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The photoaddition of alkenes to 2,2-dimethyl-3(2H)-furanone affords products which can 
be efficiently elaborated to cyclohexenones by two different methods. 

During the past several years we have been exploring the utility of acyclic a-formy 

ketones, particularly formyl acetone, as partners in the photochemical annelation of 

alkenes. [l-3] Although our results have been encouraging, problems were frequently 

encountered when a synthetic goal required that either addend in the photocyloaddition reac- 

tion contain an additional heteroatan suitable for future elaboration. Specifically these 

problems consisted of increased reaction times and decreased yields, a general deterioration 

of chemical efficiency. C43 

It occurred to us that an attractive solution to this problem would be at hand if the 

formyl ketone partner, or a suitable equivalent, could be maintained in a specific enol con- 

figuration by an actual covalent bond. One candidate for such an addend would be a 1,3-di- 

oxolen-4-one, which after photoaddition to an alkene would be suitably arranged for further 

elaboration. Dioxolenone candidates for photochemical equivalents of formyl acetone are 

necessarily unsubstituted at the 5 and 6 positions (a. 2) but unfortunately no examples of 

such compounds can be found in the literature. To date our attempts to prepare pure samples 

of such compounds have been unsuccessful, although work is continuing. 

A viable alternative to the 5,6-unsubstituted dioxolenones has been found in 2,2-di- 

methyl-3(2H)-furanone (l), a compound whose photochemistry with several cyclic and acyclic 

alkenes has been recently studied by Margaretha. [5] For example 1 reacts with isobutylene 

to afford an essentially quantitative yield of adduct as a single regiochemical isomer 

(head-tail). [6,7] Elaboration of photoproduct -3 could then be realized by one of two dif- 

ferent reactions sequences. For instance Baeyer-Villiger oxidation of (3) with m-chloroper- 

benzoic acid afforded oxalactone 4 in excellent yield. It is worth noting that lactone Qis 

identical to the product which would have arisen by the direct photochemical addition of 

2,2-dimethyl-1,3-dioxolenone (2) to isobutylene, thus making the preparation of compounds 

such as 5 previously mentioned less compelling. Treatment of 4 with ethylene glycol 

(e-TsOH) gave acetal ester 6, the carboxylic acid L-of which smoothly added methyl lithium 
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to afford methyl ketone 8. [8] Hydrolysis of the acetal group followed by aldol cyclization 

of zyielded 4,4-dimethylcyclohexenone (l0) in good yield, the same product obtained as the 

major regioisomer in the reaction between formyl acetone and isobutlylene followed by aldol 

cyclization. Cl] 
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In certain instances the photoproducts from 1 and other alkenes were resistant to 

Baeyer-Villiger oxidation under a variety of prolonged and forcing conditions. In these 

cases it proved advantageous to expose the oxime of the photoproduct to Beckmann fragmenta- 

tion [9] conditions. Thus reaction of oxime lJ, derived from the photolysis of furanone 1 

and tetramethylethylene (ll), with thionyl chloride (CC14/O") smoothly afforded hydroxy- 

nitrile 14, which was then ring opened to the cyano aldehyde 15 by exposure to base (NaH/- 

ether). Treatment of acetal nitrile 16 with methyl lithium Cl01 followed by a neutral 

aqueous workup afforded methyl ketone n which was then hydrolyzed and cyclized as before to 

give a good yield of 4,4,5,5-tetramethylcyclohexenone (l9), identical with an authentic 

sample. Cl] These and related results for the photoannelation of several alkenes are pre- 

sented in Table I. With alkenes such as 2, 20, 23, and 26, which can give two regioisomers, 

the regioselectivity of the photoaddition reaction is always in the same sense as with 

formyl acetone (eventual aldehyde attached to the more highly substituted alkene carbon, 

head-tail) but the regiochemical preference is significantly enhanced in the present case, 

making the method mOre synthetically viable. In addition the reaction with alkenes contain- 

ing a variety of functional groups has been shown to occur efficiently, overcoming the major 

limitation of the forqyl acetone photoadditions as mentioned previously. I 
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In surrmary photoaddition of furanone 1 to a variety of alkenes provides regioselective 

photoproducts which can be efficiently elaborated to cyclohexenone derivatives by two 

methods. [ll] The application of the reaction sequence to the synthesis of several natural 

products is underway. 

TABLE I. Cyclohexenones from 2,2-Dimethyl-3(2H)-furanonea 

9 

K 95f 87 32 60 
0 

2 - 10 

9gf ....h . . . . 

11 - 

h 

68 67 

23 - 

h 

26 27 - - 28 - 
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aFootnote 12. bYields are of purified products and have not been optimized. 'Footnote 13. 
d 
Combined yield for the four step conversion of photoproduct to acetal acid, s., 2 -f 6. 

eCombined yield for the four step conversion of photoproduct to acetal nitrile, Ed., 12 -f 16. - 

fFootnote 5. gFootnote 14. h Photoproduct inert to Baeyer-Villiger conditions. iFootnote 1. 

'Footnote 15. kFootnote 16. 'Footnote 17. mFootnote 18. "Footnote 20. 
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