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A simple and efficient synthesis of N-linked glycoamino acids

and glycopeptides from deprotected sugars using the

Staudinger reaction.

N-Linked and O-linked glycoproteins are key to many biological

processes including cell–cell communication1 and the immune

response.2 These glycoproteins exist as glycoforms3 each with

different carbohydrate structures which are key to their biological

role.4 It is important to be able to synthesise single glycoforms of

glycoproteins in order to understand these roles more clearly.5

Strategies for the synthesis of N-linked glycoproteins include

stepwise solid phase peptide synthesis6 where the N-linked

asparagine moiety is introduced as a glycoamino acid. Resulting

glycopeptide chains can later be utilised in native chemical ligation7

to afford larger glycoproteins. This strategy requires a method for

the synthesis of N-linked glycoamino acids with orthogonal N- and

C-terminal protection in a linear strategy. Alternatively, direct

coupling of glycosylamines to protected peptides as demonstrated

in Lansbury’s prescient paper for a single glycosyl amine,8 allows a

flexible convergent approach. We describe here a simple one-pot

method which utilises stable, deprotected sugars which can be

applied to amino acids and larger peptide fragments.

Current methods for the synthesis of the amide link between

glycosyl and asparagine moieties typically utilise glycosylamines

with peptide coupling reagents to yield the N-linked glycoamino

acid.9 Glycosylamines are accessible by the Kochetkov reaction

where a fully protected reducing sugar or deprotected sugar is

treated with 50 times excess of ammonium bicarbonate for 6

days.10 Bejugam et al.11 have recently shown that microwave

irradiation can accelerate the Kochetkov reaction which forms the

glycosyl amine. Wen et al.12 used a two step synthesis where

reduction of a deprotected sugar anomeric azide catalysed by

palladium on carbon to access the amine was followed by reaction

with an activated ester of aspartic acid. Lansbury has been able to

extend this methodology in the convergent synthesis of glycopep-

tides.8 However, glycosyl amines are relatively unstable13 and the

hemiaminal is prone to mutarotation to give a mixture of anomers

thus making stereocontrol difficult.14 Diglycosylamines are also

observed as by-products.11,15 Ishiwata et al. have been able to react

deprotected Alloc glycosyl amines to form the N-linkage.16

However, this requires the use of unnatural acid fluoride

functionalised aspartic acid residues.

Methods that do not involve an anomeric amine are therefore

advantageous and have been investigated although many of these

are over-complicated and/or use only protected sugars and

therefore require further manipulation of the sugar which can

lead to racemisation of the amino acid.17 The simplest is that

developed by Inazu et al.18 which used a three-component

Staudinger reaction of a carboxylic acid and an azide in the

presence of a tertiary phosphine to afford an N-linked glycoamino

acid from protected sugar moieties in yields ranging from 23–77%

depending significantly on the solvent. He et al.19 used a two

component Staudinger ligation where an activated ester and

phosphine exist in the same molecule. However, this requires

multiple synthetic steps to synthesise the phosphinothioesters

required for the ligation as well as only being useful for protected

sugars. Similar to this is the work of Bianchi et al.,20 which requires

a multiple step synthesis of a functionalised phosphine from

o-diphenylphosphinophenol. Bertozzi et al. have also used a

‘traceless’ Staudinger Ligation for the chemoselective synthesis of

amide bonds where a methoxycarbonyl group on one of the aryl

rings of a phosphine traps the aza-ylid intermediate and the

phosphine oxide is removed by subsequent hydrolysis.21

To simplify and enhance efficient access to glycosyl asparagines

we desired a novel reaction i) for deprotected substrates, ii)

compatible with linear and convergent approaches, iii) that is

stereocontrolled and iv) free from the need for complex auxilliaries.

Having surveyed the literature, it was felt that the three

component Staudinger (Scheme 1) was a promising route for

use with deprotected sugars as it requires no specialist activation

or protection. A range of non-polar solvents were surveyed.

However, several such as DCM were incompatible with
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Scheme 1 a) Intermediate observed, b) suggested mechanism for

Staudinger Ligation.
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deprotected sugars due to solubility problems; reactions were

therefore attempted in acetonitrile under the same conditions using

tributylphosphine but no product was observed. Careful analysis

of the crude reaction mixture revealed the presence of intermediate

1 (Scheme 1a). This aza-ylid 1 appears to be stable and yet

unreactive in acetonitrile perhaps due to intramolecular hydrogen

bonding. Addition of a base to encourage reaction did not lead to

the desired product.

The intended Staudinger reaction proceeds through a putative

nitrogen nucleophile; we reasoned that carboxyl preactivation

would enhance electrophilicity (Scheme 1b). N-a-Fmoc-protected

L-aspartic acid a-tert-butyl ester was first stirred with DCC and

HOBt and then the monosaccharide GlcNAc azide was added

followed by tributyl phosphine. This novel direct one pot three

component approach gave the desired product 2 in 87% yield

(Scheme 2, Table 1) allowing direct access to anomerically pure b-

N-linked glycoamino acids from simple, stable starting materials.

Changing the solvent slowed the reaction rate giving the product in

only 30% (DMF), 25% (dioxane) after 16 h but 60% yield after

72 h.

Once the conditions for the Staudinger Ligation had been

optimised for the GlcNAc N-linked glycoamino acid 2, we applied

this method to other sugar azides, 1-azido glucose and the

disaccharide chitobiose, to afford 4 and 8 in 50% and 61% yield

respectively (Scheme 2). Interestingly, generally lower yields were

observed for glucose (Glc) and it cannot be discounted that the C-2

NHAc may play a role in enhancing the reactivity of the aza-ylid 1.

Alternative C- and N-protected amino acids were also used to

explore compatibility with ester, amide and carbamate function-

ality. These successfully gave glycoaminoacids 3, 5, 6 and 7 in 62%,

62%, 53% and 47% yields respectively.

To access biologically relevant glycopeptides we adopted two

approaches: linear (insertion of a glycoamino acid into a growing

peptide chain) and convergent (direct attachment of sugar to

polypeptide).5 Candidate epitopes of the tumour antigen gp90, a

murine leukaemia virus envelope protein produced by colorectal

tumour cells,22 were chosen because they were known to bind to

MHC class II. Glycoamino acids 2 and 8 were used in the stepwise

solid phase synthesis of 15 mer glycopeptide epitopes of gp90

(Scheme 3). The t-butyl ester groups were removed in quantitative

yield using TFA to afford the necessary deprotected building

blocks. The first amino acid was loaded onto a rink amide resin

using PyBOP, HOBt and DIPEA. Deprotection was achieved

using piperidine in DMF followed by sequential coupling and

deprotection of the appropriately protected amino acids again

using PyBOP, HOBt and DIPEA (Scheme 3). For coupling of the

glycoamino acid and the two adjacent amino acids, it was found

that double coupling rounds and use of the coupling agent HATU

ensured completion. The product 15 mer glycopeptides, 9 and 10,

were finally cleaved from the resin using TFA/TIS/H2O and

obtained in 59% and 56% overall yields respectively. These

GlcNAc and chitobiose containing glycopeptides 9 and 10 were

Scheme 2 Synthesis of N-linked glycoamino acids using Staudinger methodology.

Table 1 Examples of the Staudinger Ligation

Entry R1 R2 R3 R4 Solvent Time (h) Product Yield %

a Fmoc OtBu OH NHAc MeCN 16 2 87
b Fmoc OtBu OH NHAc DMF 16 2 30
c Fmoc OtBu OH NHAc DMF 72 2 60
d Fmoc OtBu OH NHAc Dioxane 16 2 25
c Fmoc OAllyl OH NHAc MeCN 16 3 62
d Fmoc OtBu OH OH MeCN 16 4 50
e Boc OBn OH NHAc MeCN 16 5 62
f Boc NHPh OH NHAc MeCN 16 6 53
g Boc NHPh OH OH MeCN 16 7 47
h Fmoc OtBu GlcNAc(b1- NHAc MeCN 16 8 61
i Fmoc-S- -L-T-NH2 OH NHAc DMF 72 12 77

Scheme 3 i) Fmoc-A-OH, PyBOP, HOBt, DIEA, DMF, ii) 20%

piperidine, DMF, iii) glycoamino acid, HATU, HOBt, DIEA, DMF, iv)

TFA/TIS/H2O.
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used to probe the recognition site in gp90 by gp90-specific T cells;

interestingly initial results suggest that T cell recognition is

independent of glycosylation.23

As well as being compatible with such linear strategies, the

straightforward method outlined here is also compatible with the

convergent synthesis of N-linked glycopeptides. A 4 mer

glycopeptide epitope of gp90 was targeted (Scheme 4). Although

acetonitrile gave higher yields in the case of single amino

acids, DMF was the preferred solvent due to the higher

solubility of the peptides used. Tetrapeptide 11 was synthesised

on the solid phase using standard conditions as described

above and cleaved from the resin using TFA/TIS/H2O. The

carboxylate side chain of the aspartic acid was activated first

with HBTU and HOBt followed by addition of GlcNAc azide

and Bu3P (Scheme 4) giving the desired glycopeptide 12 in 77%

yield.24

In conclusion, we have developed a novel straightforward, one-

pot method for the synthesis of N-linked glycoamino acids from

deprotected sugars with complete stereocontrol and applied this to

a range of sugar and peptide functionality allowing the linear

and convergent synthesis of biologically relevant N-linked

glycopeptides.
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