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Abstract
C15H13BF9N7NiO,orthorhombic,Pnma (no.62),a=17.8513(3)Å,
b = 13.3869(2) Å, c = 8.5944(2) Å, V = 2053.83(7) Å3, Z = 4,
Rgt(F) = 0.0235, wRref (F

2) = 0.0690, T = 124(2) K.

CCDC no.: 2202391

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

The title complex (I) was obtained by modified synthetic
procedures from the reaction of [Ni(NO)(Br)(PPh3)2] [5, 6]
or [Ni(NO)(I)]n [7] with hydridotris(3-trifluoromethyl-
5-methylpyrazolyl-1-yl)borate, LoF−. To a solution of
[Ni(NO)(Br)(PPh3)2] (0.139 g, 0.201 mmol) in dichloro-
methane (10mL) was added K[LoF] (0.0996 g, 0.200mmol)
in dichloromethane (10 mL). The resulting dark-blue
solution was stirred under an argon atmosphere for 3 h,
after which the solution was filtered through Celite to
remove any undissolved powder. To the filtrate, was added
one volume equivalent of n-heptane. Recrystallisation
from this mixture, held at −30 °C, gave dark-blue crystals.
Yield: 0.0437 g, 0.0798 mmol (40%).

The second method had [Ni(NO)(I)]n as the nickel
source. Thus, [Ni(NO)(I)]n (0.164 g, 0.761 mmol) was reac-
ted with K[Lof] (0.332 g, 0.666 mmol) in acetone (10 mL).
The resulting dark-blue solution was stirred under an
argon atmosphere for 1 h. The solution was filtered off
through Celite to remove any undissolved powder. The
filtrate was evaporated under vacuum. The resulting solid
was recrystallised from ethanol/tetrahydrofuran (1:1)
at −30 °C to give dark-blue crystals. Yield: 0.178 g,

Table : Data collection and handling.

Crystal: Blue block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Rigaku XtaLAB P, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: CrysAlisPRO [], SIR [],
SHELX [], WinGX/ORTEP []
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0.325 mmol (49%). 1H NMR (CDCl3, 500MHz): δ 2.26 (s, 9H,
CH3), 6.47 (s, 3H, pz-4H).

13C{1H} NMR (CDCl3, 125 MHz): δ
12.4 (CH3), 106.0 (pz-4C), 122.5 (CF3, q, JC,F = 269 Hz), 145.0
(pz-3C, q, JC,F = 38 Hz), 145.9 (pz-5C). Anal. Calcd. for
C15H13BF9N7NiO. C, 32.89; H, 2.39; N, 17.90%. Found: C,
32.69; H, 2.35, N, 17.99%. IR (KBr, cm−1) 2564 m (νB–H),
1823 versus (νN–O).UV–Vis (CH2Cl2, λmax/nm) (εM−1 cm−1):
593 (440), 249 (13,000). The spectral details recorded for
(I) obtained from the [Ni(NO)(Br)(PPh3)2] precursor were
identical.

Experimental details

The B- and C-bound H atoms were geometrically placed
(B–H = 1.12 Å and C–H = 0.98 Å) and refined as riding with
Uiso(H) = 1.2Ueq(B) and Uiso(H) = 1.5Ueq(C), respectively.
Owing to poor agreement, one reflection affected by the

beam-stop, i.e. (2 0 0), was removed from the final cycles of
refinement.

Comment

Nitric oxide (NO) is a non-innocent ligand [8] which readily
coordinates many transition metal ions, often to form
stable NO-containing complexes [9]. Previous interest in
transition metal NO complexes led to experiments with
the anionic, sterically hindered N3-tripodal ligand, hydri-
dotris[3-(t-butyl)-5-isopropylpyrazol-1-yl]borate, hereafter
denoted as L−, where certain control over the coordination
sphere can be exerted by the relatively large t-butyl sub-
stituent [10]. In continuation of this interest, a series
complexes, namely Fe(L)(3NO−), Co(L)(3NO−), Ni(L)(3NO−)
and Cu(L)(NO.) [10]; in the Cu complex the NO ligand is
present as a radical, i.e. NO., while the other NO ligands are
functioning as a nitroxyl anion, i.e. (3NO−) [10]. Their
electronic structures were investigated byDFT calculations
and some physicochemical properties determined [10]. A
particular interest was to determine how the electronic
states of the supporting ligands can affect the properties
and reactivity of the complexes. This research led to
the synthesis of title nickel(II) complex, Ni(Lof)NO, (I),
where the tripodal ligand, LoF−, is the hydridotris(3-
trifluoromethyl-5-methylpyrazolyl-1-yl)borate anionwhich
features an electron-withdrawing CF3 substituent. The CF3
group has unique electronegativity, hydrophobicity, meta-
bolic stability and bioavailability, and is widely found in
organic molecules [11, 12]. Complex (I) was obtained by the
reaction of [Ni(NO)(Br)(PPh3)2Br] or [Ni(NO)(I)]n with K[LoF].

The molecular structure of (I) is shown in the figure
(50% displacement ellipsoids). The crystallographic
asymmetric-unit comprises half a molecule as the complex
is bisected by amirror plane. The Ni atom is coordinated by
the three N atoms of the tripodal ligand and the NO–N
atom. The Ni–N11 and Ni–N21 bond lengths [2.0121(11) and
2.0164(15) Å] are experimentally equivalent and consider-
ably longer than the Ni–N1 [1.6361(16) Å] bond; the N1–O1
bond length is 1.160(2) Å. The presence of the tripodal
ligand, with a restricted bite distance, introduces signifi-
cant distortions in the N4-coordination geometry. Thus the
range of N–Ni–N angles is substantial with the narrowest
angle being 86.28(6)°, for N11–Ni–N11i, and the widest
being 128.90(4)°, for N1–Ni–N11; symmetry operation (i): x,
1/2− y, z. The value of τ4 = [360− (α+ β)/141] = 0.73,where α
and β are the two widest angles subtended at the metal
centre [13]. The value compares with 0.00 for an ideal
square-planar geometry, 0.85 for a trigonal-pyramidal

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Ni . () . . () . ()
F . () −. () . () . ()
F . () . () . () . ()
F . () −. () . () . ()
F . () . . () . ()
F . () . () . () . ()
O . () . . () . ()
N . () . . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . . () . ()
N . () . . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . −. . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . . () . ()
C . () . . () . ()
C . () . . () . ()
H . . . .*
C . () . . () . ()
C . () . . () . ()
HA . . . .*
HBa

. . . .*
HCa

. . . .*
B . () . . () . ()
H . . . .*

aOccupancy: ..
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arrangement and 1.00 for a tetrahedral geometry. Indeed,
the value of τ4 in (I) is closest to 0.64 which corresponds to
a see-saw geometry. The Ni–N1–O1 angle is 172.42(17)°.
When viewed down the B1–Ni axis, the molecule approx-
imates three-fold symmetry.

There are two closely related nickel(II) complexes
available for comparison, namely the dimethyl L- deriva-
tive [6] and the mixed i-Pr and t-Bu L- species [5], hereafter
(II) and (III), respectively. Two independent half-molecules
comprise the asymmetric unit in (II), each disposed about a
mirror plane. In (III), where the t-Bu groups are proximate
to the nickel atom, the complex also has crystallographi-
cally imposed mirror symmetry. The values of τ4 for (II) are
0.76 and 0.75, and for (III), 0.79, both indicative of distor-
tions towards a trigonal-pyramidal geometry. The respec-
tive ranges of Ni–N(tripodal) bond lengths for (I)–(III) are
2.0121(11)–2.0164(15) Å, 1.980(3)–2.006(4) Å, and 2.026(3)–
2.024(5) Å, suggesting a trend in bond lengths (II) < (I) < (III)
which correlates with the steric bulk of the substituent
proximate to the nickel(II) centre, i.e. Me < CF3 < t-Bu. The
Ni–N(NO) bond lengths are 1.6361(16) Å, 1.619(6) & 1.617(6)
Å and 1.651(6) Å for (I)–(III), respectively, again, consistent
with steric hindrance at the metal centre.

The strong ν(N–O) band observed in the IR spectra is
very sensitive to nature of the tripodal ligands. Thus, the
ν(N–O) band (I) was measured at 1823 cm−1, which com-
pares to 1786 cm−1 in (II) and 1780 cm−1 in (III). These var-
iationsmight correlatewith theNi–N–Obondangleswhich
follow the order 172.45(17)°, 175.3(7) & 178.5(6)° and
179.1(7)° for (I)–(III), respectively. Hence, the CF3 substit-
uent leads to lower ν(N–O) by ca 40 cm−1, due to the change
in Ni–NO π bonding interaction [5, 9, 10]. Similar trends are
observed in ν(C–O) frequencies observed in a series of
copper(I) carbonyl complexes ligated by the hydrido-
tris(pyrazolyl)borate ligands [12, 14].

As indicated above, the oxidation state of the nickel
atoms in all three complex is +II, and the metal centre is in
the high-spin state. Therefore, the total spin of the Ni(II)
centre should be S = 1. However, the NMR spectra clearly
indicate that (I) is diamagnetic (S = 0). This originates from
antiferromagnetic coupling between the d-electrons of the
Ni(II) centre (Stot = 1) and the π*-electrons of the nitroxyl
anion (3NO−) (S = 1), so that, S = 1, consistent with
diamagnetic behaviour [5, 10, 15].

The molecular packing of (I) was analysed employing
PLATON [16]. The NO–O1 atom participates in two inde-
pendent C–H⋯O interactions, both with a methyl-bound
H atom derived from two different methyl groups
[C5–H5c⋯O1ii: H5c⋯O1ii = 2.52 Å, C5⋯O1ii = 3.4201(19) Å
with angle at H5c = 153° for (ii): −1/2 + x, 1/2 − y, 1/2 − z;

C10–H10c⋯O1iii: H10c⋯O1iii = 2.52 Å, C10⋯O1iii = 3.483(2)
Åwith angle at H10c = 174° for (iii): −1/2 + x, 1/2 − y, 3/2 − z].
With the application ofmirror symmetry, these interactions
extend in two-dimensions and lead to supramolecular
layers in the ab-plane which stack along the c-axis. From a
consideration of close interatomic separations, the most
directional interactions between layers to give rise to a
three-dimensional architecture are C–F⋯π(pyrazoyl)
interactions [C6–F4⋯Cg(N11, N12, C2–C4)iv: F4⋯Cg(N11,
N12, C2–C4)iv = 3.1748(11) Å with angle at F4 = 136.15(4) Å
for (iv): x, y, 1 + z].

Using standard methods [17], a surface contact anal-
ysis of the molecular packing was conducted employing
CRYSTALEXPLORER [18]. This analysis points to the obvious
prominence of H and F in surface contacts. This is reflected
in the large percentage of F⋯H/H⋯F [49.5%] contacts. H
participates in 30.4% of all other contacts, viz. O⋯H/H⋯O
[10.4%], N⋯H/H⋯N [7.9%], C⋯H/H⋯C [5.9%], H⋯H
[6.0%] and Ni⋯H/H⋯Ni [0.2%] while F participates in
19.5% of the remaining contacts which include F⋯C/C⋯F
[8.7%], F⋯F [6.9%] and F⋯N/N⋯F [3.9%]. The remaining
percentage surface contacts are due to C⋯C [0.6%].
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