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Abstract: The title compound 1 undergoes an intramolecular photocycloaddition reaction to 
yield the bis-oxetane 2 and a Formal 1,3-shift to yield the 1,4-diketone 3 This work reveals 
a novel aspect of the photochemistry of f3-oxa-y,G-enones. 

_: 

Introduction: 

Although y,d-enones have been well investigated, there are only a few examples of reports 

concerning the photochemistry of B-oxa-y,G-enones A.=' We recently found an efficient synthesis - 

of molecules of the general structure A. 1) - Some ground state reactions of 2. have already been 

described elsewhere. 1,4) In this communication we wish to report the photochemistry of one 

representative of these bichromophoric molecules, 1-cyclopentenyloxy-2-propanone 1. 5) 

Photochemical products and their structures: 

Irradiation of J_ (14 q in 200 ml dioxane, 0.5 M) under N2 -atmosphere through Pyrex using a 

125 watt high pressure mercury lamp (Philips HPK 125) for 50 hours results in 75% loss of 1. 
6) 

Upon distillation of the reaction mixture 9.1 q of a mixture were obtained which contained un- 

reacted 1. (25%) and two products z (15%) and 2 (60%). Compounds 1 and 2 were separated by 

further distillation under reduced pressure using a Vigreux-column - 2: b.p. 70-75"~/15 torr; 

3: b-p. 108°C/15 torr. - Small amounts of acetone 4 and cyclopentanone zwerealso detected by 

vpc-analysis. 6) 

The structural assignment of the minor product 2 as l-methyl-2,8-dioxatricyclo[5.2.0.03'71 
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nonane is based on the following data: lH-NMR (60 MHs,CDc13) d p 1.44 (s, 3H),1.65-2.00(m, 6H) , 

4.60 and 5.14 (AH,J=7Hs, ZH), 5.32 (m,lH); MS (70ev) m/e = 140 (2.2%,M+), 139 (2.0, M-l+), 125 

(1.0, M-CH3+), loo (3.2, M-CH20+), 97 (10.8, M-C2H30+), 95 (20.4), 84 (19.6), 83 (39.9). 82 

(17.3), 69 (35.5), 67 (32.2), 55 (23.9), 43 (76.6). 41 (1001, 39 (25.9), 29(10.4), 27(13.7)-7) 

1 = 2 
= 

Particularly pertinent is the lack of any IR absorption in the C=O or *C region. The alterna- 

tive intramolecular cycloaddition product 5, resulting from a "crossed" [2+21 cycloaddition 

would be expected to show methine NMR absorption in the 6~3 ppm region. 8) However, the ob- 

served chemical shift (6 = 5.32 ppm) is compatible with that reported for a bisoxetane structure 

similar to 2. 3) Moreover, a cycloaddition product of the structure 5 would correspond to 2- 

alkoxyoxetanes c and consequently would show the reactivity of ketals. 9) On the contrary 2 is 

unreactive upon heating in alcoholic or aqueous solution. 9) Analogous to results dealing with 

the photochemistry of acyclic B-oxa-y,S-enones as reported by Dalton 3) we suggest a stereo- 

chemistry for the bisoxetane as shown in the formula 2. 10) 

RO 0 

RO -Ii 
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2 was identified as 2-acetonylcyclopentanone by comparison with an authentic sample: 11,121 

IR (neat) u = 1715 and 1738 cm -l (C-O); 'H-NMR (60 MHs,CDC13) 6 = 2.18(~,3H), 1.4-3.3(m,9H); 

MS (70ev) m/e = 140 (11.5%,M'), 125 (1_2,M-CHS), 98 (12.6,C6H100+), 97 (27.7, C6H90+), 83 (32.8, 

C5H70+), 69 (15.5), 58 (5.2), 55 (11.2), 43 (LOO), 41 (31.81, 39 (11.6). 

Discussion of the reaction mechanism: 

Our results show that the main photochemical reaction of ; is a formal l,3-shift of the 

acetonyi group leading to the formation of 3. In order to get information about excited states 

and possible intermediates we investigated the photolysis of 1 (0.1 M in dioxane, Pyrex-filter) 

in presence of different quenchers: (1) 1,3-pentadiene (0.1-l M) does not influence the intra- 

molecular cycloaddition to 2 but quenches the formation of _3, f! and 2 up to ca. 60%. (2) Tri- 

n-butyltinhydride as a free radical scavenger 
13-15) 

(0.04-0.19 M) also shows no effect on the 

formation of 2 but quenches 2 up to ca. 50%. Simultaneously the formation of 4 and 2 is doubled 

in the presence of the organic tin hydride. These results may be interpreted that the intramole- 

cular oxetane formation is an unquenchable singlet reaction, whereas 2 is formed at least partly 

via the triplet. Although organic tin hydrides in some cases quench triplet ketones efficiently 
16) our experiments indicate the possibility that some 2 is formed via a free-radical recombina- 

tion: if tri-n-butyltinhydride only quenched the triplet of l_, we should not observe an in- 

creased formation of the free radical products f and 2, which are very likely generated from the 
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triplet of 1 as shown in the pentadiene 

eluded, because there is no significant 

quenching experiment. Polar intermediates may be ex- 
17) dependence of the product formation on solvent polarity. 

This proposed mechanism should be considered tentative. 

3 = 

1 = qfy--J~t:+u 
0" Ii 

0 
4 5 = = 

This result is in contrast with that of Dalton who did not observe an analogous 1,3-shift in the 

photolysis of 3,5-dimethyl-4-oxa-5-hexen-2-one, but an intramolecular cycloaddition to yield a 

bisoxetane and a rearrangement to yield a formal photo-Cope product. 3) The same author reported 

that the inefficiency in product formation is a result of inefficient formation of a 1,4-birad- 

ical, similar to D. 3) - If an intermediate such as D is involved in the reaction 1 + 2, based on - - 

Dalton's results the photo-Cope product 1 is expected to be formed. However, under our condi- 

tions and even at short irradiation times we were not able to detect a photoproduct of the struc- 

ture z.6' 

Preliminary investigation of 1-cyclohexenyloxy-2-propanone yielded similar results. Al- 

though the generality of these photoreactions remains to be determined, our results reveal a 

novel aspect of B-oxa-y,&-enone photochemistry, namely the formal 1,3-shift to yield 1,4-dike- 

tones. Studies dealing with homologous and hetero-aabstituted enones A md the mechanisms of 

thsse photoreactions are in progress to further quantify the present picture. 
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