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A FORMAL SYNTHESIS OF (+)-ASTELTOXIN
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Abstract:  An enantioselective synthesis of the highly functionalized bis(tetrahydrofuran)
subunit of asteltoxin has been accomplished, in which a sterically congested quaternary center
was constructed by the Lewis acid catalyzed rearrangement of epoxy silyl ethers.

Investigations of toxic maize cultures of Aspergillus stellatus led to the isolation and
structural determination of asteltoxin (1).2 It belongs to a group of polyene pyrone mycotoxins,
most of which has been shown to function as inhibitors of oxidative phosphorylation. A key
structural feature includes the unusual bis(tetrahydrofuran) moiety, a masked aldehyde, having
six consecutive stereogenic centers. Based on extensive incorporation studies with 13C-labelled
precursors, one of us (R.V.) previously proposed a biosynthetic pathway for the formation of the
2,8-dioxabicyclo[3.3.0]octane moiety involving an epoxide-mediated rearrangement of the
polyketide chain (Scheme 1).3 Herein we report a new stereoselective synthesis of the
bis(tetrahydrofuran) subunit 2, which closely parallels its proposed biosynthesis.4
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Scheme 1. Vleggaar's biosynthetic postulate.
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The synthetic repertoire necessary to effect such an epoxide-induced rearrangement can be
found in the related epoxide rearrangement protocols developed by either Yamamoto (i.e., 4 = 3)
or Tsuchihashi-Suzuki (i.e., 7 — 6).57 Retrosynthetic analysis based on these synthetic methods is
summarized in Scheme 2. The ready availability of the epoxy alcohols such as 7 in
enantiomerically pure form from a (D)-glyceraldehyde derivative prompted us to utilize the
epoxy silyl ether rearrangement by the procedure of Tsuchihashi-Suzuki.8

HOL| A\ CO:E! OR, @ OR,
A CO,E
. A —_ e A —> . OH
[ ° Fla OR, OR,
e 3 4 5
2

or 0R3

synthetic\ : -Wéo
equivalents l ORg
\j—m :==;\/Y\$Y\OR5 — HOWCRS
OR OR,
6 7

4

Scheme 2

8a: Ry=Rs5=TBS
8b. R4=TBS, R5=T|PS
8¢: R4,Rs=C(Me),

As shown in Scheme 3, our synthesis began with allylic alcohol 8b (or 8a) which was readily
prepared by a slight modification of the literature procedure for preparing 8c.? Sharpless
asymmetric epoxidation of 8b furnished epoxy alcohol 9 in 72% yield and 94% ds.10 PDC
oxidation, followed by treatment with 2-propenylmagnesium bromide and silylation with TMSCI
provided the requisite rearrangement substrate 11 in 65% overall yield. As a preliminary study,
we chose to employ readily available 2-propenylmagnesium bromide, although the use of 2-E-
pentenyllithium would further streamline the remaining transformations (vide infra).11

The pivotal rearrangement of the epoxy silyl ether 11 was accomplished by the action of
TiCly to provide aldehyde 12 (77% yield), which was found to be surprisingly stable. Conversion
to the corresponding acetal 13 by transacetalization with 2,2-dimethyl-1,3-dioxolane, followed by
protection with p-methoxybenzyl chloride gave acetal 14 in 80% overall yield. Removal of the
silyl protecting groups using n-BugNF and subsequent treatment with methanolic hydrogen
chloride gave the monocyclic acetal 15. Upon silylation with TIPSC], a fully protected acetal 16
was obtained (75% overall yield) as a single diastereomer.

Our attention was next directed to the stereocontrolled construction of the left-side
tetrahydrofuran moiety. Osmylation of 16 took place with complete stereoselectivity to give diol
17 as a mixture of two anomers (83%). The stereochemical assignment was tentatively made
based on inspection of molecular models,122 and was ultimately confirmed by its conversion to 2.
Swern oxidation and subsequent chelation-controlled addition of EtMgBr to the resulting
aldehyde provided an efficient, stereoselective introduction of the ethyl side chain.13
Bis(tetrahydrofuran) 19 was then obtained from acid-catalyzed cyclization of 18 in CH»Cl,.12b
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Finally, deprotection (1. TBAF; 2. Hp, Pd/C) gave rise to bis(tetrahydrofuran) 2 (Ry = H), the

spectral data of which were in excellent agreement with literature values.4a
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In order to unequivocally determine the structure of bis(tetrahydrofuran) 20, it was
converted into the known diene 23. Thus, Swern oxidation of alcohol 20 and subsequent Wiitig
olefination with trimethylphosphonocrotonate (22) furnished diene ester 21 (along with a small
amount of its epimer). Deprotection of the PMB group with DDQ then furnished ester 23, which
exhibits spectral characteristics identical to literature values.4a,b Furthermore, since compound
23 has been successfully converted into asteltoxin (1) by Schreiber and Tadano,4a.b our work

represents its formal total synthesis.

In conclusion, we have developed a biomimetic synthetic method for the highly
functionalized bis(tetrahydrofuran) subunit of asteltoxin, whose sterically congested quaternary
center was constructed by the Lewis acid catalyzed rearrangement of epoxy silyl ethers. Further

applications of this rearrangement protocol in natural product synthesis will be forthcoming.14
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