
A highly efficient construction of GM1 epitope
tetrasaccharide and its conjugation with KLH

Takeru Yoshikawa & Yuki Kato & Nobuhiro Yuki &
Tomio Yabe & Hideharu Ishida & Makoto Kiso

Received: 19 July 2007 /Revised: 7 December 2007 /Accepted: 15 January 2008 / Published online: 15 February 2008
# Springer Science + Business Media, LLC 2008

Abstract GM1 epitope tetrasaccharide was synthesized by
a condensation of sialyl-α(2–3)-gal acceptor and gal-β(1–
3)-GalN donor in a highly efficient manner. After intro-
duction of mercaptohexanol to the tetrasaccharide, it was
coupled to maleimide-activated KLH carrier protein to give
the desired GM1 epitope-KLH conjugate.
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Introduction

Gangliosides are a large family of glycosphingolipids,
predominantly distributed on the cell-surface membrane and
anchored in the external leaflet of the lipid bilayer by a

ceramide moiety. Sialylated oligosaccharides are exposed
extracellularly. GM1 is a major ganglioside in the peripheral
nervous system as well as in the central nervous system [1].
Guillain–Barré syndrome (GBS) is the most common cause
of acute neuromuscular paralysis in developed countries [2].
One third of GBS patients develop after enteric infection by
a Gram-negative bacterium Campylobacter jejuni, who have
IgG autoantibodies against self ganglioside GM1. A series
of studies has elucidated the molecular pathogenesis: (1)
C. jejuni strains isolated from GBS patients carried lipo-
oligosaccharides (LOS) bearing GM1-like structures, indicat-
ing the presence of molecular mimicry [3]; (2) rabbits
sensitized with GM1-like LOS as well as GM1 developed
anti-GM1 IgG antibodies and flaccid limb weakness [4, 5];
(3) anti-GM1 IgG antibodies produced complement-mediated
disruption of sodium channel clusters in the peripheral
nerves, causing muscle weakness [6].

The GBS model induced by sensitization of GM1 or
GM1-like LOS with rabbits is helpful for developing new
treatments [4, 5, 7], but higher induction rate and less
inoculation time are required. Unconjugated keyhole limpet
hemocyanin (KLH) with GM1 or GM1-like LOS was
inoculated in the disease model, but GM1 conjugation with
KLH as a carrier protein should be useful to obtain the
disease model more efficiently.

In this report, we describe a highly efficient construction
of GM1 epitope, and its conjugation with KLH as a carrier
protein, to supply the material in an adequate amount for
animal study.

Results and discussion

In the first part of this study, we describe an efficient
construction of GM1 epitope tetrasaccharide, which can be
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divided into N-acetylgalactosaminyl-β(1–4)-galactose de-
rivative 5 and sialyl-α(2–3)-galactose derivative 6 by
retrosynthetic analysis (Fig. 1). The disaccharide donor
5 was obtained by the deprotection of 4,6-O-di-tert-
butylsilylene group followed by acetylation of known,
phenyl 2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-
4,6-O-di-tert-butylsilylene-2-deoxy-2-(2,2,2-trichloroethox-
ycarbonylamino)-1-thio-β-D-galactopyranoside (4) [8],
which was synthesized by the glycosylation of readily
accessible phenylthioglycoside of 2-N-Troc galactosamine
with the commercially available per-O-acetylated galactose
derivative. The disaccharide acceptor 6 was obtained as
crystals [9] by the coupling of known N-Troc sialic acid

thioglycoside donor and suitably protected p-methoxy-
phenyl galactoside (Scheme 1).

Glycosylation of 6 with 5 in dichloromethane for 1.5 h at
−40°C in the presence of N-iodosuccinimide, trifluorome-
thanesulfonic acid and powdered 4 Å molecular sieves gave
an 87% yield of the desired tetrasaccharide 7. The
stereochemistry of the newly formed glycosidic linkage
was not decided at this stage, which was clearly demon-
strated to be β after conversion into 18, J1,2=7.8 Hz. It is of
worth to note that the tetrasaccharide was obtained in a large
scale up to 10 g. The selective deprotection of Troc group of
7 with Zn–Cu complex acetic acid/dichloroethane [10] gave
a free amine 8, which, on successive treatment with acetic
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anhydride in pyridine afforded the corresponding acetamide
9. Hydrogenolytic removal of the benzyl group in 9 and the
following benzoylation gave 11. Compound 11 was then
transformed into the corresponding trichloroacetimidate 13
by selective deblocking of the p-methoxyphenyl group with
ceric ammonium nitrate and subsequent imidate formation
(Scheme 2). As a result, the tetrasaccharide 7 was converted
into the corresponding glycosyl donor in 54% yield by the
protecting group manipulation in seven steps.

In the second part of this work, we describe a
conjugation of GM1 with and KLH. We used MBS (m-
maleimidobenzoyl-N-hydroxysuccinamide ester), a heter-
obifunctional reagent, which cross-links thiol groups with
amino groups [11]. Since maleimide-activated KLH is
commercially available, we tried to introduce thiol
function into the glycan part. 6-(Tert-butyldithio)hexanol
(16) was prepared from 6-mercaptohexanol by a treatment
with methoxycarbonylsulfenyl chloride [12] to give an
asymmetrical disulfide 15 in 95%, which was transformed
into the desired spacer part 16 by a treatment with 2-
methyl-2-propanthiol in 99% yield (Scheme 3). The
coupling of the glycosyl imidate 13 and the alcohol 16
was accomplished by a treatment with trimethylsilyl
trifluoromethanesulfonate to give 17 in 87% yield. The

stereochemistry of the new glycoside was again decided
after conversion into intermediate 18 to be β, J1,2=7.6 Hz.
O-Deacylation of 17 with sodium methoxide in methanol,
and subsequent saponification of the methyl ester group,
yielded the key intermediate 18.

Coupling of GM1 epitope with KLH was performed by a
two-step procedure. First, the disulfide 18 was treated with
tris(2-carboxyethyl)phosphine [13] to give the thioderiva-
tive 19, which was then coupled to the maleimide-activated
carrier protein MA-KLH [14] to give the GM1 epitope-
KLH conjugate (Scheme 4). It is worth to note that the
symmetric disulfide was not formed in sequence of the
reactions. The hapten-carrier ratio (see “Experimental”
section) was quantified in the range of 18:1 ratio.
Inoculation of a rabbit with 500 μg of the conjugate two
times effectively induced the production of anti-GM1 IgG
antibodies, although it did not induce the development of
paralysis (Phongsisay and Yuki, unpublished data).

In conclusion we have succeeded in a highly efficient
procedure to construct GM1 epitope tetrasaccharide, which
makes the synthesis a variety of GM1-containing glyco-
conjugates really practical, including natural GM1 gangli-
oside as well as the derivatives conjugated with useful
aglycons.
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Experimental section

General methods

1H and 13C NMR spectra were recorded with Varian
INOVA 400 and 500 or JEOL JNM-ECA-500 and 600.
Chemical shifts are expressed in ppm (δ) relative to the
signal of Me4Si adjusted to 0.00 ppm. MALDI-TOF MS
spectra were recorded in positive ion and negative ion
mode on a Bruker Autoflex with the use of α-cyano-4-
hydroxycinnamic acid (CHCA) as a matrix. Specific
rotations were determined with a HORIBA SEPA-300
polarimeter at 25°C. Molecular sieves were purchased from
Wako Chemical Inc. and dried at 300°C for 2 h in muffle
furnace prior to use. Solvents as reaction media were dried
over molecular sieves and used without purification. TLC
analysis was performed on Merck TLC (silica gel 60F254 on
glass plate). Silica gel (80 mesh and 300 mesh) manufac-
tured by Fuji Silysia Co. was used for flash column
chromatography. Solvent systems in chromatography were
specified in v/v. Evaporation and concentration were carried
out in vacuo.

Phenyl

2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-4,6-di-
O-acetyl-2-deoxy-1-thio-2-(2,2,2-trichloroethoxycarbonyla-
mino)-β-D-galactopyranoside (5).

A solution of 4 (4.25 g, 4.63 mmol) in 1.0 M tributyl-
amine hydrofluoride (TBA·HF; 45.0 ml) was stirred for 1 h
45 min at room temperature under argon atmosphere. The
mixture was washed with water, 2 M hydrochloric acid, and
brine, dried (Na2SO4) and concentrated. Silica gel column

chromatography (60:1 chloroform–methanol) gave a resi-
due with a trace amount of impurity. The residue was
treated with pyridine (41.8 ml) and acetic anhydride
(1.3 ml) and 4-dimethylaminopyridine (DMAP; 56.0 mg)
for 18 h under argon atmosphere, then mixture was
concentrated, and the residue was diluted with chloroform,
successively washed with cold 2 M hydrochloric acid,
water, saturated Na2CO3 and brine, dried (Na2SO4) and
concentrated. Silica gel column chromatography (130:1
chloroform–methanol) of the residue gave 5 (3.93 g, 94%).

[α]D=+11.0° (c 1.1, CHCl3);
1H NMR (600 MHz,

CDCl3): δ 1.96–2.14 (m, 18H, AcO), 3.66 (dd, 1H, J1,2=
10.3 Hz, J2,3=9.6 Hz, H-2c), 3.87–3.89 (m, 2H, H-5c,5d),
4.04–4.18 (m, 4H, H-6c,6′c,6d,6d′), 4.28 (d, 1H, J2,3=
9.6 Hz H-3c), 4.64 (d, 1H, J1,2=7.6 Hz, H-1d), 4.72–4.80
(dd, 2H, CH2CCl3), 4.93–4.96 (dd, 1H, J2,3=8.6 Hz, J3,4=
3.4 Hz, H-3d), 5.07–5.13 (m, 2H, J1,2=10.3 Hz, H-1c, H-
2d), 5.33 (d, 1H, J3,4=3.4 Hz, H-4d), 5.43 (d, 1H, J3,4=
3.5 Hz, H-4c), 5.63 (d, 1H, J2,NH=8.2 Hz, NH), 7.29–7.51
(m, 5H, Ph).

13C NMR (150 MHz, CDCl3): δ 20.6, 20.7, 20.7, 20.8,
52.9, 61.1, 62.9, 66.9, 68.8, 68.9, 70.8, 74.4, 75.2, 76.1,
86.1, 95.5, 101.1, 128.0, 129.0, 132.3, 132.8, 153.8, 169.4,
169.9, 170.1, 170.4, 170.5, 170.6.

MALDI-TOF MS
Calculated for C33H40Cl3NO17S
[M+Na]+=882.10 [M+K]+=898.07
Found=882.12, 898.10

p-Methoxyphenyl

2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-4,6-di-
O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-
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β-D-galactopyranosyl-(1→4)-{methyl 4,7,8,9-tetra-O-
acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarbonylamino)-
D-glycero-α-D-galacto-2-nonulopyranosylonate-(2→3)}-2,
6-di-O-benzyl-β-D-galactopyranoside (7).

To a mixture of the donor 5 (2.10 g, 2.48 mmol) and the
acceptor 6 (1.77 g, 1.65 mmol) in dichloromethane (25 ml)
was added molecular sieves 4 Å (3.90 g), and the mixture
was stirred for 30 min at room temperature under argon
atmosphere, then cooled to −40°C. N-Iodosuccinimide
(NIS; 835 mg, 3.71 mmol) and trifluoromethanesulfonic
acid (TfOH; 22 μl, 250 μmol) were added, and this was
stirred for 1.5 h at −40°C. The insoluble materials were
filtered off and washed with chloroform. The filtrate and
washings were combined, successively washed with satu-
rated Na2CO3, saturated Na2S2O3 and brine, dried
(Na2SO4) and concentrated. Silica gel column chromatog-
raphy (100:1 chloroform–methanol) of the residue gave 7
(2.58 g, 87%).

[α]D=−2.8° (c 1.1, CHCl3);
1H NMR (500 MHz,

CDCl3): δ 1.88–2.17 (m, 21H, AcO, H-3bax), 2.44 (dd,
1H, J3ax,3eq=13.8 Hz, J3eq,4=5.0 Hz, H-3beq), 3.40 (m, 1H,
H-5b), 3.65–3.86 (m, 6H, H-5a,6a,6′a,6b,2c,6c), 3.77 (s,
6H, COOMe, MeO), 3.87–4.17 (m, 9H, H-2a,4a,
9b,9′b,3c,5c,5d,6d,6′d), 3.93 (s, 2H, CH2Ph), 4.23 (dd,
1H, J5,6=5.6 Hz, J6,6 J6,6′=10.9 Hz, H-6c), 4.45 (d, 1H,
COCH2Cl3), 4.54 (d, 2H, CH2Ph), 4.62 (d, 1H,
COCH2Cl3), 4.68–4.69 (m, 2H, H-1a,1c), 4.87–4.93 (m,
4H, H-3a,7b,4c, NHb), 4.94–4.99 (m, 2H, COCH2Cl3),
5.12 (dd, 1H, J1,2=8.1 Hz, J2,3=10.5 Hz, H-2d), 5.27–5.37
(m, 5H, H-4b,8b,1d,3d,4d), 5.90 (d, 1H, NHc), 6.87–7.01
(m, 4H, Ph), 7.22–7.34 (m, 10H, Ph).

13C NMR (125 MHz, CDCl3): δ 20.8, 21.0, 21.3, 51.8,
53.6, 54.4, 55.8, 60.7, 61.8, 62.6, 66.8, 67.0, 68.1, 68.3,
68.9, 70.1, 70.7, 70.8, 71.4, 73.9, 74.1, 74.6, 75.6, 94.6,
95.6, 99.4, 101.3, 101.6, 103.1, 114.7, 118.8, 127.8, 127.9,
128.5, 128.6, 138.5, 151.6, 184.2, 154.5, 155.5, 168.9,
169.6, 169.8, 170.0, 170.3, 170.6, 170.7.

MALDI-TOF MS
Calculated for C75H90Cl6N2O37

[M+Na]+=1,843.33 [M+K]+=1,859.43
Found=1,843.30, 1,859.30

p-Methoxyphenyl

2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-2-
acetamido-4,6-di-O-acetyl-2-deoxy-β-D-galactopyranosyl-
(1→4)-{(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,
5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonate)-
(2→3)}-2,6-di-O-benzyl-β-D-galactopyranoside (9).

To a solution of 7 (3.04 g, 1.69 mmol) in dichloroethane
(16.8 ml) were added acetic acid (50.4 ml) and Zn–Cu
complex (30.4 g), and the mixture was stirred for 3.5 h at
room temperature. The insoluble materials were filtered off

and washed with chloroform. The filtrate and washings
were combined, successively washed with water, saturated
Na2CO3 and brine, dried (Na2SO4) and concentrated to give
8 with a trace amount of impurity. The residue was treated
with pyridine (16.9 ml) and acetic anhydride (478 μl) for
15 h, then cooled to 0°C. Methanol was added and the
mixture was concentrated, and the residue was diluted with
chloroform, successively washed with cold 2 M HCl, water,
saturated Na2CO3 and brine, dried (Na2SO4) and concen-
trated. Silica gel column chromatography (60:1 chloro-
form–methanol) of the residue gave 9 (2.23 g, 85%).

[α]D=−12.5° (c 1.1, CHCl3);
1H NMR (500 MHz,

CDCl3): δ 1.84–2.19 (m, 37H, AcO, AcN, H-3bax) 2.55 (dd,
1H, J3ax,3eq=13.7 Hz, J3eq,4=4.9 Hz, H-3beq) 3.69–4.22 (m,
2 2 H , C OOM e , M e O , CH 2 P h , H - 5 a , 6 a , 6 ′
a,5b,6b,9b,2c,3c,5c,6c,6′c,5d,6d,6′d), 4.48 (dd, 1H, J8,9=
3.3 Hz, J9,9′=10.9 Hz, H-9b), 4.54 (d, 2H, CH2Ph), 4.64 (d,
1H, J1,2=7.8 Hz, H-1a), 4.94–4.99 (m, 5H, H-3a,4a,1c,2d,4d),
5.03 (m, 1H, H-4b), 5.09 (dd, 1H, J1,2=7.8 Hz, J2,3=10.7 Hz,
H-2a), 5.15 (d, 1H, J1,2=9.8 Hz, H-1d), 5.27 (dd, 1H, J2,3=
8.8 Hz, J3,4=10.7 Hz, H-3d), 5.34–5.42 (m, 4H, H-7b,8b,4c,
NHb), 6.07 (d, 1H, NHc), 6.77–6.80 (m, 2H, Ph), 7.01–7.05
(m, 2H, Ph), 7.22–7.36 (m, 10H, Ph).

13C NMR (125 MHz, CDCl3): δ 20.7, 20.7, 20.8, 20.9,
21.3, 23.3, 23.6, 29.8, 36.1, 49.6, 53.1, 53.6, 55.7, 60.8,
62.1, 62.5, 66.8, 67.0, 67.2, 68.4, 68.9, 70.5, 70.6, 70.9,
72.2, 73.6, 73.8, 75.0, 75.5, 76.0, 77.9, 98.9, 100.7, 101.2,
102.9, 114.5, 118.4, 118.6, 127.5, 127.6, 127.8, 128.3,
128.4, 128.4, 138.4, 138.8, 151.5, 155.3, 168.7, 169.5,
169.9, 170.3, 170.4, 170.5, 170.9.

MALDI-TOF MS
Calculated for C73H92N2O32

[M+Na]+=1,580.49 [M+K]+=1,596.60
Found=1,580.39, 1,596.39

p-Methoxyphenyl

2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-2-
acetamido-4,6-di-O-acetyl-2-deoxy-β-D-galactopyranosyl-
(1→4)-{(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,
5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonate)-
(2→3)}-2,6-di-O-benzoyl-β-D-galactopyranoside (11)

A solution of 9 (1.80 g, 1.16 mmol) in 1,4-dioxane
(46.4 ml) was vigorously stirred over palladium hydroxide
[Pd(OH)2; 1.80 g] for 6.5 h at room temperature under
hydrogen atmosphere. The combined filtrate and washings
was concentrated and the residue was chromatographed on
a column of silica gel (50:1 chloroform–methanol) to give
10 (1.50 g) as a crude syrup.

To a solution of 10 (1.48 g, 1.07 mmol) in pyridine
(5.37 ml) were added DMAP (6.6 mg) and benzoic
anhydride (0.970 g, 4.29 mmol), and the mixture was
stirred for 18 h at room temperature under argon atmo-
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sphere, then cooled to 0°C. Methanol was added and the
mixture was concentrated to a residue, which was extracted
with chloroform, successively washed with 2 M HCl, water,
saturated Na2CO3 and brine, dried (Na2SO4) and concen-
trated. Silica gel column chromatography (40:1 chloro-
form–methanol) of the residue afforded 11 (1.63 g, 89%).

[α]D=+9.2° (c 1.2, CHCl3);
1H NMR (500 MHz,

CDCl3): δ 1.73–2.17 (m, 37H, AcO, AcN, H-3bax), 2.82
(dd, 1H, J3ax,3eq=13.0 Hz, J3eq,4=4.4 Hz, H-3beq), 3.32 (m,
1H, H-2c), 3.66–4.00 (m, 15H, COOMe, MeO, H-
3a,5a,5b,6b,5c,6c,6′c,5d,6d), 4.03 (m, 1H, H-6′d), 4.13 (d,
1H, H-4a), 4.22 (dd, 1H, H-9b), 4.46 (dd, 1H, H-6a), 4.56
(dd, 1H, H-9′b), 4.61 (d, 1H, H-1d), 4.65 (dd, 1H, H-6′a),
4.78 (m, 1H, H-4b), 4.95–4.98 (m, 2H, H-3d, NHb), 5.06
(dd, 1H, H-3c), 5.12 (m, 1H, H-2d), 5.17–5.24 (m, 3H, H-
1a,7b,1c), 5.34–5.37 (m, 2H, H-4c,4d), 5.59–5.64 (m, 2H,
H-2a,8b), 6.04 (d, 1H, NHc), 6.62–6.65 (m, 2H, Ph), 6.88–
6.92 (m, 2H, Ph), 7.44–8.13 (m, 10H, Ph).

13C NMR (100 MHz, CDCl3): δ 20.4, 20.7, 20.8, 20.9,
21.0, 21.2, 21.6, 23.3, 24.2, 37.2, 49.4, 53.0, 55.6, 55.7,
61.1, 62.6, 62.8, 63.8, 66.7, 67.0, 67.5, 69.0, 69.2, 70.7,
71.0, 71.1, 72.1, 72.3, 73.1, 73.4, 73.8, 77.6, 97.8, 98.9,
101.2, 101.3, 114.5, 119.2, 128.6, 129.8, 130.2, 130.3,
130.4, 133.4, 151.6, 155.7, 165.6, 166.1, 168.6, 169.3,
170.1, 170.2, 170.3, 170.6, 170.7, 170.8, 171.8, 172.5.

MALDI-TOF MS
Calculated for C73H88N2O37

[M+Na]+=1,607.50 [M+K]+=1,623.47
Found=1,607.53, 1,623.2
2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-2-

acetamido-4,6-di-O-acetyl-2-deoxy-β-D-galactopyranosyl-
(1→4)-{(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,
5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonate)-
(2→3)}-2,6-di-O-benzoyl-α,β-D-galactopyranose (12).

To a solution of 11 (144 mg, 90.8 μmol) in a mixture of
toluene (650 μl), acetonitrile (780 μl) and water (390 μl)
was added ceric ammonium nitrate (CAN; 498 mg,
908 μmol), and the mixture was stirred for 1.5 h at 0°C
and extracted with ethyl acetate. The extract was succes-
sively washed with water, saturated NaHCO3 and brine,
dried (Na2SO4) and concentrated. Silica gel column
chromatography (50:1 chloroform–methanol) of the residue
afforded 12 (118 mg, 88%) as an anomeric mixture.

2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-2-
acetamido-4,6-di-O-acetyl-2-deoxy-β-D-galactopyranosyl-
(1→4)-{methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,
5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonate-
(2→3)}-2,6-di-O-benzoyl-α,β-D-galactopyranosyl trichloroa-
cetimidate (13).

To a solution of 12 (118 mg, 79.8 μmol) in dichloro-
methane (800 μl) were added trichloroacetonitrile (80 μl,
798 μmol) and 1,8-diazabicyclo[5,4,0]undec-7-ene (12 μl,
79.8 μmol) at 0°C under argon atmosphere, and the mixture

was stirred for 80 min at 0°C and concentrated. Silica gel
column chromatography (40:1 chloroform–methanol) of the
residue gave 13 (120 mg, 93%) as an anomeric mixture.

6-(Methoxycarbonyldithio)hexanol (15)

To a solution of 14 (5.10 ml, 37.2 mmol) in dichloro-
methane (100 ml) was added methoxycarbonylsulfenyl
chloride (4.03 ml, 44.6 mmol), and the mixture was stirred
for 30 min at room temperature under argon atmosphere
and concentrated. Silica gel column chromatography (1:4
ethyl acetate–hexane) of the residue gave 15 (8.34 g, 95%).

1H NMR (400 MHz, CDCl3): δ 1.38–1.46 (m, 4H,
CH22CH2SS), 1.57 (m, 2H, HOCH2CH2), 1.69 (m, 2H,
HOCH2CH2CH2), 2.79 (t, 2H, CH2SS), 3.62 (t, 2H, HOCH2),
3.89 (s, 3H, C(O)OCH3).

13C NMR (100 MHz; CDCl3): δ 25.3, 28.1, 28.5, 32.5,
39.0, 55.4, 62.6, 170.4.

6-(tert-Butyldithio)hexanol (16)

To a solution of 15 (7.50 g, 33.5 mmol) in methanol
(100 ml) was added 2-methyl-2-propanethiol (15.1 ml,
134 mmol), and the mixture was stirred for 6 h at room
temperature under argon atmosphere and concentrated.
Silica gel column chromatography (1:5 ethyl acetate–
hexane) of the residue gave 10 (7.32 g, 99%).

1H NMR (400 MHz, CDCl3): δ 1.33 (s, 9H, StBu), 1.34–
1.42 (m, 4H, CH22CH2SS), 1.58 (m, 2H, HOCH2CH2),
1.67 (m, 2H, HOCH2CH2CH2), 2.70 (t, 2H, CH2SS), 3.64
(t, 2H, HOCH2).

13C NMR (100 MHz; CDCl3): δ 25.4, 28.3, 29.2, 29.9,
32.6, 40.8, 47.7, 62.9.

6-(tert-Butyldithio)hexyl

2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl-(1→3)-2-
acetamido-4,6-di-O-acetyl-2-deoxy-α-D-galactopyranosyl-
(1→4)-{(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,
5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonate)-
(2→3)-2,6-di-O-benzoyl-β-D-galactopyranoside (17).

To a solution of 13 (513 mg, 316 μmol) and 16 (107 mg,
480 μmol) in dichloromethane (8.00 ml) was added
molecular sieves 4 Å (630 mg), and the mixture was stirred
for 1 h at room temperature, then cooled to −20°C.
Trimethylsilyl trifluoromethanesulfonate (5.8 μl, 32 μmol)
was added to the mixture and this was stirred for 2 h at
−20°C. Insoluble materials were filtered off and washed
with chloroform. The combined filtrate and washings was
successively washed with water, saturated Na2CO3 and
brine, dried (Na2SO4) and concentrated. Silica gel column
chromatography (50:1 chloroform–methanol) of the con-
centrate afforded 17 (464 mg, 87%).
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[α]D=+18.0° (c 1.0, CHCl3);
1H NMR (500 MHz,

CDCl3): δ 1.09–1.18 (m, 4H, OCH2CH2CH22CH2CH2S),
1.26–1.38 (m, 11H, OCH2CH2CH2CH2CH2CH2S, StBu),
1.39–1.47 (m, 2H, OCH2CH2CH2CH2CH2CH2S), 1.79–
2.19 (m, 37H, AcO, AcN, H-3bax), 2.48 (m, 2H,
OCH2CH2CH2CH2CH2CH2S), 2.81 (dd, 1H, J3ax,3eq=
12.9 Hz, J3eq,4=4.4 Hz, H-3beq), 3.30 (m, 1H, H-2c), 3.47
(m, 1H, OCH2CH2CH2CH2CH2CH2S), 3.71–4.00 (m, 11H,
COOMe, H-4a,5a,5b, 6b,5c,6c,6′c,5d,6d), 4.03 (m, 1H, H-
6′b), 4.13 (d, 1H, J3,4=6.8 Hz, H-4a), 4.22 (dd, 1H, J8,9=
2.4 Hz, J9,9′=12.4 Hz, H-9b), 4.46 (dd, 1H, J5,6=7.1 Hz,
J6,6′=11.5 Hz, H-6a), 4.56 (dd, 1H, J8,9′=12.4 Hz, H-9′b),
4.61 (d, 1H, H-1d), 4.65 (dd, 1H, J5,6′=7.1 Hz, H-6′a), 4.78
(m, 1H, H-4b), 4.95–4.98 (m, 2H, H-3d, NHb), 5.06 (dd,
1H, J2,3=12.0 Hz, J3,4=3.4 Hz, H-3c), 5.12 (m, 1H, H-2d),
5.17–5.24 (m, 3H, H-1a, H-1c, H-7b), 5.34–5.37 (m, 2H,
H-4c,4d), 5.59–5.64 (m, 2H, H-2a,8b), 6.04 (d, 1H, NHc),
6.62–6.65 (m, 2H, Ph), 6.88–6.92 (m, 2H, Ph), 7.44–8.13
(m, 10H, Ph).

13C NMR (100 MHz, CDCl3): δ 20.3, 20.4, 20.5, 20.7,
20.8, 20.9, 20.9, 20.9, 21.0, 21.5, 23.2, 24.1, 25.7, 28.3, 29.2,
29.4, 29.8, 30.1, 32.0, 37.0, 40.8, 46.1, 47.7, 49.2, 52.8, 55.4,
91.1, 62.6, 62.8, 63.8, 66.7, 67.0, 67.6, 69.1, 69.2, 70.5, 70.6,
70.8, 71.0, 71.0, 71.9, 72.0, 73.4, 73.9, 77.1, 97.8, 98.9,
101.2, 101.6, 128.5, 128.6, 129.7, 130.2, 130.2, 133.3, 165.3,
165.4, 165.9, 166.0, 168.5, 169.3, 170.1, 170.1, 170.2, 170.4,
170.5, 170.5, 170.7, 170.9, 172.3.

MALDI-TOF MS
Calculated for C72H93N2O36S2
[M+Na]+=1,705.56 [M+K]+=1,721.53
Found=1,705.56, 1,721.60

6-(tert-Butyldithio)hexyl

β-D-galactopyranosyl-(1→3)-2-acetamido-2-deoxy-
β-D-galactopyranosyl-(1→4)-{(5-acetamido-3,5-dideoxy-D-
glycero-α-D-galacto-2-nonulopyranosylonic acid)-(2→3)}-
β-D-galactopyranoside (18).

To a solution of 17 (281 mg, 167 μmol) in methanol
(2.0 ml) was added 28% sodium methoxide in methanol
(96 mg, 1.00 mmol), and the mixture was stirred for 10 h
under reflux. Water (2.0 ml) was added and the mixture was
stirred for 16 h at room temperature, and then neutralized
with Dowex (HCR-W2-H). After filtration, the filtrate was
concentrated. Sephadex LH-20 column chromatography
(methanol) of the residue gave 18 (147 mg, 85%).

[α]D=+51.3° (c 1.9, MeOH); 1H NMR (500 MHz,
CDCl3): δ 1.33–1.57 (m, 13H, OCH2CH2CH22CH2CH2S,
StBu), 1.65–1.72 (m, 4H, OCH2CH2CH2CH2CH2CH2S),
1.95 (t, 1H, J3ax,3eq=J3ax,4=12.7 Hz, H-3bax), 2.30–2.36
(m, 6H, 2AcN), 2.73–2.80 (m,3H, OCH2CH2CH2

CH2CH2CH2S, H-3beq), 3.33–3.95 (m, 25H, OCH2

CH2CH2CH2CH2CH2S , H -2 a , 3 a , 4 a , 5 a , 6 a , 6 ′ a ,

4b,5b,6b,7b,8b,9b,9′b,2c,5c,6c,6′c,3d,5d,6d,6′d, NHb, NHc),
4.02–4.04 (m, 2H, H-3c,4d), 4.12–4.25 (m, 2H, H-4c,2d),
4.31 (d, 1H, J1,2=7.8 Hz, H-1c), 4.49 (d, 1H, J1,2=7.6 Hz, H-
1a), 4.98 (d, 1H, J1,2 =8.8 Hz, H-1d).

13C NMR (125 MHz, CDCl3): δ 13.0, 21.1, 22.3, 25.2,
27.9, 28.8, 28.9, 29.0, 29.2, 29.3, 37.1, 40.2, 51.3, 52.3,
60.0, 61.0, 64.0, 68.3, 68.4, 68.8, 69.0, 69.1, 69.6, 71.0,
72.0, 73.1, 73.5, 73.6, 74.5, 75.0, 75.1, 77.7, 81.7, 102.0,
102.6, 103.0, 105.2, 173.3, 173.8, 174.2.

MALDI-TOF MS
Calculated for C41H72N2O24S2
[M]−=1,039.39 [M+Na]−=1,062.38 [M+K]−=1,078.36
Found=1,039.66

6-Mercaptohexyl

β-D-galactopyranosyl-(1→3)-2-acetamido-2-deoxy-β-D-
galactopyranosyl-(1→4)-{(5-acetamido-3,5-dideoxy-D-
glycero-α-D-galacto-2-nonulopyranosylonic acid)-(2→3)}-
β-D-galactopyranoside (19).

To a solution of 18 (55 mg, 52.8 μmol) in water (2.0 ml)
was added tris(2-carboxyethyl)phosphine hydrochloride
(TCEP·HCl; 23 mg, 79.3 μmol), and the mixture was
stirred for 49 h at room temperature under argon atmo-
sphere. The reaction mixture was chromatographed on a
Sephadex LH-20 (H2O) to give 19 (40 mg, 80%).

[α]D=+10.4° (c 1.2 MeOH); 1H NMR (500 MHz,
CDCl3): δ 1.29–1.36 (m, 2H, OCH2CH2CH2CH2CH2CH2S),
1.39–1.45 (m, 2H, OCH2CH2CH2CH2CH2CH2S), 1.60–1.64
(m, 4H, OCH2CH2CH2CH2CH2CH2S), 1.91–2.02 (m, 7H,
2AcN, H-3bax), 2.50 (t, 2H, OCH2CH2CH2CH2CH2CH2S),
2.73 (dd, 1H, J3ax,3eq =12.7 Hz, J3eq,4 =4.5 Hz, H-3beq),
3.38–3.90 (m, 25H, OCH2CH2CH2CH2CH2CH2S, H-
2a,3a,4a,5a,6a,6 ′a,4b,5b,6b,7b,8b,9b,9 ′b,2c,5c,6c,
6′c,3d,5d,6d,6′d, NHb, NHc), 3.99–4.11 (m, 2H, H-3c, H-
4d), 4.16–4.28 (m, 2H, H-4c, H-2d), 4.27 (d, 1H, J1,2=
7.8 Hz, H-1c), 4.43 (d, 1H, J1,2=7.6 Hz, H-1a), 4.92 (d, 1H,
J1,2=8.8 Hz, H-1d).

13C NMR (125 MHz, CDCl3): δ=13.2, 17.2, 21.4, 22.5,
22.6, 23.7, 25.4, 25.6, 28.0, 29.5, 29.6, 31.7, 34.0, 37.4,
51.7, 52.6, 60.3, 61.2, 64.2, 68.5, 68.6, 69.0, 69.3, 39.4,
69.8, 71.3, 72.2, 73.4, 73.8, 73.9, 74.8, 75.3, 75.4, 77.8,
81.8, 102.1, 102.8, 103.3, 105.4, 173.6, 174.0, 174.4.

MALDI-TOF MS
Calculated for C37H64N2O24S
[M]−=952.97 [M+Na]+=975.95 [M+K]+=992.06
Found=975.87

General procedure for the coupling of 21 to MA-KLH

To a solution of maleimide-KLH (2.00 mg: PIERCE) in
water (200 μl) was added a solution of 21 (2.00 mg,
2.10 μmol) in 10 mM phosphate buffer saline (PBS:
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pH 7.2) and the mixture was gently stirred for 2 h at room
temperature. Unreacted 21 was separated from the modified
KLH by gel filtration on Sephadex G-25 (GE Healthcare) in
PBS. The fractions containing GM1 epitope-KLH were
pooled (6.5 ml). The number of hapten molecules per KLH
was estimated by resorcinol reaction method and ELISA
assay. 180 Hapten of GM1 epitope was found to conjugate
with per mole of KLH (MW=3,000,000) (Scheme 5).

General procedure for the ELISA assay

Each well of a 96-well Maxisorp surface plate (Nunc,
Roskilde, Denmark) was coated with 50 μl of the GM1
epitope-KLH conjugate (308 μg/ml) in phosphate buffer
saline (PBS; 10 mM, pH 7.0) at different dilutions (1/2 to 1/
1,024) and incubated at 4°C overnight [15]. The plate was
washed three times with PBS. A solution of BSA (5% in
PBS, 200 μl) was added to the wells and the plate was
incubated for 2 h at room temperature. The plate was
washed three times with anti-GM1 plasma from a GBS
rabbit [5] (1/500 diluted by PBS containing 5% BSA,
100 μl) was added and the plate was incubated for 2 h at
room temperature. Washing with PBS was repeated four

times and a solution of peroxidase-conjugated anti-rabbit
IgG (GE Healthcare UK Ltd., Buckinghamshire, England;
1/1,000 diluted by PBS containing 5% BSA, 50 μl) was
added to each well. The plate was incubated for 1 h at room
temperature and washed four times with PBS. To each well
was added 100 μl of a solution of o-phenylenediamine
(0.4 mg/ml) in 0.1 M sodium citrate (pH 5.5) containing
30% H2O2. The color was allowed to develop for 20 min at
room temperature in the dark and 50 μl of 2 M H2SO4 were
added to stop the reaction. The absorbance at 490 nm was
measured using a microtiter plate reader (immuno-mini NJ-
2300: Inter Med, Japan). A solution of KLH (Wako, Japan)
without GM1 epitope was used as a control.

General procedure for resorcinol reaction

GM1 epitope-KLH conjugate solution (308 μg/ml) at
different dilutions (1/2 to 1/6) was added resorcinol reaction
reagent (0.02% of FeCl3 and resorcinol in 8 M HCl). The
mixture was heated on a boiling-water bath for 15 min,
cooled 0°C for 15 min and amyl alcohol (2-methoxyethanol)
was added. The absorbance at 580 nm was measured using a
spectrophotometer (UV mini-1240: SHIMADZU, Japan).
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