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Apoptosis: A Target for Anticancer Therapy with Novel Cyanopyridines

Abstract

     One of the many methods of treating cancer is to terminate the uncontrolled growth of cancer cells. So, aiming 

the apoptotic pathway is an exciting approach to finding new anticancer agents. A novel series of cyanopyridines 

was designed and synthesized for antiproliferative evaluation. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(4-

(dimethylamino)phenyl) nicotinonitrile 10f was the most potent inhibitor against the growth of  PC-3, and HepG-2 

cancer cell lines with IC50 values of 2.04 uM (selectivity index, SI = 78.63, 43, respectively). Also, 10f was safe 

against the growth of normal human diploid lung fibroblasts cell line (WI-38) with an IC50 value of 160.04 uM. 

Its analogs, 10b, 10d, 10g, and 11b, were also active against the growth of PC-3, and HepG-2 while against 

MCF-7 cell line, they displayed good cytotoxic activity compared to the reference standard 5-FU. Remarkably, 

mechanistic studies indicated that compounds 10b, 10d, 10f, 10g, and 11b stimulated the level of active caspase 

3 and boosted the BAX/BCL2 ratio 20- 95 folds in comparison to the control. Our results have also indicated that 

10b, 10d, 10f, 10g, and 11b exhibited a very potent inhibitory activity against PIM-1 kinase enzyme, where the 

IC50 values unraveled very potent molecules in the micromolar range (0.47 -1.27 uM). Further investigations have 

shown that 10f, the most potent PIM-1 kinase inhibitor, induced a cell cycle arrest at the G2/M phase. Moreover, 

in silico evaluation of ADME properties indicated that all the cyanopyridine compounds are orally bioavailable 

with no permeation to the blood brain barrier. 

Keywords: Synthesis; Cyanopyridine; Anticancer; Apoptosis; PIM-1 kinase; ADME.
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1. Introduction

     Each minute of a lifetime, millions of cells in our bodies practice a planned form of cell death called apoptosis, 

or programmed cell death. This altruistic cellular process plays wide-ranging and vital roles in keeping us healthy, 

not least in protecting us from cancer [1]. So, apoptosis has a critical role in monitoring cell numbers in many 

developmental and physiological settings. Apoptosis is diminished in many human cancers, portentous that 

disruption of apoptotic function contributes substantially to the transformation of a normal cell into a tumour cell. 

The switching apoptosis on and off is determined by the ratio of pro-apoptotic effector proteins (BAX and BAK), 

and antiapoptotic BCL2 proteins (BCL2, BCL-xL, MCL-1, A1, BCL-B, BCL-w) [2]. Mainly, two main signalling 

paths for apoptotic cell death have been specified, the first one is the intrinsic mitochondrial apoptotic pathway 

that is mainly produced by cellular stress, in which mitochondrial permeability plays a crucial role. Whereas; the 

second path is the extrinsic cytoplasmic pathway that is triggered via pro-apoptotic ligands binding to the cell 

surface death receptor [1,3-5]. Caspase protease activity is vital for apoptosis; once active, caspases cleave 

hundreds of different proteins leading to rapid cell death with characteristic biochemical and morphological 

hallmarks [6-8]. In general terms, caspase activity can be initiated either via the intrinsic pathway of apoptosis or 

through the extrinsic pathway of apoptosis. Cell death also plays crucial role in the treatment of cancer. Apoptosis 

deregulation has been extensively documented as a hallmark of cancer throughout cancer pathogenesis. 

Consequently, the initiation of apoptosis in tumor cells represents an effective tactic for fighting different human 

malignancies in the current medical age [1,3-5].

      On the other hand, the literature survey reveals that 4, 6-diaryl-3-cyano-2-pyridone derivatives have stood out 

as a promising class of anticancer agents with efficient apoptotic activity. N'-[2-(3-cyano-4,6-bis(3,4-

dimethoxyphenyl) pyridin-2-yloxy) acetyl] benzohydrazide I, was reported to inhibit the proliferation of MCF-7 

cancer cells by inducing apoptosis and arresting the cell cycle at G1 phase via inhibition of CDK2 and CDK4 [9]. 

3-Cyano-4,6-diaryl-2-pyridone derivative II possess anticancer activity due to its ability to act as survivin 

inhibitor, which is a unique member of the inhibitors of apoptosis [10].4-Thienyl-6-arylpyridone derivative III 

showed potent antiproliferative activity with high PIM-1 kinase inhibitory activity with IC50 value of 0.94 µM, 

and it was founded to boost the levels of active caspase 3 and BAX and decrease the level of BCL2 [11], (Fig.1).

This indicates the potentiality of 4, 6-diaryl-3-cyano-2-substitutedpyridine skeleton as a model for further 

optimization to get a more potent apoptosis inhibitor.
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Fig. 1: Chemical structures of reported cyanopyridines endowed with anticancer and apoptosis inducing 
activities.

https://www.synonyms.com/synonym/permeability
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     Noteworthy, Cheney et al study at 2007, proved that some cyanopyridine derivatives also acted as PIM-1 

kinase inhibitors e.g., IV-VI with IC50 of 0.05, 0.43, and 0.99 µM, respectively [12] (Fig. 2) 
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Fig. 2: Chemical structure of reported cyanopyridines as PIM-1 kinase inhibitors.

     PIM-1 is an oncogenic constitutively active serine/threonine kinase, a member of a family of proteins 

containing other homologues, PIM-2 and PIM-3 and is transcriptionally regulated by cytokines, mitogens and 

numerous growth factors 2-4 [13-15]. PIM-1 expressed in many types of solid and haematological cancers and 

almost absent in benign lesions, PIM-1 kinase proved to be a successful anti-cancer drug target of low toxicity 

[16-23]. It appears to contribute to cancer development in three significant ways when it is overexpressed by 

inhibiting apoptosis, promoting cell proliferation, and promoting genomic instability [24]. PIM-1 kinase 

phosphorylates and regulates the activity of many proteins involved with many biological processes such as cell 

cycle, cell proliferation, apoptosis, and drug resistance [25-29]. Through the cell cycle, PIM-1 regulates G1-S 

phase progression and G2/M checkpoint. [ 30,31]. Though, in terms of cancer a preponderance of evidence points 

to PIM-1 playing an important role in the inhibition of apoptosis and the regulation of cell proliferation [32, 33]. 

In vitro studies demonstrated that overexpression of PIM-1 enhances tumour growth and protection from drug-

induced apoptosis of cancer cells [34]. Additionally, several specific and potent inhibitors of PIM-1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

kinase have also been shown to induce apoptotic death of cancer cells,  sensitize cancer cells to chemotherapy and  

synergize with other anti-tumour agents, thus making it an attractive therapeutic target [24].

     Based on the findings obeve, we planned to design and synthesize novel series of cyanopyridine scaffold via 

substitution at p-4 by aromatic moiety bearing hydrophilic or lipophilic group.  Moreover, we introduced at p-6 

of cyanopyridine scaffold either; phenyl/ 2-thienyl or the extended flexible side chain (benzyloxyphenyl). What 

is more, 2-OH group was bioisosterically replaced by 2-NH2 group; these structural modifications were done to 

examine their effect on the affinity of PIM-1 and to optimize their antiproliferative activity (Fig. 3). All the 

synthesized hits were evaluated for their in vitro antitumor activity against human prostate carcinoma PC-3, 

human hepatocellular carcinoma HepG-2, and breast adenocarcinoma MCF-7 cell lines using MTT assay. 

Additionally, cell cycle analysis and apoptosis induction potential of the most active cyanopyridine derivatives 
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10b, 10d, 10f, 10g, and 11b were examined in PC-3 cells, in order to attain more mechanistic understandings and 

to verify and enlighten the antitumor properties of the inspected cyanopyridines. Furthermore, the effect of the 

most active compounds on the genes expression of some apoptosis key markers was also investigated. Finally, 

the most active compounds, 10b, 10d, 10f, 10g and, 11b were evaluated for inhibition of PIM-1 kinase. 
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Fig. 3:  Design of novel cyanopyridine derivatives as PIM-1 inhibitors and apoptosis inducers.

2. Results and discussion

2.1. Chemistry  

Synthesis of the new eighteen target compounds and intermediates is depicted in schemes 1 and 2. 

Initially, Knoevenagel condensation was followed to furnish the reported α,β-unsaturated ketones, 3a-e by 

condensation of acetophenone or 2-acetylthiophene with different aromatic aldehydes in 10% aq. NaOH/EtOH. 

Cyclocondensation of 3a-d with malononitrile and ammonium acetate afforded 2-amino-4-aryl-6-phenyl/(2-

thienyl)-3-cyanopyridines, 4a-d, while, cyclocondensation of 3d or 3e with cyanoacetamide/ pip. yielded 2-oxo-

4-aryl-6-(thiophen-2-yl)-1,2-dihydropyridine-3-carbonitriles 5a, 5b [35] (Scheme 1). 
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Scheme 1: Reagents and conditions: a) EtOH, 10% aq. NaOH, stirr, 3h; b) Malononitrile, NH4OAC, EtOH,   
                                                               reflux, 8h; c) Cyanoacetamide, EtOH, piperidine, reflux, 6h.

       Additionally, Knoevenagel condensation of starting material 8 [36] with different aromatic 

aldehydes/EtOH/KOH, produced the conjugated enones, 9a-g. Cyclocondensation of the latters with 

malononitrile/AcONH4/EtOH, yielded the corresponding 2-amino-6-(4-(benzyloxy) phenyl-4-

(aryl)nicotinonitriles, 10a-g [37]. Finally, condensation of 9b-d, 9g with ethyl cyanoacetate and ammonium 

acetate [38] furnished the corresponding 6-(4-(benzyloxy) phenyl)-4-(aryl)-2-oxo-1,2-dihydropyridine-3-

carbonitriles 11a-d, (Scheme 2). 
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                                                                ethylcyano acetate, reflux, 9-12 h.
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       The infrared (IR) spectra of 4d, 9a,f-g, and 10a-g products revealed bands at a stretching frequency (υ) around 

3430 cm-1 corresponding to the NH2 group. Moreover, it demonstrated relatively lower values of the carbonyl 

stretching (υ) around 1650 cm-1 than the typical carbonyl stretching, which is usually around 1700 cm-1. This may 

be due to the single-bond character of the tautomeric enol form, leading to lower absorption frequency, in addition 

to; the cyano group appeared around 2210 cm-1. Conjugated enones (9a-c, e) exhibited absorption bands at υ 1660 

cm-1 representing CO functionality along with the 1H-NMR spectra, which exhibited two doublets at δ 7.64, 7.74 

ppm with characteristic J = 15.6 Hz value for E isomers of CH=CH protons.  Overall cyanopyridines, 9-11 

displayed characteristic multiplet peak distinguished CH2 protons at the downfield region δ 5.06-5.22 ppm, being 

flanked between the oxygen atom and a phenyl group. The signals observed in 13C-NMR spectra of all the products 

are determined to be in accordance with the recommended molecule structures. Mass spectrometry showed 

molecular ion peaks at M+, M++1, M++2 in addition, to some of important peaks. 

2.2. Biological results and discussion

2.2.1. Antiproliferative screening

       The antiproliferative profiles of the synthesized compounds were evaluated in vitro against human prostate 

carcinoma PC-3, eleven compounds out of seventeen showed higher cytotoxic activities (IC50’s= 2.04 - 7.5 uM), 

than that of the reference standard 5-FU (IC50= 7.73 uM). 2-Amino-4,6-diphenyl-3-cyanopyridine, 4a showed 

better cytotoxicity (IC50’s= 7.01uM) than 5-FU. Bio-isosteric replacement with 2-thienyl at p-6 of cyanopyridine, 

as in analogs, 4b-d and 5a, b gave poor anticancer activities. Besides, SAR analysis elucidated that, on introducing 

benzyloxyphenyl moiety at p-6 of cyanopyridine, a dramatic increase in cytotoxicity of compounds 10 & 11 

except for compound 11d. For human hepatocellular carcinoma HepG-2, seven compounds 10a-d, f, g, and 11b 

elicited cytotoxicity ranging from equipotent to more than double the activity of 5-FU; however breast 

adenocarcinoma MCF-7 cell line was not sensitive to cyanopyridine hits except for compound 10d which 

demonstrated enhanced anticancer effect (IC50= 7.63 uM) than that of the standard. The normal human diploid 

lung fibroblast cell line WI-38 was also evaluated, in order to evaluate safety of the most active synthesized 

compounds 10b, 10d, 10f, 10g and 11b towards the normal cells, cytotoxic activity evaluation of these hits on 

human diploid lung fibroblasts cell line WI-38 were carried out to investigate the toxicity and selectivity of these 

active derivatives (Table 1). To our delight, they were found to be inactive against this normal cell (154.39- 

182.89 µM), revealing that they possessed a large safety margin to selectively target cancerous cells other than 

normal cells as shown by their specified IC50 values. Due to this, 10b, 10d, 10f, 10g, and 11b were chosen for 

further investigations (Table 1).
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Table 1
In vitro e cytotoxic activities of compounds 4a-d, 5a, b, 10a-g and 11a-d.

IC50 (µM)a/ (SIb)Comp. No.
PC-3C HEPG-2C MCF-7C WI-38C

4a 7.01±0.62 13.65±1.20 25.12±1.80 ND
4b 10.14±0.97 13.29±1.20 27.43±1.90 ND
4c 11.02±0.87 15.91±1.61 21.14±1.72 ND
4d 14.06±0.98 21.33±1.70 32.15±2.41 ND
5a 7.38±0.64 16.32±1.30 21.39±0.94 ND
5b 19.65±1.61 20.99±1.60 34.85±2.52 ND
10a 6.24±0.52 8.18±0.64 13.06±0.95 ND
10b 3.14±0.22

(49.17)
4.54±0.28

(34.01)
8.64±0.63

(17.87)
154.39±0.62

10c 5.19±0.52 5.44±0.37 9.46±0.91 ND
10d 2.36±0.16

(77.50)
4.59±0.37

(39.85)
7.63±0.89

(23.97)
182.89±0.39

10e 8.34±0.71 8.52±0.75 18.58±0.67 ND
10f 2.04±0.21

(78.63)
3.73±0.18

(43.00)
8.66±0.73

(18.52)
160.40±0.60

10g 2.99±0.30
(58.47)

4.71±0.22
(37.12)

9.31±0.81
(18.78)

174.82±0.44

11a 7.59±0.67 8.7±0.72 15.93±1.20 ND
11b 3.17±0.28

(56.32)
6.62±0.61

(26.97)
9.44±0.86

(18.91)
178.52±0.34

11c 4.34±0.56 10.46±0.98 12.74±0.96 ND
11d 27.9±1.71 39.7±2.50 68.34±3.11 ND

5 -Fu 7.53 ±0.57 8.15 ±0.61 7.76 ±0.46
a Cytotoxicity, IC50 for each cell line, is the concentration of compound which reduced by 50% the optical 
density of treated cells with respect to untreated cells using the MTT assay.  b SI: Selectivity index = (IC50 of 
WI-38)/(IC50 of cancer cell line). C Cell lines include human prostate carcinoma (PC-3) hepatocellular carcinoma 
(HepG-2), breast adenocarcinoma (MCF-7), and normal human diploid lung fibroblastscell line (WI-38). d ND: 
Not determined. eData represent the mean values of three independent determinations.

2.2.2. Apoptosis detection studies 

  2.2.2.1. Effect on the active caspase 3 level 

       Activation of the caspase 3 pathway is a hallmark of apoptosis and can be used in cellular assays to quantify 

activators, and inhibitors of the “death cascade.” the most active cyanopyridine analogs 10b, 10d, 10f, 10g, and 

11b were evaluated for their effect on caspase 3. Our investigation results reflected the elevated level of the active 

caspase 3, which is considered as a marker for apoptosis, (Table 2).

2.2.2.2. Effect on mitochondrial apoptosis pathway proteins BAX and BCL2

The mitochondrial apoptotic pathway is harmonized by a family of proteins called BCL2. Among these, BCL2 

and BAX finely set this programmed process as BCL2 suppresses apoptosis (anti-apoptotic) whereas BAX 

induces it (pro-apoptotic). Accordingly, the tuned balance between these two characteristic proteins is 

judgmental for the cell potential to undergo apoptosis.  Several direct BAX activators have been identified to 

hold promise for cancer therapy with the advantages of specificity and the potential of overcoming chemo- and 

radio resistance. The most active cyanopyridine analogs 10b, 10d, 10f, 10g, and 11b were evaluated for their 
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effect on some apoptosis key markers, BAX, and BCL2. Our results confirmed the elevated level of BAX/BCL2 

ratios that regulate cell death (apoptosis) (Table 2).

Table 2
 Effect of compounds 10b, 10d, 10f, 10g and 11b on the genes expression of some apoptosis key markers.

Comp. No. Caspase 3
Pg/ml

BAX
Pg/ml

BCL2
Pg/ml

10b 277.7 199.1 1.724
10d 266.3 189.4 2.356
10f 363.8 215.9 1.476
10g 285.2 166.4 2.731
11b 398.2 259.4 0.8138

Control 55.3 18.14 5.418

      2.2.3. PIM-1 kinase inhibitory activity

    PIM-1 is emerging as a cancer drug target, particularly in prostate cancer [39]. PIM-1 inhibitory activity was 

evaluated for 10b, 10d, 10f, 10g and 11b. The obtained results revealed that 10f was the most active hit as it 

displayed 80.22% inhibition of PIM-1 expression at 10 µM. (Table 3).

Table 3
 PIM-1 kinase inhibitory activity of compound 10b, 10d, 10f, 10g and 11b. 

Comp. No. % Inhibition
(Con.10µM)

IC50 (µM)

10b 49.60 11.71
10d 71.79 1.27
10f 80.22 0.47
10g 78.85 0.56
11b 72.99 0.84

Colchicine 64.15 3.98

2.2.4. Cell cycle analysis

         To investigate the probable mechanism underlying the antiproliferative effect exerted by the most potent 

PIM-1 inhibitor compound 10f, PC-3 cell cycle progression was assessed following treatment with compound 10f 

, that also had the marked highest antiproliferative activity (IC50 = 2.04 μM), on human prostate carcinoma PC-3 

cell line for 24 h using propidium iodide flow cytometry analysis.  As seen in (Fig. 4, Fig. 5, Fig 6 & Table 4) in 

comparison with control cells, it was obvious that 10f induced a significant increase in the percentage of cells at 

Pre-G1 phase by 18.9 folds, which could be indicative of apoptosis, and increase in G2/M by 4.9 folds. Such an 

increase was accompanied by a decrease in the percentage of cells at the S-phase of the cell cycle. The Pre-G1 

and G2/M phase results indicated that compound 10f induced apoptosis and arrest the cell cycle at the G2/M 

phase.

https://en.wikipedia.org/wiki/Apoptosis
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Fig. 4: Cell cycle analysis of PC-3 cells treated with compound 10f at 0.86 μg/ml concentration.

          Fig. 5: Cell cycle analysis of PC-3 cells treated with DMSO.
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Fig. 6: Cell cycle analysis of PC-3 cells treated with DMSO.

Table 4
 Effect of compound 10f, DMSO and 5-FU on the cell cycle of PC-3 cell line. 

Sample Conc. μM %G0-G1 %S %G2/M %Pre-G1

10f / PC-3 2.04 27.44 29.28 43.28 33.28

DMSO / PC-3
(negative control) 0 54.77 36.41 8.82 1.76

5-FU / PC-3
(positive control) 7.53 29.88 27.96 42.16 15.22

2.2.5. Annexin V-FITC apoptosis assay
     One of the earliest cellular changes evident during apoptosis is the translocation of phosphatidylserine (PS) 

from the inner to the outer side of the plasma membrane. Fluorescently labeled Annexin V, which binds to 

phosphatidylserine [40], can be used as a sensitive probe for PS in the outer leaflet of the plasma membrane [41]. 

Also, PI, a fluorescent molecule binding to nucleic acids, but which does not enter live cells, can be used to 

counterstain dead cells. To differentiate between apoptosis and necrosis, both Annexin V-FITC and PI staining 

usually performed. Annexin V/PI staining was performed in cells exposed to 10f for 24h. The results revealed 

that application of compound 10f on PC-3 cells for 24 h, increases the early apoptosis ratio (lower right quadrant 

of the cytogram) from 0.82% to 7.29%, and increases the late apoptosis ratio (higher right quadrant of the 

cytogram) from 0.43% to 23.56%. This means that compound 10f induced almost up to 24.68 folds, both early 

and late, cellular apoptosis when compared with the control. These data suggest that compounds 10f triggered 

apoptosis via the programmed cell death pathway rather than a necrotic pathway (Fig. 6 & Table 5).

A B
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Figure 6: Effect of DMSO (A) ,  10f (B), and 5-FU on the percentage of annexin V-FITC-positive staining in 
PC-3 cells.

Table 5

C
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 Effect of 10f, DMSO and 5-FU on the percentage of annexin V-FITC-positive staining in PC-3cells.

ApoptosisSample /
cell line Total Early Late

Necrosis

10f / PC-3 33.28 7.29 23.56 2.43

DMSO / PC-3
(negative control) 1.76 0.82 0.43 0.51

5-FU / PC-3
(positive control)

15.22 4.94 8.12 2.16

2.3. In silico evaluation of physicochemical and ADME properties 

       Computational study of the synthesized compounds 4a-d, 5a,b, 10a-g, and 11a-d was performed to evaluate 

physicochemically and ADME properties using SwissADME [42]. With respects to physicochemical properties 

(Table 6), all the synthesized compounds have zero violation for Lipinski´s rule for oral drugs, except for 10e, 

which has only one violation (M log P > 4.15) but it still stays in the orally bioavailable compounds. All the 

topological polar surface areas (TPSA) are less than 112 A0 2. Additionally, absorption (% ABS) was estimated 

by using the equation % ABS = 109 – (0.345 x TPSA) [43], found that the calculated % ABS of all these hits 

ranged between 70.64 % and 87.37 %, demonstrating that these synthesized derivatives may have the required 

cell membrane permeability and bioavailability. All compounds have rotatable bonds between 2 and 6, which 

indicating molecular flexibility to their bio target. Regards to pharmacokinetic and medicinal chemistry 

parameters of the synthesized compounds (Table S, Supplementary data ), it was found that, all the derivatives 

having high gastro-intestinal absorption and most of them have no permeation to the blood brain barrier except 

for the reported compounds 4a and 4b. Thus ensuring that these systemically targeted molecules will have low to 

no CNS side effects. Bioavailability is an index of the amount of drug present in the plasma and is considered as 

the most crucial factor affecting absorption. 

Table 6
 Physicochemical properties based on Lipinski´s rule of five, TPSA, % ABS and number of rotatable bonds.

Comp. No. HBD HBA MlogP MW Lipinski´s 
Violations

TPSA % ABS No. of
Rot. bonds

4a 1 2 2.49 271.32 0 62.7 87.37 2
4b 1 2 2.73 285.34 0 62.7 87.37 2
4c 1 2 2.05 277.34 0 90.94 77.63 2
4d 2 3 1.47 293.34 0 111.17 70.65 2
5a 2 3 1.53 294.33 0 105.12 72.73 2
5b 1 2 2.83 320.41 0 84.89 79.71 3
10a 1 3 3.44 391.46 0 71.93 84.18 5
10b 1 4 2.88 407.46 0 81.16 80.99 6
10c 2 4 2.67 393.44 0 92.16 77.20 5
10d 1 3 3.71 411.88 0 71.93 84.18 5
10e 1 3 4.17 446.33 1 71.93 84.18 5
10f 1 3 3.84 419.52 0 71.93 84.18 6
10g 1 4 2.02 367.4 0 85.07 79.65 5
11a 1 4 2.94 408.45 0 75.11 83.09 6
11b 2 4 2.74 394.42 0 86.11 79.29 5
11c 1 3 3.77 412.87 0 65.88 86.27 5
11d 1 4 2.09 368.38 0 79.02 81.74 5

5-FU 2 3 -0.32 130.08 0 65.72 86.33 0
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               Interestingly, all the synthesized derivatives were found to have high bioavailability scores 0.55. Pan 

Assay Interference Compounds (PAINS), was performed by SwissADME [42] and PAINS-Remover [44] 

displayed zero alerts to all the hits. Synthetic accessibility scores of all the analogs were found to be between 2.56 

and 3.33, indicating that they can be readily synthesized on a large scale. (Table S, Supplementary data)

2. Conclusion

      Herein we designed and synthesized a small library of cyanopyridines that resulted in cytotoxic derivatives 

against prostate carcinoma PC-3, human hepatocellular carcinoma HepG-2, and breast adenocarcinoma MCF-7 

cell lines. The most active derivatives 10b, 10d, 10f, 10g, and 11b were evaluated against the normal human 

diploid lung fibroblasts cell line WI-38, indicated that they were inactive against this normal human cell. 

Apoptosis studies for these hits were conducted to evaluate the pro-apoptotic ability of our compounds. The result 

showed that they all boosted both the level of active caspase 3 and the BAX/BCL2 ratio in comparison to control. 

Furthermore, the PIM-1 kinase inhibitory activity for 10b, 10d, 10f, 10g, and 11b was evaluated where 10f showed 

marked PIM-1 inhibitory activity 80.22%. Additionally, 10f was found to arrest PC-3 cells at the G2/M and 

increase the percentage of cells at Pre-G1 phase by 18.9 folds. Moreover, all the derivatives are systemically 

targeted molecules that may have low to no CNS side effects. Our findings report a well-scalable cyanopyridine 

scaffold by applying extension tactic at p-6 that may be useful for clinical applications in cancer treatment and 

may contribute to the design of other molecules to investigate and develop antitumor chemotherapeutics.

4. Experimental section
 

Reagents and solvents were purchased from usual commercial suppliers and were used without further 

purification. Yields reported refer to purified products. All reactions were routinely checked by thin-layer 

chromatography (TLC) on Merck Silica Gel 60 F254 (0.25mm thick) and visualization was performed with UV 

lamp. Melting points were measured in open capillary tubes using Stuart SMP3 apparatus. IR spectra (KBr) were 

measured on a Shimadzu FT/IR 1650 (Perkin Elmer) spectrometer. 1H and 13C NMR spectra were recorded on a 

Brüker Advance-400 instrument (400 MHz for 1H and 100 MHz for 13C) in DMSO-d6 Chemical shifts (δ) are 

reported in ppm relative to TMS as an internal standard, or to the solvent in which the spectrum was recorded. 

Mass spectra were performed on a Shimadzu GS/MS-QP 2010 plus spectrometer at 70 eV. The intermediates, 

3a-e [45-48], and 9b-d [49,50] are prepared according to the reported method [51], as well as compounds 4a-c 

[52,53]   were prepared for cytotoxic screening and SARs study.

4.1. Chemistry

4.1.1. General procedure for the synthesis of 2-amino(un, substituted phenyl)-6-(aryl)-nicotinonitrile 

derivatives.(4a-d)

A solution of chalcone 3a -d (0.01 mol) with malononitrile (0.66 g, 0.08 mol) and ammonium acetate 

(6.16 g, 0.08 mol) in ethanol were refluxed for 8 h. The progress of the reaction was monitored by TLC. The 

precipitate was filtered off and washed with cold methanol. Recrystallization from ethanol yielded pure 

compounds with 50-70% yields.
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4.1.1.1. 2-Amino-4-(2-hydroxyphenyl)-6-(thiophen-2-yl)nicotinonitrile (4d) Yield 60%; m.p. 310 - 312 oC; IR 

(KBr, cm-1): 3432, 3348, 3238  (NH2, OH), 3184 (CH aromatic), 2965 (CH aliphatic), 2197 (C≡N), 1613 (C=N); 
1H NMR (DMSO-d6) δ (ppm): 6.88 – 6.92 (t, H, H5 Ar-H), 6.96 (d, H, H3 Ar-H), 7.14 – 7.16 (t, H, H4 Ar-H), 7.28 

– 7.32 (t, H, H4  thiophene), 7.57  (d, 2H, H6 Ar-H), 7.71 (d, H, H3  thiophene), 7.79 (d, H, H5  thiophene), 8.41 (s, 

1H, Pyridine-H),  9.89,  10.10  (2s, 3H, NH2, OH; exchangeable with D2O); 13C NMR (DMSO-d6) δ (ppm): 85.48, 

111.22, 113.54, 116.34, 116.92, 122.88, 127.26, 128.78, 129.96, 143.04, 154.54, 155.99, 156.89, 161.34; MS, 

m/z: 293 (M+, 5.01 %), 294 [(M+1)+, 3.82 %]; Anal. Calcd. For C16H11N3OS (293.06): C, 65.51; H, 3.78; N, 

14.32; S, 10.93, Found: C, 65.32; H, 4.12; N, 14.59; S, 11.06. 

 4.1.2. General procedure for the synthesis of 4-(substituted phenyl)-2-oxo-6-thiophen-2-yl)-1,2-

dihydropyridine-3-carbonitrile.(5a,b)

A mixture of chalcone 3d or 3e (0.01 mol) with 2-cyanoacetamide (0.84 g 0.01 mol) was refluxed for 6 

h in ethanol containing drops of piperidine as a catalyst. The progress of the reaction was monitored by TLC. The 

precipitate formed was filtered off and washed with cold methanol. Recrystallization from ethanol yielded the 

pure product 5a,b. 

4.1.2.1. 4-(2-Hydroxyphenyl)-2-oxo-6-(thiophen-2-yl)-1,2 dihydropyridine-3-carbonitrile (5a). Yield 67%; m.p. 

380-382 oC; IR (KBr, cm-1): 3440-3200  (broad, NH, OH), 3102 (CH aromatic), 2969 (CH aliphatic), 2205 (C≡N), 

1699 (C=O), 1601 (C=C); 1H NMR (DMSO-d6) δ (ppm): 7.16 - 7.18 (t, H, H5 Ar-H), 7.24 (d, H, H3 Ar -H), 7.29 

- 7.33 (t, H, H4 Ar -H), 7.36 (s, 1H, Pyridon-H) 7.51 – 7.54 (t, H, H4  thiophene), 7.59 (d, H, H6 Ar -H), 7.96 (d, 

H, H3  thiophene), 8.29 (d, H, H5  thiophene) 9.79, 10.60  (2s, 2H, NH, OH; exchangeable with D2O; 13C NMR 

(DMSO-d6) δ (ppm): 111.74, 116.94, 117.23, 124.04, 125.01, 126.53, 128.52, 129.16, 131.52, 136.03, 152.78, 

156.79, 168.35; MS, m/z: 294 (M+, 20.44  %), 295 [(M+1)+, 100 %];  Anal. Calcd. For C16H10N2O2S (294.05): C, 

65.29; H, 3.42; N, 9.52; S, 10.89 Found: C, 65.47 H, 3.68; N, 9.78; S,11.09. 

4.1.2.2. 4-(4-(Dimethylamino)phenyl)-2-oxo-6-(thiophen-2-yl)-1,2-dihydropyridine-3-carbonitrile (5b). Yield 

70%; m.p. 330-332 oC; IR (KBr, cm-1): 3433 (NH), 3090 (CH aromatic), 2920 (CH aliphatic), 2212 (C≡N), 1637 

(C=O), 1610 (C=C); 1H NMR (DMSO-d6) δ (ppm): 3.01 (s, 6H, 2 CH3), 6.74 (d, 2H, H3,5 Ar-H, J = 8.4 Hz), 7.24 

– 7.29 (t, H, H4  thiophene), 7.55 – 7.62 (m, 2H, H3,5  thiophene), 7.64  (s, H, NH; exchangeable with D2O), 7.69 

(d, 2H, H2,6 Ar-H, J = 8.4 Hz), 8.23 (s, 1H, Pyridon-H); 13C NMR (DMSO-d6) δ (ppm): 41.02, 111.09, 112.21, 

116.37, 122.26, 125.99, 129.18, 131.28, 132.83, 134.86, 144.73, 146.80, 152.51, 161.76; MS, m/z: 321 (M+, 

83.14%); Anal. Calcd. For C18H15N3OS (321.09): C, 67.27; H, 4.70; N, 13.07; S, 9.98, Found: C, 67.54; H, 4.89; 

N, 13.35; S, 9.95. 

4.1.3. Synthesis of 4`-(Benzyloxy)acetophenone (8)

A mixture of 4-hydroxyacetophenone (1.08 g, 0.01 mol), benzyl chloride (1.26 g, 0.01 mol) and KOH 

(0.04 g, 0.01 mol) in ethanol (30 ml) was refluxed for 3 h, then poured onto ice/water. The solid formed was 

collected, washed with water, dried, and recrystallized from ethanol. Yield 98%; m.p. 96-97 oC as reported [36].

4.1.4. General procedure for the synthesis of chalcon derivatives.(9a-g)

4`-Benzyloxy acetophenone (2.26 g, 0.01 mol) and different aryl aldehydes (0.01 mol) were dissolved in 

methanol (25 ml) and 5 ml of 10% alc. KOH solution was slowly added to it under stirring at 15-20°C. Stirring 
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continued for 2 h at the same temperature. The progress of the reaction was monitored by TLC. The precipitate 

was filtered off and washed with cold methanol. The obtained product was crystallized from methanol to give the 

chalcone derivatives 9a-g.

 4.1.4.1. (E)-1-(4-(Benzyloxy)phenyl)-3-(p-tolyl)prop-2-en-1-one (9a). Yield 70%; m.p. 166-168 oC; IR (KBr, 

cm-1): 3030 (CH aromatic), 2912 (CH aliphatic), 1651 (C=O), 1592 (C=C); 1H NMR (DMSO-d6) δ (ppm): 2.33 

(s, 3H, CH3), 5.21 (s, 2H, OCH2), 7.13 (d, 2H, H3,5 Ar-H, J = 8.8 Hz), 7.24 (d, 2H, H3,5 Ar`-H, J = 8 Hz), 7.31-

7.47 (m, 5H, phenyl-Hs), 7.64 (d, 1H, olefinic, J = 15.6 Hz), 7.74 (d, 2H, H2,6 Ar`-H, J = 8 Hz), 7.85 (d, 1H, 

olefinic, J = 15.6 Hz), 8.13 (d, 2H, H2,6 Ar-H, J = 8.8 Hz); MS, m/z: 328 (M+, 4.58 %); Anal. Calcd. For C23H20O2 

(328.15): C, 84.12; H, 6.14; Found: C, 84.38; H, 6.29.

4.1.4.2. (E)-1-(4-(Benzyloxy)phenyl)-3-(2,4-dichlorophenyl)prop-2-en-1-one (9e). Yield 75%; m.p. 136-138 oC; 

IR (KBr, cm-1): 3063 (CH aromatic), 2925 (CH aliphatic), 1663 (C=O), 1595 (C=C); 1H NMR (DMSO-d6) δ 

(ppm): 5.15 (m, 2H, OCH2), 7.10 (d, 2H, H3,5 Ar-H), 7.29 -7.45 (m, 6H, 5H, phenyl-Hs, 1H, olefinic), 7.62 (s, 1H, 

H3 Ar`), 7.82 (d, 1H, olefinic), 8.00 - 8.06 (m, 4H, H5,6 Ar`, H2,6 Ar); MS, m/z: 383 [(M+1)+ 20.59 %]; Anal. 

Calcd. For C22H16Cl2O2 (382.05): C, 68.94; H, 4.21, Found: C, 69.12; H, 4.37.

4.1.4.3. (E)-1-(4-(Benzyloxy)phenyl)-3-(4(dimethylamino)phenyl) prop-2-en-1-one (9f). Yield 95%; m.p. 124-

126 oC; IR (KBr, cm-1): 3032 (CH aromatic), 2927 (CH aliphatic), 1672 (C=O), 1594 (C=C); 1H NMR (DMSO-

d6) δ (ppm): 2.98 (s, 6H, 2 CH3), 5.20 (s, 2H, OCH2), 6.71 (d, 2H, H3,5 Ar`-H), 7.11 (d, 2H, H3,5 Ar-H), 7.33-7.47 

(m, 7H, H2,6 Ar`-H, phenyl-Hs), 7.66 (d, 1H, olefinic), 8.08 -8.11 (m, 3H, 1H olefinic, H2,6 Ar-H); 13C NMR 

(DMSO-d6) δ (ppm): 41.77, 69.96, 112.22, 115.14, 116.55, 122.63, 128.28, 128.47, 128.97, 130.97, 131.09, 

131.77, 137.06, 144.78, 152.34, 162.32, 187.44; MS, m/z: 357 (M+, 100 %); Anal. Calcd. For C24H23NO2 (357.17): 

C, 80.64; H, 6.49, Found: C, 80.91; H, 6.70.

4.1.4.4. (E)-1-(4-(Benzyloxy)phenyl)-3-(furan-2-yl)prop-2-en-1-one (9g). Yield 78 %; m.p. 124-126 oC; IR 

(KBr, cm-1): 3037 (CH aromatic), 2930 (CH aliphatic), 1646 (C=O), 1591 (C=C); 1H NMR (DMSO-d6) δ (ppm): 

5.07 (s, 2H, OCH2), 6.83-6.87 (m, 1H, H4 Ar`-H), 7.08 (d, 2H, H3,5 Ar-H), 7.30-7.47 (m, 6H, 5H, phenyl-Hs,1H 

olefinic), 7.57 (d, 1H, H3 Ar`-H), 7.77 (d, 1H, olefinic), 7.89 – 7.91 (m, 3H, H2,6 Ar-H, H5 Ar`-H); MS, m/z: 304 

(M+, 96.46 %); Anal. Calcd. For : C20H16O3 (304.11) : C, 78.93; H, 5.30, Found: C, 79.21; H, 5.44.

4.1.5. General procedure for the synthesis of 2-amino-6-(4-(benzyloxy)phenyl-4-(aryl)nicotinonitrile 

derivatives (10a-g).

A mixture of 9a-g (2 mmol), ammonium acetate (6.16 g, 16 mmol) and malononitrile (0.132 g, 2 

mmol), in ethanol (20 ml) was refluxed with stirring for 9-12 h After completion the reaction mixture was 

poured into ice cold water; the crude product was filtered, dried and recrystallized from 96% ethanol with 47 - 

77% yields.

4.1.5.1. 2-Amino-6-(4-benzloxy)phenyl_-4-tolylnicotinonitrile (10a). Yield 50%; m.p. 200-202 oC; IR (KBr, cm-

1): 3350 , 3220 (NH2),  3102 (CH aromatic), 2910 (CH aliphatic), 2202 (C≡N), 1610 (C=N), 1595 (C=C); 1H 

NMR (DMSO-d6) δ (ppm): 2.33 (s, 3H, CH3), 5.06 - 5.21 (m, 2H, OCH2), 6.86  (s, 2H, NH2; exchangeable with 

D2O), 6.92 (s, H, pyridine- H), 7.06 -7.55 (m, 9H, H3,4,5 phenyl-H, Ar`-Hs, H3,5 Ar-H ), 7.90 (d, 2H, H2.6 phenyl-

H), 8.07 (d, 2H, H2,6 Ar-H); 13C NMR (DMSO-d6) δ (ppm): 21.40, 69.94, 85.94, 113.73, 115.11, 115.32, 127.19, 
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128.17, 128.23, 128.39, 128.96, 129.69, 130.94, 136.65, 154.89, 156.99, 159.62, 162.79; MS, m/z: 391 (M+, 14.41 

%), 392 [(M+1)+, 4.54%]; Anal. Calcd. For C26H21N3O (391.17) C, 79.77; H, 5.41; N, 10.73, Found: C, 80.02; H, 

5.63; N, 10.94. 

4.1.5.2. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(4-methoxyphenyl) nicotinonitrile (10b). Yield 51 %; m.p. 190 -

192 oC; IR (KBr, cm-1): 3369, 3200 (NH2),  3095 (CH aromatic), 2919 (CH aliphatic), 2208 (C≡N), 1607 (C=N), 

1590 (C=C); 1H NMR (DMSO-d6) δ (ppm): 3.80 (s, 3H, OCH3), 5.15 – 5.20 (m, 2H, OCH2), 7.03 (d, 2H, H3,5 

Ar`-H, J = 8.8 Hz), 7.12 (d, 2H, H3,5 Ar-H, J = 8.8 Hz), 7.33 - 7.48 (m, 5H, phenyl-H), 7.70 (d, 2H, H2,6 Ar`-H, J 

= 8.8 Hz), 8.06 (s, H, pyridine- H), 8.27 (d, 2H, H2,6 Ar-H, J = 8.8 Hz), 8.89  (s, 2H, NH2; exchangeable with 

D2O); 13C NMR (DMSO-d6) δ (ppm): 56.07, 69.94, 85.61, 113.55, 114.40, 127.09, 128.99, 129.12 130.68, 135.20, 

154.62, 156.99, 157.85,161.22, 161.95; MS, m/z: 407 (M+, 26.08 %), 408 [(M+1)+, 8.07 %], 409 [(M+2)+, 1.93 

%]; Anal. Calcd. For C26H21N3O2 (407.16): C, 76.64; H, 5.19; N, 10.31, Found: C, 76.88; H, 5.34; N, 10.62.

4.1.5.3. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(2-hydroxyphenyl) nicotinonitrile (10c). Yield 70 %; m.p. 305 -307 
oC; IR (KBr, cm-1): 3421, 3290, 3220 (OH, NH2),  3150 (CH aromatic), 2913 (CH aliphatic), 2201 (C≡N), 1628 

(C=N), 1584 (C=C); 1H NMR (DMSO-d6) δ (ppm): 5.22 (s, 2H, OCH2), 7.19 (d, 2H, H3,5 Ar-H, J = 8.8 Hz), 7.33 

– 7.50 (m, 7H, 5H, phenyl-Hs, 2H, H3,5Ar`-H), 7.65 – 7.69 (m, 2H, H4,6Ar`-H),  8.29 (s, H, pyridine- H), 8.38 (d, 

2H, H2,6 Ar-H, J = 8.8 Hz), 8.88, 11.60  (2s, 3H, NH2, OH; exchangeable with D2O); 13C NMR (DMSO-d6) δ 

(ppm): 69.91, 85.09, 111.50, 113.49, 117.88, 121.42, 126.68,  128.34, 128.44, 128.96, 130.85, 133.52, 137.24, 

155.98, 156.23, 157.59, 161.14; MS, m/z: 393 (M+, 5.94 %), 395 [(M+2)+, 4.10 %]; Anal. Calcd. For C25H19N3O2 

(393.14):  C, 76.32; H, 4.87; N, 10.68, Found: C, 76.47; H, 4.98; N, 10.89.

4.1.5.4. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(2-chlorophenyl) nicotinonitrile(10d). Yield 66 %; m.p. 115 -117 
oC; IR (KBr, cm-1): 3321,3210 (NH2),  3062 (CH aromatic), 2921 (CH aliphatic), 2210 (C≡N), 1610 (C=N), 1596 

(C=C); 1H NMR (DMSO-d6) δ (ppm): 5.12 – 5.22 (m, 2H, OCH2), 6.99  (s, 2H, NH2; exchangeable with D2O), 

7.08 (d, 2H, H3,5 Ar-H, J= 8.8 Hz), 7.14 (s, H, pyridine- H), 7.30 -7.73 (m, 9H, 5H, phenyl-Hs, 4H, Ar`-Hs), 8.06 

(d, 2H, H2,6 Ar-H, J= 8.8 Hz); 13C NMR (DMSO-d6) δ (ppm):70.04, 85.69, 111.55, 114.31, 115.34, 127.76, 

128.16, 128.25, 128.40, 128.95, 130.14, 130.53, 130.58, 130.94, 131.90, 132.16, 136.98, 137.28, 156.23, 157.89, 

161.54; MS, m/z: 411 (M+, 10.18 %), 413 [(M+2)+ 3.76 %]; Anal. Calcd. For C25H18ClN3O (411.11): C, 72.90; 

H, 4.40; N, 10.20; Found: C, 72.84; H, 4.63; N, 10.46.

4.1.5.5. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(2,4-dichlorophenyl) nicotinonitrile (10e). Yield 50%; m.p. 105 -

107 oC; IR (KBr, cm-1): 3382, 3220 (NH2),  3032 (CH aromatic), 2915 (CH aliphatic), 2199 (C≡N), 1623 (C=N), 

1571 (C=C); 1H NMR (DMSO-d6) δ (ppm): 5.01  (s, 2H, NH2; exchangeable with D2O) 5.08 – 5.20 (m, 2H, 

OCH2), 6.80 (s, H, pyridine- H), 7.06 (d, 2H, H3,5 Ar-H, J= 8.8 Hz), 7.15 (d, 1H, H5 Ar`-H), 7.18 - 7.56 (m, 5H, 

phenyl-Hs), 7.80 (d, 1H, H6 Ar`-H), 7.89 (d, 2H, H2,6 Ar-H, J= 8.8 Hz), 8.10 (s, 1H, H3 Ar`-H); 13C NMR (DMSO-

d6) δ (ppm): 69.94, 85.52, 111.98, 113.55, 115.11, 127.16, 128.26, 128.39, 128.47, 128.76, 128.96, 130.94, 

131.52, 133.75, 137.30, 156.55, 159.47, 160.83; MS, m/z: 445 (M+, 12.78%), 447 [(M+2)+, 5.44 %], 449 [(M+4)+, 

0.74 %]; Anal. Calcd. For C25H17Cl2N3O (445.07): C, 67.28; H, 3.84; N, 9.41; Found: C, 67.50; H, 4.01; N, 9.67.

4.1.5.6. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(4 (dimethylamino)phenyl) nicotinonitrile (10f). Yield  47 %; m.p. 

145 -147 oC; IR (KBr, cm-1): 3325 , 3209 (NH2),  3031 (CH aromatic), 2914 (CH aliphatic), 2204 (C≡N), 1619 
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(C=N), 1597 (C=C); 1H NMR (DMSO-d6) δ (ppm): 3.01 (s, 6H, CH3), 5.09 (s, 2H, OCH2), 6.71, (d, 2H, H3,5 

Ar`-H, J = 8.8 Hz), 6.81 (d, 2H, H3,5 Ar-H, J = 8.8 Hz), 7.33 - 7.46 (m, 5H, phenyl-Hs), 7.72 (d, 2H, H2,6 Ar`-H, 

J = 8.8 Hz), 7.78 (s, H, pyridine- H), 7.87 (d, 2H, H2,6 Ar-H, J = 8.8 Hz), 8.29  (s, 2H, NH2; exchangeable with 

D2O); 13C NMR (DMSO-d6) δ (ppm): 41.75, 69.85, 85.66, 112.25, 115.29, 115.42, 116.00, 116.75, 119.21 128.22, 

128.41, 128.96, 129.39, 129.53, 130.52, 130.77, 134.06, 137.28, 154.79, 159.30; MS, m/z: 420 (M+, 6.76 %), 421 

[(M+1)+, 3.32 %]; Anal. Calcd. For C27H24N4O (420.20): C, 77.12; H, 5.75; N, 13.32;, Found: C, 77.34; H, 5.89; 

N, 13.49.

4.1.5.7. 2-Amino-6-(4-(benzyloxy)phenyl)-4-(furan-2-yl)nicotinonitrile (10g). Yield 52 %; m.p. 182 -184 oC; IR 

(KBr, cm-1): 3337 , 3201 (NH2),  3050 (CH aromatic), 2926 (CH aliphatic), 2207 (C≡N), 1620 (C=N), 1590 

(C=C); 1H NMR (DMSO-d6) δ (ppm): 5.16 – 5.20 (m, 2H, OCH2), 6.75 – 6.80, (m , H, H4 Ar`-H), 6.90 (s, 2H, 

NH2; exchangeable with D2O), 6.97 (s, H, pyridine- H), 7.10 (d, 2H, H3,5 Ar-H, J = 8.8 Hz), 7.25 -7.52 (m, 5H, 

phenyl-Hs), 7.65 (d, H, H5 Ar`-H), 7.83 (d, H, H3 Ar`-H), 8.06 (d, 2H, H2,6 Ar-H, J = 8.8 Hz); 13C NMR (DMSO-d6) 

δ (ppm): 69.92, 84.09, 104.10, 112.24, 113.38, 114.28, 127.99, 128.25, 128.93, 128.97, 129.12 130.47, 137.09, 

141.59, 149.30, 158.88, 160.60, 161.60; MS, m/z: 367 (M+, 100 %), 368 [(M+1)+, 27.77 %], 369 [(M+2)+, 4.25 

%]; Anal. Calcd. For C23H17N3O2 (367.13): C, 75.19; H, 4.66; N, 11.44, Found: C, 75.45; H, 4.80; N, 11.62. 

4.1.6. General procedure for the synthesis of 6-(4-(benzyloxy)phenyl)-4-(aryl)-2-oxo-1,2dihydropyridine-3-

carbonitrile derivatives.(11a-d)

A mixture of 9b–d, 9g (0.01 mol), ammonium acetate (6.16 g, 0.08 mol) and ethylcyanoacetate (1.13g, 

0.01 mol) was refluxed in ethanol (20ml) for 9-12 h. After completion of the reaction, it was further cooled and 

filtered the solid. The solid was purified by ethanol to give derivatives 11a-d.

4.1.6.1. 6-(4-(Benzyloxy)phenyl)-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (11a). Yield 

79 %; m.p. 239-241oC; IR (KBr, cm-1): 3240 (NH),  3023 (CH aromatic), 2906 (CH aliphatic), 2216 (C≡N), 1641 

(C=O), 1598 (C=C); 1H NMR (DMSO-d6) δ (ppm): 3.82 (s, 3H, OCH3), 5.19 (s, 2H, OCH2), 6.57 (s, H, NH; 

exchangeable with D2O), 6.73 (s, H, pyridone- H),  7.08- 7.15 (m, 4H, H3,5 Ar`-H, H3,5 Ar-H), 7.32 - 7.45 (m, 5H, 

phenyl-Hs), 7.69 (d, 2H, H2,6 Ar`-H), 7.85 (d, 2H, H2,6 Ar-H) ); 13C NMR (DMSO-d6) δ (ppm): 55.91, 69.92, 

105.45, 114.65, 115.63, 117.56, 125.06, 127.22, 127.46, 128.68, 128.96, 129.89, 130.47, 137.08, 158.40, 161.18, 

161.51, 162.78; MS, m/z: 408 (M+, 7.18%), 409 [(M+1)+, 2.01 %]; Anal. Calcd. For C26H20N2O3 (408.15): C, 

76.45; H, 4.94; N, 6.86, Found: C, 76.80; H, 4.91; N, 7.12.

4.1.6.2. 6-(4-(Benzyloxy)phenyl)-4-(2-hydroxyphenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (11b). Yield 

85 %; m.p. 290 -292oC; IR (KBr, cm-1): 3375 – 3268 (br. OH, NH),  3032 (CH aromatic), 2929 (CH aliphatic), 

2202 (C≡N), 1698 (C=O), 1601 (C=C) ; 1H NMR (DMSO-d6) δ (ppm): 5.20-5.22 (m, 2H, OCH2), 6.81 (s, H, NH; 

exchangeable with D2O), 7.14 (d, 2H, H3,5 Ar-H, J = 8.8 HZ), 7.33 – 7.48 (m, 5H, phenyl-Hs), 7.62-7.70 (m, 2H, 

H3,5 Ar`-H), 7.94 (s, H, Pyridone- H), 7.99 (d, H, H4 Ar`-H), 8.26 (d, 2H, H2.6 Ar-H, J = 8.8 HZ), 8.48 (d, H, H6 

Ar`-H), ), 11.02 (s, H, OH; exchangeable with D2O) ; 13C NMR (DMSO-d6) δ (ppm): 69.93, 105.02,  115.08, 

115.25, 115.57, 116.17, 116.72, 117.48, 117.91, 121.22, 124.70, 126.52, 128.22, 128.96, 129.56, 130.01, 137.29, 

158.93, 160.20, 166.75; MS, m/z: 394 (M+, 3.40 %), 395 [(M+1)+, 7.38 %]; Anal. Calcd. For C25H18N2O3 

(394.13): C, 76.13; H, 4.60; N, 7.10, Found: C, 76. 34; H, 4.73; N, 7.36.
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4.1.6.3.6-(4-(Benzyloxy)phenyl)-4-(2-chlorophenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (11c). Yield 70 

%; m.p. 260 -262 oC; IR (KBr, cm-1): 3272 (NH),  3030 (CH aromatic), 2904 (CH aliphatic), 2214 (C≡N), 1650 

(C=O ), 1603 (C=C); 1H NMR (DMSO-d6) δ (ppm): 5.18 (s, 2H, OCH2), 6.77 (s, H, NH; exchangeable with D2O), 

7.11 (d, 2H, H3,5 Ar-H, J = 8.8 HZ), 7.30 – 7.55 (m, 9H, 5H, phenyl-Hs, 4H, Ar`-Hs), 7.65 (s, H, pyridone- H), 

7.85 (d, 2H, H2,6 Ar-H, J = 8.8 HZ); 13C NMR (DMSO-d6) δ (ppm): 70.05, 104.72, 114.85, 115.70, 123.33, 127.44 

128.24,  128.47, 128.96, 129.93, 131.50, 135.73, 136.99,  158.33, 159.93, 160.87, 166.54; MS, m/z: 412 (M+, 100 

%), 414 [(M+2)+, 35.38%]; Anal. Calcd. For C25H17ClN2O2 (412.10): C, 72.73; H, 4.15; N, 6.79, Found: C, 72.51; 

H, 4.38; N, 6.98.

4.1.6.4. 6-(4-(Benzyloxy)phenyl)-4-(furan-2-yl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (11d). Yield 85%; 

m.p. 214 -216 oC; IR (KBr, cm-1): 3221 (NH),  3050 (CH aromatic), 2926 (CH aliphatic), 2205 (C≡N), 1720 

(C=O), 1595 (C=C); 1H NMR (DMSO-d6) δ (ppm): 5.16 – 5.20 (m, 2H, OCH2), 6.81 – 6.83, (m , H, H4 Ar`-H), 

7.14 (d, 2H, H3,5 Ar-H, J = 8.8 HZ), 7.28 (d, H, H5 Ar`-H), 7.37-7.52 (m, 5H, phenyl-Hs), 7.67 (d, H, H3 Ar`-H), 

7.83 (d, 2H, H2,6 Ar-H, J = 8.8 HZ), 8.01 (s, H, NH; exchangeable with D2O), 8.08 (s, H, pyridone- H); 13C NMR 

(DMSO-d6) δ (ppm): 69.93, 104.55, 110.57, 114.09, 115.68, 121.29, 123.99,  128.23, 128.47, 129.79, 136.10, 

143.65, 149.87, 158.32, 159.42, 160.21, 169.95; MS, m/z: 368 (M+, 100 %), 369 [(M+1)+, 26.93 %], 370 [(M+2)+, 

4.44 %]; Anal. Calcd. For C23H16N2O3 (368.12): C, 74.99; H, 4.38; N, 7.60, Found: C, 75.16; H, 4.51; N, 7.79.

4.2. Biological evaluation

4.2.1. Methodology: cell culture

Cancer cells from different cancer cell lines; Human prostate carcinoma cell lines (PC-3), hepatocellular 

carcinoma cell lines (HEPG-2), and human breast adenocarcinoma cell line (MCF-7) were obtained from 

VACSERA- Cell Culture Unit, Cairo, Egypt. Also, the cytotoxic evaluation of all compounds against normal cells 

WI-38 was carried out to explore the toxicity and selectivity of the tested compounds. For comparison, 5-FU (5-

Fluro uracil) was used as a standard reference drug. 

Anti-proliferative activities of the synthesized compounds were carried out based on MTT assay [54]. MTT 

assay is a laboratory experiment, and a standard colorimetric assay (an assay measures changes in color) for 

measuring cellular growth, yellow MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a 

tetrazole] was reduced to purple formazan in the mitochondria of living cells. Briefly, human cancer cell lines 

were dropped in 96-well plates at a density of 3–8×103 cells/well. Next, the wells were incubated for 12 h in a 

5% CO2 incubator at 37 °C. Then, for each well, the growth medium was exchanged with 0.1 mL of fresh 

medium containing graded concentrations of the test compounds to be or equal DMSO and incubated for two 

days. Then 10 μl MTT solution (5 μg/ml) was added to each well, and the cells were incubated for an additional 

4 h. The crystals of MTT-formazan were dissolved in 100 μl of DMSO; the absorbance of each well was 

measured at 490 nm using an automatic ELISA reader system (TECAN, CHE). The IC50 values were calculated 

using the nonlinear regression fitting models (Graph Pad, Prism Version 5). The means of at least three separate 

experiments gave the reported results. Statistical differences were analyzed according to a one-way ANOVA 

test wherein the differences were significant at p < 0.05.
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4.2.2. Cell cycle analysis

 PC-3 cells were seeded in a 6-well plate at a concentration of 1 X 105 cells per well, then incubated for 24 h. The 

cells were treated with (0.1% DMSO) vehicle or 2.04 μM of 10f compound for 24 h. After that, cells were 

harvested and fixed for 12h using ice-cold 70% ethanol at 4 °C. Removal of ethanol and washing cells with cold 

PBS was done. Then incubated for 30 min at 37°C in 0.5 mL of PBS containing 1 mg/mL Rnase. The cells were 

stained for 30 min with propidium iodide in the dark. Then flow cytometer was used to detect DNA contents. 

[55].

4.2.3. Apoptosis detection studies

4.2.3.1. Annexin V-FITC assay. 

PC-3 cells were seeded in a 6-well plate (1 X105 cell/well), incubated for 24 h, then treated with vehicle (0.1% 

DMSO) or 2.04 µM of 10f compound for 24 h. The cells were then harvested, washed using PBS and stained for 

15 min at room temperature in the dark using annexin V-FITC and PI in binding buffer (10mM HEPES, 140mM 

NaCl, and 2.5mM CaCl2 at pH 7.4), then analyzed by the flow cytometer [56].

2.2.3.2. Determination of the active caspase 3

The active caspase 3 level was measured by using Quantikine-Human active Caspase 3 Immunoassay (R&D 

Systems, Inc. Minneapolis, USA) according to the manufacturer protocol. Briefly, after washing the cells with 

PBS, the cells were collected and lysed by adding it to the extraction buffer containing protease inhibitors (1 mL 

per 1 x 107 cells.) then the lysate was diluted immediately before the assay. At the end of the assay, the optical 

density of each well was determined within 30 min using a microplate reader set at 450 nm.

 4.2.3.3. Determination of the genes expression of some apoptosis key markers (BAX and BCL2)

Cells were obtained from American Type Culture Collection, cells were grown in RPMI 1640 containing 10% 

fetal bovine serum at 37°C, stimulated with the compounds to be tested for BAX or BCL2 and lysed with Cell 

Extraction Buffer. This lysate was diluted in Standard Diluent Buffer over the range of the assay and measured 

for human active BAX or BCL2 content. (cells are Plated in a density of 1.2 – 1.8 × 10,000 cells/well in a volume 

of 100µl complete growth medium + 100 ul of the tested compound per well in a 96-well plate for 24 hours before 

measured for human active BAX or BCL2).

4.2.4. Determination of PIM-1 kinase activity 

The effects of the synthesized compounds on the activity of PIM-1 kinase were measured using Human proto-

oncogene serine/threonine- protein kinase PIM-1 (PIM-1) ELISA Kit (catalog #MBS701210). The cells were 

centrifuged for 15 min at 1000x g, 2-8 °C and assayed immediately according to the manufacturer's instructions. 

Shortly, the assay was performed using 100 mL of the supernatant of the cells in each well, which were incubated 

for 2 h at 37°C before starting the assay procedure. Finally, the optical density of each well was determined within 

5 min using a microplate reader set at 450 nm.

4.3. In silico physicochemical and ADME properties prediction

The molecular structures were converted into SMILES database using Chemdraw 12.0. Then, these SMILES 

were inserted as input in SwissADME website to calculate the physicochemical descriptors, lipophilicty, 

pharmacokinetics properties, ADME parameters, and medicinal chemistry friendliness.
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