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Abstract:

17beta-Hydroxysteroid dehydrogenase type 1B41%D10) is the only mitochondrial
member of 1B-HSD family. This enzyme can oxidize estradiol (E2)o estrone (E1l), thus
reducing concentration of this neuroprotective @gterSince 1B-HSD10 possesses properties
that suggest a possible role in Alzheimer’'s disedseinhibition appears to be a therapeutic
strategy. After we identified the androsterone (AErivativel as a first steroidal inhibitor of
178-HSD10, new analogs were synthesized to increasenitabolic stability, to improve the
selectivity of inhibition over 1F-HSD3 and to optimize the inhibitory potency. Freix D-ring
derivatives of 1 (17-C=0), two (1B-H/170-OH and 1PB-OH/17a-C=CH) were more
metabolically stable and did not inhibit theB1MSD3. Moreover, solid phase synthesis was used
to extend the molecular diversity on thg-@perazinylmethyl group of the steroid base core.
Eight over 120 new derivatives were more potenitbitdrs thanl for the transformation of E2
to E1, with the 4-(4-trifluoromethyl-3-methoxybempiperazin-1-ylmethyl-ADT D-3,7) being
16 times more potent (kg = 0.14 uM). Finally, D-ring modification ofD-3,7 provided 1B-
OH/170-C=CH derivative 25 and 1PB-H/170-OH derivative 26, which were more potent
inhibitor thanl (1.8 and 2.4 times, respectively).
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1. Introduction

Alzheimer’s disease (AD) is a neurodegenerativerder and the most common cause of
dementia[1]. About 50 million people are living with dementia sdwide and it is estimated
that this prevalence will almost double every 2@rgd2]. AD cause the gradual loss of
important neuronal functions as language, motoctfans, but especially memoryhese are
clinical symptoms, but neuropathologically, AD isatacterized by the brain atrophy and the
abundance of extracellular amyloid betap)YAplaques [1]. Human 1P-hydroxysteroid
dehydrogenase (BHSD) is a family of oxidoreductases that catalyttes interconversions of
ketones and alcohols. These enzymes transformidmattgroups at position 17 of the steroid
backbone depending on their substrate specifi@itySome 1B-HSDs have thus key roles in up
or down regulation of androgens, estrogens and os&noids, making them interesting

therapeutic targets in many diseak$§].

Mitochondrial 1B-HSD type 10 (1p-HSD10), a member of BHSD family, possesses
properties that suggest a possible role in &Y]. One of these properties is its capacity to
transform estradiol (E2) into estrone (E1). In fd€R is one substrate among others of-17
HSD10 (Kn = 14-43uM, Fig. 1)[7-10. The E2 concentration in brains of AD patientsnigei
reduced, the inhibition of B/HSD10 could help to restore E2 levels and promitée
neuroprotective effectd7B-HSD10 is also known for the formation of a higfirafy neurotoxic
complex with A3-42, the peptide responsible of the formation @ glaque in the brain. In
mitochondria, A-42 can bind to 1#+HSD10, disrupts the oxidoreductase function of the
enzyme and causes dysfunction and neuronal celh ddd]. Furthermore, several studies
showed that inhibiting this neurotoxic complex fation is a promising therapeutic approach
[6,7, 12-14. It is also important to note that higher concatidns of 1B-HSD10 are found in
the brain of AD patient§7,15. Consequently, the development offdHSD10 inhibitors offer
the opportunity to validate the role of ftHSD10 in AD and provide a new therapeutic approach

against this disease.
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Fig. 1 Oxidation of the 1F-OH of estradiol catalysed by A-HSD10 and cofactor NADto form
estrone, a 17-ketosteroid, and NADH.

There are few known PB/HSD10 inhibitors[16-1§. One of them is AG18051, an
irreversible inhibitor with a pyrimidine core iddieed by Kissingeret al [19]. Benzothiazole and
frentizole derivatives were also synthesized analuated as potent inhibitors of FHSD10
[20-2§. None of these inhibitor, including AG18051, wéevever based on a steroid scaffold.
In fact, our research group reported compolir{&ig. 2) as the first steroidal inhibitor of -7
HSD10 [29,3Q. This S-androstane-817p-diol derivative inhibited (16 = 0.55 uM) the
transformation of E2 to E1 by HEK-293[3-HSD10] cells, but it also inhibited gHSD3, an
enzyme that catalyzes the reduction of 4-andros3¢hé-dione (4-dione) into testosterone (T).
Since a low level of androstane (T er&ihydrotestosterone) is associated with an inegask
of AD [31], and considering the expression of BAHSD3 in hippocampus[32], the
type 10/type 3 selectivity of compourddneeded to be improved. Furthermore, a first roohd
metabolic stability assay also showed that compduwes weakly stable in the conditions of the
assay using human liver microsomes, highlightirgptential issue toward its translation into a
drug.

Three different strategies (Fig. 2) were testethprove the biological activities of 7
HSD10 steroidal inhibitod. In the first one, D-ring derivatives daf (modifications at C16 or
C17) were synthesized using classical chemistsplation to increase its metabolic stability and
type 10/type 3 selectivity. In the second stratdifpyaries of amide, sulfonamide, urea, thiourea
and amine derivatives df (side chain modifications) were generated by pelrablid phase-
synthesis to increase its inhibitor potency ancdelity. Finally, in the third strategy, two

hybrid compounds were synthesized to combine thatseof strategies 1 and 2.
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Fig. 2 Three different strategies (#1-3) behind therojatation of lead compountl 1) Derivatization of
compoundl to improve the metabolic stability and selectivity 173-HSD10 over 1B-HSD3 (D-ring
derivatives2-7, Schemes 1 and 23) Side chain modification of compourdto optimize the inhibitory
potency for 1p-HSD10 (libraries A-D members, 120 compounds regresd by8-11, Scheme 3); an8)
Two hybrid inhibitors, compound®5 and26, combining best elements from steps 1 and 2 (Schgme
Selected positions 3, 16, 17, 18 and 19 as wellegsA- and D-rings of steroid scaffold were
represented.

2. Results

2.1 Chemical synthesis of D-ring derivatives 2-7 (first strategy)

The lead compound was first synthesized from epi-androsterone (epiFAD2) or
dihydrotestosterone (DHTL58) using the conditions previously publisnH&8], and then used as
starting material for the synthesis &4 (Scheme 1)The C-17 carbonyl ofl underwent a
stereoselective reduction using sodium borohydadgive 1B-OH derivative2. The compound
3 (178-OH/170-CH3) was synthesized through a Grignard reaction withyl magnesium
iodide. Compound4b (173-OH/170-C=CH) was synthesized in two steps by adding
lithium(trimethylsilyl)ethylinide giving intermedta 4a, which underwent hydrolysis with
K,COs in methanol to affordib [34]. As previously reportefi35], the steric hindrance of the
axial methyl-18 is responsible for the stereoselggtof these three reactions involving the C-17
carbonyl and providing BfOH configuration ir2, 3 and4a.
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Scheme 1.D-ring steroid derivative® (173-OH), 3 (17B-OH/170-CH3) and4b (17B-OH/17a-C=CH).
Reagents and conditions: (a) NaBMeOH, 0°C (4 h); (b) CkMgl (3.0 M in EtO), toluene, 80°C (4 h)
to rt (16 h); (c) TMS-ECH, CHli, Et,0, THF, 0°C to rt (16 h); (d) ¥COs; 5%, MeOH, rt (17 h).

For the synthesis of &7OH derivative5 (Scheme 2), we first attempted to start frdm
by performing a Mitsunobu reaction followed by adtplysis of the intermediate estg36].
However, the first step, the inversion of the @-&lcohol by reacting with 4-nitrobenzoic acid,
triphenylphosphine and diethyl azodicarboxylate ADE did not lead to the correspondingot7
ester. One hypothesis is the presence of two teri@ines in the piperazine derivati2ewhich
could promote the formation of a salt in these domas and thus prevent any further reaction.
After this unsuccessful attempt, compoubdvas obtained in four steps from commercially
available o-dihydrotestosterone (DHT58) (Scheme 2). The chiral center at position 1{17
OH) of 15a was first inversed in two steps (Mitsunobu andrbiysis reactions) to give the
corresponding la-alcohol 15¢c The ketone at C-3 was then transformed into thieane 16
using the conditions of the Johnson-Corey-Chaykpwslaction[37,39 and this oxirane was
regioselectively opened by the secondary anii@go afford 5. The building blockl18, not
commercially available, was obtained by refluxingndthoxybenzyl chloride in ethancl?)

with piperazine in excess.
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Scheme 2Synthesis of D-ring steroid derivativeg170-OH), 6 (17-CR) and7 (17-C=0/16-C(CH)y,).
Reagents and conditions: (a) 4-Nitrobenzoic ackhPDEAD, toluene, 80°C (18 h); (b) KOH 10%,
MeOH, rt (6 h); (c) (CH)s;SOI, NaH, DMSO, 50°C (16 h); (d) 1-(3-Methoxybenzyiperazine 18),
EtOH, 60°C (24 h); (e) Piperazine, DCM, rt (19 h).

C-17-difluoro derivative6 was obtained fromi9 (Scheme 2), which was synthesized
previously in five steps from epi-ADTLR) as reported in literatufd9]. Briefly, the 3-alcohol
of 12 was first protected as an acetate and this iniateereacted with DAST reagent, allowing
the addition of two fluorides on the C-17 ketonéef, the ester at C-3 was hydrolyzed, the
corresponding alcohol oxidized, and the correspunpdietone transformed into the oxirabh@
Finally, 19 reacted with piperazine derivativie to afford 6. C-16 dimethyl derivativd was
generated fron20, which was also synthesized from epi-ADI2) in five steps as reported in
literature [39]. Briefly, after protecting the alcohol 0f2 as an acetate derivative, the
dimethylation at C-16 was afforded using sodiumride and methyl iodide in excess. The
deprotection of the alcohol and its oxidation t&edone provided the oxirar®), which then
reacted withl8 to afford the final compound. A direct dimethylation ofl to obtain7 was not
attempted since the methyl iodide used in the niatiloy step would have react with the

piperazine nitrogens, producing a salt.

2.2 Chemical synthesis of libraries A, B, C and D (second strategy)



To generate libraried to D members, represented by compouBékl, the androstane
derivative 22 must first be synthetized from epi-AD12) and, then, loaded on the glycerol
polymer-bound (Scheme 3). Briefly, and as previpyslblished 40], the ketone at position 17
of epi-ADT was protected as an acetal via a tragtadization with ethylene glycol an@TSA
using a Dean-Stark apparatus. ThH&CH was then oxidized using tetrapropylammonium
perruthenate (TPAP), N-methylmorpholine N-oxide (®8Mand molecular sieves, as desiccant,
and this ketone was transformed into the oxird@deusing the Johnson-Corey-Chaykovsky
conditions[37, 3§. An excess of piperazine was used to open regiosetly the oxiran1 at
position 3 to give a piperazino derivative, whicasaprotected as a Fmoc derivative using Fmoc-
O-succinimide and NaHCfas base. Finally, the acetal at position 17 wadrdlysed under
acidic conditions to affor@2in 72% yield for three steps. The protection @& secondary amine
of the piperazino derivative was necessary since the @catinditions needed for the
acetalization could favorize the intermoleculamifation of an imine between the piperazine and
the 17-ketone, forming a dimer, and thus preventhg loading of the steroid on the solid

support (resin).
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Scheme 3.Parallel solid-phase synthesis of amide-1( and A-2), sulfonamide B-1), urea and
thiourea C-1) and amine-1, D-2 and D-3) libraries of steroid derivative$-11. Reagents and
conditions: (a) Ethylene glycop-TSA, toluene, Dean-Stark apparatus, reflux (24(h); TPAP, NMO,



DCM, molecular sieves, 0°C (2 h); (c) (&80I, NaH, DMSO, 50°C (16 h); (d) Piperazine, EtOH,
reflux; (e) FmocO-succinimide, NaHCg) THF/H,O (5:1), rt (16h); (f) HCI/MeOH (1.0 M):DCM
(75:25), rt (16 h); (g) Glycerol polymer-bound nigthyl-orthoformatep-TSA (10%), toluene, rt (17 h);
(h) Piperidine/DMF (2:8), rt (3.5 h); (i) Carboxglacid, HBTU, DIPEA, DMF, rt (3 h); (j) HCI / MeOH
DCM (25:75), rt (20 h); (k) Sulfonyl chloride, TEACM, rt (3 h); (l) Isocyanate or isothiocyanate,
DCM, rt (5 h); (m) Aldehyde, AcOH (1%), NaBBN, DMF, rt (5 h).

Compound?2 was added to a suspension of glycerol polymer #gloading capacity of
1.00 mmol/g) in presence pFTSA to provoke the acetalization. Tri-methyl ortbiohate was
added to scavenge water produced as a side prddtng the formation o23a The Fmoc of
resin23a was cleaved in presence of piperidine, a weak bas@monly used for this type of
reaction, to give resi@3b. The global loading o22 after Fmoc hydrolysis (resiB3b) was
established to 0.41 mmol/g from weight differentae glycerol polymer-bound was selected
since the ketal functionality generated is staloldan basic conditions used to produce, f28h
in parallel synthesis, the library members represkeby compound8 - 11. Advantageously, the
cleavage of the steroids from resins is easily dopna hydrolysis under weak acidic conditions,
thus giving the desired ketosteroids in good yiélilsaries A-D; Supplementary data).

Amide derivatives8 (librariesA-1 andA-2) were synthetized by reacting equal portions
of resin23b with diverse carboxylic acids (21 for each libhamyhich were previously activated
with HBTU. The final step of this solid-phase sydls required an acid cleavage (HCI
generatedn situ) to provide the free androstane derivati8g#\-1,1 to A-1,21andA-2,1to A-
2,27). For the amide librarj-1, the HPLC purity of all 21 synthetized compoundsged from
71.4% to 99.4%, with an average purity of 95.2 ¥6.(Table 1) For the amide library-2, 20
derivatives of 21 were selected and the HPLC pumatyged from 76.8% to 99.7%, with an
average purity of 95.6 £ 5.6%.

Table 1. Assessment of solid-phase chemical synthesis i@frlés Al to D3

Library Family Compound  Number of Number of Range of Average of
Number Building Selected Purity (%) ° Purity
Blocks Compounds (%)°°
A 1 Amides8 21 21 71.4-99.2 95.2+6.:
A 2 Amides8 21 2C 76.8—99.7 95.6 + 5.1
B 1 Sulfonamide9 21 16 65.8-99.3 87.2+11.
C 1 Ureas/ThiourealC 21 14 68.0—98.k 89.6 + 10.-
D 1 Amines11 21 16 60.0—- 95.7 85.2+ 9.€
D 2 Amines11 21 17 65.0— 98.< 87.8+8.:
D 3 Amines11 21 16 72.0-97.2 923+7.1




@Compounds with NMR and HPLC purity over 60%
®For selected compounds
“Reported as purity SD

To obtain sulfonamide derivative® (library B-1), equal portions of resi23b were
placed in presence of a solution of each sulfombride to allow a nucleophilic substitution.
The free sulfonamide derivativegB-1,1to B-1,21) were obtained after the acid cleavage. From
this third library B-1), five compounds were eliminated because of tlesir NMR or HPLC
purity. Thus, 16 sulfonamide derivatives, with aaga of HPLC purity between 65.8% and
99.3% and an average purity of 87.2 + 11.7%, welected to undergo biological assays.

To produce urea and thiourea derivatii@s(library C-1), equal portions of resi@3b
were reacted with a solution of each appropriateyianate or isothiocyanate under basic
conditions. After final cleavage, compoundi8 (C-1,1 to C-1,21) were obtained. A smaller
number of compounds were selected from this urdaf@ourea library since the purity of some
members was not high enough. From libr@r, 14 urea and thiourea derivatives were selected
for biological assays. These compounds had a rahgd’LC purity between 68.0% and 98.5%
with an average purity of 89.6 + 10.4%. The differe of reactivity of the building blocks may
explain why more compounds were not selected.dt) f@éhen the resins were cleaved, a mixture
of the desired compountl0 and the non-derived amine B(piperazinyl-methyl-ADT) were
obtained in some cases. Since we always used the sgaction conditions, indifferently of the

building blocks, maybe more time would have favedizompletion of the reaction.

Amine derivativesll (libraries D-1, D-2 and D-3) were synthetized by a reductive
amination. Equal portions of resi8b were treated in presence of each aldehyde under lo
acidic conditions to promote the formation of aninimm. Then, a solution of sodium
cyanoborohydride was added to reduce the iminiumtime corresponding tertiary amine. After
cleavage of the acetal link, aming$ (D-1,1 to D-1,21, D-2,1 to D-2,21 andD-3,1 to D-3,21)
were successfully obtained. For librddyl, 15 amine derivatives were selected, with a rasfge
HPLC purity between 60.0% and 95.7%, and an avepagéy of 85.2 + 9.6%. For librarp-2,

17 amine derivatives were selected, with a rangeRIfC purity between 65.0% and 98.3%, and
an average purity of 87.8 + 8.3%. Finally, for &by D-3, 16 amine derivatives were selected,

with a range of HPLC purity between 72.0% and 97.2#6 an average purity of 92.3 + 7.1%.



2.3 Chemical synthesis of hybrid inhibitors 25 and 26 with dual modifications (third strategy)

The most potent inhibitor resulting from librari&sD, compoundD-3,7, was modified at
position C17 to generate two D-ring derivativesnfpounds25 and 26). Compound25 was
synthesized fronD-3,7 (Scheme 4) following the two steps procedure deedhe synthesis of
4b (Scheme 1). Briefly, lithium(trimethylsilyl)ethylide was added to ketori2-3,7 to give the
intermediate24, which underwent hydrolysis with ,KO; in methanol to afford25 (173-
OH/170-CCH). The second hybrid, compou6, was obtained fromi6 also in two steps. First,
the 1%4-OH-oxiranel6 was opened regioselectively with piperazine toegate a secondary
amine and, next, it was reacted with 4-trifluorony&3-methoxybenzaldehyde and sodium

cyanoborohydride to afford6.
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Scheme 4.Synthesis of compoundb and26. Reagents and conditions: (a) TMS&H, CHsLi, Et,0,
THF, 0°C to rt (16 h); (b) KCO; 5%, MeOH, rt (17 h); (c) piperazine, EtOH, 60°C4 (D); (d) 4-
trifluoromethyl-3-methoxybenzaldehyde, AcOH (1%pBH:CN, DMF, rt (5 h).

2.4 Biological assessment of D-ring derivatives 2-7

After chemical synthesis of D-ring derivativRs/, those resulting from the first strategy,
their potency to inhibit the transformation of B&a E1 bylB-HSD10, their selectivity of
inhibition (17B-HSD10vs 173-HSD3) and their metabolic stability were assessatl compared
to the lead compountl The oxidation of E2 to E1 was evaluated usinglgtaansfected HEK-
293[1B-HSD10] cells in culture. For each assay, transfitciells were incubated for 40 h with



the inhibitor (0.3uM and 3.0uM) and the substrate E2 (1uM, E2/[*"C]-E2 in proportions 9:1).
The steroids E2 and E1 were then extracted froncuhare medium with EO and separated by
thin layer chromatography (TLC). The radioactiwtiythe substrate (E2) and the metabolite (E1)
was quantified to calculate the percentage of feamsation and then the percentage of inhibition
(Table 2).

Table 2.Biological results for D-ring derivatives7

Inhibition (%) Inhibition (%) Metabolic stability —

Cpd® Derivatization of E2 to E1 by of 4-dione to T by Remaining

HEK-293[17p-HSD10] cell§ LNCaP[17B-HSD3] cell® Quantity (%) °

0.3uM 3.0uM 0.3uM 3.0uM 1.0 uM

1 Cl17-ketone (C=0)  40.7 £4.4 70.4+1.3 302+89 84.4+98 28.0+12.0
2 178-OH/17a-H 8.5+3.3 424 +4.4 5.0+0.6 48.7+2.4 67.225.
3 17B-OH/17a-CHs 205+1.3 419+84 20+0.2 20.6 £ 0.7 2182
4b  173-OH/17a-CCH 22.4+8.4 458 +6.2 20138 40+1.2 4558 6.
5 178-H/17a-OH 13.5+1.0 36.9+1.8 52+2.6 3.8+05 70.6& 3.
6 17-di-F 55+2.0 408+ 15 1.1+04 -0.5+2.9 34.1%2.
7 16,16-di-CH 10.8+2.0 279+2.38 124+1.9 51.9+19 546&

@ See schemes for the full chemical structurg-af

® Average results of one experiment performed ifitdpe + SEM.

¢ Average results of two experiments performed inlidape + SEM.

d Average results of five experiments performed plitrate + SEM (see table $4 Supporting Information).

At a concentration of 3.QuM, the secondary ZPBfalcohol 2 inhibited 42.4% of E2
transformation into E1, but the corresponding ketdnwas more potent with 70.4% of
inhibition. This result confirms that a ketone allTis better than a B+hydroxy to inhibit 1B-
HSD10 and is in accord with an observation from previous screening studg9]. Tertiary
alcohols3 and4b were synthesized and tested considering that tbei@a of a methyl or an
acetylene group at positiond % a known strategy to increase the metabolidlgiabf steroids
[41]. Their inhibitory potencies, 41.9% and 45.8%, extppely for3 and4b at a concentration
of 3.0uM, were similar to that o2 (42.4%). With 36.9% of inhibition, the &7OH derivative5
was a less potent inhibitor than ketoheln fact, the similar inhibitory potencies @fand5
suggest that the stereochemistry of the alcoh@lat has no impact on the inhibitory potency.
Compound6 was synthesized since a £dfoup is a potential bioisostere of a ket¢pdg and,
also, taking into account that the C-F bond is moesistant to metabolization than
corresponding C-O bor{d3]. This 17-CE derivative inhibits E2 into E1 transformation @%)
but it is less potent than the ketahé70.4%) when tested at 3i1. The last D-ring derivative,
compound/, is a 17-ketone derivative modified by the additad two methyl groups at C16 to
avoid the hydroxylation at this position. We alspected that steric hindrance could prevent the

reduction of the ketone. In fact, derivativevas the less potent inhibitor, inhibiting only 2%



of the E2 to E1 transformation at 31M. All the above results showed that D-ring derived 2-
7 inhibit the transformation of E2 to E1 in HEK-293B-HSD10] cells, but they are less potent

inhibitors than lead compourid

To test the selectivity of inhibition, derivativ@s/ were assessed asptASD3 inhibitors
using LNCaP cells overexpressingBiHSD3 (LNCaP[1B-HSD3]) as source of enzyme. After
1 h of incubation, the radiolabeled substrate feiand its metabolite T were extracted with
Et,O and separated by TLC. After quantification of theioactivity, the percentage of
transformation and then the percentage of inhibiti@re calculated (Table 2). In this assay, the
lead compound inhibited 1B-HSD3 at both concentrations tested. Derivatés73-OH/17a-

H), 3 (173-OH/170-CH3) and 7 (17-C=0/16,16-di-Ch) inhibited 1PB-HSD3 less than
compoundl (17-C=0), but still prevent the formation of T atigtrefore they are not selective
inhibitors of 1B-HSD10. However, derivativedb (173-OH/170-C=CH), 5 (178-H/17a-OH)
and6 (17,17-di-F) did not inhibit significantly the enmatic activity of 1B-HSD3 at the two
concentrations tested (0.3 and 8\). Therefore, these three compounds are seleicthibitors

of 173-HSD10 at the tested concentrations.

Finally, to test the metabolic stability of derivas 2-7, the compounds were treated 1 h
with a microsomal preparation of human liver in firesence of NADPH as cofactor. In this
assay, a compound of interest is submitted to oétn related enzyme reactions, and the
remaining compound is measured at the end of théation time, and expressed in %. Thus the
more the compound tested is present after thisntiesa (higher % of remaining compound), the
more the compound is considered stable (less dedrbygl the enzymes present in the liver).
Under these artificial conditions, which are moevese than those existing in the liver, the
remaining quantities of derivativés(21.8%) and6 (34.1%) were not significantly different to
the value ofl (28.0%), but the other four derivatives were atireametabolically stable (45.5-
70.6%). Compound® and5 were the most stable, with 67.2% and 70.6% respaygtiwhereas
4b and7 were slightly less stable with 45.5% and 54.5%ewhaining compound, respectively.
In fact, the tertiary alcohotb cannot be oxidized, thus preventing phase-I reacthlso, the
steric hindrance o#ib (17a-ethynyl) and7 (two methyls at C-16) seems to stabilize these
androstane derivatives, by making the D-ring lesslable to phase-I reactions. Compourzds
and>5, two possible metabolites @fafter carbonyl reduction are probably more stahén the
17-ketone ofl in this biological assay using the cofactor NAD@ét the reduction) over NAD

(for the oxidation). In summary only one reactiaxilation at C17) can transfor and 5



whereas two reactions (reduction at C17 and hydatioy at C16) can decrease the quantity of
1.

2.5 Biological assessment of compounds 8-11 (libraries A-D members)

Libraries of androsterone (ADT) derivativessulting from the second strategy (side
chain modification) were synthesized to optimize ihhibitory potency of lead compouddor
the transformation of E2 into E1 in HEK-293BEHSD10] cells in culture and to potentially
improve the selectivity over BHSD3. In our design, we kept th@-Biperazinyl-methyl-ADT
nucleus as base core, but greatly expanded thecutatediversity (aryl group) present on the
piperazine nucleus in order to extend our strueaatevity relationship (SAR) study. Five
functional groups to link these aryl building blsckamide, sulfonamide, urea, thiourea and
amine) were also used to extend the molecular sityef=rom the 150 compounds synthesized
(librariesA-1 to D-3, 120 were selected for a first round of screem@sgs at two concentrations
of 0.3uM and 3.0uM (Supplementary data; Table S1).

The inhibitions of E2 into E1 transformation proeokby the new compounds were
compared to the lead compoudd and only the compounds producing a similar ortebbet
inhibition were retained. For the amide librakyl, although compounds-1,5, A-1,10, A-1,20
and A-1,21 similarly inhibited the transformation of E2 to by 1B-HSD10 asl, none were
more potent at 0.3 or 3M. From the second amide libra-2, however, five amide
derivatives were similarly or more potent thh@at 0.3uM (namelyA-2,5, A-2,10, A-2,12, A-
2,13 andA-2,20), but were all more potent at 3uM. These compounds were thus selected for
the next round of assay (to obtain theigd®alues). From the sulfonamide libraB¢1, two
compoundsB-1,3 andB-1,19were more potent thahat 3.0uM, but onlyB-1,3was a stronger
inhibitor at 0.3uM, and therefore selected. In libra-1, representing urea and thiourea
derivatives, compound€-1,16 and C-1,12 were more potent inhibitor thah at the two
concentrations tested and thus seledtenin the amine librarip-1, any compound inhibited E2
into E1 transformation at sufficient level to jdgtiheir selection. For the amine libraBr2,
compoundD-2,12 was more potent at 048V than 1 andD-2,4 produced a similar inhibitory
potency. Both compound3-2,4 andD-2,12 were however more potent thamat 3.0uM and
therefore they were retained for additional ass&ysally, the last libraryD-3 was designed
based on these two compounds. The first derivativea®e isomers oD-2,4; the position of the

methyl or the methoxy group being changed. Threeobiour of these derivatives had similar



inhibitory potency of 1F-HSD10 asl1, and only one [¥-3,4 was more potent at both
concentrations tested. Derivatives with a trifluoethyl group, which increased the
hydrophobicity [44], were also synthesized for comparison with the somaéth methyl
substituent. Interestingly, the trifluoromethyl &t of D-2,4, compoundD-3,7, was the most
potent 1B-HSD10 inhibitor from this library and all the otise

Compounds from librarie&-1 to D-3 were also screened againspd¥SD3 to determine
their selectivity of inhibition (1f-HSD10 over 1B-HSD3). LNCaP[1B-HSD3] cells were
incubated to determine if the transformation ofidneé into T was affected by each library
member (Table S1, Supplementary data). From the egiressed as percentages of inhibition,
almost all compounds inhibited i-HSD3 activity at 0.31\M (between 10% and 70%) and more
at 3.0uM (between 60% and 100%). Thus, a selectivity afbition for 1B-HSD10 over 13-
HSD3 cannot be obtained by modifying the cappirmgugradded on the piperazine nucleus. In
fact, the two enzymes probably have a similar mgddocket, mainly hydrophobic, where the
side chain at position CB3can produce key favorable interactions affectingirt inhibitory
potency, but not their selectivity of inhibition.ol#ever, as previously exemplified by D-ring
derivatives (Table 1), the area surrounding D-gBgms more promising to obtain a selectivity

of inhibitor action.

Selected library members from the screening staggrted above are structurally closely
related to lead compouridand they were reported in Table 3. For a betterparison they have
been tested again in HEK-293[HSD10] cells using a range of concentrations ttaiob
inhibition curves, which were used to calculatgol@alues. Eight of the twelve derivatives had
lower 1Csp values tharl in their respective assay (Table 3), but the arderévativesD-2,4 and
D-3,7 were the best inhibitors. Thud;2,4 has a 5.4 folds better inhibition than lead conmabu
1 (ICs50 = 0.42uM and 2.26 + 0.3@M, respectively). The 3-methoxy-4-benzyl derivatve?, 4
differs from 1 only by the presence of a methyl group in fpa@a position on the benzyl
substituent. Overall, the 4-trifluoromethyl-3-metgbenzyl derivativeD-3,7 was the most
potent inhibitor of all derivatives with an 4gvalue of 0.14/M (16 fold better thad).

Interestingly, the addition of a hydrophobic groupsthe benzyl part of the androstane
derivative improves the inhibitory potency of somempounds (Table 3). As example, the
difference betweef, D-2,4andD-3,7 is related to the nature of the groups ongdrea position

of the phenyl, respectively being a hydrogen, ahyleind a trifluoromethyl group. The ClogP,



one of the criteria of Lipinski rule of 5,44, allows to estimate the lipophilicity of a moleeul
and the estimated ClogP valueslofD-2,4 and D-3,7 are respectively 4.4, 4.7 and 5.2. These
estimated values show a correlation between theopidbicity and potency of the three
inhibitors (Supplementary data; Fig. S8A). Thus,hypothesized that hydrophobic interactions
between the enzyme and the side chain of the d&droihibitor enhanced inhibitory potency
against 1p-HSD10. However, even if derivatives2,13 and C-1,12 were more hydrophobic
thanD-3,7 they were not more potent. In fact, compoun@,13 possesses a voluminous rigid
side chain, and the phenyl moiety ©f1,12is distant by a thiourea bond from the piperazine
which is longer than the methylene group compolir{ér-CH,-NH-C=S-piperazine-ADT for
C-1,12vs Ar-CHy-piperazine-ADT forl). The rigidity and the length of the side chaierseto
prevent the formation of optimal hydrophobic int#rans in that enzyme region, and thus, these
derivatives do not provide a marked inhibition imyEment. In fact, the plot for Log W&rsus
ICsp values for all compounds in Table 3 showed nodtation (Supplementary data; Fig. S8B).
Finally, the presence of a methoxy group, a hydnaggeepting group, on the aryl ring seems to
be helpful to inhibition, potentially by producing hydrogen bonding with the enzyme.
Therefore, we can hypothesize thapBSD10 possesses a pocket where fhsi@e chain of
the steroid inhibitors is well positioned to forneneficial hydrophobic and hydrogen bond

interactions.

In addition to 1B-HSD10 inhibition, penetration across the bloodrbtzrrier (BBB) is also an
important attribute to consider. Two different gotidn scores (CNS MPO and CNS ACD) were
then used to estimate the BBB penetration of ohibitors (Table 3). The CNS multiparameter
optimization (MPQO) score was developed by Wagerlef47] while the ACD score was
generated from ACD/Percepta 14.0.0 softwag, both scores use different physicochemical
properties such as hydrogen bond donors, topolbgatar surface area, pKa, ClogP and ClogD.
On a scale from 0-6, it was observed that marketotral nervous system (CNS) drugs
displayed a CNS MPO score 92 (1%), between 2 and 4 (25%) and (74%)[47]. With CNS
MPO scores ranging from 1.9 to 3.8, our best inbrbifall into the second category. For the
ACD score, which is expressed as a negative vauaplecule is considered to have a good
penetrating BBB power when its score>is3. Most inhibitors reported in Table 3 have a CNS
ACD score that is higher than -3 (-2.43 to -2.98¢lose to -3 (-3.10 to -3.71). It is interesting t
note that the same trend is observed between theptadictive scores. It is also important to
mention that compound, with a CNS ACD score of -2.54, demonstrated g geod ability to



cross the BBB when assessed in mice usingrtisgu cerebral perfusion technique (see Fig. S1
in [30]). We can therefore conclude that with scores aintib or close to that of BHSD10
steroid inhibitorl, the new inhibitors reported in Table 3 shouldgiete the BBB.

Table 3.Biological results for a selection of compoundsiriibraries A-D
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& For the transformation of E2 to E1 by HEK-29331HSD10] cells.
b Eold = G, (lead compound) / ICso (compound).

“Values estimated by ACD/Percepta softwaig.

dValues calculated according to Wager gta].



®Values estimated by ACD/Percefts).
" Average results of four experiments (2.69, 3.085hnd 1.57 uM) + SEM.

2.6 Assessment of hybrid compounds 25 and 26

Up to this point, we obtained from the strategieendl 2 new steroidal inhibitors of -7
HSD10 that were either more metabolically stabknth selective for this enzyme over {7
HSD3 (from D-ring derivative2-7) or better inhibitors thaf for the E2 into E1 transformation
in HEK-293[1B-HSD10] (from librariesA-D). To obtain an inhibitor more metabolically stable
and more potent than lead compoundand with a selective action for FHSD10 over 1p-
HSD3, we synthetize two hybrid compoun@s &nd26) of the potent inhibitoD-3,7 and D-ring
derivatives4b or 5 in a third optimization strategy. The inhibitiorctiaities of these new
derivatives, 25 (173-OH/170-C=CH) and 26 (178-H/17a-OH) (Scheme 4), were assessed in
HEK-293[1B-HSD10] by measuring their inhibition potency oét&2 into E1 transformation,
in the same conditions as previously described. @et@ inhibition curves foR5 and26 were
obtained (Fig. 3) and their igvalues were calculated as 1.26 and @B respectively. In fact,
25 and 26 were found 1.8 and 2.4 times more potent inhibitof 1B-HSD10 than lead
compoundl, but in the same time, the modifications of D-rioigD-3,7 were found to reduce
their inhibitory potency by 7-9 times (Table 3).i3toss of activity is however not detrimental
since comparative activities to lead compouhdvere obtained, and most importantly, an
enhanced metabolic stability and selectivity ov@B-HSD3 is expected based on results

obtained with corresponding derivativéis and5.
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Fig. 3. Inhibition of E2 into E1 transformation by HEK-2[78-HSD10] intact cells. The calculatedsiC
are 1.57, 1.26 and 0.98M for compoundsl, 25 and 26, respectively. Error bars are smaller than the
symbol for some concentration points.

3. Discussion

Optimization of 1B-HSD10 lead inhibitorl has been addressed by using three
successive SAR strategies. We first performed spinD modifications to improve metabolic
stability and/or selectivity of action over FFHSD3 by synthesizing compounds?7 using
classic chemistry in solution. Secondly, we pregd20 B-piperazinyl-methyl-ADT derivatives
(libraries A-D members represented by general &iras8-11) by parallel solid-phase synthesis
in order to increase the level of inhibition of Ko E1 transformation byB#HSD10. Finally,
we combined the best D-ring modifications to thethehibitors obtained from libraries A-D by
synthesizing compound®5 and 26. Steroid derivatives generated by classic cheistr
(compound<-7) were characterized by IRH4 NMR, **C NMR and MS while library members
generated by solid-phase synthesis (amBlesulfonamide9, ureas10 and aminesll) were
characterized byH NMR and MS. Obtained in very small quantities am@morphous forms
because having a long hydrophobic side chain atipo<3, it was not possible to determine the
melting point of these 128 steroid derivatives, their percentages of purity were however
determined by HPLC artH NMR spectra provided (Supplementary data).

Interesting observations emerged from those thpienation strategies. In the first one,
six derivatives aiming D-ring modifications werenflyesized and were found to inhibit E2 into
E1l transformation by BFHSD10, but they were slightly less potent tHarHowever, three of
these compoundstb (178-OH/170-C=CH), 5 (173-H/170-OH) and 6 (17,17-di-F), did not
inhibit the 1 B-HSD3 whereas twaja and5, were metabolically more stable thanTherefore,
we had at this stage new steroidal inhibitors ¢i-HBED10, selective over B/HSD3 and more
metabolically stable than lead compound

In the second strategy, we were interested teeas® the 1¥HSD10 inhibition level of
compoundl by exploring effect of modifications at the C3 esidhain. In that end, the3
piperazinyl-methyl-ADT nucleus as base core wag k#pct but the aryl group present on the
piperazine nucleus was modified to extend our SARys We thus synthesized new compounds
by solid-phase synthesis, but only twelve compounai®s the 120 shown a better HSD10

inhibition than compound and their 1G, values were determined. Thus, from the four faesili



of side chain tested (amides, sulfonamides, uradsamines), the amine derivativis2,4 and
D-3,7 showed the highest inhibitions. Inde@i2,4 was 5.4 folds better than lead compound
(ICs0 = 0.42uM and 2.26uM, respectively). This molecule differs frobonly by the addition of
a methyl group at theara position on the benzyl substituent. Even bettdrgnvthe methyl
group was replaced by corresponding 4-trifluoromletiroup O-3,7) an additional gain of
inhibition was obtained with an igvalue of 0.14:M (16-fold better thari).

In a final step of optimization (third strategy)ewlecided to combine the two best D-ring
modifications to the best inhibitor of libraries A-(D-3,7) leading to hybrid compound25
(17B-OH/170-C=CH) and26 (178-H/170-OH). Overall, these dual modifications providedreno
potent inhibitors than lead inhibitdr (ICso of 1.26, 0.95 and 2.26M, respectively), but the
metabolic stability and selectivity of inhibitiororf 173-HSD10 over 1F-HSD3 remain to be

addressed for compoungs and26.
4. Conclusion

We synthesized 128 compounds a+8/droxy-m-androstane derivatives with D-ring
modification or/and N-substituted3giperazinylmethyl side chain) and tested theidiigbto
inhibit the transformation (oxidation) of E2 to Hl 17B-HSD10, a mitochondrial enzyme
suspected to play a role in AD. Two D-ring modifioas (1B-OH/170-CCH and 1p-H/170-
OH) made it possible to increase the metabolicilgiabf lead compound. while making these
inhibitors selective for ¥HSD10 over the 1¥HSD3. The SAR study also made it possible to
obtain trifluorinated compoun®-3,7 which is 16 times more active as an inhibitor @B-1
HSD10 (IGo= 0.14 uM) than lead compourdd Finally, the combination of two SAR strategies

generated compoun@® and26, two promising candidates for future in vivo stesli
5. Experimental section

5.1 Chemistry

5.1.1 General

Chemical reagents were purchased from Sigma-Aldi$aint-Louis, MI, USA), Matrix
Innovation (Québec, QC, Canada), Alfa Aesar (Woaltl MIA, USA) and AstaTech (Bristol,
PA, USA), Enamine Building Blocks (Cincinnati, OHJSA), Platte Valley Scientifics
(Gothenburg, NE, USA), Aldlab Chemicals (Woburn, MASA) and LabNetwork Compounds
(Cambridge, MA, USA). The glycerol polymer boundwa loading of 1.0 mmol/g was supplied



by Sigma-Aldrich. Anhydrous dichloromethane (DCM)diethyl ether (BO),
dimethylformamide (DMF), ethanol (EtOH), dimethylexide (DMSO), and tetrahydrofuran
(THF) were obtained from Sigma-Aldrich. Ethyl adetaEtOAc), hexanes and methanol
(MeOH) were purchased from Fisher Scientific (Méaty QC, Canada) and were used as
received. The loading of stera? was performed in peptide synthesis vessels wittleduipped
for vaccum filtration (ChemGilass Inc.; Vineland,,NISA). The steps fromto m (Scheme 3)
were performed with an AAPPTec Solutions automaieghnic synthesizer (Louisville, KY,
USA) using a solid phase reaction block (96 wel®)in layer chromatography (TLC) was
performed on 0.20 mm silica gel 6@skplates (E. Merck; Darmstadt, Germany). Flash colum
chromatography were performed with 230-400 meshMSilica gel 60 supplied by SiliCycle,
(Québec, QC, Canada).

Infrared (IR) spectra were recorded with a HoriaddB 3000 ABB FTIR spectrometer
(ABB, Québec, QC, Canada) and only characteristinds were reported in €m Nuclear
magnetic resonance (NMR) spectra were recordefiVHz for'H and 100.6 MHz fotC on
a Bruker Avance 400 digital spectrometer (Billefidé®A, USA). The chemical shiftsd) are
expressed in ppm and referenced to chloroform (a2 77.0 ppm) fotH and **C NMR,
respectivelyH NMR signals were reported as s (singlet), d (detibt (triplet), q (quartet), m
(multiplet) and broad (br). High performance liqustiromatograph (HPLC) purities of final
compounds released from solid support were detewnimith a Shimadzu apparatus (Kyoto,
Japan) using a Shimadzu SPD-M20A Photodiode aredgctbr, a Alltima HP C18 reverse-
phase column (250 mm x 4.6 mmu#) and a solvent gradient of MeOH® with 0.1% acetic
acid (AcOH). The wavelength of the UV detector wsedected between 190-265 nm. Low
resolution mass spectra (LRMS) were recorded ohim&lzu apparatus equipped with APCI
(atmospheric pressure chemical ionization). Higtohetion mass spectra (HRMS) were
provided by Pierre Audet from the Department of i@istry at Université Laval (Québec, QC,

Canada).

5.1.2 Chemical synthesis of D-ring derivatives
5.1.2.1Synthesis of 2

To a solution of compound [33] (0.150 g, 0.30 mmol) in MeOH (10 mL) was added
sodium borohydride (0.056 g, 1.49 mmol) at 0°C. Thiture was stirred 4 h under inert

atmosphere and the resulting solution was evaphratater added and extracted three times



with EtOAc. The organic layers were washed withewatnd brine, dried with MgSQfiltered
and evaporated over reduced pressure. The crudpocmm was purified by flash column

chromatography using a gradient of hexanes/EtOAct(18:2) to give compouri2i

(3a,50,17B)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-yljmethyl}androstan-17-ol (2):
Amorphous solid (151 mg, 99 %). IR (ATR)3472 (OH).*H NMR (CDCk) &: 0.72 and 0.73 (2
s, 6H, 19-CH and 18-CH), 0.70-1.79 (m, unassigned CH and;H.98-2.07 ( br m, 1H), 2.25
(s, 2H, NCH-COH), 2.46 (br s, 4H, 2 x NG 2.64 (br s, 4H, 2 x NCH)l, 3.47 (s, 2H, NChH
Ar), 3.62 (t, 1H, J = 8.6Hz, ki#CH), 3.80 (s, 3H, OC}), 6.79 (dd, J = 7.8, 1.9 Hz, CH of Ar),
6.87-6.89 (m, 2H, 2 x CH of Ar), 7.24 (t, 1H, J A #z, CH of Ar)."3C NMR (CDCk) &: 11.1,
11.2, 20.5, 23.3, 28.5, 30.5, 31.5, 32.7, 33.9%,3585.8, 36.7, 39.7, 40.8, 42.9, 51.0, 53.4 (20C),
54.2, 55.2, 55.7 (2C), 62.9, 68.9, 70.2, 81.9,4,1P14.6, 121.5, 129.1, 139.6, 159.5. HRMS for
CsoH51N205 [M+H] ™ calculated 511.3894, found 511.3897. HPLC pur@$:3% (RT = 11.8
min, MeOH/HO/formic acid (55:45:0.1), Luna C18 column).
5.1.2.2Synthesis of 3

To a solution of compound (0.100 g, 0.20 mmol) in dry toluene (3 mL) was edid
methyl magnesium iodide, 3.0 M in diethyl ethe6@mL, 1.97 mmol) under inert atmosphere.
The mixture was stirred 4 h at reflux, and thenoaim temperature (rt) overnight. The resulting
solution was cooled at@Q, and an aqueous solution of ;M (2.6 M) was added dropwise. The
organic solvents were evaporated and the aqueaseplas extracted eight times with DCM.
The organic layers were combined and washed witterwaried with MgS@ filtered and
evaporated over reduced pressure. The crude compeoas purified by flash column
chromatography using DCM/MeOH (96:4) to give compumb8.
(3a,50,17a,17p)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-ylJmethyl}androstan-17-
methyl-17-ol (3): Amorphous white solid (102 mg, 98%). IR (ATR) 3425 (OH)."H NMR
(CDCl) 6: 0.74 (s, 3H, 19-Chj, 0.84 (s, 3H, 18-C§), 1.20 (s, 3H, 1a-CHg) 0.70-1.81 (m,
unassigned CH and GH 2.25 (s, 2H, N-CHCOH), 2.46 (br s, 4H, 2 x NG} 2.65 (br s, 4H, 2
X NCH,), 3.47 (s, 2H, NCKAr), 3.80 (s, 3H, OCH), 6.79 (dd, J = 7.4, 1.9 Hz, 1H, CH of Ar),
6.87-6.90 (m, 2H, 2 x CH of Ar), 7.21 (t, J = 8.@,HH, CH of Ar).*3C NMR (CDCk) 8: 11.2,
14.0, 20.6, 23.2, 25.8, 28.6, 31.7 (2C), 32.7, 3398, 36.4, 39.0, 39.7, 40.8, 45.5, 50.7, 53.4,
54.1, 55.2, 55.7, 62.9, 68.9, 70.2, 81.7, 112.4.6,1121.5, 129.1, 139.7, 159.6. HRMS for
CsaHs3N,05 [M+H] ™ calculated 525.4051, found 525.4060. HPLC pur@§:9% (RT = 11.3
min, MeOH/HO/formic acid (55:45:0.1), Luna C18 column).



5.1.2.3Synthesis of 4a and 4b
5.1.2.3.1 Synthesis of 4a

To a solution of trimethylsilylacetylene (0.4384946 mmol) in anhydrous diethyl ether
(25 mL) was added dropwise MeLi (1.6 M in THF, 2/@8, 3.57 mmol) at 0°C. The mixture
was stirred at rt for 1 h and cooled again at OPke compound. (0.150 g, 0.30 mmol) was
added in anhydrous THF (25 mL) and the solution stased at rt for 15 h. The reaction mixture
was stopped by addition of ice/water and the crodmpound was extracted with EtOAcC,
washed with brine, dried with MgS(filtered and evaporated. The mixture was purifigdiash
column chromatography using a gradient of hexan@E (6:4 to 5:5) to givda.
(3a,50,17a,17p)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-ylJmethyl}androstan-17-
(trimethylsilyl)ethynyl-17-ol (4a): Amorphous solid (144 mg, 80%R (ATR) v: 3425 (OH),
841 (SiMe). 'H NMR (CDCk) &: 0.17 (s, 9H, Si(Ch)s), 0.74 (s, 3H, 19-CJ, 0.81 (s, 3H, 18-
CHg), 0.70-1.70 (m, unassigned CH and £f/H..88-1.96 (m, 1H, 16CH,), 2.19-2.24 (m, 1H),
2.26 (s, 2H, NCHCOH), 2.47 (br s, 4H, 2 x NG 2.66 (br s, 4H, 2 x NC}), 3.48 (s, 2H,
NCH,-Ar), 3.80 (s, 3H, OCH), 6.79 (dd, J = 7.3, 2.0 Hz, 1H, CH of Ar), 6.8B® (m, 2H, 2 x
CH of Ar), 7.24 (t, J = 8.0 Hz, 1H, CH of AfY’C NMR (CDCE) &: 0.05 (3C), 11.2, 12.9, 20.6,
23.2, 28.5, 29.7, 31.5, 32.8 (2C), 34.0, 35.7, 3889, 39.8, 40.8, 47.0, 50.5, 53.4, 53.8, 55.2,
55.7 (2C), 62.9, 68.9, 70.2, 80.1, 89.9, 109.5,41714.7, 121.5, 129.1, 139.6, 159.6. LRMS for
Ca7Hs9N,03Si [M+H']: 608.7.
5.1.2.3.2 Synthesis of 4b

To a solution of KCOs; (5% in MeOH, 10 mL) was addeth (0.120 g, 0.20 mmol) and
the mixture was stirred at room temperature ovéitnighe reaction was quenched with water,
extracted three times with DCM, washed with brimel diltered and evaporated under reduce
pressure. The crude solid was purified by flastumml chromatography using a gradient of
hexanes/EtOAc (4:6 to 2:8) to givé.
(3a,50,17a,17p)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-ylJmethyl}androstan-17-
ethynyl-17-ol (4b): Amorphous white solid (92 mg, 87%). IR (ATR) 3502 and 3387 (OH),
3263 (GC-H). *H NMR (CDCEk) &: 0.74 (s, 3H, 19-Ck), 0.83 (s, 3H, 18-Ch), 0.75-1.71 (m,
unassigned CH and G} 1.91-1.99 (m, 1H, 6CHy), 2.25 (s, 2H, NCKHCOH), 2.22-2.30 (m,
1H), 2.46 (br s, 4H, 2 x NCHl 2.57 (s, 1H, ECH), 2.64 (br s, 4H, 2 x NCH 3.47 (s, 2H,
NCH,-Ar), 3.80 (s, 3H, OCh), 6.79 (dd, J = 7.7, 1.9 Hz, 1H, CH of Ar), 6.88, 2H, 2 x CH of
Ar), 6.87-6.90 (m, 2H, 2 x CH of Ar), 7.22 (t, J80 Hz, 1H, CH of Ar)}*C NMR (CDCk}) é:



11.2, 12.8, 20.6, 23.1, 28.5, 31.5, 32.7 (2C), 3338, 36.1, 38.9, 39.7, 40.7, 46.9, 50.4, 53.4
(2C), 53.7, 55.2, 55.7 (2C), 62.9, 68.9, 70.2, 7389, 87.6, 112.4, 114.7, 121.5, 129.1, 139.7,
159.6. HRMS for GuHsiN,O3 [M+H]™: calculated 535.3894, found 535.3898. HPLC purity:
99.5% (RT = 11.3 min, MeOHA®/formic acid (55:45:0.1), Luna C18 column).
5.1.2.4Synthesis of 5
5.1.2.4.1 Synthesis of 15b

To a solution of 4-nitrobenzoic acid (0.920 g, 5tbol) in toluene (20 mL) was added,
under argon atmosphere and over ice bath, trippéngphine (1.370 g, 5.23 mmol) and diethyl
azodicarboxylate (DEAD) (0.7 mL, 4.46 mmol). Thextaore was stirred for 30 min, and-5
dihydrotestosteronelba) (0.400 g, 1.38 mmol) was added. The resultingtsm was stirred at
80°C for 18 h. The solvent was evaporated and theecossnpound purified by flash column
chromatography using a gradient of hexanes/EtOBG(® 85:15) to giva5sh.
Sa-androstan-(17-(4-nitrobenzoate))-3-one(15hb): Amorphous white solid (325 mg, 53 %).
IR (ATR) v: 1713 (C=0)H NMR (CDCL) 5: 0.85 (s, 3H, 19-Ck), 1.03 (s, 3H, 18-Ckj, 0.78-
2.43 (m, unassigned CH and g§Hb.08 (d, J = 6.1 Hz, 1H, p7CH), 8.19 (d, J = 8.8 Hz, 2H, 2 x
CH of Ar), 8.30 (d, J = 8.8 Hz, 2H, 2 x CH of AIfC NMR (CDCE) &: 11.5, 16.7, 20.8, 24.8,
28.8, 30.1, 32.0, 32.1, 35.6, 35.8, 38.1, 38.%,4b.2, 46.6, 50.4, 53.5, 83.7, 123.5 (2C), 130.4,
130.6 (2C), 136.1, 150.4, 164.2, 211.8. LRMS fegHz:NOs [M+H]": 440.25.
5.1.2.4.2 Synthesis of 15¢

Compound15b (0.315 g, 0.72 mmol) was solubilized in a soluti@in10% KOH in
MeOH (30 mL). The solution was stirred at rt foh.6The solvent was evaporated and water was
added. The mixture was extracted with EtOAc (thtieges), washed with brine, dried over
MgSQ,, filtered and evaporated under reduced pressure.cfude solid was purified by flash
column chromatography using hexanes/EtOAc (7:8jite 15c
5a-androstan-17u-ol-3-one (15¢) Amorphous white solid (146 mg, 70%). IR (ATR) 3441
(OH), 1697 (C=0)!H NMR (CDCk) &: 0.68 (s, 3H, 19-Ch), 1.02 (s, 3H, 18-Ch), 0.73-2.43
(m, unassigned CH and GH3.74 (d, J = 5.0 Hz, 1H, B7CH). *C NMR (CDCE) &: 11.5, 17.0,
20.9, 24.6, 28.9, 31.4, 32.0, 32.3, 35.6, 35.71,388.6, 44.6, 45.3, 46.6, 48.5, 53.6, 79.9, 212.1.
LRMS for CigH310, [M+H]™: 291.25.

5.1.2.4.3 Synthesis of 16
To a solution of trimethylsulfoxonium iodide (0.28§20.96 mmol) in dry DMSO (7 mL)

over an ice bath and under argon atmosphere wagys&dded sodium hydride 60% in oil



(0.038 mg, 0.95 mmol). The solution was stirred &r 1 h before adding compoudéc (0.135
g, 0.46 mmol) dissolved in dry THF (4 mL). The rieac mixture was stirred overnight, then
poured in water (500 mL), and extracted with Et(ifheee times). The combined organic layers
were washed with water, brine, dried over MgS@itered and evaporated under reduced
pressure. The crude compound was purified by flashumn chromatography using
hexanes/EtOAc (8:2) to givis.
170-Hydroxy-spiro-3(R)-oxirane-5a-androstane (16): Amorphous white solid (124 mg, 87%).
IR (ATR) v: 3455 (OH).'"H NMR (CDCl) &: 0.66 (s, 3H, 19-Ck), 0.85 (s, 3H, 18-Ch), 0.78-
1.78 (m, unassigned CH and gH1.87 (t, J = 13.6 Hz, 1H), 2.04 (td, J = 14.1 ¥z, 1H),
2.10-2.18 (m, 1H), 2.61 (s, 2H, GI®)C), 3.72 (d, J = 5.9 Hz, 1H, BTH). *C NMR (CDC})
6:11.3,17.0, 20.5, 24.6, 28.5, 29.2, 31.4, 32213,335.5, 35.7, 35.9, 35.8, 43.6, 45.3, 48.7,53.5
53.8, 58.6, 80.0. LRMS for &gH330, [M+H]": 291.25.
5.1.2.4.4 Synthesis of building block 18

To a solution of piperazine (1.65 g, 19.20 mmol)D&M (50 mL) was added 3-
methoxybenzylchloridel(7) (0.300 g, 1.92 mmol) at°’C. The solution was next stirred at rt for
19 h. After completion, water was added, and thetism was extracted with DCM (four times),
washed with water, brine, dried over Mg&@iltered and evaporated under reduced pressure.
The mixture was purified by flash column chromaggdry using DCM/MeOH/EN (94:5:1) to
give the building blocK.8.
1-(3-methoxybenzyl)-piperazine(18): Gummy brownish solid (398 mg, 99%). IR (ATR)
3225 (NH).'"HNMR (CDCl) &: 2.42 (br s, 4 H, 2 x NC}), 2.88-2.90 (br m, 5H, 2 x NGHnd
NH), 3.45 (s, 2H, NCKAr), 3.78 (s, 3H, OCH), 6.78 (dd, J = 7.1, 1.5 Hz, 1H, CH of Ar), 6.88-
6.91 (m, 2H, 2 x CH of Ar), 7.22 (t, J = 8.0 Hz, 1EH of Ar).**C NMR (CDCE) &: 45.8, 54.0
(2C), 55.2, 63.5 (2C), 112.4, 114.6, 121.5, 12939.7, 159.6. LRMS for GH1oN,0 [M+H]™:
207.2.

5.1.2.4.5 Synthesis of 5

To a solution of compound6 (0.040 g, 0.13 mmol) in EtOH (10 mL) was added the
piperazine derivativé8 (0.136 g, 0.66 mmol). The resulting mixture wased at 60C for 24 h
and the solvent evaporated. The crude compoundowded by flash column chromatography
using DCM:MeOH (97:3) to givé.
(3a,5a,17a)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-ylmethyl}androstan-17-ol (5)
Amorphous brownish solid (59 mg, 85%). IR (AT&)3448 (OH).*H NMR (CDCk) &: 0.64 (s,



3H, 19-CH), 0.73 (s, 3H, 18-C§J, 0.77-1.80 (m, unassigned CH and L2.04-2.17 (m, 1H),
2.25 (s, 2H, NCHCOH), 2.46 (br s, 4H, 2 x NGi 2.64 (br s, 4H, 2 x NC}), 3.47 (s, 2H,
NCHz-Ar), 3.71 (d, J = 5.9 Hz, 1H, #7CH), 3.80 (s, 3H, OC§}, 6.79 (dd, J = 7.4, 1.9 Hz, 1H,
CH of Ar), 6.87-6.90 (m, 2H, 2 x CH of Ar), 7.22 (@ = 8.1 Hz, 1H, CH of An*C NMR
(CDCly) 6: 11.2, 17.1, 20.4, 24.6, 28.7, 31.5, 32.3, 321)(34.0, 35.7, 35.8, 39.8, 40.7, 45.3,
48.7, 53.4 (2C), 53.9, 55.2, 55.7 (2C), 62.9, 69M2, 80.0, 112.4, 114.6, 121.5, 129.1, 139.7,
159.6. HRMS for GyHs5iN,O3 [M+H]™: calculated 511.3894, found 511.3900. HPLC purity:
98.5% (RT = 15.3 min, MeOHA®/formic acid (55:45:0.1), Luna C18 column).

5.1.2.5Synthesis of 6

To a solution of compound9 [39; compound D in Supporting Informatjo(0.017 g,
0.05 mmol) in EtOH (3 mL) was added the piperazirevative18 (0.054 g, 0.26 mmol) and
the resulting mixture was stirred at°@for 23 h. The solvent was evaporated and theecrud
compound was purified by flash column chromatogyaying DCM:MeOH (98:2) to givé.
(3a,50,17a,17B)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-yljmethyl}-17-
difluoroandrostane (6): Amorphous brownish solid (18 mg, 65%). IR (ATR) 3490 (OH),
1311 (C-F).'"H NMR (CDCk) &: 0.74 (s, 3H, 19-Ck), 0.85 (s, 3H, 18-Ch), 0.75-1.72 (m,
unassigned CH and GjH 1.97-2.19 (m, 2H), 2.26 (s, 2H, NGI@OH), 2.46 (br s, 4H, 2 x
NCHy), 2.65 (br s, 4H, 2 x NC§), 3.47 (s, 2H, NCKtAr, 2H), 3.80 (s, 3H, OC}), 6.79 (dd,
J=17.5,1.9 Hz, 1H, CH of Ar), 6.87-6.90 (m, 2Hx ZH of Ar), 7.22 (t, J = 8.0 Hz, 1H, CH of
Ar). *C NMR (CDCk) &: 11.2, 13.4 (t,cbce= 4.5 Hz), 19.9, 22.2 (22.3), 28.4, 28.8 (28.9)03
32.7, 32.9 (t, er = 25.2 Hz), 33.9, 35.4, 35.8, 39.7, 40.7, 45.3d¢r = 20.1 Hz), 49.3 (49.4),
53.4, 53.7 (2C), 55.2, 55.7 (2C), 62.9, 68.9, 7012.4, 114.7, 121.5, 129.1, 132.7 (dgk 3
259.1, 250.8 Hz, 17-GF; 139.7, 159.6. HRMS for &gH49F.N,O, [M+H] " calculated 531.3757,
found 531.3763. HPLC purity: 94.9% (RT = 18.9 mMeOH/H,O/formic acid (40:60:0.1),

Luna C18 column).

5.1.2.6 Synthesis of 7

To a solution of compound0 [39] (0.007 g, 0.02 mmol) in EtOH (10 mL) was added
piperazine derivativd8 (0.022 g, 0.11 mmol) and the resulting mixture wtsed at 60C for
23 h. The solvent was evaporated and the crude @antpbwas purified by flash column
chromatography using a gradient of DCM:MeOH (98:296:4) and to givé.



(3a,5a)-3-Hydroxy-3-{[4-(3-methoxybenzyl)piperazin-1-yljmethyl}-16,16-dimethyl-
androstan-17-one(7): Amorphous brownish solid (9 mg, 81%). IR (ATR)3450 (OH), 1728
(C=0).'H NMR (CDCl) 8: 0.75 (s, 3H, 19-CJ, 0.87 (s, 3H, 18-ChJ, 1.02 (s, 3H, 16-Ch},
1.16 (s, 3H, 16-Ck), 0.80-1.82 (m, unassigned CH andA2.26 (s, 2H, NCHCOH), 2.46 (br
S, 4H, 2 x NCHJ), 2.65 (br s, 4H, 2 x NCH), 3.47 (s, 2H, NCHtAr), 3.80 (s, 3H, OCH), 6.79
(dd, J = 7.4, 1.9 Hz, 1H, CH of Ar), 6.87-6.90 @i, 2 x CH of Ar), 7.22 (t, J = 8.0 Hz, 1H,
CH of Ar). **C NMR (CDCE) &: 11.2, 14.4, 20.1, 25.9, 27.3, 28.4, 31.0, 32237 ,333.8, 34.6,
35.9, 37.9, 39.7, 40.8, 45.1, 48.1, 48.9, 53.4 (B@\, 55.2, 55.8 (2C), 62.9, 68.9, 70.1, 112.4,
114.7, 121.5, 129.1, 139.7, 159.6, 225.7. HRMS @yHsN,Os [M+H]™: calculated
537.537.4051, found 537.4055. HPLC purity: 93.7% @R 15.7 min, MeOH/HO/formic acid
(70:30:0.1), Luna C18 column).

5.1.3 Solid phase synthesis of androstane derivatives
5.1.3.1Synthesis of 22 (Fmoc protection of piperazine andeprotection of 17-ketone)

To a solution of oxiran€l [40] (7.5 g, 21 mmol) in EtOH (500 mL) was added
piperazine (7.4 g, 85 mmol) and the resulting nrixtwas stirred at 60°C for 6 h. The solvent
was evaporated and water was added. The mixtureewtagcted with EtOAc and the organic
phase washed with brine, dried over.81&;, filtered and evaporated under reduced pressure to
give 8.7 g of the piperazino derivative. To a soltof this crude compound in THF (650 mL)
was added NaHCO (1.0 M, 350 mL) and Fmoc-O-succinimide (8.39 g,924nmol). The
resulting solution was stirred at rt for 16 h ahért quenched with water and extracted with
EtOAc. The organic phase was washed with brineeddwith NaSO, and evaporated to give
12.3 g of crude compound. To a solution of thisdleraompound in DCM was added HCI 1.0 M
in MeOH (25:75). The reaction was stirred at rt 16r h. The crude solution was washed with
saturated aqueous NaHghiltered on a phase separator (Biotage, Uppsal@eden) and
washed with DCM. The crude solid was purified bgsfi chromatography using a gradient of
hexanes/EtOAc (7:3 to 1:1) to gi2e.
(3a,5a)-3-Hydroxy-3-{[4-((9H-fluoren-9-yl)methoxy)carbonyl) piperazin-1-ylimethyl}-
16,16-dimethyl-androstan-17-ong22): Amorphous white solid (9.0 g, 72%). IR (ATR)3455
(OH), 1736 (C=0 of Fmoc), 1705 (17-C=0 NMR (CDCk) &: 0.77 (s, 3H, 19-Ck), 0.86 (s,
3H, 18-CH), 0.80-1.97 (m, unassigned CH and +2.02-2.12 (m, 1H, 6CH), 2.29 (s, 2H,
NCH,-COH), 2.43 (dd, J = 19.2, 8.7 Hz, 1H,Bt6H), 2.56 (br s, 4H, 2 x NCHi 3.47 (br s,
4H, 2 x NCH), 4.24 (t, J = 6.8 Hz, 1H, CHGB), 4.44 (d, J = 6.8 Hz, 2H, CHGH), 7.37 (t, J



= 7.4 Hz, 2H, 2 x CH of Ar), 7.40 (t, J = 7.5 HH{,2 x CH of Ar), 7.56 (d, J=7.4 Hz, 2H, 2 X
CH of Ar), 7.76 (d, J = 7.5 Hz, 2H, 2 x CH of AIfC NMR (CDCE¥) &: 11.2, 13.8, 20.2, 21.8,
28.4, 30.8, 31.6, 32.5, 33.8, 35.1, 35.8, 35.94,390.7, 44.1, 47.4, 47.8, 51.5, 54.2, 55.4, 67.2,
69.2, 70.5, 120.0 (2C), 124.9 (2C), 127.0 (2C),.122C), 141.3 (2C), 144.0 (2C), 155.1, 221.3.
5.1.3.2Coupling of steroid (synthesis of resin 23a)

To a suspension of glycerol polymer bound resinQ 1 loading of 1.0 mmol/g) in dry
toluene was added keto@2 in dry toluene (9.0 g, 14.7 mmol), trimethyl ortbionate (16.1 mL,
147.2 mmol) ang-TSA (3.8 g, 20.2 mmol). The solution was stirrédtdor 17 h, washed three
times successively by DCM, MeOH and DCM. The regas dried overnight under vacuum to
give 14.8 g oR3a
5.1.3.3Fmoc deprotection of piperazine (synthesis of resia3b)

To a suspension of resi8a(14.3 g) in DMF and in a peptide flask was addeaolation
of piperidine in DMF (20%, 250 mL) and the resujtimixture was stirred at rt for 3.5 h. The
resin was filtered, washed five times successiveiyy DCM, MeOH and DMF, and dried
overnight under vacuum to afford 11.3 g of re&Bb (loading of 0.41 mmol/g by weight
difference).
5.1.3.4Synthesis of amide derivatives 8 (Libraries A1 ané2)
5.1.3.4.1 Amide bound formation

Portions of resir23b (50 mg; loading 0.41 mmol/g) were placed in 4 rehator wells of
an automated synthesizer reaction block (96 weth&, AAPPTec). A solution of HBTU (0.5
M, 18.9 g in 100 mL DMF) was added (3 mL) to thdlvemd the suspension was shaken for 2
min. Then, a solution of DIPEA (1.0 M, 17.4 mL i2.8 mL DMF) was added (1 mL) to each
well followed by the addition of a solution of thgpropriate carboxylic acid (0.5 M), solubilized
in DMF (2 mL). The suspension was vortexed at g0 for 3 h. The well was then filtered
using the vacuum system and resin washed with DEML(), then EtOH (3 mL) three times.
5.1.3.4.2 Cleavage of amide derivatives

To the coupled amide resin in 4 mL reactor wells wdded a solution of acetyl chloride-
MeOH-DCM (1:9:30) (2.5 mL) and the resulting susgien was vortexed at 600 rpm for a total
of 20 h. The resin was then filtered, washed witeQW:DCM (1:1) (1.5 mL) and the filtrate
neutralized with a saturated aqueous solution di@@; (2 mL). The biphasic solutions were
filtered with a phase separator syringe (Biotage) @each organic solution was evaporated and
dried under reduced pressure. The amide derivaB\eso libraries,A-1 andA-2, generated in

parallel) were weighted and characterized 1y NMR (Table 3). Only compounds with



appropriate NMR signals and NMR purities (> 60%Yevaext analyzed by mass spectrometry
and purity determined by HPLC (41 compounds, Supphgary data for quantity, purityH
NMR and MS).

5.1.3.5Synthesis of sulfonamide derivatives 9 (Library B)

Portions of resir23b (50 mg; loading 0.41 mmol/g) were placed in 4 rehator wells of
an automated synthetizer reaction block (96 welinett, AAPPTec). Triethylamine (gN) was
added (1 mL) to the well and a solution of apprajgrisulfonyl chloride (between 0.15 M to 0.3
M) in DCM (2 mL) was added. The suspension wasexad at 600 rpm for 3 h. The well was
then filtered using the vacuum system and resirha@successively with DCM (1.5 mL) and
EtOH (1.5 mL) two times. The resin was submittedaaditions of cleavage mentioned above.
The sulfonamide derivative8 (one library, B-1, generated in parallel) were weighted and
characterized byH NMR (Table 3). Only compounds with appropriate Ridignals and NMR
purities (> 60%) were next analyzed by mass speetxy and purity determined by HPLC (19
compounds, Supplementary data for quantity, putifyNMR and MS).
5.1.3.6Synthesis of urea and thiourea derivatives 10 (Likary C)

Portions of resir23b (50 mg; loading 0.41 mmol/g) were placed in 4 relator wells of
an automated synthesizer reaction block (96 weth&éd, AAPPTec). A solution of BY (2.5%)
in DCM was added (1 mL) to the well and a solutdd@ppropriate isocyanate or isothiocyanate
(0.5 M) was added (1.5 mL). The suspension wasxed at 600 rpm for 5 h. The well was then
filtered using the vacuum system and regias washed with DCM (1.5 mL), then EtOH
(2.5mL) and DCM (1.5 mL) two times. The resin wasmitted to conditions of cleavage
mentioned above. Thiourea derivativdés(one library,C-1, generated in parallel) were weighted
and characterized b4 NMR (Table 3). Only compounds with appropriate RMignals and
NMR purities (> 60%) were next analyzed by masscspenetry and purity determined by
HPLC (21 compounds, Supplementary data for quargitsity,'H NMR and MS).
5.1.3.7Synthesis of amine derivatives 11 (Libraries D1, Dand D3)

Portions of resir23b (50 mg; loading 0.41 mmol/g) were placed in 4 rehator wells of
an automated synthesizer reaction block (96 wetmé&d, AAPPTec). A solution of the
appropriate aldehyde (1.0 M), solubilized in DMFH}Md (99:1) was added (1 mL) to the well.
The suspensions were vortexed at 600 rpm for lhlenTa solution of NaB4€N (1.0 M), in
DCM/MeOH/AcOH (75:24:1) was added (1 mL), the sumsgpen was vortexed at 600 rpm for 5
h. The well was filtered using the vacuum systeh @sin was washed with DCM (3 mL), then

EtOH (3 mL) three times. The resin was submitteddnditions of cleavage mentioned above.



Amine derivativesll (three librariesD-1, D-2 and D-3, generated in parallel) were weighted
and characterized b4 NMR (Table 3). Only compounds with appropriate RMignals and
NMR purities (> 60%) were next analyzed by massispmetry and their purity determined by
HPLC (55 compounds, Supplementary data for quargitsity,'H NMR and MS).

5.1.4 Synthesis of hybrid inhibitors 25 and 26
5.1.4.1 Synthesis of intermediate compound 24

Following the procedure reported in sectiénl.2.3.1 compound D3-7 (50 mg,
0.087 mmol) was transformed 24.
(30,,5a,17a,17p)-3-Hydroxy-3-{[4-(4-trifluoromethyl-3-methoxy-benzyl)piperazin-1-
yllmethyl}androstan-17-(trimethylsilyl)ethynyl-17-ol (24). Amorphous white solid (40 mg,
68%). IR (ATR)v: 3430 (OH), 1126 (C-F), 841 (Si(GH). 'H NMR (CDCk) &: 0.17 (s, 9H,
Si(CHy)s), 0.74 (s, 3H, 19-Ckj, 0.81 (s, 3H, 18-C§J, 0.80-2.25 (m, unassigned CH and LH
2.27 (s, 2H, N-CHCOH), 2.47 (br s, 4H, 2 x NG} 2.66 (br s, 4H, 2 x NCH), 3.51 (s, 2H,
NCH,-Ar), 3.90 (s, 3H, OCh), 6.93 (d, J = 7.9 Hz, 1H, CH of Ar), 7.01 (s, 1EH of Ar), 7.48
(d, J = 7.9 Hz, 1H, CH of An:3C NMR (CDCk) &: 0.1 (Si(CH)s 11.2, 12.9, 20.7, 23.2, 28.6,
31.5, 32.8 (2C), 34.0, 35.8, 36.2, 39.0, 39.8, 48780, 50.6, 53.5, 53.9, 55.7, 55.9, 62.6, 69.0,
70.3, 80.1, 89.9, 109.6, 112.3, 117.5 (g, J = BxB 120.4, 123.7 (9, J = 271.8 Hz), 126.9 (q, J
= 5.3 Hz), 144.5, 157.5. LRMS forsgsgF3N20sSi [M+H']: 675.5.
5.1.4.2 Synthesis of 25

Following the procedure reported in sectioh.2.3.2 a solution of KCO; (5% in MeOH,
2 mL) was added to compou@id (25 mg, 0.04 mmol) to give5.
(30,,5a,17a,17p)-3-Hydroxy-3-{[4-(4-trifluoromethyl-3-methoxybenzyl)piperazin-1-
yllmethyl} androstan-17-ethynyl-17-ol (25):Amorphous white solid, 21 mg, 95%. IR (ATR)
3302 (OH), 1126 (C-F}H RMN &: 0.75 (s, 3H, 19-Ck), 0.83 (s, 3H, 18-Ck), 0.80-2.10 (m,
unassigned CH and GH 2.23-2.30 (m, 3H, N-CHCOH and 16-CH), 2.46 (br s, 4H, 2 X
NCHy), 2.57 (s, 1H, €CH), 2.66 (br s, 4H, 2 x NCH 3.51 (s, 2H, NCHtAr), 3.90 (s, 3H,
OCHg), 6.93 (d, J = 7.9 Hz, 1H, CH of Ar), 7.01 (s, 1EH of Ar), 7.48 (d, J = 7.9 Hz, 1H, CH
of Ar). °C NMR (CDC}) &: 11.2, 12.8, 20.6, 23.1, 28.5, 30.8, 31.5, 32379,335.8, 36.2, 38.9,
39.7, 40.7, 46.9, 50.5, 53.5, 53.7, 55.7, 55.9%,629.0, 70.3, 73.8, 79.9, 87.6, 112.3, 117.5 (q, J
= 30.5 Hz), 120.3, 123.7 (q, J = 272.0 Hz), 12&9J = 5.1 Hz), 144.5, 157.6. HRMS for
CssHsoFsN203 [M+H] *: calculated 603.3768, found 603.3764. HPLC pwit$6.6% (RT = 19.0
min, MeOH/HO (40:60 to 100:0),Luna C18 column).



5.1.2.3 Synthesis of 26

To a solution of compountb (66 mg, 0.22 mmol) in EtOH (10 mL) was added
piperazine (93 mg, 1.08 mmol). The resulting migtuvas stirred at 68C for 20 h and the
reaction was quenched by addition of water. Thatgol was extracted three times with EtOAc,
the organic phases combined and washed with NaH@@ed over MgSQ@ filtered and
evaporated under reduce pressure. This crude vgoiid (72 mg) was then dissolved in
MeOH:AcOH (99:1, 10 mL) and 4-trifluoromethyl-3-rheixybenzaldehyde (15 mg, 0.74 mmol)
was added. The solution was stirred 2.5 h at renTiNaBHCN (35 mg, 0.55 mmol) was added
and the mixture stirred for 18 h. The solvent wamaved under reduced pressure and NagiCO
(ag. saturated) and DCM were added. The aqueolsephas extracted three times with DCM
and the organic phases combined, washed with imes] over MgSQ filtered and evaporated
under reduced pressure. The crude compound waBepduby flash column chromatography
using DCM:MeOH (97:3) to afford@é.
(3a,5a,17a)-3-Hydroxy-3-{[4-(4-trifluoromethyl-3-methoxybenzyl)piperazin-1-
yllmethyl}androstan-17-ol (26):amorphous white solid (65 mg, 52%). IR (AT&)3418 (OH),
1126 (C-F).*H RMN &: 0.65 (s, 3H, 19-Ch), 0.74 (s, 3H, 18-CJ, 0.80-2.20 (m, unassigned
CH and CH), 2.27 (s, 2H, N-CHCOH), 2.47 (br s, 4H, 2 x NG 2.66 (br s, 4H, 2 x NC}),
3.51 (s, 2H, NCRHAr), 3.71 (d, J = 5.8 Hz, B7CH), 3.90 (s, 3H, OCH}, 6.93 (d, J = 7.9 Hz,
1H, CH of Ar), 7.01 (s, 1H, CH of Ar), 7.48 (d, J7=9 Hz, 1H, CH of Ar)**C NMR (CDC}) &:
11.2,17.1, 20.5, 24.6, 28.7, 31.5, 32.3, 32.80,335.8, 39.8, 40.7, 45.3, 48.7, 53.5, 53.9, 55.7,
55.9, 62.6, 69.0, 70.3, 80.0, 112.3, 117.5 (q,3DF Hz), 120.4, 123.7 (g, J = 272.1 Hz), 126.9
(9, J = 5.1 Hz), 144.5, 157.6. HRMS fog3850F3N,03 [M+H]": calculated 579.3768, found
579.3768. HPLC purity of 90.1% (RT =20.7 min, Me®kD (40:60 to 100:0) Luna C18

column).

5.2 Biological assays
5.2.1 Inhibition of 17B-HSD10 activity
5.2.1.1Generation of stably transfected human embryonic kiney (HEK)-293 cells

expressing 1p-HSD10

Cells were cultured in six-well falcon flasks topapximately 3 x 18 cells/wells in
Dubelcco’s Modified Eagle’s Medium (DMEM) (Life Thoologies, Burlington, ON, Canada)
supplemented with 10% of foetal bovine serum (FB8)Clone Laboratories, Inc., Logan, UT,
USA) at 37°C under a 95% air-5% gBumidified atmosphere. Five micrograms of pCMVneo-



h17BHSD10 plasmids were transfected using a lipofettimsfection kit (Life Technologies,
Burlington, ON, Canada). After 6 h of incubatiort, 37°C, the transfection medium was
removed, and 2 mL DMEM were added. Cells were &rrttultured for 48 h and then transferred
into 10 cm petri dishes and cultured in DMEM conitag 700 ug/mL of Geneticin (G418;
Wisent, Montréal, QC, Canada) to inhibit the growdh non-transfected cells. Medium
containing G418 was changed every 2 days unttasi colonies were observed.
5.2.1.2Cell culture

Stably transfected HEK-293 cells were cultured imimum essential medium (MEM)
containing non-essential amino acids (0.1 nM), aghihe (2 mM), sodium pyruvate (1 mM),
10% FBS, penicillin (100 IU/mL), streptomycin (108/mL) and G418 (70Qg/mL).
5.2.1.3Inhibition of E2 to E1 transformation by HEK-293 overexpressing 1p-HSD10

HEK-293 cells stably transfected withfEHSD10 were seeded at 2.5 X 1@lls in a 24-
well plate at 37°C under a 95% air-5% £6Oumidified atmosphere in 990L of culture
medium. Inhibitor stock solution were prepared iIM&0 (10 mM) and diluted with culture
medium. After 24 h, quL of these solutions were added to the cells taioba final inhibition
concentration of 0.3 and 3iM. For the most active inhibitors, concentratiofh®®1 uM to 5
uM were tested to determine theirsiCvalue. The final DMSO concentration in each well,
including the wells for the blank control withouhya compound, was adjusted to 0.5%.
Additionally, 5 pL of a solution containing*fC]-17p-estradiol (55 mCi/mmol; American
Radiolabeled Chemicals, Inc., St. Louis, MO, USA)l 4 B-estradiol (Sigma-Aldrich) (1:9) was
added to obtain a final concentration ofill and cells were incubated for 40 h. Each inhibitor
was assessed in triplicate. After incubation, thkuce medium was removed, and steroids (E1
and E2) were extracted with diethyl ether. The pig@hase was evaporated to dryness under
nitrogen. Residues were dissolved in DCM and drdppesilica gel thin layer chromatography
plates (EMD Chemicals Inc, Gibbstown, NJ, USA) ahated with a mixture toluene/acetone
(4:1). SubstratefC]-E2 and metabolite*{C]-E1 were identified by comparing them with
reference steroids (E2 and E1) and quantified usiagstorm 860 system (Molecular Dynamics,
Sunnyvale, CA, USA). After subtracting the valuerresponding to the blank control,
percentages of transformation and next the pergestaf inhibition were calculated as follow:
% of transformation = 100 xX“{C]-E1/([**C]-E2 + [-C]-E1) and % of inhibition = 100 x (%
transformation without inhibitor - % transformatiavith inhibitor/ % transformation without
inhibitor). The specific activity for the transfoation of E2 into E1 was estimated to be 1.3 X 10

13 imol miri* cell™.



5.2.2 Inhibition of 4-dione to T transformation by LNCaP cells overexpressing Ifv-HSD3
LNCaP transfected cells (LNCaPEHAHSD3]) kindly provided by [IPSEN
INNOVATION (France) were maintained at 37°C undét &0, humidified atmosphere. Cells
were grown in RPMI-1640 medium supplemented (v/ithWw0% fetal bovine serum (FBS), 1%
penicillin/  streptomycin, 2 mM-glutamine, 4.5 g/Ib-glucose, 10 mM Hepes, 1 mM
sodium pyruvate and 250 pg/mL hygromycin. For eratyenassays, the protocol medium had
the same composition, but hygromycin, used to raainthe clone selection, was not included.
LNCaP[1P-HSD3] cells were plated in a 24-well culture at* 1@lls per well, in protocol
medium. After 2 days of incubation, 15 nM df(]-4-androstene-3,17-dione (53.6 mCi/mmol;
Perkin Elmer Life Sciences Inc., Boston, MA, USA)dalOuL of a solution of inhibitor
dissolved in DMSO and culture medium was added.fifta¢ DMSO concentration in each well,
including the wells for the blank control withoutyacompound, was adjusted to 0.05%. After
1 h of incubation, the culture medium was removeamf wells and steroids (4-dione and
testosterone) were extracted with diethyl etheterAévaporating the organic phase to dryness
with nitrogen stream, residue was dissolved in D@kbpped on silica gel 60 F254 thin layer
chromatography plates (EMD Chemicals Inc, GibbstoW#, USA), and eluted with a mixture
of toluene/acetone (4:1)**C]-4-dione and{'C]-T were identified by comparison with reference
steroids and quantified using the Storm 860 SygMuoiecular Dynamics). After subtracting the
value corresponding to the blank control, percesdag transformation and next the percentages
of inhibition were calculated using the equatiopared above. The specific activity for the

transformation of 4-dione into T was estimatedectt8 x 10 pmol min* cell™*,

5.2.3 Metabolic stability assays

Assays were performed for 1 h at 37 °C, with ohaitt 10 mM NADPH in the presence
of 40 ug of human liver microsomes from Corning (Melros®, USA) and 10uM of substrate
in a final 100uL volume of 50 mM Tris buffer supplemented with m® MgCl,. Assays were
ended by adding 106L of MeOH and the solution centrifuged at 13,00@g10 min to obtain a
pellet of proteins. The surpernatants of 2 assagre wooled, filtered and 1Q@Q submitted to
HPLC-MS analysis (Shimadzu LCMS-2020 APCI, Alltirh® C18 (250 mm x 4.6 mm,B6n)
column, MeOH:water gradient). The solvent gradistatrted with a mixture of MeOH:water
(70:30, 50:50, 30:70 or 20:80 according to the commgl) and finished with MeOH (100%). The

wavelength of the UV detector was selected at XA0Remaining compound (expressed in %)



was calculated by dividing the area under the cofvihe substrate for the assays with NADPH
by the one without NADPH and multiplied by 100.
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Highlights

- 128 N-substituted B-piperazinylmethyl-8-OH-50-androstane derivatives were
prepared.

- They inhibited the oxidation of estradiol to esedyy 1 p-HSD10.

- Compound D-3,7 is the best inhibitor withs)value of 0.14 pM.

- D-ring modifications increased metabolic stability.

- D-ring modifications increased selectivity of initibn (173-HSD10 vs 17B-
HSD3).
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