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Silyl groups are of great importance for protection of a
hydroxy group,1 and site-selective silylation of polyols has
frequently been used in organic synthesis. Since usual
silylation conditions always effect selective protection of the
less hindered hydroxy group,2 inside selective silylation of
a 1,2-alkanediol generally requires multistep transforma-
tions. For example, a 2-siloxy-1-alkanol can be prepared
from the corresponding diol through esterification of the
1-OH group, silylation of the 2-OH group, and hydrolysis of
the ester moiety (Scheme 1). In the present paper, we
describe a novel method for one-pot silylation of the internal
hydroxy group of a 1,2-alkanediol.
There are several reports concerning inside selective

protection of 1,2-alkanediols by benzyl ethers,3 tert-butyl
ethers,4 methoxymethyl ethers,5 or benzoates.6 It is note-
worthy that all of these examples involve regioselective
cleavage of five-membered intermediates, namely, cyclic
acetals, ortho esters, or phospholanes. On the other hand,
in relation to the chemistry of 1-oxa-2-silacyclopentane
derivatives described previously,7 we became intrigued by
ring-cleavage reactions of cyclic silyl ethers induced by
nucleophiles. We envisioned that treatment of a 1,3-dioxa-
2-silacyclopentane derivative with a nucleophile might effect
regioselective ring cleavage to give the corresponding 2-si-
loxy-1-alkanol.8
Since five-membered cyclic silyl ethers easily undergo

hydrolysis by silica gel column chromatography,9 it was
desired to carry out both the preparation and ring cleavage
reaction of these ethers in one pot. The conventional
methods for silylation of 1,2-alkanediols by using dialkylsilyl
dichloride10 or ditriflate11 and amines are unsuitable for this
purpose because the resulting ammonium salt would serve
as a proton donor. We found that the reaction of 1,2-
hexanediol with 1 equiv of butyllithium followed by di-tert-
butylchlorosilane in THF affords the desired cyclic silyl ether
with the evolution of hydrogen. Treatment of the solution

with butyllithium at -78 °C resulted in cleavage of the Si-O
bond to yield 2-siloxy-1-hexanol as the major product.12
Interestingly, the isomeric ratio was enhanced in the pres-
ence of N,N,N′,N′-tetramethylethylenediamine (TMEDA),
while use of hexamethylphosphoramide (HMPA) gave some-
what lower selectivity (Scheme 2).
The regioselectivity observed in these reactions would

come from kinetically controlled ring cleavage because the
2-siloxy-1-alkanol seems less stable than the corresponding
1-siloxy-2-alkanol. Indeed, 1a underwent isomerization to
1b under the influence of a catalytic amount of potassium
hydride (eq 1). Therefore, the preferential formation of
2-siloxy-1-alkanols could be attributable to complexation of
lithium at the sterically less hindered oxygen as depicted
in Scheme 3.
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This method is applicable to various kinds of 1,2-diols as
shown in Table 1. Use of phenyllithium or an alkynyl-
lithium as a nucleophile also gave the corresponding 2-si-
loxy-1-alkanols in high selectivity (entries 2 and 3). Steric
hindrance around the inside hydroxy group seems to en-
hance the regioselectivity (entries 4 and 7), and the effect
was typically observed in the reaction of 1-(hydroxymethyl)-
cyclohexanol, which has an inside tertiary hydroxy group
(eq 2). Distinction between a tertiary hydroxy group and a
secondary hydroxy group by the one-pot silylation method
was also examined (eq 3). Although formation of the cyclic
silyl ether required higher temperature and a prolonged
reaction period in this case, the cyclic ether underwent
smooth ring cleavage to give siloxy alcohol 10a as a single
isomer.13

As shown in eq 2, the position of the silyl group was
confirmed by converting these silyl ethers into the corre-

sponding R-siloxy aldehydes by Swern oxidation. A variety
of R-siloxy aldehydes, including optically active ones that
are important building blocks in organic synthesis, can be
easily prepared by this methodology. For example, (S)-1-
phenyl-1,2-ethanediol was converted into (S)-2-(butyldi-tert-
butylsiloxy)-2-phenylacetaldehyde (>95% ee, 80% overall
yield) by two-step transformations.14
Furthermore, R-siloxy aldehydes with a functionalized

silyl group show promise for stereoselective C-C bond
formations. For example, in the presence of Me2AlCl,
R-(alkynylsiloxy) aldehydes 12 and 13 underwent rearrange-
ment of the alkynyl group to yield an anti diol predominantly
(eq 4).15 It is noteworthy that a similar non-chelation-type

adduct was obtained, albeit in lower selectivity, by the
intermolecular reaction of 2-(butyldi-tert-butylsiloxy)hexanal
and the corresponding alkynyllithium (eq 5).16 The high
stereoselectivity of the intramolecular reaction can be
rationalized by transition-state models in which the siloxy
group is perpendicular to the carbonyl group (Figure 1).17
The reaction would proceed mainly through TS-1 because
TS-2 suffers from steric repulsion between the alkyl sub-
stituent and the carbonyl oxygen.
In conclusion, a novel method for selective silylation of

an internal hydroxy group of 1,2-diols was developed. To
our knowledge, the present method is the first example of
this type of transformation that is feasible in one pot. We
are currently investigating synthetic reactions using 2-si-
loxy-1-alkanols or R-siloxy aldehydes having a functionalized
silyl group.
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Table 1. One-Pot Silylation of 1,2-Diols

entry R R′ product % yielda a/bb

1 C4H9 C4H9 1 84 94:6
2 C4H9 C6H5 2 89 94:6
3 C4H9 CtCC6H13 3 96 93:7
4 c-C6H11 C4H9 4 94 99:1
5 c-C6H11 CtCC4H9 5 76 99:1
6 BnOCH2 C4H9 6 83 95:5
7 C6H5 C4H9 7 85 99:1
8 C6H5 C6H5 8 89 98:2
a Combined isolated yield of a and b. b Determined by GLC

analysis.

Figure 1.
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