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ABSTRACT: Metal-mediated cleavage of the N—N bond
is a rarely observed phenomenon in the chemistry of
nitrous oxide (N,0). We demonstrate that, upon
activation of N,O with N-heterocyclic carbenes, zerovalent
nickel is able to insert into the N—N bond to give nitrosyl
complexes.

N itrous oxide (N, O, “laughing gas”) is a kinetically very inert
molecule. The thermodynamically favored decomposition
into the elements, for example, shows an activation barrier of E,
~ 59 keal/mol." N,O is also a very poor ligand for transition
metals, and well-characterized L,M(N,O) complexes are still
scarce.”” Some transition-metal complexes are able to react with
N,O. Typically, these reactions proceed by O-atom transfer from
N,O to the metal complex with concomitant release of N,.* In
some rare cases, N—N bond scission® or insertion of N,O into
metal—ligand bonds was observed.® We have recently reported
that N-heterocyclic carbenes (NHCs) are able to form stable
covalent adducts with N,0.”® In contrast to free N,O, NHC-
N,O adducts display a rich coordination chemistry. Upon
binding of IMes-N,O (IMes = 1,3-dimesitylimidazol-2-ylidene)
to Lewis acidic 3d transition-metal complexes, we observed
monodentate O and N coordination, as well as chelating N,O
coordination (Scheme 1).° In the case of the highly oxophilic
V(Mes);(THF) (THF = tetrahydrofuran), the addition of IMes-

Scheme 1. Covalent Capture of N,O by IMes and Reactions of
the Adduct with Lewis Acidic Transition-Metal Complexes
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N,O resulted in N—O bond cleavage with O-atom transfer to the
metal center and formation of a deprotonated hydrazone ligand.”

Intrigued by these first results, we have examined the reaction
of NHC-N,O adducts with an electron-rich, zerovalent nickel
complex. Surprisingly, we observed insertion of the metal into
the N—N bond of the N,O group. Details about this unusual
transformation are reported below.

For our investigations, we used the labile nickel(0) complex
Ni(COD), (COD = 1,5-cyclooctadiene) and NHC-N,O
adducts with mesityl or iPr substituents at the N atoms. The
addition of the NHC-N, O adducts to a suspension of Ni(COD),
in THF resulted in the formation of dark-brown/green
suspensions, from which complexes 1 and 2 could be isolated
in 47% (1) and 38% (2) yield (Scheme 2).

Scheme 2. Synthesis of Complexes 1 and 2
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Both complexes were analyzed by single-crystal X-ray
crystallography. The structural investigations revealed the
formation of dinuclear complexes featuring three-coordinate
nickel centers with terminal NO and bridging imidazolin-2-
iminato ligands (Figure 1). In both cases, Ni had inserted into the
N-N bond of the N,O group. The formation of metal nitrosyl
complexes by reactlons with X—NO compounds is well-known
for X = O and S'° but is not very common for X = N."""* In the
context of N,O chemistry, there are only a very few reports about
a metal-induced rupture of the N—N bond.> The presence of
three-coordinate nickel in 1 and 2 is also noteworthy, because
Ni(l\IIS,OIZ complexes with such a low coordination number are
rare. ™’

While the overall structures of complexes 1 and 2 are similar,
there are significant geometrical differences for the Ni,N,
fragment. For the centrosymmetric complex 2, the Ni,N, unit
is planar, whereas a bent Ni,N, group is observed for complex 1
(the planes defined by the two N—Ni—N triads intersect at an
angle of 39.1°). As a result of this bending, the Ni atoms in 1

Received: June 17, 2013
Published: August 27, 2013

dx.doi.org/10.1021/ic401524w | Inorg. Chem. 2013, 52, 11688—11690


pubs.acs.org/IC

Inorganic Chemistry

Communication

Figure 1. Top: Molecular structures of complexes 1 and 2 in the crystal.
H atoms are omitted for clarity. Bottom: Views from the side
highlighting the different geometries of the central N,Ni, unit. H
atoms and the mesityl/iPr substituents are omitted for clarity.

[Ni--Ni = 2.7573(5) A] are closer than those observed for 2
[Ni--Ni = 2.8478(16) A]. The Ni---Ni distances of 1 and 2 do
not suggest any Ni—Ni bonding.15 The lengths of the Ni—N(C)
bonds [1.9152(18)—1.9384(18) A] are comparable to those
observed for a dinculear nickel complex with bridging amido
ligands."® The nitrosyl ligands are all coordinated in a slightly
bent fashion, with Ni—N—O angles of 175.1(2)° and
169.31(19)° for 1 and of 168.6(6)° for 2. These values are
similar to those reported for other {NiNO}'® complexes.'” The
NO bond lengths of 1 [1.171(2) and 1.173 A] and 2 [1.185(7)
A] are within the expected range for Ni—NO complexes but
significantly shorter than those observed for the NHC-N,O
starting materials [1.250(2) and 1.2644(11) A7
Imidazolin-2-iminato ligands have received considerable
interest over the last years because they are highly electron-
donating ligands.l&19 Furthermore, the substituents on the N
atoms can be used to impart substantial steric bulk. The
pronounced electron-donating capabilities of imidazolin-2-
iminato ligands are due to the presence of a heterocyclic ring,
which can efficiently stabilize a positive charge (Scheme 3).

Scheme 3. Mesomeric Forms of Imidazolin-2-iminato Ligands
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Investigations with imidazolin-2-iminato ligands have mainly
focused on early-transition-metal complexes and rare-earth-
metal complexes.'®"? To the best of our knowledge, nickel
complexes with these ligands have not been reported so far. The
bridging coordination mode was already observed for some
metal complexes.”* Metal complexes with imidazolin-2-iminato
ligands often feature remarkably short M—N bonds, in particular
for metals in high oxidation states."®'® The lengths of the Ni—
N(C) bonds in 1 and 2, however, are in the typical range found
for nickel amido complexes.m’21 The C—N(Ni) bond lengths

found for complex 1 [1.281(3) and 1.273(3) A] are shorter than
that found for complex 2 [1.301(8) A].

Complexes 1 and 2 are diamagnetic, and the 'H and *C NMR
spectra are consistent with the solid-state structures. The solid-
state (Nujol mull) IR spectrum of 1 shows two NO bands at 1752
and 1774 cm ™", while only one stretching mode is observed for 2
at 1732 cm™.. The vyo values for 1 and 2 are close to those
reported for other {NiNO}"® complexes.'”

Imidazolin-2-iminates are strongly basic compounds.
Complexes 1 and 2 were therefore expected to react with
acids. Slow vapor diffusion of HCl/dioxane into a solution of 1 in
benzene produced indeed a new complex, the HCI adduct 3.
Complex 3 is more conveniently prepared by the reaction of 1
with CH,Cl,. Within 24 h, a quantitative conversion into 3 was
observed (Scheme 4). The diamagnetic complex 3 is well soluble
in common organic solvents. The presence of nitrosyl ligands is
indicated by NO bands in the IR spectrum at 1861 and 1811
em™,

1922

Scheme 4. Reaction of Complex 1 with CH,Cl,
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Figure 2. Molecular structure of complex 3 in the crystal. All H atoms
except the NH atoms are omitted for clarity.

The structure of 3 was established by single-crystal X-ray
crystallography (Figure 2). The centrosymmetric 3 contains two
tetrahedral nickel centers bridged by two chloride ligands in an
asymmetric fashion [Ni—Cl = 2.3361(7) A; Ni'—Cl = 2.4564(8)
A]. The imidazolin-2-imine ligand is bound in a monodendate
fashion with a Ni—N(C) bond length of 1.982(2) A.

In summary, we have shown that zerovalent nickel can insert
into the N—N bond of NHC-activated N,O. The products of the
reactions are unusual three-coordinate nickel nitrosyl complexes
with bridging imidazolin-2-iminato ligands. So far, there are only
a few reports about the formation of metal nitrosyl complexes by
reaction with N—NO compounds.'' From the viewpoint of N,O
chemistry, metal-induced rupture of the N—N bond is also very
rare.”® Reactions with metal complexes typically proceed via O-
atom transfer and liberation of N,. Our findings are therefore
further evidence for the unusual reactivity of NHC-activated
N,O.
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