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Asparagine (Asnblinked oligosaccharides occur widely 
to constitute a major class of glycoprotein oligosaccha- 
rides and are known to play numerous important biologi- 
cal ro1es.l These oligosaccharides are usually divided into 
three classes, namely high-mannose type, complex type, 
and hybrid type, based on the differences in their outer 
carbohydrate sequences. Each of these classes, in turn, 
consists of a range of diverse structures. Yet, in spite of 
these structural variations, all members of the Asn-linked 
oligosaccharide family contain a common pentasaccharide 
“core” structure which is depicted in Figure 1 as a partial 
structure of a typical complex type glycan chain. De- 
scribed herein is a convergent and highly stereoselective 
synthesis of this pentasaccharide sequence (la, Figure 
1). 

Although extensive efforts have been devoted to the 
synthesis of Asn-linked oligosaccharides, a general and 
stereoselective synthetic route has yet to be developed.2 
Among the several unresolved problems that remain, the 
most synthetically challenging by far is the construction 
of a /?-glycosidic linkage between mannose (Man) and 
N-acetylglucosamine (GlcNAc) residues (Figure 1, un- 
derlined). To address this problem, numerous intriguing 
approaches have been inve~tigated.~ Among these, an 
intramolecular aglycon delivery method3h introduced by 
Barresi and Hindsgaul and later by Stork and Kim 
appears to be the most rational one. As an extension of 
this concept, we have recently reported the use of a 
p-methoxybenzyl (PMB) group at  the C-2 position as the 
stereocontrolling element4 (Scheme 1). With application 
of this methodology to the synthesis of a variety of 
glycoprotein oligosaccharides in mind, we designed the 
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Figure 1. Structure of complex-type Asn-linked oligosaccha- 
ride. Boxed part corresponds to the “core” pentasaccharide. 
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PMB: pMethoxybenzyl, TBDPS: I-BuPh2Si 

Conditions: (1) PhCH(OMe)2, CSMOMF, 77%; (2) PMB-C1, 
Bu~NHSOJCH2C12-aqueous NaOH,7 reflux 50% (+ 15% regio- 
isomer); (3) tBuPh2SiC1, imidazole/DMF, 73%; (4) AgOTf, DMBP, 
MS4NCHzC12, 81%. 

selectively protected mono- (2) and dimannosyl(3) thiogly- 
cosides as mannosyl donors. 

Syntheses of 25 and 35 were performed starting from 
the known methyl thiomannoside 46 as shown in Scheme 
2. As glycosyl acceptors, monosaccharide 78 and disac- 
charide g9 were investigated. 

The coupling of 213 with 718 was performed as follows 
(Scheme 3). Initial treatments with DDQ, under anhy- 
drous conditions, afforded the mixed acetals lla-d quite 
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Table 1. Results of B-Mannosidation Reactions 
thioglycoside T ("C)/ yieldb 

entry (equiv) acceptor 11 timea product (%) 

1 2 (1.1) 7 a d 2 0 h  12 60 
2 2 (1.4) 8 b d 2 d  13 60 
3 3 (1.4) 7 c 40°C/14h 14 53 
4 3 (1.3) 8 dc 4OQC/4d 15 49 

a For conversion of 11 into 12-15. In entries 2 and 4, 11% 
and 23% of acceptor was recovered, respectively. Isolated in 88% 
yield. 
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smoothly.'O Subsequent activation of the anomeric posi- 
tion was achieved most efficiently using methyl triflate 
(MeOTD" in the presence of 2,6-di-tert-butyl-4-methylpy- 
ridine (DBMP) and molecular sieves (MS) 4A.12 As 
summarized in Table 1, all combinations afforded the 
/?-linked structures 12-E5 as the only isolable glycosy- 
lated products. 

It should be noted that the choice of protecting groups 
for these fragments was made in order to facilitate 
elongation of these glycan chains into any of the various 
branching patterns found in Asn-linked oligosaccharides. 

To demonstrate the utility of the /?-mannoside products 
thus obtained, tetrasaccharide 15 was converted into 
pentasaccharide la, which represents the core structure 
of Asn-linked oligosaccharides (Scheme 4). The 'H-NMR 
data of la14 were in good agreement with that reported 
for reducing pentasaccharide (lb) obtained from natural 
~0urces . l~  
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a Conditions: (1) AQO, Et3N, 4-DMAP/MeCN, 99%; (2) (&I- 
camphorsulfonic acidlMeOH, 60 "C, 75%; (3) AgOTf, MS4A/CHzC12, 
79%; (4) N H ~ C H ~ C H ~ N H ~ ~ U O H , ~ ~  90 "C, then AczO/MeOH, 0 "C, 
83%; (5) H2, Pd-C/80% MeOH, 94%. 

Further extension of this method to various naturally- 
occurring Asn-linked oligosaccharides is currently under 
investigation. 
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