
HETEROCYCLES, Voi 23, No. 12. 1985 

11-NOR-4.9-ANHYDROTETRODOTOXIN-6,6-DIOL: A SYNTHON FOR TETROOOTOXIN ANALOGS 

Ronald J .  ~achman '  and H a r r y  S. ~ o s h e r *  

Department o f  Chemis t r y ,  S tan fo rd  U n i v e r s i t y  

S t a n f o r d ,  C a l i f o r n i a ,  94305, U.S.A. 

A b s t r a c t  - T e t r o d o t o x i n  (!), t h e  sodium c h a n n e l - b l o c k i n g  agen t ,  i s  c o n v e r t e d  

t o  n o n - t o x i c  4 , g - a n h y d r o t e t r o d o t o x i n  (41, wh ich  i s  o x i d i z e d  t o  l l - n o r - 4 . 9 -  

anhydrotetrodotoxin-6,6-diol ( 5 ) .  T h i s  i n a c t i v e  d e r i v a t i v e  can be h y d r o l y z e d  

t o  p h a r m a c o l o g i c a l l y  a c t i v e  11-nortetrodotoxin-6,6-did ( 3 ) .  P r e l i m i n a r y  

s t u d i e s  have been made w i t h  t h e  t i t l e  compound t o  de te rm ine  i t s  suitability 

f o r  t h e  p r e p a r a t i o n  of  t e t r o d o t o x i n  ana loqs .  

Chemical m o d i f i c a t i o n s  o f  t e t r o d o t o x i n  ( 1 )  t h a t  r e t a i n  t h e  sodium c h a n n e l - b l o c k i n a  a c t i v i t y  o f  

t e t r o d o t o x i n  i t s e l f  c o u l d  be o f  c o n s i d e r a b l e  va lue  i n  s t u d i e s  on t h e  n a t u r e  o f  axon sodium channels  

and t h e  nerve c o n d u c t i n g  p r o c e s s . 2 ' 3 ' 4  E a r l y  s t u d i e ~ ~ ' ~  showed t h a t  t h e  few m o d i f i c a t i o n s  o f  t he  

t e t r o d o t o x i n  s t r u c t u r e  wh ich  had been p repared  r e s u l t e d  i n  p r o d u c t s  wh ich  were e i t h e r  i n a c t i v e  

o r  a l m o s t  i n a c t i v e .  The p o s s i b i l i t y  o f  o b t a i n i n g  a c t i v e  d e r i v a t i v e s  was e s t a b l i s h e d  by t h e  i s o l a -  

t i o n  of c h i r i q ~ i t o x i n " ~  (z), which,  w h i l e  r e t a i n i n g  a c t i v i t y ,  d i f f e r s  s t r u c t u r a l l y  from t e t r o d o -  

t o x i n  (1) by a  m o d i f i c a t i o n  ( o f  a s t i l l  unknown n a t u r e )  o f  t h e  C-6 i u b s t i t u e n t .  Consequent ly ,  

i n t e r e s t  was renewed i n  t h e  pharmacology o f  n o r t e t r o d o t ~ x i n , ~ " ~ ~ ' ~  t h e  p e r i o d a t e  o x i d a t i o n  

p r o d u c t  o f  t e t r o d o t o x i n .  The a c t i v i t y  o f  n o r t e t r o d o t o x i n  was o r i g i n a l l y  e i t h e r  n o t  r e p o r t e d ' 0 " '  

o r  i t  was d e s c r i b e d  as n o n - t o x i c . '  I t  was l a t e r  shown t h a t  n o r t e t r o d o t o x i n  possessed 20-406 o f  t h e  

sodium c h a n n e l - b l o c k i n g  a c t i v i t y  1 2 3 1 3 3 1 4  o f  t e t r o d o t o x i n .  Lazdunsky and pioneered 

cheln ica l  m o d i f i c a t i o n s  of t e t r o d o t o x i n  a t  C-6 and C - l l  wh ich  l e d  t o  a c t i v e  and u s e f u l  d e r i v a t i v e s .  

However, t h e  y i e l d s  o f  d e r i v a t i v e s  from n o r t e t r o d o t o x i n  have been v e r y  low;  thus  i t  has m a j o r  d i s -  

advantages as a  syn thon  f o r  e l a b o r a t i o n  o f  t e t r o d o t o x i n  ana logs .  12 



I n  an a t t e m p t  t o  c i r c u m v e n t  some o f  t h e s e  d i f f i c u l t i e s ,  we i n v e s t i g a t e d  an a l t e r n a t e  syn thon ,  

ll-nor-4,9-anhydrotetrodotoxin-6,6-diol. Tsuda gt. ,I0 u s i n g  t h e  n e r i o d a t e  o x i d a t i o n  o f  4,9- 

a n h y d r o t e t r o d o t o x i n  g '10x16 (4) d e t e c t e d  t h e  f o r m a t i o n  o f  formaldehyde and e s t a b l i s h e d  the  presence 

o f  t h e  t e r m i n a l  g l y c o l  s t r u c t u r e  i n  4; however, t h e  m a j o r  p r o d u c t  was n e i t h e r  i s o l a t e d  n o r  c h a r a c t e r -  

i z e d .  We have found t h a t  p e r i o d i c  a c i d  o x i d a t i o n  of  4 under  t h e  same  condition^"^^ as  those  used 

i n  c o n v e r t i n g  ! t o  3 produced 5  as a w h i t e  hyg roscoo ic  powder i n  85% y i e l d .  S ince  t h e  h y d r a x y l s  a t  

b - k e t o  form An 0. 6.6-0101 loim 

C-4 and C-9 a r e  p r o t e c t e d  as an anhydro b r i d g e ,  4 and 5 a r e  more s t a t l e  t o h a s p  and -;re s o l u b l e  i n  

Organ ic  s o l v e n t s  t h a n  t e t r o d o t o x i n  o r  n o r t e t r o d o t o x i n .  I n  c o n t r a s t  t o  n o r t e t r o d o t o x i n  ( 3 ) .  t h e  n o r -  

I 
anhydro compound 5 e x i s t s  e n t i r e l y  i n  t h e  h e r n i l a c t a l  form g i v i n g  c l e a r  and r e p r o d u c i b l e  H and I 3 c  

NMR s p e c t r a .  T5e I R  and NMR s p e c t r a  show t h a t  5 e x i s t s  i n  t h e  h y d r a t e  fo rm 5 b ;  no ev idence  f o r  a 

f r e e  c a r b o n y l  g roup  c o u l d  be d e t e c t e d .  The 4,9-anhydro b r i d g e  r e n d e r s  5 pharmacolog ica l1 .y  i n a c t i v e  

as compared t o  n o r t e t r o d o t o x i n  i n  3 ,  j u s t  as 4 i s  r e l a t i v e l y  i n a c t i v e  w i t h  r e s p e c t  t o  1. The 

anhydro compounds 4 and 5 a r e  h y d r o l y z e d  i n  d i l u t e  a c i d  t o  t h e  a c t i v e  p a r e n t  compounds ! and 3; t hus  

k e t o  d e r i v a t i v e s  o f  5 shou ld  be c o n v e r t i b l e  t o  t h e  co r respond ing  analogs of  3 .  

R e a c t i o n  o f  5 w i t h  excess methoxyamine l l ' l x  (CH30NH2) a t  pH 5 pave two p r o d u c t s ;  u n f o r t u n a t e l y ,  

1 
l i m i t e d  q u a n t i t i e s  o r e c l u d e d  t h e i r  i n d i v i d u a l  c h a r a c t e r i z a t i o n .  The H NMR spec t rum (Tab le  I )  of  

t h i s  m i x t u r e  i s  c o m p a t i b l e  w i t h  t h e  presence o f  b o t h  syn and forms o f  an 0 -ne thy lox i rne  6~ and 

6d; however, t h e  spect rum ,nay a l s o  i n d i c a t e  two s t e r e o i s o m e r i c  6-OH, 6-NHOCH3 adduc ts ,  6a  . . and 6b. . . A 

v e r y  l a r g e  OH s i g n a l  a t  3400 cm-I and a b road  a d s o r p t i o n  i n  t h e  1600-1700 cm-I r e g i o n  of  t h e  F T - I R  

spec t rum o f  t h i s  m i x t u r e  were n o t  d i m i n i s h e d  by p ro longed  exposure t o  h i g h  vacuuin. The former 

S i g n a l  may mask any N-H a d s o r p t i o n  and t h e  l a t t e r  s i q n a l  may be e i t h e r  an OH harmonic  o r  C-N adsorp -  

t i o n  o f  an oxime. T h e r e f o r e ,  t h e r e  i s  a m b i g u i t y  concern ing  t h e  i n t e r p r e t a t i o n  of  t hese  r e s u l t s  and 

those  r e p o r t e d "  f o r  t h e  r e a c t i o n  o f  3 w i t h  CH30NH2. The d e d u c t i o n  of i s o m e r i c  oxirnes i n  h y d r a t e d  

forms 6?-6b i s  c o n s i s t e n t  w i t h  t h e  s t a b l e  6 , 6 - d i o l  s t r u c t u r e s  f o r  b o t h .  

T rea tmen t  of 5 w i t h  anhydrous,  l n e t h a n o l i c  hydrogen c h l o r i d e  i n  an a t t e m p t  t o  p r e o a r e  t h e  6 .6 -  

1  
d ime thoxy  k e t a l  o f  5, gave a p r o d u c t  whose H NMR spect rum r e v e a l e d  t h a t  o n l y  one methoxy qraup 

(6 3.50 ppm) had been i n t r o d u c e d  and t h a t  t h e  4,9-anhydro b r i d q e  remained i n t a c t  ( c o u o l i n q  of  

C-4a:C-4 p r o t o n s  by l e s s  than  1 Hz by  v i r t u e  of  t h e i r 9 0 °  d i h e d r a l  a n ~ l e ) .  T rea tmen t  o f  t h i s  o r o d u c t w i t h  
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0Cl i n  D 0  a t  20°C d i d  n o t  remove t h e  rnethoxy group b u t  opened t h e  anhydro b r d g e  (C-4a p r o t o n  s i g -  
2 

n a l  a t  2.40 ppm, d o u b l e t ,  J4a-4 = g H ~ ) .  The chemica l  s h i f t  o f  t h e  0CH3 s i g n a l  (63.48 o m )  f o r  t h i s  

h y d r o l y z e d  p r o d u c t  was  e s s e n t i a l l y  t h e  same as t h a t  r e p o r t e a  (3 .45 ppm) by iloodward16 f o r  t h e  on ly  

o t h e r  known 10-methoxy d e r i v a t i v e  o f  t e t r o d o t o x i n .  We t e n t a t i v e l y  i n t e r p r e t  t hese  r e a c t i o n s  as 

shown i n  - 7  + 8. 

7 - 8 - 

These s t u d i e s  have been g r e a t l y  r e s t r i c t e d  because of t h e  s e v e r e l y  l i m i t e d  s u p p l y  o f  5 .  

EXPERIMENTAL 

11-Nor-4,9-anhydrotetrodotoxin 6 , 6 - d i o l ,  5b .  ~ n h y d r o t e t r o d o t o x i n ~ ~  (4, 10.4 mg, 34.6 ~ r n o l e ,  'H and 

I3C  NMR Tab le  I) w a s  d i s s o l v e d  i n  3  ml o f  w a t e r  c o n t a i n i n g  40 :,1 o f  a c e t i c  a c i d  and t h e  s o l u t i o n  

t r e a t e d  w i t h  8 .13  mo o f  H4106 (35 .3  .mole)  a t  20°C. A f t e r  4  h  t h e  m i x t u r e  was c o o l e d  t o  0°C and a 

t o t a l  o f  24 ;,I o f  f r e s h l y  d i s t i l l e d  H I  was added i n  p o r t i o n s .  Each inc remen ta l  a d d i t i o n  of  H I  was 

immed ia te l y  f o l l o w e d  by CClq e x t r a c t i o n  t o  remove 12.  T h i s  p rocedure  was r e p e a t e d  u n t i l  a d d i t i o n  

o f  H I  no l o n g e r  genera ted  t h e  y e l l o w  l2 c o l o r .  The c l e a r  aqueous l a y e r  w a s  f r o z e n  and l y o p h i l i z e d ,  

r e d i s s o l v e d  and r e l y o p h i l i z e d  from 99.7% D20 t o  g i v e  9 . 0  mq (85% y i e l d )  o f  5P  as a  w h i t e  hyg roscop ic  

I s o l i d ,  The H and 13c NMR da ta  a r e  g i v e n  i n  Tab le  I .  T h i s  sample was n o n - t o x i c .  
17 

H y d r o l y s i s  o f  5. - The NMR spect rum o f  5 5  (1  mg i n  5% DCI i n  99.7% D20) a f t e r  6 h  showed an 

e q u i l i b r i u ~ n  i s i x t u r e  o f  65% n o r t e t r o d o t o x i n  and 35% nnoranhydro te t rodo tox in  5 .  A  b ioassay  o f  t h i s  

s o l u t i o n  showed a  t o t a l  o f  2600 mouse u n i t s 1 7  c o r r e s p o n d i n g  t o  a p p r o x i m a t e l y  0.70 mg o f  ?. Re- 

l y o p h i l i z a t i o n  o f  t h i s  whole sample and r e d e t e r m i n a t i o n  o f  t h e  NMR i n d i c a t e d  a s h i f t  i n  e q u i l i b r i u m  

t o  44% 3 and 56:: 5 .  T h i s  e q u i l i b r a t i o n  o f  n o r t e t r o d o t o x i n  ( 3 )  and n o r a n h y d r o t e t r o d o t o x i n  ( 5 )  

p a r a l l e l s  t h a t  between t e t r o d o t o x i n  (1) and a n h y d r o t e t r o d o t o x i n  (4) (72:25)  under  s i m i l a r  



TABLE I 

NMR SPECTRAL ASSIGNMENTS FOR 4,9-ANHYDROTETRODOTOXIN (4), 

I1-NOR-4,9-ANHYDROTETRODOTOXIN ( $ ) ,  METHOXYAMINE PRODUCT 6, AND 8.  

S l g n a l  C H E M I C A L  S H I ~ T S , ~ . ~  6 .  P P ~  

A s s i g n -  P r o t o n  Carbon-13 

nient 
b  4 gd 6 8 4 5 

a ' ~ p e c t r a  t a k e n  on V a r i a n  XL-100, 100  MHz NMR i n s t r m e n t  i n  FT made; D20. 6 ppm 

d o w n f i e l d  r e l a t i v e  t o  CHD2C000 s e t  a t  2 . 03  porn r e l a t i v e  t o  TMS = 0. A l l  p r o t o n  

s i g n a l s  had r e l a t i v e  a r e a  1  e x c e p t  CH2 s i g n a l  i n  4 and 0CH3 s i g n a l s  i n  6 and 8. 

1 
b ) ~ l g n a l s  a r e  f o r  t h e  H a n d  I 3 C  a toms as  numbered i n  f o rmu las  9, 5 ,  and 6. ' ) s i g n a l s  

a r e  e i t h e r  s i n g l e t s ,  s ,  o r  d o u b l e t s ,  d ,  w i t h  c o u p l i n g  c o n s t a n t s  as  g i v e n  i n  f o o t -  

n o t e s .  d ) ~ a k e n  o n  Bruker 360  1Hr i n s t r u l n e n t  i n  FT mode; c o m p l e t e  d e c o u p l i n q  s t u d y  

made f o r  p r o t o n  a s s i g n m e n t s .  e ) ~ 7 - 8  o r  J8_7 = 2  Hz .  ' )Ass ignment  by a n a l o g y  t o  

t h o s e  o f  compounds ! and 4 .  g ) ~ 4 a - 5  o r  J5-4a = 3  Hz.  h ' ~ r i p l e t ,  J4a -5  = 3 Hz, 

J5-7 = 2 H z ,  i ) ~ r i p l e t  J 5 - 7  = 2 Hz, J7 -8  = 3  Hz .  " 4 ~  q u a r t e t ,  J = 4 .5  Hz a s  

r e v e a l e d  a t  300 MHz. k ' ~ w o  peaks a t  d 4.70 a n d  4 . 2 4  "om i n  a p p r o x i m a t e  r a t i o  o f  

1 . 0  t o  0 . 8 ;  combined area  of  3. 
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c o n d i t i o n s .  1,9,10 

R e a c t i o n  of  5 w i t h  Methoxyamine. S i n c e  i t  seems p o s s i b l e  t h a t  methoxyamine c o u l d  r e a c t  w i t h  

t h e  c a r b i n o l - a m i n e ,  l a c t o n e  or h e m i l a c t a l  s t r u c t u r e s  o f  !, 2, 5, or  2 ,  i t  was f i r s t  de te rm ined  t h a t  

t e t r o d o t o x i n  i t s e l f  l o s t  about  5% of  i t s  a c t i v i t y  when t r e a t e d  w i t h  methoxyamine a t  pH 5  a f t e r  5 h  

b u t  75% a f t e r  7 5  h .  The NMR spect rum o f  a n h y d r o t e t r o d o t o x i n  ( 4 )  d i d  n o t  change s i g n i f i c a n t l y  i n  t h e  

p r e i e n c e o f n l e t h o x y a n ~ i n e a t  pH 5  o v e r  a  24-h p e r i o d .  N o r a n h y d r o t e t r o d o t o x i n ,  p repared  as desc r ibed  

frm 1.0  mg ( 3 . 3  ,~rno le)  o f  3 ,  was d i s s o l v e d  i n  1 . 0  ml o f  wa te r  c o n t a i n i n q  5  PI of t r i f l u o r o a c e t i c  

a c i d  and 1 ,1 ( 2 0  imole) o f  d i s t i l l e d  methoxyamine18 a t  pH 5. A f t e r  24 h  a t  20°C t h e  s o l u t i o n  was 

l y o p h i l i r e d  and  t h e  r e s u l t i n g  w h i t e  powder r e l y o p h i l i r e d  from 99.7% D20 t o  g i v e  t h e  p r o d u c t  6 .  The 

NMR s p e c t r a l  da ta  are g i v e n  i n  Tab le  I .  

At tempted  K e t a l i z h t i ? & .  A sample of  5 prepared  as above from 2 . 7 7  mg of 4 was d i s s o l v e d  -- 

i n  a m i x t u r e  o f  0 . 6  N  anhyd. m e t h a n o l i c  HC1 and t e t r a m e t h y l o r t h o c a r b o n a t e  (1 .5  m l ,  1  : I )  and  s t i r r e d  

under  N2 a t  60°C f o r  15 h .  The r e a c t i o n  m i x t u r e  was s t o r e d  i n  a  d e s i c c a t o r  b e s i d e  a  separa te  con- 

t a i n e r  o f  anhyd. KOH-CH30H. The s o l u t i o n  was c o n c e n t r a t e d  and l y o p h i l i z e d  w i t h  D20 (3X) t o  o l v e  a  

1  
w h i t e  h y g r o s c o p i c  powder which had a H  NMR spec t rum c l o s e l y  resemb l ing  t h a t  o f  s t a r t i n q  5 (Table I )  

excep t  f o r  t h e  appearanc?  of  a s i n g l e  new methoxy s i g n a l  ( 6  3.5C, 3  H) .  There was no c o u p l i n g  

between t h e  p r o t o n  s i g n a l s  a t  C-4 and C-4a showing t h a t  t h e  anhydro b r i d g e  was n o t  h y d r o l y z e d .  The 

spect rum i s  c o m p a t i b l e  w i t h  t h e  o r t h o e s t e r  s t r u c t u r e  2 .  T h i s  sample was d i s s o l v e d  i n  5 N C I  i n  

D O  (350  .: I) ;  a f t e r  5  h  t h e  NMR showed a somewhat broadened d o u b l e t  a t  2 .40 ponl, J = 9.0 Hz ,  cha r -  2  

a c t e r i i t i c  o f  t h e  s i g n a l  f a r  t n e  C-4 p r o t o n  i n  ! ( a  2.30 ppm, J4a-4 = 5.0 H z )  and ( E  2.21 ?Dm, 

J 4 a - 4  = 9.5 H z ) .  The methoxy s i g n a l  a t  3.48 ppm remained and c o u l d  n o t  be d i m i n i s h e d  by repeated 

l y o p h i l i i a t ~ o n s .  These data are  c o n s i s t e n t  w i t h  s t r u c t u r e  8. T h i s  m a t e r i a l  f a i l e d  t o  show s ig -  

n i g i c a n t  t o x i c i t y  i n  t h e  mouse t e s t .  
17 
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