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STRUCTURE OF MULBERROFURAN P, A NOVEL 2-ARYLBENZOFURAN 

DERIVATIVE FROM THE CULTIVATED MULBERRY TREE (MORUS ALBA L. ) 

Yoshio Hano and Taro Nomura* 

F a c u l t y  o f  Pharmaceut ica l  Sc iences ,  Toho Unive r s i ty ,  2 -2 -1 ,  

Miyama, Funabashi-shi ,  Chiba 274, Japan 

A b s t r a c t  - A novel  2-arylbenzofuran d e r i v a t i v e ,  mulberro- 

f u r a n  P ,  was i s o l a t e d  from an  ace tone  e x t r a c t  o f  t h e  r edd i sh  

v i o l e t  powder ob ta ined  from t h e  s u r f a c e  of t h e  r o o t  bark of 

c u l t i v a t e d  mulberry t r e e  ( I c h i n o s e ,  a c u l t i v a t e d  v a r i e t y  of 

Morus a l b a  L . ) .  I t s  s t r u c t u r e  was shown t o  be  1 on t h e  b a s i s  

o f  s p e c t r a l  evidence .  Mulberrofuran P i s  regarded b i o g e n e t i c a l l y  

as a  v a r i a t i o n  of a  Diels-Alder t y p e  adduct of a  chalcone d e r i -  

v a t i v e  and a  dehydroprenyl-2-arylbenzofuran d e r i v a t i v e .  

P rev ious ly  we r e p o r t e d  t h e  s t r u c t u r e  de te rmina t ion  o f  a  2-arylbenzofuran d e r i v a t i v e  

named mulberrofuran I ( 2 )  and of two s t i l b e n e  d e r i v a t i v e s ,  kuwanols A (3) and B 

($1 , 3  from t h e  r edd i sh  v i o l e t  powder o b t a i n e d  from t h e  s u r f a c e  of t h e  Morus roo t  

4 
bark (0hshimas5, a  c u l t i v a t e d  v a r i e t y  o f  Morus bombycis Koidz. 1 .  I n  t h e  course  of 

extended s t u d i e s  o f  t h e  r edd i sh  v i o l e t  powder, w e  i s o l a t e d  a  novel  2-arylbenzofuran 

d e r i v a t i v e ,  mulberrofuran P, from t h e  powder ( I c h i n o s e ,  a  c u l t i v a t e d  v a r i e t y  of 

Morus a l b a  L . 4 ) .  I n  t h i s  pape r ,  t h e  s t r u c t u r e  de te rmina t ion  of t h e  compound is  

desc r ibed .  

The ace tone  e x t r a c t  of t h e  r edd i sh  v i o l e t  powder was f r a c t i o n a t e d  s e q u e n t i a l l y  by 

s i l i c a  g e l  column chromatography, and then by p r e p a r a t i v e  t l c ,  r e s u l t i n g  i n  t h e  

i s o l a t i o n  o f  mulberrofuran P (1). 
Mulberrofuran P , a  b l u e  amorphous powder,' 1a1i4 +l9 . S o  ( e t h a n o l )  gave t h e  FD- 

MS showing a  molecular  ion  peak a t  m/z 574 ,  and t h e  13c nmr spectrum i n d i c a t i n g  t h e  

p resence  o f  t h i r t y - f o u r  carbon atoms I f o u r  a l i p h a t i c  carbons I 1  x -CH3, 1 x ;c::, 

1 x  -CH=C: ) , t h i r t y  a romat i c  carbons (12 x  CH,  9 x  C ,  9  x  C-0) 1 (Tab le  I ) .  
0  

Work-up o f  w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e  gave t h e  hexaace ta t e  (&a) which 

showed a  molecular  ion  peak a t  m/s 826 i n  i ts EI-MS. These r e s u l t s  i n d i c a t e d  t h e  



ft: A= 
H gly 

T a b l e  I 13c nmr s p e c t r a  of 1 and 5 

C - 4 "  1 2 2 . 5 *  1 2 2 . 5 *  s o l v e n t :  CD30D 
C-5" 117 .7*  130.1** 
C-6" 1 5 1 . 3  1 2 1 . 3  
C-7" 1 7 . 5  22 .3  
C-8" 1 0 6 . 5  1 0 6 . 7  

*, **: A s s i g n m e n t s  may be i n t e r c h a n g e a b l e .  
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Table I1 'H nmr chemical shifts and acetylation shifts (ppm) 

7-H 6.90 
(br d, J=2) 

2'-H 6.98 
(s) 

6'-H 6.98 
(51 

1"-CH3 2.65 
(sl 

2"-H 8.35 
( s )  

6"-H - 

11"-H 6.24 
(d, J=21 

13"-H 5.85 
(dd, J=2,81 

14"-H 6.20 
(d, J=81 

17"-H 6.47 
(d, J=21 

19"-H 6.46 
(dd, J=2,9) 

6.90 
(br d, J=2.5) 

6.99 
(d, J=1.5) 

6.26 
(d, J=2.51 

5.85 
(dd, J=2.5,9) 

6.13 
(d, J=9) 

7.08 
(d, J=1) 

7.41 
(d, J=81 

6.81 
(dd, J=2,8) 

6.98 
(br d, J=2) 

7.08 
(d, J=21 

7.12 
(d, J=2) 

2.49 
( s )  

8.45 
( s )  
- 

6.29 
(d, J=21 

5.92 
(dd, J=2,8) 

6.24 
(d, J=8) 

6.58 
(d, J=21 

6.53 
(dd, J=2,8) 

8.43 
(d, J=8) 

7.35 -0.27 
(br S) 

7.67 -0.26 
(d, J=8) 

7.06 -0.25 
(dd, J=2,81 

7.41 -0.43 
(br d, J=2) 

Chart I 



composit ion of mulberrofuran P t o  b e  C34H2209. Mulberrofuran P was p o s i t i v e  t o  

t h e  methanol ic  f e r r i c  c h l o r i d e  t e s t ,  and i t s  i r  spectrum showed a b s o r p t i o n  bands 

due to  hydroxyl and benzene r i n g  m o i e t i e s .  The uv spectrum of t e x h i h i t e d  maxima 

a t  210, 284, 315, 336, 351, and 370 m, and was s i m i l a r  t o  t h a t  o f  a l b a n o l  B 

(21 . 6 ' 7  The 'H nmr spectrum of 1 (CD30D) was examined being compared w i t h  t h a t  

of 5 ,  and showed t h e  p resence  of t h e  fo l lowing  m o i e t i e s  i n  1: 1) p r o t o n s  i n  a  

2-arylbenzofuran moiety ,  S 6.73 ( l H ,  dd,  J = 2  and 8, C-5-H), 6.90 ( l H ,  h r  d ,  J = 2 ,  

C-7-H), 6.93 ( l H ,  b r  s ,  C-3-H), 6 .98 (2H. s ,  C - 2 '  and C-6'-HI,' 7.34 ( 1 H .  d ,  J=8,  

C-4-H), 21 p r o t o n s  i n  two 2,4-dioxygenated phenyl  m o i e t i e s ,  b 5.85 ( l H ,  dd, J=2 

and 8 ,  C-13"-HI, 6.20 ( l H ,  d ,  J=8,  C-14"-H), 6.24 ( l H ,  d ,  J=2,  C-11"-HI; S 6.46 

( 1 H .  dd,  J=2 and 9, C-19"-HI, 6.47 ( 1 H .  d ,  J = 2 ,  C-17"-HI, 8.38 ( l H ,  d ,  J=9,  C-20"- 

H I ,  31 a n  a romat i c  p ro ton ,  S 8.35 ( l H ,  s ) ,  and 4 )  p ro tons  o f  a  methyl group,  S 2.65 

(3H, s ) .  Comparison of t h e  13c nmr s p e c t r a  of 1 and 5 i n d i c a t e d  t h a t  t h e  chemical  

s h i f t s  of t h e  carbon atoms o f  1 were s i m i l a r  t o  t h o s e  of t h e  r e l e v a n t  carbon atoms 

of  2, e x c e p t  i n  t h e  carbon atoms of D-ring s k e l e t o n  which were a f f e c t e d  by 

a d d i t i o n a l  s u b s t i t u e n t  (Table  I ) .  Compared wi th  t h e  'H nmr spectrum of  w i t h  t h a t  

5,  t h e  spect rum of l- i n d i c a t e d  t h e  absence  o f  t h e  p ro ton  a t  t h e  C-6" p o s i t i o n ,  and 
& 

t h e  C-20" p ro ton  s i g n a l  s h i f t e d  0.77 ppm toward downfield from t h e  corresponding 

p ro ton  of 5 (Table  11). These r e s u l t s  sugges t  t h a t  i s  a  6"-hydroxy-albanol H .  

This  sugges t ion  was f u r t h e r  suppor t ed  by t h e  fo l lowing  r e s u l t .  Comparison o f  t h e  

'H nmr s p e c t r a  of  and &a i n d i c a t e d  t h a t  t h e  a c e t y l a t i o n  of  t h e  hydroxyl  groups 

a t  C-5' and C-6" p o s i t i o n s  caused l a r g e r  u p p e r f i e l d  s h i f t s  o f  t h e  p ro tons  a t  t h e  

C-2" and C-20" p o s i t i o n s  (C-2"-H: +0.31 ppm, C-20"-H: +0.30 ppml (Table  1 1 1 .  The 

s i m i l a r  s h i f t s  were observed i n  t h e  c a s e  o f  both  mulberrofuran F p e n t a a c e t a t e  ( 5 )  
7 

and kuwanol A h e x a a c e t a t e  (2:) . 3  From t h e  above r e s u l t s ,  we propose t h e  formula 1 
f o r  t h e  s t r u c t u r e  of mulberrofuran P. B i o g e n e t i c a l l y ,  mulberrofuran P seems t o  be  

a  d e r i v a t i v e  of t h e  Diels-Alder type  a d d u c t s ,  such a s  mulberrofuran C ( 2  ,' and 

i s  produced p o s s i b l y  through t h e  s t e p s  desc r ibed  i n  Char t  1. 

EXPERIMENTAL 

Abbrev ia t ions :  s = s i n g l e t ,  d=double t ,  dd=double d o u b l e t ,  br=broad,  sh=shoulder .  

The g e n e r a l  exper imenta l  procedures  used a r e  desc r ibed  i n  t h e  p rev ious  paper .  
7  

The fo l lowing  ins t rumen t s  were used: 'H and 13c nmr s p e c t r a ;  JEOL GX-400 FTNMR 

spec t romete r ,  uv spectrum; H i t a c h i  340 W spec t romete r ,  i r  spectrum; H i t a c h i  260-30 
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I R  spec t romete r ,  m s ;  JEOL JMS OlSG-2 mass spec t romete r ,  o p t i c a l  r o t a t i o n :  JASCO 

DIP-4. 

I s o l a t i o n  of Mulberrofuran P  (1) 

The r e d d i s h  v i o l e t  powder (760 g )  o b t a i n e d  from t h e  s u r f a c e  o f  t h e  r o o t  bark of 

c u l t i v a t e d  mulberry t r e e  ( I c h i n o s e ,  a  c u l t i v a t e d  v a r i e t y  of Morus a l b a  L . )  was 

e x t r a c t e d  w i t h  ace tone .  Evaporat ion o f  t h e  ace tone  s o l u t i o n  t o  d ryness  y i e l d e d  

69 g  o f  r e s i d u e .  The r e s i d u e  (10 g )  was chromatographed on s i l i c a  g e l  ( Z O O  gl 

w i t h  chloroform-acetone a s  an e l u e n t ,  each f r a c t i o n  be ing  moni tored by t l c .  The 

f r a c t i o n s  e l u t e d  wi th  chloroform c o n t a i n i n g  5  % acetone,  which showed on t h e  t l c  

p l a t e  a  c h a r a c t e r i s t i c  h l u e  s p o t ,  were evapora ted  t o  g i v e  t h e  r e s i d u e  ( 2 . 2  g) 

TO i s o l a t e  t h e  c o l o r e d  compound , t h e  r e s i d u e  ( 2 . 2  gl was f r a c t i o n a t e d  by prepara- 

t i v e  t l c  ( s o l v e n t  sys tems,  ch lo ro fo rm:ace tone= l : l ,  n-hexane:acetone=l : l ,  

chloroform:methanol=6:11 t o  g i v e  mulberrofuran P  (1, 2  mg). * 
Mulberrofuran P  ( 1 1  

Compound 1 was ob ta ined  a s  a  h l u e  amorphous powder. [ e 1 i 4  +19.5" (c=0.0113, e tha-  

+ 
no11 . FD-MS m/c: 574 ( M  I ,  465. FeCl t e s t :  p o s i t i v e  ( b l u e  + r edd i sh  brown).  

3  
KBr -1 

ir max cm : 3370 ( b r ) .  1680 ( s h ) ,  1620, 1600 ( s h )  . uv ~ E z F n m ( l o g  6 )  : 210 

( 1 . 7 2 ) ,  284 (42171, 315 ( s h  4.331, 336 ( 4 . 5 3 ) ,  351 ( 4 . 6 1 ) ,  370 (4.561. 13c and 

'H nmr s p e c t r a  a r e  desc r ibed  i n  Table  I and 1 1 ,  r e s p e c t i v e l y .  

Mulberrofuran P  Hexaaceta te  ( l a )  

A mixtu re  o f  mulberrofuran P (1, 3 mg),  a c e t i c  anhydride (1 m l l  and p y r i d i n e  

(0.2 mll was k e p t  a t  room temperature  f o r  15 h ,  and t r e a t e d  a s  u s u a l .  The r e a c t i o n  

p roduc t  was p u r i f i e d  by p r e p a r a t i v e  t l c  (n-hexane:acetone=3:2) t o  g i v e  hexaace ta t e  

( l a ,  2  mgl. The compound l a  was o b t a i n e d  as  c o l o r l e s s  powder, FeC13 t e s t :  

n e g a t i v e .  EI-MS m/c: 826 (M'), 784, 742, 700. 'H nmr spect rum is desc r ibed  i n  

Table  11. 
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