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Abstract 

Background: Schiff bases, a class of organic compounds, have garnered significant attention due to 

their diverse applications in various fields such as pharmaceuticals, materials science, and 

coordination chemistry. This study provides a comprehensive overview of the synthesis of Schiff bases 

amino pyridine derivatives and aromatic ketones along with their anti-microbial activity. Method: The 

synthesis of Schiff bases primarily involves the condensation reaction between a primary amine and a 

carbonyl compound (ketone) along with glacial acetic acid. Various methods have been developed for 

the synthesis of Schiff bases. Classical methods typically involve refluxing the amine and carbonyl 

compound in a suitable solvent with or without a catalyst. In this research, nine new compounds of 

Schiff bases have been synthesized along with characterization and antibacterial and anti-fungal 

activities. Result: It was discovered that all elemental analyses, IR, 1H NMR, and mass spectrometry 

values were significant. According to antimicrobial and antifungal screening results, compounds PS-1 

and compound PS-9 were found to be more active against all tested strains, while Schiff bases 

demonstrate substantial activity against Staphylococcus aureus and Candida albicans. PS-1 compound 

was found to have most activity in anti-bacterial test while PS-9 was found to possess best anti-fungal 

activity. Conclusion: The current study examines the pharmacological properties of pyridine 

derivatives. Pyridine derivative PS-1 was found to be most active antibacterial agent and PS-9 most 

active antifungal agent. The results of the study have important implications for future investigations 

into possible therapies for bacterial infections. 
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INTRODUCTION 

Schiff bases were discovered by German chemist noble prize winner Hugo Schiff in 1864 [1]. An 

important class of chemicals with the azomethine (–C=N–) group in their structure are called Schiff 

bases. Under particular circumstances, a primary amine and an aldehyde or ketone reacts to generate 

them. Schiff bases are members of the adaptable imine family [2]. Because of their steric and electrical 

properties, aldehydes and imines react in condensation processes more quickly than ketones [3]. 

 

Nitrogen-containing heterocyclic compounds 

with a Schiff-base clubbed structure have 

demonstrated impressive biological properties, 

including antibacterial, antifungal, anti-

inflammatory, antioxidant, and anticancer 

properties [4–10]. In the current research scenario, 

Schiff base complex formulation has been 

thoroughly explored due to its many uses, including 

common chemistry materials, magnetic crystal 

engineering synthase, and catalysis [11–15]. 

Molecular docking and antimicrobial testing have 

proven the efficacy of the Schiff base as a bioactive 

molecule [16]. Pyridine derivatives with either an 
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amino or a formyl group easily go through the Schiff base condensation process under the right 

circumstances and with the right substrate. Schiff bases are regarded as a subclass of imines and are the 

condensation products of primary amines and carbonyl compounds. Their existence of imine nitrogen, 

which is basic by nature and has acceptor characteristics, makes them an excellent organic ligand. 

Additionally, the Schiff bases operate as multidentate ligands with flexible structures if other 

heteroatoms such as nitrogen, oxygen, or sulfur of a particular functional group are present next to the 

azomethine group. Thus, in terms of strong binding, structural flexibility, and increased bioactivity, 

Schiff bases of pyridine might be thought of as far better ligands than pyridine itself. Biologically Schiff 

bases of pyridine also act as bioactive ligands and versatile pharmacophore. Protein-ligand interactions 

are necessary for every living thing's process. Proteins are the building blocks of all living cells and are 

essential to a variety of biological processes. This type of interaction is reversible and non-covalent. It 

involves molecular biological recognition, wherein molecules such as ligands and proteins recognize 

one another through stereo specificity. The formation of certain sites that are intended to bind ligand 

molecules is essential to the evolution of protein activities. The ability of ligands to bind is crucial for 

the control of biological processes that arise from the molecular mechanics of protein conformational 

changes. This alteration sets off a series of actions that result in various cellular processes. Thus, a 

thorough comprehension of protein-ligand interactions is essential to comprehending biology at the 

molecular level. Additionally, an in-depth understanding of the drug-receptor interaction and the 

discovery, design, and development of new therapeutic compounds are made possible by an 

understanding of the mechanisms underlying protein-ligand recognition and binding. Molecular 

docking is a contemporary computer method based on protein-ligand interactions that is currently 

widely utilized in drug research and design processes [17]. Vitrimers synthesized from Schiff bases 

gave excellent performance [18]. The human rhodopsin (visual purple found in rod cells of the retina) 

is an aldimine-type Schiff base, which is essential in the photoreception mechanism [19]. Due to their 

superior biological, spectroscopic, and catalytic activity, based phenylenediamine Schiff base metal 

complexes are currently receiving more attention [20]. Numerous studies have been conducted on the 

formation of Schiff bases between L-arginine and aldehydes, such as the Schiff bases salicylaldehyde-

arginine, disalicylaldehyde-arginine, and metal-disalicylaldehyde-arginine. Under mild circumstances, 

the Schiff base exhibited exceptional selectivity and significant catalytic activity [21].  

 

MATERIALS AND METHODS 

Chemistry 

The title Compounds (PS-1 to PS-9) were prepared by reaction sequence described in schemes 1, 2 and 

3. In the first scheme, o-amino pyridine reacts with ketone compounds (isatin, p-benzoquinone and 

acetanilide) to give Schiff bases PS-1 to PS-3. In the second scheme, m-amino pyridine reacts with 

ketone compounds (isatin, p-benzoquinone and acetanilide) to give Schiff bases PS-4 to PS-6. In the 

third scheme, p-amino pyridine reacts with ketone compounds (isatin, p-benzoquinone and acetanilide) 

to give Schiff bases PS-7 to PS-9. The completion of reaction was confirmed by TLC. 

 

Materials Used 

Ketones: isatin, benzoquinone, acetanilide.  

Amines: o-pyridine, m-pyridine, p-pyridine. 

Solvent: Glacial acetic acid, acetone, distill water. 

 

Methodology 

The Schiff bases (PS-1 to PS-9) were synthesized using the below mentioned schemes (scheme 1, 2 

and 3) (Figures 1–3), followed by their characterization using IR, 1HNMR, Mass and Elemental analysis. 

The synthesized compounds were evaluated for their anti-bacterial and anti-fungal activity.  

 

Procedure for Scheme 

Equimolar pyridine derivative and ketone is taken in round bottom flask and 20 ml of glacial acetic 

acid is added to the above mixture and then the solution is refluxed for 1 h. 
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               (PS-1 to PS-3) 

ortho pyridine Ketone Schiff base 

 
ortho pyridine Isatin 4-(pyridine-2-ylimino)cyclohexa-2,5-dienone 

 
ortho pyridine P-benzoquinone (E)-3-(pyridin-2-ylimino)indolin-2-one 

 
ortho pyridine Acetanilide (E)-N-phenyl-N;-(pyridin-2-yl)acetimidamide 

Figure 1. Scheme 1. 

 

 
meta pyridine Ketone Schiff base 

 
meta pyridine Isatin (Z)-3-(pyridin-3-ylimino)indolin-2-one 

 
meta pyridine P-benzoquinone 4-(pyridin-3-ylimino)cyclohexa-2,5-dienone 

 
meta pyridine Acetanilide (Z)-N-phenyl-N’-(pyridin-3-yl)acetimidamide 

Figure 2. Scheme 2. 
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para pyridine Ketone Schiff base 

 
meta pyridine P- Benzoquinone 4-(pyridin-3-ylimino)cyclohexa-2,5-dienone 

 
meta pyridine Ketone Schiff base 

 
meta pyridine Acetanilide (Z)-N-phenyl-N’-(pyridin-3-yl)acetimidamide 

Figure 3. Scheme 3. 

 

Pharmacological Evaluation 

The synthesized compounds (PS-1 to PS-9) were evaluated for their anti-bacterial activity using the 

below mentioned procedure. 

 

Anti-Microbial-Zone Inhibition Test: S. aureus 

Requirements 

• Mueller-Hilton Agar (MHA-SRL Chem- 24756) Plates. 

• Bacterial Culture (S. aureus, MTCC96). 

• Whatman No. 1 filter paper discs (5 mm). 

• Solvent (vehicle control): Dimethyl Sulfoxide: DMSO (SRL Chem 28580). 

• Ciprofloxacin (SRL Chem-78079). 

• Amount Loaded: (0–1000 μg/disc). 

 

Anti-microbial Activity Assay 

The antibacterial activity was checked by following Zone Inhibition Method (Kirby-Bauer Method). 

The MHA plates were inoculated by spreading with 100 μl of Bacterial culture, S. aureus adjusted to 

0.5 McFarland Unit, Approx cell density (1.5×108 CFU/ml), and followed by placing the discs 

containing 10 μl of different concentration (0 to 100 mg/ml). One disc in each plate was loaded with 

solvent alone which served as vehicle control and Ciprofloxacin disc (10 μg), were taken as positive 

control. The plates of S. aureus were incubated (Basil Scientific Corp. India) at 37°C for 24 h. The clear 

zones created around the disc were measured and recorded [22]. 
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Anti-Fungal-Zone Inhibition Test C. albicans 

The synthesized compounds (PS-1 to PS-9) were evaluated for their anti-fungal activity using the 

below mentioned procedure. 

 

Requirements 

• Sabouraud dextrose agar: SDA (SRL Chem, Cat no. 19427) plates. 

• Fungal Culture (C. albicans, MTCC 854). 

• Whatman No. 1 filter paper discs (5 mm). 

• Solvent (vehicle control): Dimethyl Sulfoxide: DMSO (SRL Chem 28580). 

• Amphotericin B: (Amphocare): 5 mg/ml. 

• Amount Loaded: (0 to 1000 µg/disc). 

 

Anti-microbial Activity Assay 

The antifungal activity was checked by following Zone Inhibition Method (Kirby-Bauer method). 

The SDA plates were inoculated by spreading with 100 100 µl of fungal culture, C. albicans (adjusted 

to 0.5 McFarland Unit- Approx cell densities (1.5 × 108  CFU/mLml) and followed by placing the discs 

containing 10 10 µl of different concentration (0 to 100 100 mg/ml). One disc in each plate was loaded 

with solvent alone which served as vehicle control and Amphotericin B disc (50 µg) was taken as 

positive control. The plates of C. albicans were incubated (Basil Scientific Corp. India- Incubator) at 

37°C for 24 24 hrs. The clear zones created around the disc were measured and recorded [22]. 

 

RESULT AND DISCUSSION 

The physical data (Rf value, melting point and solubility) of synthesized compounds was recorded 

(Table 1), followed by the characterization of the compounds by IR, 1HNMR, mass spectrometry (M/z) 

and Elemental analysis (Table 2). The synthesized compounds were evaluated for their anti-bacterial 

and anti-fungal activity.  

 

Table 1. Physical CHARACTERISTICS table of compounds (PS-1 to PS-9). 

S.N. Compound 

code 

Compound structure IUPAC name Chemical 

formula 

Rf 

value 

Melting 

point 

(°C) 

Solubility 

1. PS 1 

 

E-3-(pyridine-2-

ylimino)indolin-2-

one 

C13H9N3O 0.7 223.23 ethanol 

2. PS 2 

 

4-(pyridine-2-

ylimino)cyclohexa-2, 

5-dienone 

C11H8N2O 0.955 184.19 Acetone 

3. PS 3 

 

E-N-phenyl-N’-

(pyridine-2-yl) 

acetimidamide 

C13H13N3 0.588 211.26 ethanol 

4. PS 4 

 

(Z)-3-(pyridine-3-

ylimino)indolin-2-

one 

C13H9N3O 0.89 223.23 ethanol 

5. PS 5 

 

4-(pyridine-3-

ylimino)cyclohexa-

2,5-dienone 

C11H8N2O 0.95 184.19 acetone 
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6. PS 6 

 

(Z)-N-phenyl-N’-

(pyridine-3-yl) 

acetimidaamide 

C11H13N3 0.6 211.26 acetone 

7. PS 7 

 

(Z)-3-(pyridine-4-

ylimino)indolin-2-

one 

C13H9N3O 0.96 223.23 ethanol 

8. PS 8 

 

4-(pyridine-4-

yliminio)cyclohexa-

2,5-dienone 

C11H8N2O 0.86 184.19 ethanol 

9. PS 9 

 

(Z)-N-phenyl-N`-

(pyridine-4-yl) 

acetimidamide 

C13H13N3 0.98 211.26 ethanol 

 

Table 2. Characterization table of compounds (PS-1 to PS-9). 

S.N. Compound 

Code 

Structure IR NMR M/z Elemental 

Analysis 

1. PS-1 

 

C=O)=1650–

1750; 

(N=C)=1603–

1616 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.00–

8.52 4H Pyridine), 

(7.00–7.86 4 H 

Benzene), (8.0, H, 

NH) 

m/z: 223.07 

(100.0%), 

224.08 (14.2%), 

225.08 (1.1%), 

224.07 (1.1%) 

C, 69.95 

H, 4.06 

N, 18.82 

O, 7.17 

2. PS-2 

 

C=O)=1640–

1750; 

(N=C)=1600–

1610 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.00–

8.52 4H Pyridine), 

(6.30–8.61 4 H 

Benzene) 

m/z: 184.06 

(100.0%), 

185.07 (12.0%) 

C, 71.73 

H, 4.38 

N, 15.21 

O, 8.69 

3. PS-3 

 

C=O)=1650–

1755; 

(N=C)=1603–

1618 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.00–

8.52 4H Pyridine), 

(6.43–7.20 4 H 

Benzene), (4.0, H, 

NH) 

m/z: 211.11 

(100.0%), 

212.11 (15.2%) 

C, 73.91 

H, 6.20 

N, 18.89 

4. PS-4 

 

C=O)=1640–

1750; 

(N=C)=1605–

1616 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.71–

8.45 
4H Pyridine), (7.26–

7.86 4 H Benzene), 

(8.0, H, NH) 

m/z: 223.07 

(100.0%), 

224.08 (14.2), 

225.08 (1.1%), 

224.07 (1.1%) 

C, 69.95 

H, 4.06 

N, 18.82 

O, 7.17 

5. PS-5 

 

C=O)=1650–

1751; 

(N=C)=1603–

1620 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.37–

8.61 4H Pyridine), 

(6.30–8.61 4 H 

Benzene) 

m/z: 184.06 

(100.0%), 

185.07 (12.0%) 

C, 71.73 

H, 4.38 

N, 15.21 

O, 8.69 
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6. PS-6 

 

C=O)=1650–

1750; 

(N=C)=1603–

1616 

1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.34–

8.44 4H Pyridine), 

(6.43–7.20 4 H 

Benzene), (4.0, H, 

NH) 

m/z: 2.11.11 

(100.0%), 

212.11 (15.2) 

C, 73.91 

H, 6.20 

N, 19.89 

 

7. PS-7 

 

 1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.40–

8.42 4H Pyridine), 

(7.26–7.86 4 H 

Benzene), (8, H, 

NH) 

m/z: 223.07 

(100.0%), 

224.08 (14.2%, 

225.08 (1.1%), 

224.07 (1.1%) 

C, 69.95 

H, 4.06 

N, 18.82 

O, 7.17 

8. PS-8 

 

 1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.40–

8.61 4H Pyridine), 

(6.30–8.61 4 H 

Benzene) 

m/z: 184.06 

(100.0%), 

185.07 (12.0%) 

C, 71.73 

H, 4.38 

N, 15.21 

O, 8.69 

9. PS-9 

 

 1H NMR (500 MHZ, 

CDCI3-d)𝛿 (7.40–

8.42 4H Pyridine), 

(6.43–7.20 4 H 

Benzene), (4.00, H, 

NH) 

m/z: 211.11 

(100.0%), 

212.11 (15.2%) 

C, 73.91 

H, 6.02 

N, 19.89 

 

Antibacterial Activity 

All the synthesized derivatives (PS-1 to PS-9) were evaluated for anti-bacterial activity using Kirby-

Bauer method. All the compounds showed moderate to good anti-bacterial activity (Tables 3–6 and 

Figures 4–6). 

 

Table 3. Antibacterial activity of synthesized compounds. 

S.N. Sample code Max.Zi (mm) AVG Conc. (𝝁g) 

1. Ciprofloxacin (pc) 26.66 10 

2. Ps-1 20.00 50 

3. Ps-2 13.88 50 

4. Ps-3 10.80 50 

5. Ps-4 12.00 50 

6. Ps-5 18.33 50 

7. Ps-6 13.07 50 

8. Ps-7 12.00 50 

9. Ps-8 10.81 50 

10. Ps-9 15.90 50 

 

Bioassay: Antibacterial Activity 

Test Organism: S. aureus 

X Axis : Amount (µg/disc) 

Y Axis: Zone Size (in mm) 

Title: Antibacterial Activity: S. aureus 

Max. Zi =maximum zone of inhibition 
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PS-1 

Table 4. Bioassay: antibacterial activity of compound PS-1. 

Amount (µg/disc) Plate A Plate B Plate C Average SD SEM 

PC 24 28 28 26.67 2.30 1.33 

0 0 0 0 0 0 0 

50 15.20 16.33 17.44 17.66 1.73 0.55 

125 16.32 17.42 18.23 18.33 2.15 0.66 

250 17.20 18.50 19.85 19.67 2.17 0.67 

500 18.12 19.95 20.80 20.67 2.15 1.00 

1000 20.98 21.45 22.00 21.33 2.28 1.66 

 

 
Figure 4. Graphical representation of antibacterial activity of compound PS-1. 
 

PS-5 

Table 5. Bioassay: antibacterial activity of compound PS-5. 

Amount (µg/disc) Plate A Plate B Plate C Average SD SEM 

PC 28 28 24 26.67 2.94 1.33 

0 0 0 0 0 0 0 

50 8.11 7.88 6.23 18.33 1.75 0.57 

125 8.33 8.45 6.25 19.33 2.12 0.67 

250 9.20 8.25 7.48 19.67 2.18 0.67 

500 10.00 10.45 7.74 20.66 2.15 1.00 

1000 12.88 12.66 7.67 21.33 2.28 1.66 

 

 
Figure 5. Graphical representation of antibacterial activity of compound PS-5. 
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PS-9 

Table 6. Bioassay: antibacterial activity of compound PS-9. 

Amount (µg/disc) Plate A Plate B Plate C Average SD SEM 

PC 24 24 24 24 2.30 1.33 

0 0 0 0 0 0 0 

50 17.05 18.02 19.05 18.33 1.73 0.52 

125 18.12 19.07 20.44 19.33 2.15 0.67 

250 18.81 19.02 20.77 19.67 2.17 0.77 

500 19.08 20.00 21.33 20.66 2.15 1.67 

1000 20.22 21.06 22.33 21.33 2.28 1.63 

 

 
Figure 6. Graphical representation of Antibacterial Activity of compound PS-9. 

 

 
Figure 7. PS-1 antimicrobial zone inhibition test. 
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Anti-fungal Activity 

All the synthesized derivatives (PS-1 to PS-9) were evaluated for anti-fungal activity using Kirby-

Bauer method. All the compounds showed moderate to good anti-fungal activity (Tables 7–10 and 

Figures 7–11). 

 

Table 7. Antifungal activity of synthesized compounds. 

S.N. Sample code Max.zi (mm) avg Conc. (𝝁g) 

1. Amphotericin B (pc) 20.33 50.(𝜇g) 

2. Ps-1 8 50 

3. Ps-2 8 50 

4. Ps-3 6 50 

5. Ps-4 6.22 50 

6. Ps-5 7.33 50 

7. Ps-6 6.87 50 

8. Ps-7 7.56 50 

9. Ps-8 7.66 50 

10. Ps-9 8.66 50 

 

Bioassay: Antifungal Activity 

Test Organism: C. albicans 

X Axis: Amount: (µg/disc) 

Y Axis: Zone Size (in mm) 

Title: Antifungal Activity: C. albicans 

 

PS-1 

Table 8. Antifungal activity of compound PS-1. 

Amount 

(µg/disk) 

Plate A 

(μg/disk) 

Plate B 

(μg/disk) 

Plate C 

(μg/disk) 

Average SD SEM 

PC 20.00 20.00 21.00 20.33 0.57 0.40 

0 0 0 0 0 0 0 

50 8.23 8.66 8.77 8.66 0 0 

125 8.22 8.66 8.67 8.55 0 0 

250 8.66 8.67 8.77 8.67 0 0 

500 8.67 8.66 8.67 8.77 0 0 

 

 
Figure 8. Graphical representation of Antifungal activity of compound PS-1. 
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PS-5 

Table 9. Antifungal activity of compound PS-5. 

Amount (µg/disk) Plate A Plate B Plate C Average SD SEM 

PC 20.00 20.00 20.00 20.00 0 0 

0 0 0 0 0 0 0 

50 7.66 7.77 8.80 7.33 0.55 0.40 

125 7.23 7.67 8.66 7.33 0.57 0.45 

250 7.67 7.67 7.52 7.68 0 0 

500 7.89 7.67 7.44 7.67 0 0 

1000 6.88 6.67 6.67 6.67 0 0 

 

 
Figure 9. Graphical representation of Antifungal activity of compound PS-5. 
 

PS-9 

Table 10. Antifungal activity of compound PS-9. 

Amount (µg/disk) Plate A Plate B Plate C Average SD SEM 

PC 21.00 20.00 20.00 20.33 0.57 0.40 

0 0 0 0 0 0 0 

50 7.23 7.66 7.56 7 0 0 

125 7.33 7.66 8.66 7.33 0.57 0.40 

250 8.23 7.67 8.67 7.66 0.57 0.40 

500 8.66 7.67 8.67 7.66 0.57 0.40 

1000 7.67 8.67 7.67 7.33 0.57 0.40 

 

 
Figure 10. Graphical representation of antifungal activity of compound PS-9. 
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Figure 11. PS-5 Antifungal zone inhibition test. 

 

CONCLUSION 

Synthesizing Schiff bases involves condensation reactions between primary amines and carbonyl 

compounds. Once formed, Schiff bases have various applications in pharmaceuticals, dyes, and 

coordination chemistry due to their versatile properties. Here is a general result and conclusion for a 

typical Schiff base synthesis experiment: 
 

In this research, the synthesis of Schiff bases involves the reaction between a primary amine and different 

ketones in a suitable solvent, typically under reflux conditions. The reaction proceeds via a condensation 

reaction, forming an imine intermediate which then undergoes tautomerization to yield the Schiff base 

product. The progress of the reaction can be monitored using technique IR (infrared spectroscopy). 

 

Upon completion of the reaction, the Schiff base product is typically isolated by simple workup 

procedures. The product's identity and purity can be confirmed using analytical techniques such as 

NMR (nuclear magnetic resonance) spectroscopy, mass spectrometry, and elemental analysis. 
 

Based on the results obtained from the study of antibacterial activity, when test organism S. aureus 

was treated with different amounts of sample on agar plate, maximum zone of inhibition (ZI) were 

estimated and compared to the positive control. In this research for antibacterial activity, ciprofloxacin 

was taken as control group and out of 9 samples been tested, Sample PS-1, PS-5, and PS-9 showed best 

results. The zone of inhibition is an area around a disc on an agar plate where no bacterial growth is 

observed due to the presence of an antimicrobial agent. It is used to determine whether a particular test 

organism is susceptible to the action of a particular antimicrobial agent or not. 

 

Based on the results obtained from the study of antifungal activity, when test organism C. albicans 

was treated with different amounts of sample of PS (1–9) on agar plate, maximum zone of inhibition (ZI) 
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The synthesis of Schiff bases provides an efficient route to access a wide range of compounds with 

diverse applications. The reaction conditions can be adjusted to modulate the selectivity and yield of the 

desired product. Additionally, the Schiff base formation can be catalyzed by various catalysts, including 

acids, bases, and transition metal complexes, to enhance the reaction rate and selectivity. PS-1 was found 

to be most active antibacterial agent and PS-9 most active antifungal agent. 

 

Overall, the synthesis of Schiff bases offers a versatile and valuable tool in organic synthesis, 

allowing for the facile preparation of structurally diverse compounds with potential applications in 

various fields including medicinal chemistry, materials science, and catalysis. Further studies can focus 

on exploring new substrates, reaction conditions, and catalytic systems to expand the scope and utility 

of Schiff base synthesis. 
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