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Preparation of an N-Linked Glycopeptide Containing 6-ThioGlcNAc
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The O- and N-glycosylated proteins are expressed in
eukaryotic cells as heterogeneous mixtures of glycoforms,
namely, proteins possessing heterogeneous carbohydrate
moieties and thus their purification from natural sources is
difficult. As a consequence, the structural effects of carbo-
hydrates on glycoproteins and biological functions of glyco-
proteins remain elusive. It has been well-documented that
carbohydrates of glycoproteins modulate receptor binding
and signaling, and influence the intrinsic properties of protein
backbones, resulting in the proper folding of proteins,
increased thermal stability and resistance to proteases.1

Therefore, it is imperative to readily access glycoproteins
with well-defined oligosaccharide chains to elucidate their
biological functions. 

Recently, many attempts to introduce carbohydrate moieti-
es into proteins or peptides at a specific position via non-
native glycosidic linkage in a chemoselective manner have
been made.2,3 In an effort to develop a new methodology to
prepare homogeneous glycoproteins, we have investigated
the chemoselective ligation of carbohydrates containing a
maleimide group to peptides or proteins via a stable thio-
ether linkage.4 As part of our ongoing work, we prepared
thiol-containing N-acetylglucosaminyl serine (1) as a build-
ing block for synthesis of N-linked glycopeptides bearing 6-
ThioGlcNAc, that can be further glycosylated with thiol-
reactive carbohydrates at 6-SH site through a disulfide bond
as shown in Figure 1. The N-linked glycosylation on glyco-
proteins is catalyzed by oligosaccharyl transferase during
co-translational process.5 Carbohydrate moieties in N-glyco-
sylated proteins are covalently attached to an asparagines
residue in the consensus sequence of Asn-X-Thr/Ser, where
X is any amino acid except proline, and are known to
influence the folding of proteins or the stability of the pro-
tein backbones.5

Synthesis of a protected 6-ThioGlcNAc-Ser monomer (1)
was efficiently achieved from N-acetylglucosamine (2) by

the reactions delineated in Scheme 1. Peracetylated GlcNAc-
N3 (3) derived from 2 according to a known procedure6 was
deacetylated quantitatively under basic conditions. A selec-
tive tosylation of a primary alcohol in 4 with 2 equiv of TsCl
in pyridine followed by acetylation of the secondary
alcohols produced a mono-tosylated azide 5 in 78% yield.
Tosylation of 4 with less than 2 equiv of TsCl furnished the
desired product in low yield. It was noted that the progress
of tosylation of the primary alcohol in 4 should be carefully
monitored by TLC to prevent the bis-tosylation of 4. Sub-
stitution of tosyl group by thioacetyl group with potassium
thioacetate (KSAc) in the presence of 18-crown-6 at 60 oC
provided a thioacetylated azide 6 in 80% yield. It is
worthwhile to mention that the substitution reaction of tosyl
group in the absence of 18-crown-6 gave a poor yield (< 30
% yield) of 6 as a result of the formation of an unidentified
side product. Reduction of 6 and subsequent coupling of the
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resultant amine 7 to 9 obtained from Fmoc-Asp(tBu)-OH (8)
in three steps7 by O-benzotriazole-N,N,N'N'-tetramethyluro-
nium-hexafluorophosphate (HBTU), N-hydroxybenzotriazole
(HOBt) and N-ethylmorpholine (NEM) afforded a glycosy-
lated serine 10 in 60% yield. Finally, the allyl group in 10
was removed using Pd(PPh3)4 in the presence of N-methyl-
aniline as a hydrogen donor to give the desired monomer 1
in 71% yield.8 

Next, we prepared a glycopeptide 11 possessing 6-Thio-
GlcNAc. The glycopeptide 11 was synthesized on PS-PEG
(polystyrene-polyethylene glycol) Rink amide resin on a 0.5
mmol scale using Fmoc-amino acids (Scheme 2).9 Stepwise
peptide assembly was performed by a manual peptide syn-
thesis using HOBt/HBTU-mediated couplings, except for
the coupling of 1, which was carried out by double coupling
using the more powerful coupling reagents of DIC/HOAt.10

After completion of chain assembly, Fmoc group of N-
terminus was removed and the exposed NH2 was acetylated.
Finally, glycopeptide 11 was cleaved from the solid support
by treatment with TFA : triisopropylsilane : H2O (95 : 2.5 :
2.5) and characterized by ESI MS.11 

In summary, we developed an efficient synthesis of a

thiol-containing N-acetylglucosaminyl serine monomer and
synthesized the glycopeptide mimetic using a prepared mon-
omer. Further glycosylation of a glycopeptide with thiol-
reactive carbohydrates after deacetylation is in progress.
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