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ROEM ET 

In one of our preceding papers [1] we reported the isolation of patrinoside D, a pentaoside of oleanol ic  acid,  
which was first obtained by A. Yd. Khorlin and V. M. Ivanova [2]. tn this paper, we give information concerning the 
structure of the carbohydrate chain of the glycoside D 1. To obtain the la t ter ,  partrinoside D was subjected to alkal ine 
hydrolysis on Dowex-1 anion-exchange  resin. The method of stepwise hydrolysis that we have developed [1] proved to 
be ext remely  convenient:  c leavage  takes place  at room temperature  and the sugar quant i ta t ively  split off from the car -  
boxy group is readi ly  separated from the remaining acid glycoside.  A determinat ion of the molecular  weight of the 
glycoside D 1 obtained showed that  it is a tetraoside of o leanol ic  ac id .  When it  was heated with minera l  acids the hy-  
drolysate was found to contain glucose,  xytose, and rhamnose. Consequently, one of the monosaccharides appears 
twice in the carbohydrate chain .  This question is general ly  resolved by a quant i ta t ive determinat ion of the monosaccha-  
ride residues [2]. 
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We have shown the fact that  xylose appears more than once by stepwise hydrolysis and methyla t ion .  In spite of 
the advantages of carrying out the hydrolysis with KU-2 ion-exchange resin, this method,  which we have used previously,  
has a serious disadvantage-- the  long duration of the exper iment .  Consequently, in this case we carried out stepwise 
hydrolysis with 6% sulfuric acid in aqueous isopropanol.  The separation of the mixture of in termedia te  glycosides 
formed from the sugars split  off was carried out on an anion-exchange resin. The separat ion of the products was carr ied 
out by adsorption chromatography on s i l ica  gel .  Oleanolic  acid,  a monoside (I), a bioside (II), two triosides (III) and 
(IV), and the in i t i a l  patr inoside D 1 were isolated.  

Subsequent acid  hydrolysis showed that I contained D-xylose,  II D-xylose  and L-rhamnose,  III D-xylose  and 
L-rhamnose,  and IV D-xylose ,  L-rhamnose,  and D-glucose .  These results show that  the monoside I is a xyloside and 
the bioside II a rhamnoxyloside of o leanol ic  ac id .  The production of two triosides shows the presence of branching in 
the carbohydrate chain,  while in the tr ioside III one of the monosaccharides is repea ted .  To clarify this point and also 
to establish the size of the oxide rings of the monosaccharides we methyla ted  patr inoside D 1 by Kuhn's method [3]. The 
mixture of methyla ted  monosaccharides obtained after acid hydrolysis was separated by adsorption chromatography on 
s i l ica  ge l .  The process was monitored by paper chromatography.  The fractions enriched in the individual  components 
were separated again .  Four me thy la t ed  monosaccharides were isolated.  The t e t ramethy l -D-g lucose  was ident ica l  in its 
chromatographic  behavior  and specific rotat ion with an authentic sample of 2 , 3 , 4 ,  6 - t e t r ame thy l -D-g lucose .  By de-  
methy la t ion  with 47% hydrobromic acid,  glucose was obtained.  A t r ime thy l -D-xy lose  was ident ica l  in its Rg value of 
0.94 [4] and its specif ic  rotat ion with an authent ic  sample  of 2 ,3 ,  4 - t r ime thy l -D-xy lose ;  on demethyla t ion  i~gave  the 
same mixture of products ( including xylose) as the authentic sample.  The d imethy l -D-xy lose  agreed well in respect of 
its Rg value  of 0.75 [4] and its specif ic  rotat ion with 2, 3 -d ime thy l -D-xy lose .  2, 4- and 3 ,4 -d ime thy l -D-xy loses  were 
excluded both by their  Rg values of 0.66 and 0.84 [4] and by their  specific rotations. Furthermore, the la t ter  gave a 
posit ive react ion on oxidat ion with per iodate ,  which was not the case for our compound. L-Rhamnose was isolated in the 
form of a monomethyi  der ivat ive .  Of the four possible monomethyl -L-rhamnoses  (2- ,  3- ,  4- ,  and 5-) ,  only the la t ter  
two have a 1 , 2 , 3 - t r i o l  grouping and l ibera te  formic acid on per iodate  oxidat ion [5], as our compound did.  5 -Mono-  
me thy l -L- rhamnose  is excluded since it possesses a specif ic  rotation of opposite sign to that of the compound isolated.  
In its Rg value and specif ic  rotat ion,  the monomethylrhamnose isolated agrees well  with 4 -methy l -L- rhamnose  [4, 6, 7]. 
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Thus~ the results of stepwise hydrolysis and methyla t ion show that the carbohydrate chain of patrinoside D 1 has 
branching at L-rhamnose and the te rminal  sugars are D-xylose and D-glucose.  

In order to determine to what hydroxyl of the L-rhamnose the terminal  xylose is bound, methyla t ion  of the triose 
III was carried out.  On its subsequent hydrolysis, 2 , 3 , 4 - t r i m e t h y l - D - x y l o s e ,  2 , 3 -d ime thy l -D-xy lo se ,  and 3 , 4 - d i m e t h y i -  
L-rhamnose were ident i f ied by paper chromatography [zt]. It can be seen from this that  the terminal  xylose is connected 
to the second hydroxyl of rhamnose. Consequently, in the tr ioside IV the glucose must be connected with the third hy-  
droxyl of the rhamnose. 

Configuration of the glycosidic  centers was determined from the difference in molecular  rotations between the 
tr ioside IV and the bioside II, between the trioside III and the bioside II, between the bioside II and the monoside I, 
and between the monoside I and oleanol ic  acid  by Klyne's  method [8]. 

As can be seen from the tab le ,  the first xylose is connected with the aglycone by a 8-, the rhamnose with thSs 
xylose by an ~ - ,  and the terminal  xylose and glucose with the rhamnose by B-glycosidic bonds. Thus, the structures of 
the in termediate  glycosides I - IV  and of patrinoside D 1 are expressed by the formulas 
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Experimental 

Type M paper of the VolodarsMi Leningrad mill and silica gel of type KSK were used for chromatography. The 

followir~g systems of solvents were used: i) chloroform--ethanol (i0 : i); 2) ethyl acetate--ethanol--water (I0 : 2 : 8); 

8) chloroform-ethyl acetate--ethanol (24 : 6 : 8); 4) butan-l-ol-- acetic acid--water (8 : 1 : 4); 5) benzene-butan-l- 

ol--pyridine--water (I : 5 : 8 : 2); 6) chloroform--ethyl acetate--ethanol (24 : 6 : 8); 7) benzene--acetone--water (5 : 5 : I); 

8) benzene--chloroform (I : 2); 9) butan-l,ol--ethanol--water (5 : 1 : 4); I0) benzene--chloroform--methanol (6 : 12 : I); 

and II) chloroform--methanol (60 : I). 

Alkaline hydrolysis O f patrinoside D. A solution of 8.12 g of patrinoside D in I0 ml of water was transferred to a 

column of 50 g of Dowex-I x 2 100/200 anion exchange resin in the OH form. After a day, it was washed with 1.5 1 

of distilled water and the eluate was evaporated to dryness to give 0.88 g of a sirup of the sugars that had been split off, 

Then the column was washed with 800 ml of 10% acetic acid in methanol. The eluate was evaporated in vacuum and 
the residue of patrinoside D I, 2.6 g, was recrystallized from 80a/o ethanol, mp 240-242 ° C [o~]}~ --I0 ~ 8 ° (c 5.0; 
methanol). 

Found° %: C 59.28; H 8'86; C 59.48; H 8.48. Calculated for C~HNO20. H20, %: C 89.70; H 8.28. 

2O Found (by titration): tool. wt. I010, 1040. Calculated: mol. wt. 1029.8. Acetate: mp 150-158 ° C, [C~]D --18 i 
8" (c 5.0; methanol). 

Found, %: C 59.18; 58.98; H 7.22; 7.28. Calculated for C~H10,p30, %: C 59.20; H q.80; monomethyl ether: 
mp 218-220 ° C, [c~]~ -I0 • 8 ° (c 5.8; methanol). 
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Found. %: C 60.26, 60.30; H 8.52, 8.50. Calculated for C53H86020, %: C 59.90; H 8.38. 

Stepwise hydrolysis of patrinosid e DI. A solution of 1.14 g of the substance in 120 ml of a 2 : 1 mixture of isopro- 
panol and water was t reated with 3.27 ml of concentrated sulfuric acid and heated in the boiling water bath for 30 rain. 
The solution was neutral ized with Be(OH)2 , the prec ip i ta te  of barium sulfate was f i l tered off, the f i l t rate  was evaporated 
the residue was dissolved in 40 ml of aqueous ethanol ,  and the solution was transferred to a column (3;5 × 30 era) of 
Dowex-1 × 2 100/200 anion-exchange resin in the OH form. The resin was washed with 6 l of hot (50-60 ° C) water un- 
til  the eluates were comple te ly  free from sugars (test for colorat ion with anil ine phthalate)  and with 1 I of  10% acet ic  
acid  in methanol .  Evaporation of the methanol ic  solution gave 0.69 g of a mixture of glycosides which was sep, rated on 
a column (2 × 45 cm) of s i l ica gel ,  60 -ml  fractions being co l lec ted .  The eluates were examined by th in- layer  chroma-  
tography in systems 1 and 2. 

Fractions 1 - 5 ,  eluted with system 3, contained oleanol ic  acid (0.13 g). 

Fractions 6 - 7 ,  eluted with system 3, contained 0.14 g of the monoside I, mp 215-218 ° C (from aqueous ethanol),  
[a]}~ +30 ~ 3 ° (c 1.1; ethanol).  

Found, %: C 68.90; H 9.64. Calcu la ted  for C~sH~O 7 • H20, %: C 69.30; H 9.63. 

After heating with 9% hydrochloric acid,  the hydrolysate was found by paper chromatography in systems 4 and 5 to 

contain xylose.  

Fractions 9 and 10 contained 0.11 g of the bioside II, mp 303-305 ° C (from aqueous ethanol) .  [ a ] ~  +5.5 ~ 3 ° 

(c 3.6; ethanol) .  

Found, %: C 65.25; H 9.06. Calcu la ted  for C~H66Oll • H20, %: C 65.50; H 9.11. On hydrolysis, xylose and rham-  

nose were ident i f ied.  

Fractions 11-13 ,  e luted with system 6. contained 0.1 g of the trioside III, mp 217-220 ° C (from aqueous ethanol),  

[ a ] ~  --18 ~ 3 ° (c 2.4; ethanol) .  

Found, %: C 63.46; H 8.67. Calcula ted  for Ca6H74015, %: C 63.70; H 8.53. 

On hydrolysis, xylose and rhamnose were de tec ted .  

Fractions 14-16 ,  e luted by the same system, contained 0.06 g of the tr ioside IV, mp 207-209 ° C (from aqueous 

ethanol) ,  [a]}~ +8.3 e 3 ° (c 2,4; ethanol) .  

Found, %: C 63.40; H 8.16. Calcu la ted  for C47H;sO16, %: C 63.60; H 8.50. On hydrolysis, xylose, rhamnose, and 

glucose were found. 

Fractions 17-19  contained 0.14 g of  the ini t ia l  patrinoside D 1. 

Methylat ion of patr inoside DI. A solution of 1.2 g of the substance in 40 ml of d imethy l formamide  was t reated 
with 10 g of BaO and the mixture was heated to 90 ° C with vigorous stirring for 12 hr. After the addit ion of 11 ml of 
methyl  iodide  it was heated for another 9 hr. Then it was diluted with 200 ml of water,  and the prec ip i ta te  that de-  
posited was f i l tered off and washed with 30 ml of chloroform, the f i t t rate  was extracted with chloroform (5 × 100 ml) ,  
and the combined extracts  were washed with Na2SzO 3 solution and with water and were evaporated.  The methyla t ion  
product was transferred to a column (2 × 10 cm)  of s i l ica ge l  and the following fractions were eluted: I, with 100 ml of 

benzene ,  0.35 g; II, with 200 ml  of chloroform, 0.5 g; III, with 50 ml of ether, 0.2 g.  

Fract ion II contained the fully methy la ted  patrinoside D 1 as an amorphous powder with [ a ] ~  --35.5 ~ 3 ° (c 6.2; 

methanol)o The IR spectrum lacked absorption bands of hydroxy groups (3400-3500 era-l). 

Found, %: C 63.84; H 8.72. Calcula ted  for C6sHi06020, %: C 63.60; H 8.96. 

Hydrolysis of methyla ted  patr inoside Dr, A mixture of 2.07 g of substance, 100 ml  of methanol ,  and 7 m l  of con-  
centra ted hydrochloric  acid  was boi led  for 5 hr. After this, 40 ml of water was added and the mixture was heated., for 
another 5 hr. The methanol  was dist i l led off in vacuum, the prec ip i ta te  of methyl  o leanola te  that  deposited (0.6 g) was 
f i l te red off and washed with 30 ml of water,  and the f i l trates were combined and evaporated in vacuum.  The resulting 
sirup of i . 5  g of a mixture of  me thy la ted  monosaccharides was then separated on a column (2 × 30 cm) of s i l ica  gel ,  

the process being monitored by th in - l aye r  chromatography on si l ica gel  in system 7. 

Fract ion I, e luted with 700 ml of benzene,  contained 35 mg of methyl  o leanola te ;  II. eluted with system 8, con-  
ta ined 0.13 g of 2 , 3 , 4 ,  6 - t e t r ame thy l -D-g lueose ;  bp 80-85 ° C/0 ,1  mm; [aj}~ +88 ~ 3 ° (c 6.0; acetone) .  According to 
the l i t e r a tu r e - - [ a ]  D + 83.9 ° (acetone)  [3]; Rg 1.0 (system 9). Its chromatographic  behavior  was ident ica l  with that of an 
authent ic  sample of 2, 3,4,  6 - t e t r ame thy l -D-g lucose .  On heat ing with 47% hydrobrom/c acid ,  in addit ion to other de -  
methy la t ion  products, D-glucose was ident i f ied  by paper chromatography in systems 9 and 4. Fraction III, e luted with 
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1000 ml of system 10, contained 1.07 g of mater ia l ,  which was reseparated.  Elution was carried out with system 11 and 

45-ml  fractions were co l lec ted .  

Fractions I - I I  contained a t r imethylxylose with a small amount of a te t ramethylglucose.  By reseparation, 0.1 g of 
2 , 3 , 4 - t r i m e t h y l - D - g l u c o s e  was obtained with bp 110-115 ° C/0.5 ram; [ a ] ~ + 5 3  i 3 ° (c 2.5; chloroform) and [a]~°+63 i 
± 3 ° (c 4.,5; water) Rg 0.94 (in system 9). According to the l i terature,  [ a ]D  +85.8" (chloroform), [ a ]D  +64"5° (water) [14]. 
Demethyla t ion of the t r imethylxylose isolated and of an authentic sample of 2 , 3 , 4 - t r i m e t h y l - D - x y l o s e  gave iden-  
t i c a l  c leavage  products, including xylose. Fraction I I I - tV  contained 0.38 g of mater ia l  the reseparation Of which 
yielded 2 ,3 -d ime thy l -D-xy lose ;  [ a ]~  ° +51 ± 3 ° (c 2.3; chloroform) and [~]~0 +52 i 3  ° (c 1.1; water),  Rg 0.78 (in 
system 9). According to the l i tera ture ,  [c¢] D + 70 ° (water) [4, 15]. Fractions IX-XIII  contained 0.19 g of mater ia l ;  after 
rechromatography,  4 -monomethy l -L- rhamnose  was isolated:  [~]~0 +13 • 3 ° (c 2.3; methanol) ,  Rg 0.56 (in system 9). 
According to the l i terature  [ a ]D  +12-9° (methanol) ,  Rg 0.67 [4, 6] .  The qual i ta t ive  react ion for a 1 , 2 , 3 - t r i o l  grouping 
was posit ive [5]. 

Methyla t ion  of the tr ioside (III). To a solution of 10 mg of the substance in 1.5 ml of d imethyl formamide  were 
added 1.5 ml of methyl  iodide,  0.5 g of BaO, and a small crystal ofiBa(OH)2 • 8H20, and the mixture was heated in a 
tube at 100 ° C for 13 hr. Then i t  was poured into 5 ml of an aqueous solution of Na2S20 a, the precipi ta te  was f i l tered off 
and wasked with 5 ml of water and 10 ml of chloroform, and the f i l t rate  was extracted (4 X 5 ml)  with chloroform. The 
combined extracts were washed with water (3 x 3 ml)  and evaporated,  the residue was dissolved in 2 ml of methanol ,  
0.12 ml of concentrated hydrochloric acid  was added, and the mixture was heated at 100 ° C in a tube for 11 hr. After 
this, 2 ml of water was added and the mixture was heated for another 3 hr. The prec ip i ta te  was f i l tered off, the f i l -  
t rate wa:~; evaporated to dryness, and the residue was dissolved in 0.5 ml of ethanol and subjec tedto  paper chromatography.  
On elution with system 9, three spots were found on the chromatogram with Rg values of 0.94 ( 2 , 3 , 4 - t r i m e t h y l - D - x y l -  
ose), 0.84 (3, 4 -d imethy l -L- rhamnose) ,  and 0.74 (2, 3 -d imc thy l -D-xy lose ) .  

Conclusions 

It has been established that  patr inoside D 1 is the 
3-D-glu,copyr anosido(1 ..-> 

3)~a..- -1~-- r-an mnosla"o'l( "->' 4)- /5-D-xylopyranoside (1 "--> 3) of o leanol ic  acid 
3-D-xyl:0pyranosido(1 --~ 2 ) /  
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