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STRUCTURE OF MAHUANNIN D ,  A HYPOTENSIVE PRINCIPLE OF EPHEDRA ROOTS' 

Yoshimasa Kasahara and Hiroshl  Hlklno. 

P h a r m c e u t l c a l  Institute, ~ o h o k u  un lve r s l t y .  sendal ,  japan 

B -  From t h e  crude drug "mas-kon", t h e  r o o t s  o f  Ephedra p l a n t s ,  a 

new f lavano-f lavanol ,  mahuannln D ,  exhibiting t h e  hypotenslve a c t i v i t y  has 

been i s o l a t e d .  The s t e r e o s t r u c t u r e  of  mahuannm D has been determmed as 

represented  by formula I based a n  c h e m ~ c a l  and phys l ca l  evidence. 

W e  have h i t h e r t o  i s o l a t e d  t h e  macrocyclic spermme alkaloids, ephed rad~ne  A ,  B, C and D , ~ - ~  an 

imidazole alkaloid, f e r u l o y ~ h z s t a m i n e . ~  a f lavano-flavanol,  ephedrannin A . ~  and t h e  b ~ s f l a v a n o l s ,  
8-9 

mahuannin A ( IVI ,  B ( V l  and C ( V I ) ,  as t h e  hypatenslve p r i n c i p l e s  from t h e  crude drug "ma6-kon". 

t h e  underground p a r t  of Ephedra p l a n t s  (~phed rnceae l  . 
In a continuation of o u r  

survey of t h e  phenol lc  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,  a new flavano- 

f l avano l ,  mhuannin  D ,  a l s o  

having h y p t e n s i v e  a c r i v l t y  

was f u r t h e r  i s o l a t e d .  

Mahuannln D,  a c o l o r l e s s  

amorphous powder, +C30H2409 

(FD-MS: :/g 528 (M I ,  [alD 

-104" (methanol ) ,  V 3370 
wax 

cm-l) ,  was indicated t o  be HO I V  V 

phenolic i n  nature from i t s  

p s i t i o e  f e r r i c  c h l o r ~ d e  t e s t .  

on methyla t lon  with d i -  

methyl s u l f a t e  and potassium HO 

carbonate i n  ace tone ,  mahu- 

annin D gave t h e  pentamethyl 

e t h e r  (111 (MS: m/e 598 ( M + I ,  - - 
V 3470 cm-I) ,  which was 

ace ty l a t ed  wlth acetic an- HO 

hydrlde i n  pyr~dlne t o  f u rn l sh  

t he  pentamethyl e t h e r  mono- 

a c e t a t e  1111) (MS: m/e 640 

( M + I  I d lscloslng no hydroxyl 
V I  

10 band in t h e  IR spectrum. These observat1ons showed mahuannin D t o  have f i v e  p h e n o l x  and one 

a l c o h o l x  hydroxyls.  Because nine  oxygen atoms are present i n  t h e  molecule, t h e  remarninq t h r e e  

oxygen atoms were thought t o  e x i s t  as involved m e t h e r  func t ions  



 able I .  Carbon-13 sh l e ld lngs  in mahu- 
a n n l n  D and A (6)  

mahuannln D mahuannin A 
(acetone-%) Imethanol-$,I 

A b b r e v ~ a t ~ o n s :  s = s i n g l e t ,  d=doublet ,  
t = t r l p l e t  *The a s s l g m e n t s  of  t h e  
a s t e r l sked  sxgnals are ambiguous and 
mlght have t o  be reversed.  

The 13c NMR spectrum of mahuannin D demon- 

s t r a t e d  t h e  presence of s i x  aliphatic carbons lCH2 

x 2,  CH x 3, C x 1 1  and twenty-four aromatic 

carbons ICE x 11, C x 5. C-0 x 81. The parameters 

of t he se  13c NMR s i g n a l s  c l o s e l y  resembled t hose  of 
11 

mahuannin A IIVI (Table I1 . 
The 'H NMR spectrum of mahuannin D d isp layed  

two doublers I6 5.84, 6.00, each 1 H .  J 2  Hz) and a 

singlet I6 6.17, 1Hl whose chemical s h i f t s  coin- 

c ided  with those  of t he  a r o m a t x  hydrogens of 

phloroqluc lnol  I6 ~ . 9 4 ' ~ 1 ,  showing t h a t  mahuannin D 

had a t e t r a s u b s t l t u t e d  and a pen t a subs t r t u t ed  

benzene possess ing  oxygen func t i ons  at t h e  1, 3  and 

5-pos i t ions .  Fur ther  two p a l r s  o f  signals of t h e  

A2B2 type ( 6  6.85 and 7.46, and 6.85 and 7.52,  each 

28, J 8 Hz) m t h e  '8 NMR spectrum of mahuannin D 

revea led  t h e  presence of two p s u b s t l t v t e d  benzene 

m e  e x ~ s t e n c e  of t h e s e  systems was 

subs t an t i a t ed  by t h e  two p a i r s  of  s i g n a l s  in t h e  

13c NMR spectrum of t h e  mahuannln D I6 115.2 and 

127.8,  and 115.8 and 129.0,  each 2C). t h e s e  

chemlcal s + f t s  being consistent with t hose  of 

hydroqen-bearing aromatic carbons of p-creso l  
1 3  

( 6  115.3, 130.2 ) .  l i l l o c a t m n  of twenty-four 

aromatic carbons mvolved  in four  benzene r i n g s  i n  

mahuannin D was thus  unambiguously s e t t l e d .  
1 

I n  t h e  a l i p h a t i c  reg lon  o f  t h e  H NMR spectrum 

of mahuannin D,  t h e r e  were s i g n a l s  a t  6  2.25 I Z H I  

and 4.40 (181 ~n an  A.X 
2 

type (J 4  Hz1 and those  a t  

6 2.90 (28) and 4.26 I181 

i n  an A X type in whlch t h e  
2  

l a t t e r  s l g n a l  a t  6  4.26 

l1Hl was f u r t h e r  coupled t o  

t h a t  a t  6 5.15 118) ( J  ca. 

0 H z ) .  

~ u r t h e r  exammation of 

t h e  NMR spec t r a  of ma- 

huannin D by means of 

double resonance exper l -  

ments demonstrated t h e  pre- 

sence of '8-'H and 13c-'8 

s p m  couplings a s  md lca r ed  m p a r t r a l  s t r u c t u r e  A ,  sugges t ing  that mahuannln D consisted of a 

f lavane and  a f lavanol .    here fore, t h r e e  possible l inkages  remained where t h e  f lavane  and 

flavanol moie t ies  could be l i nked  t o  form t h e  molecule as fo l lows:  I1 C121-O-C15,) and C141-C16,1 ,  

21 C12)-O-C and C141-C18,)  and 3)  C 
1711 (2)-0-C(7')  and C141-C16 ' l~  

I n  t h e  H NMR spectrum of t h e  ~ ~ r x r ~ r n ~ t h y l  e t h e r  ( 1 1 1 ,  ~ n t r a b o l e c u l a r  NOE's were observed 
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between t h e  methylene hydrogens (6  2.85) and t h e  methoxyl hydrogens (6  3.751, and between t he  

~ s o l a t e d  aromatic hydrogen ( 6  6 -15 )  and t h e  methoxyl hydrogens (6 3.75) .  ~ u r t h e r ,  ~n t h e  'H 

non-decoupling 13c NMR spectrum of mahuannln D, t h e  s q n a l  of t h e  carbon ( 6  97.51 a t t a ched  t o  t h e  

~ n s u l a t e d  a romat ic  hydrogen of r i ng  A '  was sharpened when heavy water was added, ~ n d i c a t i n g  t h e  

presence of a cons iderably  l a rge  coupl ing  between t he  aromarlc carbon m ques t ion  and t h e  phenol ic  

hydroxyl hydrogen. Therefore ,  an isolated aromatic hydrogen was confirmed t o  be p r e sen t  a t  t h e  

oTtha p o s l t l o n  t o  t h e  f r e e  p h e n o l ~ c  hydroxyl group.  Consequently, ~t was concluded t h a t  t h e  

f lavane  and f l avano l  mole t ies  i n  mahuannin D are joined in t h e  fol lowing l m k a g e s :  ~ ( ~ ~ - 0 - c  
( 7 ' )  and 

c(41-cr3-1.  
Fur ther  comparison of t h e  13c NMR spectrum of mahuannm D v l f h  t h a t  of mahuannin A (1") 

revea led  t h a t  t h e  chemical s h i f t s  and coupling pa t te rns  of  t h e  signals originating from C - 
( 2 ' )  

C(16,, were cons i s t en t  in both t h e  substances (Table I ) .  Cancernmg C (21-C(16). al though t h e  

parameters of  t h e  s ~ g n a l s  a s s ac l a t ed  n t h  C i 2 )  and C(5,-Ci161 were carnpaflble i n  both t h e  

subs tances ,  t h e  s ~ g n a l  a t f r l b u t e d  t o  C I 3 )  c a r r y ~ n g  a hydroxyl group in mahuannln A ( I V )  was n o t  

found and i n s t e a d  t h a t  at 6 34.4 i t )  was v l s ~ b l e  in mahuann~n D .  Concurrently,  t h e  signal f o r  

C (4 )  ad j acen t  to C was s h r f t e d  t a  h lgher  f l e l d  on passlng from mahuannln A to mahuannln D (Table 
(31 

I ) .  The g ro s s  s t r u c t u r e  was thus  de t emlned  as shown in formula I (exc lus ive  of s t e r eochemis t ry l .  

I t  i s  known t h a t  in t h e  b ls f lavonolds  like mahuannln D, compounds possess ing  4R-conflguraflons 

show a p o s ~ r l v e  couple t  and those  with 45-confqura t ions  a negat ive  couple t  in t h e  wave-length 

region 200-220 run i n  t h e  CD spec t ra .14   he absolu te  conf igura t ion  at c ( ~ )  to, be - s i n  mahuannln D 

was thus  d e t e r m ~ n e d  by t h e  observa t ion  t h a t  mahuannln D exhlbxted a negat rve  couple t  ( [ e l  
229 

-101800. +76900),  whrch in tu rn  e s t ab l i shed  the 2s-conf igura t ion  upon i n spec t i on  of t h e  

m e l d i n g  model. 

 he next problem was t h e  s t e r eochem~s t ry  at H and H , 3 , ) .   he very smal l  couphng  
( 2 ' )  

cons tan t  between H , , , ,  and E l r2 , ,  ( c a .  0 Hz) in  t h e  H NMR spectrum of t h e  pentamethyl e t h e r  (11) 
,- , ,- , 

demonstrated t h e  hydrogens a t  C 
(2 '1  Ci3 '1  

t o  be s ~ t u a t e d  m the  &-or ien ta t ion .  R- 
Conf igura t ion  a t  C 

( 3 ' )  
was v e r l f ~ e d  by means of e s t e r r f x a r m n  of t h e  e t h e r  (11) w ~ t h  

(*I-2-phenylbutanoic a c l d  by application of Horeau method15 ( t h e  
H 

recovered 2-phenylbutano~c  a c ~ d  was d e x t r o r o t a t o r y ) ,  and R-con- - 

figuration a t  C ( 2 , )  was consequently deduced. HO 
Accumulated da t a  have thus  r ~ g o r o u s l y  established t h e  

a h ~ o l u t e  ~ t e r e o s t r ~ ~ t ~ r e  of mahuannin D as t h a t  represented by 

foimula I .  

It  is b m g e n e t l c a l l y  of  i n t e r e s t  t o  mentmn tha t  bes ides  OH 

t h l s  crude drug "ma:-kon" con t ams  t h e  t h r ee  isomerlc h l s -  

f l avano l s ,  mahuannm A .  B and C, it has a l s o  t h e  fourth ana log ,  

mahuannln D, whlch, t o  t h e  b e s t  of our knowledge, fonnes t h e  

f r r s t  example of t h e  b is f lavonoids  c a n s l s t m g  of different 

monomeric molecules,  a f l avane  and a f lavanol .  H 
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