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First homoleptic MIC and heteroleptic NHC–MIC
coordination cages from 1,3,5-triphenylbenzene-
bridged tris-MIC and tris-NHC ligands†‡
Carmen Mejuto, a Gregorio Guisado-Barrios,* a Dmitry Gusevb and Eduardo Peris*a

The preparation of a triphenylbenzene-bridged tris-(1,2,3-triazolium)

salt allowed us to obtain the first homoleptic tris-MIC cylinder-like

cages of Ag and Au. The silver MIC-based cage reacts with the tris-

NHC-Ag analogue to form the corresponding heteroleptic NHC–MIC

silver cage in an unusual reaction involving the simultaneous

exchange of the tris-NHC and tris-MIC ligands.

As defined by Constable in 1994, metallosupramolecular chemistry
involves the use of combinations of bridging organic ligands and
metal units to synthesize discrete or polymeric assemblies.1 The
basis for the construction of metallosupramolecular structures are
multitopic ligands with two or more binding domains separated
by spacers, which, in combination with suitable metal fragments
may form assemblies with various shapes and sizes.2 Most of the
known multitopic ligands are based on N or O donor atoms, and
some of the most relevant advances in metallosupramolecular
chemistry are associated with the names of Fujita,3 Raymond,4

Stang,5 Nitschke,2a,c,6 and Constable,2b,7 among others.8 Extended
poly-N-heterocyclic-carbene (NHC) ligands9 have recently been
shown to be suitable scaffolds for the preparation of supra-
molecular assemblies by featuring only metal–carbon bonds.
The topological diversity of poly-NHCs has allowed the rapid
preparation of a variety of supramolecular assemblies that include
molecular squares and triangles,10 cylinder-like structures11 and
organometallic polymers.12

Parallel to the rapid growth of NHCs (normally imidazolyl-
idenes), mesoionic carbenes (MICs)13 have recently emerged as
a powerful subclass of NHCs due to their ease of accessibility

and their arguably stronger electron donor properties compared
to the normal NHC-analogues.14 While monometallic complexes
bearing mono-MIC ligands are widely used, poly-MIC ligands are
not common,15 and this explains why MIC-based supramolecular
assemblies are still unknown.

We recently reported the preparation of a C3-symmetric tris-
NHC ligand based on a 1,3,5-triphenylbenzene core, which
we coordinated to rhodium and iridium.16 The same ligand
was used for the preparation of nanometer-sized cylinder-like
structures of Cu(I), Ag(I) and Au(I)11g with a hollow central cavity
(A, Scheme 1). Based on these findings, we pursued the pre-
paration of the related triphenylbenzene-bridged tris-MIC ligand,
to obtain the corresponding molecular cages using a metal-
controlled self-assembly methodology. Herein we report an effec-
tive preparation of a 1,3,5-triphenylbenzene-bridged tris-azolium
salt that was used for the self-assembly formation of the related
supramolecular cylinder-like MIC-based compounds of Ag(I) and
Au(I) (B, Scheme 1).

The tris-triazolium salt 1 was obtained in 93% yield, by
following the procedure depicted in Scheme 2. The salt was
characterized by means of NMR spectroscopy, mass spectro-
metry and elemental analysis. The 1H and 13C NMR spectra of
1 confirmed the threefold symmetry of the compound. The
triazolium C–H resonance appeared at d 9.08 in the 1H NMR
spectrum. The 13C NMR spectrum showed the resonance of the
C–H carbon of the triazolium rings at 131.3 ppm.

Scheme 1
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be used for the metal-controlled self-assembly of nanometer-
sized cylinder-shaped molecules. We were also able to synthesize
a unique heteroleptic NHC–MIC cylinder-shaped cage, by the
recombination of the ligands in the related MIC- and NHC-
based cylinders, and by several other combinations. This reaction
involves an unusual rearrangement, which clearly illustrates the
lability of the tris-NHC and tris-MIC ligands on silver in solution.
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