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PHOTOCHEMICAL REARRANGEMENTS OF QUINONE MONOKETALS.

SYNTHESIS OF SUBSTITUTED CYCLOPENTENONES
Michael C Pirrung*1 and David S Nunn
Department of Chemistry, Stanford University
Stanford, Califorma 94305

Summary The wrradiation of quinone ethylene monoketals 1n acetic acid leads 1n high yield to substituted 4-
(alkoxycarbonyl)cyclopentenones

The photochemical rearrangement of cyclohexadienones, exemplified by the prototypical santomn to fumi-
santomn conversion (Eq 1), has been extensively studied since this imitial report 2 The reactive excited state 15
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believed to be the n—>r* triplet, which by B-bond formation and intersystem crossing leads to zwitterion 1
Depending on reaction conditions, this intermediate may give either a bicyclo[3 1 Olhexenone or solvolysis products
Several useful synthetic applications of this reaction 1n the sesquiterpene field have been reported,3 and recently
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reports have appeared concerning general synthetic methodology using 4-methoxycarbonyldienones 4 One of the
major factors imiting the previous use of these reactions in synthesis 1s the limted availability of cyclohexa-2,5-
dienones A general route to such dienones 1n the form of quinone monoketals has become available, however 5
Indeed, the photorearrangements of dialkoxycyclohexadienones have been reported,6 but the yield and selectivity
observed were not encouraging In our hands, photoreaction of 2 utilizing methanol as solvent permuts the 1solation
of 2-(inmethoxymethyl)-2-cyclopentenone (3) 1n 75% yield, but this result 1s not generalizable Reasoning that

compound 3 1s denved from an intermediate bicyclo[3 1 OJhexenone, 1t was desirable to trap the intermediate
zwitterion 1 with a protic solvent before the bicyclohexenone could be formed While quinone dimethyl ketals 2 are
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unstable to acetic acid, the corresponding ethylene ketals are more stable 5 In this instance, 1t has proved possible to
conduct the photoreaction 1n the presence of acid to give selectively 4-alkoxycarbonylcyclopentenones
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The required quinone ethylene ketals are prepared in a three-step procedure from the hydroquinone O-
Alkylation with ethylene carbonate and sodium hydnide under the conditions of Yoshino7 gives the diether, which 1s
oxidized electrochemically to give a mixture of quinone-bis-ketals 8 The experimental apparatus for the oxidation 1s
an exceedingly stmple one, consisting of a concentric nickel sheet cathode and carbon cloth anode in a 180mL
beaker These are connected to an automobile battery charger whose output 1s adjusted to 6V by powenng the
charger through a VariacTM The reaction 1s usually cooled on 1ce to dissipate the ohmic heat 1% KOH 1n methanol
15 used as the supporting electrolyte Oxidations are usually complete in 18 h. Workup consists of dilution with
water, extraction into CH2Cly, drying and evaporation Hydrolysis of the bus-ketal to the monoketal 1s accomplished
m refluxing THF/aqueous acetic acid (14 h)
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The photorearrangements are conducted at 50mM concentration 1n glacial acetic acid through uranium glass
with a 450W Hanowia source After consumption of starting material 1s complete (TLC), the reaction mixture 1s
diluted with water, extracted waith CH2Clp, and washed with NaHCO3 From the results summarized in the Table,
one can see the generally hugh yields and high regioselectivaty 1n the reaction  The only exception 1s 6, which gives a
2 1 mixture In general, the product with the less substituted enone double bond 1s favored Thus preference can be
best understood through study of putative intermediate 17, which undergoes selective bond cleavage atb The
solvolysis of 17 prevents the formation of a bicyclo[3 1 Olhexenone and enforces the location of the carboxyl group
at the 4-position of the cyclopentenone Selective cleavage of bond b 1s contrary to the precedents from bicyclic
systems, where products which retain the more subsututed enone double bond are favored.2 The intermediacy of
enol 18 results 1n a mixture of 1somers (about 2 1, major stereochemastry undefined) at the a-position
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Table
Quinone Monoketal? Cyclopentenones1?
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a Yield from the hydroquinone b These compounds are denived from a common precursor,
tolhydroquinone, which gives a 2 2 1 muxture on hydrolysis of the bis-ketals ¢ Isolated yield

In conclusion, a general, high yielding, simple approach to substituted cyclopentenones from readily-available
aromatic compounds has been developed. Considening the recent burgeoning interest 1n five-membered ring

synthes1s,8 this method should find use in the preparation of natural products, for example the gingkolide and
bilobalide class of terpenes 9
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