
INTRODUCTION

Recently there are much interest in the construction of
coordination compounds due to their versatile structures and
interesting topologies as well as their potential applications as
functional materials in the fields of molecular magnetism, gas
absorption and optoelectronic devices1-5. It is well-known that
appropriate metal and various organic ligands are the two keys
for design and construction of novel coordination complexes.
The use of aromatic carboxylate ligands has attracted much
attention due to its strong coordination ability and various
coordination modes. The α-naphthyl acetic acid (HNAA) is a
very useful aromatic carboxylate ligand. It is a plant-growth
regulator and our attention is focused on its coordination with
the transition metal ions. Imidazole is a typically heterocyclic
ligand with nitrogen as the donor atom. It exhibits a wide
variety of pharmacological activities as antihelmintic, anti-
cancer, antifungal and antiinflammatory agent6,7. It is a good
candidate as a ligand to construct new coordination compound.

We have reported several complexes containing α-naphthyl
acetic acid previously8-12. Here, we report the synthesis and
crystal structure of the title complex as part of an ongoing
study of the properties of copper complex containing imidazole
and α-naphthyl acetic acid ligands.

EXPERIMENTAL

All reagents commercially available were of reagent grade
and used without further purification. C, H and N elements
analyses were carried out on a Perkin-Elmer 240C elemental
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analyzer. FT-IR spectra were recorded on a Vector 22 FT-IR
spectrophotometer by using KBr pellet in the range of 4000-
400 cm-1.

Synthesis of complex [Cu(C12H9O2)2(C3H4N2)2]: The title
compound was synthesized by the reaction of Cu(CH3COO)2·H2O
(99.8 mg, 0.5 mmol), imidazole (34 mg, 0.05 mmol) were added
to 10 mL H2O  and after being stirred at room temperature for
0.5 h, a 10 mL α-naphthyl acetic acid (186 mg 1 mmol) methyl
alcohol solution was added to the solution. The mixture was
homogenized and transferred into a sealed Teflon-lined solvo-
thermal bomb (volume: 25 mL) and heated to 423 K for three
days. After cooling to room temperature, title compound was
obtained, which were washed with distilled water and absolute
ethanol [yield: 48.5 % based on Cu(CH3COO)2·H2O]. Anal.
calcd. (%) for [Cu(C12H9O2)2(C3H4N2)2]: C, 63.15; H, 4.56; N,
9.82; Found (%): C, 63.05; H, 4.45; N, 9.79. IR (KBr, νmax,
cm-1): 3431, 3144, 3060, 2931, 2869,, 1510, 1328, 1292, 1259,
1150, 1072, 1018, 954, 779, 752, 710, 656, 619, 582,542.

Biological activity: The in vitro antibacterial activity of
the ligand and title complex on Escherichia coli, Bacillus

subtilis and Golde stap were determined by disc diffusion
method using nutrient agar13. Biotechnology Laboratory of
Huaihai Institute of Techology Marine Institute provides
bacteria. Each of the compound was dissolved in DMF and
solutions with the concentration of 25, 50 and 100 mg/L were
prepared separately. With a pipette 100 µL DMF preparation
of different concentrations of the test solution was added to
the Oxford cup and then the all Oxford cups were placed in
37 ºC incubator for 24 h, measure the inhibition zone diameter
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(mm) size of each specimen, parallel test three times, an average
value as the final experimental result.

X-Ray structure determinations: The crystal data collec-
tion for title complex was carried out on a Bruker Smart Apex
II CCD at room temperature, using graphite-monochromated
MoKα radiation (λ = 0. 0.71073 Å). The structure was solved
by direct methods and refined on F2 by full-matrix least-squares
techniques with SHELXL-9714. All non-hydrogen atoms and
hydrogen atoms were refined anisotropically and isotropically,
respectively. The hydrogen atoms were generated geometri-
cally. Details of the crystal parameters, data collection and
refinement for complexes 1 are summarized in Table-1. Selected
bond lengths and angles with their estimated standard devia-
tions for complex are listed in Table-2 and hydrogen-bonding
parameters in Table-3. Crystallographic data for the structure
of title complex in this paper have been deposited with the
Cambridge crystallographic Data Center as supplementary
publication No. CCDC 835389.

TABLE-1 
CRYSTAL DATA AND STRUCTURE 

REFINEMENT FOR COMPLEX 1 
Formula C30H22CuN4O4 T (K) 298(2) 

Formula weight 566 Dc (g/cm-3) 1.378 
Crystal system Monoclinic F(000) 1204 

Group P21/a Crystal size 
(mm) 

0.25 × 0.20 × 
0.15 

a  (Å) 17.849(4) Rint 0.0779 
b (Å) 10.153(3) unique 

reflections 
6504 

c (Å) 16.679(4) R [I > 2σ(I)] 0.0886 

β (º) 111.351(3) Z 4 
V (Å3) 2814.9(12) Goodness of 

fit on F2 
1.076 

R = Σ||Fo| - |Fc||/Σ|Fo|. wR = |Σw(|Fo|
2
 – |Fc|

2)|/Σ|w(Fo)
2|1/2, where w = 

1/[σ2(Fo
2) + (aP)2 + bP]. P = (Fo

2 + 2Fc
2)/3. 

 
 

TABLE-2 
SELECTED BOND LENGTHS (Å) 
AND ANGLES (º) FOR COMPLEX 

Cu(1)-N(1) 1.963(6) N(3)-Cu(1)-O(3) 92.3(2) 
Cu(1)-N(3) 1.981(5) O(2)-Cu(1)-O(3) 174.33(18) 
Cu(1)-O(2) 1.987(4) C(1)-O(2)-Cu(1) 120.4(5) 
Cu(1)-O(3) 2.004(4) C(13)-O(3)-Cu(1) 119.8(4) 

N(1)-Cu(1)-N(3) 171.4(2) C(28)-N(3)-C(30) 105.3(7) 
N(1)-Cu(1)-O(2) 89.2(2) C(28)-N(3)-Cu(1) 129.3(5) 
N(3)-Cu(1)-O(2) 88.7(2) C(30)-N(3)-Cu(1) 125.3(5) 
N(1)-Cu(1)-O(3) 90.6(2) – – 

 

TABLE-3 
DISTANCE (Å) AND ANGLES (º) OF 

HYDROGEN BONDS FOR THE COMPLEX 1 
D-H···A Distance (D···A) Angle (D-H-A) 

N4-H4...O1_#1 2.818(9) 159.6 
N2-H2...O4_#2 2.801(8) 170.6 

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

RESULTS AND DISCUSSION

Structure description of Cu(II) complex: The crystallo-
graphic analysis reveals that the title complex is a dinuclear
molecule coordination compound (Fig. 1), which illustrates
the coordination diagram with atomic numbering scheme.

Fig. 1. Coordination environment of Cu(II) atom in 1, the hydrogen atoms
omitted for clarity. O1A, O2A, O3A, O4A, N1A, N2A,N3A,N4A:
1-x, 2 - y, -z

The title copper(II) complex structure is shown in Fig. 1.
The asymmetric unit consists of two α-naphthyl acetic acid
molecule and two imidazole molecule. Each copper cation
are coordinated by two N atoms of two symmetry equivalent
imidazole ligands and by two carboxyl O atoms of two
symmetry related α-naphthyl acetate anions (Fig. 1), O2, O3,
N2, N3 are in the basal plane. O3A (symmetry code: 1-x,2-y,-z)
coordinates to the Cu(II) cation in the apical position to comp-
lete the distorted square-pyramidal coordination geometry. The
Cu(II) cation is 0.0105 (9) Å deviated from the basal coordi-
nation plane in the direction of the apical O3A atom, which is
consistent with the situation found in complexes with square-
pyramidal coordination geometry9. The Cu-O3A bond in the
apical direction is 2.4789(61). The Cu-N and Cu-O bond
lengths are 1.963(6), 1.981(5) and 1.987(4), 2.004(4) Å in the
basal plane. The apical Cu-O3A bond is longer than other
Cu-O bonds in the basal plane by 0.5 Å, showing the typical
Jahn-Teller distortion. Each α-naphthyl acetic acid anion
bridges two Cu(II) cations to form the centro-symmetric
dinuclear complex. Within the dinuclear molecule the Cu···Cu
separation is 3.5415 (13) Å, longer than Cu…Cu separation
in the reported Cu(II) complex15,16. The O-Cu -N angle are
from 88.7(2)º to 92.3º. The angles of O(2)-Cu(1)-O(3) and
N(1)-Cu(1)-N(3) are 171.4(2) , 174.33(18), respectively. The
dihedral angle formed by adjacent α-naphthyl acetic acid ring
is 20.04º the distance between the centre of adjacent α-naphthyl
acetic acid ring is 4.2017(8)which suggests no π-π stacking
between α-naphthyl acetic acid ring systems.

Adjoining molecules are linked into one-dimensional
crystal structure by N-H···O hydrogen bonds (Table-3, Fig. 2),
further, one-dimensional network of title complex is linked
together by hydrogen bonds to generate two-dimensional
structure (Fig. 3).

Antibacterial activity: According to the “Technical
Standard for Disinfection”13: the antibacterial circle diameter
greater than 20 mm has a strong inhibitory effect, bacteriostatic
circle in 10-20 mm for moderate antibacterial, bacteriostatic
circle is less than 10 mm for weak inhibitory, inhibitory effect
is shown in Table-4, experiments show that, the ligand and the
complex have antimicrobial effect of moderate to three kinds
of tested bacteria, solvent DMF on almost no inhibition of
bacteria. Due to the increase of the ligand concentration, the
inhibition zone diameter also increased, antibacterial activity
and also enhanced. There is no linear relationship between
the concentration of complex and the antimicrobial effect.
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Fig. 2. Part of the chain structure of the title compound. Hydrogen bonds
are shown as dashed lines. H atoms not involved in hydrogen bonds
are omitted for clarity

Fig. 3. Crystal packing diagram for title complex

TABLE-4 
DIAMETER OF ANTIBACTERIAL HALO OF 
THE TITLE COMPLEX AND THE LIGAND 

Diameter (mm) of antibacterial activity 
Comp. Concentration 

(mg mL-1) E. coli B. subtilis G. stap 

1.00 15.0 16.0 14.5 
0.50 14.5 12.0 12.5 
0.10 10.5 13.0 11.5 
0.05 15.0 12.0 14.0 

1 

0.01 13.0 12.0 11.5 
1.00 15.0   9.5 11.5 
0.50 14.5 15.0 12.0 
0.10 15.0 14.0 11.5 
0.05 15.5 15.0 11.5 

L 

0.01 16.0 14.5 11.0 
DMF –   8.0   8.1   8.2 
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