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Abstract—The recrystallization of complex [Nig(OH)(Piv) ,(HPiv)4] (Piv™ is anion of trimethylacetic acid)

from a THF—MeCN (6 :

1) mixture gives a new hexanuclear compound of nickel(II): [Nig(us;-

OH),(Piv),o(THF),4]. Its structure (CIF file CCDC no. 1579976) exhibits rare examples of coordination of

the w,-THF and u,-Piv ligands.
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INTRODUCTION

It is known that the formation of the polynuclear
carboxylate structures [1] in which the metal frame-
work is formed due to various coordination modes of
bridging carboxylate groups, as well as aqua, hydroxo,
and oxo groups, is fairly typical of the synthesis of car-
boxylate complexes of 3d metals in the oxidation state
+2, although the structures of these molecules sub-
stantially vary and the content of metal centers in them
can range from two to very high values if speaking
about the coordination carboxylate polymers [2—4].
Coordinated or solvate water molecules, as well as
hydroxy or oxo groups strongly incorporated into the
metal framework of carboxylates, are often met in
these compounds. The origin of aqua, hydroxo, or oxo
ligands is explained, as a rule, by the presence of water
molecules in the starting salts of 3d metals and by the
use of incompletely dehydrated organic solvents,
although the application of similar solvents, in some
cases, makes it possible to synthesize polynuclear car-
boxylates containing no coordinated or solvate mole-
cules of water and its deprotonated forms [5—7].

As for the nickel(II) pivalate complexes, the sim-
plest polynuclear structure formed by the reactions of
nickel solvate salts with pivalates of alkaline metals is
the binuclear complex [(HPiv),Ni,(Piv),(u-H,O)(u-
Piv),] containing the bridging water molecule along
with the bridging anions of pivalic acid (Piv™) [8].
However, in this case, water can easily be removed by
boiling of the complex in decane, resulting in the
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extention of the metal framework and formation of the
cyclic hexanuclear cluster [Nig(l-Piv)e(U;-Piv)] [6].
Unlike the binuclear nickel complex, the nonanuclear
hydroxopivalate complex [Nig(OH)4(Piv),,(HPiv),]
[9] does not lose the bridging OH groups during
recrystallization from hexane but readily degrades
to binuclear compounds under the action of organic
N-donors, for example, pyridine [9, 10], or to clusters
with 6—8 nickel(II) atoms under the action of pyra-
zolate-containing nitroxides [11].

The relative stability of particular fragments of the
hydroxopivalate metal framework is also observed on
reflux in ethanol of the nonanuclear complex
[Nig(OH)4(Piv),,(HPiv),]. In this case, the tetranu-
clear molecule [Nis(OH),(Piv)s(EtOH)4] was obtai-
ned [12]. These processes show an evident transforma-
tion of the metal framework and also different coordi-
nation modes of some bridging carboxylate groups,
which are likely “tuned” to the geometric characteris-
tics of the metal hydroxide matrix formed under these
or other reaction conditions.

In this work we present the results of studying the
transformation of the metal framework of the nonanu-
clear hydroxide—pivalate compound [Nig(OH)e-
(Piv) ,(HPiv),] (I) in the course of standard recrystal-
lization from a THF—MeCN (6 : 1) mixture to form a
new hexanuclear nickel(IT) complex [Nig(u;-OH),-
(Piv),((THF),] (II) containing THF and Piv- mani-
festing rare types of bridging binding.
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EXPERIMENTAL

All procedures associated with the synthesis of new
complexes were carried out in air using commercially
available tetrahydrofuran (reagent grade) and acetoni-
trile (reagent grade). The starting complex I was syn-
thesized using a known procedure [11]. Elemental
analysis was conducted on a Carlo Erba C,H,N ana-
lyzer.

The IR spectrum of the compound was recorded
on a PerkinElmer Spectrum 65 FTIR spectrometer by
the attenuated total internal reflection (ATR) method
in a frequency range of 400—4000 cm—.

Synthesis of [Niz(OH),(Piv),,(THF),] (II). Tetra-
hydrofuran (5 mL) was added to a solution of
complex I (0.5 g, 0.22 mol) in MeCN (30 mL). The
obtained light green solution was concentrated to
7 mL on heating (40—50°C) and kept at 5°C. Green
crystals suitable for X-ray diffraction analysis precipi-
tated from the solution in 24 h. The crystals were
washed with cold (—5°C) MeCN and dried in air. The
yield of complex II was 0.15 g (26%) based on the ini-
tial amount of [Nig(OH)(Piv) ,(HPiv),]).

For CgsH 124026 Nig
Anal. calcd., %
Found, %

C, 47.0
C,47.1

H,74
H, 7.6

IR (v, cm™"): 3291 w, 2920 m, 2851 w, 1717 w, 1556 s,
1404 s, 1347 m, 1321 m, 1178 m, 1038 s, 918 m, 869 m,
794 m, 671 s, 633 s, 578 m, 561 m, 510 m, 490 w,
470 m, 440 w, 431 w, 422w, 412 m.

The X-ray diffraction analysis of a crystal of com-
pound II was carried out on a Bruker P4 diffractome-
ter (MMoK,) = 0.71073 A, graphite monochromator,
o scan mode, size of scan increment 0.3°, time of
frame measurement 30 s). An absorption correction
was applied semiempirically  (Tin/Tmax =
0.633/0.843) [13]. The structures of the synthesized
compounds were solved by direct methods and refined
by full-matrix least squares in the anisotropic approx-
imation using the SHELXL.-2014/7 program package
[14]. The hydrogen atoms in the ligands were calcu-
lated geometrically and refined by the riding model.
The fert-butyl substituents at the carboxylate groups
were determined with allowance for disordering. The
positions of the methyl carbon atoms in the {CMe;}
fragments were localized from the difference Fourier
synthesis (the site occupancies of the atoms at C(2)
were 0.63(2) and 0.37(2), and those at C(7) were
0.57(2) and 0.43(2)). The crystallographic parameters
and details of structure refinement for complex II at
T=293(2) K are the following: CgsH,,0,cNig, M,, =
1685.90 g/mol, orthorhombic crystals (light green
parallelepipeds), 0.37 x 0.24 X (.17 mm, space group
Pbca, a = 19.047(4), b = 20.174(5), ¢ = 22.267(4) A,
V=8557(3) A3, Z=4, peaea = 1.309 g cm™3, p =
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1.360 mm™, 1.73° <0 <25.00°, segment of sphere 0 <
h<21,0<5k<23, -26</< 14, 6988 measured reflec-
tions, 2911 reflections with 7 > 2.06(/), R, = 0.023,
GOOF = 0.89, R, (I > 26(1)) = 0.082, wR, ({ >
26(1)) = 0.226, R, (all data) = 0.200, wR, (all data) =
0.322.

The coordinates of atoms and other parameters for
structure II were deposited with the Cambridge Crys-
tallographic Data Centre (CIF file CCDC
no. 1579976; deposit@ccdc.cam.ac.uk or http://www.
ccdc.cam.ac.uk/data_request/cif).

RESULTS AND DISCUSSION

The dissolution of [Nig(OH)4(Piv) ,(HPiv),] (I) in
a THF—MeCN (6 : 1) mixture followed by heating to
40—50°C, concentrating, and crystallization at 5°C
resulted in the isolation of new hexanuclear
complex II.

According to the X-ray diffraction data, in the crys-
tal of complex II the inversion center is arranged
between the Ni(1), Ni(3) and Ni(14), Ni(34) atoms
(Fig. 1a). The hexanuclear molecule of the complex
represents two triangular Ni;(OH) fragments linked by
two u,-O,CR groups and two bridging THF mole-
cules. In the central moiety of the molecule of the
complex, Ni(1)Ni(3)Ni(14)Ni(34) in which the metal
atoms are localized at the vertices of the rectanile
(Ni(1)---Ni(3) 2.998(2), Ni(1)--Ni(34) 3.522(2) A)
the u,-carboxylate groups are arranged from two sides
of the plane. The bridging THF molecules bind the
pairs of atoms Ni(1)Ni(34) and Ni(3)Ni(1A4), and the
bridging OH groups link the pairs of atoms Ni(1)Ni(3)
and Ni(14)Ni(34). The eight-atom cycle of nickel
atoms and oxygen atoms of the OH groups and THF
molecules is planar (Fig. 1b). The pairs of atoms
Ni(1)Ni(34) and Ni(3)Ni(14) are bound by three
bridging oxygen atoms. Their coordination polyhedra
have the common face, which decreases the M---M
distance compared to Ni(1)*Ni(34) by more than
0.5 A (Fig. 1c). In the triangular fragment, the pairs of
metal atoms Ni(1)Ni(2) (3.363(2) A) and Ni(2)Ni(3)
(3.359(2) A) are bound by the OH group and two
u,-O,CR groups. Thus, the polyhedra of the nickel(IT)
atoms in the triangular fragment Ni(1)Ni(2)Ni(3) are
conjugated by the vertices only. The coordination of all
metal atoms is octahedral (NiOg). The coordination of
the Ni(2) atom is built-up by the oxygen atom of the
THF molecule bound via the monodentate mode.
The bridging oxygen atom of the w;-OH group is
arranged in the plane of the triangular Ni;O fragment,
but the thermal ellipsoid of the O(1M) atom is
extended along the axis (Fig. 1b) perpendicular to the
Ni;O plane. This assumes that the atom of the OH
group can shift from the Ni; plane at the both sides
with close probabilities, and the absence of potential
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Fig. 1. (a) Molecular structure, (b) central fragment Niy, and (c) representation in polyhedra of complex II. For (a) and (b), ther-
mal ellipsoids with 30% probability (hydrogen atoms and methyl groups are omitted).

acceptors of the hydrogen atom of the OH group does
not stabilize one of two positions.

The p,-bridging coordination mode is observed for
two carboxylate groups in compound II as well as in
the starting complex I. The y,-bridging function of the
carboxylate anion in the complexes of 3d transition
metals is fairly rare, for example, in the polynuclear
carboxylate structures with Fe [15], Mn [16, 17], Co
[18, 19], Ni [11, 20], Cu [21, 22], and Zn [23] atoms.
About 100 examples of 3d-metal complexes with this
coordination mode of the carboxylate group are
known. In addition, another rare bridging ligand is
involved in the formation of the metal framework of
compound II: THF molecule. A few structures with
the bridging coordination of a THF molecule are
known for polynuclear 3d-metal complexes: the com-
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plexes of Ti [24], Fe [25], Co [26—29], Cu [30-32],
and Zn [33—35]. This coordination mode of THF is
most probable under the conditions of deficient of
other donor ligands in the composition of the com-
plexes.

To conclude, when using a THF—MeCN (6 : 1)
system in the syntheses of numerous carboxylate com-
plexes, we observed the incorporation of molecules of
these solvents into the compounds ifany and, as a rule,
in the form of solvate molecules. Water or its depro-
tonated forms and/or oxygen atoms of carboxylic
acid or its anion usually acted as a bridging or terminal
O-donor ligand. The preparation of the above consid-
ered compound illustrates the following: if a stable
polynuclear complex exists, its composition can be

No.10 2018



588

GOGOLEVA et al.

rather unexpected upon the formation from a multi-
component system.
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