
Pergamon Tetrahedron Letters 40 (I 999) 5047-5050 

TETRAHEDRON 
LETYERS 

The First Synthesis of NeuSAco.2-3Gail~l-4GlcNAcl~l-2Manal-Ser 

m a Newly Discovered Component of a-dystroglycan 

Iehiro Matsuo, Megumi Isomura, and Katsumi Ajfsaka* 

Meiji institute of Health Science, Meiji Milk Products Co., Ltd., 

540 Namda, Odawara 250-0862, Japan 

Received 23 March 1999; revised 22 April 1999; accepted 30 April 1999 

Abstract: Glycopepfide (I), Neu5A~2-3Gall~l-4GlcNA~l-2Maactl-Ser, was synthesized using a 

chemoenzymatic strategy. Gal~l-4GlcNAcl~l*2Man Ifisacd~ide was ~ using glycosidase assisted 

oligom:x:lutride synthesis. After coupling of this trisacchaxide with a sefine defivstive by chemical 

glycosylstion, sialic add was introduced using sialyltrmsfense to pmdece a tetrasacchaide serine 

derivative. Removal of protecting group afforded glycopeptide (1). Use of a chemoenzymatic strategy 

allowed for the elimination of numerous synthetic steps ~vd efficient preparation of the target compound. 
© 1999 Elsevier Science Ltd. All fights reserved. 

Neu5Acct2-3Gal[31-4GlcNA~l-2Man-Ser/Thr which binds to a laminin molecule in the extracellular 

matrix was discovered between the 317th - 488th amino acid residues of ct-dyslxoglycan I by Endo et. a/.. 2 O- 

linked sugar chains which are bound via a Man-Ser/Thr linkage occur frequently in yeast but are extremely rare 

in mammals. The carbohydrate moieties of a-dystroglycan are thought to be essential to its biological functions. 3 

For the purpose of elucidating the biological role of Neu5Accx2-3Galf$1-4GlcN~l-2Mana-Ser (1), we have 

developed a short and direct synthesis of 1. 

The synthetic plan for the telzasaccharide derivative bound to a serine residue (1) is shown in Figure 1. 

Trisaccharide (GaI[~I-4GIcNA~I-2Man) was obtained by glycosidase assisted synthesis and was then 

converted into giycosyl donor 3. Coupling of 3 and serine derivative 4 was performed by chemical 

glycosylation. Finally, the sialic acid residue was introduced using sialyl transferase. 

The synthesis of thiogiycoside 3 by use of giycosidase was performed as follows: disaccharide 5 was 

prepared according to our previous report:  Reverse hydrolysis of mannose and N-acetylgiucosamine in the 

presence of fl-N-acetylglucosaminidase from Bacillus circulans gave GIcNA~I-2Man (5) and GlcNAc~l-6Man 

in 0.5% and 2.4% yield, respectively. Thiophcnyl group was introduced to the anomeric position of the 

mannose residue in 5 to give 6 e in 2 steps in 92 % overall yield. Subsequent removal of the acetyl groups using 

NaOMe/MeOH at room temperature gave 7 s in quantitative yield. Galactosylation of 7 was performed by 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
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Figure 1 

transglycosylation using 13-galactosidase. When the disaccharide 7 (100 mg, 0.21 retool) and p-nitrophenyl 

(pNp)-galactoside g (64 mg, 0.21 retool) in 0.1 M phosphate buffer (pH 6.0) containing 10 % DMSO were 

incubated in the presence of ~-galactosidase from bifidobacterium b~idum (12 U), galactose residue was 

introduced to the C-4 position of N-acetylglucosamine in the disaccharide 7 regioselectively to give 95 (20 mg, 

0.03 retool) in 15 % yield (47 % of 7 was recovered). Treatment of 9 with acetic anhydride and pyddine gave 

the trisacchadde 35 in 83 % yield. Coupling of 3 and the sedne derivative 4 whose a-carboxyl group is 

protected with a Phenacyl (Pac) group was performed by using 5eq. of NIS and leq. of TfOH 6 in CH2CI ~ at -78 

°C to give the glycopeptide 105 in 98 % yield. The a-configuration of the newly formed glycosidic bond was 

confm'ned by the IJc. H and 3Jm. m coupling constants of the NMR spectrum (172 Hz, and -0 I-Iz, respectively). 

Removal of all protecting groups except the Z group were performed as follows: the Pac group of the serine 

residue in 10 was removed by using Zn/AcOH 7 at loom temperature, and deacetylation of 11 was performed by 

using NaOMc/MeOH at 0 *C to give compound 125 (overall yield 53 %). Epimcrization of the serine residue of 

12 under these conditions was not observed by HPLC or 1H NMR spectroscopy. Although the enzymatic 

sialylation might be performed by either sialidase s or sialyltransferasc 9, we chose the latter since high reaction 

yields and rcgiosclcctivities were expected/Sialylation of 12 was performed as follows: a mixture of 12 (11 mg: 
14.3 ~tmol), CMP-NeuAc 2 (22 nag, 35.8 ~tmol), and et-2,3-sialyltransferase 1° (300 mU) in 0.05 M cacodylate 

buffer (pH 6, 2 mL) containing 0.05 M NaCI and bovine serum albumin (1.9 rag)was incubated at 37 °C for 2 

days. The reaction was monitored by an HPLC fitted with an ODS column and a UV monitor. The mixture was 
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purified by an HPLC fitted with an ODS column (20 % aq. CH3CN containing 0.1% TFA) to give compound 

134 (13 rag, 12.3 ~tmol) in 86 % yield. The structure of the sialylated compound 13 was determined by ~H and 

~aC NMR spectroscopy to be on ct-2,3-1inkage (sialic acid residue of H-3=: 2.69 ppm, H-3": 1.76 ppm, and C-3: 

41.03 ppm). Removal of the Z group was accomplished by hydrgenolysis using H z / Pd-black in water to give 

target compound 14 in quantitative yield. 
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Scheme 1: conditions; a) 1) AczO, Pyridine. 2) PhSH, SnCI4, CHzCI z. b) NaOMe, MeOH. e) ~galsetosidase 

from b. bifidum, aq. DMSO. d)AczO, Pyridine. e) NIS, TfOH, CHzCIz. 19 Zn, aq. AcOH. g) NaOMe, MeOH. 

h) ct-2,3-(N).sialyltransferase from rat, recombinant, cacodylate buffer pH 6.i) Pal-black, H2, H20. 

In summary, Neu5Aca2-3Gal131-4GlcNAc131-2Mana-Ser (1) was synthesized in only 9 steps from 

the disaccharide 5 using a chemoenzymatic strategy. Use of both a glycosidase and a transferase in the synthesis 

of the oligosaccharide portion ensured formation of glycosidic bonds in high stereo- and regio-selectivity and 

eliminated many complicated synthetic steps as necessary in traditional chemical oligosaccharide synthesis. 

Moreover, by use of the aromatic protecting groups, the products were made easy to separate by HPLC using an 

ODS column due to the resulting hydrophobicity and their ability to be monitored using a UV detector. 
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