach is modeled on a biogenetic proposal linking madangamines to ircinals, related alkaloids occurring in sponges of the same
order.

Madangamine A (Figure 1) is a cytotoxic alkaloid that
exhibits inhibitory activity against a number of tumor cell
lines. It was isolated from the marine spongeXestospongia
ingensby Andersen in 1994.1 The discovery of madangamine
A was followed by the isolation, from the same sponge, of
four analogues, madangamines B-E.2 These alkaloids belong
to a large family of natural products extracted from sponges
of the order Haplosclerida.3 Their tricyclic core is unprec-
edented, and this original structure has thus encouraged
substantial synthetic efforts. As a result two approaches4 to
the tricyclic core of madangamines have been reported to
date.

Interestingly, a hypothesis has been proposed to explain
the biosynthetic origin of madangamines.1 This hypothesis,
based on the initial proposal of Baldwin and Whitehead

concerning the biosynthesis of manzamine alkaloids,5 sug-
gests that madangamines can be derived from keramaphidin-
like derivatives.

In this paper we present a related but quite different
pathway that links madangamines to ircinal derivatives
according to Scheme 1. This proposal is based on our
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Figure 1. Structures of madangamines A-E.
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suggested modification6 of the Baldwin and Whitehead
hypothesis in which manzamine alkaloids can alternatively
be viewed as derived from malondialdehyde and long chain
aminoaldehyde derivatives to give intermediates such as1
(Scheme 1). Reduction of these intermediates followed by
oxidation can give access to ircinal derivatives such as ircinal
B (n ) 1), precursors of manzamines.

As an alternate pathway, intermediate1 (n ) 3) was
reduced to give, after double-bond migration, amino aldehyde
2. Ring opening could then occur, leading to the imine
derivative3 whose reduction would afford secondary amine
4. Cyclization to the corresponding double-iminium salt
derivative5 could then produce produce pentacyclic inter-
mediate6, a final double-bond migration affording madan-
gamine C.

Interestingly, intermediate4 can be considered as being
in equilibrium with dihydropyridinium intermediate7 via a
retro-vinylogous Mannich reaction (Scheme 2). This obser-
vation is at the origin of our retrosynthetic analysis of the
madangamine core skeleton. Accordingly, we decided to
target the dihydropyridinium salts of general structure8 and
to study their reaction with acetone dicarboxylate as a
bisnucleophilic reagent in order to access to the tricyclic

derivatives9. In this paper we report, as a result of model
experiments, the success of this approach for the construction
of the tricyclic core of madangamines.

The synthesis of dihydropyridinium species corresponding
to 8 started from tetrahydropyridine10 (Scheme 3), available

in two steps from nicotinic acid methyl ester. Alkylation7

with n-butyl bromide afforded derivative11, which was
reduced to aldehyde12. Formation of imine13 followed by
isomerization to148 and hydrolysis gave primary amine15.
Additionaly, reductive amination of aldehyde12 with n-
butylamine followed by trifluoroacetylation afforded tet-
rahydropyridine16a. Trifluoroacetylation of amine15 finally
gave tetrahydropyridine16b. Treatment of16a or 16b
(Scheme 4) withm-CPBA affordedN-oxide derivatives17a
and17b, respectively, as a mixture of diastereoisomers that
can be separated by chromatography on silica gel (undefined
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Scheme 1. Possible Biogenetic Scenario Linking
Madangamines to Ircinal Derivatives

Scheme 2. From the Biogenetic Scenario to a Synthetic
Strategy

Scheme 3. Synthesis of Tetrahydropyridines16a,b
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stereochemistry). The desired dihydropyridinium salts18a
and 18b were, however, obtained using the conditions of
the Polonovski-Potier reaction9 on the corresponding crude
N-oxide diastereoisomeric mixtures.

In a preliminary study, salt18a was treated with the
sodium salt of acetone dicarboxylate diethyl ester at ambient
temperature, and the adducts were purified by chromatog-
raphy on silica gel. Three adducts19a, 20a, and21a were
isolated under these conditions in a 42/27/31 ratio, and their
structure was resolved by NMR spectroscopy.10 This struc-
tural attribution was further secured by an X-ray analysis of
adduct19a, depicted in Figure 2. The results clearly showed
that the stereoselectivity of addition was rather low and in
favor of the undesired isomers19a and20a, which cannot,
in principle, form an amide bond with the masked secondary
amine to give the madangamine core.

However, this problem was shown to be easily overcome
on the basis of a study of the reaction starting from
dihydropyridinium salt18b.

Thus, treatment of salt18bwith the sodium salt of acetone
dicarboxylate diethyl ester resulted in the formation of a
mixture of adducts. Adducts19b and21b were detected in
this mixture, but due to a difficult separation, only adduct
19b could be isolated and characterized.

However, when the crude mixture of adducts was treated
with an alkaline solution of EtOH/H2O at reflux, two tricyclic
derivatives22 and 23 were obtained in 50% overall yield

from N-oxides17b and in a 65/35 ratio (Scheme 5). These
products were separated by chromatography on silicagel.

This result demonstrates that the “wrong” isomers19 and
20 can in fact also give access to the desired tricyclic core
of madangamines via an interesting rearrangement. A simple
mechanism for this rearrangement, explaining the formation
of the tricyclic derivative23, is depicted in Scheme 6. The
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Scheme 4. Synthesis of Salts18, Analogues of Salts8, and
Their Reactions with Acetone Dicarboxylate Diethylester as a

Bisnucleophilic Reagent

Figure 2. ORTEP drawing of adduct19a. Displacement ellipsoids
are shown at the 30% probability level.

Scheme 5. Madangamine Tricyclic Core Models

Scheme 6. Proposed Mechanism for the Formation of
Tricyclic Derivative23
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initial adduct24 (equivalent to19b and20b if R ) CO2Et,
but R ) H is also to be considered) is likely to be in
equilibrium with enone25 by a retro Michael process.
Rotation of the C-C bond adjacent to the quaternary center
then allows amide formation with the benzylic amino group
followed by Michael addition of the primary amine and
decarboxylation to give tricyclic derivative23.

In conclusion, the successful synthesis of madangamine
models22and23 is encouraging for future work concerning
the total synthesis of madangamines based upon our bioge-
netically inspired strategy. The approach is stereoselective
and also offers some flexibility. In addition, this access to
the core skeleton of madangamines competes favorably with
other reported strategies with regard to the number of steps

(10 steps from the readily accessible tetrahydropyridine11).
Finally, it should be emphasized that the novel “3+ 3”
nucleophilic addition of acetone dicarboxylate esters to
dihydropyridinium salts described here, which gives adducts
such as19-21, offers a practical access to the 2-azabicyclo-
[3.3.1]nonane framework.

Supporting Information Available: Experimental pro-
cedures and copies of NMR spectra for compounds11-15,
16a,b, 17a,b, 18a,b, 19a,b, 20a, 21a, 22, and 23. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL050740I

2440 Org. Lett., Vol. 7, No. 12, 2005


