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IV. THE STRUCTURE OF PASTUCHOSII)E B 

G. B. I s k e n d e r o v  UDC 547.918+547.597 

We have previously [1] reported tr i terpene glycosides from the leaves of Hedera pastuchovii - 
pastuchosides A, B, and C. For the simplest of them, pastuchoside C, a definitive structure has been pro-  
posed [2]. Pastuchoside A proved to be kalopanax saponin B. 

The present paper gives information on the basis of which the full s tructure of pastuchoside B has 
been established. 

Pastuchoside B contains hederagenin as the aglycone. The sugar moiety consists of D-glucose and 
L-rhamnose in a ratio of 2 : 1. Consequently, pastuchoside B is a hederagenin trioside, as is confirmed by 
the results of elementary analysis of both the glycoside itself, C4s H78Ols, and its full acetate, C68H98028, 
and also by the molecular weight of the glycoside found from the yield of hederagenin on acid hydrolysis 
under analytical conditions. 

The hydrolysis of the glycoside methylated with diazomethane formed the methyl ester  of hederage- 
nin [1, 3], showing the absenceofan O-acyl glycosidic bond in the molecule of the glycoside. The glycoside 
underwent no change under the action of alkali. 

In order  to determine the site Of attachment of the carbohydrate chain to hederagenin, pastuchoside 
B was exhaustively methylated by Kuhn's method [4] and then the methylation product was hydrolyzed. The 
crystalline substance isolated was identified as the methyl es te r  of 23-O-methylhederagenin [5, 6]. The 
presence of the latter shows that the carbohydrate moiety of pastuchoside B is attached to the hydroxy 
group of hederagenin in position 3. 

In the hydrolysate we identified 2,3,4,6-tetra-O-methyl-D-glucopyranose, 2,3,6~ri-Onnethyl-D- 
glucopyranose, and 2,4-di-O-methyl-L-rhamnopyranose.  Thus, it was established that the carbohydrate 
moiety of pastuchoside B has a l inear s tructure and one of the D-glucose residues occupies the terminal 
position. 

The sequence of monosaccharides in the carbohydrate chain was established by partial hydrolysis. 
The reaction mixture yielded, in addition to the initial glycoside, the hederagenin bioside pastuchoside C, 
i.e., hederagenin 3-~-L-rhamnopyranoside [2] and a disaccharide. This shows that in the pastuchoside B 
molecule the L-rhamnose is directly attached to the hederagenin. 

Since the disaccharide isolated was maltose, the glucose molecules are  attached to one another by a 
1 ~ 4 bond, which agrees with the results of exhaustive methylation and the negative reaction of the me- 
thylated glucoses with Bonnet 's  reagent [7] for s-glycol groupings. 

The results of methylation show that the D-glucose is attached to the L-rhamnose by a 1 - -  3 bond, as 
is confirmed by the periodate oxidation [8] of pastuchoside B, in which of the sugars only rhamnose did not 
undergo destruction. 

Pastuchoside B did not change under the action of dilute oxalic acid, which indirectly shows the pyra-  
nose form of the monosaccharides [6]. The configurations of the glycosidic centers were calculated by 
means of Klyne's rule [9]. 
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Pastuchoside C 

Bioside 

Pastuchoside B 

Methyl -~-D-glucopyr  anoside 

Me fhyl-f i -L-glucopyrano sid e 

(Mol. wt. 618; 

(Mol. w~. 780; 

(Mol. wt. 942; 

Substance [M] D, degrees  

[o~]~ + 43 °) +266 

[ ~  + 74 °) +577.2 

[ ( ~  + 92 ~) +866.6 

[5, 10 ] +307 

[5, 10] --62 

It follows f rom the calculations that all the sugars  Uossess the ~ configuration of the glycosidic bond. 
On the basis of the facts  presented,  pas tuehois ideBmay be ascr ibed the following complete  s t ruc ture :  

~ 00H 

CH~ON C~0H H0 .J - -O  d 1 I " 
0 0 H 3 

OH {lH 

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

Chromatography was ca r r i ed  out on type KSK si l ica  gel (250 mesh), "M" ["slow"] paper  of the Len-  
ingrad No. 2 paper  mill, and 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) b u t a n - l - o l - e ~ h a n o l - 2 5 %  ammonia (10: 2:5}; 3) b u t a n - l - o l - e t h a n o l - w a t e r  ( 1 : 1 : 1 ) ;  4} c h l o r o f o r m -  
methanol (J 0 : ] ); 5) b u t a n - l - o l - e t h a n o l - w a t e r  (5- ] : 4); and 6} ch lo ro fo rm-e thano l  (1 : 1). On ~he chroma-  
tograms,  the ~riterpene glycosides,  the genins, and their  der ivat ives  were  revealed by means of a 25% 
solution of phosphotungstic acid in ethanol and with a saturated solution of antimony t r ichlor ide,  and the 
sugars and the i r  der iva t ives  by means of aniline ph~halate. The e lementa ry  analyses were  pe r fo rmed  by 
workers  of the microana lys i s  labora tory  of VILR tAll-Union Scient i f ic-Research Institute of Medicinal 
Plants ] and cor respond to the calculated formulas .  

Isolation of Pastuchoside B. The mixture  of oastuchosides A and B obtained previous ly  [1 ] (6.20 g! 
was passed through a column (4 x 80 cm) filled with s i l ica  gel, and elution was pe r fo rmed  in sys tem 1, 20- 
ml to 25-ml fract ions being collected. The separat ion was monitored by TLC in sys tems 2 and 3. A total 
of 68 f rac t ions  was obtained. There  were  no glycosides in f rac t ions  1-6; f ract ions  7-28 contained pastueho- 
side B; f rac t ions  29-36 a mixture  of pas~uchosides A and B; and f rom the remainder ,  pastuchoside A was 
isolated. The f rac t ions  s imi la r  in composition were  combined and evaporated to dryness .  The pastucho-  
side B, C48H780~8, had mp 218-221 ° C, [a]~) + 92 ° (c 1,8; methanol). 

Deca-O--acetate of Pastuchoside B was obtained in the usual way. The completeness  of the acet -  
ylation was checked f rom the IR spec t rum by means of the disappearance ~)f the absorption band in ehe 
3200-3400 cm -1 region (OH) After rec rys ta l l i za t ion  f rom ethanol, the melting point of the acetate  
C68H~8028 ]68-]70°C,  [(~]~ + 76.5 ° (c ] .2; ethanol). 

Acid Hydrolys is  of Pastuchoside B. A solution of 0.25 g of pastuchoside B in 15 ml of 60% methanol 
was *reated with 20 ml of  ] 5% sulfuric acid solution. The mixture  was boiled for 10 h, The precipi ta te  of 
~he aglycone that deposited was separa ted  off, neutra l ized with sodium hydrogen carbonate,  washed with 
water, and dried.  

By its physicochemical  proper t ies ,  e lementary  composition, IR spectrum, and chromatographic  be-  
havior,  the aglyeone was identified as hederagenin [1]. 

After neutral ization,  ~he hydrolysate  was found by paper  chromatography in sys tem 1 to contain D- 
glucose and L- rhamnose .  
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In o r d e r  to de t e rmine  the quanti tat ive r a t io  of the monosacchar ides ,  af ter-being r evea led  with ani-  
line phthalate  the spots we re  cut out, eluted with glacial  acet ic  acid, and subjected to c o l o r i m e t r y  [11 ]. 
As a resu l t ,  it was found that the D-g lucose  and L--rhamnose in the molecule  of pas tuchos ide  B are  p r e sen t  
in a r a t io  of  2 : 1. 

Methylation of Pas tuchos ide  B with' Diazomethane,  The glycoside (0.1 g) was dissolved in 10 ml  of 
methanol  and methyla ted  with an e therea l  solution of d iazomethane,  The product  obtained was hydro lyzed  
with 8% sul fur ic  acid solution for  4 h. The c rys ta l l ine  substance  isolated, with mp 235-237 ° C, [G]E + 73.5 ° 
(c 0.3; ch loroform)  was identical  wDh the methyl  e s t e r  of hederagenin.  

Methylation of Pas tuchos ide  B by Kuhn's  Method. A solution of 0.45 g of ehe glycoside in 10 ml  of 
f r e sh ly  dis t i l led d ime~hylformamide was t rea ted  wDh 10 ml of methyl  iodide and 3.2 g of ba r ium oxide. 
The mix tu re  was heated in the water  bath for  12 h. Then 5 ml of d imethyl formamide ,  5 ml  of methyl  
iodide, 1.5 g of b a r i u m  oxide, and 1.2 g of b a r i u m  hydroxide were  added and the mix tu re  was heated fo r  
another  10 h. The methylat ion p r o c e s s  was repea ted  twice. The course  of the methylat ion was moni tored 
in a ~hin l ayer  of s i l i ca  gel in s y s t e m s  3 and 4. The reac t ion  mix tu re  was poured into a sa tu ra ted  aqueous 
solution of sodium ~hiosulfa~e and ex t rac ted  wDh ch lo ro form (3 x 75 ml). The ch lo ro fo rm ex t rac t s  were  
combined and dis t i l led to d ryness .  

To f r e e  the res idue  f r o m  the pa r t i a l ly  methyla ted  glycoside and f r o m  other  impur i t i es ,  it was t r a n s -  
f e r r e d  ~o a column of s i l ica  gel  (4 x 35 cm) and eluted with chloroform,  10-ml  f rac t ions  of  the eluate  being 
collected.  The f rac t ions  were  moni tored  by TLC in s y s t e m  4. F r o m  the f i r s t  f rac t ions ,  the fully 
me~hylated pas tuchos ide  B was isolated in the f o r m  of an amorphous  white powder  with mp 108-110°C; 
[G]~ + 98.5 ° (c 1.5; chloroform) .  The IR spec t rum lacked bands in the 3200-3400 cm -~ region (OH). 

Hydro lys i s  of the Fully-Me~hylated Glycoside. A solution of 0.2 g of the methyla ted  glycoside in 20 
ml of a mix tu re  of methanol  and 72% ~erch lo r i c  acid (10 : 1) was heated in the boiling wa te r  bath  fo r  10 h. 
The comple teness  of methanolys i s  w a s  checked by TLC in s y s t e m  4. Then an equal volume of wa te r  was 
added to the mix tu re  and the p rec ip i t a t e  of  the genin that had deposi ted was f i l te red  off, washed with water ,  
dried,  and r e c r y s t a l l i z e d  repea ted ly  f r o m  ethanol. This  gave about 0.1 g of  a c rys ta l l ine  substance,  
C32H520 4 with mp 220-223 ° C, [G]~ + 70.3 ° (c 0.85; chloroform).  

L i t e r a t u r e  data fo r  theomethyl e s t e r  of 20--O-meehylhederagenin: mp 218-220 ° C, [G]~ + 69 ° (c 1.5; 
chloroform) [6]; mp 190-192 C, [G]~ + 70 ° =e 1 ° (c 1.9; ch loroform)  [12]; mp 228-230°C; [G]~ + 68.6± 2 ° (c 
0.4; ch loroform)  [5]. 

The aqueous hydro lysa te  was evaporated,  and the res idue  was t rea ted  with 5 ml  of 2% sulfur ic  acid 
and hydrolyzed.  Afeer cooling, ~he mix tu re  was neutra l ized and evaporaeed. The following methyla ted  
monosacchar ides  were  identified by paper  ch romatography  in s y s t e m s  1 and 5: 2 ,3 ,4 ,6 - t e t r a -O-me~hyl -D-  
glucopyrano se, 2,3,6- t r i -O-meehy l -D-g lucopyranos  e, and 2, 4-di-O-me~hyl- L-  rhamnopyranos  e. 

Pa r t i a l  Hydro lys i s  of Pas tuchos ide  B. A solution of 1.8 g of the substance  in 40 ml  of a m ix tu r e  of 
methanol  and wa te r  (3 : 1) was t rea ted  with 4 ml of conc. sul fur ic  acid and the mix tu re  was heated  in the 
boiling wa~er bath fo r  40 min. Then 100 ml  of  wa te r  was added, and the p rec ip i ta te  that deposi ted was f i l -  
t e red  off, washed, and dr ied.  This  gave 1.22 g of  a mix tu re  of glycosides,  which was separa ted  on a col-  
umn (2x 50 cm) of s i l i ca  gel, being eluted with s y s t e m  6. Frac t ions  of 20-25"ml were  collected,  being 
monitorect by ~he TLC method in s y s t e m s  4 and 6. 

Frac t ions  3-8, eluted by s y s t e m  6, consis ted of pastuchoside C, C36H5808, mp 254-257° C; [G]~ + 43 ° (c 
0.8; methanol) .  

F rac t ions  11-38 ( same  sys tem)  contained a b ios ide  with the composi t ion C42H68Oi3, mp 236-238 ° C, 
[o~]~ + 74 ° (c 1.2; e~hanol) 

On ~he hydro lys i s  of ~he bioside,  g lucose and rhamnose  were  identified. The subsequent  f rac t ions  
yielded the initial  glycoside.  

The hydro lysa te  obtained af ter  ~he separa t ion  of ehe mix tu re  of glycosides  was neut ra l ized  wDh b a r -  
ium hydroxide and evaporated.  Chromatography  on pape r  in ~he solvent s y s t e m  1 showed ~he p r e s e n c e  of 
ma l t o se  and glucose. 
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In o rde r  to separa te  the sugars ,  the mixture  was passed +hrough a column of cel lulose powder (2 x 
50 cm), 40-ml fract ions being colleceed and monitored by paper  chromaeography. 

Fract ions  3-12 yielded a d isacchar ide  wi~h mp J 62-163°C, [o~]~ + 139.5 ° (c 0.5; wa+er), identified as 
maltose.  

Per iodate  Oxidation of the Glycoside. A solution of 0.05 g of the substance in 15 ml of acetate  buf-  
f e r  with pH 4,5 was t rea ted  with 0.15 g of potassium per iodate  and was kept  in the dark at room t emper -  
a ture  for  5 days. The excess  of potassium per iodate  was des t royed  with ethylene glycol, the solvent was 
disti l led off, and the oxidation product  was ex t rac ted  with methanol. The methanol was evaporated,  and 
the res idue  was hydrolyzed with 5% sulfuric acid for  4 h. The hydrolysate  was di lu ted with water ,  the 
prec ip i ta te  of the aglycone was separa ted  off, and the aqueous phase, af ter  neutralization,  was eh roma-  
tographed on paper;  only L - rhamnose  was identified. 

S U M M A R Y  

Pastuchoside B has been isolated and shown to be O-~-D-glucopyranosyl - (1  -- 4 ) -O-a -D-g lucopy ra -  
n o s y l - ( 1 -  3)-hederagenin.  
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