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Erycordinobiose, C12H22010, has been obtained by the par t ia l  acid hydrolys is  of the card iac  glycoside 
e rycord in ,  which is cannogenol 3/3 - O -  [O-f l -D-glucopyranosyl-  (1 ~4) - f l -D-gu lomethy lopyranos ide ]  [1]. The 
s t ruc tu re  of the sugar  component  in the glycoside was es tabl i shed [1] f r o m  the resu l t s  of stepwise enzy-  
mat ic  and acid hydrolys is ,  f r o m  the fo rmat ion  of 2' ,  3 ' -O- i sopropy l idenee rycord in ,  and f rom an analys is  
of mo lecu la r  ro ta t ions .  On this bas i s ,  e rycord inobiose  may be cha rac t e r i zed  as 4 -O-f l -D-g lucopyranosy l -  
D-gulomethylose  (I). The s t ruc tu re  of (I) is a lso conf i rmed by the fo rmat ion  of a phenylosazone,  which ex-  
cludes the poss ibi l i ty  of the a t tachment  of the D-glucose at C-2.  When the d isacchar ide  was methylated 
by Kuhn's method and the methyla ted  product  was hydrolyzed,  2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  was ob- 
tained (identified by chromatography) .  Erycordinobiose  is not hydrolyzed in any apprec iable  amounts what-  
e v e r  by 0.05 N sulfur ic  acid at 80°C in 30 rain. These  resu l t s  indicate [2] that the D-glucose residue is in 
the pyranose  fo rm.  

Erychrobiose, CllH2008, has been isolated f rom the card iac  diglycoside e rych ros ide  in the amorphous  
s ta te ,  and i ts  s t ruc tu re  was es tab l i shed  as long ago as 1962 [3]. The d isacchar ide  has now been obtained in  
the c rys ta l l ine  s ta te .  We give the p r o p e r t i e s  of e rychrob ios ide  and informat ion  showing that it is 4-O-fl-  
D-xy lopyranosy l -D-d ig i toxose  (IlI). A sugar  of p r ec i s e ly  this s t ruc tu re  has been descr ibed  under the name 
of gypsobiose  [9]. 
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Erychrob iose  is readi ly  hydrolyzed by an enzyme p repa ra t ion  f rom the grape  snail  with the f o r m a -  
tion of D-digi toxose and D-xylose .  The sequence of a t tachment  of the monosacchar ide  res idues  in t h e f o r m  
D - x y l o s e ~  D-digi toxose is shown by the fo rmat ion  in the enzymat ic  hydrolys is  of e rychros ide  [4] of D- 
xylose and the monoglycoside e rys imin ,  which is s trophanthidin 3/~-O-fl-D-digitoxoside. An analys is  of the 
mo lecu l a r  ro ta t ions  of e rych ros ide  and the monoglycoside obtained f r o m  it (erysimin)  by Klyne 's  rule [5] 
shows that the D-xylose  is at tached by a f l-glycosidic bond. The pyranose  fo rm of the D--xylose residue is 
shown by two facts:  in the f i r s t  place,  0.05 N sulfuric acid does not hydrolyze e rych rob iose  apprec iably  
under  the conditions given above; in the second place,  the methylat ion of the d isaechar ide  and subsequent 
hydro lys i s  gave 2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e  and D - c y m a r o s e  (3-O-methyl -D-dig i toxose) .  The fo rmat ion  
of D - c y m a r o s e ,  in i ts  turn,  shows that the OH group at C s of digitoxose is f ree  in e rych rob iose .  This ex-  
cludes a 1 ~ 3  bond. 

The hydrolys is  of 1 , 2 ' , 3 , 3 ' , 4 ' - p e n t a - O - m e t h y l e r y c h r o b i o s e  under  mild conditions gave 2 ' , 3 ,3 ' , 4 ' -  
t e t r a - O - m e t h y l e r y c h r o b i o s e .  The l a t t e r  was oxidized with b romine  and the oxidation product  was disti l led 

Khar 'kov  Sc ien t i f i c -Research  Insti tute of Pharmaceu t i ca l  Chemica ls .  T rans l a t ed  f r o m  Khimiya 
Pr i rodnykh Soedinenii, No. 1, pp. 50-54, J a n u a r y - F e b r u a r y ,  1973. Original a r t i c le  submit ted April  28, 
1972. 

@ 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 100l 1. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

43 



in v a c u u m  in o r d e r  to  c o n v e r t  i t  c o m p l e t e l y  into the l ac tone .  The IR s p e c t r u m  of the d i s t i l l a t e  showed an 
a b s o r p t i o n  band  at  1749 c m  -1 which i s  c h a r a c t e r i s t i c  fo r  the c a r b o n y l  g roup  of a 5-1ac tone .  The f o r m a t i o n  
of a 5-1actone (the l a c t o n e  of 2 ' , 3 , 3 ' , 4 ' - t e t r a - O - m e t h y l e r y c h r o b i o n i c  acid)  e x c l u d e s  the f u r a n o s e  f o r m  of 
the d ig i t oxose  in  the d i s a c c h a r i d e  and a 1 ~ 5  bond with i t .  Consequen t ly ,  the only p o s s i b l e  l inkage  of the 
m o n o s a c c h a r i d e  r e s i d u e s  i s  a 1 ~ 4  l i n k a g e .  

Thus ,  e r y c h r o b i o s e  can  be c h a r a c t e r i z e d  as  4 - O - B - D - x y l o p y r a n o s y l - D - d i g i t o x o s e ,  and i t s  s t r u c t u r e  
m a y  be r e p r e s e n t e d  by f o r m u l a  (Ill).  

E X P E R I M E N T A L  

P r e p a r a t i o n  of E r y c o r d i n o b i o s e .  A so lu t ion  of 3 g of e r y c o r d i n  in 300 ml  of m e t h a n o l  was  t r e a t e d  
with  300 ml  of a 0.15 N aqueous  so lu t ion  of s u l f u r i c  ac id  and the m i x t u r e  was  bo i l ed  u n d e r  r e f l ux  fo r  7 h. 
Then  the me thano l  was  d i s t i l l e d  off in vacuum at  45°C. The ag lycone  f r a c t i o n  was  e x t r a c t e d  f r o m  the aque -  
ous r e s i d u e  with a m i x t u r e  of c h l o r o f o r m  and i s o p r o p a n o l  (2 : 1; 5 × 250 ml ) .  The aqueous  so lu t ion  was  
n e u t r a l i z e d  with  b a r i u m  c a r b o n a t e ,  f i l t e r e d  th rough  a l a y e r  of k i e s e l g u h r ,  and e v a p o r a t e d  in vacuum.  As 
was  shown by the r e s u l t s  of c h r o m a t o g r a p h i c  a n a l y s i s ,  the r e s i d u e  c o n s i s t e d  of t h r e e  s u g a r s :  a d i s a c c h a r i d e  
(the m a i n  componen t ) ,  D - g l u c o s e ,  and D - g u l o m e t h y l o s e .  The amoun t s  of the l a s t  two s u b s t a n c e s  w e r e  r e l -  
a t i ve ly  s m a l l .  To s e p a r a t e  t h e m  f r o m  the d i s a c c h a r i d e ,  the m i x t u r e  was  e h r o m a t o g r a p h e d  in a co lumn  of 
c e l l u l o s e  us ing  the b u t a n - l - o l - a c e t i c  ac id  (4 : 1 ) / w a t e r  so lven t  s y s t e m .  A 250-fold  amount  of c e l l u l o s e  on 
the to ta l  amoun t  of s u b s t a n c e s  to be s e p a r a t e d  was  used .  The f r a c t i o n s  con ta in ing  the pu re  d i s a c c h a r i d e  
w e r e  e v a p o r a t e d  in v a c u u m  (0.01 m m  Hg) at  7-10°C.  The r e s i d u e  was  c r y s t a l l i z e d  f r o m  m e t h a n o l - b u t a n -  
1 -o l .  Th i s  gave  0.48 g of c r y s t a l l i n e  e r y c o r d i n o b i o s e  (35% of the t h e o r e t i c a l l y  p o s s i b l e  y ie ld )  with mp  133- 
136/160-163°C,  [ (~]~-22 .4  ~2 ° (c 1.20; aqueous  so lu t i on  a f t e r  the e s t a b l i s h m e n t  of e q u i l i b r i u m ) .  The r e -  
su l t s  of e l e m e n t a r y  a n a l y s i s  c o r r e s p o n d e d  to the f i g u r e s  c a l c u l a t e d  fo r  the c o m p o s i t i o n  C12H22010. In the 
b u t a n - l - o l - a c e t i c  ac id  (4: 1 ) / w a t e r  s y s t e m ,  R G l u = 0 . 6 1 .  

A s o l u t i o n  of 15 m g  of e r y c o r d i n o b i o s e  and 10 mg of an e n z y m e  p r e p a r a t i o n  f r o m  the g r a p e  sna i l  in 
1 m l  of w a t e r  was  l e f t  in the t h e r m o s t a t  at  41°C fo r  17 h. The e n z y m e s  we re  p r e c i p i t a t e d  with e thanol ,  the 
p r e c i p i t a t e  was  s e p a r a t e d  off, and the so lu t i on  was  e v a p o r a t e d  in vacuum.  P a p e r - c h r o m a t o g r a p h i c  a n a l y s i s  
of the r e s i d u e  showed tha t  i t  c o n s i s t e d  of D - g l u c o s e  and D - g u l o m e t h y l o s c .  

E r y c o r d i n o b i o s e  (60 mg) was  m e t h y l a t e d  with me thy l  iodide  in d i m e t h y l f o r m a m i d e  by Kuhn ' s  me thod  
[6]. The m e t h y l a t e d  d i s a c c h a r i d e  was  h y d r o l y z e d  with a m i x t u r e  of h y d r o c h l o r i c  ac id ,  a c e t i c  ac id ,  and 
w a t e r  (1 : 3.5 : 5.5; K i l i a n i ' s  m i x t u r e  [7]) in a s e a l e d  g l a s s  tube at  100°C for  1 h. The m e t h y l a t e d  m o n o -  
s a c c h a r i d e s  w e r e  e x t r a c t e d  f r o m  the h y d r o l y z a t e  with c h l o r o f o r m - e t h a n o l  (2 : 1). The e t h a n o l i c  c h l o r o -  
f o r m  e x t r a c t  was  t r e a t e d  with  2 N s o d i u m  c a r b o n a t e  so lu t ion  and was  e v a p o r a t e d .  As was  shown by p a p e r  
c h r o m a t o g r a p h y ,  the r e s i d u e  c o n s i s t e d  of two m o n o s a e e h a r i d e s ,  one of which  was  iden t i f i ed  as  2 ,3 ,4 ,6 -  
t e t r a - O - m e t h y l -  D - g l u c o s e .  

1 , 2 , 2 ' , 3 , 3 ' , 4 ' , 6 ' - H e p t a - O - a c e t y l e r y c o r d i n o b i o s e .  A so lu t ion  of 150 mg of e r y c o r d i n o b i o s e  in 10 ml  
of abso lu t e  p y r i d i n e  was  t r e a t e d  with 6 ml  of a ce t i c  a n h y d r i d e  and the m i x t u r e  was  l e f t  at r o o m  t e m p e r a -  
t u r e  fo r  46 h. Then  i t  was  s t i r r e d  with ice  fo r  2 h and the a c e t a t e  was  t r a n s f e r r e d  into c h l o r o f o r m  s o l u -  
t ion.  The l a t t e r  was  t r e a t e d  with 1 N s u l f u r i c  a c id  and with w a t e r  to n e u t r a l i t y  and was  e v a p o r a t e d .  The 
r e s i d u e ,  which c o n s i s t e d  of h e p t a - O - a c e t y l e r y c o r d i n o b i o s e  (II), a f t e r  c r y s t a l l i z a t i o n  f r o m  a c e t o n e - w a t e r ,  
had mp 65-70°C. Subs tance  (lI) was  r e c r y s t a l l i z e d  f r o m  a m i x t u r e  of d ie thy l  e t h e r  and p e t r o l e u m  e t h e r ,  and 
then  m e l t e d  at  71-73°C, [ a ] ~ - l . 8  ~2 ° (e 1.67; c h l o r o f o r m ) .  

The m e l t i n g  po in t  of e r y c o r d i n o b i o s e  p h e n y l o s a z o n e  was  214.5-216°C ( f rom wa te r ) ;  [ ~ ] ~ - 3 4 . 7  ±5 ° 
(c 0.35; p y r i d i n e ) .  UV s p e c t r u m :  xe thanol  256.5, 311, 394.5 nm (log e ,  r e s p e c t i v e l y ,  4.49, 4.26, 4.48) and " 'max 
two s h o u l d e r s  i n t h e  ~ 2 3 0 - a n d 3 2 7 - n m  r e g i o n s  (log ~ 4.39 and 4.25).  

P r e p a r a t i o n  of E r y c h r o b i o s e .  A so lu t i on  of 2.5 g of e r y c h r o s i d e  in 100 ml  of e thano l  was  t r e a t e d  with 
100 ml  of a 0.1 N aqueous  so lu t ion  of s u l f u r i c  ac id .  The m i x t u r e  was  hea t ed  at  80°C u n d e r  r e f l ux  fo r  40 
min .  The ag lyeone  was  e x t r a c t e d  f r o m  the coo led  h y d r o l y z a t e  wi th  c h l o r o f o r m  (300 ml)  and with a m i x t u r e  
of c h l o r o f o r m  and e thano l  (5 : 1; 8 × 100 ml ) .  The aqueous  so lu t ion  was  n e u t r a l i z e d  with b a r i u m  c a r b o n a t e ,  
f i l t e r e d ,  and e v a p o r a t e d .  The r e s i d u e  was  d i s s o l v e d  in me thano l  and the r e s u l t i n g  so lu t ion  was  f i l t e r e d .  
The f i l t r a t e  was  t r e a t e d  with  b u t a n - l - o l  (15 ml)  and was  then c o n c e n t r a t e d  in vacuum to a vo lume of about  
7 m l .  Slowly,  o v e r  2 h, 3 ml  of d ie thy l  e t h e r  was  added  and the r e s u l t i n g  m i x t u r e  was  kep t  in a c l o s e d  v e s -  
se l  at r o o m  t e m p e r a t u r e  fo r  17 h. Sma l l  c o l o r l e s s  c r y s t a l s  f o r m e d .  An add i t i ona l  5 ml  of e t h e r  was  added  
d r o p w i s e  o v e r  6 h, and the mixt,~re was  l e f t  fo r  a n o t h e r  12 h. The c r y s t a l s  w e r e  s e p a r a t e d  off b y o r d i n a r y  
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vaccum fil trat ion and were washed f i rs t  with b u t a n o l - e t h e r  (1 : 1) and then with pure ether.  This gave 0.72 
g of e rychrobiose  (III) (yield about 70~0 of that theoret ical ly possible) with mp 88-90°C, [a]~ +2.7 +2 ° (c 1.2; 
pyridine solution after  the establ ishment  of equilibrium). The resul ts  of e lementary  analysis corresponded 
to the f igures calculated for the composit ion CuH~00 s. Enzymatic hydrolysis  (see above) of the disaccharide 
gave D-xylose and D-digitoxose (identified by paper chromatography).  

1 ,2 , ,3 ,3 ' ,4 ' -Pen ta -O-ace ty le rychrob iose  (IV). The substance was obtained in the same way as penta-  
O-acetylerycordinobiose  (see above). It c rys ta l l ized f rom 50% ethanol in the form of elongated needles; 
mp 184-186°C, [(~]~-19.1 +3 ° (c 0.82; chloroform).  

1 ,2 ' , 3 ,3 ' , 4 ' -Pen ta -O-methy le rychrob iose .  With heating, 0.5 g of e rychrobiose  was dissolved in 4 ml 
of dimethylformamide in a three-necked flask. It was methylated (Haworth's method) with the careful e l im- 
ination of a tmospher ic  oxygen f rom the react ion flask (continuous passage of nitrogen) and ice cooling. To 
the sugar  solution was added 1.5 ml of dimethyl sulfate and then, over 40 min, 3 ml of 30% aqueous caustic 
soda f rom a dropping funnel. The react ion mixture was s t i r red  with a magnetic s t i r r e r  and its t empera-  
ture was allowed to r ise  gradually to 20°C after  which another 1 ml of dimethyl sulfate and 2.5 ml of the 
solution of alkali were added over  1 h. Stirr ing of the mixture at room tempera ture  was continued for  18 h. 
Then 3 ml of ethanol was added to it, and it was s t i r red  for another 2 h. The mixture was cooled with ice 
and the alkali was neutralized with 1 N sulfuric acid. The methylation product  was extracted with chloro-  
f o r m - i s o p r o p a n o l  (3 : 1). The ext rac t  was washed four t imes with water  and was dried over anhydrous so- 
dium sulfate and evaporated.  The residue (0.60 g) was fur ther  methylated by Kuhn's method [6] in the fol- 
lowing way: it was dissolved in 4 ml of dimethylformamide and 5 ml cf methyl iodide and 5 g of f reshly 
prepared  s i lver  oxide were added. The mixture was heated under reflux with continuous s t i r r ing  (4 h) and 
was then diluted with 100 ml of chloroform and fi l tered through a l ayer  of kieselguhr.  The chloroform ex- 
t rac t  was washed with water  (5 x 20 ml), dried over  anhydrous sodium sulfate, and evaporated.  This gave 
0.62 g of penta-O-methylerychrobiose  in the form of a light-brownish viscous mass .  The IR spec tn lm of 
the substance did not contain absorption bands charac te r i s t ic  for OH groups.  

Hydrolysis  of 1 ,2 ' ,3 ,3 ' ,4 ' -Penta-O- :methylerychrobiose ; I so la t ion  and Identification of the Hydrolysis 
Products .  The penta-O-methylerychrobiose  (200 mg) was hydrolyzed by Kiliani 's  method [7] for 1 h, and 
the methylated monosacchar ides  were separated f rom the acids as described above. The resul ts  of paper  
chromatography showed that the hydrolyzate consisted of two substances the spots of which were located 
at the levels of D-cymarose  and of 2 ,3 ,4 - t r i -O-methyl -D-xylose .  The substances were separated by chro-  
matography on neutral  alumina (activity grade III). The t r imethylxylose was desorbed with c h l o r o f o r m -  
methanol (99 : 1 to 97 : 3) and the cymarose  with ch lo ro fo rm-me thano l  (80 : 20 to 70 : 30). The D-cymarose  
had mp 90-94°C (e thanol-e ther) .  A mixture with a sample of the monosacchar ide  gave no depression of 
the melting point (90-94°C). 

The 2 ,3 ,4 - t r i -O-methy l -D-xy lose  had mp 78-86°C, [a]~ +23.2 +4 ° (c 0.65; in ethanol after the es tab-  
l ishment of equilibrium). In the methyl ethyl k e t o n e - m - x y l e n e  (1 : 1)/formamide system, RTMG = 0.91 
(TMG = 2 ,3 ,4 ,6- te t ra -O-methyl -D-glucose) .  The resul ts  of a direct  compar ison of the monosaccharide ob- 
tained with a sample of 2 ,3 ,4 - t r i -O-methy l -D-xylose  shows their  identity. 

2 ' , 3 , 3 ' , 4 ' -Te t r a -O-me thy l e rych rob iose .  A solution of 400 mg of 1 ,2 ' , 3 ,3 ' , 4 ' -pen ta -O-methy le rychro-  
biose in 30 ml of methanol was mixed with 15 ml of 0.15 N aqueous sulfuric acid and heated at 64°C under 
reflux for 40 rain. After  the acid had been neutral ized with bar ium carbonate,  the solution was fil tered and 
evaporated.  The residue consisted of a slightly yellowish vitreous mass  which vigorously reduced Fehling 's  
reagent, formed a green coloration with the Kel le r -Ki l i an i  reagent, and gave a positive W e b b - L e v y  reac -  
tion [8]. Paper  chromatography revealed only one spot of a reducing sugar.  This substance was used for 
subsequent react ions without fur ther  purification. 

Lactone of 2 ' , 3 ,3 ' , 4 ' -Te t r a -O-me thy le rych rob ion icAc id .  A solution of 300 mg of 2 ' , 3 , 3 ' , 4 ' - t e t r a - O -  
methylerychrobiose  in 20 ml of 50% dioxane was mixed with three drops of bromine,  and the mixture was 
kept at 3°C for  74 h. Then ethylene was passed into the solution to bind the bromine.  After this, it was 
neutral ized with s i lver  carbonate and fil tered. The fil trate was saturated with hydrogen sulfide and it was 
then fil tered again and evaporated.  The light brown syrupy residue obtained was distilled in vacuum (0.01 
mm Hg) at 140-155°C. The distillate, which set to a color less  vitreous mass ,  did not reduce Fehling's  re -  
agent and its IR spec t rum showed an absorpt ionband at 1749 cm -1 (solution in CC14) due to the carbonyl 
group of a 6-1actone; [ a ] ~ - 1 5 . 4  ~:5 ° (c 1.12; ethanol). 
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S U M M A R Y  

The par t ia l  acid hydrolysis  of the cardiac  glycosides e rycord in  and e rychros ide  has given two new 
disacchar ides  which have been called erycordinobiose  and erychrobiose;  thei r  s t ruc tures  have been es tab-  
l ished. Erycordinobiose  is 4-O-fl -D-glueopyranosyl -D-gulomethylose ,  and e ryehrob iose  is 4-O-/?-D~xylo- 
py ranosyl -  D-digitoxose.  
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