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FIVE NEW ISOPRENOID-SUBSTITUTED FLAVONOIDS, GLYASPERINS 

F, G, H, I, AND J FROM THE ROOTS OF GLYCYRRHIZA ASPERA' - 

a a  Lu Zeng, 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  of 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 g  M e d i c a l  

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

Abs t rac t -F ive  new i s o p r e n o i d - s u b s t i t u t e d  f l a v o n o i d s ,  

g l y a s p e r i n s  F (1). G ( 2 1 ,  H ( 3 1 .  1 ( 4 1 .  a n d  J (5) 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  of  g l y a s p e r i n s  F-J  were  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 .  

I n  t h e  p r e v i o u s  p a p e r s ,  we r e p o r t e d  t h e  i s o l a t i o n s  a n d  s t r u c t u r e  d e t e r m i n a -  

t i o n s  of i s o p r e n o i d - s u b s t i t u t e d  f l a v o n o i d s ,  g a n c a o n i n s  A - E ~  a n d  L-Q, 3 . 4  

f rom t h e  a e r i a l  p a r t s  o f  G l y c y r r h i z a  u r a l e n s i s  F i s c h .  ( L e g u m i n o s a e ) ,  

g a n c a o n i n s  F-l5 f rom t h e  X i b e i  l i c o r i c e  ( G l y c y r r h i z a  s p p . ,  S e i h o k u  Kanzo i n  

J a p a n e s e ) ,  g a n c a o n i n  J a n d  f l a v o n o i d .  g a n c a o n i n  K~ f rom t h e  r o o t s  of g. 

p a l l i d i f l o r a  Maxim.; p r e n y l a t e d  d i h y d r o s t i l b e n e s ,  g a n c a o n i n s  R - T ~  a n d  

p r e n y l a t e d  d i h y d r o p h e n a n t h r e n e s ,  g a n c a o n i n s  U a n d  v 4  f r o m  t h e  a e r i a l  p a r t s  

of G. - u r a l e n s i s ;  - i s o p r e n o i d - s u h s t i t u t e d  d i b e n z o y l m e t h a n e s ,  g l y i n f l a n i n s  

A-D7 f rom t h e  r o o t s  of  2. i n f l a t a  B a t . ;  a n d  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-D8 f rom t h e  r o o t s  of 2. a s p e r a  P a l l .  To c o n t i n u e  t h e  r e s e a r c h ,  we 

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

F  ( l ) ,  G ( 2 1 ,  H ( 3 ) .  1 ( 4 1 ,  and J ( 5 1  f rom t h e  r o o t s  of 2. a s p e r a .  
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Table 1. 1 3 ~  Nmr data of 1. 5, and related compounds (6, 6a, and 11) in acetone-d 6' 
100 MHz 

2 71.25 71.28 ( D D ~ ) " ~  70.86 70.77 71.24 (tIDdlC 70.94 (Td) 

3 47.66 49.49 (Dm) 46.98 48.40 47.62 (Dm) 46.46 (Dm) 

4 198.02 188.85 (Sm) 198.25 189.18 198.71 (Sm) 198.87 (Sm) 

4a 103.54 107.83 (St) 103.08 107.29 103.82 (St) 102.77 (St) 

5 164.57 163.50 (Sm) 164.46 163.64 163.21 (Sdd) 163.53 (Sdd) 

6 97.23 94.31 (Dd) 97.02 94.31 96.50 (Dd) 96.54 (Dd) 

7 168.12 166.24 (Sm) 167.58 166.56 164.58 (Sm) 165.36 (Sm) 

8 95.96 93.72 (Dm) 95.75 93.63 108.12 (Sm) 108.30 (Sm) 

8a 165.73 165.80 (Sm) 165.80 166.01 161.31 (Sm) 161.05 (Sm) 

9 22.10 (Td) 22.05 (Td) 

10 123.90 (Dm) 123.81 (Dm) 

11 131.20 (Sm) 131.31 (Sm) 

12 17.82 (Qm) 17.83 (Qm) 

13 25.88 (Qm) 25.88 (Qm) 

1' 115.09 111.30 (Sm) 116.35 112.95 115.08 (Sm) 115.45 (Sm) 

2' 152.10 152.18 (Sml 151.72 154.30 152.46 (Sm) 154.89 (Sm) 

3 ' 110.46 118.00 (St) 111.52 122.80 110.35 (Sm) 117.03 (Sm) 

4' 153.73 155.12 (Sm) 154.37 155.95 153.60 (Sdt) 156.43 (Sm) 

5' 108.52 103.70 (D) 109.63 112.95 108.39 (Dl 108.44 (D) 

6' 131.14 131.05 (Dd) 130.30 131.31 131.23 (Dd) 126.91 (Dd) 

7 ' 117.83 117.55 (D) 117.47 118.03 117.75 (D) 23.27 (Td) 

8' 129.22 129.81 (Dm) 129.98 130.44 129.24 (Dm) 123.69 (Dm) 

9 ' 77.08 76.96 (Sm) 76.19 76.36 77.02 (Sm) 131.61 (Sm) 

10' 2.81 27.43 (Qm) 27.87 2.88 27.75 (Qm) 17.95 (Qm) 

11 ' 28.25 28.02 (Qm) 27.96 27.92 28.20 (Qm) 25.88 (Qm) 

Me0 55.96 (Q) 56.08 

56.00 (0) 56.19 

56.18 (0) 62.95 

5: Capital letters refer to the coupling pattern resulting from directly bonded 
protan(s) and lowercase letters to long-range coupling. a :  J=150, 147 and 

6 Hz. b:  The assignments were made by long-range correlation spectroscopy. 

c :  J=150. 148 and 5 Hz. 



1816 HETEROCYCLES. Val. 34. No. 9, 1992 

Figure 2 

G l y a s p e r i n  F ( 1 1  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  fo rm c o l o r l e s s  n e e d l e s ,  

mp 164-166 'c, C20H1806, [ u ] : ~  -4 .6 . .  The uv s p e c t r u m  showed t h a t  t h e  

compound ( 1 1  was e i t h e r  a  f l a v a n o n e  o r  an  i s o f l a v a n o n e  d e r i v a t i v e .  The 

' ~ n m r  s p e c t r u m  of 1 e x h i b i t e d  t h e  s i g n a l s  f o r  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  m e t h y l e n e  p r o t o n s  a t  C-2 a p p e a r e d  a s  a d o u b l e  b o u b l e t  ( s  4 . 3 9 )  

and a t r i p l e t  ( s  4 . 5 2 1 ,  a n d  t h e  m e t h i n e  p r o t o n  a t  C-3 a s  a d o u b l e  d o u b l e t  

( d  4 .171 ,  r e s p e c t i v e l y .  The 'H nmr s p e c t r u m  a l s o  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 :  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  m o i e t y ,  a  p a i r  of 

c o u p l i n g  a r o m a t i c  p r o t o n s ,  a  p a i r  of ortho c o u p l i n g  a r o m a t i c  p r o t o n s ,  a n d  a 

hydrogen-bonded  h y d r o x y l  p r o t o n .  I n  t h e  mass s p e c t r u m  o f  1. t h e  f r a g m e n t  

i o n s  a t  - m/z 1 5 3  ( l b l .  202 ( 1 ~ 1 .  a n d  187 .0574  ICl2Hl1O2, Id1 w e r e  o b s e r v e d  

a s  shown i n  F i g u r e  2 .  Compa i r ing  t h e  13c nmr s p e c t r u m  of 1 w i t h  t h a t  o f  
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Figure 3 NOE values for la, 2, 3, 4, and 5a, measured in 

acetone-d6 (la, 4, and 5) and CDC13 (2 and 3) 

licoisoflavanone ( 6 ) ,  the chemical shifts for all the carbon atoms of two 

compounds were found to be nearly the same, except that the C-1'. C-3', and 

C-5' showed 1.26, 1.06, 1.13 ppm differences respectively, indicating that 

two compounds were structural isomers with different substituted pattern in 

the B ring. The compound (1) was then methylated to form the trimethyl 

ether (la). In the 13c nmr spectrum of la, the signals for methoxyl groups 

were observed at 55.96, 56.00, and 56.18 respectively (Table 11, which 
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r e v e a l e d  t h e s e  m e t h o x y l  g r o u p s  were  mono- or n o n e - z G @  s u b s t i t u t e d , 1 °  a n d  

t h e  NOE e f f e c t s  w e r e  f o u n d  be tween  o n e  o f  t h e  m e t h o x y l  g r o u p s  a n d  C-5' a n d  

C-7'  p r o t o n s  ( F i g u r e  3 ) .  A l l  t h e  a b o v e  e v i d e n c e  i n d i c a t e d  t h a t  t h e  compound 

(1) b o r e  a h y d r o x y l  g r o u p  a t  C-4' p o s i t i o n  i n  t h e  B r i n g .  

Thus ,  t h e  s t r u c t u r e  of g l y a s p e r i n  F  is p r o p o s e d  as t h e  f o r m u l a  (1) e x c e p t  

f o r  t h e  a b s o l u t e  c o n f i g u r a t i o n  a t  C-3 p o s i t i o n .  
11 

G l y a s p e r i n  G ( 2 )  was o b t a i n e d  a s  an  amorphous  powder ,  C23H2405, (&]?+8.3:  

The uv s p e c t r u m  of  2  showed t h e  maxima a t  259 a n d  283  nm. The 'H nmr 

s p e c t r u m  of 2  ( i n  CDC13) e x h i b i t e d  t h e  s i g n a l s  f o r  a n  i s o f l a v a n  s k e l e t o n ,  

i n  which t h e  m e t h y l e n e  a t  C-2 a p p e a r e d  as  a t r i p l e t  ( r  4 . 0 4 )  a n d  a  

d o u b l e t  of d o u b l e  d o u b l e t  ( g  4 . 3 3 ) ,  t h e  m e t h i n e  p r o t o n  a t  C-3 a s  a 

m u l t i p l e t  ( 6  3 . 4 8 ) ,  a n d  t h e  m e t h y l e n e  p r o t o n s  a t  C-4 as  a  d o u b l e  d o u b l e t  

( x  2.87)  and a d o u b l e t  of  d o u b l e  d o u b l e t  ( 8  3 . 1 2 ) ,  r e s p e c t i v e l y .  The 'H nmr 

s p e c t r u m  of  2 a l so  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 :  p r o t o n s  i n  

a 3 . 3 - d i m e t h y l a l l y l  ( p r e n y l )  g r o u p ,  p r o t o n s  i n  a m e t h o x y l  g r o u p ,  two  

h y d r o x y l  g r o u p s  ( o b s e r v e d  a s  s i n g l e t  s i g n a l s  i n  a c e t o n e - d 6  o n l y ) ,  a r o m a t i c  

p r o t o n s  (AB t y p e ,  J = 8  H z ) ,  an  aromatic p r o t o n  ( d o u b l e t  due  t o  l o n g - r a n g e  

c o u p l i n g ) ,  a n d  a p a i r  of  o l e f i n i c  p r o t o n s ,  o f  which t h e  c h e m i c a l  s h i f t s  

( 7.43 and 6 . 8 4 ,  J = 2  Hz) were  f o u n d  t o  b e  s im i l a r  t o  t h o s e  f o r  t h e  

c o r r e s p o n d i n g  p r o t o n s  a t  C-2 a n d  C-3 i n  b e n z o f u r a n  r i n g  which a p p e a r  a t  

7 .52 a n d  6.66 ( J = 2 . 5  H z ) ,  r e s p e c t i v e l y . 1 2  The mass s p e c t r u m  of 2  g a v e  t h e  

f r a g m e n t  i o n s  a t  m/z 177.0574 (C10Hg03, 2 a )  a n d  204 ( 2 b )  i n d i c a t i n g  t h a t  

t h e  me thoxy l  g r o u p  a n d  f u r a n  r i n g  c o n n e c t e d  t o  t h e  A  r i n g ,  a n d  two h y d r o x y l  

a n d  t h e  p r e n y l  g r o u p s  l o c a t e d  i n  t h e  B r i n g .  I n  t h e  13c nmr s p e c t r u m  of 2 ,  

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  atoms were o b s e r v e d  i n  t h e  r a n g e  o f  

S 155.61-156.67 ( T a b l e  2 ) .  showing  t h a t  a l l  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 t o m s  were  l o c a t e d  e a c h  o t h e r  a t  p o s i t i o n , 1 3  a n d  t h e  s i g n a l  of 

m e t h o x y l  g r o u p  a p p e a r e d  a t  59.80 (di-_o= s u b s t i t u t e d  m e t h o x y l  g r o u p ) ,  1 0  

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  g r o u p s  i n  t h e  A r i n g  w e r e  5 -me thoxy l ,  

7 -oxygena ted  a n d  6 - a l k y l a t e d  m o i e t i e s :  a n d  a l s o  t h e  c h e m i c a l  s h i f t s  f o r  t h e  
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Table 2. 13c Nmr data of 2,  3, 4 ,  and re l a t ed  compounds (7, 8, 9, and 10) 

i n  acetone-d 
6 

C 2 7 3 3a gb loC 4 8 

2 70.73 70.51 71.31 70.56 70.7 70.43 70.37 

3 31.97 31.98 32.64 31.72 31.7 32.05 32.26 

4 27.37 27.07 32.24 31.64 30.6 26.76 26.61 

4.5 109.52 109.01 115.45 114.35 114.4 108.33 108.38 

5 151.61 157.91 130.15 129.15 129.1 158.34 158.32 

6 111.37 115.46 108.00 106.52 1 0 2 . 7 ~  114.46 114.39 

7 156.67 157.83 1 9 . 5 8  149.72 150.3 155.49 155.43 

8 93.68 96.26 109.35 109.93 109.9 99.83 99.82 

8a 154.27 154.64 152.87 151.95 154. 2e 154.46 154.48 

9 105.51 23.15 117.38 117.00 116.9 23.35 23.33 

10 143.63 125.04 129.71 129.00 128.0 125.33 125.31 

11 130.32 76.09 75.60 75.7 130.31 130.27 

12 17.83 27.79 27.53 27.6 17.61 17.90 

13 25.86 28.01 27.83 27.8 25.85 25.85 

1' 120.67 120.58 117.34 116.92 116.2 111.46 119.80 

2' 15d.X) 154.01 146.80 145.37 146.0 158.34 156.73 

3 '  116.37 116.19 140.23 138.70 105.6 139.2 99.59 103.58 

4 '  155.33 155.22 148.51 146.67 151 .6~  147.7 159.26 158.30 

5' 108.35 108.27 109.35 108.71 107.5 107.36 107.72 

6 '  125.25 125.04 128.00 127. 54 126.8 128.42 128.70 

7 '  23.32 23.23 

8 '  123.94 123.78 

9 '  131.87 131.78 

10' 17.97 17.94 

11' 25.85 25.83 

Me0 59.80 60.60 56.53 56.25 60.58 60.57 

55.75 60.88 61.05 55.72 

a :  Measured i n  CDC13. b :  See reference 16,  measured i n  CDC13. c :  See reference 17, 

measured i n  DMSO-d6. d ,  e :  The assignments may be interchangeable. 
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B r i n g  a n d  t h e  p r e n y l  g r o u p  of 2 w e r e  f o u n d  t o  b e  i n  a g r e e m e n t  w i t h  t h o s e  

f o r  t h e  r e l e v e n t  c a r b o n  a toms  of l i c o r i s o f l a v a n  A ( 7 ) , 1 4  which i n d i c a t e d  

t h a t  t h e  B r i n g  of 2 was  s u b s t i t u t e d  by 2 ' , 4 ' - d i h y d r o x y l  a n d  3 ' - p r e n y l  

g r o u p s .  The s u b s t i t u t i o n  of m e t h o x y l  g r o u p  a n d  t h e  c o n n e c t i o n  of b e n z o f u r a n  

r i n g  w e r e  f u r t h e r  s u p p o r t e d  by NOE e x p e r i m e n t s  (see F i g u r e  3 )  a n d  

d e c o u p l i n g  e x p e r i m e n t .  When t h e  C-9 p r o t o n  s i g n a l  ( s 6 . 8 4 ,  d d )  was 

i r r a d i a t e d ,  t h e  d o u b l e t  s i g n a l  a t  6 .75  ( f o r  C-8 p r o t o n )  c h a n g e d  t o  a  

s i n g l e t .  The a b s o l u t e  c o n f i g u r a t i o n  o f  2 was a s s i g n e d  t o  b e  3 - ( R )  w i t h  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  e x h i b i t e d  a t  290 nm. 1 5  

The s t r u c t u r e  o f  g l y a s p e r i n  G  i s  t h e r e f o r e  e s t a b l i s h e d  as t h e  f o r m u l a  (2). 

G l y a s p e r i n  H ( 3 )  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 ,  

20 +8.0 '. The 'H nmr s p e c t r u m  (CDC1 ) showed t h a t  mp 58-60 'c. C22H2405r  3  

t h e  compound ( 3 )  was a l s o  an  i s o f l a v a n  d e r i v a t i v e  i n  which t h e  m e t h y l e n e  

p r o t o n s  a t  C-2 a p p e a r e d  as a t r i p l e t  ( g  3 . 9 8 )  a n d  a  d o u b l e t  of d o u b l e  

d o u b l e t  4 . 3 3 ) ,  t h e  m e t h i n e  p r o t o n  a t  C-3 as a  m u l t i p l e t  ( 6 3 . 5 4 ) ,  a n d  

t h e  m e t h y l e n e  p r o t o n s  a t  C-4 as a  d o u b l e t  of  d o u b l e  d o u b l e t  ( g  2 . 8 4 )  a n d  a  

d o u b l e  d o u b l e t  2 . 9 3 ) ,  r e s p e c t i v e l y .  The 'H nmr s p e c t r u m  of 3  a l s o  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 :  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 ,  

p r o t o n s  o f  two  m e t h o x y l  g r o u p s ,  a p a i r  of  AB t y p e  a r o m a t i c  p r o t o n s  ( J = 8  

H z ) ,  a n d  a h y d r o x y l  p r o t o n  ( o b s e r v e d  i n  a c e t o n e - d 6  o n l y ) .  The mass s p e c t r u m  

o f  3 g a v e  t h e  f r a g m e n t  i o n s  a t  m/z 1 8 9  ( 3 a ) .  173.0642 (CllHg02, 3 b ) .  a n d  

1 8 0  ( 3 ~ 1 ,  i n d i c a t i n g  t h a t  t h e  2 . 2 - d i m e t h y l p y r a n  r i n g  was l o c a t e d  i n  t h e  A 

r i n g ,  a n d  o n e  h y d r o x y l  g r o u p  a n d  two  methoxy l  g r o u p s  w e r e  l o c a t e d  i n  t h e  B 

r i n g .  I n  t h e  13c nmr s p e c t r u m  of 3  ( i n  CDC13), t h e  c h e m i c a l  s h i f t s  f o r  t h e  

A r i n g  a n d  t h e  2 . 2 - d i m e t h y l p y r a n  r i n g  were found  t o  b e  i n  a g r e e m e n t  w i t h  

t h o s e  f o r  t h e  r e l e v e n t  c a r b o n  a toms  of 1-)-4'-0-methylglabridin ( 9 )  , I6  a n d  

t h e  c h e m i c a l  s h i f t s  f o r  t h e  B r i n g  t o  be  c o n s i s t e n t  w i t h  t h a t  f o r  t h e  

r e l e v e n t  c a r b o n  atoms of m u c r o m u l a t o l  (10) .17 The p o s i t i o n s  s u b s t i t u t e d  by 

m e t h o x y l  g r o u p s  were  f i r s t  d e d u c e d  f r o m  t h e  c h e m i c a l  s h i f t s  of t h e  13c nmr 

s p e c t r u m  of 3  i n  which o n e  of them a p p e a r e d  a t  &- 56 .25  i n d i c a t i n g  t h a t  t h i s  
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Figure 4 Deuterium induced isotope s h i f t  13c nmr experiments of 7 and 3. 

Each 5 mg of samples were measured in 0.6 m l  of acetone-d6, added 
* 

one drop of the  mixture of D 0 and H 0 in 1:l. These carbon signals 2 2 
were observed as broad singlet. 

m e t h o x y l  g r o u p  a t t a c h e d  t o  C-4' p o s i t i o n ,  a n o t h e r  a t  61 .50 i n d i c a t i n g  

t h a t  t h i s  me thoxy l  g r o u p  a t t a c h e d  e i t h e r  t o  C-2'  or C-3' p o s i t i o n . 1 °  The 

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

a n d  t h e  c o n n e c t i o n  of  2 . 2 - d i m e t h y l p y r a n  m o i e t y  i n  t h e  A  r i n g  were  f u r t h e r  

s u p p o r t e d  by NOE e x p e r i m e n t s  a s  shown i n  F i g u r e  3'. The p o s i t i o n  of 2 ' -  o r  

3 ' - h y d r o x y l  g r o u p  was d e t e r m i n e d  w i t h  d e s i g n e d  d e u t e r i u m  i n d u c e d  i s o t o p e  

s h i f t  i n  13c nmr e x p e r i m e n t s . "  I n  t h e  c a s e  of model compound, l i c o r i s o f l a -  

van  A  ( 7 1 ,  when t h e  s a m p l e  was m e a s u r e d  i n  t h e  a c e t o n e - d 6 ,  a d d e d  o n e  d r o p  

o f  t h e  m i x t u r e  of H 2 0  a n d  D 0 i n  1:l. t h e  s i g n a l s  o f  c a r b o n  a t o m s  
2  

s u b s t i t u t e d  by h y d r o x y l  g r o u p s  and two a d j a c e n t  c a r b o n  a toms s h i f t e d  

u p f i e l d .  And i n  t h e  c a s e  of t h e  compound ( 3 ) ,  t h e  s i g n a l s  f o r  o x y g e n a t e d  

c a r b o n  a toms  s h i f t e d  u p f i e l d ,  w h e r e a s  t h e  s i g n a l  f o r  C-1 '  a tom r e m a i n e d  

t h e  same, which mean t  t h a t  t h e  h y d r o x y l  g r o u p  was a t t a c h e d  t o  C-3 '  

p o s i t i o n .  The a b s o l u t e  c o n f i g u r a t i o n  of  3  was a s s i g n e d  t o  be 3 - ( 5 )  w i t h  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  e x h i b i t e d  a t  277 nm. 1 5  

C o n s e q u e n t l y ,  t h e  s t r u c t u r e  of  g l y a s p e r i n  H i s  r e p r e s e n t e d  by t h e  f o r m u l a  

( 3 1 .  

G l y a s p e r i n  1 ( 4 1  was o b t a i n e d  as an  amorphous  powder ,  C  H 0 [ u ] i O - 5 . 3 ' ,  
22 26 5 '  

n e g a t i v e  t o  Gibbs  t es t .  The uv ,  'H, and 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  of g l y a s p e r i n  C  ( 8 1  .' The mass s p e c t r u m  
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of 4  g a v e  t h e  f r a g m e n t  i o n s  a t  m& 2 2 1  ( 4 a )  a n d  1 5 0  ( 4 b ) .  Comparing t h e  13c 

nmr s p e c t r u m  of 4  w i t h  t h a t  of 8, t h e  c h e m i c a l  s h i f t s  f o r  t h e  c a r b o n  a toms  

i n  t h e  A r i n g  a n d  p r e n y l  g r o u p  i n  two compounds w e r e  f o u n d  t o  be 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  A r i n g  o f  4  was a l s o  s u b s t i t u t e d  

b y  7-hydroxyl-5-methoxyl-6-prenyl g r o u p s .  F u r t h e r m o r e ,  t h e  NOE e x p e r i m e n t  

was p e r f o r m e d  (see F i g u r e  3 ) ,  t h e  r e s u l t  i n d i c a t e d  t h a t  t h e  me thoxy l  g r o u p  

i n  t h e  B r i n g  was s u b s t i t u t e d  i n  C-2' p o s i t i o n .  The a b s o l u t e  c o n f i g u r a t i o n  

of 4 was a s s i g n e d  t o  b e  3 - ( 5 )  w i t h  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  e x h i b i t e d  a t  288 nm. 1 5  

Thus,  t h e  s t u c t u r e  of  g l y a s p e r i n  I is c o n c l u d e d  t o  b e  t h e  f o r m u l a  ( 4 ) .  

G l y a s p e r i n  J ( 5 )  was o b t a i n e d  a s  an amorphous powder ,  C25H2606, [a]:-39: 

p o s i t i v e  t o  f e r r i c  c h l o r i d e  (FeC13)  test  a n d  n e g a t i v e  t o  G i b b s  r e a g e n t .  The 

'H nmr s p e c t u r m  of 5  e x h i b i t e d  t h e  s i g n a l s  f o r  a n  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  rne thy lene  p r o t o n s  a t  C-2 a p p e a r e d  a s  a  d o u b l e  d o u b l e t  ( F  4 . 4 8 )  

a n d  a  t r i p l e t  ( S 4 . 5 6 ) ,  t h e  m e t h i n e  p r o t o n  a t  C-3 a s  a  d o u b l e  d o u b l e t  

4 . 1 9 ,  r e s p e c t i v e l y .  The 'H nmr s p e c t r u m  a l s o  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 :  p r o t o n s  of a  p r e n y l  g r o u p ,  p r o t o n s  of  a  2 .2 -d imethy l -  

p y r a n  r i n g ,  an  i s o l a t e d  a r o m a t i c  p r o t o n ,  v i c i n a l  a r o m a t i c  p r o t o n s  (AB t y p e ,  

J = 8  Hz) .  two h y d r o x y l  p r o t o n s ,  a n d  a hydrogen-bonded h y d r o x y l  p r o t o n .  The 

mass s p e c t r u m  of 5  g a v e  t h e  f r a g m e n t  i o n s  a t  m/z 221 ( 5 b ) .  1 6 5  ( 5 c ) ,  202 

( l c ) ,  and  1 8 7  ( I d ) ,  i n d i c a t i n g  t h a t  t h e  p r e n y l  g r o u p  and  two h y d r o x y l  

g o r u p s  were  l o c a t e d  i n  t h e  A r i n g ,  and  t h e  2 , 2 - d i m e t h y l p y r a n  r i n g  a n d  a  

h y d r o x y l  g r o u p  w e r e  s u b s t i t u t e d  i n  t h e  B r i n g .  I n  t h e  13c nmr s p e c t r u m  of 

5 ,  t h e  c h e m i c a l  s h i f t s  f o r  t h e  A r i n g  c a r b o n  a t o m s  and  p r e n y l  g r o u p  were  

f o u n d  to be i n  a g r e e m e n t  w i t h  t h o s e  f o r  t h e  r e l e v e n t  c a r b o n  a toms  of 

3'-(Y.Y-dimethylally1)-kievitone ( 1 1 ) .  "19 a n d  t h e  c h e m i c a l  s h i f t s  f o r  t h e  

B r i n g  c a r b o n  a toms  a n d  2 , 2 - d i m e t h y l p y r a n  r i n g  t o  b e  c o n s i s t e n t  w i t h  t h o s e  

f o r  t h e  r e l e v e n t  c a r b o n  a toms  of g l y a s p e r i n  F (1) a s  shown i n  t h e  T a b l e  1. 

The p o s i t i o n  of p r e n y l  g r o u p  i n  t h e  A r i n g  was d e t e r m i n e d  by m e a s u r i n g  13c 

nmr s p e c t r u m  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 t e c h n i q u e ,  i n  which t h e  C-6 
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s i g n a l  a t  9 6 . 5 0  was  o b s e r v e d  as a d o u b l e  d o u b l e t ,  ' ~ = 1 6 1  Hz a n d  

3 
J C ( 6 ) - O H ( 5 ) = 7  H z .  And 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  was f u r t h e r  

s u p p o r t e d  b y  NOE e x p e r i m e n t  o n  t h e  t r i m e t h y l  e t h e r  o f  5  (5a) as shown i n  

t h e  F i g u r e  3 .  

T h u s ,  t h e  s t r u c t u r e  o f  g l y a s p e r i n  J is p r o p o s e d  a s  t h e  f o r m u l a  ( 5 )  e x c e p t  

f o r  t h e  a b s o l u t e  c o n f i g u r a t i o n  a t  C-3 p o s i t i o n .  
11 

EXPERIMENTAL 

The genera l  procedures fol lowed.  and t h e  ins t ruments  and chemicals  were used as  d e s c r i b e d  

i n  the  p rev ious  paper .7 For p r e p a r a t i v e  t l c  ( s i l i c a  g e l ) .  Wakogel B-5F was used. D i g i t a l  
1 

r e s o l u t i o n s  on H and 13c nmr measurements were 0.18 and 1 . 5  Hz r e s p e c t i v e l y .  

P l a n t  m a t e r i a l s  

The m o t s  of Glycyr rh iza  a s p e r a  were used a s  descr ibed  i n  t h e  p rev ious  paper .7 The voucher 

specimen has been d e p o s i t e d  i n  the  drug museum of the  Department o f  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 a s p e r a  r o o t s  

The e x t r a c t  were used s i m i l a r l y  as descr ibed  i n  t h e  p rev ious  paper .7 The benzene e l u a t e  

(33.6 g )  from Amberlite XAD-2 was sub jec ted  t o  a  s i l i c a  g e l  (260 g )  column chromatography 

( c o l u m  A )  and e l u t e d  w i t h  n-hexane ( f r a c t i o n  1-2) ,  n-hexane-benzene=5:1-1:7 ( f r .  3 -9) ,  

benzene ( f r .  1 0 - 2  benzene-ethyl ehter=20:1-+1:5 ( f r .  13-27), benzene-acetone=8:1-l: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 ,  

I-hexane-benzenezl :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  sys tem,  

n-hexane-ethyl - eh te r=U: l ,  mul t ip le  developments, x3, n-hexane-acetone=5:I,  x3)  t o  g i v e  

l i c o r i s o f l a v a n  A (7,  0.25 g ) ,  g lyasper in  G (2, 2  mg), and g l y a s p e r i n  H (3.  1 . 9  mg). The 

f r a c t i o n  1 4  was s u b j e c t e d  t o  a s i l i c a  g e l  (100 g )  column chromatography (column B )  and 

e l u t e d  with n-hexane-acetone=19:1+1:1 ( f r .  1-17) .  The f r a c t i o n  6  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=7:1, C H C l  -AcOEt=lO:l, x5 ,  benzene-acetone 
3  3  

=3:1, x4, benzene-acetone=3:1. x4, benzene-ethyl e t h e r = 6 : l ,  x4) t o  g ive  g l y a s p e r i n  1 (4 .  

1.9 mg) and g l y a s p e r i n  J (5. 1 7  mg). The f r a c t i o n  15 of  column A ( e l u e n t ,  benzene-ethyl 

e t h e r = l O : l ,  1 .96 g )  was s u b j e c t e d  t o  a s i l i c a  g e l  (100 g )  column chromatography and e l u t e d  

wi th  2-hexane-acetone=lOO:l-2:l ( f r .  1-19). The f r a c t i o n  8 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, I-hexane-AcOEt=6:1, x6, benzene-ethyl e t h e r = 6 : l .  x4, C H C l  -acetone 3 
=20:1, x3) t o  g ive  g l y a s p e r i n  F (1 ,  11 mg). 
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Glyasperin F (1) - 

The com~aund (11 was recrvstallized from acetone to give colorless needles. mu 164-166.C. - . . 
MeOH positive to FeCl test (brown), [d1$~-4.6'(c=0.5, CHCl -acetone=l:l). Uv vmax m (log E ) :  3 

MeOH+AlCl 3 
287 (4.37), 322 (sh 3.80). Uvumax MeOH 3 m (log € ) :  310 (4.81). 370 (3.98). UvUmax 
+AcONa m (loge): 290 (4.48). 325 (4.80). uv V E T o N a  m (lag E I :  324 (4.86). EI-MS 

(probe) 70 eV. !!I& (rel. int.): 355 [&I]+ (6), 354 [MI+ (17), 341 (71, 340 (36). 339 

(loo), 272 (6), 202 (4), 188 (12). 187 (55), 186 (5), 173 (81, 153 (14). 1% (11). 69 (5). 

HR-Ms, m/z:  354.1073 (MI' (C20H1806, requires: 354.1098). 'H Nmr (acetone-d ).  b 1;34, 
6 ' 

1.35 (each 3H, CH 1, 4.17 (lH, dd, J=6 and 11 Hz, C-3-HI, 4.39 (lH, dd, J=6 and 11 Hz, 
3 

C-2-H), 4.52 (lH, t, J=ll Hz, C-2-HI, 5.62 (lH, d, J=10 Hz, C-8'-H), 5.95, 5.97 (each lH, 

d, J=2 Hz, C-6, 8-HI, 6.40 (lH, d, J=8 Hz, C-5'-H), 6.68 (1H, d, J=10 Hz, C-7'-H), 6.85 

(lH, d, J=8 Hz, C-6'-HI, 12.40 (lH, br, OH). 

Trimethyl ether of glyasperin F (la) 

A mixture of the compound (1) (5 mg), dimethyl sulfate (0.5 ml), and anhydrous potassium 

carbonate, and acetone (20 ml) was refluxed far 1 h, and treated as usual. The compound 

(la) was obtained as an amorphous powder. EI-Ms. m/z: 396 [MIC. 'H Nmr (acetone-d ) .  - 6 ' 
S1.33, 1.34 (each 3H, s ,  CH3), 3.81, 3.83, 3.87 (each 3H, s ,  OCH3), 3.99 (lH, dd, J=5 and 

11 Hz, C-3-H), 4.40 (IH, dd, J=5 and 11 Hz, C-2-H), 4.52 (lH, t, J=ll Hz, C-2-HI, 5.64 

(IH, d, J=10 Hz, C-8'-HI, 6.13, 6.22 (each lH, d, J=2 Hz, C-6, 8-H), 6.47 (lH, d, J=8 Hz, 

C-5'-H), 6.63 (lH, d, J=10 Hz, C-7'-HI, 6.93 (lH, d, J=8 Hz, C-6'-H). 

Glyasperin G (2) 

The compound (2) was obtained as an amorphous powder, negative to FeCl test, [dl: +8.3' 
MeOH 3 

(c=0.19, CHC13). Uv u m  a x  nm (log E ) :  259 (4.01). 283 (3.84). EI-Ms --- m/z: 381 lM+1lt (27), 

380 [MI+ (loo), 204 (12), 203 (211, 202 (101, 201 (6), 192 (13), 191 (44), 190 (21), 189 

(471, 188 (39), 187 (18). 178 (13). ln (&I), 176 (281, 175 (10). 173 (9), 162 (ll), 161 

(281, 147 (36), 135 (321, 133 (la), 131 (111, 115 (6), 91 (14). 77 (13), 69 (7). HR-Ms, 

m/z: 380.1594 [MI+ (CZ3HZ4O5, requires: 380.1617). 'H Nmr (acetone-d ) .  1.66 (3H, br d, -- 6 ' 
J=1 Hz, CH3), 1.78 (3H, br s ,  CH3), 2.89 (lH, dd, J=10 and 16 Hz, C-4-H), 3.05 (lH, ddd, 

J=2, 5 and 16 Hz, C-4-HI, 3.45 (2H, d, J=7 Hz, C-7 *-H2) , 3.47 (lH, m, C-3-H), 4.00 (lH, t, 
J=lO Hz, C-2-H), 4.10 (3H, s ,  OCH3), 4.25 (lH, ddd, J=2, 3 and 10 Hz, C-2-HI, 5.26 (lH, br 

t, J=7 Hz, C-8'-H), 6.45 (lH, d, J=8 Hz, C-5'-HI, 6.66 (lH, d, J=1 Hz, C-8-H), 6.85 (lH, 

d, J=8 Hz, C-6'-HI, 7.03 (lH, dd, J=1 and 2 Hz, C-9-HI, 7.18 (lH, s ,  OH), 7.61 (lH, d, 5-2 
1 Hz, C-10-H), 8.12 (lH, s, OH). H Nmr (CDC1 ) :  71.79 (3H, br d, J=1 Hz, CH3), 1.85 (3H, 3 

br s, CH ) ,  2.87 (lH, dd, J=ll and 16 Hz, C-4-H), 3.12 (lH, ddd, J=2, 5 and 16 Hz, C-4-HI, 
3 

3.44 (ZH, d, J=7 Hz, C-7'-Hz), 3.48 (IH, m, C-3-H), 4.04 (lH, t, J=10 Hz, C-2-H), 4.08 
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(3H, s ,  OCH3), 4.33 (1H, ddd, J=Z, 4 and 10 Hz, C-2-HI, 5.28 (lH, br t, J=7 Hz, C-8'-H), 

6.37 (IH, d, J=8 Hz, C-5'-H), 6.75 (lH, d, J=1 Hz, C-8-H), 6.84 (lH, dd, J=1 and 2 Hz, 
-4 

C-9-H), 6.86 (lH, d, J=8 Hz, C-6'-H), 7.43 1 d, J=2 Hz, C-10-HI. CD (c=2.97 x10 
6 

mol/l. MeOH): [8]214 0, [8]228 fl.1 x10 , 5 5 18]240 t3.4 x10 , [6']254 +6.2 x10 , [8]276 +5.1 
4 5 XIO , [elPg0 +1.3 XIO . 

Glyasperin H (3) 

The cmpaund (3) was recrystallized f m m  acetone to give colorless prisms, mp 58-60'~. 
MeOH 

negative to FeCl test, [dl? +8.0'(c=0.10, CHCl ). Uv IJ nm (log E ) :  279 (4.21), 290 
3 3 max 

(sh 4.10), 310 (sh 3.72). El-Ms, m/z: -- 369 [M+l]+ (6), 368 [Mit (24). 354 (24), 353 (loo), 

189 (5), 180 (4). 174 (7), 173 (41), 167 (121, HR-Ms. ~ / z :  368.1633 [MIt (C22H2405, 
requires: 368.1617). 'H Nmr (acetone-d ) .  7 1.38, 1.39 (each 3H, s ,  CH3), 2.80-2.86 (lH, 6 ' 

overlap with water, C-4-H), 2.93 (lH, ddd, J=Z, 11 and 16 Hz, C-4-H), 3.47 (lH, m, C-3-H), 

3.83, 3.88 (each 3H, s, OCH3), 4.00 (lH, t, J=10 Hz, C-2-H), 4.29 (lH, ddd, J=2, 3 and 10 

Hz, C-2-H), 5.64 (1H, d, J=10 Hz, C-10-H), 6.30 (lH, dd, J=1 and 8 Hz, C-6-H), 6.62 (lH, 

dd, J=1 and 10 Hz, C-9-H), 6.67 (lH, dd, J=8 Hz, C-6'-H), 6.74 (lH, d, J=8 Hz, C-5'-H), 
1 6.84 (lH, d, J=8 Hz, C-5-HI, 7.53 (lH, s ,  OH). H Nmr (CDC1 ) :  S 1.41, 1.43 (each 3H, s ,  3 

CH ) ,  2.84 (lH, ddd, J=2, 5 and 15 Hz, C-4-H), 2.93 (lH, ddd, J=1, 10 and 15 Hz, C-4-HI, 
3 

3.54 (lH, m, C-3-HI, 3.89, 3.90 (each 3H, s, OCH ) ,  3.98 (lH, t, J=10 Hz, C-2-H), 4.33 
3 

(St, ddd, J=2, 4 and 10 Hz, C-2-H), 5.56 (lH, d, J=10 Hz, C-10-H), 6.37 (lH, dd, J=1 and 8 

Hz, C-6-H), 6.61 (lH, d, J=9 Hz, C-6'-H), 6.64 (lH, dd, J=1 and 10 Hz, C-9-HI, 6.65 (lH, 

d, J=9 Hz, C-5'-H), 6.82 (lH, d, J=8 Hz, C-5-HI. CD (cd.69 XIO-~ mol/l): [Q]214 0, [#)226 
6 5 5 5 

-2.5 x1O , [B]234 0, [Q1236 +5.6 x10 , 16'1242 0, [Q]244 -1.2 x10 . 181277 +4.4 ~ 1 0 , 1 6 ] ~ ~ ~  
5 +l. 5 x10 . 

Glyasperin H (4) 

The compound (4) was obtained as an amorphous powder, negative to FeCl and Gibbs tests, 
20 

3 
[a] -5.30(c=0.095, CHC~~). uvv::? nm (log E ) :  281 (3.771. EI-MS, m/z: 371 (fill+ (241, 

D --- 
370 [MI+ (100). 355 (20), 351 (18), 302 (51, 233 (lo), 222 (111, 221 (79), 205 (8), 191 

(5), 189 (S), 178 (51,177 (24), 165 (XI), 164 l6), 163 (9). 151 (61, 150 (38), 149 (8), 

138 ( 5 ) ,  137 (33), 135 (21), 107 (7), 69 (7). HR-Ms, --- m/z: 370.1781 [M)' (C22H2605, 
1 requires: 370.1773). H Nmr (acetone-d ) .  b 1.65 (3H, br d, J=1 Hz, CH ) ,  1.74 (3H, br s ,  

6 ' 3 
CH 1, 2.78 (lH, dd, Jzll and 16 Hz, C-4,H), 2.87 (lH, ddd, J=2, 6 and 16 Hz, C-4-HI, 3.28 3 
(lH, m ,  C-9-H ) ,  3.38 (lH, m, C-3-HI, 3.69, 3.81 (each 3H, s ,  OCH 1, 3.92 (lH, t, J=10 Hz, 

2 3 
C-2-H), 4.15 (lH, ddd, J=2, 3 and 10 Hz, C-2-H), 5.25 (lH, br t, J=7 Hz, C-10-HI, 6.17 

(lH, s ,  C-8-H), 6.41 (IH, dd, J=2 and 8 Hz, C-5'-H), 6.51 (lH, d, J=2 Hz, C-3'-H), 7.01 

(lH, d, J=8 Hz, C-6'-HI, 8.11, 8.19 (each lH, br s ,  OH). CD (c=3.76 x10-~ mol/l): [8]213 
5 

0, f3.5 xlo5, [8lZz8 0, [g1232 'lo5, [el254 -2'7 x104, LeJ276 ' 
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Glyasperin J ( 5 )  ---- 

The compound ( 5 )  was obtained as an amorphous powder, posi t ive  t o  FeCl t e s t  (brown) and 
MeOH 

3 
negative t o  Gibbs t e s t ,  [MI: -3g0(c=0.69, MeOH). Uv v m (log E) : 290 (4 .82) ,  340 (sh 

max 
MeOH+AcONa 

3.46). U v  v:,"'"lC13 nm ( l a g  E ) :  275 (sh 3.98), 314 (4.34). 387 (3.54).  Uv vmax 

( l o g e ) :  289 (4.07). 330 4 . 2 1  U v v , , ,  MeOH+MeONa nm ( log E l :  330 (4.37). EI-Ms. -- m/z: 423 

[ ~ + 1 ] +  ( 8 ) ,  422 [MI+ (26). 408 (26) ,  407 (100). 354 ( 6 ) ,  340 (271, 339 (291, 285 (5 ) .  221 

(3J ) ,  203 ( 6 ) ,  202 ( 7 ) ,  189 ( 9 ) ,  188 ( l l) ,  187 (71) ,  173 (121, 165 ( 2 9 ) ,  153 ( 7 ) .  150 

(191, 137 (10) .  69 ( 5 ) .  HR-Ms, Inn: 422.1694 [MI' (CZ5HZ6O6. requires:  422.1722). 'H Nmr 

(aectone-d6): 8 1.337, 1.340 (each 3H, s ,  CH3), 1.64 (3H, br d ,  J=1  Hz, CH ) ,  1.73 (3H, b r  
3 

5 ,  CH3), 3.24 (ZH, b r  d ,  J=7 Hz, C-9-HZ). 4.19 ( l H ,  dd, J=6 and 11 Hz, C-3-HI, 4.48 ( l H ,  

dd, J=6 and 11 Hz, C-2-H), 4.56 ( l H ,  t ,  J = l l  Hz, C-2-HI, 5.21 ( l H ,  br  t ,  J=7 Hz, C-10-H), 

5.63 ( l H ,  d ,  J=10 Hz, C-8'-H), 6.06 ( l H ,  s ,  C-6-H), 6.40 (lH, d, J=8 Hz, C-5'-HI, 6.68 

( l H ,  d ,  J=10 Hz, C-7'-HI, 6.89 (lH, d ,  J=8  Hz, C-6'-H), 8.60, 9.50 (each l H ,  b r ,  O H ) ,  

12.36 ( 1 H .  s. C-5-OH). 

Trimethyl e the r  of glyasperin J (5) 

A mixture of the compound ( 5 )  ( 5  mg), dimethyl s u l f a t e  (0.5 m l ) ,  and anhydrous patassium 

carbonate, and acetone (20 m l )  was refluxed for  1 h, and t rea ted as usual. The compound 

(5) was obtained a s  an amorphous powder. EI-Ms. : 464 [MI'. 'H Nmr (acetone-d6): 

r1 .32 ,  1.35 (each 3H, s. CH3), 1.63 (3H, br d, J=1 Hz, CH3), 1.73 (3H, br s .  CH3), 3.25 ; 

(2H, br d, J=7  Hz, C-9-Hz). 3.81, 3.86, 3.95 (each 3H, s ,  OCH3), 3.99 (lH, dd, J=6 and 11 

Hz, C-3-H), 4.43 ( l H ,  dd, J=6 and 11 Hz, C-2-H), 4.50 ( l H ,  t ,  J = l l  &, C-2-H), 5.15 ( l H ,  

br t, J=7 Hz, C-10-H), 5.M (lH, d ,  J=10 Hz, C-8'-H), 6.39 ( l H ,  s ,  C-6-H), 6.47 (lH, d, 

J=8 Hz, C-5'-HI, 6.63 (lH, d ,  J=10 Hz, C-7'-H), 6.94 (lH, d, J=8  Hz, C-6'-H). 
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