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At the presen t  t ime,  g a s - l i q u i d  chromatography (GLC) is being used successful ly  for  the analysis of 
ca rbohydra tes  of var ious c l a s ses  [1-4]. However,  this method has  still  not acquired wide employment  for  
the determinat ion of the 2 ,6-dideoxysugars  that a re  common components of cardiac  glycosides and some 
antibiotics.  

In the present  paper  we show the possibil i ty of using GLC for  the qualitative and quantitative analysis  
of the carbohydra te  chains of a number  of cardiac  glycosides containing the dideoxysugars  frequently found 
in cardenol ides :  D-boivinose,  D-cymarose ,  and D-digitoxose [5]. We ehromatographed the sugars  in the 
fo rm  of the t r imethy ls i ly l  (TMS) e the r s  obtained as descr ibed  by Sweeley et al. [1]. As the s ta t ionary phase 
we used SE-30 sil icone rubber .  

To de te rmine  the sugars  in the glycosides,  the la t te r  were  hydrolyzed in aqueous solutions of hydro-  
chlor ic  acid. After the aglycone had been separa ted  off, the res idual  sugar  f rac t ion was silylated and an- 
alyzed by GLC. 

It is known that the glycosides  of 2-deoxysugars  hydrolyze  very  easi ly  [6]. The hydro lys i s  conditions 
for  our  investigations were  se lec ted  for  digitoxin, which contains three  molecules  of D-digi toxose.  Hy- 
d ro lys i s  was pe r fo rmed  with 1.0%, 0.5%, and 0.1% solutions of hydrochlor ic  acid for  1 h and with a 0.1% 
solution of HC1 for  3 h in the boiling wate r  bath. The comple teness  of hydrolys is  was checked by th in - layer  
chromatography on s i l ica  gel in the c h l o r o f o r m - m e t h a n o l  (9 : 1) sys tem.  

Table 1 gives the re la t ive  re tent ion t imes  of the products  formed in the hydrolys is  of digitoxin under  
var ious  conditions and the i r  percen tages .  As can be seen f rom Table 1, the t r ea tment  of digitoxin with a 
1.0% solution of acid gives a complex mixture  of products  forming a large number of peaks on the chromat -  
ogram.  When the concentra t ion of acid was lowered to 0.5% the number  of peaks fell  and the two main 
peaks (relat ive re tent ion  t imes  0.71 and 1.00) appeared c lear ly .  The ch romatogram of the products  of the 
hydro lys i s  of digitoxin by 0.1% acid for  1 h contained only these two peaks.  When digitoxin was hydrolyzed 
with 0.1% HC1 for  3 h, a small  number  of additional peaks appeared on the chromatogram.  

In a s e r i e s  of para l le l  exper iments ,  the percentage composi t ions of the peaks obtained af ter  the 
chromatography of the products  of the hydrolys is  of digitoxin with 0.1% HC1 for  1 h remaIned unchanged, 

TABLE 1. Percen tage  Composit ion of the Peaks in the 
Chromatography of the SUyl Der ivat ives  of Digitoxose 
af te r  the Hydrolys is  of DigitoxIn with Hydrochlor ic  Acid 

Hydrolysis conditiom 
concn~ of time h- 
HCI, % " - 

'° I 1 0,5 
0,1 1 
0,1 

Relative mtentlon time 
1..~3 

34,3 
4,3 

1,00 0,71 

38,3 5.7 
81,7 6,6 
92.5 7,5 
85,0 8.5 

0,32 0.24 

5,6 3,0 
3,0 -- 

0,16 0.08 [ 0,06 
| 

5,7 4,5 I 2,0 
1,3 1,5 I 1,6 

- t?5 , 5  
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Fig. 1. Chromatograms  of TMS ethers  of 
D-digitoxose (a), D-cymarose  (b), and D- 
boivinose (c). 

TABLE 2. Relative Retention Times (R t) of 
the Trimethyls i lyl  Ethers  of the 2,6-Dideoxy- 
sugars  and the Percentage Composition of the 
Peaks Obtained 

Monosac- 
cha~de 

D- DigitoxOSe 
D- Cym arose 
D-Boivinose 

Peaks in the order of elution 

Rt 

0,71 
0.46 
0.81 

,4 I at 

7,5 [ 1,00 
44,2 0,58 
67,8 0,90 

92,5 
39,3 
32.2 

0~3 i6-~5 

and digitoxose, when it was t reated under s imi lar  condi- 
tions, showed the same pattern. Consequently, this com- 
position of the peaks cor responds  to the equilibrium state 
of digitoxose under the hydrolysis  conditions taken. 

In view of the fact that some cardiac glycosides are 
sparingly soluble in water ,  they were dissolved in dioxane 
or  t e r t i a ry  butanol. The use of methanol and ethanol and 
subsequent hydrolysis  in an aqueous solution of HC1 led to 
the formation of the corresponding methyl and ethyl gly- 
cosides (about 60%) [7], leading to the appearance on the 
ch romatogram of the additional peaks corresponding to 
these glycosides.  

In order  to determine the retention t imes of the TMS 
derivat ives  of the 2,6-dideoxysugars ,  we treated them in 
the same way as for  hydrolys is  and thensi lylated them and 
fed them into the chromatograph.  The ch romatograms  
shown in Fig. 1 were obtained for cymarose ,  digitoxose, 
and boivinose. 

Table 2 gives the relat ive retention t imes  and per-  
centage equilibrium composit ions of the anomers  of digi- 
toxose, cymarose ,  and boivinose under the hydrolys is  con- 
ditions. The relative retention t imes  are given with re -  
spect to that for the f l-anomer of digitoxose (17.7 min), 
which was found after the chromatography of the product 
of the direct  silylation of crystal l ine digitoxose, which is 
the f l-anomeric form [8]. 

AS can be seen f rom Fig. 1, under the conditions of t rea tment  used cymarose  shows three peaks, bo- 
ivinose two, and digitoxose two. All these peaks are fair ly well separated.  A s imilar  pat tern was observed 
when cardenolide glycosides containing these sugars  (cymarin,  corchoros ide ,  and erisimin) were  treated 
under the conditions described.  

We used the following formula  [9] for the quantitative determination of the carbohydra tes  in the 
glycosides:  

Number of moles of sugar  = Ssug . K, (1) 
1 mole of standard Sst 

where Ssug is the a rea  of the peak of the sugar being determined,  Sst is the a rea  of the peak of the stan- 
dard, and K is the relevant correc t ion  factor .  

In the case of glycosides containing several  different sugars ,  one of them was taken as the standard. 
In the case of glycosides containing one or  more  identical sugars ,  a different sugar  was taken as the stan- 
dard for quantitative analysis.  In this case,  if the molecular  weight of the genin is known, it is possible to 
calculate the number of sugars  in the glycoside. 

Using digitoxin as an example, Table 3 shows a calculation of the number of digitoxose res idues  in 
the glycoside. Knowing that the substance under investigation consisted of digitoxigenin and a sugar - dig- 
itoxose - we assumed that the number of sugar molecules in it was 1, 2, 3, and so on. 

Then, f rom the sample weights taken, the proportion of sugar  in them (in mg and in moles) was cal-  
culated and, having added the weight of the other sugar taken as standard, the number of moles of the sugar 
being determined per  mole of the standard was calculated. By comparing the resul ts  obtained by GLCwith 
the calculated f igures,  we found the number of molecules  of sugar  in the substance being analyzed. As the 
standard for  the determination of digitoxose we took cymarose ,  and f rom synthetic mixtures  we found the 
value of K for digitoxose (K = 1.45) in accordance with formula  (D. 
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TABLE 3. Resu l t s  of a Calculat ion of the Number  of Monosacchar ide  
Res idues  in a Glycoside,  Using Digttoxin as  Example  

termined and standard I'v 
I 

Glycoside consisting 
of digitoxigenfn and 
digitoxose 

Cynlaro~ 

4,95 

3,51 

Suggested [Amt. of sugar 
numoer o~ hn the sample 
digitoxose q - - - - - ~  
residues ] motes, 
in glycoside |mg  × 10-5 

] 
I 

1 1,45 [ 0,98 
2 2,311 1,55 3 2,88 1,94 
4 3,28 2,2l 
--  3,51 2,16 

No. of moles of digitoxose 
per mole of cymarose 

' -I~-M-- 

by GLC the weight of 
-" the sample 

0,72 
0,90 0, 87* 
1,02 
1,00 1.00 

* Mean value f r o m  three  different  mix tu re s .  

It can be seen  f r o m  Table 3 that  the m o l a r  r a t io  of sugar s  obtained ag rees  with that  calcula ted for  
th ree  molecu les  of digi toxose in digitoxin. 

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

The gas  ch roma tog raphy  was  p e r f o r m e d  on anLKhM-7A chromatograph  with a f l ame- ion iza t ion  de-  
t ec to r .  The columns used cons is ted  of W-shaped  s tee l  tubes  ( internal  d i ame te r  0.4 m m ,  length 2 m), 
f i l led with 5% of SE-30 sil icone e l a s t o m e r  on Diafor i t  (0.2-0.315 mm).  The working t e m p e r a t u r e  was  150°C 
and the c a r r i e r  gas  hel ium (60 ml /min) .  

Samples  (10 mg  each) of digi toxose,  boivinose,  c y m a r o s e ,  digitoxin, corchoros ide  and e r i s imin ,  and 
a lso  accu ra t e ly  weighed mix tu r e s  of c y m a r o s e  and digitoxose and of digitoxin and c y m a r o s e  w e r e  d is -  
solved in I ml  of dioxane or t e r t i a r y  butanol,  1 ml  of 0.2% HC1 solution was  added, and the mix tu r e s  were  
heated  in the boiling wa te r  bath for  1 h. In the hydro lys i s  of the g lycos ides ,  the genin was  r emoved  by ex- 
t r ac t ion  with ch lo ro fo rm.  The aqueous l a y e r  was  neut ra l ized  with Ag2CO 3. The prec ip i ta te  was  separa ted  
off by f i l t ra t ion,  and the resu l t ing  mix tu re  of suga r s  was  evapora ted  to d rynes s  in vacuum. 

Silylation. A dr ied mix tu re  of suga r s  was  dissolved in 0.4 ml  of dry  pyridine,  and 0.2 ml  of hexa-  
methyld is i lazane  and 0.1 ml  of ch lo ro t r imethy l s i l ane  w e r e  added. After  5 min, the solvent was  dis t i l led 
off, and the res idue  was  d isso lved  in d ry  benzene with f i l t ra t ion  f r o m  the NH4C1. The benzene solution was  
evapora ted  to a volume of approx imate ly  0.05 ml ,  and 0.3-0.4 ~1 was  introduced into the ch romatograph .  

C O N C L U S I O N S  

The poss ibi l i ty  of the quali tat ive and quanti tat ive de te rmina t ion  of digi toxose,  c y m a r o s e ,  and boivi-  
nose  in ca rd iac  g lycos ides  by means  of GLC has  been  shown. 
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