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The synthesis and characterization of the two homoleptic mono-
nuclear nickel complexes (2,6-Dipp2CsHsNH)2Ni (1) and [2-C(H)-
NDippCesH4NH]:Ni (2) (Dipp = 2,6-PrCgHs) are described. 1 is
formally two-coordinate and adopts a strictly linear geometry, while
2 features a slightly distorted square-planar geometry. Electro-
chemistry of 1 and 2 shows that they can be reduced to the
corresponding nickel(l) species and oxidized to the corresponding
nickel(lll) species reversibly or quasi-reversibly. A solid-state
magnetic measurement (uer = 2.79 ug) for paramagnetic 1
indicates the presence of two unpaired electrons on the nickel
center.

Late-transition-metal amido complexes have been pro-
posed as important intermediates in many catalytic and
organic reactions because of their relatively labile M—N
bonds.! In order to understand the factors that control the
nature of M—N bonds, a number of monomeric nickel
complexes with amido functionalities have been synthesized
and structurally authenticated.>® These nickel amides are
mostly stabilized by employing either a soft donor such as

phosphines or chelating st-type ligands. In contrast, homo-
leptic mononuclear nickel amido complexes remain ex-
tremely rare. The paucity may be related to the incompat-
ibility of “hard” amido groups bonded to “soft” late transition
metals’ and the propensity for amido groups to form
intermetallic bridges.® Nonetheless, the use of multiple
dentate and bulky amido ligands has allowed the isolation
and structural characterization of several homoleptic mono-
nuclear amido species.” In particular, Power and co-workers
have shown that two-coordinate, homoleptic nickel amides
can be obtained by employing arylamido ligands with an
electronically unsaturated boryl substituent to accept the lone
pair of electrons on the nitrogen and prevent nitrogen
bridging.'’

Given the unique reactivity of nickel imides,'' we are
interested in the investigation of nickel complexes with
primary amido ligands as imido precursors via oxidation
followed by abstraction of the hydrogen atom from the amido
moieties.? Several nickel primary amido complexes supported
by phosphine and -diketiminato ligands and the Cp family
of ligands are known.> %! However, to the best of our
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Figure 1. ORTEP representation of the X-ray structure of 1. Hydrogen
atoms and the disordered C30” and C30"* have been omitted for clarity
(only the hydrogen atoms on N1 and N1* are shown). Thermal ellipsoids
are drawn at 30% probability. Selected bond lengths (A) and angles (deg):
Nil—NI 1.818(3), Nil—C7 2.680, C1—N1 1.392(5), C2—C7 1.510(5),
C6—C19 1.481(7), NI—Nil—=NI1* 180.0(3), CI—N1—Nil 128.2(3).

knowledge, homoleptic, quasi-two-coordinate nickel primary
amides have not been reported. Herein we report the
synthesis and characterization of the homoleptic nickel
amides with the bulky terphenyl primary amido (2,6-
Dipp,C¢H3NH)™ and the imine amido [2-C(H)NDippCe-
H4NH]™ ligands.

The reaction of NiBry(DME) with 2 equiv of 2,6-
Dipp,C¢HsNHLi and 2-C(H)NDippC¢H4NHLI in tetrahy-
drofuran (THF) at room temperature afforded the air- and
moisture-sensitive blue crystals (2,6-Dipp.CsH3NH):Ni (1)
and red crystals [2-C(H)NDippCsH4sNH],Ni (2), respectively.
Compounds 1 and 2 are thermally robust and have been
characterized by NMR and IR spectroscopy, elemental
analysis, and X-ray single-crystal analysis.

The molecular structure of 1 is shown in Figure 1 with
relevant bond parameters.'? Its structure has crystallographi-
cally required Cy, symmetry. The C1—N1—Nil—=N1*—C1*
fragment is exactly coplanar, and notably the N—Ni—N
moiety is strictly linear (N1—Nil—N1* = 180°). There are
only a handful of structurally characterized linear, homo-
leptic, two-coordinate open-shell (d'—d°) transition-metal
complexes, namely, M[C(SiMe3);], (M = Mn, Fe)'*'* and
(2,6-Ar,C¢H3S),M (M = Cr, Mn and Ar = 2.4,6-Pr3CsHa;
M = Fe and Ar = 2,6-Me,C¢H3)."> To our knowledge,
complex 1 is the first example of two-coordinate nickel(II)
complexes with an exactly linear geometry.'®'>* The Ni—N
bond length of 1.818(3) A in 1 is shorter than those in
Ni[N(Ph)BMes;], [1.885(4) A (av)] and Ni[N(Mes)BMes,],
[1.866(2) A (av)] (Mes = 2,4,6-MesCq¢H,)'* and represents
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the relatively short distance among nickel amides.” *%!!

However, it is longer by ca. 0.11 A than that observed in
the terminal imidonickel(IT) complex (PBu’,CH,CH,PBu’,)-
NiNDipp [1.702(2) A].3 The C1—N1 bond length of 1.392(5)
A indicates little electron delocalization from the aryl group
to the C—N single bond. The relatively close Nil++-C7
(2.680 A) distance as compared to the van der Waals contact
(3.4 A for Ni-++C)'® indicates the existence of the Ni—arene
interaction'®!'>'7!8 between the metal center and the ipso
carbon of one of the flanking Dipp rings on the ligand,
resulting in a slight lengthening of the C2—C7 bond by 0.029
A compared to the C6—C19 bond. Because of the Ni+ + - C(ipso)
interaction, a distortion of 9.4° from the coplanar geometry
is observed between the C2—C7 bond and the plane of the
interacted Dipp ring. The weak interaction may be attributed
to the bulkiness of the flanking Dipp rings.

Compound 1 is paramagnetic, as indicated by its abnormal
NMR shifts. A solid-state magnetic measurement for 1 at
290 K gave the u.s value of 2.79 ug, indicating that 1 features
a high-spin configuration with two unpaired electrons, which
is likely caused by the relatively weak ligand field consider-
ing the quasi-two-coordinate geometry of 1.'° The value for
the magnetic moment is close to the spin-only value,
suggesting the possibility that the Ni+++C(ipso) interactions
in the linear complex 1 are sufficient to essentially quench
the orbital contribution to the magnetic moment.

Single crystals of 2 were obtained from toluene. The
structure is shown in Figure 2."” Compound 2 has a crys-
tallographically required C, symmetry and adopts a slightly
distorted square-planar geometry (dihedral angles of N1—
Nil—N2 and N1*—Nil —N2* = 8.3°). The primary amido
groups reside trans to each other, and the N1—Nil—NI1*
angle in 2 is close to linear [176.23(12)°]. This geometry is
in sharp contrast to the known bis(amidoimine)nickel com-
plexes, which adopt a tetrahedral geometry around the metal
center probably because of the steric demand of the N-
substituted group on the aniline fragment.”* Compared to
the Ni—N(amido) [1.9141(19)—2.001(2) A] and Ni—N(imine)
[1.960(2)—2.049(4) A] bonds in previously reported bis(a-
midoimine)nickel complexes,”! complex 2 shows the shorter
bonds of 1.857(2) and 1.926(2) A, respectively. Consistent
with the high coordination number of 2, the Ni—N(amido)
bond length is longer than that in 1.

A solution of complexes 1 and 2 in toluene shows
significant absorptions in the UV —vis region. The highest
energy bands may be attributed to ligand-to-metal charge-
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Figure 2. ORTEP representation of the X-ray structure of 2. Hydrogen
atoms have been omitted for clarity (only the hydrogen atoms on N1 and
N1* are shown). Thermal ellipsoids are drawn at 30% probability. Selected
bond lengths (A) and angles (deg): Nil—NI1 1.857(2), Nil—N2 1.926(2),
N1—Nil—N2 89.70(9), NI—Nil—N1* 176.23(12), N1—Nil —N2* 90.55(9),
C1—NI1—-Nil 131.62(17).

Table 1. Redox Potentials (vs Fc/Fc™) and Reversibility Data of 1 and
2 from Cyclic Voltammetry“”

Nill/N!T Nil/Nill

complex E* (V) AE, (mV) iplipag E* (V) AE, (mV) ipclipa
1 0.176¢ 59 054 —1.718 73 1.03

2 —0.027 78 095 —2.465 80 1.15

“In solutions of THF using n-BuyNPFs (0.1 M) as the supporting
electrolyte and a scan rate of 100 mV s~1. ® For reversible one-electron
processes, the potentials were taken as the half-wave potentials. “ For a
quasi-reversible wave, the anodic peak potential is given.

transfer phenomena owing to their high absorption coef-
ficients. The well-defined internal transitions within the Ni
d orbitals in 1 and 2 with medium absorption coefficients
are observed as characteristic broad bands at 778.5 and 495
nm, respectively.!%1820

The electrochemistry of complexes 1 and 2 in THF has
been studied by cyclic voltammetry, and the electrochemical
data are summarized in Table 1. These two nickel complexes
featured two important electrochemical processes: a one-
electron reduction attributed to the Ni'/Ni" redox couple and
a one-electron oxidation attributed to the Ni'"/Ni™ redox
couple,®’ which are fully reversible for 2, and the second
process of (2,6-Dipp.C¢H3;NH),Ni" to [(2,6-Dipp,CsH3-
NH),Ni"]* is quasi-reversible for 1 (AE, = 59 mV, ip/ip,
= 0.54; Figure 3). When the electrochemistry of 1 was
measured at low temperature (—20 °C) or with different scan
rates (20—1000 mV s71), the quasi-reversible one-electron-
oxidation wave was still maintained. Compared to the Nil/
Ni"™ and Ni"/Ni™ redox potentials of 1, 2 has more negative
redox potentials, indicating that the stronger donation ligand,
[2-C(H)NDippC¢H4NH]~, makes the resulting metal complex
more electron-rich. In contrast, the square-planar nickel(II)

(20) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 4th ed.;
John Wiley and Sons: New York, 1980.

(21) The free ligands 2,6-Dipp,CsH3NH, and 2-C(H)NDippCsH4NH,
showed no electrochemical activity when they were studied by cyclic
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for 1 and 2.
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Figure 3. Cyclic voltammograms at 25 °C of 1 mM solutions of 1 (solid
line) and 2(dashed line) in THF containing 0.1 M n-BusNPFg as the
supporting electrolyte at a scan rate of 100 mV s,

complex [2-C(H)NHC¢H4sNH],Ni has different electrochemi-
cal behavior, which shows two well-defined oxidation waves
and a irreversible reduction wave at +0.28, +1.10, and —1.14
V (vs saturated calomel electrode in N,N-dimethylforma-
mide), respectively.”” The known square-planar nickel(IT)
complexes bearing a dianionic amide-based tetradentate
ligand display a reversible or a quasi-reversible one-electron
oxidation attributed to the Ni''/Ni' couple; in some cases at
least one more positive irreversible oxidation wave attributed
to the irreversible ligand oxidation, and no reduction waves
were observed in the studied range of potential >*~>

In summary, the first formally two-coordinate nickel amide
with an exact linear geometry has been synthesized and
structurally characterized. This compound, along with 2, has
a reversible or a quasi-reversible redox potential. Chemical
reduction and oxidation of the two compounds are currently
under investigation.
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