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Abstract: Caribbean ciguatoxins (C-CTXs) are responsible for the widespread occurrence of ciguatera in the
Caribbean Sea. The structure and configuration of C-CTX)ltlje major ciguatoxin isolated from the horse-

eye jack(Caranx latus),has been determined from DQF-COSY, E-COSY, TOCSY, NOESY, ROESY, ge-
HSQC, and HMQC experiments performed at 750 MHz and 500 MHz on gt sample. C-CTX-1 ([M

+ H]™ m/z 1141.6 Da, molecular formulaggHgs,019) has a ciguatoxin/brevetoxin ladder structure comprising

14 trans-fused, ether-linked rings (7/6/6/7/8/9/7/6/8/6/7/6/7/6) assembled from 6 protonated fragments. The
relative stereochemistry and ring configuratioriafas determined from an analysis of coupling constant and
NOE data. Like ciguatoxins in the Pacific Ocean (P-CTX), C-CTX-1 possesses a flexible nine-membered
ring which may be a conserved feature among ciguatoxins. However, C-CTX-1 has a longer contiguous carbon
backbone (57 vs 55 carbons for P-CTX-1), one extra ring, and a hemiketal in ring N but no spiroketal as
found in P-CTX. C-CTX-1 possesses a primary hydroxyl which may allow selective derivatization. A minor
analogue, C-CTX-2, was also isolated from fish and assigned the structure 56 epi-C-QJ,$itde it slowly
rearranged to C-CTX-1 in solution. Given the structural similarities between Caribbean and Pacific ciguatoxins,
we propose that C-CTX-1 and C-CTX-2 arise from a Caribbean strain of the benthic dinoflagellate,
Gambierdiscus toxicus

Introduction with a mouse i.p. Ly of 0.25 ug/kg?® All ciguatoxins
accumulate through marine food chains, often undergoing

Ciguatera is an illness that follows the consumption of warm  oxidative biotransformations to more potent forms in fisthe

water fish contaminated with sodium channel toxins known as pacific ciguatoxins are produced by certain strains of the benthic

ciguatoxins (CTX). Ciguatera is a major problem in the Pacific  ginoflagellate Gambierdiscus  toxicys while the origins of

and Indian Oceans and the Caribbean Sea, affecti2g 000 ciguatoxins contaminating fish in the Indian Ocean and Carib-

persons annually. Structures have been determined for a numbepean Sea have not been determined. Acute ciguatera is treatable

of ciguatoxins isolated from Pacific fish. Ciguatoxins are  \ith hyperosmotic mannitol infusions which may reduce

potent sodium channel activator toxins that bind quasi-irrevers- gchwann cell oederfighat has been observed in severe cases

ibly to site 5 on the voltage sensitive sodium channel (VSSC), qf ciguaterd Presently there are no routine methods for

a site overlapping the brevetoxin binding $fé. Pacific CTX-1 detecting ciguateric fish, which accumulate CTX in their flesh
(P-CTX-1) remains the most potent sodium channel toxin known anq viscera to levels above 0.1 ppb.
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ments, except for five quaternary carbons, determined on a 0.13Finally, a connectivity between OH-58 6.88) and H,H-57d

umol sample using 750-MHz NMR. The structure of C-CTX-2
(2), a minor ciguatoxin also isolated from fish, is also proposed
(Chart 1).

Results

Isolation and Toxicity. C-CTX-1 and -2 were isolated in a
~20:1 ratio as major and minor ciguatoxins fr@aranx latus’™
From 51 kg of tissue from ciguateri€. latus, 150 ug of
C-CTX-1 was obtained as a white amorphous solid with an i.p.
LDsg in 20 g mice of 3.6ug/kg.’®

Molecular Formula. The molecular weight of C-CTX-1
determined by ion spray mass spectrometry (ISMS) wasH{M
H]* m/z1141.6, 30 Da larger than P-CTX-1 ([M H]* 1111.6,
CsoHge010).22 The even mass for C-CTX-1 indicated it con-
tained zero or an even number of nitrogens. Similar to other
polyether toxing$, C-CTX-1 was observed as [Mr NH4]* and
[M -+ NaJ* ions and lost up to five waters as 18 Da neutral
species. Assuming that C-CTX-1 is comprised of only carbon,
hydrogen, and oxygen,s@19,0:9 satisfies the ISMS data. This
formula was independently confirmed through the process of
structure elucidation. The mass of C-CTX-2 determined by
ISMS was also [M+ H]™ m/z1141.6, indicating that C-CTX-2
may be an epimer of C-CTX-%.

Purity. C-CTX-1 was estimated to be90% pure by
HPLC™ and NMR (see Figure 1). Resonances identified as
impurities did not give rise to NOESY or TOCSY cross-peaks
to any proton resonances assigned to C-CTX-1, at bdi@ 2
and 27°C (see Supporting Information).

Proton Connectivities and Ether Rings. The backbone
structure of C-CTX-1 was established from DQF-COSY and
TOCSY experiments in pyridinds at 27 and 2C (Figures 1
and 2A). Connectivities C1C21, C26-C29, C31-C44, C46-
C47, C49-C52, and C54 C55 and the location of Me-59 were
independently established at 27 and@ (Figure 2A). The
resolution obtained using 750-MHz NMR spectroscopy allowed
unambiguous assignment of each proton in pyridipgsee
Supporting Information for further details). An additional set
of connectivities C24C26 was established from DQF-COSY
and TOCSY spectra in pyridings at 2 °C, since these proton

4.01) was determined from a TOCSY spectrum 4C2 Each
hydroxyl proton was detected as a cross-peak to th® H
resonancé Thus C-CTX-1 was composed of six protonated
fragments C+C29, C31-C44, C46-C47, C49-C52, C54-
C55, and C57. The full proton assignment of C-CTX1] &t

27 °C is given in Table 1. A similar set of assignments was
obtained at 2C (Supporting Information).

C-CTX-1 in pyridineds gave relatively strong negative NOEs
in NOESY spectra at 750 MHz that simplified structure
elucidation. ROESY experiments, performed at two transmitter
offset frequencies to identify false NOEs, supported the NOESY
assignments. Oxymethine NOEs identified from a 200 ms
mixing time NOESY spectrum readily established the ladder-
like structure of C-CTX-1, revealing the existence of nine ether-
fused rings A-G and 3-K (Figure 2B). An NOE between
H-33/H-39 could not be detected because these protons had
similar chemical shiftsq 3.35/3.34); however, a prominent NOE
betweena H-32/o0 H-40 established the presence of the ether-
fused ring | (Figure 2B). NOEs from oxymethines to bridgehead
methyls established rings H and L, and an NOE between a pair
of bridgehead methyls established ring M (Figure 2B). Thus
13 rings and connections between €Z81, C44-C46, C47
C49, and C52C54 were established, four quaternary carbons
were identified, and five of the six protonated fragments of
C-CTX-1 were assembled into a contiguous 55 carbon backbone
(see Supporting Information for further discussion). Insufficient
material was available to obtain supporting data on quaternary
carbons from HMBC experiments. However, the more sensitive
HSQC (27°C) and HMQC (2°C) experiments o yielded
13C assignment for 57 carbons that had proton resonances which
corresponded to the 5 methyls, 20 methylenes, 26 methines,
and 6 vinyl protons identified from the 2D homonuclear spectra
(Table 1). This assignment, which includes 1 primary and 3
secondary hydroxyls, 4 quaternary carbons and 13 ether
oxygens, gave the formulas@lg1017, 45 Da less than the mass
determined by ISMS and indicating that the missing piece was
CHO,. The location of this piece was identified from a low
temperature 300-ms NOESY spectrum26 °C in pyridine-
ds) which revealed NOEs between H-52/0H-56, OH-56/OH-

resonances were too broad to be observed in the DQF-COSY57, and H,H-57/OH-56, in addition to the NOE between H,H-

spectrum at 27C. The fragments C22C25 and C3+C42
were also proposed by Crouch et’alThe location of OH-3
and OH-44 were established from TOCSY and@ DQF-
COSY spectra, while the location of OH-29 was established
from TOCSY and—25 °C NOESY spectra (Figure 2B,C).

(8) Lewis, R. J.; Holmes, M. J.; Alewood, P. F.; JonedNatural Toxins
1994 2, 56-63. (b) Lewis, R. J.; Jones, A.oxicon1997, 35, 159-168.

57/a. H-55 which was observed at 27, 2, an@5 °C (Figure
2B). The missing piece was thus a hemiketal and ring N was
formed through an ether bridge between the oxymethine at C52
and the anomeric carbon C56. Thus the planar structure of
C-CTX-1 was established ds

Stereochemistry and Ring Configuration of C-CTX-1.
DQF-COSY and E-COSY spectra allowed the measurement of
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Figure 1. Part of a DQF-COSY spectrum of C-CTX-1)(obtained at 750 MHz in pyridinds (27 °C) with the corresponding 1D spectrum.
Numbers indicate the carbon number of scalar coupled protons (see Table 1). Asterisks indicate impurities, including a trace of ndeBtB2iol at

most3Jy 4 couplings between protons (Table 1). Couplings of determined from an E-COSY spectrum, and the NOEs between
between 9 and 12 Hz, typical for an antiplanar substitution on OH-3/a. H-1 (weak) and H-3/H-5 indicated that OH-3 was an
oxycarbong2 indicated that all rings of C-CTX-1 were trans- o substituent. NOEs between OH-29/Me-58, H-29/H-26, and
fused. The NOE data showed that Me-58, Me-60, Me-61, and H-29/H-31 indicated that OH-29 waglssubstituent. The NOEs
Me-62 were also trans-substituted (Figure 2B). As observed between OH-44/H-46 (weak) and H-44/Me-60 indicated that
for ring | of P-CTX-172 Me-59 wasa. to H-36 but had &8 OH-44 was ano. substituent. NOEs also revealed that the
orientation to the eight-membered ring I, which adopted a crown anomeric carbon C56 was equatorially substituted, with OH-
conformation in C-CTX-1 (Figures 2B,C and 3). Coupling 56 beingj in 1 (Figure 2B).
constant data indicated that the double-bond geometry in rings  Stability of C-CTX-1 and C-CTX-2. Gradient reverse-
D and E were cis (Table 1), while NOE data supported a cis phase HPLC/mass spectrometry (HPLC/MS) was used to assess
geometry for the double bond in ring F (Figure 2C). the stability of C-CTX-1 and C-CTX-2 in solution. C-CTX-1
The orientation of the hydroxyls of C-CTX-1 was determined remained unchanged after 6 month’s storage Hd °C in 50%
from an analysis of coupling constant and NOE data (Table 1, aqueous acetonitrile or afte4 h in 50% acetonitrile/5%
Figure 2C) and molecular modeling (Figure 3). The large scalar trifluoracetic acid (TFA). However, C-CTX-2 after 6 month’s
coupling between H-8 H-2 (6 2.12) and H34 H-4 (6 2.11) storage at-10 °C in 50% aqueous acetonitrile was no longer
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Figure 2. Summary of data derived from DQF-COSY, TOCSY, and NOESY spectra of C-CTI¥-1A) Connectivities determined from DQF-

COSY spectra at 27C (bold lines) and 2C (dashed lines). (B) NOE data used to assemble the six protonated fragments and establish the 14
ether-fused rings of. (C) Additional NOE data used to assign the relative stereochemistry and ring configuratioAlobNOEs were determined

from a 200 ms mixing time NOESY spectrum (750 MHz,Z7), except those marked with a single asterisk (300 ms NOESY, 500 MB&’C)

or a double asterisk (400 ms NOESY, 750 MHZ,®@. C-CTX-1 (%) was drawn with the same absolute stereochemistry as PXETX.

detected and a new peak was observed that eluted at a retentioA of P-CTX-1. Thus C-CTX-1 resembles the middle section

time and mass indistinguishable from C-CTX-1. of P-CTXs, but has a longer contiguous carbon backbone, one
) ) extra ring, and a hemiketal in ring N but no spiroketal as found
Discussion in P-CTXs (Figure 4). Comparison of our 111 NMR and

The structure of C-CTX-11) isolated from Caribbean fish ~HSQC spectra of C-CTX-1 in pyridings with equivalent
has been determined from NMR experiments at 750 MHz on a SPectra reported by Crouch et &indicated that the Caribbean
013 Iumo| Sample C_CTX_l |S an exc|us|ve|y trans_fused CTX analyzed were Slml|al’, |f not |dent|Ca|, W|th dlffel’ences
polyether, with a contiguous 57-carbon skeleton, 14 rings, 3 between the spectra explained by the presence of different
double bonds, 5 methyls, and 5 hydroxyls. The single primary impurities in the two samples. HPLC/MS and HPLC/MS/MS
hydroxyl in C-CTX-1 may allow selective addition of cross- analyses have also identified C-CTX-1 frdderiola dumerili
linkers or labels. C-CTX-1 is identical to P-CTXat rings ~ and a range of other Caribbean fish speéte8indicating that
C and D and from ring F to ring J and identical to CTXZC  C-CTX-1 may be the major ciguatoxin in carnivorous fish from
from ring C to ring J. In support, chemical shifts for protons the Caribbean Sea.
and carbons were within 0.1 and 1.0 ppm, respectively, from  The proton connectivities in C-CTX-1were interrupted by five
position 10 to 39 of C-CTX-1 and CTX-3&. Like CTX-3C, quaternary carbons, whereas P-CTX-1 is interrupted by only
C-CTX-1 does not possess the aliphatic side chain seen on ringtwo quaternary carbons. This potential obstacle to structure
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Table 1. 'H and®3C Chemical Shifts and Active Couplings of NOE and coupling constant data (Figure 2C, Table 1),
C-CTX-1 @7 together with molecular modeling, were used to establish the
position  H (Jun)° BBC  position HECu)©  BC configuration of the medium sized rings A, E, F, G, |, K, and
1 3.83 (5-) 66.0 33 3.35 (12) 84.0 M _of C-CTX-1 and thus the_ overall configuration of C-CTX-1
3.94 (4, 10) 34 3.44(12,5) 73.2 (Figure 3A,B). A comparison of the modeled structures of
2 2.12 ¢10) 39.6 35 1.51<) 46.8 C-CTX-1 and P-CTX-1 indicated that both toxins are mostly
2.27 () 1.85() flat and of similar length (32 A), with rings M and N of
3 4.39(11,6) 657 36 188(—) 282 C-CTX-1 extended in a bent conformation (Figure 3). Modeling
4 211 (13) 45.0 37 1.67 (11) 46.1 also indicated that OH-44 df adopted an equatorial position,
2.71 (5) 1.97 (5) ; X ; ;
5 3.39 (9) 79.0 38 3.14 (11) 81.4 whereas the equivalent hydroxyl in P-CTX-1 (OH-47) is axial
6 3.48(12,5)  77.2 39 3.34(12,5) 84.4  (Figure 3).
7 17 8 37.7 40 1.72 ((1)1) 37.7 The similarity in structure between Pacific and Caribbean
2.51(5 2.52 (5 ciguatoxins indicates that a Caribbean strainGoftoxicusis
8 3.18(9) 76.4 41 4.08 (11) 1.6 the likely origin of C-CTX-1 and C-CTX-2. The extent to
9 3.16 (12, 5) 76.2 42 3.55(—) 79.6 hich TX-1 h b dified . h h th
10 1.79 (11) 377 43 2.26 (7) 370 Which C-CTX-1 has been modified as it passes through the
2.52 (5) 2.71¢) marine food chain remains to be determined. Pacific and
11 3.42 (10) 79.1 44 4.12 74.8 Caribbean CTX appear to act similarly at site 5 on the voltage-
12 4.02 ) 81.0 46 4.54(12,5) 73.2 sensitive sodium chann€eld® Broadened proton resonances on
ﬁ 2-2‘2‘ E%)?’) gg 47 223% 44.0 ring F indicated that the middle part of C-CTX-1 changed
. : conformation on a millisecond time scale. A similar explanation
15 4.19 (10) 82.7 49 3.96(11,5) 73.8 X .
16 3.71¢, 6) 85.4 50 177¢,-) 246 has been forwarded to gxplam the broadened resonances of ring
17 2.28(8) 32.8 1.95¢, -) F of P-CTX2 The flexible nine-membered ring may be a
2.84 (9) 51 1.91 (5) 24.2 conserved feature among ciguatoxins, perhaps being important
18 5.84(12) 126 2.02(12) for their high potency. Comparison of the structure of C-CTX-1
19 5.98 (7) 138 52 4.62 72.5 with the structures of P-CTXs and brevetoxins may advance
3(1) g'ég gll) 88644'10 54 215'?%’_6)) 31.2 our understanding of the structuractivity relationships among
29 208 (_') 322 55 208 29.0 polyether sodium channel toxins. Given their similar pharma-
3.02 () 2.14 cology and origin, C-CTX-1 is expected to have the same
23 6.02 () 128.9 57 3.96 69.6 absolute stereochemistry as P-CTX.
24 6.02(-,—) 1289 3.96 Rapid screening methods are required to minimize the risk
25 2.27(-) 32.8 58 1.27 (s) 9.8 : ; - ; .
2,96 (-) 59 0.93 (7) 8.2 of ciguatera in tropical and subtropical waters. Progress is being
26 372 (12) 83.8 60 124 (s) 14.0 ma}dg towa}rd the de\(elopment of rapid screens that utilize high-
27 3.58(, ) 83.5 61 1.55 (s) 21.0 affinity antibodies raised to synthetic fragments of P-CT¥1.
28 2.49 ) 40.2 62 1.47 (s) 20.4 Alternative approaches that measure the effect of ciguatoxin
2.53 () 3-OH 6.31¢) binding to sodium channé#s3b10abgre also being developed.
29 4.11 749 29-OH  5.12H) Given the structural differences between the Pacific and
81 827 (11, 5) 812 440H 6.20} Caribbean ciguatoxins, antibodies recognizing the terminal rings
32 1.86 ) 36,5 56-OH 7.08(s) f likel h hiah affinity f
2.25 (5) 57-OH  6.54€) of P-CTX are unlikely to have a high affinity for C-CTX-1.

ab1H and!3C chemical shifts (ppm) were obtained from spectra of

1in pyridineds at 27°C, with pyridineds taken as) 7.21 and 123.5,

respectively. Spectra were acquired on a DMX750 spectrometer
(Bruker). H chemical shifts were obtained from a DQF-COSY

spectrum, except those identified with supersctiptwhich were
measured from a TOCSY spectrum at 2Z, with connectivities
determined from a DQF-COSY spectrum at@ ¢d Active couplings
(Hz) from DQF-COSY and E-COSY spectra are indicated at the first Pyridineds (Cambridge Isotope Laboratories) was used without further
positioned proton e.g. for the proton at position 9, scalar couplings of pyrification.

12 and 5 Hz were observed toH-10 (6 1.79) ands H-10 (6 2.52),

respectively. Couplings between methylene protons are excluded an
dashes indicate those active couplings which were not measureable du

dé(\/ere isolated from 51 kg of liver, viscera, and flesh of the horse-eye

The A/B/C and K/L/M/N rings of C-CTX-1 provide new
synthetic targets which might be used in the production of
antibodies that recognize Caribbean ciguatoxins.

Materials and Methods

Chemicals All solvents used were analytical grade or equivalent.

Isolation and Mass Spectrometry (MS). CTX-1 and C-CTX-2

to spectral complexity, line broadening, or overlap. The carbon jack (Caranx latu$ collected from_ St. Barthelemy in_the Caribbean
chemical shifts were determined from HSQC and HMQC spectra at Sea. C-CTX-1 and -2 were purified to homogeneity by HPLC as
27°C and 2°C, respectively, except those identified with the superscript previously describe®. Mass spectra were aquired on a PE-Sciex API-

d which gave weak signals that were confirmed from the HMQC
spectrum shown by Crouch etal.

Il (Toronto, Canada) atmostpheric pressure ionization MS (ISMS).
C-CTX-1 and C-CTX-2 were infused with 50% acetonitrile/0.05% TFA

(9) Deslongcamp, P.; Rowan, D. D.; Pothier, N.; Saue Saunders:

elucidation was overcome through the extensive use of NOE J- K- Can. J. Chem198] 56, 1105-1121.

(10) Manger, R. L.; Leja, L. S.; Lee, S. Y.; Hungerford, J. M.; Wekell,

data that unambiguously assembled the six protonated fragments; 1 “Anal. Biochem1993 214,190-194. (b) Manger, R. L.; Leja, L. S..

of C-CTX-1 into the final structurel. C-CTX-1 is the first

Lee, S. Y.; Hungerford, J. M.; Hokama, Y.; Dickey, R. W.; Granade, H.

ciguatoxin identified that possesses a hemiketal moiety. The R. Lewis, R.; Yasumoto, T.; Wekell, M. MJ. Assoc. Off. Anal. Chem

isolation from fish of C-CTX-2, a minor ciguatoxin which
slowly converted to C-CTX-1 in solution, was not unexpected
given the propensity of hemiketals to undergo interconversion
From this evidence we propose that C-CTX-2 is 56 epi-C-
CTX-1 (2). The rearrangement of C-CTX-2 to the lower energy
C-CTX-1 is predicted from anomeric and steric effetts.

1995 78, 521—527. (c) Marquais, M.; Vernoux, J.-P.; Molgo. J.; Sauviat,
M. P.; Lewis, R. J. InHarmful Microalgae Reguera, B., Blanco, J.,
Fernandez, M. L., Wyatt, T., Eds.; Xunta de Galicia, Intergovernmental
. Oceanographic Commission of UNESCO, 1997, in press.

(11) Satake, M.; Morohashi, A.; Oguri, H.; Oishi, T.; Hirama, M.; Harada,
N.; Yasumoto, T.J. Am. Chem. S0d 997 119 11325-11326.

(12) Pauillac, S.; Sasaki, M.; Naar, J.; Inoue, M.; Branaa, P.; Cruchet,
P.; Chinain, M.; Legrand, A.-MEur. J. Ichthyol.,in press.
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Figure 3. Modeled structures of C-CTX-11) and P-CTX-1. (A) The low-energy conformer of C-CTX-1. This conformer satisified the NOE and
scalar coupling data for all medium sized rings. (B) The conformer in A rotated thre@gh about thex-axis. (C) The low-energy conformer of
P-CTX-1?° orientated with rings FI superimposed on the corresponding rings of C-CTX-1 in B. Structures were minimized in vacuo (dielectric
constant= 1) and presented using MolScript (v12)Similar results were obtained at a dielectric constant of 13 to simulate pyridine. C-CTX-1

(59 was modeled with the same absolute stereochemistry as PLCTX.

and positive ions detected at orifice potentials 0f-3@0 V overnvz
1050-1200 at 0.1 Da steps.

Nuclear Magnetic Resonance (NMR) SpectroscopyNMR spectra
of C-CTX-1 were acquired at 750 MHz on Bruker DMX750 spec-
trometer (27 and 2C) and at 500 MHz on a Bruker DRX500
spectrometer<25°C). 1D and 2D NMR spectra of a 0.15 mg sample
of C-CTX-1 were acquired in 10@L of pyridine-ds using a micro
probe (400-600t; increments, each with 2K complex data points) over
a spectral width of 11 ppm in th#d dimension and 220 ppm in the
13C dimension. DQF-COSY¥ E-COSY 55 ms mixing time TOC-
SY,15200, 300 and 400 ms mixing time NOES¥gradient enhanced
ge-HSQCY HMQC '8 and 200 ms mixing time ROESY data were
processed and analyzed using XWINNMR software (Bruker) or 0.1

(13) Derome A.; Williamson, MJ. Magn. Reson199Q 88, 177-185.

(14) Griesinger, C.; Sorensen, O. W.; Ernst, RIRViagn. Resori987,
75, 474-492.

(15) Bax, A.; Davis, D. GJ. Magn. Resonl985 65, 355-360.

(16) Piotto, M.; Saudek, V.; Sklenar, \J. Biomol. NMR1992 2, 661—
666.

(17) Palmer, A. G., lll; Cavanagh, J.; Wright, P. E.; Rance JVMMagn.
Reson199], 93, 151-170. (b) Kay, L. E.; Keifer, P.; Saarinen, J. Am.
Chem. Soc1992 114, 10663-10665. (c) Schleucher, J.; Schwendinger,
M.; Sattler, M.; Schmidt, P.; Schedletzky, O.; Glaser, S. J.; Sorensen, O.
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P-CTX-1 modeling.
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ppm/cm plots of the spectra. Raw data were zero-filled to produce
4K x 1K complex matrixes, except in the case of DQF-COSY and
E-COSY spectra used to measure active couplings and to resolve
partially overlapping resonances, where 8K0.5K strip transforms
were analyzed using the Aurelia processing program (Bruker). Selected
DQF-COSY, TOCSY, NOESY, and ge-HSQC spectra are supplied as
Supporting Information.

HPLC Mass Spectrometry (HPLC/MS). The stability of C-CTX-1
and C-CTX-2 was monitored by HPLC/MS using afd Vydac HS201
C-18 column (2.1x 250 mm) eluted with 50% B in A for 5 min
followed by a linear gradient from 86 B to 100% B over a 25 min
period: A, 0.05% trifluoracetic acid (TFA); B, 90% acetonitrile/0.05%
TFA. Positive ions were detected by turbo-assisted ISMS at an orifice
potential of 80 V ovem/z 1050-1200 at 0.1 Da steps. Freshly isolated
C-CTX-2 eluted at 12.8 min, compared with 10.2 min for C-CTX-1.
HPLC/MS was also used to analyze samples of C-CTX-1 and -2 stored
at —10 °C in 50% acetonitrileeH,O for 6 months or at room
temperature in 50% acetonitrile/5% TFA for 4 h.

Molecular Modeling. C-CTX-1 was minimized with th®iscover
program using the CVFF force field (v. 2.9.7, Biosym/MSI) on a Silicon
Graphics Indigo workstation. For these calculations we matched the
configuration of C-CTX-1 to the B configuration of P-CTX-1
determined from circular dichroism studiésC-CTX-1 was constructed
so that the seven-, eight-, and nine-membered rings adopted a
configuration supported by NOE and coupling constant data (Figure
3, Table 1). This conformer was minimized in the gas phase or in
simulated pyridine (dielectric constants of 1 and 13, respectively) first
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P-CTX-1: R1 = 'CH,OHCHOH; R2 = OH Me
P-CTX-3 (P-CTX-2): R1 = TCH,OHCHOH; R2 = H
GT-4B (CTX-4A): R1 = 'CH,CH; R2 = H

C-CTX-1 (C-CTX-2)

Figure 4. Comparison of Pacific and Caribbean ciguatoxins. Shown are P-CPR-LTX-32 GT-4B 22 CTX-3C from the Pacific, and C-CTX-

1. The less energetically favorable epimers P-CTX-2 (52-epi P-CTX@)-4A (CTX-4A = 52-epi GT-4B)¢ CTX-3B (49-epi CTX-3CYf and
C-CTX-2 (56-epi C-CTX-1) are indicated in parentheses. 2,3-DihydroxyCTX3C and 51-hydroxyCTX3C have recently been isolated from Pacific
fish.29

by steepest descent (100 iterations) followed by conjugate gradient Overseas Territories (DOM-TOM; CORDET) and IFREMER
algorithms to a maximum derivative 6f0.01 kcal/mol-A. Graphical (J.-P.\V).
displays were viewed usinigisight Il molecular modeling system (v.
95.0.3, MSI). Supporting Information Available: Spectra ofl in pyri-
dine-ds provided include TOCSY and NOESY at 2€ and 2
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