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Abstract: The bis(N′-(3-chlorobenzoyl)isonicotinohydrazide)iron(III) complex was synthesised from
N′-(3-chlorobenzoyl)isonicotinohydrazide and iron(III) metal by reflux in an ethanol solution. The title
compound was characterised by Fourier-transform infrared spectroscopy (FTIR) spectroscopy,
differential thermal analysis/thermogravimetric analysis (DTA/TGA) and UV-visible spectroscopy.
The results indicate that coordination of the iron(III) ion to the ligand increased its thermal stability.
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1. Introduction

Hydrazide is an organic compound with a core hydrazine functional group and at least one
hydrogen atom replaced by a substituent containing an acyl group. There is increasing interest among
researchers in the development of hydrazide compounds, as they have been demonstrated to have
a range of activities including antituberculosis [1], anticancer [2], analgesic, anti-inflammatory [3],
anti-human immunodeficiency virus (HIV) [4], antidiabetic [5] and antimalarial [6] effects.

One of these hydrazide compounds is isoniazid. Isoniazid, also known as isonicotinylhydrazide
(INH), is an antibiotic used for the treatment of tuberculosis. It has attracted much attention due to its
demonstrated biological activity as an antituberculosis [7–14] and anticancer [15–17] agent.

In recent years, our research group has synthesised and tested isonicotinylhydrazide derivatives,
namely N-benzoylisonicotinohydrazide. These compounds are known to have antituberculosis activity.
One of the synthesised compounds was N′-(3-chlorobenzoyl) isonicotinohydrazide as a result of
the reaction between isonicotinohydrazide with 2-Chlorobenzoyl chloride through an acylation
reaction and this compound has been tested for activity in mycobacterium tuberculosis (H37Rv) with a
Minimum Inhibitory Concentration value (25 ppm) [18,19]. One of the widely used methods for drug
development is the modification of compounds into complexes with metals, as the formation of complex
compounds has been proven to increase the pharmacological activity [14,16,20,21]. Recently, the bis
(N′-(3-chlorobenzoyl) isonicotinohydrazide)iron(III) complex has been synthesised as an antituberculosis
drug candidate.

2. Results and Discussion

Synthesis of the bis(N′-(3-chlorobenzoyl)isonicotinohydrazide)iron(III) complex was performed
through a reaction to create coordinate covalent bonds between the Fe (III) ion and N′-(3-chloro
benzoyl)isonicotinohydrazide compound. The solvent used in the synthesis of the complex was ethanol.
This solvent was chosen because the compound N′-(3-chlorobenzoyl)isonicotinohydrazide has good
solubility in ethanol.

Molbank 2020, 2020, M1101; doi:10.3390/M1101 www.mdpi.com/journal/molbank

http://www.mdpi.com/journal/molbank
http://www.mdpi.com
https://orcid.org/0000-0003-2580-266X
http://dx.doi.org/10.3390/M1101
http://www.mdpi.com/journal/molbank
https://www.mdpi.com/1422-8599/2020/1/M1101?type=check_update&version=3


Molbank 2020, 2020, M1101 2 of 6

Complex formation was achieved by reflux for 5 h at 75 ◦C while stirring using a magnetic
stirrer. To form the complex, the N′-(3-chlorobenzoyl)isonicotinohydrazide (2 mmol) and FeCl3·6H2O
(1 mmol) were used. The reflux method was chosen for the reaction to maintain stability so that
complex synthesis reactions were successful, even in hot conditions, so that the reactant moles and
products were maintained [10,22,23]. The reaction conditions of 75 ◦C and constant stirring (using
a magnetic stirrer) aimed to accelerate and optimize the synthesis reaction process. Increasing the
temperature and stirring the reaction mixture increases the kinetic energy for collision, therefore, the
chances of a reaction are greater and the reaction progresses faster [24,25].

After the reflux was finished, the reflux product was evaporated in an electric water bath at 60 ◦C
to allow the remaining solvent to evaporate. After that, the precipitate was roasted at 60 ◦C until a
constant weight was obtained. The yield of the complex compound was 104 mg (43.91%). The synthesis
obtained a brown powder that was odorless and soluble in hot ethanol.

For identification and characterization, the title compound was analyzed by UV-visible spectroscopy,
Fourier-transform infrared spectroscopy (FTIR) spectroscopy, mass spectrometry and differential
thermal analysis/thermogravimetric analysis (DTA/TGA).

During synthesis of the title complex, formation of the bis(N′-(3-chlorobenzoyl)isonicotinohydrazide)
iron(III) complex was indicated by a shift in maximum wavelength (λmax) in the electronic spectrum to
N′-(3-chlorobenzoyl)isonicotino hydrazide.

As shown in Figure 1, the λmax of N′-(3-chlorobenzoyl)isonicotinohydrazide was obtained at
268 nm and the λmax of the title complex was obtained at 265 nm. The formation of the title complex
was indicated by weakening of the shift from 268 nm (Figure 1a) to 265 nm (Figure 1b).
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Figure 1. Electronic spectra of N′-(3-chlorobenzoyl)isonicotinohydrazide (a) and the title complex (b)
in dimethyl sulfoxide.

Infrared (IR) spectra of the compounds are presented in Figures 2 and 3.
The IR spectrum for N′-(3-chlorobenzoyl)isonicotinohydrazide (Figure 2) showed a band at

1640 cm−1, representing carbonyl stretching. This band shifted to 1648 cm−1 in the complex (Figure 3),
indicating that coordination to iron occurred with slight strengthening of the C=O bond. The υ(Fe-O)
can be seen at 545 cm−1 and the υ (Fe-N) can be seen at 491 cm−1 [13,18].
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complex [Fe(C13H10ClN3O2)2]. 
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decomposition process of the title complex was observed from 100 °C to 400 °C. 
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Figure 2. Infrared (IR) spectrum of N′-(3-chlorobenzoyl)isonicotinohydrazide.
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Figure 3. Infrared spectrum of the title complex compound.

The mass spectrum is presented in Figure 4. The molecular ion peak at m/z 609.0142, corresponding
to the molecular weight of the complex, was detected in the mass spectrum of the title complex
[Fe(C13H10ClN3O2)2].
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Figure 4. Mass spectrum of the title complex compound [Fe(C13H10ClN3O2)2].

The results of DTA/TGA analysis of the title complex are presented in Figure 5. The decomposition
process of the title complex was observed from 100 ◦C to 400 ◦C.
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Figure 5. Thermogravimetric curve of the title complex under N2 flow.

As shown in Figure 5, there is one endothermic peak at 383 ◦C. The thermogram of TG analysis
showed the release of molecules marked by a reduction in mass at a certain temperature. The endothermic
peak at 383 ◦C indicates that the decomposition complex begins with the release of several water
molecules [10].

From the identification of IR spectrum in complex compound (Figure 3) and peaks that appear in
the mass spectrum, it can be proposed the structure of the title complex as in Figure 6b [26].

Molbank 2020, 2020, M1101 4 of 6 

 
Figure 5. Thermogravimetric curve of the title complex under N2 flow. 

As shown in Figure 5, there is one endothermic peak at 383 °C. The thermogram of TG analysis 
showed the release of molecules marked by a reduction in mass at a certain temperature. The 
endothermic peak at 383 °C indicates that the decomposition complex begins with the release of 
several water molecules [10]. 

From the identification of IR spectrum in complex compound (Figure 3) and peaks that appear 
in the mass spectrum, it can be proposed the structure of the title complex as in Figure 6b [26]. 

 

 
(a) (b) 

Figure 6. The structure of N’-(3-chloro benzoyl)isonicotinohydrazide (a) and the title complex 
proposed (b). 

3. Materials and Methods 

3.1. Materials 

All the chemicals were purchased from standard commercial suppliers. The chemicals used in 
this study included ethanol, dimethyl sulfoxide (DMSO), FeCl3·6H2O, nitrogen gas and KBr pellets. 
The electronic spectra were recorded in DMSO solution in the range 185–800 nm on a Shimadzu 
UV-3600 plus UV/VIS/NIR spectrophotometer (Shimadzu Corporation, Kyoto Prefecture, Japan). IR 
spectra were recorded in KBr on a Jasco FT-IR 5300 spectrometer (Jasco Inc., Mary’s Court Easton, 
MD, USA). MS spectra were recorded by high-resolution mass spectrometry (Waters Corp., Milford, 
MA, USA). Thermogravimetric analysis was performed using a STA 449 F1 Jupiter analyzer 
(NETZSCH, Selb, Germany) [27]. 
  

T e m p  C e l
4 0 0 .03 5 0 .03 0 0 .02 5 0 .02 0 0 .01 5 0 .01 0 0 .0

D
T
A
 u
V
/m

g

9 .0 0 0

8 .0 0 0

7 .0 0 0

6 .0 0 0

5 .0 0 0

4 .0 0 0

3 .0 0 0

2 .0 0 0

1 .0 0 0

0 .0 0 0

T
G
 %

-1 0 .0 0

-2 0 .0 0

-3 0 .0 0

-4 0 .0 0

-5 0 .0 0

-6 0 .0 0

D
T
G
 %

/C
e
l

0 .8 0 0

0 .7 0 0

0 .6 0 0

0 .5 0 0

0 .4 0 0

0 .3 0 0

0 .2 0 0

0 .1 0 0

N

N
H

H
N O

O

Cl

N N
H

NH

OO

Cl

N

H
N

NH

OO

Cl

Fe

Figure 6. The structure of N′-(3-chloro benzoyl)isonicotinohydrazide (a) and the title complex proposed (b).

3. Materials and Methods

3.1. Materials

All the chemicals were purchased from standard commercial suppliers. The chemicals used in
this study included ethanol, dimethyl sulfoxide (DMSO), FeCl3·6H2O, nitrogen gas and KBr pellets.
The electronic spectra were recorded in DMSO solution in the range 185–800 nm on a Shimadzu
UV-3600 plus UV/VIS/NIR spectrophotometer (Shimadzu Corporation, Kyoto Prefecture, Japan). IR
spectra were recorded in KBr on a Jasco FT-IR 5300 spectrometer (Jasco Inc., Mary’s Court Easton, MD,
USA). MS spectra were recorded by high-resolution mass spectrometry (Waters Corp., Milford, MA,
USA). Thermogravimetric analysis was performed using a STA 449 F1 Jupiter analyzer (NETZSCH,
Selb, Germany) [27].
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3.2. Synthesis of Bis(N′-(3-chlorobenzoyl)isonicotinohydrazide)iron(III) Complex

A solution of N′-(3-chlorobenzoyl)isonicotinohydrazide (192 mg, 0.699 mmol) in ethanol (25 mL)
was slowly added to a solution of FeCl3·6H2O (105 mg, 0.39 mmol) in ethanol (15 mL). The mixture
was stirred, then reflux was performed at 75 ◦C for about 7 h. It was then evaporated in a water bath at
60 ◦C. The resulting precipitate was oven-dried at 60 ◦C, then further dried in a vacuum desiccator.
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