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Asymmetric [2,3]-Wittig Rearrangement Involving a Chiral Ester Enolate Terminus.
A Chiral Synthesis of erythro-a-Hydroxy-g-alkyl Carboxylic Acid Derivatives#

Osamu TAKAHASHI, KOichi MIKAMI, and Takeshi NAKAI%*
Department of Chemical Technology, Tokyb Institute of Technology,
Ookayama, Meguro-ku, Tokyo 152

The title rearrangement of the (E-2-alkenyloxy)acetic esters
derived from (-)-8-phenylmenthol has been shown to afford the cor-
responding 3-alkyl-2-hydroxy-4-pentenoic ester with an extremely
high level of diastereoface selection (95-97% de) along with a

high erythro selectivity (90-93%).

In our continuing study on the asymmetric [2,3]-Wittig rearrangement involv-
ing a chiral enolate terminus (Eg. 1), we have recently reported the enolate
rearrangement of the chiral oxazolines (1)1) and the chiral amides (g).Z)

However, their synthetic utility is limited by the insufficient levels of dia-
stereoface and/or diastereo selection. 1In a continuation of these studies, we now
wish to report that the enolate [2,3]-Wittig rearrangement of the (-)-8-phenyl-
menthol-derived3) esters (3) exhibits a remarkably high level of diastereoface

selection along with a high erythro selectivity.
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We studied the enolate rearrangement of the five chiral esters (3a-g) which
were prepared in 81-99% yields from the corresponding (2-alkenyloxy)acetic acid
or its chloride and (—)-8-phenylmenthol.4'5) The chiral ester (3) was treated

# Dedicated to Professor Teruaki Mukaiyama on the occasion of his 60th birthday.
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with a lithium amide base in hexamethylphosphoramide (HMPA)-THF (1:4 by vol.)6) at

-70 ©C. The reaction mixture was stirred at that temperature for ca. 10 h and

then slowly warmed to 0 ©C. Hydrolytic workup afforded the rearranged product (4)
in 75-88% isolated yield after column chromatography (Scheme 1). Table 1 shows

the stereochemical outcomes.
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Several significant trends are evident from the data in Table 1. (1) In the

rearrangement of 3a-¢, a remarkably high (2S)-preference (>95% de) is observed,
along with a relatively high erythro selectivity (2>90%). (2) In contrast, how-
ever, the (2S)-preference is considerably lowered with 3d and 3¢ having no v-
alkyl-substituent on the allylic moiety. These trends indicate that the alkyl-
substitution pattern on the allylic moiety plays a vital role in dictating the
level of asymmetric induction. (3) The nature of the amide bases employed has
little influence on the stereoselectivity concerned.

The observed (2S)-preference is readily interpreted as the result that the
enolization leads to the (E)-enolate (solvent-separated or free)6) which undergoes
[2,3]-shift preferentially from the sterically less congested front-side (si-face)
of the enolate as depicted in T;, since the back-side (re-face) rearrangement
should suffer a large steric repulsion7) between the phenyl group and the allylic
moiety, particularly the yv-alkyl substituent (R1) as shown in T,. The high
erythro selectivity observed for 3a and 3b is explicable by essentially the same
argument used to rationalize the high erythro selectivity previously observed for
the rearrangement of 1 and 2,13'2) Thus, both the (2S)-preference and the erythro
selection can be visualized by the transition state (IJ) in which the ester
terminus occupies the pseudo-axial position of the envelope conformations) and the

phenyl group situates at the back-side (re-face). 1
R
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Table 1. The Chiral a-Hydroxy Esters (i) via Rearrangement of 3

Substrate Base?) Product Erythro : ThreoP) 3 geP) Config.C)
CH3
3a LDA 90 : 10 979) 2s
HO CO,R*
3a LHDS 93 : 7 969) 2s
3a LTMP 92 : 8 979) 2s
(CHy) 3CHg
3b LDA 92 : g°) 959) 2sf)
*
HO CO,R
CHy
CH
3c LDA 4?;:]6; 3 96 2st)
*
H COR
3d LDA 4i::]\\ 11 28
H CO,R*

CHs

3e LDA 2st)

Y-

*
HO C02R

a) LDA = lithium diisopropylamide, LHDS = lithium hexamethyldisilazide, LTMP = lithium 2,2,6,6-
tetramethylpiperidide. b) Determined by capillary GLC (XE-60, 30 m) and 1y NMR analyses.

c) Unless otherwise noted, the configuration was assigned after conversion to the corresponding
methyl ester as described in Ref. la. d) Refers to the major erythro isomer. e) For the
assignment of the erythro configuration of 4b, see: Ref. 9. f) The configuraion was assigned
by similarity in GLC analysis.

From a synthetic point of view, the present asymmetric rearrangement is of
particular value, since it permits ready access to erythro-a-hydroxy-B-alkyl
carboxylic acid derivatives with a high optical purity, an important class of
intermediates for natural product synthesis. For instance, (-)-verrucarinolactone

33f)

can be easily synthesized from (2S,3R)-4a as previously reporte and unnatural

(-)-blastmycinone could be prepared from (2S,3R)-4b according to the reported

procedure.10)

In summary, the results of this work demonstrate that the asymmetric enolate
[2,3]-Wittig rearrangement of the chiral ester 3 provides a new and highly
efficient method for diastereo- and enantio-selective synthesis of a-hydroxy-
B-alkyl carboxylic acid derivatives. Further efforts are in progress to apply the
present methodology to natural product synthesis.
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