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COMPONENTS OF THE BARK OF ARTOCARPUS RIGIDA BL. 2 .  *. 1 -- 
STRUCTURES OF FOUR NEW ISOPRENYLATED FLAVONE DERIVATIVES 

ARTONINS M, N ,  0 ,  AND P 

Y o s h l o  Aano, Ryohei I n a m i ,  and T a r o  Nomura* 

F a c u l t y  of pharmaceutical S c l e n c e s ,  Toho U n l v e r s l t y ,  

2-2-1. Mlyama. F u n a b a s h l ,  C h l b a  274 ,  J a p a n  

A b s t r a c t  --- F o u r  new i s o p r e n y l a t e d  f l a v o n e  d e r l v a t l v e s ,  

a r t o n l n s  M ( 1 1 ,  N (21, 0 ( 3 1 .  a n d  P  ( 4  I ,  w e r e  l s o l a t e d  

f rom t h e  b a r k  o f  A r t o c a r p u s  rlglaa B l . ,  an  Indonesian 

moraceous  p l a n t .  The s t r u c t u r e s  o f  a r t o n l n s  M, N ,  0 ,  

a n d  P  were d e t e r r n l n e d  t o  b e  f o r m u l a e  1, 2 ,  3 ,  and 4, re- 

s p e c t i v e l y ,  on t h e  b a s i s  o f  spectroscopic s t u d i e s  and 

c h e m i c a l  e v i d e n c e .  

I n  o u r  c o n t i n u i n g  s t u d i e s  on t h e  p h e n o l i c  compounds o f  rnoraceous  p l a n t s ,  

we r e p o r t e d  on t h e  s t r u c t u r e  of i s o p r e n o i d - s u b s t i t u t e d  p h e n o l i c  c o m p c n e n t s  

i s o l a t e d  f rom I n d o n e s i a n  moraceous  p l a n t s ,  & t o c a r p u s  h e t e r o p h y l l u s ,  2-5 

A. c o r n m ~ n i s , ~  A.  r i g i d a , '  and A n t i a r i s  t o x i c a r i a .  8-20 

P r e v i o u s l y ,  w e  r e p o r t e d  t h e  s t r u c t u r e  of a r t o n i n s  G and H f r o m  t h e  b a r k  of 

A. r i g i d a . '  F u r t h e r  e x t e n s i o n  of s t u d i e s  on t h e  componen t s  of t h e  b a r k  o f  

A. r i g i d a  l e d  to t h e  i s o l a t i o n  of f o u r  new f l a v o n e  d e r i v a t i v e s ,  a r t o n i n s  - 
M ( 1 1 ,  N ( 2 1 ,  0 ( 3 ) ,  a n d  P ( 4 ) .  T h i s  p a p e r  d e a l s  w i t h  t h e  c h a r a c t e r i z a t i o n  

* T h i s  p a p e r  i s  dedicated t o  P r o f .  Edward C. T a y l o r  on t h e  o c c a s i o n  o f  h i s  

7 0 t h  b i r t h d a y .  
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Table 1 13c Nmr chemical s h i f t s  ( p p m )  

measured in acetone-d 
-6 
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of  t h e  f o u r  new compounds.  

A r t o n i n  M ( I ) ,  y e l l o w  p l a t e s ,  mp 240-249 OC (decamp.), [IllD 0" , C3,H300,, 

g a v e  a brown c o l o r  w i t h  m e t h a n o l i c  f e r r i c  c h l o r i d e  r e a c t i o n  a n d  showed a 

p o s i t i v e  r e a c t i o n  to  m a g n e s i u m - h y d r o c h l o r i c  a c i d  (Mg-HC1) a n d  G i b b s  tes ts .  

The u l t r a v i o l e t  s p e c t r u m  ( u v )  o f  1 was s imilar  t o  t h o s e  o f  c y c l o a r t o b i l o -  

xan thone l '  (5)  a n d  a r t o n i n  A ( 6 ) ,  which h a v e  a  p a r t i a l  s t r u c t u r e  of d i -  

h y d r o - 1 - o x a a c e n a p h t h e n e  s k e l e t o n  i n  t h e  m o l e c u l e .  I n  t h e  'H n u c l e r  mag- 
', 

n e t i c  r e s o n a n c e  s p e c t r u m  ( n m r )  o f  1,  t h e  p r o t o n  s i g n a l s  a s c r i b a b l e  t o  a 

hydrogen-bonded  h y d r o x y l  g r o u p  [ S  13 .12  ( l H ,  s ) l ,  two  a r o m a t i c  p r o t o n s  [ S 

6.36 ( l H ,  s ) ,  6 .46  ( 1 H .  d ,  - J = 0.7 H Z ) ] ,  a  2 , 2 - d i m e t h y l p y r a n  r i n g  [ S  1 .45 ,  

1.46 ( e a c h  3H, s ) ,  5.75 ( l H ,  d ,  J = 1 0  H z ) ,  6.67 ( 1 H .  d d ,  J = 0.7 a n d  1 0  - 
H z ) ] ,  a n d  a 4 - m e t h y l p e n t - 3 - e n y l  m o i e t y  [ & 1 . 6 5 ,  1 . 6 9  ( e a c h  3H, b r  s ) ,  1 . 9 9 ,  

2.22 ( e a c h  2H, m ) ,  5 .21  ( l H ,  m ) ]  w e r e  o b s e r v e d .  I n  a d d i t i o n  t o  t h e  a b o v e  

s i g n a l s ,  a  m e t h y l  s i g n a l  [ S 1 . 3 4  (3H. s ) ]  and a  c h a r a c t e r i s t i c  ABX t y p e  

s i g n a l s  of a 2 . 2 - d i s u b s t i t u t e d  dihydro-1-oxaacenaphthene m o i e t y  [ S  2.40 

( 1 H .  t ,  J = 1 5  H z ) ,  3.21 ( l H ,  d d ,  J = 6  a n d  1 5  H z ) ,  3.48 ( l H ,  d d ,  J = 6  a n d  - - - 
1 5 .  H Z ) ]  w e r e  o b s e r v e d .  The c h e m i c a l  s h i f t  v a l u e s  a n d  t h e  c o u p l i n g  

c o n s t a n t s  of t h e  ABX t y p e  p r o t o n s  w e r e  i n  good a g r e e m e n t  w i t h  t h e  cor- 

r e s p o n d i n g  p r o t o n s  of 2,2-dimethyl-dihydro-1-oxaacenaphthene p a r t i a l  s t r u c -  

t u r e  o f  5 a n d  6 .  s u g g e s t i n g  1 t o  b e  a  c o n g e n e r  of t h e s e  compounds.  Com- 

p a r i s o n  of  t h e  13c nmr s p e c t r u m  of 1 w i t h  t h e  s p e c t r a  o f  5  a n d  6  i n d i c a t e d  

t h a t  1 h a s  a dihydro-1-oxaacenaphthene p a r t i a l  s t r u c t u r e  i n  t h e  m o l e c u l e  a s  

w e l l  as t h e  same o x y g e n a t e d  p a t t e r n  as t h o s e  of 5 a n d  6  ( T a b l e  1 ) .  Fur- 

t h e r m o r e ,  a l i n e a r  t y p e - f u s e d  2 . 2 - d i m e t h y l p y r a n  r i n g  s t r u c t u r e  i n  t h e  A 

r i n g  of 1 was r e v e a l e d  by t h e  c o m p a r i s o n  of t h e  13c nmr s p e c t r u m  o f  1 w i t h  

t h a t  of c u d r a f l a v o n e  E%12 ( 7 )  ( T a b l e  1). From t h e  a b o v e  d a t a ,  two p o s s i b l e  

s t r u c t u r e s  (1 a n d  1') were  p r o p o s e d  f o r  a r t o n i n  M. I n  t h e  13c nmr o f  1, 

t h e  c h e m i c a l  s h i f t s  o f  t h e  c a r b o n s  a t  C-10 a n d  11 p o s i t i o n  w e r e  d i f f e r  f r o m  

t h o s e  of t h e  r e l e v a n t  c a r b o n s  of 5 a n d  6 ,  i n d i c a t i n g  t h a t  t h e s e  c a r b o n s  

w e r e  a f f e c t e d  by t h e  s u b s t i t u e n t  a t  C-11. Thus ,  t h e  s t r u c t u r e  o f  a r t o n i n  M 
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was c o n c l u d e d  t o  be  f o r m u l a  1. 

A r t o n i n  N 121,  y e l l o w  n e e d l e s ,  mp 223-230°C ( d e c o m p . ) ,  e x h i b i t e d  t h e  mole- 

c u l a r  i o n  p e a k  a t  ?/? 502 i n  i t s  EI-ms a n d  t h e  m o l e c u l a r  f o r m u l a  C30H3007 

f o r  2 was e s t a b l i s h e d  by h i g h - r e s o l u t i o n  m s .  The  p o s i t i v e  color r e a c t i o n  

f o r  f l a v o n e  d e r i v a t i v e  a n d  t h e  uv s p e c t u m  s u g g e s t e d  t h a t  2 is a f l a v o n e  

d e r i v a t i v e  a n a l o g o u s  t o  a r t o n i n  B~ (81. The 'H nmr s p e c t r u m  of  2 e x h i b i t e d  

a hydrogen-bonded  h y d r o x y l  g r o u p  a t  S 1 3 . 4 5  ( l H ,  s ) ,  an  a r o m a t i c  p r o t o n  

s i g n a l  a t  S 6.62 ( 1 H .  s l ,  p r o t o n  s i g n a l s  d u e  t o  a 3 , 3 - d i m e t h y l a l l y l  g r o u p  

a t  6 1 . 6 4 ,  1 .76 ( e a c h  3H. b r  s l ,  3 .35  (2H, b r  d ,  J = 7  H z ) ,  a n d  5.27 1 1 H .  - 
m l ,  p r o t o n  s i g n a l s  d u e  to a 2 . 2 - d i m e t h y l p y r a n  r i n g  a t  S 1 . 4 5 ,  1 .47 ( e a c h  

3H, s l ,  5 . 7 5 ,  6 .76  ( e a c h  l H ,  d ,  J = 1 0  H z ) ,  p r o t o n  s i g n a l s  d u e  t o  a n  iso- 

p r o p e n y l  g r o u p  a t  S 1 . 7 7  (3H,  b r  s l ,  4 .30,  4.64 ( e a c h  l H ,  b r  s l ,  a n d  an  ABC 

t y p e  a l i p h a t i c  s i g n a l s  a t  6 2.45 I l H ,  dd ,  J = 6  and 1 6  H z ) ,  3.40 ( 1 H .  d d ,  J - 
= 1 and 1 6  H z l ,  and 3 . 9 8  ( l H ,  b r  d ,  J = 6  H z ) .  Of t h e s e ,  t h e  c h e m i c a l  - 
s h i f t s  a n d  t h e  c o u p l i n g  c o n s t a n t s  of an ABC t y p e  a l i p h a t i c  p r o t o n s  a n d  of 

p r o t o n s  d u e  t o  an  i s o p r o p e n y l  g r o u p  were  e s s e n t i a l l y  t h e  same a s  t h o s e  of 

t h e  r e l e v a n t  p r o t o n s  o f  a r t e n i n  R ( 8 1 ,  i n d i c a t i n g  t h a t  2  h a s  t h e  same p a r -  

t i a l  s t r u c t u r e  a s  8. The p r e s e n c e  of a 3 , 3 - d i m e t h y l a l l y l  g r o u p  i n  t h e  A  

r i n g  was shown by t h e  f r a g m e n t  i o n  a t  ?/f 1 6 5  ( 9 1  due  t o  re t ro  D i e l s - A l d e r  

c l e a v a g e  of t h e  C  r i n g  i n  t h e  El-ms, a n d  t h i s  was s u b s t a n t i a t e d  by c o m p a r i -  

ng t h e  13c nmr s p e c t r u m  of 2 w i t h  t h a t  of a r t o n i n  G~ ( 1 0 )  ( T a b l e  1) .  T h i s  

i n d i c a t e d  t h a t  a 2 , 2 - d i m e t h y l p y r a n  r i n g  locates i n  t h e  B  r i n g ,  a n d  two 

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

i s  o f  C-2' or C-4' p o s i t i o n ,  w e r e  p r o p o s e d .  On t h e  o t h e r  hand ,  t h e  

a b s e n c e  of ortho d i h y d r o x y l  g r o u p s  i n  t h e  m o l e c u l e  was r e v e a l e d  by t h e  f a c t  

t h a t  no b a t h o c h r o m i c  s h i f t  was o b s e r v e d  upon a d d i t i o n  of NaOAc + H3BO3 i n  

t h e  uv s p e c t r u m .  l3 From t h e  a b o v e  d a t a ,  t h e  f o r m u l a  2  was p r o p o s e d  f o r  

a r t o n i n  N .  

A r t o n i n  0 ( 3 ) .  r e d d i s h  p r i s m s ,  mp 200 'C (decomp.  I ,  L fX I D  0" , showed a 

p o s i t i v e  r e a c t i o n  t o  m e t h a n o l i c  f e r r i c  c h l o r i d e  test  a n d  t h e  m o l e c u l a r  f o r -  
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mula  C30H3007 f o r  3 was d e t e r m i n e d  by h l g h - r e s o l u t i o n  m s .  The 'H nmr s p e c -  

t r u m  of 3  was similar t o  t h a t  of 2 b u t  t h e  s i g n a l s  d u e  t o  a  2 , 2 - d i m e t h y l -  

p y r a n  r i n g  i n  2 were r e p l a c e d  by t h e  s i g n a l s  due  t o  a  3 . 3 - d i m e t h y l a l l y l  

g r o u p  i n  3. I n  t h e  13c nmr s p e c t r u m  of 3, t h r e e  c a r b o n y l  c a r b o n  s i g n a l s  

w e r e  o b s e r v e d  a t  8 1 8 1 . 2 ,  1 8 2 . 6 ,  and 183.7  ppm ( T a b l e  1 1 .  One o f  them c a n  

b e  a s s i g n e d  t o  t h e  c a r b o n y l  c a r b o n  i n  a  chromone s k e l e t o n  a n d  t h e  o t h e r s  

are a t t r i b u t a b l e  t o  a q u i n o i d a l  s t r u c t u r e .  From t h e  c o m p a r i s o n  o f  t h e  13c nmr 

s p e c t r u m  of 3 w i t h  t h a t  of 2 ,  t h e  s t r u c t u r e  of t h e  A a n d  C  r i n g s  a n d  t h e  

p a r t i a l  s t r u c t u r e  of C-9 t o  C-13 w e r e  t h o u g h t  t o  be  t h e  same a s  t h o s e  of 2 ,  

i m p l y i n g  t h a t  t h e  B r i n g  of 3  is a q u i n o i d a l  s t r u c t u r e  ( T a b l e  1). I n  o r d e r  

t o  c o n f i r m  t h i s  a s s u m p t i o n ,  t h e  l o n g - r a n g e  s e l e c t i v e  'H d e c o u p l i n g  (LSPDI 

e x p e r i m e n t s  w e r e  c a r r i e d  o u t  as f o l l o w s .  The weak i r r a d i a t i o n  o f  m e t h y l e n e  

p r o t o n s  t 6 3 . 2 1  ppml o f  a  3 . 3 - d i m e t h y l a l l y l  g r o u p  a t  C-3' c o n v e r t e d  a  

t r i p l e t  s i g n a l  ( J  = 4.4 Hz1 a t  b 183.7  ppm i n t o  a s i n g l e t  s i g n a l ,  a  b r o a d  

t r i p l e t  s i g n a l  ( J  = 8 . 1  Hz1 a t  S 122.0  ppm i n t o  a  b r o a d  s i n g l e t ,  a n d  a  

t r i p l e t  s i g n a l  (J - = 4.4 Hz) a t  b 1 5 2 . 9  ppm i n t o  a  s i n g l e t  s i g n a l .  An 

a n a l o g o u s  i r r a d i a t i o n  o f  a  m e t h i n e  ( b 3 .81  ppm) a t  C-10 c o n v e r t e d  a d o u b l e t  

s i g n a l  (J = 3.7 Hzl a t  & 182 .6  pprn as w e l l  as  a  d o u b l e t  s i g n a l  ( 3  = 4.4 Hz) - - 
a t  8 132 .2  ppm i n t o  a  s i n g l e t  s i g n a l  and a m u l t i p l e t  s i g n a l  a t  b 145.0  ppm 

i n t o  a  b r o a d  d o u b l e t  s i g n a l  ( J  = 9 . 5  H z ) .  From t h e  a b o v e  d a t a ,  t h e  

s t r u c t u r e  of t h e  B r i n g  f o r  3 would b e  d e p i c t e d  i n  F i g u r e  1. F u r t h e r  

e v i d e n c e  t o  s u p p o r t  t h i s  c o n c l u s i o n  was o b t a i n e d  by t h e  a d d i t i o n  r e a c t i o n  

of 3  w i t h  d i a z o m e t h a n e .  F i e s e r  e t  r e p o r t e d  t h a t  t h e  r e a c t i o n  of 

p - t ~ e n z o q u i n o n e  w i t . h  one m r 8 l e  of d i a z o m e t h a n e  g i v e s  t h e  a d d u c t ,  a p y r a z o l  

a n d / o r  a  i n d a z o l  i n  good y i e l d  w h i l e  o - b e n z o q u i n o n e  g i v e s  much Poor  - 
r e s u l t s  i n  t h e  same r e a c t i o n .  The  r e a c t i o n  o f  3  w i t h  d i a z o m e t h a n e  a f f o r d e d  

a p y r a z o l  p r o d u c t  ( 3 a 1 l 5  q u a n t i t a t i v e l y ,  a c c o m p a n i e d  by m e t h y l a t i o n  o f  two 

h y d r o x y l  g r o u p s .  T h i s  f a c t  s u b s t a n t i a t e d  t h e  A r i n g  o f  3  t o  b e  

p - b e n z o q u i n o n e  s t r u c t u r e .  Thus ,  t h e  s t r u c t u r e  o f  a r t o n i n  0 was r e p r e s e n t e d  

by f o r m u l a  3. 
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A r t o n i n  P ( 4 )  was i s o l a t e d  as an u n s t a b l e  r e d d i s h  amorphous  powder .  The 

m o l e c u l a r  f o r m u l a  C25H2008 f o r  4 was d e t e r m i n e d  by f a s t - a t o m  bombardment m s  

( M H +  m/z 4491 a n d  nmr s p e c t r o s c o p i c  a n a l y s i s .  The 'H nmr s p e c t r u m  of  4 - - 
e x h i b i t e d  t h e  s i g n a l s  due  t o  a  c h e l a t e d  h y d r o x y l  g r o u p  a t  b 1 2 . 6 7 ,  an a ro -  

m a t i c  p r o t o n  a t  S 6.15 ( s ) ,  an o l e f i n i c  p r o t o n  a t  8 5.53 ( s l ,  p r o t o n s  i n  a 

2 . 2 - d i m e t h y l p y r a n  r i n g  a t  & 1 . 4 4 ,  1 . 4 8  ( e a c h  3H, s l ,  5 .72,  7 . 1 1  ( e a c h  d ,  J 

= 1 0  H z ) ,  an  ABX t y p e  p r o t o n s  a t  b 2 . 3 1  ( b r  d d ,  J = 7  a n d  1 6  H z ) ,  3 .05  ( b r  

d ,  J = 1 6  H z ) ,  3 .63  ( b r  d ,  J = 7  H z ) ,  a n d  p r o t o n s  i n  a n  i s o p r o p e n y l  g r o u p  - - 
a t  & 1.82 (3H,  b r  s ) ,  4 .53 ,  4 . 7 1  ( e a c h  b r  s ) .  These  s i g n a l  p a t t e r n  was 

a n a l o g o u s  to  t h a t  of a r t o b i l o x a n t h o n e l 1  ( 1 1 1 .  The 13c nmr s p e c t r u m  of 4 

showed t h r e e  c a r b o n y l  c a r b o n  s i g n a l s  r e s o n a t e d  a t  8 1 8 1 . 4 ,  1 8 4 . 5  a n d  1 9 5 . 1  

ppm, s u g g e s t i n g  t h a t  4  h a s  a q u i n o l d a l  s t r u c t u r e  a s  same a s  a r t o n i n  0 (31 

( T a b l e  1) .  The  c h e m i c a l  s h i f t s  o f  t h e  c a r b o n s  i n  t h e  A a n d  C  r l n g s  a n d  of 

t h e  c a r b o n s  of C-9 t o  C-13 o f  4  were e s s e n t i a l l y  t h e  same as t h o s e  oE t h e  

r e l e v a n t  c a r b o n s  of 11 ( T a b l e  l ) ,  i n d i c a t i n g  t h a t  t h e  B  r i n g  o f  4 i s  a 

q u i n o i d a l  s t r u c t u r e .  Among t h e  B  r i n g  c a r b o n s  a t  b 57.5 ,  68 .3 ,  1 0 9 . 9 ,  

1 6 9 . 5 ,  1 8 4 . 5  a n d  195.1  ppm, t h e  f o r m e r  two c a r b o n s  w e r e  a n a l y s e d  by LSPD 

e x p e r i m e n t s .  The weak i r r a d i a t i o n  of C-10-H a t  S 3.58 ppm c o n v e r t e d  a 

t r i p l e t  s i g n a l  ( 2  = 6 .6  Hz) a t  6 5 7 . 5  i n t o  a d o u b l e t  s i g n a l  ( J  = 6 . 6  H z )  

a n d  a  m u l t i p l e t  s i g n a l  a t  6 68.3  i n t o  a  b r o a d  d o u b l e t  (J = 8 .8  H z ) .  The - 
I r r a d i a t i o n  o f  an  o l e f i n i c  p r o t o n  a t  S 5 . 5 3  ppm c o n v e r t e d  a t r i p l e t  s i g n a l  

( J  = 6.6 Hz) a t  S 57.5 ppm i n t o  a  d o u b l e t  s i g n a l  (J = 6 .6  H z ) .  T h e s e  d a t a  - 
a n d  t h e  ABX t y p e  s i g n a l s  d u e  t o  C-5 and C-10 p r o t o n s  which  a r e  s h i e l d e d  

compared  w l t h  t h o s e  of 11 i n d i c a t e d  t h a t  an e p o x i d e  g r o u p  l o c a t e s  be tween  

C-1' and C-6 ' .  On t h e  o t h e r  h a n d ,  t h e  o l e f i n i c  p r o t o n  a t  S 7 . 1 1  ppm i n  a 

2 , 2 - d i m e t h y l p y r a n  r i n g  uncommonly a p p e a r e d  i n  a l o w e r  f i e l d ,  s u g g e s t i n g  an  

a n i s o t r o p i c  e f f e c t  of t h e  c a r b o n y l  c a r b o n  a t  C - 2 ' .  On t h e  b a s i s  o f  t h e  

a b o v e  d a t a ,  t h e  f o r m u l a  4  was p r o p o s e d  f o r  a r t o n i n  P .  
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EXPERIMENTAL 

Abbrev ia t ions :  s = s i n g l e t ,  d = d o u b l e t ,  dd = double doublet .  m = m u l t i p l e t ,  sh = 

s h o u l d e r ,  i n f l  = i n f l e c t i o n .  

General Procedure:  Melting p o i n t s  were measured by a '~azaw". micromelting p o i n t  appara tus  

(hot-s tage t y p e )  and a r e  uncor rec ted .  Uv s p e c t r a  were recorded on a Shimadzu UV-265 spec- 

t rophotameter  and ir s p e c t r a  were recorded  on a Hi tach i  260-30 spectrophotometer .  'H and 

13c mr s p e c t r a  were recorded on a JEOL JNM GX-400 YTNMR spectrometer  u s i n g  te t ramethyl -  

s i l a n e  as an i n t e r n a l  s tandard .  Chemical s h i f t s  ( b ) are expressed a s  ppm and coupl ing  

c o n s t a n t s  ( 2 )  are i n  Herz. M s  s p e c t r a  recorded  on a JEOL JMS D-300 and DX-303 spectrorne- 

t e r .  O p t i c a l  r o t a t i o n  recorded on a JASCO DIP-4 D i g i t a l  po la r imete r .  Wakogel C-200 and 

Wakogel 8-5FM were used f o r  column chromatography and t h i n  l a y e r  chromatography ( t l c ) ,  r e -  

s p e c t i v e l y .  

I s o l a t i o n  o f  Artonin M ( I ) ,  N ( 2 ) ,  0 (3). and P ( 4 )  from t h e  Bark o f  A.  r i g i d a  81. 

The e x t r a c t i o n  on t h e  bark of  A .  r i g i d a  (1 Kg) wi th  n-hexane, benzene, a c e t o n e ,  and MeOH 

a f f o r d e d  each e x t r a c t s  a s  descr ibed  i n  t h e  p rev ious  paper.7 The ace tone  e x t a r c t  (29  g )  

was chromatographed on a s i l i c a  g e l  (250 g )  column using benzene-acetone a s  e l u t i n g  s o l -  

ven ts .  The f r a c t i o n  ( 2  g )  e l u t e d  wi th  benzene : acetone = 6 : 1 was rechromatographed on 

a s i l i c a  g e l  (200 g l  column with n-hexane : e t h y l  a c e t a t e  = 6 : 1 ( f r s .  1-6) ,  3 : 1 ( f r s .  

7-11), 1 : 1 ( f r s .  12-18) and e t h y l  a c e t a t e  ( f r s .  1 9  and 20) .  each f r a c t i o n  monitored by 

t l c .  The combined f r a c t i o n  (frs.  11 and 12.  0.1 g )  was sub jec ted  t o  f l a s h  chromatography 

( s i l i c a  g e l ,  s o l v e n t ,  n-hexane : e t h y l  a c e t a t e  = 4 : 1) fal lowed by high performance l i q -  

u i d  chromatography ( s o l v e n t ,  n-hexane : e t h y l  a c e t a t e  = 3 : 2 ,  column. Senshu Pak SSC S i -  

l i c a  4251-N , 1 cmd x 25 cm, d e t e c t o r ,  uv 280 m )  t o  g ive  a r t o n i n  M (1. 2 me). The com- 

bined f r a c t i o n  ( f r s .  13 and 14. 0 .1  g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s i l i c a  g e l ,  s o l -  

ven t ,  chloroform : acetone = 1 5  : 1) t o  g i v e  a r t o n i n N  ( 2 ,  3 mgl. The combined f r a c t i o n  

( frs .  15-18.  0.4 g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s i l i c a  g e l ,  s o l v e n t ,  n-hexane : ace- 

tone = 3 : 2 ,  n-hexane : e t h y l  a c e t a t e  = 3 : 1) t o  g i v e  a r t a n i n  0 (3, 14 mg). The f r a c -  

t i o n  (18.8 g )  e l u t e d  with benzene : ace tone  = 1 : 1 on t h e  i n i t i a l  column chromatography 

was chromatographed on a s i l i c a  g e l  (250 g )  with benzene : acetone = 6 : 1 ( f r s .  1 ' - 2 ' 1 ,  5 

: 1 (frs.  3 ' - 5 ' ) ,  4 : 1 ( f r s .  6 ' - 9 ' ) .  3 : 1 ( f ~ s .  1 0 ' - 1 2 * ) ,  2 : 1 ( fm .  1 3 ' - 1 6 ' ) .  1 : 1 

(frs. 17 '-22 ' )  a s  e l u t i n g  s o l v e n t s  of 300 m l  each. The f r a c t i o n s  4'  ( 2  g )  was rechro-  

matographed on a s i l i c a  g e l  (100 g )  cclumn chromatography us ing  benzene-acetone a s  e l u t i n g  

s o l v e n t s .  A part .  (0 .8  g )  of the  f r a c t i o n  e l u t e d  wi th  benzene : ace tone  = 2 : 1 was pur i -  

f i e d  by p r e p a r a t i v e  t l c  ( s i l i c a  g e l .  s o l v e n t ,  chloroform : MeOH = 1 0  : 1 ,  benzene : ace- 

tons  : : 31 t.0 g i v e  a r t o n i n  P ( 4 .  30 mg). 

Ar tan in  M (1) 

Compound 1 was r e c r y s t a l l i z e d  fmm n-hexane-acetone t o  g i v e  yel low p l a t e s ,  mp 240-249'C 
22 

(decamp.), [a.ID o 0 ( c  = 0.09,  MeOH). YeCl t e s t :  p o s i t i v e  (brown). Mg-HCl t e s t :  p o s i t i v e  
3 

KBr 
( r e d ) .  Uv 1M,"AH m ( l a g  8 ) :  228 (4.21) .  291 (4 .21) ,  337 ( i n f l  3 . 8 7 ) ,  380 (4 .01) .  I r V m a x  
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r e q u i r e s  502.1992). 

&-tonin N (2) 

Compound 2 was r e c r y s t a l l i z e d  from n-hexane-ether t o  g i v e  yel low n e e d l e s ,  mp 223-230"~  

( d e c m p .  1, [ a  ]220'(c - = 0.1, MeOH), FeC13 t e s t :  p o s i t i v e  (brown). Mg-HCl t e s t :  p o s i t i v e  
MeOH+NaOAc+H3B03 : no 

( r e d ) .  U v l ~ ~ ~ l P m  ( l o g s ) :  212 ( 4 . 3 6 ) ,  275 ( 4 . 2 9 ) ,  378 (4 .10) .  Uv Imax 
KBr -1 

s h i f t .  I r  V cm : 3450 ( b r ) ,  1650, 1615,  1570, 1480,  1450, 1400, 1380. El-mS: ?/? 

( r e l .  i n t . )  502 (M', 9 7 ) ,  487 ( 3 6 ) .  459 ( l o o ) ,  447 ( 9 9 ) ,  417 (181, 405 ( 1 0 ) .  165 ( 3 ) .  HR- 

m s :  _m/z 502.2012 (M', CWHWO, r e q u i r e s  502.1992). 
.. .- . 

Artonin 0 (3) 

Compound 3 was r e c r y s t a l l i z e d  from n-hexane-ether t o  g i v e  redd ish  p r i sms ,  mp 200°C (deco- 
22 MeOH 

mp.) ,  [ & I D  O o ( c  = 0.07,  MeOH). FeC13 t e s t :  p o s i t i v e  (brown). Uv I , , ,  nm ( l o g e ) :  213 
K B r  -1 

( 4 . 9 2 ) ,  261 (4.791,  313 (4 .50) .  380 (4 .08) .  I r Y m a x c m  : 3450 ( b r ) .  1640, 1610. 1570. 

1490,  1465, 1440, 1420. El-ms: m/z ( r e l .  i n t .  ) 502 (M'. 651, 500 ( 5 5 ) ,  485 ( l o o ) ,  459 

( 4 3 ) .  447 ( 4 6 ) ,  235 [ 3 6 ) ,  165 ( 4 ) .  HH-ms: m/? 502.1979 (M+, C30H3007 r e q u i r e s  502.1992). 

'H N m r  (acetone-d 1. 6 1.64,  1 .66,  1 .76,  1.77 (each 3H, b r  s ,  C-16-CH3, C-21-CH and C- 
-6 ' 3 

11-CH ) ,  2.71 ( l H ,  dd. J = 8 and 17. C-9-H). 3 .20 ( Z H ,  b r  d. J = 7 ,  C-19-H x 2) .  3.35 ( Z H ,  
3 

b r  d ,  J = 7, C-14-H x 2 ) .  3.37 ( l H ,  dd, J = 1 and 17, C-9-H), 3 .81 ( lH,  b r  d ,  J = 8 ,  C-10- - 
H ) ,  4 .62,  4.75 (each b r  s, C-12-H), 5.18, 5.26 (each l H ,  m, C-15-H and C-20-HI, 6.56 ( l H ,  

s ,  C-8-H), 13.03 ( l R ,  s, C-5-OH). 

Reac t ion  of Artonin 0 (3) with  Diazomethane (Formation of 3a) 

To a s o l u t i o n  of 3 ( 3  mg) i n  e t h e r  ( 5  m l ) ,  cooled t o  0 % .  was added t h e  e t h e r e a l  s o l u t i o n  

of d iazane thane  p repared  from n i t r o s o m e t h y l u r e a  (14 mg) and t h e  r e a c t i o n  mixture  was stir- 

red f a r  1 5  min a t  room temperature .  Af te r  usua l  work up, t h e  r e a c t i o n  p roduc t  was p u r i f i e d  

by h p l c  ( s i l i c a  g e l ,  Senshu Pak SSC S i l i c a  4251-N, d e t e c t o r ,  uv 280 nm, s o l v e n t ,  n-hexane 

: e t h y l  a c e t a t e  = 2 : I )  t o  g i v e  3a (3 me). 
Ccmpaund 3a, p a l e  ye l low powder. El-ms: m/z ( r e l .  i n t . )  572 (MI, 1 0 0 ) .  529 ( 1 6 ) ,  517 ( 4 3 ) .  

489 (151 ,  349 (291,  337 ( 4 3 ) .  'H Nmr (acetone-G6): S 1.14,  1.50. 1.63, 1 .76 ,  1 .90  (each 

3H, b r  s ,  C-16-CH C-21-CH and C-11-CH ) ,  2.51 ( lH,  dd,  :! = 11 and 17 ,  C-9-H), 2.95 ( l H ,  
3 ' 3 3 

dd, J = 4 and 1 7 ,  C-9-H), 3.02 ( l H ,  dd, J = 4 and 11, C-10-H), 3.08, 3.32 (each  2H, b r  d ,  
- 

J = 8 ,  C-14-H x 2 and C-19-H x 2 ) ,  3 .99,  4.04 (each 3H, s ,  OCH,), 4.76 ( l ~ ,  m ,  C-20-H), - " 
4.93, 5.10 (each  l H ,  b r  s, 1 - H  5 .15 (IH,  m ,  C-15-H), 6.57 ( lH,  s ,  C-8-H), 7.01 ( lH,  

s, CH of pyrazo l  r i n g ) ,  7.85 ( 1 H .  b r  s ,  NH o f  pyrazo l  r i n g ,  exchangeable wi th  D90). 12.70 - 
I lH,  s. C-5-OH, exchangeable wi th  D,O). - 
A r t t o n i n  P ( 4 )  

Compound 4 was o b t a i n e d  as a r e d d i s h  amorphous powder. FeC13 t e s t :  p o s i t i v e  (brown). Uv 
K B r  -1 

mn  log^.): 206 ( 4 . 5 3 ) ,  235 lsh 4.651, 267 ( 4 . 7 6 ) ,  365 ( 4 . 1 7 ) .  I r Y m a x c m  : 3450 
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