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We have p rev ious ly  [1] repor ted  the isolat ion f rom a ch lo ro fo rm ex t rac t  of the roots  of Cynanchum 
s ib i r i cum Willd. (family Asclepiadaceae)  of five substances  giving a posi t ive xanthydrol  react ion  fo r  2- 
deoxysugars .  These  g lycos ides  were  named, in o rde r  of increas ing  polari ty,  s ib i r i cos ides  A, B, C, D, 
and E. The p resen t  p a p e r  gives informat ion on the s t ruc tu re  of the most  po la r  g lycos ides  - s ib i r i cos ides  
D and E. 

Sibir icoside D (II) is the main glycoside of the plant quanti tat ively.  The s t rong max imum at 220 nm 
(log e 3.85, ethanol) p r e sen t  in the UV spec t rum of the compound can be ass igned to an ~,f l-unsaturated 
carbonyl  group.  

Under  the act ion of the pancrea t i c  juice of the snail  H. p lec to t ropis  the glycoside (II) readi ly  hydro-  
lyzes  with the fo rmat ion  of desglucos ib i r icos ide  D (III) and D-glucose fiX). The p r e sence  of only one mole -  
cule of glucose in s ib i r icos ide  D was a lso  conf i rmed by the g a s - l i q u i d  ch romatography  of the silyl de r iva -  
t ives  of the O-methyl  g lucosides .  Judging f rom the difference in molecu la r  rota t ions  be tweens ib i r i cos ide  
D (II) and desg lucos ib i r i cos ide  D ffII), it may be a s sumed  that the D-glucose in the glycoside is connected 
by a f l -glycosidic bond. 

The mild acid hydrolys is  of desg lucos ib i r icos ide  D (III) with 0.05 N sulfur ic  acid led to the fo rmat ion  
of a mix ture  of two aglycones which were  identified as cynanchogenin (VII, ~ 45%) and s ib i r igenin  (VIII, 
~ 55%). The l a t t e r ,  as  is known [2], is the 17~-H i s o m e r  of cynanchogenin [3]. In addition to the aglycones,  
the aqueous pa r t  of the hydrolyzate  was found to contain D - c y m a r o s e  (X) and D-o leandrose  (XI). Af te r  
t he i r  ch romatograph ic  separa t ion ,  it was es tabl ished with the aid of the xanthydrol  reagent  that these sugars  
were  p re sen t  in a rat io  of 3 : 1 [4]. The p re sence  in the molecule  of s ib i r ieos ide  D of four  methylated 
sugar s  was also conf i rmed by an analys is  of the glycoside for  methoxy groups .  

The posi t ions  of a t tachment  of the sugars  to the glycoside were  de te rmined  by stepwise hydrolys is .  
When desglucos ib i r icos ide  D (III) was t r ea t ed  with 0.001 N sulfuric acid at 36°C, D - c y m a r o s e  was f i r s t  
detected and only a f t e r  a long t ime  did D-oleandrose  appear .  This fact shows that the D-oleandrose  is 
at tached d i rec t ly  to the aglycone and a chain of th ree  molecules  of D - c y m a r o s e  is at tached to the o leandrose .  
Consequently,  s ib i r icos ide  D is a pentoside of cynanchogenin or  s ibir igenin.  

The format ion  of two aglycones on acid hydro lys i s  st i l l  does not show that we had isolated a mixture  
of g lycos ides ,  since as was conf i rmed by a specia l  exper iment ,  under  the conditions of hydrolys is  s i b i r i -  
genin (VIII) readi ly  i s o m e r i z e s  into cynanchogenin (VII). The predominance  of s ib i r igenin  in the hydro lys i s  
p roducts  and its low stabi l i ty  with r e spec t  to i somer iz ing  agents is, apparent ly ,  evidence in favor  of the 
assumpt ion  that the 17~-H i s o m e r  is the native form.  

It would appear  to be easy  to de te rmine  whether  a glycoside belongs to the 17~-H or  the 17f l -Hser ies :  
When the optical  ro ta to ry  d i spe r s ion  (ORD) curve  of s ib i r icogenin  was recorded,  it showed a pos i t ive  Cot-  
ton effect  [2], while that of cynanchogenin showed a negative Cotton effect  [5]. However,  the ORD curve  of 
s ib i r icos ide  D was indistinct,  poss ib ly  because  of the s t rong  chromophor ic  effect  caused by the ~,fl-un- 
sa tura ted  carbonyl  group of the ikemor ic  (3 ,4-dimethylpent-2-enoic)  acid. 
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When sibir icoside D (II) was saponified with caustic soda in methanol in a current  of nitrogen, com-  
pound (IV) was obtained which no longer  showed in the UV spec t rum the absorption at 220 nm due to the 
~,fl-unsaturated carbonyl  group of an acid. On saponification, the sugar  moiety was retained, as was con- 
f i rmed by the products  of acid hydrolysis  and by an analysis  for  methoxy groups.  

The ORD curve of the deacyls ibi r icoside (IV) was fair ly distinct and showed a negative Cotton effect. 
F rom this it should be concluded that s ibir ieoside D is a glycoside of cynanchogenin. But in this case the 
ORD curve does not have decisive value, since it is known that under the conditions of alkaline saponifica- 
t ion the l somer iza t lon  of the 17(~-H into the 17BTH form also takes place [2], and in the i somer ic  pai rs  
sibirigenin (VIII)-cynanchogenin {VII) and solineolone(VI) - lineolone (9") the second of these forms is the 
more  stable. 

The size of the oxide rings and the posit ions of the mutual at tachment of the component sugars  of 
s ibir tcoside D have not been demonstrated s tr ict ly,  but if one assumes  the pyranose form,  as in pachybiose, 
asclepobiose and other  sugars  found in plants of the family Asclepiadaceae [6], only posit ions C 1 and C 4 
remain  free for the bonds between the monosacchar ides .  Consequently, s t ructure  (II) can be proposed for  
s ibir icoside D. 

Sibiricoside E (I) has proper t ies  very close to those of s ibir icoside D. In the enzymat ic  cleavage of 
the glycoside by the pancreat ic  juice of the snail H. plectotropis  af ter  only a few minutes, even at room 
tempera ture ,  s ibir icoside D (II) and D-glucose (IX) were detected. Subsequent fermentat ion at 36°C led to 
the format ion of desglucosibir icoside D (III). Consequently, s ibir icoside E contains two residues of D- 
glucose molecules  and has the s t ructure  corresponding to formula (I). 

E X P E R I M E N T A L  M E T H O D  

For  th in- layer  chromatography we used type KSK sil ica gel with 5% of gypsum. The identification 
and the checking of the puri ty of the pregnane glycosides and aglycones were pe r fo rmed  in a thin l ayer  by 
the method of wedge-shaped bands [7] in the following sys tems:  1) b e n z e n e - c h l o r o f o r m - m e t h a n o l  (5 : 5 : 2); 
2) b e n z e n e - a c e t o n e - b u t a n - l - o l  (2 : 2 : 4); 3) methylene c h l o r i d e - m e t h a n o l - f o r m a m i d e  (80 : 19 : 1); 4) chlo- 
r o f o r m - i s o p r o p a n o l  (4 : 1); and 5) ethyl a c e t a t e - n - h e x a n e  (1 : 1). The sugars  were identified in the follow- 
ing sys tems :  6) bu t an - l -o l  saturated with water;  7) t o l u e n e - b u t a n - l - o l - w a t e r  (4 : 1 : 5); in the case of 
paper  chromatography and 8) b u t a n - l - o l - a c e t o n e - w a t e r  (4 : 5 : 1); and 9) c h l o r o f o r m - m e t h a n o l  (9 : 1) for 
TLC. The ehromogenic  agents were a saturated solution of antimony t r ichlor ide in ch loroform for  the 
pregnane glycosides and aglycones,  a mixture of equal amounts of a 3% solution of perchlor ic  acid and a 
1% solution of vanillin in ethanol for  the 2-deoxysugars ,  and a solution of sal icycl ic  acid and O-tolutdine in 
ethanol for  D-glucose.  

The glycosides (I-IV) have s imi la r  co lor  react ions;  with concentrated H2SO 4 they give a brown co lor -  
ation and with antimony t r ichlor ide on heating to ll0°C a violet colorat ion changing to grayish  blue. The 
xanthydrol react ion was positive for them. 

Isolation of Sibiricosides D and E. A ch loroform extract  of the roots of C. s ib i r icum was evaporated 
to dryness  in vacuum. The residue was again dissolved in a small  amount of chloroform,  and the solution 
was poured into a fivefold volume of pe t ro leum ether .  The precipi tate  that deposited was separated off, 
and this reprecipi ta t ion was repeated another three t imes.  The reprecipi ta ted and vacuum-dr ied  extract  
(10 g, corresponding to 1.5 kg of roots) was dissolved in 50 ml of methanol, the solution was diluted with a 
threefold volume of water,  and the result ing suspension was extracted with benzene. The benzene fract ion 
was not studied. The residual  aqueous phase was extracted with butanol exhaustively - until the xanthydrol 
react ion was negative. After  evaporat ion of the butanol in vacuum, a light brown powder (7 g) was obtained, 
which was mixed with a fivefold volume of si l ica gel and t r ans f e r r ed  to a chromatographic  column contain- 
ing 800 g of type KSK si l ica gel [8]. 

The contents of the column were f i rs t  eluted severa l  t imes with benzene and with b e n z e n e - c h l o r o -  
fo rm (1 : 1) and, finally, with b e n z e n e - c h l o r o f o r m - m e t h a n o l  (5 : 5 • 1). The fract ions collected amounted 
to 250 ml each, and after  concentrat ion in vacuum they were analyzed in sys tems 1-3. The benzene and 
b e n z e n e - c h l o r o f o r m  eluates (a total of 11 fractions) contained no pregnane glycosides.  

Fract ions  12-36, extracted with the mixtures  of benzene, chloroform,  and methanol (5 : 5 • 1) contained 
a mixture of glycosides  consist ing of five substances;  the fract ions f rom 12 to 23 contained s ibi r icosides  A, 
B, and C (because of the i r  small  amounts they were not studied); the fract ions f rom 24 to 36 contained a 
mixture of s ib i r icos ides  D and E. These glycosides  could be separated only by prepara t ive  chromatography 
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on a l yaer  of s i l i ca  gel  fixed with 5% of gypsum on g lass  (33 x 33 cm) in s y s t e m  1 and by ascending co lumn 
chromatography on SiO 2 in s y s t e m  2. 
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F r o m  7 g of ex t rac t ive  subs tances  we obtained 0.2 g of s ib i r icos ide  E and 0.5 g of s ib i r icos ide  D 
(0.013 and 0.033%, respec t ive ly ,  on the weight of the dry raw mate r ia l ) .  

Sibir icoside D (II). Sibir icoside D (II) fo rmed  a white amorphous  powder  with [ ~ ] ~ - 2 6 . 6  ~3 ° (c 1.5; 
methanol) .  Readi ly soluble in alcohols,  spar ingly  in wa te r  and chloroform,  insoluble in ether ;  ~,C2HsOH 

1645 1175 (C-O-C) cm -i. C~2HI00023~. wt. (log ~ 3.85); pKBa~ 3440 (OH), 1720 (C =O), (C =C), 220nm 
1213.48). 

Found: OCH 3 10.16%. Calculated: 40CH 3 10.23%. 

A weighted sample of the substance (3.31 rag) was dissolved in 2.5 rnl of ethanol, 0.5 ml of this solu- 
tion was added to 3 ml of xanthydrol reagent, and the optical density was determined [4, 9]. D-Digitoxose 
was used as standard. 

Found: 2,6-dideoxyaldose 49.600/0. Calculated: 2,6-dideoxyaldose 53.46%. 

Desglucosibiricoside D (HI). A mixture of 50 mg of glycoside (H) in 1 ml of ethanol and 1 ml of the 
pancreatic juice of the snail H. plectotropis in 150 ml of water was kept in a thermostat at 36°C for three 
days, and then the solution was evaporated in vacuum at 45-50°C to a volume of 50 ml and was extracted 
with chloroform. The residue after evaporation of the chloroform was reprecipitated several times from 
ethanol with ether until a substance giving a single spot in systems 1-3 was obtained. Yield 30 rag. The 
desglucosibiricoside D (HI), C56H90018 , formed a white amorphous powder, [~]~-15.0 +3 ° (c 1.08; chloro- 
form). Its IR and UV spectra and color reactions were similar to those forsibiricoside D. 

The aqueous residue after the separation of the glycoside (Ill) was evaporated in vacuum to a volume 
of 5 ml and was analyzed for the presence of sugars. D-Glucose was found in systems 6 and 8. 

Deacylsibiricoside D (iV). A solution of 200 mg of glycoside II in 5 ml of a 5% methanolic solution 
of caustic potash was boiled in a current of nitrogen for 2 h. The cooled solution was diluted with 5 rnl of 
water and extracted with chloroform. The residue obtained after the evaporation of the chloroform was 
dissolved in 10 ml of ethanol, and the solution was passed through a column of silica gel. A fivefold volume 
of ether was added to the ethanolic eluate, and the resulting precipitate was filtered off. Reprecipitation 
from ether was repeated another three times. Yield: 120 rag. The deacylsibiricoside D (IV) formed a 
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white amorphous  powder  appear ing  as an individual substance on chromatography  in s y s t e m s  1, 2, and 4; 
[~]~ - 5 2 . 1  + 4 ° (c 1.4; methanol); ~.'~2Hs OH 202 nm (log e 3.66), CssH~0022 (Mol. wt. 1103.3). 

max  
Found: OCH 3 11.13%. Calculated:  4 OCH 3 11.20%. 

ORD curve  in CHaOH, 24°C: [M]589 -572 ,  [M]s45 --718, [M]467 -990 ,  [M]428 - 1 2 8 0  (at c 2.11); [MIST 2 
-2210 ,  [M]335--2920, [M]324-3450, [lVl]309 -3800 ,  [M]29 s -3980 ,  [M]27 s -3540 ,  [M]271 -3270 ,  [M]275-3900, 
[M]246-4700 (at c 0.24). 

Acid Hydrolys is  of Des~lucosibi r icos ide  D. A solution of 100 mg of glucoside (III) in 5 ml  of me th -  
anol was t r ea t ed  with 5 ml of 0.1 N H2SO4, and the mixture  was boiled for  40 rain. Then 5 ml of wa te r  was 
added and the solution was evapora ted  in vacuum to r emove  the methanol .  The aqueous residue was ex-  
t r ac ted  with ch loroform,  and the ch lo ro fo rm ex t r ac t s  were  washed with water ,  dr ied ove r  Na2SO 4, and evap-  
orated in vacuum. The resul t ing amorphous  m a s s  (40 mg) was sepa ra ted  p r epa ra t i ve ly  on a thin l a y e r  of 
s i l ica  gel deposited on g lass  (12 × 30 cm) in the b e n z e n e - a c e t o n e  (2 : 1) sys t em.  The zones cor responding  
to s ib i r igenin  and cynanchogenin were  sc raped  off and were  ex t rac ted  sepa ra te ly  with ethanol.  

The ethanolic e luates  were  evapora ted  to dryness ,  and the res idues  were  t r ea ted  with a mix tu re  of 
ethyl ace ta te  and hexane.  The s ib i r igenin  C28H420 6 {VIII) and cynanchogenin C28H420 6 (VII) obtained in the 
individual s tate  had p r o p e r t i e s  identical with those given in our preceding  pape r  [2]. 

The acid aqueous solution a f t e r  the separa t ion  of the aglycones was neut ra l ized  with f resh ly  p r ec ip i -  
ta ted b a r i u m  carbonate .  The prec ip i ta te  of b a r i u m  sulfate was separa ted  off, and the f i l t ra te  was evapo-  
ra ted to a syrupy consis tency and analyzed in s y s t e m s  7 and 9. D-Oleandrose  (XI) and D - c y m a r o s e  (X) 
were  detected.  

Acid Hydrolys is  of Deacyls ib i r icos ide  D. A mix tu re  of 60 mg of the glycoside (IV) in 3 ml  of me th -  
anol and 2 ml  of 0.1 N H2SO 4 was boiled under  the conditions descr ibed  above.  The aglycone f rac t ion  was 
separa ted  p r epa ra t i ve l y  in a thin l aye r  of s i l ica  gel in s y s t e m  5. This  gave lineolone, C21H3205, mp 238- 
240°C; the amount of isolineolone was smal l ,  and it was identified only chromatograph ica l ly  in s y s t e m  5. 

Stepwise Hydrolys is  of Desglucos ib i r icos ide  D. A solution of 7 mg of the glycoside (lid in 0.5 ml 
of a 0.001 N aqueous dioxane (1 : 1) solution of H2SO 4 was le f t  to stand at 36°C. Af ter  24 h, D - c y m a r o s e  
was detected in s y s t e m  7. After  three  days, in addition to the D - c y m a r o s e ,  the spot of D-oleandrose  ap-  
pea red .  After  the reac t ion  solution had been  kept for  a week, no other  sugars  were  found. 

The solution was deposited quanti tat ively on pape r  and, a f t e r  ch romatography  in s y s t e m  7, the zones 
cor responding  to D-oleandrose  and to D - c y m a r o s e  were  cut out. The zones of the sugars ,  without eluting 
them f r o m  the paper ,  were  finely cut up, t r a n s f e r r e d  to a f lask,  and covered  with an equal volume (5 ml) 
of the xanthydrol  reagent .  The contents of the f lask were  heated at 100°C f o r  5 rain, and cooled, and the 
colored solutions were  separa ted  f r o m  the paPer  and t r a n s f e r r e d  to cel ls ,  and their  optical  densi t ies  were  
de te rmined  (see Exper imenta l  Method of [4]). The optical  density of the solution containing the c y m a r o s e  
(D = 752) was 2.5 t imes  g r e a t e r  than the density of the solution of o leandrose  (D = 300). 

Sibir icoside E. This  had the fo rmula  C68Hl10028 and fo rmed  a white amorphous  powder,  [ ~ ] ~ - 1 8 . 5  +3 ° 
(c 1.4; methanol) .  The solubility, co lor  reac t ions  with concentra ted  H2SO 4 and SbCls, and the UV and IR 
spec t r a  were  s i m i l a r  to those for  s ib i r icos ide  D. 

Acid Hydrolys is  of Sibir icoside E. A mix tu re  of 10 mg of the glycoside (I) in 3 ml  of methanol  and 
0.5 ml  of 0.1 N H2SO 4 was boiled under  the conditions descr ibed  for  the glycoside {III). After  the appropr ia te  
working up, in the aglycone f rac t ion  s ib i r igenin  {VIII) and cynanchogenin {VII) were  detected in s y s t e m s  1 
and 5, and in the suga r  f rac t ion  D-glucose {IX), D-oleandrose  (~I), and D - c y m a r o s e  (X) were  detected in 
s y s t e m s  6, 7, and 9. 

Stepwise Enzymat ic  Hydrolys is  of Sibir icoside E. At room t e m p e r a t u r e ,  10 m g o f  the glycoside (I) 
in 0.5 ml  of ethanol was mixed with 0.5 ml  of the pancrea t i c  juice of the snail  H__: p lec to t ropi  s in 50 ml  of 
water .  Af te r  10 rain, ch romatography  in s y s t e m s  1-3 showed the p r e sence  of s ib i r icos ide  D {II) in the 
hydrolyzate ,  and chromatography  in s y s t e m s  6 and 8 showed the p r e sence  of D-glucose .  Af ter  50 rain f r o m  
the beginning of fe rmenta t ion ,  t r a c e s  of desg lucos ib i r icos ide  D (III) were  detected in the hydrolyzate  (sys-  
t em 1). Then the reac t ion  mixture  was p laced in a t h e r m o s t a t  at 36°C. Af ter  18 h, only desg lucos ib i r icos ide  
D (III) was found in the hydrolyzate .  

I somer i za t i on  of S ib i r igen tn .  A solution of 40 mg of s ib i r igenin  {VIII) in 5 ml  of methanol  was mixed 
with 2 ml of a 0.1 N methanol ic  solution of H2SO4, and the mix ture  was boiled at 100°C. The course  of i so -  
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mer i za t i on  was moni tored  in s y s t e m  5. Af te r  30 rain f r o m  the beginning of heating, the spot of cynancho-  
genin (VII) appeared  on a c h r o m a t o g r a m  toge ther  with that of s ib i r igenin  (VIII). Boiling was continued for  
another  4 h. Analys is  showed that although the amount of cynanchogenin inc reased  during this t ime,  a c e r -  
tain amount of un i somer i zed  s ib i r igenin  remained  in the reac t ion  mixture .  

The solution was t r ea ted  with 10 ml  of water ,  and the methanol was evapora ted  somewhat  in vacuum. 
The res idue  was ex t rac ted  with ch loroform,  and the ex t rac t  was dr ied.  Af te r  the evapora t ion  of the ch loro-  
form,  the res idue  was sepa ra ted  p r e p a r a t i v e l y  on pla tes  with a fixed l a y e r  of s i l ica  gel in s y s t e m  5. The 
zones cor responding  to the s ib i r igenin  and cynanchogenin were  sc raped  off, t r a n s f e r r e d  to columns,  and 
eluted with a mix tu re  of ch lo ro fo rm and ethanol (3 : 1). Af ter  evapora t ion  of the solvents,  s ib i r igenin  (13 
rag) with mp 207-208°C and cynanchogenin (10 rag) with 164-165°C were  obtained. 

I s o m e r i z a t i o n  of Cynanchogenin. The whole of the cynanchogenin obtained in the preceding  e x p e r i -  
ment  was subjected to i somer i za t ion  under  the conditions descr ibed above. Af te r  the react ion  mix ture  had 
been heated for  four  hours,  TLC in s y s t e m  5 showed a s c a r c e l y  detectable spot of s ibir igenin.  

S U M M A R Y  

The s t r u c t u r e s  of two pregnane  g lycos ides  f r o m  Cynanchum s ib i r i cum Willd. have been es tabl i shed.  
Sibir icoside D (II) is s ib i r igenin  (cynanchogenin) 3 - D - g l u c o s i d o - D - c y m a r o s i d o - D - c y m a r o s i d o - D - - c y m a r o -  
s ido -D-o leandros ide .  Sibir icoside E (I) is s ib i r igenin  (or cynanchogenin) 3 -D-g lucos ido -D-g lucos ido -D-  
c y m a r o s i d o - D - c y m a r o s i d o - D - c y m a r o s i d o - D - o l e a n d r o s i d e .  

The hypothesis  has been put fo rward  that g lycosides  of isolinoleone are  p r e sen t  in the native s ta te  
which are  i somer i zed  into linoleone der iva t ives  in the p r o c e s s  of isolation and t r e a t m e n t  with acid and 
alkaline agents .  
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