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Introduction  

 Pyridine products have long been studied due to the 

abundance of pyridine in nature and its widespread use as the 

structural core of numerous medicinal pharmaceuticals.
1,2

 These 

natural and manmade compounds have numerous uses in medication 

research and functional materials.
3,4

 This has contributed to the 

creation of physiologically relevant heterocyclic compounds such as 

pyridine analogues.
5
 Additionally, pyridine analogues are essential 

heterocyclic molecules with pharmacological and functional features 

that make them appealing as medicines and general synthetic building 

blocks.
6,7

 The pyridine core is found in anti-inflammatory and 

anticancer drugs.
8
 Anticancer medicines have been described as being 

comprised of pyridine derivatives, including different groups such as 

streptonigrone, streptonigrin, and lavendamycin, while cerivastatin has 

been reported as a hydroxymethylglutaryl-CoA reductase enzyme 

inhibitor.
9
 Furthermore, substituted pyridines have been found to be 

leukotriene B-4 antagonists.
10

 Cyanopyridine derivatives, on the other 

hand, have been demonstrated to have antibacterial,
11

 antioxidant,
12

 

antibiotic,
13

 anti-inflammatory,
14

 analgesic,
15

 anticonvulsant,
16

 and 

anticancer
17

 effects. 
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3-Cyano-2-pyridones are analogous to the alkaloid ricinine, the first 

known alkaloid that contains a cyano group. The anticancer activity of 

3-cyano-2-pyridone derivatives is exciting due to the numerous 

biological targets they may interact with, including phosphodiesterase 

3 and the provirus integration site for the Moloney murine leukaemia 

virus-1 kinase and survival.
18,19

 Encouraged by recent literature 

observations, some new pyridine derivatives were synthesised in this 

study, resulting in fascinating heterocyclic frameworks that are most 

beneficial for the construction of various chemical libraries of 

compounds with a variety of functional groups for examining unique 

biological agents. This study was aimed at synthesising new 3-cyano-

2-oxa-pyridine derivatives (4a-e) using substituted acetophenone, 

ethyl cyanoacetate, and aryl aldehydes in the presence of ammonium 

acetate. Moreover, they demonstrated anticancer efficacy against two 

cancer cell lines, namely cerebral glioblastoma multiforme and 

cervical carcinoma. The variations in biological activity induced by 

changes in the positions of substituted groups like H, Br, NH2, and 

OCH3 were explored as an outcome of this research. The synthesised 

compounds were subjected to theoretical calculations using the 

density-functional theory (DFT), an adverse medical device event 

(AMDE) assay, and by making comparisons with experimental data. 

These studies will provide insight into the molecular properties of 

novel pyridine derivatives. 

 

Materials and Methods  

Sources for cell lines and maintenance of cell cultures 

Two cancer cell lines, namely cerebral glioblastoma multiforme 

(AMGM5) and cervical carcinoma (HeLa), were purchased from the 

IRAQ Biotechnology Cell Banking Centre in Basrah and grown in 

RPMI-1640 treated with 10% foetal bovine serum, 100 units/mL of 

the antibiotic penicillin, and 100 g/mL of minocycline. The cells were 
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Compounds 4a, 4b, and 4e, on the other hand, showed a cytotoxic action against the HeLa cell 
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passed with Trypsin-EDTA, reseeded at 70% viability twice to three 

times per week, and grown at 37°C in 5% carbon dioxide (CO2).
20

         

 

Synthesis of substituted 3-cyano-2-oxa-pyridines (4a-e) 

A mixture of aryl-ketone (10 mmol), ethyl cyanoacetate (10 mmol), 

the appropriate aldehyde (1 mmol), and ammonium acetate (77 mmol) 

in n-butanol (20 mL) was refluxed overnight until completion (TLC 

eluent: hexane-ethyl acetate (6:4)), and iodine vapours were employed 

to see the spot. Then, the solvent was evaporated, precipitated by 

crushed ice, and the generated residue was washed with ethyl alcohol. 

The remaining residue was collected, dried, and crystallized from 

ethyl alcohol to yield the synthesized products.  

 

Spectral analyses 

All the chemicals were purchased from Sigma-Aldrich® and utilized 

without further purification. The melting points of the synthesized 

compounds were determined in capillary tubes utilizing the Griffin 

apparatus. The reaction was checked on silica gel TLC plates. Proton 

nuclear magnetic resonance (
1
H NMR) at 400 MHZ and 

13
C-NMR at 

100 MHZ were carried out on a Bruker® ARX-400 spectrometer at the 

University of Basrah, Iraq. Deuterated dimethyl sulfoxide was used as 

the internal solvent (
1
H NMR: DMSO-d6: δ 2.5 ppm and water at 3.35 

ppm; carbon-13 (C13) nuclear magnetic resonance (
13

C NMR): 

DMSO-d6: δ 39.52 ppm), and the internal standard was TMS 

(tetramethylsilane). At Tehran University in Iran, an Agilent® 5973 

spectrometer was used to record the mass spectra of the manufactured 

products using the electron impact (EI) technique at a voltage of 70 

eV. 

 

Rapid cell feasibility analyses 

To determine the cytotoxic effect, an MTT (3-(4, 5-dimethylthiazol-2-

yl)-2, 5- diphenyltetrazolium bromide) assay was performed using 96-

well plates. Trypsin was used to enzymatically separate the AMGM5 

and HeLa cells, which were then gathered and standardised to a 

density of 1.4 at 104 cells/well to create a monolayer culture.
21

 After 

being seeded onto 96-well plates with 200 μl of fresh media in each 

well, the standardised cells were cultured for 24 hours. The cells were 

exposed to substances ranging from 125 to 1000 μg/mL for 24 hours at 

37°C in 5% CO2 after they had formed a single layer. The liquid above 

was taken out and 200 μl/well of MTT solution (0.5 mg/mL in 

phosphate-buffered saline [PBS]) was added after the therapy (72 

hours) had ended. The monolayer culture was left unaltered in its 

original container. The dish was then kept at 37°C for an additional 

four hours. After removing the cell supernatant, 100 μl of dimethyl 

sulfoxide was added to each well in place of the MTT solution. The 

cells were cultivated for the full dissolution of the crystals at 37°C on 

shaking equipment. Their absorbance at 620 nm was used to measure 

the viability using a Biotek® PowerWave™ XS Microplate ELISA 

Reader (USA). Based on the dose-response curves, the IC50—a 

measure of the concentration of a chemical that caused a 50% 

reduction in cell viability—was computed.
22,23

 

 

Predicting the in-silico absorption, distribution, metabolism, and 

excretion (ADME) properties 

 The SwissADME online
24,25

 tool was used to calculate the predicted 

pharmacokinetics and drug-likeness properties of the newly 

synthesised compounds to evaluate them as potential drug candidates. 

 

Optimising the compounds' models and geometries 

Figure 3 shows the optimised molecular geometries of the compounds 

calculated at the B3LYP/6-311+G(d,p) level. The computations were 

performed using the Gaussian 03 program,
26

 and after the 

optimisation, none of the frequency computations created imaginary 

frequencies. 

 

Results and discussions   

3-Cyano-2-oxa-pyridine compounds are increasingly important in 

modern medicine, particularly in cancer therapy. To begin, to evaluate 

the simplicity of the one-pot multicomponent reaction
27,28 

using 

substituted acetophenone, ethyl cyanoacetate, and aryl aldehydes in 

the presence of ammonium acetate in n-butanol under reflux 

overnight, good yield was obtained (Scheme 1). The structures of all 

the resultant pyridine analogues were validated using NMR 

spectroscopy and mass spectrometry. 3-Cyano-2-oxa-pyridine 

compounds 4a-e were used to generate 
1
H NMR spectra. The singlet 

signals at 12.93, 12.87, 12.91, and 8.36 ppm are attributed to the NH 

group, with the remaining protons in the correct positions. Compound 

4e showed that the singlet signal at δ 3.89 ppm belongs to the NH2 

group. Furthermore, the 
13

C NMR spectra of compounds 4a-e 

exhibited signals at 117.0, 117.3, 117.1, 117.2, and 116.6 ppm, which 

were attributed to the cyano group, and signals at 160.1, 159.1, 160.5, 

160.6, and 160.5 ppm attributed to the carbonyl group. The 2-D NMR 

analysis using HSQC was carried out for compound 4e, and it revealed 

a correlation among the signal at 3.92 (3H, s) ppm and the CH signal 

at 56.0 ppm, as well as the signal at 7.41 (1H, s) ppm and the CH 

signal at 106.8 ppm. The mass spectra of the 4a-e compounds revealed 

the presence of a molecular ion (m/z): 400.1 (M)⁺, 428.2 (M)⁺, 398.2 

(M)⁺, 337.2 (M)⁺, and 367.4 (M)⁺, which corresponded to the 

predicted values of m/z 400.02, 428.15, 398.14, 337.12, and 367.13. 

Table 1 shows the physical properties and molecular formula of 

compounds 4a-e.  

 

Br

H

O

CH3COONH4

reflux 24 hrs

NC
O

O

R

O

R1

HN
CN

R

O

n-butanol

OCH3

R1 =

R1

R = NH2

+

,

, ,

 Scheme 1: Synthetic route of target pyridine compounds. 

 
Table 1: The physical properties of prepared compounds. 

 

Yield (%)
a
   m.p (

o
C) 

 

Time/h 

 

Color M.wt 

g/mol 

Molecular formula Compounds 

88 

85 

80 

76 

84 

236-238 265-

267 251-253 

230-232 242-

244 

24 

24 

24 

24 

24 

white 

yellow 

yellow 

yellow 

yellow 

401.26 

428.49 

398.47 

337.38 

367.41 

C22H13BrN2O 

C29H20N2O2 

C28H18N2O 

C22H15N3O 

C23H17N3O2 

4a 

4b 

4c 

4d 

4e 

a
Isolated pure derivative 
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Table 2: Cytotoxic effects of test compounds on the AMGM5 and HeLa cell lines 
 

Compounds  IC50 AMGM5 IC50 HeLa 

4a       656.4                   558.5 

 

4b                   ---                     

 

775.6 

4c       781.5                       

 

--- 

4d         ----                          

 

--- 

4e  374.5 

 

615.9 

 

 

Characteristics of the synthesized compounds 

6-(4-bromophenyl)-4-(naphthalene-2-yl)-2-oxo-1,2-dihydropyridine-3 

carbonitrile (4a) 

It was white in colour and yielded 88% at an mp of 236-238°C, 1H 

NMR (DMSO-d6): H8 (1H, δ=7.04 ppm), H21,22 (2H, δ=7.65 ppm), 

H1,3 (2H, 7.76 ppm), H19 (1H, 7.84 ppm), H4,6 (2H, 7.90 ppm), 

H20,23 (2H, 8.05 ppm), H15 (1H, 8.11 ppm), H16 (1H, 8.34 ppm), 

H12 (1H, 12.93 ppm). 13C NMR (DMSO-d6): C10 (δ=117.0 ppm), 

C8 (δ=125.4 ppm), C25 (δ=125.7 ppm), C5 (δ=125.8 ppm), C15 

(δ=127.5 ppm), C16 (δ=128.2 ppm), C22 (δ=128.8ppm), C23 

(δ=128.9 ppm), C21 (δ=129.1ppm), C20 (δ=130.3 ppm), C1,3 

(δ=132.4 ppm), C19 (δ=132.9 ppm), C2 (δ=133.8 ppm), C4,6 

(δ=133.9 ppm), C14 (δ=139.2 ppm), C18 (δ=142.3 ppm),  C17 

(δ=145.3 ppm), C7 (δ=151.7 ppm), C11 (δ=160.1 ppm), C9 (δ=162.6 

ppm). MS (EI): m/z 400.1 [M]⁺, as shown in Figures 5-7.  

 

6-([1,1'-biphenyl]-4-yl)-4-(6-methoxynaphthalen-2-yl)-2-oxo-

1,2dihydropyridine-3-carbonitrile (4b) 

It was yellow in colour and yielded 85% at an mp of 265-267°C, 1H 

NMR (DMSO-d6): H33 (3H, δ=3.92 ppm), H13 (1H, δ=7.01 ppm), 

H23 (1H, 7.28 ppm), H21, 27 (2H, 7.44 ppm), H26, 28 (2H, 7.51 

ppm), H25, 29 (2H, 7.76 ppm), H1,3,20 (3H, 7.85 ppm), H4,6,17,24 

(4H, 8.01 ppm), H16 (1H, 8.29 ppm), H9 (1H, 12.87 ppm). 13C NMR 

(DMSO-d6): C33 (δ=55.9 ppm), C11 (δ=106.3 ppm), C21 (δ=106.4 

ppm), C13 (δ=117.3), C30 (δ=119.6), C23 (δ=120.1 ppm), C16 

(δ=121.5 ppm), C17 (δ=125.5 ppm) C1,3 (δ=126.3 ppm), C4,6 

(δ=127.3 ppm), C19 (δ=127.5 ppm), C25 (δ=127.7 ppm), C29 

(δ=127.9 ppm), C27 (δ=128.3 ppm), C24 (δ=128.7 ppm), C26 

(δ=129.6 ppm), C28 (δ=130.8), C20 (δ=131.2 ppm), C5 (δ=131.4 

ppm), C15 (δ=134.0 ppm), C18 (δ=135.6 ppm), C7 (δ=139.2 ppm), 

C2 (δ=143.1 ppm), C8 (δ=144.9 ppm), C22 (151.5 ppm), C10 

(δ=159.1 ppm), C12 (δ=162.8 ppm). MS (EI): m/z 428.2 [M]⁺, as 

shown in Figures 8-10.    

 

6-([1,1'-biphenyl]-4-yl)-4-(naphthalen-2-yl)-2-oxo-1,2-

dihydropyridine-3 carbonitrile (4c) 

It was yellow in colour and yielded 80% at an mp of 251-253°C, 1H 

NMR (DMSO-d6): H8 (1H, δ=7.04 ppm), H27 (1H, δ=7.44 ppm), 

H22,26 (2H, δ=7.51 ppm), H28,21 (2H, δ=7.66 ppm), H25,29 (2H, 

δ=7.77 ppm), H19,20,23 (3H, δ=7.86 ppm), H4,6,1,3 (4H, δ=8.05 

ppm), H15 (1H, δ=8.12 ppm), H16 (1H, δ=8.36 ppm), H12 (1H, 

δ=12.91 ppm). 13C NMR (DMSO-d6): C10 (δ=117.1 ppm), C8 

(δ=122.8 ppm), C30 (δ=124.9 ppm), C15 (δ=125.8 ppm), C4,6 

(δ=127.3 ppm), C1,3 (δ=127.5 ppm), C16 (127.9 ppm), C22 (δ=128.2 

ppm), C23 (δ=128.8 ppm), C25 (δ=128.9 ppm), C27 (δ=129.6 ppm), 

C29 (δ=129.8 ppm), C20 (δ=131.3 ppm), C21 (δ=132.9 ppm), C26 

(δ=133.4 ppm), C28 (δ=133.9 ppm), C19 (δ=134.4 ppm), C2 (δ=136.9 

ppm), C14 (δ=139.2 ppm), C18 (δ=139.4 ppm), C17 (δ=143.2 ppm), 

C24 (δ=144.5 ppm), C5 (δ=145.0 ppm), C7 (δ=151.4 ppm), C11 

(δ=160.5 ppm), C9 (δ=162.4 ppm). MS (EI): m/z 398.2 [M]+, as 

shown in Figures 11-13.                                                       
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Figure 1: Cell viability assay on AMGM5cell line for compounds 4a-e. 

 

 

 
Figure 2: Cell viability assay on Hela cell line for compounds 4a-e. 

 

 

6-(4-aminophenyl)-4-(naphthalen-2-yl)-2-oxo-1,2-dihydropyridine-3 

carbonitrile (4d) 

It was yellow in colour and yielded 76% at an mp of 230-232°C, 1H 

NMR (DMSO-d6): H6,6/ (2H, δ=2.36 ppm), H9 (1H, δ=6.47 ppm), 

H23,22 (2H, δ=7.48 ppm), H4,7,1,3 (4H, δ=7.59 ppm), H21 (1H, 

δ=7.79 ppm), H20,24 (2H, δ=7.87 ppm), H16 (1H, δ=8.00 ppm), H17 

(1H, δ=8.11 ppm), H13 (1H, δ=8.36 ppm). 13C NMR (DMSO-d6): 

C11 (δ=117.2 ppm), C9 (δ=119.7 ppm), C4,7 (121.6 ppm), C25 

(δ=125.4 ppm), C2 (δ=125.6 ppm), C16 (125.9 ppm), C23 (δ=126.5 

ppm), C17 (δ=127.4 ppm), C24 (δ=127.9 ppm), C22 (128.1 ppm), C21 

(δ=128.3 ppm), C1,3 (δ=128.9 ppm), C20 (δ=129.1 ppm), C15 

(δ=131.4 ppm), C19 (δ=132.3 ppm),   C18 (δ=133.1 ppm), C5 

(δ=147.9 ppm), C8 (δ=152.8 ppm), C12 (δ=160.6 ppm), C10 (δ=162.0 

ppm). MS (EI): m/z 337.2 [M]⁺, as shown in Figures 14-16.                                                       

                                             

6-(4-aminophenyl)-4-(6-methoxynaphthalen-2-yl)-2-oxo-1,2-

dihydropyridine-3 carbonitrile (4e) 

It was yellow in colour and yielded 84% at an mp of 242-244°C, 1H 

NMR (DMSO-d6): H6,6/ (2H, δ=3.89 ppm), H28 (3H, δ=3.94 ppm), 

H9 (1H, δ=4.33 ppm), H4,7 (2H, δ=7.28), H23 (1H, δ=7.45 ppm), 
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H21,1,3 (3H, δ=7.95 ppm), H20 (1H, δ=8.19 ppm), H17,24,16 (3H, 

δ=8.46 ppm). 13C NMR (DMSO-d6): C28 (δ=56.0 ppm), C11 (δ=62.7 

ppm), C21 (δ=100.5 ppm), C9 (δ=100.8 ppm), C4,7 (δ=106.8 ppm), 

C25 (δ=116.6 ppm), C23 (δ=120.5 ppm), C2 (δ=125.5 ppm), C16 

(δ=125.6 ppm), C17 (δ=127.0 ppm), C24 (δ=127.1 ppm), C1,3 

(δ=128.1 ppm), C19 (δ=128.2 ppm), C20 (δ=131.6 ppm), C15 

(δ=135.2 ppm), C18 (δ=137.3 ppm), C5 (δ=155.4 ppm), C8 (δ=155.6 

ppm), C22 (δ=160.5 ppm), C12 (δ=162.7 ppm), C10 (δ=163.2 ppm). 

MS (EI): m/z 367.4 [M]⁺, as shown in Figures 17-20.                                                      

 

In vitro anti-cancer assay  

The 4a-e compounds were evaluated in vitro against two human 

tumour cancer cell lines, namely AMGM5 (cerebral glioblastoma 

multiforme) and HeLa (cervical carcinoma), using the MTT assay.
29

 

The cytotoxic potential of the compounds varied according on the cell 

type (Figures 1, 2). According to the results, the series of 

synthesised compounds demonstrated significantly enhanced 

cytotoxicity against AMGM5 (cerebral glioblastoma multiforme). The 

4a, 4c, and 4e compounds were more susceptible to AMGM5 and had 

the highest potency with IC50 values of 656.4, 781.5, and 374.5 

μg/mL, respectively, but the 4b and 4d compounds exhibited no 

activity against the growth of AMGM5 (Table 2). The 4a, 4b, and 4e 

compounds were the most sensitive and potent against the HeLa cell 

line, with IC50 values of 558.5, 775.6, and 615.9 g/mL, respectively; 

however, the other compounds (4c and 4d) had no effect against the 

growth of the HeLa cell line, as shown in Table 2. Compounds with 

different chemical structures may have a different activity against the 

characteristics of tumour cells.
30,31

 According to these results, 

compounds with high toxicity and anti-tumour effects may have 

therapeutic potential.
32,33

 These findings, together with some 

experimental data regarding the use of pyridine anticancer 

medicines,
34

 open new avenues for drug research and development. 

 

Predicting the compounds' absorption, distribution, metabolism, and 

excretion (ADME) properties  

Simple approaches are desirable for predicting the ADME properties 

of drug candidates due to the cost and duration of in vivo 

investigations. Computer prediction models offer a quick and 

affordable technique for evaluating the potential ADMET (absorption, 

distribution, metabolism, excretion, and toxicity) characteristics of a 

drug. Table 3 shows the analytical findings for the predicted ADMET 

properties of the drugs. Table 3 demonstrates that every compound 

complied with Lipinski's criterion without exception, i.e., the 

topological polar surface area (TPSA) values fell below 140 (between 

56.65 to 91.90). Additionally, their bioavailability score of 0.55 

indicated that they were more drug-like in nature.
35

 In contrast, the 

lipophilicity behaviour was demonstrated by a consensual Log Po/w in 

the range of 5.44 to 3.59. Although the 4c and 4d compounds had 

good drug-likeness, they showed less potency. Except for 4a and 4c, 

the 4b, 4c, and 4e compounds predictably demonstrated an ability to 

permeate the BBB. The 4a, 4d, and 4e compounds belonged to the 

class of moderately soluble compounds, while the 4b and 4c 

compounds fell into the category of poorly soluble compounds. On the 

contrary, all the compounds showed different efficacies against CYP 

enzymes. Unfortunately, the drug-likeness profile was not very 

encouraging because some of the compounds did not follow specific 

rules; most of the compounds showed two violations in lead-likeness 

due to their large molecular weights (Mwt > 350) and XLOGP3 

values, which should be > 3.5. On the other hand, the compounds 

under study had several advantageous ADME characteristics. The 

pharmacokinetics and drug-like effects of the substances shifted when 

their chemical structures were altered.
36,37

 

 

Table 3: Calculated ADME properties and pharmacokinetic properties of the synthesized compounds 
 

Parameters  Compounds 

4a 4b 4c 4d 4e 

Molecular weight (g/mol) 401.26 428.49 398.47 337.38 367.41 

No. of HBAs 2 3 2 2 3 

No. of HBDs 1 1 1 2 3 

No. of rotatable bonds 2 4 3 2 2 

TPSA(A
2
) 56.65 65.88 82.67 82.67 91.90 

Molar refractivity (cm3) 107.86 132.08 125.59 104.56  

Water solubility Moderately  Poorly  Poorly  Moderately Moderately 

Drug likeness No; 2 violations: 

MW>350, 

XLOGP3>3.5 

No; 2 violations: 

MW>350, 

XLOGP3>3.5 

No; 2 violations: 

MW>350, 

XLOGP3>3.5 

No; 1 violation: 

XLOGP3>3.5 

No; 1 violation: 

MW>350 

Consensus Log Po/w 4.76 5.44 3.59 3.60 3.59 

BBB permeant Yes No Yes No No 

CYP1A2 inhibitor Yes Yes Yes Yes Yes 

CYP2C19 inhibitor Yes No Yes Yes No 

CYP2C9 inhibitor Yes No No Yes Yes 

CYP2D6 inhibitor No No No Yes Yes 

CYP3A4 inhibitor No No No Yes Yes 

Lipinsk rule validation Yes Yes Yes Yes Yes 

Ghose Yes No No Yes Yes 

Veber Yes Yes Yes Yes Yes 

Egan Yes No No Yes Yes 

Muegge Yes No No Yes Yes 

Bioavailability Score 0.55 0.55 0.55 0.55 0.55 
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Table 4: Ground state properties of the compounds using B3LYP/6-311+G(d,p) 
 

Compounds HOMO 

(eV) 

LUMO 

 (eV) 

∆E 

(eV) 

µ 

(eV) 

χ 

(eV) 

η 

(eV) 

S 

(eV
-1

) 
ω 

4a -6.45 -2.801 3.649 -4.6255 4.6255 1.8245 0.5480 5.8633 

4b -6.003 -2.611 3.392 -4.307 4.307 1.696 0.5896 5.4688 

4c -6.352 -2.687 3.665 -4.5195 4.5195 1.8325 0.5457 5.5732 

4d -6.101 -2.348 3.753 -4.2245 4.2245 1.8765 0.5329 4.7552 

4e -5.896 -2.312 3.584 -4.104 4.104 1.792 0.5580 4.6994 

 

 

 
Figure 3: Optimized molecular geometries of compounds 

calculated at B3LYP/6-311+G(d,p) method.  
 

Computational analysis  

Table 4 summaries the computed quantum chemical variables 

generated from the energy band gap ΔE = ELUMO— EHOMO, such as 

highest occupied molecular orbital (HOMO), least unoccupied 

molecular orbital (LUMO), chemical potential (µ), electronegativity 

(χ), chemical hardness (η), chemical softness (S), and electrophilicity 

(ω). Figure 4 shows the atomic orbital compositions of the molecular 

orbitals. The calculated quantum chemical variables are shown in 

Table 4. The HOMO is often associated with the ability of a molecule 

to donate electrons. A molecule is likelier to donate electrons to 

suitable acceptor molecules with vacant molecular orbitals and low 

energy when the EHOMO value is high. The ability of a molecule to 

accept electrons is referred to as the ELUMO. If the ELUMO is low, 

the molecule is more likely to receive electrons
38

. The 4a compound 

had the lowest EHOMO (-6.45 eV), according to Table 4, whereas 4e 

had the highest EHOMO (-5.896 eV). The 4a compound had the 

lowest ELUMO (-2.801 eV), whereas, 4e had the greatest ELUMO (-

2.312 eV). The kinetic stability was evaluated using a simple method 

called the HOMO-LUMO energy difference.
39

 High energy gap 

molecules are very kinetically stable and have low chemical reactivity 

(∆E).
40

 Because it is simpler to transfer electrons to acceptors, a 

molecule with a low-energy gap tends to be more reactive. A high-

energy gap molecule is called a "hard molecule" since it is harder to 

polarize because it needs more energy to excite.
41

 The 4b compound 

was the least stable and most reactive (soft molecule). In contrast, the 

4d compound was the most stable and least reactive (hard molecule), 

according to Table 4. The electronic µ, which accounts for the 

propensity of electrons to escape in an equilibrium system,
42

 was 

calculated using Equation (1):  

 

     
 

                
                         (1) 

 

The electrical µ of the compounds are listed in order of occurrence as 

4e > 4d > 4b > 4c > 4a.  The property known as χ, which indicates the 

capacity of an atom or group of atoms to attract electrons, was 

calculated using Equation (2): 

 

   
 

                
                         (2)                     

The χ scale running from modest to large was 4e < 4d < 4b < 4c < 

4a.
43

 The chemical hardness (η) or resistance of a molecule to changes 

in electron distribution determines the stability and reactivity of a 

chemical system.
42

 The formula for hardness is given in Equation
 
(3): 

 

  
 

               
                             (3)             

           

According to the data, unlike the 4b compound, which was more 

unstable (softer) and reactive, the 4d compound was more stable 

(harder) and less reactive. Softness, which is the opposite of hardness, 

can be calculated using Equation (4) 
44

:  

 

  
 

 
                                                       (4)   

 

A softer species (atom/molecule) has a propensity to be more 

polarizable and magnetic.
45

 According to Table 4, the 4b compound 

exhibited greater softness and polarizability, while the 4d compound 

had less softness and polarizability. The global ω index is a metric that 

can determine the ability of a molecule to pick up electrons,
46

 and can 

be calculated using Equation
 
(5):  

 

  
  

   
                                                     (5)       

                                              

The ω scale classifies organic molecules as "strong electrophiles". For 

weak electrophiles, ω < 0.8 eV; for moderate electrophiles, 0.8 < ω < 

1.5 eV, for strong electrophiles, ω > 1.5 eV; and for super 

electrophiles, ω > 4.0 eV.
47, 48

 The final species exhibited a very high 

level of polar reaction reactivity.
49, 50

 The ω characteristic in 

descending order was as follows: 4a > 4c > 4b > 4d > 4e.  

 

Conclusion 

A series of 3-cyano-2-oxa-pyridine derivatives was effectively 

synthesized via a one-pot multicomponent synthesis. The most active 

compounds in the derivative series against AMGM5 and HeLa cell 

lines were the 4a and 4e compounds. HeLa and AMGM5 cell lines' 

growth suppression was not inhibited by compound 4d. The 4d 

molecule was discovered to be the most stable and least reactive, 

based on the molecular orbital and electronic structures displayed. The 

4b compound, on the other hand, was discovered to be the most 

reactive and least stable. The established drug-likeness guidelines 

were developed and the ADMET was predicted using the 

SwissADME program. 
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Figure 4: HOMO–LUMO orbital diagram of compounds 
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