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ABSTRACT

We report the highly efficient preparation of well-defined tetravalent glycoconjugates as potential tools for cell targeting and cell-surface
mimics. Our strategy is based on chemoselective assembly of aminooxy carbohydrates to a cyclic decapeptide template presenting aldehydes,
namely, a “regioselectively addressable functionalized template” (RAFT). Preliminary recognition assays of tetramannosyl glycoconjugate (20)
with specific lectin (Concanavalin A) using the fluorescence anisotropy method are also reported.

Carbohydrates have become a subject of increasing interest
during the past few years. They are widely expressed on cell
surfaces where they play a crucial role in various biological
recognition phenomena such as fertilization, cell adhesion,
tissue formation, antigen/antibody interactions, cancer me-
tastasis, and infection of viruses or bacteria.1 A large number
of these processes involve interactions between sugars and
oligomeric biological receptors.2 Particularly, some carbo-
hydrate-binding proteins called lectins3 contain two or more
specific sugar-combining sites and comprise a large family
of recognition molecules of the immune system. Despite the
weak affinity between lectins and monosaccharides (Kd in
the millimolar range), sugar/protein interactions prove to be
highly efficient and specific due to multivalent events
commonly known as the “glycoside cluster effect”.4

Access to well-defined scaffolds presenting carbohydrates-
based recognition elements to investigate these biological
processes is essential.5 In recent years, major advances in
synthetic methodology have been accomplished for prepara-
tion of various kinds of glycosylated polymers,6 cyclodextrin
or calixarene-based glycoclusters,7 glycodendrimers,8 and
glycocyclopeptides9 or glycopeptides10 as useful biorecog-
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nizable materials for therapeutic or medicinal applications
(e.g., diagnosis and a synthetic anticancer vaccine). In this
context, we have developed here a convenient method for
chemical synthesis of topological peptide scaffolds presenting
multiple carbohydrate recognition elements9-12and17-
20 as new potential tools for cell targeting and cell-surface
mimics.

Previously, lysine-containing cyclodecapeptides called
“regioselectively addressable functionalized templates”
(RAFTs)11 were described as stable scaffolds for de novo
design of proteins or as peptidomimics.12 Thanks to the lysine
side-chain addressable sites, this topological template may
provide an interesting framework to manipulate multivalent
presentation of carbohydrates.13 In addition, we selected the
oxime bond for chemical attachments of carbohydrates as
this chemoselective method has proved to be effective for
glycoconjugate access14 compared to the traditional method.15

Following this, we report in this paper the facile synthesis
of well-defined template-assembled glycoconjugates9-12
and 17-20 by chemoselective assembly of various carbo-
hydrates containing an aminooxy group at their anomeric
position16 to RAFT molecule4 containing glyoxyl-aldehydes
on its four lysine side-chains (Figure 1).

The cyclopeptide template4 containing aldehydes is
prepared by combined solid-phase and solution strategy. The
synthetic route followed is depicted in Scheme 1. Therein,
linear peptide2 is assembled from highly acid-labileo-
chlorotrityl chloride resin following standard Fmoc/tBu solid-
phase chemistry starting with a glycine residue to prevent
epimerization during the cyclization reaction. Four lysine

residues bearing Aloc protecting groups at the amino side
chain are incorporated into the chain of peptide1 during the
elongation on the support. At the end of the peptide chain
elongation, removal of Aloc is achieved using the typical
procedure17 with a catalytic amount of Pd(Ph3P)4 and a large
excess of PhSiH3 in CH2Cl2 (2 × 30 min cycle) under
nitrogen gas.

Coupling of BocSer(OtBu) using standard conditions
followed by N-terminal Fmoc deprotection with piperidine
(20% v/v in DMF) and subsequent cleavage from resin in
very mild acidic conditions (1/1/8 AcOH/TFE/DCM) af-
forded linear peptide2.18 The cyclization of peptide2 is
readily performed “head-to-tail” by treatment with 1.1 equiv
of PyBOP and 5 equiv of DIEA in CH2Cl2 at high dilution
(0.5 mM). After 30 min at room temperature, the corre-
sponding cyclodecapeptide is obtained as a white powder
with 90% yield after evaporation and precipitation from
diethyl ether. Further Boc and tBu removal from the serine
residue with TFA gives pure peptide3 containing four
unprotected serines as masked glyoxo-aldehyde functions.19

Finally, the oxidative cleavage with sodium periodate of
amino-alcohol moiety from serine provides the desired
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Figure 1. Synthesis of template-assembled glycopeptides.

Scheme 1. Synthesis of a RAFT Presenting Aldehyde4a

a Reaction conditons: (a) PhSiH3, Pd(Ph3P)4, CH2Cl2 (90%); (b)
BocSer(OtBu), PyBOP, DIEA, DMF (60%); (c) piperidine 20%/
DMF (95%); (d) 1/1/8 ACOH/TFE/CH2Cl2; (e) PyBOP, DIEA,
CH2Cl2 (90%); (f) TFA (90%); (g) NaIO4, AcONa buffer pH 4.0
(83%).
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glyoxyaldehyde RAFT(CHO)4 4 in 30 min with 83% yield
after semipreparative HPLC purification.

The final chemoselective oxime bond formation is carried
out between aldehyde compound4 and various aminooxy-
lated-carbohydrates5-8 and 13-16 as described for the
preparation of carbohydrate oligonucleotide conjugates
(COCs).20 The latter compounds were readily prepared
through glycosylation withN-hydroxyphthalimide and sub-
sequent deprotection by methylhydrazinolyse.16 As a typical
chemoselective conjugation procedure, the reaction occurs
easily at room temperature with 4-8 equiv of sugars5-8
or 13-16and RAFT(CHO)4 4 in aqueous conditions, without
any other chemical manipulation (Scheme 2).

The progress of the reaction is monitored by reverse-phase
HPLC (Figure 2). The appearance of each glycoconjugate
is observed at 214 and 250 nm (absorbance of the peptide
bond as well as the glyoxylic oxime linkage). A difference
of reactivity is noticed betweenR andâ sugars; conjugation
with â-aminooxy sugars generally required up to 48 h to be
completed (Figure 2, C). Several peaks are detected at an
intermediate time (Figure 2, B), which may correspond to
an expected mixture of the corresponding mono-, di-, tri-
and tetraconjugates. No difference of reactivity is found
between monosaccharide and disaccharide lactose. Con-
versely, withR-aminooxy sugars, formation of glycoconju-
gates is much faster because the chemoselective ligation is

achieved after 2 h under the same experimental conditions
(Figure 2, D). In any case, very clean crude reaction mixtures
are observed, confirming the high efficiency of this reaction.

Stable glycoconjugates9-12 and 17-20 are finally
isolated in almost 80% yield after semipreparative HPLC
purification. These were fully characterized by ES-MS.
Moreover, NMR studies of compound20 confirm its
structure and prove the unique and homogeneous cis con-
figuration of the oxime linkages.21

To inspect the affinity of our multivalent ligands with
specific carbohydrate-binding proteins, preliminary recogni-
tion assays were performed using a fluorescence anisotropy
method, which is based on the detection of changes in the
anisotropy of fluorescence (r) of a labeled carbohydrate
ligand.22 To this end, we have chosen to determine the
binding affinity of tetramannosyl peptide20 for well-known
Concanavalin A (Con A), which is a tetramericR-mannose-
specific plant lectin.23 As a model fluorescent ligand,
fluoromannosyl22was prepared by chemoselective ligation
between mannoseR-aminooxy 16 and the fluorescein
presenting aldehyde linker21 (Scheme 3).24
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Scheme 2. Chemoselective Incorporation of Aminooxy
Carbohydrate Moieties into a RAFT Moleculea

a Reaction conditons: (a) 0.1 M AcONa buffer, pH 4.0 (70-
80%).

Figure 2. HPLC profiles (detection at 214 nm) of (A) the starting
RAFT(CHO)4 4, (B) a crude mixture of the ligation between RAFT-
(CHO)4 4 and Gal-â-ONH2 6 after 2 h, (C) a crude mixture of the
ligation between RAFT(CHO)4 4 and Gal-â-ONH2 6 after 24 h,
and (D) a crude mixture of the ligation between RAFT(CHO)4 4
and Glc-R-ONH2 13 after 2 h.

Scheme 3. Synthesis of FluorescentR-Mannosyl22

a Reaction conditons: (a) 0.1 M AcONa buffer, pH 4.0 (90%).
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After it was demonstrated that fluorescent compound22
interacts specifically with carbohydrate binding sites of Con
A,25 competition experiments were performed using tetra-
mannosyl glycopeptide20 and commercially available meth-
yl R-D-mannopyranoside23.

After additions of inhibitor solution (3.5 mM for20 and
13 mM for23)26 to labeled compound22bound to Con A,25

the decrease inr is measured. Inhibition profiles thus
obtained are shown in Figure 3. It is worth mentioning that

compound20, presenting a mannose cluster, released the
fluorescent mannose probe from Con A completely, thus
indicating a complete inhibition of the binding process. In

sharp contrast, entire displacement of the complex was not
achieved withR-methyl mannose despite the use of a 10-
fold more concentrated solution of this inhibitor. IC50 values
can be thus estimated to a value of 1.2 mM for compound
23 and 20-fold less for compound20 (62 µM). This binding
enhancement toward Con A observed with our template-
assembled mannose conjugate20 compared to the monova-
lent mannose is consistent with a glycoside cluster effect
resulting from multivalent presentation of the ligand by the
template.

In conclusion, we have developed a convenient route for
preparation of well-defined glycopeptides presenting multiple
copies of carbohydrate recognition motifs.

Furthermore, the use of a topological template having
defined faces13 may offer advantages for the oriented
presentation of carbohydrate recognition elements compared
to dendrimer or linear peptide scaffolds.7,9 Therefore, these
compounds may represent useful tools for studying protein-
carbohydrate interactions as well as for vectorization and
cell-targeting systems. The chemoselective assembly of more
complex glycoconjugates combining arrays of carbohydrates
and peptides is currently being investigated in our laboratory
and will be reported in due time.
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Figure 3. Fluorescence anisotropy competition experiments:
inhibition of binding Con A/fluorescentR-mannosyl22 versus the
concentration of tetramannosyl glycopeptide20 (top) and methyl
R-D-mannopyranoside23 (bottom) as an inhibitor.
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