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ABSTRACT

A new type of furan-iminium cation cyclization was developed and used to construct the ABC ring of manzamine A. The cyclization proceeded
at the 2-position with complete regio- and stereoselectivity to give a spiro-center. The product was efficiently converted to the highly substitute d
core structure of manzamine A.

Manzamine alkaloids have attracted considerable attention
because of their unique structure and diverse biological
activities, and new related compounds continue to be isolated
from marine sources.1 Manzamine A, which was the first
manzamine alkaloid isolated by Higa et al.2 contains a 6/6/
5/8/13 diazapentacyclic skeleton with aâ-carboline ring and
has shown a variety of biological activities, such as antitu-
mor, antituberculosis, and strong antimalarial activities.
Although many attempts have been made to construct this
attractive molecule,3 only Winkler and Martin have reported
a total synthesis.4

Recently, we achieved the first total synthesis of a
manzamine alkaloid, nakadomarin A, by two different
synthetic pathways.5 In our synthetic study of nakadomarin
A, furan-iminium cation cyclization,6 which is intramolecular
nucleophilic addition of furan to acyl iminium cation, was

found to be an efficient method for construction of the core
6/5/5/5 structure (Scheme 1). To expand the scope of this
reaction to the synthesis of a 6/6/5 ring system, such as the
ABC core of manzamine A, we have been studying two
cyclization patterns. The cyclization of1, which has one
carbon linker between a spiro-piperidine ring and a 2-furyl
group, at the 3-position of furan would give tetracyclic furan
2. The cyclization of3, which has two carbon linkers
connecting the spiro-piperidine ring and 2-furyl group, might
proceed at the 2-position of furan to result in the construction
of the six-membered B ring of4 with a tetra-substituted
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asymmetric center. In both reactions, the furan unit would
be useful for constructing the D ring of manzamine A. Since
the regio- and stereoselectivity of these cyclizations have
not been clearly demonstrated before, we decided to start
an initial model study using substrates that have no sub-
stituent at C34.

The synthesis of cyclization precursors is outlined in
Scheme 2. Compound57 was converted to the enol triflate
6, and one carbon linker and a 2-furyl group were then
introduced by a carbonylative Stille coupling reaction8 to

give 7 in 87% yield. The ketone was reduced to increase
the nucleophilicity of furan. After protection of the hydroxyl
and lactam groups,N-Boc-lactam 8 was converted to
hemiaminal9, an iminium cation precursor, by reduction
using LiBEt3H.9

Both precursors,13and14, which have two carbon linkers
between a spiro-piperidine ring and a 2-furyl group, were
also synthesized from5. Wittig reaction and diastereoselec-
tive hydrogenation10 gave ester11, which was converted to
2-furyl ketone12 via Weinreb amide.11 After this ketone
was converted to a thioketal or siloxy group, the same
transformation of lactam as described above gave hemiami-
nals13 and14.

Hemiaminals9, 13, and14 were then exposed to acidic
media (Scheme 3). Depending on the structure of the
substrates, cyclization conditions were modified slightly and
cyclization occurred under mild acidic conditions without
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Scheme 1. Synthesis of Manzemine Alkaloids Using Furan-Iminium Cation Cyclization

Scheme 2. Synthesis of Cyclization Precursors
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deprotection of acid-sensitive TBS and Boc groups. All of
these reactions proceeded in a regioselective manner com-
pletely at the 2-position of furan regardless of the length of
the carbon tether to generate new spiro-centers. Furthermore,
the stereochemistry of the newly formed tetrasubstituted
spiro-centers was also completely controlled and consistent
with the corresponding stereocenter of manzamine A (C12).
The structure of each cyclized product was determined by
X-ray or NMR analysis.12

The observed stereoselectivity could be explained by
Diels-Alder-type transition states (Figure 2). The face
selectivity of furan might be controlled by interaction with

an acyl group attached to the iminium nitrogen.6c,13 Several
types of intramolecular furan-iminium cation cyclizations
have been reported, for example, cyclization of 3-substituted
furan at the 2-position,6b cyclization of 2-substituted furan
at the 3-position,6a,band cyclization of 2-substituted 5-siloxy
furan at the 2-position.6c However, intramolecular furan-
iminium cation cyclization of 2-monosubstituted furan at the
2-position has not been reported, and the high level of
diastereoselectivity in this reaction is noteworthy.

We also studied the introduction of a C1 unit at the B
ring, which is a key functional group for preparingâ-car-
boline (Scheme 4). Unfortunately, the thioketal group of18
could not be deprotected effectively. Deprotection of the TBS
group of 17 followed by hydrogenation of olefin in the
lactone ring gave secondary alcohol19 quantitatively as a
1:1 mixture of diastereomeres. Thus, a secondary alcohol of
19 at C11 was oxidized to ketone20, whose structure was
determined by X-ray analysis. However, all attempts to
introduce a C1 unit byR-acylation of20were unsuccessful.14

We next synthesized epoxide23 from 19b by dehydration
to give22 followed by epoxidation using DMDO. Although
19a could not be directly used to synthesize23, 19a could
be converted to19b via 20 by an oxidation-reduction
sequence. Regioselective nucleophilic epoxide opening was
accomplished using the method reported by Utimoto15 to give
â-cyanohydrin 24. Finally, usual dehydration gaveR,â-
unsaturated nitrile25, which has all of the functional groups
necessary to synthesize the manzamine A structure except
for the E ring.

In summary, we have developed a new synthetic pathway
to the ABC core skeleton of manzamine A. A noteworthy
feature of this synthesis is the highly regio- and stereose-
lective furan-iminium cation cyclization under mild acidic
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Scheme 3. Furan-Iminium Cation Cyclizations

Figure 1. ORTEP Presentation of compound16.

Figure 2. Transition state model of simplified substrate.
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conditions. The reaction was used to construct two contigu-
ous stereocenters including a tetrasubstituted stereocenter
corresponding to the B ring of manzamine A. The total
synthesis of manzamine A using this methodology is now
under investigation.
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Note Added after ASAP Publication.There was an error
in Figure 2 in the version published ASAP December 8,
2005; the corrected version was published ASAP December
13, 2005.
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Scheme 4. Functionalization of the B Ring
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