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In a preceding communicat ion the isolat ion of scabiosides A, B, and C from Pa t r in ia  scabiosofolia Fisch.  et 
Link. and the es tab l i shment  of the i r  s t ruc ture  were descr ibed [1]. On fur ther  separat ion of the polar fract ions,  we 
isolated other glycosides,  scabiosides D, E, F, and G, and we have establ ished the s t ruc tures  of the f i r s t  two of them. 
These glycosides are  der ivat ives  of oleanolic acid. 

According to its molecular  weight, scabioside D (IV) is a t r ios ide  the carbohydrate moiety of which consis ts  of 
D-glucose,  D-xylose,  and L-a rab inose .  The la t te r  form two carbohydrate chains, since when scabioside D is 
saponified xylose is split  off and an acid glycoside is obtained that can be hydrolyzed by  minera l  acids to oleanolic acid, 
glucose, and arabinose .  

The full methyl ether  of scabioside D, synthesized by Kuhn's method [2], decomposes on being heated with 
hydrochloric acid into 2, 3,4,  6 - t e t r a -O-methy l -D-g lucopyranose ,  2, 3 -d i -O-me thy l -L-a rabopyranose ,  2, 3, 4 - t r i - O -  
methyl -D-xylopyranose ,  and oleanolic acid. 

What has been said above, and the resu l t s  of a compar ison of the constants of the acid glycoside and scabioside B 
[1] show that the s t ruc ture  of the carbohydrate  chain of scabioside D attached to the hydroxyl of the genin is completely 
identical with that of the carbohydrate chain of scabioside B. 

As a calculat ion by Klyne 's  method [3] shows, a fi-glycosidic bond exists  between the D-xylopyranose and the 
carboxyl of the oleanolic acid (table). On the bas i s  of these facts, the complete s t ruc ture  of scabioside D can be shown 
in the following way: 
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On acid hydrolysis ,  scabioside E (V), a te t raos ide  of oleanolic acid, gives D-glucose,  D-xylose,  L-a rab inose ,  
and L - rhamnose .  Just  like scabioside D, it is saponified to scabioside B. The permethylated der ivat ive is hydrolyzed 
by acids to form 2, 3, 4, 6 - t e t r a -O-methy l -D-g lucopyranose ,  2 , 3 - d i - O - m e t h y l - L - a r a b o p y r a n o s e ,  2, 3 -d i -O-me thy l -D-  
xylopyranose,  and 2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o p y r a n o s e .  Thus, scabioside E is obtained f rom scabioside D by the 
addition of a L - r h a m n o s e  res idue to the D-xylopyranose attached to the carboxyl of the genin, the t e rmina l  rhamnose  
being connected by an a -g lycos id ic  bond (see table).  The complete s t ruc ture  of scabioside E is  shown in the scheme. 

EXPERIMENTAL 

Chromatography was ca r r i ed  out on type ASK si l ica  gel and on S c h l e i c h e r -  Schiill No. 2043 paper.  The 
glycosides were revealed  ei ther  with ant imony t r i -  or  pentachloride,  or with H2SO 4. The following sys tems of solvents 
were used: 1) ethyl ace ta te -methano l -wa te r  (10 : 2 : 3), 2) b u t a n - l - o l - e t h a n o l - w a t e r  (5 : 1 : 4 and 4 : 1 : 5), 
3) ch lo ro fo rm-e thy l  acetate (1 : 1), and 4) b u t a n o l - b e n z e n e - p y r i d i n e - w a t e r  (5 : 1 : 3 : 3). 
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Isolat ion of the individual scabtostdes,  A 93 g amount of the dry butanolic extract  [6] was t r a n s f e r r e d  to a column 
of s i l ica  gel (5.5 x 120 cm) and was eluted with b u t a n - l - o l  (fractions 1-17) and then with wa te r - sa tu ra ted  butanol 
(fractions 18-26),  1 l i t e r  f rac t ions  being collected. 

G|ycosides of . [~41 D, _dog 
monosaccharides = I 

Metayi L-rha .. . .  } I+17 0 
pyranoside [4] - -  111 

Methyl D-xylo- 
pyranoside [5] [ + 2 5 3  - - 1 0 8  

Table 

[M] D ] AC 
Glycosides dog 

Scabioside E - -  I 15 .0  
Scabioside D + 1 2 0 . 0  

ScabiosideB [ 1 ]/ - -  52 .4  

--235,3 
+172,4 

Form 
o f t h e  
bond 

Frac t ions  1 -7  (28.3 g) contained mainly  seabiosides  A, B, and C ; f ract ions 8-13  (11.2 g) contained scabiosides  D 
and E; f ract ions 14-18 (12.3 g) contained scabiosides  D, E, and F;  f ract ions  19-24 (15.8 g) contained scabiosides F 
and G; and f rac t ions  25 and 26 (26 g) contained mainly  the r e s e r ve  sugars .  

F rac t ions  8-13 were deposited on a column of s i l ica  gel (4.5 x 50 cm) and eluted with sys tem 1, 100-ml f rac t ions  
being collected. This gave 2.7 g of scabioside D and 4.3 g of scabioside E. On resepara t ion  in a s imi l a r  manner ,  
f rac t ions  19-24 gave 4 g of scabioside F and 2.4 g of scabioside G. 

$cabioside D. The substance obtained had mp 224-226 ° C (from m e t h a n o l - b u t a n - l - o l ) ,  [c~]~ +4 ± 3 ° (6.4; 
pyridine) .  

Found, %: C 60.17, 59.92; H 8.34, 8.28. Calculated for C4~H~4OI~ • 2H20, %: C 60.10; H 8.55. 

Acid hydrolys is .  Three 145-mg samples  of scabioside D were heated with 6% HC1 for 4 hr. They yielded 78.9, 
72.4, and 74.7 rag, respect ively ,  of oleanolic acid. 

Found, %: reel wt 840, 926, and 889. Calculated, %: reel wt 883. 

Alkaline hydrolysis .  A solution of 0.15 g of scabioside D in 10 ml of water was deposited on a column of Dowex 
i x 4 ion-exchange r e s i n  (OH- form) and left for a day. The column was washed with 500 ml of water  and 200 ml of 
methanol containing 3% of acetic acid. The methanolic  eluate was evaporated, giving 120 mg of an acid glycoside. 
After heating in aqueous methanolic  solution with 5% hydrochloric  acid, D-glucose and L-a rab inose  were identified by 
paper  chromatography in system 4. The glycoside was identical  in respec t  of its constants  Imp 210-212 ° C ; 
[~]~ -7  ° ± 3 ° (c 5.0; pyridine)] and chromatographic behavior  with scabioside B. 

Full  methyl ether of scabioside D. A mixture  of 0.48 g of scabieside D, 10 ml of methyl iodide, 5 g of ba r ium 
oxide, and 30 ml of d imethylformamide was heated in the water  bath for 25 hr.  F r e sh  por t ions  of reagents  were added 
every 5 hr.  The completeness  of the methylat ion was checked by th in - l aye r  chromatography in system 3. The reac t ion  
mixture  was t rea ted  with 150 ml of aqueous sodium thiosulfate solution, the methylat ion product was extracted with 
300 ml of chloroform, and the solvent was dis t i l led off. The res idue  was t r a n s f e r r e d  to a column of s i l ica  gel 
(2 × 30 cm) and eluted with 300 ml of chloroform. This gave 0.23 g of the fu!l methyl e ther .  

The permethyla ted  product was dissolved in a mixture  of 30 ml of methanol and 5 mI of conc HC1 and heated in 
the water  bath for 6 hr.  Then 15 ml of water was added and heating was continued for another 3 hr. The react ion 
mixture  was diluted with b u t a n - l - o l  (30 ml), and the solvent was dis t i l led off in vacuum. The hydrolysate was shown 
by paper  chromatography in sys tem 2 to contain 2, 3, 4, 6 - t e t r a -O-methyI -D-g lucopyranose  (Rg 1.0) and 
2, 3 -d i -O-methy l -D-xy lopyranose  (Rg 0.77). By absorpt ion chromatography on s i l ica  gel (system 3) the mixture  of 
methylatcd monosacchar ides  yielded 10.5 mg of 2, 3, 4 - t r i -O-me thy l -D-xy lopyranose  (Rg 0.94), [~]~ +56 J: 3 ° (1.5; 
chloroform).  L i t e ra tu re  data: [c~]~ +55.6 ° [7]. 

Scabioside E. The substance obtained had mp 224-227 ° C (from m e t h a n o l - b u t a n - l - o l )  [~]~ -11.3 ~: 3 ° (c 5.3; 
pyridine) .  

Found, %: C 60.24, 60.13; H 8.36, 8.19. Calculated for C52H86020, %: C 60.60; H 8.40. 

Acid hydrolysis .  Weighed samples  of scabioside E (176.8 and 210 mg) were hydrolyzed with 6% HCIo They 
yielded 80.7 and 91.0 rag, respect ively,  of oleanolic acid. 
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Found, %: tool wt 1000 and 1060. Calcula ted,  %: mol wt 1031. 

The hydro lysa te  was shown by p a p e r  ch romatography  in s y s t e m  4 to contain D-glucose ,  D-xylose ,  L - a r a b i n o s e ,  
and L - r h a m n o s e .  

Alkal ine  hyd ro ly s i s .  184 mg of scab ios ide  E was hydro lyzed  on ion-exchange r e s i n  as  de sc r ibed  above, giving 
125 mg of seab ios ide  B. 

Full  methyl  e the r .  A mix ture  of 0.6 g of scab ios ide  E, 16 ml of methyl  iodide,  20 g of b a r i u m  oxide, and 30 ml 
of d i me thy l fo rmamide  was heated and t r e a t ed  as  d e s c r i b e d  above. The y ie ld  of the pe rme thy la t ed  product  was 0.38 g. 
It was d i s so lved  in a mix ture  of 60 ml of methanol  and 10 ml of conc HC1 and hydrolyzed  in the same  way as before .  
The hydro lysa te  was shown by p a p e r  ch romatography  in s y s t e m  2 to contain 2, 3, 4, 6 - O - m e t h y l - D - g l u c o p y r a n o s e  
(Rg 1.0), 2, 3 - d i - O - m e t h y l - D - x y l o p y r a n o s e  (Rg 0.77), and 2, 3 - d i - O - m e t h y l - L - a r a b o p y r a n o s e  (Rg 0.64). By absorp t ion  
chromatography  on s i l i c a  gel as d e s c r i b e d  above, the hydro lysa te  y ie lded  25 mg of 2, 3 , 4 - t r i - O - m e t h y l - L - r h a m n o -  
py ranose  (Rg 1.07), [~]~ +25 ± 3 ° (c 2.5; water ) .  L i t e r a t u r e  data:  [ a ] ~  +25.9 ° [8]. 

C O N C L U S I O N S  

The t r i t e r p e n e  g lycos ides  s cab io s ide s  D, E, F, and G have been i so la ted  f rom the roo ts  of P a t r i n i a  scab iosofo l ia  
F i s c h .  et Link. It has  been e s t ab l i shed  that scab ios ide  D is O- f l -D-g lucopyranosy l - (1  ~ 4 ) - O - a - L - a r a b o p y r a n o s y l -  
(1 ~ 3) -O-o l eano loy l -  (28 ~ 1 ) - f i -D-xy lopyranose ,  and scab ios ide  E is O- f i -D-g lucopyranosy l - (1  ~ 4 ) - O - a - L - a r a b o -  
pyranosy l - (1  ~ 3) -O-oleanoloyl - (28  ~ 1 ) -O- f i -D-xy lopyranosy l - (4  ~ 1 ) - ~ - L - r h a m n o p y r a n o s e .  
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