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The isola t ion f r o m  the roots  of Acanthophyllum gypsophiloides Rgl., family Caryophyl laceae  of 
acanthophylloside B - a glycoside of gypsogenin having the same  quali tat ive set  of monosacchar ides  as 
gypsoside [3] but differing f r o m  it in the s t ruc tu re  of the ca rbohydra te  chains - has been repor ted  p r e v i -  
ously [1, 2]. 

On a m o r e  carefu l  study of acanthophylloside B with the aid of TLC on s i l ica  gel, we found that it 
s epa ra t e s  into two spots with very  s i m i l a r  d is tances  of migra t ion .  This  would appea r  to conf i rm the hypo- 
thes is  of the p r e s ence  in g lycosides  containing as the i r  bases  a gypsogenin glucuronoside two f o r m s  - 
semiacy la l  and open - l ike gypsoside [4]. In actual  fact, when the glycoside f r o m  A. gypsophiloides was 
subjected to alkaline t r ea tmen t  a t r ans i t ion  f r o m  a more  po la r  f o r m  to a l e s s  po la r  f o r m  was observed,  
as in the case  of gypsoside.  However,  the r e v e r s e  t rans i t ion  did not take place on acidification.  

Repeated ch romatography  on a column pe rmi t t ed  the isolat ion of two f o r m s  of the acanthophylloside,  
which proved  to be individual compounds dist inguished by the i r  quali tat ive suga r  composi t ion.  F o r  the l e s s  
po la r  of them we re ta ined the name acanthophylloside B fl) and we cal led the more  po la r  one acanthophyllo-  
side C {II). 

According to the resu l t s  of acid hydrolys is  and GLC of the silyl  de r iva t ives  of the methyl  glycosides  
[5], acanthophylloside B contains D-galac tose ,  D-xylose,  L -a rab inose ,  D-fucose,  L - r h a m n o s e ,  and D- 
glucuronic acid in a ra t io  of 2 : 3 : 1 : 1 : 2 : 1. Acanthophylloside C contains the same sugars  in the same 
ra t io  and, in addition, one molecule  of D-glucose .  Consequently,  acanthophylloside B with the composi t ion 
C8GH136048 is a decaoside,  and aeanthophylloside C with the composi t ion  C92H146053 is an undecaoside of 
gypsogenin.  

On a GC c h r o m a t o g r a m  of the t r ime thy l s i ly l  de r iva t ives  of the sugars  of both glycosides ,  in addition 
to the peaks  of the monosacchar ides  mentioned another  peak  of unknown origin can be well seen  (Fig. 1), 
appear ing between the peaks  of the xylose and the ga lac tose .  However,  when both the f ree  and the me th -  
yla ted sugars  were  analyzed by o ther  methods,  we were  unable to detect  any o ther  compounds whatever .  
It mus t  be noted that the same peak appea r s  on GC c h r o m a t o g r a m s  of other  complex glycosides  of gypso-  
genin p re sen t  in our collection: gypsoside [3], saponaside D [6], and t r ichos ide  D [7]. The r eason  for  the 
appearance  of the peak has not yet been  elucidated.  

Another  fea ture  of acanthophyllosides B and C is the imposs ib i l i ty  of obtaining the full ace ta tes .  The 
products  obtained even a f t e r  repeated  t r ea tmen t  of the g lycosides  with acet ic  anhydride in pyridine continue 
to show absorpt ion in the region of hydroxy groups  in the IR spec t rum.  This  can be explained by the p r e s -  
ence of s t e r i ca l ly  hindred hydroxy groups due to the branching of the ca rbohydra te  chains.  

In actual  fact,  when acanthophyllosides B and C were  subjected to per ioda te  oxidation by a known 
method [8], the D-glucuronic acid, the D-fucose,  and the D-xylose were  p r e s e r v e d ,  which shows the p r e s -  
ence e i the r  of 1 - 3  bonds or  of branchings .  The absence of furanose f o r m s  of the monosaccha r ides  was 
conf i rmed by the hydrolys is  of the glycosides  with dilute oxalic acid. This  led to no change in acantho-  
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Fig. 1. GC c h r o m a t o g r a m  of the s i lylated 
methylg lycos ides  of acanthophylloside C: 
1) D-glucuronic  acid; 2) D-glucose;  3) D- 
ga lac tose ;  4) unknown substance;  5) D- 
xylose;  6) D-fucose;  7) L - r h m a n o s e ;  8) 
L - a r a b i n o s e .  

phyl los ides  B and C. As mentioned above, acanthophylloside 
C is conver ted  into acanthophylloside B under  the action of 
alkaline agents.  It follows f r o m  this that the D-glucose  
spli t  off in this p r o c e s s  is at tached to the carboxy group 
of the D-glucuronic  acid, as in the case  ofpolemonios ide  C 
[9]. D-Glucose was not detected in the alkaline hydrolyzate:  
Like all sugar s  attached to a ca rboxy  group, it is decom-  
posed on saponif icat ion with alkali .  On more  s e v e r e  a lka-  
line t rea tment ,  the acyloside bond at the carboxyl  of the 
aglycone was saponified, and the two glycosides  fo rmed  
the same p r o g e n l n -  a t e t r aos ide  of gypsogenin C53HR2024 
(III). This  compound includes two molecules  of D-ga lac tose  
and one molecule  each of L - a r a b i n o s e  and D-glucuronic  
acid (GLC). The exhaustive methyla t ion  of the t e t r aos ide  
of gypsogenin (III) followed by the hydrolys is  of its p e r m e t h -  
ylate  led to 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-ga l ac to se ,  2 ,3 -d i -O-  
m e t h y l - L - a r a b i n o s e ,  and 3 -O-methy l -D-g lucu ron ic  acid 
(in the Scheme, the pe rme thy l a t e s  of the glycosides  a re  
omitted,  and only the methyla ted  sugar s  fo rmed  f rom the 
hydrolys is  of the pe rme thy la t e s  a re  shown). We a r r i v e  at 
a s i m i l a r  resu l t  by excluding f r o m  the products  of the 
methyla t ion  of acanthophyllosides B and C the O-methyl  
der iva t ives  of D-fucose,  L - r h a m n o s e ,  and D-xylose.  These  
sugars  a re  absent  f rom the O-glycos id ic  moiety  and are  
p re sen t  only in the O-acylos id ic  moie ty  of the glycoside 
molecu les .  

It only r e m a i n s  to be added that  a pe rmethy la te  of acanthophylloside C gave 2 ,3 ,4 ,6 - t e t r a -O-me thy l -  
D-glucose,  as well,  which conf i rms  the t e rmina l  posi t ion of the glucose res idue .  If we take into account 
the fact  that the acid hydrolys is  of both acanthophyllosides f o r m s  not only gypsogenin but a lso  its fl-D- 
glucuronoside,  then both molecu les  of ga lac tose  in the te t raos ide  of gypsogenin a re  t e rmina l .  One of them 
is at tached d i rec t ly  to the glucuronic acid and the second through arab inose .  These  resu l t s  a re  conf i rmed 
by per iodate  oxidation of the gypsogenin t e t raos ide  (III), in which two molecu les  of fo rmic  a re  fo rmed  and 
only the D-glucuronic  acid is unaffected.  

Fo r  a detailed elucidat ion of the s t ruc tu re  of the O-glucosidic  chain of acanthophyllosides B and C 
we p e r f o r m e d  a pa r t i a l  hydrolys is  of the gypsogenin t e t r aos ide  (III) with 0.25% sulfur ic  acid. Amongthe  
o ther  hydro lys i s  p roducts  we detected two g lycos ides .  One of them - a gypsogenin bioside (V) - contained 
only D-ga lac tose  and D-glucuronic acid, and the second - a gypsogenin t r ios ide  (IV) - a lso included L-  
a rab inose .  

Hydrolys is  of the pe rme thy la t e  of (V)led to 2 ,3 ,4 ,6 - t e t r a -O-me thy l -ga l ac to se  and 3 ,4 -d i -O-me thy l -  
D-glucuronic  acid, and hydrolys is  of the pe rmethy la te  of the t r ios ide  (IV) led to 2, 3, 4, 6 - t e t r a - O - m e t h y l -  
D-galac tose ,  2 , 3 - d i - O - m e t h y l - L - a r a b i n o s e ,  and 2 ,3 -d i -O-me thy l -D-g lucu ron ic  acid.  Consequently, in the 
O-glycos id ic  chain of the gypsogenin t e t r aos ide  one molecule  of D-ga lac topyranose  is at tached to the hy- 
droxyl  at C 2 of the D-glucuronic  acid.  A second molecule  of D-ga lac topyranose  is at tached to the fourth 
hydroxyl  of the L -a r ab inose ,  and the a rab inose  i t se l f  to the hydroxyl at C 4 of the D-glucuronic  acid. This  
c l ea r ly  shows the par t ia l  s t ruc tu re  of acanthophyllosides B (I) and C (II). 

The configurat ion of the glycosidic  bonds has been  taken in accordance  with Klyne ' s  rule [11] (see 
Scheme on next page).  

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

For  ch romatography  we used type "M" ["slow"] paper ,  KSK si l ica  gel, and the following solvent sy s -  
t e m s :  1 ) 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) ;  2 ) b u t a n - o - o l - e t h a n o l - 2 5 ~ 0  NH4OH (7 :2 :  5); 3 )bu tan-  
1 - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5); 4) w a t e r - s a t u r a t e d  methyl  ethyl ketone; 5) b u t a n - l - o l - e t h a n o l - w a t e r  
(5 : 1:4) ;  6) b e n z e n e - a c e t o n e  (2 : 1); 7) c h l o r o f o r m - m e t h a n o l  (6 : 1); 8) b u t a n - l - o l - m e t h a n o l - w a t e r  (5 : 3 : 1); 
9) ch lo ro fo rm- -me thano l  (25 : 1); 10) ch lo ro fo rm- -me thano l  (10 : 1); 11) t o l u e n e - m e t h a n o l  (9 : 1); 12) butan-  
1 - o l - p y r i d i n e - - w a t e r  (6 : 4 : 3). 
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The glycosides  were  revealed  with an ethanolic solution of phosphotungstic acid, and the sugars  with 
o-toluidine sa l icyla te .  

The identif ication of the methyla ted  monosacchar ides  was p e r f o r m e d  by chromatograph ic  compar i son  
(PC, TLC, GLC) with authentic s amples  using co lor  reac t ions  with d lpheny lamine -an i l ine  [2] and w i t h t e t r a -  
phenyl te t razol ium chloride [13], and a lso  per iodate  oxidation both of the par t ia l ly  methyla ted  sugar s  and of 
the i r  methyl  g lycos ides .  

The GLC of the si lylated methyl  g lycosides  was p e r f o r m e d  on a UKh-1 chromatograph  using a copper  
column (1 m × 4 mm),  containing 5% of the si l icone phase  G-30-M on Diaforit  (0.2-0.315 mm),  column t e m -  
pe r a tu r e  176°C, c a r r i e r  gas hydrogen at the rate  of 55 m l / m i n .  The GLC of the ace ta tes  of the aldono- 
n i t r i les  of the monosacchar ides  [14] and of the methyl  g lycosides  of the methyla ted  sugars  was p e r f o r m e d  
on a "Tsve t -2"  ch romatograph  using sp i ra l  s t a i n l e s s - s t e e l  columns (100 x 0.3 cm) containing 10% of poly-  
(butane- l ,4-diyl  succinate)  on Chromosorb  W (45-60 mesh),  t e m p e r a t u r e  of the e v a p o r a t o r  280°C, c a r r i e r  
gases  hydrogen and ni t rogen at the rate  of 60 m l / m i n .  The work on the GLC of the ace ta tes  of the aldono- 
n i t r i l es  of the monosacchar ides  [14] and of the methyl  glycosides  of the methylated sugar s  was p e r f o r m e d  
at the Tashkent  Insti tute of Industr ia l  Biology and Organic Chemis t ry  of the F a r  E a s t e r n  Institute of Cytol-  
ogy of the Siberian Branch of the Academy of Sciences of the USSR. 

Ext rac t ion  and Isolat ion of the Glycos ides .  The comminuted roots  were  repeatedly  ex t rac ted  with hot 
methanol .  The prec ip i ta te  that deposited when the methanol ic  ex t r ac t  cooled was sepa ra t ed  off and chro-  
matographed on a column of s i l ica  gel in s y s t e m  2. The p r o c e s s  was moni tored  by TLC in the same s y s -  
t em.  The f rac t ions  enr iched in acanthophyllosides B and C were  r e s e p a r a t e d  on a column and eluted with 
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sys tem 1. This gave acanthophylloside B (I) with mp 240-242°C, [o~]~ +40.3 ±2 ° (c 1.2; water) and acantho- 
phylloside C (II) with mp 241-246°C, [ ~ ] ~ - 1 0 . 9  ±2 ° (c 0.92; water).  ~he  combined amount of glycosides B 
and C amounted to 10% of the dry weight of the roots.  

Acid Hydrolysis  of Acanthophyllosides B (I) and C (II). The hydrolysis  of 20 mg of acanthophylloside 
B {I) was per formed in 8 ml of 5~0 H2SO 4 at 100"C for  6 h. The precipi tate  that deposited was separated off, 
washed with water,  dried, and identified by means of TLC in sys tems  9 and 10 as gypsogenin and gypsogenin 
glucuronoside [ 10]. 

The hydrolyzate was neutral ized with BaCO3, and D-glucuronic ac id ,  D-galactose,  L-arabinose ,  D- 
xylose,  D-fuc0se,  and L- rhamnose  were detected by paper  chromatography (PC) in sys tems  3 and 12 and 
on plates of s i l ica gel impregnated with a 0.3 M solution of NaH2PO a in sys tem 8. 

Under the same conditions, acanthoside C (II) gave D-glucuronic acid, D-galactose,  D-glucose,  L- 
arabinose,  D-xylose,  D-fucose,  and L- rhamnose .  

Hydrolysis  of Acanthophyllosides B and C with 0.25 N H2C204. A mixture of 0.02 of glycoside C and 
a 0.25 N solution of oxalic acid was heated at 80°C for  5 h. The hydrolyzate was neutralized with AV-16 
anion-exchange res in  and evaporated to dryness .  The initial acanthoph£11oside C was isolated. On being 
heated with oxalic acid under the same conditions, acanthophylloside B likewise remained unchanged. 

Saponification of Acanthophyllosides B (I) and C (II). A mixture of 10 mg of acanthophylloside C {II) 
and 3 ml of 10% NH4OH was heated in the boiling-water bath for 4 h. TLC in sys tem 1 showed the presence  
of a mixture of acanthophyllosides B and C. 

The saponification of 2 g of acanthophylloside C was per formed in 300 ml of 10~0 aqueous KOH at 950C 
for  7 h. The react ion mixture was neutral ized with KU-2 cation-exchange res in  and repeatedly extracted 
with n-butanol, and the butanolic ext rac ts  were washed with water,  and evaporated to dryness .  The dry 
residue was purified on a column of si l ica gel in sys tem 1. This gave 0,35 g of gypsogenin tetraoside (III), 
C53H82024, mp 284-290°C (decomp.), [ol]~) ° +35.6 ~:2 ° (c 1.01; water). In an acid hydrolyzate (5~ H2SO4) of 
the te t raos ide  (III) D-glucuronic acid, L-arabinose ,  and D-galactose were identified by TLC in sys tem 8. 

When acanthophylloside B (I) was saponified, again the gypsogenin te t raoside (HI), identical with that 
obtained f rom (II), was obtained. 

Periodate Oxidation of (I) and (II). The oxidation of 0.1 g of glycoside C was per formed in 100 ml of 
a 0.8% solution of NaIO 4 at 5°C for  24 h. The react ion was monitored by TLC in sys tem 1. To decompose 
the excess  of periodate,  0.3 ml of ethylene glycol was added to the solution. The react ion mixture was 
evaporated in vacuum to a volume of 15 ml, and then BaCC 3 was added and was fi l tered off. The fi l trate 
was acidified with sulfuric acid to a concentrat ion of 5% and was hydrolyzed at 100"C for 5 h. 

The hydrolyzate was neutralized with BaCO 3, and D-xylose, D-fucose, and D-glucuronic acid were 
detected by GLC in sys tem 8 and PC in sys tems  3 and 12. 

The oxidation of compound (II) under the same conditions gave s imi lar  resul ts ,  

Methylat ion of Acanthophyllosides B (I) and C {II). Separately, 100 mg each of (I) and (II) was dis-  
solved in 10 ml of dimethyl sulfoxide, 100 mg of Nail was added, and the mixture was s t i r red  for  an hour. 
Then 2.5 ml of CH3I was added and s t i r r ing  was continued for  another 4 h. The react ion was monitored by 
TLC in sys tem 11. The react ion mixture in each case was poured into a concentrated solution of sodium 
thiosulfate and extracted with chloroform.  The chloroform extracts  were washed with water, dried with 
Na2SO 4, and evaporated to dryness ,  The dry residues were dissolved in the minimum amount of benzene 
and fi l tered through a layer  of A120 3 (3 cm), the alumina being washed additionally with benzene (30 ml). 

2 , 3 , 4 -T r i -O-me thy l -L - rhamnose ,  2 ,3 ,4- t r i -O-methyl -D-xylose ,  2 ,3 ,4 ,6- te t ra -O-methyl -D-ga lac tose ,  
2 ,3 -d i -O-me thy l -L- rhamnose ,  2 ,3 -d i -O-methy l -L-a rab inose ,  2 ,4-d i -O-methyl -D-xylose ,  3 -O-methy l -D-  
fucose, and 3-O-methyl -D-glucuronic  acid were identified in the hydrolyzate of the permethylate  of glycoside 
B by paper  chromatography in sys tems 4 and 5 and by TLC in sys tems  6 and 7, 

On hydrolysis ,  the permethylate  of glycoside C gave the same set of methylated sugars  and, in addi- 
tion, 2 ,3 ,4 ,6 - te t ra -O-methy l -D-g lucose .  

Methylation of the Gypsogenin Tetraoside  (III). The tetraoside (50 rag) was methylated and worked 
up as described above for  (I) and (II). The te t raoside permethylate  (15 rag) was hydrolyzed with a 5% solu- 
tion of H2SO 4 in methanol for  4 h, and then the mixture was diluted with water,  the methanol was distilled 
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off, and hydrolys is  was continued for  3 h. The hydrolyzate was neutra l ized with BaCO3, concentra ted,  and 
chromatographed  with m a r k e r s  by PC in s y s t e m s  4 and 5 and TLC in s y s t e m s  6 and 7. 2 , 3 , 4 , 6 -Te t r a -O -  
me thy l -D-ga lac tose ,  2 , 3 - d i - G - m e t h y l - L - a r a b i n o s e ,  and 3 -O-methy l -D-g lucuron ic  acid were  detected.  

Per iodate  Cleavage of the Te t raos ide  (III). The te t raos ide  (0.0835 g) was oxidized with a 1% solution 
of sodium metaper ioda te .  In pa r t  of the reac t ion  mixture  the consumption of sodium per iodate  was d e t e r -  
mined by t i t ra t ion  with a 0.1 N solution of Na2S~O3, and the amount of fo rmic  acid l ibe ra ted  on oxidation by 
t i t ra t ion  of an aliquot with a 0.01 N solution of NaOH. The oxidation of one molecule  of te t raos ide  consumed 
4.76 mole of NaIO 4 and l ibera ted  2.01 mole of HCOOH. 

After  the hydrolys is  of the reac t ion  mixture  with 5% H2SO 4, D-glucuronic acid was identified by TLC 
in sy s t em 8. 

Par t i a l  Hydrolys is  of the Gypsogenin Te t raos ide  (III). A mixture  of 0.5 g of compound (III) and 150 
ml of a 0.25?o aqueous methanol ic  solution (2 : 1) of H2SO 4 was heated at 80°C for  4 h. The prec ip i ta te  that 
deposited was separa ted  off and chromatographed  on a column of s i l ica  gel in s y s t e m  1. A gypsogenin 
t r ios ide  (IV, 60 mg), a bioside (V, 40 mg), and gypsogenin glucuronoside (100 mg) were  isolated.  

Acid Hydrolys is  of the Gypsogenin Tr ios ide  and Bioside. The t r ios ide  (IV) (0.01 g) was hydrolyzed 
with a' 5% aqueous methanol ic  solution (2 : 1) of I-I2SO 4 at 80°C for  5 h. 

The hydrolyzate  was neutra l ized with BaCO3, and D-galactose ,  L -a rab inose ,  and D-glucuronic acid 
were  found in it by TLC in s y s t em  8. 

Under the same  conditions, the bioside (V) gave D-galactose  and D-glucuronic acid. 

Methylati°n of the Gypsogenin Tr ios ide  and Bioside.  The t r ios ide  (IV) and bioside (V) (0.03 g each) 
were  methylated and worked up as descr ibed  above for  (I) and (II). In a hydrolyzate  of the pe rmethy la te  of 
the t r ios ide  by TLC in s y s t e m s  6 and 7 we identified 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-ga l ac to se ,  2 ,3 -d i -O-me thy l -  
L -a rab inose ,  and 2 ,3 -d i -O-methy l -D-g lucuron ic  acid.  On hydrolys is  of the pe rme thy la t e  of the bioside we 
found 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g a l a c t o s e  and 3 ,4-d i -O-methyl -D--glucuronic  acid. 

S U M M A R Y  

From an ex t rac t  of the roots  of Acanthophyllum g~cpsophiloides we have isolated new t r i t e rpene  gly-  
cosides  - acanthophylloside B (a gypsogenin decaoside) and acanthophylloside C (a gypsogentn undecaoside).  
Acanthophylloside C differs  f r o m  acanthophylloside B by the p re sence  of glucose,  bound to the carboxy 
group of D-glucuronic  acid. 

On saponif icat ion with alkali,  acanthophyllosides B (I) and C {II) spli t  off the acyl0side carbohydra te  
chain and fo rm a p r o g e n i n -  a gypsogenin t e t r aos ide  (III). The carbohydra te  chain of (III) is at tached at 
posi t ion 3 and has the s t ruc tu re  [O-D-ga lac topyranosy l -  (1 ~ 4 ) - O - L - a r a b o p y r a n o s y l -  (1 ~ 4) ] - [O-D-ga lac to-  
p y r a n o s y l -  (1 ~ 2) ] -D-glucuronopyranose .  
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