
J.C.S. CHEM. COMM., 1980 723 
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Summary Photoinduced oxygenation of epoxynaphtho- able interest from both the mechanistic and synthetic 
quinone (3) in benzene gave 3-acetyl-3-acetoxyphthalide points of view. However, the oxygenation of carbonyl 
(4) and 3-acetoxy-3-methylisochrornan- 1,kdione (5)  in ylides has been limited to stable pyrylium oxides such as 
good yields via the reaction of singlet oxygen with a the diphenylbenzopyrylium oxide (1)la and the 2,4,6-tri- 
transient carbonyl ylide. phenylpyrylium oxide (2) .lb We have already reported the 

photoinduced cycloaddition of epoxynaphthoquinones to 
olefins and carbonyl compounds* and we now report the 
photoinduced oxygenation of 2,3-dimethyl-2,3-epoxy-Z, 3- 
dihydro- 1,4-naphthoquinone (3). 

IN recent years, the thermal or photochemical oxygenation 
of ylides,l carbenes,2 and nitrones3 has attracted consider- 
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A dilute benzene solution of (3) (4 mM) was saturated 
with oxygen and irradiated through a Pyrex filter for 0 5 h 
with a 300W high-pressure Hg lamp under bubbling 
oxygen Separation of the products on a Florisil column 
gave 3-acetyl-3-acetoxyphthalide (4) (m p 97-99 "C, 43%) 
and 3-acetoxy-3-methylisochroman- 1,4-dione (5)  (m p 
101-102 "C, 13%). 
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Rose Bengal and the quenching experiment suggested the 
involvement of singlet oxygen in the photo-oxygenation of 
(3), and the most probable mechanism for the reaction is 
shown in the Scheme Singlet oxygen adds to the carbonyl 
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The oxygenated products (4) and (5)  have the empirical 
formula C1,Hl,O5 and were characterised by the following 
spectral data, (4) i r (KBr) 1785 (phthalide G O ) ,  1765 
(ax-dialkoxy ketone), and 1735 cm-l (ester), lH n m r - 
(CDCl,) 8 2.16 (Ac) and 2 33 (OAc), 13C n m r (CDCl,) 
6 199.2 (ketone), 168.6 and 166.9 (ester), and 101.0 (acetal) 
p p m ( 5 ) ,  i r (KBr) 1740 (ester) and 1700 cm-i (con- 
jugated ketone), lH n m r (CDCI,) 8 1 8 0  (Me) and 2.10 
(OAc), 13C n m r (CDCI,) 8 187.5 (ketone), 169.1 and 159.4 
(ester), and 100 4 (acetal) p p  m On treatment with 
hydrochloric acid in methanol, (4) was converted into 
3-acetyl-3-methoxyphthal-de (6) 

Similar photolysis of a degassed benzene solution of (3) 
gave only dimers and isomerised products Compounds 
(4) and (5 )  were not observed in the photolysate When (3) 
was irradiated in benzene-methanol (40 : 1) containing 
Rose Bengal, the photo-oxygenation proceeded more 
quickly and (4) and (5) were obtained in 68 and 16% yields, 
respectively In the presence of /%carotene the rate of 
photo-oxygenation was greatly retarded The effect of 
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ylide (7) in a manner analogous to the cycloadditions of 
reactive dipolarophiles The ozonide (8) thus formed 
undergoes a Baeyer-Villiger-type rearrangement to give the 
diketoanhydride (9), which finally isomerises to (4) and (5)  
The transformation of (8) into (4) and (5) through (9) has 
some precedent in the oxygenation of closely related 
ylides However, irradiation of 2,3-diphenyl-2,3-epoxy- 
2, 3-dihydro- 1,4-naphthoquinone (10) under similar con- 
ditions led only to a slow photoisomerisation to the alkyli- 
dene phthalides (lla) and ( l lb)8 and no oxygenated 
products were obtained 
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