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The reaction of lithium diorganocuprates with 8-acetoxy-a,B-unsaturated 

carbonyl compounds gives substituted a,8-unsaturated carbonyl compounds in high 

yields and moderate stereospecificity.' 
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We now describe highly 

unsaturated esters and 

LiCu(CH3)2 

stereoselective syntheses of both I- and E-8-acyloxy-u,B- 

an improved, more highly stereospecific procedure for 

the reaction of these enol esters with lithium diorganocuprates. The combina- 

tion of these reactions allows the stereoselective conversion of B-ketoesters 

into either the z or E isomer of B-dialkyl-a,8-unsaturated esters. 

The z isomer of B-acetoxy-a,B-unsaturated esters is formed almost exclusively 

in the acid catalyzed reaction of B-keto esters with isopropenyl acetate. 2 
In 

contrast, the E isomer is formed in the triethylamine promoted reaction of 8- 

keto esters with an acid chloride in hexamethylphosphoric triamide (HMPA). 
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Both the acid and base catalyzed procedures gave enol esters in moderate to 

excellent yields and with greater than 93% stereoselectivity (Table I). 

Penzoyl chloride and pivaloyl chloride gave higher yields of enol esters than 

did acetyl chloride in the base catalyzed procedure. The lower yields obtained 

with acetyl chloride may be due to the competing formation of ketene 3 
which 

is known to react with acetoacetic esters to give predominantly C-acylated 

products.4 For synthetic purposes, the r enol benzoates are the preferred 

intermediates since they can be prepared in hiqh yield and since their reactions 

with cuprates proceed in high yield and with high stereospecificity. 

The following experiment provides details of a typical preparation on an g 

en01 ester. Benzoyl chloride (17 g, 0.12 mol) was added dropwise over 30 

minutes to a stirred solution of methyl acetoacetate (11 g, 0.095 mol) and 

triethylamine (12 g, 0.12 mol) in 20 ml HMPA maintained below 0' by an ice- 

salt bath. The reaction mixture was stirred at room temperature for 2.5 

hours and worked up by the addition of 50 ml of water and 50 ml ether, separa- 

tion, and extraction of the water layer with two 50 ml portions of ether. The 

combined ether layers were washed with water and with saturated aqueous sodium 

chloride, dried (MgS04), and distilled to give methyl (E)-3-benzoyloxy-2- 

butenoate [19.3 g; 92.5%; 19:l r:I by gas chromatography; bp 109-111" (0.4 mm)]. 

The dramatic differences in the ratio of isomeric enol acetates obtained 

in these two procedures can be explained in terms of the stereochemistry of 

the different reactive forms of methyl acetoacetate in acidic and basic media. 

Under acidic conditions the reactive form of methyl acetoacetate is probably 

the internally hydrogen bonded 1 enol 1. In contrast, the reactive form of 

methyl acetoacetate in HMPA containing triethylamine is probably the solvent 

Separated ion 2. The r conformation of 1 would be preferred since the oxygen 

atoms bearing negative charge are maximally separated. 

OCH3 

In tetrahydrofuran, a solvent less likely to support solvent-separated ion 
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pairs than HMPA, the reaction of methyl acetoacetate, acetyl chloride, and 

triethylamine leads to a 56% yield of methyl 3-acetoxy-Z-butenoate with a 

reduced 1.65:1 E:Z preference. 
5 

-- 

Previously we reported' that the reaction of methyl (L)-3-acetoxy-2- 

butenoate with 1.2 equivalents of lithium diethylcuprate in ether at -78" gives 

a 1:l ratio of methyl (z)- and (E_)-3-methyl-2-pentenoate in 52% yield. We have 

now been able to optimize the yield and stereospecificity of the reaction. A 

5:l ratio of methyl (E)- and (E)-3-methyl-2-pentenoate can be obtained in 97% 

yield using 4-5 equivalents of (CH3CH2)2CuLi.PEu3 
7 

at -100' followed by additicn 

of excess ethyl iodide8 at -100". High yields and stereospecificities have 

also been obtained in the cuprate reactions listed in Table I. 
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