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OXIDATION OF CORONARIDINE 

* 
Kamesh R a s t o g i  , R a n d h i r  5 .  K a p i l  and S a t y a  P. P o p l i  

C e n t r a l  Drug R e s e a r c h  I n s t i t u t e ,  Lucknow - 226 001, I n d i a  

A b s t r a c t  - R v a r i e t y  o f  o x i d i s i n g  r e a g e n t s  were u s e d  f o r  t h e  

o x i d a t i o n  o f  c o r o n a r i d i n e .  I n  t h i s  s tudy  f o u r  new a l k e l o i d s  

16-hydroxymethylena-3-oxoibogamine ( 7 ) ,  2 , 3 , 7 - ( 2 ~ ~ 7 ~ ) - t r i o x o -  

2.7-(2H.7~)-secocoronaridine ( l o ) ,  b i s i n d o l e  a l k a l o i d s  5- 

(coronaridin-lO-y1)-5-hydroxy-6-oxocoronaridine ( 1 1 )  and 

5-(6-oxocoronaridin-10-y1)-6-oxocoronaridine ( 1 2 )  were 

o b t a i n e d  and t h e i r  s t r u c t u r e s  e l u c i d a t e d .  A d d i t i o n a l l y  

a l k a l o i d s  5-hydroxy-6-oxocoronaridino ( 3 ) ,  5 - o x o c o r o n a r i d i n e  

( 6 )  and 6 - o x o c o r o n a r i d i n e  ( 1 3 )  a r e  being r e p o r t e d  f o r  t h e  

f i r s t  time s e m i s y n t h e t i c a l l y .  

V a r i o u s  a l k a l o i d s  i s o l a t e d  from Tabernasmontena d i v e r i c a t a  R.Br.  ex  Roem and 

1 S c h u l t  were i n  one  wey o r  o t h e r  0x0 d e r i v a t i v e s  o f  c o r o n a r i d i n e  ( 1 )  and h e n c e  

t h e  o x i d a t i o n  s t u d y  became i m p e r a t i v e .  Var ious  o x i d i s i n g  r e a g e n t s  were u s e d  

and r e s u l t s  a r e  d i s c u s s e d  below. 

P o t a s s i u m  permangana te  o x i d a t i o n  o f  c o r o n a r i d i n e  i n  a c e t o n e  f u r n i s h e d  s i x  

compounds. R e a c t i o n  proceeded  f a s t  t o  a f f o r d  compound I which was i d e n t i f i e d  

2  
a s  hydroxyindolenina-coronaridine ( 2 )  . The compound 11, 111 and IV were 

i d e n t i f i e d  a s  5-hydroxy-6-oxocoronaridine (3),  5 - o x o c o r o n a r i d i n e  ( 6 ) .  3-oxoco- 

r o n a r i d i n e  ( 5 ) ,  r e s p e c t i v e l y .  

The compound V, mp 1 9 5 ~ ~  had U V  XmaX 230, 275 and 290 nm, i n d i c a t i n g  an indo-  

l a n i n e  chromophora. The IR bands a t  3240, 1740, 1 6 5 5  and 1 6 4 5  ciiil were 

a t t r i b u t e d  t o  h y d r o x y l ,  methoxycarbonyl ,  l a c t a m  and C=N f u n c t i o n s ,  r e s p e c t i v e l y .  

1 The H NllR s p e c t r u m  (s)  showed r n u l t i p l e t s  i n  t h e  r e g i o n  7-7.5 f o r  en or tho-sub-  

s t i t u t e d  b e n z e n e  r i n g .  R s h a r p  s i n g l e t  a t  64.7 was a s s i g n e d  t o  b r i d g e h e a d  
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hydrogen ad jacent  t o  n i t rogen.  A s i n g l e t  on m u l t i p l e t  a t  4.20 was assigned t o  

t o  NCOCH. A sharp s i n g l e t  (3H) a t  3.52 was due t o  methoxycarbonyl  pro tons and 

a t r i p l e t  a t  0.9 (3H) uas assigned t o  methy l  pro tons oP e t h y l  s i d e  chain. A 

c lus  t o  t h e  s t r u c t u r e  o f  V was ob ta ined  by  Pol lowing s e t  o f  react ions.  

M e n  5 uae r e f l u x e d  u i t h  potassium permanganate Por 1.5 h, i t  Purnished e 

compound which was i d e n t i c a l  (mp, mixed mp, I R  & UV) w i t h  compound V. Fu r the r  

when U was reduced w i t h  sodium borohydr ide i t  fu rn i shed  16-hydroxymethylene-3- 

oxoibogamine (7). The r e d u c t i o n  o f  methoxycarbonyl Punct ion by sodium boro- 

hydr ide i s  an unusual  phenomenon., The presence oP s t r o n g l y  e l e c t r o n  wi thdrawing 

funct ion C=N a c t i v a t e s  i t  and mekes i t  vu lne rab le  f o r  reduct ion.  A d d i t i o n a l l y  

when compound V was heated u i t h  msthanol ic  h y d r o c h l o r i c  a c i d  i t  a f fo rded  3-0x0- 

coronaridine-pseudoindoxyl (8)  which was recognized by i t s  c h a r a c t e r i s t i c  OV 

spectrum, thus conf i rming i t  t o  possess 3-oxocoronar id ine-hydroxyindolenine 

s t r u c t u r e  (9). 

The compound U I ,  mp 212% shoued UU Amax 220, 240 and 285 nm which showed no 

bathochromic s h i f t  on a d d i t i o n  oP a l k a l i .  Th is  i n d i c a t e d  t h e  absence o f  indole,  

indolenine, i n d o l i n e  and 3-acy l indo le  chromophore. The IR bands a t  3210, 1730, 

1685, 1660 and 1650 c.$ were assigned t o  NH, methoxycarbonyl and carbony l  groups 

generated a t  C-7, C-3 and C-2 d u r i n g  t h e  ox idat ion.  The above UV d a t a  i n  con- 

j unc t ion  w i t h  IR spectrum confirmed t h e  cleauags oP C-2 - C-7 bond. Th is  i s  i n  

accordance w i t h  t h e  Pect t h a t  double bonds are  c leaved by potassium permanganate 

3 o x i d a t i o n  . The NMR spectrum showed m u l t i p l e t s  i n  t h e  r e g i o n  o f  7-7.5 ( 4 ~ )  

c h a r a c t e r i s t i c  o f  an o r t h o - s u b s t i t u t e d  benzene r i n g .  R m u l t i p l e t  cent red e t  

4.7(1~) was assigned t o  CONCH. Sharp s i n g l e t s  a t  4.25 (IH) and 3.82 ( 3 ~ )  were 

assigned t o  br idgehead hydrogen ad jacent  t o  n i t r o g e n  and methoxycarbonyl pro tons 

respec t i ve l y .  A t r i p l e t  a t  0.9 (3H) was due t o  methy l  pro tons o f  e t h y l  s ide '  

chain.. I n  t h e  mass spectrum t h e  molecular i o n  peak a t  m/e 384 was compat ib le 

w i t h  the  molecular formula C21H24N205. Other c h a r a c t e r i s t i c  fragments were 

observed a t  m/e 355 ( A - C H ~ C H ~ ) ,  352 ( A - C H ~ O H ) ,  326 (M-co2fle), 125 and 124. The 

presence of four ca rbony l  groups was a l s o  confirmed by I 3 c  NNR spectrum O f  t h e  

compound i n  C0Cl3 ( t h e  manuscr ipt  f o r  I 3 c  d a t a  o f  compounds i s  under   reparation). 

A l l  thesa da ta  cou ld  be summarizsd i n  s t r u c t u r e  2,3,7-(2~,7~)-trioxo-2,7-(2~~7~)- 

secocoronar id ine f o r  V I  (10). 
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4  Manganese d i o x i d e  o x i d a t i o n  o f  1 i n  ch loroform a t  room t e m p e r a t u r e  p roceeded  

s l o w l y  and showed a  m i x t u r e  o f  f o u r  compounds. However w i t h  a  combina t ion  o f  

column chromatography  and PLC compounds VII-X " e r e  s e p a r a t e d  and c h a r e c t e r i z e d .  

Compound VII and V I I I  were shown i d e n t i c a l  t o  3 and 9  r e s p e c t i v e l y  ( m p ,  mixed mp, 

IR & UV).  The compound IX showed t h e  m o l e c u l a r  i o n  peak a t  m/e 704 c l e a r l y  

i n d i c a t i n g  a  b i s i n d o l e  a l k a l o i d .  The a d d i t i o n a l  peak a t  m/e 718  c o u l d  b e  

e x p l a i n e d  by t h e  o c c u r r e n c e o f  t r a n s - m a t h y l a t i ~ n ~ ' ~  ( i n t e r m o l e c u l a r )  i n  t h e  mass 

s p e c t r o m e t e r  which is now known f o r  s e v e r a l  compounds i n  which m s t h o x y c a r b o n y l  

g roup  l i e s  a d j a c e n t  t o  b a s i c  n i t r o g e n .  I n  o rder  t o  i n t e r p r e t  mass spec t rum o f  

a  b i s i n d o l e  a l k a l o i d  it is  n e c e s s a r y  t o  p o s t u l a t e  t h a t  t h e  monomers f regment  

i n d e p e n d e n t l y .  The f i r s t  s t r u c t u r e f  f e a t u r e  deduced from t h e  upper  mass r a n g e  

o f  t h e  mass s p e c t r u m  was t h e  p r e s e n c e  of  methonycarbonyl  f u n c t i o n  e v i d e n c s d  by 

s u b s t a n t i a l  M-58 peak a t  m/e 646. Other  i m p o r t a n t  f r a g m e n t s  were  m/e 674 

(i'l-C-0) end 640. On s c a n n i n g  t h r o u g h  lower  mass r a n g e  o f  t h e  s p e c t r u m  f r a g m e n t s  

a t  m/e 122,  1 3 6 ,  1 3 7  and 150  c o u l d  b e  encounte red  i n d i c a t i n g  t h e  p r e s s n c e  o f  1 

a s  monomar i n  t h e  compound IX. On t h e  o t h e r  hand t h e  a b s e n c e  o f  i n d o l e  co" ta in-  

i n g  i o n s  m/e 154. 195 ,  214 and 253  i n d i c a t e d  t h a t  t h e  l i n k a g e  from t h e  c o r o n a r i -  

d i n e - p a r t  must  b e  c o n f i n e d  o n l y  i n  t h s  benzene r i n g .  I f  we s u b s t r a c t  t h e  

spec t rum o f  1 from t h e  b i s i n d o l e  a l k a l o i d  f ragments  a t  m/e 122 ,  230, 280,  308, 

336 become c l e a r  i n d i c a t i n g  t h e  p r e s e n c e  o P  3  a s  e  second  p e r t  o f  t h e  molecule. 

T h i s  o b s e r v a t i o n  was s u p p o r t e d  by t h e  f a c t  t h a t  UV spec t rum o f  t h e  compound IX 

had Amax 255,  282 ( 5 h )  and 310 nm, showed bathochromic s h i f t  (Amax NeOH-KOH 255, 

2 8 5  a n d  340 nm on a d d i t i ~ n  o f  a l k a l i ) ,  e x a c t l y  s i m i l a r  t o  o u r  p r e v i o u s  observa-  

t i o n  i n  t h e  m o l e c u l e  3  . Of p a r t i c u l a r  impor tance  was t h e  a b s e n c e  o f  peak 

produced m e r e l y  by t h e  l o s s  of  h y d r o x y l  group.  S e c o n d l y  t h e  a b s e n c e  o f  peaks  

a t  m/e 256  and 339 ( t h e  p l a u s i b l e  f o r m u l a t i o n  of which i n v o l v e s  C-5 a l s o )  

c l e a r l y  i n d i c a t e d  t h a t  C-5 may bs  t h e  p o s s i b l e  p o s i t i o n  f o r  l i n k a g e  o f  t h i s  

monomer. On b i o g s n e t i c  ground t h i s  p o s i t i o n  f o r  l i n k a g e  g e t s  s u p p o r t  a s  hydro-  
. , 

x y l  g r o u p  is l o c a t e d  on t h i s  p o s i t i o n  i n  t h e  monomer. A d d i t i o n a l l y  t h i s  is  t h e  

most  e l e c t r o p h i l i c  p o s i t i o n  s e e k i n g  t h e  a t t a c k  from t h e  n u c l e o p h i l i c  c e n t r e .  

The NMR s p e c t r u m  o f  t h e  compound I X  showed two s h a r p  s i n g l e t s  a t  4.9 ( 1 ~ )  end 

3.4 ( 1 ~ )  were a s s i g n e d  t o  b r i d g e h e a d  hydrogens  e d j a c e n t  t o  n i t r o g e n  o f  5- 

hydroxy-6-oxocoronaridine p a r t  and c o r o n a r i d i n e  p a r t  r e s p e c t i v e l y .  The p r e s e n c e  

o f  two s i n g l e t s  a t  3  .6 and 3.65 (3  H e a c h )  were d u e  t o  methoxycarbonyl  p r o t o n s .  

T r i p l e t s  a t  0.7 and 0.9 ( 3 ~  e a c h )  were a s s i g n e d  t o  m e t h y l  g r o u p s  o f  e t h y l  s i d e  



chain. The a r o m a t i c  p r o t o n s  appeared i n  t h e  range o f  7.2-8 i n t e g r a t i n g  f o r  seven: 

protons. The absence o f  a peak i n  t h e  r e g i o n  5-5.5 co r respond ing  t o  C ~ - H  (5- 

hydroxy-6-oxocoronaridine) conf i rmed t h e  l i n k a g e  p o s i t i o n  o f  t h e  two monomers and 

thereby  c o n f i r m i n g  t h e  s t r u c t u r e  5-(coronaridin-1O-yl)-5-h~drox~-6-o~0~0ronari- 

d ine  (11 ) f o r  t h e  compound I X .  I n d o l i c  NH appeared a t  7.9 and 8.8 as b r o a d  singlets. 

The substance X showed t h e  molecular i o n  peak a t  m/e 702 c l e a r l y  i n d i c a t i n g  i t  t o  

b e  a b i s i n d o l e  a l k a l o i d .  A d d i t i o n a l  peak a t  m/e 716 was e x p l a i n e d  b y  i n t e r m o l e -  

c u l a r  t r n n s n a t h y l a t i o n .  I m p o r t a n t  f ragment i o n  peaks a t  m/e 122, 124, 137 and 149 

i n  t he  l owe r  r ange  and 687 (M-me), 673 ( P I - C ~ H ~ )  advocated t h e  p resence o f  i b o g a  

ske le ton  w i t h  no rearrangement.  The mo lecu la r  i o n  peak a t  m/e 702 was c o n f i r m e d  

by chemica l  i o n i s a t i o n  mass spec t rum u s i n g  methane as reagen t  gee. Other  impor-  

t a n t  f ragments  i n  C I W  were observed a t  m/e 645 (M-c02Me), 615, 601, 355 and 295. 

The o b s s r v a t i o n  o f  UV spectrum o f  compound X c l e a r l y  i n d i c a t e d  t h e  p resence of 3- 

a c y l i n d o l e  chromophore wh ich  i n t u r n  con f i rmed t h e  presence o f  6 -oxoco rona r i d i ne  

as monomers. Compound X had UV Amax 230, 240, 280 and 335 n m  wh ich  showed t h e  

enhanced ba thochromic  s h i f t  (amax PIEOH-KOH 230, 282 and 365 nm on a d d i t i o n  o f  

a l k a l i ) .  The NMR spec t rum showed b road  s i n g l e t  a t  8.4 ass igned t o  i n d o l i c  NH. 

The low f i e l d  m u l t i p l e t s  a t  8.1 and 8.5 ( 2 ~  each) ware ass igned t o  H-9 and H-12 

f o r  b o t h  t h e  monomers. The d o u b l e t  a t  4.3 ( 1 ~ .  ~=0.5) was ass igned t o  b r i d g e -  

head hydrogen a d j a c e n t  t o  n i t r o g e n  f o r  one monomer. Absence o f  o t h e r  s i n g l e t  o r  

a p a r t i a l l y  coup lod  d o u b l o t  i n  t h i s  r e g i o n  fo r  ano ther  p r o t o n  i n d i c a t e d  i t s  

invo lvement  f o r  l i n kage .  Other  s i n g l e t s  ( 3 ~  each) a t  3.6 and 3.7 were ass igned 

t o  rnethoxyoarbonyl  p ro tons .  Two t r i p l e t s  f o r  m e t h y l  groups o f  t h e  e t h y l  s i d e  

cha in  were seen a t  0,s and 0.9 ( 3 ~  each). Based on t h e  above o b s e r v a t i o n  t h e  

s t r u c t u r e  proposed f o r  compound X i s  5-(6-ox~coroneridin-10-yl)-6-oxocoronari- 

d i n e  (12). 

I od ine  o x i d a t i o n  o f  c o r o n a r i d i n e  f u r n i s h e d  t h r e e  compounds, X I - X I I I .  X I ,  mp 250'~ 

had U V  Amax 230, 287 and 294 nm c h a r a c t e r i s t i c  o f  an i n d o l i c  chromophore. The IR 

bands a t  3340, 1715 wers a s c r i b e d  t o  NH and mathoxycarbony l  f u n c t i o n s  r e s p e c t i v s -  

l y .  The NNR spectrum showed a s i n g l e t  a t  8.4 (1H) exchangeable w i t h  D20, 

assigned t o  i n d o l i c  NH. The m u l t i p l e t s  i n  t h e  r e g i o n  o f  7-7.5 ( 4 ~ )  were 

assigned t o  o r t h o - s u b s t i t u t e d  benzene r i n g .  A m u l t i p l e t  a t  3.38 (IH) was 

a s c r i j a b l o  too( -hydroxy lamine    rot on as t h e  m u l t i p l e t  was s i ! n p l i P i e d  by DzO 

shake. R sharp s i n g l e t  a t  3.76 was ass igned  t o  b r i dgehead  hydrogen a d j a c e n t  t o  
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n i t r o g e n .  The m e t h y l  p r o t o n s  o f  t h e  e t h y l  g roup  a p p e a r e d  as t r i p l e t  a t  0.9 ( 3 ~ ) .  

A t h r e e  p r o t o n  s i n g l e t  a t  3.69 was a s s i g n e d  t o  methoxycarbonyl  p r o t o n s .  The 

p r o b a b l e  p o s i t i o n  For t h e  p lacement  o f  hydroxy g r o u p  was C-3 o r  C-5 on t h e  b a s i s  

o f  above d i s c u s s i o n .  The o x i d a t i o n  o f  compound XI w i t h  C o r e y ' s  r e a g e n t  a f f o r d e d  

a  compound which was found t o  b s  i d a n t i c a l  t o  5  (mp, mixed mp, U V  & IR) conf i rm-  

i n g  it t o  be 3 - h y d r o x y c o r o n a r i d i n a  (4) .  T h i s  compound h a s  been r e p o r t e d  i n  

l i t e r a t u r e  o n l y  r e c e n t l y  by S c h m i d t  e t  a17. 

Compound XI1 and XI11 were i d e n t i f i e d  a s  6 and 5  r e s p e c t i v e l y .  

Selenium d i o x i d e  o x i d a t i o n  o f  1 i n  r e f l u x i n g  e t h a n o l  f u r n i s h e d  s o l e l y  6-oxocoro- 

n a r i d i n e  ( 1 3 )  i n  50% y i e l d .  

Hydrogen p e r o x i d e  and m-chloroperbenzoic  a c i d  o x i d a t i o n  o f  c o r o n a r i d i n e  y i e l d e d  

XIV-XVI. XIV was i d e n t i f i e d  a s  2. X V  had U V X m a x  235, 284  and 291 nm c h a r a c t e r i -  
.' . 

s t i c  o f  i n d o l i c  chromophors. The m o l e c u l a r  i o n  peak was o b s e r v e d  a t  m/e 354 which 

showed l o s s  of16mass ur i t  t o  g i v a  peak a t  m/e 338. Other  f r a g m e n t a t i o n  peaks  were 

a s  u s u a l  a s  i n  c a s e  o f  1. The p r e s e n c e  o f  i n t e n s e  band a t  1230  cml i n  IR s p e c t -  

rum and l o s s  o f  1 6  mess u n i t  i n  mass spec t rum c o n f i r m e d  it t o  b e  c o r o n e r i d i n e  

Nb-oxide (14) .  Compound XVI, mp 2 2 5 ' ~  had U'J A m a x  235, 262 and 286 nm i n d i c a t -  

i n g  an i n d o l e n i n e  chromophore. The mass spec t rum showed t h e  m o l e c u l a r  i o n  peak 

a t  m/e 370 which showed t h e  c h a r a c t s r i s t i c  l o s s  o f  1 6  mass u n i t  from t h e  mole- 

c u l a r  i o n  peak. The IA band a t  1230  om1 i n  c o m b i n a t i o n  w i t h  mass s p e c t r u n  

showed i t  t o  b e  coronaridine-hydroxyindolenine Nb- o x i d e  (15) .  

EXPER IflENTAL 

Ple l t ing  poinDiwere t a k e n  i n  s u l p h u r i c  a c i d  b a t h  and a r e  u n c o r r e c t e d .  The U V  

s p e c t r a  were r e c o r d e d  on Perkin-Elmer 202 a u t o m a t i c  r e c o r d i n g  s p e c t r o m e t e r .  The 

IR s p e c t r a  were t a k e n  e i t h e r  on Perkin-Elmar i n f r a c o r d  1 5 7  o r  1 7 7  i n s t r u m e n t .  

The NnR s p e c t r a  ( c h e m i c a l  s h i f t s  v a l u e  i n  6 )  were  r e c o r d e d  on Var ian  E-60 and 

R-32 s p e c t r o m e t e r s  i n  CDC13 ( u n l e s s  o t h e r w i s e  s t a t e d )  w i t h  TMS a s  i n t e r n a l  

s t a n d a r d ,  The mass s p e c t r a  were t a k e n  on JEOL JPiSD-300 i n s t r u m e n t .  Homogenity 

o f  compounds was r o u t i n e l y  checked  on s i l i c a  g e l  GF-254. The s p o t s  were w i e u a l i -  

zed by s p r a y i n g  e i t h e r  w i t h  1% p o t a s s i u m  permanagana te  o r  O r a g e n d o r f f ' s  r e a g e n t .  

O x i d a t i o n  o f  c o r o n a r i d i n e  ( 1 )  w i t h  P o t e s s i u m  permansana te  - A s u s p e n s i o n  o f  p o t a -  

ssium permangana ta  (2.76 g )  i n  a c e t o n e  (400  ml)  was added g r a d u a l l y  t o  a  b o i l i n g  
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s o l u t i o n  o f  1 (1.36 g) i n  acetone (72 m l ) .  The r e f l u x i n g  was cont inued f o r  

another  2.5 h. I t  was cooled, f i l t e r e d  and the r e s i d u e  was washed w i t h  acetone 

(100 m l ) .  The combined acetone s o l u t i o n  was concentrated under reduced pressure  

and t h e  r e s i d u e  (1.4 g) which showed s i x  spots on TLC, was chromatographed over  

a column o f  s i l i c a  g e l  (30 9). E l u t i o n  w i t h  benzene y i e l d e d  1 (40 mg). F u r t h e r  

e l u t i o n  w i t h  benzene-ethyl  ace ta te  (90:10) a f fo rded hydroxyindolenine-coronar i -  

d i n e  2  (67 mg). E l u t i o n  w i t h  i n c r e a s i n g  percsntage o f  e t h y l  ace ta te  a f fo rded  

a  m i x t u r e  o f  compounds. They were separated by PLC i n  benzene-ethyl ace ta te  

(70:30) t o  g i v e  5-hydroxy-6-oxocoronaridine ( 3 )  (60 mg), 5-oxocoronar id ine ( 6 )  

(10 mg), 3 -oxocoronar id ine ( 5 )  (240 mg); 3 -oxocoronar id ine-hydroxy indo len ine  

( 9 )  (250 mg) and 2,3,7-(2~,7~)trioxo-2,7-(2H.7~)-secocoronaidine (10) (200mg). 

Ox ida t i on  o f  c o r o n a r i d i n e  w i t h  manganese d iox ide  - To a  s t i r r e d  s o l u t i o n  of 1 

(500 mg) i n  ch loro form (250 m l )  mangenese d iox ide  ( 5  g) wes added and s t i r r i n g  

was con t i nued  f o r  24 h. The r e a c t i o n  m i x t u r e  was f i l t e r e d  and washed w i t h  

chloroform (3x20 m l ) .  The o rgan ic  l aye r  was concentrated under vacuo t o  a f fo rd  

a  r e s i d u e  (520 mg). Th i s  was ~ h r o m a t o g r a ~ h e d  over a column o f  s i l i c a  g e l  ( 2 ~ ~ )  

and e l u t i o n  w i t h  benzene y i e l d e d  t h e  unreacted c o r o n a r i d i n e  (60 mg). The 

i n c r e a s i n g  percentage o f  e t h y l  ace ta te  d i d  no t  a f f o r d  any pure substance. 

These f r a c t i o n s  were mixed, concent ra tsd end separated by PLC i n  benzene-ethyl  

a c e t a t e  (70:30) i n t o  3  (100 mg), 3 -oxocoronar id ine-hydroxy indo len ine  ( 9 )  

(50 mg) end 5-(coronaridin-l0-yl)-5-hydroxy-6-oxocoronaridine (11) (10 mg) and 

5-(6-oxocoronaridine-10-yl)-6-oxocoronaridine (12) (10 mg). 

3-Oxocoronaridine-hydroxyindolenine - A s o l u t i o n  o f  3-oxocoronar id ine (100 m g )  

i n  acetone (100 m l )  was r e f l u x e d  w i t h  potassium permanganate (500 mg) f o r  2 h. 

It was f i l t e r e d ,  concentrated and t h e  res idue  a f t e r  p u r i f i c a t i o n  y i e l d e d  9  

(80 mg),[d]i50 -7' (methanol); I A  ( K B ~ ) ' ~ - '  3240, 1740 ( C O ~ M ~ ) ,  1652 (NC-0), 

1560, 1480, 1460, 1425, 1230, 1150, 980, 770 and 660. 

Reduct ion o f  3-oxocoronaridine-hydroxyindolenine w i t h  sodium borohydr ide - To 

a s t i r r e d  s o l u t i o n  o f  9 (25 mg) i n  methanol  (2  m 1 )  was added sodium borohydr ide 

(50 mg) i n  15 min. The s t i r r i n g  was cont inued fo r  10  h. The methanol  was 

d i s t i l l e d  oP under reduced pressure, water added ( 2  m l )  and t h e  s o l u t i o n  was 

e x t r a c t e d  w i t h  methylene c h l o r i d e  (3x10 m l ) .  The o rgan ic  l a y e r  was d r i e d  

( N ~ ~ S O ~ )  and concent ra ted a t  reduced pressure to  e f f o r d  16-hydroxymethylene-3- 



"OH 230, 288 and 292; IR ( K B ~ ) ~ ~ - '  3400 (NH and/ oxoibogarnine ( 7 )  (18 mg), uwAmax 

o r  OH), 2990, 2900, 1650 (NC=O), 1480, 955 and 750; NS ( r e l . i n t )  m/e 324 ( loo$) ,  

293 ( 1 2 ) ~  236 (s ) ,  223 (10, 183 (35), 182 (50, 143 (20)  and i z 2  (10); NMR 8.0 

( b r  ~ . ~ H , N H ) ,  - 7-7.5 (m,4Ar-i), 3.8 (s,2H,CtpH), 3.44 (~,~H,NcH) and 0.85 ( t . 3 ~ ~  

CH2C&). 

3-Oxocoronaridine-pseudoindoxyl ( 8 )  h y d r o c h l o r i d e  - A s o l u t i o n  o f  9 (25  m g )  i n  

me thano l i c  HC1 (1 m l )  was hea ted  on a water  b a t h  t o r  1 h. It was c o n c e n t r a t e d  

and t he  r e s i d u e  was c r y s t a l l i z e d  wi th methanol-acetone t o  g i v e  8 (20 mg), rnp 

251-253'12 (dec). UU ~ c t : ~  230, 255, 265(Sh) 285, 292(Sh) and 412 nu. 

O x i d a t i o n  o f  1 w i t h  i o d i n e  - To a s t i r r e d  s o l u t i o n  o f  1 (310 mg) i n  benzene 

(30 m l )  and wa te r  (30  m l )  was s l o w l y  added a s o l u t i o n  o f  i o d i n e  (250 mg i n  

350 m l  o f  benzene). The s t i r r i n g  was c o n t i n u e d  f o r  ano ther  24 h. F i n a l l y  t h e  

benzene l a y e r  was separa ted  and washed w i t h  sodium b i c z r b o n a t e  ( 5  m l )  and 

sodium t h i o s u l p h a t e  ( 5  m l ,  5%) and e x t r a c t a d  w i t h  methy lene c h l o r i d e  (3x30 m l ) .  

The combined o r g a n i c  l a y e r  uas washed w i t h  weter, d r i e d  (PJa2S04) and evapora ted  

t o  g i ve  360 mg wh ich  was sepa ra ted  by PLC i n  benzene-e thy l  a c e t a t e  (80:20) t o  

g i v e  3 -hyd roxyco rona r i d i ne  ( 4 )  (100 rng), mp 2 ~ 5 ~ ~ , ( 6 )  (50 mg) and 5 (60 mg). 

O x i d a t i o n  o f  1 w i t >  se len ium d i o x i d e  - 1 (100 m g )  d i s s o l v e d  i n  e t h e n o l  (25  m l )  

was r e f l u x e d  w i t h  se len ium d i o x i d e  (200 mg) f o r  1 h. R e a c t i o n  m i x t u r e  was 

f i l t e r e d  and t h e  s o l v e n t  evapora ted  and t h e  r e s i d u e  (120 mg) was chronatographed 

over s i l i c a  g e l  and e l u t i o n  w i t h  benzene, benzene-e thy l  a c e t a t e  (80:20) y i e l d e d  

c o r o n n r i d i n e  (20  mg) and 6 -oxoco rona r i d i ne  (1 6)  (40 mg), mp 264-267'~; [02]:~-35~ 

(1.180~). UV Amax nm 218. 255, 260 (Sh), 268 (Sh) m d  335 I \~~~H- i (oH nm: 218, 260, 

280 and 3 65; IR (KB~) ' " - '  3240, 2850, 1730, 1645, 1470, 1398, 1250, 880, 755 

and 745; - 1  (py-d5) 14  ( b r  s, 1H, NH), 8.61 (d, 1H, f - 9  3 = 6 ~ z ) ,  7.5 (d, IH, 

C-12 3=6Hz), 7.34 (rn, 2H, C-10 and C-I~C), 4.64 (d, 1H, NCH, 3 4 . 5 ~ ~ ) .  3.88 

and 3.09 (q ,  2H, C-3 C%) and 3.54 (t, 3H, C O ~ C ~ ) ,  3.24 and 1.8 (q, 2H, C-5 

c%) and 0.68 (t, 3H, C H ~ C ~ & ) ,  MS m/e ( r e l . i n t ) :  352 (loo$), 322 (25). 279 (25). 

228 (24). 141 (38 )  and 121 (5 ) ;  Found: m/a 352. 1809. C21H24N203 r e q u i r e s  M+ 

352.1789. 

O x i d a t i o n  o f  1 w i t h  hydrogen p e r o x i d e  - To a s t i r r e d  s o l u t i o n  o f  1 (100 rng) i n  

msthanol  (1 m l )  hydrogen p e r o x i d e  (30$, 5 m l )  was added a t  room temperature.  
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The s t i r r i n g  was c o n t i n u e d  Por a n o t h e r  24 h  and d i l u t e d  w i t h  w a t e r  (10  ml). The 

aqueous s o l u t i o n  was s x t r a c t e d  w i t h  e t h y l  a c e t a t e  (3x20 ml) ,  d r i e d  (Na SO ) and 
2 4  

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  It was chrometographed o v e r  s i l i c a  g e l  

and e l u t i o n  w i t h  b e n z e n e - e t h y l  a c e t a t e  (95 :s )  a f f o r d e d  c o r o n s r i d i n e - h y d r o x y -  

i n d o l e n i n e  ( 2 )  ( 5 0  mg). Other  F r a c t i o n s  were m i x t u r e  and s e p s r a t e d  by PLC i n  

chloroPorm-methanol  (90:lO) i n t o  c o r o n a r i d i n e  Nb-oxide ( 1 4 )  ( 2 0  mg) and c o r o -  

n a r i d i n e - h y d r o x y i n d o l e n i n e  Nb-oxide ( 1 5 )  ( 1 5  mg). 

O x i d a t i o n  oP  1 w i t h  m-ch loroperbenzoic  a c i d  - To a  s t i r r e d  s o l u t i o n  o f  1 

( 1 5 0  mg) i n  m e t h y l e n e  c h l o r i d e  ( 7  ml )  was added g - c h l o r o p e r b s n z o i c  a c i d  

(230  mg) i n  m e t h y l e n e  c h l o r i d e  (150  ml) s l o w l y  a t  0-10'~. The r e a c t i o n  

m i x t u r e  was s t i r r e d  f o r  a n o t h e r  30 min, n e u t r a l i z e d  w i t h  sodium c a r b o n a t e  

s o l u t i o n  (5%, 1 5  m l )  and e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The o r g a n i c  l a y e r  was 

washed w i t h  w a t e r ,  d r i e d  ( ~ ~ ~ 5 0 ~ )  and c o n c e n t r a t e d  a t  reduced  p r e s s u r e  t o  

a f f o r d  a  r e s i d u e  (130  mg) which a f f o r d e d  coronaridine-hydroxyindolenins (40mg) 

by column chromatography ,  1 4  ( 3 0  mg) and 1 5  (20 mg) by PLC i n  chloroPorm- 

methanol  (90:10) .  
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