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Graphical Abstract

Abstract. A hexanuclear nickel(11) complex, [Nig(«-HL)s(H20)s{(CH3),NCHO}]-CH3;0H-(CH3),NCHO
(1), was obtained upon reaction of NiCl, with (2)-2-(2-(1,3-dioxo-1-(phenylamino)butan-2-
ylidene)hydrazinyl)benzoic acid (HsL) in dimethylformamide-methanol mixture (1/20, v/v) at 80 °C. 1
was characterized by IR spectroscopy, elemental and single crystal X-ray diffraction analyses. Within the
molecule, the six nickel atoms are united by carboxylate bridges (from six HL?), forming a cake-like
hexagon. Each nickel is surrounded by three oxygen and one nitrogen atoms of HL* and the oxygen
atoms of water and dimethylformamide molecules.
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1. Introduction

Polynuclear metal complexes have been attracting intense interest during the last
several years. This is due to their relevance to multielectron transfer centres in
biological systems, and their unique optical, catalytic and magnetic properties (Balzani
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et al., 1996; Blondin & Girerd, 1990; Sierra, 2000; Ambrosi et al., 2008). In order to
exploit these properties, it is important to understand their origin and to be able to
regulate them through synthetic operations. The fictionalization, synthesis and use of
new organic ligands with endogenous bridging and chelating groups are of great
significance towards achieving efficient approaches to synthesizing polynuclear metal
complexes (Balzani et al., 1996; Blondin & Girerd, 1990; Sierra, 2000; Ambrosi et al.,
2008). For instance, carboxylic or sulfonic group(s) functionalized arylhydrazones of
active methylene compounds were successfully used in the synthesis of polynuclear
Na(l), Cu(ll), Zn(1l), Cd(1l) and Mn(Il), as well as heteronuclear Na(l)-Cu(ll) and K(I)-
Cu(Il) complexes (Mahmudov et al., 2013).

On the other hand, polynuclear nickel(l1l) complexes to have a large single-ion
zero-field splitting and ferromagnetic coupling can be synthesized by using
multifunctional organic ligands. Polynuclear nickel(Il) complexes containing up to four
metal ions are not rare, but assemblies with five, six and more nickel(ll) ions still
remain a matter of curiosity (Paine et al., 2003; Biswas et al., 2009). In this paper we
report a cake-like hexanuclear nickel(1l) complex, [Nig(u-
HL)s(H20)e{(CH3),NCHO}¢]-CH30H-(CH3),NCHO (1), which is obtained by reaction
of NiCl, with (2)-2-(2-(1,3-dioxo-1-(phenylamino)butan-2-ylidene)hydrazinyl)benzoic
acid (HsL) in dimethylformamide-methanol mixture (1/10, v/v) at 80°C *.

2. Results and Discussion

The reaction of NiCl, with HsL in the presence of N(CHs)s, in
dimethylformamide-methanol  mixture (1/20, v/v) at 80°C yields [Nig(u-
HL)G(Hzo)e{(CH3)2NCHO}5]CH3OH(CH3)2NCHO (l) (Scheme 1) ! 1 has been
isolated as an air-stable crystalline solid and characterized by IR spectroscopy,
elemental analysis and X-ray crystallography. The IR spectrum of 1 displays 3394 (br.)
v(H20), 2930 v(NH), 1665 v(C=0), 1542 v(C=N) lines, the peaks being significantly
shifted in relation to those of the spectrum of the free ligand (3436 (br.) v(H.0), 3240
v(NH), 1696 and 1663 v(C=0), 1599 v(C=N)) (Gurbanov et al., 2017). Elemental * and
X-ray analysis (see below) ? support the proposed formulation of 1 as a hexamer .

In the hexanuclear complex 1 (Fig.1) each nickel ion has a distorted octahedral
coordination geometry with strong bonds in the equatorial plane and weak bonds in
axial positions. The (HL)?" ligand coordinates the Ni" ion in the equatorial plane via the
carboxylate oxygen O2 and the carbonyl oxygen O1 and the deprotonated N3 of the

10.325 g (1.0 mmol) of H;L was dissolved in 10 mL dimethylformamide-methanol mixture (1/20, v/v),
then 0.130 g (1.0 mmol) of NiCl, and 0.10 mL N(C,Hs); were added. The mixture was stirred and
heated to 80 °C for 30 min and then left at room temperature for slow evaporation; green crystals of 1
suitable for X-rays started to form after ca. 5 d. Yield 39 % based on NiCl,. Anal. Calcd for
C124H143N2sNigO4g (M = 2943.61): C, 50.59; H, 4.90; N, 11.90. Found: C, 50.37; H, 4.84; N, 11.88 %.
IR (KBr): 3394 (br.) v(H,0), 2930 v(NH), 1665 v(C=0), 1542 v(C=N) cm".

2 Crystal data for compound 1 (Cyp4H143N2sNigOsg): Mr = 2943.61, MoKa radiation, 2=0.71073 A,
trigonal space group, R-1, a=28.6059(15), b=28.6059(15), ¢=16.6749(10) A, a=90, =90, y=120, Z=3,
V=11816.9(14)A%, T=296 K, pecc=1.192 Mgm= F(000)=4392, 4=0.775 mm™, R1=0.0394, wR2=
0.0877 and GOF = 1.011. CCDC-1587318 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax:
(+44)1223-336-033; or deposit@ccdc.cam.ac.uk).
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hydrazone moiety at distances of 1.996(2), 2.0049(19) and 1.995(2) A, respectively.
The equatorial plane is completed by an oxygen atom O3 of the carboxylate group from
a neighboring molecule at 2.0556(18) A. The axial sites are occupied by a water
molecule with O4 at 2.098(2) A, and a dimethylformamide molecule with O5 at
2.092(2) A. As reported in a hexanuclear nickel(1l) silsesquioxane (Bilyachenko et al.,
2016), C-H:---O and C-H:--& types of inter-and intramolecular noncovalent interactions
were found in 1. It also presents intramolecular hydrogen bond involving the NH groups
that donate to Oyeto atoms.
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Scheme 1. Schematic representation of 1

In summary, we have synthesized and fully characterized the first cake-like
hexanuclear nickel complex with an arylhyrazone of B-diketone ligand. The application
of complex 1 in catalysis and the preparation of other polynuclear metal complexes of
arylhydrazone ligands are in progress.
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Fig. 1. Molecular structure of 1. Hydrogen atoms and solvent molecules were omitted for clarity
Acknowledgements

This work has been partially supported by the Fundagdo para a Ciéncia e a
Tecnologia: (project UID/QUI/00100/2013), Portugal, and by the Baku State
University, Azerbaijan. Authors are thankful to the Portuguese NMR Network (IST-UL
Centre) for access to the NMR facility and the IST Node of the Portuguese Network of
mass-spectrometry for the ESI-MS measurements.

References

1. Ambrosi, G., Formica, M., Fusi, V., Giorgi, L., Micheloni, M. (2008). Polynuclear metal
complexes of ligands containing phenolic units. Coordination Chemistry Reviews, 252(10),
1121-1152.

2. Balzani, V., Juris, A., Venturi, M., Campagna, S., Serroni, S. (1996). Luminescent and
redox-active polynuclear transition metal complexes. Chemical Reviews, 96(2), 759-834.

3. Bilyachenko, A.N., Yalymov, A.l., Shul’pina, L.S., Mandelli, D., Korlyukov, A.A.,
Vologzhanina, A.V., Shul’pin, G.B. (2016). Novel Cage-Like Hexanuclear Nickel (II)
Silsesquioxane. Synthesis, Structure, and Catalytic Activity in Oxidations with
Peroxides. Molecules, 21(5), 665.

4. Biswas, B., Pieper, U., Weyhermiiller, T., Chaudhuri, P. (2009). Polynuclear Nickel (II)
Complexes: A Magnetostructural Study of Nill4, Nill6, and Nill9 Species with Oxime
Ligands. Inorganic chemistry, 48(14), 6781-6793.

5. Blondin, G., Girerd, J.J. (1990). Interplay of electron exchange and electron transfer in
metal polynuclear complexes in proteins or chemical models. Chemical Reviews, 90(8),
1359-1376.

6. Gurbanov, A.V., Mahmudov, K.T., Sutradhar, M., da Silva, F.C.G., Mahmudov, T.A.,
Guseinov, F.l., Pombeiro, A.J. (2017). Copper (1I) complexes with carboxylic-or sulfonic-
functionalized arylhydrazones of acetoacetanilide and their application in cyanosilylation
of aldehydes. Journal of Organometallic Chemistry, 834, 22-27.



http://www.fct.pt/
http://www.fct.pt/
http://www.fct.pt/

A.M. MAHARRAMOV et al.: A CAKE-LIKE HEXANUCLEAR NICKEL(Il) COMPLEX ...

7. Mahmudov, K.T., Kopylovich, M.N., Pombeiro, A.J. (2013). Coordination chemistry of
arylhydrazones of methylene active compounds. Coordination Chemistry Reviews, 257(7),
1244-1281.

8. Paine, T.K., Rentschler, E., Weyhermiiller, T., Chaudhuri, P. (2003). Polynuclear nickel
(1) complexes: preparation and magnetic properties of Nill4, Nill5, and Nill6 species with
ligands containing ON XN O (X= S, Se or N) donor atoms. European Journal of Inorganic
Chemistry, 2003(17), 3167-3178.

9. Sierra, M.A. (2000). Di-and polymetallic heteroatom stabilized (Fischer) metal carbene
complexes. Chemical reviews, 100(10), 3591-3638.




