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We have previously [1] reported the synthesis of acyl glycosides of oleanolic and ursolic acids, showing the normal 
course of the Koenigs-Knorre reaction. Using the same method we have attempted to prepare an acyl B-D-glucopyranoside 
of 18B-glycyrthetic acid via its acetate. As a result, we obtained a mixture of the anomeric acetates of the acyl-D-glu- 
copyranosides. However, when the acetate of a-D-glucopyranosyl bromide was replaced by the corresponding benzoate 
the main product was the acyl tetra-O-benzoyl-a-D-glucopyranoside of 58B-glycyrrhetic acid. 

The shift of the reaction in the direction of the c~-anomer can be explained by the comparative stability of the acy- 
lated acyl a-D-glucopyranoside of 18B-glycyrrhetic acid under the reaction conditions and the high stability of the ben- 
zoylated glucopyranosyl cation [2]. A similar behavior with respect to 18B-glycyrrhetic acid is exhibited by tri-O-ben- 
zoyl-a-D-xylopyranosyl bromide. The condensation of D- and L-tri-O-acetyl-g-arabinopyranosyl bromides with 18B- 
and 18a-glycyrrhetic acids takes place normally and gives the corresponding acetates of the acyl D- and L-a-arabino- 
pyranosides. 

When hepta-O-acetyl-a-D-lactosyl bromide was used, both acids formed sirupy acetates of acyl B-D-laetosides. 
After the acetates and benzoates had been purified on a column of silica gel [5] with subsequent deacylation with sodium 
methoxide [3] in a mixture of methylene chloride and methanol, the acyl a-D-glucopyranoside (I), the acyl a-D-xylo-  
pyranoside (II), the acyl c~-D-arabinopyranoside (III), and the acyl a-L-arabinopyranoside (IV) of 183-glycyrrhetic acid 
were obtained. The deacetylation of the corresponding crude acetates gave the acyl B-D-lactosides of 58B- and 58a- 
glycyrrhetie acids (V) and (VI), differing only in the configuration of the H at C-58 of the aglycone R. 
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The deacetylation of the mixture of anomeric acetates of the acyl D-glucopyranosides of 18~-glycyrrhetic acid with 
sodium methoxide in methanol forms I contaminated with a small amount of its anomer. In addition to this, a consider- 
able amount of the methyl ester of 18g-glycyrrhetic acid is obtained. The acetates of the acyi D- and L-e~-arabinopyrano- 
sides of 58c~-glycyrrhetic acid rapidly undergo methanolysis under these conditions to give the methyl ester of 18cz-gly- 

cyrrhetic acid and the monosaceharide. 

On being treated with methanolic alkali or sodium methoxide in methanol, the acylated and free acyl glycosides 
of 188-glycyrrhetic acid give the methyl ester of this acid and the corresponding sugar. In addition, on hydrolysis with 
5% potassium hydroxide in aqueous methanol they give 18B-glycyrrhetic acid and the monosaccharide. This behavior of 
the acyl glycosides in the presence of methoxide and hydroxyl ions, namely the cleavage of the O-glycosidic bond at the 
oxygen/aglycone position is similar to that described in the literature [4]. The acid hydrolysis of the acyl glycosides with 
5% hydrochIoric acid in aqueous dioxane or aqueous methanol gives 58B-glyeyrrhetic acid and the monosaccharide. On 
acid and alkaline hydrolysis in g0% methanol, the acyl ~-D-lactosides of 18~- and 18~-glycyrrhetic acids give the 

methyl ester of the corresponding acid and lactose. 

The structure of the acyl glycosides was confirmed by their synthesis from the silver salt of 18~-glycyrrhetic acid 
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and the benzoates of the glycopyranosyl  bromides in b e n z e n e -  acetoni t r i le  solution [5]. The acetates  of the glycopyrano-  
syl bromide.s hardly take part in this reaction.  

The configuration of the glycosidic bond follows from the satisfactory correspondence of the values of the specific 
rotations ca lcula ted  according to Klyne [6] and the exper imenta l  figures, For I and V it can be substantiated by an analy-  
sis of the differential  spectrograms of their carbohydrate moiet ies  in the IR region of the spectrum (figure) according to 
Kovalev and Litvinenko [7]. The spectrum of V has a band at 895 cm -1 which is character is t ic  for the ~-glycosidic  bond 
[8] and lacks a band at 840 i 10 cm -I.  Under these conditions, I gives only a band at 844 cm "1, which is due to the pres- 
ence of an c~-glucosidic bond in it [8]. 
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IR spec~:ra of the acyl  a -  
D-glucopyranoside [1] and 
the acyl  ~3-D-lactoside [2] 
of 18~-glycyrrhet ic  acid 
and the corresponding spec- 
tograms of their carbohy- 

drate moiet ies  ( ly ,  2y). 

Experimental  

All the mel t ing points were determined on a Boetius micro heating stage and have 
been corrected.  The angles of rotat ion were measured (the acyl  glycosides in 95% etha-  
nol and their benzoates and acetates  in chloroform) on a Carl Zeiss polar imeter  with a 
sodium spectroscopic lamp.  The IR spectra were taken on a Nippon Bunko DS-301 in- 
strument ( 4 - 6  mg of substance in 800 mg of potassium bromide,  in tablets) .  

The chromatography was carried out with type KSK si l ica gel  (100-200 mesh for 
columns and 200-250 mesh for plates).  In the production of the free acyl  glycosides, 
the columns were subjected to gradient elution with b e n z e n e - e t h e r  in ratios of 9 : 1, 
4 : 1, 7 : 3, 1 : 1, 2 : 3, and 1 : 4 and then with b e n z e n e - m e t h a n o l  in the same ratios 
(100 ml of each mixture).  In the case of the acetates  and benzoates  of the acyl  g lyco-  
sides, the columns were eluted only with b e n z e n e - e t h e r ,  as above. Chromatographic 
monitoring was carried out on plates (9 x 12 cm) with a thin layer of s i l ica ge l  fixed 
with gypsum in the following systems: 1 ) b e n z e n e - e t h e r  (7:a); 2) b e n z e n e - m e t h a n o l  
(7 : 3); a) b u t a n o l - e t h a n o l - 1 8 %  ammonia (18 : 3 .5:  18); and on plates with gypsum in 
system 4) c h l o r o f o r m - m e t h a n o l  (19 : 8"). The chromatograms were revealed with an- 
t imony pentachloride.  Analyt ica l  samples were dried in a vacuum gun over phosphorus 
pentoxide at 83 ° C. 

The 18~3-giycyrrhetic acid used in the synthesis we obtained as described by 
Drefahl and Suneck [9], mp 291-293 ° C, [cx]~ +170 ± 1 ° (c 1.51; chloroform) and 
[c~]~ +150 ± 1 ° (c 1.06; 95% ethanol).  The 18c~-glycyrrhetic acid was prepared as de-  
scribed by Beaton and Spring [10], mp 329-332 ° C and [c~]~ +98 ~ 3 ° (c 0.41; me tha -  
no l -ch lo ro fo rm) .  

Acyl  2, 3, 4, 6 - t e t r a -O-benzoy l - a -D-g lucopy ranos ide  of 18~-glycyrrhet ic  acid 

A. Condensation was carried out by the procedure described previously [1]. To 
0.6 g of 183-glycyrrhet ic  acid in pyridine (5 ml)  were added 8.2 g of 2, 3, 4, 6 - t e t r a - O - b e n z o y l - a - D - g l u c o p y r a n o s y l  bro- 
mide  [11] and I g of act ive silver oxide.  The mixture was stirred, in i t ia l ly  at 10 ° C (15 min), and then at room t empera -  
ture (4 hr). The react ion product was diluted with ace t ic  acid (20 ml)  and poured into water (500 ml).  The precip i ta te  
was fi l tered off and dried, and its solution in benzene (100 ml)  was chromatographed on a column of s i l ica gel  (40 g). 

The separation was checked in system 1. The fractions col lec ted ,  after t rea tment  with ether (20 ml)  and recrysta l l iza t ion 
from methy lene  c h l o r i d e - m e t h a n o l  of the prec ip i ta te  that deposited, gave 0.94 g (70% of theory) of the acyl  glucoside 

+ o benzoate  with mp 256-257 ° C and [ a ] ~  +124 i 1 ° (c 2.06). Calculat ions according to Klyne gave [a]D 125.5 . In the 
calculat ions,  a value of [ a ] ~  +84 ° was taken for the benzoate  of methyl  a -D-g lucopyranos ide .  

Found, %: C 73.01; 72.80; H 6.88; 6.97. Calculated for C64HIzOls ' (1/2)CHaOH , %: C 72.72; H 7.00, 

B. To 0.74 g of finely ground silver 188-glycyrrheta te  (obtained by precipi ta t ion from a 10%0 solution of the sodium 
salt with a 10% solution of silver ni trate)  in a mixture  of dry benzene and acetoni t r i le  was added 3.2 g of 2, 8, 4, 6 - te t ra -  
O - b e n z o y l - a - D - g l u c o p y r a n o s y l  bromide,  and the mixture was stirred for 24 hr at room temperature .  After chromatogra-  
phy on a column of s i l ica gel  as above, 0.51 g (38% of theory) of a substance with mp 254-256 ° C and [c~]~ +123 i 1 ° 
(c 2.02) was obtained.  The substance gave no depression of the mel t ing  point in admixture with a sample of the benzoate  
of the acyl  c~-D-glucopyranoside of 188-glycyrrhet ic  acid from the previous exper iment ,  and it had an IR spectrum s imi-  
lar to that of this sample.  

Mixture of ,an0meric aceta tes  of the acyl  D-glucopyranosides of 18t~-glycyrrhetic acid 

A mixture of 0.6 g of 18tS-glycyrrhetie acid in pyridine (5 ml)  and 2 g of 2, 8, 4, 6 - t e t r a - O - a c e t y l - a - D - g l u c o p y -  
ranosyl bromide [12] was condensed in the presence of act ive silver oxide (1 g) as in the preceding exper iment .  Chroma-  
tography on a column of si l ica gel  (40 g) and subsequent crys ta l l iza t ion from ether (30 ml)  y ie lded 0.7 g (7% of theory) 
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of a substance with mp 227-229 ° C, [ a ] ~  +111 i 1 ~ (c 2.01). The ca lcu la ted  figure for the ace ta te  of the acyl  cx-D-glu- 
eopyranoside of 18B-glycyrrheric acid was [a iD +161 ° and that for its anomer l a i d  +91 °. In the calculat ions,  the specific 
rotation of methyl  t e t r a - O - a c e t y l - a - D - g l u c o p y r a n o s i d e  was taken as [ a ] ~  +134 ° [18] and that of its anomer [ a ] ~  - 1 8 . 2  ° 
[18]. 

Found, 070: C 66.09; 65.981 H 7.88; 7.89. Calculated for Ca4H64013, %: C 65.98; H 8.05. 

The acyl  c~-D-glucopyranoside of 18t~-glycyrrhetie acid (I) 

A. 0.62 g of the benzoate  of the acyl  a -D-g lucopyranos ide  was deacyla ted  with 0.1 N sodium methoxide in me th -  
anol (8 ml )  in a mixture of 6 ml  of absolute methanol  and 2 ml  of freshly purified methylene  chloride at room tempera -  
ture (10 min).  The solution was acidif ied with acet ic  acid, stirred with si l ica gel  (10 g), dried, and transferred to a co l -  
umn of s i l ica gel (80 g). After chromatography and subsequent t rea tment  of the fractions col lec ted  with ethyl aceta te ,  
0.88 g of the substance was obtained.  The separation was monitored by th in- layer  chromatography in system 2. After re- 
crys ta l l iza t ion  from ethyl  ace ta te  containing 107G of ethanol,  0 .a l  g was obtained of the acyl  glucoside (82% of theory) 

+ o with mp 182-184 ° C, [ a ] ~  +158 ± 2 ° (c 1.87). Calcula ted:  l a i D  160 C. In the calculat ions,  [ a ] ~  +158 ° was used for 
methyl  c~-D-glucopyranoside [14]. 

Found, %: C 67.51; 67.86; H 9.50; 9.28. Calcula ted  for C36Ha60 9. CzHsOH , %: C 67.28; H 9.20. 

B. A suspension of 0.58 g of a mixture  of anomeric  aceta tes  of acyl  a -D-g lucopyranos ides  of 18B-glycyrrhetic acid 
in 10 ml  of absolute methanol  was deace ty la ted  with 0.1 N sodium methoxide in methanol  (8 ml)  at  room temperature  
(4 hr). After chromatography on a column of s i l ica gel  and subsequent t rea tment  as in the preceding experiment ,  0.14 g 
(80% of theory) of a substance with mp 280-282 ° C, [ a ] ~  +144 a: 2 ° (c 0.62) was obtained.  It was ident ica l  with the acyl  
a -D-g lucopyranos ide  (I) of the preceding exper iment  in respect of the mel t ing  point of a mixture and its IR spectrum but 
was apparent ly contaminated  with a smal l  amount of the B-anome:.  

In addit ion,  from the benzene-e the r  eluates  was isolated 0.15 g of the methyl  ester of 18~-glycyrrhet ic  acid with 
mp 280-251 ° C [C~]D +161 t 1 ° (c 0.88; chloroform). It was identicax with an authentic sample [9] according to a mixed  
mel t ing  point, its IR spectrum, and its chromatographic  behavior in systems 1 and 2. Data re la t ing to the other acy l  g ly-  
cosides of 18~- and 18a -g lycy r the t i c  acids are given in the table .  

Acid hydrolysis of the acy l  glycosides of 18B-glycyrrhet ic  acid  

A. A mixture  of 0.0598 g of the acyl  a -D-g lucopyranos ide  (I) and 10 m l  of 0.2 N hydrochloric acid in 50% aqueous 
methanol  was stirred for 2 hr at room temperature .  The methanol  was dist i l led off in vacuum and the precipi ta te  that  de-  
posited was recrys ta l l ized from aqueous ethanol .  This gave O.0895 g of 18g-glycyrrhet ic  acid with mp 288-290 ° C (mix-  
ture with an authentic sample),  [ a ] ~  +167 ~ 2 ° (c 0.68; chloroform). The f i l t rate of the hydrolyzate  was passed through a 
column of Dowex-2 anion-exchanger  (CO~- form). The eluates were concentrated and chromatographed on a plate  with 
gypsum in system 4. After staining with a -naph tho l  [18], only glucose was detec ted .  The behavior of the acy l  a - D - x y l o -  
pyranoside (II) and of the acy l  D- and L-a-arab inopyranos ides  (III) and (IV) were s imilar  under these conditions. 

B. 0.1029 g of the acyl  B-D-lactos ide  (V) was t reated with methanol ic  hydrochloric acid as above. This gave 
0.0582 g of methyl  183-glycyrrheta te  with mp 247-249 ° C (mixture with an authentic sample),  [ a ] ~  +156 + 2 ° (e 0.81; 

chloroform). 

The chromatography of the hydrolyzate  on a gypsum plate in system 4 showed the presence of lactose and traces of 

glucose. 

The acy l  $ -D- lac tos ide  (VI) of the 18c~-glycyrthetic ac id  was subjected to methanolysis  s imi lar ly .  

Alkaline hydrolysis of the acy l  glycosides of 18B-glycyrrhet ic  acid 

A mixture of 0,050 g of the acyl  c~-D-glucopyranoside (I) and 10 m l  of a 0.2 N solution of potassium hydroxide in 
50070 aqueous methanol  was stirred at room temperature  for 2 hr. Methanol  (10 ml)  was added to the solution and it was 
passed through a column of KU-2 ion exchange resin (H + form), The etuates were evaporated in vacuum to small  bulk 
and the prec ip i ta te  that deposited was recrysta l l ized from aqueous ethanol.  This gave 0,028 g of 18B-glycyrthet ic  acid 
with mp 287-289 ° C (mixture with an authentic sample),  [ a ] ~  +165 i 8 ° (c 0.48; chloroform). The f i l t ra te  of the hydroly-  
zate  was invest igated chromatographica l ly  on a plate  with gypsum in system 4, After staining with c~-naphthol, glucose 
was detec ted .  The other acy l  glycosides of 183- and 18a-g lycyr rhe t i c  acids were also hydrolyzed under these conditions, 

except  for their  acyl  /3-D-lactosides (V) and (VI), which underwent methanolysis.  

Methanolysis of the acyl  glycosides of 18~- and 1 8a -g lycyr rhe t i c  acid > 

One mi l l i l i t e r  of a 10°70 solution of potassium hydroxide in methanol  was added to 0.043 g of the acy l  a - D - g l u c o -  
pyranoside (I) of 183-glycyrrhet ic  acid in absolute methanol  (15 ml),  and the mixture was left  at room tempera ture  (0.5 
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hr). It was then passed through a column of KU-2 resin (H + form) and the eluates were evaporated to 1 ml .  This gave 
0.029,~ g of methyl  18~-glycyrrhetate  with mp 248-249 ° C (mixture with an authentic sample), [ a ] ~  +157 • 3 ° (c 0.53, 
chloroform). 

The mother  liquor was invest igated on a plate  with gypsum in system 4, and glucose was detected.  The other acy -  
lated and free acyl  glycosides of 183-glycyrrhet ic  acid were also subjected to methanolysis under these conditions. The 
aceta tes  of the acyt 1)- and L-a-arabinopyranos ides  of 18c~-glycyrrhetic acid underwent comple te  methanolysis  in 1 min 
at room temperature .  

Summary 

The acyl c~-D-glucopyranoside, the acyl ~-D-xylopyranoside, the acyl D- and L-c~-arabinopyranosides, and the 
acyl $-D-lactoside of 18$-glycyrrhetic acid, and also the acyl B-D-lactoside of 18c~-glycyrrhetic acid have been synthe- 
sized. The acid and alkaline hydrolysis of the compounds obtained has been studied. 
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