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Abstract—In this work, the synthesis of two asymmetric Co(II) and Ni(II) tetraazamacrocyclic complexes
has been carried out by the template method. The synthesized complexes have been characterized by various
analytical techniques such as elemental analysis, UV-Vis, IR, and Mass spectroscopy. The mass spectral stud-
ies of the complexes have been found to agree with theoretically calculated values. The calculated molar con-
ductance values for the two complexes suggest a non-electrolytic nature of the complexes. A distorted octa-
hedral geometry has been assigned to both the complexes as shown by spectral studies. Results of the electro-
chemical studies of the complexes through cyclic voltammetry indicate that metal centers can be
differentiated by their intrinsic redox systems, viz. Co(III)/Co(II), Co(II)/Co(I) and Ni(II)/Ni(I). More-
over, antimicrobial activities of complexes have been investigated against E. coli, S. aureus, B. subtilis, and
P. aeruginosa pathogens. The results of these studies indicate that both the complexes exhibit significant anti-
microbial activity against the tested pathogens.
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INTRODUCTION
Macrocyclic complexes have been of considerable

importance for their application in different sectors
including photo-sensitization, solar-driven cells
and electronics owing to their electron transport capa-
bilities and the stabilization of uncommon oxidation
states of the transition metal ion by macrocyclic ligand
[1]. In recent decades, there observed the number of
reports dedicated to the redox activity of transition
metal macrocyclic complexes in non-aqueous systems
have increased dramatically. This is particularly signif-
icant for those planned as models for the functional
metalloprotein sites [2]. The redox potential of these
substances (E1/2 for MLn+/ML(n + 1)+) is the main fac-
tor that not only represents the comparative thermo-
dynamic stabilities of the oxidation states of central
metals, and also defines the chemical reactivity of such
complexes in redox systems [3, 4]. Recently, transition
metals such as cobalt and nickel have been used for
synthesis of complexes with diverse ligand and studied
for their diverse properties [5–8]. In the early electro-
chemical studies of tetraazamacrocyclic complexes,
the factors that influence the development of both
oxidized and reduced metal species were identified
[9–11]. It has been revealed that the overall redox
activities of a particular system are determined by the
following factor: (i) macrocyclic ring size, (ii) the
ligand charge, (iii) the type of the ligand substituents,

and (iv) degree of ligand unsaturation. The extent of
ring strain inevitably affects the redox activity whereas
a strong in-plane ligand field facilitates the oxidation
attributable to the equatorial interactions [12, 13].

The macrocyclic structure offers an inherently pla-
nar environment for each central metal ion and facili-
tates coordinately unsaturated metal axial ligation. It
can affect the macrocyclic complex’s redox behavior
either by essentially changing the redox potential or by
modifying the reduction site. Given that charged axial
ligands usually occurred in extremely insoluble mate-
rial, a selection of axial moieties can be done. Consid-
ering these facts, neutral ligands like N-donor hetero-
cyclic compounds are utilized in this work. The redox
activities of macrocyclic compounds may depend
fairly on the axial ligation [14, 15].

Therefore, it is generally established that specific
macrocyclic ligands have significant anti-bacterial,
anti-herbicide, anti-insecticide, and anti-fungicide
properties. The biological behaviors of bio-metals can
be very often altered by the formation of chelates with
specific bioligands. It is proposed that substances with
antimicrobial efficacy can work either by destroying
the bacterium or by suppressing the microbe’s multi-
plicity or preventing its active site. The antibacterial
function of the macrocyclic complexes often relies, on
the nature of the microbes.
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Fig. 1 Scheme of synthesis of the Co(II) and Ni(II) macrocyclic complexes.
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Schiff’s bases macrocyclic ligand developed stable
complexes with metal ions which play a key role in
biochemical processes. The antibacterial agent in pha-
gosomes and lysosomes destroys the consumed patho-
gen and enzymatically cleaves into smaller parts. In
particular, respiratory disorders such as tuberculosis,
acute respiratory tract infections, and severe acute
respiratory syndrome pose a worldwide danger, and
their occurrence is growing significantly over time.
Even though there are several chemotherapy agents on
the market, the bacterial species are increasing toler-
ance to such agents. Therefore, seeking better, more
reliable, and cheaper pharmacologic agents is a big
concern. Previously, comprehensive research on the
development of macrocyclic complexes has evolved
with particular respect to their antibacterial activity.
Transition metal macrocyclic complexes were exten-
sively examined for their antimicrobial and anticancer
properties [16–19].

In this regard, we have synthesized asymmetric
tetraazamacrocyclic complexes of Co(II) and Ni(II)
by template method and characterized using multiple
techniques. Further, both the macrocyclic complexes
were examined for their antimicrobial activities against
pathogens like E. coli, S. aureus, B. subtilis, and
P. aeruginosa.

EXPERIMENTAL

Materials and methods. All the chemicals utilized
in this study were of analytical grade. The chemicals
triethylenetetraamine, 2,6-diacetyl pyridine,
cobalt(II) chloride hexahydrate and nickel(II) chlo-
ride hexahydrate were procured from Merck, India.
The chemicals were used with no further purification.
Elemental analysis of synthesized materials was per-
formed on Eager Xperience and TOF MS ES+6018e3
at CIL SAIF, Punjab University, Chandigarh. IR
spectral analysis was performed on a Schimadzu
8400S spectrometer using KBr DRS system. UV-Vis
spectra were obtained from a Schimadzu 2450 spec-
trophotometer. The conductance of synthesized com-
plexes was evaluated using an Auto ranging Conduc-
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tivity/TDS Meter (TCM+). The electrochemical mea-
surements were carried out using a Cyclic
Voltammeter of the Metrohm Model 663VA Stand
potentiostat/galvanostat controlled by an external PC
using the NOVA software and utilizing a three-elec-
trode system at 25°C. A Pt disc (area 0.03 cm2) was
used as working electrode which was polished with a
H2O suspended Al2O3 before each trial. A Pt wire
served as the counter electrode and Ag/AgCl (satu-
rated KCl) was employed as the reference electrode.
0.1 M tetraethylammonium perchlorate (TEAP) was
utilized as the supporting electrolyte.

Synthesis of macrocyclic complexes. The Schiff’s
base tetraazamacrocyclic complexes {[M(L)X2]; M =
Co(II), Ni(II), and X = C1−} were synthesized by fol-
lowing the reported method [20, 21]. Briefly, trieth-
ylenetetraamine (1 mol, 0.146 g), 2,6-diacetyl pyri-
dine (1 mol, 0.163 g) and cobalt(II)chloride hexahy-
drate (1 mol, 0.237 g) were mixed in 50 mL MeOH in
round bottomed flask. The reaction mixture was
allowed to reflux for 7 h until a dark brown colored
mixture was obtained. Lastly, the resulting mixture
was concentrated using rotary evaporator and the con-
centrate was placed in desiccator overnight. A dark
brown colored crystal of Co(II) complex was obtained
which then recrystallized. In the same way, the mac-
rocyclic complex of Ni(II) was also synthesized by
using Ni(II) salt (0.238 g, 1 mol). The newly synthe-
sized complexes were characterized by multiple tech-
niques.

RESULTS AND DISCUSSION

The general scheme for the synthesis of two com-
plexes is presented in Fig. 1. The synthesis of com-
plexes was carried out using a ketone and an amine
(consisting 4N-donor atoms) to get an asymmetric
MN4-moiety. The thermodynamical stability of mac-
rocyclic complexes is comparatively higher than open-
chain analogs. Such facts have resulted into a broader
interest to researchers. The complexes were synthe-
sized through a simple synthetic route which priori-
l. 65  No. 14  2020
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Fig. 2. (a) UV-Vis spectra of the Co(II) complex in DMSO (10–4 M), (b) IR spectra, and (c) Mass spectra of the Ni(II) complex.
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tizes low reaction temperatures, better product yields
and using easily available starting materials.

The synthesized complexes are colored and soluble
in methanol, dimethylformamide, dichloromethane
and acetonitrile solvents. Moreover, two complexes
were found to be non hygroscopic and monomeric in
nature and shown stability at room temperature. The
molar conductance indicated a non-electrolytic
behavior for the synthesized complexes. The physical
and analytical data are presented in Table 1.

Electronic spectra of the Co(II) complex (Fig. 2a)
is observed in DMSO (10–4 M) solution showed two
weak intensity adsorption bands, 16335 cm–1,
RUSSIAN JOURNAL OF

Table 1. Physical and analytical data for the synthesized Co(

Complexes Yield, % mp, °C Color MW found 
(calcd.)

[CoC15H23N5Cl2] 61 163 Dark- 
brown

403
(402)

[NiC15H23N5Cl2] 67 168 Brown 402
(401)
(4T1g (F) → 4A2g), and 15246 cm–1 (4T1g (F) → 4A2g (F)).
While, the electronic spectra of Ni(II) macrocyclic
complex exhibit three absorption bands, 14233 cm–1

(3A2g (F) → 3T2g (F)), 15565 cm–1 (3A2g (F) →
3T1g(F)), 22330 cm–1 (3A2g (F) → 3T1g (P)). These
bands indicate that the complexes have distorted octa-
hedral geometry [22].

IR spectral analysis was conducted for the key
characterization about the formation of macrocyclic
complexes. The appearance of moderate intensity
bands in the range 3235–3250 cm–1 is caused by the
N–H stretching in the complexes. The absorption
bands in the range 1625–1628 cm–1 displayed the
 INORGANIC CHEMISTRY  Vol. 65  No. 14  2020

II) and Ni(II) macrocyclic complexes

Elemental analysis: found (calcd.), % Molar сond.
(ohm–1 cm–2 mol–1)C H N

44.55
(44.68)

5.63
(5.75)

17.41
(17.37)

30

44.75
(44.71)

6.15
(6.26)

17.22
(17.38)

45
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Fig. 3. Cyclic voltammogram of the Co(II) and Ni(II)
macrocyclic complexes recorded in DMSO containing
0.1 M TEAP and recorded at 100 mVs–1.
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C=N stretching vibration that shows complete con-
densation of carbonyl and diamine. The moderate
intensity bands in the 2845–2950 cm–1 region are
caused by stretching vibration from C–H. The bands
in the 465–480 cm–1 range are attributable to M–N
stretching vibration, which also indicates formation of
macrocyclic complexes. The IR spectra of the Co(II)
complex is shown in Fig. 2b [23] and the data is given
in Table 2.

Further, the mass spectra of the Ni(II) macrocyclic
complex (Fig. 2c) displayed a molecular ion peak (M + 1)
at m/z 401 and other peaks at m/z 301, 214, 200, and
178 could be assigned to the fragmentation pattern of
macrocyclic complexes. Likewise, macrocyclic com-
plex of Co(II) also exhibited the similar trend of frag-
mentations with a strong molecular ion peak [M + 1]+

at m/z 403 [24].

Cyclic Voltammetric (CV) Studies

Electrochemical studies of both complexes were
performed using CV technique with DMSO consisting
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo

Table 2. IR data of Co(II) and Ni(II) tetraazamacrocyclic co

Macrocyclic 
complexes ν(C=N) ν(C=C)

[CoC15H23N5Cl2] 1625 1255, 1122, 984
[NiC15H23N5Cl2] 1628 1205, 1135, 760

Table 3. Antimicrobial activity of the Co(II) and Ni(II) mac

Complex
(100 mg/mL)

Diam

E. coli P. aeruginosa

[CoC15H23N5Cl2] 22 17
[NiC15H23N5Cl2] 16 16
Gentamycin 24 24
of TEAP (0.1M) as supporting electrolyte. The scan
rate was maintained in the range of 50–200 mVs–1.
The cyclic voltammogram (Fig. 3) of the Co(II) com-
plex, recorded at 100 mVs–1 scan rate, exhibited two
redox couples in the middle region of –0.7 V to +0.7 V.
Based on peak separation, ∆E = 0.13–0.15 V and peak
current ratio (ipa/ipc) that is close to unity, these redox
process can be ascribed to quasirreversible process
which can be assigned to Co(III)/Co(II), at higher
potential, and Co(II)/Co(I), at lower potential. The
CV plots of the Ni(II) complex (Fig. 3) were obtained
under similar experimental conditions and one redox
process corresponding to the Ni(II)/Ni(I) couple.
This redox process was found to be quasirreversible
with ∆E = 0.12 V and peak current ratio (ipa/ipc ≈ 1)
[25, 26]. Further, the plots of ip against v1/2 were found
to be linear for the Co(III)/Co(II) and Co(II)/Co(I)
redox processes, indicating that these redox processes
were regulated by diffusion, followed by the “Randles-
Sevcik equation” for reversible electrochemical pro-
cesses.

Biological Activity

Further, both the complexes of Co(II) and Ni(II)
were investigated for their antimicrobial activities by
using agar well diffusion method against the E. coli,
S. aureus, B. subtilis, P. aeruginosa and C. albicans
pathogens. In this study, DMSO solvent and Gentam-
ycin were used as negative and positive control media
respectively and the antimicrobial activities were
assessed by calculating the pathogens growth inhibi-
tion region. The Co(II) complex exhibited maximal
inhibition zone versus E. coli (22 mm), whereas the
complex of Ni(II) shows maximal inhibition zone ver-
sus S. aureus (20 mm). The antifungal activity of
pathogen C. albicans, Ni(II) complex was observed to
be more efficient (18 mm) than the Co(II) complex
(17 mm) as data shown in Table 3.
l. 65  No. 14  2020

mplexes, cm–1

ν(C–H) ν(M–N) ν(N–H)

2945 465 3235
2950 480 3250

rocyclic complexes

eter of inhibition zone, mm

B. ceureus S. aureus C. albicans

15 18 17
18 20 18
24 24 20
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CONCLUSIONS
In this report, two new asymmetric tetraazamacro-

cyclic complexes were prepared utilizing trieth-
ylenetetraamine, 2,6-diacetyl pyridine, and Co(II)
and Ni(II) metal salts in a template process. The UV-
Vis spectra analysis indicated an octahedral geometry
for two macrocyclic complexes. The electrochemical
studies were performed in the potential range –1.5 to
+1.5 V vs Ag/AgCl at 100 mVs–1 scan rate for these
complexes. The results demonstrated interesting fea-
tures in stabilizing their uncommon oxidation states.
For such macrocyclic structures heterogeneous elec-
tron transport rate constant and diffusion coefficient
were also determined. The synthesized compounds
demonstrated reasonable potential toward Gram +ve
and Gram –ve microbes for antimicrobial activity,
and were found to be comparable to the standard med-
ication.
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