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Abstract----Seven cardiac glycosioes having an unusual -- 
sugar linkage, elaeooendrasides M, N, 0 ,  P, 0 ,  R and s, 

were isolated from seeds of dlaeooendron glaucum. 

'These were unequivocally characterized an the basis of 

physical data and chemical correlation with related 

compounds previously isolated. These new compounds were 

t t tested for inhibition of ha , K -noemsine triphosphatase 
from guinea pig heart, anu the structure-activity reln- 

tionship has been discussed. 

In the preceding papers we reporteo the isolation and chacactecization of 

cardiac glycosides having an unusual sugar linkage, elaeodenarosides A-L and 

elaeodenarogenin from seeds of E-ndron glaucum P ~ r 2 .  ICelastraceaeJ by - 
X-ray crystallography and chemical means. lb6 ihe present paper oescribes the 

Structures O C  elaeodendrosides M-S which have been isolated by the procedure 

similar to that previously reported ICliart 1, Pig. 1J.1'4 

Llaeodendroside M 111, mp 277-27g0c, was separated as colorless prisms. Ms 

spectral data provioed the molecular formula C 29 H 3 4  0 The complete 

Structure was determined as 1 by direct comparison with the authentic sample 

obtained by oxidation from elaeodendroside A ( 2 1 . ~  The uv spectrum I Amax 284 

nmJ of 1 suggested the presence of the diosphenol structure. khen adsorbed on 
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I: c o l ~ m n  c h r o l n a t o g r a p h y ;  b snzene -AcOi t  I 1 : l ) .  11 :  h p l c  L I sKge l  OUS-8UTtvI); 
MeOli-h O l 5 : 3 ) ,  111: h p l c  LTSKgel 005-8OTi<); MeCh-h20 1 :  I V :  p r e p .  t l c ;  
L i K l  - i c e t o n e  l I ,  V: coiumn c h r o ! n a t o g r a p h y ;  benzene-AcilEt l :  Y 1 :  h p l c  

L T S K ~ ~ ~  0"s-8DPM); MeCN-ii20 1 2 : 3 ) ,  "11: p r e p .  t l c ;  CnCl - a c e t o n e  ( 4 : l ) .  3  

C h a r t  1. I s o l a t i o n  of t l a e o d e n d r o s i d e s  

s i l i c a  q e l  i n  m e t h a n o l - a c e t o n e  f o r  a week,  2 y i e l o e d  1 t o g e t h e r  w i t h  k e t o l  

r e a r r a n g e m e n t  p r o d ~ c t s . ~  T h i s  r e s u l t  i m p l i e d  t h a t  1 m i g h t  be an a r t i f a c t  

f c r m e d  f r o m  2. 

E l a e o d e n d r o s i d e  hi ( 3 1 .  mp > 3 u o o ~ ,  was  i s o l a t e d  as  c o l o r l e s s  amorphous  

s u b s t a n c e .  F i e l d  d e s o r p t i o n  LED) mS s p e c t r a l  d a t a  p r o v i d e d  t h e  m o l e c u l a r  

f o r m u l a  C29H360111. In t h e  'ti nmr s p e c t r u m ,  3 e x h i b i t e d  t h e  s i g n a l s  o f  18- a n d  

1 9 - m e t h y l  g r o u p s  a t  0 .69  a n d  1 . 4 2  ppm t o g e t h e r  w i t h  t h e  c a r b i n y l  p r o t o n  a t  

3 .85  ppm, i n d i c a t i n g  t h e  p r e s e n c e  o f  t h e  120-hydroxy-11-0x0 m o i e t y  ( T a b l e  1). 
7 
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Yig.1. Structures of Elaeoaendrosides and Related Compounds 

'The complete structure was elucidated by direct comparison with authentic 

salnple obtained by oxidation from l la .12B-aihydroxyelaeodendroside D 1 4 ) .  4 

tlaeodendroside O (5). mp 243-245Oc. was obtained as colorless a~aorphous 

substance. Elemental analysis and ms spectral data permitted us to assign the 

molecular formula C29H3609 to 5. Compound 5 showed the rnaxirsrun uv absorption 

at 265 nm and was quantitatively transformed into the cyclic phenylboronate, 



i n i l i c a t i n g  t h e  e x i s t e n c e  o f  b o t h  1 6 - d e h y a r o  a n d  c i s - g l y c o l  s t r u c t u r e s .  
4  

o n  u s u a l  a c e t y l a t i o n  5  g a v e  t h e  a c e t a t e  ( G I ,  whose  ' H - ~ H  c o r r e l a t i o n  nmr 

s p e c t r o ~ c o p y  showed t h e  c o u p l i n g  b e t w e e n  16-81 a n d  d e s h i e l d e d  p r o t o n  c a u s e d  by 

a c e t y l a t i o n .  P h e s e  u a t a  t o g e t h e r  w i t h  l i l  a n d  13C nmr s p e c t r a l  d a t a  l e n t  a 

s u p p o r t  t o  a s s i g n  t h e  s t r u c t u r e  5  t o  e l a e o d e n d r o s i d e  0 ( T a b l e  21. 

E l a e o d e n " r 0 s i d e  P ( 7 1 .  mp 232-234Oi2, was  i s o l a t e d  as  c o l o r l e s s  a m o r p h o u s  

s u b s t a n c e .  :The e x a c t  m s  s p e c t r u m  a n d  e l e m e n t a l  a n a l y s i s  d a t a  a f f o r d e d  t h e  

m o l e c u l a r  f o r m u l a  C 2 9 H 3 8 0 1 0 .  inspection o f  lki a n d  13C nmr s p e c t r a  p e r m i t t e d  

u s  t o  a s s i g n  t h e  s t r u c t u r e  o f  s u g a r  m o i e t y  o f  7  t o  t h a t  of e l a e o d e n d r o s i o e  C  

1 8 1 . ~  O n  t h e  o t h e r  hand  nmr s p e c t r a  o f  g e n i n  m o i e t y  o f  7  w e r e  c o m p a t i b l e  w i t h  

t h o s e  of 2 .4  On t h e  b a s i s  of  t h e s e  d a t a  t h e  s t r u c t u r e  7  was a s s i g n a b l e  t o  

e l a e o a e n d r o s i a e  P .  

B l a e o a e n d r o s i a e  y ( 9 1 ,  s p  252-253Oc. was a l s o  i s o l a t e d  as c o l o r l e s s  amorphous  

s u b s t a n c e .  *hen a d s o r b e d  on  a l u m i n a  i n  m e t h a n o l - a c e t o n e  o v e r n i g h t ,  7 u n d e r -  

w e n t  k e t o l  r e a r r a n g e m e n t  t o  y i e l d  Y , ~  w h i c h  was i c i e n t i c a l  w i t h  t h e  i s o l a t e d  

compound. In  t h e  'H limr s p e c t r u m ,  9  e x h i b i t e d  t h e  c a r b i n y l  p r o t o n  a t  4 .15  

ppii, which  s u p p o r t e d  t h e  a s s i g n e d  s t r u c t u r e .  
4  

t l a e o u e n a r o s i u e  i? ( 1 0 1 .  mp 231 -233 '~ ,  was s e p a r a t e d  a s  c o l o r l e s s  amorphous 

s u b s t a n c e .  L x a c t  m s  s p e c t r a l  d a t a  p r n v i u e "  t h e  m o l e c u l a r  f o r m u l a  C29i13809. 

I n s p e c t i o n  o f  'ri a n d  13; nmr s p e c t r a  p e r m i t t e d  u s  t o  a s s i g n  t h e  s u g a r  m o i e t y  

o t  1" t o  t h a t  o f  e l a e o a e n d r o s i a e  b ( 1 1 1 . ~  I n  t h e  'M nmr s p e c t r u m ,  1 0  e x h i b -  

i t e d  t h e  s i g n a l s  of 18- a n d  1 9 - m e t h y l  g r o u p s  a t  1 .06  a n a  1.2U ppm, i n d i c a t i n g  

t h e  p r e s e n c e  O E  an 0x0 g r o u p  a t  C-12, whose  d a t a  was c o m p a t i b l e  w i t h  t h a t  o f  

1 2 - o x o e l a e o d e n d r o s i d e  D.4  T h e  13C nmr  s p e c t r a l  d a t a  of 1 0  b e s i d e s  12-0x0- 

d i g i t o x i y e n i n  ( 1 3 1  a l s o  l e n t  a s u p p o r t  t o  a s s i g n  t h e  s t r u c t u r e  10  t o  e l a c o -  

d e n d r o s i a e  H. 8  

E l a e o d e n d r o s i a e  S ( 1 2 1 ,  mp 2 3 5 - 2 4 0 ~ ~ .  was  a l s o  o b t a i n e d  a s  c o l o r l e s s  amorphous  

s u b s t a n c e .  Upon o x i d a t i o n  w i t h  c h r o m i u ~ n  t r i o x i d e  1 2  was  l e d  t o  1 0 ,  s u g g e s t i n g  

t h e  p r e s e n c e  o f  a h y 6 r a x y l  g r o u p  a t  t h e  1 2 - p o s i t i o n .  The  c o n f i g u r a t i o n a l  

a s s i y n ~ n e n t  o f  t h e  1 2 a - h y d r o x y l  q r o u p  i n  1 2  was s u p p o r t e d  by t h e  c h e m i c a l  s h i f t  

of  C-18 i n  t h e  13c ninr s p e c t r u m .  The S -18  c h e m i c a l  s h i E t s  o f  d i g o x i g e n i n  3- 

a c e t a t e  1141 a n d  1 2 - e p i d i y o x i g e n i n  3 - a c e t a t e  ( 1 5 )  were 9.0 a n d  1 7 . 1  ppm, 

r e s p e c t i v e l y r n  & i l e  t h a t  of 1 2  was 1 7 . 3  ppm a n d  c o m p a t i b l e  w i t h  t h e  1 2 a -  

h y d r o x y l a t e d  s t r u c t u r e .  On t h e  b a s i s  o f  t h e s e  r e s u l t s ,  t h e  s t r u c t u r e  1 2  was  

a s s i g n e d  t o  e l a e o d e n d r o s i d e  S .  
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Table 1. 'H Nmr Chemical shifts of ~laeodendrosides~ 
- 

tlaeodendros ides 

~~ ~ 

lbrsl lbrs) lbrs) (brsl lbrsl l>rs) (d.21 (brsl (brsl (Srsl 
5.22 5.37 5.3U 5.23 5.22 5.32 5.30 5.20 5.29 5.25 
( m s )  lbrsl lbrsl (brsl Ijrs) (bra) (brs) (brsl (brsl lbrsl 
4.01 4.04 4.04 4.20 4.19 4.20 4.38 4.21 4.21 

3.94 
lddd, 
12.6.31 
3.76 

3.93 3.93 
(add, (dad, 3.80 
12,6,3112,6,3)12H,m1 
3.75 3.75 

(ml 1 )  Iml 
4.54 4.60 4.57 
1d.91 1d.9) (a.91 
4.68 4.70 4.55 
3.37 3.40 3.30 
(bcs) (brsl ldd, 

11,5) 
4.10 

3.78 3.81 lml 

(ill1 I 9 1  
4.60 4.60 
(d.9) Id,91 
4.58 4.58 
3.29 3.29 
(dd, laa, 
11.5) 11.5) 
4.09 4.09 
ludd, ldda, 

13,8,2)13,8,2) 
3.51 3.51 

1 td, ltd, (to, 1m1 ltd, ltd, 
12.31 12.31 12.3) 13,3) 13-31 
5.13 5.14 5.17 5.15 
5.21 5.20 5.23 5.20 

3.42 3.42 3.45 3.47 3.47 3.47 

2.50 3.36- 3.49 4.81 3.65 4.15 
ldd. 4.3U (OH)' ld.U+brs) (OH l C  1126-n 
14.31 (5h.m) 3.85 (15a-lil 4.47 

L 

glppml in CUCl J/Hz value in parentheses. 
lleasured at 108'~dz (Jt.0' JhM-PX-100). 
The signal disappeared on treatment with D20. 
'Treated with U20. 

t t + t 
It is well nnown that a , K -adenosine triphosphatase INa , K -ATPase :  EC 

t 3.6.1.3) is an enzyme responsible for the active transport of Na and K' 

across the cell membrane and is inhibitea by cardiac steroids. 9'10 The 

inhibitory activities at  the newly isolateu cardiac glycosides were tested 

t t 
with Na , K -A'fPase frolo guinea pig heart. The molar concentrations exerting 

half-maximal inhibition value) are listed in Table 3. 

Elaeodendroside P 171 having lla-hydroxyl and 12-ox0 groups showed approx- 

imately fifteen times higher activities than the isomeric 11, 12-ketols, 

elaeodendrosides (i (9) and N 13). These results are consistent with the 

previous findingsl0 that the presence of ring C substituent affected signiEi- 

cantly the inhibitory activities. 



, T a b l e  2 .  13c Nmr C h e m i c a l  S h i f t s  o f  C l a c o d e n d r o s i u e s  a n d  R e l a t e d  c o m p o u n d s a  
- 

E l a e o d e n d r o s i d e r ,  a n d  R e l a t e d  Compounds 

,4121 0 1 5 1  C ( 8 1  P I 7 1  U ( 9 1  B ( l l 1  R1101 5 1 1 2 1  1 3 ~  1 4 b  1 5 ~  
- 
C- 1 4 3 . 3  4 1 . 2  41 .6  4 3 . 9  4 1 . 4  41 .6  4 1 . 0  4 1 . 2  2 9 . 4  3 0 . 5  3 0 . 5  

b 7 . 5  
7 0 . 7  

1 2 0 . 8  
1 4 5 . 7  

32.  2  
29 .4  
41. 4C 
54 .0  
42 .4  
7 4 . 5  

2 1 3 . 0  
6 3 . 4  
8 5 . 1  
3 3 . 1  
27. ld 
40.5' 
1 7 . 2  
2 0 . 3  

1 7 4 . 0 ~  
7 3 . 7  

1 1 8 . 8  
1 7 3 . ~ ~  

96 .4  
9 2 . 4  
b l .  l* 
2 7 . 8  
60 .6  
5 8 . 1  

a 1  b(pprn1 i n  p y r i o i n e - d  A s s i g n m e n t s  o f  t h e  s i g n a l s  a r e  b s $ d  o n  CW o f f  
r e s o n a n c e ,  I h E P P  m e t k o o  o r  t h e  r e p o r t  by Abe a n d  Yamauchi .  

b )  f r o m  r e f e r e n c e  8 .  
c - e l  The s i g n a l s  w i t h  t h e  salne s u p e r s c r i p t s  i n  each c o l o m n  may b e  i n t e r c h a n g e a .  

+ t 
T a o l e  3 .  I n h i b i t i o n  o f  G u i n e a  P i g  i i e a r t  Na , I< -AtPPasr by i l a e o a e n d r o s i u e s  -- 
Compound IUc,, Compound I U u  

o u a b a i n  1 5 7  t 1 6 . 3 a  ( 1 . 0 ~ 1 ~  P  ( 7 1  2 1 4  t 3 3 . 4  10 .731  

M ( 1 1  3 9 . 9  t 6 . 0 4  ( 3 . 9 3 1 ~  Q ( 9 )  3 2 1 9  t 2 9 5  ( 0 . 0 5 )  

N 0 1  4 4 2 0  + 3 6 0  ( 0 . 0 4 1  H ( 1 0 1  7 1 4  2 4 5  ( 0 . 2 2 1  

3 151 7 3 1  f 1 1 2  ( 0 . 2 1 1  S ( 1 2 1  2 3 1 0  t 3 6 8  ( 0 . 0 7 1  

a 1  mean t S.E. ( x  l o F 8  N, n=31.  
b )  F i g u r e s  i n  parentheses e x p r e s s  t h e  r e l a t i v e  p o t e n c y .  
C )  f r o m  r e f e r e n c e  1 0 .  

M e l t i n g  p o i n t s  were u n c o r r e c t e o .  T h e  f o l l o w i n g  i n s t r u m e n t s  were u s e d .  

O p t i c a l  r o t a t i o n ;  JASCO DIP-181 s p e c t r o m e t e r ,  l o w  ms s p e c t r a ;  i i i t a c h i  M-52 

s p e c t r o m e t e r ,  FU rns s p e c t r a ;  JEOL JMS-OlSG-2 s p e c t r o m e t e r ,  e x a c t  ms s p e c t r a  
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u s i n g  c h e m i c a l  i o n i z a t i o n  ( C I ,  C H 4 ) ;  RE1 ,viS-YU2 spectrometer, 'h nmr s p e c t r a ;  

JEOL JNM-GX-500 1 5 0 0  MBz). 13c nmr: JEOr. J w - G X - 4 0 0  ( lOD.4 IYHZI ,  h i q h -  

p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  l h p l c ) ;  JASCO 'CKI KOTAH e q u i p p e d  w i t h  a JASCO 

UVIUEC-100-11 uv 1 2 4 0  m l  o r  S h i m a d z u  SPD-M6A p h o t o d i o d e  a r r a y  u v  (210-30U Nn) 

d e t e c t o r ,  h p l c  c o l u m n ;  T s K g e l  O D s - 8 0 T ~  I ' I 'OSOH),  D e v e l o s i l  0 0 5 - 5  IXamura  

C h e m i c a l )  a n d  C h e m c o s o r b  5-00s-L1 l C h e m c o l l 5  llm; 1 5  crn x 0 . 4  c m  i . d .  I ,  h p l c  f l o w  

r a t e ;  1 ml /min ,  p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  ( p r e p .  tic); s i l i c a  g e l  

IE. M e r c k l ,  co lurnn  c h r o m a t o g r a p h y ;  s i l i ca  g e l  1 7 0 - 2 3 0  m e s h ) (  H. + E r c K ) .  

C y c l o u e x t r i n  ICU) w a s  k i n d l y  d o n a t e d  by N i h o n  S h o k u h i n  Kako. T e t r a c n e t h y l s i l a n e  

was u s e d  as an  i n t e r n a l  s t a n d a r d  f o r  nmr s p e c t r a .  A b b r e v i a t i o n s :  s = s i n q l e t ,  

d = d o u b l e t ,  t = t r i p l e t ,  d d = d o u b l e t  o f  d o u b l e t s ,  t d = t r i p l e t  o f  d o u b l e t s ,  

d d d = d o u b l e t  o f  d o u b l e t s  o f  d o u b l e t s ,  m = m u l t i p l e t ,  b r = b r o a d .  

E x t r a c t i o n  o f  S t e r o i d a l  C o m p o n e n t s  

S e e d s  ( 5  k g >  o f  t l a e o d e n d r o n  q l a u c u l n  P e r s .  col lectea i n  I n d i a  i n  March ,  1 9 7 5 ,  - 
were e x t r a c t e d  w i t h  95% bto'ii ( 5  1) i n  a S o x h l e t  e x t r a c t o r .  Phe e t h a n o l i c  l a y e r  

w a s  c o n c e n t r a t e d  i n  v a c u o ,  and  t h e  r n s i u u e  was f u r t h e r  e x t r a c t e d  w i t h  n - h e x a n e  

a n d  t h e n  C H C ~ )  i n  a S o x h l e t  e x t r a c t o r .  T h e  o r g a n i c  l a y e r  was  c o n c e n t r a t e d  & 

v n c u o ,  a n u  t h e  r e s i a u e  116 g l  was c h r o m a t o g r a p h e d  r e p e a t e d l y  a s  s h o w n  i n  C h a r t  

1. The  f o l l o w i n g  c a r d i a c  g l y c o s i d e s  were o b t a i n e d .  

c l a e o d e n d r o s i d e  N ( l I ( 1 0  mg) . mp 277-27y0c ,  colorless  p r i s m s  frorn a c e t o n e ,  

[ a l E 5  +66.7' l c = 0 . 1 5 .  CHC13-MeOH 1 1 : l l l .  ms m/z: 5 4 2  ( M I + .  uv~:;:~~nrn 2 1 7 ,  

2 8 4 .  

B l a e o d e n d r o s i u e  h 1 3 ) ( 1  m y ) .  mp >300°C, c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o i n  

MeOH, [a1;2+104.3O 1 c = 0 . 1 2 ,  C H C I ~ ) .  FU ;ns m/n: 5 4 5  ( M + I I I + .  

L l a e o d e n d r o s i d e  O  1 5 1 (  4 m g ) .  mp 243-24s0c ,  c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o m  

a c e t o n e .  ~ a l L 6 t 7 3 . 2 ~  1 c = 0 . 2 1 ,  C I I C ~ ~ ) .  Anal .  c a l m  f o r  c ~ ~ B ~ ~ ~ ~ . z H ~ o :  C ,  

6 1 . 6 9 ;  li, 7 . 1 4 .  Found: C, 6 1 . 3 2 ;  d, 6 . 8 3 .  r U  m s  in/.: 5 2 8  1 ~ 4 1 ~ .  uvhE:Hmn: 

2 1 7 ,  265.  

f i l a e o u e n d r a s i o e  P 1 7 1 1 1 0  mg) .  mp 2 3 2 - 2 3 4 ' ~ .  c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o , "  

MeOH-ether,  1 a l ; l + 4 7 . 0 ~  l c = 0 . 3 4 ,  CHCl31. Anal .  C a l c u  f a r  C2gH36010: C, 6 3 . 7 2 ;  

H ,  7 .01 .  Found:  C, 6 3 . 2 9 ;  n, 6 . 8 8 .  e x a c t  ms ( C I )  m/z: 5 4 7 . 2 5 4 8  I ~ + H ) ~  I C a l c d  

f o r  C2yH3aoL0 t H ,  5 4 7 . 2 5 4 3 ) .  

E l a e o d e n d r o s i d e  (i 1 9 )  I 1 0  mg) .  mp 252-253Oc, c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o m  

MeOH. 1 0 1 ; ~ - 6 . 8 ~  lc=O.57 ,  CHC13). A n a l .  C a l c d  f o r  C2gH38010: C, 6 3 . 7 2 ;  H ,  



7 . 0 1 .  Found:  C, 6 3 . 6 2 ;  13, 6 .92 .  e x a c t  ms LC11 m/z: 5 4 7 . 2 5 0 5  l n + ~ l +  I C a l c d  f o r  

C29H3801U + H ,  5 4 7 . 2 5 4 3 ) .  

h l a e o d e n u r o ~ l a e  t l U ) l 5  m y ) .  mp 231-233Oc. c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o m  

A e U H - e t h e r ,  l a  1 ; 1 + 5 3 . 3 ~  l c = 0 . 2 2 ,  C I I C I J ) .  e x a c t  ms ( C I I  m/z: 5 3 1 . 2 5 8 5  lM+li)+ 

( C a l m  f o r  C 2 9 n 3 n 0 9  + 1,. 5 3 1 . 2 5 9 4 ) .  

t l a e o d e n d r o s l a e  5 ( 1 2 J ( 7  W J .  mp 235-24O0C, c o l o r l e s s  a m o r p h o u s  s u b s t a n c e  f r o m  

~ e u ~ - e t h e r ,  [ a 1 i 2 + 6 3 . n 0  I C = U . ~ O ,  C H C ~ ~ ) .  PO m s  m / n :  5 3 3  I M + I ~ ) + .  

' I ' r a n s f o e m a t i o n  o t  t l a e o d e n d r o s i d e  A  ( 2 )  t o  E l a e o d e n d r o s i d e  M 11) 

E l a e o d e n d r o s i d e  A 12)12U mg) was t r e a t e d  w i t h  J o n e s  r e a g e n t  as d e s c r i b e d  i n  t h e  

p r e v i o u s  p a p e r . 4  Mixed mp o f  t h e  o x i d a t i o n  p r o a u c t  1 1 5  my) a n  a a n i x t u r e  w i t h  1 

s h o w e o  n o  d e p r e s s i o n .  

T r a n s f o r m a t i o n  o f  E l a e o d e n d r o s i d e  A 121 t o  E l a e o a e n d r o s i d e  N 131 

lla.128-Dihydroxyelaeodendroside D 1 4 1 1 9  mg) o b t a i n e a  f r o m  z 4  was dissolves i n  

AcOH I 1  m l l  and t r e a t e d  w i t h  1.1 eq. o f  C r 0 3  i n  AcUH-H O  1 1 : 1 ) 1 1 . 2  mg/ml)  u n u e r  2 

i c e - c o o l i n g  f o r  1 n. T h e  r e a c t i o n  m i x t u r e  was  e x t r a c t e d  w i t h  AcOEt a n d  w a s h e d  

s u c c e s s i v e l y  w i t h  5 %  NariS03, 5 %  NanC03 a n d  1120. A f t e r  d r y i n g  o v e r  a n h y d r o u s  

Na2S04,  t h e  o r g a n i c  l a y e r  was  e v a p o r a t e d  o f f  l n  v a c u o .  T h e  r e s i d u e  w a s  

s u b j e c t e d  t o  p r e p .  t l c  u s i n g  benzene-AcOEt  ( 1 : 3 )  a s  a d e v e l o p i n g  s o l v e n t .  The  

z o n e  c o r r e s p o n d i n g  t o  t h e  s p o t  o f  Rf 0 . 4 5  was s c r a p e d  o f f  a n d  e l u t e "  w i t h  

AcUEt.  r h e  d r i e d  e l u a t e  w a s  r e c r y s t a l l i z e d  f r o m  MeOa t o  g i v e  c o l o r l e s s  

n e e d l e s .  mp >301J°C. The  c h r o m a t o g r a p h i c  b e h a v i o r s  o f  t h e  s y n t h e t i c  s a m p l e  

w e r e  e n t i r e l y  i d e n t i c a l  w i t h  t h o s e  o f  3. a p l c  I C h e m c o s o r b  5-OUS-ti): MeC:i-H20 

1 2 : 3 ) ,  tR 5 . 3 6  min ;  MeCh-H20 1 2 : 5 J  c o n t a i n i n g  0 . 5 %  Y-CD, tx 5 . 6 7  mi", 

p h o t o d i o d e  a r r a y  d e t e c t o r . ' '  Tlc [ b e n z e n e - A c U 6 t  1 1 : 3 ) 1 :  Hf 0 . 4 5 .  

C l a e o d e n d r o s i d e  A ( 2 )  w a s  a l s o  o b t a i n e d  f r o m  t h e  a b o v e  p r e p .  t l c  IHf 0 .571  

d l a e o u e n d r o 3 i d e  0 A c e t a t e  161 

L l a e o d e n d r o s i d e  0 ( 5 1 I 2  mg) was d i s s o l v e d  i n  p y r i d i n e  I 2  m l )  a n d  t r e a t e d  w r t h  

Ac2D 1 2  m l )  €or 2 4  h. A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  a n  N 2  g a s  stream, 

t h e  r e s i d u e  was  s u b j e c t e d  t o  p r e g .  t l c  u s i n g  CHCI - a c e t o n e  1 3 : l )  a s  a 
3  

d e v e l o p i n g  s o l v e n t .  The zone c o r r e s p o n d i n g  t o  t h e  spot o f  Bf 0 . 5 5  was s c r a p e d  

o f f  a n d  e l u t e d  w i t h  AcOEt t o  g i v e  e l a e o d e n d r o s i d e  0 a c e t a t e  1 6 )  as c o l o r l e s s  

o i l y  s u b s t a n c e  (1 mg). l a  Nmr lCUC1 1 6 :  l . l d  13H. s, 19-Me) ,  1 . 3 5  13H, s, 3 
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18-Me) ,  2 . 1 1  ( 3 h ,  s ,  IYeCU), 3 . 7 5  I IH ,  t d ,  J = 1 2 ,  3  Hz, 5 ' 0 - H 1 ,  3 . 85  I l H ,  m ,  

3 ' 8 -HI ,  3 . 9 3  i l l * ,  u d d ,  J = 1 2 ,  6 .  3  rlz ,  5 ' a - n ) ,  4 .03  L ~ H ,  m ,  2 8 - h ) ,  4 . 41  i l s ,  d ,  

J = 9  Hz, 3 a - H I ,  4.68 i1H. s ,  1 ' 0 - H I ,  4 . 9 3  i2H,  d d ,  J = 1 8 ,  2  H z ,  21-CH2), 5 . 17 ,  

5 . 2 2  l e a c n  l H ,  s ,  -OCH20-), 5 .22  i l H ,  brs, 4-HI,  5 .68  i l i i ,  brs, 1 5 a - H I ,  5 . 83  

+ 
i l H ,  b r S ,  1 6 - h ) ,  6 .08  ( I n ,  b r s ,  22-HI.  FU ms m/z: 57U ( M I  . 

i l a e o d e n d r o s i d e  U P h e n y l b o r o n a t e  --- 

E l a e o a e n d r o s i d e  O  i 5 l i <  1 mql was d i s s o l v e d  i n  a c e t o n e  10 .5  m l l  an t i  t r e a t e d  

w i t h  p h e n y l b o r o n i c  a c i d  I <  1 mgl a t  room t e i n p e r n t u r e  f o r  1 0  m i " .  E v a p o r a t i o n  

o f  t h e  s o l v e n t  g a v e  t h e  p h e n y l D o r o n a t c .  Tlc [benzene-AcOSt  i 1 :311 :  Rf U.50; 5 ,  

+ 
H£ 0.38 .  FD iss m/z: 6 1 4  iM+rl) . 

' T r a n s f o r m a t i o n  o f  E l a e o d e n d r o s i u e  P 1 7 )  t o  E l a e o d e n d r o s i t i e  Q _19) - 

h l a e o d e n d r o s i d e  P l 7 ) i  2  mgl d i s s o l v e d  i n  acetone-MoOH 1 : l  5  I was t r e a t e d  

w i t h  a luminum o x i d e  90  ( E .  Merck) as  d e s c r i b e d  i n  t h e  p r e v i o u s  p a p e r . 4  T h e  

c r u d e  p r o a u c t  was s u b j e c t e d  t o  p r e p .  t l c  u s i n g  benzene-AcOEt i 1 : 2 )  a s  a 

d e v e l o p i n g  s o l v e n t .  The  z o n e  c o r r e s p o n d i n g  t o  t h e  s p o t  o f  *A£  0 .27  was s c r a p e 6  

o f t  a n d  e l u t e d  w i t h  A c S t t .  K v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  e l a e o d e n d r o s i a e  y 

i 9 l i <  1 mgl as  c o l o r l e s s  a m o r p h o u s  s u b s t a n c e .  The  c i l r o m a t o g r a p l h i c  b e h a v i o r s  o f  

t h e  r e a r r a n g e d  p r o d u c t  were e n t i r e l y  i d e n t i c a l  w i t h  t h o s e  o f  9. H p l c  i T S k g e l  

OW-80Pf l l :  MeCN-H20 i 5 : 8 1 ,  t 6 m i " ;  MeOli-H O  1 4 : ) ) .  tK Y mi". 
K 2  

P r a n s f o r m a t i o n  o f  E l a e o d e n d r o s i d e  S  1121 t o  E l a e o d e n d r o s i d e  H 1101 

h l a e o u e n d r o s i d e  S  ( 1 2 1 1 1  mgl d i s s o l v e d  i n  AcOH 1 0 . 1  m l )  was t r e a t f . 6  w i t h  1% 

C r 0 3  i n  AcOH-13 O  i 1 : l ) i O . l  a l l  unuer i c e - c o o l i n g  f o r  45  m i " .  A f t e r  e x t r a c t i o n  2  

w i t h  A c O t t ,  t h e  o r g a n i c  l a y e r  was w a s h e d  s u c c e s s i v e l y  w i t h  5% NaHS03, 5% 

NahCO,, H 0 and t h e n  d r i e d  o v e r  a n h y d r o u s  Na2S04. 4 f t e r  e v a p o r a t i o n  o f  t h e  2  

s o l v e n t  t h e  crude p r o d u c t  was s u b j e c t e d  t o  p r e p .  t l c  u s i n g  b e n z e n e - A c o ~ t  ( 1 : 2  I .  

The  z o n e  c o r r e s p o n d i n g  t o  t h e  s p o t  of 'iif 0 . 33  was s c r a p e d  o f f  and e l u t e d  w i t h  

AcOEt. h v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  e l a e o d e n d r o s i a e  K i 1 0 l i <  1 mgl as 

c o l o r l e s s  a m o r p h o u s  s u b s t a n c e .  The  c h r o m a t o g r a p h i c  b e h a v i o r s  o f  t h e  p r o d u c t  

were e n t i r e l y  i d e n t i c a l  w i t h  t h o s e  o f  1 0 .  H p l c  i u e v e l o s i l  0 0 5 - 5 ) :  MeCN-H20 

1 2 : s )  c o n t a i n i n g  0 . 5 %  Y-CD, tK 5 .83  m i " ;  MeOH-H 0 i 1 : l ) .  tK 7 . 8 5  mi". 2  



a i o l o $ i c a l  T e s t  u s i n g  ~ a + ,  ~ + - M P a s e  

t +  
Tne i n h i b i t o r y  a c t i v i t i e s  w e r e  t e s t e d  w i t h  Na , K -ATPase f r o m  g u r n e a  p i g  h e a r t  

a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  t h e  p r e v i o u s  p a p e r s .  9.11) 
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Phe a u t h o r s  a r e  g r a t e f u l  t3 u r .  M. r a k a n i ,  Misses K .  Aoki  a n d  M. S h i m a z a k i  f o r  

t h e i r  h e l p f u l  d i s c u s s i o n  a n d  t e c h n i c a l  a s s i s t a n c e s .  Ibis  work  was s u p p o r t e d  i n  

p a r t  by  a g r a n t  f r o m  P a k e o a  R e s e a r c h  F o u n d a t i o n ,  w h i c h  i s  g r a t e f u l l y  a c k n o w l -  

e d g e d .  
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