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SYNTHESES, CRYSTAL STRUCTURES,  

AND ANTIMICROBIAL ACTIVITIES OF ZINC  

COMPLEXES DERIVED FROM 2-AMINO-N ′- 

(PYRIDIN-2-YLMETHYLENE)BENZOHYDRAZIDE 
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New zinc complexes, [ZnBr2(HL)] (1), [ZnBr(HL)(NCS)]⋅0.5H2O (2), [Zn(HL)I2] (3), and [ZnL2] (4), 

where L is the monoanionic form of 2-amino-N′-(pyridin-2-ylmethylene)benzohydrazide (HL), have been 

prepared and characterized by elemental analysis, IR and UV-Vis spectra, as well as single crystal X-ray 

diffraction. The Zn atoms in complexes 1-3 are in distorted trigonal-bipyramidal coordination, and that in 

complex 4 is in octahedral coordination. The crystal structures of the complexes are stabilized by hydrogen 

bonds. The antibacterial and antifungal activities of the compounds were evaluated. 

DOI: 10.1134/S0022476622080170 

Keywords: hydrazone, zinc complex, crystal structure, antimicrobial activity. 

INTRODUCTION 

Hydrazones and their derivatives are a special type of Schiff bases, which have interesting and fascinating 

pharmaceutical and biological activities like antibacterial, antifungal, anti-inflammatory, antiviral and antitumor [1-4]. Metal 

complexes derived from hydrazone ligands are important in bioinorganic chemistry [5-11]. In particular, when coordinated to 

transition metals, they significantly expand the lipophilic character that contributes to increasing potential biological 

complexes [12]. In order to obtain metal complexes, it is necessary to use active metals that have low toxicity to organisms 

[13]. Zinc complexes with hydrazone ligands have shown various biological activities [14-17]. In the past few years,  

a number of zinc complexes with hydrazone ligands have been reported for their synthesis, crystal structures and biological 

application. The coordination geometries of zinc complexes are usually tetrahedral, square pyramidal, trigonal bipyramidal 

and octahedral [18-23]. The hydrazones adopt either ketone or enol form during the coordination. However, it is hard to 

predict which form they will present. As a continuation of our work on the hydrazone complexes [24-26], and to control the 

coordination mode of hydrazone ligands, as well as in pursuit of new biological agents, we reported here a series of new zinc 

complexes, [ZnBr2(HL)] (1), [ZnBr(HL)(NCS)]⋅0.5H2O (2), [Zn(HL)I2] (3) and [ZnL2] (4), where HL is 2-amino-N′-

(pyridin-2-ylmethylene)benzohydrazide (Scheme 1). 
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SAINT [28], and multi-scan absorption correction was performed using the SADABS [29]. The structures of the complexes 

were solved by direct method and refined against F2 by full-matrix least-squares method using the SHELXL-2018/3 package 

[30]. All of the non-hydrogen atoms were refined anisotropically. The amino H atoms were located from difference Fourier 

maps and refined isotropically, with N–H and H⋯H distances restrained to 0.90(1) Å and 1.45(2) Å, respectively. The water 

H atoms were located from difference Fourier maps and refined isotropically, with O–H and H⋯H distances restrained to 

0.96(1) Å and 1.47(2) Å, respectively. The remaining hydrogen atoms were placed in calculated positions and constrained to 

ride on their parent atoms. There is no acceptor for O3–H3A and O3–H3B bonds in complex 2, which is due to the disorder 

of the water molecule, and it is difficult to add the hydrogen atoms at the right positions. The crystallographic data for the 

complexes are summarized in Table 1. Selected bond lengths and angles are given in Tables 2 and 3. 

Antimicrobial assay. The antibacterial activities of the compounds were tested against B. subtilis, S. aureus, E. coli, 

and P. fluorescens using MH (Mueller–Hinton) medium. The antifungal activities of the compounds were tested against 

C. albicans and A. niger using RPMI-1640 medium. The MIC values of the tested compounds were determined by  

a colorimetric method using the dye MTT [31]. A stock solution of the aroylhydrazone compound (150 μM) in DMSO was 

prepared and graded quantities (75 μM, 37.5 μM, 18.8 μM, 9.4 μM, 4.7 μM, 2.3 μM, 1.2 μM, 0.59 μM) of the tested 

compounds were incorporated in specified quantity of the corresponding sterilized liquid medium. A specified quantity of the 

medium containing the compound was poured into microtitration plates. Suspension of the microorganism was prepared to 

contain approximately 105 cfu/mL and applied to microtitration plates with serially diluted compounds in DMSO to be tested 

and incubated at 37 °C for 24 h and 48 h for bacteria and fungi, respectively. Then the MIC values were visually determined 

on each of the microtitration plates, 50 μL of PBS (phosphate buffered saline 0.01 M, pH = 7.4) containing 2 mg of MTT/mL  
 

TABLE 1. Crystallographic and Experimental Data for the Complexes 

Compound 1 2 3 4 

Formula C13H12Br2N4OZn C14H13BrN5O1.5SZn C13H12I2N4OZn C26H22N8O2Zn 

Formula weight 465.46 452.63 559.44 543.88 

Crystal shape / color Block / colorless Block / colorless Block / colorless Block / colorless 

Crystal size, mm 0.20×0.18×0.17 0.18×0.17×0.17 0.18×0.15×0.15 0.33×0.30×0.28 

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic 

Space group P21/c P21/c P21/c P21/n 

a, b, c, Å 13.7533(13),  
14.7742(18),  
7.6164(11) 

8.5250(10),  
13.1640(13),  
16.5270(15) 

13.6455(17),  
15.679(2),  
7.9227(11) 

8.806(2),  
13.5800(11),  
20.6453(18) 

β, deg 95.676(2) 96.646(2) 95.229(2) 97.871(2) 

V, Å3 1540.0(3) 1842.2(3) 1688.0(4) 2445.5(6) 

Z 4 4 4 4 

Dc, g/cm3 2.008 1.632 2.201 1.477 

μ, mm–1 6.786 3.628 5.115 1.046 

F(000) 904 900 1048 1120 

θ range, deg 1.49 / 25.50 1.98 / 25.50 1.50 / 25.50 1.80 / 25.49 

Reflections / parameters 8913 / 199 9008 / 223 9870 / 199 14339 / 350 

Unique / observed reflections  
      (I ≥ 2σ(I)) 

2851 / 2321 3323 / 1449 3145 / 2446 4549 / 3386 

Restraints 4 3 4 6 

GOOF on F2 1.080 1.012 1.025 1.045 

R1, wR2 (I ≥ 2σ(I))#1 0.0406,  0.1104 0.0899,  0.2316 0.0351,  0.0808 0.0382,  0.0862 

R1, wR2 (all data) 0.0528,  0.1176 0.1934,  0.3027 0.0517,  0.0891 0.0589,  0.0944 
 

 

 

#1 R1 = ∑ ||F0| – | Fc|| / ∑ |F0|, wR2 = [∑w(F0

2 – Fc

2)2 / ∑w(F0

2)2]1/2. 
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TABLE 2. Selected Bond Lengths (Å) and Angles (deg) for Complexes 1-3 

Bond length 1 2 3 

Zn1–N1 2.204(5) 2.184(9) 2.205(5) 

Zn1–N2 2.098(4) 2.084(9) 2.107(4) 

Zn1–O1 2.262(4) 2.212(8) 2.269(4) 

Zn1–X1 2.3447(9) 2.419(2) 2.5381(8) 

Zn1–X2 2.3882(9)  2.5675(9) 

Zn1–N5  1.932(13)  

Bond angles 1 2 3 

N2–Zn1–N1 74.30(16) 74.9(4) 74.10(16) 

N2–Zn1–O1 71.14(15) 73.1(4) 71.13(15) 

N1–Zn1–O1 145.26(15) 147.9(4) 144.93(16) 

N2–Zn1–Br1 129.47(13) 132.0(2) 130.57(13) 

N1–Zn1–Br1 102.20(13) 100.1(3) 103.84(12) 

O1–Zn1–Br1 96.94(11) 98.7(3) 95.33(11) 

N2–Zn1–Br2 114.67(13)  114.44(13) 

N1–Zn1–Br2 100.06(13)  99.84(13) 

O1–Zn1–Br2 97.40(12)  98.44(12) 

Br1–Zn1–Br2 115.52(3)  114.51(3) 

N5–Zn1–N2  113.5(5)  

N5–Zn1–N1  100.0(4)  

N5–Zn1–O1  95.6(4)  

N5–Zn1–Br1  114.4(4)  
 

TABLE 3. Selected Bond Lengths (Å) and Angles (deg) for Complex 4 

Bond length Distance Bond length Distance 

Zn1–O1 2.0758(18) Zn1–O2 2.1566(18) 

Zn1–N1 2.227(2) Zn1–N2 2.060(2) 

Zn1–N5 2.257(2) Zn1–N6 2.040(2) 

Bond angle Value Bond angle Value 

N6–Zn1–N2 175.37(8) N6–Zn1–O1 109.41(8) 

N2–Zn1–O1 74.85(7) N6–Zn1–O2 73.96(8) 

N2–Zn1–O2 107.61(8) O1–Zn1–O2 97.82(7) 

N6–Zn1–N1 100.32(8) N2–Zn1–N1 75.33(8) 

O1–Zn1–N1 150.10(8) O2–Zn1–N1 93.23(7) 

N6–Zn1–N5 75.66(9) N2–Zn1–N5 102.35(9) 

O1–Zn1–N5 96.21(8) O2–Zn1–N5 149.31(8) 

N1–Zn1–N5 87.94(8)   
 

was added to each well. Incubation was continued at room temperature for 4-5 h. The content of each well was removed, and 

100 μL of isopropanol containing 5% 1 M HCl was added to extract the dye. After 12 h of incubation at room temperature, 

the optical density was measured with a microplate reader at 550 nm. 
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TABLE 5. The MIC Values (μM) of the Compounds 

Tested material B. subtilis S. aureus E. coli P. fluorescens C. albicans A. niger 

HL 9.4 37.5 37.5 >150 >150 >150 

1 2.3 4.7 9.4 18.8 >150 >150 

2 2.3 4.7 9.4 18.8 >150 >150 

3 2.3 4.7 9.4 18.8 >150 >150 

4 4.7 18.8 18.8 75 >150 >150 

Kanamycin 0.6 2.3 4.7 4.7 >150 >150 

Penicillin G 2.3 4.7 >150 >150 >150 >150 

Ketoconazole >150 >150 >150 >150 4.7 18.8 
 

and Pseudomonas fluorescens) by MTT method. The MIC (minimum inhibitory concentration) values of the compounds 

against four bacteria are listed in Table 5. Kanamycin and Penicillin G were used as the standard agents. The free hydrazone 

has medium activity against B. subtilis, and weak activity against S. aureus and E. coli, while inactive against P. fluorescens. 

In general, the complexes have better activities against the bacteria than the free hydrazone. Interestingly, complexes 1-3 

have similar activities against all the bacteria strains. Thus, the Br, NCS and I ligands have no obvious influence on the 

antibacterial activity. The three complexes showed strong activity against B. subtilis and S. aureus, medium activity against 

E. coli, and weak activity against P. fluorescens. Complex 4 showed good activity against B. subtilis, and weak activity 

against the remaining bacteria strains. Interestingly, complexes 1-3 have effective activity against B. subtilis and S. aureus, 

which are comparable to the reference drug Penicillin G. 

The antifungal activity of the compounds was also evaluated against two fungal strains (Candida albicans and 

Aspergillus niger) by MTT method. Ketoconazole was used as a reference agent. Complexes 1-3 have weak activity against 

P. fluorescens, while no activity against C. albicans and A. niger. Complex 4 has very weak activity against P. fluorescens, 

which is weaker than complexes 1-3. 

CONCLUSIONS 

In summary, the present paper reports the synthesis, characterization and crystal structures of four new zinc 

complexes with the ligand 2-amino-N′-(pyridin-2-ylmethylene)benzohydrazide. The hydrazone ligand coordinates to the Zn 

atom through the pyridine nitrogen, imino nitrogen and carbonyl oxygen. When Lewis bases were added to the reaction 

mixture, the hydrazone ligand coordinates to the Zn atom through the pyridine nitrogen, imino nitrogen and enolate oxygen. 

Thus, the presence of Lewis bases contributes to the enolate form of the hydrazone compound. The complexes have effective 

antibacterial activity against S. aureus. 
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