Cobalt and Iron-based Heteroleptic Complexes of

Imidazole: Synthesis, Antibacterial and Hemolytic
Potential

Kiran Fouzia', Muhammad Nadeem Akhtar'-2*, Arfan Ali}, Muhammad Babar Taj*, M. Shahid®,
Amin Khan®, Muhammad Imran2, Muhammad Shahid’

'Department of Chemistry, University of Agriculture, Faisalabad, PAKISTAN.

2Division of Inorganic Chemistry, Institute of Chemistry, The Islamia University of Bahawalpur, Bahawalpur, PAKISTAN.
3Department of Pharmacology, The Islamia University of Bahawalpur, Bahawalpur, PAKISTAN.

“Department of Chemistry, University of Agriculture, Faisalabad, PAKISTAN.

SFunctional Inorganic Materials Lab (FIML), Department of Chemistry, Aligarh Muslim University, Aligarh, INDIA.
5Deparment of Chemistry, University of Science and Technology, Bannu, PAKISTAN.

"Department of Biochemistry, University of Agriculture, Faisalabad, PAKISTAN.

ABSTRACT

Transition metal complexes can deliver exciting properties in the development of metal-
based drug system. The aim of current study is to synthesis of metal complexes and to
evaluate their biological properties such as antibacterial and hemolytic activity to know
their biological importance. Five cobalt and iron-based complexes (1-5), [Co"(imiH)(benz)
(N1 (1) [Fe'(imiH)(piv)(N,)] (2), [Fe"(imiH)(benz)(N,)1 (3), [Fe"(imiH)(N,),] (4), [Fe"(imiH)
(piv),] (5), (where imiH = imidazole, piv = pivalic acid, N*> = azide, benz = benzoic acid)
were produced by of the reacting of respective metal salts with selective ligands. These
complexes were characterized through FTIR and elemental analyses. Compounds (1-5)
were tested for their antibacterial biofilm inhibition and hemolytic studies. Complexes of
3 (85.42%) and 2 (69.58%) have promising inhibition for S. aureus whereas 5 (70.48%)
and 2 (62.94%) also exhibit significant inhibition against E. coli. The hemolytic study
of these metal complexes indicates the cytotoxicity against bovine erythrocytes. The
current study will be useful for the development metallodrugs in future. Submission Date: 16-03-21;
Revision Date: 28-11-2021;
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INTRODUCTION

Metal-based complexes are the fascinating
class of research to diagnose the diseases
and to work as a therapy against them."”
Some metal complexes were employed for
the cure of various diseases like Wilson’s,
Alzheimer’s, cancer and some of these were
also utilized to control the development of
other pathogens and parasites.* Therefore,
it is important to synthesize those novel
therapeutic and diagnostic agents which
exhibit low side effects and can be used
for human diseases.™® Regardless of the
tremendous work in the metal-based drug
development field still we are way far off to
successfully utilize a compound for various
diseases.” The coordination chemistry of

imidazole containing compounds displays
significant medicinal and biological uses.”
Imidazole contains various natural products
such as histidine, nucleic acid, purine and
histamine. Besides, it is a polar and ionizable
compound which is used as a remedy.’
Transition metal ions complexes containing
imidazole have particular interest due to
their relationship with biological systems."
Controlling infectious diseases is still a
remarkable problem due to the increase of
multi-drug resistant microbial pathogens.
Also, conventional treatment is usually not
able to control resistant microorganisms
and consequently the probability of death."
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Therefore, a quest to find a metal-based drug system
should be in process.

Carboxylate ligands possess characteristics like (i)
carboxylate groups have diversity in coordination modes;
(ii) carboxylates can rotate in some extent that may
connect in different directions with metal ions."”” On the
other hand, azide is also a unique ligand and can act as
a variety of co-ordination modes such as monodentate
and a bridging ligand.""*

Out of various biological activities, cytotoxicity tests
are important to understand the mechanisms of action
of chemicals on cells and tissues. Cytotoxicity of
compounds has significant value in different pathological
processes, carcinogenesis and inflammation.”

In previous, imidazole also has been explored to
synthesize transition metal ions-based
which are used for different biological studies such as
antibacterial, antifungal and DNA-binding.'®

complexes

Owing to the need of metal complexes in medicine and
biological research area, we also have been contributed
and reported cobalt complex with bio-film inhibition,
hemolytic and anti-thrombolytic studies,’”” Co (II),
Ni (II), Cu (I) and Zn (II) coordination compounds
with urease inhibitory activities' and some Mn(II),
Cu(II) complexes with antioxidant activity and docking
studies."” Recently, we also explored the Ni(II) complex
along with antimicrobial and DFT properties.”’ To
continue work in this field of research, at that time,
we selected Co and Fe metal ions with mixed ligands
approach. Therefore, herein, along with imidazole, we
also employ carboxylates and sodium azide to construct
Co and Fe based metal complexes and are screened for
biofilm inhibition and hemolytic studies.

EXPERIMENTAL
MATERIALS AND METHODS

All the reagents were purchased from Sigma Aldrich
Company and these were used as such and solvents
were distilled. FTIR spectra were measured on
Thermo scientific USA model Nicolet 6700 and
PREVISAGE-21 Shimadzu Spectrophotometer Japan
respectively through KBr pellets in the 4000- 400 cm™
range. Elemental analysis was performed on a Vario
Micro Cube, Elementar.

Synthesis of complexes: (1-5)
Syniesis of [Co"(imiH)(benz)(N,)] (1)
CoCl,2H,0 (0.08 g, 0.5 mmol) was added in MeOH (10

ml) with constant stirring until dissolved and imidazole
(0.04 g, 0.5 mmol), benzoic acid (0.12 g, 1 mmol) and
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NaN, (2 mmol, 0.13 g) were added in MeOH (10 ml)
respectively. The resulting solution was further stirred
and within 2-3 days, m gained the product, washed with
MeOH and dried in air.

Synthesis of [Fe'(imiH)(piv)(N,)] (2)

A solution of FeSO,7H,O (0.1 g, 0. 5 mmol), sodium
azide (0.07 g, Immol) and pivalic acid (0.10 g, 1 mmol)
in MeOH (10 ml) was inserted to a solution of imidazole
(0.03 g, 0.5 mmol) in MeOH (10 ml) with constant
stirring. The solution was filtered and the filtrate was
left for crystallization and after one-week product was
obtained, washed with MeOH solvent, dried in air and
collected.

Synthesis of [Fe'(imiH)(benz)(N,)] (3)

A solution of imidazole (0.03 g, 0.5 mmol), in MeCN (10
ml) was introduced to a stirred solution of FeSO,-7H,O
(0.14g, 0.5 mmol), benzoic acid (0.12 g, Immol) and
sodium azide (0.07 g, 0.5 mmol) in MeOH (10 ml). The
resulting solution was further stirred and after 3 days
product was obtained, washed and dried.

Synthesis of [Fe"(imiH)(N,),] (4)

In a solution of imidazole (0.03 g, 0.5 mmol) in MeOH
(10 ml), pivalic acid (0.051 g, 0.5 mmol) and sodium azide
(0.07 g, 0.5 mmol) was added with continuous stirring.
The mixture was further stirred and finally FeCl -4H O
(0.1 g, 0.5 mmol) in MeCN (10 ml) was added under
continuous stirring. The obtained mixture was filtered
and left undisturbed. After two days, the material was
collected, washed with CH,CN and dry out in air.
Synthesis of [Fe"(imiH)(piv),] (5)

FeCl,-4H,O (0.2 g, 1 mmol) pivalic acid (0.20 g, 2mmol)
and sodium azide (0.03g, 0.5 mmol) were dissolved
in MeCN (20 ml). In stirred solution, imidazole (0.07
g, Immol) was introduced added under stirring then
resulting mixture was left for slow evaporation and
within a three days product was collected and dried in
air.

Protocol for Antibacterial biofilm inhibition assay

All the synthesized coordination compounds (1-5)
were tested 7z vitro for antibacterial study against Gram-
negative E. /i and Gram-positive S. aureus bacterial
strains using biofilm assay.

Microtiter Plate method was employed to study the
formation of bacterial biofilm.*' The entire experiments
were performed in triplicate for chosen bacterial strains.
The % age of bacterial growth inhibition were calculated
as follows:

Inhibition (%0) = 100 — (OD,, Samplexl()O)/ OD,; o
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Protocol for Hemolytic activity

Hemolytic activity for 1-5 were studied according to
the already presented procedure.”” In this protocol,
bovine erythrocytes were collected from Department of
Clinical Medicine and Surgery, University of Agriculture,
Faisalabad, Pakistan. In sterile isotonic phosphate-
buffered saline solution (PBS), red blood cells were
maintained and, in this method, erythrocytes with ~10°
cells mlI™ were employed. In this method, negative
control was phosphate buffer saline and positive
control employed was Triton X-100. In this assay, the
absorbance at 576 nm was assessed through microplate
reader (BioTeK, USA) and the hemolysis % age of each
compound was determined.

RESULTS AND DISCUSSION

Complexes (1-5) were synthesized by using cobalt
and iron metal salts with imidazole, carboxylates and
sodium azide. The synthesis is illustrated in Scheme 1.
The obtained materials were characterized by FTIR with
range 4000-400 cm™ and elemental analysis (Table 1). They
were further evaluated for bacterial biofilm inhibition
and hemolytic studies.

FTIR Studies

A carboxylate ligand may connect to the metal in
various modes including monodentate or bidentate

MeOH MeCN

CoCl,2H,0 Fe(NO3);.9H,0
1 o 2 o 3 o _ 4 5
o
)k )J\ )I\ Nang,
R, ] Ry ? Ry ? \y\“ " )kc
3
Co SSWLLN e. _Fe. !
Ha SN T i TG T e o
N \;’ N* \?] N H‘N\/; )
Al A 1l Al = Oy,
N N N Ry S0

Scheme 1: Synthesis of mixed ligand complexes 1 to 5.

and as a result relative positions of the asymmetric and
symmetric stretching vibrations ate obtained. The strong
intensity bands of v_(COO) and v (COO) stretching
vibrations of the coordinated carboxylate anion were
observed in the range 1632-1322 cm™, respectively.
The large separation between the stretching vibrations
[i.e, Av = v (COO-)—v_ (COO-) ~250] signifies an
unsymmetrical monodentate mode of bonding of the
carboxylate group.

asym

The carboxylate bridging in the compound was detected
due to display of medium intensity band at ~945cm™!
in the molecule. The v(C=N) and v(C=C) stretching
vibration peaks appeared in the region 1580—-1430 cm ™.
A strong band accredited to the presence of vCH of
the aromatic ring appears at 2965 cm™ for 1, 2939 cm™
for 2, 2958 cm! for 3, 2957 cm™ for 4 and 2961 cm!
for 5 respectively. The IR absorption band at 3312 cm,
3237 em’, 3277 em’!, 3308 cm’, 3221 cm are given
to the stretching vibrations of the N-H groups for
the complexes 1-5. The imidazole ring was proved by
the stretching vibrations of C=C and C=N bonds at
1585 cm™ and 1489 cm™ (1), 1587 and 1414 cm™ (2),
1585 and 1410 cm™ (3), 1578 and 1493 cm™ (4) 1589 and
1485 cm™ (5) respectively. Also, the absorption peaks
at 768, 708, 704, 766, 765 cm™! can be ascribed to the
out of plane bending of C-H bonds in complexes 1-5
respectively. Previously, imidazole-based co-ordination
compounds with Co, Cu and Zn were reported and
their absorption has been found in above-mentioned
ranges.”

The complexes 1-4 exhibited strong bands in 2062,
2066, 2060, 2064 cm™ which were attributed to the
co-ordination of N’ ions as a terminal ligand with a
metal ion. According to this fact, the primary oxidation
states of the metal ions Co(Il), Fe(Il) were satisfied
by the presence of N* ions inside the coordination
sphere.

Biological studies

The results of the biological evaluation such as bacterial
biofilm inhibition and hemolytic activity for complexes

Table 1: Detail of complexes (1-5).

Complexes Molecular Formula Colour Formula % age Elemental Analysis, calculated (Found)
Weight (g/mol) yield c H N
1. CoC, H,0,N, Pink 290.15 42 41.30 (41.02) | 3.13 (2.95) | 24.14 (24.16)
2. FeC,O,H,.N, Reddish brown 267.07 55 35.98 (35.73) | 4.91 (4.68) | 26.22 (26.15)
3. FeC,,H,O,N, Yellow 287.05 39 41.84 (41.23) | 3.16 (3.24) | 24.40 (2405)
4. FeC,H,N, Brick red 207.97 57 17.33 (1.95) | 1.94 (1.82) | 53.88 (3.47)
5. FeC,,H,,O,N, Reddish brown 326.17 36 47.87 (47.79) | 6.80 (6.42) | 8.59 (8.27)
Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 (Suppl) | Jul-Sep, 2022 $517
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(1-5) are summarized in Table 2. The obtained results
are also depicted graphically in Figures, 1-3.

All the complexes were checked against E. /i and
S. aurens bacterial species relative to standard drug,
Rifampicin. The order of decreasing efficacy is
5>2>1>3>4 and 3>2>1>4>5 for E. w/i and S.
anrens, respectively. The complexes 5 and 4 exhibited
promising biofilm inhibition activity; 70.48% and
62.94% respectively against I. co/i. Similatly, complex 3,
2 and 1 showed significant activity like 85.42%, 69.58%
and 51.04% against S. aurens. It has been noted earlier
that different factors like chelate effects and sort of the
ligands, entire charge, nuclearity, presence of counter-
ions and nature of ligands may affect antimicrobial
inhibition.

Ligands donor sites such as N- and O- are also important
to prevent the formation of enzyme and those enzymes
that need these groups for activity are much susceptible
to deactivation through metal ions chelation.*

Mainly, the polarity of the metal ion is lowered by
chelationasaresultof sharingof its partial positive charge
with the donor atoms and the n- electron delocalization

Compounds Biofilm inhibition % age
assay (%) Hemolysis
E. coli S. aureus
1 2.43 51.04 10.98
2 62.94 69.58 9.33
3 - 85.42 11.65
4 - - 10.32
5 70.48 - -
Rifampicin 81.4 86.8 _
Phosphate Buffer - - 0.00
TritonX-100 - - 100
100
M E.coli
80
s
_’_E‘ 60
g. 40
xR
20
0
1 2 3 4 5 Rifampicin
Compounds

Figure 1: Antibacterial biofilm inhibition against E-Coli. for
complexes (1-5).
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Figure 2: Antibacterial biofilm inhibition for S. aureus of
complexes (1-5).
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Figure 3: Hemolytic activity of heteroleptic complexes (1-5).

that occurs in a chelate ring upon coordination.” Due to
chelation, the lipophilic nature of the central metal atom
is increased that makes it feasible for passing over the
lipid layer of the bacterial cell membrane® and useful to
increase liposolubility of the molecule and hydrophobic
nature. In this way, the biological exploitation ratio and
task of the test compounds is increased.”

The hemolytic studies of complexes (1-5) were tested
to check the cytotoxicity by means of negative control
and the positive controls such as PBS and Triton-X-100
as references. The obtained results demonstrate that all
the complexes have hemolytic activity against bovine
erythrocytes.

CONCLUSION

Complexes (1-5) were prepared by the reaction of
respective metal salts with imidazole and carboxylates
(pivalates/benzoates) in the presence of sodium
azide along with MeOH / MeCN respectively. All the
metal complexes were screened for bacterial biofilm
inhibition and hemolytic activities. Bacterial biofilm

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 (Suppl) | Jul-Sep, 2022
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inhibition study indicated that complexes 3 (85.42%)
and 2 (69.58%) showed promising inhibition against
S. anrenswhile compounds 5 (70.48%) and 2 (62.94%) also
displayed notable activity against E. co/i. Furthermore,
the hemolytic study revealed that all compounds were
found to be slightly toxic. The present work will be

useful for future study in medicinal inorganic chemistry

research area.
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PICTORIAL ABSTRACT
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% age Inhibition
o 8 8 8
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SUMMARY

In the current study, cobalt and iron-containing
complexes were synthesized by using their metal salts
with imidazole and carboxylates ligands in MeOH /
MeCN. In complexes 1-4, azide is also used as an
additional ancillary ligand. These complexes were
characterized by FTIR and elemental analyses for their
structure elucidation. These complexes were evaluated
for antibacterial biofilm inhibition against S. aureus and
E. coli. strains. Herein it was observed that complex 3
exhibits remarkable inhibition against S. aureus whereas

\ 5 and 2 also shows significant inhibition against E. coli.
os All these complexes (1-5) indicates the cytotoxicity
against bovine erythrocytes.

Yage Hemolysis
o
H

Compounds
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