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Abst rac t  - A new b l s f l avano l ,  mahuannln C, showmg t h e  hypo t ens~ve  

a c t i v i t y  has been r s o l a t e d  from the  crude drug "ma5-kon", t h e  r oo t s  of 

Ephedra p l a n t s .  m e  s t e r eos t ruc tu r e  a•’ mahuannin C has been deduced as 

shown in formula I on t h e  b a s ~ s  of chemical and phys ica l  evidence.  

From t h e  crude drug "ma6-kon", t h e  underground pa r t  of Ephedra p l a n t s  (Ephedraceael, we have 

previously i s o l a t e d  t h e  macrocycllc spermme alkaloids, ephedradine A.  8 .  C and D,2-5 a 

f lavano-flavonol,  ephedrannln A . ~  and the, b l s f l avano l s ,  mahuannin R I I V )  and B ( V l  ,' as  t h e  

hypotensive p r m c i p l e s .  

m r t h e r  survey of t h e  

phenolic f r a c t i o n  from t h e  

e x t r a c t  of t h e  crude drug 

r e s u l t e d  i n  t h e  i s o l a t i o n  of a 

novel b i s f l a v a n a l ,  mahuannln 

C, a l s o  poeeessing hypotensive 

a a t l v i t y .  

Mahuannin C, a c o l o r l e s s  OH OH 

amorphous powder, C H 0 
30 24 10 

IFD-MS: m/g 5 6 7  IM + Na 1 .  583 

IM + K + I ,  vmX 3380 =I- ' ) ,  was 
I V  v 

revea led  t o  be phenol ic  i n  

na ture  from i ts  positive f e r r l c  ch lo r l de  t e s t .  

Methylat lon of mahuannm c with dimethyl s u l f a t e  and potassium carbonate  in acetone af forded  

t h e  pentamethyl e t h e r  (111 IMS: m/e 614 (Mil, v 3450  crn- l~ ,  and a c e t y l a t i o n  o f  mahuannln c with 
"ax 

a c e t x  anhydride i n  ~ y ~ ~ d i n e  gave t h e  hep t aace t a t e  (1111 IFD-MS: !/e 838 ( M + I )  whxh showed no 

hydroxyl band i n  t h e  i n  ~ p e c t r w n . ~  dmons t r a t i ng  t h a t  mahuannm C possessed f l v e  phenollc and two 

a l coho l i c  hydroxyls.  S m c e  t e n  oxygen atoms e x i s t  in t h e  molecule, t h e  remaining t h r e e  were 

c o n s ~ d e r e d  to be present  as e t h e r  f unc t i ons .  

The 13c m R  spectrum of mahuannin C showed t h e  presence of s i x  a l ~ p h a t i c  carbons (CH n 1. CH 2 
x 4 ,  C x 1 1  and twenty-four aromatrc carbons (CH n 11. C x 5 ,  C-0 x 81. The chemrcal shifts and 

s p l l t t r n g  p a t t e r n s  of  t h e s e  13c NMR signals were c lose ly  r e l a t e d  t o  those  o f  mahuannin A (1") and B 

IVI (Table 11. 

The 'H ~UMR spectrum of mahuannin C e x h ~ b i t e d  a s lngle t  16 6.08. I H I  and two double ts  (6  6 . 0 4 .  

6 . 0 7 ,  each I H ,  J 2 Hz] vhlch corresponded t o  t hose  of t h e  aromatic hydrogens of phloroglucmol  
9 

16 5 . 9 4  I .  These d a t a  suggested t h a t  rnahuannin C possessed a pen t a subs t i t u t ed  and a 

t e t r a s u b s t i t u t e d  benzene having oxygen f u l c t m n s  a t  t he  1, 3 and 5 -pos i tmns .  TWO pairs o f  



 able I .  Carbon-13 sh i e ld ings  i n  mahuannln C and 
r e l a t e d  substances (6)  

mahuannm C 
(methanol-d ) 

-4 

100.6 s 
67.2 d 
29.6 d 

155.2 s* 
96.9 d 

155.2 s* 
96.6 d 

157.9 5' 

104.2 s 
131.2 s 
129.5 d 
115.7 d 
151.5 5' 

115.7 d 
129.5 d 

79.7 d 
67.4 d 
29.6 t 

154.2 s' 
102.9 s 
158.7 s* 
96.9 d 

152.6 1" 
108.8 s 
131.5 s 
129.0 d 
115.5 d 
157.6 5' 

115.5 d 
129.0 d 

mahuannln A 
(methanol-d 

-4 

mahunnin B 

(methanol-d ) -4 

Abbreviations: s=s ing l e t ,  d=doublet ,  t = t r ~ p l e t  
*The assignments of t h e  a s t e r i s k e d  s q n a l s  are amb~quous 
and mlght have t o  be reversed .  

s i g n a l s  of t h e  A2B2 type  (6  6 .75  

and 7.26, and 6 .83  and 7.50, each 

2H. J 8 HZ) i n  the  'H NNR 

Spectrum of mahuannxn C could M 

attributed t o  two p s u b s t i t u t e d  

benzene systems. The ex i s t ence  

of t h e s e  systems as p-hydroxy- 

phenyl sys tem.  was e s t ab l i shed  by 

t h e  two p a i r s  of  s i g n a l s  f o r  two 

carbons (6  115.5 and 129.0, and 

115.7 and 129.5,  each 2C) whlch 

cons i s t ed  wl th  those  of hydro- 

gen-bearing aranatic carbons of 
10 

e-creso l  ( 6  115.3, 130.2 1. 

These da t a  t h e r e f o r e  r a t i o n a l i z e d  

t h e  presence of twenty-four aro- 

mat ic  carbons a s soc i a t ed  with 

fou r  benzene r l n g s  i n  mahuannin 

C. 

m t h e  a l i p h a t ~ c  reg ion  of 

t h e  NMR spectrum of t h e  e t h e r  

(111. s i g n a l s  a t  6 4.05 OH) and 

6 4.81 i1H1 i n  an  AB type  i J  4 

Hz1 and those a t  6 3.00 (2HI and 

6 4.20 (1s) i n  an A X type  were 
2 

p r e sen t ,  and t h e  s i g n a l  a t  6 4.20 

(1s) was f u r t h e r  coupled t o  t h a t  

a t  6 4.89 (la1 (2 ca. 0 He). 

Fur ther  examination of t h e  hnR s p e c t r a  of  t h e  e t h e r  (I11 by means of double resonance exper i -  

ments revea led  t h e  presence of 'H-'H and 13c-lH sp in  coupl ings  as shown i n  p a r t i a l  s t l u c t u r e  A .  

These d a t a  suggested t h a t  mahuannin C ,  s i m i l a r  to rnahvannin A and B, was composed of two f l avano l s .  

There were t h r ee  p s s l b l e  l inkages  cons idered  i n  which t h e  two f l avano l  mole t ies  could be p m e d  t o  

C O ~ S ~ T U C ~  the molecule: 1) c(~) -0-c  i 5 , )  and Ci41-C(6 . ) .  21 C(2,-0-Ci7,1 and Ci41-C(8,1 and 3) 

and C ( ~ ~ - C ( ~ , ) .  I n  order  t o  e s t a b l i s h  t h e  l inkage ,  a c e r y l a t m n  s h i f t s  of  t h e  'H 

and 13c NMR s l q n a l s  

f o r  t h e  i s o l a t e d  aro- 

mat ic  hydrogen and 

t h e  carbon a t t a ched  

t o  t h i s  hydrogen in 

A r i n q  were calcu- 

l a t e d  i n  mahvannin C 

and i ts  hep t aace t a t e  

(1111 (A6Hi8, t0.50.  

A6C,8+1 +6.01, and i n  

mahuannln A and l ts  

hep t aace t a t e  iA6Hi6, ) 

+0.35. A6C(6.) t7.01.  
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and compared with the known acetylat~on shifts in phenol (?-position of the phenolic hydroxyl: A6 
11 12 11 12 H 

+0.29 . dsC t6.4 , e-positzon of the phenalic hydroxyl: A6H t0.40 , A6C +4.8 I. Thls 

comparrson pomred to the xsolated aromatlc hydrogen of the A' ring to be located at the position 

para to the phenol~c hydroxyl. - 
Further, in the 'H NnR spectrum of the pentamethyl ether III), an intramolecular NOE was found 

between the methylene hydrogens I6 3.001 and the methoxyl hydrogens I6 3.80). but was not observed 

between the isolated aromatlc hydrogen I6 6.42) and the methoxyl hydrogens I6 3.80). Moreover, in 
1 

the H non-decoupling 13c NNR spectrvm of mahuannin C, the splzttmg pattern of the carbon (6 96.9) 

attached to the isolated aromatlc hydrogen of ring A' was not altered when heavy water was added. 

From the above evidence, the absence of an isolated aromatic hydrogen at the p o s ~ t ~ o n  to the 

free phenolic hydroxyl group was confirmed. Therefore, it was concluded that the linkage m 

mahuannin C is C 
12)-~-~17') 

and CI4)-C16,, , and its gross structure IS represented by formula I 

(exclusive of stereochemistry). 

 he chem~cal shifts and couplrng constants of H and H (6 4.08, d, 3 4 Hz, 4.58, broad d, 
J 4 HZ), andof C(2,, C - (3, and C(4) (6 100.6, s. 67.2, d, 29.6, dl in the 'H and 13c NMn spectrum 

of mahuannin C were compat~ble with those of mahuannin A (H. (6 4.24. d, J 4 HZ), H (6 4.40, 
13) 141 

d. 2 4 Hz). C12, I6 100.5, 5 1 ,  C (6 66.9. dl, C(41 16 29.2, dl I . a fact which demonstrated that 
(3) 

mahuannin C possesses the same relatlve conflguration as mahvann~n A at C 
(2)' '131 and C141' the 

two hydrogens at C13, and C14) posltlons being consequently oriented in the - trans-stereochemistry. 

The absolute conflguration at C14) 1" the bisflavanols like mahuannin C was established by the 

sign of the Cotton effect at ca. 200-220 nm on the hasis of the report13 that such type of 

canpounds having 4E-configurations exhibit a p s i t ~ v e  couplet and those with 4%-conf~gurations a 

negative couplet in thls wave-length region. The fact that mahuannin C showed a positive couplet 

(101216 +28000, I8llg8 -448001 indicated the absolute configuration at C(4, to be E, and allowlng 
the 2R,3~-cOnfiguration to be deduced. This was further confirmed by esterification of mahuannin 

C pentamethyl ether 3'-mnobenzoate with It)-2-phenylbutanoic acld by application of Horeau method 

which led to recovery of dextrorotatory 2-phenylbutanoic acid. 
14 

The stereochermstry at H 12,, and H13,, was next examined. Since the coupling constant 

between Ht2, and HC3, ) was ca. 0 Hz in the 'H NMR spectrum, the hydrogens at C (2,, and C(3,, in 

the ether (11) were concluded to be %-oriented. The absolute configuration at C 
(3,) was 

substantuted to be n by means of esterificatlon of 
mahuannln C pentamethyl ether 3-monobenzoate with 

It)-2-phenylbutanoic acid according to Horeau 
14 

HO 
(the recovered 2-phenylbutanoic acid was dextro- 

rotatory), thus 2'R-configuration - was deterrmned. 

On the basis of the above evidence, the 

absolute Stereostructure of mahuannin C was thus 

established to be that represented by formula I. 
HO 

It IS blogenetxcally interesting to note that 

as well as the two iscanerlc bisflavanols, m a h u m i n  

A and 0 ,  the third iscmer, mahuannin C, was also 

obtained from the same plant. I 
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