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A b s t r a c t  - A 2-arylbenzofuran d e r i v a t i v e ,  named mulberrofuran 

J ,  was i s o l a t e d  from e t h y l  a c e t a t e  e x t r a c t s  of t h e  r o o t  bark  o f  

c u l t i v a t e d  mulberry t r e e  (Morus Lhou(ser.l K o i d z . ) ,  and i ts  

s t r u c t u r e  was determined t o  b e  _1 on t h e  b a s i s  of t h e  s p e c t r a l  

evidence .  Mulberrofuran J is a 3"-stereoisomer on t h e  cyclohexene 

r i n g  of mulberrofuran C ( 2 )  ob ta ined  from t h e  r o o t  bark  o f  

c u l t i v a t e d  mulberry t r e e  (Morus a l b a  L. and M. bombysis Koidz . )  . 

I n  t h e  previous  pape r ,  we r e p o r t e d  t h e  s t r u c t u r e  of two n a t u r a l  hypotens ive  Diels-  

Alder t y p e  adduc t s ,  mulberrofuran F and G ,  i s o l a t e d  from t h e  r o o t  bark  of Morus 

Lhou(se r .  ) Koidz . (Japanese  name " ~ o s o " )  .' Fur ther  e x t e n s i v e  f r a c t i o n a t i o n  of 

e t h y l  a c e t a t e  e x t r a c t s  o f  t h e  r o o t  bark  l e d  t o  i s o l a t i o n  of a new 2-arylbenzofuran 

d e r i v a t i v e ,  named mulberrofuran J (i), i n  2 .1x10-~% y i e l d .  We r e p o r t  h e r e i n  t h e  

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

Mulberrofuran J (l) , amorphous powder, [@I;' -341' (c = 0.079, MeOH) , FeC13 t e s t  

(dark  brown) ,  gave i t s  heptamethyl  e t h e r  ( l a ) ,  amorphous powder, FeC13 t e s t  

( n e g a t i v e ) ,  a s  t h e  exhaus t ive  me thy la t ion  product  [(CH ) SO and K2C03 i n  ace tone ,  3 2  4 

r e f l u x ,  5 h l .  While t h e  FD-MS spect rum of 1 showed t h e  molecular  i o n  peak a t  g/z 

580, t h e  molecular  formula of 1 w a s  de termined t o  be C34H2809 by t h e  h i g h - r e s o l u t i o n  



+ 
mass s p e c t r u m  678.2831,  M (C41H4209), 1 0 0  % I  of  l a .  I n  a c c o r d a n c e  w i t h  t h i s  

fo rmula ,  t h e  13c nmr s p e c t r u m  ( T a b l e  1 1  i n d i c a t e d  t h e  p r e s e n c e  o f  t h i r t y  f o u r  

carbon a toms  [ n i n e  a 1 , i p h a t i c  c a r b o n s  (lxCH3-, lx-CH -, 3x:CH-, lx>C=CH-, a n d  2 

1x-CH=C-0-), t w e n t y  f o u r  a r o m a t i c  c a r b o n s  ( I lxCH,  5xC. 8xC-0) a n d  o n e  c a r b o n y l  

c a r b o n ] .  The compound showed t h e  f o i l o w i n g  s p e c t r a :  i r  J::' c m - l :  3350 ( b r )  , 
1640 ( s h ) ,  1 6 2 0 ,  a n d  1600:  uv  Amax EtOH nm ( l o g  t): 209 (4.971.  2 8 3  ( 4 . 5 1 1 ,  2 9 3  ( s h  

Et0H+A1C13 : 210 ( 4 . 7 8 ) .  4 .46) .  310 ( i n f l .  4 . 5 7 ) ,  321  ( 4 . 6 7 ) .  a n d  337 ( 4 . 5 6 ) ;  Amax 

222 ( s h  4 . 6 8 ) .  288 ( s h  4 . 3 9 ) ,  310 ( s h  4 . 6 3 ) .  320 ( 4 . 6 5 ) .  335 ( s h  4.521,  a n d  370 

( s h  3 . 5 2 ) .  The uv  s p e c t r a  w e r e  similar t o  t h o s e  o f  m u l b e r r o f u r a n  C (212 a n d  

3 a l b a f u r a n  C (2 )  . T h e s e  r e s u l t s ,  c o u p l e d  w i t h  c o m p a r i s o n  o f  t h e  13c nmr s p e c t r u m  

o f  1 w i t h  t h a t  o f  2 ( T a b l e  1, cf. C-4 ' ) .  i n d i c a t e  t h a t  would  b e  a  4 ' - s u b s t i t u t e d  

3',5',6-trihydroxy-2-arylbenzofuran d e r i v a t i v e .  

The EI-mass s p e c t r a  o f  1 a n d  J$ showed a l m o s t  t h e  same f r a g m e n t s  a s  t h e  corre- 

sponding  Of 32 a n d  i t s  h e p t a m e t h y l  e t h e r 2  ( ? $ ) ,  i n d i c a t i n g  t h a t  & must  b e  a  D i e l s -  

Alder  t y p e  a d d u c t  s u c h  a s  2 a n d  3: La, m/z 540 .2141  (C33H3207), 350.1535 (4). 
328.1285 (21, 297.1131 (C18H1704), 284.1059 (6.5). 165.0556 (71, a n d  151.0732 

(C9Hl1O21 ; :, m/z 294 ,  293 ,  242 ( 6 ) .  a n d  110 (g) .  
The 'H nmr s p e c t r u m  ( 2 4  OC, 400 MHz, acetone-d61 o f  1 showed a  complex p a t t e r n  w i t h  

b r o a d  s i g n a l s .  T h i s  i m p l i e s  t h a t  would  e x i s t  a s  a n  e q u i l i b r i u m  m i x t u r e  of  

c o n f o r m a t i o n a l  i s o m e r s  i n  t h e  s ~ l u t i o n . ~  S u p p o r t i n g  t h i s ,  a t  h i g h e r  t e m p e r a t u r e  

(65  OC), a l l  t h e  s i g n a l s ,  e x c e p t  t h e  f o u r  p r o t o n  s i g n a l s  16 6.60-6.85 (2H, b r .  2 ' -  

and 6 ' - H ) ,  - 3 . 6 5  ( l H ,  b r ,  5"-H), a n d  o n e  o f  t h e  p r o t o n s  a t  C-6" ( n o t  o b s e r v e d ) ] ,  

a p p e a r e d  more c l e a r l y .  C a r e f u l  a n a l y s i s  o f  t h e  s p e c t r u m  ( 6 5  "C) by  s e q u e n t i a l  

d e c o u p l i n g  a n d  a  c o m p a r i s o n  o f  t h e  s p e c t r a  o f  z r 2  jr3 a n d  kuwanon I' (2) r e v e a l e d  

1 3  Table .  1 C nmr- c h e m i c a l  s h i f t s  i n  ace tone-d ,  

NO Of 1 2 NO Of 1 2 1 0  NO Of 1 - - - - -- ,. 2 
C C C - 

' 2  156.5* 156.5* 5 '  157.0* 156.5* 1 1 " .  1 0 1 . 7  1 0 2 . 0  
3 1 0 2 . 8  103 .6  6 '  103.9 1 0 4 . 8  1 2 "  1 6 4 . 8  167.0 
3a 122 .0  121 .9  1" 1 3 4 . 3  134 .1  133 .2  1 3 "  1 0 7 . 7  1 0 8 . 8  
4 1 2 1 . 8  121.9 2 "  1 2 5 . 1  1 2 4 . 2  126 .2  1 4 "  1 3 0 . 3  1 2 8 . 8  
5 1 1 3 . 1  1 1 3 . 1  3" 38.8 33.2 38.9 1 5 "  1 2 2 . 5  1 2 2 . 5  
6 1 5 5 . 3 * 1 5 5 . 4 *  4" 4 6 . 8  47.9 46.6 1 6 "  157.1* 157.8* 
7 98.4 98 .4  5 "  38.8 33.2 38.9 ' 17 '  104 .6  103 .6  
7a 158.2* 157.8* 6"  37.7 32.4 38.9 18 '  156.5'  157.8* 
1' 1 3 0 . 5  130.9 7 "  23.4 23 .8  23 .5  1 9 "  1 0 7 . 5  107 .5  
2 '  103 .9  104.8 8 "  209.8 209.5 20" 133.9 135 .0  
3 '  157.0* 156.5* 9 '  117 .2  116 .4  
4 '  115 .9  113 .6  1 0 "  166.0 166.0 

* : A s s i g n m e n t s  may b e  i n t e r c h a n g e d .  
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t h e  p resence  of t h e  fo l lowing moie t i e s ;  a cyclohexene r i n g  (F ig .  2 1 ,  a 2-aryl -  

benzofuran moiety 16 6.77 ( 1 H .  dd,  J = 8.3 and 2.2,  5-H) , 6.60-6.85 ( Z H ,  b r l  , 6.82 

( l H ,  d ,  J = 1, 3-HI, 6.92 ( 1 H .  d ,  7-HI , 6  and 7.33 ( l H ,  d ,  J = 8.3,  4-HI 1 ,  a 2.4- 

dihydroxyph?nyl moiety 16 6.13 ( lH,  dd,  J = 8 .3  and 2. i ,  19"-HI, 6.23 ( l H ,  d ,  

J = 2.4, 17"-HI, and 6.91 ( l H ,  d ,  J = 8.3, 20'"-H11, a 2,4-dihydroxybenzoyl moiety 

16 5.97 ( 1 H .  d ,  J = 2.4, 1 1 " - H I ,  6.02 ( l H ,  dd, J = 8.7 and 2.4, 13"-HI, and 7.64 

( 1 H ,  d ,  J = 8.7,  14"-HI]. The e x i s t e n c e  of t h e  2,4-dihydroxyphenyl and 2.4-di- 

hydroxybenzoyl m o i e t i e s  was a l s o  suppor t ed  by comparison o f  t h e  13c nmr spect rum 

of 1 w i t h  t h o s e  o f  z2  and o t h e r  Diels-Alder t y p e  adducts7  (Tab le  1) .  These r e s u l t s ,  

combined wi th  analogy of t h e  b i o g e n e t i c  pathway o f  t h e  Diels-Alder t y p e  adduc t s  

obta ined from Morus s p e c i e s 7  ' i n d i c a t e  formulas  1' and 2" f o r  mulberrofuran J. The 

remaining problems a r e  t h e  r e l a t i v e  c o n f i g u r a t i o n  of t h e  s u b s t i t u e n t s  on t h e  cyclo-  

hexene r i n g  and t h e  l o c a t i o n  of t h e  cyclohexene r i n g .  The.presumption t h a t  2 would 

possess t h e  same r e l a t i v e  c o n f i g u r a t i o n  a s  and 2 concerning t h e  cyclohexene r i n g  

was deduced from comparison of t h e  'H nmr spect rum of 1 w i t h  t h o s e  of 2 , 2  3,3 and 

5 9 (F ig .  2) and t h e  13c nmr s p e c t r a  o f  _1, 2 , 2  and kuwanon 0 (Table 1) .  
w 

Furthermore, 'comparative examinat ion of t h e  13c nmr s p e c t r a  of _1 and _Z (Tab le  11 

and t h e  fo l lowing  nmr spectrum of 2 i n d i c a t e d  t h a t  t h e  r e l e v a n t  cyclohexene 
. . 

r ing  would be  l o c a t e d  on t h e  C-ring of 1: a t  low t empera tu re  (24 "C ,  400 MHz, 

acetone-d6) t h e  C-ring protons  appeared a s  s e p a r a t e  s i g n a l s  a t  6.67 ( l H ,  b r  s l  

and 6 6.83 (1H.  b r  sl, whi le  a t  h i g h e r  t empera tu re  (65 * C I ,  t h e s e  two p ro tons  
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were observed a s  a broad s i g n a l  a t  6 6.60-6.85, i n d i c a t i v e  o f  equ iva lence  o f  t h e s e  

two p ro tons .  I r r a d i a t i o n  of t h e  s i g n a l  a t  d 6.67 r e s u l t e d  i n  d i sappea rance  of t h e  

s i g n a l  a t  6 6.85, and t h a t  o f  t h e  s i g n a l  a t  6 6.85 t h a t  of t h e  s i g n a l  a t  6 6.67. 

The s i m i l a r  phenomena had been observed f o r  t h e  double i r r a d i a t i o n  exper iments  of 

1 t h e  p ro ton  a t  C-8 of sanggenon D (;L14'9: The H nmr spect rum of &i (24 'C, 400 MHz, 

CD3CN) showed t h e  s i g n a l s  a t  d 5.60 (0.4H, b r  s ,  8-H) , and 8 5.78 (0.6H, b r  s ,  8-H) , 

and when t h e  s i g n a l  a t  6 5.60 was i r r a d i a t e d ,  the s i g n a l  a t  & 5.78 disappeared.  

I t  fo l lows  t h a t  t h e  p ro tons  a t  C-2' and -6' a r e  e q u i v a l e n t ,  and hence  t h e  cyclo- 

hexene r i n g  i n  q u e s t i o n  must be  l o c a t e d  a t  t h e  C-4' p o s i t i o n .  A l l  t h e s e  r e s u l t s ,  

mulberrofuran J is a 3"-stereoisomer on t h e  cyclohexene r i n g  o f  2, and t h e  s t r u c t u r e  

o f  mulberrofuran J is t h e r e f o r e  r e p r e s e n t e d  by formula 1. 
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