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Abstract

A series of coniugates bearing a 1,2,3,4-tetrahgdguinoline motif linked to substituted 7-
hydroxy-H-chromen-2-ones was synthesized and assayed throaighin-AM test in Madin-
Darby Canine Kidney (MDCK) cells overexpressing lizegprotein (P-gp) and closely related
multidrug resistance associated protein 1 (MRPPrtde the interference with efflux mechanisms
mediated by P-gp and MRP1, respectively. A numbesubstituents at C3 and C4 of coumarin
nucleus along with differently sized and shapeccsmawas enrolled to investigate the effects of
focused structural modifications over affinity aselectivity. Linker length and flexibility played a
key role in enhancing P-gp affinity as proved bg thost potent P-gp modulatd@h( 1Cso = 70
nM). A phenyl ring within the spaceBK, 3l, 30) and bulkier groups (Br ir3r, Ph in3u) at
coumarin C3 led to derivatives showing nanomolaiveyg (160 nM < 1G, < 280 nM) along with
outstanding selectivity over MRP1 (Sl > 350). Mallee docking calculations carried out on a
human MDR1 homology model structure contributedgéon insight into the ligands’ binding
modes. Some compound3d( 3h, 3l, 3r, 3t, 3u) reversed MDR thereby restoring doxorubicin
cytotoxicity when co-administered with the drugoMiDCK-MDR1 cells.
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microwave (MW); N-bromosuccinimide (NBS); phosphate buffered salfR8S); Parkinson’s
disease (PD); polyethylene glycol (PEG); P-glyctgiro (P-gp); standard error mean (SEM);
selectivity index (SI); 1,2,3,4-tetrahydroisoquinel (THIQ).

1. Introduction



Cancer cells may become unresponsive to chemothgiep through a phenomenon termed
multidrug-resistance (MDR) affecting agents strualy and mechanistically unrelated.[1] Both
genetic and epigenetic alterations can modulatg gensitivity by activating different mechanisms
[2]: 1) reduced drug uptake; ii) up-regulation o&fensive machineries (DNA repair and/or
cytochrome P450 mixed-function oxidases); iii) mig@tion of apoptosis signalling. In addition, a
major role is featured by the overexpression ofrgyxdependent ATP-binding cassette (ABC)
transporter proteins,[3] that detoxify cancer celigl lower intracellular concentration under the
therapeutic threshold by pumping drugs out at tkigeese of ATP hydrolysis. The human ABC
superfamily counts 48 efflux pumps that are exmésg basal levels in normal tissues where serve
cells as shuttles for a variety of xenobiotics andogenous substances (e.g., lipids, peptides, and
ions).[4] Several members have been clearly assatigith MDR, including P-glycoprotein (P-gp,
also called multidrug resistance protein 1, MDR1ABCB1) and multidrug resistance-associated
protein 1 (alternatively termed MRP1 or ABCC1).

P-gp is by far the most studied protein,[5] thas h@en found in epithelial cells membranes of
different districts, such as kidney and liver. lRermore, P-gp protects brain by extruding toxins
into blood at the luminal interface of blood-brdoarrier (BBB). MRP1 is ubiquitously expressed
and transports preferentially anionic substratesglatathione conjugates.[6] Both P-gp and MRP1
are widely expressed in many leukaemias and sahubts.
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Chart 1. Chemical structures of known P-gp ligands.

The inhibition of ABC pumps, especially P-gp, hasmd been considered a viable target to
circumvent resistance and ameliorate the clinicaitcame of chemotherapeutic agents.
Unfortunately, tested MDR reversers did not scalevant efficacy in clinical trials because of
impeding challenges represented by toxicity/seldgtissues and pharmacokinetic interactions
arising from CYP450 3A inhibition. Therefore, aliative strategies to evade MDR have been
envisaged through innovative drug delivery appreacthat bypass ABC proteins inhibition.[7]
However, small molecule P-gp binders are still meetb better understand molecular recognition
interactions and provide safer tools to co-adjuvateemotherapy.[8] Moreover, P-gp
overexpression at the BBB level has been obsermethe early stage of neurodegenerative
syndromes such as Alzheimer’s disease (AD) andifsok’'s disease (PD) and some ligands are
under evaluation as imaging tracers.[9]
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Figure 1. Rational design of THIQ-coumarin conjugates. Scdgnrepresentation of structural
modifications addressing the linker and the tweetatyclic scaffolds.

With the aim of gaining further knowledge about Pljnding interactions and exploring molecular
determinants for selectivity over another ABC pu(em., MRP1), herein we report the design,
synthesis and biological evaluation of novel coapeg where a 1,2,3,4-tetrahydroisoquinoline
(THIQ) moiety was linked to a 7-hydroxy-2chromen-2-one (coumarin) scaffold through
differently shaped and sized spacers. On one hhedprotonatable THIQ nucleus is recurrent in
several selective P-gp inhibitors (e.g., tariguidas well as non-selective compounds (e.g.,
elacridar). On the other hand, the coumarin matifai nature-friendly, easy-to-handle chemical
building block that has been exploited in severadiminal chemistry programs (e.g., addressing
cancer [10] and neurodegeneration [11,12]) andeim $tudies focused on P-gp ligands bearing
lamellarin-type alkaloid skeleton.[13] Polymethyéeandortho-, meta, paraxylyl chains were
explored as the spacers connecting the two heteliocgores. Moreover, the effect of methyl
groups, halogens (Cl, Br), and phenyl rings attpmsi3 and 4 of the coumarin was investigated, as
well as few modifications on the basic moiety relyag the presence of 6,7-dimethoxy substitution.
All the title compounds were tested in the calcgdM-(calcein acetoxymethyl ester) uptake assay
across MDCK-MDR1 and MDCK-MRP1 cells to evaluate thterference with the pro-fluorescent
substrate transport by MDR1 and MRP1 pumps, resedgt The binding contacts within P-gp
framework were investigated by means of computgeeii molecular docking simulations.
Moreover, cell-based co-incubation experiments witivell-known anticancer drug (doxorubicin)
were supplied to probe the MDR reverting skills&mumber of highly potent P-gp inhibitors.

2. Methods
2.1 Chemistry

The synthetic route for the preparation of novehpounds3a-v is shown in Scheme 1. Starting 7-
hydrocoumarins were commercially availablib,( 1d) or prepared on a laboratory scale by
following literature procedures with slight moddikons. The well-known von Pechmann
condensation was employed to synthesize 7-hydrogdBnethyl-2H-chromen-2-one [14]16) and
7-hydroxy-4-methyl-Bi-chromen-2-one,[15] whose regioselective NBS-mediat aromatic
bromination [16] in PEG-400 furnishedlc. Cyclo-condensation of the suitable 2-
hydroxyacetophenone or salicylaldehyde with phetysddoride or phenylacetic acid, respectively,
furnished 3-phenylcoumariie-f.[17,18] Methyl-ether cleavage promoted by a Leaagl (AICkL)
provided 1g from 3-methoxy-61-benzof]chromen-6-one.[15] A microwave-assisted nucleaphil
substitution between the appropriate hydroxycoumata-g and excess dihalide ¢,



dibromoalkane ora,a’-dibromo(chloro)-xylene) yielded the intermediat8a-g and 2i-r. In a
similar way, alkylation ofla with 2-[4-(bromomethyl)phenyl]ethanol furnisheat@hol 1h that in
turn underwent an Appel-type brominatior2ta The mono-halo derivativeéda-r were reacted with
the suitable THIQ in refluxing acetonitrile in tipeesence of DIPEA to prepare final compounds
3a-v.

Scheme 1. Synthesis of compounda-v?
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@ Reagents and conditions: ld)bromosuccinimide, PEG-400, room temperature, B)Hpr 2a-g,
2i-r: an. KCO;, suitable di-halide of,o’-dibromo(chloro)-xylenestrans-1,4-dibromo-2-butene or
1,o-dibromoalkanes), Kl (cat.), anhydrous acetone, 280 30 min, MW; c) forle from
phenylacetic acid and 2-hydroxy-4-methoxybenzaldehysee ref. [17];for  1f: 2.,4-
dihydroxyacetophenone, phenylacetylchloride, afC®;, an. acetone, reflux, 4 h; d) an. AdCb-
xylene, reflux, 9 h; e) an.4C0;, Kl (cat.), anhydrous acetone, 130 °C, 30 min, M\A;Br,4, PPh,
an. dichloromethane, 0 °C to room temperature, 4)hsuitable 1,2,3,4-tetrahydroisoquinoline
hydrochloride, DIPEA, KI (cat.), anhydrous acetdlat reflux, 1 h.

2.2 Biological activity evaluation

2.2.1 Calcein-AM assay

Compounds3a-v were screened as inhibitors of P-gp and MRP1 nesdligransport in the

fluorescence-based Calcein-AM assay by using MD@H knes overexpressing MDR1 and
MRP1, respectively. Data are reported in Table d &3, values (M) are compared with MC18

[19] and verapamil taken as reference MDR1 and MR#ilbitors, respectively. In order to
evaluate the selectivity between the two transpsrtbe selectivity index (S1) was calculated as th
ratio 1Gso (MRP1) / 1Go (P-gp).

2.2.2 Antiproliferative assay



3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazotru bromide (MTT) assay [20] was used to
measure the percentage of viable MDCK-MDR1 cellsrahcubation with tested compoundsl(
3h, 3l, 3r, 3t, 3u) at three different concentrations (0.1, 1 and () alone and in co-
administration with doxorubicin (1@M), in order to evaluate the capacity of compounals
circumvent resistance to the chemotherapeutic dmgd to re-establish the anti-proliferative
activity.

2.3 Computational studies

Conformational sampling in aqueous environment i tnost active compoungh was first
performed throughout molecular dynamics followeddmgkings to the MDR1 binding site. The
previously published human P-gp homology model [#Hs chosen as biomolecular target to
investigate plausible binding modes of the mosepbtnhibitor3h and to gain valuable insights
into the protein sites where the two heterocyclaaties (THIQ and coumarin) most likely settle.

3. Results and discussion
3.1 Structure-activity relationships (SARS)

Noticeably, all compounds showed submicromolar Radpbition with only three exception$d,

3b and 3j). Conversely, only a moderate modulation of MRl was always observed. The
presence of 6,7-dimethoxy substitution patterrhat®HIQ basic moiety enhanced P-gp affinity in
comparison to the unsubstituted THIQ@e ¢ 3a, 3f > 3b, 3g > 3c, 3h > 3d). The distance between
the two bicycles appeared as a critical structdeterminant and the length of the alkyl spacer
strongly affected the P-gp mediated efflux inhimti Among the conjugate%a-i bearing a
polymethylene alkyl chain, the inhibition potencyogressed up to 5 units in the two series of
analogues3a < 3b < 3c < 3d and3e < 3f < 3g < 3h, from 2 to 5 methylene groups). The inhibition
data clearly indicate that a pentamethylene lirdqggimized the interactions of both heterocyclic
cores into hydrophobic binding pockets, which ledhe most potent inhibitor of the serigh)
endowed with nanomolar P-gp activity §4 70 nM) and high selectivity over MRP1 (S| = 184)
Further elongation reduced the inhibitory poterigiy<{3h). A more rigid geometry due toteans
double bond in the spacer resulted detrimentataase inferred from the comparison3pfwith 3f

as well as3g. The introduction of a phenyl ring in the linkenopided 3,4-dimethylcoumarink,
3m, and3o that resulted equipotent or less active than thén-chain saturated analodire 3g,

3f. This clue might rule owdditional interactions (e.gr-m stacking) involving the linker, which
essentially works by placing the two heterocyclieatis in the best binding topology and/or
produces different desolvation penalties. Intengdgi an outstanding selectivity increase was
returned by both the most elongatedrg, 3k, SI > 526) and the most constrainedit¢, 3o, SI >
625) regioisomer, that resulted inactive towardsmMRConversely, it is worth noting that thheta
isomer3m proved to be the most potent MRP1 inhibitor of Wiele series (165 = 3.6 uM). The
homologation of the bridge between the basic ngnognd the phenyl ring of the spac@rys. 3k)

did not affect neither P-gp affinity nor selectivitver MRP1 while potentially improving solubility
at physiological pH depending upoKgmodulation.

Focused modifications were also probed at the ipos and 4 of the coumarin template where
dimethyl substitution performed the best fittingoirP-gp binding cavities. In fact, the removal of
both methyl groups reduced P-gp inhibitioBn (< 3m) without affecting MRP1 transport.
Moreover, the replacement of methyl at the posi8an 3p-q with Cl, having close van der Waals
volume but opposite electronic effect, decreasedttivitytowardsP-gp @p < 3g, 3q < 3h).

An interesting sensitivity to steric hindrance distnated the two transporters upon binding
compounds bearing a bulky substituent linked tantanin C3 8r-u) or fused to positions 3 and 4



Table 1.
Biological activity of compound8a-v towards the inhibition of MDR1- and MRP1-mediated
calcein-AM efflux

o
S R?
R! N/\X/\O/©\)OIO
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R! X R° | R ICs0 (LM)? Sif
cmpd MDRZ MRPZI
MC18° 1.2+0.32

ver apamil® 1.3+0.24 4.5+0.51
3a H - Me Me 15+1.5 >100 >7
3b H CH; Me Me 2.7+0.52 7315.2 27
3c H (CHy)2 Me Me 0.91+0.21 40+3.3 44
3d H (CHyp)3 Me | Me 0.55+0.10 31+3.7 56
3e MeO - Me Me 0.38+£0.081 20+1.9 53
3f MeO CH Me Me 0.19+0.017 41+4.5 218
3g MeO (CH) Me | Me | 0.15+0.016 33+2.8 221
3h MeO (CH)3 Me | Me | 0.070x0.011 12.9+1.9 184
3i MeO (CH)4 Me | Me | 0.22+0.038 44+3.7 200
3 MeO | transCH=CH | Me | Me 1.0+0.31 18+2.1 17
3k MeO p-CeH4 Me Me 0.19+0.027 >100 > 526
3l MeO p-CHCgH4 Me Me 0.19+0.018 >100 > 526
3m MeO m-CgH, Me Me 0.16+£0.010 3.6+0.52 23
3n MeO m-CgH4 H H 0.77+£0.081 3.7+0.64 5
30 MeO 0-CeHg4 Me Me 0.16%0.018 >100 > 625
3p MeO (CHp), Cl | Me | 0.56+0.056 53+6.5 95
3q MeO (CHp)s Cl | Me | 0.46+0.037 18+0.63 38
3r MeO (CH)s Br Me 0.28+0.026 >100 357
3s MeO (CH)2 Ph H 0.41+0.027 >100 244
3t MeO (CH)s Ph | H 0.39+0.036 >100 256
3u MeO (CH)s Ph Me 0.22+0.029 >100 455
3v MeO (CHp)s Ph 0.33+0.047 >100 303

2 Values are the mean + SEM of two independent éxweits performed in triplicate. 1Cso
determined in MDCK-MDR1 cell line$.ICso determined in MDCK-MRP1 cell§.P-gp inhibition
positive control.® MRP1 inhibition positive control® Selectivity index (SI) calculated from the
equation: 1Gy (MRP1) / 1Go (P-gp).

(3v). P-gp succeeded in accommodating both derivabeasing a Br-atom3(, 1Cso = 0.28uM) or

a phenyl group at position 35 ICsp = 0.41uM; 3t, ICs0 = 0.39uM; 3u, ICs0 = 0.22uM), and the
more flat condensed congendv (ICsp = 0.33 uM), whereas MRP1 did not tolerate these
substituents and the compoungsv were ineffective in modulating its transport aittiv This
molecular discrimination resulted in excellent seiaties towards P-gp (foBr-v, 244 < Sl < 455).
Moreover, the presence at position 3 of a flag gietlorcing out-of-the-plane phenyl rotation,
improved P-gp modulation and selectiviBu(> 3s-t).

3.2 MDR reverting effect

Among the most active modulators, diverse activemounds 8d, 3h, 3, 3r, 3t, 3u) were assayed
for their ability to revert resistance to doxorubiaffecting MDCK-MDR1 cells that overexpress P-



gp. As illustrated in Figure 2, all compounds shdwedose-dependent potentiation of doxorubicin
(10 uM) cytotoxicity and were able to restore the ambtperative effect of the chemotherapeutic
on resistant cells upon inhibition of P-gp mediatirdg efflux. Interestingly, the most potent
inhibitor of the whole series (compouBHd) showed a remarkable reduction of cell viabilileady

at a concentration (0.1LM) close to its IGy value (0.070uM). Moreover, at the highest
concentration used (4@V) all the derivatives under investigation showedimherent cytotoxicity
along with the most significant reverting activalgserved.
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Figure 2. Dose-dependent effects on in vitro MDCK-MDR1 cgleliferation by compound3d,

3h, 3l, 3r, 3t and3u at three different concentrations (0.1, 1 andulA) alone and co-incubated
with doxorubicin (10uM). Cell survival is represented as % of controll ggowth in cultures
containing no drug and test compounds. Each baesepts the mean £ SEM of two experiments in
triplicate; one-way ANOVA followed by Bonferroniigost-hoc comparison test: * P < 0.1, ** P <
0.01, ** P < 0.001 vs. doxorubicin alone.

In view of further drug-like optimization progrant,is worth noting that compounddh and 3r
behaved as potent reversers with improved effigianetrics (ligand efficiency, LE, and lipophilic
ligand efficiency, LLE) as detailed in Table 2 caangd to tariquidar and elacridar, marketed drugs
belonging to the third P-gp non-competitive intols generation.

Table2.
Ligand efficiency metrics
cmpd clogP? Nya® LE® LLE®

tariquidar [22] 6.38 a7 0.157 0.98
elacridar [32] 7.19 42 0.187 0.66
MC18[19] 5.36 29 0.204 0.56
3d 5.87 29 0.216 0.39
3h 5.60 33 0.217 1.55
3l 6.17 37 0.182 0.55
3r 5.37 33 0.198 1.18
3t 6.62 37 0.173 -0.21
3u 7.22 38 0.175 -0.56

2 LogP values calculated with ACD/Labs 6.00Number of heavy (non-hydrogen) atorh&igand
efficiency (LE) was calculated as pQ Nua. ¢ Lipophilic ligand efficiency (LLE) was calculated
as LLE = plGo— cLogP.



3.3 Molecular docking simulations

A structure-based analysis of the ligand-P-gp adgons was carried on the most potent P-gp
inhibitor 3h, as representative of the novel molecular dataseitreviously reported human P-gp
homology model [21] was used as the protein tafgetking simulations highlighted two distinct
and adjacent lipophilic clefts of P-gp able to atkgly accomodate the heterocyclic moieties of the
inhibitor by means of hydrophobic interactions (\dr Waals contacts arn stacking). In details,
the THIQ head is accommodated in a pocket linedyn310, Phe336, Phe728, Phe732, Leu975,
Phe983 whereas the coumarin tail is merged in aeemodened cavity surrounded by Tyr953,
Phe978 and Val982. In addition, the ligand-promemplex was stabilized by polar and hydrogen
bonding contacts involving the hydroxyl of Tyr31pse to the methoxy groups in positions 6 and
7 of the THIQ moiety, and those occurring betwdengrotonated nitrogen and the sulphur atom of
Met69 side chain. The crucial role of the methoulgtituents as chemical fingerprint on the THIQ
ring was corroborated by the lower activity of camapds3a-d lacking 6,7-dimethoxy substituents.
The proposed binding mode supported the need dfdeéhed length and flexibility features of the
linker. As a matter of fact, alkyl chain short&e{g) or even longer3d) than five carbon units
resulted in less active inhibitors. With respectit®e coumarin motif, the presence of methyl groups
is tolerated and more hindered substitueBits3s-u) cause unfavorable steric clashes with residues
of the transmembrane domain, namely Val865, lledtBVal982.

-982

TYR-310

Figure 3. Binding mode of3h into the MDR1 binding site. The extracellular anttacellular sides
are at top and bottom of the scene, respectivele ffee energy of binding calculated with
hydration force field of AutoDock is -11.93 kcal/mavhile the contact surface area measures 411

AZ
4. Conclusion

Herein we described a SAR study on novel derivatibearing a protonatable THIQ core
conjugated through a linker of different length artegemical nature with a differently substituted
coumarin motif as inhibitors of P-gp and MRP1 meastlaefflux. A systematic exploration
addressing the nature of the linker highlightedgivetal role of length and flexibility in improvgn
P-gp inhibition. Focused structural variations wargoduced at coumarin C3-4 region, where
steric hindrance proved to be a molecular detetmmipaomoting P-gp selectivity. A number of
potent and selective P-gp inhibitors have beentifieth and the most potent compound of the
series showed nanomolar inhibition poten@&p,(1Cso = 70 nM). Docking simulations were
employed to gain insight into the binding modesggasting the key role of the linker in



accommodating the two heterocyclic templates totviid different lipophilic cages in P-gp in
agreement with the observed SARs. Finally, soméhe$e modulators proved able in reverting
resistance to doxorubicin and reactivating the topticity of the antibiotic in MDCK-MDR1 cell
lines. These candidates, which showed negligibtetayicity, deserve further investigation aimed
at developing novel small molecules as therapaudljigvants against chemoresistant tumors.

5. Experimental section
5.1 Chemistry

Starting materials, reagents, and analytical grealgents were purchased from Sigma-Aldrich
(Europe). The purity of all the intermediates, dteetby HPLC, was always better than 95%. All
the newly prepared and tested compounds showedtly gugher than 95% (elemental analysis).
Elemental analyses were performed on the EuroEA) 20tlyzer only on the final compounds
tested as efflux pumps inhibitors. Analyses indiddby the symbols of the elements were within
0.4 % of the theoretical values. Column chromatplgyavas performed using Merck silica gel 60
(0.063-0.200 mm, 70-230 mesh). Flash chromatogcagdyparations were performed on a Biotage
SP1 purification system using flash cartridges ackpd with KP-Sil 3263 um, 60 A silica. All
reactions were routinely checked by TLC (thin lagaromatography) using Merck Kieselgel 60
F2s4 aluminum plates and visualized by UV light or ioeli Regarding the reaction requiring the use
of dry solvents, the glassware was flame-dried thed cooled under a stream of dry argon before
the use. Microwave reactions were performed in dedtine MicroSynth apparatus, setting
temperature and reaction times, fixing maximumdiaton power to 600 W and heating ramp
times to 2 min. Nuclear magnetic resonance spegtn@ recorded on a Varian Mercury 300
instrument (at 300 MHz) or on a Agilent Technoleg®00 apparatus (at 500 MHz) at ambient
temperature in the specified deuterated solvenen@ital shifts §) are quoted in parts per million
(ppm) and are referenced to the residual solveak.pEhe coupling constandisare given in Hertz
(Hz). The following abbreviations were used: s dtet), d (doublet), dd (doublet of doublet), t
(triplet), g (quadruplet), gn (quintuplet), m (mpléet), br s (broad signal); signals due to OH and
NH protons were located by deuterium exchange Wig®. HRMS experiments were performed
with a dual electrospray interface (ESI) and a quole time-of-flight mass spectrometer (Q-TOF,
Agilent 6530 Series Accurate-Mass Quadrupole TifElght LC/MS, Agilent Technologies ltalia
S.p.A., Cernusco sul Naviglio, Italy). Full-scan seaspectra were recorded in the mass/charge
(m/z) range 50-3000 Da. Melting points were detesdi by the capillary method on a Stuart
Scientific SMP3 electrothermal apparatus and ammuacted. 7-Hydroxy42-chromen-2-onelp)

and 3-chloro-7-hydroxy-4-methylH2chromen-2-one 1d) were commercially available. The
synthesis of the following intermediates has bderady described in the literature: 7-hydroxy-3,4-
dimethyl-ZH-chromen-2-one [14]1Q), 7-hydroxy-3-phenyl-B-chromen-2-one [17(le).

5.1.1 3-Bromo-7-hydroxy-4-methyl-2H-chromen-2-o&c). N-bromosuccinimide (0.98 g, 5.5
mmol) was added slowly to a suspension of 7-hydibxgethyl-H-chromen-2-one [15] (0.88 g,
5.0 mmol) in PEG-400 (10 g). After stirring at roagemperature for 3 h, the reaction mixture was
diluted with brine (100 mL) and extracted with &H, (3 x 80 mL). The collected organic phases
were dried over N&O, and concentrated under reduced pressure. Theingsattidde was purified
through column chromatography (gradient eluentyletitetate inn-hexane 5%— 30%). Pale
yellow solid; yield: 0.45 g, 35%. Spectroscopicadare in agreement with those reported in the
literature.[16]

5.1.2 7-Hydroxy-4-methyl-3-phenyl-2H-chromen-2-dii€). By applying slight modifications to a
previously reported method,[18],£2-dihydroxyacetophenone (0.76 g, 5.0 mmol) was diiesbin
anhydrous acetone (40 mL), before the addition ahgsium carbonate (4.1 g, 30 mmol) and
phenylacetylchloride (2.0 mL, 15 mmol). The reactwas refluxed for 4 h and then cooled to room
temperature. The inorganic residue was filteredaoff the solution was concentrated under rotary
evaporation. The crude dark brown solid residue thas purified through column chromatography



(gradient eluent: methanol in dichloromethane 092%). Off white solid; yield: 0.77 g, 61%H
NMR (300 MHz, DMSO-¢) &: 2.19 (s, 3H), 6.73 (d] = 2.2 Hz, 1H), 6.82 (dd] = 8.7, 2.2 Hz,
1H), 7.21 — 7.31 (m, 2H), 7.31 — 7.49 (m, 3H), 7(85J = 8.7 Hz, 1H), 10.49 (s, 1H, dis. with
D.0).

5.1.3 3-Hydroxy-6H-benzo[c]chromen-6-orf#g). Anhydrous AIC} (2.1 g, 16 mmolyvas added to

a suspension of 3-methoxydébenzof]chromen-6-one [15] (0.90 g, 4.0 mmol) axylene (20
mL) and the reaction mixture was refluxed for QAfter cooling to room temperature, the solvent
was removed under rotary evaporation. The resicagediluted with CHCI, (200 mL) and washed
with 1 N ag. HCI (3 x 40 mL). The organic phaseswashed with brine (100 mL) and dried over
NaSO,. The evaporation of the solvent under reducedspresyielded a pink solid (0.76 g, 89%)
that was used without further purification. Spest@pic data are in agreement with those reported
in the literature.[15]

5.1.4 General procedure for the synthesis of intermedidiie, 2a-g, 2i-r. The appropriate 7-
hydroxycoumarinla-g (2.0 mmol for2a-g and2i-r; 3.0 mmol forlh) was suspended in anhydrous
acetone (10 mL) before adding potassium carborate24-g and2i-r: 0.83 g, 6.0 mmol; folh:
1.2 g, 9.0 mmol), the suitable mono-halide (for 2-[4-(bromomethyl)phenyllethanol, 3.0 mmol)
or di-halide (for2a-g and2i-r: 6.0 mmol ofa,a’-dibromo(chloro)-xylenes arans-1,4-dibromo-2-
butene; 10 mmol of b-dibromoalkanes) and a catalytic amount of Kl iRywex vessel charged
with a magnetic stirring bar and a Weflon bar. Tkesel was placed in a microwave apparatus and
irradiated at 130 °C for 30 min. After cooling toom temperature, the inorganic residue was
filtered off after thorough washing with GElI,. The solution was concentrated to dryness and the
resulting crude was purified as detailed below.

5.1.4.1 7-{[4-(2-Hydroxyethyl)benzyl]oxy}-3,4-dimethyl-2Hhomen-2-ong1h). Prepared fromia
(0.57 g, 3.0 mmol) and 2-[4-(bromomethyl)phenylatbl [23] (0.65 g, 3.0 mmol). Purification
procedure: the crude solid was washed several tmitbsdiethyl ether and the remaining residue
was filtered off. The resulting mother liquor wamcentrated to dryness, thus yielding the desired
product as a white solid (0.92 g, 95% NMR (300 MHz, DMSO-g) §: 2.03 (s, 3H), 2.33 (s,
3H), 2.70 (tJ = 7.0 Hz, 2H), 3.58 (d] = 7.0 Hz, 2H), 4.61 (d] = 7.0 Hz, 1H, dis. with BD), 5.14
(s, 2H), 6.93 — 7.04 (m, 2H), 7.22 @®F 8.0 Hz, 2H), 7.35 (d] = 8.0 Hz, 2H), 7.66 (d] = 8.7 Hz,
1H).

5.1.4.2 7-(2-Bromoethoxy)-3,4-dimethyl-2H-chromen-2-di2a). Prepared fromla (0.38 g, 2.0
mmol) and 1,2-dibromoethane (0.86 mL, 10 mmoBRurification procedure: column
chromatography (gradient eluent: ethyl acetate-iexane 0%— 50%). White solid; yield: 0.17 g,
28%."H NMR (500 MHz, DMSO-g) 5: 2.06 (s, 3H), 2.35 (s, 3H), 3.82 Jt= 7.0 Hz, 2H), 4.41 (t,
J=7.0 Hz, 2H), 6.94 — 7.00 (m, 2H), 7.70 J& 8.5 Hz, 1H).

5.1.4.3 7-(3-Bromopropoxy)-3,4-dimethyl-2H-chromen-2-q@b).[14] Prepared fromla (0.38 g,
2.0 mmol) and 1,3-dibromopropane (1.0 mL, 10 mmdBurification procedure: flash
chromatography (gradient eluent: ethyl acetateexane 0%— 60%). White solid; yield: 0.49 g,
79%.'"H NMR (500 MHz, DMSO-g) §: 2.07 (s, 3H), 2.27 (g, J = 6.4 Hz, 2H), 2.363(4), 3.67 (t,
J=6.4Hz, 2H), 4.18 (t, J = 6.4 Hz, 2H), 6.9585(&, 2H), 7.70 (d, J = 8.8 Hz, 1H).

5.1.4.4 7-(4-Bromobutoxy)-3,4-dimethyl-2H-chromen-2-¢2€).[14] Prepared froma (0.38 g, 2.0
mmol) and 1,4-dibromobutane (1.2 mL, 10 mmol). freation procedure: flash chromatography
(gradient eluent: ethyl acetaterirhexane 0% 50%). White solid; yield: 0.57 g, 88%. *H NMR
(500 MHz, DMSO-¢) &: 1.85 (gn, J = 6.4 Hz, 2H), 1.97 (gn, J = 6.4 BH), 2.07 (s, 3H), 2.36 (s,
3H), 3.61 (t, J = 6.4 Hz, 2H), 4.10 (t, J = 6.4 BH), 6.92-6.95 (m, 2H), 7.68 (d, J = 8.8 Hz, 1H).
5.1.4.5 7-[(5-Bromopentyl)oxy]-3,4-dimethyl-2H-chromen-2eof2d). Prepared fromla (0.38 g,
2.0 mmol) and 1,5-dibromopentane (1.4 mL, 10 mmdurification procedure: column
chromatography (eluent: ethyl acetateihexane 10%). White solid; yield: 0.52 g, 76%4.NMR
(500 MHz, CDC}) 6: 1.56 — 1.72 (m, 2H), 1.76 — 1.89 (m, 2H), 1.82.863 (m, 2H), 2.18 (s, 3H),
2.37 (s, 3H), 3.45 (d] = 6.3 Hz, 2H), 4.02 () = 6.3 Hz, 2H), 6.78 (d] = 2.4 Hz, 1H), 6.84 (dd

= 8.8, 2.4 Hz, 1H), 7.49 (d,= 8.8 Hz, 1H).



5.1.4.6 7-[(6-Bromohexyl)oxy]-3,4-dimethyl-2H-chromen-2-d@e). Prepared fronia (0.38 g, 2.0
mmol) and 1,6-dibromohexane (1.5 mL, 10 mmol). fwaiion procedure: column chromatography
(gradient eluent: ethyl acetaterichexane 10%- 30%). White solid; yield: 0.28 g, 39%. *H NMR
(500 MHz, DMSO-g) 4: 1.36 — 1.50 (m, 4H), 1.67 — 1.75 (m, 2H), 1.78.85 (m, 2H), 2.05 (s,
3H), 2.34 (s, 3H), 3.52 (§,= 6.7 Hz, 2H), 4.04 (] = 6.7 Hz, 2H), 6.88 — 6.94 (m, 2H), 7.66 Jd;
9.6 Hz, 1H).

5.1.4.7 7-{[(2E)-4-Bromobut-2-en-1-yl|oxy}-3,4-dimethyl-2ehromen-2-one(2f). Prepared from
la (0.38 g, 2.0 mmol) anttans-1,4-dibromo-2-butene (1.3 g, 6.0 mmol). Purifioatiprocedure:
column chromatography (gradient eluent: ethyl deatan-hexane 10%— 30%). Off-white solid;
yield: 0.45 g, 69%™H NMR (500 MHz, DMSO-g) &: 2.06 (s, 3H), 2.39 (s, 3H), 4.18 @= 6.0
Hz, 2H), 4.69 (dJ = 3.7 Hz, 2H), 5.92 — 6.14 (m, 2H), 6.90 — 6.99 @H), 7.69 (dJ = 8.5 Hz,
1H).

5.1.4.8 7-{[4-(Bromomethyl)benzyl]oxy}-3,4-dimethyl-2H-clmen-2-one(2g). Prepared fromila
(0.38 g, 2.0 mmol) and,a’-dibromop-xylene (1.6 g, 6.0 mmol). Purification proceduceiumn
chromatography (gradient eluent: ethyl acetate-irexane 10%— 60%). Off white solid; yield:
0.60 g, 80%'H NMR (300 MHz, DMSO-g) &: 2.05 (s, 3H), 2.35 (s, 3H), 4.70 (s, 2H), 5.20 (s
2H), 6.96— 7.04 (m, 2H), 7.40 — 7.49 (m, 4H), 7(62] = 8.5 Hz, 1H).

5.1.4.9 7-{[3-(Chloromethyl)benzyl]oxy}-3,4-dimethyl-2H-admen-2-one(2i). Prepared fromla
(0.38 g, 2.0 mmol) and,a’-dichloromxylene (1.1 g, 6.0 mmol). Purification proceducelumn
chromatography (gradient eluent: ethyl acetate-hexane 10%— 30%). White solid; yield: 0.62
g, 94%.'"H NMR (300 MHz, DMSO-g) &: 2.06 (s, 3H), 2.35 (s, 3H), 4.77 (s, 2H), 5.202d),
7.01 (ddJ=8.7, 2.5 Hz, 1H), 7.03 (d,= 2.5 Hz, 1H), 7.37 — 7.45 (m, 3H), 7.53 (s, 1HR9 (d,J
= 8.7 Hz, 1H).

5.1.4.10 7-{|3-(Chloromethyl)benzyl]oxy}-2H-chromen-2-01{g). Prepared fronib (0.32 g, 2.0
mmol) and a,0’-dichloromxylene (1.1 g, 6.0 mmol). Purification procedureolumn
chromatography (gradient eluent: ethyl acetate-liexane 10%— 50%). White solid; yield: 0.43
g, 72%.'"H NMR (500 MHz, DMSO-g) &: 4.78 (s, 2H), 5.22 (s, 2H), 6.28 (= 9.5 Hz, 1H), 7.02
(dd,J=8.6, 2.4 Hz, 1H), 7.08 (d,= 2.4 Hz, 1H), 7.36 — 7.46 (m, 3H), 7.53 (s, TH{3 (d,J = 8.6
Hz, 1H), 7.98 (dJ = 9.5 Hz, 1H).

5.1.4.11 7-{[2-(Bromomethyl)benzyl]oxy}-3,4-dimethyl-2H-clhmen-2-oneg(2k). Prepared fronia
(0.38 g, 2.0 mmol) and,a’-dibromo-o-xylene (1.6 g, 6.0 mmol). Purification proceduceiumn
chromatography (gradient eluent: ethyl acetate-lexane 10%— 30%). White solid; yield: 0.73
g, 98%.'"H NMR (500 MHz, DMSO-g) §: 2.07 (s, 3H), 2.36 (s, 3H), 4.82 (s, 2H), 5.342d),
7.04 (dd,J = 8.8, 2.5 Hz, 1H), 7.10 (d,= 2.5 Hz, 1H), 7.34 — 7.38 (m, 1H), 7.48 — 7.52 (),
7.52 —7.56 (m, 1H), 7.57 — 7.62 (m, 1H), 7.72)(¢,8.8 Hz, 1H).

5.1.4.12 7-(4-Bromobutoxy)-3-chloro-4-methyl-2H-chromen-2d2l). Prepared fronid (0.42 g,
2.0 mmol) and 1,4-dibromobutane (1.2 mL, 10 mmoBurification procedure: flash
chromatography (gradient eluent: ethyl acetate-lirexane 0% 30%). White solid; yield: 0.35 g,
51%.'H-NMR (300 MHz, CDC}) &: 1.94-2.13 (m, 4H), 2.55 (s, 3H), 3.49 (t, J = B2, 2H), 4.06
(t, J =6.1 Hz, 2H), 6.81 (d, J = 2.5 Hz, 1H), 688, J = 2.5 Hz, J= 8.8 Hz, 1H), 7.52 (d, J = 8.8
Hz, 1H).

5.1.4.13 7-[(5-Bromopentyl)oxy]-3-chloro-4-methyl-2H-chrom2rone (2m). Prepared fromld
(0.42 g, 2.0 mmol) and 1,5-dibromopentane (1.4 d,mmol). Purification procedure: column
chromatography (gradient eluent: ethyl acetate-hexane 10%— 30%). White solid; yield: 0.47
g, 66%.'"H NMR (300 MHz, CDC}) &: 1.57 — 1.73 (m, 2H), 1.79 — 2.00 (m, 4H), 2.553(8), 3.45
(t, J=6.7 Hz, 2H), 4.03 (1) = 6.3 Hz, 2H), 6.81 (d] = 2.5 Hz, 1H), 6.89 (ddl = 8.9, 2.5 Hz, 1H),
7.52 (d,J = 8.9 Hz, 1H).

5.1.4.14 3-Bromo-7-[(5-bromopentyl)oxy]-4-methyl-2H-chrom2ne (2n). Prepared fromlc
(0.51 g, 2.0 mmol) and 1,5-dibromopentane (1.4 @ ,mmol). Purification procedure: column
chromatography (gradient eluent: ethyl acetate-lexane 10%— 30%). White solid; yield: 0.50
g, 62%."H NMR (300 MHz, DMSO-g) &: 1.43 — 1.60 (m, 2H), 1.66 — 1.80 (m, 2H), 1.80.97



(m, 2H), 2.56 (s, 3H), 3.54 (§,= 6.6 Hz, 2H), 4.08 (1) = 6.3 Hz, 2H), 6.97 (dd] = 8.9, 2.3 Hz,
1H), 7.02 (dJ = 2.3 Hz, 1H), 7.77 (d] = 8.9 Hz, 1H).

5.1.4.15 7-(4-Bromobutoxy)-3-phenyl-2H-chromen-2-d@e). Prepared frone (0.48 g, 2.0 mmol)
and 1,4-dibromobutane (1.2 mL, 10 mmol). Purifieatprocedure: flash chromatography (gradient
eluent: ethyl acetate imhexane 0% 30%). White solid; yield: 0.69 g, 92%. *H-NMR (300 MHz,
DMSO-a) &: 1.81-2.06 (m, 4H), 3.60 (t, J= 6.6 Hz, 2H), 4(1,2)= 6.3 Hz, 2H), 6.97 (dd;3J 2.2
Hz, 3= 8.8 Hz, 1H), 7.03 (d, J=2.2 Hz, 1H), 7.34-7.46 8H), 7.66-7.70 (m, 3H), 8.19 (s, 1H).
5.1.4.16 7-[(5-Bromopentyl)oxy]-3-phenyl-2H-chromen-2-o(8p). Prepared fronie (0.48 g, 2.0
mmol) and 1,5-dibromopentane (1.4 mL, 10 mmol). ifitation procedure: column
chromatography (gradient eluent: ethyl acetate-hexane 10%— 30%). White solid; yield: 0.62

g, 80%."H NMR (300 MHz, DMSO-¢) &: 1.44 — 1.61 (m, 2H), 1.67 — 1.93 (m, 4H), 3.59& 6.7
Hz, 2H), 4.09 (tJ = 6.4 Hz, 2H), 6.96 (dd] = 8.6, 2.4 Hz, 1H), 7.02 (d,= 2.4 Hz, 1H), 7.33 —
7.47 (m, 3H), 7.62 — 7.73 (m, 3H), 8.19 (s, 1H).

5.1.4.17 7-[(5-Bromopentyl)oxy]-4-methyl-3-phenyl-2H-chrorr&one (2q). Prepared fromlf
(0.50 g, 2.0 mmol) and 1,5-dibromopentane (1.4 @, mmol). Purification procedure: column
chromatography (gradient eluent: ethyl acetate-hexane 10%- 20%). White solid; yield: 0.67

g, 83%.'"H NMR (300 MHz, DMSO-g) &: 1.47 — 1.62 (m, 2H), 1.66 — 1.81 (m, 2H), 1.81.97
(m, 2H), 2.22 (s, 3H), 3.56 @,= 6.7 Hz, 2H), 4.10 ( = 6.4 Hz, 2H), 6.93 — 7.03 (m, 2H), 7.23 —
7.32 (m, 2H), 7.32 — 7.49 (m, 3H), 7.74 Jd& 8.7 Hz, 1H).

5.1.4.18 3-[(5-Bromopentyl)oxy]-6H-benzo[c]chromen-6-o(@r). Prepared fromlg (0.42 g, 2.0
mmol) and 1,5-dibromopentane (1.4 mL, 10 mmol). ifitation procedure: column
chromatography (eluent: ethyl acetateihexane 70%). White solid; yield: 0.30 g, 41%4.NMR
(300 MHz, CDC}) 8: 1.57 — 1.73 (m, 2H), 1.77 — 2.05 (m, 4H), 3.468 & 6.7 Hz, 2H), 4.05 (] =
6.3 Hz, 2H), 6.85 (dJ = 2.5 Hz, 1H), 6.91 (dd] = 8.8, 2.5 Hz, 1H), 7.47 — 7.56 (m, 1H), 7.74 —
7.83 (m, 1H), 7.95 (d] = 8.8 Hz, 1H), 8.01 (d] = 8.0 Hz, 1H), 8.36 (dd] = 8.0, 1.3 Hz, 1H).

5.1.5 7-{[4-(2-Bromoethyl)benzyl]oxy}-3,4-dimethyl-2H-cdmen-2-ong2h). Carbon tetrabromide
(0.73 g, 2.2 mmol) was added to a solutiorilof0.65 g, 2.0 mmol) in anhydrous dichloromethane
(10 mL). The mixture was cooled to 0 °C throughexternal ice bath and then a solution of
triphenylphosphine (0.63 g, 2.4 mmol) in an. dicbtoethane (5 mL) was added dropwise. After
warming at room temperature, the reaction was kaper magnetic stirring for 4 h. The mixture
was concentrated under vacuum and the crude proshag purified through column
chromatography (gradient eluent: ethyl acetate-iexane 20%— 40%). White solid; yield: 0.45

g, 58%."H NMR (300 MHz, DMSO-g) &: 2.05 (s, 3H), 2.34 (s, 3H), 3.11 Jt= 7.2 Hz, 2H), 3.71
(t, J=7.2 Hz, 2H), 5.16 (s, 2H), 6.94— 7.04 (m, 2H297(d,J = 8.0 Hz, 2H), 7.40 (d] = 8.0 Hz,
2H), 7.68 (dJ = 8.7 Hz, 1H).

5.1.6 General procedure for the synthesis of final conmasBa-v. The appropriate intermediate
2a-r (0.50 mmol) was suspended in anhydrous acetani¢fl mL) followed by the addition of
DIPEA (0.52 mL, 3.0 mmol), the suitable 1,2,3,4d8droisoquinoline hydrochloride (0.75
mmol) and a catalytic amount of KI. The mixture wa#luxed for 1 h. After cooling to room
temperature, the solvent was removed under rotagparation and the residue was purified
through column chromatography as detailed below.

51.6.1 7-[2-(3,4-Dihydroisoquinolin-2(1H)-yl)ethoxy]-3,4kdethyl-2H-chromen-2-one (3a).
Prepared fronRa (0.15 g, 0.50 mmol) and 1,2,3,4-tetrahydroisoglim@ohydrochloride (0.13 g,
0.75 mmol). Purification procedure: column chrongaéphy (gradient eluent: ethyl acetatenin
hexane 0% 40%). Brown solid, yield: 0.10 g, 59%; mp: 141-3 °C.*H NMR (500 MHz, DMSO-
ds) 8: 2.06 (s, 3H), 2.35 (s, 3H), 2.71 — 2.83 (m, 4M88 (t,J = 5.7 Hz, 2H), 3.66 (s, 2H), 4.26 {t,

= 5.7 Hz, 2H), 6.96 (dd] = 8.8, 2.2 Hz, 1H), 6.99 (d,= 2.2 Hz, 1H), 7.00 — 7.04 (m, 1H), 7.05 —
7.12 (m, 3H), 7.68 (dJ = 8.8 Hz, 1H). Anal. &H»3NO3 (C, H, N). HRMS (Q-TOF) calcd for
C2oH23NO3 [M+H]* m/z350.1751, found 350.174MfNa]” m/z372.1570, found 372.1568.

5.1.6.2 7-[3-(3,4-Dihydroisoquinolin-2(1H)-yl)propoxy]-3,dimethyl-2H-chromen-2-one (3b).
Prepared fron2b (0.16 g, 0.50 mmol) and 1,2,3,4-tetrahydroisoglimeohydrochloride (0.13 g,



0.75 mmol). Purification procedure: column chrongaéphy (gradient eluent: ethyl acetatenin
hexane 20%— 70%). Off-white solid; yield: 0.13 g, 74%; mBh( hydrochloride]14]: > 250 °C.
'H NMR (300 MHz, DMSO-g) &: 1.98 (qn, J = 6.4 Hz, 2H), 2.05 (s, 3H), 2.343(d), 2.59 (t, J =
6.4 Hz, 2H), 2.65 (t, J = 5.8 Hz, 2H), 2.79 (t, 3.8 Hz, 2H), 3.55 (s, 2H), 4.13 (t, J = 6.4 Hz)2H
6.91-6.94 (m, 2H), 7.01-7.09 (m, 4H), 7.66 (d, 8.8 Hz, 1H). Anal. gHxsNO3 (C, H, N).
HRMS (Q-TOF) calcd for &H2sNOs [M+H]" m/z364.1907, found 364.1906.

51.6.3 7-[4-(3,4-Dihydroisoquinolin-2(1H)-yl)butoxy]-3,4hmethyl-2H-chromen-2-one (3c).
Prepared fron2c (0.16 g, 0.50 mmol) and 1,2,3,4-tetrahydroisoglim@ohydrochloride (0.13 g,
0.75 mmol). Purification procedure: column chrongaéphy (gradient eluent: ethyl acetatenin
hexane 20%- 70%). White solid; yield: 0.14 g, 72%; mp (3c- hydrochloride) [14]: 206-8 °CH
NMR (500 MHz, DMSO-g) 4: 1.67 (gn, J = 6.9 Hz, 2H), 1.79 (gn, J = 6.9 BH), 2.07 (s, 3H),
2.36 (s, 3H), 2.46-2.48 (m, 2H), 2.64 (t, J =54 BH), 2.79 (t, J = 5.4 Hz, 2H), 3.53 (s, 2H),}4.1
(t, J = 6.9 Hz, 2H), 6.92-6.96 (m, 2H), 7.01-7.08, 4H), 7.67 (d, J = 9.8 Hz, 1H). Anal.
CosH27NOs (C, H, N). HRMS (Q-TOF) calcd for &GH,/NOs; [M+H]® m/z 378.2064, found
378.2056; M+Na]" m/z400.1883, found 400.1885.

5.1.6.4 7-{[5-(3,4-Dihydroisoquinolin-2(1H)-yl)pentyl]Joxyg,4-dimethyl-2H-chromen-2-on3d).
Prepared fron2d (0.17 g, 0.50 mmol) and 1,2,3,4-tetrahydroisoglimeohydrochloride (0.13 g,
0.75 mmol). Purification procedure: column chrongaéphy (gradient eluent: ethyl acetatenin
hexane 30%— 60%). Pale yellow solid; yield: 0.12 g, 62%; mp: 66-8 °C.*H NMR (300 MHz,
DMSO-a) 6: 1.38 — 1.51 (m, 2H), 1.51 — 1.64 (m, 2H), 1.68.84 (m, 2H), 2.05 (s, 3H), 2.34 (s,
3H), 2.38 — 2.44 (m, 2H), 2.61 (d= 5.6 Hz, 2H), 2.77 (1] = 5.6 Hz, 2H), 3.50 (s, 2H), 4.05 {t=
6.4 Hz, 2H), 6.87 — 6.94 (m, 2H), 7.01 {ds 3.9 Hz, 1H), 7.03 — 7.12 (m, 3H), 7.66 Jd; 9.5 Hz,
1H). Anal. GsH29NOs (C, H, N). HRMS (Q-TOF) caled for gH2eNO3 [M+H]" m/z 392.2220,
found 392.2219;N1+Na]" m/z414.2040, found 414.2038.

5.1.6.5 7-[2-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)gthoxy]-3,4-dimethyl-2H-chromen-2-
one(3e). Prepared fron2a (0.15 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4dleydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: flash column chromatography (gradient
eluent: ethyl acetate mhexane 30%- 80%). Pale yellow solid; yield: 0.16 g, 76%; mp: 107-9 °C
(dec.).*H NMR (500 MHz, DMSO-g) &: 2.07 (s, 3H), 2.36 (s, 3H), 2.67 — 2.76 (m, 4MB7 (t,J

= 5.7 Hz, 2H), 3.58 (s, 2H), 3.68 (s, 3H), 3.693H4), 4.26 (tJ = 5.7 Hz, 2H), 6.61 (s, 1H), 6.65 (s,
1H), 6.97 (dd,J = 8.8, 2.5 Hz, 1H), 7.00 (dl = 2.5 Hz, 1H), 7.70 (dJ = 8.8 Hz, 1H). Anal.
CosH27NOs (C, H, N). HRMS (Q-TOF) calcd for &GH,/NOs [M+H]" m/z 410.1962, found
410.1962.

5.1.6.6 7-[3-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)ytopoxy]-3,4-dimethyl-2H-chromen-
2-one(3f). Prepared fron2b (0.16 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4dleydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: flash column chromatography (gradient
eluent: ethyl acetate imhexane 30%— 80%). Orange solid; yield: 0.14 g, 68%; mp: 84-6 °C.'H
NMR (500 MHz, DMSO-g) 6: 1.96— 2.02 (m, 2H), 2.07 (s, 3H), 2.36 (s, 3H®82(t,J = 7.0 Hz,
2H), 2.62 (7J =5.7 Hz, 2H), 2.71 (d] = 5.7 Hz, 2H), 3.47 (s, 2H), 3.68 (s, 3H), 3.6934), 4.14
(t, J = 6.3 Hz, 2H), 6.62 (s, 1H), 6.64 (s, 1H), 6.96.97 (m, 2H), 7.68 (d] = 9.5 Hz, 1H). Anal.
CosH29NOs5 (C, H, N) HRMS (Q-TOF) calcd for £H29NOsg [|\/|+H]+ m/z 424.2118, found
424.2110; M+Na]" m/z446.1938, found 446.1935.

5.1.6.7 7-[4-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H){yuitoxy]-3,4-dimethyl-2H-chromen-2-
one(3g). Prepared fron2c (0.16 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4deydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: flash column chromatography (gradient
eluent: ethyl acetate im-hexane 30%- 80%). Off white solid; yield: 0.17 g, 79%; mp: 122-4 °C.
'H NMR (500 MHz, DMSO-g) §: 1.67 (qn,J = 6.8 Hz, 2H), 1.78 (gqn] = 6.8 Hz, 2H), 2.07 (s,
3H), 2.35 (s, 3H), 2.47 (8, = 6.8 Hz, 2H), 2.60 (d] = 5.6 Hz, 2H), 2.69 (1] = 5.6 Hz, 2H), 3.44 (s,
2H), 3.67 (s, 3H), 3.68 (s, 3H), 4.10 {t= 6.8 Hz, 2H), 6.60 (s, 1H), 6.63 (s, 1H), 6.96.96 (m,
2H), 7.66 (dJ = 9.6 Hz, 1H). Anal. gH3i1NOs (C, H, N). HRMS (Q-TOF) calcd for f8H3:NOs
[M+H]" m/z438.2275, found 438.2274yIFFNa]’ m/z460.2094, found 460.2098.



5.1.6.8 7-{[5-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)yyentyl]oxy}-3,4-dimethyl-2H-
chromen-2-one(3h). Prepared from2d (0.17 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, 0.mmol). Purification procedure: column
chromatography (eluent: methanol in dichlorometh&a6&o). Pale yellow solid; yield: 0.072 g,
32%; mp: 112-4 °C (dec.3H NMR (300 MHz, DMSO-g) &: 1.37 — 1.47 (m, 2H). 1.50 — 1.60 (m,
2H), 1.69 — 1.80 (m, 2H), 2.05 (s, 3H), 2.31 (s),3H36 — 2.44 (m, 2H), 2.52 — 2.61 (m, 2H), 2.61
—2.76 (m, 2H), 3.41 (s, 2H), 3.66 (s, 3H), 3.673d), 4.05 (t, J = 6.4 Hz, 2H), 6.59 (s, 1H), 6.62
(s, 1H), 6.86 — 6.99 (m, 2H), 7.66 (d, J = 9.4 H4). Anal. G/H33NOs (C, H, N). HRMS (Q-TOF)
calcd for G/H33NOs [M+H]" m/z 452.2431, found 452.2430MfNa]’ m/z 474.2251, found
474.2251.

5.1.6.9 7-{[6-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H){yexyl]oxy}-3,4-dimethyl-2H-
chromen-2-one (3i). Prepared from2e (0.18 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, 0.7mmol). Purification procedure: column
chromatography (gradient eluent: ethyl acetate-rexane 0%— 30%). Yellow oil; yield: 0.21 g,
89%.'"H NMR (500 MHz, CDC}) §: 1.43 — 1.52 (m, 2H), 1.52 — 1.61 (m, 2H), 1.7B88 (m, 2H),
1.95 (br s, 2H), 2.18 (s, 3H), 2.37 (s, 3H), 2.B7 g, 2H), 3.10 (br s, 2H), 3.27 (br s, 2H), 3.84 (
3H), 3.86 (s, 3H), 3.95 — 4.22 (m, 4H), 6.54 (s),16463 (s, 1H), 6.77 (d,= 2.5 Hz, 1H), 6.83 (dd,
J=28.9, 2.5 Hz, 1H), 7.49 (d,= 8.9 Hz, 1H). Anal. gH3sNOs (C, H, N). HRMS (Q-TOF) calcd
for CogHasNOs [M+Na] m/z488.2407, found 488.2410.

5.1.6.10 7-{[(2E)-4-(6,7-Dimethoxy-3,4-dihydroisoquinolini?q)-yl)but-2-en-1-yl|oxy}-3,4-
dimethyl-2H-chromen-2-on@)). Prepared fron2f (0.16 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O.7mol). Purification procedure: column
chromatography (gradient eluent: methanol in didreethane 5% 10%). Yellow low-melting
solid; yield: 0.17 g, 79%H NMR (500 MHz, DMSO-g) &: 2.06 (s, 3H), 2.35 (s, 3H), 2.83— 3.06
(m, 2H), 3.21 (br s, 1H), 3.60 (br s, 1H), 3.7034), 3.72 (s, 3H), 3.85 — 3.96 (m, 2H), 4.05 -64.1
(m, 1H), 4.24 — 4.33 (m, 1H), 4.78 (@~ 4.3 Hz, 2H), 5.90- 6.03 (m, 1H), 6.17 — 6.27 (H),
6.74 (s, 1H), 6.80 (s, 1H), 6.97 (dbl= 8.8, 2.5 Hz, 1H), 7.00 (d,= 2.5 Hz, 1H), 7.70 (d] = 8.9
Hz, 1H). Anal. GeH29NOs (C, H, N). HRMS (Q-TOF) calcd for gH20NOs [M+H]" m/z436.2118,
found 436.2124.

5.1.6.11 7-({4-[(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1K)¥methyl]benzyl}oxy)-3,4-dimethyl-
2H-chromen-2-one(3k). Prepared from2g (0.19 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O.mmol). Purification procedure: column
chromatography (eluent: ethyl acetatenthexane 70%). Off white solid; yield: 0.10 g, 42fp:
182-4 °C (dec.)'H NMR (500 MHz, DMSO-g) 8: 2.06 (s, 3H), 2.34 (s, 3H), 2.62 — 2.66 (m, 2H),
2.67 —2.74 (m, 2H), 3.41 (s, 2H), 3.61 (s, 2HBA3(s, 3H), 3.68 (s, 3H), 5.18 (s, 2H), 6.56 (s),1H
6.64 (s, 1H), 7.01 (dd, = 8.6, 2.4 Hz, 1H), 7.04 (s, 1H), 7.34 — 7.39 @), 7.42 (s, 2H), 7.70 (d,
J = 8.6 Hz, lH) Anal. ggH31NOs (C, H, N) HRMS (Q-TOF) calcd for 4gH31NOs |:|\/|+H]+ m/z
486.2275, found 486.2271IM[Na]” m/z508.2094, found 508.2092.

5.1.6.12 7-({4-[2-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(}#l)ethyl]benzyl}oxy)-3,4-dimethyl-
2H-chromen-2-one(3l). Prepared fromz2h (0.19 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, 0.7mmol). Purification procedure: column
chromatography (gradient eluent: methanol in didrtethane 0%— 5%). Pale yellow solid;
yield: 0.14 g, 57%; mp: 177-9 °¢d NMR (300 MHz, CDCJ) &: 2.18 (s, 3H), 2.36 (s, 3H), 2.75 —
2.92 (m, 6H), 2.92 — 3.04 (m, 2H), 3.72 (s, 2HB43(s, 3H), 3.85 (s, 3H), 5.09 (s, 2H), 6.53 (s,
1H), 6.61 (s, 1H), 6.85 (d,= 2.4 Hz, 1H), 6.91 (dd] = 8.8, 2.4 Hz, 1H), 7.27 (d,= 8.0 Hz, 2H),
7.36 (d,J = 8.0 Hz, 2H), 7.50 (d] = 8.8 Hz, 1H). Anal. gH33NOs (C, H, N). HRMS (Q-TOF)
calcd for GiH33NOs [M+H]" m/z 500.2431, found 500.2423MfNa]’ m/z 522.2251, found
522.2254.

5.1.6.13 7-({3-[(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1K)}methyl]benzyl}oxy)-3,4-dimethyl-
2H-chromen-2-one(3m). Prepared from2i (0.16 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, 0.7mmol). Purification procedure: column



chromatography (gradient eluent: ethyl acetate-exane 30%- 70%). Yellow solid; yield: 0.18

g, 76%; mp: 72-4 °C (dec.jH NMR (500 MHz, DMSO-g) &: 2.06 (s, 3H), 2.34 (s, 3H), 2.60 —
2.63 (m, 2H), 2.64 — 2.70 (m, 2H), 3.41 (s, 2HB23(s, 2H), 3.64 (s, 3H), 3.67 (s, 3H), 5.20 (s,
2H), 6.54 (s, 1H), 6.62 (s, 1H), 7.00 (dd, J = 9%, Hz, 1H), 7.03 (d, J = 2.5 Hz, 1H), 7.28 — 7.33
(m, 1H), 7.34 — 7.38 (m, 2H), 7.44 (s, 1H), 7.68Jd& 8.8 Hz, 1H). Anal. £H31NOs (C, H, N).
HRMS (Q-TOF) calcd for gHaiNOs [M+H]" m/z 486.2275, found 486.2270M[Na]’ m/z
508.2094, found 508.2091.

5.1.6.14 7-({3-[(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)¥methyllbenzyl}oxy)-2H-chromen-
2-one(3n). Prepared fron2j (0.15 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4dleydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: column chromatography (gradient
eluent: ethyl acetate in-hexane 30%— 70%). Dark yellow solid; yield: 0.16 g, 71%. *H NMR
(500 MHz, DMSO-@) &: 2.62 (t, J = 5.6 Hz, 2H), 2.68 (t, J = 5.6 Hz)2Bi41 (s, 2H), 3.63 (s, 2H),
3.64 (s, 3H), 3.67 (s, 3H), 5.21 (s, 2H), 6.27), 9.5 Hz, 1H), 6.55 (s, 1H), 6.63 (s, 1H), 7.64d,(

J =8.7, 2.4 Hz, 1H), 7.07 (d, J = 2.4 Hz, 1H),97-27.34 (m, 1H), 7.34 — 7.37 (m, 2H), 7.45 (s,
1H), 7.61 (d, J = 8.7 Hz, 1H), 7.97 (d, J = 9.5 HE). Anal. GgH;NOs (C, H, N). HRMS (Q-
TOF) calcd for GgH2;NOs [M+H]" m/z458.1962, found 458.1961M[-Na]” m/z480.1781, found
480.1777.

5.1.6.15 7-({2-[(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1K)¥methyl]benzyl}oxy)-3,4-dimethyl-
2H-chromen-2-one(30). Prepared from2k (0.19 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O.7mol). Purification procedure: column
chromatography (gradient eluent: ethyl acetate-lexane 0%— 40%). Yellow solid; yield: 0.10

g, 41%; mp: 79-81 °C (dec)H NMR (500 MHz, DMSO-g) &: 2.04 (s, 3H), 2.29 (s, 3H), 2.59 —
2.65 (m, 2H), 2.65 — 2.72 (m, 2H), 3.40 (s, 2HB23(s, 3H), 3.66 (s, 3H), 3.70 (s, 2H), 5.38 (s,
2H), 6.51 (s, 1H), 6.60 (s, 1H), 6.97 &+ 2.5 Hz, 1H), 7.01 (dd] = 8.9, 2.5 Hz, 1H), 7.26 — 7.34
(m, 2H), 7.36 — 7.41 (m, 1H), 7.43 — 7.47 (m, 1HA9 (d,J = 8.9 Hz, 1H). Anal. gH3;NOs (C,

H, N). HRMS (Q-TOF) calcd for §gH31:NOs [M+H]" m/z486.2275, found 486.2264yIfFNa]” m/z
508.2094, found 508.2098.

5.1.6.16 3-Chloro-7-[4-(6,7-dimethoxy-3,4-dihydroisoquinclilH)-yl)butoxy]-4-methyl-2H-
chromen-2-one (3p). Prepared from2l (0.17 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O.mmol). Purification procedure: column
chromatography (eluent: methanol in dichlorometh2iéo). Yellow solid; yield: 0.12 g, 53%; mp:
116-8 °C (dec.)'H NMR (300 MHz, CDC}) &: 1.87 — 2.03 (m, 4H), 2.54 (s, 3H), 2.80 — 2.89 (m
2H), 2.93- 3.07 (m, 4H), 3.72 — 3.86 (m, 8H), 408 = 5.7 Hz, 2H), 6.53 (s, 1H), 6.60 (s, 1H),
6.80 (d,J = 2.5 Hz, 1H), 6.89 (ddJ = 8.9, 2.5 Hz, 1H), 7.50 (d] = 8.9 Hz, 1H). Anal.
CosH26CINOs (C, H, N) HRMS (Q-TOF) calcd for &H>gCINOs |:|\/|+H]+ m/z 458.1729, found
458.1702; M+Na]" m/z480.1548, found 480.1546.

5.1.6.17 3-Chloro-7-{[5-(6,7-dimethoxy-3,4-dihydroisoquin®(1H)-yl)pentyl]oxy}-4-methyl-2H-
chromen-2-one(3q). Prepared from2m (0.18 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, 0.mmol). Purification procedure: column
chromatography (gradient eluent: methanol in digiwethane 0%— 2%). Yellow solid; yield:
0.19 g, 80%; mp: 189-191 °C (dect NMR (300 MHz, CDC}) §: 1.52 — 1.68 (m, 2H), 1.81 —
1.93 (m, 2H), 1.93 — 2.08 (m, 2H), 2.54 (s, 3HY52- 3.15 (m, 4H), 3.19 — 3.35 (m, 2H), 3.83 (s,
3H), 3.85 (s, 3H), 3.94 — 4.17 (m, 4H), 6.56 (s),16462 (s, 1H), 6.78 (d, = 2.4 Hz, 1H), 6.89 (dd,
J=28.9, 2.4 Hz, 1H), 7.51 (d,= 8.9 Hz, 1H). Anal. &H3,CINOs (C, H, N). HRMS (Q-TOF) calcd
for Co6H30CINOs [M+H]" m/z472.1885, found 472.185M-Na]" m/z494.1705, found 494.1702.
5.1.6.18 3-Bromo-7-{[5-(6,7-dimethoxy-3,4-dihydroisoquineR{lH)-yl)pentyl]oxy}-4-methyl-2H-
chromen-2-one(3r). Prepared from2n (0.20 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O0.mmol). Purification procedure: column
chromatography (gradient eluent: methanol in didreethane 0%— 2%). Pale yellow solid;
yield: 0.088 g, 34%; mp: 71-3 °C (dec¢ NMR (300 MHz, CDGJ) &: 1.44 — 1.72 (m, 2H), 1.77 —
2.00 (m, 4H), 2.59 (s, 3H), 2.74 — 2.92 (m, 2H¥72- 3.15 (m, 2H), 3.75 — 3.89 (m, 8H), 3.89 —



4.11 (m, 4H), 6.53 (s, 1H), 6.62 (s, 1H), 6.80Jd¢; 2.4 Hz, 1H), 6.88 (dd] = 8.9, 2.4 Hz, 1H),
7.55 (d,J = 8.9 Hz, 1H). Anal. gH3BrNOs (C, H, N). HRMS (Q-TOF) calcd for fgH30BrNOs
[M+Na]" m/z538.1200, found 538.1201.

5.1.6.19 7-[4-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)yutoxy]-3-phenyl-2H-chromen-2-
one(3s). Prepared fron2o (0.19 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4aeydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: column chromatography (gradient
eluent: methanol in dichloromethane 6%2%). Yellow solid; yield: 0.11 g, 47%; mp: 132-4 °C.

'H NMR (300 MHz, CDCY) &: 1.73 — 1.97 (m, 4H), 2.60 @,= 7.1 Hz, 2H), 2.74 (t) = 5.7 Hz,
2H), 2.84 (t,J = 5.7 Hz, 2H), 3.58 (s, 2H), 3.82 (s, 3H), 3.833H), 4.08 (tJ = 6.2 Hz, 2H), 6.52
(s, 1H), 6.59 (s, 1H), 6.81 — 6.88 (m, 2H), 7.33.48 (m, 4H), 7.63 — 7.72 (m, 2H), 7.75 (s, 1H).
Anal. GsoH31NOs5 (C, H, N) HRMS (Q-TOF) calcd for 4H31NOs [l\/H'H]+ m/z 486.2275, found
486.2264; M+Na]" m/z508.2094, found 508.2096.

5.1.6.20 7-{[5-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)yyentyl]oxy}-3-phenyl-2H-chromen-
2-one(3t). Prepared fron2p (0.19 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4deydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: column chromatography (gradient
eluent: methanol in dichloromethane 1%2%). Pale yellow solid; yield: 0.17 g, 70%; mp: 128-
130 °C (dec.)*H NMR (300 MHz, DMSO-g) &: 1.38 — 1.58 (m, 2H), 1.66 — 1.92 (m, 4H), 2.79 —
3.10 (m, 2H), 3.10 — 3.35 (m, 4H), 3.53 — 3.79 @), 4.11 (tJ = 6.2 Hz, 2H), 6.76 (s, 1H), 6.80
(s, 1H), 6.96 (ddJ = 8.6, 2.3 Hz, 1H), 7.01 (d,= 2.3 Hz, 1H), 7.32 — 7.49 (m, 3H), 7.61 — 7.72
(m, 3H), 8.18 (s, 1H). Anal. £H33NOs (C, H, N). HRMS (Q-TOF) calcd for 4gH33NOs [M+H]"
m/z500.2431, found 500.242MfNa] m/z522.2251, found 522.2255.

5.1.6.21 7-{[5-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)jyentyl]oxy}-4-methyl-3-phenyl-2H-
chromen-2-one(3u). Prepared from2q (0.20 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (0.17 g, O.mmol). Purification procedure: column
chromatography (gradient eluent: methanol in didrtethane 0%— 2%). Yellow solid; yield:
0.11 g, 44%:; mp: 168-170 °C (dec NMR (300 MHz, CDCJ) &: 1.50 — 1.67 (m, 2H), 1.75 —
1.99 (m, 4H), 2.27 (s, 3H), 2.67 — 2.86 (m, 2H®12- 3.08 (m, 4H), 3.72 — 3.93 (m, 8H), 4.06](t,
= 6.2 Hz, 2H), 6.54 (s, 1H), 6.61 (s, 1H), 6.83J¢; 2.4 Hz, 1H), 6.88 (dd] = 8.8, 2.4 Hz, 1H),
7.25 - 7.32 (m, 2H), 7.33 — 7.51 (m, 3H), 7.56Jd; 8.8 Hz, 1H). Anal. &H3sNOs (C, H, N).
HRMS (Q-TOF) calcd for HzsNOs [M+H]" m/z 514.2588, found 514.2586M[-Na]’ m/z
536.2407, found 536.2409.

5.1.6.22 3-{[5-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)pentyl]oxy}-6H-benzo[c]chromen-
6-one(3v). Prepared fron2r (0.18 g, 0.50 mmol) and 6,7-dimethoxy-1,2,3,4aeydroisoquinoline
hydrochloride (0.17 g, 0.75 mmol). Purification pedure: column chromatography (eluent:
methanol in dichloromethane 5%). Yellow solid; ¢ied.11 g, 45%; mp: 106-8 °C (dec¢ NMR
(300 MHz, CDC}) 6: 1.64 — 1.49 (m, 2H), 1.65 — 1.79 (m, 2H), 1.82.96 (m, 2H), 2.53 — 2.71
(m,J=8.7 Hz, 2H), 2.75 — 2.94 (m, 4H), 3.67 (s, 2Bi83 (s, 3H), 3.84 (s, 3H), 4.04 Jt= 6.4 Hz,
2H), 6.52 (s, 1H), 6.59 (s, 1H), 6.85 (s 2.5 Hz, 1H), 6.90 (dd] = 8.8, 2.5 Hz, 1H), 7.45 — 7.55
(m, 1H), 7.73 — 7.83 (m, 1H), 7.89 — 8.03 (m, 28186 (d,J = 8.0 Hz, 1H). Anal. GH3NOs (C, H,

N). HRMS (Q-TOF) calcd for &H3i:NOs [M+H]" m/z 474.2275, found 474.2267MgFNa]” m/z
496.2094, found 496.2090.

5.2 Biological assays
5.2.1 Materials

CulturePlate 96/wells plates were purchased fromkiRElmer Life and Analytical Sciences
(Boston, MA, USA). Calcein-AM, doxorubicin and MTT3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazoliumbromide) were purchased fromn&igAldrich-RBI s.r.l. (Milan, Italy). Cell
culture medium and reagents were purchased from@&aone (Milan, Italy) and Sigma-Aldrich.

5.2.2 Cdll cultures



MDCK-MDR1 and MDCK-MRP1 are a gift of Prof. P. Bar&NKI-AVL Institute, Amsterdam,
Netherlands. MDCK-MDR1, MDCK-MRP1 were grown in DMWEhigh glucose supplemented
with 10% fetal bovine serum (FBS), 2 mM glutaminE)0 U/mL penicillin, 100 pug/mL
streptomycin, in a humidified incubator at 37 °Ghna 5 % CQ atmosphere.

5.2.3 Calcein-AM assays

According to a previously reported procedure, [RAPDCK-MDR1 or MDCK-MRPL1 cell lines
(50,000 cells per well) were seeded into black @aRlate 96/wells plate with 100 pL medium and
grown overnight to confluence. Aliquots (100) of tested compounds in culture medium, at scalar
concentrations ranging from 0.1 to 1oM, were added to each well. The plate was incubat&¥

°C for 30 min. Calcein-AM in phosphate bufferedrsal(PBS, 10QL) was added to each well at a
final concentration of 2.mM, and the plate was incubated for 30 min. Theeplabs washed 3
times with 100 mL ice cold PBS. Saline buffer (100 was added to each well and the plate was
read by a PerkinElmer Victor3 spectrofluorimetereatitation and emission wavelengths of 485
nm and 535 nm, respectively. Under these conditicalsein cell accumulation in the absence and
in the presence of tested compounds was evaluateda fluorescence basal level was estimated by
untreated cells. In treated wells, the increas@umfrescence with respect to the basal level was
measured. 165 values were determined by fitting the fluorescenuerease percentage versus
log[dose] withGraphPad Prism Software 5.0 (GraphPad Software, $am Diego, CA).

5.2.4 Antiproliferative assay

The co-administration assay with doxorubicin wadgrened in MDCK-MDRL1 cells at 72 h. [25]
On day 1, 10,000 cells/well were seeded into 96-plates in a volume of 100L. On day 2, the
compounds under study, each in three concentraflbds 1, and 1@M), were added. On day 3,
the medium was removed and the tested compounds,jreghree concentrations, were added alone
and in combination with 1M doxorubicin. In all the experiments, the solve(E$OH, DMSO)
were added in each control to evaluate their cytotty. After the established incubation time, 0.5
mg/mL MTT was added to each well and after 3 h lmation at 37 °C the supernatant was
removed. The formazan crystals were solubilizech@siOOuL of DMSO and the absorbance
values at 570 and 630 nm were determined on theopiate reader Victor 3. Data were analyzed
by one-way ANOVA GraphPad Prism 5)@or repeated measures followed by post-hoc Booifes
multiple comparison test. Results are expressedeas + SD of at 2-3 independent experiments in
triplicates. Statistical significance was acceed level of P < 0.05.

5.3 Molecular docking studies

The molecular model of the ligargth in protonated form, with standard values of bagrgths and
valence angles, was built within Maestro softwaaekage [26], while Marsili-Gasteiger charges
were calculated with the molcharge suite of QUACHAY The THIQ dihedral ring angles were
tailored according to the puckering observed in gheviously reported X-ray of the structurally
related P-gp inhibitor MC70.[28] AMBER FF14SB fortield charges were assigned to MDR1
protein structure within CHIMERA 1.11.[29] Due tbet flexibility of the ligand and a large
extension of the binding surface, in order to asseseliable bioactive conformation molecular
dynamics sampling followed by docking to MDR1 sture were carried out according to similar
studies performed on the same biomolecular tagjdtln detail, the3h solvated structure was
assembled using the Desmond system builder toolemmgnted in Maestro [30], and stochastic
molecular dynamics were performed using the defsitings and relaxation protocol of Desmond
on a NVDIA Quadro M4000 GPU at constant tempera(888 K) and pressure (1 bar) for a total
of 500 ns, storing energies and trajectory franaeh 50 ps. An initial screening of the sampled
2000 conformations was first carried out with VINIAL.2 [31] submitting each structures to rigid
body dockings, increasing the search space siZ&0b& in each of the three dimension from the



center of its binding site comprising residues Net®yr310, Phe336, Phe728, Ala729, Phe732,
Met949, Ser952, Tyr953, Leu975, Phe978, Ser979982al Phe983, Met986. Afterwards the
refinement of VINA poses was obtained as followffindy maps were calculated on a 65x65x65
cubic box 0.375 A spaced, and a local optimizatisth AUTODOCK 4.2.6 [32] was used in a
ligand-receptor flexible docking to estimate theefrenergy of binding (FEB) as scoring function.
The best FEB solution was then selected as regegsanof the binding mode of compou8i.
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