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ABSTRACT

Hybrid glycopeptide �-lactam mimetics designed to bind lectins or carbohydrate recognition domains in selectins have been prepared according
to a “shape-modulating linker” design. This approach was implemented using the azide-alkyne “click” cycloaddition reaction, and as shown
by NMR/MD experiments, binding of the resulting mimetics to Ulex Europaeus Lectin-1 (UEL-1) occurred after a “bent-to-extended” conformational
change around a partially rotatable triazolylmethylene moiety.

Hybrid constructs1 of natural or unnatural molecular entities
are an important source of molecular diversity. This approach
often takes advantage of the inherent biological activity of
all or part of the components embodied in the conjugates.
For a successful design, however, it is not enough to decide
which fragments to incorporate into the hybrid but also to
know where to place them. Therefore, a precision crafting
is often necessary to generate hybrids permitting an efficient
molecular recognition of each and every bioactive fragment,
especially when the “rigid scaffold” design is used (Figure
1). We would like to outline here the advantages of an
alternative “shape-modulating linker” design which provides

partially flexible hybrids by connecting their rigid(ified)
components with rotatable covalent bonds. As an example
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Figure 1. Semirigid hybrids: “shape-modulating linker” design.
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of this design principle, we describe a novel family of
saccharide/�-lactam hybrids for lectin inhibition.

Lectins2 are naturally occurring nonenzymatic saccharide-
binding proteins. They are involved in a variety of recogni-
tion events, including cell-cell interactions. For instance,
selectins3 gained attention a decade ago, when it was
demonstrated that the adhesion of the tetrasaccharide sia-
lylLewis-x (sLeX) 1 (Figure 2)4 to the carbohydrate-recogni-

tion domain (CRD) of E-selectin regulated the rolling,
tethering and transmigration of leukocytes on the vascular
endothelium. Irregular and excessive infiltration of leukocytes
is at the origin of acute and chronic inflammatory diseases
such as asthma, psoriasis, and rheumatoid arthritis.5

Low molecular weight carbohydrate-peptide mimetics
related to �-turned Ser-Glu dipeptide O-glycoside hybrids 2

have shown increased activity and good selectivity against
several lectin receptors.6 Unfortunately, excessive flexibility
of the peptide backbone, biodegradability arising from
glycosidic or peptidic linkages, and epimerization of the
R-carbons are important drawbacks of this approach. Seeking
for peptidomimetics with more favorable pharmacodynamic
profiles, we have been focused over the past few years on
the design and synthesis of peptidomimetics based on
R-branched-R-amino-�-lactam scaffolds7 which are expected
to exhibit rigidified backbones and simultaneous enhanced
resistance to chemical and enzymatic hydrolysis by proteases
owing to the presence of the R,R-disubstitution pattern at
the azetidin-2-one ring. Now, we report the synthesis of
saccharide/�-lactam hybrids 3 incorporating the 1,2,3-tria-
zolylmethyl moiety8 as the shape-modulating linker.

Retrosynthetically (Scheme 1), compounds 3 were discon-
nected at the 1,2,3-triazole ring and divided into the readily
available glycosyl azides 59 and R-(o-nosylamino)-R-prop-
argyl-�-lactam 4. The synthesis of the latter was planned
from the R-propargylserinate 6 and aminoester 7, according
to the procedure developed in our laboratory.7b
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Figure 2. Design of Ser-Glu dipeptide-based mimetics 2 using the
interaction pattern of sLex 1 with E-Selectin (top). “Shape-
modulating linker”/�-lactam approach to semirigid saccharide/�-
lactam hybrids 3 (bottom).

Scheme 1. Retrosynthesis of Saccharide �-Lactam Hybrids 3
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R-Propargyl serinate 6 (Scheme 2) could be prepared from
D-serine in 69% yield using Seebach’s 1,3-oxazolidine
enolate alkylation method.10 However, attempts to transform
it into the key R-propargyl-�-lactam method7b proved
inefficient.11

Alternatively, we found that R-allyl serinate 8 cyclized
with 7 to the R-allyl-�-lactam 9 in excellent yield after two
synthetic operations. The allyl group of azetidin-2-one 9 was
oxidized to the corresponding R-acetaldehyde which, in turn,
was submitted “in situ” to the Ohira-Bestmann alkynyla-
tion12 with dimethyl acetyldiazomethylphosphonate reagent,
to afford the expected �-lactam alkyne 4 in 76% overall yield.

“Click” cycloaddition reaction of propargyl-�-lactam 4
with O-protected 2-azidosugars 5a-e derived from D-
mannose and L-fucose (Table 1) led to a clean and completely
anomer-specific reaction to form the �-lactam glycoconju-
gates13 10a-e in excellent yields. As shown in Table 1, this
chemically effective and operatively simple method was
applicable to the R- and �-anomers of both O-acetyl- and
O-benzyl-protected 1-azido-D-mannoses 5a-c (entries 1-3)
and 1-azido-L-fucoses 5d,e (entries 4 and 5).

Conjugates 10a and 10e were submitted to N-denosyla-
tion14 and “in situ” N-acylation, followed by O-deprotection
to get the desired ligands (15-18) for lectin binding test
(Table 2).

Importantly, the “click” cycloaddition method could also
be extended to unprotected 1-azidosugars. As illustrated in

Scheme 3, the reaction of �-1-azido-L-fucose 19 with the
R-acetamido-R-propargyl-�-lactam resulting from the N-
denosylation of 4 provided the glycopeptidomimetic 20 in
excellent overall yield. Saponification of 20 with LiOH in
aqueous THF gave a product identical to 17.

The demonstration that these molecules could act as true
glycomimetics of modulable shape was evaluated by a
combined NMR/docking approach employing a model fu-
cose-binding lectin, Ulex Europaeus Lectin I (UEL-I), as
receptor. In fact, a clear interaction was found (Figure 3;
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Scheme 2. Preparation of �-Lactam Alkyne 4 from D-Serine

Table 2. Synthesis of R-(N-Glycosyltriazolyl)-�-lactam Hybrids
15-18

entry �-lactam R1 product
yielda

(%) product
yield
(%)

1 10a Me 11 99 15 >98
2 10a CH2CH2C8F17 12 55 16 >98
3 10e Me 13 93 17 >98
4 10e CH2CH2C8F17 14 72 18 >98

a Overall nonoptimized yields of pure isolated products. Three equiva-
lents of acid chloride or 5 equiv of anhydride was used in all examples.

Table 1. “Click” Synthesis of R-(N-Glycosyltriazolyl)-�-lactams
10a-e from R-Propargyl-�-lactam 4 and Glycosyl Azides 5

a Yield of pure isolated products. b Measured in CH2Cl2 (c ) 1).
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see also the Supporting Information) between the L-�-fucose-
substituted mimetic 17 and UEL-I. The conformational
behavior of compound 17 in water was first checked by
Molecular Dynamics, revealing a highly populated and
homogeneous cluster of bent conformers, with a minor
contribution of extended conformers. This prediction was
confirmed experimentally by several long-range NOE cross-
peaks and, more particularly, by the close spatial arrangement
of the H5 triazole proton and the pro-R H2(R) proton of the
�-lactam ring (see Figure 3A). However, a conformational
selection process takes place upon binding to UEL-1. Indeed

(Figure 3C) STD-NMR15 experiments unequivocally showed
recognition of 17, with a distinctive signal resonance intensity
pattern. Indeed, all H atoms except those of methylene groups
H2 and H3 experienced STD effects, with the relative
intensities gathered in Figure 3C. Docking experiments with
Autodock 3.016 were performed to explain the experimental
results. Only the extended conformer (minor in solution) was
able to account for the observed STD effects. This fact was
also in agreement with the main cluster of minimum-energy
conformers calculated by AutoDock, which showed the
extended conformation of ligand 17 bind to UEL-1 by the
carboxylate group at residue Arg-222 and by the fucose 8-
and 9-OH groups to the Asp-87 and Glu-44 residues.

In conclusion, a short and practical procedure to obtain
lectin antagonist saccharide/�-lactam hybrid peptido-mimet-
ics has been developed by applying a “shape-modulating
linker” design. The “click” reaction required to form sac-
charide/�-lactam hybrids displays full anomer and config-
uration control and is compatible with either O-protected or
hydroxyl-free glycosyl azides. Owing to its simplicity, the
extension of this design to further families of �-lactam
hybrids is anticipated.
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Figure 3. L-�-Fucose/�-lactam hybrid 17 is properly recognized
by Ulex Europaeus Lectin-I after conformation change. (A) Solution
conformation (bent) and ROESY magnification. (B) Complexed
conformation from docking (extended). (C) STD spectrum measured
at 298 K; signal enhancement normalized to H-10 in parentheses;
(D) 500 MHz 1H NMR spectrum measured in H2O-D2O 9:1 at
298 K.

Scheme 3. “Click” Reaction with Free Glycosyl Azides
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