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Recent reports in the literature concerning the photolysis of cyclobutanones include both concerted 

and nonconcerted (biradical) mechanisms to account for the observed phctoprcducts.i~2 We have stud- 

ied the photochemistry of cis- and trans-bicyclo[6.2. Oldecan-g-one3 (cis-1 and trans-1) in an attempt - - - 

to obtain evidence for a cyclobutanone photo-biradical intermediate in solution. 

If the photodecomposition of& and trans-bicyclo[6.2. Oldecan-g-one3 (c&-l and trans-1) were 

to proceed through a common biradical intermediate, one would expect the same photoproducts from 

both ketones. Moreover, it was expected that a biradical intermediate, whether common to both 

systems or not, would give a predominance of the lower energy photocyclcelimination product (,c&- 

cyclooctene) if cycloelimination occurred. 

The products obtained and their relative quantum yields in benzene and methanol appear in the 

Scheme and Tables I and IL Authentic samples of trans-2,* cis-3,s and trans-35 were prepared for -- 

comparison purposes. products 4 were converted to corresponding lactones via Jones oxidation.6 - 
Identical lactones were obtained from Baeyer-Villiger oxidation’ of ketones 1. 

Scheme 

(ya Q + c-p + (-jsOCH3 
trans- 1 trans-2 trans-3 trans-4 
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Table I. Relative Quantum Yields of Photoproducts from cis-1 a,b 
- 

trans- 1 cis-2 trans- 2 cis-3 trans-3 cis-4 trans-4 - - - 

@ 
- methanol < 0.01 1.00 < 0.01 0.14 < 0.01 0.78 < 0.01 

!J enzene < 0.01 1.00 < 0.01 0.43 -=0.02 -c -c 

aPhotolysis of approximately 1 M solutions with a Hanovia medium pressure mercury lamp and 
3130 A filter solution at approximatzy 27’ 

bQuantum yield for loss of starting ketone was 0.6 in benzene, 1.0 in methanol 

‘Not produced in benzene 

Table II. Relative Quantum Yields of Photoproducts from trans- 1 a,b 

cm-1 cis- 2a trans-2a cm-3 trans-3 cm-4 trans- 4 - - - - 

# 
methanol < 0.01 0.05 0.15 < 0.01 0.22 < 0.01 1. 00 

m benzene < 0.01 0.01 0.11 0.05 1.00 - C - C 

aPhotolysis of approximately 1 M solutions with a Hanovia medium pressure mercury lamp and 
3130 b filter solution at approximatZy 27’ 

bQuantum yield for loss of starting ketone was 0.5 in benzene, 0.6 in methanol 

‘Not produced in benzene 

The outstanding feature of the data is the high degree of stereospecificity (with retention) in the 

photoproducts of ketones l.* This result rules out a biradical intermediate common to both cis-1 and - 

trans-1 photochemistry which plays a significant role in product formation. 

Both a concerted mechanism and a mechanism involving short-lived intermediates such as cm-5 - 

and trans-5 which do not interconvert rapidly are acceptable models. short-lived biradical interme- 

diates have been suggested to be intermediates in cyclobutanone photochemistry by Lee and Carelessib 

These authors, however, had experimental evidence for such intermediates which is not present in our 

system. The transition from photoexcited cyclobutanones to products may be concerted [no discrete 

intermediate(s)] while possessing a great deal of biradical-like character, i.e., species such as 5 may 

occur, but not as energy minima which allow C-C bond rotation to compete with reclosure or product 

formation.g~iO 
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cis-5 - 

Cyclobutanone photochemistry may be discussed in terms of orbital symmetry arguments” or the 

Mobius-Huckel concepti The photocycloelimination reaction may be construed as a r~ *s + v % phote 

allowed reaction.13 This designation gives little insight into the mechanism of the reaction which in- 

volves two rr electrons (-0) and two non-bonding oxygen electrons, as well as four electrons of the 

ring. In terms of the Mobius-Huckel concept, the photocycloelimination of cyclobutanone is an eight 

electron Huckel system and therefore V’allowed.“‘4 

The lower quantum yield for loss of ketones 1 in benzene relative to methanol may be due to re- 

version to starting ketones (in benzene) of the proposed carbene intermediate (6) which may give rise 

to ring expansion products 4. This suggestion has precedent in the work of Agosta and Fosteri who 

observed the rearrangement of a (postulated) thermally generated dimethyloxycarbene to dimethyl- 

cyclobutanone (70%) and dimethyldihydrofuran (30%). It is interesting to note, however, that under 

favorable conditions (benzene solution or in the gas phase), photolysis of cyclobutanones do not give 

rise to dihydrofuran derivatives. This suggests (among other possibilities) that oxycarbenes are not 

formed upon photolysis of cyclobutanones under these conditions, and/or that the intermediate pro- 

duced by Agosta and Foster is not the same as the postulated photo-oxycarbene. The lower quantum 

yield for photocycloelimination of tram+1 relative to cis-1 may be due in part to product development - 

control of cycloelimination, with the higher energy trans-2 being less readily formed than cis-2. - 

CP : 
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