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Abs t rac t  - Two new preny l f l avones ,  cudraflavones C (1) and D (21 ,  

along wi th  s i x  known compounds were i s o l a t e d  from t h e  r o o t  bark 

of Cudrania t r i c u s p i d a t a  (Carr . )  Bur. (Moraceae), c o l l e c t e d  i n  

China. The s t r u c t u r e s  of cudraf lavones  C and D were shown t o  be 

1 and 2,  r e s p e c t i v e l y ,  on t h e  b a s i s  of spect roscopic  d a t a .  

I n  t h e  course  of our s t u d i e s  on t h e  c o n s t i t u e n t s  of moraceous p l a n t s ,  we d e a l t  

w i th  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  bark of Cudrania t r i c u s p i d a t a  ( C a r r . )  

Bur. (Moraceae, Japanese name "Hariguwat'1 c o l l e c t e d  i n  Japan and China, and repor ted  

3-10 
t h e  new f i f t e e n  isoprenyla ted  xanthones,  and t h r e e  i soprenyla ted  f lavonoids .  

This paper d e s c r i b e s  t h e  c h a r a c t e r i z a t i o n  of two new prenylf lavones  i s o l a t e d  from 

t h e  r o o t  bark of C. t r i c u s p i d a t a  (Carr.1 Bur. 

The d r i e d  r o o t  bark of C .  t r i c u s p i d a t a ,  c o l l e c t e d  i n  China, was e x t r a c t e d  wi th  e tha-  

no l .  Cudraflavones C (1) and D ( 2 )  were i s o l a t e d  along with s i x  known compounds, 

cudraf lavanone A' ( 3  I ,  cudraf lavone B' ( 4 ) .  umbellif eronel1 (5). 2.3-dihydrokaemp- 

f e r o l 1 2  ( 6 ) .  e r y t h r i n i n  c13 ( 7 ) .  and c y c l ~ a r t o c a r ~ e s i n ~ ~  ( 8 ) .  from t h e  e x t r a c t  a s  

desc r ibed  i n  "EXPERIMENTAL". 

Cudraflavone C (1). an amorphous powder, exh ib i t ed  p o s i t i v e  r e a c t i o n  t o  f e r r i c  chlo- 

r i d e ,  magnesium-hydrochloric a c i d ,  and Gibbs t e s t .  The molecular formula of 1 was 

determined by HR-ms t o  be C25H2606. The uv spectrum exh ib i t ed  maxima a t  210, 234 

( s h ) ,  262, and 301 nm, and was s i m i l a r  t o  t h e  spectrum of kuwanon c15 (91 and other  

3 - p r e n y l f l a v o n e ~ . ~ ~  The uv spectrum Of 1 showed no bathochromic s h i f t  upon add i t ion  

of aluminum chloride. ' '  The 'H nmr spectrum showed t h e  s i g n a l s  of t h e  following 



Table 1 13c  mr chemical s h i f t s  (ppm) 

l* 2*' 9**  

Figure 1 

- 

I 
Solvent: '; acetone-& **; DMSO-da 

a-d: Assignments may be reversed i n  
each column. 

C-6 s i g n a l  a t  

A 6 111.8 ppm 

~ i ~ ~ ~ e  2 LSPD measurement of 1 
(a) Gated decoupling with NOE. 

Lb) Irradiated a t  8 13.43 ppm. 
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protons;  1) protons  i n  two 3 .3-dimethyla l ly l  (p reny l )  groups ,  S 1.43, 1.57, 1.65, 

1.78 (each 3H, br  s )  , 3.12, 3.41 (each 2H, br  d ,  J = 7 Hz) ,  5.14, 5.29 (each 1 H .  

m ) ,  2 )  ABC type aromatic protons ,  6 6.52 ( I n ,  dd,  3 = 2 and 8  H z ) ,  6.57 ( l H ,  d ,  J = 

2 Hz), 7.19 ( 1 H .  d ,  J = 8 Hz),  31 an aromatic proton,  g 6.40 ( l H ,  s ) ,  and 4 )  a hy- 

drogen-bonded hydroxyl group, 6 13.43 ( l H ,  s ) .  In  t h e  spectrum, no s i n g l e t  s i g n a l  

due t o  t h e  proton a t  t h e  C-3 p o s i t i o n  was observed.'' The 13c nmr spectrum of 1 

was analysed by gated decoupling wi th  NOE technique a s  we l l  as  by comparison of the  

spectrum with  those  of 915 and o t h e r  3-prenyl-5,7,2 ' , 4  ' - tetraoxygenated f  lavone 

d e r i v a t i v e s  16'" (Table 1). I n  t h e  spectrum of 1, t h e  chemical s h i f t  va lues  of t h e  

carbon atoms of t h e  B r i n g  and t h e  prenyl  groups were s i m i l a r  t o  those  of t h e  re le-  

van t  carbon atoms of 9 ,  and t h e  chemical s h i f t  va lue  of t h e  methylene carbon atom 

( 6 24.6) i n  t h e  prenyl  group loca ted  a t  t h e  C-3 p o s i t i o n  w a s  i n  good agreement 

wi th  t h e  va lues  ( 6  23.5 - 24.9) of t h e  r e l e v a n t  carbon atoms of t h e  3-prenylfla-  

1 vones.20 From t h e  above uv,  and 13c and H nmr s t u d i e s ,  it was supported t h a t  

cudraf lavone C (1) is a 5 , 7 , 2 ' ,  4 ' - tetraoxygenated f  lavone d e r i v a t i v e  having one of 

t h e  two prenyl  groups a t  t h e  C-3 p o s i t i o n  and another i n  t h e  A r i n g .  The locat ion 

of t h e  prenyl  group i n  t h e  A r i n g  was confirmed as t h e  C-6 p o s i t i o n ,  because t h e  

1 C-8 s i g n a l  a t  6 93.5 was observed a s  a  sharp  doub le t  ( J_ = 163.6 Hz) i n  t h e  13c nmr 

spectrum (acetone-$3, gated  decoupling wi th  N O E ) .  The assignment of the  s i g n a l  was 

confirmed by t h e  f a c t  t h a t  t h e  s i g n a l  a t  & 111.8 (C-6) changed a s  shown i n  Figure 

2  when t h e  proton s i g n a l  a t  6 13.43 (C-5-OH1 was i r r a d i a t e d ,  whi le  t h e  s i g n a l  a t  

6 93.5 (C-8) was unchanged by t h e  i r r a d i a t i o n .  From t h e  above r e s u l t s ,  formula 1 

was proposed f o r  t h e  s t r u c t u r e  of cudraf lavone C. The formula 1 was proposed for 

t h e  s t r u c t u r e  of mulberr inS2 '  whereas t h e  s t r u c t u r e  of mulberr in  was revised by our 

group t o  t h e  formula 9 proposed f o r  kuwanon C. Recent ly ,  Mereyara g &. 

reconfirmed t h e  s t r u c t u r e  of mulberr in  t o  be t h e  formula 9 (kuwanon C ) .  
23 

Cudraflavone D (2). yellow need les ,  mp 237-24Z9C, exh ib i t ed  p o s i t i v e  r e a c t i o n  t o  

f e r r i c  c h l o r i d e ,  magnesium-hydrochloric a c i d ,  and Gibbs test.  The molecular for-  

mula of 2 was determined by HR-ms t o  be C25H2606. The uv spectrum exhibi ted  maxima 

a t  206, 258, 272, 289, and 359 nm, and was s i m i l a r  t o  t h e  s p e c t r a  of f lavone der i -  

v a t i v e ~ , ' ~  whi le  t h e  spectrum was d i s s i m i l a r  t o  those  of t h e  3-prenylflavones.  l6 

The nmr spectrum showed t h e  s i g n a l s  of t h e  fo l lowing protons;  1) protons  i n  two 

prenyl  groups,  6 1.68, 1.74 (each 3H, br s ) ,  1.78 (6H, br  s ) ,  3.23, 3.26 (each Z H ,  

br d ,  J = 7 Hz), 5.24, 5.34 (each 1 H .  m ) ,  2 )  fou r  o l e f i n i c  o r  aromatic s i n g l e t  

s i g n a l s ,  S 6.51, 6.61, 7.04, 7.58 (each l H ,  s ) ,  and 3 )  a hydrogen-bonded hydroxyl 



group, 6 13.37 ( 1 H .  s l .  The 13c nmr spectrum of 2 was analysed by ga ted  decoupling 

with NOE technique a s  w e l l  as by comparison of t h e  spectrum with t h e  s p e c t r a  of 1 

and 9 (Table 1 ) .  The above r e s u l t s  suggest  t h a t  cudraflavone D i s  a  5 , 7 , 2 ' , 4 ' -  

tetraoxygenated f lavone d e r i v a t i v e  having no prenyl  group a t  t h e  C-3 p o s i t i o n  and 

t h a t  t h e  compound i s  a  s t r u c t u r a l  isomer of 1. The four  s i n g l e t  s i g n a l s  being 

considered i n  t h e  'H nmr spectrum of 2 ,  one of t h e  two prenyl  groups i s  ind ica ted  

t o  be a t  t h e  C - 5 '  p o s i t i o n ,  and another  i n  t h e  A r i n g ,  The l o c a t i o n  of t h e  l a t t e r  

prenyl  group was confirmed a s  t h e  C-6 p o s i t i o n  f r a  t h e  f a c t  t h a t  t h e  sharp  doub le t  

1 s i g n a l  a t  & 93 .1  ( J = 164.3 H z )  i n  t h e  13c mr spectrum (gated decoupling wi th  

NOEI of 2 was assigned t o  t h e  carbon a t a n  a t  t h e  C-8 p o s i t i o n  by comparing t h e  

Spectrum of 2 wi th  t h a t  of 1. Frcm t h e  above r e s u l t s ,  formula 2 was proposed f o r  

t h e  s t r u c t u r e  of cudraflavone D.  

FXPKRlMmTrn 

&brevia t ians :  s = s i n g l e t ,  d = double t ,  dd = double double t ,  t = t r i p l e t ,  m = m u l t i p l e t ,  b r  = broad,  

sh  = shoulder.  The genera l  procedures followed as descr ibed  i n  our previous paper.  
24 

The following instruments were used: Yazawa micro-melting p o i n t s  apparatus (hot-stage t y p e ) ,  Shimadz" 

UV-265 spectropnotometer,  Hi tachi  260-30 I R  spectrophotometer,  JEOL JMS 0-300 and DX-303 mass spec- 

t r cme te r s ,  JEOL J N M  GX-400 FTMR spectrometer.  

I so l a t i on  of Phenollc mmpounds (1 - 8 )  from t h e  Root Bark of mdran i a  t r i c u s p i d a t a  (can.) Bur. 

The d r i e d  roo t  ba rk  (10 Kg) of C. t r l c u s p i d a t a ,  co l l e c t ed  i n  ~ i a n  Mu Shan, t h e  zhejiang province,  

China, i n  septonber 1986, was ext rac ted  with e thanol  a t  roan temperature.  mapo ra t i on  of t h e  

e x t r a c t  yielded 740 g of t h e  res idue ,  which was ext rac ted  with benzene. The benzene s o l u t i o n  was 

ConcentIated t o  a f fo rd  t h e  r e s idue  (280 9 )  This  r e s i due  (180 g )  was chromatagraphed on  s i l i c a  

g e l  (1800 g )  success ive ly  with r-hexane, 5-hexane-benzene, benzene, benzene-ethyl a c e t a t e ,  and 

e thy l  a c e t a t e  as an e luent .  The e thy l  a c e t a t e  e lu ted  f r a c t i o n s  was evaporated t o  leave t h e  r e s idue  

(20 g ) .  This r e s i due  (20 g )  was chramatographed a n  s i l i c a  g e l  (400 g ) ,  success ive ly ,  wi th  chloro- 

form ( f r a c t i o n s  1-160). ch1oraform:ether = 4 : l  ( f r s .  161-200) a s  an  e luen t ,  each f r a c t i o n  ( e lu t ed  

volume of 200 m l )  being monitored by t l c .  The combined f r a c t i o n  (frs. 32-42. 2.6 g of r e s i due )  was 

rechranatographed on s i l i c a  g e l  (80 g )  with ch1oroform:acetone = l 5 : l  a s  an e l uen t ,  followed by 

hplc ( so lvent ,  D-hexane:ethyl a c e t a t e  = 1:1, column Senshu ~ a k ,  SSC-Silica 4251-N, 1 cm @ x 25 cm. 
7 

de t ec to r :  uv 280 nml t o  g i v e  mdraflavanone a ( 3 ,  mp 209-213'C, 114 mg. 1.1 x y i e l d  from the  

r o o t  ba rk ) .  The combined f r a c t i o n  ( f r s .  83-90, 0.8 g l  was p u r i f i e d  by p r epa ra t i ve  t l c  (chloroform: 
5 

acetone = 8:1, n-hexane:acetone - = 1:l) t o  g i v e  cudraflavone B (4,  yellow amorphous pouder, 153 mg, 
3 

1 . 5  x 10' $ ~ i e l d ) .  The combined f r a c t i o n  ( f r s .  91-105, 0.6 g )  was pu r i f i ed  by hplc (under t h e  

same condi t ions  descr ibed  above) t o  g i v e  ~ m b e l l i f e r a n e ~ ~  (5, mp 234-237T. 7 mg, 7 x y i e l d ) .  

A p a r t  (0.5 g )  of t h e  cmbined  f r a c t i o n  ( f r s .  177-187, 5.5 g )  was pu r i f i ed  by repeated r e c r y s t a l l l -  
-4 

za t i on  f r m  - n-hexane-ether t o  g l v e  2 . 3 d i h y d r o k a e n p f e r 0 1 ~ ~  (6, rnp 235-238'~. 18 mg, 1.8 10 $ 

y i e l d ) .  A p a r t  (5.0 g )  of t h e  canbined f r a c t i o n  ( f r s .  177-187. 5 . 5  9 )  w a s  rechromatographed on  

s i l i c a  g e l  (250 g )  with ch1omfom:e thyl  a c e t a t e  = 9: l  ( f r s .  1 ' - 19 ' .  100 m l  each) and chloroform: 

e thy l  a c e t a t e  = 8 : l  ( f r s .  20 ' -35 ' ) .  The combined f r a c t i o n  ( f r s .  20'-28'. 0.3 g )  was p u r i f i e d  by 

hplc (under t h e  same condi t ions  descr ibed  above) t o  g i v e  cudraflavone C (1, 176 mg). The combined 
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f r a c t i o n  ( f r s .  30 ' -35 ' .  0 . 2  g l  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( c h l o r a f o m ; m e t h a n o l  = 10:1, ch la ro -  
-5 

f o m : e t h e r  = 2 : l )  t o  g i v e  e r y t h r i n i n  c13 0, rnp 236-241°C. 7  mg, 7  n 1 0  % y i e l d l .  The combined 

f r a c t i o n  ( f r s .  188-189, 2 .1  g l  e l u t e d  w i t h  ch lo ro fo rm:e thy l  a c e t a t e  = 4 ; l  w a s  p u r i f i e d  by prepara- 

t i v e  t l c  ( e t h y l  a c e t a t e : b e n z e n e  = 1:1, c h 1 a r o f o m : a c e t o n e  = 1 : 1 1  t o  g i v e  ~ ~ c l o a r t o c a r p e s i n ~ ~  (8, mp 
- 4  

271-274'C, 1 5  mg, 1 . 5  x 1 0  % y i e l d l  and c u d r a f l a v o n e  D (2. 1 8  mgl .  The i d e n t i f i c a t i o n  of  t h e  

known canpounds (6, 7 ,  and 8 )  was c a r r i e d  o u t  by comparing t h e  p h y s i c a l  and s p e c t r a l  d a t a  of t h e s e  

canpounds w i t h  t h e  r e l e v a n t  p b l i s h e d  d a t a ,  and t h e  compounds (3, 4 ,  and 51 were i d e n t i f i e d  by 

d i r e c t  c m p a r i s o n s  n t h  t h e  r e l e v a n t  a u t h e n t i c  samples. 

O l d r a f l a v o n e  C ( 1 1  

Compound 1 was o b t a i n e d  as y e l l o w  amorphous powier (176 mg, 1 . 8  x y i e l d l  . FeC13 t e s t :  posi-  
MeOH 

r i v e  (da rk  b l u e ) .  Mg-HC1 t e s t :  p o s i t i v e .  Gibbs t e s t :  p o s i t i v e .  Uv a m l lag  & I :  210 (4.681, 
max 

234 l s h  4 .44) .  262 (4.391, 301  ( 4 . 1 6 ) .  Uv A Me0H+*C13 : 213 (4 .69) .  264 (4.411, 317 (4.161, 386 
max 

( s h  3 . 7 5 ) .  ~ v 2 ~ ~ ~ ~ + ~ ~ ~  : 216 (4.791,  263 (4 .43) .  300 ( s h  4.101, 328 (4 .15) .  U v ' A : Y e o N a  : 
max 

217 (4.801, 269 (4 .43) .  330 (4 .18) .  374 (4.171. B y K B r  : 3400. 1655, 1630, 1570. EI-Ms: 
m a x  

m/z 422 [ M I + ,  407, 379,  367 (base  p e a k ) .  ~ i g h - r e s o l u t i o n  ma ( H R - m s ~ :  m/z 422.1725 ( c ~ ~ H ~ ~ o ~  r e q u i -  

res  422.17291. 'H Mnr ( ace tone-%) :  s 1 .43 ,  1 .57  (each  3H, br s, C-II-CH~I,  1.65. 1 .78 (each 3H. 

b r  5, C-16-CH I ,  3.12 (2H. b r  d ,  J = 7 Hz, C-9-H x 21, 3 .41  (2". b r  d ,  J = 7 Hz, C-14-H x 2 ) .  5.14 
3 - 

L l H ,  m, C-10-HI, 5.29 LlH, m. C-15-H), 6.40 ( 1 H .  5 ,  C-8-H), 6.52 ( 1 H .  dd ,  J = 2 and 8 Hz, C-5'-HI, 

6.57 (1". d ,  J = 2 Hz, C-3'-HI, 7 .19  ( 1 H .  d ,  J_ = 8 Hz. C-6'-HI, 13.43 ( 1 H .  5, C-5-OH). 

Oldra f l avone  D (2 )  

compound 2 was o b t a i n e d  as  ye l low n e e d l e s ,  mp 2 3 7 - 2 4 2 0 ~  (18 mg. 1 .8  x 1 8 %  y i e l d ) .  FeCl  t e s t :  
3  

p o s i t i v e  (da rk  g r e e n ) .  M ~ - H C ~  t e s t :  p o s i t i v e .  ~ i b b s  t e s t :  p o s i t i v e .  uv a:: m ( log  E I : 206 

(4.541, 258 (4.061,  272 (4.081.  289 (4 .05) .  359 (4 .18) .  U V A * ~ ~ + ~ ~ ~ ~ ~  : 205 (4.631, 215 l s h  4.57) .  

265 (4 .08) .  282 (4 .13) .  295 (4.141. 389 (4 .20) .  U V ~ : ~ ~ ~ " :  215 (4.751, 257 ( sh  4.091, 271 

(4 .12) .  289 ( sh  4 . 0 1 ) .  364 14.11) .  Uv : 214 (4 .95) ,  267 (4.091, 324 (4.061, 426 (4.26) .  
xar -1 

Ir vmax cm : 3240, 1650,  1620.  1615  ( s h l .  1565, 1560 ( s h ) .  EI-Ms: m/z 422 [MI', 407, 379 (base  

peak], 367, 203, 165. HR-Ms: m/z 422.1716 (C H 0 requires 422.1729) .  'H Mnr (acetone-d4) : 6 
25 26 6 

1 . 6 8  (3H. br s, C-11-CH3), 1.74 (3H. b r  5 ,  C-16-CX3), 1 .78 (6H. br 5 ,  C-11-CH3 and C-16-CH3), 3.23 

(2H. br d ,  J = 7 Hz,  C-9-H x 2 ) .  3 .26  (2H, b r  d ,  J = 7 Hz, C-14-H X 2 ) .  5 .24 ( l H ,  m, C-10-HI, 5.34 - 
(lH, m, C-15-HI, 6 .51  ( lH,  s. C-8-HI. 6 .61  I I H ,  5 ,  C-3'-HI, 7.04 ( lH,  5 .  C-3-H), 7.58 I l H ,  5 ,  C-6'- 

H) , 13.37 ( 1 H .  5 ,  C-5-OH) . 
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