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Abstract
The novel ligand 2-[2'-(6-methoxybenzothiazolyl)azo]-3,5-dimethyl benzoic acid (6-MBTAMB), derived from 2-amino-
6-methoxy benzothiazole, has been used to synthesize a series of new metal complexes of Ag(I), Pt(IV) and Au(III). The 
metal complexes were characterized by elemental analyses (CHNS), molar conductivity, crystal structure (XRD), spectro-
scopic techniques: FT-IR, 1H NMR, 13C NMR, UV–Vis, mass spectra, thermal analysis (TG–DTA), FE-SEM and magnetic 
properties. Results confirmed that the azo dye ligand behaves a tridentate and coordinates to the metal ion via nitrogen 
atom of azomethine group of heterocyclic benzothiazole ring, nitrogen atom of the azo group which is the farthest of the 
benzothiazole molecule and carboxylic oxygen. Antimicrobial properties of all newly synthesized azo compounds are also 
demonstrated against bacterial pathogenic organisms and fungi. These complexes are more effective against bacteria and 
less effective against fungi compared to standard antibacterial drugs (novobiocin) and antifungal drugs (cycloheximide). 
By using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging test, it was discovered that the complexes had good 
antioxidant properties. In addition, the (6-MBTAMB) and metal complexes were docked with the crystal structure of FGF 
Receptor 2 (FGFR2) kinase domain harboring the pathogenic gain of function K659E mutation identified in endometrial 
cancer using the molecular operating environment (MOE) module. In vitro studies on human endometrial cancer cell lines 
(MFE-296) as well as healthy human umbilical vein endothelial cells (HUVEC) show uptake of the intact compounds by 
the cancer cells and increased activity against the cancer cells.
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Introduction

Medicinal chemists are interested in benzothiazole deriva-
tives because of their diverse biological functions, which 
include anti-inflammatory (Venkatesh and Pandeya 2009), 
analgesic (Verma, Martin, and Singh Sr 2014), antibacterial 
(Tang et al. 2019), and antiviral (Kaur et al. 2010). Marine 
and terrestrial natural compounds with valuable biological 
functions contain the benzothiazole ring system (Prajapat 
2012). 2-Aminobenzothiazoles are extremely reactive com-
pounds and are widely used as reactants or intermediates 
since the roles of  NH2 and endocyclic N are suitable for 
reactions with different reactants to form a variety of fusing 
heterocyclic compounds (Dadmal et al. 2018). Several het-
erocyclic derivatives of nitrogen and sulfur atoms are used 
in experimental drug design to serve as special and versatile 
scaffolding (Singh and Singh 2014).

The benzothiazole molecule consists of a thiazole ring 
fused to a benzene ring. In the 1950s, the chemical family of 

2-aminobenzothiazoles was extensively investigated as mus-
cle relaxants. Biologists became interested in this sequence 
when it was discovered that glutamate neurotransmission 
inhibitors also occur in Riluzole (6-trifluoromethoxy -2-ben-
zothiazolamines). According to its diversified molecular 
nature and extraordinary optical, liquid, and electronic 
properties, benzothiazole has received an overwhelming 
response (Khokra et al. 2011; Bhat and Belagali 2014; Ha 
et al. 2009). In the manufacturing of such dispersed azo 
coloring, 2-aminobenzothiazole is used. For the prevention 
of amyotrophic lateral sclerosis (Mignani et al. 2020) and 
2-(4-aminophenyl)benzothiazole proof of antitumor prop-
erties (Mavroidi et al. 2016), riluzole (2-amino-6-trifluo-
romethoxybenzothiazole) is sold as an anti-tumour (Araki 
et al. 2001). The benzothiazole derivative catalyzes the for-
mation of sulfide links (reticulation) among unsaturated elas-
tomeric polymers to obtain a flexible and elastic crosslinking 
material (Ibrahim et al. 2018). Rubber accelerators such as 



2779Chemical Papers (2022) 76:2777–2810 

1 3

2-mercaptobenzothiazole (MBT/BTSH) are widely used in 
a variety of products including tire manufacturing (Vernack 
et al. 2020).

Metallodrugs have become a key component of medici-
nal chemistry in the past few years. Many important fac-
tors must be considered before the synthesis of complexes 
used for medicinal purposes, including the choice of metal 
ions, their oxidation state, their stability, and the choice of 
inert and labile ligands. As a result, many compounds of 
transition metal ions have found application as diagnostic 
and therapeutic agents (Radisavljević and Petrović 2020). 
However, gold compounds have attracted the most attention. 
Various gold compounds have been used to treat cancer, 
HIV, rheumatoid arthritis (chrysotherapy), and other dis-
eases (Stankovic et al. 2019; Sun et al. 2021; Currie 2018). 
This metal ion has unoccupied d-sublevels and is possible 
to form compounds with a wide range of oxidation states, 
between -1 to +5. Chemically, gold(I) and gold(III) com-
plexes are dominant. In particular, gold(III) complexes are 
of great interest since they resemble cisplatin structurally (da 
Silva Maia et al. 2014; Milacic and Dou 2009).

The spectral, chemical and electrochemical proper-
ties of transition metal complexes have inspired extensive 
research into their potential use as anticancer drugs (Sun 
et al. 2007). Chemistry biology is currently focused on 
the study of the interaction of metal complexes with DNA 
(Wang et al. 2011). In clinical trials, platinum-based medica-
tions have been used for over 30 years. Patients undergoing 
chemotherapy commonly receive platinum-based medica-
tions, such as cis-platin, which bind covalently to DNA 
bases. However, there are several limitations to the potency 
of cis-platin, such as increased tumor tolerances and high 
toxicity. In order to overcome these limitations, small mol-
ecules have been explored and synthesized that interact with 
DNA in a sequence-specific manner. Transition metal com-
plexes, rather than platinum related compounds, are in use 
as medicine for treating some tumors, diagnosing diseases, 
and validating DNA sequences (Boulikas and Vougiouka 
2003; Sirajuddin and Ali 2016). Biologically, silver and gold 
are important transition metal ions because they function 
as essential biochemical traces (D'ulivo, Lampugnani, and 
Zamboni 1991).

The present study describes the synthesis and characteri-
zation of a new heterocyclic azo dye ligand (6-MBTAMB) 
with Ag(I), Pt(IV) and Au(III) metal complexes, along with 
their antioxidant, antimicrobial and anticancer activities. 
Molecular docking was used to determine how effective 
these compounds are against cancer. (6-MBTAMB) and 
Au(III)-Complex were examined for cytotoxicity in endo-
metrial cancer (MFE-296), human umbilical vein endothelial 
cells (HUVEC). Further investigation of structure is guided 
by elemental analyses (C.H.N.S), FT-IR, 1H & 13C-NMR, 
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UV–Vis, thermal stability (TGA/DTA), crystal structure 
(XRD), FE-SEM, magnetic moment and molar conductance.

Experimental

Chemicals and reagent

Synthesized materials were analytical reagent grade chemi-
cals and solvents, and their purification was not required. 
Provided excellent chemicals were such as 2-amino-6-meth-
oxy benzothiazole, 3,5-dimethyl benzoic acid, 1,1-diphenyl-
2-picrylhydrazyl (DPPH), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), ascorbic acid, 
 NaNO2,  AgNO3,  H2PtCl6.6H2O,  HAuCl4.4H2O, HCl, NaOH, 
DMSO, DMF, absolute EtOH, MeOH,  K2CO3,  K2CrO4, 
 CO2,  CaCl2, silica gel 60, deionized water, foetal bovine 
serum (FBS), novobiocin, and cycloheximide. In addition, 
MS (mannitol salt) and potato dextrose (PDA) agars were 

purchased from commercial suppliers (B.H.D (England), 
Sigma-Aldrich (Germany), Honeywell Fluka (UK), Merck 
(Germany), Scharlu (España), FUJIFILM Wako Pure Chem-
ical Corporation (Japan), J&K chemical (China), Alfa Acer 
(U.S), S. D. Fine-Chem Limited (India) and others.

Physical measurements

Microelement analyses (carbon, nitrogen, hydrogen and sul-
fur) of ligand and its metal complexes were performed on 
an element analyzer (EA 300, C.H.N.S.). Atomic absorption 
spectroscopy was used to determine the metal contents of 
the Ag(I), Pt(IV) and Au(III) complexes. The molar con-
ductance of DMF and absolute ethanol solutions  (10–3 mol 
 L−1) were measured at room temperature (25 ± 0.01 °C) 
using a 31 A digital conductivity bridge. Spectra of the 1H 
and 13C NMR were obtained on a Bruker 500 MHZ spec-
trometer using DMSO-d6 as a solvent and TMS as an inter-
nal reference. FT-IR spectra (KBr disks, 4000–400  cm−1) 

Fig. 1  1H NMR Spectrum of ligand (6-MBTAMB)
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were recorded using an 8400 S from Shimadzu. In abso-
lute ethanol using a quartz cuvette of 1 cm path length, the 
electronic spectra of samples were measured on a T80-PG 
double beam (UV–Vis) spectrophotometer in the range of 
200–1100 nm. A magnetic susceptibility balance model 

(MSB/MKIC) was used for magnetic measurements. Pas-
cal's constants and diamagnetic corrections were derived 
from the values given by Selwood (French 1944). Mag-
netic moments were calculated using the equation (Bain 
and Berry 2008; Ding and Zheng 2021), µeff = 2.84 

Fig. 2  1H NMR Spectrum of Au(III)-Complex

Table 2  1H NMR spectra of ligand (6-MBTAMB) and its Au(III)-Complex

s Singlet, d Doublet, dd Doublet-doublet, m Multiplets

6-MBTAMB δ, ppm, (H atoms, 
peak, assignment)

J-J Coupling Associated group Au(III)-Complex δ, ppm, (H atoms, 
peak, assignment)

J-J Coupling Associated group

2.51 (DMSO-d6) 12.15 Solvent 2.51 (DMSO-d6) 6.70 Solvent
2.47 (3H,S,21) 3.15 -CH3 2.28 (3H,S,21) 3.77 -CH3

2.53 (3H,S,20) 3.31 -CH3 2.53 (3H,S,20) 3.38 -CH3

3.82–3.89 (3H,S,11) 2.61 -OCH3 3.72–3.89 (3H,S,11) 2.99 -OCH3

7.07–7.99 
(5H,d,m,dd,m,7,9,17,19,6)

1.45,0.90,3.11 -Ar–H, -benzo-H 6.93–7.75 
(5H,d,m,dd,m,7,9,17,19,6)

3.20,1.17 -Ar–H, -benzo-H

9.33–9.35 (1H,S,24) 0.79 -COOH Coordinated – -COOH
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[TχMcoor]1/2. Using a Shimadzu Agilent Technologies 
5973C (70  eV) mass spectrometer, mass spectra were 
recorded for the ligand (6-MBTAMB) and Au(III). Thermal 
analysis (TGA-DTA) was investigated with a PL-TG instru-
ment from 25 to 900 °C under a nitrogen atmosphere with a 
heating rate of (10 °C  min−1), in the temperature range from 
25 to 900 °C. X-ray diffraction (XRD) measurements were 
conducted in the range of (20–80°)2Θ using an aluminum 
anode-Germany X-ray diffractometer with (Cu Kα) radia-
tion (λ = 1.5418°A). Voltage and current in the X-ray tube 
were 40 kV and 25 mA, respectively. Field emission scan-
ning electron microscopy (FESEM) was used to obtain mor-
phological images using a ZEISS EM 3200. For recording 
melting points or decomposition temperatures, the Stuart 
instrument was applied. The pH meter measurements were 
performed with a Philips PW 9421 (± 0.001). Chem Draw 
software was used to design the compounds, which were 
then optimized via ChemBio3D software.

Synthesis of Azo Ligand 2‑[2'‑(6‑Methoxy 
Benzothiazolyl)azo]‑3,5‑Dimethyl Benzoic Acid 
(6‑MBTAMB)

Our laboratory prepared ligand (6-MBTAMB) based 
on the work done by Al-Adilee and his group with a few 
modifications to the procedure (Al-Adilee et al. 2013; Al-
Adilee and Kyhoiesh 2017; Harisha et al. 2020). The ligand 
(6-MBTAMB) for benzothiazolyl azo dye was synthesized 
in two steps. In the first step, 2-amino-6-methoxy benzo-
thiazole (1.80 g, 1.00 ×  10–3 mol) was dissolved in a mixture 
of 5 mL hydrochloric acid (HCl) and 30 mL distilled water 
 (H2O). Components were diazotized below 0–5 °C with a 
cold solution of  NaNO2 (1.00 g, 1.00 ×  10–3 mol), and 35 ml 
distilled  H2O with cooling was applied dropwise. For in the 
second step, the diazonium salt compound coupled with 
(1.24 g, 1.00 ×  10–3 mol) 3,5-dimethyl benzoic acid was dis-
solved in 40 mL of ethanol in alkaline media from 12 mL of 

Fig. 3  13C NMR spectrum of ligand (6-MBTAMB)
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15% NaOH and 5 ml  K2CO3 for coupling after the mixture 
had been stirred for 1 h below 0 °C. After that, the mixture 
was stirred in an ice bath and filtered, then the precipitate 
was washed several times with distilled water, purified with 
absolute ethanol solution by recrystallization, and dried for 
a few hours in the oven at 50 °C. The purity of the azo dye 
ligand is determined by TLC using silica gel G  (Rf = 0.9).

Synthesis of the complexes

The metal complexes were made from dissolving (0.341 g, 
1.00 ×  10–3  mol) from the ligand (6-MBTAMB) in hot 
ethanol (50 mL). In a stoichiometric ratio of 1: 1 [M: L] 
with (0.170 g, 1.00 ×  10–3 mol) of  AgNO3, add the solu-
tion dropwise with stirring, (0.410 g, 1.00 ×  10–3 mol) of 
 H2PtCl6.6H2O, (0.518 g, 1.00 ×  10–3 mol) of  HAuCl4.4H2O. 
For each metal ion, a buffer solution (ammonium acetate) 
was dissolved in the little quantity required, while platinum 

(IV) salt was dissolved in a methanol solution with drops of 
hydrochloric acid. Refluxing the reaction mixture for 60 min, 
it was then left overnight. Solid complexes were filtered off 
and washed with distilled water and little warm ethanol to 
remove any unreacted components. Several hours at 60 °C 
were spent drying the solid complexes in a desiccator over 
anhydrous  CaCl2. Table 1 includes analytical data on C, H, 
N, and S as well as the physical properties of complexes.

Antimicrobial study (in vitro)

The antimicrobial evaluation of the investigated samples was 
performed using the agar diffusion method (Chiu et al. 2021; 
Roy et al. 2021). Two different species of (Gram-positive) 
and (Gram-negative) bacteria were examined using the sen-
sitivity test system to determine whether the compounds had 
inhibitory effects. In vitro antibacterial activity of the syn-
thesized ligands and their metal complexes was examined 

Fig. 4  13C NMR spectrum of Au(III)-Complex
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Scheme 1  Mass spectrum fragmentation of (6-MBTAMB)
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against bacterial species including Staphylococcus aureus 
(MTCC 3160) and Escherichia coli (MTCC 723). Addition-
ally, the antifungal agents were tested on Aspergillus niger 
(MTCC 1881). During the experiments, bacteria and fungi 
were housed on nutrient agar medium and potato dextrose 
(PDA), respectively. Different test microorganisms were 

inoculated into the agar media. Gram's method has also been 
used to diagnose bacteria (Hillier 1993). Microbial growth 
was determined by measuring the diameter zone of inhibi-
tion with the help of scale. The diameter of the inhibitory 
zone was measured after 24 h and 7 days, in the (DMSO) 
solvent, for bacteria and fungi, respectively. Each solution 

Scheme 2  Mass spectrum fragmentation of Au(III)-Complex



2786 Chemical Papers (2022) 76:2777–2810

1 3

contained 0.2 mg/mL of DMSO by the agar well diffusion 
method. The antibacterial drug was (Novobiocin), and the 
antifungal drug was (Cycloheximide). DMSO served as a 
negative and positive control.

Molecular docking

The molecular operating environment (MOE) module was 
used to perform the biological evaluation (cytotoxic and 
antioxidant) of the ligand (6-MBTAMB) and metal com-
plexes using the crystal structure of FGF receptor 2 (FGFR2) 
kinase domain harboring the pathogenic gain of function 
K659E mutation identified in endometrial cancer (Chen 
et al. 2013). A crystal structure of protein FGFR2 (PDB ID: 
4J97) is available in the protein data bank (PDB) (http:// 
www. rcsb. org) (Bank-tiedosto 2000). MOE 2014 was used 
to create 3D structures, add charges, minimize energy, and 
gather all structures in one molecular database file. Amino 
acids were preserved, and water molecules and crystallized 
ligands were eliminated. 6-MBTAMB and chelate com-
plexes were designed and optimized using the ChemBio 

Ultra software (16.0, Cambridge Soft) and Gaussian soft-
ware, respectively. Finally, docking experiments were con-
ducted using MOE 2014 docking wizard with induced fit as 
docking protocol, triangle match for placement, force field 
refinement for docking refinement, and affinity DG for the 
initial scoring and London DG for the final score (Sulimov 
et al. 2021; Harris et al. 2014).

Antioxidant assay (free radical scavenging activity)

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) method was used 
to test antioxidant activity. Different concentrations (12.5, 
25, 50, 100, 200 and 400 μg/ml) of samples in methanol. 
0.3 ml of different concentration solutions were prepared and 
mixed with 2.7 ml of a methanol solution containing DPPH 
radicals. Using a UV–Vis spectrophotometer, the absorbance 
at 517 nm was measured to determine the amount of DPPH 
radical scavenged. The mixture was shaken well and left at 
room temperature for 60 min. The means for each concentra-
tion are determined by three independent replications. The 
antioxidant capacity was calculated using ascorbic acid as 

Table 3  Suggested mass 
fragment products for 
(6-MBTAMB) and Au(III)-
Complex

6-MBTAMB Au(III)-Complex

m/z + Exact mass fragment Base peak % m/z + Exact mass fragment Base peak %

341.70 [C17H15N3O3S] 64.03 625.6 [C17H16N3O4SAuCl2] 3.30
328 [C16H14N3O3S]+ 100.00 562 [C16H13N3OSAuCl2].+ 2.08
313 [C15H14N3O3S].+ 79.56 367 [C16H15N3OSAuCl2] 6.66
298 [C15H12N3O2S]+ 40.36 316 [C13H14N3O3SAu]+ 7.73
285 [C14H11N3O2S].+ 36.83 299 [C16H15N3OS]+ 6.18
269 [C14H11N3OS]

[C14H11N3OS].+
30.03 284 [C15H14N3OS]+ 4.21

254 [C13H8N3OS]+ 12.61 256 [C15H14NOS]+ 6.83
241 [C13H11N3S] 12.82 210 [C13H8NS]+ 6.67
180 [C8H6NO2S]+ 36.12 180 [C8H6NO2S]+ 5.55
164 [C8H6NOS]+ 25.54 164 [C8H6NOS]+ 5.14
149 [C8H7NS] 28.82 149 [C8H7NS]

[C7H3NOS].+
40.55

137 [C7H7NS] 26.37 134 [C7H4NS].+ 23.54
134 [C4H8NO2S] 8.01 133 [C7H4NS].+ 5.30
120 [C7H4S].+ 20.89 94 [C6H9N]+ 15.24
110 [C6H6S]+ 6.72 77 [C6H5]+ 40.59
109 [C6H5S]+ 12.95 69 [C5H9]+ 100.00
108 [C6H4S].+ 14.26 64 [C5H4]+ 7.41
85 [C3H3NS] 11.84 52 [C4H4] 9.71
80 [C6H8] 18.71
69 [C5H9]+ 28.34
64 [C5H4].+ 8.85
57 [C3H7N] 23.79
53 [C4H5]+ 4.79

http://www.rcsb.org
http://www.rcsb.org
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a standard (positive control). Radical scavenging activity 
was calculated using the following formula (İnci, Aydın, and 
Zorlu 2021; Kyhoiesh et al. 2021); %Radical scavenging 
activity = [(Control OD-Sample OD)/Control OD)] × 100, 
where (Control OD) is the absorbance of the control reac-
tion (containing all reagents except the test compound) and 
(Sample OD) is the absorbance of the test compound. Cal-
culated  IC50 values for synthesized compounds and stand-
ard preparation are obtained by plotting DPPH-scavenging 
activity against sample concentration.

Cytotoxic studies‑MTT assay

Cytotoxicity tests were performed on novel benzothiazolyl 
azo ligand (6-MBTAMB) and Au(III)-Complex against 
human endometrial cancer cell lines (MFE-296) and normal 
human umbilical vein endothelial cells (HUVEC) (Loffredo 
et al. 2021). Cell lines were purchased from the Iranian Bio-
logical Resource Center (IBRC; Tehran, Iran). The modified 
cell viability (MTT) method was applied to perform this 
assessment, and MTT (3-[4,5-dimethylthiazolyl]-2,5-diphe-
nyltetrazolium bromide) reduction was determined using 
the method indicated above (Kumar, Nagarajan, and Uchil 
2018). For 24 h, cells were seeded at a density of 1*105 cells/
well in 96-well clear flat-bottom plates (Greiner Bio-One, 

Frickenhausen, Germany). The medium was extracted after 
24 h of incubation at 37 °C, and the cells were treated with 
synthesized compounds (0, 25, 50, 100, 200 and 400 µg/ml). 
After a 48-h incubation period at 37 °C, the medium was 
withdrawn from the plate. Every well was then filled with 
200 μl of MTT reagent (1 mg/ml) in a serum-free medium. 
The medium was extracted after 4 h, and 200 μl (DMSO) 
was applied to each well. The absorbance of the metabo-
lized MTT agent dissolved in DMSO was measured using 
a microplate reader at a wavelength of 570 nm. Triplicate 
tests were performed at each concentration. Measurement of 
optical density (OD) was performed on each well using an 
ELISA plate reader (infinite F50, TECAN, Austria). The % 
cell viability was calculated as (mean OD of treated cells/
mean OD of untreated cells) × 100 (Marks et al. 1992; Gas-
parini et al. 2017). The 50% inhibitory concentration  (IC50) 
values were measured, and the  IC50 curves were plotted 
using a sigmoidal dose–response equation.

Statistical analysis

The experiments were conducted as many times as possi-
ble, in triplicates and on different occasions. The outcomes 
are reported as mean ± standard deviation (S.D). Stand-
ard curves and 50% inhibitory concentrations  (IC50) were 

Fig. 5  Mass spectrum of azo ligand (6-MBTAMB)
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calculated using GraphPad Prism version 9.0.2 (La Jolla, 
CA, USA) for Windows (GraphPad Software Inc.) (Choueiry 
et al. 2021). Cytotoxicity is determined by the percentage of 
cells that survive compared to untreated controls.

Results and discussion

Physical and chemical properties of azo ligand 
(6‑MBTAMB) and chelate complexes

The synthesized azo dye ligand (6-MBTAMB) and its com-
plexes are very stable at room temperature in the solid state, 
insoluble water, but soluble in dimethyl sulfoxide (DMSO), 
dimethylformamide (DMF), ethanol (EtOH), methanol 
(MeOH), acetone  (CH3)2CO and formic acid (HCOOH). 
The yields, melting points, pH, colors, elemental analyses 
(CHNS) of azo dye ligand and its metals complexes are pre-
sented in Table 1. The analytical results are well consistent 
with the proposed stoichiometry of the complexes. FT-IR 
and resonance signals in 1H NMR and 13C NMR spectra 
provided information about the formation of azo dye ligand 
(6-MBTAMB) and its metal complexes. The geometry 
around Ag(I), Pt(IV) and Au(III) ions in the complexes was 
deduced from the positions of absorption bands observed 

in the electronic spectra and magnetic moment values. The 
crystallite size, parameters and morphology have been esti-
mated using XRD and FE-SEM analysis, respectively.

Metal/ligand ratio

This method was introduced by Yoe and Jones (Watarai 
and Chen 2017; Al-Adilee and Waheeb 2020). A series 
of solutions are prepared in which the total concentration 
of the metal is kept constant and the concentration of the 
ligand is varied under similar conditions. A plot is prepared 
of absorbance as a function of the ratio of moles of ligand 
to moles of the metal (Meyer Jr and Ayres 1957). For the 
complexes, a curve with a positive slope is obtained till 
mole ratio value one after which there is no increase. This 
indicates that metal has been used up entirely at mole ratio 
one and further addition of ligand (6-MBTAMB) produce 
no more complexation. Molar ratio data revealed that the 
ligand-to-metal ratio was 1:1 for Ag(I), Pt(IV) and Au(III) 
chelate complexes.

Molar conductivity

Conductivity changes can frequently be useful for study-
ing the reactions of metal complexes in solution. Molar 

Fig. 6  Mass spectrum for Au(III)-Complex
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conductivities (ΛM) are normally determined using 
(1.00 ×  10−3 M) solutions of the complexes (Liu et al. 2006; 
Ahmed et al. 2014). According to Table 1, the molar con-
ductance measurements of Ag (I) and Pt (IV) complexes 
in EtOH and DMF solutions are low (13.15–28.19 S.cm2. 
 mol−1), suggesting that the complexes are not electrolytes 
(Gao et al. 1995). For Au(III) metal complex, EtOH and 
DMF conductivity values are 41.91 and 77.24 S.cm2.  mol−1, 
respectively. Based on the Mohr Method (Berger and Daw-
son 1952), the presence or absence of chloride (counter) 
ions can be determined. In addition, the presence of white 
precipitate of Au(III) metal complex indicates an electrolytic 
nature (1:1) electrolyte of the complex, and the chloride ion 
is outside the coordination sphere. Table 1 shows the molar 

conductance (Λm) values of the complexes are dissolved in 
DMF and EtOH.

1H NMR spectra

The 1H NMR spectral results, obtained for azo dye ligand 
(6-MBTAMB) and Au(III) complex at room temperature in 
DMSO-d6 with TMS as an internal reference (500 MHZ) 
(Jaber, Kyhoiesh, and Jawad 2021). The spectrum of free 
ligand (6-MBTAMB) display a signal at (δ = 9.33–9.35) ppm 
(1H, s, 24) due to the presence of carboxylate group, and the 
disappearance of the (-COOH) signal in the 1H NMR spec-
tra of Au(III) complex can be attributed to the break of the 
hydrogen bond as the result of metal chelation. Figures 1, 2, 
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Fig. 7  FT-IR spectrum of the ligand (6-MBTAMB) with metal complexes
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and Table 2 show that the bands observed at (δ = 7.07–7.99) 
ppm and (δ = 6.93–7.75) ppm (5H,d,m,dd,m,7,9,17,19,6) are 
assigned to the aromatic protons (benzothiazole ring and 
phenyl ring) of the (6-MBTAMB) and its Au(III) complex, 
respectively. The ligand (6-MBTAMB) exhibited signals of 
(δ = 3.82–3.89) ppm (3H,s,11), (δ = 2.53) ppm (3H,s,20) and 
(δ = 2.47) ppm (3H,s,21) that belonged to (-OCH3) and  CH3 
groups, a signal at (δ = 2.51) ppm (s, solvent proton). On the 
other hand, 1H NMR spectra of Au (III) metal complex dis-
played signals of (δ = 3.72–3.89) ppm (3H,s,11), (δ = 2.53) 
ppm (3H,s,20) and (δ = 2.28) ppm (3H,s,21) that assigned 
to (-OCH3) and  CH3 groups, a signal at (δ = 2.51) ppm (s, 
solvent proton).  

Upon coordination, 1H NMR signals from (-COOH) dis-
appeared from other complexes, which indicated that the 
carboxylate group was deprotonated as a result of M–O 
bonds forming, as the signal intensity and location changed 
in comparison with ligand spectra (Al-Saif 2014).

Table 4  FT-IR spectra bands of 
the (6-MBTAMB) and its metal 
complexes in  cm−1 units

Ligand (6-MBTAMB), Vs = very strong, S = strong, m = medium, w = weak, br = broad, sh = sharp, 
as = asymmetric, s = symmetric, * =  (H2O) outside of sphere coordination

Group 6-MBTAMB Ag(I)-Complex Pt(IV)-Complex Au(III)-Complex

υ(O–H) υ(H2O) 3441 w.br *3425 s. br *3479 s. br *3394 m. br
υ(C-H)Aromatic 3055 w 3032 w 2978 w 2901 w
υ(C-H)Aliphatic 2970 w 2924 w 2885 w 2831 w
υ(C = O) 1697 s 1651 w 1682 m 1682 m
υ(C = N) 1625 m 1612 w 1612 w 1605 m
υ(COO-)asym 1566 m 1543 m 1543 w 1558 m
υ(N = N) 1497 w 1450 w 1459 w 1459 w
υ(COO-)sym 1404 w 1381 s 1404 w 1396 s
Δυ(υ(COO-)asym-

υ(COO-)sym)
162 162 139 162

υ(C = C) 1312 w
717 w

1312 w
795 w

1312 w
771 w

1312 w
771 w

υ(C-S) 1265 m
833 w

1265 w
825 w

1273 m
803 w

1265 m
833 w

υ(C-O) 1234 m 1227 w 1234 w 1219 m
υ(C-N) 1057 w 1057 w 1057 w 1057 w
υ(C–C) 1026 w 1026 w 1026 w 1026 w
υ(M-OH2) – 648 w – –
υ(M–O) – 517 w 520 w 517 w
υ(M–N) – 440 w 440 w 440 w
υ(M-Cl) – – 417 w 417 w

Fig. 8  UV–Vis spectra of ligand (6-MBTAMB) and its chelates com-
plexes
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13C NMR spectra

The 13C NMR of the ligand (6-MBTAMB) was investigated, 
and signals were observed due to the presence of various 
carbon atom types (Pestov et  al. 2015). The 13C NMR 
spectrum showed multiple chemical shifts 13C = (168.69, 
159.22, 157.76, 142.19, 139.77, 132.63, 131.01, 127.81, 
126.86, 115.61, 113.38, 112.68, 110.12, 106.29, 56.16 and 
21.79 ppm) to the carbon atoms at the positions  (C22,  C2, 
 C8,  C4,  C18,  C14,  C19,  C5,  C15,  C6,  C7,  C9,  C16,  C17,  C11, 
 C20,  C21), respectively. The spectrum also showed a sin-
glet signals of Au(III) metal complex at the chemical shift 
13C = (168.97, 159.52, 143.42, 142.17, 139.76, 139.60, 
133.07, 132.63, 131.00, 127.85, 126.85, 113.20, 109.59, 
106.00, 56.03, 21.79 and 21.28 ppm) to carbon atoms at the 
same ligand positions by changing chemical displacements 
(Waheeb and Al-Adilee 2021). 13C NMR spectrum of the 
ligand (6-MBTAMB) and Au(III)-Complex are presented 
in Figs. 3 and 4.

Mass spectral analysis

The mass spectrum can be used to verify both the struc-
ture and the complexes of the ligand. The fragmentation 
ligand (6-MBTAMB) and Au(III)-Complex mass spectrum 
showed multiple peaks (Schemes 1 and 2). The detailed 
mass spectral data are tabulated in Table 3. The mass spec-
tral analysis of the new benzothiazolyl azo ligand reveals a 
base peak at m/z+ = 341.7, base peak (64.03%) attributed to 
the molecular weight of the ligand (6-MBTAMB) (341.38), 

 [C17H15N3O3S]. The molecular peak of Au(III)-Complex 
that appeared in m/z+ = 625.6, base peak (3.30%) is cor-
responding to the molecular formula of complex (626.26), 
 [C17H16N3O4SAuCl2]. These data are a good agreement with 
the corresponding molecular formulae (Chandra and Gupta 
2005; AL-Adilee, Abass, and Taher 2016; Habeeb, Al-
Adilee, and Jaber 2014). Consequently, the results of mass 
spectrometry and elemental analysis support the formation 
of stoichiometric complexes. Figures 5 and 6 show patterns 
of azo dye ligand (6-MBTAMB) and Au(III)-Complex.

Infrared spectra

Infrared spectra of the ligand (6-MBTAMB) and its com-
plexes with Ag(I), Pt(IV) and Au(III) ions have been studied. 
Complexity in these spectra is attributed to bands formed 
by benzothiazole and phenyl rings overlapping with other 
bands arising from υ(C = N), υ(N = N) and υ(COO-). The 
differences between the bands of complexes and the bands 
of ligand absorption suggest possible bonds between the 
complexes. Two characteristic absorption bands in the 
ranges (1566–1542   cm−1) and (1404–1380   cm−1) were 
observed which can be attributed to asymmetric and sym-
metric υ(COO) stretching vibrations, respectively. The car-
boxylate group can bind to the metal ions in a monodentate, 
bidentate, or bridging manner. The frequency difference 
[Δυ = υ(COO−)asym—υ(COO-)sym] can be used as an indi-
cation of the binding mode of the carboxylate. If Δυ is 
greater than 162  cm−1, this group is probably bound in a 

Table 5  Electronic spectra (in nm), magnetic moment, geometry and hybridization of metal complexes

BM  Bohr Magneton

Compounds Absorption bands 
(nm)

Transitions μeff (B.M) Geometry Hybridization

6-MBTAMB 434 n → π* – – –
312 π → π*
242 π → π*

Ag(I)-Complex 446 dπ(Ag)+1 → π*(L)(C.T) Dia Tetrahedral sp3 (Low spin)
362 Intraligand
326 Intraligand
240 Intraligand

Pt(IV)- Complex 486 1A1g → 1T1g(F)(υ1) Dia Octahedral (Regular) d2sp3 (Low spin)
380 1A1g → 1T2g(F)(υ2)

264 1A1g → 1T1g(p)(υ3)

Au(III)-Complex 980 1A1g → 1B1g(υ1) Dia Square planer dsp2 (Low spin)
442 1A1g → 1A2g(υ2)

362 1A1g → 1Eg(υ3)

242 Intraligand
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6-MBTAMB

Ag(I)-Complex

Pt(IV)-Complex

Au(III)-Complex

Fig. 9  The suggested structure formula of (6-MBTAMB) and chelate complexes
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monodentate way, as was observed for the complexes (Soli-
man and Mohamed 2013).

The spectrum of (6-MBTAMB) shows a broad weak 
band around 3441  cm−1 due to the presence of (O–H) in 
the carboxyl group. It indicates hydrogen bonding between 
molecules. Water molecules can be observed in the spec-
tra of Ag(I), Pt(IV) and Au(III) complexes as broad weak 
to strong absorption bands at 3394–3479  cm−1. The weak 
bands observed in the 6-MBTAMB spectrum at 3055  cm−1 
and 2970  cm−1 were attributed to υ(C-H)aromatic and υ(C-
H)aliphatic, respectively. These bands are shifted in both 
ligand (6-MBTAMB) and metal complexes. Spectroscopi-
cally, the 6-MBTAMB exhibits absorption at 1697  cm−1 and 
1625  cm−1 as a result of absorption caused by the υ(C = O) 
and υ(C = N), respectively. In the produced complexes spec-
tra, these bands alter in shape and shift to lower wavenum-
bers (1682–1605)  cm−1 indicated metal coordination with 
nitrogen in the benzothiazole ring (Sagdinc et al. 2009). As 
can be seen in the spectrum of free ligand, strong band at 
1497  cm−1 attributed to υ(N = N) stretching, because of the 
complexity associated with metal ions, this band is chang-
ing to a lower frequency and reduced in intensity (Tamer 
et al. 2020). In addition, the spectrum shows the band at 
1266  cm−1, which correspond to the υ(C–S) of the benzo-
thiazole ring. Spectra of ligands and solid chelate complexes 
exhibit the same band, indicating the non-participation of in 

complexes formation (Al-Adilee and Hesson 2015). Further 
weak bands can be seen in the spectrum of complexes in 
(520–417)  cm−1, which were not present in the ligand spec-
trum. These bands are assigned to υ(M–O), υ(M–N) and 
υ(M-Cl). The FT-IR spectra results show that the reagent 
acts as a tridentate chelating agent, oxygen from the carboxyl 
group, azo nitrogen, and nitrogen in the benzothiazole ring 
producing a five and six members chelating ring that coordi-
nates with metal ions. The spectra of the (6-MBTAMB) and 
its complexes are shown in Fig. 7 and Table 4.

Electronic spectral and magnetic moment studies

The electronic absorption spectral data (λmax, nm) and room 
temperature magnetic moment values (μeff B.M.) are essen-
tial for proposing the stereochemistry or geometry of the 
metal complexes. The UV–Vis spectra of  10–4 M solution 
of free ligand (6-MBTANB) and its complexes in absolute 
ethanol at room temperature are given in Fig. 8 and Table 5. 
The electronic spectrum for ligand (6-MBTAMB) showed 
three peaks at 434 nm (23,041  cm−1), 312 nm (32,051  cm−1) 
and 242 nm (41,322  cm−1). The first band can be assigned 
to n → π* intermolecular transition charge transfer taking 
place through the azo group and azomethine group, while 
the second and third bands are due to the π → π* transition 
of the aromatic benzene ring, chromophores (COOH) and 
allowed the transition of the benzothiazole ring. In com-
parison with the free ligand spectrum, the complex solu-
tion spectrum showed a significant bathochromic shift 
in the visible region of the spectrum (Christensson et al. 
2013; Chu et al. 2007). The electronic spectra of the Ag(I) 
complex do not exhibit any d-d transition due to electron 
saturation  d10. The absorption bands 446 nm (22,422  cm−1), 
362 nm (27,624  cm−1), 326 nm (30,675  cm−1) and 240 nm 
(41,667  cm−1) could be attributed to the presence of a charge 
transfer dπ(Ag)+1 → π*(L)(C.T) and intraligand where π*(L) 
was believed to be primarily dominated by the LUMO of the 
azoimine chromosphere (Al-Adilee and Jaber 2018). The 
magnetic susceptibility shows that this complex has a dia-
magnetic moment (µeff = 0.0 B.M) and a tetrahedral geom-
etry (hybridization  sp3). The Pt(IV) complex exhibits bands 
in the UV–Vis spectra at 486 nm (20,576  cm−1), 380 nm 
(26,316  cm−1) and 264 nm (37,879  cm−1) which assigned 
to the transitions 1A1g → 1T1g(F)(υ1), 1A1g → 1T2g(F)(υ2) 
and 1A1g → 1T1g(p)(υ3) transition (Jovanović et al. 2010). 
The complex has diamagnetic behavior, and an octahedral 
geometry (hybridization  d2sp3) around Pt(IV) can be sug-
gested. The spectra of the diamagnetic Au(III) complex 
exhibited four additional bands 980 nm (10,204   cm−1), 
442 nm (22,624  cm−1), 362 nm (27,624  cm−1) and 242 nm 
(41,322  cm−1) attributed to the transitions 1A1g → 1B1g(υ1), 
1A1g → 1A2g(υ2), 1A1g → 1Eg(υ3) and intraligand, respectively, 

Fig. 10  XRD patterns for ligand (6-MBTAMB) and chelate com-
plexes
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of square planar geometry (hybridization  dsp2) (Al-Saif and 
Refat 2012).

Based on the previously described chemical and spectral 
analyses, it may be possible to suggest the structural formula 
of chelate complexes as illustrated in Fig. 9.

X‑ray diffraction study (XRD)

X-ray diffraction provides direct information about the 
molecular or atomic arrangement in solid-state materi-
als (El-Boraey and El-Domiaty 2021; Begum et al. 2012). 
The X-ray diffractograms were determined for ligand 
(6-MBTAMB), [Ag(L)H2O].H2O, [Pt(L)Cl3].H2O and 
[Au(L)Cl]Cl.H2O, respectively. The intensity of diffracted 

Table 6  Crystallographic data and structure refinement details for (6-MBTAMB) and chelate complexes

Characteristic 6-MBTAMB Ag(I)-Complex Pt(IV)-Complex Au(III)-Complex

Chemical formula: C17H15N3O3S C17H18N3O5SAg C17H16N3O4SCl3Pt C17H16N3O4SCl2Au
Formula weight: 341.38 484.27 659.83 626.26
Crystal system: Cubic Tetragonal Monoclinic Monoclinic
Space group: Fd3m P4/nmm P21/c P12/m1
Space group number: 227 129 14 10
a  (A°): 23.2500 4.5050 8.4050 6.6380
b  (A°): 23.2500 4.5050 10.1830 6.8260
c  (A°): 23.2500 10.2300 13.7310 16.3690
Alpha (°): 90.0000 90.0000 90.0000 90.0000
Beta (°): 90.0000 90.0000 97.2400 92.1500
Gamma(°): 90.0000 90.0000 90.0000 90.0000
Calculated density(g/cm^3): – 9.53 1.81 1.04
Measured density (g/cm^3): – – – –
Volume of cell (10^6 pm^3): 12,568.08 207.62 1165.84 741.17
Z: 8.00 2.00 4.00 2.00
RIR: – – –
Start position [°2Th.] 9.9250 3.0000 9.9250 9.9250
End position [°2Th.] 80.0750 80.0750 80.0750 80.0750
Step size [°2Th.] 0.0500 0.0600 0.0500 0.0500
Scan step Time [s] 1.0000 1.0000 1.0000 1.0000
Scan type Continuous Continuous Continuous Continuous
Offset [°2Th.] 0.0000 0.0000 0.0000 0.0000
Divergence slit type Fixed Fixed Fixed Fixed
Divergence slit size [°] 1.0000 1.0000 1.0000 1.0000
Specimen length [mm] 10.00 10.00 10.00 10.00
Receiving slit size [mm] 0.1000 0.1000 0.1000 0.1000
Measurement temperature [°C] 25.00 25.00 25.00 25.00
Anode material Cu Cu Cu Cu
K-Alpha1[A°] 1.54060 1.54060 1.54060 1.54060
K-Alpha2 [A°] 1.54443 1.54443 1.54443 1.54443
K-Beta  [A°] 1.39225 1.39225 1.39225 1.39225
K-A2 / K-A1 Ratio 0.50000 0.50000 0.50000 0.50000
Generator settings 30 mA, 40 kV 30 mA, 40 kV 30 mA, 40 kV 30 mA, 40 kV
Diffractometer type Undefined Undefined Undefined Undefined
Diffractometer number 1 1 1 1
Goniometer radius [mm] 240.00 240.00 240.00 240.00
Dist. Focus-diverg. slit [mm] 91.00 91.00 91.00 91.00
Incident beam monochromator No No No No
Spinning No No No No
Reference code: 00–043-0316 00–037-1301 00–031-1996 00–029-1773
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CuKα radiation was calculated in 2Ѳ between (0° to 80°), 
λ = 1.54060 Å and the generator settings (30 mA/40 kV). 
The Xpert High Score computer program measures param-
eters of diffraction spectra using peaks identified by diffrac-
tion peaks (Cardona et al. 2017). The results showed their 
semicrystalline nature (Fig. 10).

Using Bragg's equation (Al-Hussainawy and Kyhoiesh 
2019), major refluxes were calculated and corresponding 
d-spacing values were measured:nλ = 2dsinθ , where d is 
the spacing between the crystalline levels, n is an integer 
(1,2,3..), λ is the wavelength of X-ray CuKα = 1.540598 A°, 
and Ѳ is the diffraction angle. The patterns of the ligand 
(6-MBTAMB), Ag(I), Pt(IV) and Au(III) complexes show 
many peaks with maximum intensities at 2Ѳ = 15.6408, 
16.1045, 15.6597 and 15.5974 which correspond to 
d-spacing (5.66581, 5.04920, 5.65901 and 5.68148 A°), 
respectively.

The Debye–Scherrer equation (Mustapha et al. 2019) was 
used to determine the average crystallite size of the particles 
and their size distributions; D = kλ∕βCosθ , where (D) is the 
average diameter of the crystallite, (k) is the shape factor 
(0.891), (λ) is the X-ray wavelength (0.15405 nm), (Ѳ) is 
the diffraction angle, and (β) is line broadening at half the 
maximum intensity (FWHM) in radian of a reported peak. 
Experimental average sizes were 27.51 nm for 6-MBTAMB, 
36.73 nm for Ag(I), 38.52 nm for Pt(IV) and 42.96 nm for 
Au(III). Compounds are shown to have nanostructure prop-
erties based on their crystallite size (Serafińczuk et al. 2020). 

The crystallographic parameters for (6-MBTAMB) and che-
late complexes are shown in Table 6.

Thermogravimetry analysis

The thermal stabilities of ligand and its metal complexes 
were investigated by thermogravimetric analysis (TGA-
DTA), under  N2 atmosphere at a heating rate of 10 °C  min−1 
in the temperature range RT to 900 °C using Pt crucible 
(Fig. 11). The nature of the proposed chemical change with 
temperature and the percent of metal oxide obtained (Bow-
man and Rogers 1966; Turan et al. 2021; Ammar et al. 2018; 
Al-Maydama et al. 2006; Sabir, Malik b, and Iftikhar 1994) 
are given in Table 7.

The TGA curve of the ligand (6-MBTAMB) shows 
three steps of weight loss within the temperature range of 
31.70–837.95 °C. The first step at 31.70–299.92ºC (Cal./
Found% 61.58/61.79) associated with DTA peaks at 69.77, 
99.97 °C that is assigned to the release of  (C10H14N2O3). 
The second step at 299.92–470.96 ºC (Cal./Found% 
14.95/15.51) corresponds to the loss of  (C3HN). The third 
step at 470.96–837.95 ºC (Cal./Found% 7.97/7.71) due to 
loss of  (C2S0.1), residual carbon atoms.

The thermogram of the Ag(I)-Complex gives a decompo-
sition pattern of two steps within the temperature range of 
38.07–837.59 °C. The first decomposition within the temper-
ature range of 38.07–200.53 °C (Cal./Found% 15.29/15.47) 
corresponds to the loss of  (C3H6O2). The second decom-
position within the temperature range of 200.53–837.59 

Fig. 11  TG–DTA curves of ligand (6-MBTAMB) and chelate complexes
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Fig. 12  FE-SEM images of ligand (6-MBTAMB) and chelate complexes
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ºC (Cal./Found% 35.55/35.65) corresponds to the loss of 
 (C10H8N2O). The DTA curve begins at 127.25 °C (endo-
thermic) and ends at 197.82, 224.75, and 313.10 °C, which 
are exothermic peaks.

The thermal degradation of the Pt(IV)-Complex shows 
two decomposition steps at the temperature range of 
25.85–838.24 °C. The first step occurs within the tempera-
ture range 25.85–296.49 °C (Cal./Found% 53.13/53.06) 
corresponds to the loss of  (C13H14N3O2Cl3). The second 
step corresponds to the removal of the  (C4H2SPt0.29) mol-
ecule with mass loss of (Cal./Found% 21.01/21.16). These 
steps are accompanied by endothermic peaks at 128.95, 
230.16 °C, respectively.

On the other hand, the TGA curve of the Au(III)-
Complex shows two steps  of  decomposi t ion 

during thermal degradation within the temperature range 
of 28.04–823.17 °C. The first decomposition step occurs 
in the range 28.04–299.90 °C (Cal./Found% 70.98/70.92) 
and corresponds to the loss of  (C17H16N3O2SCl2Au0.24) mol-
ecule. The final decomposition step occurs in the tempera-
ture range 299.50–823.17 ºC (Cal./Found% 28.98/29.06) and 
corresponds to the loss of  (Au0.76O2). The DTA curve shows 
two endothermic peaks were observed: the first at 128.95 °C 
and the second at 230.16 °C.

However, the TGA curves beyond 900 °C have been 
observed in all the complexes indicating further weight loss, 
implying that a metal oxide may be the final product.

FE‑SEM analysis

Field emission scanning electron microscopy (FE-SEM) of 
the ligand (6-MBTAMB) and metal complexes studies the 
surface morphology and shape of the particles and aggrega-
tion, in addition to the distribution of these particles. The 
field emission scanning electron microscope technique 
was employed at a cross-sectional distance of (200 nm) 
and a magnification force of (Mag = 20.00 KX). FE-SEM 
images of the 6-MBTAMB and its complexes can be seen 
in Fig. 12. Using the Image J software, particle sizes were 
calculated (Tyuftin et al. 2021). The (FESEM) image of the 
ligand (6-MBTAMB) analysis is shown as spherical crystals 
with an average particle size of 90.54 nm and a ratio of less 
than totality. Furthermore, FE-SEM of the Ag(I)-Complex 
revealed the particles to be spherical with an average size 
of 87.67 nm. Pt(IV)-Complex and Au(III)-Complex micro-
graphs were faceted with granular and spherical particles 
of different sizes of 80.08 and 40.57 nm, respectively. The 
FE-SEM micrographs of 6-MBTAMB and its chelates 

Table 8  Antimicrobial activity 
data of ligand (6-MBTAMB) 
and its complexes (inhibition 
zone mm)

Highly active =  +  +  + (inhibition zone > 20 mm)
Moderately active =  +  + (inhibition zone 15–20 mm)
Weakly active =  + (inhibition zone 10–15 mm)
Inactive =—(inhibition zone < 10 mm

Compound Bacteria Fungi

Gram-Positive Gram-Negative

Staphylococcus aureus Escherichia coli Aspergillus Niger

6-MBTAMB  +  +  +  +  +  +  + 
Ag(I)-Complex  +  +  +  +  +  +  +  +  + 
Pt(IV)-Complex  +  +  +  +  +  + 
Au(III)-Complex  +  +  +  +  + –
Novobiocin  + – –
Cycloheximide – – –
DMSO – – –

Fig. 13  In vitro antimicrobial activity of ligand (6-MBTAMB) and its 
complexes
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complexes vary considerably because metal ions coordi-
nate to donor sites (Baraka et al. 2007), and show that the 
grains of the prepared compounds are smaller than 100 nm, 
which is within the nanoscale range where the surface area 
increases effectively and thus enters the (Quantitative effect) 
to create new energy levels that move the electron more free. 
Characteristics of the ligand and its complexes enabled us 
to study in medicine and the susceptibility of these com-
pounds to the inhibition of many types of cancers (Al-adilee 
and Hessoon 2019). Various conditions have been used to 
synthesize nanoparticles of different sizes and shapes, e.g., 

irregular multilateral shapes (1.5–2 μm), aggregate parti-
cles (600–700 nm), isolated particle (100–150 nm), porous 
structure (40 nm), and nanoparticles (28–32 nm) (Amschler 
et al. 2014).

Antimicrobial activity of azo dye ligand (6‑MBTAMB) and all 
complexes

The antimicrobial activity of ligands (6-MBTAMB) and 
their metal complexes Ag(I), Pt(IV) and Au(III) have 
been studied by diffusion method against microorganisms 

Fig. 14  2D view of intermolecular interactions of FGFR2 protein a 6-MBTAMB, b Ag(I)-Complex, c Pt(IV)-Complex, d Au(III)-Complex



2800 Chemical Papers (2022) 76:2777–2810

1 3

representing Gram-positive bacteria (Staphylococcus 
aureus), Gram-negative bacteria (Escherichia coli) and 
antifungal (Aspergillus niger) at the concentration 0.2 mg/
ml presented in Table 8 and Fig. 13. Antibiotics (novobiocin 
and cycloheximide) have traditionally been used. A study 
has shown that ligand and some transition metal complexes 
exert good antimicrobial activity against bacteria and fungi 
tested. Thus, benzothiazole moiety compounds may have an 
advantage since they target more severe clinical conditions 
than bacteriostatic agents (Egorova et al. 2021). The antibac-
terial activity from the result obtained clearly that the Ag(I)-
Complex has exhibited good activity against both bacteria 
(Gram-negative & Gram-positive) as compared to ligand 
(6-MBTAMB) and standard drug (novobiocin). The antifun-
gal activity result revealed that the ligand (6-MBTAMB) was 
highly active as compared to metal complexes and standard 
antifungal drugs (Cycloheximide). In an inhibition zone test 
with DMSO, there were no inhibition zones. A comparative 
study of values indicated that the metal complexes exhibited 

promising antimicrobial activity as compared to free ligand 
and the enhanced activity of the complexes can be ration-
alized based on Tweedy’s chelation theory (Mishra et al. 
2021). The chelation theory suggests that this makes sense. 
Chelation reduces the polarity of the metal ion, primarily 
due to its partial sharing of its positive charge with the donor 
groups and delocalization of π-electron on the whole chelate 
ring. A chelate can reduce not only the polarity of the metal 
ion, but it can also increase the lipophilic character of the 
chelate, facilitating the interaction between the metal ion 
and the lipid. Cellular processes may be interfered with due 
to the breakdown of the permeability barrier. Geometry and 
charge distribution around the molecule must match those 
around the pores of the bacterial cell wall to prevent pen-
etration through the wall by the toxic agent and the toxic 
reaction within the pores. Therefore, carboxylate, methyl, 
and methoxy substituents on the benzothiazole moiety and 
the phenyl ring impart good antibacterial activity. However, 
the activity has always been greater for the metal complexes 

Fig. 15  3D view of intermolecular interactions of FGFR2 protein a 6-MBTAMB, b Ag(I)-Complex, c Pt(IV)-Complex, d Au(III)-Complex
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than the free ligands (Pitchumani Violet Mary et al. 2019; 
Ekennia et al. 2017; Pramanik et al. 2015; Joshi and Kumar 
2014).

Molecular docking studies

In silico molecular docking was conducted to further assess 
the anticancer activities of these compounds. The molecular 
docking study of synthesized compounds was used to exam-
ine biomolecular interactions of new compounds, which 

Fig. 16  Isolated active site of FGFR2 protein (a) 6-MBTAMB, (b) Ag(I)-Complex, (c) Pt(IV)-Complex, (d) Au(III)-Complex

Table 9  Binding energy values of FGFR2 protein

S = the final score is the score of the last step, RMSD_refine = the mean square deviation between the laying before refinement and after refine-
ment pose, E_conf = energy conformer, E_place = score of the placement phase, E_scor1 = score the first step of notation, E_refine = score 
refinement step and number of conformations generated by ligand E_scor2 = score the first step notation, number of poses = Number of confor-
mations

Compound S (Kcal/mol) RMSD_refine E.conf E. place E. score1 E. refine E. score2

6-MBTAMB  − 6.4561 0.7306 3.0706  − 96.5378  − 10.0700  − 26.9137  − 6.4561
Ag(I)-Complex  − 6.8556 2.3956  − 258.6523  − 67.9934  − 10.2981  − 47.0924  − 6.8556
Pt(IV)-Complex  − 5.8246 1.4380  − 150.4951  − 66.9427  − 11.4781  − 25.9739  − 5.8246
Au(III)-Complex  − 6.0690 1.0906  − 7.5073  − 78.8561  − 9.7973  − 30.7756  − 6.0690
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supports the design and reconstruction of drugs as effective 
inhibitors for the development of diseases (Manju, Kishore, 
and Kumar 2011). Molecular docking was performed fur-
ther on compounds to interpret theirs in vitro activities 
against FGF Receptor 2 (FGFR2) kinase domain harboring 
the pathogenic gain of function K659E mutation identified 
in endometrial cancer based on their ligand–protein inter-
actions (Chen et al. 2013; Bian and Xie 2018). Molecular 
docking analyses (PDB ID: 4J97) have been conducted to 
predict the affinity and preferred orientation of each docking 
pose. Results of the docking study are expressed in terms 
of enzyme binding free energy (ΔG). Figures 14, 15 and 
16 display the intermolecular interactions of FGFR2 inhibi-
tors with the active site of amino acid residues from the 
best docking pose in 3D and 2D predictions. Based on the 

binding energy of FGFR2 inhibitors, the penetration through 
protein holes of compounds is shown in Tables 9 and 10. 
Various intermolecular interactions with amino acid resi-
dues determined the binding affinity of ligands. The ligand 
(6-MBTAMB) was able to reveal diverse noteworthy inter-
actions with the active site amino acids (Ala 567, Asp 644). 
The Ag(I)-Complex exhibits two H-bond interactions repre-
sented (Fig. 15b) with the active site amino acids (Val 495, 
Asp 644). Moreover, Pt(IV)-Complex also exhibits seven 
H-bond with residues of (Gly 490, Ala 491, Gly 493, Lys 
517, Arg 630, Asn 631). In another hand, Au(III)-Complex 
has interactions with active site amino acids (Leu 487, Val 
495, Ala 567 and Asn 571), respectively. Compounds like 
these interact strongly with residues that tightly bind to com-
plexes, which prevent their functions from being carried out 

Table 10  The binding residues 
of receptors in the binding site 
for compounds

Compound Active site residues Interactions

6-MBTAMB Ala 567 Greasy (backbone donor) …..O
Asp 644 Acidic (side chain donor) ……S

Ag(I)-Complex Val 495 Greasy (backbone donor) benzene ring
Asp 644 Acidic (side chain donor) ……H2O

Pt(IV)-Complex Gly 490 Polar (side chain accepter) ……Cl
Ala 491 Greasy (backbone donor) ……Cl
Gly 493 Polar (side chain accepter) ……O
Lys 517 Basic (backbone accepter) …..O

Basic (backbone accepter) …..Cl
Arg 630 Basic (backbone accepter) ……S
Asn 631 Polar (side chain accepter) ……S

Au(III)-Complex Leu 487 Greasy (backbone donor) thiazole ring…H
Val 495 Greasy (backbone donor) benzene ring…H
Ala 567 Greasy (backbone donor) …..S
Asn 571 Polar (side chain accepter) …..Cl

Table 11  Antioxidant activity from the analysis in vitro for ligand (6-MBTAMB) and its metal complexes

DPPH Radical Scavenging Activity %

Concentra-
tion (µg/
ml)

Ascorbic acid 6-MBTAMB Ag(I)-Complex Pt(IV)-Complex Au(III)-Complex

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

12.5 80.290456 1.0373443 26.661985 2.9346315 32.412523 1.6921063 29.579472 0.9347738 32.634032 2.8408597
25 85.580912 1.8758445 37.617041 1.2331055 40.906998 2.0420668 35.257780 0.61451732 42.494172 1.1997304
50 92.773167 5.4500907 49.953183 0.8494965 71.500920 0.7700611 46.923259 3.2990286 64.522144 1.0886055
100 99.031811 0.3169129 64.700374 1.2047855 86.901473 0.7254121 59.158945 1.359856631 85.011655 0.9442717
200 99.446749 0.0598911 74.227528 2.3679375 88.236648 1.9743813 79.472558 0.37715628 93.263403 0.3976392
400 99.515905 0.0598911 85.065543 1.9816979 93.162983 0.0690607 89.159657 1.23453371 93.682983 0.6646423
R2 0.9950 0.9964 0.9836 0.9813 0.9905
IC50 3.152 47.79 26.76 49.62 27.82
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by the ligand, which stops the metabolism of cancerous cells 
(Varghese et al. 2021). Molecular docking is a tool used in 
modern drug design to analyze how drugs interact with their 
receptors (Abdolmaleki, B Ghasemi, and Ghasemi 2017). 
Normal cells contain FGFR, which is involved in embryo-
genesis, tissue homeostasis, tissue repair, wound healing, 
and inflammation. As a result, inhibiting the FGFR signaling 
pathway presents a promising therapeutic option for cancer 
(Chaudhary and Mishra 2016; Liu et al. 2020). According 
to Do-Hee et al. (Kim et al. 2016), FGFR2 would serve as 
an efficient target for inhibiting the migration and/or inva-
sion of endometrial cancer cells harboring FGFR2-activating 
mutations. Taken together, this is undoubted that AP24534 
possesses excellent inhibitory ability against FGFR2-dereg-
ulated endometrial cancer cells. In addition, the antitumor 
effect of AP24534 against endometrial cancer cells with acti-
vating FGFR2 mutations might be mainly associated with 
the blockade of ERK, PLCg and STAT5 signal transduction.

DPPH scavenging activity

DPPH (1,1-diphenyl-2-picrylhydrazyl) becomes a free radi-
cal by the spare electron delocalizing over the whole mol-
ecule, which means that the molecule does not dimerize, 
unlike most other free radicals (Purushotham et al. 2019). 
Hydrogen donors serve as antioxidants; this method identi-
fies compounds that act as radical scavengers. The DPPH• 
can accept hydrogen from an anti-oxidant. A DPPH• radical 
is one of the few stable and commercially available organic 
nitrogen radicals. The antioxidant effect in a test sample is 
proportional to the disappearance of DPPH• (Parisi et al. 
2016). Using ascorbic acid as a standard, all synthesized 
compounds were evaluated for their free radical scavenging 
activity. For each compound and ascorbic acid,  IC50 values 
were calculated and are summarized in Table 11 and shown 
in Figs. 17, 18. Based on the low  IC50 values, it is evident 
Ag(I) metal complex has the highest antioxidant activity in 
this DPPH assay.  IC50 values at higher concentrations were 
noted for the remaining compounds with medium to lower 
activity. This study determined the mechanism of free radi-
cal scavenging activity shown in Fig. 19 (Kyhoiesh and Al-
Adilee 2021).

Anticancer effect

Cell lines from cancerous tissues can be used to study human 
cancer both in vitro and in vivo. According to statistics, 
endometrial cancer is the fourth most common kind of can-
cer in women (Ying et al. 2021). There are two subtypes 
of endometrial cancer. Type I (endometrioid histology) and 
type II (serous or clear cell histology) exhibit vastly different 
clinical and pathologic features (Liu et al. 2021; Johnatty 
et al. 2021). Using a cell viability assay, the cytotoxic activ-
ity of the ligand (6-MBTAMB) and Au(III)-Complex against 
endometrial cancer cells (MFE-296) and the effect of nor-
mal cells human umbilical vein endothelial cell (HUVEC) 
at different concentrations (25, 50, 100, 200, and 400 µg/
mL) were studied (MTT assay). The ligand (6-MBTAMB) 
inhibited tumor cell death at a concentration of 400 µg/ml, 
with a cytotoxic efficacy of (89.12%). On the other hand, the 
Au(III)-Complex inhibited (MFE-296) to (97.40%) at a con-
centration of 400 µg/mL, whereas the normal cellular cell 
(HUVEC) had no effect at the same concentration. Similarly, 
all compounds tested were inhibited the most when concen-
trations of (400 µg/ml) were incubated for 24 h, while con-
centrations of (25 µg/ml) inhibited the least. The selectivity 
index (SI), which indicates cytotoxicity of the compound 
against cancer cells while it is relatively safe against normal 
cells, was calculated by comparing the  IC50 values for each 
cell line. Au(III)-Complex showed selective cytotoxicity 
against cancer cell lines with  IC50 = 43.44 µg/ml, but was 

Fig. 17  Antioxidant activities of synthesized compounds and positive 
controls

Fig. 18  IC50 values of DPPH scavenging activity of ligand, com-
plexes and ascorbic acid
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very healthy against normal cells with  IC50 = 148.20 µg/ml. 
Tables 12 and 13 give the viability rate values for selected 
compounds after 24 h of treatment with various concentra-
tions of MFE-296 and HUVEC cells and calculate the 50% 
inhibitory concentration (Figs. 20, 21, 22, 23, 24, 25, 26, 
and 27).

Conclusion

Newly synthesized Ag(I), Pt(IV) and Au(III) metal com-
plexes based on benzothiazole azo dye ligand have been pre-
pared and underwent structural identification applying ana-
lytical (elements content, thermogravimetric analysis) and 
spectroscopic (1H NMR, 13C NMR, IR, mass and UV–Vis 
spectra) tools as well as magnetic susceptibility measure-
ments. Elemental and spectroscopic results confirmed 1:1 

Fig. 19  Mechanism of free radi-
cal scavenging activity

Table 12  Evaluation of cytotoxicity of (6-MBTAMB) against MFE-296 cancer cell line after incubation (24 hours) at (37 °C) and HUVEC cell 
line

Concentration (μg/mL) 6-MBTAMB

Cancer line cells Normal line cells

MFE-296 HUVEC

Cell viability % Cell inhibition Cell viability % Cell inhibition

Mean SD Mean SD

0 100.0000821 1.916969709 100.0049425 1.606326455
25 86.82381317 4.084800092 13.17618683 87.60739734 1.286090448 12.39260266
50 76.64401662 3.47428312 23.35598338 74.79797356 3.343074078 25.20202644
100 48.1570053 3.737808647 51.8429947 63.7184398 2.639560109 36.2815602
200 27.46903166 5.098662992 72.53096834 46.70785452 2.780409215 53.29214548
400 10.87733299 0.924348782 89.12267653 39.83039866 1.464293909 60.16961087
IC50 100.4 189.6
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(M/L) stoichiometry of metal complexes. The molar con-
ductance measurements proved the presence of the chloride 
ion outside the coordination sphere in the Au(III) complex, 
giving the 1:1 electrolyte nature but non-electrolyte in the 
rest of the metal complexes. The applied tools combined 
have confirmed the metal complexes to be formulated as 
[Ag(L)(H2O)].H2O, [Pt(L)Cl3].H2O, [Au(L)Cl]Cl.H2O. 
Crystallinity, parameters, and morphology of the sample 
were assessed with X-ray diffraction (XRD) and field emis-
sion scanning electron microscope (FESEM). These investi-
gations have shown that the tridentate ligand is coordinated 
to the metal ions via the N atom of the azomethine group, 
the N atom of the azo group and the O atom of the carboxy-
late group as donor atoms. The microbial activates of the 
organic ligand with metal complexes were screened in vitro 
against various bacteria and fungi. The results showed that 
the ligand and metal complexes have generally higher activ-
ity than standard antibacterial (Novobiocin) and antifungal 
(Cycloheximide). In molecular docking, the binding affin-
ity and interaction of the synthesized ligand and its metal 

Table 13  Evaluation of cytotoxicity of Au(III)-complex against MFE-296 cancer cell line after incubation (24 hours) at (37 °C) and HUVEC 
cell line

Concentration (μg/mL) Au(III)-Complex

Cancer line cells Normal line cells

MFE-296 HUVEC

Cell viability % Cell inhibition Cell viability % Cell inhibition

Mean SD Mean SD

0 100.0000821 1.916969709 100.0049425 1.606326455
25 74.42744802 1.513202834 25.57255198 86.45413732 1.388831113 13.54586268
50 44.75005726 2.300495488 55.24994274 67.96078916 1.858937204 32.03921084
100 26.11446196 4.212728393 73.88553804 54.98661395 2.374650571 45.01338605
200 13.80019194 2.155290431 86.19980806 45.73170229 2.705228629 54.26829771
400 2.594206218 1.913010387 97.40579378 34.84575147 1.871216556 65.15424853
IC50 43.44 148.2

Fig. 20  % Cell viability for 
ligand (6-MBTAMB) against 
endometrial cancer cells 
(MFE-296) and the normal cells 
(HUVEC)

Fig. 21  IC50 for ligand (6-MBTAMB) in (MFE-296) cell line and 
(HUVEC) natural cell line
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Fig. 22  For ligand (6-MBTAMB) % viability, a comparison was 
made between carcinoma and natural cells

Fig. 23  For ligand (6-MBTAMB) % inhibition, a comparison was 
made between carcinoma and natural cells

Fig. 24  % Cell viability for 
Au(III)-Complex against endo-
metrial cancer cells (MFE-296) 
and the normal cells (HUVEC)

Fig. 25  IC50 for Au(III)-Complex in (MFE-296) cell line and 
(HUVEC) natural cell line

Fig. 26  For Au(III)-Complex % viability, a comparison was made 
between carcinoma and natural cells
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complexes are tight with the binding sites of FGF Recep-
tor 2 (FGFR2) proteins, which contributes to designing the 
potent chemotherapy agent. DPPH radical scavenging assays 
are used to evaluate the antioxidant activity of the ligand 
and its complexes. By comparing the antioxidant activity 
of produced new azo compounds with a known antioxidant, 
such as ascorbic acid, their antioxidant activity was deter-
mined. In the cytotoxicity assays conducted on 6-MBTAMB 
and Au(III) metal complex using endometrial cancer cell 
line MFE-296, and compared with HUVEC, the anticancer 
efficiency assayed the viability of the cells, it can be con-
cluded that ligand and Au(III) metal complex possess good 
cytotoxic property and selectivity against endometrial cancer 
cell line (MFE-296) cells.
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