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Azetidinecarboxylate esters react readily with metallocarbenes in an inter- or intramolecular fashion to generate azetidinium ylides. Efficient
[1,2]-shift by the ester-substituted carbon furnishes ring-expanded pyrrolidine products. In the case of substrate 1, this provides access to the
pyrrolizidine alkaloids turneforcidine and platynecine via a high-yield, five-step sequence starting with readily available methyl 1-benzylazetidine-
2-carboxylate.

The Stevens [1,2]-shifof cyclic ammonium ylides permits  involves the transition metal-catalyzed decomposition of

the efficient construction of functionalized pyrrolidines, diazocarbonyl compounds with pendant amino grdups.

piperidines, or other azacyclén this process, an exocyclic  When the aminel() is part of a preexisting ring system, this

ammonium substituent that can support a transient radicalapproach furnishes transient spirocyclic ylid2swhose

centef“ migrates to the neighboring ylide carbon. One of [1,2]-shift leads to fused bicyclic producdawith bridgehead

the most convenient strategies for generating such ylidesnitrogen atoms (Scheme 4)he spiro-to-fused strategy is
especially appealing as a route to the necine base class of
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pyrrolizidine alkaloids, as exemplified by turneforcidife
and platyneciné. Successful application of this approach
would convert an azetidinecarboxylat@a with a pendant
diazoketone into pyrrolizidine8a/4al® in which the ester
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than the [2,3]-shift? is sufficiently slow to permit the
intervention of the undesired pathway. The strained azeti-
dinium ylide 2a presented an interesting question: Could
release of ring-strain lower the barrier to homolytic cleavage
and allow the [1,2]-shift pathway to compete with the
fragmentation process? With this in mind, we chose to
examine the behavior of methyl 1-benzylazetidine-2-car-

and ketone are properly positioned for reduction to the C-7 boxylate5'°in the presence of ethyl diazoacetate and various
and C-9 secondary and primary alcohols found in many of transition metal catalysts.

the naturally occurring pyrrolizidines. Here we describe the

We anticipated that ylidé would be generated under these

successful execution of this strategy, including the synthesisconditions (Scheme 3), and its behavior might offer insight

of (&)-turneforcidine and (+)-platynecine from methyl
1-benzylazetidine-2-carboxylate, in five steps.

A potential limitation in the application of the spiro-ylide
methodology to pyrrolizidines was the availability of alterna-

tive ylide decomposition pathways. In the case of five-

membered ylides containing an endocyclic carbonyl*'we

and Padw¥ had observed products derived from an apparent
proton-transfer/fragmentative ring-opening process, isolated
to the exclusion of any of the desired [1,2]-shift products

(Scheme 2). In sharp contrast, Clark has obtained high yields N
of five-membered ylide-derived products when the available

rearrangement pathway involves a concerted [2,3]-8hift.

On the basis of these results, we inferred that the stepwise
[1,2]-shift, which is generally observed to occur less readily
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into the reactivity of azetidinium ylides toward ring expan-
sion. Ylide 6 possesses two groups on nitrogen that might
reasonably be expected to participate in [1,2]-shift processes.
Migration of the benzyl substituent would lead to azetidine
7, while migration of the ester-substituted carbon would
furnish pyrrolidine8. In prior studies, we have found that
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either CHAr or CH,CO,R groups undergo efficient
migration?"1” However, in a previous cas8)(in which both

gave comparable or slightly lower yields, and the dia-
stereomer ratio did not vary to any great extent with catalyst

possibilities were available, we observed exclusive migration or reaction conditiond® This mixture was then carried on

of the benzyl group?*8 This selectivity was rationalized in
terms of the greater stability of the putative benzylic radical
intermediate. In contrast to this result, when racefeas
treated with ethyl diazoacetate and 10 mol % Cu(tfaciac)
refluxing toluene, the exclusive product was pyrrolidine
diester8 (82%; 1:1 mixture of diastereomer$)Rhodium-
(I) acetate and other soluble copper catalysts (Cu(acac)
Cu(tfacac)) gave qualitatively comparable results, although

through the known sequerfteto prepare £)-turneforcidine
and (+)-platynecine. Ketone reduction {HPtO,) gave
hydroxyestefl1 (88% based on the starting ratio) and lactone
12 (71% based on the starting ratio), which were easily
separable. Each was then treated with LiAltd give the
natural products in high overall yield.

The optimized conditions were also investigated for
homologous diazoketongb, prepared from commercially

with somewhat lower yields. Under no circumstances was available proline benzyl ester hydrochloride d{Scheme

the benzyl [1,2]-shift product isolated. 3-Carboxyproline
derivatives such a8 are of interest as rigid aspartic acid

5)2* Under these conditions, only trace amounts of the

analogueg® This constitutes an exceedingly short and _

convenient route to such compounds. Moreover, these
results suggested that the corresponding spirocyclic azeti-

dinium ylide might undergo efficient rearrangement to the
pyrrolizidine system in competition with the undesired
fragmentation.

Given the positive results with, we then set out to

examine the intramolecular version of this ring expansion.

Reductive debenzylation & under transfer hydrogenation
conditions (Pd/C, ammonium formaté&¥ollowed by im-
mediate coupling of the volatile intermediate with 4-bromo-
1-diazobutan-2-on&0?? furnished substratéain high yield
(Scheme 4). Treatment dfa with Cu(acac) or Rh,(OAc),

Scheme 4
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provided an inseparable mixture of diastereon3arand4a
in 81-82% vyield (3.6:1 dr). Other soluble copper(ll) catalysts
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desired indolizidine8b and4b were obtained, along with a
side product that resisted characterization. However, lower
reaction temperatures (reflux in benzene or,Ch) did
furnish 50-62% of 3b/4b as an inseparable mixture. After

a survey of a variety of catalysts, solvents, and reaction
temperatures, R{OAC), in refluxing benzene was found to
provide the best result. The aforementioned side product was
the main component isolated from all experiments carried
out in refluxing toluene. Indolizidinesb and 4b were
significantly more sensitive than their pyrrolizidine coun-
terparts3a/4a, undergoing substantial decomposition after
as little as 30 min at rt. As a result, no attempt at further
elaboration was made.

We have shown that ammonium ylides derived from
azetidine-2-carboxylates undergo efficient ring-expansion via
the Stevens [1,2]-shift. The intermolecular process offers a
short route to 3-carboxyproline derivatives, while the intra-
molecular variant has been used in a five-step synthesis of
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