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INTRODUCTION

The coordination properties of N-functionalized macro-
cycles have been extensively studied in recent years. The
application of polyaza macrocycle precursors in the synthesis
of transition metal complexes stems mainly from their use as
models for protein-metal binding sites in the biological systems
[1-7] and as selective complexing agents for metal ions [8-
10]. The biological activity of this class of compounds is
associated with the formation of chelates with essential metal
ions bonding through nitrogen as well as sulphur/oxygen donor
atoms [11,12]. These compounds are also studied extensively
due to their flexibility, their selectivity and sensitivity towards
the central metal atom [13], structural similarities with natural
biological substances and also due to the presence of imine
group (-N=CH-), which imparts biological activity [14,15].
They act as antimicrobial [16], antifertility, antimalaria and
antileukemic agents. Many of these transition metal ions in
living systems work as enzyme carriers in a macrocyclic ligand
field environment. Macrocycles have wide applications in
medicine [17,18], cancer diagnosis and in the treatment of tumors.
The complexes of the transition metals, such as Ni, Pd and Pt-
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derivatives are known to play an important role in biochemistry
[19]. Palladium(II) complexes have been found to cleave proteins
selectively in high yield [20] and palladium amine complexes
have also been investigated for their potential use as anticancerous
agents [21]. Some Pd(II) complexes of Schiff base ligands have
been found to exhibit remarkable cytotoxicity against leukemia
[22]. Platinum-based chemotherapeutic regimens have been the
main stay for the management of epithelial ovarian cancer [23],
testicular cancer, head and neck tumors and a number of other
solid tumor types [24] for a number of years. The platinum
analogue oxaliplatin has been developed and is now licensed to
use against matastatic colon cancer in United States [25]. In the
present paper, we report the synthesis, spectroscopic characteri-
zation of Ni(II), Pd(II), Pt(IV) and Cu(II) complexes with a novel
azamacrocyclic ligand viz. 5,7,12,14-tetramethyl-1,2,4,8,10,11-
hexaazacyclotetradeca-4,7,11,14-tetraene-3,9-dione (L) (Fig. 1)
exhibiting significant biological activities.

EXPERIMENTAL

All the chemicals used were of AnalaR grade and procured
from Sigma-Aldrich. Metal salts were purchased from E.
Merck and were used as received.
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Fig. 1. Preparation and structure of the ligand (L)

Synthesis of ligand: The hot ethanolic solution (20 mL)
of acetylacetone (2 mL, 0.02 mol) and hot ethanolic solution
(20 mL) of semicarbazide (2.22 g, 0.02 mol) were mixed
slowly with constant stirring. The mixture was refluxed at 78
°C for 8-9 h in presence of few drops of hydrochloric acid. On
cooling, a solid white precipitate was formed. The progress of
the reaction was checked by TLC. It was filtered, washed with
cold EtOH and dried under vacuum over P4O10. Yield: 62 %,
m.p.: 160 °C. Elemental analysis found : C 51.85; H 6.55; N
30.26, Calculated for C12H18N6O2; C 51.79; H 6.52; N 30.20 %.

Synthesis of metal complexes: The hot ethanolic solution
(20 mL) of ligand (0.001 mol) and hot ethanolic solution (20
mL) of corresponding metal chloride (0.001 mol) were mixed
together with constant stirring. The mixture was refluxed for
8-12 h at 78-80 °C. On cooling a coloured precipitate was formed.
It was filtered, washed with cold EtOH and dried under vacuum
over P4O10.

Physical measurement: The C, H and N data were analyzed
on Carlo-Erba 1106 elemental analyzer. Molar conductance
was measured on the ELICO (CM82T) conductivity bridge.
Magnetic susceptibility was measured at room temperature
on a Gouy balance using CuSO4.5H2O as a callibrant. Electron
impact mass spectra was recorded on JEOL, JMS, DX-303
mass spectrophotometer. 1H NMR spectra were recorded on
Hitachi FT-NMR, model R-600 spectrometer using DMSO as
a solvent, chemical shifts are given in ppm relative to tetra-
methylsilane. IR spectra (CsI) were recorded in the range 4000-
200 cm-1 on a FT-IR spectrum BX-II spectrophotometer. The
electronic spectra were recorded in DMSO on Shimadzu UV
mini-1240 spectrophotometer. Cyclic voltammetric measure-
ments were performed on an Autolab potentiostat with GPES
electrochemical software. A three electrode system was used
i.e. a platinum wire as counter electrode, an Ag/AgCl as reference
electrode and glassy carbon as working electrode. Nitrogen
gas was passed through the solution for 10 min throughout
the experiment. This procedure was performed at room tempe-
rature. Cyclic voltammetric studies of the complexes were

carried out in 0.01 M solutions in DMSO with [NBu4][PF6] as
supporting electrolyte.

Antimicrobial screening: The preliminary fungitoxicity
screening of the compounds at different concentrations were
performed in vitro by the Agar Plate Technique [26-28]. Asper-
gillus niger, Aspergillus glaucus and Aspergillus flavus were
used as test fungi. Stock solution of compounds were prepared
by dissolving the compounds in DMSO. Chlorothalonil was
used as commercial fungicide and DMSO served as control.
Potato dextrose agar medium was prepared by using potato,
dextrose, agar-agar and distilled water. Appropriate quantities
of the compounds were mixed in autoclaved and adequately
cooled potato dextrose agar medium in order to get concen-
trations of 125 and 250 ppm. The medium was dispensed into
sterilized petriplates. A mycelial discs of 0.5 cm in diameter
of test pathogen taken from 7 days old culture with the help of
sterilized cork was placed at the centre of the petriplates. These
treated petriplates were incubated at 26 ± 1 °C until fungal
growth in the control petriplate was almost complete.

The mycelial growth of fungi (mm) in each petriplate was
measured diametrically and growth inhibition (I) were calcu-
lated by using the formula :

C T
I (%) 100

C

−= ×

where C is the growth of the fungus (mm) in control plate and
T is the growth of test compounds.

The antibacterial activity of the ligand and its metal com-
plexes were tested by using disc diffusion method [29-36]
against Sarcina lutea (Gram-positive) and Escherchia coli
(Gram-negative). Nutrient agar medium was prepared by using
peptone, beef extract, NaCl, agar-agar and distilled water. The
test compounds in measured quantities were dissolved in DMF
to get a concentrations of 125 and 250 ppm, 25 mL nutrient agar
(NA) media was poured in each petriplate. After solidification
0.1 mL of test bacteria was spread over the medium using a
spreader. The disc of Whatmann no. 1 filter paper having the
diameter 5.00 mm each containing (1.5 mg cm-1) of compounds
were placed at 4 equidistant places at a distance of 2 cm from
the center in the inoculated petriplates. Streptomycin was used
as a standard drug. All determinations were made in duplicate
for each of the compounds. Average of two independent readings
for each compound was recorded. These petriplates were kept
in refrigerator for 24 h for pre-diffusion. Finally petriplates
were incubated for 28 h at 29 ± 1  °C. The zone of inhibition
was calculated in mm carefully.

DFT calculations: The DFT calculations were performed
using the B3LYP three parameter density functional, which
includes Becke’s gradient exchange correction [37], the Lee,
Yang, Parr correlation functional [38] and the Vosko, Wilk,
Nusair correlation functional [39]. The geometry of the ligand
(L) was fully optimized (Fig. 2) with respect to the energy
using the 6-31g(d,p) basis set using the Gaussian 09W suite.

RESULTS AND DISCUSSION

The analytical data and some physical properties of the
complexes are given in Table-1. The magnetic moment and
electronic spectral data of the metal complexes are presented
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Fig. 2. Geometry optimized structure of ligand (L)

in Table-1. A systematic study of the reactions of metal chlorides
with ligand (L) can be represented by eqns. 1 and 2.

MCl2 + L → [M(L)Cl2] (1)

where M = Ni2+, Pd2+ and Cu2+.

PtCl4
 + L → [Pt(L)Cl2]Cl2 (2)

On the basis of elemental analysis, the complexes were
assigned to possess the composition as shown in Table-1. The
molar conductance measurement of the Ni(II) and Cu(II) comp-
lexes in DMSO solution have been corresponding to the non-
electrolytic in nature and so may be formulated as [M(L)Cl2]
[where M = Ni(II), Cu(II)]. However complexes of Pd(II) and
Pt(IV) have shown molar conductance corresponding to 1:2
electrolytes and thus these complexes may be formulated as
[Pd(L)]Cl2 and [Pt(L)Cl2]Cl2.

Free ligand: The electron impact mass spectrum of the
ligand (L), confirmed the proposed formula by showing a
molecular peak at m/z 278, corresponding to macrocyclic
moiety C12H18N6O2.

The 1H NMR spectrum of the ligand has not given any
signal corresponding to primary amine and alcoholic protons.
The spectrum has been showing a singlet at δ 1.26 ppm (s,
12H, 4CH3) due to the protons of four methyl groups, another

singlet at δ 2.35 ppm (s, 4H, 2CH2) due to protons of methylene
groups in the ligand.

The main characteristic strong band corresponding to
>C=N is appeared at 1597 cm-1 in the IR spectrum of free ligand
(Fig. 3) confirmed that the reaction between primary amine
group, –NH2 of diamine and carbonyl group, >C=O of dike-
tone. It also confirmed the elimination of water molecules and
complete condensation. The bands appearing in the region
1662, 1597, 1272 and 785 cm-1 are assignable to amide I
ν(C=O), amide II v[(C-N) + δ(N-H)], amide III [δ(N-H)] and
IV [φ(C=O)], respectively. On complexation the position of
band corresponding to ν(C=N) shifted to 22-38 cm-1 towards
lower side, indicated that the coordination take place through
the nitrogen atom of the ν(C=N) groups. Also, a new band is
appeared at 470-412 cm-1 in the IR spectra of complexes indi-
cating the formation of ν(M-N) bond. It supports the involve-
ment of nitrogen in the coordination [40].

1662

1597

1272

785

1500 1000

Fig. 3. Infrared spectrum of ligand (L)

TABLE-1 
PHYSICO-CHEMICAL ANALYSIS DATA OF THE SYNTHESIZED COMPLEXES OF AZAMACROCYCLIC LIGAND 

Elemental analysis (%): Found (calcd.) 
Complexes (m.f.) 

Molar 
conductance 

(Ω–1 cm2 mol-1) 
Colour 

m.p. 
(°C) 

Yield 
(%) M C H N 

µeff (BM) λmax (cm–1) 

[Ni(L)Cl2] 
(NiC12H18N6O2Cl2) 

09 Bluish 
green 

> 300 62 8.87 
(8.94) 

58.60 
(58.53) 

3.88 
(3.96) 

12.75 
(12.80) 

2.98 11185, 15527, 
26246 

[Pd(L)]Cl2 
(PdC12H18N6O2Cl2) 

240 Green 190 56 14.96 
(15.07) 

54.55 
(54.62) 

3.76 
(3.69) 

11.80 
(11.94) 

Diamag. 22421, 29411, 
37313 

[Pt(L)Cl2]Cl2 
(PtC12H18N6O2Cl4) 

238 Light 
green 

198 52 24.74 
(24.62) 

48.31 
(48.48) 

3.40 
(3.28) 

10.44 
(10.60) 

Diamag. 28901, 38461 

[Cu(L)Cl2] 
(CuC12H18N6O2Cl2) 

10 Algae 
green 

290 65 9.76 
(9.68) 

57.98 
(58.09) 

3.86 
(3.93) 

12.75 
(12.70) 

2.03 10131, 18621, 
27777 
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Molecular modeling analysis: Geometry optimization
is done using B3LYP functional with 6-31G(d,p) basis sets as
incorporated in the Gaussian 09W programme in gaseous
phase. The calculated bond length and bond angle for the ligand
are listed in Tables 2 and 3, respectively.

TABLE-2 
SELECTED BOND LENGTH OF MACROCYCLIC LIGAND 

Parameters Bond length (Å) Parameters Bond length (Å) 
1C-5C 1.51 8C-9C 1.51 
5C-7C 1.49 9C-11C 1.55 
5C-6N 1.30 9C-10N 1.29 

6N-18N 1.38 10N-15C 1.42 
18N-16C 1.44 15C-19O 1.21 
16C-20O 1.21 15C-17N 1.44 
16C-13N 1.42 13N-3N 1.38 
13N-12C 1.29 3N-2C 1.31 
12C-14C 1.50 2C-4C 1.49 
12C-8C 1.51 2C-1C 1.51 

 
TABLE-3 

BOND ORDERS OF THE MACROCYCLIC LIGAND 

Atoms Bond  
angles (°) 

Atoms Bond  
angles (°) 

C1-C5-N6 
C5-N6-N18 
N6-N18-C16 
N18-C16-N13 
C16-N13-C12 
N13-C12-C8 
C12-C8-C9 

114.77 
121.79 
116.03 
117.25 
125.73 
118.05 
110.04 

C8-C9-N10 
C9-N10-C15 
N10-C15-N7 
C15-N17-N3 
N17-N3-C2 
N3-C2-C1 
C2-C1-C5 

118.05 
125.73 
117.25 
116.03 
121.79 
114.77 
113.01 

 
The energies for the highest occupied molecular orbital

(HOMO) and lowest unoccupied molecular orbital (LUMO)
for the ligand have been calculated. The calculated energies
of the HOMO and LUMO for the ligand are -0.3444 Hartree
and 0.0036 Hartree, respectively. The 0.020 Hartree isovalue
contours for the HOMO and LUMO are displayed in Fig. 4.
The lower HOMO energy values show that the electron-dona-
ting ability of the molecule is weak. The higher HOMO energy
implies that the molecule is a good electron donor. The LUMO
energy represents the ability of a molecule to receive electrons.

Nickel(II) complex: Nickel(II) complex has been showing
magnetic moment corresponding to two unpaired electrons.
Electronic spectrum of Ni(II) complex (Fig. 5) displayed three
bands at 11185, 15527 and 26246 cm-1 assignable to 3A2g (F)
→ 3T2g (F) (ν1), 3A2g (F) → 3T1g (F) (ν2) and 3A2g (F) → 3T1g (P)

(ν3) transitions respectively. Thus, Ni(II) complex is found to
possess distorted octahedral geometry.

Palladium(II) complex: Palladium(II) complex is found
to be diamagnetic as expected for a low spin d8 systems. The
electronic spectra of Pd(II) complex (Fig. 5) displayed three
bands at 22421, 29411 and 37313 cm-1, the first two bands
assigned to 1A1g → 1A2g and 1A1g → 1B1g transitions respectively
and the third band may be due to charge transfer band. Thus,
Pd(II) complex may possess square planar geometry.

Platinum(IV) complex: Platinum(IV) complex is found
to be diamagnetic as expected for a low spin d6 systems. The
electronic spectrum of Pt(IV) complex (Fig. 5) displayed two
absorption bands at 28901 and 38461 cm-1. First band may be
assigned to 1A1g → 1T1g transition and second band may be due
to charge transfer. Thus, Pt(IV) complex may possess octa-
hedral geometry.

Copper(II) complex: Copper(II) complex has been
showing magnetic moment corresponding to one unpaired
electrons. The electronic spectrum of Cu(II) complex (Fig. 5)
displayed three bands at 10131, 18621 and 27777 cm–1, which
can be assigned to 2B1g → 2A1g, 2B1g → 2B2g and 2B1g → 2Eg transi-
tions, respectively corresponding to tetragonal geometry.

On the basis of above spectral studies, a distorted octa-
hedral geometry has been assigned for Ni(II) complex, square
planar for Pd(II), octahedral and tetragonal geometry for Pt(IV)
and Cu(II) complexes respectively, as shown in Fig. 6.

The results of antifungal and antibacterial activities are
given in Tables 4 and 5, respectively.

The antimicrobial screening data has shown that the metal
chelates exhibit higher inhibitory effects than free ligand (Figs.
7 and 8). The increased activity of the metal chelates can be
explained on the basis of chelation [41].

TABLE-4 
ANTIFUNGAL SCREENING DATA OF THE  

LIGAND (L) AND ITS COMPLEXES 

Fungal inhibition (%) (conc. in µg mL-1) 
Aspergillus 

niger 
Aspergillus 

glaucus 
Aspergillus 

flavus 
Complexes 

125 250 125 250 125 250 
L 

[Ni(L)Cl2] 

[Pd(L)]Cl2 

[Pt(L)Cl2]Cl2 
[Cu(L)Cl2] 

Chlorothalonil (Std.) 

29 
29 
33 
31 
42 
52 

49 
47 
54 
51 
65 
76 

– 
10 
26 
23 
37 
48 

38 
40 
41 
39 
58 
67 

35 
36 
38 
36 
53 
61 

50 
53 
57 
53 
70 
82 

 

HOMO LUMO
Fig. 4. Plot of HOMO and LUMO of ligand (L)
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TABLE-5 
ANTIBACTERIAL SCREENING DATA OF  
THE LIGAND (L) AND ITS COMPLEXES 

Diameter (mm) of compounds at 
concentrations (µg mL-1) 

Sarcina lutea Escherchia coli 
Complexes 

125 250 125 250 
L 

[Ni(L)Cl2] 

[Pd(L)]Cl2 

[Pt(L)Cl2]Cl2 
[Cu(L)Cl2] 

Streptomycin (Std.) 

06 
-- 
07 
-- 
20 
24 

11 
14 
16 
14 
25 
28 

-- 
06 
-- 
06 
19 
20 

10 
09 
09 
11 
24 
25 

 

The ligand and its metal complexes show fungal growth
inhibition in the following order:

Cu(II) > Pd(II) > Pt(IV) > Ni(II) ≅ ligand

The bacterial growth inhibitory capacity of the ligand and
its metal complexes show the following order:

Cu(II) > Pd(II) > Pt(IV) ≅ Ni(II) ≅ ligand

Electrochemistry: The electrochemical behaviour of the
nickel(II) and copper(II) complexes have been investigated
using cyclic voltammetric (CV) technique in DMSO solution
at a glassy carbón as working electrode. Both the complexes
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are found to be electroactive only with respect to metal center
and the experimental results are given in Table-6.

TABLE-6 
VOLTAMMETRIC DATA FOR THE COMPLEXES IN DMSO 

Complexes Epc (V) Epa (V) E1/2 (V) ∆Ep (V) Ipc/Ipa 

[Ni(L)Cl2] 0.63 0.42 0.52 0.49 0.88 
[Cu(L)Cl2] 0.64 0.73 0.68 0.21 0.90 
E1/2(V) = 1/2(Epc – Epa), Ipc/Ipa is constant for scan rate in the range of 
60-800 mV s-1. 

 
Reduction process: The cyclic voltammetric of nickel

complex has shown a quasi-reversible two step single electron
transfer process. The half wave potential of nickel complex,
E1/2 is independent of scan rate. The peak separation value,
∆Ep increases with increase in scan rate and is always greater
than 60 mV. All the voltammetric parameters are studied in
scan range of 60-800 mV s-1. The ratio between the cathodic
peak current and square root of scan rate (Ipc/ν1/2) is approxi-
mately constant. The ratio Ipa/Ipc is close to unity. It is found
from the data that this redox couple is related to a reversible
one electron trasfer process controlled by diffusion. The cathodic
peak for nickel arise at Epc = 0.63V.

Oxidation process: The nickel complex exhibited two
peaks corresponding to two single electron transfer process.
The anodic peak, Epa for nickel arised at 0.42V. The difference

between the potential of anodic peak and cathodic peak remain
constant. Also, the ratio between cathodic peak current and
square root of scan rate is practically constant in the range
studied. The electrode processes are found to be diffusion
controlled as demonstrated by a simple quasi-reversible one
electron charge transfer [42,43].

The cyclic voltammetric of the copper complex recorded
at room temperature displayed a quasi-reversible peak for
Cu(II) → Cu(III) couple at 0.73V with a direct cathodic peak
for Cu(III) → Cu(II) at 0.64V. It also exhibited two irreversible
peaks in cathodic region characterstics for Cu(II) → Cu(I) at
-0.75V and Cu(I) → Cu(0) at -0.93V. These two peaks have
shown the reduction behaviour of copper in the complex. In
anodic region it exhibited two peaks corresponding to oxidative
behaviour of C(0) → Cu(I) and Cu(I) → Cu(II).

Conclusion

In the present paper, a novel azamacrocyclic ligand viz.
5,7,12,14-tetramethyl-1,2,4,8,10,11-hexaazacyclotetradeca-
4,7,11,14-tetraene-3,9-dione (L) derived from acetylacetone
and semicarbazide was synthesized. Based on above described
spectral studies the ligand was found to be tetradentate and a
distorted octahedral geometry has been assigned for Ni(II)
complex, square planar for Pd(II), octahedral and tetragonal
geometry for Pt(IV) and Cu(II) complexes respectively. The
geometry of ligand (L) was fully optimized by molecular
modeling. The antimicrobial screening data showed that the
metal chelates exhibit higher inhibitory effects than free ligand.
Electrochemical behaviour of nickel and copper complexes
was determined by cyclic voltammetry.
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