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PHENOL OXIDATION OF ISOQUINOLINE ALKALOIDS WITH 

CUPROUS CHLORIDE AND OXYGEN I N  PYRIDINE AS AN ENZYMATIC MODEL. 

BIOMIMETIC TOTAL SYNTHESIS OF 

CORYTUBERINE, ISOBOLDINE, PALLIDINE, ORIENTALINONE AND KREYSIGINONE 

Phenol  o x i d a i t o n  o f  ( + ) - r e t i c u l i n e  (1) p e r c h l o r a t e  w i t h  

cuprous c h l o r i d e  and oxygen i n  p y r i d i n e  gave ( + ) - c o r y t u b e r i n e  

(21,  ( + ) - i s o b o l d i n e  (31 ,  and p a l l i d i n e  ( 4 ) .  Under t h e  same 

r e a c t i o n  c o n d i t i o n s ,  ( + I  - 0 r i e n t a l i n e  ( 5 )  p e r c h l o r a t e  y i e l d e d  

( ' ) - o r i e n t a l i n o n e  ( 6 )  and i t s  epimer ( 7 ) ,  w h i l e  ( + ) - 1 , 2 , 3 , 4 -  

tetrahydro-7-hydroxy-1- (4-hydroxy-3-methoxyphenethy1)-6- 

methoxyisoquinol ine  ( 8 )  hydroch lo r ide  f u r n i s h e d  (t) -krey-  

s i g i n o n e  ( 9 )  and t h e  d i a s t e r e o i s o m e r  ( 1 0 ) .  Oxida t ion  w i t h  

c u p r i c  c h l o r i d e  and potass ium supe rox ide  i n  p y r i d i n e  gave 

rise t o  t h e  s i m i l a r  r e s u l t s .  

The o x i d a t i o n  and coup l ing  o f  phenols  i s  a  s u b j e c t  o f  g r e a t  impor- 

t a n c e  i n  b iochemis t ry  and o r g a n i c  chemistry. '  P a r t i c u l a r l y ,  i n  an 

i s o q u i n o l i n e  a l k a l o i d  f i e l d ,  b i o s y n t h e t i c  pathways t o  a  v a r i e t y  o f  

t h e  a l k a l o i d  groups ,  f o r  example, apo rph ines ,  morphines,  p roapo rph ines ,  

c u l a r i n e s ,  b i s b e n z y l i s o q u i n o l i n e s  and p h e n e t h y l i s o q u i n o l i n e s ,  2 , 3  

i n v o l v e  phenol  o x i d a t i v e  c o u p l i n g  a s  a  key r e a c t i o n .  The t h r e e  main 



c l a s s e s  of  enzymes known a s  c a t a l y s t  f o r  phenol  o x i d a t i o n  and coup l ing  

a r e  t h e  l a c c a s e ,  t h e  t y r o s i n a s e ,  and t h e  pe rox idase .  However, succes s  

i n  demonst ra t ing  t h e  i n t r a m o l e c u l a r  coup l ing  w i t h  enzymes i n  v i t r o  has  

so f a r  been l i m i t e d .  4 r 5  On t h e  o t h e r  hand, t h e r e  a r e  many examples 

6a-g o f  t h e  phenol  o x i d a t i o n s  u s ing  potass ium f e r r i c y a n i d e ,  f e r r i c  

t h a l l i u m  t r i s t r i f l u o r o a c e t a t e  6  i 
c h l o r i d e , 6 f  vanadium oxych lo r ide ,  

and s o  on a s  chemical  o x i d i z i n g  a g e p t s ,  a l t hough  most of  them gave 

u n s a t i s f a c t o r y  y i e l d s .  We examined phenol  o x i d a t i o n  o f  some i soquino-  

l i n e  a l k a l o i d s  by a  mixture  o f  cuprous c h l o r i d e  and oxygen i n  p y r i d i n e  

a s  an enzymatic  model, which has  a l r e a d y  been used f o r  i n t e r m o l e c u l a r  

coup l ing  o f  some s imp le  phenols  such a s  2,6-dimethylphenol ,  and h e r e  

wish  t o  r e p o r t  t h e  t o t a l  s y n t h e s i s  of  c o r y t u b e r i n e  ( 2 ) ,  i s o b o i d i n e  

(3), p a l l i d i n e  ( 4 ) .  ( ? ) - o r i e n t a l i n o n e  ( 6 ) ,  and ( t ) - k r e y s i g i n o n e  ( 9 ) .  

A s o l u t i o n  o f  ( + ) - r e t i c u l i n e  ( 1 l 8  p e r c h l o r a t e  (126 mg, 0 .3  nunol) i n  

p y r i d i n e  (6  m l )  was added dropwise o v e r  10 min a t  20° w i t h  e f f i c i e n t  

s t i r r i n g  under  an oxygen atmosphere t o  a  dark  g reen  mix tu re ,  which 

was p repa red  by t h e  a b s o r p t i o n  o f  oxygen i n t o  a  mix tu re  of  cuprous 

c h l o r i d e  (60 mg, 0.3 mmol) i n  p y r i d i n e  ( 6  m l ) .  A f t e r  30 min, c r y s t a l l i n e  

ammonium c h l o r i d e  was added. Then t h e  mixture  was p a r t i t i o n e d  between 

ch loroform and d i l u t e  ammonia. The ch loroform e x t r a c t  was p u r i f i e d  

by a  p r e p a r a t i v e  t.1.c. on s i l i c a  g e l  t o  a f f o r d  ( + ) - o o r y t u b e r i n e  ( 2 )  9-11 

(27.4 mg, 28 % )  , ( + ) - i s o b o l d i n e  ( 3 ) 1 2  (7 .8  mg, 8 % )  and p a l l i d i n e  ( 4 )  
11 

(7 .7  mg, 6 % ) .  

A s i m i l a r  r e a c t i o n  o f  ( + )  - 0 r i e n t a l i n e  ( 5 )  p e r c h l o r a t e 1 3  gave ( + )  - 

o r i e n t a l i n o n e  (6 o r  7) 13'14 (19.4 % )  and ( + ) - i s o - o r i e n t a l i n o n e  ( 7  o r  

6 )  (6.5 % )  , w h i l e  a  racemic p h e n e t h y l i s o q u i n o l i n e  ( 8 )  hyd roch lo r ide  6f , 9  

p rov ided  ( ? ) - k r e y s i g i n o n e  ( 9 )  6 f ' g  (11.4 %) and t h e  d i a s t e r eo i somer  
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Scheme 1 

OH 

6 
( 6 ) racemate ( 7 ) racemate 

( 9 ) racemate ( 10 ) racemate 
( 8 )  

of (10) 6 f ' g  ( 2 6 . 6  % )  under t h e  s i m i l a r  condi t ions  a s  above. 

The above reac t ions  have t h e  following c h a r a c t e r i s t i c  f e a t u r e s .  



The or tho-or tho ox ida t ive  coupling of r e t i c u l i n e  t o  corytuber ine  wi th  

chemical reagent i s  t h e  f i r s t  example. An equinolar amount of cuprous 

ch lo r ide  f o r  t h e  s u b s t r a t e  was required f o r  t h e  consumption of t h e  

s u b s t r a t e .  The use of t h e  s a l t s  a s  t h e  s u b s t r a t e s  f o r  t h e  r e a c t i o n  

appears t o  be favorab le .  The oxidat ion using f r e e  base y ie lded  a 

more t a r r y  mate r i a l .  The work-up of  t h i s  r e a c t i o n  is easy comparing 

wi th  t h e  use o f  t h e  o t h e r  ox id iz ing  agents .  

The use of t h e  o t h e r  s o l v e n t  such as  dimethylformamide i n  palce  of 

pyr id ine  f o r  t h e  above r e a c t i o n  gave a poor r e s u l t  and longer  r e a c t i o n  

time. Cuprous bromide gave a  s i m i l a r  r e s u l t  a s  cuprous c h l o r i d e ,  b u t  

t h e  use of  d i v a l e n t  copper s a l t s  such a s  cupr ic  ch lo r ide  i n s t e a d  of  

cuprous c h l o r i d e  gave no oxidized product.  

Two mechanisms could be considered f o r  t h e  above ox ida t ion .  The 

f i r s t  one resembles t o  t h e  t y s o s i n a s e  i n  which t h e  copper would 

Scheme 2 

A r O H  HO; 
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be i n  t h e  cuprous s t a t e  throughout  t h e  r e a c t i o n  and phenols  a r e  oxi -  

d ized  d i r e c t l y  w i th  a c t i v a t e d  molecular  oxygen t o  a ry loxy  r a d i c a l s  

a s  i n  t h e  fo l lowing equat ion .  

ArOH + O2 A r O .  + HO 
2 ' 

The second one i s  r e l e v a n t  t o  t h a t  f o r  t h e  l a c c a s e , l ' 1 6  i n  which 

one e l e c t r o n  o f  one phenol  group i s  t r a n s f e r e d  t o  molecular  oxygen 

v i a  copper,  t h e  va lence  of  which changed du r ing  t h e  r e a c t i o n  a s  shown - 
i n  t h e  Scheme 2 .  

T s u j i  and h i s  co-workers found an o x i d a t i v e  c leavage  o f  c a t e c h o l  

o r  phenol t o  monomethyl muconate under t h e  s i m i l a r  r e a c t i o n  cond i t ions  

as above e x c e p t  t h e  presence  of  methanol and regarded t h e  o x i d a t i o n  

a s  t h e  model r e a c t i o n  o f  pyrocatechase .17  Moro-oka and Foote demon- 

s t r a t e d  t h a t  superoxide  a c t s  i n  t h e  s i m i l a r  way o f  pyrocatechase  and 

metapyrocatechase.18 I n  o r d e r  t o  c l a r i f y  t h e  mechanism o f  t h e  above 

ox ida t ion ,  t h e  fo l lowing r e a c t i o n s  were s t u d i e d .  When a  mixture of  

c u p r i c  c h l o r i d e  and an excess o f  potassium superoxide  i n  p y r i d i n e  was 

s t i r r e d  f o r  s e v e r a l  hours a t  room tempera ture  under n i t r o g e n  atmos- 

phere ,  t h e  c o l o r  o f  t h e  s o l u t i o n  changed to  dark  green.  With t h i s  

mixture ,  ( 5 ) - r e t i c u l i n e  (racemate o f  1) p e r c h l o r a t e  was conver ted  

i n t o  ( f )  - co ry tube r ine  (racemate of  2) (32.5 %) , ( + I  - i sobo ld ine  

( racemate  of  3) (8 .5  % )  and ( 5 ) - p a l l i d i n e  ( racemate  of 4) (6 .5  % )  , 

whereas ( + I - o r i e n t a l i n e  ( 5 )  p e r c h l o r a t e  was transformed t o  a  mixture  

of (t) - o r i e n t a l i n o n e  (6) and i s o o r i e n t a l i n o n e  ( 7 )  ( 2 5  % y i e l d ) ,  t h e  

ratio of two components o f  which was n e a r l y  c o n s i s t e n t  w i t h  t h e  c a s e  

of t h e  mixture  of  cuprous c h l o r i d e  and oxygen i n  py r id ine .  Nei ther  

potassium superoxide i n  p y r i d i n e  nor  potassium superoxide  and cuprous 

c h l o r i d e  i n  p y r i d i n e  under n i t r o g e n  atmosphere ox id i zed  t h e  above 



s u b s t r a t e s ,  b u t  t h e  s t a r t i n g  m a t e r i a l  was recovered .  It i s  t h u s  

presumed t h a t  t h e  s t a g e  such a s  C i n  Scheme 2  would o p e r a t e  on t h e  

above o x i d a t i o n ,  a l t hough  c u p r i c  c h l o r i d e  cou ld  b e  reduced  w i t h  

po tass ium supe rox ide  t o  cuprous s a l t  a s  shown i n  t h e  fo l l owing  

equa t ion .  

2CuC12 + 2K02 -4 CU 2 C 1  2  + 202 + 2KCl 

Fur thermore ,  on t h e  o x i d a t i o n  i n  p y r i d i n e  u s i n g  a  d i v a l e n t  copper  

complex, [ p y r i d i n e  CuC1 (OCH.,) 1 *, prepa red  acco rd ing  t o  t h e  r e p o r t e d  

p rocedu re ,7b  ( I ) - r e t i c u l i n e  ( r acema te  of 1) and ( I ) - o r i e n t a l i n e  (5 )  

p e r o h l o r a t e s  a f f o r d e d  t h e  same r e a c t i o n  p r o d u c t s  a s  above. The re fo re .  

t h e  above o x i d i z i n g  sys tem,  ouprous chloride-oxygen-pyridine,  would 

be r ega rded  a s  a l a c o a s e  enzymat ic  model i n v o l v i n g  redox copper .  
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