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Abstract—Peptide thioester carrying N-linked core pentasaccharide was prepared by the Fmoc solid-phase method with a
combination of the benzyl-protection strategy at the carbohydrate portion. The obtained peptide thioester was successfully used
for the synthesis of the first Ig domain of emmprin composed of 61 amino acid residues. © 2003 Elsevier Science Ltd. All rights
reserved.

Glycosylation is a common post-translational modifica-
tion of proteins. Although the importance of glycosyla-
tion is well recognized in a wide range of biological
processes,1 the mechanism of how carbohydrates on
proteins exert their function is poorly understood at the
molecular level. This is mainly due to the microhetero-
geneity at the carbohydrate portions, which makes the
isolation of structurally homogeneous glycoproteins

difficult. An expression system using E coli., which
lacks glycosylation machinery, is also inadequate to
prepare glycoproteins.

Due to the development of the thioester method2 as
well as the chemical ligation method,3 chemical synthe-
sis of protein has become practical. In these methods,
partially-protected or non-protected peptide thioesters,
prepared by the solid-phase method, are consecutively
joined to obtain polypeptides. Thus, if the glycosylated
peptide thioester can be prepared, these methods can be
directly applied to the glycoprotein synthesis. Previ-
ously, peptide thioesters have been prepared by the Boc
method, because the thioester bond is sensitive to pipe-
ridine used for the Fmoc method. In contrast, most of
the glycopeptide synthesis has been performed by the
Fmoc strategy due to the sensitivity of glycosidic link-
ages to strong acid such as HF. Recently, this draw-
back was overcome by development of the method to
prepare peptide thioesters by the Fmoc method.4 In
fact, Shin et al. synthesized a peptide thioester carrying
a GalNAc residue by the Fmoc method and prepared
diptericin by the chemical ligation.5 However, to ana-
lyze the role of carbohydrates on proteins, more com-
plicated oligosaccharide structures have to be
introduced. In the case of N-linked glycoprotein, at
least a pentasaccharide structure, Man3GlcNAc2, is
retained in common.

Figure 1. The structure of extracellular Ig domain of emm-
prin carrying pentasaccharide unit 1. The arrow indicates the
site of segment coupling.
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We have been investigating benzyl protection-based
solid-phase synthesis of glycopeptide6 and already suc-
ceeded in the synthesis of dodecapeptide CD52 carrying
the pentasaccharide unit by the Fmoc strategy.6b,c How-
ever, this method uses catalytic hydrogenation at the
final stage to remove the benzyl groups and hence may
not be directly applied to the synthesis of peptide
thioesters, which contain a sulfur atom. Recently, we
have shown that the low-TfOH,7 which cleaves protect-
ing groups under the low acidic SN2 reaction condi-
tions, is suitable to remove the benzyl groups of
glycopeptide carrying core-2 O-linked tetrasaccharide.8

We now examined the use of low-TfOH for the depro-
tection of the benzyl-protected N-linked core pentasac-
charide, which contains acid-sensitive �-mannoside
bond. In this report, syntheses of peptide thioester
carrying an N-linked pentasaccharide by the Fmoc
strategy and the extracellular first Ig domain (34–94) of
emmprin 1 by the thioester method are described (Fig.
1). To our knowledge, this is the first synthesis of
peptide thioester carrying the pentasaccharide unit.

Emmprin is a glycoprotein located on the surface of
cancer cells and plays an essential role in tumor metas-
tasis by stimulating nearby fibroblasts to produce
matrix-metalloproteinases (MMPs).9 The activity
derives from the first Ig domain (34–94) which retains
the N-glycosylation site at Asn44. Although the glycosy-
lation is essential to emmprin’s activity, the carbohy-
drate structure, which is essential to the activity, is not
known. We have already prepared the Ig domain carry-
ing GlcNAcn (n=0–2) at Asn44, utilizing a peptide
thioester carrying GlcNAcn unit prepared by the Boc
strategy.10 The biological study using these domains
shows that MMP stimulation activity increases as the
carbohydrate chain becomes longer from n=1 to 2,
whereas the Ig domain itself (n=0) has no activity
(data not shown). To further examine the effect of the
structure of carbohydrate on its activity, the Ig domain
with a pentasaccharide unit was synthesized in this
study.

The sequence of the Ig domain was divided at Gly58–
Gly59, and N-terminal peptide thioester carrying the
pentasaccharide and C-terminal peptide amide were
prepared by the solid-phase method. Following the
procedure of Li et al.,4b the N-terminal peptide
thioester was prepared using a cocktail composed of
1-methylpyrrolidine (MP, 25%), hexamethyleneimine
(HMI, 2%), 1-hydroxybenzotriazole (HOBt, 2%) in 1-
methyl-2-pyrrolidinone (NMP)-DMSO (1:1) as Fmoc
deblocking reagent. Starting from Fmoc-Gly-
SCH2CH2CONH-resin, Fmoc-amino acids were intro-
duced using O-benzotriazol-1-yl-N,N,N �,N �-tetra-
methyluronium hexafluorophosphate (HBTU), HOBt
and N,N-diisopropylethylamine (DIEA). After the
sequence of (45–58) was assembled, a part of the resin
was deprotected by TFA and the crude peptide was
analyzed by HPLC. Besides the desired thioester, how-
ever, about 40% of a defective peptide, which lacks
C-terminal Lys-Gly was observed. This peptide is most
probably derived from the formation of diketopiper-

azine, and thus, its prevention is essential to improve
the yield of the desired thioester.

Sakamoto et al. reported the suppression of dike-
topiperazine formation by a combination of silyl carba-
mate and amino acid fluoride.11 Although this method
was used for the synthesis of peptide with C-terminal
carboxylic acid, the reaction conditions seem to be
applicable to the preparation of peptide thioesters.
Emmprin (45–58) was resynthesized as shown in Figure
2.12 Fmoc-Gly-SCH2CH2CONH-resin was treated with
the Fmoc deblocking reagent and triisopropylsilyloxy-
carbonyl (Tsoc)-Lys(Z)-OPfp was reacted. The
obtained resin was then reacted with Fmoc-Leu-F in
the presence of Bu4NF. This F− cleaves a part of the
Tsoc groups, and the amino groups generated react
with Fmoc-Leu-F, which provides F− required to con-
tinue the reaction. As the N-deprotection and acylation
steps are combined, diketopiperazine formation is sup-
pressed. The chain elongation was continued using Li’s
method. Analysis of the cleavage mixture of the resin
sample of emmprin (45–58) showed that the desired
peptide was obtained without detectable diketopiper-
azine formation.

Then, Fmoc-Asn(Man3GlcNAc2Bn12) 2,13 was intro-
duced using O-(7-azabenzotriazol-1-yl)-N,N,N �,N �-tet-
ramethyluronium hexafluorophosphate (HATU) and
DIEA. The coupling yield was about 60% judging from
the HPLC analysis of the cleavage product of the resin
sample. It is to be noted that the coupling reaction did
not proceed by the use of the 1,3-dicyclohexylcarbodi-
imide (DCC)–HOBt method. The remaining amino
group was protected using N-(2-chlorobenzyloxycar-
bonyloxy)succinimide (Z(2-Cl)-OSu), and the chain
elongation was continued using Fmoc-amino acid Pfp
ester. After the complete assembly of the sequence
(34–58), the whole resin was treated with reagent K14 at

Figure 2. Synthetic procedure of the N-terminal peptide
thioester carrying pentasaccharide unit 4.
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rt for 1 h. The crude peptide was further treated by the
low-TfOH7 at −10°C for 2 h to remove all benzyl
groups of the saccharide portion. As shown in Figure 3,
the desired peptide thioester carrying pentasaccharide
unit 3 was successfully obtained without significant
decomposition of the glycosidic linkages. The purified
yield of peptide 3 was 1.8% based on the amino groups
on the initial resin. The amino groups of the peptide 3
were protected by the Boc groups and peptide 4 was
obtained. C-terminal segment 5 was prepared according
to the previous procedure.10

The condensation reaction was carried out as shown in
Figure 4.15 Peptide 4 and 5 were dissolved in DMSO

containing 3-hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotri-
azine (HOOBt) and DIEA, and AgCl was added. The
reaction was almost complete without significant side
reactions within 12 h (Fig. 5a). Then the product was
treated with TFA and purified by HPLC to obtain
peptide 6. This peptide was further treated with AgNO3

and DIEA to remove Acm groups. After HPLC purifi-
cation, the peptide was air-oxidized in 0.1 M AcONH4

(pH 8) containing 6 M guanidine hydrochloride as
shown in Figure 5c. The Ig domain carrying pentasac-
charide 1 was successfully obtained after HPLC purifi-
cation. The analytical data of the synthesized 1 were in
good agreement with those of the desired structure.

In conclusion, we have succeeded in the synthesis of a
peptide thioester containing the N-linked core penta-
saccharide by the modified Li’s Fmoc method
combining benzyl protection strategy. This peptide
thioester was successfully used for the synthesis of the
Ig domain of emmprin. This method would be applica-
ble for the synthesis of peptide thioesters carrying the
N-linked core pentasaccharide and thus would be use-
ful for the preparation of larger N-glycopeptides or
N-glycoproteins. The MMP-stimulatory activity mea-
surement as well as conformational analysis of this
domain are now under investigation.

Figure 3. HPLC profile of the crude peptide thioester 3. The
peptide indicated by asterisk derived from the incomplete
introduction of pantasaccharide-Asn unit and subsequent
Z(2-Cl)-capping. Elution conditions: column, Mightysil RP-
18 GP (4.6×150 mm) at a flow rate of 1 ml min−1; eluent,
aqueous acetonitrile containing 0.1% TFA.

Figure 5. HPLC profile of the crude peptides: a) TFA treated
reaction mixture of the segment coupling of 4 and 5; b) crude
peptide obtained after removal of Acm groups from peptide
6; c) crude peptide 1. The asterisked peak in panel a) derived
from the unreacted peptide 5. Elution conditions of a):
column, Cosmosil 5C18AR (10×250 mm) at a flow rate of 2.5
ml min−1 and at 60°C; b) and c): same as Figure 3.Figure 4. Synthetic procedure for the Ig domain (34–94) 1.
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