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COMPONENTS OF THE ROOT BARK OF MORUS INSIGNIS BUR. 3 .  - -  
STRUCTURES OF THREE NEW ISOPRENYLATED XANTHONES 

MORUSIGNINS 1, J ,  AND K AND AN ISOPRENYLATED FLAVONE 

MORUSIGNIN L .  1 . 2  

Yosh io  Hano. T s u y o s h i  Okamoto, K a t s u e  S u z u k i ,  Masami 

N e q i s h i ,  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 i e n c e s ,  Toho U n i v e r s i t y ,  

2-2-1, Miyama, F u n a b a s h i ,  C h i b a  274, J a p a n  

A b s t r a c t  - T h r e e  new i s o p r e n y l a t e d  x a n t h o n e s ,  moru- 

s i q n i n s  I ( 1 1 .  J ( 2 ) ,  and K ( 3 )  as w e l l  as a new iso- 

p r e n y l a t e d  f l a v o n e ,  m o r u s l q n i n  L  ( 4 1  w e r e  i s o l a t e d  f r o m  

t h e  r o o t  b a r k  of Morus i n s i q n i s  Bur .  ( M o r a c e a e ) ,  co l l e -  - 
c t e d  i n  P a r a g u a y .  The s t r u c t u r e s  of  m o r u s i g n i n s  1 - L 

were  shown t o  b e  1 - 4 ,  r e s p e c t i v e l y ,  on t h e  b a s i s  o f  

s p e c t r o s c o p i c  d a t a .  

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  moraceous  p l a n t s ,  

we examined  t h e  c o n s t i t u e n t s  o f  Morus i n s i q n i s  Bur .  c o l l e c t e d  i n  P a r a g u a y  -- 
a n d  r e p o r t e d  t h e  s t r u c t u r e s  of  e l q h t  i s o p r e n y l a t e d  x a n t h o n e s ,  m o r u s i g n i n s  

A  - H . ~ ' ~  T h i s  p a p e r  d e a l s  w l t h  t h e  c h a r a c t e r i z a t i o n  o f  t h r e e  new i s o p r e -  

n y l a t e d  x a n t h o n e s  a s  w e l l  a s  an  i s o p r e n y l a t e d  f l a v o n e .  

M o r u s i q n i n  I (I), y e l l o w  n e e d l e s ,  mp 149-153 OC, C23H2206, q 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 .  The uv s p e c t r u m  o f 1  r e s e m b l e d  

w i t h  t h o s e  of 1 , 3 , 5 , 8 - t e t r a o x y g e n a t e d  ~ a n t h o n e s . ~  The lH nmr spec t rum 
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Table 1 Nmr chemical shifts (pprn) of 1, 2 ,  3, 5, 10, and 11 

C 1' 2' 5' 3' 10" llf 

C - 1  156.0 160.4 158.9 164.5 
C-2 108.4 110.4 111.7 98.8 
C-3 160.0 160.1 162.4 165.8 
C-4 105.4 102.1 107.8 94.6 
C-la 155.1 150.9 153.7 158.9 
C-lb 145.0 144.6 145.1 151.5 

C-7 110.3 110.5 109.9 146.1 
C - 8  154.2 154.3 154.3 103.1 

C-8a 109.0 108.4 108.4 113.2 

C-9 186.1 185.9 186.0 180.6 
C-9a 103.0 102.7 102.8 103.0 

solvent: *; acetone-d6 "; 
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Table 2 'H Nmr chemical shifts (ppm) 

measured in acetone-d 
6 

Table 3 13c N m  chemical shifts (ppm) of 4, 12, and 14 
- 

4 12 14 4 12 1 4 1  

solvent: acetone-d6 0'; dmso-d6 
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showed t h e  s i g n a l s  f o r  t h e  f o l l o w i n g  p r o t o n s :  1)  p r o t o n s  i n  a 3.3-dime- 

t h y l a l l y l  ( p r e n y l l  g r o u p ,  b 1 . 6 5 ,  1 .86  ( e a c h  3H. b r  s ) ,  3.54 (2H. b r  d ,  - J 

= 7  H z ) ,  5 .29  ( 1 H .  m l ,  2 )  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 ,  8 1 . 5 1  (6H. 

s l ,  5 .79,  6 .70 ( e a c h  1 H .  d ,  - J = 1 0  H z ) ,  3 )  o r t h o - c o u p l e d  aromatic p r o t o n s ,  -- 
S 6.64,  7 .33  ( e a c h  1 H .  d ,  - J = 9 H z ) ,  and 4 )  p r o t o n s  i n  two  hydrogen-bonded 

h y d r o x y l  g r o u p s ,  6 1 1 . 2 3 ,  12 .32  ( e a c h  1 H .  s ) .  The 13c nmr s p e c t r u m o f  1 

was a n a l y s e d  by c o m p a r i n g  i t  w l t h  t h o s e  o f  g a r t a n i n  ( 5 ) 6  a n d  1 . 3 . 5 . 8 -  

t e t r a o x y g e n a t e d  x a n t h o n e s  3 ' 4  ( T a b l e  I ) .  I n  t h e  13c nmr s t u d i e s ,  1 was 

s u g g e s t e d  t o  be  1 . 3 . 5 . 8 - t e t r a o x y g e n a t e d  x a n t h o n e  h a v i n g  a p r e n y l  g r o u p  a n d  

a  2 . 2 - d i m e t h y l p y r a n  r i n g  i n  t h e  A r i n g ,  and two p o s s i b l e  s t r u c t u r e s  (1 a n d  

1 ' )  w e r e  p r o p o s e d .  Discrimination be tween  t h e  s t r u c t u r e s  was c a r r i e d  o u t  

on. t h e  f o l l o w i n g  r e s u l t s .  C o m p a r a t i v e  s t u d y  of t h e  'H nmr s p e c t r u m  of 1 

w i t h  t h o s e  of m o r u s i g n i n s  A ( 6 1 3  a n d  R ( 7 1 ~  showed t h a t  t h e  c h e m l c a l  s h i f t  

o f  t h e  m e t h y l e n e  p r o t o n  s i g n a l  i n  t h e  p r e n y l  g r o u p  of 1 was more s i m i l a r  

t o  t h e  s h l f t  of t h e  m e t h y l e n e  p r o t o n  s i g n a l  o f  6  t h a n  t h a t  of t h e  r e l e v a n t  

s l g n a l  of 7 ( T a b l e  2 ) .  F u r t h e r m o r e  t h e  c h e m i c a l  s h i f t  of t h e  o l e f i n i c  

p r o t o n  s i g n a l  a t  C-11 p o s i t l o n  was more s imi la r  t o  t h a t  o f  t h e  r e l e v a n t  

P r o t o n  s l g n a l  Of 6 - d e o x y j a c a r e u b i n  ( 8 1 7  t h a n  t h a t  of 6 - d e o x y i s o j a c a r e u b i n  

( 9 1 '  ( T a b l e  2 ) .  From t h e  a b o v e  r e s u l t s ,  f o r m u l a  ( 1 1  was p r o p o s e d  f o r  t h e  

s t r u c t u r e  of m o r u s i g n l n  I .  

M o r u s i q n i n  J ( 2 ) .  y e l l o w  p r i s m s ,  mp 181-186 OC, C23H2206, 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 l c  c h l o r i d e .  The uv s p e c t r u m  of 2 r e s e m b l e d  

w i t h  t h a t  of 1. The 'H nrnr s p e c t r u m  showed t h e  s i g n a l s  f o r  t h e  f o l l o w i n g  

p r o t o n s :  1) p r o t o n s  i n  a  p r e n y l  g r o u p ,  S  1 .67 ,  1 .82 ( e a c h  3H, b r  s l ,  3 .35  

(2H. b r  d .  _J = 7  H z ) ,  5.24 ( 1 H .  ml ,  2 1  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 , %  1 . 5 2  (6H. s ) ,  5 . 8 0 ,  7 .05  ( e a c h  1 H .  d ,  J = 1 0  H z ) ,  3 )  -- o r t h o - c o u p l e d  

a r o m a t i c  p r o t o n s ,  8 6 . 6 6 ,  7 . 3 3  ( e a c h  1 H .  d ,  J = 9  H z ) ,  a n d  4 )  p r o t o n s  i n  - 
two hydrogen-bonded  h y d r o x y l  g r o u p s ,  S 1 1 . 2 5 ,  12 .46 ( e a c h  1 H .  s ) .  The 13c 

nmr s p e c t r u m  of 2  was a n a l y s e d  by c o m p a r i n g  w i t h  t h a t  of 1. I n  t h e  13c 

nmr s p e c t r u m  of 2 ,  t h e  c h e m i c a l  s h i f t s  oE a l l  t h e  c a r b o n  atoms e x c e p t  
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t h o s e  of  t h e  A r i n g  c a r b o n s  - 1 ,  2 ,  4 a n d  4 a l  w e r e  s i m i l a r  t o  t h e  s h i f t s  

of  t h e  r e l e v a n t  c a r b o n s  of  1 ( T a b l e  1 1 .  T h e s e  r e s u l t s  s u g g e s t  t h a t  2  i s  a 

s t r u c t u r a l  Isomer of 1. I n  t h e  'H nmr s p e c t r u n i  of 2 ,  t h e  c h e m i c a l  s h i f t s  

of  t h e  m e t h y l e n e  p r o t o n  s i g n a l  and t h e  o l e f i n i c  F r o t o n  s i g n a l  a t  C - l l  

p o s i t i o n  were  s im1la .c  t o  t h e  r e l e v a n t  s i g n a l s  of 7 and 9 ,  r e s p e c t i v e l y  

( T a b l e  21 .  From t h e  above  r e s u l t s ,  f o r m u l a  ( 2 1  was p r o p o s e d  f o r  t h e  

s t r u c t u r e  of  m o r u s i g n i n  J .  

M o r u s i g n l n  K ( 3 1 .  y e l l o w  n e e d l e s ,  mp 251-253 OC, g a v e  a  g r e e n i s h  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 l d e  and was p o s i t i v e  t o  t h e  G i b b s  t e s t .  

The uv s p e c t r u m  of 3 r e s e m b l e d  w i t h  t h o s e  of 1 , 3 , 6 , 7 - t e t r a o x y g e n a t e d  

xan t h o n e s .  The 'H nmr s p e c t r u m  showed t h e  s i g n a l s  f o r  t h e  following 

p r o t o n s :  11 p r o t o n s  i n  a  p r e n y l  g r o u p ,  S 1 . 6 6 ,  1 . 8 9  ( e a c h  3H. b r  s l ,  3.63 

L2E, b r  d ,  - J = 7  H z ) ,  5 . 3 1  ( 1 H .  ml ,  21 *-coupled a r o m a t i c  p r o t o n s ,  

5 6 . 3 5 ,  6.47 l e a c h  l H ,  d ,  2 = 2  H z ) ,  31 a n  aromatic p r o t o n ,  S 7 . 4 5  ( 1 H .  sl, 

41 m e t h o x y l  p r o t o n s ,  S 3.99 I3H. s l ,  a n d  51 p r o t o n  i n  a  hydrogen-bonded  

h y d r o x y l  g r o u p ,  6 13.20 ( l H ,  6 ) .  The 13c nmr s p e c t r u m  o f  3  was a n a l y s e d  

by comparing i t  w i t h  t h o s e  of 1 , 3 , 6 , 7 - t e t r a o x y g e n a t e d  x a n t h o n e  ( 1 0 1 9  and 

c u d r a x a n t h o n e  L (11110 ( T a b l e  11. I n  t h e  13c nmr s t u d i e s ,  3  was s u g g e s t e d  

t o  be  1 . 3 . 6 . 7 - t e t r a o x y g e n a t e d  x a n t h o n e  h a v i n g  a  p r e n y l  g r o u p  a t  t h e  C-5 

p o s i t i o n .  I n  t h e  NOE e x p e r i m e n t  of 3 ,  i r r a d i a t i o n  a t  t h e  m e t h o x y l  s l g n a l  

( S 3 . 9 9 )  i n c r e a s e d  t h e  i n t e n s i t y  of t h e  a r o m a t i c  p r o t o n  a t s  7 .45 ( 2 1  % I .  

Thus ,  t h e  l o c a t i o n  of t h e  m e t h o x y l  g r o u p  was s u p p o r t e d  t o  b e  C-7 p o s i t i o n .  

From t h e  a b o v e  r e s u l t s ,  f o r m u l a  ( 3 1  w a s  p r o p o s e d  f o r  t h e  s t r u c t u r e  of 

m o r u s i g n i n  K ,  

M o r u s i g n l n  L ( 4 ) ,  y e l l o w  p r i s m s ,  mp 202-204 O C ,  C25H2607, g a v e  a g r e e n  

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  a n d  was p o s l t i v e  t o  t h e  magnesium- 

hydrochloric a c i d  t e s t .  The uv s p e c t r u m  of 4 r e s e m b l e d  w i t h  t h a t  of 

m o r u s i n  ( 1 2 ) .  The 'H nmr s p e c t r u m  showed t h e  s i g n a l s  f o r  t h e  f o l l o w i n g  

P r o t o n s :  1) 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 ,  S 1 . 4 5  I6H. s l ,  5 . 7 5  ( l H ,  

d .  - J = lOHz1, 6 .69 ( 1 H .  d d ,  J = 0 .7  a n d  1 0  H z ) ,  21 p r o t o n s  i n  a 
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3-hydroxy-3-met i ty lbutyl  g r o u p ,  6 1 . 0 7  ( 6 H ,  s ) ,  1 . 6 2 ,  2 . 4 8  ( e a c h  2H, m ) ,  3 )  

a n  ABX t y p e  a r o m a t i c  p r o t o n s ,  S 6 . 5 2  (1H. d d ,  - J = 2  a n d  8 H Z ] ,  6 . 5 6  (1H. 

d ,  J = 2 H z ) ,  7 . 2 3  ( l H ,  d ,  J = 8 H z ) ,  4 )  a  d o u b l e t  aromatic p r o t o n ,  L 6 . 2 7  

( l H ,  d ,  J = 0 . 7  H z ) ,  a n d  5 )  p r o t o n  i n  a h y d r o g e n - b o n d e d  h y d r o x y l  g r o u p ,  

d 1 3 . 6 1  ( l H ,  5 1 .  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  p a t t e r n s  o f  t h e  a b o v e  

s p e c t r u m  r e s e m b l e d  w i t h  t h o s e  o f  o x y d i h y d r o m o r u s i n  ( 1 3 ) .  l2 T h e s e  r e s u l t s  

s u g g e s t  t h a t  4  is a s t r u c t u r a l  Isomer o f  13. The 13c nmr s p e c t r u m  o f  4  

w a s  a n a l y s e d  by c o m p a r i n g  w i t h  t h o s e  of  1 2  a n d  c u d r a f l a v o n e  B ( 1 4 1  1 3  

( T a b l e  3 1 .  I n  t h e  13c nmr s p e c t r u m  o f  4 ,  t h e  c h e m i c a l  s h i f t s  o f  a l l  t h e  

c a r b o n  atoms e x c e p t  t h o s e  o f  a 3 - h y d r o x y - 3 - m e t h y l b u t y l  g r o u p  a n d  t h e  C-3 

p o s i t i o n  w e r e  g o o d  a g r e e m e n t  w i t h  t h o s e  o f  1 4 .  From t h e  a b o v e  r e s u l t s ,  

f o r m u l a  ( 4 )  w a s  p r o p o s e d  f o r  t h e  s t r u c t u r e  o f  m o r u s i g n i n  L 

Abbreviat ions:  s h  = shoulder .  The genera l  procedures followed as  descr ibed  i n  our  

p rev ious  paper. 1 4  

I s o l a t i o n  of  Morusignins I 1 J 2 K (31, and L (4 )  from t h e  Root Bark of  M. 

i n s i g n i s  Bur. ---- 
The d r i e d  m o t  bark (3.4 Kg) of M.  i n s i g n i s  Bur., c o l l e c t e d  i n  t h e  suburb of Encarnacion 

Ci ty .  I t apua  P r e f e c t u r e ,  Paraguay, i n  February 1989, was e x t r a c t e d  wi th  n-hexane, 

benzene, and ace tone ,  success ive ly .  The procedures are descr ibed  i n  t h e  previous 

papers .  3'4 Evaporation of t h e  n-hexane, benzene, and acetone s o l u t i o n  t o  dryness  

y i e l d e d  170 g ,  54 g. and 70 g  of  t h e  r e s i d u e ,  r e s p e c t i v e l y .  The n-hexane e x t r a c t  (135 

g )  was chromatographed an  s i l i c a  g e l  ( 3  Kg) wi th  n-hexane c o n t a i n i n g  i n c r e a s i n g  amount 

of e t h y l  a c e t a t e  as an e l u e n t  ( f r a c t i o n s  1 - 9 ,  e l u t e d  volume of 1 1 each) .4  The 

f r a c t i o n  ( f r .  5. e l u e n t ,  n-hexane : e t h y l  a c e t a t e  = 86 : 14, 7.1 g )  was rechromato- 

graphed on s i l i c a  g e l  (100 g )  with n-hexane-acetone a s  an e l u e n t .  The f r a c t i o n  

(n-hexane : acetone = 86 : 14.  0 . 2  g )  was f r a c t i o n a t e d  by p r e p a r a t i v e  h p l c  ( s o l v e n t ,  

n-hexane : e t h y l  a c e t a t e  = 6  : 1 ,  colurm, Senshu Pak SSC-Silica 4251-N, 1 cm $ x 25 cm, 

d e t e c t o r .  uv 280 nm) t o  g ive  morusignin J (2 ,  3  mg). The benzene e x t r a c t  (54  g )  was 

chromatographed on s i l i c a  g e l  (300 g) with  n-hexane-ethyl a c e t a t e  a s  an  e l u e n t  (frs. 1' 

- 1 4 5 ' ,  e l u t e d  volume 300 m l  e a c h ) .  The f r a c t i o n  ( f r s .  1 4 '  - 39 ' .  n-hexane : e t h y l  

a c e t a t e  = 86 : 1 4 ,  31.4 g )  was rechromatographed on s i l i c a  g e l  (300 g )  with 

n-hexane-acetone a s  an e l u e n t .  The f r a c t i o n  (n-hexane : acetone = 95  : 5 ,  1 .5  g )  was 

rechramatog;aphed on s i l i c a  g e l  (100 g )  wi th  benzene-acetone a s  an  e l u e n t .  The f r a c t i o n  

(benzene,  0 .85 g )  was f r a c t i o n a t e d  by p r e p a r a t i v e  hplc  (n-hexane : e t h y l  a c e t a t e  = 9  : 
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1. above-described c o n d i t i o n s )  to  g i v e  morusignin I ( 1 ,  7 mg). The f r a c t i o n  (n-hexane : 

ace tone  = 9 : 1. 4.7 g )  was rechromatographed on s i l i c a  g e l  (100 g )  with benzene-acetone 

as an e l u e n t .  The f r a c t i o n  (benzene : acetone = 9 : 1 ,  1 . 9  g )  was f r a c t i o n a t e d  by 

column chromatography ( s i l i c a  g e l ,  n-hexane-ethyl a c e t a t e )  and 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  system, chlaroform : ace tone  = 1 5  : l ) ,  success ive ly .  t o  g i v e  morusignin K 

( 3 ,  8 m g ) .  The f r a c t i o n  ( f r s .  103 ' -125 ' ,  n-hexane : e t h y l  a c e t a t e  = 3 : 1, 2 g )  was 

rechromatographed on s i l i c a  g e l  (50 g )  wi th  benzene-acetone a s  an  e l u e n t .  The f r a c t i o n  

(benzene : acetone = 91 : 9 ,  0.1 g )  was f r a c t i o n a t e d  by p r e p a r a t i v e  t l c  (n-hexane : 

ace tone  = 2 : 1) t o  g ive  morusignin L ( 4 ,  1 5  mg) 

Morusignin I (1) 

Compound 1 w a s  c r y s t a l l i z e d  from n-hexane-acetone t o  g i v e  yellow n e e d l e s ,  mp 149-153 'C. 

FeCl t e s t ;  p o s i t i v e  (brown). EI -Ms:  ?/? ( r e l .  i n t . )  394 (M', 28%), 379 ( 1 0 0 ) ,  351 (91, 
3  

339 ( 2 3 ) ,  323 ( 7 ) .  HR-Ms: !/? 394.1423 (M+, c 3 ~ 2 2 ~ 6  r e q u i r e s  394.1416). I? v::; an - ' :  

3400, 1660, 1645, 1635, 1610, 1590. Uv 1 :,","' m ( l o g  8 ) :  224 (3.561,  272 (3 .56) .  300 

(3 .86) .  350 (3.311, 405 ( 2 . 8 5 ) .  

Morusignin J ( 2 )  

Compound 2 was c r y s t a l l i z e d  from n-hexane-acetone t o  g ive  yel low prisms.  mp 181-186 'c. 
FeC13 t e s t ;  p o s i t i v e  (brawn). El-Ms: m/? - ( r e l .  i n t . )  394 (M', 421, 379 ( l o o ) ,  351 (181, 

K B r  -1 
339 ( 1 9 ) .  323 ( 2 7 ) .  HR-Ms:  !/? 394.1423 ( M + .  C H 0 r e q u i r e s  394.1416). Ir vmaxcm : 

3430. 1655, 1625, 1575. 1495, 1465. 1450. 1420: :",",",' nm ( l o g  8 ) :  229 ( 4 . 2 3 ) ,  260 

( 4 . 4 5 ) ,  271 (4.431,  310 ( s h  3.60) ,  366 (3 .98) .  

Morusignin K (3) - 
Compound 3 was c r y s t a l l i z e d  fmm n-hexane-acetone t o  g i v e  yellow n e e d l e s ,  mp 251-253 'c. 
FeC13 t e s t ;  p o s i t i v e  ( g r e e n i s h  brown). Gibbs t e s t ;  p o s i t i v e .  EI-Ms: !/? ( r e l .  i n t . )  

342 (M'. 1001, 327 (151, 313 ( 6 ) .  299 ( 5 ) ,  287 ( l o o ) ,  272 (11). 257 ( 1 9 ) .  HR-MS: 
KBr -1 342.1104 ( C  H O6 r e q u i r e s  342.1106). Ir V m a x  cm : 3260, 1645. 1605. 1580. 1510 sh, 

9t'tmB 
1470. Uv lmax m ( l o g  E ) :  211 ( 4 . 3 2 ) ,  240 (4.371, 255 (4.431, 277 (3 .841 ,  316 (4.141, 

360 (4 .02) .  

Morusignin L-(4) --- 
Compound 4 was c r y s t a l l i z e d  from chloroform-acetone t o  g ive  yel low prisms,  mp 202-204'~. 

FeC13 t e s t ;  p o s i t i v e  (green) .  Mg-HCI t e s t ;  p o s i t i v e  (o range) .  El-Ms: z/? ( r e l .  i n t . )  

438 (M', 4 7 ) ,  423 ( 5 2 ) ,  420 ( 1 9 ) .  405 ( l o o ) ,  203 (30). HR-Ms: _m/? 438.1703 ( M + ,  CZ5HZ6O7 
KBr -1 r e q u i r e s  438.1679). I r  V m a x  cm : 3400, 3240, 1665, 1625, 1585, 1570, 1545. 1510, 1475, 

1465. U V ~ ~ ~ ~ ~  m ( l o g  lo: 205 ( 4 . 4 6 ) .  278 (4.401, 327 (3 .97) .  
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