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Core 2 structures as potential tumor associated antigens
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Abstract

Two branched Core 2 structures, (3-O-SO;Na)Galfl—4(Fucal—3)GlcNAcBl—6(NeuAcau2—
3GalpBl—3)GalNAcaOMe (1) and its positional isomer NeuAco2—3GalBl—4(Fucal—3)GIcNAcBl—
6(3-OSO;Na-Galpl1—3)GalNAcaOMe (2), were chemically synthesized for the first time as potential
tumor associated antigens. © 2000 Elsevier Science Ltd. All rights reserved.
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In practice, knowledge of well defined carbohydrate antigens has enabled chemists to
undertake their synthesis.!™ During our studies of enzymes involved in the assembly of tumor
associated antigens, we realized that knowledge acquired on their specificity could provide valu-
able information regarding the structures of unknown antigens. We hypothesize that a study of
sulfotransferases combined with knowledge of enzyme specificities, such as those of a-fucosyl-
transferase and sialyltransferase, can indicate the potential existence of novel sulfated glyco-
conjugates in, e.g. breast, colon and ovarian tumor tissue sources. For example, our laboratory
was the first to examine the specificity of a(l—3/4)-L-fucosyltransferase from ovarian tumor
tissues and cell lines. We postulated that some sulfated glycoproteins could contain sulfated
Lewis? type structures.’ Feizi et al.® subsequently reported the existence of such 3-O-sulfated
Lewis®* and Lewis® structures as part of ovarian adenocarcinoma glycoproteins. We have
examined sulfotransferase specificity using Core 2 [Galfl—4GIcNAcBl—6(Galfl—3)
GalNAca—OR] acceptors. It is striking that in colon tissue and cell lines sulfotransferase acts
upon the C-3 position of Gal in the Galpl—4GIcNAc arm of this Core 2 acceptor, whereas in
breast tumor tissue C-3 of Gal in the Galpl—3GalNAcal— sequence is sulfated.”® We have
now synthesized the branched Core 2 oligosaccharide structures, (3-O-SO;Na)Galfl—
4(Fucal—3)GIcNAcBl—6 (NeuAca2—3GalBl—3)GalNAcaOMe (1) and its positional isomer
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NeuAca2—3Galpl—4(Fucal —3)GIcNAcB1— 6(3-OSOsNa-Galpfl—3)GalNAcaOMe (2), as
novel epitopes for colon and breast carcinoma, respectively. During our studies, Kim and co-
workers reported that a sulfated Lewis* determinant is a major structural moiety of O-linked
glycans obtained from human colon carcinoma mucin.” These findings provide support for our
above-mentioned hypothesis.

Compounds 1 and 2 were synthesized from three key building blocks (3-5, Fig. 1).1%!! Our
synthetic strategy for 1 (Scheme 1) was based on the employment of a novel glycosyl donor (6),
having the 3,4-isopropylidene galactopyranosyl moiety, which was easily obtained from 3 in two
steps. The core oligosaccharide 8 was chosen as the key glycosyl acceptor for the synthesis of 1.
Compound 8 has the C-2, C-3 and C-4 hydroxy groups of galactose in Galp1,3GalNAc free for
regioselective sialylation at the C-3 position and 3,4-isopropylidene protection on Gal in the
Lewis* moiety, which upon acetylation followed by deisopropylidenation provided the site for
selective sulfation at C-3. On the other hand, compound 15 was employed as a key acceptor for
the construction of the target molecule 2 (Scheme 2). Compound 15 has C-2, C-3 and C-4
hydroxy groups on Gal of Lewis® free for selective sialylation at the C-3 position and 3,4-
isopropylidene protection on Gal of GalBl,3GalNAc for further selective sulfation under a
similar sequence of reactions.

Selective deacetylation of Lewis* donor 3 followed by isopropylidene formation produced the
key glycosyl donor 6. Glycosylation of 6 with disaccharide acceptor 4 in the presence of NIS—
triflic acid'? led to the formation of exclusively 1,6-B-linked pentasaccharide 7 in 50% yield. The
'"H NMR spectrum of 7 displayed characteristic signals at § 1.15 and 1.22 (2s, 18H, 2xPiv) and §
1.86, 1.93, 1.99 and 2.10 (4s, 12H, 4x CH3CO). Treatment of 7 with hydrazine hydrate in ethanol
(v/v, 1:9) at 80°C for 2 h resulted in the selective removal of the phthalimido group and acetates
to produce the free amine, which was converted to compound 8 in 75% yield. Only two N-acetyl
groups are seen in the '"H NMR spectrum (8§ 1.72, 1.98), which is consistent with the structure.
Under these conditions for conversion of 7 to 8, the 6-O-pivaloyl group remained intact (8 1.16, s,
9H and § 1.19, s, 9H). Reaction of 8 with sialic acid donor 5 promoted by NIS-triflic acid in
propionitrile at —75°C gave the sialylated oligosaccharide 9 in 48% yield. The NeuAca2-3Galp
linkage was evidenced by '*C NMR (§ 98.7, C-2 for NeuAc and § 74.6, C-3 for Gal) and 'H
NMR (5 1.74-2.12, 7s, 21H, 7xCOCH;). The low reaction temperature was very important in
order to avoid the loss of fucosyl residue during glycosylation.!® Acetylation of 9 afforded 10,
which was hydrolyzed with 60% acetic acid to produce 3,4-diol 11. Selective sulfation of 11 with
SOs—pyridine complex in pyridine gave 3-O-sulfo compound 12. The sulfation at C-3 of Gal was
confirmed by *C NMR (§ 79.2, C-3 for Gal, with § 68.1 for C-2 and 65.7 for C-4). Removal of
the benzyl groups in 12 by hydrogenation followed by deacetylation and hydrolysis of methyl
ester produced the target molecule 1 (48% from 12).

For the synthesis of compound 2, disaccharide 13 was chosen as a key glycosyl acceptor.
Compound 13 was prepared in 39% overall yield from compound 4. Silylation of 4 with
diphenyl-z-butylsilyl chloride in DMF followed by selective deacetylation, 3,4-isopropylidene
formation and desilylation gave 13. Condensation of the resulting glycosyl acceptor 13 with
Lewis* donor 3 in the presence of NIS—triflic acid afforded the pentasaccharide 14. Selective
deacetylation of 14 with sodium methoxide in methylene chloride and methanol (v/v, 1:1) gave
compound 15. This was further sialylated to produce compound 16. The '"H NMR spectrum of
compound 16 gave signals at § 1.84-2.12 (6s, 18H, 6xCOCH3) and § 1.22, 1.23 (2s, 18H, 2xPiv).
The site of sialylation was evidenced by 1*C NMR (8 76.5, C-3, Gal). Acetylation of 16 with acetic
anhydride afforded compound 17. Removal of 3,4-isopropylidene with 60% acetic acid gave the
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Figure 1. The building blocks 3, 4 and 5 used in the synthesis of compounds 1 and 2

Bnl

diol 18. Selective sulfation of 18 with SOs—pyridine complex gave compound 19. Deprotection of
19 with Lil in pyridine'* followed by hydrazine hydrate produced a free amine intermediate,
which was treated with acetic anhydride in methanol and triethylamine, deacetylation and
sodium resin sequentially to furnish the final product 2 (40% from 19). The structures of the
newly synthesized molecules 1, 2 and some intermediates were characterized by NMR and mass
spectra.!’

Application of 1D and 2D NMR techniques allowed unambiguous assignment of all "H and
13C resonances of compounds 1 and 2. '"H COSY spectra were used to sort 'H resonances into
spin systems. These were assigned to particular residues using structural reporter groups. '3C
assignments were made using a combination of HMQC and HMBC spectra. Glycosidic linkages
and substitution sites were confirmed using the HMBC data. Details of the NMR assignments
will be published elsewhere.
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Scheme 1. Reagents and conditions: (a) NaOMe, MeOH:CH,Cl, (1:1, v/v), 0°C, 5 h, 80%; (b) CSA in DMP, rt, 2 h,
82%; (c) 1.05 equiv. 6, NIS-TfOH, CH,Cl,, -75°C, 2 h, 50%; (d) hydrazine hydrate:EtOH (1:9, v/v), 80°C, 2 h;
MeOH:Et;N:Ac,0 (4:2:1, v/v/v), rt, 2 h, 75%; (e) 2.5 equiv. 5, NIS-TfOH, CH;CH,CN, -75°C, 2 h, 48%; (f) Ac,O,
pyr., rt, 12 h; (g) 60% HOAc, 55°C, 3 h, 54% for steps f and g; (h) 10 equiv. SOs—pyridine in pyr., 0°C, 12 h, 75%; (i)
10% Pd/C, H,, MeOH, 12 h; NaOMe, MeOH, rt, 48 h; H,O, 5 h, Na* resin, 48% from 12
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Scheme 2. Reagents and conditions: (a) Ph,Si’BuCl, imidazole, DMF, 0°C, 2 h; (b) NaOMe, MeOH:CH,Cl, (1:1, v/v),
0°C, 2 h; (c) CSA in DMP, rt, 2 h; (d) TBAF in THF, rt, 30 min, 39% for four steps; (¢) 1.05 equiv. 3, NIS-TfOH,
CH,Cl,, -75°C, 2 h, 32%; (f) NaOMe, MeOH:CH,Cl, (1:1, v/v), 0°C, 3 h, 70%; (g) 2.5 equiv. 5, NIS-TfOH,
CH;3;CH,CN, -75°C, 3 h; (h) Ac,O, pyr., rt, 16 h, 32% for two steps; (i) 60% HOAc, 65°C, 1.5 h, 84%; (j) SO;—pyridine
complex, pyr., 0°C, 16 h, 90%; (k) Lil, pyr., 120°C, 4 h; hydrazine hydrate:MeOH (5:1, v/v), 80°C, 3 h, MeOH
Et;N:Ac,0O (4:2:1, v/v/v), rt, 2 h, NaOMe, MeOH, rt, 48 h; Na* resin, 40% from 19
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In summary, novel procedures for the total synthesis of the sulfated hexasaccharides 1 and 2
have been developed. These procedures will also provide a practical approach toward the
synthesis of a series of branched Core 2 type linked oligosaccharides, which contain allyl or other
functional groups at the anomeric position, suitable for attachment to protein for immunological
studies.
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