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Abstract
Three mononuclear nickel(II), cadmium(II) and zinc(II) complexes, [NiL2]·2CH3OH·H2O (1), [CdI2(HL)]·CH3OH (2) 
and [ZnL2] (3), have been synthesized from 3-hydroxy-4-methoxy-N’-[(Z)-(pyridin-2-yl)methylidene]benzohydrazide 
(HL) by microwave irradiation method. All complexes were characterized by CHN elemental analyses and infrared 
spectra. Structures of the complexes were further studied by single crystal X-ray determination, which reveals that the Ni 
and Zn atoms in complexes 1 and 3 are in octahedral coordination, and the Cd atom in complex 2 is in square pyramidal 
coordination. The biological activity of the complexes on the bacterial strains Bacillus subtilis, Staphylococcus aureus, 
Pseudomonas aeruginosa and Escherichia coli was evaluated. As a result, the zinc complex has interesting antibacterial 
activities.
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1. Introduction
Microwave-assisted synthesis of various organic and 

coordination compounds has received much attention in 
recent years because it can accelerate their reactions.1 In ad-
dition, this method has obvious advantages in providing a 
cheap, clean and easy handling heating way in the synthesis 
of various types of compounds with higher yields and less 
reaction time by comparing with those heating at reflux in 
organic solvents or solvothermal method.2 Till date, micro-
wave irradiation is considered to be one of the robust and 
efficient techniques for the synthesis of Schiff base metal 
complexes. The greatest advantage of this technique is the 
extraordinary acceleration in reaction rate when compared 
to conventional method.3 Hydrazones can be prepared by 
reaction of aldehydes and aroylhydrazines. They and their 
metal complexes have various biological activities such as 
antibacterial,4 anticancer,5 antitubercular,6 as well as en-
zyme inhibition.7 When bioorganic molecules or drugs 
are bound to metal ions, there is drastic enhance in their 
biomimetic properties, therapeutic effects and pharmaco-
logical properties.8 Orojloo and coworkers reported some 
cobalt(II), nickel(II), copper(II) and zinc(II) complexes 
derived from the Schiff base ligands 4-((2,4-dichloro-
phenyl)diazenyl)-2-(3-hydroxypropylimino)methyl)phe-

nol and 2-((3-hydroxypropylimino)methyl)-4-(thiazol-2 
yldiazenyl)phenol. As a result, the complexes have higher 
activities as compared with the free Schiff bases.9 Nickel, 
cadmium and zinc complexes are reported to be biologi-
cal active like antimicrobial, anticancer, antioxidant, and 
DNA binding properties.10 As a continuation of our work 
on metal complexes with biological activities,11 in this 
study, the synthesis, characterization and antibacterial 
properties of three new complexes [NiL2]·2CH3OH·H2O 
(1), [CdI2(HL)]·CH3OH (2) and [ZnL2] (3), derived from 
3-hydroxy-4-methoxy-N’-[(Z)-(pyridin-2-yl)methylidene]
benzohydrazide (HL), are presented.

2. Experimental
2. 1. Materials and Physical Methods

Pyridine-2-carboxaldehyde, 3-hydroxyl-4-methoxy-
benzohydrazide, nickel acetate, cadmium iodide, and zinc 
acetate were obtained from TCI. The solvents were of AR 
grade and used as received. The microwave synthesis was 
carried out with a WX-4000 microwave digestion system. 
CHN elemental analyses were performed on a Perkin-Elm-
er 2400 Elemental Analyzer. Infrared spectra were recorded 
on a Bio-Rad FTS 135 spectrophotometer with KBr pellets. 
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X-ray single crystal structure diffraction was determined 
with a Bruker Smart 1000 CCD diffractometer.

2. 2. Synthesis of HL
Pyridine-2-carboxaldehyde (0.11 g, 1.0 mmol) and 

3-hydroxyl-4-methoxybenzohydrazide (0.18 g, 1.0 mmol) 
were mixed in methanol, and stirred at reflux for 30 min. 
The reaction mixture was evaporated to give colorless 
solid, which was recrystallized from methanol to give 
crystalline product. Yield: 0.24 g (89%). Anal. Calcd. for 
C14H13N3O3 (%): C, 61.99; H, 4.83; N, 15.49. Found (%): 
C, 62.23; H, 4.90; N, 15.37. IR data (KBr, cm–1): 3308, 
3272, 1684, 1621, 1569, 1507, 1461, 1425, 1331, 1305, 1273, 
1232, 1145, 1113, 1029, 885, 843, 817, 760, 713, 646, 578. 
1H NMR (500 MHz, d6-DMSO): δ 9.49 (s, 1H, OH), 9.12 
(s, 1H, NH), 8.63 (d, 1H, PyH), 7.87 (d, 1H, PyH), 7.81 (t, 
1H, PyH), 7.60 (t, 1H, PyH), 7.45 (s, 1H, CH=N), 7.29 (m, 
2H, ArH), 6.95 (d, 1H, ArH), 3.85 (s, 3H, CH3). 13C NMR 
(126 MHz, d6-DMSO): δ 165.8, 153.2, 150.0, 148.7, 145.9, 
144.3, 136.2, 128.1, 126.7, 125.6, 121.3, 120.1, 115.3, 55.6.

2. 3. Synthesis of the Complexes
The three complexes were prepared with the same 

method as described. Pyridine-2-carboxaldehyde (0.11 g, 
1.0 mmol), 3-hydroxyl-4-methoxybenzohydrazide (0.18 g, 
1.0 mmol), methanol (30 mL) and metal salts (1.0 mmol 
as follows) were placed in a Teflon-lined autoclave (30 

mL). The reaction mixture was maintained at 350 K and 
200 W for 10 min at the cavity of the microwave reactor. 
Then the reaction mixture was cooled to room tempera-
ture for about 60 min. The mixtures were filtered and with 
the filtrate to slow evaporate in air for a week. Well shaped 
single crystals were formed and collected by filtration and 
washed with cold methanol.

2. 3. 1. [NiL2]·2CH3OH·H2O (1)
Nickel acetate tetrahydrate (0.25 g, 1.0 mmol). Yield: 

0.22 g (65%). Anal. Calcd. for C30H34N6NiO9 (%): C, 52.89; 
H, 5.03; N, 12.34. Found (%): C, 52.73; H, 5.10; N, 12.17. 
IR data (KBr, cm–1): 1605, 1561, 1517, 1489, 1460, 1423, 
1365, 1351, 1328, 1268, 1243, 1217, 1180, 1134, 1118, 1072, 
1015, 971, 878, 855, 820, 765, 680, 643, 599, 555, 518, 493.

2. 3. 2. [CdI2(HL)]·CH3OH (2)
Cadmium iodide (0.37 g, 1.0 mmol). Yield: 0.41 g 

(61%). Anal. Calcd. for C15H17CdI2N3O4 (%): C, 26.91; 
H, 2.56; N, 6.28. Found (%): C, 27.05; H, 2.47; N, 6.22. IR 
data (KBr, cm–1): 1628, 1614, 1580, 1550, 1508, 1473, 1441, 
1358, 1293, 1229, 1212, 1146, 1125, 1083, 1010, 968, 878, 
827, 783, 767, 747, 638, 576, 532, 507, 472.

2. 3. 3. [ZnL2] (3)
Zinc acetate dihydrate (0.22 g, 1.0 mmol). Yield: 0.23 

g (74%). Anal. Calcd. for C28H24N6O6Zn (%): C, 55.50; H, 

Table 1. Crystallographic data for the complexes

Complex	 1	 2	 3

Formula	 C30H34N6NiO9	 C15H17CdI2N3O4	 C28H24N6O6Zn
Formula weight	 681.34	 669.52	 605.90
Crystal system	 Orthorhombic	 Monoclinic	 Triclinic
Space group	 Pbca	 P21/c	 P-1
a (Å)	 15.1673(10)	 8.3494(13)	 8.4352(10)
b (Å)	 19.8159(10)	 14.3589(15)	 11.4227(11)
c (Å)	 20.9173(13)	 17.4204(13)	 14.7073(15)
α (º)	 90	 90	 88.9880(10)
β (º)	 90	 95.9160(10)	 77.2480(10)
γ (º)	 90	 90	 74.8700(10)
V (Å3)	 6286.8(7)	 2077.4(4)	 1333.0(2)
λ (Å)	 0.71073	 0.71073	 0.71073
ρcalcd (g cm–3)	 1.440	 2.141	 1.510
Z	 8	 4	 2
μ (mm–1)	 0.680	 4.046	 0.977
θ ranges (º)	 1.95–25.50	 1.84–25.50	 2.28–25.50
Reflections collected	 32240	 11012	 13780
Independent reflections	 5852	 3868	 4953
Observed reflections (I ≥ 2σ(I))	 3587	 2927	 2871
Restraints	 25	 2	 2
Parameters	 437	 234	 380
Goodness-of-fit on F2	 1.027	 1.039	 1.018
Final R indices [I ≥ 2σ(I)]	 0.0500, 0.1057	 0.0321, 0.0607	 0.0586, 0.1283
R indices (all data)	 0.1028, 0.1293	 0.0491, 0.0673	 0.1180, 0.1513
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3.99; N, 13.87. Found (%): C, 55.28; H, 4.07; N, 13.96. IR 
data (KBr, cm–1): 1605, 1563, 1515, 1489, 1462, 1420, 1356, 
1270, 1241, 1215, 1178, 1137, 1118, 1072, 1028, 1014, 973, 
929, 878, 853, 818, 763, 680, 641, 601, 556, 516, 488, 438.

2. 4. X-Ray Structure Determination
X-ray single crystal diffraction was performed on a 

diffractometer equipped with a graphite monochromated 
Mo-Kα radiation (λ = 0.71073 Å) at 298(2) K. The collect-
ed data were integrated and reduced with SAINT.12 Struc-
tures of the five complexes were solved by direct methods 
and refined by full-matrix least-squares based on F2 with 
SHELXL.13 The empirical absorption correction was ap-
plied with SADABS.14 All non-H atoms were anisotropi-
cally refined. The H atoms attached to O and N atoms in 
the complexes were located from difference Fourier maps 
and refined isotropically, with O−H, N−H and H···H dis-
tances restrained to 0.85(1), 0.90(1) and 1.37(2) Å, respec-
tively. Selected crystal data for the complexes are summa-

rized in Table 1. Coordinate bond lengths and bond angles 
are provided in Table 2.

2. 5. Antibacterial Assay
The hydrazone HL and the three complexes were 

assayed in vitro antibacterial activities against two 
Gram-positive bacteria strains Staphylococcus aureus and 
Bacillus subtilis, and two Gram-negative bacteria strains 
Escherichia coli and Pseudomonas aeruginosa by agar well 
diffusion method with the literature method.15 The nega-
tive and positive references are DMSO and Ciprofloxacin, 
respectively.

2. 6. �Determination of Minimum Inhibitory 
Concentration (MIC)
MIC values of the compounds was tested through a 

modified agar well diffusion method.16 A two-fold serial 
dilution of each compound was prepared by first recon-
stituting in DMSO followed by dilution in sterile distilled 
water to achieve a decreasing concentration range 256 μM. 
Each dilution (100 μL) was introduced into wells in the 
agar plates seeded with 100 μL of standardized inoculums 
(106 cfu mL−1) of the microbial strain. All test plates were 
incubated aerobically at 37 °C for 24 h and observed for 
the inhibition zones.

3. Results and Discussion
3. 1. Chemistry

Reaction of in situ formed HL with nickel acetate 
(for 1), cadmium iodide (for 2) and zinc acetate (for 3), 
respectively, afforded the complexes (Scheme 1).

3. 2. IR Spectra
In the IR spectra of complexes 1 and 3, the charac-

teristic imine stretching is observed at 1605 cm–1 as strong 
signals.17 In complex 2, the imine stretching is observed at 
1614 cm–1. This is in agreement with the different lengths 
of C=N bonds in these complexes. There is an obvious 
strong absorption at 1628 cm–1 in the spectrum of com-
plex 2, while absence in the other two complexes, which is 
assigned to C=O vibration.18 Coordination of the ligands 
is further confirmed by the appearance of weak bands in 
the low wave numbers 400–600 cm–1, corresponding to 
ν(M–N), ν(M–O) and ν(M–I).19

3. 3. Structure Description of Complex 1
The molecular structure of complex 1 is shown in Fig. 

1. The compound contains a mononuclear [NiL2] complex 
molecule, and one water and two methanol molecules of 
crystallization. The Ni atom is coordinated by two pyri-

Table 2. Selected bond distances (Å) and bond angles (º) for the 
complexes

1

Ni1–O1	 2.119(3)	 Ni1–O2	 2.067(3)
Ni1–N2	 1.974(3)	 Ni1–N3	 2.109(3)
Ni1–N5	 1.971(3)	 Ni1–N6	 2.117(3)
N5–Ni1–N2	 177.72(13)	 N5–Ni1–O2	 76.66(11)
N2–Ni1–O2	 101.20(12)	 N5–Ni1–N3	 102.44(13)
N2–Ni1–N3	 78.30(13)	 O2–Ni1–N3	 91.06(12)
N5–Ni1–N6	 78.28(13)	 N2–Ni1–N6	 103.84(13)
O2–Ni1–N6	 154.94(12)	 N3–Ni1–N6	 94.95(13)
N5–Ni1–O1	 103.53(12)	 N2–Ni1–O1	 75.69(12)
O2–Ni1–O1	 93.67(10)	 N3–Ni1–O1	 154.00(12)
N6–Ni1–O1	 91.51(11)		

2

Cd1–I1	 2.7147(5)	 Cd1–I2	 2.7441(6)
Cd1–O1	 2.445(3)	 Cd1–N2	 2.335(4)
Cd1–N3	 2.383(4)		
N2–Cd1–N3	 69.28(13)	 N2–Cd1–O1	 65.69(12)
N3–Cd1–O1	 134.54(12)	 N2–Cd1–I1	 125.52(9)
N3–Cd1–I1	 104.39(9)	 O1–Cd1–I1	 96.59(8)
N2–Cd1–I2	 115.26(9)	 N3–Cd1–I2	 103.18(9)
O1–Cd1–I2	 101.12(9)	 I1–Cd1–I2	 118.695(18)

3

Zn1–O1	 2.207(3)	 Zn1–O2	 2.141(3)
Zn1–N2	 2.067(4)	 Zn1–N3	 2.219(4)
Zn1–N5	 2.052(4)	 Zn1–N6	 2.291(4)
N5–Zn1–N2	 177.60(16)	 N5–Zn1–O2	 74.66(14)
N2–Zn1–O2	 106.23(14)	 N5–Zn1–O1	 105.27(13)
N2–Zn1–O1	 72.42(14)	 O2–Zn1–O1	 100.22(13)
N5–Zn1–N3	 106.92(15)	 N2–Zn1–N3	 75.27(16)
O2–Zn1–N3	 96.50(14)	 O1–Zn1–N3	 146.64(14)
N5–Zn1–N6	 74.60(15)	 N2–Zn1–N6	 104.71(15)
O2–Zn1–N6	 148.77(14)	 O1–Zn1–N6	 92.99(13)
N3–Zn1–N6	 87.25(15)		
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dine nitrogens (N3, N6), two imino nitrogens (N2, N5), 
and two enolate oxygens (O1, O2) from two hydrazone 
ligands, forming octahedral geometry. The octahedral co-
ordination is distorted from the ideal model, which can 
be evidenced by the bond angles, ranging from 75.69(12) 
to 103.84(13)º for the cis angles, and from 154.00(12) 
to 177.72(13)º for the trans angles. The distortion arises 
from the strain created by the four five-membered che-
late rings. The lengths of Ni‒O bonds (2.067(3)-2.119(3) 
Å) and Zn‒N bonds (1.971(3)-2.117(3) Å) are compara-
ble to those observed in Schiff base nickel complexes with 
octahedral coordination.20 The C1-C6 benzene ring and 
the C9-C13-N3 pyridine ring form a dihedral angle of 
19.6(5)°. The C15-C20 benzene ring and the C23-C27-N6 
pyridine ring form a dihedral angle of 2.3(5)°. In the crys-
tal structure, the complex molecules and the solvent mol-
ecules are linked through intermolecular hydrogen bonds 

Scheme 1. The synthetic procedure for HL and the complexes.

Fig. 1. Molecular structure of complex 1. Displacement ellipsoids 
are drawn at the 30% probability level. The solvent molecules are 
omitted for clarity.
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of O–H∙∙∙N, O–H∙∙∙O and C–H∙∙∙O, to form a three-dimen-
sional network (Fig. 2).

Fig. 2. Molecular packing diagram of complex 1, viewed along the a 
axis. Hydrogen bonds are shown as dashed lines. H atoms not in-
volved in hydrogen bonding are omitted for clarity.

3. 4. Structure Description of Complex 2
The molecular structure of complex 2 is shown in Fig. 

3. The compound contains a mononuclear [CdI2(HL)] com-
plex molecule and a methanol molecule of crystallization. 
The Cd atom is coordinated by one pyridine nitrogen (N3), 
one imino nitrogen (N2), and one carbonyl oxygen (O1) of a 
hydrazone ligand, and two I ligands (I1, I2), forming square 
pyramidal geometry. The basal plane is defined by N2, N3, 
O1 and I1 atoms, and the apical position is occupied by I2 
atom. The square pyramidal coordination is distorted from 
the ideal model, which can be evidenced by the bond angles. 
The angles in the basal plane are range from 65.69(12) to 
104.39(9)º for cis angles and from 125.52(9) to 134.54(12)º 
for trans angles. The angles among the apical and basal do-
nor atoms are 101.12(9)-118.695(18)º. The distortion arises 
from the strain created by the two five-membered chelate 
rings. The square pyramidal geometry is evidenced by the 
index value τ of 0.15.21 The lengths of Cd‒O bond (2.445(3) 
Å) and Cd‒N bonds (2.335(4)-2.383(4) Å) are comparable 
to those observed in Schiff base cadmium complexes.22 The  

C1-C6 benzene ring and the C9-C13-N3 pyridine ring 
form a dihedral angle of 11.1(3)°. In the crystal structure, 
the complex molecules and the solvent molecules are linked 
through intermolecular hydrogen bonds of N–H∙∙∙O, O–
H∙∙∙O and O–H∙∙∙I, to form a three-dimensional network 
(Fig. 4).

Fig. 4. Molecular packing diagram of complex 2, viewed along the b 
axis. Hydrogen bonds are shown as dashed lines. H atoms not in-
volved in hydrogen bonding are omitted for clarity.

3. 5. Structure Description of Complex 3
The molecular structure of complex 3 is shown in Fig. 

5. The Zn atom is coordinated by two pyridine nitrogens 
(N3, N6), two imino nitrogens (N2, N5), and two enolate 
oxygens (O1, O2) from two hydrazone ligands, forming 
octahedral geometry. The octahedral coordination is dis-
torted from the ideal model, which can be evidenced by 
the bond angles, ranging from 74.60(15) to 106.92(15)º for 
the cis angles, and from 146.64(14) to 177.60(16)º for the 
trans angles. The distortion arises from the strain creat-
ed by the four five-membered chelate rings. The lengths 
of Zn‒O bonds (2.141(3)-2.207(3) Å) and Zn‒N bonds 
(2.052(4)-2.291(4) Å) are comparable to those observed in 
Schiff base zinc complexes with octahedral coordination.23 
The C1-C6 benzene ring and the C9-C13-N3 pyridine ring 
form a dihedral angle of 40.3(6)°. The C15-C20 benzene 
ring and the C23-C27-N6 pyridine ring form a dihedral 
angle of 18.3(6)°. In the crystal structure, the complex 
molecules are linked through intermolecular hydrogen 

Fig. 3. Molecular structure of complex 2. Displacement ellipsoids 
are drawn at the 30% probability level.
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bonds of O–H∙∙∙N, O–H∙∙∙O, C–H∙∙∙N and C–H∙∙∙O, to 
form a three-dimensional network (Fig. 6).

Fig. 5. Molecular structure of complex 3. Displacement ellipsoids 
are drawn at the 30% probability level. Hydrogen bonds are shown 
as dashed lines.

Fig. 6. Molecular packing diagram of complex 3, viewed along the a 
axis. Hydrogen bonds are shown as dashed lines. H atoms not in-
volved in hydrogen bonding are omitted for clarity.

3. 6. Antibacterial Activities
The results of the antibacterial activities are given in 

Tables 4 and 5. All the complexes showed enhanced anti-
bacterial activities as compared with the free Schiff base 
HL. Ciprofloxacin produced significantly sized inhibition 
zones against the bacteria, while DMSO produced no 
inhibitory effect against any of the tested organisms. HL 
gave inhibition zones in the range of 1.9–6.5 mm against 
the bacteria. The MIC results showed that complex 1 has 
weak activity against Staphylococcus aureus and Pseu-
domonas aeruginosa, and medium activity against Bacil-
lus subtilis and Escherichia coli. Complex 2 has medium 
activity against Staphylococcus aureus, Bacillus subtilis and 
Pseudomonas aeruginosa, and strong activity agaisnt Es-
cherichia coli. Complex 3 has good activity against Staph-
ylococcus aureus and Pseudomonas aeruginosa, and strong 
activity against Bacillus subtilis and Escherichia coli. The 
results of this study agree well with those reported pre-
viously that metal complexes have higher activities than 
their precursors.24 The overtone’s concept25 and Tweedy’s 
chelation theory26 can explain the enhanced in antibacte-
rial activity of the metal complexes. In addition, the or-

der of antibacterial activities is 3 (Zn) > 2 (Cd) > 1 (Ni), 
which may be caused by the different cellular uptake of 
the metal ions.

4. Conclusion
Three nickel(II), cadmium(II) and zinc(II) complex-

es derived from 3-hydroxy-4-methoxy-N’-[(Z)-(pyridin-
2-yl)methylidene]benzohydrazide have been synthesized 
with microwave assisted heating method. Structures of the 
complexes have been confirmed by X-ray single crystal de-
termination, which reveals that the Ni and Zn atoms in the 
nickel and zinc complexes are in octahedral coordination, 
and the Cd atom in the cadmium complex is in square 
pyramidal coordination. The biological activity assay indi-
cates that the three complexes have enhanced antibacterial 
activities on the bacterial strains Bacillus subtilis, Staphy-
lococcus aureus, Pseudomonas aeruginosa and Escherichia 
coli as compared to the free hydrazone ligand. The order of 
antibacterial activities is 3 (Zn) > 2 (Cd) > 1 (Ni). The zinc 
complex has the most antibacterial activity against Escher-
ichia coli with MIC value of 4 μM, which deserves further 
study to explore new drugs.

Table 3. Hydrogen bond distances (Å) and bond angles (º) for the 
complexes

D–H∙∙∙A	 d(D–H)	 d(H∙∙∙A)	 d(D∙∙∙A)	     Angle
				    (D–H∙∙∙A)

1	 			 
O7–H7∙∙∙N5#1	 0.85(1)	 2.57(4)	 3.316(5)	 147(6)
O7–H7∙∙∙N4#1	 0.85(1)	 1.90(1)	 2.749(5)	 178(7)
O3–H3∙∙∙O9	 0.85(1)	 1.83(3)	 2.636(5)	 159(6)
O9–H9A∙∙∙O7#2	 0.85(1)	 1.90(2)	 2.724(5)	 163(6)
O5–H5∙∙∙O1#3	 0.85(1)	 1.85(2)	 2.671(4)	 164(6)
O9–H9B∙∙∙O8	 0.87(1)	 1.79(2)	 2.621(8)	 158(6)
C11–H11∙∙∙O5#4	 0.93	 2.54(2)	 3.074(7)	 117(6)
C14–H14A∙∙∙O2#5	 0.96	 2.39(2)	 3.306(7)	 160(6)

2	 			 
N1–H1∙∙∙O4	 0.90(1)	 1.87(3)	 2.743(6)	 162(8)
O4–H4∙∙∙I2#6	 0.82	 3.29	 3.869(7)	 130(8)
O2–H2∙∙∙I2#7	 0.85(1)	 3.09(4)	 3.820(4)	 146(6)
O2–H2∙∙∙O3	 0.85(1)	 2.22(6)	 2.649(6)	 111(5)

3	 			 
O3–H3∙∙∙O5#8	 0.85(1)	 2.06(5)	 2.828(5)	 149(9)
O5–H5∙∙∙N1#9	 0.85(1)	 1.84(2)	 2.660(5)	 161(5)
C13–H13∙∙∙N4#10	 0.93	 2.55(2)	 3.452(5)	 165(5)
C19–H19∙∙∙O1#11	 0.93	 2.60(2)	 3.506(5)	 165(5)
C25–H25∙∙∙O3#12	 0.9	 2.49(2)	 3.419(5)	 173(5)
C26–H26∙∙∙O3#13	 0.93	 2.48(2)	 3.204(5)	 135(5)

Symmetry codes: #1: –1/2 + x, 1/2 – y, 1 – z; #2: 1/2 + x, y, 1/2 – z; 
#3: 1 – x, 1 – y, 1 – z; #4: 3/2 – x, –1/2 + y, z; #5: –1/2 + x, y, 1/2 – z; 
#6: x, 1/2 – y, –1/2 + z; #7: –1 + x, 1/2 – y, –1/2 + z; #8: x, y, –1 + z; 
#9: 1 – x, 1 – y, 1 – z; #10: 2 – x, – y, 1 – z; #11: 1 – x, – y, 1 – z; #12: 
2 – x, – y, – z; #13: 1 + x, y, z.
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Supplementary Materials

The X-ray crystallographic data in the CIF format for 
the structures of the complexes reported in this paper have 
been deposited with the Cambridge Crystallographic Data 
Center (CCDC: 2347408 (1), 2347409 (2) and 2347410 (3)) 
and the supplementary crystallographic data can be obtained 
free of charge on request at www.ccdc.cam.ac.uk/conts/re-
trieving.html [or from The Director, Cambridge Crystallo-
graphic Data Center, CCDC, 12 Union Road, Cambridge 
CB2 1EZ, UK; fax: +44(0)1223-336033; email: deposit@ccdc.
cam.ac.uk], quoting the CCDC numbers 2249782-2249786.
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Povzetek
Z uporabo mikrovalovne metode smo sintetizirali tri komplekse z ligandom 3-hidroksi-4-metoksi-N’-[(Z)-(piridin-2-il)
metiliden]benzohidrazid (HL): [NiL2]·2CH3OH·H2O (1), [CdI2(HL)]·CH3OH (2) in [ZnL2] (3). Vse spojine smo kar-
akterizirali s CHN elementno analizo in infrardečo spektroskopijo. Strukture kompleksov smo določili z monokristalno 
rentgensko difrakcijo, ki je pokazala, da sta atoma Ni in Zn v spojinah 1 in 3 oktaedrično koordinirana, medtem ko je 
atom Cd v spojini 2 kvadratno piramidalno koordiniran. Biološko aktivnost kompleksov smo preverili na bakterijskih 
sevih Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa in Escherichia coli. Izkazalo se je, da ima predvsem 
cinkov kompleks zanimivo antibakterijsko učinkovitost.


