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Abstract:  
Background: Non-small cell lung cancer (NSCLC) is the leading cause of cancer mortality, 

necessitating the continuous discovery of targeted therapies. 

 

Aim of the Study: This study aimed to synthesize and characterize six novel nabumetone-derived 

heterocyclic compounds (4-9) by integrating chalcone derivatives with pyridine-derived scaffolds 

and evaluate their cytotoxic activity. 

 

Materials and Methods: The structures of these compounds were validated by Infrared 

Spectroscopy, Proton Nuclear Magnetic Resonance (1H-NMR), and Carbon Nuclear Magnetic 

Resonance (13C-NMR) Spectroscopy. All substances were evaluated for their capacity to inhibit 

cancer cells via the MTT assay in the A549 lung cancer cell line and normal human dermal fibroblasts 

(HDFn). We established the IC50 values for all drugs using a 48-hour incubation period.  

 

Results: The para-pyridone compound )6   ( had the highest cytotoxicity against cancer cells (31.82 

µg/mL), whereas the meta-pyridine compound (8) also showed significant cytotoxicity (38.09 

µg/mL). Compound (6) exhibited biological activity that surpassed that of the reference medication, 

Erlotinib, a contemporary chemotherapeutic agent (34.10 µg/mL). Furthermore, both compounds (6) 

and (8) had considerable Selectivity Indices (SI: 4.92 and 3.90, respectively).  

 

Discussion: Our research demonstrates that both the fundamental architecture of each chemical and 

the locations of its functional groups are crucial in influencing its biological activity.  
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Conclusion: These findings suggest that both substituted pyridone cores and substituted 2-

aminopyridine cores may serve as promising scaffolds for further optimization and biological 

evaluation. 

 

Keywords: Nabumetone, Chalcone derivatives, 2-Pyridone-3-carbonitrile derivatives, 2-Amino-3-

cyanopyridine derivatives, A549 cells, MTT assay. 
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1. Introduction 
Lung cancer is the leading cause of cancer-

related mortality worldwide (1). The disease is 

highly heterogeneous, characterized by late-

stage diagnosis, high metastatic potential, and 

diverse symptoms depending on the 

anatomical origin in the bronchial tree (2). 

Non-small cell lung cancer (NSCLC) is the 

most common category of lung cancer. It 

mainly includes adenocarcinoma, squamous 

cell carcinoma, and large-cell carcinoma. 

Among these, adenocarcinoma is the most 

frequent histological subtype, and the A549 

cell line is widely used as an in vitro model of 

human lung adenocarcinoma (3). Molecular 

targeted therapy has emerged as an effective 

alternative with a more tolerable toxicity 

profile, overcoming the limitations of 

traditional chemotherapy, which attacks both 

healthy and proliferating cells indiscriminately 

(4). Monoclonal antibodies and small-

molecule inhibitors are the main therapeutic 

modalities of this therapeutic approach (5). 

The FDA has so far approved a few small-

molecule protein kinase inhibitors that 

selectively inhibit cellular signaling pathways, 

thereby stopping tumor progression (6,7). 

Receptor tyrosine kinases (RTKs) are 

important regulators of normal cellular 

processes, such as growth and metabolism; 

however, their deregulation through gain-of-

function mutations or genomic amplification 

has been strongly associated with the 

development of several human cancers (8,9). 

A well-known member of this family is the 

epidermal growth factor receptor (EGFR), a 

transmembrane tyrosine kinase. 

Overexpression and mutations in EGFR have 

been directly linked to initiation and 

progression of several malignancies, including 

lung cancer (10–12). Despite their clinical 

activity, acquired resistance limits the long-

term efficacy of first-generation EGFR 

inhibitors (e.g., erlotinib). The secondary 

mutation EGFR T790M is an important 

resistance mechanism, as it increases the 

affinity for ATP and thus decreases the 

inhibitory efficacy of reversible ATP-

competitive inhibitors (13). These limitations 

indicate a necessity to investigate a chemically 

diverse set of scaffolds with varying structural 

features for the discovery of new molecular 

interactions and improvement of anticancer 

efficacy. Therefore, the development and 

biological evaluation of novel heterocyclic 

hybrids represent a rational strategy for the 

discovery of new lead compounds for the 

treatment of NSCLC. Nabumetone is a non-

narcotic methyl ketone containing a 

naphthalene core and a very valuable 

pharmacological profile (14). Nabumetone 

was selected as the parent scaffold based on 

both biological and synthetic considerations. 

Later studies showed that nabumetone inhibits 

tumor growth in preclinical studies. 

Nabumetone has been reported to suppress 

intestinal tumorigenesis in a dose-dependent 

manner, with downregulation of Bcl-2 and 

induction of apoptosis (15). More recently, 

nabumetone-derived heterocyclic compounds 

have shown antiproliferative activity against 

different cancer cell lines, including A549 lung 

cancer cells, encouraging further exploration 

of this scaffold in the design of anticancer 

drugs (16–19). Nabumetone contains an 

enolizable methyl ketone functionality; the 
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methyl ketone group enables Claisen–Schmidt 

condensation with substituted pyridine 

aldehydes, facilitating the construction of the 

chalcone intermediates used in the present 

study. This property distinguishes nabumetone 

from other NSAIDs, such as naproxen and 

diclofenac, which are carboxylic acid 

derivatives and do not have the same methyl 

ketone functionality. Also, the chalcones (1,3-

diphenyl-2-propene-1-one) are flexible and 

highly reactive pharmacophores (20). They are 

usually synthesized via the conventional 

Claisen-Schmidt condensation, and their 

alpha, beta-unsaturated carbonyl groups 

enable the synthesis of a variety of 

heterocyclic derivatives through ring-closure 

reactions (21,22). Nitrogen heterocycles, 

especially pyridine and its isomeric derivative, 

pyridone, are very important in medicinal 

chemistry (23–25). Because of their distinctive 

heteroaromatic structural characteristics and 

their capacity for extensive functionalization 

and participation in significant chemical 

reactions, they are superb pharmacophores for 

the design of broad-spectrum therapeutic 

agents (26–28). This rationale leads to the 

hybridization of these active structural motifs 

and the linkage of a naphthalene moiety to a 

pyridine/pyridone scaffold via a chalcone 

intermediate, providing structurally diverse 

compounds for further evaluation as potential 

anticancer agents. So, the aim of this study was 

to synthesize and characterize a series of novel 

nabumetone-derived pyridine/pyridone 

hybrids and to evaluate their cytotoxic activity 

against A549 lung cancer cells and their 

selectivity toward normal human dermal 

fibroblasts (HDFn), using erlotinib as a 

reference drug. The study also aimed to 

investigate the influence of scaffold type and 

substituent position on the observed biological 

activity. 

 

 

 

2. Materials and Methods 
The experimental work was conducted at 

different research facilities. 

Melting-point determination and the FT-IR 

analysis of the synthesized compounds were 

performed at the College of Pharmacy, 

Mustansiriyah University, Baghdad, Iraq. 

The 1H NMR and 13C NMR analyses were 

carried out at the University of Tehran, Tehran, 

Iran. 

The cytotoxicity evaluation using the MTT 

assay was conducted at the Iraqi Center for 

Cancer and Medical Genetics Research, 

Mustansiriyah University, Baghdad, Iraq. 

2.1. Chemicals and Instrumentation 

All reagents and solvents were of analytical 

quality and used as supplied without further 

purification. Nabumetone, malononitrile, ethyl 

cyanoacetate, and several pyridine 

carbaldehydes (2-, 3-, and 4-carbaldehydes) 

were acquired from Sigma-Aldrich 

(Germany), Fluka (Germany), and Hyperchem 

(China). The melting points were measured 

using a Stuart electric melting point device 

(England) in open capillary tubes and were 

uncorrected. Infrared (FT-IR) spectra were 

obtained using a Bruker spectrometer 

(Germany) using KBr pellets. The 1H NMR 

(300 MHz) and 13C NMR (75 MHz) spectra 

were obtained using a Bruker spectrometer 

(Germany) in DMSO-d6 as the solvent, with 

tetramethylsilane (TMS) used as the internal 

standard. Chemical shifts (δ) are expressed in 

parts per million (ppm). 

 

2.2. General Synthesis Procedures 

2.2.1. General Procedure for the Synthesis 

of Chalcone Derivatives (1-3) 

An aqueous solution of sodium hydroxide 

(NaOH) (0.08 g, 2 mmol) was first dissolved 

in a mixed solvent of 100% methanol and 

deionized water (5:2.5 mL), yielding a 1% 

solution. In a separate beaker, (0.456 g, 2 

mmol) of nabumetone was dissolved in a 
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mixed solvent of diethyl ether and absolute 

methanol (5:10 mL). Subsequently, pyridinyl 

derivatives (Pyridine-2-carbaldehyde, 

Pyridine-3-carbaldehyde, pyridine-4-

carbaldehyde) (214 mg, 2 mmol) were added 

and mixed until completely dissolved, and then 

the sodium hydroxide solution was gradually 

added while stirring at room temperature for 

24 hours. The precipitate was filtered, rinsed 

with cold water and diethyl ether, and 

recrystallized from methanol to afford pure 

compounds (1-3) (29,30). 

2.2.2.  General Procedure for the Synthesis 

of Pyridone Derivatives (4-6) 

Dissolve chalcone derivatives (1-3) (331.4 mg, 

1 mmol) with ethyl cyanoacetate (113 mg, 1 

mmol) and ammonium acetate (0.616 g, 8 

mmol) in 12 mL of 100% ethanol, then reflux 

in an oil bath at 80°C for 3-6 hours. A 

precipitate was produced, filtered while the 

mixture was still hot, and then washed with 

cold water and acetone to give the final 

compounds (4-6) (31,32). 

2.2.3. General Procedure for the Synthesis 

of 2-Aminopyridine Derivatives (7-9) 

Chalcone derivatives (1-3) (331.4 mg, 1 

mmol) were mixed with malononitrile (0.528 

g, 8 mmol) and ammonium acetate (0.616 g, 8 

mmol)  in 12 mL of absolute ethanol, then 

refluxed in an oil bath at 80°C for 3- 5 hours. 

A precipitate was formed, filtered while the 

mixture was heated, then transferred to cooled 

water, and finally washed with acetone to 

obtain the final compounds (7-9) (33,34). 

 

 

 
 
 

Scheme (1): Synthesis of Pyridone Derivatives (4-6) and 2-Aminopyridine Derivatives (7-9) 

from chalcone derivatives (1-3).  
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2.3. Characterization Data of the 

Synthesized Compounds 

 

5-(6-methoxynaphthalen-2-yl)-1-(pyridin-

2-yl) pent-1-en-3-one (1): 

Light brown powder, m.p. 125–127 °C, FT-IR 

(cm-1): 3053 (Ar-CH stretching), 2931, 2839 

(Aliphatic CH stretching), 1654 (C=O 

stretching), 1631 (C=C stretching, α, β-

unsaturated), 1604 (C=N stretching, pyridine), 

1504 (C=C stretching, aromatic), 1265, 1029 

(C-O-CH3 stretching). 1H NMR (300 MHz, 

DMSO-d6) δ: 2.90–2.93 (t, 2H, CH2 β to C=O), 

3.01–3.03 (t, 2H, CH2 α to C=O), 3.81 (s, 3H, 

OCH3), 7.01–7.03 (d, 1H, Ar- H), 7.17 (s,1H, 

Ar-H), 7.28–7.29 (d, 1H, Ar-H), 7.40–7.42 (m, 

2H, Pyridine-H), 7.46 (d, 1H, Pyridine-H), 

7.61 (s, 1H, Ar-H), 7.67 (d, 1H, vinylic-H α to 

C=O), 7.70 (d, 1H, vinylic-H β to C=O), 7.73–

7.77 (m, 2H, Ar-H), 8.51–8.52 (d, 1H, 

Pyridine-H). 13C NMR (300 MHz, DMSO-d6) 

δ: 32.37, 44.56, 55.59 (OCH3), 106.18, 119.15, 

124.23, 124.43, 125.73, 127.55, 127.75, 

129.03, 129.39, 131.08, 131.69, 134.53, 

136.71, 138.79, 150.23, 151.36, 157.39 (C-

OCH3), 199.09 (C=O). 

 

5-(6-methoxynaphthalen-2-yl)-1-(pyridin-

3-yl) pent-1-en-3-one (2): 

Beige powder, m.p. 128–130 °C, FT-IR (cm-

1): 3053 (Ar-CH stretching), 2934, 2843 

(Aliphatic CH stretching), 1653 (C=O 

stretching), 1630 (C=C stretching, α, β-

unsaturated), 1603 (C=N stretching, pyridine), 

1504 (C=C stretching, aromatic), 1265, 1229 

(C-O-CH3 stretching). 1H-NMR (300 MHz, 

DMSO-d6) δ: 3.00–3.04 (t, 2H, CH2 β to C=O), 

3.11–3.15 (t, 2H, CH2 α to C=O), 3.85 (s, 3H, 

OCH3), 6.95–6.98 (d, 1H, vinylic-H α to 

C=O), 7.09–7.13 (d, 1H, Ar-H), 7.26 (s, 1H, 

Ar-H), 7.40–7.42 (d, 1H, Ar-H), 7.48–7.51 (t, 

1H, Pyridine-H), 7.66 (s, 1H, Ar-H), 7.68–7.70 

(d, 1H, vinylic-H β to C=O), 7.73–7.78 (m, 2H, 

Ar-H), 7.99–8.06 (d, 1H, Pyridine-H), 8.53–

8.55 (d, 1H, Pyridine-H), 8.86 (s, 1H, Pyridine-

H). 13C-NMR (300 MHz, DMSO-d6) δ: 34.48, 

42.80, 55.63 (OCH3), 106.33, 119.09, 124.09, 

126.75, 127.30, 128.01, 128.97, 129.32, 

129.68, 132.51, 133.43, 135.68, 136.12, 

142.80, 148.64, 151.56, 157.44 (C-OCH3), 

200.01 (C=O 

 

5-(6-methoxynaphthalen-2-yl)-1-(pyridin-

4-yl) pent-1-en-3-one (3): 

Off-white powder, m.p. 132–134 °C, FT-IR 

(cm-1): 3051 (Ar-CH stretching), 2932, 2839 

(Aliphatic CH stretching), 1653 (C=O 

stretching), 1632 (C=C stretching, α, β-

unsaturated), 1605 (C=N stretching), 1500 

(C=C stretching, aromatic), 1265, 1229 (C-O-

CH3 stretching). 1H-NMR (300 MHz, DMSO-

d6) δ: 2.86–2.92 (t, 2H, CH2 β to C=O), 3.06–

3.12 (t, 2H, CH2 α to C=O), 3.86 (s, 3H, 

OCH3), 7.12–7.15 (d, 1H, Ar-H), 7.28 (s, 1H, 

Ar-H), 7.32–7.35 (d, 2H, Ar-H and vinylic-H 

α to C=O), 7.47 (s, 1H, Ar-H), 7.55–7.56 (d, 

2H, Ar-H ortho to β vinylic carbon), 7.58 (d, 

1H, vinylic-H α to C=O), 7.75–7.80 (m, 2H, 

Ar-H), 8.72–8.76 (d, 2H, Ar-H meta to β 

vinylic carbon). 13C-NMR (300 MHz, DMSO-

d6) δ: 36.05, 42.50, 55.60 (OCH3), 106.22, 

119.04, 123.99, 126.73, 127.32, 128.05, 

128.96, 129.33, 133.39, 133.98, 142.56, 

146.68, 150.63, 157.37 (C-OCH3), 199.29 

(C=O). 

 

6 '- (2-(6-methoxynaphthalen-2-yl) ethyl)-2'-

oxo-1',2'-dihydro-[2,4'-bipyridine]-3'-

carbonitrile (4) : 

Red powder, Yield: 74%, m.p. 261–263 °C, 

FT-IR (KBr, cm-1): 3415 (NH stretching, 

amide), 3042 (Ar-CH stretching), 2935, 2837 

(Aliphatic CH stretching), 2216 (C≡N 

stretching), 1674 (C=O stretching), 1598 (C=N 

stretching, pyridine), 1552 (C=C stretching, 

aromatic), 1265, 1028 (C-O-CH3 stretching). 
1H-NMR (300 MHz, DMSO-d6) δ: 2.94–2.99 

(t, 2H, CH2 β to pyridone ring), 3.07–3.12 (t, 

2H, CH2 α to pyridone ring), 3.87 (s, 3H, 

OCH3), 6.40 (s, 1H, Pyridone-H), 7.13–7.16 
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(d, 1H, Ar-H), 7.28 (s, 1H, Ar-H), 7.30–7.32 

(d, 1H, Ar-H), 7.35–7.37 (t, 1H, Pyridine-H), 

7.40–7.43 (t, 1H, Pyridine-H), 7.51–7.53 (d, 

1H, Pyridine-H), 7.65 (s, 1H, Ar-H), 7.74–7.78 

(m, 2H, Ar-H), 8.74–8.76 (d, 1H, Pyridine-H), 

12.89 (s, 1H, NH). 13C-NMR (75 MHz, 

DMSO-d6) δ: 36.01, 37.07, 55.61 (OCH3), 

103.01, 106.30, 115.69 (CN), 116.34, 119.07, 

120.01, 123.94, 126.72, 127.30, 128.02, 

128.98, 129.30, 133.41, 133.96, 136.47, 

149.07, 154.01, 156.01, 157.40 (C-OCH3), 

161.47 (C=O), 170.02. 

 

6 '- (2-(6-methoxynaphthalen-2-yl) ethyl)-2'-

oxo-1',2'-dihydro-[3,4'-bipyridine]-

3carbonitrile (5): 

Brown powder, Yield: 80%, m.p. 264–265 °C, 

FT-IR (KBr, cm-1): 3234 (NH stretching, 

amide), 3015 (Ar-CH stretching), 2909, 2843 

(Aliphatic CH stretching), 2216 (C≡N 

stretching), 1651 (C=O stretching), 1609 (C=N 

stretching, pyridine), 1572, 1533 (C=C 

stretching, aromatic), 1223 (C-N stretching, 

pyridone), 1263, 1026 (C-O-CH3 stretching). 
1H-NMR (300 MHz, DMSO-d6) δ: 2.95–2.99 

(t, 2H, CH2 β to pyridone ring), 3.07–3.13 (t, 

2H, CH2 α to pyridone ring), 3.86 (s, 3H, 

OCH3), 6.46 (s, 1H, Pyridone-H), 7.12–7.16 

(d, 1H, Ar-H), 7.29 (s, 1H, Ar-H), 7.35–7.37 

(d, 1H, Ar-H), 7.40–7.43 (t, 1H, Pyridine-H), 

7.55 (s, 1H, Ar-H),7.66(d, 1H, Pyridine-H), 

7.74–7.78 (m, 2H, Ar-H), 7.98–8.00 (d, 1H, 

Pyridine-H), 8.75 (s, 1H, Pyridine-H), 12.83 

(s, 1H, NH). 13C-NMR (75 MHz, DMSO-d6) 

δ: 36.09, 37.11, 55.60 (OCH3), 103.29, 106.30, 

115.79 (CN), 118.63, 119.05, 123.79, 126.69, 

127.31, 128.01, 129.00, 129.32, 131.01, 

133.41, 135.99, 137.71, 149.84, 154.97, 

157.39 (C-OCH3), 160.05, 165.01 (C=O). 

 

6-(2-(6-methoxynaphthalen-2-yl) ethyl)-2-

oxo-1,2-dihydro-[4,4'-bipyridine]-3-

carbonitrile (6) : 

Yellow powder; Yield: 86%, m.p. 270–272 °C, 

FT-IR (KBr, cm-1): 3412 (NH stretching, 

amide), 3042 (Ar-CH stretching), 2941, 2837 

(Aliphatic CH stretching), 2216 (C≡N 

stretching), 1676 (C=O stretching), 1599 (C=N 

stretching, pyridine), 1555 (C=C stretching, 

aromatic), 1225 (C-N stretching, pyridone), 

1265, 1030 (C-O-CH3 stretching). 1H-NMR 

(300 MHz, DMSO-d6) δ: 2.93–2.99 (t, 2H, 

CH2 β to pyridone ring), 3.07–3.13 (t, 2H, CH2 

α to pyridone ring), 3.86 (s, 3H, OCH3), 6.46 

(s, 1H, Pyridone-H), 7.12–7.16 (d, 1H, Ar-H), 

7.28 (s, 1H, Ar-H), 7.37–7.38 (d, 1H, Ar-H), 

7.49 (s, 1H, Ar-H), 7.55–7.59 (m, 2H, 

Pyridine-H), 7.74–7.78 (m, 2H, Ar-H), 8.72–

8.75 (m, 2H, Pyridine-H), 12.43 (s, 1H, NH). 
13C-NMR (75 MHz, DMSO-d6) δ: 34.49, 

35.15, 55.63 (OCH3), 102.99, 106.33, 116.35 

(CN), 119.09, 121.01, 122.72, 126.77, 127.30, 

127.99, 128.97, 129.32, 133.44, 134.97, 

143.32, 150.64, 156.09, 157.45 (C-OCH3), 

160.02, 165.01 (C=O). 

 

2 '- amino-6'-(2-(6-methoxynaphthalen-2yl ) 

ethyl) [2,4'-bipyridine]-3'-carbonitrile  

(7) :  

Reddish-brown powder, Yield: 75%, m.p. 

212–214 °C, FT-IR (KBr, cm-1): 3464, 3412 

(NH2 stretching), 3235 (Overtone of NH2 

bending), 3053 (Ar-CH stretching), 2943, 

2845 (Aliphatic CH stretching), 2208 (C≡N 

stretching), 1637 (NH2 bending), 1614 (C=N 

stretching, pyridine), 1584 (C=C stretching, 

aromatic), 1258, 1024 (C-O-CH3 stretching). 
1H-NMR (300 MHz, DMSO-d6) δ: 3.08–3.10 

(t, 2H, CH2 β to pyridine ring), 3.49–3.51 (t, 

2H, CH2 α to pyridine ring), 3.86 (s, 3H, 

OCH3), 6.67 (s, 2H, NH2), 7.12–7.15 (d, 1H, 

Ar-H), 7.25 (s, 1H, Ar-H), 7.32–7.34 (m, 2H, 

Ar-H & Pyridine-H), 7.38–7.40 (t, 1H, 

Pyridine-H), 7.49 (s, 1H, Ar-H), 7.73–7.78 (m, 

2H, Ar-H), 7.92–7.95 (t, 1H, Pyridine-H), 7.98 

(s, 1H, Pyridinyl-H), 8.72–8.74 (d, 1H, 

Pyridine-H). 13C-NMR (75 MHz, DMSO-d6) 

δ: 36.09, 37.11, 55.60 (OCH3), 93.29, 96.82, 

106.30, 115.79 (CN), 118.63, 119.05, 123.79, 

126.69, 127.31, 128.01, 129.00, 129.32, 
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133.41, 135.99, 137.71, 149.84, 154.15, 

154.97, 157.39 (C-OCH3), 161.01, 165.02. 

 

2 '- amino-6'-(2-(6-methoxynaphthalen-2-yl) 

ethyl)-[3,4'-bipyridine]-3'-carbonitrile (8) : 

Mustard yellow powder, Yield: 83%, m.p. 

216–218 °C, FT-IR (KBr, cm-1): 3472, 3404 

(NH2 stretching), 3233 (Overtone of NH2 

bending), 3115 (Ar-CH stretching), 2930 

(Aliphatic CH stretching), 2216 (C≡N 

stretching), 1632 (NH2 bending), 1612 (C=N 

stretching, pyridine), 1578 (C=C stretching, 

aromatic), 1261, 1028 (C-O-CH3 stretching). 
1H-NMR (300 MHz, DMSO- d6) δ: 3.08–3.10 

(t, 2H, CH2 β to pyridine ring), 3.49–3.51 (t, 

2H, CH2 α to pyridine ring), 3.87 (s, 3H, 

OCH3), 6.81 (s, 2H, NH2), 7.12–7.15 (d, 1H, 

Ar-H), 7.29 (s, 1H, Ar-H), 7.37–7.39 (d, 1H, 

Ar-H), 7.52 (s, 2H, Ar-H & Pyridine-H), 7.63–

7.65 (t, 1H, Pyridine-H), 7.73–7.78 (m, 2H, 

Ar-H), 8.49–8.51 (d, 1H, Pyridine-H), 8.68–

8.70 (d, 1H, Pyridine-H), 9.29 (s, 1H, Pyridine-

H). 13C-NMR (75 MHz, DMSO-d6) δ: 36.01, 

37.07, 55.61  (OCH3), 93.57, 96.48, 106.30, 

115.69 (CN), 119.07, 123.94, 126.72, 127.30, 

128.02, 128.98, 129.30, 133.41, 133.96, 

135.93, 136.47, 146.66, 149.07, 152.28, 

157.40 (C-OCH3), 161.01, 163.57. 

 

2-amino-6-(2-(6-methoxynaphthalen-2-yl) 

ethyl)-[4,4'-bipyridine]-3-carbonitrile (9) : 

Greenish-yellow powder, Yield: 87%, m.p. 

220–222 °C, FT-IR (KBr, cm-1): 3474, 3379 

(NH2 stretching), 3227 (Overtone of NH2 

bending), 3055 (Ar-CH stretching), 2932 

(Aliphatic CH stretching), 2214 (C≡N 

stretching), 1655 (NH2 bending), 1603 (C=N 

stretching, pyridine), 1572 (C=C stretching, 

aromatic), 1263, 1028 (C-O-CH3 stretching). 
1H-NMR (300 MHz, DMSO- d6) δ: 3.07–3.09 

(t, 2H, CH2 β to pyridine ring), 3.49–3.51 (t, 

2H, CH2 α to pyridine ring), 3.87 (s, 3H, 

OCH3), 6.83 (s, 2H, NH2), 7.13–7.16 (d, 1H, 

Ar-H), 7.29 (s, 1H, Ar-H), 7.36–7.39 (d, 1H, 

Ar-H), 7.44 (s, 1H, Ar-H), 7.63 (s, 1H, 

Pyridine-H), 7.73–7.78 (m, 2H, Ar-H), 8.00–

8.02 (d, 2H, Pyridine-H), 8.68–8.70 (d, 2H, 

Pyridine-H). 13C-NMR (75 MHz, DMSO-d6) 

δ: 36.03, 37.11, 55.60 (OCH3), 92.94, 96.87, 

106.18, 115.63 (CN), 118.62, 123.50, 126.75, 

127.34, 128.04, 128.95, 129.34, 133.40, 

135.90, 145.50, 150.40, 152.48, 157.38 (C-

OCH3), 161.12, 163.50. 

 

2.4 .Biological Evaluation 

2.4.1 .Cell Culture  

A549 (human lung adenocarcinoma) and 

HdFn (human dermal fibroblasts) cell lines 

were cultured in RPMI 1640 medium 

containing 15% FBS, 100 IU/ml Penicillin, 

100 µg/ml Streptomycin, and 1% Sodium 

Bicarbonate. Cell lines were maintained in a 

humidified incubator (37 °C, 5% CO2). 

Subsequently, the cell lines were harvested 

with Trypsin/EDTA (1% Trypsin/1% EDTA) 

and counted with a hemocytometer for use in 

assays (35). 

 

2.4.2 .In Vitro Cytotoxicity (MTT Assay) 

The reference drugs and synthesized 

compounds were evaluated by using the 3-

(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) 

colorimetric assay (Intron Biotech, Korea)  . 

A549 and HDFn cells were separately seeded 

into 96-well culture plates at a volume of 200 

µL of complete culture medium per well and 

incubated for 24 h at 37 °C to allow adequate 

cell attachment. After an incubation period, the 

culture medium was completely decanted from 

each well, and fresh medium containing two-

fold serial dilutions of each of the assessed 

experimental drug candidate concentrations 

(12.5, 25, 50, 100, 200, and 400 µg/mL) was 

added to each well for an additional 48 hr 

incubation period. All treatments and controls 

were performed in triplicate. Afterward, cell 

viability was evaluated using the MTT assay. 

Cells were treated with 10 µL of MTT solution 

and incubated for 4 hr at 37 °C in 5% CO2  .The 
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supernatant was discarded, and the formed 

formazan crystals were dissolved by adding 

100 µL of dimethyl sulfoxide (DMSO) to each 

well, followed by a 5 min incubation to ensure 

complete dissolution (36). The Half-Maximal 

Inhibitory Concentration (IC50), defined as 

the concentration that reduces cell viability by 

50%, was calculated by nonlinear regression 

analysis of the dose-response curves (37). IC₅₀ 

values were calculated by nonlinear regression 

analysis of the concentration–response curves 

using GraphPad Prism software. The 

selectivity index (SI) was calculated as the 

ratio of the IC₅₀ value in normal HDFn cells to 

that in A549 cancer cells. 

 

3 .Results  
3.1 .Synthesis analysis 

3.1.1. Proposed Reaction Mechanisms 

The formation of these rings follows a Michael 

addition-cyclization sequence. Ammonium 

acetate plays a dual role, acting as a basic 

catalyst to generate the carbanion and as a 

source of nitrogen for the ring closure. 

 

3.1.2. Mechanism of synthesis of Chalone 

derivatives (1-3)  

The mechanism for synthesizing base-

catalyzed chalcone derivatives is shown in 

Scheme 2. The aldol condensation process 

transpires between Nabumetone and various 

aldehyde derivatives, namely pyridine-2-

carbaldehyde, pyridine-3-carbaldehyde, and 

pyridine-4-carbaldehyde, including the 

following steps (38). 

          

• Step 1: Formation of the enolate ion 

        The initial step is an acid-base reaction. 

Hydroxide acts as a base, removing an acidic 

α-hydrogen to produce a reactive enolate.   

          

• Step 2: Nucleophilic addition (alkoxide 

formation) 

         In a nucleophilic addition process, the 

carbonyl carbon of pyrdinylaldehyde is 

attacked by the nucleophilic enolate, forming 

an intermediate alkoxide. 

 

• Step 3: Alkoxide protonation 

The alkoxide deprotonates a water molecule, 

yielding a hydroxide ion and a β- 

hydroxyketone, the aldol product. 

 

• Step 4: Dehydration 

      The hydroxide functions as a base, removing 

the acidic β-hydrogen to form the reactive 

enolate. The enolate's negative charge is used 

to generate a carbon-carbon double bond 

(C=C) and to displace a leaving group, 

regenerating the hydroxide and forming the 

final product, the conjugated ketone. 
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1: Formation of the enolate ion 

 
 

2: Formation of Alkoxide (Nucleophilic Addition) 

 
 

3: Alkoxide protonation 

 
 

4: Dehydration 

 
 

                    
 

Scheme (2): Mechanism of chalcone preparation. 

 

3.1.3. Mechanism of synthesis of 2-

pyridone-3-carbonitrile derivatives (4-6): 

As shown in Scheme 3, this mechanism 

involves the cyclo-condensation of chalcones 

(1-3) with ethyl cyanoacetate and ammonium 

acetate. The initial step involves the formation 

of an open-chain Michael adduct (Ⅰ) via the 

reaction of ethyl cyanoacetate with chalcone 

derivatives (1-3). This is followed by a 

reaction with ammonium acetate, yielding an 

imine intermediate (ⅠⅠ). The final products (4-

6) are subsequently obtained via cyclization, 

isomerization, and aromatization (39). 
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Scheme (3): Mechanism for the synthesis of the 3-cyano 2-pyridone series from chalcone 

derivatives. 

 

3.1.4. Mechanism of synthesis of 2-

aminopyridine-3-carbonitrile derivatives 

(7-9):  

The mechanism of the synthesis is illustrated 

in Scheme 4, which comprises the following 

reaction: chalcone derivatives (1-3) react with 

malononitrile and ammonium acetate. 

Initially, a compound (Ⅰ) is generated via a 

Michael addition reaction between 

malononitrile and    chalcone derivatives (1-3). 

This is followed by a reaction with ammonium 

acetate to form an imine intermediate (ⅠⅠ), 

which is then cyclized to yield the final 

products (7-9) (40). 

 
Scheme (4): Mechanism for the synthesis of the 2-amino-3-cyanopyridine derivatives from 

chalcone derivatives. 

https://creativecommons.org/licenses/by/4.0/


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2026, Vol. 26, No.3                       (Research article) 

AJPS (2026)  428 

AJPS is licensed under a Creative Commons Attribution 4.0 International License  

3.2.  Spectroscopic Characterization and 

Structural Transformation 

The chemical structures of the newly 

synthesized hybrid (1-3) were confirmed by 

comparative spectroscopic analysis using FT-

IR, 1H-NMR, and 13C-NMR. In the FT-IR, the 

characteristic strong absorption band of the 

Nabumetone carbonyl group at 1705.07 cm⁻¹ 

was completely absent in all synthesized 

chalcone derivatives. The successful formation 

of chalcone derivatives was identified by the 

emergence of a new carbonyl (C=O) stretching 

band in the region at (1653.00-1654.92) cm-1, 

and the appearance of a new C=C unsaturated 

stretching band at (1629.85-1631.78) cm-1.  

The 1H-NMR results indicate the 

disappearance of the singlet CH3 protons of 

nabumetone at (2.11) ppm and the appearance 

of a doublet peak for the CH2 proton of α-vinyl 

protons at (3.01-3.15) ppm and for the CH2 

proton of β-vinyl protons at (2.86-3.04) ppm, 

as well as the appearance of a multiplet peak 

for CH protons at (7.40-7.42).   

The 13C-NMR results have revealed peaks at 

(199.09-200.01) ppm, which represent the 

C=O, (42.50-44.56) ppm for the α-vinylic 

carbon, and (32.37-36.05) ppm for the β-

vinylic carbon, and the disappearance of the 

CH3 peak at (30.24) of nabumetone in all 

synthesized chalcone derivatives.  

In the case of the pyridone derivatives (4-6), 

the presence of a lactam was confirmed by a 

new C=O band in the infrared spectrum at 

1651.07–1676.14 cm⁻¹, along with a sharp 

C≡N band at 2216.21 cm⁻¹. Additionally, the 
1H-NMR of these compounds showed a 

diagnostic pyridone NH singlet between 12.43 

and 12.89 ppm and a characteristic C5-H 

singlet from the pyridone ring between 6.40 

and 6.46 ppm. Similarly, the 13C-NMR spectra 

of these compounds showed the appearance of 

a new lactam C=O peak at 160.02–161.47 ppm 

and a nitrile carbon at 115.69–116.35 ppm, 

confirming the pyridone architecture. In 

contrast, the 2-aminonicotinonitrile series (7-

9) was found to contain a primary amine 

(NH2). FT-IR spectra of this substance showed 

two distinct bands corresponding to the 

asymmetric and symmetric stretching of the 

NH2 group, ranging from 3464.15 to 3473.80 

cm⁻¹.  

In the 1H-NMR, there was a broad 

exchangeable singlet representing two protons 

within the chemical shift range of 6.67- 6.83 

ppm. The construction of the pyridine 

backbone in this series of compounds was 

further verified by the presence of a C5-H 

proton with a chemical shift of 7.52-7.98 ppm 

and by the carbon that correlates with the 

nitrogen (C2-NH2), which showed a 13C NMR 

chemical shift of 161.01-161.12 ppm. Each of 

these conversion steps indicated that the 

original structure of Nabumetone was still 

entirely intact because the methoxy (OCH3) 

singlet chemical shift remained at 3.86- 3.87 

ppm with a corresponding carbon shift of 

55.60- 55.63 ppm, as well as the triplet-triplet 

pattern created by the ethylene bridge in the 

aliphatic region. 

 

3.3. In Vitro Cytotoxicity  

The anti-proliferative activities of the 

synthesized nabumetone-pyridine hybrids (4-

9) were evaluated against the human lung 

adenocarcinoma (A549) cell line and the 

normal human dermal fibroblast (HDFn) cell 

line for 48 hours using the MTT assay. Table 1 

summarizes the results, expressed as IC50 

values and Selectivity Indices (SI). Figure 1 

illustrates a graphical comparison of the 

cytotoxic activities. Among the synthesized 

compounds, compound (6) showed the lowest 

IC₅₀ value against A549 cells at 31.82 µg/mL, 

followed by compound (8) with an IC₅₀ value 

of 38.09 µg/mL. Compound (6) exhibited an 

IC₅₀ value of 156.70 µg/mL against HDFn 

cells, corresponding to an SI value of 4.92, 

whereas compound (8) showed an IC₅₀ value 

of 148.70 µg/mL against HDFn cells and an SI 

value of 3.90. 
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The reference drug erlotinib exhibited an IC₅₀ 

value of 34.10 µg/mL against A549 cells and 

146.20      µg/mL against HDFn cells, resulting 

in an SI value of 4.28.

Table (1): Cytotoxicity assay (IC50) and selectivity index (SI) of the synthesized compounds 

and Erlotinib for 48 hr. 
Compound IC50 A549 μg/mL IC50 HDFn μg/mL Selectivity index (SI) 

4 85.44 120.00 1.40 

5 70.53 118.70 1.70 

6 31.82 156.70 4.92 

7 90.63 124.80 1.40 

8 38.09 148.70 3.90 

9 53.12 107.60 2.00 

Erlotinib 34.10 146.20 4.28 

SI = IC₅₀ (HDFn) / IC₅₀ (A549) 

 

Figure 1: Comparison of IC50 values (μg/mL) of the synthesized compounds and erlotinib 

against A549 and HDFn cell lines for 48 hr. 

4. Discussion 
The spectroscopic findings supported the 

successful transformation of the nabumetone-

derived chalcone intermediates into the 

corresponding pyridone and 2-amino-3-

cyanopyridine derivatives. The shift of the 

carbonyl absorption from that of the parent 

nabumetone to the lower-frequency 

conjugated carbonyl region, together with the 

appearance of a C=C stretching band, 

supported formation of the chalcone 

intermediates. Subsequent appearance of 

characteristic lactam, nitrile, NH, and NH₂ 

signals in the FT-IR and NMR spectra 

provided further evidence for formation of the 

targeted heterocyclic systems. At the same 

time, retention of the methoxy and ethylene-

linker signals indicated preservation of the 

nabumetone-derived naphthalene moiety 

throughout the synthetic transformations. The 

cytotoxicity results indicate that both scaffold 

type and substitution position influenced the 

biological activity of the synthesized 

compounds. Among the pyridone derivatives, 

compound (6) showed cytotoxic activity 

comparable to erlotinib against A549 cells, 
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with IC₅₀ values of 31.82 and 34.10 µg/mL, 

respectively. It also showed the highest 

selectivity index (SI = 4.92). Within the 2-

amino-3-cyanopyridine series, compound (8) 

showed a good IC₅₀ value of 38.09 µg/mL and 

an SI value of 3.90. 

Overall, the findings suggest that the para-

substituted pyridone scaffold and the meta-

substituted 2-amino-3-cyanopyridine scaffold 

provided the most favorable cytotoxicity and 

selectivity profiles among the tested 

compounds. 

 

5. Conclusion 
A series of novel nabumetone-derived 

pyridone and 2-amino-3-cyanopyridine 

compounds was successfully synthesized and 

structurally characterized using FT-IR, ^1H 

NMR, and ^13C NMR spectroscopy. Among 

the tested compounds, the para-substituted 

pyridone derivative (6) exhibited the most 

favorable cytotoxicity and selectivity profile 

against A549 cells, while the meta-substituted 

2-amino-3-cyanopyridine derivative (8) was 

the most active member of its series. The 

observed differences among the compounds 

indicate that both heterocyclic scaffold type 

and substitution position influence biological 

activity. These findings support further 

investigation of compounds (6) and (8) as 

potential lead structures for the development 

of anticancer agents. 

 

References 
1.  Bray F, Laversanne M, Sung H, Ferlay J, 

Siegel RL, Soerjomataram I, et al. Global 

cancer statistics 2022: GLOBOCAN estimates 

of incidence and mortality worldwide for 36 

cancers in 185 countries. CA Cancer J Clin. 

2024;74(3):229–63.  

2.  Vicidomini G. Current challenges and future 

advances in lung cancer: Genetics, 

instrumental diagnosis and treatment. Vol. 15, 

Cancers. MDPI; 2023. p. 3710.  

3.  Smolarz B, Łukasiewicz H, Samulak D, 

Piekarska E, Kołaciński R, Romanowicz H. 

Lung cancer—epidemiology, pathogenesis, 

treatment and molecular aspect (review of 

literature). Int J Mol Sci. 2025;26(5):2049.  

4.  Leone GM, Scuderi G, Fagone P, Mangano K. 

Directions of Immunotherapy for Non-Small-

Cell Lung Cancer Treatment: Past, Present and 

Possible Future. Int J Mol Sci. 

2025;26(22):11055.  

5.  Vincent T, Sakthivel KM, Josephine CMR, 

Prasad R, Chinnadurai K, Kumar P, et al. 

Mechanistic insights into molecular targeted 

therapy and immunotherapy for lung cancer. 

Biochem Biophys Res Commun. 2025; 

776:152204.  

6.  Roskoski Jr R. Properties of FDA-approved 

small molecule protein kinase inhibitors: a 

2026 update. Pharmacol Res. 2026;108107.  

7.  Roskoski R. Properties of FDA-approved 

small molecule protein kinase inhibitors: A 

2020 update. Pharmocol Res. 2020; 

152:104609. Available from: 

https://www.sciencedirect.com/science/article

/pii/S1043661819328890 

8.  K. Bhanumathy K, Balagopal A, Vizeacoumar 

FS, Vizeacoumar FJ, Freywald A, Giambra V. 

Protein tyrosine kinases: their roles and their 

targeting in leukemia. Cancers (Basel). 

2021;13(2):184.  

9.  Saraon P, Pathmanathan S, Snider J, 

Lyakisheva A, Wong V, Stagljar I. Receptor 

tyrosine kinases and cancer: oncogenic 

mechanisms and therapeutic approaches. 

Oncogene. 2021;40(24):4079–93.  

10. Kumar R, Goel H, Solanki R, Rawat L, 

Tabasum S, Tanwar P, et al. Recent 

developments in receptor tyrosine kinase 

inhibitors: A promising mainstay in targeted 

cancer therapy. Med Drug Discov. 

2024;23:100195.  

https://creativecommons.org/licenses/by/4.0/


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2026, Vol. 26, No.3                 (Research article) 

 

AJPS (2026)  431 

AJPS is licensed under a Creative Commons Attribution 4.0 International License  

 

11. Combarel D, Dousset L, Bouchet S, Ferrer F, 

Tetu P, Lebbe C, et al. Tyrosine kinase 

inhibitors in cancers: Treatment optimization–

Part I. Crit Rev Oncol Hematol. 2024; 

199:104384.  

12. Deshmukh VG, Sapkal SB, Gadekar SS, 

Deshmukh V. EGFR inhibitors across 

generations: Progress, challenges, and future 

directions. J Mol Struct. 2025; 1339:142326.  

13. Bordet C, Dongay V, Zelmat Y, Mazieres J, 

Despas F. Protein Kinase Inhibitors Indicated 

for Lung Cancer: Pharmacodynamics, 

Pharmacokinetics, Adverse Drug Reactions, 

and Evaluation in Clinical Trials. J Clin Pharm 

Ther. 2024;2024(1):5437090. Available from: 

https://doi.org/10.1155/2024/5437090 

14. Matsumoto K, Hasegawa T, Ohara K, Takei 

C, Kamei T, Koyanagi J, et al. A metabolic 

pathway for the prodrug nabumetone to the 

pharmacologically active metabolite, 6-

methoxy-2-naphthylacetic acid (6-MNA) by 

non-cytochrome P450 enzymes. Xenobiotica. 

2020;50(7):783–92.  

15. Roy HK, Karoski WJ, Ratashak A, Smyrk TC. 

Chemoprevention of intestinal tumorigenesis 

by nabumetone: induction of apoptosis and 

Bcl-2 downregulation. Br J Cancer. 

2001;84(10):1412–6.  

16. Alawad KM, Mahdi MF, Raauf AMR. 

Molecular Docking study, and In vitro 

Evaluation of Antitumor Activity of Some 

New Isoxazoline and Pyrazoline Derivatives 

of Nabumetone against breast cancer cell line 

(MCF-7). Al Mustansiriyah Journal of 

Pharmaceutical Sciences. 2022;22(3):24–34.  

17. Jameel BK, Raauf AMR, Abbas WAK. 

Synthesis, characterization, molecular 

docking, in silico ADME study, and in vitro 

cytotoxicity evaluation of new pyridine 

derivatives of nabumetone. Al Mustansiriyah 

Journal of Pharmaceutical Sciences. 

2023;23(3):250–62.  

18. Kadhim AH, Mahdi MF, Raauf AMR. 

Design, Molecular Docking, Synthesis, and 

Pharmacological Evaluation of Nabumetone-

Derived Oxadiazole and Thiadiazole Schiff 

Bases as Potential EGFR Inhibitors for 

NSCLC. Al Mustansiriyah Journal of 

Pharmaceutical Sciences. 2025;25(5):973–91.  

19. Meenatchi V, Kim S, Won SY, Buvaneswari 

K, Han SS. Synthesis, nonlinear optical 

activity, solvents effect, β-cyclodextrin effect, 

and cytotoxic activity on skin fibroblast and 

breast cancer cell lines of a new chalcone 

derivative of nabumetone. Spectrochim Acta 

A Mol Biomol Spectrosc. 2025; 325:125148.  

20. Mallia A, Sloop J. Advances in the synthesis 

of heteroaromatic hybrid chalcones. 

Molecules. 2023;28(7):3201.  

21. Donaire-Arias A, Poulsen ML, Ramón-Costa 

J, Montagut AM, Estrada-Tejedor R, Borrell 

JI. Synthesis of chalcones: an improved high-

yield and substituent-independent protocol for 

an old structure. Molecules. 

2023;28(22):7576.  

22. Al-Masri E, Al-Refai M, Al-Masri HT, Ali 

BF, Makhseed S, Salah L, et al. Synthesis, 

characterization, crystal structure, and 

fluorescence behavior of new 4-aryl-6-(2, 5-

dichlorothiophen-3-yl)-2-methylpyridine-3-

carbonitrile derivatives. J Mol Struct. 2023; 

1271:134034.  

23. Sadallah N, Charif IE, Chemouri H. 

Theorectical Study of Tautomerism, 

Physicochemical and ADMET Properties of 2-

Pyridone Derivatives. Theoretical Foundations 

of Chemical Engineering. 2023;57(Suppl 1): 

S102–9.  

24. Islam MB, Islam MI, Nath N, Emran T Bin, 

Rahman MR, Sharma R, et al. Recent advances 

in pyridine scaffold: focus on chemistry, 

synthesis, and antibacterial activities. Biomed 

Res Int. 2023;2023(1):9967591.  

25. Wang S, Yuan X-H, Wang S-Q, Zhao W, 

Chen X-B, Yu B. FDA-approved pyrimidine-

https://creativecommons.org/licenses/by/4.0/


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2026, Vol. 26, No.3                 (Research article) 

 

AJPS (2026)  432 

AJPS is licensed under a Creative Commons Attribution 4.0 International License  

 

fused bicyclic heterocycles for cancer therapy: 

Synthesis and clinical application. Eur J Med 

Chem. 2021; 214:113218.  

26. Sanchez RI, Fillgrove KL, Yee KL, Liang Y, 

Lu B, Tatavarti A, et al. Characterisation of the 

absorption, distribution, metabolism, excretion 

and mass balance of doravirine, a non-

nucleoside reverse transcriptase inhibitor in 

humans. Xenobiotica. 2019;49(4):422–32.  

27. Lin S, Liu C, Zhao X, Han X, Li X, Ye Y, et 

al. Recent advances of pyridinone in medicinal 

chemistry. Front Chem. 2022; 10:869860.  

28. Fier PS, Kim S, Cohen RD. A multifunctional 

reagent designed for the site-selective 

amination of pyridines. J Am Chem Soc. 

2020;142(19):8614–8.  

29. Yousif OA, Mahdi MF, Raauf AMR. Design, 

synthesis, preliminary pharmacological 

evaluation, molecular docking and ADME 

studies of some new pyrazoline, isoxazoline 

and pyrimidine derivatives bearing 

nabumetone moiety targeting cyclooxygenase 

enzyme. Journal of Contemporary Medical 

Sciences. 2019;5(1).  

30. Karim HA, Raauf AM, Ali KF. Synthesis and 

preliminary pharmacological evaluation of 

some new triazole derivatives bearing 

nabumetone moiety targeting cyclooxygenase 

enzyme. Systematic Reviews in Pharmacy. 

2021;12(1):190–5.  

31. Bass AKA, Nageeb E-SM, El-Zoghbi MS, 

Mohamed MFA, Badr M, Abuo-Rahma GE-

DA. Utilization of cyanopyridine in design and 

synthesis of first-in-class anticancer dual 

acting PIM-1 kinase/HDAC inhibitors. Bioorg 

Chem. 2022; 119:105564.  

32. Sangwan S, Yadav N, Kumar R, Chauhan S, 

Dhanda V, Walia P, et al. A score years’ 

update in the synthesis and biological 

evaluation of medicinally important 2-

pyridones. Eur J Med Chem. 2022; 

232:114199.  

33. Ashmawy FO, Gomha SM, Abdallah MA, 

Zaki MEA, Al-Hussain SA, El-Desouky MA. 

Synthesis, in vitro evaluation and molecular 

docking studies of novel thiophenyl thiazolyl-

pyridine hybrids as potential anticancer agents. 

Molecules. 2023;28(11):4270.  

34. Ismail MMF, Farrag AM, Harras MF, Ibrahim 

MH, Mehany ABM. Apoptosis: A target for 

anticancer therapy with novel cyanopyridines. 

Bioorg Chem. 2020; 94:103481.  

35. Bhat M, Marar T. Cytotoxic Effect of Purified 

L-asparaginase from Salinicoccus sp. M 

KJ997975. Int J Curr Microbiol App Sci. 2015; 

4:701–12.  

36. Sánchez-Díez M, Romero-Jiménez P, 

Alegría-Aravena N, Gavira-O’Neill CE, 

Vicente-García E, Quiroz-Troncoso J, et al. 

Assessment of cell viability in drug therapy: 

IC50 and other new time-independent indices 

for evaluating chemotherapy efficacy. 

Pharmaceutics. 2025;17(2):247.  

37. Ghasemi M, Turnbull T, Sebastian S, 

Kempson I. The MTT assay: utility, 

limitations, pitfalls, and interpretation in bulk 

and single-cell analysis. Int J Mol Sci. 

2021;22(23):12827.  

38. Dotta D, Gastaldi M, Fin A, Barbero N, 

Barolo C, Cardano F, et al. Chalcone synthesis 

by Green Claisen–Schmidt reaction in cationic 

and nonionic micellar media. J Org Chem. 

2025;90(8):2915–26.  

39. Salhi F, Cheikh N, Villemin D, Bar N. 

Synthesis of 2-aminopyridine lactones and 

studies of their antioxidant, antibacterial and 

antifungal properties. Chemistry Proceedings. 

2022;6(1):9.  

40. Gouda M, El‐Ggani G, Berghot M, Khalil A. 

Synthesis and Antioxidant Activity of Some 

Novel Nicotinonitrile Derivatives Bearing a 

Furan Moiety. J Heterocycl Chem. 2019;56. 

doi: 10.1002/jhet.3584 

  

https://creativecommons.org/licenses/by/4.0/

