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Abstract: The coordination compound [NiCl2L(2-PrOH)]n (where L is 2-(4-bromophenoxy)acetohydrazide;
2-PrOH is isopropanol) was obtained for the first time. The complex was characterized by means of
elemental analyses, molar conductance, thermogravimetric analysis, IR spectroscopy, and single crystal
X-ray diffraction analysis. It was determined that the coordination compound exhibits a polymeric
structure. The complexing agent is six-coordinated, and its distorted octahedron forms due to the bidentate
coordination of 2-(4-bromophenoxy)acetohydrazide through the carbonyl oxygen atom and the amine
nitrogen. The oxygen of the molecule of isopropanol, the chlorine atom, and two chlorine atoms serve as
bridges between two metal atoms.

Keywords: 2-(4-bromophenoxy)acetohydrazide; nickel(II); coordination compound; IR spectroscopy;
thermogravimetric analyses; X-ray diffraction

1. Introduction

Drugs in the hydrazide functional group are an important category within antituber-
culosis, antibacterial, antifungal, and antimicrobial pharmaceuticals [1]. Hydrazides are
considered key intermediates and valuable starting materials for synthesizing novel biolog-
ically active derivatives [1–3]. For example, hydrazide derivatives containing an aromatic
fragment exhibit antibacterial and antifungal activities, the extent of which depends on the
nature of the substituent attached to the benzene ring [2]. Benzotriazole-N-substituted ace-
tohydrazide derivatives exhibit potent antiviral activity, characterized by their pronounced
binding affinity and effective inhibition of glycoprotein B associated with Herpes Simplex
Virus-I (HSV-I) [3].

The coordination of hydrazides to biometal ions often leads to an increase in the
biological activity of compounds, as well as an expansion of its spectrum. The results of
antibacterial and antifungal bio-efficacy tests showed that the complexes of Cu(II), Ni(II),
and Fe(III) with dihydrazide of adipic acid exhibited greater effectiveness compared to
the ligand alone [4]. This is attributed to the high mobility of metal complexes, facilitating
their ability to cross the cell membrane. The chelation effect in complexes reduces the
polarity of metal ions that increase the lipophilicity of metal complexes and, ultimately,
facilitate them to cross the cell membranes. Synthesized metal complexes comprising Co(II),
Ni(II), Cu(II), and Cd(II) chlorides, as well as CuBr2, Cu(CH3COO)2, and Cu(ClO4)2, in
conjunction with the 2-(4-bromophenylamino)acetohydrazide ligand, were demonstrated
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to possess significant potential for therapeutic chemoprevention against cancerous cells,
exhibiting efficacy comparable to that of doxorubicin [5]. Both the anticancer activity
(tested on the human colorectal cancer HT29 cell line) and antibacterial effect (against both
gram-positive and gram-negative bacteria) were demonstrated for cobalt(II) and zinc(II)
complexes with thiophene-appended nicotinic acid hydrazide ligands [6]. Metal complexes
of tin, antimony, and iron were synthesized from the hydrazide derivative of ursolic acid.
Antibacterial and antioxidant activities were conducted for these complexes, revealing
that they exhibit higher potency compared to their parent compounds [7]. The presence
of electron-donating groups and transition metals was observed to enhance the biological
activities, as demonstrated by the formation of complexes of malonic acid-based hydrazide
derivatives with copper(II) and zinc(II) metals. These compounds were evaluated for their
antioxidant, antibacterial, antifungal, chymotrypsin, and tyrosinase inhibition activities,
exhibiting more effective inhibitory effects compared to standard drugs [8]. The synthesized
Ni(II) chloride complex with the 2-(p-tolylamino)acetohydrazide ligand was investigated,
demonstrating efficacy in vitro for the treatment of Eobania vermiculata [9].

Thus, the study of complexation of new hydrazides with transition metals opens
the way to the synthesis of more effective drug substances with a wide spectrum of
pharmacological action. Synthesis and investigation of diverse coordination polymers
involving 3d-metals are currently attracting significant attention, primarily attributed to
their distinctive structures and application in biosensing and biomedicine [10]. For example,
coordination polymers, such as complexes of nickel and other metals with pyridine-2,6-
dicarboxylic acid, have demonstrated antimicrobial properties [11,12].

The objective of the present work is the synthesis of 2-(4-bromophenoxy)acetohydrazide
and its complex with nickel(II) chloride, to determine their composition, and the thermal
stability and structure of the coordination compound. This is a continuation of the authors’
ongoing research into the synthesis of hydrazides, their derivatives, and the coordination
compounds of metals with potential biological activity [13,14].

2. Results and Discussion

2-(4-Bromophenoxy)acetohydrazide (L) was obtained from the corresponding ester by
reaction with hydrazine hydrate in refluxed methanol (Scheme 1). An ester precursor was
synthesized from p-bromophenol by a reaction with methyl chloroacetate.
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Scheme 1. Synthesis of coordination compound [NiCl2L(2-PrOH)]n.

The synthesized metal complex is stable, nonhygroscopic, well soluble in dimethylfor-
mamide (DMF) and acetonitrile, and moderately soluble in ethanol. The results of the molar
conductance of a 1 × 10−3 mol/L solution of the complex showed that it is a nonelectrolyte
in DMF, where λ = 6.2 Ω−1 cm2·mol−1 [15,16], so the dissociation of the complex does not
occur in this solvent. According to the results of the elemental analysis, the complex has a
molar ratio of Ni:hydrazide = 1:1.

Using the method of thermogravimetric analysis (TGA), it was established that ther-
molysis of the complex begins in the range of 80–210 ◦C (Figure 1). In this temperature
range (peak 180 ◦C, weight losses ∆m = 13.5%) of the complex, one molecule of solvated
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2-propanol is removed from the gas phase (calc. ∆m = 13.8%). At a higher temperature, the
compound undergoes oxidative thermal decomposition of the organic part of its molecule,
which is accompanied by several exothermic peaks and a significant loss of mass. The final
product of thermolysis is nickel(II) oxide.
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Figure 1. The thermal decomposition of the compound.

The bands in the IR spectra for the ligand and complex (Figure S1) were matched in
compliance with the literature data for hydrazides and their coordination compounds with
3d-metals [4,5,17,18].

The IR spectra of the ligand contain three characteristic absorption bands at 3420, 3322,
and 3205 cm−1, assignable to νas(NH2), νs(NH2), and ν(NH), respectively. Moreover, the
IR spectra have the band δ(NH2) located at 1592 cm−1 and three bands at 1698, 708, and
606 cm−1, ascribed to ν(C=O), δ(C=O), and γ(C=O), respectively.

The spectrum of the complex shows that the ligand carbonyl stretching band is re-
located to a lower frequency by 45 cm−1: ν(C=O) = 1653 cm−1. In addition, δ(C=O) and
γ(C=O) ligand bands undergo shifts by 7 and 5 cm−1, respectively. There are changes in
the position of the bands of valence vibrations νas(NH2), νs(NH2), and ν(NH) and in their
intensity after coordination with Ni(II).

The specified changes in the IR spectrum of the complex indicate the binding of
hydrazone due to the coordination of C=O and NH2 groups. This is confirmed by the
appearance of the spectrum of the complex new bands 504 and 424 cm−1, assigned to
ν(Ni–O) and ν(Ni–N), respectively.

According to the X-ray diffraction study, the coordination compound of Ni(II) with 2-
(4-bromophenoxy)acetohydrazide has a polymer structure. The polyhedron of the Ni1 atom
in the complex is a distorted octahedron. Two Cl1 atoms, located in opposite directions,
act as bridged ones between the metal atoms, leading to the formation of a polymer
chain. The Cl2 atom and the N1 atom of the hydrazide group are located in equatorial
positions, while the carbonyl oxygen atom of the organic ligand and the oxygen atom
of the isopropanol molecule occupy axial positions (Figure 2). The Ni–Cl bond lengths
vary within 2.374(2)–2.463(2) Å, while the Ni1–O3 and Ni1–O1 bonds are 2.036(5) Å and
2.065(4) Å, respectively (Table S1). The values of the O–Ni–Cl, O–Ni–N, Cl–Ni–N, and
Cl–Ni–Cl bond angles differ within 79.6(2)–96.24(18)◦ (Table S1). The molecular structure
of the ligand is in good agreement with the previously described compound of 2-(4-
bromophenoxy)propanohydrazide [19].

In the crystal phase, the complex under study forms a polymeric chain in the [001]
crystallographic direction, in which the Cl1 anion acts as a bridge between nickel cations
(Figure 3). Ligands within a chain are bound additionally by the O3–H3. . .Cl2′ (the symme-
try operation is x, 1.5 − y, 0.5 + z; the H. . .Cl distance is 2.26 Å, and the O–H. . .Cl angle is
158◦) and N1–H1A. . .Cl2′ (the symmetry operation is x, 1.5 − y, 0.5 + z; the H. . .Cl distance
is 2.73 Å, and the N–H. . .Cl angle is 138◦) hydrogen bonds. The N2–H2...Cl2′ hydrogen
bonds (the symmetry operation is 1 − x, −1/2 + y, 1.5 − z; the H. . .Cl distance is 2.49 Å;
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the N–H. . .Cl angle is 149◦) are found between neighboring chains forming layers parallel
to the (100) crystallographic plane (Figure 4).
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3. Materials and Methods
3.1. General Information

Commercially available chemicals were used without further purification: p-bromophenol
(99%), methyl chloroacetate (99%), nickel(II) chloride hexahydrate (NiCl2·6H2O, 99.9%), and
2-propanol (2-PrOH, 99.5%). Elemental analysis for C, H, and N were performed in Elemental
Analyzer CE-440 (Exeter Analytical., Inc., Chelmsford, MA, USA). The nickel content was
determined using inductively coupled plasma atomic emission spectroscopy with an Optima
8000 instrument (PerkinElmer, Inc., Hopkinton, MA, USA). Molar conductance values of the
complex was measured in dimethylformamide (DMF) at room temperature using a digital
conductometer. Thermogravimetric analysis were carried out using a Q-1500D with a heating
rate of 10 ◦C/min in air in the temperature range 20–1000 ◦C. The IR absorption spectra of the
ligand and the complex were collected from KBr pellets on FT-IR-spectrophotometers 8400S
(Shimadzu Corporation, Kyoto, Japan) and on Frontier FT-IR spectrometer (Perkin-Elmer,
Hopkinton, MA, USA) in the 400–4000 cm−1 range.

Crystal data for complex were measured on an <Xcalibur-3> diffractometer (graphite
monochromated MoKα radiation, CCD detector, ω-scanning). The structure was solved us-
ing the SHELXT [20] and refined using the SHELXL [21] programs implemented with Olex2
software [22]. Full-matrix least-squares refinement against F2 in anisotropic approximation
was used for the non-hydrogen atoms. Positions of the hydrogen atoms were located from
electron density difference maps and refined by the “riding” model with Uiso = nUeq of
the carrier atom (n = 1.5 for methyl groups and n = 1.2 for other hydrogen atoms). The
hydrogen atom of the hydroxyl group was refined using isotropic approximation.

Crystal Data: C11H17BrCl2N2NiO3, a = 18.0033(10) Å, b = 10.9202(7) Å, c = 8.6309(4) Å,
β = 100.774(5)◦, V = 1666.93(16) Å3, monoclinic, space group P21/c, Mr = 434.78, T = 294 K,
Z = 4, µ(Mo Kα) = 3.887 mm−1. In the range up to 2θ = 50◦, 13,167 reflections were
measured (2941 unique, Rint = 0.1467). The final wR2 = 0.1833 was obtained using all
reflections, and R1 = 0.0719 was calculated using 1887 reflections with I ≥ 2 σ(I), S = 1.016.

Final atomic coordinates, geometrical parameters, and crystallographic data have been
deposited to the Cambridge Crystallographic Data Centre, 11 Union Road, Cambridge, CB2
1EZ, UK (https://www.ccdc.cam.ac.uk/structures/) and are available on request quoting
the deposition number CCDC 2314158.

3.2. Synthesis of 2-(4-Bromophenoxy)acetohydrazide (L)

2-(4-Bromophenoxy)acetohydrazide (L) was synthesized following the procedure
described in [23]. Briefly, p-bromophenol (1 eq.) was dissolved in acetonitrile (30 mL), and
K2CO3 (1.2 eq.) was added to the solution. The resulting mixture was stirred at r.t. for 12 h,
followed by the gradual addition of excess methyl chloroacetate through a dropping funnel.
The resulting mixture was refluxed for 10 h. The reaction was quenched with a saturated
NaCl solution, then extracted with CH2Cl2, washed with brine, dried over MgSO4, and
concentrated using a rotary evaporator. This afforded methyl 2-(4-bromophenoxy)acetate
with an 89% yield, which was utilized for the subsequent step without further purification.
The crude ester (1 eq.) and N2H4·H2O (5 eq.) were dissolved in MeOH and refluxed for
12 h. The solvent was then removed under reduced pressure, and the product was extracted
with CH2Cl2. The combined organic layers were washed with a saturated Na2CO3 aqueous
solution, dried over Na2SO4, and concentrated under reduced pressure to yield the desired
hydrazide (83%). The physicochemical properties of the compound align with those
reported in the literature [24].

3.3. Synthesis of [NiCl2L(2-PrOH)]n

The coordination compound [NiCl2L(2-PrOH)]n was synthesized as follows: 0.305 g
(1.25 mmol) L and 0.3 g NiCl2·6H2O were added to 35 mL of heated 2-propanol. The
solution was evaporated at 70 ◦C on a magnetic stirrer for 3 h to 10 mL. After 24 h, the
resulting light green precipitate was washed with 2-propanol, separated on a Schott glass
filter, and dried in a vacuum desiccator. Yield: 62%. Single crystals suitable for X-ray

https://www.ccdc.cam.ac.uk/structures/
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diffraction were collected from the reaction medium. The calculated elemental composition
for the complex (based on single-crystal data for C11H17BrCl2N2NiO3, M = 434.76; in %):
C 30.36, H 3.91, N 6.44, Ni 13.57. Found (in %): C 30.07, H 3.79, N 6.36, Ni 13.50. Selected
IR data complex (in cm−1): 3392 νas(NH2), 3210 νs(NH2), 3165 ν(NH), 1653 ν(C=O), 1592
δ(NH2), 715 δ(C=O), 589 γ(C=O), 504 ν(Ni-O), 424 ν(Ni-N).

4. Conclusions

A novel Ni(II) complex with 2-(4-bromophenoxy)acetohydrazide was obtained and
fully characterized for the first time. It was established that the coordination compound
has a polymer structure in which chlorine atoms that are coordinated to nickel act as
bridges between two metal atoms. This compound is distinguished from previously
obtained monomeric complexes of nickel(II) with different hydrazides [5,9]. The 2-(4-
bromophenoxy)acetohydrazide demonstrates itself as a bidentate ligand, coordinating
through the carbonyl oxygen atom and amine nitrogen. The coordination number of Ni(II)
was supplemented to 6 by a chlorine atom and a molecule of isopropanol. According
to the wide range of pharmacological actions of 3d-metal complexes with hydrazides,
this work will contribute to the development and synthesis of new compounds with
biological activity.

Supplementary Materials: The following supporting information can be downloaded online. Figure S1:
IR-spectra of ligand (a) and complex (b); Table S1: Selected geometric parameters (bond lengths /Å,
bond angles/ deg) for [NiCl2L(2-PrOH)]n (Symmetry code: (i) x, −y + 3/2, z + 1/2).
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