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Claisen rearrangement of allyl vinyl ethers is one of
the most powerful tools for stereoselective carbon-carbon
bond formation.1 The stereoselective formation of the
enol ether moiety is the key to diastereocontrol over the
newly created chiral centers of the product. However,
acyclic enol ether Claisen rearrangement shows no
significant diastereoselectivity because of the lack of
stereoselective synthesis of the enol ether moiety.2 Allyl
vinyl ethers are typically prepared by either mercury-
or acid-catalyzed vinyl ether exchange with allylic alco-
hols or by Wittig-type alkenation reactions from carbonyl
precursors.3 However, the stereoselectivity in these
reactions is usually low.4 We report here the stereose-
lective synthesis of allyl vinyl ethers from silyl enol ethers
through mixed iodo acetals.
Mixed iodo acetals were very easily prepared stereo-

selectively5 by the addition of a solution of silyl enol ether
in dichloromethane to a stirred heterogeneous mixture
of N-iodosuccinimide (NIS) and a primary or secondary
allylic alcohol in dichloromethane at -78 °C.6,7 While
(Z)-1-(tert-butyldimethylsiloxy)-1-decene (1b)8 selectively
gave erythro-1-(allyloxy)-1-(tert-butyldimethylsiloxy)-2-
iododecane (2bD) (erythro/threo ) 99/1)9 in 94% yield, (E)-
silyl enol ether 1c8 selectively gave threo-1-(allyloxy)-1-
siloxy-2-iododecane (2cD) (threo/erythro ) 96/4) in 77%
yield upon treatment with (E)-2-hexen-1-ol and NIS.
Even the tertiary allylic alcohol linalool gave 2aC in 42%
yield by this method. The results are summarized in

Table 1. The results on the reaction of these iodo acetals
with butyllithium in DME are also shown in Table 1.
The addition of butyllithium (2.4 equiv) to a solution

of 2aA, 2aB, or 2aC in DME at -78 °C gave allyl vinyl
ether 3aA, 3aB, or 3aC at a yield of 66%, 92%, or 60%,
respectively.10,11 Surprisingly, the tert-butyldimethylsi-
loxy group was selectively eliminated prior to the allyloxy
group, and only a small amount of silyl enol ether 1a was
obtained (<9% yield).12 Treatment of 2bD (erythro/threo
) 99/1) with butyllithium in DME at -78 °C gave allyl
vinyl ether 3bD (E/Z ) 96/4, 76% yield) along with silyl
enol ether (18%, 1c/1b ) 92/8). The addition of HMPA
(4 equiv to n-BuLi) increased the yield of 3bD at the
expense of 1c/1b (3%), although E stereoselectivity
decreased slightly (E/Z ) 90/10). Furthermore, treat-
ment of 2cD (erythro/threo ) 4/96) with butyllithium in
DME at -78 °C gave 1-(allyloxy)-1-decene (3cD) (Z/E )
86/14, 79% yield) in addition to 1-siloxy-1-decene (19%,
1c/1b ) 55/45). The addition of HMPA improved both
the yield of 3cD and its Z stereoselectivity. Thus, (Z)-
1-(allyloxy)-1-decene (3cD) (Z/E ) 96/4, 81% yield) was
obtained selectively along with a small amount of 1c/1b
(9%, 1c/1b ) 84/16). Similar results were obtained from
2dE and 2eE. Trisubstituted allyl alkenyl ethers 3fE
and 3gEwere also prepared from 1f and 1g, respectively,
in good yield.13

The solvent plays a critical role in the distribution of
the products. A complete change in the course of the
reactions was observed when hexane was used as a
solvent in place of DME. For instance, treatment of
erythro 2bD with butyllithium in hexane at -78 °C gave
1-(tert-butyldimethylsiloxy)-1-decene 1c as the sole prod-
uct with high stereoselectivity (E/Z ) >99/<1). A trace
of allyl vinyl ether 3bD (<5%) could be detected in the
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reaction mixture. Thus, (Z)-1-(tert-butyldimethylsiloxy)-
1-decene (1b) could be converted exclusively into the (E)-
isomer 1c through 1-(allyloxy)-1-(tert-butyldimethylsiloxy)-
2-iododecane (2bD). On the other hand, threo 2cD
afforded (E)-1-(allyloxy)-1-decene (3bD) exclusively with-
out contamination by siloxy-1-decene 1c upon treatment
with n-BuLi in hexane. Therefore, both (E)-3bD and (Z)-
3cD could be prepared selectively by changing solvents
from the same mixed iodo acetal 2cD (Scheme 1).
We are tempted to assume the following reaction

mechanism. In hexane, the reaction might proceed via
the syn periplanar transition state of an E2 reaction
(Figure 1, A or B, 2cD: R ) n-C8H17, R′ ) n-PrCHdCH-
CH2). Coordination of the siloxy group to lithium triggers
the attack of iodine by the butyl anion. Severe steric
repulsion between the siloxy group and the alkyl group
makes transition state Β less favorable. Thus, treatment

of threo 2cD with butyllithium gives (E)-1-(allyloxy)-1-
alkene 3bD selectively through transition stateA. Using
the same argument, erythro 2bD exclusively gives (E)-
1-(siloxy)-1-alkene 1c. On the other hand, in DME,
1-(allyloxy)-1-siloxy-2-iodo species 2bD and 2cD could
undergo the stereoselective anti elimination of the siloxy
and iodine moieties (Figure 1, C). In polar solvents such
as DME and DME-HMPA, lithium is surrounded by
solvents and cannot be coordinated by the siloxy or
allyloxy group, as shown in A and B.
In conclusion, (1) in DME, stereospecific anti-elimina-

tion of the siloxy and iodine moieties proceeded. Thus,
employment of erythromixed acetal led to the formation
of (E)-alkenyl ether. Conversely, reaction of threo isomer
gave the (Z)-alkenyl ether. (2) In hexane, syn-elimination
took place preferentially. Elimination of the elements
of alcohol proceeded to give (E)-silyl enol ether from
erythro mixed acetal, while reaction of threo isomer
afforded only the (E)-alkenyl ether (Scheme 2).
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Table 1. Preparation and Reaction of Mixed Iodo Acetals

silyl enol ether 1 acetal 2 alkenyl ether 3

R1 R2 allylic alcohol (ROH) yield (%) erythro/threo yield (%) E/Z

1a H H A 2aA 92 3aA 66
1a H H B 2aB 66 3aB 92
1a H H C 2aC 42 3aC 60
1b n-C8H17 H D 2bD 94 99/1 3bD 76 96/4
1c H n-C8H17 D 2cD 77 4/96 3cD 81a 4/96
1d CH3 H E 2dE 89 99/1 3dE 86 92/8
1e H CH3 E 2eE 69 15/85 3eE 77a 24/76
1b n-C8H17 H B 2bB 65 99/1 3bB 76 91/9
1b n-C8H17 H F 2bF 91 99/1 3bF 74 91/9
1f C2H5 CH3 E 2fE 79 98/2 3fE 94 94/6
1g CH3 C2H5 E 2gE 79 4/96 3gE 88 8/92
a HMPA (4 equiv to n-BuLi) was used as a cosolvent. See text.

Scheme 1

Figure 1.

Scheme 2
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