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OF BROUSSOPLAVONOL E 
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Abstract - The s t r u c t u r e s  of b r o u s s o f l a v o n o l s  C and D i s o l a t e d  

from t h e  r o o t  ba rk  o f  B r o u s s o n e t i a  p a p y r l f e r a  ( L . )  VENr. 

( J a p a n e s e  name " K a z l n o k i , "  Moraceae)  were r e v i s e d  from t h e  

s t r u c t u r e s  (1'1 and 12'1 t o  1 and 2 ,  r e s p e c t i v e l y ,  o n  t h e  b a s i s  

of s p e c t r a l  d a t a .  B r o u s s o f l a v o n o l  E l31 was i s o l a t e d  from t h e  

r o o t  ba rk  of  B r o u s s a n e t l a  s p .  ( Japanese  name "Koro," a c u l t i v a t e d  

v a r i e t y  of paper  m u l b e r r y ,  B r o u s s o n e t i a  p a p y r ~ f e r a  ( L . )  V t u .  x 

B. k a z i n o k i  S i i s .  l .  The s t r u c t u r e  of b i o u s s o f l a v o n o l  E was shown - 

t o  be 3 on t h e  b a s i s  of s p e c t r a l  e v i d e n c e .  

I n  t h e  p r e v r o u s  p a p e r r 2  we r e p o r t e d  t h e  s t r u c t u r e s  1 1 ' 1  and 12 '1  f o r  b rousso-  

f l a v o n o l s  C and D ,  r e s p e c t i v e l y ,  which were i s o l a t e d  from t h e  r o o t  ba rk  of 

B r o u s s o n e t l a  p a p y r i f e r a  ( L . )  VtMj.  ( M o r a c e a e l ,  on t h e  b a s i s  of s p e c t r a l  d a t a .  

I n  t h e  c o u r s e  of our s t u d i e s  on t h e  s t r u c t u r e  of p r e n y l a t e d   phenol^,^ w e  noticed 

t h a t  t h e  chemica l  s h i f t  of t h e  ca rbon  atom a t  t h e  C - l  p o s i t r o n  ( C 1 1  of t h e  p reny l  

(3 -methy l -2 -bu teny l l  group was depended on t h e  s u b e t l t u e n t s  l o c a t e d  a t  t h e  a d ~ a c e n t  

p o s i t i o n s .  To elucidate t h e  o b s e r v a t i o n ,  we examined t h e  13c nmr s p e c t r a  of ca.  2 0 0  

kinds of t h e  known isopreno~d-substituted p h e n o l s  and t h e i r  d e r i v a t i v e s ,  and found 

o u t  t h a t  t h e  p r e n y l  g roups  i n  t h e   sopr re no id-substituted p h e n o l s  and t h e r r  

derivatives c o u l d  be  c l a s s i f i e d  i n t o  t h e  following i r x  t y p e s  (Types  1-6,  ~ i g u r e  11 

a c c o r d i n g  t o  t h e  s u b s t i t u e n t s  l o c a t e d  a t  t h e  ad3acen t  positions, and t h a t  t h e  

chemica l  s h i f t s  o f  t h e  C l  s i g n a l s  of t h e  p r e n y l  g roups  were observed  in t h e  

r e s t r i c t e d  range  s p e c i f i c  t o  each  t y p e  as  follow^.^ 
Type 1 141: When t h e  d i e - p o s l t l o n s  t o  t h e  p r e n y l  g roup  were  r e p l a c e d  by t h e  

oxygena ted  s u b s t i t u e n t s ,  t h e  chemica l  s h i f t  of t h e  C l  s l g n a l  of t h e  p r e n y l  group 

was observed  i n  t h e  range  of 620.7 - 24.0.  



R , R  =H, alkyl or (3-prenylated flavone) 
R1=H or alkyl 

1 2  
alkenyl R =alkyl or alkenyl 2 

R=H or alkyl R =alkyl or alkenyl 1 

R =alkyl or alkenyl 
2 

R=H or Me 

(2-hydroxyc-methoxy)- 

l-prenylated xanthone) 

(29.78) (27.0) (24.8)(24.02) (20.681 
(27.2) 

Type 4 ' 1  Type 3 Type 1 

29 1 I 
28 

l 

30 ppm 
26 24 23 22 21 20 :* Type 5 5  Type 2 

(28.8) 4(24.9) (23.5) 

(27.3) (25.4) 

Figure 1 Chemical s h i f t s  of methylene carbons of prenyl groups 

  he chemical  s h i f t s  were measured i n  CDCl DMSO-d acetone-d6, pyridine-d CD OD, dioxane-d8, or 
ace toni t r i le -d3 .  The following chemical g i f t s  (6f;ere observed i n  each so?;ent? i n  C D C l  ; type 1 :  
20.8-23.37 (31  compaundsl, type 2: 24.41-24.61 ( 3 ) .  type 3: 24.8-26.72 (161, type 4: 27.4-39.78 I S ) ,  
type 5: 26.5-28.6 (151, type 6 :  25.6-26.5 (81 ,  i n  DMSO-d6; type 1: 20.68-23.2 (601, type 2: 
23.5-24.1 (101, type 3: 25.0 (11, type 4: 27.2-29.07 (101, type 6: 27.2 (11 ,  i n  acetone-d ; type 1 :  

6 21.4-24.02 ( 3 9 ) ,  type 2: 24.4-24.61 ( 6 1 ,  type 3: 25.1-27.0 (61,  type U: 28.1-29.1 ( E ) ,  type 5: 28.1 
(11, type 6: 25.4-27.3 ( 3 ) .  i n  pyridine-d ; type 1 :  22.2-22.5 151, type 2: 24.3-24.9 (41,  type U: 
29.0 (l!, i n  CDOD; type 1 :  21.60-23.57 (41,  type 2: 24.71 (11, type 3: 26.8 (21 ,  type 4: 
28.27-29.12 131 ,3 in  dioxane-d.  type 3: 26.3-26.4 ( 3 ) .  type 5: 28.8 (11 ,  type 6 :  26.3 (1). 
ace ton i t r i l e -d  ; type I :  21.32-g.00 ( 3 1 ,  type 2: 24.51-24.55 (21 .  3 *:  The group could be dist inguished from the type 5 by nondecoupling spectrum because the  long-range 
coupling between the  methylene carbon and an aromatic proton was observed only i n  type 4 (observed 
as t r i p l e t  of t r i p l e t  o r  double doublet  of t r i p l e t ) .  
5 :  Generally, t h e  group shows 627.2-28.8, but  i n  t h e  case of the  prenyl group adjacent  t o  pyrane 
r i ng  i n  1,3-diphenylpropane and flavane,  the chemical s h i f t s  were observed i n  the  range of 
626.5-26.8 ( r e f s .  11, 191. The da ta  of broussoflavonols C (11 and D (2) ( R l  = R2 = alkenyl l  a r e  not 
included.  
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Type 2  (5): I n  t h e  13c nmr s p e c t r u m  of 3 -preny la ted  f l a v o n e  d e r i v a t i v e s ,  the 

chemica l  s h i f t  of t h e  C1 s i g n a l  of t h e  p r e n y l  g roup  w a s  o b s e r v e d  i n  t h e  range  of 

Type 3  ( 6 1 :  When one of t h e  p 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 roup  w a s  r e p l a c e d  b y  an 

a l k y l  o r  a l k e n y l  g roup ,  and a n o t h e r  by an  oxygenated s u b s t i t u e n t ,  t h e  chemical 

s h i f t  of t h e  C1 s i g n a l  of t h e  p r e n y l  g roup  was observed  i n  t h e  r a n g e  of 624.8 - 

27.0. 

Type 4  (7): When one of t h e  *-posi t ions t o  t he  p r e n y l  g r o u p  was r e p l a c e d  by  an 

oxygena ted  s u b s t i t u e n t  and a n o t h e r  by a hydrogen atom, t h e  c h e m i c a l  s h i f t  of t h e  C 1  

s i g n a l  of t h e  p r e n y l  g roup  w a s  o b s e r v e d  i n  t h e  r a n g e  of 627.2 - 29.8. 

Type 5 (81:  When t h e  d i e - p o s i t i o n s  t o  t h e  p r e n y l  g roup  were r e p l a c e d  by  the 

a l k y l  ( o r  a l k e n y l )  g roups ,  o r  t h e  a l k y l  and a l k e n y l  g r o u p s ,  t h e  chemica l  s h i f t  of 

t h e  C l  s i g n a l  of t h e  p r e n y l  g roup  was observed  i n  t h e  range  o f  626.5 - 28.8.  

Type 6  ( 9 ) :  I n  t h e  13c mr spec t rum of 2-oxygenated l - p r e n y l a t e d  xanthone 

d e r i v a t i v e s ,  t h e  chemica l  s h i f t  of t h e  C 1  s i g n a l  of t h e  p r e n y l  g roup  was observed 

i n  t h e  r a n g e  o f  6 2 5 . 4  -27.3. 

The above r e s u l t s  were summarized i n  F i g u r e  1. 

In t h e  13c nmr spec t rum o f  b r o u s s o f l a v o n o l  C  (l), t h e  c h e m i c a l  s h i f t s  of t h e  C 1  

s i g n a l s  of t h e  p r e n y l  g r o u p s  were observed  a t  d26.2 and 29.2 ( i n  CDC131.2 These 

chemica l  s h i f t s  s u g g e s t  t h a t  one  of t h e  p r e n y l  g roups  seems t o  be  of t y p e  3  o r  6 ,  

and  a n o t h e r  t o  be of t y p e  4  or 5 .  On t h e  o t h e r  hand,  b r o u s s o f l a v o n o l  D (21 showed 

t h e  c h e m i c a l  s h i f t  of t h e  C1 s i g n a l  o f  t h e  p r e n y l  g roup  a t  628 .0  ( i n  CDC131.2 From 

t h i s  r e s u l t ,  t h e  p r e n y l  g roup  i n  t h e  b r o u s s o f l a v o n o l  D seems t o  be  o f  t y p e  4  o r  5. 

These r e s u l t s  were i n c o n s i s t e n t  w i t h  t h e  p roposed  s t r u c t u r e s  1' and  2 '  f o r  

b r o u s s o f l a v o n o l s  C  and D ,  r e s p e c t i v e l y ,  and prompted u s  t o  r e i n v e s t i g a t e  the 

s t r u c t u r e s  of b r o u s s o f l a v o n o l s  C  and D .  I n  t h l s  p a p e r ,  we p r o p o s e  t h e  r e v l s e d  

s t r u c t u r e s  1 and 2 f o r  b r o u s s o f l a v o n o l s  C  and D, r e s p e c t i v e l y ,  and a l s o  r e p o r t  t h e  

s t r u c t u r e  of b r o u s s o f l a v o n o l  E (315  o b t a i n e d  from t h e  r o o t  b a r k  o f  B r o u s s o n e t i a  sp.  

( a  c u l t i v a t e d  v a r i e t y  of p a p e r  m u l b e r r y ,  B r o u s s o n e t i a  p a p y r i f e r a  (L.) V E N T .  x 

k a z i n o k i  Slta. 1 .  6  

The 13c nmr s p e c t r a  of 1 and 2  were measured,  and t h e  ca rbon  atoms were a s s i g n e d  as  

shown i n  T a b l e  1 by t h e  o f f - r e s o n a n c e  d e c o u p l i n g ,  long- range  s e l e c t i v e  p ro ton  

d e c o u p l i n g  (LSPDI, and d e u t e r i u m  induced  s h i f t  a s  w e l l  a s  by 

compar i son  of t h e  13c nmr s p e c t r a  of 1 and 2  w i t h  t h o s e  of model compounds, such 

as, i k a r i s o s i d e  R ( 1 0 1 . '  cudraxan thone  B ( 1 1 1 , ~ ~  k a z i n o l s  C  ( 1 2 1 ' ~  and K (131, l1 



Figure 2 
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T a b l e  1. 13c Nmr d a t a  of b r o u s s o f l a v o n o l s  C ( l ) ,  D ( 2 1 ,  a n d  E 1 3 )  

C 

2 

3 
4 
4a 

5 

6 

7 
8 
8.3 
1' 

2'  

3 '  

4 '  

5 '  
6 '  
9 
l 0  

11 

1 2  

1 3  

7 '  

8 '  

9 '  
1 0 '  

11' 

1 2 '  

13 '  

1 4 '  
1 5 '  

1 6 '  

1 1 2 2 3a 

148.70 ( d )  150.81 1dlb 148.53 ( d l  149.76 (ddlC 150.43 
( s 4  Hz) I s 4  Hzl (J=4 Hz) ( J = 5  and 8 Hz) (d - l ike)  
136.18 (S)  135.93 (51 136.23 ( S )  135.97 I s 1  135.88 ( S )  

175.80 ( $ 1  176.58 Is1 175.97 ( 5 )  176.52 I s )  176.49 (51 
105.15 (t) 104.25 ( t l  105.07 ( d )  104.12 1 t l C  104.12 i t 1  
l J=5  Hzl l J=5  Hzl ( J=6  Hzl (J=6 Hr ) (J=6 Hz 1 
159.52 ( t l  158.67 I t 1  159.04 ( d )  158.57 ( t l C  158.58 ( d d )  
(J=4 Hz) (J=4 HZ l (J=4 Hz) (J=4 Hc I lJ.4 and 4.4 Hzl 
100.91 ( b r  d )  99.21 (dd l  100.43 ( d l  99.10 (ddlc 99.07 (dd l  
( h 6 4  Hzl ( 5 = 6 a n d 1 6 1 H z )  ( J=162Hzl  (J=7 and 161  Hz) lJ=7 and 160 H?.) 
161.80 ( S )  162.34 ( S )  161.94 (S) 162.37 ( S )  162.30 (S )  
110.10 ( b r  S )  110.78 ( b r  $1 110.63 ( b r  S) 110.52 ( b r  s l  110.54 ( b r  s)  
155.71 ( S )  155.09 ( 5 )  155.77 ( S )  154.97 ( S )  155.00 (S)  
121.66 ( t )  121.19 ( t)  122.07 ( t l  122.25 ( t l  120.95 ( t l  
( S 5 . 5  Hzl (J=5 Hzl ( S 5 . 5  Hzl (J=4 Hz I (J=4 Hzl 
114.20 ( d )  114.43 ( d )  115.95 ( d l  117.02 (dd lC 114.08 ( b r  d )  
(J=160 Hz) IJ=159 Hzl (J=160 Hzl ( J=4  and 159 Hz) ( J =  158 Hz) 
142.04 Id)  142.48 ( d )  142.89 l b r  S )  143.14 l b r  S )  143.71 ( d l  
l J=4 Hz) ( J = 3  Hzl (J=4 Hzl 
144.80 ( t d )  144.85 ( t d l  141.62 ldd)  141.68 ldd)  143.38 l b r  s l  
I S 4 a n d 7 H z l  ( J = 4 a n d 7 H z I  ( J = c a . 4 a n d h H z )  ( J = c a . 4 m d 6 H z l  
127.13 (m) 127.08 (m) 120.00 (m) 119.73 (m) 119.87 (br S )  

132.73 ( b r  S )  130.88 l b r  S)  129.12 l b r  S )  127.40 l b r  S )  129.82 l b r  S )  
40.50 (m1 - 40.72 (m) - - 
37.48 (q) 29.02 ( q l  27.85 28.74 (nq l  d 29.28 

( J=128 Hzl ( b=126 Hzl ( '~=124 
28.05 (nq)  29.23 (m;) 27.85 29.18 (q) 28.96 

( !J=l28 Hz) ( b=126 Hz) ( b=124 Hzl 
149.12 I d )  l f9.38 (md) 149.23 ( d l  149.27 (&l  149.32 ( d l  
( b=156 Hzl ( J=156 Hzl l lJ=l56 Hzl ( b=156 Hz) 
113.55 (dd) 107.84 (ddl  111.98 ( b r  ddl 107.82 (dd)  107.89 (dd l  
(J=156 and 161  Hz) (J=153 and 158 m1 ( b=154 and 159 Hzl lJ=153 and 157 Hz) IJ=l52 and 156 Hzl 
26.15 ( d t )  25.16 ( d t l  119.52 ( d l  119.10 ( d l  19.79 (br t) 

lJ=4 a d  127 Hz) ( S 3  and 126 Hz) IJ=164 Hz) (J=163 Hzl (J=128 Hz) 
121.87 124.12 (&l 130.79 C & )  131.23 (md) 32.18 (mt) 

( b=154 Hzl l J = l 6 3  Hz) ( b=160 Hz) ( ' ~=124  Hzl 
134.35 (m1 130.03 (m) 75.12 73.37 ( b r  S )  

18.03 (nql  17.73 (nq)  56.72 (m;) 27.07 (nq)  25.85 
( ?7=125 Hz) ( ' ~ = 1 2 5  Hz) ( J=126 Hz) ( U=126 Hz) 
25.77 (nq)  35.37 (nq)  36.72 (q) 27.51 ( n q )  

d 
26.97 

( b=126 Hz) ( S 1 2 5  Hz) ( J=126 Hzl ( ?7=125 Hz) 
29.20 ( d t )  28.40 ( d t )  28.11 ( d t l  27.31 ( b r  t )  27.92 l d t )  

(J=4 and 126 Hz) ( J = 3  and 126 Hzl (J=4 and 127 Hz) ( ?r=ca. 128 Hz) (J=4 and 128 HI1 
123.47 123.47 ("731 133.49 (md) 123.60 (&) 123.11 I d )  

( ?1=154 Hz) ( J=154 Hz) ( ' ~=156  Hzl ( lJ=154 Hz) 
131.36 (m1 129.44 (m1 131.25 (m) 129.83 (m1 129.91 (m1 
17.77 (mq) 17.28 (nql  47.75 (F) 17.26 (nq)  17.28 ( n q )  

( lJ=125 Hz) ( ?7=126 Hz l ( J=125 Hzl ( b=125 Hzl ( U=124 Hzl 
25.43 Inql 25.16 (nq)  25.50 25.21 (q) 45.21 (W)  

( IJ=126 Hz ) ( '5=124 Hzl l l ~ = 1 2 4  Hz) l J=124 Hz) 

s o l v e n t  
C D C I ~ + C D ~ O D ~  DMSO-d a t  GO'C CDCI + C D ~ O D  f 

6 3 6 6 DMSO-d a t  31 'C DMSO-d a t  31 ? 

a :  The m u l t i p l i c i t i e s  were measured a t  6 0 ' ~ .  b: The s i g n a l  was observed as broad s i n g l e t  when 
measured a t  31.C. c:  a d d i t i o n  of D 0 :  C2(dd --, d. J=5  Hcl, C 4 a ( t  --r d ,  J = G  Hzl. C5( t  - d,J=4 Hz), 
CG(dd + d ,  .!=l61 Hzl ,  CZ1ldd - df J=159 Hz). d :  measured a t  7 0 ' ~ ;  29.11 ppm IZC, b r ,  C10 and C 1 1 ) .  
27.35 ppm IZC, b r ,  C10' and C l l ' ) .  e :  The sample (60 mg) was s u b j e c t e d  t o  measurement i n  
CDCl +CD OD(0.6 ml:3 d rops)  a t  3 1 ' ~ :  The pro tons  of t h e  hydroxyl groups were exchanged f o r  deuterium 3 3 
except  5-hydronyl group. f :  The sample ( 1 5  mg) was sub jec ted  t o  measurement i n  CDCl +CD 00 

3 3 10.6 ml:3 d m p s l  a t  31°C: The pro ton  of hydroxyl groups was exchanged for deuterium. 
Abbreviat ions:  rnq = m u l t i p l e t  of q u a r t e t  ( t h e  s p l i t t i n g  p a t t e r n  with long-range couplings is not 
c l e a r l ,  md = m u l t i p l e t  of double t ,  m t  = m u l t i p l e t  of t r i p l e t .  



and quercetin (141.'~ From these results and the spectral data described in the 

previous paper, broussof lavonol C seems to be a 5.7.3 ' ,4' -tetrahydroxyf lavonol 

having two prenyl groups13 and a 1,l-dimethylallyl group in the structure, and 

bro~~~oflavonol D to be a 5.7.3'-trihydroxyflavonol or 5,7,4'-trihydroxyflavonol 

having a prenyl and a 1,l-dimethylallyl group as well as a 2.2-dimethylpyrane ring 

system. 

The locations of the isoprenoid moieties in the structure of broussoflavonol C were 

confirmed by the following evidences (l - 51. 
l. The presence of an isoprenoid moiety at the C-8 position was confirmed by the 

following LSPD experiments. In the 13c nmr spectrum (in DMSO-d6 at 60'~, gated 

decoupling with NOE), the C6 signal at 699.21 was observed as doublet of doublet 

1 
( J = 161 Hz, 3~ = 6 Hzl. The assignment of the signal was confirmed as follow: 

When the proton signal at b12.78 (C-5-OH1 was irradiated, the signal at 699.21 

I 
changed to doublet ( J = 161 Hzl (Table 11. 

2. The signal at 6 6.28 (in DMSO-d6 at 60 % l  was assigned to that of the C-6-H as 

follows: When the signal at 66.28 was irradiated, the signal at 6158.67 (C5, t, J = 

4 Hz) changed to doublet ( S  = 4 Hzl, and the signal at 6104.25 (C4a. t, J = 5 Hzl 

to doublet (J = 5 Hzl (Table 11. Furthermore, as reported in the previous paper, 2 

the NOE was observed at the C-6-H (66.30, in CDC1 I by the irradiation of the 3 

hydrogen-bonded hydroxyl group (612.12, in CDCl31. From these results, one of the 

two. aromatic proton signals at 6 6.80 (in DMSO-d6 at 60.~1 was assigned to that of 

the B-ring proton. 

3. In the 13c nmr spectrum (in CDC13 + CD30D, gated decoupling with NOEI, both of 

the C1 signals of the prenyl groups were observed as doublet of triplet at 626.15 

2 2 
( JClrH2 = 4 Hz, = 127 Hzl and 29.20 ( JC1,H2 = 4 Hz, 'J = 126 Hzl (Table 11. 

This result suggests that no hydrogen atom is located at the adjacent positions to 

the prenyl groups. 

4. In the 13c nmr spectrum (in DMSO-d6, gated decoupling with NOEI, the C8a signal 

was observed as singlet (Figure 31. This result suggested that the isoprenoid 

moiety located at the C-8 position was a 1.1-dimethylallyl group. The above 

suggestion was further supported by the following evidence. In the 13c nmr spectrum 

of ikarisosides A (101' and E (151' (in DMSO-d6, gated decoupling with NOEI, the 

signals at 6153.59 (CBa of 101 and 6149.62 (C8a of 151 were observed as a triplet 

3 
( J = 4 Hzl and a doublet ( 3 ~  = 2 Hzl, respectively (Figure 31. 14 

5. In the 13c nmr spectrum (in DMSO-d6 at 31°c, gated decoupling with NOEI, the C2 
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OH 

ORha 

10 OH 0 

l 
155.09 ppm 

ORha 

15 OH 0 
149.62 ppm 

Figure 3 The signals of C8a of 1, 10, and 15 

a): The C8a signal (6155.09) of broussoflavonol C (1) in DMSO-d6 at 60-C 

b): The C8a signal (d153.59) of ikarisoside A (10) in DMSO-d at 60 %. 
6 

c ) :  The C8a signal (6149.621 of ikarisoside E (15) in DMSO-d at 60 k .  6 

signal was observed at 6150.71 as broad singlet, while in the spectrum measured at 

3 
~o'c, the signal was observed at 6150.81 as doublet ( J = 4 Hz). When the signal at 

66.80 (B-ring proton) was irradiated, both signals at 6150.81 (C21 and at 6142.48 

(C3'. d, 'J = 3 Hz) changed to the singlet as well as the signal at 6 144.85 (C4'. 

3 3 3 td, JC4, ,H2, = 7 Hz, JC4, = 4 Hzl to the triplet ( J C4',H7' 
= 4 Hzl signal 

(Table 1). On the other hand, we reported in the previous paper2 that the NOE was 

observed at the C-5'-H (66.81, in CDC13, on formula 1') by the irradiation of the 

methyl protons (61.491 in the 1.1-dimethylallyl group. This fact was one of the 

grounds of locating the 1.1-dimethylallyl group at the C-6' position. While the 

fact could be explained on the following revised structure (1) as follow: On the 

examination with Dreiding model, it was suggested that the 1.1-dimethylallyl group 

at the C-8 position could take a possible conformation of expecting the observation 

of the NOE between the methyl protons in the 1,l-dimethylallyl group and the 

C-2'-H. The above results taken into consideration, the structure of brousso- 

flavonol C should be revised from the formula 1' to 1. 

The 13C mr Spectrum of b r o ~ ~ ~ ~ f l a ~ o n o l  D ( 2 )  being compared with that of 1, the 

chemical shifts of all the carbon atoms of 2, except those of the carbon atoms at 



T a b l e  2 .  13C N m r  d a t a  of t h e  B - r i n g  of 1, 2 ,  1 6 ,  and 1 7  

*:  measured i n  CDC13,  data fromref. 2 .  
5 :  measured i n  C D C l  data from r e f .  1 1 .  
+: differences of cgemical s h i f t s  between 1 (171 and 2 (16) .  

t h e  C - 2 ' .  - 4 ' .  5  and - 6 '  p o s i t i o n s  and t h o s e  of  t h e  ca rbon  atoms of an  

i s o p r e n o i d  moie ty ,  were i n  good agreement  w i t h  t h o s e  of t h e  r e l e v a n t  ca rbon  atoms 

of 1 ( T a b l e  1 1 .  We r e p o r t e d  t h e  2 .2 -d imethy lpyrane  r i n g  s y s t e m  t o  be l o c a t e d  i n  t h e  

B - r i n g . 2  Fur the rmore  t h e  l o c a t i o n  of t h e  t h r e e  i s o p r e n o i d  m o i e t i e s  was s u p p o r t e d  by 

t h e  f o l l o w i n g  evidences ( l  - 31. 

l .  I n  t h e  13c nmr s p e c t r u m  ( r n  CDC13 + CD30D, g a t e d  d e c o u p l i n g  w i t h  NOEI, t h e  C8a 

s i g n a l  a t  6155.77 was o b s e r v e d  as s i n g l e t  ( T a b l e  1 ) .  T h i s  r e s u l t  s u p p o r t s  t h e  

1 . 1 - d i m e t h y l a l l y 1  g roup  t o  b e  l o c a t e d  a t  t h e  C-8 p o s i t i o n .  

2 .  I n  t h e  13C nmr spec t rum,  t h e  C2 s ~ g n a l  a t  -148.53 and t h e  C4' s i g n a l  a t  d141.62 

3  3 were o b s e r v e d  as t h e  d o u b l e t  ! J = 4  Hzl and t h e  d o u b l e t  of d o u b l e t  ( J C 4 ,  , H 2 ,  = 

ca .  6  Hz, 3 ~ C 4 , , H 7 ,  = 5 4  Hzl ,  r e s p e c t i v e l y  ( T a b l e  11 .  When t h e  s i g n a l  a t  66 .86  - 
IC-2'-HI was  irradiated, t h e  signals a t  1148.53 and 141.62 changed t o  t h e  s i n g l e t  

3  
and t h e  d o u b l e t  ! J = 4 H z l ,  r e s p e c t r v e l y .  These r e s u l t s  c o n f i r m e d  t h e  p r e s e n c e  of 

a hydrogen atom a t  t h e  C-2 '  p o s i t ~ o n .  

3 .  The r e s u l t  of t h e  comparison of t h e  chemica l  s h i f t s  of t h e  B- r lng  carbon atoms 

of  2 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  atoms of 1 is  shown i n  T a b l e  2 .  The s i m ~ l a r  

r e s u l t  was o b t a i n e d  by t h e  compar i son  of t h e  13c nmr spectra  be tween  k a z i n o l s  H 

1161'' and E 1 1 7 1 ~ ~  ( T a b l e  21 .  

From t h e s e  r e s u l t s ,  t h e  s t r u c t u r e  of b r o u s i o f l a v o n o l  D s h o u l d  b e  r e v i s e d  from t h e  

f o r m u l a  2 '  t o  2 .  

B r o u s s o f l a v o n o l  E l31 was o b t a i n e d  as p a l e  y e l l o w  p r i s m s ,  mp 168 - 170 ~ c ,  M+ = 

506.2279,  C30H3407, e n h i b l t i n g  a p o s ~ t i v e  f e r r l c  c h l o r i d e  t e s t ,  maqneslum-hydro- 

c h l o r i c  a c i d  t e s t ,  and z i r c o n ~ u m  o x y c h l o r i d e  t e s t , 1 5  b u t  a n e g a t i v e  sodrum 

molybda te  t e s t 1 6  and Gibbs t e s t .  The i r  spec t rum of  3 d i s c l o s e d  a b s o r p t i o n  bands 

due t o  hydrouy l ,  c o n j u g a t e d  c a r b o n y l ,  and benzene r i n g  m o i e t i e s .  The uv spec t rum of  

3 showed a b s o r p t i o n  maxima a t  209, 260,  306, and 351 nm, and was s i m l l a r  t o  t h o s e  
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Table 3. Difference in chemical shift of the B-ring+carbons between 
broussoflavonols D l21 and E (31 lid(2-311 and related 
compounds (between 20 and 19, 13 and 211 

+:  The chemical shift or 2 minus the chemical shift or 3. 
a: measured in DMSO-d6 at 31'C. 
b :  measured i n  DMSO-d a t  60'C. 
c :  measured i n  CDCl 2t 35.C. 
I :   he carbon numbe& correspond t o  those  of 2 and 3. 

of broussoflavonols C l11 and D 121.2 The spectrum showed a bathochromrc shift in 

the presence of aluminium chloride as follows: 210, 268, 317, and 404 "m. The 'H 

nmr spectrum of 3 indicated the presence of a 3.3-dimethylallyl group LA1.56 16H. 

br sl, 3.23, 3.37 (each lH, br dd, J = ca. 7 and 14 Hrl, and 4.97 (1H. br t, J = 7 

Hzl], a 1.1-dimethylallyl group C61.46, 1.50 (each 3H, $1, 4.77 IIH, dd, J = l and 

10.5 Hzl, 4.85 11H. dd, J = 1 and 17 Hr), and 6.24 (1H. dd, J =  10.5 and 17 Hill, 

and 3.4-dihydro-2.2-dimethylpyrane ring system jd1.35, 1.38 leach 3H. br sl, 1.90 

(ZH, t, J = 6 H z ) ,  and 2.80 (2H, br td-like slgnall]. The spectrum also indicated 

the presence of two aromatic protons L66.33 (1H. sl and 6.83 (IH, S)] and a 

hydrogen-bonded hydrovyl group l612.61), while no proton signal was observed at the 

C-3 position of a flavone skeleton. The EI-ms of 3 showed the fragments at m/z 450 

(M' - CqH812 and 221 (1812 as observed in 1 and 2. In the 13c nmr spectrum of 3, 

the carbon atoms were asslgned as shown in Table 1 by the off-resonance decoupling 

and LSPD techniques as well as by comparison of the spectrum wlth those of 1, 2, 

and other model compounds. '-l2 Two oxygenated carbon slgnals were observed at 

1143.38 and 143.71, suggesting that 3 has a 3',4'-dioxygenated phenyl partlal 

structure.12 Comparison of the 13c nmr spectra between 2 and 3 revealed that the 

chemical shifts of all the carbon atoms of 3, except those of the carbon atoms at 

the C ,  2 -4', and -6' positions along with those of the carbon atoms of a 

3.4-dihydro-2,2-dimethylpyrane ring system, were i n  good agreement with those of 

the relevant carbon atoms of 2. From the above results, broussoflavonol E is a 

5.7-dihydroxy-3',4'-dioxygenated flavonol having an lsoprenoid moiety in the A-ring 

and two isoprenoid moleties in the B-ring. The locations of the isoprenoid moietles 

were supported by the following evidences (l and 21. 

l. In the 13c nmr spectrum of 3 (in DMSO-d6, gated decoupling with NOEI, the 

d~(20-191b 

+0.94 
+1.28 
t0.07 
-1.23 
-0.88 
-2.70 

C 

1' 
2' 
3' 
4' 
5 
6' 

c 

1' 
2' 
3' 
4' 
5' 
6' 

d6(2-31' 

+0.8 
+2.4 
-1.1 
-2.1 
-0.9 
-2.8 

0612-31a 

+1.30 
' t2.94 

-0.57 
-1.70 
-0.14 
-2.42 

C 

(1lblS 
14.31 
(41 
(31 
(21 
(1) 

C 

l 
l2"l 
(3') 
(4") 
(5") 
(6") 

ddrl3-211" 

C0.3 
+1.9 
-1.1 
-2.2 
-0.6 
-2.7 



c h e m i c a l  s h i f t s  a n d  t h e  c o u p l i n g  p a t t e r n s  o f  t h e  C 8 a  and C 2  s l g n a l s  w e r e  similar t o  

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

1 . 1 - d i m e t h y l a l l y l  g r o u p  is l o c a t e d  a t  t h e  C-8 p o s ~ t i o n  and a h y d r o g e n  a t o m  a t  t h e  

C - 2 '  p o s i t i o n .  

2 .  T h e  r e s u l t s  o f  t h e  c o m p a r i s o n  o f  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  c a r b o n s  of 3  

w i t h  t h e  r e l e v a n t  c a r b o n  a t o m s  o f  2 were o b t a i n e d  as  d e s c r i b e d  i n  T a b l e  3 .  T h e  

s imi la r  r e s u l t s  w e r e  o b t a i n e d  b y  t h e  c o m p a r i s o n s  of t h e  13c nmr s p e c t r a  o f  

i s o g l y c y r o l  ( 1 9 ) , 1 7  g a n c a o n i n  F  ( 2 0 ) , 1 7  k a z i n o l s  D ( 2 1 ) 1 1  a n d  K 1 1 3 1 ~ ~  ( T a b l e  3 ) .  

F r o m  t h e  a b o v e  r e s u l t s ,  t h e  s t r u c t u r e  o f  b r o u s s o f l a v o n o l  E w a s  s h o w n  t o  b e  t h e  

f o r m u l a  3 .  

EXPERIMENTAL 

Abbrev ia t ions :  s = s i n g l e t ,  d  = d o u b l e t ,  dd = double t  of double t ,  d t  = d o u b l e t  o r  t r i p l e t ,  t d  = 

t r i p l e t  of double t ,  m = m u l t l p l e t ,  b r  = broad.  The genera l  procedures fol lowed those  desc r ibed  i n  

t h e  p rev ious  papers .  2'9'18 The fo l lowing  i n s t r u m e n t s  were used:  mel t ing  p o i n t :  Yazawa microrneltlng 

p o i n t  a p p a r a t u s ,  uv s p e c t r a :  Shimsdru UV-265 spectrophotorneter ,  ir  s p e c t r a ;  Hi tach i  260-30 IR 

spectrophotorneter ,  ms: JEOL JMS OISG-2 and Hltbchi  RN-7M ~ B S S  spec t ramete ra ,  'H and I3c nmr 

s p e c t r a ;  JEOL JNM G X - 4 N  FT NMR spec t romete r .  

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

The r o o t  bark of Broussane t ia  s p .  ( Japanese  name "Koro," a c u l t i v a t e d  v a r i e t y  of paper  mulberry,  

Broussane t ia  p a p y r i f e r a  ( L . )  VtNr. x B.  kaz lnok l  SltB. 1 was c o l l e c t e d  i n  Hanarono V i l l a g e ,  Seitama 

P r e f e c t u r e ,  Japan, ln August 1982. The m a t e r i a l  was i d e n t i f i e d  by Dr. N .  Sahash l ,  Facu l ty  of 

P h a r m a c e u t ~ c a l  Sc iences ,  Toho U n i v e r s i t y .  

The d r i e d  r o o t  bark of Wraussonetia s p .  ( 2 . 5  kg1 was e x t r a c t e d  with n-hexane (10  1 x 2 )  a t  room 

tempera tu re  f o r  7  days. Evaporat ion of t h e  e x t r a c t  t o  dryness  y i e l d e d  47 g  o f  t h e  r e s i d u e .  ~ h l s  

r e s i d u e  (30 g1 was chromatographed on s l l l c a  g e l  (200 g )  with n-hrxane c o n t a ~ n i n g  d i f f e r e n t  - 
c o n c e n t r a t i o n s  of acetone as e l u e n t s ,  each f r a c t l o n  being monitored by t l c .  The r r a c t l a n  c l u t e d  

wlth 2-hcxane con ta in ing  7% ace tone  was evaporated to  g i v e  a residue 10.9 g ) ,  whlch was 

f r a c t i o n a t e d  s e q u e n t i n l l y  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:ether  = 1 : 1 ,  n-hexane:ace- - 
tone  = 1 : l )  and by r e c r y s t a l l i z a t i o n  from benzene t o  g i v e  b roussof lavonol  E 13. 5 mgl. 

Compound 3 was r e c r y s t a l l i z e d  from benzene t o  g i v e  p a l e  yel low prisms.  mp 1 6 8 - 1 7 0 ~ ~ .  FeC13 t e s t :  

dark g reen .  Mg-HC1 t e s t :  orange. ZrOCl - c i t r ~ c  a c i d  t e s t :  p o s i t i v e .  Na Mooq t e s t :  nega t ive .  Gibbs 
2  2  

t e s t :  nega t ive .  U"&::"," nm ( l o g  E l :  209 (4.791,  260 14.491, 306 (3.981,  351 (4.051. ~ v > : F ~ ~ ~ 3 :  

210 (4.791,  268 ( 4 . 6 0 ) ,  317 (3.851,  404 (4 .131 .  Ir  L~z cm-': 3600, 3300, 1660,  1640,  1590, 1510. 

EI-Ms ( p r o b e )  75 eV, m/z ( r e l a t i v e  i n t e n s l t y l :  507 [M+H]+ 137x1, 506 [M]+ ( 1 0 0 ) .  451 (251. 450 

(791. 437 (121,  284 1641. 257 1651, 221 (731.  High-resolution-MS, M / z :  506.2279 [ M ] +  
" 3 0 ~ 3 4 ~ 7  
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requires: 506.2303). 'H Nmr (in acetone-d ) .  S1.35, 1.38 (each 3H, br S ,  C-9'-CH ) ,  1.46, 1.50 6 '  3 
leach 3H, S ,  C-9-CH 1 ,  1.56 (6H, br S ,  C-14'-CH xZ), 1.90 (%H, t, J = 6 Hz, C-8'-HQ), 2.80 12H, 

3 3 
br, td-like, C-7'-Hx2), 3.23, 3.37 ( each  IH, br dd, J = - ca. 7 and 14 Hr. C-1%'-H), 4.77 (lH, dd, J 

= l and 10.5 Hz, C-13-H), 4.85 (IH, dd, J = l and l7 Hc, C-13-H), 4.97 ilH, br t, J = 7 Hz, 

C-13'-H), 6.24 ilH, dd, J = 10.5 and 17 Hz, C-12-HI, 6.33 (IH, S ,  C-&H), 6.83 IlH, s ,  C-2'-H), 
1 

12.61 (]H, S ,  C-5-OH). H Nmr (in C D C ~  1 -  h 1.38, 1.42 !each 3H, br 5 ,  C-~,-CH~), 1.47. 1.49 (each 3 '  
38, br S ,  C-9-CH 1 ,  1.53 !6H, br S ,  C-14'-CH x2), 1.89 12H, t, J = 7 Hr. C-8'-Hx%), 2.74 (2H, br 3 3 
td-like, C-7'-HxZ), 3.22, 3.29 (each IH, br dd. J = 7 and 14 Hz, C-12'-H), 4.91 il~, br  t. J = 7 

Hz, C-13'-H), 5.40 (1H. d, J = 10 H?., C-13-H), 5.48 ilH, d, 3 = 18 Hz,C-13-H), 5.66, 6.15 ( each  lH, 

br S ,  OH), 6.30 !1H, S ,  C-6-H), 6.42 ilH, dd, J = 10 and 18 Hz, C-12-H), 6.83 (lH, S ,  C-2'-HI, 7.35 

!1H, br 5 ,  OH), 12.13 ilH, S ,  C-5-OH). 
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