ORGANIC
LETTERS

Two Convergent Routes to the ol 28
Left-Wing Fragment of Ciguatoxin 58055808
CTX3C Using O,S-Acetals As Key

Intermediates

Masayuki Inoue,* T+ Shuji Yamashita, T Yuuki Ishihara, T and Masahiro Hirama* -t

Department of Chemistry, Graduate School of Science, Tohokuelsity, and
Research and Analytical Center for Giant Molecules, Graduate School of Science,
Tohoku University, Sendai 980-8578, Japan

inoue@ykbsc.chem.tohoku.ac.jp; hirama@ykbsc.chem.tohoku.ac.jp

Received September 25, 2006

ABSTRACT

Ciguatoxins, principal causative toxins of ciguatera seafood poisoning, are large ladderlike polycyclic ethers. Here, we report two convergent
routes to synthesis of the multiolefinic left half of ciguatoxins based on a newly developed acyl radical strategy. Remarkably, only 13 steps
from the monocyclic E-ring were required to construct the left wing.

Ciguatoxins [e.g., CTX3C (1)and 51-hydroxyCTX3C (2) anti-ciguatoxin antibodies produced against the synthetic left
in Figure 1] were isolated as the toxic components of the and right halves of ciguatoxirfs.

widespread seafood poisoning known as ciguat€ae of Our total syntheses dfand2 involved coupling between

its most characteristic features is reversal of thermal sensa-the left and right wings with subsequent construction of the
tion; touching cold water typically causes pain similar to that central ring system (blue highlighting in Figure *1There-

of an electric shock. It also can cause other symptoms suchfore, the partial ciguatoxin structures are important as haptens
as diarrhea, vomiting, muscle pain, and itching. More than

400 species of fish can be vectors of ciguatoxins, but the_
presence of these toxins in fish is unpredictable. To détect

and?2 from fish samples, we recently developed a sandwich

enzyme-linked immunosorbent assay (ELISA), which used
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for preparing anti-ciguatoxin antibodies and as fragments for induced elimination of the sulfide froBwould produce enol
the practical total synthesis. This prompted us to develop anether6, the acyl radical addition to which would cyclize the
improved synthetic route to the pentacyclic left wing ether ring of7.** Then, the six-membered C-ring 8fwas
fragment ofl and 257 planned to be constructed through reductive etherification.
The synthesis design for the left haé8fwas based on A series of these mild reactions were designed to simplify
recently developed acyl radical methodology (Schenfe®1).  the functional group manipulations of the highly oxygenated
intermediates and consequently to shorten the synthetic routes
in comparison to the previous schemes.
First, the requisite AB-ring moiet@ was prepared from
known compound®? (Scheme 2). The secondary alcohol

Scheme 1. Synthesis Plan of the Left-Wing Fragment of

Ciguatoxins
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We previously applied the intermolecular alkylation of an -20°Ctort, 85% (2 steps)

ester enolate of the E-ring fragment to the AB-ring iodide
to synthesizé.52In contrast to these strong basic conditions,
the present coupling of the AB- and E-ring fragmer@saugd ~ Of 9 was converted to 2-naphtylmethyl (NAP) ettid,"?

4) was based on a neutral reaction linking the C—0 bond asthe acetal of which was removed under acidic conditions,

the O,S-acetal5.1° After O,S-acetal formation, the Ag leading to diol11. A reagent combination of,IPPh, and
imidazolé? chemoselectively transformed the primary alco-
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Scheme 3. Synthesis of Three Cyclization Substrates
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3).16 Each of the compoundta—c was subjected to the four-
step protocol to furnish cyclization substraféga—c in high
yield. Coupling between-chlorosulfide3 and the hindered
secondary alcohal was promoted by AgOTf in the presence
of 2,6-di-tert-butyl-4-methylpyridine (DTBMP) to generate
the coupling adduds as a diastereomeric mixtupd®1’The
sulfide of5 then was activated by the same silver salt in the
presence of Hlnig base, resulting in effective formation of
chemically labile enol ethe6 as a mixture of geometric
isomers® The methyl ester o6 was transformed into the
phenylselenyl ester df6 via saponification and subsequent
treatment with (PhSejlandn-BusP 18

As shown in Scheme 4, single-step construction of the
unsaturated D-ring of7 from 16a was first attempted.
Surprisingly, treatment af6awith (TMS);SiH and E$B in
toluene at room temperature produced only the 5/5-ring

Scheme 4. Unsuccessful Attempt to Construct the D-Ring
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system20as a single isomer. The three-dimensional structure
of 20 including the newly formed three stereocenters was
determined by NOESY experiments and coupling constants
(see Supporting Information). This outcome was attributable
to the slower 7-exo cyclization of acyl radicdl7 in
comparison to the 5-exo cyclization of its tautomis.
Resultant formation of alkyl radicdl9 then was followed

by the second 5-exo cyclization to yieRD!° Despite the
failure to generate/, the stereoselective tandem radical
cyclization of o,f-unsaturated selenoesters is potentially
applicable to the related oxabicyclo[3.3.0]octane ring sys-
tems.

Next, we examined the six-membered ring cyclizations
of the nonconjugated selenoesté6c (Scheme 5). As
expected, the (TMSPiH/EzB-mediated radical reactiéh
of 16cled to formation of tetrahydropyra2B and its epimer
22in 65% combined yield along with aldehy@é (11%)?*
The undesirable path 1 via direct reduction of the acyl
radical was suppressed successfully by replacing (E818)
with the poorer hydrogen donar-BusGeH?Z? resulting in
formation of a diastereomeric mixture 82 and23in 79%
yield (2223 = 1:1.5). The stereogenic center of the
chromatographically separat2d was epimerized efficiently
using DBU to afford23 (22/23 = 1:2). Then,23 was
subjected to three reactions to construct the requisite unsat-
urated seven-membered D-ring. Trimethylsilyldiazomethane
in the presence of M@l induced the ring expansion of six-
membered3, resulting in seven-memberedsilyl ketone
2623 Subsequent [1,3]-silyl migratidhwas accomplished
by heating26to 140°C to afford TMS enol ethe27, which
was converted to the requisite/5-unsaturated ketoneé by
Saegusa oxidatiof?.

A more efficient route to7 was developed using6b, a
one-carbon homologue @é6¢(Scheme 5). The combination
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Chem. Commurk001, 2504.
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Scheme 5. Two Synthetic Routes to the Left-Wing Fragment of Ciguatoxins
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of n-Bu;GeH and EfB effectively cyclizedl6binto oxepane to afford 31. Last, DIBAL reduction of nitrile31 to the
25 as the sole isomer in 58% yield. This excellent stereo- aldehyde and subsequent Wittig methylenation delivered the
control is in contrast to the modest diastereocontrol obtainedleft-wing fragment8.
for six-membered cyclization frori6c and is ascribed to
the strongly favored transition state conformatior2df in
which the Al%strain is minimized. Although the distinct
stereochemical outcome @Bb/cis not completely under-
stood, specific formation of the desired ison2érfrom 16b
facilitated the synthesis. Regioselective TMS enol ether
formation from 25, followed by Pé"-mediated oxidation,
gave rise to the appropriately functionalized D-riffg
Overall, facile intramolecular addition of nucleophilic acyl
radicals to the electron-rich enol ethers in the presence of
the two intrinsically more reactive disubstituted olefins in
16b/c demonstrated the power and the generality of our
convergent stratecf?.
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etherificatio” of hydroxy ketone28 using TMSOTf and

Et;SiH established the last stereocenter via axial attack of

the hydride on the oxonium cation intermediate, yielding ~ Supporting Information Available: Experimental pro-
tetrahydropyrar29. The primary alcohol of dioR9 was cedures and spectroscopic data for synthetic compounds
tosylated to give30, which was treated with sodium cyanide (PDF). This material is available free of charge via the
Internet at http://pubs.acs.org.

In summary, we have developed two acyl radical routes
to the ABCDE ring systen8 of ciguatoxins. The results
demonstrated the high applicability of this convergent
strategy for construction of multiolefinic structures. Remark-
ably, the half ciguatoxin structure was assembled in only 13
steps from the AB-ring fragmerg (22% overall yield via
16b), whereas 21 steps (6.3%)r 35 steps (4.3%) were
previously required from the coupling. The left-wing frag-
ment prepared here will facilitate the practical total synthesis
of ciguatoxins and the preparation of antibodies for control-
ling ciguatera seafood poisoning.
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