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Abstract  - Two novel b is f lavanols ,  mahuannln A and B, exhibiting the  

hypotensive activity have been i s o l a t e d  from t h e  crude drug "maa-kon", the  

roo t s  of Ephedra p lan t s .  The s t e r eos t ruc tu re s  of mahuannin A and B, 

advanced on t h e  bas i s  of chemical and physlcal  evidence, have been e luc ida ted  

as those represented by formulas I and 11. 

A search  f o r  hypotensive p r i n c ~ p l e s  of t h e  crude drug "mas-kon", the  underground pa r t  of 

Ephedra p lan t s  (Ephedraceae), e a r l i e r  r e su l t ed  i n  the  i s o l a t i o n  of the  macrocycllc spermine 

a lka lo ids ,  ephedradine A ,  B, C and D,'-' and the  flavano-flauonol, ephedrannin A. 6 

From the  same sourse, we have f u r t h e r  i so l a t ed  two new bisf lavanols  possessing t h e  hypotensive 

a c t i v i t y  designated as mahuannm A and B. 

Mahuannin A, a co lo r l e s s  amorphous powder, C30H24010 (FD-MS: m/e 544 (M')), vmax 3280 c K 1 ,  

was revealed t o  be phenolic i n  na ture  from i t s  pos i t i ve  f e r r i c  ch lor ide  t e s t .  Methylatian with 

dimethyl s u l f a t e  gave t h e  non-phenolic pentamethyl e the r  (111) (HRMS: !/? 6614.2141 (Mi)), Urnax 3480 

. The e the r  (111) was ace ty l a t ed  t o  y i e ld  the  pentamethyl e the r  d i ace t a t e  (HRMS: 69982364 

(Mi)) which d isc losed  no hydroxyl band i n  t h e  1 R  s p e ~ t r u m . ~  Of t h e  ten  oxygen a t o m  present m 

t h e  molecule, f i v e  were thus proved t o  be phenolic hydroxyls, two as a lcohol ic  hydroxyls and the  

renaming th r ee  were considered to be present as e the r  funct ions  s ince  mahuannin A possesses no 

carbonyl as revealed by t h e  s p e c t r a l  da ta .  

The 13c NMR spectrum of mahuannm A disc losed  t h e  presence of s i x  a l i p h a t i c  (CH2 x 1, CH x 4, 

C x 1)  and twenty-four aromatic carbons (CH x 11, C x 5, C-0 x 8 )  (Table I ) .  
1 

The H NMR spectrum of mahuannin A displayed 1 H  doublets ( J  2 Hz) a t  6 5.88 and 6.07, and a 1H 

s i n g l e t  a t  6 6.08. These chemical s h i f t s  of t h e  t h r ee  hydrogens matched v i t h  t h a t  of the  a roma tx  
8 

hydrogens of phloroglucinol ( 6  5.94 1. I t  was thus logically in fe r r ed  t h a t  mahuannin A beared in 

i t s  molecule a t e t r a subs t i t u t ed  and a pentasubs t i tu ted  benzene having t h r ee  oxygen funct ions  a t  the  

1,3,5-posit ions.  

The remaining e igh t  aromatic hydrogen s igna l s  which appeared as a p a i r  of A B type (6 6.82 
1 2 2 

and 7.45, and 6.84 and 7.50, 2H d each, J 8 Hz) i n  the  H NMR s p e c t r m  of mahuannin A demonstrated 

t h e  presence of two p s u b s t i t u t e d  phenyl nucle i .  These were f u r t h e r  clarified t o  be 9-hydroxy- 

phenyl systems from t h e  chemical s h i f t s  of the  carbon signals a t  6 115.5, 116.1, 129.1 and 129.4 

(2C each) which f a i r l y  corresponded v i t h  those of hydrogen-carrying aromatic carbons of p c r e s o l  

(6 115.3, 1 3 0 . 2 ~ ) .  
1 In  t h e  a l i p h a t i c  region of t h e  H NMR spectrum of mahuannin A ,  t he r e  were s igna l s  a t  6 4.40 

(1H) and 4.24 (1H) i n  an AB type (J 4 Hz) and those a t  6 2.90 (ZH) and 4.26 (IH) i n  an  A2X type,  

t h e  l a t t e r  (6 4.26) being f u r t h e r  coupled t o  a s i gna l  a t  6 5.10 (1H) ( J  ca. 0 Hz). 



Table I. Carbon-13 sh ie ld ings  m mahuannin A and B, and r e l a t e d  substances ( 6 )  

mahuannin A mahuannin B ephedrannin A ep i a f r e l ech in  
(methanol-d ) (methanol-d ) (acetone-d -6 ) (acetone-d 1 

-4 -4 -6 

Abbreviat ions:  s=s ing l e t ,  d=doublet ,  t = t r i p l e t  
 he assignments of t h e  a s t e r i sked  s i gna l s  a r e  arnblguous and mlght have t o  be reversed.  

These da ta  taken 
67.60 66.96 

m conjunction with 

the  f i nd ings  made by 

double resonance ex- 

perirnents with t he  

e t h e r  (111) permitted 
65.93 s e t t l i n g  t he  mode of 

678.0 - l inkage8 between the  

""3 a m a t i c  and "iph'"' 
p a r t s  of t h e  molecule 

H 
A 0 6 2 . 8 - 4 . 2 e 4 . 9 2  H H t o  bui ld  up t he  p a r t  

66.15 -67.52 66.92 53.5 J-0 J-0 s t r u c t u r e  A f o r  the  

e the r  (111).  

mis p a r t  s t r uc tu r e  A toge ther  wlth t he  existence of t h r ee  e t h e r  l inkages  i n  t he  molecule 

showed t h a t  mahuannm A was similar i n  s t r u c t u r e  t o  ephedrannin A ( I V ) . ~  Comparison of t h e  13c 

NE~R spectrum of mahoannin A with t h a t  of ephedrannin A (IV) revealed t h a t  t he  parameters of t he  

s i gna l s  due t o  C  (2)-C(16) were i n  good agreement i n  both t h e  substances (Table I ) ,  showlng t h a t  t he  

C(2)-C(16, por t ion  of mahuannin A cons t i t u t ed  t he  same f lavanol  s t r u c t u r e  as i n  ephedrannin A (1'4). 

As f o r  C (2 , )< (16 , ) ,  al though t h e  chemical s h i f t s  of  t h e  signals a t t r i b u t e d  t o  C (5 , ) -C(16 , ,  Were i n  

good accord i n  both t he  substances,  t he  s i gna l s  a s soc i a t ed  with C ( 2 ,  ) -C (4 ,  ) i n  ephedrannin A (IV) 
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vere not observed and instead those at 6 80.8 (dl, 67.5 (d) and 

29.5 (t) were found in mahuannin A (Table I). The chernlcal 

shifts of these three signals comcided wlth those of the 13C 

NMR signals of C (2,<(4, in (-1-ep~afzelechin (v)" (Table I). 

Combined evidence shoved that mahuannin A is a flavanol dimer. 

There were three possible modes in which the two flavanol 

moieties may be linked up to buld the structure: 1) C (2)-O- 
C(5,) an* C(4)-C(6,1, 2) C(2)-0-C(7,) an* C(4)-C(80, an* 3) 

C(2)-O-C(7p) an* C(41-C(6'). A choice in these three 
1 possibilities was made from a study of the H NMR spectrum of 

the ether (111) in which NOE's vere observed between the 

methoxyl hydrogens (6 3.69) and the insulated aromatic hydrogen 

(6 6.15), and between the methoxyl hydrogens (6 3.69) and the 

nethylene hydrogens (6 2.88). It was thus established that the 

structure of mahuannin A was represented by formula I (stereo- 

chemistry not implied). 

Mahuannin 8, a colorless amorphous powder, had the same 

composition, C30H24010 (FD-MS: m/e 544 (M')) as mahuannin A. 

In the IR spectrum, a hydroxyl band at 3410 cm-I was found. The 

'H NMR spectrum exhibited 1H doublets (J 2 Hz) at 6 5.99 and 6.08, 1H singlet at 6 6.09 and ZH 

doublets (J 8 Hz) at 6 6.80, 6.81, 7.44 and 7.50 (a  tetrasubstituted and a pentasubstituted benzene 

bearing three oxygen functions at the 1,3,5-pasitmns, and two phydroxyphenyls). Further, there 

vere signals at 6 4.41 (1H) and 4.10 (1H) m an AB type (1 4 Hz) and those at 6 2.88 (ZH), 4.27 
(1H) and 4.97 (1H) in an A2XY type, these signals bemg very much like those of mahuannm A .  

Comaprison of the NUR spectra of mahuannin B and A revealed a near coincidence of the chemical 

shifts of the signals for all the carbons of the two substances excepting those of C(2,) and C 
(9') 

which showed displacements of about 1 ppm. In the 'H NMR spectrum of the pentamethyl ether 

diacetate prepared from mahuannin 8 ,  NOE's were observed between the methoxy hydrogens (6 3.67) and 

the isolated arornatlc hydrogen ( 8  6.131, and between the rnethaxy hydrogens (6 3.67) and the 

methylene hydrogens (6 2.811, indicating identical mode of attachment of two flavanol moleties in 
mahuann~n B and A.  These data suggested that both the substances are diastereolsomers. 

1 The close  parameters of the H NM signals for H and H(4j in mahuannin A (6 4.24 (d, J 4 
(31 

Hz), 4.40 (d, .! 4 Hz)), rnahuannin B (6 4.10 (d, J 4 Hz), 4.41 (d, J 4 Hz)) and ephedrannin A 

(6 4.19 (d, 1 4 Hn), 4.96 (d, 1 4 Hz)), and the close chemical shifts of the NMR signals for 

C(2,, C(3) and C in the above three substances (Table I) settled that three of them had the same (41 
relative conf~guratmns at C (2), C(3) and C(4); the phenyl at C(2) and the hydrogen at C 

also the hydrogens at C(3) and C(4) being in the --arrangement. 
( 3 ) '  and 

The absolute configuration at C(4) in the mahuannins was elucidated from the sign of the 

Cotton effect discernible at ca. 200-220 run on the basis of the report1' that such type of 

compounds having 4kconfigrations exhibit a positive couplet and 43-configurations a negative 

couplet in thls wavelength regmn. Mahuannln A exhibited a negative couplet ([elzz8 -111200, 

[8lzo2 +871001 vhlle mahuannin B shoved a posltive couplet +62800, [0lZo4 -102000), 

indicating that the substances have 43- and 4&configuratian, respectively. Mahuannin A and B 

thus proved to have 22,32,42- and 2R,3R,4!-canfiguration, respectively. This deduction was 

further substantiated by application of Horeau method. Thus, esterification of lnahuannin A 

pentamethyl ether 3'-monobenzoate with (2)-2-phenylbutanoic acid permitted recovery of levorotatory 

2-phenylbutanox acld. 
12 



The hydrogens at C(2,) and C(3,) in mahuannin A and B were concluded to be &-oriented in 
1 

n e w  of the small coupling constants between the H(2,) and H(3,) signals in the H NMR spectra of 

both the substances.13 Based on the above data, the absolute configurations at C(2,) and C(3,) of 

mahuannin A and B were concluded to be the same. 

The CD spectra of rnahuannin A, B and their monomeric unit, (-)-ep~afzelechin (V) showed Cotton 

effect at ca. 270 nm (rnahuannin A: t9270; rnahuannin B: -14900; (-1-epiafzelechin: 

-3100'~). As the asymmetric field due to the C (2)*(4) part is spatially located apart 

from that due to the C (2,)-C(3,) part, it was assumed that they do not mterfere with each other 

and the ellipticities manifested by the CD spectrum are the summation effect of the two asymmetric 

moletles. Hence, the sum of the molecular ellipticities at ca. 270 nm of mahuannin A and B 

(-5630) was thought to be due to the asymmetric moieties at C,7,,<,2,, of the two molecules. 
\ -  , \ -  , 

In fact, this value was found to be approxmately double the value of the molecualr ellipticity of 

(-)-e~iafzelechin (V) (-3100). Consequently, the absolute conflgurvtions at C(2,) and C(3,) of 

mahuannin A and B were assumed to be both R. In support of thls supposition, the CD spectrum of 

mahuannin 8 was found to resemble that of ~rocyanidin A-2 -2800, -16700, [81237 
11 

+45500(sh), 173300, [Elzo5 -125400 ) .  The absolute configuratmn at C(3,) of mahuannin A 

was flnally confirmed by esterif~cation of its pentamethyl ether 3-benzoate according to Horeau 

(the recavered 2-phenyl- 

butanoic acid was dextro- 

rotatory). 12 

The absolute stereo- 

structures of mahuamin A and 

B were thus established to be 

those represented by formulas 

I and 11, respectively. 
OH OH 

It is interesting to note 

that the diastereoisomeric 

bisflauanols, mahuannin A and 

B, occur in the same plant. HO I I1 
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