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ABSTRACT

The first total synthesis of tumor-associated glycolipid antigen, sialyl Le?, is
described. Methylsulfenyl bromide-silver triflate-promoted coupling of 2-(trimethyl-
silyl)ethyl O-(2-acetamido-6-O-benzyl-2-deoxy-p-D-glucopyranosyl)-(1-3)-0-(2,4,6-tri-
O-benzyl-B-D-galactopyranosyl)-(1-4)-2,3,6-tri-O-benzyl-p-D-glucopyranoside (2) with
methyl O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac-
to-2-nonulopyranosylonate)-(2—3)-2,4,6-tri-O-benzoyl- 1-thio-B-D-galactopyranoside (3)
afforded the pentasaccharide 4a and Sa in good yields. Glycosylation of 4a with methyl
2,3,4-tri-O-benzyl- 1-thio-B-L-fucopyranoside (6) by use of N-iodosuccinimide (NIS) -
trifluoromethanesulfonic acid (TfOH) as a promoter, gave the desired hexasaccharide 7.
Compound 7 was converted into the o-trichloroacetimidate 10, vig reductive removal of
benzyl groups, O-acetylation, removal of the 2-(trimethylsilyl)ethyl group, and treatment
with trichloroacetonitrile, which, on coupling with (25,3R,4E)-2-azido-3-O-benzoyl-4-
octadecene-1,3-diol (11), gave the B-glycoside 12. Finally, 12 was transformed, via
selective reduction of the azide group, coupling with octadecanoic acid, O-deacylation,
and hydrolysis of the methyl ester group, into the title ganglioside 15 in good yield.

INTRODUCTION

Many carbohydrate antigens defined by monoclonal antibodies have been introduced
as tumor-associated antigens.2 Recently, the sialyl LeX antigen,3 one of these tumor-
associated antigens, has been shown4 to be one of the possible ligands for selectins, a
family of lectin-type cell adhesion molecules (LEC-CAMs). The more recent reports>
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revealed that the sialyl Le? antigen,b which has a chemical structure closely related to that
of sialyl LeX, was also recognized by LEC-CAMs. These findings suggest that
expression of the sialyl Le2 and sialyl LeX on cancer cells is involved in the process of
hematogeneous metastasis of cancer cells. In a previous paper’ we reported the total
synthesis of sialyl Le* ganglioside. As a part of our continuing efforts, on the synthesis
and elucidation of the functions of sialoglycoconjugates, we describe here the first total
synthesis of sialyl Led ganglioside, which has been isolated® from human
adenocarcinoma cell line SW1116, and found? to be widespread as the tumor-associated
glycolipid antigen of digestive organs.

RESULTS AND DISCUSSION

For the synthesis of the desired sialyl Le? ganglioside, pentasaccharide derivative
4a, having a sialyl a(2—3) galactose unit already linked and providing free hydroxyl
group at C-4 of the GlcNAc residue for further glycosylation with methyl 2,3,4-tri-O-
benzyl-1-thio-B—L-fucopyranosidc10(6) as the donor, was selected as the glycosyl
acceptor. The glycosyl acceptor (4a) was obtained by the coupling of the diol (2) of
trisaccharide and methyl O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycero-o.-D-galacto-2-nonulopyranosylonate)-(2—3)-2,4,6-tri-O-benzoyl- 1-thio-B-D-
galactopyranosidell (3).

Reductive ring-opening of the benzylidene acetal in a known trisaccharide
derivativel 11 with sodium cyanoborohydride-hydrogen chloride in dry ether, according
to the method by Garegg et al.,12 afforded compound 2 in 61% yield. Methyl sulfenyl
bromide (MSB) - silver trifluoromethanesulfonate promoted glycosylation13 of 2 with 3
in dichloromethane for 16 h at -15 °C gave the pentasaccharide 4a (45%) and it's
positional isomer 5a (36%) after chromatography. The regio-chemistry of compounds
4a and 5a was deduced from the 300 MHz 1H NMR spectra of acetylated compounds
4b and 5b. The observed chemical shifts of GIcNAc unit, which were assigned from the
cross-peaks in COSY spectrum, for H-3 (8 4.60 for 4b; 8 4.92 for 5b) and for H-4 (3
4.55 for 4b; & 4.00 for 5b) indicate the position of glycosylation to be C-3 and C-4,
respectively.

The glycosylation of 4a with thio glycoside (6) was performed in toluene for 8 h at
0 °C in the presence of N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid14 (TfOH)
and molecular sieves 4 A, to give the desired hexasaccharide 7 in 60% yield; significant
signals of the fucose unit in the 1H NMR spectrum were a three-proton doublet at 8 1.39
(5,6 = 6.4 Hz, H-6) and a one proton doublet at 8 5.04 (J1,2 = 2.7 Hz, H-1), indicating
the structure assigned.
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Catalytic hydrogenolysis (10% Pd-C) of the benzyl groups of 7 in ethanol-acetic
acid (3 : 1) for 4 days at 45 °C, and subsequent O-acetylation, gave the per-O-acyl
compound 8 in 82% yield. Selective removal of the 2-(trimethylsilyl)ethyl group from 8
was performed by treatment13 with trifluoroacetic acid in dichloromethane for 2 h at
room temperature, to give the 1-hydroxy compound 9 in 84% yield. Treatment16 of 9
with trichloroacetonitrile in the presence of 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU)
for 3 h at 0 °C gave the o-trichloroacetimidate 10 in 98% yield. Significant signals in the
1H NMR spectrum of 10 were a one-proton doublet at 8 6.48 (J1,2 = 3.8 Hz, H-1) and
a one-proton singlet at 8 8.65 (C=NH), indicating the o-trichloroacetimidate formation.

The final glycosylation of (25,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-
dioll7 (11) with 10 thus obtained, in dichloromethane in the presence of boron
trifluoride etherate162 for 4 h at 0 °C afforded only the expected B-glycoside 12 in 45%
yield. The observed chemical shifts and coupling constants were a one-proton doublet at
84.50 (J1,2 =7.8 Hz, H-1 for the glucose unit) and a one- proton doublet of triplets at 3
5.91 (Ja,5 = 13.9 Hz, J5,6 = J5,6 = 7.0 Hz, H-5 for sphingosine unit).

Selective reduction172,18 of the azide group in 12, which, on condensation with
octadecanoic acid, using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSC) in
dichloromethane, gave the acylated sialyl Le2 ganglioside 14 in 67% yield, after
chromatography. Finally, O-deacylation of 14 with sodium methoxide in methanol, with
subsequent saponification of the methyl ester group, yielded the desired sialyl Le2
ganglioside in almost quantitative yield after chromatography on a column of Sephadex
LH-20. The IH NMR data of the product thus obtained are consistent with the structure
assigned.

In conclusion, the first total synthesis of sialyl Led ganglioside was achieved by
employing the thioglycoside donors 3 and 6, and suitably protected tri-and
pentasaccharide derivatives (2, 4a) as glycosyl acceptors. The introduction of a fucose
unit into a pentasaccharide acceptor was accomplished in moderate yield using NIS-TfOH
as a glycosyl promoter.

EXPERIMENTAL

General Procedures. Specific rotations were determined with a Jasco DIP-370
digital polarimeter at 25 °C, and IR spectra were recorded with a Jasco IR-700 infrared
spectrometer. 1H NMR spectra were recorded at 300 MHz with General Electric QE-
plus spectrometer. Preparative chromatography was performed on silica gel (Wako
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Chemical Co., 300 mesh) with the solvent systems specified. Concentrations were
conducted in vacuo.

2-(Trimethylsilyl)ethyl O-(2-Acetamido-6-0-benzyl-2-deoxy-B-D-
glucopyranosyl)-(1-3)-0-(2,4,6-tri-O-benzyl-3-D-galactopyranosyl)-(1—-
4)-2,3,6-tri-O-benzyl-B-D-glucopyranoside (2). To a solution of 1 (ref. 11)
(315 mg, 0.25 mmol) in dry tetrahydrofuran (6 mL) was added powdered molecular
sieves 4A (MS-4A; 400 mg), the mixture was stirred for 4 h at room temperature, and
sodium cyanoborohydride (234 mg, 3.72 mmol) was gradually added. After the reagent
had dissolved, hydrogen chloride in ether was added dropwise at room temperature until
the evolution of gas ceased. TLC indicated that the reaction was complete after 5 min.
The mixture was diluted with dichloromethane (20 mL) and water (20 mL), filtered,
washed with M sodium hydrogen carbonate and water, dried (Na2S04), and
concentrated. Column chromatography (30:1 dichloromethane-methanol) of the residue
on silica gel (40 g) gave 2 (193 mg, 61%) as an amorphous mass; [o]D -9.0° (¢ 0.81,
chloroform); IH NMR (CDCl3) 8 1.00 (m, 2H, Me3SiCH2CH20), 1.37 (s, 3H, AcN),
7.09-7.37 (m, 35H, 7Ph).

Anal. Calcd for C74H89NO16Si (1276.6): C, 69.62; H, 7.03; N, 1.10. Found: C,
69.35; H, 6.85; N, 1.04.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-0-
acetyl-3,5-dideoxy-D- glycere -a-D- galacto -2-nonulopyranosylonate)-
(2— 3)-0-(2, 4, 6-tri-O -benzoyl-B-D-galactopyranosyl)-(1— 3)-0-(2-ac-
etamido-6-0O-benzyl-2-deoxy-B-D-glucopyranosyl)-(1-3)-0-(2,4,6-tri-O-
benzyl-B-D -galactopyranosyl)-(1—4)-2, 3, 6-tri-O-benzyl-B-D-glucopy-
ranoside (4a), and 2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-
tetra- 0 -acetyl-3, 5-dideoxy-D-glycero -a-D-galacto -2-nonulopyranosy-
lonate)-(2— 3)-0-(2, 4, 6-tri-O-benzoyl-$-D-galactopyranosyl)-(1— 4)-
O-(2-acetamido-6-0-benzyl-2-deoxy-f-D-glucopyranosyl)-(1— 3)-0-(2,
4,6-tri-0-benzyl-B-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-benzyl-p-D-
glucopyranoside (5a). To a solution of 2 (1.34 g, 1.05 mmol) and 3 (1.36 g, 1.36
mmol) in dry dichloromethane (36 mL) was added MS-4A (6.0 g), and the mixture was
stirred for 8 h at room temperature. Silver trifluoromethanesulfonate (539 mg, 2.10
mmol) was added to the mixture, which was cooled to -15 °C. Methyl sulfeny! bromide
(MSB) solution (2.2 mL, 2.20 mmol) was injected in two equal portions at an interval of
30 min, and the mixture was stirred for 4 h at -15 °C. Methanol (1 mL) and triethylamine
(0.5 mL) were added to the mixture, and the precipitates were removed by filtration and
washed with dichloromethane. The combined filtrate and washings were washed with
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water, dried (Na2S04), and concentrated. Column chromatography of silica gel (200 g)
of the residue was performed using (a) 6:1 and (b) 4:1 dichloromethane-acetone as the
eluants. Eluant (a) gave compound 4a (1.06 g, 45%), and eluant (b) afforded 5a (847
mg, 36%) as an amorphous mass, respectively.

4a; [a]lp +13.8° (¢ 1.23, chloroform); 1H NMR (CDCl3) 6 0.99 (m, 2H,
Me3SiCH72CH?20), 1.05, 1.75 (2s, 6H, 2AcN), 1.81, 1.90, 2.02, 2.18 (4s, 12H,
4Ac0), 2.41 (dd, 1H, Jgem = 12.5 Hz, J3¢q,4 = 4.6 Hz, H-3eq, Neu5Ac unit), 3.84 (s,
3H, MeO), 4.82 (d, 1H, J1,2 = 7.9 Hz, H-1, Gal unit), 5.28 (dd, 1H, J§,7 = 2.6 Hz,
37,8 = 9.5 Hz, H-7, Neu5Ac unit), 5.35 (broad d, 1H, J3 4 = J4,5 = 2.9 Hz, H-4, Gal
unit), 5.50 (dd, 1H, J2 3 = 10.5 Hz, H-2, Gal unit), 5.64 (m, 1H, H-8, NeuSAc unit),
7.04-8.19 (m, 50H, 10Ph).

Anal. Calcd for C121H138N2036Si (2224.5): C, 65.33; H, 6.25; N, 1.26.
Found: C, 65.26; H, 6.17; N, 1.25.

5a; [a]D +26.2° (¢ 1.38, chloroform); 1H NMR (CDCI3) & 1.00 (m, 2H,
Me3SiCH2CH20), 1.45, 1.57 (2s, 6H, 2AcN), 1.77, 1.91, 2.03, 2.19 (4s, 12H,
4Ac0), 2.45 (dd, 1H, Jgem = 12.7 Hz, J3¢q,4 = 4.7 Hz, H-3eq, NeuSAc unit), 3.87 (s,
3H, MeO), 5.07 (d, 1H, J1,2 = 8.0 Hz, H-1, Gal unit), 5.22 (dd, 1H, Jg,7 = 2.7 Hz,
J7.8 = 9.5 Hz, H-7, Neu5Ac unit), 5.33 (d, 1H, J3 4 =J4,5 = 3.1 Hz, H-4, Gal unit),
5.54 (dd, 1H, J2,3 = 10.0 Hz, H-2, Gal unit), 5.66 (m, 1H, H-8, NeuSAc unit), 7.04-
8.29 (m, 50H, 10Ph).

Anal. Caled for C121H138N2036Si (2224.5): C, 65.33; H, 6.25; N, 1.26.
Found: C, 65.07; H, 6.21; N, 1.04.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-0-
acetyl-3,5-dideoxy- D-glycero - -D-galacto - 2-nonulopyranosylonate)-
(2- 3)-0 -(2,4,6-tri-O -benzoyl-f-n-galactopyranosyl)-(1- 3)-0 -(2-ac-
etamido-4-0-acetyl-6-0-benzyl-2-deoxy-B-D-glucopyranosyl)-(1— 3)-0-
(2,4,6-tri-O-benzyl-B-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-benzyl-p-D-
glucopyranoside (4b). To a solution of 4a (50 mg, 22.4 umol) in pyridine (2 mL)
was added acetic anhydride (1 mL), and the mixture was stirred for 16 h at room
temperature. After completion of the reaction, methanol (2 ml.) was added, and the
mixture was stirred for 20 min at room temperature, concentrated, and extracted with
dichloromethane. The extract was washed with 2 M hydrochloric acid, M sodium
carbonate, and water, dried (Na2S04), and concentrated to give 4b (50 mg, quantitative)
as an amorphous mass ; {a]D +2.4° (¢ 0.78, chloroform); 1H NMR (CDCl3) 6 1.00 (m,
2H, Me3SiCH2CH20), 1.43, 1.52 (2s, 6H, 2AcN), 1.77, 1.88, 1.89, 1.99, 2.12 (5s,
15H, 5Ac0), 2.43 (dd, 1H, Jgem = 12.6 Hz, J3¢q,4 = 4.6 Hz, H-3eq, NeuSAc unit),
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2.85 (broad quartet, 1H, H-2, GIcNAc unit), 3.79 (s, 3H, MeO), 4.55 (1H, H-4,
GIcNAc unit), 4.60 (1H, H-3, GlcNAc unit), 5.21 (dd, 1H, Jg,7 = 2.8 Hz, J7.8 =9.9
Hz, H-7, Neu5Ac unit), 5.58 (m, 1H, H-8, NeuSAc unit), 7.07-8.11 (m, 50H, 10Ph).

Anal. Calcd for C123H140N2036Si (2250.5): C, 65.64; H, 6.27; N, 1.24.
Found: C, 65.57; H, 6.07; N, 1.17.
2-(Trimethylsilyl)ethyl O -(Methyl S-Acetamido-4,7,8,9-tetra-O -acetyl-
3, 5-dideoxy-D-glycero -0.~D-galacto -2-nonulopyranosylonate)- (2— 3)-
0-(2,4,6-tri-O-benzoyl-B-D-galactopyranosyl)-(1—-4)-0-(2-acetamido-3-
O-acetyl-6-0-benzyl-2-deoxy-B-D-glucopyranosyl)-(1—3)-0-(2,4,6-tri-O-
benzyl-B-D-galactopyranosyl)-(1-» 4)-2,3,6-tri-O -benzyl-B-D-glucopyr-
anoside (8b). Acetylation of 5a (50 mg, 22.4 mmol), as described for 4b, gave
amorphous 5b (50 mg, quantitative) ; [a]D +12.7° (¢ 1.00, chloroform); g NMR
(CDCl3) 6 1.00 (m, 2H, Me3SiCH2CH20), 1.44, 1.47 (2s, 6H, 2AcN), 1.77, 1.91,
2.01, 2.11 (4s, 15H, 5AcO), 2.47 (dd, 1H, Jgem = 12.5 Hz, J3¢4,4 = 4.6 Hz, H-3eq,
Neu5SAc unit), 3.79 (s, 3H, MeO), 4.00 (1H, H-4, GIcNAc unit), 4.92 (1H, H-3,
GIcNAc unit), 5.07 (d, 1H, J1,2 = 7.9Hz, H-1, Gal unit), 5.19 (dd, 1H, J6,7 = 2.7 Hz,
J7 8 = 9.8 Hz, H-7, Neu5SAc unit), 5.34 (d, 1H, J3,4 =J4,5 = 3.0 Hz, H-4, Gal unit),
5.38 (dd, 1H, J2 3 = 9.9 Hz, H-2, Gal unit), 5.69 (m, 1H, H-8, NeuSAc unit), 7.05-
8.27 (m, 50H, 10Ph).

Anal. Calcd for C123H140N2036Si (2250.5): C, 65.64; H, 6.27; N, 1.24.
Found: C, 65.43; H, 6.13; N, 1.22.

2-(Trimethylsilylethyl O =-(Methyl S5-Acetamido-4,7,8,9-tetra-0 -
acetyl-3,5-dideoxy- D -glycero - o - D - galacto -2-nonulopyranosylonate)-
(2-3)-0 -(2,4,6-tri-O-benzoyl-3-D-galactopyranosyl)-(1-3)-0-[(2,3,4-
tri-O-benzyl-o-L-fucopyranosyl)-(1—54)]-0-(2-acetamido-6-0-benzyl-2-
deoxy-B-D-glucopyranosyl)-(1—3)-0 -(2,4,6-tri-O -benzyl-B-D-galactopy-
ranosyl)-(1-4)-2,3,6-tri-0O-benzyl-B-D-glucopyranoside (7). To a solution
of 4a (1.06 g, 0.48 mmol) and methyl 2,3,4-u'i—0—benzy1-1-thio—B-L-fucopyranoside10
(6; 376 mg, 0.72 mmol) in dry toluene (15 mL) was added MS-4A (4.0 g), the mixture
was stirred for 8 h at room temperature. N-iodosuccinimide (NIS; 161 mg, 0.72 mmol)
was added, and cooled to -15 °C. Trifluoromethanesulfonic acid (TfOH; 6.3 mL) was
added at -15 °C to the mixture, and this was stirred for 24 h at -5° C. The precipitate was
removed by filtration and washed with dichloromethane. The filtrate and washings were
combined, and the solution was successively washed with M Na2S203 and water, dried
(Na2504), and concentrated to a syrup which was chromatographed on a column of
silica gel (130 g) with 20:10: 0.3 ethyl acetate-hexane-methanol to give amorphous 7
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(755 mg, 60%): [a]D -29.5° (¢ 0.88, chioroform); 1H NMR (CDCl3) 8 1.00 (m, 2H,
Me3SiCH2CH20), 1.39 (d, 3H, J5,6 = 6.4 Hz, H-6, Fuc unit), 1.60, 1.62 (2s, 6H,
2AcN), 1.78, 1.88, 1.95, 2.13 (4s, 12H, 4Ac0O), 2.39 (dd, 1H, Jgem = 12.7 Hz,
J3eq,4 = 4.7 Hz, H-3eq, Neu5Ac unit), 3.65 (s, 3H, MeO), 497 (d, 1H, J1,2 = 8.5Hz,
H-1, Gal unit), 5.04 (4, 1H, J1,2 = 2.7 Hz, H-1, Fuc unit), 5.25 (dd, 1H, J,7 = 2.6
Hz, J7,8 = 9.5 Hz, H-7, NeuSAc unit), 5.28 (d, 1H, J3 4 =J4,5 = 3.6 Hz, H-4, Gal
unit), 5.47 (dd, 1H, J2 3 = 10.0 Hz, H-2, Gal unit), 5.59 (m, 1H, H-8, Neu5SAc unit),
7.02-8.16 (m, 65H, 13Ph).

Anal. Caled for C148H166N2040Si (2641.0): C, 67.31; H, 6.34; N, 1.06.
Found: C, 67.01; H, 6.19; N, 0.96.

2-(Trimethylsilyl)ethyl O -(Methyl 5-Acetamido-4,7,8,9-tetra-0 -
acetyl-3,5-dideoxy-D~-glycero -o -D-galacto -2 -nonulopyranosylonate)-
(2—-3)-0-(2,4,6-tri-O -benzoyl-f-D-galactopyranosyl)-(1- 3)-0-[(2,3,4-
tri-0O -acetyl-o-L-fucopyranosyl)-(1—4)]-0 -(2-acetamido-6-0 -acetyl-2-
deoxy-B-D-glucopyranosyl)-(1- 3)-0 -(2,4, 6-tri-O -acetyl-B-D-galactopy-
ranosyl)-(1—4)-2,3,6-tri-0-acetyl-p-D-glucopyranoside (8). A solution of 7
(755 mg, 0.29 mmol) in ethanol (80 mL) and acetic acid (20 mL) was hydrogenolysed in
the presence of 10% Pd-C (700 mg) for 4 days at 45 °C, the catalyst removed by filtration
and the solution concentrated. The residue was acetylated with acetic anhydride (6 mL)-
pyridine (10 mL) for 16 h at 45 °C. The product was purified by chromatography on a
column of silica gel (80 g) with 35:1 dichloromethane-methanol, to give 8 (505 mg,
82%) as an amorphous mass; [a]D -25.0° (¢ 1.08, chloroform); 1H NMR (CDCl3) &
0.90 (m, 2H, Me3SiCH2CH20), 1.24 (d, 3H, J5,6 = 6.6 Hz, H-6, Fuc unit), 1.58-
2.12 (14s, 48H, 2AcN, 14Ac0), 2.39 (dd, 1H, Jgem = 12.8 Hz, J3¢4,4 = 4.5 Hz, H-
3eq, NeuSAc unit), 2.72 (broad quartet, 1H, H-2, GIlcNAc unit), 3.77 (s, 3H, MeQ),
4.24 (dd, 1H, Jgem = 12.4 Hz, J§ 9 = 2.6 Hz, H-9, Neu5Ac unit), 4.30 (d, 1H, J12 =
7.8 Hz, H-1, Gal residue of lactose unit), 4.46 (d, 1H, J1,2 = 7.9 Hz, H-1, Glc unit),
5.25 (dd, 1H, J6,7 = 2.6 Hz, J7 8 = 9.8 Hz, H-7, NeuSAc unit), 5.33 (d, 1H, J34 =
J4,5 = 3.7 Hz, H-4, Gal unit), 5.37 (dd, 1H, J1,2 = 8.6 Hz, J2 3 = 9.6 Hz, H-2, Gal
unit), 5.61 (m, 1H, H-8, Neu5Ac unit), 5.71 (d, 1H, J2,NH = 7.1 Hz, NH, GlcNAc
unit), 7.39-8.21 (m, 15H, 3Ph).

Anal. Caled for C9ggH126N2050Si (2160.2): C, 54.49; H, 5.88; N, 1.30. Found:
C, 54.29; H, 5.64; N, 1.24.

O - (Methy] 5-Acetamido-4,7,8,9 - tetra- O - acetyl -3,5-dideoxy-D-
glycero-a-D-galacto-2-nonulopyranosylonate)-(2—3)0-(2,4,6-tri-O-ben-
zoyl-B-D-galactopyranosyl)-(1-3)-0-[(2,3,4-tri-O-acetyl-a-L-fucopyran-
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osyl)-(1—4)]-0O-(2-acetamido-6-0O-acetyl-2-deoxy-B-D-glucopyranosyl)-
(1-3)-0 -(2,4,6-tri-0 -acetyl-B-n-galactopyranosyl)-(1—4)-2,3,6-tri-O~
acetyl-D-glucopyranose (9). To a solution of 8 (316 mg, 0.15 mmol) in dry
dichloromethane (1 mL) was added triftuoroacetic acid (2 mL), and the resulting solution
was stirred for 2 h at room temperature. Ethyl acetate (6 mL) was added to the reaction
mixture, which was then concentrated to a syrup that was purified by chromatography on
a column of silica gel (30 g) with 20:1 dichloromethane-methanol, to give 9 (254 mg,
84%) as an amorphous mass; [a]D -11.4° (¢ 1.14, chioroform); IR (KBr) 3380 (NH,
OH), 1745 and 1225 (ester), 1690 and 1540 (amide), and 720 cm~1 (Ph).

Anal. Caled for Co3H114N2050 (2059.9): C, 54.22; H, 5.58; N, 1.36. Found:
C, 54.05; H, 5.51; N, 1.35.

O -(Methyl 5-Acetamido-4,7,8,9-tetra-0 -acetyl-3,5 - dideoxy-D -
glycero -a.-D-galacto-2-nonulopyranosylonate)-(2— 3)-0 -(2,4,6-tri-O-ben-
zoyl-B-D-galactopyranosyl)-(1—3)-0-[(2,3,4-tri-O-acetyl-o-L-fucopyran-
osyl)-(1—-4)]-0-(2-acetamido-6-0-acetyl-2-deoxy-p-D-glucopyranosyl)-
(1-3)-0-(2,4,6-tri-0O -acetyl-B-D-galactopyranosyl)-(1—4)-2,3,6-tri-0 -
acetyl-a-D-glucopyranosyl trichloroacetimidate (10). A solution of 9 (254
mg, 0.12 mmol) and trichloroacetonitrile (0.37 mL) in dichloromethane (2 mL) was
cooled to -5 °C, and to the solution was added 1,8-diazabicyclo[5.4.0.Jundec-7-ene
(DBU; 19 mg). The mixture was stirred for 4 h at 0 °C, then concentrated. Column
chromatography of the residue on silica gel (30 g) with 30:1 dichloromethane-methanol
afforded 10 (265 mg, 98%) as an amorphous mass; [a]D +0.92° (¢ 1.06, chloroform);
IH NMR (CDCl3) § 1.23 (d, 3H, J5,6 = 6.7 Hz, H-6, Fuc unit), 1.58-2.12 (16s, 48H,
2AcN, 14Ac0), 2.40 (dd, 1H, ] gem = 12.8 Hz, J3¢q,4 = 4.6 Hz, H-3eq, Neu5SAc unit),
2.69 (broad quartet, 1H, H-2, GIcNAc unit), 3.77 (s, 3H, MeQ), 4.23 (dd, 1H, ] gem =
12.4 Hz, J§.9 = 2.6 Hz, H-9, Neu5Ac unit), 4.34 (d, 1H, J1 2 = 7.9 Hz, H-1, Gal
residue of lactose unit), 5.25 (dd, 1H, J§ 7 = 2.7 Hz, J7 8 = 10.0 Hz, H-7, NeuSAc
unit), 5.33 (d, 1H, J3 4 = J4,5 = 3.8 Hz, H-4, Gal unit), 5.37 (dd, 1H, J1,2 = 8.8 Hz,
J2,3 = 9.7 Hz, H-2, Gal unit), 5.61 (m, 1H, H-8, NeuSAc unit), 5.71 (d, 1H, J2NH =
7.1 Hz, NH, GlcNAc unit), 6.48 (d, 1H, J1,2 = 3.8 Hz, H-1, Glc unit), 7.15-8.21 (m,
15H, 3Ph), 8.65 (s, 1H, C=NH).

Anal. Calcd for Co5H114N3050C13 (2204.3): C, 51.76; H, 5.21; N, 1.91.
Found: C, 51.65; H, 5.01; N, 1.67.

O -(Methyl 5-Acetamido-4,7,8,9-tetra-0 -acetyl-3,5-dideoxy-D-
glycero-a-D~galacto-2-nonulopyranosylonate)-(2— 3)-0-(2,4,6-tri-O-ben-
zoyl-B-D-galactopyranosyl)-(1-3)-0-[(2,3,4-tri-O-acetyl-a-L-fucopyran-
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osyl)-(1—4)]-0-(2-acetamido-6-0-acetyl-2-deoxy-B-D-glucopyranosyl)-
(1-3)-0-(2,4,6-tri-0O-acetyl-f-p-galactopyranosyl)-(1—4)-(2,3,6-tri-O-
acetyl-B-D-glucopyranosyl)-(1-1)-(25,3R,4E)-2-azido-3-O-benzoyl-4-
octadecene-1,3-diol (12). To a solution of 10 (260 mg, 118 umol) and
(25,3R 4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-diol 17 (11; 101 mg, 235 pmol) in
dry dichloromethane (2 mL) was added MS-4A (AW-300; 2.0 g), and the reaction
mixture was stirred for 30 min at room temperature, and cooled to 0 °C. To the cooled
mixture was added boron trifluoride etherate (30 |11.), and the mixture was stirred for 4 h
at 0 °C, and then filtered. The insoluble material was washed with dichloromethane, and
the combined filtrate and washings were successively washed with M sodium hydrogen
carbonate and water, dried (Na2S04), and concentrated. Chromatography (40:1
dichloromethane-methanol) of the residue on silica gel (30 g) gave 12 (132 mg, 45%) as
an amorphous mass; [a]D -22.7° (¢ 1.32, chloroform); 1§ NMR (CDCl3) 6 0.89 (t,
3H, JMe,CH2 = 6.6 Hz, MeCH2), 1.24 (s, 22H, 11CH2), 1.65 (t, 1H, Jgem = J3ax,4
= 12.6 Hz, H-3ax, Neu5Ac unit), 1.58-2.10 (13s, 48H, 2AcN, 14Ac0), 2.40 (dd, 1H,
J3eq,4 = 4.5 Hz, H-3eq, NeuSAc unit), 2.71 (broad quartet, 1H, H-2, GlcNAc unit),
3.77 (s, 3H, MeO), 4.23 (dd, 1H, Jgem = 12.4 Hz, J§,9 = 2.6 Hz, H-9, Neu5Ac unit),
4.29 (d, 1H, J1,2 = 7.9 Hz, H-1, Gal residue of lactose unit), 4.50 (d, 1H, J1,2 = 7.8
Hz, H-1, Glc unit), 5.25 (dd, 1H, J6,7 = 2.7 Hz, J7.8 = 9.9 Hz, H-7, NeuSAc unit),
5.33 (d, 1H, 13,4 =J4,5 = 3.7 Hz, H-4, Gal unit), 5.37 (dd, 1H, J12=8.6 Hz, ]2, 3 =
10.6 Hz, H-2, Gal unit), 5.64 (m, 1H, H-8, Neu5Ac unit), 5.69 (d, 1H, J2 NH = 7.1
Hz, NH, GIcNAc unit), 5.91 (dt, 1H, J4,5 = 13.9 Hz, J5,6 = J5,6' = 7.0 Hz, H-5,
sphingosine unit), 7.28-8.23 (m, 20H, 4Ph).

Anal. Calcd for C118H151N5052 (2471.5): C, 57.34; H, 6.16; N, 2.83. Found:
C, 57.33; H, 5.99; N, 2.78.

O -(Methyl 5-Acetamido-4,7,8,9-tetra-0 -acetyl-3,5-dideoxy-D-
glycero-o-D-galacto-2-nonulopyranosylonate)-(2—3)-0-(2,4,6-tri-O-ben-
zoyl-B-D-galactopyranesyl)-(1—-3)-0-{(2,3,4-tri-O-acetyl-a-L-fucopyran-
osyl)-(1—-4)]-0-(2-acetamido-6-0-acetyl-2-deoxy-p-D-glucopyranosyl)-
(1-3)-0-(2,4,6-tri-O-acetyl-B-D-galactopyranosyl)-(1—4)-(2,3,6-tri-O-
acetyl-B-D-glucopyranosyl)-(1-1)-(25,3R,4E)-3-0-benzoyl-2-octadecan-
amido-4-octadecene-1,3-diol (14). Hydrogen sulfide was bubbled through a
stirred solution of 12 (65 mg, 26 pmol) in aqueous 83% pyridine (12 mL) for 2 days at 0
°C. The reaction was monitored by TLC. The reaction mixture was concentrated, and
the amine 13 was stirred with octadecanoic acid (15 mg, 53 umol) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC; 15 mg, 78 umol) in dry
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dichloromethane (1 mL) for 16 h at room temperature. Dichioromethane (30 mL) was
added, and the mixture was washed with water, dried (Na2S04), and concentrated.
Column chromatography (30:1 dichloromethane-methanol) of the residue on silica gel (20
g) gave 14 (48 mg, 67%) as an amorphous mass; {a]D -16.0° (¢ 0.96, chloroform); IR
(KBr) 3380 (NH, OH), 2920 and 2850 (methyl, methylene), 1750 and 1230 (ester),
1680 and 1530 (amide), and 720 cm-! (Ph).lH NMR (CDCl3) § 0.88 (i, 6H,
2MeCH2), 1.25 (s, 52H, 26CH)), 1.58-2.09 (16s, 48H, 2AcN, 14Ac0), 2.39 (dd, 1H,
Jgem = 12.6 Hz, J3¢¢q 4 = 4.1 Hz, H-3eq, Neu5Ac unit), 2.70 (broad quartet, 1H, H-2,
GlcNAc unit), 3.77 (s, 3H, MeQ), 4.23 (dd, 1H, Jgem = 12.4 Hz, Jg 9 = 2.6 Hz, H-9,
NeuSAc unit), 4.55 (t, 1H, J2 3 =J3 4 = 9.2 Hz, H-3, GlcNAc unit), 5.25 (dd, 1H,
J6,7 = 2.6 Hz, J7.§ = 9.9 Hz, H-7, NeuSAc unit), 5.33 (d, 1H, J3 4 = J4 5 = 3.6 Hz,
H-4, Gal unit), 5.37 (dd, 1H, J1,2 = 8.5 Hz, J2,3 = 9.7 Hz, H-2, Gal unit), 5.45 (dd,
1H, J3,4 = 7.4 Hz, J4 5 = 14.9 Hz, H-4, ceramide unit), 5.53 (t, 1H,J23=J34=74
Hz, H-3, ceramide unit), 5.61 (m, 1H, H-8, NeuSAc unit), 5.68 (d, 1H, J2 NH = 7.0
Hz, NH, GIcNAc unit), 5.74 (d, 1H, J2 NH = 9.1 Hz, NH, ceramide unit), 5.86 (dt,
1H, J5.6 = J5.6' = 7.2 Hz, H-5, ceramide unit), 7.39-8.20 (m, 20H, 4Ph).

Anal. Calcd for C136H187N3053 (2712.0): C, 60.23; H, 6.95; N, 1.55. Found:
C, 60.13; H, 6.76; N, 1.41.

Sialyl a(2—3)Le? ganglioside (15). To a solution of 14 (48 mg, 19.5
pmol) in methanol (3 mL) was added sodium methoxide (20 mg), and the mixture was
stirred for 48 h at 50 °C, and then water (0.5 mL) was added. The solution was stirred
for 8 h at room temperature, neutralized with Amberlite IR-120 (H+) resin, and filtered.
The resin was washed with 5:4:0.7 chloroform-methanol-water, and the combined filtrate
and washings were concentrated to a syrup that was chromatographed on a column of
Sephadex LH-20 (40 g) with 5:4:0.7 chloroform-methanol-water, to give 15 (30 mg,
quantitative) as an amorphous mass; [a]D -18.8° (¢ 0.45, 5:4:0.7 chloroform-methanol-
water); L1H NMR [49:1 (CD3)250-D20] 8 0.85 (1, 6H, 2MeCH?2), 1.00 (d, 3H, J56=
6.3 Hz, H-6, Fuc unit), 1.24 (s, 52H, 26CH2), 1.83, 1.89 (2s, 6H, 2AcN), 2.03 (t,
2H, COCH2CHY), 2.77 (dd, 1H, Jgem = 11.8 Hz, J3¢g,4 = 4.3 Hz, H-3eq, NeuSAc
unit), 4.18 (d, 1H, J1,2 = 8.1 Hz, H-1, Glc unit), 4.35 (d, 1H, J1,2 = 7.7 Hz, H-1, Gal
of lactose unit), 4.65 (d, 1H, J1,2 = 7.1 Hz, H-1, Gal unit), 473 (d, 1H, J1,2 =79
Hz, H-1, GIcN unit), 4.79 (d, 1H, J1,2 = 3.9 Hz, H-1, Fuc unit), 5.36 (dd, 1H, J3 4 =
7.1 Hz, J4,5 = 15.3 Hz, H-4, ceramide unit), 5.55 (dt, 1H, J5,6 =J5,6' = 7.5 Hz, H-
5, ceramide unit).

Anal. Caled for C79H141N3035 (1693.0): C, 56.04; H, 8.40; N, 2.48. Found:
C, 55.90; H, 8.22; N, 2.42.
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