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STRUCTURES OF KUWANOLS A A N D  B,  TWO NOVEL STlLBENE DERIVATIVES 

FROM THE CULTIVATED MULBERRY TREE (MORUS BOMBYCIS KOIDZ.) 

Y o s h i o  H h n o ,  M a s a t o  l t o h ,  a n d  T a r o  Nomura" 

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 ~ e n c e s ,  Toho U n ~ v e r s l t y ,  2 - 2 - 1 .  

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

A b s t r a c t  - From h n  a c e t o n e  e x t r a c t  of  t h e  r e d d ~ s h  v i o l e t  

p o w d e r  o b t a i n e d  f r o m  t h e  s u r f a c e  of t h e  r o o t  b a r k  of c u l t ~ v a t e d  

m u l b e r r y  t r e e  I O h s h i m a s o ,  a v a r i e t y  of Morus  b o m b y c l s  K o ~ d r . ) ,  

two n o v e l  s t i l b e n e  derivatives w e r e  i s o l a t e d  a n d  named k u w a n o l s  

A  a n d  B ,  whose  s t r u c t u r e s  w e r e  shown t o  b e  1 a n d  2 ,  r e s p e c t ~ v e -  

l y ,  on t h e  b a s > $  of s p e c t r a l  e v i d e n c e .  T h e s e  compounds  a r e  r e -  

g a r d e d  b ~ o g e n e t i c a l l y  a s  v a r i a t i o n s  of a D i e l s - A l d e r  t y p e  b d d u c t  

o f  a c h a l c o n e  d e r i v a t i v e  a n d  a d e h y d r o p r e n y l s t ~ l b e n e  d e r i v a t ~ v e .  

Previously we r e p o r t e d  t h e  s t r u c t u r e  determination o f  a n o v e l  2 - a r y l b e n r o f u r a n  

d e r ~ v a t t v e  named m u l b e r r o f u r a n  1  I31 f r o m  t h e  r e d d ~ s h  v i o l e t  powder  o b t a i n e d  f rom 

t h e  s u r f a c e  of t h e  - Morus  r o o t  b a r k  ( O h s h i m a s o ,  a variety o f  Morus  b o m b y c i s  

K o i d ~ . ~ ) . ~  I n  t h e  c o u r s e  of e x t e n d e d  studies o f  t h e  r e d d t s h  v ~ o l e t  p o w d e r ,  we i s o -  

l a t e d  two s t i l b e n e  derivatives, k u w a n o l s  A  ( 1 )  a n d  B  ( 2 )  f r o m  t h e  p o w d e r .  I n  this 

p a p e r ,  t h e  s t r u c t u r e  d e t e r m i n a t t o n  of  t h e  compounds  a r e  d e s c r i b e d .  

The  a c e t o n e  e x t r h c t  of t h e  p o w d e r  ( 2 6 0  g )  was  d i s s o l v e d  in e t h e r ,  a n d  t h e  e t h e r  e x -  

t r a c t  was f r a c t i o n a t e d  by  t h e  p r e p a r a t ~ v e  t h i n - l a y e r  c h r o m a t o g r a p h y  on  silica g e l  

t o  g i v e  k u w a n o l s  A ( 1 ,  1 3  mg)  a n d  B ( 2 ,  5 m g ) .  

Kuwanol A ( 1 1 ,  a m o r p h o u s  p o w d e r ,  [ cx ] iL  +557' i c = O . l l l ,  MeOH), FeC13 t e s t  i n e g e t l -  

v e ) ,  g a v e  t h e  FD-MS w h ~ c h  showed t h e  m o l e c u l a r  i o n  p e a k  a t  m/z 5 6 4 ,  a n d  t h e  13C nmr 

s p e c t r u m  w h l c h  i n d i c a t e d  t h e  p r e s e n c e  o f  t h i r t y - f o u r  c a r b o n  a t o m s [ t e n  a l i p h a t i c  

I 
c a r b o n s  ( 1  x CH - ,  1 x -CH - ,  3 x ;CH-, 1  x -CH=CH-, 1 x :C=CH-, I  x  -0-C-0-) and 

3 2  I 

t w e n t y - f o u r  a r o m a t i c  c a r b o n s  I 1 1  x CH, 5 x C.  8 x C-011.  T r e a t m e n t  o f  1 w l t h  d i -  

m e t h y l  s u l f a t e  a n d  p o t a s s i u m  c a r b o n h t e  i n  a c e t o n e  g a v e  a h e x a m e t h y l  e t h e r  ( la1 a s  

a n  a m o r p h o u s  p o w d e r .  The  m o l e c u l a r  f o r m u l a  of la w a s  d e t e r m i n e d  t o  b e  C  
4 0 ~ 4 0 ~ 8  
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1 . 7 7  1 .57  

Fig. 2 J: (Hz) 

Table 1 13c nmr chemical  s h i f t s  (ppm) of 1 - 4 and 6 

4 6 2 3 

s o l v e n t :  A ;  acetone-d6 6 ;  C D 3 0 D  

* - * * * :  Assignments may be in t e rchangeab le  in each column. 



f r o m  t h e  high-resolution m a s s  s p e c t r u m  (m/z  6 4 8 . 2 6 9 6 1 ,  a n d  h e n c e  1  c o u l d  b e  fo rmu-  

l a t e d  a s  C  H 0 . Work-up o f  1 w ~ t h  a c e t i c  anhydride i n  p y r ~ d i n e  g a v e  a h e x a -  
34  28  8  

a c e t a t e  ( I b )  w h i c h  showed a m o l e c u l a r  i o n  p e a k  a t  m / r  8 1 6  in i t s  El-MS. The  com- 

K B r  - 1  p o u n d  ( 1 )  showed t h e  f o l l o w i n g  s p c c t r a :  i r v m a x  cm : 3 4 0 0 ,  1 6 1 0 ,  1 5 7 0 ,  1 5 1 0 ;  uv 

lEtOH 
ma x 

nm ( l o g  E I :  226 i s h  4 . 5 9 1 ,  2 8 5  ( 4 . 2 9 1 ,  304  ( 4 . 2 6 1 ,  3 3 0  ( 4 . 3 3 1 ,  3L2 ( s h  L . 3 0 ) .  

3  The  u v  s p e c t r u m  w a s  s ~ m l l a r  t o  t h o s e  of o n y r e s v e r a t r o l  4 a n d  kuwanon X ( 5 1 , '  a n d  

s u g g e s t e d  t h a t  1  i s  o n e  of  t h e  4 ' - s u b s t i t u t e d  2,4,3',5'-tetrahydroxystilbene d e r i -  

V d t l V e S .  

T h i s  s u g g e s t i o n  w a s  s u p p o r t e d  t h r o u g h  a comparative examination of  t h e  'H nmr s p e c -  

t rum o f  1  ( L O O  MHz, a c e t o n e - d  ) w ~ t h  t h a t  o f  L . 5  The  c h e m ~ c a l  shifts a n d  c o u p l i n g  
6  

c o n s t a n t s  ( H z )  o f  t h c  s t i l b e n e  m o i e t y  a r e  shown a s  f o l l o w s :  6 6 . 3 8  ( l H ,  d d ,  J = 2 . 4  

a n d  8 . 4 ,  C-5-11), 6 . 4 3  i l H ,  d. ] = 2 . L ,  C-3-11], 6 . 6 2  ( I R ,  d ,  ] = I  . 5 ,  C - 6 - 1 ,  6 . 6 1  ( I H ,  

d ,  J =  C - 2  6 . 8 8  ( I H ,  d ,  ] = 1 6 . 5 ,  C H  7 . 3 2  i l H ,  d ,  J = 1 6 . 5 ,  C - I -HI ,  7 . 3 9  

( I H ,  d ,  J = 8 . L ,  C-6-11). The  c h e m i c a l  s h i f t  v a l u e s  of  t h e  p r o t o n s  a t  C - 2 '  a n d  6 '  

positions a p p e a r e d  n o n e q u i v a l e n t ,  s u g g e s t t n g  t h a t  o n e  of t h e  h y d r o v y l  g r o u p s  i n  t h e  

B r i n g  f o r m e d  t h e  e t h e r  l ~ n k a g e . " ~  The  p r e s e n c e  o f  two 2 . 4 - d ~ o x y g e n a t e d  p h e n y l  

m o l e t l e s  a n d  a m e t h y l c y c l o h e x e n e  r i n g  m o l e t y  w e r e  s u p p o r t e d  by comparing t h e  'H nmr 

s p e c t r u m  o f  1  w ~ t h  t h a t  of r n u l b e r r o f u r a n  G ( 6 ) . 7  The  s x g n a l s  of  p r o t o n s  i n  two 

2 , 4 - d i o x y g e n a t e d  p h e n y l  m o ~ e t ~ e s  (D a n d  E  rings) w e r e  o b s e r v e d  a s  f o l l o w s :  E r ~ n g  

p r o t o n s  h 6 . 2 3  I l H ,  d d ,  1 .2 .4  a n d  8 . 6 ,  C-13"-HI ,  6 . 4 0  I l H ,  d ,  J = 2 . 4 ,  C -11" -H i ,  7 . 2 3  

( I H ,  d ,  J = 8 . 6 ,  C -14" -H) ;  D r i n g  p r o t o n s  S 6 .35  (1H, d ,  J = Z . L ,  C -17" -H) ,  6 . 4 9  i l l l ,  

d d ,  1 - 2 . 4  a n d  8 . 4 ,  C-19"-HI ,  7 . 1 3  ( I H ,  d ,  J = 8 . L ,  C -20" -H) .  The  p r o t o n s  i n  a m e -  

t h y l c y c l o h e x e n e  r i n g  m o ~ e t y  a r e  shown in F i g .  2 .  T h e  c h e m i c a l  s h i f t s  a n d  c o u p l i n g  

c o n s t a n t s  o f  t h e  p r o t o n s  of t h e s e  moieties of 1  w e r e  s ~ m i l a r  t o  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  6 .  The  l o c a t ~ o n  o f  t h e  m e t h y l c y c l o h e x e n e  r ~ n g  was  s u p p o r t e d  by 

t h e  a c e t y l b t ~ o n  s h ~ f t  o f  t h e  C-2" o l e f i n i c  p r o t o n  s i g n a l  a s  f o l l o w s :  t h e  C-2" p r o -  

t o n  s ~ g n a l  o f  l b  s h i f t e d  0 . 4 4  ppm t o w a r d  u p p e r  f ~ e l d  f r o m  t h e  c o r r e s p o n d ~ n g  p r o t o n  

o f  1 .  The  s ~ m i l a r  s h i f t  ( i 0 . 4 7  ppm)  was  o b s e r v e d  in t h e  c a s e  of m u l b e r r o f u r a n  F 

p e n t a a c e t a t e  ( 7 ) .  7 

I n  t h e  1 3 c  nmr s p e c t r u m  of  1 ,  t h e  chemical s h i f t s  of  t h e  ca rbon  a t o m s  of t h e  s t i l -  

b e n e  s k e l e t o n ,  e x c e p t  t h o s e  o f  t h e  c a r b o n  * toms  a t  C - l ' ,  3 ' ,  a n d  4 '  w h i c h  w e r e  a f -  

f e c t e d  by  a d d i t t o n a l  s u b s t i t u e n t  e f f e c t s ,  w e r e  similar t o  t h o s e  of t h e  r e l e v a n t  

c a r b o n  a t o m s  o f  4,'  w h i l e  t h o s e  of t h e  c a r b o n  a t o m s  of t h e  C ,  D ,  a n d  E r i n g s  a s  

w e l l  a s  t h e  c a r b o n  a t o m  a t  C -8" ,  w e r e  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  

c a r b o n  a t o m s  o f  6' ( T a b l e  1 ) .  A l l  t h e s e  r e s u l t s  l n d l c a t e  t h a t  t h e  s t r u c t u r e  of 
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k u w a n o l  A i s  r e p r e s e n t e d  b y  f o r m u l a  1 .  

Kuwanol B ( 2 1 ,  a reddish v ~ o l e t  a m o r p h o u s  p o w d e r ,  [ a ] A 7  +103.5O l c = 0 . 1 7 ,  MeOH) g a v e  

t h e  FD-MS w h ~ c h  s h o w e d  t h e  m o l e c u l a r  i o n  p e a k  a t  m / r  5 6 2 ,  a n d  t h e  I3C nmr  s p e c t r u m  

l n d i c a t l n g  t h e  p r e s e n c e  of  t h i r t y - f o u r  c a r b o n s  ( T a b l e  1 ) .  T r e a t m e n t  of  2 w i t h  d i -  

m e t h y l  s u l f a t e  in a c e t o n e  g a v e  a h e x a m e t h y l  e t h e r  ( Z a ) ,  o f  w h l c h  m a s s  s p e c t r u m  

showed t h e  f r a g m e n t  1 0 " s  a s  f o l l o w s :  rn/z 6 1 6 . 2 5 6 2  (M+, CL0H3808.  2 1 . 2  % ) ,  6 4 4 . 2 4 0 6  

lC40H3608,  b a s e  p e a k ) ,  5 0 7 . 1 7 6 3  lC32H2806.  9 8  % ) .  T h e s e  r e s u l t s  i n d ~ c a t e d  t h e  

m o l e c u l a r  f o r m u l a  o f  2 t o  b e  C H 0 . T h e  compound ( 2 )  showed t h e  f o l l o w i n g  s p e c -  
3 4  26 8  

l r a :  ~r Y mar  
E t O H  nm ( l o g  r 1 : 2 8 6  ( 4 . 0 8 1 ,  K B r  c m - l :  3 3 0 0  ( b r ) ,  1 6 7 5 ,  1 6 2 0 ,  1 6 0 0 :  u v  A m a x  

3 1 0  ( i n f l .  4 . 1 2 1 ,  3 2 6  (sh L . 2 3 ) .  3 3 6  ( 6 . 2 4 ) .  T h e  s h a p e  of t h e  uv s p e c t r u m  w a s  

s l m t l a r  t o  t h a t  of  4 , 3  a n d  s u g g e s t e d  t h a t  2  t s  a 2 , 6 , 3 ' , 5 ' - t e t r a o x y g e n a t e d  s t i l b e n e  

d e r l v a t l v e .  A c ~ d ~ c  s o l u t ~ o n  of  2 showed a r e d  c o l o r ,  w h i c h  f a d e d  when n e u t r a l l r e d .  

T h e  uv  s p e c t r u m  i n  t h e  a c i d l c  s o l u t i o n  showed a b a t h o c h r o r n l c  s h ~ f t  a s  f o l l o w s :  u v  

I :i:H+t'C1 m  l l o g  € 1 :  2 8 6  ( 4 . 0 0 ) ,  3 1 0  ( i n f l .  4 . 0 4 1 ,  3 2 6  4 . 4 ,  3 3 6  ( 6 . 1 & ) ,  470 

( s h  3 . 3 5 1 ,  5 5 5 ( 3 . 6 9 ) .  T h e  same p h e n o m e n o n  w a s  o b s e r v e d  i n  t h e  c a s e  of m u l b e r r o -  

f u r a n  1 (3). 1 

The  p r e s e n c e  of  t h e  f o l l o w ~ n g  m o i e t ~ e s  on  t h e  s t r u c t u r e  o f  2 w a s  s u p p o r r e d  b y  a 

d e t a ~ l e d  a n a l y s i s  of  t h e  'H  nmr  s p e c t r u m  ( 6 0 0  b M z ,  a c e t o n e - d  ) a n d  b y  comparing t h e  
6  

s p e c t r u m  of 2 w i t h  t h o s e  of  L5 a n d  3' a s  f o l l o w s :  p r o t o n s  i n  a 4 ' - s u b s t i t u t e d  2 . 4 ,  

3 ' , 5 ' t e t r a o x y g e n a t e d  s t i l b e n e  m o t e t y ,  S 6 . 3 7  ( l t l ,  d d ,  J = 2 . 4  a n d  8 . 3 ,  C - 5 - t i ) ,  6 . 4 3  

( I l l ,  d ,  J = 2 . 4 ,  C-3-HI ,  6 . 6 3  (111, d ,  J = 2 . 0 ,  C - 2 ' - H I ,  6 . 7 8  ( I H ,  d ,  J = 2 . 0 ,  C - 6 ' - H I ,  

6 . 8 7  ( I H ,  d ,  J = 1 6 . 1 ,  C-*-HI, 7 . 3 6  I IH,  d ,  ] = 1 6 . 1 ,  C-&HI,  7 . 3 9  (111, d ,  J = 8 . 3 ,  C-6- 

H ) ;  p r o t o n s  i n  t w o  2 . 4 - d l o x y g e n a t e d  p h e n y l  m o i e t i e s  ( E  a n d  F r i n g s )  , 8 6 . 1 5  ( I H ,  d d ,  

J = 2 . 4  a n d  8 . 3 ,  C - 1 9 " - H I ,  6 . 1 9  ( I H ,  d ,  1 . 2 . 4 ,  C-17"-HI ,  6 . 5 3  I l H ,  d ,  ] = 8 . 3 ,  C-20"- 

H I ,  6 . 5 6  ( I l l ,  d d ,  J = Z . 4  a n d  8 . 3 ,  C-13"-HI ,  6 . 5 9  ( I H ,  d ,  ] = 2 . 4 ,  C - 1 1 " - H I ,  7 . 2 6  l I H ,  

d ,  J = 8 . 3 ,  C-14"-HI .  T h e  p r o t o n s  i n  a m e t h y l c y c l o h e x e n e  r i n g  m o l e t y  are s h o r n  i n  

F l g .  2 .  T h e  n o n e q u l v a l e n t  of t h e  c h e m i c a l  s h i f t  v a l u e s  of  t h e  p r o t o n s  a t  C - 2 '  a n d  

6 '  s u g g e s t e d  t h a t  o n e  of  t h e  h y d r o x y l  g r o u p s  i n  t h e  B r i n g  f o r m e d  t h e  e t h e r  l t n k -  

a g e .  6 ' 7  T h e  chemical s h i f t  v a l u e s  a n d  t h e  c o u p l l n g  c o n s t a n t s  of  t h e  p r o t o n s  i n  t h e  

11, E ,  a n d  F rings w e r e  s i m i l a r  t o  t h o s e  o f  r e l e v a n t  p r o t o n s  of  3 . '  I n  t h e  I 3 c  nmr 

s p e c t r u m  of 2 ,  t h e  c h e m l c a l  s h i f t s  of  t h e  c a r b o n  a t o m s  o f  t h e  s t ~ l b e n e  s k e l e t o n ,  

e x c e p t  t h o s e  of  t h e  c a r b o n  a t o m s  a t  C - 1 ' .  2 ' .  L ' ,  3 n d  5 '  w h l c h  w e r e  a f f e c t e d  by 

a d d ~ t ~ o n a l  s u b s t i t u e n t  e f f e c t s ,  w e r e  s ~ m t l a r  t o  t h o s e  o f  t h e  r e l e v a n t  c a r b o n  a t o m s  

o f  L ,  w h l l e  t h o s e  of t h e  c a r b o n  a t o m s  of t h e  D ,  E ,  a n d  F r i n g s  a s  w e l l  a s  t h e  c a r -  

bon  a t o m  a t  C-8" w e r e  e s s e n t i a l l y  t h e  ssme a s  t h o s e  o f  t h e  r e l e v a n t  c a r b o n  a t o m s  



of 3 ( T a b l e  1 ) .  From t h e s e  r e s u l t s ,  we p r o p o s e  f o r m u l a  2  f o r  t h e  s t r u c t u r e  of  k u -  

wan01 B .  

B i o g e n e t i c a l l y  kuwano l  A s eems  t o  b e  a D i e l s - A l d e r  t y p e  a d d u c t  d e r l v e d  f r o m  t h e  

compound ( 8 1 ,  w h i c h  h a d  n o t  b e e n  i s o l a t e d  f r o m  t h e  Morus r o o t  b a r k ,  by t h e  i n t r a -  

m o l e c u l a r  k e t a l ~ z a t i o n  r e a c t i o n  of t h e  c a r b o n y l  g r o u p  w i t h  t h e  two a d j o i n ~ n g  h y d r o -  

r y l  g r o u p s . 7  On t h e  o t h e r  h a n d ,  kuwano l  B  s e e m s  t o  b e  a d e r l v a t l v e  ~ n d u c e d  f r o m  

t h e  D i e l s - A l d e r  t y p e  a d d u c t ,  s u c h  a s  kuwanon X ! 5 1 4  o r  i t s  s t e r e o t s o m e r  ( 8 )  t h r o u g h  

t h e  h e m i k e t a l  i n t e r m e d i a t e . '  C o n s i d e r i n g  t h e  b i o g e n e t i c  r o u t e  of  2 - a r y l b e n z o f u r a n  

d e r ~ v a t ~ v e s  involving a x l d a t ~ v e  c y c l i z a t ~ o n  p r o c e s s  of h y d r o x y ~ t i l b e n e s , ~  k u w a n o l s  

A  1 1 )  a n d  B ( 2 1  seem t o  b e  i n t e r e s t i n g  ~ n t e r m e d i a t e s  t o  e r a m l n e  t h e  b l a g e n e t l c  rou- 

t e  o f  m u l b e r r o f u r a n  G ( 6 )  a n d  1  1 3 ) .  
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