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Although the use of a-silyl acetates in the preparation 
of a,&unsaturated esters has been known and applied for 
nearly a decade: the potentially very useful extension of 
this reaction to a-alkylated esters has not yet been re- 
ported.6 Our finding that lithium ester enolates can be 
directly C-silylated with diphenylmethylchlorosilane6 
suggested the possibility that esters might be directly 
converted in two steps to a-alkylated-a,fl-unsaturated 
esters 2 via the silylation-condensation-elimination se- 
quence shown in Scheme I. We report herein that this 
is, in fact, the case, thereby adding an important dimension 
to the Yamam~to-Ra thke~~~~  application of the Peterson 
reaction. This approach has certain advantages over the 
Wittig transformation of aldehydes and ketones to a,& 
unsaturated esters,' most notably the ability to employ a 
normal unfunctionalized ester as the starting material. 

The results are shown in Table I. As can be noted, the 
yields are moderate to good and the reaction proceeds with 
both aldehydes and ketones. Acrolein reacts in the normal 
1,2 fashion (entry 1) and the combination of two lengthy 
chains poses no problem (entry 11). 

The reaction is moderately stereoselective, giving rise 
to predominantly the 2 isomer, in contrast to the a-silyl 
acetates where the E isomer predominates." Although this 
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could be a result of the formation of a mixture of 2 and 
E enolates and therefore a pref-par8 mixture of 0-oxido 
silanes, which could undergo a syn elimination: we feel 
that a more likely explanation is a stepwise elimination 
of the 0-oxido silane. Strong evidence for such a stepwise 
elimination of certain 0-oxido silanes has recently been 
reported by Yamamoto and co-workers1° and supported 
by results from the Larcheveque laboratory." This then 
dictates that the stereoselectivity of the reaction is not 
determined, to any great extent a t  least, by the geometry 
of the enolate or its mode of addition to the aldehyde (or 
ketone) to form the 8-oxido silane but, in fact, by the 
relative stabilities of the 0-silyloxy enolates 3a and 3b 
formed by a 1,3-migration of silicon from carbon to oxygen 
(eq 1). This is consistent with the results reported here 
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and those reported in previous work as well, in that where 
R = H conformation 3b would be the more stable and the 

3a 3b 

E isomer would predominate as observed. On the other 
hand, where R # H, then conformation 3a would be the 
more stable and the 2 isomer would be the predominant 
product as is seen in the present study and in other cases 
where R is C1& and Me3Si,Bb as well as in a closely related 
system.12 
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Table I Scheme I1 
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SiMePh, = diphenylmethylsilyl. *Isolated yields, Z E  ratios 
determined by 'H NMR.I3 

In order to more thoroughly understand the stereose- 
lectivity of the condensation-elimination steps we at- 
tempted to prepare and isolate the P-hydroxy-a-silyl esters 
via the use of the magnesium enolates as was done with 
trimethylsilyl acetates in the Larcheveque study. Thus, 
ethyl a-(diphenylmethylsily1)butanonate (4) was treated 
sequentially with LDA, magnesium bromide, and 1-butanal 
(Scheme 11) in the hopes of generating a stable P-oxido 
silane (5). Treatment of the product of this reaction with 
water gave no evidence for the presence of a P-hydroxy 
silane (6). Furthermore, treatment of the mixture after 
the condensation but before any hydrolysis with HMPA, 
conditions reported to give predominant syn elimination," 
gave 7 in a ZE ratio of 6793. Hydrolytic workup followed 
by treatment of the crude reaction product with boron 
trifluoride etherate gave 7 in a ZE ratio of 8812. Clearly 
the reaction is not cleanly stereoselective under any of 
these conditions, due in part a t  least to the fact that the 
reaction must be warmed to room temperature and above 
to achieve reasonable chemical yields. 

Experimental Section 
Spectra were recorded in the normal manner. All esters, al- 
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dehydes, and ketones were distilled prior to use. The CY-silyl esters 
were prepared according to our published procedure in greater 
than 80% isolated yields. Glassware was dried in an oven or in 
a flame and cooled under an atmosphere of nitrogen prior to use. 

Preparation of (2)- and (E)-Ethyl 2-Ethyl-2-pentenoate 
(Representative Procedure). Lithium diisopropylamide was 
prepared in the usual way from diisopropyl amine (3.3 mmol) and 
n-butyllithium (3.3 mmol) in THF at 0 "C, and this solution was 
cooled to -78 "C after which time ethyl (diphenylmethylsily1)- 
butanoate in THF was added via syringe. This solution was stirred 
for 30 min and then 3.1 mmol of 1-butanal added. This solution 
was stirred a t  -78 OC (1 h), warmed to room temperature, and 
finally refluxed for 1.5 h. At this time 4 mmol of trimethyl- 
chlorosilane was added to fully silylate the diphenylmethylsiioxide 
produced and thereby facilitate ultimate product purification. 
The reaction mixture was added to hexane (25 mL) and washed 
with water (2 X 25 mL), dried, and concentrated. The ratio of 
isomers was determined a t  this stage. Purification was accom- 
plished by silica gel chromatography, eluting with ethyl ace- 
tate:hexane (5:95). 

Determination of the 2:ERatio. The ratio of isomers was 
determined on the crude concentrated product before purification 
by 'H NMR spectroscopy by observing the P-vinyl protons cis 
to the carbethoxy group in the E isomer (ca. 6.8 ppm) and those 
trans to the carbethoxy group in the 2 isomer (ca. 5.7 ppm) as 
the probe.13 
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