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Various important biological functions have been attributed to sialoglycoconju- 
gates, found as gangliosides and glycoproteins in the plasma membranes of animal 
cells”‘. Consequently, a facile, regio- and a-stereo-selective route to glycosides of sialic 
acid has been of critical importance for the synthesis of a variety of gangliosides and 
their analogs needed for investigations of the functions of sialoglycoconjugates at the 
molecular level. 

Recently, we demonstrated’*’ a new, efficient a-glycosidation of sialic acid by the 
use of dimethyl(methylthio)sulfonium triflate (DMTST)“*” as the promoter, the methyl 
2-thioglycoside of sialic acid as the glycosyl donor, and suitably protected galactose and 
lactose derivatives as glycosyl acceptors. This procedure, run in acetonitrile under 
kinetically controlled conditions, enabled us to accomplish the synthesis of gangliosides 
GM, (ref. 12), GM., (ref. 13), sialyl lacto- and neolacto-tetraosyl ceramides’4,‘5, and 
other analogs’6~‘7. As a part of our continuing efforts toward the synthesis and elucida- 
tion of the functions of sialoglycoconjugates, we describe here the first total synthesis of 
sialyl Lewis X, which has been isolated from human kidney”, and found” to be a 
widespread, tumor-associated, ganglioside antigen. 

Glycosylation of 2-(trimethylsilyl)ethyl 0-(2-acetamido-4,6-0-benzylidene-2- 
deoxy-fi-D-glucopyranosyl)-( 1 -r3)-0-(2,4,6-tri-O-benzyl-/?-D-galactopyranosyl)- 
(1 -+4)-2,3,6-tri-0-benzyl-/I-n-glucopyranosidezO (2) was effected with methyl 2,3,4-tri- 
0-benzyl-1-thio-/I-L-fucopyranoside” (l), newly synthesized from tetra-O-acetyl-L-fu- 
case via replacement of the anomeric acetoxy group with a methylthio group [(methyl- 
thio)trimethylsilane], 0-deacetylation, and 0-benzylation. Reaction in the presence of 
DMTST and molecular sieves 4A (MS-4A) in benzene for 4 h at 6” gave an 86% yield of 
the desired tetrasaccharide 3 {[a], - 37” (CHCI,)), showing in its ‘H-n.m.r. spectrum a 
three-proton doublet at 6 0.84 (J,,6 6.4 Hz, CH,CH) and a one-proton doublet at S 5.07 
(J,,* 3.6 Hz, H-l), characteristic of the u.-fucopyranosyl unit. Reductive ring-opening of 
the benzylidene group in 3 with sodium cyanoborohydride-hydrogen chloride in dry 
ether, according to the method of Garegg et al.22, afforded compound 4 in 75% yield. 

* Synthetic Studies on Sialoglycoconjugates, Part 2 1. For Part 20, see ref. 1. 
’ To whom correspondence should be addressed. 
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The glycosylation of 4 with methyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5- 
di-deoxy-D-g~ycero-a-D-gu~ucto-2-nonulopyranos~lonate)-(2~3)-2,4,6-tri-O-benzoyl- 
1-thio-p-D-galactopyranoside” (5), in dichloromethane for 20 h at room temperature in 
the presence of DMTST and MS-4A, gave a 41% yield of the hexasaccharide 6 {[a$, 
- 14.5” (CHCl,)}, which had the desired stereochemistry. Significant signals in the 
‘H-n.m.r. spectrum of 6 were a three-proton doublet at 6 1.06 (J5,6 6.6 Hz, CH,CH, 
fucose unit), two three-proton singlets, at 6 1.45 and 1.50 (IV-COCH,), four three- 
proton singlets, at 6 1.78, 1.90, 1.93, and 2.13 (0-COCH,), a three-proton singlet at 6 
3.77 (0-CH,), acomplex resonance at 6 7.05-8.19 (13 C,H,), and a one-proton doublet 
of doublets at 6 5.43 (J,,2 8.1, .& 9.9 Hz, H-2 of the benzoylated Gal unit), indicating the 
newly formed glycosidic linkage to be 8. 

3 R’,R’ = bemylidene 

4 R’=Bn,R’=H 

4 

Bz = tmzoyl 

s--l-- 

QBz 6 R’=Bn,RZ=OSE,R3=H 

7 R’=Ac,R2=OSE,R3=H 

NJ 8 R’ = AC Rz R’ = H, OH , 3 
10 9 R’ = AC , Rz = H , R3 = OC(=NH)CCl, 
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Removal of the benzyl groups from 6 by catalytic hydrogenolysis over 10% Pd-C 
in 3:l ethanol-acetic acid for 4 days at 45”, and subsequent acetylation with acetic 
anhydride-pyridine, gave compound 7 {[a], -20” (CHCI,)} in 81% yield. Selective 
removal of the 2-(trimethylsilyl)ethyl group from 7 by treatmentz3 with trifluoroacetic 
acid in dichloromethane for 1 h at room temperature gave compound 8 {[alo -8.5” 
(CHCI,)} in 94% yield after column chromatography. Treatment” of 8 with trichloro- 
acetonitrile in the presence of l&diazabicyclo[5.4.0]undec-7-ene (DBU) for 3 h at 0” 
gave the trichloroacetimidate 9 in 91% yield. Significant signals in the ‘H-n.m.r. 
spectrum were a one-proton doublet at 6 6.47 (J,,2 3.9 Hz, H-l) and a one-proton singlet 
at 6 8.65 (C=NH), indicating a-trichloroacetimidate formation. 

The final glycosylation of (2S,3R,4E)-2-azido-3-0-benzoyl-4-octadecene- 1,3- 
diolZ5 (10; 2.0 equiv.) with 9 thus obtained, in the presence of boron trifluoride ether- 
ate24a,2Sa and MS-4A AW-300 for 3 h at O”, afforded only the expected p-glycoside 11 

(14, - 23” Q-Q)), in 56% yield after column chromatography. The ‘H-n.m.r. 
spectrum of the newly coupled product included a one-proton doublet at 6 4.49 (J1,2 7.7 
Hz, H-l of the Glc unit) and a one-proton doublet of triplets at 6 5.91 (J4,5 13.9, J5,6 = J5,6 

= 7.0 Hz, H-5, sphingosine unit). Selective reduction 25a~26 of the azido group in 11 with 
hydrogen sulfide in aqueous pyridine gave the amine 12, and this on condensation with 
octadecanoic acid in the presence of I-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
(WSC) in dichloromethane for 16 h at room temperature afforded the sialyl Lewis X 
derivative 13 {[aID - 12” (CHCI,)) in 81% yield. Finally, O-deacylation of 13 with 
sodium methoxide in methanol, and saponification of the methyl ester group, furnished 
the end product 14 {[a], - 17.5” (5:4:0.7 CHCl,-MeOH-H,O)} in quantitative yield 
after chromatography on a column of Sephadex LH-20. 

In conclusion, by using compounds 1, 5, and 9 as glycosyl donors, and com- 
pounds 2,4, and 10 as glycosyl acceptors, a regio- and stereo-controlled synthesis of 
sialyl Lewis X, a complex-type ganglioside, was achieved. 

11 R=N, 

12R=NH1 

13 R =NHCOC,7H,5 
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New compounds obtained gave elemental analyses and i.r. and ‘H-n.m.r. (270 
MHz) data in agreement with the structures assigned. 
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