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Abstract: Glycosylation of 2¢-carboxybenzyl (CB) 2,3,4,6-tetra-O-
benzyl-a-D-mannopyranoside (3), CB 2,3,4,6-tetra-O-benzyl-b-D-
glucopyranoside (4), and CB 2,3-di-O-benzyl-4,6-O-benzylidene-
b-D-glucopyranoside (5) as glycosyl donors with various glycosyl
acceptors provided corresponding disaccharides in high yields. The
present CB glycoside methodology was successfully applied to the
efficient construction of the tetrasaccharide 41.

Key words: carbohydrates, oligosaccharide synthesis, glycosyla-
tions, CB glycosides, BCB glycosides

Development of efficient and stereoselective glycosyla-
tion methodologies has been one of the major concerns
in synthetic organic chemistry in recent years due to the
biological significance of complex oligosaccharides and
glycoconjugates.1 Although several glycosylation meth-
odologies based on quite efficient glycosyl donors such as
thioglycosides,2 glycosyl sulfoxides,3 glycals,4 glycosyl
trichloroacetimidates,5 n-pentenyl glycosides,6 and glyco-
syl fluorides7 have been available, there still remains a
need for more efficient and generally applicable new gly-
cosylation methodologies. In fact, there have been recent
reports on development of new glycosylation methods
based on devising new glycosyl donors and employing
new activation systems for existing glycosyl donors.8 We
have also recently reported the 2¢-carboxybenzyl (CB)9

glycoside A in Scheme 1 as a novel type of glycosyl do-
nors for the stereoselective b-mannopyranosylation10 and
2-deoxyglycosylation.11 Lactonization of the glycosyl
triflate C, which was derived from the CB glycoside A,
was the driving force for the facile generation of the oxo-
carbenium D for the glycosylation as shown in Scheme 1.
In our previous work, only the CB mannopyranoside hav-
ing the 4,6-O-benzylidene protective group has been sub-
jected to the glycosylation reaction and just two examples
of glycosylation with CB glucopyranosides have been re-
ported.10 Therefore, to explore the scope of this CB glyco-
side methodology, we further carried out glycosylation
reactions with new CB mannopyranosides and CB glu-
copyranosides. In addition, in order to demonstrate the
applicability of the CB glycoside methodology to oligo-
saccharide synthesis, we report the construction of a

tetrasaccharide employing the pair of the ‘latent’ 2¢-(ben-
zyloxycarbonyl)benzyl (BCB) glycoside and the ‘active’
CB glycoside.

The CB tetrabenzylmannoside 312 was prepared by selec-
tive hydrogenolysis of BCB tetrabenzylmannoside 2,
which was obtained from the known BCB mannoside 110

as shown in Scheme 2. The CB tetrabenzylglucoside 4
was prepared in an analogous fashion while the CB 4,6-O-
benzylideneglucoside 5 (Figure 1)was synthesized by the
known procedure.10

Scheme 2 Reagents and conditions a) NaH, BnBr, DMF, r.t., 2 h,
80%; b) H2, Pd/C, NH4OAc, MeOH, r.t., 1 h, 94%; c) 3, DTBMP,
Tf2O, 4 Å MS, CH2Cl2, –78 ºC, 10 min, then 9, –78 ºC to 0 ºC, 3 h,
75%.

Figure 1
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Glycosylation of the CB tetrabenzylmannoside 3 with the
glycosyl acceptors 6–11 was carried out under the stan-
dard reaction condition (condition A) by the following se-
quence: (i) stirring the solution of 3 (60 mg, 1.0 equiv) and
2,6-di-t-butyl-4-methylpyridine (DTBMP, 2.4 equiv) in
the presence of 4A molecular sieves (MS) for 20 min at
room temperature in CH2Cl2 (8 mL), (ii) addition of Tf2O
(1.2 equiv) to this solution at –78 ºC and stirring the solu-
tion for 10 min, (iii) addition of the glycosyl acceptor (2.0
equiv) and stirring the reaction mixture for further 1 h at
–78 ºC and allowing to warm over 2 h to 0 ºC, and (iv)
quenching the reaction by addition of aqueous NaHCO3.
Glycosylation of CB mannoside 3 with primary alcohol
acceptors 6–8 gave the mixtures of a- and b-disaccharides
12–14 (Table 1, entries 1–3) while reaction of 3 with sec-
ondary alcohol acceptors 9–11 afforded exclusively a-di-
saccharides 15–17 in good yields (Scheme 2 and Table 1,
entries 3–6). This result indicates that not only 4,6-O-ben-
zylidene-protected CB mannosides but also CB manno-
sides with other protective groups are efficient mannosyl
donors.

Figure 2

Glycosylations of the CB tetrabenzylglucoside 4 and of
the CB 4,6-O-benzylideneglucoside 5 with various glyco-
syl acceptors were also carried out under the standard re-
action condition (condition A) as described above for the
CB mannoside 3. Reaction of the benzyl-protected glu-
cose donor 4 with the glycosyl acceptor 6 under the reac-
tion condition A afforded a mixture of a- and b-
disaccharides 18 in 76% yield along with the self-con-
densed ester 28 (Figure 2), which must be derived from
two molecules of the glycosyl donor 4, in 22% yield
(Table 2, entry 1). Glycosylation of 4 with other glycosyl
acceptors 7 and 11 gave also the mixtures of a- and b-dis-
accharides along with the self-condensed ester 28
(Table 2, entries 2 and 3). However, glycosylation of the
4,6-O-benzylidene-protected glucose donor 5 with glyco-
syl acceptors 6, 7, 9, and 11 afforded exclusively the a-
disaccharides 21, 22, 23, and 24, respectively, in high
yields but formation of the self-condensed ester was not
observed (Table 2, entries 4–7). It is noteworthy that gly-
cosylation of the 4,6-O-benzylidene-protected glucose
donor 5 provided only a-disaccharides regardless of what
kind of glycosyl acceptors were used, primary or second-
ary alcohols. In fact, it has been previously reported that
the selective a-glucopyranosylation could be achieved by
employing the 4,6-O-benzylidene-protected glycosyl sul-
foxides and thioglycosides as glycosyl donors.13

Formation of the self-condensed ester 28 probably result-
ed from the coupling between the carboxylate anion B,

which was generated by deprotonation of the CB glyco-
side A by DTBMP, and the oxocarbenium ion D or the C-
1 triflate intermediate E or F as shown in Scheme 1. Gen-
eration of a substantial amount of ester 28 led us to postu-
late that the conversion of the carboxylate B into C was
slower than the formation of D by the lactonization of C.
We envisaged that if the concentration of B was kept at a
minimum during glycosylation, the formation of the ester
28 would be suppressed. We, therefore, ran the glycosyla-
tion reaction with the reversal of the order of addition of
the reactants. Thus, glycosylation of the CB tetrabenzyl-
glucoside 4 with various glycosyl acceptors 6–11 was car-
ried out under the modified reaction condition (condition
B) by the following sequence: (i) stirring the solution of
the glycosyl acceptor (2 equiv) and DTBMP (2.4 equiv) in
the presence of 4Å MS for 20 min at room temperature in
CH2Cl2 (3 mL), (ii) addition of Tf2O (1.2 equiv) to this so-
lution at –78 ºC, (iii) addition of 4 (60 mg, 1.0 equiv) in
CH2Cl2 (4 mL) dropwise to this solution over a period of
10 min and stirring the reaction mixture for further 1 h at
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Table 1 Glycosylation of the CB Mannoside 3 as the Glycosyl
Donor under the Standard Condition (Condition A)a

Entry Glycosyl Acceptor Product Yield (%) Ratio (a/b)

1

6

12 87 1.3:1

2

7

13 91 1.1:1

3

8

14 65 1.6:1

4

9

15 75 a only

5

10

16 73 a only

6

11

17 77 a only

a To a solution of the donor were added sequentially Tf2O and then the 
acceptor at –78 ºC.
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–78 ºC and allowing to warm over 2 h to 0 ºC, and (iv)
quenching the reaction by addition of aqueous NaHCO3.
Glycosylation of 4 with 6 under the condition B provided
exclusively the disaccharide 18 (a/b = 1:2.5) in 93% yield
without formation of ester 28 (Table 3, entry 1). Reaction
of 4 with other acceptors 7–11 under the condition B also
gave exclusively disaccharides in high yields without the
ester 28 (Table 3, entries 2–6).

Then we applied this CB glycoside methodology to the
synthesis of the protected tetrasaccharide 41, which we
designed as an analog of the tetrasaccharide repeating
unit of the O-antigen polysaccharide from the E. coli li-
popolysaccharide. Monosaccharide building blocks 32,
34, and 36 were synthesized from a common starting
material 30, which was prepared by selective benzylation
of the diol 29 using dibutyltin oxide (Scheme 3). p-Me-
thoxybenzylation of 30 and the subsequent selective
hydrogenolysis of 31 gave the CB glycoside 32. Oxida-
tion of 30 with PDC and the hydrogenolysis of the result-
ing ketone 33 afforded another CB glycoside 34.
Pivaloylation of 30 and the subsequent reductive cleavage
of the benzylidene acetal 35 with borane-dibutylboron
triflate14 provided the alcohol 36. Glycosylation of the
glycosyl donor 32 and acceptor 30 was carried out under

the standard condition to afford exclusively the b-disac-
charide 37 in 91% yield and removal of the PMB group in
37 with DDQ gave the alcohol 38 as shown in Scheme 4.
Again, it has been demonstrated that CB mannopyrano-
sides having the 4,6-O-benzylidene group and a C-2 non-
participating group are extremely useful mannosyl donors
for the stereoselective b-mannopyranosylation.

Glycosylation of the ketone glycosyl donor 34 with accep-
tor 36, on the other hand, was conducted under the differ-
ent reaction condition in order to obtain the a-
disaccharide 39 because the b-disaccharide was found to
be the major product under the standard condition. Thus,
a solution of 34, 36, and DTBMP in the presence of 4A
MS was stirred at room temperature for 30 min and cooled
down to –40 ºC. Triflic anhydride was added to this solu-
tion and the reaction mixture was stirred for further 1 h at
–40 ºC and allowed to warm to 10 ºC to afforded a mixture
of the a-disaccharide 39 and its anomeric b-disaccharide
(4:1) in 74% yield. The latent BCB disaccharide 39 was
converted into the active CB disaccharide 40 by the selec-
tive debenzylation. Finally, the coupling of two disaccha-
rides 40 and 38 was carried out by addition of Tf2O to a

Table 2 Glycosylation of the CB Glycosides 4 and 5 as Glycosyl Donors under the Standard Condition (Condition A)a

Entry Donor Acceptor Product Yield (%) Ratio (a/b) Ester 28 (%)

1 4 6 18 76 1:2 22

2 4 7 19 73 1:3 22

3 4 11 20 77 1:1 16

4 5 6 21 87 a only 0

5 5 7 22 85 a only 0

6 5 9 23 80 a only 0

7 5 11 24 85 a only 0

a To a solution of the donor were added sequentially Tf2O and then the acceptor at –78 ºC.

Table 3 Glycosylation of the CB Glycoside 4 as the Glycosyl Do-
nor under the Modified Condition (Condition B)a

Entry Acceptor Product Yield (%) Ratio (a/b)

1 6 18 93 1:2.5

2 7 19 92 1:2.3

3 8 25 92 1:1.3

4 9 26 87 1:1.6

5 10 27 86 1:1.2

6 11 20 96 1.4:1

a To a solution of the acceptor and Tf2O was added dropwise the do-
nor at –78 ºC.

Scheme 3 Reagents and conditions a) Bu2SnO, MeOH, reflux, 1 h,
then BnBr, DMF, 90 ºC, 3 h, 84%; b) PMBCl, NaH, DMF, r.t., 1.5 h,
83%; c) H2, Pd/C, NH4OAc, MeOH, r.t., 1 h, 91%; d) PDC, CH2Cl2,
4 Å MS, r.t., 8 h, 72%; e) same as c), 92%; f) PivCl, DMAP (cat.),
Et3N, CH2Cl2, r.t, 1 h, 86%; g) BH3, Bu2BOTf (cat.), THF, 0 ºC to r.t.,
1 h, then Et3N, 2 h, 88%.
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stirred solution of the glycosyl donor 40, acceptor 38, and
DTBMP in the presence of 4 Å MS at –40 ºC to afford ex-
clusively the desired a-tetrasaccharide 4115 in 75% yield.
This result indicates that the participating group at C-2 is
working well in the CB glycosides and the present meth-
odology could be applied for the construction of more
complex important oligosaccharides.

In summary, we have shown that CB glycosides having
various protective groups can be employed as efficient
glycosyl donors and demonstrated the power of the CB
glycoside methodology in oligosaccharide synthesis by
presenting the efficient construction of a tetrasaccharide.
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Scheme 4 Reagents and conditions a) 32, DTBMP, Tf2O, 4 Å MS,
CH2Cl2, –78 ºC, 10 min, then 30, –78 ºC to 0 ºC, 3 h, 91%; b) DDQ,
CH2Cl2–H2O (18:1), r.t., 9 h, 83%; c) 34, 36, DTBMP, 4 Å MS,
CH2Cl2, –40 ºC, then Tf2O, –40 ºC to 0 ºC, 3 h, 74% (a/b = 4:1);
d) H2, Pd/C, NH4OAc, MeOH, r.t., 1 h, 87%; e) 38, 40, DTBMP, 4 Å
MS, CH2Cl2, –40 ºC, then Tf2O, –40 ºC to 0 ºC, 3 h, 75%.
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