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Galβ(1−4)GlcNAcβ(1−2)Manα(1−3)[Manα(1−6)]Manβ(1−4)-
GlcNAcβ(1−4)GlcNAcβ(1−N)Asn (1) was disconnected into
building blocks 2−6. N-Dimethylmaleoyl (DMM) protected
glucosamine 3 was readily obtained from glucosamine.
Transformation of 3 into 4-O-unprotected glucosamine deriv-
atives 9, 14, and 18 furnished the intermediates required for
the incorporation of the three differently linked glucosamine
residues. Thus, disaccharide 20 was obtained from acceptor
9 and glucosyl donor 19 and converted into protected
Manβ(1−4)GlcNAc disaccharide donor 5 by inversion of the
configuration at C-2 of the glucose residue. Glycosylation of
acceptor 18 with known galactosyl donor 26 afforded pro-
tected lactosamine donor 6. The synthesis of asparagine
building block 2 and of mannosyl donor 4 has already been
reported. With building blocks 2−6 in hand, the synthesis of

Introduction

Most cell surface proteins and proteins present in blood
serum of vertebrates are N- and/or O-glycosylated; the de-
rived glycoproteins often appear in various glycoforms, thus
constituting natural product libraries.[1,2] In order to invest-
igate the biological function of the various oligosaccharide
residues, the N-glycans in particular gained wide inter-
est.[3,4] The required structurally defined N-glycans should
be accessible by chemical[5212] or chemoenzymatic[13215]

synthesis as shown by several groups.
We have developed over the years efficient syntheses of

mono-, di- and trisaccharide building blocks which are also
useful in N-glycan synthesis,[12,17] as also shown in related
approaches.[10,14] Therefore, a versatile strategy for the even-
tual construction of all complex-type, including bisected-
type oligosaccharides, required for N-glycopeptide synthesis
was initiated.[12,18] Here it was applied to the asparagine-
linked heptasaccharide 1, consisting of the pentasaccharide
core structure abcdg and of one N-acetyllactosamine res-
idue (cf. Scheme 1); full details of the synthesis are reported.
Our strategy was based on a flexible protecting group pat-
tern, which included the dimethylmaleoyl (DMM) group as
an amino protecting group,[19] and on O-glycosyl trichlo-
roacetimidates as powerful glycosyl donors.[17] Bond dis-
connections 124 (Scheme 1) lead to the required building
blocks 226. They should allow for the generation of 1 as
well as for the attachment of other antennae and also of
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1 was accomplished. Glycosylation of acceptor 14 with donor
5 gave trisaccharide 29 which was transformed into acceptor
30. Treatment of 30 with glycosyl donor 4 provided tetrasac-
charide intermediate 31. Its transformation into 2d-O-unpro-
tected acceptor 33 and then reaction with disaccharide donor
6 furnished hexasaccharide 34. Removal of the 4c,6c-O-
benzylidene group gave 4c,6c-O-unprotected acceptor 35
which, on glycosylation with donor 4, led to heptasaccharide
36. Replacement of the N-DMM groups by N-acetyl groups
and removal of all O-acyl groups, followed by transformation
of the C-1a azido group into an amino group, and attachment
of asparagine building block 2 led to the desired heptasac-
charide β-linked to asparagine 39. Hydrogenolysis of all O-
benzyl groups afforded target molecule 1.

different antennae at the 2-hydroxy groups of the two α-
linked mannose residues; also either an N-acetylglucosam-
ine or a fucosyl α(126)-N-acetylglucosamine residue can be
attached with a β(124)-linkage at the reducing end. With
an N-linkage to asparagine, these compounds can be dir-
ectly employed for N-glycopeptide synthesis.[20] The re-
quired building block 2[21] with an activated carboxylate
side chain as well as the mannose building block 4[22] are
readily available following literature procedures.

Results and Discussion

The N-acetylglucosamine (GlcNAc) residue is contained
in three different positions (a, b, e) each in a 1- and 4-link-
age. These linkages can be accommodated by building block
3 which was readily obtained from known precursor 7[19a]

(Scheme 2). Silylation of 7 with thexyldimethylsilyl chloride
(TDS-Cl) in the presence of imidazole gave 8, which af-
forded the desired intermediate 3 on O-deacetylation under
Zemplén conditions.[23] Regioselective O-benzylation of 3
with benzyl bromide in the presence of dibutyltin oxide in
toluene[19a,24] afforded 3,6-di-O-benzyl derivative 9 in high
yield, which is ideal for the incorporation of GlcNAc res-
idue b. In order to allow for convenient ligation of the aspa-
ragine residue at position a, compound 9 was transformed
under standard conditions into azido derivative 14 by me-
ans of 4-O-acetylation (R 10), 1-O-desilylation (R 11), and
then transformation with DAST as fluorinating agent into
fluoride 12. Treatment of 12 with trimethylsilyl azide in the
presence of BF3·OEt2 as catalyst[25] gave 1-azido derivative
13 as the pure β-anomer (1H NMR: J1,2 5 9.4 Hz), which
on 4-O-deacetylation furnished the desired compound 14.
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Scheme 1. Structure of target molecule 1 and its retrosynthesis leading to building blocks 226

Although 9 would also be an ideal building block for the
incorporation of GlcNAc residue e, instead building block
18 was envisaged, in order to gain both further versatility
in this approach and reaction control in the glycosylation
step. To this end, 3,4,6-O-unprotected 3 was transformed
into 4,6-O-benzylidene derivative 15; ensuing 3-O-
acetylation (R 16), acid-catalyzed de-O-benzylidenation (R
17), and then 6-O-selective benzoylation with benzoyl cyan-
ide in the presence of triethylamine as base in propionitrile
as solvent at 260 °C afforded 18 in high overall yield.

For the β-mannopyranosidic linkage between sugar res-
idues c and b in 1, which is required for the construction of
building block 5, transformation of a β-linked glucopyrano-
syl to a β-mannopyranosyl residue was envisaged, for which
various modifications have already been reported
(Scheme 3).[8,11,12,20,26228] To this end, acceptor 9 was glu-
cosylated with known glucosyl donor 19[12] in the presence
of trimethylsilyl trifluoromethanesulfonate (TMSOTf) as
catalyst, furnishing the desired β-linked disaccharide 20 in
high yield (1H NMR: J1,2 5 7.9 Hz, 1b-H). De-O-
acetylation (R 21) and regioselective 3b-O-benzoylation, as
described above, afforded 22, which was converted with
Tf2O in the presence of pyridine into triflate 23. Reaction
of 23 with tetrabutylammonium benzoate in acetonitrile
gave the desired disaccharide 24 (1H NMR: J1,2 5 1 Hz,
1b-H) in very high overall yield. 1-O-Desilylation with
TBAF (R 25) and then trichloroacetimidate formation with
trichloroacetonitrile in the presence of 1,8-diazabicy-
clo[5.4.0]undec-7-ene (DBU) afforded building block 5;
only the β-isomer was obtained (1H NMR: J1,2 5 9.1 Hz,
1a-H).

The lactosamine building block 6 was readily obtained
from 18 as acceptor and known galactosyl donor 26
(Scheme 4);[29] glycosylation in the presence of TMSOTf as
catalyst afforded the desired β-linked disaccharide 27 (1H
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Scheme 2. Synthesis of the required N-acetylglucosamine building
blocks 9, 14, and 18 derived from 3

NMR: J1,2 5 7.8 Hz, 1b-H) (Scheme 4). Again 1-O-desilyl-
ation (R 28) and trichloroacetimidate formation under
standard conditions afforded 6 in high overall yield.

For the final ligation of the building blocks 226, ac-
ceptor 14 was firstly glycosylated with donor 5 in the pres-



Synthesis of an Asparagine-Linked Heptasaccharide FULL PAPER

Scheme 3. Synthesis of disaccharide building block 5

Scheme 4. Synthesis of disaccharide building block 6

ence of TMSOTf as catalyst at room temperature affording
trisaccharide 29 (1H NMR: J1,2 5 8.5 Hz, 1b-H) in 80%
yield (Scheme 5). Debenzoylation with NaOMe in meth-
anol furnished 2c,3c-O-unprotected acceptor 30. Regiose-
lective 3c-O-mannosylation of 30, with 4 as glycosyl donor,
provided tetrasaccharide 31 in high yield. The α-linkage of
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residue d was derived from the NMR spectroscopic data
(J1,2 , 1 Hz, 1d-H; δ 5 98.7, C-1d). 2c-O-Benzoylation of
31 with benzoyl chloride in pyridine gave 32 from which the
2d-O-acetyl group could be selectively removed by treat-
ment with NaOMe in MeOH/dichloromethane at room
temperature, thus providing acceptor 33. Glycosylation of
33 with donor 6 in the presence of TMSOTf as catalyst
afforded hexasaccharide 34 in 75% yield. The β-linkage
could be derived from the NMR-spectroscopic data (J1,2 5
8.5 Hz, 1e-H). Removal of the 4c,6c-O-benzylidene group
in 34 with ethanethiol as nucleophile in the presence of p-
toluenesulfonic acid (pTsOH) as catalyst[30] afforded glyco-
syl acceptor 35. Glycosylation with donor 4, again in the
presence of TMSOTf as catalyst, furnished the desired hep-
tasaccharide 36 in 80% yield. The NMR-spectroscopic data
for the mannosyl residue g are in the expected range for α-
linkages (1H: δ 5 4.83, J1,2 , 1 Hz, 1g-H; 13C: δ 5 98.5,
C-1g). In order to confirm the structural assignments, C,H
coupling constants were obtained for all anomeric positions
with the help of HMQC experiments; they were found to
be in the expected range: 1JC,H 163.94 Hz (1a-H, β),
168.49 Hz (1b-H, β), 161.2 Hz (1c-H, β), 170.39 Hz (1d-H,
α), 164.84 Hz (1e-H, β), 161.2 Hz (1f-H, β), 172.13 Hz (1g-
H, α). The three DMM protecting groups in 36 could be
removed by sodium hydroxide followed by mild acid treat-
ment, as previously described,[19] thus affording after N,O-
acetylation with acetic anhydride in pyridine, compound 37
in 74% yield. The O-acetyl and O-benzoyl protecting groups
could be removed with lithium hydroxide in MeOH (R 38).
Transformation of the azido group into the amino group
by treatment of 38 with propanedithiol as reducing agent[31]

in the presence of Hünig’s base and then amide bond
formation with asparagine derivative 2[21] and N-hydroxy-
benzotriazole (HOBT)/Hünig’s base as promoter afforded
compound 39. The β-linkage of the asparagine residue
could be derived from the NMR-spectroscopic data (J1,2 5
9.4 Hz for 1a-H). Hydrogenation of 39 with Pearlman’s
catalyst in MeOH/water furnished target molecule 1 in
good yield. The structural assignment was confirmed by the
1H-NMR-spectroscopic data of the anomeric protons.

Experimental Section

Solvents were purified in the usual way. 2 Melting points are un-
corrected. 2 TLC was performed on plastic plates coated with sil-
ica gel 60 F254 and on HPTL plates with NH2 F254 S (E. Merck,
layer thickness 0.2 mm). 2 Detection was achieved by treatment
with a solution of ammonium molybdate (20 g) and cerium(IV)
sulfate (0.4 g) in H2SO4 (10%, 400 mL), or with H2SO4 (15%), and
heating at 150 °C. Flash chromatography was carried out on silica
gel (Baker, 30260 µm) and Lichroprep NH2, particle size 40263
µm. 2 Medium-pressure liquid chromatography (MPLC): LiChro-
prep Si 60 (Merck: mesh size 15225 µm), detection by a differential
refractometer. 2 Optical rotations were determined at 21 °C with
a Perkin2Elmer 241/MC polarimeter (1-dm cell). 2 NMR spectra
were recorded with Bruker AC 250 and 600 DRX instruments, with
tetramethylsilane as internal standard. The assignment of 1H NMR
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spectra was based on chemical shift correlation (DQF COSY) and
Rotating Frame Nuclear Overhauser Effect Spectroscopy
(ROESY). 2 The assignment of 13C NMR spectra was based on
Carbon-Proton Shift-Correlation Heteronuclear Multiple
Quantum Coherence (HMQC). 2 MS spectra were recorded with
a MALDI-Kompakt (Kratos) and FAB with a Finningan MAT
312/AMD mass spectrometer. Microanalyses were performed in the
Microanalysis Unit at the Fakultät für Chemie, Universität Kon-
stanz.

Dimethyl(thexyl)silyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleim-
ido-β-D-glucopyranoside (8): To a solution of 7[19a] (9.00 g,
21.9 mmol) and imidazole (3.00 g, 43.8 mmol) in dry dichlorome-
thane (100 mL) was added chlorodimethyl(thexyl)silane (5.1 mL,
26.3 mmol) and stirred at room temp. for 16 h. The reaction mixture
was diluted with dichloromethane (200 mL), poured into water (300

Scheme 5. Synthesis of 1 from building blocks 2, 4, 5, 6 and 14, which is obtained from 3
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mL) and separated. The aqueous layer was extracted with CH2Cl2
(3 3 300 mL), the combined organic layers were dried with magnes-
ium sulfate and concentrated in vacuo. The residue was purified by
flash chromatography (petroleum ether/ethyl acetate, 3:1) to give 3
(10.6 g, 87%) as a white powder. 2 TLC (petroleum ether/ethyl
acetate, 2:1): Rf 5 0.51. 2 [α]20

D 5 215.1 (c 5 1.0, CHCl3). 2 1H
NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H, Si(CH3)2], 0.7 (m, 12
H, 4 CH3), 1.48 [m, 1 H, CH(CH3)2], 1.90 (s, 6 H, 2 CH3), 1.92 (s,
3 H, COCH3), 2.00 (s, 3 H, COCH3), 2.03 (s, 3 H, COCH3), 3.82
(dd, 3J5,4 5 10.1 Hz, 3J5,6 5 5.8 Hz, 3J5,69 5 2.6 Hz, 1 H, 5-H), 4.03
(dd, 3J2,3 5 10.8 Hz, 3J2,1 5 8.0 Hz, 1 H, 2-H), 4.14 (dd, 2J 5

12.0 Hz, 3J69,5 5 2.6 Hz, 1 H, 69-H), 4.23 (dd, 2J 5 12.0 Hz, 3J6,5 5

5.8 Hz, 1 H, 6-H), 5.07 (dd, 3J4,5 5 10.1 Hz, 3J4,3 5 9.0 Hz, 1 H,
4-H), 5.39 (d, 3J1,2 5 8.0 Hz, 1 H, 1-H), 5.67 (dd, 3J3,2 5 10.8 Hz,
3J3,4 5 9.0 Hz, 1 H, 3-H). 2 C26H40NO10Si (554.7): calcd. C 56.30,
H 7.26, N 2.52; found C 56.00, H 7.07, N 2.54.
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Scheme 5. (Continued)

Dimethyl(thexyl)silyl 2-Deoxy-2-dimethylmaleimido-β-D-glucopyr-
anoside (3): A solution of 8 (9.0 g, 16.3 mmol) in dry methanol
(60 mL) was treated with a catalytic amount of sodium methoxide
(0.1 , 1.8 mL) and stirred at room temp. After 4 h, the solution
was neutralized with ion-exchange resin (Amberlite IR-120 H1),
the resin filtered off and the filtrate concentrated in vacuo. The
residue was crystallized from petroleum ether/ethyl acetate to give
3 (6.9 g, 98%) as white crystals. 2 TLC (toluene/acetone, 5:3): Rf 5

0.44. 2 M.p. 164.52165.7 °C. 2 [α]20
D 5 222.1 (c 5 1.0, CHCl3).

2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H, Si(CH3)2], 0.7
(mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.91 (s, 6 H, 2 CH3),
3.3923.58 (m, 3 H, 4-H, 5-H, 69-H), 3.74 (dd, 3J2,3 5 10.9 Hz,
3J2,1 5 8.0 Hz, 1 H, 2-H), 3.82 (dd, 2J 5 3.3 Hz, 3J6,5 5 1.0 Hz, 1
H, 6-H), 4.15 (dd, 3J3,2 5 10.9 Hz, 3J3,4 5 8.6 Hz, 1 H, 3-H), 5.21
(d, 3J1,2 5 8.0 Hz, 1 H, 1-H). 2 C20H35NO7Si (429.6): calcd. C
55.91, H 8.21, N 3.26; found C 55.71, H 8.11,
N 3.22.
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Dimethyl(thexyl)silyl 3,6-Di-O-benzyl-2-deoxy-2-dimethylmaleim-
ido-β-D-glucopyranoside (9): A suspension of 3 (6.5 g, 15.2 mmol)
and dibutyltin oxide (8.3 g, 33.4 mmol) in toluene (150 mL) was
heated at reflux (Dean-Stark apparatus) overnight with azeotropic
removal of water. The reaction mixture was cooled below boiling
and treated with tetrabutylammonium iodide (12.3 g, 33.4 mmol)
and benzyl bromide (4 mL, 33.4 mmol) and then gently heated at
reflux for 3 h. The solution was cooled to room temp., the precipit-
ate was filtered and the filtrate concentrated in vacuo. The residue
was purified by flash chromatography (petroleum ether/ethyl acet-
ate, 4:1) to give 9 (7.87 g, 85%) as a yellow oil. 2 TLC (petroleum
ether/ethyl acetate, 2:1): Rf 5 0.57. 2 [α]20

D 5 122.6 (c 5 1.0,
CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H,
Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.82
(br. s, 6 H, 2 CH3), 2.88 (d, 2J 5 2.6 Hz, 1 H, OH), 3.55 (ddd,
3J5,6 5 9.6 Hz, 3J5,69 5 9.4 Hz, 3J5,4 5 4.5 Hz, 1 H, 5-H), 3.7023.80
(m, 3 H, 4-H, 6-H, 69-H), 3.85 (dd, 3J2,3 5 10.9 Hz, 3J2,1 5 8.1 Hz,
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1 H, 2-H), 4.09 (dd, 3J3,2 5 10.9 Hz, 3J3,4 5 8.3 Hz, 1 H, 3-H),
4.50 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.57 (2d, 2 H, CH2Ph), 4.73
(d, 2J 5 12.4 Hz, 1 H, CHPh), 5.16 (d, 3J1,2 5 8.1 Hz, 1 H, 1-H),
7.1127.32 (m, 10 H, 2 Ph). 2 C34H47NO7Si (609.8): calcd. C 66.96,
H 7.76, N 2.29; found C 66.95, H 7.73, N 2.24.

Dimethyl(thexyl)silyl 4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-di-
methylmaleimido-β-D-glucopyranoside (6): Compound 9 (3.4 g,
5.57 mmol) was treated with pyridine (30 mL) and acetic anydride
(15 mL) and stirred at room temp. After 2 h, the mixture was con-
centrated in vacuo by co-distillation with toluene/ethanol and the
residue was purified by flash chromatography (petroleum ether/
ethyl acetate, 3:1) to give 10 (3.58 g, 98%) as a yellow oil. 2TLC
(petroleum ether/ethyl acetate, 3:1): Rf 5 0.50. 2 [α]20

D 5 133.4
(c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s,
6 H, Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2],
1.83 (br. s, 6 H, 2 CH3), 1.92 (s, 3 H, COCH3), 3.56 (dd, 3J6,5 5
3J69,5 5 4.6 Hz, 2 H, 6-H, 69-H), 3.69 (ddd, 3J5,4 5 9.8 Hz, 3J5,6 5
3J5,69 5 4.6 Hz, 1 H, 5-H), 3.96 (dd, 3J2,3 5 10.9 Hz, 3J2,1 5 8.0 Hz,
1 H, 2-H), 4.29 (dd, 3J3,2 5 10.9 Hz, 3J3,4 5 9.1 Hz, 1 H, 3-H),
4.33 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.53 (2d, 2 H, CH2Ph), 4.60 (d,
2J 5 12.1 Hz, 1 H, CHPh), 5.05 (dd, 3J 5 9.8 Hz, 3J4,3 5 9.1 Hz, 1
H, 4-H), 5.19 (d, 2J1,2 5 8.0 Hz, 1 H, 1-H), 7.0327.36 (m, 10 H, 2
Ph). 2 C36H49NO8 (651.9): calcd. C 66.33, H 7.57, N 2.14; found
C 66.36, H 7.54, N 1.85.

4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranose (11): To a solution of 10 (2.9 g, 4.45 mmol) in dry
THF (30 mL) was added dropwise TBAF (2 mL of a 1  solution
in THF, 6.68 mmol) at 250 °C; the temperature was kept at 220
°C and the mixture was stirred for 3 h. Acetic acid (127 µL,
2.25 mmol) was added at 220 °C, the mixture was kept at room
temp. and the reaction mixture was poured onto ice/water (150 mL)
and extracted with ethyl acetate (5 3 200 mL). The combined or-
ganic layers were dried with magnesium sulfate and concentrated
in vacuo. The residue was purified by flash chromatography (petro-
leum ether/ethyl acetate, 1:1) to give 11 (1.81 g, 80%) as a white
solid. 2 TLC (petroleum ether/ethyl acetate, 3:1): Rf 5 0.16. 2

M.p. 1322134 °C. 2 [α]20
D 5 129.1 (c 5 1.0, CHCl3). 2 1H NMR

(250 MHz, CDCl3): δ 5 1.82 (br. s, 6 H, 2 CH3), 3.01 (d, 2J 5

7.9 Hz, 1 H, OH), 3.54 (d, 3J6,5 5 4.9 Hz, 1 H, 6-H), 3.55 (d,
3J69,5 5 4.2 Hz, 1 H, 69-H), 3.74 (ddd, 3J5,4 5 9.8 Hz, 3J5,6 5

4.9 Hz, 3J5,69 5 4.2 Hz, 1 H, 5-H), 3.94 (dd, 3J2,3 5 10.8 Hz, 3J2,1 5

8.2 Hz, 1 H, 2-H), 4.37 (dd, 3J3,2 5 10.8 Hz, 3J3,4 5 9.1 Hz, 1 H,
3-H), 4.33 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.54 (s, 2 H, CH2Ph),
4.62 (d, 2J 5 12.1 Hz, 1 H, CHPh), 5.09 (dd, 3J4,5 5 9.8 Hz, 3J4,3 5

9.1 Hz, 1 H, 4-H), 5.18 (dd, 3J1,2 5 8.2 Hz, 3J1,OH 5 7.9 Hz, 1 H,
1-H), 7.0427.48 (m, 10 H, 2 Ph). C28H31NO8 (509.6): calcd. C
66.01, H 6.09, N 2.75; found C 66.07, H 6.11, N 2.37.

4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranosyl Fluoride (12): A solution of 11 (1.3 g, 2.55 mmol)
in dry CH2Cl2 (20 mL) was cooled to 230 °C and DAST (401.2
µL, 3.06 mmol) was rapidly added. The mixture was kept at room
temp. and the reaction mixture was stirred for 20 min. The solution
was then poured into ice-cold saturated sodium bicarbonate solu-
tion (20 mL) and separated. The aqueous layer was extracted with
CH2Cl2 (3 3 50 mL), the combined organic layers were dried with
magnesium sulfate and concentrated in vacuo. The residue was
purified by flash chromatography (petroleum ether/ethyl acetate,
2:1) to afford 12 (1.21 g, 93%) as a yellow oil. 2 TLC (petroleum
ether/ethyl acetate, 2:1): Rf 5 0.38. 2 [α]20

D 5 169.8 (c 5 1.0,
CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 1.82 (s, 6 H, 2 CH3),
1.92 (s, 3 H, COCH3), 3.58 (d, 3J6,5 5 3J69,5 5 4.3 Hz, 2 H, 6-H,
69-H), 3.80 (ddd, 3J5,4 5 9.0 Hz, 3J5,6 5 3J5,69 5 4.3 Hz, 1 H, 5-H),
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4.12 (ddd, 3J2,F 5 18.8 Hz, 3J2,3 5 10.8 Hz, 3J2,1 5 7.8 Hz, 1 H, 2-
H), 4.32 (dd, 3J3,2 5 10.8 Hz, 3J3,4 5 9.8 Hz, 1 H, 3-H), 4.31 (d,
2J 5 12.2 Hz, 1 H, CHPh), 4.55 (s, 2 H, CH2Ph), 4.64 (d, 2J 5

12.2 Hz, 1 H, CHPh), 5.14 (dd, 3J4,3 5 9.8 Hz, 3J4,5 5 9.0 Hz, 1
H, 4-H), 5.70 (dd, 3J1,F 5 53.0 Hz, 3J1,2 5 7.8 Hz, 1 H, 1-H),
7.0327.32 (m, 10 H, 2 Ph). 2 C28H30NO7F (511.5): calcd. C 65.74,
H 5.91, N 2.73; found C 65.62, H 5.82, N 2.43.

4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranosyl Azide (13): A solution of 12 (1.2 g, 2.42 mmol) and
TMSN3 (617 µL, 4.7 mmol) in dry dichloromethane (18 mL) was
stirred under nitrogen at room temp. for 5 min. and then Et2O·BF3

(15 µL, 0.12 mmol) was added dropwise. After stirring for 1 h, the
solution was neutralized with triethylamine and concentrated in
vacuo. The residue was purified by flash chromatography (petro-
leum ether/ethyl acetate, 5:2) to afford 13 (1.22 g, 95%) as a yellow
oil. TLC (petroleum ether/ethyl acetate, 2:1): Rf 5 0.57. 2 [α]20

D 5

130.7 (c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 1.81
(br. s, 6 H, 2 CH3), 1.94 (s, 3 H, COCH3), 3.59 (d, 3J6,5 5 3J69,5 5

4.7 Hz, 2 H, 6-H, 69-H), 3.78 (ddd, 3J5,4 5 9.9 Hz, 3J5,6 5 3J5,69 5

4.7 Hz, 1 H, 5-H), 3.94 (dd, 3J2,3 5 10.8 Hz, 3J2,1 5 9.4 Hz, 1 H,
2-H), 4.29 (d, 2J 5 12.2 Hz, 1 H, CHPh), 4.30 (dd, 3J3,2 5 10.8 Hz,
3J3,4 5 9.2 Hz, 1 H, 3-H), 4.55 (s, 2 H, CH2Ph), 4.62 (d, 2J 5

12.2 Hz, 1 H, CHPh), 5.09 (dd, 3J4,5 5 9.9 Hz, 3J4,3 5 9.2 Hz, 1
H, 4-H), 5.19 (d, 3J1,2 5 9.4 Hz, 1 H, 1-H), 7.0527.38 (m, 10 H, 2
Ph). 2 C28H30N4O7 (534.6): calcd. C 62.91, H 5.65, N 10.48; found
C 62.74, H 5.78, N 10.33.

3,6-Di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl
Azide (14): A solution of 13 (1.2 g, 2.2 mmol) in dry methanol (15
mL) was treated with a catalytic amount of sodium methoxide (0.1
, 800 µL) and stirred at room temp. After 3 h, the solution was
neutralized with ion-exchange resin (Amberlite IR-120 H1), the
resin filtered off and the filtrate concentrated in vacuo. Flash chro-
matography of the residue (petroleum ether/ethyl acetate, 2:1) gave
a yellow oil which was lyophilized from dioxane to afford 14 (1.05
g, quant.) as a white powder. TLC (toluene/ethyl acetate, 4:1):
Rf 5 0.47. 2 [α]20

D 5 115.5 (c 5 1.0, CHCl3). 2 1H NMR
(600 MHz, CDCl3): δ 5 1.8321.93 (m, 6 H, 2 CH3), 2.87 (br. s, 1
H, OH), 3.65 (ddd, 3J5,4 5 9.6 Hz, 3J5,6 5 3J5,69 5 4.6 Hz, 1 H, 5-
H), 3.7423.78 (m, 2 H, 4-H, 69-H), 3.80 (dd, 2J 5 10.4 Hz, 3J6,5 5

4.6 Hz, 1 H, 6-H), 3.84 (dd, 3J2,3 5 3J2,1 5 9.4 Hz, 1 H, 2-H), 4.10
(dd, 3J3,4 5 10.4 Hz, 3J3,2 5 9.4 Hz, 1 H, 3-H), 4.48 (d, 2J 5

12.4 Hz, 1 H, CHPh), 4.60 (dd, 2J 5 12.0 Hz, 2 H, CH2Ph), 4.75
(d, 2J 5 12.4 Hz, 1 H, CHPh), 5.17 (d, 3J1,2 5 9.4 Hz, 1 H, 1-H),
7.1527.35 (m, 10 H, 2 Ph). 2 13C NMR (600 MHz, CDCl3): δ 5

54.4 (C-2), 69.8 (C-6), 73.3 (C-4), 75.8 (C-5), 78.8 (C-3), 85.5 (C-
1). C26H28N4O6 (492.5): calcd. C 63.40, H 5.73, N 11.39; found
C 63.51, H 5.94, N 11.31.

Dimethyl(thexyl)silyl 4,6-O-Benzylidene-2-deoxy-2-dimethylmaleim-
ido-β-D-glucopyranoside (15): To a solution of 3 (702.2 mg,
1.63 mmol) in dry acetonitrile (10 mL) were added benzaldehyde
dimethylacetal (344 µL, 2.3 mmol) and pTsOH (6.2 mg,
0.03 mmol). After stirring at room temp. for 16 h, the solution was
neutralized with triethylamine and concentrated in vacuo. The res-
idue was purified by flash chromatography (petroleum ether/ethyl
acetate, 3:1) to give 15 (7.4 g, 86%) as a white foam. 2 TLC (petro-
leum ether/ethyl acetate, 2:1): Rf 5 0.83. 2 [α]20

D 5 239.5 (c 5 1.0,
CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H,
Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.92
(s, 6 H, 2 CH3), 3.5323.58 (m, 2 H, 6-H, 69-H), 3.66 (dd, 3J4,5 5

10.6 Hz, 3J4,3 5 9.7 Hz, 1 H, 4-H), 3.95 (dd, 3J2,3 5 10.6 Hz, 3J2,1 5

8.0 Hz, 1 H, 2-H), 4.29 (ddd, 3J5,4 5 10.6 Hz, 3J5,6 5 6.1 Hz,
3J5,69 5 4.3 Hz, 1 H, 5-H), 4.47 (dd, 3J3,2 5 10.6 Hz, 3J3,4 5 9.7 Hz,
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1 H, 3-H), 5.29 (d, 3J1,2 5 8.0 Hz, 1 H, 1-H), 5.51 (s, 1 H, CHPh),
7.3127.51 (m, 5 H, Ph). 2 C27H39NO7Si·0.5 H2O (526.7): calcd.
C 61.57, H 7.65, N 2.65; found C 61.10, H 7.63, N 2.26.

Dimethyl(thexyl)silyl 3-O-Acetyl-4,6-O-benzylidene-2-deoxy-2-di-
methylmaleimido-β-D-glucopyranoside (16): Compound 15 (703 mg,
1.35 mmol) was treated with acetic anhydride (2.5 mL) in pyridine
(5 mL) and stirred at room temp. After 1 h, the mixture was con-
centrated in vacuo by co-distillation with toluene/ethanol and the
residue purified by flash chromatography (petroleum ether/ethyl
acetate, 4:1) to afford 16 (755.5 mg, quant.) as a white foam. 2

TLC (petroleum ether/ethyl acetate, 4:1): Rf 5 0.33. 2 [α]20
D 5

242.8 (c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03
[2 s, 6 H, Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H,
CH(CH3)2], 1.92 (s, 6 H, 2 CH3), 2.02 (s, 3 H, COCH3), 3.6223.73
(m, 2 H, 6-H, 69-H), 3.81 (dd, 3J4,5 5 10.2 Hz, 3J4,3 5 9.7 Hz, 1 H,
4-H), 3.97 (dd, 3J2,3 5 10.6 Hz, 3J2,1 5 8.0 Hz, 1 H, 2-H), 4.30
(ddd, 3J5,4 5 10.2 Hz, 3J5,6 5 3J5,69 5 4.2 Hz, 1 H, 5-H), 5.46 (d,
3J1,2 5 8.0 Hz, 1 H, 1-H), 5.48 (s, 1 H, CHPh), 5.70 (dd, 3J3,2 5

10.6 Hz, 3J3,4 5 9.7 Hz, 1 H, 3-H), 7.3127.51 (m, 5 H, Ph). 2

C29H41NO8 Si (559.7): calcd. C 62.23, H 7.38, N 2.50; found C
62.24, H 7.45, N 2.15.

Dimethyl(thexyl)silyl 3-O-Acetyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranoside (17): A solution of 16 (751 mg, 1.34 mmol) in dry
dichloromethane (5 mL) was treated with ethanethiol (596 µL,
8.06 mmol) and pTsOH (51.0 mg, 0.27 mmol) and then stirred at
room temp. After 2 h, the solution was neutralized with triethylam-
ine and the solvent evaporated in vacuo. The residue was purified
by flash chromatography (petroleum ether/ethyl acetate, 1:1) to give
17 (534.5 mg, 86%) as a white foam. 2 TLC (petroleum ether/ethyl
acetate, 2:3): Rf 5 0.28. 2 [α]20

D 5 221.1 (c 5 1.0, CHCl3). 2 1H
NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H, Si(CH3)2], 0.7 (mc,
12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2 ], 1.92 (s, 6 H, 2 CH3),
2.02 (s, 3 H, COCH3), 2.88 (d, J 5 5.0 Hz, 1 H, OH), 3.5323.85
(m, 5 H, 4-H, 5-H, 6-H, 69-H, OH), 3.91 (dd, 3J2,3 5 10.8 Hz,
3J2,1 5 8.1 Hz, 1 H, 2-H), 5.40 (d, 3J1,2 5 8.1 Hz, 1 H, 1-H), 5.49
(dd, 3J3,2 5 10.8 Hz, 3J3,4 5 8.7 Hz, 1 H, 3-H). 2 C22H37NO8 Si
(471.6): calcd. C 56.03, H 7.90, N 2.96; found C 56.25, H 7.97,
N 2.66.

Dimethyl(thexyl)silyl 3-O-Acetyl-6-O-benzoyl-2-deoxy-2-dimethyl-
maleimido-β-D-glucopyranoside (18): Compound 17 (529.4 mg,
1.13 mmol) was dissolved in dry propionitrile (19 mL) and triethyl-
amine (4.5 mL, 1.13 mmol) was added. The mixture was cooled to
260 °C and a solution of benzoyl cyanide (162.4 mg, 1.23 mmol)
in dry propionitrile (8.5 mL) was added dropwise under nitrogen.
After 90 min, the mixture was kept at room temp. and the solution
carefully concentrated in vacuo. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 2:1) to afford 14
(551 mg, 87%) as a white foam. 2 TLC (petroleum ether/ethyl acet-
ate, 1:1): Rf 5 0.50. 2 [α]20

D 5 27.3 (c 5 1.0, CHCl3). 2 1H NMR
(250 MHz, CDCl3): δ 5 0.03 (2 s, 6 H, Si(CH3)2), 0.7 (mc, 12 H, 4
CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.92 (s, 6 H, 2 CH3), 2.00 (s, 3
H, COCH3), 3.01 (d, 2J 5 5.2 Hz, 1 H, 4-OH), 3.62 (ddd, 3J4,5 5

9.9 Hz, 3J4,3 5 8.8 Hz, 3J4,OH 5 5.2 Hz, 1 H, 4-H), 3.79 (ddd,
3J5,4 5 9.9 Hz, 3J5,6 5 4.1 Hz, 3J5,69 5 3.0 Hz, 1 H, 5-H), 3.94 (dd,
3J2,3 5 10.8 Hz, 3J2,1 5 8.1 Hz, 1 H, 2-H), 4.6124.63 (m, 2 H, 6-
H, 69-H), 5.39 (d, 3J1,2 5 8.1 Hz, 1 H, 1-H), 5.52 (dd, 3J3,2 5

10.8 Hz, 3J3,4 5 8.8 Hz, 1 H, 3-H), 7.3927.50 (m, 2 H, Hm-PhCO
), 7.5327.62 (m, 1 H, Hp-PhCO), 8.0328.10 (2 H, Ho-PhCO). 2

C29H41NO9 Si (575.7): calcd. C 60.50, H 7.17, N 2.43; found C
60.45, H 7.09, N 2.03.

Dimethyl(thexyl)silyl O-(2,3-Di-O-acetyl-4,6-O-benzylidene-β-D-
glucopyranosyl)-(1R4)-3,6-di-O-benzyl-2-deoxy-2-dimethyl-
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maleimido-β-D-glucopyranoside (20): To a stirred mixture of 5 (9.7
g, 15.93 mmol) and 19[12] (8.7 g, 17.53 mmol) in dry dichlorome-
thane (22 mL) TMSOTf (143 µL, 0.80 mmol) was added dropwise
under nitrogen at room temp. After 30 min, the solution was neut-
ralized with triethylamine and concentrated in vacuo. The residue
was purified by chromatography on silica gel (petroleum ether/ethyl
acetate, 3:1) to afford 20 (12.78 g, 85%) as a white foam. 2 TLC
(petroleum ether/ethyl acetate, 2:1): Rf 5 0.58. 2 [α]20

D 5 14.4 (c 5

1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H,
Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.80
(br. s, 6 H, 2 CH3), 2.00 (s, 3 H, COCH3), 2.03 (s, 3 H, COCH3),
3.30 (ddd, 3J5,6 5 9.7 Hz, 3J5,69 5 9.5 Hz, 3J5,4 5 4.7 Hz, 1 H, 5b-
H), 3.4323.81 (m, 5 H, 5a-H, 6a-H, 69a-H, 69b-H, 6b-H), 3.82 (dd,
3J2,3 5 10.4 Hz, 3J2, 1 5 8.1 Hz, 1 H, 2a-H), 4.00 (dd, 3J4,5 5

9.4 Hz, 3J4,3 5 8.5 Hz, 1 H, 4a-H), 4.10 (dd, 3J3,2 5 10.4 Hz, 3J3,4 5

8.5 Hz, 1 H, 3a-H), 4.20 (dd, 3J4,3 5 10.0 Hz, 3J4,5 5 4.7 Hz, 1 H,
4b-H), 4.42 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.55 (d, 2J 5 12.2 Hz,
1 H, CHPh), 4.74 (d, 2J 5 7.9 Hz, 1 H, 1b-H), 4.77 (d, 2J 5

12.2 Hz, 1 H, CHPh), 4.78 (dd, 2J 5 12.4 Hz, 1 H, CHPh), 4.90
(dd, 3J2,3 5 9.3 Hz, 3J2,1 5 7.9 Hz, 1 H, 2b-H), 5.10 (d, 3J1,2 5

8.1 Hz, 1 H, 1a-H), 5.20 (dd, 3J3,2 5 10.0 Hz, 3J3,4 5 9.3 Hz, 1
H, 3b-H), 5.41 (s, 1 H, HCPh), 7.1027.48 (m, 15 H, 3 Ph). 2

C51H65NO14Si (944.1): calcd. C 64.87, H 6.93, N 1.48; found C
64.79, H 6.88, N 1.22.

Dimethyl(thexyl)silyl O-(4,6-O-Benzylidene-β-D-glucopyranosyl)-
(1R4)-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranoside (21): A solution of 20 (10.9 g, 11.3 mmol) in dry
methanol (50 mL) was treated with a catalytic amount of sodium
methoxide (0.1 , 2.3 mL) and stirred at room temp. After 8 h, the
solution was neutralized with ion-exchange resin (Amberlite IR-
120 H1), the resin filtered off and the filtrate concentrated in vacuo.
The residue was purified by flash chromatography (petroleum
ether/ethyl acetate, 2:1) to give 21 (8.3 g, 85%) as a white foam. 2

TLC (petroleum ether/ethyl acetate, 2:1): Rf 5 0.32. 2 [α]20
D 5

132.4 (c 5 1.08, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5

0.03 [2 s, 6 H, Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H,
CH(CH3)2], 1.80 (s, 6 H, 2 CH3), 3.22 (ddd, 3J5,6 5 9.7 Hz, 3J5,69 5

9.5 Hz, 3J5,4 5 4.9 Hz, 1 H, 5b-H), 3.4123.60 (m, 3 H, 5a-H, 69b-
H, 6b-H), 3.6823.75 (m, 2 H, 6a-H, 69a-H), 3.90 (dd, 3J2,3 5

10.7 Hz, 3J2, 1 5 8.1 Hz, 1 H, 2a-H), 3.9824.11 (m, 4 H, 4a-H, 2b-
H, 3b-H, 4b-H), 4. 26 (dd, 3J3,2 5 10.7 Hz, 3J3,4 5 8.7 Hz, 1 H,
3a-H), 4.42 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.63 (d, 2J 5 12.2 Hz,
1 H, CHPh), 4.73 (d, 3J1,2 5 7.8 Hz, 1 H, 1b-H), 4.74 (s, 2 H,
CH2Ph), 4.75 (d, 2J 5 12.2 Hz, 1 H, CHPh), 4.81 (d, 2J 5 12.4 Hz,
1 H, CHPh), 5.13 (d, 3J1,2 5 8.1, 1 H, 1a-H), 5.45 (s, 1 H, HCPh),
7.1227.47 (m, 15 H, 3 Ph). 2 C47H61NO12Si·0.5 H2O (869.1):
calcd. C 64.95, H 7.13, N 1.61; found C 64.98, H 7.10, N 1.27.

Dimethyl(thexyl)silyl O-(3-O-Benzoyl-4,6-O-benzylidene-β-D-gluco-
pyranosyl)-(1R4)23,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-
D-glucopyranoside (22): Compound 21 (5.2 g, 6.05 mmol) was dis-
solved in a mixture of dry acetonitrile/dichloromethane/triethylam-
ine (2:2:1, 50 mL) and the mixture was cooled to 270 °C. A solu-
tion of benzoyl cyanide (872.7 mg, 6.65 mmol) in dry dichlorome-
thane (1 mL) was slowly added dropwise under nitrogen. After 2
h, the mixture was kept at room temp., washed with saturated aque-
ous sodium bicarbonate solution (50 mL) and separated. The aque-
ous layer was extracted with dichloromethane (3 3 100 mL), the
combined organic layers were dried with magnesium sulfate and
the solvent evaporated in vacuo. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 3:1) to afford 22
(4.8 g, 82%) as a white foam. 2 TLC (petroleum ether/ethyl acetate,
2:1): Rf 5 0.8. 2 [α]20

D 5 220.9 (c 5 1.0, CHCl3). 2 1H NMR
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(250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H, Si(CH3)2], 0.7 (mc, 12 H, 4
CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.80 (s, 6 H, 2 CH3), 3.31 (ddd,
3J5,6 5 10.5 Hz, 3J5,69 5 9.7 Hz, 3J5,4 5 4.9 Hz, 1 H, 5b-H),
3.5123.74 (m, 5 H, 4a-H, 5a-H, 2b-H, 4b-H, 69b-H), 3.89 (dd,
3J2,3 5 10.7 Hz, 3J2,1 5 8.1 Hz, 1 H, 2a-H), 3.98 (dd, 2J 5 11.6 Hz,
3J6,5 5 3.2 Hz, 1 H, 6a-H), 4.04 (d, 2J 5 11.6 Hz, 1 H, 69a-H), 4.13
(dd, 3J6,5 5 10.5 Hz, 2J 5 4.9 Hz, 1 H, 6b-H), 4.23 (dd, 3J3,2 5

10.7 Hz, 3J3,4 5 8.6 Hz, 1 H, 3a-H), 4.42 (d, 2J 5 12.5 Hz, 1 H,
CHPh), 4.57 (d, 2J 5 12.2 Hz, 1 H, CHPh), 4.72 (d, 2J 5 12.5 Hz,
1 H, CHPh), 4.76 (d, 3J1,2 5 8.1 Hz, 1 H, 1b-H), 4.80 (d, 2J 5

12.2 Hz, 1 H, CHPh), 5.11 (d, 3J1,2 5 8.1, 1 H, 1a-H), 5.35 (dd,
3J3,2 5 3J3,4 5 9.4 Hz, 1 H, 3b-H), 5.41 (s, 1 H, HCPh), 7.0927.58
(m, 18 H, 3 Ph, 2 Hm-PhCO, Hp-PhCO), 8.06 (2 H, Ho-PhCO). 2

C54H65NO13Si (964.2): calcd. C 67.26, H 6.80, N 1.45; found C
67.34, H 7.08, N 1.49.

Dimethyl(thexyl)silyl O-(3-O-Benzoyl-4,6-O-benzylidene-2-O-tri-
fluoromethanesulfonyl-β-D-glucopyranosyl)-(1R4)23,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-pyranoside (23): To
a solution of 22 (4.2 g, 4.36 mmol) in dry dichloromethane (43 mL)
was added dry pyridine (8 mL). The solution was then cooled to
215 °C. Trifluoromethanesulfonic anhydride (2.8 mL, 17.44 mmol)
was slowly added dropwise and the reaction mixture was stirred
for 5 h under nitrogen at 215 °C. The solution was diluted with
dichloromethane (60 mL) and carefully treated with saturated
aqueous sodium bicarbonate solution (50 mL). The aqueous layer
was extracted with dichloromethane (3 3 60 mL) and the combined
organic layers were dried with magnesium sulfate and concentrated
in vacuo to give 23 (4.16 g, 97%) as a light pink foam. The com-
pound 23 was used in the next step without further purification. 2

TLC (petroleum ether/ethyl acetate, 5:1): Rf 5 0.64. 2 [α]20
D 5 123

(c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s,
6 H, Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2],
1.7021.88 (br. s, 6 H, 2 CH3), 3.4523.68 (m, 5 H, 5a-H, 69a-H,
5b-H, 69b-H, 6b-H), 3.8323.90 (m, 2 H, 2a-H, 6a-H), 4.09 (dd,
3J4,5 5 10.4 Hz, 3J4,3 5 8.7 Hz, 1 H, 4a-H), 4.19 (dd, 3J3,2 5 9.4 Hz,
3J3,4 5 8.7 Hz, 1 H, 3a-H), 4.28 (dd, 3J4,5 5 10.5 Hz, 3J4,3 5 5.8 Hz,
1 H, 4b-H), 4.43 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.45 (d, 2J 5

12.2 Hz, 1 H, CHPh), 4.6624.75 [m, 3 H, H,H-COSY: 4.70 (d,
3J1,2 5 7.1 Hz, 1b-H), 4.72 (dd, 3J3,2 5 9.4 Hz, J3,4 5 5.8 Hz, 3b-
H), 4.73 (d, 2J 5 12.1 Hz, CHPh)], 4.82 (d, 2J 5 12.1 Hz, 1 H,
CHPh), 5.15 (d, 3J1,2 5 8.0 Hz, 1 H, 1a-H), 5.36 (s, 1 H, HCPh),
5.53 (dd, 3J2,3 5 9.4 Hz, 3J2,1 5 7.1 Hz, 1 H, 2b-H), 7.0927.58
(m, 18 H, 3 Ph, 2 Hm-PhCO, Hp-PhCO), 8.06 (2 H, Ho-PhCO). 2

C55H64NO15SiF3S (1096.2): calcd. C 60.26, H 5.88, N 1.27; found
C 60.60, H 6.03, N 1.25.

Dimethyl(thexyl)silyl O-(2,3-Di-O-benzoyl-4,6-O-benzylidene-β-D-
mannopyranosyl)-(1R4)23,6-di-O-benzyl-2-deoxy-2-dimeth-
ylmaleimido-β-D-glucopyranoside (24): 23 (4.6 g, 4.19 mmol) was
dissolved in dry acetonitrile (60 mL) and treated with tetrabutylam-
monium benzoate (5.3 g, 14.7 mmol). The reaction mixture was
stirred overnight at room temp. and the solvent was then evapor-
ated in vacuo. Flash chromatography (toluene/ethyl acetate, 20:1)
of the residue gave compound 24 (3.8 g, 85%) as a white foam. 2

TLC (petroleum ether/ethyl acetate, 5:1): Rf 5 0.54. 2 [α]20
D 5

232.1 (c 5 1.2, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03
[2 s, 6 H, Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H,
CH(CH3)2], 1.6221.82 (m, 6 H, 2 CH3), 3.3723.47 (m, 2 H, 69a-
H, 5b-H), 3.6723.86 (m, 4 H, 2a-H, 5a-H, 6a-H, 69b-H), 3.95 (dd,
3J4,5 5 10.6 Hz, 3J4,3 5 8.4 Hz, 1 H, 4a-H), 4.0924.18 (m, 2 H,
4b-H, 6b-H), 4.2924.37 (m, 2 H, 3a-H, CHPh), 4.66 (d, 2J 5

12.1 Hz, 1 H, CHPh), 4.77 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.81 (d,
2J 5 12.5 Hz, 1 H, CHPh), 5.02 (d, 3J1,2 5 1.0 Hz, 1 H, 1b-H),
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5.07 (d, 3J1,2 5 7.9 Hz, 1 H, 1a-H), 5.40 (dd, 3J3,4 5 10.2 Hz,
3J3,2 5 3.4 Hz, 1 H, 3b-H), 5.55 (s, 1 H, CHPh), 5.84 (dd, 3J2,3 5

3.4 Hz, 3J2,1 5 1.0 Hz, 1 H, 2b-H), 6.90 (dd, Jp,m 5 8.0 Hz, Jp,o 5

1.1 Hz, 2 H, Hp-PhCO), 7.0527.60 (m, 19 H, 3 Ph, 4 Hm-PhCO),
7.88 (dd, Jo,m 5 8.1 Hz, Jo,p 5 1.1 Hz, 2 H, Ho-PhCO), 8.08 (2 H,
Ho-PhCO). 2 C61H69NO14Si·0.5 H2O (1077.3): calcd. C 68.00, H
6.54, N 1.30; found C 67.95, H 6.51, N 1.22.

O-(2,3-Di-O-benzoyl-4,6-O-benzylidene-β-D-mannopyranosyl)-
(1R4)23,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranose (25): To a solution of compound 24 (3.7 g, 3.46 mmol) in
dry THF (30 mL) was added dropwise tetrabutylammonium fluor-
ide (2 mL of a 1  solution in THF, 6.92 mmol) under nitrogen at
220 °C. After stirring for 2 h, acetic acid (198 µL, 3.46 mmol) was
added, the mixture was raised to room temp. and the solvent was
evaporated in vacuo. The residue was dissolved in ethyl acetate (50
mL), the mixture was poured onto ice/water (40 mL) and separated.
The aqueous layer was extracted with ethyl acetate (4 3 50 mL),
the combined organic solutions were dried with magnesium sulfate
and concentrated in vacuo. Flash chromatography (petroleum
ether/ethyl acetate, 3:2) of the residue gave 25 (2.9 g, 90%) as a
white foam. 2 TLC (petroleum ether/ethyl acetate, 3:2): Rf 5 0.31.
2 [α]20

D 5 250.5 (c 5 1.47, CHCl3). 2 1H NMR (250 MHz,
CDCl3): δ 5 1.6221.82 (br. s, 6 H, 2 CH3), 2.9523.10 (br. s, 1 H,
OH), 3.32 (ddd, 3J5,4 5 10.0 Hz, 3J5,69 5 9.8 Hz, 3J5,6 5 5.0 Hz, 1
H, 5b-H), 3.53 (d, 2J 5 9.3 Hz, 1 H, 6a-H), 3.7523.84 (m, 4 H,
2a-H, 5a-H, 69a-H, 69b-H), 4.0124.18 (m, 3 H, 3a-H, 4a-H, 4b-
H), 4.26 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.35 (dd, 2J 5 10.2 Hz,
3J6,5 5 5.0 Hz, 1 H, 6b-H), 4.53 (d, 2J 5 12.0 Hz, 1 H, CHPh),
4.80 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.85 (d, 2J 5 12.0 Hz, 1 H,
CHPh), 4.88 (d,3J1,2 5 1.0 Hz, 1 H, 1b-H), 5.08 (d, 2J1,2 5 8.3 Hz,
1 H, 1a-H), 5.31 (dd, 3J3,4 5 10.2 Hz, 3J3,2 5 3.3 Hz, 1 H, 3b-H),
5.55 (s, 1 H, CHPh), 5.78 (dd, 3J2,3 5 3.3 Hz, 3J2,1 5 1.0 Hz, 1 H,
2b-H), 6.90 (dd, Jp,m 5 8.0 Hz, Jp,o 5 1.1 Hz, 2 H, Hp-PhCO),
7.1027.60 (m, 19 H, 3 Ph, 4 Hm-PhCO), 7.88 (2 H, Ho-PhCO),
8.08 (dd, Jo,m 5 8.1 Hz, Jo,p 5 1.1 Hz, 2 H, Ho-PhCO). 2

C61H69NO14·H2O (944.0): calcd. C 67.44, H 5.65, N 1.48; found C
67.57, H 5.64, N 1.23.

O-(2,3-Di-O-benzoyl-4,6-O-benzylidene-β-D-mannopyranosyl)-
(1R4)23,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl trichloroacetimidate (5): A mixture of 25 (2.3 g,
2.5 mmol), trichloroacetonitrile (2.5 mL, 24.9 mmol) and 1,8-diaz-
abicyclo[5.4.0]undec-7-ene (7.5 µL, 0.05 mmol) in dry dichlorome-
thane (15 mL) was stirred under nitrogen at room temp. After 1 h,
the reaction mixture was concentrated in vacuo and the residue was
purified by flash chromatography (petroleum ether/ethyl acetate,
1:1 1 1% Et3N) to give 5 (2.5 g, 95%) as a white foam. 2 TLC
(petroleum ether/ethyl acetate, 1:2): Rf 5 0.63. 2 [α]20

D 5 226.5
(c 5 1.0, CHCl3). 2 1H NMR (600 MHz, CDCl3): δ 5 1.69 (s, 6 H,
2 CH3), 3.33 (ddd, 3J5,69 5 9.8 Hz, 3J5,6 5 9.7 Hz, 3J5,4 5 4.9 Hz, 1
H, 5b-H), 3.64 23.84 (m, 4 H, 5a-H, 6a-H, 69a-H, 6b-H),
4.0624.30 (m, 6 H, 2a-H, 3a-H, 4a-H, 4b-H, 69b-H, CHPh), 4.54
(d, 2J 5 12.0 Hz, 1 H, CHPh), 4.78 (d, 2J 5 12.0 Hz, 1 H, CHPh),
4.84 (d, 2J 5 12.5 Hz, 1 H, CHPh), 4.92 (d, 3J1,2 , 1.0 Hz, 1 H,
1b-H), 5.32 (dd, 3J3,4 5 10.2 Hz, 3J3,2 5 3.5 Hz, 1 H, 3b-H), 5.53
(s, 1 H, CHPh), 5.80 (dd, 3J2,3 5 3.5 Hz, 3J2,1 , 1.0 Hz, 1 H, 2b-
H), 6.13 (d, 3J1,2 5 9.1 Hz, 1 H, 1a-H), 6.88 (dd, Jm,o 5 8.1 Hz,
Jm,p 5 2.0 Hz, 2 H, Hm-PhCO), 7.0927.44 (m, 19 H, 3 Ph, 4 Hm-
PhCO), 7.84 (dd, Jo,m 5 8.1 Hz, Jo,p 5 1.1 Hz, 2 H, Ho-PhCO),
8.03 (2 H, Ho-PhCO), 8.51 (s, 1 H, NH). 2 13C NMR (600 MHz,
CDCl3): δ 5 54.3 (C-2a), 66.9 (C-5b), 67.8 (C-6a), 68.6 (C-6b),
70.1 (C-2b), 70.7 (C-3b), 75.2 (C-5a), 76.4 (C-4b), 76.6 (C-3a), 78.2
(C-4a), 94.1 (C-1a), 98.8 (C-1b), 101.7 (HCPh), 136.9 (OCPh). 2
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C53H51N2O14Cl3 (1046.2): calcd. C 60.84, H 4.91, N 2.67; found C
60.27, H 5.07, N 2.74.

Dimethyl(thexyl)silyl O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-
galactopyranosyl)-(1R4)23-O-acetyl-6-O-benzoyl-2-deoxy-2-di-
methylmaleimido-β-D-glucopyranoside (27): A solution of 18 (4.6 g,
8.0 mmol) and 26[29] (7.3 g, 13.6 mmol) in dry dichloromethane (20
mL) was stirred in the presence of molecular sieves (4 Å) under
nitrogen at room temp. for 5 min, TMSOTf (72.3, µL, 0.4 mmol)
was then added dropwise. After 1 h, the reaction mixture was neut-
ralized with triethylamine and concentrated in vacuo. Flash chro-
matography (petroleum ether/ethyl acetate, 2:1) of the residue gave
compound 27 (5.49 g, 72%) as a white foam. 2 TLC (petroleum
ether/ethyl acetate, 5:2): Rf 5 0.18. 2 [α]20

D 5 133.8 (c 5 0.2,
CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 0.03 [2 s, 6 H,
Si(CH3)2], 0.7 (mc, 12 H, 4 CH3), 1.48 [mc, 1 H, CH(CH3)2], 1.92
(s, 6 H, 2 CH3), 1.93 (s, 3 H, COCH3), 2.02 (s, 3 H, COCH3), 2.05
(s, 3 H, COCH3), 3.4223.44 (m, 2 H, 4a-H, 5a-H), 3.72 (ddd,
3J5,6 5 7.4 Hz, 3J5,69 5 5.6 Hz, 3J5,4 5 1.0 Hz, 1 H, 5b-H),
3.8023.87 (m, 2 H, 6b-H, 69b-H), 3.92 (dd, 2J2,3 5 10.7 Hz, 2J2,1 5

8.0 Hz, 1 H, 2a-H), 4.34 (dd, 2J 5 11.3 Hz, 3J6,5 5 4.3 Hz, 1 H,
6a-H), 4.43 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4.51 (d, 2J 5 12.0 Hz,
1 H, CHPh), 4.54 (d, 3J1,2 5 7.8 Hz, 1 H, 1b-H), 4.68 (dd, 2J 5

11.3 Hz, 3J6,5 5 1.2 Hz, 1 H, 69a-H), 4.92 (dd, 3J3,2 5 10.3 Hz,
3J3,4 5 3.3 Hz, 1 H, 3b-H), 5.10 (dd, 3J2,3 5 10.3 Hz, 3J2,1 5

7.8 Hz, 1 H, 2b-H), 5.41 (dd, 3J4,3 5 3.3 Hz, 3J4,5 5 1.0 Hz, 1 H,
4b-H), 5.42 (d, 3J1,2 5 8.0 Hz, 1 H, 1a-H), 5.64 (dd, 3J3,2 5

10.7 Hz, 3J3,4 5 8.2 Hz, 1 H, 3a-H), 7.2227.63 (m, 8 H, 1 Ph, 2 Hm-
PhCO, Hp-PhCO), 8.03 (2 H, Ho-PhCO). 2 MS (MALDI, positive
mode, matrix: DHB): m/z 5 977 [M 1 Na]1, 993 [M 1 K]1. 2

C48H63NO17Si (953.1): calcd. C 60.48, H 6.61, N 1.46; found C
60.57, H 6.54, N 1.27.

O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)23-
O-acetyl-6-O-benzoyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranose (28): To a solution of 27 (7.00 g, 7.34 mmol) in dry THF
(40 mL) was added dropwise tetrabutylammonium fluoride (5.3 mL
of a 1  solution in THF, 18.3 mmol) at 250 °C; the temperature
was kept at 220 °C and the reaction mixture stirred for 3 h. Acetic
acid (630 µL, 11.01 mmol) was added at 220 °C, the mixture was
warmed to room temp. and the solvent was evaporated in vacuo.
The residue was dissolved in ethyl acetate (50 mL), poured into
water (50 mL) and separated. The aqueous layer was extracted with
ethyl acetate (6 3 50 mL) and the combined organic layers were
dried with magnesium sulfate and concentrated in vacuo. The res-
idue was purified by flash chromatography (petroleum ether/ethyl
acetate, 1:1) to afford 28 (5.4 g, 86%) as a white foam. 2 TLC
(petroleum ether/ethyl acetate, 1:1): Rf 5 0.37. 2 [α]20

D 5 122.2
(c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 1.90 (s, 6
H, 2 CH3), 1.93 (s, 6 H, 2 COCH3), 2.05 (s, 3 H, COCH3), 3.20
(br. s, 1 H, OH), 3.4223.44 (m, 2 H, 4a-H, 5a-H), 3.9023.93 (m,
2 H, 2a-H, 6b-H), 3.98 (dd, 2J 5 10.7 Hz, 3J69,5 5 1.9 Hz, 1 H,
69b-H), 4.35 (d, 2J 5 11.9 Hz, 1 H, 6a-H), 4.37 (d, 2J 5 12.0 Hz,
1 H, CHPh), 4.50 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4. 56 (d, 3J1,2 5

7.8 Hz, 1 H, 1b-H), 4.72 (dd, 2J 5 11.9 Hz, 3J6,5 5 1.5 Hz, 1 H,
69a-H), 4.89 (dd, 3J3,2 5 10.4 Hz, 3J3,4 5 3.3 Hz, 1 H, 3b-H), 5.09
(dd, 3J2,3 5 10.4 Hz, 3J2,1 5 7.8 Hz, 1 H, 2b-H), 5.39 (dd, 3J4,3 5

3.3 Hz, 3J4,5 5 1.2 Hz, 1 H, 4b-H), 5.49 (d, 3J1,2 5 8.0 Hz, 1 H,
1a-H), 5.65 (dd, 3J3,2 5 10.5 Hz, 3J3,4 5 8.4 Hz, 1 H, 3a-H),
7.2127.28 (m, 5 H, Ph), 7.48 (d, Jm,o 5 Jm,p 5 10.6 Hz, 2 H, Hm-
PhCO), 7.60 (1 H, Hp-PhCO), 8.03 (2 H, Ho-PhCO). 2

C40H45NO17·0.25 H2O (815.5): calcd. C 58.85, H 5.64, N 1.71;
found C 58.80, H 5.50, N 1.52.
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O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)23-
O-acetyl-6-O-benzoyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl Trichloroacetimidate (6): A mixture of 28 (3.5 g,
4.31 mmol), trichloroacetonitrile (4.3 mL, 43.1 mmol) and DBU
(13 µL, 0.09 mmol) in dry dichloromethane (40 mL) was stirred at
room temp. for 1 h and then concentrated in vacuo. The residue
was purified by flash chromatography (petroleum ether/ethyl acet-
ate, 2:1 1 1% Et3N) to give 6 (3.5 g, 85%) as a white foam. 2TLC
(petroleum ether/ethyl acetate, 2:1): Rf 5 0.36. 2 [α]20

D 5 116.6
(c 5 1.0, CHCl3). 2 1H NMR (250 MHz, CDCl3): δ 5 1.91 (s, 3 H,
COCH3), 1.92 (s, 12 H, 2 CH3, 2 COCH3), 2.02 (s, 3 H, COCH3),
3.3823.45 (m, 2 H, 4a-H, 5a-H), 3.69 (ddd, 3J5,6 5 5.9 Hz, 3J5,69 5

5.3 Hz, 3J5,4 5 1.0 Hz, 1 H, 5b-H), 4.04 (d, 3J6,5 5 5.9 Hz, 1 H,
6b-H), 4.06 (d, 3J69,5 5 5.3 Hz, 1 H, 69b-H), 4.33 (dd, 3J2,3 5

10.5 Hz, 3J2,1 5 8.9 Hz, 1 H, 2a-H), 4.37 (d, 2J 5 12.8 Hz, 1 H,
CHPh), 4.39 (d, 2J 5 11.9 Hz, 1 H, 6a-H), 4.51 (d, 2J 5 12.8 Hz,
1 H, CHPh), 4. 55 (d, 3J1,2 5 7.8 Hz, 1 H, 1b-H), 4.73 (d, 2J 5

11.9 Hz, 1 H, 69a-H), 4.87 (dd, 3J3,2 5 10.4 Hz, 3J3,4 5 3.4 Hz, 1
H, 3b-H), 5.11 (dd, 3J2,3 5 10.4 Hz, 3J2,1 5 7.8 Hz, 1 H, 2b-H),
5.39 (dd, 3J4,3 5 3.4 Hz, 3J4,5 5 1.0 Hz, 1 H, 4b-H), 5.73 (dd,
3J3,2 5 10.5 Hz, 3J3,4 5 8.4 Hz, 1 H, 3a-H), 6.49 (d, 3J1,2 5 8.9 Hz,
1 H, 1a-H), 7.2127.38 (m, 5 H, Ph), 7.48 (Hm-PhCO), 7.60 (1 H,
Hp-PhCO), 8.03 (d, Jo,m 5 7.8 Hz, 2 H, Ho-PhCO), 8.65 (s, 1 H,
NH). 2 C42H45Cl3N2O17·0.5 H2O (964.2): calcd. C 52.27, H 4.77,
N 2.68; found C 52.19, H 4.81, N 2.68.

O-(2,3-Di-O-benzoyl-4,6-O-benzylidene-β-D-mannopyranosyl)-
(1R4)2(3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosy l ) - (1R4)-3 ,6-d i -O -benzy l -2-deoxy-2-d imethyl-
maleimido-β-D-glucopyranosyl Azide (29): A solution of 14 (1.3 g,
2.65 mmol) and 5 (3.41 g, 3.2 mmol) in dry dichloromethane (13
mL) was stirred in the presence of molecular sieves (4 Å) under
nitrogen at room temp. for 5 min. TMSOTf (5 µL, 0.026 mmol)
was slowly added dropwise and the reaction mixture was stirred for
30 min. The solution was neutralized with triethylamine, filtered
and the filtrate was concentrated in vacuo. The residue was purified
by flash chromatography (petroleum ether/ethyl acetate, 5:2) to af-
ford 29 (2.9 g, 80%) as a white foam. 2 TLC (petroleum ether/
ethyl acetate, 3:1): Rf 5 0.18. 2 [α]20

D 5 216.3 (c 5 1.0, CHCl3).
2 1H NMR (600 MHz, CDCl3): δ 5 1.6521.85 (m, 12 H, 4 CH3),
3.02 (dd, 3J5,4 5 9.8 Hz, 3J5,6 5 3J5,69 5 1.0 Hz, 1 H, 5b-H),
3.3123.35 (m, 3 H, 5a-H, 6a-H, 5c-H), 3.5423.61 (m, 2 H, 69a-H,
6b-H), 3.69 (dd, 2J 5 10.5 Hz, 3J5,6 5 10.3 Hz, 1 H, 6c-H),
3.8023.99 (m, 4 H, 2a-H, 3a-H, 2b-H, 3b-H), 4.0724.13 (m, 3 H,
4a-H, 4b-H, 4c-H), 4.24 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.28 (dd,
2J 5 10.5 Hz, 3J6,5 5 4.9 Hz, 1 H, 69c-H), 4.39 (d, 2J 5 12.8 Hz, 1
H, CHPh), 4.45 (2d, 2 H, CH2Ph), 4.50 (d, 2J 5 12.0 Hz, 1 H,
CHPh), 4.55 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4.85 (d, 2J 5 12.4 Hz,
1 H, CHPh), 4.87 (d, 2J 5 12.8 Hz, 1 H, CHPh), 4.96 (d, 3J1,2 5

1.1 Hz, 1 H, 1c-H), 4.98 (d, 3J1,2 5 8.5 Hz, 1 H, 1b-H), 5.00 (d,
3J1,2 5 9.4 Hz, 1 H, 1a-H), 5.34 (dd, 3J3,4 5 10.2 Hz, 3J3,2 5 3.4 Hz,
1 H, 3c-H), 5.50 (s, 1 H, HCPh), 5.81 (dd, 3J2,3 5 3.4 Hz, 3J2,1 5

1.1 Hz, 1 H, 2c-H), 6.90 (2 H, Hm-PhCO), 7.1127.38 (m, 31 H, 5
Ph, 4 Hm-PhCO, 2 Hp 2 PhCO), 7.89 (2 H, Ho-PhCO), 8.04 (2 H,
Ho-PhCO). 2 13C NMR (600 MHz, CDCl3): δ 5 54.9 (C-2a), 56.2
(C-2b), 66.9 (C-5b), 67.5 (C-6b), 67.7 (C-6a), 68.7 (C-6c), 70.1 (C-
2c), 70.8 (C-3c), 74.1 (C-5b), 74.8 (C-4a), 76.4 (C-4c), 76.8 (4a-C,
3b-C), 77.0 (C-3a), 78.6 (C-4b), 85.6 (C-1a), 96.8 (C-1b), 98.6 (C-
1c), 101.7 (HCPh), 136.9 (OCPh). 2 C79H77N5O19 (1400.5): calcd.
C 67.75, H 5.54, N 5.00; found C 67.57, H 5.62, N 4.70.

O-(4,6-O-Benzylidene-β-D-mannopyranosyl)-(1R4)2(3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-(1R4)-
3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl
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Azide (30): A solution of 29 (1.9 g, 1.35 mmol) in a mixture of dry
methanol/dichloromethane (6:1, 28 mL) was treated with a catalytic
amount of sodium methoxide (0.2 , 2 mL) and stirred at room
temp. After 8 h, the solution was neutralized with ion-exchange
resin (Amberlite IR-120 H1), the resin was filtered off and the fil-
trate was concentrated in vacuo. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 1:1) to give 30 (1.37
g, 85%) as a white foam. 2 TLC (petroleum ether/ethyl acetate,
3:2): Rf 5 0.16. 2 [α]20

D 5 126.4 (c 5 1.0, CHCl3). 2 1H NMR
(600 MHz, CDCl3): δ 5 1.6821.82 (m, 12 H, 4 CH3), 2.50 (br. s,
1 H, OH), 2.57 (br. s, 1 H, OH), 3.04 (ddd, 3J5,4 5 9.8 Hz, 3J5,6 5

9.9 Hz, 3J5,69 5 5.0 Hz, 1 H, 5c-H), 3.18 (d, 3J5,4 5 10.1 Hz, 1 H,
5b-H), 3.3323.35 (m, 2 H, 5a-H, 6a-H), 3.45 (dd, 2J 5 3J6,5 5

9.9 Hz, 1 H, 6c-H), 3.5023.56 (m, 4 H, 69a-H, 6b-H, 69b-H, 3c-
H), 3.68 (dd, 3J4,5 5 9.8 Hz, 3J4,3 5 9.9 Hz, 1 H, 4c-H), 3.77 (dd,
3J2,1 5 9.4 Hz, 3J2,3 5 9.3 Hz, 1 H, 2a-H), 3.84 (dd, 3J2,3 5 3.6 Hz,
3J2,1 5 1.0 Hz, 1 H, 2c-H), 3.91 (dd, 3J2,3 5 8.5 Hz, 3J2,1 5 8.4 Hz,
1 H, 2b-H), 3.9524.01 (m, 2 H, 3a-H, 4b-H), 4.05 (dd, 2J 5 9.9 Hz,
3J69,5 5 5.0 Hz, 1 H, 69c-H), 4.10 (dd, 3J4,3 5 8.4 Hz, 3J4,5 5 8.3 Hz,
1 H, 4a-H), 4.15 (dd, 3J3,2 5 8.5 Hz, 3J3,4 5 8.3 Hz, 1 H, 3b-H),
4.31 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4.35 (d, 2J 5 12.5 Hz, 1 H,
CHPh), 4.36 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.4724.53 (m, 3 H, 3
CHPh), 4.64 (d, 3J1,2 5 1.0 Hz, 1 H, 1c-H), 4.78 (d, 2J 5 12.0 Hz,
1 H, CHPh), 4.80 (d, 2J 5 12.5 Hz, 1 H, CHPh), 4.98 (d, 3J1,2 5

9.4 Hz, 1 H, 1a-H), 5.04 (d, 3J1,2 5 8.4 Hz, 1 H, 1b-H), 5.38 (s, 1
H, HCPh), 6.9927.38 (m, 25 H, 5 Ph). 2 13C NMR (600 MHz,
CDCl3): δ 5 55.0 (C-2a), 56.3 (C-2b), 66.6 (C-5c), 67.7 (C-6b, C-
6a), 68.4 (C-6c), 70.8 (C-2c, C-3c), 74.3 (C-5b), 74.8 (C-4a), 76.8
(C-5a), 77.0 (C-3a), 78.2 (C-3b), 78.5 (C-4b, C-4c), 85.8 (C-1a),
97.1 (C-1b), 100.3 (C-1c), 102.1 (HCPh). 2 MS (MALDI, positive
mode, matrix: DHB); m/z: 1187 [M 2 N2 1 Na]1, 1215 [M 1

Na]1 C65H69N5O17·0.5 H2O (1201.3): calcd. C 64.98, H 5.87, N
5.82; found C 64.97, H 5.92, N 5.54.

O-(2-O-Acetyl-3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-(4,6-
O-benzylidene-β-D-mannopyranosyl)-(1R4)2(3,6-di-O-benzyl-2-
deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-(1R4)-3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl Azide (31):
A mixture of 30 (2.8 g, 2.35 mmol), 4[22] (1.8 g, 2.82 mmol) and
molecular sieves (4 Å) in dry CH2Cl2/Et2O (1:1, 20 mL) was cooled
to 240 °C. TMSOTf (21.2 µL, 0.12 mmol) was slowly added drop-
wise and the reaction mixture was stirred under nitrogen. After 1
h, the solution was neutralized with triethylamine, filtered and the
filtrate was concentrated in vacuo. Flash chromatography (petro-
leum ether/ethyl acetate, 2:1) of the residue gave the compound 31
(3.4 g, 86%) as a white foam. 2 TLC (petroleum ether/ethyl acetate,
3:2): Rf 5 0.68. 2 [α]20

D 5 18.9 (c 5 1.0, CHCl3). 2 1H NMR
(600 MHz, CDCl3): δ 5 1.3621.82 (m, 12 H, 4 CH3), 2.03 (s, 3 H,
COCH3), 2.88 (br. s, 1 H, OH), 3.02 (ddd, 3J5,4 5 10.4 Hz, 3J5,6 5
3J5,69 5 5.2 Hz, 1 H, 5c-H), 3.12 (d, 3J5,4 5 9.7 Hz, 1 H, 5b-H),
3.3323.35 (m, 2 H, 5a-H, 6a-H), 3.4223.43 (m, 2 H, 6b-H, 6c-H),
3.54 (s, 1 H, 69b-H), 3.55 (s, 1 H, 69a-H), 3.58 (dd, 3J3,4 5 9.7 Hz,
3J3,2 5 2.7 Hz, 1 H, 3c-H), 3.64 (d, 2J 5 5.5 Hz, 2 H, 6d-H, 69d-
H), 3.68 (dd, 3J4,3 5 3J4,5 5 9.3 Hz, 1 H, 4d-H), 3.75 (dd, 3J2,3 5
3J2,1 5 9.4 Hz, 1 H, 2a-H), 3.8623.88 (m, 2 H, 2b-H, 4c-H),
3.9323.97 (m, 4 H, 3a-H, 4b-H, 2c-H, 3d-H), 4.0024.03 (m, 2 H,
69c-H, 5d-H), 4.0724.09 (m, 2 H, 4a-H, 3b-H), 4.29 (d, 2J 5

12.2 Hz, 1 H, CHPh), 4.32 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4.34 (d,
2J 5 11.2 Hz, 1 H, CHPh), 4.39 (d, 2J 5 10.8 Hz, 1 H, CHPh),
4.41 (d, 2J 5 11.9 Hz, 1 H, CHPh), 4.43 (d, 2J 5 10.8 Hz, 1 H,
CHPh), 4.44 (d, 2J 5 12.2 Hz, 1 H, CHPh), 4.50 (d, 2J 5 10.8 Hz,
1 H, CHPh), 4.52 (d, 2J 5 10.8 Hz, 1 H, CHPh), 4.53 (br. s, 1 H,
1c-H), 4.54 (d, 2J 5 10.8 Hz, 1 H, CHPh), 4.61 (d, 2J 5 11.2 Hz,
1H CHPh), 4.7724.80 (m, 3 H, 3 CHPh), 4.97 (d, 2J1,2 5 9.4 Hz,
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1 H, 1a-H), 5.03 (d, 3J1,2 5 8.5 Hz, 1 H, 1b-H), 5.04 (d, 3J1,2 ,

1.0 Hz, 1 H, 1d-H), 5.37 (s, 1 H, HCPh), 5.41 (d, 3J2,1 , 1.0 Hz, 1
H, 2d-H), 6.9827.27 (m, 40 H, 8 Ph). 2 13C NMR (600 MHz,
CDCl3): δ 5 55.0 (C-2a), 56.2 (C-2b), 66.7 (C-5c), 67.6 (C-6a), 67.7
(C-6b), 68.3 (C-6c), 68.5 (C-2d), 69.2 (C-6d), 70.6 (C-2c), 71.8 (C-
5d), 74.4 (C-5b, C-4d), 75.0 (C-4a), 76.8 (C-5a), 76.9 (C-3a), 77.0
(C-3c), 77.1 (C-4c), 77.7 (C-3b), 77.8 (C-3d), 78.6 (C-4b), 85.6 (C-
1a), 97.0 (C-1b), 98.7 (C-1d), 100.5 (C-1c), 101.3 (HCPh). 2

C94H99N5O23·H2O (1684.8): calcd.: C 67.01, H 6.04, N 4.15; found
C 66.78, H 5.92, N 3.96.

O-(2-O-Acetyl-3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-(2-O-
benzoyl-4,6-O-benzylidene-β-D-mannopyranosyl)-(1R4)2(3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-(1R4)-
3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl
Azide (32): Compound 31 (2.36 g, 1.40 mmol) was treated with
benzoyl chloride (325.7 µL, 2.80 mmol) in pyridine (25 mL) and
the solution was stirred overnight at room temp. The mixture was
concentrated in vacuo by co-distillation with toluene/ethanol and
the residue was purified by flash chromatography (petroleum ether/
ethyl acetate, 4:1) to afford 32 (2.28 g, 92%) as a white foam. 2

TLC (petroleum ether/ethyl acetate, 2:1): Rf 5 0.45. 2 [α]20
D 5 2

19.7 (c 5 1.0, CHCl3). 2 1H NMR (600 MHz, CDCl3): δ 5

1.5721.77 (m, 12 H, 4 CH3), 1.94 (s, 3 H, COCH3), 3.00 (d, 3J5,4 5

9.8 Hz, 1 H, 5b-H), 3.05 (ddd, 3J5,6 5 11.2 Hz, 3J5,69 5 3J5,4 5

8.0 Hz, 1 H, 5c-H), 3.25 (dd, 2J 5 11.1 Hz, 3J6,5 5 3.5 Hz, 1 H,
6a-H), 3.28 (dd, 3J5,4 5 10.1 Hz, 3J5,6 5 3.5 Hz, 1 H, 5a-H), 3.47
(d, 2J 5 11.1 Hz, 1 H, 69a-H), 3.49 (d, 2J 5 12.8 Hz, 2 H, 6b-H,
69b-H), 3.56 (dd, 2J 5 3J6,5 5 11.2 Hz, 1 H, 6c-H), 3.6023.63 (m,
2 H, 3d-H, 6d-H), 3.6923.79 (m, 4 H, 2a-H, 2b-H, 4d-H, 69d-H),
3.8423.90 (m, 5 H, 3a-H, 3b-H, 3c-H, 4c-H, 5d-H), 3.9824.00 (m,
2 H, 4a-H, 4b-H), 4.01 (d, 2J 5 13.0 Hz, 1 H, CHPh), 4.13 (d, 2J 5

12.7 Hz, 1 H, CHPh), 4.14 (dd, 2J 5 11.2 Hz, 3J6,5 5 8.0 Hz, 1 H,
69c-H), 4.27 (d, 2J 5 13.0 Hz, 2 H, 2 CHPh), 4.30 (d, 2J 5 12.7 Hz,
1 H, CHPh), 4.37 (d, 2J 5 11.9 Hz, 1 H, CHPh), 4.41 (d, 2J 5

11.9 Hz, 1 H, CHPh), 4.42 (s, 2 H, CH2Ph), 4.44 (d, 2J 5 11.9 Hz,
1 H, CHPh), 4.57 (d, 2J 5 11.9 Hz, 1 H, CHPh), 4.69 (d, 3J1,2 ,

1.0 Hz, 1 H, 1c-H), 4.70 (d, 2J 5 9.7 Hz, 1 H, CHPh ), 4.73 (d,
2J 5 12.4 Hz, 1 H, CHPh), 4.75 (d, 2J 5 12.4 Hz, 1 H, CHPh),
4.91 (d, 3J1,2 5 7.9 Hz, 1 H, 1b-H), 4.92 (d, 3J1,2 5 9.3 Hz, 1 H,
1a-H), 5.13 (s, 1 H, 1d-H), 5.19 (br. s, 1 H, 2d-H), 5.44 (s, 1 H,
HCPh), 5.53 (dd, 3J2,3 5 1.9 Hz, 3J2,1 , 1.0 Hz, 1 H, 2c-H), 6.81
(d, Jm,o 5 Jm,p 5 8.3 Hz, 2 H, Hm-PhCO), 6.9527.22 (m, 41 H, 8
Ph, Hp-PhCO), 8.03 (d, Jo,m 5 8.3 Hz, 2 H, Ho-PhCO). 2 13C
NMR (600 MHz, CDCl3): δ 5 55.4 (C-2a), 56.6 (C-2b), 66.8 (C-
5c), 68.0 (C-6b), 68.1 (C-6a), 68.9 (C-6c), 69.0 (C-2d), 69.3 (C-6d),
71.6 (C-2c), 72.4 (C-5d), 73.2 (C-3c), 74.3 (C-4d), 74.6 (C-5b), 75.3
(C-4a), 77.2 (C-5a), 77.4 (C-3b), 77.5 (C-3a), 78.3 (C-3d), 78.8 (C-
4b), 79.6 (C-4c), 86.1 (C-1a), 97.3 (C-1b), 98.8 (C-1d), 99.4 (C-1c),
101.6 (HCPh). 2 C101H103N5O24 (1770.9): calcd. C 68.50, H 5.86,
N 3.95; found C 68.54, H 5.52, N 4.08.

O-(3,4,6-Tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-(2-O-benzoyl-
4,6-O-benzylidene-β-D-mannopyranosyl)-(1R4)2(3,6-di-O-benzyl-2-
deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-(1R4)-3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl Azide (33):
A solution of 32 (804.7 mg, 0.45 mmol) in a mixture of dry meth-
anol/dichloromethane (5:1, 6 mL) was treated with a catalytic
amount of sodium methoxide (0.2 , 500 µL) and stirred at room
temp. After 7 h, the solution was neutralized with ion-exchange
resin (Amberlite IR-120 H1), the resin was filtered off and the fil-
trate was concentrated in vacuo. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 3:1) to give 33 (778
mg, quant.) as a white foam. 2 TLC (petroleum ether/ethyl acetate,



Synthesis of an Asparagine-Linked Heptasaccharide FULL PAPER
3:2): Rf 5 0.57. 2 [α]20

D 5 25.5 (c 5 3.8, CHCl3). 2 1H NMR
(600 MHz, CDCl3): δ 5 1.5121.79 (m, 12 H, 4 CH3), 3.02 (d,
3J5,4 5 9.7 Hz, 1 H, 5b-H), 3.06 (ddd, 3J5,6 5 11.2 Hz, 3J5,69 5
3J5,4 5 4.1 Hz, 1 H, 5c-H), 3.27 (dd, 2J 5 11.1 Hz, 3J5,6 5 3.4 Hz,
1 H, 6a-H), 3.30 (ddd, 3J5,4 5 10.1 Hz, 3J5,6 5 3J5,69 5 3.4 Hz, 1
H, 5a-H), 3.4923.52 (m, 3 H, 69a-H, 6b-H, 69b-H), 3.5523.58 (m,
2 H, 6c-H, 3d-H), 3.67 (d, 2J 5 8.4 Hz, 1 H, 6d-H), 3.68 (dd, 2J 5

8.4 Hz, 3J69,5 5 4.1 Hz, 1 H, 69d-H), 3.7423.76 (m, 3 H, 2a-H, 2d-
H, 4d-H), 3.8123.83 (m, 2 H, 2b-H, 4c-H), 3.85 (dd, 3J3,2 5 3J3,4 5

8.5 Hz, 1 H, 3b-H), 3.9023.93 (m, 3 H, 3a-H, 3c-H, 5d-H),
3.9924.01 (m, 2 H, 4a-H, 4b-H), 4.13 (d, 2J 5 12.5 Hz, 1 H,
CHPh), 4.16 (dd, 2J 5 12.2 Hz, 3J69,5 5 4.1 Hz, 1 H, 69c-H), 4.28
(d, 2J 5 11.5 Hz, 1 H, CHPh), 4.29 (d, 2J 5 11.5 Hz, 1 H, CHPh),
4.31 (d, 2J 5 11.7 Hz, 2 H, CH2Ph), 4.4324.46 (m, 5 H, CH2Ph,
3 CHPh), 4.58 (d, 2J 5 12.3 Hz, 1 H, CHPh ), 4.71 (d, 2J 5

12.8 Hz, 1 H, CHPh), 4.73 (br. s, 1 H, 1c-H), 4.74 (d, 2J 5 12.5 Hz,
1 H, CHPh), 4.80 (d, 2J 5 12.8 Hz, 1 H, CHPh), 4.93 (d, 2J1,2 5

8.0 Hz, 1 H, 1b-H), 4.94 (d, 3J1,2 5 9.4 Hz, 1 H, 1a-H), 5.13 (d,
3J1,2 , 1.0 Hz, 1 H, 1d-H), 5.42 (s, 1 H, HCPh), 5.56 (d, 3J2,3 5

2.9 Hz, 1 H, 2c-H), 6.8227.32 (m, 43 H, 8 Ph, 2 Hm-PhCO, Hp-

PhCO), 8.02 (2 H, Ho-PhCO). 2 13C NMR (600 MHz, CDCl3):
δ 5 55.4 (C-2a), 56.7 (C-2b), 66.9 (C-5c), 68.0 (C-6b), 68.1 (C-6a),
68.8 (C-2d), 69.0 (C-6c), 69.3 (C-6d), 71.9 (C-2c), 72.1 (C-5d), 73.6
(C-3c), 74.3 (C-4d), 74.6 (C-5b), 75.4 (C-4a), 77.2 (C-5a), 77.4 (C-
3b), 77.5 (C-3a), 78.8 (C-4b), 79.6 (C-4c), 80.1 (C-3d), 86.0 (C-
1a), 97.3 (C-1b), 99.4 (C-1c), 100.5 (C-1d), 102.0 (HCPh). 2 MS
(MALDI, positive mode, matrix: DHB); m/z: 1723 [M 2 N2 1

Na]1, 1751 [M 1 Na]1. 2 C99H101N5O23·H2O (1746.9): calcd.: C
68.06, H 5.94, N 4.00; found C 68.26, H 5.90, N 3.76.

O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)-(3-
O-acetyl-6-O-benzoyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl)-(1R2)-(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-
(2-O-benzoyl-4,6-O-benzylidene-β-D-mannopyranosyl)-(1R4)2(3,6-
di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-
(1R4)-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl Azide (34): A solution of 33 (303.8 mg, 0.17 mmol) and
6 (252 mg, 0.26 mmol) in dry dichloromethane (1.8 mL) was cooled
to 220 °C and stirred in the presence of 4 Å molecular sieves under
nitrogen for 10 min. TMSOTf (0.1  in CH2Cl2, 3.2 µL) was slowly
added dropwise and the reaction mixture was stirred for 20 min. A
solution of the trichloroacetimidate (50.1 mg, 0.05 mmol) in dry
CH2Cl2 (300 µL) was added dropwise under nitrogen and after stir-
ring for 1 h at 220 °C, the reaction mixture was neutralized with
triethylamine, the mixture was warmed to room temp. and the solv-
ent was evaporated in vacuo. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 2:1) to afford 34
(331 mg, 75%) as a white foam. 2 TLC (petroleum ether/ethyl acet-
ate, 1:1): Rf 5 0.70. 2 [α]20

D 5 238.2 (c 5 1.0, CHCl3). 2 1H NMR
(600 MHz, CDCl3): δ 5 1.6922.00 (m, 18 H, 6 CH3), 2.04 (s, 6 H,
2 COCH3), 2.14 (s, 3 H, COCH3), 2.16 (s, 3 H, COCH3), 2.88 (ddd,
3J5,4 5 9.5 Hz, 3J5,69 5 3J5,6 5 4.7 Hz, 1 H, 5c-H), 3.15 (d, 3J5,4 5

9.7 Hz, 1 H, 5b-H), 3.34 (dd, 2J 5 10.7 Hz, 3J6,5 5 3.8 Hz, 1 H,
6d-H), 3.4223.48 (m, 4 H, 5a-H, 6a-H, 4d-H, 6f-H), 3.5623.60 (m,
6 H, 69a-H, 6b-H, 6c-H, 3d-H, 5e-H, 69f-H), 3.65 (d, 2J 5 8.8 Hz,
1 H, 69b-H), 3.69 (d, 2J 5 10.7 Hz, 1 H, 69d-H), 3.7323.78 (m, 3
H, 4c-H, 4e-H, 5f-H), 3.82 (dd, 3J3,4 5 9.5 Hz, 3J3,2 5 2.5 Hz, 1
H, 3c-H), 3.91 (dd, 3J2,1 5 3J2,3 5 9.5 Hz, 1 H, 2a-H), 3.9424.03
(m, 5 H, 2b-H, 3b-H, 2d-H, 6e-H, CHPh), 4.0624.11 (m, 4 H, 3a-
H, 4b-H, 5d-H, 2e-H), 4.1624.18 (m, 2 H, 4a-H, CHPh), 4.24 (dd,
2J 5 9.7 Hz, 3J69,5 5 4.8 Hz, 1 H, 69c-H), 4.29 (d, 2J 5 12.3 Hz, 1
H, CHPh), 4.34 (d, 2J 5 11.3 Hz, 1 H, CHPh), 4.44 (d, 2J 5 9.7 Hz,
1 H, 6e-H), 4.4724.51 [m, 5 H, 2 CHPh, CH2Ph, H,H-COSY: 4.50
(d, 3J1,2 5 8.0 Hz, 1f-H)], 4.56 (s, 1 H, 1c-H), 4.60 (s, 4 H, 2
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CH2Ph), 4.64 (d, 2J 5 12.0 Hz, 1 H, CHPh), 4.82 (d, 2J 5 11.3 Hz,
1 H, CHPh), 4.91 (d, 2J 5 12.5 Hz, 1 H, CHPh), 4.93 (dd, 3J3,2 5

8.4 Hz, 3J3,4 5 2.7 Hz 1 H, 3f-H), 4.97 (d, 3J1,2 5 8.5 Hz, 1 H, 1e-
H), 5.01 (d, 2J 5 12.5 Hz, 1 H, CHPh), 5.09 (d, 3J1,2 5 7.8 Hz, 1
H, 1b-H), 5.11 (d, 3J1,2 , 1.0 Hz, 1 H, 1d-H), 5.12 (d, 3J1,2 5

9.5 Hz, 1 H, 1a-H), 5.20 (d, 3J2,3 5 8.4 Hz, 3J2,1 5 8.0 Hz, 1 H, 2f-
H), 5.35 (s, 1 H, HCPh), 5.43 (dd, 3J3,2 5 3J3,4 5 8.7 Hz, 1 H, 3e-
H), 5.49 (d, 3J4,3 5 2.7 Hz, 1 H, 4f-H), 5.57 (d, 3J2,3 5 2.5 Hz, 1
H, 2c-H), 6.9327.67 (m, 51 H, 9 Ph, 4 Hm-PhCO, 2 Hp-PhCO),
8.03 (2 H, Ho-PhCO), 8.12 (2 H, Ho-PhCO). 2 13C NMR
(600 MHz, CDCl3): δ 5 54.8 (C-2e), 55.3 (C-2a), 56.6 (C-2b), 62.4
(C-6e), 66.3 (C-5c), 67.2 (C-6f), 67.5 (C-4f), 68.0 (C-6a, C-6b), 69.1
(C-6c), 69.9 (C-2f), 70.7 (C-6d), 71.5 (C-5d, C-3e), 71.7 (C-2c), 71.8
(C-3f), 72.1 (C-2d), 72.2 (C-5f), 73.7 (C-5a), 74.4 (C-5b-), 74.6 (C-
3c), 75.6 (C-4a), 77.0 (C-3b), 77.1 (C-4e, C-4d), 77.6 (C-3a), 77.9
(C-3d), 78.2 (C-4b), 79.5 (C-4c), 86.0 (C-1a), 95.4 (C-1e), 97.5 (C-
1b), 97.7 (C-1d), 98.9 (C-1c), 101.4 (C-1f), 102.5 (HCPh). 2 MS
(MALDI, positive mode, matrix: DHB); m/z: 2513 [M 2 N21

Na]1, 2545 [M 1 Na]1. 2 C139H144N6O39·0.5 H2O (2531.5): calcd.:
C 65.95, H 5.77, N 3.31; found C 66.09, H 5.88, N 2.81.

O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)-(3-
O-acetyl-6-O-benzoyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl)-(1R2)-(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-
(2-O-benzoyl-β-D-mannopyranosyl)-(1R4)2(3,6-di-O-benzyl-2-
deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-(1R4)-3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl
Azide (35): A solution of 34 (300 mg, 0.12 mmol) in dry dichloro-

methane (3 mL) was treated with ethanethiol (53.2 µL, 0.72 mmol)
and pTsOH (4.6 mg, 0.02 mmol) and stirred at room temp. After
2 h, the solution was neutralized with triethylamine and concen-
trated in vacuo. The residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 1:1) to give 35 (262.9 mg, 90%) as a
white foam. 2 TLC (petroleum ether/ethyl acetate, 1:1): Rf 5 0.15.
2 [α]20

D 5 14.6 (c 5 1.0, CHCl3). 2 1H NMR (600 MHz, CDCl3):
δ 5 1.7921.84 (m, 18 H, 6 CH3), 1.85 (s, 3 H, COCH3), 1.96 (s, 3
H, COCH3), 2.04 (s, 3 H, COCH3), 2.14 (s, 3 H, COCH3), 2.83
(dd, 2J 5 3J5,6 5 9.4 Hz, 1 H, 6d-H), 3.07 (d, 3J5,4 5 9.9 Hz, 1
H, 5b-H), 3.19 (mc, 1 H, 5c-H), 3.2723.30 (m, 2 H, 6a-H, 4d-H),
3.3523.37 (m, 2 H, 5a-H, 6f-H), 3.46 (dd, 2J 5 8.7 Hz, 3J6,5 5

4.4 Hz, 1 H, 69f-H), 3.5123.57 (m, 6 H, 69a-H, 6b-H, 69b-H, 69d-
H, 4e-H, 5e-H), 3.67 (mc, 1 H, 5f-H), 3.68 (d, 2J 5 9.5 Hz, 1 H,
6c-H), 3.7823.92 (m, 9 H, 2a-H, 2b-H, 3b-H, 3c-H, 69c-H, 2d-H,
3d-H, 5d-H, 2e-H), 3.9723.99 (m, 2 H, 3a-H, 4b-H), 4.03 (d, 2J 5

12.6 Hz, 1 H, CHPh), 4.0424.06 (m, 2 H, 4a-H, 6e-H), 4.16 (dd,
3J4,5 5 9.9 Hz, 3J4,3 5 4.9 Hz, 1 H, 4c-H), 4.24 (d, 2J 5 11.4 Hz,
1 H, CHPh), 4.29 (d, 2J 5 5.5 Hz, 1 H, 69e-H), 4.32 (d, 2J 5

12.6 Hz, 1 H, CHPh), 4.34 (d, 2J 5 13.0 Hz, 1 H, CHPh), 4.36 (d,
3J1,2 5 8.0 Hz, 1 H, 1f-H), 4.37 (s, 2 H, CH2Ph), 4.40 (d, 2J 5

11.2 Hz, 1 H, CHPh), 4.42 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.47 (d,
2J 5 8.0 Hz, 1 H, CHPh ), 4.49 (s, 2 H, CH2Ph), 4.50 (s, 2 H,
CH2Ph), 4.53 (d, 2J 5 11.2 Hz, 1 H, CHPh), 4.7124.75 [m, 4 H,
CH2Ph, H,H-COSY: 4.71 (d, 3J1,2 , 1.0 Hz, 1c-H), 4.72 (d, 3J1,2 5

7.6 Hz, 1e-H)], 4.86 (mc, 1 H, 3f-H), 4.87 (d, 2J 5 13.0 Hz, 1 H,
CHPh), 4.97 (d, 3J1,2 5 8.2 Hz, 1 H, 1b-H), 5.01 (d, 3J1,2 5 9.7 Hz,
1 H, 1a-H), 5.09 (dd, 3J2,3 5 8.4 Hz, 2J2,1 5 8.0 Hz, 1 H, 2f-H),
5.15 (dd, 3J3,2 5 3J3,4 5 8.7 Hz, 1 H, 3e-H), 5.30 (s, 1 H, 1d-H),
5.40 (d, 3J4,3 5 3.0 Hz, 1 H, 4f-H), 5.56 (dd, 3J2,3 5 3.2 Hz, 3J2,1

, 1.0 Hz, 1 H, 2c-H), 6.67 (d, Jp,m 5 7.3 Hz, 2 H, Hp 2 PhCO),
7.0527.50 (m, 44 H, 8 Ph, 4 Hm-PhCO), 8.03 (2 H, Ho-PhCO),
8.41 (2 H, Ho-PhCO). 2 13C NMR (600 MHz, CDCl3): δ 5 54.1
(C-2e), 55.0 (C-2a), 56.2 (C-2b), 62.6 (C-6e), 63.0 (C-6c), 64.5 (C-
4c), 66.8 (C-6f), 67.1 (C-4f), 67.5 (C-6b), 67.7 (C-6a), 69.5 (C-2f),
70.1 (C-6d), 70.6 (C-3e), 70.7 (C-5d), 71.4 (C-3f), 71.8 (C-5f), 72.5
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(C-2c), 73.4 (C-2d), 74.0 (C-5b, C-4d), 75.0 (C-4a), 75.5 (C-5c),
76.8 (C-3b, C-5a), 77.1 (C-4b, C-3d), 77.4 (C-4c), 78.6 (C-3a), 79.5
(C-3c), 85.7 (C-1a), 93.1 (C-1d), 95.9 (C-1e), 96.8 (C-1b), 98.5 (C-
1c), 101.3 (C-1f). 2 MS (FAB, positive mode, CHCl3/NBA 1 NaI);
m/z; 2430 [M 2 N2 1 Na]1, 2458 [M 1 Na]12475 [M 1 K]1, 2610
[M 1 Na 1 NaI]1. 2 C132H140N6O39·2 H2O (2470.6): calcd.: C
64.17, H 5.87, N 3.40; found C 64.06, H 5.83, N 2.86.

O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)-(3-
O-acetyl-6-O-benzoyl-2-deoxy-2-dimethylmaleimido-β-D-
glucopyranosyl)-(1R2)-(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-
(1R3)-[(2-O-acetyl-3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-
(1R6)]-(4-O-acetyl-2-O-benzoyl-β-D-mannopyranosyl)-(1R4)2(3,6-
di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-glucopyranosyl)-
(1R4)-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-β-D-gluco-
pyranosyl Azide (36): A mixture of 35 (270 mg, 0.11 mmol), 4[22]

(84 mg, 0.13 mmol) and molecular sieves (4 Å) in dry dichlorome-
thane (2 mL) was cooled to 240 °C. TMSOTf (0.1  in CH2Cl2,
10 µL) was slowly added dropwise under nitrogen and the reaction
mixture was stirred for 20 min. A solution of the trichloroacetimid-
ate (21.0 mg, 0.03 mmol) in dry CH2Cl2 (200 µL) was added drop-
wise at 240 °C and after stirring for 1 h [TLC (petroleum ether/
ethyl acetate, 1:1): Rf 5 0.45], the mixture was neutralized with
triethylamine. The mixture was warmed to room temp. and the
solvent evaporated in vacuo. Flash chromatography (petroleum
ether/ethyl acetate, 1:1) of the residue gave the heptasaccharide
(218.5 mg, 80%) as a white foam. The heptasaccharide (218.5 mg,
0.08 mmol) was treated with acetic anhydride (1 mL) in pyridine (2
mL) and the reaction mixture was stirred overnight at room temp.
The mixture was concentrated in vacuo by co-distillation with tolu-
ene/ethanol and the residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 3:2) to afford 36 (238 mg, quant.)
as a white foam. 2 TLC (petroleum ether/ethyl acetate, 3:2): Rf 5

0.39. 2 [α]20
D 5 18.2 (c 5 1.0, CHCl3). 2 1H NMR (600 MHz,

CDCl3): δ 5 1.5521.80 (m, 18 H, 6 CH3), 1.88 (s, 3 H, COCH3),
1.94 (s, 6 H, 2 COCH3), 2.00 (s, 6 H, 2 COCH3), 2.19 (s, 3 H,
COCH3), 3.04 (d, 3J5,4 5 9.9 Hz, 1 H, 5b-H), 3.13 (d, 3J5,4 5

10.2 Hz, 1 H, 5c-H), 3.2523.37 (m, 4 H, 5a-H, 6a-H, 6d-H, 6f-H),
3.4223.58 (m, 7 H, 69a-H, 6b-H, 69b-H, 3d-H, 4d-H, 69d-H, 69f-
H), 3.6624.03 (m, 21 H, 2a-H, 3a-H, 4a-H, 2b-H, 3b-H, 4b-H, 3c-
H, 6c-H, 69c-H, 2d-H, 5d-H, 4e-H, 5e-H, 5f-H, 3g-H, 4g-H, 5g-H,
6g-H, 69g-H, CH2Ph), 4.14 (dd, 3J2,3 5 3J2,1 5 8.5 Hz, 1 H, 2e-H),
4.24 (d, 2J 5 12.3 Hz, 1 H, CHPh), 4.2724.40 (m, 9 H, 6e-H, 4
CH2Ph), 4.4624.51 (m, 9 H, CHPh, 4 CH2Ph), 4.54 (d, 3J1,2 5

7.9 Hz, 1 H, 1f-H), 4.59 (d, 2J 5 12.4 Hz, 1 H, 69e-H), 4.63 (d,
2J 5 11.0 Hz, 1 H, CHPh), 4.70 (br. s, 1 H, 1c-H), 4.7424.83 [m,
6 H, 2 CH2Ph, H,H-COSY: 4.76 (d, 3J1,2 , 1.0 Hz, 1d-H), 4.83 (d,
3J1,2 , 1.0 Hz, 1g-H)], 4.88 (dd, 3J3,2 5 10.5 Hz, 3J3,4 5 2.4 Hz, 1
H, 3f-H), 4.94 (d, 3J1,2 5 7.8 Hz, 1 H, 1b-H), 4.99 (d, 3J1,2 5

9.6 Hz, 1 H, 1a-H), 5.08 (dd, 3J2,3 5 10.5 Hz, 3J2,1 5 7.9 Hz, 1 H,
2f-H), 5.26 (d, 3J1,2 5 8.5 Hz, 1 H, 1e-H), 5.30 (dd, 3J4,3 5 3J4,5 5

10.2 Hz, 1 H, 4c-H), 5.34 (d, 3J2,1 , 1.0 Hz, 1 H, 2g-H), 5.40 (d,
3J4,3 5 2.4 Hz, 1 H, 4f-H), 5.55 (dd, 3J3,2 5 8.5 Hz, 3J3,4 5 8.4 Hz,
1 H, 3e-H), 5.56 (br. s, 1 H, 2c-H), 6.7527.34 (m, 61 H, 11 Ph, 2
Hp -PhCO, 4 Hm-PhCO), 7.80 (2 H, Ho-PhCO), 8.05 (2 H, Ho-
PhCO). 2 13C NMR (600 MHz, CDCl3): δ 5 54.9 (C-2e), 55.3 (C-
2a), 56.5 (C-2b), 63.3 (C-6e), 66.7 (C-6c), 67.0 (C-6f), 67.4 (C-4f),
67.9 (C-5b, C-6a), 68.7 (C-2g), 69.1 (C-6g), 69.5 (C-4c), 69.8 (C-
2f), 70.2 (C-6d), 71.5 (C-3f), 71.6 (C-2c), 72.3 (C-3e, C-5g), 72.4
(C-5d, C-5f), 72.7 (C-5c), 73.3 (C-5e), 73.5 (C-2d), 73.6 (C-4d), 74.4
(C-4g), 74.6 (C-5b), 75.3 (C-4a), 75.5 (C-3c), 76.9 (C-3b), 77.1 (C-
5a), 77.3 (C-4e), 77.4 (C-3a), 77.7 (C-3d), 78.9 (C-3g), 79.0 (C-4b),
85.9 (C-1a), 96.8 (C-1e), 97.3 (C-1b), 98.5 (C-1g, C-1d), 99.0 (C-
1c), 101.5 (C-1f). 2 MS (FAB, positive mode, CHCl3/NBA 1 NaI);
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m/z: 2591 [M 2 N2 1 Na]1, 2619 [M 1 Na]12 C165H172N6O46·2
H2O (3011.2): calcd.: C 65.81, H 5.89, N 2.79; found C 65.75, H
6.28, N 2.29.

O-(2,3,4-Tri-O-acetyl-6-O-benzyl-β-D-galactopyranosyl)-(1R4)-(2-
acetamido-3-O-acetyl-6-O-benzoyl-2-deoxy-β-D-glucopyranosyl)-
(1R2)-(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R3)-[(2-O-
acetyl-3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R6)]-(2,4-di-O-
acetyl-β-D-mannopyranosyl)-(1R4)2(2-acetamido-3,6-di-O-benzyl-
2-deoxy-β-D-glucopyranosyl)-(1R4)-2-acetamido-3,6-di-O-benzyl-2-
deoxy-β-D-glucopyranosyl Azide (37): A mixture of 36 (194 mg,
0.06 mmol) and sodium hydroxide (104.3 mg, 2.6 mmol) in a mix-
ture of dioxane/water (4:1, 10 mL) was stirred overnight at room
temp. A solution of HCl (1 , 4 mL) was slowly added dropwise
until pH 5 4.5 was reached; the reaction mixture was stirred and
the pH constantly checked by a pH-meter. After 5 d [TLC (ethyl
acetate/methanol, 5:1): Rf 5 0.29], the mixture was neutralized with
a solution of NaOH (1 ⁾, ethanolamine (11.7 µL, 0.19 mmol) was
added and the solvent was evaporated in vacuo. The residue was
lyophilized from dioxane/water and used in the next step without
further purification. The residue was dissolved in pyridine (5 mL),
treated with acetic anhydride (2.5 mL) and the mixture was stirred
at room temp. for 12 h. The solvent was evaporated in vacuo by co-
distillation with toluene/ethanol and the residue purified by flash
chromatography (toluene/acetone, 3:2) to afford 37 (121 mg, 74%)
as a white foam. 2 TLC (toluene/acetone, 2:1): Rf 5 0.20. 2 [α]20

D 5

217.5 (c 5 0.52, CHCl3). 2 1H NMR (600 MHz, CDCl3): δ 5

1.53 (s, 3 H, NHAc), 1.67 (s, 3 H, NHAc), 1.75 (s, 3 H, NHAc),
1.84 (s, 3 H, COCH3), 1.94 (s, 3 H, COCH3), 1.96 (s, 3 H, COCH3),
1.98 (s, 3 H, COCH3), 2.03 (s, 6 H, 2 COCH3), 2.09 (s, 3 H,
COCH3), 3.11 (d, 3J5,4 5 9.9 Hz, 1 H, 5b-H), 3.20 (dd, 3J3,4 5
3J3,2 5 9.0 Hz, 1 H, 3b-H), 3.2723.28 [m, 2 H, 5c-H, H,H-COSY:
3.28 (dd, 3J2,3 5 9.3 Hz, 3J2,1 5 8.0 Hz, 2e-H)], 3.40 (dd, 2J 5
3J6,5 5 7.5 Hz, 1 H, 6f-H), 3.44 (mc, 1 H, 5e-H), 3.49 (dd, 2J 5

7.5 Hz, 3J69,5 5 6.0 Hz, 1 H, 69f-H), 3.5523.67 [m, 14 H, 3a-H, 4a-
H, 6a-H, 69a-H, 6b-H, 69b-H, 6c-H, 3d-H, 4d-H, 6d-H, 69d-H, 4e-
H, 6g-H, H,H-COSY: 3.56 (dd, 3J2,3 5 9.0 Hz, 3J2,1 5 8.2 Hz, 2b-
H)], 3.7423.76 (m, 4 H, 69c-H, 5f-H, 5g-H, 69g-H), 3.8323.93 [m,
7 H, 5a-H, 3c-H, 2d-H, 5d-H, 3g-H, 4g-H, H,H-COSY: 3.87 (ddd,
2J2,1 5 2J2,3 5 9.7 Hz, JNH 5 8.4 Hz, 2a-H)], 4.0024.01 (m, 2 H,
4b-H, 6e-H), 4.15 (d, 3J1,2 5 8.2 Hz, 1 H, 1b-H), 4.3024.45 [m, 17
H, NHb, CHPh, 5 CH2Ph, H,H-COSY: 4.31 (d, 2J 5 12.8 Hz,
CHPh), 4.32 (d, 2J 5 10.7 Hz, CHPh), 4.35 (d, 2J 5 12.2 Hz, 69e-
H), 4.43 (d, 3J1,2 5 7.5 Hz, 1f-H), 4.44 [d, 2J 5 11.9 Hz, CHPh)],
4.49 (d, 2J 5 12.5 Hz, 1 H, CHPh), 4.50 (d, 2J 5 6.8 Hz, 1 H,
CHPh), 4.51 (d, 2J 5 6.8 Hz, 1 H, CHPh), 4.52 (d, 2J 5 12.3 Hz,
1 H, CHPh), 4.53 (d, 2J 5 10.8 Hz, 1 H, CHPh), 4.62 (s, 2 H,
CH2Ph), 4.7024.71 [m, 2 H, H,H-COSY: 4.70 (d, 3J1,2 , 1.0 Hz,
1c-H), 4.71 (d, 3J1,2 5 9.7 Hz, 1a-H)], 4.79 (d, 2J 5 12.5 Hz, 1 H,
CHPh), 4.86 (s, 1 H, 1g-H), 4.89 (d, 3J1,2 5 1.9 Hz, 1 H, 1d-H),
4.9424.95 [m, 2 H, H,H-COSY: 4.94 (d, 3J1,2 5 8.0 Hz, 1e-H, 4.95
(dd, 3J3,2 5 8.3 Hz, 3J3,4 5 2.6 Hz, 3f-H)], 5.06 (dd, 3J2,3 5 8.3 Hz,
2J2,1 5 7.5 Hz, 1 H, 2f-H), 5.29 (dd, 3J4,3 5 3J4,5 5 9.8 Hz, 1 H,
4c-H), 5.36 (s, 1 H, 2g-H), 5.43 (d, 3J4,3 5 2.6 Hz, 1 H, 4f-H), 5.46
(dd, 3J3,4 5 3J3,2 5 9.3 Hz, 1 H, 3e-H), 5.60 (dd, 3J2,3 5 2.4 Hz,
3J2,1 , 1.0 Hz, 1 H, 2c-H), 5.64 (br. s, 1 H, NHe), 6.20 (d, JNH 5

8.4 Hz, 1 H, NHa), 6.91 (d, Jp,m 5 7.3 Hz, 1 H, Hp 2 PhCO), 7.14
27.35 (m, 57 H, 11 Ph, 2 Hm-PhCO), 8.05 (2 H, Ho-PhCO). 2 13C
NMR (600 MHz, CDCl3): δ 5 51.5 (C-2a), 54.9 (C-2b), 55.8 (C-
2e), 62.6 (C-6e), 66.4 (C-6c), 66.8 (C-6f), 67.1 (C-4f), 68.2 (C-6b),
68.5 (C-2g), 68.7 (C-6g), 68.8 (C-6a), 69.0 (C-4c), 69.3 (C-6d), 69.4
(C-2f), 71.1 (C-3f), 71.3 (C-3e), 71.4 (C-2), 71.8 (C-5g), 72.0 (C-5f),
72.1 (C-5d), 72.3 (C-5e), 72.4 (C-5c), 73.2 (C-5a), 74.2 (C-2d, C-
4g), 74.3 (C-5b), 75.5 (C-3c), 76.2 (C-4a, C-4d), 76.5 (C-4e), 77.3
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(C-4b), 77.4 (C-3d), 77.6 (C-3a), 77.8 (C-3b), 78.4 (C-3g), 88.2 (C-
1a), 97.6 (C-1e), 97.9 (C-1g), 98.2 (C-1c), 98.9 (C-1d), 99.8 (C-1b),
101.0 (C-1f). 2 MS (FAB, positive mode, CHCl3/NBA 1 NaI);
m/z; 2687 [M 2 N2 1 Na]1, 2713 [M 1 Na]12729 [M 1 K]1, 2864
[M 1 NaI 1 Na]1. 2 C146H164N6O43·2.5 H2O (2736.0): calcd.: C
64.09, H 6.22, N 3.07; found C 64.10, H 6.26, N 2.76.

O-(6-O-Benzyl-β-D-galactopyranosyl)-(1R4)-(2-acetamido-2-deoxy-
β-D-glucopyranosyl)-(1R2)-(3,4,6-tri-O-benzyl-α-D-mannopyra-
nosyl)-(1R3)-[(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-(1R6)]-
(β-D-mannopyranosyl)-(1R4)-(2-acetamido-3,6-di-O-benzyl-2-
deoxy-β-D-glucopyranosyl)-(1R4)-2-acetamido-3,6-di-O-benzyl-2-
deoxy-β-d-glucopyranosyl Azide (38): To a solution of 37 (130 mg,
0.05 mmol) in methanol (5 mL) was added an aqueous solution of
LiOH (1 , 1 mL) and the mixture was vigorously stirred at 50 °C.
After 20 h, the solution was neutralized with ion-exchange resin
(Amberlite IR 120 H1form), the resin was filtered off and the fil-
trate was concentrated in vacuo. Flash chromatography (ethyl acet-
ate/methanol, 8:1) of the residue gave 38 (97.5 mg, 87% as a white
foam. 2 TLC (ethyl/acetate/methanol, 9:2): Rf 5 0.48. 2 [α]20

D 5

227.5 (c 5 0.2 MeOH). 2 1H NMR (600 MHz, MeOD(D2O,
10:1): δ 5 1.90 (s, 3 H, NHAc), 1.91 (s, 3 H, NHAc), 2.04 (s, 3 H,
NHAc), 3.31 (d, 3J5,4 5 10.0 Hz, 1 H, 5c-H), 3.35 (d, 3J5,6 5

9.5 Hz, 1 H, 5b-H), 3.5424.09 (m, 38 H, 2a-H, 3a-H, 4a-H, 5a-H,
6a-H, 69a-H, 2b-H, 3b-H, 4b-H, 6b-H, 69b-H, 3c-H, 4c-H, 6c-H,
69c-H, 2d-H, 4d-H, 5d-H, 6d-H, 69d-H, 2e-H, 3e-H, 4e-H, 5e-H,
6e-H, 69e-H, 2f-H, 3f-H, 4f-H, 5f-H, 6f-H, 69f-H, 2g-H, 3g-H, 4g-
H, 5g-H, 6g-H, 69g-H), 4.15 (dd, 3J3,4 5 922 Hz, 3J3,2 5 3.5 Hz,
1 H, 3d-H), 4.21 (dd, 3J2,3 5 4.2 Hz, 3J2,1 , 1.0 Hz, 1 H, 2c-H),
4.39 (d, 2J 5 12.1 Hz, 1 H, CHPh), 4.40 (d, 2J 5 12.1 Hz, 1 H,
CHPh), 4.46 (d, 2J 5 12.4 Hz, 1 H, CHPh), 4.4824.50 (m, 2 H,
2d-H, CHPh), 4.5324.61 [m, 7 H, 2 CH2Ph, H,H-COSY: 4.53 (d,
3J1,2 5 7.5 Hz, 1f-H), 4.55 (d, 2J 5 12.9 Hz, CHPh), 4.59 (d, 2J 5

10.0 Hz, CHPh)], 4.6324.73 [m, 12 H, 3 CH2Ph, CHPh, H,H-
COSy: 4.66 (d, 2J 5 12.5 Hz, CHPh), 4.67 (d, 3J1,2 5 9.5 Hz, 1a-
H), 4.69 (d, 3J1,2 5 8.1 Hz, 1b-H), 4.70 (d, 3J1,2 , 1.0 Hz, 1c-H),
4.73 (d, 3J1,2 5 7.4 Hz, 1e-H)], 4.80 (dd, 2J 5 12.5 Hz, 2 H,
CH2Ph), 4.88 (d, 3J1,2 5 1.1 Hz, 1 H, 1g-H), 5.07 (dd, 2J 5 10.9 Hz,
2 H, CH2Ph), 5.21 (s, 1 H, 1d-H), 7.2827.50 (m, 55 H, 11 Ph). 2
13C NMR (600 MHz, MeOD/D2O, 10:1): δ 5 53.3 (C-2a), 55.3 (C-
2b), 55.6 (C-2e), 61.1 (C-6e), 66.1 (C-6c), 67.4 (C-2c), 68.1 (C-6f),
68.5 (C-6b), 68.8 (C-6g), 69.1 (C-4f), 69.4 (C-6d), 70.0 (C-6a), 70.5
(C-2g), 73.6 (C-2d), 74.8 (C-5b), 75.2 (C-5a), 75.3 (C-5c), 76.9 (C-
4b), 77.2 (C-2f), 78.6 (C-3d), 79.9 (C-3g), 80.7 (C-3b), 81.0 (C-4d),
81.5 (C-3c), 88.7 (C-1a), 99.8 (C-1d), 100.1 (C-1g), 100.3 (C-1b),
100.7 (C-1e), 101.0 (C-1c), 104.3 (C-1f). 2 MS (FAB, positive
mode, CHCl3/NBA 1 NaI); m/z: 2288 [M 2 N2 1 Na]1, 2315 [M
1 Na]1, 2465 [M 1 NaI 1 Na]1, 2617 [M 1 2NaI 1 Na]1. 2

C125H146, N6O35·7 H2O (2418.6): calcd.: C 62.07, H 6.66, N 3.47;
found C 62.01, H 673, N 202.

N-{(6-O-Benzyl-β-D-galactopyranosyl)-(1R4)-(2-acetamido-2-
deoxy-β-D-glucopyranosyl)-(1R2)-(3,4,6-tri-O-benzyl-α-D-
mannopyranosyl)-(1R3)-[(3,4,6-tri-O-benzyl-α-D-mannopyranosyl)-
(1R6)]-(β-D-mannopyranosyl)-(1R4)2(2-acetamido-3,6-di-O-
benzyl-2-deoxy-β-D-glucopyranosyl)-(1R4)-(2-acetamido-3,6-di-O-
benzyl-2-deoxy-β-D-glucopyranosyl)}N-benzyloxycarbonyl-L-aspa-
ragine Benzyl Ester (39): To a mixture of 38 (30 mg, 0.013 mmol)
and ethyldiisopropylamine (27.7 µL, 0.16 mmol) in dry methanol
(1.3 mL), propanedithiol (65.4 µL, 0.65 mmol) was added dropwise
under nitrogen and the solution was stirred at room temp. After 4
h [TLC (ethyl acetate/methanol, 3:1): Rf (amine, α) 5 0.47; Rf

(amine, β) 5 0.35], the reaction mixture was concentrated and dried
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in vacuo to remove the majority of the reagents. The residue
(β/α mixture: 95:5) was dissolved in N-methylpyrrolidone (200 µL)
and treated with a solution of 2[21] (44.2 mg, 0.08 mmol), ethyldiiso-
propylamine (27.2 µL, 0.15 mmol), and N-hydroxybenzotriazole (9.8
mg, 0.07 mmol) in N-methylpyrrolidone (300 µL). The mixture was
stirred under nitrogen at room temp. After 5 h, the solvent was
evaporated in vacuo and the residue was purified by LH-20 se-
phadex gel filtration chromatography (chloroform/methanol, 1:1;
flow rate: 1mL/min). The fractions containing the compound were
concentrated in vacuo and the residue was lyophilized from dioxane
to afford 39 (19.6 mg, 58%) as a white powder. 2 TLC (ethyl acet-
ate): Rf 5 0.40. 2 [α]20

D 5 212.4 (c 5 1.0, MeOH). 2 1H NMR
(600 MHz, MeOD/CDCl3, 1:1): δ 5 1.73 (s, 3 H, NHAc), 1.79 (s,
3 H, NHAc), 1.90 (s, 3 H, NHAc), 2.7322.75 (m, 2 H, βCHa Asn,
βCHb Asn), 3.1523.17 (m, 2 H, 5b-H, 5c-H), 3.4023.41 (m, 2 H,
5a-H, 3c-H), 3.5124.16 (m, 37 H, 2a-H, 3a-H, 4a-H, 6a-H, 69a-H,
2b-H, 3b-H, 4b-H, 6b-H, 69b-H, 2c-H, 4c-H, 6c-H, 69c-H, 3d-H,
4d-H, 5d-H, 6d-H, 69d-H, 2e-H, 3e-H, 4e-H, 5e-H, 6e-H, 69e-H,
2f-H, 3f-H, 4f-H, 5f-H, 6f-H, 69f-H, 2g-H, 3g-H, 4g-H, 5g-H, 6g-
H, 69g-H), 4.28 (d, 3J2,1 , 1.0 Hz, 1 H, 2d-H), 4.3824.45 [m, 9 H,
3 CH2Ph, CHPh, H,H-COSY: 4.39 (d, 3J1,2 5 7.8 Hz, 1f-H), 4.41
(d, 2J 5 13.0 Hz, CHPh)], 4.4824.64 [m, 13 H, CH2Ph, H,H-
COSY: 4.48 (d, 2J 5 11.8 Hz, CHPh), 4.53 (d, 2J 5 13.0 Hz,
CHPh), 4.57 (d, 2J 5 12.5 Hz, CHPh), 4.59 (d, 3J1,2 5 8.5 Hz, 1e-
H), 4.63 (d, 3J1,2 , 1.0 Hz, 1c-H), 4.64 (dd, Jα,βa 5 7.2 Hz, Jα,βb 5

4.5 Hz, αCH Asn), 4.67 (d, 3J1,2 5 7.8 Hz, 1b-H)], 4.77 (d, 2J 5

11.2 Hz, 1 H, CHPh), 4.82 (d, 2J 5 12.2 Hz, 1 H, CHPh), 4.83 (s,
1 H, 1g-H), 4.88 (d, 3J1,2 5 9.4 Hz, 1 H, 1a-H), 4.99 (d, 2J 5

12.2 Hz, 1 H, CHPh), 5.04 (d, 2J 5 11.9 Hz, 1 H, CHPh), 5.05 (d,
3J1,2 , 1.0 Hz, 1 H, 1d-H), 5.06 (d, 2J 5 11.9 Hz, 1 H, CHPh Asn),
5.07 (d, 2J 5 8.9 Hz, 1 H, CHPh Asn), 5.09 (d, 2J 5 8.9 Hz, 1 H,
CHPh Asn), 7.1327.36 (m, 65 H, 13 Ph). 2 13C NMR (600 MHz,
MeOD/CDCl3, 1:1): δ 5 79.1 (C-1a), 100.6 (C-1d, C-1g), 100.4
(C-1b), 100.6 (C-1e), 101.0 (C-1c), 104.6 (C-1f). 2 C144H165N5O40

(2605.9): MS (FAB, positive mode, CHCl3/NBA 1 NaI); m/z: 2629
[M 1 Na]1, 2643 [M 1 K]1. MS (MALDI, positive mode, matrix:
DHB); m/z: 2629 [M 1 Na]1.

N-{(β-D-Galactopyranosyl)-(1R4)-(2-acetamido-2-deoxy-β-D-
glucopyranosyl)-(1R2)-(α-D-mannopyranosyl)-(1R3)-[(α-D-
mannopyranosyl)-(1R6)]-(β-D-mannopyranosyl)-(1R4)2(2-
acetamido-2-deoxy-β-D-glucopyranosyl)-(1R4)-(2-acetamido-2-
deoxy-β-D-glucopyranosyl)}L-asparagine (1): To a solution of com-
pound 39 (6 mg, 2.3 µmol) in a mixture of methanol/water (5:1,
1.2 mL) was added palladium hydroxide (3 mg) and the suspension
was vigorously stirred under hydrogen at room temp. After 5 h, the
mixture was filtered and the filtrate concentrated in vacuo. The
residue was purified by P4 gel filtration chromatography (column:
Pharmacia 16 mm 3 40 cm; mobile phase: 0.03% NH4HCO3; flow
rate: 1mL/min) and lyophilized from water to give the final com-
pound 40 (2 mg, 65%) as a white powder. 2 TLC (iPrOH/
NH4OAc, 2:1): Rf 5 0.15. 2 1H NMR (250 MHz, D2O): δ 5 1.81
(s, 3 H, NHAc), 1.91 (s, 6 H, 2 NHAc), 2.68 (dd, 2J 5 16.8 Hz,
3Jvic 5 2.5 Hz, 1 H, βCHa Asn), 2.74 (dd, 2J 5 16.8 Hz, 3Jvic 5

8.0 Hz, 1 H, βCHb Asn), 3.28 (m, 37 H), 3.80 (dd, 3J2,3 5 3J2,1 5

1.3 Hz, 1 H, 2d-H), 4.02 (dd, 3J2,3 5 1.7 Hz, 3J2,1 , 1.0 Hz, 1 H,
2c-H), 4.11 (d, 3J2,1 , 1.0 Hz, 1 H, 2g-H), 4.31 (d, 3J1,2 5 7.7 Hz,
1 H, 1f-H), 4.4124.43 [m, 2 H, H,H-COSY: 4.41 (d, 3J1,2 5 7.5 Hz,
1e-H), 4.42 (d, 3J1,2 5 8.0 Hz, 1b-H)], 4.58 (d, 3J1,2 , 1.0 Hz, 1 H,
1c-H), 4.73 (d, 3J1,2 , 1.0 Hz, 1 H, 1g-H), 4.94 (d, 3J1,2 5 9.5 Hz,
1 H, 1a-H), 5.01 (d, 3J1,2 5 1.3 Hz, 1 H, 1d-H). 2 C52H87N5O38

(1390.5): MS (MALDI, positive mode, matrix: DHB); m/z: 1414
[M 1Na]1.
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