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Abstract: Bis-CoumarinPyridine Schiff basederivative 3(BCPS) metal chelates with hydroxyl functionality on 

both sides of the coumarin benzene ring of ML.H2O, containing Co (II), Ni (II) and Cu (II) compounds were 

designed and synthesized by condensation of 2,6-diamino Pyridine and 5-formyl-6-hydroxy coumarin, the 

compounds are non-electrolytes and are DMSO and DMF soluble. Compounds that were synthesized were 

characterized using a variety of analytical methods,such as FT-IR, 1H-NMR, 13C-NMR, ESI-MS,and EPR 

analysis. Coumarins and Schiff bases share an interest in medicinal chemistry because they can have 

pharmacological effects. Similarly, the target molecules' bio-potency was tested in vitro for antimicrobial (E. 

coli, S. aureus, P. aeruginosa, and S. typhi) and antifungal (Aspergillus Niger, Aspergillus flavus, and 

Cladosporium) activity, and the agarose gel electrophoresis technique was used to investigate DNA cleavage, as 

well as antioxidant properties, which confirmed their promising biological activities when compared to standard 

drugs. 

Keywords: Bis-CoumarinPyridine , pharmacological, Cladosporium. 

Introduction:  

Because of their numerous uses in chemistry, 

biology, agrochemistry, and phytosanitary 

activities, heterocyclic compounds are important for 

the synthesis of Schiff bases [1-3]. As a result, a 

wide range of pharmacological uses and reactions in 

heterocyclic compounds have been demonstrated to 

play an important role in heterocyclic chemistry. 

Schiff bases are heterocyclic chemical derivatives 

that have gained prominence due to their range of 

applications.A six-membered organic heterocyclic 

compound Pyridine, havinganunsaturated ring 

structure with nitrogen [4-7]and Coumarin 

compounds,has a broad spectrum of usage;the 

biochemical action of the coumarin nucleus and 

associated compounds has a considerable influence 

on many physicochemical properties, quenching of 

reactive oxygen species, as well as antitumorigenic 

and plant development regulators [8, 9].  

Apart from these, they are extensively utilized as 

food ingredients, fragrances, cosmetics, and 

pharmaceuticals, as well as in manufacturing 

pesticides, visual brighteners, and fluorescent and 

laser pigments [10-12]. These results have 

fascinated many chemists to work on this 

heterocyclic core. Coumarins were made through 

various methods, includingWittig, 

Reformatsky,andKnoevenagelreactions [13-18]. 

2,6-Diamino-pyridine is a medium-production-

volume compound used in oxidation/permanent 

formulas as a medicinal intermediatefor drug 

synthesis [21-24].In association with transition 

metal compounds with DNA, they are widely 

investigated for their possible application markers 

for DNA structure and treatment. Recent evidence 

https://www.sciencedirect.com/topics/chemistry/coumarin
https://www.sciencedirect.com/topics/chemistry/schiff-base
https://www.sciencedirect.com/topics/chemistry/schiff-base
https://www.sciencedirect.com/topics/chemistry/coumarin
https://www.sciencedirect.com/topics/chemistry/schiff-base
https://www.sciencedirect.com/topics/chemistry/coumarin
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points to a role for Cu (II) molecules in DNA 

segment scission [23-25]. Scrounging the steady 

DPPH radical model is a popular technique for 

evaluating antioxidant actions, and it is a 

comparatively fast approach to any alternative 

method. The capacity of antioxidants to contribute 

hydrogen was believed to be responsible for their 

impact on DPPH radical scavenging [26]. The 

reactions of chemically associated flavonoids 

(quercetin, kaempferol, rutin, and luteolin) with Cu+ 

ions are studied by complex creation via chelation 

or alteration via oxidation, in addition to structural 

reliance. The ortho hydroxy group in the B ring is 

essential for creating Cu+ chelates, which increase 

antioxidant action. 

The rationality of the design and synthesis of Schiff 

bases hasdrawnthe attention of researchers to 

identify the chemically modified structures for their 

enhanced bioactivity and antibiotic resistance for 

theconcern of global health. Oxidative stress-related 

disorders continue to be a considerable burden, and 

Schiff bases have emerged as a viable possibility for 

treating bacterial infections and preventing 

oxidative damage in innovative therapeutic 

treatments. This opening paragraph intends to shed 

light on the compelling grounds for using Schiff 

bases in medicine and therapeutic interventions as 

powerful dual-function agents in the fight against 

bacterial infections and oxidative stress-related 

diseases. 

As an extension of our prior research on Schiff's 

base metal complexes [27-29], this present article 

emphasizes the antibacterial, antioxidant, and DNA 

cleavage actions of pyrimidine-derived Schiff bases 

of a metal chelate of Cobalt (II), Nickle (II), and 

Copper (II) are obtained from 2,6-diamino Pyridine 

and 5-Formyl-6-hydroxy coumarin. Thus, numerous 

spectral and chemical techniques are utilized to 

explore the molecular topographies of derivatives.  

In support of this, in-silico Bioinformatics 

techniques were used to conduct molecular docking 

studies on the target compounds in order to better 

understand their physiological features and drug-

receptor interactions. In general, the conventional 

synthetic approaches of these molecules, their 

versatility, and their wide range of applications 

mark them substantial. As a result,the present 

investigation,especially heterocyclic composites, 

has attracted the enormous attention of chemical 

researchers in the current scenario. 

2.1 Materials and Methods :Chemicals of 

laboratory quality were obtained, and 6-hydroxy 

coumarin [30] and 5-formyl-6-hydroxy coumarin 

[31,32] were synthesised following the published 

technique. The Carlo Erba EA1108 Chemical 

Analyzer calculates the presence of Carbon, 

Hydrogen, and Nitrogen compounds. The IR spectra 

of the Schiff bases were also captured using an 

HITACHI-270 spectrophotometer. The electronic 

spectra of the target molecules were obtained at 

200-1100 nm using a VARIAN CARY 50-BIO UV 

spectrophotometer in HPLC grade DMF and 

DMSO solvent. The 1H-NMR and 13C spectra of 

ligands were recorded at room temperature using a 

BRUKER 300 MHz spectrometer with TMS as an 

internal reference in D6-DMSO. FAB-mass spectra 

were obtained utilising an Argon/Xenon (6KV, 10 

Am) FAB gas on a JEOL SX 102/DA-6000 mass 

spectrometer/data system in the positive ion phase. 

The external stimulation was 10 KV, and the 

spectra were recorded in RT using m-

nitrobenzylalcohol.The electrochemistry of 

complexes was studied using a CHI1110A 

Electrochemical Analyzer (Made in USA) in 

dimethyl formamide (DMF) with 0.05 M n-

Bu4NClO4 as a supplementary material. The ESR 

spectra was captured using a Varian E-4X-band 

EPR spectrometer. Thermogravimetric 

measurements were taken from room temperature to 

10000C at 10 0C/min. The data was collected using 

a TA TG/DTA instrument. Molar conductivity 

measurements were obtained on the ELICO-CM-82 

T Conductivity Bridge using a cell with a cell 

constant of 0.51, while magnetic moment 

measurements were taken with a Faraday balance. 

2.2Schiff BasePreparation :Figure 1 depicts the 

schematic representation of Schiff base synthesis, a 

stirred solution of 2, 4 diamino pyridine 1(0.01mol) 

and 6-Hydroxy-5-Formyl coumarin 2(0.01mol)in 

ethanol 30mL for 4-5 hours with few drops of 

concentrated HCL. The reaction mixture was put 

into ice-cold water to precipitate solids, rinsed with 

cold EtOH, and filtered and dried. The compound 

was allowed recrystallization from EtOH. 
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Scheme 1:Design of Bis-coumarinPyridineSchiffbasederivative (BCPS)  

2.3Preparation of Co(II), Ni(II) and Cu(II) 

complexes : 2 mmol of Schiff base compound 3 in 

alcoholic solution (45 mL) was mixed with 1 mmol 

of CoCl2.6H2O / NiCl2.6H2O / CuCl2.2H2O in 

alcoholic solution (5 mL) and refluxed in a water 

bath for 2 hrs. After adding 2 mmol of C2H3NaO2, 

the solution was refluxed for 3 hours. The filtrate 

was washed with cold H2O and C2H5OH before 

vacuum-drying on melted CaCl2; the separated 

chemical was now ready for usage. 

2.4Pharmacology 

2.4.1Antimicrobial Testing 

2.4.1.1Culture mediapreparation :Nutrient broth 

[peptone, 10; yeast extract, 5; NaCl, 10; in (g/l)] 

was used for bacterial growth, whereas potato 

dextrose broth [potato, 250; dextrose, 20; in (g/l)] 

was used for fungal growth. The 50 cc medium was 

sterilised at 121 °C and 15 pressure for 15 minutes. 

Following that, the medium was autoclaved, and the 

seed culture was injected [35]. 

2.4.1.2 In-Vitro AantimicrobialAssay: 

Antimicrobial screening of synthetic Schiff bases 

and metallic compounds was carried out using 

nutrient agar and potato dextrose agar diffusion 

methods. The antibacterial and antifungal 

capabilities were examined using MIC approach on 

four bacteria (E. Coli, S. Aureus, P. aeruginosa, and 

S. Typhi) and three fungi (A. Niger, A. Flavus, and 

Cladosporium) at doses of 10, 30, 50, and 100 

µg/mL in DMF. The bacterial sampleswere 

incubated for about 24 hours at 37℃, and fungal 

cultures for about 3-4 days at room 

temperature,respectively,the results were compared 

under identical conditions, with an antibiotic 

(Gentamycin) and an antifungal (Fluconazole) 

serving as standards [35]. 

2.4.2 DNA Cleavage Testing 

2.4.2.1Method for Isolating DNA :The pellet from 

a fresh bacterial sample (1.5 ml) is removed by 

centrifugation and melted in 0.5 ml of lysis solution 

(100 mM tris pH 8.0, 50 mM EDTA, 10% SDS). To 

this solution, 0.5 millilitres of saturated phenol are 

added and gestated at 55 °C for a few minutes. 

After centrifugation at 10,000 rpm for 10 minutes, 

an equivalent volume of chloroform:isoamyl 

alcohol (24:1) is added to the supernatant, along 

with a 1/20th measurement of 3M sodium acetate 

(pH 4.8). The supernatant was centrifuged at 10,000 

rpm for 10 minutes, then three litres of cold 

absolute alcohol were added. The precipitated DNA 

was separated by centrifugation, and the dried 

pellets were reconstituted in TAE solution (10 mM 

tris pH 8.0, 1 mM EDTA) and kept aside at room 

temperature. 

2.4.2.2Agarose Gel Electrophoresis: The agarose 

gel electrophoresis investigates the cleavage 

substances[33,34]. DMF was employed to generate 

test samples (1mg/ml). The samples (25µg) were 

mixed with E. coli, P. aeruginosa, and A. niger 

extracted DNA. The materials were kept at 37°C for 

2 hours. In the electrophoresis chamber, 20 µl of 

DNA sample (mixed with bromophenol blue dye at 

a 1:1 ratio) was carefully filled into the wells, along 

with a standard DNA marker comprising TAE 

buffer (4.84 g Tri's base, pH 8.0, 0.5 M EDTA/ltr) 

and finally spread on an agarose gel and passed 

through uniform 50 V of electricity for about half 

an hour. Then,thecompoundwaswithdrawn and 

stained for 10-15 minutes using 10.0 µg/mL of non-

https://www.sciencedirect.com/topics/chemistry/coumarin
https://www.sciencedirect.com/topics/chemistry/schiff-base


Letters in High Energy Physics 
ISSN: 2632-2714 

Volume 2024 
December 

 

 

7149 

radioactive marker ethidium bromide. To identify 

the degree of DNA fragmentation, the band's 

visibleness was recorded and confirmed by the 

Vilberlourmatemethod. The findings are then 

compared to conventional Genetic identifiers. 

2.4.3 Antioxidant Activities: Blois approach 

assesses the compounds for free radical scavenging 

activity [36]. To summarise, a 1mL solution of 0.1 

mM 2,2-Diphenyl-1-picrylhydrazyl (DPPH) in ethyl 

alcohol was added to trial solutions in DMSO (3 

mL) at varied ratios (50-250 μg/mL). Further, this 

combination wasthoroughly mixed and set aside at 

ambient temperature for 30 minutes. The 

spectrophotometer records the absorption 

wavelength (517 nm) of the compound. This 

reduced wavelength absorption of the reaction 

combination corresponds to a greater capacity for 

scavenging free radicals. The DPPH content (mM) 

in the reaction substance was computed using the 

standardization graph and linear regression (R: 

0.997): 0.0003 x DPPH - 0.0174. The following 

equation explores the capacity to recover the DPPH 

radical: DPPH scavenging impact (%) = (A0 - 

A1/A0) x 100, where A0 and A1 represent the 

absorption of the control response and absorbance, 

respectively. 

3. Result and Discussions: The Schiff base in 

ethanol generates octahedral compounds (Figure 7) 

with CoCl2.6H2O/NiCl2.6H2O/CuCl2.2H2O. The 

compounds Co (II), Ni (II), and Cu (II) are 

coloured, solid, and non-hygroscopic. These 

chemicals are soluble in DMF and DMSO but 

insoluble in typical chemical liquids. The elemental 

investigations show that the molecules Co (II), Ni 

(II), and Cu (II) exhibit a 1:2 stoichiometry of the 

type ML.H2O (Figure 7). The molar conductance of 

the DMF complexes indicates that they are not 

electrolytic (Table 1). The complex was heated to 

105 0C for 120 minutes, then cooled to room 

temperature, placed in a desiccator, and weighed to 

ensure that the water molecules in the complexes 

were linked to the metal ions; no weight loss was 

observed. These findings suggest that the water 

molecules are linked to the metal ions.In ethanol, 

the Schiff base forms octahedral complexes (4-6) of 

CoCl2.6H2O, NiCl2.6H2O, and CuCl2.2H2O. All of 

the Co (II), Ni (II), and Cu (II) complexes are 

coloured, stable, and non-hygroscopic, and may 

dissolve in DMF and DMSO. Table 1 demonstrates 

that the elemental analyses of metallic complexes 

have a 1:2 stoichiometry of the form MLH2O, 

where L denotes a ligand. The low molar 

conductance values in the table indicate a non-

electrolytic nature and account for any DMF 

complex breakage.The complexes are weighed and 

heated to 105 0C for 120 minutes to identify the co-

ordination of water molecules and the metal ion. 

The material is then placed in a desiccator to cool 

before being reweighed. No substantial variations in 

the complex weight were seen. As a result, the 

findings imply that water molecules coexist with 

metal ions in the complexes. 

 

Table 1: Experimental parameters for Schiff bases and their metallic complexes 

Sl. 

No. 

Chemical 

Formula 

%Yield/ 

Color 

M% C% H% N%  

Molar 

condu

ctivity 

Ohm-1 

cm2 

mole-1 

 

 µeff 

(BM

) 

Obsd. Ca

lcd

. 

Obs

d. 

Calc

d. 

Obs

d. 

Calcd. Obs

d 

Ca

lcd

. 

 

3 C25H15N3O6 74% - - 66.1

2 

66.2

2 

3.15 3.31 9.14 9.3

3 

- - 

4 Co[C25H13

N3O6H20] 

68%/ 

Brown 

 

11.11 11.

17 

56.4

4 

56.8

1 

2.58 2.84 7.82 7.9

5 

30.15 4.52 

5 Ni[C25H13N

3O6H20] 

67%/Yello

wish green  

11.34 11.

00 

56.4

4 

56.9

2 

2.37 2.46 7.42 7.9

6 

26.78 2.86 
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3.1 IR Spectral Studies. Table 2:IR frequencies of Schiff bases and metal complexes (measured in cm-1). 

Compound ν (CH=N) ν (C=N) ν (C=O) ν (C-O) ν (M-N) ν (M-O) 

C25H15N3O6 1663 1605 1714 1256 - - 

Co[C25H13N3O6H20] 1641 1580 1712 1335 430      490 

Ni[C25H13N3O6H20] 1640 1579 1714 1333 434 488 

Cu[C25H13N3O6H20] 1635 1580 1716 1339 435 489 

 

Table 2 signposts the protuberant IR spectral values 

of samples. The Schiff base 3 IR spectra revealed a 

typical line caused by ν(CH=N) appearing in 1663 

cm-1. Furtherν(C=N) is given the distinctive high-

intensity band in the area 1605 cm-1 [37]. The 

phenolic (C-O) [38] and (C=O) [39] have sharp 

bands at 1256and 1714 cm-1correspondingly. 

In contrast to the spectroscopy of the Schiff bases 

and all metallic compounds showed the peak 

ofν(CH=N) in the range 1641-1635 cm-1, this 

indicated the existence of the metal ion's 

corresponding nitrogen azomethine group in the 

sample [37]. It also verifies the binding of the 

nitrogen in the Pyridine at around 1580-1579 cm-1. 

The appearance of peaks of moderate to 

considerable strength at1339-1335 cm-1signposts 

ν(C-O)via deprotonation [38]. The modification of 

C-O on the greater side in metal complexes 

isowingtothecomplex's predicted 

significantmesomeric interaction, which is likely 

activated by the presence of the metal ion. Novel 

spectral lines at 430-435 cm-1 and 490-488 cm-1 

resemble the establishment of stretching modes of 

(M–N) and metal-oxygen bonds 

correspondingly[40-41]. The unchanged peak ν 

(C=O) location in all metal compounds suggests 

that these groups are unengaged in the co-

ordination. 

3.2 NMR Spectral Studies: The 1H NMR and 13C 

NMR investigations detect all protons and carbons 

in both Schiff bases. Table 3 shows the NMR data 

for the two Schiff bases. This article describes the 
1H and 13C NMR spectra of a typical Schiff base. 

The OH proton was detected at 10.12 ppm in the 

Schiff base's usual 1H NMR band (s,2H). At 8.25 

ppm, CH=N emits a unique proton signal (s, 2H). 

Furthermore, aromatic protons are responsible for 

multiplet signatures in the 7.34-7.73 ppm (m, 8H) 

range. The characteristic at 161 ppm in the usual 
13C NMR profile of Schiff base I corresponds to 

isatinlactonyl carbon (C=O). Signals at 154.45 ppm 

are assigned to pyridine (C=N), whereas signals at 

143.90 and 143.86 ppm are assigned to two 

aldimines (CH=N) groups, respectively.  

Furthermore, aromatic carbon atoms are allocated to 

the 117.1-132.2 ppm signals. A signal at 154.45ppm 

is also attributed to the Hydroxyl group at the 

coumarin molecule. Therefore, the NMR studies are 

a reliable backup to the IR conclusions. 

 

Table 3: NMR analysis of Schiff compound 

Schiff base 
1H NMR (DMSO-d6) (ppm) 

13CNMR (DMSO-d6) (ppm) 

 

C25H15N3O6 10.12 (s, 2H, OH of Coumarin ), 8.25 (s, 2H, CH=N) 

7.34-7.73 (m, 8H, aromatic Protons)                      

 

132.22,  124.84, 127.54, (Pyridine), 

154.45 (C=N), 143.86,143.90 

(CH=N),161.45(C=O),    

, 123.34, 119.24,117.30,117.10, 

117.07, 116.34, 116.21 (Coumarin). 

6 Cu[C25H13

N3O6H20] 

65%/Dark 

green  

 

11.12  

11.

84 

56.1

3 

56.3

9 

2.44 2.49 7.88 7.8

9 

24.14 1.78 
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3.3 Electronic Spectra and Magnetic 

Measurements: The Co (II) complex exhibited 

electron spectrum bands at 8000-10000 cm-1 and 

18000-20000 cm-1, which correspond to v1 and ν3 

transitions, respectively of 4T1g (F) → 4T2g (F) (ν1) 

and4T1g (F) → 4T1g (P) (ν3). The absorbance lines 

at 9378 and 18213 cm-1 correlate to 1 as well as 3 

transitions, accordingly, in the reddish Co (II) 

compounds studied here. All such bands are 

foundinintense spin octahedral Co (II) complexes 

[42]. Nevertheless, due to its closeness to the 

powerful 3 transition, the 2 band is not noticed. 

Table 4 displays the estimated ligand field values. 

Magnetic moment (μ) values of 4.52 are obtained 

for Co (II) compounds, which coincide with the 

octahedral range [43] and corroborate the electronic 

spectrum findings. 

Table 4: Ligand field characteristics for Cobalt (II) and Nickel (II) complexes 

Complex Transitions (cm-1) ν2-

Cald. 

cm-1 

 

Dq cm-

1 

 

B1 

cm-1 

% 

Distortio

n 

 

ν2/ 

ν1 

 

LSF

E 

µeff 

Cald

. 

BM 

 

β 

 

βº % 

ν1 ν2 ν3 

Co[C25H13N3O6H

20] 

9378 - 1821

3 

1982

9 

1045.1

9 

660.5

9 

- 2.1

1 

23.8

9 

- 0.68

1 

31.6

8 

Ni[C25H13N3O6H2

0] 

1061

2 

1636

5 

2644

1 

1665

8 

1061.2

0 

753.2

6 

1.994 1.5

4 

36.3

8 

3.16

6 

0.71

3 

28.6

7 

 

The green Ni[(C25H13N3O6H20)] complex displayed 

three main bands at 10612, 16365, and 26441 cm-1, 

which were attributed to the 3A2g →3T2g (ν1), 3A2g 

→ 3T1g (F) (ν2) and 3A2g → 3T1g (P) (ν3) transitions, 

indicating an octahedral structure around the Ni (II) 

ion [44]. Table 4 displays the ligand field values. 

The frequencies ν2/ν1 are roughly 1.44, and the 

µeff value is approximately 3.174, falling in the 

range of 2.8-3.5 BM, indicating an octahedral 

complex. The nephelauxetic measure β data indicate 

that metal-ligand interactions are minimally 

covalent [45, 46]. In the 2.8-3.5 BM array, Ni (II) 

complexes had μ = 2.84, which is consistent with 

their octahedral surroundings [47]. As a 

consequence, the ligand field properties are 

consistent with the electronic spectrum and 

magnetic susceptibility measurements. 

Two distinct lines may be found in the electronic 

spectra of Cu (II) compounds. The 2Eg→ 2T2g 

transition is responsible for a low-intensity wide 

peak about 16534 cm-1, whereas ligand metal 

charge transfer causes a high-intensity peak around 

25543 cm. Electronic spectroscopy suggests that Cu 

(II) ions have a twisted octahedral structure [48]. Cu 

(II) compounds have μ of 1.78-1.80 BM, which is 

somewhat higher than the spin-only value of 1.76 

BM predicted for a single electron, indicating an 

octahedral structure [49]. 

3.4 FAB-Mass Spectrometryresults 

Figure 2 shows the usual mass spectrum of Schiff 

base 3, C25H15N3O6. The continuum showed a 

molecular ion peak at m/z 453, correlated with the 

number of molecules contained in it. Furthermore, 

the splinter ion spikes detected at m/z 279 and at 

174 owes to C10H6O3 andC5H3N3 disintegration, 

correspondingly. 

 

 

Fig.2:Mass spectrum of Schiff base 3. 
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The mass spectra of each compound showed molecular ion peaks and other fragmentation peaks that 

corresponded to their molecular weight. As a result, just its representative is addressed here (Figure 3). 

 

Fig. 3: Mass spectrum of Co[C25H13N3O6H20] 

The continuum of Co[(C25H13N3O6H20)] reported a 

molecular ion peak M+ at m/z 528.The cleavage 

maxima detected at 510, 337, and 232 correlate to 

coordinated H2O molecules, C10H5O3and C5H3N3. 

The molecular ion peak M+ at m/z 527 is related to 

the molecular weight of compound 

Ni[(C25H13N3O6H20)]. The fragmentation maxima 

of the complex at 509, 336, and 231 

correspondingly correlate to cleavages of the 

coordinated water molecules, C10H5O3 and C5H3N3. 

The Cu[(C25H13N3O6H20)]complex spectrum 

includesThe molecular ion peak M+ at m/z 532 

corresponds to its molecular mass. 

 

3.5 Thermodynamic Charactersticsof  Metal 

Complexes   

Thermodynamic properties of Co (II), Ni (II), and 

Cu (II) compounds as a function of temperature was 

investigated.The temperature behavior of all 

compounds is nearly identical. As a result, only the 

sample compounds Co[(C25H13N3O6H20)], 

[Ni(C25H13N3O6H20)] and [Cu(C25H13N3O6H20)] 

have been addressed. 

The thermal breakdown of the compounds 

Co[(C25H13N3O6H20)], [Ni(C25H13N3O6H20)] and 

[Cu(C25H13N3O6H20)] occurs in three stages, as 

shown by DTG peaks at 250-260, 390-396, and 

680-690 0C, corresponding to the mass loss of 

coordinated water molecules (Fig. 4). 

 

Fig. 4:TG/ DTG spectrum of the Ni[C25H13N3O6H20]. 
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As a result, TGA experiments corroborate the binding of water molecules with metal ions. To conclude, above 

900ºC, the metal compounds progressively disintegrate with a generation of metal oxide. Table 5 depicts the type 

of the proposed chemical shift as temperature changes and the quantity of metal oxide formed. 

Table 5:Thermogravimetric parameters for complexes of Co (II), Ni (II), and Cu (II) 

Molecular Formula 
Melting 

Point (MP) 

% Mass   

Loss 

Metal 

Oxide 

% 

Inference 

oC Obsd. Calcd. Obsd. Calcd.  

Co[C25H13N3O6H20] 252-258 

391-393 

680-690 

3.26 

32.83 

19.45 

3.40 

32.78 

19.88 

14.12 14.20 Loss of a coordinated water 

molecule 

Loss of a Coumarin moiety 

Loss of a pyridine moiety 

Ni[C25H13N3O6H20] 252-259 

392-398 

681-692 

3.23 

32.20 

19.45 

3.41 

32.82 

19.92 

14.34 14.04 Loss of a coordinated water 

molecule 

Loss of  Coumarin moiety 

Loss of pyridine moiety 

Cu[C25H13N3O6H20] 254-260 

390-394 

683-693 

3.21 

32.44 

19.56 

3.38 

32.51 

19.73 

14.67 14.84 Loss of a coordinated water 

molecule 

Loss of a Coumarin moiety 

Loss of a pyridine moiety 

 

3.6 ESR Spectrum of complex 

Cu[(C25H13N3O6H20)]  

The Cu (II) complex ESR spectrum investigations 

detail the metal ion. Cu (II) complex ESR spectrum 

was acquired in DMSO at ambient temperature 

(LNT). The ESR spectral of one typical 

Cu[(C25H13N3O6H20)] compound is addressed in 

this article. Because of the rolling motion of the 

molecules, the spectrum at RT has an isotropic 

singlehigh absorption band in the intense field area. 

Nevertheless, the numbers for g║ and g┴are 2.080 

and 2.012, correspondingly. These numbers imply a 

lone electron in the dx2-y2 orbital [50]. The 

compound g║> g┴>2.0023 pattern suggests that The 

lone electron is located in the Cu (II) ion's dx2-y2 

orbital, which is characteristic of axial symmetry. 

The determined gav value is 2.05. As a result, the 

data confirmed that the Cu (II) complex possesses a 

twisted octahedral structure. 

 

 

3.7 Pharmacological Screening 

3.7.1 In-vitroantimicrobialEfficacy:The MIC 

approach assesses the in-vitro antibacterial 

capabilities of Schiff bases and their metallic 

compounds in comparison to seven pathogens [33]. 

Table 6 illustrates the inhibitory effects on bacterial 

development. The discovery leads to the conclusion 

that ligands comprising N and O donor systems 

may have reduced enzyme production since 

enzymes that enable OH groups for action appear to 

be more susceptible to complex ion inactivation. 

Compounds diffuse through the lipid layer of spore 

membranes to their sites of action, They eventually 

kill them by reacting with the OH groups of 

particular cell enzymes. The im-permeability of the 

cell influences the efficacy of various biocidal 

substances in contrast to diverse organisms. The 

fractionalallocation of positive charge with the 

ligand of chelation leads to a lowering of the 

polarity of the central metal atom. In addition, the 

creation of a hydrogen bond with the active sites of 

cell components via the azomethine nitrogen atom 

may influence the regular cell process [51]. 
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According to the findings, metallic compounds 

suppress all of the microbes tested. According to the 

antimicrobial tests, the Schiff base is extremely 

energeticin contrast to P. aeruginosa and S. typhi, 

but only modestly dynamiccounter to E. coli and S. 

aureus. Whole metal compounds are more 

antimicrobial compared to Schiff bases. Thus, the 

improved antibacterial activity of metal complexes 

over Schiff bases is due to coordinational structural 

alterations, and chelating, forming metal complexes 

act as extra powerful and effective bacteriostatic 

agents, blocking microbial proliferation [52]. The 

study shows the minimal inhibitory concentration 

(MIC) of some chosen substances that exhibited 

considerable accomplishmentcounter to specific 

bacterial and fungal classes. Table 7 explores the 

fact signposting for a quantity of 10 µg/mL, It 

inhibits the growth of the studied organisms. 

Table 6:AntimicrobialIC50 values of Schiff bases metal complexes 

 Conc. 

(μg ml-

1) 

% Inhibition against Bacteria % Inhibition against Fungi 

E. coli S. 

aureus 

P. 

aeruginosa 

S. 

typhi 

A 

Flavus 

Cladosporium A 

Niger 

C25H15N3O6 10.00 

30.00 

50.00 

100.00 

15.00 

24.00 

36.00 

49.00 

13.00 

21.00 

34.00 

60.00 

14.00 

23.00 

35.00 

49.00 

18.00 

28.00 

54.00 

68.00 

32.00 

39.00 

48.00 

70.00 

40.00 

51.00 

60.00 

74.00 

38.00 

50.00 

70.00 

70.00 

Co[C25H13N3O6H20] 10.00 

30.00 

50.00 

100.00 

18.00 

30.00 

45.00 

69.00 

26.00 

45.00 

58.00 

72.00 

24.00 

59.00 

69.00 

77.00 

27.00 

37.00 

65.00 

86.00 

50.00 

54.00 

68.00 

80.00 

45.00 

65.00 

73.00 

83.00 

44.00 

59.00 

66.00 

79.00 

Ni[C25H13N3O6H20] 10.00 

30.00 

50.00 

100.00 

32.00 

54.00 

69.00 

84.00 

38.00 

63.00 

71.00 

85.00 

37.00 

56.00 

78.00 

90.00 

54.00 

66.00 

71.00 

84.00 

56.00 

67.00 

82.00 

88.00 

60.00 

65.00 

77.00 

89.00 

57.00 

80.00 

89.00 

90.00 

Cu[C25H13N3O6H20] 10.00 

30.00 

50.00 

100.00 

40.00 

56.00 

73.00 

88.00 

41.00 

60.00 

74.00 

85.00 

45.00 

67.00 

74.00 

92.00 

57.00 

70.00 

88.00 

92.00 

59.00 

70.00 

75.00 

90.00 

62.00 

67.00 

81.00 

92.00 

60.00 

78.00 

85.00 

93.00 

Gentamycin 100.00 100.00 100.00 100.00 100.00 - - - 

Fluconazole 100.00 - - - - 100.00 100.00 100.00 

 

Table 7:Minimum inhibitory concentration (μg/ml) results of selected compounds. 

Compound E. coli P. aeruginosa S. Typhi A. Flavus Cladosporium A. Niger 

C25H15N3O6 25.00 10.00 25.00 25.00 10.00 100.00 

Co[C25H13N3O6H20] 25.00 10.00 25.00 10.00 25.00 100.00 

Ni[C25H13N3O6H20] 10.00 10.00 10.00 10.00 10.00 25.00 
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Cu[C25H13N3O6H20] 10.00 25.00 25.00 10.00 10.00 10.00 

 

3.8 DNA Cleavage Activity 

Several agentsefficientlyinhibit the activity of 

enzymes on DNA. The inhibitions are caused by 

binding molecules to the enzyme's interaction site 

on DNA, rather than by direct enzyme deactivation. 

In general, the transition metallic elementinhibits 

DNA repair enzymes. The 0.8 mM Zinc chloride 

inhibits purified DNA ligase when moved on a 

horizontal gel utilizing electrophoresis. The DNA 

cleavage activities 

ofCo[C25H13N3O6H20],Ni[C25H13N3O6H20]and 

Cu[C25H13N3O6H20]complexesareanalyzedutilizinga

garose gel electrophoresis techniquecontrary to 

DNA of E.Coli. DNA-binding research places a 

strong emphasis on the rational design and 

development of innovative, more effective drugs 

that target DNA [53]. 

 

 

 

 

Marker:Standard Molecular weight 

Marker; 

Control- DNA of E. Coli; 

Lane D1: E.coliDNA treated with 

Schiff base I 

Lane D2: E.ColiDNA treated with 

Co[C25H13N3O6H20] 

Lane D3: E.ColiDNA treated with 

Ni[C25H13N3O6H20] 

Lane D4: E.coliDNA treated with 

Cu[C25H13N3O6H20] 

M: Standard Molecular weight 

Marker;  

C- Control DNA; P. aeruginosa 

Lane 1: P. aeruginosa Schiff bsae I 

Lane 2: P. aeruginosa DNA treated 

with Co[C25H13N3O6H20] 

 Lane 3: P. aeruginosa DNA treated 

with Ni[C25H13N3O6H20] 

Lane 4: P. aeruginosa DNA treated 

with Cu[C25H13N3O6H20] 

Marker: Standard Molecular 

weight Marker;  

Control- DNA of A. niger; 

Lane D1: A. niger DNA treated 

with Schiff base I;  

Lane D2: A. niger DNA treated 

with Co[C25H13N3O6H20] 

 Lane D3: A. niger DNA treated 

with Ni[C25H13N3O6H20] 

 Lane D4: A. niger DNA treated 

with Cu[C25H13N3O6H20] 

Figure 5A: DNA Cleavage studies 

of E. Coli 

Figure 5B: DNA Cleavage studies 

of P. aeruginosa 

Figure 5C: DNA Cleavage 

studies of A. niger. 
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The electrophoresis exposedthe reaction of metal 

complexes on DNA takes place when there exists 

themolecular weight variation Among the control 

and treated DNA sample.The variation was found in 

the bands of Lane 1-3, in contrast to the control 

DNA of E. coli (Fig. 5A), P. aeruginosa (Fig. 5B) 

and A. niger (Fig. 5C).Thus, observation suggest 

that control DNA by itself fails to demonstrate any 

fragmentation in comparison with complexes. 

Nevertheless, the actions of chemical intercede 

implicated in the complex DNA fragmentation has 

not been analyzed. TheDNA cleavage 

compoundsinferthelessdevelopmentof pathogenic 

organisms by hewing the genome. The distinct 

binding affinity with DNA enhances the DNA 

cleavage efficiency. We conclude that the 

complexes Co[C25H13N3O6H20],Ni[C25H13N3O6H20] 

and Co[C25H13N3O6H20] (Fig. 5A: lane 1, 2 and 3 

respectively) cleave DNA in contrast to control 

DNA.Figure 5A shows the differences in the Lane 

1-3 bands compared to the E. coli control DNA. 

Conelly J. C. and associates investigated DNA 

breakage and degradation by the SbcCD protein 

complex from E.coli[54]. Fig. 5B exposes the bands 

of Lane 1-3in contrast to the control DNA of P. 

aeruginosa.Hence, the control DNA alone fails to 

exhibit apparent cleavage and is achieved by the 

Schiff base and its complexes.Teesta Jain and 

coworkers investigated how PAT relaxes positively 

and negatively supercoiled DNA [55]. N. Raman et 

al. investigated the DNA cleavage and antibacterial 

and antifungal properties of transition metal 

complexes containing 4-Aminoantipyrine 

byproducts of N2O2 type structures with P. 

aeruginosa [56]. Nada Kraevec and colleagues 

investigated DNA cleavage with the Glucoamylase-

TNF Fusion Protein Secreted from Aspergillus 

niger [57]. As a result, research revealed that the 

control DNA alone does not display apparent 

cleavage, which is accomplished by the Schiff base 

and its complexes. 

3.9 Antioxidant studies 

 The radical quenching capacity of the 

compounds and positive standards (BHA and 

ascorbic acid) were evaluated 

spectrophotometrically in the DPPH test. In broad 

sense, the complex reduces the stable radical DPPH 

to the yellow-colored DPPH-H with IC50 values 

varying from 139 ±1.71 µg/ml to 276± 3.01 µg/ml 

(Figure 6). 

 

Fig.6:Antioxidant studies; Inhibition of DPPH. 

Schiff base(A), Co (II) (B), Ni (II)(C) and Cu (II) 

(D) complexes. 

As positive standards, BHA and ascorbic acid 

demonstrated strong antioxidant activity, with 

corresponding IC50 values of 4.25 and 5.66 µg/ml. 

The substrate C27H19N3O6had the lowest IC50 

activity of 229 ± 1.91, whereas the compounds of 

the same molecule Co[C25H13N3O6H2o], 

Ni[C25H13N3O6H2o], and Cu[C25H13N3O6H2o] had 

greater activity of 317 ± 2.17, 524 ± 4.21 and 317 ± 

2.31 µg/ml, accordingly. Figure 8 signposts the 

nearly identical replications of radical scavenging 

activity with mean ±standard error. Muzaffer Alkan 

and his contemporaries investigated the antioxidant 

activity of triazole compounds [58]. The recent 

investigation shows that the class of polyphenolic 

substances such as flavonoids also forms the metal 

clusters. Furthermore, studies also signify that when 

flavonoids are linked with transition metal ions, 

their antioxidant action increases [59]. 

3.10 Molecular Docking 

Docking studies were conducted on a series of 

coumarin analogues synthesized against the 

VEGFR2 enzyme in order to better understand the 

hydrophobic, hydrogen bonding, and electrostatic 

interactions between ligands and amino acid 

residues found in the active pocket of VEGFR2. To 

analyse ligand binding orientations, we used 

molecular docking tools such as PyMol (TM) 2.3.4, 

Biovia-Discovery Studios 2021 Client, PyRx, and 

USCF Chimaera 1.14. PDB ID 3EWH refers to the 

X-ray structure of the VEGFR2 protein, which was 

obtained along with a co-crystallized pyridyl-

pyrimidine benzimidazole analogue. 
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The docked ligands demonstrated strong binding 

affinities with a protein, with binding unconstrained 

energies ranging from −9.7 to −11.6 kcal/mol. The 

binding energy value represents the degree to which 

a ligand and receptor interact. The Co metal 

complex of coumarin analogue interacted with the 

amino acids of ARG1051, ASP1056, and LEU889 

via electrostatic interactions with a π-cation, π-

anion unfavorable positive-positive, unfavourable 

interactions between donors and π-sigma. The Co 

metal complex of coumarin is also exhibited a 

hydrophobic interaction with the amino acids 

ALA881, and ILE888 via π-alkyl bond interactions.  

The Cu metal complex interacted with the 

ARG1051, ASP1056, and LEU889 amino acid 

residues viaπ-cation, π-anion unfavorable positive-

positive, unfavourable interactions between donors 

and π-sigma(electrostatic interactions) and with the 

amino acids ALA881, and ILE888 via π-alkyl bond 

interactions (hydrophobic interactions). The Ni 

metal complex of coumarin exhibited a hydrogen 

bond contact through conventional and carbon-

hydrogen bond interactions with the amino acid 

residues ARG1051 and GLU885. 

The amino acids ASP1046, and CYS1024 involved 

in the electrostatic bond interactions with the Ni 

metal complex of coumarin via π-cation, π-anion, 

and π-sulphurinteractionsand with the amino acids 

ALA881, and ILE888 via π-alkyl bond interactions 

(hydrophobic interactions) (Table 01 & Fig 01).  

 

Table 01: Molecular docking result of compounds 9(a-e) with VEGFR2 (PDB ID: 3EWH) 

Entry aBA 

(Kcal/mol) 

Interacting residues 

cHB dHB length 

A° 

eEI fHydrophobic and 

other interaction 

Co -11.6 - - ARG1051, ASP1046 

LEU886 

ALA881, ILE888 

Cu -11.2 - - ARG1051, ASP1046 

LEU886 

ALA881, ILE888 

Ni -9.7 ARG1051 

GLU885 

2.32, 6.08 

3.24 

CYS1024, ARG1051 ALA881, ILE888 

aBA: Binding affinity., cHB: Hydrogen bonds., dHydrogen bond length in A°.,eElectrostatic interactions., fOther 

hydrophobic interactions between 9a-e and protein. 

aProtein ligand interaction b3D Interaction c2D Interaction 
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Fig 01: aMetalcomplexs interacted with amino acid residues showing hydrogen bond, electrostatic and 

hydrophobic interactions, b3-Dimensional/c2—Dimensional visuals interaction of ligands with VEGFR2 

(PDB ID: 3EWH). 

When the AMBER force field is used in 

combination with the UCSF-Chimera 1.14 software, 

the quantities of the protein and ligand may be 

greatly decreased. VEGFR2 complexing with 

pyridyl-pyrimidine benzimidazole analog's protein 

structure may be found in the Protein Data Bank 

(PDB ID: 3EWH). The protein's odd residues were 

removed, and the AMBER force field significantly 

reduced them. After adjusting the PyRX 

workstation's grid box dimensions to x: 24.77, y: 

23.24, and z: 24.00, the ligands were precisely 

docked at the binding site. The docked findings 

were assessed using the PyRx simulated screening 

program, and the results were displayed by the 

matching binding affinity values. The PDB data for 

the ligand and protein were combined using PyMol. 

The program Biovia Discovery Studios enables the 

viewing of generated figures in three dimensions.  

 

Conclusion 

The freshly synthetic Schiff bases function as 

polydentate ligands, interacting with metal ions 

bymeans of deprotonation of the azomethine 

nitrogen and phenolic oxygen atoms. Some 

antimicrobial and antifungal species were reported 

to be extremely potent against Schiff bases and its 

metal compounds. The substantial raise in activity 

found due to co-ordination. The DNA cleavage 

experiments indicated the compounds exhibited 

non-specific DNA cleavage activity. All compounds 

and combinations are investigated by determining 

its antioxidant properties. These results urge us to 

suggest the structurelayout depicted in Fig.7. 
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Fig.7:Structure of metal complex. 
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