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ABSTRACT

A series of 5-alkoxy derivatives of 3,4-dichlordagdroxyfuran-2-(%1)-one (mucochloric
acid, MCA) were obtained and subsequently subjetedodification in the C-4 position of
2(5H)-furanone ring. The cytotoxicity of newly synthesil compounds was evaluated in
MTT assay against non-small cell lung cancer (A5d®) healthy lung epithelial cell line
(BEAS-2B). The derivatives containing a branchekbey substituent in the C-5 position
demonstrated the highest anticancer propertiesresls modification of compounds in the C-
4 position of 2(8l)-furanone ring only slightly improve their antififerative properties.
Compounds12 and 15 exhibited the best selectivity towards A549 cellsd were also
evaluated in a panel of cancer cell lines of déferorigin. Further investigation revealed that

treatment of A549 cell line with compouni& and15 led to G2 phase cell cycle arrest and



induction of caspase-independent cell death. Maeowompoundl2 was found to act

synergistically with erlotinib.
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Abbreviations

DAPI (4',6-diamidino-2-phenylindole), 3 (deionized water), DMSO (dimethyl sulfoxide),
ERB (erlotinib), ESI-MS (high-resolution electroagrionization mass spectroscopy), FBS
(fetal bovine serum), FITC (fluorescein isothiocgt), 1Go (half maximal inhibitory
concentration), MTT (3-(4,5-dimethylthiazol-2-yl)82diphenyltetrazolium bromide), NMR
(nuclear magnetic resonance), NSCLC (non-small-agtlg carcinoma), Pl (propidium
iodide), Sl (selectivity index), TLC (thin layer @matography), TMS (tetramethylsilane).

1. Introduction

2(5H)-Furanone (2H-furan-5-ony;crotonolactonefigure 1) is an organic compound
that belongs to a group ofp-unsaturated lactones, which are widely distributeagnany
natural products. [1-3] Compounds having RBuranone skeleton in their structure are
known to exhibit a wide range of biological actyitncluding antitumor, [3-8] antibacterial,
[9-12] antifungal, [13,14] antiviral, [15] anti-ild@mmatory [16-19] and antioxidant. [17,20].

Several previous reports have confirmed the antmaractivity of compounds
bearing a 2(H)-furanone ring in their structure. [6,7] 5-Butofy4-dichloro-2(H)-furanone
(Figure 14 is cytotoxic at high millimolar concentration MAC 13 and MAC 16 murine
colon cancer cell lines. [6] Further modificatiooisparent compound led to 3,4-dichloro-5-
(oxirane-2-ylmethoxy)-2(8)-furanone derivativeHigure 1b) with cytotoxicity in nanomolar
range in the same cancer cell lines. [7] Peng anrdarkers [21] showed that the compound
(E)-3-(4-fluorophenyl)N-(4-((2-methylene-5-ox0-2,5-dihydrofuran-3-yl)mefiphenyl)
acrylamide Figure 10 inhibits the formation of complex DNA-topoisomseal. Also natural
compounds known as rubrolideBigure 1d) bearing 2(8l)-furanone moiety, possess anti-
cancer activity in HT-29, MEL-28, P-388 and A549 tiees. [22]

[Figurel]



These findings prompted us to investigate how sémpiodifications of 2(H)-
furanone scaffold affect their cytotoxic propertieterein, we report the synthesis of mono-
and disubstituted 2Eh-furanone derivatives with the aim of establishimeh structure-
activity relationship (SAR) and exploration of thenechanism of action in non-small-cell

lung cancer cell line.

2. Chemistry

The synthetic pathway leading to mono- and distuisti 2(%1)-furanone derivatives
is outlined in theScheme 1 Our synthetic efforts started from mucochlorieda@CA, 1),
which contains 2§H)-furanone and is readily available from commersm@lrces. Given the
multiple functional groups in the different chemlieavironment, MCA offers accessibility to
regioselective functionalization and thus rapid egation of structurally diverse compound
libraries. First set of compounds, monosubstit@edkoxy derivatives9-15) were obtained
in the reaction of MCA 1) with various alcohols2-8) in toluene. The second library of
compounds was obtained fral2, 13 and15 in the reaction with aromatic aminek6(19 or
piperidine R0) in DMSO. This synthetic strategy afforded disithstd compounds2(1-35)

in moderate to excellent yields ranging from 29286.

[Scheme 1]

The structure of all compounds was confirmed®NMR, **C NMR, high-resolution

electrospray ionization mass spectroscopy (ESI-8fs) elemental analysis.

3. Results and Discussion
3.1. Cytotoxicity

Compoundl and all obtained derivatives were evaluated feirtin vitro cytotoxicity
(Table 1) against non-small cell lung cancer (A549) andthgdung epithelial cells (BEAS-
2B). The 1Gy values, defined as 50% cell growth inhibition iamgparison to untreated
control, were determined using MTT assay. [24] Wattception of21, 24-26 and 35, all
compounds displayed significant improvement in améiproliferative activity in the A549
cell line. Compounds having substituent only in & position of ZjH)-furanone ring
showed higher cytotoxicity than their counterpésring a modification on both C-4 and C-
5 carbons, highlighting the importance of two halag for the cytotoxic effect. The most

active monosubstituted derivatiléd bearing propyl group, displayedsfvalue 3.6 uM and



was 34-times more potent than parent compoung (&lue 122.9 uM). Among disubstituted
derivatives, compoun83 appeared to be most active withsd®@alue 13.3uM, showing 9-
fold improvement in anticancer activity, when comgghthe parent compound.

The major challenge in the development of novelcanter compounds is their
selectivity towards cancer cells. An optimal agsimbuld affect only cancer cells and spare
the healthy ones. Keeping this in mind, we assefsedytotoxicity of all compounds also in
healthy bronchial cell line BEAS-2B. The most pdatesompound from the series of
monosubstituted derivativekl had almost the same J€Cvalues in both cancer and non-
cancerous cell lines, indicating no selectivity &wds cancer cells. Noteworthy, compounds
12, 14 and15, having branched aliphatic chains, were more oyiotin A549 cell line with
selectivity index (SI) values [25] 0.61, 0.22 an88) respectivelyTable 1). Based on these
results, compound42 and 15 along with parent compoundl were selected for further

evaluation.

[Table 1]

Compoundsl, 12 and 15 were also investigated in a panel of 12 human eraoell
lines of different origin Table 2). In most of the tested cell lines, 5-substitudedvatives {2
and 15) show higher cytotoxicity than the parent compau@dly in HCT 116 wt cell line
activities of novel derivatives were similar to tharent compound (8.3 uM vs. 7). The
most prominent improvement in the antiproliferataaivity of both12 and15 was observed
for hepatocellular carcinoma HepG2 cell line (60fdf and in androgen-independent prostate
cancer cell line DU 145 (5-fold).

[Table 2]

3.2. Cell cycle analysis

To test whether selected compountisl@ and15) perturb the cell cycle progression
of A549 cells, we evaluated their effects aftertoarous exposure in the two time regimes
(24 and 72 h). All compounds were used aplconcentration. Treatment of cells witl2
after 24 hours caused a slight increase in theepéaige of cells in the sub-G1 (11.2%) and
G2/M (23.4%) phase when compared to untreated ao(frgure 2A, 2C). No significant
changes in cell cycle were observed when the weate treated with compoundsand15. To

elucidate whether compounds trigger G2 phase amestell cycle arrest in mitosis, we



counted mitotic nuclei. We found that all testednpounds did not induce the accumulation
of A549 mitotic cells after 24 hours of treatmdnticating that cells are arrested in G2 phase
(Figure 2B). To confirm cell cycle arrest in G2 phase atni@ecular level, we analyzed the
expression of cyclin B1 which governs transitiortteé cell cycle through mitosis. During G2
phase the level of cyclin B1 increases ensuringpttogression of the cell cycle to mitosis
[26-28]. We found that none of the compounds ineedathe expression level of cyclin B1
and compound 2 downregulated the cyclin B1Figure 2D). This clearly indicates that most

active compounds arrest the cell cycle in earlypB&se rather than in mitosis.

[Figure 2]

3.3. Apoptosis induction

The increase of sub-G1 population in the cell cyatalysis after treatment with
compoundl?2, indicates DNA fragmentation and suggest that¢bimpound trigger apoptosis
in A549 cells. To investigate this first, we chedkbe percentage of the sub-G1 fraction after
72 h treatment of A549 cells with high doses ofleaged compounds (20M). As depicted
in Figure 3A, B, 1 did not produce any significant changes in thé @glle progression, nor
in the sub-G1 content. Notably, a massive incréaske percentage of sub-G1 cells (~40%)
was observed after treatment with compod Interestingly, a higher dose of compourid
did not lead to any changes in the sub-G1 fracfldms strongly supports our hypothesis that
compoundl2 induced apoptosis in A549 cells.

To confirm that compound.2 trigger apoptosis in A549 cells, we employed an
Annexin V/propidium iodide double staining assayngsflow cytometry analysisHigure
3C, D). [29] Continuous exposure of A549 cells with at 20uM concentration for 72 hours
induced an almost 36-fold increase in the percentzgboth early and late apoptotic cells
(32.2%) compared to the untreated control (0.9%jp&singly, treatment of A549 cells with
15 at the same concentration resulted also in thease of Annexin-positive cells (20.3%).
As expected, compouriddisplayed no effects on apoptosis.

To elucidate the molecular mechanism of apopttogigered by compound2 we
determined the expression of 35 apoptosis-relatedeips using commercially available
Proteome Profiler Human Apoptosis Array Kit. On thasis of the densitometric analysis, we
failed to observe any significant changes in theression levels of both pro- and
antiapoptotic proteins after 72 h treatment of A®48s with1, 12 and15 (Figure 3E, B.

Additionally, none of the compounds triggered digant caspase-3 cleavage, which activity



is a hallmark of apoptotic cell death. Furthermoses confirmed the expression of pro-
caspase-3 using specific antibodies in westerndsdsay. Consistent with the previous results,
the level of pro-caspase-3 did not change sigmfigaor all tested compounds. Taking this
into account we speculate, that A549 cells uporattnent of 12 underwent caspase-
independent cell death whigh more likely through observed cell cycle pertdidrzs (G2
arrest) than regulation of apoptosis-related pnstei

[Figure 3]

3.4. Clonogenic potential

Next, we sought to test whether cells treated avitle most active compounds retain
their clonogenic potential [31]. Results indicateatt in contrast to compoundi, both
derivatives12 and 15 were able to decrease the clonogenic potentidd5@ cells, even at
low micromolar concentration. The most prominerfeaf was observed for compoud@.
After 72 hours of treatment with2, only 40% and 15% of cells formed colonies at a
concentration of 5 uM and 10 uM, respectiveligire 4). This clearly indicates that

compoundL2 significantly reduced the clonogenic potentiaR&#49 cells.

[Figure 4]

3.5.Combination of2 with erlotinib

Erlotinib (Tarceva), an EGFR inhibitor, is a FDApaipved targeted drug for the
treatment of NSCLC (non-small-cell lung carcinontadwever, previous reports have shown
that A549 cell line, which harbors KRAS mutatios, liighly resistant to erlotinib [32-34].
This is in agreement with our results that confidnteat A549 cells are insensitive to this
agent. Taking into account that our best compdiihdecreased cell viability of A549 cells at
low-micromolar concentrations, we reasoned to ti@stcombination of compound with
erlotinib.

First, we assessed the effect of the combinatiodiféérent doses of erlotinib and
compoundl2 (10 uM) on the viability of A549 cells after 72urs of treatment. We observed
a slight synergistic effect but only when erlotimifas tested at relatively high concentrations
(Figure 5A). Since increasing erlotinib dose did not resulany significant decrease in cell
viability, for further evaluation we choose a comdiion of 12 and erlotinib at equimolar

concentrations (10 uM). This combination decredBechumber of colonies of A549 cells for



about 89% (relative to the vehicle). Compound testiene at 1QuM decreased cell colony
formation for 86% and 75% for compouhd and erlotinib, respectively.

Further, we checked influence combination erlotenial12 on cell cycle Figure 5B).
After 72 hours treatment of A549 cells with comltioa 10 uM of12 and 10 uM of erlotinib,
we observed an increase of sub-G1 cells to 28FKigufe 5C). When tested alone, erlotinib
caused only slight increase in the percentage aptagic cells (8%).

Finally, we assessed clonogenic potential aftemttnent of A549 cells with above
compound combinationF{gure 5D, 5E). This led to significant reduction of clonogenic

potential of cells when compared to single-agesdttnent.

[Figure 5]

4. Conclusion

In summary, simple alkylation of mucochloric acldto compoundsl2 and 15,
resulted in novel potent derivatives with increasgtbtoxic potency and better selectivity
towards cancer cells in comparison to lead compdur@dbserved cytotoxic effect resulted
mainly from G2 phase cell cycle arrest in caseonhpoundl2, which was also able to trigger
caspase-independent apoptosis in A549 cells. Meremfter treatment A549 cells with
compoundl12, a significant decrease in the clonogenic potemtias also observed. The
combination ofl12 with erlotinib showed synergistic anticancer atyiin comparison to
treatment with each single agent in A549 cells.slimmarise, our data indicate that simple
compounds bearing 2fl)-furanone scaffold might be valuable starting poifor further
development.

Although direct molecular targets of the most potesmpound are not known yet,
some clues about their potential mechanism of aatiay come from the recent paper of Wu
and co-workers, who showed that compounds haviplenyl substituents on C-4 of 2{p
furanone moiety are able to binddemycG4 DNA quadruplexes [8]. In this context, it will

be interesting to evaluate our compounds for thigility to bind such DNA structures.

5. Experimental section
5.1. Chemistry

All reagents were obtained from commercially avs#asources (Merck, Acros
Organics, Alpha Aesar, Sigma-Aldrich) and were usatthout purification. The synthetic

pathways were shown Bicheme 1NMR spectra were recorded on Agilent spectrom&dér



MHz and Varian spectrometer 600 MHz in DM$@solution using tetramethylsilane (TMS)

as an internal standard. Chemical shifts are redoaiso values (ppm). NMR solvent was

purchased from ACROS Organics. Melting point measiants were performed in an open
capillary using Stuart® SMP30 apparatus and ar@mwected. High-resolution electrospray
ionization mass spectroscopy (ESI-MS) experimemsevperformed using a Waters Xevo G2
QTOF instrument equipped with an injection systamong voltage 50 V; source 120°C).
Elemental analysis experiments were performed wsiRgrkin ElImer 2400 Series Il CHNS/O
System. Analyses indicated by the symbols of teenehts or functions were within + 0.4 %

of the theoretical values

5.1.1. 5-Substituted of 3,4-dichloro-2(5H)-furanalezivatives
3,4-Dichloro-5-hydroxy-2(B)-furanone {, 1eq.) was dissolved in anhydrous toluene (10:1, v
toluene:mmoll) contained concentrated sulfuric acid (0.025 dgext alcohol2-8 (15 eq.)
was added. The reaction mixture was refluxed uRtiC indicated the total decay of the
starting material (8-108 h). The volatiles were oged under diminished pressure. The
residue was purified by silica gel column chromaaply (toluene:ethyl acetate, 10:1 v/v) to
give 9-15.

5.1.1.1. 3,4-Dichloro-5-methoxy-2(5H)-furanor® (

Colorless oil; yield: 81% NMR (400 MHz, DMSOsdg) J: 3.51 (s, 3H, -OCH), 6.23 (s,
1H, H-5); **C NMR (100 MHz, DMSQdg) §: 55.77 (C-1'), 101.44 (C-5), 123.20 (C-3),
147.44 (C-4), 162.93 (C-2); ESI-MS (@BH): m/z 182.9616 [M] (m/z calcd. 182.9616
[M]™); Anal. Calcd. for @H4Cl,0s: C, 32.82; H, 2.20. Found: C, 32.41; H, 1.95.

5.1.1.2. 3,4-Dichloro-5-ethoxy-2(5H)-furanori)

Colorless oil; yield 77%'H NMR (400 MHz, DMSOds) J: 1.21 (t, 3H,J = 7.2 Hz, -CH),
3.82(q, 2HJ = 7.2 Hz, -OCH), 6.23 (s, 1H, H-5)**C NMR (100 MHz, DMSOdg) J: 14.81
(C-2"), 65.27 (C-1"), 100.89 (C-5), 122.86 (C-3)47173 (C-4), 163.02 (C-2); ESI-MS
(CHsOH): m/z 218.9594 [M+Na] (m/z calcd 218.9592 [M+Na]) ; Anal. Calcd. for
CsHeCl03: C, 36.58; H, 3.07. Found: C, 36.25; H, 2.74.

5.1.1.3. 3,4-Dichloro-5-propyloxy-2(5H)-furanorkl}
Yellow oil; yield 80%;*H NMR (400 MHz, DMSOd) 6: 0.90 (t, 3H,J = 7.4 Hz, -CH),
1.57-1.63 (m, 2H, -CHCHs), 3.72 (t, 2HJ = 6.5 Hz, -OCH-), 6.28 (s, 1H, H-5)**C NMR



(100 MHz, DMSOsdg) 6: 10.03 (C-3"), 22.15 (C-2'), 70.86 (C1’), 100.99-6), 122.87 (C-3),
147.74 (C-4), 163.02 (C-2); ESI-MS (@BH): m/z 210.9932 [M] (m/z calcd 210.9932
[M]™); Anal. Calcd. for GHgCl,Os: C, 39.84; H, 3.82. Found: C, 40.21; H, 3.63.

5.1.1.4. 3,4-Dichloro-5-isopropyloxy-2(5H)-furanofig)

White syrup; yield: 82%;H NMR (400 MHz, DMSOdg) 6: 1.22-1.24 (m, 6H, 2x-C¥),
4.11-4.21 (m, 1H, -OCH-), 6.34 (s, H, H-3JC NMR (100 MHz, DMSOQdg) J: 22.16 (C-2'),
23.10 (C-2), 75.13 (C-1"), 100.31 (C-5), 124.17-3%; 147.86 (C-4), 163.55 (C-2); ESI-MS
(CH3OH): m/z210.9929 [M] (m/z calcd 210.9929 [M]); Anal. Calcd. for GHgCl,Os: C,
39.84; H, 3.82. Found: C, 39.92; H, 3.54.

5.1.1.5. 5-n-Butyloxy-3,4-dichloro-2(5H)-furanoris)

Colorless oil; yield: 84%'H NMR (400 MHz, DMSOds) J: 0.89 (t, 3H,J = 7.2 Hz, -CH),
1.31-1.40 (m, 2H, -CHCHz), 1.53-1.60 (m, 2H, -OCHCH,), 3.77 (t, 2H,J = 6.4 Hz, -
OCH,-), 6.24 (s, 1H, H-5)*C NMR (100 MHz, DMSOsd) J: 13.44 (C-4"), 18.28 (C-3),
30.75 (C-2), 68.68 (C-1"), 103.22 (C-5), 117.51-3%; 144.56 (C-4), 164.17 (C-2); ESI-MS
(CHsOH): m/z 225.0085 [M] (m/zcalcd 225.0085 [M]); Anal. Calcd. for @H1,Cl,0s: C,
42.69; H, 4.48. Found: C, 42.84; H, 4.67.

5.1.1.6. 3,4-Dichloro-5-tert-butyloxy-2(5H)-furan®iil4)

White syrup; vield: 45%*H NMR (400 MHz, DMSOdg) &: 1.31 (s, 9H, 3x-CH), 6.49 (s,
1H, H-5); **C NMR (100 MHz, DMSQdg) J: 27.70 (3 x C-2’), 78.68 (C-1), 97.15 (C-5),
121.76 (C-3), 148.97 (C-4), 163.33 (C-2); ESI-MSHEOH): m/z 246.9905 [M+Na] (m/z
calcd 246.9905 [M+Nal); Anal. Calcd. for @H10,Cl,03: C, 42.69; H, 4.48. Found: C, 43.09;
H, 4.36.

5.1.1.7. 3,4-Dichloro-5-neopentyloxy-2(5H)-furandmg)

Colorless oil; yield: 74% NMR (400 MHz, DMSOsdg) J: 0.91 (s, 9H, 3x-Ch), 3.43 (s,
2H, -OCH-), 6.28 (s, 1H, H-5)**C NMR (100 MHz, DMSOdg) d: 25.96 (3 x C-3'), 31.47
(C-2)), 78.39 (C-1), 101.16 (C-5), 122.94 (C-3)47170 (C-4), 162.97 (C-2); ESI-MS
(CHsOH): m/z 239.0242 [M] (m/zcalcd 239.0242 [M]); Anal. Calcd. for GH1,Cl,03: C,
45.21; H, 5.06. Found: C, 45.59; H, 5.22

5.1.2. 4- and 5-Substituted of 3,4-dichloro-2(5Hahone derivatives



Derivatives12, 13 and 15 (1eq.) were dissolved in anhydrous DMSO (5ml tg.)Jenext
amine 16-20 (2eqg.) was added. The reaction mixture was stiatecbom temperature until
TLC indicated the consumption of all the startingtemial (2-24h). The reaction mixture was
guenched with cold water (10 ml) and extracted witihloromethane (2x10 ml). The organic
layer was dried (anhydrous Mg®OThe solvent was removed under reduced pressute a
the crude product was purified by column chromaipgy (toluene:ethyl acetate, 7:1 v/v) to
give compound®1-35.

5.1.2.1. 3-Chloro-4-phenylamino-5-isopropyloxy-2)8tbranone 21)

Yellow solid; yield: 62%; m.p.=114-126; *H NMR (400 MHz, DMSOsg) : 0.77 (d, 3H,)
=6.2 Hz, -CH), 1.08 (d, 3HJ = 6.2 Hz, -CH)), 3.72-3.82 (m, 1H, -OCH-), 6.36 (s, 1H, H-5),
7.20-7.25 (m, 3H, Ar-3", Ar-4”, Ar-5"), 7.35-7.8 (m, 2H, Ar-2”, Ar-6”), 9.65 (s, 1H, -
NH); **C NMR (100 MHz, DMSQdg) &: 21.48 (C-2a’), 22.83 (C-2b’), 73.34 (C-1), 87.84
(C-5), 97.04 (C-3), 123.43 (C-2”, C-6"), 125.1Z{1"), 128.71 (C3", C-5"), 137.87 (C-
4"), 155.48 (C-4), 166.79 (C-2); ESI-MS (GEH): m/z268.0740 [M] (m/zcalcd 268.0740
[M]™); Anal. Calcd. for GH14CINOs: C, 58.32; H, 5.27; N, 5.23. Found: C, 58.02; 035
N, 4.94.

5.1.2.2. 4-(4'-Bromophenylamino)-3-chloro-5-isopytyxy-2(5H)-furanone2?)

Yellow solid; yield: 44%; m.p.=163-16&; 'H NMR (400 MHz, DMSOe) J: 0.84 (d, 3H,

= 6.2 Hz, -CH), 1.09 (d, 3HJ = 6.2 Hz, -CH), 3.83 (sep, 1H] = 6.2 Hz, -OCH-), 6.36 (s,
1H, H-5), 7.18-7.21 (m, 2H, Ar-2", Ar-6"), 7.52-86 (m, 2H, Ar-3”, Ar-5"), 9.69 (s, 1H, -
NH); *C NMR (100 MHz, DMSOdg) J: 21.55 (C-2a’), 22.83 (C-2b"), 73.34 (C-1), 88.78
(C-5), 97.02 (C-3), 117.16 (C-4"), 125.22 (C-2C-6"), 131.51 (C-3”, C-5"), 137.32 (C-
1”), 154.96 (C-4), 166.63 (C-2); ESI-MS (GBH): m/z345.9846 [M] (m/zcalcd 345.9845
[M]™); Anal. Calcd. for GH13BrCINOa: C, 45.05; H, 3.78; N, 4.04. Found: C, 44.87; 1513
N, 3.67.

5.1.2.3. 3-Chloro-4-(4’-chlorophenylamino)-5-isopgdoxy-2(5H)-furanone2d)

Yellow solid; yield: 66%; m.p.=158-18G; 'H NMR (400 MHz, DMSO¢) J: 0.84 (d, 3H,J
=4.0 Hz, -CH), 1.09 (d, 3HJ = 4.0 Hz, -CH)), 3.79-3.85 (m, 1H, -OCH-), 6.37 (s, 1H, H-5),
7.25-7.27 (m, 2H, Ar-2", Ar-6"), 7.41-7.43 (m, 2HAr-3”, Ar-5"), 9.71 (s, 1H, -NH); *°C
NMR (100 MHz, DMSO€) o: 22.96 (C-2a’, C-2b"), 73.42 (C-1'), 88.72 (C-3).17 (C-5),
12491 (C-2”, C-6"), 129.16 (C-3", C-5"), 1292 (C-4™), 136.96 (C-1"), 155.15 (C-4),



166.73 (C-2); ESI-MS (CEOH): m/z 302.0351 [M] (m/z calcd 302.0350 [M); Anal.
Calcd. for GaH1sClLNOs: C, 52.68; H, 4.34; N, 4.64. Found: C, 51.95; 004N, 4.54..

5.1.2.4. 3-Chloro-4-(4’-fluorophenylamino)-5-isoprdpxy-2(5H)-furanone4)

Brown solid; yield: 56%; m.p.=128-130; 'H NMR (400 MHz, DMSOdg) J: 0.81 (d, 3H,J

= 6.2 Hz, -CH), 1.08 (d, 3HJ = 6.2 Hz, -CH), 3.78 (sep, 1H]) = 6.2 Hz, -OCH-), 6.30 (s,
1H, H-5), 7.18-7.24 (m, 2H, Ar-2", Ar-6"), 7.26-31 (m, 2H, Ar-3”, Ar-5"), 9.62 (s, 1H, -
NH); **C NMR (100 MHz, DMSQdg) §: 21.53 (C-2a’), 22.87 (C-2b’), 73.31 (C-1’), 87.67
(C-3), 96.90 (C-5), 115.46 (4) = 22.6 Hz, C-2", C-6"), 125.91 (d®Jcr = 12.8 Hz, C-3",
C-5”), 134.23 (d,"Jc.r = 2.7 Hz, C-1"), 155.69 (C-4), 159.69 (Hlc.r = 240.9 Hz, C-4"),
166.80 (C-2); ESI-MS (CkDH): m/z 286.0646 [M] (m/z calcd 286.0646 [M]); Anal.
Calcd. for GaH13CIFNOs: C, 54.65; H, 4.59; N, 4.90. Found: C, 54.75; B4 N, 4.83.

5.1.2.5. 3-Chloro-5-isopropyloxy-4-(piperidin-1-2)5H)-furanone 25)

Brown solid; yield: 29%; m.p.=84-86; *H NMR (600 MHz, DMSOds) &: 1.20 (t, 6H,J =
6.0 Hz, 2x-CH), 1.59-1.63 (m, 6H, -N(Ch(CH,)3), 3.58 (br.s., 4H, -N(CH(CH,)3), 4.07
(sep, 1HJ = 6.0 Hz, -OCH-), 6.18 (s, 1H, H-5YC NMR (150 MHz, DMSQdg) 5: 21.89 (C-
4”), 23.20 (C-2a’), 23.30 (C-2b’), 25.82 (C-3",-8"), 48.34 (C-2", C-6"), 72.52 (C-1"),
82.96 (C-3), 96.14 (C-5), 155.28 (C-4), 167.73 (CESI-MS (CHOH): m/z260.1053 [M]
(m/zcalcd 260.1053 [M]); Anal. Calcd. for GH1gCINO3: C, 55.49; H, 6.99; N, 5.39. Found:
C, 55.64; H, 7.15; N, 5.24.

5.1.2.6. 5-n-Butyloxy-3-chloro-4-phenylamino-2(5danone 26)

Pink solid; yield: 60%; m.p. = 54-86; *H NMR (400 MHz, DMSOds) d: 0.74 (t, 3H,J =
7.4 Hz, -CH), 1.04-1.09 (m, 2H, -CHCH3), 1.29-1.33 (m, 2H, -OCHCH,.), 3.40-3.46 (m,
1H, H,, -OCH.), 3.57-3.32 (m, 1H, K -OCH,)), 6.32 (s, 1H, H-5), 7.17-7.24 (m, 3H, Ar-2",
Ar-4”, Ar-6"), 7.34-7.38 (m, 2H, Ar-3", Ar-5"), 9.73 (s, 1H, -NH)*C NMR (100 MHz,
DMSO-d) 0: 13.43 (C-4'), 18.16 (C-3"), 30.66 (C-2’), 68.13-("), 87.94 (C-3), 97.52 (C-5),
123.03 (C-2’, C-6""), 125.00 (C-4"), 128.69 (C-3'C-5"), 137.75 (C-1"), 154.76 (C-4),
166.70 (C-2); ESI-MS (CkDH): m/z 282.0897 [M] (m/z calcd 282.0897 [M]); Anal.
Calcd. for G4H16CINO3: C, 59.68; H, 5.72; N, 497. Found: C, 59.78; B25N, 5.01.

5.1.2.7. 4-(4'-Bromophenylamino)-5-n-butyloxy-3earbl2(5H)-furanone Z7)



Yellow solid; yield: 55%; m.p.=114-1%6; 'H NMR (400 MHz, DMSOds) 6: 0.75 (t, 3H,J

= 7.4 Hz, -CH), 1.02-1.10 (m, 2H, -CHCHj3), 1.29-1.36 (m, 2H, -OC}CH,.), 3.43-3.49 (m,
1H, H, -OCH,), 3.59-3.64 (m, 1H, K -OCH,.), 6.33 (s, 1H, H-5), 7.17-7.22 (m, 2H, Ar-2",
Ar-6"), 7.55-7.56 (m, 2H, Ar-3”, Ar-5”), 9.78 (s 1H, -NH); *C NMR (100 MHz, DMSO-
ds) 0: 13.46 (C-4"), 18.20 (C-3), 30.70 (C-2"), 68.3C-("), 88.95 (C-3), 97.56 (C-5), 117.21
(C-47), 124.92 (C-2",C-6"), 131.61 (C-3", C-57, 137.35 (C-1"), 154.51 (C-4), 166.59 (C-
2); ESI-MS (CHOH): m/z 360.0002 [M] (m/z calcd 360.0002 [M]); Anal. Calcd. for
C14H1sBrCINOs: C, 46.63; H, 4.19; N, 3.88. Found: C, 46.84; W04 N, 3.72.

5.1.2.8. 5-n-Butyloxy-3-chloro-4-(4’-chlorophenyliam)-2(5H)-furanone Z8)

Yellow solid; yield: 20%; m.p.=107-16G; *H NMR (400 MHz, DMSOd) J: 0.75 (t, 3H,J

= 7.4 Hz, -CH), 1.02-1.11 (m, 2H, -CHCHs), 1.29-1.36 (m, 2H, -OCHCH,.), 3.43-3.49 (m,
1H, H,, -OCH,.), 3.59-3.64 (m, 1H, H -OCH,.), 6.33 (s, 1H, H-5), 7.24-7.27 (m, 2H, Ar-2”,
Ar-6"), 7.40-7.43 (m, 2H, Ar-3”, Ar-5"), 9.79 (s 1H, -NH); **C NMR (100 MHz, DMSO-
dg) 5: 13.48 (C-4’), 18.21 (C-3’), 30.72 (C-2’), 68.26-(’), 88.82 (C-3), 97.56 (C-5), 124.65
(C-27, C-6"), 128.71 (C-3”, C-5"), 129.12 (C-4), 136.92 (C-1"), 154.62 (C-4), 166.63 (C-
2); ESI-MS (CHOH): m/z 316.0507 [M] (m/z calcd 316.0507 [M]); Anal. Calcd. for
C14H1sCoFNGs: C, 53.18; H, 4.78; N, 4.43. Found: C, 53.58; HH#4N, 4.36.

5.1.2.9. 5-n-Butyloxy-3-chloro-4-(4’-fluorophenylanm)-2(5H)-furanone Z9)

Yellow solid; yield: 60%; m.p.=77-78; 'H NMR (400 MHz, DMSO¢) d: 0.75 (t, 3H,J =
7.4 Hz, -CH), 1.06-1.11 (m, 2H, -CHCHs), 1.29-1.36 (m, 2H, -OCHCH..), 3.40-3.45 (m,
1H, H, -OCH), 3.57-3.62 (m, 1H, K -OCH,), 6.27 (s, 1H, H-5), 7.18-7.22 (m, 2H, Ar-2",
Ar-6"), 7.26-7.30 (m, 2H, Ar-3”, Ar-5”), 9.71 (s 1H, -NH); *C NMR (100 MHz, DMSO-
ds) 0: 13.46 (C-4"), 18.23 (C-3’), 30.72 (C-2"), 68.1¢-("), 87.77 (C-3), 97.45 (C-5), 115.48
(d, 2Jc.r = 18 Hz, C-2”, C-6"), 125.49 (d®Jc.c = 8.4 Hz, C-3”, C-5"), 134.15 (d*Jcr= 2.7
Hz, C-1"), 155.05 (C-4), 159.70 (d'Jcr = 238.2 Hz, C-4"), 166.73 (C-2); ESI-MS
(CHsOH): m/z286.0646 [M] (m/zcalcd 286.0646 [M]); Anal. Calcd. for G4H:sCIFOs: C,
56.10; H, 5.04; N, 4.67. Found: C, 55.75; H, 41884.57.

5.1.2.10. 5-n-Butyloxy-3-chloro-4-(piperidin-1-yf5H)-furanone 30)

Yellow oil; yield: 64%; oil;'"H NMR (400 MHz, DMSOs) J: 0.88 (t, 3H,J = 7.4 Hz, -CH)),

1.31-1.38 (m, 2H, -ChCHj3), 1.51-1.62 (m, 8H, -OCHCH,., -N(CH,)2(CHy)3), 3.60-3.71
(m, 6H, -OCH., -N(CH,)2(CHy)3), 6.11 (s, 1H, H-5)*C NMR (100 MHz, DMSQds) o



13.50 (C-4’), 18.58 (C-3’), 23.23 (C-4"), 25.83 (%, C-5"), 30.90 (C-2"), 48.38 (C-2”, C-
6"), 67.51 (C-1'), 82.97 (C-3), 96.72 (C-5), 154.8C-4), 167.60 (C-2); ESI-MS (GH):
m/z274.1210 [M] (m/zcalcd.274.1210 [M]); Anal. Calcd. for GsH,oCINOs: C, 57.04; H,
7.36; N, 5.12. Found: C, 57.44; H, 7.63; N, 5.11.

5.1.2.11. 3-Chloro-4-phenylamino-5-neopentyloxy=D{turanone 81)

Yellow solid; yield: 76%; m.p.=166-168; *H NMR (400 MHz, DMSOds) &: 0.63 (s, 9H,

3x-CHg), 3.03 (d, 1HJ = 8.4 Hz, H, -OCH,), 3.25 (d, 1HJ = 8.4Hz, H, -OCH,), 6.42 (s,

1H, H-5), 7.14-7.18 (m, 1H, Ar-4"), 7.24-7.25 (1aH, Ar-2”, Ar-6"), 7.33-7.37 (m, 2H, Ar-

3", Ar-5”), 9.71 (s, 1H, -NH);*C NMR (100 MHz, DMSOQdg) §: 25.89 (3xC-3'), 30.90 (C-
2'), 77.48 (C-1’), 88.20 (C-3), 97.24 (C-5), 122.({®>4"), 124.94 (C-2’, C-6""), 128.82 (C-
3", C-5"), 138.04 (C-1"), 155.08 (C-4), 166.55C(2); ESI-MS (CHOH): m/z 296.1053

[M]* (m/z calcd296.1053 [M]); Anal. Calcd. for GsHisCINO3: C, 60.91; H, 6.13; N, 4.74.
Found: C, 60.73; H, 6.32; N, 4.61.

5.1.2.12. 4-(4’-Bromophenylamino)-3-chloro-5-nedyéxy-2(5H)-furanone32)

Yellow solid; yield: 50%; m.p.=143-146; 'H NMR (400 MHz, DMSO#€) J: 0.65 (s, 9H,
3x-CHg), 3.07 (d, 1HJ = 8.4 Hz, H, -OCH,)) 3.25 (d, 1HJ = 8.4Hz, H, -OCH,.), 6.42 (s,
1H, H-5), 7.20-7.24 (m, 2H, Ar-2", Ar-6"), 7.51-85 (m, 2H, Ar-3”, Ar-5"), 9.77 (s, 1H, -
NH); **C NMR (100 MHz, DMSQds) d: 25.83 (3xC-3"), 30.92 (C-2"), 77.49 (C-1’), 89.10
(C-3), 97.21 (C-5), 117.04 (C-4"), 124.61 (C-2C-6"), 131.64 (C-3”, C-5"), 137.53 (C-
1”), 154.70 (C-4), 166.38 (C-2); ESI-MS (GAH): m/z374.0159 [M] (m/zcalcd 374.0158
[M]™); Anal. Calcd. for GsH.7BrCINOa: C, 48.09; H, 4.57; N, 3.74. Found: C, 48.36; 494
N, 3.65.

5.1.2.13. 5-Chloro-4-(4’-chlorophenylamino)-5-neapgoxy-2(5H)-furanone33)

White solid; yield: 60%; m.p.=111-11@; *H NMR (400 MHz, DMSO#) §: 0.65 (s, 9H, 3x-
CHs), 3.07 (d, 1H,) = 8.4 Hz, H, -OCH,.), 3.25 (d, 1HJ = 8.4 Hz, H, -OCH,), 6.42 (s, 1H,
H-5), 7.27-7.30 (m, 2H, Ar-2", Ar-6"), 7.38-7.48m, 2H, Ar-3”, Ar-5"), 9.78 (s, 1H, -NH);
¥C NMR (100 MHz, DMSQdg) d: 25.90 (3xC-3'), 30.99 (C-2), 77.55 (C-1'), 89.06-3),

97.27 (C-5), 124.38 (C-2”, C-6"), 128.79 (C-3'C-5"), 129.04 (C-4"), 137.17 (C-1"),
154.86 (C-4), 166.47 (C-2); ESI-MS (@BH): m/z 330.0663 [M] (m/z calcd 330.0663
[M]™); Anal. Calcd. for @sH17;CI,NOs: C, 54.56; H, 5.19; N, 4.24. Found: C, 54.87; 225
N, 4.06.



5.1.2.14. 3-Chloro-4-(4’-fluorophenylamino)-5-neapdoxy-2(5H)-furanone3)

White solid; yield: 60%; m.p.=113-116; *H NMR (600 MHz, DMSO#) §: 0.65 (s, 9H, 3x-
CHjs), 3.03 (d, 1H,) = 8.4 Hz, H, -OCH,.), 3.25 (d, 1HJ = 8.4 Hz, H, -OCH,), 6.38 (s, 1H,
H-5), 7.17-7.21 (m, 2H, Ar-2", Ar-6"), 7.29-7.38m, 2H, Ar-3”, Ar-5"), 9.72 (s, 1H, -NH);
13C NMR (150 MHz, DMSOdg) J: 25.88 (3xC-3’), 30.94 (C-2'), 77.46 (C-1'), 88.00-3),
97.13 (C-5), 115.54 (dJc.r = 22.6 Hz, C-2", C-6"), 125.13 (®Jc.r = 8.4 Hz, C-3", C-5"),
134.39 (C-17), 155.27 (C-4), 159.56 (dJcr = 240.9 Hz, C-4"), 166.54 (C-2); ESI-MS
(CH3OH): m/z314.0959 [M] (m/zcalcd 314.0959 [M]); Anal. Calcd. for GsH17CIFNOs: C,
57.42; H, 5.46; N, 4.46. Found: C, 57.66; H, 51804.40.

5.1.2.15. 3-Chloro-5-neopentyloxy-4-(piperidin-}-2{5H)-furanone §5)

White solid; yield: 92%: m.p.=95-8C; *H NMR (400 MHz, DMSOdg) J: 0.89 (s, 9H,
3xCH;g), 1.60-1.62 (m, 6H, -N(ChHx(CH,)3), 3.23 (d, 2HJ = 5.2 Hz, -OCH-), 3.61 (br.s.,
4H, -N(CH)2(CHy)3), 6.11 (s, 1H, H-5)"C NMR (100 MHz, DMSOdg) 6: 23.20 (3xC-3"),
25.82 (C-3"”, C-5"), 26.22 (C-2", C-6"), 31.16Q-2’), 48.30 (C-4"), 77.20 (C-1"), 83.10 (C-
3), 96.60 (C-5), 154.65 (C-4), 167.46 (C-2); ESI-NISH;OH): m/z 288.1368 [M] (m/z
calcd 288.1366 [M]); Anal. Calcd. for GH».CINOs: C, 58.43; H, 7.71; N, 4.87. Found: C,
58.40; H, 7.78; N, 4.81.

5.2. Cell lines

Human cells lines: non-small lung carcinoma (A54Bjonchial epithelial cells
(BEAS-2B), human colon cancer (HCT-116 wt, HT-29Wo), human hepatoma cancer
(Hep3B, HepG2), prostate cancer (PC-3, DU 145)dtreancer (MCF-7) and osteosarcoma
(U20S, SJSA-1) were obtained from American Typet@al Collection (ATCC, Manassas,
VA, USA). HCT 116 -/- p53 (deleted both p53 all¢lesre a gift from Dr. Bert Vogelstein.
Cells were grown in DMEM with high glucose mediunsigma-Aldrich, Germany)
supplemented with 10% (v/v) inactivated fetal bevserum (FBS) (EURX, Poland) and 1%
antibiotics (1000Qug/ml of streptomycin and 10000 units/ml of peninjl(Sigma-Aldrich,
Germany) at 37°C in humidified atmosphere with 5@,Cin order to achieve the desired
concentrations of the tested compounds, the stolckiens were mixed with fresh medium.
Final DMSO concentration in culture media was I#ésan 0.4%. Control cells in all
experiments were grown in medium containing 0.4%3WM This concentration of DMSO

did not alter cell growth rate and cell-cycle, aswpared with the vehicle-free medium.



5.3. MTT assay

Cytotoxicity of compounds was assessed with the M394,5-dimethylthiazol-2-
y]2,5-diphenyltetrazolium bromide) (Sigma-AldridBermany) test. Cells were seeded on the
96-well plates (Nunc, Germany) with 2xX1€ells per well. After 24 hours of incubation, the
tested agents were added and incubated for 72.hasfies that the MTT solution (0.5mg/ml)
was added. After 3 hours of incubation, the MTTuioh was removed and the formazan
crystals were dissolved in 2-propanol (Avantor,aad) containing 0.04 M hydrochloric acid
(Avantor, Poland). Finally, the absorbance was mnegkat the 570 nm wavelength using
multiwall plate reader (BioTek, USA). The experimeras done in at least three independent
replicates. Cell viability was expressed as a peege versus vehicle control. siCwas
defined as a concentration of a drug that decreas#dviability by 50% relative to the

untreated control.

5.4. Cell cycle analysis

Cells (5x1d per well) were seeded on 6-well plate (Nunc, Geyhamd allowed to
attach for 2. Then the medium was replaced with tested congmwamd the cells were
incubated for 24 or 72 h. Floating cells were ctifld and added to adherent cells, harvested
by trypsinization. Cells were washed with PBS (jih@de buffered saline) (Sigma-Aldrich,
Germany) and then fixed in ice-cold ethanol (70%@)30 min, treated with RNase A (100
ug/mL, EURX, Poland) and stained with propidium aei(Pl) (100ug/mL, Acros Organics,
Belgium). The DNA content was analyzed using a 8eddickinson FACS Aria lll sorter
(BD Company, USA). Experiments were repeated aitlegice. Data were analyzed using
ModFit LT™ Software (Verity Software House, USA).

5.5. Annexin V-FITC apoptosis assay
5x10 cells per well were seeded on 6-well plate (Nurern@ny) and grown for 24

Then the medium was replaced with tested compoandscells were incubated for 24 or 72
h. Floating cells were collected and added to aaditecells, harvested by trypsinization.
Afterwards, we followed instructions from the maacturer of the Annexin V-FITC
Apoptosis Detection Kit (Biotool, USA). Fluorescenavas measured using a Becton
Dickinson FACS Aria lll sorter (BD Company, USA)xjeriments were repeated at least
twice. Data were analyzed using Flowing Softwarell(@naging Core, Turku Centre for

Biotechnology, Turku).



5.6. Analysis of the expression of apoptosis-rdlgt®eteins

The levels of expression of apoptosis-related prstevere evaluated using Human
Apoptosis Array Kit (R&D Systems, United Kingdon®.5x10 cells were seeded on 100mm
dishes (Nunc, Germany) and allowed to attach fdn.ZBhen the medium was replaced with
tested compounds and the cells were incubated?fér. Rlext cells were lysed and the lysates
were clarified by centrifugation for 30 min at 1d0Xg. The total protein concentration was
determined using Protein Quantification Kit (Sigdlarich, Germany). Equivalent amounts
of protein were diluted and incubated with the amaembranes. The membranes were then
scanned in the G:Box transilluminator (Syngene téthKingdom) and the protein expression
levels were quantified by densitometric analysis.

5.7. Western blot analysis

2.5x10 cells were seeded on 100mm dishes (Nunc, Germartyjpliowed to attach
for 24h. Then the medium was replaced with tested comgand the cells were incubated
for 72 h. Cells were washed with cold PBS (Sigmdrigh, Germany) and them 300ul lysis
buffer (50mM Tris pH 7.5, 150mM NaCl, 1% NP40, 50ntNWSF, 1mM DTT, 1x Inhibitor
Protease Cocktail) was added to each dish. Celtdg were rocked for 20 min &C4and
centrifuged at 15000xg for 30 min. The concentratd proteins in the supernatants were
determined using Protein Quantification Kit (Sigilalrich, Germany). 60ug of the protein
was loaded into each lane. SDS-polyacrylamide peitrephoresis was carried out in 12%
gel. After electrophoresis, proteins were transi@ro nitrocellulose membranes and blocked
with 5% skim milk in TBST buffer (10 mM Tris-HCI pH.5, 150 mM NacCl, 0.05% Tween
20) for 45 minutes at°€. The primary antibodies solutions (Cell Signalifigchnology,
United States) were added to the membranes and gesrtty rocked overnight at 4 °C
(1:1000 dilutions). Next day, membranes were intedbavith appropriate HRP-conjugated
secondary antibodies (Cell Signaling TechnologyAY&nd then ECL substrate was added.
The membranes were then scanned in the G:Box tangiator (Syngene, United Kingdom)

and the protein expression levels were quantifieddnsitometric analysis.

5.8. Mitotic index
Cells (5x1d cells per well) were grown on 6-well plate (NuncSA) for 24h. Then
the medium was replaced with the one containingetieagents. Cells were incubated for 24

hours in the cell culture incubator. After washinigh cold, PBS cells were fixed in ice-cold



methanol (-20°C) for 10 minutes, air-dried, washéith PBS, and stained with@/ml 4-6'-
diamidino-2-phenylindole dihydrochloride (DAPI) ¢Bna-Aldrich, Germany). Slides were
mounted in Fluoromount™ Aqueous Mounting Mediumg(8a-Aldrich, Germany). 1000
DAPI-stained cells were examined in each well hyofescence microscopy (Zeiss, USA)

using the x40 objective.

5.9. Clonogenic assay

Cells (5x1G cells per well) were plated in 6-well plate (Nu@ermany) and treated
with the tested compounds for 24 and 72 h. Adhereli$ were harvested by trypsinization.
Cells were re-seeded then on the new 6-well pidte¢, Germany) with a density of 2510
cells per well. After 10 days cells were washechv®BS (Sigma-Aldrich, Germany), next
cells were fixed in ice-cold ethanol (&) for 3 minutes, air-dried, washed again with PBS
and stained with 0.01% crystal violet (Sigma-Altisic&Germany) in dbD (deionized water)
for 15 minutes. Next plates were washed@Hand allowed to dry. Colonies were counted
with a microscope (Zeiss, USA). Aggregates of 3B @ more were considered colonies.

6. Statistical analysis
The results were expressed as means = S.D. anorped by T-student test, p valg@s05
being considered statistically significant.
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Figure Captions

Figure 1. Structure of compounds bearing Bjsfuranone with anticancer activitya) 5-
butoxy-3,4-dichloro-2(bl)-furanone, 10) 3,4-dichloro-5-(oxiran-2-ylmethoxy)-2(9-
furanone, €) (E)-3-(4-fluorophenyl)N-(4-((2-methylene-5-oxo-2,5-dihydrofuran-3-
yl)methyl)phenyl)acrylamide andl) rubrolide M. [6, 7, 19, 20]

Figure 2. Compoundl2 perturbs cell cycle in A549 cellsA) Cells cycle after 24 and 72 h
treatment withl, 12 and15 against B) Mitotic index after 24 hours treatment with12 and
15. (C) Percentage of cells in sub-G1 after 24 and 72eatment withl, 12 and 15 (D)
Western blot analysis of cyclin B1 expression at2rh treatment with 10 uM df, 12 and
15. B-actin was used as a loading control.

Figure 3. Compoundl12 promotes cell death in A549 cellsA)( Cells cycle after 72 h
treatment with 20 uM of, 12 and15, (B) Comparison of the percentage of cells in sub-G1
phase, €) Induction of apoptosis after 72 h treatment €M of1, 12 and15 detectedn
annexin V-FITC/Pl assayD) Comparison of the percentage of cells in earlg #ate
apoptosis. ) Changes of apoptosis-related proteins found id9A&ell line after 72 hours
treatment with 20 uM of, 12 and15. (F) Pixel density of apoptosis-proteins after 72 lsour
treatmentl, 12 and 15 against A549 cell lines&) Western blot analysis of procaspase-3
expression in A549 cells treated with 20 pMl1pfi2 and15 after 72 hoursf-actin was used
as a loading control.

Figure 4. Compoundl2 decreases the clonogenic potential of A549 cé§ Representative
colony formation images of the non-small cell lurancer after treatment with compounds
(B) The fraction of surviving cells after 72 hoursatment with 10 pM, 12 and15 against
A549 cell line. C) Number of colonies formed after 72 hours treatméth 10 uM1, 12 and

15 against A549 cell line.

Figure 5. Compoundl2 act synergistically with erlotinib in A549 cellgA) Cell viability
after 72 hours treatment of A549 cells with, erlotinib (ERB) and their combination B
Cell cycle and €) percentage of cells in sub-G1 after 72 hourdrimeat with12, ERB and
their combination at 10 uM concentratiol) (Representative colony formation images of
A549 cells after treatment with indicated compour{#¥ Number of colonies formed after 72
hours treatment with 10 u¥ 12, ERB and their combination.

Scheme 1. Synthesis of 5- and 4,5- substituted mucochlorid &) derivatives; a) toluene,
conc. HSQ,, reflux b) DMSO, room temperature. Numbers in keds indicate starting
alcohol @-8) or amine 16-20). [6, 7, 12, 23]



Table 1. Cytotoxicity and selectivity index (Sl) of 3,4-tlloro-5-hydroxy-2(5l)-furanone

derivatives against A549 and BEAS-2B cell lines

Cl Cl Cl R?
1,915 21-35
Compounds 5 = ICs0” for cell lines (UM) op
A549 BEAS-2B

1 H - 122.9+12.3 450+ 1.3 -0.44
9 Me - 51+0.1 46 £0.5 0.05
10 Et - 6.3+£0.1 3.8+£04 0.22
11 Pr - 3.6+£0.2 3.5£0.1 -0.02
12 i-Pr - 6.7+0.7 275+ 3.7 0.61
13 n-Bu - 225145 22.3+4.0 0.00
14 tert-Bu - 140+ 2.0 23.1+49 0.22
15 neopentyl - 7.7+£1.6 59.0+9.1 0.88
21 i-Pr GoHs-NH- >400 >400 nc
22 i-Pr 4-Br-GHs-NH- 95.9+3.8 201.9+84 0.32
23 i-Pr 4-Cl-GHg4-NH- 39.6 6.0 77.0+£9.4 0.29
24 i-Pr  4-F-GHsNH-  1855+8.9 >400 nc
25 i-Pr piperidin-1-yl >400f >400 nc
26 n-Bu GsHs-NH- 175.4 £18.7 206.1 +3.2 0.07
27 n-Bu 4-Br-GsHy-NH- 46.5 £ 6.7 42.7+7.0 -0.04
28 n-Bu 4-Cl-GH4-NH- 58.1x1.1 60.8+£11.2 0.02
29 n-Bu 4-F-GH4-NH- 785+5.2 1224+ 3.2 0.19
30 n-Bu piperidin-1-yl 93.3+6.3 172.1+£1.8 0.27
31 neopentyl GHs-NH- 76.2+0.4 76.2+1.6 0.00
32 neopentyl 4-Br-GHs-NH- 28.0x1.5 30.9+0.2 0.23
33 neopentyl 4-CIl-GHs-NH- 13.3+2.0 30.3+4.5 0.36
34 neopentyl 4-F-gH,;-NH- 26.7+3.5 476+1.1 0.25
35 neopentyl piperidin-1-yl >400 >400 nc

% 1Cso is the concentration of a drug that decreased \iability by 50% relative to the

untreated control.



P S| has been calculated as a logarithm of a rdti€g value for healthy cells (BEAS-2B)
and the IGyvalue for cancer cells (A549). [25]

“The maximum use of the compound concentration.

4 nc (not calculated) — the SI could not be caladatue to the lack of the dgvalue for

healthy/cancer cells.



Table 2. Cytotoxicity of compoundg, 12 and15 against panel of cancer cell lines

IC5o for compounds (uM)

Cell lines
1 12 15

HCT 116 wt 83+1.1 72+1.6 7.2+0.1
HCT 116 p53-/- 10.8+1.0 6.8+0.3 6.2+0.6

HT-29 21.8+0.8 7.2+0.1 7.2+0.1

LoVo 17.2+2.3 2.8+0.1 7.31£0.6
Hep3B 85.1+13.5 19.8+15 27.8+3.2
HepG2 111.3+18.1 16.8+1.0 17.6 £0.6
u20Ss 58.5+3.1 21.1+£0.1 38.1+£3.9
SJSA-1 39.4+1.8 7.7+0.1 11.1+£1.9
MCF-7 323144 124+ 2.0 11.2+15
PC-3 247+£1.1 48+0.3 6.0+ 0.3
DU 145 129.7 £ 8.0 25.4+2.8 26.8 1.7
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Highlights

1.

Novel library of mono- and disubstituted 2(5H)-furanone derivatives was successfully
obtained.

2. Most active compound 12 displayed high selectivity towards malignant cell line A549.

Compound 12 induced G2 cell cycle arrest, suppressed colony formation and
promoted caspase-independent cell death in A549 cell line.
Compound 12 showed dlight synergetic effects with erlotinib against A549 cell line.



