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The specific interaction between carbohydrates and car-
bohydrate-binding proteins (lectins) is involved in extensive
glycobiological recognition processes including cell develop-
ment, differentiation, morphogenesis, fertilization, the im-
mune response, cell migration, or cancer metastasis.1 As a
common feature of lectin binding to oligosaccharides, the
affinity of a single-ligand interaction is usually too weak to
trigger a useful biological response. Multivalent ligand pres-
entation on an appropriate scaffold can largely overcome this
drawback. This concept, termed the multivalent or cluster
effect,2 has received considerable attention because of the
possibility of interfering in fundamental cellular processes.3

The design of third generation glycoligands that not only
possess multivalent carbohydrate recognition sites but also
incorporate additional biomedical relevant features, for
instance, inclusion capabilities,4 is particularly appealing in
this context.

The attaining of optimal lectin-carbohydrate interactions
in terms of binding energy and specificity is not merely
dependent on the number of recognition motifs but also is
influenced by the spatial arrangement imposed by the

scaffold to which the ligands are attached.5 The profiling of
the lectin specificity or the fine-tuning of lectin-oligosac-
charide binding requires a thorough evaluation of a structur-
ally diverse series of well-defined multivalent glycoconju-
gates, for which parallel synthesis and purification often
represent serious drawbacks.6 Solid-phase-based techniques
have become a useful alternative to overcome this bottle
neck. They have contributed to the development of high-
throughput chemical7 and screening methods8 to evaluate the
lectin-binding properties of immobilized multivalent gly-
coligands. Further conjugation of the built-in glycocluster
to a functional moiety (e.g., a receptor molecule,4 a reporter
tag,9 or a reactive segment)10 is, however, a far more
complicated challenge.

Herein, we report a strategy that ensures high-yielding
release of the glycoligands from the solid support in mild
and chemoselective conditions, minimizing purification steps
of the final adducts, taking advantage of the safety-catch
linker principle.11 For this particular purpose, theN-acyl-
sulfonamide linker developed by Ellman and co-workers12

is an attractive choice because it is stable to most conditions
used in carbohydrate and peptide chemistry.13 Furthermore,
the resin-bound compounds can be released under very mild
conditions using a two-step strategy involving (i) selective
N-alkylation of theN-acylsulfonamide group and (ii) attack
of a mild nucleophile, for instance an amine, to theN-alkyl-
N-acylsulfonamide intermediate (Scheme 1).
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Scheme 1.General Application of Ellman Sulfonamide
Safety-Catch Linker
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To assess the scope of the approach, a set of readily
available building blocks that can be efficiently coupled
through amide and urea bonds have been selected, including
the AB2- and ABC-type branching elements1 and 2, the
trivalentR-D-manno- andâ-D-glucopyranosyl dendrons3 and
4, and the fluorescent probe5 (Chart 1). We first assayed
benzylamine (6), 4-azidobutylamine (7),14 and methyl 6-amino-
6-deoxy-R-D-glucopyranoside (8) as catching elements. The
strategy has been further implemented in the preparation of
complex multivalentâ-cyclodextrin (âCD) conjugates by
using the corresponding monoamine915 as the releasing
nucleophile. This type of compound has proven to be useful
in site-specific drug delivery by forming lectin-multivalent
conjugate-drug ternary complexes.16

The developed synthetic scheme uses commercially
available sulfamylbutyryl polystyrene beads (Scheme 2). To

ensure optimum resin loading, DIC/DMAP-assisted coupling
of Fmoc-protected glycine was first carried out. This choice
avoids the risk ofR-epimerization,17 while providing a
suitable spacer segment to prevent unfavorable steric interac-
tions both at the branching element coupling step and at the
nucleophilic-assisted release of the formed resin-supported
glycodendron. Subsequent Fmoc-cleavage using 20% pip-
eridine in DMF, followed by TBTU-mediated amide cou-
pling of 1 or 2, gave rise to the corresponding homo- or
heterobifunctional resins10or 11. Resin10can be employed
to prepare homovalent glycodendrons, while resin11, with
two orthogonal reactive nitrogen functions, would allow the
design of heterovalent dendrimers.

Resin glycocoating is a crucial step in the synthetic
scheme. To prevent incomplete resin functionalization, a high-
ly efficient coupling reaction is required. Amine-isocyanate
coupling, broadly used in dendrimer synthesis,18 was con-
sidered. Although sugar isocyanates are rather unstable
building blocks,19 the tris(2-glycosyloxymethyl)methyl de-
rivatives3 and4, which have the isocyanate function on a
quaternary carbon, are fairly stable trivalent glycodendrons.20

Acid-mediated Boc-cleavage in10 (f 12) and subsequent
coupling with isocyanate3 in dry dichloromethane furnished
the solid-supported hexamannosylated conjugate14.

The heterobifunctional resin13 is a particularly versatile
starting material. It has recently been demonstrated that
heteromultivalent model systems with controlled ligand
distribution are valuable tools in the exploration of cell-
surface binding events involving carbohydrates.21 The cou-
pling of resin 13 with isocyanate3, followed by SnCl2-
promoted azide reduction,22,23 and the subsequent coupling
of the resulting amine with triglucoside4 afforded the solid-
supported mixed-dendron15. Resin13 additionally offers
the possibility of incorporating non-carbohydrate elements
in the construct, as demonstrated by the TBTU-mediated
coupling ofo-aminobenzoic acid (f 16), a useful fluorescent
probe (Scheme 2).24

The release of multivalent conjugates from the solid
support in resins14-16 by tandem safety-catch linker
activation-nucleophilic displacement was further investi-
gated (Scheme 3). TheN-acylsulfonamide functionality was

Chart 1. Building Blocks Used in the Solid-Phase Assisted
Synthesis of Multivalent Glycoconjugates

Scheme 2.Modular Solid-Phase Construction of Homo- and Heteromultivalent Glycoclustersa

a Reagents and conditions: (a) FmocGlyOH (3 equiv), DIC, DMAP; (b) 1:4 Pip/DMF; (c)1 (3 equiv,f 10), or 2 (3 equiv,f 11), TBTU (3 equiv),
DIPEA (4 equiv); (d) 1:1 TFA/CH2Cl2; (e) 3 (2 equiv), CH2Cl2, Et3N; (f) SnCl2 (3 equiv), 1,3-propanedithiol (4 equiv), Et3N (6 equiv); (g)4 (2 equiv),
CH2Cl2, Et3N; (h) 5 (3 equiv), TBTU (3 equiv), DIPEA (4 equiv).
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selectively alkylated using iodoacetonitrile in DMF.17 By
using a 3-fold excess of benzylamine as the model releasing
nucleophile, we achieved clean cleavage of the solid-
supported glycodendrons with simultaneous formation of the
corresponding benzyl conjugates (Table 1, entry 1). Interest-
ingly, the yield was not significantly affected when just a
stoichiometric amount of the amine was used (Table 1, entry
2), facilitating purification and broadening the range of
acceptable nucleophiles to nonvolatile and more costly
amines. Thus, when the azido-functionalized amine714 was
used, the corresponding azide-armed glycodendron18 was
obtained in an equally satisfactory yield (Table 1, entry 3).
We confirmed that when a slight defect of the nucleophile
is used, complete consumption of amine is granted. In this
way, the released conjugate is isolated in very high purity
by just resin filtration and solvent evaporation.25 Comparable
results were obtained upon cleavage of heterobifunctional
resins15 and 16 with benzylamine to furnish19 and 20,
respectively (Table 1, entries 4 and 5).

An additional advantage of the selected linker is its
absence of reactivity toward primary or secondary hydroxyl

functions. Hydroxyl groups do not interfere even when
present in large excess. Accordingly, the fully unprotected
aminosugar826 afforded the corresponding amide-linked
conjugate21 with total chemoselectivity (Table 1, entry 6).

The strong potential of the methodology for the synthesis
of complex multivalent architectures was further demon-
strated by the preparation of the glycodendrimer-âCD
conjugate23. Chemoselective cleavage of the solid-supported
hexamannoside on resin14by âCD monoamine9 furnished
22 in excellent yield and purity (Table 1, entry 7). Base-
catalyzed removal of the acetyl protecting groups afforded
the target fully unprotectedâCD derivative23 (Chart 2),
showing mannose-specific lectin-binding properties and
inclusion capabilities analogous to that previously reported
for similar mannosyl dendrimer-âCD constructs.27

In summary, a preliminary assessment of the versatility of
Ellman safety-catch sulfonamide linker for the solid-phase
assisted synthesis of functional multivalent glycoarchitectures
is reported. The methodology allows the rapid synthesis of
homo- and heteromultivalent ligands and their chemoselec-
tive transfer/conjugation to an acceptor molecule, eventually,
bearing additional functional units. The multistep synthetic
scheme is significantly accelerated, while chromatographic pur-
ification is virtually unnecessary: two major issues concern-
ing multivalent glycoconjugate synthesis. Application of the
safety-catch principle to facilitate the development of func-
tional multivalent systems based on protein-carbohydrate rec-
ognition events is currently been investigated in our labora-
tory.
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