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Glycosylphosphatidylinositol (GPI)-anchored glycopeptides
or glycoproteins are ubiquitously present on eukaryotic
cells.[1] For example, CD52 antigen, which is expressed by
virtually all human lymphocytes and sperms,[2, 3] is a simple
GPI-anchored glycopeptide, but it plays a critical role in the
human immune and reproduction systems.[4–6] Sperm CD52 is
involved in the human sperm–egg recognition and binding,

while antibodies against lymphocyte CD52 have been used to
treat several immune system-related diseases.
The structure of CD52 is rather typical as it has the

phospholipid and the conserved GPI glycan linked to the
inositol C1�O and C6�O positions and the glycopeptide to
the GPI glycan nonreducing end C6�O position through a
phosphoethanolamine bridge (Scheme 1).[2, 3] Additional bio-
modifications of sperm CD52 GPI include a phosphoethanol-
amine group to the mannose ii (ManII) C2�O position and a
large acyl group to the inositol C2�O position.[2] The peptide
chain of CD52 is very short, consisting of 12 amino acids, and
it has only one N-glycosylation site, to which complex and
heterogeneous glycans are attached. The heterogeneity of
CD52 glycoforms constitutes a major obstacle in accessing
homogeneous antigens from biological sources.

Due to its short peptide, simple glycosylation pattern, and
intriguing biological activities, sperm CD52 is a useful model
for structural and structure–activity relationship studies of
GPI-anchored glycopeptides and glycoproteins. In this con-
text, a practical synthetic method for it should be of great
significance. However, there have been very few reports
concerning the synthesis of GPI-anchored structures, even
though a number of GPIs[7–16] and glycopeptides,[17, 18] includ-
ing CD52 GPI[19,20] and glycopeptides,[21,22] have been synthe-
sized by chemical methods. The only synthetic studies towards
GPI-anchored glycopeptides or proteins either used simple

Scheme 1. Retrosynthetic plan for 1.
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molecular models[19,23] or had an artificial linkage between the
GPI and protein.[16] Chemical synthesis of complex, native
GPI-anchored glycopeptides, which involves several areas of
chemistry, remains a formidable challenge.
The work presented herein aims at the construction of

natively linked GPI-glycopeptide conjugates, especially
focusing on the strategic synthetic designs. For this purpose,
a skeleton structure 1 (Scheme 1) of sperm CD52 without the
glycerol lipid and the extra phosphoethanolamine of its GPI
was established as the synthetic target. The omission of two
functional groups can save us a few steps and problems in the
GPI preparation.[20] For 1, since an amide can be easily
formed by the condensation reaction between a free amino
group and a free carboxyl group, the amido bond between the
GPI and the glycopeptide was cleaved first to offer two logical
building blocks 2 and 3 (Scheme 1) that had very different
properties. Moreover, because this linkage is shared by all
GPI-anchored glycopeptides and glycoproteins, such a
synthetic strategy may be of general significance. Thus, an
important issue is the coupling between two complex
segments, namely, the GPI and the glycopeptide. For 2
and 3, we employed benzyl group as a permanent
protection for the carbohydrate hydroxyl groups, as it
can be easily removed under mild conditions later on. In
the meantime, glycopeptide 2 was planned to have a fully
protected peptide to prevent the potential interference of
peptide side chains with the coupling reaction and the
potential influence of a free peptide on the solubility and
other properties of involved intermediates. Another
important issue of this synthesis was thus preparing 2
and 3 in the properly protected form.
The N-glycan 4 with an azido group attached to the

reducing end was prepared by a modified literature
procedure,[24] which will be reported elsewhere. After the
azido group of 4 was selectively reduced to a primary
amine by Lindlar catalyst-catalyzed hydrogenation, it was
coupled to the side chain of asparagine by the reaction
with an active ester 5. Because the glycan contained a
benzylated fucosidic linkage that is extremely sensitive to
acids,[25] the a-carboxyl group of 5 was protected by an

allyl, instead of a tert-butyl (tBu) group typically used in
peptide synthesis, to circumvent acidic treatment during the
deprotection.[26] Then, the allyl group was smoothly removed
by Pd(PPh3)4 to afford 7 (Scheme 2), which was ready as a key
building block for the glycopeptide assembly.
As mentioned earlier, except for the terminal carboxyl

group, the peptide chain of glycopeptide 2 needed to be fully
protected. In this case, the traditional solid-phase glycopep-
tide synthesis by using Wang resin[21] would not be useful,
since the acidic conditions, such as 95% aqueous trifluoro-
acetic acid (TFA), used to retrieve glycopeptides from Wang
resin would deprotect the amino acid side chains and affect
the a-fucosidic linkage.[25] To deal with this problem, we
employed the extremely acid-sensitive 2-chorotrityl resin[27]

to synthesize 2 (Scheme 3). The ester bond between 2-

Scheme 2. Synthesis of the glycosyl asparagine 7.

Scheme 3. Reagents and conditions: a) solid-phase peptide elongation by
conventional Fmoc chemistry on an automatic peptide synthesizer;[30] b) 7,
HOBt, DCC, 0 8C to RT, 24 h; c) 20% piperidine in NMP, RT, 2 h; d) Fmoc–
Gln(Trt)–OH (Gln=glutamine), HOBt, DCC, NMP, RT, 2 h; e) Ac–Gly–OH
(Gly=glycine), HOBt, DCC, NMP, RT, 2 h; f) HOAc, TFE, DCM (1:1:8), RT,
2 h, 70% (from 9).
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chorotrityl resin and the peptide C-terminus could be cleaved
by 1–20% acetic acid, the use of which did not affect the side-
chain protecting groups of amino acids, including the trityl
(Trt) group on glutamine.[28]

The glycopeptide assembly started from a commercially
available resin, 8, already loaded with a serine. The peptide

was first elongated by the conventional Fmoc (9-fluorenyl-
methoxycarbonyl) chemistry on an automatic peptide synthe-
sizer by using 2-O-(1H-7-azabenzotriazol-1-yl)-1,1,3,3-tetra-
methyluronium hexafluorophosphate (HATU) and N,N-dii-
sopropylethylamine (DIEA) as the condensation reagents[29]

to afford 9. All amino acids employed were commercially

Scheme 4. Reagents and conditions: a) Tetrabutyl ammonium fluoride (TBAF), HOAc, DCM, 35–408C, 3 days, 95%; b) PEt3, CBz2O, MeOH, DCM
(1:2), RT, overnight, 70%; c) tetrazole, DCM, MeCN (3:1), RT, 6 h; then tBuOOH, 84%; d) TFA, DCM (1:9), RT, 0.5 h, >99%; e) tetrazole, DCM,
MeCN (3:1), RT, 0.5 h; then tBuOOH; 57%. f) DBU, DCM, RT, 2 min, 90%; g) HOBt, EDC, DCM, NMP (2:1), RT, 1 day, 70%; h) 10% Pd/C, H2,
CHCl3, MeOH, H2O (10:10:3), 2 days; i) TFA in DCM (15%, containing 10% of HSiEt3); then HPLC, 85% (two steps).
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available. Next, the glycosyl asparagine 7 was introduced
manually to minimize the use of 7. In this coupling, only
2 equivalents of 7 were used with N,N-dicyclohexylcarbodii-
mine (DCC) and N-hydroxybenzotriazole (HOBt) as the
condensation reagents. Thereafter, manual N-deprotection of
10 with 20% piperidine in N-methylpyrrolidinone (NMP),
followed by further peptide elongation by using Fmoc–amino
acids and the standard protocols of solid-phase peptide
synthesis,[30] resulted in the glycopeptide–resin conjugate 14.
It was finally treated with a mixture of acetic acid, triflur-
oethanol (TFE) and dichloromethane (DCM) (1:1:8) to offer
a white solid, which was purified by preparative TLC. In
addition to the expected glycopeptide 2 (13 mg), a non-
glycosylated peptide (2 mg) was also obtained as a side
product. According to this result, the coupling yield between 7
and 9was about 70%. The NMR spectroscopy andMS data of
2 agreed well with the proposed structure. One possible
concern about this synthesis was whether asparagine suffered
from racemization during the coupling between 7 and 9. Since
no other product was obtained and the NMR spectra of 2
showed only one set of signals, we assumed that this side
reaction, if any, was minimal.
Scheme 4 outlines the GPI synthesis as well as the final

coupling and deprotection steps. First, the GPI core 15 was
prepared according to a recently reported procedure.[19] Then,
its nonreducing end C6-O position was deprotected to give 16.
The phosphorylation of 16 turned out to be problematic.[20] In
contrast to all previous GPI syntheses,[7–16] the azido group
was affected by the reaction to result in complex products. In
fact, the acyl group at the inositol 2-O position caused a
number of problems in the synthesis of sperm CD52 GPI,
which was discussed separately.[20] To overcome this compli-
cation, the azido group was reduced with triethylphosphine
and the resulted free amine was protected by a benzylox-
ycarbonyl (CBz) group to afford 17 that was phosphorylated
smoothly. The Fmoc group was used to protect the amino
group of phosphoethanolamine in 17 to facilitate the selective
deprotection by a mild base later on. After the p-methox-
ylbenzyl (MBn) group of 18 was removed by TFA, the second
phosphate was attached to the exposed inositol 1-hydroxyl
group (57%). All intermediates were conveniently purified
by column chromatography. Finally, treatment of 20 with
diluted 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) in DCM
for a brief period (2 min) gave the GPI building block 3,
which was practically pure and was thus directly used without
further purification during the construction of the target
molecule.
The coupling reaction between 2 and 3was performed in a

mixture of DCM and NMP (2:1) under a nitrogen atmosphere
by using 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (EDC) and HOBt (10 equivalents) as the
condensation reagents,[31] which turned out to be very
efficient. After one day of stirring at room temperature, the
reaction mixture was worked up and the product was purified
by column chromatography to give 21 in a 70% isolated yield.
Compound 21 was well separated from both substrates by
TLC and column chromatography. Its 1D, 2D NMR, and MS
data were consistent with the expected structure. The NMR
signals of its reporter groups, such as that of the carbohydrate

anomeric protons, carbon atoms and some amino acid a-
protons, were easily assigned. Moreover, from the NMR
spectra, we could not identify the potential recemization
product, which was consistent with our previous results with a
simple molecular model.[19] Global deprotection of 21 was
achieved in two steps, namely hydrogenolytic debenzylation
in a hydrogen atmosphere with 10% Pd/C as the catalyst
followed by removal of the peptide side-chain protecting
groups by 15%TFA in DCM. It was important to observe this
deprotection sequence, as the benzylated fucosidic linkage is
much more labile to TFA than the free sugar. For example,
15% TFA could destroy the former within an hour but had
little influence on the latter after several hours of treat-
ment.[28] The final synthetic target 1[32] was then thoroughly
purified by reversed-phase HPLC by using a C18 column
(250 mmC10 mm). The presence of a long lipid chain resulted
in its strong retention on the column. Therefore, with 40%
iso-propanol/water (2 mLmin�1) as the eluent, 1 displayed a
retention time of 37.5 min, while free CD52 glycopeptides
were washed out from the same column by 2% iso-propanol/
water in less than 25 min. The structure of 1 was supported by
its high field NMR spectroscopy and MS.
In summary, this paper described the convergent synthesis

of a skeleton structure of the sperm CD52 antigen, which
represents the first chemical synthesis of a complex and all
natively linked glycopeptide–GPI conjugate. Our general
synthetic design was to separately prepare the protected
glycopeptide and the GPI first. 2-Chlorotrityl resin that has an
extremely acid-labile linker was used in the solid-phase
synthesis of the glycopeptide to obtain its fully protected
form. Next, the glycopeptide C-terminus and the GPI non-
reducing end phosphoethanolamine group were selectively
deprotected. Finally, the two segments were joined through
an amido bond by using HOBt/EDC as the condensation
reagents, to give the glycopeptide-GPI conjugate. The cou-
pling reaction proved to be very efficient. Because this amido
linkage is shared by various GPI-anchored glycopeptides or
glycoproteins, we assume that the methods described herein
may be useful for the synthesis of other similar structures.
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1H NMR
(600 MHz, CDCl3): d= 7.73–7.55 (m, 4H, Fmoc), 5.83 (m, 1H,
All), 5.26 (m, 2H, N-H, All), 5.17 (dd, J= 1.2, 10.2 Hz, 1H, All),
5.13 (s, 1H, Man-1), 4.90 (s, 1H, Man 1(anomeric)), 4.82 (s, 1H,
Fuc 1(Fuc= fucose), 4.72 (d, J= 8.4 Hz, 1H, GlcNAc 1), 4.70 (d,
J= 8.4 Hz, 1H, GlcNAc 1 (GlcN= glucosamine), 4.51 (s, 1H,
Man 1), 2.85 (dd, J= 3.6, 15.6 Hz, 1H, Asn b (Asn= aspara-
gine), 2.62 (dd, J 3.0, 15.6 Hz, 1H, Asn b), 1.73 (s, 3H, Ac), 1.66
(s, 3H, Ac), 1.03 ppm (d, J= 6.0 Hz, 3H, Fuc 6). MALDI-TOF
MS: Calcd for C160H173O34N4Na, 2717.183, found 2717.181
[M+H+Na+]. 21: TLC: Rf= 0.41 (DCM and MeOH 10:1).
1H NMR (CDCl3, 600 MHz): d= 5.81 (br, 1H, Ino 2 (Ino= ino-
sitol)), 5.31 (d, J= 3 Hz, 1H, GlcN 1), 5.25 (d, J= 7 Hz, 1H,
GlcNAc 1), 5.11 (br, 2H, 2 Man 1), 4.85 (1H, Man 1), 4.76 (1H,
Fuc 1), 4.71 (1H, Man 1), 4.69 (1H, GlcNAc 1), 4.67 (1H,
Man 1), 4.45 (b, 1H, Man 1), 2.80–2.62 (m, 4H, Asp b(Asp=
aspartic acid), Asn b), 1.76 (s, 3H, Ac), 1.72 (s, 3H, Ac), 1.01,
0.99 (2 d, J= 6.0 Hz, 6H, Fuc 6, Thr g(Thr= threonine)),
0.87 ppm (t, J= 7.2 Hz, 3H, lipid–Me). 13C (150 MHz, CDCl3,
from HMQC): d= 101.4 (2 Man 1), 101.2 (Man 1), 100.6
(GlcNAc 1), 100.0 (Man 1), 99.3 (GlcN 1, 2 Man 1), 98.0
(Fuc 1), 79.5 (GlcNAc 1), 68.0 ppm (Ino 2). 31P NMR (CDCl3):
d=�1.07, �1.31 ppm. MALDI-TOF-MS: Calcd for

C426H505N19O87P2 7346, found 7385 [M+K+]. 1: HPLC: Reten-
tion time= 37.5 min, C18 column (Discovery 250 mmC10 mm),
eluent: 40% iPrOH in H2O (2.0 mLmin�1). 1H NMR (D2O,
600 MHz): d= 5.24 (br, 1H, Man 1), 5.14 (s, 1H, Man 1), 5.11
(br, 2H, 2 Man 1), 5.04 (br, 3H, Man 1, GlcNAc 1, Fuc 1), 4.93
(s, 1H, Man 1), 4.88 (br, 1H, Ser a(Ser= serine)), 4.83 (m, 1H,
Asp a), 4.79 (bs, 1H, Ino 2), 4.75 (m, 1H, Asn a), 4.70 (d, 1H,
GlcNAc 1), 4.26 (s, 1H, GlcN 1), 2.90–2.64 (m, 4H, Asn b,
Asp b), 2.09, 2.07, 2.03 (3 s, 3 C 3H, 3 Ac), 1.30–1.15 (m, Fuc 6,
Thr g), 0.88 ppm (br, lipid-Me). MALDI-TOF MS: Calcd for
C135H229N19O85P2 3538, found 3561 [M+Na+].
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