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11-NOR-4,9-ANHYDROTETRODOTOXIN-5,6-DI0L: A SYNTHON FOR TETRODOTOXIN ANALOGS
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Abstract - Tetrodotoxin (1), the scdium channel-blocking agent, is corverted
to non-toxic 4,9-anhydrotetrodetoxin (4), which is oxidized to 11-nor-4,9-
anhydrotetrodoteoxin-6,6-diol (5). This inactive derivative can be hydrolyzed
to pharmacologicaily active 11-nortetrodotoxin-6,6-dicl (3}, Preliminary
studies have been made with the titTe compound to determine its suitability

for the preparation of tetrodotoxin analogs.

Chemical modifications of tetrodoctoxin (1) that retain the sedium channel-blockinag activity of

tetrodotoxin itself could be of considerable value in studies on the nature of axon sodium channels

2,3,4

and the nerve conducting process. Early studiess’6 showed that the few modifications of the

tetrodotoxin structure which had been prepared resulted in products which were either inactive

or almost inactive. The possibility of obtaining active derivatives was established by the isola-

7.8

tion of chiriguitoxin (g), which, while retaining activity, differs structurally from tetrodo-

toxin (1) by a modification {of a still unknown nature) of the (-6 substituent. Consequently,

9,10,11,12

interest was renewed in the pharmacology of nortetrodotoxin, the periodate oxidation

product of tetrodetoxin., The activity of ncrtetrodotoxin was originally either not reported10’r

or it was described as non#toxic.9 It was later shown that nortetrodotoxin possessed 20-40% of the

: \ c . . 14,1 .
sodium channel-blocking actnﬂty]2 13,14 of tetrodotoxin. Lazdunsky and coworkers 5 pioneerad
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chemical modifications of tetrodotoxin at C-6 and C-11 which led to active and useful derivatives.
However, the yields of derivatives from nortetrodotoxin have been very Tow; thus it has major dis-

advantages as a synthon for elaboration of tetrodotoxin ana]og:;s.]2
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In an attempt to circumvent some of these difficulties, we investigated an alternate synthon,

11-nor-4,9-anhydrotetrodotoxin-6,6-diol. Tsuda g;_gl_,1o using the periodate cxidation of 4,9-

210,
9,10,16 (

anhydrotetrodotoxin %) detected the formation of formaldehyde and established the presence

of the terminal glycol structure in 4; however, the major product was nefther isolated nor character-

8,14

ized. We have found that periodic acid oxidation of 4 under the same conditions as those used

in converting 1 to 3 produced § as a white hygroscopic powder in 85% yield. Since the hydroxyls at

- &
NH\):NHE
0. b-keto form H D, 6.6-0io] Tarm

4, 4,9-Anhydrotet rodotoxin 2. 11-Nor-u4,9-gnhvdrotet rodotaxin

C-%4 and C-9 are protected as an anhydro bridge, 4 and 5 are more stable to-hase and more soluble n
organic solvents than tetrodotoxin or nortetrodotoxin. In contrast to nortetrodotoxin (3), the nor-
anhydro compound 5 exists entirely in the hemilacta! form giving clear and reproducible ]H and I3C
NMR spectra. The IR and NMR spectra show that 5 exists in the hydrate ferm 5b; no evidence for a
free carbonyl group could be detected. The 4,%-anhydro bridge renders 5 pharmacologically inactive
as compared to nortetrodotoxin in 3, just as 4 is relatively inactive with respect to 1. The
anhydro compounds 4 and & are hydrelyzed in dilute acid to the active parent compounds 1 and 3; thus
keto derivatives of § should be convertible to the corresponding analogs of 3.

Reaction of 5 with excess methoxyamine]]’]g {

CHSONHZ) at pH 5 gave two products; unfortunately,
limited guantities orecluded their individual characterization. The ]H NMR spectrum {Table 1} of
this mixture is compatible with the presence of both syn and anti forms of an O-methyloxime 6c and
6d; however, the spectrum may also indicate two stereoisomeric 6-0H, 6—NHOCH3 adducts, 6z and 6b. A
vary large OH signal at 3400 Cm-] and a broad adsorption in the 1600-1700 cmf] region of the FT-IR
spectrum of this mixture were not diminished by prolonged exposure te high vacuum. The former
signal may mask any N-H adsorption and the latter signal may be either an OH harmonic or C=N adscrp-
tion of an oxime., Therefore, there is ambiguity concerning the interpretation of these results and
those reported]] for the reaction of 3 with CH30NH2. The deduction of isomeric oximes in hydrated
forms ba-6b is consistent with the stable 6,6-diol structures for both.

Treatment of § with anhydrous, methanolic hydrogen chleride in an attempt to prepare the 6,6-
dimethoxy ketal of 5, gave a product whose 1H NMR spectrum revealed that only one methoxy qroup

{¢ 3.50 ppm} had been introduced and that the 4,9-anhydro bridge vemained intact (coupling of

C-4a:C-4 proteons by Jess than T Hz by virtue of their 90° dibedral angle). Treatment of this product with
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DCT dn D20 at 20°C did not remove the methoxy group but cpened the anhydro bridge (C-4a proton sig-

nal at 2.40 ppm, doublet, J = § Hz}. The chemical shift of the OCH3 signal {£3.48 ppm} for this

4a-4
hydrolyzed preduct was essentially the same as that reported (3.45 ppm) by 'Laloodward]6 for the only
other known 10-methoxy derivative of tetrodotoxin, We tentatively interpret these reactions as

shown in 5 + 7 -+ 8.

|en

These studies have been greatly restricted because of the severely Jimited supply of 5.

EAPERIMENTAL

10

11-Noir-4,9-anhydrotetrodotoxin 6,6-diel, 5b. Anhydrotetrodotoxin {g, 10.4 mg, 34.6 umole, ]H and

13

C NMR Table 1} was dissolved in 3 ml of water containing 40 47 of acetic acid and the solution
treated with 8.13 ma of H4106 {35.3 .umole) at 20°C. After 4 h the mixture was cocled to 0°C and a
total of 24 u1 of freshly distilled HI was added in portions. Each incremental addition of HI was

immediately followed by CCI4 extraction to remove I This procedure was repeated until addition

o
of HI no longer generated the yellow 12 color. The clear agquecus layer was frozen and Tyophilized,

redissolved and relyophilized from 99.7% D0 to give 9.0 mg [85% yield) of 5b as a white hygroscopic

1 13 17

solid, The 'H and ~C NMR data are given in Table 1. This sample was non-toxic.

Hydrolysis of 5. The NMR spectrum of 5b (1 mg in 5% DCT in 99.7% D,0) after 6 h showed an

equilibrium mixture of 65% nortetrodctoxin 3 and 35% noranhydrotetrodotoxin 5, A bioassay of this
solution showed a total of 2600 mouse units]7 corrasponding to approximately 0.70 mg of 3. Re-
Tyophilization of this whole sample and redetermination of the NMR indicated a shift in equilibrium
to 44% 3 and 56% 5. This equilibration of nortetrodotoxin (3} and noranhydrotetrodotoxin (5)

parallels that between tetrodotoxin (1) and anhydrotetrodotoxin (4) (72:25) under similar
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TABLE 1

NMR SPECTRAL ASSIGNMENTS FOR 4,9-ANHYDROTETRODOTOXIN (4},
1T-NOR-4,9-ANHYDROTETRODOTOXIN {5}, METHOXYAMINE PRODUCT &, AND 8.

Signal CHEMICAL SHIFTS,®P & opm

Assign- Proton Carbon-13
et 3 5 6 8 4 5

4 5.57 s 5.49 s 5.87 s 5.68 s 8.4 4.6
8 5.62 d° 4.58 4° 468" s.70 & 70.7F 67.3
g 4.58 s 4.54 s 4.63" 4.58 ¢ 82.5 82,5
5 4.33 o9 4.21 ¢ 4.429 000 " 663 74.0f
7 417 ¢° 4.05 ¢ 4.10% .25t 70af 80.1"
1 3.98 - 63.9 ---
45 .89 49 2.85 47 3.08° 3.03 ¢ 85.2 85.4
2 1556 156.7
10 109.8 108.2
6 76.7 89.0
8a 61.2 60.8
GeH, g.22% 3.50 s

a)Spectra taken on Varian XL-100, 100 MHz NMR instrument in FT mode; DZO‘ 5 ppm
downfield relative to CHDZCOOD set at 2.03 pom relative to TMS = 0. A1l proton

signals had relative area 1 except CH, signal in 4 and OCH, signals in 6 and 8.
p 514 b, 2 5 2

b) 1 13

Signals are for the 'H and "“C atoms as numbered in formulas 4, 5, and 6. C)Signa]s

are either singlets, s, or doublets, @, with coupling constants as given fn foot-

notes. d)Taken on Bruker 360 MHz instrument in FT mode; complete decoupling study

made for proton assignments. E)Jy_g or JS-? = 2 Hz. f).!\ss.ignment by analogy to

= 3 Hz. h)

i)

Triplet, Jﬂa-S = 3 Hz,

8B quartet, J = 4.5 Hz as

9)
those of compognds 1 and 4. Jga.5 OF do_za
Jgp = 2 Mrriplet o, =2 Kz, 0, = 3 e

k)

5-7

revealed at 300 MHz. Two peaks at & 4,20 and 4.24 pom in approximate ratio of

1.0 to 0.8; combined area of 3.
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conditions.1’9‘!0

Feaction of 5 with Methoxyamine. Since it seems possible that methoxyamine could react with

the carbinol-amine, lactaone or femilactal structures of 1, 2, 3, or 5, it was first determined that
tetrodotoxin itself lost about 5% of its activity when treated with methoxyamine at pH 5 after 5 h
but 75% after 25 h. The NMR spectrum of anhydrotetrodotoxin {4) did not change significantly in the
presence of methoxyamine at pH 5 over a 24-h period. Noranhydrotetrodotoxin, prepared as described
from 1.0 mg (3.3 umole) of 4, was dissolved in 1.0 ml of water containing 5 p1 of triflucroacetic
acid and 1 41 {20  mole) of distilled methoxyamineTS at pH 5. After 24 h at 20°C the solution was
Tyophilized and the resulting white powder relyophilized from 85.7% DZO to give the product 5. The
MMR spectral data are given in Table I.

Attempted Ketalization of 5. A sample of 5 prepared as above from 2.77 mg of 4 was dissolved

in a mixture of 0.5 N anhyd. methanolic HCl and tetramethylorthocarbonate (1.5 ml, 1:1) and stirred
under N2 at 60°C for 15 h. The veaction mixture was stored in & desiccator beside a separate con-
tainer of anhyd. KOH-CH30H. The solution was concentrated and lyophilized with D20 (3X} to give a

white hygroscopic powder which had a !

H NMR spectrum clesely resembling that of starting & {Table I)
except for the appearance of a single new methoxy signal (& 3.50, 3 H}. There was no coupling
between the proton signals at -4 and C-4a showing that the anhydro bridge was not hydrolyzed. The
spectrum is compatible with the orthoester structure 7. This sample was dissolved in 5% DC1 in

DZO (350 .1); after 9 h the NMR showed a somewhat broadened doublet at 2.40 ppm, J = 9.0 Hz, char-
acteristic of the signal for the C-4 proton in 1 (& 2.30 ppm, an_4 = 9.0 Hz) and 3 (& 2.21 pom,
J4a-4 = 9,5 Hz). The methoxy signal at 3.48 ppm remeined and could not be diminished by repeated
lyophilizations. These data are consistent with structure 8. This material failed to show sig-

nigicant toxicity in the mouse 1:est.l7
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