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There are numerous reports on the O-silylation of carbonyl
compounds®. However, most of the methods described have
some drawbacks such as requirement of strongly basic or
other forcing conditions and the separation of moisture-sensi-
tive products from a large amount of inorganic or amine salt.
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Improved methods which were recently reported™* involve
the reaction of carbonyl compounds with ethyl trimethylsilyl-
acetate in the presence of a catalytic amount of tetrabutylam-
monium fluoride (TBAF) or chlorotrimethylsilane in the pres-
ence of lithium sulfide, respectively. We now report an alter-
native improved method for the conversion of enolizable ke-
tones (2) into their enol trimethylsilyl ethers (3) using methyl-
ketene methyl trimethylsilyl acetal® (1) in the presence of a
catalytic amount of TBAF and the application of this silyla-
tion method to the synthesis of cyclic acetals (4; including
thioacetals) via the trimethylsilyl enol ethers 3 by a one-pot
procedure under mild conditions.
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The O-silylation of ketones 2 to give the silyl enol ethers 3 is
generally carried out under weakly basic conditions employ-
ing equivalent amounts of reagent 1 and substrate 2 in tetra-
hydrofuran containing a catalytic amount of TBAF. The sily-
lation proceeds to completion within 1-2 h at 20 °C (2a-e) or
even within 2 h at —78 °C (2f). The yields of silyl enol ethers
3 thus obtained are generalily high and comparable to or bet-
ter than those reported? for the silylation of 2 by other meth-
ods.
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The formation of compounds 3 may be rationalized by the following
catalytic cycle which involves the initial reversible formation of the
ammonium enolate A. This enolate A undergoes anion exchange with
the ketone 2 to give the ammonium enolate B which is then O-sily-
lated by reagent 1° and/or fluorotrimethylsilane®.
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The O-silylation 2— 3 using reagent 1 may be utilized for a
facile one-pot acetalization of ketones 2 since silyl enol ethers
(3) are known to be versatile intermediates for acetal forma-
tion under mild conditions” and methyl propanoate (5), the
only by-product, may be separated from the product acetals 4
by distillation. Thus, the cyclic 0,0-, 0,S-, and §,S-acetals
4a,d (Y'=Y?>=0), 4b (Y'=0, Y?>=8), and 4¢ (Y'=Y*=9)
were obtained from ketones 2 and ethylene glycol, 2-mercap-
toethanol, or 1,2-ethanedithiol, respectively, in the presence of
a catalytic amount of concentrated hydrochloric acid.

The acetalization method described here is advantageous over
the known methods® in terms of mild reaction conditions and
short reaction times. A one-pot procedure for the introduction
of various electrophiles into the a-position of enolizable car-
bonyl compounds by utilizing the present silylation method is
currently under investigation®,

Trimethylsilyl Enol Ethers (3a-f); General Procedure:

To a stirred mixture of the enolizable ketone 2 (3 mmol), TBAF (7.8
mg, 0.03 mmol), and dry tetrahydrofuran (3 ml), reagent 1 (481 mg, 3
mmol) is added dropwise at room temperature under argon. The mix-
ture is stirred for 1 h under the same conditions and is then diluted
with pentane (10 ml). A small quantity of unsoluble material is filtered
off and the filtrate is concentrated under reduced pressure to give the
silyl enol ether 3. Pure samples are obtained by distillation under the
conditions listed in Table 1.

One-Pot Conversion of Enolizable Ketones (2) into 0,0-, O,S-, and S,S-
(1,2-Ethanediyl) Acetals (4) via Silyl Enol Ethers (3); General Proce-
dure:

To a stirred mixture of the enolizable ketone 2 (4 mmol), TBAF (10.5
mg, 0.04 mmol), and dry tetrahydrofuran (4 ml), reagent 1 (641 mg, 4
mmol) is added dropwise at room temperature under argon. Stirring is
continued for 1 h and then, 1,2-ethanediol (248 mg, 4 mmol), 2-mer-
captoethanol (313 mg, 4 mmol), or 1,2-ethanedithiol (337 mg, 4 mmol)
is added followed by the addition of conc. hydrochloric acid (~0.2 ml
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or 2 drops). Stirring is continued at room temperature for 30 min. The
mixture is diluted with ether (50 ml), washed with saturated sodium
hydrogen carbonate solution (10 ml) and with water (10 ml), and con-
centrated under reduced pressure. The pure acetal 4 is obtained by

distillation of the residue under the conditions given in Table 2.

Table 1. Trimethylsilyl Enol Ethers (3) prepared

Product” Reaction  Yield [%] b.p./torr* [°C]
conditions
[h], [°C] crude dis- found reported
prod- tilled
uct”  prod-
uct®
0Si{CH3)3
e
3a ) 1. 20° 9 70 78-80°/  74-75°/
~ 2 20"
OSilCH3l3
3b( 1, 20° 92 73 78-80°/ 158-159°/
)
0SilCH3)3 50 76"
-
3c( ) S 2 200 95 81 97-98°%/  93-94°
) 16 14"
0Si{CHal)s
AN )
3d\l 2, 20° 93 87 120-123°/  95-98°/
12
0Si{CH3)3 16 08
Se 1, 20° 95 79 160-162°/ 115-118°/
S 12
3 0.75
QSi{CH3)a
z M
3f CHs 2, —78° 80 68 50-55¢/ 59-61°/
5 71()

* All products were identified by comparison with authentic sam-

ples.

® Purity >90% as determined by G.L.C. and 'H-N.M.R. analysis.
¢ Preparation of a 3-4 mmol scale.

4 Uncorrected.

Table 2. Cyclic 0,0-, 0,S-, and S,S-Acetals (4) prepared”

Product Yield® b.p./torr¢ [°C}
(%]
found reported
B!
0_0
4a 66 78-80°/18 88-90°/287
M
S 0
4b© 61 102-104°/16 119°/257
B!
S_S
4c© 63 120-123°/8 107°/5%
M
0_0
4d© 43 65-67°/41 57°/18"

s Conditions are given in the general procedure.
" Yield of distilled product which was identified by comparison with
an authentic sample.

¢ Uncorrected.
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