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The isolat ion f rom the roots  of Ladyginia  buchar i ca  Lipsky  (family Umbell i ferae)  of five t r i t e rpene  
glycosides  which we called ladyginosides  A, B, C, D, and E has been repor ted  prev ious ly  [1]. 

The p resen t  paper  gives a proof  of the s t ruc tu r e s  of ladyginosides  A and B, the leas t  po la r  g lycosides  
of the Ladyginia  and those c loses t  in chromatographic  mobil i ty.  On repea ted  chromatography  of the c o m -  
bined glycosides  on columns of s i l ica  gel, we obtained f rac t ions  enr iched in ladyginosides  A and B. These  
compounds were  isolated in the individual s ta te  by the p repa ra t ive  separa t ion  of these  f rac t ions  on pla tes  
with a fixed l a y e r  of s i l i ca  gel. The amount  of each glycoside was approximate ly  0.1% of the a i r - d r y w e i g h t  
of the roots .  

To de te rmine  the composi t ions  of the glycosides ,  each of them sepa ra te ly  was hydrolyzed with 18% 
hydrochlor ic  acid. In the prec ip i ta te  that  deposited f rom the wate r -d i lu ted  hydrolyzate ,  oleanolic acid was 
identified as the aglycone for  ladyginoside A and hederagenin  for  ladyginoside B. 

Chromatography in a thin l a y e r  of s i l ica  gel (TLC) and on paper  (PC) showed that the ca rbohydra te  
moie t ies  o f ladyginos ide  A and that  of ladyginoside B cons is t  of the s ame  sugars ,  D-glucose and D-glu-  
curonic acid. 

The GLC of the s i lyla ted methyl  glycosides  of the sugars  showed that in both ladyginosides  A and B 
the D-glucose and D-glucuronic acid are  p resen t  in a ra t io  of 1 : 1  [2]. Consequently, ladyginoside A is a 
bioside of oleanolic acid and ladyginoside B a bioside of hederagenin.  

The pa r t i a l  c leavage of the g lycos ides  A and B with dilute sulfuric  acid gave glucuronides of oleanolic 
acid and of hederagenin,  r e spec t ive ly .  In this way it was  es tab l i shed  that the glucuronic acid is a t tached 
d i rec t ly  to the aglycone in each case .  

The methyla t ion of ladyginosides  A and B with diazomethane followed by hydro lys i s  led to the fo r -  
mat ion of the methyl  e s t e r s  of oleanolic acid and of hederagenin.  On t r ea tmen t  with alkali,  ladyginosides  
A and B underwent no change. This  shows that the g lycosides  studied are  not O-acyl  glycosides  and that 
the sugar  moie ty  is at tached to the hydroxy group in posit ion 3 in each of the aglycones.  

In o rde r  to de te rmine  the posit ion of a t tachment  of the D-glucose to the D-glucuronic acid, ladygino-  
s ides A and B were  oxidized with sodium per iodate .  The hydro lys i s  of the oxidized products  with sulfur ic  
acid and a chromatographic  study of the subs tances  formed showed that the ca rbohydra te  chains of ladygino-  
s ides A and B were  complete ly  des t royed.  It follows f rom this that there  is no 1 ~ 3 bond between the m o -  
nosacchar ides  in the glycosides  studied. 

Fu r the r  informat ion on the s t ruc tu re  of the ca rbohydra te  moie ty  of ladyginosides  A and B was ob- 
t a ined  by the i r  exhaust ive methylat ion.  The hydro lyza tes  of the pe rme thy la t e s  of ladyginosides  A and B 
were  found, by compar i son  with r e fe rence  m a t e r i a l s ,  to contain 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  and 
2,3-d i-O - m e t h y l - D - g h c u r o n i c  acid.  F r o m  th is  it  may  be concluded that  the D-gluco se occupie s the e x t r e m e  
posit ion and is l inked to the D:glucuronic  acid through the hydroxy at C 4. The 1--* 4 bond is also con-  
f i rmed  by the fact  that  a f ter  chromatography  on paper  and in a thin l a y e r  of s i l ica  gel the methylated 
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monosacchar ides  give a negative react ion for an ~-glycol ic  group with the Bonner reagent .  

The complete methylated ladyginosides A and B were  reduced with lithium tetrahydroaluminate .  2,3- 
Di -O-methyl -D-g tucose  and 2 ,3 ,4 ,6 - te t ra -O-methy l -D-g lucose  were  identified in the products of the hy-  
drolys is  of the reduced glycosides.  

The calculation of molecular  rotation differences for the b i o s i d e - m o n o s i d e - a g l y c o a e  in the case 
of ladyginosides A and B showed that the D-glucose is attached to the D-glucuronic acid and the la t te r  to 
the genin by fl-glycosidic bonds (Table 1). In both cases ,  the i n c r e m e n t i n  the molecular  rotation has a 
negative value. Thus, the s t ruc ture  of ladyginoside A is shown by (I) and that of ladyginoside B by (II): 

h I ~ COOH 
c,,o, eooH f" T I f  - 

O ~ . 

cH, oa cooa 

0H 

Ladyginosides A and B proved to be s t ructural  i somers  of the glycosides isolated by Tschesche  et al. 
f rom S~)inacia o leracea  L.  [3]. While in the spinasaponins A and B the D-glucose is attached to the hy-  
droxyl at C 3 of the D-glucuronic acid, in ladyginosides A and B the analogous linkage is made through the 
hydroxyl at C 4. 

EXPERIMENTAL 

Chromatography was performed with type KSK silica gel and type M (slow) paper of the Leningrad 
No. 2 paper  mill .  The following solvent sys tems  were used; for TLC: 1) b u t a n - l - o l - e t h a n o l  - 25% am-  
monia (7: 2: 5); 2) c h l o r o f o r m - m e t h a n o l - w a t e r  (65: 35: 8); 3) ch lo ro fo rm-me thano l  (25: 1); 4) butan-1-  
o l -  a c e t o n e - w a t e r  (4 : 5 : 1); 5) b e n z e n e - a c e t o n e  (3 : 1); and 6) to luene-e thanol  (10 : 1); and for PC: 7) butan- 
1 - o l - a c e t i c  a c i d - w a t e r  (4: 1: 5); and 8) wa te r - sa tu ra ted  methyl ethyl ketone. The glycosides,  the genins, 

and the methylated glycosides were revealed 

TABLE 1 

Sub~ance 

Ladyginoside A 
Oleanolic acid glucuronoside 
Fraction of the [IVl]D of D-glucose 
Oleanolic acid [7] 
Fraction of the [~M]D of 

glucuronie acid 
Ladyginoside B 
Hederagenin glucuronoside 
Fraction of the [IVl]D of D-glucose 
Hederagenin [7] 
Fraction of the [M]D of D-glucu- 

ronic acid 

Methyl ~-D-glueopyranoside [4] 

Methyl 8-D-glucopyranoside [4] 
Methyl a-D-ghlcurono- 

pyranoside [5] 
Methyl $-D-glucurono- 

pyranoside [5] 

M [al D' deg 

795,0 

632,8 

456,7 

811,0 
648,8 

472,7 

194,2 

194,2 

208,2 

208,2 

[MID=[aID "M. 
deg °° 

+17,5 

+30,8 

+8O 

+22,5 
+30 

+82 

+158 

--32 

+129 

--,55,3 

+140,7 

+194,9 
--54,2 
+375,4 

--180,5 
+ 182,5 
+194,6 
--12,1 
--387,6 

--193 

?307 

--62 

+268,6 

--115,1 

with an alcoholic solution of phosphotungstic acid, 
and the sugars  with o-toluidine salicylate.  

Isolation of Ladyginosides A and B° The com-  
bined glycosides obtained by extract ing an aqueous 
solution of the extract ive substances with n-buta-  
nol (10 g) were  dissolved in sys tem 1 and depos-  
ited on a column containing 1.2 kg of si l ica gel. 
Elution was per formed with the same solvent s y s -  
tem, 30-ml fract ions being collected. The p ro -  
cess  of chromatography was monitored in a thin 
l aye r  of si l ica gel in sys t ems  1 and 2. Eluates 
which consis ted of ladyginosides A and B; A, 
B, and C; C and D; D a n d E ;  andD,  E, a n d F ,  
were  obtained f rom five columns.  The combined 
fract ions containing the glycosides A and B (500 mg) 
were chromatographed prepara t ively  on plates (40 x 
30 cm) with a fixed layer  of si l ica gel in sys tem 2. 
The zones with the individual ladyginosides A and 
B were removed from the plate and eluted with 
methanol, and the methanolic solutions were boiled 
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with act ivated carbon and evaporated.  The res idues  were  r ec rys t a l l i z ed  f rom ethanol. This  gave 150 mg  
of c rys ta l l ine  ladyginoside A, C42H66014, mp 240-242°C (from ethanol), [cr]~ + 17.5 • 2 ° (c 0.8; methanol) and 
180 mg  of ladyginoside B, C42H66015 in the fo rm of white needles with mp 220-222°C (f rom ethanol), [a ]~  + 
22.5 * 2 ° (c 1.6; ethanol). 

Acid Hydrolys is  of the Glycosides .  1. Complete Hydrolys is  of Ladyginosides  A and B. A mix ture  
of 20 m g  of ladyginoside A and 5 ml of 15% HC1 was heated at 100"C fo r  6 h. The reac t ion  mix ture  was 
diluted with wate r ,  and the prec ip i ta te  that  deposited was f i l te red  off and dr ied.  The hydrolyzate  was neu- 
t r a l i zed  with AV-17 anion-exchange r e s in  (OH- form).  The neutral  solution was evapora ted  and by TLC 
s i l ica  gel impregna ted  with a 0.2 M solution of sodium dihydrogen phosphate [6] in sy s t em 4 and PC in s y s -  
t em 7 showed the p r e sence  of D-glucose  and D-glucuronic  acid and its lactone.  The prec ip i ta te  (10 mg), 
a f te r  r ec rys t a l l i za t ion  f rom absolute ethanol, had mp  306-308°C, [ ~ ] ~ + 7 9 ~  2 ° (c 1.8; pyridine).  The c r y s -  
ta l s  isolated were  identified by a mixed mel t ing  point with an authentic sample  of oleanolic acid and b y T L C  
in s i l ica  gel in sy s t em 3. 

Methyl oleanolate was obtained by methyla t ing  the aglycone with an e therea l  solution of diazomethane 
at room t e m p e r a t u r e  for  24 h and had mp  196-198°C, [a ]~  + 7 2 i  2 ° (c 1.6; pyridine).  

The genin was acetylated with acet ic  anhydride in dry  pyridine at room t e m p e r a t u r e  for 48 h, giving 
oleanolic acid ace ta te  with mp 270-272°C, [ a J~+  78* 2 ° (c 1.5; methanol) .  

Methyl oleanolate aceta te  was obtained by methyla t ing the aceta te  of the genin with diazomethane at 
room t e m p e r a t u r e .  The excess  of diazomethane and e ther  were  e l iminated and the methyla t ion  product  
was dissolved in methanol ,  boiled with act ivated carbon,  and r ec rys t a l l i z ed  f rom absolute ethanol.  C rys -  
ta ls  deposited in the form of needles  with mp  218-220°C. 

The analogous operat ions  were  p e r f o r m e d  with ladyginoside B. D-GlucoseandD-g lucuron ic  acid were  
found in the hydrolyza te  of ladyginoside B. The aglycone was shown to be identical with hederagenin  by i ts  
mp of 326-328°C (ethanol) and [a]~+78~= 2 ° (c 1.8; pyridine)o The methyl  e s t e r  of hederagenin had mp 230- 
232°C (from ethanol) [a]~+72+~0 2° (c 0.8; ch loroform) .  Hederagenin aceta te  was obtained, with mp 166- 
168°C (from methanol) [ a i d  + 64 • 2 (c 2.4; ch loroform) ,  and the diacetate  of hederagenin  methyl  e s t e r ,  with 
mp  188-1900C, [ a ] ~ + 6 2 + 2  ° (c 1.2; absolute ethanol).  

The constants  found for  the oleanolic acid, the hederagenin,  and their  de r iva t ives  cor responded  to 
those given in the l i t e r a t u r e  [7]. 

2. Par t ia l  Hydrolys is  of Ladyginosides  A and B. The glycoside A (20 mg) was hydrolyzed with 0.25% 
H2SO 4 at 70-75°C for  6 h. The react ion  mix tu re  was diluted with wa te r  and exhaust ively  ex t rac ted  with n-  
butanol. The ex t rac t  was concentra ted  and chromatographed  in sys tem 2. Oleanolic acid, the in i t ia l  gly-  
coside,  and oleanolic acid glucuronide were  found. The l a s t -men t ioned  substance (10 mg), a f te r  pur i f i ca -  
tion and r ec rys t a l l i za t ion  f rom ethanol,  had mp 212°C, [ a ] ~ + 3 0 . 8 ~  2 ° (c 1.0; ethanol).  According to the 
l i t e r a tu re ,  the mel t ing  point of oleanolic acid glucuronide is 218°C, [a ]~  + 31.6 ° [8, 9]. 

Under the same  conditions, ladyginoside B yielded hederagenin,  the initial substance,  and hederagenin 
glucuronide.  Hederagenin  glueuronide has  not been desc r ibed  in the l i t e ra tu re ;  i t  cons is ted  of white a c i c -  
u l a r  c r y s t a l s  with mp 198-200°C (f rom ethanol), [ a ]~  + 29 ~- 3 ° (c 1.1; ethanol), read i ly  soluble in methanol  
and ethanol and a lmos t  insoluble in wa te r .  I ts  e l e m e n t a r y  ana lys i s  co r responded  to the fo rmula  C36H~O10. 

When the glucuronides were  subjected to acid hydro lys i s  (6% H2SO4) D-glucuronic  acid and its lactone 
were  identified in the hydrolyzate  by the PC method in sys t em 7. 

Methylation of Ladyginosides  with Diazomethane.  A solution of 42 mg of ladyginoside A and a so -  
lution of 40 mg  of ladyginoside B, each in 5 ml of dry methanol ,  were  methyla ted  with an e therea l  Solution 
of diazomethane at room t e m p e r a t u r e  for  48 h. Each of the products  obtained was hydrolyzed with 8-10 
ml of 6% H2SO4 at the boil for  6 h. The reac t ion  mix tu re  were  ex t rac ted  with ch loroform,  and the ch loro-  
fo rm ex t r ac t s  were  subjected to TLC in sys t em 3. The ch romatographs  showed the p r e sence  of methyl  
oleanolate in the case  of ladyginoside A and of the methyl  e s t e r  of hederagenin  in the case  of ladygino-  
side B. 

Alkaline Hydro lys i s  of Ladyginosides  A and B. In each case ,  a solution of 20 mg  of the glycoside in 
10 ml of methanol was t rea ted  with 6 ml of a 10% aqueous ethanolic (1 : 1) solution of caust ic  soda, and the 
mix ture  was heated at 100°C for  6 h. After  cooling, the react ion  mix tu re  was neut ra l ized  with acet ic  acid. 
Chromatography of the neutral  solutions in a thin l aye r  of s i l ica  gel in sy s t em 2 showed that nei ther  g lyco-  
side had undergone any change. 
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Per ioda te  Oxidation of Ladyginosides  A and B. In each case ,  50 mg of the glycoside was oxidized 
with a 1% solution of sodium per iodate  at 6°C for  48 h. After  ethylene glycol had been  added to decompose  
the excess  of per iodate ,  the reac t ion  mix ture  Was evapora ted  with butanol in vacuum, the sa l t s  that had 
prec ip i ta ted  were  sepa ra ted  off, and the reac t ion  product  was hydrolyzed with 6% H2SO 4. No f ree  mono-  
s accha r ides  we re  detected in the neut ra l ized  and purif ied hydrolyzate  by the TLC method in sys t em 4 and 
by the PC method in s y s t e m  7. 

Hakomor i  Methylation of Ladyginos ides  A and B [10]. With s t i r r ing ,  5 0 mg  of sodium hydride was 
added in por t ions  to a solution of 50 mg  of ladyginoside A in 3 ml of dimethyl  sulfoxide ove r  30 min, and 
then 4 ml of methyl  iodide was added. St i r r ing was continued for  2 h. Then the react ion  mix tu re  was 
poured into 30 ml  of a sa tu ra ted  aqueous sodium thiosulfate and was ex t rac ted  with ch lo ro form (5× 10 ml).  
The ch lo ro form ex t r ac t  was  washed with wa te r  and concentra ted .  The res idue  was shown by T L C  in s y s -  
t em 6 to contain a mix tu re  of comple te ly  and par t ia l ly  methyla ted  products .  To f ree  the mix tu re  f rom the 
l a t t e r ,  it was deposited on a column of a lumina and was eluted with benzene,  10-ml f rac t ions  being collected.  
The separa t ion  was moni tored  by TLC in s y s t e m  5. Frac t ions  6-10 contained the complete ly  methyla ted  
glycoside.  The methyla ted  product  was t r ea t ed  with 3 ml of 6% H2SO 4 in methanol and heated at 100°C for 
3 h. Then the solution was diluted with wate r ,  and the aglycone was f i l te red  off. The f i l t ra te  was neu t ra l -  
ized with AV-17 anion-exchange r e s in  (OH- form).  Using m a r k e r s ,  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  and 
2 ,3 -d i -O-me thy l -D-g lucu ron i c  acid were  identified in the hydrolyzate  by the PC method in sy s t em 8 and 
by TLC in sys t em 5. Methyl oleanolate was found as the genin of the pe rme thy la t e  of ladyginoside A. 

Ladyginoside B (42 mg) was methyla ted  by the same method.  After the hydro lys i s  of the fully me th -  
ylated glycoside,  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  2 ,3 -d i -O-me thy l -D-g lucu ron ic  acid, and the methyl  
e s t e r  of 23 -O-methy lhede ragen in  were  found. 

Reduction of the P e r m e t h y l a t e s  of Ladyginos ides  A and B. Completely methyla ted  ladyginoside A 
was reduced with an e the rea l  solution of l i thium te t rahydroa lumina te .  The mixture  was heated at the boil 
for  6 h. The excess  of LiA1H 4 was des t royed  with ethyl aceta te  and 2% H2SO 4. The e therea l  l a y e r  was 
washed with wa te r  and concentra ted .  The pe rmethy la te  of ladyginoside B was subjected to p r ec i s e ly  the 
s ame  t r ea tmen t .  Each of the res idues  was hydrolyzed with 6% H2SO4, and the p rec ip i ta te  that  deposi ted 
was f i l te red  off. 2 , 3 , 4 , 6 - T e t r a - O - m e t h y l - D - g l u c o s e  and 2 , 3 - d i - O - m e t h y l - D - g l u c o s e  were  identified in the 
hydrolyza te  by PC in s y s t e m  8. The p rec ip i t a t e s  were  washed with wa te r  and dried.  It was es tab l i shed  
by the TLC method in sys t em 3 in compar i son  with r e f e r ence  samples  that the aglycone of the reduced p e r -  
methyla te  of ladyginoside A was ery throdio l  and that of ladyginoside B was 28-hydroxy-23-methoxy- /3  -~ 
amyrin. 

S U M M A R Y  

It has been established that ladyginoside A is the O-f~-D-glucopyranosyl-(l -- 4)-fl-D-glucuronopyr- 
anoside of oleanolic acid and ladyginoside B is the O-/3-D-glucopyranosyl-(1 ~ 4)-fi-D-glucuronopyranoside 
of hederagenin. 
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