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We studied the t r i t e rpene  glycoside content in var ious  vegetative organs  of .Gypsophilla t r ichotoma Wend. 
(threefork gypsophila) ,family Caryophyllaceae,  collected in the Tashkent  experimental  section of the Botanical 
Insti tute of AS UzSSR. 

Eight substances  were found in a methanolic extract  of the roots by th in- layer  chromatography (TLC) on s i l ica  
gel. Four  of them were apparent ly  ol igosacehar ides ,  s ince on hydrolysis  only glucose was found. The other four,  less  
polar substances ,  proved to be glycosides,  and we have called them "tr ichosides"  A, B, C, and D (in order  of 
inc reas ing  polarity).  The resu l t s  of a study of the var ious  organs of the plant a re  given below. 

Plant  organ Total extract ive substances  (% on Glycoside 
the a i r - d r i e d  raw mate r ia l  

Roots (seven-year)  65 A, B, C, D 
Roots (four-year)  42 A, B, C, D 
Stems 13 Not detected 
Leaves 8 A, D 
Flowers  9 A 
Fru i t  2 D 

Tr ichos ides  A, B, and C are  found in very  smal l  amounts  in all the organs of the plant. The amount of t r iehoside 
D is the highest,  and this was isolated in the individual state by the chromatography of a methanolio extract  of the 
roots on s i l ica  gel. Tr ichoside D, and also its acetate,  did not rotate the plane of polarizat ion of light within the l imi ts  
of e r r o r  of the de terminat ion .  

The acetylat ion of t r iehoside  D was difficult.  Even after repeated t r ea tment  of the substance with aeetylat ing 
agents under  var ious  conditions an acetate showing a weak hydroxyl band in the IR spect rum was obtained. 

To identify the aglycone and elucidate the quali tative composit ion of the sugars ,  we hydrolyzed t r ichoside D with 
acids of different concentra t ions .  Hydrolysis  also took place with some difficulty. The most  sa t is factory  resu l t s  were 
given by the t rea tment  of the glycoside with Ki l i an i ' s  mixture .  In this way it was establ ished that the carbohydrate  
moiety of t r iehoside D contains D-galactose ,  D-glucose,  D-xylose,  L -a rab inose ,  L - rhamnose ,  D-fueose,  and D- 
glucuronic acid. 

As far as the aglycone was concerned,  the precipi ta te  that deposited was found to contain a group of substances 
whose number  var ied according to the hydrolysis  conditions.  The chromatography of this mixture  yielded gypsogenin. 

The formation of a number  of substances  in place of a single aglyeone on acid hydrolys is ,  although this is 
cha rac te r i s t i c  for gypsogenin because of its labil i ty,  never the less  cast  doubt on the individuali ty of the glycoside. In 
order  to elucidate this ,  we reduced t r ichoside  D with sodium borohydride,  making an at tempt to reduce the aldehyde 
group, whose presence  is one of the main reasons  for the labi l i ty  of gypsogenin, to an alcohol group. 

In fact, the hydrolysis  of t r iehosidol  D (the product of the reduction of t r ichoside D) led to hederagenin 
contaminated with an ex t remely  smal l  amount of i ts  lactone. Therefore ,  the aglycone of t r iehoside is gypsogenin. 

In order  to de te rmine  the degree of branching of the carbohydrate  chains,  t r iehoside  D was oxidized with sodium 
periodate.  The hydrolysate of the oxidized product was found to contain D-fueose,  L - rhamnose ,  and D-glucuronie  acid. 
Consequently, these sugars  a re  ei ther  centers  of branching or have subst i tuents  on the hydroxyls at C 3. 
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The local izat ion of the carbohydrate  chains of t r ichos ide  D and thei r  qual i ta t ive monosacchar ide  composit ion 
were  de termined  by alkaline hydrolys is .  A saponified glycoside (the progenin of t r ichos ide  D) without an acyloside 
chain was obtained and in its acid hydrolysate  D-ga lac tose ,  D-xylose ,  L -a rab inose ,  and D-gluouronic  acid were  
detected.  The hydrolysate  of the acyloside o l igosacehar ide  that had been spli t  off gave D-glucose ,  D-ga lae tose ,  D- 
xylose ,  and L- rhamnose .  The absence of D-fucose  f rom the hydrolysate  can be explained by the assumption that it was 
attached d i rec t ly  to the carboxyl  of the gypsogenin and underwent degradation on alkaline hydrolys is .  

We c a r r i e d  out acid and alkal ine hydrolys is  and also per iodate  oxidation with t r ichosidol  D and obtained s imi l a r  

resu l t s .  

Thus, t r iehos ide  D is a new gypso genin glycoside;  i t  has two carbohydrate  chains.  The chain attached to the 
hydroxyl at C~ has at l eas t  four sugars ,  and the acyloside chain has at l eas t  f ive sugars ,  i . e . ,  t r ichos ide  D contains 

at l eas t  nine sugars .  

In the s t ruc tu re  of the carbohydra te  chains,  t r ichos ide  D differs  f rom other gypsogenin g lycos ides ,  gypsoside 
[1] and acanthophylloside B [2], in which the carbohydrate  moiety  has the same quali tat ive composit ion.  At the same 
t ime,  both t r ichos ide  D and the product of i ts  reduction,  t r ichosidol  D, mig ra t e  on TLC (si l ica gel) in var ious  solvent 
sys tems  at the same level  as gypsoside and acanthophylloside B. Consequently,  the chromatographic  compar ison of 
t r i t e rpene  glycosides  with l a rge  sugar chains is inadequate for their  identif ication and such resu l t s  must  be t rea ted  

with grea t  caution. 

E X P E R I M E N T A L  

Chromatography was carried out on "M" paper of the "Goznak" Leningrad Mill and silica gel of types KSK and 
ShSK and the following solvent systems: i) butan-l-ol-acetic acid-water (4 : i : 5) ; 2) butan-l-ol-aeetic acid-water 
(4 : 1 : 1), 3) butan-l-ol-ethanol-25% ammonia (7 : 2 : 5), 4) butan-l-ol-ethanol-25% ammonia (10 : 2 : 5), 5) 
chloroform-ethanol (25:1), 6) benzene-ethanol (10:1), and 7) chloroform-methanol (25: 0.5). The sugars were 
revealed with aniline phthalate, and the glycosides and aglycones with phosphomolybdic acid. 

Isolation of the saponins.  The comminuted roots  were  exhaust ively ext rac ted ,  f i r s t  with cold and then with hot 
methanol.  In the invest igat ion of the epigeal  organs  of the plant, they were  p reex t rac ted  with ether .  The combined 
ext rac ts  were  dr ied  at 40 ° C in vacuo and precipi ta ted with acetone.  The res idue  was d issolved in methanol  and again 
prec ip i ta ted  with e ther .  The res idue  was found bY TLC on KSK s i l ica  gel in sys tems  1 and 3 to contain eight substances : 
A, B, C, D, E, F ,  G, and H (in o rde r  of inc reas ing  polari ty) .  The yields of total ex t rac t ive  subs t ancesand  information 
on the p resence  of the g lycos ides  a re  tabulated at the beginning of this paper .  

Separation of the total g lycos ides .  The dry  ma te r i a l  (16 g) was chromatographed on a column of KSK s i l ica  gel 
(1400 g) in sys tem 4. The amount of g lycos ides  in the f rac t ions  were  moni tored  by TLC in sys tems  2 and 3. Frac t ions  
containing substances AB, ABC, BCD, DE, DEF,  EF,  FG, and GH were  isolated.  

F rac t ions  EF and GH were  evaporated to dryness  (each separately)  and hydrolyzed with 5% H2SO 4 with heating for 
3 hr.  No prec ip i ta te  deposi ted and glucose was found in the hydrolysates  by paper chromatography in sys tems  1 and 2. 

Isolation of t r i chos ide  D. The combined f ract ions  with substances DE and DEF were  rechromatographed  on a 
column of KSK s i l i ca  gel in sys tem 4. Monitoring was c a r r i e d  out by TLC in sys tems  2 and 3. F rac t ions  containing the 
individual glycoside w e r e  evaporated to dryness  and the res idue  was d issolved with heating in wa te r - s a tu ra t ed  butanol. 
On cooling, a white prec ip i ta te  of t r ichos ide  D was formed with mp 231-235 ° C, [~]2~ 0 o (water), read i ly  soluble in 

water ,  less  read i ly  in ethanol. 

Tr ichos ide  D aceta te .  The glycoside (0.4 g) was acetylated in a mix ture  of 5 ml of pyridine and 5 ml of acet ic  
anhydride at room t empera tu r e  for 2 days.  After  the react ion mix ture  had been decomposed with water ,  the dried 
res idue  was reace ty la ted  under the same conditions. In a third s tage,  the prec ip i ta te  was heated to 90 ° C in acet ic  
anhydride containing sodium aceta te  for 2 hr  and was left  for a day at room tempera tu re .  The mix ture  of ace ta tes  was 
chromatographed on a column of ShSK s i l ica  gel (1 : 100), f i r s t  with ch loroform and then with the addition of ethanol 
(from 1-50%). The f rac t ions  were  moni tored by TLC on KSK s i l ica  gel in sys tem 5. Severa l  substances  were  isolated.  
The l eas t  polar  of them had an i l l -def ined peak at 3400 cm -1 (IR spectrum) and mp 138-144 ° C [~]2~ 0 o (chloroform). 

Acid hydrolys is  of t r i chos ide  D. One g r a m  of the glycoside was heated in 40 ml of Ki l ian i ' s  mix ture  [acetic a c i d -  
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water (35 : 10 : 55)] at 100 ° C for 6 hr.  The completeness  of hydrolysis  was checked by TLC in s i l ica  gel in sys tems 2 
and 3. The react ion mixture  was diluted with a twofold amount of water .  The precipi tate  was washed, dried,  and 
chromatographed on a column of ShSK si l ica  gel (1 : 100), f i r s t  with chloroform and then with the addition of methanol 
(from 1-50%). A substance with mp 268-270 ° C was isolated whose physicochemical  proper t ies  and chromatographic 
behavior (systems 5-7)  were identical  with those of an authentic sample of gypsogenin. 

By paper chromatography in sys tems  1 in the presence  of m a r k e r s  the aqueous fraction was found to contain 
D-glucose,  D-galactose,  D-xylose,  L -a rab inose ,  D-fucose,  L - rhamnose ,  and D-glucuronic  acid. 

Reduction of t r ichoside D to t r ichosidol  D. A solution of 0.8 g of the glycoside in 200 ml of water  was gradually 
t reated with 1.6 g of sodium borohydride and the mixture  was heated at 60-70 ° C for 6 hr .  Then it was cooled, 
acidified with acetic acid, evaporated,  and chromatographed on a column containing 80 g of cel lulose in sys tem 1. The 
fract ions containing the glycoside were freed from minera l  impur i t ies  on Sephadex G-25 and evaporated. After 
rec rys ta l l i za t ion  from aqueous butanol,  the product of the reduction of t r ichoside D had mp 226-228 ° C [~]~ + 27.4 ° 
(e 1.01, water) .  

Acid hydrolysis  of t r ichosidol  D. The glycoside (0.1 g) was hydrolyzed under the conditions descr ibed for 
t r ichoside  D. TLC on s i l ica  gel in sys tems  5, 6, and 7 showed the presence  of hederagenin and t races  of hederagenin 
lactone. Paper  chromatography in system 1 showed the presence  of the sugars  found for t r ichoside  D. 

Alkaline hydrolysis  of t r ichoside D. One gram of the glycoside was heated in 30 ml of 10% of NaOH in 70% 
ethanol at 90 ° C for 6 hr .  Then the react ion mixture  was neutra l ized with dil H2SO 4 and the ethanol was evaporated 
under  vacuum. The res idue was made up to 30 ml with water and was extracted with butanol. The butanol extracts  
were washed with water and evaporated to d ryness ,  and the res idue  was chromatographed on ShSK si l ica  gel in sys tem 
4. The f ract ions  were monitored by TLC in the same sys tem.  The progenin of t r ichoside  D with mp 192-195 ° C (from 
ethanol), [~]~ + 39.8 ° (c 1.0, ethanol)was isolated.  

Acid hydrolysis  of the progenin yielded gypsogenin and, as identified by paper chromatography in system 1, 
L-a rab inose ,  D-xylose,  D-galactose,  and D-glucuronic acid. 

The aqueous layer  of the alkal ine hydrolysate containing the spli t-off  ol igosaccharide was evaporated to d ryness  
and chromatographed on a column of ShSK si l ica  gel in sys tem 4. The f ract ions  with the ol igosaccharide were 
evaporated to dryness  and the res idue was hydrolyzed with 3% H2SO 4 with heating. Paper  chromatography in sys tem 1 
showed the hydrolysate to contain D-glucose,  D-galactose,  D-xylose,  and L- rhamnose .  

Alkaline hydrolysis  of t r ichosidol  D. The glycoside (0.2 g) was hydrolyzed under  the conditions descr ibed for 
t r ichoside  D. A saponified glycoside (the progenin of t r ichosidol  D) was isolated with mp 257-260 ° C {from ethanol), 
[~]~) + 20.7 ° (e 1.2, ethanol). The composit ion of the sugars  in the progenin and in the ol igosaccharide were  the same 
as for the progenin of t r iehoside D and its acyloside moiety.  

Determinat ion of the res idual  sugars  after  the periodate oxidation of t r ichoside  D. The glycoside (0.25 g) was 
oxidized with a 1% solution of sodium periodate (250 ml) at 5 ° C for a day. The excess periodate was decomposed by the 
addition of ethylene glycol and the react ion mixture  was evaporated in vacuo. Then the res idue was t reated with 40 ml 
of 5% H2SO4 and heated for 5 hr .  The hydrolysate was neutra l ized and purified with ba r ium carbonate ,  and then paper 
chromatographed in sys tem 1 to show the presence  of D-fucose,  L - rhamnose ,  and D-glucuronic  acid. 

C O N C L U S I O N S  

The plant  Gypsophilla t r ichotoma Wend. has been found to contain four t r i t e rpene  glycosides,  which have been 
called " t r ichosides"  A, B, C, and D. 

Trichoside D has been isolated in the individual state.  It has been shown that its aglycone is gypsogenin. The 
carbohydrate  chain attached to the hydroxyl at C 3 contains D-galactose ,  L-a rab inose ,  D-xylose,  and D-glucuronic 
acid, and the acyloside chain contains D-glucose,  D-galaetose ,  D-xylose,  L - rhamnose ,  and D-fucose.  
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