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Introduction

Cancer is characterized by cells with uncontrolled division, genome heterogeneity, and invasiveness to other tissues via blood or lymph nodes. According to the World Health Organization (WHO) reports, almost 9 million cancer-related deaths annually occur [START_REF] Zafar | Estimating the Global Demand and Delivery of Cancer Surgery[END_REF]. Among cancers, the lung cancer is one of the most common type, with a mortality rate of around 18.4% according to GLOBOCAN report [START_REF] Bray | Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries[END_REF].

Cancer metastasis is defined as the formation of new tumors in tissues away from the primary site, account for a vast majority of morbidity and mortality of patients and is associated with about 90% of all cancer-associated deaths [START_REF] Ganesh | Targeting metastatic câncer[END_REF][START_REF] Lambert | Emerging Biological Principles of Metastasis[END_REF]. In the past decade, an increasing number of studies have provided strong evidence to proposed that epithelial-mesenchymal transition (EMT) -a known cellular program allowing polarized cells to shift to a mesenchymal phenotype with increased cellular motility [START_REF] Lamouille | Molecular mechanisms of epithelial-mesenchymal transition[END_REF] -has a central role in cancer progression and metastatic dissemination [START_REF] Lu | Epithelial-Mesenchymal Plasticity in Cancer Progression and Metastasis[END_REF][START_REF] Dongre | New insights into the mechanisms of epithelial-mesenchymal transition and implications for cancer[END_REF][START_REF] Pearson | Control of Invasion by Epithelial-to-Mesenchymal Transition Programs during Metastasis[END_REF]. For this reason, the EMT has become as a target of interest for anticancer therapy [START_REF] Marcucci | Epithelial-mesenchymal transition: a new target in anticancer drug discovery[END_REF][START_REF] Cho | Therapeutic implications of cancer epithelialmesenchymal transition (EMT)[END_REF]. Furthermore, cancer therapy is complex due mainly to drug-resistance, which leads to less effectiveness of the anticancer agents. Therefore, the discovery and development of new chemotherapeutic agents with greater efficacy is very urgent need.

Coumarins are a class of secondary metabolites chemically characterized by the fusion of a benzene with an α-pirone ring [START_REF] Araújo | Coumarins: Synthetic Approaches and Pharmacological Importance[END_REF]. Their pharmacological applications are widely described [START_REF] Zhang | Design, synthesis and antifungal activities of novel pyrrole-and pyrazole-substituted coumarin derivatives[END_REF][START_REF] Mahmoodi | Green synthesis of bis-coumarin derivatives using Fe(SD)3 as a catalyst and investigation of their biological activities[END_REF][START_REF] Al-Majedy | Antioxidant activity of coumarine compounds[END_REF][START_REF] Wang | Design, synthesis and evaluation of 3-substituted coumarin derivatives as anti-inflammatory agents[END_REF][START_REF] Mohamed | Synthesis, anticancer effect and molecular modeling of new thiazolylpyrazolyl coumarin derivatives targeting VEGFR-2 kinase and inducing cell cycle arrest and apoptosis[END_REF][START_REF] Kasperkiewicz | Antagonists of vitamin K -Popular coumarin drugs and new synthetic and natural coumarin derivatives[END_REF], highlighting its applications in the treatment of several human cancer and in the inhibition of cell growth of several cancer cell lines [START_REF] Thornes | Treatment with coumarin to prevent or delay recurrence of malignant melanoma[END_REF][START_REF] Marshall | An updated review of the clinical development of coumarin (1,2-benzopyrone) and 7-hydroxycoumarin[END_REF][START_REF] Angerer | Anti-tumour activity of coumarin in prostate and mammary cancer models[END_REF][START_REF] Lopez-Gonzalez | Apoptosis and cell cycle disturbances induced by coumarin and 7hydroxycoumarin on human lung carcinoma cell lines[END_REF][START_REF] Emami | Current developments of coumarin-based anti-cancer agents in medicinal chemistry[END_REF][START_REF] Dandriyal | Recent developments of C-4 substituted coumarin derivatives as anticancer agents[END_REF][START_REF] Thakur | Coumarins as anticancer agents: a review on synthetic strategies, mechanism of action and SAR studies[END_REF][START_REF] Zhang | Coumarin-containing hybrids and their anticancer activities[END_REF][START_REF] Klenkar | Natural and synthetic coumarins as potential anticancer agents[END_REF][START_REF] Kawaii | The antiproliferative effect of coumarins on several cancer cell lines[END_REF], including lung cancer [START_REF] Lopez-Gonzalez | Apoptosis and cell cycle disturbances induced by coumarin and 7hydroxycoumarin on human lung carcinoma cell lines[END_REF][START_REF] Kumar | Coumarin Derivatives as Anticancer Agents for Lung Cancer Therapy: A Review[END_REF][START_REF] Weng | Synthesis and evaluation of coumarin derivatives against human lung cancer cell lines[END_REF][START_REF] Wang | 7,8-Dihydroxycoumarin inhibits A549 human lung adenocarcinoma cell proliferation by inducing apoptosis via suppression of Akt/NF-κB signaling[END_REF][START_REF] Musa | In vitro evaluation of 3-arylcoumarin derivatives in A549 cell line[END_REF][START_REF] Musa | Coumarin-based Benzopyranone Derivatives Induced Apoptosis in Human Lung (A549) Cancer Cells[END_REF][START_REF] Khaghanzadeh | Umbelliprenin is cytotoxic against QU-DB large cell lung cancer cell line but anti-proliferative against A549 adenocarcinoma cells[END_REF][START_REF] Xiaoman | Osthole induces G2/M arrest and apoptosis in lung cancer A549 cells by modulating PI3K/Akt pathway[END_REF][START_REF] Basanagouda | Synthesis, structure-activity relationship of iodinated-4-aryloxymethyl-coumarins as potential anti-cancer and anti-mycobacterial agents[END_REF][START_REF] Belluti | Design, synthesis and anticancer activities of stilbene-coumarin hybrid compounds: Identification of novel proapoptotic agents[END_REF][START_REF] Chen | Antitumor agents 292. Design, synthesis and pharmacological study of S-and O-substituted 7-mercapto-or hydroxy-coumarins and chromones as potent cytotoxic agents[END_REF]. Its low toxicities [START_REF] Borges | Simple coumarins and analogues in medicinal chemistry: Occurrence, synthesis and biological activity[END_REF][START_REF] Lake | Coumarin metabolism, toxicity and carcinogenicity: relevance for human risk assessment[END_REF], associated with its potential to inhibit several proteins associated with lung cancer (tyrosine kinase, telomerase, NF-κB, ERK1/2, EGFR, STAT proteins, HSP 90, PI3K, Bax, among others) [START_REF] Thakur | Coumarins as anticancer agents: a review on synthetic strategies, mechanism of action and SAR studies[END_REF][START_REF] Klenkar | Natural and synthetic coumarins as potential anticancer agents[END_REF][START_REF] Kumar | Coumarin Derivatives as Anticancer Agents for Lung Cancer Therapy: A Review[END_REF], makes them as promising prototypes for the development of new anti-lung cancer drugs.

In view of the above, the aim of this study was to synthesize a series of coumarins derivatives obtained through palladium-catalyzed cross-coupling reactions (PCCCR), and evaluate their cytotoxic effects in vitro in two non-small two cell lung carcinoma (NSCLC) cell lines (A549 and H2170).

Additionally, were investigated the potential of the most promising coumarin derivative (6f) in reversing the epithelial-to-mesenchymal transition (EMT) in IL-1β-stimulated A549 cells, and in inhibiting the EMT-associated migratory ability in A549 cells.

Materials and Methods

Compounds (synthetic coumarins)

Compounds 1d [START_REF] Wang | α-Methylidene-γ-butyrolactones: Synthesis and evaluation of quinolin-2(1H)-one derivatives[END_REF], 3 [START_REF] Spadafora | Efficient synthesis of ratiometric fluorescent nucleosides featuring 3hydroxychromone nucleobases[END_REF], 5b [START_REF] Plougastel | Sydnone-based turn-on fluorogenic probes for no-wash protein labeling and in-cell imaging[END_REF], 6 [START_REF] Kumar | Pot-economic synthesis of diarylpyrazoles and pyrimidines involving Pd-catalyzed cross-coupling of 3-trifloxychromone and triarylbismuth[END_REF], 8a [START_REF] Starčević | Synthesis and biological evaluation of (6-and 7-phenyl) coumarin derivatives as selective nonsteroidal inhibitors of 17βhydroxysteroid dehydrogenase type 1[END_REF], 8d [START_REF] Yamaguchi | Evaluation of synthesized coumarin derivatives on aromatase inhibitory activity[END_REF], 9a [START_REF] Starčević | Synthesis and biological evaluation of (6-and 7-phenyl) coumarin derivatives as selective nonsteroidal inhibitors of 17βhydroxysteroid dehydrogenase type 1[END_REF], 9b and 9c [START_REF] Das | Structure-activity relationship and molecular mechanisms of ethyl 2-amino-6-(3,5-dimethoxyphenyl)-4-(2-ethoxy-2-oxoethyl)-4H-chromene-3-carboxylate (CXL017) and its analogues[END_REF], 9d [START_REF] Starčević | Synthesis and biological evaluation of (6-and 7-phenyl) coumarin derivatives as selective nonsteroidal inhibitors of 17βhydroxysteroid dehydrogenase type 1[END_REF], 9g [START_REF] Aridoss | Structure-activity relationship (SAR) study of ethyl 2-amino-6-(3,5-dimethoxyphenyl)-4-(2-ethoxy-2-oxoethyl)-4H-chromene-3-carboxylated (CXL017) and the potential of the lead against multidrug resistance in cancer treatment[END_REF], 10 [START_REF] Kumar | Pot-economic synthesis of diarylpyrazoles and pyrimidines involving Pd-catalyzed cross-coupling of 3-trifloxychromone and triarylbismuth[END_REF], 12a [START_REF] Peng | Synthesis of Unsymmetrical Aromatic Acetylenes by Diphenyl Chlorophosphate-Promoted Condensation Reaction of Aromatic Aldehydes and Sulfones[END_REF], 13a [START_REF] Elangovan | Synthesis and electrogenerated chemiluminescence of donor-substituted phenylethylcoumarins[END_REF] and 17 [START_REF] Yadav | Multifunctional porous organic polymers (POPs): Inverse adsorption of hydrogen over nitrogen, stabilization of Pd(0) nanoparticles, and catalytic cross-coupling reactions and reductions[END_REF] were synthesized and structure of these compounds has been confirmed by comparison with NMR spectral data from the literature.

All other coumarin derivatives: triflic intermediates (4, 5a, 5b, 6); Suzuki-Miyaura adducts (7, 8a-g, 9a-f); Sonogashira adducts 11, 12a-c, 13 a-c); Negishi adducts (14 and 15); and alkyl coumarin derivatives obtained by catalytic hydrogenation (16 and 17) were prepared according to the synthetic procedures described in the supplementary material.

Biological Assays

Cell line and cell culture

A549, H2170 and normal mouse fibroblast (NIH-3T3) cell lines were obtained from the Rio de Janeiro Cell Bank (BCRJ). A549 and NIH-3T3 cells were maintained in Dulbecco's Modified Eagle Medium (DMEM), while H2170 cell line was maintained in Roswell Park Memorial Institute (RPMI)-1640. The culture media were supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 40 µg/mL gentamicin. All cells were cultured in a humidified atmosphere contained 5% CO2 incubator at 37 °C. For experiments, cells were grown to 90% confluence. All experiments were conducted using cells with passage numbers less than 10.

Cell viability assay and treatment

The effect of coumarin derivatives on cell viability was evaluated by the MTT assay at a single dose according to NCI testing protocol or at different concentrations for IC50 determination [START_REF] Geran | Protocols for screening chemical agents and natural products against animal tumors and other biological systems[END_REF].

Coumarin derivatives were dissolved in dimethyl sulfoxide (DMSO) and then diluted with DMEM.

Briefly, cells were plated in 96-well plates (2×10 4 /well) and each coumarin derivatives at 12 µM were added to the culture medium and the cell cultures were continued for 24 h. Cisplatin (2.6 µM) was used as a reference drug. Thereafter, the medium was replaced with fresh DMEM containing 5 mg/mL MTT. Following an incubation period (4 h) in a humidified CO2 incubator at 37 °C and 5% CO2, the supernatant was removed and dimethyl sulfoxide solution (DMSO, 150 mL/well) was added to each cultured plate. After incubation at room temperature for 15 min, the absorbance of the solubilized MTT formazan product was spectrophotometrically measured at 540 nm. Three individual wells were assayed for each treatment and the percentage viability relative to the control sample was determined as (absorbance of treated cells/absorbance of untreated cells)×100%. Only the compound which reduced the viability by half the value of control cells progressed to the full 5-dose assay with the H2170 cell lines. The concentration of 9f compound that reduced the viable cell number by 50% (CC50) was determined using a non-linear regression approach and the mean value of CC50 for each cell type was calculated from triplicate.

Epithelial-to-mesenchymal transition (EMT) induction and coumarin derivatives treatment

For induction of EMT process, A549 cells (1×10 5 per well) were seeded in 24-well culture plates and treated with 1 ng/ml IL-1β (Peprotech, NJ, USA) for 24 h. In the unstimulated cells DMEM medium was added. Then, the morphological alteration of cells was observed under a microscope. This protocol for EMT induction is as reported in previous literature [START_REF] Wang | Interleukin-1β Promotes Epithelial-Derived Alveolar Elastogenesis via αvβ6 Integrin-Dependent TGF-β Activation[END_REF]. To evaluate the effects of coumarin derivative with respect to EMT induced by IL-1β, cells were pretreated with compound 9f at 7 µM, being this treatment also maintained during stimulation with IL-1β for 24 h.

Immunofluorescence staining

After 24 h, cells were fixed for 15 minutes at 4°C with 4% paraformaldehyde in PBS. Cells were permeabilized with 0.1% Triton X-100, washed with PBS. Next, cells were incubated with FITCconjugated phalloidin (1:100) for 2 h at room temperature, and then rinsed several times with PBS.

Following an additional wash step with PBS, cells were stained with 10 µg/ml DAPI at room temperature for 10 min for the visualization of cell nuclei. Cell morphology was determined using an inverted epifluorescence microscope (Nikon Eclipse 50i).

In another set of experiment, the analysis for vimentin, a well-recognized marker for its selective expression and specific role in mesenchymal state, was performed. After treatment, cells were fixed, permeabilized and washed as described above. Next, the slides were incubated with an antivimentin antibody (1:100) at 4 °C overnight. The next day, the slides were incubated with secondary antibody goat anti-rabbit-FITC (1:100) dilutions at room temperature for 1 h. Lastly, cells were stained with DAPI (Invitrogen; Thermo Fisher Scientific, Inc.) and washed with PBS. Stained cells were analyzed by a flow cytometer (FACSCanto II, Becton Dickinson, San Jose, CA) accompanied with the BD FACSDIVA™ software for data analysis. The cell-associated fluorescence of 5,000 cells per sample was measured as mean fluorescence intensity (MFI) in the FL1 channel. The MFI values were corrected for unspecific staining by substracting the fluorescence of cells unstained (negative control).

In vitro scratch wound healing assay

To evaluate the effect of 9f on epithelial motility, we performed the scratch assay as described by Cardoso and coworkers [START_REF] Cardoso | Synthesis of newly functionalized 1,4-naphthoquinone derivatives and their effects on wound healing in alloxaninduced diabetic mice[END_REF]. Cells were maintained in 24 well plates until they reached 90% confluency. Thereafter, a vertical stripe on the cell monolayer was made using a sterile pipette (200 μl) tip. The wells were washed with PBS to remove dead cells and debris, and then 9f was added at concentration of 7 µM. As a control, the cells were treated with cell culture medium. Photographs were captured by a digital camera connected to inverted microscope (Olympus IX70) at 0 and 24 h after scratch. The migration gap area of the cells was measured by ImageJ software (https://imagej.nih.gov/ij/; Center for Information Technology, National Institute of Health, Bethesda, MA, USA). Each measurement was repeated three times.

Statistical analysis

Data were expressed as mean ± standard deviation (S.D.). The statistical analysis involving two groups was done using Student's t-test. Analysis of variance followed by the Tukey's test were used to compare three or more groups. Values of p < 0.05 were considered as indicative of significance.

Results and Discussion

Chemistry

The synthesis of the coumarin core can be performed by different synthetic methodologies, among which the most common are Pechmann, Wittig, Knoevenagel and Perkin reactions [START_REF] Araújo | Coumarins: Synthetic Approaches and Pharmacological Importance[END_REF]. Crosscoupling reactions catalyzed by transition metals, like the Suzuki-Miyaura, Negishi [START_REF] Littke | Palladium-catalyzed coupling reactions of aryl chlorides[END_REF] and Sonogashira [START_REF] Mori | Sonogashira coupling with aqueous ammonia[END_REF] reactions, have become powerful alternatives to the formation of carbon-carbon bonds [START_REF] Bellina | Palladium catalysts for the Suzuki cross-coupling reaction: An overview of recent advances[END_REF][START_REF] Tang | Room temperature nickel(0)-catalyzed suzuki-miyaura crosscouplings of activated alkenyl tosylates: Efficient synthesis of 4-substituted coumarins and 4substituted 2-(5H)-furanones[END_REF] and allowed the introduction of various substituents in all positions of the basic nucleus, leading to analogous, homologous or libraries of compounds [START_REF] Završnik | Benzylidene-bis-(4-hydroxycoumarin) and benzopyrano-coumarin derivatives: Synthesis, 1 H/ 13 C-NMR conformational and X-ray crystal structure studies and in vitro antiviral activity evaluations[END_REF].

The preparation of target compounds (coumarins, quinolones and chromen-4-ones) involved the formation of triflic methanesulfonate derivatives as key intermediates 4, 5a-b and 6, thanks to the cross coupling reactions. 6-and 7-hydroxycoumarin 2a-b and 6-hydroxyquinolone 1a are commercially available, and 3-hydroxy-chromen-4-one 3 was synthesized following a reported preparation [START_REF] Spadafora | Efficient synthesis of ratiometric fluorescent nucleosides featuring 3hydroxychromone nucleobases[END_REF]. Attemps to prepare 6-OTf quinolone from 1a and triflic anhydride, resulted exclusively in the formation of the 2,6 di-triflic adduct 1b. Therefore, our efforts focused on the preparation of N-Me quinolone 1c. However, N-alkylation of quinolone 1a needed a first transient protection of the phenol by an acetyl group (compounds 1d-e) according to scheme 1. With triflic intermediates 4, 5a-b and 6 in hand, our attention next turn to the Suzuki-Miyaura cross coupling reaction. Reaction with various boronic acids enable preparation of a small library of 6-and 7-substituted coumarins (cpds 8a-f, 9a-g). The use of a catalytic amount of tetrakis(triphenylphosphine) palladium(0) (5.0 mol%) in presence of NaHCO3 as base, led efficiently to the target compounds (see table 1). However, for the introduction of a pyridin moiety in the coumarin structure, K3PO4 was preferred over NaHCO3 (table 1, cpds 8d and 9g). For these 2 cpds, the reaction was performed in Toluene/EtOH/H2O and yielded the expected compounds 8d and 9g in 74 % and 82 % yields respectively. Starting from the OTf-flavone derivative 6, the use of Pd(OAc)2

(5.0 mol%) in presence of KF furnished 10 in moderate yield (50%) (Scheme 3). Sonogashira reaction with different terminal alkynes resulted in 7 compounds (Table 2). Negishi cross coupling reactions represent an extremely versatile tool for the introduction of alkyl substituents. As reported by Knochel et al. [START_REF] Manolikakes | Negishi Cross-Coupling Compatible with Unprotected Amide Functions[END_REF] and in presence of SPhos (10.0 mol %) and Pd(OAc)2 (5.0 mol %) it was possible to perform at room temperature, efficient cross coupling reaction between OTf coumarin 5a-b and benzyl zinc reagent (see scheme 3, cpds 14 and 15).

Lastly, subsequent reduction of alkynes 12a and 13a was performed by catalytic hydrogenation, leading respectively to cpds 16 and 17 as depicted in scheme 3.

All synthesized compounds had their chemical structures confirmed by 1 H and 13 C NMR and mass spectrometry, and all spectra data are available in supplementary material.

Biological evaluation

Effects of coumarin derivatives on cell viability

All the synthetic coumarins (7, 8a-f, 9a-g, 10, 11, 12 a-c, 13a-c, 14-17) were first screened for their in vitro cytotoxic activity at a single concentration (12 µM) against NSCLC cell line (human lung adenocarcinoma A549) for 24 h, using the well-established 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay. The results of A549 cells viability are reported in Figure 1. Among these two compounds, 9f was the most promising, reducing the A549 cells viability to less than 20%. Thus, this compound was selected and had its concentration that reduces the viable cell number by 50% (CC50) determined against two cancer cell lines (human lung adenocarcinoma A549 and H2170 cell lines) and one non-cancer cell line (NIH-3T3), and showed CC50 values (mean ± S.D.) of 7.1 ± 0.8 µM, 3.3 ± 0.5 μM and 25.8 ± 1.7 µM against A549, H2170 and NHI-3T3 cells, respectively. Facing these results, we can notate that 9f showed to be the most potent against cancer cells (A549 and H2170 cell lines) than against healthy cell (NIH-3T3 cell line).

These cytotoxicity results are better than those observed for the most cytotoxic coumarins from other studies against the A549 cells, such as: Umbelliprenin (IC50 = 52 ± 1.97 μM) [START_REF] Khaghanzadeh | Umbelliprenin is cytotoxic against QU-DB large cell lung cancer cell line but anti-proliferative against A549 adenocarcinoma cells[END_REF]; 3arylcoumarin derivative (8-(acetyloxy)-3-(4-methanesulfonyl phenyl)-2-oxo-2H-chromen-7-yl acetate) with IC50 = 24.2 μM [START_REF] Musa | In vitro evaluation of 3-arylcoumarin derivatives in A549 cell line[END_REF]; and iodinated-4-aryloxymethylcoumarins (6-chloro-and 7-chloro-4-(4-iodo-phenoxymethyl)-chromen-2-one) with IC50 = 7.57 μM [START_REF] Basanagouda | Synthesis, structure-activity relationship of iodinated-4-aryloxymethyl-coumarins as potential anti-cancer and anti-mycobacterial agents[END_REF]; these latter bearing chlorine atoms in their structures, as observed in the most active compounds of the present study (coumarins 8f and 9f).

On the basis of cytotoxic effect, the concentration of 7 µM of 9f was chosen for further to characterize the antitumor activity, by investigating their effects on the process of inhibition of the EMT-associated migratory ability and epithelial-to-mesenchymal transition (EMT) in IL-1βstimulated A549 cells.

Effect of 9f on IL-1β-induced EMT in A549 cells

The EMT process is characterized by the phenotypic conversion of epithelial into mesenchymal cells that occurs with great frequency in fibrotic tissues, embryonic cells, and cancer. This transition increases the invasion capacity and the migratory potential of cells, which are characteristic of metastatic cancer, contributing additionally to the development of drug-resistance in cancer [START_REF] Gavert | Epithelial-mesenchymal transition and the invasive potential of tumors[END_REF][START_REF] Bruzzese | HDAC inhibitor vorinostat enhances the antitumor effect of gefitinib in squamous cell carcinoma of head and neck by modulating ErbB receptor expression and reverting EMT[END_REF][START_REF] Valastyan | Tumor metastasis: molecular insights and evolving paradigms[END_REF][START_REF] Arias | Epithelial mesenchymal interactions in cancer and development[END_REF][START_REF] Kalluri | The basics of epithelial-mesenchymal transition[END_REF][START_REF] Yan | Esculetin enhances the inhibitory effect of 5-Fluorouracil on the proliferation, migration and epithelial-mesenchymal transition of colorectal cancer[END_REF].

To determine whether compound 9f acts as an inhibitory compound of EMT in epithelial cells, the morphological changes induced by IL1-β on A549 cells was observed. As shown in Figure 2A and 2B, the A549 cells maintained to culture medium (DMEM) or treated with compound 9f exhibited, in a confluent monolayer, a cobblestone-like cell morphology, which is characteristic of epithelial cells.

Cells treated with 1 ng/mL IL-1β exhibited an evident morphological change and acquired a spindlelike morphology with loss of cell-cell interactions that is characteristic features of mesenchymal cells (Figure 2C). A549 cells treated with 9f exhibited an impairment in changes in its mesenchymal characteristics induced by IL-1β (Figure 2D), suggesting that 9f possess inhibitory effects on IL-1βinduced F-actin reorganization.

To evaluate the effect of compound 9f on actin cytoskeleton organization, A549 cells were IL-1β-stimulated and evaluated by staining with FITC-labeled phalloidin. As presented in the Figure 2E and 2F, the A549 cells maintained to culture medium (DMEM) or treated with 9f exhibited an abundant deposition of actin filament in the cortical region, which determines a cellular cobblestone-like morphology, typical of epithelial cells. Stimulation with IL-1β induced a cytoskeleton reorganization, leading to the activation of actin polymerization and the morphologic cell reorganization, which indicate a differentiation from the epithelial to mesenchymal phenotype (Figure 2G). Treatment with 9f attenuated the changes in the actin cytoskeleton reorganization in A549 cells stimulated by IL-1β (Figure 2H). To corroborate whether this morphological transformation represents EMT, immunofluorescent staining was used to quantify the vimentin, a mesenchymal marker most commonly associated with EMT and involved in cancer progression [START_REF] Jiang | Interleukin 6-triggered ataxia-telangiectasia mutated kinase activation facilitates epithelial-to-mesenchymal transition in lung cancer by upregulating vimentin expression[END_REF].

As shown in Figure 3A, 24 h incubation with 1 ng/mL IL-1β increased significantly the expression of vimentin in A549 cells compared with those maintained DMEM medium (control). We found that treatment of cells with 9f (7 µM) significantly diminished the expression of mesenchymal marker vimentin in IL-1β-stimulated A549 cells (Figure 3A), phenomenon confirmed by quantitative assessment by flow cytometer (Figure 3B-C). Treatment of cells with 9f did not change levels of vimentin expression in unstimulated cells with IL-1β (Figure 3A-C). This result showed that 9f treatment suppresses IL-1β-induced EMT in A549 cells through downregulating vimentin. 

Effects of 9f on cells motility

Given the good results of 9f in inhibiting the IL-1β-induced EMT in epithelial cells, was investigated whether 9f could affected the EMT-associated migratory ability in A549 cells. For this, in vitro wound-healing assay was performed to evaluate as 9f acts as anti-metastatic agent in A549 cells. In conclusion, twenty-six coumarin derivatives were synthesized through PCCCR and were evalauted for their anti-lung cancer properties against two non-small cell lung carcinoma (NSCLC) cell lines. Coumarins 8f and 9f, presenting a 3,4-dichloro-phenyl radical, inhibited in vitro the growth of both human lung adenocarcinoma cells in low micromolar concentration. Derivative 9f regulate the epithelial-to-mesenchymal transition (EMT) suppressing the mesenchymal marker vimentin and cancer cell migration in IL-1β-stimulated A549 cells. Taken together, our finding suggest that coumarin derivatives, especially compound 9f may become a promising hit in the process of lung cancer drug discovery, especially in lung cancer promoted by non-small cell lung carcinoma (NSCLC) cell lines.

As shown in
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Scheme 1 .Scheme 2 .

 12 Scheme 1. Synthesis of 1-methyl-6-hydroxy-quinol-2-one (2c).

Scheme 3 .

 3 Scheme 3. Palladium-catalyzed cross-coupling reactions to synthesized coumarin, quinolones and chromen-4-one derivatives.

Table 1 .

 1 Preparation of compounds 7, 8a-g, 9a-f and 10 through Suzuki-Miyaura conditions. 3-OCH3)-Ph NaHCO3 Pd(PPh3)4 MeOH 9c O 6-(2-OCH3)-Ph NaHCO3 Pd(PPh3)

Figure 1 .

 1 Figure 1. Effect of synthetic coumarin derivatives on cell viability. The viability of A549 cells was determined using the MTT assay after exposure at a single concentration (12 µM) of the compounds or cisplatin (2.6 µM) for 24 h. The percentage of inhibition was calculated considering the cells treated with medium (DMEM), considered as 100% of cell viability (dotted line). Bars represent the mean ± S.D. from three independent experiments.

Figure 2 .

 2 Figure 2. Compound 9f inhibited IL-1β-induced EMT in vitro. A549 cells were treated with 9f (7 µM) in the presence or absence of 1 ng/mL IL-1β. Cells were photographed using phase-contrast microscopy (A, B, C and D) or fluorescence microscopy (E, F, G e H). Cells were exposure to treatment with DMEM-medium (A and E), 9f (B and F), IL-1β (C and G) or 9f + IL-1β (D and H) for

Figure 3 .

 3 Figure 3. Compound 9f downregulates the expression of mesenchymal cell marker vimentin in IL-1βinduced EMT. A549 cells were treated with compound 9f (7 µM) in the presence or absence of 1 ng/mL IL-1β. The mesenchymal markers vimentin was detected by immunofluorescence. (A) Cells were exposure to treatment with DMEM-medium, 9f, IL-1β or IL-1β+6f for 24 h. Vimentin (green) was detected via immunofluorescence in formaldehyde-fixed cells with FITC-conjugated antibody. Nuclei were counterstained with DAPI. Magnification ×400 for fluorescence microscope. (B) and (C) Flow cytometry analysis showing the reduced expression of vimentin in IL-1β-induced EMT under 9f treatment. In graph in (C), bars represent mean ± S.D. from three independent experiments. (+) P < 0.01 compared with respective DMEM-treated cells and (*) P < 0.01 compared with IL-1β-stimulated cell medium-treated cells.

  Figure 4A-B, IL-1β-treated cells exhibited an increased in wound closure within 24 h compared with those not treated with IL-1β (control). Treatment of cells with 9f at 7 µM for 24 h significantly reduced migration of IL-1β-stimulated cells, phenomenon confirmed by qualitative assessment of the wound closure (Figure 4A-B).

Figure 4 .

 4 Figure 4. The effect of 9f on the migration of A549 cells assayed by the wound healing assay. Cells were treated with 9f at 7 µM, and images were captured to calculate the scratch closure. In A, representative photomicrography images showing the cell migration towards the cell-free area after treatment with DMEM (control) or 9f and the after 24 h. In B, graph shows percentage of scratch covered was measured by quantifying the total distance the cells moved from the edge of the scratch towards the center of the scratch, using ImageJ software, followed by conversion to a percentage of the wound covered. Values represent mean ± S.D. from three independent experiments. (+++) P < 0.001 compared with respective DMEM-treated cells and (***) P < 0.001 compared with IL-1βstimulated cell vehicle-treated cells.

Table 2 .

 2 Preparation

	Cpd	X	R	Base	Ligand/Catalyst	Additive	Yield %
	12a	O	Ph	Et3N	Pd(PPh3)2Cl2	CuI	75
	12b	O	CH2OCH2Ph	Et3N	Pd(PPh3)2Cl2	CuI	38
	12c	O	CH2OH	K2CO3	S-Phos/Pd(OAc)2	TBAI	75
	13a	O	Ph	K2CO3	S-Phos/Pd(OAc)2	TBAI	78
	13b	O	(CH2)3Ph	K2CO3	S-Phos/Pd(OAc)2	TBAI	76
	13c	O	CH2OH	K2CO3	S-Phos/Pd(OAc)2	TBAI	72
	11	NCH3	Ph	K2CO3	S-Phos/Pd(OAc)2	TBAI	78
	Palladium-catalyzed Sonogashira cross-coupling is a widely used method to synthesize
	functional molecules containing an alkyne unit. Traditional Sonogashira coupling with Pd(PPh3)2Cl2
	(3.0 mol %) and Et3N typically requires the use of a Cu(I) halide salt as a cocatalyst to have high

of compounds 11, 12a-c, 13a-c through Sonogashira cross-coupling reaction in CH3CN.

reaction productivity. So, starting from coumarin 5b and under these conditions, the phenyl acetylene moiety was introduced under microwave irradiation in 75% yield (cpd 12a). However, with OBn
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