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Bicyclobutanes undergo ready catalytic hydrogenation, but in general, mixtures of 

reduction products are obtained and the predominant mode of cleavage varies from compound to 

ccaq%Md.= Although the central bond is presumably the most strained, cleavage of this bond 

to give a cyclobutane, which would be stable to further hydrogenation; is usually not observed 

or is found as a minor pathway. Based on considerations of the nature of the bonding in 

bicyclobutanea, we felt that it should be possible to cleave the central bond selectively 

by some type of reduction based on electron transfer and that any such method would be of 

considerable theoretical interest. 

In related studies we have prepared a number of alkyl-substituted bicyclobutanes via 

cyclopropylidene insertion reactions employing procedures similar to those we have reported 

previously. 2b's We have investigated the reactivity of several of these bicyclobutanes toward 

alkali metal reduction. Sodium in refluxing ammonia with or without added tert-butyl alcohol 

caused no reduction; starting materials were recovered. However all of the bicyclobutanes ---- 

listed in Table I can be reduced quantitatively & gclobutanes with lithium in refluxing --- ---- --- 

ethylamine or ethylenedismine.5 - The latter appears to be the reagent of choice since it 

gives a more potent reducing system which will effect reduction quickly where ethylamine fails; 

The products have been characterized 8s cyclobutanee by combined spectral methods.e 

Mass spectra have established the molecular formulas and, in addition, the fragmentation 

patterns can be interpreted in terms of the assigned structures and are consistent with the 

presence of cyelobutane rings. In every case the nmr and ir spectra unequivocally establish 

the absence of cyclopropyl protons and unsaturation. Althougb the nmr spectra tend to be 

complex, in many cases reasonably detailed nmr assignments can be made and in all cases the 

signals expected for unique groups such as CR&R<, (CRs)mK, (%)2cH-, oaiCH2)pC<, (CHsM-, 
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TABLE I. Reduction of Bicyclobutanee with Lithium and an Amine 
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etc., are observed.' 

Although the first seven bicyclobutanes in Table I underwent complete reduction after 

8 hr in ethylamine, under the same conditions reduction of ccd@ound 3 was only 62% CC=plete 

(giving a yo:m mixture of stereoisomers) and l.J underwent no reduction. Roth campounds, 

however, were quantitatively reduced in ethylenediamine. 5 Whether this difference reflects 

a solvent effect or simply the large temperature difference (ca 100') is not known. - 

In cases where only a single cyclobutane can be formed, only one product is observed 

(2, s, 14). Compounds i and 6 also appear to be free of stereoisomers. In both compounds 

the bicyclo[4.2.0]octane ring systems could be either cis or trsns fused. Examination of -- 

molecular models indicates that in each case the cis configuration must be substantially - 

lower in energy than the trans. In view of the proposed mechanism for the reduction (below), 

we have assigned the cis configuration to both i and 6.' In all other cases, the two - 

possible stereoisamers are formed. Based on nmr and mass spectral data we have assigned 

the trans configuration to the major isomers of g and 12. - In other examples (l6, l8, 20, 

22) at present we have made no stereochemical assignment. - 

At this time we suggest the mechanism for this reaction outlined in Scheme I. A 

bicyclobutane such as 2J_ must have an antibonding orbital sufficiently low in energy to 

permit formation of a radical anion & having the electron density concentrated in the 

central bond. Protonation et the unsubstituted terminus of this bond to give the more stable 

radical 2J_ would account for the ultimate formation of both possible stereoisomers 2'J because 

the addition of an electron to 2J gives an anion 3 which should protonate from either side 

unless the molecule is conformationally constrained in a manner which permits protonetion 

from only one side.8b We believe that the fact that increasing the bulk of a group R on a 

central bridgehead position inhibits reduction. (9 and lJ in ethylamine) indicates hindrance 

to proton rather than electron transfer, implying that the second step is rate determining. 
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