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A TOTAL SYNTHESIS OF FORSSMAN GLYCOLIPID, GLOBOPENTAOSYL CERAMIDE 

IV3GalNAcaGbqCer1) 
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Abstract: A first total synthesis of Porssman antigen, GalNAcal+3GalNAc8l-+3Galal-+4Gal8l+ 
4Glc81+ lCer, was achieved in a stcreoselective manner by using a glycopentaosyl fluoride as a 
key glycosyl donor for the crucial coupling with a ceramidc equivalent. 
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Scheme 1 (TM6 = 2, 4, 6.trlmethylbenzoyl. TBDPS = Bu’Ph,SI] 

Forssman antigen that occurs2 

in many species of animals was first 

described3 in I911 and was recently 

reported4 as an antigenic marker for 

a major subpopulation of murine 

macrophagcs resided preferentially 

in spleen and peripheral lymph 

nodes. The structure of this antigen 

was proposed5 in 1971 as 

globopcntaosyl ceramide 1 from 

enzymic degradation study. In 1982 

first synthesis of glycan part of I 

was achieved6 by Paulsen and 

Bunsch. We now describe a first total 

synthesis of 1 in a stereocontrolled 

manner, the *H-n.m.r. data of which 

was found identical with those7 of 

natural sample, 

A retrosynthetic analysis of 1 led us to design a glycopentaosyl donor 2 that carries a 

stereocontrolling auxiliary8, 2,4,6-trimethylbentoyl group at O-2a, and a reactive giycosyl 

acceptor, azido alcohol 39, as a ceramide equivalent. Compound 2 was further disconnected into a 

2 s , IR’ II- 

or. ‘P I CHPh 

glycobiosyl donor 4 and a 

glycotriosyl acceptor 5 which were 

respectively designed as a 

thioglycoside 6 and a known10 

glycotrioside 7. 

Preparation of 6 was executed 

in 7 steps from 91 1 in 23% overall 

yield as follows. AgOTf-Powdered 

molecular sieves 4A (MS4A) 

promoted glycosylation of 9 with 81* 

in (CICH2)2 gave a 94% yield of an 
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inseparable 5: 1 mixture of 10 I3 and 12 I3 which was directly solvolyzed in 4:l AcOH-H20 at 80” 

and separated by a column of silica gel in 1:l toluene-EtOAc to give 1113 (66%) and 1313 (13%). 

Conversion of 11 into 14 1 3 was achieved in 3 steps (1 NaOMe in MeOH for 1 h at 20’. 2 

HS(CH2)3SH14-Et3N in MeOH for 12 h at ZO”, 3 phthalic anhydride-Et3N in Py for 2 h at 75”, then 

Ac20 was added and 1 h at 75’. 56% overall). Deallylation of 14 with PdCIZ-AcONa in aq. AcOH15 

was found inefficient and gave after acetylation of the products a 1:l mixture of 15 I3 and 16 l3 in 

80% yield. The situation was improved by use of a 1:3 mixture of (Ph3P)3RhCl-PdC12 to give a 70% 

yield of 15 along with a 29% yield of undesired 16. Treatment of 15 with Bu3SnSMe and SnC14 in 

(CICH2)2 for 4 h at 0” afforded thioglycoside 6*3 in 95% yield. 

Having the designed glycobiosyl donor 6 prepared, a key glycosylation of the glycotriosyl 

acceptor 7 with 6 was performed in CH3NO2 in the presence of Bu4NBr-CuBr2-AgOTf-MS4A16 for 
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13 h at 20” to give a 78% yield of a 1O:l mixture of desired P-D linked glycopentaoside 1713 and the 

a isomer 22 which were difficult to separate. The mixture was converted into a mixture of 

acetamido derivatives 1813 and 2313 in 2 steps (1 NH2NH2*H20 in EtOH for 16 h at IO’, 2 Ac20- 

DMAP in Py, 93% overall) and then separated by a column of silica gel in 2:l toluene-acetone. 

Conversion of 18 into a key glycosyl donor 21 which is equivalent to 2 in scheme 1 was smoothly 

achieved in 4 steps via 1913 and 2013 (1 10% Pd-C and H2 in 7:3 MeOH-H20, 2 Ac20-DMAP in Py, 3 

NH2NH2*AcOH in DMF17 for 1 h at 20”, 4 DAST*8 in (ClCH2)2, 43% overall). 

Crucial coupling between the key fluoride 21 and azido alcohol 3 was achieved according to 

Mukaiyamal9 in the presence of SnC12 and AgOTf in (ClCH2)2 to give a 23% yield of 2413, which 

was further converted into the target 113 in 5 steps via 25 13 and 26 13 (1 Ph3P in aq. PhH 2O for 19 

h at 45”, 2 Cl3H27COOH-2-chloro-l-methylpyridinium iodide-Bu3N21 in (ClCH2)2 for 1 h at 2O”, 3 

Bu4NF in THF, 4 1:4 O.lM NaOMe-THF for 2 h at 20”, 5 2:l 0.25M NaOMe-THF for 3 h at 60”, 67% 

overall). 

In summary, a stereocontrolled total synthesis of globopentaosyl ceramide 1 was achieved 

for the first time by employing a thioglycoside 6 and a fluoride 20 as two key glycosyl donors, and 

the natural sample was unambiguously identified with the synthetic 1 through comparison of 

their 500 MHz lH-n.m.r. data. 
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