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Abstract:A palladium-catalyzedintramolecularcouplingreactionb&weenmethylketonesandtriflates
wasdevelopedfor preparationof phenolderivatives13,14,and15from10,11,and12 inhighyields.
PotentaotitumorsuMances35,36,and37werepreparedfronr13,14,and15.
01997 ElsevierScienceLtd.

In the previous communication,l we reported a new syntheticpathwayfor duocarmycinSA (1),2’3 an

extremelypotentantitumorantibioticisolatedfroma culturebrothof Streptomyces species(Scheme1).4 This
synthesisfeatureda readyaccessto thekey compound9 havinga pyrroloquinolinolstructure,whosepyridine
partwasutilizedforconstructionof the cyclopropapyrrolidineunit in 1. Preparationof 9 wasaccomplishedby
applyingaprdladium-catalyzedreaction,originrdlydescribedbyKuwajirnaandco-workers,5toa silylenolether
6 of the triflate 5, derivedfrom 2 and 3 (Stillecouplingto 4 and furtherfunctionalmodification). Reaction
conditionsshownbelowaffordeda cyclizedproductas a mixtureof valencetautomers7 and 8, and this was
isolatedin theformof methylcarbonate9 in 89%yieldcalculatedfrom5. However,a highyieldresultwasonly
limitedto thiscase,andwhentheseconditionsweteappliedto thecyclizationsof benzene,furan,andthiophene
derivatives10,6 11,6 and 12,6 the expectedrncycliccompounds13, 14, and 15 were obtainedin poor to
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moderateyieldsof 24%,27%,and 70%,respectively. In thispaper,we reportalternativereactionconditions
applicableto thesecyclizationsin general.

For thefirst trial,theabovepalladium-catalyzedreactionwascarriedoutbyheatingof furylmethylketone
11 in xyleneinthepmemceofNaHwithout additionof Bu@FandLiCl(Table, run 1). ‘1’’hedesi redproduct14
wasobtainedin 9% yield,alongwitha varietyof by-products16,17,andthepyridonederivativederivedfrom
11, aftermethoxycarbonylation.Changeof the basefromNaHto t-BuOKor I$C03 completelyretardedthe
formationof 14,andonlytheaboveby-productswereobtainedin pooryields(run2, 3). Useof Cs2C03effected
theproductionof 14in 26%yield togetherwithmuchdeaeased formationsof 16 and17in 6% and2% yields
(run4). AdditionofPh3Pdramaticallyenhancedtheproductionof14,andfinally,thereactionconditionsshown
inrun5, i.e.,useof 10mol%of PdC~(Ph3P)2,3 eq.of Cs2C03,0.3eq.of Ph~ in refluxingbenzeneunderanAr
atmosphere,affordedthedesired14in 90%yieldwithoutanyby-product.Whenthesereactionconditionswere
appliedto 10 and 12, highyieldformationof 13and15wasalsonoticedas shownin runs6 and7. ‘1’’haefore,a
novel type of phenol-formingreaction has been developedusing a palladiumcatalyst, and will be widely
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applicableto similarinstances.
A precisereactionmechanismis unclearat this moment(Scheme2). Presumablythe mainpath A for

generationof 21 startswithan intramolecularnucleophilicattackof theenolateto thepalladiumcomplexpartin
19, resultingin a cyclic palladiumspecies20. This wouldthen afford21 on reductiveeliminationof Pal(O),
whichreturnsback to the reactioncycle. In somecases, M behavesas a sulfonatingagentmd 16is partially
formed from 21 in the presence of a base. For the formationof 17, our speculationis shownin path B.
IntramolecularHeckreactionin 19will afford22. Thenpositionalexchangeof thepalladiummighttakeplace
bywayof 23 to give24, andfurtherelimirtationof25 from24 wouldafford17. Additionof Ph3Pmayincrease
populationof 19 bearingligandson the palladium,and not only acceleratesthe path A, but alsopreventsthe
reactioncoursefromproceedingto thepathB, dueto the sterichindrancein theHeckreaction.

As therequisitequinolinolderivatives13,14, and 15becameto be obtainedin highyields,preparationof
ti, I 33 h, s, 9 ~d 34,9for ~nzne, from, ~d thiopheneanalogshaving~-1065fthe key compounds32, ,

duocarmycinpharmacophores,was earned out in a straightforwardmanneraccordingto the previousreport
(Scheme3).1 Treatmentof 13,14, and 15withNaBH4in thepresenceof ClC02Megavemixturesof Iz- and
l,4-dihydropytidinederivativeswith the C02Megroupat the nitrogenatom. Withoutseparation,these were
dihydroxylatedbyoxidationwitha catalyticamountof 0s04 in thepresenceof Me3N0,followedby reduction
withEt#H andBF3.0E$. Thehydroxylgroupsadjacentto thenitrogenandthearomaticringwerereductively
eliminated,and26,27, and28wereobtainedin 68%,67%,and60%yields,respectively.Thesewemmesylated,
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and 29, 30, and 31, obtained in 99%, 94%, and 95% yields, were treated with ~C03 in MeOH at room
temperaturefor 1.5– 4 h to afford32,33, and34 in 94%,88%,and93%yields. Potentantitumorcompounds
35% 1036,9~d 379were~repm~ in 88%,74%,and 63%yieldsfrom32,33, ~d 34 by condenwtionwith>
imidazolide38 usingI$C03 as a ~agent in DMFat momtemperatum.Thistypeof reaction,N-acylationof the
vinylogousamide,is usuallycarriedoutby treatmentwithNaHin DMF. In ourcases,the~C03 methodgave
sometimessuperiorresultsto theconventionalprocedure.ll
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