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Abstract. 4-O-Sulfated chondroitin di- and tetrasaccharide [B-D-GalNAc(4-SO3)(1—4)B-D-GIcA and B-D-

GalNAc(4-SO3)(154)B-D-GlcA(1-3)B-D-GalNAc(4-SO3)(1—4)B-D-GlcA] were regio- and stereoselectively
synthesized based on the synthetic route suitably designed for the elongation of the repeating unit.

Recently various studies indicated that sulfated glycosaminoglycan chains of proteoglycans should be
essential for some of their biological functions. For example, oligosaccharide domains of heparin,2 dermatan
sulfate,3 and heparan sulfate? have been reported to have specific interaction with antithrombin III, heparin
cofactor II, and basic fibroblast growth factor, respectively. Despite of the biological functions those sulfated
chains may have, their biosynthesis mechanism, particularly, control of selective sulfation has not been
clarified.> This prompted us to investigate the synthesis of chondroitin and its sulfated oligosaccharides as
substrates for enzymatic sulfation relevant to their biosynthesis.

It is noted that the synthesis of chondroitin-4-O-sulfated disaccharide [B-GlcA(1—3)B-GalNAc(4-SO3)]
was reported in 1989 by Sinay et al.6 In the following year Jacquinct7 reported the synthesis of the reverse
disaccharide sequence [B-GalNAc(4-SO3)(1—4)B-GlcA]. However, chondroitin repeating oligosaccharides
longer than tetrasaccharide have not yet been synthesized to our knowledge.

A key synthetic intermediate for the chondroitin oligosaccharide chain elongation was designed as
follows. Having a B-GalN3(1—-4)GIcA type disaccharide as repeating intermediate, we have chosen p-
methoxyphenyl (MP) and levulinyl (Lev) moieties as chemoselectively removable protecting groups at the
reducing end (GIcA 1-OH) and at the non-reducing end (GalN3 3-OH), respectively, as designed in scheme-1.
According to this strategy, we have synthesized 4-O-sulfated chondroitin di- and tetrasaccharide (1 and 2) regio-
and stereoselectively as follows.

The glycosyl acceptor 4 was synthesized from readily available p-methoxyphenyl B-D-glucopyranoside
3.8 Conversion of 3 into 4 was carried out in 4 steps; 1) Me2C(OMe)2 / Me2CO, p-TsOH, 2) p-MeCgH4COCl
/ pyridine, 3) camphorsulfonic acid / CH2Clp-MeOH, 4) TBDPSCI, imidazole / DMF; 81% overall. The known
glycosyl imidate 59 (1.8 equiv.), prepared from D-galactose in 11 steps, and an acceptor 4 were subjected to
condensation in PhMe at -50 ~ -40 °C in the presence of BF3+OEty (0.1 equiv.) and MS4A. After a rough
separation by column chromatography on silica gel the crude disaccharide was treated with BugNF and AcOH in
THF10 1o give 6 in 70% yield in 2 steps. No formation of the isomeric a-linked disaccharide was observed
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when the above described glycosylation conditions were used. Oxidation at C-6 of 6 was carried out by means
of Swern oxidation [(COCI)2-DMSO-NEtPr2] followed by weatment with NaClO2 in ¢-BuOH-H20 in the
presence of 2-methyl-2-butene and NaH2PO4.11 The crude carboxylic acid was esterified with diazomethane to
give methyl ester 7 12 which was isolated in 96% yield in 3 steps. Having in hand a key intermediate 7, a
common precursor for glycosyl donor 8 and acceptor 9, MP group was removed by treatment with cerium
ammonium nitrate. 13 The intermediate hemiacetal was converted into a-imidate 8 using CCI3CN and DBU in
CH2CI12 in 94% yield. Applying the same key intermediate 7 Lev group was easily removed by the action of
H2NNH2-AcOH!4 in PhMe-EtOH resulting in a quantitative yield of 9. Coupling of 8 and 9 was performed in
the presence of BF3+OEty (1 equiv.) and MS4A in PhMe at -20 °C to furnish the desired tetrasaccharide 1012 in

50 % yield.
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Scheme -1 (Lev = CH;COCH,CH,CO, MP = p-MeOPh, MBz = p-MePhCO, TBDPS = +-BuMe,Si)

Next, 4-O-sulfation was first examined for the intermediate disaccharide 9 as depicted in scheme-2. The
azide group of disaccharide 9 was reduced and simultaneously acetylated by exposure to AcSHI15 in pyridine to
obtain 3'-O-acetylated acetamide 11 in 75% yield.1® Reductive opening of the benzylidene group of 11
proceeded regioselectively when using NaBH3CN in THF and ethereal HCl in the presence of MS3A17 1o give
12 in 87%. The 4-OH of 12 was sulfated with SO3*NMe3 complex in DMF at 50 ~ 60 °C to afford 13
quantitatively. Hydrolysis of the ester group of 13 with LiOH in aqueous THF followed by treatment with
NaOMe in MeOH was carried out in 91% yield. Finally, the product was hydrogenolized in the presence of
Pd(OH)2 in H20 to yield 112 (74%) which could be purified by HPLC gel permeation using a Shodex 310H
column (H20).
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In a similar manner, tetrasaccharide 10 was subjected to the transformation from azide to acetamide to
yield 14 in 42% as shown in scheme-3. Lev group at 3-OH of GalNAc was removed as described for the
synthesis of 9, and the alcohol was masked as acetyl group by conventional method to obtain 15 (64% yield, 2
steps). Reductive opening of bis-benzylidene acetals of 15 afforded 16 in 51% yield together with a readily
separable by-product 17 (31%) derived from acetyl migration. Sulfation was carried out for 16 as described for
disaccharide 12 to give 18 in 92% yield. Deprotection of the di-sulfated tetrasaccharide was executed as
described in the case of disaccharide to give the target compound 212 in 70% yield (3steps). Final purification of
2 was carried out by gel permeation using a sephadex G-50 column (H20). Both target compounds, 1 and 2
gave satisfactory 1H-NMR spectra, where the characteristic deshielded H-4 signal(s) for galactosamine residue(s)
were observed as doublets at 4.68 ppm (for 1) and 4.67 and 4.74 ppm (for 2), respectively.

In summary, 4-O-sulfated chondroitin di - and tetrasaccharides have been synthesized based on a new
synthetic route which allows oligosaccharide chain elongation using a disaccharide repeating unit as building
block and multiple sulfation of suitably deprotected intermediates.
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