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Research in the Laboratory of
Supramolecular Chemistry: Functional
Nanostructures, Sensors, and Catalysts

Kay Severin*

Abstract: This article summarizes research activities in the Laboratory of Supramolecular Chemistry (LCS) at
the EPFL. Three topics will be discussed: a) the construction of functional nanostructures by multicomponent
self-assembly processes, b) the development of chemosensors using specific receptors or ensembles of cross-

reactive sensors, and c) the investigation of novel synthetic procedures with organometallic catalysts.
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Present and recent members of the Laboratory of Supramolecular
Chemistry (LCS).

The Laboratory of Supramolecular
Chemistry (LCS) at the EPFL was estab-
lished in 2001. In the same year, we re-
ported the synthesis of a Ru-based metal-
lamacrocycle which displayed high affinity
and selectivity for small alkali metal ions.!
This publication marked the starting point
for a central topic in our laboratory: the
utilization of self-assembly processes to
create complex molecular structures with
interesting properties and functions.
Transition metal complexes, in par-
ticular organometallic halfsandwich com-
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Fig. 1 Molecular nanostructures based on transition metal complexes: a)
a tetrahedral Ru complex, b) a cylindrical Rh complex, c) a prismatic Ru
complex with encapsulated coronene guest molecules, and d) a deca-

nuclear Pd complex.

plexes,[2! are versatile building blocks for
the construction of complex nanostruc-
tures. Initially, our efforts focused on the
synthesis of macrocyclic complexes,l and
in recent years, this has evolved to the ex-
ploration of three-dimensional cage struc-
tures.[*] The solid-state structures of some
selected examples are depicted in Fig. 1.
A goal our lab is working towards is
determining the best strategies to synthe-
size complex nanostructures from multiple,
and chemically distinct building blocks.
One approach, which has given promising
results, is the simultaneous utilization of
dynamic covalent chemistry with metal—
ligand interactions in an orthogonal fash-

ion.B! This methodology has allowed us to
synthesize complex cage structures with
up to 12 metal centers in a stereoselective
fashion. Furthermore, we are interested in
the dynamics of multicomponent aggre-
gates. Dynamic mixtures of self-assembled
compounds represent molecular networks,
which may adapt to external stimuli by re-
equilibration. We observed that the adapta-
tion process is strongly dependent on the
boundary condition of the experiment (con-
centrations, network topology etc.).1%
Similar to metal-ligand interactions,
boron—oxygen and boron—nitrogen bonds
can be thermodynamically highly stable
but kinetically labile. This characteris-
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Fig. 2. Molecular
nanostructures based
on boronic acids: a)

a cylindrical cage ob-
tained by ball milling, b)
a prismatic cage, c) a
rotaxane, and d) a pen-
tameric macrocycle.

tic prompted us to explore the utilization
of boronate esters and their adducts with
N-donor ligands in structural supramolec-
ular chemistry.l’l Using multicomponent
condensation reactions, we have been able
to access different molecular architectures
such as macrocycles,[8! cages,[® rotax-
anes,[19 dendrimers,!'!T and polymeric net-
works (Fig. 2).012]

Some of the metal-containing nano-
structures that we have synthesized were
found to be potent and selective receptors
for small ions such as alkali metal cations,
fluoride or orthophosphate.[!4¢-131 In view
of the pharmacological importance of Li*,
we have optimized the affinity, selectivity,
and solubility of the lithium receptors.[14]
This research cumulated in the develop-
ment of a simple assay for the fluorimetric
detection of Li* in aqueous solution.[!3]

Using metal-based receptors, we
have also devised assays for the selective
detection of chloridel'®l as well as pep-
tides containing histidine residues at the
N-terminus.[!”] For many biologically im-
portant analytes, it is intrinsically difficult
to generate selective receptors. An inter-

esting alternative to chemosensors based
on selective receptors is the utilization of
pattern-based sensing methods. In these
sensors, an ensemble of cross-reactive sen-
sors provides a characteristic pattern for
the analyte. The pattern can be linked to
the identity, quantity, or purity of the ana-
lyte. We have used pattern-based sensing
schemes for the analysis of amino acids,!'$!
peptides,[!9] antibiotics,[20] nucleotides,2!]
and glycosaminoglycans/??! (Fig. 3).

In addition to projects in structural
supramolecular chemistry and sensing,
the LCS has an active research program
in organometallic synthesis and catalysis.
The synthetic efforts have focused on the
development of novel procedures for the
preparation of bimetallic complexes,?3]
complexes with unusual w-ligands,?* and
the activation of small molecules such as
N,O.

With respect to catalysis, we have
primarily investigated atom transfer radi-
cal addition (ATRA) and polymeriza-
tion (ATRP) reactions. Initially, much
effort was devoted to the development of
more efficient catalysts[?5] as well as un-
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Fig. 3. Pattern-based sensing methods are
used for the detection of biologically interest-
ing analytes.

Scheme 1. One-pot synthesis of cyclopro-
panes by Ru-catalyzed ATRA-dechlorination
reactions.

derstanding the reaction mechanism.20]
Additives such as azobis(isobutyronitrile)
(AIBN),[271 Mg,[28] and Mn[?°! were found
to increase the catalyst performance dra-
matically. More recently, we are increas-
ingly exploring synthetic applications. For
example, we have reported a new method
for the synthesis of cyclopropanes, which
avoids the utilization of problematic diazo
compounds.B9 Instead, stable and read-
ily accessible chlorinated compounds are
employed (Scheme 1). This one-pot proce-
dure is applicable to a wide range of sub-
strates and the reactions can be performed
in an inter- and intramolecular fashion.
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