
GITOXIGENIN GLYCOSIDES 

I .  F .  M a k a r e v i c h ,  S. G. K i s l i c h e n k o ,  
D.  G. K o l e s n i k o v ,  L .  Y a .  T o p c h i i ,  
a nd  M. A.  A n g a r s k a y a  

UDC 547.92+615.711.5 

The synthesis of cardiac glycosides with the sugar component in different positions in the aglycone is 
interesting from the point of view of the influence of this factor on the biological action of the glycosides. 
The introduction of the sugar component at C-16 is particularly interesting. As early as 1944 there was a 
paper [I] from Japanese authors who obtained from Digitalis purpurea L. a glycoside digicorin with a bio- 
logical activity I00-I000 times greater than that of digitoxin. In digicorin, according to these workers, the 
aglycone is gitoxigenin and the sugar component is D-digicuronic acid, attached by a glycosidic bond at 
C-16. In this connection, attention is attracted to three points: the unusual position in which the sugar com- 
ponent is attached, the extremely high biological activity, and also the fact that until now the compound has 
never been isolated again in spite of the intensive study of the foxglove carried out in various countries. 

Gitoxigenin has already been used for the semisynthesis of glycosides. Thus, Voigtlander et al. [2], 
by glycosylating gitoxigenin with triacetyl-L-rhamnosyl bromide, obtained gitoxigenin 3-ce-L-rhamnoside 
and, in addition, A14,16-dianhydrogitoxigenin 3-a-L-rhamnoside. There is no information whatever on the 
preparation of glycosides with a different position of the sugar component in the paper cited. 

Previously, in the synthesis of digoxigenin glycosides, we noted [3] that in glycosylation 2,3,4-tri-O- 
acetyl-l-bromo-L-rhamnose is more subject to the influence of steric hindrance than 2,3,4,6-tetra-O- 
acetyl-l-bromo-D-glucose or the analogous derivative of D-xylose. Consequently, in the experiments to 
be described we used D-glucose. 

The synthesis was performed under mild conditions by the Koenigs-Knorr method in Chernobai's 
modification [4] by glycosylating gitoxigenin with acetylbromoglucose. The protective acetyl groups were 
eliminated by saponification with potassium bicarbonate. It was established by paper chromatography that 
the synthetic product consisted of not less than five substances, which were shown up by trichloroacetic 
acid in the form of spots with a blue fluorescence in UV light. The cardenolides obtained were separated 
by partition column chromatography in the solvent systems toluene-butan-l-ol (3 : 1 and 1 : 2)/water. Four 
cardenolides were isolated in the individual state, and these were denoted by the symbols I, II, III, and IV 
in order of increasing polarity. Substance (1) was shown to be identical with the initial gitoxigenin. 

Cardenolide (II) was obtained with a yield of 49% with respect to the weight of the gitoxigenin taken 
for the synthesis. Its properties were similar to those of natural gitorin [9], which is the 3-O-p-D-gluco- 
side. The structure of the glycoside (H), corresponding to gitorin, was also confirmed by the following facts. 
The results of elementary analysis agreed well with those calculated for the structure C29H44010 , i.e., they 
show that it is a monoglycoside. On enzymatic hydrolysis, D-glucose and gitoxigenin were formed. Analysis 
of the molecular rotations in accordance with Klyne's rule showed the/3 configuration of the glycosidic 
bond. The prolonged standing of the glycoside adsorbed by alumina (activity grade I) gave A14,16-dianhydro- 
gitoxigenin glucoside. An analysis of the rate of acetylation (by acetic anhydride in pyridine) of glycoside 
(If) in accordance with the method described previously [5] showed the absence of axial OH groups (in the 
D-glucose residue all the secondary OH groups are equatorial; and the alcoholic group at C-16 of the 
aglycone acetylates at a rate approximately equal to that of the acetylation of equatorial OH groups). This 
last fact unambiguously shows that in the glycoside (II) the D-glucose is attached at C-3 and not at C-16. 
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Glycosides  III and IV were  i so la ted  in amounts of only 15 and 22 mg,  r e spec t ive ly .  Both glycosides  
gave a posi t ive Legal  reac t ion  and, in con t ras t  to the preceding th ree  subs tances ,  a v i r tua l ly  negat ive Ray-  
mond reac t ion .  On enzymat ic  hydro lys i s  they fo rmed  gitoxigenin and D-g lucose  (both identified by paper  
chromatography) .  The UV spec t rum of each substance is c h a r a c t e r i z e d  by a single absorpt ion max imum,  
at 216 nm for  substance  (III) and 217 nm (log e 4.11) for  substance  (IV). 

~~0 I. R--R'=H 

~ o H  O R' It. R:JB-D G ,R'-FI 
Ill R= H, R':,B-D-B 

RO ~ ' 
H IV. R = R'=~-D-G 

The e l e m e n t a r y  analysis  of the glycoside (IV) co r responded  to a bioside with the composi t ion  
C35H54015. The high pola r i ty  of the subs tance  also agrees  with the assumpt ion  that  it is a bioside.  

In both the g lycos ides  (III and IV), the D-glucose  is p resen t  in the pyranose  fo rm and is  at tached by 
a fi -g lycos id ic  bond, as is shown by the r e s i s t a n c e  of the substance  to hydro lys i s  with 0.05 M sulfur ic  acid 
[6] and by the values  of the mo lecu l a r  ro ta t ions  in accordance  with Klyne ' s  rule  [7]: 

Substance 

Gitoxigenin 3,16-diglucoside (IV), mol .  wt. 714.8, [(~]D + 2 . 6 ±  4 ° 
Gitoxigenin 3-glucoside (II), tool.  wt. 552.7, [v~] D + 8 .0±  2 ° 
Gitoxigenin 16-glucoside {III), tool.  wt. 552.7, [~]D +11.8 ± 5 ° 
Gitoxigenin, tool.  wt. 390.5, [~]D +34.5 ± 2 ° 
Rotation of the D-g lucose  moie ty  In substance  (II) 
Rotation of the D-g lucose  moie ty  in substance  (III) 
Rotation of the D-g lucose  moie ty  at C-16 in substance  (IV) 
Methyl ~ -D-g lucopyranos ide ,  mol .  wt. 194.2, [aiD +158.9° ± ? 
Methyl f l -D-g lucopyranos ide ,  tool.  wt. 194.2, [~]D -34.2° ± ? 

[M]D, deg 

+ 18.6 + 28 
+ 44.2 ± 11 
+ 65.2 ± 28 
+134.7 + 8 

- 90.5 ± 19 
- 69.5 ± 36 
- 25.6 + 39 
+308.6 ~- ? [8] 

- 66.4± ? [8] 

Judging f rom the po la r i ty  of subs tance  (III), it m a y  be a s sumed  that  this is a monoglycos ide .  An 
analys is  of the ra te  of i ts  acetylat ion c l ea r ly  shows the p r e sence  of an axial  OH group in this subs tance .  In 
this c a se ,  an axial alcoholic group can be p resen t  only at C-3  of the aglycone.  F r o m  this it follows that the 
suga r  component  in glycoside (]]I) is  p resen t  at C-16.  

Thus,  the r e su l t s  obtained p e r m i t  the assumpt ion  that  cardenol ides  (III) and (IV) a re ,  r e spec t ive ly ,  
gitoxigenin 16f l -O- f l -D-g lucopyranos ide  and gitoxigenIn 3fi , 16 f i -d i -O- f l -D-g lucopyranos ide .  The fact  that  
these  cardenol ides  do not give the Raymond reac t ion  (react ion for  butenolides) is obviously due to the in-  
fluence of the suga r  component  at C-16,  which cons iderably  shields the lactone ring and, apparent ly ,  f o rms  
i n t r amo lecu l a r  hydrogen bonds with it. 

The v e r y  smal l  yield with which the synthes is  of gitoxigenin 16-glycosides  takes  place can also be ex-  
plained by s t e r i c  f ac to r s :  the approach to the OH group at C-16 of such a voluminous subst i tuent  as t e t r a -  
ace ty l -D-g lucosy l  b romide  is made difficult by the p re sence  of the c lose ly  adjacent  methyl  group at C-13 
OH group at C-14,  and butenolide r ing at C-17.  

A de te rmina t ion  of the biological  act ivi ty of the g lycos ides  synthesized,  c a r r i e d  out on cats  by 
H a t c h e t ' s  method,  showed that  gitoxigenin 3 -O- f l -D-g lucos ide  p o s s e s s e s  a compa ra t i ve ly  high cardiotonic  
act ivi ty  (0.25 m g / k g ) ;  working solution 1:50,000.  Gitoxigenin 16-O-/~-D-glucoside  and gitoxigenin 3,16- 
di-O-fl  -D-g lucos ide  do not exe r t  the specif ic  action on the hea r t  which is c h a r a c t e r i s t i c  of "ordinary, ,  
ca rdenol ides .  When they were  admin i s t e r ed  in a dose of 2 m g / k g  the animals  r ema ined  alive;  in this tes t  
the working solutions were  1 : 25,000. 

Consequently,  the r e su l t s  of our  invest igat ions di f fer  sha rp ly  f rom those given by the J apanese  authors  
[1], who indicated a high biological  act ivi ty  of a gitoxigenin 16-glycoside .  

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

The subs tances  were  analyzed af ter  being dr ied for  two hours  in vacuum (0.01 m m  Hg) at 80°C over  
phosphorus  pentoxide.  The mel t ing  points were  de te rmined  on a Kofier  block.  
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Synthesis .  With heating, 5.8 g of anhydrous gitoxigenin was d isso lved  in 1.5 l i t e r  of dichloroethane,  
and 25 g of s i l ve r  oxide and 1.2 g of ca lc ium oxide were  added. With continuous s t i r r ing ,  a dichloroethane 
solution of 18.5 g of acetylglucosyl  b romide  was added un i fo rmly  over  7 rain to the boiling reac t ion  mix tu re .  
The mix tu re  was boiled for  another  5 rain and the resul t ing solution was f i l te red  through a l aye r  of K ie se l -  
guhr under  vacuum.  The f i l t ra te  was t r ea t ed  twice with wa te r  (100 ml  each t ime) and evapora ted .  The 
res idue  was dissolved in 1 l i t e r  of methanol  and the solution was t r ea t ed  with 540 ml  of 2.2% potass ium b i -  
carbonate  solution and left  at room t e m p e r a t u r e  (20-25°C) for  seven days.  Then it was concent ra ted  in 
vacuum to a volume of about 1 l i t e r  and the cardenol ides  were  exhaust ively (according to the Legal  r e a c -  
tion) ex t rac ted  with a mix ture  of ch lo ro fo rm and ethanol (2 : 1). The ex t rac t s  were  dr ied with anhydrous 
sodium sulfate and evapora ted .  The res idue  was d isso lved  in 300 ml  of ethanol, and 250 ml  of wa t e r  was 
added. The solution was slowly concent ra ted  to a volume of about 300 ml .  The c r y s t a l s  of gitoxigenin that  
deposited (2.1 g) were  s epa ra t ed  off and the f i l t ra te ,  a f te r  sa tura t ion  with sodium chlor ide ,  was t r ea t ed  with 
a mix tu re  of ethanol and ch lo ro fo rm (1 : 2; 6 x 350 ml) .  The a lcoho l i c -ch lo ro formic  ex t rac t  was washed 
with 20 ml  of wa t e r  and evapora ted .  

The resul t ing  mix ture  of cardenol ides  was s epa ra t ed  by par t i t ion  ch roma tog raphy  in the solvent  s y s -  
t e m s  t o l u e n e - b u t a n - l - o l  (3:1 and 1 : 2 ) / w a t e r .  The support  for  the s ta t ionary  phase  was ce l lu lose  (1.5 kg) 
impregna ted  with water .  The ra t io  of the combined subs tances  to be s epa ra t ed  to ce l lu lose  (calculated as 
a i r -d ry )  was 1 : 300. 

Gitoxigenin 3 -O- f l -D-Glucos ide  (II). The glycoside was obtained in an amount of 2.85 g, with mp 241- 
243°C (ethanol); [a]~ +8.0 • 2 ° (c 1.00; methanol) .  In conc .  H2SO 4 it f o rmed  the following colorat ions  chang-  
ing with t ime:  0 rain, orange;  60 rain, r ed -o range ;  320 rain, brown; 500 rain, green;  25 h, blue with a p r e -  
c ipi ta te .  

The glycoside (60 rag) was dissolved in 1.0 ml  of d ime thy l fo rmamide ,  and 60 mg of an enzyme p r e p a -  
ra t ion f rom the grape  snail  d issolved in 20 ml  of wa te r  was added. The solution was left  in the t h e r m o s t a t  
for  40 h. Then 120 ml  of hot ethanol was added. The prec ip i ta te  of enzymes  was f i l te red  off. The f i l t ra te  
was concent ra ted  to a volume of about 3 ml .  Crys t a l s  of the aglycone deposited,  and these  were  sepa ra t ed  
off and r e c r y s t a l l i z e d  f rom ethanol.  The aglycone mel ted  at 222-225°C and, according to pape r  ch roma tog -  
raphy and the colora t ions  with conc .  H2SO4, i t  was identical  with gitoxigenin. The mothe r  l iquor contained 
a monosacchar ide  which was identified by paper  ch romatography  as D-g lucose .  

The glycoside (0.2 g) was d isso lved  with heating in 40 ml of dioxane. The solution was mixed with 
100 g of a lumina (activity grade  I) and kept at 35°C for  15 days .  Then the adsorbent  was deact ivated with 
wa te r  and the cardenol ides  were  ex t rac ted  with a mix tu re  of ethanol and ch lo ro fo rm (1 : 2). The ex t rac t  was 
evapora ted ,  and the res idue  was ch romatographed  on 10 g of a lumina (activity grade  III). The cardenol ide  
eluted f i r s t  [with a mix tu re  of ch lo ro fo rm and ethanol (93 : 7)] was c rys t a l l i zed  f rom a c e t o n e - b e n z e n e .  It  
mel ted  at 189-196°C, and i ts  UV spec t rum had two absorpt ion max ima :  k m a x  (in ethanol) 224 and 332 nm 
(log e 4.08 and 4.27). The enzymat ic  hydro lys i s  of the anhydroglycoside gave D-glucose ,  identified by pape r  
chromatography ,  and A14,16-dianhydrogitoxigenin with mp 211-215°C, [a]~ +531.3 ± 10 ° (c 0.73; ch loroform) .  
The UV spec t rum of the anhydroaglycone also showed two absorpt ion max ima:  k m a x  (in ethanol) 224 and 
333 nm (log e 4.08 and 4.24). Both the anhydroglycoside and the anhydroaglyconehad a blue f luorescence  In 
CV light. 

GitoxigenIn 3 ,16-d i -O- f l -D-Glucos ide  (IV). The subs tance  c ry s t a l l i z e s  f rom isopropanol ,  mp 238- 
246°C; [(~]~ +2.6 ± 4 ° (c 0.42; methanol) .  In conc. sul fur ic  acid it f o rms  the following colorat ions:  0 min,  
yellow; 5 rain, ye l low-orange ;  30 rain, o range-brown;  96 rain, red;  17 h, g r a y - g r e e n .  In the t o l u e n e - b u t a n -  
1-ol  (1 : 2 ) / w a t e r  sy s t em,  R f  0.28. Enzymat ic  hydro lys i s  c a r r i e d  out on the mic ro  scale  and analys is  of 
the hydro lys i s  products  by paper  ch romatography  showed the p re sence  of gitoxigenin and D-g lucose .  

Gitoxigenin 16-O-f l -D-Glucos ide  (III). This  cardenol ide was obtained in an amorphous ,  but c h r o m a t o -  
graphica l ly  homogeneous,  state;[(~]~ +11.8 ± 5 ° (c 0.34; methanol) .  In conc .  tt2SO 4 it gave the following 
colora t ions:  0 rain, yellow; 5 rain, ye l low-orange ;  30 rain, o range-brown;  240 min, brown; 270 rain, red;  
360 rain, violet;  20 h, blue.  On enzymat ic  hydrolys is ,  gitoxigenin and D-glucose  were  fo rmed .  

SUMMARY 

Three  card iac  g lycosides  have been synthes ized f rom gitoxigenin and D-g lucose :  gitoxigenin 3fl - O -  
f f -D-g lucopyranos ide ,  gitoxigenin 16f i -O- f i -D-g lucopyranos ide ,  and gitoxigenin 3f1 ,16f l -d i -O-f l -D-glucos ide .  
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The first  glycoside, obtained with a yield of 49% on the weight of the initial aglycone, possesses a fairly 
high biological activity (0.25 mg/kg),  while the other two, formed in a yield of about 0.3%, do not possess 
the action on the heart that is specific for the cardenolides. 
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