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ABSTRACT 

The first total syntheses of sialyl-lactotetraosylceramide (28, IV’NeuAcLc,Cer) and sialylneolacto- 

tetraosylceramide (32, IV’NeuAcnLc,Cer) are described. Methyl @(methyl 5-acetamido-4,7,8,9-tetra-O- 

acetyi-3,5-dideoxy-o-glycero-a-D-galact~2-nonulopyranosylonate)~(2~3)-2,4,6-~ri-~-~nzoy~-l-thio-~-D- 

galactopyranoside (4), the key glycosyl donor, was prepared from 2-(trimethylsilyl)ethyl @(methyl %aceta- 

mido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-g/ycero-a-D-galacto-2-nonulopyranosylonate)-(2-r3)-6-0-ben- 

zoyl-B-o-galactopyranoside (l), via benzoylation, replacement of the 2-(trimethylsilyl)ethyl group by acetyl, 

and introduction of the methylthio group with methylthiotrimethylsilane. Coupling of 2-(trimethylsilyl) 

ethyl 2,3,6,2’,4’,6’-hexa-O-bcnzyl$-D-lactoside (8), prepared from 2-(trimethylsilyl)ethyl b-D-lactoside (5) 

via selective 3’-@(4_methoxybenzylation), benzylation, and selective removal of the 4-methoxybenzyl 

group, with 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-D-glucopyranosyl bromide (9) gave a trisaccharide 

derivative 10, from which the phthaloyl and 0-acetyl groups were removed. N-Acetylation then gave 2-(tri- 

methylsilyl)ethyl 0-(2-acetamido-2-deoxy-b-D-glucopyranosyl)-(I +3)-O-(2,4,6-tri-O-benzyl-B-D-galacto- 

pyranosyl)-(l~4)-2,3,6-tri-O-benzyl-8-o-glucopyranoside (12). Dimethyl(methylthio)sulfonium triflate- 

promoted coupling of4 with 13, prepared from 12 by 4,6-0-benzylidenation, or with 15, obtained from 13 by 

O-(4-methoxybenzylation) and reductive opening of the benzylidene a&al, gave the corresponding penta- 

saccharide derivatives 16 and 20 in good yields. Compounds 16 and 20 were converted into the correspond- 

ing a-trichloroacetimidates 19 and 23 which, on coupling with (2S,3R,4E)-2-azido-3-O-benzoyl-4-octade- 

cene-1,3-diol (24), gave the p-glycosides 25 and 29, respectively. Finally, 25 and 29 were transformed, via 

selective reduction of the azide group, condensation with octadecanoic acid, 0-deacylation, and hydrolysis 

of the methyl ester group, into 28 and 32, respectively. 

INTRODUCTION 

Gangliosides are distinguished from other glycosphingolipids in that they contain 

sialic acid, usually u-linked to either C-3 of galactose or C-8 of another sialic acid 

residue. 

Various important biological functions of gangliosides have been reported24. 

Sialyl-lactotetraosylceramide’ (28, IV3NeuAcLc,Cer) was detected first as a ganglioside 

antigen in human lung carcinoma by a monoclonal antibody, and is present as a minor 

component in many different carcinomas. Sialylneolactotetraosylceramide (32, 
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IV”NeuAcnLc,Cer), a positional isomer of IV’NeuAcLc,Cer with regard to the sub- 

stitution of the GlcNAc residue by the terminal disaccharide. is a major ganglioside of 

human erythrocytesh, a receptor of human influenza A virus’, and induces granulocytic 

differentiation of human promyelocytic leukemia cells. 

We have achieved a facile, regio- and stereo-selective a-glycosidation3.‘” of sialic 

acid and now describe the first total syntheses of sialyl-iactotetraosylceramide and 

sialylneolactotetraosylceramide. 

RESULTS AND I~ISCUSSION 

Methyl 0-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-gf~~er~-a-~- 

galacto-2-nonulopyranosylonate)-(2~3)-2,4,6-tri-O-beniyl-l-thio-~-r,-galactopyrano- 

side (4) was selected as the glycosyl donor, and 2-(trimethylsilyl)ethyi 0-(2-acetamido-4,6- 

0-benzylidene-2-deoxy-B_D-glucopyranosyl)-( l-+3)-0-(2,4,6-tri-O-benzyl-P_D-galacto- 

pyranosyl)-(l-+4)-2,3,6-tri-O-benzyl-8_D-glucopyranoside (13) and 2-(trimethylsilyl) 

ethyl 0-[2-acetamido-6-O-benzyl-2-deoxy-3-O-(4-methoxybenzyl)-~--o-glucopyrano- 

syl]-( 1~3)-0-(2,4,6-tri-O-benzyl-P_D-galactopyranosyl)-( l-+4)-2,3,6-tri-O-benzyl-fi-D- 

glucopyranoside (15) as the acceptors in the syntheses of sialyl-lactotetraosylceramide 

(28) and sialylneolactotetraosylceramide (32), respectively. 

2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8.9-tetra-0-acetyl-3,5-di- 

deoxy-D-g/~~cero-n-D-galacto-2-nonulopyranosylonate)-(2~3)-6-O-benzoy~-~-~-galac- 

topyranosideY,“’ (1) was prepared (46%) by dimethyl(methylthio)sulfonium triflate 

(DMTST)-promoted glycosylation’,” of 2-(trimethylsilyl)ethyl6-0-benzoyl-p-D-galac- 

topyranoside with the methyl a-thioglycoside of N-acetylneuraminic acid. Treatment of 

1 with benzoyl chloride in pyridine--dichloromethane gave the tribenzoate 2, which, on 

lreatmenl” with boron trifluoride etherale in toluene-acetic anhydride, gave the &I- 

acetate 3 in high yield. The ‘H-n.m.r. data for the galactose residue in 3 [d 6.25 (J,,? 8.3 

H~,H-l),5,66(J~,~ 10.1 Hz,tf-2),and5.52(5,,_, = J4,5 = 3.3 Ffz, H-4)] are characteristic 

of the structure assigned. Conversion of the p-l-acetate 3 into the methyl /I-thioglyco- 

side 4 (8 1.7%) was achieved by treatment” with methylthiotrimethylsilane and boron 

trifluoride etherate in dichloromethane. Significant signals in the ‘H-n.m.r. spectrum of 

4wereatS4.84(d,J,,z9.9Hz, H-1),4.94 (dd,J,,,g.g,J,,, 3.3 Hz, H-3), 5.57(t. H-2),and 

7.39-8.17 (3 Ph). Other ‘H-n.m.r. data, given in the Experimental, are consistent with 

the structure 4. 

Dibutyltin oxide-mediated, selective etherification of 2-(trimethylsilyl)ethyl O-/I- 

D-galactopyranosyl-( 1 -+4)-/?-D-glucopyranosideq,” (5), using 4-methoxybenzyl chlo- 

ride and tetrabutylammonium bromide, gave the 3’-0-(4-methoxybenzyl) derivative 6 

(74%). Treatment of 6 with benzyl bromide in NJ-dimethylformamide in the presence 

of sodium hydride afforded 2-(trimethylsilyl)ethyl O-[2,4,6-tri-O-benzyi-3-O-(4-me- 

thoxybenzyl)-/?-D-galactopyranosyll-( l-+4)-2,3,6-tri-O-benzyl-/I-r>-glucopyranoside 

(7, 79%) which, with 2,3-dichloro-5,6-dicyanobenzoquinoneih in dichloromethane- 

water for 1 h at room temperature, gave the 3’-hydroxy compound 8 (69.6%). 

Glycosylation of 8 with 2,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-glucopyra- 
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OAC 
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5 R1 = R2 = H 

6 RI = H, R2 = pMeOBn 

7 Rl=Bn, R2 = pM~0Bn 

8 ~1 = En, R2 = H 

nosy1 bromide” in dichloromethane in the presence of silver carbonate and silver 

perchlorate gave the desired&glycoside 10 (93.794). Significant signals of the GlcN unit 

inthe’H-n.m.r.spectrumoflOwereat65.63(d,J,,,8.4Hz,H-l),5.15(t,J,,, = J3,4 = 9.3 

HZ, H-3), and 5.87 (dd, J4,5 10.6 Hz, H-4), indicating the newly formed glycosidic linkage 

to be /I. O-Deacetylation of 10 with sodium methoxide, followed by heating with 

hydrazine hydrate in aqueous 95% ethanol, and subsequent N-acetylation afforded 2- 

(trimethylsilyl)ethyl O-(2-acetamido-2deoxy-~-o-glucopyranosyl)-(1+3)-0-(2,4,6-tri- 

O-benzyi-@-D-galactopyranosyl)-( l-+4)-2,3,6-tri-0-benzyl+-D-glucopyranoside (12, 

88.4%), which was used for the preparation of the glycosyl acceptors 13 and 15. 

Treatment of 12 with benzaldehyde dimethyl acetal in NJ-dimethylformamide 

in the presence of toluene-p-sulfonic acid monohydrate gave the 4,6-O-benzylidene 

derivative 13 (83.4%). Treatment of 13 with 4-methoxybenzyl chloride in NJ-di- 

methylformamide in the presence of sodium hydride for 3 h at 0” gave the 4-methoxy- 

benzyl derivative 14 (79.6%) which, on reductive ring-opening of the benzylidene group 

with sodium cyanoborohydride-hydrogen chloride in tetrahydrofuranls, afforded 15 

(52.8%). 

Glycosylation of 13 with 1.5 equiv. of 4 in dichloromethane for 12 h at 0” in the 

presence of 4.0 equiv. of DMTST and powdered molecular sieves 4 8, gave the expected 

pentasaccharidederivative 16 (87%). The ‘H-n.m.r. data for the NeuSAc-Gal unit in 16 

[6 5.12 (d, J,,2 8.0 Hz, H-l), 5.37 (dd, J2,, 10.0 Hz, H-2), 4.91 (dd, J3,4 2.9 Hz, H-3)] 

indicated the newly formed glycosidic linkage to be/I. In the same way, 4 reacted with 15 

to yield the /?-glycoside 20 (71.9%). 
Catalytic hydrogenolysis (Pd-C) in ethanol-formic acid of the benzyl and ben- 
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R2:2.0& o&:&osE 
OBn 0911 

10 R1 = hp?th, R2 = AC 

11 R1=Wh:h,R2=.H 

12 R1 = NIiAc, R2 = H 

13 H := H 

14 R = ,vMeORn 

NHAc 

OBn 

15 

zylidene groups in 16 and subsequent 0-acetylation gave the pentasaccharidc derivative 

17 (62.4%). Hydrogenolysis of the benzyl and 4-methoxybenzyl groups in 20 followed 

by acetylation gave 21(59.7%). Treatment ofcompound 17 or 21 with boron trifluoride 

etherate in dichloromethane for 24 h at 0” gave the corresponding I-hydroxy com- 

pounds 18 and 22 in high yields. Treatment ‘v” of 18 or 22 with trichloroacetonitrile in 

dichloromethane in the presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) for 4 h at 

0” gave the corresponding a-trichloroacetimidates 19 (88%) and 23 (87.2%) after 

column chromatography. Significant signals in the ‘H-n.m.r. spectra were at 6 6.48 (d, 

J,,, 3.8 Hz, H-l) and 8.65 (C=NH) for 19, and at 6 6.47 (d, .I,,? 3.3 Hz, H-l) and 8.64 

(C = NH) for 23, which showed the imidates to be a. 

Glycosylation’“,” of (2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-l,3-diol” 

(24) with 19 or 23 in dichloromethane in the presence of boron trifluoride etherate for 8 h 

at 0’ afforded the corresponding /3-glycosides 25 (55.3%) and 29 (41.5%). Selective 

reduction”.‘4 of the azide group in 25 or 29 with hydrogen sulfide in aqueous 83% 

pyridine for 48 h at room temperature gave the corresponding amines .(26 and 30), 

which, on condensation with octadecanoic acid, using I-ethyl-3-(3-dimethylaminopro- 

pyl)carbodi-imide hydrochloride (WSC) in dichloromethane, gave the corresponding 

acylated gangliosides 27 (79.1%) and 31 (83.7%) after chromatography. 

0-Deacylation of 27 and 31 with sodium methoxide in methanol, with subsequent 

saponification of the methyl ester group, yielded the desired sialyl-lactotetraosylcera- 
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OBn 

OBz 

17 Rl = H, R2 = OSE 

18 RI, R2 = H, OH 

19 RI = OC(=NH)CCl3, R2 = H 

20 RI = H, R2 = OSE, R3 

21 R1 = H, R2 = OSE, R3 

22 RI, R2 = H, OH, R3 = 

23 R1 = OC(=NH)CC13, R2 

= Bn, R4 = pMeOBn 
= R4 = AC 

R4 = AC 
= H, R3 = R4 = AC 

mide (28) and sialylneolactotetraosylceramide (32), respectively, in almost quantitative 

yields. The ‘H-n.m.r. spectra (400 MHz) of 28 and 32 at 60” in 98:2 (CD,)&--D,O each 

contained four signals (d) due to the anomeric protons: 28 at 6 4.17 (J7.7 Hz, H-la), 4.19 

(J7.5 Hz, H-ld), 4.29 (J7.5Hz, H-lb), and4.74(J8.4Hz, H-lc);32 (ref. 25)at S4.17(J 

7.7 Hz, H-la), 4.22 (J 7.9 Hz, H-ld), 4.28 (J7.0 Hz, H-lb), and 4.67 (J 8.2 Hz, H-lc). 

The work described above shows that the use of thioglycosides in the presence of 

DMTST is effective for the synthesis of complex types of sialoglycoconjugates. The 

2-(trimethylsilyl)ethyl group is useful for protecting the anomeric hydroxyl group 

because of the easy and selective deprotection with boron trifluoride etherate and its 

stability towards many reagents used in organocarbohydrate syntheses. 

FXPERIMENTAL 

General methods. - Melting points were determined with a Yanagimoto micro 

melting-point apparatus and are uncorrected. Optical rotations were determined with a 

Union PM-201 polarimeter at 25” and i.r. spectra were recorded with a Jasco IRA-100 

spectrophotometer. ‘H-N.m.r. spectra were recorded at 270 or 400 MHz with a JEOL 
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JNM-GX270 or JNM-GX400 spectrometer, respectively. Preparative chromatography 

was performed on silica gel (Wako Co., 200 mesh) with the solvent systems specified. 

Concentrations were conducted in vacua. 

2-(Trimethylsilyl)ethyl @(methyl S-acetamido-4,7,8,9-tetra-0-acetyl-3,5-di- 

deoxy-D-glycero-a-D-galacto-2-nonulopyranosy~onate)-(2~3)-2,4,6-tri-O-benzo~~~-~- 

D-galactopyranoside (2). - To a solution of 1 (ref. 9) (1.2 g, 1.4 mmol) in dichloro- 

methane (10 mL) was added, with stirring, a solution of benzoyl chloride (0.68 mL. 5.56 

mmol) in dichloromethane (4 mL) at 1 Y. After completion of the reaction, methanol (1 

mL) was added, and the mixture was stirred for 20 min at room temperature, concen- 

trated, and extracted with dichloromethane. The extract was successively washed with 

2M hydrochloric acid, M sodium carbonate, and water, dried (Na,SO,), and concentrat- 

ed. Column chromatography (3: 1 ethyl acetate-hexane) of the residue on silica gel (60 g) 

gave 2 (900 mg, 60.3%), isolated as a syrup, [a], +24” (c 0.77, chloroform). ‘H-N.m.r. 

data (CDCI,): 6 0.99 (m, 2 H, Me,SiCH,CH,O), 1.56 (s, 3 H, AcN), 1.86,2.00,2.16,2.26 

(4 S, 12 H, 4 AcO), 1.76 (t, 1 H, J,,, = J3.ax,4’ = 12.4 Hz, H-3’ax), 2.75 (dd, 1 H, JYpq,+ 4.6 

Hz, H-3’eq), 3.93 (s, 3 H, MeO), 4.92 (m, 1 H, H-4), 4.95 (d, 1 H, J,,? 7.9 Hz, H-l), 5.17 (d, 

1 H, JiVn.5 7.3Hz,NH),5.30(dd, 1 H, J,.,,.2.6, J,.,,.9.7Hz,H-7’) 5.46(d, 1 H, J3,4 = J4,5 = 

3.3Hz,H-4),5.53(dd,lH,Jz,,9.9Hz,H-2),5.73(m,lH,H-8’),and7.36-8.28(m,15H, 
3 Ph). 

Anal. Calc. for C,,H,,NO,,Si (1066.2): C, 58.58; H, 5.95; N, 1.31. Found: C, 58.55; 
H, 6.15; N, 1.28. 

0-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac- 

to-2-nonulopyranosylonate)-(2~3)-1-0-acetyl-2,4,6-tri-O-henzoyl-~-D-galactopyra- 

nose (3). --~ TO a solution of 2 (1.84 g, 1.72 mmol) in dry toluene (10 mL) and acetic 

anhydride (2.6 mL) was added boron trifluoride etherate (0.45 mL), and the mixture was 

stirred at room temperature. The reaction was monitored by t.1.c. and, after 2 h, 2 was 

not detectable. Dichloromethane (50 mL) was added, and the solution was washed with 

M sodium hydrogen carbonate, dried (Na$O,), and concentrated. Column chromato- 

graphy (50: 1 dichloromethaneemethanol) of the residue on silica gel (100 g) afforded 3 

(1.61 g, 92.5%) isolated as a syrup, [a], -41” (c 0.93, chloroform). ‘H-N.m.r. data 

(CDCI,): 6 1.56 (s, 3 H, AcN), 1.74 (t, 1 H, Jge,,, = JY,4. = 12.4 Hz, H-3’ax), 1.86, 2.01, 

2.10,2.19,2.27(5s, 15H, 5AcO),2.57(dd, 1 H, J,.,,4.5Hz,H-3’eq), 3.72(dd, 1 H, J5r,6 

l0.6,J,:,.2.6Hz,H-6’),4.90(m,lH,H-4’),5.13(dd,lH,J2,3l0.1,J3,43.3Hz,H-3),5.29 

(dd, 1 H, J7’,8. 9.2 Hz, H-7’), 5.52 (d, 1 H, J4,5 3.3 Hz, H-4), 5.66 (dd, 1 H, H-2), 5.70 (m, 1 

H, H-8’) 6.25 (d, 1 H, J,,, 8.3 Hz, H-l), and 7.36~8.23 (m, 15 H, 3 Ph). 

Anal. Calc. for C,,H,,N02, (1008.0): C, 58.38; H, 5.29; N, 1.38. Found: C, 58.21; 

H, 5.34; N, 1.36. 

Methyl 0-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- 

a-D-galacto-2-nonulopyranosylonate)-(2-13)-2,4,6-tri-0-benzoyl-l-thio-~-D-galacto- 

pyranoside (4). -To a solution of 3 (1.6 1 g, 1.59 mmol) in dry dichloromethane (10 mL) 

were added, with stirring, methylthiotrimethylsilane (480 mg, 4.0 mmol) and boron 

trifluoride etherate (0.4 mL), and the mixture was stirred for 2 h at room temperature. 

Dichloromethane (50 mL) was added, and the solution was washed with M sodium 
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hydrogen carbonate, dried (Na,SO,), and concentrated. Column chromatography (80: 1 

dichloromethane-methanol) of the residue on silica gel (100 g) gave 4 (1.3 g, 8 1.7%), 

isolated as a syrup, [a], + 34” (c 0.72, chloroform). ‘H-N.m.r. data (CDCI,): 6 1.48 (s, 3 

H, AcN), 1.66 (t, 1 H, Jgr,,, = Jx,,o.r,4 = 12.6Hz,H-3’~~),1.78,1.92,2.08,2.17,2.27(5~,15 

H, 4 AcO and MeS), 2.48 (dd, 1 H, J3sey,4 4.6 Hz, H-3eq), 3.84 (s, 3 H, MeO). 4.82 (m, 1 H, 

H-4’),4.84(d,lH,J,,,9.9Hz,H-l),4.94(dd,lH,J,,,9.9,J,,~3.3Hz,H-3),5.22(dd,lH, 

J6.,?2.6, J,.,,.9.5 Hz,H-7’), 5.44(d, 1 H,J,,,3.3 Hz,H-4), 5.57(t, 1 H, H-2), 5.62(m, 1 H, 

H-8’), and 7.39-8.17 (m, 15 H, 3 Ph). 

An&. Calc. for C,,H,,NO$ (996.0): C, 57.88; H, 5.36; N, 1.40. Found: C, 57.69; 

H, 5.43; N, 1.35. 

2-/T~i~ne~~~y~si~~~~)ethylO-[3-0-(4-nzetho,~~~hela=),l)-B-D-ga~a~t~~p~ranos~~~- 

!1+4)-j&D-glucopyranoside (6). A suspension of 5 (refs. 9 and 15) (2.8 g, 6.33 mmol) 

and dibutyltin oxide (2.38 g) in methanol (28 mL) was stirred and heated for 4 h at 45”, 

then concentrated. To a solution of the residue in benzene (28 mL) were added 

4-methoxybenzyl chloride (2.58 mL), tetrabutylammonium bromide (1.05 g). and 

molecular sieves 4 ..& (2.8 g). and the mixture was stirred and boiled under reflux for 3 h. 

then concentrated. Column chromatography (30: 1 dichloromethane-methanol) of the 

residue on silica gel (200 g) gave 6 (2.65 g, 74%). Recrystallization from ether gave 

needles with m.p. 183.5--l X4.5”, [a], - 3.2’ (c 1, 1: 1 dichloromethane~~methanol). ‘H- 

N.m.r.data(CDCl,): 63.36(m, 1 H,H-5),3.45(dd, 1 H, JT,iS 10.1, J,,,3.5Hz,H-3’),3.76 

(m, 1 H, If-5’), 3.80(s, 3 H, MeO), 4.29,4.59 (Zd, Jq,,ni 11.8 Hz, MeOPhCN20), 4.36(d, 1 

H,J,,z7.XHz,H-l),4.46(d,1 H,J,,,z.7.8Hz,H-l’),4.86(t,1 H,J2,37.8Hz,H-2),4.99(dd, 

1 H, Jz,j. IO Hz, H-2’), 5.17 (dd, 1 H, J3/, 9.3 Hz, H-3), 5.44 (dd, 1 H, J4.,!. 3.3 Hz, H-4’), 

and 6.86 and 7.15 (2 d, 4 H, J 7.7 Hz, aromatic). 

AFZUI. Calc. for Cz,H,20,,Si (562.7): C, 53.36; H, 7.52. Found: C, 53.29; H, 7.60. 

2- ( Trimethylsilyl) ethyl 0-l 2,4,6-tri-0-hrnzyl-3-o- (4-mL~tho.~yben~~~lJ -/?-II-ga- 

lactopyranosyl]-(1 +4/-2,3,6-tri-0-Benny/-@-D-g/ucop~vunoside (7). ~~~ To a solution of 

6 (3.05 g, 5.4 mmol) in N,N-dimethylformamide (20 mL) was added a suspension of 

sodium hydride in oil (1.95 g, 60% of sodium hydride by weight). The mixture was 

stirred for 30 min at O’, benzyl bromide (5.8 mL, 8.1 mmol) was added dropwise, and 

stirring was continued for 16 h at room temperature. The reaction was monitored by 

t.1.c. and, when complete, methanol (1 mL) was added, and the mixture was concentrat- 

ed and extracted with dichloromethane. The extract was washed with water, dried 

(Na,_SO,), and concentrated. Column chromatography (I:6 ethyl acetate- hexane) of the 

residue on silica gel (300 g) gave 7 (4.75 g, 79.4%), isolated as a syrup, [(I]~ --7.5’ (c 0.4, 
dichloromethane). ‘H-N.m.r. data (CDCI,): 6 1 .Ol (m, 2 Il. Me,SiCFI,CII,O), 3.75 (s, 3 

H, MeO), and 6.79F7.33 (m, 34 H, 6 Ph and 4 aromatic). 

Anal. Calc. for C,,H,,O,,Si (I 103.4): C, 72.93; H, 7.12. Found: C, 72.81; H, 7.15. 

.?-(Trimetlzylsilyl)rthyl O-(2,4,6-tri-0-benzyl-,&D-guluctopyranos_vl)-(I -+4)- 

2,3,6-tri-O-benzyl-P-D-glucop_vrunoside (8). - To a stirred solution of 7 (4.74 g, 4.3 

mmol) in dichloromethane (54 mL) were added 2,3-dichloro-5,6-dicyanobenzoquinone 

(1.46 g, 6.4 mmol) and water (3 mL), and stirring was continued for 1 h at room 

temperature. The precipitate was collected and washed with dichloromethane, and the 
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combined filtrate and washings were washed with water, dried (Na,SO,), and concen- 

trated. Column chromatography (1:s ethyl acetate-hexane) of the residue on silica gel 

(200 g) gave 8 (2.94 g, 69.6%), isolated as a syrup, [a], + 0.2” (c 0.8, dichloromethane); 

v,,, 3450 cm-’ (OH). ‘H-N.m.r. data (CDCl,): 6 1.00 (m, 2 H, Me,SiCH,CH,O) and 

7.10-7.33 (m, 30 H, 6 Ph). 

Anal. Calc. for C,,H,,O,,Si (983.3): C, 72.06; H, 7.17. Found: C, 72.05; H, 7.23. 

2-(Trimethylsilyl)ethyl 0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-D-gluco- 

pyranosyl)-(I ~3)-0-(2,4,6-tri-O-benzyl-~-~-galactopyranosyI)-(l -+4)-2,3,6-tri-O- 

henzyl-/3-D-glucol?yranoside (10). -- To a solution of 8 (2.9 g, 2.9 mmol) in dichloro- 

methane (7 mL) were added silver carbonate (1.7 g, 6.2 mmol), silver perchlorate (1.3 g, 

6.3 mmol), and powdered molecular sieves 4 A (3.0 g), and the mixture was stirred for 20 
h at room temperature in the dark (mixture A). A solution of 3,4,6-tri-O-acetyl-2- 

deoxy-2-phthalimido-D-glucopyranosyl bromide (9; 3.2 g, 6.4 mmol) in dichlorometh- 

ane (7 mL) was treated with powdered molecular sieves 4 A (3 g) as above and then 

added to mixture A at room temperature. After vigorous stirring for 16 h. the precipitate 

was collected and washed with dichloromethane, and the combined filtrate and wash- 

ings were concentrated. Column chromatography (1:2 ethyl acetate-hexane) of the 

residue on silica gel (200 g) afforded 10 (3.87 g, 93.7%), isolated as a syrup, [a], - 3.7” (c 

1.1, chloroform); v,,, 1750 and 1230 (ester), 1720 (imide), 860 and 840 (Me,Si), and 740, 

720, and 700 cm” (Ph). ‘H-N.m.r. data (CDCI,): 6 1 .Ol (m, 2 H, Me,SiCH,CH,O), 1.84, 

1.98,2.05(3~,9H,3AcO),4.13(d, 1 H,J,,,,,7.1 Hz,H-la),5.15(& 1 H, J2C,k = Jk,& = 

9.3 Hz, H-3c), 5.63 (d, 1 H, J,C.zC 8.4 Hz, H-lc), 5.87 (dd, 1 H, Jk,5C 10.6 Hz, H-4c), and 
6.90-7.34 (m, 34 H, 6 Ph, phthaloyl-H). 

Anal. Calc. for C,,Hs,NO,,Si (1400.7): C, 67.74; H, 6.40; N, 1 .OO. Found: C, 67.59; 

H, 6.60; N, 0.97. 

2-(Trimethylsilyl)ethyl 0-(2-acetamido-2-deoxy-P-D-glucopyranosyl)-(1 +3/- 

O-(2,4,6-tri-O-benzyl-/3-D-galactopyranosyl)-(I +4)-2,3,6-tri-0-benzyl-/?-D-gh4copy- 

ranoside (12). -~ - A solution of 10 (3.87 g, 2.76 mmol) in methanol (15 mL) was stirred 

with sodium methoxide (100 mg) for 2 h at room temperature. The mixture was treated 

with Amberlite IR-120 (H+) resin and concentrated, and a solution of the residue (11) in 

aqueous95% ethanol (40 mL) was treated with hydrazine hydrate (1 mL) for 2 h under 

reflux. The precipitate was collected and washed with ethanol, and the combined filtrate 

and washings were concentrated. The residue was treated with acetic anhydride (1 mL) 

in methanol (50 mL) for 2 h at room temperature, pyridine (1.5 mL) was added, the 

mixture was concentrated, and a solution of the residue in dichloromethane was washed 
with 2~ hydrochloric acid, water, and M sodium carbonate, dried (Na,SO,), and 

concentrated. Column chromatography (4:1 ethyl acetate- hexane) of the residue on 

silica gel (200 g) gave 12 (2.9 g, 88.4%), isolated as a syrup, [a], -7.3” (c 0.41, 

dichloromethane); vmax 3400 (OH), 1680 and 1560 ( amide), 860 and 840 (Me,Si), and 750 

and 700 cm’ (Ph). ‘H-N.m.r. data (CDCl,): 6 1.00 (m, 2 H, Me,SiCH,CH,O), 1.63 (s, 3 
H, AcN), and 7.10-7.34 (m, 30 H, 6 Ph). 

Anal.Calc.forC,,H,,NO,,Si(l186.5):C,67.82;H,7.05;N,1.18.Found:C,67.59; 

H, 7.20; N, 1.21. 
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2-J Trimethylsilyljethyl 0-~2-acetamido-4,6-0-hen;?,lide~~e-2-deo.~_~-~-D-gluco- 

pyrunos~~Ij-ll~3)-0-(2,4,6-tri-O-benzyl-B_D-gu~uctop_vranos~~l~-~I-t4~-2.3,6-tri-O- 

henzyl-P-D-gkrcopvranoside (13). To a solution of 12 (2.9 g, 2.44 mmol) in NJ- 

dimethylformamide (15 mL) were added benzaldehyde dimethyl acetal (0.73 mL. 4.88 

mmol), toluene-p-sulfonic acid monohydrate (30 mg), and Drierite (3.0 g). The mixture 

was stirred for 16 h at room temperature, then neutralised with Amberhte IR-410 

(HO ) resin, and concentrated. Column chromatography (4: 1 ethyl acetate-hexane) of 

the residue on silica gel (150 g) gave 13 (2.6 g, 83.4%) isolated as a syrup, [a],, ---23‘ (c 1. 

dichloromethane). ‘H-N.m.r. data (CDCl,): S 1 .OO (m, 2 H, Me,SiCH,CH,O), 1.64 (s. 3 

11, AcN), 5.57 (s, 1 H. PhCII), and 7.13 7.51 (m, 35 H, 7 Ph). 

Anal. Calc. for C,,H,,NO,,Si (1274.6): C, 69.73; H, 6.87; K, 1.09. Found: C, 69.64; 

H, 6.98; N. 1.05. 

Z-1 Trimetllyylsil.~ljeth~~l 0-/2-acetamido-4,6-0-henzylider~e-2-d~~o.~y-3-0-(4-me- 

thoxybenzyl)-/I-D-gfucOpyranOSy~]-( 1-*3j-0-(2,4,6-tri-O-henz~~l-~-t~-gcaluctop~~runo- 

.~yf)-(1-+4j-2,3,6-tri-O-benzy~I-~-t~-glucopyranoside (14). --To a solution of 13 (1.27 g, 

0.99 mmol) in N,N-dimethylformamide (5 mL) was added a suspension of sodium 

hydride in oil (44 mg, 1 .Ol mmol; 60% of sodium hydride by weight) at 0”, and the 

mixture was stirred for 20 min at 0’. 4-Methoxybenzyl chloride (0.17 mL, I .28 mmol) 

was added dropwise, and the mixture was stirred for 3 h,at room temperature. The 

solvent was evaporated, the residue was extracted with dichloromethane. and the 

extract was washed with water, dried (NaSO,), and concentrated. Column chromato- 

graphy (1~3 ethyl acetate -hexane) of the residue on silica gel (200 g) gave 14 (I .12 g. 

79.6%), isolated as a syrup, [u], - 11’ (c 0.72, dichloromethane). ‘H-N.m.r. data 

(CDCI,): 6 1.00 (m, 2 H, Me,SiCH,CH,O). 1.44 (s, 3 H, AcN), 3.76 (s, 3 H, MeO), 5.57 

(s, 1 H, PhCN), and 6.78- 7.49 (m, 39 H, 7 Ph, MeOPI1). 

Anul. Calc. for C,,H,,NO,,Si (1394.7): C, 70.61; H, 6.86; NT, 1 .OO. Found: C, 70.49; 
H, 6.95; N, 0.98. 

2- (TrimethylsilyI)ethyl 0-[2-acetamido-6-O-benzyI-2-deo,~y-3-0-(4-methoxy- 

benzyt) -p-D-gtucopyranosyt]- (I -+3) -0- (2,4,6- tri-0-benzy@-D-galactopyranosyl} - 

(I+4)-2,3,6-tri-0-benzyl-P-D-g/ucopyranoside (15). ~--- To a solution of 14 (1.02 g, 0.72 

mmol) in dry tetrahydrofuran (5 mL) were added powdered molecular sieves 3 A (2.0 g), 

the mixture was stirred for 4 h at room temperature, and sodium cyanoborohydride 

(910 mg) was gradually added. After the reagent had dissolved, hydrogen chloride in 

ether was added dropwise at room temperature until the evolution of gas ceased. T.1.c. 

indicated that the reaction was complete after 5 min. The mixture was diluted with 

dichloromethane (50 mL) and water (10 mL), filtered, washed with water and M sodium 

hydrogen carbonate, dried (Na,SO,), and concentrated. Column chromatography (1: 1 

ethyl acetate-hexane) of the residue on silica gel (70g) gave 15 (540 mg, 52.8%), isolated 

as a syrup, [a],, - 5.1” (c 0.98, chloroform); v,,, 3400 (OH), 1670 and 1550 (amide), 860 

and 840 (Me,Si), and 740 and 700 cm~’ (Ph). ‘H-N.m.r. data (CDCI,): 6 1.00 (m, 2 H, 

Me,SiCH,CH,O), 1.47 (s, 3 H, AcN), and 3.77 (s, 3 H, MeO), and 6.81-7.31 (m, 39 H, 7 

Ph, MeOPh). 
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Anal. Calc. for C,,H,,NO,,Si (1396.8): C, 70.5 1; H, 6.99; N, 1 .OO. Found: C, 70.49; 

H, 7.15; N, 1.03. 

2-(Trimethylsilyl)ethylO-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-d& 

deoxy-D-glycero-a-D-galacto-2-nonulopyrano,sylonate)-(2~3/-0-(2,4,6-tri-O-benzyl- 

P-D-galactopyranosyl)-(1 ~3)-0-(2-acetamido-4,6-0-benzqllidene-2-deoxy-P_D-gluco- 

pyranosy~-(l-+3)-0-(2,4,6-tri-O-henzyl-8_~-galactopyranosy~j-(I -+4)-2,3,6-tri-O- 

benzyl-/?-D-glucopyranoside (16). - To a solution of 4 (472 mg, 0.47 mmol) and 13 (400 

mg, 0.3 1 mmol) in dichloromethane (12 mL) were added powdered molecular sieves 4 8, 

(1.5 g), and the mixture was stirred for 5 h at room temperature, then cooled to 0”. A 

mixture of dimethyl(methylthio)sulfonium triflate (DMTST; 490 mg, 1.89 mmol) and 

molecular sieves 4 A (500 mg) was added, the mixture was stirred for 12 h at 0”, and the 

reaction was monitored by t.1.c. The precipitate was collected and washed with dichlo- 

romethane, and the combined filtrate and washings were washed with M sodium 

hydrogen carbonate and water, dried (Na,SO,), and concentrated. Column chromato- 
graphy (4: 1 ethyl acetate-hexane) of the residue on silica gel (60 g) gave amorphous 16 

(607 mg, 87%), [a], +0.37” (c 0.79, chloroform); vmax 3400 (NH), 1740 and 1230 (ester), 

1680 and 1540 (amide), 860 and 840 (Me,Si), and 740 and 720 cm-’ (Ph). ‘H-N.m.r. data 

(CDCI,): 6 0.88, 1.45 (2 s, 6 H, 2 AcN), 0.99 (m, 2 H, Me,SiCH,CH,O), 1.59 (t, 1 H, Jge,, 
= J 3e-ar.4e = 12.4Hz,H-3e-ax), 1.79, 1.89,2.02,2.14(4s, 12H,4AcO),2,42(dd, 1 H, 

J 3e-Pq,4e 4.6 Hz, H-3e-eq), 3.79 (s, 3 H, MeO), 4.91 (dd, 1 H, Jzd,),, 10.0, J3d,4d 2.9 Hz, H-3d), 

512(d,lH,J,,,,,8,0Hz,H-ld),5,20(dd,lH,J,,,, 2 6 J,,.,, 9.7 Hz, H-7e), 5.29 (dd, 1 H, , 

J,,,,2.9Hz,H-4d),5.37(dd, 1 H,H-2d),5.56(s, 1 H,PhCH),and7.08-8,19(m, 50H, 10 
Ph). 

Anal. Calc. for C,Z,H,36N\j2036Si (2222.5): C, 65.39; H, 6.16; N, 1.26. Found: C, 
65.28; H, 6.25; N, 1.23. 

2-( Trimethylsilyl)ethylO-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-di- 

deoxy-o-glycero-a-o-galacto-2-nonulopyranosylonate)-(2~3)-0-(2,4,6-tri-0-benzoyl-~- 

D-galactopyranosyl)-(1 ~3)-0-(2-acetamido-4,6-di-O-acetyl-2-deoxy-B-I>-glucopyra- 

nosyl)-(1 ~3)-0-(2,4,6-tri-O-acetyl-~-D-galactopyranosyl)-(1~4)-2,3,6-tri-0-acetyl- 

p-D-glucopyranoside (17). -- A solution of 16 (380 mg, 0.17 mmol) in ethanol (70 mL) 

and formic acid (2 mL) was hydrogenolysed in the presence of 10% Pd-C (560 mg) for 

48 h at 45”, then filtered, and concentrated. The residue was heated in aqueous 80% 

acetic acid for 16 h at 45”. The solution was concentrated, and the residue was treated 

with acetic anhydride (3 mL) and pyridine (5 mL) by heating for 16 h at 45”. Column 

chromatography (50: 1 dichloromethane-methanol) of the product on silica gel (50 g) 

gave amorphous 17 (206 mg, 62.4%), [a], + 10” (c 1.26, chloroform). ‘H-N.m.r. data 

(CDCI,): 6 0.90 (m, 2 H, Me,SiCH,CH,O), 1.62 (t, 1 H, J,,, = J3_,& = 12.3 Hz, 

H-3e-ax), 1.53, 1.77(2s, 6H,AcN), 1.9&2.15(11 s, 36H, 12AcO), 2.44(dd, 1 H, J3e-eq,4e 

4.7 Hz, H-3e-eq), 3.81 (s, 3 H, MeO), 4..98 (d, 1 H, J,,,,, 9.7 Hz, H-ld), 5.63 (m, 1 H, 

H-8e), and 7.4fk8.19 (m, 15 H, 3 Ph). 

Anal. Calc. for C,,H N 0 112 2 44 Si (1929.9): C, 54.76; H, 5.84; N, 1.45. Found: C, 

54.68; H, 5.93; N, 1.42. 
O-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-di~oxy-D-g~y~r~a-D-ga~~to- 
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2-nonulopyranosylonate)- f 2-t3)-0-(2,4,6-tri-O-henzoyl-~-D-galactop~~ran~~s.~l)-( I -t3j- 

0-(2-acc~tamido-4,6-di-O-acetyl-Z-deo.~y)-~-D-gluco~pyrano.syil)-f l-+3)-0-(2.4,6- 

tri-O-acetyl-/3-D-galactopyranosylj-(1 -+4)-2,3,6-tri-O-acetyl-D-glucopyranose (18). 

To a solution of 17 (210 mg, 0.108 mmol) in dichloromethane (5 mL) was added boron 

trifluoride etherate (0.14 mL). The mixture was stirred for 24 h at 0”. then diluted with 

dichloromethane (50 mL), washed with M sodium carbonateand water, dried (Na,SO,), 

and concentrated. Column chromatography (30: 1 dichloromethane-methanol) of the 

residue on silica gel (40 g) gave amorphous 18 (173 mg, 86.7%) [a],, f30’ (c 0.82. 

chloroform); v,,, 3400 (NH, OH). 1740 and 1230 (ester), 1680 and 1540 (amide), and 

720 cm-’ (Ph). 

Anal. Calc. for C,,H,,Nz0,,(1829.7): C, 54.48; H, 5.50; N. 1.53. Found: C, 54.35; 

I-I, 5.54; N, 1.49. 

0-( Methyl 5-acetamido-4,7,8,9-tetra-O-acet~vl-3,5-dideox~~-D-glycero-a-D-galacto- 

2-nonulop~~ranos~~~lonatej-/,7-t3j-0-(2,4,6-tri-O-benzo~~l-~-D-galactop~vrano~~~~l)-(~ -*3)- 

0- (2-acetamido-4,6-di-O-acet~~l-2-deo.~y-~-~-glucop_~rano,~~~l~ -C l-*3) -0- (2,4,6-tri-O- 

acet_yl-/I-D-galactopyranosyl)-(I -+4)-2,3,6-tri-O-acet_yl-a-D-glucopyranosy~l trichloroa- 

cetimidate (19). ~~~ To a solution of 18 (172 mg, 0.09 mmol) in dichloromethane (1.5 mL) 

and trichloroacetonitrile (0.27 mL) was added 1.8-diazabicyclo[5.4.0]undec-?-ene 

(DBU, 14 mg) at -5“, and the mixture was stirred for 4 h at 0”. then concentrated. 

Column chromatography (30: 1 dichloromethane-m methanol) of the residue on silica gel 

(20 g) afforded amorphous 19 (163 mg, 88%) [a], + 39” (~0.69, chloroform). ‘H-N.m.r. 

data (CDCI,): 6 1.53, 1.77 (2 s, 6 H, 2 AcN), 1.62 (t, 1 H, Jqc,,n = Jjc_a,,4c = 12.4 Hz, 

H-3e-a.\r), 1.90-2.15 ( 12 s. 36 H, 12 AcO), 2.43 (dd, 1 H, Jjc_rq,C 4.6 Hz, IL-3e-q), 3.8 1 (s, 3 

H, MeG), 5.51 (t, 1 H, J,d,2d = J2d.3d = 9.5 Hz, H-2d), 5.62 (m, 1 H, H-8e). 6.48 (d, I I-I, 

J,a,,a 3.8 Hz, H-la), 7.30- 8.19 (m, 15 H, 3 Ph). and 8.65 (s, 1 H, C=NH). 

Anal. Calc. for C,,H,,Cl,N,O, (1974.1): C, 51.71; H. 5.10: N, 2.12. Found: C, 

51.58; H, 5.32; N, 2.15. 

2-( Trimethylsilyl)ethylO-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-di- 

deo.lcy-D-glycero-a-D-galacto-2-nonu~opyate~-(2-t3)-0-(2,4,6-tri-O-ben- 

zoyl-~-D-galactopyranosyl)-(l-r4)-O-(2-acetamido-6-O-benzy~-2-deoxy-3-0-(4- 

methoxyhenzyl)-b-D-giucopyranosyl/-(I -+3)-O-(2,4,6-tri-0-benzy&j?-D-galactopyra- 

nosyl)-fl-+4)-2,3,6-tri-O-benzy~-~-D-glucopyranoside (20). - Glycosidation of 4 (454 

mg, 0.455 mmol) with 15 (430 mg, 0.304 mmol), as described for the synthesis of 16, gave 

amorphous 20 (637 mg, 71.9%), [a], + 7.5” (c 1.1, chloroform). ‘H-N.m.r. data (CDCI,): 

61.00(m,2H,Me,SiCII,CH~0),1.44,1.49(2s,6H,2AcN),1.78,1.91,1.96,2.14(4s, 

12H,4AcO), 2.46(dd, 1 H,J,,, 12.4,J3_+ 4.5, H-3e-eq), 3.64(s, 3 H, MeOPh), 3.82 (s, 

3 H, MeO), 5.07 (d, 1 H, JId,Zd 8.1 Hz, H-ld),5.22(dd, 1 H, J,,,,2.6, J,,,,,9.7Hz, H-7e), 

5.37(bt, 1 H, J,+,,, = Jed,jd = 2.8 Hz, H-4d), 5,48 (dd, 1 H, J11?d,3d 9.5 Hz, H-2d), 5.67 (m, 1 

H, H-8,), and 6.58-8.23 (m, 54 H, 10 Ph, MeOPh). 

Anal. Calc. for C,2,H,,,N,0,,Si (2344.7): C, 66.08; H, 6.27; N. 1.19. Found: C, 
65.86; H, 6.29; N, 1.15. 
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lactopyranosyl)- (1+4)-O- (2-acetamido-3,6-di-O-acetyl-2-deoxy-~-D-glucopyranosyl) - 
(I-t3)-O-(2,4,6-tri-O-acetyl-~-D-galactopyranos~vl)-(l +4)-2,3,6-tri-0-acetyl+D-glu- 
copyranoside (21). - A solution of 20 (520 mg, 0.22 mmol) in ethanol (70 mL) and 

formic acid (4 mL) was stirred with 10% Pd-C (980 mg) for 48 h at 45” under hydrogen. 

The catalyst was collected and washed with methanol, the combined filtrate and 

washings were concentrated, the residue was heated with acetic anhydride (6 mL) and 

pyridine (8 mL) for 16 h at 45”, and the mixture was concentrated. Column chromatog- 

raphy (50: 1 dichloromethane-methanol) of the reisidue on silica gel (50 g) gave amor- 

phous 21 (260 mg, 59.4%), [a], + 11” (c 0.87, chloroform), ‘H-N.m.r. data (CDCI,): 6 

1.26 (m, 2 H, Me,SiCH,CH,O), 1.52-2.12 (14 s, 42 H, 12 AcO, 2 AcN), 2.46 (dd, 1 H, Jge,,, 
12.4, J 3e_ry,4e 4.5 Hz, H-3e-eq), 3.80 (s, 3 H, MeO), 5.63 (m, 1 H, H-8e), and 7.43-8.19 (m, 

15H,3Ph). 

Anal. Calc. for C,BH,,,N,O,,Si (1929.9): C, 54.76; H, 5.84; N, 1.45. Found: C, 

54.65; H, 5.99; N, 1.31. 

0-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac- 
to-2-nonulopyranosylonate)-(2~3)-0-2,4,6-tri-O-benzoyl-8_D-galactopyranosyl)- 
(I ~4)-0-(2-acetamido-3,6-di-O-(acetyl-2-deoxy-~-D-glucopyranosyl)-(I +3)-O-(2,4,6- 
tri-O-acetyl-~-D-galactopyranosyl)-(I~4)-2,3,6-tri-O-acetyl-D-glucopyranose (22). - 
To a cooled solution of 21(177 mg, 0.09 mmol) in dichloromethane (4 mL) was added 

boron trifluoride etherate (0.16 mL), and the mixture was stirred for 8 h at 0” and then 

worked-up, as described for 18, to give amorphous 22 (131.7 mg, 78.3%), [a], + 29” (c 
1.26, chloroform); v,,, 3400 (NH, OH), 1740 and 1230 (ester), 1670 and 1540 (amide), 

and 720 cm-’ (Ph). The ‘H-N.m.r. data (CDCl,) showed the loss of the 2-(trimethylsilyl)- 

ethyl group. 

Anal. Calc. for C,,H,,N,O, (1829.7): C, 54.48; H, 5.50; N, 1.53. Found: C, 54.45; 
H, 5.64; N, 1.52. 

0-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac- 
to-2-nonulopyranosylonate)-(2~3)-0-(2,4,6-tri-O-benzoyl-~-D-galactopyranosyl)- 
(l-4) -0- (2-acet~ido-3,6-di-O-acetyl-2-~oxy-~-D-glucopyranosyl)- (l-+3) -0- (2,4,6- 
tri-0-acetyl-B-D-galactopyranosyl-(I +4)-2,3,6-tri-0-acetyl-a-D-glucopyranosyl trichlo- 
roacetimidate (23). - A solution of 22 (13 1 mg, 0.07 mmol) in dichloromethane (1 mL) 

was treated with trichloroacetonitrile (0.2 mL) and DBU (11 mg), as described for 19, to 

give amorphous 23 (123 mg, 87.2%), [a], +43” (c 0.39, chloroform). ‘H-N.m.r. data 

(CDCI,): 6 1.53, 1.77 (2 S, 6 H, 2 AcN), 1.59 (t, 1 H, JsMm = J3ear,4e = 12.4 Hz, H-3e-ax), 

1.90-2.12(12s,36H, 12AcO),2.46(dd, 1 H, J,.,,, 4.6 Hz, H-3e-eq), 3.80 (s, 3 H, MeO), 

5.62 (m, 1 H, H-8e), 6.47 (d, 1 H, J,a,Za 3.3Hz,H-la),7.29-8.18(m,15H,3Ph),and8.64 

(s, 1 H, C=NH). 

Anal. Calc. for C,,H,,Cl,N,O, (1974.1): C, 51.71; H, 5.10; N, 2.12. Found: C, 

51.62; H, 5.25; N, 2.09. 

0-(A4ethyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-gly~ro-a-D-ga~~- 
to-2-nonulopyranosylonate)-(2~3)-0-(2,4,6-tri-O-benzoyl-8_D-galactopyranosyl)- 
(I +3)-O- (2-acetamido-4,6-di-O-acetyl-2-deoxy-~-D-glucopyr~osyl)- (1+3) -0- (2,4,6- 
tri-0-acetyl-/I-D-galactopyranosyl)-(1 +4)-O-(2,3,6-tri-0-acetyl-/3-D-glucopyrano- 
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syl) - (I-+ 1 j - (2S,3R,4E)-2-azido-3-0-benzoyl-4-octadecene-1,3-diol(25). - To a solu- 

tion of 19 (162 mg, 0.08 mmol) and (2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecenc-1,3- 

dial” (24; 68 mg, 0.16 mmol) in dichloromethane (3 mL) were added powdered 

molecular sieves 4 A (AW-300, 1.6 g), and the mixture was stirred for 5 h at room 

temperature, then cooled to 0”. Boron trifluoride etherate (0.05 mL) was added, and the 

mixture was stirred for 8 h at 0’ and then filtered. The insoluble material was washed 

with dichloromethane, and the combined filtrate and washings were washed with M 

sodium hydrogen carbonate and water, dried (Na,SO,), and concentrated. Column 

chromatography (50: 1 dichloromethaneemethanol) of the residue on silica gel (30 g) 

gave amorphous 25 (101.3 mg, 55.3%), [a], f6.5” (c 1, chloroform); v,,, 3400 (NH), 

2100 (N,), 1750 and 1230 (ester), 1680 and 1540 (amide), and 710 cm-’ (Ph). ‘H-N.m.r. 

data (CDCI,): (aglycon) 6 0.88 (t, 3 H, CH,), 1.24 (s, 22 H, 11 (X2), 5.91 (m, 1 H, J4,5 
13.8, J5,6 = J5,6. = 7.3 Hz, H-5); (pentasaccharide) 6 1.53; 1.77 (2 s, 6 H, 2 AcN), 1.62 (t, 1 

H, Jqm = Jk-a.r.4e = 12.4 Hz, H-3e-ax), 1.9@-2.15 (12 s, 36 H, 12 AcO), 2.44 (dd. 1 H, 

J 3e_ry,4e 4.3 Hz, H-3e-eq), 3.80 (s, 3 H MeO), and 7.4G8.19 (m, 20 H, 4 Ph). 

Anal. Calc. for C,,,H,,,N,O,, (2241.3): C, 57.87; H, 6.16; N, 3.12. Found: C. 

57.61; H, 6.23; N, 3.05. 

0-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideo~~y-D-glycero-a-D-galac- 
to-2-nonulopyranosylonate~-/2~3)-0-(2,4,6-tri-O-ben~oyl-~-D-galactopyrano~~yl~- 
(I -t3j-0-(2-acetamido-4,6-di-O-acetyl-2-deox?i_l)-~1+3)-O-(2,4,6- 
tri-0-acetyl-p-D-galactopyranosyl)-( I--+$)-O-(2,3,6-tri-0-acetyl-p-D-glucop~~ano- 
syl)-(I -t1)-(2S,3R,4E~-3-0-benzoyl-2-octadecana~~ido-4-octadecene-l ,3-diol(27). -- 
Hydrogen sulfide was bubbled through a stirred solution of 25 (100 mg, 44.6 Llmol) in 

aqueous 83% pyridine (12 mL) for 48 h at room temperature. The reaction was 

monitored by t.1.c. The mixture was concentrated, and the residue (26) was stirred with 

octadecanoic acid (25 mg, 87.8 mmol) and I-ethyl-3-(3-dimethylaminopropyl)carbodi- 

imide hydrochloride (WSC; 25 mg, 130pmol) in dry dichloromethane (3 mL) for 16 hat 

room temperature. Dichloromethane (50 mL) was added, and the mixture was washed 

with water, dried (Na$O,), and concentrated. Column chromatography (50: 1 dichloro- 

methane-methanol) of the residue on silica gel (20 g) gave amorphous 27 (87.6 mg, 

79.1%), [a], + 14’ (c 0.87, chloroform). ‘H-N.m.r. data (CDCI,): (ceramide) 6 0.87 (t, 6 

H, 6.1 Hz, 2 CH,), 1.25 (-s, 50 H, 25 CH2), 1.60 (m, 2 H, COCH,CM2), 5.74 (d, I H, 

J NH,CH 8.9 Hz, NH), and 5.85 (m, 1 H, J4,5 14.1, J5,6 = J5.6. = 7.3 Hz, H-5); (pentasaccha- 

ride)61.52,1.77(2s,6H,2AcN),1.9-~2.15(12s,36H,12AcO),2.45(dd,1H,J,,,,,13.0, 

J 3c-ey.4c 4.5 Hz, H-3e-eq), 3.80 (s, 3 H, MeO), and 5.61 (m, 1 H, H-8e). and 7.40-8.18 (m. 

20 H, 4 Ph). 

Anal. Calc. for C,,,H,,,N,O,, (2481.8): C, 60.98: H. 7.02; N, 1.69. Found: C. 

60.71; H, 7.12; N, 1.65. 

SialyMzctotetraosylceramide (28). --- To a solution of 27 (87.6 mg, 35.3 mmol) in 

methanol (5 mL) was added sodium methoxide (20 mg), the mixture was stirred for 24 h 

at 40’, and water (0.5 mL) was added. The solution was stirred for 8 h at room 

temperature, neutralized with Amberlite IR-120 (H+) resin, and filtered, the resin was 

washed with 1: 1 water--methanol. and the combined filtrate and washings were concen- 
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trated. Column chromatography (1: 1 water-methanol) of the residue on Sephadex 

LH-20 (40 g) gave amorphous 28 (55.2 mg, quantitative), [a], - 6.2” (c 1.09, water); v,,, 

350&3300 (OH, NH), 2940 and 2840 (methyl, methylene), 1720 (COOH), and 1660 and 

1540cm-’ (amide). ‘H-N.m.r. data [400 MHz, 60°, in 98:2 (CD,),SO-D,O]: (ceramide) 6 

0.85(t,6H,2CH3), 1.24(-s,50H,25CHz), 1.46(bm,2H,COCH,CH,), 1.94(-q,2H, 

CH=CH-CH,), 2.04 (t, 2 H, COCH,), 5.37 (-dd, 1 H, J3,4 7.0, J4,5 15.4 Hz, H-4), and 

5.55 (m, 1 H, J5,@@) - 7 Hz, H-5); (pentasaccharide) 6 1.38 (t, 1 H, JBem = J,c_oX,k = 12 Hz, 

H-3e-ax), 1.8 1,1.88 (2 s, 6 H, 2 AcN), 2.76 (dd, 1 H, Jk_pq,4e 5 Hz, H-3e-eq), 3.07 (- t, 1 H, 

J7--8Hz,H-2a),3.88(-d,lH,J3Hz,H-4b),4.l7(d,lH,J,~,,,7.7Hz,H-la),4.19(d,1 

H, Jw~ 7.5 Hz, H-ld), 4.29 (d, 1 H, Jlb,zb 7.5 Hz, H-lb), and 4.74 (d, 1 H, J,+ 8.4 Hz, 

H-lc). 

Anal. Calc. for C73H,3,N303, (1546.9): C, 56.68; H, 8.53; N, 2.71. Found: C, 56.48; 

H, 8.72; N, 2.50. 

0-(Methyl S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-ga~ac- 

to-2-nonu~opyranosylonate)-(2~3)-0-(2,4,6-tri-O-henzoyl-~-D-galactopyranosyl)- 

(1~4)-O-(2-acetamido-3,6-di-O-acetyl-2-deoxy-~-D-glucopyranosyl)-(l +3)-O-(2,4,6- 

tri-O-acetyl-j?-D-galactopyranosyl)- (144) -O-(2,3,6- tri-O-acetyl-a-D-gfucopyrano- 

syl)-(I ~1)-(2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-I,3-diol (29). Coupling 

of 23 (110 mg, 0.054 mmol) and 24 (46 mg, 0.1 mmol), as described for 25, gave 

amorphous 29 (51.7 mg. 41.5%) [a], + 5.4” (c 1.03, chloroform); v,, 3400 (NH), 2950 

and 2840 (methyl, methylene), 2100 (azide), 1740 and 1230 (ester), 1680 and 1540 

(amide), and 710 cm-’ (Ph). ‘H-N.m.r. data (CDCl,): (aglycon) 6 0.88 (t, 3 H, CH,), 1.23 

(s, 22 H, 11 CH,), and 5.91 (m, 1 H, J,,, 14.0, J5,6 = J5,# = 7.1 Hz, H-5); (pentasaccha- 

ride) 6 1.53, 1.77 (2 s, 6 H, 2 AcN), 1.63 (t, 1 H, J,,, = J3e_ax,4e = 12.4 Hz, H-3e-ax), 

1.88-2.12(12s,36H, 12AcO),2.46(dd,lH,JX,,,,, 4.4 Hz, H-3e-eq), 3.80 (s, 3 H, MeO), 

and 7.42-8.21 (m, 20 H, 4 Ph). 

Anal. Calc. for C,,,H,,,N,O,, (2241.3): C, 57.87; H, 6.16; N, 3.12. Found: C, 
57.79; H, 6.25; N, 3.08. 

0-(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac- 

to-2-nonulopyranosylonate)-(2~3)-0-(2,4,6-tri-O-benzoyl-~-D-galactopyranosyl)- 

(1+4)-O- (2-acetamido-3,6-di-O-acetyl-2-deoxy-B-D-glucopyr~osyl) - (l-+3) -0-(2,4,6- 

tri-O-acetyl-~-D-ga~actopyranosyl)-(1~4)-0-(2,3,6-tri-O-acety~-~-D-glucopyrano- 

syl)-(1 ~1)-(2S,3R,4E)-3-0-benzoyl-2-octadecanamido-4-octadecene-l,3-diol (31) - 

Selective reduction of the azide group in 29 (5 1 mg, 22.7 pmol) and subsequent coupling 

with octadecanoic acid (13 mg, 45.6 pmol), as described for 27, afforded amorphous 31 

(47.3 mg, 83.7%) [a], + 12.3” (c 0.94, chloroform); v,,,~~ 3300 (NH), 2940 and 2840 

(methyl, methylene), 1740 and 1230 (ester), 1660 and 1530 (amide), and 700 cm-’ (Ph). 

‘H-N.m.r. data (CDCI,): (ceramide) 6 0.87 (t, 6 H, 2 CH,), 1.25 (-s, 50 H, 25 CH,), 1.60 

(m, 2 H, COCH,CH,), 5.74 (d, 1 H, JNH,CH 8.8 Hz, NH), and 5.86 (m, 1 H, J4,5 14.2,J,,, = 

.J5,6. = 7.3 Hz, H-5); (pentasaccharide) 6 1.53, 1.77 (2 s, 6 H, 2 AcN), 1.88-2.12 (12 s, 36 

H, 12 AcO), 2.46 (dd, 1 H, Jsrm 12.6, J3e_eq,de 4.2 Hz, H-3e-eq), 3.80 (s, 3 H, MeO), and 5.62 

(m, 1 H, H-8e), and 7.41-8.18 (m, 20 H, 4 Ph). 
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Anal. Calc. for C,,,H,,,N,O,, (248 1.8): C, 60.98; H, 7.02; N, 1.69. Found: C, 

60.79; H, 7.20; N, 1.63. 

Sial~~lneolu~totetra~sylcerami~e (32). Deacylation and saponification of 31 

(47.3 mg, 19.0 pmol), as described for 28, yielded amorphous 32 (26.3 mg, 89.2%), [a],, 

- 3.8” (c 0.79, water); v,,, 3500-3350 (OH, NH), 2940 and 2840 (methyl. methylene), 

1715 (COOH), and 1660 and 1550 cm-’ (amide). ‘H-N.m.r. data [400 MHz, 60”, 98:2 

(CD&SO-D,O]: (ceramide) 6 0.85 (t, 6 H, 2 CH,), 1.24 (-s, 50 H, 25 Cn,) 1.46 (bm, 2 

I-~,COCH,C~,),1.94(-q,2H,CI-T=CH-CI1~),2.04(t,2H,COC~~~).3.91(t,1H,J7.4 

Hz, H-3), 5.37 (- dd, 1 H, J1,4 7.0, Jd,5 15.4 Hz, H-4), and 5.55 (m, 1 H, JS,M6.1 - 7 Hz, 

H-5); (pentasaccharide) S 1.39 (t, Jyr,m = Jlc_or,Je = 12 Hz, II-3e-ax), 1.82, 1.89 (2 s, 6 H, 2 

AcN), 2.76 (dd, 1 H, Jjc_ey,4e 5 Hz, H-3e-eq), 3.06 ( - t, 1 H, J 7-8 Hz, H-2a), 3.87 ( - s, 1 H, 

H-4b), 4.17 (d, 1 H, J,a,h 7.7 Hz, H-la), 4.22 (d, 1 H, .I,,,, 7.9 Hz, H-ld), 4.28 (d, 1 H. 

J ,b,2b 7.0 Hz, H-lb), and 4.67 (d, 1 H, J,c,lc 8.2 Hz, H-lc). 

Anal.Calc.forC,,H,,,N,O,,(1546.9):C,56.68;~1,8.53;N,2.71. Found:C,56.65; 

H, 8.61; N, 2.75. 
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