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Introduction 
 
Recent research in the Zercher group has focused on the development of a 
tandem chain extension-acylation reaction. Exposure of a β-keto ester to a 
zinc-carbenoid followed by addition of an acylating agent results in the 
formation of an α-acylated γ-keto ester. These acylated products have 
potential applications toward the synthesis of heterocycles such as furans, 
pyrans, or thiophenes1 as well as in the synthesis of spiro-fused acetals.2  
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Cyclic acylating agents 

Double chain extension 

The double chain extension has been shown to provide easy access to 1,5-
diketones. The best yields were obtained with sterically unhindered anhydrides. 
Use of benzotriazole activated pivalic acid as an acylating agent was 
unsuccessful, most likely due to the steric bulk of the t-butyl group.  
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Conclusions 
 
The tandem chain-extension acylation reaction has been successfully applied 
to the formation of α-acylated 1,4-dicarbonyls in good yield from a variety of 
starting 1,3-dicarbonyls. Cyclic and acyclic anhydrides, benzotriazole activated 
carboxylic acids, and cyclic imides can be used as acylating agents. Addition of 
excess zinc-carbenoid allows for the formation of 1,5-diketones through a 
second homologation. The tandem chain-extension acylation reaction has 
been successfully applied toward the synthesis of the papyracillic acid family of 
natural products. 

The tandem homologation acylation reaction results in the formation of a new 
β-keto ester, presenting the opportunity for further homologation. Lowering the 
equivalents of carbenoid prevents further homologation of the acylated product  
while adding excess carbenoid allows access to the doubly homologated 
product. 
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 % Chain 
Extended % Acylated % Double Chain 

Extended 

3 3 1 30 24 46 

3 1 1.5 17 83 0 

4 4 1 28 11 61 

a Double chain extended product was obtained only after resubmitting 
the intermediate acylated product to zinc-carbenoid in a second pot 

a Relative abundance using relative integrations from 1H NMR analysis of the 
crude reaction mixture 

Cyclic acylating agents were used to target spiro-fused ketal systems. Use of 
maleic anhydride resulted in the isomerization to the trans olefin preventing the 
product from forming a spiro-fused acetal. Addition of succinnic anhydride 
resulted in a mixture of isomers with both the open-chain and spiro-fused 
acetal present by NMR analysis. Use of N-Boc protected pyrolidinone as an 
acylating agent demonstrated the  ability to form oxa-azaspiro compounds. 

Papyracillic acid A is an antibiotic isolated from the ascomycete fungus 
Lachnum papyraceum4. The tandem chain-extension acylation reaction in 
which allyl acetoacetate was exposed to methyl substituted zinc-carbenoid 
followed by the addition of 3-methoxymaleic anhydride resulted in the 
formation of 4 new stereocenters and the installation of the spiro-fused ketal 
core of papyracillic acid. Deallylation and reduction of the allyl ester yielded the 
corresponding alcohol, which was then converted to an exocyclic double bond 
through a Grieco reaction.5 Deprotection of the 2,2,2-trichloroethyl protecting 
group resulted in the formation of papyracillic acid A with the reduced 
dichloroethyl compound as a major byproduct. 
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