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 Abstract: Three zinc(II) complexes containing 4-aminopyridine (4-NH2py) [Zn(4-
NH2py)2(NCS)2] (1), [Zn(4-NH2py)2Cl2] (2), and [Zn(4-NH2py)2(NCS)Cl] (3) were 
synthesized and characterized by FTIR and single crystal X-ray diffraction. All complexes 
adopt a slightly distorted tetrahedral geometry with different crystal packing. Complex 1 
crystallizes in the orthorhombic Pmmn space group, complex 2 in the monoclinic C2/c 
space group, and complex 3 in the orthorhombic Pbca space group. Non-covalent 
interactions such as NC-S···H, -Cl···H, and μ-μ stacking interaction between 4-NH2py and 
other ligands (NCS− and Cl−) are observed in the crystals packing. In vitro, antibacterial 
screening of all complexes was evaluated against two bacteria (Escherichia coli and 
Staphylococcus aureus). The results show that 1 has the highest antibacterial activity 
than 2 and 3. This difference is due to differences in the interactions elicited by the anion 
ligands. 
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■ INTRODUCTION 

Transition metal complexes of nitrogen heterocyclic 
ligands, such as pyridine and its derivatives, have garnered 
a lot of interest due to their interesting properties, such as 
catalysts, developing photographic images, antimicrobial 
agents, and thermal reaction batteries [1]. Moreover, 
complexes with aminopyridine have been studied due to 
their potential as antibacterial agents [2-4]. Complexes 
with aminopyridine ligand such as poli-[Cu(NCS)2(x-
NH2py)2] [2], [Cd(μ-L)2(NH2py)2] (L = SCN−, dca, N3

−) 
[5-7], [Mn(L)2(3-NH2py)2] (L = dca, SCN−) [5-6,8] and 
[Co(dca)2(2-NH2py)2] [3] have shown to form a polymeric 
structure through bidentate ligands such as dicyanamide 
ion (dca), nitride ion (N3

−) and ambidentate ligand such as 
SCN−. The polymeric complexes can be obtained as long 
as octahedral coordination of the metal center is 

preserved, whereas complex compounds with tetrahedral 
geometry such as [Zn(NCS)2(x-NH2py)2] (x = 2 and 3) 
[9-10], [Zn(CN)2(x-NH2py)2] [11], [MCl2(x-NH2py)2] 
(M = Zn(II), Co(II) [4,12] tend to form monomeric 
complexes [9,13-14]. In addition, the aminopyridine 
ligands prefer to act as monodentate ligands, with amino 
groups acting as potential H-bond donors or acceptor 
sites [8-9,15] Meanwhile, the bidentate anion-ligands 
such as thiocyanate, dicyanamide, and acetate are 
potential ligands to form coordination polymer. This 
indicates that ligands and metal ions affect the structure 
of aminopyridine-based complexes. 

The structure of the complexes also affects their 
antibacterial activity. Some ligands can increase the 
lipophilicity of complexes. The increase in lipophilicity 
allows it to penetrate the lipid layer of the bacterial 
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membrane [16]. Functional groups on pyridines such as 
−NH2, −OR, −CN, and −Br might increase antibacterial 
activity through the formation of bonding with 
lipopolysaccharides in the cell walls and change its spatial 
structure [17]. Complex [CdLI(SCN)2] showed higher 
antibacterial activity against Escherichia coli and Bacillus 
subtilis than [CdLII]I (LI = 3,10-C-meso-3,5,7,7,10,12,14, 
14-octamethy1-1,4,8,11-tetraazacy clotetradeca-4,11-
diene) [18]. These results show that the combination of 
ligands is an important factor in designing effective 
antimicrobial agents. 

In this work, we have synthesized three complexes 
of zinc(II) and 4-NH2py with different anionic ligands, 
i.e., [Zn(NCS)2(4-NH2py)2] (1), [ZnCl2(4-NH2py)2] (2), 
and [ZnCl(NCS)(4-NH2py)2] (3). Thiocyanate is one of 
the favored substrates for lactoperoxidase (LPO)-driven 
catalytic reduction of hydrogen peroxide (H2O2) to 
generate hypothiocyanous acid (HOSCN), a potent 
antimicrobial agent and better tolerated by host tissue 
[19-20]. Moreover, chloride (Cl−) is one of the substrates 
that can generate hypochlorite (OCl−) in myeloperoxidase 
(MPO) defensive peroxidase systems [21]. Chloride in the 
form of salt (NaCl) also inhibits microbial growth 
through an osmotic process. It draws water out of the 
bacterial cells causing the bacterial cells to shrink and die 
[22-23]. Therefore, chloride and thiocyanate anions were 
used in this study. In vitro, the antibacterial activity of the 
three complexes was also evaluated against Staphylococus 
aureus and Escherichia coli. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study, zinc(II) chloride 
anhydrous (ZnCl2, Merck, p.a. 98%), potassium thiocyanate 
(KSCN, Emsure, p.a. 99%), 4-aminopyridine (4-NH2py, 
Sigma Aldrich, p.a. 98%), methanol (CH3OH, Emsure p.a. 
99%), and aquadest, were used without further purification. 

Instrumentation 

The instrumentations used in this study were 
Fourier-transform spectrophotometer (IRPrestige21, 
Shimadzu, Japan), conductivity meter (Cyberscan CON 
11/110, Eutech Instruments, USA), X-ray single crystal 

diffraction spectroscopy (Bruker SMART APEX 2, 
USA), and melting point apparatus (Fisher-John 48061, 
Thermo Scientific, USA). 

Procedure 

Synthesis of complex [Zn(NCS)2(4-NH2py)2] 
A ZnCl2 (0.1363 g, 1 mmol) in 5 mL CH3OH was 

mixed into a 5 mL solution of 4-NH2py (0.1882 g, 
2 mmol) and stirred continuously for 2 h. Then, KSCN 
(0.1944 g, 2 mmol) was added slowly. Heating under 
reflux and stirring was continued for up to 4 h. The 
needle-shaped crystals were obtained after several days. 
Yield: 76.30%, melting point: 220–223 °C. 

Synthesis of complex [ZnCl2(4-NH2py)2] 
A [ZnCl2(4-NH2py)2] was synthesized according to 

a previous report [10]. A ZnCl2 (0.1363 g, 1 mmol) that 
had been dissolved in 5 mL CH3OH was mixed with 4-
NH2py (0.1882 g, 2 mmol). The mixture was heated at 
64 °C under reflux for 6 h while being continuously 
stirred. The final solution was chilled to room 
temperature. Colorless crystals were formed after several 
days. Yield: 61.23%, melting point: 245–248 °C. 

Synthesis of complex [ZnCl(NCS)(4-NH2py)2] 
A ZnCl2 (0.1363 g, 1 mmol) in 5 mL CH3OH was 

mixed into 5 mL solution of 4-NH2py (0.1882 g, 2 mmol) 
and stirred continuously for 2 h. Then, KSCN (0.0927 g, 
1 mmol) was added slowly. Heating under reflux and 
stirring was continued for up to 4 h. After a week, 
colorless crystals were obtained. Yield: 53.79%, melting 
point: 214–215 °C. 

Characterization technique 
Melting point temperature was measured in the 

range of 30–300 °C using a Fisher-John melting point 
apparatus. The electrical conductivity of complex 
solutions was measured using Cyberscan CON 11/110 
conductivity meter. The infrared spectra were recorded 
using Shimadzu spectrophotometer type IRPrestige21 
on KBr pellets in the range 4000–400 cm−1. 

Single crystal X-ray structure determination 
Intensity data were gathered at 123 K using Bruker 

SMART APEX2 diffractometer equipped with a CCD 
area detector and Mo Kɑ source (λ = 0.71073 Å) 
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monochromated by layered confocal mirrors. Data 
reduction and scaling were performed using Bruker 
APEX3 suite, and absorption correction was performed 
using SADABS. SHELXT was used to solve the initial 
structure, revealing non-hydrogen atoms’ positions, which 
were refined using the SHELXL program on a ShelXle 
user interface. Anisotropic refinement was performed on 
non-hydrogen atoms. Hydrogen atoms were placed in the 
calculated positions using a riding model. 

Antibacterial tests 
The antibacterial tests were conducted in the 

Laboratory of Microbiology, Universitas Negeri Malang. 
The tests were done on different types of pathogen 
bacteria, gram-positive- S. aureus and gram-negative- E. 
coli. The reference antibacterial drug chloramphenicol 
was evaluated for its antibacterial activity, and the results 
were compared with those of the free ligands and the 
complexes. Samples were dissolved in the DMSO 10% to 
obtain a 5 mg/mL solution. The method used is the disc 
diffusion method [13,16]. The disc containing 
antimicrobial agents or compounds was applied to the 
MHA plate within 20 min after inoculating it with the 
bacteria. Three discs were coated per petri dish. The plates 
were inverted and incubated at 37 °C for 24 h. After that, 
the zones of complete inhibition were measured. 

■ RESULTS AND DISCUSSION 

Synthesis of Complexes [Zn(NCS)2(4-NH2py)2] (1), 
[ZnCl2(4-NH2py)2] (2), [ZnCl(NCS)(4-NH2py)2] (3) 

Three complexes 1, 2, and 3 were reacted directly 
in CH3OH as a solvent with the mol ratio Zn(II): 4-
NH2py: KSCN of 1:2:0 (complex 1), 1:2:1 (complex 2), 
and 1:2:2 (complex 3). The results gave colorless crystals 
with several shapes like needle and beam-shaped, as 
shown in Fig. 1. The reaction of complex formation is 
presented in Fig. 2. The reaction of ZnCl2 with 4-NH2py 
produced complex [ZnCl2(4-NH2py)2], then the 
addition of NCS− ion substituted the Cl− ligand to form 
complexes [ZnCl(NCS)(4-NH2py)2] and [Zn(NCS)2(4-
NH2py)2]. Based on the spectrochemical series (Fajans-
Tsuchida), the NCS− ion is stronger than the chloride 
anion ligand; thus NCS− can replace Cl− ligand to form 
complexes 1 and 3 [24]. 

Physical Properties of Zinc(II) Complexes 1, 2, 3 

All complexes 1, 2, and 3 were obtained as colorless 
crystals (Fig. 1). Complex 1 is needle-shaped crystal (Fig. 
1(a)), while complexes 2 (Fig. 1(b)), and 3 (Fig. 1(c)) 
were block-shaped crystals. The three complexes are air-
stable and have sharp melting points around > 200 °C. 
The melting point data of the three complexes are higher 

 
Fig 1. Crystal images of (a) [Zn(4-NH2py)2(SCN)2] (1); (b) [ZnCl2(4-NH2py)2] (2); (c) [ZnCl(NCS)(4-NH2py)2] (3) 
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Fig 2. Reaction of the formation Zn(II) complexes 1, 2, and 3 

 
than complex [Zn(NCS)2(2-NH2py)2] [10] and 
[Co(NCS)2(2-NH2py)2] [25]. This could be due to the 
stronger intermolecular interactions of complexes 1, 2, 
and 3 compared to the two complexes. All complex 
solutions have been measured for their electrical 
conductivity in 1 mg/mL using CH3OH solvent and 
showed the results: 101.5 μS (complex 1), 96.3 μS 
(complex B2), 54.7 μS (complex 3). These results show 
that complex solutions are non-electrolytes [26]. 

Structural Determination of Complexes 1, 2, 3 

The reaction between ZnCl2, KSCN, and 4-NH2py 
leading to the formation of complexes [Zn(NCS)2(4-
NH2py)2] (1), [ZnCl2(4-NH2py)2] (2), and 
[ZnCl(NCS)(4-NH2py)2] (3). The structural 
determination of all complexes was carried out using 
single-crystal XRD. The crystallographic data of 
complexes are shown in Table 1. 

Table 1. Crystallographic data 
Compound 1 2 3 

No. CCDC 2224923 2224925 2224924 
Empirical formula C12H12N6S2Zn C10H12Cl2N4Zn C11H12ClN5SZn 
Empirical mass 369.79 324.53 347.16 
System Orthorombic Monoclinic  Orthorombic  
Space group Pmmn C2/c Pbca 
a (Å) 12.9473 8.8309(7) 10.2571(11) 
b (Å) 14.3833 9.8240(7) 16.1744(17) 
c (Å) 4.1770(8) 14.9961(11) 17.2842(18) 
α (°) 90 90 90 
β (°) 90 102.3360(10) 90 
γ (°) 90 90 90 
V (Å3) 777.827 1268.40(16) 2867.5(5) 
Z 2 4 8 
T (K) 123 123 123 
λ Mo Kα (Å) 0.71073 0.71073 0.71073 
F000 376 656 1408 
μ (mm−1) 1.848 2.339 2.037 
Dcalc (mg/m3) 1.579 1.699 1.608 
θmin (°) 2.116 3.143 2.357 
θmax (°) 27.472 27.495 27.574 
Goodness of fit 1.129 1.092 1.051 
R1 (1 > 2σ(I)) 0.0188 0.0209 0.0258 
wR2  0.0492 0.0554 0.0611 
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The structure of complex molecules is shown in Fig. 
3. According to Fig. 3, the central ion of all complexes is 
bonded with two N atoms from two 4-NH2py molecules 
and two anions as the ligands to form distorted 
tetrahedral geometry [8,27-29]. While the bond length of 
Zn–N pyridine in all complexes has a similar bond length, 
the angle between N–Zn–N has different distortion 
depending on ligands [30] (Fig. 4). The bond length of 
Zn–N2 (2.104 Å) is longer than that of Zn–N1 (1.970 Å) 
due to the different size of the two ligands. A 4-NH2py 
ligand is larger than the NCS−, and the larger molecular 
size causes a stronger steric effect; as a result, the distance 
between Zn and 4-NH2py is farther apart to reduce the 
repulsion effect. The steric effect of the ligand also affects 
the angle of N2–Zn–N2i, which is larger than that of N1–
Zn–N1i. The angle between N1–Zn–N2 is smaller than 
the N2–Zn–N2i bond angle because the position of 4-
NH2py gives minimal repulsion. Complex 1 also shows a 
larger N2–Zn–N2 angle distortion compared to 
complexes 2 and 3. This may be due to the 
electronegativity of the N atom of NCS− (X N = 3.06) 
being higher than Cl− (X = 3.16) [31]; the more 

electronegative the atom, the more it will pull, the more 
electron density to itself. This decreases the electron pair 
repulsion between bonded electron pairs on the central 
atom. Cl− ligand will pull the bonded electron pair 
towards itself and away from the central atom. Bond 
angles between the groups should be reduced when the 
core atom's electron pair repulsion decreases, so the 
bond angle between Cl–Zn–Cl will decrease. In addition, 
the Zn–NCS bonds lengths are shorter compared to Zn–
Cl, shorter bond length permits electron-density to be 
displaced towards zinc to a smaller extent than in Zn–
Cl, thus more electron density remains and electron 
repulsion between the bonded pairs in complex 1 
increases and bond angles of complex 1 increases 
compared to that complex 2 and 3. 

Complex 2 shows that the Zn–Cl bond is longer 
than that for Zn–N1 (Table 2). This is related to the 
covalent radius of Cl, which is much longer than the 
covalent radius N. The angle formed between N1–Zn–
N1 and Cl1–Zn–Cl1 in the complex is also smaller than 
the angle in complex 1. This is related to the more 
electronegative  of Cl− ions.  The Cl atom will  attract the  

 
Fig 3. ORTEP view of the structures of (a) [Zn(NCS)2(4-NH2py)2] (1); (b) [ZnCl2(4-NH2py)2] (2); (c) [ZnCl(NCS)(4-
NH2py)2] (3), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level 
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Fig 4. Chemical structures of complexes (a) [Zn(NCS)2(4-NH2py)2] (1); (b) [ZnCl2(4-NH2py)2] (2); (c) [ZnCl(NCS)(4-
NH2py)2] (3) 
 
Table 2. Selected bond lengths (Å) and angles (°) of 1–3 

Complex 1 
Zn1–N1i 1.9698(16) N1i–Zn1–N1 123.01(10) 
Zn1–N1 1.9698(16) N1i–Zn1–N2i 102.36(3) 
Zn1–N2i 2.0140(15) N1–Zn1–N2i 102.36(3) 
Zn1–N2 2.0141(15) N1i–Zn1–N2 102.36(3) 
  N1–Zn1–N2 102.36(3) 
  N2i–Zn1–N2 126.67(9) 
Complex 2 
Zn1–N1 2.0033(13) N1–Zn1–N1i 117.61(7) 
Zn1–N1i 2.0033(13) N1–Zn1–Cl1 107.09(4) 
Zn1–Cl1 2.2756(4) N1i–Zn1–Cl1 108.16(4) 
Zn1–Cl1i 2.2756(4) N1–Zn1–Cl1i 108.16(4) 
  N1i–Zn1–Cl1i 107.09(4) 
  Cl1–Zn1–Cl1i 108.47(2) 
Complex 3 
Zn1–N1 1.9540(16) N1–Zn1–N4 108.63(7) 
Zn1–N4 2.0061(15) N1–Zn1–N2 105.38(6) 
Zn1–N2 2.0192(15) N4–Zn1–N2 108.85(6) 
Zn1–Cl1 2.2575(5) N1–Zn1–Cl1 119.92(5) 
  N4–Zn1–Cl1 108.72(4) 
  N2–Zn1–Cl1 104.86 (5) 

bonding electrons in its own direction, thereby reducing 
the bonding electron repulsion on the central atom. In 
addition, the presence of lone pair electrons in the Cl 
ligand also reduces the angle of Cl1–Zn–Cl1, N1–Zn–N1, 
and N1–Zn–Cl1 in complex 2. This is because the high 
electrical charge of lone pair electrons causes a strong 
repulsion, the bond becomes longer, and the angle 
becomes smaller. 

The three complexes have the same geometry; 
however, they crystallize in different space groups. Complex 
1 is isostructural with [Co(NCS)2(4-NH2py)2] [27], it 
crystallizes in an orthorhombic space group Pmmn, and 

there are complex 2 molecules of [Zn(NCS)2(4-NH2py)2] 
in 1 unit cell (Fig. 5(a)). The Zn(II) ion in complex 1 is 
in the special mm2 position, and the asymmetric unit 
only contains a quarter of the molecule. Weak 
interaction was also observed between the H from the 
NH2 group and the S of SCN (N-H···S-CN) (2.715 Å). 
Complex 2 showed an isostructural result with complex 
[CoCl2(4-NH2py)2] that was reported by Sanchez 
Montilva et al. [12]. Complex from ZnCl2 and 4-NH2py 
have been synthesized by Moustafa et al. [4], but the 
obtained complex had a different structure from the 
complex we reported. As-synthesized complex 2 
crystallizes in monoclinic with the C2/c space group and 
4 complex molecules in each unit cell (see Fig. 5(b)). The 
central atom is located on 2 folding axes, and the 
asymmetric unit only contains half of the molecule. 
Non-covalent interactions such as N-H···Cl (2.8336 Å) 
and weak μ···μ stacking interactions between C atoms of 
two 4-NH2py (C4···C5 3.371 Å) and (C4···C4 3.172 Å) 
are observed in complex 2. The non-covalent interaction 
of N-H···Cl enables the formation of unlimited chains 
through the ac plane. Meanwhile, asymmetric complex 
3 crystallizes in the Pbca group with 8 molecules in each 
unit cell (see Fig. 5(c)). Weak interaction between Cl···H-
NH (2.554 Å) and S···H-NH (2.843 Å) are also observed 
in the packing crystal system of complex 3. 

FTIR Spectroscopy 

Although it is commonly accepted that for N-bound 
thiocyanate complexes, νSC exhibits higher frequency 
values and νCN shows lower frequency values, these 
principles must be applied with caution because a variety 
of  other factors  can affect the  locations of  these  bands. 
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Fig 5. Packing diagrams of (a) [Zn(NCS)2(4-NH2py)2] (1); (b) [ZnCl2(4-NH2py)2] (2); (c) [ZnCl(NCS)(4-NH2py)2] (3) 

Table 3. Selected wavenumbers (cm−1) of ligands in the tree complexes 
Assignment 4-NH2py KSCN 1 2 3 
νas(NH2) 3439s  3443s 3443s 3470s 
νs(NH2) 3305s  3341s 3341s 3346s 
νring 1682s, 

1584s, 1337s 
 1655s, 

1633s, 
1362m 

1659s, 
1634s, 
1352s 

1643s, 
1634s, 
1352s 

ν(C-NH2) 1217s  1219s 1223s 1211s 
νCN  2170s 2056m  2050m 
νSC  743s 817s  829s 

 
We already know, based on the crystal structure, that all 
metal ions of complexes 1-3 are bonded to the thiocyanate 
ions through the N atom. This is also proved by the 
appearance of νCN bands around 2050 cm−1 (Table 3) [2,32]. 
The νSC in complexes 1 and 3 were observed around 820–
850 cm−1. These bands are in accordance with N–bonding 
behavior (νSC 760–860 cm−1) compared to S–bonding 
behavior (νSC 690–720 cm−1) (Fig. 6). Meanwhile, according 
to structure crystals data, it appears that 4-NH2py ligands  

bind to the Zn(II) ions through the nitrogen atom of the 
pyridine ring. The ν(NH2) (symmetric and asymmetric) 
bands do not show a significant shift in wavenumber 
(see Table 3), and it is generally known that the NH2 
stretching vibrations undergo a significant red shift 
when –NH2 in 2-aminopyridine forms a coordination 
bond with metal ions (Δ = 150–200 cm−1) [33]. Therefore, 
it is proved that the NH2 group is not directly involved 
in the formation of coordination bonds. 
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Fig 6. FTIR spectra of complexes and ligands 

Antibacterial Activity 

Fig. 7 and 8 show the results of the antibacterial test 
of complexes 1, 2 and 3 against E. coli and S. aureus. The 
test results in the form of the diameter of the inhibition 
zones (mm) are presented in Table 4. Fig. 4 and 5 show 
that complexes 1 and 2 give a better antibacterial activity  
 

than their metal salt and free ligands. We observed that 
the antibacterial activity of complexes and 4-NH2py is 
through the formation of hydrogen bonds between the cell 
membrane and N atom from 4-NH2py and blocking the 
way for nutrients to enter the cell [17]. The antibacterial 
activity of complexes increase in order [Zn(4-
NH2py)2Cl2] (2) < [Zn(4-NH2py)2(NCS)Cl] (3) < [Zn(4-
NH2py)2(NCS)2] (1). This indicates that co-ligands also 
play an important role in increasing their antimicrobial 
activity. Complexes with thiocyanate exhibit better 
antibacterial  activity  than  that  with  chloride  ions. The  

Table 4. Diameter of inhibition zones of the ligands, 
metal salt and complexes 

Compounds 
Inhibition zones (mm) 
S. aureus E. coli 

4-NH2py 6.7 6.3 
KSCN 10.0 6.7 
ZnCl2 7.5 11.9 
[Zn(4-NH2py)2(NCS)2] (1) 11.6 12.1 
[Zn(4-NH2py)2Cl2] (2) 6.8 6.0 
[Zn(4-NH2py)2(NCS)Cl] (3) 11.1 10.8 
Chloramphenicol 31.5 34.0 

 

 
Fig 7. Zone inhibition against E. coli with complexes (a) 1; (b) 2, and (c) 3 

 
Fig 8. Zone inhibition against S. aureus with complexes (a) 1; (b) 2, and (c) 3 
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antibacterial activity of a complex is affected by its 
structure and stability, acid-base properties, donor atoms, 
lipophilicity and the most preferred binding site for 
biomolecules [34]. We hypothesize that increasing 
antibacterial activity in these complexes was influenced by 
several factors. First, based on the spectrochemical series 
(Fajans-Tsuchida), NCS− is a stronger ligand than Cl− 
[31], leading to the interaction NCS- with Zn(II) is 
stronger than Zn(II) and Cl−. This interaction will 
decrease the polarity of the metal ion due to the partial 
sharing of positive charge with the donor atom, resulting 
in the delocalization of electrons within metal complexes 
[3,16,25]. This may increase the lipophilic character of the 
metal complex, thus allowing it to penetrate the lipid layer 
of the bacterial membrane more easily [3,16,25]. 
Secondly, the slow release of Zn(II) in bacteria cells could 
lead to an interaction formation of the metal ion with 
nucleic acids and deactivate the enzymes of the 
respiratory system [35]. Lastly, the substituent group, 
such as -NH2 interacts with a polar site of bacteria cell wall 
and disrupt the passage of solutes between the cell and the 
outer environment [36-39]; the metal ions also could bind 
to SH (sulfhydryl group) of the cell enzyme and 
breakdown the cell membrane [40]. Several other 
complexes, such as [Zn(NCS)2(2-NH2py)2] [10], 
[Co(L)2(2-NH2py)2] (L = [N(CN)2], NCS−) [3,25], have 
been reported to exhibit a low to moderate antibacterial 
activity. The complex 1 has similar inhibition zones with 
[Zn(NCS)2(2-NH2py)2] [10] around 11 mm, while 
[Co(L)2(2-NH2py)2] (L = [N(CN)2], NCS−) [3,25], and 
[Mn(dca)2(2-NH2py)2] [7] have higher antibacterial 
activity than the three complexes. 

■ CONCLUSION 

Three complexes [Zn(4-NH2py)2(NCS)2] 1, [Zn(4-
NH2py)2Cl2] 2, and [Zn(4-NH2py)2(NCS)Cl] 3 have been 
successfully synthesized, and the yields obtained were 
76.30%, 61.23%, and 53.79%, respectively. The Zn(II) in 
all complexes bind two N atoms of two 4-NH2py rings and 
2 anionic ligands to form distorted tetrahedral geometry. 
The three complexes crystallize in different crystal lattices 
such as Pmmn (1), C2/c (2), and Pbca (3). Non-covalent 
interactions between 4-NH2py and anionic ligands are 

observed to play a role in the crystal packing of all 
complexes. The preliminary antimicrobial screening 
against S. aureus and E. coli bacteria indicates that the 
complexes are moderately active. In this study, the 
complexes with thiocyanate ion exhibit greater 
antibacterial activity than with chloride ion due to 
stronger interaction with the central ion that leads to the 
increasing the lipophilic character of the metal complex. 

■ SUPPORTING INFORMATION 

Crystallographic data for the structural 
information have been put on deposit in the Cambridge 
Crystallographic Data Centre, CCDC no. 2224923-
2224925. Copies of this information may be obtained 
from The Director, CCDC, 12 Union Road, Cambridge, 
CB2 1EZ, UK (fax: +44-1233-336033; e-mail: 
deposit@ccdc.cam.ac.uk or www: 
http://www.ccdc.cam.ac.uk). 
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