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Diastereocontrolled Synthesis of Enantiopure trans- and cis-5-Allylprolinols 
via a Ring-Contraction Protocol
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Abstract: A highly diastereocontrolled formation of trans- and cis-
5-allyl-N-benzylprolinols from trans- and cis-2-allyl-N-benzyl-5-
piperidinols has been achieved by employing a ring-contraction
protocol.
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We have developed an efficient synthesis of N-carboben-
zoxy-5,6-didehydro-5-piperidinol 2 in both enantiomeric
forms from 3-hydroxypyridine 1 through an unprecedent-
ed reductive formation of the racemic didehydropiperidi-
nol (±)-2 followed by lipase-mediated kinetic resolution1,2

(Scheme 1). Moreover, 2 was readily transformed into the
3-acetoxy-6-methoxypiperidine 4 which underwent dia-
stereoselective allylation on exposure to allyltrimethylsi-
lane in the presence of a Lewis acid to give 80% of trans-
5-acetoxy-2-allyl-1-carbobenzoxypiperidine 5 and 10%
of its cis-2,5-epimer 6 (Scheme 2).

Since there are a variety of physiologically active natural
products carrying a 2,5-cis-substituted pyrrolidine core in
their molecules,3 we are interested in transformation of
the above 2-allyl-5-piperidinol derivatives into the corre-
sponding 2,5-disubstituted pyrrolidine derivatives by a
ring-contraction pathway.4 It was well established that pi-

peridine derivatives carrying a leaving group at the 3 po-
sition undergo ring-contraction under appropriate
nucleophilic conditions to give rise to 2-substituted pyrro-
lidines with 3-substituted piperidines through common
aziridinium intermediates generated initially by intramo-
lecular nucleophilic substitution. However, formation of
piperidine derivatives prevails in most cases except some
examples.4,5 We explored conversion of the above isomer-
ic enantiopure 2-allylpiperidines 5 and 6 into the 2,5-dis-
ubstituted pyrrolidines and found practically acceptable
conditions for their diastereospecific conversion into
2,5-disubstituted pyrrolidine derivatives.

In order to secure the cis-acetate 6 which was generated as
a minor component in the Lewis acid-mediated allylation
of the methoxypiperidine 4, conversion of the major
trans-5 into the minor cis-6 was first examined by em-
ploying the Mitsunobu reaction.6 Thus, (+)-5, [a]D

32+19.9
(c 0.9, CHCl3), afforded the trans-alcohol (+)-7,
[a]D

32+35.3 (c 0.9, CHCl3), on alkaline methanolysis,
which was treated with acetic acid in the presence of triph-
enylphosphine and diisopropyl azodicarboxylate (DIAD)
to furnish the cis-acetate (+)-6, [a]D

29+26.3 (c 1.0,
CHCl3). This gave the cis-alcohol (+)-8, [a]D

30+26.1 (c
0.8, CHCl3), on alkaline methanolysis. Overall yield of
(+)-8 from (+)-5 was 73% in three steps (Scheme 3).
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Having secured both diastereomeric acetates, the trans-
acetate (+)-5 was transformed into the trans-N-benzy-
laminoalcohol (+)-11, [a] 

D
29+37.2 (c 0.9, CHCl3), in 78%

overall yield by sequential alkaline hydrolysis, N-benzoy-
lation, and hydride reduction via the aminoalcohol 9 and
the N-benzamide (+)-10, mp 174-175 °C, [a]D

30+50.0 (c
1.0, CHCl3). Mesylation of (+)-11 in dichloromethane in
the presence of triethylamine brought about spontaneous
intramolecular reaction of the generated mesylate 12 to
give the aziridinium salt 13. Among the conditions exam-
ined, treatment of the salt 13 with cesium acetate5,7 in
DMF at 45 °C for 3 h furnished the ring-contracted prod-
uct trans-5-allylprolinol acetate (+)-14, [a]D

31+88.2 (c
1.5, CHCl3), in 64% yield accompanied with the readily
separable trans-2-allyl-5-piperidinol acetate (+)-15,
[a]D

29+40.6 (c 1.1, CHCl3), in 14% yield. Optical rotation
of the latter was virtually the same as that of the authentic
acetate (+)-15, [a]D

31+40.1 (c 1.2, CHCl3), obtained from
the starting alcohol (+)-11, indicating the preservation of
the original chiral integrity during the double inversion re-
action. Although the ring-contraction did not proceed in a
completely selective manner, the 2,5-disubstituted pyrro-
lidine (+)-14 could be obtained in a practically acceptable
yield and the piperidine byproduct (+)-15 may be recycled

after transformation into (+)-11 by alkaline methanolysis
(Scheme 4).

On the other hand, the cis-acetate (-)-6 was transformed
into the cis-N-benzylaminoalcohol (-)-17, [a]D

30 -89.6 (c
1.0, CHCl3), in 66% overall yield by sequential alkaline
hydrolysis, N-benzoylation, and hydride reduction via the
benzamide (-)-16, [a]D

30 -30.5 (c 0.9, CHCl3), as for the
trans-counterpart (+)-5. Upon mesylation, (-)-17 afford-
ed the aziridinium salt 19, through the mesylate 18, which
was treated with cesium acetate5,7 to give diastereoselec-
tively the cis-2,5-substituted pyrrolidine (-)-20, [a]D

29

-31.1 (c 1.6, CHCl3), and the cis-2,5-substituted piperi-
dine  (-)-21,  [a]D

29 -17.8  (c 1.0, CHCl3), in yields of
60% and 19%, respectively, after separation by column
chromatography. The latter was identical with the authen-
tic  (-)-21,  [a]D

29 -18.6 (c 1.03, CHCl3), obtained from
(-)-17, which may be recycled after conversion into the
alcohol (-)-17, [a]D

29 -91.6 (c 0.8, CHCl3), by alkaline
methanolysis. Yield of the ring-contraction product from
the cis-substrate (-)-17 was somewhat lower than that of
the trans-counterpart (+)-11, but it is still acceptable for
practical utilization (Scheme 5).

N

Cbz

OH
K2CO3

MeOH N

Cbz

OAc
AcOH K2CO3

N

Cbz

OH

(+)-5

(+)-7 (+)-6

DIAD
PPh3

Et2O
(82%)

MeOH
(91%)

(+)-8

(98%)

Scheme 3

N
H

OH

N

Bz

OH

N

Bn

OH
BzCl LiAlH4

N

Bn

OAc N

Bn

OR

N

Bn

OMs

N

Bn MsO–

CsOAc

(+)-5
50% KOH

EtOH
reflux

1N NaOH
dioxane

9
(+)-10

THF
(92%)

(+)-11

(+)-14 (64%)
(+)-15 : R=Ac (14%)

+

 MsCl

DMF
45 °C

(85%)

Et3N
CH2Cl2
0 °C

+

12 13

K2CO3

MeOH
(94%)

(+)-11 : R=H

Scheme 4

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f A

riz
on

a 
Li

br
ar

y.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



LETTER Diastereocontrolled Synthesis of Enantiopure trans- and cis-5-Allylprolinols 47

Synlett 2001, No. 1, 45–48 ISSN 0936-5214 © Thieme Stuttgart · New York

In summary, we have achieved diastereoselective trans-
formation of trans- and cis-2-allyl-5-hydroxy-1-benzylpi-
peridines into trans- and cis-5-allylprolinols in a practical
manner by employing a ring-contraction protocol. Al-
though the present procedure is accompanied with an un-
wanted piperidine byproduct, it may be recycled after
deacetylation. Utilization of the 2,5-disubstituted pyrro-
lidines thus obtained for enantiocontrolled synthesis of
pyrrolidine natural products is currently under investiga-
tion.
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(3H, s), 1.90 - 1.72 (2H, M), 1.64 - 1.42 (2H, m); 13C NMR 
(125 Hz, CDCl3): d = 171.2, 140.3, 136.1, 129.0, 128.3, 127.0, 
116.3, 67.7, 65.1, 63.0, 58.3, 39.8, 29.3, 27.2, 20.9; MS: m/
z = 272 (M+ - 1), 91 (100%); HRMS : Calcd for C14H18NO2 
(M+ - C3H5) = 232.1338, found = 232.1336. 
(-)-21: IR (film):n = 1735, 1240 cm-1; 1H NMR (300 MHz, 
CDCl3): d = 7.38 - 7.17 (5H, m), 5.88 - 5.67 (1H, m), 5.16 - 
4.98 (2H, m), 4.92 - 4.78 (1H, m), 3.82 (1H, d, J = 13.7 Hz), 
3.57 (1H, d, J = 13.7 Hz), 2.72 - 2.56 (2H, m), 2.56 - 2.23 

(3H, m), 2.02 (3H, s), 1.83 - 1.57 (4H, m); 13C NMR (125 Hz, 
CDCl3): d = 170.8, 139.3, 136.4, 128.7, 128.4, 127.1, 116.6, 
69.5, 58.0, 57.4, 51.7, 31.9, 26.2, 25.4, 21.3; MS: m/z = 272 
(M+ - 1), 91 (100%); HRMS: Calcd for C14H18NO2 (M

+ - 
C3H5) = 232.1338, found = 232.1319.
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