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Abstract - Four new isoprenoid-substituted di- 

benzoylmethane derivatives, glyinflanins A (1). B ( 2 ) ,  C 

( 3 ) .  and D (4) were isolated from the roots of 

Glycyrrhiza inflata. The structures of glyinflanins 

A - D were elucidated by spectroscopic and chemical 

methods. 

We reported earlier the structures of isoprenoid-substituted phenols from 

Xibei licorice (Glycyrrhiza species, Seihoku Kanzo in Japanese), the aerial 

parts of G. uralensis Fisch. g DC., and the aerial parts and roots of & 

pallidiflora ~ a x i m . ~ ' ~  In the continuation of the investigation, we studied 

the phenolic constituents of the roots of G. inflata Bat. (Leguminosae), 

which is one of the main species of Xibei licori~e.~ On the phenolic 

constituents of the roots, Yang and Liu reported the isolation of eight 

known compounds.5 In the present study four new isoprenoid-substituted 

dibenzoylmethane derivatives, glyinflanins A (1). B ( 2 ) .  C ( 3 ) ,  and D (4) 

were isolated along with two known compounds, glabrone ( s ) ~  and lico- 
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cha l cone  A ( 6 ) .  
7 

G l y i n f l a n i n  A (I) , '  ye l low need le s ,  mp 1 0 0 - 1 0 2 ' ~ ,  C25H2805, gave a  d a r k  

green  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  test.  The uv spec t rum of 1 

resembles t h e  s p e c t r a  of dibenzoylmethane d e r i v a t i v e s ,  l i c o d i o n e  ( 7 )  ,' and 

5 ' -p reny l - l i cod ione  ( 8 )  .lo Under uv i l l u m i n a t i o n ,  t h e  orange  f l u o r e s c e n c e  

of t h i s  compound (1) on t l c  p l a t e  changed t o  b l u e  a f t e r  s p r a y i n g  w i t h  

s u l f u r i c  a c i d  and subsequent  h e a t i n g  s l i g h t l y .  Th i s  c o l o r  r e a c t i o n  

i n d i c a t e s  t h a t  1 is a  2'-hydroxydibenzoylmethane d e r i v a t i v e  such a s  7  and 

8. 9'10 The mass spec t rum of 1 shows t h e  c h a r a c t e r i s t i c  f ragment  i o n s  

a t  m/z 205.0870 (C12H1303, l a )  and 189.0864 (C12H1302, l b ) .  "lo The 'H 

and 13c nmr s p e c t r a  ( ace tone -d6 )  of g l y i n f l a n i n  A appeared  a s  t h e  

e q u i l i b r i u m  mix tu re  of a  dibenzoylmethane and a  D-hydroxychalcone ( a  

tau tomer  of d ibenzoylmethane)  moie ty  i n  t h e  s o l u t i o n  (Tab le s  1 and 2 ) .  10 .11  

The 'H nmr spec t rum of t h e  compound shows s i n g l e t  s i g n a l s  a t  6 4.54 (0.8H) 

and 6.85 (0.6H),  d i s appea red  wi th  t h e  a d d i t i o n  of CD30D, which are 

a t t r i b u t e d  t o  t h e  d-pro ton  (C-2-H) of dibenzoylmethane e x i s t i n g  i n  t h e  

e q u i l i b r i u m  mix tu re  of k e t o  and en01 forms ( T a b l e  1 ) .  The s i g n a l s  of 

hydrogen-bonded hydroxy groups  appeared a t  6 12.27 (O.6H), 12 .31  (O.4H), 

and 15.78 (0.6H) a l o n g  wi th  t h e  s i g n a l  of two hydroxyl  groups  [b 9.14 (2H, 

b r  s ) ] .  A l l  o t h e r  s i g n a l s  appeared  a s  p a i r s  a r i s i n g  from t h e  two t a u t o m e r i c  

s t r u c t u r e s .  I n  t h e  'H nmr spectrum, t h e  r a t i o  of two t au tomers  ( k e t o  and 

en01 forms)  was changed w i t h  t h e  c o n c e n t r a t i o n ,  when 1 0  mg of sample i n  0.6 

m l  of ace tone-d6 ,  t h e  r a t i o  is about  2:3, and when 60 mg of sample i n  0.6 

m l  of t h e  same s o l v e n t ,  t h e  r a t i o  is about  1:l. The 13c nmr spectrum of t h e  

compound was ana lyzed  by us ing  g a t e d  decoup l ing  wi th  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), and c o r r e l a t i o n  spec t ro scopy  

long-range c o u p l i n g  (COLOC), and by comparing t h e  spec t rum wi th  t h o s e  of  

l i c o d i o n e  ( 7 ) . 1 1  b roussocha lcone  A ( 9 ) , 1 2  and gancaonin  Q ( 10 )~  a s  shown i n  

Table 2. The a n a l y s i s  of t h e  'H and 13c nmr s p e c t r a  r e v e a l e d  t h e  p re sence  

of two 3-methyl-2-butenyl ( p r e n y l )  groups  i n  t h e  compound ( T a b l e s  1 and 2 ) .  

In  t h e  nmr spectrum, t h e  a roma t i c  p r o t o n s  appeared  as two p a i r s  of 



HETEROCYCLES. Vol. 34, No. 1. 1992 

10' 

1""""""" 0 - - y)&m \ \ 0 

2 O H 0  0 2' OHOHO 

G o .  \ 0 - \ 

3 OH0 0 3' OHOHO v::: \ A l _d 

/ 
C- 

\ 0 
\ 

4 O H 0  0 4' O H 0  HO 

HO \ 0 / -Hoe h \ \ 0 

12 O H 0  0 12' OH 0 HO 



88 HETEROCYCLES. Vol. 34, No. 1, 1992 



HETEROCYCLES, Vol. 34. No. 1 .  1992 89 

Table 1. 'H N m r  da ta  of 1-4 i n  acetone-d6 (400 MHz) 

pro ton la zb 
No. (en01 form) (ke to  form) (en01 form) (ke to  form) 

2 6.85 (0.6H, s )  4.54 (0.8H. s )  7.02 (0.8H, s )  4.68 (0.4H, s )  
3 '  6.40 (0.6H, s )  6.37 (0.4H, s )  6.26 (0.8H, s )  6.25 (O.EH, s )  
6 ' 7.71 (0.6H, s )  7.59 (0.4H, s )  7.87 (0.8H. s )  7.69 (0.2H, 6 )  

2" 7.80 (0.6H, d) 7.84 (0.4H. dl (2",6") 7.98 (1.6H, d )  7.96 (0.4H, d )  
5" 6 . 9 7 ( 0 . 6 H , d )  6 . 9 5 ( 0 . 4 H , d )  (3",5") 6 . 9 8 ( 1 . 6 H , d )  6.96 (0.4H, d )  
6" 7.74 (0.6H, dd) 7.79 (0.4H, dd) 
7 ' 3.29 (1.2H. br d )  3.21 10.8H. b r  d )  6.42 L0.8H. d )  6.37 (0.2H. d )  

1.74 (4.2H, br s ) ,  1.75 
(3.6H. b r  s )  

3-OH 15.78 (O.BH,br s )  

- - 

proton 3C ad 
No. (en01 form) (ke to  farm) (en01 farm) (keto form) 

2 6.99 (0.7H, s )  4.63 (0.6H, s )  7.00 (0.7H, s )  4.66 (0.6H. 8 )  

3 '  6.27 (0.7H, s )  6.23 (0.3H, s )  6.26 (0.7H, s )  6.25 (0.3H, s )  
6 7.80 (0.7H, s )  7.69 (0.3H, s )  7.81 (0.7H, s )  7.66 (0.3H. s )  
2" 7.84 10.7H. d )  7.81 10.3H. d )  7.78 (0.7H. d )  7.77 (0.3H. d )  

a :  Measured a t  5 0 ' ~ .  10 mg of t h e  sample/0.6 ml of acetone-d . b: Measured a t  2 4 * ~ ,  
6 20 mg/0.6 ml. c :  Measured a t  24*C. 10 mg/0.6 m l .  d: Measured a t  M ~ C ,  2 mg/0.6 m l .  

Coupling constants:  1, J2,, 6,,=2 H Z ,  J5,,,6,,=8.5 Hz, J 7  , , % ,  =.I7,, 8,,=7 Hz; 2, J2,, 3,,=9 H Z ,  
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Table 2. 13c Nmr data of 1-4 and re la t ed  compounds (acetone-d 100 MHz) 
6' 

a :  Data f m m  reference 1 2  (22.5 MHz). b: Data from reference 2. c , d :  Signals may be 
interchanged in  each column. e :  The s ignal  was overlapped with t h e  solvent.  

s i n g l e t  s i g n a l s  a n d  o n e  p a i r  of ABX t y p e  s i g n a l s .  The above 'H nmr s p e c t r u m  

s u g g e s t s  t h a t  t h e  A r i n g  h a s  t h e  p a r t i a l  s t r u c t u r e  of  t h e  2 , 4 , 5 - t r i -  

s u b s t i t u t e d  p h e n y l  m o i e t y  a n d  t h e  B r i n g  is of t h e  3 , 4 - d i s u b s t i t u t e d  p h e n y l  

m o i e t y .  I n  t h e  13c nmr s p e c t r u m ,  t h e  o x y g e n a t e d  c a r b o n  a toms  i n  t h e  A r i n g  

were  o b s e r v e d  i n  t h e  r a n g e  of 6 163.04-164.76 s u g g e s t i n g  t h a t  t h e  

o x y g e n a t e d  a r o m a t i c  c a r b o n  a toms  a r e  l o c a t e d  a t  t h e  meta p o s i t i o n  e a c h  

o t h e r . 1 3  The c h e m i c a l  s h i f t s  of  t h e  B r i n g  c a r b o n  a toms i n  t h e  en01  fo rm 

were  s i m i l a r  t o  t h o s e  of  r e l e v a n t  a toms  of  t h e  B r i n g  of g a n c a o n i n  Q (10) 

e x c e p t  C-1" ( T a b l e  2 ) .  F u r t h e r m o r e ,  g l y i n f l a n i n  A was c o n v e r t e d  t o  

p r e n y l l i c o f l a v o n e  A (11114 by h e a t i n g  i n  d r y  b e n z e n e .  

Thus ,  t h e  s t r u c t u r e  of t h e  k e t o  fo rm of  g l y i n f l a n i n  A is c h a r a c t e r i z e d  a s  
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f o r m u r a  (1). 1 5  

I n  t h e  13c nmr s p e c t r u m  of  g l y i n f l a n i n  A,  t h e  s i g n a l  o f  C-1" o f  t h e  e n 0 1  

form a p p e a r e d  n o t i c e a b l y  u p f i e l d  (6 1 2 6 . 0 2 )  compared t o  t h e  s i g n a l  of  C-1" 

of t h e  k e t o  fo rm (6 1 3 0 . 0 1 )  .I7 The en01  c a r b o n  s i g n a l  of C-3 ( 6  1 7 7 . 8 4 )  
1 7  

shows l o n g - r a n g e  c o r r e l a t i o n  t o  C-2" p r o t o n  (6 7.80,  d )  i n  cOLOC s p e c t r u m .  

T h e r e f o r e ,  t h e  s t r u c t u r e  of t h e  en01 form of  g l y i n f l a n i n  A i s  c h a r a c t e r i z e d  

a s  f o r m u l a  (1'). 

G l y i n f l a n i n  B ( 2 ) , 1 8  y e l l o w  n e e d l e s ,  mp 151-152 'c, C20H1805, was s u g g e s t e d  

t o  b e  a  d i b e n z o y l m e t h a n e  d e r i v a t i v e  b y  i ts  uv s p e c t r u m  g r 1 0 r 1 9  a n d  t h e  c o l o r  

r e a c t i o n . g r 1 0  The 'H a n d  13c nmr s p e c t r a  ( a c e t o n e - d 6 )  of  g l y i n f l a n i n  B a l s o  

a p p e a r e d  a s  t h e  e q u i l i b r i u m  m i x t u r e  of  a  d i b e n z o y l m e t h a n e  ( 2 )  a n d  a 

B-hydroxycha lcone  m o i e t y  ( 2 ' )  i n  t h e  s o l u t i o n  ( T a b l e s  1 a n d  2 ) .  The 

a n a l y s i s  of t h e  'H nmr s p e c t r u m  of t h e  compound shows t h e  p r e s e n c e  o f  a 

2 , 2 - d i m e t h y l p y r a n  r i n g  [eno l  fo rm ( 2 ' ) ;  6 1 . 4 4  (4.8H, s ) ,  5.71, 6 .42  ( e a c h  

0.8H, d ,  J = 1 0  H z ) ,  k e t o  form ( 2 ) :  6 1 .43  (1 .2H,  s ) ,  5 .70,  6 .37 ( e a c h  

0.2H, d ,  J = 10 H z ) ] .  The a r o m a t i c  p r o t o n s  a p p e a r e d  a s  two  p a i r s  of s i n g l e t  

s i g n a l s  a n d  o n e  p a i r  of A2B2 t y p e  s i g n a l s .  The mass  s p e c t r u m  of 2  shows  

c h a r a c t e r i s t i c  f r a g m e n t  i o n s  a t  m/z 203.0728 (C12H1103, 2 a )  a n d  121 .0304  

(C7H502, 2b). The 13c nmr s p e c t r u m  of  2  ( T a b l e  2 )  was a n a l y z e d  b y  u s i n g  

g a t e d  d e c o u p l i n g  w i t h  NOE and  by compar i son  w i t h  t h e  s p e c t r a  of 1 a n d  7 .  I n  

t h e  13c nrnr s p e c t r u m ,  t h e  o x y g e n a t e d  a r o m a t i c  c a r b o n s  i n  t h e  A r i n g  w e r e  

o b s e r v e d  i n  t h e  r a n g e  of 6 160.90-166.20 i n d i c a t i n g  t h a t  t h e  o x y g e n a t e d  

c a r b o n  a toms a r e  l o c a t e d  a t  t h e  meta p o s i t i o n  e a c h  o t h e r .  T h i s  r e s u l t  

s u g g e s t s  t h a t  t h e  s t r u c t u r e  of t h e  A r i n g  is t h e  6 - s u b s t i t u t e d  2 .2 -d i -  

methyl-7-hydroxychromene m o i e t y  ( 2 ~ ) .  The c h e m i c a l  s h i f t s  of t h e  c a r b o n  

a toms  of t h e  B r i n g  were  s i m i l a r  t o  t h o s e  of r e l e v a n t  a toms  o f  7 .  11 

Thbs,  t h e  s t r u c t u r e  of  t h e  k e t o  form of g l y i n f l a n i n  B i s  c h a r a c t e r i z e d  a s  

f o r m u l a  ( 2 ) .  

I n  t h e  13c nrnr s p e c t r u m  of  g l y i n f l a n i n  B, t h e  s i g n a l  o f  C-1" o f  e n o l  f o r m  

a p p e a r e d  n o t i c e a b l y  u p f i e l d  (A 1 2 5 . 5 7 )  compared to t h e  s i g n a l  of C-1" o f  

k e t o  form (6 1 3 0 . 1 2 ) . 1 7  T h e r e f o r e .  t h e  s t r u c t u r e  of t h e  e n 0 1  form of  
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g l y i n f l a n i n  B is d e d u c e d  t o  f o r m u l a  ( 2 ' ) .  

G l y i n f l a n i n  c ( 3 )  , I8  y e l l o w  n e e d l e s ,  mp 90-91°c ,  c ~ ~ H ~ ~ o ~ ,  was r e g a r d e d  as 

a  d i b e n z o y l m e t h a n e  d e r i v a t i v e  b y  i ts  uv s p e c t r u m  9'10'19 a n d  t h e  color 

The 'H a n d  13c nmr s p e c t r a  ( a c e t o n e - d 6 )  of  g l y i n f l a n i n  C a l s o  

a p p e a r e d  a s  t h e  e q u i l i b r i u m  m i x t u r e  o f  a  d i b e n z o y l m e t h a n e  ( 3 1  a n d  a  

0 - h y d r o x y c h a l c o n e  ( 3 ' )  m o i e t y  i n  t h e  s o l u t i o n  ( T a b l e s  1 a n d  2 ) .  The 

a n a l y s i s  of t h e  'H nmr s p e c t r u m  shows t h e  p r e s e n c e  of a  2 , 2 - d i m e t h y l p y r a n  

r i n g  a n d  a  p r e n y l  g r o u p .  The a r o m a t i c  p r o t o n s  a p p e a r e d  a s  two p a i r s  o f  

s i n g l e t  s i g n a l s  a n d  o n e  p a i r  of  ABX t y p e  s i g n a l s .  The mass  s p e c t r u m  of  3  

shows t h e  c h a r a c t e r i s t i c  f r a g m e n t  i o n s  a t  m/z 203.0728 ( 2 a )  a n d  189 .0916  

( l b ) .  The 13c nmr s p e c t r u m  of  t h e  compound ( T a b l e  2 )  was a n a l y z e d  by u s i n g  

C,H-COSY and by c o m p a r i s o n  w i t h  t h e  s p e c t r a  of  1 a n d  2 .  I n  t h e  s p e c t r u m ,  

t h e  c h e m i c a l  s h i f t s  of  t h e  c a r b o n  a toms  of t h e  A r i n g  were  i n  a g r e e m e n t  

w i t h  t h o s e  of t h e  r e l e v a n t  c a r b o n  a toms  of  2 ,  w h i l e  t h e  c h e m i c a l  s h i f t s  o f  

t h e  c a r b o n  a toms  of t h e  B r i n g  were  c o n s i s t e n t  w i t h  t h o s e  of  t h e  r e l e v a n t  

c a r b o n  a toms  of 1. F u r t h e r m o r e ,  t h e  c y c l i z a t i o n  of  1 w i t h  2 , 3 - d i c h l o r o -  

5.6-dicyano-p-benzoquinone (DDQ) was p e r f o r m e d  t o  a f f o r d  g l y i n f l a n i n  C a s  

t h e  main p r o d u c t .  

Thus ,  t h e  s t r u c t u r e  of t h e  k e t o  form of  g l y i n f l a n i n  C i s  c h a r a c t e r i z e d  a s  

f o r m u l a  ( 3 ) .  a n d  t h e  e n 0 1  fo rm is deduced  t o  f o r m u l a  ( 3 ' ) .  2  0  

G l y i n f l a n i n  D ( 4 ) ,  y e l l o w  n e e d l e s ,  mp 8 9 - ~ o ' c ,  C25H2405, was s u g g e s t e d  t o  

b e  a  d i b e n z o y l m e t h a n e  d e r i v a t i v e  by i t s  uv s p e c t r u m  9'10'19 a n d  t h e  c o l o r  

r e a c t i o n .  9'10 The 'H a n d  I3c nmr s p e c t r a  ( a c e t o n e - d 6 )  of t h e  compound a l s o  

a p p e a r e d  as t h e  e q u i l i b r i u m  m i x t u r e  of  a  d i b e n z o y l m e t h a n e  ( 4 )  a n d  a 

O-hydroxychalcone ( 4 ' )  m o i e t y  i n  t h e  s o l u t i o n  ( T a b l e s  1 a n d  2 ) .  The 

a n a l y s i s  of t h e  'H nmr s p e c t r u m  shows t h e  p r e s e n c e  of  two 2 . 2 - d i m e t h y l p y r a n  

r i n g s  Cenol fo rm ( 4 ' ) ;  6 1 . 4 5 ,  1 . 4 7  ( e a c h  2 . 1 ~ .  s ) ,  5 .71,  5.84,  6.41,  6.49 

( e a c h  0.7H. d ,  J = 1 0  H z ) ,  k e t o  form ( 4 ) :  6 1 . 4 4 ,  1 . 4 6  ( e a c h  0.9H, s ) ,  

5 .70,  5.82.  6.37,  6 .48 ( e a c h  0.3H, d ,  J = 1 0  H z ) ] .  The a r o m a t i c  p r o t o n s  

a p p e a r e d  a s  two p a i r s  of s i n g l e t  s i g n a l s  a n d  o n e  p a i r  of  ABX t y p e  s i g n a l s .  

The  mass  s p e c t r u m  of 4  shows t h e  c h a r a c t e r i s t i c  f r a g m e n t  i o n s  a t  m/z 203 
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(2a) a n d  1 8 7  .O7O4 (CI2Hl1O2, 4 b ) .  I n  t h e  13c nmr s p e c t r u m  o f  t h e  c o m p o u n d  

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

a g r e e m e n t  w i t h  t h o s e  of  t h e  r e l e v a n t  a t o m s  o f  2 a n d  3 .  F u r t h e r ,  t h e  

c y c l i z a t i o n  o f  3 w i t h  DDQ w a s  p e r f o r m e d  t o  g i v e  g l y i n f l a n i n  D. 

T h u s ,  t h e  s t r u c t u r e  o f  t h e  k e t o  f o r m  o f  g l y i n f l a n i n  D i s  c h a r a c t e r i z e d  as 

f o r m u l a  ( 4 ) ,  a n d  t h e  e n 0 1  f o r m  is d e d u c e d  t o  f o r m u l a  ( 4 ' ) .  

EXPERIMENTAL 

The g e n e r a l  procedures followed as  d e s c r i b e d  i n  our  previous The fo l lowing  

i n s t r u m e n t s  and chemicals were used: mel t ing  p a i n t s ;  Yazawa's micromelt ing p o i n t  a p p a r a t u s  

( h o t i s t a g e  t y p e ) ,  'H and 13c nmr s p e c t r a ;  JEOL JNM-GX-400 and JEOL JNM-EX-400 NMR 

Spec t rometers ,  mass s p e c t r a ,  JEOL JMS-D-300 and JEOL JMS-DX-303 Mass Spec t rometers ,  and uv 

s p e c t r a :  Shimadzu UV-265 S p e c t r a p h o t m e t e r .  For t l c  ( s i l i c a  g e l ) ,  Wakagel B-5F and B-5FM 

were used. 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 B-5F was used. 

P l a n t  M a t e r i a l  

The m o t s  o f  Glycyrrhiza inflata Bat. (Leguminosae) were c o l l e c t e d  i n  J i n t a  County, Gansu 

Province.  China i n  J u l y ,  1986. The morphological and h i s t l o g i c a l  s t u d i e s  of t h e  p l a n t  

m a t e r i a l  is  r e p o r t e d  i n  previous paper.21 The sample h a s  been depos i ted  i n  t h e  drug museum 

of t h e  Department of Pharmacognosy, School of Pharmaceutical Sc iences ,  B e i j i n g  Medical 

Univers i ty .  

I s o l a t i o n  o f  Phenolic  Compounds from G .  i n f l a t a  

The d r i e d  r o o t s  of G .  i n f l a t a  ( 2  kg)  were powdered and exhaus t ive ly  e x t r a c t e d  with EtOH 

(20 1) a t  roam temperature ( f o r  3 days)  by u s i n g  cont inuous e x t r a c t o r .  Evaporat ion of t h e  

e x t r a c t  t o  dryness  y i e l d e d  200 g of  a  res idue .  The r e s i d u e  (200 g )  was absorbed on 

Amberlite XAD-2 (500 g ) .  The r e s i n  was washed wi th  water  ( 5  1) and then  d r i e d  a t  room 

temperature.  The d r i e d  r e s i n  was put  i n t o  column and e l u t e d  s u c c e s s i v e l y  w i t h  n-hexane ( 2  

l ) ,  benzene ( 4  11, benzene-acetone=8:1 ( 4  l ) ,  benzene-acetone=l:l  ( 4  1 1 ,  ace tone  ( 2  I ) ,  

and MeOH. ( 2  1 ) .  The benzene e l u a t e  was evaporated t o  g i v e  a r e s i d u e  ( 1 7  g ) .  This  r e s i d u e  

(17 g )  was chromatographed on s i l i c a  g e l  (150 g ) ,  success ive ly  with n-hexane-acetone= 

1 0 0 : l  -+100:16  ( f r .  1-10) ,  5-hexane-acetane=lO:2 + 10:3 ( f r .  11-19), and n-hexane- 

acetone=100:35 +1:1 ( f r .  20-37) as an e l u e n t ,  each f r a c t i o n  ( e l u t e d  volume 200 m l )  b e i n g  

monitored by t l c .  The f r a c t i o n  1 ( e l u e n t ;  n-hexane-acetane=100:1, y i e l d :  0 .18 g )  w a s  

p u r i f i e d  by P r e p a r a t i v e  t l c  [solvent  system, n-hexane-CHC1 = 8 . 1  ( m u l t i p l e  developments; 
3 '  
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x7), n-hexane-ethyl - ether=8:1 (x4)], then by hplc (solvent; g-hexane-AcOEt=18:1, column; 

Senshu Pak SSC-silica 4251-N. 5p, 1 x 25 cm. detector: 254 nm) to give glyinflanin D (4. 2 

mg). The fraction 5 (g-hexane-acetone=lOO:6. 0.3 g) and fraction 6 (g-hexane- 

acetone=100:8, 0.4 g) were combined and purified by preparative tlc [CHCl (~3). 3 
n-hexane-AcOEt=4:1 - (x3), g-hexane-ethyl ether5:l (x5)] to give glyinflanin C (3. 10 mg). 

The fraction 7 (2-hexane-acetone=lO:l, 0.6 g) was purified by preparative tlc [n-hexane- 

acetone=8:1 (~3). CHC1 -ethyl ether=30:l (x3), g-hexane-AcOEt=5:1 (~4). CHC13 (x6)] to 3 
give glyinflanin B (2, 20 mg) and glabrnne (5, 9W mg). The fraction 8 (n-hexane-acetone= 

: 2  1.8 g) was purified by preparative tlc (n-hexane-acetone=3:1, g-hexane-AcOEt=5:2. 

CHC13-ethyl ether=25:1) to give glyinflanin A (1, 200 mg) and glabrone (5, 400 mg). The 

fractions 12-15 (2-hexane-acetone=4:1, 1.5 g), fractions 16-19 (g-hexaneacetone=lO:3, 0.4 

g), and fractions 20-23 (I-hexane:acetone=100:35, 2.1 g) were combined and purified by 

preparative tlc [ c H c ~ ~ - A ~ o E ~ = ~ : ~  (x3)] to give licochalcone A (6 ,  2.3 g). Identification 

of the known compounds ( 5  and 6)  was carried out by comparison of the physical and 

spectral data of those compounds with the relevant published data. 

Glyinflanin A (1) 

Compound (1) was recrystallized from n-hexane-ethyl ether to give yellow needles, mp 

m (log t ) :  203 (4.20). 230 (sh 3.85). 286 100-102'~. FeC13 test: dark green. Uv Jmax 

(3.78). 342 (3.58). 386 (3.90), 395 (sh 3.89), EI-Ms (probe) 70 eV, m/z (rel. int.): 409 

[~l]' (16%). 408 [MI+ (56), 391 (4). 321 (191, 307 ( 9 ) ,  298 (4). 205 (15), 189 (100). 146 

(6), 133 (13). HR-MS m/z:  408.1942 [MI+ ( c ~ ~ H ~ ~ o ~  requires: 408.1937). 

Glyinflanin B (2) 

Compound (2) was recrystallized from g-hexane-ethyl ether to give yellow needles, mp 

151-152'~. FeC13 test: dark green. U v  JMeoH nm (log € 1 :  223 (4.63). 232 (4.62). 249 
max 

(4.62). 265 (4.65). 347 (4.49). 398 (4.68). EI-Ms. m/z: 399 [M+l]+ (7%). 338 [MI' (32), 

324 (19), 323 (841, 321 (4), 204 (16), 203 (IM)), 187 (31), 185 (7), 161 (5). 160 (5). 131 

(51, 122 (3), 121 (39). 93 (10). HR-Ms, m/z:  338.1163 [MI+ (C20H1805 requires: 338.1154). 

Glyinflanin C (3) 

Compound (3) was recrystallized f m m  benzene-CHC1 -n-hexane to give yellow prisms, mp 
3 - 

90-91-12, FeC13 test: dark green. UVJ:~? nm (lag E ) :  224 (4.51). 232 (4.51), 248 (4.48), 

258 (4.48), 351 (4.23), 399 (4.44). EI-Ms, m/z:  407 [M+l]+ (16%), 406 [MI' (52), 392 (10). 

391 (85). 229 (4), 204 (20). 203 (103). 190 (7), 189 ( Y ) ,  188 (6), 187 (27). 185 (5). 160 

(5). 133 (28). HR-Ms. m/z :  406.1805 [MI+ (CZ5Hz6O5 requires: 406.1780). 
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Glyinflanin D ( 4 )  

Compound ( 4 )  was r e c r y s t a l l i z e d  from benzene-CHC13 to give yellow prisms. mp 89-90 O C .  

FeC13 t e s t :  dark green. Uv 5::y m ( l a g  f ) :  226 (4 .73) ,  233 (sh  4.73),  259 (4 .69) ,  357 

(4 .39) ,  399 (4.65). El-Ms. m/z:  405 [ f i l l t  (9%). 404 [MI' (24) .  390 (121, 389 (43) .  213 

( 4 ) ,  203 (11). 188 (13).  187 (100). 144 (10).  HR-Ms, m/z: 404.1612 [MI' (CZ5Hz4O5 

requires:  4'24.1624). 

Formation of Prenyllicoflavone A (11) from Glyinflanin A ( 1 )  

Glyinflanin A (1, 15 mg) was dissolved i n  d r y  benzene ( 9  ml) and refluxed for 28 h. The 

reaction product was pur i f i ed  by preparative t l c  (n-hexane-AcOEt=3:1, 2 : l )  to g ive  

prenyllicoflavone A (11, 1 mg, 7%) and the s t a r t i n g  material  (1, 11 mg, 73%). Compound 

(11) was rec rys ta l l i zed  from n-hexane-acetone - t o  give pale yellow prisms, mp 128-130.~. 

FeC13 t e s t :  o l ive .  Uv Jtz:H m: 240 ( s h ) ,  258, 315 (a), 335. EI-Ms, m/z:  390 [MI+ (96%). 

HR-Ms, m/z:  390.1840 [MI' (CZ5Hz6O4 requires:  390.1831). 'H Nmr (acetone-d ) : 6 1.73, 1.75 
6  

(each 3H, br  s ,  Me). 1.76 (6H, br s, Me), 3.41 (4H, br  d, J = 7 Hz, C-9-Hx2 and C-7'-Hx2), 

5.36-5.44 (2H, m, C-10-H and C-8'-H), 6.57 (lH, s ,  C-3-H), 7.20 (lH, d, J = 8 Hz, C-5'-H), 

7.05 ( l H ,  s ,  C-8-H), 7.72 ( l H ,  dd, J = 2 and 8  Hz, C-6'-H), 7.77 (lH, s, C-5-H), 7.78 

(lH, d ,  J = 2 Hz, C-2'-H), 9.45 2  br  s, OHx2). 13c Nmr (acetone-d ) .  6 17.87, 17.92 
6 .  

(C-12 and C- lo ' ) ,  25.92, 25.95 (C-13 and C - l l ' ) ,  28.65, 29.09 (C-9 and C-7'), 102.89 

(C-8), 105.70 (C-3), 116.25 (C-5' ) ,  117.72 (C-4a), 122.82, 123.14 (C-10 and C-8' ) ,  123.93 

1 126.16, 126.23 (C-5 and C-6'). 123.38 (C-6), 128.57 (C-2') ,  129.77 (C-3'1, 133.20, 

133.47 ( C - 1 1  and C-9') ,  157.10 (C-8a), 159.10 (C-4'). 161.10 (C-7), 163.83 (C-2), 177.41 

(C-4). 

Cyclization of Glyinflanin A ( 1 )  with DDQ (Formation of 3 ,  4 ,  and 12)  

A mixture of 1 (52 mg. 0.13 mmol) , DDQ (15 mg, 0.07 mmol), and dry dioxane (2 m l )  i n  dry 

benzene (13 m l )  was refluxed for  8  h.  The reaction product was pur i f ied  by preparative t l c  

[~ -hexane-~co~ t=4 :1  (x3)]  t o  give 3 ( 8  mg, l6%) ,  4  ( 2  mg. 4%),  12  ( l e s s  than 0 .5  mg) , and 

t h e  s t a r t i n g  material  (1, 8 mg, 16%). Compound ( 3 )  was iden t i f i ed  with glyinflanin C by 
1 1 

t l c  analys is  and H nmr spectrum. Campound (12) was obtained a s  yellow powder, and its H 

nm spectrum Showed t h a t  t h i s  compound existed as  keto form (12) and en01 farm (12') i n  

acetone-d6. The mass spectrum was not  available owing t o  inorganic impurity from s i l i c a  

ge l .  'H Nmr (acetone-d6, a t  2 4 . ~ 1 ,  e n d  form: 6 1.47 (4.2H, s, C-9"-Me), 1.73, 1.74 (each 

2  br 5 ,  C-9'-Me), 3.28 (1.4H. br  d, J = 7 Hz, C-7'-H), 5.33 (0.7H , b r  t ,  J = 7 Hz, 

C-8'-H), 5.86 (0.7H, d ,  J = 10 Hz, C-8"-H), 6.41 (0.7 H, s ,  C-3'-HI, 6.50 (0.7 H, d, J = 

10 Hz, C-7"-H), 6.863 (0.7H, d ,  J = 8.5  Hz, C-5"-H), 6.99 (0.7H, s ,  C-2-H), 7.75 (0.7H, s ,  

C-6'-H), 7.80 (0.7H, d ,  J = 2 Hz, C-2"-H), 7.85 (0.7H, dd, J = 2 and 8.5 Hz, C-6"-HI, 
l2.26 (0.7H, br  s ,  C-2'-OH), 15.75 (0.7H, br s ,  C-%OH),  keto farm: 1.44 (1.8H, s ,  
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C-9"-Me), 1.60, 1.61 (each 0.9H, br s, C-9'-Me), 3.21 (O.SH, br  d, J = 7  Hz, C-7'-H), 4.63 

(0.6H, s, C-2-H), 5.25 (0.3H. br t, J = 7  Hz, C-8'-HI, 5.85 (0 .3  H ,  d ,  J = 10 Hz, C-8"-H), 

6.38 (0.3H, s ,  C-3'-H), 6.49 (0.3H, d ,  J = 10 Hz, C-7"-HI, 6.86 (0.3H, d,  J = 8.5 Hz, 

C-5"-H), 7.83 (0.3H. d ,  J = 2  Hz. C-2"-H), 7.58 (0.3H, s ,  C-6'-H), 7.87 (0.3H, dd, J = 2  

and 8.5 Hz, C-6"-H), 12.35 (0.3 H ,  s, C-2'-OH). 

Cyclization of Glyinflanin C (3) with DDQ (Formation of 4) 

A mixture of 3 (11 mg, 0.03 m l ) ,  DDQ ( 6  mg, 0.03 mmol), and dry dioxane ( 2  ml) i n  dry 

benzene (10 m l )  was refluxed f o r  10 h. The reaction product was pur i f ied  by preparative 

t l c  [E-hexane-AcOEt=3:l (x3)]  to give 4 ( 3  mg, 27%) and the  s t a r t i n g  material  (3, 2  mg, 

16%). 
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