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THE PHOTO-SENSITIZED OXIDATION OF MORUSIN 1) 
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Photo-sensitized oxidation of morusin (I) in the 

presence of sensitizers (rose bengal, hematoporphyrin) 

afforded morusinhydroperoxide (II), compound A (III), 

and two other compounds (IV, V). IV and V were formed 

via "ene" reaction. Photo-sensitized oxidation of I - 

was carried out in the presence of 2,4,6-tri-s- 

butylphenol, a radical quencher, or of triethylene 

diamine (Dabco), a singlet oxygen quencher. In the 

former case, I1 and I11 were not obtained, but IV and 

XIII, whereas in the latter case, IV and V were not 

obtained, but I1 and 111. On the basis of the above 

results, the possible mechanism of the formation of 

11 from I was discussed. 

The authors reported the structure determination of a series of 

prenylflavones including morusin (I) and compound A (111) obtained 

from the root bark of Morus alba L?'~) and described the photooxidative 



c y c l i z a t i o n  of I and o t h e r  p reny l f l avones?)  The s i m i l a r  o x i d a t i v e  

c y c l i z a t i o n ,  format ion of morusinhydroperoxide (11) from I ,  was 

c a r r i e d  o u t  i n  t h e  presence o f  one-elect ron t r a n s f e r  o x i d i z i n g  

agen t s  (manganese d iox ide ,  s i l v e r  ox ide)  i n  t h e  da rk ,  and t h e  

p o s s i b l e  mechanism of t h i s  o x i d a t i v e  c y c l i z a t i o n  i n  t h e  dark was 

p o s t u l a t e d  a s  drawn i n  Char t  1. Furthermore,  it was suggested 

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

c e r t a i n  uncommon f lavonoids  such a s  chap lash in  ( I X )  and oxyisocyclo- 

i n t e g r i n  (X), which were supposed t o  be  de r ived  from 3-prenyl-2'- 

hydroxyflavone p r e c u r s o r ? )  On t h e  o t h e r  hand, it has been desc r ibed  

t h a t  a l a r g e  number of n a t u r a l  p roduc t s  may be formed by t h e  

o x i d a t i v e  coup l ing  o f  t h e i r  phenol p r e c u r s o r s 6 )  and such phenol 

p r e c u r s o r s  may be o x i d i z e d  photochemically i n  t h e  presence of 

7) n a t u r a l  pigments s e r v i n g  a s  s e n s i t i z e r s ,  p a r t i c u l a r l y  i n  p l a n t s .  

I n  t h i s  connect ion,  we a t t empted  t h e  pho to-sens i t i zed  o x i d a t i o n  o f  I .  

A s o l u t i o n  o f  I (50 mg) and hematoporphyrin (6 mg) i n  benzene 

c o n t a i n i n g  25 % methanol (15 m l )  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  wi th  a 200 W t u n g s t e n  lamp f o r  5 h r .  Blank r u n s  

wi thout  any dye gave no r e a c t i o n .  The r e a c t i o n  p roduc t s  were 

p u r i f i e d  by p r e p a r a t i v e  TLC t o  g ive  11, I V  and V i n  6 %, 30 % and 

4 % y i e l d ,  r e s p e c t i v e l y ? )  When r o s e  bengal (10 mg) was used a s  

a s e n s i t i z e r  i n s t e a d  o f  hematoporphyrin, I ,  I11 and I V  were ob ta ined  

i n  17 %, 2 % and 4 % y i e l d ,  r e s p e c t i v e l y ? )  The p roduc t s  (I1 and 111) 

were i d e n t i f i e d  wi th  a u t h e n t i c  specimens2f4)  by i r  spectroscopy 

and mixed mel t ing  p o i n t .  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  IV and v 
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w e r e  a c c o m p l i s h e d  o n  t h e  b a s i s  o f  t h e  f o l l o w i n g  s p e c t r a l  d a t a .  

Compound ( IV)  , C25H2207 (M+ 4 3 4 ) ,  mp 199-200° ,  y e l l o w  p r i s m s  

f r o m  n-hexane  - e t h e r ,  p o s i t i v e  o n  G i b b s  t e s t ,  i r  [ v  3350 ,  
max 

EtOH nm(1og  d : 2 1 3 ( 4 . 5 0 ) ,  2 7 3 ( 4 . 4 4 ) ,  1 6 7 0 ,  1 6 4 0 ,  1 6 2 5  c m - l l ,  u v  [ hmax 

Et0H+A1C13: 2 1 3 ( 4 . 4 5 ) ,  3 0 5 ( s h  3 . 8 7 ) ,  3 1 0 ( s h  3 . 8 4 ) ,  3 5 0 ( s h  3 . 7 1 ) :  
A max 

A ~ ~ ~ ~ + ~ ~ ~ ~ ~ :  2 7 7 ( 4 . 3 8 ) ,  2 2 6 ( 4 . 4 4 ) ,  2 8 1 ( 4 . 4 6 ) ,  3 4 8 ( 3 . 8 5 ) ,  4 0 5 ( 3 . 5 9 ) :  max 

3 0 0 ( s h  4 . 1 4 1 ,  3 2 0 ( s h  4 . 0 5 ) ,  3 9 3 ( 3 . 9 8 ) 1 .  T h e s e  u v  s p e c t r a  e x h i b i t e d  

t h e  a b s o r p t i o n  p a t t e r n s  s i m i l a r  t o  t h o s e  o f  I?) nmr ( 6  i n  a c e t o n e -  

d 6 )  [ 1 . 4 6 ( 6 H ,  s ,  C14 - CH3 x  2 ) ,  1 . 8 2 ( 3 H ,  s, Cll - CH3), 3 .85(2H,  

s ,  Cg a n d  C10 - H ) ,  5 .65(1H,  d ,  J = lOHz, C13 - H ) ,  5 . 8 0 ,  6 . 0 7  

( e a c h  l H ,  b r  s ,  Cll = CH2),  6 .17(1H,  s ,  C6 - H ) ,  6 .45(1H,  d d ,  

J = 2 a n d  9Hz, C5,  - H ) ,  6 . 5 3 ( 1 H ,  d ,  J = 2Hz, C3, - H ) ,  6 .63  

( l H ,  d ,  J = 10Hz. CL2 - H ) ,  7 . 1 5 ( 1 H ,  d ,  J - 9Hz, C6, - H ) ,  8 .82 ,  

1 2 . 9 5 ( 2 H ,  s ,  a n d  l H ,  s ,  OH, d i s a p p e a r e d  o n  a d d i t i o n  o f  D 2 0 ) ] ,  

ms m/e: 434 (M') , 419 ( M +  - CH3), 203 ( X I ,  f o r m e d  f r o m  t h e  i o n  a t  419 

b y  a  reverse D i e l s - A l d e r  r e a c t i o n ) .  From t h e s e  d a t a ,  compound (IV) 

is r e p r e s e n t e d  b y  t h e  f o r m u l a  IV. 

Compound ( V ) ,  C25H2407 (M+ 4 3 6 ) ,  mp 171-178",  y e l l o w  p r i s m s  f r o m  

NuJO1 3200 ,  1 6 5 0 ,  1 6 1 5 ,  1 5 9 5  b e n z e n e ,  p o s i t i v e  o n  G i b b s  test ,  i r  [ V  max 

c m - I ] ,  u v  [ hMeoH nm(1og  E )  : 2 0 6 ( 4 . 6 2 ) ,  2 7 1 ( 4 . 6 0 ) ,  3 0 0 ( s h  4 . 0 9 ) ,  max 

Me0H+A1c13: 2 0 6 ( 4 . 6 2 ) ,  2 2 7 ( 4 . 4 9 ) ,  3 2 0 ( s h  3 . 9 5 ) ,  3 5 0 ( s h  3 . 8 8 )  ; Amax 

MeOH+NaOMe: 273  ( 4 . 5 9 ) ,  315 ( s h  2 7 9 ( 4 . 6 3 ) ,  3 4 1 ( 3 . 9 9 ) ,  4 1 0 ( s h  3 . 8 6 )  ; A  max 

4 . 1 7 ) ,  3 8 0 ( 4 . 1 1 ) ] ,  nmr ( 6  i n  a c e t o n e - d 6 )  [1 .44(6H,  s ,  C14 - CH3 x 2 ) ,  

6 . 1 6 ( 1 ~ ,  s ,  C6 - H I ,  6 .48-6 .70(3H,  m, C 3 , ,  C5, a n d  C12 -H) ,  7 .36 
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( l H ,  d ,  J = 9Hz, C 6 ,  - H ) ,  8.84, 13.04(each l H ,  b r  s and s ,  OH, 

+ + 
disappeared on a d d i t i o n  o f  DZO)  1,  m s  m / e :  436(M ) ,  421(M - C H 3 ) ,  

403(M+ - C H ~  - H ~ o ) ,  3 6 5 ( ~ +  - C ~ H ~ O ,  X I I ,  base  peakf!)351, 203(XI).  

From t h e s e  d a t a ,  compound ( V )  i s  represen ted  by t h e  formula V.  

To e l u c i d a t e  t h e  mechanism o f  t h i s  pho to-sens i t i zed  o x i d a t i o n ,  

we t r i e d  t h e  r e a c t i o n s  i n  t h e  presence o f  a  r a d i c a l  quencher,  such 

a s  2 ,4 ,6- t r i -=-butylphenol ,  o r  a  s i n g l e t  oxygen quencher,  such 

a s  t r i e t h y l e n e  diamine (Dabco):') a s  fo l lows.  A s o l u t i o n  o f  I (50 mg), 

2 , 4 , 6 - t r i - e - b u t y l p h e n o l  (60 mg), and r o s e  bengal  (10 mg) i n  benzene 

c o n t a i n i n g  25 % methanol (15 m l )  was i r r a d i a t e d  a s  desc r ibed  above 

f o r  3  h r .  The p roduc t s  were p u r i f i e d  by p r e p a r a t i v e  TLC t o  g ive  

I V  and X I 1 1  i n  7  % and 3  % y i e l d ,  r e s p e c t i v e l y .  2 , 4 , 6 - T r i - e -  

butylphenol  was recovered i n  68 % y i e l d .  I1 and I11 were n o t  

ob ta ined  i n  t h i s  r e a c t i o n ? )  The product  ( X I I I )  was i d e n t i f i e d  

wi th  a u t h e n t i c  specimen5) by mixed mel t ing  p o i n t .  On t h e  o t h e r  

hand, a  s o l u t i o n  o f  I (50 mg), Dabco (60 mg), and r o s e  bengal  (10 mg) 

i n  benzene c o n t a i n i n g  25 % methanol (15 m l )  was i r r a d i a t e d  a s  

desc r ibed  above f o r  3  h r .  A f t e r  t h e  p u r i f i c a t i o n  by p r e p a r a t i v e  

TLC, two c r y s t a l l i n e  subs tances ,  I1 (15 % )  and I11 ( 3  % )  were 

ob ta ined ,  bu t  I V  and V were n o t  o b t a i n e d .  

12) It i s  probable  t h a t  I V  and V a r e  formed "ene" r e a c t i o n .  

A suggested mechanism invo lv ing  t h e  a b s t r a c t i o n  o f  t h e  phenol ic  

hydrogen by an e x c i t e d  dye t r i p l e t  t o  produce morusinhydroperoxide 

(11) i s  drawn i n  Char t  4 .  7112) Furthermore,  t h e  formation o f  I1 

from I by dye-sens i t i zed  photooxidat ion sugges t s  t h a t  t h e  format ion 
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of uncommon f l a v o n e s ,  such a s  chap lash in  ( I X )  and o x y i s o c y c l o ~ n t e g r i n  

7c) ( X ) ,  cou ld  be initiated by a  light-dye-O2 system i n  t h e  p l a n t .  

I 3sens* . V I  - "I1 V I I I  - I1 

Char t  4 
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