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N-Heterocyclic carbenes are at the forefront of the revolution
currently occurring in ligand design. As highly nucleophilic species,
they are used extensively as ligands in systems that catalyze C-C
bond formation.1 Accordingly, transition-metal complexes of these
carbenes have been subject to intense investigation in recent years.2

However, this research has focused almost exclusively on systems
in which the transition metal is in a low oxidation state. Only one
study of high-oxidation-state transition-metal carbene complexes
has been published to date, and X-ray diffraction data for the
reported compounds are not available.3 Herein, we report an
extremely stable carbene adduct of trichloro-oxo-vanadium(V),
which exhibits a hitherto unobserved bonding interaction between
the Ccarbeneatom and the neighboring chloride ligands.

The reaction of equimolar quantities of 1,3-dimesitylimidazol-
2-ylidene and trichloro-oxo-vanadium(V) affords the deep red 1:1
adduct1.4 Both solid samples and dichloromethane solutions of1
are stable in air and showed no decomposition on standing for over
two months. The remarkable stability of1 is in contrast to the other
characterized adducts of trichloro-oxo-vanadium(V), which are all
readily hydrolyzed in air.5 The stabilizing influence of the carbene
ligand was further demonstrated electrochemically. In dichloro-
methane,1 undergoes a 1-electron reversible reduction at a potential
of +0.50 V,6 which is significantly lower than the standard potential
of V(V)/V(IV) ( +1.00 V).7

The molecular structure of1, determined by an X-ray analysis,
reveals the interaction of the Ccarbene with neighboring ligands
(Figure 1).8 The chlorides cis to the carbene lie almost perpendicular
to the plane of the heterocyclic ring of the carbene and are oriented
toward this ligand (C(1)-V(1)-Cl(1) 81.04(6)° and C(1)-V(1)-
Cl(3) 82.20(6)°). The distances of these cis chlorides, Cl(1) and
Cl(3), to the Ccarbeneatom are 2.849(2) and 2.887(2) Å, well within
the sum of the van der Waals radii for carbon and chlorine (3.45
Å),9 which suggests a strong interaction between chloride lone-
pair electron density and the formally vacant molecular orbitals
situated on the Ccarbene. This is unexpected as the energy of the
vacant p-orbital at the Ccarbene of N-heterocyclic carbenes is
considerably increased by strong NfC π-donation. Consequently,
this orbital has been considered to play a very limited role in the
reactivity of these species.2 Indeed, photoelectron spectroscopy
coupled with ab initio density functional theory (DFT) calculations
has demonstrated that M-Ccarbene π-back-bonding is negligible
when N-heterocyclic carbenes are bound to group 10 metals.10

To gain further insights into this interaction DFT calculations
(6-31+G(d,p) basis set, B3LYP method) were performed for a
hypothetical VOCl3 adduct of 1,3-dimethylimidazol-2-ylidene,2.11

The optimized minimum-energy structure yielded bond distances
and angles in good agreement with those obtained from the X-ray
diffraction study of1 (Figure 2). The close cis Cl-Ccarbenedistances
obtained demonstrate that the observed interaction is independent
of the steric bulk of the carbene employed and is unrelated to any

crystal-packing forces. Analysis of the molecular orbitals given by
the DFT calculations indicates that substantial bonding overlap does
indeed occur between the lone pairs of the cis chloride ligands and
the formally vacant p-orbital of the Ccarbeneatom. Figure 3b shows

Figure 1. Molecular structure of1. Selected bond lengths (Å) and angles
(deg): V(1)-C(1) 2.137(2), V(1)-O(1) 1.5749(16), V(1)-Cl(1) 2.2462(7),
V(1)-Cl(2) 2.2232(7), V(1)-Cl(3) 2.2537(6), C(1)-V(1)-Cl(1) 81.04(6),
C(1)-V(1)-Cl(2) 142.08(6), C(1)-V(1)-Cl(3) 82.20(6), O(1)-V(1)-C(1)
105.83(8), O(1)-V(1)-Cl(1) 99.77(6), O(1)-V(1)-Cl(2) 112.09(7), O(1)-
V(1)-Cl(3) 98.42(6), Cl(1)-V(1)-Cl(2) 92.22(3), Cl(1)-V(1)-Cl(3)
158.01(3), Cl(2)-V(1)-Cl(3) 92.28(3).

Figure 2. Calculated molecular structure of2. Selected calculated
interatomic lengths (Å) and angles (deg): V-C(1) 2.14, V(1)-O(1) 1.55,
V(1)-Cl(1) 2.27, V(1)-Cl(2) 2.21, V(1)-Cl(3) 2.28, Cl(1)-C(1) 2.81,
Cl(3)-C(1) 2.81, C(1)-V(1)-Cl(1) 78.86, C(1)-V(1)-Cl(3) 79.01, Cl(1)-
V(1)-Cl(2) 93.258.
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the calculated HOMO-8 orbital, which illustrates this. It is
noteworthy that these interligand bonding interactions involve
significant vanadium d-orbital contributions and can, therefore, be
considered to be a form of back-bonding to the carbene with the
electron density originating from the chloride ligands’ lone pairs
rather than the metal.

The occurrence of these interactions may be due to the high
Lewis acidity of the vanadium(V) center, which gives rise to a more
polar CfM σ-donation than in the low-valent late transition metal
cases previously studied. This, in turn, results in a partial positive
charge on the Ccarbene, which is stabilized by the bonding interactions
with the chlorides’ lone pairs.

In previous studies carbene complexes have been classified as
Fischer-type (electrophilic, singlet Ccarbene) or Schrock-type (nu-
cleophilic, triplet Ccarbene), depending on the oxidation state of the
metal.13 In this case, complexation of an N-heterocyclic carbene
to vanadium(V) results in an electrophilic singlet Ccarbene, which is
typical of Fischer-type systems, but is unusually supported by a
high-oxidation-state metal center. N-Heterocyclic carbenes may,
therefore, be used to extend Fischer-type carbene properties to high-
oxidation-state metal complexes and thus complement their estab-
lished Schrock-type carbene chemistry.

In conclusion, coordination of a N-heterocyclic carbene to
trichloro-oxo-vandium(V) results in a highly stable vanadium(V)
complex. The stability of this compound to air makes it an excellent
entry point into vanadium-oxo chemistry and demonstrates the
utility of N-heterocyclic carbenes to stabilize high-oxidation-state
transition-metal complexes.
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Figure 3. Isosurfaces of (a) carbene-vanadiumσ bonding orbital (b) one
of the carbene-chloride bonding orbitals (generated at 0.02 e0.5 Å-1.5 using
GaussView2.1).
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