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Tetrahydrofuran solutions of the silyl ketene acetall 1 react with acid chlorides in the 

presence of triethylamlne to furnish silylated derivatives (g,$) of S-keto esters. Hydrolysis 
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0% (Ct$)$ fSi(CH&+ 

CH2=C + RCH#OCl + Et3N$$ Et3N.HC1 + RCH=C-CH2C02C2HS + RCH2- 
[zf(CHj)it 

. CHC02C2H5 

'OCH2CH3 

of J, or 2 with dilute acid occurs under mild conditions and gives the corresponding B-keto ester 

in essentially quantitative yield. 

F’3 -!!!$+2!$ RCH2COCH2C02C2HS + -j-Si(CH3)20H 
, 

Reaction of & with acetyl or butyryl chloride in the absence of triethylamine is sluggish 

and hydrolysis produces only modest yields (10-25X) of the corresponding S-keto esters3. Addi- 

tion of triethylamine to a mixture of & and butyryl chloride in tetrahydrofuran produces an 

immediate precipitate of material assumed to be the acylammonium salt. This material is slowly 

replaced by a new precipitate of triethylamine hydrochloride and after 2 hours an 85% yield of 

$ (R=ethyl) is present in solution (glpc analysis). Under similar conditions, reaction in ethyl 

ether or pentane is much slower and increasing amounts of the isomeric silyl derivative 2 

(R=ethyl) are formed. Both 4 and 2 are stable to the reaction conditions and their ratio does 

not change with time following complete reaction. 

We rationalize these results by assuming 4 results from the formation of a ketene and its 

subsequent trapping by A. Product ,J is formed by direct attack of 4 on the acylammonium salt, 
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Results obtained for the reaction of & and triethylamine with a variety of acid chlorides 

are shown in the table. It can be seen that acid chlorides lacking alpha hydrogens, such as 

bensoyl or pivaloyl chloride, give satisfactory yields of silylated B-keto esters. It is note- 

worthy that unsaturated acid chlorides, such as crotonoyl chloride, can be accomodated, 

providing a synthesis of unsaturated B-keto esters. 

TABLE. Reaction of 2 with Acid ChZorides in the Presence of Triethyhmine 

Acid Chloride Product (yield, glpcja 

Acetyl chloride 

Butyryl chloride 

Isobutyryl chloride 

Crotonoyl chloride 

Benzoyl chloride 

Pivaloyl chloride 

Cyclohexanecarboxoyl 
chloride 

CH2=C(OSiR3)CH2C02Et (86%) 

CH3CH,CH=C(OSiR3)CH2C02ET (85%) 

ySiR3 

(CH3)2C=C(OSiR3)CH,C02Et (35%) + (CH3)$HC=CHC02Et (35%) 

CH2=CHCH=C(OSiR3)CH2C02Et (98%) 

PSiR3 
C6H5C=CHC02Et (62%) 

TSiR3 
(CH3)3CC=CHC02Et (40%) 

0 
QSiR, 

=C(OSiR3)CH2C02Et (31%)b + o-t=CH;02Et (58%) 

(a) All products were isolated by vacuum distillation. Structures were established by proton 

nmr and by hydrolysis to the corresponding B-keto esters. 

(b) Determined by nmr analysis of product mixture. 



0-silyl ketene acetals with a single alpha substituent also undergo the reaction, as shown 

by results obtained with 2. However, under similar conditions, the ketene acetal with two alpha 

/ 
0Si(CH3)2+ 

CH3(CH2)4CH=C\ + CH$OCl + Et3N+' CH3(CH2)4CHC02Et 

OEt 1 day c 

8 
H2C 

/\ 
0Si(CH,)2 

61% 

substituents, ,Q, was inert. 

All of the silylated derivatives shown in the table can be distilled under reduced pres- 

sure and stored for long periods without apparent decomposition. Consequently, the present pro- 

cedure not only provides a simple route to S-keto esters via hydrolysis, but the silyl deriva- 

tives offer significant advantages for storing these reactive and useful reagents. Finally, 

the ability to prepare non-conjugated derivatives of type 5, suggests a number of synthetic 

possibilities which we are presently investigating. 

The following procedure for the preparation of 

dienoate from crotonoyl chloride is representative. 

ethyl 3-tert-butyldimethylsiloxy-3,5-hexa- 

A dry 100 ml round-bottomed flask is 

flushed with nitrogen and immersed in an ice-water bath. Crotonoyl chloride (2.9 ml, 30 mmoles) 

dissolved in 30 ml of dry tetrahydrofuran 1s placed in the flask followed by J, (7.1 ml, 30 

mmoles) and triethylamine (4.2 ml, 30 mmoles). The ice-bath is then removed and the contents 

of the flask are stirred for 24 hours at room temperature. The reaction mixture is then extrac- 

ted with 10 ml of water, the organic layer dried and subjected to vacuum distillation to 

obtain 7.3 g, 9041, of colorless liquid, bp 80" (0.2 rmn), N25D 1.4677. 

a: Acknowledgment is made to the donors of the Petroleum Research Fund, 

administered by the American Chemical Society, for partial support of this research. 
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