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From the seeds of S ecurigera securidaca (L.)  Degen and Defiler we have isolated a new cardiac bioside, securida- 
side (I) [1]. After its hydrolysis by the Mannich-Sivert method [2] the aglycone securigenin and two monosaccharides, 
D-xylose and D-glucose, were obtained. In the stepwise enzymatic hydrolysis of securidaside by the enzymes of the 
fungus Aspergillus oryzae [3] first the monoside securiside and D-glucose were formed and then securigenin and D- 
xylose, which shows the order of attachment of the monosaccharides in the molecule of the cardenolide under investi- 
gation. 

On quantitatively determining the content of monosaccharides in the molecule of the glycosides, it was found 
that the sugar component consists of one molecule of D-xylose and one molecule of D-glucose. By hydrolyzing the di-  
glycoside with a dilute solution of sulfuric acid, a biose (II) was split off; this has been called securidabiose. 

The present paper gives information on the determination of the position and nature of the addition of the ter-  
minal D-glucose and also on an investigation of securidabiose. We used the method of exhaustive methylation [4]. For 
this purpose, securidaside was methylated with dimethyl sulfate in an alkaline medium and the methyl glycosides ob- 
tained after methanolysis were hydrolyzed with hydrochloric acid solution (scheme): 
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Chromatographic analysis of the hydrolysis products showed the presence of two methylated monosaccharides having 
the same Rjf values as 2, 3-di-O-methyl-D-xylose  and 2, 3, 4, 6- te t ra-O-methyl-D-glucose (the samples of 2, 3 -d i -O-  
methyl-D-xylose and 2, 3, 4, 6- te t ra-O-methyl-D-glucose were provided by N. I. Kuibina and Yu. P. Solov'eva 
(State Scientific-Research Institute for the Hydrolysis and Sulfite Alcohol Industry). 

In chromatographic behavior and also with respect to optical activity, the dimethyl-D-xylose (VII)isolated 
proved to be identical with a sample of 2, 3-di -O-methyl-D-xylose .  The reaction of the dimethyl-D-xylose with di-  
methytaniline trichloroacetate gave a violet coloration which is characteristic, according to Hough, et a l . ,  [6], for 
methylated aldoses with a free hydroxy group at C-4.  The methylation of 2, 3-di -O-methyl-D-xylose  with dimethyl 
sulfate gave a product (X) identified by paper chromatography as 2, 3, 4- t r i -O-methyl-D-xylose .  

The difficulty of the acid hydrolysis of securidaside permitted the assumption of the presence of pyranose rings 
of the xylose and glucose residues of the sugar component of this compound. This was confirmed for the xylose by the 
isolation and identificmtion of 2, 3.-di-O-methyl-D-xylose, with a free hydroxy at C-4, and also by the production of 
2, 3, 4- t r i -O-methyl-D-xylose  by the methylation of the dimethylxylose. 
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A comparison of the specific rotations of the te t ramethylglucose isolated from securidaside and fully methyla ted  
glucose  in the pyranose and furanose forms (Table  1)showed that the glucose in securidaside is present in the pyranose 

form. 

Table 1 

Optical  Activity of Tetramethyl  Glucose in the Pyranose and Furanose 
Forms 

Methylated mono- Specific Form of 
saccharides rotation the ring Reference 

2,3,4,6-Tetra-O-methyl-D- 
glucose 

Tetramethylglucose isolated 
from securidaside 

2,3,5,6-Tetra-O-methyl-D- 
glucose 

+ 8 3 . 3  ° 

+ 80.5 ° 

11.1 ° 

pyranose 

furanose 

[7,4] 

[7] 

The nature of the glycosidic link between the D-glucose and the D-xylose was established by the use of Klyne's  
rule [8]. From a comparison of the molecular  rotation of the glucose moiety of securidaside with the molecular  ro ta -  
t ion of methyl  a - a n d  B-glucosides it may be considered that the glucose and xylose are connected by a 8-glucosidic  
link (Table  2). 
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Fig,  1. Chromatograms of the qual i ta t ive 
analysis of a hydrolyzate of methyla ted  securi -  
daside,  a) Ethyl a c e t a t e -  p y r i d i n e -  water 
( 4 : 1  : 1); b) 1 - b u t a n o l -  e t h a n o l -  water (5 : 1 : 4). 
1) 2, 3 -D i -O-me thy l -D-xy lose ;  2) hydrolyzate 
of methyla ted  securidaside; 3) 2, 3, 4 - t e t r a - O -  

methy l -D-g lucose .  

L, 

a 

Fig. 2. Graph of the interpretat ion of 
the chromatogram of a mixture of the 
hydrolyzate of methyla ted securidase. 
a) Photometry of the spot of 2, 3 - d i - O -  
methy l -D-xy lose ;  b) photometry of the 
spot of 2, 3, 4, 6 . t e t r a - O - m e t h y l - D - g l  u-  

cose .  

On passing to a chemica l  study of securidabiose, we had information [10] on only one biose consisting of D-g lu -  
cose and D-xylose,  this being 6-$ - (  D-xylopyranosyl) .D.glucopyranose (primeverose). The at tachment  of the glucose 
to the fourth carbon atom of the xylose was also confirmed by the color react ion proposed by Bailey [11]. On the basis 
of what has been said, it may be considered that the sugar component of securidaside consists of D-xylose and D-g lu -  
cose connected by a I --~ 4 B-glycosidic bond and the biose isolated is 4 - ~ -  (D-glucopyranosyl) -  D-xylopyranose.  

Experimental  

Methylat ion of securidaside.  To a solution of 10;52 g of securidaside in 50 ml of water were added 90 ml  of 
carbon tetrachloride and 80 ml of d imethyl  sulfate, and the mixture was heated on a water bath (85 -40  ° C). Then 
120 ml of a 40°]0 solution of caustic soda was added with continuous stirring over 2 hr. The temperature of the re -  
action mixture rose to 70 ° C. After the addit ion of al l  the a lkal i ,  the mixture was stirred for another 1 hr, and then, 
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with constant stirring, another 30 ml of dimethyl sulfate and 120 ml of 40% caustic soda solution were added s imul-  

taneously dropwise over 2 hr, after which the mixture was heated for 30 rain at 100 ° C. A viscous residue of methylated 
glycoside deposited. The cooled solution was treated with 500 ml of chloroform, in which the precipitate dissolved, 
and after the separation of the chloroform layer the aqueous phase was repeatedly extracted with chloroform (5 X 50 ml). 
The combined chloroform extracts were concentrated in vacuum to 200 ml, washed with water (2 × 20 ml), dried over 
sodium sulfate, and evaporated in vacuum to dryness. This gave 5.45 g of methylated securidaside (IV). 

Methanolysis and hydrolysis of methylated securidaside. A solution of 5 g of methylated securidaside in 20 ml of 
methanol with 20 ml of 27% methanolic hydrogen chloride was treated in a sealed tube at 80"-~5" C for 6 hr. After 
cooling, the contents of the tube were evaporated in vacuum to dryness, the residue was dissolved in 100 ml of 9% hy-  
drochloric acid, and the resulting solution was heated at 100 ° C for 2 hr and was then left for 14 hr. The hydrotyzate 
containing the methylated sugars was evaporated in vacuum to dryness and the residue was treated repeatedly with 
chloroform (15 × 50 ml). The combined chloroform extracts were washed with water, dried with sodium sulfate, and 
evaporated in vacuum to dryness. This gave 1. 7940 g of a resinous residue of methylated sugars. A chromatogram of 
the methylated saccharides obtained is shown in Fig. 1. 

Table 2 

Determination of the Configuration of the Glucosidic Link in 
Securidaside 

Substance [ M ] D' 
deg 

Securidaside,  mo l .  wt .  720 .0  

Securiside,  mol .  wt .  540.0 
D-Glucose moiety of securidaside 
fl-MethyI-D-glucopyranoside [ 9 ] 
a-Methyl -D-glucopyranos ide  [ 9 ] 

+ 34.6 

+147.9 
--113.3 
- -  664  
÷308.4 

Quantitative determina!!on of the content of monosaccharides in the hydrolyzate. The quantitative content of 
carbohydrate components in the hydrolyzate of methylated securidaside was determined by interpreting the spots re-  
vealed with anil ine phthalate on the paper chromatograms by photometry with an EFA-1 recording instrument [12] 
(Fig. 2). We give the results of determinations of monosaccharides in the hydrolyzate of securidaside e xpressed as 
percentages of the total components: 

Methylated sugars Area occupied on the Sugar content Number of 
diagram, mm 2 hydrolyzate, 9, carbohydrate 

residues 

2, 3-Di-O-methyl-D-xylose  1900 51.8 ] 

2, 3, 4, 6 -Te t ra -O-methy l -  48.2 1 
D-glucose 1770 

Isolation of the methylated sugars. To prepare the cellulose powder, 2 kg of chromatographic paper of type M 
from the Leningrad Volodarskii Mill was passed through rollers. The compacted pieces of paper so obtained were ground 
in a ball mill and passed through a sieve with 0. S-ram apertures. The cellulose powder was washed successively with 
2°]o aqueous Trilon B, 3% hydrochloric acid, distilled water to neutrality, and, finally, ethanol. The cellulose was 

dried in the air and ground in a mortar to a powder. 

• The column for separating the methylated sugars was prepared from 750 g of cellulose (height 175 cm, diameter 
3.5 cm) by the dry method with subsequent packing down of the adsorbent under vacuum. Before the substances were 
deposited on the column, it was washed with 3 l of the organic phase of the solvent mixture 1 -bu t ano l -  e thano l -  

- water ( 4 : 1  : 5). Afterwards, the column was eluted with the same solvents. 

A solution of 1.7 g of the resinous residue of the methylated sugars in the minimum amount of the above-men-  
tioned mixture of solvents was deposited on the column. The first 150 ml of eluate was discarded and then 30-ml frac- 
tions were collected.  Paper-chromatographic analysis of the fractions obtained showed that fractions 6 -7  contained 2, 
3, 4, ~- te t ra-O-methyl-D-glucose,  fractions 8-12 a mixture of tetramethylglucose and dimethylxylose, and fractions 
13-1 ~q only 2, 3.-di-O.methyl-D-xylose.  In all, 0.74 g of 2, 3, 4, 6- te t ra-O-methyl-D-glucose and 0.1 g of 2, 3 -d i -O-  

methyl-D-xylose were obtained. 
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2, 3, Di . .O-methyl -D-xylose  (VII), For ident if icat ion,  the dimethylxylose obtained was compared with a sample 
of 2, 3 - d i - O - m e t h y l - D - x y l o s e  in two systems of solvents (see Fig.  1). As can be seen from the paper chromatograms,  
the spots were located at the same leve l .  It has not yet been possible to crysta l l ize  the 2, 3 . -d i -O-methy l -D-xylose .  

[ a ] ~  +25.3" (c 0. 79; water). 

According to the l i tera ture ,  the specific rotation of 2, 3 -d i -O-methy1-D-xylose  is +22.6* (in water)[13], 

2, 3 - D i - O - m e t h y l - N - p h e n y l x y l o s a m i n e .  A solution of 40,9 g of 2, 3 - d i - O - m e t h y l - D - x y l o s e  in I ml of anhydrous 
ethanol and 3 ml of freshly disti l led anil ine was heated in a sealed tube at 100" C for 6 hr. The resulting anil ide,  after 

crys ta l l iza t ion from ethyl a c e t a t e ,  mel ted  at 124"-125" C.  

Acc.ording to the l i terature,  the anil ide of 2, 3 - d i - O - m e t h y l - D - x y l o s e  melts  at 126" C [5, 13]. 

lvie_..j:hylation of 2, 3 - d i - O - m e t h y l - D - x y l o s e .  Under the same conditions as were used for the methylat ion of secur i -  
daside, 3D mg of the d imethylxylose  was methyla ted  with dimethyl  sulfate in an alkal ine medium.  The results of the 
methyla t ion were checked by paper chromatography in the 1 - b u t a n o l -  ethanol--  water ( 4 : 1  : 5) system. The spot of the 
tr imethylxylose (X) obtained was located at the same level  as a sample of 2, 3, 4 - t r i -O-me thy l -D-xy lo se .  

2,__3, 4, 6 -Te t ra -O-meth~ l -D-~ lucose  (VIII'). The tetramethylglucose was crystal l ized from ethanol in the form 
of need le - l ike  crystals mel t ing at 90 ° C. [c~] z~+ 80. 5 ° (c 1.0; water). When the methylglucose was chromatographed 
on paper in two solvent systems, its spot was located at the same level  as a sample of 2, 3, 4, 6 - t e t r a - O - m e t h y l - D -  

glucose (Fig.  1). 

Table 8 

Rg and R x Values of Securidabiose in Various Solvent 
Systems 

Solvent systems Rg R x 

l -Butanol--acetic acid -water (4:1: 5 ) 
l-Butanol-pyridine-water (6:4: 3) 
1-Butanol--ethanol-water (5:1:4) 
1-Butanol-water (2:1) 

0.46 
0'66 
0,32 
0 30 

0.31 
0.44 
0.19 
0.19 

Securidabiose (If). A solution of 10 g of securidaside in 500 ml of water wasmixed  with 600 ml of 0.05 N sul-  
furic acid and left  in a thermostated vessel at 60* C for hydrolysis. On paper-chromatographic analysis in the benzene--  
1-butanol  (1 : 1) - water system, on the 10th day only traces of the ini t ia l  glycoside were detected in the hydrolyzate.  
The aqueous solution was separated from the precipi ta te  of aglycone and was extracted first with chloroform (5 x 1 I) 
and then with a mixture of chloroform and ethanol (2 : 1 ) (3  × 1 l ). After the aqueous solution had been neutral ized 
with barium carbonate,  it  was f i l tered and the f i l t rate  was then evaporated under vacuum to dryness. The residue 
(9 .03  g) was dissolved in ethanol and mixed with an equal volume of ether.  The biose which deposited was repre-  
c ipi ta ted with ether from methanol ic  solution and for separation from the monosaccharides it was purified on a column 
of cel lulose,  being eluted with the organic phase of the mixture 1 - b u t a n o l - e t h a n o l - w a t e r  (4 :1:5) .  The fractions 
containir~g the biose were combined and evaporated under vacuum. This gave 0.87 g of amorphous securidabiose. 

Securidabiose is an amorphous powder rapidly resinifying in the air .  It gives a positive Fehling's  react ion.  On a 
paper chromatogram treated with acid aniline phthalate,  the spot of securidabiose is colored pink-red [ f f ] ~  - 2 7 . 3  ° 
(c 1.184,,'; water).  

On paper chromatography, the distance t ravel led by the securidabiose spot was determined as ratios of those for 
glucose (Rg) and for xylose (Rx) (Table  3). 

Reaction of securidabiose with diphenylamine reagents [11]. The following solutions were used to prepare the re -  
veal ing reagents: a) 2% solution of diphenylamine in acetone,  10% solution of phosphoric acid (by volume); b) 3% 
solution of urea in butanol saturated with water, 10% solution of phosphoric acid;  e) 2% solution of p-anis idine in 
ethanol,  10% solution of phosphoric acid .  

Reagent no. 1, which is used to detect  a 1 --~ 4 bond, was prepared direct ly  before use by mixing equal vo l -  
umes of solutions a and b. Reagent no. 2, which is used to detect  I ---- 2 and 1 --~ 6 bonds was also prepared before use 
by mixing equal volumes of solutions a and c.  
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After the chromatograms had been dried, the spots were sprayed with reagents nos. 1 and 2 and the paper was 
o 0 " heated at 95 -1  0 C for 8-10 min.  The spot of the biose, when sprayed with reagent no. 1, acquired a red orange 

color, which is characteristic for a 1 -~ 4 bond, and when sprayed with reagent no. 2 it acquired a blue green color. 

Securidabiose acetate (III). To a solution of 360 mg of securidabiose in 4 ml of ace t i c  anhydride was added 0.4 
ml of acetic acid and 0.7 g of sodium acetate.  The mixture was heated at 100 ° C for 1 hr. After the usual working up, 
103 mg of a residue of the acetate was obtained with mp 154°-157 * C (from acetone), [c~]~ - 1 8 .  2 ° (c 0. 98; chloro- 
form). 

The degree of acetylation was checked by means of the IR spectroscopy. The spectrum had no band at a wave- 
length of 3400 c m ' l  characteristic for hydroxy groups. 

Summary 

The structure of the sugar component of the new cardiac bioside securidaside, securidabiose, has been established~ 

it is 4-g - ( D -glucopyranosyl)-D -xylopyranose. 

REFERENCES 

i .  V. V. Zatula,  N. P. Maksyutina, and D. G. Kolesnikov, KhPS [Chemistry of Natural Compounds], 153, 
1965; V. V. Zatula,  N. V. Chemobrovaya, and D. G. Kolesnikov, KhPS [Chemistry of Natural Compounds], 438, 
1966. 

2. G. Mannich and G. Sivert, Ber., 75, 737, 1942. 
3. V. V. Zatula and P. I. Cvozdyak, Farm. zhurnal, 21, no. 2, 60, 1966. 
4. H. G. Walker, J. M. Gee, and R. M. McCready, I. Org. Chem. ,  27, 6, 2100, 1962; L. H. Brigges, R. C. 

Cambie,  and J. Z. Hoare, 1. Chem. Soc., 2848, 1963; N. K. Kochetkov, A. Ya. Khorlin, Yu. S. Ovodov, Izv. AN 
SSSR, set. khim. ,  no. 1, 83, 90, 1964; H. Licht and A. Wartburg, Helv. Chim. Acta . ,  44, 238, 1961; N. K. 

Kochetkov and A. Ya. Khorlin, DAN SSSR, 150, 1289, 1963. 
5. T. Geerdes and F. Smith, I. Am. Chem. Soc.,  77, 13, 3572, 1955. 
6. L. Hough and J. K. N. Jones, Wadman. J. Chem. Soc., 1702, 1950. 

7. F. Michel and A. Klemer, Chemie der Zucker und Potysaccharide, Leipzig, 437, 1956. 

8. W. Klyne, Biochem., J. 47, no. 4, 1950. 
9. J. A. Moore, Ch. Tamm, and T. Reichstein, Helv. Chim. Acta.,  37, 755, 1954. 

10. D. I~ell, in: Biochemical Methods of Plant Analysis [Russian translation], Moscow, 102, 1960. 
11, R. W. I~ailey, L Chromatography, 8, 57, 1962. 
12. V. I. Sharkov, N. I. Kuibina, and Yu. P. Solov'eva, ZhPKh, 37, no. 12, 2720, 1964. 
13. T. E. Timel l ,  J. Am. Chem. Soc., 81, no. 18, 4989, 1959. 

21 June 1966 Khar'kov Chemical  and Pharmaceutical Scientific 

Research Institute 

142 


