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Carbon-carbon bond-forming reactions that create two ste-
reogenic centers with high diastereo- and enantioselectivity in a
single step can open new strategic approaches to valued structures.
The piperidine ring is the central structure of many biologically
active alkaloid natural products and pharmaceuticals.1 General
strategies which have been developed for the synthesis of enantio-
enriched, substituted piperidines utilize amino acids, chiral cata-
lysts, and auxiliaries2 and focus on asymmetric carbon substitution
at the 2- and 6-positions.2,3 Methods providing substitution at the
3-, 4-, and 5-positions of the piperidine ring are quite limited.2,4

We now report the development of (-)-sparteine-mediated
lithiation and conjugate addition ofN-Boc-N-(p-methoxyphenyl)-
allylamines toR,â-unsaturated nitro compounds. This addition
occurs with high enantio- and diastereoselectivity and serves as
the key step in the efficient synthesis of highly enantioenriched
piperidines with substitution at the 3-, 4-, and 5-positions. The
retrosynthetic analysis is shown below.

Treatment ofN-Boc-N-(p-methoxyphenyl)allylamines1-3 with
n-BuLi in the presence of (-)-sparteine at-78 °C in toluene for
1 h generated a lithiated intermediate that underwent conjugate
addition to nitroalkenes4-8 and provided enecarbamates10-
16 in good yield and with high diastereo- and enantioselectivities
as shown in Table 1.5 The utilization of a variety ofN-Boc
allylamines and nitroalkenes allows for the incorporation of
aliphatic (entries 2-3 and 7), aromatic (entries 1-7), and
heterocyclic substituents (entries 5 and 6). After subsequent
transformations, the enantiomeric ratios (er’s) of diastereopure
derivatives were determined to be>97:3 (vide infra).

Enecarbamates10-13 and 16 were converted to the corre-
sponding 4,5-disubstituted lactams17-21 in good yields as shown
in Table 2. Hydrolysis of the enecarbamates to the aldehydes,
followed by oxidation and esterification,7 provided nitroesters.
Reduction and concomitant cyclization provided the lactams in
good yield and as single diastereomers following recrystallization.

Lactams (R,R)-17 and (R,S)-19 were reduced with lithium
aluminum hydride and treated with Boc2O to provide 3,4-
disubstituted piperidines (R,R)-22 and (S,R)-23.

The enantiopurity of lactams17-21 was assessed by deriva-
tization with enantiopure (-)-menthylchloroformate directly or
after reduction. In all cases, the enantiomeric ratio was assessed
to be >97:3 by 1H NMR, 13C NMR, and GC. The absolute
configurations of (R,R)-17and (R,S)-19were determined by X-ray
crystallographic analysis of theN-p-bromobenzyl derivative.8 All
other configurations are assigned by analogy.
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Table 1. Conjugate Addition ofN-Boc-N-(p-methoxphenyl)-
allylamines1-3 to Nitroalkenes4-8

entry substrate R1
nitro-
alkene R2 producta

yield
(%) drb

1 1 Ph 4 Ph (S,R)-10c 90 94:6
2 1 Ph 5 Cyd (S,S)-11 83 95:5
3 1 Ph 6 i-Bu (S,S)-12 73 98:2
4 1 Ph 7 o-MeOPh (S,R)-13 82 93:7
5 1 Ph 8 2-furyl (S,S)-14 82 94:6
6 2 2-furyl 4 Ph (S,R)-15 90 93:7
7 3 Me 4 Ph (S,R)-16 74 90:10

a Enantiomeric ratios were assessed to be at a minimum of 90:10
by CSP-HPLC.6 b Diastereomeric ratios were determined by1H NMR
integration.c 96:4 er for major diastereomer.5 d Cy ) cyclohexyl.

Table 2. Conversion of Enecarbamates10-13, 16 to Lactams
17-21

entry substrate R1 R2 lactam yield (%) dr

1 (S,R)-10 Ph Ph (R,R)-17 59 >99:1
2 (S,S)-11 Ph Cy (R,S)-18 57 >99:1
3 (S,S)-12 Ph i-Bu (R,S)-19 71 >99:1
4 (S,R)-13 Ph o-MeOPh (R,R)-20 61 >99:1
5 (S,R)-16 Me Ph (R,R)-21 58 >99:1
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This methodology can be extended to 3,4,5-trisubstituted
piperidines by substitution of 4,5-disubstituted lactams. Treatment
of benzyl-protected lactam (R,R)-24with t-BuLi or LDA followed
by substitution with electrophiles and subsequent lithium alumi-
num hydride reduction providedN-benzyl-3,4,5-trisubstituted
piperidines (R,R,R)-25 and (R,R,R)-26 as single diastereomers.

Because the 2-furyl substituent can be transformed to other
functionalities, its location at the 3- or 4-position would be
synthetically useful. The enecarbamates (S,S)-14 and (R,S)-15
were hydrolyzed and reduced to provide nitro alcohols (R,R)-27
and (R,S)-28 in good yields (Scheme 1). Further reduction9

followed by Boc protection provided the Boc-amino alcohols
(R,R)-29 and (R,S)-30. Cyclization was achieved by mesylation
and treatment with KOt-Bu to provide Boc-piperidines (R,R)-31
and (S,R)-32 in good yield and with high er’s.

We have demonstrated the synthetic utility of this methodology
by an efficient synthesis of (-)-paroxetine ((S,R)-39), which is

marketed as the hydrochloride, Paxil/Seroxat, a selective seratonin
reuptake inhibitor.10 Treatment of33with n-BuLi in the presence
of (-)-sparteine under standard conditions followed by conjugate
addition to nitroalkene34 provided the desired enecarbamate
(S,S)-35 in 83% yield as a single diastereomer (Scheme 2).

Hydrolysis and reduction of the resulting aldehyde provided nitro
alcohol (R,S)-36 in 88% yield. Reduction of the nitro functionality
by transfer hydrogenation and subsequent Boc-protection afforded
(R,S)-37 in 95% yield. Cyclization and deprotection afforded
(S,R)-38 in 83% yield. Mesylation followed by displacement with
sesamol and subsequent deprotection provided (S,R)-39 in 72%
yield and>97:3 er (11 steps, 41% from33.).

In summary, lithiation ofN-Boc-N-(p-methoxyphenyl)ally-
lamines in the presence of (-)-sparteine and subsequent conjugate
addition to nitroalkenes providesZ-enecarbamates in good yields
and with high enantio- and diastereoselectivity. These adducts
are useful precursors to enantioenriched 3,4- and 3,4,5-substituted
piperidines. In conjunction with our previous work,3a highly
diastereo- and enantioselective substitution at every position of
the piperidine ring can be achieved by lithiation/substitution
methodology. Further exploration of the synthetic utility of the
conjugate addition and determination of the origin of diastereo-
selectivity are areas of future interest.
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