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Research Profile

The Hahn group works on a variety of project centered around the coordination chemistry of N-
heterocyclic carbene (NHC), germylene, stannylene and isocyanide ligands and on the
assembly of supramolecular structures from poly-(benzene-o-dithiolato) and poly-NHC ligands.

1. Preparation of complexes bearing reactive NH,NH-  substituted NHC ligands

Complexes bearing NHC ligands are normally obtained by deprotonation and subsequent
coordination of N,N’-dialkylated heterocyclic azolium precursors. We have introduced an
alternative method for the generation of complexes bearing "protic® NH,NH-substituted NHC
ligands. Such complexes are obtained from complexes with 2-amino functionalized alkyl or aryl
isocyanide ligands by intramolecular nucleophilic attack of the amine nucleophile at the
coordinated isocyanide group under formation of the NH,NH-diaminocarbene heterocycle. Since
2-aminoethyl or 2-aminophenyl isocyanides are not stable, various synthons for these ligands
like 2-azidoethyl isocyanide, 2-azidophenyl isocyanide or 2-nitrophenyl isocyanide have been
developed and converted into NH,NH-NHCs in metal template controlled reactions. The
coordinated NH,NH-NHCs can be N,N’-dialkylated and this reaction also gives acces to novel
macrocycles like [11]ane-P,C""° and [16]ane-P,C""", featuring NHC and phosphine donor
groups. Recently, the oxidative addition of the C2-X (X = H, halogen) bond of neutral azoles
followed by protonation of the free ring nitrogen atom has also been shown to lead to
complexes bearing NH,NR-substituted NHC ligands. In complexes of catalytically active metals,
the N-H group of such ligands can function as a molecular recognition unit by formation of
hydrogen bonds to seleted substrates thereby controlling the selectivity of a catalytic
transformation. The oxidative addition of the C2-X bond of neutral azoles to transition metals
has recently been extended to 8-chloro caffeine and 8-bromo adenine allowing the utilization of
these biomolecules in organometallic chemistry.



2. Synthesis of metallosupramolecular structures fr om polycarbene ligands

Rigid, linear benzobis(imidazolin-2-ylidenes) have been prepared from the diazolium
precursors. These ligands can act as bridging ligands in the synthesis of supramolecular
molecular squares containing various metal centers as vertices. Tris- or tetrakis-imidazolium
substituted benzenes have also been prepared. These polycarbene precursors react with silver
oxide under formation of three-dimensional supramolecular structures containing three or four
silver atoms sandwiched in between two tris- or tetracarbene ligands. Exchange of the silver(l)
ions for gold(l) or copper(l) is possible. The metallosupramolecular assemblies constitute an
interesting new type of container molecules which can act as hosts for selected substrates.
Molceular squares with four bridging 3,3’-functionalized benzene-1,4-diisocyanides have been
prepared. Upon activation of the (,3-substituents the diisocyanide bridges can be converted
into bridging dicarbene ligands. The diisocyanide - dicarbene transformation leads to a
shrinkage of the molecular square. The reaction is reversible and is controlled by the oxidation
state of the metal centers. It gives access to molecular squares which can change their size
depending on the oxidation state of the metals placed at the vertices.

3. N-Heterocyclic germylenes and stannylenes

N-Heterocyclic germylenes and stannylenes (tetrylenes) are accessible from suitable secondary
1,2-diamines and E[N(SiMe;),], (E = Ge, Sn), or by deprotonation of the 1,2-diamines and
subsequent reaction with ECl, (E = Ge, Sn). These methods have also been used for the
generation of rigid, linear bisgermylenes and bisstannylenes. N-Heterocyclic germylenes and
stannylenes exhibit amphiphilic behavior possessing a nucleophilic sp*orbital and an empty,
electrophilic p-orbital. The coordination chemistry of novel N-heterocyclic germylenes and
stannylenes is studied to gain information about their mode of bonding in transition metal
complexes. In a recent study we demonstrated that N-heterocyclic plumbylenes, in contrast to
their lighter carbene, germylene and stannylene congeners, do not act as o-donors towards low
valent transition metals, but instead function as acceptors of electron density from the transition
metal they interact with. Very recently, the first examplex of "protic" NH,NH- and NH,NR-
functionalized NHGes and NHSns have been prepared. These compounds can be
deprotonated at the ring-nitrogen atom so give compounds with a nucleophilic nitrogen atom
and an electrophilic E" atom. These studies are aimed towards the development of new
Tetrylenes which can act as bifunctional catalysts.

4. Supramolecular chemistry of bis(benzene-  o-dithiolato) and benzene- o-dithiolato/
catecholato ligands

The Hahn group has prepared bis(benzene-o-dithiol) and mixed benzene-o-dithiol/catechol
ligands with different spacer groups between the donor units and studied their coordination
chemistry. Triple-stranded dinuclear helical complexes with these ligands were synthesized and
characterized by X-ray diffraction and NMR spectroscopic studies. Depending on the metal and
its oxidation state, the {MSg}"” polyhedra in these helicates can adopt an octahedral or trigonal-
prismatic coordination geometry which allows to switch on or off the helicity of the triple-standed
dinuclear complexes by a redox-reaction at the Sg-coordinated metal center. 1,3,5-
Tris(benzene-o-dithiol)benzenes with different spacers between the phenylene core and the
benzene-o-dithiol donors have also been prepared. These ligands react to give either
mononuclear metal complexes or tetrahedral clusters of type [M4L4]"" where four ligands cap the
trigonal faces of the tetrahedron. The tetrahedral clusters can serve as molecular hosts for
different small cations. Recently, subcomponent self-assembly reactions between o-
thiolatobenzaldehyde complexes and diamines leading to helical dinuclear complexes and the
metal exchange in such complexes have been studied.



