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Abstract An efficient and significantly rapid access of a
series of glycosyl azides and glycosyl 1,2,3-triazole con-
jugates is reported using modified one-pot reaction con-
ditions. In both cases yields were excellent and single
diastereomers were obtained.
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Introduction

Glycosyl azides are important classes of carbohydrate
derivatives, which have been used as precursors for the
synthesis of glycosyl amines [1, 2], N-glycopeptides [3], N-
glycoproteins [4] and glycosyl heterocycles such as, 1,2,3-
triazoles [5–7] etc. In some cases, glycosyl azides have
been converted into glycosyl fluorides for their use in the
synthesis of oligosaccharides and glycoconjugates [8].
Glycosyl azides have successfully been used in the solid-
phase preparation of glycopeptides [9, 10]. They can also
provide chiral templates for the synthesis of glycosyl amino
acids (GAA), amino glycosyl phosphonic acid derivatives

[11–13]. Glycosyl azides have successfully been applied as
novel substrate for enzymatic transglycosylations [14].

Glycosyl 1,2,3-triazole derivatives derived from glycosyl
azides using “Click chemistry”[15–22] have appeared as
useful molecules of medicinal interest because of their
potential to act as inhibitors for galectins [23–26], RNA
binding molecules [27] and carbonic anhydrase antagonists
[28]. Most commonly, glycosyl triazole derivatives are
prepared by the 1,3-dipolar cycloaddition of glycosyl azides
and alkynes under “Click chemistry” conditions, which is a
powerful technique for the preparation of triazole linked
neoglycoconjugates [29], cyclodextrin analogs [30, 31] and
linking of carbohydrate moieties with proteins to generate
glycoconjugates [32, 33] in glycobiology research.

Recently, we are engaged in the preparation of several
glycosyl triazole derivatives for their evaluation as RNA
binding molecules and for this purpose we were looking for
a faster reaction condition for the preparation of glycosyl
azides and glycosyl 1,2,3-triazoles from glycosyl bromides.
Conventionally, glycosyl azides are prepared by the
stereospecific reaction of glycosyl halides with sodium
azide in DMF at elevated temperature in a longer reaction
time (12–20 h) [34, 35]. Heterogeneous phase-transfer
reaction conditions have also been established for the
preparation of glycosyl azides from glycosyl halides [36].
They can also be prepared from glycosyl acetates on
treatment with trimethylsilyl azide in the presence of a
Lewis acid [37]. Earlier, we have reported a one-pot
reaction protocol for the preparation of glycosyl azides
directly from unprotected reducing sugars under a phase-
transfer conditions [38]. In this circumstance, we presumed
that under the conventional reaction conditions sodium
azide has a poor solubility in DMF, used as the solvent and
as a result longer reaction time was required at about 80°C
resulting in the possibility of the formation of a mixture of
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diastereomeric products. Earlier Alvarez and Alvarez [39]
and Kacprzak [40] have performed azidation of various
alkyl halides very efficiently using a slight excess of
sodium azide in DMSO at room temperature. Therefore,
we set out to explore the role of solvents such as, DMF,
THF, 1,4-dioxane, DMSO etc in the reaction rate of per-
O-acetyl-glucosyl azide formation from its corresponding
bromide. After a series of experiments we were surprised
to observe that the use of sodium azide (1.2 equiv.) in

DMSO (5 mL/mmol of substrate) could furnish per-O-
acetyl-glucosyl azide from per-O-acetyl-glucosyl bro-
mide at room temperature within 10 min (Scheme 1).
This may be explained by considering the high solubility
of both reactants in DMSO could facilitate a fast S2N
reaction and thus resulted in the rapid formation of
glucosyl azide. Under following similar reaction con-
ditions, a series of glycosyl azides from glycosyl
bromides have been prepared in excellent yield in a very
short interval of time at room temperature (Table 1).
Glycosyl bromides used for this reaction can be prepared
from the reducing sugars following earlier reported
protocols and can be used directly without any purifica-
tion [41]. It is noteworthy that only β-glycosyl azides
were obtained exclusively.

NaN3, DMSO
5-10 min, r t

O
(AcO)n N3

O
(AcO)n

Br
Scheme 1 Fast preparation of glycosyl azides from glycosyl
bromides

Table 1 Rapid access to glycosyl azides from glycosyl bromidesa

a All reactions were conducted at room temperature
b Isolated yield
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After achieving glycosyl azides, we explored the
possibility to extend the reaction for the direct preparation
of glycosyl triazole following Sharpless “Click chemistry”
condition in one-pot avoiding intermediate work-up step.
Following literature reported protocols for the 1,3-cycload-
dition reaction, preparation of glycosyl triazoles from
glycosyl azides and alkynes usually take 10–16 h at an
elevated temperature in water or organic solvents. Earlier a
series of glucosyl-1,4-disubstituted 1,2,3-triazole deriva-
tives were prepared by Akula et al. using the Sharpless
CuSO4/ascorbic acid system in water at 70°C in 8 h [42].
Chittabonia et al. reported direct formation of glycosyl
triazole conjugates from reducing sugars or glycosyl acetate
in a phase transfer reaction condition [43]. However, in our
hands the reaction conditions resulted in a considerable
amount of NH-triazole as a by product. In order to achieve
the glycosyl triazole derivatives from glycosyl bromide in
one-pot in a shorter reaction time, phenyl acetylene (1.5
equiv.), CuSO4·5H2O (2.5 mL, 1 M aq. solution) and
sodium L-ascorbate (2.5 mL, 1 M aq. solution) were added
to the reaction mixture after complete consumption of the
glucosyl bromide and to our satisfaction, clean formation of
glucosyl triazole formed in excellent yield within 30 min to
2 h at room temperature (Scheme 2). This one-pot reaction
protocol has been generalized by preparing a series of
glycosyl triazole derivatives directly from glycosyl bro-
mides at room temperature (Table 2). It is clear that DMSO
has a significant role in the reaction rate may be due to the
fact that all reactants are highly soluble in DMSO, which
led to the clean formation of products in a very short
reaction time at room temperature. It is noteworthy that
only single regioisomers of glycosyl 1,2,3-triazole deriva-
tives (1,4-substituted triazoles) were formed under the
reaction condition, which was further confirmed from nOe
NMR experiments.

Conclusion

In summary we have developed an elegant methodology for
the significant rapid access of glycosyl azides and glycosyl
triazole conjugates from glycosyl bromides. Exceptionally
fast preparation of glycosyl azides and triazoles from
glycosyl bromides, a two-step, one-pot reaction protocol,

aqueous reaction conditions are the key features of this
method.

Experimental section

General methods General methods are same as described
earlier [38].

General experimental protocol for the preparation of
glycosyl azide To a solution of per-O-acetylated glycosyl
bromide (1 mmol) in dry DMSO (5 mL) was added sodium
azide (1.2 mmol) and the reaction was allowed to stir at
room temperature for appropriate time (Table 1). The
reaction mixture was diluted with water (25 mL) and
extracted with EtOAc (25 mL). The organic layer was dried
(Na2SO4) and evaporated to dryness to give per-O-
acetylated glycosyl azide, which was purified either by
crystallization or column chromatography over SiO2.
Products of all known compounds gave acceptable 1H
NMR and 13C NMR spectra that matched the data reported
in the cited references.

General experimental protocol for the preparation of 4-
substituted glycosyl 1,2,3-triazole To a solution of per-O-
acetylated glycosyl bromide (1 mmol) in dry DMSO
(5 mL) was added sodium azide (1.2 mmol) and the
reaction was allowed to stir at room temperature for
appropriate time (Table 1). To the reaction mixture were
added appropriate alkyne (1.5 mmol), sodium L-ascorbate
(2.5 mL, 1 M aq. soln) and CuSO4·5H2O solution (2.5 mL,
1 M aq. soln) and the reaction mixture was allowed to stir
for appropriate time (Table 2). The reaction mixture was
filtered and extracted with EtOAc (25 mL). The organic
layer was dried (Na2SO4) and evaporated to dryness to give
per-O-acetylated glycosyl triazole derivative, which was
purified by column chromatography over SiO2.

Spectral data for glycosyl triazole conjugates as follows.

Compound 3a: Oil; 1H NMR (CDCl3, 200 MHz): δ 8.35
(s, 1 H, H-5′), 5.92 (d, J=8.9 Hz, 1 H, H-
1), 5.47–5.36 (m, 2 H, H-2 and H-3), 5.22
(t, J=9.8 Hz, 1 H, H-4), 4.31 (dd, J=12.6,
4.9 Hz, 1 H, H-6a), 4.15 (dd, J=12.6,

NaN3, DMSO
5-10 min, r t

O
(AcO)n N3

O
(AcO)n

Br
One-pot

O
(AcO)n N N

N

R

R

CuSO4.5H2O
Ascorbic acid
0.5-2 h, H2O, r t

R = COOMe, Ph, CH2OH,
glycosyl alkynes,
heterocyclic alkyne

Scheme 2 One-pot rapid preparation of 4-substituted glycosyl 1,2,3-triazole conjugates from glycosyl bromides
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Table 2 Two step, one-pot synthesis of glycosyl triazole derivatives from glycosyl bromides via in situ generation of glycosyl azidesa

a All reactions were conducted at room temperature
b Time required after formation of glycosyl azides
c Isolated yield
d Reference [43]
e 70°C and two drops of N,N-diisopropylethyl amine.
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1.9 Hz, 1 H, H-6b), 4.06–4.0 (m, 1 H, H-
5), 3.96 (s, 3 H, OCH3), 2.09, 2.07, 2.03,
1.90 (4 s, 12 H, 4 COCH3);

13C NMR
(CDCl3, 75 MHz): δ 170.4, 169.8, 169.3,
168.9 (4 COCH3), 160.5 (COOCH3),
140.6 (C-5′), 126.1 (C-4′), 85.9 (C-1),
75.4, 72.3, 70.4, 67.6, 61.4, 52.3
(COOCH3), 20.6, 20.5 (2 C), 20.1 (4
COCH3); ESI-MS: m/z=480.3 [M+Na]+;
Anal. Calcd. for C18H23N3O11 (457.39):
C, 47.27; H, 5.07; found: C, 47.10; H,
5.30.

Compound 3b: [43] White solid, m.p. 195–198°C; 1H
NMR (CDCl3, 300 MHz): δ 8.02 (s, 1 H,
H-5′), 7.85 (d, J=8.5 Hz, 2 H, Ar-H),
7.47–7.35 (m, 3 H, Ar-H), 5.94 (d, J=
9.1 Hz, 1 H, H-1), 5.53 (t, J=9.4 Hz, 1 H,
H-3), 5.44 (t, J=9.5 Hz, 1 H, H-2), 5.27
(t, J=9.3 Hz, 1 H, H-4), 4.32 (dd, J=
12.6, 5.0 Hz, 1 H, H-6a), 4.18 (dd, J=
12.6, 2.0 Hz, 1 H, H-6b), 4.06–4.0 (m, 1
H, H-5), 2.09, 2.08, 2.05, 1.89 (4 s, 12 H,
4 COCH3);

13C NMR (CDCl3, 75 MHz):
δ 170.4, 169.8, 169.3, 168.9 (4 COCH3),
148.4 (C-5′), 129.8 (C-4′), 128.8–117.7
(Ar-C), 85.7 (C-1), 75.1, 72.7, 70.2, 67.7,
61.5, 20.6, 20.5 (2 C), 20.1 (4 COCH3);
ESI-MS: m/z=498.2 [M+Na]+; Anal.
Calcd. for C22H25N3O9 (475.44): C,
55.58; H, 5.30; found: C, 55.40; H, 5.48.

Compound 3c: Oil; 1H NMR (CDCl3, 300 MHz): δ 7.82
(s, 1 H, H-5′), 5.90 (d, J=9.0 Hz, 1 H, H-
1), 5.46–5.43 (m, 2 H, H-2 and H-3), 5.25
(t, J=9.2 Hz, 1 H, H-4), 4.80 (br s, 2 H,
CH2OH), 4.30 (dd, J=12.6, 4.9 Hz, 1 H,
H-6a), 4.17 (dd, J=12.6, 2.0 Hz, 1 H, H-
6b), 4.08–4.0 (m, 1 H, H-5), 2.1, 2.08,
2.04, 1.89 (4 s, 12 H, 4 COCH3);

13C
NMR (CDCl3, 75 MHz): δ 170.5, 169.9,
169.4, 169.1 (4 COCH3), 148.4 (C-5′),
120.2 (C-4′), 85.7, 75.0, 72.6, 70.3, 67.6,
61.5, 56.3, 20.6, 20.5 (2 C), 20.1 (4
COCH3); ESI-MS: m/z=452.4 [M+Na]+;
Anal. Calcd. for C17H23N3O10 (429.38): C,
47.55; H, 5.40; found: C, 47.36; H, 5.55.

Compound 3d: [43] White solid, m.p. 185–187°C; 1H
NMR (CDCl3, 300 MHz): δ 8.07 (s, 1 H,
H-5′), 7.89–7.86 (m, 2 H, Ar H), 7.48–
7.37 (m, 3 H, Ar H), 5.92 (d, J=9.4 Hz, 1
H, H-1), 5.66 (t, J=9.9 Hz, 1 H, H-2), 5.59
(d, J=3.1 Hz, 1 H, H-4), 5.30 (dd, J=10.3,
3.3 Hz, 1 H, H-3), 4.27–4.19 (m, 3 H, H-5
and H-6ab), 2.27, 2.07, 2.02, 1.92 (4 s, 12

H, 4 COCH3);
13C NMR (CDCl3,

50 MHz): δ 169.9, 169.6, 169.4, 168.7 (4
COCH3), 148.0 (C-5′), 129.5 (C-4′),
128.4–117.4 (Ar C), 85.9 (C-1), 74.5,
71.3, 68.2, 67.3, 61.6, 21.1, 21.0, 20.9,
20.7 (4 COCH3); ESI-MS: m/z=498.3
[M+Na]+; Anal. Calcd. for C22H25N3O9

(475.44): C, 55.58; H, 5.30; N, 8.84
found: C, 55.42; H, 5.50.

Compound 3e: White solid, m.p. 168–171°C; 1H NMR
(CDCl3, 300 MHz): δ 8.41 (s, 1 H, H-5′),
5.92 (d, J=9.2 Hz, 1 H. H-1), 5.57 (d, J=
2.7 Hz, 1 H, H-4), 5.50 (t, J=9.3 Hz, 1 H,
H-2), 5.27 (dd, J=10.3 and 3.3 Hz, 1 H,
H-3), 4.30–4.24 (m, 1 H, H-5), 4.20–4.15
(m, 2 H, H-6ab), 3.96 (s, 3 H, CH3), 2.23,
2.04, 2.01, 1.90 (4 s, 12 H, 4 COCH3);
13C NMR (CDCl3, 50 MHz): δ 170.2,
169.8, 169.7, 169.0 (4 COCH3), 160.6
(COOCH3), 140.5 (C-5′), 126.2 (C-4′), 86.4
(C-1), 74.2, 70.4, 68.0, 66.7, 61.1 (C-1), 52.3
(COOCH3), 20.5, 20.4 (2 C), 20.1 (4 COCH3);
ESI-MS: m/z=480.1 [M+Na]+; Anal.
Calcd. for C18H23N3O11 (457.39): C, 47.27;
H, 5.07; found: C, 47.08; H, 5.25.

Compound 3f: White solid, m.p. 148–150°C; 1H NMR
(CDCl3, 300 MHz): δ 7.87 (s, 1 H, H-5′),
5.87 (d, J=9.3 Hz, 1 H, H-1), 5.56 (d, J=
2.6 Hz, 1 H, H-4), 5.54 (t, J=9.5 Hz, 1 H,
H-2), 5.27 (dd, J=10.2, 3.4 Hz, 1 H, H-3),
4.80 (br s, 2 H, CH2OH), 4.27–4.22 (m, 1
H, H-5), 4.18–4.13 (m, 2 H, H-6ab), 2.22,
2.05, 2.02, 1.90 (4 s, 12 H, 4 COCH3);
13C NMR (CDCl3, 50 MHz): δ 170.8,
170.5, 170.3, 169.6 (4 COCH3), 148.9 (C-5′),
120.9 (C-4′), 86.3 (C-1), 74.2, 71.1, 68.4,
67.4, 61.7, 56.3, 20.9 (2 C), 20.8, 20.6 (4
COCH3); ESI-MS: m/z=452.4 [M+Na]+;
Anal. Calcd. for C17H23N3O10 (429.38): C,
47.55; H, 5.40; found: C, 47.37; H, 5.58.

Compound 3h: Oil; 1H NMR (CDCl3, 300 MHz): δ 8.03
(s, 1 H, H-5′), 7.88–7.82 (m, 2 H, Ar H),
7.47–7.36 (m, 3 H, Ar H), 6.22 (br s, 1 H,
H-1), 5.81 (br s, 1 H, H-2), 5.39–5.31 (m,
2 H, H-3 and H-4), 4.37 (dd, J=12.5,
5.9 Hz, 1 H, H-6a), 4.22 (dd, J=12.5,
2.0 Hz, 1 H, H-6b), 4.05–4.0 (m, 1 H, H-
5), 2.12, 2.10, 2.01 (3 s, 12 H, 4 COCH3);
13C NMR (CDCl3, 75 MHz): δ 170.6,
169.7, 169.6, 168.9 (4 COCH3), 147.7 (C-
5′), 130.0 (C-4′), 128.9–118.4 (Ar C),
84.8 (C-1), 75.7, 70.7, 68.9, 64.9, 62.2,
20.7, 20.6, 20.5, 20.4 (4 COCH3); ESI-

Glycoconj J (2008) 25:595–602 599



MS: m/z=498.5 [M+Na]+; Anal. Calcd.
for C22H25N3O9 (475.44): C, 55.58; H,
5.30; N, 8.84 found: C, 55.40; H, 5.46.

Compound 3i: Oil; 1H NMR (CDCl3, 300 MHz): δ 7.73
(s, 1 H, H-5″), 5.84 (d, J=9.0 Hz, 1 H, H-
1), 5.42–5.39 (m, 2 H, H-2 and H-3), 5.36
(d, J=3.0 Hz, 1 H, H-4′), 5.13 (dd, J=
10.3, 7.8 Hz, 1 H, H-2′), 5.0 (dd, J=10.4,
3.4 Hz, 1 H, H-3′), 4.79 (br s, 2 H,
CH2OH), 4.54 (d, J=7.8 Hz, 1 H, H-1′),
4.50 (d, J=12.3 Hz, 1 H, H-6a), 4.18–4.10
(m, 3 H, H-4, H-5 and H-6b), 3.97–3.90
(m, 3 H, H-5′ and H-6′ab), 2.16, 2.10, 2.08,
2.07, 2.06, 1.97, 1.88 (7 s, 21 H, 7
COCH3);

13C NMR (CDCl3, 75 MHz): δ
170.3 (2 C), 170.1, 169.5 (2 C), 169.2,
169.1 (7 COCH3), 148.3 (C-5″), 120.1 (C-4″),
101.0 (C-1′), 85.5 (C-1), 77.2, 75.9, 75.5, 72.5,
70.8 (2 C), 69.0, 66.6, 61.7, 60.8, 56.5, 20.6 (2
C), 20.5 (3 C), 20.2 (2 C) (7 COCH3); ESI-
MS: m/z=740.6 [M+Na]+; Anal. Calcd. for
C29H39N3O18 (717.63): C, 48.54; H, 5.48;
found: C, 48.35; H, 5.72.

Compound 3j: [43] Oil; 1H NMR (CDCl3, 300 MHz): δ
7.95 (s, 1 H, H-5″), 7.84–7.81 (m, 2 H, Ar H),
7.45–7.35 (m, 3 H, Ar H), 5.90 (d, J=8.8 Hz, 1
H, H-1), 5.49–5.44 (m, 2 H, H-2 and H-3),
5.38 (d, J=2.7 Hz, 1 H, H-4′), 5.13 (dd, J=
10.3, 7.8 Hz, 1 H, H-2′), 5.02 (dd, J=10.4,
3.4 Hz, 1 H, H-3′), 4.57 (d, J=7.8 Hz, 1 H, H-
1′), 4.52 (d, J=12.4 Hz, 1 H, H-6a), 4.22–4.11
(m, 3 H, H-4, H-5 and H-6b), 4.0–3.93 (m, 3
H, H-5′ and H-6′ab), 2.17, 2.11, 2.08, 2.07,
2.06, 1.97, 1.88 (7 s, 21 H, 7 COCH3);

13C
NMR (CDCl3, 75 MHz): δ 170.2 (2 C), 170.0
(2 C), 169.5 (2 C), 169.2 (7 COCH3), 148.3
(C-5″), 129.8 (C-4″), 128.8–117.9 (Ar C),
101.0 (C-1′), 85.5 (C-1), 75.9, 75.6, 72.6, 70.8
(2 C), 70.4, 69.0, 66.6, 61.8, 60.8, 20.6 (2 C),
20.4 (3 C), 20.2 (2 C) (7 COCH3); ESI-MS: m/
z=786.2 [M+Na]+; Anal. Calcd. for
C34H41N3O17 (763.69): C, 53.47; H, 5.41;
found: C, 53.30; H, 5.60.

Compound 3k: Oil; 1H NMR (CDCl3, 300 MHz): δ 8.31
(s, 1 H, H-5″), 5.93 (d, J=8.9 Hz, 1 H, H-
1), 5.43–5.31 (m, 3 H, H-2, H-3 and H-
4′), 5.16–5.08 (m, 1 H, H-2′), 5.01–4.94
(m, 1 H, H-3′), 4.57–4.48 (m, 3 H, H-1′,
H-4, H-6a), 4.19–4.05 (m, 4 H, H-5′, H-6b
and H-6′ab), 3.95 (s, 3 H, COOCH3),
3.93–3.87 (m, 1 H, H-5), 2.17, 2.12,
2.08, 2.06, 2.05, 1.98, 1.89 (7 s, 21 H, 7
COCH3);

13C NMR (CDCl3, 75 MHz): δ

170.5, 170.3, 170.1, 170.0, 169.6, 169.4,
169.0 (7 COCH3), 160.6 (COOCH3),
140.4 (C-5″), 126.2 (C-4″), 100.9 (C-1′),
85.6 (C-1), 77.02, 76.0, 75.4, 72.2, 70.9,
70.6, 69.0, 66.6, 60.8 (2 C), 52.3
(COOCH3), 20.8, 20.6 (2 C), 20.5 (2 C),
20.4, 20.2 (7 COCH3); ESI-MS: m/z=
768.1 [M+Na]+; Anal. Calcd. for
C30H39N3O19 (745.64): C, 48.32; H,
5.27; found: C, 48.15; H, 5.46.

Compound 3l: White solid, m.p. 130–132°C; 1H NMR
(CDCl3, 300 MHz): δ 7.83 (m, 1 H, H-5″),
5.90 (d, J=8.8 Hz, 1 H, H-1), 5.45–5.42
(m, 2 H, H-2, H-3), 5.25 (t, J=9.7 Hz, 1
H, H-4), 5.20 (t, J=9.4 Hz, 1 H, H-2′),
5.10 (t, J=9.6 Hz, 1 H, H-3′), 4.96 (t, J=
8.1 Hz, 1 H, H-4′), 4.95–4.78 (ABq, J=
12.9 Hz each, 2 H, CH2O), 4.57 (d, J=
7.9 Hz, 1 H, H-1′), 4.32–4.27 (m, 2 H, H-
6a and H-6′a), 4.22–4.13 (m, 2 H, H-6b
and H-6′b), 4.05–4.0 (m, 1 H, H-5), 3.78–
3.75 (m, 1 H, H-5′), 2.12, 2.08, 2.07, 2.04,
2.02, 1.98, 1.97, 1.90 (8 s, 24 H,
8 COCH3);

13C NMR (CDCl3, 75 MHz):
δ 170.7, 170.4, 170.2 (2 C), 169.8 (2 C),
169.3, 169.0 (8 COCH3), 144.2 (C-5″),
121.9 (C-4″), 98.8 (C-1′), 85.8 (C-1),
75.2, 72.6, 72.4, 71.7, 71.1, 70.4, 68.4,
67.7, 61.9, 61.7, 61.5, 20.7 (2 C), 20.5 (4
C), 20.0 (2 C) (8 COCH3); ESI-MS: m/z=
782.2 [M+Na]+; Anal. Calcd. for
C31H41N3O19 (759.66): C, 49.01; H,
5.44; N, 5.53; found: C, 48.82; H, 5.70.

Compound 3m: Oil; 1H NMR (CDCl3, 300 MHz): δ 7.86 (s, 1
H, H-5″), 5.89 (d, J=9.2 Hz, 1 H, H-1), 5.57
(d, J=3.1 Hz, 1 H, H-4), 5.52 (t, J=9.5 Hz, 1
H, H-2), 5.26 (dd, J=10.5 and 3.4 Hz, 1 H, H-
3), 5.20 (t, J=9.4 Hz, 1 H, H-2′), 5.07 (t, J=
9.5 Hz, 1 H, H-3′), 5.0 (t, J=8.0 Hz, 1 H, H-
4′), 4.96–4.78 (ABq, J=12.8 Hz each, 2 H,
CH2O), 4.60 (d, J=8.0 Hz, 1 H, H-1′), 4.32–
4.09 (m, 5 H, H-5, H-6ab and H-6′ab), 3.81–
3.78 (m, 1 H, H-5′), 2.23, 2.11, 2.02, 1.98,
1.97, 1.91, 1.89 (7 s, 24 H, 8 COCH3);

13C
NMR (CDCl3, 75 MHz): δ 170.6, 170.2,
170.1, 169.8, 169.7, 169.4, 169.3, 169.2 (8
COCH3), 144.2 (C-5″), 121.8 (C-4″), 98.8 (C-
1′), 86.2 (C-1), 74.0, 72.6, 71.7, 71.0, 70.5,
68.3, 67.9, 66.8, 61.8, 61.7, 61.1, 20.6 (2 C),
20.5 (3 C), 20.4 (2 C), 20.1 (8 COCH3); ESI-
MS: m/z=782.3 [M+Na]+; Anal. Calcd. for
C31H41N3O19 (759.66): C, 49.01; H, 5.44; N,
5.53; found: C, 48.80; H, 5.65.
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Compound 3n: Oil; 1H NMR (CDCl3, 300 MHz): δ 8.04
(br s, 3 H), 5.89 (d, J=9.2 Hz, 3 H), 5.61
(br s, 3 H), 5.56–5.52 (m, 3 H), 5.28 (dd,
J=10.3 and 3.2 Hz, 3 H), 4.28–4.22 (m, 3
H), 4.18 (m, 6 H), 2.23, 2.04, 2.01, 1.87
(4 s, 36 H); 13C NMR (CDCl3, 75 MHz):
δ 172.7 (3 C), 170.3 (3 C), 170.0 (3 C),
169.8 (3 C), 169.0 (3 C), 142.9 (3 C), 122.3 (3
C), 86.2 (3C), 74.0 (3C), 70.7 (3C), 67.8 (3C),
66.8 (3 C), 61.5 (3 C), 61.1 (3 C), 20.6 (3 C),
20.4 (6 C), 20.2 (3 C); ESI-MS: m/z=1363.4
[M]; 1386.2 [M+Na]+; Anal. Calcd. for
C31H41N3O19 (759.66): C54H66N12O30

(1363.16): C, 47.58; H, 4.88; found: C,
47.40; H, 5.10.
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