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via Stepwise Pd(0)-Catalyzed Couplings of Arylstannanes

to Doubly Activated Quinone Equivalents
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In recentyears, thepalladium-catalyzedcross-couplingreactionhas evolvedas a powerfulsynthetictool
for theconstntctionofcornplexquinones.Thereactionusurdlyinvolvesan arylmetalspecies(ArM)actingupon
aquinoneelectrophile(QX)in thepresenceof a Pal(O)catalyst’ Twoversionsof this reactionfeaturingaryltins
(ArSnRJ2and aryl boronicacids (ArB(OH)J3as thearylmetalspeciesare known. However,for all pnwtical
purposes,thequinoneelectrophdehasbeenlimitedto theuseof bromoquinones.’

In this communication,we report that triflatesand hypervrtlentiodines are also useful quinone
electrophilecomponentsin thesecotrplingreactions.Furthermore,whenlmthof thesegroupsareattachedto the
quinonecore, regiospediccouplingof twodiffenmtarylgroupsis possible.

+g:,’-+~ph:::::
2S-diarylquinone doublyactivatedquinoneequivrdent

Wereasonedthatphenyliodonium1,4-dipoles1 couldserveas doublyactivatedquinoneequivalentsin
stepwisePd(0)-catalyzedCouplingsssince they were armedwith both a hypervalentiodineand a triflate(in
maskedform). The firstcouplingwouldtakeplaceat thecarbonbearingthe hypervalentiodineyieldingan aryl
hydroxyquinonewhichcouldbe subsequentlyactivatedas thehiflatefor a secondcouplingreaction. A recent

reportdescribingtheuse of 1,4-dipole1 inPd(II)-catalyzedcouplingswithstannylatedacetylenes,’promptedus
todiscloseourresultson theirusein Pd(0)-catalyzedcross-couplingreactionswitharylstannane=s.
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Initialscreeningof the reactionconditionswith 1,4-dipole1 and phenylstannane2a8 revealedthat the
usual Stille coupling conditions, Pd(PPhJJCuI/DMF,9 yielded 3-phenylhydroxyquinone3a’0 at r

k ra opposed to the high temperaturesrequiredfor bmmcquinonecouplings,’ S 1 As
anticipated,the couplingreactionproceededexclusivelyat thecarbonbearingthe hypervalentiodine. Aftera
seriesof experiments,it wasdeterminedthatboththe Pd(PPhJ4catalystand CUIcocatrdystl’were requiredfor
thecouplingreactiontoproceed.
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8 RI = ~ = H;R2= R3= OCH3(52%)
(bycouplingof stannane2cto triflate4b)
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o

%

OH
:1 I

:1
3°R1 R2

3a R, = R2= H (78%)
3b R, = H R2= OCH3(76%)
3c RI= OCH3;R2= H (46%)

I(CF3S0.2)Z0
Et3N/CHZCIZ

o

%

O

<1 I

%, < ‘ R2

4a RI= R2= H (82%)
4b RI= H R2= OCH3(84%)
4cRI = OCH3;Rz= H (86%)

The syntheticefficacyof the reactionwas studiedwith two other aryl stannanes,2b and 2c, which

yieldedarylhydroxyquinones3b and3C12inmoderateyields. In thecaseof 3c, the formationof 3-methyl-2-

hydroxy-l+naphthoquinone(15%),bymethyltransferfromthearylstannane,contributedto theloweryield.
Sincetheprcsentcrosscouplingreactionsuccessfullyled to arylhydroxyquinones3, this openeda new

syntheticoptionfor thefurtherfunctionrdizationof thequinonecore. Reactionof the freehydroxylin 3 w

triflic anhydrideprovidedthe isometricallypure prz-quinonylphenyltriflatc4 ’ However, triflationof
quinones3 and 3c, whichpossesselectronricharyls, afforded4 and 4Cas majorproductsalongwiththe
mtho-quinonylphenyltriflateisomemin 13%and 10%yields,respectively.14
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In sharp contrast to Pd(0)-catalyzedcouplingof phenylstannane2a to 1,4-dipole1, Pd(0)-catalyzed

couplingof phenylstannane2a to thephenyltriflate4a requiredincreasedreactiontemperatmx and the usc of a
IXl cocatalystlsto prcduce the known 2S-diphenyl-1,4-naphthoquinone5.” Under similar reaction
conditions,”differentarylstanmmeandarylquinonyltriflatecombinations(notedin parentheses)wereCQUpledto
formbrilliantlycolored2~-diarylquinones5-9’s in respectableyields.

Withthe eventualgoalof extendingthe methcdto the regiocontrolledsynthesisof dimericand mimetic
quinones,19we also exploredcouplingsusingpnz-dimethoxyarylstannanesas masked quinone equivalents.
Palkidium(0)-catalyzedcoupling of 2Sdimethoxyphenylstannane10 with the phenyltriflate4a providedgood
quantitiesof the 2,3-diarylquinone11. Subsequenteerieammoniumnitrate (CAN) oxidation20yieldedthe

u nquinonedimer12, S 2
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Directcouplingof stannylatijuglone 1 to the 1,4-dipole1 affordedthe naphthylhydroxyquinone
14. Protectionof the free hydroxylas theacetatezzfollowedby CANoxidation20yieldedthe lawsondjuglone
dimer15 in 24%yieldfrom1 S 3
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In summary, we have demonstratedthat both hypervalentiodines and triflatesare useful quinone
electrophilecomponentsin Stillecouplingreactions.The describedthree step protocolenables two carbon-
carbonbonds to be formedon the quinonecorein a stepwiseand regiospecificmanner. Applicationsof this
technologyto the synthesis of biologicallyactive trimericnaphthoquinones]gand other naturallyOccurnng
quinonesis currentlyin progress.
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Fora powerfulalternativestrategybasedon theuscof stannylquinonea,see:Liebeskind,L. S.;
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