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Abstract: This article reports the synthesis of seven Zn(II) complexes containing N-acylhydrazone ligands (L1 to 

L7) and the assessment of their antioxidant. Microwave assisted-synthesis of ligands with ZnCl2 in MeOH yielded 

tetrahedral Zn(II) complexes with a 1:2 metal: ligand ratio, characterized by HRMS, FTIR, and UV-Vis 

spectroscopy, thermal and electrochemical analyses, and DFT calculations. The (L3)2Zn complex exhibited the 

lowest thermal stability, and (L6)2Zn and (L7)2Zn were the most stable. XRD powder showed that all complexes 

have good crystallinity with crystalline dimensions ranging from 32 to 86 nm. Cyclic voltammetry of Zn(II) 

complexes indicated a reversible redox process for (L4)2Zn and an irreversible process for the remaining six 

complexes: (L1)2Zn to (L3)2Zn and (L5)2Zn to (L7)2Zn. Antioxidant activity of ligands and complexes was 

assessed by the DPPH method; the L7 ligand and corresponding (L7)2Zn complex exhibited good activity, IC50 = 

65.30 μmol.l-1 and 78.70 μmol.l-1, respectively, when compared with standard ascorbic acid.  
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1. Introduction 
 

Hydrazones and N-acylhydrazones have a -C=N-NH- 

structure and are generally derived from a 

condensation reaction between hydrazines and 

aldehydes (or ketones) and the latter from hydrazides.. 

Due to their physicochemical properties, N-

acylhydrazones have drawn much scientific and 

societal interest for various industrial, biological, 

pharmacological, therapeutic, and technological 

applications 1. 

Hydrazones and N-acylhydrazones have desirable 

properties, such as flexibility and versatility, rendered 

by their carbonyl group. Due to these characteristics, 

these substances have been employed to detect metal 

ions and used as chelating agents to produce different 

stable complexes with transition metals 2. In addition, 

the non-oxygen binding pairs of electrons of the 

carbonyl group present in N-acylhydrazones 

constitute good active sites, given that polydentate 

chelators increase the stability of the complex    

formed 3–6. 

The chromophore azomethine is responsible for 

forming these active sites in N-acylhydrazones, 

allowing a variety of coordination and geometries 

while maintaining high stability. In addition, 

interconnected nitrogen promotes coordination with 

the neutral and deprotonated forms, increasing the 

possibility of complex formation 7–12. 

Zinc is an element of the fifth period of the periodic 

table whose d orbital is filled, i.e., a d 10 metal. The 

complexes formed with a zinc atom at their metallic 

center may assume three different geometries: 

trigonal, octahedral, and tetrahedral, the latter being 

the most common geometry for zinc complexes 

described in the literature 13,14. The second most 

abundant metal ion in the human body after Fe2+, Zn2+ 

is considered a biometal as it plays a vital role in 

regulating metalloenzymes, which act as structural 

and catalytic cofactors 15. The human body has higher 
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concentrations of Zn2+ in the brain. As we age, 

systemic zinc decreases, thereby promoting ion 

retention in the brain. The homeostatic deregulation 

of zinc leads to mitochondrial dysfunction and 

oxidative stress, two factors behind the development 

of neurodegenerative diseases, such as Alzheimer’s 

and Parkinson’s disease 16. 

It is well known that antioxidants inhibit the 

generation of reactive oxygen species (ROS) and the 

subsequent formation of lipid peroxidation products, 

thereby preventing oxidative stress. For instance, the 

accumulation of redox-active metal ions, such as 

Cu(I) and Cu(II), is responsible for increasing the 

concentration of toxic ROS. On the other hand, redox-

inactive Zn(II) ions generally interact with amyloid- 

proteins (A), inducing their aggregation and forming 

of A plaques. Both ROS and A aggregates are 

thought to contribute to brain neurodegeneration 17. 

N-acylhydrazones complexes have been reported as 

having critical biological properties, such as 

antibacterial activity 18–22. According to the World 

Health Organization (WHO), bacterial resistance is a 

global threat to public health. Among pathogenic 

bacteria, Staphylococcus aureus is the cause of many 

infections, such as those isolated in the community 

and healthcare-associated conditions. In addition, 

bacteremia, urinary tract infections, and skin 

infections are caused by methicillin-resistant S. 

aureus (MRSA).23–25. Therefore, searching for new 

compounds that inhibit MRSA bacteria is very 

important. 

This study presents the synthesis through microwave 

assisted-condensation and characterization of 

isoniazid-based N-acylhydrazone ligands (L1-L7). 

Microwave irradiation was also employed to 

synthesize Zn(II) complexes from L1-L7 ligands 

(Scheme 1) under fixed suitable conditions, which 

was highly efficient. This high synthetic efficiency is 

due to several advantages of microwave-assi 

microwave-assisted (MW) synthesis advantages) can 

make the reaction faster, economical, safer, more 

reactive, reproducible, with a higher yield, and 

environmentally sustainable. This is because of its 

efficient heating from the rapid oscillation of the 

molecule's dipole through microwaves, resulting in 

dielectric heating and uniform heat distribution in the 

reaction medium 26–31. In this way, seven Zn(II) 

complexes were synthesized, and their structures and 

stability were determined by spectroscopy and DFT. 

Its antioxidant activity was evaluated by the DPPH 

method. 

 

Scheme 1. Microwave-assisted synthesis of Zn(II) complexes from derivatives L1-L7. 

 

2. Results and Discussion 
 

2.1. Synthesis of Zn(II)-N-acylhydrazone 

derivative complexes 

The N-acylhydrazones L1-L7 (L = Hydrazone ligand) 

compounds were synthesized by Schiff base 

condensation of isoniazid (isonicotinic acid hydrazide 

- INH) and respective aldehyde under microwave 

irradiation (MWI) in high yield according to our 

previous study 18. Reactions carried out under MI are 

favored by our research group due to some advantages 

over conventional conditions, such as shorter reaction 

time. The microwave assisted-synthesis between two 

equivalents of L1-L7 ligands with one equivalent of 

anhydrous zinc dichloride in MeOH produced Zn(II)  

complexes in good yields (outline Scheme 1). HMRS 

(Figures S1-7) confirmed the percent values 

calculated and suggested a 1:2 metal: ligand 

stoichiometric ratio for all synthesized complexes. 

Zn(II) is four coordinated by two carbonyls and two 

imine molecules from two N-acylhydrazones ligands. 

All ligands are soluble in methanol, dimethyl 

sulfoxide (DMSO), and chloroform and partially 

soluble in ethanol. All complexes were insoluble in 

water, sparingly in dichloromethane and acetone, and 

soluble in methanol and DMSO. In addition, all 

compounds are stable in the respective mentioned 

solvents, observed by the non-change of color and the 

wavelength displacement from the solution UV-vis, 

which will be discussed in topic 2.5. 

 

2.2. Thermal analysis 

Thermogravimetric analysis (TGA) was conducted 

for N-acylhydrazones and Zn(II) complexes from 30 
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to 800°C under nitrogen flow to investigate their 

stability. The results are shown in Figure 1, whereas 

Table 1 shows the molecules' decomposition stages, 

temperature ranges, and calculated weight loss 

percentages. Analyzes (TGA and DTG curves) of the 

ligands and corresponding complexes are found in the 

supplemental material (Figures S8-14).  

Most ligands show a one-stage decomposition pattern. 

The L2, L3, and L5 ligands exhibited one more 

decomposition stage with 5% of weight assignment to 

solvent loss. The results show that all complexes have 

a similar 3-step decomposition pattern. The first stage 

is attributed to eliminating water or solvent, the 

second to losing one mol of the ligand, and the third 

to remove the remaining ligand, leaving behind ZnO 

as residue. No weight loss indicates the presence of 

coordinated water molecules in these complexes. 

Given that, the proposed ligand: zinc stoichiometry 

ratio is 2:1 32.  

The thermal stability profile of ligands and metal 

complexes depends on the nature of the substituents 

consistent with electron donor or withdrawing 

reactivity. That was observed at the onset temperature 

of the second decomposition stage of the complexes. 

In ascending order, L3 and (L3)2Zn exhibited the 

lowest thermal stability whereas L6, L7, (L6)2Zn and 

(L7)2Zn were the most stable molecules. 

 

 

Figure 1. TGA spectrum of L1-7 compounds and corresponding Zn(II) complexes. 

Compounds 

(F. wt) 

DTG (max) 

(ºC) 

Decomposition 

Temperature Range  

(°C) 

Weight loss 

found 

(calculated %) 

Decomposition assignment 

L1 291 176.2 - 307.4 100 Degradation of ligand 

(L1)2Zn 292 71.4 - 143.3 2.43 Loss of water 

  231.9 - 370.3 54.95 Loss of ligand 

  370.3 - 795.7 32.73 Formation of ZnO 

L2 315 71.5 - 147.6 6.13 Loss of solvent 

  216.0 - 593.4 93.87 Degradation of ligand 

(L2)2Zn 273 90.4 - 162.3 5.3 Loss of water 

  225.9 - 442.3 35.9 Loss of ligand 

  442.4 - 795.3 32.15 Formation of ZnO 

HL3 271 67.6 - 158.7 7.13 Loss of solvent 

  169.6 - 288.6 92.87 Degradation of ligand 

(HL3)2Zn 301 65.6 - 105.8 3.56 Loss of water 

  172.4 - 380.8 60.1 Loss of ligand 

  380.8 - 791.4 27.04 Formation of ZnO 
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Table 1. Thermal analysis data of N-acylhydrazone ligands and corresponding complexes. 

 

2.3. Powder XRD studies 

Powder X-ray diffraction (XRD) analysis was 

performed for the Zn(II) complexes to determine their 

crystalline nature. Diffractograms (Figures S15-21) 

indicate that the complexes have structural regularity, 

i.e., they are in their crystalline morphology 32–34. 

Since one trend of the peaks from maximum to 

minimum intensity, it is proposed that the samples 

were mainly ordered 34. The Bragg law and Debye-

Scherrer equation 35 defined the complexes' basal 

spacing and crystallite dimensions. The data shown in 

Table 2 indicate that their crystalline dimensions 

range from 32 to 86 nm. The calculated crystallite size 

suggests that the N-acylhydrazones complex are in the 

nanocrystalline phase. This behavior agrees with 

some complex characterizations reported in the 

literature 32-34.  

 

Table 2. The powder XRD data of Zn(II) complexes. 

Complex 2θ d-spacing  (Ȧ) FWHM: β (10-3) Crystallite Size (nm) 

(L1)2Zn 6.07 4.08 3.05 50.59 

(L2)2Zn 23.28 15.53 4.75 33.12 

(L3)2Zn 14.67 9.78 4.74 32.78 

(L4)2Zn 42.86 28.11 1.91 86.70 

(L5)2Zn 25.25 16.79 2.44 64.73 

(L6)2Zn 5.96 3.93 3.02 51.10 

(L7)2Zn 9.45 6.31 3.51 44.05 

 

2.4. IR spectra 

Infrared (IR) spectra of N-acylhydrazone ligands and 

corresponding zinc complexes were analyzed in the 

4000-400 cm-1 region (Figures S22-S35). Table 3 

shows the infrared data for ligands and corresponding 

Zn(II) complexes. The complex formation and 

structure were deduced by comparing vibrational 

spectra data of free ligand and metal complexes. The 

azomethine (C=N), carbonyl (C=O), and amine (NH) 

groups stretching vibrations were followed to show 

their involvement in chelation with zinc. Theoretical 

and experimental data were used to establish the 

band‘s correlation. 

The band at 3224-3587 cm-1 range in the IR spectrum 

of N-acylhydrazones (L1-7) is attributed to the 

vibration of the NH group. As per the experimental 

and theoretical calculations, (NH) mode in the 3485-

3517 cm-1 region shifted to 3574-3584 cm-1 for the 

Zn(II) complexes. In the same sense,  (C=O) bands 

at 1654-1687 cm−1 in the spectra of free N-

L4 330 232.7 - 517.2 100 Degradation of ligand 

(L4)2Zn 314 39.1 - 111.0 2.43 Loss of water 

  221.0 - 351.5 54.69 Loss of ligand 

  351.5 - 778.1 34.74 Formation of ZnO 

L5 282 75.8 - 146.3 6.42 Loss of solvent 

  188.8 - 332.5 93.58 Degradation of ligand 

(L5)2Zn 297 93.3 - 138.8 3.85 Loss of water 

  215.2 - 438.0 40.72 Loss of ligand 

  438.0 - 795.7 28.75 Formation of ZnO 

L6 312 247.3 - 552.3 100 Degradation of ligand 

(L6)2Zn 312 113.9 - 143.3 7.26 Loss of water 

  266.4 - 483.4 58.11 Loss of ligand 

  483.4 - 798.6 15.38 Formation of ZnO 

L7 287 235.5 - 618.4 100 Degradation of ligand 

(L7)2Zn 282 251.8 - 423.3 32.05 Loss of ligand 

  423.3 - 794.3 34.73 Formation of ZnO 
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acylhydrazones shifted to 1656-1681 cm−1 range in 

the spectra of the complexes, suggesting coordination 

through the nitrogen and oxygen atoms 36–39. 

The theoretical calculations predicted (C=O) bands 

at 1808-1833 cm-1 and 1593-1619 cm-1 for the free 

ligands and Zn(II) complexes. Since frequencies 

calculated in this region are overestimated, scaling 

factors are usually used; however, as we were only 

interested in the vibrational assignment, not in the 

exact reproduction of the vibrational frequencies, no 

scaling factor was employed. However, in both 

theoretical and experimental data, the decrease in the 

lowest wave number of the (C=O) band indicates the 

weakening of C=O bonds, the formation of ZnOC 

bonds, and the formation of Zn(II) complexes. 

The characteristic absorption band at 1560-1602 cm-1 

is due to azomethine linkage 40, which suggests 

successful condensation and formation of the N-

acylhydrazone ligand. Also, the azomethine linkage 

band of the ligand shifted to different frequencies 

(1565-1608 cm-1), possibly due to zinc ion 

complexation via azomethine nitrogen 41. 

A theoretically weak transition assigned to the (C=N) 

mode for the free ligands can be observed in 1694-

1716 cm-1. This band shift to 1589-1606 cm-1 for the 

Zn(II) complexes indicates the formation of ZnNC 

bonds. Furthermore, new weak bands appeared at 

lower frequencies at 426-454 cm-1, associated with 

metal to nitrogen 42,43. A weak transition 

corresponding to (ZnN) was also predicted in the 

479-518 cm-1. These theoretical frequencies are 

shown in Table S1.  

 

Table 3. IR spectral data of the N-acylhydrazones and corresponding Zn(II) complexes. 

Compound (NH) (C=O) (C=C) (C=N) (M-N) 

L1 3450 1687 1602 1562 - 

L2 3404 1664 1595 1523 - 

L3 3469 1656 1598,1558 1506 - 

L4 3439 1685 1562 1508 - 

L5 3439 1656 1602 1510 - 

L6 3224 1658 1597 1552 - 

L7 3417 1654 1575 1516 - 

(L1)2Zn 3450 1666 1608 1554 449 

(L2)2Zn 3441 1660 1600 1533 426 

(L3)2Zn 3585 1681 1606 1504 454 

(L4)2Zn 3587 1681 1560 1510 451 

(L5)2Zn 3431 1674 1602 1510 438 

(L6)2Zn 3429 1656 1597,1552 1510 449 

(L7)2Zn 3363 1660 1593,1556 1536 441 

 

Therefore, the geometry of the complexes appears to 

be consistent with the tetradentate coordination of      

N-acylhydrazone derivatives through the carbonyl 

oxygen and azomethine nitrogen (Figure 2). DFT 

calculations predicted ZnN and ZnO bond lengths 

of 2.042.07 Å and 1.982.04 Å, respectively       

(Tables S1-S3). These values agree with X-ray data 

reported for similar Zn(II) complexes, which were 

found to be 2.01 Å and 1.91 Å, respectively 43–45. 
 

2.5 UV-Vis data 

UV/vis absorption spectra of the Zn(II) complexes 

and corresponding free ligands (Figure S36-42) were 

measured in methanolic solution at room temperature 

in the 200-600 nm range. The results are presented in 

Figure 3 and Table 4.  

Zn(II) ions in these complexes have a d10 

configuration; therefore, they do not show any 

absorption in the visible region corresponding to d-d 

transitions. 
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Figure 2. Calculated structure for complexes (HL1)2Zn – (HL7)2Zn at B3LYP/def2-SVP level. 

 

 

Figure 3. UV-Vis spectrum (MeOH) of L1-7 compounds and corresponding Zn(II) complexes. 

The Absorption spectra of the Zn(II) complexes and 

free ligands is characterized by two main absorption 

bands in the region 275–5000 nm. The bands at higher 

energy are ascribed to π→π* transitions of the 

aromatic system of the compounds. The bands at 

lower energy (ɛ = 48000-80000 L mol-1 cm-1 range) 

can be attributed to the n→π * transitions of C=N and 

C=O groups. By comparing the behavior of the free 

ligands to corresponding complexes, it is possible to 

observe a red shift in absorption spectra. This shift 

indicates that the introduction of the Zn(II) ion 

enlarged the ligand’s conjugated system, which 

suggests that the nitrogen atom of the C=N group and 

the oxygen atom of the C=O group of ligands are 

coordinated successfully to the central Zn(II) ion 46. 

 

2.6. Electrochemical Properties 

To clarify the relative contributions of the substituent 

groups to the redox character of N-acylhydrazones, 

cyclic voltammetry (-1.0 V to 1.0 V) was performed 

for the seven Zn(II) complexes, i.e., (L1)2Zn to 

(L7)2Zn), at 1.0 × 10-3 mol L-1 in DMSO. Figure 4 

shows the cyclic voltammograms of the Zn(II) 

complexes. 
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Table 4. UV data of N-acylhydrazones and Zn(II) complexes. 

Ligand λmax (nm) Complex λmax (nm) 

L1 298.10 (L1)2Zn 302.68 

L2 364.39 (L2)2Zn 375.49 

L3 300.68 (L3)2Zn 305.20 

L4 324.11 (L4)2Zn 326.54 

L5 316.69 (L5)2Zn 323.26 

L6 316.95 (L6)2Zn 325.38 

L7 327.53 (L7)2Zn 331.24 

 

The cyclic voltammograms of Zn(II) complexes          

(-1.0V to 1.0V) were characterized by a reversible 

redox process for (L4)2Zn, and an irreversible (both 

cathodic and anodic) method for the remaining six 

complexes (L1)2Zn-(L3)2Zn and (L5)2Zn - (L7)2Zn. 

Voltammetry curves of complex (L4)2Zn were 

characterized by one reversible redox process at -

0.07/-0.15 V, (E½ = -0.11) vs. Ag+/AgCl, which was 

assigned to the nitro group, previously reported for 

other aromatic derivatives47. The remaining six 

complexes exhibit two irreversible (cathodic and 

anodic) processes. The irreversible reduction process 

at −0.70 V is attributed to the Zn(II)/Zn center in 

(HL)2Zn. This value agrees with those reported for 

related Zn Shiff base complexes 48. 

The different values for the oxidation and reduction 

processes are probably related to the presence of the 

electron-donor [OH, N(CH3)2] or electron-

withdrawing [NO2, F] substituent groups in N-

acylhydrazones. 

 

 

Figure 4. Cyclic voltammogram of the Zn(II) complexes (DMSO, KCl, scan rate 50 mV s-1). 

 

The experimental values of the highest occupied 

molecular orbital (HOMO) energy levels and lowest 

unoccupied molecular orbital (LUMO) energy levels 

of Zn(II) complexes were obtained according to 
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electrochemical parameters and electronic           

spectra 49,50. The HOMO and LUMO values were 

obtained using the equations: EHOMO = 4.74 + EOX; 

ELUMO = EHOMO – Eg, Eg = 1240 / λonset (eV), where 

λonset is the highest absorption band 51. Table S3 shows 

both cathodic and anodic peak potentials for the first 

reduction (Epc1) and oxidation (Epa1) steps at a sweep 

rate of 50 mV s-1 and HOMO and LUMO values. 

As shown in Table 5, the oxidation potential and the 

HOMO energy level of the complexes with the 

electron-donor group are higher than those without a 

substituent. In contrast, the oxidation potential and 

HOMO energy level of the complex with an electron-

withdrawing group are lower than those without a 

substituent. The frontier orbital theory 52 can explain 

the above phenomena; the HOMOrioritizes providing 

electrons.  

For electron donor compounds, the oxidation process 

corresponds to losing electrons in HOMO. 

 

Table 5. The Zn(II) complexes Ered, Eox, EHOMO, ELUMO, and Eg. 

Complex Ered Eox Eg EHOMO ELUMO 

(HL1)2Zn -0.56 0.81 4.09 5.55 1.45 

(HL2)2Zn -0.65 0.54 3.30 5.28 1.97 

(HL3)2Zn -0.57 

-0.15 
0.21 4.06 4.95 0.86 

(HL4)2Zn -0.15 -0.07 3.79 4.67 0.87 

(HL5)2Zn -0.53 0.75 3.83 5.49 1.65 

(HL6)2Zn -0.58 0.43 3.81 5.16 1.35 

(HL7)2Zn -0.6 0.62 3.74 5.36 1.61 

 

2.7 Antioxidant activity 

In vitro antioxidant activity of synthesized N-

acylhydrazones (L1-7) and Zn(II) complexes was 

assessed using DPPH (1,1-Diphenyl-2-

picrylhydrazyl) stable free radicals and compared to 

that of ascorbic acid. DPPH radicals are the primary 

method for screening compounds capable of 

scavenging activated oxygen species because they are 

more stable and easier to handle than oxygen-free 

radicals. Consequently, DPPH assays have been 

widely used to assess the antioxidant activity of 

different compounds 53. 

This method measures the continual absorbance 

decrease in the methanol solution of the stable free 

nitrogen radical DPPH at 517 nm in the presence of 

the compounds tested 54,55. All tested N-

acylhydrazones and their complexes exhibit UV 

absorbance between 230 and 350 nm and do not 

interfere with the kinetic measurement of DPPH 

absorbance decrease at 517 nm. The DPPH 

absorbance decrease in the presence of antioxidants is 

due to hydrogen transfer from the antioxidant, thus 

forming the DPPH-H stable compound. Methanolic 

DPPH solutions used at different concentrations 

were stable (checked over 30 min).  

The IC50 values were determined for all compounds 

(Table 6). Compounds with a withdrawing group have 

the lowest IC50 values among the synthesized N-

acylhydrazones, best results for compounds L7 and 

(L7)2Zn (65.3 and 78.7 μmol.l-1, respectively). In 

addition, compounds L7 and (L7)2Zn remain efficient 

compared to the antioxidant activity of other N-

acylhydrazones synthesized in the literature, which 

use ascorbic acid as a standard (Table 7). 

 

Table 6. Results of antioxidant activity by DPPH method. 

Ligand DPPH. IC50 (μmol. l-1) Complex DPPH. IC50 (μmol. l-1) 

L1 532.74 (L1)2Zn 429.04 

L2 221.76 (L2)2Zn 222.75 

L3 465.04 (L3)2Zn 432.63 

L4 458.31 (L4)2Zn 436.20 

L5 243.40 (L5)2Zn 267.56 

L6 285.04 (L6)2Zn 279.33 

L7 65.30 (L7)2Zn 78.70 

Ascorbic acid 47.20   
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Table 7. Antioxidant activity results of some N-acylhydrazones derivatives from the literature with HL7 and 

(HL7)2Zn. 

Compound IC50 %DRSA* Year Ref 

 

7.3 μmol.l-1 - 
2016 

 
56 

Ascorbic Acid 4.4 μmol.l-1 - 

 

25.3 μmol.l-1 - 
2017 57 

Ascorbic Acid 20.7 μmol.l-1 - 

 

30.4 mg.ml-1 - 
2020 58 

Ascorbic Acid 14.9 mg.ml-1 - 

 

- 39.7 

2021 59 

 

- 85.0 

Ascorbic Acid - 99.0 

 

- 22.7 

2022 60 

 

- 67.6 

Ascorbic Acid - 95.3 

HL7 65.30 μmol.l-1 - 

2023 This Work (HL7)2Zn 78.70 μmol.l-1 - 

Ascorbic Acid 45.20 μmol.l-1 - 

*DPPH radical scavenging activity 
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According to the literature 55,61, the hydrogen atom of 

the isoniazid moiety in a position from the hydrazone 

function is highly activated. N-acylhydrazone may 

easily undergo the abstraction of one hydrogen atom 

from this position. Hydrazones possessing at least one 

hydrogen atom on nitrogen, the formation of                 

N radical, which is stabilized through conjugation, 

forming delocalized C radicals (Scheme 2). The 

different DPPH scavenging properties (IC50) of the 

hydrazone ligands and their complexes may reflect 

the relative ability to abstract of the N-H hydrogen 

atom from the compound in question. 

 

 

Scheme 2. Purposed reaction of DPPH with L7 61. 

 

3. Conclusion 
 

In summary, seven Zn(II) complexes containing N-

acylhydrazone ligands (L1-7) were prepared by 

microwave irradiation and characterized by HRMS, 

UV-Vis, and IR spectroscopy. Theoretical 

calculations suggested a tetrahedral geometry for the 

Zn(II) complexes, with the metal coordinating with 

the OC and NC regions of the ligands. Based on the 

thermal data, we conclude that the complexes 

(L6)2Zn and (L7)2Zn are the most stable. 

Voltammetry curves of (L4)2Zn indicated one 

reversible redox process at -0.07/-0.15 V,                   

(E½ = -0.11) vs. 

Ag+/AgCl, which was assigned to the nitro group. 

The different values for the oxidation and reduction 

processes are probably related to the presence of the 

electron-donor [OH, N(CH3)2] or electron-

withdrawing [NO2, F] substituent groups in N-

acylhydrazones. In addition, the oxidation potential 

and the HOMO energy level of the complexes with 

the electron donor group (EHOMO = 5.49 – 5.16 eV) are 

higher than those of the complex with electron 

acceptor groups (EHOMO = 4.95 – 4.97 eV). The 

antioxidant activity assays showed that L7 (IC50 = 

65.30 μmol. l-1) and its complex (L7)2Zn (IC50 = 78,70 

μmol. l-1) were the most active substances compared 

to standard ascorbic (IC50 = 47.20 μmol.l-1). 
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4. Experimental 
 

All chemicals and solvents were used as received. All 

aldehydes are Sigma-Aldrich®; zinc chloride 

anhydrous, MeOH, and EtOH are Neon®, CH2Cl2 is 

Vetec®, and isoniazid is Merck®. All reactions were 

performed under microwave irradiation with Anton 

Paar® Monowave 300. Fisatom® (Brazil) recorded 

all synthesized compounds' melting points. UV/Vis 

analyses were recorded on Shimadzu® (UV2600) 

using DMSO as solvent. Infrared spectra of the 

synthesized ligands and Zn(II) complexes were 

recorded on FT-IR Shimadzu® (IFAffinity-1) with 

KBr pellets within the 400-4000 cm-1 range. All 

thermogravimetric analyses (TGA) were performed 

using a TA Instruments® analyzer (TGA Q50) under 

nitrogen gas flow (60 mL/min) at 10°C min-1 heating 

rate from room temperature (25°C) up to 800°C. 

Powder X-ray diffraction (XRD) studies were 

performed on a Rigaku® Ultima IV X-ray 

diffractometer (CuKα irradiation, 40 kV, 20 mA) in 

the range of 1.5-80° 2θ. Electrochemical analyses 

were recorded on an Autolab® 

potentiostat/galvanostat by cyclic voltammetry curve 

testing with the glassy electrode (0.07 cm²) as work 

electrode, a platinum plate electrode (1 cm²) as a 

counter electrode, and an Ag/AgCl as a reference 

electrode. KCl solution was used as a supporting 

electrolyte and DMSO as solvent. The electrolytes 

were degassed with pure argon gas, and the test 

scanning speed was 50 mV·s−1. 

 

4.1. Microwave assisted-synthesis of Zn(II) 

Complexes 

L1-L7 ligands (1 mmol) and zinc dichloride 

anhydrous (0.5 mmol) were dissolved in MeOH          
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(6 mL) in 10 mL vials. The solutions were stirred 

(1000 rpm) under microwave irradiation at 160°C for 

20 min. The products were filtered off, washed with 

MeOH, and dried in air. Recrystallization with MeOH 

or CH2Cl2: MeOH produced the following pure zinc 

complexes: 

 (L1)2Zn: white solid; yield 74%; mp 284-285°C; 

UV-Vis (MeOH) /nm 302;  

IR (KBr) /cm-1 3450, 3242, 3037, 2922, 2854, 

1666, 1608, 1554, 1294, 1060, 696, 511, 449; 

HRMS (FTMS + pESI) m/z observed 514.8639; 

C26H21N6O2Zn [M]+ expected: 514.8639. 

 (L2)2Zn: orange solid; yield 83%; mp 244-246°C; 

UV-Vis (MeOH) /nm 375;  

IR (KBr) /cm-1 3441, 3045, 2924, 2856, 1660, 

1600, 1533, 1367, 1305, 1180, 1062, 700, 503; 

HRMS (FTMS + pESI) m/z observed 599.1857; 

C30H31N8O2Zn [M]+ expected 600.9995. 

 

 (L3)2Zn: white solid; yield 73%.; mp 247-249°C; 

UV-Vis (MeOH) /nm 305;  

IR (KBr) /cm-1 3583, 3481, 3269, 3072, 2821, 

1681, 1606, 1504, 1290, 1232, 1151, 1068, 840, 

702, 532;  

HRMS (FTMS + pESI) m/z observed 549.0817; 

C26H19F2N6O2Zn [M]+ expected 550.8448. 

 (HL4)2Zn: greenish yellow solid; yield 72%; mp 

268-270°C; UV-Vis (MeOH) /nm 326;  

IR (KBr) /cm-1 3587, 3184, 3001, 2893, 2827, 

1681, 1560, 1510, 1336, 1280, 1143, 1068, 842, 

686, 503;  

HRMS (FTMS + pESI) m/z observed 603.0703; 

C26H19N8O6Zn [M]+ expected 604.8590. 

 

 (L5)2Zn: greenish yellow solid; yield: 93%; mp 

248-250°C; UV-Vis (MeOH) /nm 323;  

IR (KBr) /cm-1 3693, 3431, 3223, 3043, 2833, 

1674, 1602, 1510, 1301, 1253, 1170, 1028, 833, 

696, 522;  

HRMS (FTMS + pESI) m/z observed 573.1195; 

C28H25N6O4Zn [M]+ expected 574.9159. 

 

 (L6)2Zn: orange-yellow solid; yield 74%; mp 

283-285°C; UV-Vis (MeOH) /nm 325;  

IR (KBr) /cm-1 3429, 3221, 3028, 1656, 1597, 

1552, 1510, 1286, 1226, 1159, 1058, 831, 688, 

607, 526;  

HRMS (FTMS + pESI) m/z observed: 546.8627; 

C26H21N6O4Zn [M]+ expected 546.8627. 

 

 (HL7)2Zn: dark yellow solid; yield 82%; mp    

244-246°C; UV-Vis (MeOH) /nm 331;  

IR (KBr) /cm-1 3363, 3250, 2922, 1660, 1593, 

1556, 1517, 1384, 1292, 1134, 1029, 698, 599, 

441;  

HRMS (FTMS + pESI) m/z observed 605.1123; 

C28H25N6O6Zn [M]+ expected 606.9147. 

 

 

4.2. Theoretical calculations 

Quantum chemical calculations using Density 

Functional Theory (DFT) were performed to predict 

the structures and spectroscopic properties of the 

Zn(II) complexes. The geometries for the ligands and 

Zn(II) complexes were optimized in the gas phase at 

the B3LYP level with the def2-SVP basis set for all 

atoms. The same level of theory was used to calculate 

the vibrational frequencies to characterize the 

structures as true minima on the potential energy 

surface (all real harmonic frequencies) and to analyze 

the normal vibrational modes. All calculations were 

done using the ORCA 4.1.1 program (Neese 2012). 

 

4.3. DPPH radical scavenging assay 

All the tested compounds were dissolved in methanol. 

Then, 0.1 mL of each was added (0 - blank control, 

100, 200, 500, and 1000 μmol/L) to 3.9 mL of DPPH 

(0,005 % (w/v)) and incubated at room temperature 

for 1 h. 

Absorbance was measured at 517 nm (Santos et al. 

2020), and the half maximal inhibitory concentration 

(IC50) was calculated by plotting a non-linear 

regression % inhibition vs. concentration curve with 

Origin software (version 8.1). Ascorbic acid was 

employed as a positive control. The % inhibition was 

expressed as a percentage of scavenging activity on 

DPPH: SC% = [(Acontrol – Atest)/Acontrol)]·100%, where 

Acontrol and Atest are the absorbances of the control 

(DPPH solution without test sample) and the test 

sample (DPPH solution plus scavenger), respectively. 

The control contains all reagents except the 

scavenger. 

 

Supplementary data 
 

Electronic Supplementary material associated with 

this article can be found in the online version of this 

paper. 
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