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Abstract — The fused-hexahydrooxonine (F-ring) of ciguatoxin (CTX), as well as
its EFGH-ring fragment, undergoes a slow conformational change between two
conformers in solution. In this paper, we designed and synthesized a
conformationally restricted analogue of the EFGH-ring system of ciguatoxin.
Chemo- and stereoselective epoxidation of the F-ring successfully impeded the
dynamic behavior without affecting the overall three-dimensional shape of the

molecule.

Ciguatoxin (CTX, 1, Figure 1) is one of the principal causative agents of ciguatera seafood poisoning in
the Pacific.’'?> Ingestion of ciguateric seafood causes human gastrointestinal, neurological, and
cardiovascular disturbances.> Pharmacological studies indicated that 1 exerts its potent toxicity by
binding and activating voltage-sensitive sodium channels (VSSC) in excitable membranes. *
Brevetoxin-A (2),° which is a structurally related red-tide toxin, shares the specific binding site with 1 on
VSSC.° Both toxins possess a conformationally flexible hexahydrooxonine in the center of the molecule
(F-ring of 1 and E-ring of 2). As shown in Figure 2, the F-ring of 1 is known to undergo a slow
conformational change between the UP and DOWN conformers, which differ only in orientation of the

olefinic bond with regards to the ring plane (Figure 2).""®

It has been speculated that the flexibility of
the toxins plays an important role in their biological activity.?
To evaluate the precise role of this unique equilibrium, we planned to synthesize a conformationally

restricted analogue of 1 with minimum perturbation of the parent structure. In this context, we designed
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new epoxide analogue 3 (Figure 2). The addition of merely one oxygen atom to 1 was proposed to
impede the dynamic motion of the nine-membered ring of 1. The a-epoxide of 3 would force the UP
conformer to be predominant without affecting the overall three-dimensional shape, because the
corresponding DOWN conformer would be significantly destabilized through the electronic repulsion of
the two oxygen lone pairs. Here, we report model studies to prove these concepts. The
mono-epoxidated analog of the EFGH-ring system of ciguatoxin (CTX) was synthesized, and its

restricted conformation was assessed by dynamic *H-NMR.

ciguatoxin (CTX, 1)

Figure 1. Structures of ciguatoxin (CTX, 1) and brevetoxin A (2)
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Figure 2. UP and DOWN conformers of CTX and its epoxide

Synthesis of the middle portion of 1 started with the previously reported EGH-ring fragment 4 (Scheme
1).2 DIBAL reduction of methyl ester 4 to the aldehyde, followed by Wittig methylenation produced
triene 5. Treatment of 5 with catalytic first-generation Grubbs reagent® resulted in closure of the
nine-membered F-ring to form 6. Lastly, reductive removal of the five benzyl groups, and subsequent
protection of the two terminal 1,3-diols using PhCH(OEt), under acidic conditions, gave rise to the
EFGH-ring system 7.%°

Interestingly, the UP conformer was observed by X-ray crystallographic analysis of 7 as the sole isomer
(Figure 3). On the other hand, ‘*H-NMR signals of 7 were significantly broadened at 30 °C, indicating

slow conformational change between the UP and DOWN conformers (Figure 4). When the temperature
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was lowered to -30 °C, these signals sharpened to reveal that 7 predominantly exists as one conformation,
which is consistent with the conformational characteristics of ciguatoxin 1." Thus, 7 was shown to

reproduce the dynamic behavior of 1.
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Figure 4. Dynamic *H NMR of ciguatoxin analog 7 (500 MHz, CDCls)
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Chemo- and stereoselective epoxidation of diene 7 was realized using dimethyldioxirane (DMDO)
(Scheme 2). DMDO selectively functionalized the a-face of 7 (o : B = 4 : 1), and pure a-epoxide 8 was
isolated in 63% yield after chromatographic separation of the minor B-epoxide.”®> Both chemo- and
stereoselectivities may be explained by the intrinsic three-dimensional structure (Figure 3). The a-face
of the C26-27 olefin of the UP conformer is more spatially exposed, thus more reactive, than the
corresponding B-face and the C21-22 olefin.

NOE experiments in CDCl3 clearly indicated that compound 8 had the UP conformation, similar to 7
(Scheme 2). Most importantly, in contrast to the broadened *H-NMR signals of hexahydrooxonine 7,
'H-NMR spectra of epoxide 8 were constant over a broad temperature range (-30 °C ~ 60 °C), clearly
indicating no slow conformational equilibrium (Figure 5). These two results proved that 8 acted as a
conformationally frozen analogue of the UP conformer of 7. Significantly, this one-step chemical
transformation successfully suppressed the dynamic behavior without affecting the overall

three-dimensional structure of the parent compound.

DMDO, CH,Cl,, 0°C, 1 h
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Scheme 2. Chemo- and stereoselective selective epoxidation of diene 7
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Figure 5. Dynamic *H-NMR experiment of epoxide 8 (500 MHz, CDCls)
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In summary, we designed and synthesized a conformationally restricted analogue of the EFGH-ring
system of ciguatoxin (CTX). Application of the developed methodology to ciguatoxins for elucidation

of flexibility-activity relationships is currently underway in our laboratory.
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