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In o r d e r  to c l a r i fy  the influence of D-  and L - s u g a r s  on the biological  ac t iv i ty  of the c a rd i a c  g lycos ides ,  we have 
syn thes ized  s t rophanthidin  a r ab inos ide s .  The syn thes i s  was effected by the r eac t ion  of O-ace ty l a r ab inosy l  b r o m i d e s  
with s t rophanthidin  by the Khn igs -Knor r  method [ 1] in Chernoba i ' s  modif icat ion [2]. The reac t ion  produc ts  were  
saponif ied with ammonia  in methanol  ( removal  of the  p ro tec t ive  acetyl  groups) .  Af ter  pur i f ica t ion ,  the g lycos ides  were  
obtained in the c r y s t a l l i n e  s ta te .  

The a r ab inos ide s  synthes ized  d i f fered  l i t t l e  on pape r  chromatography .  In the c h l o r o f o r m - t e t r a h y d r o f u r a n  
(1 : 1 ) / fo rmamide  sys tem,  the L - a r a b i n o s i d e  is  somewhat  m o r e  po la r .  Hydro lys i s  of the g lycos ides ,  c a r r i e d  out on the 
m i c r o  sca le  by the Mannich-Siewer t  method [3], l ed  to the fo rmat ion  of the aglycone s t rophanthidin and to D- and 
L - a r a b i n o s e s ,  r e spec t i ve ly .  The hyd ro lys i s  p roduc ts  were  ident i f ied by p a p e r  chromatography .  

The syn thes i s  took p lace  s t e r e o s p e c i f i c a l l y .  In both cases ,  1, 2 - t r a n s - g l y c o s i d e s  with the a-configuYation of the 
g lycos id ic  bond were  fo rmed .  This  is  shown by a c ompa r i son  of m o l e c u l a r  ro ta t ion accord ing  to Klyne ' s  ru le  [4]: 

Substance 

Stropbanthidin 3-L-arabinoside 
Strophanthidin 3-D-arabinoside 
Strophanthidin 
Methyl c~-L-arabinopyranoside 
Methyl #-L-arabinopyr anoside 
Methyl ~x-D-arabinopyranoside 
Methyl ~.D-arabinopyranoside 
&CL.arabinos e in glycoside I 
&CD.arabinosein glycoside lI 

&CL.arabinos e in glycoside I 

&CD.arabinos e in glycoside II 

[M]D , deg. 

+163,3±16 
+204,1 ± 16 
+180,4_+ 8 
+ 28,9151 
+404,9[5] 
-- 27,916,7] 
--395,916] 
--17,1 _+24 
+ 23,7.+24 

-17, .+24 

+23,7±24 

The d imens ions  of the oxide r ing  can be judged f rom the behav ior  of the g lycos ides  on hydro lys i s  With dilute 
ac ids .  The a r ab inos ide s  syn thes ized  a r e  not hydro lyzed  apprec iab ly  by 0.05 N H2SO 4 at 70 ° C for  30 min. Such s tab i l i ty  
of the g lycos id ic  bonds shows the p y r a n o s e  fo rm of the ca rbohydra t e  components  [8, 9]. Consequently,  the g lycos ides  
obtained a r e  s t rophanthidin  3 - a - L - a r a b i n o p y r a n o s i d e  (I) and s t rophanthidin 3 - a - D - a r a b i n o p y r a n o s i d e  (II). 
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Results of blologioal investigations. The determination of biological activity, carried out in both cases on six 
cats, gave the following results: strophanthidin 3-~-L-arabinoside 0.091 ± 0.004 mg/kg, strophanthidin 3-~-O- 
a rab inos ide  0.127 + 0.007 mg/kg .  Consequently,  the L - a r a b i n o s i d e  is  i . 4  t i m e s  m o r e  ac t ive  than the D-a rab inos ide .  

There  is  in format ion  in the  l i t e r a t u r e  on the b io logica l  ac t iv i ty  of o ther  monotypical  p a i r s  of c a r d i a c  g lycos ides .  
Thus, it  i s  known that  the L - r h a m n o s i d e s ,  L - d i g i n o s i d e s ,  and L - c y m a r o s i d e s  a r e  cons ide rab ly  m o r e  act ive than the 
co r re spond ing  g lycos ides  in which the monosaccha r ide  r e s i d u e s  belong to the  D - s e r i e s .  

Of the l a rge  number  of na tura l  c a rd i ac  g lycos ides  and those synthes ized  up to the p r e se n t  t ime ,  the highest  
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cardiotonic activity is  possessed  by strophanthidin 3 - a - L - m a n n o p y r a n o s i d e ,  0°069 mg/kg [10]. It would apparent ly be 
p rema tu re  to give an unambiguous answer  to the question of whether the L - s u g a r s  regu la r ly  impar t  a g rea te r  biological 
act ivi ty to the cardenol ides  than the corresponding D-sugars ,  s ince the four examples  of monotypical pa i r s  of 
glycosides avai lable are  inadequate for  this  purpose.  

Glycoside LD, mg/kg wt LRerature 
of the cat references 

Sarmentogenin 3-a-L-diginoside O, 143 [ 11] 
Sarmentogenin 3-~-D-diginoside 0,328 [1t] 
Digito xigenin 3-a-L-rhamnoside 0,~78 [12] 
Digitoxigenin 3-a-D-rhamnoside 0,615 [13] 
Digitoxigenin 3~a-L-cymaroside 0,200 ! !4 ,  l.b] 
Digito xigenin 3-~3-D-eymaroside 0,372 |la--17] 
Strophanthidin 3-~-L-arabinoside 0,091 Our work 
Strophanthidin 3-ceD-arabinoside 0,127 

The de te rmina t ion  of the reason  for the g rea te r  biological act ivi ty of the L-glycos ides  mentioned as compared 
with the corresponding D-glycosides  is of pa r t i cu la r  in te res t .  It is possible  that the cardiac D-glycosides descr ibed 
are  rendered  h a r m l e s s  in the o rgan i sm (by hydrolysis ,  epimerizat ion,  anhydridization,  and other t ransformat ions)  
more  rapidly.  A study of the metabol i sm of the pa i r s  of compounds mentioned will probably give a cor rec t  e~q31anation 
of the observed difference in biological activity.  

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

The substances  were analyzed after  drying over phosphorus pentoxide in vacuum (0.01 mm Hg) at 11{) ~ C for 2 hr.  
The following sys tems  of solvents  were used in the chromatographic  studies:  ch lo roform- te t rahydrofuran  
(1 : 1) / formamide,  methyl ethyl ke tone -m-xy l ene  (1 : 1) / formamide,  benzene / fo rmamide  and b u t a n - l - o l - a c e t i c  a c i d -  
water  (4 : 1 : 5). To de te rmine  the i r  biological act ivi t ies ,  init ial  solutions of the glycosides at a concentrat ion of 1 : 1000 
were prepared,  and immedia te ly  before invest igat ion they were diluted to a concentrat ion of 1 : 100,000. 

Synthesis.  A solution of 2 g of anhydrous strophanthidin in 25 ml of absolute diehloroethane was t rea ted  with 
10 ml of toluene, 15 g of f r e sh ly -p repa red  s i lver  carbonate,  2 g of ca lc ium oxide, and 1 g of activated carbon. The 
mixture  was heated to the boil in an oil bath and, with continuous s t i r r ing ,  4.5 g of the appropriate  O-acety larabinosyl  
bromide ,  dissolved in 15 ml of chloroform, was added over 6 min.  The mixture  was boiled for another 5 min.  After 
the end of the react ion,  the solution was f i l tered,  the precipi ta te  was washed with chloroform, and the f i l t ra te  was 
evaporated in vacuum. The res idue was dissolved in 70 ml of methanol,  10 ml of methanol saturated with ammonia  was 
added, and the mixture  was left at room t empera tu re  (22-25 ° C) for 20-30 hr.  The completeness  of the saponification 
of the acetyl groups was checked by paper  chromatography.  The methanol and the excess of ammonia  were dr iven off 
in vacuum. The res idue  was dissolved in 200 ml of ch loroform-e thanol  (2 : 1) and 20 ml of water.  The aqueous layer  
was separated off and the e thanol ie-chloroformic  l ayer  was subjected to additional t rea tment  with water  (2 × 10 ml) and 
evaporated.  To separate  the strophanthidin,  the amorphous powder was dissolved in 40 ml of acetone, 80 ml of benzene 
was added, and the mixture  was heated to 60-70 ° C. The solution was concentrated to a volume of about 40 ml.  The 
acetone dis t i l led off a lmost  completely.  The glycoside synthesized deposited f rom the benzene solution in the form of 
a viscous g lassy  mass .  The precipi ta te  was separated off, dissolved in acetone, and again precipi ta ted with benzene.  
This t r ea tment  was repeated four t imes .  The glycoside purif ied in this  way was dissolved in 20 ml of methanol,  10 ml 
of hot water  was added, and the solution was heated in the boil ing water bath until  the ethanol had been dr iven off 
completely.  The hot aqueous solution deposited c rys ta l s  in the form of long p r i s m s .  

Strophanthidin 3 - a - L - a r a b i n o s t d e .  The glycoside was obtained with a yield of 58%. It had mp 170-174 ° C (from 
water),  [ a ]~  +30.44 + 3 ° (c 1.00; methanol).  It dissolved in cone H2SO4, forming a colorat ion changing with t ime:  
0 min) red;  6 rain) orange;  10 min) yel low-brown;  4 hr) brown; 6.5 hr) dark green;  8 hr) green.  

Found, ~: C 62.52; H 7.90. Mol wt 540.1. Calculated for C28H40010, %; C 62.69; H 7.52. Mol wt 536.6. 

Strophanthidin 3 - ~ - D - a r a b i n o s i d e .  The yield of finished product was about 55%. The glycoside melted at 
211-212 ° C (from water):  [a ]~  +38.03 ± 3 ° (c 0.94; pyridine) .  It dissolved in conc H2SO 4 giving a colorat ion changing 
with t ime:  0 rain) orange;  10 min) light brown;  8 hr) lemon yellow. 

Found, %: C 62.77; H 7.77. Calculated for C28H40010, %: C 62.69; g 7.52. 
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C O N C L U S I O N S  

Strophanthidin 3 -a -D-arab inopyranos ide  and strophanthidin 3 -a -L-a rab inopyranos ide  have been synthesized from 
strophanthidin and D- and L-arab inoses .  The L-arabinoside  possesses  a cardiotonic activity 1.4 t imes grea te r  than 
that of the D-arabinoside.  
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