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Abstract: Aim and Background: This study represents a dedicated effort to advance organic
chemistry and contribute to the development of innovative therapeutic agents through the
synthesis, spectroscopic characterization, and antibacterial activities of N-phenylpyridinium
chloride derivatives. Heterocyclic compounds, integral to vital natural products, have
spurred interest for their potential incorporation into the design of biologically active
molecules. Methodology: The rigorous methodology employed stringent laboratory
conditions, utilizing high-grade reagents, and implementing solvent purification through
distillation and crystallization. The synthesis involved refluxing pyridine and 1-chloro-2, 4-
dinitrobenzene in ethanol, resulting in N-2, 4-dinitrophenylpyridinium chloride.
Derivatization with aniline produced 5-anilino N-phenyl-2, 4-pentadienylideniminium
chloride, undergoing cyclization and meticulous purification. Result: Antibacterial
evaluations demonstrated significant efficacy, with 1-(2-chlorophenyl) pyridinium chloride
exhibiting pronounced sensitivity against E. coli and S. aureus. Paper chromatography
revealed strong affinities for the stationary phase, indicative of their inherently polar nature.
Fourier transform infrared (FTIR) spectroscopy provided insights into diverse functional
groups. Conclusion: The Meticulous synthesis of N-phenylpyridinium chloride derivatives
has yielded compounds with notable antibacterial properties, showcasing their potential
applications in both medical and materials science domains. This study concludes by
emphasizing the critical importance of continued exploration in this promising research
trajectory, highlighting the essential intersection of organic chemistry with advancements in
therapeutic innovation.

Keywords: N-Phenylpyridinium Chloride Derivatives, Antibacterial Activities, Organic
Chemistry, Spectroscopic Characterization, Therapeutic Agent Innovation.
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1. INTRODUCTION

A large amount of research has been focused on creating new, safe medicinal compounds with
practical applications in the last several years. Due to their widespread distribution in nature
and the fact that they are present in many natural products, including hormones, vitamins, and
antibiotics, heterocyclic compounds are extremely important [1, 2]. This has led to a great deal
of interest in using heterocycles in the creation of molecules that are biologically active, which
has advanced organic chemistry [3, 4].

Nitrogen-containing heterocycles, among the several types of heterocyclic molecules, have
become an important class in medicinal chemistry, helping us comprehend life processes and
being useful in both biological and industrial applications [5]. The nitrogen-containing, six-
membered, fully unsaturated ring known as pyridine is particularly significant [6].

A Dbroad class of substances known as pyridinium salts has been used in many different
contexts, including phase transfer reaction catalysts, cationic polymerization initiators,
antimicrobials, cationic surfactants, acylating agents, and colors [1-5]. Interestingly, chiral
auxiliary groups have been added to the nitrogen in pyridinium compounds, which have been
produced and have been shown to exhibit a variety of biological effects, including antifungal,
antibacterial, anticancer, and herbicidal properties [6-11]. Research has demonstrated that
compounds with aryl or alkyl substituents on quaternary nitrogen atoms have precisely
regulated spectroscopic and electrochemical characteristics, which are impacted by the
substituents' nature. Electron delocalization is improved by the presence of benzyl substituents,
providing important information for the design of supramolecular and functional molecules
[15].

With the chemical formula CsHsN, pyridine is a fundamental heterocyclic organic molecule
that is similar to benzene but differs in that it has one nitrogen atom in place of one C-H group.
Similar to benzene, pyridine also has a conjugated system with six delocalized m-electrons,
which means that it is aromatic and has a planar structure according to the Hickel criterion.
Pyridine derivatives, such as di-acylhydrazine and acyl(arylsulfonyl)hydrazine, have shown
encouraging antibacterial activities against both gram-positive (S. albus) and gram-negative
(E. coli) bacteria, in contrast to conventional drugs like streptomycin sulfate. Additionally,
these compounds have demonstrated antifungal properties against A. niger and A. teniussiama
as well as herbicidal activities against a variety of plants [16].

High levels of antibacterial activity against gram-positive (S. aureus) and gram-negative (E.
coli, P. aeruginesa, and P. vulgaris) bacteria have been demonstrated by thienopyridine and
other pyridine derivative compounds [17]. Furthermore, great competence against HIV,
influenza B-Mass virus, and antibacterial action against organophosphorus compounds have
been demonstrated by oxime derivatives of pyridine and naphthiridine [19]. Using
thiazolidinones to synthesize pyridine derivatives that exhibit antidiabetic effects as determined
by the GOD-POD technique is noteworthy. This collection of chemicals includes those that
show very strong anti-diabetic properties, indicating the possibility of creating a new class of
anti-diabetic medications [20].

Our present investigation focuses on the synthesis of N-phenylpyridinium chloride derivatives,
their spectroscopic characterization, and antibacterial investigations. We want to gain
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important knowledge about the composition and possible uses of these substances in the
domains of materials science and medicine through this study.

2. RELATED WORK

e Liquid Crystals based on the N-Phenylpyridinium Cation—Mesomorphism and the Effect
of the Anion: This work describes the synthesis and mesomorphism of N-phenylpyridinium
cation-based liquid crystals, focusing on the effect of the anion on their properties [21].

e Binding Modes of a Phenylpyridinium Styryl Fluorescent Dye with Cucurbiturils: This
study explores the binding modes of a phenylpyridinium styryl fluorescent dye with
cucurbiturils, a family of cyclic oligoureas, and their complexation with N-
phenylpyridinium cation derivatives [22].

e Photochemical Reaction of Pyridinium Salts with Nucleophiles: This work discusses the
photochemical reaction of pyridinium salts with nucleophiles, including the formation of
tetrahydropyridine derivatives and the photochemical reaction of methylpyridinium
chloride in KOH4 [23].

e Overview of Phenylpyridine-Provides an overview of phenylpyridine derivatives,
including modified 2-phenylpyridine derivatives and their applications in various chemical
reactions [24].

e Synthesis and Antibacterial Studies of Some N-Phenylpyridinium Chloride Derivatives:
This work focuses on the synthesis and antibacterial studies of some N-phenylpyridinium
chloride derivatives, exploring their potential applications in antibacterial agents [25].

e Synthesis and Antimicrobial Activity of Some New Pyridinium Derivatives: This study
discusses the synthesis and antimicrobial activity of new pyridinium derivatives, including
N-phenylpyridinium chloride derivatives, highlighting their potential as antimicrobial
agents [26].

e N-Phenylpyridinium Chloride Derivatives as Potential Anticancer Agents: This research
explores the potential of N-phenylpyridinium chloride derivatives as anticancer agents,
focusing on their cytotoxic effects on cancer cells and their mechanism of action [27].

e Electrochemical Behavior of N-Phenylpyridinium Chloride Derivatives: This work
investigates the electrochemical behavior of N-phenylpyridinium chloride derivatives,
studying their redox properties and potential applications in electrochemistry [28].

e Crystal Structures of N-Phenylpyridinium Chloride Derivatives: This study presents the
crystal structures of N-phenylpyridinium chloride derivatives, providing insights into their
molecular packing and intermolecular interactions [29].

e Spectroscopic Characterization of N-Phenylpyridinium Chloride Derivatives: This
research focuses on the spectroscopic characterization of N-phenylpyridinium chloride
derivatives, including UV-Vis, FTIR, and NMR studies to elucidate their structural
properties and chemical behavior [30].

3. METHODOLOGY

All reactions were directed under specified laboratory conditions. The reagents and solvents
employed in the synthesis were laboratory-grade, and when required, they undertook
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purification through distillation and crystallization techniques. The final products were exposed
to recrystallization to ensure purification.

NO,
¥ A
OQNGCI o) G Y o
— Ethanol

1-chloro-2,4-dinitrobenzene  PYridinium 1-(2,4-dinitrophenyl)pyridinium chloride

Figure 1: Synthesis of N-2,4dinitrophenylpyridinium chloride

Synthesis of N-2,4dinitrophenylpyridinium Chloride: A mixture of 5.0 g (0.063 moles) of
pyridine and 13.0 g (0.064 moles) of 1-chloro-2, 4-dinitrobenzene was refluxed in 20 ml of
ethanol for 40 hours. More ether was added to the cool solution, resulting in the formation of a
white precipitate of N-2, 4-dinitro phenyl pyridinium chloride. Ether was used to filter and
repeatedly wash the product.

10.0 grams of N-2, 4-dinitrophenylpyridinium chloride was combined with a solution of aniline
(2 moles) in ethanol (20 ml) to create a derivative of N-phenylpyridinium chloride. After
shaking the mixture, 5-anilino N-phenyl-2, 4-pentadienylideniminium chloride was seen as a
dark red precipitate. The product was filtered after 30 minutes and then extensively cleaned
with acetone to remove any remaining dinitroaniline that could have synced with the product.
Triethylamine (3 ml) was added to a solution of 5-anilinoN-phenyl-2, 4-penta dienylide nimin
ium chloride (6.0 g) in methanol (300 ml), and the mixture was refluxed at 50 (-55 °C) for 24
hours. After the solvent was removed using a rotary evaporator, a hygroscopic product of N-
phenylpyridinium chloride was left behind. This hygroscopic product was then cleaned using
acetone and ether to get rid of any aniline residue that may have accumulated during the
cyclization process. [23, 24].

Figure 2: Structure of N-Phenylpyridinium Chloride

Where: X=a) 1-(2-bromophenyl) pyridinium chloride, b) 1-(2-chlorophenyl) pyridinium
chloride, c) 1-(2-fluorophenyl) pyridinium chloride, halogens are substituted for x.

Antibacterial Activity Evaluation

Preparation of Media

The media was prepared by boiling 100 milliliters of distilled water and 2.8 grams of nutritional
agar in a 250 milliliter conical flask. After the solution was autoclaved for 15 minutes at 121°C
to sanitize it, the test microorganisms were aseptically added to conical flasks holding agar
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media. Under aseptic conditions, the inoculated medium was moved into sterile plates. In order
to make sure there was no bacterial contamination, they were allowed to cool and harden in
sterile circumstances before being incubated for 24 hours at 37°C [25].

Agar Well Diffusion Method

Agar well diffusion is a commonly used method for assessing plant extracts' antibacterial
activity. The agar plate was filled with the ready-made inoculation media. Using a sterile borer,
a 6-8 mm diameter hole was aseptically punched. Next, a 20-100 pL volume of the antibacterial
agent/extract solution at the intended concentration was added to the well. For a whole day,
the agar plates were incubated at 37°C. The studied microbial strain's growth is inhibited by
the antibacterial drug as it diffuses throughout the agar media [26].

Paper Chromatography
The fundamental ideas of differential partitioning and capillary action underpin the operation
of paper chromatography. A stationary phase (the chromatography paper) and a mobile phase
(the solvent) are used in this technique. [27].
RF= the term RF is associated with the migration of the solute relative to the solvent front as
Rf = Distance traveled by the solute from origin line

Distance traveled by the solvent from origin line
Both 1-(2-bromophenyl) and 1-(2-chlorophenyl) pyridinium chloride were used in the paper
chromatography process.

FTIR Spectroscopy Evaluation
Using Fourier transform infrared (FTIR) spectroscopy, the resulting samples were analyzed at
frequencies ranging from 4000-500 nm [28].

Statistical Analysis

The data is shown as Mean + SEM. Multiple comparison tests were conducted after one-way
ANOVA for comparisons. A "P" value of 0.05 or less was taken into consideration for
statistical significance for all tests.

4. RESULT AND DISCUSSION

Table 1: Antibacterial activity of the 1-(2-bromophenyl) pyridinium chloride and 1-(2-
chlorophenyl) pyridinium chloride on E. coli using agar well diffusion method.

Bacteria culture medium
Zone of Inhibition(mm)
(Mean + SEM)

Concentration of sample

(mg/ml) 1-(2-bromophenyl) | 1-(2-chlorophenyl)

pyridinium chloride | pyridinium chloride

10mg/mi 11+0.43 1340.11%**
Standard drug

*hk
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Chloramphenicol -10mg/ml 15+0.54***
Control Nil

Table 2: Antibacterial activity of the 1-(2-bromophenyl) pyridinium chloride and 1-(2-
chlorophenyl) pyridinium chloride on S. aureus  using agar well diffusion method.

Bacteria culture medium
Zone of Inhibition(mm)

(Mean £ SEM)
Concentlgfntu;nm;))f sample 1-(2-bromophenyl) | 1-(2-chlorophenyl)
g pyridinium chloride | pyridinium chloride
10mg/ml 5+0.13" 9+0.11***
Standard drug
Chloramphenicol -10mg/mi 15+0.54***
Control Nil

Values are expressed as mean £ SEM. (n=2),* Indicates the p value, *P<0.05, **P<0.01,
***pP<0.001 between negative control and treated.

A) 1-(2-bromophenyl)
pyridinium chloride {(10mgJ/mL)

B} 1-(2-chlorophenyl}pyridinium
chloride (10mg/ml}

Standard (10mg/ml}

Figure 3: Antibacterial activity of N-phenylpyridinium chloride derivatives against E. coli
using agar well diffusion method.

Using the agar well diffusion method, the antibacterial activity of 1-(2-bromophenyl)
pyridinium chloride on E. coli was observed. The zone of inhibition was 11+0.43, indicating a
considerable effect on activity. Using the agar well diffusion method, the antibacterial activity
of 1-(2-chlorophenyl) pyridinium chloride on E. coli was observed. The zone of inhibition was
13+0.11, indicating a considerable effect on activity.
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Effect of the 1-(2-bromophenyl) pyridinium chloride and
1-(2-chlorophenyl) pyridinium chloride on E. coli using agar well diffusion method.

20
mm Control

= Standard

1-(2-bromophenyl) pyridinium chloride (10
mg/ml)

15

f— 1-(2-chlorophenyl) pyridinium chloride
(10 mg/ml)

Zone of inhibition (mm)
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Figure 4: Antibacterial activity of N-phenylpyridinium chloride derivatives against E. coli

using agar well diffusion method.

A) 1-(2-bromophenyl)
pyridinium chloride (10mg/mL)

B} 1-(2-chlorophenyl)pyridinium
chloride (10mg/ml}

Standard (10mg/ml)

Figure 5: Antibacterial activity of N-phenylpyridinium chloride derivatives against S. aureus
using agar well diffusion method.

Using the agar well diffusion method, the antibacterial activity of 1-(2-bromophenyl)
pyridinium chloride on S. aureus was demonstrated. The zone of inhibition was 5%0.23,
indicating a minor impact when compared to the standard medication chloramphenicol.

Using the agar well diffusion method, the antibacterial activity of 1-(2-chlorophenyl)
pyridinium chloride on E. coli was observed. The zone of inhibition was 13+0.11, indicating a
considerable effect on activity.
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Effect of of the 1-(2-bromophenyl) pyridinium chloride and
1-(2-chlorophenyl) pyridinium chloride on S. aureus using agar well
diffusion method.

20
Control

Standard
1-(2-bromophenyl) pyridinium chloride (10 mg/ml)
1-(2-chlorophenyl) pyridinium chloride (10 mg/ml)

is

10

Zoneof inhibition (mm)

Figure 6: Antibacterial activity of N-phenylpyridinium chloride derivatives against S. aureus
using agar well diffusion method.

Paper Chromatography
Table 3: represent the RF value of the given samples

SL.no Sample Result
1) Rf value of 1-(2-bromophenyl) pyridinium chloride 0.246
2) Rf value of 1-(2-chlorophenyl) pyridinium chloride 0.226

The 1-(2-bromophenyl) and 1-(2-chlorophenyl) pyridinium chlorides were discovered to have
Rf values of 0.246 and 0.226, respectively. Which indicates that the compounds do not travel
very far with the solvent front and are strongly attracted to the stationary phase. It appears from
this frequency that the chemicals are polar.

FTIR Spectroscopy Evaluation
Fourier transform infrared (FTIR) spectroscopy was performed on the derived samples and
Notably, the samples scanned between 4000-500 nm frequencies.

120 —
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Figure 7: FTIR SpeNcltroscopy of 1-(2-bromophenyl) pyridinium chloride and 1-(2-
chlorophenyl) pyridinium chloride.
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Table 4: Represent the FTIR Spectroscopy of the subjected sample

Functio | Reported Observed frequenc

nal frequency 1-(2- 1-(2-

group bromophenyl) chlorophenyl)
pyridinium pyridinium
chloride chloride

N-H 3400-3250(m)  3332.72 3448.72

Cc=C 1650-1580(m)  1629.85 1556.20

C-N 1360-1250(s) 1332.81 1251.80

C-N 1250-1020(m)  1192.01 1022.27

C-H 900-675(s) 752.24 720.13

C-Cl1 850-550(s) - 574.79

C-Br 690-515(m) 511.14

Discussion

The intriguing class of chemicals known as N-phenylpyridinium chlorides (NpPCs) has gained
attention due to its potentially effective antibacterial qualities. They have multiple benefits due
to their special structure, which consists of a positively charged pyridinium ring connected to
a phenyl group with a counterion of chloride. Their range of action against both Gram-positive
and Gram-negative bacteria is extensive. Bacterial membranes are disrupted by their cationic
character, which results in cell death [29]. The phenyl ring makes it simple to add different
substituents, giving you a platform to adjust the antibacterial potency and selectivity. Aside
from disrupting membranes, several NpPCs also show additional modes of action, like
blocking DNA replication or interfering with protein synthesis [30].

In order to comprehend the prospective uses of N-phenylpyridinium chloride derivatives in
medicine and materials science, we concentrated on their systematic synthesis, thorough
characterization, and wide-ranging antibacterial investigations in this work. The significance
of heterocyclic compounds—in particular, those containing nitrogen—in the creation of novel
medicinal agents is emphasized early in the study. Pyridinium salts were investigated for their
possible advantages. Pyridinium salts are a versatile group with a variety of applications,
including catalysis and antibacterial characteristics.

N-2, 4-dinitrophenylpyridinium chloride and its derivative were prepared using aniline in the
synthesis procedure, which produced 5-anilino N-phenyl-2, 4-pentadienylideniminium
chloride. N-phenylpyridinium chloride was produced by further reactions and purification
techniques; different substituents (X) were purposefully added during synthesis to increase
chemical variety. Using the tried-and-true agar well diffusion method, antibacterial activity
was assessed and shown to be significantly potent against S. aureus and E. coli. Significant
antibacterial effects were shown by the zone of inhibition values, with 1-(2-chlorophenyl)
pyridinium chloride showing greater activity than 1-(2-bromophenyl) pyridinium chloride.
Comparing them to chloramphenicol highlighted their excellent antibacterial efficacy. The
polar character of the compounds was suggested by the RF values obtained from paper
chromatography, which indicated little movement with the solvent front. The compounds
between 4000-500 cm-1 were further studied using Fourier transform infrared (FTIR)
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spectroscopy, which shed light on their intricate structural makeup. N-phenylpyridinium
chloride derivatives were thoroughly investigated in this study, providing insight into their uses
in materials science and medicine. To fully comprehend their characteristics and therapeutic
potential in a variety of applications, more research is necessary.

5. CONCLUSION

Recent research demonstrating high antibacterial activity against S. aureus and E. coli provided
evidence of the potential of N-phenylpyridinium chloride derivatives in medicine. We obtained
valuable insights into their structural features through our systematic approach, which
comprised paper chromatography and FTIR spectroscopy. This work underscores the potential
applications of materials science and medicine while expanding our understanding of these
compounds. Further investigation is needed to fully appreciate the therapeutic potential of these
molecules.

6. REFERENCE

1.  JuY, Kumar D, Varma RS. Revisiting nucleophilic substitution reactions: microwave-
assisted synthesis of azides, thiocyanates, and sulfones in an aqueous medium. J Org
Chem. 2006; 71(17):6697-6700.

2. Shanbhag P, Satish S, Bhat R, Shabaraya AR. A need of the hour: pharmacovigilance in
healthcare setting—nothing less than safety. Int J Curr Res Physiol Pharmacol. 2023;
10:19-24.

3.  Chavan VP, Sonawane SA, Shingare MS, Karale BK. Synthesis, characterization, and
biological activities of some 3, 5, 6-trichloropyridine derivatives. Chem Heterocycl
Comp. 2006; 42:625-30.

4.  Taylor AP, Robinson RP, Fobian YM, Blakemore DC, Jones LH, Fadeyi O. Modern
advances in heterocyclic chemistry in drug discovery. Org Biomol Chem. 2016;
14(28):6611-37.

5. Sharma V, Chitranshi N, Agarwal AK. Significance and biological importance of
pyrimidine in the microbial world. Int J Med Chem. 2014; 2014.

6. Makosza M, Fedorynski M. Phase transfer catalysis. Catal Rev. 2003; 45(3-4):321-67.

7. Atmaca L, Onen A, Yagci Y. Allyloxy Isoquinolinium Salts as Initiators for Cationic
Polymerization. Eur Polym J. 2001; 37(4):677-82.

8.  Pernak J, Rogoza. Synthesis of 3-substituted pyridinium salts. J Arkivoc. 2000; 1:889-
904.

9. Palin R, Clark JK, Cowley P, Muir AW, Pow E, Prosser AB, et al. Novel piperidinium
and pyridinium agents as water-soluble acetylcholinesterase inhibitors for the reversal of
neuromuscular blockade. Bioorg Med Chem Lett. 2002; 12(18):2569-72.

10. Scriven EF. 4-Dialkylaminopyridines: super acylation and alkylation catalysts. Chem Soc
Rev. 1983; 12:129-61.

11. Kabeer S. Synthesis and antimicrobial activity of some Schiff bases from benzothiazoles.
Asian J Chem. 2001; 13(2):496-500.

12.  More PG, Bhalvankar RB, Pattar SC. Synthesis and biological activity of Schiff bases of
aminothiazoles. J Indian Chem Soc. 2001; 78(9):474-5.

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 37



http://journal.hmjournals.com/index.php/JCPP
https://doi.org/10.55529/jcpp.42.28.39
http://creativecommons.org/licenses/by/4.0/

Journal of Community Pharmacy Practice

ISSN: 2799-1199

Vol: 04, No. 02, Feb-Mar 2024 JCPP
http://journal.nmjournals.com/index.php/JCPP

DOI: https://doi.org/10.55529/jcpp.42.28.39

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Simon JA. Metal-to-ligand charge-transfer sensitisation of near-infrared emitting
lanthanides in trimetallic arrays M2Ln (M = Ru, Re or Os; Ln = Nd, Er or Yb). Dalton
Trans. 2005; 8:1482-90.

Desai SB, Desai PB, Desai KR. Synthesis of some Schiff bases, thiazolidinones, and
azetidinones derived from 2, 6-diaminobenzo [1, 2-d: 4, 5-d'] bisthiazole and their
anticancer activities. Heterocycl Commun. 2001; 7(1):83-90.

Pathak P, Jolly VS, Sharma KP. Synthesis and biological activities of some new
substituted arylazo Schiff bases. Oriental J Chem. 2000; 16(1):161-2.

Samadhiya S, Halve A. Synthetic utility of Schiff bases as potential herbicidal agents.
Oriental J Chem. 2001; 17(1):119-21.

Sepcic K. Bioactive alkylpyrdinium compounds from marine sponges. Toxin Rev. 2000;
19(2):139-60.

Sliwa W, Mianowska B. N-Substituted Pyridinium Salts. Heterocycles. 1989; 29(3):557-
95.

Docherty KM, Kulpa CF. Toxicity and antimicrobial activity of imidazolium and
pyridinium ionic liquids. Green Chem. 2005; 7(4):185-9.

Sabet R, Fassihi A. QSAR study of antimicrobial 3-hydroxypyridine-4-one and 3-
hydroxypyran-4-one derivatives using different chemometric tools. Int J Mol Sci. 2008;
9(12):2407-23.

Herod JD, Bruce DW. Liquid Crystals Based on the N-Phenylpyridinium Cation—
Mesomorphism and the Effect of the Anion. Molecules. 2021; 26(9):2653.

Paudics A, Hessz D, Bojtar M, Gyarmati B, Szilagyi A, Kallay M, et al. Binding Modes
of a Phenylpyridinium Styryl Fluorescent Dye with Cucurbiturils. Molecules. 2020;
25(21):5111.

D’Auria M. On the photochemical reaction of pyridinium salts with nucleophiles.
Photochem Photobiol Sci. 2021; 20(7):923-6.

Che CM, Kwok CC, Kui CF, Lai SL, Low KH. Luminescent Coordination and
Organometallic Complexes for OLEDs. Comprehensive Inorg Chem II. 2013; 607-55.
Marvell EN. Synthesis, spectroscopic and kinetic studies of some N-aryl pyridinium
derivatives. Indian J Chem. 1993; 32(6):1916-8.

Patel NB, Agravat SN, Shaikh FM. Synthesis and antimicrobial activity of new pyridine
derivatives-I. Med Chem Res. 2011; 20:1033-41.

Tylinska B, Wiatrak B, Czyznikowska Z, Cie$la-Niechwiadowicz A, Gebarowska E,
Janicka-Ktos A, et al. Novel Pyrimidine Derivatives as Potential Anticancer Agents:
Synthesis, Biological Evaluation and Molecular Docking Study. Int J Mol Sci. 2021;
22(8):3825.

Amalraj J, Vergara CE, Monroy-Cardenas M, Araya-Maturana R, Martinez-Cifuentes M.
Study of the FElectrochemical Behavior of N-Substituted-4-Piperidones Curcumin
Analogs: A Combined Experimental and Theoretical Approach. Int J Mol Sci. 2022;
23(23):15043.

van de Streek J, Neumann MA, Perrin MA. Validation of dispersion-corrected density
functional theory calculations for the crystal structure prediction of molecular salts: a
crystal structure prediction study of pyridinium chloride. CrystEngComm. 2010;
12(11):3827.

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 38



http://journal.hmjournals.com/index.php/JCPP
https://doi.org/10.55529/jcpp.42.28.39
http://creativecommons.org/licenses/by/4.0/

Journal of Community Pharmacy Practice

ISSN: 2799-1199

Vol: 04, No. 02, Feb-Mar 2024 JCPP
http://journal.nmjournals.com/index.php/JCPP

DOI: https://doi.org/10.55529/jcpp.42.28.39

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Itokazu MK, Polo AS, de Faria DL, Bignozzi CA, ITha NY. Syntheses and spectroscopic
characterization of fac-[Re (CO) 3 (phen) (L)] PF6, L= Trans-and cis-1, 2-bis (4-pyridyl)
ethylene. Inorg Chim Acta. 2001; 313(1-2):149-55.

Abele E, Abele R, Dzenitis O, Lukevics E. Indole and Isatin Oximes: synthesis, reactions,
and biological activity. Chem Heterocycl Comp. 2003; 39:3-5.

Firke SD, Firake BM, Chaudhari RY, Patil VR. Synthetic and pharmacological evaluation
of some pyridine-containing thiazolidinones. Asian J Res Chem. 2009; 2(2):157-61.
Nassar E. Synthesis, (in vitro) antitumor and antimicrobial activity of some pyrazoline,
pyridine, and pyrimidine derivatives linked to the indole moiety. J Am Sci. 2010;
6(8):463-71.

Marquez-Flores YK, Campos-Aldrete ME, Salgado-Zamora H, Correa-Basurto J,
Meléndez-Camargo ME. Med Chem Res. 2011; 1-8.

El-Mossalamy EH, Alorabi RO, Obaid AY, Hameed SA, Al-Harbi LM. Synthesis,
spectroscopic and kinetic studies of some N-aryl pyridinium derivatives. World J Pharm
Sci. 2014; 1418-24.

Mirtaghi SM, Nejad PT, Mazandarani MM, Livani F, Bagheri H. Evaluation of
Antibacterial Activity of Urtica dioica L. Leaf Ethanolic Extract Using Agar Well
Diffusion and Disc Diffusion Methods. Med Lab J. 2016; 10(5).

Shinde GS, Rao PS, Jadhav RS, Kolhe P, Athare D. A review on chromatography and
advancement in paper chromatography technique. Asian J Pharm Anal. 2021; 11(1):45-
8.

Berthomieu C, Hienerwadel R. Fourier transform infrared (FTIR) spectroscopy.
Photosynth Res. 2009; 101(2-3):157-70.

Bhat R, Shanbhag P. Marburg Virus Disease: Latest Outbreak and Current Research
Review. Indian J Pharm Drug Stud. 2023; 2(10):11.

Jin B, Wang T, Chen JY, Liu XQ, Zhang YX, Zhang XY, Sheng ZL, Yang HL. Synthesis
and biological evaluation of 3-(pyridine-3-yl)-2-oxazolidinone derivatives as
antibacterial agents. Front Chem. 2022; 10:949813.

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 39



http://journal.hmjournals.com/index.php/JCPP
https://doi.org/10.55529/jcpp.42.28.39
http://creativecommons.org/licenses/by/4.0/

