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Abstract

A series of novel isocoumarin derivatives were Bgaized using Castro—Stephens cross-coupling. Mergo
novel 3,4-dihydroisocoumarin derivatives were aied by catalytic hydrogenation of the corresponding
isocoumarin precursors. The antiproliferative dgtief all compounds was evaluatadvitro in different tumor
cells. Furthermore, docking calculations were pented for the kallikrein 5 (KLK5) active site to pliet the
possible mechanism of action of this series of cmmps. Theoretical findings indicate that the 3,4-
dihydroisocoumarin derivativé0a forms hydrogen bonds with Ser190 and GIn192 residof KLK5. This
derivative was the most active compound in theesewnith potent antiproliferative activity and higblectivity
index (SI> 378.79 against breast cancer cells (MCF-75Gi 0.66 pg mLY). This compound represents a

promising matrix for developing new antiproliferaiagents.
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1. Introduction

Cancer is a significant public health problem andagor cause of death in humans [1]. Despite méfoyte to
fight cancer, successful treatment of certain typEtumors continues to be challenging becauseheir t
aggressiveness, the complex mechanisms underlyatigmant cell metastasis, chemoresistance, anththeof
selectivity of some drugs [2]. Thus, the developtrefmew, safe, and effective anticancer agenutyin the

synthesis of simple small molecules is necessary.

Isocoumarins, including their 3,4-dihydro derivaly are isolated from a variety of natural souces have
diverse biological activities such as antifungattimicrobial [3], antiallergic [4], immunomodulatpr[5],

enzyme inhibitory [6-8], antiangiogenic [9], andiaridant properties [10]. The different biologictivities of
the natural compounds belonging to this class lawaght to be because of the large structural wafmind

among these compounds [11].

Several natural and synthetic coumarins or 3-switsti- 3,4-dihydroisocoumarins have significantotyxic
and antitumor activities. For instance, cytogehjra 3-hydroxymethyl coumarin, first isolated in 098om
Sreptoverticillium eurocidicum, was the first natural isocoumarin that showedcanter activity against

experimental tumor cells and human cancer cells NB-3 2, a synthetic analogue of cytogenin in phase | of

clinical tests, potentiates the antineoplastic atffeof other chemotherapeutic agents and inhilvitgogienesis
[13]. 3-Arylisocoumarin3d has potential anticancer and antimicrobial agtiji4]. The compound 185328 an
inhibitor of microtubule assembly, induces mitotirest and apoptosis of multiple myeloma cells .[T5]e
chiral 3-methyl-3,4-ochratoxin A, a mycotoxin isolated fromfspergillus ochraceus, shows nephrotoxic,
hepatotoxic, carcinogenic, and teratogenic propefti6]; further, the chiral 3-pentyl-3,4-dihydroooariné has

cytotoxic properties [3,7,8].
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Figure 1. Representative examples of biologically active@onarin and 3,4-dihydroisocoumarin.



Typically, homophthalic acid derivatives are usedstarting materials in the synthesis of isocounsaaind 3-
substituted-3,4-dihydrocoumarins [17,18]. The rélgerdeveloped cross-coupling reactions catalyzed by
transition metals have facilitated the developmanhew methods for the synthesis of isocoumarirss Z4-
dihydroisocoumarins [11,19,20]. A cross-couplinqaation known as the Castro—Stephens reaction [21],
catalyzed by Cu (1) has been successfully usegnthssize these compounds. Wang and coworkers iaddif

the methodology of this reaction, making it a on¢ngaction [22].

On the basis of the previously described biologaetivities of this class of compounds, we desigaad
synthesized a series of 3-substituted isocoumarerivatives and a series of 3-substituted 3,4-
dihydroisocoumarin derivatives using a modified @asStephens coupling reaction. The antiproliferati
activity of the new compounds was evaluatadvitro against some tumor cell strains, and we performed

theoretical investigations for a potential molectiaget.

2. Results and Discussion
2.1. Chemistry

To synthesize novel isocoumarin derivatives, weduaeone-pot reaction between a terminal alkyne and
derivative of the 2-halobenzoic acid. The firsipsteas the acquisition of some simple terminal alls/(Scheme
1). Most of the alkynes were obtained by modificatof both the commercially available propargylofial (7a)

and 4-pentyn-1-oldb). The choice of different alkynes governed a stmad variability in the final products.
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Scheme 1Reagents and conditions: @b (1.0 equiv), NaH (3.0 equiv), 1-iodopentane (3j0ie), THF, 0°C-r.t., 16h {c
87% vyield); (i) 7a or 7b (1.0 equiv), BN (1.5 equiv), MsCI (1.7 equiv), G&l,, -40 °C, 1h f: 97% vyield,7g. quant.) ;
(i) 7f or 7g (1.0 equiv), NaH (3.0 equiv), 3-pyridinepropandly equiv), THF, OC-r.t.,, 16h {d: 79% vyield,7e 83%
yield).

After obtaining the desired alkynes, we synthesibhedisocoumarin derivatives in a one-pot reactiatalyzed
by Cu () andtrans-4-hydroxy+-proline as a ligand. The presence of an amino lggaehd is thought to inhibit

the formation of phthalides, which are common bgpigis in these kinds of reactions. We did not detezse



byproducts during our experiments. All the planimsmtoumarins were obtained successfully (Schem@ti).

benzoic acid derivatives 2-iodobenzoic add)(and 2-bromo-5-methoxybenzoic acigb) are commercially

available.
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8b (r,=0Me; x=8r) 9b (n=1; R,=OMe; R,=0H)
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9d (n=3; R,=OMe; R,=0-n-pentyl)

9e (n=1; R;=OMe; R»=0-3-propylpyridine)
of (n=3; R,=OMe; R,=0-3-propylpyridine)

Scheme 2 Reagents and conditions: (ia or 8b (1.0 equiv),7 (1.0 equiv), Cul (20 mol%}rans-4-hydroxy+-proline
(20 mol%), KCO; (2.0 equiv), DMSO, 7GC, 16h (isolated yield9a: 54%; 9b: 51%; 9c. 73%;9d: 69%; 9e 65%; of:
71%).

The observed yields of the compourds(54%),9b (51%),9c (73%), anddd (69%) suggest that the size of the
alkyne chain influences the performance of thetreacCompound®e and 9f were obtained in moderate to
good vields (65% and 71%, respectively). Compo@ndvas subjected to a subsequent mesylation reaction,
which resulted in an intermedia® Subsequentlyi reacted with both the commercial 1-phenp-tetrazole-
5-thiol and 5-phenylHi-tetrazole, thus resulting in compour@ty and9h (Scheme 3). We did not detect any

isomer for compounéh.
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Scheme 3. Reagents and conditions: (iipc (1.0 equiv), BN (1.5 equiv), MsCl (1.7 equiv), G@l,,
-40 °C, 1h 9i: 93% yield); (v)9i (1.0 equiv), 1-phenylH-tetrazole-5-thiol (1.5 equiv), ££Os; (3.0 equiv), acetone, reflux,

24h ©Og. 90% yield); (vi)9i (1.0 equiv), 5-phenylH-tetrazole (1.5 equiv), ¥CO; (3.0 equiv), acetone, reflux, 248h
83% vyield).
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The obtained isocoumarins were then submitted t€{dtalyzed hydrogenation under pressure, gengrati
their respective 3,4-dihydroisocoumarins as racemixtures (0) in good to high yields (Scheme 4). The
compounds bearing the substitue@t3-propylpyridine, 9e and 9f, did not react under the catalytic

hydrogenation conditions used. The results of #ialgtic hydrogenation are shownTable 1
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9a (n=1; Ry=H; R,=OH) 10a (n=1; Ry=H; R,=OH)
9b (n=1; R,=OMe; R,=OH) 10b (n=1; R;=OMe; R,=OH)
9C (n=3; R,=OMe; R,=OH) 10cC (n=3; R;=OMe; R,=0H)
9d (n=3; R;=OMe; R,=0-n-penty)) 10d (n=3; R,=OMe; R,=0-n-pentyl)
9€ (n=1; R;=OMe; R,=0-3-propylpyridine) 10g (n=3; R;=OMe; R,=1-phenyl-1H-tetrazole-5-thiol)
Of (n=3; R,=OMe; R,=0-3-propylpyridine) 10h (n=3; R;=OMe; R,=5-phenyl-1H-tetrazole)

99 (n=3; R;=OMe; R,=1-phenyl-1H-tetrazole-5-thiol)
9h (n=3; R,=OMe; R,=5-phenyl-1H-tetrazole)

Scheme 4Reagents and conditions: (v@)(1.0 equiv), Pd/C 10% (10%w/w),,H250-500 psi), methanol or THF, 8-24h.
For yields: see Table 1.

Table 1 —Reduction of the isocoumaring) to their respective 3,4-dihydroisocoumarih)(

Starting materialPressure of KH(psi) Solvent Reaction time (h)Product Isolated yield (%)

9a 250 MeOH 8 10a 98
9b 250 MeOH 8 10b Quant.
9c 250 MeOH 8 10c 94
a9d 250 MeOH 8 10d 89
9e 500 THF 24 - -

of 500 THF 24 - -

9 300 MeOH 16 10g 84
9h 300 MeOH 16 10h 81

2.2. Antiproliferative studies

We examined the antiproliferative activities of quunds from serie®9é-h, 10a-d and10g-h according to the
methodology described by Developmental Therape®iogram NCI/NIH (http://http://dtp.nci.nih.gov/; dviks

et al. 1990); we examined the antiproliferative actestiagainst various tumor cells (U251 [glioma], MCF-
[breast cancer], NCI-ADR/RES [ovarian phenotypemiitidrug resistance], 786-0 [kidney], NCI H460rty
non-small cells], PC-3 [prostate], and HT29 [cojoahd the non-tumor human immortalized keratinazyte

(HaCaT). Doxorubicin was used as a standard drug.

Here, the antiproliferative activity is expressedtlae concentration producing 50% of cell growthilition or
cytostatic effect (Gh pg mL™) for each cell type (Table 2). Aimost all the exated compounds showed some

inhibition of cell growth. Some compounds showededdependent inhibition of cell proliferation.



Results of the average activity (mean logfsindicated that compounds belonging to sefesere more
promising as cytostatic agents than those belongingerieslO, because unlike one compound belonging to
series10 (10d), four compounds belonging to seri@$9c-f) showed the lowest values of mean log@&Table
2). These results indicate that the unsaturatidwden C-3 and C-4 in the isocoumarin structure rdmurtes to

the cytostatic effect.

Among isocoumarins of seri€s isocoumarirfd was the most active compound (mean leg&l1.3), which
showed selective inhibition of breast (MCF-7), rililig resistant ovarian (NCI-ADR/RES), and pros{&€-3)
cancer cell lines (Table 2). Isocoumarfitsand 9e showed a mean antiproliferative effect (mean lgg&lHl.4)
similar to that oPd without exhibiting selective inhibition of any #age (Table 2). These results suggested that
introduction of a methoxy group on C-8 (compoufidsd contributes to the cytostatic effect especialhew an
alkyl ether is introduced on the side chain at €e8Bnpounddd) (Table 2).

Results from the 3,4-dihydroisocoumarins seriéda{d 10g-h) indicated that the presence of a methoxy group
on C-8 and an alkyl ether on the side chain at(€agpoundlQd) resulted in an active compound with a mean
inhibition (mean logGh = 1.5) similar to that observed f@d without exhibiting selective inhibition of any

lineage (Table 2) unlike that observed I6d.

Considering the effect on each tumor cell line, thest active of all the evaluated compounds was3tde
dihydroisocoumaririOa Interestingly, this molecule was active only agaithe breast cancer cell line (MCF-7)
with a very low G, (0.66ug mL™) and a very high selectivity index (SI) >378. iéspective isocoumarifa,

showed much lower activity against this cell lifalfle 2).

Table 2 -Glsg: Growth Inhibition 50 - concentration requiredimbibit 50% of cellular growthi(g mL™)

U251 MCF-7 NCI-ADR/RES 786-0 NCI-H460 PC-3 HT29 Man logGls,” HaCat

Doxo. <0.025 <0.025 0.14 0.025 <0.025 0.085 0.13 -1.2 029.
9a * 89.3 * * * 117.8 168.4 >2.3 222.0
9b 167.3 32.6 160.4 37.6 93.2 49.2 80.3 1.9 134.4
9c 28.9 25.8 28.1 26.9 29.1 259 291 1.4 29.0
9d 19.4 6.0 7.4 25.5 32.0 8.0 28.3 1.3 5.5
9e 28.5 26.5 28.0 28.6 29.6 250 258 1.4 26.2
of 26.3 23.8 19.3 28.7 25.2 26.3 25.0 1.4 27.0
99 43.3 45.7 * 51.1 * 1445 * >2.2 *
9h 67.4 75.2 * 224.2 * 179.8 * >2.3 *

10a * 0.66 * * * * * >2.3 *



10b * 250 * * * 175.4 * >2.4 *

10c  135.0 80.8 93.3 101.6 135.6 70.7 132.0 2.0 130.3
10d 32.2 32.3 42.3 31.9 33.7 295 435 15 32.3
10g * 18.6 132.1 * * 451  13.7 >2.1 *

10h  226.3 28.2 142.1 * 210.8 239 31.2 >2.1 *

Tumor human cell lines: U251 = glioma; MCF-7 = latedCI-ADR/RES = multidrug resistance ovary; 78&-&idney;
NCI-H460 = lung, non-small cells; PC-3 = prostaldT29 = colon. Non-tumor human cell line: HaCat =man
immortalized keratinocytes; * = >25@ mL*; # = arithmetical mean value of gtonsidering only tumor cell lines.

Finally, almost all Sl values calculated for bothries 9 and 10 were below or equal to 1.00 (Table 3).
Doxorubicin, a chemotherapy agent currently usedaimcer treatment, also exhibits a low Sl valuerdfore,
the Sl results for the compounds of sefies1d10 suggest thah vivo toxicological studies should be performed

to confirm the safety of these compounds.

Table 3 -Selective index (SI) for each synthesized compound

Compounds Cell lines

U251 MCF-7 NCI-ADR/RES 786-0 NCI-H460 PC-3 HT29
9a - 2.49 - - - 1.88 1.32
9 0.80 4.12 0.84 3.57 1.44 2.73 1.67
9c 1.00 1.12 1.03 1.08 1.00 1.12 1.00
9d 0.28 0.92 0.74 0.22 0.17 0.69 0.19
9e 0.92 0.99 0.94 0.92 0.89 1.05 1.02
of 1.03 1.13 1.40 0.94 1.07 1.03 1.08
99 >5.77 >5.47 - >4.89 - >1.73 -
9h >3.71 >3.32 - >1.12 - >1.39 -
10a - >378.79 - - - - -
10b - >1.00 - - - >1.43 -
10c 0.97 1.12 1.40 1.28 0.96 1.84 0.99
10d 1.00 1.00 0.76 1.01 0.96 1.09 0.74

10g - >13.44 >1.89 - - >5,54 >18.25



10h >2.29 >8.87 >1.76 - >1.19 >10.46 >8.01

Tumor human cell lines: U251 = glioma; MCF-7 = lstedNCI-ADR/RES = multidrug resistance ovary; 786&-&idney;
NCI-H460 = lung, non-small cells; PC-3 = prostaid;29 = colon.

2.3 Docking Sudies

To determine the potential mode of action of alinpounds synthesized in this study, we docked thelno
isocoumarins derivatives obtained into the kaliikrg (KLK5) active site to simulate a binding modgthis
kind of ligand into that target protein. Human KLkbSa member of the human tissue kallikrein familaich
comprises 15 kallikrein-like serine peptidases (IsLk23]. Recent studies report that isocoumariespamverful
KLK5 inhibitors and a strong correlation has bedrserved between the biological activity of isocotima
KLKS5 inhibition and the antiproliferative activitpgainst tumor cell lines [24]. Although Kkallikreirere
attractive targets for the development of novelrdpeutics for many pathological conditions, inchgli
neoplastic diseases, an in-depth understandindpeofntechanism of action of kallikreins is requiredich
requires an interplay of experimental and theoaétiechniques. Molecular docking techniques artablg tools
to adjust ligands at target sites to estimate actésn energy [25]. Currently, those molecular-natbs
methods are well-established techniques appliecdwonerous occasions [26]. Although the function tod t
KLKs in tissues is not clear, growing evidence aadés that overexpression of KLK5 occurs in endeeri
related malignancies, including ovarian, breast, #sticular cancer [27]. Hence, a strong cormatabetween
the biological activity of isocoumarins and the Khknhibition has been observed [27]. Thus, newlitbis for
KLK5 should be developed as novel anticancer drifgs. calculated the interaction energies betweet eac
isocoumarin and KLK5 residue within a radii of 6afound the ligand and the results were then cordpaité
the predicted G) Partial least square (PLS) regression was useohddel the relationship between the
independent energy term values and,&hlues. The determination coefficient of 0.81 guméees that &
values are well reproduced by the docking scorek tirerefore, this receptor-based approach carsed to
understand the interactions governing their biaabactivities. The experimental and predictedvitgtiand the
residual values for the compound set, includingMwDock score and hydrogen bond energies are stiown
Table 4. We analyzed the hydrogen bonds formeddsatthe 14 compounds and KLK5, and we observed that
(i) all compounds interact through the carbonylugref the isocoumarin ring hydrogen bonds and Ser(id

all compounds, excef@g, 10a and10g interact through the oxygen atom at the R2 pmsitvith Ser 195; (iii)
compounds9a and 9b interact with Cys191; (iv) compoundg, 9h, 10a 10¢ 10d, and 10g interact with
GIn192; and (v) compoun®h interacts with Ala221. The superimposition of thest conformation of
isocoumarin inside the KLK5 active site and the raonacid residues that interact through hydrogerdbas

shown in Figure 2. Compoun@d exhibited the lowest &, (more stable complexes), which indicated that



further studies are required on compounds withldlkyctional group at the R2 position. Howeved, is a very
toxic compound with a very low Sl (Table 3). Compdd0a which was the most active against breast cancer
cells (0.66 pg mt), was the most selective (S| 378.79)compound of the studied series. Despite recent
developments in chemotherapy, breast cancer cawtitni be one the most serious cancers in humahsawit
great impact on society and is especially shockimgj challenging for young women. Our findings iadiécthat
10aforms hydrogen bonds with Ser190 and GIn192. Tifierdnces in the morphology, histological typentr
grade, and lymph node status among the differemicezacell lines can lead to differences in the

pharmacokinetics of the studied compounds [28].

Table 4 - Experimental (Gbeyy) and predicted (Gdpred activity and residual (GdexsGlsopred Values for the

compound set. MolDock score and hydrogen bond &se(gcal mof) from docking studies.

Compounds Ghkoexp Glsoprea  Residue  Energy score  Hydrogen bond energy

9a 3.93 3.86 0.07 -81.2 1.18

9b 4.31 4.16 0.15 -90.55 -2.02

9c 4.59 4.55 0.04 -120.25 -2.60
9d 5.10 5.12 -0.03 -143.79 -6.11
9e 4.60 4.75 -0.15 -118.33 -2.18
of 4.58 4.49 0.09 -130.82 -2.96
99 3.84 3.76 0.08 -118.39 -0.50
9h 3.75 3.98 -0.24 -115.94 -8.40
10a 3.60 3.77 -0.16 -133.162 -4.00
10b 3.76 3.90 -0.14 -91.53 0.58

10c 4.15 3.99 0.16 -109.28 -0.95
10d 4.53 4.14 0.39 -122.98 -3.78
10g 4.35 4.52 -0.18 -138.81 -14.49

10h 4.62 4.71 -0.09 -137.20 -0.15
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Ser195

Ser190

Ala221

GIn192

Figure 2 - Structure of isocoumarin analogs docked into Ki&K5 active site. The residues shown are involved
hydrogen bonding with the compounds.

| Compound 10a

GIn192

Figure 3 - Structure of compountDadocked into the KLK5 active site.

3. Conclusions

We synthesized a range of new isocoumarin and iBytitbisocoumarin derivatives. Some of these compsu
exhibited antiproliferative activitin vitro; compoundLOa, in particular, showed an excellent activity agitihe

breast cancer cell line MCF-7 with an excellenv&8le.

Results from our docking studies reinforce the olag@n that the binding orientation of the inhdsg in the
active site of KLK5 is governed by the interactibetween the carbonyl group of the isocoumarin ang
Ser190 and GIn192. However, it is important to nmenthat some compounds also interact with Cys191 o

Ala221.
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Our theoretical and experimental results indichsée tompound.Oa (Figure 3) is a promising compound and has
selective activity against breast cancer. Furtheemaur findings indicate that structural modifioats aiming to
maximize interaction with Ser190 and GIn192 caul leaa better biological activity against cancdtscén fact,
the determination coefficient of 0.81 between titeraction energy data and experimental resultsagtees that

Glso values are well reproduced by the docking scores.

4. Materials and Methods
4.1. Reagents and equipment

Commercially available reagents were purchased S@ma—Aldrich and used without further purificatid he
solvents were purified by distillation. The meltipgints were determined using a Blchi apparatusvereé
uncorrected. Column chromatography was performe8itica Gel 60 (70—230 mesh, Merck). The progrédss o
the reactions was monitored by thin-layer chromatplyy using Merck silica plates (@F. *H and*C NMR
spectra were recorded using a Bruker AVANCE DBO0 MHz spectrometer by using tetramethylsilanaras
internal standard. The results are presented ashifsmical shifty in ppm, number of protons, multiplicity,
values in Hertz, proton position, and carbon positiMultiplicities are abbreviated as follows: mget; brs,
broad signal; d, doublet; dd, double doublet;iplét; m, multiplet; gn, quintet; and td, triple wldet. Infrared
spectra were recorded on a Perkin—Elmer SpectruenSPhIR Spectrometadigh-resolution mass spectra were
recorded using an LC-MS Bruker Daltonics Micro &lespray ionization-time-of-flight mass spectromete
(solvent: MeOH/HO, 1:1). All the compounds were purified by instental flash chromatography using a
Biotage Isolera™ Dalton system. Chromatography pexformed in SNAP Ultra 10 g columns using gradient
elution with hexane and ethyl acetate. The elenhami@yses were performed on a Perkin-Elmer CHN8eho
2400. A mechanically stirred stainless steel P&604bomb coupled with a 4282 control module witRIB

temperature controller and tachometer was uselteagaction vessel in catalytic hydrogenation feast

4.2. Synthesis
4.2.1 General procedure 1

Cul (0.2 equivalent)trans-4-hydroxy+.-proline (0.2 equivalent), ¥CO; (2.0 equivalents) and the derivative of
2-halogenated benzoic acid (1.0 equivalent) wededdo a 50 mL round-bottom flask. The flask waalest
with a rubber septum and purged with nitrogen. TBAASO enough to obtain a 0.2 mol/L solution of the
benzoic acid derivative was added. Lastly the ak{i0 equivalent) was added. The solution wagestiunder
nitrogen atmosphere at 70 °C for 16 hours. Theti@maevas monitored by TLC. After 16 hours, the teac

flask was cooled and its contents transferred se@aratory funnel where EtOAc (20 mL) was addece Th
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mixture was partitioned with water, collecting thrgganic phase, which was washed with HCI 2 moldtysated
NaHCQ; and brine. The organic phase was dried over aohigdsodium sulfate and removed by performing

distillation. The remaining residue was purifieddmfumn chromatography on silica gel.

4.2.2 General procedure 2

NaH (3.0 equivalents), prewashed with hexane, wide@to a 50 mL round-bottom flask. The flask weeled
with a rubber septum and attached to a bubbleragting mineral oil. The system was cooled in anba¢h.
Then, a solution 0.2 mol/L of the alcohol (1.0 mrmob mL of dry THF) was added dropwise. The migtwas
stirred until gas release stopped. Lastly the edpbile (3.0 equivalents) was added dropwise. Thebath was
removed after an hour and the reaction was stfmetl6 hours at room temperature. The reactionmasitored
by TLC. After 16 hours, the reaction was quenchgdlbw addition of ice water, followed by extractiavith
DCM (3 x 25 mL). The organic phase was washed Wit 2 mol/L, saturated NaHCGCand brine, dried over
anhydrous sodium sulfate and removed by perforndisgllation. The remaining residue was purified by

column chromatography on silica gel to produce porapound.

4.2.3 General procedure 3

The alcohol (1.0 equivalent) and triethylamine (&duivalent) were added to a 50 mL round-bottorskfla
containing dry DCM enough to a 0.3 mol/L concentrat The flask was sealed with a rubber septum and
purged with nitrogen. The mixture was cooled to 2@) and methanesulfonyl chloride (1.7 equivalewnd)s
added to the mixture while being stirred vigorousgifter one hour, the mixture was washed with HGh@l/L,
saturated NaHC@®and brine, dried over anhydrous sodium sulfate mamoved by performing distillation,

obtaining the pure mesylate product.

4.2.4 General procedure 4

Tetrazolium derivative (1.5 mmol in 10 mL of aceddmand potassium carbonate (3.0 equivalents) witedato

a 50 mL round-bottom flask. The reaction mixtureswatirred under nitrogen flow for 10 minutes. The
mesylated isocoumarin (1.0 mmol in 10 mL of acefomas added dropwise. The reaction mixture wasestir
under reflux for 24 hours. After 24 hours, the anetwas removed by performing distillation and watas
added to the residue, followed by extraction witiND (3 x 25 mL). The organic phase was washed with M
mol/L, saturated NaHCQOand brine, dried over anhydrous sodium sulfate esmoved by performing

distillation. The remaining residue was purifieddojumn chromatography on silica gel.
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4.2.5 General procedure 5

The isocoumarin (50 mg), Pd/C (5 mg) and 25 mLhef $olvent were added to the reaction vessel. &hetar
was closed and three cycles of vacuum/argon wedenihe vessel was pressurized with hydrogen upeto
reported pressure. The reaction mixture was stiioe8 to 24 hours. The reaction was monitored b EBvery
8 hours. At the end, the mixture was filtered irit€® and the solvent was removed by performing disitilfa

The remaining residue was purified by column chrmmeaphy on silica gel.

Synthesis of 5-(pentyloxy)pent-1-yne (7c)

4-pentyn-1-ol (1.0 mmol) and 1-iodopentane (3 mma@)e used according tgeneral procedure 2to produce
the compoundc.

Colorless oil; yield 87%'H NMR (200 MHz, CDC}): ¢ 0.90 (3H, tJ = 6.4 Hz, H-11), 1.27-1.36 (4H, m, H-9
and H-10), 1.57 (2H, qrl = 6.2 Hz, H-8), 1.77 (2H, g, = 6.6 Hz, H-4), 1.94 (1H, {] = 2.4 Hz, H-1), 2.29
(2H, td,J = 6.6 and 2.4 Hz, H-3), 3.40 (2H,X= 6.6 Hz, H-5), 3.49 (2H, t] = 6.2 Hz, H-7);*C NMR (50
MHz, CDCk): ¢ 14.1 (C-11), 15.4 (C-3), 22.7 (C-10), 28.5, 288 29.6 (C-4, C-8 and C-9), 68.5 (C-1), 69.1
(C-7), 71.1 (C-5), 84.0 (C-2).

Synthesis of 3-(3-(prop-2-yn-1-yloxy)propyl)pyridine (7d)

Prop-2-yn-1-ol (2 mmol) was used accordingyémeral procedure 3to produce the mesylate intermediatén
97% vyield. 3-pyridinepropanol (1.5 mmol) afitl (1.0 mmol) were used accordingdeneral procedure 2to
produce compoundd.

Pale brown oil; yield: 79%H NMR (200 MHz, CDCJ): § 1.60-1.90 (2H, m, H-6), 2.35 (1H, s, H-1), 2.5H(2
t,J = 7.5 Hz, H-7), 3.38 (2H, | = 6.0 Hz, H-5), 4.00 (2H, $-3), 7.00-7.10 (1H, m, H-12), 7.37 (1H,Hx 6.3
Hz, H-13), 8.32 (2H, br s, H-9 and H-13€ NMR (50 MHz, CDC)): 6 29.3 and 30.7 (C-6 and C-7), 58.0 (C-
3), 68.6 (C-5), 74.4 (C-1), 79.7 (C-2), 123.2 (Q;1185.8 (C-13), 136.9 (C-8), 147.2 (C-11), 14L M.
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Synthesis of 3-(3-(pent-4-yn-1-yloxy)propyl)pyridine (7€)
1 //2/\4/\2/\8/\10'(j 14

Pent-4-yn-1-ol (2 mmol) was used accordingémeral procedure 3to produce the mesylate intermediatgin
97% vyield. 3-pyridinepropanol (1.5 mmol) aid (1.0 mmol) were used accordingdeneral procedure 2to

produce compounde

Pale brown oil; yield: 83%H NMR (200 MHz, CDCJ): 6 1.72 (2H, qnJ = 7.2 Hz, H-8), 1.81 (2H, df,= 7.0
and 6.2 Hz, H-4), 1.90 (1H,1,= 2.7 Hz, H-1), 2.23 (2H, td,= 7.0 and 2.7 Hz, H-3), 2.63 (2HJt= 7.2 Hz H-
9), 3.35 (2H, tJ = 6.2 Hz, H-5 or H-7), 3.43 (2H, 3,= 6.2 Hz, H-5 or H-7), 7.13 (1H, dd,= 7.8 and 4.7 Hz,
H-14), 7.44 (1H, dt) = 7.8 and 1.8 Hz, H-15) 8.36 (1H, dbs 4.7 and 2.0 Hz, H-13), 8.39 (1H, 35 2.0 Hz,
H-11); **C NMR (50 MHz, CDCJ): ¢ 15.3 (C-3), 28.7 and 29.6 (C-4 and C-8), 31.1 (8.6 (C-1), 69.1 and
69.6 (C-5 and C-7), 84.0 (C-2), 123.4 (C-14), 13€115), 137.3 (C-10), 147.3 (C-13), 150.0 (C-11).

Synthesis of 3-(hydroxymethyl)-1H-isochromen-1-one (9a)

2-lodobenzoic acid (1 mmol) and prop-2-yn-1-ol (inal) were used according wpeneral procedure 1to

produce compoungéla

Yellow solid; 54% yield; m.p. (hexane) 92.2-93@ 'H NMR (200 MHz, CDC)): 6 3.75 (1H, br s, OH), 4.45
(2H, s, H-12), 6.52 (1H, s, H-7), 7.32 (1H,Jds 8.0 Hz, H-3), 7.40 (1H, § = 8.0 HzH-1), 7.62 (1H, tJ = 8.0
Hz, H-2), 8.13 (1H, dJ = 8.0 Hz, H-6);**C NMR (50 MHz, CDC}): 6 61.3 (C-12), 103.2 (C-7), 120.4 (C-5),
125.8 (C-1), 128.4 (C-6), 129.6 (C-3), 135.1 (C137.0 (C-4), 156.0 (C-8), 162.9 (C-10); HRMS (EBIk
[M+H]" calcd for GoHgOs, 177.0552; found, 177.0558; elemental analysisdcébr GoHgOs: C 68.177, H
4.577; found: C 68.701, H 4.817.



15

Synthesis of 3-(hydroxymethyl)-7-methoxy-1H-isochromen-1-one (9b)

2-Bromo-5-methoxybenzoic acid (1 mmol) and propr2iyol (1 mmol) were used according ¢eneral

procedure 1to produce compourib.

Yellow solid; 51% yield; m.p. (hexane) 128.4-128@ 'H NMR (200 MHz, CDC)): ¢ 2.66 (1H, br s, OH),
3.77 (3H, s, H-13), 4.36 (2H, s, H-14), 6.39 (1HHs7), 7.10-7.30 (2H, m, H-2 and H-3), 7.52 (1HHs6); °C
NMR (50 MHz, CDC}): ¢ 55.9 (C-13), 61.6 (C-14), 103.3 (C-7), 110.3 (C8B)1.8 (C-5), 124.8 (C-2), 127.5
(C-3), 130.7 (C-4), 153.6 (C-8), 159.8 (C-1), 162311); HRMS (ESI)mVz. [M+H]" calcd for G;H100,,
207.0657; found, 207.0237; elemental analysis cédedC,;H,0O,: C 64.074, H 4.888; found: C 63.799, H
4.821.

Synthesis of 3-(3-hydroxypropyl)-7-methoxy- 1H-isochromen-1-one (9c)

2-Bromo-5-methoxybenzoic acid (1 mmol) and penmndtyol (1 mmol) were used according ¢eneral

procedure 1to produce compour@k.

Yellow oil; 73% vyield;"H NMR (200 MHz, CDCJ): 6 1.70-2.10 (2H, m, H-15), 2.58 (2H,X= 8.0 Hz,H-14),
3.66 (2H, tJ = 6.0 Hz,H-16), 3.81 (3H, s, H-13), 7.10-7.30 (2H, m, H-21a#-3), 7.55 (1H, s, H-6)’C NMR
(50 MHz, CDC}): 6 29.8 and 30.0 (C-14 and C-15), 55.8 (C-13), 6€CA6), 103.1 (C-7), 109.9 (C-6), 121.1
(C-5), 124.6 (C-2), 126.8 (C-3), 131.3 (C-4), 15848), 159.2 (C-1), 163.4 (C-10); HRMS (E®¥z [M+H]"
calcd for GsH.40,4, 235.0970; found, 235.0888; elemental analysisdcébr GsH1,0, C 66.656, H 6.024;
found: C 66.484, H 5.917.
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Synthesis of 7-methoxy-3-(3-(pentyl oxy)propyl)-1H-isochromen-1-one (9d)

2-Bromo-5-methoxybenzoic acid (1 mmol) aid (1 mmol) were used according general procedure 1to

produce compounéd.

Colorless oil; 69% yield*H NMR (200 MHz, CDC})): ¢ 0.92 (3H, tJ = 6.0 Hz,H-22), 1.25-1.40 (4H, m, H-20
and H-21), 1.40-1.70 (2H, m, H-19), 1.80-2.15 (&# H-15), 2.64 (2H, tJ = 8.0 Hz,H-14), 3.46 (4H, tJ = 6.0
Hz, H-16 and H-18), 3.90 (3H, s, H-13), 6.26 (1HHs7), 7.10-7.30 (2H, m, H-2 and H-3), 7.66 (1HHs6);
*C NMR (50 MHz, CDC})): 6 14.1 (C-22), 22.6 (C-21), 27.2 and 28.4 (C-19 @r2D), 29.5 and 30.2 (C-14 and
C-15), 55.7 (C-13), 69.4 and 71.1 (C-16 and C-182.9 (C-7), 109.9 (C-6), 121.2 (C-5), 124.5 (C126.7 (C-
3), 131.3 (C-4), 155.6 (C-8), 159.1 (C-1), 163.21®; HRMS (ESI)m/z [M+H]" calcd for GgH24Os,
305.1747; found, 305.1744; elemental analysis cédcdCigH»0,: C 71.027, H 7.947; found: C 70.899, H
7.971.

Synthesis of 7-methoxy-3-((3-(pyridin-3-yl)propoxy)methyl)-1H-isochromen-1-one (9€)

2-Bromo-5-methoxybenzoic acid (1 mmol) aid (1 mmol) were used according general procedure 1to
produce compounée

Pale brown oil; 65% yieldtH NMR (200 MHz, CDCJ): ¢ 1.70-1.90 (2H, m, H-16), 2.61 (2H,X= 6.0 Hz, H-
17), 3.43 (2H, tJ = 7.0 Hz, H-15), 3.75 (3H, s, H-13), 4.15 (2HHs14), 6.33 (1H, s, H-7), 7.00-7.30 (3H, m,
H-2, H-3 and H-22), 7.38 (1H, d,= 8.0 Hz, H-23), 7.54 (1H, d,= 2.0 Hz, H-6);*C NMR (50 MHz, CDC)):

6 29.5 (C-16), 31.0 (C-17), 55.9 (C-13), 69.2 andL{C-14 and C-15), 104.2 (C-7), 110.3 (C-6), 1AZ6®),
123.5 (C-22), 124.6 (C-2), 127.4 (C-3), 130.5 (¢436.1 (C-23), 137.1 (C-18), 147.5 (C-21), 15@010),
151.6 (C-8), 159.8 (C-1), 162.6 (C-10); HRMS (E8iz [M+H]" calcd for GgH:dNO,, 326.1392; found,
326.1716; elemental analysis calcd fagHG/NO,: C 70.139, H 5.886, N 4.305; found: C 69.932, &1@; N
4.160.
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Synthesis of 7-methoxy-3-(3-(3-(pyridin-3-yl)propoxy)propyl)-1H-isochromen-1-one (9f)

2-Bromo-5-methoxybenzoic acid (1 mmol) and (1 mmol) were used according general procedure 1to

produce compounéf.

Pale brown oil; 71% yieldH NMR (200 MHz, CDC)): 6 1.60-1.95 (4H, m, H-15 and H-19), 2.50-2.70 (4H, m
H-14 and H-20), 3.20-3.45 (4H, m, H-16 and H-18J63(3H, s, H-13), 6.14 (1H, s, H-7), 6.70-7.10 (3} H-

2, H-25 and H-26), 7.19 (1H, d,= 7.8 Hz, H-3), 7.34 (1H, dl = 2.4 Hz, H-6), 8.00-8.20 (2H, m, H-22 and H-
24):; *C NMR (50 MHz, CDCJ): 6 26.8 and 29.2 (C-15 and C-19), 29.0 and 30.6 (@r#C-20), 55.3 (C-13),
69.2 (C-16 and C-18), 102.5 (C-7), 109.5 (C-6),.83C-5), 123.0 (C-25), 124.2 (C-2), 126.3 (C-BPD (C-
4), 135.6 (C-26), 136.9 (C-21), 146.9 (C-24), 14€722), 155.0 (C-8), 158.7 (C-1), 162.8 (C-10); MR (ESI)
m/z. [M+H]" calcd for G;H2aNO,, 354.1705; found, 354.1948; elemental analysisdcdbr GiH,aNO4 C
71.369, H 6.560, N 3.963; found: C 71.805, H 6.638.044.

Synthesis of 7-methoxy-3-(3-((1-phenylH-tetrazol-5-yl)thio)propyl)-H-isochromen-1-on€9g)

9c (3 mmol) was submitted tgeneral procedure 3to produce compoungi in 93% yield. 9i (1 mmol) and 1-

phenyl-H-tetrazole-5-thiol (1.5 equiv) were used accordimgeneral procedure 4to produce compour@y.

Colorless solid; 90% vyield; m.p. (hexane/DCM 9:0p11-110.7°C; *H NMR (200 MHz, CDCJ): 6 2.00-2.30
(2H, m, H-15), 2.61 (2H, ] = 7.0 Hz, H-14), 3.37 (2H, §,= 7.0 Hz, H-16), 3.78 (3H, s, H-13), 6.23 (1HHs,
7), 7.10-7.30 (2H, m, H-2, H-3), 7.40-7.60 (4H, Ith6, H-24, H-25 and H26)°C NMR (50 MHz, CDC)): &
26.4 (C-15), 32.0 (C-14), 32.2 (C-16), 55.7 (C-113)3.5 (C-7), 109.9 (C-6), 121.1 (C-5), 123.7 (G;:224.5
(C-2), 126.8 (C-3), 129.8 and 130.2 (C-25 and G-280.9 (C-4), 133.5 (C-23), 153.8 (C-18), 154.08)C
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159.2 (C-1), 162.9 (C-10); HRMS (EStVz [M+Na]" calcd for GgH1gN4OsS, 417.0997; found, 417.1012;
elemental analysis calcd fopdEl1gN4OsS: C 60.899, H 4.600, N 14.204; found: C 60.634.400; N 13.953.

Synthesis of 7-methoxy-3-(3-(5-phenyl-1H-tetrazol-1-yl)propyl)- 1H-isochromen-1-one (9h)

9i (1 mmol) and 5-phenylf-tetrazole (1.5 equiv) were used accordinggémeral procedure 4to produce

compoundh.

Colorless solid; 83% vyield; m.p. (hexane/DCM 9:BH118106.4°C; *H NMR (200 MHz, CDC})): 6 2.30-2.70
(4H, m, H-14 and H-15), 3.86 (3H, s, H-13), 4.6BI(2 J = 6.0 Hz, H-16), 6.19 (1H, s, H-7), 7.20-7.30 (2h,
H-2, H-3), 7.30-7.50 (2H, m, H-24 and H-25), 7.9068(1H, m, H-23)*C NMR (50 MHz, CDC}): 6 26.5 (C-
15), 30.4 (C-14), 52.1 (C-16), 55.8 (C-13), 104097), 110.0 (C-6), 121.3 (C-5), 124.6 (C-25), 12683 and
24), 127.3 (C-22), 128.9 (C-23), 130.4 (C-25), 83(C-4), 153.1 (C-8), 159.4 (C-1), 162.9 (C-18)5B5(C-
10); HRMS (ESI)m/z [M+H]" calcd for GoH1gN4Os, 363.1457; found, 363.1543; elemental analysisdcédr
CyoH18N405: C 66.288, H 5.007, N 15.461; found: C 66.007,.883; N 15.239.

Synthesis of 3-(hydroxymethyl)isochroman-1-one (10a)

9a (0.5 mmol) was used accordinggeneral procedure 5to produce compountDa

Colorless oil; 98% yield*H NMR (200 MHz, CDCJ): ¢ 3.00-3.25 (3H, m, H-12 and OH), 3.70-3.90 (2HHn,
7), 4.40-4.70 (1H, m, H-8), 6.90-7.20 (1H, m, H-B)10-7.40 (1H, m, H-1), 7.44 (1H,&= 8.0 Hz, H-2), 7.96
(1H, d,J = 8.0 Hz, H-6);*C NMR (50 MHz, CDCJ)): § 29.3 (C-7), 64.2 (C-12), 79.3 (C-8), 124.7 (CH)7.8
(C-1 and C-3), 130.4 (C-6), 134.1 (C-2), 139.1 {C-#65.6 (C-10); HRMS (ESIwWz [M+H]" calcd for
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CioH1003, 179.0708; found, 179.0417; elemental analysisdcébr GoH100s: C 67.406, H 5.657; found: C
67.876, H 5.671.

Synthesis of 3-(hydroxymethyl)-7-methoxyi sochroman-1-one (10b)

9b (0.5 mmol) was used accordinggeneral procedure 5to produce compountb.

Colorless solid; quantitative; m.p. (hexane)99.8:16C; 'H NMR (200 MHz, CDC)): ¢ 2.60-3.20 (1H, m, H-
7), 3.34 (1H, s, OH), 3.70-3.90 (2H, m, H-14), 3(3H, s, H-13), 4.40-4.60 (1H, m, H-8), 6.90-7.261( m, H-

2 and H-3), 7.48 (1H, s, H-6)°C NMR (50 MHz, CDC}): ¢ 28.4 (C-7), 55.7 (C-13), 64.1 (C-14), 79.6 (C-8),
113.0 (C-6), 121.9 (C-5), 125.5 (C-2), 128.9 (C431.2 (C-4), 159.0 (C-1), 165.6 (C-10); HRMS (EBIE:
[M+H]" calcd for GiH1,0,4, 209.0814; found, 209.1013; elemental analysisdcédr GiH:,04 C 63.454, H
5.809; found: C 63.050, H 5.931.

Synthesis of 3-(3-hydroxypropyl)-7-methoxyi sochr oman-1-one (10c)

9c¢ (0.5 mmol) was used accordinggeneral procedure 5to produce compountDc

Colorless oil; 94% yieldl,H NMR (200 MHz, CDC)): 6 1.60-1.90 (4H, m, H-14 and H-15), 2.38 (1H, s, B;1
2.80-2.90 (1H, m, H-7), 3.66 (2H,1,= 6.0 Hz, H-16), 3.78 (3H, s, H-13), 4.40-4.60 (IR H-8), 6.90-7.20
(1H, m, H-2 and H-3), 7.50 (1H, d,= 2.0 Hz, H-6)°C NMR (50 MHz, CDC}J): ¢ 28.1 (C-15), 31.5 (C-14),
32.5 (C-7), 55.7 (C-13), 62.3 (C-16), 79.1 (C-8)3D (C-6), 121.7 (C-5), 125.8 (C-2), 128.7 (C1R1.6 (C-4),
159.0 (C-1), 166.0 (C-10); HRMS (EStyz [M+H]" calcd for GsH1604 237.1127; found, 237.0953; elemental
analysis calcd for GH1604: C 66.087, H 6.826; found: C 66.118, H 6.879.
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Synthesis of 7-methoxy-3-(3-(pentyl oxy)propyl)isochroman-1-one (10d)

9d (0.5 mmol) was used accordinggeneral procedure 5to produce compountd.

Colorless oil; 89% yield*H NMR (200 MHz, CDC}): ¢ 0.80 (3H, tJ = 6.6 Hz, H-22), 1.10-1.35 (4H, m, H-19
and H-20), 1.30-1.60 (2H, m, H-19), 1.70-2.00 (#,H-15), 2.52 (2H, t) = 7.2 Hz, H-14), 2.70-2.95 (2H, m,
H-7), 3.20-3.50 (4H, m, H-6 and H-18), 3.78 (3HHs13), 4.40-4.60 (1H, m, H-8), 6.90-7.20 (2H, m2tand
H-3), 7.49 (1H, dJ = 2.4 Hz, H-6);*C NMR (50 MHz, CDCJ): 6 14.0 (C-22), 22.5 (C-21), 27.1, 28.3, 29.4 and
30.1 (C-14, C-15, C-19 and C-20), 32.5 (C-7), 3&4.3), 69.3 and 70.9 (C-16 and C-18), 79.0 (Ct&2.9 (C-

6), 121.6 (C-3), 125.7 (C-5), 128.6 (C-2), 131.54)C 158.9 (C-1), 165.9 (C-10); HRMS (EStyz [M+H]"
calcd for GgH,604, 307,1909; found, 307,2127; found, 237.0953; elgaleanalysis calcd for £H,04 C
70.560, H 8.553; found: C 70.168, H 8.651.

Synthesis of 7-methoxy-3-(3-((1-phenyl-1H-tetrazol-5-yl)thio)propyl )isochroman-1-one (10g)

9g (0.5 mmol) was used accordinggeneral procedure 5to produce compountg

Colorless solid; 84% vyield; m.p. (hexane/DCM 9:8)3100.7°C; *H NMR (200 MHz, CDCJ): § 1.70-2.20
(4H, m, H-15 and H-16), 2.60-2.90 (2H, m, H-1487(2H, dd,J = 8.0 and 6.0 Hz, H-7), 3.73 (3H, s, H-13),
4.30-4.60 (1H, m, H-8), 6.90-7.20 (2H, m, H-2 ané)}7.40-7.60 (4H, m, H-6, H-24, H-25 and H-28C
NMR (50 MHz, CDC}): 6 24.9 (C-15), 32.3 (C-14), 32.8 (C-7), 33.7 (C-1,6 (C-13), 78.3 (C-8), 112.9 (C-
6), 121.6 (C-5), 123.8 (C-24), 125.7 (C-2), 12883), 129.8 (C-25), 130.2 (C-26), 131.2 (C-4), B3&>-23),
154.7 (C-18), 158.9 (C-1), 165.4 (C-10); HRMS (ESIy: [M+H]" calcd for GoH»N.O5S, 397.1334; found,
397.0883; elemental analysis calcd fegHGoN4O3S: C 60.589, H 5.085, N 14.132; found: C 60.503%.185, N
14.132.
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Synthesis of 7-methoxy-3-(3-(5-phenyl-1H-tetrazol-1-yl) propyl)isochroman-1-one (10h)

9h (0.5 mmol) was used accordinggeneral procedure 5to produce compountdh.

Colorless solid; 81% yield; m.p. (hexane/DCM 9:2)394.2°C; 'H NMR (200 MHz, CDC}): 6 1.55-2.20 (2H,
m, H-15), 2.10-2.60 (2H, m, H-14), 2.60-3.00 (2H, ih7), 3.77 (3H, s, H-13), 4.30-4.65 (1H, m, H-8)70
(2H, t,J = 6.0 Hz, H-16), 6.90-7.20 (2H, m, H-2 and H-3B8C#7.60 (3H, m, H-6, H-24 and H-25), 7.90-8.20
(1H, m, H-23);**C NMR (50 MHz, CDC)): 6 25.1 (C-15), 31.8 (C-14), 32.5 (C-7), 52.8 (C-1%9,7 (C-13),
78.0 (C-8), 113.0 (C-6), 121.8 (C-2), 125.7 (CH)6.9 (C-23), 127.4 (C-22), 128.6 (C-3), 129.0 @):230.4
(C-25), 131.1 (C-4), 159.1 (C-1), 165.4 (C-10); HBNESI)nm/z. [M+H]" calcd for GoH2dN4Os, 365.1608;
found, 365.2039; elemental analysis calcd fegHgoN4Os: C 65.921, H 5.532, N 15.375; found: C 65.558, H
5.752, N 15.065.

4.3. Antiproliferative evaluation
4.3.1. Cdl lines

Human tumor cell lines U251 (glioma, CNS), MCF-tiian breast adenocarcinoma), NCI-ADR/RES (ovarian
expressing phenotype multiple drug resistance),-07&Bidney), NCI-H460 (lung, non-small cells), PC-3
(prostate), HT-29 (human colon adenocarcinoma) Wardly provided by the National Cancer InstituQ(-
USA). The immortalized human keratinocyte (HaCagl) tine was kindly was provided by prof. Dr. Ridar
Della Coletta (University of Campinas, UNICAMP).

4.3.2. Antiproliferative activity assay

Thein vitro antiproliferative activity assay was performed asatibed by Monks et al. (1991). All cell lines
were maintained in RPMI 1640 (Gibco, USA) suppletadrwith 5% (v/v) fetal bovine serum (FBS, Gibcaja
1% (v/v) penicillin:streptomycin (Nutricell, 1000/idL:1000 g/mL) in a humidified atmosphere with 5%
at 37°C. For the experiments, cell lines were usettveen passages 5 to 12. Cells in 96 well plates L

cells/well, 3 to 5 x 1bcells mL") were exposed to sample concentrations in DMSO/R{@M5, 2.5, 25 and
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250ug/ml) at 37 °C, in a humidified atmosphere with 8%2, for 48 h. Doxorubicin (DOX; 0.025 — 2/mL)
was used as positive control. The final DMSO cotragion & 0.25%) did not affect cell viability. Befordd)
and after sample addition [compound-fr€) and testedT) cells], cells were fixed with 50% trichloroacetic
acid, and cell proliferation was determined by $hectrophotometric quantification (540 nm) of claltyprotein
content using sulforhodamine B assay. Cell prdiien was determined according to the equation XL{{0-
To)/C-Ty], for To< T< C, and 100 x [(T-§)/Ty], for T < Ty and a concentration-response curve for eachioell |
was plotted using software ORIGIN 7.5 (OriginLabr@mration).

4.3.3. Data analysis

Using the concentration-response curve for eadHice] GI50 (concentration that inhibits cell grihwby 50%)
was determined through non-linear regression aisaligng the software ORIGIN 8.0 (OriginLab Corpara)
(Shoemaker, 2006). The average activity (mean @fGd,) (Shoemaker, 2006) and the selectivity index (Sl)

(relation Gk, HaCat/Gio tumor cell line) were calculated for each compousithg MS Excel software.
4.4, Docking studies

In order to obtain a molecular interaction profieisocoumarin derivatives as antitumor agents, dhystal
structure of kallikrein 5 (KLK5) was obtained [28pm the Protein Data Bank (PDB code: 2PSX) andi dise
docking and alignment of the structures synthetidaable 4). The calculation of the docking energiéshe
ligands inside the hK5 active site was performeadgighe software Molegro Virtual Docker® (MVD®) [RO
This program is able to predict the most likely fowmation of how a ligand will bind to a macromalée [31,
32]. In summary, MolDock scoring function is usedautomatically superimpose a flexible moleculeocat
template molecule. The docking search algorithnd useMVD is based on an evolutionary algorithm, wehe
interactive optimization techniques inspired by Wiaian evolution theory and a new hybrid searcloatgm
called guided differential evolution are employ88,[34]. The guided differential evolution algoritttcombines
the differential evolution optimization techniquéthwa cavity prediction algorithm during the seaprocess,
which allows for a fast and accurate identificatadrpotential binding modes (poses). The active siploited
in docking studies was defined, with a subset regib8.0 A from the center of the ligand. The iatgion
modes of the ligand with the enzyme active siteendetermined as the highest energy scored pratgine

complex used during docking [35].



23

Appendix A. Supplementary data

Supplementary data (S1: images of the antiproliferaactivity assay, S?H and*C NMR spectra, and S3:
high resolution mass spectra related to this artiah be found at http://...
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HIGHLIGHTS

Novel isocoumarins and 3,4-dihydroi socoumarins were synthesized.

In vitro antiproliferative activity was eval uated.

Docking calculations were performed to predict the possible mechanism of
action.

Compound 10a exhibits potent antiproliferative activity against breast cancer
cells.

This compound also shows an excellent selectivity index for that cell type.



