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Abstract

A new method for the synthesis of optically active a-hydroxyalkynylsilane 3 is described. The key step of
the conversion to 3 was the use of the reverse Brook rearrangement of the 2-alkynyl silyl ether 2. # 2000
Elsevier Science Ltd. All rights reserved.
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The (1-hydroxy-2-alkynyl)trialkylsilane (a-hydroxyalkynylsilane) derivative, possessing a chiral
a-hydroxysilane group convertible to an aldehyde or a carboxylic acid, has received considerable
attention owing to its potential utility as a building block in organic synthesis.1 However,
methodology for its preparation has been limited to the use of a nucleophilic addition reaction,
i.e. addition of an alkynyl anion to trialkylsilylformaldehyde.2 In this report, we wish to describe
an e�cient entry to the synthesis of (1-hydroxy-2-alkynyl)trialkylsilane 3 by means of reverse
Brook rearrangement of 2-alkynyl trialkylsilyl ether 2.
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Treatment of a 2-alkenyl silyl ether with a strong base is well known to undergo the reverse
Brook rearrangement to give (1-hydroxy-2-alkenyl)trialkylsilane,3 while no successful example
regarding the reverse Brook rearrangement employing 2-alkynyl silyl ether has been reported to
date, due probably to the instability of the 2-alkynylalkoxylithium intermediate B (Eq. (1)). In
fact, treatment of the propargyl silyl ether 2a with n- or tert-BuLi resulted in a complete recovery
of the starting material. On the other hand, the use of 3 equiv. of sec-BuLi was found to e�ect the
desired rearrangement to give 3a in 16% yield,4 apparently indicating the presence of an
equilibrium between A and B.5

Encouraged by this ®nding, we attempted to improve its yield. Finally, the yield was optimized
to 70% when unprotected propargyl alcohol (1a) was treated with the following sequence of
reactions in one pot (method A): (1) TBDMSCl and n-BuLi in THF; (2) 3 equiv. of sec-BuLi at
^45�C for 22 h; and (3) acetic acid in THF at ^78�C (Table 1, entry 1).5,6 This method was applied
to other 2-alkyn-1-ols (1b±d). The reaction of 2-butyn-1-ol (1b) using 1.2 equiv. of n-BuLi for the
rearrangement step provided 3b in 86% yield (entry 2), while the use of the isolated TBDMS
ether 2b (method B) a�orded the same product in 45% yield (entry 7), where the yield was
improved to 78% by using 3 equiv. of n-BuLi (entry 8). 2-Octyn-1-ol (1c) using TMSCl and tert-
BuLi7 a�orded the a-hydroxytrimethyl-silane 3c in 45% yield (entry 4). In this case, method A
was slightly superior to method B (35%, entry 9) in terms of yield. Next, we examined these
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methods for the conversion of the secondary propargyl alcohol 1d or its silyl ether 2d into the
corresponding a-substituted-a-hydroxysilane 3d, which has a sterically crowded tertiary hydroxy
group. Method A using TMSCl and tert-BuLi was quite e�ective for this conversion to give 3d in
67% yield (entry 10), together with the allenol ether 4d8 (31%, vide infra).9 Thus, the reverse
Brook rearrangement was found to be an e�cient method for the preparation of various types of
the (1-hydroxy-2-alkynyl)trialkylsilanes 3a±d.
One question arose from the above results, namely, why did direct treatment of the silyl ether 2

with the base (method B) result in a signi®cant decrease in the yields of the a-hydroxysilane 3 in
comparison with its one-pot preparation (method A) where LiCl, produced at the silylation step,
existed in the reaction? To understand the role of LiCl, the following experiments were
performed: (1) the use of TBDMSOTf instead of TBDMSCl for method A; and (2) the addition
of LiCl to method B. The reaction of 1b using TBDMSOTf gave 3b in 32% yield which was much
lower than that obtained using TBDMSCl (entry 3). Addition of LiCl (1±3 equiv.) to the reaction
of the silyl ethers 2a±c resulted in a slight increase in the yields, respectively (entries 6±9), which
were, however, still lower than those obtained by method A. It is noted that none of the allenol
ethers 4a±c were by-produced by the addition of LiCl. These results indicate that LiCl plays an
important role to obtain better yields in both methods, and prevents the formation of the allenol
ethers in method B, which would be produced through an intermediate such as A in Eq. (1).
However, the real role of LiCl in the present reaction is not clearly understood at this stage,
although it has been reported that lithium halides a�ect the equilibrium of the Brook rearrangement.8c

The conversion of the resulting 3a±c into their optically active forms was accomplished as
shown in Scheme 1. Jones oxidation of 3a gave the silyl ketone 5a in good yield. Enantioselective
reduction of 5a with 5 equiv. of BH3 in the presence of 2 equiv. of (S)-oxazaborolidine 610

a�orded the optically active (1-hydroxy-2-alkynyl)trialkylsilane (S)-3a11 (57% yield, >95%
ee).12,13 The a-hydroxysilane (S)-3b11 (>95% ee)12 was synthesized in the same manner. On the
other hand, the a-hydroxysilane 3c was converted to the silyl ketone 5c by Swern oxidation
because of its instability under the acidic conditions. Successful conversion of 5c into the optically
active a-hydroxysilane (R)-3c11 (>95% ee)12 using (^)-B-chloro diisopinocamphenylborane
(7, (^)-DIP-Cl)14 has been reported.1,15

In summary, we have found that the reverse Brook rearrangement is a useful method for the
conversion of the 2-alkynyl trialkylsilyl ether 2 into the (1-hydroxy-2-alkynyl)trialkylsilane 3,
whose optically active form was prepared by oxidation and subsequent enantioselective
reduction.

Scheme 1.
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