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ABSTRACT

Microbial infections are life-threatening diseases. They deteriorate most disease conditions.

The burden of infections due to antimicrobial resistance, especially in Africa and Asia, is

alarming. Complexes of dihydrazone derived from oxalyldihydrazide and piperonaldehyde

were synthesized by conventional salvo-thermal method and characterized by spectral and

physicochemical techniques. The effective magnetic moment values indicate the

paramagnetic behaviour of Ni(II) and Cu(II) complexes in an octahedral environment,

whereas, Zn(II) complex is diamagnetic. UV-visible spectra show   -  * and n -  *

transitions between 206 – 285 nm and 336 – 383 nm respectively. The infrared spectrum of

the dihydrazone showed C=N absorption band at 1603 cm-1 which was shifted to 1626 – 1629

cm-1 in the spectra of the complexes due to coordination through N-atoms of azomethine

groups. The mass spectrum of the dihydrazone B displayed the molecular ion peak at m/z 383

in a positive mode due to [M + H]+ ion, The TGA curve of dihydrazone B revealed two

sequential stages of weight loss at different temperatures indicated by a DTGA curve.

Elemental analyses results were in good agreement with the calculated percentage values of

C, H and N in the compounds, confirming the proposed structures. The complexes show

significant antimicrobial activities and considerable antioxidant and anti-inflammatory

potency than the free dihydrazone.
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INTRODUCTION

The number of people suffering from life-threatening multidrug-resistant infections is

increasing in both developed and developing nations, leaving humanity without any choice

but to search for new treatment options and strategies [1]. Drug resistance is a well-known

phenomenon that results when diseases refuse to respond to pharmaceutical treatments.

Although several classes of antibacterial and antifungal compounds are presently available,

the resistance of microorganisms to these drugs has been constantly emerging [2]. To address
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the severe challenges of multidrug resistance in treating bacterial and fungal infections there

is need to discover new drugs with novel mechanisms of action, higher activity and improved

selectivity. Microbial infections are life-threatening diseases, they weaken the immune

system and deteriorate most disease conditions. The burden of infections due to antimicrobial

resistance, especially in Africa and Asia, is alarming. The use of conventional antibiotics as

both preventive and curative measures against microbes has increased multidrug-resistant

infections that have negatively impacted human being of all age categories [3]. According to

the European Center for Disease Prevention and Control, about 33,000 people die annually

from infections [4-5]. Antibiotic-resistant bacteria are among the underlying conditions that

have been increasing the mortality rate to date. Millions of people have been affected.

According to the World Health Organization, most approved antibiotics are inefficient in

treating bacterial infections due to their ability to form biofilms, regularly change strains, and

develop complex structures with other pathogens [3].

Hydrazones and their complexes are bioactive compounds and have encouraged

synthetic researchers in the field of pharmacological chemistry to explore their potential

applications [6]. It is suggested that the presence of the metal ions improves the efficiency of

the complexes as potential antibacterial and antioxidant agents when compared to the free

organic compound alone [4-7]. A number of metal complexes have a wide range of

pharmaceutical and biological applications. For instance, complexes having “O” and “N”

donor atoms are very essential due to their numerous biological applications., Antibacterial

[9-10], enzyme inhibitors [11], antifungal [12-14], antitumor [15-16], antioxidants [17], anti-

hypertensive [18], anticonvulsant [19], anti-inflammatory [20], anti-proliferative [21] and

antimalarial agents [20-22].

This research was aimed to synthesize cost-effective, more effective, safer/benign

(gastro-intestinal friendly), multi-target, biologically active complex compounds with desired

chemotherapeutic properties and new mode of action, that will overcome the problem of life-

threatening multidrug-resistant infections.

MATERIALS AND METHODS

Materials

All the chemicals were of analytical grade and were used without further purification. The

transition metal salts and other chemicals were obtained from either Merck or Sigma Aldrich.

All glass ware washed with detergent, rinsed with distilled water and dried in the oven at 110
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oC. All weighing was carried out using an electric balance (model AB54). Melting point and

decomposition temperatures were recorded using SMP10 digital melting point apparatus.

Synthesis of Oxalyldihydrazone B

Bis(piperonaldehyde)oxalyldihydrazone was synthesized by general condensation procedure

using 1:2 ratios of oxalyldihydrazide (0.00l mol, 0.1181 g) and piperonaldehyde (0.002 mol,

0.300 g) respectively. The cream compound was obtained according to the method reported

by Hassan et al. [23].

Synthesis of Dihydrazone B Complexes

This was conducted by adopting the method reported by Ayman et al., [24]. The complexes

were synthesized by the conventional salvo-thermal method. The dihydrazone B (0.002 mol,

0.7642 g) was added to 60 cm3 ethanol. The Ni(II), Cu(II) and Zn(II) chloride were separately

dissolved in 30 cm3 ethanol (0.001 mol). The solutions were transferred to a round bottom

flask and refluxed for six (6) hours. After quenching the reaction, the volume was reduced to

30 cm3 by evaporation on a water bath. The resulting reaction mixture was cooled to room

temperature. The coloured solid complexes were filtered off, washed several times with cold

ethanol and then dried in a desiccator over CaCl2. The dried compounds were weighed to get

the experimental yield.

Molar Conductivity Measurement of the Dihydrazone B Complexes in DMF

Conductivity measurement was done using Jenway conductivity meter (model 4010).

Magnetic Susceptibility Measurement

Magnetic susceptibility measurements were conducted and recorded using Sherwood

magnetic susceptibility balance.

Infrared Spectral Analysis of the Dihydrazone B and its Metal(II) Complexes

Infrared spectral analysis was recorded using Fourier Transform Infrared Spectrophotometer

(FTIR) (CARY 630 Agilent technology).

UV-Visible Spectral Analysis of the Dihydrazone B and its Metal(II) Complexes

The electronic spectra (UV-visible spectra) of the ligand and its complexes have been

recorded between 200-600 nm at room temperature using Perkin-Elmer Lambda 35.

Micro-analytical Analysis of the Dihydrazone B and its Metal(II) Complexes

CHN Micro-analysis was conducted using Exeter CE-440 Elemental analyser.
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Mass spectral Analysis

Mass spectral analysis was conducted using Ion trap mass spectrometer.

Thermogravimetric Analysis

The compounds were subjected to TGA/DTGA analysis at 15 oC/minute heating rate in an

inert argon environment using TGA 5500 (Temperature range from ambient to 1000 ℃).

Antimicrobial Assay

The antibacterial and antifungal activity tests of the synthesized dihydrazone and its

respective complexes were carried out against three pathogenic bacterial isolates,

Staphylococcus aureus, Escherichia coli and Salmonella typhi and three deleterious fungal

isolates, Aspergillus flavus, Aspergillus fumigitus and Aspergillus niger using well diffusion

method by adopting the methods reported by Mouayed and Abduljleel, [25], and Laxman et

al, [26] with slight modification. The results are shown in Figures 1 and 2 respectively.

DPPH Radical Scavenging Assay

The stock solution of each standard control (Ascorbic acid), dihydrazone and the complexes

were prepared (2 mg/mL each) and diluted to final concentration of 1000, 500, 250, 125, 62.5,

31.25, 15.63 and 7.81 µg/mL by serial dilution. A 100 µL of 0.1mM 2,2-Diphenyl-1-

picrylhydrazyl radical (DPPH) was used to evaluate the antioxidant potentials of the

compounds. The absorbance was recorded at 517 nm using a JASCO model V-550 UV-Vis

spectrophotometer in triplicate [27]. The percentage radical scavenging activities (% RSA)

were calculated by using the relation shown in equation 1.

% RSA = Absorbance of Control − Absorbace of Sample
Absorbance of Control

× 100 (1)

In-vitro Anti-inflammatory Evaluation

The dihydrazone and its complexes were subjected to in-vitro anti-inflammatory test by

protein denaturation technique at different concentrations., 62.5, 125, 250, 500, 1000 and

2000 µg/mL. The standard drug (diclofenac sodium) and the synthesized compounds were

dissolved in a minimum amount of dimethylformamide (DMF) and diluted with phosphate

buffer (0.2 M, pH 7.4). Final concentration of DMF in all the solution was less than 2%.

About 1 mL of the test solution containing different concentrations of the compounds were

mixed with 1 mL of 1 mM egg albumin solution in phosphate buffer and incubated at 37o ±

2o C for 15 min. Denaturation was induced by keeping the reaction mixture at 70o ± 2° C in

water bath for 10 min. After cooling, the turbidity was measured at 660 nm. Each experiment
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was done in triplicate and average is taken. Diclofenac sodium was used as standard drug

(positive control) to compare its inhibition with the inhibition of test samples. The absorbance

of 1 mM egg albumin solution in phosphate buffer without the test samples was taken as the

absorbance of control which was used in the computation of % inhibition (Karthik et al.,

2024) [1]. The percentage of inhibition of denaturation was calculated using equation 2.

% Inhibition = Ac−At
Ac

× 100 (2)

Where, Ac = Absorbance of control, At = Absorbance of test sample

Statistical Analysis

The IC50 values of the standard drugs (ascorbic acid and diclofenac sodium), the

dihydrazone and its complexes at different concentrations were statistically analysed by

probit analysis using IBM SPSS software version 20 [28].

RESULTS AND DISCUSSION

The results obtained from the physico-chemical analyses, spectral characterizations and in-

vitro pharmacological evaluation of the dihydrazone and its complexes were presented in

Table 1 - 6.

Table 1: Percentage yield and some Properties of the Synthesized Compounds

Compounds Colour Melting Point

(oC)

Decomposition

Temperature

(oC)

Percentage

Yield (%)

Ligand B Light yellow 217 - 84

[NiB2Cl2].3H2O Light brown - 268 60

[CuB2Cl2].2H2O Lemon-green - 317 53

[ZnB2Cl2].4H2O Cream - 325 51

Where B = C18H14N4O6

Table 2: Molar Conductivity Measurement of the Dihydrazone B Complexes in DMF

Compounds Specific Conductance (–1cm–1) Molar Conductance (–1cm2mol–1)

[NiB2Cl2].3H2O 23.2 × 10-6 23.2

[CuB2Cl2].2H2O 31.5 × 10-6 31.5

[ZnB2Cl2].4H2O 12.7 × 10-6 12.7

Where B = C18H14N4O6
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Table 3: Magnetic Susceptibility Data of Dihydrazone Complexes.

Compounds Xg (g-1) Xm (mol-1) µeff (B.M) Magnetic

property

[NiB2Cl2].3H2O 3.7468 × 10-6 3.5531 × 10-3 2.91 Paramagnetic

[CuB2Cl2].2H2O 1.3899 × 10-6 1.2997 × 10-3 1.76 Paramagnetic

[ZnB2Cl2].4H2O -4.7311 × 10-7 -4.6034 × 10-4 -ve Diamagnetic

Where B = C18H14N4O6

Table 4: Infrared Spectral Data of the Dihydrazone B and its Metal(II) Complexes

Compounds υ(O-H)

cm-1

υ(N-H)

cm-1

υ(C=O)

cm-1

υ(C=N)

cm-1

υ(M-N)

cm-1

υ(M-Cl)

cm 1

Ligand B - 3309 1734 1603 - -

[NiB2Cl2].3H2O 3327 3253 1666 1629 515 474

[CuB2Cl2].2H2O 3365 3238 1659 1626 535 437

[ZnB2Cl2].4H2O 3342 3253 1663 1629 540 415

Where B = C18H14N4O6

Table 5: UV-Visible Spectral Data of the Dihydrazone B and its Metal(II) Complexes

Where B = C18H14N4O6

Table 6: Micro-analytical Data of the Dihydrazone B and its Metal(II) Complexes

Percentage of Elements Calculated (Found)

Compounds C H N

Ligand B 56.55 (55.28) 3.69 (3.31) 14.65 (13.66)

[NiB2Cl2].3H2O 45.60 (43.42) 3.61 (2.98) 11.82 (9.77)

[CuB2Cl2].2H2O 46.24 (45.11) 3.45 (3.22) 11.98 (11.39)

[ZnB2Cl2].4H2O 44.44 (43.39) 3.73 (3.41) 11.52 (10.78)

Compounds π - π* (nm)

Aromatic

π - π* (nm)

C=O

π - π* (nm)

C=N

n - π* (nm)

C=O

n - π* (nm)

C=N

Ligand B 206 249 268 336 383

[NiB2Cl2].3H2O 214 253 279 369 376

[CuB2Cl2].2H2O 207 260 284 343 367

[ZnB2Cl2].4H2O 220 256 285 348 379
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Table 1, show some physical properties of dihydrazone B and its respective complexes. The

colour of the dihydrazone is light-yellow due to transition of electron between chromophores

and lone pairs of hetero atoms. Likewise, the complexes have different colours due to varying

wavelength at which they absorb light in the visible region, this is because the number of

electrons in the central metal ions varies. All the complexes have relatively high

decomposition temperature in the range of 268 to 325 oC. This indicates their good thermal

stability. The stability of the complexes might be due to the chelation. The free dihydrazone

has a melting point of 217 oC, which are in good agreement with the results reported by

Suleiman et al., [29]. The dihydrazone yield was excellent 84 %. The high yield indicate that

the reaction is economically feasible and promising, so also the condition for the reaction is

technically feasible. All the synthesized complexes were found to have good percentage yield

in the range of 51 to 60 % and comparable to the results reported by Khaleel et al., [30]. The

molar conductance measurement of metal (II) complexes, were carried out in DMF and the

values obtained were in the range of 12.7 - 31.5 Ω–1cm2mol–1. The values were presented in

Table 2. The low values of molar conductance suggested the non-electrolytic behaviour of all

the complexes. Since the dihydrazone is a neutral ligand and all the metal ions were in +2

state, this further confirmed that the two chloride ions were inside the coordination sphere

[33].

Table 3 displays the magnetic susceptibility measurement results of the synthesized

complexes. Gram magnetic susceptibility and molar magnetic moment values were calculated

and used to compute the effective magnetic moments of all the complexes. Generally, square
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planer Ni(II) complexes are diamagnetic, while octahedral and tetrahedral complexes are

paramagnetic with magnetic moment of 2.8 – 3.4 and 3.4 – 4.0 B.M respectively. In this

study Ni(II) complex has a magnetic moment of 2.91 B.M which indicate two unpaired

electrons in octahedral environment [33]. A magnetic moment of 1.7 – 2.2 B.M is usually

observed for mononuclear Cu(II) complexes regardless of their geometries. i.e. (t2g6, eg3)

sometimes the values are higher than the spin only moment, likely due to orbitals

contribution and spin orbit coupling [31]. In this study the Cu(II) complex has a total

effective magnetic moment of 1.76 B.M indicative of one unpaired electron observable for

six coordinate octahedral geometry [29]. Zn(II) complex is diamagnetic with negative molar

susceptibility value. The complex assumed six coordinate geometry [30].

Table 4 show the infrared spectral data of the dihydrazone B and its complexes. The

υ(O-H) absorption band for water of crystallization were observed at 3327 cm-1, 3365 cm-1

and 3342 cm-1 in the spectra of Ni(II), Cu(II) and Zn(II) complexes respectively. The υ(N-H)

absorption band in the spectrum of dihydrazone was observed at 3309 cm-1, which were

observed in the range of 3238 – 3253 cm-1 in the spectra of the complexes [31]. So also,

υ(C=O) stretching frequency for the dihydrazone was seen at 1674 cm-1 and for the

complexes between 1659 – 1666 cm-1. The strong absorption band at 1603 cm-1 in the

spectrum of the dihydrazone is due to υ(C=N) which was shifted to 1626 – 1629 cm-1 in the

spectra of the complexes due to coordination through nitrogen atom of azomethine group [31].

New absorption bands at 515 - 540 cm–1 and 415 - 474 cm–1 in the spectra of the complexes

were due to υ(M-N) and υ(M-Cl) respectively. This confirm the coordination of the

dihydrazone to the metal ions. The result is similar with the results reported by Karthika et al.,

[1] and Racheal et al., [3]. UV-visible spectra of the dihydrazone and that of its complexes

were recorded and presented in Table 5. The dihydrazone B spectrum displayed high-pitched

absorption bands, λmax (nm) attributed to the following electronic transitions.,. 206 (π - π*

aromatic ring), 249 (π - π* C=O), 268 (π - π* C=N), 336 (n - π* C=O) and 383 nm (n - π*

C=N). These are consistent with the results stated by Ayman et al., [24]. The complexes

showed high intensities electronic transitions at 207 - 220 (π - π* aromatic ring), 253 - 260 (π

- π* C=O), 279 - 285 (π - π* C=N), 343 - 369 (n - π* C=O) and 367 – 379 nm (n - π* C=N).

The shift in absorption bands to lower λmax (blue shift) or higher λmax (red shift) in the spectra

of the complexes are due to coordination of the dihydrazone to the metal ions. These are

comparable to the results reported by Idris et al., [33].
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The results for elemental analysis of the dihydrazone and that of the metal(II) complexes

were presented in Table 6. The experimental values obtained were in good agreement with

the calculated percentages of C, H and N in the compounds. The variation was insignificant.

This agrees with the proposed structures of the complexes, that is, 1:2 metal to ligand ratio.

These were in good agreement with the results reported by Uba [32]. The dihydrazone B has

a molecular formula of C18H14N4O6with molecular weight of 382 g/mol. The mass spectrum

of the compound displayed the molecular ion peak at m/z 383 in a positive mode due to [M +

H]+ ion, this is explicitly in good agreement with the molecular mass of the compound. The

mass spectrum of the ligand also exhibits peaks assigned to its different fragments. Some of

the identified fragments include C10H8N2O4, C9H8N2O3, C9H9N3O2, C8H8N2O2, C9H10N2O and

C8H8O2 that were observed at m/z 220, 192, 191, 164, 162 and 136 respectively [28]. This are

in accordance with the structure of the synthesized compound, and the mass spectrum is

shown in figure 1.

The TGA curve of dihydrazone B C18H14N4O6 revealed two sequential stages of

weight loss. The first stage befell within the temperature range of 250 - 270 oC, resulting in a

weight loss of 11.39% (calculated 11.51%) which corresponds to the loss of CO2 molecule,

the DTG curve gave maximum temperature peak at 260 ℃. This observation confirmed the

existence of oxygen atoms in the oxalyldihydrazone B ligand. Stage 2 was detected between

320 - 350 oC which led to a weight loss of 88.26 % (calculated 88.48 %), attributed to the loss

of C17H14N4O4 molecule where the DTG curve gave a maximum peak temperature at 350 oC

comparable to the results reported by Ayman et al., [24] and Hassan et al., [23].

Fig. 3 and 4 show the in-vitro antibacterial and antifungal activities of the

dihydrazone and its metal(II) complexes. The compounds were tested against three clinically

isolated pathogenic bacteria (Staphylococcus aureus, Escherichia coli and Salmonella typhi),

and three fungal strains (Aspergillus fumigitus, Aspergillus niger and Aspergillus flavus). The

results indicated that, the metal complexes exhibit higher antibacterial and antifungal

activities than the free dihydrazone. The presence of metal ions increases the activity of the

compound. Incorporation of metal ions into the ligands increases its liposolubility (lipid

soluble). According to Overtone’s concept of cell permeability, the lipid membrane that

surrounds the microbial cells favours the passage of only lipid soluble materials, due to which,

liposolubility is an important factor, that determine the antibacterial and antifungal activities

of the tested compounds [3]. The variation in the effectiveness of different compounds

against different organisms depends either on the permeability of the microbial cells or on
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differences in ribosome of microbial cells. That is the reason why some compounds are more

potent against microbes than others [1]. Moreover, the activity is concentration dependent, it

increases generally, with increase in concentrations. But their activities are comparable with

that of control, as indicated in Figures 5 and 6.

All the compounds are more potent against gram-positive staphylococcus aureus than

gram-negative Escherichia coli and Salmonella typhi. This is because, lipid and lipoprotein

content is low in the cell wall of gram positive bacteria which facilitate the penetration of the

compound through the cell of the microbes which may eventually result in the death of the

cells. Hence, the cell wall of the gram positive bacteria is more prone to disruption by the

tested compounds [34]. However, lipid and lipoprotein content is high in the cell wall of

gram negative bacteria, which make the penetration of the compound into the bacterial cells

so difficult and sometimes impossible. This phenomenon is the cause of drugs resistance by

many gram negative bacteria. Additionally, the compounds have higher inhibition capacity

against Aspergillus fumigitus, and moderate activity against Aspergillus niger but have lesser

or mild activity on Aspergillus flavus. These were in agreement with the results reported by

Suleiman et al., [29].

The dihydrazone B ligand and the complexes were screened for their antioxidant

potential using DPPH assay, in which the result is presented in Figure 5. The antioxidant

activity results exhibit that the % radical scavenging power increases with increase in

concentration of the tested compounds. The percentage radical scavenging potential of the

ligand (dihydrazone B) was 70.85 % at 1000 μg/mL which got enhanced on complexation

with metal ions to 83.94% in the case of copper complex [7]. Among the screened

compounds, the ligand possesses very low radical scavenging activity with (IC50 = 60.29 ±

0.02 μg/mL) as compared to the standard ascorbic acid (IC50 = 2.82 ± 0.01 μg/mL). The

results were shown in Figure 6. The complexes generally showed enhanced scavenging

activity. (IC50 = 39.02 ± 0.06, 12.89 ± 0.03 and 44.56 ± 0.07 μg/mL) for Ni(II), Cu(II) and

Zn(II) complexes respectively. Copper(II) complex exhibited higher scavenging activity than

the other complexes, but comparable to the standard antioxidant (ascorbic acid), similar to the

results reported by Nighat et al., [28].

The synthesized compounds were subjected to in-vitro anti-inflammatory activity

using albumin inhibition denaturation technique according to Karthik et al., [1] with slight

modification. All the complexes exhibited significant anti-inflammatory action. Cu(II) and

Zn(II) complexes have comparable anti-inflammatory activity with the standard diclofenac
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sodium as shown in Figure 7. The Zn(II) complex has the highest percent inhibition of 90 %

at 2000 µg/mL and is found to be most significant with IC50 231.99 µg/mL. From the overall

percentage inhibition, all the complexes have displayed enhanced and significant anti-

inflammatory activity, that are comparable or equipotent with the standard drug, diclofenac

sodium.

CONCLUSION

The dihydrazone and its respective biologically active complexes were successfully

synthesized and characterized by different physicochemical techniques and spectral analysis.

All the synthesized compounds were obtained in appreciable yield with significant thermal

stability. The complexes are non-electrolytic due to low values of molar conductance. The

values of effective magnetic moment indicate the paramagnetic nature of the complexes with

the exception of zinc(II) complex. Infrared spectra show all the prominent absorption bands

at the desired wave number. Electronic spectra show  - * and n - * transitions at expected

wavelength values. Additionally, the results for elemental analyses show 1:2 metal to ligand

ratio which are in good agreement with the proposed structures. The dihydrazone and all the

complexes display appreciable activities against pathogenic bacterial and fungal species, as

such the compounds are potent antimicrobial agents. Furthermore, they exhibit remarkable

radical scavenging and significant anti-inflammatory activities, indicating their potency as

good antioxidant and effective anti-inflammatory agents.
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