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A novel Lewis X derivative of 1 with an orthogonal set of
protecting groups was systematically prepared. Efficient use of
the protecting groups for the amino and the hydroxy groups in
lactosamine enabled formation of the diol derivative at C3 and
C2¤. Glycosidation of 1-thio-L-fucoside donor with the diol
derivative progressed preferably at the C3 hydroxy group,
resulting in prior production of 1. Compound 1 is a key building
block toward easy assemblies of Lewis X-related carbohydrate
epitopes.

Lewis X {Gal¢(1¼ 4)[Fuc¡(1¼ 3)]GlcNAc; Lex} trisac-
charide is frequently found in the structures of important
bioactive oligosaccharides,1 which play key roles in various
biological events such as inflammation, lymphocyte homing,
infection by pathogens, and metastasis of tumors.24 For
example, Lex-incorporated oligosaccharides are overexpressed
on the surface of tumor cells.5 Lex is a promising target for
anticancer agents, therefore attracting a lot of glycoscientists to
attempt efficient syntheses of Lex-related glycoconjugates.6

Various approaches have been reported, however, most of them
require lengthy, multistep sequences with complex manipula-
tions despite the development of new synthetic methodolo-
gies.710 The Lewis structure is mostly prepared by assembling
suitably protected monosaccharide building blocks via con-
ventional chemical methods. A few examples employing a
disaccharide of lactose [Gal¢(1¼ 4)Glc] as a starting material
have been reported to avoid problems in the synthesis of Lex

derivatives,11 where a troublesome glycosylation reaction can be
avoided; however, introduction of an acetamido function is often
problematic in these strategies. In contrast, 2-aminodeoxy sugars
have been successfully prepared from ketoses via the Heyns
rearrangement,12 particularly, this methodology is of great use in
employing disaccharidic ketoses. In the present study, we first
demonstrate facile access to the Lex trisaccharide derivative 1
(Figure 1) via the Heyns rearrangement and by rational protect-
ing group strategy. Compound 1 is a key intermediate having
a set of orthogonal protecting groups, which are capable of
producing a series of important Lex-related epitopes such as Ley,
Lex oligomers, sialyl Lex, sialyl oligomeric Lex, and sulfated Lex

derivatives.4 Therefore, this study will open a new access to
Lewis antigens, which should be helpful for researchers in many
fields even unfamiliar with carbohydrate chemistry.

To obtain the lactosamine derivative 3, we carried out
the Heyns rearrangement of lactulose 212 (Scheme 1). The N-
phthaloyl (NPhth) group in 3 was introduced because of the
selectivity in removal by hydrazine and the capability of forming
1,2-trans-glycoside by anchimeric assistance from carbonyl
oxygen. Furthermore, it is to be expected that the NPhth group
at C2 provides sterically hindered surroundings for the C3
substituent. Compound 3 was isolated at this step (33% yield

from 2). For the anomeric O-protection, a 4-methoxyphenyl
(MP) group was introduced in a ¢-manner through glycosylation
of MPOH with trichloroacetimidate 4,13 providing 514 in an
86% yield. The MP glycoside is frequently employed in
carbohydrate chemistry because of the stability under various
conditions except under oxidation using cerium(IV) ammonium
nitrate.15 All of the O-acetyl protecting groups in 5 were
removed by the Zemplén procedure. The hydroxy groups at C4¤
and C6¤ of 6 were protected by the benzylidene acetal to give
7 followed by introduction of the tert-butyldimethylsilyl
(TBDMS) group at C6 to afford 8. The 4¤,6¤-O-benzylidene
and the 6-O-TBDMS groups can be removed independently,
where the former is cleaved by hydrogenation in the presence of
PdC and the latter by fluoride anion species. Furthermore, the
4¤,6¤-O-benzylidene acetal can remain protected after removal
of O-benzyl groups through hydrogenolysis using Pearlman’s
catalyst.16 Such orthogonal protection of C6 and C6¤ enables
facile production of sialylated and/or sulfated Lex derivatives.
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Figure 1. A key building block for synthesis of Lewis
antigens.
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Scheme 1. Reagents and conditions: a) 1) benzylamine, 40 °C,
2 days, 2) MeOHAcOH (8:1, v/v), rt, overnight; b) Pd(OH)2
C, H2, HCl(aq), rt, 3 days; c) 1) MeONa then phthalic
anhydride/MeOH, rt, 26 h, 2) Ac2O/pyridine, rt, 18 h, 33% (5
steps); d) benzylamine/THF, rt, 20 h, 72%; e) CCl3CN, DBU/
CH2Cl2, 0 °C, 2 h, 57%; f) 4-methoxyphenol, BF3¢OEt2/CH2Cl2,
¹50 °C, 3 h, 86%; g) MeONa/MeOH, rt, 15 h, 80%; h) PhCH-
(OMe)2, 10-camphorsulfonic acid/DMF, 30 °C, 10 h, 68%;
i) TBDMSCl/pyridine, rt, 24 h, 82%.
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In carbohydrate chemistry, O-benzoyl protection, which
is selectively removed by the Zemplén procedure, is frequently
adopted for regioselective protection of hydroxy groups to
reduce multiple protectiondeprotection procedures.17,18 Partic-
ularly on some lactoside derivatives, regioselective O-benzo-
ylation has been successfully carried out, leading to easy access
to Lex analogs.19,20 However, to the best of our knowledge, the
regioselective O-benzoylation of lactosamine derivatives has not
been reported so far. Thus, we tried regioselective O-benzo-
ylation of 8 to prepare a mono-O-benzoylated derivative of 9
(Scheme 2). It is to be pointed out that 3-OH of 2-azidolactose is
highly reactive similar to the primary 6- and 6¤-OH;21 however,
the nucleophilicity of 3-OH in 8 will be appropriately reduced
by the neighboring NPhth group at C2. Therefore, we
anticipated the reactivity order of the hydroxy groups to be 3¤-
OH22 > 3-OH > 2¤-OH. Indeed, compound 9 was obtained in
a satisfactory yield of 64% by addition of 1.5mol equivalents
of benzoyl chloride (BzCl) to a solution of 8 in pyridine
dichloromethane (1:1, v/v) mixture at ¹50 °C under Ar
atmosphere. In addition, 3,3¤-di-O-benzoylated derivative 10
was also formed in a lower yield of 14%. These results clearly
indicate that 3¤-OH is most easily benzoylated among three
hydroxy groups in 8, resulting in predominant production of 9.
In the case employing 2.1mol equivalents of BzCl, compounds
9 and 10 were obtained in 62% and 17% yields, respectively.
Therefore, it seems difficult to improve the yield of 9 and to
completely suppress formation of 10 by controlling the amount
of BzCl. Taken together all these results, we tried regioselective
O-fucosylation at C3 of the diol 9.

O-Benzyl-protected 1-thio-L-fucoside derivatives are pre-
ferred as a glycosyl donor for ¡-L-fucoside formation via 1,2-
cis-glycoside to C3 or C4 of glucosamine derivatives in the
synthesis of Lewis antigens.710,16,20 Furthermore, some 1-thio-
L-fucoside derivatives are commercially available. Therefore, we
employed phenyl 1-thio-L-fucoside derivative 1123 as a glycosyl
donor. Glycosylation of 9 with equimolar amounts of 11 was
performed in CH2Cl2Et2O (1:2, v/v) mixture at ¹78 °C with
N-iodosuccinimidetriflic acid as a promoter system.23 The
glycosylation reaction proceeded smoothly, generating the target
trisaccharide 1 in a reasonable yield of 68% within 1 h. A trace
amount of the Lewis Y tetrasaccharide derivative was formed,
which could easily be removed by chromatographic procedures.
The Ley derivative was obtained as a main product when 1.5mol
equivalents of 11 was used at ¹40 °C within 2 h (Supporting
Information).24 Notably, a trisaccharide derivative bearing O-
fucoside at only C2¤ was not formed at all. Therefore, compound
1 was first formed followed by production of the Ley derivative

during the glycosylation reaction, which can be controlled by the
amounts of 11 and reaction temperature. Thus, the Lex derivative
1 was successfully prepared from 2 via 13 steps.

In conclusion, rapid assembly of the Lex derivative 1 was
first demonstrated by utilizing the Heyns rearrangement and by
rational protecting group manipulation on the basis of reactivity
order prediction of hydroxy groups. Compound 1 has several
orthogonal protecting groups, each of which can be removed
without any damage to other protecting groups. Furthermore, all
of the reactions in this study were carried out in several gram
scales (see SI);24 this synthetic strategy is applicable for large
scale synthesis of Lex-related carbohydrate antigens. Thus, the
present study will accelerate preparation of various Lex

derivatives, which will stimulate research in many fields such
as glycoscience, medicine, pharmaceutics, and biology.

This study was supported by Grant-in-Aid for Scientific
Research (C) (No. 20550110) from Japan Society for the
Promotion of Science (JSPS), and by Global COE program,
International Center for Integrated Research and Advanced
Education in Materials Science, from the Ministry of Education,
Culture, Sports, Science and Technology, Japan.

References and Notes
1 Essentials of Glycobiology, ed. by A. Varki, R. D. Cummings, J. D.

Esko, H. H. Freeze, P. Stanley, C. R. Bertozzi, G. W. Hart, M. E.
Etzler, Cold Spring Harbor, New York, 2009.

2 S. D. Rosen, Annu. Rev. Immunol. 2004, 22, 129.
3 S. A. Brooks, T. M. Carter, L. Royle, D. J. Harvey, S. A. Fry, C.

Kinch, R. A. Dwek, P. M. Rudd, Anti-Cancer Agents Med. Chem.
2008, 8, 2.

4 B. Ernst, J. L. Magnani, Nat. Rev. Drug Discovery 2009, 8, 661.
5 E. H. Holmes, S. Hakomori, G. K. Ostrander, J. Biol. Chem. 1987,

262, 15649.
6 Y. D. Vankar, R. R. Schmidt, Chem. Soc. Rev. 2000, 29, 201.
7 A. Miermont, Y. Zeng, Y. Jing, X. Ye, X. Huang, J. Org. Chem.

2007, 72, 8958.
8 H. Tanaka, N. Matoba, H. Tsukamoto, H. Takimoto, H. Yamada, T.

Takahashi, Synlett 2005, 824.
9 K. R. Love, P. H. Seeberger, Angew. Chem., Int. Ed. 2004, 43, 602.
10 K.-K. T. Mong, C.-H. Wong, Angew. Chem., Int. Ed. 2002, 41,

4087.
11 S. Nishimura, K. Matsuoka, T. Furuike, N. Nishi, S. Tokura, K.

Nagami, S. Murayama, K. Kurita, Macromolecules 1994, 27,
157.

12 A. E. Stütz, G. Dekany, B. Eder, C. Illaszewicz, T. M. Wrodnigg,
J. Carbohydr. Chem. 2003, 22, 253.

13 G. Grundler, R. R. Schmidt, Carbohydr. Res. 1985, 135, 203.
14 Y. Nakahara, S. Shibayama, Y. Nakahara, T. Ogawa, Carbohydr.

Res. 1996, 280, 67.
15 T. Nakano, Y. Ito, T. Ogawa, Tetrahedron Lett. 1990, 31, 1597.
16 A. K. Misra, Y. Ding, J. B. Lowe, O. Hindsgaul, Bioorg. Med.

Chem. Lett. 2000, 10, 1505.
17 G. Hu, A. Vasella, Helv. Chim. Acta 2002, 85, 4369.
18 U. B. Gangadharmath, A. V. Demchenko, Synlett 2004, 2191.
19 L. Lay, R. Windmüller, S. Reinhardt, R. R. Schmidt, Carbohydr.

Res. 1997, 303, 39.
20 S. E. Soliman, R. W. Bassily, R. I. El-Sokkary, J. Banoub, M. A.

Nashed, Carbohydr. Res. 2009, 344, 395.
21 R. Bommer, W. Kinzy, R. R. Schmidt, Liebigs Ann. Chem. 1991,

425.
22 G. J. F. Chittenden, Carbohydr. Res. 1971, 16, 495.
23 S. Komba, H. Ishida, M. Kiso, A. Hasegawa, Bioorg. Med. Chem.

1996, 4, 1833.
24 Supporting Information is available electronically on the CSJ-

Journal Web site, http://www.csj.jp/journals/chem-lett/index.html.

O
O

R1O
OH

O

OO
R2O

NPhth

OTBDMS

OMP

Ph

BnO

H3C

OBn

O SPh
OBn

8

9: R1=Bz, R2=H
10: R1=R2=Bz
1: R1=Bz, R2=O -Bn-α-L-Fuc11

a)

b)

Scheme 2. Reagents and conditions: a) BzCl/pyridineCH2Cl2
(1:1, v/v), ¹50 °C, 6 h, 9, 64%, 10, 14%; b) NISTfOH/
CH2Cl2Et2O (1:2, v/v), ¹78 °C, 1 h, 68%.

439

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 438439 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1146/annurev.immunol.21.090501.080131
http://dx.doi.org/10.2174/187152008783330860
http://dx.doi.org/10.2174/187152008783330860
http://dx.doi.org/10.1038/nrd2852
http://dx.doi.org/10.1039/a900943d
http://dx.doi.org/10.1021/jo701694k
http://dx.doi.org/10.1021/jo701694k
http://dx.doi.org/10.1055/s-2005-863751
http://dx.doi.org/10.1002/anie.200352539
http://dx.doi.org/10.1002/1521-3773(20021104)41:21<4087::AID-ANIE4087>3.0.CO;2-X
http://dx.doi.org/10.1002/1521-3773(20021104)41:21<4087::AID-ANIE4087>3.0.CO;2-X
http://dx.doi.org/10.1021/ma00079a023
http://dx.doi.org/10.1021/ma00079a023
http://dx.doi.org/10.1081/CAR-120023468
http://dx.doi.org/10.1016/S0008-6215(00)90772-9
http://dx.doi.org/10.1016/0008-6215(95)00262-6
http://dx.doi.org/10.1016/0008-6215(95)00262-6
http://dx.doi.org/10.1016/0040-4039(90)80026-I
http://dx.doi.org/10.1016/S0960-894X(00)00207-9
http://dx.doi.org/10.1016/S0960-894X(00)00207-9
http://dx.doi.org/10.1002/hlca.200290018
http://dx.doi.org/10.1055/s-2004-831318
http://dx.doi.org/10.1016/S0008-6215(97)00135-3
http://dx.doi.org/10.1016/S0008-6215(97)00135-3
http://dx.doi.org/10.1016/j.carres.2008.11.019
http://dx.doi.org/10.1002/jlac.199119910178
http://dx.doi.org/10.1002/jlac.199119910178
http://dx.doi.org/10.1016/S0008-6215(00)81192-1
http://dx.doi.org/10.1016/S0968-0896(96)00165-4
http://dx.doi.org/10.1016/S0968-0896(96)00165-4
http://www.csj.jp/journals/chem-lett/

