
R2

OR1

O

NHPh
R2

OR1

O

NPh

Li

Li
R1 NPh

OOLi

R2

Li H3O+

R1 NHPh

OOH

R2

 tert-BuLi

* *
*** *

TETRAHEDRON
LETTERS

Tetrahedron Letters 42 (2001) 4865–4868Pergamon

Synthesis of optically active aldol derivatives through chirality
transfer type 1,2-Wittig rearrangement of �-alkoxycarboxamides

Osamu Kitagawa,a Shu-ichi Momose,a Yoichiro Yamada,a Motoo Shirob and Takeo Taguchia,*
aTokyo University of Pharmacy and Life Science, 1432-1 Horinouchi, Hachioji, Tokyo 192-0392, Japan

bRigaku Corporation, 3-9-12 Matsubara-cho, Akishima, Tokyo 196-8666, Japan

Received 23 April 2001; accepted 18 May 2001

Abstract—Treatment of chiral �-benzyloxy- or �-propargyloxycarboxamide with tert-BuLi gave �-hydroxycarboxamides (aldol
derivatives) in high optical purity through the formation of �-lithiated ethers and the subsquent 1,2-Wittig rearrangement. © 2001
Elsevier Science Ltd. All rights reserved.

Isomerization to metal alkoxide through the 1,2-alkyl
migration of �-metalated ethers is well known as the
1,2-Wittig rearrangement.1 A radical pair dissociation–
recombination mechanism is widely accepted as the
most reasonable mechanistic pathway of the 1,2-Wittig
rearrangement.1,2 Furthermore, with substrates having
chiral centers at the migrating carbon (not metal-bear-
ing carbanion center), it has been confirmed that the
reaction proceeds with retention of the migrating car-
bon.3 On the other hand, despite the many reports on
such mechanistic and streochemical studies, 1,2-Wittig
rearrangement of synthetically useful levels has not so
far been reported except for a few examples.4 In this
paper, we report a 1,2-Wittig rearrangement with chiral
�-alkoxycarboxamides which proceeds with a high level
of retention at the migrating center to give optically
active �-hydroxycarboxamides (aldol derivatives)
(Scheme 1).

Aldol derivatives, �-hydroxy carbonyl compounds, are
a useful synthetic intermediate for the preparation of
various natural products. Accordingly, the development
of asymmetric aldol reactions to get the optically active

forms has been also investigated by many groups.5

Asymmetric aldol reaction would be classified as a
diastereoselective version using a chiral auxiliary and
an enantioselective version using a chiral reagent or
catalyst.5c We found a new synthetic method of opti-
cally active aldol derivatives through 1,2-Wittig rear-
rangement with chiral N-phenyl �-alkoxycarboxamides.

When (R)-N-phenyl O-benzylmandelamide 1a derived
from (R)-mandelic acid is treated with 3 equiv. of
tert-BuLi at −78°C, deprotonation of benzyl hydrogen
and subsequent 1,2-Wittig rearrangement of the result-
ing �-lithiated ether smoothly proceeds to give �-
hydroxy-�,�-diphenyl propanamide 2a in good yield
(69%) with relatively high diastereoselectivity (anti-2a/
syn-2a=9.9) (Scheme 2).6 The ee of the major
diastereomer anti-2a was estimated to be 94% by
HPLC analysis using a chiral column.6 Thus, the
present reaction was found to proceed with a high level
of chirality transfer without racemization of 1a. As the
reaction substrate, the use of N-monosubstituted
anilide derivative is essential; for example, in the reac-
tion with the O-benzyl ether of mandelic acid, iso-pro-

Scheme 1.
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Scheme 2.

pyl mandelate or N,N-diethyl mandelamide, recovery
of the starting material or formation of a complex
mixture resulted without the formation of the 1,2-Wit-
tig product. Although a decrease in diastereoselectivity
was observed (anti-2b/syn-2b=2.2), under the same
conditions, 1,2-Wittig rearrangement of (S)-N-phenyl
O-benzyllactamide 1b derived from (S)-lactic acid also
proceeded to give the product 2b in good yield (77%)
(Scheme 2). Similar to mandelamide 1a, the ee of major
diastereomer anti-2b was found to be 95% which indi-
cates a high level of chirality transfer, while for minor

diastereomer syn-2b, a decrease in the ee was observed
(79% ee).7 These reactions would be equivalent to an
asymmetric aldol reaction of phenylacetic acid and
propionic acid derivatives with benzaldehyde.

The relative and absolute stereochemistries of the prod-
ucts 2a and 2b were determined after conversion to
known diols 4a8 and 4b9 in accordance with Scheme 3.
On the basis of the results of Scheme 2 and Scheme 3,
the stereochemical course of the present reaction may
be rationalized as Scheme 4. The high ee and absolute

Scheme 3.

Scheme 4.
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Scheme 5.

Scheme 6.

configurations of 2a and 2b indicate that the reaction
proceeds with a high level of retention at the inherent
chiral center (the migrating center). That is, the forma-
tion of dianionic lithium enolate by deprotonation of
�-hydrogen and racemization of a radical intermediate
such as 7A should hardly occur. As far as we know,
since no example of 1,2-Wittig rearrangement involving
the formation of a carbonyl �-radical fragment has so
far been reported, the high level of the chirality transfer
in such reaction system should be noteworthy.

1,2-Wittig rearrangement using an �-alkoxy carbox-
amide derivative can be applied to not only O-benzyl
ether derivatives 1a and 1b but also O-propargyl
ether derivative 1c (Scheme 5). Under the similar con-
ditions, the reaction of (S)-O-propargyllactamide 1c
(91% ee) gave the product anti-2c and syn-2c in 55%
yield, while decrease in the diasteroselectivity and the
level of chirality transfer was observed in comparison
with O-benzyl derivatives 1a and 1b (anti-2c/syn-2c=1/
1.2, syn-2c and anti-2c: 80% ee).7,10

An aza-version of 1,2-Wittig rearrangement with N-Boc
N-benzyl alanine derivative 1d was further investigated.
However, in this case, migration of the Boc group to
the resulting N-benzyl carbanion takes place, leading to
the isolation of 11d as a single stereoisomer without the
formation of an aza-Wittig product (aza-aldol deriva-
tive) (Scheme 6).10

In conclusion, we have succeeded in the development of
1,2-Wittig rearrangement with chiral �-alkoxycarbox-
amides which proceeds with a high level of chirality
transfer to give optically active �-hydroxycarboxamides
(aldol derivatives). The present reaction should provide
new methodology for the synthesis of optically active
aldol derivatives from inexpensive chiral �-hydroxy
acids.
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