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ABSTRACT

The first enantioselective synthesis of the martinelline core (−)-3 is reported. The synthesis of (−)-3 from N-allyl-N-(benzyloxycarbonyl)-2-
iodoaniline (12) proceeded in seven steps and 23% overall yield. In addition, the preparation of a carbocyclic model system is described.

In 1995, scientists at Merck reported the isolation of two
natural products from a family of tropical plants that have
long been used by Amazon Indian tribes for medicinal
purposes.1 These new products, martinelline (1) and marti-
nellic acid (2), were found to possess antibacterial activity
as well as affinity for adrenergic, muscarinic, and bradykinin
receptors.1 The relative stereochemical assignments for the
martinellines are based entirely on spectral observations, and
the absolute configurations are unknown. Although the
unusual pyrroloquinoline nucleus of the martinellines has
attracted the attention of several research laboratories, only
syntheses of the racemic pyrroloquinoline core have been
reported to date.2 Herein we describe our approach to these
interesting natural products and the first enantioselective
synthesis of3, the pyrroloquinoline core of the martinellines.

We have previously described general methodology for
the preparation of chiral,cis-fused bicyclic pyrrolidines such
as6 (Scheme 1).3 Condensation of the appropriateγ-ketoester
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4 with phenylglycinol generates the lactam5, in which the
absolute stereochemistry of the ring-junction carbons is
established. To test the viability of this approach toward the
synthesis of the martinellines, we examined this chemistry

on the readily accessible tetralone7a (Scheme 2).4 Unlike
our earlier studies, ester7a failed to react with phenylglycinol
even under forcing conditions. Fortunately, the derived
carboxylic acid7b participated nicely in the desired chem-
istry. Condensation of7b with (R)-(-)-phenylglycinol in
refluxing toluene generated the lactam8 in a 76% isolated
yield as a single stereoisomer. Analysis of a series of
differential NOE experiments supported the stereochemical
assignment depicted.5 Although8 could be stereoselectively
reduced to the pyrrolidine9b with a variety of reducing
agents (LiAlH4, BH3‚THF, and DIBAL-H), the presence of
two benzylic carbon-nitrogen bonds in9b complicated
efforts to selectively cleave the pendant 2-hydroxy-1-
phenethyl moiety. However, successful removal was realized
through tricyclic-lactam9a, readily obtained by stereoselec-
tive reduction of8 with triethylsilane in the presence of
titanium tetrachloride.3 Treatment of9a as a solution in
DMSO with lithium hydroxide at elevated temperatures
generates10, which upon acid-catalyzed hydrolysis provides
the known lactam11a in 76% overall yield from8.6 The
coupling constant observed for the ring-fusion protons (J )
6.5 Hz) was consistent with the reported values for thecis-
isomer (lit.,7,8 J ) 6.4 and 6.5 Hz). Finally, reduction of11a
with lithium aluminum hydride generated the pyrrolidine11b
in 85% yield.

Encouraged by the successful outcome of these model
reactions, we turned our attention to the pyrroloquinoline
core of the martinellines (3). Toward this end, we required
the carboxylic acid13b (Scheme 3). We prepared this
material via a modification of the palladium-catalyzed
carbonylative cyclization procedure reported by Negishi et
al.9 Treatment of the Z-protectedN-allyl-2-iodoaniline12
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with catalytic dichlorobis(triphenylphosphine)palladium(II)
under 1600 psi carbon monoxide at 60°C in the presence
of methanol provided the quinolone ester13ain 60% isolated
yield.10 Hydrolysis of 13a provided the acid13b,11 which
upon condensation with (R)-(-)-phenylglycinol generated
tetracyclic lactam14 in 77% isolated yield as a single isomer.
Treatment of14with triethylsilane in the presence of titanium
tetrachloride gave a 3:1 ratio of thecis-fused pyrrolidinones
15a and 15b in 85% yield. An X-ray crystal structure of

15aconfirmed the indicated absolute stereochemistry of the
pyrroloquinoline ring-fusion. Removal of the 2-hydroxy-1-
phenethyl moiety from15a and 15b was readily ac-
complished using the two-step elimination/hydrolysis pro-
tocol described above to give the lactam16 in 67% yield.12

Finally, reduction of16 with lithium aluminum hydride
afforded the tricyclic diamine3 in 92% yield.13

The preparation of the pyrroloquinolone3 represents the
first enantioselective synthesis of the heterocyclic core of
the martinellines. We are currently applying the methodology
described herein toward the full construction of these
interesting natural products.
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