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Summary: An interesting and useful level of geometric control can be realized in the reaction of 

enolates derived from bistrimethylsiiyl acetates and aldehydes leading to a-trimethylsilyl 
esters and derived compounds depending upon the cation employed. Mechanistic experiments are 
described which suggest that chelation may play a role in the origin of the observed selectivities. 

The Peterson reaction has become a widely utilized synthetic method for the production of a variety of 

substituted olefins. ’ Studies by Hudrlik and others have established that the elimination step is stereospecific 

occuring SYN or ANTI depending on the reaction conditions. a In connection with other work ongoing in these 

laboratories, we required a method for the preparation of trimethylsilyl (TMS) substituted dienes with specific 

control over olefin geometry. Thus, we were attracted to the potential for use of his-silylated esters in the Peterson 

reaction. Rathke and others have investigated the use of silylated esters,’ and Rathke has extended the process to 

disilylated esters, although the potential for geometric control was not established.’ We reasoned that in this case 

the geometric outcome would be determined at the stage of elimination since the aldol step can produce only a 

single diastereomer (Eqn. 1). Control of olefin geometry could conceivably arise by modifying the selectivity of the 

elimination step, a process known to be cation dependent.” We therefore undertook the studies described below 
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to establish whether synthetically useful levels of control could be realized based upon this hypothesis. 

The reaction of various metal enolates of t-butyl bistrimethylsiiylacetate (1) with aldehydes was investigated 

and the results are outlined in Table 1. For example, treatment of the lithium enolate of 1, prepared as described 
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previously, ” ‘ with isobutyraldehyde at -78’C afforded the expected a,&unsaturated esters 2 and 3 (R= iPr) in a 

ratio of 6.51 (E:Z) in 78% yield. The assignment of geometry was made by analogy with other substituted 

acrylates, and confirmed by NOE studies. “’ When the potassium enolate (prepared by use of KDA ‘1 is utilized, 

Table la 
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1 R 2 3 

Entry E Metal Products (2r3jb Yield(%? 

1 Et K 1:l 78 

2 Et Li 21 91 

3 Et Mg 1:2 94 

4 Et Et2Al 12:l 75 

5 iPr K >lockl 82 

6 iPr Li 6.51 82 

7 iPr Mg 1:3.5 82 

8 iPr Et2Al 1:4 82 

9 Ph K 17:l 91 

10 Ph Li 9.41 88 

11 Ph Mg 3.41 83 

12 Ph Et2Al 1:2.5 84 

13 tBu K >loo:l 84 

14 tBu Li >loo:l 51 

15 tBu Mg 3031 93 

16 tBu Et2Al 1:9 81 

a) All new compounds exhibited spectral data consistant with the assigned structures and provided acceptable 

combustion analytical or exact mass analytical dam. b) Product ratios were determined by NMR and confirmed 

where possible by capillary gas chromatography. c) Refers to isolated yields of chromatographically pure products. 

the selectivity for the E isomer is usually quite significant (>15:1). Therefore, there appears to be an inherent 

preference for the thermodynamically more stable E isomer when the metal-carbon bond becomes more ionic.’ ’ 

However, when relatively covalent metal enolates such as Mg or Al (prepared from the Li enolate. by reaction with 

MgBr2-Et20 or Et2AlC1) are utilized, the selectivity is shifted markedly toward the corresponding Z isomer. 

Superimposed upon the counterion effects appears to be the effect of steric bulk in the aldehyde which generally 

reinforces the effects which arise from changes in the counterion. For unhindered cases ( Entries l-41, low and 

variable levels of selectivity are obtained. For aldehydes bearing a substitution or a,(1 disubstitution, useful levels of 

selctivity for E are obtained with Li and K, while moderate to good levels of selectivity for Z are seen for M 

(and in some cases Mg). In the most dramatic case, pivalaldehyde (4) (Entries 13-161, a 900-fold change is observed 

(from >loO:l E to 9:l Z). 
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elimination is very rapid at -78’C. For example, condensation of 1 (M=Li or Mg) with aldehyde 6 did not afford 

the expected lactone 7 but rather the diesters 8 (51:1&Z) in SO-55% yield.’ 1 The esters 8 must have arisen by 

direct elimination since nucleophile initiated anti elimination from 7 would have afforded corresponding the mono 

acid. Less than 5% of acidic products were obtained. These results also appear to preclude reversible formation of 5 

in either the open or chelated forms. However, some indirect evidence for the role of chelation has been obtained by 

addition of HMPA or lS-crown-5 to the reaction medium. The HMPA or lS-crown-5 should by solvation of the 

counter ion reduce the tendency of 5 to exist in the chelated form, which for M=Mg and Al should shift the ratio 

of isomers toward the E isomer. When l(M=Mg) is condensed with isobutyraldehyde at -78’C in the presence of 2.1 

equiv of HMPA or 2.1 equiv of lS-crown-5, the ratio shifts from 1:3 (E:Z) to 1.5-2.51. When this experiment is 

repeated for l(M=Li) using HMPA, the ratio remains unchanged at 6.5:1 (E:Z). 

Thus, significant levels of selectivity appear to be realizable by judicious choice of counterion in the Peterson 

reaction of bis-silylated esters with aldehydes. This methodology provides access in a synthetically useful process to 

the thermodynamically less stable isomers of certain TMS substituted esters and related derivatives. 
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