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CHEMOENZYMATIC SYNTHESIS OF A HIGH-MANNOSE-TYPE 

N-GLYCOPEPTIDE ANALOG WITH C-GLYCOSIDIC LINKAGE 

Lai-Xi Wang, Jian-Qiang Fan, Yuan C. Lee* 

Department of Biology, The Johns Hopkins Universify, Baltimore, AID 21218, U. S. A. 

Abstract: A synthesis of the title compound by chemical synthesis of a GIcNAc-CH2-Asn containing peptide 
and enzymatic transfer of a Man9GlcNAc group to it was described. 

The diverse biological functions shown by glycoproteins have heightened interests in the synthesis of 
glycopeptides which represent partial structures of the glycoproteins.1 The known strategies of glycopeptide 

synthesis include solid-phase synthesis using glyco-amino acid building blocks; 2 the convergent coupling of 

Asp-containing peptide with unprotected glycosylamine; 3 and the enzymatic synthesis making use of 

peptidases and gtycosyltransferases. 4 
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Our interests in the mechanism and specificity of peptide-N4-(N-acetybl]-D-glucosaminyl)-asparagine 

amidase, an important enzyme which is able to release the intact oligosaccharide from N-glycoproteins by 

cleaving the 13-aspartyl-glucosylamine linkage, 5 led us to design and synthesize various substrate analogs. 

Among others, the insertion of a functional group between the crucial carbohydrate-peptide linkage of the 

natural glycopeptide substrates is of great interest. However, the above-mentioned approaches are not 

straightforward to these molecules. Here we describe a strategy of combining chemical and ~ i c  

methods for their synthesis. The essential enzyme was Arthrobacterprotophormiae endo-[3-N-acetyl- 

glucosaminidase (Endo-A), a hydrolyase with the activity oftransfering a Mans.gOicNAc residue to the 4-OH 

of a terminal GIcNAc residue. 6'7 A high-mannose-type N-glycopentapeptide analog (1) with the insertion of a 

methylene group at the crucial linkage region was selected as a model compound. Our synthetic strategy was 
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i: H2, Pd/C, THF-EtOH (9:1), r.t., 16 h; Co) Boe20, Et3 N, THF, 35°C, 10 h. 
ii: (a) hydrazin¢ hydrate, EtOH, 80°C, 2 h; (b) Ae20, pyfidine, r.t., 6 h. 

iii: (a) 4, 4M HC! in dioxan¢, CH2CI2, r.t., 0.5 h; 
(b) Boc-Asp-OBn, DCC, HOBt, Et3N, CH2CI2-THF (3:1), r.t., 10 h. 

iv: H2, Pd/C, THF-EtOH (1:2), r.t., 10 h. v: DCC, HOBt, Et3N, DMF, r.t., 10 h. 
vi: 4M HCI in dioxane, CH2CI2, r.t., 1 h. vii: DCC, HOBt, Et3N, DMF, r.t., 16 h. 

viii: (a) mcthanolic ammonia, MeOR r.t, 3 days; (b), 3M HCI, r.t., 1 h. 

Ac: AceO,l; Bn: Benzyl; Boc: tert-Butox'ycarbonyl; DCC: Dicyclohexylcarbodiimide; 
HOBt: l-Hydroxybenzotriazole; Phth: Phthaloyl. 
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based on the finding that the transglycosylation yield of Endo-A could be substantially enhanced by performing 

the enzymatic reaction in media containing organic solvents such as aqueous acetone. 7 

A chemical synthesis of the key intermediate, the C-glycopentapepfide (10), was mmmatized in the 

Scheme. The 13-glycosyl cyanide 28 was converted into 3 9 by hydrogenation and subsequent N-protection of 

the resulting glycosylmethylamine. A large dl,2-value (9.8 Hz) indicated that 3 was the desired 13-C-glycoside. 

Treatment of 3 with hydrazine hydrate and subsequent acetylation gave 4, 9 which was de,N-Boc-protected 

and condensed with Boc-Asp-OBn to provide the fully protected N4-(2-acetamido-2-deoxyq3-D - 

glucopyranosylmetbyl)-asparagine (5). 9 This compound can serve as a building block for synthesizing various 

glyeopeptides containing this structural unit. To prepare I0, a stepwise solution synthesis approach was used. 

Compound 5 was de-O-benzylated and coupled with dipeptide H-Ala-Ser-OMe to give the tripeptide 7, 9 

which was then elongated from the N-terminal to the pentapeptide derivative 9 9 by coupling with the dipeptide 

Boe-Tyr-Ile-OH. Finally, deprotection of 9 via sequential treatment with methanolic ammonia and aqueous 

HC1 successfully gave 10. 9 

To transfer a high-mannose structure to the synthetic C-glycopentapeptide by Endo-A, we used 

Man9GlcNAe2Asn prepared from soybean agglutinin by an established method 1° as the donor substrate. A 

mixture consisting of Man9GlcNAc2Asn (2.4 ~mol), 10 (12 ttmol, 50 raM), and the enzyme (46.8 mU) in 25 

mM NH4OAc buffer (240 t~L, pH 6.0) containing 35% acetone was incubated at 37°C for 20 rain. The 

reaction was stopped by boiling in a 100°C water bath (3 rain). The tramglycosylation product was purified by 

HPLC on a Microsorb MW ODS column (4.6x250 nun) with 10% aq. MeCN containing 0.05% 

trifluoroacetie acid as eluant (flow rate: 1.0 mL/min.). The product eluted at 5.5 rain was collected and 

lyophilized to provide I (1.56 mg, 0.634 ~tmol, 26%). 9 The excess 10 was eluted after 8 rain under the 

condition and recovered. The 1H-NMP- spectrum of I showed eight ct-Man H-1 signals at 85.400--4.894 and 

one 13-Man H-1 signal at 84.783. A doublet at 84.618 with a large Jvalue (7.5 Hz) assignable to H-1 of the 

second GIcNAc indicated that the newly formed glycosidic linkage in 1 was in 13-D-configuration. In addition, 

amino acid and sugar composition analysis of 1 gave satisfactory results. HR-FABMS of 1: calculated for 

C96H l s7N9063 + H + (M+H +) 2444.9436; Found 2444.9462. 

In summary, a ehemoenzymatie approach to the synthesis of a C-linked giycopentapeptide was 

described. This strategy should be also suitable for the preparation of other high-mannose-type glycopeptide 

analogs, and can be extended to the complex-type, when a suitable endo-ermyme becomes available. 
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