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OXYGENATION OF y,G-UNSATURATED KETONES IN THE PRESENCE OF 

some 
A number of cyclic peroxides have been isolated from natural sources and 

of them exhibit significant biological activities.1 For example, growth 
regulators isolated from Eucalyptus grands (1) 2 have a six-membered peroxide 
linkage. Six-membered cyclic peroxides have also been isolated from marine 
sponges (2)s and some of them possess antifungal activity. Although there exist 
several methods for the synthesis of cyclic peroxides.4 development of a new 
methodology is still in great demand because of the variety of the structures of 
naturally occurring cyclic peroxides. 
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Summary : y,6-Unsaturated ketones were found to be oxygenated in 
the presence of thiophenol to give the corresponding cyclic peroxides. 
The electrochemical initiation accelerated the reaction markedly. 

1 R2=H : tmnculin A 

We have recently reported the synthesis of cyclic peroxides by the formal 
[2+2+2]cycloaddition of 1,3-diketones, olefins, and molecular oxygen (eq 1).5 A 
mechanism involving efficient trap of the hydroperoxide (or hydroperoxy radical) 
intermediate by the carbonyl group located in the appropriate position has been 
proposed. 6 
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As for the access to hydropcroxides, addition of phenylthio radical to an olefin 
followed by the reaction with molecular oxygen is one of the most general and 
established methods.7 On the basis of this process we have recently developed the 
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facile oxygenation of alkenyl sulfides8 and alkenylsilanes9 (eq 2). The hydroperoxide 
intermediate substituted by a phenylthio group or a silyl group at the cc position 
has been suggested to decompose to give the corresponding carbonyl compound. 

Herein we wish to report a novel approach to the synthesis of cyclic peroxides 
by using the combination of the two processes described above, i. e. generation of 
a’ hydroperoxide by addition of phenylthio radical to an olefin followed by the 
reaction with molecular oxygen, and intramolecular trapping of the resulting 
hydroperoxide with a carbonyl group (eq 3). 

We first examined the oxygenation of 2-allyl-2-methyl-1,3-cyclopentanedione 
as the substrate. 2-Allyl-2-methyl-1,3-cyclopentanedione and thiophenol were 
dissolved in acetic acid and oxygen gas was bubbled through the solution at room 
temperature (method A). After 19 h, work-up with aq NaHC03 followed by flash 
chromatography yielded the corresponding cyclic peroxide in 73% yield. It is rather 
surprising that the cyclic peroxide was obtained even in the presence of a excess 
amount of thiophenol, a reducing agent. It is also interesting to note that the product 
was obtained as a single stereoisomer. The configuration of the cyclic peroxide 
was determined by X-ray analysis of the corresponding sulfone (Fig. l).lu 

Fig. 1. X-ray structure of the cyclic peroxide 

The reaction also took place with other y,&unsaturated ketones as shown in 
Table I. In the case of the formal [2+2+2]cycloaddition of 1,3-diketones, olefins, and 
molecular oxygen (eq l), the reaction is applicable only to cyclic 1,3-diketones. 
In the present reaction, however, this limitation is overcome. Acyclic 1,3- 
diketones and ketoesters were oxygenated under the conditions to give the 
corresponding cyclic peroxides. 
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Table I. Oxygenation of y&-Unsaturated Ketones in the Presence of Thiophenol 

substrate eie4aidytime 
method F/mol h Product 96 yield 
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The reactions were namally carried out with 1.0 mmol of y,&unsatumed ketones in the 
presence of 4 equiv of thiophenol in 10 ml of amtie acid. 

The reaction can be accelerated significantly by the electrochemical means 
(method B). In the electro-initiated reaction. a y&unsaturated carbonyl compound 
and thiophenol were dissolved in 0.2 M EtqNOTs/AcOH and constant electric current 
was passed with bubbling of oxygen for 2 min. The electrolysis was repeated 
several times at an interval of 30 min until the most of the y,b-unsaturated 
carbonyl compound was consumed. The results are also listed in Table I. 

The following radical chain mechanism seems to be reasonable. A phenylthio 
radical generated from thiophenol by the reaction with molecular oxygen or by 
the electrochemical oxidation adds to the carbon-carbon double bond. The resulting 
carbon radical reacts with molecular oxygen to give the peroxy radical which 
abstracts hydrogen from another molecule of thiophenol to regenerate a phenylthio 
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radical. The hydroperoxide reacts with the carbonyl group intramolecularly to give 
the cyclic peroxide. 

It is interesting that 2-allyl- 1,3cyclohexanedione gave the dihydrofuran 
derivative instead of the corresponding cyclic peroxide. Since the 1,3-diketone 
moiety seems to be present as its enol form predominantly, the hydroperoxide 
intermediate cannot be trapped effectively by the carbonyl group. Therefore the 
hydroperoxide might be reduced with the excess thiophenol to the corresponding 
alcohol which forms the dihydrofuran on aqueous work-up. However, more data 
should be accumulated before elucidation of the detailed mechanism. 
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