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The fo rmat ion  of the fully acylated 1 , 2 - t r a a s - g l y c o s i d e s  when the o r t h o e s t e r s  of suga r s  a r e  reac ted  
with alcohols  under  the conditions of the o r thoes te r  method of g lycosyla t ion [2, 3] is at t imes  accompanied  
by secondary  reac t ions ,  the nature of which has not been  a sce r t a ined .  The consequence of such reac t ions  
are :  the fo rmat ion  of a smal l  amount of anomalous  1---2 l inkages in the po lysaccha r ides  that a r e  obtained by 
the po lymer iza t ion  of the inner  o r t h o e s t e r s  of a rab inofuranose  [4, 5] and xy lopyranose  [6], the probable  
branching and p r e s e n c e  of 1 ~ 2  c i s -g lycos ide  l inkages in the synthetic  xylan [6], and also the fo rmat ion  of 
a sma l l  amount of the ~ - a n o m e r  in the synthes is  of 3 -O- f l -D-g lucopyranosy l -D-mannose  by the o r thoes te r  
method [7]. The data on the s t ruc tu re  of the secondary  products ,  fo rmed  in the model  react ion  of g lycosy l a t -  
ing the s i m p l e r  alcohols  with the o r t h o e s t e r s  of ~ -D-g lucopy ranose ,  a re  given in the p re sen t  p a p e r  (see [8] 
for  p r i o r  communicat ion) .  

The p r i o r  exper imen t s  on the g lycosyla t ion  of methanol  with 1 , 2 - m e t h y l o r t h o a c e t y l - 3 , 4 , 6 - t r i - O - a c e t y l -  
a - D - g l u c o p y r a n o s e  (I) in chlorobenzene in the p r e sence  of 2,6-1utidiniam pe rch lo ra t e  at 140 ~ revea led  that,  
together  with glucoside (II), a subs tance  is a l so  fo rmed that  is p r e s u m a b l y  the pa r t i a l ly  a c e t y l a t e d ~ - m e t h y l -  
D-glucopyranos ide  der iva t ive ;  the amount of this substance i n c r e a s e s  when the reac t ion  t e m p e r a t u r e  is 
lowered .  For  this r e a s o n  a m o r e  detai led study was made at 84 ~ under conditions that lead to an a c c u m u l a -  
tion of the secondary product 

CH,~OA: CH2OAc CH2OAc CH~OAc k=o\ k_o\ 
A A., xo,.. / 

Me R 

~t), (vi i i )  (~s), (~x) ~m), (v& (xj,~xss) (v),(wl), (~l) 
(iv) 

R = Me (1); R = Me (II) ;  R ~ ~ Me, R 2 = H ( I I I ) ,  R 1 = Me, R 2 , ~  H (V); 

CsHII (VIII) C6Hu (IX) R i ~- R* = Me (IV), R i = .'vle, R * ~ GD~CO (Vl [) 

Ri= Me, I12 = CDsCO(VI); R I = C6HII, R~ = H (XI) 
R I = C6Hll,  R 2 = t-I (X); 

R 1 ~ C6Hn,  IR 2 ~ Ac  ( X I I )  

The mix tu re  of p roducts  obtained f rom the reac t ion  of o r thoes t e r  (I) with an equ imolar  amount of 
CHsOH was sepa ra ted  by chromatographing  on s i l ica  gel (SIC2) and subsequent  ana lys i s  of the f rac t ions  b e -  
fore  and a f t e r  aeetyla t ion.  Here  the amount  of the ace ta t e s  of the me thy l -D-g lucopyranos ides  was d e t e r -  
mined d i rec t ly ,  while that  of the pa r t i a l ly  ace ty la ted  glucosides  was de te rmined  by the inc rease  in the 
amount of the full ace ta tes  of the cor responding  glucosides  a f te r  acetyla t ion of the f rac t ions .  The yie lds  of 
the p r inc ipa l  r eac t ion  products  were  found in this way (see Table  1). 

We used CD3OD to es tab l i sh  the s t ruc tu re  of the products  in the above desc r ibed  reac t ion .  The r e a c -  
t ion products  were  sepa ra t ed  by chromatographing  on SiC 2 and were  cha r ac t e r i z ed  as indicated below. 

*See [i] for Communication 9. 
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TABLE 1. Yields of React ion Products  of 
Or thoes ter  (I) with Methanol in Chlorobenzene 
in P re sence  of 2,6-Lutidinium p e r c h l o r a t e  at 
84 ~ 

Compound 

Tetraacetates of methyl-D-gluco- 
pyranosides 

Partially acetylated methyl-D- 
glueopyranosides 

Yield, % 

~- 3t 
- I--2 

{ ~- to 
a- 28 

/3-Methyl-D-glucopyranoside te t raace ta te  (II) 
and/3-methyl -D-glucopyranos ide ,  obtained f rom (II) 
by deacetylat ion,  were  identified by comparison with 
authentic specimens [9]. The s t ruc tu re  of the s i rupy 
3 , 4 , 6 - t r i - O - a c e t y l - a  -methyl  -D-glucopyranoside (III) 
was establ ished by deacetylat ion and acetylation,  
which gave a -methy l -D-g lucopyranos ide  and its t e t r a -  
aceta te ,  which were  identified by comparison with 
authentic specimens [9], and by the methylat ton of (III) 
with diazomethane under conditions that excluded mi -  
gra t ion of the acetyl  groups [10]. The crysta l l ine  

methyl  e ther  (IV) was obtained in near ly  quantitative yield,  and its constants coincide with those given in 
[11]. The acid hydrolysis  of (IV), and subsequent reduct ion with NaBD 4 and acetylat ion,  gave 1,3,4,5,6- 
p e n t a - O - a c e t y l - 2 - O - m e t h y l - D - s o r b i t o l - l - D ,  the mass  spec t rum of which cor responds  to the spec t rum of 
the aceta tes  of the 2-O-methylhexi to ls ,  which have deuter ium at C-1 [12]. As a resul t ,  the par t ia l ly  ace ty-  
lated c~-methyl-D-glucopyranoside der ivat ive  has a f ree  hydroxyl  only at C-2.  

The 3 ,4 ,6- t r i -O-ace ty l - f l -methy l -D-g lucopyranos ide  (V) that is p resen t  in the mixture  of products  
could not be isolated in the pure  s ta te .  Never the less ,  i ts p r e sence  and s t ruc tu re  were  proved in the follow- 
ing manner .  Chromatographing the mixture  of products  on SiC 2 made it possible to isolate f ract ion A,whieh 
consisted of glucoside (V) and the t e t r aace t a t e s  of glucose (formed by the decomposit ion of the s tar t ing 
or thoes ter )  and was devoid of (II) and (III) as  impur i t ies .  The deacetylat ion of f ract ion A gave the c ry s t a l -  
line f l -methyl-D-glucopyranoside .  The acetylat ion of f rac t ion A with (CD3CO)20 gave a mixture  of the full 
ace ta tes ,  which was subjected to chromatographic  and m a s s - s p e c t r o m e t r i c  study. 

The t e t raace ta tes  of a lkylhexopyranosides  [13] and the penta -ace ta tes  of hexopyranose [14] are  cha r -  
ac te r i zed  by single f ragmentat ion paths,  which cor respond to the decomposit ion of the p r im a ry  ion of the 
acetylated glycosyl  cation (m/e  331) [15]. A compar ison  of the descr ibed  mass  spec t ra  [13, 14] with the 
mass  spec t rum obtained by us for t r i -O-ace ty l -mono-O-deu te roace ty l - /3 -methy l -D-g lucopyraaos ide  r e -  
vealed that the la t te r  has the same set  of cha rac t e r i s t i c  ions, in which connection a par t  of the peaks proved 
to be shifted by three  mass  units when compared  with the descr ibed  spec t rum.  The ions whose peaks were  
shifted were  those that contain acetyl  groups,  found in the s tar t ing glucoside at C-2,  C-3,  C-4,  and C-6 
(334), C-2, C-4,  and C-6 (292 and 245), at C-2,  C-3,  and C-4 (274), at C-2 and C-6 (203), and at C-2 and 
C-4 (160 and 118). Not shifted were  the peaks of the ions that contain acetyl  groups at C-4 and C-6 (169), 
and at C-3 and C-4 (211, 140). An analysis  of the obtained data shows that the 2 position is the sole posi -  
tion of the CD3CO group in the s tar t ing glucoside.  The validity of t reat ing the mass  spec t ra  in this manner  
is confirmed by the fact that the mass  spec t rum of 2 - O - t r i d e u t e r o a c e t y l - 3 , 4 , 6 - t r i - O - a c e t y l - ~ - m e t h y l - D -  
glucopyranoside (VI), obtained f rom t r iace ta te  (III), coincided with the above descr ibed  spect rum of the /3- 
methyl -D-glucopyranoside  der ivat ive .  As a resul t ,  the la t ter  compound has the s t ruc ture  of (VII), while 
the start ing par t ia l ly  acetylated glucoside contains a f ree  hydroxyl  at C-2 and has the s t ruc tu re  of (V). 

The methoxyl group, contained in the pr incipal  reac t ion  products ,  namely glucosides (II) and (Ill), 
could originate e i ther  f rom the CD3OD added to the react ion,  or f rom the undeuterated CH30 group of the 
s tar t ing o r thoes te r .  The origin of the CH30 group in these products  could be established f rom the d i s t r i -  
bution of the deuter ium in them.  The la t te r  was de termined  f rom the NMR spec t ra  of the/3-  and c~-methyl- 
D-glucopyranosides ,  r e spec t ive ly  obtained f rom (H) and (III). In both cases  the ra t io  of the integral  in- 
tens i t ies  of the signals of the protons  at C-1 and the signals of the CH30 group was ~1 : 1.5. In the NMR 
spec t rum of the synthet ical ly p repa red  mixture  of equimolar  amounts of the two glucosides the rat io  of the 
integral  intensi t ies  of the signals of the CH30 groups of the anomers  was 1 : 1. As a resul t ,  within the l imits  
of exper imenta l  e r r o r  the CH30 group in each of glucosides (lI) and (III) contains 50% of CHa-2H3 and 50% 
of CH 3-1H 3. Apparently,  this r e su l t  cannot be in te rpre ted  unequivocally.  However,  it is most  probable 
that the glycosylat ion reac t ion  p recedes  the rapid,  r eve r s ib l e  t ranses te r i f i ca t ion ,  as a resu l t  of which an 
equalizing occurs  in the amount of CD30 groups in the f ree  CH3OH and in the o r thoes te r  

CH202c 

Ace ; 

MeO/ocH3 

CD3OD 

C. H2OAc 

H ~ / / J ~ O ~  + CH OD 
�9 �9 Aco~,OAc / ;  3 

MeOs 
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Next it was necessary to establish the generality of the reaction that leads to glycosides (III) and (V), 
and to ascertain the nature of the compound formed in the cleavage of the orthoester (or aeetyl) group, 
which leads to a freeing" of the hydroxyl at C-2. These problems were solved on the example of the glueosy- 
lation of cyclohexanol with 1,2-cyclohexylorthoacetyl-3,4,6-tri-O-acetyl-c~-D-gluo opyranose (VIII), which 
was synthesized* from 2,3,4,6-tetra-O-acetyl-a-D-glueopyranosyl bromide by a modification [2] of the 
method given in [16]. The specific rotation, the chromatographic behavior, the behavior toward hydrolysis, 
and the NIVIR spectrum of orthoester (VIII) all corresponded to its structure. 

The condensation of equimolar amounts of orthoester (VIII) and cyclohexanol was run the same as de- 
scribed for the methyl analog. The reaction mixture was studied by chromatography and mass spectro- 
metry before and after acetylation with (CD3CO)20. Based on the retention time and mass spectra, eyelo- 
hexyl acetate and the tetraaeetates of the #- and a-cyclohexyl-D-glucopyranosides were identified in the 
mixture. An analysis of the mass spectra of these glucosides, done the same as the analysis of the spec- 
trum of the methyl analog (see above), revealed that in both cases the tetraaeetates represented a mixture 
of the 2,3,4,6-tetra-O-acetyl- and 2-O-trideuteroacetyl-3,4,6-tri-O-acetyleyelohexyl-D-glucopyranosides, 
which were devoid of noticeable amounts of the isomers with the CD3COO group in other positions. As a 
result, the same as in the case of the methyl analog, the glycosylation of cyclohexanol with orthoester (VIII) 
gives the fully acetylated 1,2-trans-glueoside (IX), 3,4,6-tri-O-aeetyl-c~-cyclohexyl-D-glueopyranoside (X) 
and its $-anomer ~'I), and also a small amount of the fully acetylated c~-cyclohexyl-D-glucopyranoside (XII) 
[17]. From the ratios of the areas of the peaks of the full acetates of the anomerie cyclohexyl glucosides 
on the GLC were estimated the relative amounts of these compounds in the acetylation products, while the 
fraction of each of them, formed directly during glyeosylation and arising in the deuteroacetylation of the 
corresponding triacetates, was estimated from the ratios of the intensities of the peaks of the deuterated 
and undeuterated ions in the mass spectra of these compounds. The ratio of the amount of each of the com- 
pounds in the glucosylation products was estimated on the basis of these data, and was found to be approxi- 
mately (IX) : (X) : ~KI) : ~XII) = 35:20: 8: 3, which is close to the ratio of the yields that was found for the 
methyl analog (ef. with Table i). 

The assumption that the partially acetylated glucosides are the products of the secondary transforma- 
tions of the principal reaction product, the fully acetylated p-D-glucopyranoside, was refuted by direct ex- 
periment. Glueoside (If) was recovered quantitatively when it was heated under the reaction conditions. 

As a result, it was established that, together with the principal glycosylation reaction, which leads 
to the fully acylated 1,2-trans-glycoside, another reaction also proceeds in the condensation of the ortho- 
esters of sugars with alcohols in chlorobenzene in the presence of 2,6-1utidiniurn perchlorate, with a pre- 
dominance of the c~-anomer 

CH2OAc CH2OAc 

+ ROH ~ OR + ROAc 

o ~ 
Me OR 

It is  evident that  this reac t ion  explains mos t  of ten anomal ies  when the o r thoes t e r  method is used,  
and speci f ica l ly :  the fo rmat ion  of 1 ~ 2  l inkages  and the branching in the po lysaccha r ides  that  a re  syn-- 
thes ized by this method,  and a lso  the inclusion of anomer i c  units in the po lymer  chain. It should be m e n -  
t ioned that  the indicated secondary  reac t ion  leads to the pa r t i a l ly  ace ty la ted  der ivat ive ,  i .e . ,  a compound 
that is quite different  in i ts  po la r i ty  and ch romatograph ic  behav ior  f rom the fully acylated 1 , 2 - t r a n s - g l y c o -  
side.  Consequently,  in the synthes is  of g lycos ides  and o l igosacchar tdes  by the o r thoes t e r  method the f o r -  
mat ion of secondary  p roduc t s  cannot impor tan t ly  re f lec t  on the s t e r i c  d i rec t ion of the reac t ion ,  s ince the 
secondary  pa r t i a l l y  acylated products  can be ea s i l y  sepa ra ted  p r i o r  to removing  the p ro tec t ive  groups .  It 
is speci f ica l ly  for  this  r e a s on  that products  of the (III) and (V) type were  not detected in numerous  eases  
of the success fu l  appl icat ion of the o r thoes t e r  method [18, 19]. The sole case  of detecting the anome r i c  
d i sacchar ide  [7] is a s soc ia t ed  with the isolat ion method that includes p r i o r  r emova l  of the p ro tec t ive  groups .  
Here  the d i f fe rences  in the p r o p e r t i e s  of the anomer i e  products  a re  counterbalanced,  as a r e su l t  of which 
the 1 , 2 - c i s - a n o m e r  accompan ies  the isolat ion of the 1 ,2 - t r ans -g lycos ide .  

Data will be p re sen ted  in a foilowing communicat ion  on the effect  of the reac t ion  conditions on the 
yie lds  of the pr inc ipa l  and secondary  products ,  and also data on the m e c h a n i s m  of the observed  t r a n s f o r m a -  
t ions.  At the p r e s e n t  t ime  the theory  can be e x p r e s s e d  that the anomalous  reac t ion  is a s soc ia ted  with a 

*A. V. Rodionova, student at the Moscow State Univers i ty ,  a s s i s t ed  in the synthes is .  
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protonation of the oxygen atom at C-2 and the subsequent decomposit ion of the acyclic  acyloxonium ion into 
alkyl acetate and glycosyl  cation. 

E X P E R I M E N T A L  M E T H O D  

The purification of the solvents and A1203 and the prepara t ive  chromatography conditions were de-  
scr ibed in [2, 3]; the TLC on A1203 was run in the s y s t e m :  CHC13-MeCOEt , 98.5:1 .5  (A), and on SiO 2 in 
the sys tem:  CHC13-MeCOEt , 85 : 15 (]3); the GLC was run on an LCM-8MD, Model 5 instrument,  using a 
steel column (1 m, 3% PNPGS deposited on Chromatone NA-AW-HW-HMDS, 80-100 mesh),  nitrogen as the 
c a r r i e r  gas,  a flow rate of 30 ml /min ,  and a f tame-ionizat ioa  detector.  The c h r o m a t o - m a s s - s p e c t r o m e t r y  
(CMS) was run on a Varian MAT III-Gnom instrument,  using a steel column (1 m, 3% SE-30 deposited on 
Varapaste,  80-100 mesh),  helium as the c a r r i e r  gas,  a flow rate of 15 ml /min ,  and an EID detector.  The 
other m a s s  spect ra  were taken on a Varian MAT, Grab H. CH6 instrument .  The compounds were analyzed 
by GLC and CMS, and were  identified by compar ison with authentic specimens.  The NMR spect ra  were 
taken on a Varian DA-60-IL spec t romete r  re lat ive to HMDS. The melting points were determined on a 
Kofter block. The solutions were evaporated in vaeuo at 30-40 ~ 

The acetylation was run with a 5 to 10-fold excess  of Ac20 in pyridine ( 1 : 2  by volume) at ~20 ~ over -  
night. To the mixture was added 1/5 volume of MeOH, after  30 rain the mixture was diluted 10-15 t imes  
with chloroform,  washed in success ion with water  and saturated aqueous NaHCO~ solution, again severa l  
t imes  with water ,  and then the organic layer  was evaporated to dryness .  

The deaeetylation was run with 0.05-0.1 equiv, of 0.05-0.1 N NaOMe solution in absolute MeOH at 
~20 ~ for severa l  hours .  The mixture was neutralized with cationite KU-2 (H + form) and evaporated to 
dryness .  

Condensation of 1 ,2 -Methy lo r thoace ty l -3 ,4 ,6 - t r i -O-ace ty l -~ -D-g lucopyranose  (I) with Methanol. A 
solution of 800 mg (2.20 mmole) of (I) [2] in 11 ml of chlorobenzene was distilled at a tmospher ic  p res su re  
until 3 ml had been removed and then the mixture was cooled to 30 ~ To 0.20 ml (0.011 mmole) of an 0.055 
M solution of 2,6-1utidinium perchlora te  [3] in MeNO 2 was added 4 ml of chlorobenzene and the mixture was 
evaporated at a tmospher ic  p r e s s u r e  to 1.5 ml. The obtained solution was t r ans fe r r ed  hot to an ampul, im-  
mediately mixed with the or thoes ter  solution and with 1.10 ml (2.20 mmole) of a 2.0 M solution of absolute 
MeOH in chlorobenzene,  after  which the ampul was sealed immediately,  with careful  protect ion from moi s -  
ture ,  and heated at 84 ~ for 9 h. To the ampul was added 2 drops of pyridine, the solution was evaporated 
to dryness ,  and the residue was t rea ted  with 10 ml of 95% AcOH. The solution was kept at 20 ~ for 10 min, 
after which toluene was added and the mixture was evaporated to dryness .  The residue was repeatedly 
evaporated with toluene and dried in vaeuo. The obtained sirup (780 mg) contains a substance with Rf 0.7, 
which is identical with glucoside (II), 0.3, and then a "tail" up to the start ing line (system B). The mixture 
was chromatographed on SIO2, collecting the fract ions:  a) 200 mg of a substance with Rf 0.7; b) 85 mg of a 
substance with Rf 0.7 and 0.3; and c) 500 mg of a substance with Rf ranging from 0.3 to 0.0 (columnbalance 
100%). The te t raace ta tes  of the ~ -  and f i -methyl-D-glueopyranosides  in a 3 : 56 rat io were identified in 
fraction a) by GLC analysis ,  s tart ing with 185 ~ and heating at a rate of 2 deg/min.  Acetylation of sample 
a) and subsequent chromatographing gave a mixture with the same rat io of the anomers .  Only glucoside 
(II) was detected in fraction b) by the same method (the sensiti~iity of detecting the ~ -anomer ,  determined 
via a control experiment,  is bet ter  than 0.5%), while the te t raace ta tes  of the ~ -  and f i -methyl-D-gluco-  
pyraaos ides  in a 1:2 rat io were detected after  acetylation.  Using the same method, the te t raace ta tes  of 
the methyl -D-glucos ides  were not detected in fraction c), while after  acetylation the t e t raace ta tes  of the 
~ -  and f i -methyl-D-glucopyranosides  and a mixture of the pentaacetates  of glucopyranose (with a p redom-  
inance of the ~ -anomer )  were found in a rat io of 5 : 2 : 8 (the calculation constants were found f rom the 
a reas  of the peaks in a standard equimolar  mixture of the authentic compounds). The yields of the products,  
given in Table 1, were determined f rom the found rat ios  and yields of the fract ions.  

Condensation of Orthoester  (I) with Tetradeuteromethanol .  In a s imi lar  manner  we condensed 8 g 
(22.1 mmole) of (I) with 1.10 ml (24.0 mmole) of CD3OD in 30 ml of chlorobenzene in the presence  of 0.11 
mmole  of 2,6-1utidinium perehlora te .  The react ion mixture was worked up and chromatographed.  The 
fract ions,  containing the substance with Rf 0.7, were combined as fract ion a) ((3.11 g), and all of the others  
were  combined as b). The recrys ta l l iza t ion  of a) f rom 20 ml of a 3 : 2  e t h e r - p e n t a n e  mixture gave 2.08 g 
(26%) of glucoside (II), mp 104-105 ~ (the mixed melting point with an authentic specimen was not depressed),  
[~ ]D-18-0~  (C 3.2; CHC13). Based on the TLC in sys tem A and the GLC the substance is identical with an 
authentic specimen [9]. 
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Fraction b) was combined with the mother liquor from the recrystallization of (If), and the mixture 
was repeatedly chromatographed on SiO 2. Here we obtained a fraction of the pure triacetate (III) (1.48 g, 
18.5%, Rf 0.3) and 2.42 g of a mixture of triacetates (III) and (V) and the tetraaeetates of glucose (Rf 0.i- 
0.257 (fraction e). 

f l -Methyl-D-glueopyranoside.  The deacetylat ion of 362 mg of glucoside (II) and subsequent r e c r y s t a l -  
l ization f rom MeOH-  e ther  (1 : 5) gave 180 mg (93% yield) of f i -methyl-D-glucopyranoside ,  mp 110% the 
mixed melting point of which with an authentic specimen was not depressed  [C~]D - 3 2 . 0  ~ (C 1.3, H20); see 
[9]. The NMR spect rum is deuteropyridine contains the signals (5, ppm): 3.43 s (1.5 H, OCH3) , 4.52 d (ill), 
J1, 2 7.5 Hz, H- l ) .  

a -Methy l -D-g lucopyranos ide .  The deacetylat ion of 530 mg of (III) gave 310 mg (98% yield) of c~- 
methyI-D-glucopyranoside ,  mp 165-166" (the mixed melt ing point with an authentic specimen was not de-  
p ressed) ,  [~]D +156~ (C 1.4; H20); see [9]. The NM1R spect rum in deuteropyridine contains the signals (5, 
ppm): 3.26 s (1.5 H, OCH3) , 4.94 d (1H), 51, 2 3.5 Hz, H-17. 

2 ,3 ,4 ,6 -Te t r a -O-ace ty t - a -me thy t -D-g lucopy ranos ide .  The acetylat ion of 250 mg of glucoside (Ill) 
gave 2 ,3 ,4 ,6- te t ra -O-ace ty l -c~-methyl -D-glucopyranos ide ,  the r ec rys ta l l i za t ion  of which f rom a 1 :1  e ther  
- p e n t a ne  mixture  gave 250 mg (89% yield) of product  with mp 100-101 ~ (the mixed melt ing point with an 
authent ic  specimen was not depressed) ,  laiD +130 ~ (C 1.75; CHCI~). Based on the TLC (sys tem A) and 
GLC the compound is identical with an authentic specimen [9]. 

2 - O - T r i d e u t e r o a c e t y l - 3 , 4 , 6 - t r i - O - a c e t y l - a - m e t h y l - D - g l u c o p y r a n o s i d e  (VI). Glucoside (Ill) (25 rag) 
was acetylated with (CD3CO)20 , and based on the CMS the product  was identified as being the t e t raace ta te  
of a -methy l -D-g lucopyranos ide ;  the mass  spec t rum contains peaks with the m / e  (the intensi t ies  in percen t  
of the intensity of the peak with m / e  98 a re  given in parentheses) :  334 (5), 292 (1), 274 (1), 245 (42), 242 (87, 
211 (37, 203 (30), 200 (9), 169 (307, 160 (70), 157 (28), 140 (407, 118 (4.07, 115 (70), 112 (80), 81 (62), 46 (140). 

2-O-Methyl-3,4,6-tri-O-aeetyl-a-methyl-D-glucopyranoside (IVT. Glucoside (Ill) (200 mg 7 was 
methylated as described in [i0]. The crystalline reaction product (207rag, 96%7 was recrystallized from 
2 ml of ether at -i0 ~ to give 150 mg (72%) of methyl ether (IV 7 [ii], mp 119-120 ~ [O~]D +148 ~ (C 1.31; 
CHCI3). Based on the GLC and TLC (system A), the compound and mother liquor were identical. 

1,3,4,5,6-Penta-O-acetyl-2-O-methyl-D-sorbitol-l-2Hi. A mixture of 20 mg of (IV} and 2 ml of i N 
H2SO 4 solution was heated in a sealed ampul at 105 ~ for 4 h, neutralized with Amberlite lIRA-410 (~ICO~), 
and evaporated to dryness. The residue was treated with i0 mg of NaBD4 and 0.9 ml of MeOH, allowed to 
stand overnight, 0.i ml of AcOH was added, and the whole was evaporated to dryness. The residue was 
evaporated twice with absolute MeOH, dried in vacuo, and acetylated. Based on the TLC in system A, the 
reaction product is homogeneous. The mass spectrum contains peaks with the m/e (the intensities inper- 
cent of the intensity of the peak with m/e 43 are given in parentheses): 333 (157, 183 (107, 172 (15).~ 139 (40), 
129 (52), 118 (75), 117 (35), 87 (62), 79 (527, 74 (63), 73 (15), 52 (407; based on the data given in [13], the mass 
spectrum of 2-O-methylhexitol acetate contains characteristic peaks with m/e 139, 117, and 73. 

Identification of Glucoside (V) in Fraction c). Mixture c 7 {1.5 g) was chromatographed on SiO2, cheek- 
ing the composition of the fractions by acetylation and GLC analysis. We obtained 150 mg of a mixture, 
which contained only the partially acetylated derivatives of fl-methyl-D-glueopyranoside and glucose (d 7. 
A part of the obtained mixture (20 rag) was deuteroacetylated. Based on the CMS, the tetraaeetate of fl- 
methyl-D-glucopyranoside was identified in the products, the mass spectrum of which contains peaks with 
the m/e (the intensities in percent of the peak with m/e 98 are given in parentheses): 334 (8), 292 (3), 274 
(2), 245 (50), 242 {10), 211 (7), 203 (407,200 (i0), 169 (45), 160 (80), 157 (25), 140 (50), 1i8 (45), 115 (80), 81 (507, 
46 (170). The main portion of fraction d) was deacetylated. A methanol solution of the reaction product was 
filtered through powderlike cellulose (2 x 2 cm), the filtrate was evaporated, and the residue was recrystal- 
lized from MeOH-ether to give 80 mg of fl-methyl-D-glucopyranoside with mp 110 ~ (the mixed melting 
point with an authentic specimen was not depressed), laiD-32.5 ~ (C 1.5; H20 ). 

1,2-Cyclohexylorthoacetyl-3,4,6-tri-O-acetyl-a-D-glucopyranose (VIII). The condensation of 43.00g 
(0.104 mole) of 2,3,4,6-tetra-O-acetyl-a,-D-glueopyranosyl bromide with 24.0 ml (0.228 mole) of eyelo- 
hexanol in nitromethane was run the same as described in [2] (in working up the reaction mixture the or- 
ganic layer was additionally washed with 10% NaCI solution). The reaction product was evaporated with 
aqueous EtOH and then recrystallized from 200 ml of a 1 : i EtOH-MeOH mixture. We obtained 19.6 g (44%) 
of orthoester (VIIIT, mp 83 ~ [a]D +25.0 ~ (C 2.3; CHC137; when tested under hydrolytic conditions the sub- 
stance is cleaved completely to orthoesters [2]. The NMR spectrum in CDCI 3 contains the signals (6, ppm): 
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1.65 s (3H, C-CH3) , 1.98-2.02 (9H, CH3COO- ) and 5.10 d (1H, J1,2 4.5 Hz, H- l ) .  Found: C 55.82; H 7.54%. 
C20H30010. Calculated: C 55.92, H 7.07%. 

Condensation of Orthoester  (VIII) with Cyclohexanol.  The condensation of 43 mg (0.10 mmole) of 
o r thoes te r  (VIII) with 0.10 mmole  of cyclohexanot was run the same as descr ibed  above. A sample a) (~0.01 
ml) was removed  f rom the reac t ion  mix ture ,  while the main port ion was worked up as descr ibed above and 
the product  was deuteroacetyla ted.  Mixture b) was obtained. Both mix tures  were  studied by CMS. Cyclo-  
hexyl acetate  was identified in a); the mass  spec t rum contains peaks with the m / e  (the intensit ies in percen t  
of the peak with m / e  54 a re  given in parentheses) :  143 (5), 100 (25), 99 (23), 83 (47), 82 (100), 81 (43), 67 (100), 
61 (46), 58 (38). The t e t r aace ta t e s  of the ~ -  and f l -cyclohexyl-D-glucopyranosides  in a 1 :2  ra t io  (based on 
the a reas  of the peaks) were  identified in mixture  b). The i r  mass  spec t ra  contain peaks with the m / e  (the 
intensi t ies  in percen t  re la t ive  to the peak with m / e  98 a re  given in parentheses) :  ~ - g l u c o s i d e - 3 3 4  (4), 245 
(13), 242 (7), 203 (22), 200 (11), 169 (44), 160 (37), 157 (29), 140 (55), 118 (29), 115 (63), 98 (100), 81 (59), 46 (96); 
f l -g lucos ide-  331 (3), 289 (1), 271 (1), 245 (4), 242 (17), 215 (5), 211 (2), 203 (5), 200 (33), 182 (15), 169 (25), 160 
(5), 157 (73), 140 (65), 118 (5); 115 (98), 81 (46), 46 (10). 

Behavior  of 2 ,3 ,4 ,6 -Te t ra -O-ace ty l - f i -methy l -D-g lucopyranos tde  (II) under Glyeosylat ion Conditions. 
A mixture  of 0.01 mmole of glucoside (II), 0.1 mmole of methanol and 0.001 mmole  of 2,6-1utidinium p e r -  
chlorate  was heated in chlorobenzene.  The mixture  was worked up as descr ibed  above and separated into 
two port ions,  one of which was studied d i rec t ly  by TLC and GLC, while the other port ion was studied af ter  
acetylat ion.  Nothing except the s tar t ing glucoside (II) was detected in e i ther  case (the sensi t ivi ty of de tec t -  
ing the ~ - a nomer  and glucose pentaaceta tes  is be t te r  than 0.5% of the main compound): 

C O N C L U S I O N S  

1. On the example of the methy l -  and eyelohexylor thoaeeta tes  of glucopyranose it was shown that the 
glycosylat ion of alcohols with the o r thoes te r s  of sugars  is accompanied by a side react ion that leads to the 
format ion of the anomeric  glycosides  with a f ree  hydroxyl at C-2 and a predominance of the ~ - an o mer .  In 
this reac t ion  the or thoes te r  group is r emoved  as the alkyl acetate .  

2. Data were  obtained which indicate that the glycosylat ion of the alcohol by the or thoes te r  p recedes  
the rapid r eve r s ib l e  t ranses te r i f i ea t ion  step, with exchange of the alkoxyl moie t ies  between the alcohol and 
the o r thoes te r .  
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