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The complete stFuotUre mad #tereoohomimtry of tetrodotoxin, CllH170#f,, 

whioh w obtained from orariee of Imllfish (Spheroiden rub&w), 

was elucidated with the 8a8iat8nOe of the X-my aryatalography (1) of 

8 derivative, vtetrodoio laotone h.ydrobromide (III). 

Treatment of tetrodotoxin (I) with 5$ barium h@roxide solution 

at room tomporsture under nitro8on atmosphere, follomd by nutr8li- 

Barion with 08rbon dioxide, afforded edrotetrodoio aoid (II), 

CllH1708X3'2.5H2C (F-d: C, 36.02, 36.63, 36.48; B, 6.12, 6.40, 6.24; 

B, 11.65, 11.59, 11.24, 11.31. Calod.: C, 36.26; H, 6.09; If, 11.54$), 

whioh was obtained aa plate6 in %$ yield. The aoid (II) darkened 

8bOVe 240. without melt md exhibited AH& 261 q.~ (E 593O), A"'ltiaOH 
'% 

290 (642C), Ao&mc1 257 (605O);SE 1710 (gumidine), 1580 - 

(coo-)i s8'6 2.5 (COOK) aad 10.9 (guapidime) at3 8 switterioa. 

Anhydrotetrodoio acid (II) oonsumed 1 mole of bromine in water 

and afforded, ia almost quantitative yield, bromoanludrotetrodoic 18a- 

tone hydrobromide (III), l lemontcrry Boslysis of rhioh indicated the 

efapirioal fO_8 CllH1507K3Br2 (Foudr C, 28.69, 28.74; H, 3.17, 3933; 

K, 8.93, 8.85; o, 25.05; Br, 33.62, 33.66. Cdod.: C, 28.65; HP 3.28; 

I, 9.11; 0, 24.29; Br, 34.66). It dooompoaee at 0~. 19C", shown no 
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2116 Structure and stereochemistry of tetrodotoxin No.30 

w rbeorption mzximum (z;& Dll 225O);Uz 1800 (y-laotone), 1665 and 

1608 am-' (&uaaidino); *8-z k.7 snd 8.51; and iz atrble to aoide but 

extremely uaztable to b8z: . It h8z 8 y-lrotone r* (la MOO ccl), 

uhioh 0~1 be opened w neutnlization to pH 7.5 (the band at 1800 iz 

dizplaoed to 1605 co-l) 8ad maloeed by soidifiocrtion. The Pgs (6.7) 

Ooa08pOndm to this 18OtOXlO. The ntruoturo of the lrotone (III) ~86 

oatablizhed u (1118) by the X-m -is (1) and, henoe, the struo- 

ture (III) OUI be aeaigned for 8nhydxotetrodoio 8oid (II) without am- 

WWtir. !Fhuo, eleotrophilio 8tt8dc of bromonium ion at the C48 waz 

rooomp&nied by 8ddition of the Cg-wdrox,l group at the other end of 

the double bond, and zimult8neoual~ the fono8tion of the laotone ring 

ooaurak by the ssziztanoe of the 8oidity of hydrogzn bromide formed. 

That the free wdrw1 group is prama* et the C6-position in (II) in 

evident from the faota that the toxin (I) affords ion&d-de by treat- 

ment with 1 mole of period10 aoid 8nd th8t no 0-e of the group o8n 

be meoted during the form8tion of (II). Inoidentslly, the laotone 

(III) (M the nitrate) doee 

aan bo eonvorted to (II) by 

oaloium *Wte. 

not oonzuae periodio aoid znd (ee the bromide) 

hydrogem8tion rith Pd-C in the prezenoe of 

(1118) 

( 118) (=I4 
The E@f epeotrum of (II) (pig. 1) is alao oonzistent rith the formula 

(118). A zinglot at 0 ppm (form extern8l benzene) oorrzaponda to H4 

81~3 no signal 3s prezent 8bwe 2.6 ppm. 
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BrooOWl@lW- 
tetrodo1o * 
laoton. (III) 

FTO. 1. IMi ~ootn at 60 HO in D# ooatrining EC1 

(Pl=f=uterJ=l C6Q) 

Sinoe tetrodotoxin (I)* haa no 8oidiO fknOtiOn and mhors no W 

sbeorption, the free oar-1 graup and the double bond, both of whioh 

are present in the aoid (II), uot not ~STQ boon in the toxin(I). 

Th8t tetrodotorin (I) haa a proton at C& ie widoat from its HMR spee- 

trum. Thus, it &~WB ~ign81~1 (doublet of doublets) at 4.07 ppm, uhioh 

is absent in the speotrum of (II). The ooupling oonatants (9 8nd 08. 

2 cpa) suggest that the dihedral 8rqle between C4-H and C,,8-H bade 

would be 08. 0' or l&P, 8nd that H& and H5 are & to eaoh other. 

Therefore, only four possible formusls, (Io)~(Id), oan be written for 

the toxin (I). 
O.lnHCl * Tetrodotoxin (I): end absorption c220 Iv 75; moao8cridio b86e (rita' 

8.3;vz 1670, 1613, 1075 om-l. For more detailed properties, 

see preceding paper. 
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C&roH 

Among them, tho.laotone (Id) is ruled out sinoe the toxin exhibits 

no IR band between 1700 and 1800 cm-'. The ortho-ester type formulas, 

(Ib) snd (Ic), can also be elimiaatsd sinoe they, WpOCi81b (IO), can 

not aocount for the 10n pKa value (8.3) end since the oonfemations of 

H4 and Hb in (Ib) 8re not consistent with the large coupling constsnt 

(9 ops). Thus, tetrodotoxin (I) mast h8Ve the fornd8 (Ia). Thoush 

the IE spectrum of the toxin (I) has no band between 1700 and l&30 cm-', 

SR amorphous sulfate of the toxin (I) exhibits 8 carbonyl band at 

1730 cm-l. The positive ch8rge of the guanidinitaa group displaces the 

oarbonyl band from 1670 (overlapped with a guanidiue band) tc 1730 m-l. 
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