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STRUCTURE OF MULBERROFURAN Q ,  A NOVEL 2-ARYLBENZOFURAN DERIVATIVE 

FROM THE CULTIVATED MULBERRY TREE (MORUS ALBA L.) 

Yoshio Hano, Hiromi Tsubura,  and Taro Nomura* 

Facul ty  of Pharmaceutical  Sc iences ,  Toho Unive r s i ty ,  2-2-1,  

Miyama, Funabashi-shi ,  Chiba 274, Japan 

Abs t rac t  - A novel 2-arylbenzofuran d e r i v a t i v e ,  mulberrofuran 

Q ,  was i s o l a t e d  from t h e  r edd i sh  v i o l e t  powder ( l e n t i c e l )  of 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 ts  s t r u c t u r e  was shown 

t o  be 1 on t h e  b a s i s  of s p e c t r a l  and chemical  evidence .  Mulberro- 

fu ran  Q is  regarded b i o g e n e t i c a l l y  a s  a  v a r i a t i o n  of a  Diels-Alder 

type  adduct of a chalcone d e r i v a t i v e  and a dehydroprenyl-2-aryl- 

benzofuran d e r i v a t i v e .  

Previously  we repor t ed  s e v e r a l  2-arylbenzofuran and s t i l b e n e  d e r i v a t i v e s  from t h e  

reddish  v i o l e t  powder ( l e n t i c e l )  ob ta ined  from t h e  s u r f a c e  of t h e  Morus r o o t  

ba rk .  lL4 In t h i s  paper ,  we r e p o r t  t h e  s t r u c t u r e  determinat ion of a novel 2-aryl- 

benzofuran d e r i v a t i v e ,  mulberrofuran Q i s o l a t e d  from t h e  powder. 

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 ( l e n t i c e l )  ob ta ined  from t h e  sur-  

5  f a c e  of t h e  Morus r o o t  bark ( 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 

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 t h e  s i l i c a - g e l  column chromatography and 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  1 (0.14 8 y i e l d  from t h e  powder).  

Mulberrofuran Q ( L ) ,  amorphous powder, [a];' +82.4O (c=0.278, EtOH) , FeC13 t e s t  

(brown) , 6  gave t h e  FD-MS which showed t h e  molecular ion peak a t  m_/z 592, and 13c 

nmr spectrum which i n d i c a t e d  t h e  presence  of t h i r t y - f o u r  carbon atoms In ine  a l i -  

p h a t i c  carbons,  twenty-four aromat ic  carbons ,  and one carbonyl  carbon] (Table I ) .  

These r e s u l t s  i n d i c a t e d  t h e  composit ion of mulberrofuran Q t o  be  C34H24010. The 

compound 1 showed t h e  fo l lowing s p e c t r a :  i c m :  3360 ( b r ) ,  1690, 1610; 

EtoH nm ( l o g  E): 2 2 2  ( sh  4.431, 280 (4 .161,  284 ( sh  4 .15) .  321 (4 .45) .  335 ( s h  
UV 'max 

4 .32) .  The i r  spectrum showed t h e  presence  of a  carbonyl group and t h e  uv spectrum 

was s i m i l a r  t o  those  of t h e  4 ' - s u b s t i t u t e d  6 , 3 ' , 5 ' - t r i o x y q e n a t e d  2-arylbenzofuran 
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Table I 13c nmr spectra of t ,  i b  and ic (ppm) - 
solvent; *: acetone-d **: CDC13 

6 

Me0 

lb ( c H ~ ) ~ s o ~  Me00 
1- '0 

+ OMe 
.-. K2C03, acetone 

Me 

F i g .  2 
Me 

Me Me 
l c  - l c '  

*." 

1 derivati~es.~'~ The H nmr spectrum Of 1 (400 MHz, acetone-d6) was analysed by a 
decoupling experiment and by comparison with the spectra of 2-arylbenzofuran deri- 

vative~.~" The spectrum showed the following proton signals: 11 protons in a 

2-arylbenzofuran moiety, 66.66 IlH, d. J=2, C-2'-H) , 6.81 IlH, dd, J=2 and 8, C-5- 

H), 6.87 (lH, d, J=2, C-6'-H), 6.94 IlH, br d, J=2, C-7-H), 7.00 (lH, d, J=1, C-3- 

H) , 7.46 IlH, d. J=8, C-4-HI, 2) protons in two 2.4-dioxygenated phenyl moieties, 



?, 6.37 ( l H ,  dd,  J = 2  and 9 ,  C-19"-HI, 6.38 ( l H ,  d ,  J=2 ,  C-17"-H), 6.69 ( l H ,  d ,  J=9,  

C-20"-H); 6 6.17 ( 1 H .  d ,  J=2,  C - 1 1 " - H I ,  6.56 ( 1 H .  dd, J=2  and 8, C-13"-H), 7.38 

( 1 H .  d ,  J=8,  C - 1 4 " - H I ,  and 3) seven a l i p h a t i c  protons .  The 13c nmr spectrum was 

analysed by off - resonance decoupling technique and by comparison wi th  t h e  s p e c t r a  

of 2-arylbenzofuran d e r i v a t i v e s .  4 '  The spectrum showed t h e  fo l lowing carbon atom 

s i g n a l s :  1) carbons i n  a  2-arylhenzofuran moiety (C-2-C-6'1, 2) carbons i n  two 

2,4-dioxygenated phenyl moie t i e s  (C-9"-C-20"), and 3) seven a l i p h a t i c  carbons and 

one carbonyl carbon (C-1"-C-8") (Table I ) .  Considering t h a t  some Diels-Alder type  

adducts wi th  4 ' -dehydroprenyl -2-ary lbenzofuran  and chalcone were i s o l a t e d  from 

Morus r o o t  ba rk ,  3 ' 7  t h e  above s p e c t r a l  d a t a  and t h e  b i o g e n e t i c  analogy t o  t h e s e  

Diels-Alder type  adducts  l e d  us t o  t h e  assumption t h a t  t h e  carbon s k e l e t o n  of t h e  

C8H702 moiety i s  t h a t  desc r ibed  a s  1'. The s t r u c t u r e  of t h i s  moiety was analysed 

by t h e  13c nmr spectrum t o  con ta in  seven a l i p h a t i c  carbons and one carbonyl  carbon: 

, . ,o- . 
-CH3, -CH2-, 2 x  -cH:, 2 x  ;C ,C ,0-, ,C=O (Table I ) .  The two s i n g l e t  s i g n a l s  

a t  b 92.2 and 109.1 ppm sugges t  t h e  presence  o f  k e t a l  s t r u c t u r e  i n  t h e  moiety.  8  

In t h e  'H nmr spectrum of  &, t h e  s i g n a l s  of t h e  protons  i n  t h e  moiety were observed 

a t  6 1 .75  (3H. s ,  - C H 3 ) ,  1 .91 ( 1 H .  dd,  5=4 and 1 4 ,  -CH2-1,  2.76 ( l H ,  dd ,  J = 3  and 1 4 ,  

-CH2-1, 2.82 ( 1 H .  dd,  J = 3  and 4 ,  -CH:), 3.52 ( 1 H .  s ,  -cH:). From t h e  above r e s u l t s ,  

t h e  two p o s s i b l e  s t r u c t u r e s  1" and A"' were suggested  ( F i g .  1) .  f u r t h e r  d a t a  t o  

1 
d i s c r i m i n a t e  t h e  s t r u c t u r e s  were ob ta ined  by t h e  fo l lowing long-range s e l e c t i v e  H 

decoupling (LSPD) technique. '  When t h e  methyl proton s i g n a l  a t  & 1 .75  (C-1"-CH3) 

was weakly i r r a d i a t e d ,  t h e  s i g n a l  a t  675 .2  (C-1" )  v a r i e d  i n  i t s  shape and in-  

creased i n  area (=. 30 % ) .  When t h e  methine proton s i g n a l  a t  8 3.52 (C-3"-H) was 

weakly i r r a d i a t e d ,  t h e  s i g n a l s  a t  6 154.6 (C-5')  and 160.2 (C-3') v a r i e d  i n  t h e i r  

shape.  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  1" seems t o  be  more f avorab le  than 1"'. 
TO c l a r i f y  t h e  s t r u c t u r e  of t h e  C H 0  moiety f u r t h e r  d a t a  were ob ta ined  as fo l lows.  8 7 2  

Treatment of 1 wi th  potassium carbonate  i n  acetone gave t h e  compound and t h e  

S t a r t i n g  material. ' '  The compound was i d e n t i f i e d  wi th  t h e  hydro lys i s  product 

of mulberrofuran M (5) , 4  which seems t o  be de r ived  from t h e  hemiketa l  i n t e rmed ia te  

(3) through t h e  in t r amolecu la r  Michael a d d i t i o n  desc r ibed  i n  Chart  1. F u r t h e r  d a t a  

suppor t ing  t h e  presence  of epoxide r i n g  i n  t h e  moiety was obta ined by t h e  exami- 

na t ion  of the hexamethyl e t h e r s  (g, 2) ob ta ined  by t r ea tmen t  of L wi th  dimethyl 

s u l f a t e  and potassium ca rbona te  i n  acetone1' ( F i g .  2 ) .  The compound lb-, EI-MS m/z 
+ 1 

676 ( M  ) ,  showed t h e  fo l lowing H nmr spectrum (acetone-d ) :  1) protons  i n  a 2-aryl- 6  

benzofuran moiety,  & 6.71 ( 1 H .  d ,  5=2, C - 2 ' - H ) ,  6.86 ( 1 H .  dd, J = 2  and 8, C-5-HI, 
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6.98 ( l H ,  d ,  J = 2 ,  C-6'-H), 7.12 ( l H ,  b r  d ,  J=2,  C-7-H), 7.L7 ( l H ,  d ,  J=l ,  C-3-H), 

7.45 ( l H ,  d ,  J=8, C-4-H) , 2)  protons  i n  two 2.4-dioxygenated phenyl m o i e t i e s ,  6 

6.33 ( l H ,  d ,  J = 2 ,  C - 1 1 " - H ) ,  6.45 ( 1 H .  dd,  J=2 and 8, C-13"-H), 7.21 ( l H ,  d ,  J=8,  

C-14"-HI; 6 6.47 ( 1 H .  dd,  J=2 and 8, C-19"-HI, 6.49 ( l H ,  d ,  J=2,  C-17"-H), 7.25 

( l H ,  d ,  J=8, C-20"-H), 3 )  s i x  a l i p h a t i c  p ro tons ,  6 1.67 (3H, s ,  C-1"-CH3),  1.95 

( l H ,  dd,  J=4 and 1 4 ,  C-6"-HI, 2.56 ( l H ,  dd, J=2 and 1 4 ,  C-6"-HI, 3.89 ( l H ,  dd ,  J=2  

and 4 ,  C-5"-H), and 4) protons  of methoxyl groups,  6 3.46,  3.68, 3.83, 3.86,  3.92, 

4.03 (each 3H. s ) .  The 13c nmr spectrum was analysed by comparing wi th  t h a t  of 2,  
and showed t h e  s i g n a l s  of hemiketa l  carbon atom a t  S 98.9 ( C - a " ) ,  o l e f i n i c  carbon 

atoms a t  S 121.7 (C-4" )  and 148.3 (C-3").  and one methine carhon atom a t  34.0 

(C-5") (Tab le  I). From t h e s e  s p e c t r a l  d a t a ,  t h e  s t r u c t u r e  l& was suggested  fo r  

+ t h e  hexamethyl e t h e r .  The compound $, EI-34s m/c 676 ( M  1 ,  showed t h e  fo l lowing 

nmr spectrum (acetone--d6) : 1) pro tons  i n  a 2-arylbenzofuran moiety,  s 6.78 ( l H ,  

d ,  J=2, C-2'-H). 6.80 ( l H ,  d ,  J=2,  C-6'-HI, 6.87 ( l H ,  dd,  J = 2  and 8 ,  C-5-H), 7.13 

( l H ,  b r  d ,  J=2,  C-7-HI, 7.14 ( l H ,  d ,  J = l ,  C-3-H), 7.46 ( l H ,  d ,  J=8 ,  C-4-HI, 2) 

protons  i n  two 2.4-dioxygenated phenyl m o i e t i e s ,  s 6.27 ( l H ,  dd,  J = 2  and 8, C-13"- 

H I ,  6.35 ( l H ,  d ,  J=2,  C - 1 1 " - H ) ,  7.04 L l H ,  d ,  J=8,  C-14"-H); & 6.46 ( 1 H .  dd, J=2 and 

8, C-19"-H), 6.47 ( l H ,  d ,  J = 2 ,  C-17"-HI, 7.11 ( l H ,  d ,  5-8, C-20"-H), 3) s i x  a l ipha -  

t i c  P ro tons ,  S 1.63 (3H, s ,  C-1"-CH3), 2.30 ( l H ,  dd,  J = 3  and 13 ,  C-6"-HI, 2.77 ( l H ,  

dd,  J=3  and 13,  C-6"-H) , 4.00 ( 1 H .  t ,  J=3, C-5"-H) , and 4 )  protons  of methoxyl 

groups.  6 3.50, 3.64, 3.68,  3.75, 3.78, 3.87 (each 3H. s )  . I n  t h e  13c nmr spectrum, 

t h e  s i g n a l s  of two carbonyl  carbon atoms were observed a t  b 192.5 and 193.9 ,  whi le  

t h e  hemiketa l  carbon atom s i g n a l  could  no t  be observed (Table  I ) .  From t h e s e  spec- 

t r a l  d a t a .  t h e  two p o s s i b l e  s t r u c t u r e s  (%, % ' )  were suggested  (F ig .  2 ) .  A s  chemi- 

c a l  s h i f t  va lues  of t h e  carbon atoms (and p ro tons )  a t  C-2 '  and -6' p o s i t i o n s  appear- 

ed nonequivalent , '  it is  suggested  t h a t  t h e  s t r u c t u r e  i s  considered t o  b e  more 

f avorab le  than t h e  s t r u c t u r e  &'. From above r e s u l t s ,  we propose t h e  formula (1) 
f o r  mulberrofuran Q. B iogene t i ca l ly  mulberrofuran Q seems t o  be  d e r i v e d  from t h e  

7c Diels-Alder type  adduc t s ,  such a s  mulberrofurans C (q) and J (21, through t h e  

hemiketa l  i n t e r m e d i a t e  (6 )  and mulberrofuran I ,' and a l s o  t o  b e  an in t e rmed ia te  

t o  mulberrofuran M (2-1 . 4  Accordingly,  a b i o g e n e t i c  pathway of m u l b e r r o f ~ r a n s l ' ~ ' ~  

can be  p o s t u l a t e d  a s  desc r ibed  i n  Chart  2 .  



t 

H 

mulberrofuran F 7 d . ~ =  P 
mulberrofuran G ~ ~ ~ R = H  

a l b a n o l  ~ l *  :R=H 
3 

mulberrofuran P :R=OH 

Chart 
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