
The Journal of 

Organic 
Chemistry 

VOLUME 59, NUMBER 16 AUGUST 12, 1994 

0 Copyright 1994 by the American Chemical Society 

Communications 
Synthesis of Optically Active 2,3-O-Isopropylidene- 1-(trimethylsily1)glyceraldehyde and 
Other Derivatives of (a-Hydroxyacy1)silane 

Piotr Raubo and Jerzy Wicha* 
Institute of Organic C h e m i s t y ,  Polish Academy of Sciences, ul. Kasprzaka 44, 01-224 Warsaw,  Poland 

Received March 28, 1994@ 

Summary: (a-Hydroxyacy1)silanes are prepared by oxi- 
dation of (a&epoxyalkyl)silanes with the system DMSO- 
trialkylsilyl trifluoromethanesulfonate-tertiary amine. 

Since the first reports on syntheses of acylsilanes with 
the use of 2-(trimethylsily1)dithiane as the precursor of 
the (trimethylsily1)carbonyl group,l several methods of 
preparation of these compounds have been developed.2 
Compounds with the (trialkylsily1)carbonyl group bearing 
a l ipha t i~ ,~  alicyclic,4 aromatic or hetero~yclic,~ and vi- 
nylic6 substituents have become relatively easily avail- 
able. Useful chemical’ and interesting spectroscopic* 
properties of acylsilanes have been revealed. Application 
of acylsilanes in the enantioselective synthesis is, how- 
ever, limited due to the lack of methods for synthesis of 
chiral acylsilanes, with the chirality center in the prox- 
imity of the acylsilyl group. Until now racemic [2-(phe- 
nylthio)acyl]silaneg and only one optically active deriva- 
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tive of (2-hydroxya~yl)silane~~ have been prepared. 
Optically active acylsilanes with an a-branched alkyl 
chain’l have been synthesized and examined for the 
stereochemistry of addition to the carbonyl group. Even 
with such a narrow group of examples it has been clearly 
shown that acylsilanes are synthetic equivalents of 
aldehydes with a high potential with respect to diaste- 
reoselective transformations. We report here the first 
synthesis of optically active (a-hydroxyacyl)silanes, based 
upon Kornblum-type oxidation of (a,j3epoxyalkyl)silanes. 

We found that treatment of 12S,3S)-(trimethylsilyl)- 
glycidol p-nitrobenzoate (la) (95% ee, Scheme 11, easily 
available by the Sharpless epoxidation of 34trimethyl- 
sily1)allyl alcohol12 (vide infra), with DMSO and trim- 
ethylsilyl trifluoromethanesulfonate (MegSiOTfl in me- 
thylene chloride and then with triethylamine affords 2-0- 
(trimethylsilyl)-3-O-(p-nitrobenzyl)-l-(trimethylsilyl)- 
gly~eraldehydel~ (2a) and the corresponding alcohol 2f 
in 45 and 40% yields,14J6 respectively (Table 1, entry 1). 
Replacement of triethylamine with diisopropylethy- 
lamine15 (DIEA) provided the 0-trimethylsilyl derivative 
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f. ~1 =CH~OPNB, R ~ = H  

Scheme 1 Scheme 2a 
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Reagents and conditions: (a) Sharpless epoxidation, 84% yield, 
94% ee; (b) allyltrimethylsilane-DMSO-Me3SiOWCH2C12 and 
then Et3N; (c) 2,2-dimethoxypropane-TsOH cat., distillation, 72% 
from 4. 

transformed with allyltrimethylsilanelg into the O-trim- 
ethylsilyl derivative which, without isolation, was treated 
with DMSO and MeaSiOTf and subsequently with tri- 
ethylamine to yield acylsilane 5. Compound 5 was, 
without isolation, subjected to reaction with 2,2-dimethox- 
ypropane in the presence of a catalytic amount of TsOH 
monohydrate to  afford, after distillation, the required 
glyceraldehyde derivative 6 in 72% yield (bp 80-84 "C/ 
15 mmHg, [ u I ~ ~ D  -94.7", c 1.01, CHCl3). To determine 
the optical purity of compound 6, its 'H NMR spectrum 
was measured in the presence of tris[(3-heptafluoropro- 
pyl)hydroxymethylene~4+~-camphoratoleuropium(III) [Eu- 
(hfc)J and compared with the respective spectrum of 
racemic 6. No signal corresponding to the other enan- 
tiomer could be seen.17 This suggests that during the 
transformation of (trimethylsily1)glycidols into the cor- 
responding (trimethylsily1)glyceraldehyde derivatives there 
is only a small, if any, loss of the optical purity.16 

In conclusion, an easy and efficient method for the 
synthesis of (a-hydroxyacyl)silanes, including the opti- 
cally active 1-(trimethylsily1)glyceraldehyde derivatives, 
from (a,@-epoxyalky1)silanes was developed. Since many 
(a,@-epoxyalky1)silanes are readily available in a highly 
pure enantiomeric form, this method provides an access 
to a class of compounds of potential use in stereocon- 
trolled synthesis. 

Table 1. Preparation of Acylsilanes According to 
Scheme 1 

entry epoxide R2 (TfOR2) acylsilane yield (%) 

1 la Me3Si 2a and 2th 85 
2 la  MeaSi 2a 82 
3 la Et3Si 2b 80 
4 lb MeaSi 2a 89 
5 IC Me3Si 2c 94 
6 Id MeaSi 2d 92 
7 l e  Me3Si 2e 92 
8 la  H 2f 48 

a Et3N was used as the base. 

2a in 82% yield (Table 1, entry 2). Both products 2a and 
2f showed optical activity ( [ a l I 4 ~  -2.3", c 1.3, CHCl3, and 
[ u I ~ ~ D  +46.0", c 1.1, CHC13, respectively).16 

When epoxysilane la  was allowed to react with DMSO 
in the presence of EtaSiOTf and then with DIEA, [O- 
(triethylsilyl)acyl]silane 2b was obtained in 80% yield 
(Table 1, entry 3). Under similar conditions, with the 
use of MeaSiOTf, (2R*,3S*) epoxysilane lb (cis-substi- 
tuted oxirane) furnished acylsilane 2a (89% yield, entry 
4). Representative epoxysilanes lacking an additional 
oxygen function IC, Id, and l e  were transformed into 
the [a-[(trialkylsilyl)oxylacyllsilanes 2c, 2d, and 2e, 
respectively, with excellent yields (Table 1, entries 5-7). 
It is noteworthy that oxidation of epoxysilane la  with 
the use of " O H  instead of Me3SiOTf affords (a-hy- 
droxyacy1)silane 2f; the yield was, however, much lower 
(Table 1, entry 8). Having in hand a method for synthesis 
of chiral a-(hydroxyacy1)silanes we approached the prepa- 
ration of (S)-2,3-O-isopropylidene-l-(trimethylsilyl)glyc- 
eraldehyde (6) which is the acylsilane analogue of one of 
the most important chiral building blocks in organic 
synthesis.17 The synthetic route to compound 6 is 
presented in Scheme 2. Sharpless epoxidation12c of 
3-(trimethylsily1)allyl alcohol (3) gave (trimethylsilyll- 
glycidol 4 (84% yield, 94% ee). The latter product was 
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