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In the glycosylation of choles terol  and of f l -s i tos terol  with s -D-g lucose  (ethyl orthoacetate)  and with 
maltose (methyl orthoacetate)  in ni t romethane in the p resence  of HgBr 2 (modification 1, see Scheme), in 
addition to the glycosides of choles terol  and f l -s i tos terol ,  we isolated the i r  e thers  [1-3]. The glyeosylation 
of choles terol  and f l -s i tos terol  with D-glucose ( ter t -butyl  orthoacetate)  in chlorobenzene in the p resence  
of 2,6-lutidinium perch lora te  (modification 2, see Scheme) is also accompanied by the format ion of by- 
products  - the aceta tes  of choles terol  and of f l - s i tos tero l  [4]. In the condensation of betulin and of 16-de-  
hydropregnenolone with carbohydra te  or thoaceta tes ,  the only by-products ,  both in the f i r s t  and second 
modification of the glycosylation process ,  were  the aceta tes  of the initial alcohols [2, 5]. 

According to the equation of the glycosylation reaction of hydroxyl-containing compounds with sugar 
o r thoace ta t e s -e the r s  and acetates  of the polycycl ic  alcohols are  not formed [6-8]. Since the by-products  
ar i s ing  remove the aglycone f rom the glycosylat ion reaction,  i t  appeared des i rable  to study this react ion 
in more  detail.  

In a study of the condensation of choles terol  with glucose (ethyl orthoacetate)  (modification 1), Koch- 
etkov et  al. [6] found that the react ion can take place in two direct ions  (glycosylation o r  t ranses ter i f ica t ion)  
depending on the solvent and the catalyst ,  which they explained by the ambident p roper t ies  of the carbo-  
cation fo rmed  as  an in termediate .  

It has been shown previously  [4] that a possible source of by-products ,  especia l ly  choles teryl  ace -  
rate, in the glycosylation of choles terol  (modification 2) may be glucose (cholesteryl  or thoacetate)  (I), which 
apparent ly a r i s e s  in para l le l  with the des i red  product  and undergoes complete t ransformat ion  under the 
conditions of the exper iment .  A study of the p rocess  of the t ransformat ion of this o r thoes t e r  during the 
synthesis  is also closely connected with two-stage glycosylation (modification 3) [9-11], since the yield of 
glycoside depends on the completeness  of the t ransformat ion of the o r thoes te r  (I), which is i somer i c  with 
the des i red  glycoside (IV). Consequently, we decided to investigate how the t ransformat ion  of (I} takes 
place under various conditions of glycosylation by the o r thoes te r  method. 

In fact,  as  follows f rom the exper imental  resul t s  (exper iment  1), off t rea tment  under  the conditions 
of synthesis ,  (I) gives a se r ies  of t ransformat ion products  (modification 1). 

Somewhat unexpected is the format ion of substance (III) which was not detected in the glycosylation 
of choles terol  with a -D-g lucose  (ethyl orthoacetate)  [7]. Thus, when choles terol  was heated in the p r e s -  
ence of HgBr 2 in control  exper iment  4, 1.6% of (II) was formed.  

In an investigation of the process  of conversion of (I) under other  glycosylat ion conditions (modifi- 
cation 2), it was established that substance (III) is formed together with (IV) and (I) 30 rain after the ad- 
dition of the catalyst to the reaction mixture (modification 2). After 20 h, an appreciable amount of a 
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highly polar  substance of s te ro l  nature  and t r aces  of the initial o r thoes te r  (I) were  detected in the react ion 
mixture .  

It can be seen f rom exper iments  1 and 2 that (III) can a r i se  f rom (I). The appearance of (II) cannot 
be explained sole ly  by the decomposit ion of (I) (10.5%, exper iment  1), since (IT) can be formed also as the 
resu l t  of the dehydration of choles terol .  

We have found no information in the l i t e ra tu re  on the appearance of e the rs  in react ions  of carbohy-  
dra te  or thoace ta tes  [6-8]. It must,  however,  be noted that cyclic o r thoes te r s  of carboxyl ic  acids undergo 
t rans format ions  giving r i se  to e thers  when they a re  heated in the p resence  of FeCls, BF3, etc.  [12-14]. 
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In the f i r s t  stage of the t ransformat ion of (I) under the conditions of the two-stage method of giy- 
cosylation (modification 3) [8-11], the t ranses te r i f ica t ion  by the choles terol  of glucose ( ter t -butyl  or tho-  
acetate)  takes place,  and in the second stage the t ransformat ion of (I) ar is ing into the i somer i c  glycoside 
takes place. The react ion is pe r fo rmed  in dichloroethane (DCE) in the presence  of 2,6-1utidinium p e r -  
chlorate  and p-toluenesulfonic acid (PTSA), and compounds (ID, (III), (I), and (IV) a re  obtained (see Scheme). 
Choles ta-3 ,5-diene  is also formed in ve ry  small  amounts.  

Heating choles terol  in DCE in the p resence  of PTSA and 2,6-1utidinium perch lora te  gives substance 
(II) and a t race  amount of choles ta-3 ,5-diene (exper iment  5). 

The resul ts  of this exper iment  and of exper iments  1 and 2 agree  in showing that the source  of the 
formation of choles teryl  aceta te  is, in fact, (I). Compound II a r i s e s  mainly by the decomposit ion of (I) and 
par t ia l ly  through the dehydration of cholesterol .  

The incomplete t ransformat ion  of glucose (cholesteryl  orthoacetate)  (D under the conditions of the 
two-s tage  method of synthesizing glycosides leads to lower yields of des i red  products  than the one-s tage 
syntheses  (modifications 1 and 2). The same incomplete conversion was observed  by Bashkatova et  al. [15] 
in the prepara t ion  of glycosyl g lycer ides  through the i somer i c  o r thes te r s .  
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E X P E R I M E N T A L  

The ca ta lys t s ,  the solvents ,  and the sorbents  were  p r e p a r e d  as  descr ibed  in the l i t e ra tu re  [6, 8]. F o r  
th in - l aye r  ch romatography  we used the following solvent  systems-. 1) c h l o r o f o r m - m e t h y l  ethyl ketene 
(98.5 : 1.5) (A1203); 2) pe t ro leum e t h e r - d i e t h y l  e ther  (98.5 ." 1.5); and 3) pe t ro leum e t h e r - a c e t o n e  (4 : 1) ion 
a nonfixed l aye r  of s i l ica  gel). The react ion products  were  detected with the aid of concentra ted H2SO 4 or  
a sa tura ted  solution of SbC13 in ch loroform.  

In column chromatography ,  the f rac t ions  were  eluted success ive ly  with pe t ro leum ether ,  benzene, 
and chloroform.  The mel t ing  points were  de te rmined  on a Kofler  block. The choles ta -3 ,5-d iene  [16], the 
d icholes tery l  e ther ,  the choles te ry l  ace ta te ,  and the choles te ry l  f l -D-glucoside t e t r aace ta t e  gave no de-  
p ress ions  of the mel t ing  points in admixture  with the respec t ive  authentic samples .  The s - D - g l u c o s e  
(choles tery l  or thoacetate)  was synthesized as descr ibed  in the l i t e ra tu re  [6, 17], mp 98-102°C, [~]~ + 2.2 ° 
(c 0.63; CHCl3), and the acid tes t  was posi t ive.  The yields a re  given for  chromatograph ica l ly  homogeneous 
substance s. 

Expe r imen t  1. Decomposi t ion of u - D - G l u c o s e  1 ,2-0- (Choles te ry l  Orthoaeetate)  in Ni t romethane in 
the P r e s e n c e  of HgBr  2 (Modification 1). Af ter  0.716 g (0.001 mole) of (I) had been d isso lved  in 12 ml  of 
Ctt3NO2, 2 ml  of the solvent  was dis t i l led off, and 0.04 mmole  of t tgBr  2 in 4 ml of benzene was added. The 
mix ture  was heated with azeo t rop ic  dist i l lat ion and with the volume of the react ion mix tu re  kept constant.  
After  boiling had continued for  30 min,  a p rec ip i ta te  deposited.  After  the end of heat ing (2.5 h), the p r e -  
cipitate was f i l te red  off and washed with methanol .  This gave 0.083 g (10.5%) of d icholes tery l  e ther  with 
mp 201-202°C. The react ion  mix tu re  was evapora ted ,  and the res idue  was chromatographed  on a column 
of A1203 (h=10 era, S=3.14 cm). In this way, 0.04 g (11.1%) of cho les te ry l  ace ta te  was isolated.  The col-  
umn was eluted with methanol ,  the solvent was dist i l led off, and the res idue was t r ea ted  with a mix ture  of 
pyridine and ace t ic  anhydride to conver t  any choles te ro l  into i ts  ace ta te  (2 : 1, 24 h at  20°C). After  the ap-  
p rop r i a t e  working up, the res idue  was again deposited on a column of A1203 and eluted. This gave 0.247 g 
(55.05~o) of cho les te ry l  ace ta te  with mp 113-114°C and 0.128 g (17.8%) of choles te ry l  f l -D-glucoside t e t r a -  
ace ta te  with mp  156-158°C. 

Expe r imen t  2. Decomposi t ion of (I) in Chlorobenzene in the P r e s e n c e  of 2,6-Lutidiniu.m Pe rch lo ra t e  
(Modification 2). After  0.00002 mole  of ca ta lys t  had been dissolved in 10 ml  of DCE, 7 ml  of the solvent 
was dis t i l led off, the res idue was added to a solution of 0.001 mole  of (I) in 8 ml of chlorobenzene,  and the 
mix ture  was heated for  1 h with azeo t rop ic  dist i l lat ion of the solvent.  Then the react ion mix tu re  was left  
at  room t e m p e r a t u r e  fo r  12 h, s ince the acid t e s t  gave a posi t ive react ion for  unchanged o r thoes t e r  (I). 
The chlorobenzene was evapora ted  off, and the res idue  was ehromatographed  on a column of A1203. This 
gave 0.040 g (9.03%) of cho les te ry l  ace ta te .  After  t r ea tmen t  of the res idue as  descr ibed  in exper iment  1, 
0.084 g (19.6%) of choles te ry l  aceta te  and 0.156 g (21.7%) of eholes te ry l  f l -D-glucoside t e t r aace ta te  were  
isolated.  

Expe r imen t  3. Synthesis of Choles te ry l  f l -D-Glucoside Te t r aace t a t e  by Two-Stage Glycosylat ion in 
the P r e s e n c e  of 2 ,6-Lut idinium P e r c h l o r a t e  and PTSA. F r o m  a solution of 0.386 g (0.001 mole) of cho- 
l e s t e ro l  and 0.404 g (0.001 mole) of a - D - g l u c o s e  ( te r t -buty l  or thoacetate)  in 10 ml  of DCE 2 ml  of solvent 
was  dis t i l led off, and then 0.00002 mole  of PTSA was added. Azeotropic  dist i l lat ion was p e r f o r m e d  for  
1.25 h. Then 0.00002 mole  of 2,6-1utidinium pe rch lo ra t e  was added, and heating with continuous boiling 
and dist i l lat ion of the solvent was continued for  1.25 h. The reac t ion  mix tu re  was left  fo r  12 h. The acid 
t e s t  fo r  s - D - g l u c o s e  (choles tery l  or thoacetate)  was posi t ive.  The solvent was evapora ted  off, and the r e s -  
idue was sepa ra t ed  by the usual  method.  This  gave 0.0109 g (2.9%) of choles ta -3 ,5-d iene ,  0.013 g (3.7%) 
of d icholes te ry l  e ther ,  0.157 g (36.6%) of cho les te ry l  ace ta te ,  and 0.3 g of a mix tu re  of the glucose or tho-  
ace ta te  (I) and choles te ry l  f l -D-glucoside  t e t r aace ta t e  (IV). 

The mix tu re  of (I) and (IV) was d isso lved  in 6 ml  of acetone and 3 ml  of 0.1 N H2SO4, and the solu-  
tion was kept  a t  20°C fo r  2 h, neut ra l ized  with pyridine,  and evaporated.  Af ter  t r ea tmen t  as  in exper iment  
1, 0.051 g (11.9%) of cho les t e ry l  ace ta te  and 0.145 g (20.2%) of eholes te ry l  ~ -D-g lucos ide  t e t r aace ta t e  were  
isolated.  

E x p e r i m e n t  4: Under the conditions of expe r imen t  1, 0.386 g of choles te ro l  was heated in n i t rometh-  
ane. This  gave 0.006 g (1.6%) of d icholes te ry l  e ther .  

E x p e r i m e n t  5. A react ion  under  the conditions of expe r imen t  3 was p e r f o r m e d  with 0.386 g of cho-  
l es te ro l .  This  gave 0.004 g (1.0%) of cho les ta -3 ,5 -d iene  and 0.055 g (14.3%) of d icholes tery l  e ther .  

468 



SUMMARY 

1. The transformaiion of s-D-glucose (eholesteryl orthoacetate) has been studied under various 
conditions of glycosylation by the orthoester method. 

2. It has been shown that cholesteryl acetate is formed from glucose (cholesteryl orthoacetate). 

3. It has been established that under the conditions of the orthoester method for the glycosylation of 
cholesterol dicholesteryl ether can be obtained both from glucose (cholesteryl orthoacetate) and by the de- 
hydration of cholesterol. 
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