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S$1. Main compounds

Table S1. Main compounds
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S$2. NMR spectra of tested compounds
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UPLC-MS analysis Compound 1
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"H-NMR Compound 2
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UPLC-MS analysis Compound 2
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"H-NMR Compound 3
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UPLC-MS analysis Compound 3
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'H-NMR Compound 4
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UPLC-MS analysis Compound 4
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'H-NMR Compound 5

F NH

N7
N# N

| /
= |

| Compound § !

NH2

L02-L

1.03-
x.m}

070

Z
:
=

24000
23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000

8000

7000

6000

5000

4000

~ 3000
| 2000
1000

oo s (1000
| 9 3
s - 2000

T T T T T
10 105 100 95 9.0

3C-NMR Compound 5

7.5 7.0 6.5 6.0 55
f1 (ppm)

F NH
N I MNH2
N—" N
T
Compound 5§

»n | onosL

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

~-1000

T T
20 210 200 190 180

T T
150 140 130 120 110 100 90 80 70 60 50

S12



UPLC-MS analysis Compound 5
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"H-NMR Compound 6
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UPLC-MS analysis Compound 6
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"H-NMR Compound 7
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UPLC-MS analysis Compound 7
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"H-NMR Compound 8
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UPLC-MS analysis Compound 8
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"H-NMR Compound 9
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UPLC-MS analysis Compound 9
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"H-NMR Compound 10
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UPLC-MS analysis Compound 10
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UPLC-MS analysis Compound 11
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UPLC-MS analysis Compound 12
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UPLC-MS analysis Compound 13
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LCMS analysis Compound 14
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S3. Cell Assays

A. Cell lines

Human cancer cell lines A549 (lung adenocarcinoma, ATCC CCL-185), DU-145 (androgen-independent prostate cancer, ATCC HTB-
81), MCF7 (breast adenocarcinoma, ATCC HTB-22) and HeLa (cervical carcinoma, ATCC CCL-2) were obtained from ATCC. Human
melanoma cell lines A375 (88113005) and G-361 (88030401) were obtained from European Collection of Authenticated Cell Cultures
(ECACC). Cells were routinely grown in Minimal Essential Medium containing Eagle’s salts and L-Glutamine (A549, DU-145, MCF7
and Hela) or Dulbecco’s Modified Minimal Essential Medium (A375 and G-361) supplemented with 10% heat-inactivated FBS in a
humidified atmosphere of 5% CO- at 37°C.

B. Cell Viability Assay

To assess the antiproliferative activity of the compounds, cell viability was measured using the MTT assay. Cells were seeded at a
density of 2500 cells/well (HeLa), 5000 cells/well (A549, DU-145 and A375) or 10000 cells/well (MCF7 and G-361) in 96 well plates.
24 hours after seeding, the cells were treated with compounds or vehicle (DMSO, final concentration 0.5%) as control and incubated
for 72 hours. Then, MTT solution was added to a final concentration of 0.5 mg/ml and cells were further incubated for 2 hours. After
solubilization of the formazan crystals by the addition of a 10% SDS/0.01 N HCI solution, absorbance was measured at 570 nm
(reference 690 nm) in a plate reader (Infinite M200, Tecan). Inhibition curves consisted of 9 serial dilutions in triplicate in each case,
and results were analyzed as sigmoidal dose—response curves using GraphPad Prism software (version 5.03). Values are reported

as the meanxSD of two independent experiments.

Table S2.Cell proliferation results in various cancer cell lines. Values shown correspond to the ICso (M) £ SD of at least two independent experiments.

Cell line Compound 1 Compound 3 Compound 4 Compound 11 Compound 12 Compound 14  Etoposide
DU145 15.1+5.5 17.917.4 11.1£6.5 10.516.0 8.8t1.5 11.5+1.3 0.5£0.2
A549 19.4+1.8 23.3+2.3 17.810.6 22.9+6.5 18.0£0.1 17.1+8.7 24420
Hela 17.0£1.9 17.1£3.2 21.8+4.6 20.8+4.5 17.2+2.6 38.249.1 1.2+0.4
MCF7 13.9£2.3 14.2+2.5 16.2+2.6 16.01£0.5 15.8+1.4 15.8+1.3 8.9+1.6
A375 9.9+0.1 10.7£0.1 10.8+0.1 12.3+1.8 15.1+4.8 12.6+0.7 0.5£0.1
G361 1.410.4 1.6£0.5 1.81£0.6 3.0£0.7 6.6+3.1 8.1£2.9 3.84£3.0

C. Immunodetection of H2AX phosphorylation

HelLa cells were seeded in 6 well plates at a density of 0.5 108 cells/well and the following day were treated with etoposide, compound
ARN21394 or DMSO as control for 90 minutes. The concentration of etoposide and compound 14 were 2.5 and 10 yM, respectively
(IC50 concentration). After exposure to the compounds, media was removed and the cells were quickly washed with cold PBS,
detached, pelleted by centrifugation, frozen immediately and stored at - 80°C. Proteins were extracted using RIPA buffer including
protease and phosphatases inhibitors and protein concentration was measured using the Bradford assay (BioRad). 30ug protein were
then separated by electrophoresis using NUPAGE 4-12% precast gels (Invitrogen) and transferred into nitrocellulose membranes.
After blocking for 1 hour with 5% milk in 20 mMTrisHCI pH 7.6 buffer containing 150 mMNaCl and 0.1 % Tween 20 (TBST), primary
antibodies (anti-phospho-H2AX antibody (Ser139) at 1:1000 dilution; Cell Signaling Technology, #9718S; anti-GAPDH at 1:2500
dilution; Sigma) were applied and incubated overnight at 4 °C. Membranes were then washed several times in TBST and incubated
with secondary antibodies conjugated to HRP for 1 hour at room temperature. LightaBlot® Extend chemiluminescent substrate

(Euroclone) was applied and images were obtained using an ImageQuant LAS-4000 (Fujitsu) apparatus.
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Figure S1. Hela cells were treated for 90 minutes with the indicated topoll inhibitors at their ICso concentration or with DMSO (control
vehicle). After exposure, assessment of H2AX phosphorylation as a reporter of DNA damage was performed by immunodetection
using anti-phospho-H2AX antibody (Ser139) (Cell Signaling Technology, #9718S). GAPDH was used as control for equal protein
loading. Numbers on the left indicate MW (KDa). Clear increase of the phosphorylated form of H2AX indicative of DNA damage by

topoll blockade is only visible with etoposide.

S4. Additional Molecular Biology

A. Topoisomerase inhibition

0.125 pg of pBR322 (Inspiralis) were incubated with increasing concentrations (0.5-200 uM) of tested compounds for 1 hour at
37 °C in the presence/absence of 1 U of human topoisomerase lla (Inspiralis) in the required buffer (1X). Reaction products were
resolved on a 1 % agarose gel prepared in 1X TAE (10 mM Tris 1 mM EDTA, 0.1 % acetic acid, pH 8.0). After the electrophoretic run
(5 Vicm for about 90 min) the DNA bands were visualized by ethidium bromide staining, photographed and quantified using a Geliance
2000 apparatus.

Table S3. Topoisomerase lla inhibition

Compound ICs0 (UM) Compound ICs0 (UM) Compound ICs0 (UM)
1 160 + 20 6 not active 11 170 £ 15
2 not active 7 not active 12 not active
3 160 = 20 8 not active 13 not active
4 160 + 20 9 not active 14 2+05

5 200+ 15 10 220+ 30

B. Topoll inhibition mechanism characterization of compound 14

Materials

Recombinant wild-type human topoisomerase lla (topolla) and topoisomerase |1 (topollB) were expressed in Saccharomyces
cerevisiae JEL-1Atop1 and purified as described previously.”® The enzymes were stored at -80 °C as 1.5 mg/mL stocks in 50 mM
Tris-HCI, pH 7.9, 0.1 mM NaEDTA, 750 mM KCI, and 40% glycerol. Negatively supercoiled pBR322 DNA was prepared from
Escherichia coli using a Plasmid Mega Kit (Qiagen) as described by the manufacturer and exonuclease treated to remove any
chromosomal DNA contaminants from the plasmid. Analytical grade etoposide and ethidium bromide were purchased from Sigma-
Aldrich. [y*?P]JATP (3000 Ci/mmol stock) was purchased from Perkin Elmer. Compound 14 was stored at -20 °C as a 20 mM solution

in dimethyl sulfoxide.
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DNA Relaxation

DNA relaxation reactions were carried out using the procedure of Fortune and Osheroff.? Reaction mixtures contained 5 nM negatively
supercoiled pBR322 DNA, 3 nM human topolla or 4 nM topollB, 1 mM ATP and 0-200 yM compound 14 in a total of 20 uL of 10 mM
Tris-HCI, pH 7.9, 5 mM MgClz, 175 mM KCI, 0.1 mM NaEDTA, and 2.5% (v/v) glycerol. Mixtures were incubated at 37 °C for 4 min.
Reactions were stopped by the addition of 3 uL of 0.77% SDS-77 mM NaEDTA, pH 8.0. Samples were mixed with 2 pL of agarose
loading dye [60% sucrose (w/v), 10 mM Tris-HCI, pH 7.9, 0.5% bromophenol blue, 0.5% xylene cyanol], heated for 2 min at 45 °C,
and subjected to electrophoresis in a 1% agarose gel in 100 mM Tris-borate, pH 8.3, and 2 mM EDTA. Gels were stained for 30 min
using 1.0 pg/mL ethidium bromide and rinsed in deionized water. DNA bands were visualized by medium wave UV light and quantified

using an Alpha Innotech digital imaging system. DNA Relaxation was monitored by the loss of supercoiled plasmid molecules.

DNA Cleavage

DNA cleavage reactions were performed using the procedure of Fortune and Osheroff.® Reaction mixtures contained 10 nM negatively
supercoiled pBR322 DNA and 150 nM human topolla in a final volume of 20 pL of cleavage buffer [10 mM Tris-HCI, pH 7.9, 5 mM
MgClz, 100 mM KCI, 0.1 mM NaEDTA, and 2.5% (v/v) glycerol] containing 0-200 uM compound 14. Reactions were incubated for 6
min at 37 °C and enzyme-DNA cleavage complexes were trapped by the addition of 2 pL of 4% SDS followed by 2 pL of 250 mM
NaEDTA, pH 8.0. Proteinase K (2 pL of a 0.8 mg/mL solution) was added, and samples were incubated for 30 min at 45 °C to digest
the enzyme. Samples were mixed with 2 pL of agarose loading dye, heated for 2 min at 45 °C, and subjected to electrophoresis in a
1% agarose gel in 40 mM Tris-acetate, pH 8.3, and 2 mM EDTA containing 0.5 pg/mL ethidium bromide. DNA bands were visualized

and quantified as described above. DNA cleavage was monitored by the conversion of supercoiled plasmid to linear molecules.

DNA Intercalation

DNA intercalation was carried out using the protocol of Fortune et al.® Calf thymus DNA topoisomerase | (Invitrogen, 0.5 U) and 5 mM
of relaxed pBR322 were incubated in 10 mM Tris-HCI, pH 7.5, 10 mM KCI, 2 mM MgClz, 0.02 mM EDTA, 0.1 mM dithiothreitol, 6
pg/mL bovine serum albumin. Assays were carried out in the presence of 0-25 yM compound 14. Mixtures were incubated for 15 min
at 37 °C. Reactions containing 10 uM ethidium bromide (a well-characterized intercalator), or 100 M etoposide (a non-intercalative
topoisomerase Il poison) were used as positive or negative controls, respectively. Samples were extracted using 20 pL of
phenol:chloroform:isoamyl alcohol (25:24:1), and the aqueous layer was mixed with 2 uL of agarose loading dye and heated for 5 min
at 45 °C. Reactions were stopped by the addition of 3 pL of 0.77% SDS-77 mM NaEDTA, pH 8.0. Samples were mixed with 2 L of
agarose loading dye, heated for 2 min at 45 °C, and subjected to electrophoresis in a 1% agarose gel in 100 mM Tris-borate, pH 8.3,
and 2 mM EDTA. Gels were stained for 30 min using 1.0 yg/mL ethidium bromide and rinsed in deionized water. DNA bands were
visualized and quantified as described above. DNA intercalation was monitored by the conversion of relaxed to supercoiled plasmid

molecules.

ATP hydrolysis

ATPase assays were performed as described by Osheroff et al.” Reaction mixtures contained 30 nM human topolla, 1 mM [y*2P]ATP,
and 0-25 yM compound 14 in a total of 20 pL of cleavage buffer. Some assays were carried out in the presence of 5 nM negatively
supercoiled pB322 DNA. Reactions were initiated by the addition of topolla. and mixtures were incubated at 37 °C for 8 min. Samples
(2.0 pL) were removed and spotted on to polyethyleneimine-impregnated thin layer cellulose chromatography plates. Plates were
developed by chromatography in freshly prepared 400 mM NHsHCOs3, and released 2P was visualized and quantified using a Bio-Rad

Pharos FX Plus Molecular Imager.
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Figure S2. Inhibition of DNA relaxation by compound 14. Ethidium bromide-strained agarose gels are shown for DNA relaxation
catalyzed by human topolla (top gel) or topollB (bottom gel). A negatively supercoiled DNA control (DNA) is included. The positions of
nicked and supercoiled DNA are indicated. Relaxed DNA bands display an electrophoretic mobility between the nicked (more relaxed)
and supercoiled (less relaxed) bands. Gels are representative of at least three independent experiments. Whereas the 1Cso of 14 for

DNA relaxation catalyzed by topolla is <1 uM, that for DNA relaxation by topollf exceeds 100 uM.
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Figure S3. Compound 14 does not intercalate into DNA in the concentration range in which it inhibits topolla. A topoisomerase |I-DNA
unwinding assay was used to monitor intercalation. An ethidium bromide-strained agarose gel is shown. A relaxed DNA control (DNA)
is included. The positions of nicked and supercoiled DNA are indicated. Relaxed DNA bands display an electrophoretic mobility
between the nicked (more relaxed) and supercoiled (less relaxed) bands. Intercalation is indicated by the shift in the position of the
plasmid from relaxed to negatively supercoiled. The effects of 10 pM ethidium bromide (EtBr, a strong intercalator) and 100 yM
etoposide (a non-intercalator) on the DNA unwinding assay are shown as controls. The gel is representative of at least three

independent experiments.
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Figure S4. Compound 14 does not induce DNA cleavage mediated by human topolla. An ethidium bromide-strained agarose gel is
shown. A negatively supercoiled DNA control (DNA) is included. The positions of nicked, linear, and supercoiled DNA are indicated.
Single- and double-stranded DNA cleavage are indicated by the conversion of supercoiled to nicked and linear DNA respectively. The
effects of 50 uM etoposide (a topoisomerase Il poison) on DNA cleavage mediated by topolla are shown as a positive control. The gel

is representative of at least three independent experiments.
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Figure S5. Effects of compound 14 on ATP hydrolysis catalyzed by human topolla. Results for reactions carried out in the absence
or presence of negatively supercoiled DNA are shown as empty or filled circles, respectively. Note that rates of ATP hydrolysis are
higher in the presence of negatively supercoiled DNA.7 ATPase activity determined in the presence of DNA and the absence of 14

was set to 100%. Error bars represent standard error of the mean for two independent experiments.
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$5. Virtual screening

The Small Molecule Drug Discovery Suite 2016-1 (Schrédinger LLC)[1] was used for docking calculations. Human Topoll enzyme
(PBDid: 4FM9, 2.9 A resolution)[2] was prepared for docking calculation by using Protein Preparation Wizard routine embedded in the
Schrédinger suite. Side-chain orientation and protonation states were assigned at pH 7 using PROPKA[3] in Epik v3.5. Small molecules
were drawn with Maestro v10.5 and their protonation states assigned at pH 7.0 £ 2 in Epik. Conformers were assigned using LigPrep
with the OPLS force field v3.[4] Docking was performed as follows: i) side chain rotamers in metal-centered Topoll-a active site were
optimized with induced-fit docking,[5] ii) the Standard Precision[6] scoring function was used for the first docking stage followed by an
iii) additional refinement run now using a more accurate XP[7] function. Next, iv) small molecules were docked into Topoll-alpha
metal-core allowing for small molecule flexibility while keeping the protein rigid to obtain a maximum of 10 optimal binding poses. Along
the whole process, a fixed docking-box (7 x 7 x 9 A3) centered on the Topoll binding site was considered for computations. Glide
XP scoring function was employed, and the strain energy was included in the final docking score. Planarity of aromatic groups was
enforced. Top-10 poses were then rescored with the MM/GBSA protocol to allow side chain relaxation around the small molecule,
using the VSGB solvent model.[8] Final binding poses were selected based on a combination of visual inspection, chemical intuition,

and score.
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S.6 Docking calculations

Our virtual screening campaign led to the identification of hit compound 1. The virtual screening, which docked a library of molecules
into a human topoisomerase lla (topoll), suggested that compound 1 could bind stably to the cleaved complex. To compare this binding
mode with one of our lead compound 14 (ARN-21934), we used rigid-receptor docking calculations, starting from the PDB entry 5GWK
(poisoned cleavage complex bound to the drug etoposide'). Our simulations indicate that both compounds display a nearly identical
configuration when bound to the cleavage site of topoll (Figure S6). In this conformation, the ligands form a salt-bridge network
between their cationic amino group and the anionic backbone of the DNA and stack their T-conjugated rings onto the nitrogenous
bases of DNA (Figure S7A). Indeed, our docking simulations show that the protonated amine in ARN-21934 can form two simultaneous
salt bridges with the cleaved backbone of C.1 and T+1. The poisoned complex is further stabilized by the m-stacking of the ligands’
aromatic systems with the nitrogenous bases of C.1 and G'ss. Lastly, the binding is also promoted by favorable van der Waals
(dispersive) interactions with Arg487, Gly760, Met762, and Met766.

Based on our experimental results, we opted for studying alternative, potentially complementary binding modes. We considered
another mechanism commonly exploited by known inhibitors, i.e., ATP competitive binding at the N-terminal of the enzyme.? The ATP
gate of topoll was modeled starting from the PDB entry 1ZXM, where the binding site is occupied by phosphoaminophosphonic acid-

adenylate ester, a non-hydrolyzable analog of ATP.3 Importantly, topoll contains an Mg (Il) ion at the ATP binding site that stabilizes
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the ATP (and eventually ADP) in the pocket. To account for a transiently inactive form of the enzyme, we considered the receptor in
the presence (Figure S7B) and the absence (Figure S7C) of the metallic cofactor.

Our calculations on the N-terminal indicate that ARN-21934 can fit the ATP in different ways according to the presence/absence of the
cofactor, each mode being stabilized by specific interactions. In detail, when inhibitor ARN21934 binds to the ATPase domain in the
presence of Mg (ll) (Figure S7B), the pyridyl group forms a 1-cation interaction with the metal and an H-bond with Gly164, while a
weaker, aromatic H-bond bridges the N, N-dimethylaniline substituent with the backbone of Asp94. In this scenario, the positive charge
of the ligand is partly neutralized by vicinal electronegative atoms from Asn95 and Thr215. Interestingly, if the metallic cofactor is
absent (Figure S7C), the N, N-dimethylaniline substituent forms a 1r-cation pair with Arg98 at the same time as it attracts Asp94 and
Ser149 through weaker H-bond interactions. In this alternative binding mode, the charged amino group forms two H-bonds with Asn91
and Asn120 residues. In sum, docking calculations on the DNA cleaved complex and the ATP binding site suggest that the lead
compound ARN-21934 could inhibit the action of topoll by multiple, complementary binding modes enabled at different stages of the
enzyme’s catalytic cycle.

Methods. The native ligand was removed from all the crystal structures. The receptors were prepared with the Protein Preparation
Wizard* routine embedded in Maestro-v11.8.5 Missing sidechains and loops were completed with Prime-v5.4,° the protonation state
of the amino acids was determined with PROPKA? at a pH range of 7.0 + 2.0, and the receptor was minimized using the OPLS3 force
field.® In parallel, the hit compound 1 and ARN-21934 was processed with Epik-v4.6, generating all possible tautomers and ionization
states at a pH of 7.0 + 2.0.° We then docked the different protonation states of the ligands into the receptor using Glide-v8.1.1%"2 In
the docking setup, we i) employed the extra precision (XP) scoring function, ii) rewarded the planarity of conjugated 1 groups, iii)
sampled nitrogen inversions, iv) added an energy term to account for aromatic hydrogen bonds (H-bonds), and v) wrote out a maximum

of 15 poses. All other parameters were set to their default values.

Hit compound
ARN-21934

Figure S6. Superposition of the hit compound 1 (blue) and the lead compound ARN-21934 (orange) when bound to the cleaved
complex of human topoisomerase Ila. Both molecules display nearly identical binding modes stabilized by 1-stacking interactions with
nitrogenous bases and an H-bond network with the backbone of the cleaved DNA. The receptor’s (i.e., protein and DNA) carbons are

shown in light pink.
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Figure S7. Binding modes from docking calculations for ARN-21034 into topoll. A) The inhibitor bound to the DNA cleaved complex

through H-bonds with the backbone of C.1 and T+ and m-stacking interactions with the nitrogenous bases of C.1 and G'+s. B) The

inhibitor in the ATP binding site of the ATP gate in the presence of Mg (ll). The binding is stabilized by t-ion interactions with the metal
cofactor, H-bonds with Gly164/Asp94, and electrostatic pairing with Asn95/Thr215. C) The inhibitor in the ATP binding site when the

metallic cofactor is absent. In this case, the binding is favored by a m-ion pairing with Arg98 and H-bonds with

Asn91/Asp94/Asn120/Ser149. The protein is colored in cyan, DNA in red, the magnesium cofactor in purple, and ARN-21934 in orange.
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S7. In vitro physicochemical and metabolic stability assay

A. Aqueous kinetic solubility assay.

The aqueous kinetic solubility was determined from a 10 mM DMSO stock solution of test compound in Phosphate Buffered Saline
(PBS) at pH 7.4. The study was performed by incubation of an aliquot of 10 mM DMSO stock solution in PBS (pH 7.4) at a target
concentration of 250 pM (2.5% DMSO). The incubation was carried out under shaking at 25°C for 24 h followed by centrifugation at
21,100 x g for 30 min. The supernatant was further diluted (4:1) with CH3sCN and analyzed by UPLC/MS for the quantification of
dissolved compound (in yM) by UV at a specific wavelength (215 nm). The aqueous kinetic solubility (in uM) was calculated by dividing
the peak area of the dissolved test compound (supernatant) by the peak area of the test compound in the reference (250uM in CH3CN)
and further multiplied by the target concentration and dilution factor. The UPLC/MS analyses were performed on a Waters ACQUITY
UPLC/MS system consisting of a single quadrupole detector (SQD) Mass Spectrometer (MS) equipped with an Electrospray lonization
(ESI) interface and a Photodiode Array Detector (PDA). The PDA range was 210-400 nm. ESI in positive mode was used in the mass
scan range 100-650 Da. The analyses were run on an ACQUITY UPLC BEH C18 column (50x2.1 mm ID, particle size 1.7 ym) with a
VanGuard BEH C18 pre-column (5x2.1 mm ID, particle size 1.7 pm), using 10 mM NH4OAc in H20 at pH 5 adjusted with AcOH (A)

and 10 mM NH4OAc in ACN-H20 (95:5) at pH 5 (B) as mobile phase. Values are reported as mean values of 22 experiments performed.

B. In vitro mouse plasma stability study.

Freshly prepared 10 mM DMSO stock solution of test compound was diluted 50-fold with DMSO-H20 (1:1) and incubated at 37°C for
2 h with mouse plasma added 5% DMSO (pre-heated at 37°C for 10 min). The final concentration was 2 yM. At each time point (0, 5,
15, 30, 60, 120 min), 50 yL of incubation mixture was diluted with 150 pL of cold CH3CN spiked with 200 nM of internal standard,
followed by centrifugation at 3,300 x g for 20 min. The supernatant was further diluted with H20 (1:1) for analysis. The concentration
of test compound was quantified by LC/MS-MS on a Waters ACQUITY UPLC/MS TQD system consisting of a TQD (triple quadrupole
detector) MS equipped with an ESI interface. The analyses were run on an ACQUITY UPLC BEH C18 (50 x 2.1 mm ID, particle size
1.7 ym) with a VanGuard BEH C18 pre-column (5 x 2.1 mm ID, particle size 1.7 ym) at 40°C. For each compound the appropriate
mobile phase was chosen. ESI was applied in positive mode. Compound-dependent parameters as MRM transitions and collision
energy were developed for each compound. The percentage of test compound remaining at each time point relative to t=0 was
calculated by the response factor on the basis of the internal standard peak area. The percentage of test compound versus time was
plotted and fitted by GraphPad Prism (GraphPad Software, Version 5 for Windows, CA, USA, www.graphpad.com) to estimate the
compounds half-life (t.) which was reported as mean value along with the standard deviationof at least two independent experiments,

performed in two technical replicates.

C. In vitro mouse microsomal stability study.

Freshly prepared 10 mM DMSO stock solution of test compound was pre-incubated at 37°C for 15 min with mouse liver microsomes
added 0.1M Tris-HCI buffer (pH 7.4) with 10% DMSO. The final concentration was 4.6 uM. After pre-incubation, the cofactors (NADPH,
G6P, G6PDH and MgClz pre-dissolved in 0.1M Tris-HCI) were added to the incubation mixture and the incubation was continued at
37°C for 1 h. At each time point (0, 5, 15, 30, 60 min), 30 pL of incubation mixture was diluted with 200 uL of cold CH3sCN spiked with
200 nM of internal standard, followed by centrifugation at 3,300 x g for 15 min. The supernatant was further diluted with H20 (1:1) for
analysis. The concentration of test compound was quantified by LC/MS-MS on a Waters ACQUITY UPLC/MS TQD system consisting
of a TQD (triple quadrupole detector) MS equipped with an ESl interface. The analyses were run on an ACQUITY UPLC BEH C18 (50
x 2.1 mm ID, particle size 1.7 pm) with a VanGuard BEH C18 pre-column (5 x 2.1 mm ID, particle size 1.7 uym) at 40 °C. For each
compound the appropriate mobile phase was chosen. ESI was applied in positive mode. Compound-dependent parameters as MRM
transitions and collision energy were developed for each compound. The percentage of test compound remaining at each time point
relative to t=0 was calculated by the response factor on the basis of the internal standard peak area. The percentage of test compound

versus time was plotted and fitted by GraphPad Prism (GraphPad Software, Version 5 for Windows, CA, USA, www.graphpad.com)
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to estimate the compounds half-life (t:z) which was reported as mean value along with the standard deviation of at least two independent

experiments, performed in two technical replicates.

Accurate Mass Measurements

Accurate mass measurements were performed on a Waters Synapt G2 Q-ToF Mass Spectrometer equipped with an Electrospray
lonization interface and coupled to a Waters ACQUITY UPLC. Leucine Enkephalin (2ng/mL) was used as lock mass reference
compound for spectral recalibration. The analyses were run on an ACQUITY UPLC BEH C18 column (50x2.1mmID, particle size
1.7um), using H20 + 0.1% HCOOH (A) and CH3CN + 0.1% HCOOH as mobile phase.

Table S4. In vitro physicochemical and metabolic stability assays.

Compound 1 5 10 11 14
Kinetic aqueous solubility (uM) 1268 240+13 >250 >250 >250
Mouse plasma stability (t’2 min) >120 >120 >120 >120 >120
Mouse micros. stability (t/2 min) >60 n.a. n.a. n.a. >60

n.a. data not available

S43



S8. Off target Activity performed at Eurofin (Safety47TM Panel)
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S9. Pharmacokinetic studies

C57B6/J male mice, 8 weeks old were used (Charles River, Calco). All procedures were performed in accordance with the Ethical
Guidelines of European Communities Council (Directive 2010/63/EU of 22 September 2010) and accepted by the Italian Ministry of
Health. All efforts were made to minimize animal suffering and to use the minimal number of animals required to produce reliable
results, according to the “3Rs rules”. Animals were group-housed in ventilated cages and had free access to food and water. They
were maintained under a 12-hour light/dark cycle (lights on at 8:00 am) at controlled temperature (21°C + 1°C) and relative humidity
(55% = 10%).

The compound was administered by a single intraperitoneal injection (i.p.) at 10 mg/kg dose. Vehicle was: PEG400/Tween 80/Saline
solution (10/10/80 % in volume respectively). Three animals per dose were treated. Blood samples at 0, 15, 30, 60, 120, 240, and 360
min after administration were collected. Plasma was separated from blood by centrifugation for 15 min at 3500 rpm a 4°C, collected
in a eppendorf tube and frozen (-80°C). Brain samples were homogenized in RIPA buffer (150 mM NaCl, 1.0% Triton X-100, 0.5%
sodium deoxycholate, 0.1% sodium dodecyl sulfate, 50 mM Tris, pH 8.0)and were then split in two aliquots kept at -80 °C until analysis.
An aliquot was used for compound brain level evaluations, following the same procedure described below for plasma samples. The
second aliquot was kept for determination of protein concentration by BCA assay. Control animals treated with vehicle only were also

included in the experimental protocol.

Plasma samples were centrifuged at 21.100g for 15min at 4°C. A 50ul aliquot was transferred into a 96-Deep Well plate and 150pl of
extraction solution was added. The extraction solution was consisting of cold CH3CN spiked with 200nM of internal standard. The plate
was centrifuged at 21.100g for 15min at 4°C. 80ul of supernatant was then transferred into a 96-Deep Well plate and 80ul of H20 was
added. A reference standard of the compound was spiked in naive mouse plasma to prepare a calibration curve over a 1nM — 10uM
range. Three quality control samples were prepared by spiking the compound in blank mouse plasma to the final concentrations of 20,
200 and 2000nM. Calibrators and quality controls were extracted with the same extraction solution used for the plasma samples. The
samples were analysed on a Waters ACQUITY UPLC/MS TQD system (Waters Inc. Milford, USA) consisting of a TQD (Triple
Quadrupole Detector) Mass Spectrometer equipped with an Electrospray lonization interface and a Photodiode Array eA Detector. The
analyses were run on an ACQUITY UPLC BEH C18 (50x2.1mmlID, particle size 1.7um) with a VanGuard BEH C18 pre-column
(5x2.1mmID, particle size 1.7um) at 40°C. 0.1% HCOOH in H20 (A) and 0.1% HCOOH in CH3CN (B) were used as mobile phase with
a linear gradient from 50 to 100%B in 2min. with the flow rate set to 0.5mL/min. Electrospray ionization was applied in positive mode.

Plasma levels of the parent compound was quantified by monitoring the MRM peak areas.

Pharmacokinetic measurements

Plasma and homogenized brain samples were centrifuged at 21.100 x g for 20min at 4°C. An aliquot of each sample was extracted
(1:3) with cold CH3CN containing 200nM of ARN21646 as internal standard being a close analogue of compound 14 (ARN21934). A
calibration curve was prepared in both blank mouse plasma and in centrifugated naive brain homogenate over a 1nM — 10uM range.
Three quality control samples were prepared by spiking the parent compound in both blank mouse plasma and centrifugated naive
brain homogenate to 20, 200 and 2000 nM as final concentrations. The calibrators and quality control samples were extracted (1:3)
with the same extraction solution as the plasma and brain samples. The plasma and brain samples, calibrators and quality control
samples were centrifuged at 3.270 x g for 15min at 4°C. The supernatants were further diluted (1:1) with H20 + 0.1% HCOOH + 0.1%
Heptafluorobutyric acid, and analyzed by LC/MS-MS on a Waters ACQUITY UPLC/MS TQD system consisting of a Triple Quadrupole
Detector (TQD) Mass Spectrometer equipped with an Electrospray lonization interface and a Photodiode Array e\ Detector.
Electrospray ionization was applied in positive mode. Compound-dependent parameters as MRM transitions and collision energy were
developed for the parent compound and the internal standard. The analyses were run on an ACQUITY UPLC BEH C18 (100x2.1mmID,
particle size 1.7um) with a VanGuard BEH C18 pre-column (5x2.1mmiID, particle size 1.7um) at 45°C, using H20 + 0.1% HCOOH +
0.1% 0.1% Heptafluorobutyric acid (A) and CHsCN + 0.1% HCOOH + 0.1% Heptafluorobutyric acid (B) as mobile phase at 0.5 mL/min.
A linear gradient was applied starting at 5%B with an initial hold for 1min, then 5-100 % B in 4.5 min, followed by a hold for 0.5 min at
100 % B. All samples (plasma and brain samples, calibrators and quality controls) were quantified by MRM peak area response factor

in order to determine the levels of the parent compound in both plasma and brain. The plasma concentrations and total amount of
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compound in brain versus time were plotted and the profiles were fitted using PK Solutions Excel Application (Summit Research

Service, USA) in order to determine the pharmacokinetic parameters.

Table S5. Pharmacokinetic parameters. Study in mouse plasma. Strain: C57B6/J. Way of administration: |.P. Dose: 10 mg/Kg

Parameter Value Unit Parameter Value Unit
Cmax (obs) 0.68 ng/mL t% (calc) 149 min
Tmax (obs) 15 min VD (calc) 24.9 L/kg
AUC (calc) 731 pg-min/mL CL (calc) 0.12 L/min/kg

(obs) observed. (calc) calculated

A. Plasma PK profile

Table S6. Pharmacokinetic study in mouse plasma. Strain: C57B6/J. Route of administration: I.P. Dose: 10 mg/Kg

Time Point Conc.
Sample ID

min nM ng/mL Average STD STD (%)
1 (Vehicle) 0,0 0

0 2 (Vehicle) 0,0 0 0 0 -
3 (Vehicle) 0,0 0
4 1901,1 685

15 5 1913,5 690 682 9 1
6 1863,3 672
7 1512,5 545

30 8 1652,6 596 575 26 5
9 1620,5 584
10 9924 358

60 11 1054,4 380 350 34 10
12 870,1 314
13 457 165

120 14 554,3 200 187 19 10
15 544,3 196
16 337 121

240 17 280,7 101 114 11 10
18 330,9 119
19 2141 77

360 20 146,1 53 61 14 22
21 150,5 54
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Figure S8. Pharmacokinetic profile of compound 14 (ARN21934) in mouse plasma. Strain: C57B6/J. Route of administration: I.P.
Dose: 10 mg/Kg
B. Brain profile

Table S7. Pharmacokinetic study in mouse Brain. Strain: C57B6/J. Route of administration: I.P. Dose: 10
mg/Kg

Time Point Conc. Protein Conc.* Total Amount
Sample ID

min nM ng/mL mg/mL ng/mg Protein Average STD  STD (%)
1 (Vehicle) 0,0 0,0 10,5 0,0

0 2 (Vehicle) 0,0 0,0 12,3 0,0 0,0 0,0 -
3 (Vehicle) 0,0 0,0 10,6 0,0
4 40,7 14,7 10,8 1,4

15 5 20,7 75 10,7 0,7 0,9 0,4 45
6 20,4 7.4 1,7 0,6
7 21,8 79 11,2 0,7

30 8 23,1 8,3 11,0 0,8 0,8 0,2 24
9 34,1 12,3 11,5 1,1
10 27,6 9,9 10,2 1,0

60 11 48,1 17,3 11,4 1,5 1,2 0,3 28
12 29,1 10,5 11,0 1,0
13 35,3 12,7 11,6 1,1

120 14 45,4 16,4 12,1 1,4 1,1 0,3 29
15 25,2 9,1 12,4 0,7
16 39,2 14,1 1,7 1,2

240 17 31,7 11,4 9,9 1,2 1,1 0,2 19
18 25,4 9,2 11,0 0,8
19 29,4 10,6 11,5 0,9

360 20 15,4 5,6 12,0 0,5 0,7 0,2 35
21 20,0 7,2 11,5 0,6

*Normalized by Protein Conc.
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Figure S9 Pharmacokinetic profile of compound 14 (ARN21934) in mouse barin. Strain: C57B6/J. Route of administration: I.P. Dose:
10 mg/Kg
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