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Abstract—In this study, a new Schiff base (3) was synthesised from the reaction of the 4-aminoantipyridine
(1) with 2-pyridine carboxaldehyde (2). Then the amine ligand 4 was synthesised by reduction of 3 with
NaBH4. Nickel and cobalt complexes (5–6) of 4 were prepared. The antioxidant activity of (III)–(VI) was
investigated using DPPH• free radical scavenging, ABTS•+ radical cation scavenging, and reducing power
assays. As a result of this work, it was seen that all compounds revealed good antioxidant activity. While metal
complexes show better activity then ligands, the nickel complexe revealed more activity than that of the cobalt
complex.
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INTRODUCTION
Schiff bases are known as the Azomethine group

(‒HC = N–) [1] were first synthesized in 1864 by the
famous German chemist Hugo Schiff and got its name
from here. Since Schiff bases are structurally diverse,
they are both easy to obtain and the ease of steric and
electronic controls in their structure [2] have made
them useful chelators. Schiff bases are equally wide-
spread [3] in areas of use as they have potential regions
such as nitrogen and other donors and are stable [4].
Since Schiff bases are special ligands, they can be syn-
thesized easily and in a versatile way, as well as dissolv-
ing easily in co-solvents. In addition, the requirement
of C=N bonds for biologic activation in Azomethine
derivatives has further increased the importance of
these ligands. Azomethine is involved in the synthesis
of nitrogen atom components and can interfere with
normal cell processes [5].

Schiff bases are ligands that have an important
place in coordination chemistry. Schiff bases are
formed by the condensation reaction of ketones and
aldehydes with primary amines. These Schiff bases are
represented by the general formula RCH=NR'. In this
representation, R and R' are aryl or alkyl substituents.
There are several synthesis methods of Schiff bases,
which are widely used. The first of these is formed as a
result of the reaction of primary amines with carbonyl
compounds, which takes place in two stages. Firstly,
the carbonyl amine intermediate is obtained by a con-
densation reaction of the carbonyl group with the pri-

mary amine. In the second stage, the Schiff base is
obtained by amine dehydration. Also, Schiff bases are
synthesized by condensation of aldehydes or ketones
with amines. It has been stated that they are widely
used in many coordination compounds due to their
ability to donate electrons [6, 7].

Schiff bases are among the most widely used
organic compounds whose electroluminescence
effects [8], f luorescence properties [9], nonlinear
optical properties reveal a wide range of applications
[10]. In addition, many scientific studies conducted in
recent years have proven that Schiff base and their
metal complexes show many biological activations such
as anticancer, antioxidant [11] antibacterial, antibiofilm,
anti-inflammatory, hemocompatibility, cytotoxic [12]
pesticide, nematicidal activities [13]. Due to their flexible
and stereo-electronic structure, Schiff bases have mostly
been used as highly attractive ligands that can form stable
complexes with transition metals [14]. Schiff some com-
plexes reveal important catalytic activities for many
organic transformation [15].

One of the fastest and most important developing
branches of Inorganic Chemistry is Coordination
Chemistry. The branch of science that studies the
properties of the complexes formed by coordination
compounds metal ions with electron-pair donor mol-
ecules called ligands is called Coordination Chemis-
try. Coordination compounds play an important role
in inorganic chemistry due to their colors, structures,
large numbers, chemical reactions, and magnetic
properties and have a wide range of research areas.
Today, coordination compounds are widely used in1 Corresponding author: e-mail: tarik.aral@batman.edu.tr.
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Table 1. Antioxidant activity values of compounds and standards

Standards
and compounds

DPPH• radical scavenging
[IC50, μg/mL]

ABTS+•Radical scavenging
[IC50, μg/mL]

Reduction power,
μmol TE/mL extract

Trolox 5.34 ± 0.06 6.92 ± 0.04
BHT 11.81 ± 0.42 10.3 ± 0.07 5.288 ± 0.187
BHA 5.19 ± 0.08 7.14 ± 0.09 9.035 ± 0.186
(III) 61.79 ± 0.43 10.3 ± 0.16 4.862 ± 0.070
(IV) 5.90 ± 0.08 7.91 ± 0.13 10.69 ± 0.174
(V) 7.78 ± 0.15 3.62 ± 0.04 8.139 ± 0.069
(VI) 12.12 ± 0.23 4.32 ± 0.09 6.925 ± 0.034
dye and polymer technology, in the explanation of
biological events in medicine, in the pharmaceutical
industry, in the removal of water hardness, in the syn-
thesis of disinfectants and antioxidants, in various
chemical processes such as the preparation of rocket
fuel, in the field of agriculture, in biological systems
and industry [16].

Free radicals are molecules containing one or more
unpaired electrons. Since these radicals have lost one
electron from the outermost electron shell, they are
willing to share the electrons of other atoms to com-
pensate for this electron deficit [17]. There are many
factors causing radicals such as radiation, X-rays, UV-
rays, cosmic rays, air pollution, cigarette smoke, vehi-
cle exhaust gases, industrial wastes, diseases, stress,
toxic products of cell metabolism, chemicals, agricul-
ture, and pesticides. The uncontrolled proliferation of
radicals within the body can cause great danger for liv-
ing things. Antioxidants are compounds that neutral-
ize free radicals and stop and slow their oxidation.
Antioxidants inhibit lipid oxidation by stopping the
peroxidation chain reaction or accumulating reactive
oxygen species [18]. Antioxidants have some import-
ant advantages. For example, since it can easily inhibit
the formation of free radicals, it can delay lipid perox-
idation that causes the spoilage of these products
during the processing and storage of food and phar-
maceutical products, and can protect the human body
from ROS. Antioxidants are widely used in foods to
prevent radical chain reactions that cause food spoil-
age [19–23].

In this work, a new Schiff base and a new amine
compounds have been synthesized starting from 4-ami-
noantipyridine, and cobalt and nickel complexes of
amine compound have been prepared for the first
time. The antioxidant activity of these new com-
pounds and complexes has been investigated using
DPPH• free radical scavenging, ABTS•+ radical cat-
ion scavenging, and reducing power assays.

RESULTS AND DISCUSSION
A Schiff base, 4-(2-pyridylmethylene) amino-1-

phenyl-2,3-dimethyl-5-pyrazolone 3 (III) was syn-
RUSSIAN JOURNAL OF
thesized by the reaction of 4-amino anti-pyrene (I)
with pyridine carboxyl aldehyde (II) with 96.23% yield
according to [27]. Compound (III) was reduced by
NaBH4 to obtain a new amine compound,
1,5-dimethyl-2-phenyl-4-(pyridine-2-yl-methylamino)-
1H-pyrazole-3(2H) (IV), with 86.9% yield. Then a
nickel complex (V) and a cobalt complex (VI) of IV
were prepared in the MeOH and CHCl3 mixture at
60°C (Fig. 1). The structures of synthesized com-
pounds were characterized by spectroscopic methods
such as 1H NMR, 13C NMR, HRMS, and FTIR, ele-
mental analysis (Figs. S1–S7, Supplementary Infor-
mation).

Antioxidant activity of compound (III)–(VI) was
carried out using the BHT, BHA, and Trolox as the
standards (Table 1). Compound (IV) showed a spec-
tacular DPPH• free radical scavenging effect with the
value of 5.91. Nickel complex displayed very good
DPPH• free radical scavenging effect with the value of
7.78 (lC50, μg/mL) in comparison to the standards and
cobalt complex (12.12, IC50, μg/mL). In concern to
the ABTS•+ radical cation scavenging activity, the
nickel complex (V) showed excellent activity with a
value of 3.62 (IC50, μg/mL). Moreover, cobalt com-
plex (VI) (4.32, IC50, μg/mL), revealed a higher effect
significantly than that of the standard, BHA, BHT,
and Trolox with the values of 7.14, 10.34, and 6.92
(IC50, μg/mL) respectively. The same trend was
observed in the reducing power assay, in this essay,
nickel complex activity was detected as 8.14 (μmol
TE/mg sample) which was statistically higher than
that of the cobalt complex and BHT with the values of
6.93, 5.29 (μmol TE/mg sample) respectively (Fig. 2).
On the other hand, comparing compound (III) with
its reduced form, compound (IV) it is seen that com-
pound (IV) shows much higher DPPH• free radical
scavenging effect, ABTS•+ radical cation scavenging
activity and reducing power.
 BIOORGANIC CHEMISTRY  Vol. 49  No. 4  2023
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Fig. 1. Synthesis of the new amine compounds.
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EXPERIMENTAL

Chemical and Reagents

NMR spectra of the synthesized new ligands were
determined by a Bruker spectrometer by 1H NMR at
400 MHz and 13C NMR at 100 MHz. As an internal
reference for 1H NMR chemical shifts were measured
against CDCl3 (CDCl3: 8 7.26, DMSO-d6: 8 2.5). A
thin layer chromatography was performed on alumina
plates (60F254). A UV (UV-260 Shimadzu) spec-
trometer device was used to determine the antioxidant
activities of the new metal complexes. Silica gel (Kie-
segel 60, 0.063–0.200 mm, Merck) was used for col-
umn chromatography. A Bianchi B-540 apparatus was
used for melting points determination and IR analyses
were performed with a Jasco FT/IR47700 spectrome-
ter. All chemicals and solvents used in the synthesis of
reactions and also in antioxidant experiments were
obtained from E. Merck (Darmstadt, Germany).

Synthesis of 4-(2-pyridylmethylene) amino-1-phe-
nyl-2,3-dimethyl-5-pyrazol-one (III). 0.0187 moles
(3.8 g) of 4-amino antipyrine (I) was dissolved in
10 mL of methanol in a 50 ml f lask. The glass f lask was
rif led in an oil bath. 0.0187 mole (2 g) of 2-pyridine-
carboxaldehyde was dissolved in 10 mL of methanol in
the tube. The 2-pyridinecarboxyaldehyde-methanol
mixture was slowly added dropwise within 120 min to
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
the refluxed 4 amino antipyrine–methanol mixture
with a micropipette. After 24 h, the reaction mixture
was cooled to the room temperature. The precipitated
solids were filtered through a f lask with cold methanol
and dried. 5.26 g of the pure product was obtained.
Yield: 96.23%. Anal. calcd. (%) for C17H16N4O: C,
69.85, H, 5.52. Found: C, 70.02, H, 5.56. IR: ν/cm
(FTIR-4700 type A) 3042, 2960, 2924, 1638, 1563,
1484, 1411, 1380, 1339, 1304, 1134, 1041, 1020, 989,
957, 763, 694. 1H NMR (400 MHz, CDCl3) δ 9.80 (s,
1H), 8.70 (ddd, J = 4.8, 1.6, 0.9 Hz, 1H), 8.02 (d, J =
7.9 Hz, 1H), 7.75 (td, J = 7.6, 1.6 Hz, 1H), 7.49 (m,
2H), 7.42 (m, 2H), 7.34 (m, 1H), 7.27 (ddd, J = 7.5,
4.9, 1.2 Hz, 1H), 3.19 (s, 3H), 2.53 (s, 3H). 13C NMR
(100 MHz, CDCl3) δ: 160.4, 156.8, 156.2, 152.5,
149.8, 136.2, 134.7, 129.3, 127.1, 124.7, 123.9, 121.7,
118.3, 35.6, 10.3.

Synthesis of 5-dimethyl-2-phenily-4-(pyridine-2-
dimethylamino)-1H-pyrazole-3(2H)-on (IV). 9.51 g of
III was dissolved in a 250 mL flask with enough
MeOH (45 mL). A magnet was thrown into the f lask
and placed on the heated stirrer in ice water and mixed
at 500 rpm. 1.848 g of NaBH4 was added gradually into
the f lask and the mixture was stirred at room tempera-
ture overnight. Methanol was evaporated to concen-
trated. Some water (near 100 mL) was added to the
mixture. Then the aqueous media was extracted with
ol. 49  No. 4  2023
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Fig. 2. Comparison diagrams for antioxidant activity values of compounds and standards.
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100 × 3 mL of chloroform. The chloroform phase was
dried with MgSO4, filtered, and evaporated. The
crude product was purified by column chromatogra-
phy with (EtOAc/H/TEA: 5 : 1 : 0.2). Yield: 8.32 g
(89.6%). Anal. calcd. (%) for C17H18N4O: C, 69.37, H,
6.16. Found: C, 70.09, H, 6.26. IR: ν/cm 3316, 3060,
3009, 2980, 2921, 2803, 2232, 1644, 1590, 1492,
1455,1432, 1348, 1311, 1292, 1266, 1179, 1164, 1133,
1105, 1074, 1049, 992, 907, 752, 727, 693. 1H NMR
(400 MHz, CDCl3) δ 8.54 (m, 1H), 7.62 (td, J = 7.7,
1.8 Hz, 1H), 7.46–7.36 (m, 5H), 7.21 (DDT, J = 8.7,
7.5, 1.5 Hz, 1H), 7.14 (m, 1H), 4.42 (s, 2H), 3.65 (s,
1H, NH), 2.80 (s, 3H), 2.09 (s, 3H). 13C NMR
(100 MHz, CDCl3) δ: 162.4, 159.6, 149.2, 140.2,
136.6, 135.4, 129.0, 125.8, 122.8, 122.0, 121.8, 121.3,
52.6, 37.8, 10.7. Rf in TLC: 0.42 (see Fig. S8, Supple-
mentary Information).

Synthesis of nickel metal complex synthesis (V). In a
100 mL flask, 1.7 mmol (0.5 g) IV was dissolved in 20 mL
chloroform and refluxed at 60°C. 1.7 mmol (0.22 g) of
NiCl2 was dissolved in 35 ml of methanol and added to
the f lask which was refluxed within 4 minutes. The
solution colour changed from yellow to green (khaki).
One day later, the reaction was terminated, and the
solvent evaporated. Khaki (green) solid-viscose
formed. It was washed 3× (5/5 chloroform hexane)
and filtered. The solid part was dried and weighed.
Yield: 0.6 g, mp 250°C (decomposition). Anal. calcd.
(%) for C34H34N8NiO2: C, 63.28, H, 5.31. Found: C,
63.72, H, 5.42. Rf in TLC: 0.0 (see Fig. S8, Supple-
mentary Information).

Synthesis of cobalt metal complex synthesis (VI). In
a 100 ml f lask, 1.7 mmol (0.5 g) compound IV was dis-
solved in 10 mL of chloroform and refluxed at 60°C.
1.7 mmol (0.495 g) Co (NO3)2⋅6H2O was dissolved in
10 mL of methanol and added to the f lask refluxed
within 4 min. The solution changed colour from yel-
low to brown. One day later, the reaction was termi-
nated, and the solvent evaporated. Brown solid vis-
cous formed. It was washed 3× (5/5 chloroform–hex-
ane) and filtered. The solid part was dried and
weighed. Weighing: 0.644 g. Anal. calcd (%) for
C34H34CoN8O2: C, 63.25, H, 5.31. Found: C, 63.89,
H, 5.49. Rf in TLC: 0.0 (see Fig. S8, Supplementary
Information).
RUSSIAN JOURNAL OF
Antioxidant Assays

ABTS+• radical scavenging test. Free radical
(ABTS•+) scavenging activity was performed accord-
ing to the method suggested by [24]. For free radical
(ABTS•+) scavenging activity, PO4

3– buffer with 0.1 M
pH 7.4, 2 mM ABTS•+, and 2.45 mM K2S2O8 solution
was prepared. ABTS•+ and K2S2O8 solutions (1 : 2)
were mixed to ABTS•+–K2S2O8 and incubated in the
dark for 6 h. Sample and standard solutions were taken
at different concentrations (10–20–40 mL) and 1 mL
of ABTS•+–K2S2O8 solution was added to a total vol-
ume of 4 mL. The mixture was vortexed vigorously and
incubated for 30 min. Spectrophotometric measure-
ment was done under room conditions at 734 nm.
Measurements were done in triplicate and averaged.
The % cation free radical scavenging activity of sam-
ples and standard was calculated according to the for-
mula below.

Results, % activity versus concentration plotted.
Using the slope equation, it was calculated as IC50.

DPPH• free radical scavenging assay. Free radical
(DPPH) scavenging activity was performed according
to the method outlined by Liyana [25]. DPPH
(2,2-diphenyl-1-picryl hydrazyl) sample solution at
different concentrations (40–80–160 mg mL–1) was
added onto 1 mL of 0.135 mM ethanol solution. The
final volume was completed to 4 mL with ethanol. The
mixture was vortexed vigorously and incubated at
room temperature and in the dark. Spectrophotomet-
ric measurement was made at room conditions at
517 nm. The % free radical scavenging activity of the
samples was calculated according to the formula
below.

control sample

control

Abs Abs
% Activity 1  00,

Abs
−

= ×

− += + −i

control
3
4 2 2 8PO buffer ABTS KA Ss Ob ,

− ++ − +
=

sample
3 .
4 2 2 8

Abs

PO buffer ABTS K S O  solution extract 
,

standard absorbance
3

control 4Abs  PO buffer.−=
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Results were calculated as % free radical removal ±
standard deviation.

Reducing power. The reducing power of the mole-
cules to be isolated and the crude extract was evaluated
according to the Oyaizu method [26]. Phosphate buf-
fer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricya-
nide [K3Fe(CN)6] (2.5 mL, 1%) were added to differ-
ent concentrations of the standard and samples in eth-
anol (40, 80 and 120 mg/mL). This mixture was
incubated at 50°C for 20 min. After incubation, TCA
(2.5 mL, 10%) was added to this mixture and then cen-
trifuged at 3000 rpm for 10 min. By taking 2.5 mL of
the mixture, distilled water (2.5 mL) and FeCl3
(0.5 mL, 0.1%) were added, and the absorbance of the
final mixture was measured at 700 nm. High absorbance
value will be considered as high reducing power [27].

Statistical analysis. Statistical analysis of antioxi-
dant assays was carried out using the GraphPad prism
(8.0.1), ANOVA with Tukey’s multiple comparison
test. The results were indicated as mean values ± stan-
dard deviation (P ˂ 0.05)

CONCLUSIONS

In the work, a new Schiff bases was synthesised. By
the reduction of the new Schiff bases with NaBH4, a
new amine compound and its Ni and Co complexes
were synthesised, and their structures were elucidated
completely. Antioxidant activity of all compounds
synthesised were investigated using the DPPH•,
ABTS•+, and reducing power assays. Both complexes
revealed excellent antioxidant activity, especially
nickel complex displayed the best antioxidant activity.
Also compound (IV) shows much higher DPPH• free
radical scavenging effect, ABTS•+ radical cation scav-
enging activity and reducing power than compound
(III). Indeed, these complexes have the potential to be
used as an antioxidant reagent. Moreover, anticancer and
other biological activity assays should be carried out.
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