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abstract: Treatment of 1,5 or 1,6 ketosulronium salts with potassium t-butoxide has yielded 

cyclic epoxides of high stereochemical purity in good yield. 

Sulfur ylidp reactions provide many useful synthetic transformations, including the con- 

version of enones to cyclopropyl carbonyls and of ketones or aldehydes to epoxides. Intrn- 

molecular variants could be valuable ring forming renctiom but have not been investigated in 

detail (Scheme l).2-5 

Scheme I: 

Several initial concerns about the reaction in Scheme I are apparent. First, can one 

generate a sulfonium ylide in the presence of a ketone or will tl,e ketone cnolate displace 

Lhe sulfonium salt, a reaction reported fnr other ketones with w leaving groups? Will the 

desired ylide be formed to the exclusion of other ylides? Will ring closure occur rather 

than other ylide reactions? Finally, if the desired reaction does occur will the process be 

StereoseLective enough to be of synthetic utility'? We are pleased to report that these 

~~~~~~OleCdar cpoxidations yield five- and six-membered rings :;tereoseltictively in high &o",_ 

ical yield. 

Several a-ketosulfonium salts have been prepared and treated with potassium t-butoxide at 

ambient temperatures in THF to Yield cyclic epoxides with considerable stereoselectivity 

(Table I). in some instances this sequence complements our previously reported epoxyannula- 

tion sequence.' of the compounds investigated only keto-ylides leading to a medium-sized 

ring have completely failed to undergo reaction. 

The epoxide structures in Table I have been assigned by the normal spectroscopic tech- 

niques. The epoxide stereochemistry has been assigned by reduction to tertiary alcohol which 
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was then compared with an authentic sample prepared either by ozonolysis of the appropriate 

hydrocarbon,6 or by methyl magnesium bromide addition to the u-methyl ketone. 
7 

One epoxide 

(entry 2) was assigned cis based on steric considerations. The side product structure 

(entry 2) was assigned by comparison with the published spectral data. 8,O 

The preparation of the ketosulfonium salts has been completed by one of two general 

approaches. Entries 1-3 and 7 were prepared hy the standard alkylation of a a-ketoester 

enolate with the appropriate w-halosulfide followed by decarboxylation and S-ethylation 

with triethyl oxonium fluoborate. Entries 4-6 were prepared by treatment of the R-ketoester 

cnolate with S-ethyl tetrahydrothiophonium fluohorate. 
IC S-Ethyl salts yield de-ethylated 

sulfides and ethylated B-ketoesters, Both of these reactions are predicted from Eliel's 

study of cyclic onium salts. 
!C 

The stereochemical outcome of this cyclization sequence closely parallels that of other 

irreversible,nucleophilic carbonyl addition reactions. That is, Griznard addition to 2- 

substituted cyclopentanones occurs to form a cis product while addition to a cyclohexanone 

yields a trans product.' Formation of a fused cyclopentyl ring often provides the cis ring 

juncture in other annulation reactions.' 

The over-all reaction sequence is efficient and normally free of side products with two 

exceptions. First, the strained five-five system yields a product derived from enolate dis- 

placement of the sulfonium leaving group. This example is the only indication of any non- 

ylide derived product. Competition from enolate anions might have been predicted to be more 

serious than observed in this instance. Secondly, it appears that medium-sized rings and 

large rings are inaccessible by this chemistry using unstablized sulfur ylides attached to 

confirmationally mobile methylene chains. Ylide &elimination is the only product observed 

with a cyclo&tenc oxide precursor (entry 7). A ketosulfonium salt which would provide a 

dimethyl-cycloundeceneoxide gives about 10% of epoxides with undefined stereochemistry." 

The real advantages in this epoxyannuLation are the stereoselectivity of the cyclization 

process and the use of ketonic electrophiles. Other procedures for cyclic epoxide formation 

(i.e., olefin epoxidation) are much less stereoselective in cases such as entries 1 and 4.12 

The less electrophilic acyclic ketone is suitable for this epoxyannulation in contrast with a 

related reaction we have reported.* This work clearly establishes intramolecular sulfur 

ylide reactions as a useful method of ring formation. 

We are continuing to investigate variations and applications of expoyannulation. 
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14. Typical procedure: 
with 1.1 equiv. 

A 1 mol.ar solution of the ketosulfide in CH2C17 was treated 
of triethyl oxonium tetrafluoborate. The solution was 

stirred for 12 hr and then concentrated to a viscous oil. This oil was 
suspended in anhydrous THF and treated with 1.5 equiv. of potassium t-butoxide. 
After12 hr this solution was partitioned between pentane and brine. 
layer was dried over Na7S04, filtered, 

The pentane 
and Evaporated to leave the epoxides. 
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