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Vanadium (V) and manganese (III) metal complexes (2, [tBu(OCO)]V(@O)Cl; 3, [tBu(OCO)]Mn(acac)), which
are supported by a tridentate bis-aryloxide-N-heterocyclic carbene ligand ([tBu(OCO)]2�@[g3-O,C,O-{(3,5-
di-tert-butyl-C6H2O)2N2C3H4}]2�) have been prepared and structurally characterized. Both complexes
were efficiently synthesized in a straightforward and smooth manner involving the direct reaction of
the imidazolinium proligand 1,3-bis(3,5-di-tert-butyl-2-hydroxyphenyl)imidazolinium chloride 1, easily
accessible in a two-step synthesis with an overall good yield, with (iPrO)3V@O and Mn(acac)3,
respectively.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Due to their unique electronic properties, N-heterocyclic carb-
enes (NHCs) have recently emerged as an important family of sup-
porting ligands for the development of transition metal catalysts
[1]. Their bonding to most late transition metals has proven to be
kinetically inert, thus rendering them a ‘privileged’ motif for cata-
lyst design with such metals [2]. In contrast, the use of NHC ligands
for coordination to high-oxidation-state metals has been much less
studied which may be ascribed, at least in part, to the presumed
ease of dissociation of the M–Ccarbene bond in such complexes [3].
In order to reduce the tendency for ligand dissociation, potentially
bidentate or tridentate NHC-donor systems, which incorporate a
neutral carbene donor surrounded by one or two anionic ligand(s),
are now witnessing a growing interest as they may yield robust
and stable high-oxidation-state metal NHC-based chelate com-
plexes of potential interest in catalysis [4–6]. In addition, the pos-
sible electronic and steric tunability of both the anionic and NHC
moieties should allow access to a wide variety of such chelating li-
gands, thereby opening the way to rich and versatile transition-
metal coordination chemistry.

In search for new potentially tridentate pincer-type NHC anio-
nic ligand, we focused our attention on bis-aryloxide–NHC chelat-
ing ligands of type A (Scheme 1) as the combination of anionic
aryloxides, able to anchor the ligand onto oxophilic high-oxida-
All rights reserved.
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tion-state metals, with a neutral NHC soft donor may render this
class of ligands suitable for coordination to various metals across
the periodic table. In addition, bis-aryloxide–NHC-type ligands
have thus far been the subject of very few studies. Efforts in this
area include: (i) the synthesis of stable Zr and Ti complexes incor-
porating the tridentate ligand C (Scheme 1). The latter ligand how-
ever exhibits a limited stability and readily decomposes via 1,2-
alkyl migration [7]; such a decomposition pathway may be greatly
disfavoured in the case of type-A ligands as the phenol rings (Csp2)
are directly bound to the NHC nitrogen atoms and (ii) the synthesis
of the bis-aryloxide–NHC palladium complex B (Scheme 1) has re-
cently been reported, thus showing the suitability of such a ligand
structure for late transition metals [8].

Due to the potentially versatile coordination properties of type-
A ligands, we have developed a straightforward synthesis of the
corresponding imidazolinium proligands so that to study their
coordination chemistry with various metals and, possibly, to probe
the potential interest in catalysis of the derived complexes. As part
of preliminary studies in this area, we report herein on the synthe-
sis and structural characterization of V(V) and Mn(III) NHC com-
plexes supported by a type-A ligand.
2. Results and discussion

2.1. Synthesis of the imidazolinium proligand 1

The type-A NHC proligand 1,3-bis(3,5-di-tert-butyl-2-hydroxy-
phenyl)imidazolinium chloride 1 (Scheme 1) was found to be
accessible in straightforward manner in a two-step and overall
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Fig. 1. ORTEP view of complex 2 with partial atom labeling. Thermal ellipsoids
drawn at 50% probability; hydrogen atoms and solvent molecules have been
omitted for clarity. Selected bond lengths (Å) and angles (�): C(15)–V(1), 2.095(3);
O(2)–V(1), 1.810(2); O(1)–V(1), 1.817(2); Cl(1)–V(1), 2.3077(10); O(3)–V(1),
1.589(2); O(3)–V(1)–Cl(1), 109.05(9); O(3)–V(1)–O(2), 103.73(11); O(3)–V(1)–
O(1), 101.60(11); O(2)–V(1)–O(1), 150.96(10).
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high-yield synthesis. Thus, compound 1 was prepared in 80% yield
from N,N0-bis(3,5-di-tert-butyl-2-hydroxyphenyl) ethylenedia-
mine, recently reported by Wieghardt and colleagues [9], using
HCl and then (EtO)3CH [10]. Spectroscopic data are consistent with
the proposed structure for 1. For instance, the NMR resonance of
the C2–H proton of the imidazolinium ring (d 8.16) and that of
the corresponding carbon (d 158.8) are characteristic for this type
of moiety.

2.2. Synthesis and structural characterization of a V(V) bis-aryloxide–
NHC complex derived from proligand 1

Although there are a few examples of well-characterized vana-
dium V(III) and V(IV) NHC complexes, [3a,4d,5g,11] the report by
Abernethy and colleagues on an air-stable trichloro-oxo-vanadium
(V) NHC complex supported by a monodentate NHC ligand consti-
tutes the only example of vanadium(V) NHC species [3d]. It thus
appeared interesting to us to probe the suitability of the tridentate
NHC anionic ligand [tBu(OCO)]2� for the formation of a robust V(V)–
NHC chelate.

The V(V) NHC complex [tBu(OCO)]V(@O)Cl ([tBu(OCO)]2� = [g3-
O,C,O-{(3,5-di-tert-butyl-C6H2O)2N2C3H4}]2�) (2, Scheme 2) was
readily and quantitatively synthesized in a straightforward and
smooth manner via an alcohol elimination route involving the
reaction of the imidazolinium 1 with 1 equiv. of (iPrO)3V(@O),
along with 3 equiv. of iPrOH. Compound 2 could be obtained as
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an analytically pure dark orange solid upon evaporation of volatiles
in vacuo. It is undefinitely air-stable whether in the solid state or in
benzene solution.

The molecular structure of the V(V) complex 2, as determined
by single crystal X-ray crystallographic studies (Fig. 1) confirmed
the coordination to vanadium of the tridentate NHC ligand
[O(1)–V(1)–O(2) bite angle of 150.96(10)�] in a mer-fashion along
with a distortion of the {OCO}V metallacycle [for instance, C(18)–
O(2)–O(1)–C(1) = 63.1�]. The vanadium atom in complex 2 adopts
a slightly distorted square–pyramidal geometry and is displaced
from the tetragonal plane formed by C(15), O(1), O(2) and Cl(1)
by only 0.46(2) Å. The V–Ccarbene bond distance (2.095(3) Å) is bit
shorter than that in the other V(V)–NHC complex X-ray character-
ized so far [3d], probably reflecting, in the present case, geometri-
cal constraints imposed by the tridentate NHC ligand. The oxo-
vanadium V@O bond is nearly perpendicular to the plane of the
heterocyclic carbene ring [centroidNHC–V(1)–O(1) = 95(2)�]. The
distance of the V@O oxygen atom to the Ccarbene atom (2.77(1) Å)
appears to be well within the sum of van der Waals radii for carbon
and oxygen (3.20(1) Å). A similar observation was reported in the
case of the trichloro-oxo-V(V) NHC complex with short distances
between the Ccarbene and the cis chlorides. In the latter case, DFT
calculations clearly showed the presence of interligand bonding
interactions between chloride electron density and the formally
vacant molecular orbitals of the Ccarbene [3d]. In the case of complex
2, such bonding interactions between the V@O and the Ccarbene may
also account for the rather short contacts between the Ccarbene and
the V@O oxygen.

2.3. Synthesis and structural characterization of a Mn(III) bis-
aryloxide–NHC complex derived from proligand 1

The possibility to access low-oxidation-state NHC Mn com-
plexes has been known for thirty years with a report by Lappert
and colleagues on the synthesis of Mn(0) NHC complexes [12]. Sev-
eral Mn(0), Mn(I) and a few Mn(II) NHC complexes have since then
been characterized [13]. However, to the best of our knowledge, no
Mn(III) NHC complex has been thus far reported which is rather
surprising in view of the potential interest of Mn(III) complexes
in catalysis when chelated by an appropriate multidentate ligand
such as, for instance, the salen ligand [14]. We thus became inter-
ested in the synthesis of Mn(III) bis-aryloxide–NHC complexes as
such derivatives may well be of interest in catalysis.

The imidazolinium 1 was found to smoothly react (room tem-
perature, THF) with 1 equiv. of Mn(acac)3 to afford the Mn(III)-
bis-aryloxide–NHC complex 3 (Scheme 2), which was isolated in



Fig. 2. ORTEP view of complex 3 with partial atom labeling. Thermal ellipsoids
drawn at 50% probability and hydrogen atoms have been omitted for clarity.
Selected bond lengths (Å) and angles (�): C(1)–Mn(1), 1.999(8); O(1)–Mn(1),
1.848(6); O(2)–Mn(1), 1.860(6); O(4)–Mn(1), 1.965(6); O(3)–Mn(1), 2.069(6); O(1)–
Mn(1)–O(2), 168.7(3); O(1)–Mn(1)–O(4), 89.2(3); O(1)–Mn(1)–C(1), 87.4(3); O(1)–
Mn(1)–O(3), 91.4(3); O(3)–Mn(1)–O(4), 90.1(3).
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a reasonable yield as analytically pure dark purple crystals. The
molecular structure of complex 3 was determined by single crystal
X-ray diffraction and is illustrated in Fig. 2. The geometry at the Mn
atom in compound 3 is best described as slightly distorted square–
pyramidal with the metal center being displaced from the tetrago-
nal plane formed by C(1), O(1), O(2) and O(4) by only 0.27(2) Å. The
mer-coordination of the tridentate NHC ligand results in the forma-
tion of a {OCO}Mn metallacycle significantly distorted from planar-
ity [for instance, |C(19)–O(2)–O(1)–C(5)| = 59.0�)]. As expected, the
Mn–Ccarbene bond distance (1.999(8) Å) is shorter than that in Mn–
NHC complexes X-ray characterized thus far (average 2.20 Å) due
to constraints imposed by the tridentate {OCO}2� chelating ligand.
It is noteworthy that the Mn–O bond distances within the Mn(a-
cac) moiety are quite different from one another with Mn(1)–
O(3) (2.069(6) Å), O(3) being the top of the square–pyramidal,
around 0.1 Å longer than Mn(1)–O(4) (1.965(6) Å). This structural
difference presumably reflects a Jahn-Teller distortion typically ob-
served for high-spin d4 Mn(III) chelate compounds [15].

3. Conclusion

The tridentate bis-aryloxide–NHC [tBu(OCO)]2� (type A, Scheme
1) may be a suitable supporting ligand for the synthesis of high-
oxydation-state transition metal complexes such as the V(V) deriv-
ative 2, which was found to be a robust and air-stable species. This
ligand appears to be quite versatile as it also readily chelates
Mn(III) to afford the first structurally characterized Mn(III) NHC
complex. Both V(V) and Mn(III) complexes 2 and 3 were efficiently
synthesized in a straightforward and smooth manner involving the
direct reaction of the imidazolinium proligand, easily accessible in
a two-step synthesis with an overall good yield, with an appropri-
ate metal precursor.

Further work in this area will keep on studying the coordination
chemistry of tridentate bis-aryloxide–NHC with various metals as
well as the potential interest in catalysis of these robust NHC metal
complexes.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jorganchem.2008.12.049.
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