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Cycloaddition of methyl(phenyl(or tert-butyl)thiomethyl)ketene 

to cyclopentadiene gave a bicyclic cyclobutanone derivative which 

was further transformed to cyclopentene systems having alkenyl and 

carbonyl substituents at vicinal positions. 

Ketenes having hetero atoms at the terminal carbon have been interested in the 

field of organic synthesis because of regioselective ring opening reactions of the 

cycloadducts, and we reported previously the characteristic transformations of the 

cyclobutanones derived from methyl(phenylthio)ketene.1 

In this paper, we wish to clarify new synthetic routes of cyclopentene systems 

having alkenyl and carbonyl substituents at vicinal positions via cycloaddition of 

a new ketene, methyl(phenyl(or tert-butyl)thiomethyl)ketene (k). 

The ketene was generated in situ2 by dehydrochlorination of the corresponding 

acid chloride3 with triethylamine in hexane. The ketene , reacted with cyclopenta-

diene to give the cyclobutanone ~ as a mixture of endo and exo isomers.4
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Since it was difficult to isolate each isomer, the following reactions were 

carried out without separation. After oxidation of the cyclobutanone 2a (R=Ph) by

m-chloroperbenzoic acid at-15℃ in CHCI3'the resulting sulfoxide 3 was further

led to 2-isopropenyl-3-cyclopentenecarboxylic acid (4) and its methyl ester , in 

47 and 7% yields, respectively, by treatment with sodium methoxide. No transforma-

tion was observed for the cyclobutanone under the same conditions.

In the reaction of the cyclobutanone 2 with dimethyloxosulfonium methylide 

at room temperature, ring cleavage accompanied with migration of the phenylthio 

group was observed, and 3-isopropenyl-4-phenylthioacetylcyclopentene (k) was 

obtained in 29% yield.5 On the other hand, the same reaction with the cyclobutan-

one 2b (R= t-Bu) gave the epoxide 7 in 60% yield.6

Tr eatment of the cyclobutanone 2a with N-chlorosuccinimide in CCl4 at 10℃

resulted in the exclusive formation of 2-(1-methyl-2-phenylthiovinyl)-3-cyclo-

pentenecarboxyl chloride (9a)7 in 99% yield without formation of the a-chloro-
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sulfide.8 The cyclobutanone 2b also gave the acid chloride in 92% yield under 

the same conditions. The reaction seems to proceed via the intermediate 8.9 

Nucleophilic attack of the chloride ion to the carbonyl carbon of the intermediate 

causes bond cleavage leading to the formation of the vinyl sulfide group. The 

Z-configuration of the vinylsulfenyl substituent of the acid chloride 9 was 

confirmed by 13C-NMR after esterification.10

This study shows that transformation of the bicyclic cyclobutanone derived 

from methyl(phenyl(or tert-butyl)thiomethyl)ketene and cyclopentadiene provides 

a new method of obtaining cyclopentene systems having alkenyl and carbonyl 

groups as vicinal substituents. Stereochemical studies of the vicinally sub-

stituted cyclopentene derivatives are now in progress. 
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