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Abstract: Intramolecular A-cleavage reactions of i3-lactones, or 
2-oxetanones, by stabilized enolates have been demonstrated. Three-, 
four-, five-, and six-membered carbocyclic rings have been prepared. 

Intramolecular ring opening reactions of epoxides by internally 

generated carbanions are well documented in the literature.' By contrast, 

related reactions of 2-oxetanones, or $-lactones, have not been 

investigated.2 In undertaking this study, we set out to determine if the 

p-cleavage mode (eq.1) would be favored over acyl attack (eq.2) if the 

attacking carbanion is sufficiently soft,3 providing a new route to 

functionalized cycloalkanes. 

A doubly stabilized enolate was chosen as a suitable nucleophile for 

our studies. The regioselective generation of this carbanion in the 

presence of labile ring protons was not anticipated to present problems. 

Our first initiative was to use a-trimethylsilyl 2-oxetanones as 

substrates (Scheme I). In addition to their readily availability from 

aldehydes by 2rr f ZTI cycloaddition with trimethylsilylketene,4 

tetra-n-butylammonium enolates can be generated from these derivatives by 

treatment with TBAF.= Using this reaction, we initially hoped to generate 

the desired anions for ring opening by inducing an internal proton 

exchange. This exchange, we reasoned, might be particularly facile when 

n=I, i.e. leading to the possibility of four-membered ring formation, as 

the transition state for this conversion would be six-membered in nature. 
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Scheme I 
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A series of aldehydes, la-d (Scheme II), was prepared by ozonolysis of 

their terminal alkene precursors and converted to the corresponding 

lactones 2a-d as cis/trans mixtures.6 Unfortunately, the reaction sequence 

outlined in Scheme I was not realized, as treatment of compounds Pa-d with 

TBAF in THF, at a variety of temperatures, gave a complex mixture of 

products in each case. Furthermore, attempts to convert structures 2a-d to 

the unsubstituted substrates 3a-d using a variety of standard reagents 

(e.g. KF.2H20, cIi3CN) led to an identical outcome. 

Scheme II 
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(a) O,, CH,Cl,, -78%; Me,S; (b) Trimethylsilylketene, cat. BF,.OEt, 

(c) NaH, THF, O'C; (d) KF.PH,O, CH,CN; (e) Pb(OAc),, LiCl; NaI 

cyclic products la-d' were eventually formed in good yield (see Table 

I) by addition of a !#IF solution of each of the lactones ?a-d to a rapidly 

stirred suspension of NaH in THF cooled to ice bath temperature. As shown 

(entries 3 and 4), the 5- and B-membered rings remained completely intact 

when the acids 4c and 44 were treated with potassium fluoride to give 50' 

and 56,’ respectively. The, subsequent conversion of these materials to the 

known compounds 61° and 7,l* respectively, provided additional evidence 

for our structural assignments. 
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TARLR I. Pormation of Cerbooyoles 4 from 2-Oxetenones 2 and 
their Reactions with Potassium Pluoride. 

Entry 1 n 2(c:t)' 1 -> 4(%)b 4 -> S(%)b 4 --> 8(%)b S(c:t)C 

1 
: 

1 69:31 78 45 30 33:67 
2 2 76:24 75 53 25 36:64 
3 

: 
3 65:35 80 84 0 --- 

4 4 65:35 80 85 0 __- 

aRatios were determined by integration of the trimeth lsilyl 
signals in the 'H WWR spectra of isomeric mixtures. 4: Yields 
quoted refer to isolated yields of purified products. All 
products were fully characterized by IR, H WMR, 13C WWR, and MS. 
'Ratios were determined by integration of vinylic hydrogens in 
the lI-I WWR spectra of isomeric mixtures. 

With the smaller ring systems la and 4b (entries 1 and 2), formation 

of 5a and 5b on fluoride treatment was accompanied by alkene product 

formation, resulting from a reverse ring opening. The correlation between 

the ratios of cis/trans isomers of 2-oxetanones 2a and 2b with the double 

bond geometries of their product alkenes 8a and 8b, respectively, arises 

from the stereospecificity of both lactone ring opening'l and alkene 

formation. As shown below, the predominant 

predominant trans isomers of 8. 

4a (n-l) 

i 

cis 2a (n-l) 
cis 2b (n-2) 
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Supporting evidence for the assignment of the isomeric structures la 

provided by their conversion to the known vinyl cyclopropane 9-l' 

Intramolecular B-cleavage of 2-o%etanones is the exclusive mode of 

ring opening when the 9-appendaged internal nucleophile is a 

doubly-stabilized enolate. Importantly, cycloalkane ring formation by' this 

mechanism appears to be stereoelectronically favorable for all systems 

studied. Application of this methodology to the construction of larger 

ring systems will be the focus of future work. 
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(a) BH,-THF; (b) BFj.0Et2, CH,Cl, 
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