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A NEW METHOD FOR THE SYNTHESIS OF DIOXOLENONES VIA THE CARBOXYLATION OF KETONE 
ENOLATES WITH ANISYL CYANZORMATE 

Kevin E. Henegar and Jeffrey D. Winkler*' 
Searle Chemical Laboratories, Department of Chemistry, 

The University of Chicago, Chicago, Illinois 60637 

Abstract: The generality of the intramolecular dioxolenone photocycloaddition we have 
described depends on the availability of the requisite functionalized dioxolenones. We 

report herein a general approach to the preparation of dioxolenones, via carboxylation of 
ketone enolates with anisyl cyanoformate and condensation of the resulting ketoesters with 
acetone. 

We have recently reported that the intramolecular photoaddition of dioxolenones to 

alkenes results in the formation of six-, seven-, and eight-membered rings, i.e., 1+3, in 

good yields with excellent regiochemical control.2 The generality of this method depends 

critically on the availability of the requisite dioxolenones, 1. 3,4 In this Letter, we 

describe an efficient and general approach to the synthesis of dioxolenones by annulation 

onto a pre-existing ketone, as outlined below, 4-6. 
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The conversion of t-butyl P-ketoesters to dioxolenones can be accomplished in 

excellent yields in a single chemical step using either the conditions described by Sato4 

or our own recently reported procedure.= A general approach to the synthesis of acid 

labile ketoesters would therefore lead to a general synthesis of dioxolenones. Towards 

that end, we were intrigued by the report that methyl cyanoformate, 7, reacts in excellent 

yields with a variety of ketone and ester enolates to give B-ketoesters.5f6 In a 

straightforward extension of this work, we attempted to carboxylate the lithium enolate of 

cyclopentanone with tert-butyl cyanoformate, %,7 although none of the desired ketoester 

was obtained. However, anisyl cyanoformate, 9,8 reacts with a variety of ketone and 

ester enolates in excellent yields and permits an efficient two step procedure for the 

homologation of a ketone to the corresponding dioxolenone, 4-6.' 

As illustrated in the Table, 9 reacts with the lithium enolates of ketones (Entries 

l-6) to give excellent yields of the anisyl ketoesters. In contrast 8 gives a ca. 65% 

yield of the tert-butyl cyclohexanone carboxylate. The reaction of 9 with ester enolates 

(Entries 7 and 8) proceeds in excellent yields for the synthesis of both enolizable and 

non-enolizable malonates, in which the two esters are differentiated. In this kinetic 

process, unlike the Claisen condensation for the synthesis of malonic acid esters, the 

formation of the conjugate base of the malonate to drive an unfavorable equilibrium is not 

required, so that both non-enolizable (Entry 7) and enolizable (Entry 8) malonates can be 

formed. We note also that the dianionl' of methyl cyclohexanone 2-carboxylate (Entry 9) 

reacts with 9 to give a 63% yield of the corresponding diester. Conjugate addition of 

lithium dimethylcuprate to enones (Entries 4 and 5) followed by reaction of the enolate 

generated in situ with 9 led to the formation of the substituted ketoesters in nearly -- 

quantitative yields. This exceedingly efficient one-step conjugate addition/trapping 

sequence attests to the uniqueness of the cyanoformates as regeants for carboxylation. 

A representative experimental procedure for the carboxylation follows: A solution of 3 

nun01 ketone in 2 ml of tetrahydrofuran (THF) was added to a solution of lithium 

diisopropylamide, prepared from 4.5 mm01 of diisopropylamine and 4 mm01 of butyllithium 

(1.9M in hexanes) in 20 ml THF at O°C. The mixture was stirred at O°C for 30 min. and 

then cooled to -78OC. Hexamethylphosphoramide (3 nunol) and anisylcyanoformate (4 nnnol) 

in 2 ml of THF were added and the mixture was stirred at -78OC for 30 min. The reaction 

mixture was partitioned between water and diethyl ether, and the organic layer washed with 

water, and dried over magnesium sulfate. The solvent was removed under reduced pressure 

and the residue chromatographedll to yield the desired product. 

To complete the proposed sequence, 4-6, outlined above, the conversion of the anisyl 

ketoesters to the desired dioxolenones was next examined. The conversion of the anisyl 

ketoesters (Entries l-6) to the corresponding dioxolenones proceeds in excellent yields 

(see Table) in a single synthetic operation (anhydride, trifluoroacetic acid, acetone, 

-78OC+RT, 12 h) using either a large excess of acetic anhydride (55 equivs) with 1:l 

trifluoroacetic acid/acetone (10 ml/mmol ketoester) as solvent (Method A) or 2 equivs of 

trifluoroacetic anhydride in the same solvent (Method B). The application of this sequence 

to the synthesis of highly functionalized photosubstrates, 1, is currently in progress in 

our laboratories and our progress will be described in due course. 
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