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The synthesis of 13C-labeled 5,6,11-trideoxytetrodotoxin has
been successfully achieved. This is the first example of the 13C-
labeled analogs in tetrodotoxin congeners.

5,6,11-Trideoxytetrodotoxin (trideoxyTTX) (1) and its 4-
epimer 2 were originally isolated from the ovaries of the puffer
fish, Fugu poecilonotus, by Yamashita and Yasumoto
(Figure 1).1 These are the less toxic natural congeners of
tetrodotoxin (TTX) which is known as a potent blocker of the
voltage-gated Na+ channel.2­7 TTX and its congeners have been
isolated from not only puffer fish, but also other organisms.
Recent analyses of TTX and its congeners in several samples
revealed that a larger amount of 1 was accumulated in samples,
and in some cases, the amount of 1 was greater than that of TTX
(3).8­11 The presence of 1 has attracted much attention as a clue
to the biosynthetic and metabolic pathways of TTX that remain
to be elucidated. Recently, Botana and co-workers proposed an
interesting biological role of 1. Based on the discrepanicies in
the analytical data between an in vitro assay and LC/MS
analysis of TTX and its congeners in the digestive glands of a
European trumpet shell, the competitive ligand effect of 1 for
the binding of TTX to Na+ channels was proposed.8 These
analytical and biological studies prompted us to develop a
synthetic route of 13C-labeled 1 and 2 as a tool for bioorganic
studies in this research area. We now report the first synthesis of
the 13C-labeled 1 and 2.

We have reported the first total syntheses of trideoxyTTX
(1) and its 4-epimer 2 via two key reactions: i) the asymmetric
Strecker synthesis of 4 to create the concomitant stereogenic
centers including the quaternary amino carbon center of 5, and
ii) the intramolecular cyclization via the cyanohydrins 7 to
complete the total synthesis (Scheme 1). Taking advantage of
this synthetic route, we planned the 13C-labeling by the addition
of TMS13CN or Na13CN to the aldehyde 6. In a previous study,
the cyanohydrin 7 was quantitatively synthesized by the addition
of TMSCN to 6 in the presence of Et3N.12,13 However, the
product ratio was moderate, producing a 3:2 mixture of (9S)-7
and (9R)-7 (Table 1, Entry 1). Therefore, we initially focused
our research efforts on improving the stereoselectivity to give
the desired (9S)-isomer prior to the incorporation of the 13CN.

The addition reaction of TMSCN without any additives did
not proceed at all (Entry 2). The ZnI214 and BiCl315 promoted
addition reactions to produce a complex mixture (Entries 3 and
4). On the other hand, the use of NaCN as an alternative
to TMSCN gave the desired (9S)-7 as the major product
[9S:9R = 64:36 (Entry 5)].

During the course of the first total synthesis of 11-deoxyTTX,
Nishikawa et al. found that the addition reaction of magne-
sium trimethylsilyl acetylide to 10 produced the 2-propynyl
alcohol 11 with high stereoselectivity (Scheme 2, eq 1).16 We
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Entry MCN Solvent Additive Yield of 7/% 9S:9R

1 TMSCN CH2Cl2 Et3N 98 60:40a

2 TMSCN CH2Cl2 none No reaction ®

3 TMSCN CH2Cl2 Znl2 complex mixture ®

4 TMSCN CH2Cl2 BiCl3 complex mixture ®

5 NaCN MeOH Et3N 58 64:36
6 NaCN MeOH MgCl2 48 85:15b

aProduct ratio was determined by comparison of the authentic
data of 7.12 bProduct ratio was determined after the conversion
to the authentic N-guanidine derivative of 12C-13.12
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attempted the same conditions for the aldehyde 6 to provide (9R)-
12 in a highly stereoselective manner (Scheme 2, eq 2).17 These
results indicated that the magnesium cation plays an important
role in the stereocontrolled addition reaction of the acetylide
anion. Inspired by these results, we attempted the addition of
NaCN to 6 in the presence of a magnesium salt (Table 1,
Entry 6). To our delight, the stereoselectivity was improved to
provide (9S)-7 as the major product (9S:9R = 85:15). Thus, Na-
13CN was successfully incorporated to give 13C-13 (Scheme 3).

The cyanohydrin 13C-13 was transformed into the target
13C-1 and -2 in a manner similar to our previous total synthesis
of 1 and 2 (Scheme 3). The Boc group of 13C-13 was removed
by treatment with TMSOTf in the presence of 2,6-lutidine to
give an amine. The amidination reaction with 14 in the presence
of AgOTf as a sulfide scavenger produced the guanidine 13C-15.
The 13CNMR analysis of 13C-15 showed enhancement of the
peak intensity of the nitrile group (118 ppm) compared with the
nonlabeled specimen, confirming the 13C atom incorporation by
this route (Supporting Information).18 Ozonolysis of 13C-15
gave the bicyclic acetal 13C-16, which was transformed into a
mixture of the 13C-trideoxyTTX (1), its 4-epimer 2, and 13C-9 by
treatment with 20% TFA in a quantitative manner.19

In summary, we have achieved the first synthesis of 13C-1
and 13C-2 via the MgCl2-assisted stereoselective addition to the

aldehyde 6.20,21 Biological and bioorganic studies including
elucidation of the biosynthetic and metabolic pathways of TTX
using 13C-1 and 13C-2 are in progress.

We thank Professor Mari Yamashita (Tohoku University) for
kind discussion. This study was supported by Grants-in-Aid
(Nos. 16201045 and 19201045) for Scientific Research from the
Japan Society for the Promotion of Science (JSPS).
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