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KUWANON D ,  NEW ISOPRENOID FLAVANONE FROM THE ROOT BARK OF 

THE CULTIVATED MULBERRY TREE (MORUS ALBA L.) 

T a I n  - - - NQ!%!E~*, - - - - - T g g e i g  Fy&&, and Mpe@ Kptgysnegi - - - - - - - - - 
F a c u l t y  o f  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 ,  Ch iba  274,. J a p a n  

From t h e  benzene  e x t r a c t  of t h e  r o o t  b a r k  of t h e  c u l t i v a t e d  

m u l b e r r y  t r e e  ( a  v a r i e t y  of Morus a l b a  L . ) ,  a  n o v e l  i s o p r e n e -  

s u b s t i t u t e d  f l a v a n o n e ,  kuwanon D ,  was i s o l a t e d  whose s t r u c t u r e  

was shown t o  be  I on t h e  b a s i s  of s p e c t r a l  d a t a .  

The s t r u c t u r e s  of a  s e r i e s  of p r e n y l f l a v o n e s  i s o l a t e d  f rom t h e  r o o t  

1-5 b a r k  o f  Morus a l b a  L . ,  a  p l a n t  o f  Moraceae f a m i l y ,  w e r e  r e p o r t e d .  

I n  t h e  c o u r s e  of o u r  s t u d i e s  on t h e  c o n s t i t u e n t s  of t h e  r o o t  b a r k ,  

a n o v e l  i s o p r e n e - s u b s t i t u t e d  f l a v a n o n e ,  kuwanon D (I), h a s  been  i s o l a t e d  

f r o m  t h e  b e n z e n e  e x t r a c t .  I n  t h i s  p a p e r ,  we r e p o r t  t h e  i s o l a t i o n  

and s t r u c t u r e  d e t e r m i n a t i o n  of I .  

The d r i e d  r o o t  b a r k  ( 2 . 0  Kg) of t h e  c u l t i v a t e d  m u l b e r r y  t r e e  ( a  

v a r i e t y  of Morus a l b a  L . ) ,  c o l l e c t e d  i n  Gunma P r e f e c t u r e ,  was f i n e l y  

c u t  and e x t r a c t e d  w i t h  n -hexane  and t h e n  w i t h  b e n z e n e .  The benzene  

e x t r a c t  was d i s s o l v e d  i n  t h e  m i n i m a l  amount of m e t h a n o l ,  and a l l o w e d  

t o  s t a n d  u n t i l  s e m i - s o l i d  mass  s e p a r a t e d .  The m e t h a u o l i c  mother  l i q u o r  

was e v a p o r a t e d ,  and t h e  r e s i d u e  was d i s s o l v e d  i n  e t h e r .  The e t h e r  



s o l u t i o n  was g x t r a c t e d  s u c c e s s i v e l y  w i t h  5  % aqueous  sodium b i c a r b o n a t e ,  

5  % aqueous  sodium c a r b o n a t e ,  and 5  % aqueous  sodium hyd rox ide  s o l u t i o n .  

The 5  % aqueous sodium h y d r o x i d e  s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  From t h e  e t h e r  s o l u t i o n ,  

a  m i x t u r e  of p h e n o l i c  m a t e r i a l  was o b t a i n e d ,  and was chromatographed  

on s i l i c a  g e l  u s i n g  benzene-methanol  a s  an e l u e n t  t o  g i v e  a  m i x t u r e  of 

4  
. p h e n o l i c  m a t e r i a l s  c o n t a i n i n g  I ,  morus in  (11 ) ;  kuwanan A: kuwanon B ,  

and o t h e r  u n i d e n t i f i e d  p h e n o l i c  compounds. T h i s  m i x t u r e  was e x t r a c t e d  

w i t h  5  % aqueous  sodium c a r b o n a t e  s o l u t i o n ,  and t h e  aqueous  l a y e r  was 

a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  and e x t r a c t e d  w i t h  e t h e r .  

From t h e  e t h e r  e x t r a c t ,  I (10  mg) was o b t a i n e d  by u s i n g  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 ) .  

Kuwanon D ( I ) ,  C25H2606f mp 2 3 0 - 2 3 2 ° ( c o l o r l e s s  p r i s m s  from e t h e r -  

EtOH m e t h a n o l ) ,  uv [ A m a x  nm(1og E ) :  2 1 3 ( 4 . 5 9 ) ,  227 ( sh  4 . 0 7 ) ,  2 9 0 ( 4 . 3 0 ) ,  

[dl :i9 0° (c=0 .15  i n  a c e t o n i t r i l e ,  from O R D  measurement ) ,  which gave 

a n  i n t e n s e  r e d d i s h  v i o l e t  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  and 

7  
was p o s i t i v e  t o  magnes ium-hydrochlor ic  a c i d ,  sodium b o r o h y d r i d e  t e s t ,  

b u t  n e g a t i v e  t o  z i n c - h y d r o c h l o r i c  a c i d  t e s t .  I gave  t h e  a b s o r p t i o n  

bands  f o r  h y d r o x y l ,  c o n j u g a t e d  c a r b o n y l ,  and benzene  r i n g  i n  t h e  i r  

Nujol :  3250,  1645 ,  1600 cm- l ) .  T r e a t m e n t  of  I w i t h  a c e t i c  spec t rum ( V m a x  

a n h y d r i d e  i n  p y r i d j n e  a t  room t e m p e r a t u r e  f o r  f i v e  min y i e l d e d  a 

+ 
d i a c e t a t e  ( I a ) ,  C29H3,,08 (M 5 0 6 ) ,  mp 1 6 2 - 1 6 6 P ( c o l o r l e s s  p r i s m s  from 

E t O H  
n-hexane - e t h e r ) ,  uv [ A m a x  nm(1og f): 210 .5 (4 .93 ) ,  2 7 8 ( 4 . 2 8 ) ,  

Et0H+A1C13 : 2 1 1 ( 4 . 9 8 ) ,  289 (4 .29 ) ,  385 (3 .91 )1 ,  which gave  335 (3 .75 ) ;  A max 

a  r e d d i s h  v i o l e t  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  t e s t .  These  

f i n d i n g s  show t h a t  I i s  a  f l a v a n o n e  d e r i v a t i v e  which h a s  a t  l e a s t  



(I) : R = H 
(Ia): R = COCH3 



t h r e e  p h e n o l i c  h y d r o x y l  g r o u p s  and o n e  of them i s  h y d r o g e n  bonded .  

T h i s  was s u b s t a n t i a t e d  by  t h e  'H nmr s p e c t r u m 8  of  I a s  f o l l o w s  : 

d 3.08(1H,  dd,  J = 3  and 17  Hz, C 3  - H ,  c i s ) ,  3 . 4 7 ( 1 8 ,  d d ,  J = 1 3  and 

17  Hz, C 3  - H,  t r a n s ) ,  6 . 2 3 ( 1 8 ,  d d ,  3 = 3  and 1 3  Hz, C 2  - H),  12 .99  

( l H ,  s ,  C 5  - OH, d i s a p p e a r e d  on a d d i t i o n  of D 0 ) .  The  nmr s p e c t r u m  
2  

o f  I showed t h e  a b s e n c e  o f  s i g n a l s  f o r  a n y  o l e f i n i c  p r o t o n s ,  and I was 

r e c o v e r e d  unchanged  on t h e  c a t a l y t i c  h y d r o g e n a t i o n  p r o c e d u r e  u s i n g  

Adams c a t a l y s t .  T h i s  f a c t  shows t h e  l a c k  of e t h y l e n i c  bond i n  I. 

The --coupled d o u b l e t  ( J  = 2  Hz) a t  6 6.41(C6 - H) and d 6 .49  

(C8 - H )  i n d i c a t e d  t h a t  t h e  A r i n g  was u n s u b s t i t u t e d  a t  6  - and 8  - 
The a r r a n g e m e n t  o f  s u b s t i t u e n t s  i n  t h e  B r i n g  was assumed 

1 
by t h e  H nmr s p e c t r u m  o f  I a s  f o l l o w s :  two s i n g l e t  s i g n a l s  a t  6 6 .87  

(C3, - A), a n d  6 7.39(C6,  - H) s u p p o r t e d  t h a t  t h e  B r i n g  of I was 

s u b s t i t u t e d  i n  t h e  2 '  -, t h e  4 '  -, and t h e  5 '  - p o s i t i o n s .  

The  b i o g e n e t i c  a n a l o g y  t o  o t h e r  p r e n y l f l a v o n e s  which  h a v e  b e e n  i s o l a t e d  

1 - 5  f rom Morus a l b a  L . ,  s u g g e s t s  t h a t  B r i n g  h a s  t h e  2 '  -, 4 '  - d i o x y g e n a t e d  

p a t t e r n .  Comparing t h e  'H nmr s p e c t r u m  o f  I w i t h  that1'  of I a ,  

t h e  s i g n a l  of t h e  p r o t o n  ( C 2  - H) o f  I a  s h i f t e d  0.38 ppm t o w a r d  u p p e r  

f i e l d  f rom t h e  c o r r e s p o n d i n g  p r o t o n  o f  I .  T h i s  f i n d i n g  e x h i b i t s  t h a t  

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

2 '  - p o s i t i o n .  

+ 
The mass  s p e c t r u m  of  I g a v e  t h e  f l a g m e n t s  a t  m/e  407(M - CH3), 

4 0 4 ( ~ +  - H20) ,  and 153(111)+' Moreover ,  t h e  b a s e  p e a k ,  m/e 339 

(C19H1506) t2  a b p e a r e d  most  s i g n i f i c a n t l y ,  which  was c o r r e s p o n d i n g  t o  

t h e  oxonium i o n s  ( IV)  e x p e c t e d  f o r  f l a v a n o n e  d e r i v a t i v e s  c o n t a i n i n g  a  

13-16 The  combined e v i d e n c e  p y r a n  r i n g  f u s e d  t o  t h e  a r o m a t i c  n u c l e u s .  

t h u s  p o i n t e d  s t r o n g l y  t o  t h e  p a r t i a l  s t r u c t u r e  (V) p l u s  a  C 5  u n i t .  
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A s  t h e r e  was no o t h e r  d o u b l e  band i n  t h e  m o l e c u l e ,  i t  w a s  a p p a r e n t  

t h a t  I h a s  a  h e x a c y c l i c  s t r u c t u r e  and t h e  f o r m u l a  ( I )  was  s u g g e s t e d  

f o r  kuwanon D .  

The " c y c l o l "  (VI)  u n i t 1 7  i n  t h e  f o r m u l a  ( 1 )  was s u p p o r t e d  by t h e  

nmr s p e c t r u m  of  I a s  f o l l o w s :  IS 0.78(38, s ,  C8,,  - C H 3 ) ,  1 . 2 7 ( 3 8 ,  s, 

C3,, - C H  o r  C 8 ,  - CH3), 1 . 3 3 ( 3 8 ,  s ,  C 3 ,  - CH3 o r  C 8 ,  - CH3), 3  

1 . 4 0  - 2.10(4H,  m ,  C 5 , ,  - H x 2  a n d  C 6 , ,  - H x 2 ) ,  2 . 2 8 ( 1 ~ , '  m ,  C 7 , ,  - H), 

2 . 5 2 ( 1 8 ,  q ,  J = 7 . 5  and 9.6 Hz, C 2 ,  - H),  3 .02(1H,  d ,  J = 9 . 6  Hz, 

C1' - H,  o v e r l a p p i n g  w i t h  t h e  s i g n a l  a t  3 .08 (C3  - H ,  c i s ) .  I r r a d i a t i o n  

o n  t h e  p r o t o n  d o u b l e t  a t  6 3 . 0 2  c h a n g e s  t h e  p r o t o n  q u a r t e t  a t  6 2 .52  

i n t o  a  d o u b l e t  (J = 7 . 5  Hz) ,  a n d  t h e  i r r a d i a t i o n  o n  t h e  p r o t o n  

m u l t i p l e t  a t  6 2 . 2 8  c h a n g e s  t h e  p r o t o n  q u a r t e t  a t  6 2.52 i n t o  a  d o u b l e t  

(3 = 9 . 6  H z ) .  The  c h e m i c a l  s h i f t s  and t h e  s p l i t t i n g  p a t t e r n s  o f  

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

of compounds ,  s u c h  a s  c a n n a b i c y c l o l  ( V I I )  14'17'18 and h y d r o x y e r i o b r u c i n o l  

( ~ 1 1 1 ) : ~  w h i c h  h a v e  t h e  " c y c l o l "  (VI )  u n i t  i n  t h e  f o r m u l q .  M o r e o v e r ,  

a  6 v a l u e  0 . 7 8  h a s  p r e c e d e n t  i n  o t h e r  m e t h y l  c y c l o b u t a n e s  (2.g. t h e  

C - 9  o f  trans p i n a n e ,  6 0 . 8 2  i n  c c 1 4 ) 1 9  a n d  o n e  m e t h y l  i n  I may, f rom 

t h e  m o l e c u l a r  mode l ,  a l s o  b e  r e c e i v i n g  a p o s i t i v e  a r y l  s h i e l d i n g  

c o n t r i b u t i o n .  A  s i m i l a r  phenomenon h a s  b e e n  r e p o r t e d  by Crombie  and 

1 4 b  P o n s f o r d  i n  t h e  c a s e  o f  V I I .  

I n  o r d e r  t o  c o r r o b o r a t e  t h e  s t r u c t u r e  o f  I ,  t h e  13c nmr s p e c t r u m  2  0  

was a n a l y s e d  a s  f o l l o w s  : 6 i n  p y r i d i n e - d 5 ,  1 9 . 4 ,  25 .7;  2 7 . 2 c e a c h  q ,  

C q U r  C g l l r  a n d  Clan), 3 4 . 6 ( t ,  C 5 ,  o r  C6 , , ) ,  3 8 . 5 ,  3 8 . 9 ,  3 9 . 4 ,  3 9 . 8  

(C2,, ,  C 7 " ,  C8".  a n d  C5, ,  o r  C 6 , , ) ,  4 2 . 9 ( t ,  C g ) ,  4 6 . 8 ( d ,  C1,,), 7 5 . 3 ( d ,  C 2 ) ,  

8 4 . 1 ( s ,  C3,,), 9 6 . 2 ( d ,  C8) ,  9 7 . 2 ( d ,  C 6 ) ,  1 0 3 . 1 ( s ,  ClO), 1 0 5 . 5 ( d ,  C 3 , ) ,  



1 1 5 . 7 ( s ,  C 5 , ) ,  1 1 9 . 4 ( s ,  C1,),  1 2 8 . 9 ( d ,  C 6 , ) ,  1 5 5 . 2 ( s ,  C 2 , ) ,  1 5 5 . 4 ( s ,  

C 4 '  ) ,  1 6 4 . 8 ( s ,  C9) ,  1 6 5 . 4 ( s ,  C5) ,  1 6 8 . 6 ( s ,  C 7 ) ,  1 9 7 . 3 ( s ,  C4). 

A s s i g n m e n t s  of t h e  c a r b o n  a toms  i n  I were  p e r f o r m e d  by t h e  o f f - r e s o n a n c e  

d e c o u p l i n g  t e c h n i q u e ,  and by t h e  u s e  of t h e  model  compound, i s o s a k u r a -  

n e t i n  (1~) : '  t a k i n g  i n t o  a c c o u n t  t h e  s u b s t i t u e n t  e f f e c t s  o f  t h e  
5,22 

a l k y l  g r o u p  and of t h e  h y d r o x y l  g r o u p  i n  B r i n g .  

From t h e  c o n s i d e r a t i o n s  of a b o v e  r e s u l t s ,  we t e n t a t i v e l y  p r o p o s e  
/ 

2  3  
t h e  f o r m u l a  ( I )  f o r  a  s t r u c t u r e  of kuwanon D .  
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