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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 pharmaceutit&®&neral
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Table 1. Conjugate Addition oiN-Boc-N-(p-methoxphenyl)-
allylamines1—3 to NitroalkenesA—8

1. n-BuLi, (-)-sparteine

R
1\/\ toluene, -78 °C OzN\)\/\
N
Ar” B 2.
r oc 0N~ #>R, R1Ar'N‘Boc
1.3 4.8 10-16
nitro- yield
entry substrate R alkene R product (%) dr
1 1 Ph 4 Ph S,R—10¢ 90 946
2 1 Ph 5 Cy (S,3-11 83 955
3 1 Ph 6 i-Bu (S,9-12 73 98:2
4 1 Ph 7 o-MeOPh §R—-13 82 937
5 1 Ph 8 2-furyl (S,9-14 82 946
6 2 2-furyl 4  Ph S,R—15 90 937
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 P Diastereomeric ratios were determined'syNMR
integration.c 96:4 er for major diastereomerd Cy = cyclohexyl.

strategies which have been developed for the synthesis of enantio-

enriched, substituted piperidines utilize amino acids, chiral cata-
lysts, and auxiliari¢sand focus on asymmetric carbon substitution

Table 2. Conversion of Enecarbamat#&6—13, 16 to Lactams

at the 2- and 6-positiorfs* Methods providing substitution at the R, 1. HCI, CHCl, Ri R,
3-, 4-, and 5-positions of the piperidine ring are quite limiéd. OzN\)\‘/\ 2. Nac\ozN;,,Hzpo4 b
We now report the development of-)-sparteinemediated Ry N 3. HCI, MeOH o N
lithiation and conjugate addition &f-Boc-N-(p-methoxyphenyl)- Ar" "Boc 4. H, Raney Ni H
allylamines too,S-unsaturated nitro compounds. This addition 10-13,18 17-21
occurs with high enantio- and diastereoselectivity and serves as . bstrat R act eld (% 4
the key step in the efficient synthesis of highly enantioenriched entry substrate R 2 actam _ yield (%) '
piperidines with substitution at the 3-, 4-, and 5-positions. The 1 (S,R-10 Ph Ph R.R-17 59 >99:1
retrosynthetic analysis is shown below. 2 (5911 Ph Cy R,9-18 57 >99:1
3 (5,912 Ph i-Bu (R,S-19 71 >99:1
4 S,R-13 Ph 0-MeOPh ,R-20 61 >990:1
R3,,(RS‘\\R2 JA/EERZ I “Rz R1V/\ 5 ESB-lG Me Ph g,g-ﬂ 58 >99:1
— — | — Ar” "Boc
N 0”H “NH,  Ar-N NO, NO,
H Boc Ry Enecarbamate$0—13 and 16 were converted to the corre-

Ar = p-methoxyphenyl

Treatment oN-Boc-N-(p-methoxyphenyl)allylamine$—3 with
n-BuLi in the presence of<)-sparteine at-78 °C in toluene for

sponding 4,5-disubstituted lactarti—21in good yields as shown
in Table 2. Hydrolysis of the enecarbamates to the aldehydes,
followed by oxidation and esterificatiohprovided nitroesters.
Reduction and concomitant cyclization provided the lactams in

1 h generated a lithiated intermediate that underwent conjugategood yield and as single diastereomers following recrystallization.

addition to nitroalkened—8 and provided enecarbamat&8—

16in good yield and with high diastereo- and enantioselectivities
as shown in Table 1.The utilization of a variety ofN-Boc
allylamines and nitroalkenes allows for the incorporation of
aliphatic (entries 23 and 7), aromatic (entries—T7), and
heterocyclic substituents (entries 5 and 6). After subsequent
transformations, the enantiomeric ratios (er’s) of diastereopure
derivatives were determined to b€97:3 (vide infra).
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Lactams R,R-17 and R,9-19 were reduced with lithium
aluminum hydride and treated with B©Z to provide 3,4-
disubstituted piperidinedR(R-22 and §,R-23.

Ph . Ph
2 1. LAH, THF Ry
0 n 2. Boc,O N
Boc
(RR)-17, Ry = Ph, (RR)-22,Ry=Ph, 79 %

(R,S)-19, Ry = i-Bu (S,R)-23, R, = i-Bu, 82 %

The enantiopurity of lactam&7—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 'H NMR, 3C NMR, and GC. The absolute
configurations of R,R-17 and R,9-19 were determined by X-ray
crystallographic analysis of tHé-p-bromobenzyl derivativé All
other configurations are assigned by analogy.

(6) Precise enantiomeric ratios could not be assessed due t&/lband
disastereoselectivity in reactions utilizing achiral ligands. These reactions
afforded chromatographically inseparable mixtures that do not allow for reliable
analyses.
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R4 R4 Ry marketed as the hydrochloride, Paxil/Seroxat, a selective seratonin
~Rz 1. n-BuLi ~Ra2 1. LAH, THF Rz reuptake inhibitof? Treatment oB3with n-BuLi in the presence
% rROCOCI of (—)-sparteine under standard conditions followed by conjugate
o go - o ﬂ 2. R*0COCI, N addition to nitroalkene34 provided the desired enecarbamate
g EtN COR (S9-35 in 83% yield as a single diastereomer (Scheme 2).
75-83 % yields = (-)-menthy! 81-92 % yield
o > 973 P 9;'; s Scheme 2
TIPSO
.This. methodolog.y can be ex.tendepl to 3,4,5-trisubstituted r 1. n-BuLi, (-)}-sparteine  O,N ~
piperidines by substitution of 4,5-disubstituted lactams. Treatment P e N-Boc
of benzyl-protected lactaniR(R-24 with t-BuLi or LDA followed toluene, -78 Ar
by substitution with electrophiles and subsequent lithium alumi- A'VBoc 2 0N _~_OTIPS
num hydride reduction providedN-benzyl-3,4,5-trisubstituted F
piperidines RR,R-25 and R,R,R-26 as single diastereomers. 33 24 (5,5)-35
83 %, >99:1 dr
Ph
WPh 1.Base, THF,-78°C g P #h TIPSO TIPSO
2. Ry-X h OH 1. Pd/C, HCO,NH, BocHN
@) gn 3. LAH, THF gn 1. HCI, CHCI3 2. Boc,0
(R.R)-24 25-26 2. NaBH,
base R3-X Rj product yield (%)
+Buli Mel Me (RRR)}25 76 (RS)-36 (RS)-37
LDA BnBr Bn (RRR)-26 52 88 % 95 %
F F
Because the 2-furyl substituent can be transformed to other
functionalities, its location at the 3- or 4-position would be  yo g 1. MsCl, EtsN, O>
synthetically useful. The enecarbamat&g-14 and R,9-15 : N o~
: A ] OH 2. NaH, DMF, I - 0
were hydrolyzed and reduced to provide nitro alcohBISR(-27 2. KotBu, THF . oA sesame °
and R,9-28 in good yields (Scheme 1). Further reduction 3 TBAF goc ' N
(S,R)-38 {-)-paroxetine
Scheme 1 85 % (S.R)-39
R, Ry 72 %, >97:3er
O2N 1. HCI, CHO
L \N m’ OzNVH/VOH Hydrolysis and reduction of the resulting aldehyde provided nitro
Tar goe o e Ve Ry alcohol R,9-36in 88% yield. Reduction of the nitro functionality
(SR)-15, Ry = 2-Furyl 93:7 dr (RR)}-27, R, = 2-Furyl 84 % by transfer hydrogenation and subsequent Boc-protection afforded
R, =Ph R, = Ph 93:7dr (R,9-37 in 95% yield. Cyclization and deprotection afforded
(5,9-14,Ry=Ph  94:6dr (RS)-28 Ry=Ph 81 % (S,R-38in 83% yield. Mesylation followed by displacement with
Rz = 2-Furyl Rg=2-Furyl 94:6dr sesamol and subsequent deprotection provid&eB-39 in 72%
R yield and>97:3 er (11 steps, 41% frolB.).
1. CoCly, NaBH,, Ry ! Ry In summary, lithiation ofN-Boc-N-(p-methoxyphenyl)ally-
EtOH BocHN\/k(\/OH _1. MsCl EtsN,_ : lamines in the presence ofJ-sparteine and subsequent conjugate
2. Boc,0, CH,Cly & 2. KOt-Bu, THF addition to nitroalkenes provid&senecarbamates in good yields
1 Boc and with high enantio- and diastereoselectivity. These adducts
(RR)-29, Ry = 2-Furyl 57 % (RR)-31, Ry=2-Furyl 88 %, are useful precursors to enantioenriched 3,4- and 3,4,5-substituted
R, = Ph R, =Ph >97:3er piperidines. In conjunction with our previous wotkhighly
(R.5)-30, 21 ;hF | 51% (SR)-32 Ry =Ph 83 %, diastereo- and enantioselective substitution at every position of
2 =&l Re=2-Furyl >97:3er the piperidine ring can be achieved by lithiation/substitution

followed by Boc protection provided the Boc-amino alcohols
(R,R-29 and R,9-30. Cyclization was achieved by mesylation
and treatment with KBBu to provide Boc-piperidinesR;R-31
and §,R-32in good yield and with high er’s.

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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