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Abstract: The first total synthesis of ganglia-series gangliosides GQlb. GTlb and GDlb, 

which contain a-sialyl-(2+8)-a-sialic acid residue in the structure, will be described. 

Glycosylation of 2-(trimethylsilyl)ethyl 0-(2-acetamido-6-O-benzyl-2-deoxy-3.4-0-iso- 

propylidem-P_D-galactop~osyl)- (14) -O-(2,6 -di-0-benzyl-BD-galactopyranosyl)-(l+ 

4)-2.3.6~tri-O-benzyl-b-D-glucopyranoside (7) with methyl [phenyl 5-acetamido-8-O-(5- 

acetamido4;7.8,9-te~-O-acetyl-3,5-dideoxy-~g~ycero~-~gal~r~2-nonulop~ylo~ 

1’.9 -1actone) -4.7 -di-0 -acetyl-3.5 dideoxy-Z thio-D -glycero -D -ga&acro -2 -nonulopyra- 

nosidlonate (8) using N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid (TfGH) in 

acetonitrile gave the protected GD2 pentasacchatide 9, which was converted into the 

pentasaccharide acceptor 10 by de-0-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, 0-acetylation, 

selective removal of 2-(trimethylsilyl)ethyl group, and treatment of trichloroacetonitrile. 

Condensation of the imidates 13,22.30 and 38 with (2S.3R,4E)-2-azido-3-0-benzoyl-4- 

octadecene-1,3-diol (14) gave the corresponding p-glycosides 15,23,31 and 39, which 

were converted, via selective reduction of azido group, coupling with octadecanoic acid, de- 

0-acylation, and saponification of methyl esters and lactone groups, into the corresponding 

gangliosides GD2 (17). GDlb (25). GTlb (33) and GQlb (41). 

INTRODUCTION 

Gauglioseries gangliosides am distinguished from other gangliosides by consisting of gangliotriose: BD 

GalNAc-(l-+4)-&D-Gal-(1+4)-@D-Glc, or gangliotetraose: &D-Gal-(l~3)-/3-D-GaLNAc-(1+4)-~-D-Gal- 

(l+l)-p-~-Glc, which am sialylated at C-3 position of Gal , at C-6 position of GalNAc and at C-8 position of 

sialic acid residues. These gangliosides am fist isolated from human brain2-t aud bovine brains, aud expressed 

in nervous cells of vertebrate animals. Recently, the biological roles of gangliosides in nervous system have 

documented6t2 such as nerve growth factor (NGF)-like activity of ganglioside GQlb in human neuloblastoma 

cell linest2. As biologically derived gangliosides am polymorphous aud available in very limited quantity, the 

pure gangliosides which are synthesized by chemical methods have been requited to elucidate the functions of 

gangliosides in details. 
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We have qorted the a-glycosylation 13.14 of the suitably protected sugar residues with 2-thioglycosides 

of sialic acids by use of dimethyl(methylthio)sulfonium triflate @MTST)lS or N-iodosuccinimide @IIS)- 

trifluoromethanesulfonic acid (TfOH)16 as the glycosyl promoter, and the synthesest7-23 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-glycosylation 2.425 of galactose and lactose derivatives with 

phenyl thioglycosides of dimeric and trimeric siaIic 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, GD2m and GQlb27, which contain a-sialyl-(2+8)-a-sialic acid residues. We describe herein the 

systematic synthesis of polysialo gang&series gangliosides. 

RESULTS AND DISCUSSION 

GD2 pentasaccharide acceptor 10 was selected as the key compound to achieve the systematic synthesis of 

polysialo gsnglio-series gangliosides. which was condensed with the non-reductive sugar parts: methyl 

thioglycosides of Gal, NeuSAca(2+3)Gal and NeuSAca(2+8)NeuSAca(2+3)Gal, transformed into the tide 

compounds. Although ganglioside GD2 have already been synthesized by Matsuzaki et al% and us% by 

coupling galactosamine and a-sialyl-(2+8)-a-sialyl-(2-3’)~lactose derivative, we attempt the a-glycosylation 

of gangliotriose acceptor 7 with a-sialyl-(2+8)-sialic acid donor24 8 to prepam 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 0-(2,6-di-0-benzyl-P-D-galactopyranosyl)-( 1+4)- 

2.3,6-tri-O-benzyl-P-D-glucopyranosidet3 (1) with benzoyl chloride at -50 “C gave the lactose acceptor 2 in 

88% yield. Significant signal in 1~ NMR spectrum of 2 was one-proton doublet of doublets at 6 5.00 

(52.3 10.6,53,4 2.7 Hz, H-3b), indicating the assigned structure. Benzylation of methyl 2-deoxy-3.4-0- 

isopropylidene-2-phthalimidol-thio-~D-galactopyside1* (3) with benzyl bromide and sodium hydride at 0 

“C gave the galactosarnine donor 4 in 92% yield. Glycosylation of 2 with 4 by use of N-iodosuccinimide 

(NIS)-hifluoromethanesulfonic acid (TfOH) in dichloromethane at -20 “C gave gangliotriose derivative 5 in 

53% yield. Significant signal in 1~ NMR spectrum of 5 was a one-proton doublet at 6 5.31 (51.2 8.3 Hz, 

H-lc). indicating the newly formed glycosidic configuration to be p. De-0-benzoylation of 5 with sodium 

methoxide in methanol at 45 “C! gave 6 in 95% yield. Treatment of 6 with hydrazine monohydrate in aqueous 

95% ethanol 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 6 1.79 

(AcN), and one-proton doublet at 6 5.67 (NH). Glycosylation 24 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 three three-proton singlets at 

6 1.80. 1.84 and 1.87 (3 AcN), and two one-proton doublets of doublets at 6 2.26 (J3ax,3eq 13.2, J3eq,4 5.6 

Hz H9eeq) and 6 2.71 (J3a*,3eg 13.5, J3cq,4 4.4 Hz, H-3deq). indicating the newly formed glycosidic 

configuration to be a. De-0-isopropylidenation of 9 with aqueous 80% acetic acid afforded the pentasaccharide 

acceptor 10 in 9 1% yield. 
Glycosylation of 10 with methyl thioglycosides of Gal 20 (18). NeuSAca(2+3)Galt7 (26) and 

NeuSAca(2+8)Neu5Aca(2+3)Ga124 (34) by use of dimethyl(methylthio)sulfonium triflate @MTST) in 
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1 R=H 3 R=H 
2 R=Bz 4 R=Bn 

6 R’=NPhth,R*=H 

7 R’=NHAC.R*=H 

R’ R2 R3 R4 R5 

9 OSE H Bn - isopropylidene - 

10 OSE H Bn H H 

11 OSE H AC AC AC 

12 OH,H AC AC AC 

13 H oc(=NH)cc13 AC AC AC 

SE = 2-(trimethylsilyl)cthyl 
Bn = henzyl 
Bz = benzoyl 
Phth = phthaloyl 
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dichlommethane 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 1~ NMR spectra of these compounds were one-proton doublets at 6 5.40-5.63 (J3.4 3.4-3.8 Hz, 

Hdc), 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 I-hydroxy compounds 12,21,29 and 37 (76-94%), which were treatedm with uichloroacetonitrile in 

dichloromethane at 0 ‘C to give the corresponding a-trlchloroacetlmidates 13,22,30 and 38 (82-1005). 

Significant signals in 1~ NMR spectra of 13, 22.30 and 38 were a one-proton doublet at 6 6.47-6.48 

(Jr.2 3.7-4.0 Hz, H-la) and a one-proton singlet at 6 8.65-8.68 (C=NH) , which showed the imidates to be cc. 

Glycosylation of (2S,3R,4J.?)-2-azido-3-O-benzoyl-4-octadecene-l,3diol~~ (14) with 12,21,29 and 37 

was carried out in the presence of trimethylsilyl trifluoromethanesulfonate (TMSGTf,l and molecular sieves 4A 

(AW-300) to give the desired p-glycosides 15,23, 31 and 39 (45-58%), respectively. Selective reduction3* 

of azido groups in l&23,31 and 39 with H2S in aqueous 83% pyridine gave the amines. which were treated 

with octadecanoic acid and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC) to affonl 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), GDlb (25), GTlb (33) and GQlb (41) in almost quantitative yield. 

Significant signals in 1~ 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 a-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 dimerlc 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 lR 

spectra were recorded with a Jasco IRA-100 spectrophotometer. 1H Nimbi spectra were recorded at 270 MHz 

with a Jeol JNM-GX 270 spectrometer and at 500 MHz with a Varlan VXR-SOOS 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 vacua. 

2-(Trimethylsilyl)ethyl 0-(3-0-benzoyl-2,6-di-O-benzyl-~~galactopyranosyl)-(1 +4)-2,3,6-tri-o-ben- 

zyl-PD-glacopyranoside (2). To a solution of 2-(trimethylsilyl)ethyl O-(2,6-O-benzyl-~D-galactopyranosyl)- 

(1+4)-2,3,6-a-i-O-benzyl-P-D-glucopyranoside l3 (1; 1 .O 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 CH2C12. washed with 2 M HCl and water, dried (Na2S04). 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]D +31.7 (c 1.0, 

CHC13); v 3600-3100 (OH), 1730 and 1230 (ester), 860 and 840 (MesSi), and 710 and 700 cm-l (Ph); 

lH NMR (CDC13) at 270 MHz: 6 1.00 (m, 2 H, Me3SiCH2CH2), 4.16 (d, 1 H, 53.4 2.7 Hz, H-4b). 4.35 (d, 
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1 H, Jt.2 7.7 Hz, H-la), 4.54 (d, 1 H, Jt2 8.4 Hz, H-lb). 5.00 (dd, 1 H, 52.3 10.6. J3.4 2.7 Hz. H-3b), and 

7.11-7.99 (m, 30 H, 6 Ph). Anal. Calcd for CsgHaO&i (997.27): C, 71.06; H, 6.87. Found: C, 70.84; 

H. 6.83. 

Methyl 6-O-benzyl-2-deoxy-3,4-O-isopropylidene-2-phthalimkio-l -thio-jW-galactopyranoside (4). To 

the solution of methyl 2-deoxy-3,4-O-isopropyli&ne-2-phthalimidl-thio-B-pgalactopyranoside18 (3; 1.1 g. 

2.9 mmol) in N,Wdimethylformamide (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 CH2Cl2, washed with water, dried (NazSO& and concentrated. 

Column chromatography (1:2 EtGAc-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, CHC13); v 1700 (imide) and 700 cm-l (Ph); 1H NMR (CDC13) at 270 MHz: 6 1.35 

and 1.64 (2 s, 6 H, MezC), 2.15 (s, 3 H. MeS), 3.87 (d, 2 H, J5.6 6.2 Hz, H-6), 4.19 (td, 1 H. J4,5 2.1, 

55.6 6.2 Hz, H-5), 4.32 (dd, 1 H, 53.4 4.9, J4,5 2.1 Hz, H-4). 4.38 (dd, 1 H. 51.2 10.5.J2,3 8.9 Hz, H-2), 

4.84 (dd, 1 H, J3.4 4.9, J.45 2.1 Hz, H-4), 4.38 (d, J1.2 10.5 Hz, H-l), and 7.28-7.84 (m, 9 H, 2 Ph). Anal. 

Cakd for C25H27NGsS (469.56): C, 63.95; H, 5.80; N, 2.98. Found: C. 63.92; H, 5.66; N, 2.75. 

2-(Trimethylsilyl)e~hyl 0-(6-O-benzyl-2-deoxy-3,4-O-isopropylidene-2-phthalimido-~~galactopyra- 

nosyl) -(I +4) -O-(3-O-benzoyl-2,6 -di-O-benzyl- &D-galactopyranosyl) - (I +4)- 2.3,6 -tri-0-bet@-/%D- 

glucopyranoside (5). To a solution of 2 (2.5 g, 2.5 mmol) and 4 (1.4 g, 3.0 mmol) in CH2Cl2 (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 trifluommethane- 

sulfonic acid (TfOH, 60 @, 0.7 mmol), and the stirring was continued for 3 h at -30 Y!. The solids were 

filtered off, and washed with CH2Cl2. The combined filtrate and washings was washed with M Na2CG3 and 

M Na&O3, dried (NazSOa), and concentrated. Column chromatography (1:5 EtGAc-hexane) of the residue 

on silica gel (1OOg) gave 5 (1.9 g, 53%) as an amorphous mass; [a]D +30.0 (c 1.0, CHC13); v 1730 and 1230 

(ester), 1700 (imide), 860 and 840 (MegSi), and 710 and 700 cm-l (Ph); 1~ NMR (CDC13) at 270 MHz 

6 1.00 (m. 2 H. Me$iC&CHz). 1.32 and 1.60 (2 s, 6 H, MezC), 3.54 and 4.00 (2 m, 2 H, Me$XH2Uf2). 

4.33 (d, 1 H, J1.2 7.8 Hz, H-la), 4.37 (dd, 1 H, J1.2 8.3,J2,3 9.3 Hz, H-2c), 4.46 (d, 1 H, J1.2 7.7 Hz, 

H-lb), 4.87 (dd, 1 H, 52.3 9.3, J3,4 5.0 Hz, H-3c), 4.90 (dd, 1 H, 52.3 10.1 53.4 2.5 Hz, H-3b), 5.31 (d, 1 H, 

51.2 8.3 Hz, H-lc), and 6.91-8.02 (m, 39 H. 8 Ph). Anal. Calcd for C83H9tNO&i (1418.72): C, 70.27; 

H, 6.47; N, 0.99. Found: C, 70.25; H, 6.30; N, 0.95. 

2-(Trimethylsilyl)eUzyl 0-(6-0-benzyl-2-deoxy-3,4-0-isopropylidene-2-ph~halimido-~D-galacropyra- 

nosyl)-(I +4)-O-(2,6-di-0-bet&-PD-galactopyranosyl)-(1 -+4J-2,3,6-wi-0-benzyl-/%-glucopyranoside (6). 

To a solution of 5 (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 Amherlite IR-120 @I+), 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; [aID +8.4 (c 1.0. CHC13); v 1700 (imide), 860 and 840 (Me$i), and 700 cm-l (Ph); 

lH NMR KDc13) at 270 MHz: 6 1.00 (m, 2 H. Me$iCH2CHZ), 1.33 and 1.56 (2 s, 6 H, Me$), 5.24 (d. 

1 H, J1.2 8.6 Hz, H-lc), and 6.91-7.80 (m, 34 H, 7 Ph). Anal. Calcd for C76H87NGt7Si (1314.61): 

C, 69.44; H, 6.67; N, 1.07. Found: C, 69.36; H. 6.52; N. 0.94. 

2-P-imerhylsi~l)ethyl 0-(2-acetamido-6-O-benzyl-2-deoxy-3,4-0-isopro~l~e~-~~g~a~~r~l)- 

(I A)-O-f2,6-di-0-bentyl-PD-galactopyranosyl)-(I +4)-2,3,6-rri-O-benzyl-gD_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 pL, 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 .O mL) 

was added A& (25 kt.L, 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 CHzCl2, and washed with M 

NaZC03 and water, dried (Na$O4), 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. CHC13); 

~3600-3100 (OH, NH), 1650 and 1540 (amide), 860 and 840 (MegSi), and 700 cm-l (Ph); LH NMR (CDC13) 

at 270 MHz: 6 1.00 (m, 2 H, Me$GCW~C!H~), 1.30 and 1.50 (2 s, 6 H, Me$), 1.79 (s, 3 H. AcN), 5.24 (d, 

1 H,Jtg 8.4 Hz. H-lc). 5.67 (d, 1 H, J5m 9.0 Hz. NH), and 7.18-7.80 (m, 30 H, 6 Ph). Anal. Calcd for 

C$Is7NOt&i (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 S-ocet~‘~-8-0-(5-~et~‘~4,7,8,9-te~a~~e~l-3~~~-~ 

g~ycero-a-Pg~cto-2-~n~pyranosy~ono-~’,9-lactone)4,7-di~-~e~l-3~-~~o~-~~y~a -D-galacto- 

2-nonulopyranosylo~]-(2~3)-[0-{2-acetMlido-6-O-benlyl-2-deoxy-3,4-0-isopr~l~~-~~g~~ra- 

nosy&(I +4)1-O-(2,6-di-0-bet&-BD_gafactopyranosyl)-(I -A)-2,3,6-tri-0-berql-/g-D-glucopyranoside (9). 

To a solution of 7 (1.0 g, 0.82 mmol) and methyl [phenyl 5-acetamido-8-0-(5-aetamido-4,7,8,9-tetra-0- 

acetyl-3&iideoxy-D-gbcero-a-D-g&et0 -2-nonulopyranosylono-1’,9-lactone)-4.7-di-O -ace@ 3,5dideoxy- 

2-thio-D-g~ycero-D-ga~acto-2-nonulopyranosid]onate~ (8; 1.5 g, 1.6 mmol) in MeCN (5 mL) were added 

molecular sieves 3A ( 1.1 g), the mixture was stirred for 5 h at room temperature, then cooled to -25 Y!. 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 CH2Cl2. The combined filtrate 

and washings with M NazCO3 and M NaZS203, dried (NazS04), and concentrated. The syrup was extracted 

with CH2Cl2, washed with 2 M HCl and M Na$ZO3, dried (Na$04), and concentrated. Column chromatog- 

raphy (8&l C!HzCl2-MeOH) of the residue on silica gel (50 g) gave 9 (835 mg. 50%) as an amorphous mass; 

[a]D -31.4 (c 0.7, CHC13); v 3300 (NH), 1730 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 

(MesSi), and 700 cm-l (Ph); 1H NMR (CDCl3) at 500 MHz: 6 1.00 (m. 2 H, Me3SiW2CH2). 1.35 and 1.50 

(2 s, 6 H, MezC), 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, 

J3a,3eq 13.2, J3eq.4 5.6 HZ, H-3eeq), 2.71 (dd, 1 H, Jja,jeq 13.5, J3eq,4 4.4 Hz, H-3de@, 3.09 (m. 1 H, 

H-2c), 3.40 (s. 3 H, MeO), 3.60 and 4.01 (2 m, 2 H, Me@iCH&W2), 3.70 (q, 1 H, J4,5 = Js.6 =J~M = 9.3 

Hz, H-5d), 4.11 (q, 1 H, J4.5 = J5,e = J5NH = 10.2 Hz, H-5e), 4.32 (d, 1 H. 51,~ 7.6 Hz, H-la), 4.46 (d, 

1 H, Jt,2 7.3 Hz, H-lb), 5.02 (m, 1 H, H-8e), 5.31 (dd, 1 H, J6.7 1.7, J7,g 10.0 Hz, H-7e), 5.40 (m, 2 H, 

H- lc and H-4e), 5.50 (m, 1 H, H&l), 5.68 (d, 1 H, J~,NH 8.1 Hz, NHc), 6.43 (d, 1 H, J~,ND 9.3 Hz, NHd), 

and 7.21-7.35 (m, 30 H, 6 Ph). Anal. Calcd for Clo5Ht33N3037Si (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-8-0-(5-acet~i~4,7,8,9-te~a-O-~e~l-3~-d~o~-D- 

glycero-a-D-g~acto-2-~~o~ranosylono-~’,9-lactone)4,7-di-O-aceryl-35_dideo~-~glyc~a-~g~~~- 

2-nonuropyrano~lonate]-(2 ~3)-[0-(2-acetamido-6-O-ben~l-2-deo~-~~galacw~ra~~l)-(~ +4)1-O-(2,6- 

di-0-bet&-fiD-galactopyranosyl)-(1 +4)-2,3,6-tri-0-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 (5O:l CHZCl2-MeOH) of the residue on silica gel (10 g) gave 10 (134 mg, 91%) as an 
amorphous mass; [a]D -31.0“ (c 1.2, CHC13); v 3600-3100 (OH, NH), 1730 and 1230 (ester), 1650 and 1540 
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(amide), 860 and 840 (MegSi), and 700 cm-l (Ph); 1H NMR (CDC13) at 270 MHz: 6 1.00 (m, 2 H, 

Me$iCH2CHZ), 1.83-2.17 (9 s, 27 H, 3 AcN and 6 AcG), 2.63 (dd, 1 H, J3cu.3cq 13.3, J3eq,4 3.5 Ha, 

H-f&q), 3.42 (s, 3 H, MeG), 5.03 (m, 1 H. H-8e), 5.29 (dd, 1 H. 56.7 1.6. J7$ 10.0, H-7~). and 7.13-7.38 

(m, 30 H, 6 Ph). Anal. Calcd for Cto2Ht29N3037Si (2017.09): C, 60.73; H, 6.45; N, 2.08. Found: 

C, 60.49; H, 6.31; N, 1.89. 

2-(Trimethykilyi~erhyl O-~methylS-acet~~~-8-O-(S-acetMlido-4,7,8,9-te~a~~e~l-3~-~~~ 
glyctro-a-D-galacto-2-nonulopyranosylono-I ‘,9-lactone)4,7-di-O-acetyl-3&iideoxy-D-glycero-a -D-g- 

2-nonul0pyrano~lonate]- (2+3)-[0-(2-acetamid&3,4,6-tri-O-acetyl-2-deoxy-f3 -D-galactopyranosyl)-(1+4)]- 

0-(2,6-di-O-aceryl-/%D-galactopyranosyl)-(I ~)-2j,6-triO-acetyl-gD-glucopyronosidc (11). A solution of 

10 (300 mg, 0.15 mmol) in EtGH (6 mL) and AcGH (3 mL) was hydrogenolyxed in the presence of 10% W-C 

(300 mg) for 2 days at 45 “C. The solids were filtered off and washed with MeGH. The combined filtrate and 

washings was concentrated, and a solution of the residue in Acfi (2 mL) and pyridine (4 mL) was stirred for 

12 h at 45 “C. and concentrated. Column chromatography (20: 1 CH2Cl2MeOH) of the residue on silica gel 

(10 g) gave 11 (134 mg, 91%) as an amorphous mass; [a]D -26.4 (c 1.6, CHC13); v 3300 (NH), 1730 and 

1230 (ester), 1650 and 1540 (amide), and 860 and 840 cm-l (MegSi); 1~ NMR (CDC13) at 270 MHz 6 LOO 

(m, 2 H, Me$XH2CH2), 1.88-2.26 (17 s, 51 H, 3 AcN and 14 AcG), 2.56 (m. 2 H. H-3&q and H-kcq), 

3.47 (s. 3 H, MeG), 3.57 and 3.95 (2 m, 2 H. Me$iCH2CH2), 4.22 (d, 1 H, 11.2 7.1 Hz, H-la), and 4.48 

(d, 1 H. 51.2 7.9 Hz, H-lb). Anal. Calcd for C76Hto9N3045Si (1812.77): C, 50.36; H, 6.06, N, 2.32. 

Found: C, 50.31; H, 6.01; N, 2.02. 

0-[Methyl 5-acet~ido-8-0-(5-at~~~4,7~,9-tetra-O-ace~l-3~-~&dlry-~glycero-a-Dgalacto-2- 

nonulopyranosylono- 1’,9- lactone)- 4,7 -di-O-acetyl- 33- dideoxy-D-glycero-a-D-galacto-2- nonulopyranosy- 

lonate] - (2+3) - [O-(2-acetanzido-3,4,6-t&O-acetyl-2- deoxy-/b-galactopyranosyl)-(l-M)]- O-(2,6- d&O- 

aceryl-~D-galactopyranosyf)-(l~)-2,3,6-tri-0-ace~l-D-glucopyranose (12). A solution of 11 (80 mg, 

0.044 mmol) in trifluoroacetic acid (0.2 mL) and CH2Cl2 (0.5 mL) was stirred for 2 h at room temperatute. 

Ethyl acetate (1 mL) was added to the stirring solution, and evaporated. Column chromatography (15:l 

CH2Cl2-MeGH) 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-l (amide). Anal. Calcd for C7tH97N3045 (1712.53): C. 49.80; 

H, 5.71; N, 2.45. Found: C. 49.50; H. 5.59; N, 2.16. 

0-[Methyl5 acetamido-8-O-(S-acetMlido-4,7,8,9-tetra-O-ace~l-3~~~o~-~glyc~-a-~g~~-2- 

ttonulopyranosylono-I ‘, 9 -lactone)4,7 -di-O-acetyl- 35 -dideoxy-Dglycero-a-D-gakcto-2 -no&pyranoqy- 

lonatel- (2+3) -IO- (2-acetamido-3.4,6-m*-O-acetyl- 2-deoxy-j%D-galactopyranosyl)-(2 +4)] -0-(2.6-d&0- 

acetyl-j&D-galactopyranosyl)-(I +4)-2,3,6-tri-0-acetyl-a-D-glucopyranosyl trichloroacetimidate (13). To a 

solution of 12 (70 mg. 0.04 mmol) in trichloroacetonitrile (0.2 mL) and CH2C12 (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 CH2C12-MeGH) of the solution on silica gel (10 g) gave 13 (75 mg, quantitative) as an 

amorphous mass; [a]~ -5.0 (c 0.7, CHC13); v 3300 (NH), 1730 and 1230 (ester), and 1650 and 1540 cm-l 

(amide): 1H NMR (CDCl3) at 270 MHz: 6 1.87-2.35 (17 s. 51 H, 3 AcN and 14 AcG). 2.54 (m. 2 H. H-3deq 

and H3eeq), 3.47 (s. 3 H, MeO), 6,48 (d. 1 H, 51.2 4.0 Hz, H-la), and 8.66 (s, 1 H, C=NH). Anal. Calcd 

for C73H97C13N4045 (1856.92): C, 47.22; H. 5.27; N, 3.02. Found: C, 47.11; H, 5.15; N, 2.77. 

0-Methyl5 acet~ido-8-O-(S-acetcunido-4,7,8,9-tetra-O-aceryl-3J-dideoxy-Dglyce~-a-~g~~~-2- 

nonz.dopyranosylono-1’,9- iactone)4,7 -di-O- ace@-3 J dideoxy-D-glycero-a-D- galacto-2 -notudopyranosy- 

loMte]-(2~3)-[O-(2-acetMzido-3,4,6-tri-O-aceryl-(l+4)]- 0-(2,6-d&O-acetyl- 
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&D-gaIactopyranosyl)-(1+4)-O -(2,3,6- tri-0 -aceCyl+D -glucopyranosyl)-(I -+I)-(2S$R,4E)-2-azido-3-O- 

benzoyl-hoctadecene-IJ-diol (lS). To a solution of 13 (44 mg, 0.024 mmol) and (2$3R,4E)-2-axido3-0- 

benzoyl-4-octadecene- 1,3diol31b (14; 20 mg, 0.05 mmol) in CH2Cl2 (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 OC. 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 CHzCI2. The combined filtrate and 

washings was washed with M Na2C03 and water, dried (NazS04). and concentrated. Column 

chromatography (20: 1 CH$ZI2-MeOH) of the residue on silica gel (10 g) gave 15 (26 mg, 56%) as amorphous 

mass; [a]~ -23.0 (c 0.5, CHC13); ~3300 (NH), 2200 (azide), 1750 and 1230 (ester), 1650 and 1540 (amide), 

and 710 cm-l (Ph); 1H NMR (CDC13) at 270 MHz: 6 0.88 (t, 3 H, &,CR’J 6.8 Hz, MeCH2), 1.24 (s, 22 f-i, 

11 CH2), 1.90-2.22 (17 s, 51 H, 3 AcN and 14 AcO), 2.54 (m, 2 H, H-3&q and H-3eeq), 3.47 (s, 3 H, 

MeO), 4.96 (m, 1 H, H-4d), 5.93 (dt, 1 H, 54.5 12.0, 55.6 = 55,~ = 6.6 Hz. H-5 of sphingosine), and 

7.33-8.14 (m, 5 H, Ph). Anal. Calcd for C96H134NtjC47 (2124.12): C. 54.28; H, 6.36; N, 3.96. Found: 

C, 54.28; H. 6.31; N, 3.71. 

0-[Methyl S-acet~ido-8-O-(5-acet~~-4,7,8,9-tetra-O-acetyl-3~-dideo~-~glyce~a-~g~~-2- 

no~o~r~~lono-l’,9-~cw~) 4,7-d&0 -acetyl -3J-dideoxy-D -glycero-a -D -gabicto-2 -nontdopyranosy- 

lonate]_(2+3)- ~~(2-acetMlido-3,4,6-wi-O-ace~l-2-&o~-~~~~~cw~r~l)-(~-;r4)]-0-(2,6-di-O~e~l- 

jW-galactopyranosyl)-(l+f)-O- (2,3,6-tri-O-acetyl-&D-glucopyranosyl)- (I +l)- (2S,3R,4E)-3-O-benroyl- 

2-octadecanamidod-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 CH2C12 (1.0 mL) were added octadecanoic acid (11 mg, 0.04 mmol) and l-ethyl-3-(3- 

dimethylaminopropyl)arbodiimide hydrochloride (WSC; 8 mg, 0.04 mmol). The mixture was stirred for 12 h 

at room temperature, washed with water, dried (Na2S04). and concentrated. Column chromatography (25:l 

CH2C12MeOH) of the residue on silica gel (10 g) gave 16 (20 mg, 69%) as amorphous mass; [a]D -12.0 

(c 0.4, CHC13); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-l (Ph); 1H NMR 

(CDC13) at 270 MHz: 6 0.88 (t, 6 H, JMe,cR2 6.8 Hz, 2 MeCH2), 1.24 (s, 52 H, 26 CHg), 1.W2.22 (17 s, 

51 H. 3 AcN and 14 AcO), 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 C1r4H17oN4048 (2364.59): C, 57.91; H. 7.25; 

N, 2.37. Found: C, 57.85; H, 7.25; N, 2.19. 

Gunglioside 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 OC. The solution was neutralized with Amberlite IR-120 (H+), filtered, 

and concentrated. Column chromatography (55: 1 CHClj-MeOH-H20) of the residue on Sephadex N-20 gel 

gave 17 (14 mg, quantitative); [a]~ -7.1 (c 0.4,5:5: t CT-Q-MeOH-H20); 1~ NMR [u>: 1 (CD3)2So_D20] 

at 270 MHz: 6 0.88 (t, 6 H, JMe,CH2 6.8 Hz, 2 MeCH2). 1.25 (s, 52 H, 26 CH2), 1.87-l.% (3 s. 9 H, 

3 AcN), 2.26 (t. 2 H, JCH2,CH2 6.8 Hz, COCH2CH2), 2.60-2.80 (m, 2 H, H-3&q and H-3eeq). and 5.41 

(m. 1 H. H-5 of ceramide). Anal. Calcd for C7gH13gN4034 (1675.96): C, 55.90, H, 8.30; N, 3.34. Found: 

C, 55.85; H, 8.05; N, 3.32. 
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glycero-a -D -galacw-2-nonidopyruonulopyranosylonatel- (2 +3# -O-(2,,6-di-0 -benzyl-/3 -D -galactopyranosyl) -(I +#)- 

2,3,6-tri-O-benzyl-#I -D-glucopyrunoside (19). To a solution of 10 (200 mg, 0.10 mmol) and methyl 2,4,6-t+ 

O-benzoyl-3-O-benzyl-l-thio-P_D-galacWpyranosidels (18.73 mg, 0.12 mmol) in C&C12 (4 mL) were added 

molecular sieves 4A (800 mg), and the mixture was stirred for 5 h at room temperature, then cooled W -10 ‘C. 

To the cooled mixture was added dimethyl(methylthio)sulfonium triflate (DMTST, 65 mg, 02.4 mmol), and the 

stirring was continued for 8 h at -10 ‘C. The solids were filtered off, and washed with CHzCl2. The combined 

filtrate and washings was washed with M Na2C03 and water, dried (Na#O4), and concentrated. Column 

chromatography (5O:l CH2C12-MeOH) of the syrup on silica gel (20 g) gave 19 (200 mg, 78%) as an 

amorphous mass; [U]D -6.5 ’ (c 1.2, CHC13); v 3600-3100 (OH, NH), 1750 and 1230 (ester), 1650 and 1540 

(amide), 860 and 840 (MegSi), and 710 and 700 cm-l (Ph); 1H NMR (CDC13) at 270 MHz 6 1.00 (m, 2 H, 

Me$iCH2CH2), 1.75 -2.14 (9 s, 27 H, 3 AcN and 6 AcO), 2.34 (dd, 1 H, J3ax,3cq 13.7, Jbq,4 6.8 Hz, 

H-3feq). 2.64 (&I+ IH, J3ax,3cq 13.3, J3cq,4 4.6 Hz, H3eeq). 3.44 (s, 3 H, MeO), 5.13 (m, 1 H, H-4e), 5.34 

(dd, 1 H, J6.7 2.2, J7,8 10.1 Hz, H-7f), 5.39 (m, 1 H, H-40, and 7.01-8.19 (m, 50 H, 10 Ph). Anal. Calcd 

for C1#157N3045Si (2581.81): C, 63.27; H, 6.13; N, 1.63. Found: C, 63.02; H, 6.09, N, 1.55. 

2-(7kimethylsilyl)ethyl 0-(3-0-aceryl-2,4,6-tri-O-benzoyl-PD_galac~pyra~~l)-(l +3)-O-(2-acetamido- 

4,6-di-0-ace@-2-deuxy-PD-gaiactopyrarwsyl)-(I +4)-{O-[methyl5-acetamido-8-0-(5-acetamido-4,7,8,9- 

tetra-0 -aceiyi-3,5-dideoxy-D -@ycero-a -D -galact~2-nonulopyranosylono-l’.9-Zactone)-4,7-di-O -acetylSJ- 

di&oay-Dglycero-a-Dgalacw-2- nonulopyranosylonate]- (2 +3)] - 0-(2,6-di-0-ace@-j%Bgalacto~rano@)- 

(I +#)-2,.?,6-fri-0-acefy&@D-glucopyranoside (20). Removal of benzyl groups and subsequent 0-acetylation 

of 19 (320 mg, 0.12 mmol), as described for 11, gave 20 (270 mg, 93%) as an amorphous mass; [a]~ -23.1 

(c 1.1, CHC13); v 3300 (NH), I750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (MesSi), and 

710 cm-l (Ph); 1H NMR (CDC13) at 270 MHz: 6 1.00 (m, 2 H, Me$iCHzCH2), 1.85-2.21 (17 s, 51 H, 

3 AcN and 14 AcO), 2.55 (m, 2 H, H-3eeq and H-Sfeq), 3.46 (s, 3 H, MeO), 5.63 (d, 1 H, J3,4 3.8 Hz, 

Hk), 5.85 (d, 1 H, J3,4 2.8 Hz, H-4d), and 7.30-8.25 (m, 15 H, 3 Ph). Anal. Calcd for Cto3Ht31N3053Si 

(2287.24): C, 54.09; H, 5.77; N, 1.84. Found: C, 54.07; H, 5.69; N, 1.67. 

0 -(3-O -Acetyl-2,4,6-tri-0 -benzoyl-P -D -galactopyranosyl)-(I 43) -0 -(2-acetamido-4,6-di-0 -acetyl-2- 

deoxy-PD-galactopyranosyl)-(l+4)-{O-[methyl 5-acetamido-8-0-(5-acetami~-4,7,8,9-tetra-O-aceryt-3J- 

dideoxy-D-glycero-a-Dgalacto-2-norrulopyrunosyZono-I ‘,9-lactone)-#,7-di-O-ucetyl-3,.5-dideoxy-D-glycero-a- 

D-galacto-2- rtonulopyranosylonate]- (2+3)J -O- (2,6 -di-O-ace@- &D-galactopyranosyl)-(I -CM)- 2,3,6 -tri- 

o-ace@ -D-ghicopyrunose (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-l (Ph). Anal. Calcd for @8HtlgN3053 (2187.00): C, 53.82; 

H, 5.48; N, 1.92. Found: C, 53.69; H, 5.20; N, 1.73. 

0 -(3-O -Acetyl-2,4,6-tri-0 -benzoyl$I -D -galactopyranosyl}-(1+3) -0 -(2-acetamkio-4,6-d-0 -ace@-2- 

deoxy-FD-galactopyranosyI)-(la)-{O-[methyl 5-aceramido-8-0-(5-acetami~-4,7,8,9-tetra-O-acetyl-3~- 

dideoq-D-glycero-a-D-galacto-2 -rronulopyranosyluno-I ‘,9-lactone)-4,7-di-O-acetyl-3J-dideoxy-D-glycexo-a- 

D -galac~2-~nulo~raopyranosylonarel-(2~3)} -0 -(2,6-di-0 -ace@-P -D -gahctopyrunosyl)-(14)- 2,3,6-t&0- 

ace@-a-D-glucqqwwsyl trichZoroucetimidate (22). Treatment of 21(190 mg, 0.09 mmol), as described for 

13, gave 22 (166 mg, 82%) as an amorphous mass; [a]~ 0.0 (c 0.7 CHCl3), v 3300 (NH), 1750 and 1230 

(ester), 1650 and 1540 (amide), and 710 cm-l (Ph); 1H NMR (CDCl3) at 270 MHz: 6 1.86-2.12 (17 s, 51 H, 

3 AcN and 14 AcO), 2.61 (rh, 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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Hk), 5.82 (d, 1 H, 53.4 3.5 Hz, H-4d), 6.47 (d, 1 H, 51.2 3.8 Hz, H-la), 7.39-8.20 (m, 15 H, 3 Ph), and 

8.65 (s, 1 H, C=NH). Anal. Calcd for C1&-itt9C13N4053 (2331.39): C, 51.52; H, 5.15; N. 2.40. Found: 

C, 51.35; H, 4.99; N, 2.36. 

0 -(3-O -Ace@2,4,6-&O -benzoyi-P -D -galactot?wznosyl)-(l-+3) -0 -(2-acetamido-4,6-di-0 -act@-2- 

deoxy-j%-galactopyranosyopyranosyl)-o+f)-{O-imethyl S-acetamido-8-0-(5-acetamido4,7,8,9-tetra-O&etyl-3,5- 

dideoxy-~glycero-a-Dgatacto-2-nonulopyranosylono-I ‘,9-lactone)-4,7-di-O-ace@-3J-didLoxy-D 

D-galacto-2-nonulopyratw~lonatej-(2+3)}-O-(2,6-di-O-aceryl-/3 -D-galactoprtanosyr)-(I~)-0-(2r?.6-ti-O- 

acetyl-gD-glucoyyranosyl)-(l ~1)-(2S,3R,4E)-2-azido-3-O-benzoyl-4-octodece~-Z,3-diol(23). condensa- 

tion of 22 (170 mg, 0.07 mmol) with 14 (60 mg, 0.14 mmol), as described for 15, gave 23 (80 mg. 45%) as 

an amorphous mass; [aID -20.3 (c 0.8, CHCl3); v 3300 (NH), 2200 (azi&), 1750 and 1230 (ester), 1650 and 

1540 (amide). and 710 cm-l (Ph); 1~ NMR (CDC13) at 270 MHZ: 6 0.88 (t. 3 H, .Jhie,m 6.8 Hz, MeCH2). 

1.24 (s, 22 H. If CH2). 1.85-2.19 (17 s, 51 H, 3 AcN and 14 AcO), 2.62 (m, 2 H, H-3eeq and H-3feq). 3.45 

(s, 3 H, MeO), 5.81 (d, 1 H, 33.4 3.6 Hz, H-a), 5.95 (m. 1 H, H-5 of sphingosine). and 7.31-8.25 (m. 

20 H. 4 Ph). Anal. Calcd for C123H156N60~5 (2598.59): C, 56.85; H. 6.05; N, 3.23. Found: C, 56.82; 

H, 5.87; N. 3.08. 

0 -(3-O -Acetyl-2,4,6-tri-0 -benzoyl-fi -D -galac~pyranosyl)-(143) -0 -(2-acetami&-4,6-d-0 -acetyl%- 

deoxy+D-galactopyranosyosrl)-o +4)-{O-/methyl 5-acetamido-8-0-(5-acetamido4,7,8,9-tetra-0-ace~1-3,5- 

dideoxy~g1ycero-a-~galacc-2-nonulopyranosylono-I4,9-lactone)4,7-di~-~e~1-3J-dideoxY_a- 

Dgalacto-2-nonulopyranosylonate]-(2+3)1-O -(2,6-di-0 -ace~l-~~galac~pyr~~l)opyranosyl)-(l~)-0~2~3,6-m’-0- 

acetyl-&D-glucopyranosylH1 ~Z)-(2S,3R.4E)-3-O-benzoyl-2-octadecaruunido-4-oct~ecenc-J,3-diol (24). 

Treatment of 23 (80 mg, 0.03 mmol), as described for 16, gave 24 (71 mg, 81%) as an amorphous mass; 

[a]D -13.8 (c 1.4, CHC13); ~3300 (NH), 1750 and 1230 (ester). 1650 and 1540 (amide), and 710 cm-l (Ph); 

1H NMR (CDCl3) at 270 MHz: 6 0.88 (t. 6 H. k,CH2 6.9 Hz, 2 MeCHz), 1.25 (s, 52 H. 26 CH2). 1.85- 

2.19 (17 s, 51 H, 3 AcN and 14 AcO), 2.61 (m, 2 H, H-3eeq and H-ffeq). 3.45 (s, 3 H, MeO), 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 C141H192N4056 (2839.06): 

C. 59.65; H. 6.82; N, 1.97. Found: C, 59.48; H, 6.76; N, 1.70. 

Ganglioside GDIb (25). De-0-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]D -1.2 (c O-5,5:5:1 CHC!l3MeOH- 

H20); 1H NMR [(CD3)2SO-D2OJ at 270 MHz: 6 0.88 (t, 6 H, &,cH~ 6.8 Hz, 2 MeCHz), 1.24 (s, 52 H, 26 

CH2), 1.81 and 1.92 (2 s, 9 H. 3 AcN), 2.66 and 2.81 (2 m, 2 H, H-3eeq and H-3feq), 4.16 (d, 1 H, .Jlz 7.5 

Hz, H-la), 4.35 (m, 2 H, H-lb and H-ld), 4.80 (d, 1 H, J1,2 8.4 Hz, H-lc), 5.38 (dd. 1 H, 53.4 7.6, 

54.5 14.3 Hz, H-4 of ceramide). 5.59 (m. 1 H. H-5 of ceramide). Anal. Calcd for Cs4Hi48N4039 (1838.10): 

C, 54.89; H, 8.12; N, 3.05. Found: C, 54.87; H, 7.92; N, 2.86. 
2-(TrimethylsiIyI)ethyI O-(methyl S-acet~ido-4,7,8,9-tetra-O-acetyl-3~-di~o~-~gly~~-a-~g~~ 

2-nonulopyratwsylonate)-(2+3)-O -(2,4,6-tri-0 -benzoyl-p -D-galactopyranosyl)-(I +3)-O -(2-acetamido-6-0- 

benzyl-2-deoxy-/%D-galactopyranosyl)-(Z+4)-{O-[methyl 5-acetamido-8-0-(5acetamido-4,7,8,9-tetra-O- 

acetyf-3J-dideoxy-D-g1ycero-a-Dga1acto-2-nonu1opyranosy1ono-I0,9-1actone)4,7-di~~ce~l-3S-dideary-P 

glycero-a -D -galacto-2+onulopyratwsylonate]-(2+3)J -0 -(2,6&O -bet&B-D -galactopyranosyl)-(I+#)- 

2,3.6-tri-O-benzyl-&D-glucopyranoside (27). Glycosylation of 10 (300 mg. 0.15 mmol) with methyl O- 

(methyl 5-acetamido-4,7,8,9 -tetra-0-acetyl-3,5 -dideoxy-D-glycero -a-D-gafacto-2- nonulopyranosylonate)- 

(2~3)-2,4,6-ai-O-bcnzoyl-l-thio-B-D-galactopyranoside 17 (26; 220 mg, 0.23 mmol), as described for 19. 
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gave 27 (382 mg, 87%) as an amorphous mass; [a]~ -12.0 (c 1.0, CHC13); v 3600-3100 (OH, NH), 1750 

and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (MegSi), and 710 and 700 cm-l (ph); 1H NMR 

(CJXl3) at 270 MHz 6 1.00 (m, 2 H. Me$XYf$H2). 1.86-2.17 (14 s, 42 H, 4 AcN and 10 AcO). 2.43 (dd, 

1 H, J3er,3cq 13.2, J3eq,4 4.3 Hz, H3eeq), 2.64 (dd, 1 H, J3a*,3cq 13.5, J3cq,4 4.3 Hz, H-3feq). 3.45 and 

3.70 (2 s, 6 H. 2 h&O). and 7.28-8.18 (m, 15 H. 3 Ph). Anal. Calcd for Ct49Hr78N4057Si (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-acetMnido4,7,8,9-tetra-O-acetyl-3J-dida-~galacto- 

2-nonulopyranosylonate)-(2+3) -O-(2,4,6 -tri-O-benwyl-~D-galactopyratwsyl)- (I+3)-0-(2-acetamido4,6- 

di-Oacetyl-2-deoxy_BPgalacrqpyranosyl) -(I +4)- {0-[methyl S-acetamido-8-0- (5-acetami&4,7,8,9- tetra- 

0 -acetyl-3J -dideoxy -D -glycero-a -D -galacto-2-nonulopyranosylono-I ‘,P -1actone) 4,7&O -ace@-3,.5- 

di&oxy-D-glycero-a-D-gakcto-2 -notudopyranosy~onate]-(2 -+3)) -0 -(2,6-di-0 -acetyJ+D -gakzWpyranosyl)- 

(lb)-2.3,6-tri-0-acetyl-/SD-glucopyranoside (28). Removal of benzyl groups and subsequent 0-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, CHC13); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (MesSi), and 

710 cm-1 (Ph); 1H NMR (CDCl3) at 270 MHz: 6 1.00 (m, 2 H, Me$iCJfZC!H2), 1.77-2.20 (21 s, 63 H, 

4 AcN and 17 AcO), 2.43-2.63 (m, 3 H, H-3e-g-e@, 3.45 and 3.70 (2 s. 6 H, 2 MeO), 5.44 (d, 1 H, 53.4 3.6 

Hz, H-4c). 5.53 (d, 1 H, 53.4 4.0 Hz, H-4d), and 7.28-8.18 (m, 15 H. 3 Ph). Anal. Calcd for 

C121H1@ktO&i (2718.63): C, 53.46, H. 5.78; N, 2.06. Found: C, 53.28; H. 5.51; N. 2.03. 

0-(Methyl S-acetamido4,7,8,9-tetra-O-acetyl-3J-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy- 

lonate)-(2~3)-0-(2,4,6-tri-0-benzoyl-BDgalactopyr~~i)-(i +3)-O-(2 -acetamkio4,6-di-O-ace@-2-deoxy- 

&D-galactopyranosyl)-(I +4)-fO-[methyl 5-acetamido-8-O-(S-i-acetamido-Q,7,8,P-te~a-O-ace~l-3~-d~o~- 

~glycero-a-D-g~~to-2-~nu~opyranosylo~-~~,9-lactone)-4,7-di-O-acetyl-3J-dideo~-~glycero-a-~ga~- 

to-2-nonulopyranosylonate]-(2 -+3)} -0 -(2,6-d&0 -acetyl-/I -D -galactopyranosyl)-(1 A)-2,3,6-m’-0 -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-l (Ph). Anal. Calcd for C11#144N4064 (2618.39): C, 53.21; H, 5.54; N, 2.14. 

Found: C, 53.04, H. 5.39; N, 1.98. 

0-(Methyl S-acet~ido4,7,8,P-tetra-O-aceryl-3J-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy- 

lonate)-(2~3)-0-(2,4,6-ni-0-benzoyl-PDgalacropyr~~~)-(~~3)-0-(2-acetMlido4,6-di-O-aceryl-2-deoxy- 

j%D-galactopyranosyl)-(1 A)-{0-[methyls-acetamido-8-0-(S-acetamido 4,7,8.9 -tetra-O-acetyl- 3J-did.eo~- 

D-glycero-a-DgalactO-2-nonulopyranosylono-I ‘,P-lactone)-4,7-di-O-acetyl-3,S-dideoxy-D-glycero-a -D-galac- 

to-2-nonulopyratwsylonate]-(2+3)}-0-(2,6- di -O-ace@-j%D-galactopyranosyi)-(I+#)-2$,6 -tri-O-acetyl-a- 

D-gk4COpyrU?Ws$ 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 (c 1.0 CHC13); v 3300 (NH), 1750 and 1230 (ester), 

1650 and 1540 (amide), and 710 cm-l (Ph); 1~ NMR (CDC13) at 270 MHz: 6 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 s, 6 H, 2 MeO), 6.48 (d, 1 H, 51.2 3.7 Hz, 

H-la), 7.39-8.18 (m, 15 H, 3 Ph), and 8.66 (s, 1 H, C=NH). Anal. Calcd for CttgH144Cl3N~G64 

(2762.78): C, 51.30; H, 5.25; N, 2.53. Found: C. 51.15; H, 5.14; N, 2.33. 

0-(Methyl 5-acet~ido4,7,8,9-tetra-O-acetyl-3J-dideoxy-~-glycero-a-D-galacto-2-nonulopyranosy- 

lonate)-Q +3)-0-(2,4,6-tri-0-benzoyl-PDgalactopyranosyl)-(l +3)-O-(2-acetamido4,6-di-O-acetyl-2-deoxy- 

PD-galactopyranosyl)-(I +4)-{0-[methyl S-acetamido-8-0~S-aet~i~-4,7,8,9-te~a-O-ace~l-3~-di~o~- 
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Pglycero-a-~galacto-2-nonulopyranosylono-Z’,9-Cuctone)4,7-di-O-aceryl-3J~i~o~-ideoxy-Dglycero-a -D-galac- 

to-2-nonulopyranosylonatej-(2+3)J-0 -(2,6-di-0 -acetyl-PD-galactopyranosyl)-(I +4)-O -(2,3,6-m’-O-acetyl- 

&D-glucopyranosyl)-(I +Z)-(2S,3R,4E)-2-azido-3-O-benzoyl-4-octa&cene-Z ,3-diol(31). Condensation of 

30 (220 mg, 0.08 mmoi) with 14 (70 mg, 0.16 mmol), as described for 15, gave 31 (132 mg, 58%) as an 

amorphous mass; [a]~ -14.4 (c 1.3, CHCl3); v 3300 (NH). 2200 (azide), 1750 and 1230 (ester), 1650 and 

1540 (amide), and 710 cm-l (Ph); 1~ NMR (CJX13) at 270 MHz: 6 0.88 (t. 3 H. JMe,cm 6.7 Hz, MeCHg). 

1.24 (s, 22 H, 11 CH2). 1.76-2.20 (21 s, 63 H, 4 AcN and 17 AcO). 2.43-2.65 (m. 3 H, H-k-g-e@, 3.55 

and 3.81 (2 s, 6 H, 2 MeG), 5.95 (dt, 1 H, J4,5 13.9, 55.6 =Jg,# = 7.3 Hz, H-5 of sphingosine). and 7.38- 

8.17 (m. 20 H, 4 Ph). Anal. Calcd for Ct4tHtatN7Gee (3029.98): C, 55.89; H, 6.02; N, 3.24. Found: 

C, 55.62; H, 5.85; N, 3.07. 

0-(Methyl 5-acet~ido4,7,8,9-tetra-O-ace~l-3J-dideoxy-Dglyce~-a-D-galsEto-2-nonu~~r~- 

lonate)-(2~3)-0-(2,4,6-tri-0-benzoyl-BDga[actopy-(Z ~3)-0-(2sce~-4,6-di-O-ocetyl-2-deoxy- 

#%D-g&actopyranosyl)-(Z +4)-{O-[methyl 5-acetomia&8-0-(5-aetamido4,7,8,9-tetra-O-acetyl-3,S-aWeo~- 

Dglycen>-a-Dgalacto-2-nonulopyranosylono-I ‘,9-lactone)-4,7-di-O-acetyl-3J-dideo~-~glyccro-a -~-g&c- 

to-2-nonulopyranosylonate]-(2 +3)J -O-(2,6&0 -ace@-P -D-gulactopyranosyl)-(I +4)-O -(2,3,6-ni-O-acetyl- 

~D-glucopyranosyl)-(Z~Z)-(2S,3R,4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-l,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; [a]D 

-5.4 (c 1.1, CHC13); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-l (Ph); 

1H NMR (CDCl3) at 270 MHz: 6 0.88 (t, 6 H, JMe,cH2 6.7 Hz, 2 MeCHz), 1.25 (s, 52 H, 26 CHz), 1.76- 

2.20 (21 s. 63 H, 4 AcN and 17 AcO), 2.43-2.64 (m, 3 H, H-3e-g-eq), 3.45 and 3.80 (2 s, 6 H. 2 MeG). 5.90 

(m, 1 H. H-5 of ceramide), and 7.39-8.17 (m, 20 H, 4 Ph). Anal. Calcd for Ct59H217N5067 (3270.45): 

C, 58.39; H, 6.69; N, 2.14. Found: C. 58.16; H, 6.50; N, 1.93. 

Gunglioside GTZb (33). De-0-acylation and saponification of methyl esters and lactone group in 32 (92 

mg, 0.028 mmol), as described for 17, gave 33 (60 mg, quantitative); [a]~ -12.9 (c 1.4, 5:5:1 CHC13- 

MeOH-H20); 1H NMR [25: 1 (CD3hSO-D2O] at 270 MHz: 6 0.85 (t, 6 H, J~e,cm 7.1 Hz, 2 MeCI-W, 1.23 

(s, 52 H, 26 CH2). 1.76 and 1.87 (2 s, 12 H. 4 AcN), 2.34-2.75 (m, 4 H, H-3e-f-e&, 4.16 (d, 1 H, J1,2 7.5 

Hz, H-la), 4.31 (m, 2 H, H-lb and H-ld), 4.75 (d, 1 H, J1.2 8.8 Hz, H-lc), 5.33 (dd, 1 H, J3,4 7.5, 

J4.5 14.0 Hz, H-4 of ceramide), 5.53 (m. 1 H. H-5 of ceramide). Anal. Calcd for C@t65N@47 (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-8-0-(5-acetamido-4,7,8,9-te~a-O-ace~l-3~-~&o~-~ 

glycero-a-D-galacto-2-nonulopyranosylono-l*,9-lactoneJ 4,7-di-O-acety!-3J-dideoxy-D-glycero-a-D-galacto- 

2-nonulopyranosykwtate]- (2+3)-O- (2,4,6-tri-O-benzoyl-~D-galactopyratwsyl)- (I -+3)-O- (2-acetamido-6-0- 

bet&t- o!eoxy-PD-galactopyranosyl)- (I A)-{O-[methyl S-acetamido-8-O-( 5-acetamido- 4,7,8,9-tetra-O- 

acetyl-3J-dideoxy-D-glycero-a-D-ga~acto-2-nonulopyranosylo~-Z~,9-factone)~,7-di-O-acetyl-3J-dideoxy-D 

glycero-a-D-g~acto-2-rwn~opyranosyJonate~-(~ +3)J -O-(2,6-di-0-benzyl-PDgalactopyrMosyl)-(Z +4J-2,3, 

6-tri-0-benzyl-j.%D-glucopyranoside (35). Glycosylation of 10 (500 mg, 0.25 mmol) with methyl 0-[methyl 

5-acetamido- S-0-(5-acetamido-4,7,8,9 -tetra-0-acetyl-3,5 dideoxy-D-glycero-a-D-gakrcto-2-nonmoPyranosy- 

lono-l’,9-lac~ne)~,7-di-O-acetyl-3,5-~~xy-D-g~cero-a-~g~acto-2-nonu~~~~ylona~]-(2~3~2,4,~ 

tri-0-benzoyl-l-thio-P-D-galactopyranoside 24 (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, CHC13); v 3600-3100 (OH, NH), 1750 and 1230 

(ester), 1650 and 1540 (amide), 860 and 840 (MegSi), and 710 and 700 cm-l (Ph); 1H NMR (CDCl3) at 270 
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MHz: 6 1.00 (m, 2 H, Me$3iCH2CH2), 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 s, 6 H, 2 MeO). 5.72 (d, 1 H, J3,4 3.4 Hz, H+,and 7.03-8.09 (m, 45 H, 

9 Ph). Anal. Calcd for Ctfl197N&&i (3322.44): C, 52.29; H. 5.98; N, 2.11. Found: C, 59.02; H, 5.88; 

N, 1.93. 

2-(Trimethylsiiyl)ethyl O-/methyl S-acetamido-8-0-(S-acetamido-Q,7,8,9-tet-D- 

glycexo-a-D-galacto-2-nonulopyranosylono-I ‘,9-lactone)- 4,7-di-O-acetyl-3J-dideoxy-D-glycero-a-D-galacto- 

2-nonulopyranosylonate]- (2+3)-O- (2,4,6-tri-0-benzoyt-BDgalactopyranosyl)- (1+3)-O- (2-acetamido4,6- 

di-O-acetyl-2-&oxy-~~galactopyranosyl)-(l+4)-{O-[methyl S-acetMlido-8Q-(S-acetMlido4,7,8,9-rena-O- 

acetyl-3~-dideoxy-D-glycero-a-Pgalacto-2-nonulopyranosylo~-l’,9-lactone)4,7-di~-ace~l-3J-dideoxy-D 

glycero -a -D -galacto -2-nonulopyranosylonate] -(2+3)&O -(2,6&O -ace@-/3 -D -galactopyranosyl)-(I&)- 

2,3,6-tri-O-acetyl-@D-glucopyranoside (36). Removal of benzyl groups and subsequent 0-acetylation of 35 

(470 mg, 0.14 mmol), as described for 11, gave 36 (230 mg, 53%) as an amorphous mass; [a]~ -18.0 

(c 0.7, CHC13); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), 860 and 840 (MejSi), and 710 

cm-l (Ph); 1H NMR (CDC13) at 270 MHz: 6 1.00 (m. 2 H, Me3SiCH2CH2). 1.88-2.13 (24 s, 72 H, 5 AcN 

and 19 Ad)), 2.45-2.74 (m, 4 H, H-3e-h-eq), 3.24 and 3.27 (2 s, 6 H, 2 MeO), 5.44 (d, 1 H, J3.4 3.4 Hz, 

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&I175N@7$3i 

(3075.94): C, 53.11; H, 5.73; N, 2.28. Found: C, 52.94; H, 5.57; N, 2.06. 

0-[Methyl 5-acetamido-8-O-(S-acetamido-4,7,8,9-tetra-O-acetyl-3J-dideoxy-~glycero-a-Dgalacto-2- 

nonulopyranosylono-I ‘,9- lactone) -4,7-di-O-acetyl- 3,.5-dideoxy-D-glycero- a-D-gaiacto- 2-nonulopyranosy- 

lonare]-(2~3)-0-(2,4,6-m’-0-benzoyl-gDgalacropyr-(l +3)-O-(2-acetamido4,6-di-O-acetyl-2-deoxy- 

&D-galactopyranosyl)-(I -M)-{0-[methyl 5-acetamido-8-0-(5-aet~i~4,7.8.9-te~a-O-~e~l-3~-~deo~- 

D-glycero-a-Dgalacto-2-nonulopyranosylono-1 ‘,9-lactone)-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a -~-g&c- 

to-2- nonulopyranosylonate]- (2-+3)}-0- (2.6-di-O-acetyl-~D-galactopyranosyl)- (l-M)- 2,3,6 -tri-O-acetyl- 

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-l (Ph). Anal. Calcd for C131H163N5073 (2975.71): C. 52.88; H, 5.52; N, 2.35. 

Found: C, 52.68; H, 5.45; N, 2.15. 

0-[Methyl S-acet~ido-8-0-(5-acet~i~4,7,8,9-tetra-O-acetyl-3J-dideoxy-D-glycero-a-Dgalacto-2- 

nonulopyranosylono- I ‘,9- lactone)4,7- di-0-acetyl-3,5 dideoxy- D-glycero-a-D-galacto-2- nonulopyranosy- 

lonate]-(2~3)-0-(2,4,6-~i-O-benzoyl-~~galactopyranosyl)-(l +3)-O-(2-acetami&4,6-di-O-acetyl-2-deoxy- 

P-D-galactopyranosyl)-(Id)-{O-[methyl S-acetanzido-8-O-(S-acetamido-4,7,8,9-te~a-O-aceryl-3S_dideoxy- 

D-glycero-a-r>-galacto-2-nonulopyranosylono-I’,9-lactone)-4,7-di-O-acetyl-3J-dideo~-D-glyce~-a -D-galac- 

to-2+wnulopyranosylonatel-( 2+3)} -O-(2,6 -di-0-acetyl-/3 -D -galactopyranosyl)-(I+$)-2,3,6 A-0 -acetyl- 

a-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; [a]~ -6.5 (c 1.1, CHCl3), v 3300 (NH), 1750 and 1230 

(ester), 1650 and 1540 (amide), and 710 cm-l (Ph); 1H NMR (CDCl3) at 270 MHz: 6 1.87-2.19 (24 s, 72 H, 

5 AcN and 19 AcO), 2.44-2.66 (m, 4 H, H-3e-h-eq), 3.25 and 3.47 (2 s, 6 H, 2 MeO), 5.73 (d, 1 H, J3.4 3.7 

Hz, H-4d), 6.47 (d, 1 H, Jt,2 3.7 Hz, H-la), and 7.27-8.12 (m, 15 H, 3 Ph). Anal. Calcd for 

Ci33Hte3C]3N&3 (3120.10): C, 51.20; H, 5.27; N, 2.69. Found: C, 51.18; H. 5.09, N. 2.55. 

OWethy 5-acetamido-8-0-(5-acetomido-4,7,8,9-tetra-O-acetyl-3J-dideoxy-D-glycero-a-Dgalacto-2- 

nonulopyratwsylono-I ‘,9 -lactone)4,7 -di-0-acetyl-3,5 -dideoxy -D-glycero-a-D-gakto-2 -nonulopyranosyl- 

omztel-(243) -0-(2,4,6-tri-O-benzoyl-PDgalactopyratwsyl)-(1 +3)-O-(2-acetamido-4,6-di-O-acetyl-2-deoxy- 
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BD-galactopyranosyl)-(I +4)-@-[methyl 5-acetamido-8-O-(S-aetamido-4,7,8,9-tetra-O-~e~l-3~~&o~- 

Dglycem-a-Dgalacto-2-nonulopyranosylono-1 ‘,9-lactone)-4,7-di-O-acetyl-3J-dideoxy-Pglycezo-a -~galac- 

to-2+wnulopyranosylonate]-(2+3)J -0 -(2,6&O acetyl-/3-D-galactopyranosyI)-(i ~)-0-(23,6-t’-0-owl- 

&D-glucopyranosyl)-(I ~1)-(2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-dioi (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; [a]D -39.4 (c 0.3, CHC13); v 3300 (NH), 2200 (ankle), 1750 and 1230 (ester), 1650 and 

1540 (amide), and 710 cm-l (Ph); 1H NMR (CDCl3) at 270 MHz: 6 0.88 (t, 3 H, J~e,a2 6.9 Hz, MeCH2), 

1.25 (s, 22 H. 11 CH2). 1.81-2.20 (24 s, 72 H, 5 AcN and 19 AcO), 2.47-2.72 (m, 4 H. H-b-h-eq), 3.25 

and 3.48 (2 s, 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 C156H2ooN8075 (3387.30): C, 55.32; H, 5.95; N, 3.31. Found: 

C, 55.08; H, 5.77; N, 3.01. 

0-[Methyl S-acet~ido-8-O-(S-aet~i~~,7,8,9-tetra-O-ace~l-35-dideo~-~glyc~-a-~g~~~-2- 

nonuIopyranosylono-1’,9 -lactone)- 4,7-di-O-acetyl-35 -dideoxy -D-glycero-a -D-galacto-2- nonulopyranosy- 

lonate]-(2_*3)-0-(2,4,6-tri-O-benzoyl-PDgalactowranosyl)-(~ +3)-O-(2-acetamido-4,6-di-O-acet$2-deoxy- 

@D-galactopyranosyl)-(I A)-{0-[methyl S-acetamido-8-O-(S-acetamido-4,7,8,9-tetra-O-acetyl35-dideoxy- 

D-glycero-a-D-galacto-2-nonulopyrano~lono-I ‘,9-lactone)-4,7-di-O-acetyf-3,5-dideoxy-D-glycex+a -D-galac- 

to-2-nonulopyranosylonate]-(2+3))-O-(2,6-di-O-acetyl-~ -DgaIactopyranosyl)-(1+4)-O -(2.3,6&-O -ace@- 

f3-D-glucopyranosyl)-(I ~,1)-(2S,3R,4E)-3-0-benzoyl-2-octadecanamido-4-octadecene-I,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; [U]D 

-9.4 (c 0.5, CHC13); v 3300 (NH), 1750 and 1230 (ester), 1650 and 1540 (amide), and 710 cm-l (Ph); 

1H NMR (CDC13) at 270 MHz: 6 0.88 (t. 6 H, JMe,CH2 7.1 Hz, 2 MeCHz), 1.25 (s, 52 H, 26 CH2), 1.85- 

2.19 (24 s, 72 H. 5 AcN and 19 AcO), 2.24-2.63 (m, 4 H, H-Se-h-eq), 3.25 and 3.48 (2 s, 6 H, 2 MeO). 5.72 

(d, 1 H, J3p 3.6 Hz, H&d), 5.87 (m, 1 H, H-5 of ceramide), and 7.29-8.12 (m, 20 H, 4 Ph). Anal. Calcd 

for C174H236N6076 (3627.77): C, 57.61; H, 6.56; N, 2.32. Found: C, 57.43; H, 6.38; N, 2.10. 

Ganglioside GQIb (41). De-0-acylation and saponification of methyl esters and lactone groups in 40 (10 

mg, 2.8 p.mol), as described for 17, gave 41 (7 mg, quantitative); [a]D -22.0 (c 0.2, 5:5:1 CHCls-MeOH- 

H20); *H NMR [25:1 (CD&SO-D201 at 500 MHz: 6 0.85 (t, 6 H, JM~,cH:! 7.1 Hz, 2 MeCH2), 1.23 (s, 

52 H, 26 CH2), 1.84 and 1.88 (2 s, 15 H, 5 AcN), 2.34-2.75 (m, 4 H, H-3e-f-e&, 4.16 (d, 1 H, Jig 7.5 

Hz, H-la), 4.31 (m, 2 H, H-lb and H-ld), 4.75 (d, 1 H, Jt.2 8.8 Hz, H-lc), 5.33 (dd, 1 H. 33.4 7.5, 

J4.5 14.0 Hz, H-4 of ceramide), 5.53 (m, 1 H, H-5 of ceramide). Anal. Calcd for C]&182N&5 (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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