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Ababuck A seriesof d-mefhoxy-or sitoxy4H-1,3-dioxin40nes was syntbesizd fromMeldmm’s
acids.Thesedioxinonesunderwent4+2 cycloreversionto metboxy-or sitoxycarbonytkefenesand
ketortesquantifsrivelyat20-SO‘C. l’hekebmeswerecbaracterixedbyIRspecbuscopyas weltw by
frappingwitb t-bufanol.Tbe readycycloreversionof these cnolizedMeMrmn’sacid derivatives
stiongly indicates tbat the anomalouslyhigh susceptibilityof Mekfnnn’sacids to mrcleophitic
reagenfsis due to the participationof carboxyketcnesgeneratedrhrougbthe cycloreversionof
~ d-bydmxydioxincnca.@ 1997Elsevier ScienceLtd.

Conjugatedketene.ssuchas a-oxoketene(acylketene:2),1vinylketnes,zand bisketenessare currentlyof
majorintereatin syntheticandtheoreticalstudies.Amongtheseveralmethodsforgenerating2, cycloreversion
of4H-1,3-dioxin-4ones1 is themostattractivefromthesyntheticviewpointbecausethe reactioncanbe con-
ductedundercompletelyneutralconditionseitherthermally(110-1600C)4,5or photochemicaUy.6Thethermal
cycloreversionof 1 has beenalsoa subjectof theoreticalstody,7andrecentanalysisof the mokxxdarorbitals
byab initio calcukttiomhasrevealedthemtiquemechanismdescribedasa pseudopericyclicreaetion.~

1 2

In orderto developan efficientmethodforgeneratingketeneswithconjugatedfunctionalityas well as to
examine the generality of the cycloreversionof dioxinones,we studied the synthesis of 6-oxygenated
dioxinonesandtheirbehaviorsunderheating.

Methylationof Meldrmn’sacid3awithdiaxomethaneinethanolat O“Chasbeenreportedto produceethyl
methylmalonate6.8Whenthe methylationwasconductedat -30 “C,thedesired6-methoxydioxinone4a was
obtainedas the sole product.A seriesof methoxydioxinones4a-f was readilypreparedby this method,all in
excellentyields.9~10Compounds4a-fare not stableat roomtemperatureespeciallyin solution,due to ready
cycloteversionto methoxycarbonylketenes5a-fandketones.However,theyare stableat below-20“C allow-
tig IH ~d 13c NMR m~urements at low temperatures. Theketeneformationwas fmt confined chemi-

cally;reactionof 4a-c witht-butanol(2.0molequiv.)in dichloromethaneat roomtemperaturefor 1h afforded
t-butylester7 in quantitativeyields.IR spectroscopicstudyprovideddirectevidencefortheketeneformation.

6689



In the IR spectrumof 4 in drychloroformat 23 ‘C, theabsorptionfor theenonecarbon-carbondoublebond
(1610-1640cm-l)graduallydecmssed,accompaniedbytheappeamnceofstrongabortions at 2130-2149cm-l
characteristicof ketenes.11Ketenes5a (2149cm-l) and5b (2140cm-l) me assignedto s-Zform whereas5c
(2130cm-l) is assignedto s-E formaccordingto the literature.lzFromthedecayof thecarbon-carbondouble
bondabsorption,the half-lifeperiodof 2,2-diruethylderivative4a at 23 ‘C in chloroformwasestimatedto be
about5 min and that of 5-phenylderivative4c wasabout20 min.The spiroderivatives4d-f am momstable
than the correspondingdimethyl derivatives4a-c; the half-lifeperiodof 4f at 23 “C was about 3 h. The
cyclomwersionof 4 was alsoconfirmedby IH NMRspectroscopyat 23 “Cas clearlyshownby the decayof
the signal for 4 and the appearanceof the signalsfor 5 and acetone or cyclohexanone.Repeated Nh4R
measmementsat 23 ‘C indicatedthat5a and5b dimerizeand/oroligomerirewithan increaseof theirconcen-
trationsresultingin the formationof complexmixtures,whereasthephenylderivative5c is verystable.Thus,
5c producedby heating4cat60“C withouta solventwasisolatedby distillation.11The resultclearlyshows
theparticipationof intermediate5a for theformationof6 from3a in thepreviouswork.8

4a-f
mm tamp.

a: R1=H;R3=Me
b: R1=R3=Me
c: Rl=~; R3=Me

d: R’=H; R3,R3=(CH2)5
e: R1=Me;R3,R3=(CH2)5
f: R1=Ph;R3,R3=(CH2)5

RI .+Ox o

fR40H RI
MeO O OR4

s-Z-5a-c —

Rlj+o ’00 0. 6 (R’=H; R4=Et)

44 7a-c (R4=FBU)
o OMe
s-E4a-c

Silylationof 3a-cand3g (Rl=t-Bu)witht-butylchlorodiphenylsilaneand triethylsmineproceededat -50
“Cto sffonisiloxydioxinones6e-c and6g ascrystallinematerialsin excellentyields.13J4Theseamthennslly
morestable than the correspondingmethoxydioxinonesas shownby their IR and IH NMRspectraat 23 ‘C
thatdid notchangeto anyextentoverseveralhours.Onheatingto50“C withouta solvent,8a-c cyclorevetted
to ketenes 9a-c, which polymerizedrapidly under the heatingas indicatedby IH NMR analyses of the
products.However,theseketeneswereefficientlytrappedby nucleophilesasexemplifkdby the reactionof8b
with t-butanol(1.1 mol equiv.)in tolueneat 50 ‘C to produceester 10in 98% yield. On heatingto 50 ‘C
withouta solven~8g affordedketene9g assignedtos-Eform(Ill: 2125cm-l)ls quantitativelybecauseit does
notpolymerizeowingto stericprotectionbythe

t-butylgroupon theketenecarbon.

3a-e 8a-c,g 1 h s-z-~a-c,g s-E-9a-c,g 10
3g (R’=’-Bu) P=t-butyldiphenylsilyl
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As clearly demonstratedby the above work, 6-oxygenateddioxinonesundergothe fragmentationto
ketenesat much lower temperaturecomparedto 6-alkylor aryl substitutedones that undergothe cyclore-
versionat above 110OC.4,5This remarkablesubstituenteffectprovidesa strongsuggestionconcerningthe

mechanismfor the reactionof Meldrum’sacidswithnucleophilicmagents.16-20Meklrmn’sacid and the 5-
monoaLkylor acylderivativesarehighlysusceptibleto nucleophilicreagents,asexemplifiedby the reactionof
3a with alcoholat 80-110“C to producethe malonicacidderivatives12 (R=alkyl).17Heretofore,the ring
openinghaabeenexplainedby the initialattackof thenucleophileat theC-4of 3,16J7~18whilewe andothers
have proposed the intermediary of carboxyketene11 in the reaction of acylated Meldrum’sacids with
slcohol,19 ketones,20and imines.21The present study stronglyindicates that the high susceptibilityof
Meldrum’sacids to nucleophilesis due to the participationof 11.22It is quite reasonableto assumethat
strongly acidic 3 (pK 4.83 for 3a)23 tautomerizesto 6-hydroxydioxinone3’ to some extent throughthe
conjugatebase.Owingto the electron-donatinghydroxylgroup,3’ undergoesthe thermalcycloreversionto
11,whichis trappedby the nucleophilesto affordmalonicacidderivatives.Consistentwith this mechanism,
reactionof 3a with ethanol and the muchless nucleophilict-butanolproceededunder the same conditions

(refluxingin toluene for 2 h) at comparablerates, affordingthe esters 12 and 13 in quantitative yields,
respectively.The reactionof 3a with l-menthone(3.0molequiv.)underreducedpresaum,eliminatingacetone,
affordedchiral Meldrum’sacid 14 (45%yield basedon 3a) whichis a useful intermediatein asymmetric
syntheais.~Thisfranaformationis bestrationalizedin termsof the4+2cycloadditionof 11withtheketone.

ROH
(2 md equiv.)

.?
OR

,=:<.:=:X*”+%J::-”
3’ 11 (3md equiv.)

neat,100“C
(l~m;nHg)

44%

12 (R=Et)
13 (R=&Bu)

In conclusion,we succeededfor the first time in the preparationof enolizedderivativesof Meldrum’s
acids.Thesecompoundsunderwentcycloreversionto a-oxoketenesundermild heatingsstronglyindicating

theparticipationof carboxyketeneintermediatesin thereactionofMeldrum’sacidswithnucleophilicreagents.
Syntheticapplicationsof thisefficientmethodforgenemtinga-oxoketenesamin progress.
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