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Derivatization of a bipyridine ligand allows pairs of bioactive fragments to be tethered to Pt(Il) complexes, the

ethacrynic acid/flurbiprofen combination leads to potent cytotoxicity and cancer cell selectivity.
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Abstract

A facile route to Pt(I) complexes doubly functionalized with bioactive moleculesviaabipyridine-type
ligandis described.Initially,ligands L** (containing two ethacrynic acid units), L (ethacrynic acid +
flurbiprofen) and L** (ethacrynic acid + biotin) were obtained in moderate to good yields from(2,2'-
bipyridine)-4,4'-dicarboxylic acid. Subsequent reaction of the ligands with PtCl,(DMSO), afforded
complexes [PtCL(L)] (2), [PtCL(LEH)] (3) and [PtCL(L*?)] (4) in high yields. All the compounds
were fully characterized by analytical and spectroscopic methods. Complexes 2-4are highly stable in
water/DMSO solution at 37 °C after 72 hours, whereas a progressive release of the bioactive fragments
was detected under the same conditions in a cell culture medium. The compounds were assessed for
their in vitro antiproliferative activity towards tumorigenic A2780, A2780cisR and Y79 cells and non-
tumorigenic HEK293 cells. In particular, the combination of ethacrynic acid and flurbiprofen in 3
overcomes cisplatin-based resistance and provides strong cancer cell selectivity. Enzyme inhibition
assays on human GST P1 and human COX-2 and cross experimentsusing complex 1, analogous to 2-4
but lacking bio-groups, reveal a clear synergy between the Pt(II) frame and the bioactive organic

components.

Keywords: bioinorganic chemistry; metal-based drugs; anticancer platinum complexes;enzyme

inhibition;multitargeted activity.

Introduction

Cisplatin, oxaliplatin and carboplatin are extensively employed in chemotherapy to treat different
kinds of tumours, usually in combination with other drugs (Figure 1).! Despite their potency and broad
applicability, these platinum compounds manifest severe side effects and both intrinsic and acquired

resistance remain problematic.’
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Figure 1. Structures of platinum-based drugs used worldwide in the treatment of cancer.

Extensive efforts have been made to overcome these issues,” and in particular one widely
investigated approach is to tether a fragment with a targeted mechanism of action to the metal
structure.” Ideally, the incorporation of bioactive molecules within an appropriate metal unit should
reasonably provide synergic effects from the different components.’ Indeed, the conjugation of a single
biologically active fragment to Pt(I) complexes can result in a clearlyfavourable effect on the
anticancer activity,*°and the introduction of two different bioactive ligands is potentially a more
promising strategy (multi-targeted compounds). The design of Pt(IV) compounds, in which one or two
“axial” sites are occupied by bioactive molecules able to intervene in cellular processes, is routinely
practicable and has been intensively investigated.® However, the assembly of two different bioactive
units within simple Pt(II) structures is synthetically more challenging and currently limited.*’

Herein, we describe the straightforward synthesis of new Pt(ll) compounds containing a series of bipyridine
ligands doubly modified with bioactive species, including unusual examples of hetero-functionalization (“triple
action” compounds). It has to be mentioned that various substituted bipyridine ligands have been employed as

a robust scaffold for the conjugation of bioactive molecules to other metal complexes.***°

In our case, we
selected the commercially available 2,2'-bipyridine-4,4'-dicarboxylic acid as a suitable platform for
functionalization reactions via sequential Steglich esterifications (Scheme 1). Three carboxylic acids were
selected to demonstrate our approach (Figure 2), i.e. ethacrynic acid (E-CO,H), an inhibitor of glutathione

transferase enzymes (GST), which is involved in the cellular detoxification of platinum drugs,* flurbiprofen (F-

CO,H), belonging to the family of nonsteroidal anti-inflammatory drugs (NSAIDs), able to inhibit cyclooxygenase



enzymes (COX)," and biotin (B-CO,H), which is expected to favour the delivery of the drug to cancer cells.®
a number of cases, the conjugation of these organic compounds to various transition metal species has been

shown to enhance the anticancer behaviour of the resulting complexes.***>*¢
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Figure 2. Bioactive carboxylic acids discussed in this work: ethacrynic acid (E-CO,H), flurbiprofen (F-CO,H;
racemic mixture), biotin (B-CO,H).

Results and discussion
Synthesis and characterization of compounds and stability studies

For the synthesis of ligands, all the esterification reactions were conducted using the EDCI-HCI/DMPA protocol
(Scheme 1), and the products were efficiently purified by means of silica chromatography. The preliminary
derivatization of the commercial 2,2'-bipyridine-4,4'-dicarboxylic acidwith ethylene glycol is needed to produce
a soluble, reactive di-alcohol (L, 67% yield) from the otherwise untreatable diacid. Then, the reaction of L with a
two-fold excess of E-CO,H led to the homo-bis-functionalized ligand L¥in 63% yield. On the other hand, the
formation of the mono-esterified productLFis a key step in order to subsequently obtain the hetero-
functionalized ligands. Thus, L°was prepared from L and E-CO,H upon regulation of the reagents ratio, and
separated from a less amount of Land unreacted Lby a careful chromatography. Starting from L,
straightforward derivatization with flurbiprofen or biotin affordedL and L, respectively, in approximately
70% yields. Subsequently, complexes 1-3 were prepared in 72-94% yields by reactions of the appropriate
bipyridine ligand with cis-[PtCl,(DMSO),]in refluxing chloroform. The synthesis of 4 was more tricky,
presumably due to the competing coordination of the sulphur atom in the biotinyl fragment ofL®® (see
Experimental), and after several attempts the desired product was obtained in 73% yieldfrom thereaction of

cis-[PtCl,(DMSO0),] with L* in refluxing acetone during a carefully controlled time.All compounds (ligands and



complexes) were fully characterized by elemental analysis, IR and multinuclear NMR spectroscopy. Moreover,
the structure of 1 was confirmed by a single crystal X-ray diffraction study (see Figure S1 and Table S1 in the
ESI).The IR spectra of 2-4 (solid state) exhibit the absorptions related to the ester moieties adjacent to the
bipyridine scaffold in the range 1730-1740 cm™, i.e. slightly shifted respect to the values detected for the
corresponding ligands and for L (1721 cm™). The *H-decoupled **>Pt NMR spectra of 1-4 display a single

resonance around -2280 ppm, in alignment with previously reported PtCl,(bipy) complexes.*’
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Scheme1. Synthesis of ligands and related complexes reported in this work: [PtCl(L)] (1), [PtCI(L55)] (2),
[PtCI(LE)] (3) and [PtCI,(L®®)] (4). Blue: ethacrynic acid fragment (E-CO,); red: flurbiprofen (F-CO,); green:
biotin (B-CO,).
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In view of the biological studies, we investigated the behavior of 1-4in aqueous media. Since the
complexes are insoluble in pure water, they were assessed for their stability in DMSO-ds/D,O mixtures
(see ESI for details). According to "H NMR, the complexes did not modify over 72 hours at 37 °C, and
97-99% of the starting material was recovered at the end of each experiment.This contrasts with the
feasible hydrolytic cleavage of the Pt-Cl bonds of cisplatin and analogous di-amino compounds,'®
which is responsible for the activation of the drug and its subsequent covalent binding with DNA.' The
superior resistance to hydrolysis of 1-4 is ascribable to the electron withdrawing effect exerted by the

bipyridine moiety; Pin order to promotethe cleavage of one Pt-Cl bond in 1, the addition of a silver salt



(silver triflate) was required (Scheme S1).The absence of the classical activation mechanism in
previously investigated dihalido complexes [PtX,(bipy*)], containing bipyridine ligands with small
substituents (i.e., Me and/or CO,H), does not prevent an efficient interaction with DNA, which
preferentially occurs via intercalative mode.**!

The behaviour of 2-4 was then investigated in RPMI cell culture medium,wherethe stability of the
[PtCl,y(bipyridine)] core was confirmed, but a progressive release of the bioactive carboxylic acids and
the respective 2-hydroxyethyl esters was recognized by mass spectrometry over 48 hours at 37 °C
(Figures S2-S5).The tendency of the bipyridine ligands and Pt complexes to undergo breaking of the
ester linkages was clearly observed in CDs;OD solution, where alcoholysis of the ester bonds occurred
withvariable kinetics (for details, see Figures S6-S12 and Schemes S2-S8).In particular, the Pt(II)
complexes 2-4are more reactive than their ligands (Table 1), and while the former release ethacrynic
acid 2-hydroxyethyl ester instead of the methyl ester, the opposite tendency was observed for the

bipyridines. Overall, the collected data indicate that compounds 2-4are based on a robust scaffold, but

areable to release their bioactive payload in a physiological environment, thus acting as pro-drugs.

Table 1. Half-time (t12) and total time (t) for consumption of thestarting material due to trans-esterification in
CD30D solution at 25 °C.

Starting material t;,/ hours t;/ hours

L™ 18 ca. 160
L= 18 ca. 118
L= 45 >100
1 35 >115
2 minutes 24
3 minutes 24
4 25 > 160




Cytotoxicity studies

The cytotoxicity of the compounds was assessed on cisplatin sensitive and cisplatin resistant human ovarian
cells (A2780 and A2780cisR) and non-tumorigenic human embryonic kidney (HEK-293) cells (see Table 2 and
Experimental for details). Complexes 2 and 3 display strong cytotoxicity against both the sensitive and the
resistant ovarian cancer cell lines, substantially superior to that exhibited by the respective bipyridine ligands
L and L¥. Notably, 2 and 3 are highly cancer cell selective, with 3exhibiting a HEK293/A2780cisR selectivity

index (SI?) exceeding 40. In contrast, the performance of 4 is comparable to that of its bipyridine ligand L.

Table 2. ICsy values (uM) determined for complexes, ligands and ligand/complex combinations on human
ovarian (A2780 and A2780cisR) cancer cells and human embryonic kidney (HEK-293) cells after 72 h
incubation. Values are given as the mean + SD. Sl = ICso(HEK-293)/IC5,(A2780), SI? = IC5o(HEK-
293)/1C50(A2780cisR).

A2780cis

Compound A2780 sl R SI®  HEK293
2 57+0.5 6 24+05 15 362
3 30+02 12  0.8z0.1 44 35+3
4 114+13 25 10408 3 29+3
L= 34+3 2 34+2 2 60 + 4
L™ >200 - >200 - >200
L= 115+13 2 16014 16 25+2
E-CO,H '™ 40+3 1 53+5 <1 39+ 1
F-CO,H >200 - >200 - >200
1+ E-COH+F-CO,H 25%2 1 33+2 <1 22+2
cisplatin 2.0%+0.2 4 1812 <1 811
RAPTA-C >200 - >200 - >200

A number of [PtCl,(bipy*)] complexes, bearing variably substituted bipyridine ligands, was investigated by

other groups for the in vitro cytotoxicity towards different cell lines, and a moderate activity was generally

d.17a,20, 22

recognize This set of data strongly suggests that the higher potency of 2 and 3 is ascribable to the

presence of the conjugated bioactive groups. Furthermore, complex 1, lacking the bioactive moieties, was



incubated in combination with E-CO,H and F-CO,H, and both the cytotoxicity against the A2780 and A2780cisR
cells and the selectivity towards HEK293 decreased, compared to 3 in which all three components are
covalently linked (see Table 1). This difference evidences that conjugation of ethacrynic acid and flurbiprofen to
the Pt(l1)-bipy scaffold via covalent bonding is required to provide a synergistic activity. Note that the combined
administration of cisplatin andflurbiprofen was previously documentedto suppress cytotoxicity on Hela
tumoral cells.”

The best performing complexes, i.e.2 and 3, were investigated (at a fixed concentration of10
uM) in the retinoblastoma (Y79) cell line due to the role of GSTs in this disease.”* Both
compounds, but especially 3, are more efficacious than topotecan which iswidely used to treat
retinoblastoma (Figure 3).%° Notably, 2 and3are faster acting than topotecan, which is potentially
advantageous when associated with thermotherapy as the tumour is heated shortly after injection of
the drug. Thus, 2 and 3 were also evaluated at elevated temperature (42 °C), to mimic the current
treatment for retinoblastoma that combines chemotherapy with hyperthermia.”’In combination with

heat, the efficacy of complexes 2 and 3 is maintained and is superior to that of topotecan.
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Figure 3. The cytotoxic effect of 2, 3 and topotecan (at a fixed concentration of 10 uM) following incubation for

24,48 and 72 hours in Y79 retinoblastoma cells at 37 °C and at 42 °C for 1 hour, with a total incubation time of
72 hours. fa is the fraction of cell death induced by drug treatment and ranges from 0, meaning no cell death, to
1, representing 100% cell death.



Enzyme inhibition assays

In order to give insight into the action of the complexes, the effect of 2 and 3 on the activity of
human GST Pl (expressed from E. coli) and human COX-2 (expressed in baculovirus
infected Sf21 cells) enzymes was spectrophotometricallyevaluated (see Experimental for details);
E-CO;H and F-CO;H were also analysed as reference inhibitors. Thus, enzymes were treated with
the compounds and the residual enzyme activity was recorded to determine the ICsy concentrations
(Table 3). The results clearly indicate that both complexes 2 and 3are better GST P1 inhibitors
compared to ethacrynic acid, while3 is a ca. 10-fold more active COX-2 inhibitor than flurbiprofen.
This data is in alignment with the cytotoxicity outcomes obtained with the mixture 1/E-CO,H/F-
CO,H (see above), supporting a synergistic mode of action of the Pt(Il) complex core and the

bioactive molecules.

Table 3. IC5y values (uM) determined for complexes 2 and 3, ethacrynic acid and flurbiprofen in the
inhibition of GST P1 and COX-2 enzymes. Values are given as the mean £ SD.

Compound. GST P1 COX-2
2 42+01 -
3 44+0.8 773

E-COH 13.58 + 0.02 -

F-CO.H - 719+ 135

Conclusions

Although the introduction of two bioactive groups is relatively straightforward from a synthetic point
of view on Pt(IV) complexes, and thus has been largely investigated to optimize the anticancer
properties of the resulting drug candidates, it is much less straightforward for Pt(Il) compounds.
Herein, we have described a facile synthetic strategy to tether two different bioactive molecules to
the[PtCl,] fragment via modified bipyridine-type ligands. The bipyridine-platinum(IT)unit exhibits high

stability in aqueous media, and,compared to related compounds that lack bioactive units,the



antiproliferative activity is considerably higher. Indeed, the biological studies on the new complexes
are promising compared to the data available forthe reference drug cisplatin, and suggest that this
approach can be further exploited in the search for new effective Pt(II) chemotherapics. Thein vitro
cytotoxicity assaysindicate that the ethacrynic acid moiety helps to overcome drug resistance and
further conjugation with flurbiprofen leads to the best cytotoxicity/selectivity profile. Enzyme
inhibition assays reveal a clear synergy between the Pt(II) frame and the bioactive organic components,
which might be related to the progressive release of the latter via ester bond cleavage. Notably, the
activity of the compound containing the different active parts covalently linked, i.e. 3, is considerable

superior to that of a mixture (combination) of the three constituent components.

Experimental

1. General experimental details

K,[PtCl,] was purchased from Alfa Aesar, while other reactants and solvents were obtained from Alfa Aesar,
Merck, Apollo Scientific or TCI Chemicals and were of the highest purity available. Ethacrynic acid (E-CO,H),*’
flurbiprofen (F-CO,H),”” biotin (B-CO,H),”’ 4-dimethylaminopyridine (DMAP), 2,2'-bipyridine-4,4'-dicarboxylic
acid and ethylene glycol were dried under vacuum over P,Osand then stored under Ny;
ethyl(diisopropylamino)carboxydiimide hydrochloride (EDCI-HCI) was stored under N, at —20 °C. Silica gel (70-
230 mesh) was used for column chromatography. Compound cis-[PtCl,(kS-DMSO0),] was prepared according to
the literature.”® Steglich esterifications®® were performed under N, using standard Schlenk techniques and
solvents distilled from appropriate drying agents (DMF from BaO, THF from CaH,, CH,Cl, and CHCl; from P,0s).
All the other operations were carried out in air with common laboratory glassware. Once isolated, organic
bipyridine esters were stored at 4 °C; all Pt compounds are air- and moisture- stable in the solid state. NMR
spectra were recorded at 25 °C on a Bruker Avance Il DRX400 instrument equipped with a BBFO broadband

probe. Chemical shifts (expressed in parts per million) are referenced to the residual solvent peaks® (*H, *C) or



to external standards® (19F to CFCls, **Cl to 1 M NaCl in D,0, ***Pt to 1.2 M Na,PtCls in D,0). 'Hand ®c spectra
were assigned with the assistance of *C DEPT 135, *H-"H COSY, *H-"*C gs-HSQC and *H-*C gs-HMBC
experiments.®? CDCl; stored in the dark over Na,CO; was used for NMR analysis. IR spectra (650-4000 cm™)
were recorded on a Perkin EImer Spectrum One FT-IR spectrometer, equipped with a UATR sampling accessory
and processed with Spectragryph software.® Carbon, hydrogen and nitrogen analyses were performed on a
Vario MICRO cube instrument (Elementar). MS analyses were performed with a API3000 instrument (SCIEX)

equipped with ESI(+) source.

2. Synthesis and characterization of bipyridine ligands

Bis(2-hydroxyethyl)[2,2'-bipyridine]|-4,4'-dicarboxylate, L. (Chart 1).

Chart 1. Structure of L (numbering refers to C atoms).

In a 100-mL Schlenk tube, 2,2'-bipyridine-4,4’-dicarboxylic acid(513 mg, 2.10 mmol), DMAP (51.4 mg, 0.42
mmol), ethylene glycol (1.50 mL, 27 mmol), EDCI-HCI (1.20 g, 6.26 mmol) and THF (15 mL) were introduced in
this order. The suspension was stirred at room temperature for 15 h, affording a colourless solution layered
over a light-pink milky suspension. The mixture was transferred on top of an alumina pad (70-230 mesh,
activity [, h =2.0 cm, d = 3 cm), followed by elution with THF (ca. 200 mL). Volatiles were removed under
vacuum (40 °C) and the resulting colourless wet solid was suspended in water (10 mL). The milky suspension
was stirred at room temperature for 30 minutes then filtered. The resulting colourless solid was washed with
H,0, acetone (- 20 °C, 2 mL), Et,0 then dried under vacuum (50 °C, then RT over P,0s). Yield: 527 mg, 75 %. 1 g
scale: the reaction was performed by doubling the amounts of all reagents, under otherwise identical
conditions. Filtration: alumina pad (h =4.0 cm, d = 3 cm), THF (300 mL). Yield: 916 mg, 67 %. Compound L is
soluble in DMSO, DMF, poorly soluble in water, acetone, MeOH, MeCN, THF, CH,Cl,, insoluble in Et,0. Anal.

Calcd. for C16H16N,0¢: C, 57.83; H, 4.85; N, 8.43. Found: C, 57.90; H, 4.90; N, 8.37. IR (solid state): U/cm™ =



3246m-br, 3202m-sh (vpy); 3095w-sh, 2971w, 2947w, 2874w, 1721s (ve-o), 1596w, 1557m, 1505w, 1463w,
1450w, 1373m-sh, 1363s, 1286s, 1255s, 1247s, 1137s, 1096m-sh, 1080s, 1073s-sh, 1061s, 1021s, 991w-sh,
904m, 873m, 866m, 838m, 761s, 722m, 690s, 667w. *H NMR (DMSO-d¢): 8/ppm = 8.98 (d, *Jus = 4.9 Hz, 2H, C5-
H), 8.89 (s, 2H, C2-H), 8.00 (dd, *Juy = 4.9 Hz, “Juy = 1.5 Hz, 2H, C4-H), 5.01 (t, *Juy = 5.6 Hz, 2H, OH), 4.39 (t, *Juy =
4.8 Hz, 4H, C7-H), 3.75 (app. q, *Juu = 4.9, 5.4 Hz, 4H, C8-H). *C{*H} NMR (DMSO-ds): 6/ppm = 164.6 (C6), 155.5

(C1), 150.8 (C5), 138.6 (C3), 123.5 (C4), 119.4 (C2), 67.5 (C7), 58.9 (C8).

Bis(2-ethacrynyloxyethyl)[2,2'-bipyridine]-4,4'-dicarboxylate, L% (Chart 2).

Chart 2. Structure of L (numbering refers to C atoms).

In a 50-mL Schlenk tube, bis(2-hydroxyethyl)[2,2'-bipyridine]-4,4'-dicarboxylate L(112 mg, 0.337 mmol), E-CO,H
(225 mg, 0.743 mmol), DMAP (7.2 mg, 0.059 mmol), EDCI-HCI (147 mg, 0.764 mmol) and DMF (10 mL) were
introduced in this order. The colourless solution was stirred at room temperature for 14 h then volatiles were
removed under vacuum. The residue was dissolved in CH,Cl, and moved on top of a silica column (h 7 cm, d 2.5
cm). Impurities were eluted with CH,Cl,, then the title compound was eluted with CH,Cl,/Et,0O 8:1 v/v.
Fractions containing L® were dried under vacuum (40 °C), affording an oily residue. A colourless foamy solid
was obtained upon dissolution of the residue in few mL of Et,0 followed by volatiles removal without
heating.** The solid was dried under vacuum at room temperature then stored at 4 °C. Yield: 192 mg, 63 %.
Alternatively, L was obtained by EDCI/DMAP-mediated esterification of 2,2'-bipyridine-4,4'-dicarboxylic acid
with E-CO,(CH,),0H in CH,Cl,; however complete conversion of the alcohol required 5 days at room
temperature. Compound Lis soluble in acetone, CH,Cl,, CHCls, Et,0, insoluble in hexane and water. Anal.
Calcd. for C4H36ClsN,01,: C, 55.89; H, 4.02; N, 3.10. Found: C, 55.94; H, 4.10; N, 3.06. IR (solid state): §/cm™ =

3096w, 3080w, 2968w, 2938w, 2879w, 1762m-sh (vce=0), 1731s (Vee=0), 1663m (Vci7-0), 1585m (Vcig=cis), 1557m,



1469m, 1458 m-sh, 1438m, 1384m, 1362m, 1340w, 1286s, 1255s, 1243s-sh, 1190s, 1134m-sh, 1121m, 1080s,
1066s-sh, 1046m-sh, 1001m, 943m, 915w, 895w, 862w, 819w-sh, 802m, 761s, 724m, 692m, 666w. ‘H NMR
(CDCl3): 6/ppm = 8.96 (s, 2H, C2-H), 8.87 (d, *Juy = 4.5 Hz, 2H, C5-H), 7.88 (d, >/ = 4.5 Hz, 2H, C4-H), 7.09 (d,
3Jun = 8.5 Hz, 2H, C15-H), 6.82 (d, *Jy = 8.5 Hz, 2H, C16-H), 5.90 (s, 2H, C19-H), 5.54 (s, 2H, C19-H’), 4.82 (s, 4H,
C10-H), 4.67-4.60 (m, 8H, C7-H + C8-H), 2.43 (q, *Ju = 7.3 Hz, 4H, C20-H), 1.12 (t, *J4s = 7.4 Hz, 6H, C21-H).
Bc{*H} NMR (CDCl3): 6/ppm = 195.8 (C17), 167.8 (C9), 165.0 (C6), 156.6 (C1), 155.5 (C11), 150.4 (C5), 150.3
(C18), 138.2 (C3), 134.1 (C12), 131.6 (C13), 128.7 (C19), 126.9 (C15), 123.5 (C4 + C14), 120.7 (C2), 111.0 (C16),

66.2 (C10), 63.3 (C7 + C8), 23.5 (C20), 12.5 (C21).

4-(2-Ethacrynyloxyethyl)-4'-(2-hydroxyethyl)[2,2'-bipyridine]|-4,4'-dicarboxylate, L® (Chart 3).

Chart 3. Structure of L® (numbering refers to C atoms).

In a 50-mL Schlenk tube, bis(2-hydroxyethyl)[2,2'-bipyridine]-4,4'-dicarboxylate L(505 mg, 1.52 mmol), DMAP
(74 mg, 0.61 mmol), E-CO,H (606 mg, 2.00 mmol, 1.3 equivalents), EDCI-HCI (400 mg, 2.09 mmol) and DMF (10
mL) were introduced in this order. The colourless solution was stirred at room temperature for 42 h then
volatiles were removed under vacuum. The pale pink oily residue was dissolved in CH,Cl, and moved on top of
a silica column (h 6 cm, d 3.3 cm). Impurities were eluted with CH,Cl, then L was eluted with CH,Cl,:Et,0 9:1.5
v/v (ca. 210 mL), Lfwas eluted with CH,Cl,:acetone 5.5:1 v/v (ca. 400 mL) and last, unreacted L was eluted with
acetone (ca. 100 mL). Fractions containing Land Lf were dried under vacuum (40 °C), affording oily residues.
The two compounds were obtained as colourless foamy solids upon volatiles removal without heating from
their Et,0 or CH,Cl,:acetone solutions, respectively.* The solids were dried under vacuum at room
temperature then stored at 4 °C. Fractions containing Lwere taken to dryness under vacuum; the resulting

colourless solid was washed with Et,0 and dried under vacuum (40 °C). Yield: L%, 242 mg, 18 %;LF 363 mg, 39



%; L, 112 mg, 22 %; total: 96 %. Compound Lfis soluble in acetone, CH,Cl,, CHCls, Et,0, insoluble in hexane.
Anal. Calcd. for Cy,gH,6ClLN,Oq: C, 56.41; H, 4.24; N, 4.54. Found: C, 56.31; H, 4.19; N, 4.48. IR (solid state): O/cm’
! = 3524w-br, 3450w-br (voy); 3079w, 2966w, 2938w-sh, 2879w-sh, 1762m-sh (Vce-o), 17275 (Vceo + Vear-o),
1663m (V¢i7-0), 1586m (Vcig=cio), 1557m, 1463m, 1439m, 1384m-sh, 1362m, 1340w, 1285s, 1255s, 1245s-sh,
1191s, 1134s, 1124s, 1079s, 1068s, 1002m, 944w, 915w, 895w, 863w, 803w, 761s, 724m, 692m, 666m. "H NMR
(CDCl3): 6/ppm =8.97, 8.95 (s, 1H/1H, C2-H + C23-H); 8.87, 8.85 (d, ?Jun = 5.6 Hz, 1H/1H, C5-H + C26-H), 7.93
(dd, *Juw = 4.9 Hz, “Jup = 1.5 Hz, 1H, C25-H), 7.88 (dd, *Juy = 4.9 Hz, “Jun = 1.5 Hz, 1H, C4-H), 7.06 (d, *Ju = 8.5 Hz,
1H, C15-H), 6.81 (d, */4y = 8.0 Hz, 1H, C16-H), 5.89 (s, 1H, C19-H), 5.53 (s, 1H, C19-H’), 4.82 (s, 2H, C10-H), 4.67—
4.60 (m, 4H, C7-H + C8-H), 4.57-4.52 (m, 2H, C28-H), 4.05-3.98 (m, 2H, C29-H), 2.43 (q, *Jun = 7.4 Hz, 2H, C20-
H), 2.36-2.25 (m, 1H, OH), 1.12 (t, *Juy = 7.4 Hz, 3H, C21-H). *C{*"H} NMR (CDCl5): §/ppm = 195.9 (C17), 167.8
(C9); 165.4, 165.0 (C6 + C27); 156.6, 156.4 (C1 + C22), 155.5 (C11); 150.32, 150.28, 150.23 (C5 + C18 + C26);
138.6, 138.2 (C3 + C24), 134.1 (C12), 131.6 (C13), 128.8 (C19), 126.9 (C15); 123.5, 123.4 (C4 + C25); 120.7 (C2 +
C23), 110.9 (C16), 67.6 (C28), 66.2 (C10); 63.3, 63.2 (C7 + C8), 61.1 (C29), 23.5 (C20), 12.5 (C21).
4-(2-Ethacrynyloxyethyl)-4'-(2-flurbiprofenoxyethyl)[2,2'-bipyridine]-4,4'-dicarboxylate, |

(Chart 4).

Chart 4. Structure of L¥ (numbering refers to C atoms).

In a 50-mL Schlenk tube under N,, L5(278 mg, 0.450 mmol), DMAP (18 mg, 0.15 mmol), F-CO,H (115 mg, 0.515
mmol), EDCI-HCI (109 mg, 0.568 mmol) and CH,Cl, (15 mL) were introduced in this order and the colourless
solution was stirred at room temperature. After 5 h, conversion was checked by 'H NMR (CDCl;) then volatiles
were removed under vacuum. The pale yellow residue was dissolved in CH,Cl, and moved on top of a silica

column (h 6 cm, d 2.5 cm). Impurities were eluted with CH,Cl, (50 mL) then L¥ was eluted with



CH,Cl,:Et,0:hexane mixtures (200 mL 7:1:2 v/v then 100 mL 7:2:2 v/v). Fractions containing L¥were dried under
vacuum (40 °C), affording an oily residue. A colourless foamy solid was obtained upon dissolution of the residue
in few mL of CH,Cl, followed by volatiles removal without heating.** The solid was dried under vacuum at room
temperature then stored at 4 °C. Yield: 279 mg, 74 %. Compound L¥is soluble in Et,0, CH,Cl,, poorly soluble in
MeOH,* insoluble in hexane, water. Anal. Calcd. for CgqH3,Cl,FN,O40: C, 62.64; H, 4.42; N, 3.32. Found: C, 62.75;
H, 4.47; N, 3.28. IR (solid state): /cm™ = 3075w, 3034w, 2964w, 2940w-sh, 2878w-sh, 1764m-sh (Vce-o), 17295
(Veg=0+ Vc27-0 + Vezo=0), 1665m (Vei7-0), 1625w, 1585m (Vcig=cig), 1558m, 1516w, 1484w-sh, 1461m, 1434m-sh,
1417w, 1383m-sh, 1362m, 1336w, 1284s, 1255s, 1244s-sh, 1222m, 1189s, 1131s, 1122s, 1081s, 1066s, 1043m-
sh, 1010m, 938w, 916w, 895w, 872w, 863w, 801m, 761s, 724m, 693s, 666m. "H NMR (CDCl;): /ppm = 8.92 (s,
1H/1H, C2-H + C23-H); 8.85, 8.80 (d, /4y = 4.9 Hz, 1H/1H, C5-H + C26-H); 7.86, 7.80 (d, *Juy = 4.9 Hz, 1H/1H, C4-
H + C25-H), 7.43-7.29 (m, 6H, C37-H + C¢Hs), 7.15-7.09 (m, 2H, C34-H + C38-H), 7.10 (d, */,4 = 8.3 Hz, 1H, C15-
H), 6.82 (d, *Juy = 8.5 Hz, 1H, C16-H), 5.90 (s, 1H, C19-H), 5.54 (s, 1H, C19-H’), 4.82 (s, 2H, C10-H), 4.68-4.56 (m,
6H, C7-H + C8-H + C28-H), 4.50 (t, *Jyy = 4.2 Hz, 2H, C29-H), 3.81 (q, *Juy = 7.2 Hz, 1H, C31-H), 2.43 (q, /= 7.2
Hz, 2H, C20-H), 1.56 (d, */uy = 7.4 Hz, 3H, C32-H), 1.12 (t, ¥/ = 7.4 Hz, 3H, C21-H). *C{*"H} NMR (CDCls): §/ppm =
195.8 (C17), 173.9 (C30), 167.8 (C9); 165.1, 164.9 (C6 + C27), 159.8 (d, Y = 249 Hz, C35); 156.7, 156.6 (C1 +
C22), 155.5 (C11); 150.4, 150.3 (C5 + C26 + C18), 141.5 (d, *Jr = 8 Hz, C33); 138.3, 138.1 (C3 + C24), 135.4 (C39),
134.2 (C12), 131.7 (C13), 130.9 (d, *Jcr = 4 Hz, C37), 129.0 (d, *Jer = 3 Hz, C40), 128.7 (C19), 128.5 (C41), 128.0 (d,
’Jer = 13 Hz, C36), 127.8 (C42), 126.9 (C15), 123.7 (d, *Jer = 3 Hz, C38), 123.6 (C14); 123.42, 123.38 (C4 + C25);
120.8, 120.7 (C2 + C23), 115.4 (d, *Jer = 23.8 Hz, C34), 111.0 (C16), 66.3 (C10); 63.5, 63.3, 63.2 (C7 + C8 + C28),

62.5 (C29), 45.1 (C31), 23.5 (C20), 18.3 (€32), 12.5 (C21). ’F{*H} NMR (CDCls): 8/ppm =—117.4.

4-(2-Ethacrynyloxyethyl)-4'-(2-biotinyloxyethyl)[2,2'-bipyridine]-4,4'-dicarboxylate, L*® (Chart
ynyloxyethy yloxyethy Py y

5).

Chart 5. Structure of L¥® (numbering refers to C atoms).




In a 50-mL Schlenk tube, L5(363 mg, 0.588 mmol), DMAP (23 mg, 0.19 mmol), B-CO,H (155 mg, 0.636 mmol),
EDCI-HCI (144 mg, 0.75 mmol) and DMF (10 mL) were introduced in this order and the suspension (colourless
solution + solid) was stirred at room temperature. After 19 h, conversion was checked by 'H NMR (CDCl;) then
volatiles were removed under vacuum. The colourless oily residue was dissolved in CH,Cl, and moved on top of
a silica column (h =5 cm, d = 2.5 cm). Impurities were eluted with CH,Cl, (50 ml) and CH,Cl,:acetone mixtures
(80 mL 3:5 v/v then 80 mL 1:1 v/v) then L% was eluted with acetone (250 mL). Volatiles were removed under
vacuum without heating,34 affording the title compound as a colourless solid. The solid was dried under
vacuum at room temperature then stored at 4 °C. Yield: 304 mg, 67 %. Compound L%is soluble in acetone,
CH,Cl,, CHCls, EtOAc, MeOH,* almost insoluble in Et,0, toluene; insoluble in hexane, water. Anal. Calcd. for
CssH40ClaN,01:S: C, 55.52; H, 4.78; N, 6.64. Found: C, 55.61; H, 4.70; N, 6.58. IR (solid state): /cm™ = 3410w-br,
3240w-br (vny); 2964w-sh, 2930w, 2875w-sh, 1764m-sh (Vce-0), 1729s (Veg=0 + Vca7-0 + Veao=o0); 1704s, 1699s
(Vesg=0), 1667s-sh (vci7-0), 1586m (Vcigecio), 1557w, 1464w, 1456w, 1440w, 1383w-sh, 1362w, 1337w, 1286s,
1255s, 1245s-sh, 1192s, 1135s, 1122s, 1081s, 1066s-sh, 1002w, 945w, 915w, 895w, 862w, 823w, 805w, 761s,
724w, 6925, 666w. *H NMR (CDCls): 8/ppm = 8.95 (s, 2H, C2-H + C23-H); 8.88, 8.86 (d, *Juy = 5.0 Hz, 1H/1H, C5-H
+C26-H); 7.91, 7.88 (dd, *Juu = 5.0 Hz, “J4 = 1.5 Hz, 1H/1H, C4-H + C25-H), 7.09 (d, *Jus = 8.5 Hz, 1H, C15-H),
6.82 (d, ¥4y = 8.5 Hz, 1H, C16-H), 5.89 (s, 1H, C19-H), 5.54 (s, 1H, C19-H’); 5.50, 5.10 (s-br, 1H/1H, NH + NH’),
4.82 (s, 2H, C10-H), 4.66—4.59 (m, 6H, C7-H + C8-H + C28-H), 4.48-4.43 (m, 3H, C29-H + C37-H), 4.27-4.23 (m,
1H, C39-H), 3.12-3.06 (m, 1H, C35-H), 2.86 (dd, Yy = 12.8 Hz, *Juy = 5.0 Hz, 1H, C36-H), 2.69 (d, 2Juy = 12.7 Hz,
1H, C36-H’), 2.46-2.35 (m, 4H, C20-H + C31-H), 1.71-1.60 (m, 4H, C32-H + C34-H), 1.48-1.40 (m, 2H, C33-H),
1.11 (t, Y = 7.4 Hz, 3H, C21-H). *C{*H} NMR (CDCl5): /ppm = 195.9 (C17), 173.5 (C30), 167.8 (C9), 165.1 (C6 +
C27), 163.5 (C38); 156.6, 156.5 (C1 + C22), 155.5 (C11), 150.44, 150.37, 150.2 (C5 + C26 + C18); 138.5, 138.2 (C3

+C24), 134.1 (C12), 131.6 (C13), 128.8 (C19), 126.9 (C15); 123.53, 123.44 (C4 + C25); 123.48 (C14), 120.8, 120.7



(C2 +C23), 111.0 (C16), 66.2 (C10); 63.7, 63.3, 63.2 (C7 + C8 + C28), 62.0 (C29 + C39), 60.2 (C37), 55.4 (C35),

40.6 (C36), 33.8 (C31); 28.4, 28.3 (C33 + C34), 24.8 (C32), 23.5 (C20), 12.5 (C21).

3. Synthesis and characterization of Pt compounds

[PtCLy(k*N-L)], 1 (Chart 6).

Chart 6. Structure of 1 (numbering refers to C atoms).

In a 50-mL round bottom flask, a suspension of cis-[PtCl,(xS-DMSO),] (61 mg, 0.14 mmol) and L (50
mg, 0.15 mmol) in CHCl; (15 mL) was stirred at reflux. After 5 h, the reaction mixture was cooled to
room temperature and filtered. The bright oramge36 solid was washed with CH,Cl,, Et,O and dried
under vacuum (50 °C). Yield: 77 mg, 90 %. Alternative procedure: A suspension of K,[PtCls] (48 mg,
0.11 mmol) and L in H,O (15 mL) was stirred at reflux. After 6 h, the reaction mixture was cooled to
room temperature and filtered. The red-orange solid was washed with H,O, acetone and dried under
vacuum. Yield: 79 mg, 72 %. Compound 1 is soluble in DMSO and hot DMF, insoluble in water, Et,0,
CH,Cl,, CHCI;, MeCN, MeOH,ss THF, acetone. Yellow, needle-like crystals suitable for X-ray
diffraction were obtained from a DMSO solution of 1 layered with toluene and settled aside at room
temperature (Table S1 / Figure S1). Anal. Calcd. for C;sH;sCloN,OgPt: C, 32.12; H, 2.70; N, 4.68.
Found: C, 32.01; H, 2.72; N, 4.59. IR (solid state): d/em! = 3430w-br, 3350w-br (von); 3118w, 3076w,
2955w, 2932w, 2879w, 1727s (vc=0), 1622w, 1557w, 1484w, 1446w, 1412m, 1373m, 1322s, 1280s,
1254s, 1235s, 1137m, 1111m, 1073m, 1013m, 938w, 911w, 891w, 870m, 847w, 788w, 763s, 752w-sh,
706m. 'H NMR (DMSO-dg): 8/ppm = 9.75 (d, *Juu = 6.0 Hz, 2H, C5-H), 9.05 (s, 2H, C2-H), 8.30 (d,

Jun = 6.3 Hz, 2H, C4-H), 5.07 (t, *Jun = 5.7 Hz, 2H, OH), 4.43 (app. t, *Jun =~ 5 Hz, 4H, C7-H), 3.78



(app. q, *Jun = 5 Hz, 4H, C8-H). C{'H} NMR (DMSO-dq): &/ppm = 163.3 (C6), 157.4 (C1), 149.6

(C5), 140.2 (C3), 127.3 (C4), 123.9 (C2), 68.2 (C7), 58.8 (C8). '*Pt{'H} (DMSO-dg): 8/ppm = — 2282.

[PtCL(k*N-L*5)], 2 (Chart 7).

Chart 7. Structure of 2 (numbering refers to C atoms).

Cl

Cl

In a 50-mL round bottom flask, a suspension of cis-[PtCl,(kS-DMSO),] (72 mg, 0.17 mmol) and L¥ (167 mg, 0.19
mmol) in CHCI; (15 mL) was stirred at reflux for 5 hours. The yellow-orangesolution was cooled to room
temperature and extracted with H,0 (3 x 15 mL). Volatiles were removed under vacuum from the organic
phase and the residue was triturated in Et,0. The suspension was filtered; the resulting yellow-orange solid
was washed with Et,0 and dried under vacuum (room T). Yield: 177 mg, 89 %. Conversely, the reaction of L
and K,[PtCl,] in refluxing MeOH:H,0 1:1 v/v was not successful (thermal degradation of the ligand). Compound
2 is soluble in DMSO, acetone, CH,Cl, and CHClIs, insoluble in Et,0 and water. Anal. Calcd. for C4,H35CIgN,0O1,Pt:
C, 43.17; H, 3.10; N, 2.40; found: C 43.31; H 3.21; N; 2.42. IR (solid state): U/cm™ = 3116w-sh, 3077w, 2968w,
2936w-sh, 2877w-sh, 1760m-sh (Vce-o), 1738s, 1733s (Vce=0); 16625 (Vci7-0), 1623w-sh, 1584s (Vcig=cig), 1557w,
1469m, 1436m, 1414m, 1384m, 1339w, 1318m-sh, 1294s-sh, 1253s, 1235s, 1192s, 1143m, 1120s, 1079s,
1050m-sh, 1001m, 942m, 896w, 866w, 821w-sh, 803m, 761s, 730w, 706m. *H NMR (CDCl5): 6/ppm = 9.52 (d,
*Jun = 6.0 Hz, 2H, C5-H), 8.60 (d, *Juu = 1.3 Hz, 2H, C2-H), 8.00 (dd, *Juy = 6.0 Hz, *Juy = 1.6 Hz, 2H, C4-H), 7.04 (d,
3Jun = 8.5 Hz, 2H, C15-H), 6.84 (d, *Jy = 8.6 Hz, 2H, C16-H), 5.89 (s, 2H, C19-H), 5.51 (s, 2H, C19-H’), 4.91 (s, 4H,
C10-H), 4.69-4.64 (m, 8H, C8-H + C9-H), 2.40 (q, *Jun = 7.4 Hz, 4H, C20-H), 1.09 (t, *Juy = 7.4 Hz, 6H, C21-H).

BC{"H} NMR (CDCl5): 8/ppm = 195.7 (C17), 168.1 (C9), 162.8 (C6), 157.3 (C1), 155.4 (C11), 150.2 (C18), 149.9



(C5), 139.7 (C3), 133.9 (C12), 131.5 (C13), 128.8 (C19), 127.1 (C15), 124.2 (C2), 123.1 (C14), 111.0 (C16), 66.3

; 64.7,62. + ,23. , 12. . t 3): o/ppm =— .
(C10); 64.7, 62.7 (C7 + C8), 23.5 (C20), 12.5 (C21). ***Pt{*H} (CDCl,): &/ 2275

[PtCL(k’>N-LE5)], 3 (Chart 8).

Chart 8. Structure of 3 (numbering refers to C atoms).

In a 50-mL round bottom flask, a suspension of cis-[PtCl,(kS-DMSO),] (110 mg, 0.13 mmol) and L¥ (53 mg, 0.13
mmol) in CHCI; (15 mL) was stirred at reflux for 13 hours. The orange solution was cooled to room temperature
and extracted with H,0 (3 x 15 mL). Volatiles were removed under vacuum from the organic phase and the
residue was triturated in Et,0. The suspension was filtered; the resulting orange solid was washed with Et,0
and dried under vacuum (room T over P,0s). Yield: 130 mg, 94 %. Compound 3 is soluble in DMSO, MeCN,
CH,Cl, and CHCls, barely soluble in Et,0 and MeOH,35 insoluble in hexane and water. Anal. Calcd. for
CasH37CI,FN,OoPt: C, 47.62; H, 3.36; N; 2.52. Found: C 46.60; H 3.39; N, 2.45. IR (solid state): §/cm™ = 3115w,
3070w, 3034w, 2970w, 2937w, 2878w, 1761m-sh (vVce-0); 1738s, 1731s (Vcs=0 + Vca7-0 + Vezo-0), 1662m (vci7-0),
1623w, 1584m (Vcig=c1o), 1558w, 1517w, 1485w, 1469m, 1445-1436m, 1415s, 1384m, 1338w-sh, 1317m-sh,
1295s-sh, 1253s, 1234s, 1192s, 1144s, 1131s, 11215, 1077s, 1068s, 1043m-sh, 1010m-sh, 1002m-sh, 940-928w,
896w, 870m, 839w, 803w, 762s, 724w, 700s, 663w. 'H NMR (CDCls): /ppm = 9.73, 9.71 (d, *Juy = 6.1 Hz,
1H/1H, C5-H + C26-H); 8.48, 8.44 (d, “Jyy = 1.1 Hz, 1H/1H, C2-H + C23-H); 7.99, 7.90 (dd, >}y = 6.0 Hz, “/yu = 1.6
Hz, 1H/1H, C4-H + C25-H), 7.37-7.32 (m, 4H, C40-H + C41-H), 7.25-7.21 (m, 2H, C37-H + C42-H), 7.10-7.04 (m,
3H, C15-H + C34-H + C38-H), 6.83 (d, *Juy = 8.5 Hz, 1H, C16-H), 5.89 (s, 1H, C19-H), 5.52 (s, 1H, C19-H’), 4.88 (s,
2H, C10-H), 4.70-4.66 (m, 4H, C7-H + C8-H), 4.65-4.56 (m, 3H, C28-H + C29-H), 4.55-4.48 (m, 1H, C29-H’), 3.82

(0, ) = 7.2 Hz, 1H, C31-H), 2.42 (q, *Juu = 7.3 Hz, 2H, C20-H), 1.54 (d, *Jys = 7.3 Hz, 3H, C32-H), 1.10 (t, *Jyy =



7.4 Hz, 3H, C21-H). No change in the '*H NMR spectrum was observed after 14 h at room temperature.”*C{*H}
NMR (CDCls): 8/ppm = 195.7 (C17), 173.9 (C30), 168.0 (C9); 162.8, 162.6 (C6 + C27), 159.6 (d, YJcr = 249 Hz,
C35); 157.3, 157.2 (C1 + C22), 155.4 (C11), 150.3 (C5 + C18 + C26), 141.5 (d, *Jcr = 8 Hz, C33), 139.5 (C3 + C24),
134.8 (C39), 134.1 (C12), 131.6 (C13), 130.8 (C37), 128.9-128.7 (m, C19 + C36 + C40 + C41), 128.0 (C42); 127.1,
126.9 (C4 + C25), 127.0 (C15), 123.8 (C38), 123.6-123.3 (m, C2 + C14 + C23), 115.4 (d, *Jer = 24 Hz, C34), 111.0
(C16), 66.3 (C10); 64.8, 64.6 (C7 + C8), 62.7 (C28), 61.9 (C29), 45.0 (C31), 23.5 (C20), 18.0 (C32), 12.5 (C21).

F{*H} NMR (CDCl3): 6/ppm =—117.2 ppm. **°Pt{"H} (CDCl;): /ppm =—2274.

[PtCLy(k*N-LE?)], 4 (Chart 9).

Chart 9. Structure of 4 (numbering refers to C atoms).
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In a 25-mL round bottom flask, a suspension of cis-[PtCl,(kS-DMSO),] (27 mg, 0.063 mmol) and L% (55 mg,
0.063 mmol) in acetone (8 mL) was stirred at reflux for 13 hours, affording an orange solid and a yellow
solution. The mixture was filtered; the solid was washed with acetone (2 mL) and Et,0, and then dried under
vacuum (room T over P,0s). Yield: 47 mg, 73 %. Shorter reaction times lead to incomplete conversion, while
longer reaction times lowers the yield of the precipitate (23 h: 70%; 47 h: 11%). The productis soluble in DMSO,
DMF and generally insoluble in other solvents.

Inan alternative procedure, a solution of cis-[PtCl,(kS-DMSO0),] (15 mg, 0.036 mmol) and L®® (31 mg, 0.037
mmol) in DMF (8 mL) was stirred at 80 °C for 24 hours; when complete conversion was achieved (***Pt NMR),
the volatiles were removed under vacuum. The residue was suspended in a CHCl3/Et,0 mixture under vigorous
stirring and then filtered. The resulting yellow-orange solid was washed with Et,0 then dried under vacuum.
Yield: 24 mg, 59%. The isolated product does not apparently differ from that obtained using acetone as solvent

(see above), based on analytical and spectroscopic analyses, but is soluble in CH,Cl, and CHCl; other than



DMSO and DMF. Other procedures, i.e. the reactions of L® with [PtCl,(COD)]*” and [Bu,N],[PtCl,]*® were not
satisfactory.

Anal. Calcd. for C39H4oCIL4N4O;PtS: C, 41.21; H, 3.63; N, 5.05. Found: C, 41.09, H, 3.59; N, 4.99. IR
(solid state): d/em = 3340w-br, 3213w (vnu); 3115w-sh, 3075w, 2966w, 2936w, 2877w-sh, 1762m-sh
(Veo=0), 1731s (Veg=0 T Verr=0 + Vezo=0), 1715s-sh, 1706s (vess—0), 1667m-sh (vei7-0), 1659m-sh,
1624w-sh, 1585m (vcis=c19), 1557w-sh, 1469-1436m, 1415m, 1384m, 1337w-sh, 1318m-sh, 1300m-sh,
1277s-sh, 1253s, 1235s, 1196s, 1143m, 1122m, 1109m, 1080-1070s, 1003m, 949w, 895w, 866w,
806w, 762s, 706m. '"H NMR (DMSO-ds): 8/ppm = 9.76 (dd, *Juy = 6.0 Hz, *Jyy = 1.9 Hz, 2H, C5-H +
C26-H), 8.91 (d, *Jun = 7.6 Hz, 2H, C2-H + C23-H), 8.25 (d, *Juu = 6.0 Hz, 2H, C4-H + C25-H), 7.15
(s, 2H, C15-H + C16-H), 6.36 (s, 1H, NH), 6.32 (s, 1H, N’H), 6.01 (s, 1H, C19-H), 5.45 (s, 1H, C19-
H’), 5.11 (s, 2H, C10-H), 4.66—4.57 (m, 6H, C7-H + C8-H + C28-H), 4.47-4.43 (m, 2H, C29-H), 4.28
(dd, *Jun = 7.2, 5.5 Hz, 1H, C37-H), 4.09-4.04 (m, 1H, C39-H), 3.01-2.95 (m, 1H, C35-H), 2.78 (dd,
2Jun = 12.4 Hz, *Jun = 5.1 Hz, 1H, C36-H), 2.54* (d, “Jun = 12.7 Hz, 1H, C36-H"), 2.38-2.30 (m, 4H,
C20-H + C31-H), 1.54 (d, *Jun = 6.1 Hz, 3H, C32-H + C34-H), 1.46-1.36 (m, 1H, C34-H), 1.34-1.22
(m, 2H, C33-H), 1.05 (t, 3 gy = 7.4 Hz, 3H, C21-H). *Partially superimposed on solvent residual peak.
No changes in the '"H NMR spectrum were observed after 3 days at room temperature. *C{'H} NMR
(DMSO-dg): 6/ppm = 194.8 (C17), 172.9 (C30), 168.1 (C9), 162.9 (C27), 162.6 (C38), 157.2 (C1 +
C22), 155.1 (C11); 149.8, 149.7 (C5 + C26), 149.3 (C18), 139.7 (C3 + C24), 132.5 (C12), 129.5 (C13),
129.1 (C19), 127.4 (C15); 127.3, 127.2 (C4 + C25); 123.8, 123.6 (C2 + C23), 121.0 (C14), 111.7
(C16), 65.6 (C10); 64.43, 64.39, 62.4 (C7 + C8 + C28), 61.4 (C29), 61.0 (C39), 59.1 (C37), 55.3
(C35), 33.2 (C31); 28.0, 27.9 (C33 + C34), 24.4 (C32), 22.9 (C20), 12.3 (C21). "°Pt{'H} NMR
(DMSO-dg): &/ppm = — 2277. 'H NMR (CD;CN): o/ppm = 9.76-9.69 (m, 2H, C5-H + C26-H); 8.62,
8.59 (d, *Jun = 1.1 Hz) (2H; C2-H + C23-H), 8.10-8.04 (m, 2H, C4-H + C25-H), 6.99 (d, *Jun = 8.6
Hz, 1H, C15-H), 6.93 (d, *Juu = 8.6 Hz, 1H, C16-H), 5.92 (s, 1H, C19-H)*; 5.02, 4.97 (s, 2H, NH +

N°H), 4.93 (s, 2H, C10-H), 4.65-4.57 (m, 6H, C7-H + C8-H + C28-H), 4.49-4.44 (m, 2H, C29-H),



4.39-4.33 (m, 1H, C37-H), 4.14 (s, 1H, C39-H), 3.05-2.99 (m, 1H, C35-H), 2.81 (dd, *Juy = 12.8 Hz,
3Jun = 5.0 Hz, 1H, C36-H), 2.58 (d, “Jun = 12.8 Hz, 1H, C36-H’), 2.39-2.31 (m, 4H, C20-H + C31-H),
1.65-1.26 (m, 6H, C32-H + C33-H + C34-H), 1.06 (t, *Juy = 7.4 Hz, 3H, C21-H). *Signal for C19-H’
hidden by H,O. "H NMR (acetone-dg): 8/ppm 9.85 (pseudo-t, *Juy = 6.0 Hz, 2H, C5-H + C26-H); 8.92,
8.88 (d, *Jun = 1.2 Hz, 2H, C2-H + C23-H), 8.30-8.25 (m, 2H, C4-H + C25-H), 7.15 (m/AB system,
3Jun = 8.5 Hz, 2H, C15-H + C16-H), 5.98 (s, 1H, C19-H); 5.62, 5.60 (s-br, 1.4H*, NH + N’H), 5.51 (s,
1H, C19-H), 5.10 (s, 2H, C10-H), 4.73 (s, 4H, C7-H + C8-H), 4.70-4.66 (m, 2H, C28-H), 4.58-4.53
(m, 2H, C29-H), 4.49-4.44 (m, 1H, C37-H), 4.27-4.23 (m, 1H, C39-H), 3.13-3.07 (m, 1H, C35-H),
2.89 (dd, “Jun = 12.8 Hz, *Juy = 5.3 Hz, C36-H)**, 2.67 (d, *Jun = 12.6 Hz, 1H, C36-H"), 2.44-2.36
(m, 4H, C20-H + C31-H), 1.74-1.37 (m, 6H, C32-H + C33-H + C34-H), 1.09 (t, *Juu = 7.5 Hz, 3H,
C21-H). *Lower integral due to H/D exchange. **Partially superimposed on HDO signal. 'H (CDCI3):
8/ppm = 9.67 (2H), 8.72 (2H), 8.06 (2H), 7.10 (d, 1H), 6.88 (d, 1H), 5.91 (1H), 5.55 (1H), 4.91 (2H),
4.70-4.40 (m, 10H), 3.06 (1H), 2.87-2.74 (m, 2H), 2.42 (4H), 1.11 (t, 3H). All resonances are

considerably broadened in CDCl;.

4. Biological studies

Human ovarian carcinoma (A2780 and A2780cisR) cell lines were obtained from the European Collection of Cell
Cultures. The human embryonic kidney (HEK-293) and human retinoblastoma (Y79) cell line were obtained
from ATCC (Merck, Buchs, Switzerland). Penicillin streptomycin, RPMI 1640 GlutaMAX (where RPMI = Roswell
Park Memorial Institute), and DMEM GlutaMAX media (where DMEM = Dulbecco’s modified Eagle medium)
were obtained from Life Technologies, and fetal bovine serum (FBS) was obtained from Merck. The cells were
cultured in RPMI 1640 GlutaMAX (A2780, A2780cisR and Y79) and DMEM GlutaMAX (HEK-293) media
containing 10% heat-inactivated FBS and 1% penicillin streptomycin at 37 °C and CO2 (5%). The A2780cisR cell
line was routinely treated with cisplatin (2 uM) in the media to maintain cisplatin resistance. The cytotoxicity

was determined using the 3-(4,5-dimethyl 2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)



assay.* Cells were seeded in flat-bottomed 96-well plates as a suspension in a prepared medium (100 pL
aliquots and approximately 4300 cells/well) and preincubated for 24 h. Stock solutions of compounds were
prepared in DMSO and were diluted in medium. The solutions were sequentially diluted to give a final DMSO
concentration of 0.5% and a final compound concentration range (0-200 uM). Cisplatin and RAPTA-C were
tested as a positive (0-100 uM) and negative (200 uM) controls respectively. The compounds were added to
the preincubated 96-well plates in 100 uL aliquots, and the plates were incubated for a further 72 h. MTT (20
pL, 5 mg/mL in Dulbecco’s phosphate buffered saline) was added to the cells, and the plates were incubated
for a further 4 h. The culture medium was aspirated and the purple formazan crystals, formed by the
mitochondrial dehydrogenase activity of vital cells, were dissolved in DMSO (100 pL/well). The absorbance of
the resulting solutions, directly proportional to the number of surviving cells, was quantified at 590 nm using a
SpectroMax M5e multimode microplate reader (using SoftMax Pro software, version 6.2.2). The percentage of
surviving cells was calculated from the absorbance of wells corresponding to the untreated control cells. The
reported ICsq values are based on the means from two independent experiments, each comprising four tests
per concentration level.The compoundswere further estimated in Y79 cells and compared to topotecan —
obtained from Prestwick Chemicals (Washington, DC). The compounds were tested at a fixed concentration of
10 uM with gambogic acid (GA) taken as a positive control and an equivalent volume of DMSO used as a
negative control. The Y79 cells were seeded at an optimized density of 4.0 - 4.5 x 10° cells per well after plating
the drugs. Each plate was incubated at 37 °C in different timeline (i.e. 24, 48 and 72 h), and moreover, the
hyperthermia stimulation were incubated at 42 °C for 1 h in the start and then at 37 °C for a total 72 h. The
PrestoBlue fluorescent-based cell viability assay (Thermo Fisher Scientific, Switzerland) was selected as a
readout. To estimate the cytotoxicity effect, the results were normalized to the controls for every plate and
presented as scores, where a score of 1 corresponds to the average fluorescence intensity of the positive
control wells, and indicates very efficacious compounds, which means high cytotoxicity to the Y79 cells. The

scores are based on the mean from the independent experiments, each performed in duplicate.



5. Enzyme activity assays
The enzymatic activity of GST P1 (20 nM) was spectrophotometrically assayed at 340 nm at 37 2C by measuring
the CDNB — GSH (1-chloro-2,4-dinitrobenzene-glutathione) rate conjugation as a function of time, using a

%2 The assay mixture contained 1 mM CDNB (1-chloro-2,4-dinitrobenzene) and 2 mM

protocol reported earlier.
GSH (glutathione) of 0.1 M of potassium phosphate buffer (pH 6.5). The inhibitory efficacy of ethacrynic acid, 2
and 3 (dissolved in DMSO) was determined by recording the residual activity of GST P1 in the presence of
variable concentrations of the analyzed compound (1 — 1000 uM). The enzymatic activity of COX-2 (0.25 UN)
was fluorimetrically assayed at 576nm/586nm and at 25 2C by measuring the rate of arachidonic acid (ARA)
conjugation with COX-2 as a function of time (COX-2 assay kit from Cayman Chemical Company, Ann Arbor, M,
USA). The assay mixture contained 25 uM ADHP, 5 uM haemin and 37.5 uM ARA in 0.1 M of tris-HCI buffer (pH
= 8). The inhibitory efficacy of flurbiprofen and 3 was determined by recording the residual activity of COX-2 in
the presence of variable concentrations of the analyzed compound (35 — 3200 uM). The ICs, value for each

compound was obtained using GraphPad Prism 7 software.All the inhibitor assays were performed at least in

triplicate, for both enzymes.
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