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Synthetic Studies on the Rhizoxins. II. An Approach to the C10-C26 Subunit
Using "'Substrate Directed" Allylstannane Additions to Aldehydes.
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Abstract: The construction of a C10-C2¢6 fragment of the 16-membered antitumor macrolide
rhizoxin has been achieved in an efficient manner. The central portion of this molecule has
been prepared in enantiopure form via an iterative allylstannylation protocol starting with
the ester of (R)-lactic acid. The oxazole portion of rhizoxin was attached via a samarium
diiodide modified Julia coupling to generate the requisite all E triene.
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Rhizoxin (1), a 16-membered macrolide, and several close structural analogs have been isolated from
Rhizopus chinesis, the pathogen of rice seedling blight.! Rhizoxin has been found to exhibit antimitotic
activity in many eukariotic cells by inhibition of microtubule polymerization,? and subsequently has been
found to be active against vincristine- and adriamycin-resistant tumor cell lines in vitro and in vivo.3
Rhizoxin showed greater cytotoxicity in cultured tumor cells than did vincristine; however, its toxicity in
animal experiments appears lower than that of vincristine.3 The potent biological activity, potential as a
chemotherapeutic agent, and unique structure of rhizoxin have prompted us to undertake the total synthesis of
this class of compounds.

Analog 3 (unfortunately not assigned a name or number, but occasionally referred to as "pre-
rhizoxin") has activity very similar to rhizoxin itself, and it has been demonstrated that bis-epoxidation of an
advanced macrocyclic intermediate enroute to 3 can be conducted to yield rhizoxin (1).48 P We have therefore
chosen analogs 2 and 3 as targets for total synthesis.# A previous report from this laboratory has described
the synthesis of a potential C1-Cg fragment, and other groups have reported routes to this subunit as well.5
We describe herein one approach to the C10-C26 subunit which utilizes a sequence based on iterative
allylstannane additions to aldehydes, using the retrosynthetic analysis described below.
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The route began with aldehyde 10 (prepared as indicated below from the isobutylester of (R)-lactic
acid), which was subjected to reaction with E-crotyltri-n-butylstannane following complexation with MgBr;.
As expected, essentially complete diastereofacial selectivity is realized under these conditions via chelation
control,6 and the bond construction was predominantly (>12 : 1) syn. After methylation (KH, Mel) of the
hydroxyl, the benzyl ether was removed and the resulting alcohol was protected as the TBS ether.” Oxidative
cleavage of the olefin to aldehyde 14 was followed by a second "chelation controlled" addition, this with
allyltri-n-butylstannane and TiCly as Lewis acid, to yield 15. The high level of diastereoselectivity (40 : 1)
associated with this process is clearly due to mutually reinforcing steric effects in the titanium chelate derived
from 9, since neither the o or B stereocenters alone in substrates similar to 9 lead to significant levels of
asymmetric induction with the parent (unsubstituted) allylstannane.8 The alcohol in 15 was then protected as
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either a benzyl (PhCH;-Br, KH, 92%) or 4-methoxy benzyl (PMB-Br, KH, 89%) ether. Following oxidative
cleavage of the olefin to the corresponding aldehyde, additions of crotyltriphenylstannane were examined
under conditions appropriate for either chelation or "non-chelation" reactions, both of which are expected to
yield the same product. The benzyl protected substrate 16, with TiCly as Lewis acid, afforded 18 as the
major product along with small amounts of two other diastereomers (ratio 12 : 1 : 1) whose structures were
not determined. Use of TiClg with the PMB derivative was precluded due to decomposition of this material in
the presence of TiCly; however, the PMB derivative with BF3*OEt; as Lewis acid afforded mainly 17 along
with two other diastereomers (ratio 10 : 3 : 1). Either the benzyl substrate 18 or the PMB derivative 17 could
in principle be deployed in the subsequent reactions; we proceeded with the PMB derivative 17 even though it
was formed with lower stereoselectivity.

Alcohol 17 was easily transformed to the ketone 19; however, at this point a variety of Wittig or
Horner-Emmons chain extensions to afford the E trisubstituted olefin failed due to a pronounced lack of
reactivity for the o-methoxy ketone. Thus an indirect method for accomplishing this transformation was
pursued. Reaction of 19 with vinylmagnesium bromide in THF afforded 20 as a single stereoisomer,
presurnably as the result of another chelation directed process,!0 which was then processed via Evans-Mislow
sulfenate rearrangement.!! Thus, treatment of alcohol 20 with PhSCI and NEt3 (initially at -78 °C with
warmning to ambient temperature) afforded after workup a 2 : 1 (E/ Z) mixture of allylic sulfoxides 21a-b,
each as a single epimer at sulfur. Heating this mixture to 65 °C in THF gave a 10 : 1 (E/Z) mixture, each as a
1 : 1 mixture of epimers at sulfur (21¢-d). Oxidation with oxone removed this stereocenter and afforded the
desired sulfone 22.
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Reaction of the lithio derivative (n-BuLi) of sulfone 22 with the oxazole aldehyde 4, followed by
quenching with acetic anhydride, afforded acetate 23. Processing 23 according to the modified Julia-Lythgoe

olefination developed for this specific application then yielded 25.12, 13

The results described illustrate a linear iterative approach toward the synthesis of the C10-C26

fragment of rhizoxin 25. The remaining challenges include elaboration of the C1( terminus to prepare for a
second Julia-Lythgoe coupling to a C1-Cg subunit and effecting the macrolactonization. Investigations of

these remaining challenges are being actively pursued.
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