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Abstract: a-Cleavage is the dominant process in 1 at A%313 nm, but 1,5 and 1,6 closure 

dominate at A>340 nm. Unlike various more complex carbonyl-substituted hex- 

adienes (M), reactions of 4 can be neither quenched nor triplet-sensitized, 

thus appearing to emanate from Sl and/or T2. 

In recent studies on the regiochemistry of intramolecular photochemical reactions of 

carbonyl-substituted 1,5-hexadienes, 
1 
we noted that the behavior of 5-methyl-1,5-hexadien-3- 

one (&) and of the parent ketone 2 was unusually sensitive to the wavelength of irradiation, 

in contrast with other 3-keto-, 1-acyl-, and Z-acylhexadienes (2, $, and 5, respectively). 

Upon irradiation in benzene-methanol at A>340 nm ,1 yields bicyclic ketone $ (43%) and ester 
n 

$R=H . 
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7 (27%), largely (see below) by way of 1,s and 1.6 closure as shown. 192 
'I, At X%313 nm, how- 

ever, the only volatile product is <, and most of 4 is converted into non-volatile material. 

Since 1 incorporates a B,y-unsaturated ketone, we suspected that at the shorter wavelength 

the favorable a-cleavage known3 to occur in such systems4 had become important. In view of 

the considerable mechanistic and synthetic interest in the [2+2] photocycloaddition reac- 

tions5 of compounds related to $-J, we have prepared g and studied its photochemistry as a 
. 
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function of wavelength. 

Ketone @ was available from 3-methyl-3-buten-1-ol-4,4-i2 ($i).6 Oxidation7 of ,Q to the 

aldehyde, immediate reaction with vinylmagnesium bromide, and oxidation7 of the resulting 

secondary alcohol furnished Q (57% overall, >99% 6,6-d, by NMR). This was photolyzed in 

benzene-methanol through a uranium 

as previously described for J,. 1,2 

through aqueous potassium chromate 

ing ketone at ~50% conversion were 

tribution of the deuterium label. 

glass filter (A>340 nm) and products were isolated, all 

Similar experiments were carried out with light filtered 

(A%313 nm). 
a 

Products after complete conversion and start- 

examined by 300~MHz NMR spectroscopy to determine the dis- 

Reaction of &lJ by way of the 1,s and 1,6 closures depicted 

above will lead to & and a. If a-cleavage is occurring, allylic rearrangement of one or both 

radicals formed could lead to R', ,@I, and a' as shown, as well as 

ketene-i2 

to non-volatile products. 

j&02CH3 
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The actual extent of scrambling of the label in recovered ,& and ester x is given in the table 

for each wavelength. The label in $, (formed only at A>340 nm) was as shown in $JIJ, indicat- 

ing no scrambling in this product. On the assumption that the extent of scrambling is approx- 

imately one-half as great as the contributing a-cleavage, these results demonstrate that at 

313 nm %80-90% of d arises through a -cleavage and recombination and that %20% does so at >340 

nm; there is little scrambling in recovered ,$. Thus, although the dominant process at A>340 

nm is interaction of the two double bonds leading to 1,5 and 1,6 closure, at only slightly 

shorter wavelength these closures are overwhelmed by a-cleavage and possibly other, uniden- 

tified processes that lead largely to polymer. 

Table. Scrambling of Deuterium on Photolysis of ,lR 

Compound 

A>340 nm 

Wavelength 

X%313 nm 

The photochemistry of & differs in another significant respect from that of other dienone: 

&J that have been examined. The [2+2] photocyclization reaction is well recognized to be a 

triplet process, 
5 

and we have demonstrated efficient triplet sensitization and quenching for 

several ketones $-?I, including 2 as a representative of type J,. 1,2 In contrast we find & 

recovered unchanged on attempted triplet sensitization using either m-methoxyacetophenone in - 

benzene-methanol or solvent acetone as sensitizer. Further, the direct reaction in benzene- 

methanol at A>340 nm is not perceptibly quenched by 2,3-dimethyl-1,3-butadiene (0.27-4.5 M). 

The photochemistry of & then seems not to occur from T1, but rather from the S1 and/or T 
2 

states. Both of these latter states increasingly appear responsible for the 1,3 acyl shift 

of simpler B,y-unsaturated ketones. 499 Thus $ (perhaps along with other simple open chain 

1,5-hexadien-3-ones) seems to occupy an intermediate position, sharing properties both of 

B,y-enones and of carbonyl-substituted hexadienes; its photochemistry is more complex than 

was previously recognized. 

From a practical, synthetic point of view, these observations underscore the importance 

of using appropriately filtered light' for preparation 
10 

of bicyclo[2.1.1]hexan-2-ones from 

2, and its derivatives. 
11 
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