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Photo-oxygenation of py-Unsaturated Ketones 
By N. FURUTACHI, Y. NAKADAIRA, and K. NAKANISHI* 

(Department of Chemistry, Tohoku Univevsity, Sendai, Japan)  

THE mechanism of photosensitized oxygenation of 
isolated olefins has been greatly clarified in recent 
years.l Participation of the excited singlet-state 
oxygen is now generally accepted,2 and a concerted 
cycloaddition of oxygen to olefins containing allylic 
hydrogens is f a v o ~ r e d . ~  We have investigated the 
photosensitized oxidations of Py-unsaturated 
ketones, and preliminary data indicate that also 
in these systems, which contain more labile allylic 
hydrogens, a concerted cycloaddition is favoured 
over a step-wise ionic addition.4 
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3/3-Acetoxycholest-7-en-6-one (1)j was con- 
verted into (11) upon brief treatment with ButOK- 
Bu tOH6 followed by rapid neutralization with 
acetic acid. Irradiation of (11) in pyridine with a 
250 w tungsten lamp in the presence of Rose 
Bengal under oxygen gave the hydroperoxide (111), 
which upon reduction with hTaI-AcOH yielded the 
authentic 14a-hydroxy-enone (IV) ,5 the yield of 
(IV) from (I) being ca. 70%. Similarly, the fly- 
unsaturated ketone (V) yielded ponasterone A7 
( 14a-hydroxy-7-en-6-one) via the hydroperoxide 
in almost quantitative yield, and hence this photo- 
oxygenation provides an alternative method* for 
making the 14a-hydroxy-7-en-6-one moiety przsent 
in all ecdysones discovered to date (about twenty). 

Photosensitized oxidation of 17P-hydroxy- 19- 
norandrost-5,10-en-3-one (VI), prepared from 
oestradio15 by Birch reduction, was also transformed 
into lop-hydroxy-19-nortestosterone (VII)g via the 
hydroperoxide in 4576 overall yield. Likewise, 
5-methylhex-4-en-2-one (VIII)l0 was quantitatively 
oxidized to the hydroperoxide (IX) .-f 
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The cyclic nature of olefin photo-oxygenation 
has been elegantly proven with [7-2H]cholesterol 
molecules.* &Unsaturated ketones, in which 
the hydrogen(s) flanked by the carbonyl group and 
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Structure proven by spectroscopic data. 



1626 CHEMICAL COMMUNICATIONS, 1968 
double bond dissociate readily, are suitable deuterium. The hydroperoxide was reduced to 
systems for studying the participation of an ionic 60c-hydroxycholest-4-en-3-one (XII), and the 
step-wise mechanism. 4/3-Deuteriocholest-5-ene deuterium content a t  C-4 was measured from the 
(X)ll (90% deuterium content according to mass n.m.r. curve, taking the 6/3-proton as reference for 
and n.m.r. spectroscopy) was therefore synthesized integration. This showed that the product (XII) 
and submitted to the photosensitized oxygenation. contained 85% deuterium a t  C-4, and hence it is 
If a step-wise mechanism going through an inter- very likely that the photo-oxygenation of fly- 
mediate such as (XI) (or its equivalent) were unsaturated ketones is a concerted cycloaddition. 
operating, most of the deuterium should be lost 

(Received, September 27th, 1968; Cow. 1316.) (path a) .  In  contrast, path b should retain the 
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