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a b s t r a c t 

In the present study, novel metal(II) complexes with an amino acid based bidentate imine ligand (thial- 

L -gln) derived from thiophene-2-carboxaldehyde (thial) and L -glutamine (L-gln) have been designed the- 

oretically using DFT calculations and successfully synthesized experimentally. Based on the combined 

(theoretical and experimental) results, tetrahedral/square-planar geometries have been proposed for the 

complexes. Molecular docking studies indicate greater interactions of [Cu(II)-(thial- L -gln) 2 ] and [Zn(II)- 

(thial- L -gln) 2 ] with the EGFR evidenced by best binding energy and hydrogen-bonded residues during 

interactions. The antimicrobial and antioxidant studies revealed that all complexes exhibit significant ac- 

tivities as compared to thial- L -gln. From cell viability assay and morphological studies, it has been con- 

firmed that the [Cu(II)-(thial- L -gln) 2 ] has significant anticancer activity. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

The role of coordination compounds in nature and in biological 

systems is crucial. Most of the metal ions are essential to main- 

tain human homeostasis and play vital roles in many biological 

processes by acting as cofactors in the protein’s function, thereby 

stabilizing, regulating, and completing courses of cellular functions 

[ 1 , 2 ]. Chlorophyll, hemoglobin, and vitamin B12 are some exam- 

ples of such metal complexes. Inorganic medicinal chemistry ap- 

pears to be one of the best therapeutic approaches to treat and 

diagnose diseases [3] . It has been reported that the metal com- 

plexes exhibit improved biological properties than free organic 

compounds due to their varied reactivity pattern, structural diver- 

sity, and unique photo and electrochemical properties [4] . Transi- 

tion metals played a vital role in the development of new metal- 

based drugs [5] . Therefore, it is crucial to select useful perform- 

ing chelators with coordinating properties suitable for the proper 

stabilization of given metalcore. L -Glutamine (L-gln) is involved in 

many metabolic and biochemical processes and supports rapidly 

proliferating cells, such as enterocytes and lymphocytes, and acts 

as N 2 and NH 

4 + carriers kidney and liver. Research has focussed 
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L -amino acids [6] , whereas L -gln Schiff base complexes are sel- 

dom reported. Continuing our work in this field [7] , we report 

here the synthesis and characterization of Co/Ni/Cu/Zn(II) Schiff

base complexes derived from the condensation of thiophene-2- 

carboxaldehyde (thial) with L -glutamine (L-gln) with unique prop- 

erties from coordination to biocidal and potent antioxidant, cyto- 

toxicity leads to anticancer activities. In addition to this, theoretical 

calculations using DFT and molecular docking analysis were per- 

formed for the above systems. 

2. Experimental and methods 

2.1. Materials 

The chemicals that were used in the present study were ana- 

lytical grade and used without any further purification. L -gln, thial, 

Co/Ni/Cu/Zn(II) chloride salts were purchased from Sigma-Aldrich. 

The L929 Fibroblast and PA-1 cells for cytotoxicity study were pro- 

cured from National center for Cell Sciences Pune, India. For cy- 

totoxicity analysis experiments, all chemicals and reagents used 

were purchased from Sigma-Aldrich, USA. The human ovarian can- 

cer cells-PA1 and L929 (fibroblast) cell lines were procured from 

National center for Cell Sciences, Pune, India. 
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