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STRUCTURE OF MULBERROFURAN M ,  A NOVEL 2-ARYLBENZOFURAN 
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A b s t r a c t  - A nove l  2-arylbenrofuran d e r i v a t i v e  named mulberro- 

furan M (;I was i s o l a t e d  from an  a c e t o n e  e x t r a c t  of t h e  r e d d i s h  

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  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  M m  

a l b a  L.). The s t r u c t u r e  was shown t o  be ,$ on t h e  b a s i s  of - 
s p e c t r a l  ev idence .  

Prev 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  of two 2-arylbenaofuran d e r i -  

va t ive&"2 and two s t i l b e n e  d e r i v a t i v e s 3  from t h e  r e d d i s h  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 r o o t  bark .  I n  t h i s  p a p e r ,  t h e  s t r u c t u r e  determi-  

n a t i o n  is  d e s c r i b e d  of a nove l  2-arylbenzofuran d e r i v a t i v e ,  mulberrofuran M, 

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  redd ish  v i o l e t  powder (760 gl o b t a i n e d  from t h e  s u r f a c e  

4 
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  o f  Morus a l b a  L. 1 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 h i n  l a y e r  chromatography, r e s u l t i n g  i n  t h e  i s o l a t i o n  of 1 ( 2 . 3  x % y i e l d  

from t h e  powder) . 
Mulberrofuran M I:), amorphous powder, [ a 1 i 4  +15' (c=0.02,  MeOHI, FeCl) test  

(brown),  gave t h e  FD-MS which showed t h e  molecular  i o n  peak a t  m/z 590, and t h e  

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 [ e i g h t  

a l i p h a t i c  carbons I 1  r -CH3, I x -CHZ-, 1 x -cH(, 1 x  ;C:O_, 1 x -cH=c:~-, I x 
. , 
,C=C.O-), twenty-four  a romat ic  carbons (11 x  CH, 5 x  C ,  8  x C - O ) ,  and two carbonyl  

carbons1 (Table  1 1 .  Treatment  of 1 w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e  gave a t e t r a -  

a c e t a t e  (5) which showed a molecu la r  i o n  peak a t  =/: 758 i n  i ts  FD-MS. These 

r e s u l t s  i n d i c a t e d  t h e  composi t ion of mulberrofuran M t o  b e  C34H22010. The compound 

(1) showed t h e  fo l lowing  s p e c t r a :  i v K  m :  3350 l b r ) ,  1690 l s h l ,  1675, 1670 
max 



lb 
1: R=H -.- -. 

la: R=COCH3 
H -- 

F ig .  1 

T a b l e  I 13c nmr chemical  s h i f t s  of 1 

I C-7' 2 1 . 5  

(ppm) s o l v e n t :  acetone-d 6 

F i g .  2 P a r t i a l  s t r u c t u r e  1 ' '  
% 

and NOE r e s u l t s  
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EtOH nm (logs I : 208 (4.711, 225 linfl. 4.421, 261 (shl, 1650 (shl, 1620; uv Amax 
(4.301, 299 (infl. 4.26). 323 (sh 4.441, 335 14.531, 350 lsh 4.451. The uv spec- 

trum was similar to those of the 4'-substituted 6,3',5'-triouygenated 2-arylbenzo- 

furan derivatives obtained from the Morus root bark.5 The 'H nmr spectrum of 1 
1400 MHz, acetone-d61, analysed by a decoupling experiment and by comparison with 

the spectra of 2-arylbenzofuran derivatives, showed the signals of the following 

protons: 11 protons in a 2-arylbenzofuran moiety, 6 6.85 (IH, dd, J=2 and 8, 

C-5-HI, 7.03 IlH, br d, J=2, C-7-HI, 7.35 IIH, d, J=l, C-3-H), 7.46 IIH, d, J=8, 

C-4-H), 7.73 IIH, d, J=2, C-2'-HI, 8.00 (lH, d, 5=2, C-6'-HI, 2) protons in two 

2,4-dioxygenated phenyl moieties, a 6.30 (In, d, J=2, C-10"-HI, 6.41 (lH, dd, J=2 

and 8, C-12"-HI, 7.21 11H. d, J=8, C-13"-HI; h 6.47 (IH, d, J=2, C-17"-H), 6.60 

IIH, dd. J=2 and 8, C-19"-HI, 8.10 IIH, d, J=8, C-20"-HI, 3) six aliphatic protons, 

6 1.56 13H, s ,  C-1"-CH31, 2.38 IIH, dd, J=3 and 14, C-6"-H), 2.90 IlH, dd, J=3 and 

14, C-6"-H) , 4.41 IlH, t, J=3, C-5"-H) , and 41 proton in hydrogen banded hydroxyl 

group, s 10.44 IlH, br sl. The 1 3 ~  nmr spectrum was analysed by off-resonance 

decoupling technique and by comparison with the spectra of 2-arylbenzofuran deri- 

vatives5 and 2,4-dihydroxybenzoyl esters, and showed the signals of following 

carbon atoms: 11 carbon atoms in a 2-arylbenzofuran moiety IC-2 - C-6') , 21 carbon 

atoms in a 2.4-diauygenated phenyl moiety (C-8" c C-13"), 3) carbon atoms in a 

2.4-dihydroxybenzoyl ester moiety IC-14"- C-20"1, and 41 seven aliphatic carbon 

atoms IC-1"- C-7") [Table 1). The presence of 2,4-dihydroxybenroyl ester moiety 

in the structure was comfirmed by the following result. When the compound I was 

hydrolyzed with 10% H2S04 in methanol, p-resorcylic acid methyl ester and the 

compound 1%. M+ 4541 were obtained. The position of the ester linkage was sug- 

1 geeted by comparing the H nmr spectrum of 1 with that of (Table 21. In the 

'H nmr spectrum of l a ,  the C-ring protons showed little acetylation shift while the 
protons of the A, E, and F rings showed remarkable shifts. Comparison of the 

acetylation shift values of these protons suggested that the C ring has no hydroxyl 

Table 2 Acetylation shifts of 1 an, 

C-ring 

( P P ~  1 

E-ring F-ring 

measured in acetone-d 6 



group, and that the E ring has one hydroxyl group while another oxygen atom 

of the E ring formed an ether hnkage. The location of the ester linkage was also 

1 camfirmed by comparing the H nmr spectrum of 1 with that of g. In the 'H nmr 

Spectrum of g, the C-2' and -6' proton signals shifted 0.51 and 0.45 ppm, 
respectively, toward upperfield from the corresponding protons of 1_ (Table 3). 

From the above results, the partial structure (1') was proposed. The remaining 

part of C7H60 moiety was indicated by the 13c nmr spectrum to contain the following 

Seven aliphatic carbon atoms: I x -CH3, 1 x -CH2-, 1 x -CH:, 1 x ;cC0, 1 x ;c=c: 
0' 

1 x ;C=O (Table 11. The presence of an a,@-unsaturated carbonyl group in the 

moiety was supported by the chemical shift value of the carbonyl carbon atom 

(s186.0 ppm). To clarify the nature of the moiety further data were obtained by 

1 the following long-range selective H decoupling (LSPD) technique.6 When the 

methyl proton signal at 6 1.56 (C-1"-CH3) was weakly irradiated, the signal at 

S 77.4 (C-1") varied in its shape and increased in area (s. 70 % )  as well as the 

signal at 6 186.0 (C-2") increased in its area (z. 48 % I .  Irradiation of the 

signal at 6 2.38 (C-6"-H1 increased the area ( s .  43 % )  of the C-1" signal, and 

irradiation of the signal at S 2.90 (C-6"-H) also increased the area (s. 13 % )  

of the same carbon signal (Fig. 2). These spectral data, as well as the results 

1 of sequential decoupling experiment of the H nmr spectrum, indicate the possible 

Structure of the C7H60 moiety to be represented by 1". The location of the moiety 

on the C-ring was further supported by comparison of the 13c nmr spectrum of 1 and 
those of the 4'-substituted 6,3',5'-trioxygenated 2-arylbenzofuran derivatives. 5 

From the above results, the structure of mulberrofuran M is possibly represented 
7 

by 1 or 1"' . The discrimination between and I"' was carried out on the basis 
of comparison of the 'H nmr spectra of 1 and l&. In the spectrum of 2, the C-1"- 
CH3 signal shifted 0.19 ppm toward lower field from the corresponding protons of 1 
(Table 31. From the above results, the structure 1 is considered to be more 
favorable than the structure 1"' 

1 Table 3 Comparison of the H nmr spectra of 1 and lb 

4-H 5-H 7-H 3-H 2'-H 6'-H 1"-CH3 5"-H 6"-H 
1 7.46 6.85 7.03 7.35 7.73 8.00 1.56 4.41 2.38 2.90 -. 
lb 

7.44 6.84 7.02 7.24 7.22 7.55 1.75 4.43 2.46 2.99 

A C0.02 f0.01 +0.01 +O.11 +0.51 c0.45 -0.19 -0.02 -0.08 -0.09 - 
(ppm) in acetone-d 6 - continue 
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T a b l e  3  

10"-H 12"-H 13"-H 

1 - 6.30 6 . 4 1  7 . 2 1  

Ib 6.34 6 .44  7 . 2 1  

r l  -0.04 -0 .03  h . 0 0  
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