
HETERDCYCLES. Vol. 34, No. 3. 1992 515 

FOUR NEW PRENYLATED FLAVONOIDS, GLYASPBRINS A, 6 ,  C ,  

AND D FROM THE ROOTS OF GLYCYRRHIZA - ASPERA' -- 

a Lu Zenq,a T o s h i o  F u k a i ,  T a r o  ~ o m u r a , * ' ~  Ru-Yi Zhang, b  

a n d  Zhi-Cen Lou b  

a )  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 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  

b )  S c h o o l  o f  P h a r m a c e u t i c a l  S c i e n c e s ,  B e i j i n q  M e d i c a l  

U n i v e r s i t y ,  B e i j i n q  1 0 0 0 8 3 ,  P .  R. C h i n a  

A b s t r a c t  F o u r  new p r e n y l a t e d  f l a v o n o i d s ,  g l y -  

a s p e r i n s  A  (1). B  ( 2 ) .  C  ( 3 ) .  a n d  D ( 4 ) .  a l o n g  w i t h  t e n  

known compounds w e r e  i s o l a t e d  f rom t h e  r o o t s  of 

G l y c y r r h i z a  a s p e r a .  The s t r u c t u r e s  o f  q l y a s p e r i n s  A-D 

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

L i c o r i c e ,  t h e  r o o t s  and r h i z o m e s  o f  v a r i o u s  s p e c i e s  o f  G l y c y r r h i z a  

( L e g u m i n o s a e ) ,  h a s  b e e n  u s e d  f o r  a l o n g  t i m e  as  o n e  of t h e  m o s t  i m p o r t a n t  

c r u d e  d r u g s .  The commerc ia l  C h i n e s e  l icorice i m p o r t e d  t o  J a p a n  is g e n e r a l l y  

c l a s s i f i e d  t o  t h r e e  k i n d s ,  t h e  n o r t h e a s t e r n  l i c o r i c e  (Tohoku Kanzo 

i n  J a p a n e s e ) ,  t h e  n o r t h w e s t e r n  l icorice ( S e i h o k u  Kanzao i n  J a p a n e s e )  a n d  

S i n  J i a n q  l i c o r i c e  ( S h i n k y o  Kanzo i n  J a p a n e s e )  . 2  And nowadays t h e  S i n  J i a n q  

l i c o r i c e  s e r v e s  a s  t h e  main r e s o u r c e s  o f  t h e  c r u d e  d r u g s  i n  C h i n a  f o r  i t s  

l a r g e  a m o u n t s  of p r o d u c t i o n  a n d  good q u a l i t i e s .  3 ' 4  Among S i n  J i a n g  

l i c o r i c e ,  f i v e  G l y c y r r h i z a  s p e c i e s  h a v e  b e e n  r e p o r t e d  , i .e .  5.  u r a l e n s i s ,  

G.  w, 5. i n f l a t a ,  5. ~ u r y c a r p a , ~  a n d  5. a s p e r a .  3 r 4  I n  t h e  c o n t i n u o u s  

r e s e a r c h  of C h i n e s e  l i c o r i c e , 6  we r e e x a m i n e d  t h e  p h e n o l i c  c o n s i t i t u e n t s  of 
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Figure 1 
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Figure 2 
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Table 1. 13c N m r  data of 1 ,  2 and related compounds (15, 16, and 17) in acetone-d6, 
100 MHz 

8a 161.34 (Sdd) 161.3 
9 21.62 ( T d )  
10 123.53 ( D m )  

a ,  b: See r e f s  17 and 18. c: See re f .  21. ': Capital l e t t e r s  refer  to t h p  pa tern resul- 
t ing from direct ly  bonded proton(s) and lowercase l e t t e r s  t o  long-range 3 C - 4  coupling. 

t h e  r o o t s  of 5. ?..era,' and r e p o r t e d  h e r e  f o u r  new p r e n y l a t e d  f l a v o n o i d s ,  

named g l y a s p e r i n s  A ( I ) ,  B ( 2 ) .  C ( 3 ) ,  and D ( 4 ) ,  a l o n g  w i t h  t e n  known 

compounds, kumatakenin ( 5 )  ,* t o p a z o l i n  ( 6 )  ,' l i c o i s o f  l a v o n e  B ( 7 )  ,lo semi- 

l i c o i s o f l a v o n e  B ( 8 )  ,I1 l i c o i s o f l a v a n o n e  ( 9 )  , lo 3 ' - (  Y , Y - d i m e t h y l a l l y 1 ) -  

k i e v i t o n e  ( 1 0 )  ,12 l i c o r i c i d i n  (11) , I3  l i c o r i s o f  l a v a n  A ( 1 2 )  , I4  l-methoxy- 

f i c i f o l i n o l  ( 1 3 )  ,11 and l i cocoumarone  ( 1 4 ) .  1 5  

G l y a s p e r i n  A ( I ) ,  y e l l o w  p r i s m s ,  mp 1 6 4 - 1 6 5 ' ~ ,  C25H2606, gave  a  g r e e n  c o l o r  

w i t h  me thano l i c  f e r r i c  c h l o r i d e  t e s t .  The uv s p e c t r a  s u g g e s t e d  i ts  

f l a v o n o l  s k e l e t o n  s u b s t i t u t e d  w i t h  4 ' , 5 , 7 - t r i h y d r o x y l  g roups .16  The 'H 

nmr spec t rum ( a c e t o n e - d 6 )  showed t h e  s i g n a l s  of  two 3 , 3 - d i m e t h y l a l l y l  

( p r e n y l )  g roup  p r o t o n s ,  ABX t ype  a r o m a t i c  p r o t o n s ,  an a r o m a t i c  p r o t o n ,  and 

a  hydrogen-bonded hyd roxy l  p r o t o n .  S i n c e  t h e  s i n g l e t  s i g n a l s  of t h e  

a r o m a t i c  p r o t o n  and hydrogen-bonded hydroxyl  p r o t o n  appea red  a t  S 6 .59  and 
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Table 2. 13c Nmr data of 3, 4,  11, and 12, and one bond and long-range 1 3 ~ - 1 ~  correlation 
data of 3 and 4 

3 11 4* 12 

C-H+ 
++ 

c P P ~  C-H P P ~  P P ~  ppm C-H+ C-H++ 

via '5 '5, 3~ -- via '5 via '5, 3~ -- --- 
5 2 70.37 (h) 3.96,4.19 H-4 70.54 70.48 70.51 3.96,4.21 H-4,4 

3 32.26 (Om) 3.39 H-2,2,4,4,6' 32.17 32.22 31.98 3.41 H-2,2 
4 26.61 (Tm) 2.63,2.92 H-2 27.29 26.53 27.07 2.75,2.93 H-4.4 
4a 108.38 (Sm) H-4,4,8 108.40~ 109. 14b 109.01 H-4,4 
5 158.32 (Sm) H-4,4,9,9,Me 158.31 157.87 157.91 H-4,4,9,Me 
6 114.39 (Sml H-8.9.710H). 114.40~ 115.56. 115.46 H-9.9 
7 155.43 (Sm) H-8;9,7(0H) 155.44 157.97' 157.83 Me-7 
8 99.82 (D) 6.17 99.83 96.36 96.26 6.22 
8a 154.48 (Sm) H-2,4,4,8 154.43 154.78 154.64 H-2,4,4,8 
1' 119.80 (Sm) H-3',2'(OH) 120.82 119.69 120.58d H-4,Zt(OH) 
2' 156.73 (Dm) H-3'.6' 154.13 156.78' 154.01 H-6'.7' 
3' 103.58 (Dm) 6.46 H-5' 116.32 103.60. 116.19, H-7',2',4'(OH) 

10 125.31 (Om) 5.25 H-12,13 125.13 125.18 125.04 5.17 H-12,13 
11 130.27 (Sm) H-12.13 130.31 130.41 130.32 H-12,13 
12 17.90(Qm) 1.75 H-13 17.85 17.86 17.83 1.74 H-13 
13 25.85 (Qml 1.65 H-12 25.85 25.86 25.86 1.66 H-12 
7' 23.23 23.24 3.47 
8' 125.29 123.78 5.26 H-10' ,1l8 

: The datum was obtained only from the completed decoupling spectrum. +: One band ++ 
C,H-COSY. : Correlation spectroscopy long-range coupling. ': Capital letters refer 
to the patty~n lresulting from directly bonded proton(s) and lowercase letters to 
long-range C- H coupling. a: Signals were reassigned by the comparison with those of 3 
and 12 in which the signals were assigned by COLOC. b-d: The assignments may be 
interchangeable. 

6' 12.44, respectively, the position substituted by prenyl group in the A 

ring was deduced to be located in C-6 atom rather than in C-8 atom. 19 

Furthermore, comparing the 13c nmr spectrum of 1 with those of gancaonin Q 

(15) l7 and gancaonin P (16),18 the chemical shifts of the A and C rings 

of 1 were found to be in agreement with those of the relevent carbon atoms 

of 16, and the chemical shifts of the carbon atoms of the B ring of 1 to be 

consistent with those of the relevent carbon atoms of 15 (Table 1>, which 

indicated the prenyl group in the B ring of 1 was substituted in C-3' atom. 
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~ h u s ,  t h e  s t r u c t u r e  of g l y a s p e r i n  A is c h a r a c t e r i z e d  a s  formula ( 1 1 .  

G lyaspe r in  B ( 2 )  was o b t a i n e d  a s  an amorphous powder, C21H2206, [a] iO-5.7: 

The uv spectrum showed t h a t  t h e  compound ( 2 )  was e i t h e r  an i s o f l a v a n o n e  o r  

a  f l avanone  d e r i v a t i v e . 1 6  The 'H n m r  spec t rum e x h i b i t e d  t h e  s i g n a l s  of an 

i s o f l a v a n o n e  s k e l e t o n  i n  which t h e  methylene p r o t o n s  of C-2 appeared  a s  a  

double  d o u b l e t  ( b 4.46) and a  t r i p l e t  ( 8 4.611, and t h e  meth ine  p ro ton  of  

C-3 a s  a  double  d o u b l e t  ( 4 . 2 6 ) ,  r e s p e c t i v e l y .  The 'H nmr spec t rum a l s o  

showed t h e  s i g n a l s  of t h e  f o l l o w i n g  p r o t o n s :  p r o t o n s  i n  a  p r e n y l  group,  

p r o t o n s  i n  a  methoxyl group,  ABX t y p e  a roma t i c  p r o t o n s ,  a  s i n g l e t  a roma t i c  

p r o t o n ,  and a  hydrogen-bonded hydroxyl  p ro ton .  The mass spec t rum gave t h e  

f ragment  i o n s  a t  m/z 234.0872 (C13H1404, 2 a ) .  179.0355 (CgH704, 2c1, and 

136 ( 2 b ) ,  i n d i c a t i n g  t h a t  t h e  p r e n y l  and methoxyl groups were l o c a t e d  i n  

t h e  A r i n g .  In  t h e  13c nmr spec t rum of 2 ,  t h e  oxygenated  carbon atoms were 

obse rved  i n  t h e  range of 157.39-165.95, showing t h a t  a l l  t h e  oxygenated 

a r o m a t i c  ca rbons  were l o c a t e d  each o t h e r  a t  +a p o s i t i o n , 2 0  and t h e  

chemica l  s h i f t s  of t h e  B r i n g  of 2  were found t o  be i n  agreement  wi th  t h o s e  

of r e l e v a n t  carbon atoms of k i e v i t o n e  (17 ) .21  A l l  t h e  above ev idence  

sugges t ed  t h a t  t h e  compound (21 was 2',4'.5-trihydroxy-7-methoxy-6-, or 

-8 -p reny l i so f l avanone .  The p o s i t i o n  of p r e n y l  group i n  t h e  A r i n g  w a s  

de t e rmined  by f u r t h e r  o b s e r v a t i o n  of t h e  13c nmr spec t rum u s i n g  g a t e d  

decoup l ing  wi th  NOE t echn ique .  The s i g n a l  a t  91.51 appeared a s  a  d o u b l e t ,  

J=162.8 Hz r e v e a l e d  t h a t  t h e  p r e n y l  group was s u b s t i t u t e d  i n  C-6. 

T h e r e f o r e ,  t h e  s t r u c t u r e  of g l y a s p e r i n  B i s  e s t a b l i s h e d  as formula  ( 2 ) .  

G lyaspe r in  C ( 3 )  was r e c r y s t a l l i z e d  from ace tone  t o  g i v e  c o l o r l e s s  need le s .  

mp 79-80 "2, C21H2405. [ u ] i 0  -15.6 '. The uv spectrum resembled t h a t  of  

l i c o r i c i d i n  1 1 1 1 ,  an i s o f l a v a n  d e r i v a t i v e  i s o l a t e d  from t h e  same m a t e r i a l .  

The 'H nmr spec t rum showed t h e  s i g n a l s  of t h e  fo l lowing :  p r o t o n s  i n  a 

P r e n y l  group,  p ro tons  i n  a  methoxyl group,  an a roma t i c  p r o t o n ,  ABX t y p e  

a r o m a t i c  p r o t o n s ,  a  methine p r o t o n ,  and p r o t o n s  i n  two methylene g roups .  

The mass spec t rum gave t h e  f ragment  i o n s  a t  m/z 221.1171 (C13H1703, 3 a )  and -- 
136 ( 2 b ) .  The 13C nmr spec t rum of 3 was ana lyzed  by us ing  g a t e d  decoup l ing  
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Figure 3 Acetylation s h i f t s  of 4a Figure 4 NOE values of 4 

w i t h  NOE, h e t e r o n u c l e a r  s h i f t  c o r r e l a t i o n  s p e c t r o s c o p y  (C,H-COSY), a n d  

c o r r e l a t i o n  s p e c t r o s c o p y  via l o n g - r a n g e  c o u p l i n g  (COLOC), a n d  b y  c o m p a r i n g  

w i t h  t h a t  o f  l i c o r i c i d i n  (11) as shown i n  T a b l e  2 .  The A and C  r i n g s  o f  

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

s imi la r  c h e m i c a l  s h i f t s  as t h o s e  o f  t h e  r e l e v e n t  c a r b o n  a t o m s  o f  11, which 

i n d i c a t e d  t h a t  t h e  A r i n g  of 3 was s u b s t i t u t e d  b y  7 - h y d r o x y l ,  5 - m e t h o x y l ,  

a n d  6 - p r e n y l  g r o u p s .  I n  t h e  'H nmr s p e c t r u m  o f  3 ,  t h e  s i n g a l s  of ABX 

a r o m a t i c  p r o t o n s  w e r e  o b s e r v e d ,  which showed t h a t  t h e  B r i n g  was e i t h e r  

s u b s t i t u t e d  by 2 ' , 4 ' -  or  b y  3 ' , 4 ' - d i h y d r o x y l  g r o u p s .  I n  t h e  13c nmr 

s p e c t r u m ,  t h e  o x g e n a t e d  c a r b o n s  i n  t h e  B r i n g  a p p e a r e d  a t  156 .73  a n d  

d 1 5 8 . 3 0 ,  so t h a t  t h e  s u b s t i t u t e d  p a t t e r n  i n  t h e  B r i n g  of 3  was c o n c l u d e d  

t o  b e  2 '  , 4 ' - d i h y d r o x y p h e n y l  moie ty ."  The a b s o l u t e  c o n f i g u r a t i o n  o f  3  was 

a s s i g n e d  t o  b e  3 - (R)  by i t s  CD s p e c t r u m  i n  which  t h e  p o s i t i v e  C o t t o n  e f f e c t  

was e x h i b i t e d  a t  289 nm. 2  2  

Thus ,  t h e  s t r u c t u r e  of g l y a s p e r i n  C  i s  r e p r e s e n t e d  by f o r m u l a  ( 3 ) .  

G l y a s p e r i n  D  ( 4 )  was r e c r y s t a l l i z e d  f r o m  a c e t o n e  t o  g i v e  c o l o r l e s s  p r i s m s ,  

mp 1 1 1 - 1 1 4 ' ~ .  C22H2605, [a]:-13.4'. The u v ,  'H, a n d  13c nmr s p e c t r a  showed 

t h a t  t h e  compound ( 4 )  was a  monomethyl e t h e r  o f  3 .  The mass  s p e c t r u m  g a v e  

t h e  f r a g m e n t  i o n s  a t  I& 235 ( 4 b )  a n d  136  ( 2 b ) .  Compar ing  t h e  13c nmr 

s p e c t r u m  of  4  w i t h  t h a t  o f  3 ,  t h e  c h e m i c a l  s h i f t s  of  t h e  B r i n g  i n  t w o  

compounds w e r e  f o u n d  t o  b e  a l m o s t  t h e  same, which r e v e a l e d  t h a t  t h e  

s u b s t i t u t e d  p a t t e r n  i n  t h e  B r i n g  of 4 was a l s o  2 ' , 4 ' - d i h y d r o x y p h e n y l  

m o i e t y .  The p o s i t i o n  s u b s t i t u t e d  b y  me thoxy l  g r o u p  was also s u p p o r t e d  b y  
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t h e  o b s e r v a t i o n  o f  t h e  a c e t y l a t i o n  s h i f t s  ( F i g u r e  3 )  a n d  NOE e x p e r i m e n t s  

( F i g u r e  4 ) .  C o m p a r i n g  t h e  'H nmr s p e c t r a  o f  4 a n d  i t s  d i a c e t y l a t e d  p r o d u c t  

( 4 a ) ,  t h e  c h e m i c a l  s h i f t s  o f  t h e  B r i n g  s h o w e d  r e m a r k a b l e  d o w n f i e l d  s h i f t s .  

T h e  a b s o l u t e  c o n f i g u r a t i o n  o f  4 w a s  a s s i g n e d  t o  b e  3-(5)  f o r  i t s  CD 

s p e c t r u m  e x h i b i t e d  t h e  s a m e  t y p e  o f  C o t t o n  e f f e c t  as t h a t  o f  3.  

C o n s e q u e n t l y ,  t h e  s t r u c t u r e  o f  g l y a s p e r i n  D is c o n c l u d e d  t o  be f o r m u l a  ( 4 1 .  

2 0 
T h e  compound ( 1 2 1  w a s  o b t a i n e d  as colorless p r i s m s ,  mp 65-67*C,  [a] +5.7 '. 

T h e  s t r u c t u r e  o f  1 2  ( e x c e p t  t h e  s t e r e o c h e m i s t r y  a t  t h e  C-3)  was d e t e r m i n e d  

t o  b e  3',6-diprenyl-2',4'-dihydroxy-5,7-dimeth0xyis0f1avan b y  a n a l y s e s  o f  

i t s  s p e c t r a l  da ta  a n d  c o m p a r i s o n  w i t h  t h o s e  o f  3 ,  4 ,  a n d  11. T h e  s a m e  

s t r u c t u r e  n a m e d  l i c o r i s o f l a v a n  A b y  S h i z u r i  5: &.I4 h a s  b e e n  r e p o r t e d  i n  a 

abs t rac t  f o r m  a n d  n o  de ta i l s  h a v e  b e e n  f u r t h e r  p u b l i s h e d .  

EXPERIMENTAL 

The genera l  p rocedures  fol lowed a s  described i n  t h e  p rev ious  paper.6 The o p t i c a l  r o t a t i o n s  

and CD s p e c t r a  were measured on JASCO DIP-4 and JASCO 5-720 ins t ruments ,  r e s p e c t i v e l y .  The 

o t h e r  ins t ruments  were used a s  descr ibed  i n  t h e  p rev ious  paper.6 For p r e p a r a t i v e  t l c  

( s i l i c a  g e l ) ,  Wagogel 8-5F was used. 

P l a n t  Mater ial  

m e  r o o t s  o f  G l y z r r h i z a  aspera  were c o l l e c t e d  i n  Manasi County, Xin J i a n g  Autonomous --- 
Region of  China, i n  t h e  August, 1986. The morphological and h i s t o l o g i c a l  s t u d i e s  of t h e  

c rude  drugs were publ i shed  i n  t h e  p rev ious  The voucher specimen h a s  been 

deposi ted i n  t h e  d r u g  museum of t h e  Department of Pharmacognosy, School of Pharmaceutical  

Sc iences ,  B e i j i n g  Medical U n i v e r s i t y ,  P. R. China. 

I s o l a t i o n  of  Phenol ic  Compounds from Glycyrrhiza aspera  Roots 

Powdered r o o t s  o f  5. ssp:= (2 k g )  were e x t r a c t e d  by e t h a n o l  (50 1 )  f o r  t h r e e  days u s i n g  

cont inuous e x t r a c t o r  a t  20.C. The ethanol  e x t r a c t  (300 g )  was d i s s o l v e d  i n  methanol ( 1 . 5  

1 1  and t h e  d i s s o l v e d  p o r t i o n  (240 g )  was absorbed on Amberl i te  XAD-2 r e s i n  (500 g l ,  and 

t h e n  washed s u c c e s s i v e l y  wi th  n-hexane ( 6  11. benzene ( 7  I ) ,  benzene-acetone=8:1 ( 4 . 5  l), 

6 : l  (1 11 ,  4 : l  ( 2  11, 2 : l  ( 5  1 ) .  1:l ( 2  11 .  1 : 2  (7 1) .  ace tone  (2 l ) ,  methanol ( 3  1).  The 

benzene p o r t i o n  (33.6 g l  was sub jec ted  t o  a s i l i c a  g e l  (260 g )  column chromatography 

(colurm A 1  and e l u t e d  wi th  n-hexane (fr .1-21,  n-hexane-benzene=5:1-1:7 ( f r . 3 - 9 ) ,  benzene - - 
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(fr . lO-12) ,  benzene-ethyl ether=20:1-1:5 ( f r .13-27) .  and benzene-acetone=8:1-1:2 ( f r .28-  

33) .  The f r a c t i o n s  (500  m l  each)  were monitored by t l c .  The f r a c t i o n  9 ( e l u e n t ,  

n-hexane-benzene=l:7, y i e l d  0.39 g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system - 
n-hexane-ethyl e ther=4:1 .  mul t ip le  developments, x3)  t o  g i v e  l i c o r i s o f l a v a n  A (12 ,  0 .25 

g ) .  The f r a c t i o n  1 2  ( e l u e n t ,  benzene, 4.37 g )  was c r y s t a l l i z e d  from benzene t o  g i v e  

l i c o r i c i d i n  ( 1 1 ,  1 .15  g ) .  and the  mother l i q u o r  was s u b j e c t e d  t o  a s i l i c a  g e l  (80 g )  

column chromatography (column 0 )  and e l u t e d  wi th  chloroform (fr .1-10) .  The f r a c t i o n  2  

(0.82 g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system, C H C l  -AcOEt=15:1, x2, 
3  

2-hexane-acetone=4:1. x 4 )  t o  g ive  g lyasper in  A ( 1 ,  1.5mg). A l l  o t h e r  f r a c t i o n s  were 

combined and t h e  combined f r a c t i o n s  were s u b j e c t e d  t o  a  s i l i c a  g e l  (80  g l  column 

chromatography (column C) and e l u t e d  with n-hexane-AcOEt=lOO:l--r7:1 € 1 - 1 4  t o  g i v e  

l - m e t h a x y f i c i f o l i n o l  (13. 2  mg) fmm t h e  f r a c t i o n  2 ,  and l i c o i s o f l a v a n a n e  (9 ,  0.29 g )  from 

t h e  f r a c t i o n  5. The f r a c t i o n  4  (I-hexane-AcOEt=6O:l. 0.89 g )  was p u r i f i e d  by p r e p a r a t i v e  

t l c  ( s o l v e n t  system, n-hexane-AcOEt=5:1, x4, n-hexane-AcOEt=3: 1 ,  x3)  t o  g ive  3 ' -  ?.I-di- 

methy la l ly l ) -k iev i tone  (10 ,  20 mg). The f r a c t i o n  7  (n-hexane-AcOEt=30:1, 0 .18 g )  was 

p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system, n-hexane-AcOEt=5:1, x5)  t o  g i v e  l i c o i s o f l a -  

"one B (7, 7  mg). The f r a c t i o n  1 5  of  column A ( e l u e n t ,  benzene-ethyl e t h e r = l O : l ,  1.96 g )  

was sub jec ted  t o  a s i l i c a  g e l  (100 g )  c o l u m  chromatography (column D )  and e l u t e d  wi th  

n_-hexane-acetone=lOO:l-+r2:1 1 - 1  t o  g ive  kumatakenin (5, 5  mg) from t h e  f r a c t i o n  5. 

The f r a c t i o n  6  ( 0 . 7 5  g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system, C H C l  -AcOEt=6:1. 
3  

x3, CHCl -acetone=2O:l,  x 4 )  t o  g ive  g l y a s p e r i n  D ( 4 ,  0 .1 g ) .  The f r a c t i o n  8  ( 0 . 5  g )  was 
3  

p u r i f i e d  by P r e p a r a t i v e  t l c  ( s o l v e n t  system, 2-hexane-AcOEt=6:1, x3, CHC13-AcOEt=5:1, x3, 

benzene-ethyl e ther=6:  1, x3, C H C l  -acetone=ZO:l, x4, 5-hexane-AcOEt=3: 1, x4) t o  g ive  
3  

topazo l in  (6. 10 mg) and g l y a s p e r i n  B (2.  10 mg). The f r a c t i o n s  1 0  and 11 (0.46 g )  were 

p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system, n-hexane-AcOEt=3:1, x3)  t o  g i v e  semil ica-  

i sof lavone  B (8. 0 . 1  g ) .  The f r a c t i o n  1 2  (0 .13  g )  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  

system. CHC3-AcOEt=5:1. x 3 )  to  give  licocoumamne (14.  20 mg). The f r a c t i o n  19 (0.95 g) of 

c o l u m  A was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s o l v e n t  system, C H C l  -AcOEt=ZO:l, x4. 
3  

5-hexane-AcOEt=3:1) t o  g i v e  g l y a s p e r i n  C (3, 0.12 g ) .  The known compounds were i d e n t i f i e d  

by d i r e c t  comparison w i t h  t h e  a u t h e n t i c  specimen o r  by comparing t h e i r  s p e c t r a l  and 

phys ica l  d a t a  wi th  cor responding  p u b l i c a t i o n s .  

Glyasperin A (1) 

Compound (1) was r e c r y s t a l l i z e d  from n-hexane-acetone t o  g i v e  yel low pr i sms ,  mp 164-165'~. 
MeOH FeCl t e s t :  g reen .  U v v m a ,  nrn ( l o g  E ) :  253 ( 4 . 2 1 ) ,  270 ( 4 . 2 0 ) ,  302 ( 3 . 9 6 ) ,  335 ( s h  4 .09) ,  3  

MeOH+NaOAc 370 (4.241. Uv v  max nn ( l o g € ) :  272 (4 .23) .  303 (4.001,  316 ( 4 . 0 0 ) .  430 (4.29) .  Uv 
MeOH+NaOMe " max nm ( l o g  s ) :  282 ( 4 . 2 2 ) ,  324 ( 4 . 0 0 ) ,  430 (4 .29 ,  change t o  3.96 a f t e r  two 

minutes ) ,  Uv v m a x  Me0H+A1C13 nm ( l o g  6 )  : 266 (4.31) ,  307 ( s h  3.491, 368 (3.911, 434 (4 .37) .  

El-Ms (probe)  70 eV, !/z ( r e l .  i n t . ) :  423 [M+l]+ ( 1 4 ) ,  422 [MIf (601,  407 ( 8 1 ,  405 (8 ) ,  

380 (171, 379 ( 6 2 ) ,  368 ( 2 0 ) .  367 (100), 351 ( 5 ) ,  323 ( 1 5 ) ,  311 (18) .  168 ( 3 ) .  HR-MB, d z ,  
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1 
422.1709 [MIC (CZ5Hz6O6 requires: 422.1657). H Nmr (acetone-d : 6 1.65 (3H, br d, J=0.9 6 
Hz, CH3), 1.75, 1.76, 1.79 (each 3H, br s, CH3), 3.37 (2H, br d, J=7.2 Hz, C-9-HxZ), 3.41 

2 br d, J=7.5 Hz, C-1"-Hx2), 5.29 (1H, br t, 5~7.2 Hz, C-10-HI, 5.39 (lH, br t, J=7.5 

Hz, C-2"-H), 6.59 (lH, s ,  C-8-H), 7.00 (lH, d, J=8.6 Hz, C-5'-H), 7.79 (lH, dd, J=2.4 and 

8.6 Hz, C-6'-H), 8.06 (lH, d, J=2.2 Hz, C-2'-H), 9.31 (1H. br s, OH), 12.44 (lH, s, 

C-5-OH) . 

20 0 MeOH 
Compound (2) was obtained as an amorphous powder, [d] -5.7 (c=0.21. CHCl ). Uv U,,, 3 

MeOH+NaOMe m (log 8 ) :  292 (4.19), 341 (3.61). (log 6 :  289 (4.13), 333 (sh 3.52). Uv umax 

EI-Ms, ST: 371 [~kl]' (16), 370 [MI' (48). 355 (7), 339 (7), 338 (8). 337 18), 323 (lo), 

315 (ll), 314 (lo), 297 (7), 276 (9), 261 (7), 245 (81, 235 (41), 234 (22), 233 (20), 221 

(16), 191 (8). 180 (141, 179 (100). 167 (8), 136 (14), 77 (101, 69 (13). HR-Ms, ~n: 
1 

370.1465 [MI' (CZ1Hz2O6 requires 370.1419). H Nmr (acetone-d6) : 5 1.63. 1.74 (each 3H, br 
s ,  C-11-CH3), 3.22 (2H, br d, J=7.1 Hz, C-9-Hx2), 5.17 (lH, br t, J=7.1 Hz, C-10-H), 3.98 

(3H, s, 0CH3), 4.26 (lH, dd, J=5.3 and 10.4 Hz, C-3-H), 4.46 (1H, dd, J=5.3 and 10.6 Hz, 

C-2-H), 4.61 (lH, t, J=10.6 Hz, C-2-H), 6.12 (lH, s, C-8-HI, 6.29 (lH, dd, J=2.4 and 8.4 

Hz, C-5'-H), 6.54 (lH, d, J=2.4 Hz, C-3'-H), 6.98 (lH, d, J=8.4 Hz, C-6'-H), 12.51 (lH, s, 

C-5-OH). 

20 Compound (3) was recrystallized fmm acetone to give colorless needles, mp 79-80?, [ol] 

-15.6.(~=0.42. MeOH). Uv v","a"e nm (log E ) :  282 (4.85). El-Ms. rn+: 357 [M+l]+ (61, 356 

[MIf ( 2 7 ) .  341 (5), 302 (5). 301 (25). 233 (5), 222 (15). 221 (100). 220 (191, 205 (91, 

197 (9). 177 (12), 166 (5). 165 (33), 137 (13). 136 (20). 135 (lo), 79 (7). 69 (10). 

HR-Ms. _m/z: 356.1624 [MI' (CZ1Hz4O5 requires 356.1629). 'H Nmr (acetone-d 1. 1.65, 1.75 
6 ' 

(ea& 3H, br s, C-11-CH3), 2.83 (lH, dd, J=10.8 and 15.9 Hz, C-4-H), 2.92 (lH, ddd, J=2.3, 

5.4 and 15.9 Hz, C-4-H), 3.28 (2H, m, C-9-Hx~), 3.39 (lH, m, C-3-HI, 3.70 (3H, s, OCH ), 
3 

3.96 (lH, t, J=10.2 Hz, C-2-H), 4.19 (lH, ddd, J=2.4, 3.3 and 10.3 Hz, C-2-H), 5.25 (lH, 

br t, J=7.3 Hz, C-10-H), 6.17 (lH, s ,  C-8-H), 6.35 (lH, dd, J=2.4 and 8.2 Hz, C-5'-H), 

6.46 (lH, d, J=2.4 Hz, C-3'-HI, 6.89 (lH, d, J=8.2 Hz, C-6'-HI, 8.08, 8.10 and 8.40 (each 
6 lH, s. OH). CD (c=1.26 x10-' m1/1, MeOH): [BLzgg 0, [8]289 f1.26 x10 , [@I28s O, 

6 -1.95 x10 , 5 
-1.65 x10 , -2.65 x10 . 

20 Compound (4 )  was recrystallized from acetone to give clorless prisms, mp 111-114'C, [dlD 
MeOH 

-13.4'(c=0.21, MeOH). U v  v,,, nm (log E ) :  282 (4.80). EI-Ms, &: 371 LM+l]+ (24), 370 

[MIC (100). 368 (27). 355 (42), 354 (36), 339 (12), 323 (5), 302 (51, 269 (3). 247 (4), 
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235 (44), 219 (9), 191 (7), 167 (20), 136 (101, 123 (13). HR-Ms. : 370.1745 [MI' 
(CZ2Hz6O5 requires 370.1789). 'H Nmr (acetone-d 1 .  1.63 (3H, br d, J=l.l Hz, C-11-CH3), 6 ' 

1.75 (3H, br s ,  C-11-CH ) ,  2.83 (lH, dd, J=10.7 and 16.0 Hz, C-4-H), 2.93 (lH, ddd, J=3.5, 
3 

6.5 and 16.1 Hz, C-4-H), 3.25 (ZH, m, C-9-Hx21, 3.40 (lH, m, C-3-H), 3.70, 3.76 (each 3H, 

s, OCH ) ,  3.99 (lH, t, J=10.1 Hz, C-2-H), 4.24 (lH, ddd, J=2.0, 3.1 and 10.2 Hz, C-2-H), 
3 

5.17 (lH, br t, J=7.2 Hz, C-10-H), 6.22 (lH, s ,  C-8-H), 6.34 (lH, dd, J=2.5 and 8.4 Hz, 

C-5'-H), 6.47 (lH, d, J=2.5 Hz, C-3'-H), 6.98 (lH, d, J=8.4 Hz, C-6'-HI, 8.10 and 8.40 
5 

(each lH, s, OH). CD (cA.1 x10-~ mol/l, MeOH): [Q] 0, [B]288 +9.63 x10 , 0, 
6 5 F4 [B],,, -1.73 x10 , -2.71 x10 , [0)238 -3.80 x10 . 

Diacetate of Glyasperin C (4a) 

A mixture of 4 ( 5  mg), acetic anhydride (0.1 ml), and pyridine (0.1 ml), was kept at room 

temperature over night, and treated as usual. Compound (4a) was obtained as an amorphous 

powder. 'H Nmr (acetone-d6): b 1.64, 1.74 (each 3H, br s ,  C-11-CH ) ,  2.26, 2.31 (each 3H, 3 
s, OAc), 2.82 (lH, dd, Jd1.6 and 16.1 Hz, C-4-H), 2.95 (lH, ddd, J=2.2, 5.5 and 16.1 Hz, 

C-4-H), 3.25 (2H, m, C-9-HxZ), 3.27 (lH,m, C-3-H), 3.69, 3.77 (each 3H, s ,  0CH3), 4.03 

(lH, t, J=10.3 Hz, C-2-H), 4.18 (lH, ddd, J=2.2, 3.5 and 10.3 Hz, C-2-H), 5.17 (lH, br t, 

J=7.2 Hz, C-10-HI, 6.25 (lH, s, C-8-H), 6.99 (lH, d, J=2.4 Hz,C-3'-H), 7.05 (IH, dd, J=2.4 

and 8.6 Hz, C-5'-H), 7.41 (lH, d, J=8.6 Hz, C-6'-H). 

Compound (12) was recrystallized fmm acetone to give colorless prisms, mp 65-67.~, I*] 20 
0 

+5.7 (c=0.265, MeOH). Uv v::? nm (log E ) :  282 (4.81). EI-Ms. m/z:  439 [~+l]+ (331, 438 
[MI' (1001, 424 (8). 423 (24), 404 (8), 247 ( 7 ) .  236 (16). 235 (97), 234 (5), 219(101, 

205 (7). 204 (14). 203 (13), 191 (201, 189 (101, 168 (6), 167 (32). 161 (111, 149 (15). 

148 (14), 147 (15), 137 (5), 136 (5). 135 (14). 69 (13). 'H-NW (acetone-d ).$1.63 
6 ' 

(3H, br d, J=O.6 Hz, CH3), 1.66 (3H, br d, J=0.7 Hz, CH3), 1.74, 1.78 (each 3H, br s ,  

CH3), 2.75 (lH, dd, Jd0.9 and 15.9 Hz, C-4-H), 2.93 (lH, ddd, J=2.1, 4.9 and 15.9 Hz, 

C-4-H), 3.25 (2H, m, C-9-Hx2), 3.41 (lH, m, C-3-HI, 3.47 (2H, d, J=7.2 Hz, C-7'-H), 3.67, 

3.73 (each 3H, s ,  OCH ) ,  3.96 (lH, t, J=10.2 Hz, C-2-HI, 4.21 (lH, ddd, J=2.0, 3.3 and 
3 

10.9 Hz, C-2-H), 5.17 (lH, br t, J=7.4 Hz, C-10-H), 5.26 (lH, br t, J=7.2 Hz, C-8'-H), 

6.22 (lH, s, C-8-H), 6.45 (lH, d, J=8.4 Hz, C-5'-H), 6.80 (lH, d, J=8.4 Hz, C-6'-H), 7.90, 

8.12 (each 1H. br s. OH). 
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