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REACTION OF SINGLET OXYGEN WITH ALKENYLIDENECYCLO- 
PROPANES: IMPLICATION FOR A PEROXYALLYL INTERMEDIATE ’ 

Takeshi AKASAKA. Yoshihisa MISAWA. and Wataru ANDO’ 

Department of Chemistry, University of Tsukuba. Tsukuba. lbaraki 305. Japan 

Summary: Photosensitized oxygenation of adamantenylidenecyclopropanes (1) gave either the 
corresponding oxetanones (2a-c) or the cyclic ketones (4 and 5) depending on the substituent 
on the cyclopropane ring in addition to adamantanone. The results are rationalized in terms of 
initial formation of a perepoxide followed by that of a peroxyallyi intermediate. 

Despite the intense investigation,2,3 there are only a few experimental evidences for zwitterionic intennediites in 

1% reaction of olefins that have been secured from trapping reaction with nucleophilic solvent such as alcohols,4 a 

carbonyl function,5 a silylcyanides and the observation of rearrangement products.7 Recently, we have reported 

that the 102 reaction of alkylidenecyclopropanes affords either the corresponding 4-methylene- 1,2-dioxolane,*4b 

lactone*b~e or 1,2-dioxetane9 via a zwitterionic intermediate, depending on the substituent on the cyclopropane ring. 

In this paper we would like to show an implication of a peroxyallyl intermediate derived from a perepoxide in 

photosensitized oxygenation of adamantenylidenecyclopropanes.1u 

In a typical experiment, photooxygenation of l-adamantenyiidene-2,2,3-trimethylcyclopropanet1 (la, 3.0 x 

10-h) was carried out at 15’C in methylene chloride with methylene blue as sensitizer with two MOW halogen 

lamps. When the reaction mixture was separated by preparative HPLCt2 oxetanone 2813 was isolated in 11% 

yield in addition to adamantanone (3,66%) and polymeric products. 14 Their structures were readily assigned on the 

basis of spectroscopic data. That ‘02 is the oxidizing species was shown by the fact that la is stable under the 

reaction conditions in the absence of the sensitizer and light, and 1,4-diazabicyclo[2.2.2]octane,t~ a 1% quencher, 

inhibited the reaction. Very similar results were obtained with adamantenyiidenecyclopropanes, 1 b-e,tt under the 

same conditions as shown in Table.16 

One plausible rationale for these observations is that the oxidation seems to involve formation of ionic 

intermediates as the primary event, Electmphilic attack by 102 on adamantenylidenecyc1opropanes would take place 

preferentially at the more nucleophilic site to give the perepoxide 610 followed by immediate ring-opening yielding 

peroxyallyl intermediate 7 as shown in Scheme. 7 as a key intermediate goes on ring-closure to give dioxetane 8. 

Subsequent decomposition of the dioxetanes may produce adamantanone and the corresponding ketene 9. 

Polymeric products might come from the oxidative decomposition of 9.14,17 In the case of la-c, the O-O bond 

cleavage in 3-methylene-1,2-dioxetane 8 might also take place to give diradical intermediate 10 followed by 

rearrangement to 2, similar to the case of 1% reaction of 2,3-divinyiidenebicycio[2.2.l]heptane.l* In the case of 
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Table. ‘OS Oxygenatlon of Alkrnylldrneoyclopropsnes 1 

Substrates Products and Yields(%)* 

0 3 (66%) 

3 (65%) 

3 (68%) 

3 (63%) 

3 (33%) 

l In each experiment, polymeric product was obtained. 

1 d and le, the results are most easily rationalized by assuming the existence of htermcdiate 11 as is the case of 

3-adamantylidenetdcyclo[3.2.1.0*~4Joctane. A facile ring-opening of the cyclopropane ring in 7 might yield 

xwitterionic intermediate 10 which is stabilized by allylic conjugation. 10 goes on ring-closure to give the 

corresponding cyclic vinylperoxides 12 and 13, respectively. 18 Under the reaction conditions, these products 

evidently arc unstable. Cleavage of the peroxide linkage in 12 and 13 bomolytically gives the diradicals and 

intramolecular recombination of the radicals gives tbe observed products. 

NXhIR monitoring of tbe reaction mixture at -4O’C confirmed the presence of a thermally labile product, 

3-methylme-1,2-dioxetane 8,lO which exhibited l3C resonances atb 140.21,86.25 and 106.0 ppm consistent with 

the chemical shifts of dioxetane ring carhonG and an oiefinic carbon, respectively. Warming up to 3o’C resulted 

in disappearance of the dioxetane peaks. Furthermore, when the reaction of 1 d was carried out at -40’C with 

polymer-hound Rose Bengall* as sensitizer and then warmed up to room temperature, no direct cbemilumincscencc 

could be observed. However, the irradiated solution emitted a moderate light in the prcaence of a fluorcsccr such as 

9, IO-dipbenylantbracene and 9, lo-dibromoantbracene %l%*l by means of cbemiluminescene analyzer. These 

experimental and spectroscopic results suggest that tbe dioxctane intermediate might be formed dudng the oxidation. 

Tbe extension of this mechanistic principle and the application for the synthesis of cyclic ketones arc being in 

progress. 
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Scheme 

R’,R2.R9,R’ = H, alkyl 
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