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- From e thy l  aceta te  extract  of 'the root  bark of cul t ivated 

mulberry t r e e  IMorus Ihoulser.) Koidz.), two 2-arylbenzofuran der ivat ives  

were i so la t ed  and named mulberrofurans F and G, whose s t ruc tu res  were ~hown 

t o  be 1 and 2,  respectively, on t h e  bas i s  of spectral  and chemical evidences. 

~ u l b e r r o f w a n s  F I3 and G 13) were derived from chalmmora~in 12) and 

mulberrofvran C ($,I, respectively, by the  photocyclization in  the  a c i d i c  

solut ion.  Tntravenous in ject ion of mulberrofueans F Q ) ,  as well as G 12J. 
caused a marked depressor e f f e c t  i n  rabbi t .  

P~ev ious ly  we reported t h e ' s t r u c t w e  determination of e series of na tu ra l  Diels-Alder type 

adducts and i s o p r ~ y l a t e d  flavonoids isola ted, f rom the . root  barks of the  cul t ivated mulberry 
9 I 

t r ee2  and Chinese crude drug "sang-~ai-pi" (Japanese name "~ohakuhi") .3  In t h e  course of 

o w  Studies,  two 2-arylbenrofuran derivatives,  mulberrafueans F 1;) and G E) were isola ted 

from the  root  bark of Morus Ihou(ser.1 Koidz. (Japanese name " ~ o s o " ) .  In t h i s  paper, the  

s t ruc tu re  determinations of the compounds are described. 

The e thy l  aceta te  ex t rac t  was f ract ionated sequent ia l ly  by s i l ica-gel  m l m  chromatography, 

r e su l t ing  in the i so la t ion  of 1 ( 3 ~ 1 0 ' ~ a  y ie ld  from t h e  root bark) ,  and 2 ( 8 . l x l 0 - ~ ~ ) .  Single 

i n t r a w o u s  in ject ion of$ or 2 [both 0.1 mg/Kg) caused a marked depressor e f fec t  i n  rabbi t  by 

26 m!Hg and 16 -9, respectively. 

Mulberrofuran F 18, amorphous powder, LmF + s l y  (c=o.oz4, M ~ O H ) ,  FeC13 t e s t  (negative) 

save t h e  ED-MS which showed the ion peak at ,gz 630, and the  nmr s p e c t r m  which 

indicated t h e  presence of t h i r t y  nine carbons [ f i f t een  aliphatic carbons 13nM3-, 2x-CH2-, 3x;CH-, 
I 

2x;C=CH-, 1%-M=C-0-, lx-0-C-0-) and twenty four aromatic carbons (10xM. 6xC. 8xC-0) I .  

Treatment of 2 with dimethyl su l fa t e  and potassium carbonate in  acetone effected ex ha us ti^ 

methylation t o  give i ts  pentamethyl e ther  12) as an amorphous powder. The molecular formula of 

was determined t o  be C44H4408 by t h e  hi&-resolution mass s p c t r w r  lm/= 700.3023). and hence 

1 could be formulated as C39H3408. Work-up of 1 with acetic anhydride i n  pyridine gave the  ," 
pentaacetate IE) which showed a molecular ion peak a t  m/= 840 in i ts  ED-MS. The mmPo+(J) . 

showed t h e  following spectra:  i r  jKBr 
'l 

m a  
on : 3380, 1615, 1610, 1600; u v h E s  nmllog L): 230 

l i n f l .  4.51). 285(4.15), 296lsh 4.12). 3061infl. 4.26). 32114.46). 33514.39). The UV Spectrum 

was s imilar  t o  those of chal-oracin 1214 a d  mlilbermfuran C (2) ,' and suggested t h a t  1 i s  

one of t h e  4 ' -subst i tu ted 6,3',5'-trihydroxy-2-ary~en~ofman der ivat ives .  This suggestion was 



l:R =H, - 1 I 
3' % 25" 7.' 

23,. (p renyl ]  i:Rl=R2=H 

,22:Rl=CH3. R =H 
2 4' 2 

~ : R ~ = C H ~ ,  R2=prenyl 

1b:n;cn3co, n2=prenyl Fig.  1 * 
Table 1 13c nmr chemical s h i f t s  (ppm) of 1-4 and 

R:acetone-d6, B:CD OD, C:dmso-d6, *-*'* : Assignments may be reversed. 
3 

 able 2 Chemical s h i f t s ( p p 1  Table 3 Chemical s h i f t s   able 4 Chemical s h i f t s  

of 1 M d - 2  of 5 and 5% of _6 and !& 
~ - 

17,'-H 19"-H 20"-H 7-H 5-H 4-H 3 5'-H 6 ' - H ~  

& 6.42 6.55 7.15 5 6.99 6 .78  7.40 - 6 6.53 6.45 7.15 - 
1Jr 6.63 6.83 7.41 25 7.28 6.99 7.55 6 3  7.16 7.18 7.58 - 

-0.21 -0.28 -0.26 -0.29 -0.21 -0.15 -0.63 -0.73 -0.43 
- 
in a c e t o n e d  in CW13 

HO 

OH 0 

6a:R=CH3C0 ..- 
Pug. 2 
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1 
supported through a m m p a r a t i ~  examination of t h e  H nmr spectrum of 1 (400 MHz. acetone-d I wi th  

6 
those of 3,4 and o t h e r  2-arylbeneofuran der iva t ives .6  The chemical s h i f t s  and coupling 

constants (Hz1 of t h e  2-arylbenzofuran moiety are shown as follows:& 6.82 (lH, dd, J=2.2 and 8.5, 

C-5-HI, 6.97 ( m ,  dd, 3=0.9 and 2.2, C-7-HI, 6.98 and 7.03 leach lE,  d, J=1.5, C-2'- and + ' - H I ,  

7.05 I l H ,  d, J=0.9, C-3-HI, 7.40 IlE, d, J=8.5, C-4-HI. As the  chemical s h i f t  values of t h e  

protons a t  t h e  C-2' and 6 '  pos i t i ons  appeared nonequivalent, it is svggested t h a t  one of the  

hydroxyl groups i n  t h e  C-ring formed t h e  e the r  l inkage.7 me 13c nmr spectrum of 2 supparted t h e  

s u b s t i t u t e d  p a t t e r n  on the  C-ring. The chemical s h i f t s  of the carbon atoms of t h e  2-arylbenzofuran 

skeleton,  except those  of t h e  carbon atoms a t  C-4' and 6 ' ,  were s i m i l a r  t o  those of  t h e  re levant  

carbon atoms of  3 and 4 (Table 11. The presence of t h e  following moie t ies  and t h e  s u b s t i t u t e d  pa t -  

t e r n  on the  F-ring of 1 were supported by mmparing t h e  h m r  spectrum of with those of prenyl- 

flavOnoidS2 and by  considering t h e  following ace ty l a t i on  s h i f t s  i n  t h e  ]H mr spec t r a .  The s ignals  

of protons i n  a 2,4-dihydroxy-3-prenylphenyl moiety were observed a t  6 1.57 and 1.73 (each 3H, s, 

C-23"-M31. 3.36 (ZH, d,  J=6.8, C-21"-HxZI, 5.23 (Xi ,  m, C-22"-HI, 6.38 (lE,  d,  5=8.5, C-13"-HI, 7.17 

I l H ,  d, J=8.5, C-14"-HI and those of aromatic protons i n  a 2.4-dioxygenated phenyl moiety were 

observed a t  6 6.42 (lH, d, J=2.5, c-17"-HI, 6.55 (1H. dd, J=2.5 and 8.5, C-19"-HI, 7.15 I l H ,  d ,  

J=8.5, C-20"-HI. Comparison of the 'H nmr spec t r a  of  _1 and% ind i ca t e  t h a t  t h e  ace ty l a t i on  of t h e  

hydroxyl group i n  t h e  2,4-dioxygenated phenyl moiety caused dwn  f i e l d  s h i f t s  (0.21-0.28 ppml of 

t h e  protons i n  t h e  moiety (Table 21. S imi lar  s h i f t s  were observed i n  t h e  case of  t h e  A-rug protons 
6a 

of mulberrofuran A ( 2  and its ace t a t e  (2) (Table 31. On t h e  o the r  hand, t h e  ace ty l a t i on  of t h e  

2 '  and 4 '  hydroxyl groups of  the  compound 1 ~ 1 ~ ~  cavsed la rger  down f i e l d  s h i f t s  (0.43-0.73 ppml of 

t h e  protons i n  t h e  8- r ing  (Table 41 These r e s u l t s  suggest t h a t  ; ha s  a hydroxyl group i n  the  

2.4-dloxyqenated phenyl moiety and t h a t  t h e  o t h e r  oxygen atom formed t h e  e t h e r  l inkage.  

The presence of  t r i s u b s t i t u t e d  methylryclohexene r i n g  was suggested by t h e  examination of t h e  $4 

nmr spectrum of (400 hnlz, acetone-d61. The spectrum was malysed  with t h e  a i d  of  s equen t i a l  

decoupling experiments, and t h e  deduced s t r u c t u r e  is sham i n  Fig.  3 along with chemical s h i f t  

valves and t h e  coupling m n s t a n t s  of  t h e  protons of C,n moiety. 
9 

This methylcyclohexene r i n g  i s  presumed t o  be s u b s t i t u t e d  a t  t h e  

C-4' pos i t i on  from t h e  b iogenet ic  analogy of 3 and 4. This 

presumption was supported by t h e  ace ty l a t i on  s h i f t  of t h e  C-2" 

o l e f i n i c  proton s i g n a l  as f o l l o w :  t h e  C-2" proton s i g n a l  of I& 
3.224 (5.51 

s h i f t e d  0.47 ppm toward upper f i e l d  from t h e  mrresponding 

Proton of 1. In t h e  13c nmr spectrum of  _1, t h e  s i n g l e t  s ~ q n a l  a t  

103.3 ppm suggested t h e  presence of -0-$-c+ t ype  moiety i n  the  6.23 

~ t r l i c t u r e . ~  A11 t h e s e  r e s u l t s  i nd i ca t e  t h a t  t h e  s t ruc tu re  of 

mulberrofuran F i s  poss lb ly  represented  by 1 (exoept t h e  stereo- - C"3 
chemistry a t  C-8" p o s i t i o n ) .  1.75 

I I :  J (Hz1 
In order  t o  m r r o b o r a t e  t h e  s t r u c t u r e ,  I w a s  der ived  from 2 by 

Fig' 

t h e  f o l l w i n g  r e a a m n .  A so lu t i on  of 3 140 mgl i n  ethanol 

conta in ing  1.5% s u l f u r ~ c  ac id  was ex t e rna l l y  i r r a d i a t e d  i n  a g l a s s  ve s se l  with 100 W high-pressure 

mercury lamp for 9 h. The products were p u r i f i e d  by preparative t l c  t o  give J I4 mgl. The i r  and 

nmr s p e c t r a  of t h e  product along w ~ t h  t h e  o p t i c a l  rotat ion value a r e  i n  f a i r  agreement with 

those  of  1. The r e l a t i v e  conf igura t ion  of t h e  E-ring with the methine protons on t h e  rasthylcyclo- 

hexene r i n g  was suggested by t h e  coupling m n s t a n t s  of  the methylqclohexene r i n g  protons.  The 

coupling m n s t a n t s  of  t h e  =inq protons were i n  good agreement w i t h  those expected f o r  t h e  re levant  

protons of  t h e  Dreiding model. ~ r o m  t h e  above r e s u l t s ,  we propose t h e  formula I$) f a r  t h e  s t r u r  

t u r e  of  mulberrofuran F. 



~ u l b ~ ~ ~ ~ f u r a n  G (21, amorphous powder, [dl:  +546' 1 4 . 0 3 2 6 .  MeOHl , PeC13 t e s t  (negat iml  , 
gave the FD-E which showed the  inolecular ion peak a t  m/z 562, and the  13c nmr spectrum which 

b d i d t e a  the presence of thirt? four carbons (Table 1 ) .  Treatment of 2 with dimethyl su l fa t e  

gave pentamethyl e ther  (&I, mp 182-183-C ( m l o r l e s s  needles) ,  whose molec"1az formula was 

determined t o  be C H 0 by the high-resoiution mass spectrum (m/& 632.23721, and hence 2 
39 36 8 . 

EtOH 
muld be.formulated as C34H2608. The compowid (2) shared the  uv spectrum as follows: uv amax 
w( log  E l :  223C4.631, 285(4.29), 295lsh 4.241, 306Cinfl. 4.371, 321(4.571, 335(4.5Ol. The 

uv spectrum and the  mass spectrum of &were s imilar  t o  those o f 1 ,  respectively. The mass 

Spectrum of 2 showed t h e  s i p i f i c a n t  fragment ion a t  m/& 495 IM+- C8Hg0211C mrresponding t o  

the loss Of a dimethoxyphenyl moiety. The mass spectrum of showed t h e  same fragment ion 

(M+- C 13 H .O) .lo These r e s u l t s  suggest t h a t  2 - i s  a deprenylmulberrofuran F. In the  13c 
rmrr spectrum of;, a l l  the  c z b o n  atoms except those of E r ing were essen t i a l ly  of the  same 

&mica1 s h i f t  values as mmpared with t h e  relevant carbon atoms of (Table 1 1 .  The 'H nmr 

Ipectrum of 2 (40Q MHz, acetone-d,l was examined by comparison with t h a t  of and shwed the  
" 

presence'of the  fo l l a r ing  moieties on the s t ruc tu re  o f 2 :  aromatic protons i n  a 2-arylbenzo- 

furan molety .6  6.81 (lH, dd, J=2 and 8.6, C-5-HI, 6.94 and 6.98 (each l H ,  d, J=1.5, C-2' and 

+ ' - H I ,  6.97 (lH, b r  d, 5=2, C-7431, 7.05 (lH, d, J= 
3.36 

0.7. C-3-HI, 7.41 11H. d. 5=8.6, C-4-HI; aromatic 

+t&s in two 2.4-dioxygenated phenyl moieties,  
15.51 

6 6.23 (lH, dd, J=2.4 and 8.8, C-13"-HI, 6.38 UH, d, 

J=2.5, C-17"-HI, 6.42 (lH, d, J=2.4, C-11"-HI, 6.51 
(111 (5.51 

IN ,  'dd. J=2.5 8.3; ~ - 1 9 " - ~ ) ,  i .14 ( in ,  d. 3=8.3, 

C-20"-HI, 7.24 ( l ~ ,  d, J=8.8, C-14"-H). The protons i n  

a methylcyclohex~e ring'moiety are shown i n  Fig. 4. 1161 
?he coupling constants of t h e  of t h e  methyl- 

cyclohexene r ing  of 2 were s imilar  t o  those of the 
1.78 

relevant protons of la. To confirm the s t ruc tu re  of 

2 , the  compound was derived from 4 as follows: F q .  4 f2 
a solution of $ (30 mgl was t r ea ted  as descrlhed 

in the case of J t o  give the' product 119 mgl . The ir and t h e  'H nmr spectrum of Me product 

along w i t h  the op t i ca l  ro ta t ion value are i n  f a i r  agreement wi th  those of 2. From these 

r s u l t s ,  t h e , s t r u c t w e  of mulberrofuran G is represented by t h e  formula 15) .  

Biagenetically, mulberrofurans P I 1 1  and G (2) seems t o  be Diels-Alder type adducts derived 

from J a n d  4, respectively, by t h e  rntramolecular keta l izat ion reaction of t h e  carbonyl group 

w i t h  th_e two adjo-*ing hydroxyl groups. 

Recently, Rama Rao e t  a l .  reported t h e  i so la t ion  of albanols A and 8 from Morus a lba  

bark, and assigned the formula 1;) and (3 f o r  t h e  compounds, respectively, on the bas i s  

of x ray study of albanol A pentamethyl ether.'' Albanol A seems t o  be iden t i ca l  with 

rmlberrofuran G by t h e  comparison of the s p e c t r a l  and physical data of these  mmpounds and 

their der ivat ives .  12'13 
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