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Abstract—Use of amino acid pentafluorophenyl esters was found effective for chemoselective N-acylation in the peptide
elongation. On-resin fragment condensation between 9 and 13 using DCC-PfpOH as an activator afforded coupling product 1 in
good yield. © 2002 Elsevier Science Ltd. All rights reserved.

The carbohydrate moieties of glycopeptides have several
important functions. For example, they provide protec-
tion against proteolysis, influence transport and uptake
of proteins, determine human blood groups, and regulate
recruitment of leukocytes to the sites of inflammation.1

To enhance the understanding of the biological functions
of glycoproteins, extensive efforts have recently been
devoted to the chemical synthesis of glycopeptides.2

In the synthesis of glycopeptide, the use of a protective
group is crucial in order to obtain a successful outcome.3–6

Current syntheses of glycopeptides have been preferably
performed on solid-phase according to the Fmoc (9-
fluorenylmethoxycarbonyl) protocol,7,8 where O-acyl
and O-benzyl groups have been extensively used for the
protection of carbohydrate hydroxyl groups.9 When
O-acyl groups are employed, the ultimate deprotection
requires basic conditions, which may give grave concern
in terms of the potential risks of base-catalyzed �-elim-

ination of serine/threonine-linked oligosaccharide and
epimerization of amino acid residues.10–13 On the other
hand, benzyl ether groups are cleavable by neutral
hydrogenolysis14–17 or by a combination of a strong acid
and a soft nucleophile.18 The catalytic hydrogenation
conditions, however, are not useful in deprotection of the
compounds containing tyrosine, cysteine, or methionine
residues owing to liability to overreduction of the
tyrosine aromatic ring to the corresponding cyclohex-
anone,19 or desulfurization of cysteine or methionine.17

We have recently established synthesis of a glycopeptide,
the extracellular Ig domain I of Emmprin, where detach-
ment from the resin and concomitant deprotection of a
benzylated chitobiosyl asparagine-containing glycopep-
tide were successfully performed by hydrogen fluoride
treatment.20 It is to be noted that use of weak acid-labile
protective groups such as silyl, methoxybenzyl or acetal
have also been attempted in the Fmoc glycopeptide
syntheses.21

Figure 1. The structure of �-subunit (130–145) of hCG carrying unit at Ser.132,138 The arrow indicates the site of segment coupling.
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In the course of our project directed toward the synthe-
sis of larger glycopeptides, we are interested in an
alternative approach with minimization of the hydroxyl
group protection. Recently, some synthetic methods for
glycopeptide synthesis carrying unmasked oligosaccha-
rides research groups were reported.22 In this paper, we
now present a solid-phase synthesis of a mucin-type
glycopeptide segment of the �-subunit of human chori-
onic gonadotropin 1 using a �-D-galactopyranosyl-
(1�3)–2 - acetamido - 2 - deoxy - � - D - galactopyranosyl
(Thomsen–Friedenreich antigen, T-antigen) serine
building block carrying unmasked hydroxyl groups
(Fig. 1).

The target compound 1 was retrosynthetically discon-
nected into two glycopeptide segments, Ser130-Gly136

and Pro137-Gln145. Both were synthesized on the allyl
linker9 attached to the Sieber amide resin, and segment
coupling was investigated.

Synthesis of the unprotected-disaccharyl serine 3 is
depicted in Scheme 1. Treatment of known glycoserine

214 with bromotrimethylsilane and thioanisole in tri-
fluoroacetic acid at 0°C led to deprotection of the
hydroxyl groups to afford glycoserine 3 (65%). The
reaction was accompanied in part by degalactosylation
to give compound 4 (14%).

The tetra- and heptapeptide (Ser133-Gly136 and Pro139-
Gln145)-linked Sieber amide resin interposing the allyl
linker were synthesized by a peptide synthesizer based
on standard Fmoc protocol. The side-chain functional
groups were blocked with t-BuO group for aspartic
acid, t-Bu group for threonine, and Pmc (2,2,5,7,8-pen-
tamethylchroman-6-sulfonyl) group for arginine. The
coupling reactions were performed with HBTU-HOBt-
DIPEA in NMP, while the N-terminal Fmoc group was
removed with piperidine in NMP. Coupling yield in
each step was determined by ninhydrin test and overall
yields were over 95%. The glycoserine 3 (1.2 equiv.) was
then condensed with N-deprotected 6 and 11 (0.25
mmol scale), respectively, by activation with HBTU-
HOBt-DIEA (1.1 equiv.). The reaction was performed by
using a vortex-mixer for 24 h at room temperature. The
unreacted amino group was capped by reaction with
N-(2-chlorobenzyloxycarbonyloxy)succinimide [Z(2-Cl)-
OSu] which was stable to the reagents commonly used
for Fmoc/Boc chemistries.23 On the other hand, use of
acetic anhydride as a capping reagent was not appropri-
ate because acetylation of the hydroxyl groups was
observed. To our delight, the coupling efficiency proved
to be very high (>90%), judging from HPLC analysis
after cleavage of peptide 7 or 12 from the resin by
treatment with 1% TFA-CH2Cl2 (Scheme 2). During
the synthesis of 7 and 12 from 6 and 11, no significant
side reactions were observed.

Having prepared the resin-bound glycopeptide 7 carry-
ing unprotected glycan chains, further amino acid

Scheme 1. Synthetic route for disaccharide-linked serine unit
3.

Scheme 2. Synthetic route for glycopeptide segments 9 and 13.
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assembly was next examined with several coupling
reagents. Attempted incorporation of proline using
DCC-HOBt in NMP or HBTU-HOBt-DIEA in NMP
resulted in the formation of small amounts (<10%) of
doubly prolinylated products along with the desired
glycopeptide 8. The by-products, presumably derived
from O-prolinylation, were separated by HPLC and the
molecular weights were determined by MALDI-TOF
MS. On the other hand, the use of Fmoc amino acid
pentafluorophenyl (Pfp) ester as an amino acid source
turned out to be effective, obviating the overacylation.
Thus, sequential incorporation of proline and serine
residues proceeded in a highly satisfactory manner to
give the corresponding peptide as the sole product. Fig.
2 shows HPLC profile of the crude glycoheptapeptide 9
which can be readily used for the subsequent fragment
condition (vide infra). It is to be noted that the C-termi-
nal glycine residue was liberated as free carboxylic acid
after cleavage by treatment of 8 with 10 mol% of
Pd(PPh3)4 and 10 equiv. of N-methylaniline in DMSO
at room temperature.24 The compound 9 was obtained
in good overall yield (51%) through purification by
preparative HPLC (Fig. 3a).

HPLC analysis of the C-terminal glycononapeptide 13
(Pro137-Gln145), similarly prepared on resin and released
by 1% TFA-CH2Cl2, is demonstrated in Fig. 3b. The
peak at 34.44 min corresponds to the glycononapeptide.

Coupling reaction of the peptide resin 13 with 2.0
equiv. of peptide segment 9 was performed using DCC-
PfpOH (2.0 and 6.0 equiv.) as an activator in
NMP for 7 days at room temperature. Formation of
the coupling product 1 was monitored by HPLC analy-
sis and the MALDI-TOF MS measurement after cleav-
age of the sample resin by treatment with 1%
TFA-CH2Cl2 (Scheme 3). The high efficiency of this
coupling reaction was clearly seen by the chromato-
graphic profile of the final reaction mixture cleaved
from the resin (Fig. 3c). The peak for C-terminal
fragment was no longer observed and a near peak
corresponding to the desired product 1 appeared at

Figure 3. HPLC elution profiles of glycopeptide; (a) pure
Ser130-Gly136 (9), (b) crude Pro137-Gln145 (13), (c) crude Ser130-
Gln145 (1) after cleavage from resin. Elution conditions:
column, Mightysil RP-18 GP (3.0×150 mm) at a flow rate of
0.6 ml min−1; eluent, aqueous acetonitrile containing 0.1%
TFA.

Figure 2. HPLC elution profiles of crude Ser130-Gly136. Elu-
tion conditions: column, Mightysil RP-18 GP (3.0×150 mm)
at a flow rate of 0.6 ml min−1; eluent, aqueous acetonitrile
containing 0.1% TFA. Scheme 3. Segment coupling of glycopeptides 9 and 13.
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37.83 min. The target glycopeptide 1 was isolated in
30% overall yield and characterized by MALDI-TOF
MS and NMR.25

In summary, we have achieved Fmoc-based solid-phase
synthesis of the glycopeptide fragment (Ser130-Gln145) of
the �-subunit of human chorionic gonadotropin by
utilizing a glycosyl serine building block carrying
unmasked hydroxyl groups. It was shown that amino
acid pentafluorophenyl esters could serve as the
chemoselective acyl donor. That the on-resin coupling
of glycopeptide carrying unmasked oligosaccharide was
accomplished in high efficiency may well open the way
to chemical synthesis of native glycoproteins.
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