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O N  THE REACTION MECHANISM OF 

PHOTO-OXIDATIVE C Y C L I Z A T I O N  OF M O R U S I N +  

TEES Ngfyfp* and T$ph&p F!!!@i 

F a c u l t y  of P h a r m a c e u t i c a l  S c i e n c e ,  Toho U n i v e r s i t y ,  2-2-1,  

Miyama, F u n a b a s h i - s h i ,  C h i b a  2 7 4 ,  J a p a n  

I n  t h e  p r e s e n t  p a p e r  t h r e e  p o s s i b l e  mechan i sms  of t h e  

p h o t o - o x i d a t i v e  c y c l i z a t i o n  of  m o r u s i n  ( I )  t o  m o r u s i n  

h y d r o p e r o x i d e  ( 1 1 )  a r e  d i s c u s s e d  b e i n g  b a s e d  on t h e  s e v e r a l  

e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  h e r e .  The f o l l o w i n g  mechan i sms  

a r e  s u g g e s t e d :  I i n  t h e  g r o u n d  s t a t e  i n t e r a c t s  w i t h  oxygen  t o  

fo rm a  c o n t a c t  c h a r g e  t r a n s f e r  c o m p l e x ,  and g a v e  on i r r a d i a t i o n  

an e x c i t e d  c h a r g e  t r a n s f e r  s t a t e  t h a t  may l e a d  t o  r e a c t i v e  

s p e c i e s  s u c h  a s  f r e e  r a d i c a l s ,  f i n a l l y  g i v i n g  bhe p h o t o r e a c t i o n  

p r o d u c t  (11). T h i s  r e a c t i o n  mechan i sm i s  d rawn  i n  C h a r t  6 .  

I n  t h e  p r e v i o u s  p a p e r s ,  t h e  a u t h o r s  r e p o r t e d  t h e  s t r u c t u r e  

d e t e r m i n a t i o n  of  a  s e r i e s  of  p r e n y l f l a v o n e s  o b t a i n e d  f rom t h e  r o o t  b a r k  

of Morus  a l h a  L . ,  and d e s c r i b e d  t h e  p h o t o - o x i d a t i v e  c y c l i z a t i o n  of 

m o r u s i n  ( I )  and o t h e r  p r e n y l f l a v o n e s .  When a s o l u t i o n  o f  I i n  c h l o r o f o r m  

was i r r a d i a t e d  w i t h  a  h i g h - p r e s s u r e  m e r c u r y  l amp ,  m o r u s i n  h y d r o p e r o x i d e  

( 1 1 )  was o b t a i n e d  i n  8 0  % y i e l d ?  A s  r e p o r t e d  by M a t s u u r a  and h i s  

c o - w o r k e r s ?  5 - h y d r o x y - f l a v o n e  d e r i v a t i v e s  r e s i s t  p h o t o r e a c t i o n .  



They d e s c r i b e d  t h a t  t h e  s t a b i l i t y  t o  p h o t o r e a c t i o n  i s  d u e  t o  h y d r o g e n  

b o n d i n g  of t h e  5 - h y d r o x y l  t o  t h e  4 - c a r b o n y l  g r o u p ,  and t h a t  s u c h  a n  

' i n t e r a c t i o n  c a u s e s  a n  i n t r a m o l e c u l a r  h y d r o g e n  a b s t r a c t i o n  i n  t h e  

e x c i t e d  s t a t e  t o  y i e l d  a  t a u t o m e r .  A l t h o u g h  I i s  a  f l a v o n e  d e r i v a t i v e  

w h i c h  a l s o  h a s  t h e  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  b e t w e e n  t h e  

t h e  p h o t o r e a c t i o n  o c c u r r e d  5 - h y d r o x y l  and t h e  4 - c a r b o n y l  g r o u p ,  

i n  c h l o r o f o r m  o r  b e n z e n e  s o l u t i o n ?  I n  t h i s  r e s p e c t ,  t h e  p h o t o - o x i d a t i v e  

c y c l i z a t i o n  of I i s  a  n o v e l  r e a c t i o n  i n  t h e  p h o t o c h e m i s t r y  of f l a v o n o i d s ,  

and t h i s  p rompted  u s  t o  i n v e s t i g a t e  i t s  r e a c t i o n  mechan i sm.  I n  t h i s  

p a p e r ,  we r e p o r t  t h e  p o s s i b l e  mechan i sms  of t h e  o x i d a t i v e  c y c l i z a t i o n .  won \ I I ,," - ' I  \ I 0  
C H C 1 3  

O H  0  , O H  0  
OOH 

The  f o l l o w i n g  t h r e e  p o s s i b l e  m e c h a n i s m s 6  c a n  b e  p r o p o s e d  f o r  

t h e  p r i m a r y  s t e p  of t h e  p h o t o - o x i d a t i v e  c y c l i z a t i o n  o f  I:  

1. a  r e a c t i o n  mechan i sm i n v o l v i n g  " s i n g l e t  oxygen" ,  

2 .  a  r e a c t i o n  via a phenoxy  r a d i c a l ,  3 .  a  r e a c t i o n  y& a  c o n t a c t  

c h a r g e  t r a n s f e r  c o m p l e x .  Above t h r e e  p o s s i b l e  mechan i sms  w e r e  examined  

on t h e  b a s i s  o f  e x p e r i m e n t a l  r e s u l t s .  

1 A r e a c t i o n  mechan i sm i n v o l v i n g  " s i n g l e t  oxygen" .  

C o n s i d e r i n g  t h e  u l t r a v i o l e t  and v i s i b l e  a b s o r p t i o n  s p e c t r u m  of 

I:'~ i t  i s  p r o b a b l e  t h a t  I a c t s  a s  a  t r i p l e t  s e n s i t i z e r  and p r o d u c e s  
6 

S i n g l e t  oxygen  ( C h a r t  2 ) .  I f  s i n g l e t  oxygen  i s  p r o d u c e d ,  two c a s e s  a r e  

p o s s i b l e  : 1 )  s i n g l e t  oxygen  r e a c t s  w i t h  t h e  m o l e c u l e s  o f  I w h i c h  
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produced singlet oxygen, and the reaction takes place intramolecularly, 

and 2) singlet oxygen reacts intermolecularly with the molecules 

other than its donor molecules. In the former case, singlet oxygen 

is generated apparently in such a manner that its free circulation in 

solution is not permitted. Furthermore, the generation of singlet 

oxygen presumably occurs in the immediate vicinity of the flavone 

ring! To examine the latter mechanism, photo-sensitized oxidation of 

I with hematoporphyrin was investigated. 

Chart 2 

When a solution of I in chloroform in the presence of hematoporphyrin 

was irradiated with a high-pressure mercury lamp for 40 hr through 

filter solution8 to cut the radiation shorter than 500 nm under bubbling 

oxygen, the photo-sensitized oxidation afforded I I I ~  and lv9 in 5 % 

and 10 % yield, respectively. These two compounds (111 and IV) were 

identified with authentic specimens9 which had been shown to be 

produced "ene" reaction. 9'10 Blank runs without any dye gave no 

reaction. The TLC of the reaction mixture showed a very small spoc of 

11, and this compound could not be isolated as pure form. As reported 

in the previous paper? it is suggested that the formation of I1 from 

I can be initiated by the abstraction of the phenolic hydrogen with 

the excited dye triplet. The findings described above suggest that 

the products formed only "ene" reaction must be detected if singlet 

oxygen reacts intermolecularly with the molecules of I other than the 

donor molecules of oxygen. Moreover, following experiments suggest 

that I can not generate singlet oxygen, and the intramolecular reaction 
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I 
h v  

b 

h e m a t o p o r p h y r i n  OH 
C H C 1 3  OH 0 

(111) 

A c 2 0 / P y r .  \ 
OH 0 l0 yAc h v  a + 

h e r n a t o p o r p h y r i n  

OIi 0 C H C 1 3  

C H C 1 3  OH 0 OH 

0'1) 

WoAc 
\ \ O A c  

OH *o OH 0 

0'11) (VIII) 

C h a r t  3 



w i t h  s i n g l e t  oxygen  i s  a l s o  e x c l u d e d .  The v i s i b l e  a n d  u l t r a v i o l e t  

5 s p e c t r u m  of  m o r u s i n  d i a c e t a t e  ( I a )  was s i m i l a r  t o  t h a t  of I. 

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

I c a n  g e n e r a t e  s i n g l e t  oxygen .  I f  I a  g e n e r a t e s  s i n g l e t  o x y g e n ,  i t  i s  

p r o b a b l e  t h a t  t h e  o x y g e n a t e d  p r o d u c t s  a r e  formed o n l y  via " e n e "  r e a c t i o n ,  

and t h e  o x i d a t i v e  c y c l i z a t i o n  c a n  n o t  o c c u r  b e c a u s e  o f  a c e t y l a t e d  

2 ' - h y d r o x y l  g r o u p ?  To e l u c i d a t e  t h i s  a s s u m p t i o n ,  t h e  p h o t o - s e n s i t i z e d  

o x i d a t i o n  of I a  was c a r r i e d  o u t .  When a  s o l u t i o n  o f  I a  i n  c h l o r o f o r m  

i n  t h e  p r e s e n c e  o f  h e m a t o p o r p h y r i n  was i r r a d i a t e d  w i t h  a  400 W T o s h i b a  

Yoko lamp f o r  4  h r ,  t h e  p h o t o - s e n s i t i z e d  o x i d a t i o n  a f f o r d e d  V and V I  i n  

5 % and 1 0  % y i e l d ,  r e s p e c t i v e l y .  The s t r u c t u r a l  e l u c i d a t i o n s  o f  V and 

V I  w e r e  a c c o m p l i s h e d  on t h e  b a s i s  o f  t h e  s p e c t r a l  d a t a  and V was 

i d e n t i f i e d  w i t h  t h e  compound which  was d e r i v e d  f r o m  I11 by t h e  t r e a t m e n t  

w i t h  a c e t i c  a n h y d r i d e  i n  p y r i d i n e .  

On t h e  o t h e r  h a n d ,  t h e  c h l o r o f o r m  s o l u t i o n  of I a  was i r r a d i a t e d  w i t h  

a  200 W t u n g s t e n  lamp f o r  3  h r ,  and t h e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  

q u a n t i t a t i v e l y .  When a  s o l u t i o n  o f  I a  ( 2 0  mg) and e r g o s t e r o l  ( 2 0  mg) 

i n  c h l o r o f o r m  ( 1 0  ml )  was  i r r a d i a t e d  a s  a b o v e ,  I a  and e r g o s t e r o l  w e r e  

r e c o v e r e d  i n  80  % y i e l d  and e r g o s t e r o l  p e r o x i d e  was n o t  o b t a i n e d .  

I f  I a  c o u l d  g e n e r a t e  s i n g l e t  o x y g e n ,  e r g o s t e r o l  peroxide1 '  s h o u l d  b e  

f a r m e d .  

hv 
I a  + e r g o s t e r o l  

C H C 1 3  

C h a r t  4 

T h e s e  d a t a  i n d i c a t e  t h a t  I a  d o e s  n o t  g e n e r a t e  s i n g l e t  oxygen .  

C o n s i d e r i n g  t h e  s i m i l a r i t y  o f  t h e  v i s i b l e  and u l t r a v i o l e t  s p e c t r u m  



of I and I a ,  i t  i s  p r o b a b l e  t h a t  I d o e s  n o t  g e n e r a t e  s i n g l e t  oxygen  

a s  w e l l  a s  I a  d o e s  n o t .  T h u s ,  t h e  r e a c t i o n  mechanism i n v o l v i n g  s i n g l e t  

oxygen  c a n  b e  e x c l u d e d .  

2  A  r e a c t i o n  via a phenoxy  r a d i c a l .  

3'12 t h e  f o r m a t i o n  o f  II f rom A s  r e p o r t e d  i n  t h e  p r e v i o u s  p a p e r s ,  

I p r o c e e d s  i n  t h e  p r e s e n c e  of o n e - e l e c t r o n  t r a n s f e r  o x i d i z i n g  a g e n t s  

i n  t h e  d a r k ,  and t h e  p o s s i b l e  mechan i sm o f  t h i s  o x i d a t i v e  c y c l i z a t i o n  

was p o s t u l a t e d  a s  i n  C h a r t  5 .  I n  t h e  c a s e  of  p h o t o - o x i d a t i v e  

c y c l i z a t i o n  of I, t h e  s i m i l a r  mechan i sm via phenoxy  r a d i c a l  ( I X )  c a n  

b e  a s sumed .  To i n v e s t i g a t e  t h i s  a s s u m p t i o n ,  t h e  f o l l o w i n g  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 .  

A s o l u t i o n  o f  I and 2 , 4 , 6 - t r i - x - b u t y l p h e n o l  i n  b e n z e n e  was 

e x t e r n a l l y  i r r a d i a t e d  i n  a  g l a s s  v e s s e l  w i t h  a  1 0 0  W h i g h - p r e s s u r e  

m e r c u r y  lamp f o r  7  h r .  The  TLC o f  t h e  r e a c t i o n  p r o d u c t s  o n l y  showed 

t h e  s p o t s  o f  t h e  s t a r t i n g  m a t e r i a l s  a n d  t h e  p r o d u c t s  w e r e  p u r i f i e d  by 

p r e p a r a t i v e  TLC t o  g i v e  t h e  s t a r t i n g  m a t e r i a l s  i n  70 % y i e l d ,  a n d  a n y  

o t h e r  r e a c t i o n  p r o d u c t s  w e r e  n o t  o b t a i n e d .  B l a n k  r u n s  w i t h o u t  

2 , 4 , 6 c t r i - g - b u t y l p h e n o l  g a v e  I1 i n  85 % y i e l d .  I f  t h e  p h o t o - o x i d a t i v e  

c y c l i z a t i o n  p r o c e e d e d  2 a  phenoxy  r a d i c a l  ( I X ) ,  t h e  r e a c t i o n  c o u l d  

b e  b l o c k e d  by t h e  a d d i t i o n  o f  2,4,6-tri-tert-butylpheno113 and t h e  

compounds c o u p l e d  w i t h  t h e  2 , 4 , 6 - t r i - u - b u t y l p h e n o x y  r a d i c a l s ,  s u c h  

l3 I n  t h e  c a s e  o f  a s  x : ~   XI:^ and t h e  d i n e r  ( ~ 1 1 ) : ~  would  b e  f o r m e d .  

t h e  p h o t o - o x i d a t i v e  c y c l i z a t i o n  o f  I ,  t h e  r e a c t i o n  was c o m p l e t e l y  

b l o c k e d  by t h e  a d d i t i o n  o f  2 , 4 , 6 - t r i - S - b u t y l p h e n o l ,  and a n y  o t h e r  

r e a c t i o n  p r o d u c t s  e x c e p t  t h e  s t a r t i n g  m a t e r i a l s  w e r e  n o t  o b t a i n e d .  

T h e s e  f i n d i n g s  a l l o w  a  s p e c u l a t i o n  t h a t  2 , 4 , 6 - t r i - g - b u t y l p h e n o l  

d o e s  n o t  a c t  a s  a  r a d i c a l  q u e n c h e r  a l t h o u g h  i t  b l o c k s  t h e  p h o t o -  
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o x i d a t i v e  c y c l i z a t i o n .  The b l o c k i n g  mechanism of t h i s  phenomenon 

h a s  n o t  been c l e a r .  C o n s i d e r i n g  above r e s u l t $ ,  t h e  r e a c t i o n  mechanism 

v i a  a  phenoxy r a d i c a l  i s  u n l i k e l y  t o  o p e r a t e .  - 

Chart 5 

3 A r e a c t i o n  via a  c o n t a c t  c h a r g e  t r a n s f e r  complex. 

The t h i r d  mechanism i s  d e p i c t e d  a s  f o l l o w s  : I i n  t h e  ground s t a t e  

i n t e r a c t s  w i t h  a n  oxygen mo lecu l e  t o  form a  c o n t a c t  c h a r g e  t r a n s f e r  

complex (XI I I ) ?  On i r r a d i a t i o n ,  t h e  complex ( X I I I )  g i v e s  a n  e x c i t e d  

c h a r g e  t r a n s f e r  s t a t e  t h a t  p resumably  l e a d s  t o  r e a c t i o n  s p e c i e s  such  

6 
a s  f r e e  r a d i c a l  a s  drawn i n  C h a r t  6 .  

A s  ment ioned above ,  a r e a c t i o n  mechanism i n v o l v i n g  s i n g l e t  oxygen 

and a  mechanism via a  phenoxy r a d i c a l  cou ld  n o t  e x p l a i n  t h e  photo-  



C h a r t  6 

o x i d a t i v e  c y c l i z a t i o n  of I .  I t  i s ,  t h e r e f o r e ,  t h a t  t h e  t h i r d  mechanism 

i s  more r e a s o n a b l e .  A l t h o u g h  t h e  p o s i t i v e  p r o o f  s u p p o r t i n g  t h i s  

mechanism h a s  n o t  been  o b t a i n e d ,  t h e  f o l l o w i n g  e x p e r i m e n t a l  r e s u l t s  

w i l l  be  e x p l a i n e d  by t h i s  h y p o t h e s i s .  The p h o t o - o x i d a t i v e  c y c l i z a t i o n  

of I i s  d e p e n d e n t  on t h e  s o l v e n t  and p r o c e e d s  i n  c h l o r o f o r m ,  

d i c h l o r o m e t h a n e  o r  b e n z e n e  s o l u t i o n  w h e r e a s  t h e  s t a r t i n g  m a t e r i a l  i s  

r e c o v e r e d  unchanged  i n  m e t h a n o l ,  e t h a n o l ,  o r  g - b u t y l  a l c o h o l  

s o l ~ t i o n ? " ~  I t  i s  t e m p t i n g  t o  s p e c u l a t e  t h a t  t h e  c o n t a c t  c h a r g e  

t r a n s f e r  complex ( X I I I )  c a n  n o t  b e  formed i n  t h e  s o l v e n t  i n  which  

t h e  p h o r o r e a c t i o n  d o e s  n o t  o c c u r .  

On c o n s i d e r i n g  t h e  p r e s e n t  f i n d i n g s ,  t h e  t h i r d  mechanism m e n t i o n e d  

a b o v e  i s  s u g g e s t e d  t o  b e  t h e  mos t  p o s s i b l e  one which  p r o c e e d s  via a  

c h a r g e  t r a n s f e r  complex.  

 EXPERIMENTAL'^ 
P h o t o - s e n s i t i z e d  O x i d a t i o n  o f  M o r u s i n  ( I )  - I (116  mg) was d i s s o l v e d  

i n  t h e  g l a s s  v e s s e l  i n  c h l o r o f o r m  ( 4  ml)  which  had been  p r e v i o u s l y  

s a t u r a t e d  w i t h  h e m a t o p o r p h y r i n ,  and oxygen was c i r c u l a t e d  i n  t h e  s o l u t i o n .  

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

t h e  s a t u r a t e d  s o l u t i o n  of p o t a s s i u m  d i c h r o m a t e ,  t h r o u g h  which  t h e  
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s o l u t i o n  o f  I was  i r r a d i a t e d  w i t h  a  1 0 0  W h i g h - p r e s s u r e  m e r c u r y  l amp  

f a r  4 0  h r .  T h e  r e a c t i o n  p r o d u c t s  w e r e  p u r i f i e d  b y  p r e p a r a t i v e  TLC 

( b e n z e n e  : e t h y l  a c e t a t e  = 2 : 1 ,  s i l i c a  g e l )  t o  g i v e  111 (mp 199-ZOO9, 

6  mg) a n d  I V  (mp 171 -17X0 ,  1 2  mg) .  T h e s e  two compounds  w e r e  i d e n t i f i e d  
9  (mixed  m e l t i n g  p o i n t )  w i t h  a u t h e n t i c  s p e c i m e n s .  

P h o t o - s e n s i t i z e d  O x i d a t i o n  o f  M o r u s i n  D i a c e t a t e  ( I a )  - A s o l u t i o n  

o f  I a  ( 7 0  mg) i n  c h l o r o f o r m  ( 5  m l )  w h i c h  had  b e e n  s a t u r a t e d  w i t h  h e m a t o -  

p o r p h y r i n  was  e x t e r n a l l y  i r r a d i a t e d  i n  a  g l a s s  v e s s e l  w i t h  a  4 0 0  W 

T o s h i b a  Yoka l amp  f o r  4  h r .  T h e  r e a c t i o n  p r o d u c t s  w e r e  p u r i f i e d  b y  

p r e p a r a t i v e  TLC ( e t h e r  : c h l o r o f o r m  = 1 : 4 ,  s i l i c a  g e l )  t o  g i v e  V ( 4  mg) 

a n d  V I  ( 7  mg) .  

Compound (V), mp 166-168 ' ,  p o s i t i v e  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  

t e s t .  i r  [ V N u j o l  EtOH 
max 1 7 7 5 ,  1 7 6 0 ,  1 6 8 5 ,  1 6 6 0 ,  1 6 2 5 ,  1 5 9 5  cm-'1. u v  [ A m a x  

nm(1og E ) :  2 2 5 ( 4 . 4 3 ) ,  2 6 9 ( 4 . 5 3 ) ,  3 0 0 ( s h  3 . 6 5 ) ,  3 5 0 ( 3 . 5 6 ) ;  

~ ~ ~ ~ ~ + ~ ~ ~ ~ 3  : 2 2 8 ( 4 . 5 0 ) ,  2 7 9 ( 4 . 5 4 ) ,  4 1 5 ( 3 . 5 2 ) 1 .  nmr (6 i n  a c e t o n e - d 6 )  
max 

[ 1 . 4 8 ( 6 8 ,  s ,  C14 - C H 3  x  2 ) ,  1 . 8 4 ( 3 H ,  q ,  J = 1 and  1 . 5  Hz,  C l l  - CH3),  

2 . 2 5 ,  2 . 3 1 ( e a c h  3H, s ,  OAc),  3 . 8 0 ( 2 H ,  h r  s ,  C 9  a n d  C10 - H ) ,  5 . 6 8  

( l H ,  d ,  J = 1 0  Hz,  C13 - H ) ,  5 . 8 4 ( 1 H ,  q ,  J = 1 . 5  Hz,  C l l  = CH), 6 . 1 0  

( l H ,  b r  s ,  C l l  = CH), 6 .19( I .H,  d ,  J = 0 . 7  Hz,  C 6  - H ) ,  6 . 5 6 ( 1 H ,  q ,  

J = 0 .7  a n d  1 0  Hz,  C12 - H ) ,  7 . 1 6 ( 1 H ,  d ,  J = 2  Hz, C, ,  - H ) ,  7 . 1 8  

( l H ,  q ,  J = 2  a n d  9 Hz,  C5, - H),  7 . 5 8 ( 1 8 ,  d ,  J = 9  Hz,  C6 ,  - H ) ,  1 2 . 9 5  
+ 

( l H ,  s ,  C 5  - OH)].  m s  m /e :  5 1 8 ( ~ + ) ,  503(M - CH3),  2 0 3 ( V I I ) .  
+ Anal. H i g h - r e s o l u t i o n  m a s s  s p e c t r u m :  C a l c d .  f o r  C29H260g(M , m / e ) :  5 1 8 . 1 5 7 5 .  

F o u n d : 5 1 8 . 1 5 4 2 .  V was  i d e n t i f i e d  ( m i x e d  m e l t i n g  p o i n t )  w i t h  t h e  compound 

w h i c h  was d e r i v e d  f r o m  I11 b y  t h e  t r e a t m e n t  w i t h  a c e t i c  a n h y d r i d e  i n  

p y r i d i n e .  

Compound ( V I ) ,  mp 123 -127 ' ,  p o s i t i v e  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  
KBr 

t e s t .  i r  [ V EtOH 
max 3 3 0 0 ,  1 7 7 0 ,  1 7 4 0 ,  1 6 6 0 ,  1 6 2 0 ,  1 5 8 0  cm-'1. 

uv A m a x  
nm(1og E ) :  2 4 2 ( 4 . 1 6 ) ,  2 7 4 ( 4 . 2 8 ) ,  3 6 5 C 3 . 6 9 ) ;  ~ : : : ~ ~ ~ ~ ~ ~ 3  : 2 4 4 ( 4 . 1 8 ) ,  

2 8 0 ( 4 . 3 0 ) ,  hZO(3.66)  I .  nmr ( 5  i n  a c e t o n e - d  ) [ 1 . 2 4 ( 6 H ,  s ,  C l l  - 
6  C H 3  

x  2 ) ,  1 . 4 6 ( 6 8 ,  s ,  C14 - C H 3  x  2 ) ,  2 . 1 4 ,  2 . 3 2 ( e a c h  3H, s ,  OAc),  5 . 6 6  

( l H ,  d ,  J = 1 0  Hz, C13 - H I ,  6 . 0 5 ( 1 H ,  d ,  J = 1 6 . 5  Hz, C10 - H ) ,  6 .17  

( l H ,  d ,  J = 0 . 6  Hz, C 6  - H ) ,  6 . 5 6 ( 1 H ,  q ,  J = 0 . 6  a n d  1 0  Hz,  C12 - H ) ,  

6 . 8 5 ( 1 H ,  d ,  J = 1 6 . 5  Hz, C 9  - H ) ,  7 . 2 3 ( 1 8 ,  d ,  J = 2  Hz,  C 3 ,  - H ) ,  7 . 2 6  

( l H ,  q ,  J = 2  a n d  9  Hz, C 5 ,  - H ) ,  7 . 7 4 ( 1 8 ,  d ,  J = 9  Hz, C 6 ,  - H ) ,  1 0 . 0 6 ,  
+ 

1 3 . 0 5 ( e a c h  l H ,  s ,  Cll - O H  a n d  C 5  - OH)] .  m s  m/e :  5 2 0 ( ~ + ) ,  505(M - CH3),  



+ + - H20) ,  487(M - H20 - CH3), 4 7 8 ( ~ '  - C H O),  463(M - C H  - 2 2  3 
4 6 1 ( V I I I ,  M+ - C3H70, b a s e  peak):' 4 1 9 f ~ +  - C3H70 - C2H20) ,  

1 , fo rmed  f r o m  t h e  i o n  a t  505  by a r e v e r s e  D i e l s - A l d e r  r e a c t i o n ) .  

Anal. H i g h - r e s o l u t i o n  m a s s  s p e c t r u m :  C a l c d .  f o r  C H 0  (M+ - H 0 ,  m / e ) :  
29 26  8  2  

502 .1685 .  Found: 502 .1645 ;  C a l c d .  f o r  C 2 6 H 2 1 0 8 ( ~ +  - C3H70, m l e ) :  

461 .1235 .  Found:  461 .1205 .  

I r r a d i a t i o n  o f  M o r u s i n  ( I )  i n  t h e  P r e s e n c e  o f  2,4,6-tri-tert-Butylphenol 

- A s o l u t i o n  o f  I ( 3 3  mg) a n d  2 , 4 , 6 - t r i - = - b u t y l p h e n o l ( 3 0  mg) 

i n  b e n z e n e  ( 1 0  ml )  Was e x t e r n a l l y  i r r a d i a t e d  i n  a  g l a s s  v e s s e l  w i t h  a  

1 0 0  W h i g h - p r e s s u r e  m e r c u r y  lamp f o r  7  h r .  A f t e r  e v a p o r a t i o n ,  t h e  

r e s i d u e  was a n a l y s e d  by p r e p a r a t i v e  TLC ( e t h e r  : c h l o r o f o r m  = 1 : 4 ,  s i l i c a  

g e l )  t o  g i v e  t h e  s t a r t i n g  m a t e r i a l s  i n  70 % y i e l d .  
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