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Abstract: The first total synthesis of ganglio-series gangliosides GQ1b, GT1b and GD1b,
which contain o-sialyl-(2—8)-o-sialic acid residue in the structure, will be described.
Glycosylation of 2-(trimethylsilyDethyl O-(2-acetamido-6-0-benzyl-2-deoxy-3,4-O-iso-
propylidene-8-D-galactopyranosyl)- (1—34) -0-(2,6 -di-O-benzyl-B-D-galactopyranosyl)-(1—
4)-2,3,6-tri-O-benzyl-B-D-glucopyranoside (7) with methyl [phenyl 5-acetamido-8-O-(5-
acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy-D-glycero-0-D-galacto-2-nonulopyranosylono-
1'9 -lactone) -4,7 -di-O -acetyl-3,5 -dideoxy-2- thio-D -glycero -D -galacto -2 -nonulopyra-
nosid]onate (8) using N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid (TfOH) in
acetonitrile gave the protected GD2 pentasaccharide 9, which was converted into the
pentasaccharide acceptor 10 by de-O-isopropylidenation. Glycosylation of 10 with methyl
thioglycoside derivatives 18, 26, 34 by use of dimethyl(methylthio)sulfonium triflate
(DMTST) gave the protected ganglioside oligosaccharides 19, 27 and 35, respectively.
Compounds 9, 19, 27 and 35 were transformed into the corresponding a-trichloroace-
timidates 13, 22, 30 and 38, via reductive removal of benzyl groups, O-acetylation,
selective removal of 2-(trimethylsilyl)ethyl group, and treatment of trichloroacetonitrile.
Condensation of the imidates 13, 22, 30 and 38 with (25,3R 4E)-2-azido-3-0-benzoyl-4-
octadecene-1,3-diol (14) gave the corresponding B-glycosides 15, 23, 31 and 39, which
were converted, via selective reduction of azido group, coupling with octadecanoic acid, de-
O-acylation, and saponification of methyl esters and lactone groups, into the corresponding
gangliosides GD2 (17), GD1b (25), GT1b (33) and GQ1b (41).

INTRODUCTION

Ganglio-series gangliosides are distinguished from other gangliosides by consisting of gangliotriose: B-D-
GalNAc-(1—4)-B-D-Gal-(1—24)-8-D-Glc, or gangliotetraose: §-D-Gal-(1—3)-B-D-GalNAc-(1—4)-B-D-Gal-
(1-4)-B-D-Glc, which are sialylated at C-3 position of Gal , at C-6 position of GalNAc and at C-8 position of
sialic acid residues. These gangliosides are first isolated from human brain24 and bovine brain3, and expressed
in nervous cells of vertebrate animals. Recently, the biological roles of gangliosides in nervous system have
documentedS-12 such as nerve growth factor (NGF)-like activity of ganglioside GQ1b in human neuloblastoma
cell lines!2. As biologically derived gangliosides are polymorphous and available in very limited quantity, the
pure gangliosides which are synthesized by chemical methods have been required to elucidate the functions of
gangliosides in details.
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We have reported the a-glycosylation13.14 of the suitably protected sugar residues with 2-thioglycosides
of sialic acids by use of dimethyl(methylthio)sulfonium triflate (DMTST)!3 or N-iodosuccinimide (NIS)—
trifluoromethanesulfonic acid (TFOH)16 as the glycosyl promoter, and the syntheses!7-23 of a variety of
gangliosides and their analogs in order to elucidate the structure—function relationships of gangliosides in the
molecular level. Moreover, we have reported the a-glycosylation24.25 of galactose and lactose derivatives with
phenyl thioglycosides of dimeric and trimeric sialic acid as the donor using NIS-TfOH to give the di- and
trisialyl oligosaccharide units for polysialo gangliosides synthesis, and the total syntheses of gangliosides
GD324, GD226 and GQ1b27, which contain «-sialyl-(2—8)-a-sialic acid residues. We describe herein the
systematic synthesis of polysialo ganglio-series gangliosides.

RESULTS AND DISCUSSION

GD2 pentasaccharide acceptor 10 was selected as the key compound to achieve the systematic synthesis of
polysialo ganglio-series gangliosides, which was condensed with the non-reductive sugar parts: methyl
thioglycosides of Gal, NeuSAco(2—3)Gal and NeuSAco(2-»8)Neu5Aco(2—3)Gal, transformed into the title
compounds. Although ganglioside GD2 have already been synthesized by Matsuzaki et al28 and us26 by
coupling galactosamine and o.-sialyl-(2—8)-a-sialyl-(2—3')-lactose derivative, we attempt the a-glycosylation
of gangliotriose acceptor 7 with o-sialyl-(2—8)-sialic acid donor24 8 to prepare the GD2 pentasaccharide 9 in
order to develop the more efficient synthesis of polysialo ganglio-series gangliosides. We expected that the
donor 8 with high reactivity could glycosylate the even the hydroxy group at C-3' of 7.

Regioselective benzoylation of 2-(trimethylsilyl)ethyl O-(2,6-di-O-benzyl-B-D-galactopyranosyl)-(1—4)-
2,3,6-tri-O-benzyl-p-D-glucopyranoside!3 (1) with benzoyl chloride at -50 °C gave the lactose acceptor 2 in
88% yield. Significant signal in 1H NMR spectrum of 2 was one-proton doublet of doublets at § 5.00
(J2,3 10.6, J3 4 2.7 Hz, H-3b), indicating the assigned structure. Benzylation of methyl 2-deoxy-3,4-O-
isopropylidene-2-phthalimido-1-thio-B-D-galactopyranoside!8 (3) with benzyl bromide and sodium hydride at 0
°C gave the galactosamine donor 4 in 92% yield. Glycosylation of 2 with 4 by use of N-iodosuccinimide
(NIS)-trifluoromethanesulfonic acid (TfOH) in dichloromethane at -20 °C gave gangliotriose derivative § in
53% yield. Significant signal in IH NMR spectrum of § was a one-proton doublet at 8 5.31 (/3,2 8.3 Hz,
H-1c¢), indicating the newly formed glycosidic configuration to be B. De-O-benzoylation of § with sodium
methoxide in methanol at 45 °C gave 6 in 95% yield. Treatment of 6 with hydrazine monohydrate in aqueous
95% cthanol at 75 °C and followed by N-acetylation with acetic anhydride in methanol gave the trisaccharide
acceptor 7 in high yield. Significant signals in 1H NMR spectrum of 7 were a three-proton singlet at § 1.79
(AcN), and one-proton doublet at § 5.67 (NH). Glycosylation24 of 7 with a-sialyl-(2—8)-sialic acid donor 8
in the presence of NIS-TfOH in acetonitrile at -25 °C gave the pentasaccharide 9 in 50% yield as expected and
no B-isomer was isolated. Significant signals in 1H NMR spectrum of 9 were threc three-proton singlets at
8 1.80, 1.84 and 1.87 (3 AcN), and two one-proton doublets of doublets at 8 2.26 (J3ax,3eq 13.2, J3¢4,4 5.6
Hz H-3eeq) and 8 2.71 (J3ax3eq 13.5, J3eq,4 4.4 Hz, H-3deq), indicating the newly formed glycosidic
configuration to be ot. De-O-isopropylidenation of 9 with aqueous 80% acetic acid afforded the pentasaccharide
acceptor 10 in 91% yield.

Glycosylation of 10 with methyl thioglycosides of Gal20 (18), NeuSAca(2—3)Gall7 (26) and
NeuSAca(2—8)NeuSAca(2—3)Gal24 (34) by use of dimethyl(methylthio)sulfonium triflate (DMTST) in
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dichloromethane gave the corresponding protected ganglioside oligosaccharides 19 (78%), 27 (87%) and 35
(52%), respectively. Reductive removal of benzyl groups in 10, 19, 27 and 35 by use of 10% Pd-C, and
consequent O-acetylation gave the peracylated oligosaccharides 11, 20, 28 and 36 (52-93%). Significant
signals in lH NMR spectra of these compounds were one-proton doublets at 3 5.40-5.63 (J3 4 3.4-3.8 Hz,
H-4c), indicating the position of glycosylation to be C-3.

Treatment29 of 11, 20, 28 and 36 with trifluoroacetic acid in dichloromethane at room temperature gave
the 1-hydroxy compounds 12, 21, 29 and 37 (76-94%), which were treated30 with trichloroacetonitrile in
dichloromethane at 0 °C to give the corresponding o.-trichloroacetimidates 13, 22, 30 and 38 (82-100%).
Significant signals in 1H NMR spectra of 13, 22, 30 and 38 were a one-proton doublet at 8 6.47-6.48
(J1,2 3.7-4.0 Hz, H- 1a) and a one-proton singlet at § 8.65-8.68 (C=NH) , which showed the imidates to be .

Glycosylation of (25,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-diol3! (14) with 12, 21, 29 and 37
was carried out in the presence of trimethylsily! trifluoromethanesulfonate (TMSOTY) and molecular sieves 4A
(AW-300) to give the desired B-glycosides 185, 23, 31 and 39 (45-58%), respectively. Selective reduction32
of azido groups in 15, 23, 31 and 39 with H3S in aqueous 83% pyridine gave the amines, which were treated
with octadecanoic acid and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC) to afford the
protected ganglioside derivatives 16, 24, 32 and 40 (43-81%), respectively. Finally, O-deacylation of these
compounds with sodium methoxide in methanol and subsequent saponification of methyl esters and lactone
groups gave gangliosides GD2 (17), GD1b (25), GT1b (33) and GQ1b (41) in almost quantitative yield.
Significant signals in 1H NMR spectra of the synthesized gangliosides were in accordance with those of natural
products.

In conclusion, the systematic synthesis of polysialo ganglio-series gangliosides which contain o-sialyl-
(2—8)-a-sialic acid residue in their structures was achieved by use of the key glycosyl acceptor 10. The
phenyl 2-thioglycoside derivative of dimeric sialic acid 8 is the useful glycosyl donor for the systematic
syntheses of a variety of polysialoglycoconjugates.

EXPERIMENTAL

General Procedures. Optical rotations were determined with a Union PM-201 polarimeter at 25 °C, and IR
spectra were recorded with a Jasco IRA-100 spectrophotometer. 1571 NMR: spectra were recorded at 270 MHz
with a Jeol INM-GX 270 spectrometer and at 500 MHz with a Varian VXR-500S spectrometer, and the NMR
data were confirmed by use of decoupling techniques. Preparative chromatography was performed on silica gel
(Wako Chemical Co., 200 mesh) with the solvent systems specified. Concentrations were conducted in vacuo.

2-(Trimethylsilyl)ethyl O-(3-O-benzoyl-2,6-di-O-benzyl-$-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-ben-
zyl-B-D-glucopyranoside (2). To a solution of 2-(trimethylsilyl)ethyl O-(2,6-0O-benzyl-B-D-galactopyranosyl)-
(1—4)-2,3,6-tri-O-benzyl-B-D-glucopyranoside!3 (1; 1.0 g, 1.1 mmol) in pyridine (1.5 mL) and CH2Cl2
(15 mL) was added benzoyl chloride (0.3 mL, 2.2 mmol), and the solution was stirred for 2 h at -50 °C.
Methanol (0.5 mL) was added to the cooled solution, which was then concentrated. The residue was extracted
with CH2Cls, washed with 2 M HCI and water, dried (NaS0O4), and concentrated. Column chromatography
(1:5 EtOAc-hexane) of the syrup on silica gel (30 g) gave 2 (980 mg, 88%) as a syrup; [a]p +31.7 (c 1.0,
CHCl3); v 3600-3100 (OH), 1730 and 1230 (ester), 860 and 840 (Me3Si), and 710 and 700 cm-1 (Ph);
1H NMR (CDCl3) at 270 MHz: 8 1.00 (m, 2 H, Me3SiCH2CH>), 4.16 (d, 1 H, J34 2.7 Hz, H-4b), 4.35 (d,
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1H,J127.7 Hz, H-1a), 4.54 (d, 1 H, J; 2 8.4 Hz, H-1b), 5.00 (dd, 1 H, J2 3 10.6, J3 4 2.7 Hz, H-3b), and
7.11-7.99 (m, 30 H, 6 Ph). Anal. Calcd for C59Hgg0125i (997.27): C, 71.06; H, 6.87. Found: C, 70.84;
H, 6.83.

Methyl 6-O-benzyl-2-deoxy-3,4-Q-isopropylidene-2-phthalimido-1-thio-B-D-galactopyranoside (4). To
the solution of methyl 2-deoxy-3,4-O-isopropylidene-2-phthalimido- 1-thio-B-D-galactopyranoside18 (3; 1.1 g,
2.9 mmol) in N,N-dimethylformamide (25 mL) was added NaH (160 mg, 3.9 mmol), and the solution was
stirred for 30 min. at 0 °C. To the stirring mixture was added benzyl bromide (0.7 mL, 5.8 mmol), the solution
was continuously stirred for 2 h at 0 °C. Methanol (1 mL) was added to the solution and the solution was
concentrated. The residue was extracted with CH2Cly, washed with water, dried (NaSOy), and concentrated.
Column chromatography (1:2 EtOAc-hexane) of the residue on silica gel (30 g) gave 4 (1.25 g,92%) as a
syrup; [a)D +37.7 (c 1.4, CHCl3); v 1700 (imide) and 700 cm"! (Ph); 1H NMR (CDCl3) at 270 MHz: 5 1.35
and 1.64 (2 s, 6 H, MeC), 2.15 (s, 3 H, MeS), 3.87 (d, 2 H, J56 6.2 Hz, H-6), 419 (td, 1 H, J45 2.1,
Js.6 6.2 Hz, H-5), 432 (dd, 1 H, J3 4 4.9, J4 5 2.1 Hz, H-4), 4.38 (dd, 1 H, J1 2 10.5, J2 3 8.9 Hz, H-2),
484 (dd, 1 H,J344.9,J45 2.1 Hz, H-4), 4.38 (d, J1 2 10.5 Hz, H-1), and 7.28-7.84 (m, 9 H, 2 Ph). Anal.
Calcd for Ca5H27NOgS (469.56): C, 63.95; H, 5.80; N, 2.98. Found: C, 63.92; H, 5.66; N, 2.75.

2-(Trimethylsilyl)ethyl O-(6-O-benzyl-2-deoxy-3,4-O-isopropylidene-2-phthalimido-f-D-galactopyra-
nosyl) -(1—4) -O-(3-O-benzoyl-2,6 -di-O-benzyl- B-D-galactopyranosyl) - (1—4)- 2,3,6 -tri-O-benzyl-B-D-
glucopyranoside (5). To a solution of 2 (2.5 g, 2.5 mmol) and 4 (1.4 g, 3.0 mmol) in CH,Clj (15 mL) were
added molecular sieves 4A (3.0 g), and the mixture was stirred for 5 h at room temperature, then cooled to
-30 °C. To the cooled mixture were added N-iodosuccinimide (NIS; 1.7 g, 7.5 mmol) and trifluoromethane-
sulfonic acid (TfOH; 60 uL, 0.7 mmol), and the stirring was continued for 3 h at -30 °C. The solids were
filtered off, and washed with CH;Cly. The combined filtrate and washings was washed with M NapCO3 and
M Na38203, dried (Na2S04), and concentrated. Column chromatography (1:5 EtOAc-hexane) of the residue
on silica gel (100g) gave § (1.9 g, 53%) as an amorphous mass; [a]D +30.0 (¢ 1.0, CHCl3); v 1730 and 1230
(ester), 1700 (imide), 860 and 840 (Me3Si), and 710 and 700 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz:
§ 1.00 (m, 2 H, Me3SiCH2CH3), 1.32 and 1.60 (2 s, 6 H, Me2C), 3.54 and 4.00 (2 m, 2 H, Me3SiCH,CH3),
433 (d, 1 H,J12 7.8 Hz, H-1a), 437 (dd, 1 H, J; 2 8.3, J2 3 9.3 Hz, H-2c), 4.46 (d, 1 H, J12 7.7 Hz,
H-1b), 4.87 (dd, 1 H, J23 9.3, J3 4 5.0 Hz, H-3c), 490 (dd, 1 H, J3 10.1 J3 4 2.5 Hz, H-3b), 5.31 (d, 1 H,
Ji,2 8.3 Hz, H-1c), and 6.91-8.02 (m, 39 H, 8 Ph). Anal. Calcd for CgsHoiNO13Si (1418.72): C, 70.27;
H, 6.47; N, 0.99. Found: C, 70.25; H, 6.30; N, 0.95.

2-(Trimethylsilyl)ethyl O-(6-O-benzyl-2-deoxy-3 4-O-isopropylidene-2-phthalimido--D-galactopyra-
nosyl)-(1—+4)-0-(2,6-di-O-benzyl-B-D-galactopyranosyl)-(1-»4)-2,3,6-tri-O-benzyl- B-D-glucopyranoside (6).
To a solution of § (0.6 g, 0.42 mmol) in MeOH (15 mL) was added MeONa (catalyst), and the solution was
stirred for 1 day at 45 °C. The solution was neutralized with Amberlite IR-120 (H*), filtered, and concentrated.
Column chromatography (1:3 EtOAc-hexane) of the residue on silica gel (20 g) gave 6 (0.53 g, 95%) as an
amorphous mass; [a]D +8.4 (¢ 1.0, CHCIl3); v 1700 (imide), 860 and 840 (Me3Si), and 700 em-1 (Ph);
IH NMR (CDCl3) at 270 MHz: § 1.00 (m, 2 H, Me3SiCH2CHy), 1.33 and 1.56 (2 s, 6 H, Me2C), 5.24 d,
1H,J1,2 8.6 Hz, H-1c), and 6.91-7.80 (m, 34 H, 7 Ph). Anal. Calcd for C76Hg7NO17Si (1314.61):
C, 69.44; H, 6.67; N, 1.07. Found: C, 69.36; H, 6.52; N, 0.94.

2-(Trimethyisilyl)ethyl O-(2-acetamido-6-O-benzyl-2-deoxy-3 4-O-isopropylidene- B-D-galactopyranosyl)-
(1—4)-0-(2,6-di-O-benzyl- B-D-galactopyranosyl)-(1—>4)-2,3,6-tri-O-benzyl-B-D-glucopyranoside (7). To a
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solution of 6 (130 mg, 0.1 mmol) in aq. 95% EtOH (5 mL) was added hydrazine monohydrate (80 uL, 1.6
mmol), and the solution was stirred for 6 h at 75 °C. The solids were filtered off, washed with EtOH, and the
combined filtrate and washings was concentrated to a syrup. To a solution of the residue in MeOH (1.0 mL)
was added Ac20 (25 pL, 0.2 mmol), and the solution was stirred for 1 h at room temperature. Pyridine (0.1
mL) was added to the solution, and evaporated. The syrup was extracted with CH2Cl3, and washed with M
NazCO3 and water, dried (Na3SO4), and concentrated. Column chromatography (1:2 EtOAc-hexane) of the
syrup on silica gel (10 g) gave 7 (120 mg, quantitative) as an amorphous mass; [a]D +15.2 (c 0.8, CHCl3);
v 3600-3100 (OH, NH), 1650 and 1540 (amide), 860 and 840 (Me3Si), and 700 cm-1 (Ph); 1H NMR (CDCl3)
at 270 MHz: & 1.00 (m, 2 H, Me3SiCH>CH3), 1.30 and 1.50 (2 s, 6 H, Me2C), 1.79 (s, 3 H, AcN), 5.24 (d,
1H, J;2 8.4 Hz, H-1¢), 5.67 (d, 1 H, Js Ny 9.0 Hz, NH), and 7.18-7.80 (m, 30 H, 6 Ph). Anal. Calcd for
CyoHg7NO16Si (1226.54): C, 68.55; H, 7.15; N, 1.14. Found: C, 68.51; H, 6.99; N, 0.88.

2-(Trimethylsilyl)ethyl O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycero-o-D-galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5 -dideoxy-D-glycero-a -D-galacto-
2-nonulopyranosylonate]-(2—3)-[O-(2-acetamido-6-O-benzyl-2-deoxy-3,4-O-isopropylidene- $-D-galactopyra-
nosyl)-(1—4)]-0-(2,6-di-O-benzyl-B-D-galactopyranosyl)-(1-—4)-2,3,6-tri-O-benzyl-B-D-glucopyranoside (9).
To a solution of 7 (1.0 g, 0.82 mmol) and methyl [phenyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-
acetyl-3,5-dideoxy-D-glycero-a-D-galacto -2-nonulopyranosylono-1',9-lactone)-4,7-di-O -acetyl- 3,5-dideoxy-
2-thio-D-glycero-D-galacto-2-nonulopyranosidjonate?4 (8; 1.5 g, 1.6 mmol) in MeCN (5 mL) were added
molecular sieves 3A (1.1g), the mixture was stirred for 5 h at room temperature, then cooled to -25 °C. To the
cooled mixture were added NIS (750 mg, 3.2 mmol) and TfOH (30 pL, 0.3 mmol), and the stirring was
continued for 1 day at -25 °C. The solids were filtered off, and washed with CH2Cl,. The combined filtrate
and washings with M NapCO3 and M Na3$703, dried (NaSO4), and concentrated. The syrup was extracted
with CH2Cl,, washed with 2 M HCI and M NayCO3, dried (Na3SOy), and concentrated. Column chromatog-
raphy (80:1 CH2Cl>-MeOH) of the residue on silica gel (50 g) gave 9 (835 mg, 50%) as an amorphous mass;
[alD -31.4 (c 0.7, CHCI3); v 3300 (NH), 1730 and 1230 (ester), 1650 and 1540 (amide), 860 and 840
(Me3Si), and 700 cm-1 (Ph); 1H NMR (CDCl3) at 500 MHz: 8 1.00 (m, 2 H, Me3SiCH2CH3), 1.35 and 1.50
(2 s, 6 H, Me3C), 1.80, 1.84 and 1.87 (3 s, 9 H, 3 AcN), 1.97-2.19 (6 s, 18 H, 6 AcO), 2.26 (dd, 1 H,
J3ax3eq 13.2, J3¢q4 5.6 Hz, H-3ceq), 2.71 (dd, 1 H, J3ax,3¢q 13.5, J3¢4,4 4.4 Hz, H-3deq), 3.09 (m, 1 H,
H-2c¢), 3.40 (s, 3 H, MeQ), 3.60 and 4.01 (2 m, 2 H, Me3SiCH2CH3),3.70(q, 1 H, Ja5=J56=J5NH = 9.3
Hz, H-5d), 4.11 (q, 1 H, J4,5 =J56=J5NH = 10.2 Hz, H-5¢), 4.32 (d, 1 H, J1,2 7.6 Hz, H-1a), 4.46 (d,
1 H, J1 2 7.3 Hz, H-1b), 5.02 (m, 1 H, H-8¢), 5.31 (dd, 1 H, J¢7 1.7, J73 10.0 Hz, H-7¢), 5.40 (m, 2 H,
H-1c and H-4e), 5.50 (m, 1 H, H-4d), 5.68 (d, 1 H, J2 N1 8.1 Hz, NHc), 6.43 (d, 1 H, J5 Ny 9.3 Hz, NHJ),
and 7.21-7.35 (m, 30 H, 6 Ph). Anal. Calcd for Cy95H133N3037Si (2057.29): C, 61.30; H, 6.52; N, 2.04.
Found: C, 61.12; H, 6.34; N, 1.85.

2-(Trimethylsilyl)ethyl O-{methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycero-a-D-galacto-2-nonulopyranosylono-1'9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-o-D-galacto-
2-nonuropyranosylonateJ-(2—3)-[O-(2-acetamido-6-O-benzyl-2-deoxy--D-galactopyranosyl)-(1 —4)]-O-(2,6-
di-O-benzyl-B-D-galactopyranosyl)-(1 —4)-2,3,6-tri-O-benzyl- -D-glucopyranoside (10). A solution of 9 (150
mg, 0.07 mmol) in aq. 80% AcOH (5 mL) was kept for 3 h at 60 °C, and concentrated. Column
chromatography (50:1 CHCl;-MeOH) of the residue on silica gel (10 g) gave 10 (134 mg, 91%) as an
amorphous mass; [a]D -31.0° (¢ 1.2, CHCI3); v 3600-3100 (OH, NH), 1730 and 1230 (ester), 1650 and 1540
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(amide), 860 and 840 (Me3Si), and 700 cm-! (Ph); 1H NMR (CDCl3) at 270 MHz: § 1.00 (m, 2 H,
Me3SiCH,CHj), 1.83-2.17 (9 5, 27 H, 3 AcN and 6 AcO), 2.63 (dd, 1 H, J3gz3¢eq 13.3, J3¢4,4 3.5 Hz,
H-3degq), 3.42 (s, 3 H, McO), 5.03 (m, 1 H, H-8¢), 5.29 (dd, 1 H, J§7 1.6, J7 8 10.0, H-7e), and 7.13-7.38
(m, 30 H, 6 Ph). Anal. Calcd for Cj92H129N30137Si (2017.09): C, 60.73; H, 6.45; N, 2.08. Found:
C, 60.49; H, 6.31; N, 1.89.

2-(Trimethylsilyl)ethyl O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycero-a-D-galacto-2-nonulopyranosylono-1'9-lactone)-4,7-di-O-acetyl-3,5 -dideoxy-D-glycero-a -D-galacto-
2-nonulopyranosylonate]- (2—3)-[O-(2-acetamido-3 4,6-tri-O-acetyl-2-deoxy-f -D-galactopyranosyl)-(1 —4)]-
0-(2,6-di-O-acetyl-B-D-galactopyranosyl)-(1 —4)-2,3,6-tri-O-acetyl-B-D-glucopyranoside (11). A solution of
10 (300 mg, 0.15 mmol) in EtOH (6 mL) and AcOH (3 mL) was hydrogenolyzed in the presence of 10% Pd-C
(300 mg) for 2 days at 45 °C. The solids were filtered off and washed with MeOH. The combined filtrate and
washings was concentrated, and a solution of the residue in Ac20 (2 mL) and pyridine (4 mL) was stirred for
12 h at 45 °C, and concentrated. Column chromatography (20:1 CH2Cl3-MeOH) of the residue on silica gel
(10 g) gave 11 (134 mg, 91%) as an amorphous mass; [a]D -26.4 (c 1.6, CHCl3); v 3300 (NH), 1730 and
1230 (ester), 1650 and 1540 (amide), and 860 and 840 cm-1 (Me3Si); IH NMR (CDCl3) at 270 MHz: § 1.00
(m, 2 H, Me3SiCH2CH?>), 1.88-2.26 (17 s, 51 H, 3 AcN and 14 AcO), 2.56 (m, 2 H, H-3deq and H-3ceq),
3.47 (s, 3 H, MeQ), 3.57 and 3.95 (2 m, 2 H, Me3SiCH2CH?2), 422 (d, 1 H, J; 2 7.1 Hz, H-1a), and 4.48
(d. 1 H, J12 7.9 Hz, H-1b). Anal. Calcd for C76H109N30458i (1812.77): C, 50.36; H, 6.06; N, 2.32.
Found: C, 50.31; H, 6.01; N, 2.02.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3 5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono- 1',9- lactone)- 4,7 -di-O-acetyl- 3,5- dideoxy-D-glycero-a-D-galacto-2- nonulopyranosy-
lonate] - (23) - [O-(2-acetamido-3 4,6-tri-O-acetyl-2- deoxy-B-D-galactopyranosyl)-(1—4)]- O-(2,6- di-O-
acetyl-B-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-acetyl-D-glucopyranose (12). A solution of 11 (80 mg,
0.044 mmoil) in trifluoroacetic acid (0.2 mL) and CH,Cl; (0.5 mL) was stirred for 2 h at room temperature.
Ethyl acetate (1 mL) was added to the stirring solution, and evaporated. Column chromatography (15:1
CH2Cl2-MeOH) of the syrup on silica gel (10 g) gave 12 (70 mg, 93%) as an amorphous mass; v 3300 (NH),
1730 and 1230 (ester), and 1650 and 1540 cm-! (amide). Anal. Calcd for C71Hg7N3045 (1712.53): C, 49.80;
H, 5.71; N, 2.45. Found: C, 49.50; H, 5.59; N, 2.16.

O-[Methyl 5 acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3.5 -dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono-1°, 9 -lactone)-4, 7 -di-O-acetyl- 3,5 -dideoxy-D-glycero-a-D-galacto-2 -nonulopyranosy-
lonate]- (2—53) -[O- (2-acetamido-3,4,6-tri-O-acetyl- 2-deoxy-B-D-galactopyranosyl)-(1-4)] -O-(2,6-di-O-
acetyl-B-D-galactopyranosyl)-(1 —4)-2,3,6-tri-O-acetyl-a-D-glucopyranosyl trichloroacetimidate (13). To a
solution of 12 (70 mg, 0.04 mmol) in trichloroacetonitrile (0.2 mL) and CH2Cl, (1.0 mL) was added 1,8-
diazabicyclo[5.4.0]undec-7-ene (6 pL, 0.042 mmol), and the mixture was stirred for 30 min. at 0 °C. Column
chromatography (30:1 CH2Cl2-MeOH) of the solution on silica gel (10 g) gave 13 (75 mg, quantitative) as an
amorphous mass; [a]p -5.0 (c 0.7, CHCl3); v 3300 (NH), 1730 and 1230 (ester), and 1650 and 1540 cm-1
(amide); 1H NMR (CDCl3) at 270 MHz: § 1.87-2.35 (17 s, 51 H, 3 AcN and 14 AcO), 2.54 (m, 2 H, H-3deq
and H-3eeq), 3.47 (s, 3 H, Me0), 6,48 (d, 1 H, J1 2 4.0 Hz, H-1a), and 8.66 (s, 1 H, C=NH). Anal. Calcd
for C713H97C13N4045 (1856.92): C, 47.22; H, 5.27; N, 3.02. Found: C, 47.11; H, 5.15; N, 2.77.

O-[Methyl 5 acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyi-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono-1',9- lactone)-4,7 -di-O- acetyl-3 ,5 -dideoxy-D-glycero-a-D- galacto-2 -nonulopyranosy-
lonate]-(2—3)-[O~(2-acetamido-3 4,6-tri-O-aceryl-2-deoxy--D-galactopyranosyl)-(1—4)] - O-(2,6-di-O-acetyl-
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B-D-galactopyranosyl)-(1-4)-O -(2,3,6- tri-O -acetyl-B-D -glucopyranosyl)-(1—1)-(28 3R 4E)-2-azido-3-O-
benzoyl-4-octadecene-1,3-diol (15). To a solution of 13 (44 mg, 0.024 mmol) and (25,3R 4E)-2-azido-3-0-
benzoyl-4-octadecene-1,3-diol31b (14; 20 mg, 0.05 mmol) in CH,Cl; (0.4 mL) were added molecular sieves
4A (AW-300; 500 mg), and the mixture was stirred for 5 h at room temperature, then cooled 0 °C. To the
cooled mixture was added trimethylsilyl trifluoromethanesulfonate (10 pL, 0.05 mmol), the stirring was
continued for 12 h at 0 °C. The solids were filtered off, and washed with CH2Cl;. The combined filtrate and
washings was washed with M Na;COj3 and water, dried (NazSO4), and concentrated. Column
chromatography (20:1 CH,Cly>-MeOH) of the residue on silica gel (10 g) gave 15 (26 mg, 56%) as amorphous
mass; [a]D -23.0 (c 0.5, CHCl3); v 3300 (NH), 2200 (azide), 1750 and 1230 (ester), 1650 and 1540 (amide),
and 710 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: 8 0.88 (t, 3 H, /Me,CH2 6.8 Hz, MeCH>), 1.24 (s, 22 H,
11 CHj), 1.90-2.22 (17 s, 51 H, 3 AcN and 14 AcO), 2.54 (m, 2 H, H-3deq and H-3eeq), 3.47 (s, 3 H,
MeO), 4.96 (m, 1 H, H-4d), 593 (dt, 1 H, J4 5 12.0, J56 = J56 = 6.6 Hz, H-5 of sphingosine), and
7.33-8.14 (m, S H, Ph). Anal. Calcd for Co¢H134NgO47 (2124.12): C, 54.28; H, 6.36; N, 3.96. Found:
C, 54.28; H, 6.31; N, 3.71.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3 .5-dideoxy-D-glycero-o-D-galacto-2-
nonulopyranosylono-1',9-lactone) 4,7-di-O -aceryl -3,5-dideoxy-D -glycero-a -D -galacto-2 -nonulopyranosy-
lonate]-(2—3)- [O-(2-acetamido-3 4,6-tri-O-acetyl-2-deoxy-3-D-galactopyranosyl)-(1 —4)]-O-(2,6-di-O-acetyl-
B-D-galactopyranosyl)-(1-+4)-O- (2,3 ,6-tri-O-acetyl- f-D-glucopyranosyl)- (1 —=1)- (28,3R,4E)-3-O-benzoyl-
2-octadecanamido-4-octadecene-1,3-diol (16). Hydrogen sulfide was bubbled into a solution of 15 (26 mg,
0.013 mmol) in aq. 83% pyridine (2.4 mL) for 3 days at 0 °C, and the solution was evaporated. To a solution
of the residue in CH2Cly (1.0 mL) were added octadecanoic acid (11 mg, 0.04 mmol) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC; 8 mg, 0.04 mmol). The mixture was stirred for 12 h
at room temperature, washed with water, dried (Na2S0j4), and concentrated. Column chromatography (25:1
CH2Cl2-MeOH) of the residue on silica gel (10 g) gave 16 (20 mg, 69%) as amorphous mass; [a]D -12.0
(c 0.4, CHCI3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-1 (Ph); IH NMR
(CDCl3) at 270 MHz: 3 0.88 (t, 6 H, JMme,cH2 6.8 Hz, 2 MeCH3), 1.24 (s, 52 H, 26 CH3), 1.90-2.22 (17 s,
51 H, 3 AcN and 14 AcQ), 2.52 (m, 2 H, H-3deq and H-3eeq), 3.48 (s, 3 H, MeO), 5.83 (m, 1 H, H-5 of
ceramide), and 7.32-8.10 (m, 5 H, Ph). Anal. Calcd for Cj314H170N4048 (2364.59): C, 57.91; H, 7.25;
N, 2.37. Found: C, 57.85; H, 7.25; N, 2.19.

Ganglioside GD2 (17). To a solution of 16 (20 mg, 8.5 pmol) in MeOH (5 mL) was added MeONa
(catalyst), and the mixture was stirred for 2 days at 40 °C. To the mixture was added 0.2 M KOH (0.5 mL), the
stirring was continued for 1 day at 40 °C. The solution was neutralized with Amberlite IR-120 (H*), filtered,
and concentrated. Column chromatography (5:5:1 CHCl3-MeOH-H70) of the residue on Sephadex LH-20 gel
gave 17 (14 mg, quantitative); [a]D -7.1 (c 0.4, 5:5:1 CHCl3-MeOH-H;0); 1H NMR [20:1 (CD3)280-D;0]
at 270 MHz: 3 0.88 (t, 6 H, JMe,cH2 6.8 Hz, 2 MeCHa3), 1.25 (s, 52 H, 26 CH3), 1.87-1.96 (3 5, 9 H,
3 AcN), 2.26 (t, 2 H, Jcu2,cH2 6.8 Hz, COCH2CH?2), 2.60-2.80 (m, 2 H, H-3deq and H-3eeq), and 5.41
(m, 1 H, H-5 of ceramide). Anal. Calcd for C7gH138N4034 (1675.96): C, 55.90; H, 8.30; N, 3.34. Found:
C, 55.85; H, 8.05; N, 3.32.

2-(Trimethylsilyl)ethyl O-(2,4,6-tri-O-benzoyl-3-O-benzyl-B-D-galactopyranosyl)-(1 —3)-O-(2 -acetamido-
6-O-benzyl-2-deoxy-B-D-galactopyranosyl)-(1—4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-
acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylono- 1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-
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giycero-a -D -galacto-2-nonulopyranosylonate]- (2 —3)}-0O-(2,6-di-O -benzyl-J -D -galactopyranosyl) -(1—4)-
2,3,6-tri-O-benzyl-f -D-glucopyranoside (19). To a solution of 10 (200 mg, 0.10 mmol) and methyl 2,4,6-tri-
O-benzoyl-3-0O-benzyl-1-thio-B-D-galactopyranoside!8 (18, 73 mg, 0.12 mmol) in CH2Cl (4 mL) were added
molecular sieves 4A (800 mg), and the mixture was stirred for 5 h at room temperature, then cooled to -10 °C.
To the cooled mixture was added dimethyl(methylthio)sulfonium triflate (DMTST; 65 mg, 0.24 mmol), and the
stirring was continued for 8 h at -10 °C. The solids were filtered off, and washed with CH2Cls. The combined
filtrate and washings was washed with M NapCO3 and water, dried (Na2SO4), and concentrated. Column
chromatography (50:1 CH2Cl2-MeOH) of the syrup on silica gel (20 g) gave 19 (200 mg, 78%) as an
amorphous mass; [a]D -6.5 ' (¢ 1.2, CHCl3); v 3600-3100 (OH, NH), 1750 and 1230 (ester), 1650 and 1540
(amide), 860 and 840 (Me3Si), and 710 and 700 cm™1 (Ph); 1H NMR (CDCl3) at 270 MHz: 8 1.00 (m, 2 H,
Me3SiCH2CHp), 1.75 -2.14 (95,27 H, 3 AcN and 6 AcO), 2.34 (dd, 1 H, J3ax3¢q 13.7, J3.4,4 6.8 Hz,
H-3feq), 2.64 (dd, 1H, Jagx,3¢q 13.3, J3044 4.6 Hz, H-3eeq). 3.44 (s, 3 H, Me0), 5.13 (m, 1 H, H-4e), 5.34
dd, 1 H, Jg 7 2.2, J7 8 10.1 Hz, H-7f), 5.39 (m, 1 H, H-4f), and 7.01-8.19 (m, 50 H, 10 Ph). Anal. Calcd
for C136H157N3045Si (2581.81): C, 63.27; H, 6.13; N, 1.63. Found: C, 63.02; H, 6.09; N, 1.55.

2-(Trimethylsilyl)ethyl O-(3-O-acetyl-2 4 ,6-tri-O-benzoyl-f-D-galactopyranosyl)-{1 —3)-O-(2-acetamido-
4,0-di-O-aceryl-2-deoxy-p-D-galactopyranosyt)-(1 —4)-{O-[methyl 5-aceiamido-8-O-(5-acetamido-4,7,8,9-
tetra-O -acetyl-3,5-dideoxy-D -glycero-a -D -galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O -acetyl-3,5-
dideoxy-D-glycero-o-D-galacto-2- nonulopyranosylonate - (2—3)}- 0-(2,6-di-O-acetyl-B-D-galactopyranosyl)-
(1-»4)-2,3,6-tri-O-acetyl-B-D-glucopyranoside (20). Removal of benzyl groups and subsequent O-acetylation
of 19 (320 mg, 0.12 mmol), as described for 11, gave 20 (270 mg, 93%) as an amorphous mass; [a]D -23.1
(c 1.1, CHCI3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (Me3Si), and
710 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: 3 1.00 (m, 2 H, Me3SiCH2CH>), 1.85-2.21 (17 s, 51 H,
3 AcN and 14 AcO), 2.55 (m, 2 H, H-3eeq and H-3feq), 3.46 (s, 3 H, MeO), 5.63 (d, 1 H, J3 4 3.8 Hz,
H-4c), 5.85 (d, 1 H, J34 2.8 Hz, H-4d), and 7.30-8.25 (m, 15 H, 3 Ph). Anal. Calcd for Cyo3H31N30538i
(2287.24): C, 54.09; H, 5.77; N, 1.84. Found: C, 54.07; H, 5.69; N, 1.67.

O -(3-O -Acetyl-2,4,6-tri-O -benzoyl-B -D -galactopyranosyl)-(1 —3) -O -(2-acetamido-4,6-di-O -acetyl-2-
deoxy-B-D-galactopyranosyl)-(1—4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylono-1°9-lactone)-4,7-di-O-acetyl-3.5-dideoxy-D-glycero-o-
D-galacto-2- ronulopyranosylonate]- (2—3)} -O- (2,6 -di-O-acetyl- B-D-galactopyranosyl)-(1—4)- 2,3 ,6 -tri-
O-acetyl -D-glucopyranose (21). Removal of 2-(trimethylsilyl)ethyl group of 21 (260 mg, 0.11 mmol), as
described for 12, gave 21 (190 mg, 76%) as an amorphous mass; v 3600-3100 (OH, NH), 1750 and 1230
(ester), 1650 and 1540 (amide), and 710 cm-1 (Ph). Anal. Calcd for CogHy19N3053 (2187.00): C, 53.82;
H, 5.48; N, 1.92. Found: C, 53.69; H, 5.20; N, 1.73.

O +(3-0O -Acetyl-2,4,6-tri-O -benzoyl-8 -D -galactopyranosyl}-(1—3) -O -(2-acetamido-4,6-di-O -acetyl-2-
deoxy-B-D-galactopyranosyl)-(1—4)-{O-[methyl 5-acetamido-8-Q-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-a-D-galacto-2 -nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a-
D -galacto-2-nonulopyranosylonate]-(2 —3)} -O -(2,6-di-O -acetyl-B -D -galactopyranosyl)-(1 —4)- 2,3,6-tri-O-
acetyl-o-D-glucopyranosyl trichloroacetimidate (22). Treatment of 21 (190 mg, 0.09 mmol), as described for
13, gave 22 (166 mg, 82%) as an amorphous mass; [a]p 0.0 (¢ 0.7 CHCl3), v 3300 (NH), 1750 and 1230
(ester), 1650 and 1540 (amide), and 710 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: § 1.86-2.12 (17 5, 51 H,
3 AcN and 14 AcO), 2.61 (1, 2 H, H-3eeq and H-3feq), 3.47 (s, 3 H, MeO), 5.63 (d, 1 H, J3 4 3.5 Hz,
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H-4¢c), 5.82 (d, 1 H, J3 4 3.5 Hz, H-4d), 6.47 (d, 1 H, J} 2 3.8 Hz, H-1a), 7.39-8.20 (m, 15 H, 3 Ph), and
8.65 (s, 1 H, C=NH). Anal. Calcd for C190H119CI13N4053 (2331.39): C, 51.52; H, 5.15; N, 2.40. Found:
C, 51.35; H, 4.99; N, 2.36.

O -(3-0 -Acetyl-2,4,6-tri-O -benzoyl-B -D -galactopyranosyl)-(1-33) -O -(2-acetamido-4,6-di-O -acetyl-2-
deoxy--D-galactopyranosyl)-(1—34)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetrra-O-aceryl-3,5-
dideoxy-D-glycero-oa-D-galacto-2 -nonulopyranosylono-1'9-lactone)-4,7-di-O-acetyl-3 .5-dideoxy-D-glycero-o-
D-galacto-2-nonulopyranosylonate]-(2 —3)}-0-(2,6-di-O-acetyl- 8 -D-galactopyranosyl)-(1 —4)-0-(2,3,6-tri-O-
acetyl-B-D-glucopyranosyl)-(1 —1)-(2S,3R 4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-diol (23). Condensa-
tion of 22 (170 mg, 0.07 mmol) with 14 (60 mg, 0.14 mmol), as described for 18, gave 23 (80 mg, 45%) as
an amorphous mass; {a]p -20.3 (c 0.8, CHCl3); v 3300 (NH), 2200 (azide), 1750 and 1230 (ester), 1650 and
1540 (amide), and 710 cm-1 (Ph); IH NMR (CDCl3) at 270 MHz: 5 0.88 (t, 3 H, JIMe,cH2 6.8 Hz, MeCH>),
1.24 (s, 22 H, 11 CH»), 1.85-2.19 (17 s, S1 H, 3 AcN and 14 Ac0), 2.62 (m, 2 H, H-3eeq and H-3feq), 3.45
(s, 3 H, MeO), 5.81 (d, 1 H, J3 4 3.6 Hz, H-4d), 5.95 (m, 1 H, H-5 of sphingosine), and 7.31-8.25 (m,
20 H, 4 Ph). Anal. Calcd for Cy23H)56NgOss (2598.59): C, 56.85; H, 6.05; N, 3.23. Found: C, 56.82;
H, 5.87; N, 3.08.

O -(3-0O -Acetyl-2,4,6-tri-O -benzoyl-B -D -galactopyranosyl)-(1—3) -O -(2-acetamido-4,6-di-O -acetyl-2-
deoxy-f-D-galactopyranosyl)-(1 —4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-D-glycero-o-D-galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a-
D-galacto-2-nonulopyranosylonate]-(2—3)}-O -(2,6-di-O -acetyl-B-D-galactopyranosyl)-(1—4)-0+(2,3,6-tri-O-
acetyl-B-D-glucopyranosyl)-(1-1)-(2S,3R ,4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-1,3-diol (24).
Treatment of 23 (80 mg, 0.03 mmol), as described for 16, gave 24 (71 mg, 81%) as an amorphous mass;
[alD -13.8 (c 1.4, CHCl3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 em-1 (Ph);
IH NMR (CDClI3) at 270 MHz: 5 0.88 (1, 6 H, JMme.cH2 6.9 Hz, 2 MeCHy), 1.25 (s, 52 H, 26 CHy), 1.85-
2.19 (17 s, 51 H, 3 AcN and 14 AcQ), 2.61 (m, 2 H, H-3eeq and H-3feq), 3.45 (s, 3 H, Me0), 5.81 (m, 2 H,
H-4d and H-5 of ceramide), and 7.40-8.20 (m, 20 H, 4 Ph). Anal. Calcd for C141H192N4Osg (2839.06):
C, 59.65; H, 6,82; N, 1.97. Found: C, 59.48; H, 6.76; N, 1.70.

Ganglioside GD1b (25). De-O-acylation and saponification of methyl ester and lactone group in 24 (70
mg, 0.025 mmol), as described for 17, gave 25 (45 mg, quantitative); [a]p -1.2 (c 0.5, 5:5:1 CHCl3-MeOH-
H20); 1H NMR [(CD3)250-D70] at 270 MHz: § 0.88 (t, 6 H, JMe,cH2 6.8 Hz, 2 MeCH3), 1.24 (s, 52 H, 26
CHy), 1.81 and 1.92 (25,9 H, 3 AcN), 2.66 and 2.81 (2 m, 2 H, H-3eeq and H-3feq), 4.16(d, 1 H,J12 7.5
Hz, H-1a), 4.35 (m, 2 H, H-1b and H-1d), 4.80 (d, 1 H, J1 2 8.4 Hz, H-Ic), 5.38 (dd, 1 H, J3 4 7.6,
Ja 5 14.3 Hz, H-4 of ceramide), 5.59 (m, 1 H, H-5 of ceramide). Anal. Calcd for Cg4H148N4O39 (1838.10):
C, 54.89; H, 8.12; N, 3.05. Found: C, 54.87; H, 7.92; N, 2.86.

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-o-D-galacto-
2-nonulopyranosylonate)-(2 —3)-O -(2,4,6-tri-O -benzoyl-f3 -D-galactopyranosyl)-(1 —3)-O -(2-acetamido-6-O-
benzyl-2-deoxy-B-D-galactopyranosyl)-(1 —4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-
acetyl-3,5-dideoxy-D-glycero- a-D-galacto-2-nonulopyranosylono-1°',9-lactone)-4,7-di-O-acetyl-3 ,5-dideoxy-D-
glycero-a: -D -galacto-2-nonulopyranosylonate]-(2—3)} -O «(2,6-di-O -benzyl-§ -D -galactopyranosyl)-(1—4)-
2,3,6-tri-O-benzyl- B-D-glucopyranoside (27). Glycosylation of 10 (300 mg, 0.15 mmol) with 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-galactopyranoside17 (26; 220 mg, 0.23 mmol), as described for 19,
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gave 27 (382 mg, 87%) as an amorphous mass; [a]D -12.0 (c 1.0, CHCl3); v 3600-3100 (OH, NH), 1750
and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (Me3Si), and 710 and 700 cm-1 (Ph); IH NMR
(CDCl3) at 270 MHz: 8 1.00 (m, 2 H, Me3SiCH2CH>), 1.86-2.17 (14 s, 42 H, 4 AcN and 10 AcO), 2.43 (dd,
1 H, J3gx3eq 13.2, J3¢g4 4.3 Hz, H-3ceq), 2.64 (dd, 1 H, J3a1,3¢q 13.5, J3¢q,4 4.3 Hz, H-3feq), 3.45 and
3.70 (2 s, 6 H, 2 MeO), and 7.28-8.18 (m, 15 H, 3 Ph). Anal. Calcd for C149H178N4057Si (2965.12):
C, 60.36; H, 6.05; N, 1.89. Found: C, 60.27; H, 5.90; N, 1.80.

2-(Trimethylsilyl)ethyl O-(methyl 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-benzoyl-B-D-galactopyranosyl)- (1—-3)-O-(2-acetamido-4,6-
di-O-acetyl-2-deoxy--D-galactopyranosyl) -(1~34)- {O-[methyl 5-acetamido-8-O- (5-acetamido-4,7.8,9- tetra-
O -aceryl-3,5 -dideoxy -D -glycero-« -D -galacto-2-nonulopyranosylono-1',9 -lactone) -4,7-di-O -acetyl-3,5-
dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate]-(2 —3)}-O -(2,6-di-O -acetyl-B-D -galactopyranosyl)-
(1-4)-2,3, 6-tri-O-acetyl-B-D-glucopyranoside (28). Removal of benzyl groups and subsequent O-acetylation
of 27 (380 mg, 0.13 mmol), as described for 11, gave 28 (315 mg, 91%) as an amorphous mass; [a]D -15.8
(c 1.0, CHCl3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (Me3Si), and
710 cm-! (Ph); 1H NMR (CDCl3) at 270 MHz: § 1.00 (m, 2 H, Me3SiCH2CH3), 1.77-2.20 (21 s, 63 H,
4 AcN and 17 AcO), 2.43-2.63 (m, 3 H, H-3e-g-eq), 3.45 and 3.70 (2 5, 6 H, 2 MeO), 5.44 (d, 1 H, J34 3.6
Hz, H-4c), 553 (d, 1 H, J3 4 4.0 Hz, H-4d), and 7.28-8.18 (m, 15 H, 3 Ph). Anal. Calcd for
C121H156N4064S1 (2718.63): C, 53.46; H, 5.78; N, 2.06. Found: C, 53.28; H, 5.51; N, 2.03.

O-(Methyl 5-acetamido-4,7.8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- a-D-galacto-2-nonulopyranosy-
lonate)-(2—3)-0-(2 4,6-tri-O-benzoyl- B-D-galactopyranosyl)-(1 —3 )-O-(2 -acetamido-4,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1—4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-o-D-galacto-2-nonulopyranosylono-1'9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-o-D-galac-
to-2-nonulopyranosylonate]-(2-33)}-O -(2,6-di-O -acetyl-B-D -galactopyranosyl)-(1—4)-2,3,6-tri-O -acetyl-D-
glucopyranose (29). Removal of 2-(trimethylsilyl)ethyl group of 28 (330 mg, 0.12 mmol), as described for
12, gave 29 (240 mg, 76%) as an amorphous mass; v 3600-3100 (OH, NH), 1750 and 1230 (ester), 1650 and
1540 (amide), and 710 cm-1 (Ph). Anal. Calcd for C116H144N4Os4 (2618.39): C, 53.21; H, 5.54; N, 2.14.
Found: C, 53.04; H, 5.39; N, 1.98.

O-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy-
lonate)-(2 —3)-0-(2,4,6-tri-O-benzoyl-3-D-galactopyranosyl)-(1 -3 )-O-(2 -acetamido-4,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1->4)-{O-[methyl 5-acetamido-8-O-(5-acetamido 4,7,8,9 -tetra-O-acetyl- 3,5-dideoxy-
D-glycero- o-D-galacto-2-nonulopyranosylono-1°,9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-o -D-galac-
to-2-nonulopyranosylonate]-(2 —3) }-O-(2,6- di -O-acetyl-B-D-galactopyranosyl)-(1 —4)-2,3,6 -tri-O-acetyl-o-
D-glucopyranosyl trichloroacetimidate (30). Treatment of 29 (240 mg, 0.09 mmol), as described for 13, gave
30 (220 mg, 87%) as an amorphous mass; [a]D +3.8 (¢ 1.0 CHCI3); v 3300 (NH), 1750 and 1230 (ester),
1650 and 1540 (amide), and 710 cm-! (Ph); 1H NMR (CDCl3) at 270 MHz: & 1.77-2.20 (21 s, 63 H, 4 AcN
and 17 AcO), 2.43-2.71 (m, 3 H, H-3e-g-eq), 3.46 and 3.81 (2 5, 6 H, 2 MeO), 6.48 (d, 1 H, J12 3.7 Hz,
H-1a), 7.39-8.18 (m, 15 H, 3 Ph), and 8.66 (s, 1 H, C=NH). Anal. Calcd for C;18H144CI13N50¢4
(2762.78): C, 51.30; H, 5.25; N, 2.53. Found: C, 51.15; H, 5.14; N, 2.33.

O-(Methyl 5-acetamido-4,7.8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy-
lonate)-(2 —3)-O-(2,4,6-tri-O-benzoyl-3-D-galactopyranosyl)-(1 —3)-O-(2-acetamido-4,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1-—4)-{O-[methyl 5-acetamido-8-O~(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
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D-glycero-a-D-galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a -D-galac-
to-2-nonulopyranosylonate]-(2 —3)}-O -(2,6-di-O -acetyl-B-D-galaciopyranosyl)-(1 —4)-O -(2,3,6-tri-O-acetyl-
B-D-glucopyranosyl)-(1—1)-(2S,3R 4E)-2-azido-3 -O-benzoyl-4-octadecene-1,3-diol (31). Condensation of
30 (220 mg, 0.08 mmol) with 14 (70 mg, 0.16 mmol), as described for 15, gave 31 (132 mg, 58%) as an
amorphous mass; [a]D -14.4 (c 1.3, CHCl3); v 3300 (NH), 2200 (azide), 1750 and 1230 (ester), 1650 and
1540 (amide), and 710 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: § 0.88 (t, 3 H, JMe,cH2 6.7 Hz, MeCH3),
1.24 (s, 22 H, 11 CHj), 1.76-2.20 (21 s, 63 H, 4 AcN and 17 AcO), 2.43-2.65 (m, 3 H, H-3e-g-eq), 3.55
and 3.81 (25, 6 H, 2 MeO), 595 (dt, 1 H, J4,5 13.9, J56 = J56 = 7.3 Hz, H-5 of sphingosine), and 7.38-
8.17 (m, 20 H, 4 Ph). Anal. Calcd for C141H181N7066 (3029.98): C, 55.89; H, 6.02; N, 3.24. Found:
C, 55.62; H, 5.85; N, 3.07.

O-(Methyl 5-acetamido-4,7 ,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy-
lonate)-(2 —3)-0-(2,4,6-tri-O-benzoyl- B-D-galactopyranosyl)-( 1 —3)-O-(2 -acetamido-4,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1 —4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-a-D-galacto-2-nonulopyranosylono-1'9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a -D-galac-
to-2-nonulopyranosylonate]-(2 —3)}-0-(2,6-di-O -acetyl-f -D-galactopyranosyl)-(1—4)-O -(2,3,6-tri-O-acety!-
B-D-glucopyranosyl)-(1—1)-(28,3R,4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-1,3-diol (32). Treat-
ment of 31 (132 mg, 0.05 mmol), as described for 16, gave 32 (107 mg, 75%) as an amorphous mass; [x]D
-5.4 (c 1.1, CHCl3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-1 (Ph);
IH NMR (CDCl3) at 270 MHz: 5 0.88 (1, 6 H, JMe CH2 6.7 Hz, 2 MeCH?2), 1.25 (s, 52 H, 26 CHy), 1.76-
2.20 (21 5. 63 H. 4 AcN and 17 AcO), 2.43-2.64 (m, 3 H, H-3e-g-eq). 3.45 and 3.80 (2 5. 6 H, 2 MeQ). 590
(m, 1 H, H-5 of ceramide), and 7.39-8.17 (m, 20 H, 4 Ph). Anal. Calcd for C)59H217N50¢7 (3270.45):
C, 58.39; H, 6,69; N, 2.14, Found: C, 58.16; H, 6.50; N, 1.93.

Ganglioside GT1b (33). De-O-acylation and saponification of methy] esters and lactone group in 32 (92
mg, 0.028 mmol), as described for 17, gave 33 (60 mg, quantitative); [a]D -12.9 (¢ 1.4, 5:5:1 CHCIl3-
MeOH-H0); 1H NMR [25:1 (CD3),S0-D20] at 270 MHz: 5 0.85 (t, 6 H, JMe,ca2 7.1 Hz, 2 MeCH»), 1.23
(s, 52 H, 26 CHy), 1.76 and 1.87 (2’5, 12 H, 4 AcN), 2.34-2.75 (m, 4 H, H-3e-f-eq), 4.16 (d, 1 H,J12 7.5
Hz, H-1a), 4.31 (m, 2 H, H-1b and H-1d), 475 (d, 1 H, J1 > 8.8 Hz, H-1¢), 533 (dd, 1 H, J34 7.5,
Ja,s 14.0 Hz, H-4 of ceramide), 5.53 (m, 1 H, H-5 of ceramide). Anal. Calcd for CgsHgsN5O047 (2129.35):
C, 53.59; H, 7.81; N, 3.29. Found: C, 53.57; H, 7.78; N, 3.27.

2-(Trimethylsilyl)ethyl O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-p-
glycero-a-D-galacto-2-nonulopyranosylono-1'9-lactone) 4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-
2-nonulopyranosylonate]- (2—53)-O- (2 4,6-tri-O-benzoyl-3D-galactopyranosyl)- (13 )-O- (2-acetamido-6-O-
benzyl-2- deoxy-B-D-galactopyranosyl)- (1 —4)-{O-[methyl 5-acetamido-8-O-( 5-acetamido- 4,7,8,9-tetra-O-
acetyl-3,5-dideoxy-D-glycero- o-D-galacto-2-nonulopyranosylono-1°,9-lactone)-4,7-di-O-acetyl-3 ,5-dideoxy-D-
glycero-a-D-galacto-2-nonulopyranosylonate]-(2 —3)}-0-(2,6-di-O-benzyl- 3-D-galactopyranosyl)-(1 —4)-2,3,
6-tri-O-benzyl- B-D-glucopyranoside (35). Glycosylation of 10 (500 mg, 0.25 mmol) with methyl O-{methyl
5-acetamido- 8-O-(5-acetamido-4,7,8,9 -tetra-O-acetyl-3,5 -dideoxy-D- glycero-a-D-galacto-2-nonulopyranosy-
lono-1'9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-o-D-galacto-2-nonulopyranosylonate]-(2—3)-2,4,6-
tri-O-benzoyl- 1-thio-B-D-galactopyranoside24 (34; 500 mg, 0.38 mmol), as described for 27, gave 35 (430
mg, 52%) as an amorphous mass; [a]D -17.2 (c 0.9, CHCI3); v 3600-3100 (OH, NH), 1750 and 1230
(ester), 1650 and 1540 (amide), 860 and 840 (Me3Si), and 710 and 700 cm-1 (Ph); lH NMR (CDCl3) at 270
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MHz: § 1.00 (m, 2 H, Me3SiCH2CH>), 1.85-2.08 (17 s, 51 H, 5 AcN and 12 AcO), 2.28-2.76 (m, 3 H,
H-3f-heq), 3.18 and 3.32 (2 5, 6 H, 2 Me0), 5.72 (d, 1 H, J3 4 3.4 Hz, H-4d),and 7.03-8.09 (m, 45 H,
9 Ph). Anal. Calcd for C164H197N5066Si (3322.44): C, 52.29; H, 5.98; N, 2.11. Found: C, 59.02; H, 5.88;
N, 1.93.

2-(Trimethylsilyl)ethyl O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyi-3,5-dideoxy-D-
glycero- o-D-galacto-2-nonulopyranosylono-1',9-lactone)- 4,7-di-O-acetyi-3,5-dideoxy-D-glycero-a-D- galacto-
2-nonulopyranosylonate]- (2—3)-O- (2,4,6-tri-O-benzoyi--D-galactopyranosyl)- (1 —3)-O- (2-acetamido-4,6-
di-O-acetyl-2-deoxy-B-D-galactopyranosyl)-(1—4)-{O-[methyl 5-acetamido-8-O-(5-acetamido—4,7 8,9-tetra-O-
acetyl-3,5-dideoxy-D-glycero- a-D-galacto-2-nonulopyranosylono-1°,9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-
glycero - -D -galacto -2-nonulopyranosylonate] -(2—3)}-O -(2,6-di-O -acetyl-p -D -galactopyranosyl)-(1—4)-
2,3,6-tri-O-aceryl-B-D-glucopyranoside (36). Removal of benzyl groups and subsequent O-acetylation of 3§
(470 mg, 0.14 mmol), as described for 11, gave 36 (230 mg, 53%) as an amorphous mass; [a]D -18.0
(c 0.7, CHCI3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (Me3Si), and 710
cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: § 1.00 (m, 2 H, Me3SiCH>CHp), 1.88-2.13 (24 5, 72 H, 5 AcN
and 19 AcO), 2.45-2.74 (m, 4 H, H-3e-h-eq), 3.24 and 3.27 (25, 6 H, 2 MeO), 5.44 (d, 1 H, /34 3.4 He,
H-4c), 5.72 d, 1 H, J3 4 3.4 Hz, H-4d), and 7.38-8.12 (m, 15 H, 3 Ph). Anal. Calcd for C;3¢H175N5O73Si
(3075.94): C, 53.11; H, 5.73; N, 2.28. Found: C, 52.94; H, 5.57; N, 2.06.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3 5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono-1',9- lactone) -4,7-di-O-acetyl- 3,5 -dideoxy-D-glycero- a-D-galacto- 2-nonulopyranosy-
lonate]-(2—3)-0-(2,4,6-tri-O-benzoyl-B-D-galactopyranosyl)-(1 =3 )-O-(2 -acetamido-4 ,6-di-O-acetyl-2 -deoxy-
B-D-galactopyranosyl)-(1-34)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero- a-D-galacto-2-nonulopyranosylono-1°,9-lactone)-4,7-di-O-acetyl-3 5 -dideoxy-D-glycero-a -D-galac-
to-2- nonulopyranosylonate]- (2—3)}-O- (2,6-di-O-acetyl-B-D-galactopyranosyl)- (1—4)- 2,3,6 -tri-O-acetyi-
D-glucopyranose (37). Removal of 2-(trimethylsilyl)ethyl group of 36 (210 mg, 0.07 mmol), as described for
12, gave 37 (190 mg, 94%) as an amorphous mass; v 3600-3100 (OH, NH), 1750 and 1230 (ester), 1650 and
1540 (amide), and 710 cm-1 (Ph). Anal. Calcd for C331H163N5073 (2975.71): C, 52.88; H, 5.52; N, 2.35.
Found: C, 52.68; H, 5.45; N, 2.15.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3 5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono- 1°,9- lactone)-4,7- di-O-acetyl-3,5 -dideoxy- D-glycero-a-D-galacto-2- nonulopyranosy-
lonate]-(2—3)-0-(2,4,6-tri-O-benzoyl-B-D-galactopyranosyl)-(1 —3)-O-(2-acetamido-4,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1—4)-fO-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-o-D-galacto-2-nonulopyranosylono-1,9-lactone)-4,7-di-O-acetyl-3 5 -dideoxy-D-glycero-a -D-galac-
t0-2-nonulopyranosylonate]-( 2—3)} -0O-(2,6 -di-O-aceryl-$ -D -galactopyranosyl)-(1—4)-2,3,6 -tri-O -acetyl-
o-D-glucopyranosyl trichloroacetimidate (38). Treatment of 37 (70 mg, 0.02 mmol), as described for 13,
gave 38 (50 mg, 95%) as an amorphous mass; [x]D -6.5 (¢ 1.1, CHCI3), v 3300 (NH), 1750 and 1230
(ester), 1650 and 1540 (amide), and 710 cm-1 (Ph); IH NMR (CDClI3) at 270 MHz: § 1.87-2.19 (24 5, 72 H,
5 AcN and 19 AcO), 2.44-2.66 (m, 4 H, H-3e-h-eq), 3.25 and 3.47 (2 5, 6 H, 2 MeO), 5.73 (d, 1 H, J3 4 3.7
Hz, H-4d), 6.47 (d, 1 H, J1,2 3.7 Hz, H-1a), and 7.27-8.12 (m, 15 H, 3 Ph). Anal. Calcd for
Ci133H163CI13N60O73 (3120.10): C, 51.20; H, 5.27; N, 2.69. Found: C, 51.18; H, 5.09; N, 2.55.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3 ,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono-19 -lactone)-4,7 -di-O-acetyl-3,5 -dideoxy -D-glycero-o-D-galacto-2 -nonulopyranosyl-
onate]-(2—3) -0-(2,4,6-tri-O-benzoyl-B-D-galactopyranosyl)-(1 —3)-O-(2-acetamido-4,6-di-O-acetyl-2-deoxy-
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B-D-galactopyranosyl)-(1 —4)-{O-[methyl 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero- o-D-galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-o -D-galac-
to-2-nonulopyranosylonate]-(2—3)} -O -(2,6-di-O -acetyl-B-D-galactopyranosyl)-(1 —-4)-0-(2,3,6-tri-O-acetyl-
B-D-glucopyranosyl)-(1 —1)-(28,3R 4E)-2-azido-3 -O-benzoyl-4-octadecene-1,3-diol (39). Condensation of
38 (50 mg, 0.02 mmol) with 14 (15 mg, 0.03 mmol), as described for 15, gave 39 (25 mg, 46%) as an
amorphous mass; [x]D -39.4 (c 0.3, CHCl3); v 3300 (NH), 2200 (azide), 1750 and 1230 (ester), 1650 and
1540 (amide), and 710 cm~! (Ph); 1H NMR (CDCl3) at 270 MHz: 8 0.88 (1, 3 H, /Me,CH2 6.9 Hz, MeCH2),
1.25 (s, 22 H, 11 CHj), 1.81-2.20 (24 s, 72 H, 5 AcN and 19 AcO), 2.47-2.72 (m, 4 H, H-3e-h-¢q), 3.25
and 3.48 2 5, 6 H, 2 MeO), 5.73 (d, 1 H, J3 4 3.6 Hz, H-4d), 5.87 (m, 1 H, H-5 of sphingosine), and 7.32-
8.20 (m, 20 H, 4 Ph). Anal. Calcd for C156H200Ng075 (3387.30): C, 55.32; H, 5.95; N, 3.31. Found:
C, 55.08; H, 5.77; N, 3.01.

O-[Methyl 5-acetamido-8-O-(5-acetamido-4,7 8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-
nonulopyranosylono-1'9 -lactone)- 4,7-di-O-acetyl-3,5 -dideoxy -D-glycero-a -D-galacto-2- nonulopyranosy-
lonate]-(2—3)-0-(2 4,6-tri-O-benzoyl--D-galactopyranosyl)-(1 —3)-O-(2-acetamido-4 ,6-di-O-acetyl-2-deoxy-
B-D-galactopyranosyl)-(1—4)-{O-[methy! 5-acetamido-8-O-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-o-D-galacto-2-nonulopyranosylono-1',9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a -D-galac-
to-2-nonulopyranosylonate]-(2—3)}-0-(2,6-di-O-acetyl-B -D-galactopyranosyl)-(1—4)-O -(2,3,6-tri-O -acetyl-
B-D-glucopyranosyl)-(1—1)-(2S,3R 4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-1,3-diol (40). Treat-
ment of 39 (35 mg, 0.01 mmol), as described for 16, gave 40 (16 mg, 43%) as an amorphous mass; [a]D
-9.4 (c 0.5, CHCl3); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-1 (Ph);
1H NMR (CDCl3) at 270 MHz: § 0.88 (t, 6 H, JMe,cH2 7.1 Hz, 2 MeCH3y), 1.25 (s, 52 H, 26 CHy), 1.85-
2.19 (24 5, 72 H, 5 AcN and 19 AcO), 2.24-2.63 (m, 4 H, H-3e-h-eq), 3.25 and 3.48 2 s, 6 H, 2 MeQ), 5.72
(d, 1 H, J3 4 3.6 Hz, H-4d), 5.87 (m, 1 H, H-5 of ceramide), and 7.29-8.12 (m, 20 H, 4 Ph). Anal. Calcd
for C174H236N6O76 (3627.77): C, 57.61; H, 6.56; N, 2.32. Found: C, 57.43; H, 6.38; N, 2.10.

Ganglioside GQ1b (41). De-O-acylation and saponification of methyl esters and lactone groups in 40 (10
mg, 2.8 umol), as described for 17, gave 41 (7 mg, quantitative); [a]D -22.0 (¢ 0.2, 5:5:1 CHCI3-MeOH-
H>0); 1H NMR [25:1 (CD3)280-D20] at 500 MHz: & 0.85 (t, 6 H, JMe,cH2 7.1 Hz, 2 MeCH3), 1.23 (s,
52 H, 26 CHj), 1.84 and 1.88 (25, 15 H, 5 AcN), 2.34-2.75 (m, 4 H, H-3e-f-eq), 4.16 (d, 1 H,J12 7.5
Hz, H-1a), 4.31 (m, 2 H, H-1b and H-1d), 4.75 (d, 1 H, J1 2 8.8 Hz, H-1c), 5.33 (dd, 1 H, J3 4 7.5,
Ja 5 14.0 Hz, H-4 of ceramide), 5.53 (m, 1 H, H-5 of ceramide). Anal. Calcd for CjosH182N6055 (2420.61):
C, 52.60; H, 7.58; N, 3.47. Found: C, 52.35; H, 7.47; N, 3.46.
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