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This Letter is dedicated to Professor Yoshihiko Ito in memorial
Abstract—Electrochemical O-glycosylation of primary alcohols with O-protected thioglycosides was performed in the presence of a
small amount of sodium trifluoromethansulfonate (12.5 mol % to glycosyl acceptor) as a supporting electrolyte. The reaction was
successfully carried out in an undivided cell to give O-glycosides in good yields with a high electro-efficiency (ca. 1 F/mol) at 15 �C in
acetonitrile.
� 2007 Elsevier Ltd. All rights reserved.
The biological significance of glycoconjugates has sti-
mulated much synthetic activity in glycoside synthesis.
One of the most essential and attractive reactions for
glycosides is ‘glycosylation reaction’ in which a leaving
group on the anomeric carbon of glycosyl donor is
required to be stereoselectively replaced by an aglycon
conveniently in good yields.1 Though numerous meth-
ods by a combination of glycosyl donor, having a leav-
ing group on the anomeric carbon, with its suitable
activator are available to date, the development of new
methods that promote glycosylation in a general and
convenient manner is still very desirable. Thioglycosides,
where an anomeric hydroxy group is replaced by an
alkylthio or arylthio group, have recently attracted con-
siderable attention as glycosyl donors, because of their
stability, accessibility, and compatibility.2 They offer
sufficient temporary protection at the anomeric center
and present several alternative possibilities for regio-
selective activation to generate glycosyl donor properties.
For example, thioglycoside activators include N-
iodosuccinimide/trifluoromethanesulfonic (triflic) acid
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combination (NIS/TfOH),3 N-bromosuccimide (NBS)/
TfOH,4a Et3SiOTf,4b or 4 Å molecular sieves4c,7 combi-
nation, dimethyl(thiomethyl)sulfonium trifluoro-
methanesulfonate (DMTST),5 methyl triflate (MeOTf),6

methylsulfenyl triflate (MeSOTf),7 benzeneselenyl
triflate (PhSeOTf),8 iodonium dicollidine perchlorate
(IDCP),3 1-(benzenesulfinyl)piperidine (BSP)/triflic
anhydride (Tf2O),9 and more recently N-(phenyl-
thio)caprolactam/(Tf2O)10 as well as earlier methods
for activation including mainly mercury(II), copper(II),
and lead(II) salts.11 In these reactions, more than an
equimolar (theoretical) amount of an activator was
commonly required for completion of the reaction.

In our previous study on electrochemical glycosylation,
we disclosed that electrochemical N-glycosylation was
successfully carried out using O-protected aryl-
thio(deoxy)ribose derivatives as donors and silylated
pyrimidines as acceptors in the presence of only
10 mol % of NBS or Br2, in which a bromonium ion
(Br+), formed from Br� or Br� by electrolysis, serves
as an effective activator of thioglycoside 1 and bromine
atom will be reused as a mediator of the reaction.12

As a matter of course the glycosylation by an activator
generated in situ via electrolysis in the presence of a cat-
alytic amount of mediator is more advantageous than
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that using a stoichiometric amount of an activator. This
led us to study further not only the electrochemical N-
glycosylation but also the O-glycosylation using a small
amount of a mediator or a supporting electrolyte. There
are many reports on O-glycosylation with glycosyl
donors activated by electrolysis using an excess amount
of supporting electrolytes.13

Here we describe a convenient electrochemical O-glyco-
sylation reaction of alcohols using thioglycosides 1 as
glycosyl donors in the presence of a small amount of a
supporting electrolyte (or a mediator) for activation of
1 as shown in Eq. 1.
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First, electrolysis was performed between benzyl pro-
tected p-tolylthioglucopyranoside 1a and methyl 2,3,4-
tri-O-benzylglucopyranoside 2a to give methyl (2,3,4,6-
tetra-O-benzyl-a- and b-DD-glucopyranosyl)-(1!6)-2,3,
4-tri-O-benzyl-a-DD-glucopyranoside 3aa,14 in the pres-
ence of a small amount of a supporting electrolyte,
which served as an activator of thioglycosides by elec-
trolysis. Electrolysis with sodium trifluoromethanesulfo-
nate (12.5 mol % of glycosyl acceptor) gave O-glycoside
in good yield with a high electro-efficiency as well as that
with lithium perchlorate (Table 1, entries 1, 3 and 4),
although electrolysis in the presence of 10 mol % of
NBS or Br2 was ineffective.15 Furthermore, sodium tri-
fluoromethanesulfonate was revealed to be more effec-
tive than lithium perchlorate for the reaction of
benzoyl protected p-tolylthioglucopyranoside 1b with
2,3,4-tri-O-benzoylglucopyranoside 2b to give methyl
Table 1. Electrochemical O-glycosylation of 2a,b with thioglycoside 1a,ba

1a,b
(0.3 mmol)

2a,b
(0.2 mmol)
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a: R = Bn; b: R = Bz

Entry 1 2 Electrolyte Additiveb Elec

1 1a 2a LiClO4 — 1.0
2 1a 2a Bu4NClO4 — 1.0
3 1a 2a CF3SO3Na — 1.0
4 1a 2a CF3SO3Na — 1.3
5 1b 2b LiClO4 — 1.0
6 1b 2b LiClO4 PhCO2H (0.2 mmol) 1.0
7 1b 2b CF3SO3Na — 1.0
8 1b 2b CF3SO3Na PhCO2H (0.2 mmol) 1.0

a Reactions were performed using 1a,b (0.3 mmol) and 2a,b (0.2 mmol). For
b See Ref. 13h.
c Electricity based on thioglycoside 1a,b.
d Determined by 1H NMR.
(2,3,4,6-tetra-O-benzoyl-b-DD-glucopyranosyl)-(1!6)-2,
3,4-tri-O-benzoyl-a-DD-glucopyranoside 3bb13h as shown
in Table 1 (entries 6 and 8).

It has been reported by Yamago and Yoshida that the
addition of benzoic acid is effective for decreasing by-
products formation caused by hydrolysis due to an elec-
trogenerated base.13h We found that sodium trifluorom-
ethanesulfonate served as an efficient supporting
electrolyte only with 12.5 mol % in acetonitrile (ca.
0.01 M).17 It is assumed that the glycosylation would
take place directly at the anode via electrochemical oxi-
dation of thioglycosides as shown in Scheme 1.
Then, we applied this reaction to the O-glycosylation of
various alcohols 2a–h with thioglycosides 1b–e to give
the corresponding glycosides 3 in good yields. Results
of the reaction with primary alcohols are summarized
in Tables 2 and 3, and those with secondary alcohols
are listed in Table 4.

In the electrochemical glycosylation of secondary alco-
hols the yield of the corresponding glucosides was mod-
erate. The difference of reactivity between primary
alcohol and secondary alcohol was clearly observed in
the glycosylation of methyl 2,3-di-O-benzyl-a-DD-gluco-
pyranoside 2m and methyl 3,4-di-O-benzyl-a-DD-gluco-
pyranoside 2n with 1b, in which the corresponding
methyl 2,3,4,6-tetra-O-benzyl-a-DD-glucopyranosyl-(1!6)-
2,3 and 3,4-di-O-benzyl-a-DD-glucopyranosides 3bm, 3bn
were obtained selectively in 88% and 67% yields, respec-
3aa: R = Bn
3bb: R = Bz

g electrolyte
5 mol%)
t (1cm2)
ided cell 
CN (2.5 ml)
A/cm2, 15 ˚C
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tricityc (F/mol) Applied voltage (V) Yield of 3

(%)
a:bd

5–10 aa 88 0.26:1
2–10 aa 42 0.23:1
8–30 aa 81 0.24:1
5–25 aa 87 0.22:1
5–100 bb 33 b only
2–95 bb 71 b only
5–15 bb 57 b only
5–20 bb 84 b only

reaction conditions, see Ref. 15.
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Scheme 1. Direct electrochemical O-glycosylation of alcohols.

Table 2. Electrochemical O-glycosylation of 2a with thioglycoside 1b,ca

2a
(0.2 mmol)

+

3ca: R = Ac
3ba: R = Bz

CF3SO3Na (12.5 mol%)
(Pt)-(Pt)(1cm2)
undivided cell

MeCN (2.5 ml)
5 mA/cm2, 15 ˚C
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OR
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OBnOBnO
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1b: R = Bz; 1c: R = Ac
(0.3 mmol)

O

Entry Thioglycoside PhCOOHb Electricityc (F/mol) Applied voltage (V) Yield of 3 (%) a:bd

1 1c — 1.0 5–20 3ca16 52e b
2 1c 0.2 mmol 1.0 5–15 3ca16 55e b
3 1b — 1.0 10 3ba14 81 b

a Reactions were performed using 1b,c (0.3 mmol) and 2a (0.2 mmol) as described in Ref. 15.
b See Ref. 13h.
c Electricity based on thioglycoside 1.
d Determined by 1H NMR.
e Ortho ester 4ca was obtained in ca. 20% yield together with 3ca.
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Table 3. Electrochemical O-glycosylation of primary alcohols 2 with thioglycoside 1b,d,ea

Entry Donor Acceptor Electricityb (F/mol) Applied voltage (V) Yield of 3 (%) a:bc

1

1d

O
OBz

BzO
OBz

STol

BzO

2a

OBnOBnO
BnOOMe

OH

1.0 7–12 3da 80 b

2

1e

OBzOBzO
OBz

STol

OBz

2a 1.7 10–15 3ea18 76 a

3d

1b

O
OBz

BzO
OBz

STolBzO n-C8H17–OH 1.0 10 3bh 82 b
2h

a Reactions were performed using acceptor 2a,h (0.2 mmol) and donor 1b,d,e (0.3 mmol) as described in Ref. 15.
b Electricity based on thioglycosides (donors).
c Determined by 1H NMR.
d Performed at 60 �C.
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Table 4. Electrochemical O-glycosylation of secondary alcohols 2c–g with thioglycoside 1ba

+

31b  (0.3 mmol)

2
(0.2 mmol) β

CF3SO3Na (12.5 mol%)
Pt-Pt (1cm2)
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MeCN (2.5 ml)
5 mA / cm2

O
OBz

BzO
OBz

STolBzO O
OBz

BzO
OBz

ORBzO

Entry Acceptor R–OH Temperature (�C) Electricityb (F/mol) Applied voltage (V) Yield of 3

(%)

1 OHOBnO
BnOOMe
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15 1.3 8 3bc14 54

2

2d

OBnOBnO
HOOMe
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15 1.0 5–10 3bd18 48

3
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Ph OH
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15 1.0 10–20 3bf 47

5c

2g
H

H

H
HO

(CH2)3CH(CH3)2

H
40 1.3 8–15 3bg19 46

a Reactions were performed using 1b (0.3 mmol) and 2c–g (0.2 mmol) as described in Ref. 15.
b Electricity based on thioglycoside 1b.
c Performed in propanenitrile in the presence of benzoic acid (0.2 mmol).

1b (0.3 mmol) 2m R2=Bn, R4=H

2n R2=H, R4=Bn

+

CF3SO3Na (12.5 mol%)
(Pt)-(Pt)(1cm2)
undivided cell

MeCN (2.5 ml)
5 mA/cm2 (1 F/mol)

15 ˚C
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(0.2 mmol)

Scheme 2. Regioselective electrochemical O-glycosylation of diols 2m and 2n.
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tively, without any formation of the products reacted at
the secondary alcohol (Scheme 2).
Acknowledgement

This study was financially supported by the Electric
Technology Research Foundation of Chugoku Electric
Power Co. Ltd.
References and notes

1. Schmidt, R. R.; Kinzy, W. Adv. Carbohydr. Chem.
Biochem 1994, 50, 21–123.
2. Oscarson, S. In Carbohydrates in Chemistry and Biology;
Eanst, B., Hart, G. W., Sinaÿ, P., Eds.; Wiley-VCH:
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