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Total Synthesis of Sialylated and Sulfated Oligosaccharide Chains from

Respiratory Mucins

Jie Xia, James L. Alderfer, Conrad F. Piskorz, and Khushi L. Matta*!?!

Abstract: The total syntheses of several
complex oligosaccharide moieties that
occur in the core structure of sulfated
mucins are reported. A trisaccharide
acceptor was obtained through regio-
and stereoselective sialylation of methyl
(6-O-pivaloyl-$-p-galactopyanosyl)-

(1 — 3)-4,6-O-benzylidene-2-acetami-
do-2-deoxy-a-D-galactopyranoside with

a novel sialyl donor. A tetrasaccharide,
pentasaccharide, and hexasaccharide
were constructed in predictable and
controlled manner with high regio- and
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stereoselectivity after the successful
preparation and employment of a di-
saccharide donor, trisaccharide donor,
disaccharide acceptor, and trisaccharide
acceptor building blocks. Finally, a mild
oxidative cleaving method was adopted
for the selective removal of 2-naphthyl-
methyl (NAP) in the presence of benzyl
groups.

Introduction

In recent years, we have seen a tremendous amount of interest
in the structure —activity relationship of the sulfated carbohy-
drate moieties which occur in O-linked mucinous glycopro-
teins, such as CF respiratory mucin,[! colonic tumor associ-
ated glycoproteins,? and the natural ligands for selectin.P!
Studies on the biosynthesis of these glycoproteins and
investigations of three enzymes [sulfotransferase, a(2,3)-
sialyltransferase and a(1,3)-L-fucosyltransferase] involved in
their assembly have likewise become subjects of great
interest. As a result, the chemical synthesis of well defined
oligosaccharides which are essential for the investigation of
these enzymes is getting increased attention.[*! Consideration
of the different reactivity of sugar ring hydroxyl groups in
combination with detailed structural information obtainable
from two dimensional NMR homonuclear (2D DQF-COSY,
2D ROESY, 2D TOCSY) and heteronuclear (HMQC or
¢-HSQC and HMBC) correlation experiments make it
possible to develop a general strategy for regio- and stereo-
selective glycosylations that utilize unprotected or partially
protected acceptors. The advancement of this approach
overcomes the traditional, tedious multi-step protecting/
deprotection reaction schemes, thereby providing a shorter
and easier route for the synthesis of complex, biologically
active oligosaccharide molecules.l ¢ As illustrated in Figure 1,
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Figure 1. The core tetrasaccharide of O-linked glycoprotein.

sulfate has been reported to be located at the C-6 position of
GIcNAc in the Le* moiety O-linked to the C-6 position of
GalNAc. Synthesis of this type of structure requires a special
protecting group which can be highly selectively removed in
the presence of O-benzyl group. The 2-naphthylmethyl
(NAP) group was recently introduced by Eskol™ and
Spencer™! as hydroxyl protection group in polyhydroxyl
systems. This group can easily be cleaved by DDQ oxidation
procedure. Herein, we describe a concise total synthesis of
sialylated and sulfated oligosaccharides from respiratory
mucins (Schemel ).

Results and Discussion

Target oligosaccharides 1-3 were synthesized through the
multiple use of the important intermediates: 11, 13
(Scheme 2), 18 and 24 (Scheme 3). Disaccharide donor 11
and trisaccharide donor 13 were synthesized according to
Scheme 2. Treatment of compound 5 with bis(tributyltin)-
oxide® in refluxing toluene, followed by naphthyl methyl
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Scheme 1. Target structure of sialylated, sulfated oligosaccharides.
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Scheme 2. a) nBu,SnO/benzene, reflux, 4 h, Bu,NBr, NAP-Br, 80 to 85°C,
48 h, 69%; b) SnCl,/AgOTf, CH,Cl,/toluene, 4 A MS, —15 to —5°C, 12 h,
75%; c) Ac,O/pyridine 1:1, rt, 12h, 79%; d) CuBr,nBu,NBr/CICH,,
CH,CL/DMF 5:1, 4A MS, rt, N,, 16-24h, 87%; e) AgOT{/SnCl,,
CH,ClL/toluene, 4 A MS, —15 to —5°C, 12 h, 73%.

bromide in the presence of tetrabutylammonium iodide gave
61in 69 % yield. Regioselective glycosylation of HO-4 of diol 6
with 2,3,4,6-tetra-O-acetyl-3-galactopyranosyl fluoride (7)X
was successfully achieved using SnCl,/AgOT{!! catalyst,
providing disaccharide 8 in good yield (75%). Similar
glycosylation of monosaccharide acceptor 9 with donor 7
afforded the (1 — 4) linked disaccharide 10. The structure of
compound 10 was unambiguously established by a combina-
tion of 2D-NMR experiments (2D DQF-COSY, 2D ROESY)
and X-ray structural analysis of disaccharide 10.'] Disacchar-
ide 8 was acetylated with pyridine/Ac,O 1:1 to give disac-
charide donor 11 in good yield (79%). A strong NOE cross
peak between HP-1 and H*-4 of disaccharide 11 was indicative
of a (1 —4) linkage. Disaccharide 8 was fucosylated with
methyl 2,3,4-tri-O-benzyl-1-thio-B-L-fucoside (12)['2 cata-
lyzed by CuBr,/nBu,NBr!"l to give 13 in excellent yield of
87%.

The site of glycosylation, anomeric configuration of the
newly formed bond, and stereochemistry of trisaccharide 13
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were confirmed by complete assignment of all the peaks in the
'H-NMR spectrum through a combination of 2D DQF-COSY
and 2D-ROESY experiments. Compounds 18 and 24 were
synthesized as depicted in Scheme 3. Thus, benzylidenation of
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Scheme 3. a) PHCh(OCH,),, p-TsOH, CH;CN, rt, 12h, 86%;
b) Hg(CN),, benzene/CH;NO,, 40 to 45°C, 12 h, 70%; c) 60% HOAc,
60 to 65°C, 1.5 h, 70%; d) Im CH;0ONa/CH;OH, CH;0OH/CH,Cl,, —20 to
—15°C, 20 min; 81 %; e) isopryrenyl acetate/CAS, 65 °C, 16 h, quantitative;
f) NIS/TfOH, CH,CL/CH;CN 1:1, —45 to —40°C, 12h, 45%; Ac,0O/
pyridine 1:1, rt, 12 h; h) 60 % HOAc, 60 to 65°C,2 h, 76 %.

known compound 14" with a,a-dimethoxytoluene in the
presence of a catalytic amount of p-TsOH:H,O afforded
compound 15 in excellent yield (86%). The 5(1 — 3) linked
disaccharide 17, prepared according to well established
procedure,”l was treated with 60% HOAc to give 18 in
70% yield. Selective removal of the O-acetyl groups from 17
in the presence of the 6-O-pivaloyl group was successfully
accomplished by treatment with sodium methoxide solution
at —20to —15°C to give 19 in excellent yield (81 % ). The next
step employed the regio- and stereoselective sialylation of
acceptor 19. Synthesis of a-sialosides!'®! has invariably been
fraught with difficulties, largely because of the unique
structural features of sialic acid. A number of approaches
have been investigated in order to circumvent these difficul-
ties.l'’? To continue those efforts, we decided to explore the
utility of a novel sialyl donor 21 with defined S-configuration
as established by X-ray structure analysis.'!l It is noteworthy
that the sialyl donor 21, prepared from 20 in the presence of
isopropenyl acetate and a catalytic amount of (4)-10-cam-
phorsulfonic acid, was more reactive than 20. The apparently
more reactive HO-3 of galactose residue b of 19 was readily
sialylated with 21 over both HO-2 and HO-4. Glycal, the by-
product of S-elimination of 21, was dramatically reduced by
the trivial additional N-acetyl group which is consistent with
the result observed by Boons and co-worker.['! The (2 — 3)-
linkage of 22 was confirmed by observation of a weak NOE
cross peak between HP-3 of galactose residue b and He-3a of
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sialic acid residue ¢, and further confirmed by observation
of a cross peak between C-2 of sialic acid residue ¢ and H-3 of
galactose residue b in HMBC spectrum. The a configuration
of glycoside 22 was assigned according to literature meth-
0ds.?% This was further confirmed by observation of a strong
cross peak between H-3a and C-1 of sialic acid residue in
HMBC spectrum because a-sialoside has a larger heteronu-
clear coupling constant of Je,.?" After successful con-
version of compound 19 into compound 22, the acetylation of
22 with pyridine/Ac,0O 1:1 was performed in the presence of
catalytic amounts of DM AP at room temperature to afford 23
which was then treated with 60% HOAc to give 24 (76 %
yield) in two steps.

Target oligosaccharides 1-3 were then synthesized follow-
ing Schemes 4, 5, and 6. Regioselective glycosylation of HO-6
of 18 with 11 was first attempted under controlled reaction
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Scheme 4. a) NIS/TfOH (cat.) 4 A MS, CH,Cl,, —65 to —60°C, 1 h, 89%:
b) NH,-NH, - H,O/EtOH 9:1 80 to 85°C; 2 h, then, Ac,O/pyridine 1:1, rt,
12h, 83%; c¢) DDQ, CH,CL/CH;OH 4:1, rt, 18-24h, 75%; d) SO/
pyridine, pyridine, 0 to 5°C, 9-12h, 81%; e) Im CH;ONa/CH;0OH,
CH;OH, rt, 24 h, then Na*-resin, rt, 4—5h, 38%.

AcO NPht
08¢ Aco
ACO AcO OPiv HO OH AcONg ° o °
o (o] OAc OR
ACN 2) :
o~ o 0&/0 —_— AcO OPiv R'O
H OAc R e O R
AcO OAc  COOCHs OCHg — AcN 0 o
he ac0” £ R
24: R = NHAC Ach OAc  cooch, OA°
29: RY = H, R? = NAP
b) [ 30: Rt = Ac, R2= NAP
AcO  OAc NPht c
O OH L NhAc o A )
b AcO o o o
HO o OAc OR;
OH 0SOsNa ) __&r0) Ao ACO OPiv RIO
HO OH HO C
HO, 2
o 0o AcyN Oa_O o)
AcHN o\ o o
Y R| AC, 2 Dac coocH, OA° R
H OH AcO
Ho OH  cooH OCHj
2 31:R'=Ac,R?=H

9 |; 32: R! = Ac, R? = SO;Na

Scheme 5. a) NIS/TfOH, CH,Cl,, 4 A MS, —65 to —60°C, 2h, 59%;
b) Ac,O/pyridine, DMAP, rt, in quantitative yield; ¢) DDQ, CH,Cl,/
CH;O0H 4:1, rt, 18 h; d) SOj;- pyridine, pyridine, 0 to 5°C, 6 h, then, Na*-
resin, rt, 4 h, yield for c) to d): 63 %; e) Lil/pyridine, 120 to 125°C, 6-8 h;
f) NH,-NH, - H,0O/CH;OH 1:5, 80 to 85 °C, then, Ac,O/pyridine 1:1,rt, 12 h,
59% for two steps; g) Im CH;ONa/CH;0H, rt, 12 h, 36 % in three steps.
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Scheme 6. a) NIS-TfOH/CH,Cl,, 4 A MS, —65 to —60°C, 2h, 79%;
b) Ac,O/pyridine, DMAP, rt, 85%; c) DDQ, CH,Cl,/CH;OH 4:1, rt, 12 h;
80% d) SO;- pyridine, pyridine, 0 to 5°C, 6 h, 86 %, then, Na*-resin, rt, 4 h,
e) Lil/pyridine, 120 to 125°C, 6 -8 h; f) NH,-NH, - CH;OH 1:5, 80 to 85°C,
then, Ac,O/pyridine 1:1, rt, 12 h, g) 1m CH;ONa/CH;OH, CH;OH, rt, 12 h,
h) 10% Pd/C, CH;O0H/HOAc 1:1, H,, 12 h, 35% in four steps.

conditions to give the S(1 — 6)-linked 25 in excellent yield
(89 %). Similar, regioselective glycosylations of acceptor 24
with 11 and 13 were successfully performed under controlled
conditions to give the (1 — 6)-linked 29 (59%) and 33
(79%), respectively. Linkage location and orientation was
confirmed by observation of NOE:s cross peaks between H-6a
or H-6b of the N-acetylgalactosamine residue and H-1 of the
N-phthalimido glucosamine residue in these three oligosac-
charides by 2D-ROESY experiments. Therefore, 25, 29, and
33 were constructed in a predictable and controlled manner
with high regio- and stereoselectivity. Tetrasaccharide 25 was
treated with ethanol/NH,-NH,-H,O 9:1, followed by pyr-
idine/Ac,0 1:1 in the presence of catalytic amounts of DM AP
to give 26 in 83 % yield in two steps. Compounds 29 and 33
were each treated with pyridine/Ac,0O 1:1 and catalytic
amounts of DMAP to give acetylated 30 (quantitative yield)
and 34 (85 % yield). Similarity in the electron density between
the NAP group and 4-methoxybenzyl (PMB)2: 22 suggested
that the former could be prone to mild oxidative cleavage.
This was indeed the case, and compounds 27, 31, and 35 were
readily obtained by treatment of 26, 30, and 34, respectively
with DDQ.

Noteworthy the removal of NAP from 34 requires carefully
controlled conditions, since the tribenzyl fucose residue is
known to be acid labile.®! Conversion of 27 into 28 was
accomplished by treatment of 27 with SOj; - pyridine complex
in dry pyridine. A similar procedure was applied for the
conversion of 31 into 32, and 35 into 36. Sulfated tetrasac-
charide 28 was treated with 1M sodium methoxide in
methanol/water solution at room temperature to give 1.

The deprotection procedure used for the conversion of 32
into 2 included three steps: a) removal of methyl from the
carboxyl group with Lil in refluxing pyridine under N,
atmosphere; b) removal of N-phthalimido with methanol/
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NH,-NH,-H,O 5:1, followed by pyridine/Ac,O 1:1 in the
presence of catalytic amounts of DMAP; ¢) O-deacetylation
with 1M sodium methoxide in metshanol/water solution at
room temperature to give 2 (Scheme 5). Sulfated compound
36 was treated exactly as described for 32 to give 2 to furnish 3
(Scheme 6). The structures of 1-3 were fully characterized by
'"H homonuclear correlation NMR spectroscopy (2D DQF-
COSY, 2D ROESY, 2D TOCSY), *C-NMR experiments and
FAB-MS. The positive ion mode FAB mass spectrum of
tetrasaccharide 1 {C,0H,O,,N,SNa,: 887.3 [M + Na]*} showed
a pseudomolecular ion at m/z: 887.4. Scalar coupled networks
of residues a—d of sodium sulfated tetrasaccharide 1 were
identified by 2D DQF-COSY and TOCSY NMR spectra.
Figure 2 shows the 1D spectrum of tetrasaccharide 1 in which
three relatively strong signals and a weak signal are indicated
for the anomeric region.

4.47-4.45 was attributed to H1 of residue b due to the
observation of a strong NOE cross peak between this signal
and the signal at 0 =4.01-3.99 (H*-3). The positive ion-mode
FAB mass spectrum of pentasaccharide 2 {C,,H¢O3,N5SNaj,:
1178.6 [M + Na]*} revealed a characteristic fragment ion at
m/z: 8774 [M+Na — NeuSAc]". The positive ion-mode FAB
mass spectrum of hexasaccharide 3 {C,H;403N;SNa,: 1324.5
[M 4+ Na]*} gave a pseudo-molecular ion at m/z: 1324.9. The
position connectivity of pentasaccharide 2 and hexasacchar-
ide 3 were confirmed by analyses of 2D ROESY spectrum.

Conclusion

We described an efficient route for the synthesis of sialylated
and sulfated oligosaccharides from respiratory mucins based
on the finding that the newly introduced electron-rich
protecting group, the 2-naph-
thylmethyl (NAP) can readily
be cleaved with DDQ in a
manner analogous to that
adopted for the 4-methoxyben-
zyl group. The N,N-diacetyl-
amino sialic acid derivative 21

1
JJ LWJMULWM/UM
‘ 46 44 42 40 38 36

was the sialyl donor of choice
because of its enhanced reac-
tivity as compared with its pa-
rent acetamido compound 20.
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General procedures: TLC was con-
ducted on glass plates, precoated with
0.25 mm layer of silica gel 60 F-254
(Analtech GHLF uniplates); the com-
ponents were visualized either by ex-
posure to UV light or by spraying with
a solution of 10% H,SO, in ethanol,
containing 0.2 % p-anisaldehyde. Sol-
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Figure 2. 600 MHz 1D 'H-NMR spectra of 1 (D,0+CD;0D), 2 (D,0), and 3 (D,0O) at 303.0 K.

An anomeric resonance of residue a at 0 =4.76—4.75 was
determined to be H?-1 of the N-acetylgalactosamine residue a
because of its strong NOE connectivity with the methyl group
at 0 =3.37. The coupling constant J, , = 3.2 Hz suggests that N-
acetylgalactosamine has an a-configuration. Complete assign-
ment of signals of residue a were carried out by analyses of the
2D DQF-COSY, 2D TOCSY and 2D ROESY NMR spectra.
The anomeric signal at 0 =4.59-4.58 was assigned to N-
acetylglucosamine based on its coupling constant (3J,=
8.4 Hz), and chemical shift value. Anomeric resonance of
residue b and d at 0=4.47-4.45 and 4.55-4.53 were
considered to be due to galactose because they show weak
spin connectivity between H-4 and H-5 in the 2D TOCSY and
2D DQF-COSY spectra, which are characteristic features.?
Anomeric signals designated for residues b and d gave well
solved doublets with the larger coupling constant (3J,,=
7.8 Hz) attributed to f-galactopyranoside configuration (e.g.
J1»=~8.0 Hz for -p-Galp).** ! Anomeric resonance at 6 =
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© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

utions were concentrated under re-
duced pressure. The silica gel used for
column chromatography was Baker
Analyzed (60-200 mesh). Optical ro-
tations were measured at 25°C with a
Perkin - Elmer 241 polarimeter. [a], values are given in 10! degem?g~
'"H-NMR spectra were recorded at 303 K with either a Bruker AM-400 or
AMX-600 spectrometer. The values of 6 [ppm] are given relative to the
signal for internal Me,Si (6 = 0) for solutions in CDCl;, CD,Cl,, CD;0D,
and D,O. BC-NMR spectra were recorded at 303 K with a Bruker AM-400
(100.6 MHz) spectrometer using the signals for CDCl; (6 =77.0), CD,Cl,
(0=54.15), CD;OD (6=49.15), [D¢lacetone (0=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 proton
resonance were based on 2D DQF-COSY, 2D ROESY, and 2D TOCSY.
Two-dimensional double-quantum filtered phase sensitive 'H-'H corre-
lated spectra (2D DQF 'H-'H COSY), rotating-frame nuclear Overhauser
enhancement spectroscopy (2D ROESY) and total correlation spectro-
scopy (2D TOCSY) were recorded at 303.0 K with a Bruker AM-400
(400 MHz) spectrometer and a Bruker AMX-600 (600 MHz) spectrometer.
For ROESY experiments, the mixing time was set at 400 ms, for the
TOCSY experiments 50 ms. *C—'H heteronuclear multiple-bond correla-
tion (HMBC) experiment was recorded at 303.0 K with a Bruker AMX-
600 MHz spectrometer. All samples submitted for elemental analyses were
dried under vacuum over P,Os at room temperature. Elemental analyses
were carried out by Robertson Microlit Laboratory, Madison, New Jersey.
p-Toluene sulfonic acid monohydrate (p-TsOH - H,O) was co-evaporated

3.0 ppm
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three times with dry acetonitrile at 80°C before use. Dichloromethane,
acetonitrile, methanol, benzene, and DMF were kept dry over 4 A MS,
pyridine was redistilled over potassium hydroxide, nitromethane was
freshly distilled over P,Os.

Phenyl 6-O-naphthylmethyl-2-deoxy-2-phthalimido-1-thio-f-D-glucopyra-
noside (6): Bis(tributyltin) oxide (33.0 g, 54.86 mmol) was added to a
solution of compound 5 (20.0 g, 49.88 mmol) in dry toluene (430 mL), and
the mixture was heated until toluene (200 mL) had been distilled off. The
temperature was then adjusted to 80 to 85°C, and tetrabutylammonium
iodide (20.26 g, 54.86 mmol) and 2-(bromomethyl)naphthalene (12.12 g,
54.86 mmol) were added and the stirring was continued at the same
temperature for 48 h. The mixture was concentrated under reduced
pressure, and the crude residue was applied to a column of silica gel and
eluted with hexane/ethyl acetate 4:1, and then with CH,Cl,/MeOH 20:1 to
give compound 6 (18.6 g, 69 %) as an amorphous solid. R;=0.68 (CH,Cl,/
CH;0H 20:1); "H NMR (CD,Cl,, 400 MHz): 6 =7.85-7.75 (m, 4H; ArH),
737-1735 (m, 5H; ArH), 725-724 (m, 7H; ArH), 5.63 (d, J,,=10.4 Hz,
1H; H-1), 4.69 (d, Jyen =12.4 Hz, 1H; OCHC,H;, ABq), 4.57 (d, Jyem =
12.6 Hz, 1H; OCHC,,H;, ABq), 425 (t, /=84 Hz, 1H; H-3), 414 (t, J=
10.8 Hz, 1H; H-2), 3.89 (dd, J=11.6, 3.6 Hz, 1 H; H-6a), 3.81 (dd, J=11.6,
3.6 Hz, 1H; H-6b), 3.54-3.52 (m, 2H, H-4; H-5); *C NMR (CD,Cl,,
100.6 MHz): ¢ =135.49, 134.27, 133.41, 133.16, 132.66, 132.32, 133.22,
131.72, 129.01, 128.91, 128.35, 128.10, 127.84, 126.63, 126.25, 126.03, 125.87,
83.73 (C-1), 78.96, 73.79, 72.92, 72.72, 70.10, 55.79; elemental analysis calcd
(%) for C3;H,;O6NS: C 68.74, H 5.02, N 2.59, S 5.92; found C 68.61, H 5.11,
N 2.37, S 6.08.

Glycosylation procedure A: With SnCl/AgOTf catalyst: A solution of
compound 6 or 9 (1 mmol), compound 7 (1.2 mmol), SnCl, (1.8 mmol) in
dry dichloromethane/toluene 5:1 containing 4 A MS (10 g per 100 mL for 6,
8 g per 43 mL for 9) was stirred at — 15 °C for 1.5-2 h under N, atmosphere.
AgOTf (1.8 mmol) was added. The mixture was stirred overnight at — 15 to
0°C under N, atmosphere then neutralized with triethylamine. Solids were
filtered off and the organic layer washed with saturated NaHCO; solution,
water, and dried (Na,SO,). The solvent was removed under reduced
pressure to yield a crude mixture, which was then purified by passage
through a silica gel column eluted with hexane/ethyl acetate 1:1 to give
desired product.

Phenyl  (2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-(1 — 4)-6-O-naph-
thylmethyl-2-deoxy-2-phthalimido-1-thio-f-D-glucopyranoside (8): Yield:
3.48 g, 75 % as an amorphous solid from 6. R;=0.54 (hexane/ethyl acetate
1:1); '"H NMR (CDCl;, 400 MHz): 6 =7.86—7.80 (m, 6 H; ArH), 7.68 -7.64
(m, 2H; ArH), 7.52-7.40 (m, 5H; ArH), 7.28 -7.16 (m, 3H; ArH), 5.64 (d,
Ji,=10.4 Hz, 1H; H*-1), 5.32 (d, /=2.0 Hz, 1H; H"4), 5.18 (t, J=10.0,
8.8Hz, 1H; H"2), 492 (dd, 1H; H"3), 488 (d, / =12.0Hz, 1H;
OCH,C,H;, ABq), 471 (d, J =12.0 Hz, 1H; OCHC,,H,, ABq), 4.52 (d,
J=8.0Hz, 1H), 445 (t,1H), 4.05-4.03 (m, 4H), 3.87-3.71 (m, 4H), 2.10
(s, 3H; Ac), 1.96 (s, 3H; Ac), 1.94 (2s, 6H; 2 Ac); “C NMR (CDCl;,
100.6 MHz): 6 =178.50 (C=0), 170.50 (C=0), 170.00 (C=0), 169.50
(C=0), 169.20 (C=0), 134.50, 132.75, 129.00, 128.50, 128.20, 128.00, 127.80,
126.58, 126.30, 126.00, 123.58, 123.50, 100.50, 83.50, 81.00, 79.20, 72.00,
70.80, 70.20 (2C), 69.50, 69.00, 68.50, 60.50, 58.50, 20.68 (Ac), 20.62 (Ac),
20.35 (Ac), 20.40 (Ac); elemental analysis caled (%) for C,;sH,;sO,sNS: C
61.99, H 5.20, N 1.61, S 3.68; found C 61.90, H 5.11, N 1.80, S 3.70.
Methyl (2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-(1 — 4)-6-O-benzyl-
2-deoxy-2-phthalimido-f-D-glucopyranoside (10): Yield: 2.21 g, 73% as
an amorphous solid from 9. R;=0.34 (hexane/EtOAc 1:1); 'H NMR
(CDCl;, 400 MHz): 6 =7.84-7.82 (m,2H; ArH), 7.72-7.70 (m, 2H; ArH),
741-732 (m, 5H; ArH), 533 (d, /=32 Hz, 1H; H"4), 5.19 (dd, J=8.0,
10.4 Hz, 1H; H*-2), 5.12 (d, J,,=8.8Hz, 1H; H*1), 494 (dd, J=3.6,
10.2 Hz, 1H; H"-3), 4.76 (d, Jo = 12.4 Hz, 1H; OCHPh, ABq), 4.54 (d,
Jyem=12.0 Hz, 1H; OCHPh, ABq), 4.49 (d, J,,=8.0 Hz, 1H; H"1), 4.40 (t,
1H; H*-3), 4.16 (dd, J=8.8 Hz, 1H; H*-2), 4.06-4.04 (m, 2H; H"-6b, H"-
6a), 3.95 (s, 1H; OH?®-3), 3.90 (t, /=72, 6.4 Hz, 1H; H"-5), 3.77-3.69 (m,
3H; H*5, H*-4, H*-6b), 3.65-3.62 (m, 1 H; H*-6a), 3.44 (s,3H; OCH,), 2.11
(s, 3H; Ac), 2.00 (s, 3H; Ac), 1.95 (s, 3H; Ac), 1.91 (s, 3H; Ac); *C NMR
(CDCl;, 100.6 MHz): 6 =170.46 (C=0), 170.06 (C=0), 169.92 (C=0),
169.15 (C=0), 138.18, 133.99, 131.92, 128.55, 127.91, 127.86, 123.34, 101.54,
99.26, 82.06, 74.27, 73.74, 71.22, 70.81, 69.69, 68.80, 67.97, 66.90, 61.47, 56.75,
55.94, 20.72 (Ac), 20.56 (Ac), 20.50 (Ac), 20.33 (Ac); elemental analysis
caled (%) for C3H,,0,6N: C 58.12, H 5.56, N 1.88; found C 58.00, H 5.59, N
1.81.
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Phenyl (2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-(1 — 4)-3-O-acetyl-6-
O-naphthylmethyl-2-deoxy-2-phthalimido-1-thio-f-D-glucopyranoside
(11): Ac,0O (5mL) was added to a solution of compound 8 (900 mg,
0.99 mmol) and DMAP (10 mg) in dry pyridine (5 mL). The mixture was
stirred overnight at room temperature then concentrated under reduced
pressure to a crude residue, which was applied to a short column of silica gel
and eluted with hexane/ethyl acetate 1:1 to give compound 11 (741 mg,
79 %) as an amorphous solid. R;=0.45 (hexane/ethyl acetate 1:1); 'H NMR
(CDCl;, 400 MHz): 6 =7.96-7.25 (m, 16 H; ArH), 5.80-5.75 (m, 2H, J,, =
10.0 Hz; H*-1, J=10.0, 8.4 Hz; H*-3), 5.28 (d, /=3.2 Hz, 1H; H"4), 5.05
(dd, J=76, 10.4 Hz, 1H; H>-2), 4.97 (d, J, = 12.8 Hz, 1H; OCH,C,H,,
ABq), 4.90 (dd, /=32, 10.4 Hz, 1H; H"-3), 4.75 (d, Jom=11.2 Hz, 1H;
OCH3CH,, ABq), 4.59 (d, J,,=76 Hz, 1H; H"1), 437 (t, J=10.4 Hz,
1H; H*-2), 4.09-4.03 (m, 3H; H*-4, H*-6a, H"-6b), 3.89-3.87 (m, 2H; H*-
6a, H*-6b), 3.76-3.74 (m, 1H; H*-5), 3.63 (t, 1 H; H®-5), 2.12 (s, 3H; Ac),
2.05 (s, 3H; Ac), 1.98 (s, 3H; Ac), 1.91 (s, 3H; Ac), 1.90 (s, 3H; Ac);
3C NMR (CDCl;, 100.6 MHz): 6 =170.28 (C=0), 170.19 (C=0), 170.01
(C=0), 169.99 (C=0), 168.91 (C=0), 167.85 (C=0), 167.32 (C=0), 135.44,
134.53, 134.32, 133.19, 133.08, 131.81, 131.66, 131.34, 129.03, 128.61, 128.27,
127.98, 12792, 126.93, 126.86, 126.42, 126.18, 126.11, 126.06, 123.78, 123.63,
100.55 (C*-1), 83.29 (C2-1), 79.07, 75.48, 73.90, 72.12, 71.18, 70.57, 69.26,
66.91, 60.92, 60.40, 54.13, 21.68 (Ac), 20.64 (Ac), 20.60 (Ac), 20.57 (Ac);
elemental analysis calcd (%) for C;;H,,ONS: C 61.63, H 5.39, N 1.53, S
3.50; found C 61.69, H 5.11, N 1.37, S 3.60.

Phenyl (2,3,4,6-tetra-O-acetyl-f-p-galactopyranosyl)-(1 — 4)-[ (2,3,4-tri-O-
benzyl-a-L-fucopyranosyl)-(1 — 3) ]-6-O-naphthylmethyl-2-deoxy-2-phthal-
imido-1-thio-f-D-glucopyranoside (13): A solution of compound 8 (1.22 g,
1.40 mmol), methyl 2,34-tri-O-benzyl-1-thio-S-L-fucopyranoside (12,
2.62 g, 5.6 mmol), tetrabutylammonium bromide (1.81 g, 5.6 mmol) in dry
1,2-dichloroethane/DMF (20 mL, 5:1) containing 4 A MS (8 g) was stirred
at room temperature for 2 h under N, atmosphere. CuBr, (1.25 g, 5.6 mmol)
was then added and stirring continued for overnight. Additional portions of
compound 12 (1.31 g) and CuBr, (750 mg) were added and stirring was
continued for a total of 18 h. The solids were filtered off and the organic
layer was washed with sat. NaHCOj; solution, water, dried (Na,SO,), and
concentrated under reduced pressure. The crude product was applied to a
column of silica gel eluted with hexane/ethyl acetate 2:1 to give compound
13 (1.58 g,1.22 mmol, 87 % ) as a white solid. R;=0.17 (hexane/ethyl acetate
2:1); '"H NMR (CDCl;, 600 MHz): 6 =7.90-7.82 (m, 4H; ArH), 7.72-7.67
(m, 4H; ArH), 7.50-7.44 (m, 3H; ArH), 7.37-7.35 (m, 2H; ArH), 7.26 -
701 (m, 18H; ArH), 5.48 (d,/=10.4 Hz, 1H; H*1),5.15 (d,/ =2.8 Hz, 1H;
HO-4), 5.00 (dd, J=10.4, 10.0 Hz, 1H; H"-2), 4.94 (d, J,n=12.4 Hz, 1H;
OCH,C,H,, ABq), 4.83-4.69 (m, SH; H-3, He-1, Hb-1, H*3, OCHPh,
ABq), 4.66 (d, Jyer, = 12.4 Hz, 1 H; OCHRC,oH,, ABq), 4.61-4.49 (m, 5H;
He-5, OCHPh, OCHPh, OCHPh, ABq, H*-2), 4.41 (d, J,,,=12.0 Hz, 1H;
OCH,Ph, ABQ), 4.24 (d, /. = 12.0 Hz, 1H; OCHPh, ABQ), 4.17 (t, /=
10.0, 8.8 Hz, 1 H; H*-4), 4.06 (dd, 1 H; H"-6b), 3.87-3.82 (m, 4 H; H*-6b, H*-
6a, H"6a, He-3), 3.77 (dd, 1 H; He-4), 3.58 -3.55 (m, 2H; H*-2, H*-5), 3.43 -
3.39 (m, 1H; H"5), 1.92 (s, 3H; Ac), 1.91 (s, 3H; Ac), 1.87 (s, 3H; Ac), 1.79
(s,3H; Ac), 1.15 (d,/=6.4 Hz, 3H; CHy"); *C NMR (CDCl;, 100.6 MHz):
0=170.09 (C=0), 169.94 (C=0), 168.89 (C=0), 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 (3 Ac), 20.67 (Ac), 16.89 (CH,); elemental analysis calcd (%)
for C;,H7;04NS: C 67.12, H 5.71, N 1.09, S 2.49; found C 67.09, H 5.81, N
1.00, S 2.49.

Methyl  2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-galactopyranoside
(15): p-TsOH -H,0 (1.021 g) was added to a stirred solution of compound
14 (4.45 g, 18.94 mol) and a,a-dimethoxytoluene (4.32 g, 28.40 mmol) in
dry acetonitrile (139 mL), and stirring was continued overnight at room
temperature. Triethylamine was then added and the mixture concentrated
under reduced pressure. The crude product was applied to a column of
silica gel and eluted with dichloromethane/methanol 30:1 to give pure
compound 15 (86 %) as a white solid. R;=0.39 (hexane/ethyl acetate 1:1);
'H NMR (CD;OD, 400 MHz): 6 =7.58-7.56 (m, 2H; ArH), 7.40-7.37 (m,
3H; ArH), 5.63 (s, 1 H; benzylidene proton), 4.84 (d,J=3.6 Hz, 1H; H-1),
442 (dd, J =3.2, 11.2 Hz, 1H; H-2), 4.32-4.26 (m, 2H; H-3, H-6b), 4.11
(dd,J=1.2,12.8 Hz, 1H; H-6a), 3.88 (dd, J =3.2,10.8 Hz, 1H; H-5),3.71 (s,
1H; H-4), 3.41 (s, 3H; OCH;), 2.21 (s, 3H; Ac); *C NMR (CDCl;,
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100.6 MHz): 6 =172.20 (C=0), 137.60, 128.50, 128.00, 126.30, 100.50, 99.50,
75.50, 69.20, 67.50, 62.50, 55.00, 50.00, 21.00 (Ac); elemental analysis calcd
(%) for C;¢H, O6N: C 59.43, H 6.55, N 4.33; found C 59.24, H 6.45, N 4.15.
Methyl  (2,3,4-tri-O-acetyl-6-O-pivaloyl-f-D-galactopyanosyl)-(1 — 3)-2-
acetamido-4,6-O-benzylidene-2-deoxy-a-D-galactopyranoside (17): A mix-
ture of compound 15 (3.0 g, 9.28 mmol) and powered Hg(CN), (4.06 g) in
benzene/nitromethane 1:1 (100 mL) was heated until 50 mL of solvent had
been distilled off. The temperature was then adjusted to 40 to 45°C, and
6-O-pivaloyl-2,3,4-tri-O-acetyl-a-D-galactopyranoside bromide 16 (8.0 g)
was added and the stirring was continued for 12 h at the same temperature.
The mixture was then diluted with benzene and washed with sat. aq.
NaHCOs;, 10% KI, water, dried (Na,SO,) and concentrated. The crude
residue was applied to a column of silica gel and eluted with dichloro-
methane/methanol 20:1 to give compound 17 (70%) as an amorphous
solid. R;=0.47 (CH,Cl,/MeOH 20:1); 'H NMR (CDCl;, 400 MHz): 6
=17.53-750 (m, 2H; ArH), 7.50-7.00 (m, 3H; ArH), 5.60-5.50 (m, 2H;
NHAC, benzylidene proton), 5.35 (d, J=2.8 Hz, 1H; H*-4), 5.18 (dd, 1H;
H’-2), 4.98 (dd, 1H; H"-3), 4.88 (d, J=3.2Hz, 1H; H*1), 478 (d, /=
7.6 Hz, 1H; H"-1), 4.72-4.60 (m, 1H; H*-2), 4.31-4.02 (m, 5H; H*-4, H*
6a, H>6b, Hb-6a, H*-6a), 4.00-3.85 (m, 2H; H?-3, H">-5), 3.60 (s, 1 H; H-5),
3.40 (s,3H; OCH,), 2.20 (s, 3H; Ac), 2.05 (s, 3H; Ac), 2.00 (s,3H; Ac), 1.98
(s, 3H; Ac), 1.27 (s, 9H; rBu); 3C NMR (CDCl;, 100.6 MHz): 6 =178.00
(C=0), 170.40 (C=0), 170.20 (C=0), 169.53 (C=0), 169.50 (C=0), 101.58,
100.59, 99.50, 76.00, 74.80, 71.00 (2C), 69.58, 69.00, 67.00, 63.00, 61.20, 55.60,
48.90, 38.90 [C(CH3;)s], 27.00 (3 CH3), 23.50 (NAc), 20.90 (Ac), 20.80 (Ac),
20.50 (Ac); elemental analysis calcd (%) for C3;3H,5s0,5N: C56.97, H 6.52, N
2.01; found C 56.51, H 6.35, N 1.73.

Methyl (2,3,4-tri-O-acetyl-6-O-pivaloyl-f-D-galactopyranosyl)-(1 — 3)-2-
acetamido-2-deoxy-a-D-galactopyanoside (18): Compound 17 (12g,
1.73 mmol) was taken up in 60 % aqueous acetic acid and stirred for 1.5 h
at 60 to 65 °C. The solution was then concentrated under reduced pressure,
and the crude mixture applied to a short column of silica gel and eluted with
dichloromethane/methanol 20:1 to give pure compound 18 (735 mg, 70 %)
as an amorphous solid. R;=0.07 (CH,Cl,/MeOH 20:1); '"H NMR (CDCl;,
400 MHz): 6 =5.80 (d,/=9.8 Hz, 1H; NHAc), 5.38 (d,/ =2.4 Hz, 1 H; H"-
4), 5.15 (dd, 1H; H®-2), 5.02 (dd, J=3.6, 10.6 Hz, 1H; H"3), 4.69 (d, J=
4.0 Hz, 1H; H?*-1), 4.67 (d, /=76 Hz, 1H; H"-1), 4.52-4.47 (m, 1 H; H*-2),
4.13-4.11 (m, 3H), 3.99-3.98 (m, 1H), 3.89-3.82 (m, 1 H), 3.78-3.74 (m,
3H), 3.40 (s, 3H; OCH,), 2.17 (s, 3H; Ac), 2.07 (s, 3H; Ac), 1.97 (s, 3H;
Ac), 1.95 (s, 3H; Ac); *C NMR (CDCl;, 100.6 MHz): 6 =178.06 (C=0),
170.25 (C=0), 170.22 (C=0), 169.88 (C=0), 169.76 (C=0), 101.99, 99.06,
7797, 71.11,70.79, 69.78, 69.58, 68.89, 67.14, 62.90, 61.49, 55.28, 48.03, 39.00,
27.19 (3CH,), 23.54 (NAc), 20.83 (Ac), 20.75 (Ac), 20.67 (Ac); elemental
analysis caled (%) for C,sH,,0,5N: C 51.39, H 6.80, N 2.31; found C 51.20, H
6.74, N 2.32.

Methyl  (6-O-pivaloyl-f-D-galactopyanosyl)-(1 — 3)-2-acetamido-4,6-O-
benzylidene-2-deoxy-a-D-galactopyranoside (19): 1m CH;ONa/CH;OH
was added dropwise at —15 to —20°C to a solution of compound 17
(3.5 g, 5.03 mmol) in dichloromethane/methanol (44 mL, 1:1), until the pH
of solution was adjusted to ~10. The mixture was stirred at the same
temperature for 20 min, then quenched with acetic acid and concentrated
under reduced pressure. The crude mixture so obtained was passed through
a short column of silica gel and eluted with dichloromethane/methanol 20:1
to give pure compound 19 (2.31 g, 81 %) as an amorphous solid. R;=0.25
(CH,Cl,/MeOH 20:1); '"H NMR (CDCl;, 400 MHz): 6 =7.30—7.00 (m, 2H;
ArH), 7.00-6.50 (m, 3H; ArH), 5.95 (d, J=7.5 Hz, 1H; NHACc), 5.60-5.50
(s, 1 H; benzylidene proton), 4.85 (d, J=3.4 Hz, 1H; H*-1), 4.70-4.60 (m,
1H; H*-2), 4.40-4.30 (m, 2H; H*-4, H*-6b), 4.30-4.20 (m, 2H; H*-6b, H*-
6a), 4.15 (d, /=8.0 Hz, 1H; H"-1), 4.05 (dd, 1H; H"-6a), 3.81 (dd, 1 H; H*-
3),3.69 (d, 1H; H"-4), 3.62-3.58 (m, 2H; H"-2, H"5), 3.53 (t, 1 H; H-5),
3.40 (s,3H; OCHs), 3.33 (dd, 1 H; H"-3), 2.01 (s, 3H; Ac), 1.27 (s, 9H; (Bu);
3C NMR (CDCl;, 100.6 MHz): 6 =178.20 (C=0), 171.80 (C=0), 138.00,
129.21, 128.10, 127.00, 105.80, 101.40, 99.60, 77.50, 76.00, 73.20, 72.50, 70.50,
69.20, 68.10, 63.10 (2C), 55.50, 48.50, 38.50, 27.50 (3 CHj;), 23.50 (NAc);
elemental analysis calcd (%) for C,;H300,,N: C 56.93, H 6.90, N 2.46; found
C 56.87, H 6.82, N 2.30.

Phenyl (methyl N-acetyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-
p-thio-D-glycero-D-galacto-2-nonulopyranosid)onate (21): (+)-10-Cam-
phorsulfonic acid (232 mg) was added to a solution of compound 20
(6.64 g, 11.38 mmol) in isopropenylacetate (58 mL). After 16 h at 65°C, the
mixture was quenched by adding triethylamine then concentrated under
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reduced pressure to a crude product residue, which was applied to a short
column of silica gel and eluted with hexane/ethyl acetate 1:1 to give pure
compound 21 in quantitative yield. R;=0.53 (hexane/ethyl acetate 1:1)
[a]p=—582 (c=1.0, CHCL;); '"H NMR (CDCl;, 400 MHz): 6 =7.51-7.49
(m, 2H; ArH), 7.39-7.34 (m, 3H; ArH), 5.85 (ddd, 1H; H-4), 5.64 (dd, J =
2.0,9.8 Hz, 1H; H-5),5.25 (t, 1H; H-7), 4.90 (m, 1 H; H-8), 4.31 (dd, J = 1.6,
12.2 Hz,1H;H-9a), 4.14-4.03 (m, 2H; H-9b, H-6), 3.62 (s, 3H; COOCH,),
2.74 (dd, Js3.,=4.0, 12.0 Hz, 1H; H-3e), 2.39 (s, 3H; Ac), 2.26 (s, 3H; Ac),
2.09 (dd, 1H; H-3a), 2.08 (s, 6H; 2Ac), 1.99 (s, 6H; 2Ac); *C NMR
(CDCl;, 100.6 MHz): 6=175.06 (C=0), 173.74 (C=0), 170.53 (C=0),
170.44 (C=0), 170.36 (C=0), 169.75 (C=0), 168.69 (C=0), 136.63, 130.08,
130.20, 129.46, 89.19, 72.28, 70.48, 69.04, 67.08, 62.44, 57.82, 52.85, 38.97
(CH,), 28.15 (Ac), 25.97 (Ac), 21.02 (Ac), 20.99 (Ac), 20.87 (Ac); elemental
analysis caled (% ) for C,sH350,3NS: C 53.75, H5.64,N 2.24, S 5.13; found C
53.73, H 5.67, N 2.06, S 5.12.

Trisaccharide 22: A solution of compound 21 (1.61g, 2.58 mmol),
compound 19 (1.63 g, 2,35 mmol), N-iodosuccinimide (NIS, 1.83 g,
8.13 mmo) in dry dichloromethane/acetonitrile (60 mL, 1:1) containing
3 A MS (12 g) was stirred at —45 to —40°C for 2 h under N, atmosphere.
Trifluoromethanesulfonic acid (TfOH) (237 uL) in dry acetonitrile (2 mL)
was then added dropwise and stirring continued for 6 h. Additional
portions of donor 21 (550 mg) and TfOH (70 uL) were then added and
stirring was continued for a total of 12 h. The mixture was neutralized with
sat. aq. sodium bicarbonate. Solids were filtered off and the organic layer
washed with sat. aq. NaHCO;, 10 % Na,S,0;, water, dried (Na,SO,), and
concentrated under reduced pressure to a crude product. The product was
applied to a column of silica gel and eluted with dichloromethane/methanol
30:1 to give a pure compound 22 (1.26 g, 45 %) as a glassy white solid. R;=
0.15 (CH,Cl,/MeOH 30:1); '"H NMR (CDCl;, 600 MHz): 6 =7.57-7.54 (m,
2H; ArH), 7.37-7.33 (m, 3H; ArH), 6.38 (d,/ =8.4 Hz, 1H; NHACc), 5.56 —
5.47 (m, 3H; H-4, benzylidene proton, H-8), 5.14 (dd, J=8.8, 8.4 Hz, 1 H;
He-7), 5.01 (d, %,,=3.6 Hz, 1H; H*1), 495 (dd, /=10.0 Hz, 1H; H*-6),
4.70-4.69 (m, 1H; H*-2), 4.42 (d, J,,=8.0 Hz, 1H; H"-1), 437 (d, 3/5,=
2.8 Hz, 1H; H*-4), 4.34-4.24 (m, 4H; H*-5, He-9b, H-6b, H®-6a), 4.15 (dd,
J=9.6,10.0 Hz, 1H; H"-3), 4.04 (d, /] =12.6 Hz, 1 H; H*-6a), 3.95-3.88 (m,
2H; H*-9a, H?-3), 3.85 (s, 3H; COOCHj;), 3.71-3.65 (m, 2H; H®-2, H"-5),
3.61 (s, 1H; H*-5), 3.56 (s, 1H; H">4), 3.42 (s, 3H; OCHj,), 2.87 (dd, / = 4.8,
13.0 Hz, 1 H; H¢-3e), 2.37 (s, 3H; NAc), 2.31 (s, 3H; NAc), 2.16 (s, 3H; Ac),
2.15(s,3H; Ac), 2.06 (s, 3H; Ac), 2.03 (s, 3H; Ac), 2.02 (s, 3H; Ac), 1.65 (t,
Jem=12.6Hz, 1H; H%3a), 123 (t, 9H; rBu); “C NMR (CDClL,
100.6 MHz): 6 =172.50 (C=0), 171.98 (C=0), 171.80 (C=0), 171.00
(C=0), 170.30 (C=0), 169.80 (C=0), 168.2 (C=0), 13791, 128.91, 128.10,
126.53, 105.61, 102.31, 99.81, 99.50, 76.10, 76.05, 72.12, 70.00, 69.40, 68.83,
68.00, 67.88, 67.00, 66.55, 63.20, 62.81, 62.00, 56.50, 55.21, 53.00, 49.55, 38.50,
2720 (3CH,;), 23.50 (2NAc), 21.30 (2 Ac), 20.81 (Ac), 20.56 (Ac), 20.51
(Ac); elemental analysis calcd (%) for CyHgO,sN,: C 54.24, H 6.32, N
2.58; found C 53.98, H 6.14, N 2.27.

Trisaccharide 24: Acetic anhydride (5 mL) was added to a solution of
compound 22 (641 mg, 0.53 mmol) and DMAP (10 mg) in dry pyridine
(5 mL). The mixture was stirred overnight at room temperature then
concentrated under reduced pressure, and the crude mixture was passed
through a short column of silica gel eluted with dichloromethane/methanol
40:1 to give acetylated 23 (600 mg) which was directly used for the next
step. Acetylated 23 (600 mg) in 60 % aqueous HOAc was stirred for 2—3 h
at 60 to 65 °C. The solution was concentrated and the crude product applied
to a short column of silica gel and eluted with dichloromethane/methanol
25:1 to give compound 24 (428 mg, 76 %) as a glassy white solid. R; =0.21
(CH,Cl,/MeOH 25:1); '"H NMR (CDCl;, 400 MHz): 6 =6.25 (d,J =8.8 Hz,
1H; NHAC), 5.70-5.60 (m, 1H; H-8), 5.60-5.50 (m, 1H; H*-4), 5.15 (dd,
J=176, 8.6 Hz, 1H; H*7), 510-5.00 (m, 2H; H"2, H*4), 4.83 (d, J=
3.6 Hz, 1H; H*-1), 4.73 (d, J=7.6 Hz, 1 H; H"-1), 4.65-4.50 (m, 3H; H*-6,
H"-3, H*-2), 4.40-4.20 (m, 2H; H*-5, H*-9b), 4.20-4.10 (m, 2H; H*-4, H"
6b),4.00—3.90 (m, 2H; H-5, H*-6b), 3.85 (s, 3H; COOCH3), 3.85-3.70 (m,
5H; H2-6a, H?-5, H>-6b, He-9a, H?-3), 3.40 (s, 3H; OCHj,), 2.62 (dd, J = 4.8,
12.6 Hz, 1 H; H®-3e), 2.36 (s, 3H; Ac), 2.04 (s, 6H; 2Ac), 2.03 (s, 6H; 2Ac),
2.02 (s, 6 H;2Ac), 1.91 (s, 6H; 2Ac), 1.66 (t, Jyer, = 12.6 Hz, 1H; H-3a), 1.27
(s, 9H; rBu); *C NMR (CDCl;, 100.6 MHz): 6 = 177.58 (C=0), 174.20
(C=0), 173.52 (C=0), 171.50 (C=0), 171.30 (C=0), 170.20 (C=0), 170.10
(C=0), 169.70 (C=0), 168.00 (C=0), 102.50, 98.92, 96.53, 78.20, 71.43,
70.79, 69.85, 69.45, 69.41, 69.21, 67.60, 67.40, 67.21, 67.03, 63.00, 61.02, 55.98,
55.10, 53.12, 48.10, 38.20, 27.31 (3 CH3), 23.12 (Ac), 21.53 (Ac), 21.21 (Ac),
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20.59 (Ac), 20.55 (Ac); elemental analysis calcd (%) for CyHgO,7N,: C
51.11, H 6.34, N 2.59; found C 50.84, H 6.23, N 2.44.

Glycosylation procedure B with NIS/TfOH promoter: A solution of
acceptor (1 mmol), donor (1.05-1.1 mmol), NIS (3.0 mmol) in dry
dichloromethane containing 4 A MS (500-800 mg per mL) was stirred at
—65 to —60°C for 2 h under N, atmosphere. TFOH (25 uL—32 pL per
mmol NIS) in dry dichloromethane (2 mL) was then added dropwise and
stirring was continued at the same temperature for 1.5-2h. Reaction
monitored by TLC. The mixture was neutralized with sat. aq. sodium
bicarbonate, solids were filtered off and the organic layer washed with sat.
aq. NaHCO;, 10% Na,S,0;, water, dried (Na,SO,), and concentrated
under reduced pressure. The resultant mixture was purified on a column of
silica gel eluted with dichloromethane/methanol to give pure product.

Tetrasaccharide 25: Yield: 1.03 g, 89 % as a glassy white solid from acceptor
18. R;=0.18 (CH,Cl,/MeOH 30:1); 'H NMR (CDCl;, 400 MHz): 6 =7.96 -
700 (m, 11H; ArH), 5.81 (d, 1H, J=9.8 Hz; NHACc), 5.80-5.75 (m, 2H),
5.38(d, 1H),5.28 (d, 1H), 5.15 (dd, 1H), 5.07 (dd, 1 H), 5.02 (dd, 1H), 4.97
(d, Jyem =12.8 Hz, 1H; OCHLC,(H,, ABq), 4.90 (dd, 1H), 4.75 (d, Jyer, =
11.2 Hz, 1H; OCH;C,H;, ABq), 4.69 (d, 1H), 4.59 (d, 1H), 4.67 (d, 1H),
4.52-4.47 (m, 1H), 4.37 (t, 1H), 413-4.11 (m, 3H), 4.09-4.03 (m, 3H),
3.99-3.98 (m, 1H), 3.89-3.82 (m, 3H), 3.76-3.78 (m, 3H), 3.74 (m, 1H),
3.63 (t, 1H), 3.40 (s, 3H; OCHs;), 2.17 (s, 3H; Ac), 2.11 (s, 3H; Ac), 2.10 (s,
3H; Ac), 2.08 (s, 3H; Ac), 2.07 (s, 3H; Ac), 1.98 (s, 3H; Ac), 1.97 (s, 3H;
Ac), 1.95 (s,3H; Ac),1.93 (s, 3H; Ac), 1.27 (s, 9H; tBu); *C NMR (CDCl;,
100.6 MHz): 6 =170.81 (C=0), 170.79 (C=0), 170.53 (C=0), 170.11
(C=0), 170.07 (C=0), 169.99 (C=0), 169.5 (C=0), 169.48 (C=0), 168.89
(C=0), 167.67 (C=0), 134.51, 128.18, 128.70, 127.95, 127.09, 126.61, 126.46,
126.40, 126.21, 126.10, 101.78, 100.41, 98.93, 98.46, 77.98, 77.80, 75.57, 74.64,
74.05, 71.22, 71.02, 70.92, 70.70, 70.50, 70.28, 69.24, 68.77, 67.56, 66.86 (2 C),
61.15,60.92, 55.15, 54.45, 47.85, 27.13 (3 CH;), 23.48 (Ac), 20.75 (3 Ac), 20.67
(3Ac), 20.58 (2 Ac); elemental analysis calcd (% ) for C¢;Hg,O3,N,: C 57.02,
H 5.86, N 1.98; found C 56.97, H 5.83, N 1.73.

Tetrasaccharide 26: Compound 25 (450 mg, 0.32 mmol) in a mixture of
ethanol (18 mL) and NH,-NH,-H,O (2 mL) was stirred at 80 to 85°C for
2 h under N, atmosphere. The mixture was concentrated and dried for 1.5 h
under reduced pressure then acetylated with pyridine/acetic anhydride
(10 mL, 1:1) overnight at room temperature. Pyridine was removed under
reduced pressure and the resultant product was passed through a silica gel
column eluted with dichloromethane/methanol 10:1 to give compound 26
(360 mg, 83%) as an amorphous solid. R;=0.3 (CH,Cl,/MeOH 10:1);
'H NMR (CDCl;, 400 MHz): 6 =7.96-7.30 (m, 7H; ArH), 5.81-5.79 (m,
2H), 5.80-5.77 (m, 2H), 5.38 (d, 1 H), 5.26 (d, 1H), 5.15 (dd, 1 H), 5.07 (dd,
1H), 5.02 (dd, 1H), 497 (d, Jyen =12.6 Hz, 1H; OCH,C,(H;, ABq), 4.88
(dd, 1H), 4.73 (d, J ooy =11.6 Hz, 1H; OCH,C,(H,, ABq), 4.66 (d, 1 H), 4.58
(d, 1H), 4.55 (d, 1H), 4.53-4.48 (m, 1H), 440-4.34 (m, 1H), 4.14-4.10
(m, 3H), 4.09-4.03 (m, 3H), 3.99-3.96 (m, 1H), 3.89-3.83 (m, 3H), 3.76 -
3.78 (m, 3H), 3.75 (m, 1H), 3.64 (m, 1H), 3.34 (s, 3H; OCH;), 2.18 (s, 3H;
Ac), 2.15 (s, 3H; Ac), 2.12 (s, 3H; Ac), 2.11 (s, 3H; Ac), 2.09 (s, 3H; Ac),
2.08 (s,3H; Ac), 1.98 (s, 3H; Ac), 1.98 (s, 3H; Ac), 1.96 (s, 3H; Ac), 1.95 (s,
3H; Ac), 1.26 (s, 9H; tBu); elemental analysis calcd (% ) for C4;3Hg,O3N,: C
55.42, H 6.20, N 2.05; found C 55.12, H 6.16, N 1.78.

General procedure for removal of the 2-naphthylmethyl (NAP) group:
DDQ (1.5 mmol) was added to a solution of compound 26 or 34 (1 mmol)
in dichloromethane/methanol/H,O 4:1:trace (10 mL). The mixture was
stirred at room temperature for 12—20 h and the reaction monitored by
TLC. The mixture was concentrated under reduced pressure to a crude
residue then redissolved in dichloromethane (50-100 mL) and washed
with sat. ag. NaHCO; (3 x 100 mL), water, dried (Na,SO,), and concen-
trated to a crude product, which was purified over a short column of silica
gel eluted with dichloromethane/methanol to yield pure compound.

Tetrasaccharide 27: Yield: 242 mg, 75% as an amorphous solid from 26.
R;=0.38 (CH,Cl,/MeOH 15:1) [a],=58.9 (¢c=1.0, CHCL); 'H NMR
(CD;OD, 400 MHz): 6 =5.36-5.34 (m, 2H; NHACc), 5.13-4.99 (m, 4H),
4.76-4.74 (m, 1H), 4.63 (d, *J,,=3.6Hz, 1H; H*1), 452 (d, 1H, J=
8.4 Hz), 4.40 (dd, 1H), 4.24-4.00 (m, 10H), 3.86-3.84 (m, 4H), 3.76 (dd,
1H), 3.52 (dd, 1H), 3.44-3.36 (m, 1H), 3.36 (s, 3H; OCHs;), 3.31 (s, 1H),
2.14 (s,3H; Ac),2.13 (s,3H; Ac), 2.10 (s, 3H; Ac), 2.09 (s, 3H; Ac), 2.07 (s,
3H; Ac), 2.04 (s, 3H; Ac), 2.03 (s, 3H; Ac), 1.98 (s, 3H; Ac), 1.93 (s, 6H;
2Ac), 1.88 (s, 3H; Ac), 1.19 (s, 9H; 1Bu); *C NMR (CDCl;, 100.6 MHz):
0=184.17 (C=0), 178.17 (CO), 178.06 (C=0), 17705 (C=0), 176.98

3448

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

(C=0), 176.88 (C=0), 176.48 (C=0), 176.38 (C=0), 176.15 (C=0), 176.13
(C=0), 107.38 (2C), 106.79, 105.03, 81.65, 81.59, 79.82, 79.40, 77.42, 77.35,
7718, 76.73,76.67, 75.73, 75.19, 75.08, 74.81, 73.67, 73.39, 76.31, 67.10, 65.92,
60.61, 60.22, 55.40, 44.73, 27.85 (3CH,), 27.80 (Ac), 27.65 (Ac), 26.00 (Ac),
25.80 (Ac), 25.60 (Ac), 25.42 (Ac), 25.40 (Ac); elemental analysis calcd (%)
for C5,H76045N,: C 50.78, H 6.25, N 2.29; found C 51.0, H 6.23, N 2.01.

Tetrasaccharide 28: SO; - pyridine complex (62 mg, 0.39 mmol) was added
to a solution of compound 27 (320 mg, 0.26 mmol) in dry pyridine (6 mL).
The mixture was stirred at 0 to 5 °C for 6 h. The reaction was quenched with
methanol and the mixture concentrated under reduced pressure to a crude
residue, which was applied to a short column of silica gel eluted with
dichloromethane/methanol 20:1 to yield pure compound 28 (280 mg, 81 %)
as a glassy white solid. R;=0.36 (CH,Cl,/MeOH 10:1); 'H NMR (CDCl;,
400 MHz): 6 =5.39-5.37 (m, 2H; NHACc), 5.15-5.09 (m, 1H), 5.08-5.06
(m, 3H), 5.04-5.01 (m, 2H), 4.81-4.77 (m, 2H), 4.66 (d, J=3.2 Hz, 1 H),
4.55 (d, J=8.8Hz, 1H), 443 (dd, /=32, 10.4 Hz, 1H), 4.22 (dd, 1H),
4.17-4.05 (m, 7H), 3.93-3.87 (m, 5H), 3.79 (dd, 1 H), 3.53 (dd, 1H), 3.43 -
3.41 (m, 1H),3.38 (s, 3H; OCH,), 3.33 (s, 1 H), 2.16 (s, 3H; Ac),2.15 (s,3H;
Ac), 2.12 (s, 3H; Ac), 2.09 (s, 3H; Ac), 2.07 (s, 3H; Ac), 2.04 (s,3H; Ac),
2.00 (s,3H; Ac), 1.97 (s, 6H; 2Ac), 1.91 (s, 3H; Ac), 1.27 (s, 9H; Bu);
BC NMR (CDCl;, 100.6 MHz): 6 =184.32 (C=0), 178.39 (C=0), 178.27
(C=0), 177.24 (C=0), 17721 (C=0), 177.09 (C=0), 177.07 (C=0), 176.68
(C=0), 176.62 (C=0), 176.39 (C=0), 108.05, 107.54, 106.58, 105.07, 81.62,
80.18,79.73,79.63, 7774, 77.46, 76.88, 76.84, 76.57, 76.14, 75.71, 75.35, 75.10,
73.90, 73.53, 71.73, 67.46, 66.99, 60.89, 60.35, 55.60, 32.59, 28.00, 27.96 (Ac),
26.18 (Ac), 25.95 (Ac), 25.58 (Ac), 25.19 (Ac).

Deprotected tetrasaccharide 1: A catalytic amount of 1M sodium meth-
oxide (100 pL) was added to a solution of compound 28 (120 mg,
0.092 mmol) in aqueous methanol (6 mL). The mixture was stirred at
room temperature for 24 h then neutralized with acetic acid and
concentrated under reduced pressure. The product was dissolved in water
and treated with Amberlite IR 120 (Na*) cation exchange resin, filtered,
and concentrated under reduced pressure to a crude mixture, which was
applied to a short column of silica gel eluted with nC;H,;OH/HOAc/H,0O
3:1:1 to give a pure compound 1 (30 mg, 38 %) as a glassy white solid. R;=
0.1 (nC;H,OH/HOACc/H,0O 3:1:1); '"H NMR (CD;0OD+D,0, 600 MHz):
0=4.776 (d, J=32Hz, 1H; H*1), 4.59 (d, J=8.4 Hz, 1H; H*1), 4.54 (d,
J=78Hz, 1H; Hd-1), 4.46 (d, /=78 Hz, 1H; H"-1), 441 (dd, J=9.6 Hz,
1H; H-6b), 4.34—4.30 (m, 2H; H*-6a, H*-2), 4.21 (d, J=3.0 Hz, 1 H; H*-4),
4.12 (dd, 1H; H*-5), 4.04-4.02 (m, 1H; H*6b), 4.01-3.99 (m, 1H; H*-3),
3.94 (d,/=3.6 Hz, 1H; H%4),3.92 (d, J=3.0 Hz, 1 H; H"*-4), 3.80-3.72 (m,
9H; He-5, He-4, H*-6a, H®>6b, He-2, H-6b, H®-6a, H®-3, H-6a), 3.69-3.61
(m, 4H; H-5, H4-3, HP-5, H"3), 3.56-3.50 (m, 2H; H-2, H-2), 3.37 (s,
3H; OCH,), 2.02 (s, 3H; Ac), 1.91 (s, 3H; Ac); *C NMR (D,0+CD;O0D,
100.6 MHz): 6 =175.17 (C=0), 174.99 (C=0), 105.31, 103.20, 102.51, 98.78,
78.30,77.92,76.01, 75.59, 73.22, 72.99, 71.68, 71.31, 71.07, 70.06, 69.95, 69.59,
69.29, 68.99, 66.97, 61.68, 61.58, 55.76, 55.58, 55.48, 49.20, 22.69 (Ac), 22.62
(Ac); FABMS (m/z) (positive ion mode) C,yH;0,,N,SNa,: 887.3; found
8874 [M + Na]*t.

Sialylated tetrasaccharide 29: See glycosylation procedure B, yield: 291 mg,
59% as an amorphous solid from acceptor 24. R;=0.32 (CH,Cl,/MeOH
30:1); '"H NMR (CDCl;, 600 MHz): 6 =7.88-7.82 (m, 6 H; ArH), 7.80-7.62
(m, 2H; ArH), 7.58-7.42 (m, 3H; ArH), 6.08 (d, /=8.8 Hz, 1 H; NHAc),
5.74 (t,J=10.4,9.2 Hz, 1H; H%-3), 5.62 (ddd, 1 H; H*-8), 5.55 (ddd, 1 H; H*-
4),5.36 (d,J,,=8.8 Hz, 1H; H%-1), 5.21 (d, J=2.8 Hz, 1H; H*-4), 5.12 (dd,
J=24, 9.8 Hz, 1H; H7), 5.02-4.98 (m, 3H; H"2, H*-2, OCHC,,H;,
ABq), 4.80 (dd, J=3.6,10.6 Hz, 1 H; H®-3), 4.69-4.66 (m, 2H; OCHC,,H;,
ABq, H-1), 4.62-4.55 (m, 2H; H®-6, H*-3), 4.51 (d, J,,=8.0 Hz, 1 H; He-
1),4.35-4.23 (m, 5H; H?-1, H*-2, H-5, He-9b, HY-2),4.10-3.94 (m, 7H; H-
4, He-6b, H>-6b, H!-6b, H-6a, He-6a, H*-4), 3.88-3.80 (m, 7H; COOCHs,
H"-4, H*-6b, H*-6a, H*-9b), 3.77-3.64 (m, SH; H"6a, H*-5, H'-5, H4-5, H*-
3),3.36-3.48 (m, 1 H; He-5), 2.85 (s, 3H; OCHy,), 2.66 (dd, J = 4.8, 12.6 Hz,
1H; H¢-3e),2.36 (s,3H; Ac), 2.30 (s,3H; Ac), 2.23 (s,3H; Ac), 2.18 (s, 3H;
Ac), 2.09 (s, 3H; Ac), 2.08 (s, 3H; Ac), 2.05 (s, 3H; Ac), 2.03 (s, 3H; Ac),
1.96 (s,3H; Ac), 1.95 (s, 3H; Ac), 1.85 (s, 3H; Ac), 1.81 (s, 3H; Ac), 1.58 (t,
J=12.4 Hz, 1H; H¢-3a), 1.20 (s, 9H; rBu); *C NMR (CDCl;, 100.6 MHz):
0=17179 (C=0), 174.19 (C=0), 173.78 (C=0), 171.48 (C=0), 171.23
(C=0), 170.47 (C=0), 170.37 (C=0), 170.27 (C=0), 170.19 (C=0), 170.12
(C=0),170.09 (3C=0), 169.78 (C=0), 169.76 (C=0), 168.96 (C=0), 168.08
(C=0), 167.81 (C=0), 135.38, 134.45, 134.15, 133.37, 133.33, 128.80, 128.09,
128.04, 12722, 126.53, 126.31, 126.27, 126.25, 102.66, 100.51, 99.09, 98.40,
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96.78,78.44,75.69, 74.72, 74.19, 71.59, 71.32, 71.11, 70.77,70.71, 70.59, 69.52,
69.42, 69.35, 69.18, 68.87, 67.68, 67.54, 67.49, 67.14, 67.01, 63.16, 61.04, 60.97,
56.00, 55.27, 54.44, 53.15, 48.32, 38.47, 27.27, 23.33 (Ac), 21.62 (Ac), 21.21
(Ac), 21.10 (Ac), 20.89 (Ac), 20.85 (Ac), 20.79 (Ac), 20.67 (Ac), 20.64 (Ac);
elemental analysis calcd (%) for CyH;;;O,5N;: C 55.38, H 5.93, N 2.23;
found C 53.61, H 5.52, N 1.83.

Pentasaccharide 32: A solution of compound 29 (201 mg, 0.10 mmol),
DMAP(5 mg), and acetic anhydride (3 mL) in dry pyridine (3 mL) was
stirred at room temperature overnight. The reaction mixture was concen-
trated under reduced pressure to a crude residue which was applied to a
short column of silica gel eluted with dichloromethane/methanol 25:1 to
give a pure compound 30 (205 mg) in quantitative yield. A solution of
compound 30 (218 mg, 0.106 mmol) in dichloromethane/methanol (5 mL,
4:1) was treated with DDQ (36 mg, 1.62 mmol) and th reaction mixture was
stirred at room temperature for 16 h. An additional portion of DDQ
(20 mg) was added and stirring continued for a total of 18 h. The reaction
mixture was concentrated under reduced pressure, redissolved in dichloro-
methane (50 mL), then washed with sat. aq. NaHCO; (3 x 100 mL), water,
dried (Na,SO,), and concentrated under reduced pressure to a crude
product which was directly used for the next reaction. To a solution of the
above product (196 mg) in dry pyridine (3 mL) was added SO;-pyridine
(25 mg) and the mixture was stirred at 0 to 5°C for 6 h under N,
atmosphere. The reaction mixture was quenched with methanol and
concentrated under reduced pressure to a crude product which was treated
in methanol (5 mL) with Amberlite IR 120 (Na*) cation exchange resin at
room temperature for 4 h. The mixture was filtered then concentrated to a
crude product, which was applied to a short column of silica gel eluted with
dichloromethane/methanol 15:1 to give 32 (135 mg, 63 % ) as an amorphous
solid. R;=0.35 (CH,Cl/MeOH 15:1); 'H NMR (CDCl;, 600 MHz): ¢
=7.68-745 (m,4H; ArH), 5.68 (dd, J = 8.6, 10.0 Hz, 1 H; H¢-3), 5.57 (ddd,
1H; He-4), 5.50 (ddd, 1H; H®-8), 5.44-5.36 (m, 2H, J,,=7.6 Hz; H4-1,J =
2.8 Hz; H*-4),5.30 (d,/ =3.2 Hz, 1 H; H*-4), 5.20-5.09 (m, 2H; H*-7, H°-3),
5.08-5.00 (m, 2H; H*-4, H®-2), 4.97 (d, J,,=8.0 Hz, 1H; H*-1), 4.80-4.76
(m, 1H; H"2), 4.70 (d, J,,=8.0 Hz, 1H; H®-1), 4.64-4.56 (m, 2H; H"-3,
He®-6), 4.40-4.32 (m, 3H; H4-6b, H'-6a, H°-5), 4.32-4.21 (m, 2H; H*-2, H"-
9b),4.18 (d, J;,=3.6 Hz, 1H; H?-1), 4.16-4.05 (m, 6 H; He-6b, H*-6a, H*-5,
HP-6b, H-6b, H%-2), 4.04-3.92 (m, 4H; H-4, H*-6a, H*-9a, H*-3), 3.92—
3.84 (m, SH; H"6a, COOCHj;, H*-5), 3.84 -3.80 (m, 1 H; H4-5),3.42 (t, 1 H;
HP-5),3.00-2.96 (s, 3H; OCH3), 2.60 (dd, J =4.8,12.6 Hz, 1 H; H"-3e), 2.36
(s,3H; Ac),2.34 (s,3H; Ac),2.24 (s,3H; Ac), 2.16 (s, 3H; Ac), 2.14 (s, 3H;
Ac), 2.10 (s, 3H; Ac), 2.08 (s, 3H; Ac), 2.07 (s, 3H; Ac), 2.06 (s, 3H; Ac),
2.04 (s,3H; Ac),2.02 (s,3H; Ac), 1.98 (s, 3H; Ac), 1.94 (s, 3H; Ac), 1.92 (s,
3H; Ac), 1.88 (s, 3H; Ac), 1.52-1.44 (t, J=12.6 Hz, 1 H; H*-3a), 1.20 (s,
9H; (Bu); “C NMR (CD;OD, 100.6 MHz): 6 =175.98 (C=0), 173.10
(C=0), 172.81 (C=0), 172.72 (C=0), 172.25 (C=0), 172.17 (C=0), 172.14
(C=0), 172.11 (C=0), 172.03 (C=0), 171.92 (C=0), 171.79 (C=0), 171.74
(C=0), 171.49 (C=0), 169.51 (C=0), 134.50, 124.57, 102.77, 101.52, 100.45,
99.99, 98.16, 76.58, 75.32, 74.94,72.99, 72.81, 72.56, 71.93, 71.77, 71.57, 71.54,
71.50,70.92,70.76, 69.91, 68.99, 68.70, 68.41, 68.17, 66.41, 63.54, 62.49, 61.76,
5719, 56.26, 55.52, 53.74, 50.52, 39.72 (CH,), 27.69 (3 CH3;), 23.17 (Ac), 21.85
(Ac), 21.82 (Ac), 21.32 (Ac), 20.98 (Ac), 20.90 (Ac), 20.87 (Ac), 20.74 (Ac),
20.63 (Ac), 20.59 (Ac).

Deprotected pentasaccharide 2: Lithium iodide (Lil, 400 mg, 3.0 mmol)
was added to a solution of compound 32 (126 mg, 63 pmol) in dry pyridine
(4 mL). The mixture was refluxed at 120 to 25°C for 6 h under N,
atmosphere. The dark yellow solution was then concentrated to dryness
and co-evaporated with toluene to a corresponding carboxylic acid as a
dark yellow amorphous solid which was directly used for the next reaction.
A solution of the above in methanol (15 mL), was treated with NH,-NH, -
H,0 (3 mL) solution for 4 h at 80 to 85°C, the mixture was concentrated
under reduced pressure, co-evaporated with toluene then acetylated with
acetic anhydride/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 eluted with dichloro-
methane/methanol 10:1 to give a bright yellow film. To a solution of this
bright yellow film in methanol/water (2 mL, 1:1), was added a catalytic
amount of 1M sodium methoxide (150 pL). The mixture was stirred at room
temperature for 48 h and concentrated under reduced pressure to a crude
mixture, which was then applied to a short column of silica gel eluted with
nC;H,OH/HOACc/H,O 1:1:1 to give a pure compound 2 (26 mg, 36 %). R;=
0.39 (nC;H,OH/HOACc/H,O 1:1:1); 'H NMR (D,0, 600 MHz): 6 =4.76 (d,
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Ji,=32Hz, 1H; H*1), 4.58 (d, J,,=8.0Hz, 1H; H-1), 4.54 (d, J,,=
7.6 Hz, 1H; He-1), 4.52 (d, J,,=8.0 Hz, 1H; H"1), 441 (dd, J=10.0 Hz,
1H; Hé-6b), 4.35-4.28 (m, 2H; Hé-6a, H3-2), 4.20 (d, J;,= 3.6 Hz, 1H; H>-
4),4.10-3.99 (m, 4H; H*-5, H-3, H*-6a, H*-3), 3.90-3.56 (m, 20H; He-9b,
He-5, H-6b, H!-5, H*-6a, H-2, He-5, He-7, He-4, He-3, HP-5, H"-6a, He-4, He-
6, He-92), 3.55-3.50 (m, 2H; He-2, H-2), 3.37 (s, 3H; OCH,), 2.75 (dd, J =
4.4,12.0 Hz, 1 H; He-3e), 2.03 (s, 3H; Ac), 2.01 (s, 3H; Ac), 1.91 (s, 3H; Ac),
1.78 (t, J=12.8 Hz, 11.6 Hz, 1 H; He-3a); ®C NMR (D,0, 100.6 MHz): 6 =
173.81 (C=0), 173.44 (C=0), 173.30 (C=0), 172.80 (C=0), 103.36, 101.33,
100.75, 98.52, 96.97,76.17,74.47,74.19, 73.56, 71.62, 71.38, 71.32, 71.16, 70.65,
69.84, 69.58, 68.24, 67.88, 67.71, 67.47, 67.26, 66.90, 66.20, 65.09, 61.30, 59.91,
59.76, 53.95, 53.75, 50.50, 47.37, 38.54 (CH,), 21.04 (Ac), 20.92 (Ac), 20.89
(Ac); FABMS (m/z) (positive ion mode) calcd for C,HgO3N;SNa,:
1178.6; found 887.4 [M+Na — NeuS5Ac]*.

Hexasaccharide 33: See glycosylation procedure B, yield: 386 mg, 79 % as
an amorphous solid from acceptor 24. R;=0.46 (CH,Cl,/MeOH 30:1);
'"H NMR (CDCl;, 600 MHz): 6 =7.96-7.89 (m, 4H; ArH), 7.70-7.69 (m,
2H; ArH), 7.56-7.51 (m, 4H; ArH), 7.29-7.01 (m, 16 H; ArH), 6.09 (d,J =
9.6 Hz, 1H; NHAC), 5.65 (ddd, 1 H; H*-8), 5.57 (ddd, 1H; H*-4), 5.13-5.11
(m, 3H; H¢-1, He-7, He-4), 5.03-4.98 (m, 3H; H"-2, H*-2, OCHATr, ABq),
4.85-4.73 (m, 4H; H*4, J;,=3.6 Hz, OCHAr, ABq, H*-3, H*-1, J;,=
8.0 Hz), 4.72-4.70 (m, 2H, J,,=5.2 Hz; H*1, H"-1), 4.69-4.56 (m, 3H;
OCHAr, J,.,=12.0Hz, H-6, OCHAr, J,,=11.6 Hz, ABq), 445 (d,
Joem=12.8 Hz, 1H; OCHAr, ABq), 4.37-4.19 (m, 7H; H"-1, H-4, H*-5, H*-
9b, H*-2, H-4), 4.11-3.80 (m, 14 H; He-6b, H"-6b, H?-6b, H'-3, H!-6b, H"-
6a, He-6a, COOCHj;, H¢-6a, He-9b, H"-5, H*-3), 3.73-3.56 (m, 2H; H*-6a,
H-2), 3.35 (t, J=6.8, 72 Hz, 1H; H*-5), 2.84 (s, 3H; OCHs;), 2.67 (dd, J =
5.2,12.8 Hz, 1H; H®-3e),2.37 (s,3H; Ac), 2.31 (s, 3H; Ac), 2.24 (s, 3H; Ac),
2.19 (s,3H; Ac), 2.09 (s, 3H; Ac), 2.05 (s, 3H; Ac), 2.04 (s, 3H; Ac), 1.96 (s,
3H; Ac), 1.95 (s, 3H; Ac), 1.93 (s, 3H; Ac), 1.92 (s, 3H; Ac), 1.91 (s, 3H;
Ac), 1.79 (s, 3H; Ac), 1.59 (t, J=12.4 Hz, 1H; H¢-3a), 1.20 (s, 12H; Bu,
CHj;-f); *C NMR (CDCl;, 100.6 MHz): 6 =177.70 (C=0), 174.10 (C=0),
173.72 (C=0), 173.07 (C=0), 171.37 (C=0), 171.15 (C=0), 170.35 (C=0),
170.19 (C=0), 170.05 (C=0), 170.02 (C=0), 169.89 (C=0), 169.75 (C=0),
169.73 (C=0), 169.68 (C=0), 168.80 (C=0), 167.98 (C=0), 139.10, 138.91,
138.51, 135.40, 134.14, 133.22, 128.71, 128.32, 128.27, 128.20, 128.08, 127.98,
127.50, 127.27, 127.21, 127.09, 126.83, 126.44, 126.12, 125.99, 102.60, 99.70,
99.26, 98.22, 97.46, 96.71, 79.90, 78.47, 75.38, 75.26, 74.58, 74.29, 73.91, 72.85,
72.44,72.35,71.50, 71.45, 71.16, 70.84, 70.67, 70.41, 69.44, 69.27, 69.23, 69.10,
68.71, 68.08, 67.49, 67.43, 67.33, 67.07, 68.82, 66.51, 63.13, 60.88, 60.18, 56.64,
55.92,54.39, 53.08, 48.24, 38.38, 27.20 (3 CHj;), 23.25 (Ac), 21.54 (Ac), 21.14
(Ac),21.03 (Ac), 20.80 (Ac), 20.69 (Ac), 20.61 (Ac), 16.81 (CH;); elemental
analysis calcd (%) for C,pH,35046N;: C58.88, H 6.12, N 1.89; found C 58.73,
H 5.88, N 1.59.

Hexasaccharide 34: A solution of compound 33 (284 mg, 0.12 mmol),
DMAP(8 mg), dry pyridine (5 mL), and acetic anhydride(5 mL) was stirred
at room temperature overnight. The reaction mixture was concentrated
under reduced pressure to a crude product, which was passed through a
short column of silica gel eluted with dichloromethane/methanol 25:1 to
give a pure compound 34 (264 mg, 85 %) as an amorphous solid. R;=0.59
(CH,Cl,/MeOH 25:1); 'H NMR (CDCl;, 600 MHz): 6 =7.95-7.80 (m, 4H;;
ArH), 770-761 (m, 3H; ArH), 7.56-7.50 (m, 3H; ArH), 7.29-7.03 (m,
15H; ArH), 6.11 (d, /J=9.5Hz, 1H; NHAc), 5.64 (ddd, 1H; H*-8), 5.56
(ddd, 1H; H*4), 5.13-5.10 (m, 3H; Hd-1, H-7, H*-4), 5.03-4.96 (m, 3H;
H"-2, H*-2, OCHAr, ABq), 4.88-4.73 (m, 4H; H*4, J;, = 3.6 Hz, OCHA,
ABq, H*-3,H*-1,J;,=8.1 Hz),4.71-4.69 (m, 2H; J,, = 5.2 Hz, H*-1, H"-1),
4.69-4.51 (m, 3H; OCHAr, Jy,=12.4 Hz, ABq, H*-6, OCHATr, Jyer, =
12.6 Hz, ABq), 4.44 (d, J,ey = 12.8 Hz, 1H; OCHATr, ABq), 4.38-4.20 (m,
7H; H'-1, H-4, H*-5, H*-9b, H*-2, H9-4), 4.12-3.81 (m, 14 H; He-6b, H>-6b,
He-6b, H'-3, He-6b, H"6a, He-6a, COOCH;, H'6a, H*-9b, H"-5, H*-3),
3.74-3.56 (m, 2H; H*-6a, H'-2), 3.36 (t, / = 6.9, 7.3 Hz, 1 H; H*-5), 2.85 (s,
3H; OCHs;), 2.67 (dd,J=5.2,12.8 Hz, 1H; H*3e), 2.38 (s, 3H; Ac), 2.33 (s,
3H; Ac), 2.26 (s, 3H; Ac), 2.19 (s, 3H; Ac), 2.09 (s, 3H; Ac), 2.06 (s, 3H;
Ac), 2.04 (s, 3H; Ac), 1.98 (s, 3H; Ac), 1.96 (s, 3H; Ac), 1.94 (s, 3H; Ac),
1.93 (s, 6 H; 2Ac), 1.91 (s,3H; Ac), 1.80 (s,3H; Ac), 1.59 (t,/ =12.6 Hz, 1 H;
He-3a), 1.21 (s, 12H; Bu, CHY); ®C NMR (CDCl;, 100.6 MHz): 6 =170.81
(C=0), 170.70 (C=0), 170.51 (C=0), 170.34 (C=0), 170.21 (C=0), 169.89
(C=0), 169.85 (C=0), 169.84 (C=0), 169.80 (C=0), 169.69 (C=0), 169.64
(C=0), 168.88 (C=0), 168.41 (C=0), 168.21 (C=0), 139.20, 138.26, 135.50,
134.50, 128.95, 128.50, 128.48, 128.46, 128.45, 128.43, 128.05, 127.52, 127.50,
127.45,127.00, 126.57, 126.51, 126.41, 101.98, 99.75, 99.51, 98.40, 97.53, 96.58,
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80.12,75.25,75.21,74.65, 74.63, 74.02, 74.00, 73.21, 72.50, 71.98, 71.31, 70.45,
70.41,70.35, 70.21, 69.81, 69.75, 69.10, 68.95, 68.00, 67.51, 67.20, 66.81, 66.40,
62.90, 60.85, 60.30, 56.50, 56.00, 54.98, 53.20, 53.19, 49.50, 38.50, 27.50, 23.10,
21.51, 21.30, 21.29, 21.29, 20.98, 20.95, 20.57, 20.56, 16.89 (CHj;); elemental
analysis caled (%) for C;;H;3,04/N;: C58.85, H 6.10, N 1.86; found C 58.80,
H 6.00, N 1.83.

Hexasaccharide 35: See general procedure, yield: 262 mg, 80% as an
amorphous solid from 34. R;=0.31 (CH,Cl,/MeOH 30:1); 'H NMR
(CDCl;, 600 MHz): 0 =7.26-7.17 (m, 15H; ArH), 7.15-7.12 (m, 2H; ArH),
7.01-6.99 (m, 2H; ArH), 5.99 (d, J=8.4 Hz, 1H; NHACc), 5.56-5.55 (m,
3H; H*4, H*-7), 535 (d, J=2.8 Hz, 1H), 527 (d, J=32 Hz, 1H), 5.14—
5.07 (m,3H), 5.02 (dd,/=2.4,10.6 Hz, 1H), 4.98 (d,/=3.2 Hz, 1 H), 4.90 -
4.86 (m, 2H), 4.81 (d, Jyn = 12.0 Hz, 1H; OCHPh, ABq), 4.72-4.53 (m,
4H; H*-1, 30CHPh, ABq), 4.52 (dd, /=706, 32 Hz, 1H), 4.38 (d, Jyen =
12.4 Hz, 1H; OCHPh), 4.36-3.36 (m, 6 H; H*-2, OCHPh, ABq, COOCHy,
H*-3), 3.63 (s, 1H), 3.44-3.42 (m, 1H), 3.25 (t, 1H), 2.95 (s, 3H; OCH,),
2.64 (dd, J=4.8, 12.4 Hz, 1H; H¢-3e), 2.35 (s, 3H; Ac), 2.29 (s, 3H; Ac),
2.21 (s,3H; Ac),2.03 (s,3H; Ac), 1.99 (s, 3H; Ac), 1.95 (s, 3H; Ac), 1.94 (s,
3H; Ac), 1.88 (s, 3H; Ac), 1.59-1.54 (m, 4H; Ac, H%3a), 1.21-1.17 (m,
12H; CHY, tBu); ¥*C NMR (CDCl;, 100.6 MHz): 6 =177.69 (C=0), 174.13
(C=0), 173.8 (C=0), 171.75 (C=0), 171.50 (C=0), 171.45 (C=0), 171.04
(C=0), 170.63 (C=0), 170.45 (C=0), 170.21 (C=0), 170.06 (C=0), 169.98
(C=0), 169.86 (C=0), 169.73 (C=0), 168.01 (C=0), 134.18, 128.35, 128.27,
128.22, 128.11, 127.92, 127.55, 12729, 127.26, 12713, 101.69, 101.26, 98.67,
98.37,97.82,96.71,79.92, 75.51, 75.03, 74.80, 74.37, 74.05, 72.98, 72.79, 72.48,
71.66, 71.15, 7076, 70.43, 70.14, 69.67, 69.35, 68.54, 67.38, 67.22, 67.13, 67.08,
60.68, 62.82, 60.54, 60.48, 60.44, 56.46, 56.01, 54.86, 53.06, 49.15, 38.46
(CH,), 27.18 (3CHj;), 23.31 (Ac), 21.52 (Ac), 21.16 (Ac), 21.05 (Ac), 20.86
(Ac), 20.84 (Ac), 20.68 (Ac), 20.64 (Ac), 16.87 (CH;); elemental analysis
caled (%) for CH;3,0,5N: C 56.71, H 6.17, N 1.96; found C 56.78, H 5.65,
N 1.92.

Hexasaccharide 36a: A solution of compound 35 (253 mg, 0.11 mmol), dry
pyridine (5 mL), and SO; - pyridine complex (26 mg, 0.39 mmol) was stirred
at 0 to 5°C for 6 h. The mixture was quenched with methanol and
concentrated under reduced pressure to a crude mixture, which was applied
to a short column of silica gel eluted with dichloromethane/methanol 20:1
to give a pure compound 36 (156 mg, 81%) as a glassy white solid. A
solution of compound 36 (120 mg, 50.2 pmol) and 10% Pd/C (300 mg) in
dry dichloromethane/methanol (10 mL, 4:1) was stirred at room temper-
ature for 6 h under hydrogen atmosphere. Solids were filtered off and the
organic layer was concentrated to a crude residue, which was passed
through a short column of silica gel eluted with dichloromethane/methanol
10:1 to give compound 36a (138 mg) in quantitative yield. R;=0.17
(CH,Cl1,/MeOH 10:1); "TH NMR (CDCl;, 600 MHz): 6 =8.00—7.80 (m, 4H;
ArH), 5.59-5.58 (m, 1H; H*-4), 5.53-5.49 (m, 1H; H*-8), 5.44 (d, 1 H; H*-
4),5.27 (d,J =2.8 Hz, 1 H; H*4), 5.19-5.16 (m, 2H, H-1,J,, = 8.6 Hz, He-
7), 5.06 (d, J=3.2 Hz, 1H; H*4), 4.81-4.76 (m, 2H; H'-5, H"-2), 4.71 (d,
Ji,=8.0Hz, 1H; H"1), 4.63-4.60 (m, 2H; H*-6, H">3), 4.56 (d, J,,=
4.0 Hz, 1H; H-1), 452 (t, 7=9.2, 10.8 Hz, 1H; H'-3), 444 (dd, J=2.0,
10.8 Hz, 1H; H-6b), 4.38-4.32 (m, 2H; H%6a, H-5), 4.27-4.09 (m, 6H;
H#-2, He-9b, H*-6b, H4-2, He-1, H?-3), 4.04-3.91 (m, 3H; H%4, H*-6a, H-
9a), 3.91-3.85 (m, 5H; H*-5, COOCH,), 3.81 (dd,J=3.6,10.2 Hz, 1H; H"-
3),3.76 (dd, 1H; H-5), 3.70 (d, 1H; H-4), 3.37-3.33 (m, 3H), 2.99 (s, 3H;
OCH,), 2.59 (dd, /=52, 12.4 Hz, 1H; H¢-3e), 2.37 (s, 3H; NAc), 2.35 (s,
3H; NAc), 2.23 (s, 3H; Ac), 2.14 (s, 6H; 2Ac), 2.08 (s, 9H; 3Ac), 2.06 (s,
3H; Ac), 2.04 (s, 3H; Ac), 1.97 (s, 3H; Ac), 1.96 (s, 3H; Ac), 1.95 (s, 3H;
Ac), 1.49 (t, J o, = 11.2 Hz, 1H; He-3a), 1.28 (d, /= 6.8 Hz, 3H; CHY), 1.22
(s, 9H; Bu); *C NMR (CDCl;, 100.6 MHz): 6 =176.50 (C=0), 176.00
(C=0), 175.50 (C=0), 172.85 (C=0), 172.18 (C=0), 172.07 (C=0), 171.97
(C=0), 171.78 (C=0), 171.67 (C=0), 135.88, 124.72, 102.82, 100.98, 100.60,
100.37,99.97,98.18, 75.94, 75.43,75.37,74.12, 73.67, 73.03, 72.83, 72.20, 71.87,
71.60,71.52,71.21, 70.94, 70.66, 70.05, 69.91, 69.13, 69.00, 68.73, 68.47, 68.22,
67.84, 66.53, 63.60, 62.22, 61.81, 57.83, 57.22, 55.60, 53.78, 50.53, 39.75, 27.74
(3CHs), 23.21 (Ac), 21.90 (Ac), 21.87 (Ac), 21.37 (Ac), 21.08 (Ac), 20.96
(Ac),20.91 (Ac), 20.89 (Ac),20.80 (Ac), 20.68 (Ac), 16.88 (CH;); elemental
analysis calcd (% ) for C,,H;,O(NS: C67.17, H5.64, N 1.09, S 2.49; found C
67.09, H 5.81, N 1.00, S 2.49.

Deprotected hexasaccharide 3: Procedure A: Lil (500 mg, 3.25 mmol) was
added to a solution of compound 36 (201 mg, 84 umol) in dry pyridine
(5 mL). The mixture was stirred at 120 to 125°C for 8—10 h under N,
atmosphere. The dark yellow solution was evaporated to dryness, co-
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evaporated with toluene to a corresponding carboxylic acid as a dark
yellow amorphous solid which was directly used for the next reaction. A
solution of the above in methanol (15 mL) was added NH,-NH,-H,0
(3 mL) solution for 4 h at 80 to 85°C. The mixture was concentrated under
reduced pressure co-evaporated with toluene then acetylated with acetic
anhydride/pyridine 1:1 in the presence of catalytic amount of DMAP at
room temperature for overnight. The acetylated mixture was concentrated
under reduced pressure to a crude product which was passed through a
short column of silica gel eluted with dichloromethane/methanol 10:1 to
give a bright yellow film. To a solution of this bright yellow film in
methanol/water (2 mL, 1:1), was added 1M sodium methoxide (100 pL) and
the mixture was stirred at room temperature for 48 h. The reaction mixture
was then concentrated under reduced pressure to a crude mixture which
was applied to a short column of silica gel eluted with nC;H;OH/HOAc¢/
H,0 6:1:1 to give a white solid. A mixture of this white solid, methanol/
acetic acid (10 mL, 1:1) and 10% Pd/C (300 mg) was stirred at room
temperature overnight under hydrogen atmosphere. The solids were
filtered off and the filtrate concentrated to a crude product which was
passed through a short column of silica gel and eluted with nC,H,OH/
HOACc/H,O 1:1:1 to give a pure compound 3 (15mg, 35.0%) as an
amorphous solid.

Procedure B: Compound 36a (50 mg) was acetylated with acetic anhy-
dride/pyridine 1:1 (10 mL) at room temperature overnight. The reaction
mixture was evaporated under reduced pressure to a crude mixture which
was passed through a short column of silica gel eluted with dichloro-
methane/methanol 10:1 to give an amorphous solid. Lil (100 mg,
0.75 mmol) was added to a solution of the above in dry pyridine (3 mL).
The mixture was refluxed at 120 to 125°C for 68 h under N, atmosphere.
The dark yellow solution was evaporated to dryness, co-evaporated with
toluene (3 x 10 mL) and concentrated to the corresponding carboxylic acid
as a dark yellow amorphous solid directly used for the next reaction. A
solution of the free acid in methanol (7.5 mL), was treated with NH,-NH, -
H,O (2.5 mL) solution for 4 h at 80 to 85°C. The mixture was concentrated
under reduced pressure, co-evaporated with toluene (3 x 10 mL) and
acetylated with acetic anhydride/pyridine in the presence of a catalytic
amount of DMAP at rt overnight. The mixture was concentrated and
passed through a short column of silica gel eluted with dichloromethane/
methanol 10:1 to give a bright yellow film. To a solution of this bright
yellow film in methanol/water (1.5 mL, 1:1), was added a catalytic amount
of 1M sodium methoxide (50 uL) and the solution was stirred at room
temperature for 48 h. It was then concentrated under reduced pressure to
give a product, which was applied to a short column of silica gel and eluted
with nC;H,OH/HOACc/H,O 1:1:1 to give a pure compound 3 (10 mg) in
total 39% yield. R;=0.26 (nC;H,OH/HOACc/H,O 1:1:1); 'H NMR (D,0,
600 MHz): 6 =5.12 (d, J,,=3.6 Hz, 1H; H'-1), 4.83 (dd, 1 H; H'-5), 4.78 (d,
Ji,=3.0Hz, 1H; H*1), 4.60 (d, J,,=8.4Hz, 1H; H'1), 456 (d, J,,=
78 Hz, 1H; H"1), 454 (d, J,,=7.8 Hz, 1H; H*-1), 4.39 (s, 3H; H-6b,
Hd-6a, H"4), 4.32-4.30 (m, 1H; H*-2), 4.21 (s, 3H; H%6b, Hi-6a, H*-4),
4.10-4.00 (m, 5H; H*-5, He-3, H*-6b, H'-4, H*-3), 3.95-3.56 (m, 25H; H%-2,
H'-3, H'-3, H*-6a, H®-6, H-4, He-5, He-4, H'-2, H"-3), 3.57-3.48 (m, 2H; H"-
2,He-2),3.37 (s, 3H; OCH,), 2.77 (dd, J =3.0, 11.4 Hz, 1H; H¢-3e), 2.04 (s,
3H; Ac), 2.02 (s, 3H; Ac), 2.01 (s, 3H; Ac), 1.81 (t, Jy.,, = 12.0 Hz, 1H; H*-
3a), 1.20 (d, J=7.6 Hz, 3H; CHY%); *C NMR (D,0, 100.6 MHz): 6 =177.32
(C=0), 173.14 (C=0), 173.05 (C=0), 172.95 (C=0), 103.41, 100.58, 100.47,
98.75,97.54,97.08, 76.26, 74.60, 73.91, 73.79, 73.68, 72.25, 71.95, 71.78, 71.42,
70.90, 70.75, 69.98, 69.68, 68.26, 68.19, 68.04, 67.78, 67.40, 67.69, 67.05, 66.74,
66.37, 65.66, 64.96, 62.26, 60.39, 59.89, 54.62, 53.91, 50.66, 47.50, 38.69 (CH,),
21.23 (Ac), 21.05 (Ac), 21.00 (Ac), 14.17 (CH;"); FABMS (m/z) (positive
ion mode) calcd for CyH;O5N;SNa,: 1324.5; found 1324.9 [M + Na]*.
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