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TNTXUOTOXIN ie one of the moat toxio oompounds among the poisons 
having low molsoular weight. It is obtained from ovaries of swsll- 
fish (Spheroiden rubripen) and ths intraperitoneal dose for the mouse 
Is 0.01Y/g of the body weight" (1). Poisoning due to the toxin has 
lorq been a serious problem in Japan since swellfish is highly estesmed 
for the table. Sinoe the and of last oentury many workers have inws- 
tigated, but the toxin had not been obtained as a pure form until 1952, 
shenYokooH( (2) obtained the oryatalline toxin and assigned the mo- 
lesular formula C12E17010N3. Kakisawa et al. (3) snd Tsuda et al. 
(4), however, favured C1fi90$13 for it. In this oommun ioation m 
,rish to report ths structure of tetrodotaxin. 

morn the elementary analyses and molecular might determinations 
of ths toxin and its derivatives the mOleCUb formula of tetrodo- 

toxin (I) was revised to CllKl7OSN3 (5). The toxin (I) darkens above 
220° without melt, uhibits no W absorptions (end, s"*lnKcl 75) and 

220 9 
is a monoeoidio base (Ha' 8.3);~: 1670, 1613, 1075 CJE . Per- 

manganate oxidation afforded gusnidine, wbioh ras oharaoterised as a 
pi-ate, and hence it is wident that three nitrogen atoms in the 
toxin form a gunidine group, which corresponds to the pKa (~3.3). 
It oonsumed two moles of psriodate in O.ln sulf~io aoid solution at 
5', and, when the first one mole of the reagent was OonsUmsd, Bavs 
formaldehyde. 

* Only the shellfish toxin is la~own to have the oomparable toxioity: 
E. J. Sohante, Annals Nsw York Aoad. Soi. 843 (1960). 

** He used the name w spheroidins" 
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2106 The structure of tetrodotoxin No.30 

When heated with water, the toxin (I) maa hydrolyeed to tetro- 
doio aoid (II), Cll17190f13 (Found: C, 39.14, 38.87; H, 5.96, 5.75; 
B, 12.33, 12.25. Calod.: C, 39.17; H, 5.68; p, 12.46$), rhioh vaa 
obtained aa long needles in 45% yield. The aoid (II) darkens above 
260' without melt, exhibited an end absorption (ei.$*G' 41O)!Vz 
1693, 1633, 1590 om-'~ and did not oonsume bromine, but two moles of 

period!ate (eee below). It ia a switterionio oompound having pga's 
below 2.5 (COOH) and oa. 11.8 (guanidine). The exietenoe of the car- 
boxylate group vaa also demommtrated by the IR speotra; whereas the 
IR speictrum of (II) hae a oarborylate band at 1590, (II) hydroohloride 
ahowa a band at 1720 a~-' oorresponding to a free wboxylio aoid. 

The negative Sakaguohi reaotion of the aoid (II) indioatee that 
the guanidine group ia not a monosubatituted one. The 3lMS speotrum 
of (II) hydroohloride taken in a deuterium oxide solution (Fig. 1) 
ohova signals corresponding to eight protons that oan not be exohanged 
by deuterium*. From these results and the moleoular iotis of (II), 

it is deduced that the aoid (II) oan be repreclented by (IIa), rhioh 
oontaibu a disubstituted guanidine, seven hydroxyl group8 and oonse- 
quently twu rings. If a tri- or more substituted guanidine group 
and/or oggen atoms other than hydrov1 groupa were preeent, the - 
ber of non-exohangeable protons must exoeed eight. 

(IIa) 

* 

l * 

Possibilities of overlapping of the proton signals with the strong 
DDH,signal were eliminated by the addition of pyridine hydroohlor- 
ide to the sample solution; the a)H signal wae shifted to lover 
field, but no signal appeared in the region previously oovered by 
the IIOH signal. 
The&e two groups exist aa a enitterion, but, for the sake of oon- 
venienoe, they are represented in this paper as ehown. An N,N- 
disubstituted guanidine, instead of the N,N'-disubsUituted one, 
is also possible. 
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(%ma8e of tetmdoio raid (II) with one mole of periodio aoid 
afforcbd formaldwde and nortetrodoio soid (III), whioh oonmmed 
further ana mole of the rwent awl yielded seoonortetrododioio aoid 

(IN. The propertiea of the products are as follws. 

Nortetrodoio soid (III): needles darkem above 250° without melt, 

ClOHl50#$1/2 H20 ( Found: C, 38.81, 38.01; H, 5.35, 5.47; N, 13.60. 
Calmi.: C, 38.22; H, 5.13; P, 13.37%); pgS'8 below 3 (COOH) and above 
11 (guanidine); end absorption (& gr 2300, E!&i"$l 3000); one 
mole periodate is consumed for 3 br at 4' in O.ln mlfurio aoid; 
Tollenlr and totraeolium tests are poaitive$vDd 1690sh1(C~), 1670 
and 1645 (guanidine, 1612 omB1 (COO-). 

Seoonortetrododioio aoid (IV): prims darken above 250. without 

melt, C10H150dY3 ( F-da C, 36.75, 37.00, 36.84; H, 4.96, 5.09, 4.94; 
IX, 13.21, 13.05, 13.18, 13.15. (Mod.1 C, 37.39; H, 4.71; R, 13.0%); 
pga'n below 2 (COOH), 3.3 (WOE), above 10.5 (guanidine); end absorp- 
tion ( E!)$ Ir 2500, Bfiim$’ 2800) 8 V Q750 (COOHI 9 1675 ad 16qo 
(gusnidine), 1600 (COO-); silver salt V 2 1675 and 1635 (manidine), 
1610 and 1410 cm-' ('X0-j; no periodate oonaumption after 24 hr either 
in O.ln eulrUrio aoid or at PH 4.4. 

In the HME clpeotxum of (IV) (Fig. l), a doublet among the s-8 
at 2.0 - 2.5 ppm, which were in the spsotrum of (III), disappeara! 

urd a new doublet appeared at 1.50 Ppm. The latter 8&nal is aawmed 
to be for a proton attaohed to a hemiaoetal oarbon atom, which =B 
proaod from a Ireoondary alooholi~ oarbon b periodate oleavage with 

fonation of a hemiaoetsl 1-e. Thun, transformations of tetro- 
doio aoid (II) to the aeoonordioio aoid (IV) oen be represented bY 

the following sewmoe. 
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The preseuoe of au a-kstol group in (III) - supported by the poei- 

tiT0 Tollali and tetraz.01ium tests. The hamiaoetal proton in (Iv) 
rout be Tioiaal to the proton attsahed to a fertially oarbon atom 
that doea not link with osym or nitrogen atom, since the signal at 
1.50 ppm ie spin-ooupled rifh a doublet at the highest field (3.75 

PPI, J'- 9 0~0). 

The aoid (II) oontsinn 8 diaeoondaryv&+glyool -ping aa 
dewmstrated bp the VhR signals at 2.05 and 2.45 ppm with a ooup1i.q~ 
oonatfaCltJ.4 ape. The glfool group%ng ia refaiued also in the 
nor soild (III) 8 the oorreaponding signals appeared at 2.09 and 2.50 

ppm (J - 4 ‘w). Partial OtIUOfure (110) fO0 tetrodoio 8Oid oan, 
there?bre, be ooneidered to be established. 

- 
-lfH \c 
-BH’ 

-RH 

( or I +di- 
substd.) 

-COOH P H OH 

3c, 2 -H 
2 -CE 

(c)-+C) 
BH 

(110) 

Tetrodoio aoid (II), M well an tetrodotoxin (I), oan be trans- 
formed into the C9-bane (V)(h) by heating with an aqueous barium hyd- 
roxide! solution. This ooupled with the faot that the acid (II) oon- 
tains two rings constzuoted from oarbon and nitrogen atoma suggests 
that the acid (II) has a perhydroquinaaoline nuoleue haviug a hy&O- 
xymethpl group at the C6-position. To aooomodate the partial formula 
(11~) in the perhydrcquinsioline nuolew, only formals (IId) is pos- 
sible. Then, the nor aoid (III) and the seoonordioio acid (N) must 
be reptesented by fomlas (IIId) and (IVd), respeotivelj. 

CH20H 
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H-b-OH H-'-OH 

bOOH 
F 

COOA COOH 

(IId) (IIM) (IVd) 

These formulae are consistent with the following observations. 

(a) Kawamura (6b) reported that oxalic aoid was produced along with 

the C9-base in the alkaline degradation of the toxin (I). Thowh 
oxalic acid was not isolated owing to the small amount of the sample, 
it is safe to assume that the alkaline degradation of the aoid (II) 
also affords oxalic acid, sinoe the reaction of (I) is oonsidered to 
prooeed through the acid (II). In the formula (IId), there is a two- 
carbon chain attached to the quinazoline nucleus and this accounts 
for the production of oxalic acid. (b) When refluxed with In hydro- 
chloric acid, nortetrodoio acid (III) afforded yellow needles exhibit- 

ing A_ o.lnHcl 310 (E 7050), 265 (19100), 228 w (13900); AznNaoH)09 
. . 

(12300), 228 IW (13400)*; pKa's 4.9, 8.0; NMR (in D20, ppm from exter- 
nal beneene) -0.05 (la, d, J=9 ops), -0.68 (lH, d, J=gops), -2.50 (lH, 

s); and its elementary analysis indicated the empirical formula 
C8E,02N3'HC1*H20 (Found: C, 41.52; H, 4.50; N, 17.25, 17.26%). It is 
probably Z-amino-5,6_dihydroryquinaeoline (VI), the formation of which 

from the nor acid (III) is easily understandable. (0) Seconortetro- 
dodioic aoid (IV) oonsumed ca. 1 mole of bromine in water in the pre- 
sence of strontium carbonate and yielded a crystalline produot that 

is considered to be a strontium salt of seoonortetrodotrioio acid 

(VII), C10B13010N3Sr (Found: Sr, 17. Calod: Sr, w);VfCBr 1660 (@a- 

nidine), 1600 and 1400 cm" (COO-). 

* After acidification, the solution showed a different Spectrum from 
that recorded above; h(O.lnHCl) 298 (11400), 220 W (9200). 
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OH 
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Hu 
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E&H 
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w (VII) 

lVetrodotoxin (I) has no aoidio funotion and its guanidine group 
shorn mxnwually low pKa Yalue (8.3). This sugdests that the oarboxy 
group knd the guanidine link together to iorm a oyolio aoylguanidine 
moiety. sinoe only the nitrogen atom at 3-poaition oan form a 6-mem- 
bored ring, the strnoture of the toxin (I) mst be represented by (Ia). 

(Ia) 

It see#ns probable that the oarbenylatt'etohing band of (I) overlaps 
with the guanidins band at 1670 am-1 , minoe an amorphoue sulfate of 
(I) shows a oarbonyl band at 1730 (I!* 

The KME weotra (y'id. 1) provide evidenoe for the following stxw- 
tural features. (4 5 and s are e to each other sinoe in the 
sPeotra of (II) and (III), those signals corresponding to the protons 
are spi!+n-ooupled with a ooupling constant J . 4 OHS. 
EL7 in '(II) and (III) may be equatorial, 

(b) Both 5 and 
for they show long rsage spin- 

apin Wuplind (J = oa. 1 ops, not resolved well). (0) The ois-oonfig- - 
urati I of H a and is evident from the coupling constants, which 

* A mbdel compound, @-alaoreatiningerhib&fe V (KBr) 1670, 1620, and 
the hydroohloride V (KBr) 1730, 1700 om . 
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Tetrodoio acid (II) 

lSortetrodoi0 acid (III) 

Hi? 

FIG. 1. NMR spectra at 60 MO in D+jJ containing HCI 

(PPnl fro!> external C6H6) 
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are 08. 2 Ops in (I) (not resolved) and 4 ops in both (II) and (III). 
In (Iv), however, they have a iaxial configuration (J = 9 cps). 

(d) 3X4 and H 4a is considered to be & to each other since in (I) 
their coupling constant is 9 ops* and in (II), (III), and (IV) their 
coupling constants seem to be less than 1 ops. (e) The signal of 

H9 was displaced strongly to lower field when the amide bond was byd- 
rolrsed (I -11, III, and IV). The shift is probably due to aniso- 

tropic shielding 
ation (A) having 
the plane of the 
From t&ese facts 
as (Ib) or (10). 

faotors of guanidine group. In the favored oonform- 
C9-oonfiguration as shown, 
guanidine group, whiah me~r 
the stereoohemistry of the 

the proton (I$) comes above 
deshield the proton. 

toxin (I) may be written 

OH 
I HOI 

-H 
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* ois*Protons in bicyolo(2,2,2)octane system have a ooupling oonstant 
G 8-9 ops, while a coupling oonstant of e-protons is 2-j cps; 
K. Tori, Y. Takeno, K. Kitahonoki and T. Nakagawa, Abstr. 2nd NAB 
Symposium 67 (1962) (Tokyo, Japan). 
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