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We have found that tetrabutylammonium triflate (BuysNOTT)
serves as an effective electrolyte for electrochemical glycosyla-
tion using thioglycosides. Based on this method, a one-pot elec-
trochemical glycosylation—-Fmoc group deprotection sequence
has been developed. This sequence has been successfully applied
to the synthesis of a pentasaccharide.

The chemical synthesis of oligosaccharides plays a crucial
role in recent carbohydrate studies.! Among many glycosyl
donors for chemical glycosylations, thioglycosides serve as
powerful building blocks from a practical point of view, because
thioglycosides are stable under atmospheric conditions and are
compatible with a variety of reaction conditions. Indeed, many
chemical glycosylation strategies are based upon the use of
thioglycosides as both donors and acceptors.? However, such
strategies suffer from the use of strong oxidizing reagents for ac-
tivation of thioglycosides, which might affect other functional
groups during the reaction.’

Electrochemical oxidation is a powerful method for oxidiz-
ing organic compounds under mild conditions.* Electrochemical
glycosylations using various glycosyl donors have been reported
by several groups.’ A single-electron-transfer (SET) reagent
was also effective for glycosylations.® Thus, it was evident that
electron-transfer reactions are useful for activation of glycosyl
donors.

Recently, we reported that electrochemical oxidation of
thioglycosides followed by the reaction with glycosyl acceptors
led to effective glycosylation.” Tanaka and co-workers also
reported the electrochemical activation of thioglycosides in the
absence of a nucleophile.® Nokami and co-workers revealed
that thioglycosides having benzoyl groups are readily activated
electrochemically in the presence of catalytic amount of
NaOTf.? Very recently, we revealed that glycosyl triflates are
accumulated in the electrochemical oxidation of thioglycosides
using BuyNOTT by low-temperature NMR studies.'® Although
various methods based on electrochemical glycosylations have
been reported, the development of new methods that are practi-
cally useful for synthesis of a variety of oligosaccharides is still
needed. In this paper, we report a method based on one-pot
electrochemical glycosylation-Fmoc deprotection sequence
and its application to the synthesis of a pentasaccharide.

We initiated our study by investigating several solvent/
electrolyte systems for the reaction of glycosyl donor 1la
(0.1 mmol) and glycosyl acceptor 2a (0.1 mmol) under constant
current conditions at room temperature (Table 1).!! The glycosy-
lation using BuyNCIO,4 as a supporting electrolyte in CH;CN
(Entry 1) and CH,Cl, (Entry 2) gave 1,6-anhydroglucoside
and methyl tetrabenzoylglucoside as major products. The
electrochemically generated acid seems to be responsible for

Table 1. Effect of solvent/electrolyte systems for electrochem-

ical glycosylation

BzO
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oxidation

BzO HO \nod
BzO Q BnO Q
BzO SEt+ BnO -
BnO

BzO:
BzO o}
BZQ/&/O
BzOgno o]
BnO
BnO

1a 2a OMe 3a OMe
Entry  Solvent  Electrolyte  Selectivity  Yields/%
1 CH;CN  BuyNClO4 B only trace
2 CH2C12 BU.4NC104 /3 only 30
3 CH;CN  BuNBF, B only 65
4 CH2C12 BU4NBF4 IB Ol’l]y 44
5 CH;CN  BuNOTf B only 70
6 CH,Cl, BuyNOTf B only 79

the formation of these products, because ClO4~ is known to gen-
erate a very strong acid under electrolytic conditions.'? Use of
BusNBF, gave the desired disaccharide 3a in moderate yields
(Entries 3 and 4). The yields were further improved using
BuyNOTT as an electrolyte (Entries 5 and 6). CH,Cl, was found
to be superior to CH3CN as solvent. Therefore, hereafter we use
a BuyNOT{/CH,Cl, system for glycosylation reactions.

The electrochemical glycosylation with several donors 1la,
4, and 5 and acceptors 2a and 2b were examined and the results
are summarized in Figure 1. In some cases, the reaction suffered
from low yields of the products, but yields were improved using
an excess amount of a donor (1.2-1.5 equiv).

For sequential oligosaccharide synthesis, it is necessary to
introduce at least one temporary protecting group to hydroxy
groups of glycosyl donors. Several protecting groups such as,
tert-butyldimethylsilyl (TBS), p-methoxybenzyl (PMB), and 9-
fluorenylmethoxycarbonyl (Fmoc)!3 were examined to protect
one of the hydroxy groups. Among these protecting groups, only
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g SEt Bz0 SEt BZBO&L‘ BnO
BnO
5 SEt 2b OMe
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BzO
Bzg&\/ BSCZ)O g g
BZOBnO B20,
-~ B20 BnO BnO
3a 91% 3b 75% Me 6a 87%
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BzO o O
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OMe

6b 94% 7a 71% Me 7b 81%

Figure 1. Disaccharide obtained by the electrochemical glyco-
sylation.
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Fmoc group was revealed to survive under the electrochemical
oxidation conditions. The electrochemical glycosylations
using glycosyl donors 1b and 1c¢ were performed under normal
conditions and thus-obtained mixtures were treated with Et;N
in the same pot (eqs 1 and 2). Quantitative removal of the
Fmoc group afforded disaccharides 3¢ (90%) and 3d (93%),
which could be used for the next glycosylation as accepters.

FmocO Anodlc EX;S —
BzO BnO 1) oxidation

BzO Et . Bn&ﬁ BZOBno%ﬁ

Come 2 E‘ N BnO

1b 3¢ 90% OMe
BnO Anodlc HO
FmocO ) oxidation o)
% . Bn&ﬁ Bzo%o 8% @)
OMe ) Et;N BnoOMe
3d 93%

In order to demonstrate the utility of the present method
involving electrochemical glycosylations followed by the
one-pot Fmoc group deprotection sequence, pentasaccharide
10 was synthesized (Figure 2). The use of 1.2 equiv of thioglyco-
side donor 1b for each glycosylation steps gave the correspond-
ing pentasaccharide 10 as a single product in 63% yield over 6
steps (See Supporting Information for the details).'*

HO
HO Anodic  BzO~ &O}
BzO (o] 1) oxidation BzO o
BzO o] donor: 1b Bz0 BZO&O:
BzOgpo 0O —mm > BzO o}
BnO 2) EtsN BZOBnO%%
BnO BnO
BnO

3c OMe 8 90%
HO
BzO:

Q
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Anodic BzOgz0 (o}
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donor: 1b BzOpR,0 Q
= BzO o
2) Et;N BzOgnho o)
9 83% BnO
HO BnO
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) BzO
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1) oxidation ézo g t," A0

donor: 1b Bz0g,0 o
2) Et;N Bzo&\/o

10 84% BzOgno O
BnO
BnO

OMe

Figure 2. Sequential oligosaccharide synthesis using the
electrochemical glycosylations.

In summary, we have developed a highly efficient electro-
chemical glycosylation reaction using BuyNOTTf as an electro-
lyte. The combination of the electrochemical glycosylation with
the subsequent one-pot Fmoc group deprotection serves as a
highly practical method for the synthesis of oligosaccharides.
The scope and limitations of the present method and its applica-
tion to the synthesis of biologically active oligosaccharides are
under investigation in our laboratory.

The authors gratefully acknowledge financial supports from
a Grant-in-Aid for Scientific Research (Grant Nos. 18750085,
17205012, and 20245008) from the JSPS and a Grant-in-Aid
for the Global COE program from the MEXT, Japan. The au-
thors thank Dr. Shino Manabe of RIKEN for fruitful discussions.
T. N. thanks Meiji Seika Kaisha, Ltd. for financial support.

943

References and Notes

1 P. H. Seeberger, D. B. Werz, Nature 2007, 446, 1046.

2 a) G.-J. Boons, Tetrahedron 1996, 52, 1095. b) Z. Zhang, 1. R.
Ollmann, X.-S. Ye, R. Wischnat, T. Baasov, C.-H. Wong,
J. Am. Chem. Soc. 1999, 121, 734. ¢) D. Crich, J. Carbohydyr.
Chem. 2002, 21, 663. d) J. D. C. Codée, R. E. J. N. Litjens,
L.J. vanden Bos, H. S. Overkleeft, G. A. van der Marel, Chem.
Soc. Rev. 2005, 34, 769. e) D. P. Galoni¢, D. Y. Gin, Nature
2007, 446, 1000.

3 Reagents for Glycoside, Nucleotide, and Peptide Synthesis, ed.
by D. Crich, Wiley, Chichester, 2005.

4 a) Novel Trends in Electroorganic Synthesis, ed. by S. Torii,
Springer-Verlag, Tokyo, 1998. b) K. D. Moeller, Tetrahedron
2000, 56, 9527. c) Organic Electrochemistry, 4th ed., ed. by
H. Lund, O. Hammerich, M. Dekker, New York, 2001.
d) Rodd’s Chemisty of Carbon Compounds, Vol. V, Organic
Electrochemistry, ed. by M. Sainsbury, Elsevier Science
B. V., Amsterdam, 2002.

5 a)R. Noyori, I. Kurimoto, J. Org. Chem. 1986, 51, 4320.b) C.
Amatore, A. Jutand, J.-M. Mallet, G. Meyer, P. Sinay, J. Chem.
Soc., Chem. Commun. 1990, 718. ¢) G. Balavoine, A. Gref,
J.-C. Fischer, A. Lubineau, Tetrahedron Lett. 1990, 31, 5761.
d) J.-M. Mallet, G. Meyer, F. Yvelin, A. Jutand, C. Amatore,
P. Sinay, Carbohydr. Res. 1983, 244, 237. e) C. Amatore,
A. Jutand, G. Meyer, P. Bourhis, F. Machetto, J.-M. Mallet,
P. Sinay, C. Tabeur, Y.-M. Zhang, J. Appl. Electrochem.
1994, 24, 725. f) G. Balavoine, S. Berteina, A. Gref, J.-C.
Fischer, A. Lubineau, J. Carbohydr. Chem. 1995, 14, 1217.
g) G. Balavoine, S. Berteina, A. Gref, J.-C. Fischer, A.
Lubineau, J. Carbohydr. Chem. 1995, 14, 1237. h) S. Yamago,
K. Kokubo, J. Yoshida, Chem. Lett. 1997, 111. i) J. Nokami,
M. Osafune, Y. Ito, F. Miyake, S. Sumida, S. Torii, Chem. Lett.
1999, 1053. j) S. Yamago, K. Kokubo, O. Hara, S. Masuda,
J. Yoshida, J. Org. Chem. 2002, 67, 8584. k) R. R. France,
N. V. Rees, J. D. Wadhawan, A. J. Fairbanks, R. G. Compton,
Org. Biomol. Chem. 2004, 2, 2188. 1) R. R. France, R. G.
Compton, B. G. Davis, A. J. Fairbanks, N. V. Rees, J. D.
Wadhawan, Org. Biomol. Chem. 2004, 2, 2195.

6 a) A. Marra, J.-M. Mallet, C. Amatore, P. Sinay, Synlett 1990,
572.b) Y.-M. Zhang, J.-M. Mallet, P. Sinay, Carbohydr. Res.
1992, 236, 73. ¢) S. Mehta, B. M. Pinto, Carbohydr. Res. 1998,
310, 43.

7 S. Suzuki, K. Matsumoto, K. Kawamura, S. Suga, J. Yoshida,
Org. Lett. 2004, 6, 3755.

8 K. Mitsudo, T. Kawaguchi, S. Miyahara, W. Matsuda, M.
Kuroboshi, H. Tanaka, Org. Lett. 2005, 7, 4649.

9 N. Tanaka, F. Ohnishi, D. Uchihata, S. Torii, J. Nokami,
Tetrahedron Lett. 2007, 48, 7383.

10 T. Nokami, A. Shibuya, H. Tsuyama, S. Suga, A. A. Bowers,
D. Crich, J. Yoshida, J. Am. Chem. Soc. 2007, 129, 10922.

11 It takes 40 min for the constant current electrolysis of 0.1 mmol
of thioglycoside with 4 mA of current.

12 S. Torii, T. Inokuchi, S. Takagishi, H. Horike, H. Kuroda,
K. Uneyama, Bull. Chem. Soc. Jpn. 1987, 60, 2173, and refer-
ences therein.

13 Glycosylations using Fmoc group as a temporary protecting
group, see: a) D. B. Werz, B. Castagner, P. H. Seeberger,
J. Am. Chem. Soc. 2007, 129, 2770. b) D. Majumdar, T.
Zhu, G.-J. Boons, Org. Lett. 2003, 5, 3591. ¢) T. Zhu, G.-J.
Boons, Tetrahedron: Asymmetry 2000, 11, 199.

14 Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/.

Published on the web (Advance View) August 2, 2008; doi:10.1246/¢c1.2008.942


http://dx.doi.org/10.1038/nature05819
http://dx.doi.org/10.1016/0040-4020(95)00897-7
http://dx.doi.org/10.1021/ja982232s
http://dx.doi.org/10.1081/CAR-120016486
http://dx.doi.org/10.1081/CAR-120016486
http://dx.doi.org/10.1039/b417138c
http://dx.doi.org/10.1039/b417138c
http://dx.doi.org/10.1038/nature05813
http://dx.doi.org/10.1038/nature05813
http://dx.doi.org/10.1016/S0040-4020(00)00840-1
http://dx.doi.org/10.1016/S0040-4020(00)00840-1
http://dx.doi.org/10.1021/jo00372a050
http://dx.doi.org/10.1039/c39900000718
http://dx.doi.org/10.1039/c39900000718
http://dx.doi.org/10.1016/S0040-4039(00)97951-6
http://dx.doi.org/10.1016/0008-6215(83)85004-6
http://dx.doi.org/10.1007/BF00578086
http://dx.doi.org/10.1007/BF00578086
http://dx.doi.org/10.1080/07328309508005406
http://dx.doi.org/10.1080/07328309508005407
http://dx.doi.org/10.1246/cl.1997.111
http://dx.doi.org/10.1246/cl.1999.1053
http://dx.doi.org/10.1246/cl.1999.1053
http://dx.doi.org/10.1021/jo0261350
http://dx.doi.org/10.1039/b316720h
http://dx.doi.org/10.1039/b316728c
http://dx.doi.org/10.1055/s-1990-22045
http://dx.doi.org/10.1055/s-1990-22045
http://dx.doi.org/10.1016/0008-6215(92)85007-M
http://dx.doi.org/10.1016/0008-6215(92)85007-M
http://dx.doi.org/10.1016/S0008-6215(98)00163-3
http://dx.doi.org/10.1016/S0008-6215(98)00163-3
http://dx.doi.org/10.1021/ol048524h
http://dx.doi.org/10.1021/ol051776d
http://dx.doi.org/10.1016/j.tetlet.2007.08.004
http://dx.doi.org/10.1021/ja072440x
http://dx.doi.org/10.1246/bcsj.60.2173
http://dx.doi.org/10.1021/ja069218x
http://dx.doi.org/10.1021/ol0352355
http://dx.doi.org/10.1016/S0957-4166(99)00569-8
http://dx.doi.org/10.1246/cl.2008.942

