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Efficient sialylations using N-glycolylneuraminic acid (Neu5Gc) phosphite donors having an acetyl or
benzyl group on the glycolyl moiety are described in the synthesis of Neu5Gc-containing glycans. Both
phosphite donors 1 and 2 were readily coupled with primary and secondary acceptor alcohols in propi-
onitrile at �78 �C to provide the desired glycosides with good a-selectivities.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Among the various sialic acids, N-glycolylneuraminic (Neu5Gc)
and N-acetylneuraminic (Neu5Ac) acids are the most abundant and
can be readily found in Gram-negative bacteria, echinoderms, and
vertebrates.1,2 In the case of humans, most of the sialic acid is
Neu5Ac due to a deficiency of CMP–Neu5Ac hydroxylase, which
produces CMP–Neu5Gc in the cytosol.3 However, minor amounts
of Neu5Gc-containing glycans have been detected in tumor-associ-
ated epitopes involving breast and colon cancer, and in the brain
ganglioside GM3.4,5

It has been reported that a number of infectious bacteria and
viruses can recognize cell-surface glycans that bear sialic acids.
In view of the recent pandemic threat of the avian influenza virus,
the shift of the virus receptor from Neu5Gc to Neu5Ac is a signifi-
cant factor in determining infectious properties among humans.6

Recently, the potent activities of echinoderm gangliosides on
the stimulation of nerve cells have been reported.7 Especially, the
neurite outgrowth activities of such distinctive gangliosides that
contain Neu5Gc residues have been shown to be more comparable
to those of GM1 ganglioside in the presence of nerve growth factor
(NGF).

In chemical synthesis of such bioactive Neu5Gc-containing gan-
gliosides, the use of N-substituted sialic acid building blocks can be
an efficient strategy in terms of both yields and a-selectivities.8

Upon completion of the sialylation reactions using these sialyl do-
ll rights reserved.
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to).
nors carrying the C-5 amino-protecting groups such as N-TFA,9a

azide,9b carbamate,9c,d phthalimide,9e and oxazolidinone,9f–h the
sialic acid unit can be subsequently transformed into the glycolyl
form by substituting the functionalities with a glycolylamide.10

The liberated C-5 amino group, however, may undergo acyl migra-
tion from the C7/8-hydroxyl-protected acetyl group, even under
acidic conditions,9c and therefore, the direct use of a Neu5Gc build-
ing block would be a straightforward strategy in avoiding such
undesirable migration reactions on important intermediates. To
date, a few reports have appeared describing the synthesis of
Neu5Gc gangliosides involving N-glycolylneuraminylation using
less reactive methylthio/phenylthio-Neu5Gc donors.11 In this re-
port, N-glycolylneuraminylations using more reactive Neu5Gc
phosphite donors 1 and 2 are described. Furthermore, acetyl pro-
tected 1 and benzyl protected 2 were also prepared to compare
the reactivities as well as a-selectivities involving sialylations with
acceptors 8, 11, 14, and 16.

2. Results and discussion

2.1. Synthesis of sialyl phosphite donors 1 and 2

The synthesis of sialyl phosphite donors 1 and 2 was initially
carried out as shown in Scheme 1. Thiophenyl sialosides 411a,12

and 5, which possess glycolylamide moieties with either benzyl
or acetyl protection, were prepared from known thioglycoside 313

according to Sugata and Higuchi’s procedure.11d First, sialoside 3
was fully deacetylated using methanesulfonic acid in MeOH under
reflux conditions. Next, the exposed amino group was immediately
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Scheme 1. Synthesis of the sialyl phosphite donors 1 and 2.

Table 2
Sialylation reactions using sialyl phosphite donors 1 or 2 with glucose acceptor 11
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11 (1.0 equiv)

1: R = Ac
2: R = Bn
(1.5 equiv)

12: R = Ac
13: R = Bn

Entry Donor Solvent Temperature (�C) Product (yield %)a a/b ratiob

1 1 CH2Cl2 �78 12 (86) 1:10
2 2 CH2Cl2 �78 13 (90) 1:10
3 1 EtCN �78 12 (85) 8:1
4 2 EtCN �78 13 (86) 8:1

a Isolated yields.
b Anomeric ratio was determined by 1H NMR spectroscopy, MP: 4-

methoxyphenyl.
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protected with either an acetoxyacetyl or a benzyloxyacetyl group
using the corresponding acid chlorides. The remaining hydroxyl
groups were acetylated to afford desired sialosides 4 (75% yield)
and 5 (85% yield) in three steps. Sialosides 4 and 5 were then trans-
formed into phosphite donors 1 and 2, respectively, via two addi-
tional steps:14 hydrolysis of the phenylthio moiety of 4 and 5
using NBS in acetone–H2O to give hemiketals 6 and 7 in 94% (6)
and 78% (7) yields, followed by introduction of the phosphite group
by treatment with N,N-dibenzylphosphoramidite and 1H-tetrazole
to afford 1 (97% yield, a:b = 1:10) and 2 (95% yield, a:b = 1:5),
respectively.

2.2. Sialylation reactions using donors 1 or 2

To investigate both reactivity and a-selectivities of the Neu5Gc
phosphite donors 1 and 2, the formation of naturally occurring
Neu5Gca(2?6)Gal linkages was carried out. As shown in Table 1,
galactose 4,6-diol 8,15 which has benzoyl groups on the C-2 and
C-3 positions for further b-selective galactosylations, was em-
ployed as a practical acceptor. In the first trials as shown in entries
1 and 2, phosphite 1 or 2 was activated with 0.2 equivalent of
TMSOTf in dichloromethane at �78 �C. In the case of entry 1, the
reaction went to completion within 10 min to give disaccharide 9
in 88% yield; however, the desired a-anomer was the minor com-
ponent (a:b = 1:1.5, entry 1). In the choice of donor 2, the a-selec-
tivity was improved to afford the disaccharide 10 in 71% yield
(a:b = 2.3:1, entry 2). In order to investigate a possible ‘nitrile ef-
fect’, the sialylation reactions were carried out in acetonitrile and
propionitrile (entries 3–5).16 In the case of acetonitrile at �40 �C
with donor 2 (entry 3), although the a-selectivity was improved
(a:b = 3.0:1), the yield (73%) was similar to that of entry 2 (71%).
On the other hand, in the cases of propionitrile at �78 �C with do-
nor 1, the desired disaccharide 9 was obtained in 90% (a:b = 4.7:1,
entry 4).17 The best performance was obtained in the use of donor
2 with acceptor 8 to give disaccharide 10 in 87% yield with
excellent a-selectivity (a:b = 10:1). As can be seen from the data
in Table 1, donor 2 which has benzyl protection on the glycolyl
Table 1
Sialylation reactions using sialyl phosphite donors 1 or 2 with galactose acceptor 8
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8 (1.0 equiv)

TMSOTf (0.2 equiv),
4Å MS, 10 min.

Entry Donor Solvent Temperature (�C) Product (yield %)a a/b ratiob

1 1 CH2Cl2 �78 9 (88) 1:1.5
2 2 CH2Cl2 �78 10 (71) 2.3:1
3 2 CH3CN �40 10 (73) 3.0:1
4 1 EtCN �78 9 (90) 4.7:1
5 2 EtCN �78 10 (87) 10:1

a Isolated yields.
b Anomeric ratio was determined by 1H NMR spectroscopy, SE: 2-

trimethylsilylethyl.
moiety, exhibited significantly better a-selectivity than the corre-
sponding acetyl-protected donor 1.

To study formation of the Neu5Gca(2?6)Glc unit, which has
been identified from the echinoderm gangliosides,7,9 sialylations
of donors 1 and 2 with glucoside 1118 were investigated
(Table 2). To determine preferential dependence of donors 1 and
2 by comparison of the results shown in Table 1, all sialylations
in Table 2 were carried out in either dichloromethane or propioni-
trile at –78 �C. Initially as indicated in entries 1 and 2, unexpected
high b selectivities were obtained for the synthesis of disaccharide
12 (86% yield,a:b = 1:10) and 13 (90% yield,a:b = 1:10) in dichloro-
methane, respectively. On the other hand, excellent a-selectivities
(a:b = 8:1) were obtained using propionitrile at �78 �C (Table 2,
entries 3 and 4), which were in good agreement with those of Table
1 (entries 4 and 5, respectively). From all the entries in Table 2, no
significant difference between donors 1 and 2 was found from the
points of a-selectivity and yields.

Sialylation reactions between donor 1, which showed the best
results in Tables 1 and 2, and galactose C3–OH of either galactal
14 or lactose derivative 16 were also investigated in the synthesis
of the Neu5Gc-terminated a(2?3)sialylgalactose units (Scheme 2).
In the former case, the nucleophilic C3-hydroxyl group of 4,6-di-O-
benzyl-D-galactal (14) was coupled with donor 1 to produce a-
sialoside 15 (61% yield) in a stereoselective manner. Compound
15 is an intermediate in the course of forming a
Neu5Gca(2?3)galactose building block.17 In the latter case, donor
1 was coupled with lactose acceptor 1619 to give trisaccharide 17
as the major product (42% yield) in the course of a GM3-type trisac-
charide synthesis.

3. Conclusion

We have herein described a direct sialylation approach toward
the synthesis of the Neu5Gc-containing glycans using N-glycolyl-
neuraminyl phosphite donors 1 and 2. In the use of acceptors 8,
11, 14, and 16, the best yields and a-selectivities were achieved
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via activation of the phosphite donors using TMSOTf in propioni-
trile at �78 �C. In the case of galactose C-4 and C-6 diol acceptor
8, the choice of the protecting group on the glycolyl OH moiety
was a significant factor in achieving the best a-selectivity. In the
case of glucose acceptor 11, on the other hand, such an effect
was not observed. Finally, phosphite donor 1 was coupled with
galactal 14 to afford 15, a precursor of the Neu5Gca(2?3)galactose
building block, in 61% yield, and with lactose acceptor 16 to afford
GM3 analogue trisaccharide 17, in 42% yield.

This approach provides an efficient synthesis for the Nue5Gc-
containing glycans by avoiding protecting group manipulations,
which include a removal of the N-protecting group and success
in the introduction of the glycolyl moiety, upon obtaining the full
sialoglycan sequence.

4. Experimental

4.1. General procedures

Optical rotations were measured in a 0.5-dm tube with a JASCO
P-1020 polarimeter. IR spectra were recorded with a Shimadzu
Prestege-21 or a JASCO FT/IR-4200 spectrometer. 1H and 13C
NMR spectra were recorded with either a JEOL ECA-500 or a JEOL
ECA-600 spectrometer (Chemical shifts are referenced to tetra-
methylsilane, 0.00 ppm). Column chromatography was performed
on silica gel (Silica Gel 60, 70–230 mesh, E. Merck or Silica Gel
60 N, spherical, neutral, 70–230 mesh, Kanto Kagaku Co.). Thin-
layer chromatography (TLC) on silica gel (Silica gel 60F254, E.
Merck) was used to monitor the reactions. High-resolution mass
spectra were recorded with a JEOL JMS-T100LC AccuTOF mass
spectrometer.

4.2. Methyl (phenyl 4,7,8,9-tetra-O-acetyl-5-(2-benzyloxy)
acetamido-3,5-dideoxy-2-thio-D-glycero-b-D-galacto-2-
nonulopyranosid)onate (5)

A solution of 3 (493 mg, 0.845 mmol) in dry MeOH (20 mL) was
added MsOH (330 lL, 5.0 mmol), and the mixture was stirred over-
night under reflux. The mixture was cooled to room temperature
and neutralized with excess Et3N. The solvent was evaporated to
give a brown syrup that was again dissolved in CH2Cl2 (4 mL).
Et3N (150 lL, 1.0 mmol) and benzyloxyacetyl chloride (160 lL,
1.0 mmol) were added with ice-water bath cooling. After stirring
for 20 min at room temperature, the mixture was concentrated,
redissolved in pyridine (2.5 mL), and Ac2O (2.5 mL) was added.
The mixture was then stirred overnight at room temperature and
concentrated to a residue that was redissolved in EtOAc and
washed with H2O. The aq phase was extracted twice with EtOAc,
and the combined organic layers were successively washed with
0.1 M HCl and brine, dried over MgSO4, filtered, and concentrated.
Purification of the crude product by silica gel chromatography (1:1
hexane–EtOAc) gave 5 (492 mg, 0.713 mmol, 84%). ½a�26

D � 91 (c 1.0,
CHCl3); IR (KBr, neat): m 1739 cm�1 (COO), 2953 cm�1 (NH); 1H
NMR (600 MHz, CDCl3): d 7.51–7.33 (10H, m, PhH), 6.54 (1H, d,
NH, J5,NH = 10.5 Hz), 5.47 (1H, dd, H-7, J6,7 = 2.4 Hz, J7,8 = 2.5 Hz),
5.40 (1H, ddd, H-4, J3ax,4 = 11.3 Hz, J3eq,4 = 4.8 Hz, J4,5 = 10.5 Hz),
4.99 (1H, ddd, H-8, J8,9 = 2.4 Hz, J8,90 = 8.4 Hz), 4.67 (1H, dd, H-6,
J5,6 = 12.3 Hz), 4.64, 4.55 (2H, each s, PhCH2, JAB = 11.9 Hz), 4.48
(1H, dd, H-9, J9,90 = 12.3 Hz), 4.17 (1H, dd, H-5), 4.02 (1H, dd, H-
90), 3.91, 3.86 (2H, each s, COCH2, JAB = 15.4 Hz), 3.61 (3H, s,
COOCH3), 2.71 (1H, dd, H-3eq, J3ax,3eq = 13.9 Hz), 2.11 (1H, dd, H-
3ax), 2.10 (3H, s), 2.07 (3H, s), 2.00 (3H, s), 1.97 (3H, s); 13C NMR
(150 MHz, CDCl3): d 170.7, 170.3, 170.3, 170.2, 170.2, 168.2,
136.8, 136.4, 136.2, 129.7, 129.1, 128.9, 128.6, 128.6, 128.2,
128.0, 128.0, 88.9, 73.5, 72.9, 72.6, 69.0, 68.9, 68.7, 62.6, 52.6,
48.6, 37.4, 24.0, 21.0, 20.8, 20.8, 20.8, 13.7; HRESIMS: calcd for
C33H39NO13SNa, m/z [M+Na]+, 712.2040; found, 712.2002.

4.3. Methyl (5-(2-acetoxy)acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-D-galacto-2-nonulopyranosid)onate (6)

A solution of 4 (208 mg, 0.324 mmol) in 6:1 acetone–H2O
(21 mL) was added NBS (246 mg, 1.3 mmol), and the mixture
was stirred for 2 h at room temperature. The mixture was then di-
luted with EtOAc. The organic phase was washed with 5% aq
Na2S2O3, and the aq phase was extracted twice with EtOAc. The
combined organic layers were washed twice with brine, dried over
MgSO4, filtered, and concentrated. Purification of the crude product
by silica gel column chromatography (1:2 hexane–EtOAc) gave 6
(167 mg, 0.304 mmol, 94%). IR (KBr, neat): m 1744 cm�1 (COO),
3446 cm�1 (OH); 1H NMR (600 MHz, CDCl3, selected b-anomer sig-
nal): d 6.02 (1H, d, NH, J5,NH = 9.6 Hz), 5.32 (1H, ddd, H-4,
J3ax,4 = 13.3 Hz, J3eq,4 = 5.0 Hz, J4,5 = 8.2 Hz), 5.27 (1H, dd, H-7,
J6,7 = 1.7 Hz, J7,8 = 6.4 Hz), 5.24 (1H, ddd, H-8, J8,9 = 2.2 Hz,
J8,90 = 6.9 Hz), 4.62, 4.31 (2H, each d, COCH2, JAB = 15.3 Hz,), 4.42
(1H, dd, H-9, J9,90 = 12.4 Hz), 4.25 (1H, s, OH), 4.20 (1H, dd, H-6,
J5,6 = 10.5 Hz), 4.17 (1H, ddd, H-5), 4.02 (1H, dd, H-90), 3.88 (3H,
s, COOCH3), 2.29 (1H, dd, H-3eq, J3ax,3eq = 12.9 Hz), 2.19, 2.13,
2.11, 2.04, 2.01 (15H, each s, OCOCH3 � 5), 2.15 (1H, dd, H-3ax);
13C NMR (150 MHz, CDCl3, selected b-anomer signal): d 171.3,
170.7, 170.4, 170.3, 169.7, 169.0, 167.6, 94.8, 70.6, 70.5, 68.5,
67.6, 62.7, 62.6, 53.6, 49.7, 36.1, 21.0, 20.8, 20.8, 20.8, 20.7; MAL-
DI-TOFMS: calcd for C27H35NO14Na, m/z [M+Na]+: 572.2; found,
572.3.

4.4. Methyl (4,7,8,9-tetra-O-acetyl-5-(2-benzyloxy)acetamido-
3,5-dideoxy-D-glycero-D-galacto-2-nonulopyranosid)onate (7)

To a solution of 5 (205 mg, 0.297 mmol) in 6:1 acetone–H2O
(14 mL) added NBS (232 mg, 1.3 mmol), was stirred for 2 h at room
temperature. Then, the mixture was diluted with EtOAc. The or-
ganic phase was washed with 5% Na2S2O3 solution, and the aque-
ous phase was extracted twice with EtOAc. The combined
organic layers were washed twice with brine, dried over MgSO4,
filtered, and concentrated. Purification by silica gel column chro-
matography (hexane:EtOAc = 1:2) gave 7 (138 mg, 0.231 mmol,
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78%). IR (KBr, neat): m 1745 cm�1 (COO), 3459 cm�1 (OH); 1H NMR
(600 MHz, CDCl3, selected b-anomer signal): d 7.39–7.38 (5H, m,
PhH), 6.51 (1H, d, NH, J5,NH = 9.8 Hz), 5.32 (1H, dd, H-7,
J6,7 = 1.7 Hz, J7,8 = 7.0 Hz), 5.28 (1H, ddd, H-8, J8,9 = 2.4 Hz,
J8,90 = 6.8 Hz), 5.27 (1H, ddd, H-4, J3ax,4 = 6.8 Hz, J3eq,4 = 2.2 Hz,
J4,5 = 10.5 Hz), 4.60, 4.54 (2H, each d, PhCH2, JAB = 11.9 Hz), 4.36
(1H, dd, H-9, J9,90 = 12.5 Hz), 4.22 (1H, ddd, H-5, J5,6 = 10.1 Hz),
4.20 (1H, dd, H-6), 4.18 (1H, s, OH), 4.04 (1H, dd, H-90), 3.97, 3.87
(2H, each s, COCH2, JAB = 15.3 Hz), 3.87 (3H, s, COOCH3), 2.74 (1H,
dd, H-3eq, J3ax,3eq = 11.3 Hz), 2.26 (1H, dd, H-3ax), 2.13 (3H, s),
2.09 (3H, s), 2.02 (3H, s), 2.00 (3H, s); 13C NMR (150 MHz, CDCl3,
selected b-anomer signal): d 171.7, 170.5, 170.2, 170.1, 170.1,
169.1, 136.8, 128.7, 128.3, 128.1, 128.0, 94.8, 73.5, 70.4, 69.9,
69.2, 69.2, 67.5, 62.6, 53.6, 48.7, 36.1, 29.6, 21.0, 20.9, 20.8, 20.8;
HRESIMS: calcd for C27H35NO14Na, m/z [M+Na]+, 620.1955; found,
620.1957.

4.5. Methyl (5-(2-acetoxy)acetamido-4,7,8,9-tetra-O-acetyl-2-
dibenzylphosphityl-3,5-dideoxy-D-glycero-D-galacto-2-
nonulopyranosid)onate (1)

To a solution of 6 (168 mg, 0.306 mmol) in CH2Cl2 (10 mL) was
added 1H-tetrazole (86 mg, 1.2 mmol). The mixture was cooled to
0 �C, and dibenzyl N,N-diethylphosphoramidite (230 lL,
0.73 mmol) was added. After stirring for 1.5 h, the reaction was
quenched with an excess of Et3N, and the mixture was concen-
trated under reduced pressure. The residue was then purified by
silica gel column chromatography (1:2 hexane–EtOAc with 0.5%
Et3N) to give 1 (235 mg, 0.296 mmol, 97%, a:b = 1:5). IR (KBr, neat):
m 1635 cm�1 (COO), 3441 cm�1 (OH); 1H NMR (600 MHz, CDCl3, se-
lected b-anomer signal): d 7.44–7.31 (10H, m, PhH), 5.49 (1H, d,
NH, J5,NH = 10.1 Hz), 5.22 (1H, dd, H-7, J6,7 = J7,8 = 2.2 Hz), 5.17
(1H, ddd, H-8, J8,9 = 2.2 Hz, J8,90 = 7.1 Hz), 5.14 (1H, ddd, H-4,
J3ax,4 = 11.1 Hz, J3eq,4 = 6.2 Hz, J4,5 = 11.0 Hz), 4.96–4.89 (4H, m, ben-
zyl protons) 4.61 (1H, dd, H-9, J9,90 = 12.4 Hz), 4.53, 4.27 (2H, each
d, COCH2, JAB = 15.1 Hz,), 4.15 (1H, dd, H-6, J5,6 = 12.1 Hz), 4.09
(1H, ddd, H-5), 3,97 (1H, dd, H-90), 3.72 (3H, s, COOCH3), 2.46
(1H, dd, H-3eq, J3ax,3eq = 13.1 Hz), 2.21 (3H, s), 2.11 (3H, s), 2.06
(3H, s), 2.02 (3H, s), 2.00 (3H, s); 13C NMR (150 MHz, CDCl3, se-
lected b-anomer signal): d 170.9, 170.6, 170.4, 170.3, 169.7,
167.5, 167.5, 128.7, 128.7, 128.7, 128.5, 128.5, 128.5, 128.1,
128.0, 127.9, 127.9, 127.7, 127.7, 127.6, 97.7, 97.6, 72.3, 71.9,
68.2, 67.6, 65.5, 65.4, 64.5, 64.4, 62.3, 62.5, 53.1, 49.0, 38.1, 21.1,
20.8, 20.8, 20.7; HRESIMS: calcd for C36H44NO17PNa, m/z
[M+Na]+, 816.2245; found, 816.2225.

4.6. Methyl (4,7,8,9-tetra-O-acetyl-5-(2-benzyloxy)acetamido-
2-dibenzylphosphityl-3,5-dideoxy-D-glycero-D-galacto-2-
nonulopyranosid)onate (2)

To a solution of 7 (145 mg, 0.243 mmol) in CH2Cl2 (10 mL)
added 1H-tetrazole (68 mg, 0.97 mmol) was cooled at 0 �C. Diben-
zyl N,N-diethylphosphoramidite (180 lL, 0.570 mmol) was then
added. After stirring for 2.5 h, the reaction was quenched with an
excess of Et3N, and the mixture was concentrated under reduced
pressure. The residue was then purified by silica gel column chro-
matography (1:1 hexane–EtOAc with 0.5% Et3N) to give 2 (193 mg,
0.229 mmol, 95%,a:b = 1:5). IR (KBr, neat): m 1745 cm�1 (COO),
3441 cm�1 (OH); 1H NMR (600 MHz, CDCl3, selected b-anomer sig-
nal): d 7.41–7.22 (15H, m, PhH), 6.07 (1H, d, NH, J5,NH = 10.5 Hz),
5.28 (1H, dd, H-7, J6,7 = 2.2 Hz, J7,8 = 4.2 Hz), 5.18 (1H, ddd, H-8,
J8,9 = 2.6 Hz, J8,90 = 4.6 Hz), 5.08 (1H, ddd, H-4, J3ax,4 = 8.6 Hz,
J3eq,4 = 5.0 Hz, J4,5 = 8.6 Hz), 4.94–4.89 (4H, m, benzyl protons),
4.65, 4.56 (2H, each d, PhCH2, JAB = 12.0 Hz), 4.59 (1H, dd, H-9,
J9,90 = 15.0 Hz), 4.15 (1H, ddd, H-5, J5,6 = 9.8 Hz), 4.14 (1H, dd, H-
90), 3.93, 3.84 (2H, each d, COCH2, JAB = 15.3 Hz), 3.85 (1H, dd, H-
6), 3.75 (3H, s, COOCH3), 2.51 (1H, dd, H-3eq, J3ax,3eq = 13.1 Hz),
2.10 (3H, s), 2.07 (3H, s), 2.00 (3H, s), 1.98 (3H, s), 13C NMR
(150 MHz, CDCl3, selected b-anomer signal): d 170.8, 170.5,
170.3, 170.2, 170.2, 169.1, 136.8, 135.5, 128.7, 128.7, 128.7,
128.7, 128.7, 128.7, 128.7, 128.7, 128.6, 128.6, 128.6, 128.6,
128.6, 128.5, 128.5, 128.5, 128.5, 128.3, 128.3, 128.2, 128.1,
128.1, 128.0, 127.9, 127.9, 127.8, 127.8, 127.7, 127.7, 127.0, 98.5,
94.8, 73.5, 73.5, 70.4, 70.0, 69.2, 69.1, 69.1, 67.5, 67.4, 67.4, 66.9,
66.9, 66.8, 65.3, 62.6, 53.6, 52.7, 48.8, 36.1, 21.2, 21.0, 20.9, 20.9,
20.9, 20.8, 20.8, 20.8; HRESIMS: calcd for C41H48NO16PNa, m/z
[M+Na]+, 864.2608; found, 864.2579.

4.7. 2-(Trimethylsilyl)ethyl (methyl 5-(2-acetoxy)acetamido-
4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-(2?6)-2,3-di-O-benzoyl-b-D-
galactopyranoside (9)
4.7.1. Conditions in CH2Cl2

To a solution of donor 1 (40 mg, 0.050 mmol) and acceptor 8
(16 mg, 0.033 mmol) in EtCN (5 mL) added 4 Å MS was stirred for
15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then added.
After stirring for 10 min at –78 �C under an atmosphere of argon,
the reaction mixture was neutralized with excess Et3N and filtered
through Celite. The filtrate was concentrated, and the crude prod-
uct was purified by silica gel column chromatography (1:2 hex-
ane–EtOAc) to give 9 (29 mg, 0.028 mmol, 88%, a/b = 1:1.5).

4.7.2. Conditions in EtCN
To a solution of donor 1 (43 mg, 0.054 mmol) and acceptor 8

(18 mg, 0.037 mmol) in EtCN (5 mL) added 4 Å MS was stirred for
15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then added.
After stirring for 10 min at –78 �C under an atmosphere of argon,
the reaction mixture was neutralized with excess Et3N and filtered
through Celite. The filtrate was concentrated, and the crude prod-
uct was purified by silica gel column chromatography (1:2 hex-
ane–EtOAc) to give 9 (36 mg, 0.035 mmol, 74%, a/b = 4.7:1).
Compound 9a: Rf 0.19 (1:2 hexane–EtOAc); ½a�24

D þ 14 (c 0.3,
CHCl3); IR (KBr, neat): m 1750 cm�1 (COO), 2955 cm�1 (NH),
3483 cm�1 (OH); 1H NMR (600 MHz, CDCl3): d 8.04–7.96, 7.51–
7.36 (10H, each m, PhH), 5.90 (1H, d, Neu-NH, J5,NH = 10.0 Hz),
5.74 (1H, dd, Gal-H-2, J1,2 = 7.9 Hz, J2,3 = 10.2 Hz), 5.37 (1H, ddd,
Neu-H-4, J3ax,4 = 11.4 Hz, J3eq,4 = 4.6 Hz, J4,5 = 10.4 Hz), 5.29 (1H,
dd, Neu-H-7, J6,7 = 2.1 Hz, J7,8 = 1.9 Hz), 5.28 (1H, dd, Gal-H-3,
J3,4 = 3.3 Hz), 4.95 (1H, ddd, Neu-H-8, J8,9 = 2.6 Hz, J8,90 = 9.7 Hz),
4.81 (1H, d, Gal-H-1), 4.59, 4.30 (2H, each d, Neu-COCH2,
JAB = 15.3 Hz,), 4.42 (1H, dd, Neu-H-9, J9,90 = 12.3 Hz), 4.36 (1H, dd,
Gal-H-4, J4,5 = 5.0 Hz), 4.18 (1H, dd, Neu-H-6, J5,6 = 10.7 Hz), 4.08
(1H, ddd, Neu-H-5), 4.07 (1H, dd, Gal-H-6, J5,6 = 4.0 Hz,
J6,60 = 10.0 Hz), 4.04 (1H, dd, Gal-H-60, J5,60 = 4.3 Hz), 4.03 (1H, dd,
Neu-H-90), 3.91–3.88, 3.63–3.58 (2H, each m, Gal-OCH2), 3.87
(1H, ddd, Gal-H-5), 3.84 (3H, s, Neu-COOCH3), 2.91 (1H, br s, Gal-
OH), 2.60 (1H, dd, Neu-H-3eq, J3ax,3eq = 12.8 Hz), 2.18, 2.16, 2.13,
2.02, 1.94 (15H, each s, Neu-OCOCH3 � 5), 0.97–0.81 (2H, m,
SiCH2), –0.09 (9H, m, Si(CH3)3); 13C NMR (150 MHz, CDCl3): d
171.0, 170.9, 170.4, 170.1, 169.6, 168.0, 167.6, 166.0, 165.3,
133.2, 132.9, 130.0, 129.8, 129.7, 129.4, 128.4, 128.2, 100.9, 99.0,
93.1, 87.3, 74.6, 72.9, 72.5, 69.8, 69.2, 68.1, 67.5, 67.3, 66.6, 62.7,
62.5, 53.1, 49.4, 48.6, 37.1, 35.9, 32.6, 29.7, 21.0, 20.8, 20.7, 20.7,
20.6, 17.9, 13.6, 7.3, –1.4; HRESIMS: calcd for C47H61NO22SiNa, m/
z [M+Na]+, 1042.3352; found, 1042.3325. Compound 9b: Rf 0.22
(1:2 hexane–EtOAc); ½a�25

D þ 18 (c 0.4, CHCl3); 1H NMR (600 MHz,
CDCl3): d 8.04–7.96, 7.51–7.36 (10H, each m, PhH), 6.29 (1H, d,
Neu-NH, J5,NH = 9.1 Hz), 5.69 (1H, dd, Gal-H-2, J1,2 = 7.9 Hz,
J2,3 = 10.3 Hz), 5.49 (1H, ddd, Neu-H-4, J3ax,4 = 11.7 Hz,
J3eq,4 = 5.0 Hz, J4,5 = 10.9 Hz), 5.37 (1H, dd, Gal-H-3, J3,4 = 3.1 Hz),
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5.34 (1H, ddd, Neu-H-8, J7,8 = 2.1 Hz, J8,9 = 2.2 Hz, J8,90 = 6.7 Hz),
5.27 (1H, dd, Neu-H-7, J6,7 = 2.1 Hz,), 4.68 (1H, d, Gal-H-1), 4.67
(1H, dd, Neu-H-9, J9,90 = 6.3 Hz), 4.49, 4.19 (2H, each d, Neu-COCH2,
JAB = 15.1 Hz,), 4.45 (1H, dd, Gal-H-4, J4,5 = 4.1 Hz), 4.37 (1H, dd,
Neu-H-6, J5,6 = 10.7 Hz), 4.17 (1H, dd, Gal-H-6, J5,6 = 5.7 Hz,
J6,60 = 12.0 Hz), 3.98 (1H, ddd, Gal-H-5, J5,60 = 4.8 Hz), 3.92 (1H, dd,
Gal-H-60), 3.85–3.82, 3.59–3.54 (2H, each m, Gal-OCH2), 3.83 (3H,
s, Neu-COOCH3), 3.73 (1H, ddd, Neu-H-5), 3.60 (1H, dd, Neu-H-
90) 3.59 (1H, s, Gal-OH), 2.53 (1H, dd, Neu-H-3eq, J3ax,3eq = 12.9 Hz),
2.14, 2.10, 2.07, 2.06, 2.00 (15H, each s, Neu-OCOCH3 � 5), 1.81
(1H, dd, Neu-H-3ax), 0.91–0.80 (2H, m, SiCH2), –0.08 (9H, m,
Si(CH3)3); 13C NMR (150 MHz, CDCl3): d 171.5, 171.0, 170.7,
170.6, 169.7, 168.0, 167.2, 165.9, 165.4, 133.2, 132.9, 130.0,
129.8, 129.7, 129.5, 128.3, 128.2, 100.9, 98.4, 74.2, 72.2, 71.3,
70.6, 70.0, 68.9, 67.4, 66.3, 62.7, 62.2, 60.9, 52.9, 50.3, 37.5, 29.7,
29.7, 21.1, 20.9, 20.8, 20.5, 18.0, –1.4, –1.5; HRESIMS: calcd for
C47H61NO22SiNa, m/z [M+Na]+, 1042.3352; found, 1042.3348.

4.8. 2-(Trimethylsilyl)ethyl (methyl 4,7,8,9-tetra-O-acetyl-5-(2-
benzyloxy)acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-(2?6)-2,3-di-O-benzoyl-b-D-
galactopyranoside (10)
4.8.1. Conditions in CH2Cl2

To a solution of donor 2 (37 mg, 0.044 mmol) and acceptor 8
(14 mg, 0.029 mmol) in EtCN (5 mL) was added 4 Å MS, and the
mixture was stirred for 15 min at –78 �C. TMSOTf (1.5 lL,
0.0078 mmol) was then added. After stirring for 10 min at –78 �C
under an atmosphere of argon, the reaction mixture was neutral-
ized with excess Et3N, and filtered through Celite. The filtrate was
concentrated, and the crude product was purified by silica gel col-
umn chromatography (1:1 hexane–EtOAc) to give 10 (22 mg,
0.021 mmol, 71%, a/b = 2.3:1).

4.8.2. Conditions in EtCN
To a solution of donor 2 (44 mg, 0.052 mmol) and acceptor 8

(17 mg, 0.035 mmol) in EtCN (5 mL) added 4 Å MS was stirred
for 15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then
added. After stirring for 10 min at –78 �C under an atmosphere of
argon, the reaction mixture was neutralized with excess Et3N
and filtered through Celite. The filtrate was concentrated, and the
crude product was purified by silica gel column chromatography
(1:1 hexane–EtOAc) to give 10 (36 mg, 0.034 mmol, 87%, a/
b = 10:1). Compound 10a: Rf 0.19 (40:1 CHCl3–MeOH); ½a�25

D þ 27
(c 0.6, CHCl3); IR (KBr, neat): m 1747 cm�1 (COO), 2954 cm�1

(NH), 3362 cm�1 (OH); 1H NMR (600 MHz, CDCl3): d 8.01–7.97
(4H, m, PhH), 7.49–7.36 (11H, m, PhH), 6.35 (1H, d, Neu-NH,
J5,NH = 9.6 Hz), 5.75 (1H, dd, Gal-H-2, J1,2 = 7.9 Hz, J2,3 = 10.1 Hz),
5.38 (1H, ddd, Neu-H-4, J3ax,4 = 13.8 Hz, J3eq,4 = 2.8 Hz,
J4,5 = 8.0 Hz), 5.34 (1H, dd, Neu-H-7, J6,7 = 1.5 Hz, J7,8 = 2.4 Hz),
5.29 (1H, dd, Gal-H-3, J3,4 = 3.1 Hz), 4.89 (1H, ddd, Neu-H-8,
J8,9 = 2.4 Hz, J8,90 = 9.1 Hz), 4.72 (1H, d, Gal-H-1), 4.59 (1H, d, Neu-
PhCH2, JAB = 11.9 Hz), 4.54 (1H, d, Neu-PhCH2, JAB = 11.9 Hz), 4.57
(1H, dd, Neu-H-6, J5,6 = 13.1 Hz), 4.38 (1H, dd, Neu-H-9,
J9,90 = 12.6 Hz), 4.37 (1H, dd, Gal-H-4, J4,5 = 5.2 Hz), 4.14 (1H, ddd,
Neu-H-5), 4.12 (1H, dd, Neu-H-90), 4.07 (1H, dd, Gal-H-6,
J5,6 = 6.0 Hz, J6,60 = 10.1 Hz), 4.03 (1H, dd, Gal-H-60, J5,60 = 5.3 Hz),
3.90 (1H, m, Gal-OCH2), 3.61 (1H, m, Gal-OCH2), 3.91, 3.82 (2H,
each d, NHCOCH2, JAB = 15.1 Hz), 3.86 (1H, ddd, Gal-H-5), 3.83
(3H, s, Neu-COOCH3), 2.89 (1H, br s, Gal-OH), 2.62 (1H, dd, Neu-
H-3eq, J3ax,3eq = 11.0 Hz), 2.13 (1H, dd, Neu-H-3ax), 2.15, 2.13,
2.00, 1.93 (12H, each s, Neu-OCOCH3 � 4), 1.04–0.88 (2H, m,
SiCH2), –0.08 (9H, m, Si(CH3)3); 13C NMR (150 MHz, CDCl3): d
170.8, 170.4, 170.2, 170.1, 170.0, 167.8, 165.9, 165.3, 136.8,
133.2, 132.9, 129.9, 129.9, 129.7, 129.4, 128.6, 128.4, 128.3,
128.2, 128.0, 100.9, 99.0, 74.5, 73.5, 72.7, 72.5, 69.9, 69.1, 68.7,
67.3, 67.2, 66.7, 62.5, 62.5, 53.1, 48.4, 37.2, 21.0, 20.8, 20.8, 20.6,
17.9, �1.5; HRESIMS: calcd for C52H65NO21SiNa m/z [M+Na]+:
1090.3716; found, 1090.3717. Compound 10b: Rf 0.21 (40:1
CHCl3–MeOH); ½a�25

D þ 14 (c 0.4, CHCl3); 1H NMR (600 MHz, CDCl3):
d 8.00–7.96, 7.51–7.29 (15H, each m, PhH), 6.72 (1H, d, Neu-NH,
J5,NH = 9.3 Hz), 5.69 (1H, dd, Gal-H-2, J1,2 = 8.1 Hz, J2,3 = 10.2 Hz),
5.47 (1H, ddd, Neu-H-4, J3ax,4 = 11.5 Hz, J3eq,4 = 5.0 Hz,
J4,5 = 10.8 Hz), 5.40 (1H, dd, Gal-H-3, J3,4 = 2.1 Hz), 5.36 (1H, ddd,
Neu-H-8, J7,8 = 2.4 Hz, J8,9 = 2.2 Hz, J8,90 = 5.3 Hz), 5.35 (1H, dd,
Neu-H-7, J6,7 = 3.1 Hz), 4.67 (1H, d, Gal-H-1), 4.65 (1H, dd, Neu-
H-9, J9,90 = 12.5 Hz), 4.51, 4.48 (2H, each d, Neu-PhCH2,
JAB = 11.9 Hz), 4.46 (1H, dd, Neu-H-6, J5,6 = 11.7 Hz), 4.44 (1H, dd,
Gal-H-4, J4,5 = 8.6 Hz), 4.19 (1H, dd, Gal-H-6, J5,6 = 6.4 Hz,
J6,60 = 12.5 Hz), 3.98, 3.56 (2H, each m, OCH2), 3.91 (1H, dd, Gal-
H-60, J5,60 = 5.5 Hz), 3.84 (3H, s, Neu-COOCH3), 3.80 (1H, ddd, Gal-
H-5), 3.71 (1H, br s, Gal-OH), 3.60 (1H, dd, Neu-H-90), 2.55 (1H,
dd, Neu-H-3eq, J3ax,3eq = 12.9 Hz), 2.14, 2.14, 2.03, 1.97 (12H, each
s, Neu-OCOCH3 � 4), 1.80 (1H, dd, Neu-H-3ax), 0.92–0.79 (2H, m,
SiCH2), –0.08 (9H, m, Si(CH3)3); 13C NMR (150 MHz, CDCl3): d
171.2, 170.9, 170.5, 170.4, 170.2, 167.2, 165.8, 165.4, 136.7,
133.0, 132.9, 130.0, 130.0, 129.7, 129.6, 128.6, 128.2, 127.9,
100.9, 98.4, 74.1, 73.4, 72.2, 71.0, 70.1, 69.0, 68.5, 67.8, 67.3, 66.2,
62.2, 60.9, 52.9, 37.4, 21.1, 20.9, 20.9, 20.8, 18.0, –1.5, –1.5; HRE-
SIMS: calcd for C52H65NO21Na, m/z [M+Na]+, 1090.3716; found,
1090.3713.

4.9. 4-Methoxyphenyl (methyl 5-(2-acetoxy)acetamido-4,7,8,9-
tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-(2?6)-2,3,4-tri-O-benzyl-b-D-
glucopyranoside (12)
4.9.1. Conditions in CH2Cl2

To a solution of donor 1 (38 mg, 0.048 mmol) and acceptor 11
(18 mg, 0.032 mmol) in CH2Cl2 (5 mL) added 4 Å MS was stirred
for 15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then
added. After stirring for 10 min at –78 �C under an atmosphere of
argon, the mixture was neutralized with excess Et3N and filtered
through Celite. The filtrate was concentrated, and the crude prod-
uct was purified by silica gel column chromatography (1:2 hex-
ane–EtOAc) to give 12 (30 mg, 0.028 mmol, 86%, a/b = 1:10).

4.9.2. Conditions in EtCN
To a solution of donor 1 (42 mg, 0.053 mmol) and acceptor 11

(21 mg, 0.038 mmol) in EtCN (5 mL) added 4 Å MS was stirred for
15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then added.
After stirring for 10 min at –78 �C under an atmosphere of argon,
the mixture was neutralized with excess Et3N and filtered through
Celite. The filtrate was concentrated, and the crude product was
purified by silica gel column chromatography (1:2 hexane–EtOAc)
to give 12 (35 mg, 0.032 mmol, 85%, a/b = 8:1). Compound 12a: Rf

0.19 (1:2 hexane–EtOAc); ½a�24
D � 18 (c 1.0, CHCl3); IR (KBr, neat): m

1455 cm�1 (C=C), 1747 cm�1 (COO), 2932 cm�1 (NH), 3369 cm�1

(OH); 1H NMR (600 MHz, CDCl3): d 7.28–7.21 (15H, m, PhH),
6.95–6.94, 6.77–6.76 (4H, each m, PhH), 5.72 (1H, d, Neu-NH,
J5,NH = 10.1 Hz), 5.35 (1H, ddd, Neu-H-4, J3ax,4 = 12.6 Hz,
J3eq,4 = 4.6 Hz, J4,5 = 8.8 Hz), 5.18 (1H, dd, Neu-H-7, J6,7 = 2.2 Hz,
J7,8 = 8.9 Hz), 4.96, 4.72 (2H, each d, PhCH2, JAB = 10.8 Hz), 4.85
(1H, ddd, Neu-H-8, J8,9 = 2.6 Hz, J8,90 = 12.5 Hz), 4.83, 4.72 (2H, each
d, Glc-PhCH2, JAB = 11.0 Hz), 4.75, 4.72 (2H, each d, Glc-PhCH2,
JAB = 10.0 Hz), 4.74 (1H, d, Glc-H-1, J1,2 = 7.7 Hz), 4.51, 4.21 (2H,
each d, Neu-COCH2, JAB = 15.3 Hz,), 4.14 (1H, dd, Neu-H-9,
J9,90 = 12.5 Hz), 4.09 (1H, dd, Glc-H-3, J3,4 = 4.5 Hz, J2,3 = 11.3 Hz),
4.07 (1H, dd, Neu-H-6, J5,6 = 10.7 Hz), 3.96 (1H, ddd, Neu-H-5),
3.91 (1H, dd, Neu-H-90), 3.72 (3H, s, Neu-COOCH3), 3.64 (1H, dd,
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Glc-H-4, J4,5 = 9.1 Hz), 3.61 (3H, s, Glc-OCH3), 3.60 (1H, dd, Glc-H-
2), 3.60 (1H, ddd, Glc-H-5, J5,6 = 1.4 Hz, J5,60 = 1.7 Hz), 3.56 (1H,
dd, Glc-H-6, J6,60 = 11.2 Hz), 3.43 (1H, dd, Glc-H-60), 2.61 (1H, dd,
Neu-H-3eq, J3ax,3eq = 12.8 Hz), 2.11 (3H, s), 2.07 (3H, s), 1.96 (3H,
s), 1.94 (3H, s), 1.84 (3H, s), 1.88 (1H, dd, Neu-H-3ax); 13C NMR
(150 MHz, CDCl3): d 171.0, 170.6, 170.2, 169.9, 169.6, 168.0,
167.6, 155.3, 151.6, 138.5, 138.3, 138.3, 128.4, 128.4, 128.4,
128.3, 128.2, 128.2, 128.0, 127.9, 127.8, 127.8, 127.8, 127.7,
127.6, 118.4, 114.5, 102.8, 98.8, 84.5, 81.9, 75.8, 75.0, 75.0, 74.0,
72.2, 68.2, 68.0, 67.0, 63.6, 62.8, 62.1, 55.7, 52.7, 49.4, 38.2, 21.2,
20.8, 20.7, 20.7, 20.6; HRESIMS: calcd for C56H65NO21Na, m/z
[M+Na]+, 1110.3947; found, 1110.3965. Compound 12b: Rf 0.2
(1:2 hexane–EtOAc); ½a�25

D þ 15 (c 1.1, CHCl3); 1H NMR (600 MHz,
CDCl3): d 7.35–7.26 (15H, m, PhH), 7.03–7.01, 6.84–6.83 (4H, each
m, PhH), 5.84 (1H, d, Neu-NH, J5,NH = 10.0 Hz), 5.27 (1H, ddd, Neu-
H-4, J3ax,4 = 10.9 Hz, J3eq,4 = 4.8 Hz, J4,5 = 10.8 Hz), 5.23 (1H, dd,
Neu-H-7, J6,7 = 2.2 Hz, J7,8 = 3.5 Hz), 5.13 (1H, ddd, Neu-H-8,
J8,9 = 2.2 Hz, J8,90 = 8.1 Hz), 4.96, 4.76 (2H, each d, Glc-PhCH2,
JAB = 10.8 Hz), 4.87, 4.77 (2H, each d, Glc-PhCH2, JAB = 11.0 Hz),
4.86 (1H, d, Glc-H-1, J1,2 = 6.7 Hz), 4.82, 4.66 (2H, each d, Glc-
PhCH2, JAB = 10.8 Hz), 4.77 (1H, dd, Neu-H-9, J9,90 = 10.8 Hz), 4.43,
4.14 (2H, each d, Neu-COCH2, JAB = 15.3 Hz,), 4.16 (1H, dd, Neu-H-
6, J5,6 = 10.3 Hz), 4.12 (1H, dd, Glc-H-3, J2,3 = J3,4 = 10.3 Hz), 4.14
(1H, ddd, Neu-H-5), 4.01 (1H, dd, Neu-H-90), 3.80 (1H, dd, Glc-H-
6, J5,6 = 2.4 Hz, J6,60 = 11.3 Hz), 3.74 (1H, ddd, Glc-H-5, J4,5 = 8.8 Hz,
J5,60 = 3.6 Hz), 3.72 (3H, s, Glc-OCH3), 3.67 (1H, dd, Glc-H-2), 3.64
(1H, dd, Glc-H-4), 3.57 (3H, s, Neu-COOCH3), 3.50 (1H, ddd, Glc-
H-60), 2.41 (1H, dd, Neu-H-3eq, J3ax,3eq = 12.9 Hz), 2.18, 2.14, 2.03,
2.02, 1.91 (15H, each s, Neu-OCOCH3 � 5); 13C NMR (150 MHz,
CDCl3): d 171.0, 170.6, 170.1, 170.0, 169.7, 167.6, 166.9, 155.5,
151.5, 138.4, 138.2, 138.1, 128.4, 128.4, 128.1, 127.9, 127.8,
127.8, 127.8, 127.8, 127.8, 127.7, 118.5, 114.7, 103.3, 97.9, 84.4,
82.1, 76.7, 75.7, 75.2, 74.9, 73.8, 71.8, 71.5, 68.3, 68.2, 62.5, 61.4,
55.6, 52.6, 48.8, 37.3, 20.8, 20.8, 20.7, 20.6; HRESIMS: calcd for
C56H65NO21Na, m/z [M+Na]+, 1100.3947; found, 1110.3983.

4.10. 4-Methoxyphenyl (methyl 4,7,8,9-tetra-O-acetyl-5-(2-
benzyloxy)acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-(2?6)-2,3,4-tri-O-benzyl-b-D-
glucopyranoside (13)
4.10.1. Conditions in CH2Cl2

To a solution of donor 2 (44 mg, 0.052 mmol) and acceptor 11
(19 mg, 0.034 mmol) in CH2Cl2 (5 mL) added 4 Å MS was stirred
for 15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then
added. After stirring for 10 min at –78 �C under an atmosphere of
argon, the reaction mixture was neutralized with excess Et3N
and filtered through Celite. The filtrate was concentrated, and the
crude product was purified by silica gel column chromatography
(1:1 hexane–EtOAc) to give 13 (35 mg, 0.031 mmol, 90%,
a/b = 1:10).

4.10.2. Conditions in EtCN
To a solution of donor 2 (45 mg, 0.053 mmol) and acceptor 11

(20 mg, 0.036 mmol) in EtCN (5 mL) added 4 Å MS was stirred for
15 min at –78 �C. TMSOTf (1.5 lL, 0.0078 mmol) was then added.
After stirring for 10 min at –78 �C under an atmosphere of argon,
the reaction mixture was neutralized with excess Et3N and filtered
through Celite. The filtrate was concentrated, and the crude prod-
uct was purified by silica gel column chromatography (1:1 hex-
ane–EtOAc) to give 13 (31 mg, 0.027 mmol, 76%, a/b = 8:1).
Compound 13a: Rf 0.11 (1:1 hexane–EtOAc); ½a�25

D � 11 (c 0.7,
CHCl3); IR (KBr, neat): m 1455 cm�1 (C=C), 1746 cm�1 (COO),
2927 cm�1 (NH), 3368 cm�1 (OH); 1H NMR (600 MHz, CDCl3): d
7.46–7.29 (20H, m, PhH), 6.96–6.94, 6.79–6.77 (4H, each m, PhH),
6.24 (1H, d, Neu-NH, J5,NH = 10.3 Hz), 5.44 (1H, dd, Neu-H-7,
J6,7 = 2.3 Hz, J7,8 = 2.7 Hz), 5.36 (1H, ddd, Neu-H-4, J3ax,4 = 11.5 Hz,
J3eq,4 = 4.8 Hz, J4,5 = 9.4 Hz), 5.05 (1H, ddd, Neu-H-8, J8,9 = 2.5 Hz,
J8,90 = 5.0 Hz), 4.97, 4.75 (2H, each d, Glc-PhCH2, JAB = 11.0 Hz),
4.86 (1H, d, Glc-H-1, J1,2 = 6.7 Hz), 4.84, 4.82 (2H, each d, Glc-
PhCH2, JAB = 10.1 Hz), 4.76, 4.74 (2H, each d, Glc-PhCH2,
JAB = 11.2 Hz), 4.59 (1H, dd, Neu-H-6, J5,6 = 11.4 Hz), 4.53, 4.48
(2H, each d, Neu-PhCH2, JAB = 11.9 Hz), 4.39 (1H, dd, Neu-H-9,
J9,90 = 12.6 Hz), 4.13 (1H, ddd, Neu-H-5), 3.92 (1H, dd, Neu-H-90),
3.84, 3.77 (2H, each d, Neu-COCH2, JAB = 15.3 Hz), 3.80 (1H, dd,
Glc-H-6, J5,6 = 4.0 Hz, J6,60 = 9.7 Hz), 3.77 (1H, ddd, Glc-H-5,
J4,5 = 9.8 Hz, J5,60 = 4.8 Hz), 3.74 (1H, dd, Glc-H-3,
J2,3 = J3,4 = 8.9 Hz), 3.73 (3H, s, Glc-OCH3), 3.66 (1H, dd, Glc-H-2),
3.62 (3H, s, Neu-COOCH3), 3.55 (1H, dd, Glc-H-4), 3.44 (1H, dd,
H-60), 2.65 (1H, dd, Neu-H-3eq, J3ax,3eq = 12.7 Hz), 2.08, 2.00, 1.94,
1.84 (12H, each s, Neu-OCOCH3 � 4); 13C NMR (150 MHz, CDCl3):
d 170.6, 170.4, 170.1, 170.0, 169.8, 167.8, 155.3, 151.6, 138.6,
138.3, 138.3, 136.8, 128.6, 128.4, 128.4, 128.4, 128.4, 128.3,
128.2, 128.1, 128.1, 127.8, 127.8, 127.7, 127.6, 118.4, 114.5,
104.4, 102.8, 98.7, 84.5, 81.9, 77.1, 77.1, 76.9, 75.6, 75.1, 75.0,
74.0, 73.5, 72.6, 72.1, 69.2, 69.0, 67.6, 66.9, 63.5, 62.1, 55.7, 52.7,
48.5, 38.1, 21.2, 20.8, 20.8, 20.6, –11.1; HRESIMS: calcd for
C61H69NO20Na, m/z [M+Na]+, 1158.4311; found, 1158.4330. Com-
pound 13b: Rf 0.09 (1:1 hexane–EtOAc); ½a�25

D � 8:5 (c 1.1, CHCl3);
1H NMR (600 MHz, CDCl3): d 7.33–7.25 (20H, m, PhH), 7.01–7.00,
6.84–6.83 (4H, each m, PhH), 6.42 (1H, d, Neu-NH, J5,NH = 9.8 Hz),
5.36 (1H, dd, Neu-H-7, J6,7 = 1.7 Hz, J7,8 = 3.8 Hz), 5.32 (1H, ddd,
Neu-H-4, J3ax,4 = 11.3 Hz, J3eq,4 = 4.8 Hz, J4,5 = 10.6 Hz), 5.20 (1H,
ddd, Neu-H-8, J8,9 = 1.5 Hz, J8,90 = 7.9 Hz), 5.00, 4.80 (2H, each d,
Glc-PhCH2, JAB = 10.8 Hz), 4.93, 4.80 (2H, each d, PhCH2,
JAB = 11.0 Hz), 4.90 (1H, d, Glc-H-1, J1,2 = 7.4 Hz), 4.88, 4.73 (2H,
each d, PhCH2, JAB = 11.0 Hz), 4.79 (1H, dd, Neu-H-6,
J5,6 = 10.5 Hz), 4.52, 4.47 (2H, each d, Neu-PhCH2, JAB = 12.2 Hz),
4.22 (1H, ddd, Neu-H-5), 4.20 (1H, dd, Neu-H-9, J9,90 = 12.5 Hz),
4.09 (1H, dd, Neu-H-90), 3.85 (1H, dd, Glc-H-6, J5,6 = 2.4 Hz,
J6,60 = 7.4 Hz), 3.84, 3.78 (2H, each d, Neu-COCH2, JAB = 15.3 Hz),
3.79 (1H, dd, Glc-H-3, J2,3 = J3,4 = 10.5 Hz), 3.75 (1H, dd, Glc-H-4,
J4,5 = 9.6 Hz), 3.75 (3H, s, Glc-OCH3), 3.72 (1H, dd, Glc-H-2), 3.71
(1H, ddd, Glc-H-5, J5,60 = 7.4 Hz), 3.61 (3H, s, Neu-COOCH3), 3.55
(1H, dd, H-60), 2.56 (1H, dd, Neu-H-3eq, J3ax,3eq = 13.0 Hz), 2.12,
2.00, 1.99, 1.89 (12H, each s, Neu-OCOCH3 � 4), 1.90 (1H, dd,
Neu-H-3ax); 13C NMR (150 MHz, CDCl3): d 170.6, 170.3, 170.2,
170.1, 169.9, 166.9, 155.4, 151.5, 138.4, 138.3, 138.2, 136.8,
128.5, 128.4, 128.4, 128.4, 128.4, 128.4, 128.3, 128.1, 128.1,
128.0, 128.0, 127.9, 127.7, 127.7, 127.6, 118.6, 114.6, 103.2, 98.1,
84.4, 82.1, 76.9, 75.7, 75.1, 74.8, 73.8, 73.2, 71.6, 71.5, 68.9, 68.8,
68.3, 62.5, 61.8, 55.5, 52.6, 48.1, 37.3, 20.9, 20.8, 20.8, 20.7; HRE-
SIMS: calcd for C56H65NO21Na, m/z [M+Na]+, 1158.4284; found,
1158.4311.

4.11. Methyl 5-(2-acetoxy)acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate-(2?3)-
4,6-di-O-benzyl-D-galactal (15)

To a solution of donor 1 (47 mg, 0.059 mmol) and acceptor 14
(23 mg, 0.070 mmol) in EtCN (5 mL) added 4 Å MS was stirred for
15 min at –78 �C. TMSOTf (1% in EtCN, 230 lL, 12 lmol) was then
added. After stirring for 10 min at –78 �C under an atmosphere of
argon, the mixture was neutralized with excess Et3N and filtered
through Celite. The filtrate was concentrated, and the crude prod-
uct was purified by silica gel column chromatography (1:2 hex-
ane–EtOAc) to give 15 (31 mg, 0.036 mmol, 61%). Compound 15:
Rf 0.17 (1:2 hexane–EtOAc); ½a�25

D � 32 (c 2.4, CHCl3); 1H NMR
(600 MHz, CDCl3): d 7.40–7.24 (10H, m), 6.37 (1H, dd, J = 1.5,
6.2 Hz), 5.89 (1H, d, J = 9.8 Hz), 5.40 (1H, ddd, J = 2.6, 5.7, 8.4 Hz),
5.25 (1H, dd, J = 2.1, 8.2 Hz), 5.01 (1H, ddd, J = 4.5, 7.6, 10.3 Hz),
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4.84 (1H, d, J = 12.0 Hz), 4.81 (1H, m,), 4.61 (1H, m), 4.60 (1H, d,
J = 15.3 Hz), 4.56 (1H, d, J = 11.9 Hz), 4.47 (1H, d, J = 11.9 Hz), 4.38
(1H, d, J = 11.9 Hz), 4.31 (1H, d, J = 15.5 Hz), 4.30 (1H, dd, J = 2.6,
12.5 Hz), 4.15–4.09 (4H, m), 3.74 (3H, s), 3.72 (1H, m), 3.67 (1H,
dd, J = 7.0, 10.5 Hz), 3.54 (1H, dd, J = 5.7, 10.3 Hz), 2.65 (1H, dd,
J = 4.6, 12.9 Hz), 2.19, 2.15, 2.13, 2.03, 2.02 (15H, each s, Neu-
OCOCH3 � 5), 2.01 (1H, dd, overlapping); 13C NMR (150 MHz,
CDCl3) d: 170.0, 170.6, 170.3, 169.8, 169.6, 167.6, 144.2, 138.4,
137.9, 128.4–127.6, 102.0, 99.1, 75.5, 73.3, 72.4, 68.6, 68.5, 68.1,
67.3, 62.7, 62.2, 52.8, 49.5, 38.2, 21.1–20.6; HRESIMS: calcd for
C42H51NO18Na, m/z [M+Na]+, 880.3004; found, 880.3009.

4.12. 2-(Trimethylsilyl)ethyl (methyl 5-(2-acetoxy)acetamido-
4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-glycero-D-galacto-2-
nonulopyranosylonate)-(2?3)-2,6-di-O-benzyl-b-D-
galactopyranosyl-(1?4)-2,3,6-tri-O-benzyl-b-D-glucopyranoside
(17)

To a solution of donor 1 (45 mg, 0.057 mmol) and acceptor 16
(34 mg, 0.044 mmol) in EtCN (5 mL) was added 4 Å MS, and the
mixture was stirred for 15 min at –78 �C. TMSOTf (1% in EtCN,
170 lL, 8.8 lmol) was then added. After stirring for 10 min at –
78 �C under an atmosphere of argon, the reaction mixture was neu-
tralized with excess Et3N and filtered through Celite. The filtrate
was concentrated, and the crude product was purified by silica
gel column chromatography (1:2 hexane–EtOAc) to give 17
(24 mg, 0.018 mmol, 42%). Compound 17: Rf 0.23 (1:2 hexane–
EtOAc); ½a�25

D � 0:5 (c 0.7, CHCl3); 1H NMR (600 MHz, CDCl3): d
746–7.18 (25H, m), 5.82 (1H, d, J = 9.6 Hz), 5.40 (1H, ddd, J = 2.5,
6.1, 8.1 Hz), 5.25 (1H, dd, J = 1.2, 7.9 Hz), 4.98 (1H, d, J = 10.7 Hz),
4.92 (1H, ddd, J = 4.3, 9.8, 11.9 Hz), 4.90 (1H, d, J = 11.0 Hz), 4.78
(1H, d, J = 11.9 Hz), 4.75 (1H, d, J = 10.8 Hz), 4.71 (1H, d,
J = 11.2 Hz), 4.69 (1H, d, J = 11.9 Hz), 4.59 (1H, d, J = 15.5 Hz), 4.58
(1H, d, J = 7.6 Hz), 4.51 (1H, d, J = 12.4 Hz), 4.47 (1H, d,
J = 11.9 Hz), 4.42 (1H, d, J = 11.9 Hz), 4.37 (1H, d, J = 7.9 Hz), 4.33
(1H, d, J = 12.0 Hz), 4.31 (1H, dd, J = 2.6, 12.4 Hz), 4.28 (1H, d,
J = 15.3 Hz), 4.07–4.05 (3H, m), 3.99 (1H, m), 3.97–3.92 (2H, m),
3.83 (1H, dd, J = 3.3, 3.3 Hz), 3.77 (3H, s), 3.76 (1H, dd, J = 1.5,
10.1 Hz), 3.71 (1H, dd, J = 5.2, 11.0 Hz), 3.67 (1H, dd, J = 5.8,
8.2 Hz), 3.58 (1H, m), 3.55 (1H, dd, J = 9.3, 9.3 Hz), 3.54 (1H, dd,
J = 9.3, 9.3 Hz), 3.50–3.45 (2H, m), 3.39 (1H, dd, J = 8.9, 8.9 Hz),
3.37 (1H, m), 2.71 (1H, d, J = 3.4 Hz), 2.51 (1H, dd, J = 4.5,
12.9 Hz), 2.19, 2.10, 2.00, 1.98, 1.88 (15H, each s), 2.00 (1H, dd,
overlapping), 1.03 (2H, m), 0.02 (9H, s); 13C NMR (150 MHz, CDCl3)
d : 170.9, 170.6, 170.1, 170.0, 169.6, 168.4, 167.7, 139.2, 138.9,
138.8, 138.5, 138.4, 128.3–127.1, 103.1, 102.4, 98.4, 83.0, 82.0,
78.4, 76.7, 76.4, 75.3, 75.1, 74.9, 73.3, 73.0, 72.7, 72.4, 68.9, 68.6,
68.4, 68.2, 67.3, 67.2, 62.7, 62.2, 60.4, 53.1, 49.2, 36.6, 21.2–20.5,
18.5, 14.2, –1.4; HRESIMS: calcd for C74H93NO25SiNa, m/z
[M+Na]+, 1446.5704; found, 1446.5747.
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