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The reaction of Ni(OAc), with N'-[1-(2-pyridyl)
ethylidenejmorpholine-4-carbothiohydrazide (HL) afforded two
nickel(Il) complexes, [Ni(L),] (1) and [Ni(L)(OAc)] (2),
depending on reaction temperature and starting molar ratio; the
former was a 6-coordinate, paramagnetic complex and the latter a
4-coordinate, diamagnetic complex. X-ray analysis of the
complex 2 revealed that the ligands, L and OAc, were coordinated
to the central metal ion to form a square-planar geometry. The
complex 2 showed enhanced antimicrobial activities against
selected Gram-positive bacteria, compared with those of the
ligand alone, whereas the other complex 1 showed no activity.

Heterocyclic thiosemicarbazones, as well as their metal
complexes, are an important series of compounds as they possess
potentially beneficial, biological activities, such as antitumor,
antibacterial, antiviral, antifungal, and antimalarial properties. !
The thiosemicarbazones are also versatile ligands which can
coordinate to the metal either as a neutral tridentate ligand HL or
as a deprotonated ligand L through the sulfur and two nitrogen
atoms.” In our continuing studies of the relationship between the
biological properties and structures of metal complexes, we found
that two novel nickel(IT) complexes 1 and 2 were formed from
the same starting materials: Ni(OAc), and HL. These two
nickel(II) chelates with a common thiosemicarbazone ligand gave
more informative views to such a relationship, compared with the
studies of the previously reported, nickel(IT). complexes, * by the
unequivocal characterization and the biological test using the wide
range of organisms in this work. Herein we report the synthesis
of these nickel(IT) complexes and the characterization by elemental
analysis, solid FT-IR, magnetic susceptibility measurements,

UV-VIS absorption spectra and NMR (‘H and **C) measurements.

We describe the molecular structure of 2 determined with a
single-crystal X-ray analysis. Also reported are antimicrobial
activities of the two nickel(II) complexes and those of the ligand
alone, evaluated by MIC (minimum inhibitory concentration:

ug/mL), against the wide range of organisms.
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Figure 1. N'-[1-(2-pyridyl)ethylidene Jmorpholine
4 carbothiohydrazide (HL).

The ligand, HL, was prepared according to the literature.* To
a solution of 1.24 g (5 mmol) of [Ni(OAc),]*4H,0 dissolved in
30 mL ethanol was added 2.64 g (10 mmol) of the ligand (HL) in
30 mL CHCI, with stirring for 3 h at room temperature. From the

mixture, ocher powder 1 was obtained by filtration through a
membrane filter (0.2 um) in 2.22 g yield (76%).> The complex 1
was readily soluble in CHCI,, soluble in DMSO, slightly soluble
in Et,0, MeOH, CH,CN and H,0. The magnetic susceptibility
at 23 °C measured by Gouy method showed p, = 3.02 BM,
indicating that 1 was paramagnetic due to two unpaired electrons.
The elemental analysis of 1 revealed the composition with Ni": L
= 1 : 2 ratio. These results exhibit a 6-coordinate, octahedral
geometry for 1, [Ni(L),]-

To a solution of 1.24 g (5 mmol) of [Ni(OAc),]-4H,0
dissolved in 30 mL ethanol was added 1.32 g (5 mmol) of HL in
30 mL CHCI,. The mixture was refluxed for 3 h, then cooled to
room temperature, followed by filtering through a membrane filter

Figure 2. Molecular structure of complex 2. Solvated molecule is omitted
for clarity. (thermal ellipsoids at 50% probability level). The selected bond
distances(A) and angles(’) are follows; Ni-O2 1.903(4), Ni-N1 1.913(5), Ni-N2
1.845(4), Ni-S1 2.151(2), C5-C6 1.458(8), C6-C7 1.492(7), C6-N2 1.314(6),
N2-N3 1.357(6), N3-C8 1.322(6), C8-S1 1.758(6), C8-N4 1.341(7), 02-C13
1.257(7), 03-C13 1.239(7), C13-C14 1.496(8). O2-Ni-N1 96.0(2), O2-Ni-
S1 93.0(1), N1-Ni-N2 84.2(2), N2-Ni-S1 86.7(2), C5-C6.N2 112.9(6), C5-
C6-C7 123.6(6), C6-N2-N3 118.0(5), N2-N3-C8 110.9(5), N3-C8-51 122.2(5),
N3-C8-N4 118.8(5).
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Table 1. Antimicrobial activities of nickel complexes and ligand
evaluated by MIC

Test organisms MIC

HL 1 2
Staphylococcus aureus 250 >1000 313
Bacillus subtilis 125 1000 31.3
Pseudomonas aeruginosa 125 >1000 >1000
Escherichia coli 250 >1000 1000.
Saccharomyces cerevisiae 313 >1000 500.
Candida albicans 313 >1000 1000.
Aspergillus niger 125 >1000 >1000.
Penicillium citrinum 125 >1000  >1000.

* Minimum inhibitory concentration (ug/mL).

(0.2 um). The clear filtrate was slowly evaporated. About a few
weeks later, dark-red crystals 2° suitable for X-ray analysis were
obtained in 0.97 g yield (51%). From the starting solution
without refluxing, 1 was obtained in 0.75 g (26%) yield, and
from its filtrate 2 was isolated in 0.42 g (22%) yield. Thus, the
formation of 1 and 2 is strongly depending on the molar ratio and
the reaction temperature, respectively. The complex 2 was readily
soluble in CHCI,, slightly soluble in DMSO, MeOH, CH,CN,
and H,O, but insoluble in Et,O. In contrast to 1, the p,; value for
2 at 23 °C estimated by Gouy method was 0.26 BM, i.e., it was
diamagnetic. The electronic absorption spectrum in visible region
for 2 in CHCL, showed one weak and two intense bands,® which
correspond to those of other planar nickel(I) complexes. 'H and
*C NMR spectra for 2 also supported it was diamagnetic. In 'H
NMR spectrum, the signal from the ethanol used in the
preparation was also observed. The solution for 'H NMR
measurement, prepared using the crystals standing at room
temperature for several months, showed much smaller intensity of
EtOH signals. This indicated that the ethanol solvated in the
crystal was volatile. The full elemental analysis of 2 revealed the
composition with L : OAc : Ni" = 1:1 : 1 ratio.

The crystal structure of 2 was determined with X-ray
analysis.” The molecular structure of 2 with partial atoms labeling
scheme is shown in Figure 2. The deprotonated
thiosemicarbazone as a tridentate ligand coordinates to nickel(II)
via the pyridyl nitrogen N1, the azomethine nitrogen N2, and the
thiolato sulfur atom. From the bond angles around nickel(II), the
molecular structure of 2 is described as square planar geometry,
consistent with the magnetic susceptibility measurements. The
distances of Ni-S, Ni-N, and Ni-O are comparable to those of
nickel compounds derived from other thiosemicarbazones.® In
comparison with bond distances of 2-acetylpyridine N4-
substituted thiosemicarbazones ligands:** C5-C6 in the complex 2
is shorter (1.458(8) vs 1.48), C6-N2 is longer (1.314(6) vs 1.27),
N2-N3 is shorter (1.357(6) vs 1.36) , C8-N4 is shorter (1.341(7)
vs 1.46).

Antimicrobial activities (Table 1) of the ligand and the two
nickel complexes were estimated by MIC, as usual.® The complex
1 did not inhibit the growth of the test organisms. On the contrary,
2 showed enhanced activites against selected Gram-positive
bacteria (S. aureus and B. subtilis), compared with those of the
ligand alone. The inhibition by 2 against Gram-negative bacteria
(E. coli and P. aeruginosa), yeasts (S. cerevisiae and C. albicans),
and molds (A. niger and P. citrinum) was not high. In antifungal
studies with *N-dialkyl thiosemicarbazones, octahedral complexes
did not show higher activities than those of planar complexes.®
Similar tendency was seen in our antimicrobial studies with 1 and
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2. The differences observed in antimicrobial activities of 1 and 2
should reflect the difference in their molecular structure.

In conclusion, the reaction of Ni(OAc), with HL afforded two
different chelates, 1 and 2, depending on the reaction temperature
and the starting molar ratio. The 4-coordinate, planar complex 2
inhibited growth of selected Gram-positive bacteria, but the 6-
coordinate, octahedral complex 1 did not. These antimicrobial
activities are significantly influenced by the molecular structure of
the complex, despite the fact that the two chelate compounds
comprise the common thiosemicarbazone ligand.
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