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OXIDATIVE RING CLEAVAGE OF CORALYNE ALKALOID 
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Oxygenation o f  cora lyne a l k a l o i d ,  a nonenzymic model of t he  

oxygenase, has been inves t iga ted .  A s o l u t i o n  o f  d ihydrocoralyne 1 - 
o r  13-hydroxycoralynium beta ine  2 i n  t he  presence o f  sodium - 
a l kox ide  was al lowed t o  contac t  w i t h  a i r  under i l l u m i n a t i o n  o f  

v i s i b l e  l i g h t  t o  g i ve  6,7-dimethoxyisoquinolone-1 3 and the  cor re-  - 
sponding 3-methyl-3-alkoxy-5,6-dimethoxyphthalide 4 o r  5. When - - 
the  same au tox ida t i on  was c a r r i e d  ou t  i n  t he  presence of boro- 

hydr ide  anion, 3 and 3-methyl-5,6-dimethoxyphthalide 6 were - - 
obta ined along w i t h  13-hydroxycoralydine. Oxygenation of  2 i n  ., 
the  presence o f  cuprous c h l o r i d e  l e d  t o  2 ' -ace ty lpapavera ld ine  11. -- 
On the  o the r  hand, i r r a d i a t i o n  o f  2 i n  ch lo ro form i n  the presence - 
of Rose Bengal gave a 1 : l  m i x tu re  o f  11 and 2'-carbomethoxy- 

*- 

papaveraldine 12. -- 
The mechanisms were a l so  discussed. 

The ex is tence o f  t he  isoquinolone a l k a l o i d s  together  w i t h  the major  berber ine  

a l k a l o i d s  i n  p l a n t s  has been reported,  and the  p o s s i b i l i t y  was recognized t h a t  

1 t h e  isoqu ino lone might  be a r e s u l t  o f  enzymic ox ida t i on  of these major  a l k a l o i d s  . 
However, t he  mode o f  o x i d a t i o n  of  t he  berber ine  a l k a l o i d s  i n  p l an t s  i s  l i t t l e  

known a t  t he  present  time. I n  t h i s  communication we r e p o r t  t he  oxygenation of  

coralyne a l k a l o i d ,  a nonenzymic model of t he  dioxygenase2, i n  which t h e  products 



a re  dependent on a  d i f f e r e n t  exc i t a t ion  means of oxygen. 

3  A so lu t ion  of dihydrocoralyne 1  in hot  methanol was kept f o r  2 h r  a t  pH 8 - 
and t o  the so lu t ion  subsequently was added sodium methoxide. The so lu t ion  was 

allowed t o  stand under i l luminat ion of a  photoflood lamp t o  give 6,7-dimethoxy- 

4  isoquinolone-1 3 ,  C l l H 1  I O B N ,  mp 244-245' ( l i t . ,  mp 237'), and 3-methyl-3,5,6- - 
5 trimethoxyphthalide 4, C12H140b, mp 150-15Z0, in moderate y i e l d s .  3: IR (KBr) ., - 

cm-': 3450 (>NH), 1658 and 1632 (amid0 carbonyl) .  U V  (EtOH) nm ( log  E ) :  246 

(4.261, 253 ( s h ,  4.00),  268 (3 .48) ,  278 (3.48),  290 (3 .51) ,  310 (3 .25) ,  322 (3.35) 

335 (3.24). NMR (C0cl3) ppm: 1.75 (lH, b r . s ,  >Nt) ,  4.01 (3H, s ,  -OC13), 4.04 

(3H, s ,  -OC&), 6.46 (lH, d ,  J = 8  Hz, Ar-CFCH-N<), 6.88 (lH, s ,  Ar-H), - 7.10 (lH, 

br.  d ,  J=8Hz, Ar-CH=CH--N<), 7.75 (lH, s ,  Ar- l ) .  MS m/e: 205 (M'). 4 :  IR (KBr) - 
cm-': 1745 ( lac tone carbonyl) .  UV (EtOH) nm ( log  e ) :  221 (4 .14) ,  257 (3 .71) .  

293 (3.601, 300 ( sh ,  3 .57) .  NMR (CDCl,) ppm: 1.80 (3H, s ,  -CH3), 3.07 (3H, s ,  

-OC&), 3.93 (3H, s ,  Ar-0Cji3), 6.80 (lH, s ,  Ar - t ) ,  7.20 (lH, s ,  Ar-l) .  MS mle: 
t 

238 (M ) .  Similar  oxidation accompanied by cleavage of the  hetero-ring was 

observed by t h e  addit ion of c a u s t i c  a l k a l i  i n  aqueous so lu t ion ,  but t h e  corre- 

sponding phthalide could not  be i so la t ed .  
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It i s  considered t h a t  t h e  o x i d a t i v e  cleavage o f  1  proceeds v ia  t he  i n i t i a l  - 
format ion o f  t he  phenolbeta ine 2. Our p rev ious  work has demonstrated t h a t  1  i s  - - 
ox id i zed  t o  2  i n  q u a n t i t a t i v e  y i e l d  under t h e  p h y s i o l o g i c a l  cond i t ions3 .  A  so lu -  - 
t i o n  o f  2  i n  methanol con ta i n i ng  sodium methoxide was a l lowed t o  con tac t  w i t h  - 
a i r  under i l l u m i n a t i o n  o f  v i s i b l e  l i g h t  t o  g i ve  3  and 4 i n  approximately  50% - - 
and 30% y i e l d s ,  r e s p e c t i v e l y  (Scheme 1 ) .  When sodium ethoxide-ethanol  s o l u t i o n  

was used i n  t h e  p lace  of sodium methoxide, t h e  au tox ida t i on  o f  2  gave 3  and - - 
3-ethoxy-3-methyl-5.6-dimethoxyphthalide 5, C13H160V, o i l ,  i n  approximately  45% - 
and 30% y i e l d s ,  r espec t i ve l y .  5: I R  (CHC13) cm-' : 1753 ( l ac tone  carbony l ) .  - 
UV (MeOH) nm ( l o g  E ) :  223 (4.14), 261 (3.62), 293 (3.50), 300 (sh, 3.48). NMR 

(CDC13) ppm: 1.15 (3H, t, J=8 Hz, -OCH2CL3), 1.82 (3H, s, - C b ) .  3.10 ( lH ,  dq, 

Jgem=9 HZ, J  . =8 Hz, -0CHH-CHB), 3.44 ( lH ,  dq, J -9 Hz, JVic=8 Hz, -0CHH--CH3), ~1 c gem 

6.90 ( lH,  s, Ar-H), 7.30 ( lH ,  s, Ar-H). MS m/e: 250 (M'). 

The a u t o x i d a t i v e  degradat ion o f  2  i s  r a t i o n a l i z e d  by a d d i t i o n  o f  s i n g l e t  - 
oxygen t o  form a perox ide  i n te rmed ia te  7, which cou ld  c leave v ia  1,2-dioxetane 6  - 
8 and hydro lyze  by concomitant a t t a c k  of t h e  nuc leoph i l e  t o  3  and t h e  co r re -  - - 
spending p h t h a l i d e  (Scheme 2 ) .  The mechanism i s  f u r t h e r  supported by t he  f ac t  

t h a t  t h e  oxygenation o f  2  was c a r r i e d  ou t  i n  methanol i n  t he  presence of sodium - 
borohydr ide t o  g i ve  3  and 3-methyl-5,6-dimethoxyphthalide 6, C11H120a. mp 101- - - 

7 10ZO (lit., 100-10lo), t oge the r  w i t h  13-hydroxycoralydine,  C22H2701N, mp 185- 

187", i n  26%, 162, and 4% y i e l d s ,  r e s p e c t i v e l y .  6: I R  (KBr) cm-': 1730 ( l a c t o n e  - 
carbony l ) .  UV (EtOH) nm ( l o g  €1: 221 (4.11), 257 (3.67) ,  293 (3.58) .  300 (sh,  

3.52). NMR (CDC13) ppm: 1.60 (3H, d, 5-7 Hz, >CH-CH,), - 3.92 (3H, s, -OCH3), - 
3.96 (3H, s, -OCH3), - 5.43 ( lH,  q, J=7 Hz, ~ r - t i - o ) ,  6.98 ( lH,  s, Ar-HJ, 7.22 

1  s A -  In t h e  f i n a l  s t ep  o f  t h e  mechanism, t he  borohydr ide  anion a t t acks  

t o  t he  amido-lactone in te rmed ia te  10 t o  g i ve  t he  p h t h a l i d e  6. When t he  same -- - 
r e a c t i o n  was c a r r i e d  o u t  i n  t he  s o l u t i o n  p rev ious l y  deac t i va ted  by acetone, t he  



Scheme 2 

products, 3 and 4 ,  were exact ly  analogous t o  the  autoxidation in sodium meth- 
* - 

oxide-methanol so lu t ion .  

Of i n t e r e s t  the  oxidation of 2 i n  DMF in the  presence of cuprous chlor ide  
* 

which catalyzed the  ac t iva t ion  of molecular y ie lded 2 '-acetylpapa- 
3 vera ld ine  11 i n  quan t i t a t ive  y i e l d .  Since s i n g l e  oxygen i s  in se r t ed  in 2 ,  the  -- - 

most l i k e l y  in termedia te ,  the  peroxide 13,  formed v ia  rearrangement of 7, should -- - 
e x i s t  before f i n a l  r ing  opening (Scheme 3 ) .  When i r r a d i a t i o n  of 2 - in chloro- 

form in the  Presence of Rose Bengal was performed, a 1 : l  mixture of 11 and 2 ' -  -- 
carbomethoxypapaveraldine 12, C22H2~07N, mp 210-21Z0, was obtained. 12: IR -- -- 
(KBr) cm-I: 1705 ( e s t e r  carbonyl) ,  1675 (Ar-CO-Ar), 1438 and 1355 (carbomethoxy). 

uv ( E ~ O H )  nm ( log  E ) :  235 (4 .43) ,  260 (sh ,  4.20),  298 (3 .70) ,  343 (3.68).  NMR 

(CDCls) ppm: 3.20 (3H, S ,  -COOCfi3), 4.00 (6H, s ,  -OCfi3), 4.07 (3H, S ,  -OCfi3), 

4.13 ( 3 H , s ,  -OC&), 7.08 (lH, s ,Ar - f i ) ,  7.18(1H, s , A r - K ) ,  7.20 ( lH,  s ,  Ar-H), - 
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Scheme 3 

-CH=CH-N<). MS mle: 411 ( M t ) ,  396, 380, 368, 352. The mechanism of formation 

of 12 invo lves simultaneous c y c l i z a t i o n  of 13 t o  a three-membered c y c l i c  per- -- -- 
oxide 14 (Scheme 3).  -- 

The analogous ox ida t i ve  r i n g  cleavage has been extended t o  the berber ine 

10 a l ka lo ids  . 
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