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Nucleophilic N-heterocyclic carbenes (NHCs) have attracted
considerable interest as ligands in organometallic chemistry
and catalysis.[1] This attention is largely because of the unique
combination of strong s-donor, poor p-acceptor, and steric
properties.[2] Typical transition-metal NHC complexes show

“normal” binding at C2 because of the acidity of the
C2 proton in the precursor azolium salt.[3] “Abnormal”
metalation at C5 of the NHC ring was first reported in
elegant studies by Crabtree and co-workers for pyridyl- and
picolyl-NHC dihydride complexes of Iriii ;[4] blocking C2 with a
substituent, such as Me or Ph groups, will also encourage
binding at C5.[5] Nolan and co-workers have recently reported
the structure and interesting catalytic reactivity of [PdCl2-
(NHC)2] complexes containing NHC ligands bound the
“wrong way” that are derived from imidazolium salts.[6] In
both these studies, the carbene bound at C4/5 was generated
through deprotonation by the addition of a base or use of
basic ligands on the metal.

In previous studies on metal–carbene complexes, we
identified a facile reductive-elimination process, in which
the carbene is lost as an imidazolium salt.[7] Conversely, it was
found that imidazolium salts (ionic liquids) add oxidatively to
low-valent metal centers through C2 activation.[7–9] The
combination of these two redox steps lead to a new atom-
efficient catalytic reaction for the substitution of azolium salts
at C2.[10] The nature of this reaction and its wider implications
is of major interest; for example, ionic liquids may add
oxidatively to metal complexes dissolved within them, which
generates catalytically active (hydrido)metal(carbene) com-
plexes, and ionic liquids may also be incorporated into the
reaction products, thus both problems and opportunities are
presented.[11]

Herein, we report a novel extension to our investigations
on this redox behavior. Platinum hydride complexes have
been synthesized that bear NHC ligands in an abnormal
binding mode through the oxidative addition of imidazolium
salts with the C2 position blocked by a methyl group.

Complexes 2, 4, and 4’ were prepared in one-pot reactions
by mixing [Pt(norbornene)3],

[12] 1,3-bis(2,4,6-
trimethylphenyl)imidazolin-2-ylidene (IMes), and either
1,2,3,4-tetramethylimidazolium iodide (1), in the case of 2,
or 1,2-dimethyl-3-propylimidazolium bromide (3), in the case
of 4 and 4’, in a molar ratio of 1:1:1.8 (Scheme 1). The
reactions yielded the desired products after washing the crude
residues with n-hexane and extraction with THF. It is
proposed that the reactions proceed through the initial

Scheme 1. Oxidative addition at C4 and C5 in imidazolium cations to a
Pt0 center. nbe=norbornene.
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formation of a [Pt(IMes)(norbornene)2] complex, which then
undergoes oxidative addition of the C4,5�H bond of the
imidazolium salt. This one-pot reaction provides a potentially
valuable route to “wrong-way” (hydrido)metal(carbene)
complexes, which may have applications in catalysis.

Complexes 4 and 4’ were characterized by 1H and
13C NMR spectroscopic analysis, which revealed a mixture
of two isomers in a ratio of 3:1. The platinum center in the
minor component 4’ is connected to C4, which is the carbon
atom closest to the N-propyl chain, whereas the platinum
center in the major component 4 is connected to C5, which is
the carbon atom adjacent to the N-methyl group. Steric
influences may produce the observed regioselectivity.

The hydride ligands in 4 and 4’ appear in the 1H NMR
spectra (CD2Cl2) at d=�18.29 ppm (1J(Pt-H)= 1714 Hz) and
d=�18.31 ppm (1J(Pt-H)= 1711 Hz), respectively. The
13C NMR spectra of 4 and 4’ show characteristic signals
from C2 of the IMes unit at d= 180.9 and 180.7 ppm,
respectively, and from C4 and C5 of the abnormal carbene
moiety at d= 124.4 and 151.6 ppm for 4, respectively, and at
d= 152.4 and 126.3 ppm for 4’, respectively. The presence of a
metal-bound carbene is also indicated by the 13C{1H} NMR
spectra, in which the signals from C4 and C5 in 4 and 4’ are
shifted downfield relative to 3. The 13C NMR resonances for
C4 and C5 are comparable with previously reported abnor-
mally bound carbenes.[5,13]

A mixture of crystalline needles (4’) and plates (4) was
grown by slow diffusion of hexane into a saturated solution of
the crude product in acetone. Only the needles were found to
be suitable for single-crystal X-ray analysis, and they showed
an abnormally bound Pt carbene complex (Figure 1). The
crystal contains one acetone molecule and two Pt carbene
complexes in the asymmetric unit. Both Pt carbene complexes
in the crystal are identical within experimental error. The
molecular structure of 4’[14] shows a slightly distorted square-
planar coordination around the Ptii center, with trans-NHC
moieties and hydride and bromide ligands occupying the

remaining coordination sites. The Pt�C(carbene) bond
lengths for the IMes ligand (Pt21–C21: 2.018(8) C) and for
the carbene ligand coordinated at C5 (Pt21–C223:
2.041(8) C) are comparable and consistent with Pt�C single
bonds.[5,6, 13,15]

Although the mixture of 4 and 4’ is stable, both in the solid
state and in solution with acetone at room temperature over
two–three days, the mixture underwent reductive elimina-
tion[10,16,17] in the presence of alkenes (styrene or dimethyl
fumarate) to regenerate 3 and form [Pt(h2-alkene)2(IMes)]
complexes 5a and 5b (Scheme 2). Stirring a mixture of 4 and

4’ with five equivalents of dimethyl fumarate in acetone for
three hours resulted in quantitative reductive elimination.[8]

The equivalent reaction with styrene resulted in partial
conversion with equilibrium concentrations of 4, 4’, 5, and 3
being established.[16] The 1H NMR spectrum of 5a was
identical to that observed for an authentic sample of
[Pt(dimethyl fumarate)2(IMes)] prepared by the reaction of
[Pt(cod)2] (cod= cyclooctadiene), IMes, and dimethyl fuma-
rate.

The observed reductive-elimination behavior is consistent
with the p-acceptor ability of alkenes, the distribution of
electron density within the complex, and the Pt–alkene bond
strength. Interestingly, reductive elimination of the “normal”
carbene and the products that result from insertion of alkenes
into the Pt�H bond (e.g., Pt hydrocarbyl complexes or
imidazolium salts substituted at C4/5) were not observed. The
behavior reported herein provides clear indication that the
substitution of ionic liquids at C2 may not be enough to
prevent their involvement in reactions for which they are the
solvent.[18]

Received: March 9, 2005
Published online: July 22, 2005

.Keywords: azoles · ionic liquids · N-heterocyclic carbenes ·
oxidative addition · reductive elimination

[1] W. A. Herrmann, Angew. Chem. 2002, 114, 1342; Angew. Chem.
Int. Ed. 2002, 41, 1290.

[2] D. Bourissou, O. Guerret, F. P. Gabbai, G. Bertrand, Chem. Rev.
2000, 100, 39; W. A. Herrmann, C. KHcher, Angew. Chem. 1997,
109, 2256; Angew. Chem. Int. Ed. 1997, 36, 2162; A. C. Hillier,
W. J. Sommer, B. S. Yong, J. L. Petersen, L. Cavallo, S. P. Nolan,
Organometallics 2004, 23, 4322.

Figure 1. ORTEP diagram of 4’. Some hydrogen atoms, the acetone
molecule, and a molecule of 4’ are omitted for clarity. Selected bond
lengths [B] and angles [8]: Pt21-C21 2.018(8), Pt2-C222 2.041(8), Pt21-
Br21 2.5622(9), Pt21-H21 1.8052, C21-Pt(21)-C222 175.6(3); C21-Pt21-
Br21 91.4(2), C21-Pt21-H21 93.1, C222-Pt21-Br21 90.0(2), C222-Pt21-
H21 85.2, Br21-Pt21-H21 173.2.

Scheme 2. Reductive elimination of imidazolium salts at C4/5�H from
“abnormal” carbene complexes.
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