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synthetic efforts have been devoted to explore less toxic analogues of 6, 597 culminating in the development of 

U-7 1,184 (7) lacking delayed toxicity. %7a With these notable aspects in mind, we embarked on the synthetic 

studies on 1 and its analogues to explore prominent anticancer agents. Herein, we wish to record first total 

synthesis of dl-1 and its 2-epimer, dl-Zepiduocarmycin A (26). 

Taking into account future possible applications of the explored synthetic route to the preparation of various 
analogues of 1, the synthetic scheme was designed in which amide formation between the upper half of 1 with 

5,6,7-trimethoxyindole-2-carboxylic acid (27) is examined after functionalizations for the crucial Art-3-type 

Winstein cyclization have been completed. 8 Since construction of the indoline derivatives such as 12 and 13 

had been well investigated in the previous synthetic studies on 6,9 our synthetic efforts were primarily focused 

on elaboration of the Zmethylindoxyl-2-carboxylic acid ester system characterizing the structure of 1. After 

numerous model studies, an approach by the Dieckmann cyclization of diester (19) prepared through isatin and 

S-amino-4-methoxycarbonylindoline derivatives (16 and 17) was found to be successful. 

Thus, mono-acetylation of symmetrical diol (8)*0 and mesylation of the remaining alcohol provided 

mesylate (10). Reduction of the nitro group of 10 effected simultaneous indoline formation, affording l-t- 

butoxycarbonylindoline (11) after in situ protection of the generated secondary amino group. Nitration of 11 

with acetyl nitrate cleanly occurred at the C-5 position (indole numbering) to give nitro compound (12). which 

in turn was reduced to amino indoline derivative (13). The next task was the introduction of one carbon unit 

into the C-4 position of 13. After experimentations, this could be realized by applying the Gassman’s oxindole 

synthesis.11 Thus, the reaction of 13 with chlorosulfonium salt of methyl (methylthio)acetate followed by base- 

promoted [2,3]sigmatropic rearrangement and acid-catalyzed ring closure cleanly afforded 3-methylthiooxindole 

(14).5*7a Oxidation of 14 to isatin derivative (15) was effectively achieved by treating with a combination of 

cupric chloride and cupric oxide. At this stage, the acetyl group of 15 was changed to a t-butyldimethylsilyl 

(TTIDMS) group to afford TBDMS ether (16). 

Our synthetic efforts were next focused on the ring opening of an isatin moiety and subsequent introduction 

of a propionic acid portion into the amino group of 5-aminoindoline derivative for the Dieckmann cyclization. 

Toward this end, 16 was oxidized with m-CPBA and the resulting isatoic anhydride was subjected to 

methanolysis under basic conditions, giving rise to anthranilic acid methyl ester (17). Alkylation of 17 with 

methyl 2-bromopropionate could be achieved in the presence of cesium carbonate to give dimethyl ester (18). 

The secondary amino group of 18 was then protected with a formyl group, producing formamide (19). Thus, 

the functionalizations were set up for the key cyclization. Treatment of 19 with LDA cleanly produced a 

diastereomeric mixture of tricyclic compounds (20 and 21) which could be separated by preparative TLC. 

Although the stereochemical assignment of 20 and 21 was not possible at this moment, successful elaboration 

of the less polar isomer (20) to dl-1 definitely confii their stereochemistries as shown in the scheme. 

The remaining task to accomplish the projected synthesis was the coupling with 27 and formation of the 

cyclopropadienone system. Acid hydrolysis of 20 afforded diamino alcohol dihydrochloride (22) which was 

coupled with 27.12 As expected, the amide formation selectively occurred at the less hindered nitrogen, giving 

mono amide (23) as a sole product. Mesylation of the primary alcohol in 23 and subsequent hydrogenolysis of 

the benzyl ether of resulting mesylate (24) produced phenol (25). being structurally close to dl-3 and 5. 

Finally. formation of the cyclopropadienone system was achieved by treatment of 25 with NaH to furnish 






