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Abstract: The piperidine derivatives compounds are known for their various biological properties and 

as an important class of compounds in medicinal chemistry. In this paper, we are reporting the synthesis 

and DFT studies of the title compound ((Z)-(2,4-difluorophenyl)(1-((2-nitrophenyl)sulfonyl)piperidin-

4-yl)methanone oxime). To get a better understanding of the molecular characteristics, the optimised 

molecular geometry and reactive parameters were examined and estimated using the DFT technique 

using the B3LYP/6-311++G(d, p) basis set. The DFT calculations were performed to analyze the 

frontier molecular orbitals (HOMO-LUMO). The energy difference between HOMO-LUMO is 4.2140 

eV, and the MEP was traced to find the reactive sites of the compound. In addition, theoretical UV-

visible spectrums were obtained in the gas phase using the TD-DFT method. Topological parameters 

are obtained from the Quantum Theory of Atoms in Molecules (QTAIM) framework. Reduced Density 

Gradient (RDG), and Noncovalent Interactions (NCI), are used to describe electrostatic, π-effects, van 

der Waals forces, and hydrophobic effects in the molecule. 
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1. Introduction 

In our daily lives, heterocyclic compounds play of significant role due to their natural 

occurrence and variety of applications in medicines, dyes, organic synthesis intermediates,  

pharmaceutical, and agrochemical industries [1-4]. Heterocyclic compounds are important in 

medicinal chemistry and have a wide range of biological activities spectrum, including 

antimicrobial [5], antitubercular [6], anti-inflammatory [7], antimalarial [8], anti hypoglycemic 

[9], and anticancer [10] as well as potential antihypertensive agents [11], antiviral [12], 

anticonvulsant [13] and insecticidal [14] properties [15]. Nitrogen-containing heterocyclic 

chemicals include piperidine, azine, pyridine, diazine, pyrimidine, and pyrazine. Because of 

their importance in pharmacological actions, pyrimidines are among the most important types 

of chemicals [16]. 

Piperidine was discovered in the alkaloid piperine found in black pepper (Piper 

nigrum). Piperidines and their derivatives are a key class of biologically important N-

heterocycles. Piperidine-containing compounds have a variety of biological effects, including 
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antihypertensive [17], antibacterial [18], antimalarial [19], anti-inflammatory [20], analgesic 

[21], antioxidant [22], and antiproliferative [23]. As a result of its efficacy, various compounds 

containing the piperidine nucleus are currently being tested in clinical trials as a medicine to 

cure disorders. Donepezil, Patients with Alzheimer's disease are administered a powerful, 

selective, non-competitive, and reversible inhibitor of acetylcholinesterase [24]. Pipamperone, 

another 1,4-substituted piperidine derivative, is treated for patients with schizophrenia [25]. 

Vinblastine, Catharanthus roseus, a naturally occurring alkaloid, is utilized as an anticancer 

treatment for a range of malignancies, including non-small cell lung cancer, breast cancer, 

bladder cancer, lymphomas, and leukemia (Figure 1) [26,27].    

Computational analysis, like density functional theory (DFT) is used to compute the 

electronic structure in the field of chemistry. Material science DFT has a minimal computing 

cost and a good degree of precision. It has reputed ways to predict various properties like 

atomization energies, size, and shape of molecules, crystal structures of molecules, energy 

barriers of various processes, etc. [28]. DFT gives molecules' electronic ground-state structure 

in terms of electronic density distribution. It is very useful in understanding the calculations of 

ground-state density and energy of any system consisting of nuclei and atoms. It is a 

complementary approach to the many-electron wave function of quantum chemistry [29]. 

The present study emphasizes the synthetic route and optimized structure of the title 

compound. The compound is further carried out for DFT calculations in the gas phase, and 

further QTAIMs analysis was carried out. 

 
Figure 1. Examples of piperidine derivatives with remarkable biological activities. 

2. Materials and Methods 

2.1. Synthesis of the title compound. 

In an ice bath, a solution of 2,4-difluorophenyl(piperidin-4-yl)methanone oxime (1) 

(1.0 eq) in DCM was cooled to 0-5 °C. After stirring for 10 minutes with triethylamine (3.0 

eq), 2-nitrobenzene-sulfonyl chloride (1.0 eq) was added to the cool reaction liquid. For 8-9 

hours, the reaction mixture was left to stir at room temperature. TLC was used to evaluate the 

reaction's progress. After completion, the solvent was removed under decreased pressure, and 

the residue was dissolved in water and extracted with ethyl acetate. Finally, the organic layer 

was washed with a 10% ammonium chloride solution before being rinsed with water and dried 

with anhydrous sodium sulfate. The solvent was evaporated to yield a crude product, which 

was refined using hexane:ethyl acetate (8:2) as an eluent in column chromatography over silica 

gel (60–120 mesh). 

2.2. DFT studies. 

All computational calculations were performed within Gaussian 09 [30] program, and 

Gaussview 6.0 [31] was used to view the Gaussian output files. DFT coordinates in the gas 

https://doi.org/10.33263/LIANBS124.132
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.132  

https://nanobioletters.com/ 3 of 10 

 

phase were optimized using DFT/B3LYP hybrid functional with a 6-311++G (d, p) level basis 

set, and MEP (molecular electrostatic potential) was computed inside the molecular system 

[32,33]. TD-DFT calculations were also performed to characterize electronic transition for the 

title compound. Furthermore, noncovalent interactions and RDG calculations of the title 

compound were analyzed and validated within (QTAIM) using Multiwfn 3.8 [34] and are 

plotted using the Visual Molecular Dynamics (VMD) package. 

3. Results and Discussion 

3.1. Chemistry. 

A sulfonamides derivative of 2,4-difluorophenyl(piperidin-4-yl)methanone oxime was 

synthesized in the present work by mixing triethylamine 2-nitrobenzene-sulfonyl chloride in 

the ratio of 3:1 and the reaction mixture was kept for reflux under room temperature for 8-9 hr. 

The reaction was monitored by TLC. The structure of the synthesized compounds was 

established. A schematic diagram of the molecule is shown in Scheme 1. 

 
Scheme 1. Synthesis of the title compound. 

3.2. Geometry optimization and HOMO-LUMO analysis of title compound. 

The title compound's molecular structure has been optimized with the numbering of 

atoms, as shown in Figure 2. The bond length and angle are given in Tables 1 and 2 with a 

basic set by B3LYP/6-311G. The structure was determined to be non-planar due to the presence 

of an electron-withdrawing group (NO2) in the molecule, which is perpendicular to the di-

fluoro benzene ring. After optimization, it is in an exciting level piperidine ring of the 

compound is exhibiting most stable conformation it is chair form due to differences in the 

torsion angle, bond angle, and bond length. 

 

Figure 2. Optimized structure of the title compound.  

Table 1. The bond length of the title compound. 

Number Atom 1 Atom 2 Length Å   Number Atom 1 Atom 2 Length Å   

1 C1 C2 1.388 15 C11 N12 1.478 
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Number Atom 1 Atom 2 Length Å   Number Atom 1 Atom 2 Length Å   

2 C2 C3 1.388 16 C9 C14 1.632 

3 C4 C5 1.392 17 C14 C13 1.632 

4 C5 C6 1.395 18 C13 N12 1.477 

5 C6  C1 1.366 19 N12 O23 1.668 

6 C2 F7 1.362 20 O23 O16 2.529 

7 C5 C8 1.493 21 O23 O17 1.824 

8 C6 F25 1.347 22 C17 C22 1.395 

9 C8 N24 1.401 23 C22 N27 1.218 

10 N24 O26 1.401 24 N27 O29 1.218 

11 C8 C9 1.617 25 N27 O28 1.224 

12 C9 C10 1.648 26 C20 C19 1.392 

13 C10 H33 1.10 27 C19 C17 1.395 

14 C10 C11 1.631 28 C22 C20 1.391 

Table 2. Bond angle of the title compound. 

Number Atom 

1 

Atom 

2 

Atom 

3 

Angle(º) Number Atom 

1 

Atom 2 Atom 3 Angle(º) 

1 H30 C1 C2 121.66 14 O28 N27 O29 126.78 

2 F7 C2  C3 119.09 15 N27 C22 C17 122.59 

3 H31 C3 C4 121.77 16 C17 C18 H42 118.83 

4 F25 C6 C5 119.5 17 C42 C18 C19 120.89 

5 H30 C1 C6 121.04 18 C18 C19 H43 119.55 

6 C1 C2 C3 122.50 19 H43 C19 C20 120.25 

7 C2 C3 C4 118.18 20  C21 C20 C19 119.9 

8 C3 C4 C5 121.88 21 C20 C19 C18 120.12 

9 C5 C8 N24 121.02 22 C19 C18 C17 120.48 

10 C9  C8 C5 118.16 23 C18 C17 C22 118.54 

11 H44 C20 C19 120.45 24 C17 C22 C21 121.49 

12 C20 C21 H45 121.29 25 C22 C21 C20 119.32 

13 H45 C21 C22 118.30 26 C21 C20 H44 119.59 

3.3. HOMO-LUMO analysis. 

HOMO (Highest occupied molecular orbital) can be defined as the molecule's electron-

donating ability, and LUMO (lowest unoccupied molecular orbital) is the electron receiving 

ability of the molecule. HOMO and LUMO help study the molecules' interaction with other 

spices; As a result, HOMO energy is proportional to ionization potential, while LUMO energy 

is proportional to electron affinity [35]. The HOMO and LUMO of the compound are given in 
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Figure 3. The positive phase is indicated by red, whereas the negative phase is indicated by 

green. The frontier molecular orbital (FMO) plots show the spatial distribution and behavior of 

the electron system in the molecule. The HOMO was located in the title compound except for 

nitrobenzene, and LUMO is located over the title compound except for the difluoro benzene 

group of the compound HOMO (-1) LUMO (+1) is the second-highest occupied molecular 

orbitals and second-lowest un-occupied molecular orbitals.  

Table 3. The energy values and chemically reactive descriptors of the titled compound. 

PARAMETERS VALUES 

EHOMO (HF) -0.25 

ELUMO (HF) -0.10 

EHOMO (eV) -7.03 

ELUMO (eV) -2.82 

Energy gap (eV) 4.21 

Ionization energy (I) (eV) 7.03 

Electron affinity (A) (eV) 2.82 

Electronegativity (χ) (eV) 4.93 

Chemical potential (µ) (eV) -4.93 

Global hardness (η) (eV) 2.10 

Global softness (s) (eV) 0.47 

Electrophilicity index (Ѡ) (eV) 5.77 

 

Figure 3. Graphical view of the calculated frontier molecular orbital profile. 

A molecule with a small gap is said to be soft since it is more polarised; the wider the 

gap, the harder the molecule is. The HOMO–LUMO energy gap (Eg) is important in defining 

a molecule's molecular electrical transport properties. The Eg values obtained from molecular 
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charge transfer from a proficient electron donor to an acceptor group can be used to calculate 

the redox potential. The energy difference was known to be 4.2140eV due to less electronic 

conjugation. This indicates that the charge transfer phenomenon is taking place within the 

molecule and is also less reactive and kinetically stable; this graph shows stability, 

hybridization, and reactivity can be identified. The other parameter, such as ionization 

potential, electron affinity, chemical potential, electronegativity, global hardness, and global 

softness and electrophilicity index, are listed below in Table 3. It is observed that the title 

compound has higher electrophilicity hence the title compound performs as a good electrophile. 

Also, the value of a global hardness reveals that the title compound is more reactive. 

3.4. Molecular Electrostatic Potential (MEP) analysis. 

Molecular electrostatic potential (MEP) gives the molecule's electron density, and it 

identifies the negative and positive potential of the electrophilic and nucleophilic regions. The 

electron density distribution-based three-dimensional MEP analysis of the title compound 

helps to understand the experimental trends of the structure, such as the molecule's electronic 

properties and bonding geometry. In MEP, the blue color shows a positive region which 

indicates the nucleophilic attack, while the red-colored negative region indicates the 

electrophilic attack, has been shown in figure 4. The MEP plot of the titled compound gives 

the different orientations of potential range from red to blue, i.e., from -5.259e-2 a.u. (Bright 

red) to 5.259e -2 a.u (Bright blue) for this molecule, The blue regions are mainly localized on 

the hydrogen atoms H44 and H45 of nitrobenzene, H32 and H31 of difluoro-benzene, H39, 

H41, H33, H34, and H37 of piperidine group of a molecule. The result indicates that the 

molecule reactive regions may interact with neighboring molecules. 

 

Figure 4. Molecular electrostatic potential (MEP) map of the title compound. 

3.5. Electronic spectra of NPIC molecule. 

TD-DFT/CAM-B3LYP 6-311G++(d,p) calculations were performed to study the 

electronic transitions of NPIC. The absorption spectra were taken in the gaseous phase, as 

shown in Figure 5. Computed UV–visible spectrum exhibited intense allowed n-π*transition 
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of maximum absorption observed at 260 nm. Around 295 nm is the lowest UV cut-off 

wavelength. The molecule's optical band gap energy is determined using the formula Eg 

=1240/(nm) in eV, where are the lower cut-off wavelength and the upper cut-off wavelength 

(295 nm). The band gap of the molecule is found to be 4.20 eV. 

 
Figure 5. Simulated UV–visible absorption spectra for the title compound computed at B3LYP/6-311++ G (d, 

p) basis set. 

3.6. Reduced density gradient (RDG) Analysis. 

QTAIM is currently being used more often to investigate weaker forms of interactions, 

which are more difficult to understand, such as metal-metal or van der Waals interactions. RDG 

analysis has been widely used to explore the nature of the weak interaction. It tells about the 

covalent structure and gives a representation of van der Waals interactions, hydrogen bonds, 

and steric repulsion [36].  

 

Figure 5. 3D noncovalent interactions and 2D scatter plot of the title compound with an isosurface value of 0.5. 

The Bader's theory QTAIM framework of the title compound discloses the presence of 

strong repulsion in the resonance of the six-membered ring of the molecule; strong van der 

Waals interactions happened between Oxygen atoms (023⋯H42, 023⋯H38, F25⋯H46, and 

N27⋯O16) as shown in figure 5. The interaction strength is represented by the graph of RDG 

versus electron density. The sign (λ2) is used to differentiate between bonding (λ2<0) and non-

bonding (λ2>0) interactions. The three-dimensional isosurface representation and two-
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dimensional RDG graphs are shown in figure 5. The peaks at the positive sign (λ2)>0.01 a.u 

on the 2D plot correspond to the red-colored isosurfaces, reflecting the strong repulsion or 

steric effect in the molecules. Also, the green-colored isosurfaces correspond to the peaks at 

the values near zero and signify the weak interaction presented in the molecule. 

4. Conclusions 

In the present investigation, we have successfully synthesized and optimized the title 

compound ((Z)-(2,4-fluorophenyl)(1-((2-nitrophenyl)sulfonyl)piperidin-4-yl)methanone 

oxime). Due to the presence of an electron-withdrawing group (NO2) in the molecule, which is 

perpendicular to the di-fluoro benzene ring, the structure was found to be non-planar in its 

optimized structure. The title compound was subjected to theoretical studies such as UV-visible 

spectra, and its optimized molecular structure was obtained by the DFT-B3LYP method at the 

level of 6311++G(d,p). The UV-visible bandgap energy obtained by theoretical was found to 

be 4.20 eV. The calculated HOMO-LUMO energy gap is 4.516 eV. The MEP map was traced, 

and the title molecule's chemical activity was noticed. The RDG analysis of the title compound 

reveals the presence of weak interactions, strong attractions, and strong repulsions in the title 

compound. 
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