
Tetrahedron Letters,Vol.23,No.4,pp 481-484,1982 oo40-4039/82/040481-04$03.00/O 
Printed in Great Britain 01982 Pergamon Press Ltd. 

PHOTOCHEMISTRY OF 1,3-CYCLOPENTANEDIONES. OXETANE FORMATION INVOLVING BOTH ENERGY 

TRANSFER AND ELECTRON TRANSFER PROCESSES 

Jens Eriksen* and Preben E.Plith 

Department of Chemistry, University of Aarhus 
DK-8000 Aarhus C, Denmark 

Abstract - Photolysis of 2,2-dimethyl-1,3-cyclopentanedione in acetone resulted 
in oxetane formation in a two photon process involving energy transfer from trip- 
let excited acetone and electron transfer from singlet excited acetone. 

In an attempt to synthesize naturally occurring derivatives of tetronic acid 

(1)' we have investigated the photochemistry of model compound 2." Photolysiss of 

2 in a variety of solvents (acetonitrile, hexane, ethanol, diethyl ether) gave the 

lactone 3. The reaction is verycleangiving 3 as the only isolated product in >90 

$ yield. Identification of 3 was based on spectral data.4 These results are in a- 

greement with previously reported results on other cyclic @-diketones.' 

1 2 3 

The formation of 3 was quenched in acetonitrile by the typical tripletquench- 

er, isoprene, giving kq2 = 0.92 El, where k 
q 

is the bimolecular quenching rate 

constant, and z is the lifetime of the reacting excited state of 2.s This result 

suggests a triplet pathway. However, when acetone was used as sensitizer, only 5- 

10 % of 2 was isolated. The main product (>75 %) was the oxetane 4, identified 

from its spectral data.7 The oxetane must have the ketal structure 4 rather than 

5, since the proton and C-13 NMFZ spectra show four non-equivalent methyl groups.7 

The structure of 2 indicates that 3 is an intermediate on the pathway 2 + A. In- -- 

deed, whereas 3 was photostable in acetonitrile, diethyl ether, hexane, and etha- 

nol, photolysis in acetone led to rapid formation of 3. Irradiation of 3 in acet- 

one-de led analogously to 6.s Thus, by triplet energy transfer acetone is able to 
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sensitize the formation of 3 which, however, in a separate process gives 4. 

These results are in agreement with a mechanism involving a-cleavage of the 

triplet excited state of F?, followed by bond rotation, spin-flip, and re-closure 

of the biradical. If the photolysis of 2 or 'J was carried out in acetonecontain- 

2 2 ‘2” ISC ---W-g* - 
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ing small amounts (5-10 % v/v) of ethanol, the formation of 4 was totally suppressed 

and the only isolated product was the ketoester 2." This has led us to believe 

that 4 and 2 arise from a common intermediate 3t formed by electron transfer from 

3 to the singlet excited state of acetone (Scheme I). If no external nucleophiles 

are present, 3 ? and the generated radical anion of acetone collapse to &. In the 

presence of ethanol the valence isomer of 3? . IS trapped to give 2 as shown in 

Scheme I. 

Scheme I 

/ EtOH_ +oEt_$e z 
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The formation of 2. from 2 is postulated to involve 1) sensitization by trip- 

let acetone viaenergy transfer to give _3, 2) sensitization by singlet excited ac- 

etone via electron transfer to give 3 or 2 depending on the presence or not of eth- 

anol. The validity of Scheme I demands quenching of acetone fluorescence by 3. In- 

deed, using Stern-Volmer kinetics and procedures already described" we obtained 

a quenching efficiency in Na -saturated acetonitrile of kq-CA = 29.5 M-l, where k 
q 

is defined as above and %A is the singlet excited state lifetime of acetone. Using 

2A = 1.7 nsec,ll k 
q 

= 1.7 x 1ol0 ,ls-l which equals a diffusion controlled rate. 
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An electron transfer mechanism from electron-rich alkenes to singlet excited 

ketones leading to oxetanes has been postulated already by Schore and Turro.'rLike- 

wise, the addition of alcoholic solvents to radical cations generated by phot,ochem- 

ical electron transfer is precedented.'""s In the present system both pathways- 

followed, depending on the availability of external nucleophiles. 

To further justify the mechanism proposed in Scheme I, we attempted to gener- 

ate a cation analogous to 2+ by heating 2 in benzene containing 5-10 % ethanol (v/v) 

and catalytic amounts of p-toluenesulfonic acid (TsOH). Indeed, 2 was isolated in 

high yield. If ethanol was excluded from the reaction mixture,only starting mate- 

rial (3) was isolated. 

Since starting materials such as 2 are easily available and the described pho- 

tochemical reactions proceed with high yields and specificity (often no purifica- 

tion of the photoproducts is needed) the procedure described here should prove 

synthetically useful. We are currently investigating further possibilities. 
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