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ABNORMAL HOFMANN DEGRADATION O F  

TETRAHYDROPROTOBERBERINIUM S A L T S  
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P h a r m a c e u t i c a l  I n s t i t u t e ,  Tohaku  U n i v e r s i t y ,  Aobayama,  S e n d a i ,  J a p a n  
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Mitsumaru P h a r m a c e u t i c a l  P a r t n e r s h i p  L imi ted ,  O c h i a i ,  Miyagi ,  J a p a n  

Hofmann d e g r a d a t i o n  of 7,8,13,13a-tetrahydro-9-hydroxy-2,3 ,lo- 

trimethoxy-7-methylprataberberinium iodide ( 2 )  with methanol ic  

po tass ium hydrox ide  g a v e  1,2,3,4-tetrahydm-I-(3-hydroxy-4-methoxy- 

2-methaxymethylbenayl)-6 ,7-dimethoxy-2-methylisoquinoline (13) 

i n  add i t ion  to  the  normal  methine b a s e  (7). Abnormal  Hofmann d e g r a -  

da t ion  w a s  o b s e r v e d  with nandinine methiodide (4)  and i t s  i s o m e r  (5) .  

M o r e o v e r ,  t h i s  communication d i s c u s s e s  t h e  r e a c t i o n  m c h a n i s m  of 

the  a b n o r m a l  Hofmann d e g r a d a t i o n  and t h e  b i o g e n e s i s  of the  p ro to -  

b e r b e r i n e  a lka lo id  mecambridine (19). 

Hofmann d e g r a d a t i o n  of the p r o t o b e r b e r i n i u m  s a l t  (1) g ives  t h e  methine b a s e  (6) 

a n d  i n  s o m e  c a s e s ,  t h e  second  methine b a s e  (11) is formed as a minor  p roduc t  i n  

addi t ion to  6.l A second  type of methine b a s e  is needed  for t h e  s y n t h e s i s  of a 

2 
p ro top ine  a lka lo id  a n d  we c a r r i e d  out  a Hofmann d e g r a d a t i o n  of s c h e f f e r i n e  methio- 

d i d e  (2) t o  f o r m  a n  abnormal  p roduc t  (13) a long  with a normal  methine b a s e  (7). H e r e  

we wish t o  r e p o r t  o n  t h i s  r e s u l t .  



3 4 (1) R ~ + R ~ = C H ~ ,  R =H, R  OM^ 

1 2  7 4 ( 2 )  R =R =Me,  R =OH, R =H 
I~ 1 2  3 4 ( 3 )  R =R =Me,  R =OMe,  R =H 
R~ 1 2  3 4 

( 4 )  R +R & H z ,  R =OH, R =H 
OMe 1 2  3 4 ( 5 )  R +R =CH2,  R =H, R =OH 
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Hea t ing  2 ,  p r e p a r e d  by o u r  method ,3 with 2 0  % methanolic po tass ium hydrox ide  

f o r  0 . 5  h  on a w a t e r  ba th  gave  the  normal  methine b a s e  (7) i n  4 7  76 yield [ Y  ( c H c ~ ~ )  

-1 
3590 cm (OH); 6 ( c D c ~ ~ )  5.12 ( l H ,  d d ,  .J - 2 a n d  9 H a ,  H > ~ = ~ <  ) ,  5.44 ( l ~ ,  d d ,  

J 2 a n d  17 H z ,  H > ~ = ~ 3  ), and 7.18 (lH , d d ,  1 9 and 17 H z ,  -CH_=CH2)] a n d  a n  - ' H - 
unexpected compound (13) i n  7.5 9 ~ i e l d  [ v  ( c H c ~ ~ )  3580 cm-1 (OH);  h ( M ~ O H )  287 

n m ] ,  which showed  a n  a l ipha t i c  0-methyl ( 6 3 . 3 5 ) ,  ?ethylene p r o t o n s  (4 .27 a n d  4 .52 ,  

e a c h  IH,  e a c h  d ,  J 11 HB)  be tween  a n  a r o m a t i c  r i n g  and 0 - func t ion ,  a n d  a n  a r o m a t i c  

p r o t o n  (5 .80 ,  s) r e s o n a t i n g  a t  a n  abnormal  h i g h e r  field in add i t ion  to  one  N-methyl 

(2 .52) .  t h r e e  a r o m a t i c  0-methyl [3.47 ( 3 ~ )  a n d  3.82 (6H)] a n d  t h r e e  a r o m a t i c  p r o -  

ton L6.47 ( l H ,  d ,  J 8 H a ) ,  6 .55  ( lH,  s ) ,  a n d  6.72 ( l H ,  d ,  J 8 HZ)] .  T h e  m a s s  

s p e c t r u m  r e v e a l e d  a fragment  ion as a b a s e  peak  a t  m/e 206,  which sugges ted  a 

p r o d u c t  with t h e  1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquinoline s y s t e m .  

T h e  s a m e  t rea tment  of 2  with e thano l ic  po tass ium hydroxide a f fo rded  7 in 43 .6  % 

yield  a n d  the  0 - e t h y l  ana logue  (14) in 8.4 % yie ld  [b  ( c D c ~ ~ )  1.20 (3H,  t ,  J 7 H e ,  

CH C H  ) ] .  T h e  i r ,  uv a n d  n m r  s p e c t r a  of 14 w e r e  c l o s e l y  s i m i l a r  to  t h o s e  of t h e  
2  -3 

p r o d u c t  from t h e  t r e a t m e n t  with methanol ic  po tass ium hydrox ide .  T h u s ,  t h e  un- 

expec ted  compounds could b e  a s s i g n e d  the  s e c o p r o t o b e r b e r i n e  s t r u c t u r e s  13 a n d  

1 4 ,  r e s p e c t i v e l y .  

T h e  format ion mechanism of 13 from 2 i s  tha t  involving a quinonoid in te rmedia te  

(17), but  does  no t  involve a n  SN 2 type  r e a c t i o n  as shown i n  18. T h i s  f a c t  was  

p r o v e d  by t h e  format ion of only methine b a s e  (8) i n  a Hafmann d e g r a d a t i o n  of t h e  non- 

phenol ic  q u a t e r n a r y  b a s e  ( 3 )  u n d e r  the  s a m e  r e a c t i o n  condi t ion.  

4  
S i m i l a r l y ,  nandinine methiodide (4)  g a v e  t h e  methine b a s e  ( 9 )  in 38.6 $ yield  [ h  

(CDC13) 5.12 (1H. d d ,  J_ 2 a n d  10 H z ) ,  5.42 ( l H ,  d d ,  2 2 a n d  17 H z ) ,  a n d  7.17 ( lH ,  

d d ,  2 10 and 17 HZ)]  and the  s e c o p r o t o b e r b e r i n e  (15) i n  5  % yie ld  [ ~ ( C D C ~ ~ )  3.38 



(3H,  s ,  A ~ C H ~ O C ~ I ~ ) ] ,  4 .38  and 4 .59  (each  l H ,  e a c h  d ,  J 11.5 H a ,  A r C E 2 0 ~ e ) ,  

a n d  5.98 ( IH,  s ,  8 - H)] , but not the  s e c o n d  methine b a s e  (12) as r e p o r t e d  by 

KOH 

4 
Giacope l lo  and c o - w o r k e r O 5  I s o m e r  (5)  of nandinine methiodide a f fo rded  the methine 

b a s e  (10) i n  18.8 $ yield  [6 ( C D C ~ ~ )  5.15 ( l ~ ,  d d ,  J 2 and 10 H z ) ,  5.43 ( lH ,  d d ,  

2 and 16 H z ) ,  a n d  7.21 O H ,  d d ,  J 10 and 16 HZ)] a n d  t h e  s e c o p r o t o b e r b e r i n e  (16) i n  

58 .8  $ yield [6 (CIJCl3) 3 .28  ( 3 ~ .  s ,  A ~ C H ~ O C E ~ ~ ) ,  4.13 ( 2 ~ .  s ,  ArCFI2OMe) a n d  

5 . 9 9 ( l H ,  s ,  8 - H ) ] .  

T h e  format ion of t h e  s e c o p r o t o b e r b e r i n e  type b a s e  from the q u a t e r n a r y  t e t r a -  

hydropro toberber in ium s a l t  would p rov ide  a s t r o n g  ev idence  for the  b iogenes i s  of 

mecambridine (19) as shown in t h e  following s c h e m e .  
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