CHEMISTRY LETTERS, pp. 2273-2276 1992. © 1992 The Chemical Society of Japan

Photochemical a-Cleavage Reaction of Levoglucosenone
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Irradiation of levoglucosenone having a 6-membered cyclic o,3-unsaturated
ketone structure with a high pressure mercury arc stereoselectively produced (Z2)-B,y-
unsaturated acid derivatives. The mechanism of the formation of these products is
explained in terms of the a-cleavage reaction which is scarcely observed in the

photochemical reaction of a,-unsaturated ketones.

Photochemical reactions of cyclic a,B-unsaturated ketones have been widely investigated, and a variety of
products are known to be generated through reactions such as rearrangement, dimerization, addition,
isomerization, and so on.1) However, a-cleavage scarcely occurs during the photolysis of o,B-unsaturated
cyclic ketones,2+3) in spite of being one of the tyﬁical photochemical reactions for saturated cyclic ketones.®) In
particular, for 6-membered cyclic o,-unsaturated ketones, no example of the c-cleavage reaction has been
reported except for McMurry's study.5) They reported that the photolysis of 6-hydroxy-4,4-
dimethylcyclohexenone gave a-cleavage products in 7.8% yield and the reaction proceeded via the singlet
excited state. Here we describe that the irradiation of levoglucosenone,G) which has a 6-membered cyclic o,f3-
unsaturated ketone structure, leads to o.-cleavage via the triplet excited state and stereoselectively affords (Z)-
B,y-unsaturated acid derivatives in high yields.

Irradiation of levoglucosenone (1) (4.0 mmol) in methanol (40 ml) using a 500 W high pressure mercury
arc through a Pyrex filter for 30 h afforded a 99:1 mixture of methyl (Z)- and (E)-5-formyloxy-3-pentenoate
(2)7) in 75% isolated yield (Table 1). When the photolysis was carried out in hydrous benzene or t-butyl
alcohol, the corresponding acid 3 or ester 4 was produced, respectively. The acid 3 was readily transformed

into 3,6-dihydr0-2H—pyran-2-one8) (6) by treatment with 4-toluenesulfonic acid in 71% yield; the structure and
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Table 1. Photochemical reaction of levoglucosenone

N oR 2:Ry=Me,R;=H
v — 1 3:Ry=H,R,=H
- ”Cook)kﬂ/ 4:R,=1-Bu, Ry = H
o) (o) 5:R{=Me,R,=D
1 2-5
Solvent Additive Time/h Product Yield/%® E/Zb) Recovery/%®?)
MeOH none 30 2 58 1/99 15
" acetophenone®) 6 2 64 22/78 10
Benzene/H20 none 30 3 75 4/96
" acetophenone®) 6 3 75 59/41
t-BuOH none 30 4 44 1/99 8
" acetophenone®) 6 4 45 45/55 8
" benzaldehydeC) 6 4 45 12/88 2
" benzophenone®) 10 4 40 1/99 14

a) Isolated yield. b) Determined by 400 MHz 1H NMR. ¢) 1 equiv. sensitizer was used.

the stereochemistry of 3 were thus confirmed to be that of the (Z)-B,y-unsaturated acid derivative. The
photolysis of 1 in CH30D instead of methanol was examined to explore the intermediate in this reaction. From

the IH-NMR and mass spectral study of the product 5, deuterium was ascertained to be incorporated into the 2-

position. The result suggests that an a,3-unsaturated ketene is a possible intermediate.
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The sensitization experiments were performed to elucidate the reaction mechanism. The reaction was
sensitized by acetophenone, benzaldehyde, and benzophenone as shown in Table 1. However, the
stereoselectivity was remarkably decreased in the presence of acetophenone or benzaldehyde but was retained in
the presence of benzophenone. From these results, it is apparent that the reaction proceeds via the triplet excited

state.
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A pathway which accommodates the foregoing results is outlined in Scheme 1. Thus, the diradical
generated by the a-cleavage of 1 via the triplet excited state rearranges to an intermediary (Z)-ketene 7, which is
suffered by addition of a solvent such as H2O, methanol, or t-butyl alcohol to give acid or esters 8. When the
irradiation is made in the presence of acetophenone or benzaldehyde, the intermediate 7 is partly isomerized to
the (E)-ketene 9, which also reacts with the solvent to yield the corresponding isomeric acid or esters 10.9) On
the other hand, benzophenone acts as a sensitizer not for the E/Z isomerization of 7 but for the a-cleavage of
levoglucosenone. These results suggest that the triplet excited energy of the (Z)-ketene 7 is higher than that of

benzophenone and lower than that of acetophenone and benzaldehyde.
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Scheme 1.

The selective formation of the a-cleavage products seems to depend on two factors; the stability of the
acetal radical generated by the a-cleavage, which is stabilized by two oxygen atoms, and the strain which is
ascribed to the dioxabicyclo[3.2.1]hexenone structure of levoglucosenone.

The synthetic application of this reaction and the substituent effect for the a-cleavage reaction of cyclic

o,B-unsaturated ketones are now in progress.
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