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ABSTRACT 

The compound 3-butyl-2,6-bis(4-fluorophenyl)piperidin-4-one was synthesized by refluxed with ammonium acetate, 2-

heptanone and 4-flurobenzaldehyde using distilled ethanol. The synthesized product was characterized using FT-IR and 

NMR spectroscopy. Its thermal behavior was examined through decomposition studies carried out with a system 

integrating thermogravimetric analysis (TG), differential thermal analysis (DTA) and differential thermogravimetric 

analysis (DTG) under a dynamic nitrogen atmosphere over a range of temperatures. Kinetic and thermodynamic 

parameters were determined using iso-conversional model-free approaches, including the Friedman, Flynn-Wall-Ozawa 

(FWO) and Kissinger-Akahira-Sunose (KAS) methods. For model-fitting analysis, the Coats-Redfern method was 

employed. The TG curves revealed a single-step decomposition process. Activation energy (Ea) values and correlation 

coefficients (r) were obtained and graphically represented based on the isoconversional methods. Comparison of the 

theoretical reaction models with experimental results indicated that the compound decomposes according to a third 

order mechanism (F3 model).  
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1. Introduction 

Heterocyclic compounds are essential participants in numerous biochemical processes within the human body, making 

them vital frameworks in medicinal chemistry for designing diverse therapeutic agents. Among these heterocyclic 

structures containing both nitrogen and oxygen atoms have gained significant interest from synthetic chemists because 

of their wide range of biological activities [1] such as local anesthetic [2,3],  bactericidal, fungicidal and depressant 

drugs [4,5]. Nitrogen-containing heterocycles, particularly piperidines, represent an important class of compounds in 

medicinal chemistry, as piperidin-4-one moieties are found in numerous naturally occurring alkaloids. Moreover, 

piperidines have extensive pharmaceutical applications and are key structural units in various drugs such as paroxetine, 

raloxifene, haloperidol, droperidol and minoxidil [6-8]. The nitrogen atom of the C=N group acts as an excellent 

electron donor, and when combined with additional oxygen or nitrogen donor atoms at the coordination sites, the 

resulting compounds function as highly effective polydentate ligands for transition metal complexes [9]. Piperidine 

scaffolds featuring cis-substituents at the 2- and 6-positions and a carbonyl or hydroxyl group at the 4-position are of 

particular interest. Consequently, the asymmetric synthesis of these polysubstituted piperidine derivatives has attracted 

considerable attention, prompting the development of numerous strategies for their efficient preparation [10-16]. 

Piperidines can be substituted at all six positions of the heterocyclic ring, resulting in a diverse array of derivatives. 

Early investigations suggest that piperidin-2-one derivatives are promising candidates for the development of c-Met 

protein inhibitors targeting lung cancer, as well as for therapeutic interventions in Alzheimer's disease [17,18]. 

Aromatic aldehydes can act as key precursors for the formation of piperidine rings, facilitating the synthesis of 4-

phenylpiperidine derivatives. Ammonium acetate serves as an accessible and economical reagent for the preparation of 

nitrogen-containing compounds[19]. The diverse biological activities exhibited by THPs and piperidin-4-ones, along 

with their significant involvement in various disease processes, have motivated investigations into their potential 

applications in agrochemicals and pharmaceuticals. Several synthetic approaches have been reported for these 

compounds, including imino-Diels-Alder reactions, aza-Prins cyclizations, intramolecular Michael reactions and 

intramolecular Mannich reactions [20-25] involving iminium ions, among others. A novel set of piperidin-4-one 

derivatives was synthesized to investigate their stereochemical influence[26]. The therapeutic potential of piperidin-4-

one analogues largely depends on their molecular sensitivity and ring conformations with particular emphasis on 2,6-

disubstituted derivatives. While they are known to display UV absorption, the restricted nature of the absorption 

spectrum highlights the need to investigate the structural factors governing these properties[27-35]. The symmetric 

compound 3,5-bis(2-fluorobenzylidene)-4-piperidone (EF24) exhibits strong antitumor activity, suppressing tumor 

progression and metastasis through the inhibition of NF-B-dependent signaling pathways [36]. Detailed investigations 

have been carried out on the in vitro growth inhibition and apoptosis induction in the human laryngeal epithelial cancer 

cell line (HEp-2) by 3-methyl-2,6-bis(4-tolyl) piperidin-4-one and its N(4’)-cyclohexylsemicarbazone [37]. Although 
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both experimental and computational studies have been carried out on the biological activities of halogen-substituted 4-

piperidone curcumin analogs, the available theoretical and quantum chemical investigations on these compounds 

remain limited. Prior work has examined the HOMO–LUMO energies, Fukui and Parr functions, and electron affinities 

of N-methyl-4-piperidone and N-benzyl-4-piperidone curcumin analogs, including their radical anions. These studies 

evaluated the influence of different aromatic substituents on the electronic properties and concluded that substitution at 

the nitrogen atom (methyl or benzyl) does not significantly alter the frontier molecular orbitals, whereas substituents on 

the phenyl ring play a more dominant role. However, the reported calculations were restricted to para-chloro- and para-

bromo-substituted N-methyl-4-piperidone derivatives. Comprehensive analyses involving electron density mapping, 

spectroscopic behavior, bonding characteristics, and nonlinear optical properties of these analogs are still lacking. 

Theoretical modeling is crucial, as it provides a molecular-level understanding of structure-property relationships and 

can be used to predict physicochemical properties prior to synthesis [38,39]. The present article reports the thermal 

degradation of synthesised compound under non-isothermal condition. 

2. Materials and Methods 

2.1 Experimental characterizations 

All syntheses were carried out using high-purity annular-grade reagents such as 4-flurobenzaldehyde, 2-heptanone, 

ammonium acetate, distilled ethanol and ammonia. Melting points were measured in open capillaries. Reaction progress 

was monitored by thin-layer chromatography (TLC) on Merck silica gel 60 F254 pre-coated aluminum plates, using 

petroleum ether and ethyl acetate as the mobile phase. Infrared spectra were recorded on an AVATAR-330 FT-IR 

spectrometer (Thermo-Nicolet). Proton (1H) and carbon (13C) NMR spectra were obtained on Bruker instruments 

operating at 400 MHz and 100 MHz, respectively, with tetramethylsilane (TMS) as an internal reference and chemical 

shifts reported in δ (ppm).  Thermal studies were carried out using a simultaneous thermogravimetric and differential 

thermal analyzer (STA 7200, Hitachi HTG, Japan) at Vignan University, Vadlamudi, Andhra Pradesh. 

Thermogravimetric (TG), differential thermal (DTA), and derivative thermogravimetric (DTG) analyses were 

conducted in ceramic crucibles under static nitrogen gas with a flow rate of 100 mL/min. Approximately 8 mg of 

sample was heated from 23 to 830°C at heating rates of 10, 15 and 20 oC/min. The sample temperature was controlled 

by a thermocouple, ensuring accurate tracking of the programmed heating profile. Kinetic parameters including 

activation energy (Ea) and the logarithmic pre-exponential factor (ln A) were calculated using dedicated software. 

 

2.2 General Procedure 

Synthesis of 3-butyl-2,6-bis(4-fluorophenyl)piperidin-4-one) 

The target compound was  synthesized following a reported procedure [40] for 2,6-diarylpiperidin-4-ones. A reaction 

mixture containing ammonium acetate (0.05 mol), 4-fluorobenzaldehyde (0.1 mol) and 2-heptanone (0.05 mol) in 

distilled ethanol was heated to reflux. Upon cooling, the resulting viscous mass was dissolved in ether (200 mL) and 

treated with concentrated hydrochloric acid (10 mL). The precipitated hydrochloride of 3-butyl-2,6-bis(4-

fluorophenyl)piperidin-4-one was collected by filtration and sequentially washed with ethanol-ether (1:1) followed by 

ether to remove colored impurities. The free base was obtained by treating the alcoholic solution with aqueous ammonia 

and subsequently diluting with water. The final product was purified by recrystallization from ethanol. Yield 85%; m.p.: 

85(ºC); MF: C21H23NF2; IR (KBr) (cm-1): 3287 (N-H stretching), 2922 (aliphatic CH stretching), 1714 (C=O 

stretching), 1513 (C=C stretching), 1088 (C-N stretching), 820 (aromatic C-H out of plane bending vibration); 1H NMR 

(400 MHz, CDCl3, δ,ppm): 6.99-7.45 (m, 8H,  Ar-H), 4.07 (d,1H, H6) , 3.72 (d, 1H, H2), 2.56-2.63 (2H, H3a,H5eq), 

1.59 (1H, H5ax), 0.96-1.25 (m, 6H, CH2), 0.74 (t, 3H, CH3); 13C NMR (100 MHz, CDCl3, δ, ppm): 208.76 C(4), 

115.13-138.53 (Ar-C), 66.34 C(2), 61.08 C(6), 51.62 C(3), 38.63 C(5), 22.75-29.89(CH2), 13.80 (CH3) in the Fig.1. 
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Fig 1. 1H and 13C NMR spectra of BFPPO in CDCl3 medium 

 

 

 

 

 

2.3 Thermal analysis 

In thermogravimetric analysis, the conversion (α) is expressed as the fraction of mass lost at a specific stage relative to 

the total mass loss observed for the complete decomposition process. The Friedman [41] isoconversional (model-free) 

approach is employed to evaluate how the activation energy (Ea) varies with the degree of conversion (α). The Flynn-

Wall-Ozawa (FWO) [42] method is a model-free approach in which ln β is plotted against 1/T. The activation energy 

(Ea) is then determined from the slope of these plots, using temperatures corresponding to fixed conversion levels 

obtained from experiments conducted at different heating rates (β).The Kissinger-Akahira-Sunose (KAS)[43] method is 

a kinetic analysis technique used to relate the activation energy to the degree of conversion in dynamic studies 

conducted at different constant heating rates. By plotting ln(β/T²) against 1/T at appropriate conversion levels, a linear 

relationship is obtained, from which the slope and intercept are used to calculate the activation energy and pre-

exponential (frequency) factor. Kinetic parameters were determined using approximately fifteen models within the 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received: 21/04/2023 Revised: 12/05/2023 Accepted: 01/06/2024 

 

4211 

Coats-Redfern framework. The model exhibiting the highest linearity was chosen for analysis. From the resulting linear 

plot of ln[g(α)/T²] versus 1/T, the activation energy and pre-exponential factor were obtained from the slope and 

intercept, respectively. The pre-exponential (frequency) factor and thermodynamic parameters including the enthalpy of 

activation (ΔH), entropy of activation (ΔS), and Gibbs free energy of activation (ΔG) were calculated[414]. 

 

3. Results and discussion 

The Thermogravimetric (TG) analysis performed at heating rates of 10, 15 and 20 °C min⁻¹ (Fig. 2a-c) demonstrates 

that the compound decomposes through a single-step process. According to the TG results, melting initiates at 195°C, 

while thermal degradation begins around 200 °C. The major weight loss is observed from room temperature up to 

200°C and continues until approximately 421°C. Furthermore, an increase in heating rate leads to a noticeable shift of 

the maximum decomposition temperature toward higher values, as imitated in the asymmetric TG frameworks.The 

compound’s thermal behavior was examined through non-isothermal decomposition using model-free kinetic 

approaches such as the Friedman[41], Flynn-Wall-Ozawa (FWO)[42], and Kissinger-Akahira-Sunose (KAS)[43] 

methods. Analysis of the data highlights changes in the apparent activation energy (Ea) as a function of the conversion 

degree (α). Across the conversion interval of 0.20 to 0.90, Ea shows a slight deterioration at first, followed by an 

increase with further conversion Table 1. The Ea values obtained through the Friedman and FWO isoconversional 

techniques are in good agreement. These findings suggest that the apparent activation energy is conversion-dependent, 

offering deeper insight into the complex decomposition pathway and helping in elucidating its mechanism. Using the 

Friedman approach, the mean activation energy for decomposition within the 0.10 to 0.90 conversion range was 

calculated as 107.34±3.4 kJ mol⁻¹. The activation energies derived from this method closely align with those 

determined by FWO and show consistency with KAS results. Within the same interval, Ea values remain relatively 

stable regardless of the method applied, with averages of 107.34±3.4, 100.98 ±3.3 and 105.00 ±3.3 kJ mol⁻¹ for 

Friedman, KAS and FWO methods,  respectively. 
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Fig 2. TGA, DTG and DTA curves of BFPPO at heating rates a) 10oC , b)15oC and c)20oC/min in nitrogen 

atmosphere 

 

Table 1. Temperatures corresponding to the same degree of conversion at different heating rates for 

BFPPO 

 Temperature (K) Friedman method KAS method FWO method 
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10 

(oC/min) 

15 

(oC/min) 

20 

(oC/min) 

Ea                      

(kJ mol-1) 
r 

Ea                      

(kJ mol-

1) 

r 
Ea                      

(kJ mol-1) 
r 

0.05 468.93 476.14 483.75   80.23 
-

0.993 
83.82 -0.995 

0.1 483.63 491.48 499.13 83.97 -0.999 81.70 
-

0.996 
85.46 -0.997 

0.15 495.18 503.05 511.02 88.27 -0.993 83.74 
-

0.995 
87.59 -0.996 

0.20 505.29 513.14 520.99 98.64 -0.997 88.17 
-

0.995 
91.96 -0.996 

0.25 514.92 523.21 531.30 86.88 -0.997 87.68 
-

0.996 
91.65 -0.997 

0.30 523.84 532.20 540.37 96.44 -0.996 89.97 
-

0.996 
93.97 -0.997 

0.35 533.09 541.23 549.27 110.21 -0.996 95.40 
-

0.996 
99.28 -0.996 

0.40 543.55 551.60 560.00 102.66 -0.990 97.42 
-

0.994 
101.36 -0.995 

0.45 553.68 562.10 570.37 105.43 -0.999 99.83 
-

0.996 
103.81 -0.996 

0.50 563.99 572.30 581.00 106.04 -0.989 101.44 
-

0.994 
105.52 -0.995 

0.55 573.66 582.23 590.80 111.81 -0.998 104.36 
-

0.995 
108.44 -0.996 

0.60 583.21 591.70 600.66 110.24 -0.989 105.76 
-

0.993 
109.93 -0.995 

0.65 593.84 602.62 611.41 117.21 -0.999 109.16 
-

0.995 
113.33 -0.996 

0.70 604.04 612.89 621.74 120.13 -0.996 112.18 
-

0.995 
116.36 -0.996 

0.75 615.16 624.08 632.98 124.07 -0.996 115.65 
-

0.995 
119.84 -0.996 

0.80 626.85 636.00 644.70 130.12 -0.999 120.13 
-

0.997 
124.28 -0.997 

0.85 636.81 645.00 654.94 127.33 -0.989 121.87 
-

0.995 
126.11 -0.996 

0.90 649.16 658.30 667.80 126.16 -0.993 123.04 
-

0.994 
127.41 -0.995 

    
107.34±3.4  

100.98 

±3.3  

105.00 

±3.3  

 

3.1 Model-fitting analysis 

All 15 kinetic models[45] listed in Table 2 were applied to the non-isothermal data of the compound over the 

conversion interval 0.10 ≤ α ≤ 0.90, where the model-free approach indicated nearly constant activation energy. The 

selection of a specific reaction model strongly influences the evaluated kinetic parameters, including activation energy 

(Ea), pre-exponential factor (ln A), correlation coefficient (r), and the mechanistic interpretation of the decomposition 

process. Furthermore, the invariant kinetic parameters method supports these results, verifying that the compound 

undergoes decomposition through a single-step mechanism. 

 

Table 2. Determination of apparent activation parameters by Coats-Redfern method for each heating rate of 

BFPPO in the nitrogen atmosphere 

Kinetic 

model 

 = 10 oC/min  = 15 oC/min  = 20 oC/min 

Ea                    

(kJ mol-1) 

ln A                         

(A/min) 
r 

Ea                      

(kJ mol-

1) 

ln A                         

(A/min) 
r 

Ea                 

(kJ mol-1) 

ln A                         

(A/min) 
r 

P2 7.96 -2.57 -0.816 8.20 -2.10 -0.843 8.43 -1.76 -0.859 

P3 1.22 -5.43 -0.356 1.39 -4.88 -0.417 1.51 -4.50 -0.458 

P4 -1.44  0.502 -1.33  0.490 -1.25  0.481 

F1 35.52 5.01 -0.976 36.49 5.57 -0.985 37.22 5.96 -0.991 

F2 53.52 9.70 -0.980 54.90 10.32 -0.988 55.96 10.75 -0.993 
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F3 75.80 15.31 -0.969 77.69 16.00 -0.977 79.16 16.48 -0.981 

D1 64.14 17.98 -0.963 65.64 18.62 -0.969 66.81 19.07 -0.973 

D2 61.68 9.39 -0.964 63.24 10.03 -0.972 64.45 10.48 -0.976 

D3 70.74 10.20 -0.975 72.51 10.87 -0.982 73.88 11.34 -0.987 

D4 64.66 8.65 -0.968 66.29 9.31 -0.976 67.55 9.76 -0.980 

A2 13.05 -0.51 -0.954 13.49 -0.01 -0.971 13.82 0.33 -0.981 

A3 5.54 -2.88 -0.893 5.81 -2.39 -0.930 6.01 -2.05 -0.953 

A4 1.81 -4.75 -0.644 1.99 -4.22 -0.744 2.12 -3.86 -0.813 

R2 28.42 2.39 -0.959 29.22 2.93 -0.969 29.83 3.30 -0.975 

R3 26.41 2.11 -0.951 27.17 2.64 -0.961 27.74 3.01 -0.968 

 

3.2 Invariant kinetic models 

The invariant kinetic parameter method was applied to data obtained at heating rates of 10, 15, and 20 oC min⁻¹. Kinetic 

parameters were calculated using the Coats–Redfern method, and the results are summarized in Table 3. For all 

examined models, the Coats-Redfern[45] plots produced nearly linear relationships with correlation coefficients close to 

unity over the conversion range of 0.10 ≤ α ≤ 0.90. As shown in Table 3, both the activation energy (Ea) and pre-

exponential factor (ln A) are influenced by the heating rate as well as the selected model. The invariant kinetic 

parameters, defined as ln Ainv and Einv, were obtained by plotting ln Ainv against Einv across different heating rates, 

where the resulting lines intersected at a characteristic point (Einv, Ainv)[46-48]. These values were further evaluated 

using the supercorrelation equation. In this approach, a plot of aβ versus bβ at three heating rates yielded a straight line, 

from which ln Ainv and Einv were derived. Among the tested models, the third order model showed the best agreement, 

with its apparent parameters supported by high correlation coefficients (Table 4). 

 

Table 3. Compensation effect parameters for several combinations of  kinetic models for BFPPO in the 

nitrogen atmosphere 

 (oC /min) 

AKM AKM-D1,D2｝ 

a 

(A/min) 

b 

(mol J-1) 
r 

a 

(A/min) 

b 

(mol J-1) 
r 

10 0.23646 -4.47742 0.981 0.23646 -4.47742 0.980 

15 0.23354 -4.01964 0.981 0.23354 -4.01964 0.981 

20 0.23112 -3.70312 0.982 0.23112 -3.70312 0.982 

 (oC /min) 

AKM-P2-P4,D1-D4｝ AKM-P2-P4, F2,F3,D1-D4,  R3｝ 

a 

(A/min) 

b 

(mol J-1) 
r 

a 

(A/min) 

b 

(mol J-1) 
r 

10 0.26462 -4.64351 0.997 0.26672 -4.64647 0.990 

15 0.26122 -4.20228 0.998 0.26237 -4.19044 0.991 

20 0.2584 -3.89477 0.998 0.25899 -3.87372 0.992 

 

Table 4. Isokinetic parameters of kinetic models for BFPPO in the nitrogen atmosphere. 

Kinetic model Einv(kJ mol-1) ln Ainv(A/min) -r 

AKM 127.82 27.80 -0.999 

AKM-D1,D2｝ 145.40 29.91 -0.998 

AKM-P2-P4,D1-D4｝ 120.69 27.30 -0.999 

AKM-P2-P4, F2,F3,D1-D4,  R3｝ 100.19 22.08 -0.999 

 

3.3 Determination of the kinetic model by master plots 

The integral form of the conversion function for solid-state non-isothermal decomposition reactions [49] is expressed 

as: 

           g(α) =  







−



T

T

a

0

dT
RT

exp
EA

 = 
AEa

Rβ
p(u)                           …..(1) 

where p(u) = ∫
exp (-u)

u2
du

u


 

u=Ea/RT 

Taking α = 0.5 as the reference point, the FWO method yields the following expression. 
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g(0.5) = (
AE

βR
)p(u0.5)                                                   …..(2) 

The plots of g(α)/g(α0.5) versus α show good agreement with the theoretical master plots of several hypothetical g(α) 

functions presented in Table 4. An accurate expression [49] was employed to construct the experimental master plots of 

p(u)/p(u0.5) from data obtained at different heating rates: 

p(u) = exp(−u) / [u(1.00198882u + 1.87391198)]       ....(3) 

According to Eq. (3), when the appropriate kinetic model is applied, the experimental values of g(α)/g(α0.5) remain 

consistent for a given α. Thus, the kinetic model can be identified by comparing experimental and theoretical master 

plots (Fig. 3). The thermal decomposition mechanism of the compound was evaluated by comparing the experimentally 

derived master plots with their theoretical counterparts [50,51]. To further validate the mechanism, master plots of 

different kinetic functions versus α were generated from decomposition data collected at multiple heating rates under an 

nitrogen atmosphere. The comparison confirmed that the decomposition stage of the compound corresponds to the 

F3[52] master curve. Assuming the F3 theoretical model, the logarithm of the pre-exponential factor (ln A) for the 

decomposition stage was determined from the correlation coefficient of the plots of 0.5[(1-α)-2-1] against Ea p(u)/βR, 

yielding a value of 22.08 (Fig. 3). The results indicate a strong consistency between the value of A obtained from the 

above equation and that calculated using equation (4). Accordingly, the kinetic expression describing the non-

isothermal decomposition of BBFPPO can be represented as: 

β
dα

dT
= 3.88×109×exp (-

107340

RT
) (1-)3                 …..(4) 

Here, (1-α)3 corresponds to the differential form of the reaction-order model. For the non-isothermal decomposition of 

BBFPPO, the F3 model was found to provide the best fit across all three heating rates. 

 
                                                                                      Fig 3. Plot of  g(α)/g(α0.5) and  p(u)/p(u0.5) versus degree of 

conversion (a) for BBFPPO 

 

 

3.4 Thermodynamic parameters 

Thermodynamic parameters of the compound were evaluated using equations [44], with the results are summarized in 

Table 5.. The negative entropy value, together with the positive Gibbs free energy, suggests that the decomposition is 

an endothermic process, requiring heat absorption during the compound’s breakdown. A detailed summary of the 

thermal decomposition of BBFPPO under non-isothermal conditions in a nitrogen atmosphere is provided in Table 6. 
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Table 5. Thermodynamic parameters of BFPPO under non-isothermal condition (DTG peak 

temperature) 

 
oC/min 

Temperature 

K 

lnA 

(A/min) 

Ea  

kJ/mol 

ΔS 

J/Kmol 

ΔH 

kJ/mol 

ΔG 

kJ/mol 

10 623.0      

15 634.5 16.17 90.38 -125.01 85.11 164.43 

20 646.0      

 

Table 6. Summary of thermal decomposition of BFPPO in the nitrogen under non-isothermal condition. 

 Friedman KAS FWO 

Isoconventional methodEa kJ/mol 107.34±3.4 100.98 ±3.3 105.00 ±3.3 

Kinetic model g(α) 0.5[(1−)–2−1] (F3) 

Invariant kinetic parameters 
Ea kJ/mol 100.19 

lnA/min 22.08 

 

4. CONCLUSIONS 

The compound undergoes a single-step decomposition process accompanied by heat absorption. The mechanism 

corresponds to the F3 model. It displays relatively low thermal stability, with the activation energy estimated through 

model-free approaches showing good agreement with the values obtained from thermodynamic analysis. The negative 

entropy value suggests that the decomposition leads to a more ordered system, while the positive Gibbs free energy 

confirms that the process is endothermic and non-spontaneous. These findings are in line with the results derived from 

TG-DTG/DTA analyses. 
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