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Abstract 

A series of new (N-((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-

carboxamide derivatives (8-35) were designed, synthesized and evaluated as CDK1/Cdc2 

inhibitors. Biological evaluation assays indicated that compounds 16 and 27 showed the most 

potent growth inhibitory activity against human cancer cell lines (MIAPaCa-2, MCF-7 and 

HeLa) with GI50 values ranging from 0.13 to 0.7 µM, compared with the positive control 

nocodazole (0.81-0.95 µM). Flow cytometric analysis revealed that these compounds induce cell 

cycle arrest in the G2/M phase and Western blot analysis suggested that compound treatment 

resulted in reduction of CDK1 expression levels in MCF-7 cell line. Moreover, the apoptosis 

inducing effect of the compounds was studied using Hoechst staining, Rhodamine 123 staining 

(MMP), carboxy-DCFDA staining (ROS), Annexin V-FITC assay. Based on these studies, two 

compounds 16 and 27 have been identified as promising new molecules that have the potential to 

be developed as leads. 
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1. Introduction 

Cyclin-dependent kinases (CDKs) belong to a family of serine/threonine protein kinases which 

play a pivotal role in the regulation of the eukaryotic cell division, control of gene transcription 

and other processes of the cell cycle. The loss of cell cycle control provides an abnormal cell 

growth which is a major key characteristic point of cancer [1] and the inhibition of CDKs may 

provide an effective method for controlling tumor growth in cancer chemotherapy [2, 3], hence 

CDKs are known to play a key role in different types of human cancers [4]. In this progression, 

CDKs do not participate alone, it is associated with cyclin subunits and its inhibition is 

controlled by phosphorylation of the CDK subunits in different phases of cell cycle, such as G1, 

S and G2/M [5, 6]. Each cell cycle phase transitions are regulated by different cdk/cyclin 

complexes. From the known human CDKs, CDK1 (CDC2) is the most essential for the suitable 

execution of cell cycle [7] and cell division [8, 9]. The predominant binding partner for CDK1 is 

cyclin B, which activates CDK1 at the G2/M transition. Moreover, several small molecule 

inhibitors of anti-CDK drugs are in clinical development as a new generation anticancer 

chemotherapeutics [10, 11] and some of the selected CDK1 inhibitors are illustrated in Fig.1. 

 Heterocyclic moieties play an important role in synthetic organic chemistry due to their 

extensive applications in pharmaceutical, veterinary and agrochemical fields [12]. Among them 

pyrazole derivatives have gained considerable attention in the history of nitrogen heterocyclic 

chemistry due to their wide variety of biological activities such as anticancer, antimicrobial, 

antibacterial, antitubercular, antidepressant, antipyretic, antioxidant, analgesic and anti-

inflammatory etc [13-18]. They have taken a leading position in the medicinal chemistry and are 

also being used as important pharmacophores in the field of drug design. In additon, triazole is a 

unique template that is associated with a number of biological activities and this moiety is an 

attractive option to use it as a structural component in the design of new molecules as it is stable 

in acidic/basic conditions [19], also has a high dipole moment and affords the possibility of 

forming hydrogen bonds with bimolecular targets [20]. 

 Recently, our research group reported many pyrazole derivatives as potent anticancer and 

apoptosis inducing agents against human cancer cell lines [21-23]. In continuation to extend our 

research, herein we report the synthesis of a series of N-((1-benzyl-1H-1,2,3-triazol-4-

yl)methyl)-1,3-diphenyl-1H-pyrazole-4-carboxamides and their biological evaluation. These 
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studies indicated that some compounds like 16 and 27 showed potent antiproliferative activity 

against some human cancer cell lines. The detailed biological and structure–activity relationship 

studies have also been carried out. 

< Fig. 1 > 

2. Results and Discussion 

2.1 Chemistry 

 The synthetic route for N-((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-

pyrazole-4-carboxamide analogs (8–35) is outlined in Scheme 1. The required precursors, 1,3-

diphenyl pyrazolocarboxaldehydes (4a-d) were prepared by following the previously reported 

procedure [24]. These were oxidized to the corresponding 1,3-diphenyl-1H-pyrazole-4-

carboxylic acids (5a–d) employing sodium chlorite-sulphamic acid. The carboxylic acids (5a-d) 

obtained were coupled with the propargylamine in the presence of N-(3-dimethylaminopropyl)-

N¢-ethylcarbodiimide hydrochloride (EDCI), 4-(dimethylamino)pyridine (DMAP) and 1-

hydroxybenzotriazole (HOBT) in dry DMF under nitrogen atmosphere to provide the 

corresponding terminal alkynes (6a-d). By using click chemistry protocol, these terminal alkynes 

were allowed to react with the benzyl azides (7a-g) in the presence of CuSO4.5H2O and sodium 

ascorbate in t-butyl alcohol and water (1:1) at room temperature to afford the triazole derivatives 

(8-35) in excellent yields (75-90%). To the best of our knowledge, these compounds are prepared 

for the first time and all compounds were characterized by spectroscopic studies (IR, 1H NMR 

and MS). 

< Scheme 1 > 

2.2 Antiproliferative activity 

 A sulforhodamine B assay was performed to evaluate the cytotoxic effects of these N-((1-

benzyl-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-carboxamides (8–35) against 

three tumor cell lines: MIAPaCa-2 (pancreatic), MCF-7 (breast carcinoma) and HeLa (cervical) 

using nocodazole as the positive control and the growth inhibition values are listed in Table 1. 

These carboxamides (8–35) showed notable antiproliferative effects and most of the compounds 

from this series displayed potent broad-spectrum growth inhibitory activities against all the 
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tested cell lines. Most of the compounds showed significant growth inhibition (GI50) values 

compared to the standard, wherein some of the compounds like 13, 16, 17, 18, 20, 22, 23, 25, 26, 

27, 28, 29, 32, 33 and 34 showed promising GI50 values against multiple cancer cell lines and 

were comparable to the positive standard. From the Table 1, it is observed that they exhibit 

significant antiproliferative activity with GI50 values ranging from 0.13 to ˃100 µM and some of 

them showed enhanced activity compared to the positive control (ranging from 0.81 to 0.95 µM). 

Among them, 16, 17, 20 and 27 possess remarkable GI50 values, i.e., 16 showed promising 

cytotoxic activity with 0.28, 0.13 and 0.21 µM against MIAPaCa-2 (pancreatic), MCF-7 (breast 

carcinoma) and HeLa (cervical) cancer cell lines. Similarly 17 exhibited 0.76, 0.81 and 0.25 µM, 

whereas 20 showed 0.19, 2.5 and 0.36 µM and 27 showed 0.34, 0.15 and 0.73 µM values against 

these human cancer cell lines (MIAPaCa-2, MCF-7 and HeLa), respectively. 

< Table 1 > 

Based on the antiproliferative activity data, the structure activity relationship (SAR) was 

examined for these carboxamides (8–35). In this study, the pyarazole moiety has two aryl ring 

systems i.e ring A and B, all the compounds having electron donating methoxy as well as 

electron withdrawing groups like chloro, fluoro and trifluoro methyl groups on  the ring systems 

(A and B) have been investigated. It is demonstrated that compounds 16, 17, 18, 20, 22, 23, 25, 

26, 27 and 28, with mono-substituted halogens (fluorine and chlorine) on the A ring, exhibited 

more potent activities than compounds with methoxy substitutions, respectively. In case of 

constant A ring substituents, and with a change of substituents on B ring the activities were 

examined. Among these, electron withdrawing chloro and trifluoromethyl substituents on the B-

ring resulted in moderate to high cytotoxic activity (16 and 17) and whereas 3,5-disubstituted 

compound 27 having an electron-donating group showed notable values. The interesting 

biological activity exhibited by 16 and 27 prompted us to investigate their effects at the cellular 

level and to understand the mechanism responsible for cell death. 

2.3 Cell cycle analysis 

Many anticancer compounds exert their growth inhibitory effect either by arresting the 

cell or by induction of apoptosis or a combined effect of both cycle arrest and apoptosis [25, 26]. 

Moreover, regulation of the cell cycle and apoptosis are considered to be effective approaches in 
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the development of cancer therapeutics [27]. The screening results revealed that compounds 16 

and 27 showed significant cytotoxic activity against human breast cancer cell line, MCF-7. 

Therefore, it was considered of interest to understand whether this inhibition of cell growth was 

on account of cell cycle arrest. In this study MCF-7 cells were treated with these compounds at 

50 and 100 nM concentrations for 48 h. nocodazole was used as a reference compound in this 

study. The results shown in figure 2 indicated significant increase of DNA content in G2/M 

phase and subsequent reduction in G0/G1 phase in comparison to the control cells. Moreover, 

increasing the dose resulted in the increase in the amount of cells in G2/M phase, this indicates 

that they induce G2/M phase cell cycle arrest in a dose dependent manner. 

< Fig. 2 > 

2.4 Effect of 16 and 27 on CDK1/Cdc2 

 The cyclin-dependent kinase (CDK) proteins play a key role in the cell-cycle regulation 

in eukaryotic cells [28]. Orderly cell-cycle progression requires CDK activation, which is mainly 

controlled by the expression of their activator subunit, cyclin. The complexation of CDK1 

(Cdc2) with cyclin B is an important aspect in G2/M phase progression [29, 30]. In this context, 

MCF-7 cells were treated with 16 and 27 at different concentrations (50 and 100 nM) for 48 h 

and Western blot analysis was performed. Results indicated that there was a significant reduction 

of CDK1 (Cdc2) expression level particularly by 27 as shown in Fig.3. 

< Fig. 3 > 

2.5 Molecular docking study 

 The promising cytotoxic activity shown by these pyrazolo-4-carboxamides prompted us 

to perform molecular docking studies with a view to understand the binding poses on cyclin-

dependent kinase 1 (CDK-1) enzyme. The studies were performed at the LZ9 binding site of the 

CDK-1 (PDB ID: 4Y72) [31]. Docking studies revealed that these molecules fit well in the LZ9 

binding site of the CDK-1 (Figure 4a). 

< Fig. 4 > 
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 These compounds (16 and 27) exhibit hydrogen bonding with Leu83 residue of the target 

protein (red dashed line in Figs 4b, 4c and 4d). The amide proton from these compounds show 

hydrogen bonding at the carbonyl group of Leu83. Moreover, the nitrogen present at the third 

position of the triazole ring shows additional hydrogen bonding with amide proton of the same 

amino acid residue in both the cases. 

 Besides this, these compounds (16 and 27) show hydrophobic interactions with the target 

protein. The 4-chloro and 3,5-dimethoxy benzyl ring of 16 and 27 respectively, show interactions 

with Thy15, Val18, Lys33, Val64, Phe80, Ala145 and Asp146. In addition, 27 also interacts with 

Asn133 and leu134 due to the presence of methoxy groups. The phenyl ring of 16 and 27 shows 

interactions with Gly11, Glu12 and Gln132, apart from the interaction with Asn133 by 

compound 16. The 4-F and 4-Cl phenyl ring of 16 and 27 respectively interacts with Ile10, 

Phe82, Ser84, Met85 and Lys89 whereas 16 interacts with Lys20. Pyrazole moiety interactions 

with Asp86 and Leu135 and whereas the triazole ring interacts with Ala31, Glu81 and Leu83 in 

both the cases. 

2.6 Apoptotic studies 

 Apoptosis is an orderly cellular process that takes place in physiological and pathological 

conditions, and plays an important role in tissue homeostasis. Disruption or inappropriate 

regulation of different apoptotic pathways result in the overgrowth of malignant cells [32, 33]. 

Thus, it is necessary to consider inducing cellular apoptosis as an effective approach in cancer 

treatment. Moreover, previous reports suggested that G2/M cell cycle arrest leads to apoptosis, 

thus the apoptotic inducing effect of these compounds on MCF-7 cell line has been studied. 

2.6.1 Hoechst 33242 staining 

To investigate the morphological changes induced by these compounds in MCF-7 cells, Hoechst 

staining has been carried out. Hoechst 33242 is a cell membrane permeable dye, which stains the 

live cells nuclei as uniformly light blue and apoptotic cells nuclei as bright blue nuclei on 

account of karyopyknosis and chromatin condensation [34]. MCF-7 cells were treated with 

various concentrations (50 and 100 nM) of these compounds (16 and 27) for 48 h and stained 

with Hoechst 33242. The results from Fig. 5 shows that control cells had no obvious 

morphological changes with most cell nuclei appeared as uniformly light blue nuclei. On the 
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contrary, the cells treated with 50 nM of 16 and 27 exhibited bright blue fluorescence because of 

chromatin condensation which is a typical characteristic of apoptosis. These apoptotic nuclei 

significantly increase with increasing the concentration of the compounds to 100 nM and this 

observation demonstrates that they induce apoptosis. 

< Fig. 5 > 

2.6.2 Measurement of mitochondrial membrane potential (MMP) 

Previous reports suggest that mitochondria plays an important role in the propagation of 

apoptosis and its dysfunction within the apoptotic process, and is often associated with loss of 

the mitochondrial inner transmembrane potential [35]. To investigate this possibility, MCF-7 

cells were exposed to various concentrations (50 and 100 nM) of 16 and 27 for 48 h and were 

analyzed for rhodamine-123 uptake using fluorescence microscope. Uptake of rhodamine-123 

into the mitochondria is driven by mitochondrial transmembrane potential. Mitochondria with 

normal   cells retain the dye and gives strong green fluorescence, whereas apoptotic cells with 

depolarized mitochondria cannot retain the dye, which results in reduced green fluorescence. The 

results from the figure indicated that, more than 90% of the untreated control cells were 

functionally active with high rhodamine-123 green fluorescence (Fig.6). Cells treated with 16 

and 27 resulted in reduction of green fluorescence intensity which is significant with further 

increase in the concentration of the compounds to 100 nM. Thus, decrease in DΨm by the 16 and 

27 indicated that the mitochondrial apoptotic death-signal pathway plays a critical role in 

induction of apoptosis in MCF-7 cells. 

< Fig. 6 > 

2.6.3 Measurement of reactive oxygen species (ROS) 

Apoptosis can be induced by oxidative stress which may be mediated by the generation of 

reactive oxygen species (ROS). As these compounds are cytotoxic and induce apoptosis in MCF-

7 cells. We then examined the effect of these compounds (16 and 27) on ROS generation using 

non-fluorescent carboxy-2,7-dichlorofluorescein diacetate (carboxy-DCFDA) dye which gets 

oxidized to the fluorescent dichlorofluorescein (DCF) by a variety of peroxides [36]. In this 

assay, MCF-7 cells were treated with different concentrations of both 16 and 27 for 48 h and 
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analyzed for DCF fluorescence.  As seen from the Figure, there as not much DCF fluorescence 

(ROS positive cells) observed in the untreated MCF-7 cells, and this status remained unchanged 

when cells were incubated with the 50 nM concentrations of 16 and 27. Whereas, there was a 

significant increase of DCF green fluorescence with 100 nM of by these compounds as compared 

to the control. Therefore these results demonstrate that compounds are potent inducers of ROS. 

< Fig. 7 > 

2.6.4 Annexin V-FITC for apoptosis 

 The apoptotic effect of these compounds (16 and 27) was further evaluated by Annexin V 

FITC/PI (AV/PI) dual staining assay [37] to examine the occurrence of phosphatidylserine 

externalization and facilitates the detection of live cells (Q1-LL; AV-/PI-), early apoptotic cells (Q1-LR; 

AVþ/PI-), late apoptotic cells (Q1-UR-AVþ/ PIþ) and necrotic cells (Q1-UL; AV-/PIþ). In this study, 

MCF-7 cells were treated with these compounds for 48 h at 50 and 100 nΜ concentrations to 

examine the apoptotic effect. As shown in the figure 8, the percentage of total apoptotic cells 

significantly increased after treatment by these compounds. These results confirm a dose dependent 

apoptotic inducing effect by these compounds. 

< Fig. 8 > 

3. Conclusion 

 In summary, we have designed and synthesized a series of N-((1-benzyl-1H-1,2,3-triazol-

4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-carboxamides (8-35) and examined their cytotoxicity 

on three human cancer cell lines (MIAPaCa-2, MCF-7 and HeLa). The antiproliferative activity 

screening results indicated that most of these compounds exhibit potent growth inhibitory 

activity (GI50 values ranging from 0.13 to >100 µM). Interestingly, compounds 16 and 27 

showed potent cytotoxic efficacy against the MCF-7 human cancer cell line. Treatment of MCF-

7 cells with these compounds resulted in G2/M cell cycle arrest and down regulation of CDK1 

expression in MCF-7 cells. Moreover, they induce apoptosis through depolarization of 

mitochondrial membrane potential and increased ROS production. Therefore, compounds they 

can be considered as interesting lead molecules for further development of more potent 

anticancer agents against breast cancer cells. 
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4. Experimental Section 

 All the starting materials and other reagents of the best grade were commercially 

available and were used without further purification. TLC was performed on 0.25 mm silica gel 

60-F254 plates. Spots were visualized by UV light. All melting points were taken and are 

uncorrected. 1H and 13C NMR spectra were recorded on 75, 300 and 500 MHz spectrometers 

using tetramethylsilane as the internal standard. Chemical shifts are reported in parts per million 

(ppm) downfield from tetramethylsilane. Spin multiplicities are described as s (singlet), brs 

(broad singlet), d (doublet), dd (double doublet), t (triplet), q (quartet), or m (multiplet). 

Coupling constants are reported in hertz (Hz). HRMS analyses were acquired on single 

quadruple and carried out using the ESI techniques at 70 eV. Wherever required column 

chromatography was performed using silica gel of 60–120 mm with hexane and ethyl acetate as 

eluents. 

4.1 General Procedure for the synthesis of 1,3-diphenyl-1H-pyrazole-4-carboxylic acids 

(5a-d) 

The  1,3-diphenyl-1H-pyrazole-4-carboxylic acids (4a-d) were synthesized based on a literature 

method as following: para-substituted acetophenones (1a-d, 20 mmol) interact with phenyl 

hydrazine (2, 25 mmol)  in anhydrous ethanol to form 1-phenyl-2-(1-phenylethylidene) 

hydrazine, which was added to a cold solution of DMF (25 mL) and POCl3 (5 mL), stirred at 50–

60 °C for 5 h. The resulting mixture was poured into ice-cold water, a saturated solution of 

sodium bi carbonate was added to neutralize the mixture, the obtained solid (1, 3-diphenyl-1H-

pyrazole-4-carbaldehyde) precipitate was filtered, then after reaction with NaClO2 and sulphamic 

acid in acetone to gave carboxylic acid derivatives (5a-d). 

4.2 General Procedure for the synthesis of Alkynes (6a-d) 

To a solution of 1, 3-diphenyl-1H-pyrazole-4-carboxylic acid (2 mmol) in 10 mL of dry DMF, 

EDCI (2.4 mmol) and HOBT (2.4 mmol) were added at 0 °C and the reaction mixture was stirred 

for 20 min. To the reaction mixture propargylamine (2 mmol) was added and stirred overnight at 

room temperature for 12 h. The contents of the reaction mixture were poured into ice-cold water 

(50 mL), extracted with ethyl acetate. The organic layer was washed with saturated NaHCO3 and 
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1N HCl, dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography by using EtOAc/hexane as eluant. 

4.2.1 1,3-diphenyl-N-(prop-2-ynyl)-1H-pyrazole-4-carboxamide (6a). 

White solid, yield 74%, Mp: 131-133 °C; 1H NMR (500 MHz, CDCl3): δ 2.18 (t, J = 2.5 Hz, 

1H), 4.10 (dd, J = 2.4, 5.3 Hz, 2H), 5.89 (s, 1H), 7.35 (t, J = 7.3 Hz, 1H), 7.46-7.53 (m, 5H), 7.71 

(dd, J = 1.5, 8.0 Hz, 2H), 7.75 (d, J = 7.4 Hz, 2H), 8.51 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 

29.0, 71.5, 79.0, 117.3, 119.3, 127.3, 128.9, 129.1, 129.3, 129.5, 131.1, 131.9, 139.2, 150.9, 

162.2. MS (ESI): m/z 302 [M+H]+. 

4.2.2 3-(4-fluorophenyl)-1-phenyl-N-(prop-2-ynyl)-1H-pyrazole-4-carboxamide (6b). 

White solid, yield 78%, Mp: 165-167 °C; 1H NMR (500 MHz, CDCl3): δ 2.21 (t, J = 2.5 Hz, 

1H), 4.13 (dd, J = 2.4, 5.3 Hz, 2H), 5.81 (s, 1H), 7.20 (t, J = 8.6 Hz, 2H), 7.36 (t, J = 7.4 Hz, 

1H), 7.49 (t, J = 7.6 Hz, 2H), 7.76-7.71 (m, 4H), 8.47 (s, 1H). 13C NMR (75 MHz, 

CDCl3+DMSO): δ 28.1, 71.1, 80.0, 114.2 (d, JCF = 21.4 Hz), 116.0, 118.3, 126.5, 128.2, 129.0, 

129.5, 130.3 (d, JCF = 7.6 Hz), 138.6, 150.6, 162.1 (d, JCF = 246.9 Hz), 162.1. MS (ESI): m/z 320 

[M+H] +. HRMS (ESI) calcd for C19H15ON3F [M+H]+ 320.11937; found: 320.11903. 

4.2.3 3-(4-chlorophenyl)-1-phenyl-N-(prop-2-ynyl)-1H-pyrazole-4-carboxamide (6c). 

White solid, yield 80%, Mp: 151-153 °C; 1H NMR (500 MHz, CDCl3): δ 2.23 (t, J = 2.4 Hz, 

1H), 4.14 (dd, J = 2.4, 5.3 Hz, 2H), 5.82 (s, 1H), 7.36 (t, J = 7.3 Hz, 1H), 7.69 (m, 1H), 7.71 (m, 

1H), 7.72-7.75 (m, 2H), 8.46 (s, 1H). 13C NMR (75 MHz, CDCl3+DMSO): δ 28.0, 71.7, 80.2, 

116.3, 118.3, 126.6, 127.4, 129.1, 129.8, 129.9, 130.7, 133.0, 138.6, 150.1, 161.9. MS (ESI): m/z 

336 [M+H]+. HRMS (ESI) calcd for C19H15ON3Cl [M+H]+ 336.08982; found: 336.08940. 

4.2.4 3-(4-methoxyphenyl)-1-phenyl-N-(prop-2-ynyl)-1H-pyrazole-4-carboxamide (6d). 

White solid, yield 75%, Mp: 176-178 °C; 1H NMR (300 MHz, CDCl3+DMSO): δ 2.53 (s, 1H), 

2.98 (t, J = 2.2 Hz, 1H), 4.05 (dd, J = 2.2, 5.2 Hz, 2H), 6.96 (d, J = 8.6 Hz, 2H), 7.35 (t, J = 7.3 

Hz, 1H), 7.53 (t, J = 7.9 Hz, 2H), 7.79-7.89 (m, 4H), 8.55 (t, J = 5.2 Hz, 1H), 8.86 (s, 1H). 13C 

NMR (75 MHz, CDCl3+DMSO): δ 28.0, 54.8, 72.4, 80.6, 113.0, 116.3, 118.3, 124.5, 126.5, 
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129.3, 129.6, 129.7, 138.9, 150.8, 159.2, 162.3. MS (ESI): m/z 332 [M+H]+. HRMS (ESI) calcd 

for C20H18O2N3 [M+H]+ 332.13935; found: 332.13852. 

4.3 General Procedure for the synthesis of Click (8-35) 

To a solution of alkynes (6a-d, 2 mmol) and corresponding aryl azides (7a-g, 2 mmol) in a 

mixture of t-BuOH/H2O 1 : 1 (10 mL) was added CuSO4·5H2O (2 mmol) and sodium ascorbate 

(10 mmol). The reaction mixture was stirred at room temperature overnight. After completion of 

the reaction, the mixture was diluted with 50 ml of water and extracted with ethylacetate (2 X 25 

ml), the combined organic phase was washed with brine, dried over anhydrous sodium sulfate, 

filtered and evaporated in vacuo. The crude product was purified by column chromatography by 

using EtOAc/hexane as eluant. 

4.3.1 N-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-

carboxamide (8). 

Light brown solid, yield 79%, Mp: 134-136 °C; 1H NMR (500 MHz, CDCl3): δ 4.54 (d, J = 5.9 

Hz, 2H), 5.45 (s, 2H), 6.33 (t, J = 5.4 Hz, 1H), 7.04-7.08 (m, 2H), 7.23-7.26 (m, 1H), 7.32-7.36 

(m, 1H), 7.40 (d, J = 1.6 Hz, 1H), 7.41 (d, J = 1.9 Hz, 2H), 7.45-7.49 (m, 3H), 7.61-7.64 (m, 

2H), 7.72-7.75 (m, 2H), 8.47 (s, 1H).13C NMR (75 MHz, CDCl3): δ 34.8, 53.3, 116.0 (d, JCF = 

21.4 Hz), 117.4, 119.2, 122.2, 127.2, 128.7, 129.0, 129.1, 129.4, 129.9 (d, JCF = 8.2 Hz), 130.3 

(d, JCF = 1.6 Hz), 130.7, 131.8, 139.1, 151.1, 162.7 (d, JCF = 248.0 Hz), 162.8. MS (ESI): m/z 

453 [M+H]+. HRMS (ESI) calcd for C26H21ON6F [M+H]+ 453.18336; found: 453.18322. 

4.3.2 N-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-

carboxamide (9). 

Light brown solid, yield 76%, Mp: 158-160 °C; 1H NMR (500 MHz, CDCl3): δ 4.53 (d, J = 5.7 

Hz, 2H), 5.42 (s, 2H), 6.54 (t, J = 5.3 Hz, 1H), 7.17 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 2.1 Hz, 2H), 

7.33 (s, 1H), 7.38 (d, J = 1.3 Hz, 1H), 7.39 (d, J = 2.1 Hz, 2H), 7.45 (t, J = 8.3 Hz, 2H), 7.49 (s, 

1H), 7.62-7.66 (q, J = 2.1, 4.2 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 8.46 (s, 1H). 13C NMR (75 

MHz, CDCl3): δ 34.8, 53.3, 111.8, 117.4, 119.2, 122.4, 127.2, 128.7, 129.0, 129.1, 129.2, 129.3, 
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129.4, 130.7, 131.8, 132.9, 134.7, 139.1, 151.0, 162.8. MS (ESI): m/z 469 [M+H]+. HRMS (ESI) 

calcd for C26H21ON6Cl [M+H]+ 469.1544; found: 469.15341. 

4.3.3 1,3-diphenyl-N-((1-(4-(trifluoromethyl)benzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-

pyrazole-4-carboxamide (10). 

Light brown solid , yield 81%, Mp: 152-154 °C; 1H NMR (500 MHz, CDCl3): δ 4.54 (d, J = 5.9 

Hz, 2H), 5.52 (s, 2H), 6.53 (t, J = 5.4, 5.6 Hz, 1H), 7.30-7.35 (m, 3H), 7.39 (t, J = 3.3, 3.0 Hz, 

3H), 7.45 (t, J = 8.2, 7.6 Hz, 2H), 7.52 (s, 1H), 7.61 (s, 1H), 7.62-7.65 (m, 3H), 7.72 (d, J = 7.9 

Hz, 2H), 8.47 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 53.4, 117.4, 119.2, 122.5, 126.0 (q, 

JCF3 = 3.8 Hz), 127.3, 128.1, 128.8, 129.0, 129.1, 129.5, 130.7, 131.8, 138.4, 139.1, 145.3, 151.0, 

162.8. MS (ESI): m/z 503 [M+H]+. HRMS (ESI) calcd for C27 H21ON6F3 [M+H]+ 503.18017; 

found: 503.17995. 

4.3.4 N-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-4-

carboxamide (11). 

White solid, yield 78%, Mp: 166-168 °C; 1H NMR (300 MHz, CDCl3): δ 3.80 (s, 3H), 4.53 (d, J 

= 5.8 Hz, 2H), 5.41 ( s, 2H), 6.32 (t, J = 4.9, 4.7 Hz, 1H), 6.89 (d, J = 8.6 Hz, 2H), 7.22 (d, J = 

8.4 Hz, 2H), 7.32 (d, J = 7.5 Hz, 1H), 7.35-7.42 (m, 4H), 7.47 (t, J = 8.1, 7.5 Hz, 2H), 7.62 (dd, J 

= 3.9, 1.8 Hz, 2H), 7.73 (d, J = 7.7 Hz, 2H), 8.47 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 

53.6, 55.2, 114.4, 117.5, 119.3, 121.9, 126.4, 127.2, 128.7, 129.0, 129.1, 129.4, 129.6, 130.7, 

131.8, 139.2, 144.8, 151.0, 159.8, 162.7. MS (ESI): m/z 465 [M+H]+. HRMS (ESI) calcd for 

C27H24O2N6 [M+H] + 465.20335; found: 465.20293. 

4.3.5 N-((1-(3,4-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-

4-carboxamide (12). 

White solid, yield 84%, Mp: 140-142 °C; 1H NMR (500 MHz, CDCl3): δ 3.82 (s, 3H), 3.86 (s, 

3H), 4.53 (d, J = 5.7 Hz, 2H), 5.40 (s, 2H), 6.46 (s, 1H), 6.78 (s, 1H), 6.84 (s, 2H), 7.32 (t, J = 

7.3 Hz, 1H), 7.38 (s, 3H), 7.42-7.48 (m, 3H), 7.62 (dd, J = 3.8 Hz, 3H), 7.72 (d, J = 7.9 Hz, 2H), 

8.46 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 54.4, 55.9, 111.1, 111.2, 117.4, 119.2, 120.8, 

122.0, 126.7, 127.2, 128.7, 128.9, 129.1, 129.4, 130.6, 131.8, 139.1, 144.8, 149.3, 149.4, 151.0, 
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162.7. MS (ESI): m/z495 [M+H]+. HRMS (ESI) calcd for C28H26O3N6 [M+H]+ 495.21392; 

found: 495.21333. 

4.3.6 N-((1-(3,5-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1,3-diphenyl-1H-pyrazole-

4-carboxamide (13). 

Light brown solid, yield 76%, Mp: 171-173 °C; 1H NMR (500 MHz, CDCl3): δ 3.76 (s, 6H), 

4.55 (d, J = 5.8 Hz, 2H), 5.40 (s, 2H), 6.30 (t, J = 5.4 Hz, 1H), 6.39 (bs, 2H), 6.43 (t, J = 2.2, 1.8 

Hz, 1H),7.34 (t, J = 7.3 Hz, 1H), 7.38-7.42 (m, 3H), 7.43-7.52 (m, 3H), 7.74 (d, J = 7.5 Hz, 2H), 

8.48 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 54.1, 55.3, 100.2, 106.1, 117.5, 119.2, 122.2, 

127.2, 128.7, 129.0, 129.1, 129.4, 130.7, 131.8, 136.5, 139.2, 144.9, 151.1, 161.2, 162.7. MS 

(ESI): m/z 495 [M+H]+. HRMS (ESI) calcd for C28H26O3N6 [M+H]+ 495.21392; found: 

495.21236. 

4.3.7 1,3-diphenyl-N-((1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-

pyrazole-4-carboxamide (14). 

Light brown solid, yield 86%, Mp: 153-155 °C; 1H NMR (500 MHz, CDCl3): δ 3.80 (s, 6H), 

3.82 (s, 3H), 4.55 (d, J = 5.7 Hz, 2H), 5.39 (s, 2H), 6.48 (s, 2H), 7.33 (t, J = 7.4 Hz, 1H), 7.37-

7.41 (m, 3H), 7.45 (t, J = 8.2, 7.6 Hz, 2H), 7.52 (s, 1H), 7.63 (d, J = 4.2 Hz, 1H), 7.65 (d, J = 2.1 

Hz, 1H), 7.73 (d, J = 7.6 Hz, 2H), 8.47 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 54.4, 56.1, 

60.7, 105.2, 117.4, 119.2, 122.2, 127.2, 128.7, 128.9, 129.1, 129.4, 129.8, 130.7, 131.8, 139.1, 

145.0, 151.0, 153.6, 162.7. MS (ESI): m/z524 [M+H]+. HRMS (ESI) calcd for C29H28O4N6 

[M+H] + 525.22448; found: 525.22404. 

4.3.8 N-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-fluorophenyl)-1-phenyl-1H-

pyrazole-4-carboxamide (15). 

White solid, yield 80%, Mp: 164–166 °C; 1H NMR (500 MHz, CDCl3): δ 4.56 (s, 2H), 5.46 (s, 

2H), 6.46 (s, 1H), 7.02-7.12 (m, 4H), 7.22-7.28 (m, 3H), 7.34 (t, J =7.3 Hz, 1H), 7.46 ( t, J = 7.6, 

7.9 Hz, 3H), 7.66 (t, J = 8.2 Hz, 3H), 7.72 (d, J = 7.9 Hz, 2H), 8.44 (s, 1H). 13C NMR (75 MHz, 

CDCl3): δ  34.9, 53.6, 115.6 (d, JCF = 21.274 Hz), 116.1 (d, JCF = 22.0 Hz), 117.2, 119.2, 127.3, 

128.0 (d, JCF = 2.9 Hz), 129.5, 129.9 (d, JCF = 8.0 Hz), 130.1 (d, JCF = 2.9 Hz), 130.4, 130.9 (d, 
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JCF = 8.0 Hz), 139.1, 150.4, 162.8, 162.8 (d, JCF = 248.6 Hz), 163.2 (d, JCF = 248.6 Hz). MS 

(ESI): m/z 471 [M+H]+. HRMS (ESI) calcd for C26H20ON6F2 [M+H]+ 471.17394; found: 

471.17356. 

4.3.9 N-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-fluorophenyl)-1-phenyl-1H-

pyrazole-4-carboxamide (16). 

White solid, yield 82%, Mp: 174-176 °C; 1H NMR (500 MHz, CDCl3): δ 4.56 (s, 2H), 5.46 (s, 

2H), 6.56 (s, 1H), 7.10 (t, J = 8.5 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H), 7.34 (d, J  = 8.0 Hz, 2H), 

7.46 (t, J = 7.9, 7.6 Hz, 2H), 7.65-7.70 (m, 3H), 7.72 ( d, J = 7.7 Hz, 2H), 8.45 (s, 1H). 13C NMR 

(75 MHz, CDCl3): δ  34.9, 54.1, 115.6, 115.7 (d, JCF = 20.8 Hz), 117.2, 117.3, 119.3, 128.0 (d, 

JCF = 2.7 Hz), 128.8, 129.3, 129.4, 129.5, 130.8, 130.9 (d, JCF = 8.1 Hz), 132.6, 134.9, 139.1, 

150.4, 162.8, 163.2 (d, JCF = 248.8 Hz). MS (ESI): m/z 487 [M+H]+. HRMS (ESI) calcd for 

C26H20ON6ClF [M+H]+ 487.14439; found: 487.14295. 

4.3.10 3-(4-fluorophenyl)-1-phenyl-N-((1-(4-(trifluoromethyl)benzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (17). 

Off white solid, yield 77%, Mp: 195-197 °C; 1H NMR (300 MHz, CDCl3): δ 3.36 (s, 2H), 4.54 

(d, J = 5.28, 2H), 5.68 (s, 2H), 7.10 (t, J = 8.6 Hz, 2H), 7.34 (t, J = 7.3, 7.1 Hz, 1H), 7.46-7.54 

(m, 4H), 7.65 (d, J = 8.1 Hz, 2H), 7.83 (d, J = 7.9 Hz, 2H), 7.88-7.94 (m, 2H), 8.04 (s,1H), 8.62 

(t, J = 5.0 Hz, 1H), 8.88 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 53.3, 55.2, 114.2, 117.1, 

119.1, 122.6, 124.0, 126.0 (q, JCF3 = 3.2 Hz), 127.1, 128.1, 129.4, 130.3, 130.6, 134.0, 138.3, 

139.1, 145.3, 150.9, 160.2, 162.9. MS (ESI): m/z 521 [M+H]+. HRMS (ESI) calcd for 

C27H20ON6F4 [M+H]+ 521.17075; found: 521.17106. 

4.3.11 3-(4-fluorophenyl)-N-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1-phenyl-

1H-pyrazole-4-carboxamide (18). 

Off white solid, yield 84%, Mp: 184-186 °C; 1H NMR (300 MHz, CDCl3): δ 3.80 (s, 3H), 4.60 

(s, 2H), 5.40 (s, 2H), 6.84 (d, J = 8.1 Hz, 2H), 7.06 (t, J = 8.1, 8.3 Hz, 2H), 7.20 (d, J = 8.3 Hz, 

2H),7.33 (t, J = 7.3 Hz, 1H), 7.46 (t, J = 7.7, 7.3 Hz, 2H), 7.64-7.74 (m, 4H), 8.46 (s, 1H). 13C 

NMR (75 MHz, CDCl3): δ 34.79, 54.2, 55.2, 114.4, 115.5 (d, JCF = 21.9 Hz), 117.2, 119.24, 
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126.1, 127.2, 128.0, 129.4, 129.6, 130.4, 130.5, 130.9 (d, JCF = 8.2 Hz), 139.1, 150.5, 159.9, 

162.7, 163.1 (d, JCF = 248.6 Hz). MS (ESI): m/z 483 [M+H]+. HRMS (ESI) calcd for 

C27H23O2N6F [M+H]+ 483.19393; found: 483.19386. 

4.3.12 N-((1-(3,4-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-fluorophenyl)-1-

phenyl-1H-pyrazole-4-carboxamide (19). 

Off white solid, yield 76%, Mp: 175-177 °C; 1H NMR (500 MHz, CDCl3): δ 3.82 (s, 3H), 3.86 

(s, 3H), 4.55 (d, J = 5.7 Hz, 2H), 5.40 (s, 2H), 6.78 (s, 2H), 6.82-6.85 (m, 2H), 7.06 (t, J = 8.6 

Hz, 2H), 7.32 (t, J = 7.3, 7.4 Hz, 1H), 7.44 (t, J = 8.3, 7.4 Hz, 2H), 7.51 (s, 1H), 7.65-7.72 (m 

,4H), 8.45 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 54.0, 55.8, 111.1 (d, JCF = 6.5 Hz), 115.6 

(d, JCF = 21.9 Hz), 117.2, 119.2, 120.8, 122.1, 126.6, 127.2, 127.9, 129.4, 130.3, 130.9 (d, JCF = 

8.2 Hz), 139.1, 144.8, 149.3, 149.4, 150.4, 162.7, 163.1 (d, JCF = 249.1 Hz); MS (ESI): m/z 513 

[M+H] +. HRMS (ESI) calcd for C28H25O3N6F [M+H]+ 513.20449; found: 513.20435. 

4.3.13 N-((1-(3,5-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-fluorophenyl)-1-

phenyl-1H-pyrazole-4-carboxamide (20). 

Off white solid, yield 88%, Mp: 181-183 °C; 1H NMR (300 MHz, CDCl3): δ 3.74 (s, 6H), 4.56 

(bs, 2H), 5.38 (s, 2H), 6.37 (s, 2H), 6.42 (s, 1H), 6.90 (s, 1H), 7.06 (t, J = 8.6, 8.4 Hz, 2H), 7.32 

(d, J = 7.3 Hz, 1H), 7.43 (t, J = 7.9, 7.5 Hz, 2H), 7.64-7.74 (m ,4H), 8.47 (s, 1H). 13C NMR (75 

MHz, CDCl3): δ  34.8, 54.2, 55.3, 100.2, 106.1, 115.5 (d, JCF = 21.9 Hz), 117.1, 119.2, 127.2, 

128.0 (d, JCF = 2.7 Hz), 129.4, 130.2, 130.8 (d, JCF = 8.2 Hz), 136.3, 139.1, 150.5, 161.2, 162.8, 

163.1 (d, JCF = 248.6 Hz); MS (ESI): m/z 513 [M+H]+. HRMS (ESI) calcd for C28H2O3N6F 

[M+H] + 513.20449; found: 513.20364. 

4.3.14 3-(4-fluorophenyl)-1-phenyl-N-((1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (21). 

Off white solid, yield 76%, Mp: 189-191 °C; 1H NMR (500 MHz, CDCl3): δ 3.80(s, 6H), 3.82 (s, 

3H), 4.57 (d, J = 5.7 Hz, 2H), 5.39 (s, 2H), 6.49 (s, 2H), 6.72 (t, J = 5.6 Hz, 1H), 7.08 (t, J = 8.6, 

8.8 Hz, 2H), 7.33 (t, J = 7.4, 7.3 Hz, 1H), 7.45 (t, J = 8.3, 7.6 Hz, 2H), 7.55 (s, 1H), 7.65-7.77 

(m, 1H), 7.72 (dd, J = 7.6, 1.2 Hz, 2H), 8.45 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 54.4, 
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56.1, 60.7, 105.2, 115.6 (d, JCF = 21.4 Hz), 117.1, 119.2, 122.3, 127.3, 127.9 (d, JCF = 2.7 Hz), 

129.4, 129.7, 130.2, 130.9 (d, JCF = 8.7 Hz), 138.2, 139.1, 144.9, 150.4, 153.6, 162.8, 163.1 (d, 

JCF = 248.6 Hz); MS (ESI): m/z 543 [M+H]+. HRMS (ESI) calcd for C29H27O4N6F [M+H]+ 

543.21506; found: 543.21488. 

4.3.15 3-(4-chlorophenyl)-N-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1-phenyl-

1H-pyrazole-4-carboxamide (22). 

Off white solid, yield 82%, Mp: 183-185 °C; 1H NMR (500 MHz, CDCl3): δ 4.58 (s, 2H), 5.42 

(s, 2H), 6.70 (s, 1H), 7.06 (t, J = 8.3 Hz, 2H), 7.20 (d, J = 4.7 Hz, 1H), 7.36 (t, J = 9.1, 8.2 Hz, 

3H), 7.42 (t, J = 7.6 Hz, 2H), 7.65 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 7.7 Hz, 2H), 8.44 (s, 1H). 13C 

NMR (75 MHz, CDCl3): δ 35.0, 53.8, 116.1 (d, JCF = 21.9 Hz), 116.5, 117.2, 119.2, 127.3, 

128.6, 129.4, 129.7, 130.0 (d, JCF = 8.2 Hz), 130.2, 130.4, 131.5, 134.8, 139.0, 150.3, 162.8, 

162.9 (d, JCF = 248.6 Hz); MS (ESI): m/z 487 [M+H]+. HRMS (ESI) calcd for C26H20ON6ClF 

[M+H] + 487.14439; found: 487.14549. 

4.3.16 N-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-chlorophenyl)-1-phenyl-

1H-pyrazole-4-carboxamide (23). 

Off white solid, yield 80%, Mp: 168-170 °C; 1H NMR (500 MHz, CDCl3):  δ 4.57 ( d, J = 5.7 

Hz, 2H), 5.46 (s, 2H), 6.38-6.58 (m, 1H) 7.20(d, J = 8.3 Hz, 2H), 7.33-7.40 (m, 5H), 7.45-7.50 

(m, 3H), 7.64 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 8.42 (s, 1H). 13C NMR (75 MHz, 

CDCl3): δ 34.8, 53.6, 115.7, 117.1, 119.2, 120.7, 127.3, 127.9, 128.0, 128.6, 129.2, 129.4, 130.4, 

130.9, 132.7, 134.8, 139.0, 150.5, 163.8; MS (ESI): m/z 503 [M+H]+. HRMS (ESI) calcd for 

C26H20ON6Cl2 [M+H] + 503.11484; found: 503.11666. 

4.3.17 3-(4-chlorophenyl)-1-phenyl-N-((1-(4-(trifluoromethyl)benzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (24). 

Off white solid, yield 82%, Mp: 173-175 °C; 1H NMR (500 MHz, CDCl3): δ 4.58 ( d, J = 5.7 Hz, 

2H), 5.55 (s, 2H), 6.52 (t, J = 5.6, 5.4 Hz, 1H), 7.26 (t, J = 8.5, 7.4 Hz, 2H), 7.32-7.36 (m, 2H), 

7.37 (s, 2H), 7.39 (s, 1H), 7.54 (s, 1H), 7.64 (t, J = 8.3, 8.5 Hz, 4H), 7.72 (d, J = 7.4 Hz, 2H), 

8.42 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 53.4, 117.1, 119.1, 122.7, 126.0 (q, JCF3 = 3.2 
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Hz), 127.3, 128.1, 128.6, 129.4, 130.2, 130.4, 130.7, 131.2, 134.8, 138.2, 139.0, 145.3, 150.3, 

162.9; MS (ESI): m/z 537 [M+H]+. HRMS (ESI) calcd for C27H20ON6ClF3 [M+H] + 537.14120; 

found: 537.14268. 

4.3.18 3-(4-chlorophenyl)-N-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1-phenyl-

1H-pyrazole-4-carboxamide (25). 

Off white solid, yield 84%, Mp: 151-153 °C; 1H NMR (500 MHz, CDCl3): δ 3.80 (s, 3H), 4.55 

(d, J = 5.7 Hz, 2H), 5.42 (s, 2H), 6.55 (m, 1H), 6.88 (d, J = 8.5 Hz, 2H), 7.33 (m, 3H), 7.44 (m, 

3H), 7.62 (d, J = 8.5 Hz, 2H), 7.70 (d, J = 7.6 Hz, 2H), 8.46 (s, 1H). 13C NMR (75 MHz, CDCl3): 

δ 34.8, 53.7, 55.2, 114.4, 117.2, 119.2, 122.2, 126.2, 127.2, 128.6, 129.4, 129.6, 130.2, 130.4, 

134.8, 139.1, 144.8, 150.2, 159.8, 162.8; MS (ESI): m/z 499 [M+H]+. HRMS (ESI) calcd for 

C27H23O2N6Cl [M+H]+ 499.16438; found: 499.16414. 

4.3.19 3-(4-chlorophenyl)-N-((1-(3,4-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1-

phenyl-1H-pyrazole-4-carboxamide (26). 

Off white solid, yield 77%, Mp: 155-157 °C; 1H NMR (300 MHz, CDCl3): δ 3.80 (s, 3H), 3.82 

(s, 3H), 4.58 (s, 2H), 5.40 (s, 2H), 6.78 (s, 1H), 6.84 (s, 2H), 7.00 (s, 1H), 7.28- 7.38 (m, 3H), 

7.44 (t, J = 7.3, 7.5 Hz, 2H), 7.68 (q, J = 7.7, 8.1 Hz, 5H), 8.46 (s, 1H). 13C NMR (75 MHz, 

CDCl3): δ 34.7, 54.1, 55.8, 111.0, 111.1, 117.1, 119.1, 120.8, 126.5, 127.2, 128.5, 129.4, 130.2, 

130.4, 134.7, 139.0, 149.2, 149.3, 150.4, 162.8; MS (ESI): m/z 529 [M+H]+. HRMS (ESI) calcd 

for C28H25O3N6Cl [M+H]+ 529.17494; found: 529.17610. 

4.3.20 3-(4-chlorophenyl)-N-((1-(3,5-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1-

phenyl-1H-pyrazole-4-carboxamide (27). 

Off white solid, yield 84%, Mp: 186-188 °C; 1H NMR (500 MHz, CDCl3): δ 3.74 (s, 6H), 4.58 

(s, 2H), 5.40 (s, 2H), 6.38 (s, 2H), 6.40 (s, 1H), 6.60 (s, 1H), 7.30-7.40 (m, 3H), 7.45 (t, J = 3.2, 

7.6 Hz, 2H), 7.65 (d, J = 7.7 Hz, 2H), 7.72 (d, J = 7.6 Hz, 2H), 8.44 (s, 1H).13C NMR (75 MHz, 

CDCl3+DMSO): δ 33.1, 51.6, 53.5, 98.0, 104.4, 115.4, 117.0, 125.3, 126.1, 127.8, 128.5, 128.6, 

129.6, 131.8, 136.0, 137.4, 148.8, 159.2, 160.9. MS (ESI): m/z 529 [M+H]+. HRMS (ESI) calcd 

for C28H25O3N6Cl [M+H]+ 529.17494; found: 529.17604. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

4.3.21 3-(4-chlorophenyl)-1-phenyl-N-((1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (28). 

Off white solid, yield 89%, Mp: 149-151 °C; 1H NMR (500 MHz, CDCl3): δ 3.80 (s, 9H), 4.58 

(d, J = 5.6 Hz, 2H), 5.40 (s, 2H), 6.50 (s, 2H), 6.56 (m, 1H), 7.32-7.40 (m, 3H), 7.46 (t, J = 7.1, 

8.3 Hz, 2H), 7.54 (s, 1H), 7.66 (d, J = 8.3 Hz, 2H), 7.72 (d, J= 8.3 Hz, 2H), 8.43 (s, 1H). 13C 

NMR (75 MHz, CDCl3): δ 30.8, 34.8, 54.4, 56.0, 60.7, 105.2, 117.1, 119.2, 122.4, 127.3, 128.6, 

129.4, 129.7, 130.1, 130.2, 130.3, 134.8, 139.0, 144.9, 150.3, 153.5, 162.8; MS (ESI): m/z 559 

[M+H] +. HRMS (ESI) calcd for C29H27O4N6Cl [M+H]+ 559.18551; found: 559.18421. 

4.3.22 N-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-methoxyphenyl)-1-phenyl-

1H-pyrazole-4-carboxamide (29). 

White solid, yield 79%, Mp: 168-170 °C; 1H NMR (500 MHz, CDCl3): δ 3.85 (s, 3H), 4.53 (d, J 

= 5.7 Hz, 2H), 5.44 (s, 2H), 6.51 (t, J = 5.3 Hz, 1H), 6.93 (d, J = 7.3 Hz, 2H), 7.05 (t, J = 7.3, 8.3 

Hz, 2H), 7.22-7.27 (m, 2H), 7.32 (t, J = 7.0, 7.7 Hz, 1H), 7.45 (t, J = 7.1 Hz, 2H), 7.50 (s, 1H), 

7.56 (d, J = 8.5 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 8.45 (s, 1H).13C NMR (75 MHz, CDCl3): δ 

34.8, 53.3, 55.3, 114.2, 116.0 (d, JCF = 21.7 Hz), 117.2, 119.2, 122.2, 124.0, 127.1, 129.4, 129.9 

(d, JCF = 8.1 Hz), 130.3 (d, JCF = 2.7 Hz), 130.6, 139.2, 145.1, 150.9, 160.2, 162.7 (d, JCF = 247.9 

Hz), 162.9 ; MS (ESI): m/z 483 [M+H]+. HRMS (ESI) calcd for C27H23O2N6F [M+H]+ 

483.19393; found: 483.19457. 

4.3.23 N-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-methoxyphenyl)-1-phenyl-

1H-pyrazole-4-carboxamide (30). 

Off white solid, yield 82%, Mp: 160-162 °C; 1H NMR (300 MHz, CDCl3): δ  3.82 (s, 3H), 4.52 

(d, J = 5.8 Hz, 2H), 5.42 (s, 2H), 6.62 (t, J = 5.6, 5.4 Hz, 1H), 6.92 (d, J = 8.6 Hz, 2H), 7.17 (d, J 

= 8.3 Hz, 2H), 7.32 (d, J = 8.1 Hz, 3H) 7.44 (t, J = 8.1, 7.5 Hz, 2H) 7.50 (s, 1H), 7.57 (d, J = 8.8 

Hz, 2H), 7.70 (d, J = 7.9 Hz, 2H), 8.45 (s, 1H).13C NMR (75 MHz, CDCl3): δ 34.8, 53.3, 55.3, 

114.2, 117.2, 119.2, 122.3, 124.0, 127.1, 129.2, 129.3, 129.4, 130.3, 130.5, 132.9, 134.75, 139.2, 

145.2, 150.9, 160.2, 162.9; MS (ESI): m/z 499 [M+H]+.HRMS (ESI) calcd for C27H23O2N6Cl 

[M+H] +499.16438; found: 499.16555. 
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4.3.24 3-(4-methoxyphenyl)-1-phenyl-N-((1-(4-(trifluoromethyl)benzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (31). 

Off white solid, yield 80%, Mp: 145-147 °C; 1H NMR (500 MHz, CDCl3): δ 3.84 (s, 3H), 4.55 

(d, J = 5.7 Hz, 2H), 5.53 (s, 2H), 6.55 (s, 1H), 6.94 (d, J = 8.6 Hz, 2H), 7.30-7.36 (m, 3H), 7.45 

(t, J = 7.6, 8.2 Hz, 2H), 7.54 (s, 1H), 7.56 (s, 1H), 7.58 (s, 1H), 7.62 (d, J = 7.9 Hz, 2H), 7.72 (d, 

J = 8.3 Hz, 2H), 8.45 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 53.3, 55.2, 114.2, 117.1, 

119.1, 122.6, 124.0, 126.0 (q, JCF3 = 3.2 Hz), 127.1, 128.1, 129.4, 130.3, 130.6, 138.3, 139.1, 

145.3, 150.9, 160.2, 162.9; MS (ESI): m/z 533 [M+H]+. HRMS (ESI) calcd for C28H23O2N6F3 

[M+H] + 533.19074; found: 533.19158. 

4.3.25 N-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-methoxyphenyl)-1-

phenyl-1H-pyrazole-4-carboxamide (32). 

Off white solid, yield 78%, Mp: 170-172 °C; 1H NMR (300 MHz, CDCl3): δ 3.73 (s, 6H), 3.83 

(s, 3H), 4.55 (bs, 2H), 5.38 (s, 2H), 6.35- 6.42 (m, 3H), 6.63 (s, 1H), 6.93 (d, J = 8.4 Hz, 2H), 

7.30 (t, J = 7.3 Hz, 1H), 7.44 (t, J = 7.5, 7.9 Hz, 2H), 7.57 (d, J = 8.4 Hz, 3H), 7.70 (d, J = 7.7 

Hz, 2H), 8.46 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 53.7, 55.2, 55.3, 114.2, 114.4, 117.3, 

119.2, 122.0, 124.0, 126.4, 127.1, 129.4, 129.6, 130.3, 130.6, 139.2, 150.9, 159.8, 160.2, 162.8. 

MS (ESI): m/z 495 [M+H]+. HRMS (ESI) calcd for C28H26O3N6 [M+H]+ 495.21392; found: 

495.21245. 

4.3.26 N-((1-(3,4-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-methoxyphenyl)-1-

phenyl-1H-pyrazole-4-carboxamide (33). 

White solid, yield 75%, Mp: 143-145 °C; 1H NMR (500 MHz, CDCl3): δ 3.81 (s, 3H), 3.84 (s, 

3H), 3.86 (s, 3H), 4.53 (d, J = 5.7 Hz, 2H), 5.40 (s, 2H), 6.55 (t, J = 5.3 Hz, 1H), 6.78 (s, 1H), 

6.84 (s, 2H), 6.93 (d, J = 8.6 Hz, 2H), 7.32 (t, J = 7.4, 7.3 Hz, 1H), 7.45 (t, J = 8.0, 7.6 Hz, 2H), 

7.49 (s, 1H), 7.57 (d, J = 8.6 Hz, 2H), 7.71 (d, J = 7.6 Hz, 2H), 8.45 (s, 1H). 13C NMR (75 MHz, 

CDCl3): δ 34.8, 54.0, 55.2, 55.8, 111.0, 111.1, 114.1, 117.1, 119.1, 120.7, 122.1, 124.0, 126.7, 

127.1, 129.4, 130.3, 130.5, 139.1, 144.9, 149.3, 150.9, 160.2, 162.9; MS (ESI): m/z 525 [M+H]+. 

HRMS (ESI) calcd for C29H28O4N6 [M+H] + 525.22448; found: 525.22504. 
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4.3.27 N-((1-(3,5-dimethoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-methoxyphenyl)-1-

phenyl-1H-pyrazole-4-carboxamide (34). 

White solid, yield 81%, Mp: 165-167 °C; 1H NMR (500 MHz, CDCl3): δ 3.75 (s, 6H), 3.86 (s, 

3H), 4.55 (d, J = 5.0 Hz, 2H), 5.40 (S, 2H), 6.33-6.43 (m, 4H), 6.95 (d, J = 8.5 Hz, 2H), 7.33 (t, J 

= 7.3 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.49 (s, 1H), 7.56 (d, J = 8.6 Hz, 2H), 7.73 (d, J = 7.7 Hz, 

2H), 8.45 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.9, 54.2, 55.3, 100.3, 106.1, 114.3, 117.4, 

119.3, 124.0, 127.2, 129.5, 130.4, 130.7, 136.5, 139.2, 150.9, 160.3, 161.2. MS (ESI): m/z 525 

[M+H] +. HRMS (ESI) calcd for C29H28O4N6 [M+H]+ 525.22448; found: 525.22506. 

4.3.28 3-(4-methoxyphenyl)-1-phenyl-N-((1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-pyrazole-4-carboxamide (35). 

White solid, yield 76%, Mp: 153-155 °C; 1H NMR (300 MHz, CDCl3): δ  3.80 (s, 6H), 3.82 (s, 

3H), 3.84 (s, 3H), 4.54 (d, J = 5.8 Hz, 2H), 5.38 (s, 2H), 6.48 (s, 2H), 6.60-6.66 (m, 1H), 6.93 (d, 

J = 7.5 Hz, 2H), 7.32 (d, J = 7.3 Hz, 1H), 7.44 (t, J = 6.9 Hz, 2H), 7.55 (d, J = 4.3 Hz, 2H), 7.58 

(s, 1H), 7.72 (d, J = 8.4 Hz, 2H), 8.45 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 34.8, 54.3, 55.2, 

56.1, 60.7, 105.2, 114.2, 117.1, 119.1, 122.2, 124.0, 129.4, 129.8, 130.3, 130.5, 138.2, 139.1, 

145.0, 150.9, 153.5, 160.2, 162.9; MS (ESI): m/z 555 [M+H]+. HRMS (ESI) calcd for 

C30H30O5N6 [M+H]+ 555.23504; found: 555.23647. 

4.4 Biology 

4.4.1 Cell culture 

The cell lines, MIA PaCa-2 (pancreatic), MCF-7 (breast), HeLa (cervical) which were used in 

this study were procured from American Type Culture Collection (ATCC), United States and 

were maintained in the Dulbecco's modified Eagle's medium containing 10% (v/v) fetal bovine 

serum (FBS; HyClone, Logan, UT) supplemented with 100 units/mL of penicillin and 

streptomycin (Sigma-Aldrich, St. Louis, MO). All cells were cultured at 37 ºC in a humidified 

atmosphere with 5% CO2. Test compounds were dissolved in DMSO (Sigma-Aldrich) to prepare 

10 mM stock solution for the following experiments. The stock was diluted with culture medium 

to desired concentrations for drug treatment. 
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4.4.2 Evaluation of anti-proliferative activity 

The anti-proliferative activity of the synthesized pyrazole derivatives was evaluated using SRB 

assay. A protocol of 48 h continuous drug exposure was used to estimate cell viability or growth. 

MiaPaca-2, MCF-7 and HeLa cells were seeded in 96-well plates in 100 µL aliquots at plating 

densities depending on the doubling time of individual cell lines. The microtiter plates were 

incubated at 37 °C, 5% CO2, 95% air, and 100% relative humidity for 24 h and then cells were 

treated with different doses (0.01, 0.1, 1, 10, 100 µM) of synthesized compounds. After 48 hours 

incubation at 37 °C, cells were fixed with 10% (wt/vol) cold trichloroacetic acid and incubated at 

4 °C for 1h and were then stained with 0.057% SRB dissolved in 1% acetic acid for 30 min at 

room temperature. Unbound SRB was washed with 1% acetic acid. The protein–bound dye was 

dissolved in 10mM Tris base solution for OD determination at 510 nm using a micro plate reader 

(Enspire, Perkin Elmer, USA). Using the seven absorbance measurements [time zero, (Tz), 

control growth, (C), and test growth in the presence of drug at the five concentration levels (Ti)], 

the percentage growth was calculated at each of the drug concentrations levels. Percentage 

growth inhibition was calculated as: [(Ti-Tz)/(C-Tz)] x 100 for concentrations for which 

Ti>/=Tz , [(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz. Growth inhibition of 50 % 

(GI50) was calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, which is the drug concentration resulting 

in a 50% reduction in the net protein increase (as measured by SRB staining) in control cells 

during the drug incubation. 

4.4.3 Cell cycle analysis 

Flow cytometric analysis (FACS) was performed to evaluate the distribution of the cells through 

the cell-cycle phases. MCF-7 cells, breast cancer cells were incubated for 48 h with compounds 

16 and 27 at concentrations of 50 and 100 nM. Untreated and treated cells were harvested, 

washed with phosphate-buffered saline (PBS), fixed in ice-cold 70% ethanol, and stained with 

propidium iodide (Sigma–Aldrich). Cell-cycle analysis was performed by flow cytometry 

(Becton Dickinson FACS Caliber instrument) [38]. 
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4.4.4 Western blot analysis 

After treatment with test compounds 16 and 27 at 50, 100 nM concentrations for 48 h. Protein 

was isolated with RIPA (radioimmunoprecipitation assay) buffer. Protein (50 µg per lane)was 

applied in 10 % SDS-PAGE (Sodium dodecyl sulfate Polyacrylamide gel electrophoresis). After 

electrophoresis, the protein was transferred to a polyvinylidine difluoride (PVDF) membrane 

(Thermo Scientific Inc.) and blocked with BSA (bovine serum albumin).The membrane was 

washed with TBST for 5 min, then primary antibody was added. After 24 h, the membrane was 

incubated with the corresponding horseradish peroxidase labeled secondary antibody and 

incubated for another 1 h. Membranes were washed with TBST three times for 15 min and the 

protein blots were visualized with chemiluminescence reagent (Thermo ScientificInc.). Images 

were captured by using the chemiluminescence (vilberlourmat) [39].  

4.4.5 Molecular Docking 

The co-ordinates of the crystal structure were obtained from RCSB-Protein Data Bank. Required 

corrections to the protein were carried out by using Protein Preparation Wizard from Schrödinger 

package. Molecules were built using ChemBio3D Ultra 12.0 and geometries were optimized 

using molecular mechanics. All docking studies were performed by using Auto Dock 4.2 

docking software [40] and the results were visualized through PyMOL [41]. 

4.4.6 Hoechst staining 

The MCF-7 cells were seeded in 24-well plates at the density of 1X105 cells per ml. After 24h, 

cells were incubated with test compounds 16 and 27 for 24 h. Cells treated with vehicle (DMSO) 

were included as controls for all experiment. After washing with PBS, cells were fixed with 4% 

para formaldehyde (PFA) in PBS for 10 min at 4 ºC and stained with Hoechst 33242 (life 

technologies) (2 µg/mL) for 10 min at room temp. Cells were washed twice with PBS to remove 

the excess dye. Cells from each well were captured from randomly selected fields under 

fluorescence microscope (Nikon). 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

4.4.7 Measurement mitochondrial membrane potential 

The MCF-7 cells were plated at 1X105 cells/mL in 24-well culture plates and allowed to adhere 

overnight. Cells were treated with GI50 concentrations of the compounds 16 and 27 for 24 h. 

After washing twice with PBS, cells were incubated with Rhodamine 123 (sigma Aldrich) (5 

µg/ml) for 30 min in the dark at 37 ºC and cells were washed twice with PBS to remove the 

excess dye. The decrease in intensity of fluorescence because of mitochondrial membrane 

potential loss was analyzed using fluorescence microscope (Nikon). 

4.4.8 Measurement of reactive oxygen species level 

The MCF-7 cells were plated at 1X105 cells /mL in 24-well culture plates and allowed to adhere 

for overnight. Cells were treated with compounds 16 and 27 for 24 h, washed with PBS and 

fixed with 4 % para formaldehyde. Cells were exposed with Carboxy-DCFDA dye (life 

technologies) (10 µM/mL) for 30 min in the dark at room temp and washed with PBS to remove 

the excess dye. The increase in intensity of fluorescence because of generation of reactive 

oxygen species was analyzed using fluorescence microscope (Nikon). 

4.4.9 Annexin staining assay for apoptosis 

MCF-7 (1×106) cells were seeded in six-well plates and allowed to grow overnight. The medium 

was then replaced with complete medium containing compounds 16 and 27 at concentrations of 

50 and 100 nM concentrations. After 48 h of drug treatment, cells from the supernatant and 

adherent monolayer cells were harvested by trypsinization, washed with PBS at 5000 rpm. Then 

the cells were stained with Annexin V/FITC and propidium iodide using the Annexin-V-FITC 

apoptosis detection kit (Sigma aldrich).Flow cytometry was performed for this study as 

described earlier [42]. 
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Figure/Scheme Captions 

Scheme 1. General synthesis of compounds 8-35. Reagents and conditions: (i) EtOH, 50–60 °C, 

3 h; (ii) DMF, POCl3, 50–60 °C, 5 h; (iii) NaClO2/NH2SO3, 40–50 °C, 5 h; (iv) DMF, EDCI, 

HOBt, propargyl amine, 0 °C- rt, 12 h; (v) substituted benzylazides, CuSO4.5H2O, sodium 

ascorbate, t-BuOH/H2O (1:1), rt, 12 h. 

Table 1. Antiproliferative activity (aGI50 µM) of compounds 8-35. 

Fig. 1. Examples of chemical structures of CDK1 inhibitors. 
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Fig. 2. Cell cycle analysis of compounds 16 and 27 on MCF-7 cells. A: Control cells (MCF-7), 

B: Nocodazole (100 nM), C: 16 (50 nM), D: 16 (100 nM), E: 27 (50 nM) and F: 27 (100 nM). 

Fig.3. Effect of 16 and 27 on CDK1 expression levels. MCF-7 cells were treated with 

compounds for 48 h at 50 and 100 nM concentrations. The cell lysates were collected and 

expression level of CDK1 was determined by western blot analysis. β-actin was used as a 

loading control. 

Fig. 4. a) Surfaced binding of 16 in LZ9 binding pocket, b) Hydrogen bonding of 16 with Leu83, 

c) and d) binding pose of compound 16 and 27 respectively. Compounds 16 and 27 are shown in 

stick and coloured by the atom type (carbon: cyan; oxygen: red; hydrogen: white; nitrogen: blue; 

chlorine: green; fluorine: ice blue). 

Fig. 5. Effect of compounds 16 and 27 on nuclear morphological changes of MCF-7 cells. A) 

Control, B) 50 nM (compound 16), C) 100 nM (compound 16), D) 50 nM (compound 27), E) 

100 nM (compound 27). 

Fig. 6. Compounds 16 and 27 induced loss of mitochondrial membrane potential (DΨm) in 

MCF-7 cells analyzed using Rhodamine 123 staining. Images were captured by a fluorescence 

microscope. A) Control, B) 50 nM (compound 16), C) 100 nM (compound 16) D) 50 nM 

(compound 27), E) 100 nM (compound 27). 

Fig. 7. Effect of compounds 16 and 27 on the intracellular levels of ROS. MCF-7 cells were 

treated with compounds 16 and 27 for 24 h and stained with carboxy DCFDA. A) Control, B) 50 

nM (compound 16), C) 100 nM (compound 16) D) 50 nM (compound 27), E) 100 nM 

(compound 27). Images were captured by a fluorescence microscope. 

Fig. 8. Annexin V-FITC assay; Quadrants; Upper left (necrotic cells), Lower left (live cells), 

Lower right (early apoptotic cells) and Upper right (late apoptotic cells). A: Control cells (MCF-

7), B: Nocodazole (100 nM), C: 16 (50 nM), D: 16 (100 nM), E: 27 (50 nM) and F: 27 (100 nM). 
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Scheme 1. General synthesis of compounds 8-35. Reagents and conditions: (i) EtOH, 50–60 °C, 

3 h; (ii) DMF, POCl3, 50–60 °C, 5 h; (iii) NaClO2/NH2SO3, 40–50 °C, 5 h; (iv) DMF, EDCI, 

HOBt, propargyl amine, 0 °C- rt, 12 h; (v) substituted benzylazides, CuSO4.5H2O, sodium 

ascorbate, t-BuOH/H2O (1:1), rt, 12 h. 

Table 1 Antiproliferative activity (aGI50 µM) of compounds 8-35. 

Compound R R1 MIAPaCa-2b MCF 7c HeLad 

8 H F 9.6±1.7 7.0±3.2 1.6±0.2 

9 H Cl 8.7±0.7 >100 0.6±0.1 

10 H CF3 17.7±2.1 0.84±0.3 1.6±0.3 

11 H OMe 10.2±1.5 >100 6.9±1.3 

12 H 3,4-OMe 8.2±1.2 12.6±0.7 10.8±1.2 

13 H 3,5-OMe 0.19±0.02 2.4±0.4 12.2±0.7 

14 H 3,4,5-OMe 1.0±0.03 >100 >100 
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15 F F 14.3±1.1 55.3±9.4 1.2±0.9 

16 F Cl 0.28±0.03 0.13±0.02 0.21±0.04 

17 F CF3 0.76±0.06 0.81±0.09 0.25±0.1 

18 F OMe 3.7±0.6 0.65±0.02 0.87±0.02 

19 F 3,4-OMe >100 >100 0.2±0.03 

20 F 3,5-OMe 0.19±0.06 2.5±0.9 0.36±0.09 

21 F 3,4,5-OMe 5.2±0.6 4.3±2.0 2.1±0.02 

22 Cl F 1.99±0.4 0.57±0.03 2.8±0.1 

23 Cl Cl 0.41±0.01 28.8±4.9 0.47±0.2 

24 Cl CF3 1.1±1.0 4.9±0.4 1.9±0.3 

25 Cl OMe 0.29±0.1 8.0±0.6 1.4±0.2 

26 Cl 3,4-OMe 9.4±2.4 >100 0.2±0.03 

27 Cl 3,5-OMe 0.34±0.02 0.15±0.02 0.73±0.04 

28 Cl 3,4,5-OMe 3.5±0.4 2.5±1.1 0.1±0.02 

29 OMe F 24.1±0.8 0.46±0.07 0.5±0.01 

30 OMe Cl 26.3±5.2 2.9±1.7 6.4±1.1 

31 OMe CF3 >100 >100 6.2±5.4 

32 OMe OMe 2.5±0.2 22.9±3.9 0.45±0.2 

33 OMe 3,4-OMe 16.3±2.8 >100 0.8±0.02 

34 OMe 3,5-OMe 5.8±1.6 0.7±0.01 12.4±1.5 

35 OMe 3,4,5-OMe 31.6±1.1 7.6±1.1 1.7±0.2 

Nocodazole 0.95 ± 0.013 0.94±0.02 0.81±0.01 
a50% Growth inhibition and the values are mean of three independent experiments. bPancreatic 

cancer, cBreast cancer and dCervix cancer. 
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Fig. 1. Examples of chemical structures of CDK1 inhibitors. 
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Fig. 2. Cell cycle analysis of compounds 16 and 27 on MCF-7 cells. A: Control cells (MCF-7), 

B: Nocodazole (100 nM), C: 16 (50 nM), D: 16 (100 nM), E: 27 (50 nM) and F: 27 (100 nM). 

Sample Sub G1 % G0/G1 % S % G2/M % 

A: Control  0.33 78.60 2.26 18.05 

B: Nocodazole (100 nM) 0.45 65.27 1.42 32.14 

C: 15 (50 nM) 0.70 66.85 1.15 29.58 

D: 15 (100 nM) 0.41 64.17 1.64 32.54 

E: 26 (50 nM) 0.43 64.57 1.57 32.26 

F: 26 (100 nM) 0.45 61.49 1.73 34.96 
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Fig.3. Effect of 16 and 27 on CDK1 expression levels. MCF-7 cells were treated with 

compounds for 48 h at 50 and 100 nM concentrations. The cell lysates were collected and 

expression level of CDK1 was determined by western blot analysis. β-actin was used as a 

loading control. 

 

Fig. 4. a) Surfaced binding of 16 in LZ9 binding pocket, b) Hydrogen bonding of 16 with Leu83, 

c) and d) binding pose of compound 16 and 27 respectively. Compounds 16 and 27 are shown in 

stick and coloured by the atom type (carbon: cyan; oxygen: red; hydrogen: white; nitrogen: blue; 

chlorine: green; fluorine: ice blue). 
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Fig. 5. Effect of compounds 16 and 27 on nuclear morphological changes of MCF-7 cells. A) 

Control, B) 50 nM (compound 16), C) 100 nM (compound 16), D) 50 nM (compound 27), E) 

100 nM (compound 27). 
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Fig. 6. Compounds 16and 27induced loss of mitochondrial membrane potential (DΨm) in MCF-

7 cells analyzed using Rhodamine 123 staining.Images were captured by a fluorescence 

microscope. A) Control, B) 50 nM (compound 16), C) 100 nM (compound 16) D) 50 nM 

(compound 27), E) 100 nM (compound 27). 
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Fig. 7. Effect of compounds 16 and 27 on the intracellular levels of ROS. MCF-7 cells were 

treated with compounds 16 and 27 for 24 h and stained with carboxy DCFDA. A) Control, B) 50 

nM (compound 16), C) 100 nM (compound 16) D) 50 nM (compound 27), E) 100 nM 

(compound 27). Images were captured by a fluorescence microscope. 
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Fig. 8. Annexin V-FITC assay; Quadrants; Upper left (necrotic cells), Lower left (live cells), 

Lower right (early apoptotic cells) and Upper right (late apoptotic cells). A: Control cells (MCF-

7), B: Nocodazole (100 nM), C: 16 (50 nM), D: 16 (100 nM), E: 27 (50 nM) and F: 27 (100 nM). 

Sample UL % UR % LL% LR % 

A: Control 0.42 4.16 93.05 2.37 

B: Nocodazole (100nM) 1.62 20.29 70.48 7.61 

C: 16 (50nM) 0.68 10.31 83.78 5.23 

D: 16 (100nM) 2.02 20.48 69.34 8.17 

E: 27 (50nM) 0.95 10.22 83.22 5.61 

F: 27 (100nM)  2.18 28.64 61.37 7.81 
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Research Highlights 

1). 28 derivatives (8-35) were synthesized and tested for their antiproliferative activity. 

2). Compounds 16 and 27 showed significant cytotoxicity with GI50 0.13 to 0.7 µM. 

3). Compounds (16 and 27) induces cell cycle arrest in the G2/M phase. 

4). Western blot analysis showed reduction of CDK1 expression levels in MCF-7 cell line. 

5). Compounds (16 and 27) can be considered as interesting lead molecules for further    
development of more potent anticancer agents against breast cancer cells. 

 


