CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2022,
Vol. 16, No. 1, pp. 15—24

Chemistry

SYNTHESIS, CHARACTERIZATION
AND BIOLOGICAL ACTIVITY
OF MIXED LIGAND (IMINE OF BENZIDINE
AND 1,10-PHENANTHROLINE) COMPLEXES WITH Fe(II), Co(II),
Ni(II) AND Cu(II) IONS

Zainab M. Hassan!, Rawaa A. Alattar!, Suhad Kareem Abass!,
Hayder Hamied Mihsen! *, Zainab Fadhil Abbas? Khalid A. Hussain?

https://doi.org/10.23939/chcht16.01.015

Abstract. In this paper, binuclear metal complexes of the
metal ions Fe(Il), Co(Il), Ni(Il) and Cu(Il) were
synthesized by the reaction of the primary ligand (imine
of benzidine) (H,L) and the secondary ligand (1,10-
phenanthroline) (L") with these metal ions in a molar ratio
of 1:2:2, respectively. The complexes were characterized
using CHN elemental analysis, FT-IR, UV-Vis, magnetic
susceptibility, molar conductivity, 'H NMR, and TGA-
DTA thermogravimetric analysis. According to the results
obtained from the elemental analysis and spectral
measurements where complexes of Fe(Il), Co(Il) and
Ni(IT) have octahedral geometry, while the complex with
Cu(Il) has a square planar geometry. All the prepared
complexes are wholly stable and can keep for months
without any significant change. The antibacterial activities
of the prepared compounds were evaluated with regard to
two Dbacteria species, gram-negative Proteus and
Kelbsiella, by using diffusion agar plates. The inhibition
zone diameter around the holes indicated the sensitivity of
the bacteria to these compounds, where the Klebsiella
bacteria were revealed to be more highly sensitive to these
compounds than Proteus bacteria. All synthesized
complexes showed more significant effects against
Kelbsiella and Protea than the antibiotic (Amikacin).
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1. Introduction

Imine compounds containing the azomethine (C=N)
group are considered good coordinating ligands when they
bear a functional group such as the hydroxyl, amine or thiol
due to the formation of a five- or six-membered chelate
with a metal ion."? Imine compounds and their transition
metal complexes have attracted considerable interest due to
their antibacterial,3 antifungal,4 antiviral,5 antimalarial,6
anticancer,7 and antitumour® activities. Benzidine com-
pounds form a variety of Schiff bases with aldehydes/
ketones and are reported to be superior reagents in
biological, pharmacological, clinical and analytical
applications which are improved by complexation with
transition metal ions.”'" Heterocyclic compound such as
1,10-phenanthroline (Phen) is a good ligand due to the
presence of two-ring nitrogen atom with a localized pair of
electrons.”” A large number of mixed-ligand complexes
involving 1,10-phenanthroline has been prepared by
different researchers'>" due to their biological applications,
structural properties and activity as corrosion inhibitors.

In this work, we synthesized a number of
complexes with an imine ligand (H,L) derived from
salicylaldehyde and benzidine as the primary ligand and
1,10-phenanthroline (L") as a co-ligand, and the metal
ions Fe(Il), Co(Il), Ni(IT) and Cu(Il) in a molar ratio of
1:2:2, respectively. We also estimated the antimicrobial
activities of prepared complexes against Proteus and
Kelbsiella bacteria.

2. Experimental

2.1. Materials and Reagents

All the chemicals and solvents for the prepared
compound were of analytical grade. The methanol,
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ethanol, glacial acetic acid, DMF, DMSO and other
solvents used were of high purity and supplied by BDH.
Benzidine, salicylaldehyde, 1,10-phenanthroline and
metals salts (FeCl,6H,0O, CoCl,:6H,0, NiCl,-6H,0 and
CuCl,2H,0), were supplied by BDH and Sigma-Aldrich.
CHN elemental analysis was undertaken for the ligand
and complexes using an Euro EA Elemental Analyzer.
Infrared spectra for the ligand and complexes were
recorded via a Fourier transform-infrared (FT-IR)
spectrometer using a KBr disk in the frequency range of
4000-400 cm™ using a Shimadzu Corporation 8000S
FTIR spectrometer. All electronic spectra of the prepared
compounds have been recorded in the region of 200—
1100 nm using a Shimadzu UV-240 UV-visible recorder
spectrometer using dimethylformamide (DMF) as a
solvent at the concentration of 1-10° M. Magnetic
susceptibilities obtained for the complexes were found at
room temperature using a Magnetic Susceptibility
Balance-MSBMKI. Molar conductivity was measured
using a Jenway Ltd-4071 Digital conductivity meter using
DMF as a solvent at the concentration of 1-107 M.
Melting points were measured using a Stuart melting
point apparatus.

2.2. Synthesis of Primary Ligand (H2L)(9)

The ligand (H,L) was prepared from the reaction of
0.032 mol salicylaldehyde with 0.016 mol benzidine in
25 mL absolute ethanol and 1-2 drops of glacial acetic
acid, which was then refluxed at 343 K in a water bath for
2-3h. The product which was separated out on
subsequent cooling was filtered off. A yellow precipitate
was obtained and then recrystallized from a hot mixture of
5 mL ethanol, 2 mL distilled water and 5 mL acetone. The
product yield was almost 75 %, and a melting point was
491 K. The synthesis of the ligand is shown in Scheme 1.

2.3. Synthesis of the Binuclear Complexes

0.392 g (1 mmol) of H,L ligand was added to the
ethanolic solution of potassium hydroxide and 0.364 g
(2 mmol) of 1,10-phenanthroline(phen) in a 100 mL round-
bottomed flask. The appropriate amount of ethanolic
solution of each metal salt, namely [FeCl,,6H,O],
[NiCl,-6H,0], [CoCl,-6H,0] and [CuCl,2H,0] was added
in a ratio of 1:2:2 for H,L:1,10-phenanthroline:metal salt.
The reaction mixture was refluxed for about 3 h at 328 K.
The resulting product was filtered and washed using a hot
ethanol and finally dried for 24 h. The synthesis of the
complexes is shown in Scheme 2.
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Scheme 1. Synthetic route for the preparation of ligand (H,L)
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Scheme 2. General reaction for synthesis of prepared complexes
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2.4. Antibacterial Activity

In this study, the antibacterial activity of the (H,L)
ligand and its prepared complexes was tested in DMSO as a
solvent against the growth of two pathogenic microbes
(Proteus sp. and Klebseilla sp.) which are representative of
gram-negative bacteria, which were obtained and identified
from the laboratories of the Biology Department, College of
Science, University of Kerbala, Iraq. The microbes isolated
were first activated by the development of bacteria in a
nutrient broth medium,'* after which the well diffusion assay
method was used to determine the antibacterial activity of the
prepared compounds.

To determine the antibacterial activity of the
complexes against the studied bacteria we prepared a
stock of the young bacteria (at an age of 24 h) by
transferring a colony to a physiological saline solution and
controlling its turbidity with the first tube of a standard
McFarland tube then spreading it onto Muller Hinton
Agar and leaving the dishes for 15 min to infuse the
medium with a bacterial legation. A hole was placed in
the centre of each dish using a sterile corky borer
induplicate rate for each compound, then 100 pl of the
prepared solutions were added to these holes using a
micropipette, and which were then placed in the incubator
at 310 K for 24 h. The inhibition zone was then measured
around each hole," and compared with Amikacin (10 mg
disc) following the standard method of Bauer ez al.'®

3. Results and Discussion

The binuclear complexes prepared by reaction of
H,L with 1,10-phenanthroline and the metal salts were
added in the ratio 1:2:2 (H,L:1,10-phenanthroline:metal
salt). The complexes were characterized by means of
elemental analysis, infrared and UV-Vis spectra, 'H NMR,
magnetic susceptibility and thermal analysis.

3.1. Physical Properties and Elemental
Analysis of the Ligand and its
Complexes

The physical properties and CHN element analysis
are reported in Table 1, where the latter for the ligand and
its compounds almost correspond to the theoretical results
calculated for the suggested formulae. Physical features
(melting point (MP) and colour) for H,L and its
complexes can be seen, which show that the colour of the
ligand differs from the colours of the synthesised
complexes, and the high melting points indicate high
photostability and stability in air.

3.2. IR Spectroscopic Investigations

The IR absorption spectra of the Schiff base for the
ligand (H,L), as shown in Fig. 1, showed the absence of
absorption bands for stretching vibrations (symmetrical
and asymmetrical) of the secondary amine NH, of
benzidine and the stretching vibration of the carbonyl
group (C=0) of salicylaldehyde, and the appearance of a
stretching vibration for the azomethine group (—C=N) at
1610 e and a broad band at 3465 cm’™, which belong to
hydroxyl group.'” The stretching frequency of the
hydroxyl group v(O-H) is absent in the IR spectra of all
prepared complexes (see Fig. 1), which confirms
coordination via the hydroxyl oxygen atom. It was also
observed that all the absorption bands associated with the
azomethine group (C=N) for the Schiff base and 1,10-
phenanthroline appeared in the same region and were
shifted to lower and higher frequencies due to
coordination with metal ions via the nitrogen atom. The
new bands appeared in the regions of 536-623 and 445—
538 cm” likely due to the formation of M—O and M-N
bonds, respectively.”'**

Table 1. Physical properties and elemental analysis for the ligand (H,L) and its complexes

Elemental analysis, %
Compound Wle\e/i[;lic;/lxol é:;)ll:id) Color MP, K Yield, %
C N
H,L 392.46 (;gg% (Z ég) (Z ég) Bright yellow 482 80
[Cox(H,L)(LY),]Cl, 939.63 (2335) égg) (gzg) Brownish orange 296 74
[Cuy(H,L)(L"),]Cl, 948.85 (Zggz) é?;) (gig) Brown 569 68
[Nix(HL)(L),]Cl, 939.15 (Zizgg) é,:g;) (gzgg) Greenish yellow 515 75
[Fey(H,L)(L'),]Cl, 933.45 (22(3)‘1‘) ég;) (ggg) Dark brown 507 65
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Table 2. Some IR data for H,L and its complexes (cm )
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Compounds v(C-H) aliphatic | v(C-H) aromatic v(C=N) v(M-N) v(M-0)
H,L 2984.76 3053.42 1610.61 — —
[Co,(H,L),(LH]Cl, 2989.76 3053.42 1618.33 551.66 443.64
[Fe,(H,L)»(LY)]Cl, 2989.76 3051.49 1618.33 549.73 443.64
[Niy(H,L)»(LY)]Cl, 3055.35 3363.97 1620.26 549.10 443.64
[Cuy(H,L),(LH]Cl, 3051.49 3390.34 1608.69 540.09 445.57
Cu complex BUDy W\:‘(“
— T g W W
FUTAR
i Ni complex o wa‘w
M\//// “‘\‘ ",\/v,v“\‘f\\,’ﬁ‘\V ‘r/\'” \J\‘J Wy
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Wavenumber 1/cm

Fig. 1. IR spectra of H,L and its complexes

3.3. Electronic Spectra, Molar
Conductivity, and Magnetic
Susceptibility

The electronic spectrum of the,H,L ligand, as
shown in Fig. 2, displayed two absorption bands, with the
first at 222 nm belonged to the (m—7*) transition and the
second band at 356 nm belonged to the (n—n*) transition.”'
The electronic spectrum of the [Fe,(H,L)x(L")]Cl,
complex, as shown in Fig. 3, exhibits two peaks, the first
intense peak at 246 nm being due to the ligand field
transitions, and the second broad band at 371 nm being
due to the charge transition.”> The conductivity of the
[Fes(HoL)o(LY)]Cl, complex was  135.3 puS/cm,,which
indicates a conductivity of 1:2, while the magnetic
moment for this complex was 5.25 B.M,,which indicates
four single electrons in a tetrahedral environment.”> The
electronic spectrum of the [Coy(H,L)>(L")|Cl, complex
(Fig. 4) showed a broad, low-intensity band at 256 nm
which is due to the ligand field transitions, ,and a second
high-intensity band at 370 nm which is due to the charge
transition. The magnetic susceptibility (5.04 B.M) and
molar  conductivity  (161.5 uS/cm)  measurements
indicated that the complex is paramagnetic and
electrolytic (ratio 1:2), which indicates a tetrahedral geo-

metry around the Co(II) ion.”* The electronic spectrum of
the [Niy(H,L)(L");]Cl, complex (Fig. 5) showed two
bands at 250 and 269 nm, corresponding to a ligand field
transition, while a charge transfer band appeared at
371 nm and a d-d transition band at 693 nm belonging to
v TI(F)—>3 T,) in the tetrahedral geometry of Ni(Il)
complexes.22 The magnetic susceptibility was 3.75 B.M
and the molar conductivity measurement in DMF was
156 puS/cm in type 1:2, which indicated that the complex
is paramagnetic and electrolytic. From these results,
tetrahedral geometry around Ni(Il) can be suggested.”**
The spectrum of the [Cuy(H,L),(L")]Cl, complex (Fig. 6)
exhibited two peaks. The first high-intensity peak at
249 nm was due to the ligand field transition, while the
second broad band at 370 nm was due to the charge
transfer transition. These transitions indicate a square
planar geometry around the Cu(Il) ion.** The Cu(Il)
complex shows a value of p.; =1.73 uV. The observed
magnetic moments of Cu(Il) show one unpaired electron
with a paramagnetic kind and propose a square planer
geometry in terms of Jahn-Teller effect. The molar
conductivity measurement was 168 uS/cm, indicating that
the complex was the electrolytic one. According to these
data, a square planar geometry around the Cu(Il) ion can
be suggested.*
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Fig. 5. UV-Vis spectrum for [Ni,(H,L)(L"),]Cl,

3.4. "THNMR Spectra

The "HNMR spectra (Figs.7-12) were recorded for
the Schiff base ligand (H,L) and its metal complexes in
DMSO as the solvent and showed the following chemical
shifts; multiple signal chemical shifts between 6.97—
7.89 ppm belong to the protons in aromatic rings, the
singlet chemical shift at 9.01-9.10 ppm is attributed to the
proton attached to C=N group.”” The 'H NMR spectrum
of the ligand (H,L) showed the hydroxyl protons appeared
at 0 = 13.27 ppm. The chemical shifts of the hydroxyl
disappeared in all complexes, while those of the C=N
group shifted due to coordination with the metal ion.
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Fig. 6. UV-Vis spectrum for [Cu,(H,L)(L"),]Cl,

3.5. Thermogravimetric Analyses
(TGA/DTA)

Table 3 and Figs. 13-17 show the thermal
decomposition steps of the ligand H,L and their metal
complexes via the TGA and DTA techniques within the
range of 303—-1173 K at a heating rate of 20 K/min under
a nitrogen atmosphere. Found and calculated weight loss,
thermal range, decomposed compounds and produced
compounds are shown in Table 3. Ionic chlorine
molecules that were not directly coordinated to the metal
ion were found to be lost at lower temperatures. The
stages of decomposition reflect the nature of the binding
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between the metal and ligand atoms and the stability of  Pearson’s law;” finally, a general trend in the thermolysis
the complexes.”® The later steps appeared to have left the  steps was observed in the earlier stages, where the small
metal ion with oxygen or alone, which reflects the affinity = molecules were first to be lost, followed by the larger
of the metal atoms towards oxygen, according to molecules.
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Fig. 7. HNMR spectrum for the H,L ligand Fig. 8. 'HNMR spectrum (zoom) for the H,L ligand
233
14

I ] ¢ B
A : S 3 o Poam = e
L i 4 uggn TEN i

e Moy 7007

 Conmere 0 haydar-sanpi code:C

oron 00, trvher At
ety

Orer

e

oucrometns spect

P

ovent om0

Trpesie 300

e »

[— 0

rote propre————

rcameonte 09904
rcaumtonOute  2016-12-16T16:00:40

Modfcaticn Oate  2016-12-16T16:38:50

s

oecrometer 400,13

reency

Specumwitn w0128

owest Precumncy 4117

ks ™
A rcaresse 800

Soucrmsan 65536

s
20

4

R ™
ey
-

™
e
oydursampie oot
00, ke Ayt
estacte Gt
ot
w0
0
»
»
5 ntrcon
o
u
o
oo
o0

e a4
o2 imome
Dm0

e
ey
i w
[rcaresse w00
ecruse a5
43

e 3

I67 2P e e e e e D T e R e e e e T el i Ta el ® 2 16 15 14 3 12 1 0 3 8 7 & 5
o LT

Fig. 11. "H NMR spectrum for the Ni(IT) complex Fig. 12. "H NMR spectra for the Cu(IT) complex



Synthesis, Characterization and Biological Activity of Mixed Ligand (Imine of Benzidine...

Table 3. Thermal decomposition of the H,L ligand and its metal complexes

21

Temperature [°C]

Fig. 13. TGA and DTG thermographs of H,L.

Molecular Weight loss, %
Compound weight, g/mol | Found | Caled. Thermal range, K | Decomposed compounds | Produced compounds
HL 390 78 76.959 343-728 | 2(C;H4O), (CsH4N) CeHuN
§ 24 22.959 728-973 | CH4N 0
7.35 7.60 973-633 | ClL CsoH34Fe;,NgO,
19.12 | 19.28 633-798 | CpHsN, CisHpeFe,N,O,
[Fe,(H,L)(L'),]Cl, 933.45 CyHisN,O
19.12 | 19.29 798-983 1 CpHgN, FeO,
Fe
7.3 7.55 303-378 | CL CsoH34C0,N¢O,
[Coy(H,L)(L'),]Cl, 939.63 19.09 | 19.16 378-563 | CppHgN, C3sH6C0,N,O,
38.18 | 38.36 563-878 1 CyuHieNy Cy4H,0C0,0,
7.35 7.56 373-633 | CL CsoH34Ni,N¢O,
[Nix(HLL)(L ),]Cl 939 15 22.06 | 223 633-758 1 CiH;00, Cé,HﬁNIl\ZIN(,
19.11 | 19.20 758-1073 1 CpHgN, 2421\}1.’ 4
11.11 | 11.28 473-603 | C;HsO Cy3HC1LNGO, 2Cu
79 7.5 603-671 | CL Cy3HNsOCu, CuO
. C31H21N4,Cu0
[Cuy(H,L)(L'),]Cl, 948.07 19.07 | 19.01 671-803 1 CppHsN, Cu
19.00 19 803-1008 1 CipHsN, C”H”gzl’ CuO,
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Fig. 14. TGA and DTA thermographs of [Fe,(H,L)(L"),]Cl,
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to the prepared compounds against Proteas and Klebseilla

3.6. Antibacterial Activity

The primary ligand and its metal complexes were
studied against two bacterial species, which were gram
positive and gram negative (Kelbsiella and Proteas), as
shown in Fig. 18, using diffusion agar plates. The
sensitivity of bacteria for these compounds have been
studied through inhibition zone diameters around the
wells. The ligand (H,L) was more highly effective against
both Kelbsiella and Protea than the complexes. Klebsiella
has a higher sensitivity for these complexes than the
Proteas bacteria. All of the ligands and their complexes
showed more significant effects against Kelbsiella and
Protea than the antibiotic (Amikacin). Many metal
complexes are essential to living bacteria as structural
proteins and using in oxidation—reduction processes but a
high concentration of these elements has an inhibitory
effect, which is mainly due to altering the conformational
structures of proteins, and affecting the nucleic acid and
plasma membranes integrity. The toxicity of these

complexes included reactive oxygen species (ROS),
reduced enzyme and non-enzyme  antioxidant,
deactivation of enzymes, damage to the plasma membrane
and restricted electron transport.’

4. Conclusions

Metal ion complexes of Co(II), Ni(Il), Cu(Il) and
Fe(II) for the mixed ligands (imine of benzidine (H,L) and
1,10-phenanthroline  (L")) were synthesized and
characterized. Through the measurements of the electrical
conductivity of the complexes, it was found that all of
them conducted in a 1:2 ratio. FT-IR measurements
elucidated the fact that the Schiff base ligand (H,L)
coordinated with metal ions as a bidentate ligand via its
nitrogen and oxygen atoms, and that 1,10-phenanthroline
coordinated by the two nitrogen atoms. According to
physical measurements and the magnetic moments
determined, it was clear that most of complexes had
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tetrahedral geometries, with the exception of the Cu(Il)
complex which had a square planar geometry.
Thermogravimetric analysis indicated that the chlorine in
most complexes that was not directly coordinated to the
metal ions was lost at lower temperatures, and the latest
steps appeared to have left the metal ion with oxygen or
alone, which reflects the affinity of the metal atoms for
oxygen. The antimicrobial activity of the complexes
indicates that the ligand (H,L) was more effective against
both Kelbsiella and Protea than the complexes as
determined from their growth and sensitivity.
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CHUHTE3, XAPAKTEPUCTHKA
I BIOJIOTTYHA AKTUBHICTD
CYMIIII JIITAHAIB (IMIHY BEH3UJIUHY
TA 1,10-OEHAHTPOJIIHY) TA HOHIB Fe(Il),
Co(IT), Ni(II) TA Cu(II)

Anomauin. 3a peaxyicio nepeunHozco nicandy (iMiHy
6enzuouny) (HoL) ma emopunnoco nicanody (1,10-gpenanmponin)
(L") 3 tionamu memanis Fe(Il), Co(ll), Ni(ll) ma Cu(ll) y monvromy
cnigsionowenni 1:2:2 cunmesogami OIHYKIeapHi MemauiuHi KOMN-
anekcu. 3a donomoeoio enemenmaprnozo awanizy, FT-IR, UV-VIS,
MazHimnoil cnpuiinamaugocnii, monaproi nposionocmi, ' H AMP ma
mepmoepasimempuunozo ananizy TGA-DTA eusnauerno xapaxme-
pucmuxy xomnnexcis. Ilokazano, wo xomnnexcu 3 Fe(ll), Co(ll) i
Ni(ll) maroms 6ocomuepanny 2eomempito, mooi K KOMNIEKC 3
Cu(ll) mae xeaopammy nnowunny 2eomempiio. Bci cunmesosani
KOMAJLEKCU CIELKE [ MOJICYMb 30epieamucst MiCSysimu 6e3 Cymmesux
3 eukopucmanHam  OUPYIUHUX  A2apOBUX  NAACMUHOK
npogeoeHo OYiHKY AHMUOAKMEPIAIbHOT aKMUBHOCTE 00EPICAHUX
CROMYK CMOCOBHO 080X BUOIE DAKMEPILl, 2PAMNO3UMUGHOT ma 2pam-
necamuenoi’ (Kelbsiella ma Proteus). Bcmanogieno, wo b6axmepis
Klebsiella € 6inbw wymaugoio 0o yux cnonyk, Hidxc Proteus.
Tokasano, wo cummeso8ani cnoyku Marms Oiibluull 6NaUe Ha
6axmepii' y nopiHsinti 3 anmubiomuxom (Amikayun,).

3MIH.

Knrouosi cnosa: ocnosa Illughga, dinykneapni memaniumi
xomnnekcu, 1,10-gpenanmponin, mepmocpasimempuynuli ananis,
bionoeiuHa akmusHICHb.



