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As has been stated previously [1], the preparation diosponin used for the treatment of arteriosclerosis is a mixture 
of saponins. The latter were isolated from the yams Dioscorea polystachya and D. caucasica growing in the USSR. The 
composition and structure of the saponins of the first plant have been reported previously [1, 2]. The present paper gives 
the results of a study of the saponins of D. caucasica. 

The saponins of D. caucasica were isolated by the method worked out for D. polystachya [1]. These saponins con- 
sist mainly of glycosides of diosgenin with small amounts of glycosides of gito- and hecogenin. 

When water-methanol extracts of the saponins are allowed to stand or when they are concentrated, water-insoluble 
saponins with Rf 0.6 and 0.7 (system 1) deposit, in the main, and water-soluble saponins with R~ 0.53 and 0.57, toge- 
ther with some water-insoluble saponins that can be extracted with butanol, remain in the filtrate. A pure water-soIuble 
saponin the aglycone of which is solely diosgenin has Rf0.53.  It could be obtained by repeated precipitation of the mix- 
ture of water-soluble saponins with acetone from their ~olution in methanol. From its elemental Composition, this sa- 
ponin corresponds to a tetraoside of diosgenin having three molecules of glucose and one molecule of rhamnose in the 
sugar moiety. Acetylation gave a dodecaacetate. The compound that we isolated has not been described in the literature; 
we have called it caucasosaponin. 

The saponin obtained is easily hydrolyzed; heating its solution above 50"C leads to a less polar prosapogenin. Chro- 
matography of the saponin acetate on neutral alumina splits out acetylated sugars. 

We have studied the hydrolysis of caucasosaponin under various conditions. When it is heated with water, partial 
hydrolysis takes place with the splitting out first of rhamnose and then of glucose. Boiling with 1.78% sulfuric acid for 
1 hr 30 rain leads to the formation of a prosapogenin identical with the water-insoluble saponin with Rf 0.6 isolated 
directly from an extract of the rhizomes of D. caucasica. The prosapogenin is a triglucoside of diosgefiin, as was con- 
firmed by the production of a decaacetate from it. The new saponin has been called caucasoprosapogenin. On being 
boiled with 1 N sulfuric acid, caucasosaponin gives a diosgenin diglucoside. This diglucoside is also obtained by boiling 
caucasoprosapogenin with 2 N hydrochloric acid in 50% ethanol. 

It was impossible to obtain the pure water-insoluble saponins from their mixture (Rf ~ 0.6 and 0.7) by repeated 
recrystallization from alcohol. The best results were achieved by chromatographing a mixture of the acetates of the 
saponins on a column of magnesium trisilicate. The eluates collected when the column was eluted with benzene-me- 
thylene chloride (1: 1) had Rf 0.75 (system 4). After deacetylation, a saponin with Rf 0.7 containing traces of caucaso- 
prosapogenin was obtained, Appropriate purification of this saponin led to a compound with Rf 0.67 (system 1) and 
Rf 0.58 (system 2). From its Rf value and elementary composition, this substance was identical with gracHlin [3]. When 
the amount of glucose and rhamnose in the carbohydrate moiety of the saponin (after its complete hydrolysis) was de- 
termined by titration (Hagedorn [4 9, a ratio of 1 .89i l  was obtained. This confirms that the saponin had the structure of 
gracillin. Further elution of the column with more polar solvents, a mixture of chloroform and methanol (9:1), ied to 
the isolation of acetates with Rf 0.65 (system 8) the deacetylation of which gave a precipitate of caucasoprosapogenin 
with traces of gracillin. Purification with 80~0 methanol gave pure caucasoprosapogenin, the composition of which was 
identical with that of the triglucoside of diosgenin obtained by the hydrolysis of caucasosaponin. 

Experimental 

The following chromatographic methods were used [1]: for the separation of the saponins, ascending chromato- 
graphy on a plate of paper pulp [5] with 1-butanol saturated with 6% acetic acid (2 : 1) as solvent in system 1, and on a 
plate of silica gel [6] with chloroform-methanol--water (65:35: 10) as solvent [7] in system 2. 

For the sapogenins we used descending paper chromatography with pyridine-butanol-water (2: 3:1.5) as solvent 
in system 6; sugars in system 3, and the same solvents in a ratio of 100:40:4 in system 4. 

For the acetates of the saponins we used descending paper chromatography with iso-octane-chloroform-acetic 

acid (100:90:3) as solvent in system 5. 

The saponins and their acetates and sapogenins were revealed with Sanni~'s reagent [8]. For the sugars we used 
ascending chromatography on paper with the solvents pyridine-butanol-water (2:9:1.5)  in system 6; the sugars were 
revealed by being sprayed with solutions of silver nitrate and caustic soda [9]. 
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Isolation of the water- insoluble  saponins and caucasosaponin. Seven hundred grams of the a i r -dry comminuted 
and chloroform-defat ted rhizomes of  D. caUcasica was exhaustively extracted with 80% methanol  in an apparatus of the 
Soxhlet type.  After the methanol  had been dist i l led off, 9.27 g of  water-soluble  saponins (Rf ~ 0 .6  and 0.71, con tami -  
nated with water soluble saponins) deposited. The aqueous f i l t rate  was made alkal ine with ammonia  and extracted with 
butanol. Concentration of  this solution in vacuum at a temperature  not above 50 ° C gave a colored precip i ta te  of  a mix -  
ture of  water-soluble  saponins (Rf 0.53 and 0.57), which were dried in vacuum and were then freed from colored and 
waxlike impuri t ies  by extract ion with chloroform. A chromatograph of  the saponins after their comple te  hydrolysis by 
boil ing with 2.5 N hydrochloric acid in the presence of  benzene for 5 hr showed that  the hydrolysis products contained 
main ly  diosgenin (Rj~ 0.63, system 3) contaminated with heco-  and gitogenins (Ry 0.83 and 0.447, system 4). With 
heating,  3.78 g of  the mixture of water-soluble  saponins was dissolved in 17 ml of methanol,  and the saponins were 
gradually precipi ta ted from this solution with acetone.  The first precipi tates  corresponded to caucasosaponin with Rf 
0.53; they ~rere the purest and gave only diosgenin on hydrolysis. The subsequent precipi tates  contained saponins o f  other 
aglycones as impurit ies.  

Caucasosaponin is readily soluble in water and has mp 218-220 ° C (decomp.),  [ct]2i~ - 6 2 . 3 5  ° (c 1.0; pyridine). 

Found, %: C 58.49; H 7.86. Calcula ted for C51H8202~, %: C 58.64; H 8.05. 

After the comple te  hydrolysis of  caucasosaponin, only the one spot of  diosgenin was found on the chromatogram, 
with Rf 0. G3 (system 3), while in the sugar fraction there was a large glucose spot (Ry 0.21) and a smaller  rhamnose 
spot (Rf 0.44), system 6. 

The aceta te  of caucasosaponin was obtained under the usual cor~ditions by allowing it to stand with acet ic  anhy- 
dride in the presence of  pyridine at room temperature  for 48 hr. For purification, the aceta te  was dissolved in ether and 
precipi ta ted with acetone, mp 126-128" C, [c~]ei~ - 3 4 .  97 ° (c 0. t;  chloroform). 

Found, %: C 57.98, 57.90; H 6.94, 6.76. Calculated for C75HI06024, %: C 88.05; H 6.89. 

Caucasoprosapo$enin. A mixture of 0.12 g of purified caucasosaponin and 3 ml of 1.78% sulfuric acid was boiled 
for 1 hr 20 rain. The white precipi ta te  that deposited was fil tered off, dissolved in methanol,  and purified by reprecip i -  
ta t ion with acetone, mp 243-247 = C (decomp.) .  After hydrolysis onIy one spot appeared on a chromatogram of  the sugar 
fractionl with R~ 0.21, which corresponds to glucose, [a]2~ - 5 0 ,  35 ° (c 1.0; pyridine). 

Found, %: C 58.25, 58.25; H 8.03,  7.88. Calculated for C45H~O18.1 1/2 H20, %: C 58.26; H 8.14. 

The aceta te  was obtained under the conditions described above, mp 163-164 ° C, [a]2~ - 2 5 . 5 4  ° (c 1.0; chloro- 
form). 

Found, %: C 59.04, 59.09; H 6.95, 7.11. Calcula ted for C6sHmO2s, %: C 59.06; H 7.02. 

D i _ ~ e n i n  diglucoside.  A. H__y_drolysis of  caucasosaponin. A mixture of  1.63 g of  the water-soluble  saponin and 
50 ml of 1 N sulfuric acid in 50% ethanol was boiled for 2 hr 30 rain. The acidic wa t e r - e thano l  solution was diluted 
with water, the sapogenins were extracted with benzene, and the saponins from the aqueous layer were extracted with 
butanol. After neutral izat ion,  the butanol extract  was evaporated in vacuum, the residue (1.16 g) was acety la ted ,  and 
the acetates were chr0matographed on a column of 18 g of  neutral a lumina and eluted with 20-ml portions of  benzene.  
The first e laates  gave 0.85 g of  a colored residue which was dissolved in carbon tetrachloride and was transferred to 
another column containing 13 g of  alumina.  The first eluates, with Rf 0.75 (system 4), were col lected and saponified 
with ethanolic caustic potash, forming a water-soluble  precipi ta te .  On recrystal l izat ion from methanol,  the diosgenin 
diglucoside precipi ta ted in the form of  clusters of  needles, mp 262-264 ° C (decomp.),  Rf 0.80 (system 1). The prec i -  
p i ta te  was dried at 10~  C and then in vacuum at 10 -2 m m  for 5 hr. 

Found, %: C 61.68; H 8.46. Calcula ted for C39H62Ols, H20, %: C 61.86; H 8.52. 

The aceta te  of the diosgenin diglucoside had mp 219-221 ° C. 

Found[, %: C 61.48; H 7.38. Calcula ted for CslH760~0, %: C 61.59; H 7.41. 

B_ H__~'drolysis of  caucasoprosapogenin. 0.58 g of  caucasoprosapogenin containing a small  amount of  saponin (Rf 
0.7)  was boiled with 2 N hydrochloric acid in 50% ethanol for 5 hr in the presence of benzene.  A precip i ta te  of  0.22 g 
of  diosgenin diglucoside was obtained.  It was recrystal l ized from aqueous butanol and dried at 110 ° C in a vacuum of  
10-2 mm for 10 hr, mp 262-264 ° C (decomp.) .  

Found, %: C 63.42; H 8.67. Calcula ted for C39H~Ols, %: C 63.41; H 8.46. 

The ~cetate,  with Rf 0.75 (system 4) and mp 228-224 ° C, was obtained under the usual conditions. 

Gracill in.  Two grams of  the mixture of  water-soluble saponins (Ry N 0.6 and 0.7)  was acety la ted  under the usual 
conditions. 1.56 g of  the dried precipi tates  of  acetates was dissolved in a mixture of  benzene and methylene  chloride 
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(1: 1) and chromatographed on a column containing 2.27 g of magnesium tr is i l icate .  The elution of  this mixture gave 
0.68 g of  substance. Deacetyla t ion  o f  the eluates with Rf 0.75 (system 4) by boiling them with 5% methanol ic  caustic 
potash for 45 min gave a compound with Rf 0 .7  containing slight traces of  an impurity (Rf 0.6).  When the product was 

~ s. s8 ~ i f84  

~!53 0C5,1 

Chromatogram of  the water- insoluble saponin from D. cau-  
casica.  I) Sil ica gel plate,  system 2: 1) Gracillin; 2) water-  
insoluble saponins from D. caucasica;  3) diosgenin digluco-  
side. II) Paper pulp plate,  system 1: 1) Gracil l in;  2) diosgen- 
in diglucoside; 3) water- insoluble saponin from D. caucasica.  

boi led with 80% methanol,  the product obtained did not all  pass into solution. The methanol ic  solution was fi l tered and 
evaporated to dryness, and the residue was recrysta l l ized from 50% acet ic  acid. The crystals which deposited in the form 
of clusters of  thin needles with Rf 0.67 (in system 1)and Rf 0.58 (in system 2) were ident ica l  with graci l l in  (figure). 
After the comple te  hydrolysis of  the sample of  grac i l l in  obtained with 2 N hydrochloric acid in 50% ethanol for 5 hr, 
the sugar fraction gave, by Hagedorn t i t rat ion [4], 20 y of glucose and 8.79 y of rhamnose. The molecular  ratio of 
glucose and rhamnose was 1 .89:1 .  The mel t ing point after drying in vacuum at 106 ° C and 10 -2 m m  for 5 hr was 281-  

282 ° C (decomp.).  

Found, %: C 59.84; H 8.02. Calculated for C4sH720~7. H20, %: C 59.86; H 8.25. 

After addit ional  drying for 5 hr: 

Found, %: C 60.68; H 8.15. Calcula ted for C45H72017.0.5 H20, %: C 60.47; H 8.22. 

Isolation of caucasoprosapogenin from the mixture of  water- insoluble  saponins. Subsequent elution of  the column 
with a mixture of chloroform and methanol  (9:1)  gave eluates of acetates with Rf ,-, 0.65 (system 4). After deace ty l a -  
tion, the prec ip i ta te  was recrysta l l ized from 80% methanol  and dried in vacuum at 100 ° C and 10 -2 mm for 5 hr. The 

caucasoprosapogenin obtained had mp 267-267 .5  ° C. 

Found, %: C 58.70; H 7.95. Calcula ted for C45[-I7~O18. H20, %: C 58.82; H 8.11. 

Su mm ary 

Two new saponins have been isolated from the rhizomes of  D. caucasica:  the water-soluble caucasosaponin--a 
rhamnosotriglucoside of  25 D - 2 2 a - s p i r o s t - 2 2 a - e n - 3 5 - o l - a n d  the water insoluble caucasoprosapogenin-a  glucosotriosfde 
of 25 D - 2 2 a - s p i r o s t - 5 - e n - 3 B - o l - ,  and also the previously known rhamnosidodiglucoside of 25 D-22a- sp i ros t -5 -en -3~-  

ol - -  gr aci l l in .  
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