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As reported previously [1], dipsacoside B - t h e  main glycoside of the roots of Dipsacus azureus 
Schrenk. (family Dipsacaceae) - is an acyloside [2]. It consists of hederagenin, L--arabinose, L-rhamnose, 
and D-glucose. The present  paper gives information showing the structure of this glycoside. 

Since dipsacosidewas obtained only in the amorphous form, containing water and a small amount 
of ash residue, the results of elementary analysis of the glycoside were unreliable. The results of a 
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Fig. 1. Chromatogram of the trimethylsilyl 
ethers of methyl saccharides of kalopanax sapo- 
nin A (I), kalopanax saponin B (II), leontoside D 
(HI), and dipsacoside B (IV): 1) L-arabinose; 
2) L-rhamnose; 3) D-glucose. 
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quantitat ive de te rmina t ion  of the sugars  by the aniline phthalate  method also proved  to be contradic tory .  
The glycoside contains one molecule  each of L - r h a m n o s e  and L - a r a b i n o s e ,  but the amount of D-glucose  
could not be de te rmined  quantitatively: it could be two o r  th ree  molecules .  

Unlike the glycoside,  the acetyl  der iva t ive ,  af ter  pur i f ica t ion by  repea ted  reprec ip i t a t ion  f r o m  
benzene with pe t ro leum ether,  p roved  to be  fa i r ly  uniform.  Consequently, the work on the de te rmina t ion  
of the s t ruc tu re  of the glycoside was c a r r i e d  out mainly  with the acetyl  der ivat ive .  

In r ecen t  invest igat ions on the s t ruc tu re  of t r i t e rpene  glycosides  we have used the g a s - c h r o m a t o g -  
raphic  method of de te rmin ing  sugars .  The sugars  a re  de te rmined  in the f o r m  of the t r imethy ls i ly l  
der iva t ives  of the i r  methyl  glycosides  [3-5]. 

Figure  1 gives compara t ive  c h r o m a t o g r a m s  of four  re la ted  hederagenin glycosides .  Leontoside D 
and dipsacoside B were  analyzed in the f o r m  of the ace ta tes .  All the compounds contain one molecule  
each of L -a rab inose .  Kalopanax saponin A contains two sugars  - L -a rab inose  and L - r h a m n o s e  - p r e s e n t  
in equimolecu la r  p ropor t ions .  Kalopanax saponin B contains five sugar  molecules :  two L - r h a m n o s e ,  two 
D-glucose,  and one L-a rab inose .  The c h r o m a t o g r a m  of the glycoside c lea r ly  re f lec t s  the quantitative 
ra t io  of the monosacchar ides .  Leontoside D is also a pentaoside,  but he re  the ra t io  of L - r h a m n o s e ,  D-  
glucose, and L -a r ab inose  is different:  1 : 3 : 1. The changed propor t ion  is re f lec ted  in the re la t ive  s i zes  
of the individual peaks .  The gas- l iquid  chromatography  of the t r imethy ls i ly l  e thers  methylated at the 
acetal  hydroxyl  of the carbohydra tes  p re sen t  in dipsacoside B slmwed that the glycoside is a t e t raos ide  
that contains L - rhamnose ,  L -a rab inose ,  and two molecules  of D-glucose (1.05 : 0.90 : 2.00). The e l e m e n -  
t a ry  analys is  of the aceta te  and i ts  molecu la r  weight, de te rmined  spec t ropho tomet r i ca l ly  [6], co r respond  
to the empi r i ca l  fo rmula  C79Hl12035. Consequently, the glycoside has the composi t ion C5~ H86022. 
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The s t ruc tu re  of d ipsaeos ide  B (I) was es tabl ished on the bas i s  of the following reac t ions .  The 
hydro lys i s  of the glycoside prev ious ly  t rea ted  with d iazomethane  gave hederagenin  (VII) and not its methyl  
es ter ,  which conf i rms  the p r e s e n c e  of a ca rbohydra te  chain attached to the carboxy group of the genin. 
The aceta te  of the glycoside (II) was subjected to alkaline hydro lys i s  on Dowex-1 anion-exchange r e s in  
(OH form)  [7]. At the end of the hydrolys is ,  a mix ture  of sugars  consis t ing of gentiobiose and D-glucose  
was f i r s t  eluted f r o m  the column and then, by changing the charge  on the anion-exchange res in ,  a subs tance  
with a glycosidic  nature  (IV). This was identical  with dipsacoside A, which is found as such in the plant 
[11. The glycoside IV was exhaust ively methylated.  After  the methanolys is  of  the methyla t ion p roduc t  
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(VI), the methyl  e s t e r  of 23-O-methylhederagenin  (IX), 3, 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  and 2, 3, 4 - t r i - O -  
m e t h y l - L - r h a m n o s e  were  isolated.  The s a m e  methyla ted  sugar s  were  obtained in the hydro lys i s  of  
kalopanax saponin A - a glycoside f r o m  Kalopanax sep temlobum Koidz., which has  the s t ruc tu re  of 3 ~ - O -  
- [ O - L - r h a m n o p y r a n o s y l - ( 1  --* 2 ) -o ! -L-a rabopyranosy l ]  hederagenin  [8]. The r e su l t s  of a compar i son  of 
the i r  phys icoehemica l  constants  and chromatographic  behavior  conf i rmed the identity of d ipsacos ide  A and 
kalopanax saponin A. 

The s t r u c ~ r e  of  the acyl  glycosidic  moie ty  of d ipsacoside  B follows easi ly  f r o m  the appearance  of 
gentiobiose on alkaline hydro lys i s  and f r o m  the quantitat ive ra t io  of the sugars .  In o rder  to be sure~ 
we methyla ted  the glycoside by  Kuhnrs method. The products  of the hydro lys i s  of the comple te ly  
methyla ted  d ipsacos ide  B (Ill) contained - i n  addition to 23-L-methylhederagenin  (VIII) - 3 ,  4 - d i - O - m e t h y l -  
L -a rab inose ,  2, 3, 4 - t r i - O - m e t h y l - L - r h a m n o s e ,  2, 3, 4 - t r i - O - m e t h y l - D - g l u c o s e ,  and 2, 3, 4, 6 - t e t r a - O -  
me thy l -D-g lucose .  The f i r s t  two methyla ted  sugar s  were  fo rmed  f r o m  the O-glycos id ic  moie ty  of the 
molecule ,  and the l a s t  two f rom the gentiobiose attached to the carboxy group of the hederagenin  (VII). 
A calculat ion of mo lecu la r  rotat ion d i f fe rences  (Table 1) showed that the gentiobiose is at tached to the 
hederagenin  by a /~-glycosidic  link. 

Thus, d ipsacoside  B is r e p r e s e n t e d  by s t ruc tu re  I. 

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

Chromatography  was ca r r i ed  out with type KSK si l ica  gel, a lumina (activity grade  II-III) ,  type "M" 
["slow"] pape r  of the Leningrad No. 2 pape r  mil l ,  and the following solvent sy s t ems :  1) b u t a n - l - o l -  
e t h a n o l - c o n c ,  amononia (10 : 2 : 5); 2) c h l o r o f o r m - e t h a n o l  (25 : 1); 3) t o luene -e thano l  (9 : 1); 4) methyl  
ethyl ketone sa tu ra ted  with 1% ammonia  solution; and 5) 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). The 
glycosides  we re  detec ted  with a 25% solution of phosphotungstic  acid in ethanol o r  with a sa tura ted  
solution of ant imony t r ich lor ide  in ch loroform,  the ace ta tes  with conc. H2SO4, and the sugar s  and the i r  
de r iva t ives  with aniline phthalate.  

The molecu la r  weights of the g lycosides  we re  de te rmined  on a Hitachi spec t ropho tomete r  at a 
wavelength of 195-210 nm. 

The quanti tat ive ra t io  of the sugars  was found by the in ternal -s tandard  method on a UKh-1 ch ro ma-  
tograph with a copper  column (1 m x  4 ram) fi l led with Diaphori t  (0.2-0.315 ram) containing 5% of G-30 M 
si l icone phase .  The column t e m p e r a t u r e  was 170 ° C and the c a r r i e r  gas was hydrogen (55 ml /min ) .  

The r e su l t s  of e l emen ta ry  analys is  cor responded  to the calculated f igures .  

T r i d e c a - O - a c e t a t e  of Dipsacos ide  B (H). Dipsacoside  B (I) (1.0 g) was acetyla ted with acetic an-  
hydr ide  in pyr id ine  at r o o m  t e m p e r a t u r e  fo r  24 h. The amorphous  prec ip i ta te  that deposited when the 
reac t ion  mixtu.ve was decomposed  with ice water  was dr ied (1.35 g) and dissolved in 3 ml of benzene.  
Pe t ro l eum e ther  was added to the benzene solution. A colored prec ip i ta te  deposited at f i rs t ,  and when the 
volume of pe t ro l eum ether  was inc reased  a co lo r l e s s  substance  with mp 140-144 ° C was obtained. On TLC 
(A1203) in s y s t e m  2, the ace ta te  of  the dipsacoside migra ted  at the same  level  as the ace ta tes  of 
leontosides  D and E [10]. The Il l  spec t rum of compound 1I showed no absorpt ion in the hydroxy group 
region.  

Found: tool. wt. 1584.9 (spect rophotometxical ly  [6] in 95% ethanol in compar i son  with hederagenin 
diacetate) .  C79H112035. Ca lcu la ted :  tool. wt. 1621.7 

TABLE 1 

I [CqD, deg [MID 
Substance u (in water) 

Dipsacoside B 
Kalopanax saponin A [8] 
Fraction of [MID due to gentiobiose 
Methyl a-gentiobioside [9] 
Methyl /5-gentiobioside [9] 

1075,2 +11,0 
769,0 +13,5 

356.3 +65,5 
356,3 --36,0 

+118 
+104 
-- 14 

+233 
--128 

Action of Diazomethane on Dipsacoside.  A 
suspension of 30 mg of the glycoside in e ther  was 
methyla ted  with an e therea l  solution of d iazo-  
methane under the usual conditions. The reac t ion  
product  was hydrolyzed with 6% sul fur ic  acid. 
TLC on s i l ica  gel in ' s y s t e m s  1 and 2 showed the 
identity of the p rec ip i t a t e  with hederagenin  (VII). 

Hydrolys is  of the Acetate  of Dipsacoside  B 
(II). A solution of 620 mg  of the ace ta te  (II) in 20 
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ml of ethanol was mixed with 25 g of Dowex 1 × 2 anion-exchange res in  (100/200 mesh) in the OH-form.  
After careful shaking, the suspension was left for  48 h and was then t ransfe r red  to a column. The column 
was f i rs t  washed with 1 l i ter  of water  (until the reaction for sugars  was negative), and then it was eluted 
with a 10% solution of acetic acid in methanol (300 ml). 

The aqueous solution was evaporated to dryness  in vacuum, and the res idue was chromatographed 
on a column of si l ica gel (20 g). The column was washed with the b u t a n - l - o l - w a t e r  (90 : 10) system.  A 
very  smal l  amount of D-g lucosewas  eluatedand also 87 mg of a disacchar ide identified by PC in sys tem 
5 (with an exposure time of 96 h) as gentiobiose mp 190-194°C (from methanol), [o~]~ + 9.4 ° (c 2.15;water) .  
The phenylosazone had mp 166-172 ° C. 

. L J  

On evaporation, a methanol ic-acet ic  acid solution deposited a crys ta l l ine  precipi ta te  (352 mg), 
which was shown by chromatography on si l ica gel in sys tem 1 and on paper  in sys tem 5 to be identical 
with dipsacoside A and kalopanax saponin A (IV). mp 224-228° C (from ethanol), [~]~ + 12.5 * 3 ° (c 2.40; 
ethanol). 

Found: tool. wt. 748.8 (spectrophotometr ical ly  [6]). C41H660~2 • H20. Calculated: tool. wt. 769.0. 

The hexa-O-ace ta te  of dipsacoside A (V) was obtained in the usual way. mp 254-258°C (from 
ethanol). 

Substance (IV) (10 rag) was hydrolyzed with 3% H2S Q in methanol. A crystal l ine substance deposited 
which was identified by TLC on si l ica gel in sys tems  1 and 2 as hederagenin. The acid hydrolyzate  was 
t reated with f reshly-prec ip i ta ted  BaCO 3 . The f i l t rate  was found by PC in system 5 (48 h) to contain L -  
rhamnose and L-arabinose .  Gas-chromatographic  analysis of the glycoside confirmed that the molar  
rat io of the sugars  was 1 : 1 (1.00 : 1.11). 

The glycoside (IV) (250 rag) was methylated, and the complete ly-methylated product (VI) was 
hydrolyzed under the conditions used for  kalopanax saponin A [8]. This gave 32 mg of a crys ta l l ine  
substance with mp 224-227 ° C identified by TLC on sil ica gel in sys tems 2 and 3 as the methyl es te r  of 23- 
O-methylhederagenin (IX). 

After neutralization and the appropriate  working up, the hydrolyzate was chromatographed on paper  
in sys tems  4 and 5 in the p resence  of markers ,  and was shown to contain 3 ,4 -d i -O-me thy l -L-a rab inose  
and 2, 3, 4 - t r i - O - m e t h y l - L - r h a m n o s e .  

Methylation of Dipsacoside B. A solution of 0.340 g of the acetate 1I in 5 ml of dimethylformamide 
which had been redist i l led over  P205 was treated with 2 ml of methyl iodide and 2 g of s i lver  oxide. Meth- 
ylation was pe r fo rmed  at 26-28 ° C for  18 h with the addition of f resh  portions of reagents.  The course  of 
the react ion was checked by TLC on sil ica gel in sys tem 3. After the spot of the initial glycoside had 
disappeared,  the precipi ta te  of s i lver  oxide and iodide was separated off and washed with chloroform. The 
chloroform extract  was combined with the main filtrate, shaken with saturated aqueous sodium thiosulfate 
solution, washed with water,  dr ied over Na2SO 4, and distil led to dryness .  The residue was dissolved in 
benzene and the solution was passed through a column containing 20 g of alumina and was then evaporated. 
This gave 240 mg of a color less  chromatographical ly  homogeneous permethylate  of dipsacoside B (lid 
the IR spect rum of which lacked the absorption band of hydroxy groups. 

The product  III isolated in the preceding experiment  (110 rag) was dissolved in 10 ml of methanol, 
and the solution was treated with 2 ml of 42% perchlor ic  acid and heated in the boiling water bath for  4 h. 
The completeness of the hydro lys i s  was confirmed by TLC on silica gel in sys tems 2 and 3. After the end 
of the reaction, the mixture was diluted with water (1 : 3), the precipi tate  of genin that had deposited was 
f i l tered off, and it was identified by TLC on si l ica gel in sys tems 2 and 3 as 23-O-methylhederagenin, 
which has also been obtained by the hydrolysis  of ful ly-methylated leontosides D and E [2]. 

The hydrolyzate  was evaporated to a volume of 3 ml (to des t roy  the 1-methyl  ethers of the meth-  
ylated sugars) and dissolved in 30 ml of water,  and the solution was neutralized on a column of Dowex-1 
anion-exchange res in  (OH- form) resin;  the column was washed with 50% aqueous methanol (200 ml) and 
the solution was concentrated in vacuum to a sirupy consistency. The precipi ta te  was chromatographed 
on paper in sys tem 4. 3 ,4 -Di -O-methy l -L-a rab inose ,  2 ,3 ,4 - t r i -O-me thy l -L - rhamnose ,  2 ,3 ,4 - t r i -O-methy l -  
D-glucose,  and 2 ,3 ,4 ,6 - te t ra -O-methy l -D-g lucose  were identified in the presence  of authentic samples .  
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The samples  of kalopanax saponins A and B were  kindly given to us  by  A. G. Ven 'yaminova.  

S U M M A R Y  

The s t ruc tu re  of d ipsacos ide  B - a he teragenin  t e t r aos ide  f r o m  Dipsacus azureus  Schrenk. - has  

been establ ished.  The O-glycos id ic  moie ty  cons is t s  of O - ~ - L - r h a m n o p y r a n o s y l - ( 1  --~ 2 ) - a - L -  
a rabopyranose ,  and the O-acy l  moie ty  cons is t s  of gentiobiose.  
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