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Summary: Photochemical reactions of the vinyloxyketones (3) give a 
regioselective intramolecular cycloaddition to afford oxetanes (4); the latter 
react stereospecifically with methanol to yield medium-ring acetals (51. 

There has been considerable recent interest in the use of the [2+2] 

cycloaddition of carbonyl compounds to alkenes (Paterno-Biichi reaction) as a 

synthetic method. 1,2 The work of Schreiber, 
3 

and of others, 
4 

has shown the 

efficiency and versatility of the photocycloaddition involving vinyl ethers or 

furans as alkenes. We now describe examples in which intramolecular 

photocycloaddition of simple acyclic molecules has led to the synthesis of 

medium-ring bicyclic ethers. Moreover, the high reactivity of the oxetane- 

containing acetal products enables a facile reaction with nucleophiles to give 

monocyclic dioxacycloalkanols. 

Although intramolecular examples of the Paterno-Biichi reaction are known, 

they generally involve attack on double bonds situated yd or 6~ to the 

carbonyl group. In the case of carbonyl/alkene reactants which are further 

removed, as in (lj5 and (2),6 intramolecular hydrogen abstraction from the 

y or 6 position becomes the dominant photochemical process. However, the 

photocycloaddition of carbonyl compounds with vinyl ethers is a much more 

efficient process than that with alkenes, and we report the first applications 

of such an approach to the formation of eight- to eleven-membered rings. 
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U.V. irradiation of the ketone (3a)' in benzene solution led to a 

single major photoproduct, present in 85% yield by examination of the 1H 

and I3 C n.m.r. spectra of the crude material. This sensitive compound 

could be purified by distillation (56% isolated yield) or by column 

chromatography on silica gel (40-45%), and was assigned the structure of 

the bicyclic oxetane acetal (4a). 
8 

Alternatively, the oxetane (4a) 

reacted with methanol in the presence of traces of acid (CF3CO2H) to 

generate a single stereoisomer (5a) of the cyclic acetal in quantitative 

yield. The crude photoproduct also contained minor components of which 

the tetrahydrofuranols (6) arising by h-hydrogen abstraction6 were 

isolated (6%). 

hv 
R 

(3) 

R 

% 
OG/ 

0 

(4) 

Me0 

(5) a; R = Me 

b; R = Et 

A similar irradiation of the ethyl ketone (3b) gave a crude 

product whose 
1 
H and 13C n.m.r. spectra suggested it to be ca. 90% of 

a single compound, viz. the oxetane (4b), which was subsequently isolated 

in 29% yield by column chromatography. The 2-alkoxyoxetane (4b) reacted 

cleanly with methanol to yield the medium-ring acetal (5b). A stable 

minor adduct isolated in 4% yield by chromatography of the crude 

irradiation product from (3b) was the alternative 3-alkoxyoxetane 

cycloaddition isomer (7). 
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(6) (7) 

Photochemical reaction of the shorter-chain ketones (8) and (9) gave 

a high yield (ca. 80%) of intramolecular adducts, but with little regio- 

selectivity: the 2-alkoxyoxetane (10) and 3-alkoxyoxetane (11) products 

were formed in ratios of 1:l and 1:1.2, respectively. The oxetanes (10) 

could be trapped, either before or after separation from (ll), by reaction 

with nucleophiles such as methanol in the presence of traces of acid, to 

give single stereoisomers of (12). A particularly convenient set of 

conditions for carrying out this transformation (which allowed n.m.r. 

monitoring) was to dissolve the material containing (10) in deuterio- 

chloroform, adding two equivalents of methanol, and leaving the solution 

exposed to daylight for 2-3 days, thereby generating sufficient DC1 to 

cause quantitative conversion to (12). 

h Y-J 0,(CH2)n\0 
R 

(8) n = 2, R = Me 

(9) n = 2, R = Et 

(13) n = 4, R = Me 

(11) n = 2, R = Me or Et 

(15) n = 4, R = Me 

R itic, 0 

"\ (CH2)< 
0 

(10) n = 2, R = Me or Et 

(14) n = 4, R = Me 

(12) R = Me or Et 
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g-Hydrogen abstraction was more prevalent in the photochemistry of 

the longer-chain ketone (13), which gave an easily separable mixture of 

the corresponding tetrahydrofuranols (55%) and the intramolecular cyclo- 

adducts (45%). Column chromatography allowed the isolation of the eleven- 

membered ring oxetane (14) and its isomer (15), formed in the ratio 1:O.g. 
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