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Abstract: 

In the present work, aryl-substituted pyrazolones derivative (E)-(5-(4-chlorophenyl)-1-(4-fluorophenyl)-

1H-pyrazol-3-yl)(4-hydroxy-4-(prop-1-en-1-yl)piperidin-1-yl)methanone (5PPY) have been synthesized by the 

reaction of Baylis-Hillman acetate with pyrazolones and screened for their in vitro antifungal, antibacterial and 

antioxidant properties. The molecule shows good in vitro antifungal and antibacterial activities due to the 

presence of anisole, which enhances the absorption rate by its increased lipid solubility and improves the 

pharmacological activity. It is also evident from the results obtained from structure-activity relationship (SAR) 

studies. Insilico studies were conducted on the synthesized molecule, examining its interactions with DNA 

Gyrase, Lanosterol 14 alpha demethylase, and KEAP1-NRF2 proteins. The results revealed strong binding 

interactions at specific sites.  Further, the photophysical properties of synthesized compounds were theoretical 

estimated using ab-intio technique. The ground state optimization, dipole moment and HOMO-LUMO energy 

levels are calculated using DFT-B3LYP-6-31G(d) basis set. Using theoretical estimated HOMO-LUMO value 

global chemical reactivity descriptors parameters are estimated and result shows synthesised molecule has highly 
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electronegative and electrophilicity index. The results suggest that, anisole substituted pyrazolones derivatives 

show good photophysical and biological applications.  
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1. Introduction  

Recent developments in microbial resistance and the ongoing COVID-19 pandemic have intensified the 

quest for innovative antimicrobial and antiviral agents, spotlighting the significance of heterocyclic compounds 

like pyrazoles. These organic compounds, characterized by their carbon-nitrogen heterocycle, have attracted 

significant attention in biomedical research due to their diverse pharmacological properties. Notably, pyrazole 

derivatives have been explored for their potential in combating multidrug-resistant pathogens, including those 

associated with severe cases of COVID-19 necessitating antibiotic treatments. The pressing need for effective 

therapeutics against such microbial challenges underscores the importance of investigating pyrazole compounds 

and their biological activities [1-7]. 

Synthesis methods and structural modifications of pyrazole molecules have been extensively studied to 

enhance their pharmacological potential. For instance, research has focused on synthesizing ethyl 2-(3-

methoxybenzyl) acrylate-substituted pyrazoles, aiming to explore their photophysical properties through 

advanced computational techniques like density functional theory (DFT) calculations. These computational 

studies offer insights into the electronic structure, stability, and spectroscopic characteristics of the synthesized 

pyrazole derivatives, aiding in understanding their potential applications in drug discovery and materials science 

[8-16]. 

Furthermore, recent advancements in pyrazole research have revealed intriguing photophysical 

phenomena exhibited by π-extended derivatives of pyrazoles. These compounds demonstrate strong blue-light 

emission and high quantum yields, making them attractive candidates for various applications in materials 

science and fluorescent probes for ion sensing. By modifying the π conjugation and incorporating specific 

substituents, researchers have been able to tailor the electronic properties of these pyrazole derivatives, enabling 

them to respond effectively to specific recognition events such as chelation with metals or interactions with 

anions [19-22]. This evolving understanding of pyrazole chemistry and its photophysical characteristics opens 

new avenues for designing functional materials and bioactive compounds with targeted properties for diverse 

applications in biomedical and materials research. 

   

2. Materials and methods  

The reagents employed were of high purity commercial samples which were used as received (Fischer, 

Merck, and Sigma Aldrich). Reactions were carried out in an oven-dried RB flask. TLC was performed on 

alumina silica gel 60F254 (Fischer) detected by UV light (254 nm) and iodine vapors. The melting points were 

determined by open capillaries on a Buchi apparatus and are uncorrected. The IR spectra were recorded on a 
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Nicolet-Impact-410 FT-IR spectrometer, using KBr pellets. 1H-NMR and 13C-NMR spectra were recorded on a 

Bruker AC-400F, 400MHz, spectrometer in DMSO-d6 and CDCl3 using TMS as an internal standard with the 

resonance frequency of 400 MHz and 100 MHz respectively. LCMS analyses were performed by using the 

Agilent 1200 series instrument. Elemental analysis was carried out by using Heraus CHN rapid analyzer. All the 

compounds gave C, H, and N analysis within ± 0.4% of the theoretical values.  

 

2.1. Synthesis of N/O-substituted pyrazalone derivatives  

The Compound (3) is synthesized through the combination of β-diketoester (1 mmol) and 4-fluorophenyl 

hydrazine (1 mmol) in a solution of 100 ml ethanol and 10 ml acetic acid. The mixture is refluxed overnight, 

after which the ethanol is removed by concentration, and the reaction mixture is subsequently neutralized with 

Na2CO3. The resulting solid is then filtered, dried, and further purified through recrystallization using ethanol. 

Further, pyrazole carboxylic acid ethyl ester (3), 1 mmol of the compound is dissolved in 50 ml of 

tetrahydrofuran (THF), followed by the addition of 15 ml of methanol, 20 ml of water, and 1.2 mmol of lithium 

hydroxide. The mixture is stirred overnight. Upon completion of the reaction, the solvent is concentrated to 

remove volatile components. The resulting residue is then dissolved in a solution comprising 50 ml of water and 

100 ml of ethyl acetate. The solution is acidified to a pH of approximately 5 using 1N HCl. Subsequently, it is 

extracted with 100 ml of ethyl acetate twice. The combined organic layer is washed with 50 ml of water and a 

brine solution of 20 ml. Afterward, it is dried using Na2SO4 and evaporated to dryness resulting compound (4) 

To the solution of (4) (1 mmol) in DCM (20 ml), oxalyl chloride (1.5 mmol) was added at 0°C, after 5 

minutes catalytic amount of DMF (3 drops) was added and stirred at RT.  After completion of the reaction, the 

reaction mixture was directly concentrated to remove excess of oxalyl chloride under nitrogen to get the neat 

acid chloride. 

The acid chloride prepared was dissolved in fresh DCM (25 ml). Triethylamine (2 mmol) was added to the above 

solution at 0°C, followed by the addition of 4-piperidone (1.1 mmol) at 0°C. After completion of the reaction, 

reaction mixture was diluted with water (50 ml) and extracted with DCM (2×100ml), combined organic layer 

was washed with water (50 ml) and brine solution (20 ml) then dried over Na2SO4 and evaporated to dryness. 

Crude products were purified by washing with diethyl ether. To prepare compound (5), 1 mmol of the substance 

compound (4) is dissolved in 20 ml of dichloromethane (DCM). Then, 1.5 mmol of oxalyl chloride is added at 

0°C, and after 5 minutes, a catalytic amount of dimethylformamide (DMF) in the form of 3 drops is introduced. 

The mixture is stirred at room temperature. Once the reaction is complete, the reaction mixture is directly 

concentrated under nitrogen to eliminate excess oxalyl chloride, resulting in the formation of the pure acid 

chloride. The acid chloride obtained is then dissolved in fresh DCM (25 ml). At 0°C, 2 mmol of triethylamine is 

added to the solution, followed by the addition of 1.1 mmol of 4-piperidone, also at 0°C. After the reaction is 

finished, the reaction mixture is diluted with 50 ml of water and extracted with DCM twice (2×100 ml). The 

combined organic layer is washed with 50 ml of water and a brine solution consisting of 20 ml. It is then dried 

with Na2SO4 and evaporated to dryness. To further purify the crude products, they are washed with diethyl ether. 
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Finally, 1mmol of compound (5) was taken in THF (20ml), and Grignard reagent (1.5mmol) at 0°C and after 

complete reaction, mass was allowed to attain RT. The reaction was monitored by TLC. The reaction the mixture 

was quenched with saturated ammonium chloride and extracted with ethyl acetate (2×100ml), combined organic 

layer was washed with water (50 ml) and brine solution (20 ml) then dried over Na2SO4 and evaporated to 

dryness. Crude products were purified by column chromatography using 230-400 silica gel. 
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Scheme-1 synthesis of pyrazolone from Baylis-Hillman acetate. 

 

2.2.  Structural characterization of the aryl-substituted pyrazolone (5PPY) 

White solid, mp 153.10C; % Yield: 98; 1H NMR (400MHz, CDCl3): δ= 7.27(d, 2H, ArH), 7.25(t, 2H, ArH), 

7.16(dd, J= 4Hz, H-FMeta, 2H, ArH), 7.07(dd, J= 8Hz, H-FOrtho, 2H, ArH), 6.88(s, 1H, pyrazole CH), 5.98(dd, J= 

12Hz, 1H, =CH), 5.33(d, 1H, cis=CH2), 5.14(d, 1H, trans =CH2), 4.52(m, 2H, -CH2), 3.69(m, 1H, -CH), 3.36(m, 

1H, -CH), 1.87(m, 2H, -CH2), 1.57(m, 2H, -CH2); MS calcd.for C23H21ClFN3O2: 425.88, Found: 426.2(M +); 

IR (ν cm-1): 3352(O-H), 3116(Ar-H), 2921(C-H), 1616(C=O); Elem. Anal. cald (found): C: 64.86(64.82), H: 

4.97(4.96), N: 9.87(9.82). 

 

3. Results and discussion 

3.1. Density functional theory calculation for photophysical studies  

Molecular orbitals and their properties, including energy levels, serve as valuable tools for physicists and 

chemists. These orbitals, especially the frontier electron density, are instrumental in predicting the most reactive 

positions within π-electron systems and elucidating various reactions in conjugated systems [23-25]. 

Additionally, the eigenvalues of the highest occupied molecular orbital (HOMO) and the lowest unoccupied 
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molecular orbital (LUMO), along with the energy gap between them, provide insights into the chemical reactivity 

of a molecule. Notably, the energy gap between the HOMO and LUMO has recently been employed to 

demonstrate the bioactivity resulting from intramolecular charge transfer (ICT) [26-27].  

The ground state optimization of the newly synthesized 5PPY molecule was carried out using DFT-

B3LYP/6-31G (d) basis set in Gaussian -09W software. The optimized molecular geometry and HOMO-LUMO 

energy plot of 5PPY were shown in Figs.1-2. From the HOMO-LUMO plot it is observed that, orbital of the 

HOMO electron cloud mainly distributes on 1-(4-fluorophenyl)-1H-pyrazole-3-carbaldehyde and unfilled 

orbital LUMO is on 5-(4-chlorophenyl)-1-(4-fluorophenyl)-1H-pyrazole-3-carbaldehyde 

 

 

Fig.1. Optimised molecular geometry with atomic labels of the 5PPY molecule 

 

Fig.2. 3D plots of HOMO-LUMO with energy levels for 5PPY molecule 

 

To gain insight on the chemical reactivity and stability of 5PPY molecules, global reactivity parameters [28], 

chemical hardness (η = (IP − EA)/2) = 2.380eV, electronegativity (χ = (IP + EA)/2)= 4.111eV, chemical 

potential (μ = −χ)= 4.11 eV, chemical softness (S = 1/2η)= 0.210 eV and electrophilicity index (ω = μ /2η) 
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= 3.550 eV were calculated from E  and E  values [28], where, ionization potential, IP = −E  = 

6.490 eV and electron affinity, EA = −E  = 1.731 eV.  While a wider HOMO–LUMO gap is connected with 

stability and hardness, a lesser HOMO–LUMO gap signifies a more reactive soft molecule which is highly 

polarizable.   

  During molecular interactions, the lowest unoccupied molecular orbit (LUMO) accepts electrons and 

its energy corresponds to the electron affinity (EA = ELUMO), while the highest occupied molecular orbit 

(HOMO) represents electron donors, and its energy is associated with the ionization potential (IP = EHOMO).   A 

molecule with a high frontier orbital gap (HOMO-LUMO energy gap) has a low chemical reactivity and high 

kinetic stability, because it is energetically unfavorable to add an electron to the high-lying LUMO in order to 

remove electrons from the low-lying HOMO. For instance, compounds that have a high HOMO-LUMO energy 

gap are stable, and hence are chemically harder than compounds having a small HOMO-LUMO energy gap.  

Thus, from GCRD parameter, that compound 5PPY is hard and more stable (less reactive) and it may be due to 

substitution of (E)-4-hydroxy-4-(prop-1-en-1-yl)piperidine-1-carbaldehyde linked in non-planar to pyrazole and 

produce the highest energy gap. Thus, these substituents increase the reactivity of the five-membered ring.  

The deformation of the molecular electron cloud is visible under mild perturbation due to the resistance that 

offers hardness throughout the chemical process.  Hard molecules are comparatively small and significantly less 

polarizable than soft molecules, which are big and highly polarizable. The molecules stability and intermolecular 

reactivity are shown by the hardness. While softness exhibited an inverse effect with respect to hardness. The 

ability of additional electrical charge acquired by the electrophile is related to electrophilicity phenomena. The 

information regarding chemical potential (electron transfer) and hardness of molecule (stability) were provided 

by the opposition to the exchange charge of an electron with nature. One of the most crucial quantum chemical 

descriptors for determining the toxicity of compounds in terms of their reactivity and site selectivity is the 

electrophilicity index [28]. According to HOMO-LUMO energy values, the electrophilicity index measures the 

reduction in energy brought on by the maximum amount of electron flow between the donor and acceptor. The 

lower value of ω indicated a good nucleophile, one with a higher ω value is considered a good electrophile.  If 

any organic molecule is considered to be a strong electrophile the electrophilicity ω scale value should be ω > 

1.5 eV. If the scale varies between 0.8 < ω < 1.5 eV then those are considered as moderate electrophile and 

electrophile with electrophilicity value ω < 0.8 eV are the weaker ones [29-30]. Our findings suggest that the 

5PPY described here are better electrophiles because they have a higher value of ω. The propensity of electrons 

to leave a stable system is described as the chemical potential (μ). A complex has a negative chemical potential 

value if it is stable and does not spontaneously break into its constituent components. The 5PPY molecule do not 

break down into elements, as evidenced by their negative chemical potentials. The HOMO-LUMO gap support 

for chemical hardness at energy of 4.055 eV shows that this energy is less polarizable and resist the deformation 

of the chemical systems electron cloud under moderate disturbances. 

3.1.1. Molecular electrostatic potential map (MESP) estimated using DFT analysis 
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The MESP is a valuable parameter linked to electron density, offering insights into sites conducive to 

electrophilic and nucleophilic reactions, as well as hydrogen bonding interactions. Moreover, MESP is highly 

relevant for studying processes where one molecule interacts with another, such as in drug-receptor and enzyme-

substrate interactions. This interaction begins with the recognition of the two species through their electrostatic 

potentials. To pinpoint the reactive sites for electrophilic and nucleophilic attacks in the molecule under 

investigation, we calculated the MESP at the optimized geometry using DFT-B3LYP/6-31G(d). Different colors 

on the MESP surface correspond to distinct electrostatic potential values: red indicates regions with the most 

negative potential, blue represents the most positive regions, and green signifies areas with zero electrostatic 

potential.  Negative electrostatic potential, characterized by shades of red, indicates regions where protons are 

attracted to the electron density within the molecule. In contrast, positive electrostatic potential, seen in shades 

of blue, indicates regions where protons are repelled by atomic nuclei. Specifically, the negative (red and yellow) 

regions of the MEP denote electrophilic reactivity, while the positive (blue) regions signify nucleophilic 

reactivity (see Fig. 3). Upon examining the MEP, it becomes evident that the negative charge predominantly 

covers the pyrazole, while the positive region is concentrated over the hydroxyl group and the N-H section. The 

higher electronegativity of the nitro group renders it the most reactive part of the molecule [20]. 

 

Fig.3. Molecular electrostatic potential map of 5PPY molecule 

 

3.2. In vitro antimicrobial, antifungal, and antioxidant activity 

The newly synthesized molecule 5PPY were subjected to antimicrobial studies and interestingly, the 

compound exhibited perfect antibacterial activity against S.aureus, B.subtillis, S.typhi, and E.coli and details are 

given in Table-1. In addition, 5PPY molecule also exhibited very good antifungal activity against A. niger and 

C. Albicans and details are given Table 1. The better activity of the products could be due to the presence of 

biologically active pyrazole and bromo benzene ring. Bromobenzene is the second smallest substituent, which 

resembles hydrogen with respect to steric requirements at enzyme receptor sites. The presence of bromine 

enhances the absorption rate by its increased lipid solubility [29]. The high lipophilic character of the 

bromobenzene group is significant in improving pharmacological activity. Further, antioxidant activity of the 

5PPY molecules was screened and showed excellent radical scavenging capacity at the tested concentration of 
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15 μg/mL in comparison with the standard edaravone as shown in Table 2. The variation exhibited in DPPH 

scavenging capacity could be attributed to the effect of different substitutions at 1, 2, 3 and 5 of the synthesized 

compounds. The antioxidant activity results are in the range as observed in the previous results [30]. 

Table -1 Antimicrobial and antifungal activity of the newly synthesized pyrazolones derivatives 

Compound S. aureus B. subtilis S. typhi E. coli A. niger C. albicans 

5PPY 25 27 28 29 23 25 

Standard 24 23 23 25 25 24 

Control 

DMSO 
0 0 0 0 0 0 

Note: Standard drug used: Bacteria (Ciprofloxacin), Fungal (Fluconazole) were in 40 µg in 100μL 
bControl: DMSO (Dimethyl sulphoxide) 
 

Table-2 DPPH scavenging assay of aryl substituted pyrazolones derivatives. 

Compounds Concentration 
(15μg/mL) 

5PPY 
Standard 

(edaravone) 

% DPPH scavenging 54.87 73.16 

 

 

 4. Conclusions  

In the present work, we synthesised highly functionalized aryl-substituted pyrazolone derivatives 

(5PPY). The physicochemical properties of the 5PPY are confirmed by 1H-NMR, FT-IR and LC-MS data. The 

photophysical properties of the compounds were comprehensively estimated using   computational technique. 

The optimised molecular geometry, HOMO-LUMO and MESP plot of the 5PPY molecule are estimated using 

DFT-B3LYP-6-31G(d) basis set. Using theoretical estimated HOMO-LUMO values global chemical reactive 

descriptor parameters is estimated and results shows that 5PPY molecule has a good electrophile, highlighting 

its reactivity and relatively lower stability. Electron-deficient sites in 5PPY were identified through DFT 

calculation studies, which can be utilized in the design of drugs for biological applications. Furthermore, the in-

vitro antimicrobial, antifungal and antioxidant activities of the 5PPY molecule was examined and results shows 

that molecule has high biological application. Overall, the results indicate that the 5PPY could be used as 

biological and optoelectronic applications. 
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