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Summary: Reaction of ketene silyl acetals with allylic carbonates in the 

presence of palladium-phosphine catalyst in dioxane gives a-ally1 esters in 

high yields. When the reaction is carried out with phosphine-free palladium 

catalyst in nitriles,cl,fi-unsaturated esters are obtained in good yields. 

We have reported an efficient method for allylation of ketones and alde- 

hydes by the palladium-catalyzed reaction of silyl enol ethers with allylic 

carb0nates.l) Also a,B-unsaturated ketones and aldehydes are prepared by using 

nitriles as the solvents.2) Unlike silyl enol ethers which are used extensive- 

ly in organic synthesis, ketene silyl acetals have rather limited use because 

they are more sensitive to various reagents than silyl enol ethers.3) The 

usefulness of ketene silyl acetals would be more enhanced if they could be 

converted to various ester derivatives under mild conditions. We now wish to 

report the facile palladium-catalyzed allylation and dehydrogenation of satu- 

rated esters via their ketene silyl acetals as shown by the following scheme. 
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cl-Monoalkylation of esters is an important synthetic operation, but the 

reaction requires well-controlled reaction conditions to achieve selective 

monoalkylation.4) Also, efficient conversion of saturated esters to u,&unsat- 

urated ones is highly desirable. The known methods are based on introduction 

of hetero atoms (Se5) and S6)), followed by their elimination with R-hydrogen. 

We have found that these conversions can be done very efficiently via ketene 

silyl acetals using palladium catalysts. 
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Table 1. Synthesis of Various a-Monoallyl Esters 

Run Ketene Sibyl Acetal Allylic Carbonate Product Yield(%) 
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At first we carried out the allylation reaction using Pd-dppe (diphenyl- 

phosphinoethane). Examples of satisfactory allylation of various ketene silyl 

acetals are shown in Table 1. The allylation is carried out simply by 

refluxing a solution of ketene silyl acetal (1.0 mmol), allylic carbonate (2.0 

mmol), Pd2(dba)3CHC13 (0.025 mmol) and dppe (0.1 mmol) in dioxane (5 mL) under 

argon. Progress of the reaction was monitored by GLC, and the allylated esters 

were isolated by column chromatography on silica gel or preparative GLC. 
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Then we discovered that the dehydrogenation to give a,$-unsaturated esters 

rather than allylation takes place when the reaction is carried out in nitriles 

as the solvent and using phosphine-free palladium catalyst. We have confirmed 

that the phosphine-free palladium catalyst is most effective for the dehydro- 

genation of ketones via their enolate equivalents.7) Various a,B-unsaturated 

esters are prepared in good yields with high selectivities as shown in Table 2. 

In some cases, PhCN rather than MeCN gave better results. The reaction can be 

carried out easily by heating the solution of ketene silyl acetal (1.0 mmol), 

ally1 methyl carbonate (2.0 mmol) and Pd(OAc) 2 (0.1 mmol) in MeCN (5 mL) or 

PhCN (1 mL) under argon. After the reaction was judged to complete (GLC 

analysis), the a,B-unsaturated esters were isolated by column chromatography or 

preparative GLC. 

Run 

Table 2. Preparation of Various a,&Unsaturated Esters 

Ketene Silyl Acetal Solvent Product Yield(%) 
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MeCN wC02Et 79 

MeCN 
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70 
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These reactions can be explained by the following mechanism. The first 

step is the formation of r-allylpalladium alkoxide complex 5 by the oxidative 

addition of allylic carbonate, followed by decarboxylation.*rg) Then Pd-Si 

transmetallation takes place between 5 and 1 to give allylpalladium enolate 

complex 6, which is in equilibrium with the carbon-bonded complex 7. Then the 

a-ally1 ester is formed by intramolecular nucleophilic substitution of the 

complex 6. a,S-Unsaturated ester formation is explained by the S-elimination 

to give palladium hydride species 8 from the complex 7. These mechanisms are 

closely related to those of the palladium catalyzed allylation and dehydrogena- 

tion of silyl enol ethers to give a-ally1 ketones or a,B-unsaturated ketones 

respectively.lr2) 
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