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Synthesis and Crystal Structure of Trinuclear Nickel(I) Complex
with N-Acetylsalicylhydrazide and Imidazole Ligands
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(‘College of Life Science, Fujian Agriculiure and Foresiry University, Fuzhou 350002, China)
(College of Chemistry and Materials Science, Fujian Normal University, Fuzhou 350007, China)

Abstract: Employing N-acetylsalicylhydrazide (Hsashz), imidazole (imdz) as mixed ligands, a new trinuclear
nickel(Il) compound [Nis(ashz),(imdz),] -2DMF has been synthesized and characterized by elemental analysis, IR
and X-ray diffraction structural analysis. Crystal data: monoclinic, space group P2i/n with a=1.028 0(2) nm, b=
1.499 2(3) nm, ¢=1.523 1(5) nm, B=114.16(2)°, V=2.140 1(9) nm’, Z=2, D.=1.516 g-cm, u=1.372 mm™', F(000)=
1 012. In the title complex, two p,-bridged ashz’~ ligands bound to three nickel centers in a linear array. The
three nickel atoms are directly linked together by two trans diazine (N-N) bridges, with the neighboring nickel
atomic separations of 0.462(1) nm. CCDC: 902486.
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Recently, research on multidentate ligands and compounds with the trianionic pentadentate N-acyl-

their complexes has been grown and has been subject of salicylhydrazide ligands having flexible N-N single

numerous reports?. Due to their inherent coordination bonds. They have been used in the system of self-
functionalities, there has recently been a resurgence assembly in metallacrowns with different nuclearities
of interest in structural chemistry of polynuclear metal and ring-sizes based on trivalent metal ions such as
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Mn(ll), Fe(l), Co(ll) and Ga(ll) ! and a few trinuclear
complexes based on bivalent metal ions such as Ni(Il)
and Zn(ll) "7 However, among those trinuclear com-
pounds reported, the supramolecular coordination
chemistry of N-acyl-salicylhydrazide ligands with
hydrogen-bonding donor/acceptor functionalities has
rarely been reported">"".

Herein, we report the synthesis and structure of
one new trinuclear nickel complex [Nis(ashz),(imdz),] -
2DMF, in which ashz®~ ligand, imdz and DMF are N-
acetylsalicylhydrazidate, imidazole and dimethylfor-
mamide, respectively. The title complex presents a
hydrogen-bond 1D chain constructed from trinuclear

structural units with a linear Ni; arrangement.
1 Experimental

1.1 Reagents and physical measurements

The Schiff base ligand Hjashz was synthesized
according to the reported method". All starting
chemicals were of analytical grade and used without
further purification. Elemental analyses of carbon,
hydrogen and nitrogen were carried with an Elementar
Vario EL [l microanalyser. IR spectra were recorded
on a Perkin-Elmer spectrum 2000 spectrophotometer
with KBr pellets in the range of 4 000~400 cm ™.
Electronic spectra were recorded on a UV-1 900 UV/
VIS spectrophotometer using ethanol as the solvent.

Thermal analyses were performed on a TAS200

thermogravimetric analyzer, with a heating rate of 9 C

-min™" under a nitrogen atmosphere.
1.2 Synthesis of the compound [Nis(ashz),(imdz),]

-2DMF

To a mixture solution of MetOH (15 mL) and
DMF (3 mL) of Hiashz (0.1 mmol) and imdz (0.1
mmol), a methanol solution (10 mL) of NiCl,-2H,0
(0.1 mmol) was added gradually with stirring. The
resulting red solution was further stirred for 1 h and
filtered. The red crystals separated were collected
after several days. Analysis Caled. for CzHuN,OgNis
(%): C 44.25, H 4.55, N 20.08; found(%): C 44.37, H
4.46, N 20.19.
1.3 Crystal structure determination

A red single crystal with dimensions of 0.18
mm X0.25 mm x0.47 mm was selected and mounted
on a glass fiber. Crystallographic data were collected
at a Rigaku RAPID Weissengberg [P diffractometer
with graphitemonochromatized Mo Ko radiation (A=
0.071 073 nm) and the w scan mode. The structure
was solved by direct method with SHELXS-97"™ and
refined by fullmatrix least squares calculations with
SHELXL-97".
refined anisotropically. All of the hydrogen atoms

All of the non-hydrogen atoms were

were located from the geometrical calculation and

refined isotropically.  Crystallographic  data and

structure refinement data of the title complex are
listed in Table 1.
CCDC: 902486.

Table 1 Crystallographic data for the title complex

Formula CiagHuN14ONi5 F(000) 1012

Molecular weight 976.98 Orive Oue / (°) 3.09, 27.48

Crystal system Monoclinic Index range (h, k, 1) ~13-12, 1919, ~19~19
Space group P2/e No. of independent reflections 4739 (R,=0.092 1)
a/ nm 1.028 0(2) No. of observed reflections 2 798

b/ nm 1499 2(3) Parameters 280

¢/ nm 1.523 1(5) Goodness of fit on F 1.05

B/ () 114.26(2) R 0.064 8

V/ nm? 2.140 1(9) wR 0.116 8

A 2 (A/0) e 0

D,/ (g-en) 1516 Apos Ao / (e-mm) 1 065, -612

©/ mm™ 1.372

R=ZIFJ-IFINE); wR={ T [w(F=F Y ZwF )"
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2 Results and discussion

2.1 Crystal structure

As shown in Fig.1, the main fragment in the title
complex is a trinuclear nickel compound including
two u,-bridged ashz®~ ligands bound to three nickel
centers in a linear array. The three nickel atoms are
directly linked together by two trans diazine (N-N)
bridges, with the Nil---Ni2 separation of 0.462(1) nm,
Nil---Ni2---Nil' (symmetry code: ' —x, —y+1, —z) angle
of 180.0° and the Nil-N1-N2-Ni2 torsion angle of
179.4(2)°.

The central Ni2 atom is located on the
crystallographic inversion center with either of the
other two terminal nickel atoms located 0.462(1) nm
away. The Ni2 atom is six-coordinated by two
(N5, N5 in

axial positions, and the two carbonyl oxygen atoms

coordinated imidazole nitrogen atoms

(02, 02 and the two hydrazine nitrogen atoms (N2,
N2Y) from the two ashz’ groups in the equatorial

plane, conferring an elongated octahedral geometry.

All hydrogen atoms are omitted for clarity; Symmetry code: ' —x,
) 2 Y5 Dy Y B

—y+1, -z

Fig.1 Molecular structure of the title complex with 30%

thermal ellipsoids

The basal plane is ideally planar and the Ni2 atom
completely lies in the equatorial plane. The terminal
Nil atom is coordinated in a square-planar geometry
composed of the other hydrazine nitrogen NI,
carbonyl oxygen O3 and phenolic oxygen O1 of one
ashz* ligand, as well as one coordinated imdz nitrogen
N3. There is no deviation of the Nil center from the
N,O, square-plane, with the maximum and minimum
deviations from the mean plane constituted by OI,

03, N1, N3 and Nil being 0.005 9(2) and 0.000 3(2)

nm, respectively. As a result, each ashz’~ ligand is «*

(O,N)-chelated to Ni2 and «*(O, N, O)-chelated to Nil.

The selected bond lengths and angles of the title
complex are given in Table 2. On the equatorial
plane, the Ni2-O (carbonyl) and Ni2-N (hydrazide)
bond lengths are 0.206 0(3) nm and 0.206 5(3) nm,
respectively and the axial bond lengths of Ni2-N5 is
0.212 1(4) nm, which are in tht range of the Ni-N, Ni-
O bond lengths in octahedral coordination"™". In the
square-plane on the two sides, the bond lengths of
Nil-O Nil-O  (acyloxy) and Nil-N
(hydrazide) are of 0.184 1(4) nm, 0.184 4(3) nm and
0.182 2(3) nm, respectively, which are comparable to

(phenolic),

those observed in nickel (I) compounds having the
same coordinating atoms "2 The distance Nil-N
(imdz) in the square-planar coordination configuration
is 0.190 5(4) nm, consistent with the value (0.190 3(4)
nm) observed in the trinuclear nickel (Il) complex !,
The bond
comparable with the related Ni(Il) compounds!'7,

As illustrated in Fig.2 and Table 3, in the title

lengths in the ligand moieties are

Table 2 Selected bond lengths (nm) and angles (°) for the title complex

Nil-N1 0.182 2(3) Nil-01
Nil-N3 0.190 5(4) Ni2-02
Ni2-N5 0.212 1(4) 01-Cl
03-C8 0.130 9(5) N1-C7
N2-C8 0.130 2(6)

NI-Ni1-01 94.60(16) N1-Nil-03

N1-Nil-N3 173.88(19) O1-Nil-N3

02-Ni2-N2 78.09(14) 02-Ni2-N2'

N2-Ni2-N5' 90.13(15) 02-Ni2-N5

0.184 1(4) Nil-03 0.184 4(3)
0.206 0(3) Ni2-N2 0.206 5(3)
0.134 1(6) 02-C7 0.127 2(5)
0.133 0(6) NI-N2 0.140 7(5)
84.20(15) 01-Nil-03 176.51(17)
90.39(18) 03-Nil-N3 91.02(17)
101.91(14) 02-Ni2-N5' 91.93(15)
88.07(15) N2-Ni2-N5 89.87(15)

Symmetry code: ' —x, —y+1, —z.
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Table 3 Hydrogen-bond geometry for the title complex
D-H---A d(D-H) / nm d(H--A) / nm d(D---A)/ nm £ (DHA) /(%)
N4-H4B---04" 0.086 0.189 0.274 1(9) 168.0
N6-H6B---O1" 0.086 0.198 0.282 5(6) 169.0

Symmetry codes: * x+1, y, z; ¥ x—1, y, z.
complex there exist two different hydrogen bonds,
playing an important role in the supramolecular
assembly process. Firstly, there are two intermolecular
N4-H4B(imdz)--- 04 (DMF) (symmetry code: " x+1, v,
z) hydrogen bonds with the N4 --- 04" distance and
N4-H4B:-- 04" angle of 0.274 1(9) nm and 168.0° in
each [Ni;(ashz),(imdz),] molecule. At the same time,
the neighboring trinuclear nickel complex molecules
are joined into an extended one-dimensional chain
along the a axis by the N6-H6B(imdz)--- O1%(carbonyl)
(symmetry code: ™ x—1, ¥, z) hydrogen bonds with
the N6--- O1" distance and N6-H6B--- 01" angle of
0.282 5(6) nm and 169.0°. In this uniform chain-like
arrangement, Nil atom and Ni2® are bridged by a
imidazole molecular, with the Nil --- Ni2' distance
being 0.763 3(2) nm.

\f/“

//‘
/7
i

v

H atoms not involved in hydrogen bonding have been omitted;

Symmetry codes: ' —x, —y+1, —z; " xa+1, y, 23 " x-1, y, z

Fig.2 1D chain structure of the title complex along a
axis by intermolecular hydrogen bonding

interactions

2.2 IR spectra

The IR spectra of the title complex do not
display the C=0 stretch of the amide functionality
observed for the free ligand at ca. 1 650~1 678 cm™,
suggesting the deprotonation and enolization of the
CONH group and coordination to the Ni(Il) ions™?!, A
new band appearing in ca. 1 245 ¢m™ in the compound

was assigned to the v(C-O) (enolate) mode™. The

strong band at 1 611 cm™ associated with v(C=N) of
the free ligand shifts to a lower wave number
(observed at 1 597 em™) indicating the deprotonation
of the CONH groups and coordination to the Ni(Il) ion.
Furthermore, the deprotonation and coordination can
also be confirmed by the bands at 658 cm™ and 563 cm™
attributed to Ni-O bond and Ni-N bond, respectively!l.
2.3 Electronic spectra

The electronic spectra were recorded in solid
state for the free ligand and the title complex (Fig.3).
They both have absorptions locating in the range of
200~285 and 300~350 nm corresponding to n—*

[20]

and m—7* transitions™. In the complex an intense

band at ca. 379 nm is assignable to the ligand-to-

metal charge transfer (LMCT) transition",
20
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Fig.3 UV spectra of ligand and the title complex

2.4 Thermal analysis

The DSA-TGA curves of the title complex exhibit
two weight loss stages (Fig.4). The first weight loss of
14.10% occurred over the temperature range 128~164
°C with the DSA endothermic peak at 159 C,
corresponding to the removal of two unligated DMF
molecules (caled. 14.76% ). The second weight loss of
29.70% between 164 and 300 C with the DSA
endothermic peak at 274 “C and exothermic peak at
288 C may be atiributed to the loss of four
(caled. 27.87%). The

results show that the temperature is not high enough

coordinated imidazole ligands
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for the compound to lose the other part.
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Fig4 DSA-TGA curves of the title complex
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