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As reported previously [1], from the roots of Gypsophila patrinii we have isolated a high-molecular- 
weight glycoside of gypsogenin. In its chromatographic mobility on paper and thin-layer chromatograms 
it coincides with the known gypsoside [2], although its constants differed from those of the latter.  On chro- 
matograms two closely adjacent spots were clearly shown, which, by analogy with gypsoside, were ascribed 
to two forms of one and the same glycoside. 

In the present  paper we report. the fact that by using other solvent systems for chromatography we 
have succeeding in separating these assumed forms into individual components which proved to be two dif- 
ferent  glycosides - philosides A and B. A proof of the structure of the f irs t  of them is given below. 

On being heated with mineral acids, philoside A forms, in addition to gypsogenin, I mole each of D- 
glucose, D-fucose, and glucuronic acid, and also 2 moles each of D-galactose, D-xylose, and L-rhamnose. 
Consequently, philoside A is a nonaoside of gypsogenin. Its alkaline saponification yielded a pentaoside 
which, in its turn, on acid hydrolysis gave the aglyeone, glucuronie acid, and 2 moles each of D-galactose 
and D-xylose. On comparing the carbohydrate composition of the initial philoside A and that of the pen- 
taoside it can be seen that the O-acyl glycosidic carbohydrate chain of the former  contains one residue 
each of D-fucose and D-glucose and two L-rhamnose residues. 

The Smith degradation of philoside A and of the pentaoside formed the same product - gypsogenin 
glucuronosidc (vaccaroside). This shows, in the f irs t  place, that the glucuronic acid is attached to the 
hydroxyl of the aglycone and, in the second place, the absence of (1--3) bonds between the monosaccharide 
units in the carbohydrate chains. We obtained further information on the structure of the glycoside from 
the results of the methylation of philoside A and the pentaoside. 

The permethylates were synthesized by treating the glycosides with methyl iodide and sodium hy- 
dride in dimethylformamide solution [3], and they were then hydrolyzed. The methyl ethers of the sugars 
formed were separated by preparative paper chromatography and were identified by their constants, by 
some chemical reactions, and also by the relative retention times of the corresponding methyl glycosides 
on analysis by gas- l iquid  chromatography (GLC). The permethylate of philoside A was cleaved into 2,3- 
di-O-methyl-D-glucose, 3,4-di-O-methyl-D-fucose, 2 ,3,4- t r i -O-methyl-L-rhamnose,  3,4,6-tr i -O-methyl-  
D-galactose, 2,3,4,6-tetra-O-methyl-D-galactose,  2,3,4-tr i-O-methyl-D-xylose,  and free glucuronic acid. 
The last four sugars were also formed from the permethylate of the pentaoside. 

The results of methylation showed that in the carbohydrate chains of philoside A the glucose and 
glucuronic acid residues are the centers of branching, all their hydroxyls being bound with carbohydrate 
residues. 

In the O-acyl glycosidic chain, the D-fucose residue is directly attached to the carboxyl of the 
aglycone. This conclusion was based on the alkaline saponification of philoside A, as a consequence of 
which the fucose residue was destroyed. The D-glucose residue is present in the middle of the chain, and 
the two rhamnose residues terminate it. 
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In the carbohydrate  chain attached to the hydroxyl of the aglycone, one D-galactose  and two D-xylose 
residues occupy terminal  positions. However, their  mutual a r rangement  remained obscure.  Consequently, 
part ial  hydrolysis  of the pentaoside was per formed by heating it with dilute sulfuric acid. This gave a 
se r i e s  of progenins,  one of which contained glucuronic acid and two galactose residues.  F r o m  this the 
complete methyl e ther  was prepared,  and this was reduced with lithium tetrahydroaluminate  and hydrolyzed. 
Since, in addition to te t ramethylgalactose ,  2-O-methyl -D-glucose ,  formed by the reduction of a monomethyl-  
glucuronic acid residue,  was found in the hydrolyzate,  the galactose residues are  attached to its hydroxyls 
in positions 3 and 4. Accordingly, one of the xylose residues in philoside A has a ( 1 ~  2) bond with the 
glucuroni c acid. 

The position of the other xylosc residue was determined by the enzymatic  hydrolysis  of philoside A. 
When it was t reated with diastase,  one galactose residue was split off. To determine the position of its 
attachment,  the product of enzymolysis  was hydrolyzed with alkali, methylated,  reduced with lithium t e t r a -  
hydroaluminate,  and hydrolyzed. 2 ,3 ,4 -Tr i -O-me thy l -D-xy lose ,  3 ,4 ,6 - t r i -O-methy l -D-ga lac tose ,  and 4- 
mono-O-methy l -D-g lucose  were identified in the hydrolyzate.  Thus, it is clear  that the galactose residue 
split off had a (1 --+ 4) bond and the disacchar ide residue consist ing of galactose and xylose,  correspondingly,  
had a ( 1 ~  3) bond with the glucuronic acid residue.  

The s t ructure  of the main glycoside of Gypsophila patrinii - philoside A - follows from what has 
been said above. After calculation by Klyne's  method of the configurations of some glycosidic bonds, the 
following s t ruc ture  is proposed for philoside A: 
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E X P E R I M E N T A L  

Chromatography was per formed with type KSK silica gel, Schleicher and SchiJll No. 2043 paper, and 
metal  plates with a thin layer  of SiO 2 ["Silufol," Kavalier  (Czechoslovakia)], and with the following solvent 
sys tems:  1) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5); 2) acetic a c i d - m e t h a n o l - w a t e r  (1 : 4 : 4); 3) and 4) 
b u t a n - l - o l - m e t h a n o l - w a t e r  (5 : 3 : 2) and (5 : 2 : 1), respectively;  5) benzene -  b u t a n o l - p y r i d i n e - w a t e r  
(1 : 5 : 3 : 3); 6), 7), and 8) ethyl a c e t a t e - m e t h a n o l - w a t e r  (10 : 1 : 1), (10 : 2 : 3), and (20 : 3 : 6), respectively;  
and 9) b u t a n - l - e t h a n o l - w a t e r  (5 : 1: 4). The Rg values of the methylated monosacchar ides  are  given for  
system 9. 

The g a s - l i q u i d  chromatography of the methylated sugars  was per formed on a Tsvet  6A instrument  
at 175°C in a column 2 m long and 3 mm in d iameter  filled with Celite-545 with 15% of poly(butane- l ,4-  
diol succinate). To determine the densit ies of the spots on the ehromatograms  we used a ERJ-65 auto- 
matic  densi tometer .  

The dry comminuted roots of the plant (2.9 kg) were f i rs t  extracted with chloroform and were then 
extracted exhaustively with 80% aqueous methanol at the boil. The extract  obtained (450 g) was dissolved 
in 2 l i ters  of water  and extracted with bu tan- l -o l  (3 x 1 liter). The process  was moni tored by th in- layer  
chromatography in sys tem 1. The residual aqueous solution was evaporated to a volume of 1 li ter,  de- 
posited on 1 kg of ~.D]~-10P anion-exchange resin, and left for  15 h. Then the resin was washed with 3 
l i ters  of water,  1.5 l i ters  of 30% acetic acid, and 6 l i ters  of solvent sys tem 2. After the evaporation of 
the two lat ter  eluates, 40 g of a mixture of glycosides without r e se rve  sugars  was obtained which was sep- 
a ra ted  on a column of sil ica gel (5x 100 cm) in sys tem 3. The separation was monitored by TLC in sys -  
tems 3 and 4. After repeated separation,  6.4 g of philoside A was isolated with mp 258-262°C (from sys -  
tem 1), [~]D --4"9° (c 1.1; pyridine). Acetate: CI28HIY8068 , m p  175-177°C (from aqueous ethanol), [~]D --13° 
(c 2.3; pyridine). 
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In addition, 0.6 g of phi loside B was obtained with mp  232-235°C ( sys t em 4), [oz] D 0 ° (c 2.8; aqueous 
pyridine) .  Acetate:  C137H1900~4, mp  200-202°C (aqueous ethanol),  [~]D +5.3° (c 3.8; pyridine) .  

Acid Hydro lys i s  of Phi los ide  A. A mix tu re  of 0.25 g of philoside A and 25 ml  of 5% sul fur ic  acid 
was heated in the boi l ing-water  bath for  8 h. The prec ip i ta te  that had deposi ted was s epa ra t ed  off, and the 
f i l t ra te  was neut ra l ized  with AV-17 anion-exchange res in  and chromatographed  on p a p e r  in s y s t e m s  1 and 
5. Galac tose ,  glucose,  xylose ,  fucose,  and rhamnose  in a ra t io  of 2 : 1 : 2 : 1 : 2 and glucuronic  acid were  
identified by compar i son  with authentic samples .  

Alkaline Hydro lys i s  of Phi loside A. A solution of 1 g of philoside A in 50 ml  of 5% KOH was heated 
in a n i t rogen-f i l l ed  tube a t  80°C for  12 h. Then the reac t ion  mix tu re  was neu t ra l i zed  with KU-2 cat ion- 
exchange res in ,  evapora ted ,  and ex t rac ted  with bu t an - l -o l  (5 x 15 mI).  The butanolic ex t r ac t  was washed 
with water ,  evapora ted ,  deposi ted on a column of s i l ica  gel (2 x 15 cm), and ex t rac ted  succes s ive ly  with 
ethyl ace ta te  (200 ml),  s y s t e m  6 (250 ml),  and s y s t e m  7. The las t  eluate contained a pentaoside (0.48g)with 
mp 255-257°C ( f rom bu tan - l -o l ) ,  [a]D 0° (c 2.7; pyridine).  This product  (30 rag) was hydrolyzed in 10 mL 
of 5% sulfuric  acid.  After  neutral izat ion,  galactose  and xylose  (2 mo le s  of each) and glucuronic  acid were  
found in the hydrolyzate  by pape r  ch romatography  by s y s t e m s  i and 5. 

The aqueous ex t r ac t  was t r ea t ed  with ]~DI~-10P anion-exchange r e s in  and evapora ted ,  and the res idue  
was d isso lved  in 30 ml of aqueous ethanol and hydrolyzed by heating with 2% hydrochlor ic  acid. D-Glucose  
and L - r h a m n o s e  were  found in the hydrolyzate  by pape r  ch romatography  in s y s t e m s  1 and 5. 

Smith Degradat ion  of Phi loside A. A solution of 0.5 g of the glycoside in 120 ml  of wa te r  was t r ea ted  
with 1.4 g of sodium per iodate  and 2 ml  of acet ic  acid, and the mix tu re  was kept at  room t e m p e r a t u r e  for  
8 days.  The unchanged per iodate  was decomposed  by the addition of 0.5 ml  of propylene  glycol,  and the 
reac t ion  mix tu re  was evapora ted ,  diluted with 30 ml of water ,  and ex t rac ted  with bu t an - l -o l  (5 x 25 ml).  

The butanoLic ex t r ac t s  were  washed with wa te r  and evapora ted ,  the d ry  res idue  (0.46 g) was dissolved 
in 25 ml  of methanol ,  to this solution were  added 20 ml of wa te r  and 0.5 g of sodium te t rahydrobora te ,  and 
the mix tu re  was s t i r r e d  without heating fo r  8 h. Then i t  was neu t ra l i zedwi thKU-2  cat ion-exchange res in  
and evapora ted ,  with the addition of methanol  (3 × 10 ml).  The d ry  product  (0.4 g) was d isso lved  in 60 ml  
of 70% ethanol and 8 ml of 5% sulfur ic  acid and was heated at  60-70°C for  1 h. No f r ee  monosaccha r ides  
were  found in the hydrolyzate  by pape r  chromatography .  The hydrolyzate  was evapora ted ,  the res idue  was 
deposi ted on a column of s i l ica  gel (2.5 x 30 cm), and elution was p e r f o r m e d  success ive ly  with 150 ml of 
ethyl ace ta te ,  150 ml of sy s t em 6, and 250 ml of sy s t em 7. Evaporat ion of the las t  eluate yielded 0.27 g 
of vacca ros ide  [4] with mp  218-220°C (f rom aqueous ethanol), [a]D + 21.8 ° (c 6.1; pyridine) .  

Smith Degradat ion of the Pentaoside .  In the same  way as  desc r ibed  above, 0.5 g of the pentaoside 
yielded 0.3 g of vacca ros ide  with mp  218-220°C (f rom 80% ethanol), [a]D + 20"4° (c 4.42; pyridine) .  

Full  Methyl E ther  of Philoside A. To a solution of 0.6 g of the initial  glycoside in 30 ml  of d imethyl -  
f o r m a m i d e  were  added 0.15 g of sodium hydride and, with s t i r r ing ,  over  1 h, 6 ml  of methyl  iodide. The 
mix tu re  was heated to 75°C, a f t e r  which it  was s t i r r e d  at this t e m p e r a t u r e  for  another  6 h, with the addi-  
tion of 0.05 g of sodium hydride and 3 ml  of methyl  iodide. Then it  was diluted with 50 ml  of wa te r  and 
was ex t rac ted  with ch loroform (3 × 50 ml).  The ch loroform ex t r ac t s  were  washed with sodium thiosulfate  
solution and with wa te r  and were  evaporated.  The res idue  was deposi ted on a column containing 15 g of 
s i l ica  gel and was eluted with ch loroform with the addition of methanol  (5 -+ 15%). This gave 0.18 g of the 
pe rme thy la t e  in the fo rm of an amorphous  powder with [a]D + 20° (c 1; chloroform) .  

The pe rme thy la t e  (0.1 g) was heated with 3 ml  of absolute methanol  containing 4% of HC1 at  80°C for  
4 h. The mix tu re  of methyl  g lycosides  of the fully methyla ted  monosacchar ides  was ex t rac ted  with ch loro-  
fo rm and analyzed by GLC. Peaks  were  obse rved  with retention t imes  (in re la t ion to that of methyl  2,3,4,6- 
t e t ra -O-methy l - /~ -D-g lycos ide )  of 0.47, 0.59, and 1.9. L i t e r a tu re  f igures:  0.46 (methyl 2 , 3 , 4 - t r i - O - m e t h y l -  

- L - r h a m n o s i d e ) ,  0.46 and 0.57 (methyl 2 , 3 , 4 - t r i - O - m e t h y l - a -  a n d - 8 - D - x y l o s i d e s )  and 1.80 (methyl 
2 , 3 , 4 , 6 - t e t r a - O - m e t h v l - ]  -D-ga lac tos ide)  [5]+ 

The pe rme thy la t e  (0.1 g) was heated in aqueous methanol  (1 : 1) containing 3% of HCI on the boiling- 
wa te r  bath for  3 h. The hydrolyzate  was neut ra l ized  with AV-17 anion-exchange res in  and evapora ted  to 
d ryness ,  and the res idue ,  in 50-rag por t ions ,  was sepa ra ted  p r epa ra t i ve ly  on ch romatograph ic  p a p e r  (29 x 
58 cm) in sy s t em 9. Severa l  subs tances  were  isolated:  2 , 3 -d i -O-me thy l -D-g lucose  (22.7 rag), [(~]D +6"8° 
(c 1; b e n z e n e - m e t h a n o l ) ,  Rg '0.52 ( l i t e ra tu re  f igures :  [a]D +5.9 [5]), posi t ive reac t ion  with KIO4, negat ive 
reac t ion  with t r iphenyl te t razo l ium chloride [7]; on demethylat ion by heating a sample  with 48% HBr,  glu-  
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cose was identified; 3 , 4 - d i - O - m e t h y l - D - f u c o s e  (22.1 mg), [c~] D +41.5 ° (c 1; benzene -me thano l ) ,  Rg 0.68, 
react ion  for  an a - d i o l  group and the react ion  with t r iphenyl te t razol ium chloride posi t ive [7]; and 3 ,4 ,6 - t r i -  
O - m e t h y l - D - g a l a c t o s e  (19 rag), [a]D + 45° (c 1; ethanol), Rg 0.72, reac t ions  with KIO 4 and t r ipheny l t e t r a -  
zolium chloride posi t ive [7]; on demethylat ion ga lac tose  was identified. 

Full  Methyl E ther  of the Pentaoside.  The pentaoside (80 rag5 was methyla ted  as desc r ibed  above. 
This gave 55 mg of pe rmethy la te ,  which was heated in aqueous methanol  (1 : 17 containing 3% of HCI on the 
boi l ing-water  bath for  3 h. The hydrolyzate  was shown to contain as  desc r ibed  above 3 , 4 , 6 - t r i - O - m e t h y l -  
D-ga lac tose ,  2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e ,  and 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-ga l ac to se .  

To the pentaoside (40 rag) in a mix tu re  of absolute e ther  and dioxane (1 : 1) was added 20 mg  of l i th- 
ium te t rahydroa lumina te  in 20 ml  of absolute e ther .  The resul t ing mix tu re  was s t i r r ed  with heat ing for  5 
h and was then diluted with 20 ml  of 5% acet ic  acid and ex t rac ted  with e the r  (3 × 40 ml).  The ex t rac t  was 
evapora ted  and the res idue was heated with 10 ml  of 6% HC1 in aqueous methanol .  After  neutral izat ion,  
glucose was identified in the hydrolyzate  by pape r  ch romatography  with an authentic sample  in sy s t ems  1 
and 5. 

Pa r t i a l  Hydrolys is  of the Pentaoside.  To a solution of 0.83 g of the pentaoside in 60 ml  of propanol  
were  added 30 ml of wa te r  and 3 ml of concent ra ted  H2SO 4. The mix tu re  was heated a t  85°C fo r  25 rain, 
rapidly cooled, and neut ra l ized  with AV-17 anion-exchange res in ,  and the solution was evaporated.  The 
dry res idue  (0.4 g) was deposi ted on a column (2.5 x 60 cm) of s i l ica gel and was eluted f i r s t  with 250 ml  
of ethyl acetate and then with system 8, 15-mi fractions being collected. Fractions 12-16 yielded 30 mg 
ofaprogenin with mp 270-275°C [Cl]D + 13.7 ° (c 1.6; pyridine). Galactose and glucuronic acid were identified 
in the acid hydrolyzate by paper chromatography in systems i and 5. 

The glycoside (30 rag) was methylated under the usual conditions and was then reduced with lithium 
tetrahydroaluminate as described above. The hydrolyzate was shown by paper chromatography in system 
9 to contain 2-mono-O-methyl-D-glucose with Rg 0.17 and 2,3,4,6-tetra-O-methyl-D-galactose with Rg 
0.9. Literature figures: Rg 0.2 and 0.88, respectively [8]. For the 2-O-methyl-D-glucose the reaction 
for an ~-diol grouping was positive and the reaction with triphenyltetrazolium chloride, negative. 

Enzymatic Hydrolysis of Philoside A. To a solution of 0.5 g of philoside A in 50 ml of phosphate 
buffer (pH 4.5) was added 50 mg of diastase, and the mixture was kept at 37°C for 3 days. The substrate 
was filtered, evaporated to a small volume, and extracted with butan-l-ol (5 x 15 ml). The butanolie ex- 
tract was evaporated, and the dry residue (0.4 g) was deposited on a column (2.4x 40 cm) of silica gel and 
eluted f i r s t  with ethyl ace ta te  (200 ml) and then with solvent  s y s t e m  7. Evaporat ion of the las t  eluate 
yielded 0.38 g of a glycoside with mp  250-253°C (f rom bu tan- l -o l ) ,  [a]D -11"6° (c 2.24; pyridine).  After  
heating with 5% H2SO 4, the hydrolyzate  was shown by pape r  ch romatography  in s y s t e m s  1 and 5 to contain 
galactose ,  glucose,  xylose ,  fucose,  and rhamnose  in a ra t io  of 1 : 1 : 2 : 1 : 1 and glucuronic  acid. 

The product  i so la ted  on enzymolys i s  (0.2 g) was subjected to alkaline saponif icat ion under  the con- 
ditions given. This  yielded 70 mg  of a glycoside with mp 235-240°C (from butan- l -o l )  [a]D + 15"5° (c 3.4; 
pyridine) ,  which, on acid hydro lys i s ,  was c leaved into glucuronic acid, xylose ,  and galactose .  The glyco-  
side was methyla ted  under  the usual conditions and was then reduced with l i thium te t rahydroa lumina te .  
The product  i so la ted  was hydrolyzed by f rac t ions .  

The reduction product  (10 rag) was heated  in 2 ml of methanol  containing 4% of HC1. The hydrolyzate  
was shown by p a p e r  ch romatography  in s y s t e m  9 with the reagent  for  an a - d i o l  grouping to contain methyl  
4 - m o n o - O - m e t h y l - D - g l u c o s i d e  (Rg 0.64). 

The product  (10 mg) was hydrolyzed in 2 ml of 2% hydrochlor ic  acid, and by pape r  ch romatography  
in s y s t e m  9 with authentic s amples  4 - m o n o - O - m e t h y l - D - g l u c o s e  (Rg 0.235, 3 , 4 , 6 - t r i - O - m e t h y l - D - g a l a c -  
rose (Rg 0.75), and 2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e  (Rg 0.95 were  identified. 

S U M M A R Y  

F r o m  the roots  of Gypsophila patr in i i  two h igh-molecu la r -we igh t  t r i t e rpene  glycosides  have been 
i so la ted  - phi losides  A and B. The s t ruc tu re  of philoside A has been es tabl ished;  i t  i s  a gypsogenin 
nonaoside.  
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