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Abstract: A stereocontrolled synthesis of a tenasaccharide fragment of hyaluronic acid, P-p-methoxyphenyl 

glycoside of ~-D-GlcNAc-(1~4)-~-D-GlcA-(1~3)-~-D-GlcNAc-(l~4)-D-GlcA, is presented. 

Hyaluronic acid (HA) is a linear, extracellular carbohydrate polymer consisting of disaccharide 

repeating units*, namely [+4)-P-D-GlcpA-(l-+3)-P-D-GlcpNAc-(l-+1,. It is a major component in extra- 

cellular matrices3 and regulates various biological processes such as cellular proliferation4.5, cell-cell 

recognition3, cell migratione, and cell adhesion. Interestingly, high concentrations of HA suppress vasculari- 

sation7, while enzymically (hyaluronidase) generated medium-sized fragments of HA oligosaccharides at low 

concentrations stimulate the formation of new capillary bloodvessels 8.9. Recently, it was suggested that 

higher concentrations of oligosaccharides of HA suppress the Initial growth, and therefore it was postulated 

that they might act as a potential antitumor drug 10. 

p-D-GIcNAc-(1 +4)-~-D-GI~A-(1+3)-f3-D-GlcNAc-(l+4)-p-D-Gl~A-1 +OMP 
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Isolation of the various oligosaccharides is laborious and so far mainly mixtures of even numbered 

oligosaccharides were used in biological testing 8.9. The finding that these oligosaccharides can modulate 

angtogenesis initiated a synthetic program for the preparation of a wider range of medium-sized oligosaccha- 

ride fragments built up of even or odd number of monosaccharides with GlcA or GlcNAc at the reducing end. 

This report describes the stereoselective synthesis of HA fragment 1. Oxidation of the primary hydroxyl 

groups (2) was carried out m the final stage of the synthesis since the C-4 hydroxyl group of D-glucuronic 

acid has a low reactivity towards glycosidation ll. Therefore, key tetrasaccharide 2 was designed, and synthe- 

sised from glycosyl donor 3 and glycosyl acceptor 4. These synthons can be prepared by coupling of glycosyl 

donor 5 with glycosyl acceptor 6 and glycosyl donor 7 with 6, respectively. 

6,_$5&$(-,+4 k& 
NPhth MBzO OMP- 

MBz 
Ho NPhth ii&&$&M, 

9 4 

The necessary monosaccharide building units 5,6, and 7 were synthesised as described earlier1*12. 

Stereocontrolled glycosylation of 613 with 1.5 equivalents of 5 in CH2C12 m the presence of BF3.0Et2 and 

molecular sieves 4A at 25oC afforded in 81% 813, which was converted into glycosyl donor 3l3 in 2 steps (I 

CAN14 in 1:1:1.4 toluene-H20-MeCN, 2 CC13CNt5, DBU in CH2C12, 88% overall). 

12 
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Also stereocontrolled condensation of 6 with 1.5 equivalents of 7 in CH2C12 in the presence of BF3.0Et2 and 

molecular sieves 4A gave 913 in 81% yield, which was subsequently treated with (Ph3P)4Pdt6*17 and morpho- 

line in THF to afford in 88% glycosyl acceptor 4 13. TMSOTf-MS4A promoted glycosylation of 4 with di- 

saccharide donor 3 (2.5 equivalents) in CH2C12 at OOC gave after acid hydrolysis with TFA in CH2C12 and 

water tetrasaccharide 1013 in 77% yield. Compound 10 was further converted into 11 in 2 steps (I Ac20- 

DMAP in py, 2 NI-I~NI-I~HOAC in 2:l EtOH-toluene 18.19, 85% overall). The oxidation of the two primary 

hydroxyl groups to obtain 1213 was successfully achieved in 2 steps (I DMSO, (COC1)2, iPrzNEtm, -78cC, 2 

NaCl&, NaH2PO4 in 3:2:1 rBuOH-HzO-2-methylbutene 2t,22,76% overall). The final deprotection of 12 into 

1 was carried out in 2 steps (I MeNI-Iz23 in MeOH, 2 Ac;?O in MeOH, 59% overall). 

In summary, a stereocontrolled synthesis of HA tetrasacchartde 1 was carried out in a highly efficient 

manner by using one monosaccharide acceptor 6 and two monosaccharide donors 5 and 7. 
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(C 1.0, H20); RF 0.55 m 4:2:2: 1 nBuOH-EtOH-H20-AcOH; SB (D20) 2.026 and 2.046 (2s. 

2Ac), 3.810 (s, OMe), 4.491,4.541, and 4.591 (3d, 7.8-8.4 Hz, 12, 13, and 14). 5.015 (d, 8.6 

Hz, II); FAB MS m/z 883 (M+H). 3: [a]B +80“ (c 1.0) (a$3:2); 8B 1.789, 1.912, and 

1.978 (3s, 3Ac), 2.209 (s, Lev), 2.327 and 2.379 (2s. 2MeBz), 5.585 (d, 8.1 Hz, 12), 6.600 

(d, 3.7 Hz, ~Iu), 6.631 (d, 8.8 Hz, l’p). 4 : [a]D +31c (c 1.0); 8B 1.239 and 1.250 (2s. 

CMeZ), 2.160 (s, Lev), 2.316 and 2.370 (2s, 2MeBz), 3.678 (s, OMe), 5.048 (d, 7.5 Hz, II), 

5.287 (d, 8.2 Hz, 12). 8: [U]D +57O (c 1.0); 8B 1.793, 1.918, and 1.965 (3s, 3Ac), 2.185 (s, 

Lev), 2.355 and 2.389 (2s, 2MeBz), 3.706 (s, OMe), 5.027 (d, 7.7 Hz, ll), 5.514 (d, 8.4 Hz, 

12). 9: [U]D +2S” (C 1.0); 8B 1.224 and 1.254 (2s, CMez), 2.188 (s, Lev), 2.338 and 2.390 

(2s, 2MeBz). 3.695 (s, OMe), 5.026 (d, 7.5 Hz, II), 5.408 (d, 8.0 Hz, 12). 10: [a]D +700 (c 

1.0); 8B 1.768, 1.889, and 1.923 (3s, 3Ac), 2.162 and 2.166 (2s, 2Lev), 2.305,2.341 x 2, and 

2.380 (3s, 4MeBz), 3.683 (s, OMe), 4.443 and 4.957 (2d, 7.2 and 7.9 Hz, respectively, 11 

and 13), 5.025 and 5.414 (2d, 8.3 Hz, 12 and 14). 11: [CX]D +590 (c 1.0); 8B 1.779, 1.836, 

1.882, 1.913, and 1.946 (5s, 5Ac), 2.337 x 2, and 2.362 x 2 (2s, 4MeBz), 3.690 (s, OMe), 

4.504 and 4.990 (2d, 7.2 and 7.7 Hz, respectively, 11 and 13), 5.149 and 5.458 (2d, 8.4 Hz, 

l2 and 14). 12: [U]D +6’J (c 1.0); RF 0.48 in 10:9:1 CH$12-acetone-HOAc; 8~ 1.757, 1.824, 

1.842, and 1.881 x 2 (4s, 5Ac), 2.298,2.333,2.344, and 2.382 (4s, 4MeBz), 3.689 (s, OMe), 

3.783 and 3.859 (2d, 9.5 and 9.0 Hz, respectively, 5* and 53), 4.438 and 5.057 (2d, 7.5 and 

7.7 Hz, respectively, 1) and 13), 5.370 and 5.567 (2d, 8.3 and 8.4 Hz, respectively, 12 and 

14). The corresponding dimethylester was prepared by treatment with CHzN2: 8B 1.767 x 2, 

1.884, 1.894, and 1.908 (4s, 5Ac), 2.308,2.340 x 2, and 2.385 (3s, 4MeBz), 3.386,3.577, 

and 3.686 (3s. 3OMe), 3.722 and 3.794 (2d, 9.7 and 8.9 Hz, respectively, 51 and 53), 4.355 

and 5.002 (2d, 7.6 and 7.0 Hz, respectively, 11 and 13), 4.971 and 5.285 (2d, 8.4 and 8.3 Hz, 

respectively, 12 and 14j. 
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