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Abstract
Three new zinc(II) complexes, [Zn2I2(L1)2] (1), [Zn(HL2)2(NCS)2] (2), and [ZnIL3] (3), where L1 is the anion-
ic form of 2-[(6-methylpyridin-2-ylimino)methyl]phenol (HL1), HL2 is the zwitterionic form of 2-(cyclopropylim-
inomethyl)-5-fluorophenol (HL2), and L3 is the anionic form of 5-bromo-2-[(3-morpholin-4-ylpropylimino)methyl]
phenol (HL3), have been prepared and characterized by elemental analyses, IR, UV and NMR spectra, and single crystal 
X-ray crystallographic determination. Complex 1 is a dinuclear zinc complex, and complexes 2 and 3 are mononuclear 
zinc complexes. The Zn atoms in the complexes are in tetrahedral coordination. The effect of the complexes on the anti-
microbial activity against Staphylococcus aureus, Escherichia coli, and Candida albicans were evaluated.
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1. Introduction
The rapid increasing interest in the synthesis and 

structural studies of Schiff bases is due to their bioactivity 
and coordination properties.1 Schiff bases are active against 
fungal, cancer, convulsant, oxidant and diuretic activities.2 
Metal complexes of Schiff bases have attracted considerable 
attention due to their versatile biological activity, such as an-
tifungal, antibacterial and antitumor.3 And, in general, the 
metal complexes have higher biological activities than the 
free Schiff bases. It has been shown that the Schiff base com-
plexes derived from salicylaldehyde and its derivatives with 
primary amines, bearing the N2O, N2S, NO2 or NSO donor 
sets, have potential antimicrobial activities.4 Zinc is an im-
portant biological element, its complexes derived from 
Schiff bases have received particular attention due to their 
interesting antimicrobial potential.5 Recent research indi-
cated that the halide and pseudohalide groups can severely 
increase the antimicrobial activities.6 Our research group 
has reported some metal complexes with effective antimi-

crobial activities.7 In pursuit of new and efficient antimicro-
bial agents, in the present work, three new zinc(II) complex-
es, [Zn2I2(L1)2] (1), [Zn(HL2)2(NCS)2] (2), and [ZnIL3] (3), 
where L1 is the anionic form of 2-[(6-methylpyridin-2-ylim-
ino)methyl]phenol (HL1), HL2 is the zwitterionic form of 
2-(cyclopropyliminomethyl)-5-fluorophenol (HL2), and L3 
is the anionic form of 5-bromo-2-[(3-morpholin-4-ylpro-
pylimino)methyl]phenol (HL3) (Scheme 1), are reported. 
To our knowledge, only two complexes with HL1,8 and no 
complexes with HL2 and 

2. Experimental
2. 1. Material and Methods

Salicylaldehyde, 4-fluorosalicylaldehyde, 4-bromo-
salicylaldehyde, 2-amino-6-methylpyridine, cyclopro-
pylamine, and 3-morpholin-4-ylpropylamine were pur-
chased from Fluka. Other reagents and solvents were ana-
lytical grade and used without further purification. Ele-

Scheme 1. The Schiff bases

HL3 have been 
reported so far.
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mental (C, H, and N) analyses were made on a PerkinElm-
er Model 240B automatic analyser. Zinc analysis was car-
ried out by EDTA titration. Infrared (IR) spectra were re-
corded on an IR-408 Shimadzu 568 spectrophotometer. 
UV-Vis spectra were recorded on a Lambda 900 spectrom-
eter. X-ray diffraction was carried out on a Bruker SMART 
1000 CCD area diffractometer. 1H and 13C NMR spectra 
were recorded on a Bruker 300 MHz spectrometer.

2. 2. Synthesis of the Ligands
2. 2. 1. �2-[(6-Methylpyridin-2-ylimino)methyl]

phenol (HL1)
Salicylaldehyde (1.22 g, 0.01 mol) and 2-ami-

no-6-methylpyridine (1.06 g, 0.01 mol) were reacted in 
methanol (50 mL) for 30 min at 20 °C. The solvent was 
removed by distillation to give yellow product of HL1. 
Analysis Calcd. (%) for C13H12N2O: C 73.56, H 5.70, N 
13.20. Found (%): C 73.41, H 5.82, N 13.05. IR data (KBr, 
cm–1): 1623 (CH=N). UV in acetonitrile (λ, ε): 273 nm, 
1.03 × 104 L mol–1 cm–1; 350 nm, 2.77 × 103 L mol–1 cm–1. 
1H NMR (300 MHz, d6-DMSO): δ 12.11 (s, 1H, OH), 8.63 
(s, 1H, CH=N), 7.68–7.64 (m, 3H, ArH and PyH), 7.46 (t, 
1H, ArH), 7.10 (t, 1H, ArH), 6.99 (d, 1H, ArH), 6.81 (d, 
1H, PyH), 2.50 (s, 3H, CH3). 13C NMR (126 MHz, DMSO) 
δ 162.32, 161.87, 160.11, 159.23, 138.12, 133.03, 132.72, 
121.85, 121.36, 119.77, 115.61, 112.22, 23.70.

2. 2. 2. �2-(Cyclopropyliminomethyl)-5-
fluorophenol (HL2)

4-Fluorosalicylaldehyde (1.40 g, 0.01 mol) and cy-
clopropylamine (0.57 g, 0.01 mol) were reacted in metha-
nol (50 mL) for 30 min at 20 °C. The solvent was removed 
by distillation to give yellow product of HL2. Analysis Cal-
cd. (%) for C10H10FNO: C 67.03, H 5.62, N 7.82. Found 
(%): C 67.16, H 5.54, N 7.96. IR data (KBr, cm–1): 1627 
(CH=N). UV in acetonitrile (λ, ε): 233 nm, 1.51 × 104 L 
mol–1 cm–1; 265 nm, 8.38 × 103 L mol–1 cm–1; 346 nm, 5.10 
× 103 L mol–1 cm–1. 1H NMR (300 MHz, d6-DMSO): δ 
12.15 (s, 1H, OH), 8.67 (s, 1H, CH=N), 7.61 (d, 1H, ArH), 
6.87 (d, 1H, ArH), 6.43 (s, 1H, ArH), 1.82 (m, 1H, CH), 
0.71 (m, 2H, CH2), 0.43 (m, 2H, CH2). 13C NMR (126 
MHz, DMSO) δ 167.13, 162.77, 161.10, 132.05, 120.54, 
109.23, 103.82, 35.11, 6.77.

2. 2. 3. �5-Bromo-2-[(3-morpholin-4-
ylpropylimino)methyl]phenol (HL3)

4-Bromosalicylaldehyde (2.01 g, 0.01 mol) and 
3-morpholin-4-ylpropylamine (1.44 g, 0.01 mol) were re-
acted in methanol (50 mL) for 30 min at 20 °C. The solvent 
was removed by distillation to give yellow product of HL3. 
Analysis Calcd. (%) for C14H19BrN2O2: C 51.39, H 5.85, N 
8.56. Found (%): C 51.31, H 5.77, N 8.71. IR data (KBr, 
cm–1): 1633 (CH=N). UV in acetonitrile (λ, ε): 228 nm, 

1.36 × 104 L mol–1 cm–1; 274 nm, 6.73 × 103 L mol–1 cm–1; 
335 nm, 3.35 × 103 L mol–1 cm–1. 1H NMR (300 MHz, 
d6-DMSO): δ 11.78 (s, 1H, OH), 8.58 (s, 1H, CH=N), 7.51 
(d, 1H, ArH), 7.47 (s, 1H, ArH), 7.11 (d, 1H, ArH), 3.68 (t, 
2H, CH2), 3.60 (q, 4H, CH2), 2.43 (t, 2H, CH2), 2.27 (q, 4H, 
CH2), 1.72 (m, 2H, CH2). 13C NMR (126 MHz, DMSO) δ 
162.11, 156.35, 133.20, 125.07, 124.31, 120.89, 114.34, 
67.18, 62.83, 59.22, 54.71, 29.67.

2. 3. Synthesis of the Complexes
2. 3. 1. [Zn2I2(L1)2] (1)

Then, a methanol solution (20 mL) of ZnI2 (0.319 g, 
1.0 mmol) was added to the methanol solution of HL1 
(0.212 g, 1.0 mmol). The mixture was stirred for 1 h at 20 
°C to give a colorless solution. Colorless block-shaped sin-
gle crystals suitable for X-ray diffraction were formed by 
slow evaporation of the solution in air for several days. The 
yield was 45% (based on HL1). Analysis Calcd. (%) for 
C26H22I2N4O2Zn2: C 38.69, H 2.75, N 6.94, Zn 16.20. 
Found (%): C 38.82, H 2.63, N 6.85, Zn 16.37. IR data 
(KBr, cm–1): 1615 (CH=N). UV in acetonitrile (λ, ε): 310 
nm, 3.13 × 103 L mol–1 cm–1; 410 nm, 2.32 × 103 L mol–1 
cm–1. 1H NMR (300 MHz, d6-DMSO): δ 8.71 (s, 1H, 
CH=N), 7.81–7.45 (m, 4H, ArH and PyH), 7.10 (t, 1H, 
ArH), 6.92 (d, 1H, ArH), 6.82 (d, 1H, PyH), 2.50 (s, 3H, 
CH3). 13C NMR (126 MHz, DMSO) δ 163.41, 162.02, 
161.05, 159.33, 138.17, 132.92, 132.65, 121.82, 121.71, 
120.14, 115.66, 112.31, 23.70.

2. 3. 2. [Zn(HL2)2(NCS)2] (2)
A methanol solution (20 mL) of Zn(ClO4)2·6H2O 

(0.372 g, 1.0 mmol) and ammonium thiocyanate (0.076 g, 
1.0 mmol) was added to the methanol solution of HL2 
(0.179 g, 1.0 mmol). The mixture was stirred for 1 h at 20 
°C to give a colorless solution. Colorless block-shaped sin-
gle crystals suitable for X-ray diffraction were formed by 
slow evaporation of the solution in air for several days. The 
yield was 37% (based on HL2). Analysis Calcd. (%) for 
C22H20F2N4O2S2Zn: C 48.94, H 3.73, N 10.38, Zn 12.11. 
Found (%): C 49.13, H 3.82, N 10.28, Zn 12.35. IR data 
(KBr, cm–1): 2073 (NCS), 1653 (CH=NH). UV in acetoni-
trile (λ, ε): 270 nm, 3.56 × 103 L mol–1 cm–1; 305 nm, 1.91 
× 103 L mol–1 cm–1; 350 nm, 8.33 × 102 L mol–1 cm–1; 397 
nm, 2.06 × 102 L mol–1 cm–1. 1H NMR (300 MHz, d6-DM-
SO): δ 10.82 (s, 1H, NH), 8.75 (s, 1H, CH=N), 7.61 (d, 1H, 
ArH), 6.87 (d, 1H, ArH), 6.46 (s, 1H, ArH), 1.83 (m, 1H, 
CH), 0.71 (m, 2H, CH2), 0.43 (m, 2H, CH2). 13C NMR (126 
MHz, DMSO) δ 167.35, 162.45, 163.27, 135.86, 132.13, 
119.71, 109.43, 104.51, 34.78, 6.77.

2. 3. 3. [ZnIL3] (3)
A methanol solution (20 mL) of ZnI2 (0.319 g, 1.0 

mmol) was added to the methanol solution of HL3 (0.326 g, 
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1.0 mmol). The mixture was stirred for 1 h at 20 °C to give a 
colorless solution. Colorless block-shaped single crystals suit-
able for X-ray diffraction were formed by slow evaporation of 
the solution in air for several days. The yield was 54% (based 
on HL3). Analysis Calcd. (%) for C14H18BrIN2O2Zn: C 32.43, 
H 3.50, N 5.40, Zn 12.61. Found (%): C 32.27, H 3.63, N 5.45, 
Zn 12.82. IR data (KBr, cm–1): 1637 (CH=N). UV in acetoni-
trile (λ, ε): 225 nm, 3.78 × 103 L mol–1 cm–1; 242 nm, 3.11 × 
103 L mol–1 cm–1; 278 nm, 1.85 × 103 L mol–1 cm–1; 357 nm, 
9.28 × 102 L mol–1 cm–1. 1H NMR (300 MHz, d6-DMSO): δ 
8.67 (s, 1H, CH=N), 7.50 (d, 1H, ArH), 7.45 (s, 1H, ArH), 
7.11 (d, 1H, ArH), 3.67 (t, 2H, CH2), 3.62 (q, 4H, CH2), 2.37 
(t, 2H, CH2), 2.27 (q, 4H, CH2), 1.73 (m, 2H, CH2). 13C NMR 
(126 MHz, DMSO) δ 164.32, 158.11, 132.87, 125.12, 124.26, 
121.81, 114.51, 67.25, 63.02, 59.38, 54.66, 29.71.

2. 4. X-Ray Diffraction
Data were collected from selected crystals mounted 

on glass fibres. The data were collected with MoKα radia-
tion (0.71073 Å) at 298(2) K with a Bruker SMART 1000 
CCD area diffractometer. The data for the complexes were 

processed with SAINT9 and corrected for absorption us-
ing SADABS.10 Multi-scan absorption corrections were 
applied with ψ-scans.11 The structures were solved by di-
rect method using SHELXS-97 and refined by full-matrix 
least-squares techniques on F2 using anisotropic displace-
ment parameters.12 The imino H atom in complex 2 was 
located form a difference Fourier map and refined with 
N‒H distance of 0.90(1) Å. All other hydrogen atoms were 
placed at the calculated positions. Idealized H atoms were 
refined with isotropic displacement parameters set to 1.2 
(1.5 for methyl groups) times the equivalent isotropic U 
values of the parent carbon atoms. The crystallographic 
data for the complexes are listed Table 1.

Supplementary material has been deposited with the 
Cambridge Crystallographic Data Centre (nos. 1448092 
(1), 1975485 (2), 1975486 (3)); deposit@ccdc.cam.ac.uk or 
http://www.ccdc.cam.ac.uk).

2. 5. Antimicrobial Assay
Qualitative determination of antimicrobial activity 

was done using the disk diffusion method.13 The antibac-

Table 1. Crystallographic data and experimental details for the complexes

	 1	 2	 3

Molecular formula	 C26H22I2N4O2Zn2	 C22H20F2N4O2S2Zn	 C14H18BrIN2O2Zn
Formula weight	 807.02	 539.91	 518.48
Crystal size, mm	 0.27×0.26×0.26	 0.23×0.22×0.21	 0.17×0.15×0.15
Radiation (λ, Å)	 MoKα (0.71073)	 MoKα (0.71073)	 MoKα (0.71073)
Crystal system	 Triclinic	 Monoclinic	 Monoclinic
Space group	 P-1	 P2/c	 P21/c
Unit cell dimensions:			 
a, Å	 8.056(2)	 10.920(1)	 15.065(2)
b, Å	 8.659(2)	 7.021(1)	 9.023(1)
c, Å	 11.034(2)	 16.122(1)	 12.860(1)
α, °	 78.264(2)	 90	 90
β, °	 74.640(2)	 97.347(1)	 105.203(1)
γ, °	 69.431(2)	 90	 90
V, Å3	 689.7(3)	 1225.9(3)	 1687.0(3)
Z	 1	 2	 4
ρcalcd, g cm–3	 1.943	 1.463	 2.041
F(000)	 388	 552	 1000
Tmin, Tmax	 0.4109, 0.4222	 0.7678, 0.7847	 0.4463, 0.4840
Absorption coefficient, mm–1	 4.007	 1.213	 5.659
θ Range for data collection, °	 1.93–25.49	 1.88–25.50	 1.40–25.50
Reflections collected	 4159	 6294	 33117
Independent reflections (Rint)	 2571 (0.0315)	 2287 (0.0495)	 3135 (0.0809)
Reflections with I > 2σ(I)	 1832	 1473	 2431
Data/parameters	 2571/164	 2287/154	 3135/190
Restraints	 0	 1	 0
Goodness-of-fit on F2	 1.040	 1.024	 1.058
Final R indices (I > 2σ(I))	 R1 = 0.0457	 R1 = 0.0688	 R1 = 0.0404
	 wR2 = 0.0878	 wR2 = 0.1835	 wR2 = 0.0936
R indices (all data)	 R1 = 0.0736	 R1 = 0.1057	 R1 = 0.0605
	 wR2 = 0.1026	 wR2 = 0.2073	 wR2 = 0.1081
Δρmax, Δρmin, e Å–3	 1.38, –0.55	 1.47, –0.39	 0.84, –0.64

mailto:deposit@ccdc.cam.ac.uk 
http://www.ccdc.cam.ac.uk
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terial activity was tested against B. subtilis, E. coli, P. fluo-
rescence and S. aureus using MH medium (Mueller–Hin-
ton medium). The MICs (minimum inhibitory concentra-
tions) of the test compounds were determined by a colori-
metric method using the dye MTT [3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide]. A stock 
solution of the synthesized compound (50 μg mL–1) in 
DMSO was prepared and quantities of the test compounds 
were incorporated in specified quantity of sterilized liquid 
MH medium. A specified quantity of the medium contain-
ing the compound was poured into micro-titration plates. 
A suspension of the microorganism was prepared to con-
tain approximately 105 cfu mL–1 and applied to micro-ti-
tration plates with serially diluted compounds in DMSO to 
be tested and incubated at 37 °C for 24 h. After the MICs 
were visually determined on each of the micro-titration 
plates, 50 μL of PBS containing 2 mg of MTT per millilitre 
was added to each well. Incubation was continued at room 
temperature for 4–5 h. The content of each well was re-
moved and 100 μL of isopropanol containing hydrochloric 
acid was added to extract the dye. After 12 h of incubation 
at room temperature, the optical density (OD) was meas-
ured with a micro-plate reader at 550 nm.

3. Results and Discussion
3. 1. Chemistry

The Schiff bases were readily prepared by the reac-
tion of equimolar quantities of aldehyde and amines in 
methanol, which were used directly for the preparation of 
the zinc complexes at ambient temperature. The zinc com-
plexes are stable at room temperature in the solid state and 
soluble in common organic solvents, such as methanol, 
ethanol, chloroform, and acetonitrile. The results of the el-
emental analyses are in accord with the composition sug-
gested for the complexes.

3. 2. IR and Electronic Spectra
The IR spectra of the complexes were analyzed and 

compared with those of their free Schiff bases. The intense 
absorption bands at 1623, 1627 and 1633 cm–1 in the spec-
tra of the Schiff bases HL1, HL2 and HL3, respectively, can 
be assigned to the C=N stretching. In the complexes, these 
bands are shifted to 1615, 1653 and 1637 cm–1 upon com-
plexation with the zinc atoms, which can be attributed to 
the coordination of the imine nitrogen to the metal cen-
tre.14 The absorption of this band for complex 2 is located 
at higher wavelength than complexes 2 and 3, which is due 
to the protonation of the imino group. The typical absorp-
tion at 2073 cm–1 in the spectrum of complex 2 is assigned 
to the vibration of the NCS ligand.15

UV–Vis spectra of the free Schiff bases and the com-
plexes were recorded in HPLC grade acetonitrile solution. 
The spectra of the Schiff bases exhibit bands at 220–280 

nm and 330–360 nm attributed to π→π* and n→π* transi-
tions. In the spectra of the complexes the charge transfer 
bands at 220–280 nm remain intact, in agreement with the 
π→π* transitions of the Schiff base ligands. The remaining 
bands at 350–410 nm in the spectra of the complexes are 
assigned to the metal to ligand charge transfer (MLCT) 
transition.16

3. 3. NMR Spectra
The 1H NMR spectra of the Schiff bases exhibit OH 

(phenolic) proton resonances at 11.78–12.15 ppm, imine 
proton resonances at 8.58–8.67 ppm and aromatic proton 
resonances in the range 6.43–7.68 ppm, respectively. On 
coordination, the signal due to OH proton disappears, in-
dicating deprotonation of the phenolic OH and subse-
quent coordination of the phenoxide oxygen to the metal 
atoms. Involvement of the imine nitrogen in coordination 
has shifted the resonance signal of the imine proton by 
0.7–0.9 ppm. The peaks observed in 13C NMR spectra of 
the Schiff bases and the complexes are in expected range 
and values are given in experimental section. The carbonyl 
C and imine C atoms in the complexes have shifted com-
pared to their ligands, confirming the coordination 
through carbonyl O and imine N atoms.17

3. 4. �Crystal Structure Description of the 
Complexes
Complex 1 is a phenolato-bridged dinuclear zinc(II) 

compound (Figure 1), with Zn···Zn separation of 3.096(2) 
Å. The crystal of the complex possesses a crystallographic 
inversion symmetry, with the inversion center located at 
the middle of the two zinc atoms. The Zn atom in the com-
plex is coordinated by one pyridine N and two phenolate 
O atoms from two Schiff base ligands, and one I atom, gen-
erating tetrahedral geometry. The Schiff base acts as a bi-
dentate ligand, and forms a six-membered chelate ring 
with the metal center through the phenolate O and imine 
N. The bond distances subtended at the metal atoms are 

Figure 2. Molecular packing structure of complex 1.
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comparable to those observed in similar zinc(II) complex-
es with Schiff bases.18

In the crystal structure of the complex, molecules are 
stacked via π···π interactions (Table 3) along the b axis 
(Figure 2).

Complex 2 is a thiocyanate-coordinated mononu-
clear zinc(II) compound (Figure 3). The Zn atom in the 
complex is coordinated by two phenolate O atoms from 
two zwitterionic Schiff base ligands, and two thiocyanate 
N atoms, generating tetrahedral geometry. The Schiff base 

Figure 3. Molecular structure of complex 2. Atoms labeled with the 
suffix A are at the symmetry position – x, y, 1/2 – z.

Figure 4. Molecular packing structure of complex 2.

Figure 5. Molecular structure of complex 3. 

acts as a monodentate ligand, with the phenol H atom 
transferred to the imino N group. The bond distances sub-
tended at the metal atoms are comparable to those ob-
served in similar zinc(II) complexes with Schiff bases and 
thiocyanate ligands.19

In the crystal structure of the complex, molecules are 
stacked via π···π interactions (Table 3) including the pyri-
dine ring N(2)-C(8)-C(12)-C(11)-C(10)-C(9) and the 
chelate ring Zn(1)-N(1)-C(8)-N(2), along the b axis (Fig-
ure 4).

Complex 3 is an iodide-coordinated mononuclear 
zinc(II) compound (Figure 5). The Zn atom in the com-
plex is coordinated by one phenolate O, one imino N, and 
one morpholine N atoms of the Schiff base ligand, and one 
I atom, generating tetrahedral geometry. The Schiff base 
acts as a tridentate ligand, with the morpholine ring adopts 
chair configuration. The bond distances subtended at the 
metal atoms are comparable to those observed in similar 
zinc(II) complexes with Schiff bases and thiocyanate lig-
ands.20

In the crystal structure of the complex, molecules are 
stacked via π···π interactions (Table 3) including the phe-
nyl ring C(1)-C(2)-C(3)-C(4)-C(5)-C(6) and the chelate 
ring Zn(1)-O(1)-C(2)-C(1)-C(7)-N(1), along the b axis 
(Figure 6).

3. 5. Antimicrobial Activity
The results of the antimicrobial activity are summa-

rized in Table 4. A comparative study of minimum inhibi-
tory concentration (MIC) values of the Schiff base and the 
zinc complex indicated that the complex has more effec-
tive activity against Staphylococcus aureus, Escherichia coli, 
and Candida albicans than the free Schiff base. Generally, 
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this is caused by the greater lipophilic nature of the com-
plex than the ligand. Such increased activity of the metal 
chelates can be explained on the basis of chelating theo-
ry.21 On chelating, the polarity of the metal atoms will be 
reduced to a greater extent due to the overlap of the ligand 
orbital and partial sharing of positive charge of the metal 
atoms with donor atoms. Further, it increases the delocali-
zation of π-electrons over the whole chelate ring and en-
hances the lipophilicity of the complex. This increased li-
pophilicity enhances the penetration of the complex into 
lipid membrane and blocks the metal binding sites on en-
zymes of micro-organisms.

The complexes have stronger activities against Staph-
ylococcus aureus, Escherichia coli, and Candida albicans 
than the free Schiff bases. For Staphylococcus aureus and 
Escherichia coli, the activities of the complexes are less 
than the control drug Tetracycline. But for Candida albi-

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

1			 
Zn(1)–O(1)#1	 1.990(5)	 Zn(1)–O(1)	 2.080(4)
Zn(1)–N(1)	 2.014(5)	 Zn(1)–I(1)	 2.541(1)
O(1)–Zn(1)–N(1)#1	 122.3(2)	 O(1)–Zn(1)–O(1)#1	 81.0(2)
O(1)–Zn(1)–N(1)	 88.1(2)	 O(1)–Zn(1)–I(1)#1	 113.3(1)
N(1)–Zn(1)–I(1)	 122.9(2)	 O(1)–Zn(1)–I(1)	 113.1(1)

2	 		
Zn(1)–O(1)	 1.929(4)	 Zn(1)–N(2)	 1.958(6)
O(1)–Zn(1)–O(1)#2	 117.1(2)	 O(1)–Zn(1)–N(2)	 109.8(2)
O(1)–Zn(1)–N(2)#2	 103.8(2)	 N(2)–Zn(1)–N(2)#2	 112.7(4)

3			 
Zn(1)–I(1)	 2.5319(8)	 Zn(1)–O(1)	 1.905(4)
Zn(1)–N(1)	 1.989(5)	 Zn(1)–N(2)	 2.111(4)
O(1)–Zn(1)–N(1)	 96.47(18)	 O(1)–Zn(1)–N(2)	 120.94(19)
N(1)–Zn(1)–N(2)	 94.06(19)	 O(1)–Zn(1)–I(1)	 116.24(13)
N(1)–Zn(1)–I(1)	 119.21(14)	 N(2)–Zn(1)–I(1)	 107.99(12)

Symmetry codes: #1 – x, 1 – y, 2 – z; #2 – x, 1 – y, 2 – z.

Table 3. Parameters between the planes for the complexes

Cg	 Distance	 Dihedral	 Perpendicular	 Beta	 Gamma	 Perpendicular
	 between ring	 angle (º)	 distance of Cg(I) 	 angle (º)	 angle (º)	 distance of Cg(J) 
	 centroids (Å)		  on Cg(J) (Å)			   on Cg(I) (Å)

1						    
Cg(1)-Cg(2)#1	 3.879	 4.877	 3.4456	 32.19	 27.34	 3.2826
Cg(2)-Cg(2)#1	 3.657	 0	 3.3852	 22.24	 22.24	 3.3852
Cg(2)-Cg(3)#2	 3.664	 2.391	 –3.4737	 18.96	 18.56	 –3.4655

2						    
Cg(4)-Cg(4)#3	 4.152	 0	 –3.428	 34.36	 34.36	 -3.428

3						    
Cg(5)-Cg(6)#4	 4.143	 2.088	 –3.295	 37.02	 37.33	 –3.308
Cg(6)-Cg(6)#5	 4.260	 0	 3.654	 30.91	 30.91	 3.654

1: Cg(1), Cg(2) and Cg(3) are the centroids of Zn(1)-N(1)-C(8)-N(2), N(2)-C(8)-C(12)-C(11)-C(10)-C(9) and C(1)-C(2)-C(3)-C(4)-
C(5)-C(6), respectively. 2: Cg(4) is the centroid of C(1)-C(2)-C(3)-C(4)-C(5)-C(6). 3: Cg(5) and Cg(6) are the centroids of Zn(1)-O(1)-
C(2)-C(1)-C(7)-N(1) and C(1)-C(2)-C(3)-C(4)-C(5)-C(6), respectively. Symmetry codes: #1: 1-x, 1-y, -z; #2: 2-x, 1-y, -z; #3: -x, 1-y, -z; 
#4: 1-x, 1-y, 1-z; #5: 1-x, 2-y, 1-z.

Figure 6. Molecular packing structure of complex 3.
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cans, the complexes have stronger activities than Tetracy-
cline. Complex 2 has the most activity against Staphylococ-
cus aureus with MIC value of 2 μg/mL. The three zinc com-
plexes have higher activities against Staphylococcus aureus 
and lower activities against Escherichia coli and Candida 
albicans than the zinc(II) and manganese(II) complexes 
with the ligand N’-(1-(pyridin-2-yl)ethylidene)isonico-
tinohydrazide.22 Further work needs to be carried out to 
investigate the structure-activity relationship.

Table 4. MIC values (μg/mL) for the antimicrobial activities of the 
tested compounds 

Compound	 Staphylococcus 	 Escherichia	 Candida
	 aureus	 coli	 albicans

HL1	 128	 256	 > 1024
HL2	 128	 128	 > 1024
HL3	   64	 256	 > 1024
1	     4	   16	 >   128
2	     2	   32	 >   256
3	     4	   32	 >   256
Tetracycline	 0.25	 2.0	 > 1024

4. Conclusions
In summary, three new zinc(II) complexes with hal-

ide and pseudohalide ligands derived from Schiff bases 
have been prepared and characterized. The structures of 
the complexes are confirmed by single crystal X-ray crys-
tallographic determination. The Zn atoms in the complex-
es are in tetrahedral coordination. The complexes have 
better activities on the bacteria Staphylococcus aureus and 
Escherichia coli than the control drug Tetracycline. Moreo-
ver, the complexes have stronger activities against Candida 
albicans than Tetracycline. Interestingly, complex 2 has the 
most activity against Staphylococcus aureus with MIC val-
ue of 2 μg/mL.
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Povzetek
Trije novi cinkovi (II) kompleksi, [Zn2I2(L1)2] (1), [Zn(HL2)2(NCS)2] (2) in [ZnIL3] (3), kjer je L1 anionska oblika 
2-[(6-metilpiridin-2-ilimino)metil]fenola (HL1), HL2 je zwitterionska oblika 2-(ciklopropiliminometil)-5-fluorofenola 
(HL2) in L3 je anionska oblika 5-bromo-2-[(3-morfolin-4-ilpropilimino)metil]fenol (HL3), so bili pripravljeni in kar-
akterizirani z elementno analizo, IR, UV in NMR spektroskopijo ter rentgensko difrakcijo na monokristalih. Kompleks 
1 je dvojedrni cinkov kompleks, kompleksa 2 in 3 pa sta enojedrna cinkova kompleksa. Atomi Zn v kompleksih so v 
tetraedrski koordinaciji. Preučevana je bila tudi protimikrobna aktivnost kompleksov proti Staphylococcus aureus, Es-
cherichia coli in Candida albicans.
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