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Treatment of ethyl benzoate or isopropyl formate with tert-
butyldimethylsilyldibromomethyllithium gave alkyl silyl mixed
acetal via 13-rearrangement of silyl group from carbon to
oxygen. The reaction of the mixed acetals with allylsilane in the
presence of Lewis acid afforded allylated ethers.

Recently, we have reported that one-pot synthesis of
RlCH(OSiMez-t-Bu)CX2CH(OH)R2 by successive addition of
two different electrophiles has been achieved starting from fert-
butyldimethylsilyldihalomethyllithium 1.1 The reaction proceeds
via 1,3-rearrangement of silyl group from carbon to oxygen.
Here we wish to report further application of this type
rearrangement to the synthesis of alkyl silyl acetals from
carboxylic esters.

Ethyl benzoate 2 (0.18 g, 1.2 mmol) was added to a solution
of tert-butyldimethylsilyldibromomethyllithium (1a) in THEF,
prepared from fert-butyl(dibromomethyl)dimethylsilane (1.0
mmol) and LDA (1.2 mmol), at =78 °C and the mixture was
stirred for 20 min. Methanol was added to quench the reaction.2
Workup followed by silica gel column chromatography gave ethyl
tert-butyldimethylsilyl acetal 53 (0.41 g) in 94% yield. The use
of acetic acid in place of methanol afforded hemiacetal 6 which
decomposed to a-silyl ketone 7 after standing for three days in
NMR tube (CDCl3 solution). The formation of 5 is explained by
1,3-rearrangement of silyl group from carbon to oxygen in the
intermediate 3-oxido silane 3 (Scheme 1).

Scheme 1.
EtO OLi i
$iCBr PhCO,Et 2 . Et0 OSi
Li 1a THF Ph
8C 5 8 3 h” “CHBr,
5
Si= tBuMe,Si 1 \ I
EtO OH EtO OSi
Sl Si Li
Ph Ph Ph
Br Br 7 Br Br © B Br 4

The facility of 1,3-rearrangement depends on the structure of
substrate. Treatment of ethyl formate with 1a gave ethyl silyl
acetal 8a in only 36% yield* along with dibromo(ters-
butyldimethylsilyl)acetaldehyde (9) (47%) which might be
generated by elimination of ethoxide from B-oxido silane or rapid
decomposition of hemiacetal after workup. The use of isopropyl
formate instead of ethyl formate improved the yield of mixed
acetal 8b up to 80% and the formation of aldehyde 9 was reduced
(5%). tert-Butyl formate was not so effective for the acetal
formation compared to isopropyl formate. Thus, treatment of
tert-butyl formate with 1a gave fers-butyl silyl acetal 8c in only
13% yield in addition to aldehyde 9 (28%).5 Methyl octanoate
gave only bromo(fert-butyldimethylsilyl)methyl heptyl ketone
(11) (38%) which might be produced by elimination of
methoxide from P-oxido silane giving  dibromo(tert-

butyldimethyl-silyl)methyl heptyl ketone (10) followed by
lithium-bromine exchange between 10 and lithium compound 1a
(Scheme 2).
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An addition of HMPA to the reaction mixture of ethyl
benzoate or isopropyl formate and 1a caused the rearrangement
providing a carbanion 12 which reacted with various second
electrophiles effectively (Scheme 3).
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The reaction was successfully applied to the diastereoselective
synthesis® of mixed acetals starting from benzoates or formates
prepared from chiral alcohols. For instance, treatment of o-
phenethyl benzoate with 1a gave 137 with high diastereo-
selectivity (>96% de) in 66% yield. Typical examples are shown
below.
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Then, several reactions of mixed acetals were examined.
Triethylborane-induced reduction of 14 with #n-BuzSnH
afforded = HC(O-/-menthyl)(OSiMer-#+-Bu)CH3 (17) quanti-
tatively. Treatment of acetal 8b with allyltrimethylsilane8 in the
presence of BF3-OEtp, or TiCly in CHoCly at -78 °C gave
allylated silyl ether 18 in 98% yield. In this case, isopropoxy
group was substituted selectively. The nature of reagent affected
which of alkoxy and siloxy group will be replaced. Treatment of
8b with Me3Al® in toluene at 60 °C gave CH3CH(O-i-
Pr)CHBry 19 (41%) as a single product along with starting
material. (Scheme 4).
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Treatment of both diastereomers 20 and 21, separated each
other by silica gel column chromatography, with allyltrimethyl-
silane in the presence of BF3-OFEty at 78 °C gave the same
diastereomeric mixture 22 (35% de). 10 An addition of
allyltrimethylsilane to acetal 23 (51% de) in the presence of
BF3-OFEty gave phenethyl ether 24 (78% de) in 49% yield.
These facts support that allylation reaction proceeds through
cationic intermediate 25 (Scheme 5). 11,1
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