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Abstract 
The β-amino carbonyl compound (C1), its–chloro (C2) and -methoxy (C3) derivatives were synthesized 

in this Mannich reaction type synthesis, wherein Guanine Hydrochloride was used as a catalyst. CHN 

elemental analyzer, UV-Vis, MS, FT-IR and NMR techniques, were used to characterize the compounds. 

The main objective of the study was to investigate the thermal behavior of these compounds, which was 

done by TGA/DTA/DTG analysis. The compounds were also tested for their toxicity and “drug-

likeliness” as β-amino carbonyl compounds are generally well suited for pharmacological studies. Target 

compounds were achieved with 80-85% yield. All the compounds were decomposed at a temperature 

above 600 oC, and showed non-spontaneous and endothermic reactions. The compounds did not show 

any abnormal behavior at higher temperature ranges. All the compounds were found to be less toxic and 

results were affirmative for their drug-likeliness based on Lipinski’s rule of five. Hence, the 

nanostructures of these compounds, combined with heat stability, non-toxicity and drug-likeliness pave 

the way for their clinical assessment. 
 

Keywords: Mannich Reaction, β-amino carbonyl, thermal behavior, nanostructures, drug-likeliness 
 

1. Introduction 

TGA has been used to investigate the thermal degradation kinetics and stability of 

ABS/SWNT composites and DSC to analyze their thermal properties, including phase 

transitions and crystallization behavior [1]. TGA also gives insights into the thermal behavior 

and decomposition kinetics of the polychelates [2]. Thermal studies have not been limited to 

this only. They have been utilized to study the solid-state reactions to study keto-enol 

tautomerism [3] and even to study the degradation of cellulose and hemicellulose in plants’ 

extract [4].  

Researchers have extensively studied β-amino carbonyl compounds for their antimicrobial 

property [5], anti-oxidant property [6], herbicidal property [7], and various other characteristics. 

Their therapeutic value holds significant importance [8], leading to their synthesis through 

various means and methods [9], aiming to reduce reaction time and enhance efficiency. These 

compounds have been found to exhibit inhibitory effects on specific metabolic enzymes [10] 

and play a crucial role in diverse heterocyclic synthesis and pharmaceutical development [11]. 

The oral bioavailability [12] and toxicity [13] assessments have indicated their promising 

potential as potent drugs. However, limited attention has been given to the investigation of the 

thermal properties of these compounds. 

The need for finding the drug-like properties of a compound through its structure was long due 

in the allied sciences. Lipinksi devised a method, Rule of five (RO5) which predicts the oral 

drug-likeliness of the compounds based on the structure [14]. Depending on how it is 

administered, the term "drug-like" has a different connotation. The original RO5 focuses on 

orally active compounds and establishes four straightforward ranges of physicochemical 

parameters (MWT 500, log P 5, H-bond donors 5, H-bond acceptors 10) connected to 90% of 

orally active medications that have reached phase II clinical status. The initial stages in oral 

bioavailability are these physicochemical properties, which are linked to adequate aqueous 

solubility and intestinal permeability [15]. 

In the present scheme of work, β-amino carbonyl compounds were synthesized using a greener 

approach and the study focuses on the diffraction pattern and thermal analysis of the 

compounds formed. Information on phase transformation and volatile compound analysis was 

gathered by studying the behavior of these compounds in a Nitrogen environment at high  
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temperatures. 

Furthermore, the assessment of toxicity and drug likeliness 

was done to validate the potential use of these compounds as 

potent drugs in pharmacological and medical applications. 

 

2. Experimental 

All chemicals used were of the analytical reagent grade and 

were used in their purest form available. The reagents for 

ligand, namely: benzaldehyde (assay>99%, Merck), aniline 

(assay>99%, Molychem), p-methoxy aniline (assay>99%, 

Molychem), p-chloroaniline (assay>99%, Molychem), 

acetophenone (assay>99%, HiMedia) were used. The catalyst 

used was Guanine Hydrochloride (assay>99%, HiMedia) and 

the medium of reaction was absolute ethanol (Merck). 

 

2.1 Synthesis 

A round-bottom flask was utilized as the reaction vessel for 

the synthesis. Benzaldehyde, acetophenone, and aniline were 

combined in stoichiometric proportions, and Guanine 

Hydrochloride was added as a catalyst. The reaction mixture 

was allowed to proceed until complete conversion was 

achieved and TLC constantly monitored the reaction progress. 

To remove impurities, the reaction mixture was washed with 

distilled water. The resulting crude product was obtained after 

the washing process. The crude product (C1) was further 

purified by recrystallization. The same process described 

above was repeated for other derivatives but with different 

reagents. In this case, p-chloroaniline (product C2) and p-

methoxy aniline (product C3) were used instead of aniline. 

Scheme 1-3 represents the target synthesis products. 

 

2.1.1 C21H19NO (C1) 

Yield 85%; Colour: buff; M.pt. 133 ℃;1H NMR (400 MHz, 

DMSO-D6) δ 7.76 – 7.61 (m, 2H), 7.44 – 7.31 (m, 1H), 7.35 

– 7.18 (m, 4H), 7.04 (dd, J = 8.3, 6.9 Hz, 2H), 6.98 – 6.89 (m, 

1H), 6.77 – 6.68 (m, 2H), 6.29 – 6.17 (m, 2H), 5.98 (d, J = 7.7 

Hz, 1H), 4.75 (td, J = 8.3, 4.5 Hz, 1H), 3.39 (dd, J = 17.0, 8.9 

Hz, 1H), 3.13 – 2.99 (m, 2H);13C NMR (101 MHz, DMSO-

D6) δ 202.63, 153.13, 149.37, 142.10, 138.49, 134.01, 

133.62, 133.36, 132.02, 131.95, 121.10, 118.12, 58.13, 51.76, 

45.43, 45.23, 45.02, 44.81, 44.60, 44.39, 44.18.FTIR: 3372; 

1662(s); 1287 (s); 900-1100 cm-1. 

 

 
 

Scheme 1: Synthesis of 1, 3-diphenyl-3-(phenyl amino) propan-1-one 

 

2.1.2 C21H18ClNO (C2): Yield 85%; Colour: cream; M.pt. 

156 ℃; 1H NMR (400 MHz, DMSO-D6) δ 7.93 (dt, J = 7.1, 

1.4 Hz, 2H), 7.64 – 7.54 (m, 1H), 7.48 (t, J = 7.6 Hz, 2H), 

7.47 – 7.38 (m, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.20 – 7.11 (m, 

1H), 7.01 – 6.92 (m, 2H), 6.51 – 6.39 (m, 3H), 4.94 (td, J = 

8.3, 4.4 Hz, 1H), 3.60 (dd, J = 17.1, 8.9 Hz, 1H), 3.36 – 3.23 

(m, 1H);13C NMR (101 MHz, DMSO-D6) δ 197.67, 147.31, 

144.14, 137.25, 133.76, 129.82, 129.25, 129.12, 128.97, 

128.93, 128.60, 127.38, 127.16, 119.62, 114.68, 53.39, 46.92. 

FTIR: 3376; 1659 (sh); 1280 (sh); 900-1100; 738 cm-1. 

 

 
 

Scheme 2: Synthesis of 3-(4-chlorophenylamino)-1,3-diphenylpropan-1-one 

 

2.1.3 C22H21NO2 (C3): Yield 85%; Colour: Dark grey; M.pt. 

106 ℃; 1H NMR (400 MHz, DMSO-D6) δ 8.60 (s, 1H), 7.97 

– 7.83 (m, 3H), 7.52 – 7.42 (m, 5H), 7.46 – 7.37 (m, 0H), 7.31 

– 7.20 (m, 3H), 6.99 – 6.90 (m, 3H), 6.62 – 6.53 (m, 1H), 6.46 

– 6.38 (m, 1H), 4.86(s,1H), 3.74 (s, 3H), 3.53 (s, 1H), 3.34 

(s,1H); 13C NMR (101 MHz, DMSO-D6) δ 198.08, 158.88, 

158.50, 151.25, 144.76, 144.61, 142.50, 137.38, 136.84, 

133.69, 131.61, 129.32, 129.23, 128.94, 128.80, 128.60, 

127.25, 122.97, 114.94, 114.55, 55.83, 55.71, 54.33, 47.09. 

FTIR: 3373; 1666(s); 1279 (s); 900-1100; 1027cm-1. 

 

 
 

Scheme 3: Synthesis of 3-(4-methoxyphenylamino)-1,3-diphenylpropan-1-one. 
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2.2 Physical and Spectral Measurement 

The compound's properties were characterized using various 

analytical techniques. The melting point was determined 

using the Decibel DB-3135H melting point apparatus. Molar 

conductivity was measured with the Systronic conductivity 

TDS meter 308. Elemental analysis for carbon, hydrogen, and 

nitrogen (C, H, N) was performed using the Elementar 

Analysensysteme Germany (Vario Micro Cube). The 1H-

NMR and 13C-NMR spectra were recorded using the Jeol 

JNM-ECZ 400S instrument operating at 400 MHz and 100 

MHz, respectively. The molecular weight was determined via 

Mass Spectrometry using the Xevo G2-XS QTof Mass 

Spectrophotometer, while FTIR (ATR) analysis was 

conducted using the Nicolet iS50 FTIR Tri-detector. 

 

2.3 Thermal studies 

Thermal Gravimetric Analysis (TGA), Differential Thermal 

Analysis (DTA) and Differential Thermal Gravimetric 

analysis (DTG) curve of ligands (C1, C2, and C3) were 

obtained in an N2 environment in an EXSTAR TG/DTA 6300 

instrument with a heating rate of 100C/min. The experimental 

temperature range between 25–1000℃ was used to study the 

thermal stability. 

 

2.4 ADMET and Toxicology Studies 

Virtual screening was conducted to analyze the 

physicochemical properties and evaluate the 

pharmacokinetics (drug-likeliness) of the selected compounds 

using the SwissADME tool [16-17], whereas PROTOX-II 

software was used to find the oral toxicity and bioavailability 
[18]. ChemDraw software was used to generate the SMILES 

format required for SwissADME and PROTOX-II [19]. 

 

3. Results and Discussion 

3.1 IR Spectral Data 

The FT-IR spectra of the samples were recorded after 

completely dehydrating the samples in a hot air oven, to avoid 

any water molecule peaks. The spectra represented in Fig. 1 

shows the FTIR spectra of the compounds. 

 

 

 
 

Fig 1: FT-IR spectra of synthesized compounds. 

 

All three compounds (C1, C2, C3) show N-H characteristic 

stretching at around 3375 cm-1 and C=O stretching at around 

1660 cm-1. This shows the presence of both amine and 

carbonyl groups in all three, with little difference. This 

difference could be due to amine group substitution, which is 

observed at 738 cm-1 (C-Cl stretch) and 1027cm-1(C-O-C 

stretch) in the case of C2 & C3 respectively. Thus, the spectra 

confirm the formation ofan amine group and a ketone group 

in all three, while C-Cl and C-OCH3 in C2 and C3, 

respectively. 

 

3.2 NMR Analysis 

All the synthesized compounds showed striking similarity 

with expected 1H and 13C spectra. In 13C spectra, all of the 

compounds showed a carbonyl range between 197-202 ppm, 

confirming keto-bond. In 1H spectra, the range between 4.95-

4.75 ppm and 3.39-3.60 ppm corresponds to β and α carbon 

(next to the carbonyl group) respectively. The values between 

3.13 - 3.36 ppm correspond to the N-H stretch. Hence, all the 

compounds are β-amino ketone derivatives. Moreover, the 

chemical shift of 3.34 (s, 3H) is characteristic of the O-

CH3bond, which is observed for C3 (a methoxy derivative).  

3.3 UV-Vis Spectral Analysis 

Different values clearly represent the formation of three 

different compounds with a bathochromic shift with the 

increase in substituent group. Table 1 presents the elemental 

composition, showing a remarkable resemblance between the 

calculated and found values. 

 
Table 1: CHN Elemental Analysis data and UV-Vis Spectral values 

 

Compound C H N π-π* n-π* 

C1 84.71(83.69) 5.28(6.35) 5.54(4.65) 265 370 

C2 74.79(75.11) 5.226(5.4) 4.97(4.17) 275 355 

C3 78.82(79.73) 6.134(6.39) 4.67(4.236) 335 385 

 

3.4 Thermal Analysis (TGA, DTA and DTG analysis)  

The TG/DTG/DTA curves of ligands C1, C2, and C3 show 

two to three steps decomposition profiles and demonstrate a 

similar behavior in thermal stability. 

In the case of ligand C1, a three-step decomposition pattern (3 

DTA peaks) was seen in which the initial weight loss starts at 

~29 ℃ associated with a lossin mass of about 0.30% due 

removal of adsorbed water molecules on the surface of the 
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ligand. In the second stage, onset starts at ~100 ℃ associated 

with a loss in mass of about 28.10% w.r.t initial weight due to 

the phase transformation of the ligand (as seen in XRD 

pattern of C1) [20]. A sharp degradation starts at ~ 200 ℃ with 

a weight loss of 90.80% w.r.t initial weight due to the 

decomposition of ligands [21]. The stable product was obtained 

at ~300 ℃. The DTG peaks showing a maximum rate of mass 

loss corresponding to the above changes were observed at 156 

℃ and 274 ℃, corresponding to phase transformations [22]. 

TGAcurve shows endothermic peaks at 58 ℃, 133 ℃ and 278 

℃ due to dehydration, phase transformation, and degradation 

of ligand moiety and this can be correlated with 

thermodynamics parameters (ΔH, ΔG) calculated using TGA 

data [23]. The activation energy calculated for first, second and 

third steps of reaction are 36.17 kJ mol-1, 72.59 kJ mol-1 and 

52.07 kJ mol-1 respectively. 

In the case of ligand C2, a two-step decomposition pattern 

was seen in which weight loss of about 29.80% w.r.t initial 

weight is observed due to phase transformation starts at ~ 100 

℃. A sharp degradation starts at ~ 200 ℃ with a weight loss 

of 96.70% w.r.t initial weight due to the decomposition of 

ligand and the stable product is obtained at ~300 ℃. The 

maximum rate of mass loss from DTG peaks corresponding to 

the above changes were observed at 192 ℃ and 272 ℃. The 

DTA curve in all the steps shows endothermic peaks at 150 

℃ and 276 ℃ due to phase transformation and degradation of 

ligand moiety and this can be correlated with thermodynamic 

parameters (ΔH, ΔG) calculated using TGA data. The 

activation energy calculated for first and second steps of the 

reaction are 60.80 kJ mol-1 and 54.40 kJ mol-1 respectively. 

In the C3ligand, a three-step decomposition pattern was 

observed in which the initial weight loss starts at ~33 ℃ 

associated with a loss in minute mass of about 0.30% w.r.t 

initial weight due to evaporation and dehydration. In step 2, 

weight loss starts at ~100 ℃ associated with a loss in mass of 

about 16.70% w.r.t initial weight due to phase transformation 

of the ligand. In step 3, and a sharp degradation starts at ~ 200 

℃ with a weight loss of 90.70% w.r.t initial weight due to the 

decomposition of ligand moiety and the stable product is 

obtained at ~285 ℃. The DTG peak showing a maximum rate 

of mass loss corresponding to the above changes was 

observed at 274 ℃. The DTA curve in all the steps showing 

weight loss, as identified in TGA curve shows endothermic 

peaks at 73 ℃, 106 ℃ and 276 ℃ due to dehydration, phase 

transformation and degradation of ligand moiety and this can 

be correlated with thermodynamics parameters (ΔH, ΔG) 

calculated using TGA data. The activation energy calculated 

for the first, second and third step of the reaction are 40.49 KJ 

mol-1, 69.42 KJ mol-1, and 66.66 KJ mol-1 respectively. Fig. 2 

represents TGA/DTA/DTG analyses of the compounds C1, 

C2 and C3. 

 

 
 

Fig 2: TGA/DTA/DTG analyses of the compounds C1, C2 and C3. 

https://www.thepharmajournal.com/
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Considering all phase transformations as 1st order reactions 
[24], activation energy, change in enthalpy, spontaneity, and 

Gibbs free energy were determined using 1st order reaction 

rate equation as given in Eq. 1 

 
𝑑𝑥

𝑑𝑡
= 𝑘(1 − 𝑥)      (1) 

 

Where, x=
𝑤𝑖−𝑤𝑡

𝑤𝑖−𝑤𝑓
 

 

wi, wt and wf represents the initial weight, weight of the sample 

at a particular time t, and final weight respectively. Eq. 1 can 

be rewritten as 

 

ln(1 − 𝑥) = −𝑘𝑡     (2) 

 

Data were plotted using Eq. 2 and the straight line was 

followed for each phase, proving that transformations were 

first-order reactions [25]. The slope of each line provided the 

rate constant (k) value for a certain step, and Eq. 3 was used 

to calculate the half-life (t1/2).  

 

t1/2 =  
0.693

k
     (3) 

 
Table 2: Kinetic and thermodynamic parameters of each phase during TGA 

 

S. No ligand Number of steps Temp. (oC) Temp. (K) K (min1) T1/2 (min) Ea (KJmol−1 ΔH (KJmol−1) ΔS (KJmol−1 K−1) ΔG (KJmol−1 

1 C1 

Step 1 100 373 0.3791 1.82 36.17 33.06 -245.55 12.46 

Step 2 200 473 0.0803 8.63 72.59 68.65 -140.81 13.52 

Step 3 300 573 0.0446 15.53 52.07 47.30 -199.38 16.15 

2. C2 
Step 1 200 473 0.1667 4.15 60.80 56.87 -174.03 13.91 

Step 2 300 573 0.0445 15.57 54.40 49.64 -192.78 16.01 

3. C3 

Step 1 100 373 0.0003 231 40.49 37.39 -231.05 12.35 

Step 2 200 473 0.0169 41 69.42 65.49 -156.63 13.95 

Step 3 285 558 0.2219 3.12 66.66 62.02 -170.63 15.72 

 

Kinetics parameters were determined using a modified form 

of Coats and Redfern model [26] as described in Eq. 4 

 

ln[−ln (1 − 𝑥)] = 𝑙𝑛
𝐴𝑅𝑇2

𝛽𝐸𝑎
-

𝐸𝑎

𝑅𝑇
   (4) 

 

Where A is the pre-exponential factor, β is the heating rate 

(10 ℃/min), R is the universal gas constant 

(8.3143 Jmol−1 K−1), Ea is activation energy and T is the 

temperature (K). The activation energy for each phase was 

estimated by plotting graphs between ln[-ln(1-x)] versus 

1000/T, and further parameters were calculated using

fundamental thermodynamic equations [27]. Table 2 represents 

the values obtained for each phase and shows that all phases 

undergo non-spontaneous endothermic changes with an 

increase in temperature. 

 

3.5 ADMET and toxicity studies: The compounds 

underwent in-silico ADME and toxicity studies, revealing 

their moderate toxicity and classification into class 4 toxicity, 

as detailed in Table 3. Furthermore, the compounds were 

deemed favorable in terms of drug-likeness, complying with 

Lipinski's rule of five, thereby demonstrating their potential 

for effective utilization in pharmaceutical applications. 

 
Table 3: In-silico ADME and toxicity studies of the compounds 

 

Compound M. Wt H-bond donors H-bond acceptors Log P Drug-Likeliness LD50 Toxicity Class 

C1 301.38 1 1 4.04 Yes 1600 4 

C2 335.83 1 1 4.53 Yes 500 4 

C3 331.41 1 2 3.65 Yes 1500 4 

 

4. Conclusion 

The synthesis of a β-amino carbonyl compound (C1) and its –

chloro (C2) and -methoxy (C3) derivatives was successfully 

revealed and characterized using a range of spectroscopic and 

analytical techniques. Thermal analysis of the compounds 

demonstrated their decomposition, phase transformation, and 

stability across various temperature ranges. These findings 

indicate the potential of these compounds as drug-like 

molecules, possessing nano size and heat stability, which 

holds promising applications in diverse pharmacological and 

medical fields, highlighting their potency and value for future 

research and development. 
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