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Abstract 

Molecular hybridization has emerged as a promising strategy for the development of multifunctional 

therapeutic agents with improved pharmacological profiles. In the present work, a series of curcumin-inspired 

chalcone and dihydropyrazole were synthesized by integrating the bioactive pharmacophoric features of curcumin 

and chalcone scaffolds. Initially, aminoalkyl and propargyl substituted benzaldehyde derivatives were prepared 

from 4-hydroxybenzaldehyde through alkylation reactions. These intermediates were further reacted with 

dehydroacetic acid under piperidine-catalyzed conditions to afford curcumin-inspired chalcone derivatives in 

good yields. The synthesized chalcones were subsequently cyclized with phenylhydrazine hydrochloride to obtain 

corresponding dihydropyrazole derivatives. In addition, propargyl-functionalized chalcones were transformed 

into triazole analogues through Cu(I)-catalyzed azide–alkyne cycloaddition reactions. All synthesized compounds 

were characterized using IR, 1H NMR, 13C NMR, elemental analysis, melting point determination, and spectral 

interpretation. The developed synthetic approach provided structurally diverse hybrid molecules with satisfactory 

yields and straightforward purification protocols. The study demonstrates an efficient route for the preparation of 

curcumin-inspired multifunctional scaffolds that may serve as promising candidates for further biological 

investigations. 
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1. Introduction 

Molecular hybridization has become an important approach in medicinal chemistry for designing 

compounds with enhanced biological performance by combining two or more pharmacophoric units within a 

single molecular framework.1-2 This strategy offers the possibility of improving receptor binding, pharmacokinetic 

properties, bioavailability, and therapeutic efficacy while simultaneously reducing adverse effects and drug 

resistance.3-4 Figure 1 showing the representation of molecular hybridization approach. 

 

Figure 1: Figure showing the concept of molecular hybridization 
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Curcumin, a naturally occurring polyphenolic compound isolated from Curcuma longa, is widely 

recognized for its anti-inflammatory, antioxidant, antimicrobial, and anticancer properties.4-6 Curcumin modulates 

multiple signaling pathways including NF-κB, PI3K/Akt, JAK/STAT, and p53 pathways. Despite its broad 

therapeutic potential, the clinical application of curcumin is restricted by poor bioavailability and rapid metabolic 

degradation.7-8 

Chalcones represent another important class of bioactive compounds containing an α,β-unsaturated 

carbonyl system.9 Their structural flexibility and ease of synthesis make them attractive scaffolds in medicinal 

chemistry. Chalcone derivatives exhibit diverse biological activities including anticancer, anti-inflammatory, 

antimicrobial, antiviral, and antioxidant effects.10-13 The conjugated enone system present in chalcones contributes 

significantly to their pharmacological properties. 

The combination of curcumin and chalcone pharmacophores through molecular hybridization offers an 

opportunity to generate structurally diverse molecules with improved biological potential.14-16 In addition, 

transformation of chalcones into heterocyclic derivatives such as pyrazolines and triazoles further enhances 

structural diversity and medicinal relevance. Pyrazoline-containing molecules are known for their anticancer and 

anti-inflammatory activities, whereas triazole derivatives are widely recognized for their metabolic stability and 

therapeutic versatility.17-19 In the present study, curcumin-inspired chalcone derivatives incorporating aminoalkyl 

and propargyl functionalities were synthesized using organocatalytic methodologies. These chalcones were 

further transformed into corresponding dihydropyrazole derivatives to generate multifunctional hybrid 

molecules.20-21 Figure 2 demonstrating the designing of curcumin based chalcone derivatives. 

 

Figure 2: The designing of Curcumin Inspired Chalcone derivatives 
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2. Materials and Methods 

2.1 Chemicals and Instrumentation 

All reagents and solvents were of analytical grade and used without further purification unless otherwise 

stated. Thin-layer chromatography (TLC) was carried out using silica gel plates for monitoring the progress of 

reactions. Melting points were determined using open capillary tubes and are uncorrected. IR spectra were 

recorded in cm⁻¹. 1H NMR and 13C NMR spectra were recorded using CDCl3 as solvent and tetramethylsilane 

(TMS) as internal standard. 

2.2 General Procedure for the Synthesis of Benzaldehyde Derivatives 

4-Hydroxybenzaldehyde (1 mmol) was reacted with corresponding aminoalkyl halides (1.2 mmol) or 

propargyl bromide (1.2 mmol) in the presence of suitable bases such as sodium hydride or anhydrous potassium 

carbonate using dry THF or acetone as solvent. The reaction mixtures were stirred or refluxed until completion as 

monitored by TLC. After completion, the reaction mixtures were extracted using organic solvents and purified 

without chromatographic separation. 

Table 1: Synthesized Benzaldehyde Derivatives 

Compound Substituent Yield 

2a Piperidine analogue 78% 

2b Pyrrolidine analogue 82% 

2c Morpholine analogue 80% 

3 Propargyl analogue 83% 

 

2.3 General Procedure for the Synthesis of Curcumin-Inspired Chalcone Derivatives 

Dehydroacetic acid (1 mmol)  and the synthesized benzaldehyde derivatives ( 1 mmol) were dissolved 

in dry chloroform followed by the addition of catalytic piperidine. The reactions were carried out under reflux 

conditions for approximately 8 h. After completion, the solvent was evaporated and the products were isolated 

through extraction and recrystallization. 

2.4 General Procedure for the Synthesis of Dihydropyrazole Derivatives 

The synthesized chalcone derivative (1 mmol) was reacted with phenylhydrazine hydrochloride in 

ethanol under reflux conditions on a water bath for approximately 6 h. The reaction mixtures were concentrated 

under reduced pressure followed by extraction with ethyl acetate and water. The products were isolated as 

crystalline solids after recrystallization. 

 

3. Results and Discussion 

3.1 Synthesis of Benzaldehyde Derivatives 

The synthesis of benzaldehyde derivatives was achieved through O-alkylation of 4-

hydroxybenzaldehyde using different aminoalkyl halides and propargyl bromide. The reactions proceeded 

smoothly under basic conditions and produced the desired derivatives in good to excellent yields. Sodium hydride 
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and potassium carbonate proved effective in generating the corresponding alkoxide intermediates required for 

nucleophilic substitution. The aminoalkyl derivatives bearing piperidine, pyrrolidine, and morpholine 

functionalities were isolated as pale-yellow solids or viscous oils without requiring chromatographic purification. 

Similarly, the propargyl derivative was obtained in high yield and served as a valuable intermediate for further 

click chemistry transformations. Figure 3 shows the synthesis of designed benzaldehyde derivatives. 

 

Figure 3: Synthesis of designed benzaldehyde analogues 

Spectral characterization confirmed successful functionalization of the benzaldehyde scaffold. In the IR 

spectra, characteristic aldehydic C=O stretching frequencies were observed around 1721 cm⁻¹. The propargyl 

derivative additionally displayed a distinct alkyne stretching band near 2113 cm⁻¹. 1H NMR spectra showed 

characteristic aldehydic proton signals around δ 9.9 ppm along with aromatic and alkoxy methylene resonances. 

3.2 Synthesis of Curcumin-Inspired Chalcone Derivatives 

The prepared benzaldehyde analogues were successfully converted into curcumin-inspired chalcone 

derivatives through condensation with dehydroacetic acid in the presence of catalytic piperidine. The reactions 

were operationally simple and provided the desired chalcones in satisfactory yields ranging from 78–88%. The 

organocatalytic approach using piperidine was found to be efficient and reproducible. The chalcone derivatives 

were isolated as pale-yellow crystalline solids after recrystallization from ethanol. Among the synthesized 

compounds, the pyrrolidine-containing derivative showed the highest yield, while the propargyl-substituted 

chalcone displayed slightly lower conversion, possibly due to steric and electronic factors associated with the 

alkyne substituent. Figure 4 demonstrates the synthesis of chalcone derivatives. 

 

Figure 4: Synthesis of Chalcone derivatives 
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Table 2: The summary of synthesized chalcone derivatives  

S. No. Comp. No. Structure Yield 

 

1 

 

5a  

 

88% 

 

2 

 

5b  

 

84% 

 

3 

 

5c 
 

 

82% 

 

4 

 

5d 
 

 

78% 

 

IR spectral analysis confirmed the formation of α,β-unsaturated carbonyl systems through characteristic 

C=O stretching bands around 1670–1676 cm⁻¹ and conjugated C=C absorptions near 1655 cm⁻¹. The 1H-NMR 

spectra exhibited diagnostic olefinic proton doublets with coupling constants close to 16 Hz, indicating the 

formation of trans-configured chalcones. The synthesized chalcone framework successfully integrated the 

bioactive features of curcumin and dehydroacetic acid while also incorporating aminoalkyl or clickable propargyl 

substituents. This molecular arrangement may contribute to enhanced pharmacological behavior and improved 

molecular interactions. 

 

Proposed Mechanism of Chalcone Formation 

The chalcone synthesis is proposed to proceed through piperidine-mediated organocatalysis as shown in 

the figure 5. Piperidine initially forms an enamine intermediate with the aldehydic carbonyl group, which 

subsequently reacts with activated dehydroacetic acid to generate the desired α,β-unsaturated carbonyl system 

after elimination and catalyst regeneration. 

 

Figure 5: Proposed mechanism for synthesis of chalcone derivatives 
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3.3 Synthesis of Dihydropyrazole Derivatives 

The chalcone derivatives were further transformed into corresponding dihydropyrazole analogues 

through cyclization with phenylhydrazine hydrochloride. The reactions proceeded efficiently under reflux 

conditions in ethanol and afforded the target heterocycles in moderate to good yields. The figure 5 shows the 

synthesis of dihydropyrazole derivatives. Formation of the pyrazoline ring was confirmed by the disappearance 

of olefinic proton signals and the appearance of characteristic methine and methylene resonances in the 1H NMR 

spectra. The synthesized dihydropyrazole derivatives appeared as brownish crystalline powders and displayed 

satisfactory purity after recrystallization. 

 

Figure 5: Synthesis of dihydropyrazole derivatives 

Table 3: The summary of synthesized Dihydroyrazole derivatives 

S. No. Comp. No. Structure Yield 

 

 

1 

 

 

8a  

 

 

74% 

 

 

2 

 

 

8b  

 

 

77% 

 

 

3 

 

 

8c  

 

 

79% 

 

 

4 

 

 

8d  

 

 

71% 
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Introduction of the pyrazoline moiety significantly increased the structural diversity of the synthesized 

hybrids. Incorporation of aminoalkyl substituents such as pyrrolidine, piperidine, and morpholine may further 

improve molecular flexibility and potential biological interactions. The propargyl-containing dihydropyrazole 

derivative also retained the reactive alkyne functionality for future derivatization. 

 

4. Conclusion 

The present study demonstrates the successful synthesis of a series of curcumin-inspired chalcone, 

dihydropyrazole, and 1,2,3-triazole derivatives through molecular hybridization strategies. The synthetic routes 

employed were straightforward, reproducible, and provided the desired products in good yields with minimal 

purification requirements. The incorporation of aminoalkyl and triazole functionalities into curcumin-inspired 

chalcone scaffolds generated structurally diverse hybrid molecules with potential medicinal significance. Spectral 

characterization and elemental analysis confirmed the successful synthesis of all target compounds. The developed 

compounds combine important pharmacophoric features associated with chalcones, dihydropyrazoles and 

curcumin analogues, making them promising candidates for further biological screening and pharmacological 

evaluation. 
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