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The dependence of the stereochemical outcome of trityl-eyanoalkylidene condensation 
(c~/13-ratio of disaccharides) on the concentration of a catalyst (TrC104) was studied. The 
dependence was shown to be linear over a wide range of concentrations of the catalyst. The 
mechanism of the reaction and the effect of the nature of protective groups in the glycosyl 
acceptor on the stereochemistry of gtycosylation are discussed. A new mechanism of 1,2-eis- 
glycosides formation is proposed. 
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The present work is a continuation of  studies on the 
mechanism of  the tri tyl-cyanoethytidene condensation, 1 
i.e., the glycosylation o f  O-trityl ethers with 1,2-O- 
cyanoalkylidene derivatives of  saccharides in the pres- 
ence of  t r iphenylmethylium salts (Scheme 1). 

As has been shown previously on the basis of  the 
kinetics of  the process, 2,3 the reaction of  cyanoalkylidene 
derivative with the tr iphenylmethylium cation is the 
rate-determining stage affording nitrilium complex 1 
(Scheme 1), which apparently is not  glycosylated di- 
rectly, but is dissociated to form 1,3-dioxolenium ion 2. 

Glycosylation of  the trityl ether with bicyclic ion 2 gives 
the target 1,2-trans-glycoside; hence in most  cases the 
reaction proceeds with a high stereoselectivity. How- 
ever, in some cases the stereospecificity o f  the reaction 
is violated, since both 1,2-trans- and 1,2-cis-glycosides 
are formed. This phenomenon  indicates that ion 2 is not 
the only intermediate in the reaction. 

As a rule, the formation of  the 1,2-cis-isomers in 
such glycosylation reactions, where the glycosyl-donors 
with the participating group at C(2) are used, is ex- 
plained by the presence of  glycosyl-cation 3 in the 
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Scheme 1 
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reaction mixture; 3 is in an equilibrium with 
1,3-dioxolenium ion 2, while the attack the oxygen 
atom of the glycosyl acceptor on the planar glycosyl 
cation should proceed non-stereoselectively. 

On the other hand, the effect of the concentration of 
C104- (see Ref. 4) and also the nature of the anion of 
the trityl salt 4,5 on the stereochemistry of  the trityl- 
cyanoethylidene condensation were found. On the basis 
of these observations, the hypothesis on the intermedi- 
ate formation of glycosyl perchlorate 4 as the precursor 
of 1,2-cis-glycosides was proposed. 

In the present work, quantitative aspects of the con- 
centration effects of C104- on the stereochemistry of 
trityl-cyanoethylidene condensation are investigated us- 
ing the example of the cyanoethylidene derivative (CED) 
of D-galactopyranose 5 (see Ref. 6), because the viola- 
tion of  stereospecificity of the reaction in this case is 
most prominent. 5 

Some secondary trityl ethers, 7, 8, 9, 10, 11 (see 
Ref. 4, 7--9, respectively), 12, 13, and 14 and one 
primary ether 6 (see Ref. 10), (for the latter we also 
revealed the violation of  glycosylation stereospecificity) 3 
were used as glycosyl-acceptors. 

The glycosylation reactions were carried out under 
standard conditions CH2C12, the initial ratio [CED]/  
[TrOSug]= 1:1.05, the concentration of  the catalyst 
(TrC104) was varied in the 1--10 mg mL - l  range, (6-- 
60 mol.% vs. CED 5. The solubility of TrC104 in the 
reaction mixture is ca. 12 mg mL-1).  Since the 
t r iphenylmethylium cation is not involved in the 
glycosylation stage, 2 and its concentration cannot influ- 
ence on the stereochemical composition of the final 
products, the concentration of TrC104 affects the stere- 
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ochemistry of the reaction only due to the C104- ion. 
The concentration of C104- may be also varied by the 
addition of the corresponding tetraalkylammonium salt 
(as it was made in the work previously published4). 
However, it was shown recently that the "neutral" cation 
NR4 + was capable of changing the energy of  the glyco- 
syl-donor due to coordination with the leaving group, 11,12 
hence in this work the required concentration of C104- 
was achieved using TrC104 to exclude an unpredictable 
effect of the quaternary ammonium cation. 

The mixtures of ~- and [3-disaccharides obtained as a 
result of glycosylation were analyzed by GLC (in the 
case of trityl ethers 12 and 13 the GLC analysis was 
carried out after removal of protective groups and acetyla- 
tion). The disaccharides synthesized were identified 
reliably by comparison with authentic samples. New 
disaccharides 15--18 were isolated and characterized; 
their structures were confirmed by 1H NMR spectra. 
The data on the series of experiments are given in 
Figs. 1 and 2. 
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Fig. 1. Concentration dependence of the stereochemical data 
on the glycosylation of trityl ethers 6, 7--10 (series 10" is 
related to the reaction of 10 in the presence of TfO- as the 
counterion). 
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Fig. 2. Concentration dependence of the stereochemical data 
on the glycosylation of trityl ethers 11--14. 

In all cases studied, the dependence of 
stereoselectivity of the reaction on the concentration of 
C10 4- is linear and it is described by the equation: 

c~/~3 = a[C104- ] + b, 
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The dependence is in accordance with the reaction 
mechanism presented in Scheme 1; the mechanism 
implies the participation of glycosyl-perchlorates 4 in 
the formation of 1,2-cis-glycosides. The values of coeffi- 
cients (a) and (b) are given in Table 1. The parameter 
(a) means the sensitivity of the c~/13 ratio to the change 
of the concentration of the C10 4- anion. It is evidently 
that the value of (a) for the given pair CED--trityl ether 
should change by variation of the nucleophilicity of the 
anion, because the equilibrium between dioxolenium 
ion 2 and product of 4 type resulting from anion 2 
through nucleophilic opening must be shifted. For ex- 
ample, when replacing CIO 4- by the significantly less 
nucleophilic trifluoromethanesulfonate anion (TfO-), 13 
the equilibrium between cation 2 and glycosyl-triflate 
shifts to the first one in comparison with the equilibrium 
cation 2 ~ glycosyl-perchlorate 4 that it should 
decrease in the (a) parameter. 

In this context, we studied the dependence of the 
stereoselectivity of glycosylation on the concentration of 
TfO- for trityl ether 10. AgOTf was used as the initiator 
of the reaction, assuming that the Ag + cation initiates 
the reaction; after some time, as a result ofglycosylation, 
the triphenylmethylium cation was formed; the latter 
carried the reaction forward,14 and, simultaneously, the 
triflate anion was a counterion for all positively charged 
species. In fact, replacing C10 4- by the less nucleophilic 
TfO- decreases the (a) parameter more than 7 times. 

The important peculiarity of the obtained depen- 
dences is that the a/~ ratio does not tend to be zero, i.e., 
the reaction does not become stereospecific by extrapo- 
lation to the zero concentration of the anion (trityl ether 
13, for which the reaction is stereospecific in whole 
range of concentrations, is the only exception). This 
means that glycosyl perchlorate 4 is not the only inter- 
mediate affording 1,2-cis-glycosides. The (b) coefficient 
characterizes quantitatively the part of 1,2-cis-glyco- 
sides, which are formed without participation ofglycosyl 
perchlorates 4. 

The glycosyl cation is customarily assumed to be a 
precursor of 1,2-cis-glycosides (for example, see Refs. 1, 
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5, 15). We propose the alternative pathway to the for- 
mation of 1,2-cis-glycosides involving intermolecular 
dioxacarbenium ion 19. The latter may be formed by the 
interaction of cation 2 with the carbonyl oxygen of the 
acyl group located in the vicinal position to the trityl 
group of the glycosyl acceptor (Scheme 2). The subse- 
quent intramolecular glycosylation of 19 must afford 
1,2-cis-glycoside due to the fixed 1,2-trans-configura- 
tion of the latter. The formation of glycosyl acetates in 
specific cases as side products of trityl-cyanoethylidene 
condensation 16 attests to the possibility of intermolecu- 
lar nucleophilic interaction of acyl groups as demon- 
strated in Scheme 2. 

Scheme 2 
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The data on trityl ethers 11--14, which differ only in 
the nature of protecting groups around the trityloxy 
group or the conformation of the pyranose ring confirm 
the proposed mechanism assuming the participation of 
the acyl substituents. Thus, the replacement of the 
acetyl protecting group by the signifcantly less partici- 
pating p-nitrobenzoyl groups is likely to decrease the 
probability of the formation of the intermolecular ion of 
19 type thus decreasing the portion of 1,2-cis-glycoside 
formed by the proposed mechanism.  In fact, for 
p-nitrobenzoylated trityl ether 12, the (b) coefficient is 
three times smaller than that for its acetylated analog 
11. On going to totally benzylated derivative 13, the 
absence of participating neighboring groups leads to 
decrease in the (b) coefficient to zero (see Table 1). The 
effect of the neighboring benzyl group on the stereo- 
selectivity of  the glycosylation of trityl ethers was found 
previously. 17 The result of the preparative glycosylation 
of 13 is illustrative for the synthetic possibilities of 
benzylated trityl ethers; it gives stereospecifically the 
corresponding disaccharide, i.e., methyl-2,4,6-tri- O-ben- 
zyl - 3- O- ( 2,3,4,6 - tetra - O- acetyl - 13 - D - gal act opyranosyl ) - 
0~-D-glucopyranoside in 82 % yield. 

The examination of molecular models shows that the 
formation of the nonstrained seven-membered cyclic 

transition state giving intramolecular glycosylation of 
dioxacarbenium ion 19 is possible only when the dihe- 
dral angle between the acyloxy and trityloxy groups is 
ca. 60 ~ i.e., when these groups are in trans-diequatorial 
or cis-configuration. In the case of trans-diaxial configu- 
ration, as in trityl ether 14, the formation of the 
nonstrained transition state is impossible; thus the prob- 
ability of the realization of this mechanism decreases 
strikingly. It is manifested by a ca. 10-fold decrease in 
the (b) coefficient in comparison with the confor- 
mat ional ly  flexible diequatorial  "analog" 11 (see 
Table 1). 

It should be noted that the similar increase in 
1,2-trans-stereoselectivity of the Koenigs--Knorr reac- 
tion observed by change in the conformation of glycosyl 
acceptors has been previously described 18,19 as an effect 
of the double stereodifferentiation. However, in some 
described cases lsA9 the glycosyl-acceptor contain the 
neighboring functional groups capable of  participation, 
therefore the proposed mechanism of the intramolecular 
glycosylation of intermolecular dioxacarbenium ion can 
also serve as the additional factor affecting the formation 
of 1,2-cis-glycosides. 

The relatively unfavorable (due to the entropy factor) 
formation of eight-membered transition state of 20 type, 
which is necessary for the intramolecular glycosylation, 
in comparison with seven-membered transition state in 
the case of  the secondary glycosyl-acceptors, may be 
one of the reasons of high 1,2-trans-stereoselectivity of 
the glycosylation of primary glycosyl-acceptors I (both 
alcohols and trityl ethers). 
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Table 1. Coefficients (L mol -t)  for the linear dependence of 
the stereochemical outcome of the glyeosylation of trityl ethers 
6--14 with galactose cyanoethylidene derivative 5 on the con- 
centration of TrC104 and those for trityl ether 10 on the 
concentration of AgOTf 

Trityl ether a b 

6 0.34 0.103 
7 9.2 0.18 
8 5.7 0.2 
9 4.8 0.068 
10 9.6 0.I4 
10 (AgOTf) 1.3 0.087 
11 15.6 1.32 
12 16.2 0.42 
13 0 0 
14 14.7 0.13 
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Experimental 

Triphenylmethylium perchlorate was prepared using the 
known procedure 2~ and purified additionally as it was previ- 
ously reported} 1 Silver trifluoromethanesulfonate was pre- 
pared using the described method, z2 The preparation of sol- 
vents and reagents for the reaction was carried out using 
high-vacuum procedures. 21 The reaction was carried out at 
25 ~ The GLC analysis was performed with a Hewlett- 
Packard 5890 chromatograph equipped with a flame-ionization 
detector and an Ultra-1 column. The NMR spectra were 
recorded with a Bruker WM-250 instrument in CDC13. The 
specific rotations were measured with a Jasco DIP-360 pola- 
rimeter for solutions in chloroform. The column chromatogra- 
phy (CC)was carried out on Silpearl silica gel (Czechoslova- 
kia). 

1,6-Anhydro-2,3-di- O-aeetyl-4- O-trityl-13-D-glucopyranose 
(10). 2,4,6-Collidine (1 mL) was added to a solution of 1,6- 
anhydro-2 ,3-d i -  O-acetyl-13-D-glucopyranose 23 (610 mg, 
2.48 mmol) in CH2CI 2 (4 mL), and then TrC104 was added 
portionwise to produce a stable yellow coloration. After 0.5 h, 
MeOH (1 mL) was added, and the mixture was diluted with 
chloroform (30 mL), washed with aqueous NaHCO3, concen- 
trated, and dried in vacuo. After CC (benzene--ether), the 
yield was 1.03 g (85 %); m.p. 240--241 ~ [Ct]D --5.2 ~ (c 1.4). 
IH NMR, 8:5.40 (br.t, 1 H, H(1)); 4.68 (m, 7 lines, 1 H, 
H(3)); 4.50 (br.t, 1 H, H(2)); 3.84 (d.q, 1 H, H(5)); 3.66 (d.d, 
1 H, H(6a), ,/5,6 = 6 Hz, J6a,6b = 8 Hz); 3.56 (br.t, 1 H, H(4)); 
3.42 (d.d, 1 H, H(6b), Js,6b = 6 Hz); 2.24, 1.96 (2s, 6 H, 
OCOCH3). 

Methyl 2,4,6-tri- O-(4-nitrobenzoyl)-3- O-trityl-13-D-glueo- 
pyranoside (12). A solution of MeONa (1 mL) was added to 
trityl ether 11 (1.27 g, 2.26 mmol) in MeOH (10 mL). After 
3 days pyridine was added, then KU-2(H +) cation exchanger 
was added, the solvent was removed, the residue was dissolved 
in pyridine (3 mL), and 4-nitrobenzoyl chloride (2 mL) was 
added. After 16 h, the excess reagent was decomposed with 
MeOH, the solution was evaporated, and the residue was 
evaporated several times with heptane. After CC (benzene-- 
ether), the yield was 1.24 g, (81%), foam, [ct] D +20.3 ~ 
(c 0.4). 1H NMR, 8:5.73 (t, 1 H, H(4), J3,4 = J4,5 = 9 Hz); 
5.52 (d.d, 1 H, H(2), Jl,2 = 7 Hz, J2,3 = 9 Hz); 4.56 (d.d, 1 H, 
H(6a), JS,6a = 3, J6a,6b = 12.5 Hz); 4.37 (d.d, 1 H, H(6b), 
Js,6b = 5 Hz); 4.34 (d, 1 H, H(1)); 3.95 (t, 1 H, H(3)); 3.75 
(d.d.d, 1 H, H(5)); 3.45 (s, 3 H, OMe). 

Methyl 2,4,6-tri- O-benzyl-3- O-trityl-f3-D-glueopyranoside 
(13). A mixture of methyl 3-O-trityl-13-D-glucopyranoside 
(150 rag, 0.34 mmol), prepared analogously to 12, and 80 % 
Nai l  (50 rag) in  DMF (4 mL) was stirred for 0.5 h; then BnBr 
(0.2 mL) was added. After 3 h, MeOH was added, the mixture 
was diluted with ethyl acetate (50 mL) and washed with water. 
After CC (hexane--ethyl acetate), the yield was 141 mg 
(76 %), [C~]D--9.9 ~ (c 0.6). 1H NMR, 6 :4 .59  (s, 2 H, 
OCH2Ph); 4.56 (d, 1 H, OCH2Ph, Jhem = 12.5 Hz); 4.45 (d, 
1 H, OCH2Ph, '/hem = I1 Hz); 4.25 (d, 1 H, H(1), J1,2 = 
6.5 HZ); 4.22 (d, 1 H, OCH2Ph, Jhem= 12.5 Hz); 3.99 (d, 
1 H, OCH2Ph, Jhem = 11 Hz); 3.78--3.59 (m, 4 H, H(2), 
H(3), H(4), H(5)); 3.55--3.45 (m, 2 H, H(6a), H(6b)); 3.31 
(s, 3H, OMe). 

1,6-Anhydro-2,4-fli- O-acetyl-3- O-trityl-13 -D-glucopyranose 
(14). 2,4,6-Collidine (0.5 mL) was added to a solution of 1,6- 
anhydro-2,4-di-O-benzoyl-13-o-glucopyranose 24 (390 rag, 
1.05 mmol) in CH2CI 2 (4 mL), and then TrCIO4. (0.7 g) was 
added portionwise. After 1 h, MeOH (1 mL) was added, the 
mixture was diluted with chloroform (30 mL), washed with 

aqueous NaHCO3, and the solution was concentrated and 
dried in vacuo. The residue was dissolved in MeOH (4 mL), 
and a solution of MeONa (1 mL) was added. After 4 h, AcOH 
(0.5 mL) was added and a solution was concentrated. The 
residue was dried, and pyridine (5 mL) and Ac20 (5 mL) were 
added. After 1 h, the mixture was treated with MeOH at 50 ~ 
the solution was evaporated, and the residue was evaporated 
several times with heptane. After CC (benzene--ether), the 
yield was 410 nag, (80 %), m.p. 201--202 ~ [O~]D -20.5 ~ 
(c 0.7). IH NMR, 5:5.43 (br.t, 1 H, H(1)); 4.63 (br.d, 1 H, 
H(2)); 4.52 (br.d, 1 H, H(5)); 4.36 (d.d, 1 H, H(6a), dS,6a = 
1 Hz, J6a,6b = 7.5 Hz); 4.00 (br.s, 1 H, H(4)); 3.81(d.d, 1 H, 
H(6b)), Js,6b= 6 Hz), 3.77 (m, 5 lines, 1 H, H(3)); 2.02, 
2.00 (2s, 6 H, OCOCH3). 

The measurement of the dependence of the stereochemical 
outcome of glycosylation on the concentration of a counterion. 
TrCIO4 was dissolved in CH2C12 and aliquots containing 1, 3, 
6, 8 and 10 nag (0.003, 0.009, 0.018, 0.023 and 0.029 retool, 
respectively) of TrC104 were taken. The solvent was removed 
in vacuo, reaction vessels were evacuated and filled with dry 
argon. A mixture of cyanoethylidene derivative of galactose 5 
(0.05 mmol) and the trityl ether studied (0.051 mmol) was 
dissolved in CH2C12 (5 mL) and the solution of reagents 
(1 mL) were placed into each catalyst-containing reaction 
vessel by a syringe under dry argon. The vessels were sealed 
and kept at 20 ~ for 3 to 16 h depending on the concentration 
of the catalyst. Then chloroform containing 1 %  of pyridine 
(30 mL) was added to the mixtures to decompose the catalyst, 
the solutions were washed with water, evaporated, dissolved in 
chloroform (0.5 mL) and analyzed by GLC. In the case of 
reactions with trityl ethers 12 and 13, the products were 
analyzed after preliminary removal of protecting groups 
(deacylation of 12 and hydrogenolysis of 13) and subsequent 
acetylation. 

The properties of the newly synthesized disaccharide de- 
rivatives are given below. 

1,6-Anhydro-2,3-di- O-acetyi-4- O-(2,3,4,6-tetra- O-aeetyl- 
13-1)-galaetopyranosyl)-13-D-glucopyranose (15), m.p. 207-- 
208 ~ (ethyl acetate--hexane), [C~]D--74.1 ~ (c 2.57). 1H 
NMR, 8:5.41 (br.t, 1 H, H(2)); 5.34 (br.d, 1 H, H(4') ,  
J3",4" "-- 3.5 Hz); 5.23 (d.d, 1 H, H(2') ,  dl',2" = 8, J2",3" --- 10.5 
Hz); 5.11 (br.m, 5 lines, 1 H, H(3)); 5.00 (d.d, 1 H, H(3")); 
4.77 (d, 1 H, H(I ' ) ) ;  4.56 (m, 1 H, H(5)); 4.50 (br.d, 1 H, 
H(1)); 4.12 (d.d, 1 H, H(6'a),  Js,,6,a = 5.5 Hz, Jr,a,6,b = 
10 Hz); 4.06 (m, 1 H, H(5'));  4.00 (d.d, 1 H, H(6'b),  
ds",6"b = 6 Hz), 3.95 (d.d, 1 H, H(6a)); 3.77 (d.d, 1 H, H (6b), 
dS,6b = 6, J6a,6b = 8 HZ); 3.53 (m, 1 H, H(4)); 2.11• 2.09, 
2.03, 2.00, 1.95 (5s, 18 H, OCOCH3). 

1,6-Anhydro-2,3-di- O-aeetyl-4- O-(2,3,4,6-tetra- O-acetyi- 
Ct-D-galactopyranosyl)-J3-D-glueopyranose (16), [c~]o +35.5 ~ 
(c 1.03). 1H NMR, 8:5.50 (d.d, 1 H, H(4"), J3",4" = 3.5 Hz, 
,/4",5" = 1.5 Hz); 5.46 (m, 1 H, H(2)); 5.42 (d.d, 1 H, H(3"), 
J2",3" = 10.5 Hz, J3',4" = 3.5 Hz); 5.34 (d, 1 H, H(1)", J1',2" = 
3.5 Hz); 5.10 (d.d, 1 H, H(2")); 4.79 (m, 5 lines, 1 H, H(1)); 
4.76 (m, 1 H, H(5)); 4.58 (m, 1 H, H(3)); 4.57 (d.d.d, 1 H, 
H(5")); 4.17 (d.d, 1 H, H(6'a);  J5",6"a-- 5.5 Hz,  J6"a,6'b = 11 
Hz); 4.05 (d.d, 1 H, H(6"b), dS",6"b = 7 Hz); 3.98 (d.d, 1 H, 
H(6a), Js,6a= 1, J6a,6b= 7.5 Hz); 3.78 (d.d, 1 H, H(6b), 
Js,6b = 5.5 Hz); 3.46 (br.m, 1 H, H(4)); 2.19, 2.16, 2.12• 
2.06, 2.02 (5s, 18 H, OCOCH3). 

1,6-Anhydro-2,4-di- O-aeetyl-3- O-(2,3,4,6-tetra- O-acetyl- 
[3-1)-galactopyranosyl)-13-D-glueopyranose (17), [ct] D --46.7 ~ 
(c 0.6). 1H NMR, 8:5.43 (br.t, 1 H, H(1)); 5.39 (d.d, 1 H, 
H(4"), "/3",4" = 3.5 Hz, "/4",5" = 1.5 Hz); 5.19 (d.d, 1 H, H(2') ,  
J1",2" = 7.5 Hz, J2",3" = 10.5 Hz); 5.04 (d.d, 1 H, H(3 ')); 4.82 
(br.d, 1 H, H(4)); 4.79 (d, 1 H, H(1 ")); 4.60 (m, 1 H, H(5)); 
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4.44 (br.d, I H, H(2)); 4.18 (d.d, 1 H, H(6"a), J5" ,6 'a  = 6.5 
Hz, J6"a,6"b = 11 Hz); 4.10 (d.d, 1 H, H(6'b), YS',6'b = 7 Hz); 
4.06 (d.d, 1 H, H(6a), Js,6a ~ 1.5 Hz, J6a,6b = 7.5 Hz); 3.92 
(d.d.d, 1 H, H(5")); 3.71 (br.t, 1 H, H(3)); 3.70 (d.d, 1 H, 
H(6b), Js,6b = 5.5 Hz); 2A6, 2.15x2, 2.09, 2.03, 1.99 (5s, 18 
H, OCOCH3). 

1,6-Anhydro-Z,4-di- O-acetyl-3- O- (2,3,4,6-tetra- O-aeetyl- 
c~-D-galactopyranosyl)-[~-I)-glucopyranose (18), [a]D + 116.5 ~ 
(c 0.46), 1H NMR, 6:5.49 (d.d, 1 H, H(4'),  J3",4" = 3 Hz, 
J4",5" = 2 Hz), 5.48 (br.t, 1 H, H(1)); 5.38 (d, 1 H, H(I ' ) ,  
Jl',2" = 4 Hz), 5.30 (d.d, 1 H, H(3'),  J2',3" = 11 Hz); 5.15 
(d.d, 1 H, H(2')); 4.78 (br.m, 1 H, H(2)); 4.62--4.56 (m, 2 H, 
H(4), H(5)); 4.44 (t.d, 1 H, H(5"), arS',6-a = J5" ,6"b  = 7 Hz); 
4.19 (d.d, 1 H, H(6'a), or5.6'a = 6.5 Hz, J6'a,6'b =11 Hz); 4.16 
(d.d, 1 H, H(6a), J5 6a = 1 H z ) ;  4.06 (d.d, 1 H, H(6"b)); 3.82 
(m, 1 H, H(6b)); 3'.69 (m, 5 lines, 1 H, H(3)); 2.16, 2.14, 
2.13, 2.09, 2.05, 2.00(6s, 16 H, OCOCH3). 

Methyl 2,4,6-tri- O-benzyl-3- O-(2,3,4,6-tetra- O-aeetyl-13- 
D-galactopyranosyl)-13-D-glucopyranoside, yield from CED 5 
and trityl ether 13 in a preparative synthesis was 82 %, [a]D 
-5.6 ~ (c 1.38). IH NMR, 8:5.36 (d.d, 1 H, H(4'), J3.,4 , =  
3.5 Hz, at4.,5. = 1 Hz); 5.27 (d.d, 1 H, H(2'); J1",2" = 8 Hz, 
J2",3" = 10.5 Hz); 5.16 (d, 1 H, H(I")); 5.01 (d, 1 H, OCH2Ph, 
Jhem = 10 Hz); 4.98 (d.d, 1 H, H(3')); 4.95 (d, I H, OCH2Ph, 
Jhem = 10 Hz); 4.66 (d, 1 H, OCH2Ph, Jbem = 12 Hz); 
4.58 (d, 1 H, OCH2Ph, "/hem ~ 10 Hz); 4.56 (d, 1 H, OCH2Ph, 
"/hem = 12 HZ); 4.43 (d, t H, OCH2Ph, "/hem = i0 Hz); 4.27 
(d, 1 H, H(1), J1,2 = 8 Hz); 4.16 (d.d, 1 H, H(6a); Js,6a = 8, 
J6a,6b = 11 Hz), 4.03 (t, 1 H, H(3*), J2,3 = J3,4 = 9 Hz); 3.98 
(d.d, 1 H, H(6b), Js,6b = 6 Hz); 3.76 (m 1 H, H(5')); 3.75 (t, 
1 H, H(4)*, J3,4 = J4,5 = 9 Hz); 3.70 (d.d, 1 H, H(6'a), 
J5.,6.a = 4.5 Hz, J6.a,6.b = 10 Hz); 3.55 (d.d, 1 H, H(6'b), 
Js',6"b = 8.5 Hz); 3.60 (s, 3H, OMe); 3.43 (d.dd, 1 H, H(5)); 
3.39 (d.d, I H, H(2)); 2.14, 2.13, 2.04, 2.01 (4s, 12 H, 
OCOCH3). 
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