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TOTAL SYNTHESIS OF A STAGE SPECIFIC EMBRYONIC ANTIGEN-l (SSEA-1) A 

GLYCOHEPTAOSYL CERAMIDE V3FucnLc&er1) 
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Abstract: Total synthesis of SSEA-1 glycoheptaosyl ceramide was for the first time achieved in a 
rcgio- and stereocontrolled manner using pivaloyl group as a stereocontrolling auxiliary. 

Carbohydrate structures defined by a monoclonal antibody to murine Stage Specific 

Embryonic antigen 1 (SSEA-1) appear at the late &ccl1 stage of the mouse embryo2). SSEA-1 may 

also be expressed in early stages of human development. A fucolipid 1, one of the fucolipids 

which are reactive with anti-SSEA-1 antibody, has been isolated from human erythrocyte 

stroma3), adenocarcinoma tissue4), human granulocytes5), and chemically characterized. The 

increased expression of SSEA-1 is an oncodevelopmental marker ) 4 for human adenocarcinoma 

and may be a preneoplastic change in human colon. 
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Scheme 1 (Pk. = pivaloyl) 

Since only scarce amount of SSEA-1 wcrc available from natural sources, development of a 

practical total synthesis route should be a prerequisite to supply 1 in a reasonable amount for 

biological studies. According to the strategy developed in a preceding paper]). a glycoheptaosyl 

donor 2 was designed to have O-2a protected with pivaloyl group (scheme 1). 2 was 

rctrosynthesized into two glycosyl donors 4 and 5, and a glycosyl acceptor 6, which were, 

6 X = OCNHCCI, 

!& x = SMe 
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respectively, designed as properly functionalized synthons 7, 8 or 9, and 10. 7 was a most suitable 

synthon for a regioselective elongation6) of the glycotriaosyl unit at O-3 in 3,4-diol of 

galactopyranosyl residues and 10 was designedl) so that a smooth coupling between glycan 

chains and protected ceramides should be achieved. Both the non-reducing end glycotriaosyl, (X- 

determinant) synthon 76) and the reducing end glycobiosyl synthon 10 *) have already been 

reported. Hence, synthesis of internal glycobiosyl synthons 8 and 9 was first pursued. 

Glycosylation of diol 126) with galactopyranosyl fluoride 11 under Mukaiyama condition7) 

(SnCl2-AgOTf-MS4A in 5:l (ClCH2)2-toluene) afforded a 8(1+4) disaccharide 136) (64%) along with 

a 8(1+3) (23%) and an a(l+3) (1%) isomers. Conversion of 13 into lactol 198) was carried out in 6 

steps (1. NaOMe-MeOH, 2. Me2C(OMe)2-TsOH in DMF; then Amberlist 15 in MeOH, 3. BnBr-Ag20-KI in 

DMF, 4. TFA-H20-THF, 5. Ac20-DMAP in Py, 6. PdC12-NaOAc in aq. AcOH9), 41% overall) via 14-18. 

Treatment of 19 with DBU and Cl3CCN in CH2Cl2 gave imidate 88) (72%). On the other hand, 

acetylation of 19 and S-glycosylation of 208) with MeSSnBu3-SnC1410) in (CICH2)2 gave g8) (62%). 

Being the key synthons 7, 8, 9, and 10 available, crucial condensations of these synthons were 
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next examined. BF3eOEt2 promoted glycosylation of 10 with 8 in (ClCH2)2 according to Schmidtl*) 

afforded a tetrasaccharidc 218) (38%). 21 could be obtained in a somewhat higher efficiency by 

USC of the thioglycoside 9. Thus, CuBr2-Bu4NBr-AgOTf-MS4A12) promoted glycosylation of 10 with 

9 in CH3N 02 gave a slightly improved yield of 21 (51%) while use of MeOTf-MS4A13) in (ClCH2)2 

gave a 43% yield of 21. The obtained yields arc modcrate but reasonable due to the steric 

impediment 14) for the glycosylation at O-3 of a 2,4,6-tri-0-benzyl-galactopyranosyl system. Use of 

more sterically accessible glycosyl acceptors, 3,4-diol of a 2,6-di-0-benzyl-galactopyranosyl 

system, would lead to the formation of a regioisomcric mixture15) upon reaction with 

lactosaminyl donors. 

Deacctylation of 21 to the 3,4-diol 228) and BF3aOEt2 promoted glycosylation of 22 with the 

glycotriaosyl imidate 7 afforded a j3(1+3) linked glycoheptaoside 238) as a sole regioisomer (77%, 

overall), in agreement with our previous observation6). Conventional transformation of 23 into a 

glycosyl donor 278) was achieved in 6 steps (1. 2% NH2NH2*H20 in EtOH, 2. AqO-DMAP in Py, 3. 

10% Pd-C, H2 in MeOH-AcOH, 4. Ac20-DMAP in Py, 5. NH2NHpAcOH in DMFl6). 6. Cl3CCN-DBU in 

(ClCH2)2, 51% overall) via 24, 25 and 26. Crucial glycosylation of a protected ceramide 3 with the 

a-imidate 27 under a standard condition 11), BF3*OEt2-MSAW300 in (ClCH2)2, afforded a 28% yield 

of a completely protected glycoheptaosyl ceramide 288) which was deblocked to give 1 in 2 steps 

(1. Bu4NF in THF-MeOH. 2. NaOMe in THF-MeOH, 65% overall). The lH-nmr data for synthetic 1 was 

in good agreement with those of the natural 117). 

In conclusion, suitably designed key glycosyl synthons 7, 9, and 10 were successfully 

employed for the first total synthesis of SSEA-1 glycoheptaosyl ceramide 1 with a high regio- and 

stcrcocontrol. 
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