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NMR SPECTRA OF PRENYLATED FLAVONOIDS AND 

PYRANOFLAVONOIDS' 

T o s h i o  F u k a i  a n d  T a r o  Nomura* 

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  

Abstract - 'H Nmr e x a m i n a t i o n  of p r e n y l a t e d  f l a v o n o i d s  

h a s  shown t h a t  t h e  p r e s e n c e  o f  t h e  p r e n y l  g r o u p  a t  C-3, 

C-6, o r  C-8 p o s i t i o n  of f l a v o n e  c a n  be  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  of  m e t h y l e n e  p r o t o n s  of  p r e n y l  g r o u p  

m e a s u r e d  i n  a c e t o n e - d 6 .  The c h e m i c a l  s h i f t s  of  o l e £  i n i c  

p r o t o n  on p y r a n  r i n g  and  A  r i n g  p r o t o n  c a n  b e  u s e d  t o  

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

a n g u l a r  t y p e  p y r a n o f l a v o n e .  The a p p l i c a t i o n  of t h i s  'H 

nmr method t o  t h e  i d e n t i f i c a t i o n  o f  A t a l a n t *  f l a v o n e  

and  g t o c a r p u s  f l a v o n e s  is d i s c u s s e d .  

I n  o u r  p r e v i o u s  'H nmr s t u d i e s  on t h e  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  2 

( i s o f  l a v o n e ,  f  l a v o n e ,  f  l a v a n o n e ,  and  f  l a v o n o l  ) , we r e p o r t e d  t h a t  t h e  s i g n a l  

of hydrogen-bonded  h y d r o x y l  p r o t o n  (OH-5) of 6 - 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  a p p e a r e d  a t  more  d o w n f i e l d  ( 0 . 2 5 - 0 . 3 0  ppm) t h a n  t h a t  o f  t h e  

6 - n o n s u b s t i t u t e d  f l a v o n o i d s  h a v i n g  same B a n d  C  r i n g s  ( m e a s u r e d  i n  

a c e t o n e - d  1. I n  c o n t r a s t ,  t h e  OH-5 s i g n a l  of  t h e  8 - i s o p r e n o i d  s u b s t i t u t e d  
6  

f l a v o n o i d  shows u p f i e l d  s h i f t  ( 0 . 0 4 - 0 . 1 0  ppm) compared  w i t h  t h a t  o f  t h e  

f l a v o n o i d  h a v i n g  same B a n d  C r i n g s  a n d  n o  s i d e   hai in.^-^ The o b s e r v a t i o n  

of  t h e  C - p r e n y l a t i o n  e f f e c t s  f o r  t h e  OH-5 s i g n a l  i s  u s e f u l  me thod  f o r  t h e  - 

c h a r a c t e r i z a t i o n  of 6- o r  8 - p r e n y l a t e d  f l a v o n o i d s ,  b e c a u s e  t h e  m e a s u r e m e n t  
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Figure 1. Revised structures of isoprenoid substituted flavonoids* 

*:  The structures were revised (or would be revised) to 

corresponding 6- or 8-isoprenoid substituted isomers 

(see Table 1). 
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Table 1. The r e v i s e d  s t r u c t u r e s  of 6- o r  8- isaprenoid s u b s t i t u t e d  f l a v o n o i d s  

r e v i s e d  chemical s h i f t  t r i v i a l  name r e f r e n c e s  
p o s i t i o n  of  5 and n o t e s  
C -un i t  

5  
of OH-5 

1 8-prenyl 12.14 ( A )  4 , 2 8  
2 6-prenyl 12.47 ( A )  4 , 2 8  
3 6-lavandulyl  12.56 ( A )  kushenol A 29.30 
4 6-geranyl 12.40 ( C )  31 ,32  
5 6-prenyl 12.30 ( C )  33 
6 8-prenyl 11.98 ( C )  f l e m i f  lavanone-D 34,35 
7 6-prenyl 12.06 ( A )  36,37 
8 6-geranyl 13.25 (A) a l b a n i n  D 5 , 3 8  
9 6-geranyl 13.32 ( A )  a l b a n i n  E 5 ,38  

10 6-prenyl 13.30 ( A )  1 2 , 3 9  
11 6-prenyl 12.30 ( A )  g l e p i d o t i n  A 6 , 4 0  
12 6-(r-hydroxy- 12.40 ( A )  6 , 3 6  

isoamyl)  

*: The s t r u c t u r e s  r e p o r t e d  i n  t h e  e a r l i e r  l i t e r a t u r e  were shown i n  F igure  1. 
$ :  ( A ) ;  Measured i n  acetone-d6, (C):  measured i n  C D C l  

3 '  

Table 2 .  Chemical s h i f t s  ( b )  of methylene p r o t o n s  of p renyl  (geranyl )  group and A r i n g  
pro tons  of 6- o r  8-prenylated ( g e r a n y l a t e d )  f l avonoids  i n  acetone-d 

6 

(6-prenylf lavonoids)  (8 -prenyl f lavana ids )  
( A  r i n g )  

CH2 
H-8 

CH2 
H-6 

i s o f l a v o n e  3.36-3.38 6.49-6.57 3.45-3.46 6.36-6.43 
f lavone 3.35-3.37 6.57-6.63 3.56-3.53 6.33-6.35 
f l a v o n o l  3.36-3.37 6.53-6.65 3.52-3.53 6.26-6.39 

(methylene ~ r o t o n s  on B r i n e )  

ortho-OH and -H 3.30-3.43 ( 9  compounds) - 
di--OH 3.44-3.45 ( 6  compounds) 

*: The numbers of r e f e r e n c e  compounds a r e  as fo l lows;  6-prenyl isoflavanes (12 compounds), 
8 -prenyl i sof lavanes  (7), 6-prenylf lavones ( 9 ) ,  8-prenylf lavones ( 4 ) ,  
6-prenylf lavonols  ( 4 ) ,  and 8-prenyl f lavanols  ( 4 ) .  
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r e g u i r e s  o n l y  a  s m a l l  amount ( l e s s  t h a n  500 m i c r o g r a m s )  o f  s a m p l e .  T h i s  

method c a n  a l so  b e  u s e d  t o  c o n f i r m  t h e  s t r u c t u r e  p o s t u l a t e d  ea r l i e r  f o r  t h e  

p r e n y l a t e d  f l a v o n o i d  i f  t h e  c h e m i c a l  s h i f t  of  t h e  OH-5 s i g n a l  h a s  b e e n  

d e s c r i b e d .  I n  t h e  c o u r s e  of t h e  'H nmr s t u d i e s  on t h e  6- o r  8 - 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 a n o n e s ,  f l a v o n e s ,  a n d  f l a v o n o l s ,  t w e l v e  compounds ( 1 - 1 2 )  

among f i f t y - s e v e n  a r e  f o u n d  t o  b e  n e c e s s a r y  r e i n v e s t i g a t e d .  T h e s e  

f l a v o n o i d s  were  shown i n  F i g u r e  1 a n d  T a b l e  1. S t r u c t u r e s  o f  t h e  s i x  

f l a v o n o i d s  (1, 2 ,  8, 9 ,  11, a n d  1 2 )  w e r e  r e v i s e d  by s y n t h e s i s .  4-6 

I n  t h i s  p a p e r ,  we r e p o r t  t h e  c h e m i c a l  s h i f t s  o f  t h e  o t h e r  p r o t o n  s i g n a l s  o f  

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

l o c a t i o n  o f  i s o p r e n o i d  r e s i d u e .  

1. P r e n y l a t e d  f l a v a n o n e  a n d  i s o f l a v o n e  

The 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  of  p r e n y l  g r o u p  ( H  -1") of  
2  

s y n t h e t i c  6-prenyl-3',4',5,7-tetrahydroxyflavanone (1' = ( * ) - I )  a n d  

8 - p r e n y l - 3  ' , 4 ' ,  5 .7 - t e t r ahyd roxy f l avanone  ( 2 .  = ( i ) - 2 1 4  w e r e  a l m o s t  same 

( l ' ,  d 3 .24;  2 ' ,  d 3 . 2 2 )  a s  w e l l  a s  t h o s e  of a r o m a t i c  p r o t o n  on A r i n g  

I l ' ,  d 6 . 0 2 ;  2 ' ,  d 6 .01 )  m e a s u r e d  i n  a c e t o n e - d  The 6 - p r e n y l a t e d  a n d  
6  ' 

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

c h e m i c a l  s h i f t s  as w e l l  as w i t h  t h e  c h e m i c a l  s h i f t s  o f  C-6 a n d  C-8 c a r b o n  

s i g n a l s .  
7  

The H 2 - 1 "  s i g n a l  of  6 - p r e n y l  g r o u p  of i s o f l a v o n e  1 1 3 ) ~  w a s  o b s e r v e d  a t  

d 3 .37,  a n d  t h a t  of  8 - p r e n y l  g r o u p  o f  1 4 3  a p p e a r e d  a t  d 3 .45 .  The H-8 

s i g n a l  o f  1 3  was o b s e r v e d  a t  d 6 . 5 0 ,  a n d  t h e  H-6 s i g n a l  o f  1 4  a p p e a r e d  a t  

6 6 .36 .  The c h e m i c a l  s h i f t s  of t h e s e  s i g n a l s  of p r e n y l a t e d  i s o f l a v o n e s  w e r e  

summarized i n  T a b l e  2. T h e s e  c h e m i c a l  s h i f t s  may d i s c r i m i n a t e  b e t w e e n  

6 - p r e n y l a t e d  a n d  8 - p r e n y l a t e d  i s o f l a v o n e s ,  b u t  t h e  a d d i t i o n a l  o b s e r v a t i o n  

of t h e  OH-5 s i g n a l  i s  more r e l i a b l e  f o r  t h e  s t r u c t u r e  d e t e r m i n a t i o n  of 

t h e s e   compound^.^ The d o w n f i e l d  s h i f t  ( 0 . 0 8  ppm) of  t h e  H 2 - 1 "  s i g n a l  of 

8 - p r e n y l  g r o u p  o f  1 4  compared w i t h  t h a t  o f  6 - p r e n y l  g r o u p  of 1 3  p r e s u m a b l y  

r e f l e c t s  a l o c a l i z a t i o n  of 6 e l e c t r o n  a t  C-8 p o s i t i o n ,  r a t h e r  t h a n  
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d e s h i e l d i n g  e f f e c t  a t  t h e  m e t h y l e n e  p r o t o n s  as d i s c u s s e d  below.  I n  t h e  13c 

nmr s p e c t r a  of 1 3  a n d  1 4 ,  t h e  c h e m i c a l  s h i f t s  of t h e s e  p r e n y l  g r o u p s  

(C-1" - C-5") show r e m a r k a b l e  ~ e s e m b l a n c e , ~  t h u s ,  t h e  e l e c t r o n  d e n s i t i e s  o f  

t h e s e  m e t h y l e n e  p r o t o n s  may b e  a l m o s t  same.' T h e r e f o r e ,  t h e  d o w n f i e l d  s h i f t  

of t h e  H 2 - 1 "  s i g n a l  of 1 4  may b e  c a u s e d  by r i n g  c u r r e n t  e f f e c t .  Changes  i n  

e l e c t r o n  d i s t r i b u t i o n  may b e  d e t e c t e d  e x p e r i m e n t a l l y  by u s i n g  13c nmr 

s p e c t r o s c o p y  (160-200  p p m / j L e l e c t r o n ) . 1 0  The C-8 c a r b o n  s i g n a l  of 1 4  w a s  

o b s e r v e d  a t  more u p €  i e l d  ( 4 . 0 6  ppm) i n  c o m p a r i s o n  b e t w e e n  p r e n y l a t e d  

c a r b o n s  of 1 4  LC-81 a n d  1 3  (C-61, t h e r e f o r e ,  t h e  e l e c t r o n  d e n s i t y  a t  C-8 

c a r b o n  of 1 4  i s  h i g h e r  (0 .02-0 .025  i€ e l e c t r o n )  t h a n  t h e  d e n s i t y  a t  C-6 

c a r b o n  of 1 3 .  Thus ,  it i s  l i k e l y  t h a t  t h e  d o w n f i e l d  s h i f t  o f  t h e  H2-1" 

s i g n a l  of t h e  8 - p r e n y l  g r o u p  i s  c a u s e d  by t h e  A r i n g  c u r r e n t  e f f e c t .  

I n  t h e  c a s e  o f  f l a v a n o n e  d e r i v a t i v e s ,  t h e  c h e m i c a l  s h i f t  o f  C-8 c a r b o n  o f  

1' w a s  s i m i l a r  w i t h  t h a t  of C-6 c a r b o n  o f  2 '  ( n o n s u b s t i t u t e d  c a r b o n s ) .  The 

c h e m i c a l  s h i f t  of C-6 c a r b o n  of 1' was a l s o  s i m i l a r  t o  t h a t  of C-8 c a r b o n  

of 2 '  ( p r e n y l a t e d  c a r b o n s ) .  T h e r e f o r e ,  t h e  R e l e c t r o n  d e n s i t i e s  ( e f f e c t s  o f  

A r i n g  c u r r e n t )  a r e  a l m o s t  same a t  C-8 p o s i t i o n  of t h e  6 - p r e n y l a t e d  

f l a v a n o n e  a n d  C-6 p o s i t i o n  of t h e  8 - p r e n y l a t e d  f l a v a n o n e  a s  w e l l  a s  a t  C-6 

p o s i t i o n  of t h e  6 - p r e n y l a t e d  f l a v a n o n e  a n d  C-8 p o s i t i o n  of  t h e  8 - p r e n y l a t e d  

f l a v a n o n e .  Thus ,  t h e  H 2 - 1 "  a n d  a r o m a t i c  p r o t o n  s i g n a l s  o f  A r i n g s  of t h e s e  

6- and 8 - p r e n y l f l a v a n o n e s  may b e  o b s e r v e d  a t  t h e  same r e g i o n ,  r e s p e c t i v e l y .  

2. P r e n y l a t e d  f l a v o n e  a n d  f l a v o n o l  

The H z - 1 "  a n d  H-8 s i g n a l s  of 6 - p r e n y l a t e d  ( 6 - g e r a n y l a t e d )  f l a v o n e s  a n d  

f l a v o n o l s  were  o b s e r v e d  i n  t h e  r a n g e  of  d 3.35-3.37 a n d  d 6.53-6.65 ( e x c e p t  

3 - p r e n y l f l a v o n e s ) ,  r e s p e c t i v e l y ,  a s  shown i n  T a b l e  2. I n  c o n t r a s t ,  t h e  H-6 

s i g n a l s  of  8 - p r e n y l a t e d  ( 8 - g e r a n y l a t e d l  f l a v o n e s  a n d  f l a v o n o l s  were  

o b s e r v e d  i n  t h e  r a n g e  of d 6 .26-6 .39,  a n d  t h e  H 2 - 1 ' '  s i g n a l s  of t h e s e  

compounds e x c e p t  3 - p r e n y l f l a v o n e s  a p p e a r e d  i n  t h e  r a n g e  of d 3 .52-3 .58.  The 

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

u s e  i n  t h e  s t r u c t u r e  d e t e r m i n a t i o n  o f  6 - p r e n y l a t e d  or 8 - p r e n y l a t e d  f l a v o n e  
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( f l a v o n o l ) .  

The A r i n g  c u r r e n t  e f f e c t s  f o r  C-6 and C-8 p o s i t i o n s  of f l a v o n e  and 

f l a v o n o l  d e r i v a t i v e s  a r e  probably  s i m i l a r  t o  t h e  e f f e c t  f o r  t h o s e  of i s o -  

f l a v o n e  d e r i v a t i v e s ,  because t h e  chemica l  s h i f t s  of C-6 and C-8 ca rbons  a r e  

s i m i l a r  between t h e s e  f l a v o n o i d s  having  same s u b s t i t u t i o n  on A r i n g .  3 .5  

Cons ide r ing  t h e  fo l lowing  r e s u l t ,  t h e  B r i n g  c u r r e n t  of f l a v o n e  ( f l a v o n o l )  

may cause  t h e  downf ie ld  s h i f t  of H-8 s i g n a l .  The downf ie ld  s h i f t  ( 0 . 1 1  ppm) 

of H-8 s i g n a l  of 6-prenyl f lavone  was observed  t o  compare w i t h  t h a t  of 

6 - p r e n y l i s o f l a v o n e  ( 1 3 ) .  The va lue  of t h e  B r i n g  c u r r e n t  s h i f t  f o r  t h e  H-8 

of f l a v o n e s  and f l a v o n o l s  was + O . l l  ppm which g iven  by t h e  f o l l o w i n g  

e q u a t i o n .  
11 

2  
Ad(ppm) = p ( l - c o s  8 ) / r3  ( s e e  s t r u c t u r e  ( 1 6 ) .  i n  which p= 27, 8 =  90' .  

r = c a .  6.3 A )  - 
The downf ie ld  s h i f t  (0.12 ppm) of t h e  HZ-1" s i g n a l  of 8 -p reny l f l avone  ( 1 0 )  

compared w i t h  t h a t  of 8 - p r e n y l i s o f l a v o n e  ( 1 4 )  i s  a l s o  e x p l a i n e d  by t h e  B  

r i n g  c u r r e n t  e f f e c t .  

The p r e n y l a p i g e n i n  ( 1 0 )  i s o l a t e d  from M a r s h a l l i a  g r a n d i f l o r a  i s  c o n s i d e r e d  

t o  be p r e n y l a t e d  a t  C-8 p o s i t i o n , 1 2  and t h e  OH-5 s i g n a l  of t h i s  compound 

appea r s  a t  6 13 .30 .  By o u r  p rev ious  'H nmr method (C-p reny la t i on  - e f f e c t  f o r  

 OH-^),^ t h e  chemica l  s h i f t  i n d i c a t e s  t h a t  t h e  s t r u c t u r e  of t h e  compound i s  

6 -p reny lap igen in  (Tab le  1) .  The chemica l  s h i f t s  of t h e  p r o t o n  on A r i n g  

(6 6.63) and Hz-1" s i g n a l  ( 6  3.37) a l s o  i n d i c a t e  t h a t  t h e  s t r u c t u r e  of t h e  

compound is 6 -p reny lap iqen in  ( 1 5 ) .  

3. 3 -P reny l f l avone  

S e v e r a l  3 -p reny la t ed  f l a v o n e s  have been i s o l a t e d  from Moraceae p l a n t . 1 3  The 

chemica l  s h i f t s  of H -1" s i g n a l  of 6-prenyl  group o r  H-6 s i g n a l  of t h e s e  2  

f l a v o n e s  were s i m i l a r  t o  t hose  of 3 -nonsubs t i t u t ed  f l a v o n e s ,  r e s p e c t i v e l y .  

However. t h e  s i g n a l s  of HZ-1" of 8-prenyl  group o r  H-8 of 3 -p reny l f l avones  

appeared a t  more u p f i e l d  than  t h o s e  of  3 -nonsubs t i t u t ed  f l a v o n e ,  

r e s p e c t i v e l y ,  a s  d e s c r i b e d  below. By comparison of H2-1" s i g n a l  ( 6  3.36,  
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8-prenyl qroup) of 3.8-diprenylf lavone (17)14 with that of 3-nonsubstituted 

flavone (8-geranyl-2' ,4', 5,7-tetrahydroxyflavone, the up£ ield shift (0.22 

ppm) of the siqnal of 17 was found. The chemical shift of H-6 siqnal 

(6 6.32) of 17 was similar to that of the 3-nonsubstituted 8-geranylflavone 

t d  6.33). By comparison of H-8 signal of 3.6-diprenylflavone (18) with that 

of 3-nonsubstituted flavone (6-geranyl-2', 4'. 5 ,  7-tetrahydroxyflavone5 the 

upfield shift (0.16 ppm) of the signal of 18 ("-8, d 6.411'~ was also 

found. The chemical shift of H2-1" signal of 6-prenyl group (6 3.37) of 18 

was same as that of the 6-geranylflavone. The upfield shifts may be caused 

by B ring current, because the 3-prenyl substituent forces the B ring 

out-of-plane with the chromone ring (A and C rings) .I6 The H-8 and H -1" of 2 

8-prenyl qroup of the 3-prenylflavones exist above the B ring plane. 

4.  Pyranoflavonoid 

The difference of the chemical shift was also found between the A ring 

protons of linear type and angular type pyranoflavones. Further, the H-4" 

(olefinic proton on pyran ring) signal of angular type pyranoflavone 

appears at more downfield than that of linear type pyranoflavone as 

described below. The H-8 signal of linear type pyranoflavone (19) was 

observed at d 6.49, and H-4" signal appeared at d 6.67. The chemical shifts 

of H-6 and H-4" signals of angular type pyranoflavone (20) have been 

reported at d 6.19 and d 6.93, respectively. 17 

In addition, the downfield shift of H-8 signal of 19 (0.08 ppm) compared 

with that of linear type pyranoisoflavone (21, H-8; 6 6.41)~' was found as 

described in the case of prenylf lavone. The downfield shift of H-4" signal 

of 20 (0.19 ppm) compared with that of angular type pyranoisoflavone (22, 

H-4"; 6 6.741~' was also found. In contrast, the siqnal of H-4" of 19 

(6 6.67) was similar to that of 21 ( d  6.69). There is not much difference 

between the chemical shift of H-6 siqnal of 20 (d 6.19) and that of 22 

(6 6.22). 

The H-8 signal of linear type 3-prenylated pyranoflavone (23)19 
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o b s e r v e d  a t  6 6 . 2 7 ,  and H-4" s i g n a l  of 2 3  a p p e a r e d  a t  6 6 .69 .  The H-6 and 

H-4" s i g n a l s  of a n g u l a r  t y p e  p y r a n o f l a v o n e  ( 2 4 ) 2 0  w e r e  o b s e r v e d  a t  6 6.16 

a n d  d 6 . 6 1 ,  r e s p e c t i v e l y .  The u p f i e l d  s h i f t s  o f  H-8 of 2 3  a n d  H-4" o f  24 

compared  w i t h  r e l e v a n t  s i g n a l s  of 3 - n o n s u b s t i t u t e d  p y r a n o f l a v o n e s  ( 1 9 ,  2 0 )  

w e r e  a l s o  o b s e r v e d ,  r e s p e c t i v e l y .  

5. P r e n y l  g r o u p  of C-3  a n d  B r i n g  

The m e t h y l e n e  p r o t o n  (H2-9)  s i g n a l s  o f  3 - p r e n y l  g r o u p s  w e r e  o b s e r v e d  i n  t h e  

r a n g e  of d 3.08-3.16 ( 1 3  compounds ) .  On t h e  o t h e r  h a n d ,  t h e  m e t h y l e n e  

p r o t o n  s i g n a l s  of p r e n y l  g r o u p s  on B r i n g  of f l a v o n e s  a n d  i s o f l a v o n e s  were  

o b s e r v e d  i n  t h e  r a n g e  o f  6 3.30-3.45.  The p r e n y l  g r o u p s  c o u l d  b e  c l a s s i f i e d  

i n t o  f o l l o w i n g  two  t y p e s  a c c o r d i n g  t o  n u m b e r ( s )  of  h y d r o x y l  g r o u p ( s )  a t  t h e  

a d j a c e n t  p o s i t i o n s .  When t h e  b o t h  e - p o s i t i o n s  t o  t h e  p r e n y l  g r o u p  were  

r e p l a c e d  by h y d r o x y l  g r o u p s ,  t h e  s i g n a l s  of  t h e  m e t h y l e n e  p r o t o n s  were  

o b s e r v e d  i n  t h e  r a n g e  of 6 3.44-3 .45.  On t h e  o t h e r  h a n d ,  when one  of t h e  

o r t h o - p o s i t i o n s  t o  t h e  p r e n y l  g r o u p  was r e p l a c e d  b y  a  h y d r o x y l  g r o u p ,  and 

a n o t h e r  was n o n s u b s t i t u t e d ,  t h e  s i g n a l s  of t h e  m e t h y l e n e  p r o t o n s  were  

o b s e r v e d  i n  t h e  r a n g e  o f  d 3.30-3.43 ( T a b l e  2 ) .  

6. E r r o n e o u s  s t r u c t u r e  o f  p y r a n o f l a v o n e s  

The s t r u c t u r e  of p y r a n o f l a v o n e  i s o l a t e d  f rom A t a l a n t i a  c e y l a n i c a  h a s  b e e n  

r e p o r t e d  as l i n e a r  t y p e  f l a v o n e  ( 1 9 ) 2 1  by c o m p a r i s o n  w i t h  t h e  s y n t h e t i c  

c a r p a c h r o m e n e  ( 1 9 )  . 2 2  The s i g n a l s  of an  a r o m a t i c  p r o t o n  on A r i n g  a n d  H-4" 

of t h e  n a t u r a l l y  o c c u r r i n g  f l a v o n e  a p p e a r  a t  6 6 . 1 5  a n d  6 6 .89 ,  

r e s p e c t i v e l y .  T h e s e  c h e m i c a l  s h i f t s  i n d i c a t e  t h a t  t h e  s t r u c t u r e  of t h e  

p y r a n o f l a v o n e  i s  a n g u l a r  s t r u c t u r e  ( 2 0 )  wh ich  h a s  b e e n  i s o l a t e d  f rom 

1 7  A t a l a n t i a  r a c e m o s a  by B a n e r j i  e t  a l .  -- 

A r t o b i l o c h r o m e n  h a s  b e e n  i s o l a t e d  f r o m  A r t o c a r p u s  n o b i l i s ,  a n d  t h e  

s t r u c t u r e  h a s  b e e n  r e p o r t e d  as f o r m u l a  ( 2 5 ) . 2 3  A l t h o u g h  a r t o b i l o c h r o m e n  is 

c o n s i d e r e d  t o  b e  p r e n y l a t e d  a t  C-3 '  p o s i t i o n  ( d i e - s u b s t i t u t e d  p r e n y l  

g r o u p ) .  t h e  H -1" s i g n a l  of t h e  p r e n y l  g r o u p  a p p e a r s  a t  d 3 .16  ( i n  2  

a c e t o n e - d 6 ) .  The c h e m i c a l  s h i f t  of t h e  compound i n d i c a t e s  t h a t  t h e  p r e n y l  
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group exists at C-3 position. The 'H and 13c nmr data of artobilochromen 

are similar to those of artonin E~~ (KB-3,26 26) obtained from Artocarpus 

communis (see Table 3). Thus, they are same compounds, and the formula (25) 

must be revised to the structure of artonin E (26). 

(-)-Dihydrofuranoartobilochromen a has been also isolated from nobilis 

by Kumar et al., and the structure of the compound was characterized as 

formula (27) .23 (*)-Dihydrofuranoartobilochromen 5 has been derived from 

artobilochromen by the treatment with DDQ. The spectroscopic data of 

(-)-dihydrofuranoartobilochromen 5 is similar to that of artobiloxanthone 

( ~ 8 ) ~ ~  isolated from nobilis (see Table 3). Thus, the (-)-dihydrofurano- 

artobilochromen a is presumably ( -  )-artobiloxanthone. 27 Further, artobilo- 

chromen has been converted to chromanoartobilochromen b (29, isolated from 

the same plant) with acidic condition, thus, the structure of the compound 

(29) must be reinvestigated. The chemical shifts of A ring proton and 

protons of C 5  units of the compound (29) resemble those of oxydihydro- 

morusin (30)14 (Table 3). Thus, the compound (29) may be 3-isoprenoid 

substituted angular type pyranoflavone. 
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Table 3. 13c N m r  and 'H nmr d a t a  of 25-30 

6.1'5 ( d , J = 0 . 7  Hz) (H-8) 
5.66 ( d , J = l O  Hz) 
6.61 (dd,J=0.7 and 1 0  Hz) 
1 .44  (6H,s )  
6.60 ( s )  (H-6 ' 
6.88 ( s )  (H-3) 
3.16 ( b r  d , J = 7  Hz) 
5.14 ( m )  
1.47 ( b r  s )  
1 .58  ( b r  s )  

6.16 ( s )  
5.67 ( d , J = l O  Hz) 
6.65 ( d , J = l O  Hz) 
1.46 ( s )  

) 6.60 ( s )  
6.88 ( s )  
3.16 ( d , J = 7  Hz) 
5.14 ( t , J = 7  Hz) 
1.46 ( s )  
1.59 ( s )  

OH-5 13.25 i s )  13.22 ( s )  

me 2gd 

H-6 6.16 ( s )  (H-8) 6.14 ( s )  
H -9 2.50 ( m )  

2 
(HZ-4"') 2.50 (ml 

H -10 1.64 ( m )  
2 

(Hz-3"') 1.70 (m) 
Me-11 1.09 ( s )  (Me-2"') 1.10 ( s )  
H-3" 5 . 6 5 ( d . J = l O H z )  5.65 ( d , J = l O  Hz) 
H-4" 6.60 ( d , J = l O  Hz) 6.61 ( d , J = l O  Hz) 
Me-2" 1.45 ( s )  1.46 ( s )  
OH-5 1 3 . 2 9 ( s )  13.22 ( s )  

1.47 ( s )  
5.67 ( d , J = l O  Hz) 
6.93 (d , J= lO Hz) 
2.45 ( d d , ~ = 8  and 1 6  Hz) 
3.42 (dd , J=2  and 1 6  Hz) 
4.01 ( b r  d , J = 8  Hz) 
4.30 ( b r  s )  
4.60 (br s )  
1.78 ( b r  s )  
6.59 ( s )  

13.38 ( s )  

(H-8) 6.12 ( s )  
1.46 ( 6 )  

1.48 ( s )  
5.67 ( d , J = l O  Hz) 
6.93 ( d , J = l O  Hz) 

(H-7') 2.44 (dd.J=8 and 16 Hz1 
3.44 i d , ~ = 1 6  Hz) 

(H-8') 4.00 ( d ,  J=8 Hz) 

a :  Measured in dmso-d.. d a t a  fmm r e f e r e n c e  25 
b ' 

b :  Measured in acetone-d6, d a t a  fmm r e f e r e n c e  24. 
c :  Measured in acetone-do, d a t a  fmm r e f e r e n c e  25. 
d:  Measured in acetone-do d a t a  fmm r e f e r e n c e  23. 
e :  Measured in acetone-d 

6 '  
6 '  
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EXPERIMENTAL 

'H Nmr d a t a  of t h e  p r e n y l a t e d  f l a v o n o i d s  a n d  p y r a n o f l a v o n o i d s  i s o l a t e d  o r  

p r e p a r e d  i n  o u r  l a b o r a t o r y  w e r e  r e c o r d e d  a t  2 3 ' ~  i n  a c e t o n e - d 6  ( i n t e r n a l  

s t a n d a r d ,  TMSI u s i n g  JEOL-NM-GX-400 or  JEOL-NM-EX-400 nmr s p e c t r o m e t e r .  
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