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ABSTRACT
Organometallic compounds are gaining prominence today as they are found to be potent 
anticancer agents due to their diverse chemical nature along with the metal with which they are 
chelated. In these organometallic compounds, many different hetero-organic compounds like 
Schiff bases, Indoles, Quinolines, Pyrroles are chelated with different metals. As these heterocyclic 
compounds are proven cytotoxic agents at a higher dose, their potency get enhanced by many 
fold by metal complexation. Schiff base derivatives are reportedly more powerful agents against 
tumours of different types, they are gaining prominence as antitumour agents. In this present 
study, different derivatives of Schiff bases are synthesized and chelated with Aluminium (Al) and 
characterised with IR, NMR, LCMS and also subjected to metal analysis by ICPMS. Later, these 
compounds were screened by in vitro analysis of their cytotoxic potentials against cancer cell 
lines by MCF method and are found to be potent cytotoxic agents. Among all, MC-2 and MC-3 are 
nearer to the cytotoxic range given by NIH. Hence, we anticipate that although all the synthesized 
organometal complexes are potential cytotoxic agents, however MC 1 and MC 5 are significantly 
good cytotoxic agents. However, further study is needed to justify this claim.

Keywords: Organometallic compounds, Metal chelates, Schiff base derivatives, Anticancer 
agents, and Antitumour agents.

INTRODUCTION

In 1930, the landscape of medicinal chemistry underwent a 
transformative shift, fostering the synthesis and advancement 
of numerous synthetic drugs. Until that point, drug research 
predominantly centered on natural products. However, in 
contemporary times, the spectrum of diseases treatable with 
synthetic drugs has expanded significantly. Consequently, there 
is a pressing need to innovate techniques for the synthesis and 
purification of diverse bioactive compounds. The advent of 
target-based drug design was achieved through a comprehensive 
exploration of Structure-Activity Relationship (SAR), delving 
into biochemical facets associated with pathological conditions, 
and implementing extensive molecular modifications.1,2

A combinatorial synthesis strategy was enabled, which enabled 
rapid acquisition of combinatorial libraries, in order to reduce 
the required time to synthesize and purify large amount of 
lead molecules, pharmaceutical companies developed the 
combinatorial synthesis strategy which led to the development of 

High Throughput Screening methods (HTS) methods, where the 
compounds could be evaluated quickly.3 Due to pharmacokinetic 
problems and toxicity, most of the compounds were reapproved 
during clinical trials.5 Using combinatorial techniques it was 
possible to synthesize thousands of compounds.4 Cancer is 
uncontrolled growth and division of abnormal cells at a faster rate 
than normal, which grow as a lump also called as tumour. In other 
words, it is abnormal, uncontrolled, progressive growth of cells. 
The growth of cell becomes uncontrolled when the programming 
of the cells is affected. It is noncontagious disease. Factors such 
as tobacco, smoke, dust, radioactive substances, age, sex, race 
and heredity can alter the code of chronic irritation.as we cannot 
control all the factors its essential to be aware of the ones we can 
control. Prevention is always better then cure.

The types of cancer3-6

Carcinoma: Cancer which affects organs and glands including 
lungs, breasts, pancreas and skin.it is most common type of 
cancer.

Sarcoma: It affects the connective tissues, such as muscle fat, 
bone, cartilage or blood vessels.

Melanoma: Cancer can be developed in the cells that pigment in 
the cells.
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Lymphoma: Cancer which affects lymphocytes or white blood 
cells. 

Leukemia: Cancer which affects blood.

To thwart or curb the progression of carcinogenesis, the anticancer 
activity is attributed to the impact of both natural and synthetic 
agents, encompassing biological and chemical elements. Globally, 
breast cancer stands out as a predominant form of malignancy. 
There remains a pressing need for innovative therapies to 
enhance the survival rates of cancer patients, particularly 
those with estragon receptor/progesterone receptor/Human 
Epidermal growth factor (HER)2 negative conditions. Exploring 
potential cancer-fighting agents involves the identification and 
optimization of compounds found in various plants and animal 
species. A notable example is the manifestation of Antitumour 
activity in numerous marine alkaloids, leading to the discovery 
of new lead molecules sourced from sponges. The quest for novel 
cancer therapeutic agents has also given rise to the development 
of synthetic analogues, such as makaluvamine, derived from 
marine compounds. These synthesized compounds exhibit high 
potency against a spectrum of cancers, including breast cancer.7-10

Schiff base compounds are adaptable compounds which possess 
broad spectrum of biological activity by incorporation of metals in 
form of metal complexes. These compounds showed antibacterial, 
antitumor, anti-inflammatory activity. Compounds are modified 
for their pharmacological and toxicological properties in the form 
of metal complexes.1 Schiff ’s base compounds were first reported 
by Hugo Schiff in 1864, where the Schiff ’s base compounds 
are the condensation products of ketones and aldehydes with 
primary amines. These compounds contain azomethine group 
(-HC=N-). The synthesis of Schiff ’s base compounds takes 
place under acid/base catalysis or with heat. The Schiff base 
compounds are generally crystalline solids, freely soluble in 
bases, some form insoluble salts with strong acids, which can 
be used for synthesis of metal complexes for ligand preparations 
As Schiff Base compounds have the capability of forming stable 
complexes with metal ions, showing excellent catalytic activity in 
various reactions, they have significant importance in chemistry. 
There have been various reports in the recent years regarding the 
application of Schiff ’s metal complexes in homogeneous catalysis 
which focuses on the catalytic activity.11-15

The Azomethane nitrogen and other donor atoms like oxygen play 
a significant role in forming the complexation. The Schiff base 
acts as a Flexi-dentate ligand and coordinates from the O atom 
of phenolic group and the N of azomethane group. Therefore, it 
is essential to study the interaction of the Schiff ’s base with the 
transition metal having pharmacological interest in coordination 
chemistry. We have described the synthesis and characterization 
of Schiff ’s base and their metal complexes in our present work.16-20 
It is observed that aliphatic aldehydes are unstable and readily 
polymerise whereas the aromatic aldehydes especially with 

effective conjugation form stable complexes. Schiff ’s base ligands 
are formed more easily with aldehydes then with ketones. As 
Schiff ’s bases are versatile, flexible and diverse in nature, a wide 
range of compounds and their behaviour is studied. They are 
most commonly di, tri, tetra-dentate ligands. These form stable 
complexes with metal ions. The physicochemical properties of 
Schiff ’s base were studied such as identification, determination 
of aldehydes and ketones, purification of carbonyl and amino 
compounds or synthesis of complexes.21-30

Molecular Docking is a computational molecular modification 
technique, which helps in the prediction of preferred binding 
site of ligand to receptor, when they form a stable complex 
by interaction.31-39 Energy profiling such as binding free 
energy, strength and stability like binding affinity and binding 
constant of complexes and orientation of bound molecules, 
such information can be obtained using scoring function and 
molecular docking. It is recently used to forecast the binding 
orientation of small molecules to their bio-molecular target 
such as protein, carbohydrates and nucleic acids which helps 
to determine the tentative binding parameters which helps in 
rational drug designing (structure and ligand based drug design) 
and modelling with more specificity and efficacy. An optimised 
docked conformer of both interacting molecules is the major 
objective of molecular docking.40-45

Schiff ’s base metal complexes play a significant role in 
development of coordination chemistry. The DNA binding 
studies and cleavage properties under physiological conditions 
have attracted the curiosity to study transition metal complexes. 
There have been various reports in the recent years regarding the 
application of Schiff ’s metal complexes in homogeneous catalysis 
which focuses on the catalytic activity.46-51

MATERIALS AND METHODS

Materials

Chemicals

Chemicals used in this synthesis are Orthophenylene diamine 
and selected derivatives of benzaldehyde (Salicylaldehyde, 
4-chlorobenzaldehyde, 4-Bromobenzaldehyde, Tolaldehyde and 
Anisaldehyde), Glacial acetic acid, methanol, ethanol (97%), 
chloroform, ethyl acetate, Conc. HCl.

Apparatus

RBF (Round bottom flask), Measuring cylinder, beakers, glass 
rod, reflux condenser, TLC plates, watch glass, heating mantle, 
iodine chamber, Theil’s tube, magnetic stirrer with magnetic 
beads, capillary tubes, treads were used.
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Methods
Methodology: General scheme of Synthesis of Schiff’s base- 
metal complexes

Synthesis of the Schiff bases generally carried out by reacting 
equimolar concentrations of substituted Aromatic aldehyde and 
Orthophenylene diamine (OPDA) in 20 mL ethanol/methanol. 
This reaction is based on simple condensation reaction. This 
mixture was refluxed with heating or by using a magnetic stirrer 
for about 6-8 hr. The product was obtained by filtration and it was 
recrystallized from ethanol and water. The prepared Schiff base 
compounds were subjected to complex with selected metal such 
as AlCl.31-35

RESULTS 

Details of Schiff bases and corresponding metal 
complexes

It was obtained as brown solid, yield: 67.3%, MP: 197ºC. FTIR 
(KBr, cm-1), 3508.67(N-H), 1600.02(C=C)1640(NH).

Schiff’s base (E) -2-(4-bromobenzylidene) amino) 
aniline

It was obtained as Cream coloured solid, yield: 71.2%, MP: 185ºC. 
FTIR (KBr, cm-1), 3415.12(NH), 1600.02 (C=C) and small peaks 
of Aromatic C-N and Br.

Schiff’s base (E) -2-(((2-aminophenyl) imino) methyl) 
phenol

It was obtained as white solid, yield: 84.2%, MP: 191ºC. FTIR 
(KBr, cm-1), 3462(NH2), 3513.49(OH), 1454.39(C=C).

Schiff’s base (E) -2((4-methylbenzlidene) amino) 
aniline

It was obtained as white solid, yield: 83.1%, MP: 189ºC. FTIR 
(KBr, cm-1), 3039(-CH), 1462.1(-C=C)1233.53(-CNH2).

Schiff’s base (E) -2-((4_methoxybenzylidene) amino) 
aniline

It was obtained as yellow solid, yield: 82.5%, MP: 178ºC. FTIR 
(KBr, cm-1), 1245.10(C=O) 3420(-NH).

Metal complexes
MC-1

It was obtained as grey solid, yield: 85.2%, MP: 215ºC. FTIR (KBr, 
cm-1), 3413.16(NH)1584.89(C=N)1681.04(C=C)

MC-2

It was obtained as Cream solid, yield: 86.3%, MP: 247ºC. FTIR 
(KBr, cm-1), 1456.32(C=C) and also small peaks of (N=H) and 
(C=N).

MC-3
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It was obtained as Cream solid, yield: 79.8%, MP: 212ºC. FTIR 
(KBr, cm-1), 3551.10(N=H), 1456.32(C=C) and small peak of 
C=N.

MC-4

It was obtained as white solid, yield: 86.2%, MP: 249ºC. FTIR 
(KBr, cm-1), 1600.029(C=C)3554(N=H)1646.32(NH), CH 
merged peak.

MC-5

It was obtained as white solid, yield: 89.5%, MP: 251ºC. FTIR (KBr, 
cm-1), 1252.82(C-O)1643.42(N=H) 3431.51(NH) 3100(C-H).

Table 1: Details of the compounds.

Name of 
compound

Structure Molecular 
weight

Physical 
appearance 
and yield

MC-1 452

MC-2 496

MC-3 433 White 
solid 
powder, 
89.5%

Name of 
compound

Structure Molecular 
weight

Physical 
appearance 
and yield

MC-4 431 White 
solid 
powder, 
86.2%

MC-5 447 White 
solid 
powder, 
89.5%

Spectral Characterization
IR spectrum of Schiff’s bases and Metal Complexes

Figure 1: Infrared spectroscopy of SUS -1 and MC-1.
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Figure 2 : Infrared spectroscopy of SUS -3 and MC-2.

Figure 3:  Infrared spectroscopy of SUS -5 and MC-3.

Figure 4:  Infrared spectroscopy of SUS -7 and MC-4.

Figure 5:  Infrared spectroscopy of SUS -9 and MC-5.
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NMR spectral data of metal complexes

Metal analysis (ICPMS) and SEM Report of Metal 
complexes
Anticancer activity (Cytotoxic activity) of Organometal 
Complexes by In vitro Cell line study.

TOL: Tolaldehyde (MC 1), ANI: Anisaldehyde (MC 2), CBZ: 
Chlorobenzaldehyde (MC-3), SAL: Salicylaldehyde (MC 4), 
Bromobenzaldehyde (MC 5).

DISCUSSION

The Schiff bases which were synthesized by reacting substituted 
aromatic aldehydes with OPDA were subjected to preliminary 
identification by their melting points, T.L.C and IR study.

The I.R spectrum of Schiff bases (Figures: 1-5) were studied for 
characteristic vibrations of vital functional groups like NH2, 
phenolic OH, CH=N, Ar-CH, C=C, -CHO mainly and these were 
identified in the spectrum of the Schiff bases. As the CH=N was 
mainly a significant group for the Schiff bases, it was found to be 
present in the spectrum and hence in the compounds.

Later, the synthesized Schiff bases were subjected to reaction with 
metal halide (AlCl3) in EtOH/MeOH for 4-6 hr with magnetic 
stirring and in presence of glacial acetic acid (0.5 mL) which 
has improved the reaction and product formation. We have 
synthesized total five metal complexes of corresponding Schiff 
bases. These metal complexes were also subjected to preliminary 
identification by M.P, T.L.C and I.R data and recorded. The I.R 
(Figures 1-5) (Tables 2 and 3) and 1H NMR (Figures 6-14) (Table 
4) spectra of metal complexes was studied for the characteristic 
vibration mainly the chelation part and it was identified by its 
characteristic vibration in I.R spectra apart from all other vital 
groups like Phenolic OH, -NH2 (OPDA), Ar-CH, C=C etc. These 
characteristic observations especially the metal chelate has 
confirmed although at the preliminary level the preparation of 
metal complexes.

Name of compound Characteristic 
vibration (cm-1)

Functional 
groups

2-((4-chlorobenzylidine) 
amino) aniline

3508.6
1600.02
1640

N-H,
C=Cstr
C-N

2-(4-bromobenzylidene) 
amino) aniline

3415.12
1600.02 
 Ar C-N.

NH, C=Cstr

2-(((2-aminophenyl) 
imino) methyl) phenol

3462
3513.49
1454.39

NH2

Ph- OH
C=Cstr

2((4-methylbenzlidene) 
amino) aniline

3039
1462.1
1233.53

C-H str
C=C str
C-NH2

2-((4_
methoxybenzylidene) 
amino) aniline

1245.
3400
1660

-NH

Table 2: FT-IR spectral data of Schiff’s bases.

Name of 
Compound

Characteristic 
vibration (cm-1)

Functional groups

MC-1 3413.16
1584.89
1681.04

N-H str
C=N
C=C str

MC-2 1456.32
3200
1620

C=C
N-H str
C=N.

MC-3 3551.10
1456.32
1656

N-H str,
C=C
C=N.

MC-4 3039
1462.1
1233.53

-CH,
-C=C
C-NH2

MC-5 1252.82
1643.42
3431.51
3100

C-O
C=N
N-Hstr
C-H

Table 3: FT-IR Spectral data of organometallic complexes.

Figure 6: NMR spectrum of MC 1 (Tolaldehyde).
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Docking is a method that predicts the preferred orientation 
and pose of ligand molecule within receptor, which in turn 
provides information regarding the interactions, binding affinity 
or strength of association between ligand and receptor by 
means of scoring functions. Docking algorithm fit molecules in 
complimentary fashions (Table 8).

The 3-dimensional protein structure of selected protein receptors 
present in M. tuberculosis and M. smegmatis were retrieved from 
Protein data bank (pdb). Docking study was performed using 
glide module of Schrodinger's molecular modelling software. 
(Schrodinger, Inc., USA, 2020-2), the docking of Schiff ’s bases 
(1-5) was carried out with the target protein and the study has 

Figure 7:  NMR Spectrum of MC 2 (Anisaldehyde).

Figure 8:  NMR Spectrum of MC 3(Chlorobenzaldehyde).
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Figure 9: NMR Spectrum of MC 4 (Salicylaldehyde).

Figure 10:  NMR Spectrum of MC 5 (Bromobenzaldehyde).
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Figure 11:  LCMS Spectrum of MC-1(Tolaldehyde).

Figure 12:  LCMS Spectrum of MC 2(Anisaldehyde).
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Figure 13:  LCMS Spectrum of MC-4 (Salicylaldehyde).

Figure 14: LC MS Spectrum of MC-5 (Bromobenzaldehyde).
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generated g-scores and the glide-energy required for docking 
with the target (Figures 15 to 26) and (Tables 5 to 7).

The LCMS spectrum of the metal complexes is studied and found 
that the molecular ion peak has indicated the formation of the 
metal complexes. This has justified the molecular weight of the 
complexes. The LCMS of MC-1 has shown the peak at 448 (m-2) 

which is approximately near its molecular weight (442). The 
LCMS of MC-2 has shown the peak at 465 and the molecular 
weight is found to be 496. The LCMS of MC-4 is 428(molecular 
weight is 431). The LCMS of MC-5 has shown a major peak at 420 
and its molecular weight is found to be 447. Although the peaks 
do not match with m+ ion peak, however the observed peaks 
indicate the formation of metal complexes which might have 

Figure 15:  Pose of Erlotinib in tyrosine kinase (1M17) pocket: Pi- cation interaction with nitrogen atom of MET 769 and it also forms bond between carbon and 
CYS 773.
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Figure 16:  Pose of SUS-1 in tyrosine kinase (1M17) pocket: cation interaction of NH2 with ASP831.



Dinnimath, et al.: Organometal complexes for anticancer activity

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024724

Figure 17:  Pose of SUS-3 in tyrosine kinase (1M17) pocket: cation interaction of NH2 with ASP831.
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undergone fragmentation or some other chemical changes within 
the molecule. Hence, they differ with m+ ion with some units.

The SEM analysis and ICPMS study of the metal complexes were 
conducted and the reports highlighted the presence of the metal 
chelated with the organic material. As evident from the report, 
Aluminium metal is found to be present (report 1and 2)-5.14%. 
The report has shown the peaks for the Aluminium metal also. 
The ICPMS results indicate that chelation of Aluminium with the 
organic material (Schiff ’s base) is done successfully (Table 9).

The Scanning Electron Microscopy pictures of the organometal 
complexes shown the presence of metal embedded in organic 
material (Figures 30 and 31).

The cell toxicity study and cell viability study of organometal 
compounds (MC1-5) was conducted and the study results were 
analysed to know the cytotoxic effects of metal compounds on 
target cell line against standard drug Doxorubicin. The study 
results were promising and highlighted the cytotoxic potential 
of the metal compounds. The IC50 values of the organometal 
compounds (1-5) indicated that all the compounds are potential 

Figure 18:  Pose of SUS-5 in tyrosine kinase (1M17) pocket: cation interaction of NH2 with ASP831.
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Figure 19:  Pose of SUS-7 in tyrosine kinase (1M17) pocket: Pi- cation interaction NH2 with ASP831.

enough to kill the cells; however MC-1(ANI) is 12.08 followed by 
MC-3(CBZ) at 15.96 which are close to the NIH limit of 10 and 
the highest being MC-5 (Tol)-128.03. The remaining are although 
less than highest (MC-5) but still more cytotoxic in nature than 
the standard (1.81). The viability study result shows that these 
metal complexes were successful in destroying the infected cells 
in comparison with standard.

The compounds were evaluated for their in silico docking studies 
using Schrodinger’s glide software to study their antitumour 
potentials and all the compounds displayed good interaction with 
active pocket of tyrosine kinase (1M17) and EGFR kinase (2ITO). 

This indicates that their corresponding metal complexes could 
be potential anticancer agents. These organometal complexes 
were characterised by spectral data like IR, HNMR, LCMS and 
ICPMS. This spectral data has confirmed the compounds and 
ICPMS have indicated the presence of Al metal in the organic 
material. These organometal complexes were evaluated for their 
antitumour potentials by in vitro method against different strains 
of cell line cultures which has shown that most of the compounds 
are potential cytotoxic in nature and MC-1(ANI) and MC-3(CBZ) 
were safe as their IC50 values (12.08 and 15.96 respectively) were 
near the range of NIH (10). Hence, we anticipate that although 
all the synthesized organometal complexes are potential cytotoxic 
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Title Docking score Glide gscore Glide emodel Glide energy
2ITO- minimized
GIFITINIB -7.412 -7.412 -71.978 -51.856
SUS-1(a) -6.486 -6.486 -47.232 -33.529
SUS-3(a) -6.29 -6.29 -47.783 -34.132
SUS-5(a) -7.442 -7.442 -51.197 -34.759
SUS-7(a) -6.435 -6.435 -46.051 -32.684
SUS-9(a) -6.507 -6.507 -48.543 -34.488

Table 7:  Molecular docking results of Schiff Bases (GIFITINIB).

Name of compound Molr weight
MC-1 452
MC-2 496
MC-3 433
MC-4 431
MC-5 447

Table 5:  LCMS Spectral data of metal complexes.

Name of compound Nature of proton (H vibration) Spectral data (δ ppm)
MC-1 CH3,

Aromatic protons,
CH=N

1.9-1.8
7.9-7.6,
8.9-8.8

MC-2 CH3,
Aromatic protons,
CH=N

1.9-1.8
7.9-7.6,
8.9-8.8

MC-3 CH3,
Aromatic protons,
CH=N

1.9-1.8
7.9-7.6,
8.9-8.8

MC-4 CH3,
Aromatic protons,
CH=N

1.9-1.8
7.9-7.6,
8.9-8.8

MC-5 CH3,
Aromatic protons,
CH=N

1.9-1.8
7.9-7.6,
8.9-8.8

Table 4:  NMR spectral data of metal complexes.

Title Docking score Glide gscore Glide emodel glide energy
1M17-minimized
ERLOTINIB -8.296 -8.296 -79.52 -55.074
SUS-1 -6.629 -6.629 -49.467 -35.122
SUS-3 -6.556 -6.556 -50.587 -36.048
SUS-5 -6.989 -6.989 -53.292 -36.866
SUS-7 -6.696 -6.696 -48.785 -34.632
SUS-9 -6.823 -6.823 -50.986 -36.175

Table 6:  Molecular docking results of Schiff bases (ERLOTINIB).
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Docking scores in Kcal/ mol

Compound 1M17 2ITO
SUS-1 -6.629 -6.486
SUS-3 -6.556 -6.29
SUS-5 -6.989 -7.442
SUS-7 -6.696 -6.435
SUS-9 -6.823 -6.507

Table 8: Docking scores.

Figure 20:  Pose of SUS-9 in tyrosine kinase (1M17) pocket: Pi- cation interaction of NH2 atom with ASP831.
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Figure 21:  Pose of Gifitinib in EGFR kinase (2ITO) pocket: Pi- cation interaction with nitrogen atom of MET 
793 and it also forms bond between chlorine with LYS-745 and LEU-788.

Figure 22: Pose of SUS-1 in EGFR kinase (2ITO) pocket: cation interaction of NH2 with ASP-855.
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Figure 23:  Pose of SUS-3 in EGFR kinase (2ITO) pocket: cation interaction of NH2 with ASP-855.

Figure 24:  Pose of SUS-5 in EGFR kinase (2ITO) pocket: cation interaction of NH2 with ASP-855 and also it forms bond between OH and MET-793.
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Figure 25:  Pose of SUS-7 in EGFR kinase (2ITO) pocket: cation interaction of NH2 with ASP-855.

Figure 26:  Pose of SUS-9 in EGFR kinase (2ITO) pocket: Cation interaction of NH2 with ASP-855.
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Element Line Weight % Weight % Error Atom %
C K 52.79 ±4.61 62.52
O K 33.68 ±2.41 29.95
Na K 6.70 ±0.57 4.15
Al K 5.14 ±0.33 2.71
Cl K 1.68 ±0.19 0.67
Cl L --- --- ---
Total 100.00 100.00

Table 9:  Quantitative Results for Base (ICPMS).

Figure 27: SEM picture of MC-1.
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Figure 28:  SEM Scanning picture of MC 2.

Figure 29:  SEM Scanning picture of MC 3.

Figure 30:  SEM Scanning picture of MC4.
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Figure 31:  SEM Scanning picture of MC 5.

Figure 32:  Cell viability study of organometal compounds vs Doxorubicin.

Sample codes MCF-7
MEAN SD

ANI 12.08 0.11
TOL 128.03 2.56
CBZ 15.96 0.26
SAL 34.67 0.72
BBZ 37.22 0.29
DOXORUBICIN 1.81 0.03

Table 10: Cytotoxic study results (IC50 values).
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agents, however MC 1 and MC 5 are significantly good cytotoxic 
agents. However, further study is needed to justify this claim.

CONCLUSION

The organometallic compounds are often kinetically inert  
and can undergo multiple derivatization reactions. These 
characteristics makes them well-suited for conventional method 
of structure based drug design, including computer docking 
experiments, including those conducted for more traditional 
drug candidates. Despite the historical neglect of these 
organometallics in both academic and industrial drug research, 
an increasing number of emerging drug classes underscores the 
diverse possibilities that this field offers for synthetic medicinal 
chemistry. The ongoing progress of organometallic complexes 
towards clinical trials is expected to enhance their acceptance 
within the pharmaceutical industry, fostering further exploration 
and research into the development of metallo-drugs for anticancer 
purposes

In the current study, an attempt has been made to focus on 
highlighting the successful synthesis of various derivatives of 
Schiff base chelated with Aluminium (Al). These compounds 
have been characterized using spectral /analytical data such 
as IR, NMR, LCMS and metal analysis by ICPMS. Later, these 
organometallic compounds are evaluated for their anti-cancer 
potentials by in vitro method using selected cell cultures in 
the lab.Although additional studies are in progress and not yet 

disclosed to the public, we anticipate that this work represent a 
significant step towards developing new drug candidates in the 
field of medicinal organometallic chemistry. We envision that 
some of the most promising organometallic drug candidates 
discussed in this study may pave their way for the development of 
market for pharmaceuticals in the near future.

ACKNOWLEDGEMENT

We thank the Principal, KLEs College of Pharmacy, Belagavi for 
extending support for the present research work. We are also 
thankful to Poornayu Research and Analytical Lab Bangalore for 
their support.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ABBREVIATIONS

TOL: Tolaldehyde (MC 1), ANI-Anisaldehyde (MC 2), CBZ: 
Chlorobenzaldehyde (MC-3), SAL-Salicylaldehyde (MC 4), 
Bromobenzaldehyde (MC 5), IR: Infrared spectroscopy; NMR: 
Nuclear magnetic resonance; LCMS: Liquid chromatography 
mass spectrometry; SEM: Scanning electron microscopy; 
ICPMS: Inductively coupled plasma Mass spectrometry.

REFERENCES
1.  Chaturvedi D, Kamboj M. Role of Schiff Base in Drug Discovery Research. Chem Sci J 

2016;7(2):1-2. doi: 10.4172/2150-3494.1000e114,

Concentration
µg/ml

ANI TOL CBZ

100 23.83 22.89 24.95 64.73 65.10 65.10 17.26 18.00 17.07
50 24.39 25.14 25.89 68.86 68.11 68.86 34.33 35.08 34.15
25 26.83 27.02 26.45 80.11 79.17 78.61 40.90 41.45 41.84
12.5 58.72 59.66 59.10 85.55 83.30 84.24 63.04 60.41 61.35
6.25 61.73 61.35 61.73 89.49 87.43 87.62 63.60 61.73 61.91
3.125 65.10 63.98 64.92 95.12 94.93 97.00 65.85 66.98 66.04
Negative Control 100

Cell Viability of MCF-7

Concentration
µg/ml

SAL BBZ Doxorubicin

100 16.32 15.95 16.14 18.39 18.01 17.07 10.74 11.35 10.95
50 46.34 45.22 45.59 18.39 19.51 19.14 13.58 14.26 14.32
25 56.29 55.35 55.53 78.24 77.86 77.67 14.88 15.95 16.08
12.5 77.49 77.11 75.98 8349 83.30 83.86 21.15 21.55 21.42
6.25 85.37 84.80 83.49 94.00 95.50 94.37 22.64 23.04 23.45
3.125 99.81 99.81 100.38 98.31 100.00 100.75 27.23 27.36 27.64
Negative Control 100

Table 11: Cell Viability study results of Organometal Compounds



Dinnimath, et al.: Organometal complexes for anticancer activity

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024736

2.  Dinnimath BM, Hipparagi SM, Munishamagowda. Synthesis of Chloro, Fluoro, and 
phenyl substituted azetidin-2-one derivatives by microwave method and screening 
for antimicrobial activities. International Journal Of Pharmacy and Technology 
2011:3(4);3792-801

3.  Kumble D, Geetha M, Pinto AF. Application of metal complexes of Schiff bases as 
an antimicrobial drug: a review of recent works. International Journal of Current 
Pharmaceutical Research 2017;9(3):27-30. Doi: https://doi.org/10.22159/ijcpr.2017. 
v9i3.19966

4.  Srivastava R. Theoretical Insight into the Medicinal World of Organometallics. Macro 
versus Nano. Recent Progress in Organometallic Chemistry 2017;1:3-13. Doi: 10.577 
2/67781

5.  Fonkui TY, Ikhile MI, Ndinteh DT, Njobeh PB. Microbial activity of some heterocyclic 
Schiff bases and metal complexes: A review. Tropical Journal of Pharmaceutical 
Research 2018;17(12):2507-18. Doi: https://doi.org/10.4314/tjpr.v17i12.29

6.  Abd-Elzaher MM, Labib AA, Mousa HA, Moustafa SA, Ali MM, El-Rashedy AA. 
Synthesis, anticancer activity and molecular docking study of Schiff base complexes 
containing thiazole moiety. Beni-suef university journal of basic and applied sciences 
2016;5(1):85-96. Doi: https://doi.org/10.1016/j.bjbas.2016.01.001

7.  Obaid SMH, Sultan JS, Al-Hamdani AAS. Synthesis, characterization and biological 
efficacies from some new dinuclear metal complexes for base 3-(3,4-dihydroxy-
phenyl)-2-[(2-hydroxy-3-methylperoxybenzylidene)-amino]-2-methyl propionic 
acid, Indones J Chem 2020;20(6):1311-32. Doi: http://dx.doi.org/10.13140/RG.2.2.3 
5994.47041

8.  Kumbar M, Patil SA, Toragalmath SS, Kinnal SM, Shettar A, Hosakeri JH. Anticancer 
activity studies of novel metal complexes of ligands derived from polycyclic 
aromatic compound via greener route. Journal of organometallic chemistry 
2020;914(121219):1-13. Doi: https://doi.org/10.1016/j.jorganchem.2020.121219

9.  Aboelmagd A, El Rayes SM, Gomaa MS, Fathalla W, Ali IA, Nafie MS, et al. Synthesis 
and Cytotoxic Activity of Novel Metal Complexes Derived from Methyl-3-
(4-chlorophenyl)-3-hydroxy-2, 2-dimethylpropanoate as Potential CDK8 Kinase 
Inhibitors. ACS omega 2021;6(8):5244-54. Doi: https://doi.org/10.1021/acsomega.0 
c05263

10.  Ambika S, Manojkumar Y, Arunachalam S, Gowdhami B, Meenakshi Sundaram 
KK, Solomon RV, et al. Biomolecular interaction, anti-cancer and anti-angiogenic 
properties of cobalt (III) Schiff base complexes. Scientific reports 2019;9(1):1-4. Doi: h 
ttps://doi.org/10.1038/s41598-019-39179-1

11.  Hassanin HM, Serya RA, Abd Elmoneam WR, Mostafa MA. Synthesis and molecular 
docking studies of some novel Schiff bases incorporating 6-butylquinolinedione 
moiety as potential topoisomerase IIβ inhibitors. Royal Society open science. 
2018;5(6):172-407. Doi: https://doi.org/10.1098/rsos.172407

12.  Al-Radadi NS, Zayed EM, Mohamed GG, Abd El Salam HA. Synthesis, spectroscopic 
characterization, molecular docking, and evaluation of antibacterial potential of 
transition metal complexes obtained using triazole chelating ligand. Journal of 
Chemistry. 2020; 2020. Doi: https://doi.org/10.1155/2020/1548641

13.  Şahin Ö, Özmen Özdemir Ü, Seferoğlu N, Adem Ş, Seferoğlu Z. Synthesis, 
characterization, molecular docking and in vitro screening of new metal complexes 
with coumarin Schiff base as anticholine esterase and antipancreatic cholesterol 
esterase agents. Journal of Biomolecular Structure and Dynamics. 2020:1-5. Doi: http 
s://doi.org/10.1080/07391102.2020.1858163

14.  Ali I, Mahmood LM, Mehdar YT, Aboul-Enein HY, Said MA. Synthesis, characterization, 
simulation, DNA binding and anticancer activities of Co (II), Cu (II), Ni (II) and Zn (II) 
complexes of a Schiff base containing o-hydroxyl group nitrogen ligand. Inorganic 
Chemistry Communications, Journal pre- proofs, 2020;118:108004. Doi: http://dx.do 
i.org/10.1016/j.inoche.2020.108004

15.  Howsaui HB, Basaleh AS, Abdellattif MH, Hassan WM, Hussien MA. Synthesis, 
structural investigations, molecular docking, and anticancer activity of some novel 
Schiff bases and their uranyl complexes. Biomolecules. 2021;11(8):1138. Doi: https:// 
doi.org/10.3390/biom11081138

16.  John L, Joseyphus RS, Joe IH. Biomedical application studies of Schiff base metal 
complexes containing pyridine moiety: molecular docking and a DFT approach. SN 
Applied Sciences. 2020;2(3):1-4. Doi: https://doi.org/10.1007/s42452-020-2274-6

17.  Andleeb H, Danish L, Munawar S, Ahmed MN, Khan I, Ali HS, et al. Theoretical and 
computational insight into the supramolecular assemblies of Schiff bases involving 
hydrogen bonding and CH… π interactions: Synthesis, X-ray characterization, 
Hirshfeld surface analysis, anticancer activity and molecular docking analysis. 
Journal of Molecular Structure. 2021; 1235:130223. Doi: http://dx.doi.org/10.1016/j 
.molstruc.2019.07.077

18.  Utreja D, Singh S, Kaur M. Schiff bases and their metal complexes as anti-cancer 
agents: A review. Current Bioactive Compounds,. 2015;11(4):215-30. Doi: http://dx. 
doi.org/10.2174/1573407212666151214221219

19.  Hassan AS, Askar AA, Nossier ES, Naglah AM, Moustafa GO, Al-Omar MA. Antibacterial 
evaluation, in silico characters and molecular docking of Schiff bases derived from 
5-aminopyrazoles. 2019;24(17):3130. Doi: https://doi.org/10.3390%2Fmolecules241 
73130

20.  El-Gamal OA, Alshater H, El-Boraey HA. Schiff base metal complexes of 4-methyl-
1H-indol-3-carbaldehyde derivative as a series of potential antioxidants and 
antimicrobial: Synthesis, spectroscopic characterization and 3D molecular modeling. 
Journal of Molecular Structure. 2019;1195:220-30. Doi: http://dx.doi.org/10.1016/j.m 
olstruc.2019.05.101

21.  Gao E, Sun N, Zhang S, Ding Y, Qiu X, Zhan Y, et al. Synthesis, structures, molecular 
docking, cytotoxicity and bioimaging studies of two novel Zn (II) complexes. 
European Journal of Medicinal Chemistry. 2016;121:1-1. Doi: https://doi.org/10.101 
6/j.ejmech.2016.05.013

22.  Pevec A Mn(II) and Zn(II) complexes of hydrazones with a quaternary ammonium 
moiety: synthesis, experimental and theoretical characterization and cytotoxic 
activity. Dalton Trans. 2022;51:185-96. Doi: https://doi.org/10.1021%2Facsomeg 
a.2c05927

23.  Kantoury M, Eslami Moghadam M, Tarlani AA, Divsalar A. Structure effect of some 
new anticancer Pt (II) complexes of amino acid derivatives with small branched or 
linear hydrocarbon chains on their DNA interaction. Chemical Biology and Drug 
Design. 2016;88(1):76-87. Doi: https://doi.org/10.1111/cbdd.12735

24.  Nara S, Garlapati A. Design, Synthesis and molecular docking study of hybrids 
of quinazolin-4 (3H)-one as anticancer agents. Ars Pharmaceutical (Internet). 
2018;59(3):121-31. Doi: http://dx.doi.org/10.30827/ars.v59i3.7360

25.  Mukesh B, Rakesh K. Molecular docking: a review. Inhibitory Effect of Eight Secondary 
Metabolites from Conventional Medicinal Plants on COVID_19 Virus Protease by 
Molecular Docking Analysis IJRAP. 2011;2:1746-51.

26.  Prabha B, Ezhilarasi M. Synthesis, Spectral Characterization, in vitro and in silico Studies 
of Benzodioxin Pyrazoline derivatives. Biointerface Res Appl Chem. 2020;11:9126-38. 
Doi: https://doi.org/10.33263/BRIAC112.91269138

27.  Xavier A, Srividya N, Synthesis and study of Schiff base ligands. IOSR Journal of Applied 
Chemiatry. 2014;7(11):06-15. Doi: http://dx.doi.org/10.9790/5736-071110615

28.  Ommenya FK, Nyawade EA, Andala DM, Kinyua J. Synthesis, Characterization and 
Antibacterial Activity of Schiff Base, 4-Chloro-2-{(E)-[(4-Fluorophenyl)imino]methyl}
phenol Metal (II) Complexes. Hindawi Journal of Chemistry 2020; 2020:1-8. Doi: http 
s://doi.org/10.1155/2020/1745236

29.  Hossain Md.S, . Shaheed ASME. Khan Md.N, . Mannan Md.A. Haque, MM, Zakaria 
CM, Mohapatra RK Zahan Md.KE. Synthesis and Characterization of Cu (II) and Co (II) 
complexes containing Schiff base ligands towards Potential Biological Application. 
Journal of Chemical, Biological and Physical Sciences 2018;8(4):654-9. Doi: http://dx. 
doi.org/10.24214/jcbps.A.8.4.65468

30.  Ahmed M, Abu-Dief, and M.A Mohamed. Beni-Suef University Journal of Basic and 
Applied Sciences. A review on versatile applications of transition metal complexes 
incorporating Schiff bases; Beni-Suef University Journal of Basic and Applied Science 
2015;4(2):119-33. Doi: https://doi.org/10.1016/j.bjbas.2015.05.004

31.  Chaudhary NK, Mishra P. Metal Complexes of a Novel Schiff Base Based on Penicillin: 
Characterization, Molecular Modeling, and Antibacterial Activity Study. Bioinorganic 
Chemistry and Applications 2017; 2017:1-5. Doi: https://doi.org/10.1155/2017/692 
7675

32.  El‐Sonbati AZ, Diab MA, Mahmoud WH, Gehad G, Mohamed MA, Morgan SM. 
Preparation, Characterization and Biological Activity Screening on Some Metal 
Complexes Based of Schiff Base Ligand. Egypt J Chem. 2021;64(8):4125-30. Doi: http 
s://dx.doi.org/10.21608/ejchem.2021.68740.3515

33.  Zheng JW, Ma L. Metal complexes of anthranilic acid derivatives: A new class of 
noncompetitive α-glucosidase inhibitors. Chin Chem Lett. 2016;27(5):627-35. Doi: ht 
tp://dx.doi.org/10.1016/j.cclet.2016.01.052

34.  Kulkarni AD. Schiff’s Bases Metal Complexes in Biological Applications. Journal of 
Analytical and Pharmaceutical Research. 2017;5(1):2017-22. Doi: https://doi.org/10. 
15406/japlr.2017.05.00127

35.  Shah FU, Jamil M, Aslam J, Gul A, Akhter Z, Bushra. Influence of Ferrocene and 
Transition Metals on the Biological Activities of Schiff Bases. Journal of the Chemical 
Society of Pakistan. 2016;38(06):111-6.

36.  Sridevi G, Antony SA, Angayarkani R. Schiff Base Metal Complexes as Anticancer 
Agent Asian J Chem. 2019;31(3):494. Doi: https://doi.org/10.14233/ajchem.2019.2 
1697

37.  More MS, Joshi PG Metal complexes driven from Schiff bases and semicarbazones 
for biomedical and allied applications: a review. Materials Today Chemistry 
2019;14(1):1-6. Doi: https://doi.org/10.1016/j.mtchem.2019.100195

38.  Ndagi U, Mhlongo N, Soliman M. Metal complexes in cancer therapy - an update 
from drug design perspective. Soliman. Drug Design, Development and Therapy. 
2017;11:599-605. Doi: https://doi.org/10.2147/dddt.s119488

39.  Walaa MH. Reem GH, Deghadi RG, . Metal complexes of novel Schiff base derived 
from iron sandwiched organometallic and 4-nitro-1,2-phenylenediamine: Synthesis, 
characterization, DFT studies, antimicrobial activities and molecular docking. 
Applied Organometallic Chemistry. 2017;10:1-22. Doi: http://dx.doi.org/10.1002/ao 
c.4289

40.  Uddin E, Islam R, Ashrafuzzaman, Bitu NA, Asraf A, Hossen F, et al. Recent advances 
on pharmacological activities with electrochemical, optical, crystalline and thermal 
properties of schiff bases containing ferrocene and their metal complexes – an 
overview. New Materials, Compounds and Applications. 2020;.4(2): 63-93. Doi: https: 
//doi.org/10.33263/BRIAC106.69366963

41.  Sayed Suliman Shah, Dawood Shah, Ibrahim Khan, Sajjad Ahmad, Umar Ali, Atiq ur 
Rahman. Synthesis and Antioxidant Activities of Schiff Bases and Their Complexes: 
An Updated Review. Biointerface Research in Applied Chemistry. 2020;10(6):6936-63. 
Doi: https://doi.org/10.33263/BRIAC106.69366963

42.  Mehvash Zaki, et al. Scope of organometallic compounds based on transition 
metal-arene systems as anticancer agents: starting from the classical paradigm to 
targeting multiple strategies. RSC Adv., 2019;9:3239-78.



Dinnimath, et al.: Organometal complexes for anticancer activity

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024 737

43.  Arumugam AP, Guhanathan S and Elango G. Co (II), Ni (II) and Cu (II) Complexes with 
Schiff Base Ligand: Syntheses, Characterization, Antimicrobial Studies and Molecular 
Docking Studies. Symbiosis. SOI Motex Sci Eng. 2017;5(2):1-12. Doi: http://dx.doi.org 
/10.15226/sojmse.2017.00149

44.  Tunde L. Yusuf, Segun D. Oladipo, Zamisa S, Hezekiel M. Kumalo, Isiaka A. Lawal, 
Monsurat M. Lawal, et al. Design of New Schiff-Base Copper(II) Complexes: Synthesis, 
Crystal Structures, DFT Study, and Binding Potency toward Cytochrome P450 
3A4. ACS Omega. 2021;6(21):13704-18. Doi: https://doi.org/10.1021/acsomeg 
a.1c00906

45.  Shane M. Wilkinson, Timothy M. Sheedy Elizabeth J. New Synthesis and 
Characterization of Metal Complexes with Schiff Base Ligands. Journal of Chemical 
Education. 2016;93(2):351-4. Doi: http://dx.doi.org/10.1021/acs.jchemed.5b00555

46.  Mokhles M, Abd-Elzaher, Labib AA, Mousa HA, Moustafa SA, Ali MM, El-Rashedy AA. 
Synthesis, anticancer activity and molecular docking study of Schiff base complexes 
containing thiazole moiety. beni-suef university journal of basic and applied 
sciences. 2016;5:85-96. Doi: http://dx.doi.org/10.1016/j.bjbas.2016.01.001

47.  Shekari H, Kazempour A, Khoshalhan M Schiff base ligands and their transition metal 
complexes in the mixtures of ionic liquid + organic solvent: a thermodynamic study. 
Physical Chemistry Chemical Physics. 2015;3:1505-2276. Doi: https://doi.org/10.103 
9/C4CP04432K

48.  Kagatikar S, Suni D. Schiff Bases and Their Complexes in Organic Light Emitting 
Diode Application. Journal of Electronic Materials. 2021;50:6708-23. Doi: https://do 
i.org/10.1007/s11664-021-09197-9

49.  Rakytska T, Truba A, Radchenko E, Golub A. Manganese(II) Complexes with 
Schiff Bases Immobilized on Nanosilica as Catalysts of the Reaction of Ozone 

Decomposition. Nanoscale Research Letters. 2015;10:472-8. Doi: https://doi.org/10 
.1186/s11671-015-1179-6

50.  Al-Riyahee AAA, Hadadd HH, Jaaz BH. Novel Nickel (II), Copper (II) and Cobalt (II) 
complexes of Schiff bases A, D and E: Preparation, Identification, Analytical and 
Electrochemical Survey. Oriental Journal of chemistry 2018;34(6):292-4. Doi: http://d 
x.doi.org/10.13005/ojc/340632

51.  Mahmoud WA, Hassan ZM, Ali RW. Synthesis and spectral analysis of some metal 
complexes with mixed Schiff base ligands 1-[2-(2- hydroxybenzylideneamino) ethyl] 
pyrrolidine-2,5-dione (HL1) and (2-hydroxybenzalidine)glycine (HL 2). Journal of 
Physics: Conference Series. 2020;1660:1-6. Doi: http://dx.doi.org/10.1088/1742-6596 
/1660/1/012027

52.  Patil MK, Masand VH, Maldhure AK. Schiff Base Metal Complexes Precursor for Metal 
Oxide Nanomaterials: A Review. Current Nanoscience 2021;17(4):634-45. Doi: http:// 
dx.doi.org/10.2174/1573413716999201127112204

53.  Dalia SA, Afsan F, Hossain Md. S, Khan Md.N, Zakaria CM, Zahan Md. KE, et al. A short 
review on chemistry of schiff base metal complexes and their catalytic application. 
International Journal of Chemical Studies. 2018;6(3):2859-65.

54.  Uddin MN, Ahmed SS, Rahatul Alam SM. REVIEW: Biomedical applications of Schiff 
base metal complexes. Journal of Coordination Chemistry. 2020;73(23):1. Doi: http:// 
dx.doi.org/10.1080/00958972.2020.1854745

55.  Nara S, Garlapati A. Design, Synthesis and molecular docking study of hybrids 
of quinazolin-4 (3H)-one as anticancer agents. Ars Pharmaceutical (Internet). 
2018;59(3):121-31. Doi: http://dx.doi.org/10.30827/ars.v59i3.7360

Cite this article: Dinnimath BM, Palled MS, Sutar S, Tashildar S, Chavan U, Ganpule S. Developing New Organometal Complexes of Schiff Base Derivatives with 
Anticancer Potentials. Int. J. Pharm. Investigation. 2024;14(3):712-37.


