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Abstract: Total syntheses of the Gly-
CAM-1 (glycosylation-dependent cell
adhesion molecule-1) oligosaccharide
structures: {a-NeuAc-(2! 3)-b-Gal-
(1! 4)-[a-Fuc-(1! 3)]-b-(6-O-SO3Na)-
GlcNAc-(1! 6)}-[a-NeuAc-(2! 3)-b-
Gal-(1! 3)]-a-GalNAc-OMe (1) and
{a-NeuAc-(2! 3)-b-Gal-(1! 4)-[a-Fuc-
(1! 3)]-b-GlcNAc-(1! 6)}-[a-NeuAc-
(2! 3)-b-Gal-(1! 3)]-a-GalNAc-OMe
(2) through a novel sialyl Lewisx tetra-
saccharide donor are described. Em-
ploying sequential glycosylation strat-
egy, the starting trisaccharide was
regio- and stereoselectively constructed
through coupling of a disaccharide imi-

date with the monosaccharide acceptor
phenyl-6-O-naphthylmethyl-2-deoxy-2-
phthalimido-1-thio-b-d-glucopyranoside
with TMSOTf as a catalyst without
affecting the SPh group. The novel sialyl
Lewisx tetrasaccharide donor 3 was then
obtained by a-l-fucosylation of trisac-
charide acceptor with the 2,3,4-tri-O-
benzyl-1-thio-b-l-fucoside donor. The
structure of the novel sialyl Lewisx

tetrasaccharide was established by a

combination of 2D DQF-COSY and
2D ROESY experiments. Target oligo-
saccharides 1 and 2 were eventually
constructed through heptasaccharide
which was obtained by regioselective
assembly of advanced sialyl Lewisx tet-
rasaccharide donor 3 and a sialylated
trisaccharide acceptor in a predictable
and controlled manner. Finally, target
heptasaccharides 1 and 2 were fully
characterized by 2D DQF-COSY, 2D
ROESY, HSQC, HMBC experiments
and FAB mass spectroscopy.Keywords: glycosylations ´ oligo-

saccharides ´ protecting groups ´
total synthesis

Introduction

Glycoproteins and glycolipids are major components of the
outer surface of eukaryotic cells and play a vital role in many
fundamental biological processes such as, viral, bacterial, and
parasitic infections, immune defense, and inflammation.[1]

There is tremendous interest in structural studies of the
sulfated oligosaccharide chains of O-linked mucin glycopro-
teins, such as, CF respiratory mucin,[2] colonic tumor associ-
ated glycoproteins,[3] and the natural ligands for selectins.[4]

Therefore, the chemical synthesis of well defined oligosac-
charides still receives much attention.[5] A sulfate group has
been reported to be located at the C-6' position of Gal or C-6
position of GlcNAc in the sialyl LewisX moiety O-linked to
the C-6 position of GalNAc (Figure 1).

Synthesis of this type of functional oligosaccharide struc-
tures requires a special protecting group which should have
several features, including i) highly selective removal in the
presence of O-benzyl groups, ii) stable in a variety of strong

Figure 1. Core structure of GLYCAM-1.

Lewis acid and bases or even in strong acids and bases, iii) and
an electron-donor group instead an electron-withdrawing
group. These requirements could be provided by introduction
of the 2-naphthylmethyl (NAP) group because it is stable in
variety of acid and base conditions and can be removed by 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) with high
selectivity in the presence of benzyl groups.[6]

Classic strategies for oligosaccharide assembly are involved
in the manipulation of the protecting groups between each
glycosylation step. Such a manipulation is a consequence of
increased linearity and inefficiency of oligosaccharide assem-
bly. In order to increase assembly efficiency of complex
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oligosaccharides by avoiding
various unnecessary manipula-
tions of each glycosylation step,
several strategies of glycosyla-
tion have been developed for
synthesis of such complex oli-
gosaccharides. First, utilization
of highly regio- and stereose-
lective glycosylation of partially
or unprotected acceptors[7]

based on differences in reactiv-
ity of the hydroxyl groups fol-
lowed by analysis of structures
using modern 2D NMR techni-
ques.[8] Second, use of one-pot
sequential glycosylation.[9]

Third, employing two-direc-
tional glycosylation which ex-
ploits both the differences in
the reactivities of an anomeric
leaving group and the subtle
control of nucleophilicities of
sugar hydroxyl groups.[10] The
major purpose of these strat-
egies is to overcome the tradi-
tional, tedious multi-step pro-
tection/deprotection schemes
and provide an easier route for
the synthesis of complex, bio-
logically active oligosaccharide
molecules. Herein we utilize
these approaches combined
with the recently introduced
2-naphthylmethyl (NAP) group to efficiently perform the
first total syntheses of highly complex oligosaccharides 1 and
2, representative of the carbohydrate structures in Gly-
CAM-1[4, 11] (Scheme 1).

Scheme 1. Target structure of sialylated and sulfated oligosaccharides.

Results and Discussion

The GlyCAM-1 carbohydrate structures 1 and 2 are challeng-
ing synthetic targets because they require incorporating two
a-(2! 3)-sialic acid residues, recognized as one of the most

difficult problems in synthetic carbohydrate chemistry. Se-
quential sialylation of the bulky acceptors 9 and 10 was
attempted, but produced unsatisfactory amounts of heptasac-
charide 11 due to a very poor yield for the sialylation of
acceptor 10 (Scheme 2). The disappointing result led to a
revised synthetic route which proved successful in later
manipulations.

The retrosynthetic analyses of two heptasaccharide deriv-
atives 1 and 2 are outlined in Scheme 3. This scheme relies on
an approach which involves glycosylation at the 6-position of
trisaccharide acceptor 13 with a new sialyl Lewisx donor 12. In
turn, this donor 12 can be constructed by a sequential
glycosylation route, starting from monosaccharide building
blocks 3, 16, 17, and 18. The use of three different leaving
groups (imidate, SMe, and SPh) which exhibit different
reactivities in different coupling reactions facilitate the direct
glycosylation by monosaccharide acceptor 3 without requiring
additional steps for activation of its reactive anomeric
center.[12] The synthetic route commences with synthesis of
the tetrasaccharide 12. Construction of novel intermediate 12
is performed through highly regio- and stereoselective
glycosylation steps outlined in Schemes 4 and 5.

Starting from known 21, compound 22 is obtained in high
yield (89%) in a one-pot, two-step procedure. Selective
protection of the primary hydroxyl group of 22 is accom-
plished by treatment with pivaloyl chloride in dry pyridine at 0

Scheme 2. The first pathway attempted to disialylated heptasaccharide 11.
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to 25 8C, giving compound 23 in
good yield (78 %). Monosac-
charide acceptor 16 is obtained
in excellent yield (90 %) by
treatment of its precursor 23
with 60 % HOAc at 60 to 65 8C
for 1.5 h.

The next reaction is regio-
and stereoselective sialylation
of acceptor 16. This type of a-
sialylation has been considered
to be one of the most difficult
types of O-glycosylation to be
performed selectively. The dif-
ficulty results from the unique
structural features of sialic acid:
i) it exists solely as 2a-glycoside
which is less favored in a stereo-
electronic sense than the corre-
sponding 2b-glycoside, and
ii) the C-2 carbon, to which
sugar residues must be attached
in glycosylation reactions, is
quaternary and carries an elec-
tron-withdrawing carboxylate
group. Moreover, the lack of a
participating functionality at
C-3 complicates the control of
the stereoselectivity of glycosy-
lation. Therefore, there are a
number of approaches which
have been investigated in order
to address this problem.[13] The
new sialic donor 17, which was
prepared according to protocol
reported by Boons and co-
worker,[14c] is a synthetic sialyl
donor with defined configura-
tion (determined by X-ray anal-
ysis). Because the C-3 position
lacks participating functionali-
ty, it is important to use a
defined configuration of donor
17 to avoid the complication of
control of the stereoselectivi-
ty[15] of glycosylation. Addition-
ally, sialyl donor 17 affords
several advantages: i) it is rela-
tive inexpensive to prepare,
ii) it is quite reactive during
glycosylation, iii) a b-configura-
tion of compound 17 is easily
obtained by crystallization from
anhydrous diethyl ether after
column chromatography, and
iv) the glycal is dramatically
reduced by the trivial addition
of the N-acetyl group.[14c, 20] It
is reasonable that this donor is

Scheme 4. a) (CH3)C(OCH3)2, CSA, RT, 12 h, then, Et3N/CH3OH/H2O, reflux, 48 h, 89 %; b) Piv-Cl/pyridine, 0
to 25 8C, 24 h, 78 %; c) 60% HOAc, 60 to 65 8C, 1.5 h, 90%; d) NIS/TfOH, CH3CN/CH2Cl2 1:1, 3 � MS, ÿ65 to
45 8C, 4 h, 66%; e) Ac2O/pyridine 1:1, DMAP, RT, 12 h, 81%; f) Pd/C (10 %), H2, RT, 6 h, 84 %; g) CCl3CN, DBU,
CH2Cl2, 0 8C, 2 h, 96%.

Scheme 3. Retrosynthetic analyses of the target oligosaccharides 1 and 2.
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Scheme 5. a) TMSOTf, CH2Cl2, 4 � MS, ÿ40 to ÿ45 8C, N2, 1.5 h, 87%;
b) Ac2O/pyridine 1:1, DMAP, RT, 12 h, 88%; c) 18, CuBr2/nBu4NBr,
ClCH2CH2Cl/DMF 5:1, 65 h, 92%.

thechoice. Total regio- and stereoselective sialylation of HO-3
of the galactose residue in acceptor 16 with donor 17 was
accomplished because of the higher nucleophilicity of HO-3
compared with HO-2 and HO-4 of the same galactose residue,
and employment of a defined configuration of sialyl donor 17.
The acetylation of 24 with Ac2O/pyridine 1:1 was performed
at room temperature in the presence of a catalytic amount of
DMAP, providing the disaccharide 25 (see Experimental
Section, Figure 2).

The (2! 3)-linkage of 25 is deduced from a weak NOE
cross peak between H-3 of the galactose residue and H-3a of
the sialic acid residue,[16] and further confirmed by observa-
tion of a cross peak between Ha-3 and Cb-2 in HMBC
spectrum. The a-configuration of the glycoside of 25 is
assigned according to literature methods,[17] and further
confirmed by observation of a strong cross peak between
Hb-3a and Cb-1 in HMBC spectrum of 25 because the a-
sialoside has a larger heteronuclear coupling constant[17b]

(3JC-1,H-3a) than the b-sialoside.
The disaccharide imidate 27 is obtained by the standard

procedure from 26 in good yield in two steps (Scheme 4). As
illustrated in Scheme 5, the donor 27 and acceptor 3 are
designed to take advantage of the differences in the reactivity
of their leaving groups. Successful regioselective glycosylation
of the 4-hydroxyl group of diol 3 with the disaccharide imidate
27 is achieved by the Schmidt glycosylation procedure,[18]

using TMSOTf as a catalyst without affecting the SPh group
of 3 ; this in turn affords the trisaccharide 14 in excellent yield
(87 %). A strong NOE cross peak between Hb-1 and Ha-4 of
trisaccharide 14 is indicative of a (1! 4) linkage of the

glycoside. b-Configuration of the glycoside is confirmed by
the presentation of a larger coupling constant of 3J1b,2b�
7.9 Hz. The trisaccharide acceptor 14 was fucosylated with
methyl 2,3,4-tri-O-benzyl-thio-b-l-fucoside (18) catalyzed by
CuBr2/nBu4NBr[19] to afford the desired sialyl Lewisx donor 12
in almost quantitative yield (92 %). The structure of tetrasac-
charide 12 is established by a combination of 2D DQF-COSY
and 2D ROESY experiments. a-Fucopyranoside of tetrasac-
charide 12 is indicated by a small coupling constant of 3J1,2�
3.1 Hz), which is characteristic feature for 1,2-cis fucopyrano-
side (see Experimental Section, Figures 3 ± 4).

Target oligosaccharide 1 is constructed as outlined in
Scheme 6. Due to the much higher reactivity of the primary
hydroxyl group in acceptor 13, glycosylation of HO-6 of 13[20]

with donor 12 is performed[21] with total regioselectivity under
controlled reaction conditions, resulting in the formation of
one glycosylation product. Thus, heptasaccharide 30 was
obtained in good yield (67 %). The b-(1! 6)-linkage of
oligosaccharide 30 is confirmed through observation of NOEs

Scheme 6. a) NIS/TfOH,ÿ65 toÿ60 8C, 1.5 h, 67%; b) Ac2O/pyridine 1:1,
RT, 12 h, 80%; c) DDQ, CH2Cl2/CH3OH 4:1:H2O:trace, 16 h, 73 %;
d) SO3/pyridine, pyridine, 0 to 5 8C, 9 h, 78 %; e) Pd/C 10%, H2, RT, 6 h;
f) Ac2O/pyridine 1:1, RT, DMAP, RT, 12 h, 85 % for e) ± f); g) LiI, pyridine,
120 to 125 8C, 8 ± 10 h; h) CH3OH/NH2-NH2 ´ H2O 5:1, 80 to 85 8C, 4 ± 5 h,
then, Ac2O/pyridine 1:1, RT, 12 h; i) 1m, CH3ONa/CH3OH, H2O/CH3OH,
RT, 12 h, 25%.
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cross peaks between H-6a, H-6b of N-acetylgalactosamine
residue and H-1 of N-phthalimido protected glucosamine
residue of oligosaccharide 30. Therefore, oligosaccharide 30 is
regio- and stereoselectively constructed in a predictable and
controlled manner. Compound 31 is treated with Ac2O/
pyridine 1:1 and catalytic amounts of DMAP to give
acetylated 31 in good yield (80%). Removal of the 2-naph-
thylmethyl (NAP) protecting group from 31 is affected by
treatment with DDQ. Noteworthy the removal of the NAP
protecting group from 31 warrants carefully controlled
conditions because of acidic liability of tribenzyl fucose
residue, which was reported by Kunz and co-workers.[22] A
larger excess of DDQ and longer reaction time will lead to the
loss of tribenzyl fucose residue. Conversion of 32 into 33 is
obtained by treatment of 32 in pyridine with SO3 ´ pyridine.
Compound 33 is subsequently converted into 34 in two steps:
a) removal of the methyl group from the carboxyl group with
lithium iodide in refluxing pyridine under N2 atmosphere and
b) removal of the N-phthalimido group with methanol/NH2-
NH2 ´ H2O 5:1, followed by Ac2O/pyridine 1:1 treatment
in the presence of catalytic amounts of DMAP. Finally,
O-deacetylation of compound 34 with 1m sodium methoxide
in methanol/water solution at room temperature give
1. The structure and purity of 1 (see Figure 5) are established
by two dimensional 1H ± 1H homonuclear correlations (DQF-
COSY and ROESY), 13C ± 1H heteronuclear correla-
tions (HSQC, HMBC) experiments and FAB mass spectros-
copy.

The final route to target oligosaccharide 2 is outlined in
Scheme 7. Compound 31 was treated with Pd/C (10 %) in a
mixture of dichloromethane/methanol 1.5:1 under hydrogen
atmosphere, which results in the removal of the benzyl and
2-naphthylmethyl (NAP) protecting groups. Compound was
then acetylated with Ac2O/pyridine 1:1 in the presence of
catalytic amounts of DMAP at room temperature for over-
night to give compound 35 in 94 % yield in two steps. A similar
procedure was used for deprotection of 35, to obtain target
oligosaccharide 2 (as described for 1). Thus, removal of the
methyl group, removal of the N-phthalimido group, acetyla-
tion, and O-de-acetylation produced target oligosaccharide 2
in 33 % yield in three steps. The structure and purity of 2 was
established by two dimensional 1H ± 1H homonuclear corre-
lation (DQF-COSY and ROESY), 13C NMR and FAB mass
spectroscopy.

Conclusion

In summary, we describe a concise and efficient pathway for
total synthesis of the GlyCAM-1 oligosaccharides 1 ± 2
through a novel sialyl Lewisx donor 12 which was efficiently
constructed in only nine steps from monosaccharide building
block 3 and sialyl donors 12, 27, and 29. These sialyl donors
will be very useful for synthesis of oligosaccharides[23]

containing a-Neu5Ac-(2! 3)-b-Gal-(1! 4)-GlcNAc frag-
ment. Our strategy is based on the newly introduced
2-naphthylmethyl (NAP) group which can be easily removed
by our methodology.

Scheme 7. a) Pd/C (10 %), H2, RT, 6 h; b) Ac2O/pyridine 1:1, RT, 12 h,
94% in two steps; c) LiI, pyridine, 120 to 125 8C, 8 ± 10 h; d) NH2-NH2 ´
H2O/MeOH 1:5, 80 to 85 8C, 4 ± 5 h; then Ac2O/pyridine 1:1, DMAP, RT,
12 h; e) 1m CH3ONa/CH3OH, H2O/CH3OH, RT, 12 h, 33%.

Experimental Section

General procedures : TLC was conducted on glass plates, precoated with
0.25 mm layer of silica gel 60 F-254 (Analtech GHLF uniplates); the
components were located either by exposure to UV light or by spraying
with a solution of 10 % H2SO4, 0.2 % p-anisaldehyde in ethanol solution.
Solutions were concentrated under reduced pressure. The silica gel used for
column chromatography was Baker Analyzed (60 ± 200 mesh). Optical
rotations were measured at 25 8C with Perkin ± Elmer 241 polarimeter. [a]D

values are given in 10ÿ1 deg cm2 gÿ1. 1H NMR spectra were recorded at
303 K with either a Bruker AM-400 (400 MHz) or AMX-600 (600 MHz)
spectrometer. The values of d (ppm) are given relative to the signal (d� 0)
for internal Me4Si for solutions in CDCl3, CD2Cl2, CD3OD. 13C NMR
spectra were recorded at 303 K with a Bruker AM-400 (100.6 MHz)
spectrometer using the signals for CDCl3 (d� 77.0), CD2Cl2 (d� 54.15),
CD3OD (d� 49.15), [D6]acetone (d� 206.0 or 29.8) as references. First-
order chemical shifts and coupling constants (J/ Hz) were obtained from
one-dimensional spectra and assignments of protons resonance were based
on 2D DQF 1H ± 1H COSY, 2D ROESY. Two-dimensional double-
quantum filtered phase sensitive 1H ± 1H correlated spectra (DQF 1H ± 1H
COSY), rotating-frame nuclear overhauser enhancement spectroscopy
(ROESY) (mixing time tm� 400 ms) were recorded at 303 K using a
Bruker AM-400 (400 MHz) spectrometer and a Bruker AMX-600
(600 MHz) spectrometer. Heteronuclear single quantum correlation
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(HSQC)[24] and heteronuclear multiple bond correlation (HMBC)[25]

experiments were obtained on the AMX-600 spectrometer. All samples
submitted for elemental analyses were dried under vacuum over P2O5 at
room temperature. Elemental analyses were carried out by Robertson
Laboratory, Madison, New Jersey. p-Toluenesulfonic acid monohydrate (p-
TsOH ´ H2O) was treated by co-evaporated with dry acetonitrile for three
times at 80 8C. Methylene chloride, acetonitrile, methanol, benzene, DMF
were kept dry over 4 � MS, pyridine was redistilled over potassium
hydroxide; nitromethane was freshly distilled over P2O5.

Phenyl (6-O-pivaloyl-2,3,4-tri-O-acetyl-b-dd-galactopyranosyl)-(1! 4)-
(2,3,4-tri-O-benzyl-a-ll-fucopyranosyl)-2-deoxy-6-O-naphthylmethyl-2-
phthalimido-1-thio-b-dd-glucopyranoside (4):[26] 1H NMR (CDCl3,
600 MHz): d� 7.93 ± 7.87 (m, 4H; ArH), 7.70 ± 7.60 (m, 3 H; ArH), 7.56 ±
7.44 (m, 4H; ArH), 7.40 ± 7.36 (m, 3 H; ArH), 7.28 ± 7.16 (m, 14 H; ArH),
6.98 ± 6.92 (m, 3 H; ArH), 5.48 (d, J� 7.8 Hz, 1H; Ha-1), 5.21 (d, J� 2.8 Hz,
1H; Hc-4), 5.05 (dd, 1H; Hb-2), 4.95 (d, Jgem� 11.6 Hz, 1H; OCHAr, ABq),
4.87 (dd, J� 3.6, 10.4 Hz, 1 H; Hb-3), 4.82 ± 4.80 (m, J1,2� 3.3 Hz, 2H;
OCHAr, Hc-1), 4.79 (d, J1,2� 7.6 Hz, 1 H; Hb-1), 4.74 ± 4.70 (m, 2 H; Ha-3,
OCHAr, ABq), 4.68 ± 4.60 (m, 2H; Hc-5, Jgem� 11.8 Hz, OCHAr, ABq),
4.36 (t, J� 10.4 Hz, 1H; Ha-2), 4.26 (dd, 4 H; 2OCH2Ar), 4.18 (t, J� 9.2 Hz,
1H; Ha-4), 4.07 (dd, 1H; Hb-6b), 4.00 ± 3.84 (m, 4H; Hb-6a, Ha-6b, Ha-6a,
Hc-3), 3.80 (dd, 1 H; Hc-2), 3.76 ± 3.60 (m, 3H; Hc-4, Ha-5, Hb-5), 1.94 (s, 3H;
Ac), 1.92 (s, 6 H; 2 Ac), 1.20 (d, J� 6.4 Hz, 3 H; CHc

3), 1.16 (s, 9 H; tBu);
13C NMR (CDCl3, 100.6 MHz): d� 170.09 (C�O), 169.94 (C�O), 168.89
(C�O), 138.84, 138.35, 135.49, 134.42, 133.43, 133.25, 132.65, 131.89, 129.04,
128.70, 128.38, 128.34, 128.27, 128.19, 128.15, 128.09, 128.03, 127.99, 127.61,
127.42, 127.34, 127.17, 126.80, 126.49, 126.21, 126.01, 123.84, 99.77, 97.85,
84.53, 79.95, 79.77, 75.29, 74.75, 74.40, 73.88, 73.83, 73.19, 72.52, 71.20, 70.60,
69.20, 68.05, 66.90, 66.74, 60.30, 55.76, 20.80 (3Ac), 20.67 (Ac), 16.89 (CH3);
elemental analysis calcd (%) for C75H79O19NS ´ H2O: C 66.80, H 5.90, N
1.04, S 2.38; found C 66.33, H 6.02, N 0.70, S 2.24.

Phenyl (6-O-pivaloyl-b-dd-galactopyranosyl)-(1! 4)-(2,3,4-tri-O-benzyl-a-
ll-fucopyranosyl)-2-deoxy-6-O-naphthylmethyl-2-phthalimido-1-thio-b-dd-
glucopyranoside (5): To a cold (ÿ10 to ÿ5 8C) solution of compound 4
(2.28 g, 1.71 mmol) in a mixture of dichloromethane/methanol (40 mL, 1:1)
was added dropwise 1m sodium methanoxide/methanol solution until the
pH of the solution was adjusted to 10 and stirred at the same temperature
for 45 min. The reaction mixture was neutralized with acetic acid and
concentrated. The crude product was applied to a column of silica gel and
eluted with dichloromethane/methanol 20:1 to give pure compound 5
(1.65 g, 80%) as an amorphous solid. [a]25

D �� 10.2 (c� 0.54 in chloro-
form); 1H NMR (CD3OD, 400 MHz): d� 7.89 ± 7.84 (m, 6 H; ArH), 7.56 ±
7.54 (m, 1H; ArH), 7.50 ± 7.46 (m, 2 H; ArH), 7.39 ± 7.37 (m, 2 H; ArH),
7.19 ± 7.10 (m, 18H; ArH), 6.93 ± 6.92 (m, 2 H; ArH), 5.50 (d, J1,2� 10.8 Hz,
1H; Ha-1), 4.87 (d, Jgem� 11.6 Hz, 1 H; OCHAr), 4.77 (d, J� 6.8 Hz, 1H),
4.75 ± 4.72 (m, 2H), 4.68 ± 4.62 (m, 2H), 4.53 (d, Jgem� 11.2, 1 H; OCHAr),
4.49 ± 4.44 (m, 2 H), 4.34 (t, J� 10.8 Hz, 1H), 4.26 ± 4.10 (m, 7 H), 3.98 ± 3.93
(m, 2H), 3.79 ± 3.74 (m, 2 H), 3.65 ± 3.60 (m, 2H), 3.53 ± 3.49 (t, J� 8.4 Hz,
1H), 3.45 ± 3.43 (m, 1H), 3.28 ± 3.25 (m, 1H), 1.16 (s, 9H; tBu), 1.13 (d, J�
6.4 Hz, 3H; CH3); 13C NMR (CD3OD, 100.6 MHz): d� 170.50 (C�O),
135.88, 133.64, 130.14, 129.39, 129.22, 129.19, 129.13, 128.89, 128.81, 128.55,
128.50, 128.33, 128.26, 127.67, 127.33, 127.10, 103.63, 99.85, 85.84, 81.22,
80.66, 79.80, 76.56, 76.38, 76.24, 76.01, 75.06, 74.53, 73.97, 73.79, 73.40, 72.58,
69.80, 69.70, 68.48, 64.71, 57.10, 27.99 (CH3), 17.11 (CH3); elemental analysis
calcd (%) for C69H73O16NS: C 68.81, H 6.11, N 1.16; found C 68.25, H 6.21,
N 1.11.

Phenyl (6-O-pivaloyl-3,4-di-O-isopropylidene-b-dd-galactopyranosyl)-(1! 4)-
(2,3,4-tri-O-benzyl-a-ll-fucopyranosyl)-2-deoxy-6-O-naphthylmethyl-2-
phthalimido-1-thio-b-dd-glucopyranoside (6): A solution of compound 5
(1.16 g, 0.97 mmol), 2,2-dimethoxylpropane (18 mL), and camphor sulfonic
acid (CSA, 73 mg) was stirred for 1 h at room temperature. The reaction
mixture was neutralized with triethylamine and concentrated. The crude
product was applied to a short column of silica gel eluted with dichloro-
methane/acetone 30:1 to give pure compound 6 (1.02 g, 85%) as an
amorphous solid. 1H NMR (CD3OD, 600 MHz): d� 7.90 ± 7.87 (m, 4H;
ArH), 7.68 ± 7.60 (m, 3H; ArH), 7.57 ± 7.40 (m, 5H; ArH), 7.26 ± 7.15 (m,
17H; ArH), 7.02 ± 7.00 (m, 2H; ArH), 5.57 (d, J1,2� 10.0 Hz, 1H; Ha-1), 4.93
(d, Jgem� 11.6 Hz, 1 H; OCHAPh, ABq), 4.78 (d, Jgem� 11.0 Hz, 1H;
OCHA'Ph, ABq), 4.73 ± 4.64 (m, 3H; Hc-1; OCHBPh, Ha-3), 4.62 (dd,
2H; OCH2C10H7, ABq), 4.57 (d, Jgem� 12.3 Hz, 1H; OCHB'Ph, ABq), 4.46
(t, 1 H; Ha-2), 4.41 (d, J1,2� 7.8 Hz, 1H; Hb-1), 4.38 ± 4.19 (m, 5 H; Hc-5, Hb-

6b, Hb-6a, Ha-4, Hc-2), 4.05 (dd, 1 H; Ha-6b), 3.98 (dd, 1H; Ha-6a), 3.91 (d,
1H; OCH''B-Ph, ABq), 3.83 (dd, 1H; Hc-3), 3.80 ± 3.70 (m, 5H; Hb-4, Ha-5,
Hb-5, Hb-3), 3.47 (d, 1H; Hc-4), 3.33 ± 3.31 (m, 1H; Hb-2), 1.35 (s, 3H; CH3),
1.24 ± 1.20 (m, 12H; tBu, CH3), 1.04 (d, J� 6.7 Hz, 3H; CHc

3); 13C NMR
(CD3OD, 100.6 MHz): d� 170.30 (C�O), 140.24, 135.99, 134.23, 130.44,
129.88, 129.70, 129.68, 129.55, 129.51, 129.28, 129.22, 129.11, 129.09, 128.94,
128.81, 128.76, 128.70, 128.61, 128.43, 127.81, 127.59, 125.06, 125.00, 124.96,
108.35, 102.62, 100.91, 85.85, 81.18, 80.97, 79.66, 76.44, 76.38, 76.17, 75.04,
74.86, 74.56, 74.34, 74.08, 72.43, 69.95, 68.98, 64.85, 58.35, 39.77, 29.16, 28.55,
27.06, 16.83 (CH3); elemental analysis calcd (%) for C72H77O16NS: C 69.49,
H 6.24, N 1.13, S 2.58; found C 68.75, H 6.35, N 1.13, S 2.61.

Methyl (6-O-pivaloyl-2,3,4-tri-O-acetyl-b-dd-galactopyranosyl)-(1! 3)-[(6-
O-pivaloyl-3,4-O-isopropylidene-b-dd-galactopyranosyl)-(1! 4)-[(2,3,4-tri-
O-benzyl-a-ll-fucopyranosyl)-(1! 3)]-2-deoxy-6-O-naphthylmethyl-2-
phthalimido-b-dd-glucopyranosyl)-(1! 6)]-2-acetamido-2-deoxy-a-dd-gal-
actopyranoside (8): A solution of compound 6 (1.03 g, 0.82 mmol),
compound 7[7j] (500 mg, 0.82 mmol), and N-iodosuccinimide (NIS,
554 mg, 2.46 mmol) in dry dichloromethane (8 mL) containing 4 � MS
(9 g) was stirred for 2 h at ÿ70 to ÿ65 8C under N2 atmosphere.
Trifluoromethanesulfonic acid (70 mL) in dry dichloromethane (0.5 mL)
was added dropwise at ÿ65 to ÿ60 8C and stirred at that temperature for
1 h. The reaction mixture was neutralized with sat. NaHCO3 aqueous
solution. The solids were filtered off and the organic layer was washed with
sat. NaHCO3 aqueous solution, 10 % Na2S2O3, dried (Na2SO4) and
concentrated to a crude residue, which was applied to a column of silica
gel and eluted with dichloromethane/acetone 30:1 to give pure compound 8
(450 mg, 32 %) as an amorphous solid. 1H NMR (CD3OD, 600 MHz): d�
7.88 ± 7.84 (m, 4 H; ArH), 7.53 ± 7.48 (m, 6H; ArH), 7.28 ± 7.13 (m, 16H;
ArH), 5.34 ± 5.32 (m, 2H; ArH), 5.16 ± 5.14 (m, 2 H), 4.97 ± 4.95 (m, 2H),
4.75 (d, Jgem� 12.6 Hz, 1 H; OCHPh), 4.77 (d, J� 2.8 Hz, 1 H), 4.67 ± 4.64
(m, 2H), 4.50 ± 4.44 (m, 2H), 4.40 ± 4.00 (m, 12 H), 4.00 ± 3.80 (m, 6H),
3.70 ± 3.50 (m, 10H), 3.35 (t, 1 H), 2.87 (s, 3 H; OCH3), 2.17, 2.04, 1.96, 1.92
(4s, 4� 3 H; 4 Ac), 1.34, 1.28 (2s, 2� 3H; 2CH3), 1.21, 1.16 (2 s, 2� 9H;
2 tBu), 1.02 (d, J� 6.4 Hz, 3 H; CHe

3); 13C NMR (CD3OD, 100.6 MHz): d�
178.40 (C�O), 178.20 (C�O), 174.26 (C�O), 170.29 (C�O), 169.75 (C�O),
169.58 (C�O), 139.10, 138.92, 138.50, 134.05, 133.17, 128.50, 128.34, 128.17,
127.92, 127.87, 127.43, 127.33, 127.19, 126.51, 126.46, 126.25, 110.02, 101.85,
100.00, 99.25, 99.15, 98.40, 79.42, 78.99, 78.14, 77.88, 75.58, 75.17, 74.93,
74.87, 74.83, 73.92, 73.74, 73.07, 72.80, 72.64, 70.97, 70.90, 70.76, 68.95, 68.83,
68.76, 67.15, 66.86, 61.20, 56.28, 54.39, 47.87, 27.38 (3 CH3), 27.21 (3 CH3),
23.57 (NAc), 20.87 (Ac), 20.82 (Ac), 20.74 (Ac), 16.90 (CH3); elemental
analysis calcd (%) for C92H111O31N2: C 63.47, H 6.43, N 1.61; found C 63.44,
H 6.55, N 1.85.

Benzyl b-dd-galactopyranoside (21): 1H NMR (CD3OD, 400 MHz): d�
7.60 ± 7.40 (m, 2H; ArH), 7.40 ± 7.20 (m, 3 H; ArH), 4.85 (d, Jgem� 12.4 Hz,
1H; OCHAPh, ABq), 4.65 (d, Jgem� 12.6 Hz, 1H; OCHBPh, ABq), 4.32 (d,
J1,2� 7.8 Hz, 1H; H-1), 3.88 (d, J� 2.8 Hz, 1 H; H-4), 3.85 ± 3.70 (m, 2H;
H-2, H-3), 3.60 (t, 1 H; H-5), 3.55 ± 3.40 (m, 2H; H-6a, H-6b); 13C NMR
(CD3OD, 100.6 MHz): d� 144.40, 134.42, 134.38, 133.81, 109.14 (C-1),
81.96, 80.23, 79.79, 76.90, 75.56, 67.77.

Benzyl 3,4-O-isopropylidene-b-dd-galactopyranoside (22): (�)-CSA
(210 mg) was added to a solution of benzyl b-d-galactopyranoside (21)
(8.52 g, 31.8 mmol) in 2,2-dimethoxypropane (269 mL) and the solution
was stirred overnight at room temperature. The reaction mixture was
treated with triethylamine (0.92 mL) and concentrated to a residue, which
was then dissolved in a mixture of methanol/water 10:1 (270 mL) and
refluxed for 48 h. The reaction mixture was concentrated to a residue,
which was applied to a column of silica gel eluted with hexane/ethyl acetate
1:1 to give a pure compound 22 (8.7 g, 89 %) as an amorphous solid. Rf�
0.49 (CH2Cl2/MeOH 30:1); 1H NMR ([D6]acetone, 400 MHz): d� 6.85 ±
6.60 (m, 5 H; ArH), 4.31 (d, Jgem� 11.8 Hz, 1 H; OCHAPh, ABq), 4.04 (d,
Jgem� 11.8 Hz, 1 H; OCHBPh, ABq), 3.76 (d, J� 3.7 Hz, 1 H; H-4), 3.71 (d,
J1,2� 8.2 Hz, 1H; H-1), 3.64 (dd, 1H; H-2), 3.46 (dd, 1 H; H-3), 3.32 ± 3.12
(m, 2 H; H-6a, H-6b), 2.92 ± 2.88 (m, 1 H; H-5), 0.83, 0.68 (2s, 2� 3H;
2CH3); 13C NMR ([D6]acetone, 100.6 MHz): d� 139.10, 128.96, 128.64,
128.21, 109.88 (ketal carbon), 102.83 (C-1), 80.65, 80.60, 74.85, 74.66, 74.16,
62.40, 28.47 (CH3), 26.11 (CH3); elemental analysis calcd (%) for C16H22O6:
C 61.93, H 7.15; found C 61.95, H 6.93.

Benzyl 3,4-O-isopropylidene-6-O-pivaloyl-b-dd-galactopyranoside (23):
Pivaloyl chloride (2.6 mL, 20.69 mmol) was added dropwise to a cold (ice
bath) solution of compound 22 (6.10 g, 19.81 mmol) in dry pyridine (65 mL)
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was added dropwise and reaction mixture was stirred at 0 to 25 8C for 12 h.
The reaction mixture was concentrated to a crude residue, which was
applied to a column of silica gel eluted with hexane/ethyl acetate 4:1 to give
a pure compound 23 (6.02 g, 77%) as an amorphous solid. Rf� 0.71
(hexane/EtOAc 1:1); 1H NMR (CDCl3, 400 MHz): d� 7.40 ± 7.20 (m, 5H;
ArH), 4.92 (d, Jgem� 11.6 Hz, 1H; OCHAPh, ABq), 4.60 (d, Jgem� 11.6 Hz,
1H; OCHBPh, ABq), 4.38 (dd, 1 H; H-2), 4.24 (d, J1,2� 8.4 Hz, 1H; H-1),
4.12 (dd, 1H), 4.06 (dd, 1H), 3.99 (ddd, 1 H), 3.63 (ddd, 1 H), 1.57 (s, 3H;
CH3), 1.33 (s, 3H; CH3), 1.24 (s, 9 H; tBu); 13C NMR (CDCl3, 100.6 MHz):
d� 178.85 (C�O), 136.86, 128.77, 128.53, 128.37, 110.62 (ketal carbon),
100.94 (C-1), 78.96, 73.80, 73.61, 71.32, 70.70, 63.38, 39.00, 28.27 (CH3), 27.37
(3CH3), 26.46 (CH3); elemental analysis calcd (%) for C21H30O7: C 63.94, H
7.67; found C 64.08, H 7.56.

Benzyl 6-O-pivaloyl-b-dd-galactopyranoside (16): Compound 23 (7.0 g,
7.86 mmol) was dissolved in 60 % aqueous acetic acid and stirred at 60 to
65 8C for 1.5 h. The solution was then concentrated under reduced pressure.
The crude residue was applied to a short column of silica gel and eluted
with hexane/ethyl acetate 1:1 to give a pure compound 16 (5.64 g, 90%) as
an amorphous solid. Rf� 0.13 (hexane/EtOAc 1:1); 1H NMR (CD3OD,
400 MHz): d� 7.41 ± 7.39 (m, 2 H; ArH), 7.34 ± 7.26 (m, 3H; ArH), 4.87 (d,
Jgem� 11.9 Hz, 1 H; OCHAPh, ABq), 4.65 (d, Jgem� 11.5 Hz, 1H; OCHBPh,
ABq), 4.34 (dd, 1 H; H-6b), 4.31 (d, J1,2� 7.3 Hz, 1 H; H-1), 4.22 (dd, J� 4.8,
10.7 Hz, 1 H; H-6a), 3.81 (d, J� 3.1 Hz, 1H; H-4), 3.72 (dd, 1H), 3.59 (dd,
1H), 3.48 (dd, 1H), 1.22 (s, 9H; tBu); 13C NMR (CDCl3, 100.6 MHz): d�
184.90 (C�O), 144.10, 129.43, 129.33, 128.87, 103.89 (C-1), 74.91, 74.17,
72.56, 71.84, 70.43, 64.92, 32.69, 27.70 (CH3); elemental analysis calcd (%)
for C18H26O7: C 61.00, H 7.41; found C 60.99, H 7.41.

Benzyl [methyl (N-acetyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
dd-glycero-a-dd-galacto-non-a-ulopyranosy)onate]-(2! 3)-6-O-pivaloyl-
2,4-di-O-acetyl-b-dd-galactopyranoside (25): A solution of compound 17
(4.65 g, 7.44 mmol), compound 16 (2.38 g, 6.76 mmol) and N-iodosuccini-
mide (NIS, 5.0 g, 22.2 mmol) in dry dichloromethane/acetonitrile 1:1
(132 mL) containing 3 � MS (15 g) was stirred at ÿ65 to ÿ60 8C for 2 h
under N2 atmosphere. Trifluoromethanesulfonic acid (TfOH) (645 mL) in
dry acetonitrile (2 mL) was added dropwise and stirred at ÿ65 to ÿ40 8C
for 2 h. Additional portion of compound 17 (2.0 g) was added again and the
stirring was continued at the same temperature for total 4 h. The mixture
was neutralized with sodium bicarbonate solution. The solids were filtered
off and the organic layer was washed with saturated sodium bicarbonate
solution, 10 % Na2S2O3, water, dried (Na2SO4) and concentrated to a crude
residue. The residue was then applied to column of silica gel and eluted
with dichloromethane/methanol 50:1 to give a pure compound 24 (66 %) as
an amorphous solid. The compound 24 (2.5 g, 2.88 mmol) was then treated
with Ac2O/pyridine 1:1 in the presence of catalytic amounts of DMAP

overnight at room temperature. The mixture was concentrated to a crude
residue, which was passed through a column of silica gel and eluted with
dichloromethane/methanol 30:1 to give a pure compound 25 (2.22 g, 81%)
as an amorphous solid. Rf� 0.67 (CH2Cl2/CH3OH 30:1); 1H NMR (CDCl3,
400 MHz): d � 7.40 ± 7.20 (m, 5 H; ArH), 5.60 ± 5.52 (m, 1H; Hb-4), 5.46 ±
5.45 (m, 1 H; Hb-8), 5.17 (dd, J� 8.7, 8.5 Hz, 1 H; Hb-7), 5.11 ± 5.06 (m, 2H;
Ha-2, Ha-4), 4.93 ± 4.90 (d, Jgem� 12.2 Hz, 1 H; OCHAPh, ABq), 4.73 (d,
J1,2� 7.8 Hz, 1H; Ha-1), 4.67 ± 4.62 (m, 2 H; Ha-3, OCHBPh), 4.59 (dd, J�
10.5, 10.6 Hz, 1H; Hb-6), 4.32 ± 4.24 (m, 2H; Hb-5, Hb-9b), 4.19 (dd, 1 H; Ha-
6b), 4.04 ± 3.97 (m, 2H; Ha-6a, Hb-9a), 3.92 ± 3.84 (m, 4H; Ha-5, COOCH3),
2.67 (dd, J� 5.5, 12.7 Hz, 1 H; Hb-3e), 2.35, 2.29 (2 s, 2� 3H; 2NAc), 2.17,
2.15, 2.09, 2.04, 1.99, 1.94 (6s, 6� 3 H; 6 Ac), 1.61 (t, J� 12.4 Hz, 1 H; Hb-
3a), 1.21 (s, 9H; tBu); 13C NMR (CDCl3, 100.6 MHz) d� 177.79 (C�O),
174.23 (C�O), 173.74 (C�O), 170.64 (C�O), 170.60 (C�O), 170.34 (C�O),
168.80 (C�O), 168.10 (C�O), 137.63, 128.44, 127.80, 127.71, 100.63 (Ca-1),
96.84 (Cb-2), 71.84, 71.26, 70.51, 70.33, 69.58, 67.91, 67.53, 67.24 (2C), 62.32,
61.00, 56.20, 53.10, 38.60, 28.22, 27.24, 26.83, 21.56 (Ac), 21.16 (Ac), 21.08
(Ac), 20.86 (Ac); elemental analysis calcd (%) for C44H59O22N: C 55.40, H
6.23, N 1.47; found C 55.40, H 6.20, N 1.32.

[Methyl (N-acetyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-glycero-
a-dd-galacto-2-nonulopyranosyl)onate]-(2! 3)-6-O-pivaloyl-2,4-di-O-ace-
tyl-b-dd-galactopyranosyl trichloroacetimidate (27): A solution of com-
pound 25 (1.59 g, 1.67 mmol), Pd/C (10 %) (1.59 g) in a mixture of
dichloromethane/methanol 4:1 (20 mL) was stirred for 24 h under H2

atmosphere at room temperature. The solids were filtered off and the
solution was concentrated to a residue, which was applied to a short column
of silica gel eluted with dichloromethane/methanol 40:1 to give a pure
compound 26 (1.29 g). To a cold (ice bath) solution of compound 26
(447 mg, 0.52 mmol) and trichloroacetonitrile (600 mL) in dry dichloro-
methane (8 mL) was added dropwise DBU (16 mL) and stirred for 2 h at the
same temperature. The mixture was concentrated to a crude residue. The
crude residue was passed through a short column of silica gel and eluted
with hexane/ethyl acetate 1:1 to give a pure compound 27 (500 mg, 96 %) as
amorphous solid. Rf� 0.26 (hexane/ethyl acetate 1:1); 1H NMR (CDCl3,
400 MHz): d� 8.64 (s, 1H; NHCCCl3), 5.90 (d, J1,2� 7.8 Hz, 1 H; Ha-1, b-
form), 5.60 ± 5.40 (m, 2 H; Hb-4, Hb-8), 5.25 (dd, 1H; Ha-2), 5.15 ± 5.00 (m,
2H; Hb-7, Ha-4), 4.75 (dd, 1H; Ha-3), 4.55 (dd, 1H; Hb-6), 4.35 ± 4.20 (m,
2H; Hb-5, Hb-9b), 4.20 ± 4.00 (m, 3H; Ha-6b, Ha-5, Ha-6a), 3.95 (dd, 1 H; Hb-
9a), 3.88 (s, 3H; COOCH3), 2.65 (dd, J� 4.4, 12.6 Hz, 1 H; Hb-3e), 2.33, 2.25
(s, 3H; Ac), 2.15 (s, 6 H; 2Ac), 2.08 (s, 3 H; Ac), 2.00 (s, 6H; 2 Ac), 1.95 (s,
3H; Ac), 1.81 (t, Jgem� 12.4 Hz, 1 H; Hb-3a), 1.15 (s, 9H; tBu); 13C NMR
(CDCl3, 100.6 MHz): d� 174.24 (C�O), 173.82 (C�O), 170.76 (C�O),
170.34 (C�O), 170.13 (C�O), 170.02 (C�O), 169.57 (C�O), 169.10 (C�O),
161.32 (C�O), 96.95 (Cb-2), 96.42 (Ca-1), 71.66, 71.52, 69.72, 69.31, 68.00,

Figure 2. 600 MHz 1H NMR spectrum of disaccharide 25 in CDCl3 at 303.0 K.
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67.33, 67.28, 62.62, 60.65, 56.19, 53.21, 38.62, 28.30, 27.26 (3CH3), 26.92,
21.67 (Ac), 21.12 (Ac), 21.08 (Ac), 20.93 (Ac); elemental analysis calcd (%)
for C39H53O22N2Cl3: C 46.46, H 5.30; found C 45.59, H 5.01.

Phenyl [methyl (N-acetyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
glycero-a-dd-galacto-2-nonulopyranosyl)onate]-(2! 3)-(6-O-pivaloyl-2,4-
di-O-acetyl-b-dd-galacto-pyranosyl)-(1! 4)-2-deoxy-6-O-naphthylmethyl-
2-phthalimido-1-thio-b-dd-glucopyranoside (14): A solution of compound
27 (683 mg, 0.68 mmol), and compound 3 (351 mg, 0.65 mmol) in dry
dichloromethane (10 ± 15 mL) containg 4 � MS (12 g) was stirred for 2 h at
ÿ45 to ÿ40 8C under N2 atmosphere. TMSOTf (37 mL) in dry dichloro-
methane (0.5 mL) was added dropwise and stirred for 1.5 h at the same
temperature. The reaction mixture was then neutralized with NaHCO3.
The solids were filtered off and the organic layer was washed with sat.
NaHCO3 solution, dried (Na2SO4) and concentrated. The crude residue
was passed through a short column of silica gel and eluted with dichloro-
methane/methanol 40:1 to give a pure compound 14 (420 mg, 87%) as an
amorphous solid. Rf� 0.45 (CH2Cl2/MeOH 40:1); 1H NMR (CDCl3,
400 MHz): d� 7.89 ± 7.72 (m, 7H; ArH), 7.49 ± 7.43 (m, 4 H; ArH), 7.17 ±
7.12 (m, 5H; ArH), 5.65 (d, J1,2� 10.4 Hz, 1 H; Ha-1), 5.54 ± 5.49 (m, 2 H; Hc-
4, Hc-8), 5.12 (dd, J� 2.0, 8.8 Hz, 1H; Hc-7), 5.05 ± 4.98 (m, 2 H; Hb-2, Hb-4),
4.81 ± 4.78 (m, 3H; Hb-1, J1,2� 7.9 Hz, OCH2C10H7), 4.70 (dd, J� 2.8, 9.9 Hz,
1H; Hb-3), 4.57 (dd, J� 2.0, 10.3 Hz, 1H; Hc-6), 4.47 (ddd, 1 H; Ha-3),
4.32 ± 4.21 (m, 3H; Hc-5, Ha-2, Hc-9b), 4.05 ± 3.86 (m, 9H; Hb-6b, Hb-5, Hb-
6a, Ha-6b, Ha-6a, Hc-9a, COOCH3), 3.82 (dd, 1 H; Ha-5), 3.66 (t, 1 H; Ha-4),
2.63 (dd, J� 5.5, 12.2 Hz, 1H; Hc-3e), 2.34, 2.28, 2.16, 2.13, 2.05, 1.97, 1.94,
1.93 (8s, 8� 3H; 8 Ac), 1.58 (t, Jgem� 12.2 Hz, 1 H; Hc-3a), 1.12 (s, 9H; tBu);
13C NMR (CDCl3, 100.6 MHz): d� 178.00 (C�O), 174.19 (C�O), 173.79
(C�O), 170.66 (C�O), 170.11 (C�O), 170.01 (C�O), 169.74 (C�O), 168.07
(C�O), 136.25, 134.23, 133.54, 129.03, 128.24, 128.13, 128.03, 127.90, 126.34,
126.16, 125.99, 125.87, 123.78, 123.48, 101.83 (Cb-1), 96.95 (Cc-2), 83.47 (Ca-
1), 82.58, 78.80, 73.92, 71.57, 71.38, 71.34, 70.32, 69.75, 69.23, 67.91, 67.55,
67.36, 67.21, 62.52, 62.12, 56.10, 55.24, 53.30, 38.61, 28.29 (Ac), 27.01 (CH3),
26.94 (Ac), 21.62 (Ac), 21.16 (Ac), 21.03 (Ac), 20.95 (Ac), 20.93 (Ac), 20.79
(Ac); elemental analysis calcd (%) for C68H78O27N2S ´ H2O: C 58.11, H 5.73,
N 1.99, S 2.28; found C 57.79, H 5.60, N 1.94, S 2.26.

Trisaccharide 29 : Compound 14 (25 mg, 2.88 mmol) was treated with Ac2O/
pyridine 1:1 (3 mL) in the presence of DMAP (2 mg) and stirred overnight
at room temperature. The mixture was concentrated to a crude residue,
which was passed through a short column of silica gel and eluted with
dichloromethane/n-C3H7OH 30:1 to give a pure compound 29 in quanti-
tative yield as an amorphous solid. 1H NMR (CDCl3, 600 MHz): d � 7.90 ±
7.80 (m, 6H; ArH), 7.74 ± 7.70 (m, 3 H; ArH), 7.56 ± 7.42 (m, 4 H; ArH),
7.22 ± 7.12 (m, 3 H; ArH), 5.82 ± 5.78 (t, J� 9.1 Hz, 1H; Ha-3), 5.75 (d, J1,2�
10.8 Hz, 1H; Ha-1), 5.60 ± 5.50 (m, 2H; Hc-4, Hc-8), 5.13 (dd, J� 2.0, 9.3 Hz,
1H; Hc-7), 4.98 (d, J� 2.5 Hz, 1 H; Hb-4), 4.93 (dd, 1H; Hb-2), 4.87 ± 4.82 (d,
J1,2� 7.4 Hz, 1 H; Hb-1), 4.78 (dd, 2 H; OCH2C10H7), 4.63 (dd, J� 3.4,
9.8 Hz, 1H; Hb-3), 4.55 (dd, J� 2.1, 10.3 Hz, 1H; Hc-6), 4.32 ± 4.22 (m, 3H;
Hc-5, Hc-9b, Ha-2), 4.16 ± 4.02 (m, 2H; Hb-6b, Ha-4), 3.99 ± 3.78 (m, 9 H; Hc-
9a, Ha-6b, Ha-6a, COOCH3, Hb-6a, Hb-5, Ha-5), 2.64 (dd, J� 5.3, 10.0 Hz,
1H; Hc-3e), 2.34, 2.27 (2s, 2� 3 H; 2Ac), 2.17 (s, 6 H; 2Ac), 2.01, 2.00, 1.99,
1.96, 1.84 (5s, 5� 3H; 5 Ac), 1.56 (t, J� 13.0 Hz, 1H; Hc-3a), 1.16 (s, 9H;
tBu); 13C NMR (CDCl3, 100.6 MHz): d� 178.05 (C�O), 174.29 (C�O),
173.60 (C�O), 170.67 (C�O), 170.60 (C�O), 170.11 (C�O), 170.01 (C�O),
169.84 (C�O), 168.09 (C�O), 136.35, 134.21, 133.40, 129.03, 128.34, 128.13,
128.05, 127.93, 126.35, 126.18, 125.99, 123.88, 123.79, 123.58, 101.85, 96.96,
84.47, 82.58, 78.85, 73.93, 71.50, 71.38, 71.36, 70.33, 69.78, 69.33, 67.80, 67.55,
67.38, 67.23, 62.53, 62.42, 56.11, 55.25, 53.31, 38.81, 28.30 (Ac), 27.05 (Ac),
26.96 (Ac), 21.63 (Ac), 21.18 (Ac), 21.03 (Ac), 20.96 (Ac), 20.94 (Ac), 20.80
(Ac); elemental analysis calcd (%) for C70H80O28N2S: C 58.82, H 5.64, N
1.96, S 2.24; found C 58.55, H 5.50, N 1.96, S 2.24.

Tetrasaccharide 12 : A solution of compound 14 (831 mg, 0.60 mmol),
methyl 2,3,4,-tri-O-benzyl-1-thio-b-l-fucoside 18 (1.11g, 5.6 mmol), and n-
tetrabutylamonium bromide (774 mg, 2.4 mmol) in dry 1,2-dichloroethane/
DMF 5:1 (12 mL) containing 4 � MS (8 g) were stirred for 2 h at room
temperature under N2 atmosphere. CuBr2 (534 mg, 2.4 mmol) was added
and the stirring was continued at the same temperature for 48 h. Additional
portion of donor 18 (560 mg) and CuBr2 (267 mg) was added and stirred at
room temperature for 65 h total. The solids were filtered off and the
organic layer was washed with sat. NaHCO3 solution, water, dried
(Na2SO4) and concentrated. The crude residue was passed through a
column of silica gel and eluted with hexane/ethyl acetate 1:1 to give a pure

compound 12 (1.0 g, 92%) as an amorphous solid. Rf� 0.48 (hexane/ethyl
acetate 1:1); 1H NMR ([D7]DMF, 600 MHz): d� 7.84 ± 7.60 (m, 8H; ArH),
7.52 ± 7.36 (m, 6 H; ArH), 7.12 ± 7.00 (m, 17H; ArH), 5.57 ± 5.50 (m, 3H; Hc-
8, Hc-4, Ha-1, J1,2� 10.9 Hz), 5.19 (dd, J� 2.3, 9.5 Hz, 1H; Hc-7), 5.00 (d, J�
3.8 Hz, 1 H; Hb-4), 4.97 (d, J1,2� 9.1 Hz, 1 H; Hb-1), 4.91 (dd, 1 H; Hb-2),
4.87 ± 4.85 (m, 2H; OCHAr, Hd-1), 4.82 ± 4.65 (m, 5H; OCHAr, Ha-3,
OCHAr, Hb-3, Hd-5), 4.62 (dd, 2H; OCH2Ar, ABq), 4.59 ± 4.47 (m, 3 H; Hc-
9b, OCHAr, Ha-2), 4.41 (d, Jgem� 12.1 Hz, 1H; OCHAr, ABq), 4.33 ± 4.17
(m, 4 H; Hc-9a, OCHAr, Hc-6, Ha-4), 4.09 (dd, 1H; Hc-5), 4.04 ± 3.95 (m,
4H; Ha-6b, Hb-6b, Hb-5, Ha-6a), 3.92 ± 3.78 (m, 6 H; Hd-3, Hb-6a, COOCH3,
Hd-2), 3.80 (dd, 1 H; Hd-2), 3.70 (dd, 1H; Ha-5), 3.62 (d, J� 2.8 Hz, 1H; Hd-
4), 2.60 (dd, J� 4.9, 12.3 Hz, 1 H; Hc-3e), 2.35, 2.28, 2.22, 2.10, 1.98, 1.97,
1.96, 1.79 (8s, 8� 3 H; 8 Ac), 1.58 (t, J� 11.0 Hz, 1 H; Hc-3a), 1.25 (d, J�
6.7 Hz, 3H; CHd

3), 1.10 (s, 9H; tBu); 13C NMR (CDCl3, 100.6 MHz): d �
177.31 (C�O), 174.24 (C�O), 173.81 (C�O), 170.74 (C�O), 170.38 (C�O),
170.13 (C�O), 169.86 (C�O), 169.27 (C�O), 167.99 (C�O), 139.17, 138.88,
138.56, 136.17, 134.31, 133.47, 133.03, 132.51, 128.94, 128.31, 128.25, 128.23,
128.10, 128.04, 127.83, 127.81, 127.51, 127.29, 127.18, 127.03, 126.12, 125.94,
125.81, 125.67, 123.82, 99.79, 97.54, 96.79 (Cc-2), 84.07 (Ca-1), 80.02, 79.89,
77.69, 74.88, 74.79, 74.41, 73.60, 73.05, 73.03, 72.50, 71.90, 70.74, 70.35, 69.49,
68.47, 67.37, 67.30 (2C), 67.00, 66.65, 62.14, 60.12, 56.05, 55.60, 53.05, 38.65
[C(CH3)3], 38.55 [(CH2)c], 28.29 (Ac), 27.13 (CH3), 26.94 (Ac), 21.52 (Ac),
21.22 (Ac), 21.07 (Ac), 20.88 (Ac), 20.75 (Ac), 16.92 (CHd

3); elemental
analysis calcd (%) for C95H106O31N2S: C 63.25, H 5.92, N 1.55, S 1.78; found
C 63.17, H 6.40, N 1.40, S 1.70.

Heptsaccharide 30 : A solution of compound 12 (420 mg, 0.23 mmol),
compound 13 (240 mg, 0.22 mmol), and NIS (156 mg, 0.69 mmol) in dry
dichloromethane (10 mL) containing 4 � MS (10 ± 12 g) was stirred for 2 h
at ÿ80 to ÿ75 8C under N2 atmosphere. TfOH (35 mL) in dry dichloro-
methane (0.5 mL) was added dropwise at ÿ65 to ÿ60 8C and stirred at the
same temperature for 2 h. The reaction mixture was neutralized with sat.
NaHCO3 aqueous solution. The solids were filtered off and the organic
layer was washed with sat. NaHCO3 aqueous solution, 10% Na2S2O3, dried
(Na2SO4) and concentrated. The crude residue was applied to a column of
silica gel and eluted with dichloromethane/methanol 40:1 to give a pure
compound 30 (420 mg, 67 %) as an amorphous solid. Rf �0.48 (CH2Cl2/
MeOH 25:1); 1H NMR (CDCl3, 600 MHz): d� 7.88 ± 7.80 (m, 4H; ArH),
7.66 ± 7.40 (m, 7H; ArH), 7.24 ± 7.00 (m, 15 H; ArH), 6.04 (d, J� 8.6 Hz, 1H;
NHAc), 5.61 ± 5.54 (m, 4H; Hc-4, Hg-4, Hc-8, Hg-8), 5.18 (dd, J� 1.7, 9.1 Hz,
1H; Hg-7), 5.12 ± 5.08 (m, 2 H; Hd-1, Hc-7), 5.08 ± 4.89 (m, 6H; He-1, He-4,
Hb-4, Hb-2, He-2, OCHAAr), 4.86 (d, J 1,2� 3.1 Hz, 1H; Hf-1), 4.82 ± 4.75 (m,
3H; OCHA'Ar, Hd-3, OCHBAr), 4.71 ± 4.54 (m, 9H; He-3, Hf-5, OCHA''Ar,
OCHB''Ar, Hb-1, Hg-6, OCHB'Ar, Hc-6, Hb-3), 4.45 ± 4.36 (m, 2 H;
OCHA'''Ar, Hd-2), 4.34 ± 4.19 (m, 8H; Ha-2, Hg-5, Hd-4, Hc-5, OCHB'''Ar,
Ha-1, Hg-9b, Hc-9b), 4.10 ± 3.80 (m, 21 H; Hc-9a, Hd-6b, Hd-6a, COOCH3,
COOCH3, Ha-3, Hf-3, Ha-4, Hg-9a, Hb-6a, He-6a, Hb-5, He-5, Hf-2), 3.70 ±
3.58 (m, 3H; Hd-5, Ha-5, Hf-4), 2.81 (s, 3 H; OCH3), 2.63 ± 2.59 (m, 2 H; Hg-
3e, Hc-3e), 2.35, 2.34 (2s, 2� 3H; 2 Ac), 2.28 (s, 6H; 2Ac), 2.24, 2.21, 2.16,
2.06, 2.05, 2.04, 2.03, 2.02, 2.01, 1.97 (10 s, 10� 3H; 10Ac), 1.94 (s, 6H;
2Ac), 1.93, 1.90, 1.78 (3s, 3� 3 H; 3 Ac), 1.63 ± 1.57 (m, 2 H; Hc-3a, Hg-3a),
1.24 (d, J� 5.8 Hz, 3H; CHf

3), 1.13, 1.09 (2s, 2� 9H; 2 tBu); 13C NMR
(CDCl3, 100.6 MHz): d� 177.64 (C�O), 177.26 (C�O), 174.23 (C�O),
174.09 (C�O), 173.76 (C�O), 171.43 (C�O), 171.15 (C�O), 170.62 (C�O),
170.23 (C�O), 170.18 (C�O), 170.11(C�O), 170.05 (C�O), 169.87 (C�O),
169.85 (C�O), 169.74 (C�O), 169.71 (C�O), 169.23 (C�O), 167.93 (C�O),
139.23, 138.90, 138.36, 136.23, 133.45, 132.96, 128.26, 128.21, 128.19, 128.03,
127.97, 127.90, 127.77, 127.43, 127.19, 127.11, 126.99, 125.99, 125.72, 125.66,
125.58, 102.57, 99.56, 99.00, 98.09, 97.18, 96.75, 96.61, 79.86, 78.54, 77.65,
75.58, 74.62, 74.32, 72.97, 72.66, 72.47, 72.12, 71.88, 71.44, 70.79, 70.73, 70.60,
70.26, 69.43, 69.34, 69.28, 69.17, 68.60, 68.40, 67.40, 67.34, 67.28 (2 C), 67.22,
67.04, 66.99, 66.91, 66.49, 63.10, 62.15, 60.76, 60.12, 56.61, 56.06, 55.80, 54.32,
53.12, 52.98, 48.17, 38.65, 38.63, 38.53, 38.30, 28.25 (2 Ac), 27.15 (3 CH3),
27.06 (3CH3), 26.94 (Ac), 26.89 (Ac), 23.26 (Ac), 21.56 (Ac), 21.40 (Ac),
21.20 (Ac), 21.14 (Ac), 21.07 (Ac), 20.86 (Ac), 20.84 (Ac), 20.81 (Ac), 20.72
(Ac), 16.91 (CH3); elemental analysis calcd (%) for C135H168O58N4: C 58.43,
H 6.10, N 2.02; found C 58.47, H 6.18, N 1.97.

Heptasaccharide 31: Compound 30 (310 mg, 0.11 mmol) was treated
overnight at room temperature with Ac2O/pyridine 1:1 (10 mL) in the
presence of catalytic amounts of DMAP (5 mg). The reaction mixture was
concentrated to a crude residue, which was passed through a short column
of silica gel and eluted with dichloromethane/methanol 30:1 to give a pure
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compound 31 (248 mg, 80 %) as an amorphous solid. Rf� 0.49 (CH2Cl2/
MeOH 30:1); 1H NMR (CDCl3, 600 MHz): d � 7.86 ± 7.80 (m, 5H; ArH),
7.68 ± 7.60 (m, 3H; ArH), 7.48 ± 7.40 (m, 4 H; ArH), 7.30 ± 7.00 (m, 14H), 5.96
(d, J� 8.8 Hz, 1H; NHAc), 5.60 ± 5.47 (m, 4H; Hc-4, Hg-4, Hc-8, Hg-8), 5.24
(d, J� 3.2 Hz, 1H; Ha-4), 5.18 (dd, J� 5.6, J7,8� 8.9 Hz, 1 H; Hc-7), 5.12 (dd,
J� 2.8, J7,8� 8.9 Hz, 1 H; Hg-7), 5.07 (d, J1,2� 7.4 Hz, 1H; Hd-1), 5.03 ± 4.98
(m, 2H; He-1, He-4), 4.96 (d, J �3.3 Hz, 1H; Hb-4), 4.94 ± 4.84 (m, 4 H; He-
2, OCHAAr, Hb-2, Hf-1), 4.81 ± 4.75 (m, 2H; OCHA'Ar, OCHBAr), 4.74 ±
4.46 (m, 10H; Hd-3, He-3, Hf-5, OCHA''Ar, OCHB''Ar, Hb-1, Hc-6, Hg-6,
OCHB'Ar, Hb-3), 4.42 ± 4.06 (m, 10H; OCHA'''Ar, Hd-2, Hc-5, Hg-5, Ha-2,
Ha-1, Hd-4, OCHB'''Ar, Hc-9b, Hg-9b), 4.05 ± 3.72 (m, 21 H; Hg-9a, Hb-6b,
Hd-6b, Hd-6a, He-6b, He-6a, Hb-6a, Ha-6b, Hf-3, Hc-9a, COOCH3,
COOCH3, He-5, Hb-5, Hf-2, Ha-5, Ha-3), 3.62 ± 3.56 (m, 2H; Hf-4, Hd-5),

3.25 (t, 1H; Ha-6a), 2.82 (s, 3 H;
OCH3), 2.64 ± 2.57 (m, 2H; Hc-3e,
Hg-3e), 2.35 (s, 3 H; Ac), 2.34 (s, 3H;
Ac), 2.28, 2.24, 2.19, 2.14, 2.06 (5 s, 3�
3H; 3Ac), 2.03 (s, 6H; 2 Ac), 2.02 (s,
6H; 2Ac), 2.01, 1.96, 1.94 (3s, 3� 3H;
3Ac), 1.93 (s, 6 H; 2 Ac), 1.83 (s, 3H;
Ac), 1.62 ± 1.52 (m, 2H; Hc-3a, Hg-3a),
1.24 (d, J� 6.9 Hz, 3 H; CHf

3), 1.11,
1.10 (2s, 2� 9H; 2 tBu); 13C NMR
(CDCl3, 100.6 MHz): d� 177.35
(C�O), 174.29 (C�O), 174.19 (C�O),
174.04 (C�O), 171.24 (C�O), 171.03
(C�O), 170.60 (C�O), 170.48 (C�O),
170.37 (C�O), 170.23 (C�O), 170.10
(C�O), 170.04 (C�O), 169.94 (C�O),
169.92 (C�O), 169.23 (C�O), 168.06
(C�O), 139.37, 139.08, 138.56, 136.35,
134.15, 128.32, 128.24, 128.15, 128.10,
128.04, 127.88, 127.50, 127.22, 127.18,
127.12, 126.07, 125.98, 125.80, 125.73,
101.70, 99.71, 99.05, 98.25, 97.41, 96.95,
96.80, 79.96, 78.04, 75.98, 75.87, 75.05,
74.80, 74.49, 74.29, 73.27, 72.83, 72.65,
72.56, 72.05, 71.74, 70.96, 70.50, 70.33,
70.13, 69.73, 69.62, 69.42, 68.76, 68.55,
67.50 (3C), 67.30 (3 C), 67.24 (3 C),
66.66, 62.93, 62.34, 60.58, 60.35, 56.57,

56.29, 56.10, 54.65, 53.10, 53.03, 49.22, 38.73, 38.54, 28.26 (Ac), 27.21
(3CH3), 27.18 (3CH3), 26.87 (Ac), 23.38 (Ac), 21.56 (Ac), 21.43 (Ac), 21.25
(Ac), 21.23 (Ac), 21.14 (Ac), 21.10 (Ac), 21.02 (Ac), 20.89 (Ac), 20.86 (Ac),
20.77 (Ac), 16.98 (CHf

3); elemental analysis calcd (%) for C137H170O59N4:
C 58.42, H 6.08, N 1.99; found C 58.52, H 5.74, N 1.76.

Heptasaccharide 33 : DDQ (22 mg, 0.098 mmol) was added to a solution of
compound 31 (180 mg, 0.065 mmol) in a mixture of dichloromethane/
methanol/water 4:1:trace (6 mL). The reaction mixture was stirred for 16 h
at room temperature and concentrated. The crude residue was taken in
dichloromethane and washed with sat. NaHCO3 aqueous solution (3�
50 mL), water, dried (Na2SO4), and concentrated to a crude residue, which
was applied to short column of silica gel and eluted with dichloromethane/

Figure 3. 400 MHz 1H NMR spectrum of compound 12 at 303.0 K ([D7]DMF and H2O).

Figure 4. 600 MHz 2D DQF-COSY spectrum of tetrasaccharide 12 at 303.0 K.
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methanol 30:1 to give a pure compound 32 (73 %). To a cold (ice bath)
solution of compound 32 (292 mg, 0.11 mmol) in dry pyridine (3 ± 4 mL),
was added SO3 ´ pyridine complex (27 mg, 0.17 mmol) and stirred at 0 to
25 8C for 4 h. An additional portion of SO3 ´ pyridine complex (50 mg) was
added and stirred at the same temperature for a total of 9 h. The reaction
mixture was quenched with methanol (50 mL) and concentrated to a crude
residue, which was treated with Amberlite IR 120 (Na�) cation exchange
resin in methanol at room temperature for 4 h. The solid was filtered off
and the organic layer was concentrated. The mixture was applied to a short
column of silica gel and eluted with dichloromethane/methanol 20:1 to give
a pure compound 33 (255 mg, 78 %) as an amorphous solid. Rf� 0.24
(CH2Cl2/MeOH 20:1); 1H NMR (CD3OD, 600 MHz): d� 7.86 ± 7.80
(m, 4H; ArH), 7.68 ± 7.60 (m, 2H; ArH), 7.48 ± 7.40 (m, 3H; ArH), 7.30 ±
7.00 (m, 10 H; ArH), 5.61 ± 5.48 (m, 4 H; Hc-4, Hg-4, Hc-8, Hg-8), 5.24 (d, J�
3.0 Hz, 1 H; Ha-4), 5.18 (dd, J� 2.3, 8.9 Hz, 1 H; Hc-7), 5.12 (dd, J� 2.8,
8.9 Hz, 1H; Hg-7), 5.08 (d, J1,2� 7.4 Hz, 1H; Hd-1), 5.03 ± 4.98 (m, 2 H; He-1,
He-4), 4.96 (d, J �3.3 Hz, 1H; Hb-4), 4.94 ± 4.84 (m, 4H; He-2, OCHAAr,
Hb-2, Hf-1), 4.81 ± 4.75 (m, 2H; OCHA'Ar, OCHBAr), 4.74 ± 4.46 (m, 10H;
Hd-3, He-3, Hf-5, OCHA''Ar, OCHB''Ar, Hb-1, Hc-6, Hg-6, OCHB'Ar, Hb-3),
4.45 ± 4.10 (m, 8H; Hd-2, Hc-5, Hg-5, Ha-2, Ha-1, Hd-4, Hc-9b, Hg-9b), 4.09 ±
3.72 (m, 21 H; Hg-9a, Hb-6b, Hd-6b, Hd-6a, He-6b, He-6a, Hb-6a, Ha-6b, Hf-3,
Hc-9a, COOCH3, COOCH3, He-5, Hb-5, Hf-2, Ha-5, Ha-3), 3.62 ± 3.56 (m,
2H; Hf-4, Hd-5), 3.25 (t, 1H; Ha-6a), 2.83 (s, 3H; OCH3), 2.64 ± 2.57 (m, 2H;
Hc-3e, Hg-3e), 2.35, 2.34, 2.28, 2.25, 2.20, 2.15, 2.05 (7s, 7� 3 H; 7 Ac), 2.04
(s, 6H; 2 Ac), 2.02 (s, 6H; 2 Ac), 2.01, 1.98, 1.95 (3 s, 3� 3 H; 3Ac), 1.93 (s,
6H; 2Ac), 1.84 (s, 3 H; Ac), 1.62 ± 1.52 (m, 2 H; Hc-3a, Hg-3a), 1.24 (d, J�
6.9 Hz, 3 H; CHf

3), 1.11, 1.10 (2s, 2� 9H; 2 tBu); 13C NMR (CD3OD,
100.6 MHz): d�177.85 (C�O), 174.29 (C�O), 174.19 (C�O), 174.05 (C�O),
172.24 (C�O), 171.03 (C�O), 170.61 (C�O), 170.48 (C�O), 170.37 (C�O),
170.25 (C�O), 170.10 (C�O), 170.08 (C�O), 169.93 (C�O), 169.90 (C�O),
169.23 (C�O), 168.06 (C�O), 139.32, 139.08, 134.15, 128.35, 128.24, 128.15,
128.11, 127.50, 127.22, 127.18, 127.12, 126.07, 125.95, 125.80, 125.73, 101.75,
99.73, 99.05, 98.35, 97.41, 96.95, 96.80, 79.96, 78.04, 75.98, 75.87, 75.05, 74.80,
74.49, 74.29, 73.27, 72.83, 72.65, 72.56, 72.05, 71.74, 70.96, 70.50, 70.33, 70.13,
69.73, 69.62, 69.42, 68.76, 68.55, 67.50 (3C), 67.30, 67.24, 66.67, 62.93, 62.34,
60.55, 60.35, 56.57, 56.39, 56.10, 54.65, 53.10, 53.03, 49.22, 38.73, 38.54, 28.26
(Ac), 27.21 (3CH3), 27.18 (3CH3), 26.87 (Ac), 23.38 (Ac), 21.56 (Ac), 21.43
(Ac), 21.25 (Ac), 21.23 (Ac), 21.14 (Ac), 21.11 (Ac), 21.02 (Ac), 20.89 (Ac),
20.76 (Ac), 20.75 (Ac), 16.98 (CHf

3); elemental analysis calcd (%) for
C126H161O62N4SNa: C 54.46, H 5.84, N 2.02; found C 54.40, H 6.15, N 1.98.

Heptasaccharide 34 : A solution of compound 33 (195 mg, 71 mmol), Pd/
C(10 %) (195 mg) in dry dichloromethane/methanol 1.5:1 (10 mL) was
stirred for 7.5 h at room temperature under H2 atmosphere. The solid was
filtered off and organic layer was concentrated. The crude residue was
treated with Ac2O/pyridine 1:1 (10 mL) in the presence of catalytic

amounts of DMAP (5 mg) at room temperature overnight. The reaction
mixture was concentrated and passed through a short column of silica gel
and eluted with dichloromethane/methanol 20:1 to give a pure compound
34 (160 mg, 87 %) as an amorphous solid. 1H NMR (CD3OD, 600 MHz):
d� 8.00 ± 7.80 (m, 4H; ArH), 5.62 ± 5.52 (m, 2 H; Hc-4, Hg-4), 5.51 ± 5.45 (m,
1H; Hc-8), 5.43 ± 5.39 (m, 1 H; Hg-8), 5.28 (d, J� 2.7 Hz,1 H; Hf-4), 5.24 (d,
J� 3.0 Hz, 1 H; Ha-4), 5.19 (dd, J� 7.8 Hz, 1H; Hc-7), 5.17 ± 5.09 (m, 2H;
Hg-7, Hf-5), 5.08 ± 5.05 (m, 2H; J1,2� 9.2 Hz, Hd-1), 5.05 ± 4.95 (m, 3H; Hf-
3), 4.81 (d, J1,2� 4.5 Hz, 1 H; Hf-1), 4.80 ± 4.56 (m, 4 H; Hf-2, Hc-6, Hg-9b,
Hg-6), 4.45 ± 4.00 (m, 9 H; Hd-6b, Hg-5, Hd-6a, Hc-9b, Hg-6, Hc-5, Ha-1, Hd-2),
4.00 ± 3.78 (m, 12 H; Ha-6b, Hc-9a, Ha-3, Ha-3, He-6a, Hd-4, Ha-6b), 3.40 ±
3.30 (m, 1 H; Ha-6a), 3.00 (s, 3H; OCH3), 2.62 ± 2.55 (m, 2H; Hc-3e, Hg-3e),
2.35, 2.34, 2.36, 2.33, 2.30 (5 s, 5� 3 H; 5 NAc), 2.23, 2.20, 2.15, 2.10, 2.08 (5 s,
5� 3H; 5Ac), 2.05 (s, 9 H; 3 Ac), 2.03, 2.02, 1.99, 1.97, 1.95, 1.94, 1.87 (7 s,
7� 3H; 7Ac), 1.84 (t, J� 12.4 Hz, 1H; Hc-3a), 1.47 (t, J� 11.7 Hz, 1 H; Hg-
3a), 1.27, 1.19 (2s, 2� 9H; 2 tBu), 1.15 (d, J� 7.2 Hz, 3H; CHf

3); 13C NMR
(CD3OD, 100.6 MHz): d� 179.73 (C�O), 179.32 (C�O), 176.79 (C�O),
176.50 (C�O), 176.33 (C�O), 176.09 (C�O), 173.16 (C�O), 172.89 (C�O),
172.81 (C�O), 172.78 (C�O), 172.64 (C�O), 172.39 (C�O), 172.35 (C�O),
172.18 (C�O), 172.14 (C�O), 172.03 (C�O), 171.85 (C�O), 171.75 (C�O),
171.71 (C�O), 171.66 (C�O), 169.63 (C�O), 169.54 (C�O), 136.05, 124.84,
102.83, 101.91, 100.61, 100.08, 99.72, 98.29, 96.72, 77.63, 75.80, 75.32, 73.26,
73.11, 73.00, 72.95, 71.88, 71.65, 71.63, 71.56, 71.42, 71.05, 70.74, 70.13, 69.89,
69.55, 69.13, 68.80, 68.53, 68.42, 68.31, 67.05, 65.81, 63.62, 63.47, 63.01, 61.84,
58.56, 58.04, 57.34, 55.80, 53.91, 53.85, 50.63, 39.83, 38.88, 28.45 (NAc), 28.35
(NAc), 28.09 (3 CH3), 27.82 (3 CH3), 27.12 (NAc), 26.53 (NAc), 23.30
(NAc), 21.98 (Ac), 21.94 (Ac), 21.81(Ac), 21.61 (Ac), 21.45 (Ac), 21.23
(Ac), 21.21 (Ac), 21.11 (Ac), 21.01 (Ac), 20.92 (Ac), 20.89 (Ac), 20.81 (Ac),
20.77 (Ac), 20.67 (Ac), 20.62 (Ac), 16.63 (CHf

3), FABMS (positive ion
mode): for C111H149O65N4SNa: 2633.7; found: 2656.8 [M�Na]� .

Heptasaccharide 1: Lithium iodide (968 mg) was added to a solution of
compound 34 (160 mg) in dry pyridine (8 mL). The reaction mixture was
refluxed at 120 to 125 8C for 8.5 h under N2 atmosphere. The dark yellow
solution was then evaporated to dryness and co-evaporated with toluene to
a corresponding carboxylic acid as dark yellow amorphous solid which was
directly used for next reaction. A solution of the above in methanol
(15 mL), was treated with NH2-NH2 ´ H2O solution (3 mL) for 4 h at 80 to
85 8C, the reaction mixture was concentrated and co-evaporated with
toluene then acetylated with Ac2O/pyridine 1:1 in the presence of catalytic
amount of DMAP at room temperature overnight. The acetylated mixture
was concentrated and passed through a short column of silica gel and eluted
with dichloromethane/methanol to give a bright film. To a solution of this
bright yellow film in methanol/water 1:1 (3 mL) was added a catalytic
amount of 1m sodium methoxide solution (200 mL) and stirred at room
temperature for 24 h. The mixture was then concentrated under reduced

Figure 5. 600 MHz 1H NMR spectrum of compound 1 (D2O) at 303.0 K.
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pressure. The crude mixture was then applied to a short column of silica gel
and eluted with n-C3H7OH/HOAc/H2O 1:1:1 to give a pure compound 1
(15 mg) in total 25 % yield. Rf� 0.24 (n-C3H7OH/HOAc/H2O 1:1:1);
1H NMR (D2O, 600 MHz): d� 5.11 (d, J1,2� 3.9 Hz, 1 H; Hf-1), 4.81 ± 4.76
(m, 2H; Hf-5, Ha-1, J1,2� 3.3 Hz), 4.62 (d, J1,2� 8.3 Hz, 1H; He-1), 4.59 (d,
J1,2� 9.0 Hz, 1H; Hd-1), 4.52 (d, J1,2� 8.3 Hz, 1 H; Hb-1), 4.38 ± 4.32 (dd,
2H; Hd-6b, Hd-6a, sulfated position), 4.30 (dd, J� 3.2, 10.0 Hz, 1H; Ha-2),
4.20 (d, J� 2.3 Hz, 1 H; Ha-4), 4.10 ± 3.96 (m, 4H; He-3, Hb-3, Ha-5, Hd-4,
Ha-3), 3.95 ± 3.56 (m, 32H; He-4, Hd-2, Hb-4, Hf-3, Hf-4, Hf-2), 3.56 ± 3.49 (m,
2H; He-2, Hb-2), 3.36 (s, 3H; OCH3), 2.77 ± 2.72 (m, 2H; Hc-3e, Hg-3e),
2.05, 2.03, 2.00, 1.92 (4s, 4� 3H; 4 Ac), 1.83 ± 1.75 (ddd, 2H; Hc-3a, Hg-3a),
1.17 (d, J� 6.6 Hz, 3H; CHf

3); 13C NMR (D2O,150 MHz): (HSQC and
HMBC) d� 174.20 (C�O), 174.10 (C�O), 173.55 (C�O), 172.70 (C�O),
172.48 (C�O), 172.30 (C�O), 103.29 (Cb-1), 100.47 (Cd-1), 100.05 (Ce-1),
98.67 (Cg-2), 98.53 (Cc-2), 97.38 (Cf-1), 96.99 (Ca-1), 75.85, 75.77, 74.92,
74.53, 74.20, 73.93, 73.34, 73.26, 71.49, 71.41, 71.36, 71.23, 70.48, 70.35, 69.90,
69.23, 67.99, 67.85, 67.78, 67.73, 67.36, 66.91, 66.68, 66.44, 66.07, 65.99, 65.25
(Ce-5), 64.48 (Cd-6), 61.09, 61.00, 60.00, 59.48, 54.42, 53.53, 50.33, 50.26,
47.11 (Ca-2), 38.30, 23.10, 23.00 22.38, 22.10, 16.30 (CHe

3); FABMS (positive
ion mode): m/z : calcd for C57H93O44N4SNa: 1592; found 1591 [MÿH]� .

Heptasaccharide 35 : A solution of compound 31 (310 mg, 71 mmol), and
Pd/C (10 %) (310 mg) in dry dichloromethane/methanol 1.5:1 (10 mL) was
stirred for 6 h at room temperature under H2 atmosphere. The solid was
filtered off and organic layer was concentrated to a crude residue, which
was treated with Ac2O/pyridine 1:1 (10 mL) in the presence of catalytic
amounts of DMAP (5 mg) overnight at room temperature. The reaction
mixture was concentrated. The residue was passed through a short column
of silica gel and eluted with dichloromethane/methanol 20:1 to give a pure
compound 35 (267 mg, 94 %) as an amorphous solid. Rf� 0.49 (CH2Cl2/
MeOH 30:1); 1H NMR (CDCl3, 600 MHz): d � 7.84 ± 7.66 (m, 4H; ArH),
6.00 (d, J� 8.8 Hz, 1 H; NHAc), 5.62 ± 5.48 (m, 4 H; Hg-4, Hg-8, Hc-4, Hc-8),
5.27 (d, J� 3.2 Hz, 1 H; Hf-4), 5.23 (dd, J� 2.3, 8.9 Hz, 1H; Hc-7), 5.14 (d,
J� 3.1 Hz, 1 H; Ha-4), 5.08 (dd, 1H; Hf-3), 5.05 (dd, J� 2.8, 9.3 Hz, 1 H; Hg-
7), 5.02 ± 5.01 (m, 2H; Hf-5, He-4), 5.05 (d, J1,2� 7.6 Hz, 1H; Hd-1), 4.93 (d,
J� 2.8 Hz, 1 H; Hb-4), 4.90 ± 4.81 (m, 3 H; Hf-1, He-2, Hb-2), 4.79 (dd, 1H;
Hf-2), 4.74 (d, J� 7.8 Hz, 1H; He-1), 4.73 (t, 1H; Hd-3), 4.63 (dd, 1 H; He-3),
4.60 ± 4.55 (m, 3 H; Hg-6, Hb-1, Hc-6), 4.51 (dd, 1 H; Hb-3), 4.46 ± 4.44 (m,
1H), 4.44 ± 4.23 (m, 5 H; Hc-5, Hg-5, Hg-9b, Hc-9b, Ha-2), 4.22 (d, J� 2.9 Hz,
1H; Ha-1), 4.19 ± 4.10 (m, 4H; Hc-9a, Hd-6b, Hd-6a, Hd-2), 4.03 (t, 1 H; Hd-
4), 3.92 ± 3.70 (m, 14 H; He-6b, Ha-6b, Hb-5, COOCH3, COOCH3, He-5, Hg-
9a, Hb-6b, He-6a, Hb-6a), 3.25 (t, 1H; Ha-6a), 2.82 (s, 3 H; OCH3), 2.64 ± 2.58
(m, 2H; Hc-3e, Hg-3e), 2.38 (s, 3H; NAc), 2.34 (s, 3H; Ac), 2.30, 2.26, 2.24
(3s, 3� 3 H; 3 NAc), 2.20, 2.16, 2.14 (3s, 3� 3H; 3Ac), 2.09 (s, 6H; 2Ac),
2.07 (s, 9 H; 3Ac), 2.04 (s, 6 H; 2Ac), 2.02, 2.01, 1.99 (3 s, 3� 3H; 3 Ac), 1.93
(s, 6H; 2Ac), 1.88 (s, 3H; Ac), 1.62 ± 1.52 (m, 2H; Hc-3a, Hg-3a), 1.23 (d,
J� 6.9 Hz, 3 H; CHf

3), 1.11, 1.10 (2s, 9 H; 2 tBu); 13C NMR (CDCl3,
100.6 MHz): d� 177.48 (C�O), 174.30 (C�O), 174.04 (C�O), 171.23 (C�O),
170.63 (C�O), 170.58 (C�O), 170.38 (C�O), 170.25 (C�O), 170.15 (C�O),
170.04 (C�O), 169.94 (C�O), 169.92 (C�O), 169.25 (C�O), 168.36 (C�O),
139.34, 139.08, 128.25, 128.24, 128.15, 128.10, 101.71, 99.78, 99.05, 98.26,
97.42, 96.96, 96.81, 79.91, 78.03, 75.91, 75.88, 75.06, 74.81, 74.50, 74.30, 73.27,
72.81, 72.66, 72.57, 72.05, 71.74, 70.95, 70.51, 70.32, 70.13, 69.73, 69.62, 69.43,
68.76, 68.56, 67.53, 67.31, 67.25, 66.67, 62.94, 62.35, 60.59, 60.36, 56.58, 56.30,
56.11, 54.66, 53.12, 53.04, 49.22, 38.74, 38.55, 28.27 (Ac), 27.22 (CH3), 27.19
(CH3), 26.88 (Ac), 23.39 (Ac), 21.54 (Ac), 21.44 (Ac), 21.26 (Ac), 21.25
(Ac), 21.15 (Ac), 21.11 (Ac), 21.03 (Ac), 20.89 (Ac), 20.87 (Ac), 20.78 (Ac),
16.90 (CHf

3); elemental analysis calcd (%) for C113H152O63N4: C 52.27, H
5.95, N 2.18; found C 52.05, H 5.74, N 1.81.

Heptasaccharide 2 : Lithium iodide (200 mg) was added to a solution of
compound 35 (89 mg) in dry pyridine (2 mL). The reaction mixture was
refluxed at 120 to 125 8C for 8.5 h under N2 atmosphere. The dark yellow
solution was evaporated to dryness, co-evaporated with toluene to a
corresponding carboxylic acid as dark yellow amorphous solid which was
directly used for next reaction. A solution of the above in methanol (5 mL)
was treated with NH2-NH2 ´ H2O (1 mL) and stirred for 4 h at 80 to 85 8C.
The reaction mixture was concentrated, co-evaporated with toluene then
acetylated with Ac2O/pyridine 1:1 in the presence of catalytic amount of
DMAP at room temperature for overnight. The acetylated mixture was
concentrated and passed through a short column of silica gel and eluted
with dichloromethane/methanol 10:1 to give a bright film 36. Compound 36
in methanol/water (1 mL) was treated with a catalytic amount of 1m sodium

methoxide solution (50 mL) at room temperature for 24 h. The reaction
mixture was then concentrated under reduced pressure to give a crude
residue, which was applied to a short column of silica gel and eluted with n-
C3H7OH/HOAc/H2O 1:1:1 to give a pure compound 2 (4.5 mg) in total
33% yield. Rf� 0.24 (n-C3H7OH/HOAc/H2O 1:1:1); 1H NMR (D2O,
600 MHz): d� 5.10 (d, J1,2� 3.2 Hz, 1H; Hf-1), 4.82 ± 4.77 (m, 2H; Hf-5,
Ha-1, J1,2� 3.4 Hz), 4.61 (d, J1,2� 8.6 Hz, 1 H; He-1), 4.59 (d, J1,2� 8.8 Hz,
1H; Hd-1), 4.53 (d, J1,2� 8.4 Hz, 1 H; Hb-1), 4.30 (dd, J� 3.2, 10.0 Hz, 1H;
Ha-2), 4.20 (d, J� 2.8 Hz, 1H; Ha-4), 4.11 ± 3.96 (m, 4H; He-3, Hb-3, Ha-5,
Hd-4, Ha-3), 3.95 ± 3.56 (m, 34H; He-4, Hd-2, Hb-4, Hf-3, Hf-4, Hf-2), 3.55 ±
3.48 (m, 2H; He-2, Hb-2), 3.35 (s, 3 H; OCH3), 2.78 ± 2.72 (m, 2H; Hc-3e, Hg-
3e), 2.04, 2.02, 2.00, 1.93 (4s, 4� 3H; 4 Ac), 1.85 ± 1.74 (ddd, 2 H; Hc-3a, Hg-
3a), 1.17 (d, J� 6.7 Hz, 3H; CHf

3); FABMS (positive ion mode): m/z : calcd
for C57H94O41N4: 1490 [M]� ; found 1491 [M�H]� .
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