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Abstract: A first total synthesis of ganglia ganglioside GMlb. a-D-NeupSAc-(243)~8-D-Galp- 
(1-+3)-~-D-GalpNAc-(l~4)-P_D-Galp-(l~4)-~-D-Glcp-(l~l)-Cer, was achieved in a 
stereocontrolled manner. 

In 1973, biotransformation of gangliotetraosylceramide asialo GMlb into GMlb 1 was 

reported by Yip2 and the structure was determined in 1975 by Stoffyn et a13. Subsequently GMlb 

was isolated from human erythrocyte membranes4, rat tumor cells5. mouse myeloid leukemia 

cells6, mouse spleen7, human braing. and murine T lymphoblast9. 
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As part of our project18 on the synthesis of ganglia gangliosides, we now describe a first 

total synthesis of GMlb 1. which clearly demonstrates the efficiency of O-2a pivaloyl group in 

19 b over acetyl group in 19a as an auxiliary1 1 to achieve coupling between a glycan of ganglia 

series and a ceramide part. 

Synthetic plan was delineated in scheme 1. A glycopentaosyl donor 2 armed with an 

auxiliary at O-2a is designed as a key glycosyl donor along with two kinds of known ceramide 

derivatives 312 and 413 as key glycosyl acceptors. The donor 2 was disconnected into a 

glycobiosyl donor 5 and a glycotriosyl acceptor 6. A readily available14 imidate 7 was chosen as 

an equivalent to the donor 5. A glycosyl acceptor 6 may be designed as 13ab and prepared as 

follows. Sn(OTf)215 And powdered molecular sieves 4A (MS4A) promoted glycosylation of 9a1 6 
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and 9b17 with 818 in CH3CN gave 1Osb l9 (a 67%; b 72%). which were further converted into 

glycosyl acceptors 13ab19 in 4 steps via llab *9 and 12ab19 (1 NH2NH2*H20 in EtOH at 80”. 2 1:lO 

Ac20-MeOH. 3 PhCH(OMe)2 and TsOHeH20 in CH3CN. 4 BH3NMe3-AlC13 in THF28, a 36%; b 50% 

overall). 

Schema 2 

Crucial couplings between 13ab and 7 were achieved in (CH2C12)2 by use of BF3mOEt2 as a 

promotor in the presence of MS4A to afford 14l9 (a 50%. b 59%) whose configurations at newly 

introduced glycosidic linkages at C-ld were assigned as g-D by 1~ n.m.r. data after convertion 

into deblocked derivatives 15ab19 in 3 steps (1 NaOMe-MeOH, 2 NaOH-aq. MeOH, 3 10% Pd-C and H2 

in 8:2 MeOH-H20, a 63%; b 67% overall). Having determined the structures, 14ab were smoothly 

converted into. the key glycopentaosyl donors 19ab*9 in a conventional manner in 4 steps (1 

fO% Pd-C and H2 in MeOH. 2 Ac20 in Py, 3 NH2NH2gAcOH in DMF for 5 min at 50’21,4 C13CCN and 

DBU22 in (CH2C1)2, a 36%; b 62%). 
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Schema 3 

Having necessary key intermediates 3, 4 and 19ab in our bands, the coupling experiments 

were performed employing BF3mOEt2 in the presence of MS4A at 20” under Ar. Reaction of the 

donor 19a with the acceptor 3 in CHC13 and 4 in (CH2C1)2 afforded 15.4 and 17.4% yield of the 

desired product 20~ and Zla, respectively. On the other hand, the donor 19 b armed with 

pivaloyl auxiliary at O-2a upon reaction with the acceptor 3 did afford a 32% yield of the coupled 



387 

product 20b, showing clearly the efficacy of pivaloyl over acetyl’ auxiliary at O-2a in the 

coupling between a ceramide equivalent and a ganglia series glycosyl donor. The result is in 

harmony with our previous experiments on lacto23 and glob024 series glycosyl donors. Both of 

the fully protected glycosphingolipids 20ab were converted into the target molecule GMlb 1 in 2 

steps (1 NaOMe in 1:l MeOH-THF, 2 NaOH in 1:l:l MeOH-THF-H20, Ilnally purified by Sephadex LH- 

20 in 12:6:1 CHC13-MeOH-H20 a and b: 78%). 

In summary, a first total synthesis of GMlb was achieved in a stereocontrolled manner. lH- 

N.m.r. data recorded in 49:l (CD3)2SO-D20 for both synthetic 1 and human brain8 GMlb were 

found in complete agreement. 
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