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Trisaccharide mimetics of the aminoglycoside antibiotic neomycin†
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A highly convergent approach for the chemical synthesis of eight structurally related trisaccharides that
contain 3 to 5 amino groups has been described. Fourier-transformation ion cyclotron resonance mass
spectrometry (FT-ICR MS) has been employed to determine the dissociation constants (Kd) for the
binding of the trisaccharides to a prototypical fragment of 16S ribosomal RNA. A compound that
contained a 4,6-dideoxy-4-amino-b-D-glucopyranoside moiety at C-3 displayed binding in the low
micromolar range. It was found that small structural changes of the saccharides resulted in large
differences in affinity. The described structure–activity relationship is expected to be valuable
for the development of novel antibiotics that target rRNA.

Introduction

Aminoglycoside antibiotics such as neomycin (Fig. 1) have been
used for more than fifty years as an effective treatment for gram-
positive and gram-negative bacterial infections. These antibiotics
exert their antibacterial activity by binding to the A-site of the 16S
ribosomal RNA of bacteria.1–4 During translation, the binding
interferes with two conformationally flexible adenine residues in-
volved in the selection of cognate aminoacyl-tRNA. The resulting
conformational changes either increase the misincorporation of
near cognate amino acids, or terminate protein biosynthesis.

Fig. 1 Chemical structures of aminoglycoside antibiotics.

Although neomycin is widely employed for the treatment of
serious infections, there are several problems associated with its
use. For example, resistant bacterial strains are emerging due to
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overuse. The strains contain enzymes that can modify antibiotics
by acetylation or phosphorylation, thus rendering the antibiotics
ineffective.5,6 An additional drawback is that aminoglycoside
antibiotics display cytotoxicity and at high doses may impair
hearing and kidney function.

All naturally occurring aminoglycoside antibiotics contain a
2-deoxystreptamine (2-DOS) or streptamine moiety, which is
glycosylated with aminosugars at C-4 and C-5 to give the
neomycin class or at C-6 to give the kanamycin–gentamicin
class. Furthermore, the neomycin class shares a pseudoglycoside
commonly known as neamine, in which 2-DOS is glycosylated
at the C-4 position with an amino-substituted glucopyranoside
moiety (Fig. 1). NMR7–11 and X-ray12–15 crystallographic studies
have indicated that this subunit is the minimal motif for selective
binding to the A-site of the 16S rRNA. This unit is, however,
most susceptible to modifications by resistance-inducing enzymes
of targeted pathogens.

The emergence of aminoglycoside-resistant pathogens has trig-
gered a search for novel compounds capable of binding to specific
RNA structures. Prior approaches have been based on the chem-
ical modification of natural aminoglycosides or part structures
such as neamine.16–39 Our group has chosen a different approach
by designing and synthesizing a series of amino-containing
disaccharides which mimic the unique spatial arrangements of the
functional groups of neamine that are required for the recognition
of the RNA target.40 Fourier-transformation ion cyclotron reso-
nance mass spectrometry (FT-ICR MS) was used to determine Kd

values for the binding of the disaccharides with rRNA fragments.
The compound tested that yielded the best results was the a(1–3)-
linked disaccharide 1 (Fig. 1), which displayed an affinity similar to
that of neamine. Superimposition of compound 1 on the neamine
moiety of paramomycin indicated that three of the four amino
groups have similar spatial orientations. Overlay studies also
showed that the important amine at C-1 of the 2-deoxystreptamine
moiety was mimicked by the amines on C-2 of the a(1–3)-linked
disaccharide 1 and C-6 of the a(1–4)-linked disaccharide 2.

Neamine demonstrates exclusively weak antibiotic activity at
high concentrations and requires the attachment of other sugar
residues for increasing the affinity and proper positioning at the A-
site of rRNA. Therefore, it is to be expected that oligosaccharides
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that are more complex than 1 and 2 may bind with higher affinity
to RNA. In order to test this hypothesis, we report here the
design and synthesis of eight trisaccharides which are derived from
compounds 1 and 2 but contain an additional b-ribofuranoside
or 4,6-dideoxy-4-amino-b-D-glucopyranoside moiety. The binding
of these compounds with a prototypical 16S ribosomal RNA
fragment has been studied by FT-ICR mass spectrometry.

Results and discussion

Design and synthesis of trisaccharides

Neomycin contains a b-linked riboside at C-5 of the neamine core
(Fig. 1). It has been shown that a replacement of the riboside by a
4,6-dideoxy-4-amino-b-D-glucopyranoside results in a compound
with a potency similar to that of neomycin and ribostamycin.41

Therefore, it was expected that the attachment of a b(1–3) or
b(1–4) linked riboside or 4,6-dideoxy-4-aminoglucopyranoside to
disaccharides 1 and 2 may result in compounds that have an
increased affinity for rRNA. To this end, trisaccharides 12, 13,
16, 17, 23, 24, 30 and 31 (Schemes 1 and 2) were prepared.

It was envisaged that the targeted trisaccharides could be
prepared by a highly convergent approach employing the glycosyl
acceptor 3 and glycosyl donors 4–6 (Fig. 2).42–44 The b(1–4) linked
ribosides 12 and 13 and 4,6-dideoxy-4-aminoglucopyranosides 16
and 17 could be prepared by coupling 3 with 4 to give disaccharide
7, which after removal of the benzylidene acetal and modification
of C-6 could be glycosylated at the C-4 hydroxyl with glycosyl
donors 5 or 6. The b(1–3) linked ribosides 23 and 24 or 4,6-
dideoxy-4-aminoglucopyranosides 30 and 31 could be prepared
by first coupling 3 with 5 or 6 to give disaccharides 18 and 25,
respectively, which after removal of the benzylidene acetal and

Fig. 2 Glycosyl acceptors and donors for the preparation of a library of
trisaccharides.

modification of C-6 could be glycosylated at the C-4 hydroxyl
with glycosyl donor 4.

Thus, a TMSOTf (trimethylsilyl trifluoromethane sulfonate)
catalyzed glycosylation20 of glycosyl acceptor 3 with trichloroace-
timidate 4 in diethyl ether and dichloromethane afforded disac-
charide 7 as only the a-anomer in a yield of 72% (Scheme 1).
Removal of the benzylidene acetal of 7 using aqueous acetic
acid followed by selective acetylation of the C-6 hydroxyl with
acetyl chloride in pyridine afforded the acetate 8 in a good
overall yield. Alternatively, the C-6 azido derivative 9 could be
obtained by a regioselective tosylation of the intermediate diol
with 4-toluenesulfonyl chloride (TsCl) in pyridine followed by the
displacement of the tosyl group with sodium azide in DMF at
85 ◦C. Next, glycosyl acceptors 8 and 9 were coupled with glycosyl
donors 5 and 6 using a catalytic amount of TMSOTf to give
the corresponding trisaccharides, which were deacetylated with
sodium methoxide in methanol to give compounds 10, 11, 14 and
15, respectively. In each case, only the b-glycoside was formed due
to neighboring group participation of the ester-protecting group

Scheme 1 Reagents and conditions: (a) TMSOTf, DCM, 4Å MS; (b) 90% AcOH–H2O then for 8, AcCl, Pyr, 0 ◦C and for 9, TsCl, Pyr, 0 ◦C followed by
NaN3, DMF, 90 ◦C; (c) NaOMe, MeOH; (d) Pd/C, H2, Pyr then Pd(OH)2, H2, AcOH–H2O, 10 : 1, v/v.
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Scheme 2 Reagents and conditions: (a) TMSOTf, DCM, 4Å MS; (b) 90% AcOH–H2O then for 19/26, AcCl, Pyr, 0 ◦C and for 20/27, TsCl, Pyr, 0 ◦C
followed by NaN3, DMF, 90 ◦C; (c) NaOMe, MeOH; (d) Pd/C, H2, Pyr then Pd(OH)2, H2, AcOH–H2O, 10 : 1, v/v.

at C-2 of glycosyl donors 5 and 6. Finally, trisaccharides 10, 11,
14 and 15 were deprotected by a three-step protocol involving
treatment with sodium methoxide in methanol to remove the acetyl
and benzoyl esters, followed by catalytic hydrogenation over Pd/C
in pyridine, resulting in the selective reduction of the azido groups
to amines and, finally, a second catalytic hydrogenation using
Pd(OH)2

45 in a mixture of acetic acid and water to remove the
benzyl ethers resulting in the formation of the target compounds
12, 13, 16 and 17. Impure compounds were obtained when the
reduction of the azido and benzyl ethers was performed by a one
step-procedure.

Next, attention was focused on the preparation of the b(1–
3)-modified trisaccharides 23, 24, 30 and 31. Thus, the key
disaccharides 18 and 25 were obtained in good yield as only b-
anomers by coupling glycosyl acceptor 3 with glycosyl donors 5
and 6, respectively, using TMSOTf as the promoter (Scheme 2).
Disaccharides 18 and 25 could be converted into C-6 acetates 19
and 26, respectively by a two-step procedure involving the removal
of the benzylidene acetal followed by regioselective acetylation
of the more reactive primary C-6 hydroxyl using acetyl chloride
in pyridine. Alternatively, tosylation of the C-6 hydroxyl of
the intermediate diol followed by displacement of the resulting
tosylates with sodium azide afforded azido derivatives 20 and 27.
Next, disaccharide acceptors 19, 20, 26 and 27 were coupled with

glycosyl donor 4 using TMSOTf as the activator in a mixture of
diethyl ether and dichloromethane to give, after deacetylation with
sodium methoxide in methanol, trisaccharides 21, 22, 28 and 29,
respectively, as only a-anomers in good yield. The derivatives were
deprotected using a similar three-step protocol as described above
to afford target compounds 23, 24, 30 and 31.

Binding of the trisaccharides to rRNA

High-resolution mass spectrometry (HRMS) has considerable
potential for the monitoring of complex formations between small
molecules and RNA fragments.46,47 The mild electrospray ioniza-
tion (ESI) process effectively transfers both free and complexed
RNAs into the gas phase, resulting in a representation of the
relative distribution of bound and free RNA present in a solution.
Therefore, dissociation constants can be determined by measuring
ion abundances as a function of ligand concentration. Fourier-
transformation ion cyclotron resonance mass spectrometry (FT-
ICR MS) coupled with this approach has successfully been used
to determine Kd values for the binding of several aminoglycoside
antibiotics to rRNA fragments.48

ESI-FT-ICR mass spectra were acquired under noncompetitive
binding conditions from 0.5 lM mixtures of untagged 16S
and mass-tagged 18S RNA with 0.75, 2.5, 7.5, and 25 lM
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Table 1 Binding data of compounds 12, 13, 16, 17, 23, 24, 30 and 31 with the 16S rRNA fragment

R1 R2 Kd/lmol Kd/lmol

OH b-D-ribose 12 n.b. 23 n.b.
NH2 b-D-ribose 13 n.b. 24 43
OH 4-NH2-6-deoxy-b-D-Glu 16 115 30 22
NH2 4-NH2-6-deoxy-b-D-Glu 17 281 31 2

n.b.: no binding observed.

concentrations of trisaccharides 12, 13, 16, 17, 23, 24, 30 and 31.
The relative ion abundances were used to determine dissociation
constants and the resulting values are listed in Table 1. Similar
values were obtained for the 16S and 18S RNA fragments,
indicating no selectivity for bacterial over eukaryotic rRNA
fragments.

Previously, a Kd value of 7 lM was determined for the binding
of neamine to 16S RNA. For the a(1–4) linked disaccharide 1,
a similar affinity (Kd = 11 lM) was measured whereas the a(1–
3) linked disaccharide 2 displayed a somewhat reduced binding
(Kd = 40 lM). Compounds 16 and 17, which are derived from
the a(1–3) linked disaccharide 2 and contain an additional 4,6-
dideoxy-4-aminoglucopyranoside at C-3, showed binding in the
high micromolar range. The affinity of these trisaccharides was
substantially lower than that of the parent disaccharide, indicating
that the 4,6-dideoxy-4-aminoglucopyranoside makes unfavorable
interactions with the rRNA fragment. Apparently, unfavorable
interactions are more severe when a b-riboside is installed since
compounds 12 and 13 showed no appreciable binding.

Compounds 23, 24, 30 and 31, which are derived from
disaccharide 1, showed a more interesting structure–activity
relationship. In this series, the attachment of a b-riboside to C-
3 (compounds 23 and 24) led to either a reduction or abolishment
of binding. However, derivative 31, which contains a 4,6-dideoxy-
4-aminoglucopyranoside at C-3, displayed a significantly more
favorable Kd than the parent compound 1 or neamine, indicating
that the additional monosaccharide makes favorable interactions
with the 16S RNA fragment. Compound 30, which contains
a hydroxyl at C-6, showed a somewhat reduced affinity. This
observation indicates that the amino group at C-6 of 31 contributes
to binding. The Kd values of compounds 16 and 17 differ only
marginally, suggesting that for the a(1–3) linked series the C-
6 amine does not contribute to binding with rRNA. Thus, the
structure–activity relationship of compounds 16, 17, 30 and
31 implies that the a(1–3) and a(1–4) linked compounds bind
differently with the RNA target. Furthermore, the observation
that compound 31 has the most favorable binding is concurrent
with our previous modeling study, which showed that the amino
groups of the a(1–4) linked compound 1 overlay better with those
of neamine compared to those of the a(1–3) linked derivative
2. The finding that all b-ribosides bind with poor affinity is,
however, surprising because neomycin-based antibiotics contain
this monosaccharide.

The results described in this paper show that amino-containing
oligosaccharides can bind with high affinity to RNA fragments.
Small structural changes in the oligosaccharides resulted in
dramatic differences in affinity indicating that the spatial arrange-
ments of the amino groups of the saccharide result in specific
interactions with the RNA structure. A unique property of RNA
is that it can fold into a well defined three-dimensional structure.
Due to this well defined shape, small molecules such as the sac-
charides described in this paper can target specific RNA domains,
which may result in a modulation of biological activities.4,21,49–52

It is to be expected that the screening of a large library of
amino-containing oligosaccharides may result in compounds that
bind with very high affinities to a target RNA fragment. Such
compounds could provide leads for the development of novel
antibiotics.

Experimental

General procedures

Chemicals were purchased from Aldrich and Fluka and used with-
out further purification. Molecular sieves (AW-300, Aldrich) were
activated in a microwave oven (1.5 min, 3 times) and further dried
in vacuo. Dichloromethane was distilled from CaH2 and stored
over 4 Å molecular sieves. All reactions were performed under
anhydrous conditions under an atmosphere of argon. Reactions
were monitored by TLC on Kieselgel 60 F254 (Merck). Detection
was by examination under UV light (254 nm) or by charring
with 5% sulfuric acid in methanol. Flash chromatography was
performed on silica gel (Merck, 70–230 mesh). Iatrobeads (60 lm)
were purchased from Bioscan. 1H NMR (1D, 2D) and 13C NMR
were recorded on a Varian Merc 300 spectrometer and on Varian
500 and 600 MHz spectrometers equipped with Sun workstations.
For 1H and 13C NMR spectra recorded in CDCl3, chemical shifts
(d) are given in ppm relative to solvent peaks (1H, d 7.24; 13C,
d 77.0) as an internal standard for protected compounds. The
negative ion matrix-assisted laser desorption ionization time-of-
flight (MALDI-TOF) was recorded on a VOYAGER-DE Applied
Biosystem using dihydrobenzoic acid as a matrix. High-resolution
mass spectra were obtained using a Voyager delayed extraction
STR with 2,5-dihydroxybenzoic acid as an internal calibration ma-
trix. Binding constants for the 16S A-site model RNA were deter-
mined as described previously,16 using 33% aqueous isopropanol
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containing 100 mM NH4OAc, 0.5 lM 16S target RNA, 0.5 lM
18S control RNA, and ligand concentrations of 0.75, 2.5, 7.5, and
25 lM.

General procedure for glycosylations

Glycosylations were performed with 1.0 equivalent of glycosyl
acceptor and 1.0–1.5 equivalents of the trichloroacetimidate
donor which were dissolved in a selected solvent with crushed,
activated AW 3 Å molecular sieves (1.5 times the total amount
of glycosyl acceptor and donor). TMSOTf (0.10 equivalent)
was added by syringe to a stirred and cooled mixture at an
appropriate temperature (−60 ◦C). The progress of the reactions
was monitored by TLC using a mixture of hexane and EtOAc. The
temperature of the reaction was slowly raised to approximately
−10 ◦C over 1–1.5 hours. Solid NaHCO3 was then added while
stirring was continued for 15 minutes at room temperature prior
to filtration and concentration of the filtrate. The crude material
was dissolved in a small amount of toluene and applied to a
column of silica gel which was eluted with a gradient of EtOAc in
hexane.

General procedure for hydrolysis of the 4,6-O-benzylidene acetals

The disaccharide was dissolved in 90% aqueous AcOH and the
solution was stirred at 80–85 ◦C for 3 hours. The mixture was co-
evaporated with toluene under reduced pressure and the residue
was purified by silica gel column chromatography using a mixture
of hexane and EtOAc as an eluent.

General procedure for acetylation of the C-6 hydroxyls

Acetyl chloride (1.1–2.0 equivalents) was added to a solution of the
starting disaccharide in dry pyridine and the mixture was stirred
at room temperature for 2 hours. The reaction was quenched by
the addition of CH3OH, diluted with CH2Cl2 and washed with
a saturated solution of NaHCO3, water and brine. The organic
phase was dried (MgSO4) and concentrated and the residue was
co-evaporated with toluene. The crude material was purified by
silica gel chromatography using a mixture of hexane and EtOAc
as the eluent.

General procedure for introduction of the C-6 azido substituent

4-Toluenesulfonyl chloride (1.5–2.0 equivalents) was added to
the solution of a disaccharide in dry pyridine and the mixture
was stirred at room temperature for 4 hours. The reaction was
quenched by the addition of CH3OH, diluted with CH2Cl2 and
washed with a saturated solution of NaHCO3, water and brine.
The organic phase was dried (MgSO4) and concentrated under
reduced pressure and the residue was co-evaporated with toluene.
The resulting residue was directly used in the next step. NaN3

(7.0 equivalents) was added to the crude tosylate in DMF and the
mixture was stirred at 80–90 ◦C for 2–3 hours. After cooling and
the addition of DCM, the organic phase was washed with water
(3 times) and brine. The crude material was purified by silica gel
chromatography using a mixture of hexane and EtOAc as the
eluent.

General procedure for removal of the acetyl and benzoyl groups of
the trisaccharides

A solution of trisaccharide in dry CH3OH was brought to pH 12–
13 by careful addition of a solution of 0.5 M CH3ONa in CH3OH
at room temperature. After completion of the reaction (TLC
hexane–EtOAc, 2 : 1–1 : 2, v/v), the solution was neutralized with
Dowex 50 (H+), filtered, and the solvents were evaporated and the
residue purified by silica gel chromatography using a mixture of
hexane and EtOAc as the eluent.

General procedure for the deprotection of trisaccharides

Pd/C (10%, 1.5 times the weight of the starting material) was
added to a solution of the protected azido trisaccharides in
pyridine under an atmosphere of Ar. After evacuation, the flask
was placed under an atmosphere of H2. The reaction was stirred for
18 hours until TLC analyses (hexane–EtOAc, 1 : 1, v/v, CHCl3–
CH3OH, 9 : 1, v/v, and iPrOH–28% NH4OH, 95 : 5, v/v) indicated
completion of the reaction. The mixture was filtered through a
polytetrafluoroethene (PTFE) syringe filter (diameter 25 mm, pore
size 0.2 lm), which was further washed with pyridine. The solvents
were co-evaporated with toluene. The residue was dried in vacuo
for several hours. Matrix-assisted time-of-flight (MALDI-TOF)
MS and NMR spectroscopy confirmed the reduction of the azido
groups. Pd(OH)2 (Degussa type, Aldrich, 2.0 times the weight of
the starting material) was added to the above obtained material
and dissolved in a mixture of AcOH and H2O (10 : 1, v/v, 2–
5 mL) under Ar. The mixture was placed under an atmosphere
of H2 and stirred overnight. TLC analyses (iPrOH–28% NH4OH,
95 : 5, v/v and iPrOH–H2O–28% NH4OH, 30 : 10 : 5, v/v or
30 : 20 : 10, v/v) indicated the presence of a single compound.
The mixture was filtered through a PTFE syringe filter (as above)
and further washed with AcOH. The solvents were co-evaporated
with toluene and the residue was dried in vacuo for several hours.
The recovered materials were passed through a small amount of
Iatrobeads and slowly eluted with a mixture of iPrOH and 28%
NH4OH. Fractions containing the products were collected and
concentrated in vacuo. The products were brought to pH 4.5 with
AcOH and freeze dried.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-2-azido-4,6-O-benzylidene-2-deoxy-b-D-gluco-
pyranoside (7). A TMSOTf (6 lL) catalyzed glycosylation of 3
(60 mg, 0.196 mmol) with 4 (90 mg, 0.163 mmol) in a mixture of
Et2O and CH2Cl2 (4 : 1, v/v, 2.5 ml) was performed as described
in the general procedure section. Chromatography of the product
over silica gel using a mixture of hexane and EtOAc (9 : 1, v/v)
as an eluent gave 7 (76 mg, 67%). [a]25

D +30.6 (c 1.0, CHCl3);
1H NMR (500 MHz, CDCl3): d 7.40–7.10 (m, 15H, aromatics),
5.60 (s, 1H, PhCH), 5.40 (d, 1H, J1′ ,2′ = 4.0 Hz, H-1′), 4.94–4.84
(m, 3H, PhCH2), 4.62 (d, 1H, J2 = 11.3 Hz, PhCH2), 4.42–4.34
(m, 1H, H-6a), 4.38 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.24 (m, 1H,
H-5′), 4.10 (dd, 1H, J3′ ,4′ = 10.2, J2′ ,3′ = 9.5 Hz, H-3′), 3.84–3.71
(m, 3H, H-3, H-6b, H-6a′), 3.61 (s, 3H, OCH3), 3.56–3.34 (m,
5H, H-2, H-4, H-4′, H-5, H-6b′), 3.26 (dd, J1′ ,2′ = 3.8 Hz, J2′ ,3′ =
9.5 Hz, 1H, H-2′). 13C NMR (75 MHz, CDCl3): d 137.8, 137.7,
136.8, 129.1, 128.5, 128.4, 128.3, 128.0 (x2), 127.8, 125.9, 103.9
(C-1), 101.5 (PhCH), 98.2 (C-1′), 81.4, 79.5, 78.6, 75.7, 75.3, 75.2,
70.8, 68.4, 65.9, 64.8 (C-2), 63.0 (C-2′), 57.5 (OCH3), 50.9 (C-6′).
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ESI HRMS: m/z 722.2759 [M + Na+]. Calcd for C34H37N9O8

722.2765.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-2-azido-2-deoxy-6-O-acetyl-b-D-glucopyranoside
(8). Removal of the benzylidene acetal of 7 (210.0 mg,
0.30 mmol) followed by selective acetylation of the C-6 hydroxyl
was performed as described in the general procedures section.
Chromatography over silica gel using a mixture of hexane and
EtOAc (3 : 1, v/v) as an eluent gave 8 (31 mg, 87%). [a]25

D +43.9
(c 1.0, CHCl3); 1H NMR (300 MHz, CDCl3): d 7.40–7.10 (m,
10H, aromatics), 5.20 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.94–4.84 (m,
3H, PhCH2), 4.63 (d, 1H, J2 = 11.0 Hz, PhCH2), 4.41 (dd, 1H,
J5,6a = 4.5 Hz, J6a,6b = 12.5 Hz, H-6a), 4.37 (dd, 1H, J5,6b = 1.8 Hz,
H-6b), 4.27 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.13 (t, 1H, J3,4 = J4,5 =
9.5 Hz, H-4), 4.01 (t, 1H, J3′ ,4′ = J2′ ,3′ = 9.5 Hz, H-3′), 3.83 (d, 1H,
J4,OH = 3.0 Hz, OH), 3.70–3.50 (m, 4H, H-2′, H-3, H-4′, H-6a′),
3.60 (s, 3H, OCH3), 3.50–3.38 (m, 3H, H-5, H-5′, H-6b′), 3.28 (dd,
1H, J1,2 = 8.0 Hz, J2,3 = 10.0 Hz, H-2), 2.12 (s, 3H, CH3CO). 13C
NMR (75 MHz, CDCl3): d 171.6 (CO), 137.7 (x2), 128.8, 128.7,
128.3 (x2), 128.2, 128.1, 103.6 (C-1), 99.7 (C-1′), 83.6, 80.9 (C-3′),
78.9, 75.9, 75.5, 73.5, 71.4 (C-4), 70.9, 64.8, 64.5, 64.4 (C-2), 63.1
(C-2′), 57.6 (OCH3), 51.1 (C-6′), 21.1 (CH3CO). ESI HRMS: m/z
676.2551 [M + Na+]. Calcd for C29H35N9O9 676.2558.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′6′-dideoxy-a-D-
glucopyranosyl)-2,6-diazido-2,6-dideoxy-b-D-glucopyranoside (9).
Removal of the benzylidene acetal of 7 (210.0 mg, 0.30 mmol)
followed by selective tosylation and introduction of the azido
substituent of the C-6 hydroxyl was performed as described in the
general procedures section. Chromatography over silica gel using a
mixture of hexane and EtOAc (6 : 1, v/v) as an eluent gave 9 (15 mg,
79%). [a]25

D +26.4 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3): d
7.40–7.20 (m, 10H, aromatics), 5.07 (d, 1H, J1′ ,2′ = 4.0 Hz, H-1′),
4.96–4.85 (m, 3H, PhCH2), 4.62 (d, 1H, J2 = 11.8 Hz, PhCH2),
4.29 (d, 1H, J1,2 = 7.4 Hz, H-1), 4.08 (m, 1H, H-5′), 4.01 (t, 1H,
J2′ ,3′ = J3′ ,4′ = 9.5 Hz, H-3′), 3.84 (d, 1H, J4,OH = 3.0 Hz, OH),
3.65–3.41 (m, 8H, H-2′, H-3, H-4, H-5, H-6a, H-6b, H-6a′, H-6b′),
3.55(s, 3H, OCH3), 3.30–3.22 (m, 2H, H-2, H-4′). 13C NMR
(75 MHz, CDCl3): d 137.6, 137.5, 128.7, 128.4, 128.3, 128.0, 127.9,
103.4 (C-1), 100.1 (C-1′), 85.2, 81.1, 78.9, 75.9, 75.5, 74.9, 71.7,
71.6, 64.8, 64.7, 57.4 (OCH3), 51.5 (C-6), 51.0 (C-6′). ESI HRMS:
m/z 659.2523 [M + Na+]. Calcd for C27H32N12O7 659.2517.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-4-O-(b-D-ribofuranosyl)-2-azido-2-deoxy-b-D-
glucopyranoside (10). A TMSOTf (3 lL) catalyzed glycosylation
of 8 (15 mg, 0.023 mmol) with 5 (21 mg, 0.035 mmol) was
performed in CH2Cl2 (2.0 mL) to afford an intermediate
trisaccharide, which contained a small amount of impurity after
silica gel column chromatography (MALDI-TOF: m/z 1120.38
[M + Na+]). The O-acetyl protecting group was removed by a
standard procedure. The crude material was purified by silica gel
chromatography (hexane–EtOAc, 1 : 2–1 : 4, v/v) providing 10
(7.0 mg, 73%). [a]25

D +10.5 (c 0.5, CHCl3); 1H NMR (300 MHz,
CDCl3): d 7.40–7.15 (m, 10H, aromatics), 5.72 (d, 1H, J1′ ,2′ =
3.0 Hz, H-1′), 5.29 (d, 1H, J1′′ ,2′′ = 2.5 Hz, H-1′′), 4.96–4.85 (m,
3H, PhCH2), 4.61 (d, 1H, J2 = 11.4 Hz, PhCH2), 4.27 (d, 1H,
J1,2 = 7.8 Hz, H-1), 4.20–3.90 (m, 8H, H-2′′, H-3, H-3′′, H-4′,
H-5a′′, H-5b′′, H-6a, H-6b), 3.82 (d, 1H, J = 3.5 Hz, OH),

3.60–3.48 (m, 2H, H-3′, H-4), 3.46 (s, 3H, OCH3), 3.45–3.25 (m,
5H, H-2, H-2′, H-5, H-6a′, H-6b′). 13C NMR (75 MHz, CDCl3):
d 137.6 (x2), 128.5, 128.1, 128.0 (x2), 127.9, 109.2 (C-1′′), 103.3
(C-1), 96.8 (C-1′), 84.1, 79.6, 78.5, 77.7, 76.3, 75.5 (C-2′′), 75.1
(C-2), 74.8, 70.9, 70.4, 64.9 (C-2′), 63.5, 62.7, 60.8, 57.4 (OCH3),
53.4, 50.9 (C-6′). ESI HRMS: m/z 766.2881 [M + Na+]. Calcd
for C32H41N9O12 766.2875.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-4-O-(b-D-ribofuranosyl)-2,6-diazido-2,6-dideoxy-
b-D-glucopyranoside (11). A TMSOTf (3 lL) catalyzed
glycosylation of 9 (16 mg, 0.025 mmol) with 5 (22.7 mg,
0.037 mmol) was performed in CH2Cl2 (2.0 mL) to afford an
intermediate trisaccharide, which contained a small amount of
impurity after silica gel column chromatography (MALDI-TOF:
m/z 1103.37 [M + Na+]). The O-acetyl protecting group was
removed by a standard procedure. The crude material was purified
by silica gel chromatography (hexane–EtOAc, 1 : 1–1 : 2, v/v)
providing 11 (4.5 mg, 65%). [a]25

D +25.2 (c 0.5, CHCl3); 1H NMR
(300 MHz, CDCl3): d 7.40–7.15 (m, 10H, aromatics), 5.70 (d, 1H,
J1′ ,2′ = 4.0 Hz, H-1′), 4.95–4.85 (m, 3H, PhCH2), 4.79 (d, 1H,
J1′′ ,2′′ = 7.0 Hz, H-1′′), 4.62 (d, 1H, J2 = 11.5 Hz, PhCH2), 4.31 (d,
1H, J1,2 = 8.0 Hz, H-1), 4.16–3.82 (m, 4H, H-2′′, H-3, H-3′′, H-4′),
3.74–3.48 (m, 7H, H-3′, H-3′′, H-4, H-5a′′, H-5b′′, H-6a, H-6b),
3.62 (s, 3H, OCH3), 3.45–3.25 (m, 5H, H-2, H-2′, H-5, H-6a′,
H-6b′). 13C NMR (75 MHz, CDCl3): d 137.9 (x2), 128.7, 128.3,
128.2, 128.0, 103.3 (C-1), 100.0 (C-1′′), 96.8 (C-1′), 79.9, 78.7,
77.4, 75.8, 75.2 (x2), 74.9, 71.2, 71.1, 69.9, 67.4, 65.2, 64.4, 63.9,
57.3 (OCH3), 51.3 (C-6), 51.1 (C-6′). ESI HRMS: m/z 791.2933
[M + Na+]. Calcd for C32H40N12O11 791.2940.

Methyl 3-O-(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-4-
O-(b-D-ribo)-2-amino-2-deoxy-b-D-glucopyranoside (12). Trisac-
charide 10 (7.0 mg) was hydrogenated in pyridine (3.0 mL) in the
presence of Pd/C (20 mg) as described in the general procedures
section. The intermediate was further hydrogenated in AcOH and
H2O (10 : 1, v/v, 2.2 mL) in the presence of Pd(OH)2 (20 mg) to give
trisaccharide 12 (2.0 mg): 1H NMR (D2O, 500 MHz) (acetate salt):
d 5.93 (d, 1H, J1′ ,2′ = 4.0 Hz, H-1′), 5.14 (d, 1H, J1′′ ,2′′ = 2.5 Hz,
H-1′′), 4.35 (d, 1H, J1,2 = 8.5 Hz, H-1), 4.01–3.92 (m, 2H, H-2′′,
H-5′), 3.90–3.82 (m, 3H, H-3, H-3′, H-4′′), 3.80–3.72 (m, 2H, H-4′,
H-6b), 3.53 (dd, 1H, J5,6a = 2.0 Hz, J6a,6b = 11.8 Hz, H-6a), 3.46
(s, 3H, OCH3), 3.40–3.25 (m, 6H, H-2′, H-3′′, H-4, H-5a′′, H-5b′′,
H-6b′), 3.14 (dd, 1H, J5,6a′ = 1.8 Hz, J6a′ ,6b′ = 12.5 Hz, H-6a′), 2.84
(dd, 1H, J1,2 = 8.5 Hz, J2,3 = 13.5 Hz, H-2), 1.82 (s, 9H, CH3CO2).
13C NMR (75 MHz, D2O) (acetate salt) d 181.2 (CH3CO2), 109.5
(C-1′′), 101.9 (C-1), 94.5 (C-1′), 83.6, 80.0, 77.5, 75.0 (C-2′′), 74.7,
70.9, 69.3 (C-5′), 68.4, 61.9 (C-4′), 61.8 (C-6), 59.5, 59.3, 57.2
(OCH3), 55.0, 44.6 (C-2), 40.0 (C-6′), 22.6 (CH3CO2).

Methyl 3-O-(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-4-
O-(b-D-ribofuranosyl)-2,6-diamino-2,6-dideoxy-b-D-glucopyrano-
side (13). Trisaccharide 11 (12.2 mg) was hydrogenated in
pyridine (3.0 mL) in the presence of Pd/C (20 mg) as described
in the general procedures section. The intermediate was fur-
ther hydrogenated in AcOH and H2O (10 : 1, v/v, 2.2 mL)
in the presence of Pd(OH)2 (20 mg) to give trisaccharide 13
(4.9 mg): 1H NMR (D2O, 500 MHz) (acetate salt): d 5.46 (d, 1H,
J1′ ,2′ = 2.4 Hz, H-1′), 4.55 (d, 1H, J1′′ ,2′′ = 7.8 Hz, H-1′′), 4.24 (d,
1H, J1,2 = 7.8 Hz, H-1), 4.01 (m, 1H, H-5′), 3.83–3.62 (m, 6H,
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H-3, H-3′, H-3′′, H-4′, H-4′′, H-6b), 3.60–3.48 (m, 3H, H-2′′, H-4,
H-6a), 3.40 (s, 3H, OCH3), 3.38–3.20 (m, 3H, H-2′, H-5b′′, H-6b′),
3.19–3.04 (m, 3H, H-5, H-5a′′, H-6a′), 2.73 (dd, 1H, J1,2 = 7.8 Hz,
J2,3 = 9.6 Hz, H-2), 1.76 (s, 12H, CH3CO2). 13C NMR (75 MHz,
D2O) (acetate salt) d 181.2 (CH3CO2), 102.7 (C-1), 101.2 (C-1′′),
96.1 (C-1′), 79.7, 79.0, 71.2, 70.7, 70.6, 70.2, 69.3, 69.1, 66.2, 63.3
(C-2′′), 63.2, 57.5 (OCH3), 55.5 (C-2), 53.7 (C-2′), 44.3, 40.1 (C-6),
40.0 (C-6′), 22.7 (CH3CO2).

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-4-O-(4′′-azido-4′′,6′′-dideoxy-b-D-glucopyranosyl)-
2-azido-2-deoxy-b-D-glucopyranoside (14). A TMSOTf (5 lL)
catalyzed glycosylation of 8 (31 mg, 0.047 mmol) with 6 (24 mg,
0.056 mmol) was performed in CH2Cl2 (2.0 mL) to afford a
trisaccharide (MALDI-TOF: m/z 931.34 [M + Na+]) which was
de-O-acetylated as described. The crude material was purified
by silica gel chromatography (hexane–EtOAc, 3 : 1–2 : 1, v/v)
providing 14 (11.0 mg, 75%). [a]25

D +47.8 (c 1.2, CHCl3); 1H
NMR (300 MHz, CDCl3): d 7.40–7.20 (m, 10H, aromatics), 5.81
(d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.95–4.85 (m, 3H, PhCH2), 4.63 (d,
1H, J2 = 11.5 Hz, PhCH2), 4.60 (d, 1H, J1′′ ,2′′ = 8.0 Hz, H-1′′),
4.32 (m, 1H, H-5′), 4.29 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.15 (t, 1H,
J3,4 = J4,5 = 9.5 Hz, H-4), 4.06 (t, 1H, J3′ ,4′ = J4′ ,5′ = 9.0 Hz, H-4′),
3.97 (t, 1H, J2′′ ,3′′ = J3′′ ,4′′ = 7.5 Hz, H-3′′), 3.74 (t, 1H, J2,3 =
J3,4 = 9.0 Hz, H-3), 3.60 (s, 3H, OCH3), 3.58–3.44 (m, 4H, H-3′,
H-5′′, H-6b, H-6b′), 3.43–3.30 (m, 6H, H-2′, H-2′′, H-4′′, H-5,
H-6a, H-6a′), 3.12 (dd, 1H, J1,2 = 8.0 Hz, J2,3 = 9.5 Hz, H-2),
1.44 (d, 3H, J = 6.5 Hz, CH3). 13C NMR (75 MHz, CDCl3): d
137.9, 137.8, 128.7, 128.3, 128.2, 128.0, 103.1 (C-1), 101.6 (C-1′′),
96.4 (C-1′), 79.9, 78.9, 77.4, 75.7, 75.6, 75.5, 75.2 (x2), 75.0, 71.5,
71.1, 67.4, 65.3 (C-4′′), 63.4 (C-2), 60.9 (C-2′), 57.6 (OCH3), 51.2
(C-6′), 18.2 (CH3). ESI HRMS: m/z 805.3082 [M + Na+]. Calcd
for C33H42N12O11 805.3096.

Methyl 3-O-(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-
glucopyranosyl)-4-O-(4′′-azido-4′′,6′′-dideoxy-b-D-glucopyranosyl)-
2,6-diazido-2,6-dideoxy-b-D-glucopyranoside (15). A TMSOTf
(5 lL) catalyzed glycosylation of 9 (15 mg, 0.024 mmol) with
6 (15 mg, 0.036 mmol) was performed in CH2Cl2 (2.0 mL) to
afford a trisaccharide (MALDI-TOF: m/z 914.34 [M + Na+])
which was de-O-acetylated as described. The crude material was
purified by silica gel chromatography (hexane–EtOAc, 1 : 1–2 :
3, v/v) providing 15 (8.0 mg, 68%). [a]25

D +18.3 (c 1.0, CHCl3);
1H NMR (300 MHz, CDCl3): d 7.40–7.20 (m, 10H, aromatics),
5.76 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.95–4.85 (m, 3H, PhCH2), 4.62
(d, 1H, J2 = 11.5 Hz, PhCH2), 4.41 (d, 1H, J1′′ ,2′′ = 8.0 Hz, H-1′′),
4.30 (m, 1H, H-5′), 4.28 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.10–4.01 (m,
2H, H-4, H-4′), 3.74–3.68 (m, 2H, H-3, H-3′), 3.60 (s, 3H, OCH3),
3.58–3.46 (m, 3H, H-5′′, H-6b, H-6b′), 3.43–3.29 (m, 6H, H-2′,
H-2′′, H-4′′, H-5, H-6a, H-6a′), 3.11 (dd, 1H, J1,2 = 8.0 Hz, J2,3 =
9.5 Hz, H-2), 1.46 (d, 3H, J = 6.5 Hz, CH3). 13C NMR (75 MHz,
CDCl3): d 137.9, 137.8, 128.7, 128.3, 128.2, 128.0, 102.8 (C-1),
100.7 (C-1′′), 96.5 (C-1′), 79.5, 78.7 (C-4), 77.7 (C-4′), 76.9, 76.7,
75.5, 75.4, 75.0, 74.7, 71.6 (C-5′), 71.1, 67.5 (C-2), 65.0, 63.1, 57.1
(OCH3), 53.6, 51.0 (C-6′), 50.7 (C-6), 18.0 (CH3). ESI HRMS:
m/z 830.3174 [M + Na+]. Calcd for C33H41N15O10 830.3161.

Methyl 3-O-(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-4-
O-(4′′-amino-4′′,6′′-dideoxy-b-D-glucopyranosyl)-2-amino-2-deoxy-
b-D-glucopyranoside (16). Trisaccharide 14 (7.0 mg) was

hydrogenated in pyridine (3.0 mL) in the presence of Pd/C
(20 mg) as described in the general procedures section. The
intermediate was further hydrogenated in AcOH and H2O (10 :
1, v/v, 2.2 mL) in the presence of Pd(OH)2 (20 mg) to give
trisaccharide 16 (2.0 mg): 1H NMR (D2O, 500 MHz) (acetate
salt): d 5.50 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.60 (d, 1H, J1′′ ,2′′ =
8.5 Hz, H-1′′), 4.34 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.10 (m, 1H,
H-5′), 4.02–3.95 (m, 3H, H-4, H-4′, H-5′′), 3.90–3.74 (m, 3H,
H-3, H-3′, H-6b), 3.72–3.50 (m, 3H, H-3′′, H-5, H-6a), 3.52 (s,
3H, OCH3), 3.45–3.33 (m, 3H, H-2′, H-2′′, H-6b′), 3.22 (dd, 1H,
J5,6a′ = 2.0 Hz, J6a′ ,6b′ = 12.5 Hz, H-6a′), 2.97 (t, 1H, J3′′ ,4′′ =
J4′′ ,5′′ = 9.0 Hz, H-4′′), 2.82 (dd, 1H, J1,2 = 8.0 Hz, J2,3 = 9.0 Hz,
H-2), 1.87 (s, 12H, CH3CO2), 1.38 (d, 3H, J = 6.0 Hz, CH3). 13C
NMR (75 MHz, D2O) (acetate salt) d 181.3 (CH3CO2), 103.2
(C-1), 102.1 (C-1′′), 96.9 (C-1′), 81.5, 75.8, 74.9, 73.7, 72.0, 70.9,
70.1, 69.2, 59.4, 57.6 (OCH3), 56.9 (C-2), 56.0 (C-4′′), 54.1 (C-2′),
40.1 (C-6′), 23.2 (CH3CO2), 16.8 (CH3).

Methyl 3-O-(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-4-
O-(4′′-amino-4′′,6′′-dideoxy-b-D-glucopyranosyl)-2,6-diamino-2,6-
dideoxy-b-D-glucopyranoside (17). Trisaccharide 15 (15.0 mg)
was hydrogenated in pyridine (3.0 mL) in the presence of
Pd/C (20 mg) as described in the general procedures section.
The intermediate was further hydrogenated in AcOH and H2O
(10 : 1, v/v, 2.2 mL) in the presence of Pd(OH)2 (20 mg) to give
trisaccharide 17 (6.6 mg): 1H NMR (D2O, 500 MHz) (acetate
salt): d 5.38 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.42 (d, 1H, J1′′ ,2′′ =
8.0 Hz, H-1′′), 4.28 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.07 (m, 1H, H-5′),
3.95–3.70 (m, 3H, H-4, H-4′, H-5′′), 3.65–3.43 (m, 3H, H-3, H-3′,
H-6b), 3.51 (s, 3H, OCH3), 3.40–3.28 (m, 5H, H-2′, H-3′′, H-5,
H-6a, H-6b′), 3.19 (dd, 1H, J5,6a′ = 2.0 Hz, J6a′ ,6b′ = 12.5 Hz,
H-6a′), 3.15 (dd, 1H, J1′′ ,2′′ = 8.0 Hz, J2′′ ,3′′ = 9.8 Hz, H-2′′),
3.01 (t, 1H, J3′′ ,4′′ = J4′′ ,5′′ = 9.5 Hz, H-4′′), 2.92 (dd, 1H, J1,2 =
8.0 Hz, J2,3 = 9.5 Hz, H-2), 1.80 (s, 15H, CH3CO2), 1.29
(d, 3H, J = 6.5 Hz, CH3). 13C NMR (75 MHz, D2O) (acetate salt) d
181.3 (CH3CO2), 103.2 (C-1), 102.5 (C-1′′), 97.0 (C-1′), 81.5, 78.6,
73.6, 71.8, 71.1, 70.7, 70.0 (C-5′), 69.2, 69.0, 57.7 (OCH3), 56.7
(C-4′), 55.8 (C-2), 54.0, 40.0 (C-6), 39.8 (C-6′), 22.7 (CH3CO2),
16.7 (CH3).

Methyl 3-O-(2′,3′,5′-tri-O-benzoyl-b-D-ribofuranosyl)-2-azido-
4,6-O-benzylidene-2-deoxy-b-D-glycopyranoside (18). A TMSOTf
(6 lL) catalyzed glycosylation of 3 (49 mg, 0.160 mmol) with
5 (115 mg, 0.160 mmol) was performed in CH2Cl2 (2.0 mL) as
described in the general procedures section. Chromatography of
the product over silica gel using a mixture of hexane and EtOAc
(5 : 1, v/v) as an eluent gave 18 (116 mg, 97%). [a]25

D +38.7 (c
1.5, CHCl3); 1H NMR (500 MHz, CDCl3): d 8.20–7.80 (m, 6H,
PhCO), 7.60–7.20 (m, 14H, aromatics), 5.80 (t, 1H, J2′ ,3′ = J3′ ,4′ =
7.2 Hz, H-3′), 5.62 (s, 1H, PhCH), 5.58 (dd, 1H, J1′ ,2′ = 1.8 Hz,
J2′ ,3′ = 7.2 Hz, H-2′), 5.50 (m, 1H, H-3), 5.31 (d, 1H, J1′ ,2′ = 1.8 Hz,
H-1′), 4.55 (m, 1H, H-4′), 4.39 (d, 1H, J1,2 = 7.8 Hz, H-1), 4.37
(m, 1H, H-6a), 4.15 (m, 1H, H-5a′), 3.90–3.64 (m, 3H, H-4, H-
5b′, H-6b), 3.61 (s, 3H, OCH3), 3.59–3.38 (m, 2H, H-2, H-5). 13C
NMR (75 MHz, CDCl3): d 166.5, 166.2, 165.5 (PhCO), 137.0,
133.4, 133.3, 133.2, 130.3, 130.2, 130.0, 129.6, 128.6, 128.5 (x2),
126.3, 104.1 (C-1), 101.9 (PhCH), 99.0 (C-1′), 79.3, 76.6, 68.8,
67.9, 67.1, 66.8, 66.2, 61.8, 60.7 (C-2), 57.8 (OCH3). ESI HRMS:
m/z 774.2385 [M + Na+]. Calcd for C40H37N3O12 774.2377.
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Methyl 3-O-(2′,3′,5′-tri-O-benzoyl-b-D-ribofuranosyl)-2-azido-
2-deoxy-6-O-acetyl-b-D-glucopyranoside (19). Removal of the
benzylidene acetal of 18 (60.0 mg, 0.08 mmol) followed by selective
acetylation of the C-6 hydroxyl was performed as described in
the general procedures section. Chromatography over silica gel
using a mixture of hexane and EtOAc (2 : 1, v/v) as an eluent gave
19 (28 mg, 97%). [a]25

D +50.2 (c 1.2, CHCl3); 1H NMR (300 MHz,
CDCl3): d 8.20–7.80 (m, 6H, PhCO), 7.60–7.20 (m, 9H, PhCO),
6.01 (s, 1H, H-1′), 5.48–5.35 (m, 2H, H-2′,3′), 5.20 (dd, 1H, J3,4 =
1.8 Hz, J2,3 = 7.5 Hz, H-3), 4.34–4.20 (m, 1H, H-4′), 4.21 (d, 1H,
J1,2 = 8.0 Hz, H-1), 4.15 (m, 1H, H-5a′), 3.50 (s, 3H, OCH3), 3.48–
3.41 (m, 4H, H-4, H-5b′, H-6a, H-6b), 3.29–3.22 (m, 2H, H-2,
H-5), 2.08 (s, 3H, CH3CO). 13C NMR (75 MHz, CDCl3): d 170.8
(CH3CO), 165.5, 165.4, 165.3, 133.7, 133.6, 133.5, 130.1, 130.0,
129.9, 129.6, 129.3, 128.8, 128.6 (x2), 103.3 (C-1), 100.7 (C-1′),
85.5, 75.4, 70.1, 69.7, 68.6, 67.4, 64.9, 62.5 (C-2), 57.4 (OCH3),
20.9 (CH3CO). ESI HRMS: m/z 728.2159 [M + Na+]. Calcd for
C35H35N3O13 728.2170.

Methyl 3-O -(2′,3′,5′ -tri-O -benzoyl-b-D-ribofuranosyl)-2,6-
diazido-2,6-dideoxy-b-D-glucopyranoside (20). Removal of the
benzylidene acetal of 18 (60.0 mg, 0.08 mmol) followed by
selective tosylation and azido substitution of the C-6 hydroxyl
was performed as described in the general procedures section.
Chromatography over silica gel using a mixture of hexane and
EtOAc (3 : 1, v/v) as an eluent gave 20 (18.2 mg, 68%). [a]25

D +
19.3 (c 0.5, CHCl3); 1H NMR (500 MHz, CDCl3): d 8.20–7.80
(m, 6H, PhCO), 7.60–7.20 (m, 9H, PhCO), 6.03 (s, 1H, H-1′),
5.47–5.36 (m, 2H, H-2′, H-3′), 5.18 (dd, 1H, J3,4 = 1.8 Hz, J2,3 =
8.1 Hz, H-3), 4.35–4.22 (m, 1H, H-4′), 4.20 (d, 1H, J1,2 = 8.1 Hz,
H-1), 4.10 (m, 1H, H-5a′), 3.49 (s, 3H, OCH3), 3.46–3.39 (m,
4H, H-4, H-5b′, H-6a, H-6b), 3.30–3.25 (m, 2H, H-2, H-5). 13C
NMR (75 MHz, CDCl3): d 165.5, 165.4, 165.3, 133.7, 133.6, 133.5,
130.1, 130.0, 129.9, 129.6, 129.3, 128.8, 128.6 (x2), 103.3 (C-1),
100.7 (C-1′), 85.4, 75.6, 70.1, 69.6, 68.6, 67.2, 64.8, 62.4 (C-2), 57.3
(OCH3), 51.7 (C-6). ESI HRMS: m/z 711.2136 [M + Na+]. Calcd
for C33H32N6O11 711.2129.

Methyl 3-O-(b-D-ribofuranosyl)-4-O-(2′,6′-diazido-3′,4′-di-O-
benzyl-2′,6′ -dideoxy-a-D-glucopyranosyl)-2-azido-2-deoxy-b-D-
glucopyranoside (21). A TMSOTf (6 lL) catalyzed glycosylation
of 19 (28 mg, 0.040 mmol) with 4 (24 mg, 0.044 mmol) was
performed in a mixture of Et2O–CH2Cl2 (4 : 1, v/v, 2.5 ml)
and afforded an intermediate trisaccharide which contained a
small amount of impurity after silica gel column chromatography
(MALDI-TOF: m/z 1121.08 [M + Na+]). The O-acetyl protecting
group was removed by a standard procedure. The crude material
was purified by silica gel chromatography (hexane–EtOAc, 1 :
1–2 : 3, v/v) providing 21 (6.0 mg, 69%). [a]25

D +16.6 (c 0.5,
CHCl3); 1H NMR (300 MHz CDCl3): d 7.40–7.15 (m, 10H,
aromatics), 5.82 (d, 1H, J1′ ,2′ = 3.0 Hz, H-1′), 5.19 (d, 1H, J1′′ ,2′′ =
5.5 Hz, H-1′′), 4.95–4.84 (m, 3H, PhCH2), 4.61 (d, 1H, J2 =
11.0 Hz, PhCH2), 4.31 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.20–3.96 (m,
2H, H-4′′, H-5′), 3.95–3.72 (m, 8H, H-2′′, H-3, H-3′′, H-4′, H-5a′′,
H-5b′′, H-6a, H-6b), 3.62 (s, 3H, OCH3), 3.58–3.51 (m, 2H, H-3′,
H-4), 3.47–3.35 (m, 5H, H-2, H-2′, H-5, H-6a′, H-6b′). 13C NMR
(75 MHz, CDCl3): d 137.8, 137.7, 128.8, 128.3, 128.2 (x2), 103.4
(C-1), 100.3 (C-1′′), 96.3 (C-1′), 80.9, 79.9, 78.5, 77.4, 75.7, 75.4,
74.7, 71.4, 69.6, 68.6, 68.1, 65.9, 64.4, 63.6 (C-2′), 61.6 (C-2), 57.6

(OCH3), 51.4 (C-6′). ESI HRMS: m/z 766.2887 [M + Na+]. Calcd
for C32H41N9O12 766.2875.

Methyl 3-O-(b-D-ribofuranosyl)-4-O-(2′,6′-diazido-3′,4′-di-O-
benzyl-2′,6′-dideoxy-a-D-glucopyranosyl)-2,6-diazido-2,6-dideoxy-
b-D-glucopyranoside (22). A TMSOTf (5 lL) catalyzed glyco-
sylation of 20 (18.2 mg, 0.026 mmol) with 4 (16 mg, 0.031 mmol)
was performed in a mixture of Et2O–CH2Cl2 (4 : 1, v/v, 2.5 ml)
and afforded an intermediate trisaccharide, which contained a
small amount of impurity after silica gel column chromatography
(MALDI-TOF: m/z 1103.37 [M + Na+]). The O-acetyl protecting
group was removed by a standard procedure. The crude material
was purified by silica gel chromatography (hexane–EtOAc, 2 : 1–1 :
1, v/v) providing 22 (6.6 mg, 62%). [a]25

D +41.8 (c 0.5, CHCl3); 1H
NMR (300 MHz, CDCl3): d 7.40–7.15 (m, 10H, aromatics), 5.82
(d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 5.17 (d, 1H, J1′′ ,2′′ = 5.5 Hz, H-1′′),
4.95–4.84 (m, 3H, PhCH2), 4.61 (d, 1H, J2 = 11.5 Hz, PhCH2),
4.30 (d, 1H, J1,2 = 8.0 Hz, H-1), 4.11 (s, 1H, OH), 4.02–3.82
(m, 3H, H-4′′, H-5′, H-6a), 3.80–3.64 (m, 5H, H-2′′, H-3, H-3′′,
H-4′, H-6b), 3.63 (s, 3H, OCH3), 3.60–3.41 (m, 7H, H-2, H-3′,
H-4, H-5, H-5a′′, H-5b′′, H-6a′), 3.40–3.35 (m, 2H, H-2′, H-6b′).
13C NMR (75 MHz, CDCl3): d 137.7, 137.5, 128.8, 128.7, 128.4,
128.2, 103.1 (C-1), 100.4 (C-1′′), 96.3 (C-1′), 80.6, 79.8, 78.4, 77.4,
75.7, 75.5, 74.3, 71.8, 71.4, 71.3, 68.7, 68.1, 65.8, 64.4 (C-2′), 63.5
(C-2), 57.3 (OCH3), 51.6 (C-6), 51.3 (C-6′). ESI HRMS: m/z
791.2934 [M + Na+]. Calcd for C32H40N12O11 791.2943.

Methyl 3-O-(b-D-ribofuranosyl)-4-O-(2′,6′-diamino-2′,6′-dideoxy-
a-D-glucopyranosyl)-2-amino-2-deoxy-b-D-glucopyranoside (23).
Trisaccharide 21 (17.5 mg) was hydrogenated in pyridine (3.0 mL)
in the presence of Pd/C (20 mg) as described in the general
procedures section. The intermediate was further hydrogenated
in AcOH and H2O (10 : 1, v/v, 2.2 mL) in the presence of
Pd(OH)2 (20 mg) to give trisaccharide 23 (7.2 mg): 1H NMR
(D2O, 500 MHz) (acetate salt): d 5.68 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′),
4.95 (d, 1H, J1′′ ,2′′ = 8.5 Hz, H-1′′), 4.37 (d, 1H, J1,2 = 8.0 Hz,
H-1), 4.01–3.92 (m, 2H, H-2′′, H-5′), 3.92–3.72 (m, 7H, H-3, H-3′,
H-4′, H-4′′, H-5a′′, H-5b′′, H-6b), 3.71–3.60 (m, 2H, H-6a, H-6b′),
3.54 (s, 3H, OCH3), 3.40–3.25 (m, 3H, H-2′, H-3′′, H-5), 3.20–3.08
(m, 2H, H-4, H-6a′), 2.85 (dd, 1H, J1,2 = 8.0 Hz, J2,3 = 9.7 Hz, H-
2), 1.82 (s, 9H, CH3CO2). 13C NMR (75 MHz, D2O) (acetate salt) d
181.6 (CH3CO2), 102.4 (C-1′′), 101.8 (C-1), 96.1 (C-1′), 84.1, 74.4,
72.6, 71.0, 70.9, 70.8, 69.8, 69.4, 66.1, 63.3, 59.8, 57.6 (OCH3),
57.1, 53.9, 40.2 (C-6′), 23.4 (CH3CO2).

Methyl 3-O-(b-D-ribofuranosyl)-4-O-(2′,6′-diamino-2′,6′-dideoxy-
a-D-glucopyranosyl)-2,6-diamino-2,6-dideoxy-b-D-glucopyranoside
(24). Trisaccharide 22 (8.4 mg) was hydrogenated in pyridine
(3.0 mL) in the presence of Pd/C (20 mg) as described in the
general procedures section. The intermediate was further hydro-
genated in AcOH and H2O (10 : 1, v/v, 2.2 mL) in the presence
of Pd(OH)2 (20 mg) to give trisaccharide 24 (4.8 mg): 1H NMR
(D2O, 500 MHz) (acetate salt): d 5.60 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′),
4.95 (d, 1H, J1′′ ,2′′ = 7.5 Hz, H-1′′), 4.37 (d, 1H, J1,2 = 8.0 Hz,
H-1), 3.98–3.86 (m, 2H, H-2′′, H-5′), 3.85–3.70 (m, 7H, H-3, H-3′,
H-4′, H-4′′, H-5a′′, H-5b′′, H-6b), 3.70–3.61 (m, 2H, H-6a, H-6b′),
3.54 (s, 3H, OCH3), 3.45–3.08 (m, 5H, H-2′, H-3′′, H-4, H-5,
H-6a′), 2.88 (dd, 1H, J1,2 = 8.0 Hz, J2,3 = 9.5 Hz, H-2), 1.74 (s,
12H, CH3CO2). 13C NMR (75 MHz, D2O) (acetate salt) d 181.6
(CH3CO2), 102.8 (C-1), 101.7 (C-1′′), 97.0 (C-1′), 83.5, 76.8, 70.8,
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70.7, 70.6, 70.5, 69.8, 69.6, 66.1, 63.3, 57.7 (OCH3), 56.9, 53.8,
40.9 (C-6), 40.1 (C-6′), 23.4 (CH3CO2).

Methyl 3-O-(4′-azido-2′,3′-di-O-acetyl-4′,6′-dideoxy-b-D-gluco-
pyranosyl)-2-azido-4,6-O-benzylidene-2-deoxy-b-D-glycopyranoside
(25). A TMSOTf (25 lL) catalyzed glycosylation of 3 (213 mg,
0.760 mmol) with 6 (378 mg, 0.912 mmol) was performed in
CH2Cl2 (4.0 mL) as described in the general procedures section.
Chromatography of the product over silica gel using a mixture
of hexane and EtOAc (4 : 1, v/v) as an eluent gave 25 (394 mg,
92%). [a]25

D +29.4 (c 1.5, CHCl3); 1H NMR (500 MHz, CDCl3):
d 7.50–7.20 (m, 5H, aromatics), 5.52 (s, 1H, PhCH), 5.05 (t, 1H,
J2′ ,3′ = J3′ ,4′ = 9.3 Hz, H-3′), 4.93 (dd, 1H, J1′ ,2′ = 8.1 Hz, J2′ ,3′ =
9.6 Hz, H-2′), 4.68 (d, 1H, J1′ ,2′ = 8.1 Hz, H-1′), 4.35–4.30 (m,
1H, H-5), 4.26 (d, 1H, J1,2 = 8.1 Hz, H-1), 3.77 (dd, 1H, J1,2 =
8.1 Hz, J2,3 = 9.5 Hz, H-2), 3.64–3.58 (m, 2H, H-4, H-6a), 3.57 (s,
3H, OCH3), 3.40–3.08 (m, 4H, H-3, H-4′, H-5′, H-6b), 2.04 (m,
6H, CH3CO), 1.18 (d, 3H, J = 6.0 Hz, CH3). 13C NMR (75 MHz,
CDCl3): d 170.3, 170.0 (CH3CO), 137.1, 129.4, 128.4, 126.3, 103.8
(C-1), 101.6 (PhCH), 101.0 (C-1′), 79.8, 79.6, 73.9 (C-3′), 72.5
(C-5′), 70.9 (C-2′), 68.6 (C-5), 66.5, 66.2 (C-2), 65.6 (C-4′), 57.7
(OCH3), 20.9, 20.8 (2 x CH3CO), 18.3 (CH3). ESI HRMS: m/z
585.2017 [M + Na+]. Calcd for C24H30N6O10 585.2023.

Methyl 3-O-(4′-azido-2′,3′-di-O-acetyl-4′,6′-dideoxy-b-D-gluco-
pyranosyl)-2-azido-2-deoxy-6-O-acetyl-b-D-glucopyranoside (26).
Removal of the benzylidene acetal of 25 (91 mg, 0.162 mmol)
followed by selective acetylation of the C-6 hydroxyl was per-
formed as described in the general procedures section. Chro-
matography over silica gel using a mixture of hexane and EtOAc
(2 : 1, v/v) as an eluent gave 26 (33 mg, 87%). [a]25

D +30.6
(c 1.0, CHCl3); 1H NMR (300 MHz, CDCl3): d 5.18 (t, 1H,
J2′ ,3′ = J3′ ,4′ = 9.3 Hz, H-3′), 4.96 (dd, 1H, J1′ ,2′ = 8.1 Hz,
J2′ ,3′ = 9.2 Hz, H-2′), 4.58 (d, 1H, J1′ ,2′ = 8.1 Hz, H-1′), 4.43
(dd, 1H, J5,6a = 2.7 Hz, J6a,6b = 12.3 Hz, H-6a), 4.39 (dd, 1H,
J5,6b = 5.1 Hz, J6a,6b = 12.4 Hz, H-6b), 4.18 (d, 1H, J1,2 = 7.5 Hz,
H-1), 3.73 (bs, 1H, OH), 3.55 (s, 3H, OCH3), 3.52–3.35 (m, 3H,
H-3, H-4, H-5), 3.34–3.08 (m, 3H, H-2, H-4′, H-5′), 2.04 (m, 6H,
CH3CO), 1.18 (d, 3H, J = 6.0 Hz, CH3). 13C NMR (75 MHz,
CDCl3): d 171.0, 170.1, 169.9 (3 x CH3CO), 103.3 (C-1), 101.6
(C-1′), 85.6, 73.6, 73.5 (C-3′), 71.7 (C-2′), 71.3, 68.8, 65.4 (C-2),
65.2 (C-4′), 63.2 (C-6), 57.5 (OCH3), 21.0, 20.8, 20.7 (3 x CH3CO),
18.3 (CH3). ESI HRMS: m/z 539.1827 [M + Na+]. Calcd for
C19H28N6O11 539.1816.

Methyl 3-O-(4′-azido-2′,3′-di-O-acetyl-4′,6′-dideoxy-b-D-gluco-
pyranosyl)-2,6-diazido-2,6-dideoxy-b-D-glucopyranoside (27).
Removal of the benzylidene acetal of 25 (91 mg, 0.162 mmol)
followed by selective tosylation and azido substitution of the C-6
hydroxyl was performed as described in the general procedures
section. Chromatography over silica gel using a mixture of hexane
and EtOAc (4 : 1, v/v) as an eluent gave 27 (64 mg, 67%). [a]25

D +
42.4 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3): d 5.15 (t, 1H,
J2′ ,3′ = 9.6 Hz, H-3′), 4.94 (dd, 1H, J1′ ,2′ = 8.4 Hz, J2′ ,3′ = 9.6 Hz,
H-2′), 4.58 (d, 1H, J1′ ,2′ = 8.4 Hz, H-1′), 4.23 (d, 1H, J1,2 = 7.8 Hz,
H-1), 3.76 (bs, 1H, OH), 3.57 (s, 3H, OCH3), 3.49–3.38 (m, 5H,
H-3, H-4, H-5, H-5′, H-6a), 3.36–3.23 (m, 2H, H-4′, H-6b), 3.18
(dd, 1H, J1,2 = 7.8 Hz, J2,3 = 9.0 Hz, H-2), 2.04 (m, 6H, CH3CO),
1.18 (d, 3H, J = 6.0 Hz, CH3). 13C NMR (75 MHz, CDCl3): d
170.1, 169.9 (2 x CH3CO), 103.2 (C-1), 101.6 (C-1′), 85.4, 75.6,

73.7 (C-3′), 71.6, 71.3, 69.8, 65.4 (C-2), 65.2 (C-4′), 57.4 (OCH3),
51.6 (C-6), 20.9, 20.7 (2 x CH3CO), 18.3 (CH3). ESI HRMS: m/z
522.1764 [M + Na+]. Calcd for C17H25N9O9 522.1775.

Methyl 3-O-(4′′-azido-4′′,6′′-dideoxy-b-D-glucopyranosyl)-4-O-
(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-glucopyranosyl)-
2-azido-2-deoxy-b-D-glucopyranoside (28). A TMSOTf (14 lL)
catalyzed glycosylation of 26 (33 mg, 0.064 mmol) with 4 (55 mg,
0.096 mmol) was performed in a mixture of Et2O–CH2Cl2 (2 : 1,
v/v, 3.0 ml) and afforded an intermediate trisaccharide, which
contained a small amount of impurity after silica gel column
chromatography (MALDI-TOF: m/z 931.34 [M + Na+]). The
O-acetyl protecting group was removed by a standard procedure.
The crude material was purified by silica gel chromatography
(hexane–EtOAc, 3 : 1–2 : 1, v/v) providing 28 (20.0 mg, 67%).
[a]25

D +11.7 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3): d 7.40–
7.20 (m, 10H, aromatics), 5.90 (d, 1H, J1′ ,2′ = 3.6 Hz, H-1′), 4.86
(d, 1H, J1′′ ,2′′ = 8.4 Hz, H-1′′), 4.84–4.81 (m, 3H, PhCH2), 4.60 (d,
1H, J2 = 10.8 Hz, PhCH2), 4.28 (d, 1H, J1,2 = 7.8 Hz, H-1), 4.04
(t, 1H, J2,3 = J3,4 = 9.5 Hz, H-3), 3.97–3.70 (m, 5H, H-3′, H-4′,
H-5′, H-6a, H-6b), 3.65–3.48 (m, 4H, H-3′′, H-5a′′, H-5b′′, H-6a′),
3.58 (s, 3H, OCH3), 3.46–3.20 (m, 6H, H-2, H-2′, H-2′′, H-4, H-5,
H-6b′), 3.10–3.06 (m, 2H, H-4′′, OH), 1.39 (d, 3H, J = 6.0 Hz,
CH3). 13C NMR (75 MHz, CDCl3): d 137.8, 137.7, 128.7 (x2),
128.3, 128.2, 103.3 (C-1), 101.5 (C-1′′), 96.4 (C-1′), 79.8, 79.6, 78.7,
75.6, 75.5, 75.4, 74.9, 74.7 (C-3′′), 71.4, 71.3, 69.5, 67.4, 66.4 (C-4′′),
63.2, 61.5, 57.7 (OCH3), 51.3 (C-6′), 18.3 (CH3). ESI HRMS: m/z
805.3088 [M + Na+]. Calcd for C33H42N12O11 805.3096.

Methyl 3-O-(4′′-azido-4′′,6′′-dideoxy-b-D-glucopyranosyl)-4-O-
(2′,6′-diazido-3′,4′-di-O-benzyl-2′,6′-dideoxy-a-D-glucopyranosyl)-
2,6-diazido-2,6-dideoxy-b-D-glucopyranoside (29). A TMSOTf
(7 lL) catalyzed glycosylation of 27 (16 mg, 0.032 mmol) with 4
(22 mg, 0.038 mmol) was performed in a mixture of Et2O–CH2Cl2

(2 : 1, v/v, 3.0 ml) and afforded an intermediate trisaccharide,
which contained a small amount of impurity after silica gel column
chromatography (MALDI-TOF: m/z 914.34 [M + Na+]). The O-
acetyl protecting group was removed by a standard procedure. The
crude material was purified by silica gel chromatography (hexane–
EtOAc, 3 : 1–1 : 1, v/v) providing 29 (8.5 mg, 81%). [a]25

D +37.0
(c 0.5, CHCl3); 1H NMR (500 MHz, CDCl3): d 7.40–7.20 (m,
10H, aromatics), 5.89 (d, 1H, J1′ ,2′ = 3.6 Hz, H-1′), 4.85 (d, 1H,
J1′′ ,2′′ = 8.4 Hz, H-1′′), 4.84–4.81 (m, 3H, PhCH2), 4.59 (d, 1H, J2 =
10.8 Hz, PhCH2), 4.27 (d, 1H, J1,2 = 7.8 Hz, H-1), 3.95–3.70 (m,
3H, H-3, H-3′, H-6a), 3.70–3.51 (m, 6H, H-3′′, H-4′, H-5′, H-5a′′,
H-6b, H-6a′), 3.58 (s, 3H, OCH3), 3.50–3.30 (m, 6H, H-2, H-2′′, H-
4, H-5, H-5b′′, H-6b′), 3.24 (dd, 1H, J1′ ,2′ = 3.6 Hz, J2′ ,3′ = 10.2 Hz,
H-2′), 3.10 (t, 1H, J3′′ ,4′′ = J4′′ ,5′′ = 9.6 Hz, H-4′′), 1.38 (d, 3H, J =
6.0 Hz, CH3). 13C NMR (75 MHz, CDCl3): d 137.6, 137.5, 128.8,
128.7, 128.3, 128.2, 102.9 (C-1), 101.4 (C-1′′), 96.3 (C-1′), 79.6 (C-
6a), 79.3 (C-3′), 78.6 (C-3), 77.4, 75.6, 75.5, 75.4, 74.8, 74.3, 71.7,
71.4, 71.3, 67.3, 66.3 (C-4′′), 63.1 (C-2′), 57.3 (OCH3), 51.6 (C-6),
51.3 (C-6′), 18.3 (CH3). ESI HRMS: m/z 830.3155 [M + Na+].
Calcd for C33H41N15O10 830.3161.

Methyl 3-O-(4′′-amino-4′′,6′′-dideoxy-b-D-glucopyranosyl)-4-O-
(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-2-amino-2-deoxy-
b-D-glucopyranoside (30). Trisaccharide 28 (6.1 mg) was hydro-
genated in pyridine (3.0 mL) in the presence of Pd/C (20 mg)
as described in the general procedures section. The intermediate
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was further hydrogenated in AcOH and H2O (2.2 mL, 10 : 1,
v/v) in the presence of Pd(OH)2 (20 mg) to give trisaccharide
30 (1.3 mg): 1H NMR (D2O, 500 MHz) (acetate salt): d
5.58 (d, 1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.83 (d, 1H, J1′′ ,2′′ =
7.0 Hz, H-1′′), 4.41 (d, 1H, J1,2 = 7.5 Hz, H-1), 4.08 (t, 1H,
J2,3 = J3,4 = 11.5 Hz, H-3), 3.98 (m, 1H, H-6a), 3.92–3.70 (m, 4H,
H-3′, H-3′′, H-4′, H-6b), 3.65–3.20 (m, 6H, H-2′, H-2′′, H-4, H-5,
H-5′, H-6a′), 3.49 (s, 3H, OCH3), 3.15–3.10 (m, 2H, H-5′′, H-6b′),
3.04 (dd, 1H, J1,2 = 7.5 Hz, J2,3 = 11.5 Hz, H-2), 2.92 (t, 1H,
J3′′ ,4′′ = J4′′ ,5′′ = 8.0 Hz, H-4′′), 1.82 (s, 12H, CH3CO2), 1.30 (d,
3H, J = 5.0 Hz, CH3). 13C NMR (75 MHz, D2O) (acetate salt) d
181.3 (CH3CO2), 101.3 (C-1), 101.0 (C-1′′), 96.3 (C-1′), 81.9, 74.3,
73.7, 72.6, 72.0, 70.7, 69.6, 69.0, 59.6, 57.3 (OCH3), 56.2 (C-2),
56.0 (C-2′), 53.7, 40.3 (C-6′), 22.8 (CH3CO2), 16.5 (CH3).

Methyl 3-O-(4′′-amino-4′′,6′′-dideoxy-b-D-glucopyranosyl)-4-O-
(2′,6′-diamino-2′,6′-dideoxy-a-D-glucopyranosyl)-2,6-diamino-2,6-
dideoxy-b-D-glucopyranoside (31). Trisaccharide 29 (8.5 mg) was
hydrogenated in pyridine (3.0 mL) in the presence of Pd/C
(20 mg) as described in the general procedures section. The
intermediate was further hydrogenated in AcOH and H2O (2.2 mL,
10 : 1, v/v) in the presence of Pd(OH)2 (20 mg) to give trisaccharide
31 (3.0 mg): 1H NMR (D2O, 500 MHz) (acetate salt): d 5.46 (d,
1H, J1′ ,2′ = 3.5 Hz, H-1′), 4.78 (d, 1H, J1′′ ,2′′ = 7.0 Hz, H-1′′), 4.34
(d, 1H, J1,2 = 7.5 Hz, H-1), 4.09 (t, 1H, J2,3 = J3,4 = 8.0 Hz, H-3),
3.85–3.64 (m, 3H, H-3′, H-3′′, H-6a), 3.56–3.32 (m, 4H, H-4, H-5′,
H-5′′, H-6b), 3.46 (s, 3H, OCH3), 3.30–3.10 (m, 4H, H-2′, H-2′′,
H-5, H-6a′), 3.16 (dd, 1H, J5′ ,6b′ = 7.5 Hz, J6a′ ,6b′ = 8.0 Hz, H-6b′),
3.01 (dd, 1H, J1,2 = 7.5 Hz, J2,3 = 9.5 Hz, H-2), 2.85 (t, 1H, J3′′ ,4′′ =
J4′′ ,5′′ = 7.5 Hz, H-4′′), 1.82 (s, 10H, CH3CO2), 1.30 (d, 3H, J =
5.0 Hz, CH3). 13C NMR (75 MHz, D2O) (acetate salt) d 181.3
(CH3CO2), 101.6 (C-1), 101.2 (C-1′′), 96.9 (C-1′), 81.5, 75.8, 73.9,
72.8, 71.4, 70.7, 70.3, 57.9, 57.5 (OCH3), 56.9 (C-2′), 55.5 (C-2),
41.9 (C-6), 41.3 (C-6′), 23.8 (CH3CO2), 17.3 (CH3).
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