
Supramolecular NHC Complexes
DOI: 10.1002/anie.201107227

Stepwise Preparation of a Molecular Square from NR,NR- and NH,O-
Substituted Dicarbene Building Blocks**
Markus Schmidtendorf, Tania Pape, and F. Ekkehardt Hahn*

Metallosupramolecular self-assembly has been a field of
intensive research ever since Lehn et al. first demonstrated
the spontaneous self-assembly of dinuclear helicates from
bipyridine and copper(I).[1] Thereafter, different metallosu-
pramolecular structures have been synthesized.[2] Some of
these feature internal cavities suitable for the encapsulation
of small molecules.[3] Reactive intermediates have been
stabilized in such cavities[3b,f,k] and selected catalytic trans-
formations have been carried out and accelerated inside
metallosupramolecular assemblies.[3g–j]

The molecular square [A]8+ (Scheme 1) by Fujita et al.
built up from end-capped PdII ions and 4,4’-bipyridine
building blocks was among the first metallosupramolecular
structures to be studied in detail.[4] Related molecular squares

were subsequently studied by Stang and Olenyuk[5] and other
research groups.[6] Complex [A]8+ and most other metal-
losupramolecular assemblies described to date are derived
from polydentate ligands featuring either nitrogen or oxygen
donor atoms coordinating to the metal centers.[3] Supramolec-
ular assemblies built from polydentate ligands with carbon
donors are quite rare, although some examples with bridging
diisocyanide,[7] acyclic diaminocarbene,[8] remote-NHC,[9] or
a,w-dicarbanion ligands[10] have been described.

The preparation of the molecular rectangle [B]4+,[11] which
features rigid linear dicarbenes[12] and 4,4’-bipyridine linkers,
as well as cylindrical structures synthesized from macro-
cyclic[13] and other poly-NHC ligands,[14] have only recently
been reported, while N-heterocyclic carbenes have developed
into an important class of ligands in organometallic chemistry
over the last 30 years.[15] Herein we introduce a novel
molecular square that is built up from four platinum(II)
corners that are held together by bonds formed between
platinum and the carbon atoms of two classical bis(diamino-
carbene) and two di(NH,O-NHC) ligands. In contrast to the
known metallosupramolecular structures featuring bridging
ligands that form M�C bonds,[7–10] only Pt�Ccarbene bonds are
employed for the formation of the molecular square.

Previous studies have established that the reaction of
square-planar platinum(II) with sterically demanding diphos-
phines and rigid linear dicarbenes, obtained by double
deprotonation of benzobisimidazolium salts, yielded a mixture
of dinuclear dicarbene-bridged syn (minor) and anti com-
plexes (major).[16] Once formed, these isomers do not
interconvert with the anti isomer being geometrically unfit
for the construction of a molecular square. We have now
found that a reduction of the steric demand of the ligands at
platinum(II) leads to a lower barrier of rotation about the Pt�
Ccarbene bond, thereby allowing the formation of the dinuclear
complex with syn geometry by interconversion of the
potential geometrical isomers.

The tetramethyl-substituted benzobisimidazolium salt 1 I2

was reacted with NaOAc[17] and [PtCl2(dmpe)] instead of the
previously used [PtCl2(dppe)][16] to yield complex [2]I2

(Scheme 2; see Supporting Information; dmpe = bis(dime-
thylphosphino)ethane, dppe = bis(diphenylphosphino)-
ethane). The complex was identified by the characteristic
chemical shift for the carbene carbon atom at d = 183.9 ppm,
which was recorded as a multiplet owing to coupling with the
phosphorus atoms. The high-resolution mass spectrometry
(ESI, positive ions) shows the mass of the cationic complex
ion [2]2+ as peak of highest intensity. Only one multiplet was
observed in the 31P{1H} NMR spectrum at d = 30.9 ppm for
the two chemically different phosphorus atoms.

Scheme 1. Molecular square [A]8+ and molecular rectangle [B]4+

(R=n-butyl).
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Although the reaction of 1 I2 with [PtCl2(dmpe)] may also
yield a mixture of syn- (depicted in Scheme 2) and anti-[2]I2,
the anti isomer can and does rearrange (see below) into the
syn isomer for subsequent reactions. An expansion of the
steric demand of the substituents at the nitrogen atoms of the
carbene ligand (N,N’,N’’,N’’’-tetrabutyl substitution) leads to
the preferred formation of the anti complex, which was
characterized by X-ray crystallography (see the Supporting
Information). In addition, the 31P{1H} NMR spectrum of this
complex features two resonances for the chemically different
phosphorus atoms (d = 34.7 and 27.2 ppm), indicating that the
anti isomer does not convert into the syn isomer.

For subsequent reactions, the iodo ligands and counter-
ions in [2]I2 were exchanged for acetonitrile ligands and PF6

�

counterions, respectively, leading to the tetracationic complex
[3]4+. Compound [3](PF6)4 was obtained by reaction of [2]I2

with AgPF6 in acetonitrile in quantitative yield (Scheme 2;
see Supporting Information). The 13C{1H} NMR spectrum
showed the resonance for the carbene carbon atom shifted
slightly upfield relative to [2]I2 as a doublet of doublets (d =

179.4 ppm, 2JC,Ptrans = 119.9 Hz, 2JC,Pcis = 9.1 Hz).
We have previously shown that b-hydroxyphenyl isocya-

nides can be converted into NH,O-NHCs by using suitable
metal templates. This reaction is reversible and the outcome is
controlled by the electronic situation at the template metal
center and in particular by the capability of the metal atom to
engage in M!Cisocyanide backbonding.[18] We now used this
cyclization reaction for the generation of the molecular
square [6](BF4)8, which features two different bridging
dicarbene ligands (Scheme 3). Treatment of compound [3]-
(PF6)4 with b,b’-bis(triisopropylsiloxy)phenyl-1,4-diisocya-
nide (4) yielded the molecular rectangle [5](PF6)8 as an
intermediate, which was not isolated. Further treatment of the
reaction mixture with tetrabutylammonium fluoride and
tetrafluoroboric acid diethyl ether adduct led to cleavage of
the four O�Si(iPr)3 bonds in [5](PF6)8 and the subsequent
intramolecular nucleophilic attack of the liberated hydroxy
groups at the isocyanide groups in their b positions. This
yielded the molecular square [6](BF4)8, which features two
bridging di(NR,NR-NHC) and two di(NH,O-NHC) ligands,
in an excellent yield of 95% (Scheme 3).

Owing to the limited solubility of complex [6](BF4)8 and
the expected multiplicity of the resonance arising from

coupling with the two phosphorus atoms, we were not able
to detect the resonance signal for the carbene carbon atoms in
the 13C{1H} NMR spectrum. The 31P{1H} NMR spectrum
exhibits two resonances at d = 30.6 ppm (1JP,Pt = 2140 Hz,
2JP,P = 7.5 Hz) and at d = 28.3 ppm (1JP,Pt = 2175 Hz, 2JP,P =

7.5 Hz). The coupling constants 1JP,Pt� 2150 Hz recorded for
[6]8+ indicate that each of the phosphorus atoms has a carbene
carbon atom in its trans position. High-resolution mass
spectrometry (ESI, positive ions) shows the cationic complex
ion [68+�4 H+ + BF4

�]3+ as the peak of highest intensity with
the correct isotopic pattern.

Single crystals of [6](BF4)8·8 H2O·CH2Cl2 were analyzed
by X-ray diffraction (Figure 1). The compound crystallized in
the triclinic space group P1̄ with the complex cation residing
on a crystallographic inversion center.[19] The metric para-
meters in [6]8+ fall in the typical range observed for
platinum(II) complexes bearing NR,NR-[20] or NH,O-
NHC[21] ligands. The Pt1�Pt2 and Pt2�Pt1* distances are
10.534 � and 10.671 �, respectively. The minor difference in
these two values of about 1% justifies the description of [6]8+

as a molecular square and demonstrates the similarity of the
geometrical properties of the bridging di(NR,NR)- and

Scheme 2. Preparation of the dinuclear platinum(II) complexes [2]I2

and [3](PF6)4.

Scheme 3. Synthesis of the molecular rectangle [5](PF6)8 and its
conversion into the molecular square [6](BF4)8. TBAF= tetra-n-butylam-
monium fluoride.
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di(NH,O)-NHC ligands. The Pt�CNH,O-NHC bonds (2.011(7)
and 2.021(7) �) are slightly shorter than the Pt�CNR,NR-NHC

separations (2.042(7) and 2.053(8) �), thus reflecting the
different nature of the bridging dicarbene ligands. This
situation, however, does not lead to a significant difference
in the Pt�P bond distances.

Complexes featuring two different NHC ligands coordi-
nated to the same metal center are extremely rare. Some
complexes simultaneously bearing different NHCs derived
from benzimidazole and imidazole have been described, but
essentially no differences in the M�CNHC distances were
detected in these derivatives.[22] Cation [6]8+ is the first
example for a complex simultaneously bearing an NR,NR-
and an NH,O-NHC ligand.

We have demonstrated that N,N’,N’’,N’’’-tetramethyl sub-
stituted rigid ditopic dicarbene ligands and b,b’-bis(triisopro-
pylsiloxy)phenyl-1,4-diisocyanide ligands together with end-
capped platinum(II) metal components can be used for the
preparation of a novel molecular square featuring two
different bridging dicarbene ligands. The structural parame-
ters of the bridging di(NR,NR) and the di(NH,O) carbene
ligands are quite similar.

Previously it has been shown that the transformation of b-
hydroxyphenyl isocyanides into NH,O-NHCs is a reversible
reaction that is controlled by the backbonding capability of
the metal center to which these ligands are coordinated.[18]

This property should also in principle allow the retransfor-
mation of the di(NH,O)-NHCs in complexes of type [6]8+ into

bridging b,b’-dihydroxphenyl-1,4-diisocyanide ligands,
thereby leading to a complex similar to [5]8+. In such
a molecular assembly, the M···M separation of the diisocya-
nide edges is larger than the M···M separation of the
dicarbene edges. The conversion dicarbene!diisocyanide
can be initiated by a change of the oxidation state of the metal
centers and would thus convert a tetrakis(dicarbene) bridged
molecular square of type [6]8+ into a bis(dicarbene)/bis(dii-
socyanide) bridged molecular rectangle. This type of con-
version is however not feasible with platinum complexes,
which are electron-poor and always yield the NH,O-carbene
complex from the 2-hydroxyphenyl isocyanide complex.[21]

We are currently studying derivatives of [6]8+ with iron or
rhenium atoms in different oxidation states (FeII/FeIII or ReI/
ReIII) at the vertices. Such complexes could possibly give
access to molecular squares and rectangles that interconvert
depending on the oxidation state of the metal atoms at the
vertices.
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