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Abstract: The present study reports the synthesis of a new quinoline Schiff base by condensing 2-

hydroxy-6-methoxyquinoline-3-carbaldehyde and Para-methylbenzenesulfonohydrazide.  Prepared 

Schiff base was further used to form metal complexes with copper, cobalt, cadmium, and nickel, metal 

salts. The structure of the prepared Schiff base and its metal complexes was proved through FTIR, 1H 

NMR, 13C NMR, ESR, ESI-MS, electronic spectra, elemental analysis, and TGA. Magnetic susceptibility 

values indicate that Cu(II), Co(II), and Ni(II) complexes were paramagnetic. The molar conductivity 

values reveal that the prepared compounds are non-electrolytic. The presence of N and O donor atoms 

in the ligand was confirmed by FTIR data. Further, these compounds were subjected to in vitro 

Antifungal, Antibacterial, and Cytotoxicity activity. The results showed that most of the prepared 

compounds exhibited excellent cytotoxicity activity against the human lung cancer cell line (A-549) 

compared to the standard drug paclitaxel. Hence, the present study proposed that all the synthesized 

Schiff base metal complexes have excellent biological activity and might act as potential anticancer 

agents. 
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I. INTRODUCTION 

Schiff bases are significant classes of chemical compounds that coordinate with different metal ions through the 

azomethine nitrogen. They have been extensively considered because of their wide role in the biological system 

[1]. The Schiff bases containing ONO donor atoms showed important biological activity, and they help to easily bind 

with transition and non-transition metal ions [2, 3]. The binding of organic moieties with cobalt, copper, cadmium, and 

nickel showed good results in the biological field [4]. The presence of the azomethine functional group in the metal 

complex was found to be important for biological activity. Various azomethines were known to have important 

anticancer [5], antifungal [6], antibacterial [7], and diuretic activities [8]. 

The Schiff bases having heterocyclic moieties have been a productive area of research work for a long period, and there 

is enormous literature on Schiff base complexes containing heterocyclic structures [9]. Among the heterocyclic 

compounds, the metal complexes derived from quinoline compounds are currently attracting more attention than the 

Schiff bases derived from other chemical classes; this is because of wide applications of quinoline in biological and 

pharmaceutical activities such as cytotoxicity [10], antimicrobial [11], antitubercular [12], antioxidant [13] and DNA 

binding study [14]. 

In our previous work [15, 16, 17, 18], the ligands,  (E)-N'-((2-hydroxyquinolin-3-yl) methylene)-4-

methylbenzenesulfonohydrazide, (E)-N'-((2-hydroxy-6-methylquinolin-3-yl) methylene)-4-

methylbenzenesulfonohydrazide, (E)-N'-((2-hydroxy-7-methylquinolin-3-yl) methylene)-4-

methylbenzenesulfonohydrazide and (E)-N'-((2-hydroxy-7-methoxy lquinolin-3-yl) methylene)-4-

methylbenzenesulfonohydrazide were synthesised. These ligands were further used for the preparation of metal 

complexes with Cu, Ni, Co, and Cd and screened for mycobacterial cytotoxicity, antifungal, antibacterial, and DNA 

binding studies. 
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In consideration of the above facts, this work is an extension of our work, including the preparation of the new 

Quinoline Schiff base and its metal complexes. The prepared compounds were subjected to in vitro antibacterial, 

antifungal, and cytotoxicity studies. 

 

Experimental section  

Reagents and instruments 

Metal salts, primary aromatic amines, and solvents were purchased from Molychem, Mumbai (India), and Sigma 

Aldrich chemicals (USA). The chemicals were of analytical grade and used as pure chemicals without further 

purification. 
13C NMR and 1H spectra of the ligand were recorded in d6-DMSO solvent on Bruker Avance 100 MHz and 400 MHz 

spectrometers, respectively, and tetramethylsilane (TMS) was used as internal standard.  FTIR spectra were recorded on 

a Nicolet iS10, Thermo Scientific, USA spectrophotometer using KBr pellets in the range of 4000–400 cm-1. Electronic 

spectra were recorded using a Cary 100 UV-Visible spectrophotometer. The magnetic moment was measured by the 

Gouy method at 25 0C temperature using the MKl Johnson Matthey model.   Thermo gravimetric analysis (TGA) was 

performed on a Mettler-Toledo instrument at a heating range 20 0C /min with a temperature range of 25 to 1000 0C. 

High-resolution Mass spectra were recorded on a Waters Micromass Q-Tof Micro with electrospray ionization (ESI) 

and atmospheric pressure chemical ionization (APCI) sources. Molar conductance was measured on a DDS-11C type 

Conductivity Bridge in DMSO solution at a concentration of 10-3 M. The ESR spectrum of Cu (II) complex was 

performed on a JES-FA200 ESR Spectrometer. CHNS analyses were performed on a FLASH EA 1112 series 

instrument. 

The experimental procedure for the synthesis of the ligand 

2-chloro-6-methoxyquinoline-3-carbaldehyde was synthesised from the starting material 4-methoxy aniline by 

acylation followed by Vilsmeier-Haack reaction as per the reported method [19]. The obtained product was further used 

for the preparation of 2-hydroxy-6-methoxyquinoline-3-carbaldehyde by refluxing 2-chloro-6-methoxyquinoline-3-

carbaldehyde (10 mmol) and H2O (1 mL) in acetic acid (5 mL) for 4h; then the reaction mass was transferred into ice-

cold water. The obtained product was filtered and washed with water. The crude product was purified in hot ethanol to 

obtain a corresponding pure product, 2-hydroxy-6-methoxyquinoline-3-carbaldehyde, as an intermediate. The obtained 

intermediate was further used for the formation of the corresponding ligand. A mixture of 2-hydroxy-6-

methoxyquinoline-3-carbaldehyde (1 mmol), Para-methylbenzenesulfonohydrazide (1 mmol), and acetic acid (5–10 

drops) in ethanol (10 mL) was placed in a round-bottom flask.  The mixture was refluxed at 80 °C for 4h. The progress 

of the reaction was checked by TLC.  The reaction mixture was transferred into crushed ice and extracted with ethyl 

acetate (2 × 15 mL).  The organic extracts were washed with brine solution (2 × 15 mL) and dried over anhydrous 

sodium sulfate.  The solvent was evaporated under reduced pressure to afford the corresponding crude compound. The 

obtained crude compound was recrystallised using ethanol. 
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Scheme 1. Synthesis of ligand, (E)-N'-((2-hydroxy-6-methoxyquinolin-3-yl) methylene)-4-

methylbenzenesulfonohydrazide. 
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Synthesis of metal complexes  

Preparation of metal complexes was performed by adding 25 mL hot ethanolic metal chloride solution (2.5 mmol) to 

the 25 mL hot ethanolic Schiff base solution (5 mmol) in 2ligand: 1metal proportion. The reaction mixture was stirred 

for 30 min., and then a few drops of 5% NaOH solution were added to maintain the basic pH of the reaction mixture. 

For the complete formation of complexes, the reaction mixture was refluxed for 4h. Coloured precipitate complexes 

were formed. The obtained product was filtered and washed with water and then with ethanol and dried in an oven for 

80 min. at 85 °C. 

N OH

N

(E) H
N

S

O

O

NO

N (E)

N
H

S

O

O

N O

N

(E) H
N

S

O

O

M

MCl2.XH2O

C2H5OH, 4h Rflux

2 eq.

M= Cu, Ni, Co, & Cd

H3C
O

H3CO

OCH3

Scheme 2 Synthesis of metal complexes 

 

Biological study  

Antibacterial study  

The minimum inhibitory concentration (MIC) of the ligand and its metal complexes was carried out by the broth 

dilution method [20-25]. DMSO used as a diluent served as a negative control test [26]. Two gram-negative bacteria, 

viz., Escherichia coli (MTCC 443) and Pseudomonas aeuruginosa (MTCC 1688), and two gram-positive bacteria, viz., 

Staphylococcus aureus (MTCC 96) and S. pyogenus (MTCC 442), were tested against prepared compounds with 

Chloramphenicol and Ampicillin as the standard reference drugs [21]. Serial dilutions of the ligand and its metal 

complexes were prepared in primary and secondary screening. The control plate with no prepared compounds and 

drugs was subcultured, spreading evenly over a plate suitable for the growth of selected bacterial pathogens, and kept 

overnight at 37 °C in the incubator. The MIC of the control bacterial strain was assessed to check the efficacy of the 

reference drug concentrations. The lowest concentration was recorded as the MIC. The amount of growth from the 

control plate before incubation was compared. Synthesised compounds were diluted to 2000 μg/mL concentration as a 

stock solution. In primary screening, 125, 250, and 500 μg/mL concentrations of synthesised compounds were used. 

The synthesised compounds found active in primary screening were further tested in the second set of dilutions against 

all selected pathogens. The particles found active in primary screening were diluted similarly to 100, 50, 25, 12.5, 

6.250, 3.125, and 1.5625 μg/mL concentrations. The MIC was considered for the dilution showing at least 99% 

inhibition. 

Antifungal study 

Antifungal activity of reported compounds was examined with fungal strains Aspergillus niger (MTCC 282), Candida 

albicans (MTCC 227), and A. clavatus (MTCC 1323) using the agar dilution method [19]. To determine MIC, a stock 

solution of the synthesised compounds was prepared in DMSO and then incorporated in a specified quantity of sterile 

molten dextrose agar. Inoculants were prepared by diluting the stock to 100 mL of the nutrient broth in 250 mL 

sterilised and clean conical flasks. The conical flasks were incubated at 27 °C for 24 h before the experiment. The plates 

were kept under aseptic conditions to allow the diffusion of the solution properly into the potato-dextrose agar medium. 

Then, the plates were incubated at 25 °C for 48 h. The highest dilution displaying at least 99% inhibition zone was 

taken as MIC against Griseofulvin and Nystatin standards. The triplicate analysis was performed to minimise errors. 
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Cytotoxicity 

The prepared compounds were studied for their cytotoxicity against the MCF-7 (Human breast cancer) and A-549 

(Human Lung cancer) cell lines by using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide] assay. 

These cells were seeded at a density of approximately 5×103 cells per well in a 96-well flat-bottom microtitre plate and 

maintained at 37 °C overnight in 95% humidity and 5% CO2. Different concentrations (50, 40, 30, 20, 10, 5 μM) of 

samples were treated, and the cells were incubated for the next 48 h. Then cells in the wells were washed twice with 

phosphate buffer saline (PBS), and 20 μL of the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5 2,5-diphenyltetrazolium 

bromide] staining solution (5 mgmL-1 in phosphate buffer saline) was added to each well, and the plate was incubated at 

37 °C. After 4 h, 100 μL DMSO was added to each well to dissolve the formant crystals. Absorbance was recorded at 

570 nm using a microplate reader.  

Paclitaxel was used as a standard drug during the activity check. Each reading was performed in three types for each 

concentration. Results are expressed as mean±standard deviation (n = 3). The percentage cell viability of the cells is 

calculated using the relation, 

               % Viability = (Mean OD of test compound/Mean OD of negative control) x 100 

                                        Inhibiting cells (%) = 100- Surviving cells. 

The IC50 was extrapolated from the dose-response curve. The synthesized compound concentration that reduced the 

viability of cells by 50% (IC50) was calculated by plotting triplicate data points over a concentration range and 

calculating the values using GraphPad Prism Ver. 5.1 program. 

 

II. RESULT AND DISCUSSION 
1H NMR of Ligand  

(DMSO-d6, δ ppm): 11.71 (s, 1H, NH), 11.37 (s, 1H, OH), 8.10 (s, 1H, Ar-H), 8.08 (s, 1H, Ar-H), 7.28-7.29 (d, H, Ar–

H, J = 7.5 Hz ), 7.70 (s, 1H, Ar–C=CH), 7.18-7.15 (d, 1H, Ar–H, J = 8 Hz ), 6.98-6.96 (d, 1H, Ar–H, J = 8 Hz ), 3.79 (s, 

3H, -OCH3) and 2.30 (s, 3H, –CH3);
 

13C NMR of Ligand: (100 MHz, DMSO-d6, δ ppm): 160.06, 155.77, 143.54, 142.21, 136.51, 134.67, 133.91, 129.67, 

127.46, 125.31, 121.02, 119.83, 117.97, 109.26, 56.65, and 21.52. 

 
Figure 1 1H NMR spectrum of ligand 
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FT-IR spectroscopy   

To determine the characteristic vibration bands between ligand and their metal complexes, all the prepared compounds 

were subjected to FT-IR spectra. The peak observed in the ligand at 1661 cm-1 was due to the azomethine ν (C=N) 

stretching, which was shifted to a lower wave value (1620-1632 cm-1) in the complexes indicating the participation of 

azomethine nitrogen in coordination with the metal ion (N-M) [27] .The phenolicν (O-M) stretching vibration band is 

observed at 1352 cm-1 in the free ligand. In metal complexes, this band appeared at a lower frequency, 1028-1082 cm-1 

region, confirming the participation of the phenolic group in complex formation [28]. The vibration bands for the SO2 

group in the free ligand molecule appeared at 1315 and 1185 cm-1 (ν asym (SO2)) and (ν sym (SO2)), respectively. In the 

metal complexes, the asymmetric and symmetric bands are shifted to 1217- 1235 and 1112-1123 cm-1, respectively, 

upon coordinating the central metal ion [28-31]. The additional peaks observed in metal complexes in the range of 459 

to 465 cm-1 were due to N-M bonding, and 506 to 512 cm-1 were due to O-M bonding [32-36]. Details of the peak are 

given in Table 1. 

Table 1 FT-IR stretching frequency of ligands and their metal complexes in cm-1 

Compounds ν C=N ν C-O ν  N-M ν O-M  ν asym (SO2) ν sym (SO2) 

Ligand 1661 1350 ------ ------- 1315 1185 

Cu-complex 1631 1053 465 508 1221 1114 

Ni-complex 1621 1082 465 512 1217 1115 

Co-complex 1622 1024 459 506 1235 1123 

Cd-complex 1630 1088 464 506 1223 1113 

Electronic spectra and magnetic moment  

All the prepared complexes were subjected to electronic spectra and magnetic moment. In electronic spectra, the 

transition bands for ligand were obtained at 322 and 370 nm; this transition is due to π→π* and n→π*, respectively. 

For metal complexes, these transition bands were shifted to higher wavelengths. For metal complexes (Cu, Ni, Co and 

Cd), transition bands are observed at 325 and 385, 349, and 396, 347, and 394, 357, and 394 nm, respectively. The 

shifting of the transition band at longer wavelengths in metal complexes was due to the coordination of the Schiff base 

with the central metal ion [37].  

The magnetic moment for Cu, Ni, and Co was calculated by using the Gouy balance at 25 °C. For the Cu complex, the 

magnetic moment was observed as 1.80 B.M., which is close to spin only value for the octahedral geometry of copper 

complexes [38]. The magnetic moment values for Ni and Co complexes were found to be 3.25 and 4.85 B.M., 

respectively, which is again equal to spin-only values for octahedral geometry for Ni and Co complexes [39, 40]. 

Details of the magnetic moment values are given in Table 2. 

Molar Conductivity: 

To determine the electrolytic nature of all complexes, molar conductivity was checked in DMSO solvent at 

concentrations of 10-3 M. The measured conductance values of complexes were in the range of 36–57 Ω-1 cm2 mol-1, 

representing the non-electrolytic character of the complexes [40]. It is also evidence for the absence of water molecules 

in the coordination sphere of the complexes [41]. Hence, the complex formed is in the ratio of 2:1(ligand: metal) as 

shown in Scheme 2 [42]. Details of the values are given in Table 2. 

Elemental analysis:  

Ligands and their metal complexes were subjected to elemental analysis. Practical calculated values for the elements of 

ligand and metal complexes were matched with theoretical values. A detail of the values is given in Table 2 

Table 2 Physical and analytical data of the ligand and its metal complexes 

Compounds  Yield 

in % 

M.P. 

in °C 

λm  (cm
2 

Ω
-1

mol
-1

) 

μeff 

(B.M.) 

Mol. 

Wt. 

Elemental Composition in % 

C N H S 

Ligand 78 222-224 …… ….. 371.41 58.18 

(58.21) 

11.36 

(11.31) 

4.45 

(4.61) 

8.78 

(8.63) 

Cu-complex 72 280-282 36 1.80 803.35 53.66 

(53.76) 

10.23 

(10.45) 

3.87 

(4.01) 

7.76 

(7.97) 
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Ni-complex 83 >300 38 3.25 799.50 54.07 

(54.08) 

10.44 

(10.51) 

3.90 

(4.03) 

8.20 

(8.02) 

Co-complex 68 >300 47 4.85 799.74 54.15 

(54.07) 

10.39 

(10.51) 

4.13 

(4.03) 

8.02 

(8.03) 

Cd-complex 81 >300 57 Dimag-

netic 

854.22 50.43 

(50.68) 

9.71 

(9.85) 

3.66 

(3.78) 

7.51 

(7.52) 

 

ESR Spectra: 

An ESR spectrum of the Cu complex was recorded in DMSO solvent at liquid nitrogen temperature (77K). It gives 

information about the environment around the central metal ion in the complex. The spectrum shows a highly intense 

band in the higher magnetic field. The hyperfine interaction that occurred for the complex was due to the interface with 

oxygen and nitrogen nuclei near copper ions [43]. The Hamiltonian parameter was used to calculate the ground state of 

the Cu complex. Details of the calculated values are given in Table 3. The obtained ց -value for the Cu complex is ց || 

2.225  and ց ┴  2.189. The obtained ց || and ց ┴ values are greater than ց  value for free electron 2.0023, which 

indicates that the complex is axially symmetrical with dx2-y2 ground state, which is characteristic of octahedral 

geometry [44]. 

Table3. ESR spectral data of Cu complex 

ց┴ ց|| ցavg. G   µ eff.  (BM) 

2.189 2.225 2.201 1.192 1.81 

 

 
Figure 2: ESR spectrum of Cu-complex 

Mass Spectra:  

Mass spectra provide important information about the molecular weight of the prepared compounds. The molecular ion 

peak of the ligand was observed at m/z= 372.04, which exactly matched its calculated molecular weight. In metal 
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complexes, the highest mass peaks were obtained at m/z= 802.77, 800.84, 800.80, and 855.39 for Cu, Ni, Co, and Cd 

complexes, respectively. The obtained mass peaks are equal to their corresponding molecular weight. Hence, the 

obtained mass spectra support the proposed structure of the compounds. All the mass spectra of the prepared 

compounds are given in the supplementary data file. 

 

TGA:  

Thermal analysis was performed to gain significant information about the thermal stability of the prepared metal 

complexes and decide whether the solvent molecules (if present) are inside or outside the inner coordination sphere of 

the metal [45–47]. The thermogram of the Cu-complex is shown in Figure 3. Table 4 is summarised with 

decomposition stages, temperature range, loss of weight (actual and calculated), and assignments of the loss fragments. 

The representative thermogram of the Cu complex is presented in detail. The thermogram of the Cu complex exhibited 

two decomposition stages. In stage first, the 35.36% weight loss (calculated 35.00%) was observed between the 

temperature range 180–460°C, which corresponds to the loss of the toluene side chain of the ligand moiety. In the 

second stage, 40.48% weight loss was observed (calculated 39.50%) in the temperature range 480–960°C, which 

represents the loss of quinoline moiety of the coordinated ligand molecule.  Lastly, 13.07% residue remains present 

(calculated 13.25%), which was due to a metal with an organic moiety. 

 
Figure 3 TGA of Cu-complex 

Table 4 Stepwise thermal decomposition study of metal complexes 

Complex Formula Decomposition 

Tem. (OC) 

weight loss in % Assignment  

Obsd Cald 

 

(C18H16N3O4S)2 Cu 

180-480 

480-960 

Residue 

35.36 

40.48 

13.07 

35.00 

39.50 

13.25 

C14H14O2S2 

C20H14N2O2 

C2H4O4Cu 

 

 

(C18H16N3O4S)2 Ni 

180-320 

340-580 

620-100 

Residue 

32.53 

20.81 

17.11 

21.47 

32.91 

21.27 

17.27 

22.65 

C11H9N3O3S  

C11H8NO 

C7H8N2 

C7H7O2Ni 
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(C18H16N3O4S)2 Co 

140-480 

500-1000 

Residue 

24.55 

33.68 

32.45 

24.90 

32.91 

31.65 

C11H9N3O 

C11H9N3O3S 

C7H7O4SCo 

 

(C18H16N3O4S)2 Cd 

180-280 

300-660 

Residue 

22.43 

29.70 

31.23 

23.06 

28.92 

31.01 

C8H9N3O2S 

C11H9N3O4 

C9H4OCd 

 

In-vitro cytotoxicity 

In-vitro cytotoxicity of ligand and its metal complexes was investigated against A-549 (Human Lung cancer) and MCF-

7(Human Breast cancer) cell lines, and results are tabulated in Table 5. Paclitaxel was used as the standard drug during 

the activity check. The ligand and its metal complexes showed inhibition of cell value IC50 in the range 43.10-58.47 μM 

for A-549 and 44.09-61.27 μM for MCF-7 cell lines. The ligand and its metal complexes exhibited higher activity 

against the A-549 cancer cell line and lower activity in the case of the MCF-7 cancer cell line compared to the 

standard.   

From the obtained results, it was observed that the prepared metal complexes were found to be more active than their 

corresponding ligand molecule. The order of activity of all prepared compounds against the A-549 cancer cell line is Ni 

> Cu > Co > Cd-complex > ligand. 

Table 5 shows the in vitro cytotoxicity data 

Sr. 

No. 

Compound IC50 values in μM 

A-549 MCF-7 

1 Ligand 57.47 61.25 

2 Cu-complex 45.55 55.49 

3 Ni-complex 43.13 44.07 

4 Co-complex 54.19 53.07 

5 Cd-complex 54.36 46.67 

6 Paclitaxel 69.545 30.7 

 

Antibacterial Activity: 

Both the ligand and its metal complexes formed from it displayed antibacterial activity against E. coli, P. aeruginosa, 

 S. aureus, and S. pyogenes with MICs less than 250 µg/ml. Experimental ligand displayed good antibacterial activity 

with the least MIC (12.5µg/ml) against P. aeruginosa than standard chloramphenicol (MIC= 50µg/ml) and ampicillin 

(MIC= 100 µg/ml). Ni-complex displayed MIC with the highest MIC value for S. aureus and S. pyogenes, and Cd-

complex for S. aureus. This was following the antibacterial activity displayed by standard ampicillin for S. aureus. 

Except for Cd and Cu complexes, formed complexes displayed better antibacterial activity than the ligand (MIC=125 

µg/ml) for S. pyogenes, but not like the standard chloramphenicol (MIC=50 µg/ml). Further, among experimental 

standards, chloramphenicol (MIC=50µg/ml) displayed better antibacterial activity than ampicillin (MIC=100 and 250 

µg/ml). 

Table 7Antibacterial Activity of ligand and its metal complexes [MIC in µg/ml] 

Sr. 

No 
Compound 

E.Coli P.Aeruginosa S.Aureus S.Pyogenus 

MTCC 443 MTCC 1688 MTCC 96 MTCC 442 

1 Ligand 25.1 12.4 52 127 

2 Cu-complex 101 124 62.52 100 

3 Ni-complex 126 50.1 252 250 

4 Co-complex 62 25.3 100 250 

5 Cd-complex 124.9 124 250 100 
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6 Ampicillin 100 100 250 100 

7 Chloramphenicol  50 50 50 50 

 

Antifungal Activity 

Both ligand and its metal complexes displayed antifungal activity against C.  albicans, A. niger, and A. clavatus but 

with moderate activity than experimental standards Nystatin and Griseofulvin (except from C.  albicanswith MIC 

500μg/ml). But what was notifying was the antifungal activity of the synthesised Cu-complex, which was found to be 

the least (MIC=110 μg/ml) than the experimental ligand (MIC=250μg/ml). Further, Cu-complex displayed antifungal 

activity almost near about to standard Nystatin and Griseofulvin, and thus poses its use as an antibiotic for further use. 

Table 8 Antifungal activity of the ligand and its metal complexes [MIC in mgmL-1] 

Sr. 

No. 
Compound 

C. albicans A. niger A. clavatus 

MTCC 227 MTCC 282 MTCC 1323 

1 
Ligand 

255 502 510 

2 Cu-complex 111 501 1000 

3 Ni-complex 501 >1000 >1000 

4 Co-complex 502 1000 1000 

5 Cd-complex 504 >1000 >1000 

6 Griseofulvin 500 100 100 

7 Nystatin 100 100 100 

 

III. CONCLUSION 

New Quinoline Schiff base and tits metal complexes were prepared and characterised by several analysis techniques. 

The prepared ligand and its metal complexes were tested for in vitro biological activity. The antibacterial screening 

results showed that the Cu-complex and Co metal complexes possessed good antifungal activity and antibacterial 

activity, respectively, compared to other metal complexes. Further, in vitro cytotoxicity studies showed that all metal 

complexes have excellent activity toward the human lung cancer cell line (A-549), compared to the standard drug 

Paclitaxel. Hence, it is concluded that prepared compounds possessed excellent cytotoxicity properties and could be 

used as potential leads for cancer treatment. 
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