Comprehensive characterization of the neurogenic
and neuroprotective action of a novel TrkB agonist

using mouse and human stem cell models

SUPPLEMENTARY DATA

Supplementary Methods

Molecular modelling

The crystal structure of the complex of the TrkB immunoglobulin-like domain 5 (D5)
homodimer with the mature neurotrophin-4/5 (NT-4/5) homodimer (PDB ID: 1HCF)'
was used for modeling studies. The first three residues of the TrkB-D5 are cloning
artefacts and thus they were mutated to the wild-type sequence. The structure of NT-
4/5 has the following missing residues: Asn 145 — Gly 150 and Gly 207 — Ala 210 in
chain A and Gly 81 — Glu 84, Asn 145, Arg 209 and Ala 210 in chain B (residue
numbers correspond to the UniProt sequence of human NT-4/5, UniProt code:
P34130). The missing residues were built with the AutoModel class of MODELLER
v.9.232. The linker corresponding to residues Asn 145 — Gly 150 was built using the
structure of human NT-4/5 from PDB ID: 1B983 as a template. The final model was
prepared with the Protein Preparation Wizard*® of Schrodinger Suite v.2020.
Specifically, bond orders were assigned, hydrogens were added, disulfide bonds were
created, protonation states were assigned at pH 7 with PROPKA® and optimization of
the H-bond network and restrained energy minimization using the OPLS3e force field”
with heavy atoms restricted to a maximum root mean squared deviation (RMSD) from
the initial structure of 0.3 A were performed. For the identification of possible binding
sites, the SiteMap tool®-'° of the Schrodinger Suite was used. From the predicted
binding sites, the corresponding sites 1a and 1b, previously described'' as the
possible binding sites of the TrkA agonist BNN27, were used for docking studies.
Compound ENT-A011 was built in Maestro'? and prepared with the LigPrep tool' of



the Schrddinger Suite. The compound was docked to the two symmetric sites 1b of
the TrkB - NT-4/5 complex using the standard precision (SP) protocol of the Glide
tool'#17 of the Schrodinger Suite. Grids were generated with Glide to describe the
physicochemical properties of the protein pockets. The hydroxyl groups of the serine,
threonine and tyrosine residues and the thiol groups of cysteine residues located
within the grid box that describes the binding sites were allowed to rotate during the
docking calculation in order to capture all possibilities for making hydrogen bonds with
the ligands. For site 1b, the Glide SP scores for the two compounds were about -3.5
kcal/mol, indicating modest binding affinity. For site 1a, which is narrower than site 1b,
ligand poses with favorable scores could not be obtained with rigid-body docking and
therefore, the Induced Fit Docking (IFD) tool'®2" of the Schrodinger Suite was used.
This utilizes Glide for docking and Prime?2~24 for protein remodeling, and resulted in
docking poses with scores of about -10.5 kcal/mol. In order to do a direct comparison
of the docking scores in the two sites, IFD calculations of ENT-A011 in site 1b were
also performed giving a docking score of -4.8 kcal/mol. The low scores for both SP
and IFD protocols in site 1b are likely due to the higher solvent accessibility of this site
compared to site 1a, which is less accessible and more buried at the interface of the
receptor with the neurotrophin. Graphical analysis of the docking poses was carried
out with VMD v.1.9.3%,

TrkB Docking

To gain a structural understanding of the interaction of ENT-A011 with the TrkB
receptor, we probed the binding mode of ENT-A011 to TrkB with molecular docking
studies. The results showed that ENT-AO011 can interact with TrkB similarly to the way
the previously identified TrkA agonists BNN27 and ENT-A013 interact with TrkA.
Specifically, ENT-A011 can bind in the two pockets (Figure S6) that exist at the
interface of the extracellular domain of the TrkB receptor with the neurotrophin and
can thus bridge the interactions between neurotrophin and receptor as a possible
mode of action. Further information about the computational results can be found in

the supplementary data.



Chemistry

Reactions were run in flame-dried glassware under an atmosphere of argon or
nitrogen. All solvents were dried and/or purified according to standard procedures prior
to use. Melting points were determined with an Electrothermal Digital Melting Point
Apparatus, Cole-Parlmer ET0001/Version 1.0, and were uncorrected. Optical rotations
were measured with a P3000 series polarimeter (Kriss Optronic, Hamburg,
Germany). NMR spectra were recorded on Varian spectrometers (Varian, Palo Alto,

CA, USA). The specific rotation [a]3° was calculated according to the formula [a]3° =

% . The concentration of the sample is expressed in g/mL. "H NMR spectra were

recorded at 300 MHz or 600 MHz, '*C NMR spectra were recorded at 75 MHz or 150
MHz and were internally referenced to residual solvent peaks. Chemical shifts are
reported in & units, parts per million (ppm) and coupling constants (J) are given in Hz.
Low-resolution mass spectra were recorded on a LC-MSn Fleet mass spectrometer
(Thermo Scientific,Waltham, MA, USA) using MeOH as solvent. High-resolution mass
spectra (HRMS) were recorded on UPLC-MSn Orbitrap Velos mass spectrometer
(Thermo Scientific). Flash column chromatography (FCC) was performed on silica gel
60 (230—400 mesh, Merck, Darmstadt, Germany) and thin-layer chromatography
(TLC) on pre-coated glass plates 60 F254 (0.2 mm, Merck). Spots were visualized
with UV light at 254 nm and phosphomolybdic acid stain (PMA, 10% in absolute
ethanol). The purity of ENT-A0O11 and ENT-A012 was determined by high-
performance liquid chromatography (HPLC) using Nucelosil 100-5 C18 HD column,
5um (4.6 x 250 mm), eluting with H20, 0.1% HCOOH — MeOH, 0.1% HCOOH gradient,
flow rate 1 mL/min, UV detection at A = 237 nm. Gradient information: 0.0 — 5.0 min
ramped from 5% H20, 0.1% HCOOH - 95% MeOH, 0.1% HCOOH to 100% MeOH,
0.1% HCOOH; 5.0 — 10.0 min held at 100% MeOH, 0.1% HCOOH; 10.0 — 25.0 min
returned to 5% H-20, 0.1% HCOOH - 95% MeOH, 0.1% HCOOH.

ENT-A011: tr= 6.32 min, purity = 99.09%. ENT-A012: tr = 6.32 min, purity = 98.47%.
(Supplementary Data, Figures S3 and S4).

Chemical Synthesis
The synthesis of ENT-A011 and ENT-A012 is reported in Scheme 1 (Supplementary
Data) and involves seven high-yielding steps starting from DHEA. Thus, Horner-

Wadsworth-Emmons reaction of DHEA with triethylphosphonoacetate using sodium



ethoxide (EtONa) as base gave the (E)-a,B-unsaturated ester 1 in 96% vyield 2627,
which was, in turn, reacted with tert-butyldimethylsilyl chloride (TBSCI) to afford the
tert-butyldimethylsilyl-protected alcohol 2 in 93% yield. Selective reduction of the ester
group in 2 using diisobutylaluminum hydride (DIBAL-H) gave the allylic alcohol 3 in
quantitative yield, which was subjected to a Simmons—Smith cyclopropanation
reaction in the presence of diiodomethane and diethylzinc to yield the (17S,20S)-
cyclopropyl derivative 4 in 60% vyield after purification?®2°. Compound 4 was
subsequently oxidized with Dess—Martin periodinane (DMP) in dichloromethane
(DCM) to afford the corresponding aldehyde 5 in 84% yield. Horner-Wadsworth-
Emmons reaction of aldehyde 5 with diethyl(cyanomethyl)phosphonate in the
presence of NaH afforded the a,B-unsaturated nitrile 6, as a mixture of E,Z
geometrical isomers 6-E and 6-Z in 60:40 ratio, respectively °. Compounds 6-E and
6-Z were easily separated by flash column chromatography (FCC) and were
deprotected separately using HF-Pyridine complex in dry CH2Cl to yield the final
compounds ENT-A011 and ENT-A012, respectively, in quantitative yield. The
geometry of the double bond in compounds ENT-A011 and ENT-A012 was confirmed
by the corresponding coupling constants of the two vinylic protons of the unsaturated
cyano functionality. In particular, in ENT-A011 they resonate at 5.31 ppm (d, J = 16.0
Hz, 1H) and 6.30 ppm (dd, J = 16.0, 10.2 Hz, 1H) and the coupling constant is equal
to 16.0 Hz indicating the frans stereochemistry of the double bond (Supplementary
Data, Figure S1). In addition, the cis stereochemistry in ENT-A012 is confirmed by the
coupling constant (J) of the two vinylic protons being equal to 10.8 Hz [5.19 ppm (d, J
=10.8 Hz, 1H) and 6.03 ppm (t, J = 10.8 Hz, 1H)] (Supplementary Data, Figure S2).

Synthesis of ENT-A011 and ENT-A012 Details

Synthesis of (E)-(3B-Hydroxy-5-androsten-17-ylidene) ethyl ester (1)

To a solution of DHEA (2.0 g, 6.94 mmol) and triethyl phosphonoacetate (15.46 mL,
77.9 mmol) in anhydrous tetrahydrofuran (THF)/absolute ethanol 1:1 (21.4/21.4 mL)
was added dropwise at 25 °C a solution of sodium ethoxide (EtONa) in absolute
ethanol (prepared from 1.59 g Na in 30 mL ethanol). The resulting mixture was
refluxed overnight. Subsequently, the reaction was cooled to 0 °C and was carefully

quenched with water and acidified using 10% aq. HCI until completion of formation of



a precipitate. The solid was filtered under reduced pressure, washed with water (30
mL x 3 times) and petroleum ether 40-60 °C (30 mL x 3 times), and air-dried. The
solid was dissolved in CH2Cl2 and the solution was dried over anhydrous Na>SO4 and
filtered. The filtrate was then evaporated under reduced pressure to afford compound
1 (2.39 g, 96% yield) as a pure white crystalline solid. The compound was used in the
next step without further purification. Mp: 178-180 °C; [a]3°= -78° (¢ = 0.006 g/mL,
CHCIs); Rr: 0.5 (petroleum ether 40-60 °C/acetone 80:20); "H NMR (600 MHz, CDCls):
0 0.84 (s, 3H), 1.03 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.31-2.34 (m, 18H),
2.78-2.90 (m, 2H), 3.48-3.57 (m, 1H, 3a-H), 4.15 (q, J = 7.1 Hz, 2H, OCH2CH3), 5.36
(d, J=5.0 Hz, 1H, 6-H), 5.55 (bs, 1H, 20-H); *C NMR (150 MHz, CDCls): 6 14.5, 18.4,
19.6, 21.1, 24.6, 30.6, 31.7, 31.8, 35.3, 36.8, 37.4, 42.4, 46.2, 50.4, 54.0, 59.7, 71.7,
71.8, 108.8, 121.5, 140.9, 167.6, 176.3; APCI-HRMS: m/z calculated for [M+H]*
C23H3503 359.2581, found 359.2579.

Synthesis of (E)-[3B-(t-butyldimethylsilyloxy)-5-androsten-17-ylidene] ethyl ester (2)
To a solution of compound 1 (2.25 g, 6.28 mmol) in anhydrous THF (20 mL) imidazole
(1.33 g, 19.5 mmol) and iodine (4.76 g, 37.5 mmol) were added at 0 °C and the mixture
was stirred at 0 °C for 30 min. Subsequently, tert-butyldimethylsilyl chloride (1.05 g,
6.67 mmol) was added and the resulting mixture was stirred at 25 °C overnight. After
completion of the reaction, the solvent was evaporated in vacuo and the residue was
diluted and extracted using ethyl acetate (EtOAc). The organic layer was washed
using sat. aq. Na>S20s, brine and dried over anhydrous Na>SOs. The solvent was
removed in vacuo and the residue was purified by FCC (elution solvent: petroleum
ether 40—60 °C/ethyl acetate 95:5) to afford compound 2 as a white solid (2.36 g, 93%
yield). Mp: 100-102 °C; [a]3°= -50° (c= 0.0056 g/mL, CHCIs); R« 0.86 (petroleum
ether 40-60 °C/EtOAc 80:20); '"H NMR (600 MHz, CDCIs): & 0.05 (s, 6H, Si(CHa)2),
0.83 (s, 3H), 0.89 (s, 9H, C(CHa)3), 1.02 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H, OCH2>CH5),
1.32-2.31 (m, 17H), 2.79-2.89 (m, 2H) 3.42-3.54 (m, 1H, 3a-H), 4.15 (q, J = 7.1 Hz,
2H, OCH2CHs3), 5.33 (d, J = 5.3 Hz, 1H, 6-H), 5.54 (t, J = 2.3 Hz, 1H, 20-H); '3C NMR
(75 MHz, CDCl3): 6-4.3,14.5,18.4, 19.6, 21.1, 24.6, 26.1, 30.6, 31.7, 31.8, 32.2, 35 .4,
36.8,37.5,42.9,46.2,50.5, 54.0, 59.7, 72.7, 108.8, 120.9, 141.8, 167.6, 176.4; APCI-
HRMS: m/z calculated for C29H4903Si [M+H]* 473.3445, found 473.3443.



Synthesis of (E)-3B-(t-butyldimethylsilyloxy)-pregna-5,17(20)-dien-21-ol (3)

To a solution of compound 2 (2.20 g, 4.65 mmol) in anhydrous THF (94 mL) was added
dropwise at -78 °C diisobutylaluminum hydride (DIBAL-H) [(1.0 M in hexane), 18.7
mL, 18.7 mmol]. The reaction mixture was stirred at —=78 °C for 2.5 h and at 25 °C for
an additional 1 h. After completion of the reaction, saturated aqueous NH4ClI (40 mL)
was added at 0 °C and the solvent was evaporated in vacuo. EtOAc (30 mL) was
added to the residue and the organic layer was washed using 10% aq. HCI (20 mL)
and brine (40 mL), dried over anhydrous Na>SO4 and filtered. The filtrate was then
evaporated under reduced pressure to afford compound 3 as a white pure crystalline
solid (2.0 g, quantitative yield). Compound 3 was used in the next step without further
purification. Mp: 129-131 °C; [a]3°= -39° (¢ = 0.0054 g/mL, CHCIs); Rs 0.46,
(petroleum ether 40—60 °C/EtOAc 80:20); '"H NMR (600 MHz, CDCIs): 6 0.06 (s, 6H,
Si(CHs)2), 0.78 (s, 3H), 0.89 (s, 9H, C(CHs)s), 1.02 (s, 3H), 1.19-2.43 (m, 18H), 3.43—
3.53 (m, 1H, 3a-H), 4.09 (dd, J = 12.2, 6.7 Hz, 1H, 21-H), 4.15 (dd, J = 12.2, 6.7 Hz,
1H, 21-H) 5.25 (t, J = 6.7 Hz, 1H, 20-H), 5.32 (d, J = 5.1 Hz, 1H, 6-H); 3C NMR (75
MHz, CDCl3): 6 -4.4, 14.3, 18.4, 18.7, 19.6, 21.1, 21.2, 24.5, 26.1, 26.3, 31.8, 31.9,
32.2,35.8,36.9,37.5,42.9,44.0,50.7,72.7,115.7, 121.0, 141.8, 155.9; APCI-HRMS:
m/z calculated for C21H310 [(M-TBS-H20)+H]* 299.2369, found 299.2367.

Synthesis of (17S,20S)-3B-(t-butyldimethylsilyloxy)-17,20-methan-5-pregnene-21-ol
(4)

To a solution of compound 3 (1.8 g, 4.17 mmol) in anhydrous toluene (33.6 mL) was
added at 25 °C diiodomethane (CH2l2) (1.8 mL, 21.6 mmol). The reaction mixture was
then cooled to =78 °C and a solution of diethylzinc (0.9 M in hexane, 24 mL, 21.6
mmol) was added. The reaction mixture was then stirred at 25 °C for 2 h. After
completion of the reaction (monitored by '"H NMR), the reaction mixture was quenched
using 10% aqueous HCI at 0 °C until pH 5.5, followed by extraction using EtOAc (30
mL x 3 times). The organic layer was washed with brine, dried over anhydrous Na>SO4
and the solvent was removed in vacuo. The residue was purified by FCC (petroleum
ether 40-60 °C/EtOAc 90/10 — 85/15) to obtain compound 4 (1.1 g, 60% yield). Mp:
154—-157° C; [a]3°= -50° (c= 0.0036 g/mL, CHCIs); Rr: 0.46 (petroleum ether 40-60
°C/EtOAc 80:20); 'H NMR (600 MHz, CDCIs): & 0.06 (s, 6H, Si(CHz3)2), 0.78 (s, 3H),
0.89 (s, 9H, C(CHz3)3), 0.90-0.97 (m, 1H) 1.01 (s, 3H), 1.03-2.32 (m, 20H), 3.45-3.54



(m, 2H), 3.58-3.66 (m, 1H, 22-H), 5.33 (d, J = 5.3 Hz, 1H, 6-H); '3C NMR (75 MHz,
CDCIs): 6 -4.4, 16.3, 17.1, 18.4, 19.6, 19.8, 20.6, 25.2, 26.1, 29.1, 32.1, 32.2, 32.7,
33.3, 36.3, 36.8, 37.5, 41.1, 42.9, 50.6, 54.9, 65.3, 72.7, 121.1, 141.7; APCI-HRMS:
m/z calculated for C2sH470Si [(M-H20)+H]" 427.3391, found 427.3386.

Synthesis of (17S,20S)-3B-(t-butyldimethylsilyloxy)-17,20-methan-5-pregnene-21-
carbaldehyde (5)

To a solution of compound 4 (0.85 g, 1.91 mmol) in dry DCM (100 mL) was added at
0 °C Dess-Martin periodinane (1.62 g, 3.82 mmol) and the reaction mixture was stirred
at room temperature for 1.5 hours. After completion of the reaction (checked by TLC),
a mixture of saturated aqueous NaHCO3 and 10% aq. Na2S203 -5H20 (1:1) was added
and the reaction mixture was stirred for 30 min. The reaction mixture was extracted
with Et2O (30 mL x 3 times) and the combined organic layers washed with saturated
aqueous NaHCO3 and brine, dried over NaxSO4 and the solvent was removed in
vacuo. The residue was purified by FCC (petroleum ether 40-60 °C/EtOAc 98:2—96:4)
to afford compound 5 (0.72 g, yield 85%) as a white crystalline solid. Mp: 114-116
°C; [a]3’= —21° (c= 0.0056 g/mL, CHCI3); Rr. 0.78 (petroleum ether 40-60 °C/EtOAc
80:20); "H NMR (600 MHz, CDCIs): 6 0.05 (s, 6H, Si(CHzs)2), 0.80 (s, 3H), 0.88 (s, 9H,
C(CHs)3), 0.92-0.99 (m, 1H), 1.00 (s, 3H), 1.04-2.30 (m, 21H), 3.42-3.52 (m, 1H, 3a-
H), 5.33 (d, J= 5.1 Hz, 1H, 6-H), 9.08 (d, J = 6.2 Hz, 1H, CHO); 3C NMR (75 MHz,
CDCls): 6 4.4, 17.1, 18.4, 19.6, 20.5, 21.1, 25.3, 26.0, 29.6, 31.0, 32.0, 32.1, 32.6,
33.1, 36.8, 37.5,42.3, 42.9, 43.8, 50.4, 53.9, 72.6, 120.9, 141.7, 202.0; APCI-HRMS:
m/z calculated for C2sH4702Si [M+H]" 443.3340, found 443.33309.

Synthesis of 3-((2'R,3S,17S)-3-((t-butyldimethyilsilyl)  oxy)-5-androstene-17,1"-
cyclopropan]-2'-yl) acrylonitrile (6)

To a suspension of NaH 60% in mineral oil (30 mg, 0.70 mmol) in dry THF was added
at 0 °C diethyl(cyanomethyl)phosphonate (0.1 mL, 0.64 mmol) and the reaction
mixture was stirred at room temperature for 30 minutes. Subsequently, a solution of
compound 5 (70 mg, 0.16 mmol) in dry THF (0.1 M) was added at 0°C and the reaction
mixture was stirred at the same temperature for 30 minutes. After completion of the
reaction, the reaction mixture was quenched with saturated aqueous NH4Cl and
extracted with EtOAc. The organic layer was washed with brine, dried over NaxSO4

and the solvent was removed in vacuo. The residue was purified by FCC (petroleum



ether 40-60 °C/EtOAc 99:1—-98:2) to afford compound 6-Z (23 mg) and 6-E, (36 mg)

in 84% overall yield as white crystalline solids.

(2)-3-((2'R,3S,17S)-3-((t-butyldimethylsilyl)oxy)-5-androstene-17,1"-cyclopropan]-2'-
yl) acrylonitrile (6-2)

Mp: 130-132 °C; [a]3°= -117.6° (c= 0.0034 g/mL, CHCI3); R« 0.67, petroleum ether
40-60 °C/EtOAc 90:10; 'H NMR (600 MHz, CDCls): 6 0.06 (s, 6H, Si(CHs)2), 0.54 (t, J
= 5.0 Hz, 1H), 0.81 (s, 3H), 0.89 (m, 9H), 1.01 (s, 3H), 1.12-2.31(m, 20H), 3.49-3.53
(m, 1H, 3a-H) 5.32 (d, J = 4.9 Hz, 1H, 6-H), 5.19 (d, J = 10.8 Hz, 1H), 6.03 (t, J=10.8
Hz, 1H); 3C NMR (150 MHz, CDCls): 6 -4.4, 16.7, 18.4, 19.6, 20.5, 22.2, 23.3, 25.2,
26.1, 29.9, 321, 32.2, 32.6, 33.7, 36.9, 37.6, 42.1, 42.3, 42.9, 50.5, 54.5, 72.7, 95.9,
117.2, 120.9, 141.8, 158.0; APCI-HRMS: m/z calculated for C3oHssNOSi [M+H]*
466.3500, found 466.3496.

(E)-3-((2'R,3S, 17S)-3-((t-butyldimethylsilyl)oxy)-5-androstene-17,1'-cyclopropan]-2'-
yl) acrylonitrile (6-E)

Mp: 193-196 °C; [a]3°= + 40° (c= 0.0015 g/mL, CHCI3); R¢: 0.64, petroleum ether 40-
60 °C/EtOAc 90:10; "H NMR (600 MHz, CDCls): 6 0.06 (s, 6H, Si(CHs)2), 0.53 (t, J =
4.9 Hz, 1H), 0.75 (s, 3H), 0.89 (m, 9H), 1.00 (s, 3H), 1.12-2.28 (m, 20H), 3.49-3.53 (m,
1H, 3a-H) 5.30 ( J = 3.0 Hz, 1H, 6-H), 5.31 (d, J = 16.0 Hz, 1H), 6.30 (dd, J = 16.0,
10.2 Hz); 3C NMR (150 MHz, CDCls): 6 -4.4, 16.7, 18.4, 19.6, 20.5, 22.9, 23.1, 25.2,
26.1, 29.9, 32, 32.2, 32.6, 33.3, 36.8, 37.5, 42.2, 42.3, 42.9, 50.4, 54.6, 72.6, 96.2,
118.3, 121, 141.7, 159; APCI-HRMS: m/z calculated for C30H4sNOSi [M+H]* 466.3500,
found 466.3497.

Synthesis of (E)-3-((2'R,3S,17S)-3-(hydroxy)-5-androstene-17,1'-cyclopropan]-2'-yl)
acrylonitrile (ENT-A011)

To a solution of compound 6-E (34 mg, 0.07 mmol) in anhydrous DCM (2.3 mL)
HF-pyridine (0.1 mL) was added at 0 °C and the reaction mixture was stirred at room
temperature for 2 hours. The reaction was quenched with water at 0 °C, and the
resulting mixture was extracted with DCM. The organic layer was washed with brine,
dried over NaxSO4 and the solvent was removed in vacuo. The residue was purified
by FCC (Hexane/EtOAc 90:10—80:20) to afford compound ENT-A011 (25 mg, yield



quantitative) as a white crystalline solid. Mp: 180-183 °C; [a]3°= +28° (c= 0.0029 g/mL,
CHCls); Rr: 0.17, Hexane/EtOAc 80:20; 'H NMR (600 MHz, CDCls): 5 0.53 (t, J = 4.9
Hz, 1H), 0.76 (s, 3H), 0.83-0.98 (m, 2H), 1.01 (s, 3H), 1.12-2.28 (m, 19H), 3.49-3.53
(m, 1H, 3a-H), 5.31 (d, J = 16.0 Hz, 1H), 5.36 (m, 1H, 6-H), 6.30 (dd, J = 16.0, 10.2
Hz, 1H); "*C NMR (75 MHz, CDCls): & 16.7, 19.5, 20.6, 22.9, 23.1, 25.1, 29.8, 31.7,
32.0, 32.5, 33.3, 36.7, 37.4, 42.1, 42.2, 42.3, 50.3, 54.5, 71.8, 96.2, 118.3, 121.6,
140.9, 159.1; APCI-HRMS: m/z calculated for C24H34sNO [M+H]* 352.2635, found
352.2628. HPLC: tr=6.32 min, A = 237 nm, purity = 99.09%.

Synthesis of (Z2)-3-((2'R,3S,17S)-3-(hydroxy)-5-androstene-17,1"-cyclopropan]-2'-
yl)acrylonitrile (ENT-A012)

To a solution of compound 6-Z (22 mg, 0.04 mmol) in anhydrous DCM (1.5 mL)
HF-pyridine (70 pL) was added at 0 °C and the reaction mixture was stirred at 25 °C
for 2 hours. The reaction was quenched with water at 0 °C and the resulting mixture
was extracted with DCM. The organic layer was washed with brine, dried over NaxSO4
and the solvent was removed in vacuo. The residue was purified by FCC
(Hexane/EtOAc 90:10—80:20) to afford compound ENT-A012 (13 mg, yield
quantitative) as a white crystalline solid. Mp: 197-203 °C; [a]3°= -157° (c= 0.0049
g/mL, CHCI3); R¢: 0.05, Hexane/EtOAc 90:10; '"H NMR (600 MHz, CDCls): 0.54 (t, J =
5.0 Hz, 1H), 0.82 (s, 3H), 0.85-0.98 (m, 2H), 1.02 (s, 3H), 1.12-2.28 (m, 19H), 3.49-
3.53 (m, 1H, 3a-H) 5.36 (d, J = 5.1 Hz, 1H, 6-H), 5.19 (d, J = 10.8 Hz, 1H), 6.03 (t, J
=10.8 Hz, 1H); 3C NMR (75 MHz, CDCls): d 16.8, 19.6, 20.5, 22.3, 23.3, 25.2, 29.8,
31.7,32.0,32.6,33.2,36.7,37.4,42.142.2,42.3,50.4,54.4,71.9,95.9, 117.3, 121.5,
141.0, 158.1; APCI-HRMS: m/z calculated for C24H34sNO [M+H]* 352.2635 found
352.2632. HPLC: tr = 6.32 min, A = 237 nm, purity = 98.47%.

Metabolic stability

Incubation conditions ensured linear metabolite formation with respect to reaction time
and protein concentration (pooled human liver microsome concentration was set at
0.5mg/mL). To determine the oxidative (CYP-mediated) metabolic stability profile,
1mM NADPH served as a cofactor. ENT-A011 was tested at 1uM. Triplicate reactions
took place at 37 °C in the presence of negative and positive controls (low vs. rapid

clearance). Reactions were terminated after 60 minutes and readouts were recorded



by Lionheart FX (BioTek) to determine the residual (%) of time zero (ENT-A011
depletion, Figure S7).

Isozyme-specific CYP450-metabolism

CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 human
CYP450 isoenzymes were expressed in Baculosomes®, purchased from Thermo
Fisher Scientific (Waltham, MA, USA). All reagents were handled and prepared
according to the manufacturer’s protocol. ENT-A011 was tested at 1uM. On the basis
of the kinetic model for each CYP450 isoform in question, CYP450-enzymatic activity
was determined in the presence of ENT-A011. Triplicate reactions took place at 20°C,
following their initiation via the conversion of NADP+ (10mM in 100mM potassium
phosphate, pH 8.0) into NADPH by the regeneration system present (glucose-6-
phosphate at 333mM and glucose-6-phosphate-dehydrogenase at 30 U/mL in 100mM
potassium phosphate, pH 8.0). Next, the fluorescent substrate was added and
immediately (< 2 minutes), signal monitoring over time took place at suitable excitation
and emission wavelengths by Lionheart FX (BioTek). CYP450 inhibition (%) was
determined based on the reaction rates (fluorescence intensity changes per unit time).
In total, n=60 measurements per minute were acquired (t=60 minutes).

% Inhibition= (1- X/A) x 100% where X is the rate observed in the presence of test
compound and A is the rate observed in the presence of negative (solvent, DMSO)

control (Figure S7).

Supplementary Results

Computational Study of ENT-A011 TrkB Docking

Computational docking studies were performed to investigate the mechanism of action
of the compound ENT-A011. The extracellular domain of TrkA has been previously
reported to be a drug target'—33, while prior Saturation Transfer Difference Nuclear
Magnetic Resonance (STD-NMR) experiments and molecular dynamics simulations
have indicated that an analogue of ENT-A011, BNN27, binds at the interface of TrkA-
D5 with NGF, thus bridging the heterodimer.3* Specifically, two binding sites, site 1a

and site 1b, found at the interfaces of the two proteins were proposed to be the most



probable binding sites for BNN27.3* Since there is high structural similarity between
the TrkA and TrkB receptors, and ENT-A011 is an analogue of BNNZ27, the
corresponding binding sites 1a and 1b of TrkB were identified in the present work and
used for docking (Figure S6). The binding poses of the compound in the two sites
show complementarity to the binding pockets. For site 1b, the docking pose has the
3B-hydroxyl group pointing towards the solvent region and the C17 steroid substituent
facing towards the interface of TrkB-D5 and NT-4/5, thus providing a possible
explanation for the selectivity of the substituent. The binding pose in site 1a is less
solvent-exposed and preliminary molecular dynamics simulations showed that the
compound bound in this pocket dissociates less readily than from site 1b (data not
shown). Overall, the docking studies suggest two plausible interaction modes of ENT-

A011 with TrkB that could lead to enhanced receptor activation.

ENT-A011 shows weak-to-moderate CYP inhibition

Human liver cytochrome P450 (CYP450) enzymes are crucial for xenobiotic
biodegradation, metabolism, and toxicity as well as xenobiotic-host and/or xenobiotic-
xenobiotic interactions. Upon linear velocity conditions in vitro, the depletion rate of
ENT-A011 may be extrapolated to a. in vivo hepatic clearance, b. extraction ratio, and
c. the effect of hepatic first-pass metabolism to total oral bioavailability.
Biodegradation, metabolic, and toxicity liabilities can be identified early on and thus,
inform structure-activity relationships (SAR).

For this, after the administration of ENT-A011 at 1 pM, the activity of CYP1A2,
CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 (seven major human
CYP450s) was assessed to determine a. the oxidative (CYP-mediated) metabolic
stability profile in question and b. the enzyme metabolizing isoforms responsible (the
test system consists of recombinant human CYP450 and CYP450 reductase;
cytochrome bs may also be present).

Herein, no concentration-dependent effects are anticipated, as our model depicts
direct interactions between ENT-A011 and CYP450 isoenzymes. CYP450 substrates
are known to change enzyme conformation, disrupt enzyme structure and/or function
and/or block the enzyme active site, altering enzyme3°3¢, First, the catalytic activity of
CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 was
determined after the administration of ENT-A0O11 at 1 yM. Catalytic activity was



assessed on the basis of the relative fluorescence of the enzymatic reaction product
(Figure S6_A). ENT-A011 did not show strong effects on the enzyme (catalytic) activity
of the seven major CYP450-isozymes tested herein.

Next, CYP450 (%) inhibition was determined. For the CYP450 isoenzymes tested, no
product inhibition or mechanism-based inactivation was obtained. No solubility issues
were reported for ENT-AO011 (new chemical entities with poor solubility may result in
artificially low CYP450 inhibition and thus, potential drug-drug interaction toxicities
may escape our attention). CYP450 enzyme inhibition may result in unexpectedly high
exposure of co-administered xenobiotics and hence, increase the risk for adverse
effects. As depicted in Figure S6_B, ENT-A011 exhibits weak inhibition for CYP2D6,
while it is a moderate inhibitor for CYP2B6, CYP2C9, and CYP2C19. For all CYP450
isoforms tested, we also assessed CYP450 (%) metabolic activity, expressed as
residual % of time zero. Our findings are depicted in Figure S6_C, according to which

ENT-A011 was overall metabolically stable (from t=0 to t=60 minutes).

Herein, we performed an isozyme-specific CYP450-study to delineate ENT-A011
interactions with each of the seven major CYP450s that account for xenobiotic
biodegradation, metabolism, and toxicity as well as xenobiotic-xenobiotic and/or
xenobiotic-host interactions.

ENT-AO011 acts as a weak-to-moderate CYP450 enzyme inhibitor, yet showing no

biodegradation, liver metabolism or safety issues.

ENT-A011 exhibits very slow depletion in human liver microsomes
The susceptibility of a test-compound to biotransformation is defined as metabolic
stability. For the ranking of test compounds, several approaches can be followed
including parent structure loss during metabolic reactions or their intrinsic clearance
(CLint) and in vitro half-life (t1,2) values®”-38. Herein, we chose the former.

Parent structure loss is classified as very slow (<5 %), slow (5-19 %), moderate (20-
50 %), fast (50-80 %) or very fast (>80 %). Such categories have been defined
according to set criteria, namely, high metabolism (t12 value of <30 min), moderate

metabolism (30 min < t1,2 value of < 60 min) and low metabolism (t1,2 value of >60min).



ENT-AO011 is very slowly depleted showing 93% residual of time zero at t=60 minutes.
Thus, ENT-A011 may correspond to low or medium intrinsic clearance classification
bands.

For humans, a low intrinsic clearance classification band is defined by an CLi <8.6
ML/min/mg protein, whereas a high intrinsic clearance classification band is defined by
an CLint >47.0 yL/min/mg protein. Low clearance test-compounds are characterized
by enhanced exposure, prolonged half-life and reduced doses, predicted as suitable

for once-daily dosing.

BDNF and ENT-A011 treatment effects on expression of target genes

related to neuronal function

Various enriched shared terms show that both treatments lead to a positive regulation
of neurotransmitters and their release. This includes "chemical synaptic transmission”
and "signal release from synapse", with relevant target genes such as Bassoon (BSN),
Complexin-2 (CPX-2)), Rab3-interacting molecule 2 (RIMS2) and Synaptotagmin-7
(SYT7) upregulated by both molecules, and additional related genes upregulated by
BDNF such as Cholinergic receptor nicotinic alpha 4 (CHRNA4), Cholinergic receptor
nicotinic beta 4 (CHRNB4) and Synapsin-1 (SYN7) or by ENT-A011 such as
Glutamate decarboxylase 1 (GAD17), Glutamate receptor ionotropic AMPA 2 (GRIA2)
and Metabotropic glutamate receptor 4 (GRM4). BSN is involved in the organization
of the presynaptic active zone and regulation of neurotransmitter release®, CPLX2
plays a role in synaptic vesicle exocytosis and neurotransmitter release by modulating
SNARE complex assembly*® and RIMS2 regulates neurotransmitter release by
interacting with Rab3 and modulating synaptic vesicle trafficking and docking*'. What
is more, CHRNA4 and CHRNB4 are structural components of acetylcholine
receptors*?, while GAD1, GRIA2 and GRM4 are involved in glutamate signalling*3-4°,
Additionally, some of these genes (e.g. SYT7 and RIMS2) are specifically involved in
calcium regulated neurotransmitter release ("calcium ion-regulated exocytosis of
neurotransmitter" enriched for BDNF), with more examples of BDNF upregulated
targets such as Heat shock 70kDa protein 5 (HSPAS5) and Synaptotagmin-5 (SYT9)
linked to "cellular response to calcium ion". From these examples, SYT7 functions as

a calcium sensor for neurotransmitter release and regulates synaptic vesicle fusion



with the plasma membrane?®®. Glutamate receptor ionotropic NMDA 3A (GRIN3A)
(along other targets mentioned) is an additional BDNF target that is also related to
“regulation of neurotransmitter levels”. ENT-A011 induced targets include more genes
participating in "regulation of ion transmembrane transport / transporter activity", such
as Ankyrin-3 (ANK3), Potassium voltage-gated channel subfamily D member 2
(KCND2), Copper-transporting ATPase 1 (ATP7A), Voltage-dependent L-type calcium
channel subunit beta-3 (CACNB3) and Reelin (RELN), with the latter also involved in
"neurotransmitter-gated ion channel clustering”, along with other interesting targets
such as SLIT and NTRK-like family member 3 (SL/ITRK3) and Shisa homolog 7
(SHISAY). Interesting among these targets involved in ion channel regulation, ANK3
functions in anchoring ion channels and transporters to the cytoskeleton*’, KCND2 is
a component of potassium channels*® and CACNB3 is part of calcium channels*® and

ATPT7A is involved in copper transport across membranes®°.

Markers of iPSC-derived cortical neuronal progenitor identity

Immunostaining for selected markers (Sox2, Tbr2) to confirm differentiation quality is
provided in Figure S13. Moreover, the expression of relevant markers is confirmed in
the RNAseq data, including multipotency markers that are expected to be expressed
in progenitors such as SOX2, PAX6, EOMES (Tbr2), FOXG1 and Nestin, as well as
markers of neural differentiation such as MAP2, TUBB3 (Tuj1) and cortical markers
TBR1, CUX1 and POU3F2 (Brn2). At the same time, iPSC markers POU5F1 (Oct4)

and Nanog, or astrocytic marker GFAP are not expressed at detectable levels.



Supplementary Figures

ENT-A011 ENT-A012

Scheme 1. Synthesis of ENT-A011 and ENT-A012. Reagents and conditions: (a)
(CH3CH20)2P(0O)CH2C(O)OCH,CHs3, EtONa, THF/EtOH 1:1, reflux, overnight; (b) TBSCI, Imidazole, I, THF, 0 °C
to 25 °C, overnight; (c) DIBAL-H, CH.Cly, =78 °C, 2.5 h; (d) CHal,, Et,Zn, =78 °C to 25 °C, 1 h; () DMP,CHCl,
0 °C to 25 °C, 1.5 h; (f) (CH3CH20),P(O)CH.CN, NaH, THF, 0 °C to 25 °C, 0.5 h; (g) HF -Pyridine, CH2Cly, 0 °C to
25°C, 1h.

OH
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Figure S1. "TH-NMR spectrum of ENT-A011 in CDCls.
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Area % Report

DataFile:
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Figure S3. HPLC chromatogram of compound ENT-A011. The purity of ENT-A011 was determined by high-
performance liquid chromatography (HPLC) using Nucelosil 100-5 C18 HD column, 5um (4.6 x 250 mm), flow rate
1 mL/min, eluting with H20, 0.1% HCOOH — MeOH, 0.1% HCOOH gradient employing UV detection at 237 nm. {r
=6.32 min, purity = 99.09%.
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Figure S4. HPLC chromatogram of compound ENT-A012. The purity of ENT-A012 was determined by high-
performance liquid chromatography (HPLC) using Nucelosil 100-5 C18 HD column, 5um (4.6 x 250 mm), flow rate
1 mL/min, eluting with H20, 0.1% HCOOH — MeOH, 0.1% HCOOH gradient employing UV detection at 237 nm. {z
=6.32 min, purity = 98.47%.



Toxicity Assay on NIH-3T3 TrkB cells
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Figure S5. ENT-A012 does not reduce cell death caused by serum deprivation in NIH-3T3 TrkB cells.
Representative images (A) and quantification of Toxicity Assay (A’) in NIH-3T3 TrkB cells after treatment with
BDNF or compound ENT-A012 for 24h in serum free conditions. N=13, error bars represent S.E.M., Student’s t-
test against Control; **<0.01. The compound ENT-A012 do not induce TrkB and its downstream target Akt
phosphorylation after 20 minutes treatment in NIH-3T3 TrkB stable expressed cells, representative blot (B) and
quantification of TrkB and Akt Phosphorylation (B’). Scalebar = 100um

ENT-A011
in site 1b

Figure S6: Docking poses of compound ENT-A011 in sites 1a and 1b at the two symmetry-related interfaces of
the NT-4/5 -TrkB-D5 neurotrophin-receptor complex. The close-up views show residues lining the two sites. TrkB-
D5 and NT-4/5 are shown, respectively, in green and blue cartoon representation with selected residues in stick
representation colored by atom type. The ENT-A011 compound is shown in stick representation colored by atom

type with orange carbons.
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Figure S7. A. Enzyme (catalytic) activity of the CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and
CYP33A4 isoenzymes, following ENT-A011 administration at 1 uM (=60 minutes). RFU: relative fluorescence
units. Reaction Not Disturbed: reaction without ENT-A011. B. CYP450 (%) inhibition per isozyme tested after the
administration of ENT-A011 at 1 yM (=60 minutes). C. CYP450 (%) metabolic activity of CYP1A2, CYP2A6,
CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP33A4 isozymes, following ENT-A011 administration at 1 uM
(t=60 minutes).



o
-
Z
e TRAF6
o
é
» PTSNTR
2
o TRAF6
e
B-actin
B Hoechst

£
=
et
[
(2]

Serum
BDNF Free

ENT-A011

Q

FC Relative to Serum free (A.U.)

’ " . ‘ Serum Free

-

CellTox

TrkC Phosphorylation Akt

10

D'.

FC Relative to Serum free (A.U.)

5

4

FC Relative to Serum free (A.U.)

Akt Phosphorylation

80 *

60

40

Q&e ‘\,\:5 ?5‘\
& &
& &
25
Serum Free
NGF 20
ENT-A011

Phosphorylation

Merged

' Q.. ‘. ENT-A011

FC Relative to Serum free (A.U.)

B'.

% of cell death

ratio TRAF6 ip / p75 total lysates

1.59
pTrkC
1.0
TrkC
0.54
pAkt
Akt
pErk1/2
Erk1/2
CellTox Assay
039 e —
—
0.2+ pAkt
tAkt
& pErk1/2
) ‘é’
<
tErk1/2

Erk Phosphorylation

2.0

Erk Phosphorylation

FC Relative to Serum free (A.U.)

Serum Free
NGF
ENT-A011

Serum Free

ENT-A011

ENT-A011




Figure S8. ENT-A011 does not activate the p75, TrkA and TrkC pathways. A. HEK293T cells were co-
transfected with the plasmid cDNAs of p75NTR and TRAFG6. Transfectants were exposed for 20 min to BDNF
(500ng/ml) & the tested compound ENT-A011 (1uM) and lysates were immunoprecipitated with p75NTR-specific
antibodies and then immunoblotted with antibodies against TRAF6. Total lysates were analysed for p75NTR,
TRAF6 and actin expression by immunobloting. A’. Quantification shows that ENT-A011 does not activate p75NTR
(one way ANOVA, no significance, MeantSEM of triplicate measurements). B. HEK cells transfected with p75NTR
were starved from serum and treated with ENT-A011 (1uM) or BDNF (500ng/ml) for 24hrs and subsequently
subjected to CellTox assay. B’. Quantification shows that there is no significant difference between ENT-A011
treated group and negative control, Serum free. C. NIH-3T3 TrkC stable transfected cells were treated with
Neurotrophin-3 (NT-3) or ENT-A011 for 20min and the lysates were immunoblotted with antibodies against pTrkC,
TrkC, pAkt, Akt, pErk1/2, Erk1/2. Quantification of TrkC, Akt and Erk Phosphorylation (C’) western blots. The
compound ENT-A011 did not phosphorylate TrkC neither activate the downstream pathway D. PC12 cells were
treated with NGF or ENT-A011 for 20 min, lysates were immunoblotted with pAkt, Akt, pErk1/2, Erk1/2. D’.
Quantification of Akt and Erk Phosphorylation western blots. The TrkA signaling was not activated by the compound
ENT-A011 in contrast to NGF. Scalebar = 100um
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Figure S9. Dose response toxicity assay on NIH-3T3 TrkB cells. Left: Representative fluorescence microscopy
images of Celltox cytotoxicity assay on NIH-3T3 TrkB cells treated with BDNF or increasing concentrations of ENT-
A011 (100nM, 300nM, 1uM, 3uM, 10uM, 30uM, 100uM, 300uM). Right: Quantification represents Celltox positive
cells normalized against Hoechst positive cells. N=4, error bars represent S.E.M., Student’s t-test against Control;
*<0.05, **<0.01.
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Figure $10. Toxicity assay on naive NIH-3T3 cells. Left: Representative fluorescence microscopy images of
Celltox cytotoxicity assay on naive NIH-3T3 cells treated with BDNF or ENT-A011 (1uM). Right: Quantification
represents Celltox positive cells normalized against Hoechst positive cells. N=4, error bars represent S.E.M.

Figure S11. Immunostaining of astrocytes cultures used in the current study against GFAP (red) and DAPI

staining (blue).
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Figure S12 Fold change in expression of nestin (N=4), assessed by RT-qgPCR in ENT-A011 treated adult
hippocampal NSCs relative to untreated control cells. Student’s t-test against Control; *<0.05
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Figure $13 Immunostaining for markers Tbr2 (top) and Sox2 (bottom) in cortical NPCs

differentiated from human iPSCs.



Supplementary Tables

Supplementary Table 1. Primer sequences used for Quantitative RT-PCR

Gene Primer

mActin-F GGAGATTACTGCTCTGGCTC
mActin-R GGACTCATCGTACTCCTGCT
MAP2-F CGCAAAACCACAGCAGCAAG
MAP2-R GGGAGGATGGAGGAAGGTCT
Tubb3-F CAGATAGGGGCCAAGTTCTGG
Tubb3-R GTCCCCTACATAGTTGCCGC
GFAP-F AGAAAGGTTGAATCGCTGGA
GFAP-R CGGCGATAGTCGTTAGCTTC

Supplementary Table 2. Counts (Htseq-count) for BDNF and NTRK2 (TrkB) genes. Both genes were not found
to be differentially regulated by EdgeR.

BDNF NTRK2
ENTAO11_AVERAGE 2.333 116.666
BDNF_AVERAGE 3 86.666
untreated_ AVERAGE 3 107
ENTAO11_rep1 2 100
ENTAO11_rep2 1 111
ENTAO11_rep3 4 139
BDNF_rep1 5 102
BDNF_rep2 1 101
BDNF_rep3 3 57
untreated_rep1 2 102
untreated_rep2 2 151
untreated_rep3 5 68

Additional Files

Additional file 1 EdgeR results from RNA-seq of ENT-AO011 and BDNF treated iPSC
derived NPCs



Additional file 2 Metascape Ontology Enrichment on upregulated targets of ENT-
A011 and BDNF in iPSC derived NPCs RNA-seq

Additional file 3 Metascape Ontology Enrichment of downregulated targets of ENT-
A011 and BDNF in iPSC derived NPCs RNA-seq

Additional file 4 Western blots used for quantification of TrkB phosphorylation in NIH-

3T3 cells and astrocytes.
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