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a Departamento de Quı́mica Inorgánica y Orgánica, Universitat Jaume I, Avda, Vicente Sos Baynat s/n, Castellón E-12071, Spain
b Departamento de Quı́mica Inorgánica, Universitat de Valencia, C/Dr. Moliner s/n, Burjassot-Valencia E-46100, Spain

Received 31 May 2005; received in revised form 27 June 2005; accepted 4 July 2005
Available online 11 August 2005

Abstract

The new bis(imidazolylidene) tripodal ligand precursor (2-pyridine)bis(3-methylimidazolium-1-yl)methane diiodide, [H2PYBI-
MMe]I2, has been obtained by a simple method. The molecular structure of this new ligand precursor has been determined by means
of X-ray diffraction. The coordination of this ligand to Rh, provides a Rh(III) complex with very low solubility in most solvents,
which we attributed to the polymeric nature of the species. Solution of this polymer in DMSO provided a biscarbene Rh(III) com-
plex in which the pyridine fragment remained unbound.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

N-heterocyclic carbene (NHC) ligands have shown as
efficient components in the design of homogeneous cat-
alysts [1–4]. Probably, one of the main reasons why
these ligands have been so widely used in catalyst design
in the last decade, is that their steric and electronic prop-
erties can be easily modulated, mainly due to their
relatively simple preparation methodology and the
extraordinary high variety of cheap commercial precur-
sors that we can find from the ordinary chemical suppli-
ers. A large number of mono- [1,5], bis- [3,4] and
tris-carbene [3,4,6–11] ligands have been described, and
their topological versatilities have afforded a large num-
ber of metal complexes with many different geometries.
Regarding chelate–carbene ligands, the first biscarbene
complexes described were Pd-based [12], but soon the
use of chelate and pincer carbene ligands were extended
to Rh [3,13–15], Ir [10,16,17], Ag [18], Cu [7,8,19], Fe

[20,21], and even early transition metals such as Cr
[22] and Ti [23], the latter ones challenging the idea that
NHCs are only stable when coordinated to late transi-
tion metals.

Despite the large variety of NHC ligands described,
the number of such compounds displaying a tripodal
geometry is still relatively scarce [7–11,15,19,21,24],
and among these, the number of �true� tripodal coordi-
nation of the ligand is even lower [7,15,21,24,25]. The
design of tripodal NHC ligands is important because
the fac tricoordinate geometry should determine the cat-
alytic properties of the metal complex, especially when
the stability of the ligand–metal bond is high, and the
catalytic activity of the complex must rely on the lability
of the other co-ligands, and the relative geometry of the
potential vacant sites.

With these ideas in mind, we recently described the
coordination of the potentially tripodal ligands [1,1,1-
tris(3-butylimidazolium-1-yl)methyl]ethane trichloride,
[H3TIMEBu]Cl3, and tris-[2-(3-isopropylimidazolium-
1-yl)ethyl]amine hexafluorophosphate [H3TIMENiPr]-
(PF6)3, to Rh and Ir [10,11], but in all the cases the
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ligand adopted a g2-chelating or bridging form, and
the tripodal coordination fashion remained elusive. In
contrast, the preparation of the precursor (2-hydroxy-
phenyl)bis(3-methylimidazolium-1-yl)methane diiodide,
provided a new Rh(III) biscarbene complex with the li-
gand in a tripod conformation, that showed high cata-
lytic activity towards hydrogenation transfer from
alcohols to ketones [15].

We now report the synthesis of the biscarbene ligand
precursor (2-pyridine)bis(3-methylimidazolium-1-yl)me-
thane diiodide, [H2PYBIMMe]I2, and its coordination
to rhodium. The crystal structure of the bisimidazolium
precursor is also described.

2. Results and discussion

The reaction of 1,1-carbonyldiimidazole and 2-pyri-
dinecarboxaldehyde at 80 �C in the presence of
CoCl2 Æ 6H2O as catalyst, affords the preparation of
(2-pyridine)bis(imidazolyl)methane (1), which had been
previously obtained by a different method [26]. The reac-
tion of 1 with MeI gives the corresponding methylated
compound, (2-pyridine)bis(3-methylimidazolium-1-yl)me-
thane diiodide, [H2PYBIMMe]I2 (2), in high yield
(Scheme 1). This procedure is similar to the one that
we reported for the preparation of (2-hydroxyphe-
nyl)bis(3-methylimidazolium-1-yl)methane diiodide,
and, in fact, provides an easy method to access to a
new type of tripodal biscarbene ligands.

Compounds 1 and 2 were fully characterized by
NMR and elemental analysis, and the molecular struc-
ture of a hexafluorophosphate salt of 2 was confirmed
by means of X-ray crystallography. Fig. 1 shows the
molecular structure of 2. As expected, the molecule con-
sists of two methylimidazolium fragments and a pyridyl
ring bound to a CH central group. The distances and
angles of this carbene precursor lie in the expected
range.

In the presence of a weak base as NEt3, 2 reacted with
[Rh(COD)2](BF4) yielding a pale brown highly insoluble
species that we could hardly analyse. The product
showed very little solubility in most organic solvents
(CH2Cl2, THF, acetone, acetonitrile, methanol) and
H2O, which we attributed to a polymeric nature of the
compound (3 in Scheme 2). The exchange of the BF4

counter-anion by PF6 or BPh4 did not improve the sol-

ubility of the complex at all. The compound could only
be dissolved in DMSO, yielding compound 4 (Scheme
2). The 1H NMR spectrum of 4 in DMSO-d6 shows that
the twofold symmetry of the ligand was lost upon coor-
dination. The two downfield signals of the protic hydro-
gens in the precursor 2 disappeared, suggesting that the
coordination has taken place. The signal due to the pyr-
idine hypso-hydrogen appears at d = 9.2, suggesting that
the pyridine remains unbound. The two methyl groups
of the imidazolium fragments appear as two different
signals at 4.09 and 4.03 ppm. The 13C NMR spectrum
shows two doublets at 159.18 and 151.09 ppm (1JC–Rh =
42.9 and 44.1 Hz, respectively) in the region where
Rh(III)–NHC compounds appear, thus confirming that
the metallation has occurred. The pattern of the signals
due to the imidazolylidene and pyridine rings, as well as
the two different methyl groups observed, confirm the
lost of the binary symmetry of the ligand in the complex.
In order to confirm that the pyridine is not bound to the
Rh atom, we performed a 1H–15N correlation of the me-
tal complex, observing that the signal due to the nitro-
gen atom of the pyridine appears in the region typical
for unbound pyridine fragments. (d = �110) and we
did not observe any 105Rh–15N coupling (Fig. 2). The
signals due to the nitrogen atoms of the imidazolylidene
rings appear between �64 and �70 ppm. A 1H–13C cor-
relation was also performed in order to assign all the sig-
nals of the 1H and 13C NMR spectra (see ESI).

The mass spectroscopy analysis for a solution of
the complex in CH3CN, showed peaks (m/z) at 693.6
[(PYBIMMe)I2Rh(CH3CN)2]

+, 650.9 [(PYBIMMe)-
I2Rh(CH3CN)]+, and 609.9 [(PYBIMMe)I2Rh]+,
whereas a solution of the complex in DMSO showed
peaks at 687.2 [(PYBIMMe)I2Rh(DMSO)]+ and 609.9
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Scheme 1.

Fig. 1. Molecular diagram of compound 2. (Hydrogen atoms and
counter-anions have been omitted for clarity). Selected bond lengths
(Å) and angles (�): C(1)–C(2) 1.505(8), C(1)–N(2) 1.470(7), C(1)–N(4)
1.461(7), N(2)–C(1)–N(4) 109.2(4), N(4)–C(1)–C(2) 111.9(4).
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