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ABSTRACT

Treatment of a (2-azaallyl)stannane with HF‚pyridine generated a nonstabilized N-unsubstituted azomethine ylide, which was found to undergo
an efficient and stereoselective dipolar cycloaddition with phenyl vinyl sulfone to produce a trans-2,5-dialkylpyrrolidine that was further
transformed into the dendrobatid alkaloid indolizidine 239CD.

We recently reported a convenient method for the generation
and cycloaddition of nonstabilizedN-unsubstituted azo-
methine ylides2 (Scheme 1), a rare subclass of these ylides.1

Treatment of (2-azaallyl)stannanes1 with HF‚pyridine
produced the ylides2 by N-protonation and destannylation.2

Compared to other methods for azomethine ylide formation,1-3

notable features of this route include the tolerance for
aliphatic groups, goodtrans-2,5 diastereoselectivity in the
pyrrolidine product, mild reaction conditions, and of course
the lack of a substituent at nitrogen. We now wish to report
the application of this method for the synthesis of (()-
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indolizidine 239CD (4), one of several naturally occurring
indolizidines that include atrans-2,5-disubstituted pyrrolidine
in their structures.4,5

Poison frogs of the speciesDendrobates histrionicusyield
four 3,5-disubstituted indolizidines, namely, 223AB, 239AB,
239CD, and 195B (Figure 1).6-9 A retrosynthetic analysis

is shown. Formation of the piperidine ring at a late stage
would rely on an intramolecular reductive amination involv-
ing 8, a well-known strategy for indolizidine synthesis.9 The
pyrrolidine 8 would require the cycloaddition of the azo-

methine ylide9, available from the (2-azaallyl)stannane10,
with ethylene or its equivalent. The stannane10 should be
available from an aldehyde and anR-stannylamine.10,11

The requisite aldehyde15was prepared by the route shown
in Scheme 2, beginning with the commercially available
alcohol11. Oxidation, chain extension, reoxidation, protec-
tion, and unmasking of the aldehyde by oxidative cleavage
of the alkene proceeded smoothly.

The synthesis of the phthalimide19, the precursor of the
desiredR-stannylamine, is shown in Scheme 3. Oxidation
of the commercially available alcohol16 gave the aldehyde
17, which was treated with tri-n-butylstannyllithium to
provide anR-hydroxy stannane. Without purification, this

alcohol was transformed into the bromide18 in good yield,
which was subjected to displacement chemistry to provide
the pthlalimide19.

Completion of the synthesis of indolizidine 239CD is
shown in Scheme 4. Hydrazinolysis of the pthalimide19
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1995,41, 1797-1804. (o) Momose, T.; Toshima, M.; Seki, S.; Koike, Y.;
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of nonstabilizedN-substituted andN-unsubstituted azomethine ylides.
Regarding nonstabilizedN-unsubstituted azomethine ylides, two other
methods for their generation are known, the decarboxylation of imines
derived from the condensation ofR-amino acids with aldehydes [leading
references: (a) Tsuge, O.; Kanemasa, S.; Ohe, M.; Takenaka, S.Bull. Soc.
Chem. Jpn.1987,60, 4079-4089. (b) Ardill, H.; Grigg, R.; Sridharan, V.;
Surendrakumar, S.Tetrahedron1988, 44, 4953-4966] and the water-
induced generation of such ylides fromN-(silylmethyl)imines [Tsuge, O.;
Kanemasa, S.; Hatada, A.; Matsuda, K.Bull. Soc. Chem. Jpn.1986,59,
2537-2545]. The first method suffers from low yields and poortrans:cis
stereoselectivity, while the second is limited to nonenolizable imines with
no branching next to silicon (i.e., monosubstituted azomethine ylides).

Figure 1. Structures of indolizidines 239CD, 239AB, 223AB, and
195B and retrosynthetic analysis of indolizidine 239CD.
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gave an amine, which was not purified but directly condensed
with the aldehyde15 under typical imine formation condi-
tions to produce the (2-azaallyl)stannane20. The unpurified

imine was mixed with phenyl vinyl sulfone, and the mixture
was warmed to 50°C and treated with HF‚pyridine for 10
min. Workup provided the pyrrolidine22 as a nearly equal
mixture of four isomers in 73% overall yield from the
pthalimide 19. Removal of the ketal and intramolecular
reductive amination proceeded in good yield to produce23,
again as a mixture of four isomers. We were not able to
determine the stereo- and regiochemistry of either22 or 23.
Reductive cleavage of the benzyl ether and the sulfone was
initially a troublesome transformation but was found to be
efficient with lithium and ammonia. The four isomers of23
converged to a single compound, indolizidine 239CD (4),
thus providing evidence that22 and23 were a mixture of
regio- and stereoisomers at the sulfone position and that the
cycloaddition had proceeded with hightrans-2,5 stereo-
selectivity.

In conclusion, our recent method for the synthesis oftrans-
2,5-dialkyl-N-unsubstituted-pyrrolidines has proven to be
effective for use in more complex situations, resulting in a
convergent, efficient, and relatively short synthesis of in-
dolizidine 239CD (4). Significant features of the synthesis
are the efficiency, stereoselectivity, and mildness of the
azomethine ylide cycloaddition. Prior to our work, access
to nonstabilizedN-unsubstituted azomethine ylides such as
those described herein had been very limited.12
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