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Abstract: Nickel joins the fairly exclusive list of metals that can
activate nitrile C—H bonds. We report the first example of the
C—H activation of an acetonitrile ligand on a nickel center. The
acetonitrile ligand formally loses a proton and undergoes a sharp
flip to give a cyanomethyl ligand that is coordinated to the nickel
atom. Structures of an initial N-bound acetonitrile—nickel complex
and of a final cyanomethyl—nickel complex are both presented.

The activation of C—H bonds has emerged as a potent tool for
the functionalization of organic molecules.* As sp*-hybridized C—H
bonds are much less reactive than most other bonds, their activation
when they are proximal to other functional groups is nontrivial.
Herein, we describe the first example of the C—H activation of a
labile acetonitrile ligand on a nickel center. The ligand formally
loses a proton and does a sharp flip to give a cyanomethyl—nickel
complex. Structural data for an initial CpNi N-bound acetonitrile
species, a final CpNi—CH,CN complex,? and some DFT calcula-
tions are presented.

Our recent research has focused on nickel Cp and Cp*
complexes with N-heterocyclic carbene (NHC) ligands. We have
described the chemistry and some aspects of the catalytic
behavior of [Ni(NHC)XCp'] (X = CI, I) complexes.® In this
context, we now report a[Ni(NHC)CICp] complex in which the
NHC ligand bears a —(CH,)sCN side-chain group on one
nitrogen atom and a mesityl group on the other. Upon treatment
with KOtBu, a C—H bond o to the nitrile group underwent an
intramolecular activation to give the nickelacyclic species 1
(Scheme 1; see the Supporting Information).

Scheme 1. Formation of Nickelacycle 1 by Activation of a C—H Bond
o to a Nitrile Group in a Side Chain Linked to the NHC Ligand
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The extension of this reaction to CH;CN was of interest, as
acetonitrile metalation to M—CH,CN complexes is not only rare
in genera (it is a challenge to selectively cleave C—H bonds in
the presence of other functional groups) but also completely
unknown for nickel species.* Such activation has been observed
virtually exclusively for group 8 and group 9 metal complexes.®
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X-ray data are also very limited for cyanomethyl complexes, and
to our knowledge, no structural data for a CH;CN complex and its
corresponding cyanomethyl derivative have been reported.

We have shown that when CHsCN solutions of the neutral
complexes [Ni{ (Mes;)NHC} CICp'] are treated with KPFg, chloride
abstraction affords the cationic complexes [Ni{(Mes;)NHC}-
(NCCH3)Cp'T[PFs ] [Cp" = Cp (2), Cp* (2*)] in high yield. The
CH3CN ligands in complexes 2 and 2* are labile3 An X-ray
diffraction study of the cation of 2, which is presented here (Figure
1), shows that the CH3CN ligand is essentially linear but that the
Ni—N bond is not perfectly collinear with this axis.

Figure 1. Molecular structure of the cation of 2. Key atoms are labeled.
Only H atoms of acetonitrile are shown (as isotropic spheres). Selected
distances (A) and angles (deg): Ni—C1, 1.902(2); Ni—N1, 1.8685(19);
C2—N1, 1.138(3); Ni—N1-C2, 174.52(19); N1-C2—-C3, 177.9(2);
N1-Ni—C1, 96.93(8).

When 2 was reacted with KOtBu, 'H NMR data indicated the
rapid, quantitative deprotonation of the CH;CN ligand. The resulting
cyanomethyl group coordinated to the nickel atom, leading to the
isolation of the neutral species [Ni{(Mes),NHC}(CH,CN)Cp] (3).
The Cp* species 2* similarly generated complex 3* (Scheme 2).

Scheme 2. Base-Promoted C—H Activation of Coordinated CH;CN

Rs Rs

c:N.--Ni* KO'Bu e i

e c
H

H3C~

\~N§ toluene / it

H 3, R=H (85%)
3*, R = Me (47%)

Spectroscopic data for 3 and 3* (see the Supporting Information)
arein accord with their proposed structures. The structure of 3 was
confirmed by X-ray diffraction (Figure 2). The transformation of
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Figure 2. Molecular structure of 3. Key atoms are labeled. Only H atoms
of the cyanomethyl ligand are shown (as isotropic spheres). Selected
distances (A) and angles (deg): Ni—C1, 1.877(2); Ni—C3, 1.961(2); C2—C3,
1.429(3); C2—N1, 1.147(3); Ni—C3—C2, 112.5(2); C3—C2—N1, 178.5(6);
C1-Ni—Cs3, 91.9(1).

the CH3CN ligand into a CH,CN group resulted in a nonlinear
Ni—C3—C2 angle of 112.5(2)°.

Much effort has targeted the C—H functionalization of arenes
and heteroarenes,® and this field is now recognized as an economi-
cally and environmentally attractive aternative to the traditional
cross-coupling reactions with organometallic reagents. The activa-
tion of C(sp®)—H bonds represents a significantly greater challenge
because of the large HOMO—LUMO gap between the C—H ¢ and
o* orbitals, and less success has been achieved here.” In particular,
C(sp®)—H bond functionalization in molecules with reactive
functional groups is somewhat restricted, as these groups are often
much more reactive toward the metal center.

The reaction mechanism has not yet been fully established. The
N-coordination of CH3CN seen in the solid state is probably strongly
favored and retained in solution, but a weaker side-bound 7-(x*-C,
«*-N) coordination mode could a priori be envisaged as a minor,
higher-energy state.® Nevertheless, preliminary density functional
theory (DFT) calculations® to investigate mechanistic details of the
reaction by screening possible intermediates indicated that a side-
bound ligand was unlikely. Indeed, all attempts to optimize a side-
bound s-coordinated CH3CN species failed, resulting instead in
the N-coordinated reagent 2. The calculations instead suggested a
two-step pathway: deprotonation of 2 to yield an intermediate with
an N-coordinated H,C=C=N ligand (4, Scheme 3) followed by a

Scheme 3. DFT-Calculated Energy Balance for the Reaction
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ligand flip from the N- to the final C-bound species. The calculated
energiesindicated that both steps are thermodynamically favorable.

The recent disclosure of Ni(ll)-catalyzed C—H arylations of
arenes and heteroarenes in the presence of tBuO™ as a base™® hints
at the growing potential for use of nickel species (as opposed to

more expensive palladium or ruthenium species) in transition-metal -
catalyzed C—H bond functionalization.

C—H bonds a to other functional groups can also be activated
at Cp'Ni(NHC) centers. Our recent results show that a-C—H bonds
of ketones are activated to give [Ni(NHC){ CH,C(O)R} Cp] spe-
cies.™ We continue to investigate the scope and breadth of these
activation reactions.
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