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of 51-hydroxyCTX3C: Chemoselective Synthesis of Biotin-conjugated Ciguatoxin Derivatives
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Ciguatoxins, principal causative toxins of ciguatera seafood
poisoning, are large ladder-like polycyclic ethers that exert their
toxicities by binding to the voltage-sensitive sodium channels.
We report C7/C51 chemoselective derivatization of 51-hy-
droxyCTX3C applicable for synthesis of biological probes.

Ciguatoxins are large 3-nm long ladder-like marine polycy-
clic ethers that possess several hydroxy groups at the specific po-
sitions of the 13 rings among the congeners. They display their
toxicities by binding to the voltage-sensitive sodium channels
(VSSC),! leading to the widespread seafood poisoning known
as ciguatera.” Chemical and biological studies of ciguatoxins
have been hampered by the extreme difficulty to isolate them
from toxic fishes. Thus, we have been attempting total synthesis
of ciguatoxins and have successfully synthesized three members
of the ciguatoxin family, CTX3C (1),? 51-hydroxyCTX3C (2),*
and CTX1B (3), based on a unified synthetic strategy
(Figure 1).° The pharmacological behavior against VSSC of syn-
thetic CTX3C (1), the first congener to be synthesized, has been
documented in detail: 1 exerts multimodal effects on VSSC with
simultaneous stimulatory and inhibitory aspects.” We therefore
developed derivatives of 1 containing biotin linkers at either of
its terminals (B- and M-rings) to further investigate the pharma-
cology and molecular mechanism for the interaction with VSSC.
An invaluable congener 51-hydroxyCTX3C (2) possesses a hy-
droxy group on the M-ring which is lacking in 1. We describe
herein the chemoselective derivatization and protection of hy-
droxy groups of 2 and a novel method for selective synthesis
of C7 and C51 biotin-linked conjugates of 2.

To evaluate the global relative reactivity of the hydroxy
groups of 2 toward protection reactions, we first examined tri-
ethylsilylation. Treatment of 2 with a large excess chlorotriethyl-
silane (TESCI) and Et;N in CH,Cl, at —30°C gave almost ex-
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Figure 1. Structures of ciguatoxins.

Table 1. Chemoselective functionalization of a 1:1 mixture of 4
and 5

MeO,C

Conditions Major product

TESCI, Et;N
CH,Cl,, -30 °C.

(Boc),0, EDC-HCI
4-pyrrolidinopyridine 7
CH,Cly, 1t

mono-Boc-Gly, EDC-HCI
DMAP, CH,Cl,, 1t

o di-Boc-Gly, EDC-HCI
4-pyrrolidinopyridine 7
CH,Cly, 1t

clusively the C51-TES ether in 58% yield with a trace amount
of the C7, C51-diTES ether; the C29 (G-ring) and C44 (K-ring)
hydroxy groups of 2 were much less reactive than those at C7
and C51. Additional studies were performed using a 1:1 mixture
of the ABCDE-ring 4% and HIJKLM-ring fragments 5° instead of
invaluable 2 (Table 1). The M-ring hydroxy of 5 selectively re-
acted with TESCI/Et;N at —30°C (Entry 1) and di-fert-butyl di-
carbonate [(Boc),0]/N-(3-dimethylaminopropyl)-N -ethylcar-
bodiimide hydrochloride (EDC-HCI)/4-pyrrolidinopyridine!?
in CH,Cl, at room temperature (Entry 2). On the other hand,
the C7 hydroxy of 4 was selectively esterified by condensation
with mono-Boc—glycine/EDC+-HCl/4-(dimethylamino)pyridine
(DMAP) in CH,Cl, at room temperature (Entry 3). After consid-
erable experiments we found that di-Boc-protected glycine using
EDC-HCl/4-pyrrolidinopyridine gave rise to the C51 protection
derivative 7 as a major product (Entry 4). The similar chemose-
lectivities were also observed for 2 using these conditions: The
C7-protected 8 was obtained in 68% yield, and the C51-protect-
ed derivative 10 in 78% yield together with the minor C7 deriv-
ative 9 (18% yield) from 2, respectively (Scheme 1).!! This che-
moselectivity is likely due to a lack of the hydrogen on the gly-
cine nitrogen, which is needed for hydrogen bonding with the
oxygen of the A- and/or C-ring ether.
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Scheme 1. a) mono-Boc—Gly, EDC-HCI, DMAP, CH,Cl,, 1t, 8 (68%); b) di-Boc—Gly, EDC-HCI, 4-pyrrolidinopyridine, CH,Cl,, t,
9 (18%), 10 (78%); c) TFA/CH,Cl,, 1t; d) 13, Castro’s reagent (14), i-Pr,NEt, DMF/DMSO, rt, 11 (100%), 12 (100%).

Selective esterification of C7- and C51-hydroxy groups with
glycine derivatives is now attainable. The chemoselectivity is in-
terchangeable by using mono-Boc—glycine or di-Boc—glycine as
a glycine derivative. Further functionalization of 8 and 10 were
exemplified by formation of their corresponding biotin deriva-
tives. Removal of the Boc-protecting groups of 8 and 10 with tri-
fluoroacetic acid (TFA) furnished the corresponding amines,
which were directly reacted with 13, Castro’s reagent 14,'2
and i-Pr,NEt to give the biotin-linked 11 and 12 in quantitative
yields, respectively. We believe these derivatives will play a key
role in electrophysiological and electron microscopy studies of
ciguatoxin binding to VSSC.”!3

In summary, we established a C7/C51 chemoselective syn-
thetic method for ciguatoxin—biotin conjugates 11 and 12. Our
method is applicable for synthesis of biotin conjugates contain-
ing various linkers, as well as other C7 and C51 derivatives such
as photoaffinity probes and fluorescent probes, to facilitate stud-
ies on the interaction between ciguatoxins and VSSC.
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