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Abstract—A bimetallic complex was synthesized using a 

novel reagent, compound-A, derived from azole 

compound methyl imidazole and [N{3-(5-amino-2-

thione-1,3,4-thiadiazole)}]. The synthetic pathway 

involved a condensation reaction between [N{3-(5-

amino-2-thione-1,3,4-thiadiazole)}-methyl imidazole] 

and a substituted triazine carboxamide derivative, 

resulting in the formation of compound-A. This novel 

reagent was then used to form a bimetallic complex 

through coordination with copper metal under 

appropriate stoichiometric conditions. The structures of 

both Compound-A and its bimetallic complex were 

characterized using UV, IR, EDS, SEM, and NMR 

techniques. Preliminary biological evaluations revealed 

that the compound exhibits significant antimicrobial 

(both antibacterial and antifungal) as well as anti-

inflammatory activities. 

 

Index Terms—Bimetallic complex, Thiadiazole 

derivative, Methyl imidazole, Coordination chemistry, 

antimicrobial activity, Anti-inflammatory agent 

 

I. INTRODUCTION 

 

Coo Coordination compound, also known as complex 

compound, are chemical complex where a central 

metal ion or atom is bound to group of molecule or 

ions called ligands [1]. Bimetallic complex is 

coordinated molecule that contain two metal 

coordinates to a Di nucleating ligand. There is new 

trend in the recent past to use bimetallic complex due 

to promising bioactivity. In a bimetallic complex, the 

presence of second metal centre may show an increase 

in antimicrobial properties of the complex as 

compared to monometallic complex. Two metal 

centres will contribute according to their chemical 

properties.[2] The bimetallic complex can be either be 

homometallic having two similar metal centre or 

heterobimetallic having two different metal centre. 

Bimetallic complexes are playing most important role 

in recent Canario because of their desirable functional 

properties. Two metal centres can facilitate 

cooperative multi-electron process with transition 

metal ions.[3][4] The metal centres of the bimetallic 

complex tend to cooperate by changing the reactivity 

and or physical properties of the complexes therein 

Each metal may contribute individually or collectively 

to the overall properties of the complexes.[5] Metal 

complex with Amino-1,3,4-thiadiazole derivative are 

well known as compound of a wide range of anticancer 

activity and antibacterial, anti-inflammatory property 

that have been prepared from their azole and addition 

of two metal centre in this surely giving increasing in 

activities like antibacterial, anti-inflammatory and 

anticancer. [6][7]1.3,4-Thiadiazole are also important 

classes of azole with important biological properties as 

there are many example in the literature including 

antifungal[8,9] and anti-inflammatory 

drugs[10,11],antimicrobials [12,13] antiviral [14,15] 

and Anti-cancer drugs.[16] Anti-depressant drugs.[17] 

Imidazole’s play an important role in medicinal 

chemistry, because many of its derivatives have 

demonstrated significant biological activity.[18,19] 

Pyridine derivatives are a family of heterocyclic 

nitrogenous compounds possessing many of 

applications in the discovery of  anticancer drug. This 

synthetic category serves as the potent class of 

compounds in the treatment of many types of tumours 
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as breast cancer, myeloid leukaemia, pancreatic 

cancer, liver cancer. [27] The applications of Pyridine 

and its derivatives compel chemists, pharmacists and 

material scientists to introduce compounds containing 

this heterocycle with viable applications.[28] 

Complexes of copper in oxidation state +2 were found 

to show significant antioxidant and anti-free radical 

activity. [20,29] Bimetallic copper complexes are 

potential models for several important biological 

systems containing a couple of sites [22] and have 

been studied extensively. [23–26]. Copper complexes 

of imidazo [l,2-a] pyridine derivatives and/or 

analogues thereof for use in the treatment of cancer, 

particularly breast cancer, colorectal cancer, and 

leukemia.[30] The Copper Complexes that use 

thiazole and benzothiazole as ligand and that report 

efficient antimicrobial activity against different 

bacteria and fungi.[31] 

 Denaturation of proteins is one of the 

phenomenon’s that result in the disturbance of stability 

and structure of the protein. The chemistry of proteins 

has always been important owing to the abundance of 

these biomolecules in the living system. With all this 

in mind, the present study was undertaken to design 

and synthesize a novel fused heterocyclic compound, 

referred to as compound-A, utilizing a newly 

developed reagent under optimized conditions. The 

molecular architecture of compound-A incorporates 

multiple pharmacologically relevant moieties, 

including imidazole, thiadiazole, pyridazine, and 

triazine rings, which are known to contribute to a wide 

range of biological activities. In addition to the free 

ligand, its corresponding copper(II) complex 

(compound-A–Cu(II)) was also synthesized to explore 

potential metal coordination effects on biological 

activity. Both compound-A and its metal complex 

were thoroughly characterized using standard 

analytical and spectroscopic techniques. Furthermore, 

a comprehensive evaluation of their biological 

properties was conducted to assess their potential as 

therapeutic agents. 

 

II. EXPREMENTAL 

 

All reagent and solvents were used as purchase from 

commercial suppliers without purification, N{3-(5-

amino-2-thione-1,3,4-thidiazole), Imidazole, Copper 

chloride, purchased from sigma Aldrich. Infrared 

spectra studies recorded with non-destructive method 

on diamond surface on PerkinElmer UATR two in the 

range of 4000–450 cm−1 FTIR Spectrophotometer. 

Metal contains and presence studied by SEM-EDS 

Analyser also ligand and complexes studied, 1H 

NMR, UV spectra. NMR spectra were recorded by 

also bruker and UV recorded by shimadazu 1800. 

 

Synthesis Scheme: 

 
Step-1: Synthesis of (1H-imidazol-1-yl) methanol (2). 
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The mixture of Imidazole, paraformaldehyde and 

triethylamine were heated with stirring in an oil bath 

at 80 °C till the solid completely melted to give a 

viscous residue. Progress of reaction was monitored on 

TLC (TLC phase:100% EtOAc or 10% MeOH in 

DCM, KMnO4 or Ninhydrin as a stain). After 

complete consumption SM (Imidazole on TLC), Cool 

the reaction mass to RT and then at 0 °C, white solid 

obtained was the (1H-imidazol-1-yl) methanol (2) 

matches with CAS number: 51505-76-1 used for next 

with TLC confirmation. 

Step-2: Synthesis of of 1-(chloromethyl)-1H-

imidazole (3). 

 
The Solid of int-2 was cooled to 0 °C under nitrogen 

atmosphere. To this solid SOCl2 was added drop-wise 

and carefully (Exothermic reaction observed) under 

stirring and maintaining the temp at 0 °C. After 

complete addition of SOCl2, Reaction mass was then 

stirred at 0 °C for 15 minutes. Reaction mass was then 

heated 100 °C for 3-4h under nitrogen. Progress of 

reaction was monitored on TLC. After complete 

consumption of SM on TLC (TLC phase:100% EtOAc 

or 10% MeOH in DCM, KMnO4 or Ninhydrin as a 

stain), SOCl2 from reaction mass evaporated under 

vacuum, Toluene was added to the reaction mass and 

again distil it to full dryness, Repeat the same 

procedure for toluene one more time. Dry the obtained 

brown gum for another 30 Minutes that gives 1-

(chloromethyl)-1H-imidazole (3) used as it is for next 

step without further purification and analysis. 

Step-a:  Synthesis of tert-butyl (5-thioxo-4,5-dihydro-

1,3,4-thiadiazol-2-yl) carbamate (b): 

 
To a solution of 5-amino-1,3,4-thiadiazole-2(3H)-

thione (4) (9.5 g, 71.4 mmol, 1.0 eq) in a tBuOH:H₂O 

mixture (90 mL:90 mL), NaOH (1.63 g, 71.4 mmol, 

1.0 eq) was added at 0 °C, followed by the dropwise 

addition of Boc₂O (27.1 g, 71.4 mmol, 1.0 eq) at the 

same temperature. The reaction mixture was then 

stirred at room temperature for 16–20 hours. The 

reaction mass was acidified with a citric acid solution 

to adjust the pH to 4–5, resulting in the formation of a 

white precipitate. The precipitate was filtered, washed 

with water, and dried thoroughly under vacuum or at 

50–60 °C to remove residual moisture, yielding tert-

butyl (5-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-yl) 

carbamate (4) (15.0 g, 90% yield). 

Step-3: Synthesis of tert-butyl(4-((1H-imidazol-1-

yl)methyl)-5-thioxo-4,5-dihydro-1,3,4- thiadiazol-2-

yl) carbamate (4) 

 
To the solution of Intermediate-b in DMF was added 

TEA followed by the addition of Int3 (Solution in 

DMF) at rt. Reaction mass was then heated to 80 °C 

for 16h. Progress of reaction was monitored on TLC 

(TLC phase:100% EtOAc, UV). After complete 

consumption of int-b on TLC cold water was added to 

reaction mass and compound was extracted on 10% 

MeOH: DCM 2-3 times. Combined organic layer was 

wash with cold water and finally with saturated NaCl 

solution, Separated organic layer was evaporated 

under vacuum to get the crude Obtained crude was 

then purified by column chromatography (0-4% 

MeOH in DMF, 60-120 mesh silica gel), Obtained 

eluent was evaporated under vacuum to gives yellow 

colored solid as tert-butyl (4-((1H-imidazol-1-yl) 

methyl)- 5-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-

yl)carbamate. 
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Step-4: 3-((1H-imidazol-1-yl)methyl)-5-amino-1,3,4-

thiadiazole-2(3H)-thione (5): 

 
To a solution of Synthesis of tert-butyl(4-((1H-

imidazol-1-yl)methyl)-5-thioxo-4,5-dihydro-1,3,4- 

thiadiazol-2-yl) carbamate (4) (5.0 g) in dry DCM, 4M 

dioxane HCl was added dropwise at 0 °C under a 

nitrogen atmosphere. The reaction mixture was stirred 

at room temperature for 2 hours. After completion, the 

solvent was evaporated under vacuum to obtain the 

crude product. The crude was then triturated in diethyl 

ether, yielding an off-white solid identified as 3-((1H-

imidazol-1-yl)methyl)-5-amino-1,3,4-thiadiazole-

2(3H)-thione (5) (3.5 g, 97% yield). 

 

Step-5a:(Z)-N-(4-((1H-imidazol-1-yl)methyl)-5-

thioxo-4,5-dihydro-1,3,4-thiadiazol-2-yl)-1-

cyclopropyl-8-methyl-7-(5-methyl-6-(methylimino)-

1,6-dihydropyridin-3-yl)-4-oxo-1,4-

dihydroquinoline-3-carboxamide (Compound-A): 

 
To a solution of 1-cyclopropyl-8-methyl-7-[5-methyl-

6-(methylamino)pyridin-3-yl]-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (4.45 g, 23.4 

mmol, 1.00 eq) in dry dimethylformamide (45 mL), 

hexafluorophosphate azabenzotriazole tetramethyl 

uronium (HATU) (13.3 g, 35.1 mmol, 1.5 eq) was 

added at 0 °C under a nitrogen atmosphere. The 

reaction mixture was stirred at 0 °C for 15 minutes, 3-

((1H-imidazole-1-yl)methyl)-5-amino-1,3,4-

thiadiazole-2(3H)-thione (7.25 g, 23.4 mmol, 1.00 eq) 

and N, N-Diisopropylethylamine (9.08 g, 70.38 mmol, 

3.00 eq) were added to the reaction mixture, and it was 

stirred at 0 °C for 2 hours. Upon completion, cold 

water was added to the reaction mixture. The resulting 

solid was filtered, washed with water, and then with n-

pentane. The solid was dried under vacuum to yield 

(Z)-N-(4-((1H-imidazol-1-yl)methyl)-5-thioxo-4,5-

dihydro-1,3,4-thiadiazol-2-yl)-1-cyclopropyl-8-

methyl-7-(5-methyl-6-(methylimino)-1,6-

dihydropyridin-3-yl)-4-oxo-1,4-dihydroquinoline-3-

carboxamide. 

 

Step-6: Synthesis of Homobimetallic Cu(II) Complex: 

 
The ethanolic solution of (Z)-N-(4-((1H-imidazol-1-

yl)methyl)-5-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-

yl)-1-cyclopropyl-8-methyl-7-(5-methyl-6-

(methylimino)-1,6-dihydropyridin-3-yl)-4-oxo-1,4-

dihydroquinoline-3-carboxamide was added to an 

ethanolic solution of Copper Chloride in appropriate 

stoichiometry with stirring. This mixture was refluxed 

for 3 hours. The product was filtered off, washed with 

hot ethanol, followed by water, and dried under 

vacuum.  

Mixing of reagent and metal solution to form a 

colourful precipitate was observed. This precipitate 

was dried and recrystallized to remove impurities 

 

Biological activities:  

Procedure:  

In vitro anti-inflammatory activity by Protein 

denaturation method: 
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The reaction mixture (1 mL) consisted of 0.1 mL of 

egg albumin (from fresh hen’s egg), 0.5 mL of 

Phosphate buffered saline (PBS, pH 6.4) and 0.4 mL 

of Sample A and Sample B at the concentration 

1mg/ml. similar volume of double-distilled water 

served as control. Then the mixtures were incubated at 

(37 degree Celsius ±2) in an incubator for 15 min and 

then heated at 70 degree Celsius for 5 min. After 

cooling, their absorbance was measured at 660 nm by 

using vehicle as blank. Diclofenac sodium at 

concentration 1 mg/ml) was used as reference drug and 

treated similarly for determination of absorbance. The 

percentage inhibition of protein denaturation was 

calculated by using the following formula, % 

inhibition = absorbance of control - absorbance of test 

/ absorbance of control x 100. Anti-inflammatory 

activity of different formulation by Protein 

denaturation. 

 

Procedure:  

Antibacterial activity against E. coli, Bacillus subtilis, 

S Aurus, Salmonila Typibacteria by well diffusion 

method: 

The inoculums of the micro-organism were prepared 

from the bacterial cultures. 15 ml of nutrient agar (Hi 

media) medium was poured in clean sterilized Petri 

plates and allowed to cool and solidify. 100 μl of broth 

of bacterial strain was pipette out and spread over the 

medium evenly with a spreading rod till it dried 

properly. Once the agar was hardened, then Sample 

Slides was placed on the plate in the manner and the 

plates were incubated at 370C for 24 h. Antibacterial 

activity was evaluated by measuring the diameters of 

the zone of inhibitions (ZI). 

 

Procedure:  

Antifungal activity against Candida albicans 

A.Nigar(Agar well plate diffusion Method) well 

diffusion method: 

For the determination of zone of inhibition Antifungal 

activity Stock solution for antifungal activity: For 

antifungal study sample concentration of 5mg and10 

mg stored in a refrigerator till further used. Antifungal 

activities of the sample were evaluated by means of 

agar well diffusion assay.The assay was carried out 

according to the method of (Hufford et al., 1975). 

Sabourauddextrose agar (Hi media) was used for the 

growth of fungus. Media with acidic pH (pH 5.5to 5.6) 

containing relatively high concentration of glucose 

(40%) is prepared by mixing (SDA) Sabouraud 

dextrose and distilled water and autoclaved at 121oC 

for 15 minutes.Twenty five ml of molten (450C) SDA 

medium was aseptically transferred into 

each100mm×15mm sterile Petri dish. For counting of 

spore (fungi) were suspended in normal saline to make 

volume up to1ml and then counted with help of 

heamocytometer (neubar chamber). Once the agar was 

hardened,6mm wells were bored using a sterile cork 

borer. Then 0.1ml (100μl) from each stock solution of 

the sample having final concentration of 5 mg and 

10mg was placed in each the well and the plates were 

incubated for 72 hour at 29oC. The antifungal activity 

was measured as the diameter (mm) of clear zone of 

growth inhibition. (Umadevi et al., 2003). 

 

III. RESULT AND DISSUASION 

 

Ultraviolet visible spectroscopy [UV], Infrared 

radiation [IR] and protonated nuclear magnetic 

resonance[1H NMR] spectral data, biological 

activities like Anti- Microbial (fungal/bacterial), Anti–

Inflammatory of (Z)-N-(4-((1H-imidazol-1-

yl)methyl)-5-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-

yl)-1-cyclopropyl-8-methyl-7-(5-methyl-6-

(methylimino)-1,6-dihydropyridin-3-yl)-4-oxo-1,4-

dihydroquinoline-3-carboxamide.and(Z)-N-(4-((1H-

imidazol-1-yl)methyl)-5-thioxo-4,5-dihydro-1,3,4-

thiadiazol-2-yl)-1-cyclopropyl-8-methyl-7-(5-methyl-

6-(methylimino)-1,6-dihydropyridin-3-yl)-4-oxo-1,4-

dihydroquinoline-3-carboxamide-Cu (II) Bimetallic 

complex. 

 

UV Spectra: The UV -Visible data can be used as 

supporting evidence for structural Elucidation [32]. 

The UV and visible spectra of several Reagent and 

based metal complex have been studied and show the 

graph in this paper. The electronic absorption spectrum 

of Reagent synthesised in DMSO solvent in the UV 

visible region show the peaks at various intensity band 

240nm to 330nm, i.e π-π and n-π * was observed in 

this graph. 
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H1 NMR Spectra: 

  
1H NMR (400 MHz, DMSO-d₆): 12.21 (s, 1H), 12.10 (s, 1H), 8.07 (s, 1H), 7.84 (m, 2H), 7.59 (s, 1H), 7.45 (m, 1H), 

7.30 (s, 1H), 7.01 (s, 1H), 5.76 (s, 2H), 3.06 (m, 1H), 1.21 (d, J=8Hz, 6H)  
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IR Spectra: (Z)-N-(4-((1H-imidazol-1-yl) methyl)-5-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-yl)-1-cyclopropyl-8-

methyl-7-(5-methyl-6-(methylimino)-1,6-dihydropyridin-3-yl)-4-oxo-1,4-dihydroquinoline-3-carboxamide-

(Cu)2(II)-Cl4. 

A spectral band at 1269.24 cm-1 which is attributed to C-O bond, bond at 1710 cm-1 represent of C=O bond, band at 

1609.30 cm-1 which is attributed to HC=N bond, bond at 571 cm-1 represent of M-N bond , bond at 481.17 cm-1 

represent of M-Cl bond. 

 
Mass Spectra: 
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Mass (ESI): m/z calculated for C23H18Cl2N10O5S2: 650.49 [M+1]⁺, found: 649.49 

 

EDS-SEM: 
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Physical parameters of the Metal complexes: 

Parameter  Reagent Complex 

Molecular Formula  C23H18Cl2N10O5S2 C23H18Cl2N10O5S2-Cu(II).Cl4 

Molecular Weight  649.49 918.39 

Colour  Red Reddish Brown 

Element % H 42.53 30.05 

 C 2.79 2.08 

 N 21.57 15.24 

 O 12.32 8.70 

 S 9.87 6.97 

 Cl 10.92 23.14 

 Cu --- 13.82 

Powder XRD: 

The powder XRD pattern of the Cu (II) bimetallic complex recorded in the range (2θ = 0-80o) was shown in Fig. XRD 

pattern of the bimetallic complex shows the sharp crystalline peaks indicating its crystalline phase. The average 

crystallite size (dXRD) of the complex was calculated using Scherer’s formula. The bimetallic complex has an average 

crystallite size of 70 nm. 

 

Biological Study: 

Antibacterial Activity of the Given Sample Against Escherichia coli and Staphylococcus aureus Using the Well 

Diffusion Method 

Sr. No Sample Concentration 

(mg/ml) 

Zone diameter 

(mm) E. coli 

Zone diameter (mm) Stap. 

Aureus 

1 Control - -  

2 Standard (streptomycin) 1 mg 30 28 

3 Reagent 5 mg 11 04 

4 Bimetallic complex 10 mg 13 06 

 

Antifungal activity against Candida albicans via Agar well plate diffusion Method: 

Sr. 

No. 

Sample Concentration. 

(mg/ml) 

Zone diameter (mm) against Candida albicans 

1 Control - 18 
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2 Reagent 5 04 

3 Reagent 10 12 

4 Bimetallic complex 5 06 

5 Bimetallic complex 10 13 

 

In Vitro Anti-Inflammatory Activity by Protein Denaturation Method: 

Sr. No. Compounds Conc. O.D. Mean % inhibition 

1 Blank - 1.50 

1.45 

1.48 

1.47 - 

2 Standard (Diclofenac 

sodium) 

1mg/ml 0.13 

0.14 

0.15 

0.14 90.47 

 

3 

Reagent 1mg/ml 0.26 

0.26 

0.29 

0.24 80.62 

 

 

4 

Bimetallic complex 1mg/ml 0.29 

0.27 

0.24 

0.26 82.31 

 

 

IV. CONCLUSION 

 

In conclusion, the novel Cu(II) metal complex of 

Compound-A was successfully synthesized and 

subsequently converted into the desired target 

molecules. The structure of Compound-A was 

confirmed using various spectral techniques, and its 

biological activities were thoroughly evaluated. 

Anti-inflammatory activity: 

Compound-A and its bimetallic complex exhibited 

significant in vitro anti-inflammatory activity using 

the protein denaturation inhibition assay at a 

concentration of 1 mg/mL. The results demonstrated 

that both the reagent and the bimetallic complex of 

Compound-A showed superior anti-inflammatory 

effects compared to the standard drug diclofenac 

sodium. 

Antibacterial activity: 

Compound-A and its bimetallic complex were tested 

against bacterial strains including E. coli, Bacillus 

subtilis, Staphylococcus aureus, and Salmonella typhi 

at a concentration of 10 mg/mL. The results revealed 

good antibacterial activity, with efficacy comparable 

to or exceeding that of the standard antibiotic. 

Antifungal activity: 

Similarly, Compound-A and its bimetallic complex 

showed promising antifungal activity, indicating 

broad-spectrum antimicrobial potential. 

Overall, the findings suggest that Compound-A, 

particularly in its bimetallic Cu(II) complex form, 

holds considerable promise as a multi-functional 

therapeutic agent with anti-inflammatory, 

antibacterial, and antifungal properties. 
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