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ABSTRACT

8,11-Dideoxytetrodotoxin, an unnatural tetrodotoxin analogue, was synthesized in a highly stereoselective manner from a common intermediate
in our synthetic studies on tetrodotoxin. The synthesis features neighboring group participation of trichloroacetamide for stereoselective
hydroxylation, protection of ortho ester, and guanidine installation with Boc-protected isothiourea.

Tetrodotoxin1 (Figure 1)} originally isolated as a toxic || NN MDD

principle of puffer fish poisoning, is one of the most famous
and important marine natural products because of its novel
structure and potent biological activitysince the mechanism

of action of this molecule was revealed to be the specific
blockage of voltage-dependent sodium channels that are
responsible for nerve and muscle excitability, the toxin has
been widely employed as an indispensable biochemical tool

1 2

for neurophysiological studi/.Howe\_/er, the detail of_the 1. deoxytteg{r%%gt%f{:‘ gg g}ch)H S;z8ﬂ
bound structure has not been described to date despite many 8,11-dideoxytetrodotoxin (3) R'=H R*=H

efforts such as photoaffinity labeling and site-directed
mutagenesié; severe limitations regarding the structural

modifications needed for preparing potent probe molecules
and the lack of the tertiary structure of the sodium channel
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tetrodotoxin, we succeeded in the asymmetric syntheses ofafford an allylic alcohol at the C-8 positidnOn the other

5,11-dideoxytetrodotoxi#’ and 11-deoxytetrodotoxia 10

In this letter, we describe an efficient synthesis of 8,11-
dideoxytetrodotoxin3, which was extremely difficult to
prepare from naturally occurring tetrodotoxin. This study
might shed light on the role played by the 8-hydroxyl group
in the toxicity of the tetrodotoxin family*

On the basis of the successful syntheses of 5,11-dideoxy-

tetrodotoxin4 and 11-deoxytetrodotoxi2, the synthesis
started with dibromides, which was readily prepared by
bromination of the common key intermedi&eas described
in our previous studies (Scheme %)In the previous
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aConditions: (a) PyHBrs, K,COs, CH,Cl,, 10 °C. (b) DBU,
DMF, rt. (c) K,CO;, MeOH, rt.

syntheses o2 and4, hydroxylation at the C-8 position @&
was accomplished by a novel neighboring group participation
of trichloroacetamide with DBU in DMF to give oxazoline
7, which was hydrolyzed under mild acidic conditions to

(4) For example: (a) Nakayama, H.; Hatanaka, Y.; Takai, M.; Yoshida,
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J. 1994 66, 1.
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hand, we found that the same dibrom#le/as treated with
K2CGO; in MeOH to give a bicyclic iminoethe8 in good
yield. The oxidation state oB has been set for 8,11-
dideoxytetrodotoxirs.

The cyclic iminoetheB was transformed to allylic alcohol
9 in good overall yield through three steps: (i) acid
hydrolysis of iminoetheB,*2 (ii) trichloroacetylation of the
resulting amino alcohol, and (iii) methanolysis of trichloro-
acetate (Scheme 2). Epoxidation of allylic alcol®oWwith

Scheme 2
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aConditions: (a) AcOH, THF, bD, rt. (b) CCECOCCI, Py, rt.
(c) K:COs5, MeOH, rt. (d) MCPBA, NaHPO,, CH,CI,, rt. (e) PCC,
4 A MS, CH,Cl,, rt. (f) NaBH,, MeOH, 5°C. (g) TMSCI, EtN,
THF, rt. (h) G, CHyCI,, —78 °C; EfN.

MCPBA gaves-epoxidelOin 85% yield. The configuration
of the C-7 position was inverted by oxidation with PCC and
subsequent reduction with NaBHkb give a-alcohol 11 in
89% overall yield from10. The resulting alcohol1l was
protected as TMS ethét.The remaining vinyl group was
then ozonized upon treatment of;Htas a reductafit to
give unstable aldehyd&2.

The epoxyaldehyd&2 was transformed to lactorib, as
shown in Scheme 3. The aldehyti2 reacted with lithium
trimethylsilylacetylide to give propargyl alcohdl3 as a
single stereoisoméf.As expected, the configuration of the
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s the less sterically hindered front side. The alkynyl group of

Scheme 3 14 was oxidatively cleaved with RuCto give carboxylic
acid?? Since spontaneous lactonization through epoxide
opening was very sluggish under the conditions, the car-
boxylic acid was treated with acid to afford the lactdie

in good vyield. At this stage, the configuration of the C-9
position was confirmed by observing W-shaped long-range
coupling 0 = 1 Hz) between H-9 and H-4a db. Prior to
installation of the guanidine functionality, the hydroxyl group
at the C-9 position was protected as an intramolecular mixed
acetal with the aldehyde at the C-4 position in three steps.
Selective deacetylation at C-9, oxidative cleavage of ac-
etonide?® and acetalization in refluxing methanol provided
a 4:1 separable mixture of6a and 16b?* Now these
compounds were set for guanidinylation.

In the total synthesis of 11-deoxytetrodotoX§ a two-
step deprotection of fully functionalized intermedict@
furnished 11-deoxytetrodotoxiand 4,9-anhydro-11-deoxy-
tetrodotoxin 19, as shown in Scheme 4. Therefore, we

16a, b OH Scheme 4

aConditions: (a) TMS-C=C—Li, THF, —78°C. (b) PDC, 3 A
MS, CH,Cl,, rt. (c) NaBH,, CeCk(H.0);, MeOH, 0°C. (d) AGO,

. ;
DMAP, Py; HO, tt. (€) RUCHH,0)n, NalOy, CCl, H;0, CHCN, e s AC/mMeO ACO
rt. (f) PPTS, CHCI,, rt. (g) K.COs, MeOH, 0°C. (h) HIOi(H20),, " AcN” W Me
AcOMe, rt; MeOH, reflux. (37%) H H R
17 R=oac ON°
. 18 R=H

secondary alcohol (-OH) was proved to be the opposite
of that of tetrodotoxirt! Consequently, the configuration was 0°
inverted by oxidation with PDC followed by the Luche ®

. 8 . . H H
reductiort® to give an unstable propargyl alcoH8lwhich ab 2 N
was subjected to acetylation to afford diacettd® in 71% o Me T 2
yield 2! The stereochemical outcomes of these highly stereo-
selective reactions can be uniformly explained by invoking 19 R=OH
the similar chelation intermediat@sandb, as depicted in 20 R=H

Figure 2. In this model, the carbonyl oxygen, amide nitrogen, a Conditions: (a) aq Nk H;0, MeOH, rt. (b) TFA, HO, 1t

synthesized a similar intermediat8 from the major isomer

Oy FCs 16ain a manner analogous to that described for the synthesis
o)
Me N p>< of 2 and19.2526 Surprisingly, deprotection df8 did not give
TMSS H either 8,11-dideoxytetrodotoxiB or its anhydro derivative
R; O 20 under the same reaction conditions as those of 11-
/ aR=H  M=Li deoxytetrodotoxir2.?” This unexpected result implied that
Nu b R=C=CH,M=Ce

. (20) We found that a small amount of water drove the in situ deprotection
Figure 2. of TMS ether and subsequent acetylation to givién one pot.
(21) A series of these reactions were performed without purification,
because of the instability of the intermediates.
d fth I . i i db (22) Carisen, P. H.; Katsuki, T.; Martin, V. S.; Sharpless, KJBOrg.
and one oxygen of the acetal functionality were ligated by Chem.1981 46, 3936.
the metals (Li and Ce). The steric hindrance of the acetonide (23) Xie, M.; Berges, D. A,; Robins, M. J. Org. Chem1996 61, 5178.

; ; ; (24) Configurations of the C-4 position @baand16bwere established
led nucleophiles such as acetylide and hydride to attack fromto be 3 andR by coupling constants between H-4 and H-4a (0 and 4 Hz,
respectively). See ref 8.

(17) Determination of the configuration of C-9 is included in Supporting (25) Details will be disclosed in a full account of this study.
Information. (26) Nishikawa, T.; Ohyabu, N.; Yamamoto, N.; Isobe, Mtrahedron
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(19) The TMS group of acetylene was removed when the crude ynone  (27) Structures of the products have not been fully elucidated, because
was dissolved in MeOH dried ov@& A molecular sieves. of the instability.
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Scheme 5. Synthesis of 8,11-Dideoxytetrodotogin
OTBS

aConditions: (a) KCOs, MeOH, rt. (b) TBS-OTf, Py, CHCN,
rt. (c) DIBAL-H, CH,Cl,, —78 °C. (d) BocN=C(SMe)NHBoc,
HgCl,, EtN, DMF, rt. () TFA, MeOH, HO, rt.

the hydroxyl group at the C-8 position might contribute to
the stabilization of the tetrodotoxin molecule, especially
under basic conditions.

Considering the inapplicability of the deprotection pro-
cedure in this synthesis, we slightly modified the synthetic
plan to protect the ortho ester function itself instead of
protecting thed-hydroxy lactone. Fortunately, upon treatment
of 16awith K,COs; in MeOH at room temperature, acetate
at the C-7 position was hydrolyzed to afford ortho ester,
which was protected as silyl eth21.?8 The trichloroaceta-
mide was reductively removed with DIBAL44to give an
amine, which was subsequently guanidinylated with bis Boc-

(28) Heathcock, C. H.; Young, S. D.; Hagen, J. P.; Pilli, R.; Badertscher,
U. J. Org. Chem1985 50, 2095.
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S-methylisothioure® in the presence of Hget to afford

22 in high overall yield. Toward the goaB2 was treated
with aqueous TFA to furnish 8,11-dideoxytetrodotogiand
4,9-anhydro-8,11-dideoxytetrodotox20 in 43 and 32%
yields, respectively? The structures of these products were
confirmed by full assignment oH and *C NMR spectra
by extensive two-dimensional NMR experiments.

In summary, we have accomplished the synthesis of
8,11-dideoxytetrodotoxin in a highly stereoselective manner.
This study provides a novel and efficient route for the
synthesis of tetrodotoxin analogues through protection of the
ortho ester and subsequent guanidine installation. Total
synthesis of tetrodotoxith along this line is currently under
investigation.
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