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Absbnct: A Il-step total synthesfi of (f)-dwcmnycin SA (I) IWS achiev~from a read@ available 
pymle 3 by way qf7,lO / 11, I4 andI& using a SnCl~-mediaM reaction qfa singlet oxygen a&&t 

6 with 5, as well as the Heck and Mitsunobu reactions on 9 and 16 as kzy steps. 

Duocarmycin SA (1) is a potent antitumor antibiotic, isolated from a culture broth of the Strepomyces 

SpCCiCS.’ Incommonwithotherstmcuall y related d~ocarmycins,~ pyrMamycins3 and C!C-106!5.4 1 has a 

partial structure A of N-acykycl opmpanoindolinone which is the essential, biologkally active site for the 

alkylation of DNA.’ Specifically, only 1 has a methyl cc-pymlecarboxylate unit at the R2 and R3 positions, and 

this unit is inoorpolatcd with the above cyclopropaW&MnoW mQkty. Thcsc structuralfeannw,conhibutcto 

apmmmccdstabilityofducrcamy&SA(1)(meanin gstaMeA)relativetoduocarmycinA(2),andbenefitsin 

planning a synthetic approach to 1, since we already have vast cxpericncc with indole synthesis starting from a 

pyrmle derivative6 Bogcr and a co-worker rqntcd the first synthesis of 1 in 1992.7 

Our synthesis plan dellnitcly differs fmm mt pnviously reported syntheses of 1,7 5* CC-106!5,9 and its 

synthetic analogucs,‘Owhuethccssultialartructural unitAwasconstructcdfromancasilyconc&abkprezursor 

B. By contrast, we envisioned the formation of A fkom a tcuahydmq&olinol derivative C carrying a hctcm- 

atom X.” In the actual synthesis, this process proce&d with cxccptional ease employing the Mitsunol~~ 

reactior~~~ on a compound having a partial stmcture C, where X was simply a hydroxyl group, bringing us the 
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successful accomplishment of a second synthesis of (q-1. 

C~~~auction of a &y&c structural core 10 / 11, for the further derivatlon to a hydroxyiadole derivative 

14, was subseantiaad by an intramolecular version of the Heck react&l3 on the preclmWmokzule9. Parthat 

purpose, the bromoacetylpyKole derivative 4 was prepared by ~edeluafts acylatioa on 3.” and converted 

into its r-butyldimethylsilyl enol ether 5 in a high yield. This compo~& 5 was condensed with a singlet oxygen 

adduct 6 of l-benzyloxycarbonyl-l&iihydropyridine in the presence of SnC!$ to yield trans 7 and cis 8 

derivatives, the fomler being plU&lccd in a predominant ratio.” ThePd-catalyzedintramolecularcyclization 

reaction on 7,8 and their 0-methoxymethyl, benzyl and r-butyldixtx&ylsilyl derivatives was investigated under 

a variety of reaction conditions. All trans compounds. i.e. 7 and its Oderivatives, were found to affotd the 

corresponding aicyclic compounds in fairly good yields. Among these. the best result was obtain& by heating 

an acetonitrile solution of the benzyl ether), prtpared from 7 using benzyl trlfzhloroace&idate and CP3SO+-&16 

with Pd(OAc& (5 mol 96) and P(o-tolyl), (13 mol %) in the presence of E\N (1 mol equiv) under an Ar 

~~at1lOoCfor26hinasealedtubetoproduce10and1ltotallyingreaterthan90a6~c~‘7 Contmry 

to the successful Heck reaction with the trans compounds, neither 8 nor its O-derivatives gave any cyclixation 

products under similar Pd conditions, except for the recovery of the starting materials in modest to modemte 

yields.” Therefore, the useless compound 8 was changed to 7 using the Mitsunobu reaction,‘” followed by 

methanolysis in a good overall yield. 

Both 10 and 11 were transfonntd into the ssme dimethyl acetal12 under selected conditions employing 

MeOSiMe, and Me,SiOTf in good respective yields.‘s The next aromatization process, from 12 to 14, was 

performed by two successive operations by way of an a-phenylselenyl ketone W. Thus, 12 was treated with 

Me3SiOTf1g in the presence of Et$ and the silyl enol ether obtained here was phenylselenated with PhSeCl in 

the presence of n-Bu,NFm to afford W. Oxidative elimination of the PhSe group was carried out by tzatment 

with m-chloroperbenzoic acid in THF, and the quisite hydmxyindole 14 was obtained in a good overall yield, 

accompanied by the formation of a by-product 15. Reductive removal of the PhSe group from the latter 

compound was made possible by trtatmtnt with nickel boride?’ prepand in situ fmm NiC$XiI-$O and NaBH,, 

to give 14 in a very @ yield The dimethyl acetal group of 14 was removed to afford an unstable ketone 

derivative, which was further reduced with NaBH4 without any purification, and dio116 was p&uced as a 

crystalline compound in a gcod overall yield. 

Now the synthesis arrived at the final stage for the formation of the cyclopqane ring. Fortunately the 

above synthetic pathway directly afforded the dlol derivative 16. so that the Mitsunobu reaction couldbeuiedf&r 

the dehydrative cyclopnqanoindolinone construction according to the scheme C + A. Rather than using the 

usual reagent DEAD. use of l,l*-(azodicarbonyl)diplperidi~ gave a satisfactory result, pmviding 17 in 88% 

yield. Since the Cbz group in 17 was situated at the N atom involved in a vinylogous amide function, it was 

readily cleaved by treatment with K&O, in MeOH at room ttmpcrarure to give an N-unprotected compound 18 

in an excellent yield. This compound 18 was condensed with an activated form 19 of 5,6,7-trimethoxyindoL2- 

carboxylic acid in the pmsence of NaH. Thus. the total synthesis of &>duocannycin SA (1) was complete in 12 

steps starting from tbe readily available compound 3. Identity of the synthetic material with the natural product 

was confirmed by comparison of their IR (C!HCL$ and ‘H and 13C NMR spectra. Further study aimed at the 

chiral synthesis of natural (+)-duocarmycin SA is now in progress. 
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