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Intramolecular Keten Cycloadditions in Unconstrained Systems 

By S. W. BALDWIN* and E. H. PAGE, jun. 
(Paul M .  Gross Chemical Laboratory, Duke University, Durham, North CaroEina 27706) 

Summary The feasibility of intramolecular keten cyclo- 
additions in acyclic systems is demonstrated ; these 
results implicate keten intermediates in the formation of 
the cyclobutanone (5 )  from the cyclohexanone (1). 

IN 1963 Wiberg and Klinel reported the formation of cyclo- 
butanones (3) and (5 )  from base treatment of the cyclohex- 
anone (1). Compound (3) was shown to be the product 
of an intramolecular alkylation reaction. Compound (5) was 
thought to arise through the ring-expanded zwitterion (4), 
which in turn was produced by migration of the oxyvinyl 
group of enolate (2).2 There are similar possibilities for the 
formation of (5 ) ,  involving varying degrees of oxygen 
participation in related intermediates. 

While considering other mechanisms for this reaction we 
realised that an entirely different pathway, an intramole- 
cular 2 + 2 olefin-keten cycloaddition, could account for 
the results. Keten (6) ,  which might be formed by elimina- 
tion of the toluene-p-sulphonate anion from enolate (2) , is of 
interest since it is a potential precursor of both cyclo- 
butanones (3) and (5). Assuming the accepted perpen- 
dicular geometry of the reacting T  system^,^ bond formation 
between carbons 1,6 and 2,7 would lead to cyclobutanone 
(3) while the alternate bonding between carbons 1,7 and 2,6 
would afford cyclobutanone ( 5 ) .  

There are examples reported of intramolecular keten 
cycl~additions.~ In general, however, these reactions 
have been observed only where conformational mobility 
between the addends is minimized by the incorporation of 
one or more rings. This is particularly true in those cases 
involving aldoketens (ketens substituted with one carbon- 
containing group and one hydrogen). The chemistry of 
aldoketens is characterized by dimerization and trimeriza- 
tion reactions. That these processes are actually catalysed 
by the tertiary amines required to generate the ketens from 
the corresponding acid chlorides still further reduces their 
effectiveness in cycl~additions.~ Intermolecular cyclo- 
adducts of aldoketens and unactivated olefins are rarely 
observed because of the high propensity of the ketens for 
oligomerization.6 

When a 0.2% methylene chloride solution of (8) was 
treated at room temperature with 1.1 equiv. of triethyl- 
amine and stirred for 10 h, a 65% yield of distilled cyclo- 
butanone (5)  was obtained. No isomeric cyclobutanone (3) 
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was detected. The identity of (5 )  was established by 
comparison of published spectral data' and by independent 
svnthesis.7 Similar treatment of the acid chloride (10) of 
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(9)t resulted in a 58% yield of a single homogeneous cyclo- 
butanone which was shown to have structure ( 1 l ) t  from 
spectral data and independent synthesis.’ Thus the cyclo- 
butanone formed in each cycloaddition reaction, (8) -+ (5) 
and (10) -+ (ll), was the product of a highly regiospecific 
process. That none of the alternative cyclobutanone was 
observed in either instance is curious unless one assumes 
some degree of ionic or radical character in the transition 
state. 

The formation of cyclobutanones (5) and (11) from the 
respective acid chlorides must reasonably proceed through 
keten intermediates as indicated. Additional confirmation 
was obtained when a 0.5% pentane solution of diazoketone 
(12) was exposed to U.V. (Pyrex). After the evolution of 
nitrogen had ceased (0-5 h),  a low yield of cyclobutanone 
( 5 )  was obtained as well as several other as yet unidentified 

products. The production of (5 )  by two routes which 
must rationally afford the same keten intermediate (6) is 
strong evidence for the suggested pathway. Attempts to 
observe the keten by low temperature spectroscopy have 
as yet been unsuccessful. 

In  the preceding discussion no attempt was made to 
determine whether the formation of (5) from (1) as des- 
cribed by Wiberg and Kleinl had proceeded through keten 
(6). Instead, we concentrated on showing that such a 
process can occur. 
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-f All new compounds gave satisfactory elemental analyses and spectroscopic data. 
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