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Abstract: A series of new coumarin-containing compoufdd and4a-c was designed and
synthesized based on the chalcone-type 4-aminasmoioylthiazole scaffold2, and
screened for theirn vitro anticancer and antioxidant activities. Represeriyt the 2-
thiomorpholinothiazole derivativBk with 1Cso values of 7.5-16.9 pg/ml demonstrated good
cytotoxic effects against tested cell lines MCHHEpG2 and SW480. Further investigation
by flow cytometric analysis confirmed that this qumand induces apoptotic cell death in
MCF-7 cells and cause G1-phase arrest in the gelé cMoreover, most of compounds had
intrinsic potential for radical scavenging activitgd ferric-reducing power as investigated by
DPPH and FRAP assays.
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1. Introduction

Nowadays cancer is recognized as one of the mlajeats against human health, which in
many cases leads to the death of patients [1]. €asca class of diseases resulted from
uncontrolled growth and division of celthie to the dysregulation of essential enzymes and
proteins in cell division and proliferation [2hince chemotherapy is still considered as a
main treatment approaches among the others, maam@s have been devoted to find potent
anticancer agents]. Despite prominent progress in the field ofieatcer agents and their
cellular and molecular aspects, still many patiest$fer from resistance to currently

available anticancer drugs and diverse adversetsffé].

Coumarin (H-chromen-2-one or F2-1-benzopyran-2-one) is a fused heterocyclic system
belongs to flavonoid group of plant secondary maitdh To date, many coumarin bearing
compounds have been reported in the literature swghificant anticancer activities, working
through different mechanisms. The underlying medmas of these compounds appear to
depend on the substitution pattern of the coumame structure [5,6]. Moreover,
hybridization of coumarin with varied pharmacoplsoled to the diverse pharmacologically
active  derivatives  exhibiting  antioxidant,  antitofidosis,  antinflammatory,

anticholinesterase, antiviral, antihyperlipidemantimicrobial and antidepressant activities
[7].

In the field of medicinal chemistry, 1,3-thiazokean important five-membered heterocyclic
nucleus, found in many biologically active natusald synthetic compounds [@imong the
thiazole derivatives, 2-aminothiazole is the mostely used pharmacophore for drug design
and discovery [9]. Dasatinib is a significant exdenpf 2-aminothiazole containing drugs
with anticancer activity [10]. The affinity of 2-anothiazole derivatives to different targets
led to focusing on this class of heterocyclic males in the design of new anticancer agents
[11-14]. As an example, 2-pyrrolidinyl-4-amino-5egt thiazolel (Fig.1) showed substantial
antiproliferative activity against broad spectruimtamor cell lines, with potent antimitotic

effects at submicromolar concentrations [15].

Due to importance of chalcone type compounds irfidté of anticancer drug discovery [16

22], we have recently described 4-amino-5-cinnath@zoles2 as chalcone-like anticancer



agents [23]. This series of heterocycle-based ohalke were designed by insertion of a
double bound in the benzoylthiazole lead struclufieig. 1).According to these findings and

in continuation of our studies on the synthesistobmene-based anticancer agents32y
herein, we describe coumarin-containing hybrid coumals namely 3-(4-amino-2-(cyclic
amino-1-yl)thiazole-5-carbonyl)k¥2-chromen-2-ones 3 and 3-(4-amino-2-(arylamino)
thiazole-5-carbonyl)-a-chromen-2-oned as new anticancer agents. The target compounds
3 and 4 can be considered as confromationally constraiaedlogs of 4-amino-5-
cinnamoylthiazole2 (Fig. 1). The effect of different amino groups (argino or cyclic

amino) at C-2 of thiazole core was investigatedstancture-activity relationship analysis.

2. Chemistry

The final compounds8a-l and 4a-c were prepared through synthetic pathways shown in
Scheme 1. The commercially available 3-acetylcoumd were brominated using Bin
CHCI; to give bromoacetyl derivatives In order to prepare compoungda-l, dimethyl N-
cyanodithioimidocarbonat&’( was treated with appropriate cyclic amine andwsudsulfide

to produce intermediateéd; which subsequently reacted with 3-(bromoacetyljcarinsé in
N,N-dimethyl formamide (DMF). After TLC monitoring andpon consumption of the
bromoacetyl derivatives, the precipitated solid was filtered and purifiegg column
chromatography to obtain final compoun8s-l. On the other hand, the reaction between
phenylisothiocyanate® and cyanamide in the presence of sodium methoaiflerded
intermediate 10. The resulting intermediatel0 was then treated with 3-
(bromoacetyl)coumarin 6a to give 3-(4-amino-2-(arylamino)thiazole-5-carbr3H-

chromen-2-onesi@-o).

3. Results and discussion
3.1. Antiproliferative activity

The antiproliferative activity of compounda-l and 4a-c was investigated against breast
carcinoma (MCF-7), human colon adenocarcinoma (S¥W4&d human liver cancer
(HepG2) cell lines using MTT assay. The resultspesented as Kgvalues in comparison

with etoposide (Table 1).



As seen in Table 1, all the target compounds havéemate to good activities against all the
tested cancer cells, displayingsialues in the range of 7.5-48.7 pug/ml. Most of poomds
showed lower Ig values against MCF-7 compared to other cell lines.particular,
morpholine and thiomorpholine derivative &nd3k) with 1Cs, values of 9.8 and 7.5 pg/ml
found to be the most potent compounds against M@ells. Besides these derivatives,
compounds3a-c¢ 3e 3f, 3j and3l showed substantial cytotoxic activity against MCEell
line (ICses <15 pg/ml). In the case of HepG2, compo@hdfollowed by 3k had superior
activity. Compound3k with ICso value of 13.0 pg/ml was also the best one againstan

colon adenocarcinoma cells (SW480).

Based on different amino groups attached to the @@-thiazole nucleus, the synthesized
compounds could be categorized into 2-(cyclic amied 2-anilino series. The structure-
activity relationship (SAR) studies revealed thafcyclic amino) derivatives3 exhibited
better cytotoxic effects rather than 2-arylaminalags4. The comparison of unsubstituted-
piperidine derivative3c with 4-benzylpiperidine analo8e revealed that the benzyl moiety
can be tolerated or even can improve antiprolifeeaactivity. The six-membered cyclic
amine analog8c, 3i, and3k were more potent than five-membered cyclic amorggeneiBa
against MCF-7 and HepG2 cells. The effect of bromwbstituent on the coumarin ring
depended on the type of cyclic amine attached ecathiazole core and the type of cell line
tested. For example, while the bromo anabgwas more potent than its parent compound
3a against MCF-7 and HepG2, but its activity towartv&B0 was less than that of
unsubstituted congen8a. The bromo-substitution in compouBd resulted in compoungh
with highest activity against HepG2 and lesservégtiagainst MCF-7. Replacement of
oxygen in morpholine derivativ@i by sulfur resulted in compourk with greater potency
against all tested cell lines. All aniline derivats4a-c exhibited modest activity against all
cell lines in the same range. The insertion of meghor poly-methoxy groups on aniline

moiety cannot improve the cytotoxicity.

3.2. Apoptosisinducing activity

Flow cytometry analysis was performed to deterntime mechanism of cell death which
observed by the most active compouhkdin MCF7 cells by Annexin V-FITC/PI (Propidium
iodide) dual staining assay [31]. In this regamhtreated cells were used as negative control

and etoposide was used as standard drug. The wells treated with two different



concentrations of compourik, 7.5 pg/ml (IGg) and 11.2 pg/ml (1.5 fold Kg) for 48 h.
After that, the cells were harvested and staingtl WiTC Annexin-V and Propidium iodide
solutions, respectively and the percentages of tafiopcells were determined by flow
cytometry. As shown in Figure 2, the treatment &7 cells with compoungdk at 7.5 and
11.2 pg/ml concentrations resulted in 19.2 and %107 cell apoptosis, whereas non-treated
cells and etoposide showed 15.6 and 23%. Thesésesunfirmed that the cytotoxicity of

compound3k is associated with cell apoptosis in a concemtnatiependent manner.

3.3. Cdl cyclearrest

The cell cycle analysis was performed to investighe prevention of proliferation in cancer
cells (MCF-7 cells) by the most potent compousid MCF-7 cells were treated with
compound3k at two concentrations (7.5 and 11.2 pg/ml) foh48en the treated cells were
harvested, stained with propidium iodide (Pl) amélgzed by flow cytometry [32]. The
obtained results were compared with non-treated MEIlls, as control. As shown in Figs.

3 and 4, treatment of MCF-7 cells wiBk at 7.5 and 11.2 ug/ml concentrations increased the
percentage of G1-phase cells from 68.5 % (as cogitonip) to 83.9 and 89.3 % respectively.
These results confirmed that compouwid significantly caused G1-phase arrest in MCF-7

cells.

3.4. In vitro antioxidant activity

Since antioxidant activity has been reported fomarous natural and synthetic coumarins
[33], thus the antioxidant activity of newly syntised coumarin-based compour8is| and
4a-cwas evaluated by using two distinct method; fereiducing antioxidant power (FRAP)
assay and 1,1-diphenyl-2-picrylhydrazyl (DPPH) catiscavenging assay.

3.4.1. Ferric-reducing antioxidant power (FRAP)

In this experiment, ferric tripyridyl triazine [TEZFFe(lll)] complex is converted into ferrous
tripyridyl triazine [TPTZ-Fe(ll)] complex and thdsorbance of the blue color [TPTZ-Fe(ll)]
complex was measured at 593 nm [34]. The expersnamdre conducted at different

concentrations (from 5 to 100 pg/ml) and the raswere shown by FRAP values and



compared with ascorbic acid as a positive conifable 2). Based on the obtained results at
the lowest concentration (5 pg/ml), a majority ofnpounds showed higher FRAP values
compared to ascorbic acid as the standard antioittably, morpholino derivativ@i and
3,4,5-trimethoxyanilino analogic showed the highest ferric-reducing power at low
concentrations. All 6-bromocoumarin derivatives ibkbed lower FRAP values compared to
unsubstituted counterparts. In the other words, itti@duction of bromine at the C-6 of
coumarin decreased the reducing power of the sgizidd compounds. Compounds with
morpholine, piperidine and pyrrolidine moietiesG2 of the thiazole ring, showed higher
antioxidant activities rather than derivatives b&grcyclic amines with pendent groups

(phenyl or benzyl).

3.4.2. Radical-scavenging activity on DPPH

The radical scavenging activity of synthesized couomuls was measured by DPPH assay.
This method evaluates the hydrogen donating alwlitgynthesized compounds, converting
the purple DPPH radical to the yellow hydrazinee Tasults were illustrated assiGralues
and listed in Table 2. The ascorbic acid was usetha positive control for the experiment.
As displayed in Table 2, all the tested compouniisamed moderate radical scavenging
activity with 1Cso values less than 50 pg/ml with the exception3bf The most active
compound was thiomorpholine derivati@& with 1Cso = 23.9 pug/ml which was about 2.5
fold less potent than ascorbic acid. Compounds wwttrpholine, pyrrolidine, piperidine
moieties showed good radical scavenging activitigebehan other derivatives with larger
substituents. Furthermore, the introduction of bremnto the C-6 of coumarin decreased the
radical scavenging activity of synthesized compaumfmong the 2-anilino derivatives, the
3,4,5-trimethoxy derivatived€) showed the highest antioxidant activity {§&26.3 pg/ml).

4. Conclusions

In conclusion, we have synthesized and evaluatdd-&ninothiazole-5-carbonyl)F2
chromen-2-onesa-l and 4a-c bearing cyclic amine, substituted cyclic amineilia@ or
substituted aniline moieties, as antiproliferatwal antioxidant agents. In vitro MTT assay of
synthesized compounds revealed that most of thetrsigaificant cytotoxic activity against
MCF-7, HepG2 and SW400 cell lines. The best resultse obtained for thiomorpholine



derivative 3k with 1Cso values of 7.5-16.9 pg/ml. Flow cytometric analysia the
representative compourfk against MCF-7 cells revealed the induction of apsis and
blockage of the cell proliferation at the G1-phaserther biological evaluations by DPPH
and FRAP assays indicated the potential of targetpounds for antioxidant activity.

5. Experimental section
5.1. General chemistry

Starting materials, reagents and solvents werehpsexd from Merck and Sigma Aldrich
companies and were used without any purificatidme B-(bromoacetyl)coumariré were
prepared according to the previously reported nte{l38]. The reactions progress and the
purity of the synthesized compounds were monitdngdhin-layer chromatography (TLC)
using silica gel 250 micron F254 plastic sheetaslrichromatography was performed for the
purification of the synthesized compounds by ug8-400 mesh silica gel and the indicated
solvent system. Melting points were determined \aitkofler hot-plate microscope apparatus
and are uncorrected. IR spectra were recorded ind4ks, using a Nicolet FT-IR Magna
550 spectrophotometefH and *C NMR spectra were recorded on Bruker 500 MHz
spectrometer using DMS@s and CDC} as solvent. Chemical shift§)(are given in ppm
relative to tetramethyl silane (TMS) as internalnstard and coupling constadj yalues are
presented in Hz. The elemental analysis for C, Hw&$ carried out with an Elementar

Analysen system GmbH VarioEL.

5.2. General procedure for the synthesis of compound 3a-|

An appropriate cyclic amine (1 mmol) was added ke tmixture of dimethylN-
cyanodithioimidocarbonaté (1 mmol) in DMF (5 ml) and heated at 70° C for .1Tien,
NaS-9H0 60% (1 mmol) was added and the mixture was hdategnother 2 h. After this
time, the reaction mixture was cooled down to (E5ahd proper 3-(bromoacetyl)coumarin
derivative 6 was added over 10 min. After the consumption ohpound6 (checked by
TLC), the reaction mixture was poured into cold evatl5 ml). The precipitated solid was
separated by filtration, washed with cold water dridd. The crude product was purified by
flash chromatography on silica gel using ethyl amepetroleum ether as eluent to give
corresponding target compouBd



5.2.1. 3-(4-amino-2-(pyrrolidin-1-yl)thiazole-5-car bonyl)-2H-chromen-2-one (3a)

Yield 71%; mp 192-194 °C, IR (KBr, 1/cm): 3333, 2921708, 1609, 1542, 1442, 1351,
1282, 1172, 1101, 1049, 901, 801, 754-NMR (DMSO-ds, 500 MHz)6: 1.96 (s, 4H,
2xCH, pyrrolidine), 3.56 (bs, 4H, 2xCHpyrrolidine), 7.39 (t, 1H, H-6 coumarid,= 7.5
Hz), 7.44 (d, 1H, H-8 coumarid,= 8.0 Hz), 7.67 (t, 1H, H-7 coumarid=7.5 Hz), 7.79 (d,
1H, H-5 coumarin,J = 7.5 Hz), 8.07 (bs, 2H, N§j 8.22 (s, 1H, H-4 coumarin}>C-NMR
(DMSO-ds, 125 MHz) §: 24.88, 49.16, 116.06, 118.22, 124.72, 127.82,.96827129.06,
132.65, 141.48, 153.37, 157.39, 166.34, 168.38,5879MS (m/z, %): 341 (M 100), 324
(29), 284 (21), 173 (25), 97 (27), 55 (19). Amalcd for G/H1sN3OsS: C, 59.81; H, 4.43;
N, 12.31. Found: C, 60.01; H, 4.45; N, 12.36.

5.2.2. 3-(4-amino-2-(pyrrolidin-1-yl)thiazole-5-carbonyl)-6-bromo-2H-chromen-2-one  (3b)
Yield 53%; mp 134-136 °C, IR (KBr, 1/cm): 3375, 328732, 1619, 1558, 1446, 1282, 822,
619.'"H-NMR (DMSO-dg, 500 MHz)s: 1.86-2.07 (m, 4H, 2xChpyrrolidine), 3.56 (bs, 4H,
2xCH, pyrrolidine), 7.42 (d, 1H, H-8 coumarid,= 8.5 Hz), 7.82 (d, 1H, H-7 coumarihz=
8.5 Hz), 8.06 (s, 1H, H-5 coumarin), 8.11 (bs, 2HH), 8.18 (s, 1H, H-4 coumarinj®C-
NMR (DMSO-s, 125 MHz,) 6. 24.97, 49.26, 116.31, 118.35, 120.20, 130.21,1831
135.01, 139.70, 140.19, 153.70, 157.03, 166.53,4168.75.01. MS (m/z, %): 421 (M+2,
100), 419 (M, 100), 391 (39), 362 (46), 221 (86), 196 (57)849), 55 (47). Anal. calcd for
Ci17H14BrN30OsS: C, 48.58; H, 3.36; N, 10.00. Found: C, 48.763124; N, 10.09.

5.2.3. 3-(4-amino-2-(piperidin-1-yl) thiazole-5-carbonyl)-2H-chromen-2-one (3c)

Yield 66%; mp 186-188 °C, IR (KBr, 1/cm): 3370, 86942, 1726, 1614, 1569, 1523,
1470, 1437, 1311, 1252, 1164, 1022, 881, 775, #B3AMR (CDCls, 500 MHz)o: 1.48-
1.71 (m, 6H, 3xCHl piperidine), 3.51 (bs, 4H, 2xGhpiperidine), 7.30 (t, 1H, H-6 coumarin,
J=7.5Hz), 7.35 (d, 1H, H-8 coumarihz= 8.0 Hz), 7.54-7.58 (m, 2H, H-5,7 coumarin), 8.00
(s, 1H, H-4 coumarin):*C-NMR (CDCk, 125 MHz)s: 23.85, 25.20, 49.17, 116.62, 118.66,
124.56, 127.34, 128.66, 129.67, 132.48, 142.38,215458.28, 166.96, 172.56, 176.66. MS
(m/z, %): 355 (M, 100), 338 (27), 324 (21), 297 (15), 173 (21), 12%). Anal. calcd for
Ci1sH17N303S: C, 60.83; H, 4.82; N, 11.82. Found: C, 60.594187; N, 11.70.

5.2.4. 3-(4-amino-2-(piperidin-1-yl)thiazol e-5-car bonyl)-6-br omo-2H-chromen-2-one (3d)

Yield 59%; mp 138-140 °C, IR (KBr, 1/cm): 3437, 332923, 1709, 1619, 1534, 1464,
1433, 1322, 1241, 1016, 827, 5T#-NMR (DMSO-s, 500 MHz)s: 1.51-1.68 (m, 6H,



3xCH, piperidine), 3.50 (bs, 4H, 2xGHbiperidine), 7.42 (d, 1H, H-8 coumarihz= 9.0 Hz),
7.82 (d, 1H, H-7 coumaril,= 9.0 Hz), 8.01 (s, 1H, H-5 coumarin), 8.05 (kid, RIH,), 8.18
(s, 1H, H-4 coumarin)*C-NMR (DMSO4ds, 125 MHz,)6: 23.44, 25.36, 48.23, 116.61,
120.44, 121.65, 129.12, 130.64, 134.21, 139.78,3D41152.12, 159.47, 167.35, 170.42,
175.21. MS (m/z, %): 435 (M+2, 100) 433 {M.O0), 404 (41), 377 (57), 363 (23), 350 (25),
55 (38), 41 (76). Anal. calcd for8H16BrN3OsS: C, 49.78; H, 3.71; N, 9.68. Found: C,
49.90; H, 3.82; N, 9.70.

5.2.5. 3-(4-amino-2-(4-benzyl pi peridin-1-yl)thiazol e-5-car bonyl )-2H-chromen-2-one (3e)

Yield 49%; mp: 134-136 °C, IR (KBr, 1/cm): 3446,9%% 2918, 1717, 1607, 1539, 1447,
1322, 1253, 1169, 75%H-NMR (CDCk, 500 MHz)6: 1.26-1.31 (m, 2H, CHpiperidine),
1.55-1.66 (m, 1H, piperidine), 1.72-1.75 (m, 2H, Qbperidine), 2.55-2.57 (m, 2H, GH
Ph), 2.97-3.02 (m, 2H, GHpiperidine), 4.01-4.06 (m, 2H, Ghpiperidine), 7.12 (d, 2H, H-
2,6 Ph,J =75 Hz), 7.20 (t, 1H, H-6 coumaid,= 8.5 Hz), 7.26-7.29 (m, 3H, H-3,4,5 Ph),
7.35 (d, 1H, H-8 coumarin] = 8.5 Hz), 7.54 (m, 2H, H-5,7 coumarin), 8.01 1ki, H-4
coumarin).’*C-NMR (CDChk-ds, 125 MHz)6: 31.34, 37.67, 42.73, 48.49, 116.68, 118.71,
124.59, 126.21, 127.62, 128.38, 128.69, 129.04,58B32139.54, 142.50, 157.72, 159.53,
166.94, 172.24, 176.80. MS (m/z, %): 445'(NI00), 354 (28), 298 (67), 285 (35), 271 (18),
91 (38), 55 (14). Anal. calcd for,6H23N303S: C, 67.40; H, 5.20; N, 9.43. Found: C, 67.43,;
H, 5.02; N, 9.49.

5.2.6. 3-(4-amino-2-(4-benzyl pi perazn-1-yl ) thiazol e-5-car bonyl )-2H-chromen-2-one (3f)

Yield 57%; mp: 128-130 °C, IR (KBr, 1/cm): 3403,RR 1724, 1608, 1536, 1466, 1432,
1323, 1246, 1167, 1040, 996, 879, 804, 74BNMR (DMSO-ds, 500 MHz)s: 2.35-2.46
(m, 4H, 2xCH piperazine), 3.16-3.29 (m, 2H, G#h), 3.32-3.58 (m, 4H, 2xCH
piperazine), 7.26 (d, 2H, H-2,6 Ph= 6.5 Hz), 7.31-7.32 (m, 3H, H-3,4,5 Ph), 7.391,
H-6 coumarin,J = 7.5 Hz), 7.43 (d, 1H, H-8 coumarid,= 8.0 Hz), 7.67 (t, 1H, H-7
coumarin,d = 7.5 Hz), 7.79 (d, 1H, H-5 coumarih= 7.5 Hz), 8.03 (bs, 2H, N 8.23 (s,
1H, H-4 coumarin)’*C-NMR (DMSO-ds, 125 MHz)d: 47.39, 51.45, 61.51, 116.17, 118.21,
124.69, 127.01, 127.98, 128.24, 128.62, 128.86,3P29132.67, 137.54, 141.54, 153.39,
157.37, 166.16, 171.47, 175.93. MS (m/z, %): 446, (MO0), 298 (28), 160 (42), 146 (77),
91 (89), 56 (21). Anal. calcd forgH2oN4O3S: C, 64.56; H, 4.97; N, 12.55. Found: C, 64.33;
H, 5.09; N, 12.50.

5.2.7. 3-(4-amino-2-(4-phenyl pi per azin- 1-yl )thiazol e-5-car bonyl )-2H-chromen-2-one (3g)

9



Yield 76%; mp: 136-138 °C, IR (KBr, 1/cm): 3365,28) 1712, 1609, 1522, 1463, 1431,
1315, 1229, 1018, 927, 7584-NMR (DMSO-ds, 500 MHz)J: 3.15-3.26 (m, 4H, 2xCH
piperazine), 3.51-3.68 (m, 4H, 2xgHiperazine), 6.82 (t, 1H, H-4 phenyl= 7.5 Hz), 6.97
(d, 2H, H-2,6 phenylJ = 8.0 Hz), 7.23 (t, 2H, H-3,5 phenyl,= 7.5 Hz), 7.40 (t, 1H, H-6
coumarinJ =7.5 Hz), 7.45 (d, 1H, H-8 coumarih= 8.0 Hz), 7.68 (t, 1H, H-7 coumarihz=

7.5 Hz), 7.81 (d, 1H, H-5 coumarid,= 7.5 Hz), 8.09 (bs, 2H, NH 8.26 (s, 1H, H-4
coumarin).**C-NMR (DMSOdg, 125 MHz)s: 47.27, 47.78, 114.36, 116.12, 118.28, 119.57,
124.71, 127.86, 128.32, 129.16, 132.58, 141.70,4060153.46, 157.40, 166.15, 171.75,
176.08. MS (m/z, %): 432 (M 100), 311 (37), 298 (19), 132 (85), 104 (23),(Z7). Anal.
calcd for GsH2oN4O3S: C, 63.87; H, 4.66; N, 12.95. Found: C, 64.124133; N, 13.11.

5.2.8. 3-(4-amino-2-(4-phenyl piperazin-1-yl)thiazol e-5-carbonyl)-6-bromo-2H-chromen-2-
one (3h)

Yield 61%; mp 173-175 °C, IR (KBr, 1/cm): 3438, 328L729, 1600, 1537, 1465, 1440,
1338, 1307, 1232, 1159, 1107, 1023, 924, 8ANMR (DMSO-ds, 500 MHz)s: 3.04-3.09
(m, 4H, 2xCH piperazine), 3.66-3.73 (m, 4H, 2xgHiperazine), 6.82 (t, 1H, H-4 phenyl,

= 7.5 Hz), 6.97 (d, 2H, H-2,6 phenyl= 8.0 Hz), 7.24 (t, 2H, H-3,5 phenyl= 7.5 Hz), 7.43
(d, 1H, H-8 coumarin] = 8.5 Hz), 7.83 (d, 1H, H-7 coumarih= 8.5 Hz), 8.06 (s, 1H, H-5
coumarin), 8.10 (bs, 2H, N§ 8.21 (s, 1H, H-4 coumarinC-NMR (DMSO-ds, 125 MHz)

0. 46.45, 48.23, 114.53, 116.48, 119.64, 119.89,40127.45, 129.16, 129.89, 133.74,
137.56, 143.36, 149.47, 152.26, 157.54, 166.48,2171176.80. MS (m/z, %): 512 (M+2,
100), 510 (M, 100), 391 (34), 295 (51), 223 (97), 197 (98), 167), 145 (73). Anal. calcd
for CasH19BrN4O3S: C, 54.02; H, 3.74; N, 10.96. Found: C, 53.993H5; N, 10.72.

5.2.9. 3-(4- amino-2-mor pholinothiazol e-5-carbonyl)-2H-chromen-2-one (3i)

Yield 62%; mp 172-174 °C, IR (KBr, 1/cm): 3459, 332922, 1724, 1610, 1533, 1464,
1319, 1270, 1242, 1114, 890, 76”-NMR (CDCk, 500 MHz)s: 3.45-3.56 (m, 4H, 2xCH
morpholine), 3.64- 3.82 (m, 4H, 2xGlfhorpholine), 7.31 (t, 1H, H-6 coumarid,= 7.5 Hz),
7.36 (d, 1H, H-8 coumarin) = 8.0 Hz), 7.54-7.59 (m, 2H, H-5,7 coumarin), 8(841H, H-4
coumarin).’*C-NMR (CDCk, 125 MHz)d: 47.86, 65.96, 116.68, 118.63, 124.66, 127.45,
128.77, 129.38, 132.70, 142.93, 154.28, 158.30,5266.73.04, 177.27. MS (m/z, %): 357
(M*, 100), 298 (44), 167 (31), 149 (87), 97 (48), 88)( 57 (63), 43 (51). Anal. calcd for
Ci17H1sN3O4S: C, 57.13; H, 4.23; N, 11.76. Found: C, 57.1148]1; N, 11.53.

5.3.10. 3-(4-amino-2-mor pholinothiazol e-5-car bonyl )-6-bromo-2H-chromen-2-one (3))
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Yield 67%; mp 138-140 °C, IR (KBr, 1/cm): 3392, 328923, 1728, 1607, 1531, 1466,
1435, 1320, 1239, 1113, 892, 818-NMR (DMSO-ds, 500 MHz)d: 3.44-3.55 (m, 4H,
2xCH, morpholine), 3.57-3.86 (m, 4H, 2xGlshorpholine), 7.42 (d, 1H, H-8 coumarid,=
8.5 Hz), 7.81 (d, 1H, H-7 coumarid,= 8.5 Hz), 8.05 (s, 1H, H-5 coumarin), 8.09 (bd, 2
NH,), 8.20 (s, 1H, H-4 coumariny’C-NMR (DMSO-ds, 125 MHz,)s: 45.48, 66.47, 116.94,
119.83, 120.23, 128.92, 131.14, 137.52, 139.48,5040153.34, 159.71, 166.85, 172.62,
176.12. MS (m/z, %): 437 (M+2, 100), 435 (M.00), 377 (24), 340 (23), 222 (46), 165 (23),
54 (63). Anal. calcd for GH14BrN3O,S: C, 46.80; H, 3.23; N, 9.63. Found: C, 46.98; H,
3.14; N, 9.70.

5.3.11. 3-(4-amino-2-thiomor pholinothiazol e-5-car bonyl)-2H-chromen-2-one (3k)

Yield 69%; mp 174-176 °C, IR (KBr, 1/cm): 3444, 769608, 1531, 1461, 1427, 1351,
1279, 1170, 945, 777, 749H-NMR (CDCk, 500 MHz) 6: 2.56-2.78 (m, 4H, 2xCH
thiomorpholine), 3.75-4.03 (m, 4H, 2xGkhiomorpholine), 7.31 (t, 1H, H-6 coumarih=
7.5 Hz), 7.36 (d,1H, H-8 coumarid,= 8.0 Hz), 7.55-7.60 (m, 2H, H-5,7 coumarin), 8(64
1H, H-4 coumarin)}*C-NMR (CDCE, 125 MHz,)d: 26.80, 50.80, 116.71, 118.67, 124.67,
127.23, 128.77, 132.70, 142.95, 155.83, 158.36,6266.72.47, 177.22. MS (m/z, %): 373
(M*, 100), 356 (18), 298 (87), 228 (26), 173 (38), 122), 69 (29). Anal. calcd for
C17H15N303S;: C, 54.67; H, 4.05; N, 11.25. Found: C, 55.104H6; N, 11.29.

5.3.12. 3-(4-amino-2-thiomor pholinothiazol e-5-car bonyl)-6-bromo-2H-chromen-2-one (31)

Yield 70%; mp 178-180 °C, IR (KBr, 1/cm): 3421, 2921735, 1606, 1536, 1465, 1244,
1190, 1080, 955, 854, 820H-NMR (DMSO-ds, 500 MHz) d: 2.67 (bs, 4H, 2xCH
thiomorpholine), 3.80 (bs, 4H, 2xGHhiomorpholine), 7.41 (bs, 1H, H-8 coumarin), 7.81
(bs, 1H, H-7 coumarin), 8.08 (bs, 3H, H-5 couman NH), 8.18 (bs, 1H, H-4 coumarin).
¥C-NMR (DMSOds, 125 MHz)¢: 26.87, 51.27, 116.82, 119.35, 120.86, 128.96,4¥30
137.25, 138.68, 141.56, 153.94, 159.23, 166.70,247A76.52. MS (m/z, %): 453 (M+2,
100), 451 (M, 100), 436 (28), 378 (24), 272 (23), 222 (25), 129), 67 (48). Anal. calcd for
Ci17H14BrN3OsS;: C, 45.14; H, 3.12; N, 9.29. Found: C, 45.32; 213N, 9.33.

5.3. General procedure for the synthesis of compounds 4a-c

Cyanamide (1 mmol) was added to the solution dissrthiocyanat® (1 mmol) in methanol
at 0-5 °C. A solution of sodium methoxide (0.8 Mbptained by dissolving sodium (1 mmol)
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in MeOH (1.2 ml), was slowly added at 0 °C to tkaation mixture over 10 min. After 2 h,
3-(bromoacetyl)coumari® (1 mmol) was added portion by portion over 10 raid the

reaction color turned to yellow. After the consumptof 3-(bromoacetyl)coumarin, the
mixture was diluted with cold water (15 ml) and thiatained yellow solid was filtered and
washed with cold water three times. The crude prbeas dried and purified by column

chromatography on silica gel using ethyl acetatespeum ether as eluent system.
5.3.1. 3-(4-amino-2-(phenylamino)thiazol e-5-carbonyl)-2H-chromen-2-one (4a)

Yield 66%; mp 178-180 °C, IR (KBr, 1/cm): 3275, 394721, 1606, 1549, 1439, 1171, 755.
H-NMR (CDCl, 500 MHz): 7.16 (t, 1H, H-4 PhJ = 7.5 Hz), 7.31-7.36 (m, 6H, H-Ph, H-
6,8 coumarin), 7.54-7.60 (m, 2H, H-5,7 coumarin)38(s, 1H, H-4 coumarin)*C-NMR
(CDCls, 125 MHz) ¢: 116.09, 117.36, 118.26, 119.11, 123.54, 124.7R.14, 131.32,
132.92, 139.33, 140.23, 142.06, 153.02, 159.63,9686772.62, 176.70. MS (m/z, %): 363
(M*, 100), 339 (13), 323 (16), 198 (22), 180 (21), {38), 77 (34), 51 (28). Anal. calcd for
C1oH13N30sS: C, 62.80; H, 3.61; N, 11.56. Found: C, 62.663182; N, 11.39.

5.3.2. 3-(4-amino-2-((4-methoxyphenyl )amino)thiazol e-5-car bonyl)-2H-chromen-2-one (4b)

Yield 76%; mp 180-182 °C, IR (KBr, 1/cm): 3424, 7721608, 1546, 1429, 1308, 1248,
1214, 1173, 1081, 1028, 766-NMR (DMSO-ds, 500 MHz)s: 3.73 (s, 3H, OC#), 6.93 (d,
2H, H-3,5 PhJ = 8.5 Hz), 7.38-7.45 (m, 4H, H-2,6 Ph, H-6,8 coumja 7.67 (t, 1H, H-7
coumarin,J = 7.5 Hz), 7.80 (d, 1H, H-5 coumarid,= 7.5 Hz), 8.13 (bs, 2H, N} 8.26 (s,
1H, H-4 coumarin), 10.63 (s, 1H, NHFC-NMR (DMSO4ds, 125 MHz)J: 55.23, 114.32,
115.97, 116.21, 121.80, 124.72, 127.23, 128.65,0029132.27, 132.74, 141.81, 153.44,
157.37, 159.92, 166.89, 170.94, 176.24. MS (m/z,383 (M', 100), 173 (43), 149 (24), 122
(23), 97 (36), 83 (33), 69 (24), 57 (26), 43 (38al. calcd for GoH15sN304S: C, 61.06; H,
3.84; N, 10.68. Found: C, 59.88; H, 4.00; N, 10.64.

5.3.3. 3-(4-amino-2-((3,4,5-trimethoxyphenyl)Jamino)thiazol e-5-carbonyl )-2H-chromen-2-one
(4c)

Yield 68%; mp 186-188 °C, IR (KBr, 1/cm): 3413, 3311710, 1607, 1561, 1508, 1457,
1425, 1234, 1178, 1129, 997, 987, 764:-NMR (DMSO-ds, 500 MHz)6: 3.64 (s, 3H,
OCH), 3.78 (s, 6H, 2xOC¥), 6.96 (bs, 2H, H-2,6 Ph), 7.40 (t, 1H, H-6 couimal = 7.5
Hz), 7.45 (d, 1H, H-8 coumarid,= 8.0 Hz), 7.68 (t, 1H, H-7 coumarih= 7.5 Hz), 7.81 (d,
1H, H-5 coumarin,J = 7.5 Hz), 8.18 (bs, 2H, N 8.29 (s, 1H, H-4 coumarin), 10.69 (s,
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1H, NH). *C-NMR (DMSOds, 125 MHz)d: 55.83, 59.99, 97.70, 116.22, 118.27, 124.72,
127.32, 128.91, 129.08, 132.77, 133.90, 135.30,9741152.95, 153.48, 157.38, 167.56,

170.64, 176.51. MS (m/z, %): 453 {ML0O), 368 (23), 194 (26), 147 (29), 98 (33), 86)(

71 (74), 57 (93), 43 (89). Anal. calcd fopH19N306S: C, 58.27; H, 4.22; N, 9.27. Found: C,

58.50; H, 4.23; N, 9.31.

5.4. MTT assay

MTT assay was used to evaluate the cytotoxic dgtoh synthesized compound3ail and
4a-¢) against three different tumor cell lines MCF-#&@g&2 and SW400 which were grown
in RPMI-1640 medium and DMEM with 10% FBS (Gibcoilého, Italy). All the cell lines
were purchased from National Cell Bank of Iran {(Ba#stitute, Tehran, Iran). Different
concentrations of target compounds were preparedi$golving synthetic compounds in
DMSO. Each wells of a 96-well microtiter plate HEQD ul of complete medium containing 8
x 10 cells, incubated at 37°C in a humidified 5% LQ@cubator overnight. The cells were
treated with different concentrations of test coomuts and further incubated at 37°C for 48
h. After that, the cell viability was determineding 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) and the absodmmf each well was measured by
microplate reader (Bio-Rad microplate reader, Md@#84) at 570 nm wavelengths [36]. The
negative control was 0.1% DMSO. The reference detmposide was used as positive
control. The data were expressed byyl®hich means the compound concentration required
to inhibit cell proliferation by 50% and were deeid as the meant SE from the dose-

response curves of at least three independentieng@s.

5.5. Analysis of cellular apoptosis

Annexin V-FITC/PI (Propidium iodide) dual stainingssay was used to determine the
induction of apoptosis by the most potent compaiydn comparison with etoposide (tested
at 1G5 concentration). MCF-7 cells were seeded into G-plates and incubated overnight at
37 °C under 5% C® The cells were treated with two concentrationgest compoun@k at
ICs0 and 1.5xIGy concentrations and incubated for 48 h. Then, teated cells were
trypsinized, washed with PBS twice and centrifugéd200 rpm to collect the cells. After
that, 500 pl of binding buffer and 5 pl of AnneXFITC and Pl were added to suspend
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cells. After 5-15 min incubation at room temperatur dark, cell apoptosis was analyzed by
flow cytometry (FACS Calibur Bectone-Dickinson) |31

5.6. Céll cycle assessment

Propidium iodide (PI) staining assay was used Yestigate the cell cycle distributions in the
MCF-7 cells by flow cytometry analysis. Pl can bittdDNA and emit a fluorescent, the
intensity of which is in proportion to the DNA cemt. The cells were treated withsiGand
1.5xI1G5o concentrations of test compourBk], after 48 h, the treated cells were trypsinized,
washed with PBS and centrifuged at 1000 rpm forib. iAfter incubation with PBS, the
obtained MCF-7 cells were fixed with 70% cold ethia(+20 °C). The fixed cells were
washed with PBS, treated with RNase A (0.1 mg/mmyl ancubated for half an hour,
sequentially treated with 50 mg/ml of Pl and indeblafor 15 min more. The cell cycle
distribution was calculated using a Novocyte floyjtotneter (ACEA Biosciences) and the
data were analyzed by NovoExpress 1.1.0 softwalteh@ experiments were performed on

three samples in parallel [32].

5.7. FRAP assay

FRAP assay was used as a standard method to evaméibxidant activity of target
compounds. This experiment measured the reductipaaity of compounds which
converting ferric tripyridyl triazine (Fe (ll)-TP4) complex into a blue color ferrous
tripyridyl triazine (Fe (I)-TPTZ) complex at lowth An 1 ml TPTZ solution (10 mM) in 40
mM HCI was mixed with 1 ml Fe@bH,O solution (20 mM) and 10 ml acetate buffer (300
mM) at pH =3.6 to make Fe (Il)-TPTZ (2,4,6-tripyyles-triazine) reagent. 20 pl of sample
solution in different concentration was mixed witb0 pl of Fe (II)-TPTZ reagent and
incubated at 37°C for 25 min. The absorbance oftunixwas measured at 593 nm. The
ascorbic acid was used as the standard solutianrégults were expressed in UM equivalent

to FeSQ.7H,0 by calculating from calibration curve [37].

5.8. DPPH radical scavenging activity
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The ability of target compounds to capture freeicald was evaluated by DPPH radical
scavenging method [38]. Different concentrationsyrithesized compounds were prepared
by dissolving in DMSO. The working solution was abed by mixing 0.5 mM stock
solution of DPPH in methanol to obtain an absorbasfc9.1+0.02 units at 517 nm using the
spectrophotometer. A mixture of 20 ul of each sagilution and 250 pl of DPPH in
methanol was incubated at room temperature for B0imdark. Then the absorbance of the
mixture was measured at 517 nm. The control groagh the same content without any
compound and the ascorbic acid solution was usathaslard. The experiments were carried
out in triplicates. The average values were usedketermine the radical scavenging activity
as the percentage of inhibition according to thdowang equation: % inhibition =
[(@absorbance of control- absorbance of sample)fabsce of control]x 100. The data were
exhibited as 1gwhich define as compound concentration requireducaqy free radicals by
50%.

Acknowledgments

This work was supported and funded by a grant ftcen National Science Foundation
(INSF); Grant no: 96011863.

References

[1] H. Cheloufi, B. Belhani, T.S. Ouk, R. ZerroulN,E. Aouf, M. Berredjem, Synthesis and
antitumor evaluation of novel sulfonylcycloureagided from nitrogen mustard. Mol.
Divers. 20 (2016) 399-405.

[2] J. Wesche, K. Haglund, E.M. Haugst&mhroblast growth factors and their receptors in
cancer, Biochem. J. 437 (2011) 199-213.

[3] S. Riedl, D. Zweytick, K. Lohner, Membrane-aetihost defense peptides challenges and
perspectives for the development of novel anticamcags, Chem. Phys. Lipids 164
(2011) 766-781.

[4] S.K. Grant, Therapeutic protein kinase inhibstoCell. Mol. Life Sci. 66 (2009) 1163-
1177.

15



[5] J. Dandriyal, R. Singla, M. Kumar, V. Jaitakeéent developments of C-4 substituted
coumarin derivatives as anticancer agents, Eiled. Chem. 119 (2016) 141-168.

[6] S. Emami, S. Dadashpour, Current developmeint®wmarin-based anti-cancer agents in
medicinal chemistry, Eur. J. Med. Chem. 102 (2@H5)-630.

[7] S. Sandhu, Y. Bansal, O. Silakari, G. Bansayu@arin hybrids as novel therapeutic
agents, Bioorg. Med. Chem. 22 (2014) 3806-3814.

[8] A. Ayati, S. Emami, A. Asadipour, A. Shafiee, Boroumadi, Recent applications of 1,3-
thiazole core structure in the identification ofankead compounds and drug discovery,
Eur. J. Med. Chem. 97 (2015) 699-718.

[9] D. Das, P. Sikdar, M. Bairagi, Recent developtseof 2-aminothiazoles in medicinal
chemistry, Eur. J. Med. Chem. 109 (2016) 89-98.

[10] J. Das, P. Chen, D. Norris, R. PadmanaBhaminothiazole as a novel kinase inhibitor
template. Structure—activity relationship studieward the discovery dfi-(2-chloro-6-
methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazif]-2-methyl-4-
pyrimidinyllamino)]-1,3-thiazole-5-carboxamide (Camib, BMS-354825) as a
potentpan-Src kinase inhibitor, J. Med. Chem. 49 (2006) 68832.

[11] R. Romagnoli, P. G. Baraldi, A. Brancale, Ac&, E. Hamel, R. Bortolozzi, G. Basso,
G. Viola, Convergent synthesis and biological eatibtn of 2-amino-4-(34',5-
trimethoxyphenyl)-5-aryl thiazoles as microtubuéggeting agents, J. Med. Chem. 54
(2011) 5144-5153.

[12] R. Romagnoli, P. G. Baraldi, M. K. Salvador, E. Camacho, D. Preti, M. Aghazadeh
Tabrizi, M. Bassetto, A. Brancale, E. Hamel, R. Blwzzi, G. Basso, G. Viola,
Synthesis and biological evaluation of 2-substdite(3,4',5-trimethoxyphenyl)-5-aryl
thiazoles as anticancer agents, Bioorg. Med. Clzér{2012) 7083-7094.

[13] L. Shao, X. Zhou, Y. Hu, Z. Jin, J. Liu, J.rfép Synthesis and evaluation of novel
ferrocenyl thiazole derivatives as anticancer ager8ynthesis and Reactivity in
Inorganic, Metal-Organic, and Nano-Metal Chemi&8y(2006) 325-330.

[14] Y. S. Lee, S-H. Chuang, L. Y. L. Huang, C-laiLY-H. Lin, J-Y. Yang, C-W. Liu, S-C.
Yang, H-S. Lin, C-C. Chang, J-Y. Lai, P-S. Jian,Uam, J-M. Chang, J. Y. N. Lau, J-J.
Huang, Discovery of 4-aryl-N-arylcarbonyl-2-aminiatioles as Hecl1l/Nek2 inhibitors.

16



Part I: Optimization of in vitro potencies and piacokinetic properties, J. Med. Chem.
57 (2014) 4098-4110.

[15] R. Romagnoli, P. G. Baraldi, C. L. Cara , M. &alvador, R. Bortolozzi, G. Basso, G.
Viola, J. Balzarini, A. Brancale, X-H. Fu, J. L§-Z. Zhang, E. Hamel, One-pot
synthesis and biological evaluation of 2-pyrrolidid-amino-5-(34',5'-
trimethoxybenzoyl)thiazole: A unique, highly acti@atimicrotubule agent, Eur. J. Med.
Chem. 462011) 6015-6024.

[16] H. Mirzaei, S. Emami, Recent advances of aytmt chalconoids targeting tubulin
polymerization: synthesis and biological activigyr. J. Med. Chem. 21 (2016) 610-639.

[17] H. Mirzaei, M. Keighobadi, S. Emami, An ovesw of anticancer chalcones with
apoptosis inducing activity. J. Mazandaran Univ.dvi8ci. 26 (2017) 262-276.

[18] S.H.M.E. Ketabforoosh, A. Kheirollahi, M. SafaN. Esmati, S.K. Ardestani, S.
Emami, L. Firoozpour, A. Shafiee, A. Foroumadi, 8ysis and anti-cancer activity
evaluation of new dimethoxylated chalcone and ftiavee analogs. Arch. Pharm. 347
(2014) 853-860.

[19] B. Letafat, R. Shakeri, S. Emami, S. Noushhhi,Mohammadhosseini, N. Shirkavand,
S.K. Ardestani, M. Safavi, M. Samadizadeh, A. LatafA. Shafiee, A. Foroumadi,
Synthesis and in vitro cytotoxic activity of novethalcone-like agents. Iran. J. Basic
Med. Sci. 16 (2013) 1155-1162.

[20] L. Firoozpour, N. Edraki, M. Nakhjiri, S. EmamM. Safavi, S.K. Ardestani, M.
Khoshneviszadeh, A. Shafiee, A. Foroumadi, Cytaagativity evaluation and QSAR
study of chromene-based chalcones. Arch. Pharm.38¢2012) 2117-2125.

[21] H. Aryapour, G.H. Riazi, S. Ahmadian, A. Fomadi, M. Mahdavi, S. Emami,
Induction of apoptosis through tubulin inhibitiom ihuman cancer cells by new
chromene-based chalcones. Pharm. Biol. 50 (2012)41560.

[22] H. Aryapour, G.H. Riazi, A. Foroumadi, S. Ahdian, A. Shafiee, O. Karima, M.
Mahdavi, S. Emami, M. Sorkhi, S. Khodadady, Biotaji evaluation of synthetic
analogues of curcumin: chloro-substituted-2'-hygofvalcones as potential inhibitors of
tubulin polimerization and cell proliferation. Me@Ghem. Res. 20 (2011) 503-510.

17



[23] A. Ayati, R. Esmaeili, S. Moghimi, T. Oghabiabkhshaiesh, Z. Eslami-S, K.
Majidzadeh-A, M. Safavi, S. Emami, A. Foroumadin8esis and biological evaluation
of 4-amino-5-cinnamoylthiazoles as chalcone-likecamcer agents, Eur. J. Med. Chem.
2018, https://doi.org/10.1016/j.ejmech.2018.01.015.

[24] H. Akrami, M. Safavi, B.F. Mirjalili, M. D. Akkezari, F. Dadfar, N. Mohaghegh, S.
Emami, F. Salehi, H. Nadri, S. K. Ardestani, L.dézpour, M. Khoobi, A. Foroumadi,
Facile synthesis and antiproliferative activity ofH-benzo[7,8]chromeno|2,3-
d]pyrimidin-8-amines, Eur. J. Med. Chem. 127 (201Z8-136.

[25] F. Molaverdi, M. Khoobi, S. Emami, M. Alipou@. Firuzi, A. Foroumadi, G. Dehghan,
R. Miri, F. Shaki, F. Jafarpour, A. Shafiee, Polyg&nated cinnamoyl coumarins as
conformationally constrained analogs of cytotoxi@argpentanoids: Synthesis and
biological activity, Eur. J. Med. Chem. 68 (201831110.

[26] S. Rahmani-Nezhad, M. Safavi, M. Pordeli, S.Krdestani, L. Khosravani, Y.
Pourshojaei, M. Mahdavi, S. Emami, A. Foroumadi, $hafiee, Synthesis, in vitro
cytotoxicity and apoptosis inducing study of 2-aByhitro-2H-chromene derivatives as
potent anti-breast cancer agents, Eur. J. Med. C861(2014) 562-569.

[27] A. Zonouzi, R. Mirzazadeh, M. Safavi, S.K. Astani, S. Emami, A. Foroumadi, 2-
Amino-4-(nitroalkyl)-4H-chromene-3-carbonitriles asw cytotoxic agents, Iran. J.
Pharm. Res. 12 (2013) 679-685.

[28] M. Azizmohammadi, M. Khoobi, A. Ramazani, Sn&mi, A. Zarrin, O. Firuzi, R. Miri,
A. Shafiee, 2H-Chromene derivatives bearing thidew-2,4-dione, rhodanine or

hydantoin moieties as potential anticancer agénis.J. Med. Chem. 59 (2013) 15-22.

[29] M. Khoobi, A. Foroumadi, S. Emami, M. Safaws. Dehghan, B.H. Alizadeh, A.
Ramazani, S.K. Ardestani, A. Shafiee, Coumarin-thas®active compounds: facile
synthesis and biological evaluation of coumariretug,4-thiazepines. Chem. Biol. Drug
Des. 78 (2011) 580-586.

[30] M. Mahmoodi, A. Aliabadi, S. Emami, M. Safa8, Rajabalian, M. Mohagheghi, A.
Khoshzaban, A. Samzadeh-Kermani, N. Lamei, A. 8eaf\. Foroumadi, Synthesis and
in vitro cytotoxicity of poly-functionalized 4-(2rglthiazol-4-yl)-4H-chromenes. Arch.
Pharm. Chem. Life Sci. 343 (2010) 411-416.

18



[31] X.C. Huang, M. Wang, Y.M. Pan, G.Y. Yao, H®ang, X.Y. Tian, J.K. Qin, Y. Zhang,
Synthesis and antitumor activities of novel thi@ure-aminophosphonates from
dehydroabietic acid, Eur. J. Med. Chem. 69 (2008)}-520.

[32] Z. Wu, Y. Fang, Y. Tang, M. Xiao, J. Ye, G.,lA. Hu, Synthesis and antitumor
evaluation of 5-(benzol[d]-[1,3]dioxol-5-ylmethylH4ert-butyl)-N-arylthiazol-2-amines,
Med. Chem. Comm. 7 (2016) 1768-1774.

[33] I. Kostova, S. Bhatia, P. Grigorov, S. BalkanskySVParmar, A.K. Prasad, L. Saso,
Coumarins as antioxidants. Curr. Med. Chem. 18128929-3951.

[34] I.F.F. Benzie, J.J. Strain, Ferric reducingiaidant power assay: direct measure of
total antioxidant activity of biological fluids andhodified version for simultaneous
measurement of total antioxidant power and ascodmici concentration. Methods
Enzymol. 299 (1999) 15-27.

[35] S. Emami, A. Foroumadi, M.A. Faramarzi, N. S Synthesis and antibacterial
activity of quinolone-based compounds containingoamarin moiety. Arch. Pharm.
341 (2008) 42-48.

[36] A. Foroumadi, S. Emami, S. Rajabalian, M. Bdald, N. Mohammadhosseini, A.
Shafiee, N-Substituted piperazinyl quinolones atemtal cytotoxic agents: Structure—
activity relationships study, Biomed. Pharmacotb&r(2009) 216-220.

[37] M. Alipour, M. Khoobi, A. Foroumadi, H. NadrA. Moradi, A. Sakhteman, M. Ghandi,
A. Shafiee, Synthesis and anti-cholinesterase igctiof new 7-hydroxycoumarin
derivatives, Bioorg. Med. Chem. 20 (2012) 7214-7222

[38] K. Thaiponga, U. Boonprakoba, K. Crosbyb, L-Z€vallosc, D.H. Byrne; Comparison
of ABTS, DPPH, FRAP, and ORAC assays for estima@mgjoxidant activity from
guava fruit extracts; J. Food Compos. Anal. 19 @@59-675.

19



Captions:

Figure 1. Design of compound8 and 4 based on the thiazole-derived leddas new

anticancer agents.

Figure 2. Flow cytometric analysis of MCF-7 cells treatedhwcompounds3k. (A) Non-
treated cells as negative control group; (B) tebatéth etoposide as positive control; (C)
treated with 3k at 1Go concentration (7.5 pg/ml); (D) treated wiBk at 1.5%xIGg

concentration (11.2 pg/ml).
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Figure 3. Cell cycle analysis of MCF-7 cells by flow cytometanalysis. (A) Non-treated
cells as control group; (B) treated wBk at 1Gso concentration (7.5 pg/ml); (C) treated with

3k at 1.5x1Gp concentration (11.2 pg/ml)

Figure 4. Quantitative analysis of cell cycle distributiorfd) Non-treated cells as control
group; (2) treated witlBk at IG5y concentration (7.5 pg/ml); (3) treated wihk at 1.5%1G

concentration (11.2 pg/ml)

Schemel. Synthesis of compounda-l and4a-c Reagents and conditions. a) Br, CHCk,
rt.; b) appropriate cyclic amine, DMF, 70 °C, 1ch)NaS-9H0 60%, 70 °C, 2 h; d) 0-5 °C,
2 h; e) NHCN, CH;OH, 0-5 °C, 1h; f) Na/CEDH, 0-5 °C, 2h; g) 0-5 °C, 2h.

Table 1
In vitro cytotoxic activity (1Gg values, pg/ml) of compounda-land4a-cagainst cancer cell lines.
NH2 (0] NH2 (@]
N\ N = R N\ N = R
=g )=
C/N o0~ O R NH o~ O
1
3a-l 4a-c
Compound A R R MCF-7 HepG2 Sw480
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3a pyrrolidin-1-yl H - 14.1+23 40+0.7 13.5+3.1

3b pyrrolidin-1-yl Br - 109+34 277218 334121
3c piperidin-1-yl H - 10.7+09 37.1+32 16.3x14
3d piperidin-1-yl Br - 291+12 19.8+23 18.3+0.6
3e 4-benzylpiperidin-1-yl H - 11.1+1.7 21.7+11 145+3.1
3f 4-benzylpiperazin-1-yl H - 116+24 32+0.6 23.4+£23
39 4-phenylpiperazin-1-yl H - 179+32 349+15 225+07
3h 4-phenylpiperazin-1-yl Br - 286+26 122+23 17.1+1.3
3i morpholino H - 9.8+0.8 348%+26 20519
3j morpholino Br - 146+1.2 193+21 487+0.9
3k thiomorpholino H - 75+£0.7 169+0.7 13.0x0.6
3l thiomorpholino Br - 125+1.3 29.7+31 445143
da - H H 266+21 20621 19.2+0.9
4b - H 4-MeO 30.3x05 231+13 209+23
4c - H 3,45-(Me0} 242+16 26.8+08 244+25
Etoposide 31+06 6.2+05 7.7x15
Table 2

In vitro antioxidant activity of compound3a-| and 4a-c determined by ferric-reducing antioxidant power
(FRAP) and DPPH methods

NH, o NHz o
N\ A\ =z R N\ N = R
s o @ Mg
3a-l 4a-c
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Compound FRAP values at different concentrations DPPH
(ICs0, pg/mi)
5 pg/ml 10 pg/mi 20 pg/mi 40 pg/ml 80 pg/mi 100 pg/ml
3a 93.3+0.6 116.5£1.6  155.3+0.7 272.5+3.9 275.843.5 542.3+3.4 28.8+1.3
3b 72.3+2.3 97.5+1.7 102.8+1.2 147.5#2.2 205.5+0.6 243.3+£1.3 31.7+0.8
3c 103.5+#4.6 134.5£3.8 237 125 445 2.6 463.5¢1.9 676125 27.3x2.1
3d 88.8+2.4 118.8+4.1 151.3+2.7 194.3+2.8 243.3%t1.6 243.8+3.5 46.6+1.4
3e 54.3+3.9 111.3+1.3 136.5#3.6 179.8+2.7 236.843.8 263.3+3.2 37.7+1.2
3f 88.5+2.4 134+2.5 197.5+0.3 226.5#3.5 228.8+2.2 443.840.7 31.7+2.8
39 91+1.7 108+3.1 154+1.9 217+1.3 326+2.7 400+2.2 38.3x0.9
3h 63.5+2.1 72.3+1.4 73.3£2.1 82+1.4 98.3+4.1 121.3+2.3 >50
3i 110.845.6 142 +0.4 205.3£3.4 344.8+3.5 383.8+1.8 605.3x1.4 25.8+#1.5
3 76.55+2.4 84.3+3.8 110 £2.1 162.3+4.2 211.54¢3.1 247.8+1.6 34.6+0.9
3k 76.3+3.5 86.3+0.9 148+2.3 266+3.8 454.842.9 564.5+2.4 23.9+1.4
3l 57+0.7 70.5+0.7 78.5+£3.1 94.3+2.3 164+1.5 171.3x3.1 27.7#1.8
4a 65.5+3.7 92.5+3.8 158.8+2.7 176.3+1.1 246.8+3.6 289.844.8 49.9+3.7
4b 88.3x2.1 121.3+0.7 184.1+35 220+3.1 300+3.3 350.3+3.4 39.7£1.6
4c 131.8+4.4 173.3+1.6 270.5+4.7 346.8+1.7 372.3+1.7 372.3+3.8 26.3+1.3
As.c(:jorbic 74.9+3.4 123.6+3.1 215.841.7 309.7+0.6 397.4+3.7 484+2.3 9.6+1.5
aci
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Figure 1. Design of compound3 and4 based on the thiazole-derived lehds new anticancer agents.
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Figure 2. Flow cytometric analysis of MCF-7 cells treatedthwcompounds3k. (A) Non-treated cells as
negative control group; (B) treated with etoposadepositive control; (C) treated wiBk at 1G, concentration
(7.5 pg/ml); (D) treated witBk at 1.5%IG, concentration (11.2 pg/ml).
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Figure 3. Cell cycle analysis of MCF-7 cells by flow cytometanalysis. (A) Non-treated cells as control
group; (B) treated witl3k at 1G;, concentration (7.5 pug/ml); (C) treated wak at 1.5xIG, concentration (11.2
Hg/ml)
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Figure 4. Quantitative analysis of cell cycle distributiof) Non-treated cells as control group; (2) treatét
3k at IG, concentration (7.5 pg/ml); (3) treated wik at 1.5%1G, concentration (11.2 pg/ml)
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: 3,4,5-(OMe); :

Schemel. Synthesis of compounda-lI and4a-c. Reagents and conditions: a) Br, CHC, rt.; b) appropriate
cyclic amine, DMF, 70 °C, 1 h; c) B&-9H0O 60%, 70 °C, 2 h; d) 0-5 °C, 2 h; e) BMEN, CHOH, 0-5 °C, 1h;
f) Na/CH,OH, 0-5 °C, 2h; g) 0-5 °C, 2h.
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Resear ch Highlights

New coumarin-containing compounds 3a-I and 4a-c was synthesized.
All compounds were screened for their anticancer and antioxidant activities.
Compound 3k can induce apoptotic and causes G1-phase arrest in the cell cycle.

DPPH and FRAP assays confirmed the antioxidant potential of synthesized compounds.



