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Abstract Strategies and tactics associated with the total synthesis of hybrid natural products
are discussed. The target is ravidomyd)) 6ne of the gilvocarcin-class antitumor antibi-

otics with an arylC-glycoside structure. The first total synthesi2pfvhich was achieved

along similar lines of that of gilvocarcin \I)( served for the determination of the relative as

well as the absolute stereochemistry?ofAlso revealed was a limitation of the synthetic
scheme so long as the amino sugar congener was concerned. A preliminary result is dis-
cussed on the [2+2+2] approach that relies on the ready availability of various benzocy-
clobutene derivatives via regioselective [2+2] cycloaddition-afkoxybenzynes and ketene

silyl acetals.

INTRODUCTION

Gilvocarcin V (1) and ravidomycinZ) represent a class of a@glycoside antitumor antibiotics, shar-
ing a benzonaphthopyranone tetracycle and differing in the sugar at the C(4) position (i. e., a fucose for
1, while an amino sugar f&, Fig. 7). In our continuing synthetic study on this class of natural prod-
ucts [1], our current attention is focused on the amino sugar cor@yérer presence of an amino func-
tion reinforces the biological activity of the molecule, but at the same time makes the synthesis far more
challenging. Additionally, we hoped that the synthesis would contribute to the solution of stereochem-
ical issues associated wizh (1) the absolute stereochemistry was unassigned, and (2) the original rel-
ative stereochemical assignment had been questioned.

Described herein is our synthetic studies directed toward the total synth2sis of

Fig 1

*Lecture presented at thelBiternational Conference on Organic Synthesis (ICOS-13), Warsaw, Poland, 1-5 July 2000. Other
presentations are published in this issue, pp. 1577-1797.
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OUTLINE OF TOTAL SYNTHESIS OF THE GILVOCARCINS

Before discussing the synthesis2pft might be appropriate to outline our synthesismfgilvocarcin

M (3) that is the C(8)-methyl congenerbfScheme 1). The first step is tBeglycosylation of the iod-

inated resorcinol derivative with the fucose acetatkin the presence of the Hf-based promoter. An
essential feature is the regioselectivity of the @glycoside bond formation that occurs at trého

position to the phenol. After conversion of the phedta the corresponding triflate, the resulting iodo
triflate served for effectively generating a benzyne species by treatment with BuLi at —78 °C. The ben-
zyne, thus generated, undergoes a cycloaddition to 2-methoxyfuran in regioselective manner to give the
cycloadduct?7. Acylation of the naphthalenetridl by an iodobenzoic acid followed Pd-catalyzed
cyclization set up the tetracyclic structure3dfi].
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Scheme 1

FIRST TOTAL SYNTHESIS OF RAVIDOMYCIN

Scheme 2 shows the retrosynthetic analysi2 alfong the similar lines as above. The primary issue
was the presence of the dimethylamino function, which seemed incompatible with the benzyne chem-
istry. Thus, we chose to introduce the amino function at a later stage of the synthetic scheme with an
inversion of configuration, and the agtglycosidel0was set as the early synthetic intermediate.

The problem at this stage &0 was the stereochemical control. If the general stereochemical
behavior of arylC-glycosides [2] were taken into consideration, there was no obvious preference of the
anomers of this intermedial®. However, we previously reported that the use of a bulky silyl group for
the protection of such arg-glycosides could bring about an impressive change in the stereochemical
trend [3], and this trick was used for the stereocontrol in this particular instance.

Starting from readily available-glucuronod-lactone, several steps of conversion gave the gly-
cosyl donorll armed with at-butyldiphenylsilyl group and installed as a stereocontrolling factor.
Indeed, theC-glycoside formation ofll went nicely to givel2 as a sole product (Scheme 3).
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Scheme 3

Subsequent conversion including a benzyne—furan cycloaddition [4], introduction of the amino group
and cyclization allowed the first total synthesis of ravidomycin. The final product was fully consistent
with the natural product, except for the sign @fjvalue. Thus, the synthesis established the stereo-
chemistry of2 in terms of the relative sense (the C5 stereochemistry was originally misassigned) and
the absolute sense (the synthetic material was the enantiomeric to the natural product [5]).
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[2+2+2] APPROACH TO RAVIDOMYCIN

A lesson from the above synthesis was that the mere presence of an amino group makes the synthesis
much longer (6 steps fdrwith a neutral sugar, 18 steps fwith a MeN-function). Hoping to devel-
op a straightforward route &) we became interested in a [2+2+2] approach (Scheme 4).
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The first step is the [2+2] cycloaddition of eralkoxybenzyne to an olefin. Ketene silyl acetal
worked nicely as an olefinic component in this cycloaddition, with the rigorous regioselectivity in a way
that the silyl acetal moiety comes near to the alkoxy group of the benzyne (Scheme 5) [6]. The regio-
selectivity persisted for a variety of ketene silyl acetals, thereby making accessible various benzocy-
clobutenes of synthetic versatility. We are currently working in this direction.
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