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1,4-CHIRALITY TRANSFER VIA THE [2,3]-WITTIG REARRANGEMENT OF CHIRAL ALLYLIC PROPARGYL
ETHER SYSTEM. A NEW, PRACTICAL ENTRY TO CHIRAL PROPARGYLIC ALCOHOLS

Noboru SAYO, Fumiyuki SHIRAI, and Takeshi NAKAI*
Department of Chemical Technology, Tokyo Institute of Technology, Meguro-ku, Tokyo 152

The [2,3]-Wittig rearrangement of enantiomerically-enriched a-methylallyl
propargyl ethers provides a high degree (ca. 90%) of 1,4-chirality transfer,
together with 95-98% of (E)-selectivity. The observed sense of 1,4-chirality
transfer is discussed on mechanistic grounds.

One of the most valuable stereochemical features of sigmatropic rearrangement is the ability
to specifically transmit the substrate chirality to the newly created chiral center(s) in the
product. In principle, the [2,3]-sigmatropic rearrangement is capable of the two distinct types
of chirality transfer, Z.e., 1,3-chirality transfer along the allylic array (Eq. 1) and 1,4-
chirality transfer across the newly formed o-bond (Eq. 2). While the 1,3-chirality transfer has

been studied in a few variants,]) the 1,4-chirality transfer has never been explored.
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In an effort to develop the [2,3]-Wittig sigmatropic rearrangement into a new, basic strategy
for acyclic stereocontro],z) we initiated to investigate the 1,4-chirality transfer via the [2,3]-

n3) asymmetric

Wittig process of chiral allylic ethers (X=0). Since this type of “self-immolative
synthesis associates with both the enantioselectivity over the newly created chiral center and

the stereoselectivity over the newly formed double bond, the success depends critically upon the
proper selection of the substituents G and R. Herein we wish to report our observations on the
sense and degree of 1,4-chirality transfer in the [2,3]-Wittig rearrangement of the three enantio-

merically-enriched a-methylallyl propargyl ethers Qg)4) (Scheme 1).
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The chiral substrates (S)-2 were derived from an optica]]y—reso]veds) alcohol (S)-] via the
conventional sequence.ﬁ) The carbanion rearrangement of szas carried out according to the
standard procedure (n-BuLi, THF, -85—-65 °C). We found that the rearrangement afforded a stereo-
jsomeric mixture of the propargylic alcohol 3 in 90-95% isolated yie]ds.7) The geometric ratio
(E/Z) for 3 was determined by combination of IR and GLC. The enantiomeric excess of 3 regardless
of the olefin geometry was determined by ]gF NMR analysis of the respective MTPA-ester (Mosher
method).s) In order to assign the absolute configuration of the major stereoisomer of 3, the

rearrangement product (3) was hydrogenated (H,, Raney nickel, EtOH) to 49) and the [a] -value
A 2 ~ D
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for 4 was compared with the literature value: [a]D +8.0 (EtOH) for (§)_&910) and +0.27 (EtOH) for
(§)-§5.]]) In the case of 2b (X=SiMe3), the product stereochemistry was determined after
conversion of §B to §3 via protodesilylation (CsF, aqueous methanol, 50 °C). Table 1 summarizes
the stereochemical outcomes including the calculated degree of 1,4-chirality transfer.

Inspection of the data in Table 1 reveals important points concerning the sense and degree of
1,4-chirality transfer via the present [2,3]-Wittig variants. (1) The (S)-configuration in the
substrate is specifically transformed to the (E)-(R)-configuration in the product during all the
rearrangements examined. (2) In the rearrangements of gg and gs, the degree of chirality transfer
is as high as ca. 90%, together with 95-98% of (E)-selectivity. (3) The introduction of the silyl
group leads to a slightly lower degree of chirality transfer and (E)-selectivity (run 3).]2)
Although the specific effect of the added silyl group on the stereoselectivity has no straight-

forward explanations at present, the observed sense of 1,4-chirality transfer can be visualized

as follows on the basis of our own transition-state mode].]3)
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Table 1. The Stereochemical Outcomes in the [2,3]-Wittig Rearrangements of (§)1%

[a]D for 4  Config. of  1,4-Cirality

Run  Substrate (% ee)?) 3E: QZP) % ee of g?) (e, Et0H)D)  major }?) transfer, #5)
1 (§)-§g, X=H (90) 98 : 2 (84)9) +6.47°(1.16) R 93
2 (S)-2a, X=H (94) 95 : 5 86 R D) 92
o i) h)
3 (§)-§v, X—S1Me3 (94) 93 :7 76 — R = 81

4 (§)-gs, X=CH3 (90) 97 : 3 80 +0,20°(1.02) R 89

a) Refers to % ee of the starting (§):L used for the preparation, as judged from the highest
rotation value: [u]§2-51.8°(c 3.8, dioxane): L.-I. Olsson and A. Claeson, Acta Chem. Scand., B31,
614 (1977). b) Determined by GLC analysis (PEG 20M, 150 °C: 3a, tR=19.5 min (E) and 22.7 min (Z);
3¢, tR=30.4 min (E) and 35.0 min (Z). c) Determined by Mosher method (see the text). Note that
the values are regardiess of the olefin geometry (see Ref. 8). d) Measured at 25 °C (e=g/100 m1).
e) Based on reported configuration of (+)—(§)ii,(see the text). Note that (§)1£,is correlated to
(R)-3 due to a priority change. f) Stands for % ee of 3 (regardless of the olefin geometry)
relative to % ee of 2 g) Determined through comparison of the observed [a]D-value for 4a with
the reported value (+8.0°). h) Assigned by similarity in chemical shifts in 19F NMR of the MTPA-
ester. The CF3 singlet of the major enantiomer appeared at a higher field than that of the minor
one. i) Refers to % ee of 33 derived from 3b (see the text).

Of the two possible transition-state conformations leading to the (E)-geometry,]4) the
conformation ﬁ&]eading to the (5)-configuration is sterically more favorable than the conformation

jisince the latter suffers the large pseudo-1,3-diaxial repulsion as indicated in the formula.
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In summary, this work demonstrates that the [2,3]-Wittig rearrangement of enantiomerically-
enriched allyl propargyl ether systems such as 23 and 2¢ provides a new, practical method (starting
from chiral propargylic alcohols) for the highly enantiospecific synthesis of a particular type of
propargylic alcohols such as 3a and 3c. The rearrangement products possess the unique multi-
functionality suitable for further synthetic elaborations, thus making the present methodology
potentially useful for asymmetric synthesis of several natural products. We are now investigating
not only the synthetic utility of the chiral propargylic alcohols thus obtained but also the 1,4-

chirality transfer via different [2,3]-Wittig variants.
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