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Abstract
In the present research work, four new heterocyclic Schiff base ligands (1–4) were 
synthesized by the condensation of 4-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)
phenol with salicylaldehyde derivatives in 1:1 molar ratio. The synthesized Schiff 
base ligands were allowed for complexation with Co(II), Ni(II), Cu(II), Zn(II) metal 
ions. The structure of the newly synthesized compounds (1–20) was elucidated with 
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the help of various spectral and physicochemical techniques. Spectroscopic data 
confirm the tridentate nature of ligands which coordinate to the metal via depro-
tonated oxygen, azomethine nitrogen and thiol sulphur. Conductivity data showed 
the non-electrolytic nature of complexes. Furthermore, the synthesized compounds 
were evaluated for their in-vitro antimicrobial activity against four pathogenic bac-
terial strains and two pathogenic fungal strains. The observed results of microbial 
activity reveals that compound 3 and its complexes (13–16) were found most potent 
against the pathogenic strains. In addition, the anticancer activity of all the synthe-
sized compounds was evaluated against human carcinoma cell lines i.e. HCT-116, 
DU145 and A549 using MTT assay. Among the tested compounds 12, 19, and 20 
were found to show promising potency against the cancer cell lines. To rationalize 
the preferred modes of interaction of most potent compounds with the active site of 
human EGFR protein (PDB id: 5XGM), molecular docking studies were performed.

Graphical abstract

Keywords Triazole Schiff base ligands · Metal complexes · Antimicrobial · 
Anticancer · Molecular docking · EDAX

Introduction

Cancer emerges as a serious health problem in all populations and ranks as the second 
most leading cause of death all over the world. The International Agency for Research 
on Cancer (IARC) in 2020 estimated 19.3 million new cancer cases and almost 10.0 
million cancer deaths worldwide [1]. The projected death toll due to cancer is increas-
ing at an alarming rate. It is estimated that 29.4 million people will have cancer in 2040 
(WHO, 2020) [2]. Recent studies have shown that cancer patients are more likely to be 
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infected with COVID-19 and serious side effects such as ARDS, liver injury, sepsis, 
renal insufficiency and myocardial injury are commonly observed in cancer patients 
with COVID‐19 [3]. The current therapeutic strategies used in the treatment of can-
cer involve chemotherapy, radiotherapy, surgery and immunotherapy either alone or 
in combination, but the constitutional treatment of cancer is based on chemotherapy 
which incorporates the use of various chemical entities of natural and synthetic origin 
[4]. The serendipitous discovery of cis-platin drug has established the importance of 
metal complexes in cancer cure [5]. But the clinical application of cis-platin is lim-
ited due to significant side effects such as bone marrow suppression, hearing problems, 
vomiting and kidney damage etc. [6, 7]. Therefore the development of novel metal-
based drugs with no toxicity or very less toxicity for the treatment of cancer is nowa-
days attracting the attention of biochemists.

The coordination chemistry of Schiff base ligands still evokes much current interest 
and possesses a variety of applications [8–14]. Furthermore, it is also reported that the 
activity of Schiff base ligands gets increased when administered as metal complexes 
[15]. Schiff base complexes possess remarkable properties which make these com-
pounds effective as stereospecific catalysts towards hydrolysis, oxidation, reduction and 
other transformations of inorganic and organic chemistry [16–20]. Heterocyclic ligands 
containing nitrogen as donor atom, especially 1,2,4-triazole have received much atten-
tion due to their huge applications in analytical chemistry [21–24]. 1,2,4-triazole pos-
sesses a wide variety of pharmacological activity including antimicrobial, anti-cancer, 
anti-diabetic, anti-tubercular, anxiolytics, anticonvulsants, etc. [25–30]. Schiff base 
ligands having triazole ring can be considered as “privileged structures” and are widely 
used due to their novel structural features. Transition metal complexes have effectively 
established them as good antimicrobial and anticancer agents [31, 32]. Therefore, the 
formation of transition metal chelates of triazole derived Schiff base ligands as new 
metallodrugs for the treatment of various diseases is found to have great potential.

Keeping in view the immense biological activity exhibited by 1,2,4-triazole motif 
and the potential chemistry of transition metals, we find it lively to join the chemis-
try of both moieties in a single molecular framework. In the recent study, we report 
the synthesis of some new Schiff base ligands derived from the condensation of 
4-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)phenol with salicylaldehyde deriva-
tives. Using these triazole containing Schiff base ligands Co(II), Ni(II), Cu(II), 
Zn(II) complexes were synthesized. Characterization of the synthesized compounds 
was done by 1H NMR, 13C NMR, FTIR, HRMS, XRD, ESR, TGA and SEM. The 
work was further extended to investigate the antimicrobial and anticancer activities 
of the synthesized compounds. Molecular docking studies on the most potent com-
pounds were carried out to check the binding conformations.

Experimental

Materials

The entire chemicals employed in this research work were procured from Sigma 
Aldrich. The chemicals viz., 3-ethoxysalicylaldehyde (97%), 5-bromosalicylaldehyde 
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(98%), 5-nitrosalicyladehyde (98%), 3,5-dibromosalicylaldehyde (98%), 4-hydroxy-
benzhydrazide (≥ 98%), Hydrazine hydrate (50–60%) and metal acetates solids i.e. 
Co(CH3COO)2·4H2O (98%), Ni(OCOCH3)2·4H2O (98%), Cu(CH3COO)2·H2O 
(≥ 98%), Zn(CH3COO)2·2H2O (≥ 98%) were used as such in the present study. The 
organic solvents were of analytical grade and used after drying with standard pro-
cedures [33]. The progress of the reaction and the purity of synthesized compounds 
were monitored regularly by TLC (thin layer chromatography).

Instrumentation

FTIR spectra were recorded on Perkin Elmer BX II spectrometer by using KBr 
matrix in the wavenumber range of 4000–400  cm−1. 1H and 13C NMR spectra of the 
compounds were recorded on Bruker Avance III (400 MHz) spectrometer by using 
DMSO as a solvent. Thermo Scientific FLASH 2000 CHN elemental analyser was 
used for calculating the percentages of C, H, and N. Melting points were measured 
by the capillary method using Thermo scientific apparatus and were reported uncor-
rected. Molar conductance was measured in DMF by utilising Systronics conduc-
tivity type bridge model-306. The mass spectra were obtained using SCIEX Triple 
TOF 5600 instrument by using methanol and DMSO as a solvent. The absorption 
spectra were recorded in DMF on a Varian cary-5000 spectrometer at room tem-
perature. The X-ray analysis was carried out using a Rigaku table top X-ray diffrac-
tometer with a scan rate of 2  min−1 in the 2θ range of 10°–80°. TGA was recorded 
using SDT Q600 instrument at a heating rate of 0.1 to 100  °C/min. The electron 
spin resonance (ESR) studies of copper complexes were carried out on JES-FA200 
spectrometer using tetracyanoethylene (TCNE) as an internal standard. Scanning 
electron microscopy (SEM) with energy dispersive X-ray analysis (EDAX) was car-
ried out on a JEOL 7610F plus instrument and the micrographs were recorded in a 
dynamic nitrogen atmosphere.

Synthesis

Synthesis of 4‑(4‑amino‑5‑mercapto‑4H‑1,2,4‑triazol‑3‑yl)phenol precursor

The precursor was prepared as per the earlier reported method (Sahoo et al.) [34]. 
The identity of the synthesized compound was established after comparing its spec-
tral data with the literature reported values.

Synthesis of Schiff base ligands (1–4)

To a methanolic solution of 4-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)phenol 
(0.624 g, 3 mmol) was added 3-ethoxysalicylaldehyde (0.498 g, 3 mmol)/5-bromo-
salicylaldehyde (0.603  g, 3  mmol)/5-nitrosalicylaldehyde (0.624  g, 3  mmol)/3,5-
dibromosalicylaldehyde (0.839  g, 3  mmol) (Scheme  1). The reaction mixture 
was refluxed for 4–5 h at room temp. The progress of the reaction was monitored 
regularly by TLC. The coloured products so obtained were filtered, dried and 
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recrystallized with the mixture of methanol and chloroform (1:1, v/v) to obtain pure 
products.

2-ethoxy-6-(((3-(4-hydroxyphenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)
methyl)phenol, HL1 (1) Pale yellow, Yield: 81%, M.p.: 94–96  °C, Conductivity 
 (Ohm−1  cm2   mol−1) in DMF: 14.09, Anal. calcd for  C17H16N4O3S (%): C: 57.29, 
H: 4.52, N: 15.72, Anal. found (%): C: 57.02, H: 4.32, N: 15.16. HRMS m/z: calcd 
for  C17H17N4O3S [M +  H]+: 357.1016, found: 357.1021. 1H NMR (400  MHz, 
DMSO) δ: 14.04 (s, 1H, S–H), 10.10 (s, 1H, O–Hb), 9.93 (s, 1H, O–Ha), 9.67 (s, 1H, 
CH=N), 7.70 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 7.5 Hz, 1H), 
7.17 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.1 Hz, 2H), 4.17 (q, J = 8 Hz, 2H,  CH2), 1.52 
(t, J = 8.0 Hz, 3H,  CH3). 13C NMR (100 MHz, DMSO) δ: 163.71, 162.38, 160.02, 

Compound. No. R1 R2 M(II)
1. OCH2CH3 H -
2. H Br -
3. H NO2 -
4. Br Br -
5. OCH2CH3 H Co
6. OCH2CH3 H Ni
7. OCH2CH3 H Cu
8. OCH2CH3 H Zn
9. H Br Co
10. H Br Ni
11. H Br Cu
12. H Br Zn
13. H NO2 Co
14. H NO2 Ni
15. H NO2 Cu
16. H NO2 Zn
17. Br Br Co
18. Br Br Ni
19. Br Br Cu
20. Br Br Zn

Scheme 1  Synthesis of Schiff base ligands (1–4) and their transition metal complexes (5–20) (i) metha-
nol, reflux, 4–5 h. (ii) methanol, metal acetates, stirring, 2–3 h
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149.28, 149.03, 147.81, 130.46, 120.04, 119.74, 119.05, 117.20, 116.63, 115.93, 
64.83, 15.02. IR (KBr,  cm−1): 3288 (O–Hb), 3121 (O-Ha), 2362 (S–H), 1603 (C=N).

4-bromo-2-(((3-(4-hydroxyphenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)
methyl)phenol, HL 2 (2) Orange, Yield: 79%, M.p.: 97–99 °C, Conductivity  (Ohm−1 
 cm2   mol−1) in DMF: 13.53. Anal. calcd for  C15H11BrN4O2S (%): C: 46.05, H: 
2.83, N: 14.32, Anal. found (%): C: 46.01, H: 2.62, N: 14.29. HRMS m/z: calcd 
for  C15H12BrN4O2S [M +  H]+: 390.9859, found: 390.9889. 1H NMR (400  MHz, 
DMSO) δ: 14.04 (s, 1H, S–H), 10.83 (s, 1H, O–Hb), 10.11 (s, 1H, O–Ha), 9.96 (s, 
1H, CH=N), 7.89 (d, J = 2.1  Hz, 1H), 7.68 (d, J = 8.7  Hz, 2H), 7.59 (dd, J = 8.8, 
2.4 Hz, 1H), 6.99 (s, 1H), 6.89 (d, J = 8.7 Hz, 2H). 13C NMR (100 MHz, DMSO) 
δ: 162.31, 161.03, 160.07, 158.13, 149.49, 136.99, 130.59, 129.20, 121.01, 119.55, 
116.53, 115.92, 111.33. IR (KBr,  cm−1): 3275 (O-Hb), 3166 (O–Ha), 2363 (S–H), 
1615 (C=N).

2-(((3-(4-hydroxyphenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)methyl)-4-ni-
trophenol, HL3 (3) Yellow, Yield: 87%, M.p.: 100–102 °C, Conductivity  (Ohm−1 
 cm2   mol−1) in DMF: 13.97. Anal. calcd for  C15H11N5O4S (%): C: 50.42, H: 3.10, 
N: 19.60, Anal. found (%): C: 50.29, H: 3.09, N: 19.07. HRMS m/z: calcd for 
 C15H12N5O4S [M +  H]+: 358.0605, found: 358.0629. 1H NMR (400 MHz, DMSO) 
δ: 14.08 (s, 1H, S–H), 12.09 (s, 1H, O–Hb), 10.21 (s, 1H, O–Ha), 10.12 (s, 1H, 
CH=N), 8.64 (d, J = 2.9 Hz, 1H), 8.30 (dd, J = 9.1, 2.9 Hz, 1H), 7.70 (d, J = 8.8 Hz, 
2H), 7.18 (d, J = 9.2 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, DMSO) 
δ: 164.07, 162.27, 160.11, 159.38, 149.67, 140.47, 130.70, 129.51, 123.08, 119.60, 
117.91, 116.47, 115.91. IR (KBr,  cm−1): 3297 (O–Hb), 3135 (O–Ha), 2364 (S–H), 
1610 (C=N).

 2,4-dibromo-6-(((3-(4-Hydroxyphenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)
methyl)phenol,  HL4 (4) Yellow, Yield: 82%, M.p.: 93–95 °C, Conductivity  (Ohm−1 
 cm2   mol−1) in DMF: 12.98. Anal. calcd for  C15H10Br2N4O2S (%): C: 38.32, H: 
2.14, N: 11.92, Anal. found (%): C: 38.20, H: 2.08, N: 11.86. HRMS m/z: calcd 
for  C15H11Br2N4O2S [M +  H]+: 468.8964, found: 468.8997. 1H NMR (400  MHz, 
DMSO) δ: 14.14 (s, 1H, S–H), 12.28 (s, 1H, O–Hb), 10.15 (s, 1H, O–Ha), 10.00 (s, 
1H, CH=N), 8.02 (d, J = 2.4 Hz, 1H), 7.91 (d, J = 2.4 Hz, 1H), 7.66 (d, J = 8.8 Hz, 
2H), 6.90 (d, J = 8.8  Hz, 2H). 13C NMR (100  MHz, DMSO) δ: 163.01, 162.57, 
160.19, 154.87, 149.47, 138.86, 130.98, 130.59, 122.28, 116.23, 116.03, 113.76, 
111.88. IR (KBr,  cm−1): 3241 (O–Hb), 3130 (O–Ha), 2363 (S–H), 1609 (C=N).

Synthesis of transition metal complexes (5–20)

The metal complexes (5–20) were prepared by combining hot methanolic solution 
(20 mL) of synthesized Schiff base ligands (1–4) with a methanolic solution (20 mL) 
of metal acetates in 1:1 molar ratio. The reaction mixture was stirred vigorously for 
2–3 h at room temperature. The different coloured products so obtained were filtered 
and finally dried over vacuum to obtain pure complexes (Scheme 1).
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Co(L1)(H2O)(CH3COO) (5) Light red, Yield: 70%, M.p.: 160–163 °C, Conduc-
tivity  (Ohm−1  cm2  mol−1) in DMF: 13.05. Anal. calcd for  C19H20CoN4O6S (%): C: 
46.44, H: 4.10, N: 11.40, Anal. found (%): C: 46.40, H: 4.01, N: 11.29. HRMS m/z: 
calcd for  C19H21CoN4O6S [M +  H]+: 492.0508, found: 492.0514. IR (KBr,  cm−1): 
3422 (O–Ha, M–H2O), 2347 (S–H), 1745 (M–CH3COO), 1593 (C=N), 525 (M–N), 
475 (M–O), 435 (M–S).

Ni(L1)(H2O)(CH3COO) (6) Brown, Yield: 72%, M.p.: 170–172 °C, Conductivity: 
 (Ohm−1  cm2  mol−1) in DMF: 12.76. Anal. calcd for  C19H20NiN4O6S (%): C: 46.46, 
H: 4.10, N: 11.41, Anal. found (%): C: 46.34, H: 3.79, N: 11.11. HRMS m/z: calcd 
for  C19H21NiN4O6S [M +  H]+: 491.0530, found: 491.0520. IR (KBr,  cm−1): 3393 
(O–Ha, M–H2O), 2345 (S–H), 1736 (M–CH3COO), 1593 (C=N), 539 (M–N), 482 
(M–O), 440 (M–S).

Cu(L1)(H2O)(CH3COO) (7) Dark brown, Yield: 69%, M.p.: 165–168 °C, Con-
ductivity:  (Ohm−1  cm2  mol−1) in DMF: 14.5. Anal. calcd for  C19H20CuN4O6S (%): 
C: 46.01, H: 4.06, N: 11.30, Anal. found (%): C: 45.98, H: 3.86, N: 11.30. HRMS 
m/z: calcd for  C19H21CuN4O6S [M +  H]+: 496.0472, found: 496.0436. IR (KBr, 
 cm−1): 3422 (O–Ha, M–H2O), 2346 (S–H), 1743 (M–CH3COO), 1595 (C=N), 533 
(M–N), 471 (M–O), 431 (M–S).

Zn(L1)(H2O)(CH3COO) (8) Pale yellow, Yield: 75%, M.p.: 164–166 °C, Con-
ductivity:  (Ohm−1  cm2  mol−1) in DMF: 13.79, Anal. calcd for  C19H20ZnN4O6S (%): 
C: 45.84, H: 4.05, N: 11.25, Anal. found (%): C: 45.22, H: 3.83, N: 11.21. HRMS 
m/z: calcd for  C19H21ZnN4O6S [M +  H]+: 497.0468, found: 497.0316. 1H NMR 
(400 MHz, DMSO) δ: 13.05 (s, 1H, S–H), 9.89 (s, 1H, O–Ha), 8.09 (s, 1H, CH=N), 
7.79 (d, J = 8.3  Hz, 2H), 7.31 (d, J = 2.4  Hz, 1H), 7.03 (dd, J = 8.6, 7.1  Hz, 1H), 
6.88 (d, J = 8.4  Hz, 2H), 6.68 (d, J = 7.4  Hz, 1H), 3.93 (q, J = 7.5  Hz, 2H,  CH2), 
1.85 (s, 3H,  CH3COO), 1.21 (t, J = 8 Hz, 3H,  CH3). 13C NMR (100 MHz, DMSO) 
δ: 172.72, 164.34, 162.65, 161.31, 151.34, 149.41, 148.51, 130.72, 122.91, 120.91, 
119.25, 117.69, 116.79, 116.09, 65.04, 22.21, 15.34. IR (KBr,  cm−1): 3421 (O–Ha, 
M–H2O), 2344 (S–H), 1743 (M–CH3COO), 1596 (C=N), 538 (M–N), 485 (M–O), 
436 (M–S).

Co(L2)(H2O)(CH3COO) (9) Orange red, Yield: 73%, M.p.: 180–182 °C, Conduc-
tivity:  (Ohm−1  cm2  mol−1) in DMF: 12.02, Anal. calcd for  C17H15BrCoN4O5S (%): 
C: 38.80, H: 2.87, N: 10.65, Anal. found (%): C: 38.67, H: 2.65, N: 10.65, HRMS 
m/z: calcd for  C17H16BrCoN4O5S [M +  H]+: 525.9351, found: 525.8321, IR (KBr, 
 cm−1): 3400 (O–Ha, M–H2O), 2349 (S–H), 1730 (M–CH3COO), 1602 (C=N), 530 
(M–N), 458 (M–O), 430 (M–S).

Ni(L2)(H2O)(CH3COO) (10) Dark red, Yield: 71%, M.p.: 165–168 °C, Conduc-
tivity:  (Ohm−1  cm2  mol−1) in DMF: 14.7, Anal. calcd for  C17H15BrNiN4O5S (%): C: 
38.82, H: 2.87, N: 10.65, Anal. found (%): C: 38.81, H: 2.09, N: 10.41. HRMS m/z: 
calcd for  C17H16BrNiN4O5S [M +  H]+: 524.9373, found: 524.9300. IR (KBr,  cm−1): 
3400 (O–Ha, M–H2O), 2349 (S–H), 1746 (M–CH3COO), 1604 (C=N), 533 (M–N), 
464 (M–O), 431 (M–S).

Cu(L2)(H2O)(CH3COO) (11) Brown red, Yield: 70%, M.p.: 174–176˚C, Conduc-
tivity:  (Ohm−1  cm2  mol−1) in DMF: 13.16, Anal. calcd for  C17H15BrCuN4O5S (%): 
C: 38.46, H: 2.85, N: 10.55, Anal. found (%): C: 38.01, H: 2.69, N: 10.49. HRMS 
m/z: calcd for  C17H16BrCuN4O5S [M +  H]+: 529.9315, found: 529.9293. IR (KBr, 
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 cm−1): 3377 (O–Ha, M–H2O), 2346 (S–H), 1740 (M–CH3COO), 1603 (C=N), 529 
(M–N), 462 (M–O), 438 (M–S).

Zn(L2)(H2O)(CH3COO) (12) Yellow, Yield: 76%, M.p.: 182–184 °C, Conduc-
tivity:  (Ohm−1  cm2  mol−1) in DMF: 12.61. Anal. calcd for  C17H15BrZnN4O5S (%): 
C: 38.33, H: 2.84, N: 10.52, Anal. found (%): C: 38.02, H: 2.35, N: 10.47. HRMS 
m/z: calcd for  C17H16BrZnN4O5S [M +  H]+: 530.9311, found: 530.9233. 1H NMR 
(400 MHz, DMSO) δ: 13.11 (s, 1H, S–H), 9.94 (s, 1H, O–Ha), 8.07 (s, 1H, CH=N), 
7.85 (d, J = 3.4  Hz, 1H), 7.59 (d, J = 8.6  Hz, 2H), 7.28 (dd, J = 8.2, 3.5  Hz, 1H), 
6.89 (d, J = 8.5 Hz, 2H), 6.63 (d, J = 8.1 Hz, 1H), 1.81 (s, 3H). 13C NMR (100 MHz, 
DMSO) δ: 173.08, 163.61, 162.04, 160.22, 159.44, 149.77, 137.34, 130.70, 129.94, 
122.32, 119.87, 116.98, 116.24, 112.72, 22.99. IR (KBr,  cm−1): 3412 (O–Ha, 
M–H2O), 2349 (S–H), 1749 (M–CH3COO), 1607 (C=N), 533 (M–N), 488 (M–O), 
447 (M–S).

Co(L3)(H2O)(CH3COO) (13) Dark green, Yield: 71%, M.p.: 160–162 °C, Con-
ductivity:  (Ohm−1  cm2  mol−1) in DMF: 13.14. Anal. calcd for  C17H15CoN5O7S (%): 
C: 41.47, H: 3.07, N: 14.22, Anal. found (%): C: 41.38, H: 2.59, N: 14.11. HRMS 
m/z: calcd for  C17H16CoN5O7S [M +  H]+: 493.0097, found: 493.0079. IR (KBr, 
 cm−1): 3411 (O–Ha, M–H2O), 2343 (S–H), 1735 (M–CH3COO), 1605 (C=N), 539 
(M–N), 456 (M–O), 427 (M–S).

Ni(L3)(H2O)(CH3COO) (14) Green, Yield: 74%, M.p.: 163–165 °C, Conductiv-
ity:  (Ohm−1  cm2   mol−1) in DMF: 13.56. Anal. calcd for  C17H15NiN5O7S (%): C: 
41.49, H: 3.07, N: 14.23, Anal. found (%): C: 41.38, H: 2.89, N: 14.14. HRMS m/z: 
calcd for  C17H16NiN5O7S [M +  H]+: 492.0118, found: 492.0092. IR (KBr,  cm−1): 
3404 (O–Ha, M–H2O), 2350 (S–H), 1751 (M–CH3COO), 1604 (C=N), 524 (M–N), 
463 (M–O), 431 (M–S).

Cu(L3)(H2O)(CH3COO) (15) Dark brown, Yield: 66%, M.p.: 178–180 °C, Con-
ductivity:  (Ohm−1  cm2   mol−1) in DMF: 14.07, Anal. calcd for  C17H15CuN5O7S 
(%): C: 41.09, H: 3.04, N: 14.09, Anal. found (%): C: 41.09, H: 2.49, N: 14.07. 
HRMS m/z: calcd for  C17H16CuN5O7S [M +  H]+: 497.0061, found: 497.0048. 
IR (KBr,  cm−1): 3402 (O–Ha, M–H2O), 2351 (S–H), 1753 (M–CH3COO), 1604 
(C=N), 511 (M–N), 467 (M–O), 434 (M–S).

Zn(L3)(H2O)(CH3COO) (16) Light yellow, Yield: 72%, M.p.: 171–173 °C, Con-
ductivity:  (Ohm−1  cm2   mol−1) in DMF: 14.22. Anal. calcd for  C17H15ZnN5O7S 
(%): C: 40.94, H: 3.03, N: 14.04, Anal. found (%): C: 40.93, H: 2.67, N: 14.01. 
HRMS m/z: calcd for  C17H16ZnN5O7S [M +  H]+: 498.0056, found: 498.0053. 1H 
NMR (400 MHz, DMSO) δ: 13.22 (s, 1H, S–H), 10.09 (s, 1H, O–Ha), 8.38 (s, 
1H, CH=N), 7.97 (d, J = 8.5  Hz, 1H), 7.84 (dd, J = 8.2, 4.1  Hz, 1H), 7.43 (d, 
J = 8.2 Hz, 2H), 6.86 (d, J = 8.9 Hz, 2H), 6.60 (d, J = 8.1 Hz, 1H), 1.82 (s, 3H). 
13C NMR (100 MHz, DMSO) δ: 175.38, 167.13, 165.39, 163.66, 161.40, 149.88, 
141.60, 137.53, 130.81, 129.83, 120.06, 118.63, 116.80, 116.28, 22.78. IR (KBr, 
 cm−1): 3410 (O–Ha, M–H2O), 2344 (S–H), 1736 (M-CH3COO), 1607 (C=N), 
516 (M–N), 496 (M–O), 429 (M–S).

Co(L4)(H2O)(CH3COO) (17) Green, Yield: 73%, M.p.: 177–179 °C, Conduc-
tivity:  (Ohm−1  cm2   mol−1) in DMF: 14.7. Anal. calcd for  C17H14Br2CoN4O5S 
(%): C: 33.74, H: 2.33, N: 9.26, Anal. found (%): C: 33.57, H: 2.09, N: 9.01. 
HRMS m/z: calcd for  C17H15Br2CoN4O5S [M +  H]+: 602.8384, found: 602.8380. 
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IR (KBr,  cm−1): 3368 (O–Ha, M–H2O), 2342 (S–H), 1742 (M–CH3COO), 1596 
(C=N), 537 (M–N), 480 (M–O), 441 (M–S).

Ni(L4)(H2O)(CH3COO) (18) Brown, Yield: 76%, M.p.: 163–165 °C, Conduc-
tivity:  (Ohm−1  cm2   mol−1) in DMF: 13.09. Anal. calcd for  C17H14Br2NiN4O5S 
(%): C: 33.76, H: 2.33, N: 9.26, Anal. found (%): C: 33.54, H: 2.12, N: 9.27. 
HRMS m/z: calcd for  C17H15Br2NiN4O5S [M +  H]+: 602.8478, found: 602.8464. 
IR (KBr,  cm−1): 3399 (O–Ha, M–H2O), 2348 (S–H), 1759 (M–CH3COO), 1596 
(C=N), 536 (M–N), 457 (M–O), 428 (M–S).

Cu(L4)(H2O)(CH3COO) (19) Brown red, Yield: 73%, M.p.: 162–164 °C, Con-
ductivity:  (Ohm−1  cm2  mol−1) in DMF: 14.08. Anal. calcd for  C17H14Br2CuN4O5S 
(%): C: 33.49, H: 2.31, N: 9.19, Anal. found (%): C: 33.02, H: 2.02, N: 9.01. 
HRMS m/z: calcd for  C17H15Br2CuN4O5S [M +  H]+: 607.8420, found: 607.8357. 
IR (KBr,  cm−1): 3432 (O–Ha, M–H2O), 2346 (S–H), 1745 (M–CH3COO), 1596 
(C=N), 533 (M–N), 469 (M–O), 432 (M–S).

Zn(L4)(H2O)(CH3COO) (20) Orange yellow, Yield: 78%, M.p.: 167–169 
°C, Conductivity:  (Ohm−1  cm2   mol−1) in DMF: 12.05. Anal. calcd for 
 C17H14Br2ZnN4O5S (%): C: 33.39, H: 2.31, N: 9.16, Anal. found (%): C: 33.21, 
H: 2.12, N: 9.11. HRMS m/z: calcd for  C17H15Br2ZnN4O5S [M +  H]+: 608.8416, 
found: 608.7999. 1H NMR (400 MHz, DMSO) δ: 13.13 (s, 1H, S–H), 10.00 (s, 
1H, O–Ha), 8.18 (s, 1H, CH=N), 7.76 (d, J = 2.8  Hz, 1H), 7.64 (d, J = 2.5  Hz, 
1H), 7.58 (d, J = 8  Hz, 2H), 6.89 (d, J = 8.2  Hz, 2H), 1.84 (s, 3H). 13C NMR 
(100 MHz, DMSO) δ: 173.75, 163.84, 163.21, 160.76, 157.10, 149.57, 138.86, 
130.98, 130.59, 122.93, 116.23, 116.03, 113.99, 112.54, 24.28. IR (KBr,  cm−1): 
3422 (O–Ha, M–H2O), 2346 (S–H), 1739 (M–CH3COO), 1598 (C=N), 533 
(M–N), 458 (M–O), 430 (M–S).

Pharmacology

Antimicrobial activity assay

The in-vitro antimicrobial activity of all the synthesized compounds (1–20) was 
assessed against four bacterial strains and two fungal strains. Norfloxacin and Flu-
conazole were used as positive control for bacteria and fungi [35]. DMSO was used 
as a negative control. The synthesized compounds were assessed against two Gram-
positive bacteria Bacillus subtilis (NCIM 2063) and Staphylococcus aureus (MTCC 
2901), two Gram-negative bacteria Pseudomonas aeruginosa (MTCC 424) and 
Escherichia coli (MTCC 732). The antifungal activity was assessed against two fun-
gal strains namely Aspergillus niger (MTCC 9933) and Candida albicans (MTCC 
227). The pathogens were collected from the Department of Bio and Nano Technol-
ogy, GJUS&T, Hisar.



712 Y. Deswal et al.

1 3

Compounds concentration

The stock solutions of concentration 1000 µg/mL were prepared by dissolving 5 mg 
of the sample compounds in 5  mL of DMSO. 1  mL of the above prepared stock 
solution was mixed with 9 mL of DMSO to get a stock solution of concentration 
100 µg/mL [36].

Subculture and preservation of pathogens

The bacteria were subcultured on the NB (nutrient broth) and the fungi were sub-
cultured on the PDB (potato dextrose broth) which were prepared by dissolving NB 
(1.3  g) and PDB (2.4  g) in 100  mL of distilled water. The resulting mixture was 
autoclaved at 15 psi for 30 min. The prepared cultures were incubated at 37 °C for 
24 h in case of antibacterial culture and at 27 °C for seven days in case of antifungal 
culture [35].

Determination of MIC values

The serial dilution method was employed for carrying out the antimicrobial activity 
[37–40]. In this method, 1 mL of stock solution was added to the test tube containing 
1 mL of broth and diluted serially up to 3.125 µg/mL concentrations. After dilution, 
the subcultured bacteria and fungi were impregnated in each test tube. Then, the 
test tubes were kept in an incubator for a fixed time to develop the culture. Patho-
gens growth was checked visually and spectrophotometrically. The MICs (minimum 
inhibitory concentration) value for tested compounds was determined. The obtained 
values were compared to those of reference drugs. The overall process was repeated 
twice to obtain more accurate and precise results.

Anticancer activity assay

The in-vitro anticancer activity of the synthesized compounds (1–20) was assessed 
on the basis of measurement of inhibition of cell lines in 96-well microtitre plates 
by cell mediated reduction of tetrazolium salt to water insoluble formazan crys-
tals using Paclitaxel as a standard. The cytotoxic evaluation was performed against 
a panel of three cell lines namely: HCT-116 (ATCC No. CCL-247) derived from 
human colon cancer cell line, DU145 (ATCC No. HTB-81) derived from human 
prostate cancer cell line, A549 (ATCC No. CCL-185) derived from human alveo-
lar adenocarcinoma epithelial cell line, using the MTT assay [41]. To study the 
effects of synthesized compounds on the viability of human cancer cell lines, the 
absorbance was noted at 595 nm using a micro plate reader (InfiniteM200, Tecan, 
Mannedorf, Switzerland). The effect of test samples on the procreation of cells was 
expressed in the form of % inhibition and is calculated as
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From the dose–response curves,  IC50 values of the compounds were reported as 
average of three independent experiments. The  IC50 value is expressed in the form 
of mean ± standard deviation.

Molecular docking

The crystal structure of the human epidermal growth factor receptor (EGFR) was 
retrieved from the RCSB protein data bank (https:// www. rcsb. org) and was encoded 
with PDB code 5XGM [42]. The complexes bound to the receptor, such as non-
essential water molecules and any inhibitors were removed before the docking run. 
Hex 8.0.0 which is an interactive molecular graphics program (http:// www. loria. fr) 
and is used to perform rigid docking to compute possible interactions of 5XGM pro-
tein with potent compounds. During docking the following parameters were used: 
correlation type − shape + electrostatics, FFT mode—3D, post processing- mm ener-
gies, grid dimension − 0.6, receptor range − 180, ligand range − 180, twist range 
− 360, distance range − 40. After docking, the detailed protein–ligand visualization 
and comparison of the docked sites of target proteins and ligands were done by Chi-
mera 1.14 and Ligplot software [43, 44].

Results and discussion

Chemistry

Schiff base ligands (1–4) were synthesized by the condensation of 4-(4-amino-
5-mercapto-4H-1,2,4-triazol-3-yl)phenol with salicylaldehyde derivatives. The solid 
products so obtained have different colours owing to the presence of a chromophoric 
group in the molecule. Moreover, the treatment of synthesized compounds with 
corresponding metal acetates leads to formation of new complexes (5–20). Various 
spectral  (1H, 13C NMR, FTIR and HRMS) and physicochemical techniques (XRD, 
ESR, TGA and SEM) were utilised for the characterization of synthesized com-
pounds. The synthesized complexes (5–20) are coloured solids which are soluble 
in polar aprotic solvents like DMF, DMSO. The melting point of synthesized com-
plexes was higher than those of Schiff base ligands, which means the complexes are 
more stable as compared to ligands. The molar conductivity values of synthesized 
compounds lie  between 12 - 15  (Ohm−1  cm2  mol−1), which indicate that the com-
plexes are non-electrolytic in nature.

FTIR spectra

The FTIR spectra of synthesized compounds (1–20) were recorded over the 
wavenumber range of 4000–400   cm−1. Comparison between infrared absorption 

% Inhibition =
{(

Abscontrol− Abssample

)

∕
(

Abscontrol
)}

× 100

https://www.rcsb.org
http://www.loria.fr
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frequencies of ligands and their respective metal complexes helps in understanding 
the binding modes of the ligand with the metal. The most explicit IR bands recorded 
for the synthesized compounds with the probable assignment are given in Table 1. 
The band appearing at 1615–1603   cm−1 in the IR spectra of ligands is due to 
ν(C=N) group which shifted to lower frequency region 1607–1593  cm−1 on compl-
exation with metal atom, these shifting in spectra justified that lone pair of nitrogen 
is involved in bonding with the metal centre [45–47]. A band at 3297–3241   cm−1 
is observed due to ν(O–Hb) group which gets disappeared in complexes due to 
deprotonation of phenolic O–H on complexation with the metal atom. The bands 
appearing in ligands in the range of 2364–2362  cm−1 are due to ν(S–H) group [48] 
which gets shifted to slightly lower values in complexes, due to the participation of 
sulphur in bonding with the metal atom. Thiol sulphur coordinates to metal with-
out deprotonation. Some new bands appears at 496–456  cm−1 [due to ν(M–O)] and 
447–427  cm−1 [due to ν(M-S)] [49]. The coordinated acetate molecule in complexes 
was ascertained by the presence of a band in the range of 1759–1730   cm−1 [50]. 
A new broad band near 3432–3368   cm−1 in complexes is due to the coordinated 
water molecule and ν(O–Ha) group. Furthermore, some new bands in complexes 
were observed in the range 539–511  cm−1 which are due to ν(M–N) [51]. The above 
results imply that ligands behave in a tridentate manner and the metal  complexes 
have pentacoordinated geometry.

Table 1  Characteristic IR bands  (cm−1) for the compounds (1–20)

Compound. 
no.

ν(O–Ha/O–
Hb)

ν(C=N) ν(S–H) ν(M–N) ν(M–O) ν(M–S) ν(M–
CH3COO)

ν(O–Ha/M–
H2O)

1 3122, 3288 1603 2362 – – – – –
2 3166, 3275 1615 2363 – – – – –
3 3135, 3297 1610 2364 – – – – –
4 3130, 3241 1609 2363 – – – – –
5 – 1593 2347 525 475 435 1745 3422 br
6 – 1593 2345 539 482 440 1736 3393 br
7 – 1595 2346 533 471 431 1743 3422 br
8 – 1596 2344 538 485 436 1743 3421 br
9 – 1602 2349 530 458 430 1730 3400 br
10 – 1604 2349 533 464 431 1746 3400 br
11 – 1603 2346 529 462 438 1740 3377 br
12 – 1607 2349 533 488 447 1749 3412 br
13 – 1605 2343 539 456 427 1735 3411 br
14 – 1604 2350 524 463 431 1751 3404 br
15 – 1604 2351 511 467 434 1753 3402 br
16 – 1607 2344 516 496 429 1736 3410 br
17 – 1596 2342 537 480 441 1742 3368 br
18 – 1596 2348 536 457 428 1759 3399 br
19 – 1596 2346 533 469 432 1745 3432 br
20 – 1598 2346 533 458 430 1739 3422 br
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1H NMR spectra

1H NMR spectra of the synthesized Schiff base ligands (1–4) and their correspond-
ing zinc (II) complexes were recorded in DMSO-d6 at 400  MHz. The spectra of 
compound (2) and its corresponding zinc complex (12) are depicted in Fig. 1. The 
1H NMR spectra of synthesized ligands showed one sharp singlet in the range of δ 
12.28–10.10 ppm (due to O–Hb proton) [52] which got disappeared in complexes due 
to involvement of oxygen in complexation. Another singlet for ligands was observed 
in the range of δ 14.14–14.04 ppm (due to S–H proton) [52], which shift to slightly 
lower values on complexation with metal atom. The ligands showed another singlet 
in the range of δ 10.21–9.93 ppm (due to another O-Ha proton), which remained very 
less changed in complexes. The azomethine (H–C=N) peak of ligands appeared in 
the range of δ 10.12–9.67 ppm. In case of complexes, it undergoes upfield shifting 
up to 8.07 ppm, which clearly indicates the confinement between metal ion and imine 
nitrogen. The upfield shifting is due to chelation [53]. The aromatic protons in ligands 
appeared at δ 8.64–6.88 ppm which remained unaffected or very less affected in com-
plexes with a slight change in chemical shift values. In the spectra of complexes, a 
new singlet of three protons appeared at δ 1.84–1.81 ppm, which further confirms the 
presence of acetate group in complexes. The observed NMR data were found to be in 
good correlation with the expected values.

13C NMR spectra

In the 13C NMR spectra of ligands, (1–4) the peak for azomethine carbon atom 
appeared at δ 159.38–149.28 ppm which showed downfield shifting on complexa-
tion, suggesting that nitrogen atom is involved in coordination with the metal ion 
[50]. In compound (1) extra peaks at δ 64.83 ppm and δ 15.02 ppm were observed 
due to the presence of an ethoxy group in the aliphatic region. Two peaks at δ 
164.07–162.31 ppm and δ 162.57–161.03 ppm were observed due to carbon atom 
attached to oxygen and sulphur which was shifted downfield in complexes, thus 
indicating the involvement of oxygen and sulphur in complexation. But the peaks 
appearing at δ 160.19–160.02 ppm in ligands remains unchanged on complexation, 
which showed that the O-Ha group attached with this carbon is not involved in com-
plexation. Two new peaks arising at δ 175.38–172.72 ppm and δ 24.28–22.21 ppm, 
due to the presence of a coordinated acetate group in complexes. The 13C NMR data 
confirm the authenticity of the purposed structures.

Mass spectra

Mass spectrometry plays a valuable role in determining the molecular weight 
and stoichiometry of the newly synthesized compounds. The molecular ion peak 
of ligand (3) appeared at m/z 358.0629 which was same as the estimated value. 
Similarly, for ligand (4) the molecular ion peak appeared at m/z 468.8997, while 
the signals at m/z 470.8977 and 472.8955 were assigned to (M + H +  Br79) and 
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(M + H +  Br81) isotopes. In case of complex (14) molecular ion peak appeared at m/z 
492.0092. In case of complex (18) molecular ion peak appeared at m/z 602.8464 and 
the other signals observed at m/z 604.8502 and 606.8515 were due to (M + H +  Br79) 
and (M + H +  Br81) isotopes [54]. The mass spectral data results were found in good 

Fig. 1  1H NMR spectra of compounds A  HL2 (2) and B [Zn(L2)(H2O)(CH3COO)] (12)
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agreement with theoretical values and support the formation of [M(L1−4)(H2O)
(CH3COO)] type complexes in 1:1 stoichiometry.

Electronic spectra

The electronic transitions involved in the ligands (1–4) and their corresponding tran-
sition metal complexes (5–20) were recorded in DMF over the range 200–800 nm. 
The synthesized ligands showed absorption bands around 265–296 nm due to intra-
ligand π → π*transitions. Moreover, the absorption bands appearing in the range of 
319–370 nm are due to the occurrence of n → π* transitions. These bands shift to a 
slightly higher wavelength on complexation. For all the complexes n → π* transitions 
are red shifted, due to coordination of azomethine nitrogen to the central metal ion. 
For the Ni(II) complexes, electronic spectrum shows bands in the range of 757–798, 
607–630, 345–388 nm which are typical for a pentacoordinated square pyramidal 
Ni(II) complex and could be assigned to d-d transitions. For Cu(II) centres the vis-
ible spectra exhibits broad band in the range of λmax at 628–655 nm which are spe-
cifically consistent for five-coordinate geometry and are correlated to d-d transition 
of Cu(II) ions. Zinc(II) complexes do not show any d-d transitions. In case of com-
plexes, some new bands appeared in the range of 416–447 nm, which were attrib-
uted to ligand to metal charge transfer [55].

Molar conductivity studies

The molar conductivity studies of synthesized compounds (1–20) were undertaken 
using a digital conductivity meter at room temperature and using DMF as a solvent. 
The DMF solution of synthesized complexes  (10–3 M) exhibited lower molar con-
ductance values (12–15 Ω−1  cm2  mol−1), which supports the non-electrolytic nature 
of complexes [56].

X‑ray diffraction studies

Powder X-ray diffraction method is one of the primary techniques used by solid-
state chemists to explore the physicochemical parameters of synthesized materi-
als. The prepared ligand (2) and their metal complexes (9–11) were analysed by 
the use of this technique over the 2θ range 10°–80° at a wavelength of 1.5406Ȧ. 
The obtained X-ray diffraction patterns are shown in Fig.  2. Schiff base ligand 
(2) showed the peaks at 15.42°, 16.46°, 18.14°, 20.64°, 24.18°, 25.92°, 27.28°, 
29.92°, 35.98°, 41.34°. The two very important characteristic peaks appearing 
in Schiff base ligand at 2θ = 18.14° and 20.64° confirms the formation of Schiff 
base imine [57]. The observed diffraction pattern confirms that the compound 
is semi-crystalline in nature. The peaks for cobalt complex (9) were observed at 
12.18°, 15.12°, 18.04°, 22.78°, 29.38°, 32.46°, 35.22°, 38.48°, 41.88°. The peaks 
for nickel complex (10) existed at 17.08°, 18.18°, 19.82°, 21.44°, 22.28°, 23.4°, 
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24.02°, 26.76°, 28.28°, 32.16°, 33.5°, 35.72°, 36.14°, 40.3°. Copper complex (11) 
showed the peaks at 12.74°, 16.42°, 19.64°, 21.7°, 23.28°, 25.82°, 26.96°, 27.92°, 
29.38°, 30.9°, 32.3°, 35.2°, 37.6°, 39.32°, respectively. The diffraction pattern of 
the ligand is completely different from metal complexes, thus indicating the quan-
tum confinement of ligands by metal ions [58]. The XRD data observed for com-
plexes confirm the dominant amorphous nature with very less crystallinity.

Electron spin resonance studies

The ESR spectra of copper complexes give information about the geometry and 
bonding sites. The solid-state X-band ESR spectrum of copper complex (7) was 
recorded in powder form at room temperature (300 K) and the micrograph obtained 
is presented in Fig.  3. The values of  g║ and  g┴ in case of Cu(II) complex lies at 
2.15 and 2.09 which holds in good agreement with the condition  g║ >  g┴ > 2.0023. 
Since complexes are pentacoordinated, therefore two basic configurations with five 
coordinated geometry are square pyramidal and trigonal bipyramidal. The two con-
figurations are characterised by the ground state  dx2─y 2 and  dz2, respectively. For 
systems with  g║ >  g┴ the geometry is square pyramidal, while systems with  g║ <  g┴˔ 
the geometry is trigonal bipyramidal [59, 60]. From the observed results it can be 
concluded that there exists a square pyramidal geometry around the Cu(II) metal ion 
with unpaired electron lying mainly in the  dx2─  y2 ground state orbital. The  gaverage 
and G values were computed from the given equations

Fig. 2  XRD diagrams of A  [HL2] (2), B [Co(L2)(H2O)(CH3COO)] (9), C [Ni(L2)(H2O)(CH3COO)] (10) 
and D [Cu(L2)(H2O)(CH3COO)] (11)
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From the above calculations, the value of  gaverage and G was found to be 2.11 
and 1.68. According to Hathway and Billing [61, 62], if the value of G > 4.0 then 
we can consider negligible exchange interaction between Cu(II) centres in the solid 
state and if the value of G < 4.0 there will be significant exchange interactions. Here, 
the value of G was found to be 1.68, which indicates that exchange interactions are 
operative. By using the g-vlaue, magnetic moment can be calculated using the fol-
lowing equation.

The calculated value of magnetic moment for complex 7 was found to be 1.82.

Thermal studies

Thermal analysis of copper complex (15) was carried out over the temperature range 
0 to 900 °C. The percentage weight loss was recorded in the temperature range of 

gaverage = 1∕3
[

g∥ + 2g⊥
]

G = (g∥ − 2.0023)∕(g⊥ − 2.0023)

𝜇eff = §
√

�

g2
∥
+ 2g2

⊥

�

Fig. 3  The X-band ESR spectrum of complex [Cu(L1)(H2O)(CH3COO)] (7)
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22–790 °C, which gives information about the stability and volatility of the complex. 
The thermogram showed a total 55.10% weight loss at 790 °C temperature which 
was observed in three steps: (1) about 7% weight loss in the range of 75–100  °C 
which was due to trace amount of moisture present in sample (2) 20% weight loss 
in the range of 150–272 °C was due to loss of coordinated water molecule (3) about 
18% weight loss in the range of 272–459 °C which might be due to complete decom-
position of ligand around metal ion. Finally, the complex was converted into metal 
oxide. The endothermic band observed in the range of 150–272 °C, confirmed the 
presence of water molecule in the complex [63].

SEM and EDAX

The SEM images of the ligand (3) and its zinc (II) complex (16) was viewed at dif-
ferent magnifications and the micrographs obtained are presented in Fig.  4. The 

Fig. 4  A SEM image of  [HL3] (3), B EDAX image of  [HL3] (3), C SEM image of [Zn(L3)(H2O)
(CH3COO)] (16) and D EDAX image of [Zn(L3)(H2O)(CH3COO)] (16)



721

1 3

Transition metal complexes of triazole‑based bioactive…

micrograph of ligand exhibited a rough surface with numerous territorial patches. 
On the other hand, the micrograph of zinc complex indicated an ice rock like shape 
which may be due to the tightening of voids on the outer surface by coordination 
of ligand with the metal ion. The SEM-micrographs indicated that ligand has com-
pletely different surface morphology from complex, which is another evidence for 
coordination of ligand to metal ion.

Moreover, Energy dispersive X-ray analysis (EDAX) of ligand and its Zn(II) 
complex was also performed to check the elemental composition of prepared mate-
rials. EDAX spectra shown in Fig.  4 clearly show that complexation successfully 
occurred.

Antimicrobial activity

To investigate the antimicrobial action of synthesized compounds (1–20), four bac-
terial and two fungal strains were used. The serial dilution method was used for 

Table 2  Results of antimicrobial assay of compounds (1–20) in terms of MIC (µmol/mL)

High active value is marked as bold

Compound. no. MIC in µmol/mL

Gram + ve bacteria Gram −ve bacteria Fungi

B. subtilis S. aureus P. aeruginosa E. coli A. niger C. albicans

1 0.0702 0.0702 0.0702 0.0702 0.0702 0.0702
2 0.0641 0.0641 0.0641 0.0641 0.0641 0.0641
3 0.0350 0.0350 0.0350 0.0350 0.0175 0.0175
4 0.0532 0.0532 0.0532 0.0532 0.0266 0.0266
5 0.0510 0.0510 0.0510 0.0510 0.0510 0.0510
6 0.0510 0.0510 0.0510 0.0510 0.0510 0.0510
7 0.0505 0.0505 0.0505 0.0505 0.0505 0.0505
8 0.0503 0.0503 0.0503 0.0503 0.0503 0.0503
9 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476
10 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476
11 0.0472 0.0472 0.0472 0.0472 0.0472 0.0472
12 0.0470 0.0470 0.0470 0.0470 0.0470 0.0470
13 0.0254 0.0254 0.0254 0.0254 0.0254 0.0254
14 0.0255 0.0255 0.0255 0.0255 0.0255 0.0255
15 0.0252 0.0252 0.0252 0.0252 0.0126 0.0126
16 0.0251 0.0251 0.0251 0.0251 0.0125 0.0125
17 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414
18 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414
19 0.0411 0.0411 0.0411 0.0411 0.0252 0.0252
20 0.0409 0.0409 0.0409 0.0409 0.0251 0.0251
Norfloxacin 0.0391 0.0195 0.0391 0.0391
Fluconazole 0.0408 0.0204
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screening the antimicrobial activity. Norfloxacin and Fluconazole were used as ref-
erence drugs and the MIC values were calculated in µmol/mL. The obtained activity 
data are presented in Table 2 and Fig. 5.

By comparing the activity of ligands with their respective metal complexes, it 
was found that the metal complexes exhibit more potency as compared to ligands. 
This is due to the chelation of metal which increases the hydrophobic and lipophilic 
character as discussed in tweedy chelation theory [64]. The results of the activity 
data are summarized below:

Among the synthesized ligands (1–4),  HL3 (MIC = 0.0175–0.0350  µmol/mL) 
was the most active compound. The higher activity of  HL3 is due to the presence of 
strong electron withdrawing group (nitro group), while due to the presence of elec-
tron donating group (ethoxy group)  HL1 showed least potency. The observed results 
indicate that compounds having electron withdrawing groups attached were found to 
be more active than compounds having electron donating groups attached [65]. The 
order of activity of ligands is  HL3 >  HL4 >  HL2 >  HL1.

Among the transition metal complexes, zinc complexes showed good activ-
ity as compared to other metal complexes. The general order of the activity 
of complexes follows the trend [Zn(L1−4)(H2O)(CH3COO)] > [Cu(L1−4)(H2O)
(CH3COO)] > [Ni(L1−4)(H2O)(CH3COO)] > [Co(L1−4)(H2O)(CH3COO)] [66].

Compounds 3, 13, 14, 15 and 16 were found to be active against all bacterial 
strains except S. aureus with MIC values in the range of (0.0251–0.0350 µmol/mL), 
as compared to standard drug Norfloxacin (0.0195–0.0391  µmol/mL). The com-
pounds 3, 4, 13, 14, 15, 16, 19 and 20 were active against fungal strains with MIC 
values in the range of (0.0125–0.0266 µmol/mL) as compared to standard drug Flu-
conazole (MIC = 0.0204–0.0408 µmol/mL). Also, it was found that compounds were 
more active against A. niger as compared to C. albicans.

Anticancer assay

The synthesized compounds (1–20) were screened for in-vitro anticancer activity 
against three cancer cell lines i.e. HCT-116 (human colon cancer), DU145 (prostate 
cancer) and A549 (lung cancer) by using MTT colorimetric assay. The cytotoxicity 
of the synthesized compounds was represented in terms of median growth inhibitory 
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concentration  (IC50) and values were compared to standard anticancer drug Pacli-
taxel. The obtained results are presented in Table 3.

Based on the cytotoxicity data, it may be concluded that compound 12 displayed 
the highest potency towards all cancer cell lines with  IC50 value of 8.66 (HCT-116), 
12.66 (DU145) and 9.75 (A549) µM. Compound 20 also showed good inhibition 
and its  IC50 values are 6.89 (HCT-116), 10.45 (DU145) and 8.30 (A549) μM. How-
ever, these compounds do not completely touch the potential of the known antican-
cer drug Paclitaxel. Compounds 10, 11, 15, 16 and 19 displayed moderate activity, 
while the rest of compounds show very less inhibition towards the cancer cell lines.

Structure–activity relationship

The SAR of compounds (1–20) was also studied to check the effect of substituents 
on biological activity. The synthesized compounds having different substituents 
attached were found to be active against the three cancer cell lines (except com-
pounds 3–6 and 8), but particularly the compounds 12 and 20 were found to be more 
active against the cancer cell lines. Compound 1 having ethoxy substitution on the 
phenyl ring was very less active. On the other hand, its complexation with different 

Table 3  Anticancer assay of 
compounds (1–20) and standard 
drug against three cancer cell 
lines

High active value is marked as bold

Compound no. IC50 values (µM ± SD)

HCT-116 DU145 A549

1 85.42 ± 2.05 92.34 ± 3.14 90.39 ± 2.06
2 83.09 ± 2.10 98.21 ± 1.21 96.08 ± 2.10
3  > 100  > 100  > 100
4  > 100  > 100  > 100
5  > 100  > 100  > 100
6  > 100  > 100  > 100
7 81.61 ± 2.11  > 100  > 100
8  > 100  > 100  > 100
9 68.74 ± 1.14 85.76 ± 1.23 81.61 ± 2.09
10 55.05 ± 1.07 65.59 ± 2.10 66.62 ± 1.08
11 44.46 ± 1.13 47.59 ± 1.24 48.60 ± 1.12
12 8.66 ± 1.11 12.66 ± 1.2 9.75 ± 1.2
13 68.95 ± 1.05 72.99 ± 2.29 73.04 ± 1.05
14 88.10 ± 2.13 79.54 ± 2.87 73.06 ± 3.07
15 38.09 ± 1.05 36.34 ± 3.45 67.97 ± 2.02
16 41.04 ± 1.07 47.24 ± 2.43 56.42 ± 1.09
17 99.12 ± 2.08  > 100  > 100
18 81.63 ± 1.17 83.49 ± 1.19 85.02 ± 1.15
19 19.49 ± 1.05 25.63 ± 2.07 28.41 ± 1.09
20 6.89 ± 1.04 10.45 ± 1.19 8.30 ± 1.12
Paclitaxel 4.32 ± 1.04 3.16 ± 0.91 3.69 ± 0.98
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metals (compounds 5–8) is ineffective for the enhancement of anticancer activity. 
Compound 2 having bromo substitution on the phenyl ring itself shows very less 
activity, but its complexation with nickel (compound 10) and copper metal (com-
pound 11) metal makes them moderately active. The complexation of compound 2 
with cobalt metal (compound 9) improved its activity to some extent. However, the 
complexation of compound 2 with zinc metal (compound 12) results in a significant 
increase of activity, thus making it the most outstanding compound of the series. 
Compound 3 having nitro substitution on the phenyl ring was negligibly active, but 
its complexation with copper (compound 15) and zinc metal (compound 16) resulted 
in significant improvement of its anticancer activity up to a moderate level. How-
ever, its complexation with cobalt (compound 13) and nickel metal (compound 14) 
resulted in no remarkable increase in anticancer activity. The anticancer activity of 
compound 4 was almost negligible, but its complexation with copper (compound 19) 
and zinc metal (compound 20) resulted in a significant increase in anticancer activ-
ity. However, its complexation with cobalt (compound 17) and nickel (compound 
18) has no effects on its anticancer activity. After accessing the biological potential, 
it was observed that the activity of metal complexes gets enhanced on complexation. 
The higher activities of complexes may be due to an increase in their lipophilicity on 
complexation [66].

Molecular docking studies

Among the synthesized compounds 12, 19, and 20 showed good inhibition against 
tested cancer cell lines that are closely associated with Human Epidermal Growth 
Factor Receptor (EGFR) which is a cell surface protein molecule and found to be 
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associated with various types of cancer. Many drugs have been developed as a tar-
geted approach to inhibit over-expressed EGFR, but these drugs are not able to 
inhibit its over-expression due to drug resistance. Drug resistance is a major chal-
lenge in targeted therapy of EGFR-mutated non-small cell lung cancers (NSCLCs). 
However, the efficacy of the tyrosine kinase inhibitors used in targeted therapy is 
often limited due to the emergence of drug-resistant mutations in the targeted 
kinases [42, 67, 68]. Resistance to osimertinib, a third generation EGFR tyrosine 
kinase inhibitor used to treat NSCLCs with specific mutations, caused by EGFR at 
position 797 is currently a new challenge in the targeted therapy of EGFR-mutated 
NSCLCs. Therefore, mutated EGFR was chosen for molecular docking studies to 
support the observed in-vitro anticancer activity and to add more insight into the 
possible mechanism of action.

To understand the probable binding modes and estimate the binding energies, 
three compounds (12, 19 and 20) were docked into EGFR-mutated NSCLCs bind-
ing cavity. The docking studies were performed using Hex 8.0.0 and the results are 
shown in Table 4. Further, the most suitable docking pose of the protein receptor 
with preferred target ligands was selected and then analysed using Chimera 1.14 and 
Ligplot software. The obtained docking poses are shown in Fig. 6A–C. The bind-
ing energy value of compound 12 is −268.27 kcal/mol, and it shows good interac-
tion with eight amino acid residues of the protein structure i.e. Leu718A, Gly719A, 
Val726A, Ala743A, Met793A, Gly796A, Cys797A, and Leu844A. Most interesting 
feature revealed by the docking of this compound is its interaction with Cys797A 
site, which is responsible for the mutated and drug-resistant behaviour of EFGR, 
thereby making this compound of utmost importance. The binding energy value of 
compound 20 is −262.34 kcal/mol and it shows interaction with three amino acid 
residues of the protein structure i.e. Pro772A, Lys852A, and Asp1014A. Similarly, 
compound 19 shows appreciable binding energy (−248.39 kcal/mol), but the values 
are slightly lower as compared to compounds 12 and 20. Compound 19 shows inter-
action with amino acid residues i.e. Gln820A, Gln849A via covalent bonding, while 
it shows non-covalent bonding interactions with His773A, Val819A, Lys823A, 
His850A, Ser969A amino acid residues. The results of docking studies were found 
to be in line with the results of in-vitro anticancer studies. Based on docking results, 
it may be concluded that compound 20 is having highest anticancer potential.

Table 4  Binding energy score of compounds with 5XGM protein

Compound no. Binding energy 
(Etotal), kcal/mol

Interacting amino acids with 
covalent bonding

Interacting amino acids with non-
covalent bonding

12  − 268.27 No covalent bond interaction Leu718A, Gly719A, Val726A, 
Ala743A, Met793A, Gly796A, 
Cys797A, Leu844A

19  − 248.39 Gln820A, Gln849A His773A, Val819A, Lys823A, 
His850A, Ser969A

20  − 262.34 No covalent bond interaction Pro772A, Lys852A, Asp1014A
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Fig. 6  Interaction view of 5XGM protein with compounds 12 (A), 19 (B) and 20 (C)
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Conclusion

In the present study, four new Schiff base ligands (1–4) and their transition metal 
(II) complexes (5–20) were synthesized and characterized by various spectral and 
physicochemical techniques. The obtained spectroscopic data confirm that the syn-
thesized ligands coordinate to metal in a tridentate manner via azomethine nitrogen, 
deprotonated oxygen and thiol sulphur. The antimicrobial assessment data showed 
that metal complexes exhibit more potency as compared to ligands. Compound 3 
and its metal complexes (13–16) showed reliable activity against the tested patho-
genic strains. Furthermore, the results of anticancer activity of the compounds were 
encouraging and compounds 12, 19 and 20 showed significant anticancer activity 
against the three tested cancer cell lines (HCT-116, DU145, and A549). The dock-
ing results correlate very well with the  IC50 data and enabled the importance of 
interactions for depicting the binding energies of the potent compounds. Based on 
the results in the current manuscript, the compounds 12, 19 and 20 may be consid-
ered as good cytotoxic drugs and this class of compounds could be a better model to 
develop new leads in the treatment of cancer. The procured results also showed that 
structural modifications in the synthesized compounds may provide products with 
different pharmacological activities.
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