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A L K Y L  

Reference has been made previously [1-4]  to the orthoester method,  a new method that we have developed for th:x 
synthesis of glucosides. The react ion upon which this method is based [1, 2] was discovered in an investigation of the 
condensation of ace ty la ted  alkyl  orthoacetates of D-glucopyranose (I)  and (II)  with cholesterol (III) .  The present paper 
gives a more deta i led account of the results obtained in a study of this react ion.  They enable not only the opt imum con-  
ditions of glycosylat ion to be selected but also some idea of the mechanism of this react ion to be obtained.  

We have studied the condensation of the alkyl  orthoacetates of glucopyranose with cholesterol in various solvents 
in the presence of acid catalysts (proton or Lewis acids). It was found that this condensation can take place in two d i -  
rections depending on the nature of the solvent and the type and amount of the catalyst :  
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Under the conditions studied, the react ion ca ta lyzed  by p-toluenesulfonic acid (TsOH) takes place only in d i -  
rect ion (2),  regardless of the solvent.  The same is observed in solvents of low polari ty (dichloroethane or ethyl aceta te)  
in the presence of mercur ic  bromide (HgBrz) or a mixture of this agent with TsOH. In ni tromethane,  the direct ion of 
the condensation ca ta lyzed  by HgBr~ or a mixture of HgBr~ and TsOH (HgBr 2 >> TsOH) is determined by the amount of 
mercuric bromide.  I f  the amount of this agent exceeds ~ 0.006 mole  per mole of orthoester, glycosylat ion (1) is the 
main direct ion of the react ion.  At HgBr 2 ~ 0.001 mole ,  transesterification (2)  predominates.  An analogous situation 
is found for reactions ca ta lyzed  by mercuric  chloride (HgC12) or cubic bromide (CuBr2) in ni t romethane or by HgBr z in 
acetoni t r i le ,  but the change in the direct ion of the react ion (from transesterif icat ion to glycosylat ion) takes place at 
far higher amounts of catalyst  (of  the order of 0 . 1 - 0 . 5  mole) .  

Other catalysts that we investigated [ t i tanium tet rachlor ide,  TIC14; cupric ace ta te ,  Cu (OAc)2; and mercuric  
ace ta te ,  HG (OAc) 2 ] in ni tromethane caused only transesterif ication,  the last agent having an ex t remely  low act ivi ty .  
Consequently, glycosylat ion (1)  takes place  in highly polar media  and is ca ta lyzed  by mercury or copper hal ides .  For 
each combinat ion  of solvent and catalyst  there is some minimum amount of catalyst  below which transesterif icat ion (2),  
and above which glycosylat ion (1),  predominates.  On this basis the opt imum standard method for the glycosylat ion of 
alcohols with orthoesters of sugars has been developed, allowing us to syntheize cholesterol 8-D-glyeopyranoside 
te t raace ta te  (IV) in high yield (45%).  This method was subsequently used for the synthesis of various glycosides from 

complex aglycones [2-5] .  

It must be emphasized that we did not observe the formation of an o~-glucoside in any of the experiments on the 
glycosylat ion of cholesterol ,  which shows the  high s tereospecif ici ty  of the react ion,  and we have subsequently confirmed 

this with other examples  [8, 4]. 

The results obtained enable  some prel iminary ideas on the mechanism of the new glycosylat ion react ion to be e x -  

pressed which, i t  is considered, s t i l l  require rigid exper imenta l  proof. It is quite c lear  that the formation of  the glycoside 
(IV) or the new orthoester (V) must be due to a nueleophiI ic  exchange at the glycosidic or the orthoester carbon atom of 
the original  orthoester. However, the s tabi l i ty  of the orthoesters even to such powerful nucleophiles as M e O -  ( e l .  [6]) 
excludes the possibil i ty of a nucle0phil tc  a t tack of the alcohol on the neutral molecu le  of the orthoester. Consequently, 
the first stage of the reac t ion  is apparently the spli t t ing off of an a lkoxide  under the influence of a proton or a meta l  



cation and t'he formation of a cyclic carbocation (VI): 

CH~OAc CPIzOAc 

AcO ~ 0 AcO , 0 0 . /  A 0....~ etc.  
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The teact ion of cations of this type with alcohols can take place in two directions [7]: by nucleophi l ic  a t tack of 
the alcohol  on the glycosidic center ( l a )  with the formation of a glycoside,  and by nucleophil ic  at tack of the alcohol 
on the elec::rophilic center of the cation (VI) (2)  with the formation of a new orthoester: 
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In polar media ,  part ia l  dissociation of mercuric  bromide or analogous catalysts may  be assumed with the fo rma-  
t ion of a complex anion of the type [HgBrs] - ,  taking part in the creat ion of a close ionic pair with the cat ion (VI).  
Under these; conditions screening of the e lec t rophi l ic  center of the  cat ion (VI) must take place,  direct ing the at tack of 
the nueleophil ic  reagent to the glycosidic center of the sugar with reversal of the configuration and the formation of a 
glycoside by scheme ( l a ) .  Under conditions where the complex anion is not formed (non-polar  solvents) or exists in low 
concentrat ion ( smal l  amounts of catalyst) ,  the screening of the cat ion (VI) does not take place  or becomes ineffect ive ,  
so that  the react ion takes p lace  by scheme (2a), which leads to a new orthoester. The rearrangement  of the benzoyla ted  
methyl  orthobenzoate of D-glucopyranose into the isomeric methyl  8-D-glucopyranoside described by Helferich [8] 
probably takes place by an analogous mechanism with the prel iminary split t ing out of methanot  and its subsequent r e -  
act ion with a cyc l ic  carbocat ion of type (VI) screened by a complex anion. 

Thus, it may be assumed that both directions of the react ion,  rearrangement  of the orthoester and glycosylat ion,  
take place  with the same in termedia te ,  i . e . ,  a carbocat ion of type (VI).  In both cases, the alcohols are glycosylated 
by a cat ion of type (VI). In ac tual  fact ,  we have observed the conversion of orthoesters into isomeric glycosides under 
condit ions s imilar  to the glycosylat ion conditions. 

The considerations expressed on the mechanism of glycosylat ion are based on some general  ideas on the reac t iv i ty  
of the glycosidic center of a sugar (c f . ,  for example ,  [7]) and agree well  with the avai lab le  exper imenta l  data .  A more 
comple te  confirmation of the mechanism proposed can evident ly  only be obtained b y  carrying out a special  inves t iga-  
t ion.  

Experimen~:a_~l 

The halogen-conta ining solvents were freed from acidic  impurit ies by doub led i s t i l l a t i on  over ca lc ium carbonate .  
The ni tromethane was dist i l led at 100-200 mm over urea and then twice  over phosphorus pentoxide.  The ace toni t r i l e  
was twice dist i l led over P~Os. The ethyl  ace ta te  was washed with water,  with saturated aqueous sodium hydrogen ca r -  
bonate,  and with saturated aqueous ca lc ium chloride,  and was dried with CaC12 and twice dist i l led over PzOs. The 
a lumina was neutral ized by being boi led in dist i l led water 50 t imes,  and was then brought to Brockmann act iv i ty  grade 
III.  The th in- layer  chromatography was carried out on A1203 in the chloroform-methyle thylke tone  (98 .5  : 1 .5)  system 
[9]. Columns with a section of 1 cm 2 for each 0 . 5 - 1 . 0  g of substance were used for preparat ive chromatography on 
a lumina .  Gradient elution (discrete  gradient) from CC14 to CHC1 s was used. The fractions obtained from the column 
were analyzed by th in - l ayer  chromatography.  
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The ini t ia l  glucose orthoesters (I)  and (II)  were obtained as described previously [10]. The condensation t ech-  
nique was the same in a l l  experiments and was as follows. A solution of cholesterol and the orthoester was boiled for a 
few minutes and fresh solvent was added simultaneously at such a rate that the volume of the react ion mixture remained 
constant. After 2-3 ml of solvent had been disti l led off, the catalyst  was added (genera l ly  as a solution in d ichloro-  
ethane) and boil ing under the same conditions was continued for a determined period. A few drops of pyridine was added, 
and the mixture was cooled and evaporated to dryness under vacuum. The unchanged cholesterol was removed by r e -  
crys ta l l iza t ion from ni tromethane,  and the mother liquor was evaporated to dryness and analyzed by th in- layer  chroma-  
tography. The react ion products were isolated by chromatography on alumina with subsequent crystal l izat ion from 
methanol  or by direct  crystal l izat ion ( tab le ) .  Two typical  experiments are described below. 

Experiment 4. The react ion mixture.was evaporated with pyridine and the residue was crystal l ized from methanol .  
Substance (V) crysta l l ized in the form of friable spherical nodules, "yield 0.42 g (59%).  After recrysta l l izat ion,  0.30 g 
of (V) was obtained with mp 95-98°C, [c~] D + l ° ( c  5.0;  chloroform). A mixture with an authentic sample of (V) gave 
no depression of the mel t ing  point.  The sample was chromatographical ly  homogeneous and ident ica l  with an authentic 
sample.  Literature data:  mp 98-100°C, [c~] D + 2°(chloroform [10]. 

Experiment 8. The react ion mixture was cooled and left overnight.  The crystals of cholesterol were separated 
(0 .16  g, 41%), the mother liquor was evaporated with pyridine,  and the residue was crystai l ized from methanol .  Yield 
of substance (IV)- 0.82 g (45%), mp 157-159°C, [ a ]  D - 2 7 . 3 ° ( c  0.92; chloroform). A mixture with an authentic 
sample  gave no depression of the mel t ing point. Chromatographical ly  the sample was homogeneous and ident ica l  with 
an authentic sample.  Literature data:  mp 157-159°C, l a i d  -25° (ch lo ro fo rm)  [11]. 

Found, %: C 68.69; H 9.01.  Calculated for C41H64010, %: C 68.86; H 9.00.  

s u m m a r y  

The condensation of ace ty la ted  alkyl  orthoacetates of D-glucose with cholesterol has been studied. It has been 
shown that ei ther transesterif icat ion or glyeosylat ion may  take place,  according to the react ion conditions. Conditions 
have been found under which the sole direct ion of the react ion is glycosylat ion,  leading to the 1, 2- t rans-glycos ide .  A 
standard method for glyeosylat ing complex alcohols with sugar orthoesters has been proposed. 
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