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Abs t rac t  - From t h e  benzene e x t r a c t  o f  t h e  r o o t  barks  o f  

t h e  mulberry t r e e  (w a u s t r a l i s  P o i r . ) ,  a  novel i soprene-  

s u b s t i t u t e d  2-arylbenzofuran d e r i v a t i v e ,  mulberrofuran D ,  was 

i s o l a t e d  whose s t r u c t u r e  was shown t o  be I on t h e  b a s i s  of 

s p e c t r a l  and chemical da ta .  

I n  t h e  previous  our  group repor t ed  t h e  i s o l a t i o n  and s t r u c t u r e  

determinat ion of a s e r i e s  of i soprene - subs t i tu t ed  f lavonoids ,  a s  we l l  a s  o f  i so -  

p rene - subs t i tu t ed  2-arylhenzofuran d e r i v a t i v e s ,  obtained from t h e  r o o t  barks  o f  

t h e  Japanese c u l t i v a t e d  mulberry t r e e .  Recently,  we a l s o  r epor t ed  n a t u r a l  Diels-  

3 Alder adducts i s o l a t e d  from t h e  same r o o t  barks  and t h e  Chinese crude drug "sang- 
, , 

Bai-Pi" (Japanese  name sohakuhi)  imported from t h e  People ' s  Republic o f  China. 
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I n  t h e  course  o f  ou r  s t u d i e s  on t h e  c o n s t i t u e n t s  of  t h e  Morus r o o t  ba rks ,  we s tud-  

i e d  t h e  phenol ic  c o n s t i t u e n t s  of t h e  r o o t  barks  of  - a u s t r a l i s  Po i r . .  and a 

new i soprene - subs t i tu t ed  2-arylbenzofuran de r iva t ive ,  mulberrofuran D ( I ) ,  was 

i s o l a t e d  from t h e  benzene e x t r a c t .  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  de te r -  

mination of t h i s  new compound. 

The d r i e d  r o o t  barks  (1.5 Kg) of a u s t r a l i s  Po i r .  c o l l e c t e d  i n  San-Ti- 

Men. Taiwan. was e x t r a c t e d  wi th  n-hexane and then with benzene. The benzene 

e x t r a c t  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 

by p r e p a r a t i v e  t h i n  l a y e r  chromatography.  his procedure y ie lded  a new benzofuran 
1: 

d e r i v a t i v e ,  mulberrofuran D ( I ,  77 mg). 

MulberrOfuran D ( I )  was ob ta ined  a s  c o l o r l e s s  need les ,  mp 116-120•‹C, C2gH3404, 
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m/z 446 (M+), exhibiting both positive FeC13 test (brown) and Gibbs test. 

Mulberrofuran D (I) gave the absorption bands for hydroxyl and benzene ring in the 

ir spectrum (Y::: : 3360, 1630 an-'), and showed the absence of carbonyl function. 

The w spectrum [ Amax EtOH nm (logs) : 250(sh 3.94), 275(sh 3.99), 310(4.27)1 resem- 

bled those of mulberrofuran A (11) 2a and other 6.3' ,5 '-trioxygenated Z-arylbenzo- 

furan derivatives6 suggesting that I possesses a 6.3' .5'-trioxygenated 2-arylbenzo- 

furan skeleton. 

The presence of a geranyl (or neryl) and a prenyl group was supported by the 

'H nmr spectrum of I (CDC13, 270 MHz) as follows :s 1.66, 1.76 or 1.78(each 3H,s, 

C-8"'-CH3), 1.85(3H,s.C-3"'-CH3), 2.08(4H,s.C-5"'-Hx2 and C-6"'-Hx2). 3.68(2H,d,J= 

7.C-1"'-HxZ), 5.05(1H,m.C-7"'-HI, 5.42(1Hrbr t,J=7,C-2"'-H) ; 1.57, 1.76 or 1.78 

(each 3H,s,C-3"-CH3), 3.52(2H,d.J=7,C-l"-Hx2), 5.28(1H,br t,J=7,C-2"-H). Treat- 

ment of I with dimethyl sulfate and potassium carbonate in acetone (reflux, 20 min) 

effected exhaustive methylation to give its trimethyl ether (Ia) as an amorphous 

powder, m/z 488 (M'), FeClj test (negative). 

1 The H nmr spectrum of I showed the signals corresponding to five hydrogens 

in the aromatic region. A sharp singlet atS 6.76 was probably due to C-3-H, sug- 

gesting that C-7-position of the benzofuran ring was occupied by a substituent, 

since a small long-range coupling is observed between protons on C-3 and C-7 in C- 

7-unsubst'ituted 2-arylbenzofuran. The arrangement of substituents in the A- 

ring was suggested by an AB system, e.g. two doublets at S6.84(1H,d,~=8,C-5-~) and 

at 67.31(1~.d,J=8,C-4-H) indicating that the A-ring was substituted in the 4- and 

the 7- psition or in the 6- and the 7- position. The chemical shifts of the two 

doublets were similar to those of 6-oxygenated benzofuran  derivative^^'^ and to 
those of 6-oxygenated 7-isoprene-substituted benzofuran derivative. lo These results 

Suggest that mulberrofuran D has a 6-oxygenated 7-isoprene-substituted benzofuran 

1 partial structure. The H nmr spectrum (acetone-d6, 100 MHz) of I showed the E- 

coupled doublets (J=2 Hz) at 66.49(C-4'-H) and at S6.77(C-6'-B) which indicate that 

the C-ring is unsubstituted at the 4 ' -  and the 6'- psition or at the 3'- and the 

5'- position. The chemical shifts and coupling patterns of these signals were 

similar to those of 3',5'-dioxygenated 2'-isoprene-substituted 2-arylbenzofuran 

derivative.' The biogenetic analogy to the other 2-arylbenzofuran derivatives 

isolated from Morus species led us to the assumption that the C-ring has the 3',5'- 

dioxygenated  att tern.^,^,^,^^ In order to corroborate the structure of mulberro- 

furan D. the 13c nmr spectrum was analysed as follows: din CDC13, 16.25(q,C-4"'). 



I : RL'R2'R3=H Ia: RlZR2=R3'CH 
3 

1"' 4 9 , '  
R 4 =  R 4 =geranyl 

R 5 = p r e n y l  

pPoR \ / OR 

I I11 : R=H IV : R=H 

IIIa: R = C O C H ~  xva: R - C O C H ~  

f l 0 R  

V : R=H 

Va: R = C O C H ~  



17.68Lq.C-4" or C-9"'). 17.94(q.C-4" or C-9"'). 23.07(t.C-la'), 25.65(q,C-5" and C- 

10"'). 26.42(t,C-1"' and C-6"'). 39.67(t.C-5"'). 103.86(drC-3), 105.70(d.c-4'). 

108.56(d.C-6'). 110.60(s,C-71, 112.83(d,C-5), 118.07(s.C-2'). 118.69(d.C-41, 

l2l.O8(d,C-2"'), 122.27(s,C-3a). 122.85(d,C-2"), 123.85(d.C-7"'), 132.09(s,C-8"'). 

132.33(s,C-3"), 134.37cs.C-3"'), 139.03(srC-l'), 152.20(s,C-7a). 154.02(s,~-3'). 

154.52(s,C-6 and C-5'). 156.14(s.C-2). Assignment of the carbon atoms in I were 

performed by comparison of the 13c nmr spectra of the model compounds, mulberro- 

furan and the benzofuran derivatives9ct11 and by off-resonance decoupling 
.. 

technique. The possibility of geranyl group was supported by comp&ii,g the chemi- 
.. , . 

cal shifts of the signals of the C-4"' and the C-5"' af I with the.'shifts of the 

relevant carbon atoms of geraniol and nerol.12 From these results, two possible 

structures, I and 1', were assumed. 

The discrimination between the structure (I) and (1') was supported by the 

following results. The mixture of I (16 mg) and DDQ (10 mg) in dry benzene was 

kept at room temperature for 2 h. The reaction mixture was purified by prepara- 

tive TLC (solvent system, n-hexane : ethyl acetate = 3 : 1 silica gel) to give 

compound (111, 2.0 mg), (IV, 2.8 mg), and (V, 3.1 mg). The structures of 111, IV, 

and V were supported by the following spectral data. Compound (111). amorphous 

powder, m/z 444 (M'), nmr (CDC13, 270 MHz) [ 5  1.46(6H.s.C-3"-CH3x2), 1.58(3H,s, 

C-8"'-CH3), 1.67(3H,s.C-8"'-CH3), 1.87(3H.s.C-3"'-CH3), 2.10(4H,br s,C-5"'-Hx2 and 

C-6"'-Hx2), 3.67(2H,drJ=8,C-1"'-Hx2), 5.07(1H,m,C-7 "'-H) , 5.41(1H,br t,J=8,C-2"'- 

H), 5.60(1H,d.J=lO,C-2"-H), 6.36(1H,d,J=Z.C-4'-HI, 6.76(1H,s,C-3-H), 6.78(1H,d,J= 

2.C-6'-H), 6.80(1H,d,J=8,C-5-H), 6.83(1H,drJ=10,C-1"-HI, 7.32(1Hrd,J=8,C-4-HI]. 

Compound (IV) , amorphous powder, m/z 444 (M') , nmr (CDC13, 270 MHz) 1 6 1.44 (3H. 
S,C-3"'-CH3), 1.58(6H,s.C-3"-CH3 and C-8'"-CH3), 1.66 (3H,s,C-8'"-CH3), 1.79(3H.s, 

C-3"-CH3), 1.70-1.80(2H,m,C-5"'-Hx2), 2.10-2.20(2H,m,C-6"'-Hx2) , 3.51(2H,d,J=6.5, 
C-1"-Hx2). 5.10(1H,m,C-7"'-H), 5.29(1H,br t,J=6.5.C-2"-HI, 5.66(1H,d,J=lO.C-2"'-H), 

6.42(1Hrd,J=2,C-4'-H), 6.68(1H,s.C-3-H), 6.74(1Hrd,J=8,C-5-H), 6.78(1H,d,J=Z.C-6'- 

H), 6.83(1~,d,~=lO.C-1"'-H), 7.26(1H,d,J=8,C-4-HI]. Compound (V), amorphous 

+ Powder, m/z 442 (M ) ,  nmr (CDCl.,, 270 MHz) 161.44(3~,s.~-3"'-C~~), 1.46(6H.s.C- 

3"-CH3x2), 1.58(3H,s,C-8"'-CH3, 1.66(3H,s.C-Br"-CH3), 1.73-1.80(2H,m,C-5"'-Hx2), 

2.05-2.12(2H,m.C-6"'-Hx2), 5.10(1H.ri.C-7"'-HI, 5.60(lH,d,J=lO,C-2"-H or C-2"'-H), 

5.67(1H,d,J=10,C-2v-H or C-2"'-H), 6.36(1H.drJ=2,C-4'-H), 6.73(1H.s.C-3-H), 6.74(1 

H,d,J=8,C-5-HI, 6.78(1H,d,J=2,C-6'-H), 6.81(1H.drJ=10,C-1"-H or C-1"'-H), 6.86(1H, 

d,J=lO,C-1"-H or C-1"'-H) , 7.27(1Hrd,J=8,C-4-HI]. 



Treatment of 111, IV, and V with acetic anhydride in pyridine yielded the 

diacetates (IIIa and IVa) and the monoacetate (Va), respectively, and showed the 

following spectral data. compound (IIIa), amorphous powder, m/z 528 (M'), 'H nmr 

tCDC13, 270 MHz) [6 1.47(6H,s.C-3"-CH3x2), 1.55(3H,s,C-8"'-CH3), 1.62(3H,s.C-8"'- 

CH3), 1.80(3H,s.C-3"'-CH3), Z.lO(4H.br s,C-5"'-Hx2 and C-6"'-Hx2), 2.30, 2.34(each 

3H,s,0COCH3), 3.56(2Hrd,J=7,C-1"'-Hx2), 5.05(1H,m,C-7"'-H), 5.30(1H,br t,J=7,C-2"'- 

H) , 5.69(1H.d,J=lO.C-2"-H), 6.62(1H,drJ=2,C-4'-H) , 6.83(1H,d.J=10,C-ls'-H) , 6.83(1H, 

s,C-3-H), 6.95(1Hrd,J=8,C-5-H), 6.98(1H.drJ=2,C-6'-H), 7.41(1H.d,J=8,C-4-H)]. 

+ Compound (Iva) , amorphous powder, m/z 528 (M ) ,  nmr (CDC13, 270 MHz) [ 6 l.44(38, 

s,C-3"'-CH3), l.SE(3H.s.C-3"-CH3 or C-8"'-CH3), 1.66(3H,s.C-3"-CH3 or C-8"'-CH3), 

1.69(6~,s,c-3"-CH~ and C-8"'-CH3), 1.68-1.85 (2H.m.C-5 "'-Hx21 , 2.05-2.22(2H.m.C-6"'- 
Hx2), 2.30, 2.31(each 3H,s,0COCH3), 3.47(2H,br d,J=5,C-1"-Hx2). 5.11(2H,m.C-2"-H 

and C-7"'-H), 5.66(1H,d,J=lO,C-2"'-H), 6.74(1H,d.J=8,C-5-HI, 6.75(1H,s.C-3-HI, 

6.82(1H,d,J=lO,C-1"'-H), 6.91(1H,drJ=2,C-4'-H), 7.27(1H,d,J=8,C-4-H) , 7.37(1H,d,J= 

2.C-6'-H)1. Compound (Val. amorphous powder, m/z 484 (M+), 'H nmr (CDC13, 270 MHz) 

1s 1.44(3H,s,C-3"'-CH3), 1.47(6H,s,C-3"-CH3x2), 1.55, 1.58(each 3H.s.C-8"'-CH3), 

1.68-1.96(2H,m.C-5"'-Hx2), 2.02-2.30(2H,m.C-6"'-Hx2), 2.31(3H,s,0COCH3), 5.17(1H, 

m,C-7"'-H), 5.67(1Hrd,J=1D,C-2"-H or C-2"'-H), 5.70(1H,d,J=10,C-2"-H or C-2"'-H), 

6.59(1H,d,J=Z,C-4'-H), 6.74(1Hrd.J=8,C-5-H), 6.75(1H,s.C-3-H), 6.85(1H,d,J=lO.C-1"- 

H or C-1"'-H) , 6.87(1H,d.J=1O,C-1"-H or C-1"'-H) , 7.02 (lH,d,J=2,C-6'-H) , 7.28(1H, 
d,J=8,C-4-H) 1. 

The substituted position in the geranyl group was supported by comparison of 

the chemical shifts of the aromatic protons in the diacetate (IVa) and the mono- 

acetate (Val with those of IV and V, respectively. Although the signals of the 

C-4'- and C-6'- protons of IVa and Va appeared at lower applied magnetic fields 

than those of the protons of IV and V, respectively, the chemical shift values of 

the C-4- and the C-5- proton of IVa and Va were essentially the same as those of 

the relevant protons of IV and V, respectively. These results support the pres- 

ence of geranyl group at the C-7 position. This conclusion was further supported 

1 by comparing the H nmr spectra of I11 with those of IIIa as follows : the signals 

of all the aromatic protons of IIIa appeared at lower applied magnetic fields than 

those of the relevant protons of 111. From the above results, we tentatively pro- 

pose the formula (I) for a structure of mulberrofuran D. To the author's knowl- 

edge, mulberrofuran D is the first example of a geranylated and prenylated 2-aryl- 

benzofuran derivative found in nature.6 'I3 
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