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Summary The m-&anon of qmnone ethylene monoketals m acenc acid leads m hrgh yield to subsntuted 4- 
(aIkoxycarbonyl)cyclopentenones 

The photochermcal rearrangement of cyclohexadrenones, exemplified by the prototypical santomn to lumz- 

santomn conversion (Eq l), has been extensively stu~ed since this uuhal report 2 The reacttve excited state is 

believed to be the n->x* mplet, which by P-bond formanon and intersystem crossing leads to zwtttenon 1 

Dependmg on reachon condmons, this mtermdate may grve either a brcyclo[3 1 Olhexenone or solvolysrs products 

Several useful synthetrc apphcattons of this reaction m the sesquttetpene field have been reported,3 and recently 

R R 

reports have appeared concerning general synthenc methodology using 4-methoxycarbonyldrenones 4 One of the 

malor factors lmntmg the prevrous use of these reacnons in syntheses is the ltmtted avarlabrhty of cyclohexa-2,5- 

denones A general route to such drenones m the form of qumone monoketals has become avmlable, however 5 

Indeed, the photorearrangements of dralkoxycyclohexadrenones have been reported,6 but the yreld and selecnvrty 

observed were not encouraging In our hands, photoreacnon of 2 utrhzmg methanol as solvent permrts the rsolatron 

of 2-(tnmethoxymethyl)-2cyclopentenone (3) m 75% yreld. but this result 1s not generabzable Reasonmg that 

compound 3 1s denved from an mtermedrate btcyclo[3 1 Olhexenone, rt was desrrable to trap the mtennedlate 

zwrttenon 1 with a protic solvent before the brcyclohexenone could be. formed While qumone &methyl ketals 2 are 
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unstable to acetic acid, the correspondmg ethylene ketals are more stable 5 In this instance, It has proved possible to 

conduct the photoreachon m the presence of acid to give selectively 4-alkoxycarbonylcyclopentenones 

The reqmred qumone ethylene ketals are prepared m a three-step procedure f?om the hydroqmnone O- 

Alkylanon with ethylene carbonate and sodium hydnde under the condmons of Yoshmo7 gves the &ether, which IS 

ox&zed electrochermcally to gve a nuxture of qumone-brs-ketals 8 The expenmental apparatus for the oxidation IS 

an exceedmgly simple one, conslstmg of a concentnc nickel sheet cathode and carbon cloth anode m a 18OnL 

beaker These are connected to an automobile battery charger whose output IS adJusted to 6V by powermg the 

charger through a Variacm The reaction IS usually cooled on Ice to dlsslpate the ohmic heat 1% KOH m methanol 

1s used as the supportmg electrolyte Oxldauons are usually complete ml8 h. Workup consists of diluuon with 

water, extracnon mto CHzCl2, drymg and evaporation Hydrolysis of the bu-ketal to the monoketal IS accomphshed 

III refluxmg THF/aqueous acetic acid (14 h) 

NliH 
DMF 

Iv-- O/L/OH 

0 II + 
0 0 H20 

The photorearrangements are conducted at 5OmM concentration m glacial acehc acid through uramum glass 

with a 450W Hanovla source After consumption of startmg matetlal IS complete (TLC), the reacuon nuxture IS 

dduted with water, extracted with CH2C12, and washed with NaHC03 From the results summan zed m the Table, 

one can see the generally high yields and high regloselechvlty in the reaction The only excepnon IS 6, which gves a 

2 1 rmxture In general, the product with the less substituted enone double bond IS favored Tlus preference can be 

best understood through study of putahve mtermtiate 17, which undergoes selecttve bond cleavage at b The 

solvolys~s of 17 prevents the formahon of a blcyclo[3 1 Olhexenone and enforces the location of the carboxyl group 

at the 4-posluon of the cyclopentenone Selective cleavage of bond b IS contrary to the precedents from lncychc 

systems, where products which retam the more subsututed enone double bond are favored.2 The mterrntiacy of 

en0118 results m a rmxture of isomers (about 2 1, maJor stereochenustry undefined) at the a-position 
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Table 

Qumone MonoketaP Cyclopentenonec*lo 

0 

0 
0 

I I (76%) 

0 0 4 4 OR 

\ (82%) 

0 10 

0 0 

I I 
p 

(20%)b 

9 

\ (79%) 

0 0 5 
OR 

0 11 

0 

CL 
0 

I I (46%)b 
(23%) 

“u” 6 OR 12 

0 

4 \ W%) 

0 OR 13 

0 

a 0 

I I (77%) 

9 

\ (89%) 

“u” 7 
OR 

0 14 

0 a 0 

I I (67%) 

G 

\ (84%) 

0 0 8 
OR 

0 15 

0 

xc 0 

I I (25%) (81%) 

0 0 9 OR 
16 

R = CHzCHzOH 

a Yield from the hydrqunone b These compounds are derived from a common precursor, 
tolhydmqnnone, which gives a 2 2 1 rmxture on hydrolysis of the bls-ketals c Isolated peld 

In conclunon, a general, high yddmg, simple approach to subsmuted cyclopentenones from readtly-avrulable 

aromanc compounds has been developed. Consldermg the recent burgeoning mterest m five-membered nng 

synthesis,8 this method should fmd use in the preparation of natural products, for example the gmgkoltde and 

bfiobahde class of terpenes 9 
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