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Abstract—trans-Cumylcyclohexanol (TCC) is used as a chiral auxiliary for the stereoselective addition of tributyltinlithium to
N-acylpyrrolidinium/piperidinium ion with 70–80% diastereoselectivity at 0 �C. After removal of the minor diastereomer by radial
chromatography, enantiopure N-methyl-2-(tributylstannyl)pyrrolidine and piperidine were produced by reductive removal of the
auxiliary.
� 2003 Elsevier Ltd. All rights reserved.
Stannylpyrrolidines have become important tools for
asymmetric synthesis, primarily via tin–lithium
exchange, and sometimes tandem transmetalations such
as SnfiLifiCu or Pd.1 Tin–lithium exchange2 is the
most common method to generate an unstabilized a-
aminoorganolithium. For example, scalemic 2-(tributyl-
stannyl)pyrrolidines are precursors of unstabilized
a-aminoorganolithiums that have been used for enan-
tioselective alkylation, anionic cyclizations, and sigma-
tropic rearrangements.1 On the other hand, scalemic
stannylpiperidines have not enjoyed similar success
because of the difficulty in making them.3

Following earlier work from the Hoppe group in
a-alkoxy systems,4 Kerrick and Beak made the impor-
tant discovery that the s-BuLiÆsparteine complex
enantioselectively deprotonated N-Boc pyrrolidine 3
(Eq. 1), and that the resultant organolithium S-2 could
be stannylated to afford S-1 in up to 97:3 enantiomer
ratio (er).5 Subsequently, we showed that reduction of
the N-Boc to a methyl gave a precursor to a-amino-
organolithium compounds that possess exceptional
configurational stability, and exhibit broadened reac-
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tivity with electrophiles when compared to the lithiated
N-Boc heterocycles.3;6

A significant bottleneck to further development and
implementation of 2-(stannyl)pyrrolidines in asymmetric
synthesis is the dearth of methods for synthesis. To date,
only deprotonation/stannylation routes have been reported
for the preparation of these compounds. Asymmetric
deprotonation is the only route to enantioenriched
2-(metalated)pyrrolidines (maximum er¼ 97:3), but this
route fails with piperidines!7 So far, ())-sparteine is the
only commercially available chiral ligand suitable for
this reaction, although (+)-sparteine can be made by
total synthesis,8 and O�Brien has reported a (+)-sparte-
ine surrogate that selectively produces R-2 in a similar
deprotonation.9 Deprotonation and stannylation of
piperidines equipped with a chiral oxazoline auxiliary
affords a 50:50 dr; separation of diastereomers is
tedious, and removal of the auxiliary requires two
steps.3;6
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We asked whether it would be possible to generate
2-(tributylstannyl) heterocycles, 4, from lactams by
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nucleophilic addition of tributylstannyllithium to chiral
N-acyliminium ion 5 (Eq. 2). Herein, we report a
method for the synthesis of enantiopure (S) or (R)
N-methyl-2-(tributylstannyl)pyrrolidines and piper-
idines from lactams 6.
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Initial viability of the plan was explored using N-Boc
lactams 7, as shown in Scheme 1a. Deprotonation of
lactam 6 with butyllithium and N-acylation with Boc
anhydride afforded N-Boc lactams 7 in 67% yield for the
pyrrolidinone and 73% for the piperidinone after dis-
tillation. DIBAL-H reduction to aminal 8, followed by
treatment with benzotriazole gave benzotriazolyl het-
erocycles 9 in excellent overall yield after recrystalliza-
tion. We investigated several leaving groups to generate
the N-acyl iminium ion, but found the benzotriazole
methodology of Katritzky and Pearson, reported some
years ago, to be the most efficient.10;11 Boc benzotriazole
9 is also available in 55% yield by deprotonation and
cyclization of 10.11 Treatment of benzotriazole 9 with
tributyltin lithium afforded N-Boc stannylpyrrolidine 12
in 40–50% yield, via N-acyliminium ion 11, as shown in
Scheme 1b.

Having established the viability of a nucleophilic syn-
thesis of racemic stannyl heterocycles 12, we sought to
render the process enantioselective through the use of a
carbamate chiral auxiliary in place of the Boc group. A
menthol-based auxiliary afforded neither selectivity in
the addition nor separability of diastereomers, so
we turned to trans-cumylcyclohexanol (TCC), exten-
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Scheme 1.
sively developed by Comins for nucleophilic additions to
N-acylpyridiniums.12 As shown in Scheme 2, acylation
of lactams 6 with 1S,2R TCC chloroformate afforded
urethanes 13 in excellent yield. The procedure has been
carried through with the 1R,2S enantiomer as well.
DIBAL-H reduction at )78 �C and treatment with
benzotriazole afforded 14, as a mixture of constitutional
and stereoisomers, in 73–74% overall yield. Treatment
with tributyltinlithium then gave 2-(tributylstan-
nyl)pyrrolidine carbamate 15 in 80–85% ds and moder-
ate yield. Stannyl heterocycles 15 are available as a
single diastereomer by radial or short column chroma-
tography.

The absolute configuration of the carbon bearing the tin
was established by reduction to the versatile reagent (S)-
N-methyl-2-(tributylstannyl)pyrrolidine and piperidine
16 in good yield after column chromatography, and
comparison to an authentic sample.3 The steric course of
the reaction appears to involve preferential addition to
the Si face of iminium ion 17 (Scheme 2, inset). It is
likely that the reason for the modest selectivity is the
presence in solution of the s-cis iminium ion shown, as
well as the s-trans conformer.

In summary, we have demonstrated a nucleophilic,
asymmetric synthesis of N-methyl-2-(tributylstan-
nyl)pyrrolidine and -piperidine, via a chiral N-acyl-
iminium ion generated from a lactam. The method
affords either enantiomer in higher enantiomeric purity
than is possible by asymmetric deprotonation (for the
pyrrolidines), and that is not available at all by asym-
metric deprotonation of Boc-piperidine (Fig. 1). The
availability of racemic or enantiopure 2-(tributylstan-
nyl)pyrrolidines from lactams and acyclic amines
expands the applicability of a-aminoorganolithium
Ph
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chemistry to synthetic plans not amenable to a depro-
tonation strategy.

Supplementary data. Experimental details, NMR spec-
tra, and SFC chromatograms of crude and pure dia-
stereomers 15, are available online with the paper in
ScienceDirect.
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