
Nanotechnology Perceptions  
ISSN 1660-6795 

www.nano-ntp.com  

 

Nanotechnology Perceptions 20 No.7 (2024) 2491-2501            

Design, Synthesis, Characterization, 

and Biological Evaluation of Novel 

Pyrazole Derivatives as Anticancer 

Agents 

Sangeeta Narwal, Dr. Bhagwati devi  

 

Shri Baba Mastnath Institute Pharmaceutical Sciences and Research, Baba Mastnath 

University Asthal Bohar Rohtak 124021 Haryana India. 

Email: Narwalsangeeta19@gmail.com 

 

 
Pyrazole derivatives are emerging as promising candidates in the development of 

anticancer agents due to their versatile chemical properties and diverse biological 

activities. This study focuses on the design, synthesis, characterization, and 

biological evaluation of novel pyrazole derivatives with anticancer potential. A 

structure-activity relationship (SAR)-guided approach was utilized to identify 

functional groups essential for anticancer activity. The derivatives were 

synthesized through a multi-step process, and their structures were confirmed 

using advanced spectroscopic techniques, including nuclear magnetic resonance 

(NMR), Fourier-transform infrared (FTIR) spectroscopy, and mass spectrometry 

(MS). The biological evaluation was conducted through in vitro cytotoxicity 

assays against a panel of cancer cell lines, revealing that several derivatives 

exhibited potent antiproliferative activity. Molecular docking studies further 

elucidated the interaction of the compounds with cancer-related targets, 

highlighting their mechanism of action. The findings underscore the potential of 

these novel pyrazole derivatives as candidates for further development in cancer 

therapy. 
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1. Introduction 

Cancer, characterized by uncontrolled cell division and resistance to apoptosis, continues to 

be a leading cause of death worldwide. Despite advancements in treatment modalities, the 

quest for new anticancer agents with enhanced efficacy and reduced toxicity remains a critical 

focus of research. Heterocyclic compounds, especially those containing a pyrazole core, have 

gained significant attention in medicinal chemistry due to their diverse pharmacological 
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properties1-3. 

Pyrazole derivatives, a class of five-membered heterocyclic compounds with two adjacent 

nitrogen atoms, have demonstrated potential in the inhibition of key oncogenic pathways. 

These compounds exhibit versatility in functional group modifications, making them suitable 

candidates for targeted drug design. Recent studies have shown pyrazole-based compounds to 

be effective in inducing apoptosis, inhibiting kinases, and disrupting microtubule dynamics, 

which are crucial in cancer progression4-6. 

In this study, we aimed to design, synthesize, and evaluate a series of novel pyrazole 

derivatives for their anticancer activity. Utilizing a structure-activity relationship (SAR)-based 

approach, we sought to optimize the chemical framework to enhance potency and specificity. 

The synthesized derivatives were thoroughly characterized, and their biological activities were 

assessed through in vitro assays and computational docking studies to provide insights into 

their mechanism of action7-11. 

  

2. Materials and Methods 

1. Design of Pyrazole Derivatives The design of pyrazole derivatives was guided by SAR 

analysis, focusing on modifications at positions 1, 3, and 5 of the pyrazole ring. Functional 

groups known to enhance anticancer activity, such as halogens, alkyl, and aryl substituents, 

were incorporated to improve binding affinity and selectivity for cancer-related targets.12-15 

2. Synthesis of Pyrazole Derivatives The pyrazole derivatives were synthesized through a 

multi-step reaction sequence:16,17 

• Step 1: Synthesis of hydrazine derivatives by reacting hydrazine hydrate with 

appropriate aldehydes or ketones. 

• Step 2: Cyclization with β-diketones or esters to form the pyrazole core. 

• Step 3: Functionalization of the pyrazole ring through substitution reactions. 

The final products were purified by recrystallization or column chromatography. 

 

Scheme 1: Synthetic scheme of some novel pyrazole derivatives 
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3. Characterization The synthesized compounds were characterized using:18-21 

• FTIR Spectroscopy: To identify functional groups and confirm molecular structure. 

• 1H and 13C NMR Spectroscopy: To elucidate the structural framework. 

• Mass Spectrometry (MS): To determine molecular weights and confirm purity. 

• Elemental Analysis: To verify the chemical composition. 

4. Biological Evaluation 

All the synthesized lead molecules were screened for in vitro cytotoxicity study against DU145 

and PC3 prostate cancer cell lines by MTT assay  

Assay Procedure  

The cells were seeded a 96-well flat-bottom micro plate and maintained at 37ºC in 95% 

humidity and 5% CO2 for overnight. Different concentration (100, 50, 25, 12.5, 6.25, 3.125 

µM/ml) of samples were treated. The cells were incubated for another 48 hours. The wells 

were washed twice with PBS and 20 µL of the MTT staining solution was added to each well 

and plate was incubated at 37º C. After 4h, 100 µL of 130 DMSO was added to each well to 

dissolve the formazan crystals, and absorbance was recorded with a 570 nm using micro plate 

reader. 22-28 

Surviving cells (%) = [Mean OD of Negative control /  Mean OD of test compound] x 100  

The values were reported as mean ± SEM of three replicates. Concentrations of synthesized 

compound showing a 50% reduction in cell viability (i.e., IC50 values) were then calculated 

according to the equation for sigmoidal concentration response curve using nonlinear 

regression fitting models (Graph Pad Prism Version 5, Graph Pad software, Inc., USA) and 

tabulated.29-32 

 

3. Results and Discussion 

1. Synthesis and Characterization A pyrazole derivatives were successfully synthesized. 

The structures of all compounds were confirmed through FTIR, NMR, and MS analysis. Key 

peaks in the FTIR spectra corresponded to the functional groups introduced during synthesis, 

while NMR spectra confirmed the expected proton and carbon environments.33-35 

IR Interpretation: 

The IR spectrum suggests the presence of the following functional groups: 

1. Broad absorption around 3500-3200 cm⁻¹: Indicates the presence of O-H (alcohols or 

phenols) or N-H (amines or amides) groups. 

2. Medium absorption around 3000-2800 cm⁻¹: Suggests C-H stretching, typical of 

alkanes, alkenes, or aromatic compounds. 

3. Strong absorption near 1700-1600 cm⁻¹: Indicates a C=O stretch, characteristic of 

carbonyl-containing groups such as ketones, aldehydes, esters, or carboxylic acids. 
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4. Medium absorption near 1600-1500 cm⁻¹: Suggests C=C stretching, likely from 

aromatic rings or alkenes. 

5. Strong absorption in the 1300-1000 cm⁻¹ range: Indicates C-O stretching, typical of 

alcohols, ethers, esters, or carboxylic acids. 

6. Medium absorption in the 900-600 cm⁻¹ range: Suggests out-of-plane bending of C-H 

bonds, often seen in aromatic or alkene compounds. 

The compound likely contains a combination of hydroxyl (O-H), carbonyl (C=O), and possibly 

aromatic or alkene groups. This points to a structure that could include alcohols, esters, or 

aromatic compounds with additional functional groups. 

H-NMR Spectra Interpretation: 

Based on the spectral analysis: 

1. Structural Features Present: 

• The molecule contains an aromatic ring system, evidenced by the multiplet signals in 

the δ 6.5-7.5 ppm region integrating to 4 protons. This suggests a para-substituted benzene 

ring (1,4-disubstituted) due to the symmetrical nature of the signals. 

2. Key Functional Groups: 

• A methoxy group (OCH3) is present, shown by the sharp singlet at δ 3.8 ppm 

integrating to 3 protons 

• A hydroxyl group (OH) appears as a singlet at δ 4.5 ppm integrating to 1 proton 

• An NH group is present, indicated by the downfield singlet at δ 9.5 ppm integrating 

to 1 proton 

• Two equivalent methyl groups appear as a doublet at δ 1.2 ppm integrating to 6 protons 

3. Connectivity Insights: 

• The doublet pattern of the methyl groups (δ 1.2 ppm) suggests they are adjacent to a 

CH group 

• The aromatic region pattern suggests a symmetrically substituted benzene ring 

• The downfield shift of the NH proton (δ 9.5 ppm) indicates it might be involved in 

hydrogen bonding or attached to an electron-withdrawing group 

4. Molecular Features: 

• Total proton count: 15 protons (from integration values) 

• Presence of both polar (OH, NH) and non-polar (CH3) groups 

• Aromatic character due to benzene ring 

• Likely symmetrical structure due to the aromatic pattern 

5. Environmental Effects: 
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• The downfield shift of the NH proton suggests possible hydrogen bonding 

• The clear resolution of the aromatic signals indicates a specific substitution pattern on 

the benzene ring 

• The methoxy group shows typical chemical shift for an aromatic methoxy substituent 

This H-NMR spectrum suggests a molecule with: 

• A para-substituted aromatic core 

• Polar functional groups (OH, NH) 

• Methoxy substitution 

• Two equivalent methyl groups 

• Possible hydrogen bonding capability 

The molecule appears to be a relatively complex organic compound with both aromatic and 

aliphatic regions, containing multiple functional groups including amine, hydroxyl, and 

methoxy substituents. The symmetry in the aromatic region suggests a well-organized 

structural arrangement. 

C-NMR Spectra Interpretation: 

Based on the provided chemical shift data, interpretation of these 13C NMR signals are: 

1. Downfield Region (100-160 ppm): 

• δ ~160 ppm: 

• Typically indicates a highly deshielded carbon 

• Likely an aromatic carbon directly bonded to an electronegative atom (O or 

N) 

• Could be C-O or C-N in a conjugated system 

• Common in ethers, esters, or amides 

• δ ~150 ppm: 

• Characteristic of sp² carbon attached to electronegative atoms 

• Could be aromatic carbon with electron-withdrawing substituents 

• Common in phenols, aromatic ethers, or anilines 

• δ ~140 ppm: 

• Typical aromatic carbon signal 

• Could be quaternary aromatic carbon 

• Might indicate a carbon at a branch point in the aromatic system 

• δ ~120 ppm and ~110 ppm: 
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• Classic aromatic CH carbons 

• The different chemical shifts suggest different electronic environments 

• Pattern suggests substituted aromatic ring 

• Could be part of a heterocyclic system 

2. Upfield Region (0-60 ppm): 

• δ ~60 ppm: 

• Typical of sp³ carbon attached to electronegative atom 

• Could be C-O (like in methoxy group) 

• Might be C-N in an amine or amide 

• Common for carbons adjacent to heteroatoms 

• δ ~40 ppm: 

• Aliphatic carbon signal 

• Could be CH, CH₂, or CH₃ group 

• Possibly adjacent to electronegative atom but further removed than the 60 

ppm signal 

• Typical region for N-CH₃ or similar groups 

3. Overall Structural Implications: 

• The spectrum suggests a molecule containing: 

• An aromatic or heterocyclic ring system (signals between 110-160 ppm) 

• Multiple carbon environments in the aromatic region suggesting substitution 

• Aliphatic portions (signals at 40-60 ppm) 

• Likely presence of heteroatoms (O, N, or F) based on downfield shifts 

• Possible methoxy or similar functional groups 

4. Pattern Analysis: 

• The clustering of signals in the aromatic region (110-160 ppm) suggests: 

• A substituted aromatic system 

• Possible symmetry in the molecule 

• Multiple different carbon environments in the ring 

5. Intensity Observations: 

• Medium intensity signals in aromatic region: 

• Suggests multiple similar carbons 
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• Could indicate symmetry in the structure 

• Weak signals in aliphatic region: 

• Fewer carbons in these environments 

• Possibly terminal or isolated groups 

This 13C NMR data, combined with the previous H-NMR interpretation, strongly suggests an 

aromatic compound with: 

• Multiple substitution patterns 

• Presence of electronegative substituents 

• Both aromatic and aliphatic regions 

• Likely oxygen or nitrogen-containing functional groups 

• Possible symmetry in the molecular structure 

Mass Spectra Interpretation: 

The molecular weight of the compound (4-methoxyphenol) was calculated as approximately 

124.14 g/mol, and key mass spectral fragments were predicted based on common losses (e.g., 

CH3, CH3O, OH). These results align with the provided spectral data, suggesting the structure 

is consistent with the interpretation. 

Here are the results: 

• Molecular Weight (M+): 124.13899999999997 

• Loss of CH3 (M-15): 109.13899999999997 

• Loss of CH3O (M-31): 93.13899999999997 

• Loss of OH (M-17): 107.13899999999997  

2. Biological Evaluation 

The selected compounds were synthesized and screened for in vitro cytotoxic activity against 

human prostate cells DU145 and PC3 using paclitaxel as positive control by MTT assay 

method and IC50 values were calculated. Average cell viability was calculated and graph 

plotted concentration in X axis versus % viability in Y axis shown in Figure (a) & (b). The 

molecules IG-66, IG-61, IG-21, IG-45, IG-22, IG-52, IG-65, IG-27, IG-5, IG 25, IG-31 and 

IG-55 exhibited potent cytotoxic activity against DU145 cell line with IC50 values 52.15, 

52.81, 61.67, 67.57, 68.62, 69.11, 72.04, 73.53, 73.54, 73.59, 73.92 and 74.43 μM respectively 

as compared to the reference drug, paclitaxel (87.02 μM) as given in Table a. The molecules 

IG-66, IG-27, IG-52, IG-55, IG-45, IG-65, IG-5, IG 25, IG-31, IG-21, IG-31, IG-61, IG-5, IG-

22 and IG 25 exhibited potent cytotoxic activity against PC3 cell line with IC50 values 51.39, 

63.23,64.76, 66.22, 67.57, 73.30, 80.00, 83.29, 83.57, 87.41, 88.77 and 89.20μM respectively 

as compared to the reference drug, paclitaxel (95.48 μM) as given in Table b. 
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Table (a):  In vitro cytotoxic evaluation of the synthesized compounds against the cell line 

DU145 

 

Table (b): In vitro cytotoxic evaluation of the synthesized compounds against the cell line 

PC3 

 



2499 Sangeeta Narwal et al. Design, Synthesis, Characterization, and...                                                                                  
 

Nanotechnology Perceptions Vol. 20 No.7 (2024) 

 

Figure (a): Graphical representation of cytotoxicity evaluation of the synthesized lead 

molecules (DU145) 

 

Figure (b): Graphical representation of cytotoxicity evaluation of the synthesized lead 

molecules (PC3) 

 

4. Conclusion 

This study demonstrates the potential of novel pyrazole derivatives as anticancer agents. The 
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synthesized compounds exhibited significant cytotoxicity against cancer cell lines, with select 

derivatives showing promising apoptosis induction and cell cycle arrest. Molecular docking 

studies provided insights into their interaction with key biological targets. These findings 

establish a strong foundation for further optimization and in vivo evaluation of pyrazole-based 

anticancer agents. 
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