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Synthesis and antigenic reactivity of 6-O-sulfo sialylparagloboside (SPG) and sialyl Lewis X (sLeX) neo-glycolipids con-
taining lactamized neuraminic acid are described. The suitably protected GlcNAc-β(1→3)-Gal-β(1→4)-GlcOSE derivative
was glycosylated with NeuTFAc-α(2→3)-Gal imidate to give NeuTFAc-α(2→3)-Galβ (1→4)-GlcNAc-β(1→3)-Gal-β(1→4)-
GlcOSE pentasaccharide. The partial N,O-deacylation in the NeuTFAc-α(2→3)-Gal part afforded N-deacetylated SPG
derivative which was converted to the desired oligosaccharide containing lactamized neuraminic acid. Similar treatment
of the sLeX hexasaccharide derivative, NeuTFAc-α(2→3)-Gal-β(1→4) [Fuc-α(1→3)]-GlcNAc-β(1→3)-Gal-β(1→4)-GlcOSE,
gave the key hexasaccharide intermediate containing lactamized neuraminic acid. These suitably protected SPG and sLex

oligosaccharides were converted stepwise into the desired neo-glycolipids (GSC-551 andGSC-552) by the coupling with
2-(tetradecyl)hexadecanol, 6-O-sulfation at C-6 of the GlcNAc residure, and complete deprotection.

Both lactamized-sialyl 6-O-sulfo SPG (GSC-551) and sLex (GSC-552) neo-glycolipids were clearly recognized with G159
monoclonal antibody showing that both the lactamized neuraminic acid and the 6-O-sulfate at C-6 of GlcNAc would be
involved in the G159-defined determinant. However, the Fuc residue and the lipophilic (ceramide) part may not be critical
for this recognition.
Published in 2005.
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Introduction

Selectins (L-, E- and P-selectin) are a family of carbohydrate-
binding cell adhesion molecules which play important roles in
homing of lymphocytes, recruitment of leukocytes to sites of
inflammation, thrombosis, cancer metastasis, etc. [2,3]. It has
been demonstrated that sialyl 6-O-sulfo Lewis X (I, Figure 1) is
an endogenous L-selectin ligand on the human high endothelial
venule (HEV) [4–8]. Recently, de-N -acetyl sialyl 6-O-sulfo
Lewis X [9,10] was found to be a superior ligand for L-selectin,
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which may be inactivated (down regulation) by conversion into
the cyclic structure detected with G159 monoclonal antibody
(G159 mAb) [11].

In the previous study, we have shown that the structure de-
fined by G159 mAb may be lactamized sialyl 6-O-sulfo Lewis
X (III) suggesting the existence of a new immunity adjustment
mechanism regulated by the structural change of sialic acid
[4,11] (Figure 1).

Since this discovery, we have systematically synthesized a
series of gangliosides [12] and neo-glycolipids [1] containing
lactamized neuraminic acid for mapping the G159 mAb recog-
nition sites in more detail. As described in a preceding paper [1],
the lactamized- sialyl 6-O-sulfo Lewis X B30 neo-glycolipid
(GSC-534) (Figure 2) was not recognized with G159 mAb to
suggest that the lactose part and/or ceramide in lactamized-
sialyl 6-O-sulfo Lewis X ganglioside (GSC-535) may be crit-
ically important for the recognition by G159 mAb.
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Figure 1. Proposed ligand processing pathway and binding reactivity for human L-selectin.

Figure 2. Lactamized sialyl 6-O-sulfo LewisX ganglioside (GSC-535) and the sLex tetrasaccha neo-glycolipid (GSC-534).

Figure 3. Three modification sites of Lactamized sialyl 6-O-sulfo Lewis X ganglioside fo clarifying the recognition specificity of G159
mAb.
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Scheme 1. (a) TMSOTf/CH2Cl2, MS4Å, 3◦C, 76%; (b) NaOMe, MeOH, then H2O, 45◦C, 80%; (c) 1,WSC·HCI, HOBt, DMF, 70◦C,
2, Ac2O, Pyr., 46% (two steps); (d) 1, H2, Pd(OH)2, EtOH, 2, Ac2O Pyr., 93% (two steps).

We here report the synthesis of novel sialylparagloboside (D,
GSC-551) and sialyl LeX (E, GSC-552) neo-glycolipids con-
taining both lactamized neuraminic acid and lactose (Figure 3),
and examine the structural requirements for recognition with
G159 mAb by comparing the immunostaining reactivity of the
related gangliosides (A, GSC-517; B, GSC-535; C, GSC-550)
[12].

Results and discussion

Coupling of 1 [13] and suitably protected trisaccharide 2 [14]
in the presence of trimethylsilyl trifluoromethanesufonate (TM-
SOTf) and powdered molecular sieves 4 Å (AW 300) gave the
expected pentasaccharide 3 in 76% yield (Scheme 1).

The partial N ,O-deacylation of 3 with sodium methoxide in
methanol for 72 h at 45◦C, and subsequent saponification of
the methyl ester group afforded 4 in 80% yield. Lactamization

of the neuraminic acid residure in 4 was achieved by treat-
ment with WSCHCl and HOBt in DMF at 70◦C, followed by
acetylation, to give 5 (46% in 2 steps). In the 1H NMR spec-
trum of 5, the values of vicinal couplings (J3,4) changed dra-
matically (Table 1) to indicate clearly that typical 5,2 B boat
conformation was formed by lactamization of the neuraminic
acid part of 4 (2C5 chair conformation). The lactamization
reaction was greatly improved by using O-benzotriazol-1-yl-
N,N,N ′,N ′-tetramethyluronium hexafluorophosphate (HBTU)
and HOBt in DMF at 65◦C as described for the sialyl Lex

derivative 13 (Scheme 3). Hydrogenolytic removal of the ben-
zyl (Bn) groups in 5 and the following acetylation gave 6 (93%
in 2 steps). Compound 6 was then transformed into the corre-
sponding trichloroacetimidate 7 by selective removal of the 2-
(trimethylsilyl)ethyl (SE) group with trifluoroacetic acid (TFA)
and subsequent imidate formation (Scheme 2). Glycosylation of
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Table 1. Comparison of the selected 1H NMR dataa for H-3α and H-3β of the N-deacetylated (2C5) and lactamized (5,2B) neuraminic
acid α(2 → 3)-linked to the terminal galactose residue.

Compound No.
(Conformation) H-3α H-3β

4(2C5) 1.75 (t, Jgem = J3α,4 = 12.1) 2.87 (dd, Jgem = 12.1, J3β,4 = 5.0)
5(5,2B) 2.37 (dd, Jgem = 14.4, J3β,4 = 5.5) 2.29 (dd, Jgem = 14.4, J3β,4 = 10.3)
6(5,2B) 2.31 (dd, Jgem = 14.6, J3α,4 = 5.7) 2.22 (dd, Jgem = 14.6, J3β,4 = 10.5)
7(5,2B) 2.31 (dd, Jgem = 14.6, J3α,4 = 5.7) 2.23 (dd, Jgem = 14.6, J3β,4 = 10.9)
9(5,2B) 2.32 (dd, Jgem = 14.4, J3α,4 = 5.7) 2.23 (dd, Jgem = 14.4, J3β,4 = 10.7)
11(5,2B) 2.45 (dd, Jgem = 13.9, J3α,4 = 5.7) 2.24 (dd, Jgem = 13.9, J3β,4 = 10.5)
13(2C5) 1.75 (t, Jgem = J3α,4 = 11.9) 2.83 (dd, Jgem = 11.9, J3β,4 = 5.0)
15(5,2B) 2.24 (dd, Jgem = 13.9, J3α,4 = 5.3) 2.20 (dd, Jgem = 13.9, J3β,4 = 10.5)
19(5,2B) 2.39 (dd, Jgem = 13.7, J3α,4 = 5.9) 2.27 (dd, Jgem = 13.7, J3β,4 = 10.3)
D,GSC-551(5,2B) 1.99 (dd, Jgem = 14.4, J3α,4 = 5.3) 2.29 (dd, Jgem = 14.4, J3β,4 = 9.8)
D,GSC-552 (5,2B) 2.02 (dd, Jgem = 14.1, J3α,4 = 4.8) 2.32 (dd, Jgem = 14.1, J3β,4 = 10.8)

aδ (multiplicity, J(Hz)). Measured at 500 MHz in CDCl3 or CD3OD.

Scheme 2. (a) 1) TFA/CH2Cl2, 0◦C, 93%, 2) CCI3CN, DBU/CH2CI2, 0◦C, 83%; (b) TMSOTf/CH2CI2, AW-300, 0◦C, 43%; (c)
CAN/CH3CN/H2O, 0◦C, 73%; (d) SO3· Pyr complex/DMF, then Et3N, r.t., 89%; (e) NaOMe/MeOH, r.t., 92%.
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Scheme 3. (a) NaOMe, MeOh, then H2O, 45◦C, 85%; (b), 1, HBTU, HOBt, DMF, 65◦C, 2, Ac2O, Pyr., 70% (two steps); (c) 1, H2,
Pd(OH)2, EtOH, 2, Ac2O, Pyr., 90% (two steps).

2-(tetradecyl)hexadecanol 8 with 7 in the presence of TMSOTf
and AW 300 gave the desired β-glycoside 9 (43%). Selective
cleavage of the 4-methyoxyphenyl (MP) group in 9 and the sub-
sequent 6-O-sulfation of 10 with the sulfur trioxide-pyridine
complex in DMF, followed by an addition of triethylamine af-
foreded 11 in high yield. Removal of all protective groups in
11 under alkaline conditions furnished the target compound (D,
GSC-551) in 92% yield (Scheme 2).

The conversion of 12 [12] into the lactam derivative 14 was
accomplished by treatment of 13 with HBTU and HOBt in
DMF for 3 h at 65◦C and following complete acetylation (70%
in 2 steps). The 1H NMR spectrum of 14 showed signals at δ

2.37 (dd, 1H, J3α,4 5.7, Jgem 13.8 Hz, H-3eα) and 2.30 (dd, 1H,
J3β,4 10.1, Jgem 13.8 Hz, H-3eβ) characteristic of the 5,2 B boat
conformation of sialic acid (Table 1).

Hydrogenolytic removal of the benzyl groups in 14 and the
following complete acetylation gave 15 (90% in 2 steps) which
was then converted to the trichloroacetimidate derivative 16 as
described for 7. The imidate 16 was coupled with 8, and the

resulting 17 was treated with ceric ammonium nitrate (CAN)
in acetonitrile to give 18, which was successively sulfated and
stabilized by treatment with triethylamine. Complete depro-
tection of 19 under alkaline conditions and purification on
a column of Sephadex LH-20 gave the desired lactamized-
sialyl 6-O-sulfo Lex neo-glycolipid (E, GSC-552) in high
yield.

As shown in Figure 4, the synthesized compounds GSC-551
(D) and GSC-552 (E) were clearly stained with G159 mAb in
TLC-immunostaining as well as GSC-535 (B) and GSC-550
(C). In contrast, GSC-517 (A) was not stained. These results
suggest that the sulfate group at O-6 of GlcNAc could be essen-
tial for the recognition of G159 mAb, while the fucose residue
not. The difference in the structures of the ceramide and the
artificial ceramide (B30) may not be critical for the recognition
with G159 mAb. In addition, the significance of the lactose
moiety was also demonstrated. A further study to elucidate the
details of the recognition mapping defined by G159 mAb is
now under investigation.
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Scheme 4. (a) 1) TFA/CH2Cl2, 0◦C, 93%, 2) CCI3CN, DBU/CH2CI2, 0◦C, 83%; (b) TMSOTf/CH2CI2, AW-300, 0◦C, 43%; (c)
CAN/CH3CN/H2O, 0◦C, 70.6%; (d) SO3· Pyr complex/DMF, then Et3N, r.t., 80%; (e) NaOMe/MeOH, r.t., quant.

Figure 4. Reactivity of G159 mAB with four glycolipids. Each of left side plates show orcinol/H2SO4 staining which visualizes all
glycolipids and right side plates show G159 immunostaining. All of them, except GSC-517, have been recognized with G159 mAb.
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Conclusions

In summary, we have achieved the synthesis of novel glycol-
ipids (GSC-551 and GSC-552) related to lactamized-sialyl 6-
O-sulfo Lewis X ganglioside and sialylparagloboside. Utilizing
the synthesized glycolipid probes, we demonstrated the recog-
nition specificity of G159 mAb which was obtained during the
course of study on the endogenous L-selectin ligand [11].

Taking it into consideration that modified sialic acids
have also been found as the constituents of other sialo-
glycoconjugates [15–17], modification of sialic acids can be
recognized as a general phenomenon.

Experimental section

General methods

TLC was conducted on E. Merck silica gel 60 F-254 aluminum
plate. Compounds were visualized either by exposure to UV
light or by spraying with a solution of 10% H2SO4 in ethanol.
Column chromatography on silica gel (Fuji Silysia Co., 300
mesh) was performed with the solvent systems (v/v) specified.
Specific rotations were determined with a Horiba SEPA-300
high-sensitive polarimeter at 25◦C. 1H NMR and 13C NMR
spectra were recorded at 300 K with a Varian Unity Inova 500
(500 MHz) or Varian Unity Inova 400 (100.6 MHz) spectrom-
eter, respectively. The values of δ. (ppm) are given relative to
Me4Si as the internal standard. Dichloromethane, methanol,
ethanol, benzene and DMF were kept dry over 4 Å MS, while
pyridine and acetonitrile were kept dry over 3 Å MS.

2-(Trimethylsilyl)ethyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-5-trifluoroacetamido-D-glycero-α-D-galacto-2-
nonulopyranosylonate)-(2→3)-(2,4,6-tri-O-benzoyl-β-D-
galactopyranosyl)-(1→4)-(2-acetamido-3-O-benzyl-2-deoxy-
6-O-4-methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-
tri-O-benzyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-
benzyl-β-D-glucopyranoside (3)

To a solution of 1 (703 mg, 0.63 mmol) and the trisaccha-
ride acceptor 2 (650 mg, 0.47 mmol) in dry dichloromethane
(5 mL) was added molecular sieves 4 Å (1.4 g), and the mixture
was stirred for 5 h at room temperature, then cooled to 0◦C.
Trimethylsilyl trifluoromethanesulfonate (TMSOTf; 17 µL,
84.9 µmol) was added to the mixture and this was stirred
for 24 h at 3◦C, neutralized with Et3N and filtered, and the
residue was washed with chloroform. The combined filtrate and
washings were concentrated. Column chromatography (100:1
CHCl3-MeOH) of the residue on silica gel gave 3 (850 mg, 76%)
as an amorphous mass; [α]24

D = +14.5◦ (c = 1.0, CHCl3); 1H
NMR(CDCl3): δ. = 8.16−6.73 (m, 54 H, MeOPh, 10 Ph), 6.26
(d, 1 H, br-d, NHe), 5.56 (m, 1 H, H-8e), 5.50 (dd, 1 H, J1,27.8,
J2,3 10.1 Hz, H-2d), 5.39 (d, 1H, H-4d), 5.32 (d, 1 H, J2,NH8.9
Hz, NHc), 5.22 (dd, 1 H, J6,7 2.3, J7,8 9.4 Hz, H-7e), 5.12 (d,
1 H, J1,2 7.8 Hz, H-1d), 4.93 (dd, 1 H, J2,3 10.1, J3,4 3.2 Hz,

H-3d), 4.40 (d, 1 H, J1,27.3 Hz, H-1c), 4.34 (d, 1 H, J1,2 8.0 Hz,
H-1a), 3.86 (s, 3 H, COOMe) , 3.71 (s, 3 H, MeOPh), 3.57 (m,
2 H, Me3SiCH2CH2), 2.54 (dd, 1 H, J3eq,4 4.8, Jgem12.8 Hz,
H-3eeq), 2.18, 1.97, 1.92, 1.47 (4 s, 12 H, 4 AcO), 1.67 (t, 1 H,
Jgem = J3ax,4 12.8 Hz, H-3eax), 1.46 (s, 3 H, AcN), 1.03 (m, 2
H, Me3SiCH2CH2).

13C NMR(CDCl3): δ = 170.77 (C O), 170.67 (2C O),
170.16 (C O), 169.65 (C O), 167.77 (C O), 166.08 (C O),
165.54 (C O), 165.10 (C O), 153.73, 152.60 (MeOPh),
139.12, 139.03, 138.98, 138.69, 138.26, 133.49, 133.36,
133.25, 130.04, 129.93, 129.81, 129.32, 129.15, 128.89,
128.53, 128.48, 128.44, 128.20, 128.15, 128.12, 128.07,
127.90, 127.83, 127.62, 127.46, 127.39, 127.26, 126.99,
126.96, 125.89 (arom-C), 115.54, 114.37 (MeOPh), 102.98,
102.48, 102.22, 101.47, 96.86, 82.76, 82.26, 81.73, 79.67,
76.57, 75.99, 75.27, 74.92, 74.84, 74.54, 74.12, 73.49, 73.40,
73.10, 73.06, 72.87, 71.65, 71.37, 71.28, 70.81, 68.54, 68.29,
68.10, 67.97, 67.37, 67.21, 66.30, 62.70, 62.02, 55.75, 55.51,
53.37, 49.43, 37.23, 29.59, 22.84, 21.36, 20.73, 20.28, 20.12,
18.34; elemental analysis calcd (%) for C128H141F3N2O36Si
(2366.90): C 64.91, H 6.00, N 1.18; found: C 64.80, H 5.89, N
1.06.

2-(Trimethylsilyl)ethyl (5-amino-3,5-dideoxy-D-glycero-α-D-
galacto-2-nonulopyranosylonic acid)-(2→3)-(β-D

-galactopyranosyl)-(1→4)-(2-acetamido-3-O-benzyl-2-
deoxy-6-O-4-methoxyphenyl-β-D-glucopyranosyl)-(1→3)-
(2,4,6-tri-O-benzyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-
O-benzyl-β-D-glucopyranoside (4)

To a solution of 3 (603.6 mg, 0.29 mmol) in methanol (12 mL)
was added a catalytic amount of 28% sodium methoxide in
MeOH, and the mixture was stirred for 72 h at 45◦C. Water
(1 mL) was added and the mixture was stirred for 24 h at 45◦C,
neutralized with Amberlite IR-120 (H+) resin, and filtered. The
resin was washed with MeOH, and the combined filtrate and
washings was concentrated. Column chromatography (MeOH)
of the residue on Sephadex LH-20 gave 4 (425 mg, 80.3%) as
an amorphous mass; [α]24

D = −1.05◦ (c = 0.9, CHCl3−MeOH);
1H NMR (CD3OD): δ = 7.41 − 6.82 (m, 39 H, MeOPh, 7 Ph),
4.51 (1 H, J1,2 7.5 Hz, H-1c), 4.35 (d, 1 H, J1,27.8 Hz, H-1b),
4.05 (d, 1 H, J1,2 8.6 Hz, H-1a), 3.70 (s, 3 H, MeOPh), 3.55 (m,
2 H, Me3SiCH2CH2), 3.09 (t, 1 H, H-5e), 2.87 (dd, 1 H, J3eq,4

5.0, Jgem12.1 Hz, H-3eeq), 1.75 (t, 1 H, Jgem = J3ax,4 12.1 Hz,
H-3eax), 1.58 (s, 3 H, AcN), 0.97 (m, 2 H, Me3SiCH2CH2).

13C NMR (CD3OD): δ = 176.67 (C O), 174.42 (C O),
156.88, 155.44 (MeOPh), 141.79, 141.01, 131.14, 130.94,
130.82, 130.77, 130.62, 130.53, 130.50, 130.41, 130.27,
130.18, 129.83, 129.54 (arom-C), 118.46, 117.29 (MeOPh),
105.50, 105.17, 104.81, 99.08, 97.12, 86.24, 85.28, 84.31,
81.38, 79.07, 77.73, 77.23, 77.11, 76.13, 75.66, 75.40,
72.81, 71.18, 69.60, 65.60, 64.46, 57.48, 24.73, 20.61; el-
emental analysis calcd (%) for C96H120N2O28Si (1776.78):
C 64.85, H 6.80, N 1.58; found: C 64.76, H 6.66,
N 1.37
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2-(Trimethylsilyl)ethyl (4,7,8,9-tetra-O-acetyl-5-acetylamino-
3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosyl
1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-galactopyranosyl)
-(1→4)-(2-acetamido-3-O-benzyl-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
benzyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-benzyl-β-D-
glucopyranoside (5)

To a solution of 4 (386.4 mg, 0.21 mmol) in DMF (15 mL)
was added WSCHCl (103 mg, 0.55 mmol) and HOBt (73.3
mg, 0.54 mmol), and the mixture was stirred for 5 h at 70◦C,
and then concentrated. Column chromatography (MeOH) of the
residue on Sephadex LH-20 gave the lactamized sLex deriva-
tive. The residue was treated with acetic anhydride (8 mL) and
pyridine (16 mL) for 12 h, then cooled to 0◦C. Methanol (3 mL)
was added and the mixture was concentrated, and the residue
was extracted with chloroform and successively washed with
cold 2M hydrochloric acid and water, dried (Na2SO4) and con-
centrated. Column chromatography (100:1 CHCl3:MeOH) of
the residue on silica gel gave 5 (203 mg, 46%, 2 steps) as an
amorphous mass; [α]24

D = +5.6◦ (c = 0.9, CHCl3); 1H NMR
(CDCl3): δ = 7.34 − 6.76 (m, 39 H, MeOPh, 7 Ph), 5.75 (dd,
1H, J6,7 3.9, J7,89.8 Hz, H-7e), 5.72 (1H, J2,NH9.4 Hz, NHc),
5.42 (m, 1H, H-8e), 5.20 (d, 1H, H-4d), 5.13 (dd, 1H, J1,2 8.2,
J2,3 10.6 Hz, H-2d), 4.84 (m, 1H, H-4e), 4.57 (1H, J1,28.0 Hz,
H-1d), 4.33 (d, 1H, J1,2 7.8 Hz, H-1c), 3.71 (s, 3H, MeOPh),
3.59 (m, 2H, Me3SiCH2CH2), 2.56 (s, 3H, AcNe), 2.37 (dd, 1H,
J3α,4 5.5, Jgem 14.4 Hz, H-3eα), 2.29 (dd, 1H, J3β,4 10.3, Jgem

14.4 Hz, H-3eβ), 2.17, 2.14, 2.12, 2.09, 2.05, 1.97, 1.94 (7 s, 21
H, 7 AcO), 1.59 (s, 3H, AcNc), 0.99 (m, 2H, Me3SiCH2CH2).

13C NMR (CDCl3): δ = 170.51 (C O), 170.36 (2C O),
170.25 (C O), 169.72 (C O), 169.65 (C O), 169.06 (2C O),
164.87 (C O), 157.09, 154.26, (MeOPh), 142.20, 138.83,
138.60, 138.48, 138.22, 128.46, 128.42, 128.36, 128.29,
128.19, 128.03, 127.96, 127.58, 127.54, 127.46, 127.11 (arom-
C), 115.85, 114.78 (MeOPh), 103.14, 102.66, 102.13, 99.93,
95.88, 82.90, 81.90, 81.71, 79.95, 78.41, 76.09, 75.40, 74.99,
74.63, 73.23, 73.04, 72.53, 71.44, 71.23, 70.33, 69.49, 68.64,
68.30, 67.60, 67.38, 61.76, 61.35, 55.69, 47.99, 35.68, 29.75,
26.41, 22.92, 21.05, 20.83, 20.75, 20.76, 18.51; elemental anal-
ysis calcd (%) for C112H134N2O35Si (2094.85): C 64.17, H 6.44,
N 1.34; found: C 64.00, H 6.30, N 1.18.

2-(Trimethylsilyl)ethyl (4,7,8,9-tetra-O-acetyl-5-acetylamino-
3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosyl
1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-galactopyranosyl)
-(1→4)-(2-acetamido-3-O-acetyl-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
acetyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside (6)

A solution of 5 (193.1 mg, 95 µmol) in ethanol (15 mL) was
vigorously stirred with Pd(OH)2 (200 mg) for 24 h at room
temperature under hydrogen. The catalyst was collected and
washed with methanol. The combined filtrate and washings

was concentrated, and the residue was treated with acetic an-
hydride (5 mL) and pyridine (7 mL) for 12 h, then cooled to
0◦C. Methanol (2 mL) was added and the mixture was con-
centrated. The residue was extracted with chloroform and suc-
cessively washed with cold 2M hydrochloric acid and water,
dried (Na2SO4) and concentrated. Column chromatography
(80:1 CHCl3:MeOH) of the residue on silica gel gave 6 (155.5
mg, 93%) as an amorphous mass; [α]24

D = +14.9◦ (c = 0.5,
CHCl3)1H NMR (CDCl3): δ = 6.95−6.84 (m, 4H, MeOPh),
5.72 (dd, 1H, J6,7 3.9, J7,8 9.6 Hz, H-7e), 5.60 (d, 1H, JNH,2 8.7
Hz, NHc), 5.42 (m, 1H, H-8e), 5.20 (d, 1H, H-4d), 5.06 (dd,
1H, J1,2 8.0, J2,310.0 Hz, H-2d), 5.01 (dd, 1H, J1,2 8.0, J2,39.6
Hz, H-2a), 4.86 (dd, 1H, J1,28.0, J2,39.6 Hz, H-2b), 4.82 (m,
1H, H-4e), 4.60 (d, 1H, J1,27.1 Hz, H-1c), 4.51 (d, 1H, J1,2 8.0
Hz, H-1d), 4.45 (d, 1H,J1,2 7.8 Hz, H-1b), 4.31 (d, 1H, J1,2

8.0 Hz, H-1a), 4.25 (dd, 1H, J8,9’ 5.3, Jgem11.9 Hz, H-9’e),
4.10 (dd, 1H, J8,9 5.5, Jgem11.9 Hz, H-9e), 4.04 (dd, 1H, J2,3

10.3, J3,4 3.4 Hz, H-3d), 3.77 (s, 3 H, MeOPh), 3.57 (m, 2H,
Me3SiCH2CH2), 2.55 (s, 3 H, AcNe), 2.31 (dd, 1H, J3α,4 5.7,
Jgem14.6 Hz, H-3eα), 2.22 (dd, 1H, J3β,4 10.5, Jgem14.6 Hz, H-
3eβ), 2.17, 2.14, 2.13, 2.11, 2.10, 2.08, 2.073, 2.07, 2.05, 2.04,
2.02, 2.01, 1.99, 1.93, 1.89 (15 s, 45 H, 14 AcO and AcN), 0.98
(m, 2H, Me3SiCH2CH2).

13C NMR (CDCl3): δ = 170.70 (C O), 170.57 (2C O),
170.44 (2C O), 170.32 (C O), 170.15 (2C O), 170.08
(2C O), 169.85 (C O), 169.65 (C O), 169.58 (C O), 169.37
(C O), 168.95 (C O), 167.65 (C O), 164.73 (C O), 154.10,
152.97, 116.33, 115.99 (MeOPh),100.62, 99.93 (2C), 96.81,
95.80, 75.90, 75.82, 75.40, 74.15, 73.12, 72.72, 72.62, 71.66,
71.39, 71.11, 70.40, 70.20, 68.80, 68.58, 68.45, 68.26, 67.46,
67.13, 66.91, 62.25, 61.78, 61.54, 61.25, 55.60, 54.25, 53.67,
53.34, 49.85, 35.56, 29.67, 26.30, 23.16, 22.67, 21.38, 20.88,
20.83, 20.74, 20.69, 20.65, 20.51, 20.42, 17.84; elemental anal-
ysis calcd (%) for C77H106N2O42Si (1758.60): C 52.55, H 6.07,
N 1.59; found: C 52.50, H 5.83, N 1.44.

(4,7,8,9-Tetra-O-acetyl-5-acetylamino-3,5-dideoxy-D-
glycero-α-D-galacto-2-nonulopyranosyl 1,5-lactam)-(2→3)-
(2,4,6-tri-O-acetyl-β-D-galactopyranosyl)-(1→4)-(2-
acetamido-3-O-acetyl-2-deoxy-6-O-4-methoxyphenyl-β-
D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-α-D-
glucopyranosyl trichloroacetimidate (7)

The 2-(trimethylsilyl)ethyl group of 6 (173 mg, 97 µmol) was
removed by treatment with trifluoroacetic acid (1.7 mL) in
dichloromethane (4 mL) for 3 h at room temperature. Ethyl
acetate (2 mL) was added and the mixture was concentrated.
Column chromatography (50:1 CHCl3:MeOH) of the residue
on silica gel gave the 1-OH free derivative (155 mg, 95%).
This compound was treated with trichloroacetonitrile (278 µL,
22.2 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU;
14.2 µL, 85.2 mmol) in dichloromethane (5 mL) for 2 h at
0◦C. The mixture was concentrated and the residue was chro-
matographed (50:1 CHCl3:MeOH) on a column of silica gel



6-O-Sulfo sialylparagloboside and sialyl Lewis X neo-glycolipids containing lactamized neuraminic acid 103

to give the trichloroacetimidate 16 (108.9 mg, 65%) as an
amorphous mass; [α]24

D = +10.7◦ (c = 1.0, CHCl3); 1H NMR
(CDCl3): δ = 8.65 (s, 1H, NH of imidate), 6.95-6.84 (m, 4H,
MeOPh), 6.47 (d, 1H, J1,2 3.4 Hz, H-1a), 5.74 (dd, 1H, J6,7 3.9,
J7,8 9.6 Hz, H-7e), 5.65 (d, 1H, JNH,2 8.7 Hz, NHc), 5.13 (t,
1H, J2,3 = J3,4 = 9.4 Hz, H-3a), 5.41 (m, 1H, H-8e), 5.11 (dd,
1H, J1,2 8.0, J2,3 9.2 Hz, H-2d), 5.07–5.03 (m, 2H, H-2a and
H-2b), 4.83 (m, H, H-4e), 4.61 (d, 1H, J1,2 7.1 Hz, H-1c), 4.51
(d, 1H, J1,2 8.0 Hz, H-1d), 4.38 (d, 1H, J1,2 7.8 Hz, H-1b), 4.25
(dd, 1H, J8,9, 5.3, Jgem11.9 Hz, H-9’e), 4.11 (dd, 1H, J8,9 5.7,
Jgem11.9 Hz, H-9e), 4.05 (dd, 1H, J2,3 10.3, J3,4 3.4 Hz, H-3d),
3.76 (s, 3H, MeOPh), 2.55 (s, 3H, AcNe), 2.31 (dd, 1H, J3α,4

5.7, Jgem14.6 Hz, H-3eα), 2.23 (dd, 1H, J3β,4 10.9, Jgem14.6
Hz, H-3eβ), 2.17, 2.14, 2.13, 2.10, 2.07 (×2), 2.06 (×2), 2.05,
2.04, 2.02, 2.01, 2.00, 1.94, 1.89 (15 s, 45 H, 14 AcO and AcN).
elemental analysis calcd (%) for C74H94Cl3N3O43 (1817.43):
C 48.84, H 5.21, N 2.31; found: C 48.66, H 4.99, N, 2.23.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-(2-acetamido-3-O-acetyl-2-deoxy-
6-O-4-methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-
tri-O-acetyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-
β-D-glucopyranoside (9)

To a solution of 7 (108.9 mg, 60.2 µmol) and 2-
(tetradecyl)hexadecanol (8; 121 mg, 0.27 µmol) in dry
dichloromethane (1.5 mL) was added MS4Å (type AW300; 2.9
g) and the mixture was stirred for 2 h at room temperature, and
then cooled to 0◦C. Trimethylsilyl trifluoromethanesulfonate
(TMSOTf; 0.93 µL, 4.74 µmol) was added to the mixture, and
this was stirred for 5.5 h at room temperature, neutralized with
Et3N and filtered. Chromatography (60:1 CHCl3:MeOH) of the
residue on silica gel afforded 9 (53 mg, 42%) as an amorphous
mass; [α]24

D = +23.2◦ (c = 0.56, CHCl3); 1H NMR (CDCl3):
δ = 6.95-6.84 (m, 4H, MeOPh), 5.73 (dd, 1H, J6,7 3.9, J7,8 9.8
Hz, H-7e), 5.42 (m, 1H, H-8e), 5.34 (m, 1H, H-5e), 5.20 (d, 1H,
H-4d), 5.17 (t, 1H, J2,3 = J3,4 = 10.3 Hz, H-3a), 5.02 (dd, 1H,
J1,2 8.0, J2,3 10.0 Hz, H-2a), 4.88 (dd, 1H, J1,2 7.8, J2,3 9.8 Hz,
H-2b), 4.81 (m, 1H, H-4e), 4.64 (d, 1 H, J1,2 7.1 Hz, H-1c), 4.50
(d, 1H, J1,2 8.0 Hz, H-1d), 4.40 (d, 1H, J1,2 7.8 Hz, H-1b), 4.31
(d, 1H, J1,2 8.0 Hz, H-1a), 4.25 (dd, 1H, J8,9’ 5.5, Jgem11.4 Hz,
H-9’e), 3.76 (s, 3H, MeOPh), 3.58 (dd, 1 H, OCH2 of alkyl part),
3.34 (dd, 1H, OCH2 of alkyl part), 2.55 (s, 3 H, AcNe), 2.32 (dd,
1H, J3α,4 5.7, Jgem14.4 Hz, H-3eα), 2.23 (dd, 1H, J3β,4 10.7,
Jgem14.4 Hz, H-3eβ), 2.17, 2.14, 2.13, 2.12, 2.11, 2.10, 2.09,
2.08, 2.07, 2.05, 2.04, 1.98, 1.93, 1.89 (14 s, 42 H, 14 AcO), 1.69
(s, 3H, AcNc), 1.25 (m, 52 H, 26 CH2), 0.89 (t, 6 H, J 6.9 Hz,
2 MeCH2).

13C NMR (CDCl3): δ = 170.81 (C O), 170.64 (C O),
170.50 (3C O), 170.40 (2C O), 170.38 (C O), 170.32
(2C O), 169.72 (C O), 169.57 (C O), 169.40 (C O),
169.07 (C O), 168.95 (C O), 168.84 (C O), 164.81 (C O),

154.35, 152.52, 116.39, 114.73 (MeOPh), 101.84, 100.85,
100.70, 96.77, 95.86, 75.92, 74.12, 74.05, 72.65, 72.29, 72.05,
71.73, 71.52, 71.25, 71.02, 70.90, 70.03, 69.94, 69.36, 68.64,
67.51, 66.97, 61.82, 61.31, 55.64, 47.96, 38.08, 35.61, 31.95,
31.21, 30.08, 29.73, 29.39, 26.80, 26.80, 26.34, 23.20, 22.72,
20.80, 20.70, 20.26, 14.15; elemental analysis calcd (%) for
C102H154N2O43 (2094.99): C 58.44, H 7.40, N 1.34; found: C
58.22, H 7.38, N 1.24.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-(2-acetamido-3-O-acetyl-2-deoxy-
β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside (10)

To a solution of 9 (28.4 mg, 13.5 µmol) in acetonitrile (1.8
mL) and water (0.2 mL) was added ceric ammonium nitrate
(CAN; 23 mg, 41.4 µmol), and the mixture was stirred for 2 h
at 0◦ C and extracted with chloroform. The extract was suc-
cessively washed with 1M sodium carbonate and water, dried
(Na2SO4) and concentrated. Column chromatography (60:1
CHCl3:MeOH) of the residue on silica gel gave 10 (19.7 mg,
73%) as an amorphous mass; [α]24

D = −19.2◦ (c = 0.5, CHCl3);
1H NMR (CDCl3): δ = 5.73 (dd, 1H, J6,73.7, J7,8 9.6 Hz, H-
7e), 5.44 (m, 1H, H-8e), 5.41 (d, 1H,JNH,2 8.9 Hz, NHc), 5.36
(m, 1H, H-5e), 5.20 (d, 1H, H-4d), 5.16 (t, 1H, J2,3 = J3,4 =
9.4 Hz, H-3a), 5.08 (dd, 1H, J1,2 8.2, J2,3 10.9 Hz, H-2d), 5.00
(dd, 1H, J1,2 7.8, J2,3 9.8 Hz, H-2a), 4.88 (dd, 1H, J1,2 8.2, J2,3

9.6 Hz, H-2b), 4.85 (m, 1H, H-4e), 4.69 (d, 1H, J1,2 8.0 Hz,
H-1c), 4.52 (d, 1H, J1,2 8.2 Hz, H-1d), 4.41 (d, 1H, J1,2 8.2
Hz, H-1b), 4.37 (d, 1H, J1,2 7.8 Hz, H-1a), 4.24 (dd, 1H, J8,9,
5.5, Jgem 11.9 Hz, H-9’e), 4.12 (dd, 1H, J2,3 10.3, J3,4 3.2 Hz,
H-3b), 3.64 (m, 1H, OCH2 of alkyl part), 3.35 (br-d, 1H, H-6c),
3.26 (dd, 1H, OCH2 of alkyl part), 2.56 (s, 3H, AcNe), 2.37 (dd,
1H, J3α,4 5.3, Jgem 14.6 Hz, H-3eα), 2.27 (dd, 1H, J3β,4 10.3,
Jgem14.6 Hz, H-3eβ), 2.184, 2.182, 2.17, 2.14, 2.11, 2.109,
2.101, 2.08, 2.07, 2.06, 2.05, 2.04, 2.03, 2.01, 1.90 (15 s, 45H,
14 AcO and AcN), 1.25 (m, 52H, 26 CH2), 0.88 (t, 6H, J 6.9
Hz, 2 MeCH2); elemental analysis calcd (%) for C95H148N2O42

(1988.95): C 57.33, H 7.50, N 1.41; found C 57.13, H 7.35, N,
1.31.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-(2-acetamido-3-O-acetyl-2-deoxy-
6-O-sulfo-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-acetyl-β-
D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D

-glucopyranoside triethylammonium salt (11)

To a solution of 10 (10 mg, 5 µmol) in DMF (0.5 mL) was
added sulfur trioxide pyridine complex (7.9 mg, 50 µmol), and
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the mixture was stirred for 2 h at room temperature. Triethy-
lamine (0.1 mL) was added and the mixture was concentrated.
Column chromatography (1:1 CHCl3:MeOH) of the residue
on Sephadex LH-20 gave the crude sulfated product, and this
was purified by column chromatography (30:1 CHCl3:MeOH)
on silica gel to afford 11 (9.6 mg, 88.7%) as an amorphous
mass; [α]24

D = + 5.2◦ (c = 0.2, CHCl3); 1H NMR (CDCl3):
δ = 5.76 (dd, 1H, J6,73.7, J7,8 9.2 Hz, H-7e), 5.58 (d, 1H,
JNH,2 8.5 Hz, NHc), 5.37 (m, 1H, H-8e), 5.30 (m, 1H, H-
5e), 5.15 (t, 1H, J2,3 = J3,4 = 9.2 Hz, H-3a), 5.04 (dd, 1H,
J1,2 8.0, J2,3 9.6 Hz, H-2d), 5.01 (dd, 1H, J1,2 7.6 Hz, H-2b),
4.89 (dd, 1H, J1,2 7.6 Hz, H-2a), 4.87 (m, 1H, H-4e), 4.67
(d, 1 H,J1,2 8.0 Hz, H-1d), 4.46 (d, 1H, J1,2 7.6 Hz, H-1c),
4.41 (d, 1H,J1,2 7.6 Hz, H-1a), 4.35 (d, 1H,J1,2 7.6 Hz, H-
1b), 4.18 (m, 1H, H-6e), 3.58 (m, 1 H, OCH2 of alkyl part),
3.26 (dd, 1H, OCH2 of alkyl part), 3.17 (q, 6 H, 3CH3CH2N),
2.55 (s, 3H, AcNe), 2.45 (dd, 1H, J3α,4 5.7, Jgem 13.9 Hz, H-
3eα), 2.24 (dd, 1H, J3β,4 10.5, Jgem 13.9 Hz, H-3eβ), 2.20,
2.16, 2.14, 2.13, 2.11, 2.10, 2.095, 2.090, 2.06, 2.05, 2.03, 2.01,
2.00, 1.99, 1.94 (15 s, 45 H, 14 AcO and AcN), 1.39 (t, 9 H,
3CH3CH2N), 1.25 (m, 52 H, 26 CH2), 0.86 (t, 6 H, J 6.6 Hz,
2 MeCH2); elemental analysis calcd (%) for C101H163N3O45S
(2170.03): C 55.87, H 7.57, N 1.94; found C 55.61, H 7.52,
N 1.64.

2-(tetradecyl)hexadecyl (5-amino-3,5-dideoxy-D-glycero-α-D-
galacto-2-nonulopyranosyl 1,5-lactam)-(2→3)-(β-D-
galactopyranosyl)-(1→4)-(2-acetamido-2-deoxy-6-O-sulfo-
β-D-glucopyranosyl)-(1→3)-(β-D-galactopyranosyl)-(1→4)-
β-D-glucopyranoside sodium salt (D, GSC-551)

To a solution of 11 (9.6 mg, 4.5 µmol) in methanol (1.5 mL)
and dioxane (0.4 mL) was added catalytic amount of 28%
sodium methoxide in methanol, and the mixture was stirred for
24 h at room temperature. After completion of the reaction the
mixture was concentrated. Column chromatography (MeOH)
of the residue on Sephadex LH-20 gave the target molecule
(D, GSC-551) (6 mg, 92%) as an amorphous mass; [α]24

D =
+5.8◦ c = 0.1, 1:1 CHCl3:MeOH);1H NMR (CD3OD):δ =
4.58 (d, 1H, J1,2 8.5 Hz, H-1c), 4.42 (d, 1H, J1,2 7.6 Hz, H-
1d), 4.35 (br-d, 1H, H-6e), 4.28 (d, 1H, J1,2 7.3 Hz, H-1b),
4.15 (d, 1H, J1,2 7.8 Hz, H-1a), 3.99 (m, 1H, H-4e), 3.96
(dd, 1H, J2,3 9.8, J3,4 3.4 Hz, H-3d), 3.75 (dd, 1H, J6,7 3.4
Hz, H-7e), 3.69 (dd, 1H, J1,2 8.5, J2,3 7.8 Hz, H-2c), 3.51-
3.48 (m, 2H, H-2d and H-2b), 3.40 (t, 1H, J2,3 = J3,4 = 9.4
Hz, H-3a), 3.29 (m, 1H, H-8e), 3.14 (dd, 1 H, H-2a), 2.29
(dd, 1H, J3β,4 9.8, Jgem 14.4 Hz, H-3eβ), 1.99 (dd, 1H, J3α,4

5.3, Jgem 14.4 Hz, H-3e α), 1.88 (s, 3H, AcNc), 1.50-1.19 (m,
53H, 26 CH2 and CH), 0.80 (t, 6H, J 6.4 Hz, 2 MeCH2); FAB
(−) MS: m/z: calcd for C65H117N2NaO30S:1460.7310; found:
1438.7054 [M-Na]−, 1206 [M-Lactamized Neu-Na]−, 761 [lac-
tosyl 2-(tetradecyl)hexadecyl]−, 599 [glucosyl 2-(tetradecyl)
hexadecyl]−.

2-(Trimethylsilyl)ethyl (5-amino-3,5-dideoxy-D-glycero-α-D-
galacto-2-nonulopyranosylonic acid)-(2→3)-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-benzyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
benzyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-benzyl-β-D-
glucopyranoside (13)

To a solution of 12 (505 mg, 0.19 mmol) in methanol (10 mL)
was added a catalytic amount of 28% sodium methoxide in
methanol, and the mixture was stirred for 72 h at 45◦C. Water
(0.5 mL) was added and the mixture was stirred for 24 h at 45◦C,
neutralized with Amberlite IR-120 (H+) resin, and filtered. The
resin was washed with MeOH, and the combined filtrate and
washings was concentrated. Column chromatography (MeOH)
of the residue on Sephadex LH-20 gave 13 (355.3 mg, 85%)
as an amorphous mass; [α]24

D = −31.9◦ (c = 1.2, MeOH); 1H
NMR (CD3OD): δ = 7.38-6.80 (m, 49 H, MeOPh, 9 Ph), 5.32
(d, 1 H, J1,2 3.7 Hz, H-1f), 4.42 (1 H, J1,2 7.6 Hz, H-1c), 4.31
(d, 1 H, J1,27.6 Hz, H-1b), 3.95 (dd, 1 H, J1,2 3.7 Hz, H-2f),
3.65 (s, 3 H, MeOPh), 3.56 (m, 2 H, Me3SiCH2CH2), 3.06 (t, 1
H, H-5e), 2.83 (dd, 1 H, J3eq,4 5.0, Jgem 11.9 Hz, H-3eeq), 1.75
(t, 1 H, Jgem = J3ax,411.9 Hz, H-3eax), 1.66 (s, 3 H, AcN), 1.14
(d, 3 H, J5,6 6.2 Hz, H-6f), 0.95 (m, 2 H, Me3SiCH2CH2).

13C NMR (CD3OD): δ. = 176.33 (C O), 173.95 (C O),
156.77, 155.32 (MeOPh), 141.96, 141.69, 141.58, 141.41,
141.38, 141.29, 140.87, 140.76, 140.70, 130.91, 130.84,
130.82, 130.73, 130.58, 130.52, 130.50, 130.47, 130.42,
130.40, 130.20, 130.16, 130.05, 129.87, 129.78, 129.72, 129.63
(arom-C), 118.51, 117.23 (MeOPh), 105.38, 104.79, 104.77,
102.22, 98.72, 93.93, 85.16, 84.81, 84.19, 81.70, 81.29, 80.99,
79.13, 78.27, 76.32, 76.07, 75,87, 75.58, 75.31, 74.97, 74.75,
74.49, 72.42, 71.17, 70.22, 69.48, 68.97, 64.96, 64.50, 57.47,
55.40, 43.18, 24.73, 20.51, 18.18; elemental analysis calcd (%)
for C116H142N2O33Si (2118.93): C 65.71, H 6.75, N 1.32; found
C 65.55, H 6.49, N 1.29.

2-(Trimethylsilyl)ethyl (4,7,8,9-tetra-O-acetyl-5-acetylamino-
3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosyl
1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-benzyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
benzyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-benzyl-β-D-
glucopyranoside (14)

To a solution of 13 (285.1 mg, 0.13 mmol) in DMF (5 mL) was
added HBTU (262.8 mg, 0.69 mmol) and HOBt (73.4 mg, 0.54
mmol), and the mixture was stirred for 3 h at 65◦C, and then
concentrated. Column chromatography (MeOH) of the residue
on Sephadex LH-20 gave the lactamized sLex derivative. The
residue was treated with acetic anhydride (6 mL) and pyri-
dine (10 mL) for 24 h, then cooled to 0◦C. MeOH (2 mL) was
added and the mixture was concentrated, and the residue was
extracted with chloroform and successively washed with cold
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2M hydrochloric acid and water, dried (Na2SO4) and concen-
trated. Column chromatography (100:1 CHCl3:MeOH) of the
residue on silica gel gave 14 (229.6 mg, 70 %, 2 steps) as an
amorphous mass; [α]24

D = −7.6◦(c = 0.46, CHCl3); 1H NMR
(CDCl3): δ = 7.33 − 6.73 (m, 49 H, MeOPh, 9 Ph), 5.93 (1 H,
J2,NH 9.2 Hz, NHc), 5.75 (dd, 1 H, J6,7 3.9, J7,8 9.8 Hz, H-7e),
5.43 (m, 1 H, H-8e), 5.23 (d, 1 H, H-4d), 5.17 (d, 1 H, J1,2 3.4
Hz, H-1f), 5.11 (dd, 1 H, J1,2 7.8, J2,3 9.8 Hz, H-2d), 4.85 (m,
1H, H-4e), 4.55 (1 H, J1,2 7.8 Hz, H-1d), 4.33 (d, 1 H, J1,2 7.8
Hz, H-1c), 4.11 (dd, 1 H, J3,4 3.4 Hz, H-3d), 4.00 (dd, 1 H, J1,2

3.4, J2,3 9.8 Hz, H-2f), 3.69 (s, 3 H, MeOPh), 3.51 (m, 2 H,
Me3SiCH2CH2), 3.32 (t, 1 H, J2,3 10.3 Hz, H-2 c), 2.57 (s, 3 H,
AcNe), 2.37 (dd, 1H, J3α,4 5.7, Jgem 13.8 Hz, H-3eα), 2.30 (dd,
1H, J3β,4 10.1, Jgem 13.8 Hz, H-3eβ), 2.18, 2.12, 2.10, 2.07,
2.05, 2.01, 1.94 (7 s, 21 H, 7 AcO), 1.56 (s, 3 H, AcNc), 1.02
(d, 3 H, J5,6 6.6 Hz, H-6f), 0.84 (m, 2 H, Me3SiCH2CH2).

13C NMR (CDCl3): δ. = 171.90 (C O), 171.82 (2C O),
171.61 (C O), 171.54 (C O), 171.13 (C O), 171.03 (C O),
170.72 (C O), 170.39 (C O), 166.22 (C O), 155.74, 153.77
(MeOPh), 140.74, 140.55, 140.36, 140.23, 139.94, 139.82,
134.34, 131.14, 129.84, 129.72, 129.62, 129.58, 129.52,
129.38, 129.31, 128.89, 128.83, 128.78, 128.67, 128.61, 128.41
(arom-C), 117.09, 116.21 (MeOPh), 104.50, 104.11, 103.97,
101.08, 98.82, 97.24, 84.80, 84.31, 83.30, 80.70, 80.56, 78.02,
77.77, 77.36, 77.04, 76.74, 76.33, 76.20, 75.89, 75.83, 75.03,
74.66, 74.53, 74.33, 74.28, 73.88, 73.59, 72.74, 72.65, 71.50,
70.87, 70.03, 69.88, 69.68, 69.43, 68.97, 68.68, 68.15, 63.06,
62.71, 57.00, 49.38, 37.04, 27.72, 25.81, 24.20, 23.83, 23.54,
23.38, 22.38, 22.34, 22.15, 22.06, 19.86, 17.95; elemental anal-
ysis calcd (%) for C132H156N2O40Si (2437.00): C 65.01, H 6.45,
N 1.15; found C 64.71, H 6.29, N 1.10.

2-(Trimethylsilyl)ethyl (4,7,8,9-tetra-O-acetyl-5-acetylamino-
3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosyl
1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-acetyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
acetyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside (15)

A solution of 14 (210 mg, 86 µmol) in ethanol (15 mL) was vig-
orously stirred with Pd(OH)2 (210 mg) for 48 h at room temper-
ature under hydrogen. The catalyst was collected and washed
with methanol. The combined filtrate and washings was concen-
trated, and the residue was treated with acetic anhydride (4 mL)
and pyridine (5 mL) for 48 h, then cooled to 0◦C. MeOH (2 mL)
was added and the mixture was concentrated. The residue was
extracted with chloroform and successively washed with cold
2M hydrochloric acid and water, dried (Na2SO4) and concen-
trated. Column chromatography (80:1 CHCl3:MeOH) of the
residue on silica gel gave 15 (155.5 mg, 90 %) as an amorphous
mass; [α]24

D = −14.1◦ (c = 0.12, CHCl3) 1H NMR (CDCl3):
δ = 6.98-6.86 (m, 4 H, MeOPh), 5.71 (dd, 1H, J6,7 4.1, J7,8

9.4 Hz, H-7e), 5.42 (m, 1H, H-8e), 5.36 (d, 1H, J1,2 4.1 Hz,

H-1f), 5.33 (m, 1H, H-5e), 5.30 (d, 1H, H-4d), 5.18 (dd, 1H,
J2,3 10.9, J3,4 3.2 Hz, H-3f), 5.03 (dd, 1H, J1,2 8.0, J2,3 9.4 Hz,
H-2d), 4.96 (dd, 1H, J1,2 4.1, J2,37.8 Hz, H-2f), 4.87 (dd, 1H,
J1,2 8.0, J2,3 9.2 Hz, H-2b), 4.82-4.78 (m, 2H, H-5f and H-4e),
4.48 (d, 1H, J1,2 8.0 Hz, H-1d), 4.47 (d, 1 H,J1,2 8.0 Hz, H-1b),
4.25 (dd, 1 H, J8,9’ 5.0, Jgem11.4 Hz, H-9’e), 4.17 (dd, 1 H, J8,9

6.4, Jgem 11.4 Hz, H-9e), 3.75 (s, 3 H, MeOPh), 3.54 (m, 2 H,
Me3SiCH2CH2), 2.54 (s, 3 H, AcNe), 2.24 (dd, 1H, J3α,4 5.3,
Jgem13.9 Hz, H-3eα), 2.20 (dd, 1H, J3β,4 10.5, Jgem13.9 Hz,
H-3eβ), 2.17, 2.16, 2.15, 2.14, 2.13, 2.11, 2.109, 2.102, 2.09,
2.07, 2.05, 2.02, 2.01, 1.99, 1.956, 1.955 (16 s, 48 H, 16 AcO),
1.59 (s, 3 H, AcNc), 1.81 (d, 3 H, J5,6 6.2 Hz, H-6f), 0.88 (m,
2 H, Me3SiCH2CH2).

13C NMR (CDCl3): δ. = 172.60 (C O), 172.22 (C O),
172.12 (C O), 171.97 (2C O), 171.92 (C O), 171.88 (C O),
171.81 (C O), 171.59 (C O), 171.34 (C O), 171.24 (C O),
171.10 (C O), 171.01 (C O), 170.81 (2C O), 170.74 (C O),
170.46 (C O), 169.87 (C O), 166.26 (C O), 155.82, 153.93,
117.77, 116.26 (MeOPh), 102.13, 101.72, 101.39, 101.15,
97.24, 96.73, 77.36, 76.95, 76.13, 75.68, 74.74, 74.14, 74.08,
73.37, 73.25, 73.10, 72.93, 72.80, 72.74, 71.45, 70.74, 70.27,
70.11, 69.98, 69.49, 69.07, 68.94, 68.59, 65.70, 63.77, 63.45,
63.27, 62.76, 58.59, 56.98, 49.33, 36.95, 27.72, 24.80, 22.44,
22.37, 22.34, 22.27, 22.24, 22.16, 22.10, 22.09, 22.05, 19.30,
17.19; elemental analysis calcd (%) for C87H120N2O49Si
(2004.67): C 52.09, H 6.03, N 1.40; found C 51.98, H 5.89,
N 1.21.

(4,7,8,9-Tetra-O-acetyl-5-acetylamino-3,5-dideoxy-D-
glycero-α-D-galacto-2-nonulopyranosyl 1,5-lactam)-(2→3)-
(2,4,6-tri-O-acetyl-β-D-galactopyranosyl)-(1→4)-[(2,3,4-tri-
O-acetyl-α-L-fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-
6-O-4-methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-
tri-O-acetyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-
α-D-glucopyranosyl trichloroacetimidate (16)

The 2-(trimethylsilyl)ethyl group of 15 (112.8 mg, 0.056 mmol)
was removed by treatment with trifluoroacetic acid (1.2 mL)
in dichloromethane (2 mL) for 3 h at room temperature.
Ethyl acetate (2 mL) was added and the mixture was concen-
trated. Column chromatography (40:1 CHCl3:MeOH) of the
residue on silica gel gave the 1-OH free derivative (100 mg
93%). This compound was treated with trichloroacetonitrile
(150 µL, 12 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU; 4.0 µL, 24 µmol) in dichloromethane (5 mL) for 2 h at
0◦C. The mixture was concentrated and the residue was chro-
matographed (30:1 CHCl3:MeOH) on a column of silica gel to
give the trichloroacetimidate 16 (89 mg, 83%) as an amorphous
mass; [α]24

D = +13.8◦ (c = 0.89, CHCl3); 1H NMR (CDCl3):
δ = 8.56 (s, 1 H, NH of imidate), 6.97-6.85 (m, 4 H, MeOPh),
6.47 (d, 1 H, J1,2 3.9 Hz, H-1a), 5.72 (dd, 1 H, J6,7 3.9, J7,8 9.6
Hz, H-7e), 5.50 (t, 1 H, J2,3 = J3,4 9.6 Hz, H-3a), 5.41 (m, 1
H, H-8e), 5.36 (d, 1 H, J1,2 3.9 Hz, H-1f), 5.32 (m, 1 H, H-5e),
5.24 (d, 1 H, H-4d), 5.18 (dd, 1 H, J2,3 10.9, J3,4 3.4 Hz, H-3f),
5.05 (dd, 1 H, J1,2 3.9, J2,3 8.7 Hz, H-2a), 5.02-4.98 (m, 2 H,
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H-2d and H-2b), 4.95 (dd, 1 H, J1,2 3.9, J2,3 10.9 Hz, H-2f),
4.84-4.77 (m, 2 H, H-4e and H-5f), 4.46 (d, 1 H, J1,2 8.2 Hz,
H-1d), 4.34 (d, 1H, J1,2 7.8 Hz, H-1b), 4.25 (dd, 1 H, J8,9’ 5.0,
Jgem11.7 Hz, H-9’e), 4.18-4.15 (H-6e and H-9e), 4.10 (d, 1 H,
J1,2 7.3 Hz, H-1c), 3.89 (dd, 1 H, J2,3 9.2, J3,4 3.4 Hz, H-3d),
3.80 (t, 1 H, J2,3 9.6 H-2c), 3.69 (s, 3 H, MeOPh), 2.54 (s, 3
H, AcNe), 2.23 (dd, 1H, J3α,4 5.0, Jgem15.3 Hz, H-3eα), 2.16,
2.15, 2.14, 2.12, 2.11, 2.10, 2.08, 2.07, 2.06, 2.04, 2.03, 2.02,
2.016, 2.008, 2.00, 1.96, 1.95 (17 s, 51 H, 16 AcO and AcN),
1.19 (d, 3 H, J5,6 6.4 Hz, H-6f); elemental analysis calcd (%) for
C84H108Cl3N3O49 (2047.51): C 49.21, H 5.31, N 2.05; found:
C 48.94, H 5.21, N, 1.95.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-acetyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-6-O-4-
methoxyphenyl-β-D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-
acetyl-β-D-galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside (17)

To a solution of 16 (44.5 mg, 21.8 µmol) and 2-
(tetradecyl)hexadecanol (8; 47 mg, 107 µmol) in dry
dichloromethane (1 mL) was added MS4Å (type AW300; 2
g) and the mixture was stirred for 2 h at room temperature, and
then cooled to 0◦C. Trimethylsilyl trifluoromethanesulfonate
(TMSOTf; 0.42 µL, 2.14 µmol) was added to the mixture, and
this was stirred for 12 h at 7◦C, neutralized with Et3N and fil-
tered. Chromatography (60:1 CHCl3:MeOH) of the residue on
silica gel afforded 17 (21.8 mg, 43%) as an amorphous mass;
[α]24

D = +4.1 (c = 0.43, CHCl3); 1H NMR (CDCl3): δ = 6.99-
6.86 (m, 4H, MeOPh), 5.72 (dd, 1H, J6,7 4.1, J7,8 9.8 Hz, H-7e),
5.46 (d, 1H, JNH,28.7 Hz, NHc), 5.42 (m, 1H, H-8e), 5.37 (d,
1H, J1,2 3.4 Hz, H-1f), 5.33 (m, 1H, H-5e), 5.26 (d, 1H, H-4d),
5.19 (dd, 1H, J3,4 3.4 Hz, H-3f), 5.15 (t, 1H, J2,3 = J3,4 9.6 Hz,
H-3a), 5.03 (dd, 1H, J1,2 8.0, J2,3 10.1 Hz, H-2d), 4.99 (dd, 1H,
J1,2 8.2 Hz, H-2b), 4.96 (dd, 1H, J1,2 3.9, J2,3 10.9 Hz, H-2f),
4.89 (dd, 1H, J1,2 8.0, J2,3 9.6 Hz, H-2a), 4.84 (m, 1H, H-4e),
4.81 (m, 1H, H-5f), 4.47 (d, 1 H, J1,2 8.0 Hz, H-1d), 4.41 (d,
1H, J1,2 7.8 Hz, H-1a), 4.33 (d, 1H, J1,2 8.2 Hz, H-1b), 4.24
(dd, 1 H, J8,9, 4.8, Jgem 11.7 Hz, H-9’e), 4.17 (m, 1H, H-6e),
4.15 (dd, 1H, J8,9 6.2 Hz, H-9e), 3.90 (dd, 1H, J2,3 10.1, J3,4 3.7
Hz, H-3d), 3.76 (s, 3H, MeOPh), 3.61 (dd, 1H, OCH2 of alkyl
part), 3.30 (dd, 1H, OCH2 of alkyl part), 2.55 (s, 3H, AcNe),
2.24 (dd, 1H, J3β,4 9.8 Hz, H-3eβ), 2.17, 2.16, 2.15, 2.13, 2.12,
2.11, 2.109, 2.102, 2.09, 2.08, 2.07, 2.05, 2.03, 2.019, 2.017,
1.96, 1.95 (17 s, 51H, 16 AcO and AcN), 1.26 (m, 52H, 26
CH2), 1.20 (d, 3H, J5,6 6.4 Hz, H-6f), 0.88 (t, 6 H, J 6.9 Hz, 2
MeCH2).

13C NMR (CDCl3): δ = 171.18 (C O), 170.87 (C O),
170.76 (C O), 170.70 (C O), 170.53 (C O), 170.46 (2C O),
170.40 (2C O), 170.15 (C O), 169.91 (C O), 169.82 (C O),
169.67 (C O), 169.38 (C O), 169.31 (C O), 169.05 (C O),
168.38 (C O), 164.81 (C O), 154.37, 152.52, 116.33, 114.82

(MeOPh), 100.91, 100.30, 99.65, 98.13, 95.80, 95.31, 75.88,
75.66, 74.69, 74.28, 73.49, 73.24, 72.65, 72.52, 71.97,
71.83, 71.50, 71.32, 71.17, 70.00, 69.31, 68.81, 68.68, 68.08,
67.66, 67.15, 65.76, 64.24, 62.40, 61.96, 61.84, 61.33, 57.28,
55.55, 47.90, 37.87, 37.09, 35.54, 32.74, 31.92, 31.23, 31.10,
30.92, 30.02, 29.70, 29.37, 27.08, 26.89, 26.81, 26.64, 26.71,
26.62, 26.30, 23.40, 22.69, 21.03, 20.92, 20.86, 20.81, 20.74,
20.62, 19.73, 15.77, 14.13; elemental analysis calcd (%) for
C112H168N2O49 (2325.07): C 57.82, H 7.28, N 1.20; found: C
57.54, H 7.03, N 1.09.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-acetyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-β-D-
glucopyranosyl)-(1→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside (18)

To a solution of 17 (21.8 mg, 9.4 µmol) in acetonitrile (1.8
mL) and water (0.2 mL) was added ceric ammonium nitrate
(CAN; 20 mg, 36 µmol), and the mixture was stirred for 3
h at 0◦C and extracted with chloroform. The extract was suc-
cessively washed with 1M sodium carbonate and water, dried
(Na2SO4) and concentrated. Column chromatography (50:1
CHCl3:MeOH) of the residue on silica gel gave 18 (14.8 mg,
70.6%) as an amorphous mass; [α]24

D = −7.6◦ (c = 0.06,
CHCl3); 1H NMR (CDCl3): δ = 5.75 (dd, 1H, J6,7 3.9, J7,8

9.8 Hz, H-7e), 5.55 (d, 1H, J1,2 3.4 Hz, H-1f), 5.44 (m, 1H,
H-8e), 5.36 (m, 1H, H-5e), 5.28 (d, 1H, H-4d), 5.21 (dd, 1H,
J2,3 10.8, J3,4 3.4 Hz, H-3f), 5.17 (t, 1H, J2,3 J3,4 9.4 Hz, H-3a),
5.04 (dd, 1H, J1,2 8.0, J2,3 9.8 Hz, H-2d), 4.96 (dd, 1H, J1,2 3.4,
J2,3 10.8 Hz, H-2f), 4.89 (dd, 1H, J1,2 8.0, J2,3 9.8 Hz, H-2a),
4.82 (m, 1H, H-4e), 4.62 (d, 1H, J1,2 8.0 Hz, H-1d), 4.41 (d,
1H,J1,2 8.0 Hz, H-1a), 4.35 (d, 1H,J1,2 7.6 Hz, H-1b), 4.03 (dd,
1H, J8,9 6.9 Hz, H-9e), 3.67 (m, 1H, OCH2 of alkyl part), 3.31
(br-d, 1 H, H-6c), 3.27 (dd, 1H, OCH2 of alkyl part), 2.56 (s,
3H, AcNe), 2.39 (dd, 1H, J3α,4 5.9, Jgem 13.7 Hz, H-3eα), 2.27
(dd, 1H, J3β,4 10.3, Jgem 13.7 Hz, H-3eβ), 2.20, 2.187, 2.183,
2.17, 2.15, 2.14, 2.13, 2.12, 2.11, 2.10, 2.09, 2.088, 2.084, 2.07,
2.06, 2.02, 1.96 (17 s, 51 H, 16 AcO and AcN), 1.26 (m, 52 H,
26 CH2), 0.86 (t, 6 H, J 6.2 Hz, 2 MeCH2).

13C NMR (CDCl3): δ = 171.54 (C O), 170.95 (2C O),
170.83 (C O), 170.77 (C O), 170.71 (3C O), 170.65 (C O),
170.44 (C O), 170.41 (C O), 170.21 (2C O), 170.11 (C O),
169.89 (C O), 169.73 (C O), 169.64 (C O), 169.72 (C O),
164.53 (C O), 101.87, 100.48, 97.00 (2C), 96.84, 95.12, 74.45,
73.13, 72.81, 71.80, 71.61, 71.44, 71.04, 70.79, 69.82, 69.34,
68.62, 68.31, 67.98, 67.17, 66.27, 64.64, 63.70, 63.53, 63.03,
62.18, 61.93, 61.71, 61.52, 53.36, 49.65, 37.76, 37.11, 32.36,
31.92, 29.75, 29.65, 29.58, 29.40, 29.34, 29.15, 28.66, 27.80,
23.31, 22.68, 21.40, 20.87, 20.83, 20.70, 20.64, 20.58, 20.41,
20.77, 20.06, 15.91, 14.12; elemental analysis calcd (%) for
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C105H162N2O48 (2219.03): C 56.80, H 7.35, N 1.26; found: C
56.76, H 7.20, N, 1.21.

2-(Tetradecyl)hexadecyl (4,7,8,9-tetra-O-acetyl-5-
acetylamino-3,5-dideoxy-D-glycero-α-D-galacto-2-
nonulopyranosyl 1,5-lactam)-(2→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-[(2,3,4-tri-O-acetyl-α-L-
fucopyranosyl)-(1→3)]-(2-acetamido-2-deoxy-6-O-sulfo-β-
D-glucopyranosyl)-(1→3)-(2,4,6-tri-O-acetyl-β-D-
galactopyranosyl)-(1→4)-2,3,6-tri-O-acetyl-β-D-
glucopyranoside triethylammonium salt (19)

To a solution of 18 (6.38 mg, 2.8 µmol) in DMF (1 mL) was
added sulfur trioxide pyridine complex (4.4 mg, 28 µmol), and
the mixture was stirred for 2 h at room temperature. Triethy-
lamine (0.1 mL) was added and the mixture was concentrated.
Column chromatography (1:1 CHCl3:MeOH) of the residue on
Sephadex LH-20 gave the crude sulfated product, and this was
purified by column chromatography (30:1 CHCl3:MeOH) on
silica gel to afford 19 (5.53 mg, 80%) as an amorphous mass;
[α]24

D = +6.9◦ (c = 0.1, CHCl3); 1H NMR (CDCl3):gδ = 5.77
(dd, 1H, J6,7 4.1, J7,8 8.7 Hz, H-7e), 5.65 (d, 1H, NHc), 5.44 (d,
1H, J1,2 3.6 Hz, H-1f), 5.34 (m, 1H, H-8e), 5.28 (m, 1H, H-5e),
5.19 (dd, 1H, J2,3 10.9 Hz, H-3f), 5.15 (t, 1H, J2,3 = J3,4 =
9.6 Hz, H-3a), 5.03 (dd, 1H, J2,3 9.2 Hz, H-2d), 4.97 (dd, 1H,
J2,3 9.3 Hz, H-2b), 4.90 (dd, 1H, J1,2 8.0, J2,3 9.6 Hz, H-2a),
4.86 (m, 1H, H-4e), 4.41 (d, 1H, J1,2 8.2 Hz, H-1a), 4.33 (d,
1H, J1,2 7.1 Hz, H-1d), 4.23 (d, 1H, J1,2 8.0, H-1b), 4.13 (dd,
1H, J8,9, 5.3, Jgem 11.8 Hz, H-9’e), 4.02 (dd, 1H, J8,9 6.9, Jgem

11.8 Hz, H-9e), 3.76 (dd, 1H, J2,3 9.2, J3,4 3.2 Hz, H-3d), 3.65
(m, 1H, OCH2 of alkyl part), 3.27 (dd, 1H, OCH2 of alkyl part),
3.15 (q, 6H, 3CH3CH2N), 2.56 (s, 3H, AcNe), 2.41 (dd, 1H,
J3α,4 5.5, Jgem 14.8 Hz, H-3eα), 2.28 (dd, 1H, J3β,4 10.9, Jgem

14.8 Hz, H-3eβ), 2.23, 2.20, 2.17, 2.15, 2.14, 2.13, 2.12, 2.11,
2.09, 2.09, 2.08, 2.06, 2.05, 2.01, 2.00, 1.95, 1.94 (17 s, 51 H,
16 AcO and AcN), 1.40 (t, 9 H, 3CH3CH2N), 1.25 (m, 52 H,
26 CH2), 0.88 (t, 6 H, J 6.6 Hz, 2 MeCH2); elemental analysis
calcd (%) for C111H177N3O51S (2400.11): C 55.51, H 7.43, N
1.75; found: C 55.43, H 7.18, N 1.67.

2-(Tetradecyl)hexadecyl (5-amino-3,5-dideoxy-D-glycero-α-
D-galacto-2-nonulopyranosyl 1,5-lactam)-(2→3)-(β-D-
galactopyranosyl)-(1→4)-[(α-L-fucopyranosyl)-(1→3)]-(2-
acetamido-2-deoxy-6-O-sulfo-β-D-glucopyranosyl)-(1→3)-
(β-D-galactopyranosyl)-(1→4)-β-D-glucopyranoside
sodiumsalt (E, GSC-552)

To a solution of 19 (5.5 mg, 2.1 µmol) in methanol (0.8 mL) and
dioxane (0.2 mL) was added a catalytic amount of 28% sodium
methoxide in methanol, and the mixture was stirred for 24 h
at room temperature. After completion of the reaction the mix-
ture was concentrated. Column chromatography (MeOH) of the
residue on Sephadex LH-20 gave the target molecule (E, GSC-
552) (3.7 mg, quant) as an amorphous mass; [α]24

D = −5.4◦

(c = 0.07, 1:1 CHCl3:MeOH);1H NMR (CD3OD): δ = 4.96

(d, 1H, J1,2 3.9 Hz, H-1f), 4.66 (d, 1H, J1,2 7.8 Hz, H-1c),
4.49 (d, 1H, J1,2 7.6 Hz, H-1d), 4.36 (br-d, 1H, H-6e), 4.28 (d,
1H, J1,2 7.3 Hz, H-1b), 4.15 (d, 1H, J1,2 7.8 Hz, H-1a), 4.00
(m, 1H, H-4e), 3.98 (dd, 1H, J2,3 9.8, J3,4 2.9 Hz, H-3d), 3.85
(dd, 1H, J2,3 7.8 Hz, H-2c), 3.80 (dd, 1H, J2,3 10.1, J3,4 3.4
Hz, H-3f), 3.75 (dd, 1H, J6,7 4.1 Hz, H-7e), 3.56 (dd, 1H, J2,3

10.8 Hz, H-2b), 3.51 (dd, 1H, J1,2 3.9, J2,3 10.1 Hz, H-2f),
3.48 (dd, 1H, J2,3 9.2 Hz, H-2d), 3.40 (t, 1H, J2,3 = J3,4 =
9.2 Hz, H-3a), 3.29 (m, 1H, H-8e), 3.14 (dd, 1H, J1,2 7.8, J2,3

9.2 Hz, H-2a), 2.32 (dd, 1H, J3β,4 10.8, Jgem 14.1 Hz, H-3eβ),
2.02 (dd, 1H, J3α,4 4.8, Jgem 14.1 Hz, H-3eα), 1.87 (s, 3H,
AcNc), 1.49-1.19 (m, 53 H, 26 CH2 and CH), 1.08 (d, 3 H,
J5,6 6.6 Hz, H-6f), 0.80 (t, 6 H, J 6.9 Hz, 2 MeCH2); FAB
(−) MS: m/z: calcd for C71H127N2NaO34S:1606.7889; found:
1584.8484 [M-Na]− , 1352 [M-Lactamized Neu-Na]−, 1218
[M-Lactamized Neu-Fuc-Na]−, 1190 [M-Lactamized Neu-
Gal-Na]−, 761 [lactosyl 2-(tetradecyl)hexadecyl]−, 599 [glu-
cosyl 2-(tetradecyl)hexadecyl]−
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