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In a previous paper  [1] we reported the isolat ion of two glycosides,  s ib i ros ides  A and C, and suggested a total 
s t ruc tu ra l  formula  for  the f i r s t  one. It was also shown that s ib i ros ide  C is a hexaoside of hederagenin,  whose 
carbohydrate moiety includes two monosacchar ide  units of arabinose  and four of glucose. On being heated with dilute 
alkal ies  or on contact with an anion-exchanger  it decomposes into an acid glycoside, desacyls ib i ros ide  C (III) 
(formula I). Inasmuch as there is a difference of 350 units between the i r  molecu la r  weights, it follows that the 
carboxyl of the original  glycoside is joined to a t r i sacchar ide .  The other carbohydrate chain, consis t ing also of three 
monosacchar ide  units ,  is joined to the hederagenin hydroxyl. Upon fur ther  hydrolytic cleavage by dilute mine ra l  acids,  
desacyls ib i ros ide  C decomposes into hederagenin,  D-glucose and L-arab inose .  
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Densitometric measurements earried out on the paper chromatograms of the hydrolysate obtained showed that, 

in the carbohydrate ehains of desaeylsibiroside C, there are two glucose molecules to one of arabinose. In order to 

establ ish the sequence in which the monosacchar ide links were attached, r ecourse  was had to a par t ia l  hydrolysis  of 
desacyls ib i ros ide  C and the isolat ion of the in termedia te  monoside (I) and the bioside (II) of hederagenin (see formula  
I). Since by acid hydrolysis  I is split into aglycone and glucose, and II into aglycone, glucose, and arabinose ,  it is 
obvious that glucose is combined direct ly with the hydroxyl group of hederagenin,  followed then by arabinose ,  and 
f inal ly again by glucose at the end of the chain. 

A fur ther  insight into the s t ruc ture  of the carbohydrate chain was provided by the resul ts  of methylat ion.  The 
total methyl  es te r  of desacyls ib i ros ide  C was synthesized by Kuhn's  procedure  [2], using IR-spectroscopy to check 
the completeness  of methylat ion.  The permethyla te  was decomposed by acids and the hydrolysate was submitted to 
paper  chromatography.  Using known m a r k e r s ,  2, 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  2, 3 , 6 - t r i - O - me t hy l - D -g lucose  
and 2, 3-di-  O-methyl-  L-a rab inose  were identified. 

Gas-l iquid chromatography confirmed the composit ion of the methylated carbohydrates .  The permethylate  was 
submitted to methanolysis  and the mixture  of methyl glycosides of methylated sugars  was analyzed. The resu l t s  
mentioned previously  did not pe rmi t  the size of the oxide r ing  of the arabinose  to be determined unambiguously.  The 
format ion of 2, 3 -d ime thy l -L-a rab inose  may be explained in two ways: e i ther  the arabinose  is in the pyranose form 
with a t e rmina l  glucose attached to its fourth hydroxyl group, or the arabinose  has a furanose r ing  and is linked by 
the fifth hydroxyl. To settle this question the total  methyl es te r  of the bioside (II), obtained by the par t ia l  hydrolysis  
of deacyls ib i ros ide  C, was synthesized. After subsequent hydrolysis  of the permethyla te ,  a rabinosewi th  a pyranose 
r ing was identified. 

The total  methyl e s te r  of the original  s ib i ros ide  C was obtained by an analogous procedure .  Upon hydrolytic 
decomposit ion it yielded the same set of methylated sugars as the permethyla te  of desacyls ib i ros ide  C. This proves 
that the t r i sacchar ides  linked to the hydroxyl and carboxyl groups of hederagenin have a s i m i l a r  s t ruc ture .  
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A fu r the r  insight into the s t ruc ture  of the t r i s accha r ide  combined with the carboxyl group was afforded by the 
reduct ive  decomposi t ion of the permethy la te  of s ib i ros ide  C. The methyla ted t r i s accha r ide  which was split off by 
reduct ion wit]& li thium aluminum hydride was submitted to hydrolys is  with hydrochlor ic  acid.  In the hydrolysate  only 
two reducing methylated m o n o s a c c h a r i d e s - 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l g l t t c o s e  and 2 , 3 , 6 - t r i - O - m e t h y l g l u c o s e - w e r e  
identified,  while 2, 3 -d i -O-methy la rab inose  was not detected.  Consequently the arabinose  is d i rec t ly  linked to the 
carboxyl  and underwent reduction.  The corresponding  2 ,3 -d imethy la rab i to l  was detected in the paper  ch romatogram 
by means  of per iodate  [3]. 

The configuration of the glycosidic  cen te r s  in the t r i s accha r ide  combined with the hydroxyl group of 
hederagenin  was calcula ted according to Klyne [4] (see table).  

Substance I ~I [a iD,  [MID, 1 Bond 
degrees degrees type 

Desacylsibiroside C I 929.1 
Bioside (II) 766.1  
Monoside (I) 634 .7  
Hederagenin 472 .7  
[MID contribution of D-glucose in 

deacylsibiroside C I - -  
[M] D contribution of L-arabinose in (II) I - -  
[MID contribution of D-glucose in (1) 
Methyl a-D-glucopyranoside (5 )  19~. 2 
Methyl 13-D-glucopyranoside (5) i 94.2 
Methyl e-L-arabopyranoside (6) 164.1 
Methyl ~3-L-arabopyranoside (7) 164.1 
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The configuration of the glycosidic  cen ter  of the arabinose combined with carboxyl  will  be s im i l a r  to the 
configurat ion fo r  glycoside A, inasmuch as the two glycosides  a r e  probably biogenet ical ly  re la ted .  Taking this 
c i r cums tance  into account,  the complete  s t ruc ture  of the glycoside may be r ep re sen ted  as follows: 
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E X P E R I M E N T A L  

Sil ica gel brand ASK, Volodarski i  Leningrad fac to ry  paper ,  and solvent sys t ems  (1) b u t a n - l - o l - a c e t i c  a c i d -  
wa te r  (4 : 1 : 5), (2) ethyl a c e t a t e - p y r i d i n e - w a t e r  (2 : 1 : 2) and (3) b u t a n - l - o l - e t h a n o l - w a t e r  (5 : 1 : 4) were  employed in 

the chromatographic  analys is .  

Alkaline hydrolys is  of s ib i ros ide  C. Exact ly  0.3 g of the substance was d issolved in 5 ml  of water  and introduced int 
into a column (2 x 8 cm) f i l led with Dowex 1 x 4 ion-exchange r e s in  (in the OH- form) and allowed to stand for  one day. 
Then the r e s in  was washed with 3.6 l of wa te r  and 300 ml  of 3% acet ic  acid. Af ter  evaporat ion of the solvent,  0.14 g of 
sugars  and 0.133 g of deacy ls ib i ros ide  C w e r e  obtained. This la t te r  was introduced into a column (0.8 x 20 cm) f i l led 
with s i l i ca  gel and was eluated with the ethyl a ce t a t e -me thano l -wa te r  (10 : 2 : 3) system. After  r ec rys t a l l i z a t i on  f rom 
aqueous methanol ,  the product  mel ted  at 245-248 ° C, [a ]~  - 30 ° (c 2.1; pyridine).  

Found, %: C 60.66; H 8.60; m o l .  wt. 903 (by t i t rat ion) .  Calculated for  C47H760~8, %: C 60.76; H 8.26; mol .  wt. 
929.1. 

The product  obtained (0.05 g) was d isso lved  in ]0 ml of a m e t h a n o l - w a t e r  (2 : 1) mix ture  containing 5% of conc 
H2SO4, and was heated for  5 hr  in a tube at 100" C. The reac t ion  mixture  was neut ra l ized  with bar ium hydroxide,  
the prec ip i ta te  was f i l t e red  off and the solution was evaporated under vacuum. D-g lucose  and L-a rab inose  were  
identified in 1Lhe res idue  by paper  chromatography in sys tems  I and 2. Dens i tomet r i c  m e a s u r e m e n t  of the paper  
chromatograrn  in an EPJ-65  automatic  dens i tomete r  es tabl ished that the glucose and arabinose  were  in the ra t io  2 : 1. 

Stepwise hydro lys i s  of desacy l s ib i ros ide  C. 0.6 g of the glycoside was dissolved in 20 mt of a mix ture  of 
isopropyl  alcohol and wate r  (2 : 1}, containing 5% of H2SO 4, and was heated on a boiling water -ba th  for  35 rain. The 
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react ion mixture  was neutra l ized with bar ium hydroxide, the ba r ium sulfate was el iminated by centrifuging,  100 ml of 
water  was added to the solution, and it was extracted with chloroform (4 x 30 ml). The chloroform extracts  were 
combined, washed with water ,  and evaporated to dryness .  The res idue (0.45 g) was placed in a column (1.5 x 40 ml) 
with si l ica gel and eluated, 40-ml  fract ions being collected. Frac t ions  1-2  were eluted with chloroform; fract ions 3-10  
With the ch lo roform-e thy l  acetate (1 : 1) system; f ract ions  11-15 with ch lo ro fo rm-methano l  (10 : 1); and fract ions 
16-19 with methanol.  F rac t ions  3-6  contained 0.095 g of hederagenin;  f ract ions  7 -9 ,  0.055 g of a mixture  of aglycone 
and the monoside (I); f ract ion 10, 0.02 g of a mixture  of the monoside (I) and the bioside (II); f ract ions  ]1 -14 ,  0.09 g 
of the pure bioside (II); f ract ion 15, 0.03 g of the original  glycoside; and f rac t ions  16-19, 0.025 g of a mixture  of 
sugars .  

After a second purif icat ion,  f rac t ions  7 -9  yielded the pure monoside (I), mel t ing st 216-218 ° C, [a]~  - 41 ° (c 
1.2; pyridine),  which when heated with 5% HC1 was decomposed into hederagenin and glucose. Frac t ions  11-14 were 
reprecipi ta ted  f rom their  methanolic solution by acetone to obtain the pure bioside (II), mel t ing at 198-200 ° C, 
[a]~  + 40 ° (c 0.8; pyridine) .  The bioside decomposed on acid hydrolysis  into hederagenin,  D-glucose,  and L-a rab inose .  

P repa ra t ion  of the total methyl e ther  of desacyls ib i ros ide  Co 0.15 g of the substance,  4 ml  of methyl iodide, and 
0.6 g s i lver  oxide in 5 ml  of d imethylformamide were heated for 10 hr in a tube in the water -bath .  Then, in two port ions,  
0.2 ml  of methyl iodide and 0.2 g of s i lver  oxide were added, and the mixture  was heated for another 5 hr .  The react ion 
mass  was poured into 50 ml  water  containing 0.3 g of sodium thiosuifate,  and the product was extracted with 
chloroform (3 x 30 ml).  After the solvent had been dist i l led off, the res idue was introduced into a column (0.8 × 15 cm) 
of s i l ica  gel and the total methyl es te r  was eluted with 50 ml  of chloroform. 0.075 g of product was obtained, the IR 
spectrum of which did not exhibit absorpt ion bands corresponding to f ree  hydroxyl groups. 

Hydrolysis of the total methyl ether  of deacyls ib i ros ide  C. A) 0.3 g of the product was dissolved in 1.5 of ml  
methanol containing 5% of hydrogen chloride,  and was heated for 5 hr in a tube in the water bath. 0.5 ml of water  was 
then added and the mixture  heated for  another  3 hr .  Then, 30 ml of butyl alcohol was added to the react ion mixture ,  
and the solvent was dist i l led off under  vacuum. 2, 3 , 4 , 6 - Te t r a - O - me t hy l g l uc ose  (Rg 1.0), 2, 3 ,6 - t r i -G-me thy lg lucose  
(Rg 0.85) and 2, 3 -d i -G-methy la rab inose  (Rg 0.66) were identified in the res idue by means of paper  chromatography in 
system 3, using known marke r s .  

B) 0.035 g of the substance dissolved in 1.5 ml methanol containing 4% of hydrogen chloride was heated for 14 hr 
in an tube in the water  bath. The solvent was dis t i l led off under vacuum and the contents were dis t i l led in a flanged 
flask at 140-160 ° C/2 mm.  0.015 g of a mixture  of methyl e thers  was obtained and was analyzed by gas- l iquid 
chromatography on a Tsvet-1 apparatus with a f lame- ioniza t ion  detector.  The analys is  was ca r r i ed  out in a column 
(2 m,  d iamete r  4mm) fi l led with Chromosorb W, on which 15% polyethyleneglycol adipate had been deposited. 

The rate of flow of ni t rogen was 30 m l / m i n .  The re tent ion t ime was measured  with re fe rence  to methyl 
2, 3 , 4 , 6 - t e t r a -  G-methyl-• -D-glucoside ,  whose re tent ion t ime was taken as unity. The ehromatogram exhibited peaks 
with retent ion t imes  1 and 1.43 (/3- and ~ - a n o m e r s  of methyl 2 ,3 ,4 ,  6 - te t ra -O-methy l -D-g lucos ide) ,  1.76 and 2 
( a -  and f l - anomers  of methyl 2 , 3 -d i -G-me thy l -L - a r a b i nos i de )  and 3.52 ( methyl 2, 3 , 6 - t r i - O - m e t h y l - ~ - D -  
glucopyranoside) [8]. 

Total methyl ether of the bioBide (II). 0.044 g of the bioside,  2 ml  of methyl iodide, and 0.5 g of s i lver  oxide 
in 3 ml of d imethylformamide were heated in a tube and t rea ted fur ther  as descr ibed above. 0.025 g of the total methyl 
ether of the bioside was obtained. A port ion of the product was heated with an aqueous-methanol ic  solution of 5% HC1. 
By means  of paper chromatography in system 3, 2, 3 , 4 - t r i - O - m e t h y l - L - a r a b i n o s e  (Rg 0.83) and 2, 3 , 6 - t r i - O - m e t h y l -  
D-glucose were identified in the hydrolysate .  

Another portion of the methyl es ter  was methylated and the methyl glycosides of the methylated sugars  were 
analyzed by gas- l iquid  chromatography as descr ibed above. The chromatogram exhibited peaks with re tent ion t imes  of 
1.03 corresponding to the /3-anomer of methyl 2, 3 , 4 - t r i - O - m e t h y l - L - a r a b i n o s i d e  and 3.50 corresponding to the 

- a n o m e r  of methyl 2, 3 ,6 - t r i -O-me thy l -D-g lucos ide  [8]. 

P repa ra t ion  of the total methyl  e ther  of s ib i ros ide  C. Methylation was applied to a mixture  of 0.2] g of the 
glycoside, 3 ml  of methyl iodide, 0.8 g of s i lver  oxide and 4 ml  of dimethylformamide.  Methylation was per formed in 
a tube as in the previous experiment .  As a resu l t ,  0.09 g of total methyl ether in the form of an amorphous powder 
was obtained. It was submitted to hydrolysis  and methanolysis  by the method previous ly  descr ibed.  2, 3 , 4 , 6 - t e t r a -  
O-methylglucose (Rg 1.0), 2, 3, 6 - t r i -G-methy lg lucose  (Rg 0.85) and 2, 3 -d i -O-methy la rab inose  (Rg 0.66) were 
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ident i f ied  in t:he hydro lysa te  by pape r  ch romatography  using known sample s .  

Among the p roduc ts  of methano lys i s  the fol lowing subs tances  were  de tec ted  by gas - l iqu id  chromatography ,  as  
p r e v ious ly  desc r ibed :  the ~ -  and • - anomer s  of methyl  2, 3 ,4,  6 - t e t r a - O - m e t h y l - D - g l u c o s i d e  and of methyl  2, 3 - d i - O -  
m e t h y l - L - a r a b o p y r a n o s i d e ,  as  wel l  as  methyl  2 , 3 , 6 - t r i - O - m e t h y l  2 , 3 , 6 - t r i - O - m e t h y l  f~-D-glucopyranoside .  The 
re ten t ion  t i m e s  were :  I and 1.43; 1.76 and 2 and 3.52 r e s p e c t i v e l y  [8]. 

Reduct ive c leavage  of the to ta l  methyl  e ther  of s i b i ro s ide  C by l i th ium aluminum hydr ide .  0.165 g of the subs tance  
was d i s so lved  in 15 ml  of absolute  e the r  and g radua l ly  added to a suspension of 0.5 g of l i thium aluminum hydr ide  in 10 
ml of absolute  e the r .  The r eac t i on  m a s s  was s t i r r e d  at the boil  for  2 hr .  Then 5 ml  of benzene was added drop by 
drop ,  with the e ther  being s imul taneous ly  d i s t i l l ed  off. Then, 0.05 g of f r e s h  l i th ium aluminum hydr ide  was added and 
boi l ing was continued fo r  another  5 hr .  The excess  of reducing agent was decomposed  by the careful  addit ion of 40 
ml  of a 3% acet ic  ac id  solution,  and the product  was ex t r ac t ed  with ch lo roform (3 x 50 ml) .  Af te r  the solvent  had been 
d i s t i l l ed  off, t he re  was left  0.]4 g of sol id  r e s idue ,  which was d i s so lved  in 170 ml  of ch lo ro fo rm and the solution was 
ex t r ac t ed  with wa te r  (5 x 20 ml) .  Af te r  the w a t e r  had been d i s t i l l ed  off 0.04 g of reduced  methyla ted  t r i s a c c h a r i d e  was 
obtained,  and evapora t ion  of the ch lo ro fo rm yie lded  0.12 g of r educed  methyla ted  d e s a c y l s i b i r o s i d e  C fo rm.  0.01 g of 
methy la ted  t r i s a c c h a r i d e  and ] ml  of a m e t h a n o l - w a t e r  (3 :2)  mix ture  containing 5% of HC1 were  heated for  7 h r  in a 
sea led  tube in the boil ing wate r  bath.  The p r e s e n c e  of 2, 3 , 4 , 6 - t e t r a - O - m e t h y l g l u c o s e  (Rg 1.0) and of 2, 3, 6 - t r t - O -  
methylg lucose  (Rg 0.86) was de tec ted  in the hydro lysa te  by spray ing  the pape r  c h r o m a t o g r a m s  with ani l ine phthala te .  
Some of the pape r  c h r o m a t o g r a m s ,  developed in sys t em 3, were  succes s ive ly  t r e a t e d  with a s a tu ra t ed  solut ion of 
sodium pe r ioda t e  and then with a 0.1 M benzidine solution. 2, 3 -Dimethy la rab i to l  (Rg 0.49) appea red  as  a white spot 
aga ins t  a blue background.  

C O N C L U S I O N S  

It has  been e s t ab l i shed  that two t r i s a c c h a r i d e  chains  a r e  p r e s e n t  in s i b i ro s ide  C, one combined with the 3- 
hydroxyl  and the other  with the 28 -ca rboxy l  of hederagenin .  

The f i r s t  t r i s a c c h a r i d e  is  f l - D - g l u c o p y r a n o s i d e - ( 1 - 4 ) - f ~ - L - a r a b o p y r a n o s i d o - ( 1 - 4 ) - f l - D - g l u c o p y r a n o s e ,  while the 
second is D - g l y c o p y r a n o s i d o - ( 1 - 4 ) - D - g l u c o p y r a n o s i d o - ( 1 - 4 ) - e - L - a r a b o p y r a n o s e .  
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