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Abstract

The aldo-keto reductase 1C3 isoform (AKR1C3) playsital role in the biosynthesis of
androgens, making this enzyme an attractive tai@etastration-resistant prostate cancer
therapy. Although AKR1C3 is a promising drug target AKR1C3-targeted agent has to
date been approved for clinical use. Flufenamid,acinon-steroidal anti-inflammatory drug,
is known to potently inhibit AKR1C3 in a non-sel@etmanner as COX off-target effects are
also observed. To diminish off-target effects, vewé applied a scaffold hopping strategy
replacing the benzoic acid moiety of flufenamicdawith an acidic hydroxyazolecarbonylic
scaffold. In particular, differentlyN-substituted hydroxylated triazoles were designed t
simultaneously interact with both subpockets 1 ailthe active site of AKR1C3, larger for
AKR1C3 than other AKR1Cs isoforms. Through compaotal design and iterative rounds
of synthesis and biological evaluation, novel coomms are reported, sharing high
selectivity (up to 230-fold) for AKR1C3 over 1C2ofsrm and minimal COX1 and COX2
off-target inhibition. A docking study of compoudthe most interesting compound of the
series, suggested that its methoxybenzyl substitutas the ability to fit inside subpocket 2,
being involved int-n staking interaction with Trp227 (partial overlapg) and in a T-shape
n-n staking with Trp86. This compound was also showvdiminish testosterone production
in the AKR1C3-expressing 22RV1 prostate cancer ledl while synergistic effect was
observed wheB was administered in combination with abirateronerzalutamide.

1. Introduction

Prostate cancer (PCa) is the most commonly diaghcaecer and the second leading cause
of death in men.[1] Individuals diagnosed with higgk PCa are typically treated with
surgery or a combination of radiation and androdeprivation therapy (ADT). Many will
inevitably relapse and ultimately develop castratiesistant prostate canq€@RPC), which

is responsible for the vast majority of PCa matisdi Accordingly, there is an unmet clinical
need to develop new therapies for the treatme@RPC patients. Although the mechanisms
of resistance are multi-factorial, the androgers axill plays a major role in being active even
after ADT.[2] Beside evidence that androgen reaeffdR) mutations, splice variants and
increased copy number represent putative mechangmesistance to therapy,[3-6] the
increased expression of enzymes able to facilttegentratumoral conversion of circulating
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adrenal androgen precursors to active AR ligaoddd be responsible of the CRPC surviving
mechanisms.[7] In CRPC cells the aldo-keto redeciad3 (AKR1C3 or 1B-HSD5) is

highly expressed.[5] This enzyme, which catalyzes teduction of carbonyl substrates
derived from both endogenous compounds and xenchji& is a key player in several steps
of the complex biochemical pathways leading to agdn production of potent AR ligands,
as testosterone (T) and-8ihydrotestosterone (DHT).[8Jloreover, AKR1C3 has also been
discovered to play roles in resistance to both loo{6] and radiation therapy.[Potential

clinical use of AKR1C3 inhibitors has been demaatsi as indomethacin (Figure 1), a
potent but unselective AKR1C3 inhibitor, is able tarcumvent resistance to the
steroidogenic enzyme CYP17A1 inhibitor abiraterfii¥, and to the AR antagonist
enzalutamide.[11] Few recent studies indicate cwefisial observations about the vivo

effectiveness of AKR1C3-based therapies,[12-14] btiter studies strongly indicate
AKR1C3 as a therapeutic target in PCa.[3, 15] Alijio several lead compounds have
emerged,[16-19] thepharmacopeia still lacks an AKR1C3-targeted drug with clinical

potential.
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Figure 1. Chemical structures of indomethacin, flufenamiedaand AKR1C3 inhibitors
recently deep evaluated.

In order to understand several key unanswered ignestelated to then vivo application of
AKR1C3 inhibitors, it is desirable to develop pdieselective and drug-like AKR1C3
inhibitors. Amongst NSAIDs, flufenamic acid (FLUjgkre 1) potently inhibits AKR1C3
although it suffers from COX off-target effects.[Z0l] Recently, we successfully applied a
scaffold hopping strategy based on the replacement of quinolinesgthte moiety of
brequinar with a hydroxyazolecarboxamidic scafftdd the design of new potent human
dihydroorotate dehydrogenas@dbHODH) inhibitors.[22] In the present study, we hpp a
similar scaffold hopping strategy to the FLU benzoic acid moiety (Figure 2pecifically,
three hydroxyazoles (hydroxyfurazan, hydroxythiadla and a series of N-substituted
hydroxy-1,2,3-triazoles) were used to design compsi - 8 Figure 2). Due to their acidic
properties, the hydroxyazole scaffolds are widedprdtonated at physiological pH and are
valid isosters of the carboxylic acid function as cently demonstrated.[23-25] In contrast
to the hydroxyfurazan and hydroxythiadiazole sddfpthe regiosubstitution of the nitrogen
of the hydroxytriazole ring allows the possibilty make a structural refinement, which
enables an opportunity to improve on binding pockdfinity.[26] Accordingly, the
substituents present on the triazole ring (Figurew2re selected by their possibility of



establishing interactions with sub-pocket 2 (SPRYhe AKR1C3 binding site[27] in an
attempt to enhance potency and target selectivity.
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Figure 2. AKR1C3 inhibitors based on hydroxyazole scaffolds.
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We here report on the design, synthesis and bidbgexplorations of eight candidate
structures (Figure 2), which supports the finding®AKR1C3-selective compounds with no
off-target COX effect. Furthermore, the binding resdf the most representative molecules
were suggested by computational modelling.

2. Result and discussion
2.1 Chemistry.

The methodology used for the synthesis of the tazgmpounds is described in Scheme 1.
The first part of the work consisted in acquiririge tprotected benzyloxyazolecarboxylic
acids (compound43, 16 a-f, Scheme la and 1b). Subsequently these acids wapdedo
with 3-trifluoromethylaniline (Scheme 1c). The fmamcarboxylic acid derivative was
prepared starting frorB[25] that was hydrolysed to the corresponding ddd This latter
was decarboxylated and dehydrated to the nitdlgthen transformed into the methyl ester
12 by a Pinner reaction. Compoufi@ was finally obtained by base-catalyzed hydrolysis
12 (Scheme 1a). Regio-substituted hydroxytriazolda@eylic acids16 a-f were prepared
from the N-unsubstituted triazolegl as a common starting material.[23] This buildingck
presents an alkylation pattern directed toward tipps Np) and N of the triazole ring,
leading to a mixture of two isomeric products. Thsomeric mixtures were
chromatographically resolved and each isomer stralty assigned on the basis of the
heteronuclear 2D-NMR (HSQC and HMBC) af€-NMR spectra.[28] The hydrolysis of
the obtained estetb a-f afforded the carboxylic acids of general structlB€Scheme 1b).
Finally, carboxylic acid43 and16 a-fwere converted into the corresponding acyl chésid
and allowed to react with 3-trifluoromethylaniline generate the amideés8 and 19 a-f
(Scheme 1c); these latter compounds were deprdtéteugh catalytic hydrogenation to
give the desired target compourigs3— 8. Compound was directly obtained from coupling
of unprotected 4-hydroxy-1,2,5-thiadiazole-3-cajdmx acid 17[29] with  3-
trifluoromethylaniline. Although this reaction oced with low yield, the protection of the
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hydroxyl group ofl7 was avoided as the final removal of benzylic graupxythiadiazoles
is challenging[22].
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No Y N N._Y N‘S’N
X X X

13 X=0,Y= 18 X=0,Y=N 1 X=0,Y=N 17
16a X =N-CH,, Y—N 19a X =N-CH,, Y=N 2 X=S,Y=N
16b X=N,Y = N-CH, 19b X=N, Y =N-CH, 3 X = NCH,, V=N

_ _ _ 4 X=N,Y =N-CH,
16 ¢ X =N-CH(CH,),, Y=N 19¢c X =N-CH(CH,),, Y =N
16d X =N, Y = N-CH(CH,), 19.d X = N, Y = N-CH(CH,), 5 X =N-CH(CH,),, ¥ =N
16e X =N, Y =N-CH,Ph 19e X =N, Y = N-CH,Ph 6 X =N, Y =N-CH(CH,),
16f X=N,Y = N-(4-methoxybenzyl)  19f X =N, Y = N-(4-methoxybenzyl) 7 X=N,Y=N-CH,Ph

8 X =N, Y = N-(4-methoxybenzyl)
Scheme 1(a) 1) NaOH, EtOH, rt; 2) 2M HCI; (b) A©®, 70°C; (c) NaH, dry MeOH; (d) 2M
H,SOy; (e) RX, KCOs CHCN, r.t.; () CICOCOCI, dry DMF, dry THF, 0°C; (d3-
trifluoromethylaniline, dry pyridine, dry THF, r,th) H,, Pd/C, THF, r.t.

2.2 AKRI1C3 inhibition assays

The activity of the compounds- 8 and FLU as AKR1C3 inhibitors was initially testbg
incubating a bacterial suspension containing redoamt AKR1C3 with radiolabeled{C]-
androstenedione in the presence of increasing itohilconcentrations (Table 1).
comparison with FLU (I = 8.63 uM), the hydroxyfurazah the hydroxythiadiazol@ and
the N(b) methyl triazol& were found to be almost inactive while the N(c) Imyétriazole4
(ICs0 = 32.79 uM) demonstrated weak inhibitory activiurthermore, comparing the two
cyclopropylmethyl triazole$ and6, the N(c) isomer resulted in more active compotiah
the N(b) analogue. As the binding site seems ttebétlerate the N(c) substitution, we
designed two more N(c) analogues with substituehiscreasing size7(and8). Indeed N(c)
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cyclopropylmethyl triazole6 was shown to be more active than N(c) methyl dliaz,
indicating the preference for lipophilic groups that position. This hypothesis was
confirmed as the benzyl and 4-methoxylbenzy8 analogues displayed activity @& of
10.19 uM and 3.56 uM, respectively) comparable Wwith). Notably, compoun8 was more
potent than FLU under the conditions investigated.

Table 1.Inhibitory effect on AKR1C3 and AKR1C2 recombinamizymes.

Bacterial suspension Purified enzyme
AKR1C3 AKR1C3 AKR1C2 Ratio
Compound ICs50 £ SE ICs0+ SE ICs50 £ SE IC 5o value
(uMm) ® (um) ° (um) (1C2:1C3)
FLU 8.63+1.70 0.44+£0.02 0.53+0.03 1.2
1 >50 n.d. n.d. n.d.
(35.37% + 3.37)
2 > 50 n.d. n.d. n.d.
(47.22% + 3.16)
3 >50 n.d. n.d. n.d.
(18.47% + 3.71§
4 32 79+1.10 n.d. n.d. n.d.
5 >50 n.d. n.d. n.d.
(5.35% + 1.445
6 13.22 +0.81 1.60+0.22 70.63+6.32 44
7 10.19+1.47 0.48+0.02 62.94+5.13 131
8 3.56+0.08 0.31+£0.01 73.23+8.67 236

a) experiments performed witifC]androstenedione as substrate; b) experimenterpeeti with S-tetralol as
substrate; c) % of inhibition £ SE at 50 pM. n.dt determined.

The three most active compounds assayed in thermcuspension assay { 8 were also

assayed with AKR1C3 purified enzyme (Tableb¥)following the oxidation of S-tetralol in
the presence of NADPThe inhibition pattern observed was similar tattbbserved with the
bacterial suspension. Notably, compoui@dand8 were equipotent (1§50.48 uM and 0.31

uM, respectively) with FLU (16,0.44uM).

2.3. AKRI1Cs selectivity and COX inhibition

In PCa therapy, selective targeting of AKR1C3 ou&€22 is considered critical [30]:
AKR1C2 share > 86% sequence identity with AKR1C3)d ait is involved in
dihydrotestosterone inactivation, so its inhibitiauld be undesirable. Hence, the most
active compounds$ - 8 and FLU were assayed for their inhibitory propestusing purified
AKR1C2 incubated with S-tetralol (Table 1). Whereéas AKR1C2/C3 inhibition ratio of
FLU was found to be 1.2, triazole analogend8 were found to be 131 and 236-fold more
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selective toward AKR1C3 inhibition. Next, the comupds 6 - 8 were assayed for their
inhibitor effect on COX-1 and COX-2 off-target. Thectivity, compared with different
standards using ovine COX-@GOX-1) and human COX-hCOX-2) is reported in Table 2.

Table 2. COX-1 and COX-2 inhibitory activities of compoun@s7 and8, compared with
flufenamic acid, indomethacin, celecoxib and rofeloo

Compound oCOX1 hCOX2 ICRa\;[Ie(:Iue ICRa\f:t)Iue
50 50
ICs0 SE (MM)  1C50 £ SE(UM) o 1°AKR1C3)  (COX2:AKRIC3)
> 100
FLU 14+1 (18% + 2F 32 > 227
> 100 > 100
6 (17% + 1} (9.6% + 5.23 > 63 > 63
> 100 > 100
! (15% + 4)° (7.5% + 7.5} > 208 > 208
>100 >100
8 (0)° (12% + 4) > 322 > 322
Indomethacin 0.10£0.01 0.61 £0.09 n.d. n.d.
Celecoxib 14+ 12 0.54 £0.12 n.d. n.d.
. >100
Rofecoxib (25 + 14§ 3.0+1.0 n.d. n.d.

a) % of inhibition + SE at 100 uM. n.d: not detéred.

Notably, compound$ - 8 did not display significant inhibitory activity oany of the two
COX isoforms at the highest concentration test&f (1M). In contrast, FLU was shown to
be effective in inhibiting COX-1 but not COX-2. Brcse contradictory data are reported in
the literature for FLU and COX inhibition,[31] weaNdated our assay with indomethacin
(time-dependent non-selective inhibitor[31]), cebdb and rofecoxib (non-time-dependent
for COX-1, time-dependent and selective for CON32), 33] Pleasingly, the COX 1/2 data
obtained was consistent with inhibitory potenciggarted in literature.[34, 35]

2.4 Antiproliferative activity and testosterone suppression

We evaluated compounds 8 and FLU in AKR1C3-expressing 22RV1 cells, whichvéa
been shown to possess resistance to abirateroneramadlitamide.[10-12] The presence of
AKR1C3 was confirmed using western blot (Figure B&jore assessing the antiproliferative
activity of the three compounds using the sulfodrihe B assay. Although compourj<3
and FLU appeared to be equipotent AKR1C3 inhibjtarsvas observed that is more
antiproliferative (Figure 3B). As AKR1C3 plays aykele in the production of testosterone
in the androgen biosynthetic pathway, therapeutiervention of this pathway is vital to
effective treatment outcome. Given tl@&ahad a higher AKR1C3:AKR1C2 selectivity ratio
than 7, we decided to evaluate the former for its ability interfere with testosterone
formation in a cell-based system. This system dtes a more physiological environment
than a homogenate or purified enzyme. Furthermwaeking with intact cells allows to
observe if the compounds are able to enter the.c8, AKR1C3-expressing 22RV1 cells
were treated with the compou®dand androstenedione. The formation of testostevease
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analysed in cell supernatant by ELISA. In the pneseof only androstenedione, testosterone
production was increased > 200-fold. When cellsewse-treated witl, a significant dose-
dependent impact on testosterone levels was olumsefvgure 3C). Encouragingly a

significant decrease in testosterone

productionatserved at 5 UM and 50 % was inhibited

at 100 uM. The lack of complete testosterone inioibbi might be due to alternative
steroidogenic pathways by-passing AKR1C3 activityd/ar the binding efficacy of
compoundB to the target is insufficient to completely aboltsstosterone production.

A C 300,
22RV1 T 250 -
S~
2 200 -
AKR1C3 @
g 150 |
B-Actin  ge— g 100
£ so
(]
- 0 - S
$’o x Qb% Q’( qu, x Qb‘b x Qb
B S \79@0 R @@O oS
X X X X
Compound 22Rv1 ? o e \90
P ICqy £ SE (M)

FLU

115.0+5.0

7

67.12+2.47

8

81.40+2.29

Figure 3. Antiproliferative activity and inhibition of testteyone production, evaluated for
representative compounds. Confirmation of AKR1CBregsion in 22RV1 cells by western
blot (A) and antiproliferative activity of compousd, 8 and FLU using the SRB assay (B).
Inhibitory effect on testosterone production of gmund8 in androstenedione (AD) treated
22RV1 cells (C) by Elisa kit.

In order to evaluate a possible synergistic effefcbur compounds with abiraterone and
enzalutamide, experiments of co-treatment wereopedd. 22RV1 cells were treated with
60 uM compound with or without 10 uM abiraterone for 72 h. Thengaexperiment was
carried out by treating cells with or without 20 pdvzalutamide. As shown in Figure 4,
abiraterone, enzalutamide and compouhdad limited effects on cell growth. When
compound8 was added together with either abiraterone or lataraide, the cell viability
was reduced to 45 % or 50 %, respectively, sugyggstisynergistic effect was achieved.
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Figure 4. Effect of the co-treatment with compou8@nd abiraterone (ABI) or enzalutamide
(ENZ) on 22RV1 cells proliferation by SRB. Cells mwedreated with 60 uM compour&i
with or without 10 uM abiraterone (or 20 uM enzahatde) for 72 h. Cell growth is
expressed as % T/C (mean OD of treated cells/m&nf@ontrol cells X 100).



2.5 Molecular modeling

To elucidate the observed activity of hydroxytrilezbased compounds, we performed a
molecular docking study starting from the crystalcture of the protein complexed with
FLU (PDB code: 1S2C).[36] A comparison of compo@@rey) and FLU (orange) docked
in the AKR1C3 binding site is presented in FigureAb first, self-docking procedure was
successfully applied on FLU well reproducing thgstallographic pose of FLU inside the
binding site (Figure S1). The binding mode of FLibws the carboxylate moiety interacting
with the so-calledoxyanion site (OS) forming hydrogen bonds with Tyr55, His117 and
NADP" co-factor by a water molecule. The trifluoromephgnyl moiety is directed toward
the SP1, formed by Ser118, Asn167, Phe306, Phd3t216, Met120 and Tyr319, where it
is involved in lipophilic interactions. The dockirggmulations performed on compougd
revealed a high superimposition to FLU (Figure $4particular, the hydroxyl group present
in the triazole ring is located in the OS, therefiynicking the carboxylic group of FLU. The
amide link present in compoun8 compared to the amine in FLU, forces the 3-
trifluoromethylphenyl moiety inside SP1. This faculd explain the selectivity &forwards
AKR1C3, since the AKR1C2 isoform is characterizgdabsmaller SP1.[30] Interestingly,
the 4-methoxy-benzyl substituent 8ffits inside SP2, a small pocket part of the steroi
channel (SC) left unoccupied by FLU. The dockinguits suggest the formation afn
staking and T-shaper staking between the N(c) 4-methoxy-benzyl substitwand Trp227
(partial overlapping) and Trp86 respectively.

4 ; .
4 Mmmys 180@ QHIS 119 \ B Mc”z"/Scr lso’v Qﬂis 119
= Tyr5 T\r 55

Tyr 317 S psn 16700 S Tepi

Tyr 317 Asn 167
ésﬂm )Serm S‘(

Phe 31 Phe 306 N4 Phe 3)\1 Phe 306
},
Trp 227 Pl Trp 227

Figure 5. Compound (grey, A) and FLU (orange, B) docked in the AKR1KIAding site.
NADP" is coloured in green.

We also performed docking simulations using thea)X-structure of COX1 co-crystallized
with diclofenac (PDB code: 3N8Y) to clarify the loactivity of the compounds versus
COX1. The compounds, 6, 7, 8 as well as FLU and diclofenac were then dockethen
active site (see material and methods for morerimédion). FLU maintained the same
interaction of diclofenac, placing the carboxyliorfon near Ser530 and Tyr385 and
establishing with both residues hydrogen bonds. iMpto compound, this latter was able
to mimic diclofenac and FLU binding mode (SP Fi§),Salthough associated with a large
decrease in binding affinity (SP Tab S1). Insteadpmpletely different binding mode (data
no shown) was found for compoun@s?, 8, suggesting that a bulky group in position 1 of
hydroxytriazol ring makes the compounds unable tmimthe binding mode of FLU and
diclofenac. This modeling analysis shows how thasement of the FLU benzoic acid by a
4-hydroxy-N1-substituted triazolecarbonylic moiety a bioisosteric scaffold-hopping
replacement for AKR1C3 but not for COX1 inhibitiantivity.

3. Conclusions



This study has focused on a new generation of AKRIiDibitors designed by utilizing a
scaffold hopping approach to replace the benzoic acid moiety of Ridth hydroxylated
azoles. The best compound of the series, the 4axyenzyl substituted analog@e was
found to selectively inhibit AKR1C3 activity withb@any significant AKR1C2 and COX1/2
off-target effects. Compoun@ was also able to inhibit the testosterone prodacéind cell
proliferation in AKR1C3-expressing 22RV1 CRPC cellsa addition, the inhibition of
AKR1C3 activity by compound partly resensitized 22RV1 cells to enzalutamide an
abiraterone treatment. Taken together, the noveimatal scaffolds provides a promising
starting point for the design of more potent AKR1i@Bibitors with clinical potential.

4. Experimental section
4.1 Chemistry

4.1.1 General methods. All chemical reagents were obtained from commérs@urces
(Sigma Aldrich, Alfa Aesar) and used without fumthgurification. Culture media were
obtained from Sigma&Aldrich. Restriction enzymes, DNA polymerase and OMA ligase
were obtained from Promega. {#:]-androst-4-ene-3,17-dione (10 pCi/370 KBq, 53.6
mCi/mmol) was obtained from Perkin-Elmer. Analyticgrade solvents (acetonitrile,
diisopropyl ether, diethyl ether, dichloromethaneCM], dimethylformamide [DMF],
ethanol 99.8 % v/v, ethyl acetate, methanol [MeOp#troleum ether b.p. 40 - 60°C
[petroleum ether]) were used without further peafion. When needed, solvents were dried
on 4 A molecular sieves. Tetrahydrofuran (THF) wistilled immediately prior to use from
Na and benzophenone under. Whin layer chromatography (TLC) on silica gel wasried
out on 5 x 20 cm plates with 0.25 mm layer thiclents monitor the process of reactions.
Anhydrous MgSQ@ was used as a drying agent for the organic phd3esfication of
compounds was achieved with flash column chromafdgy on silica gel (Merck Kieselgel
60, 230-400 mesh ASTM) using the eluents indicatetdy CombiFlash Rf 200 (Teledyne
Isco) with 5—200 mL/min, 200 psi (with automatigeiction valve) using RediSep Rf Silica
columns (Teledyne Isco) with the eluents indicategkity of compounds was measured by
HPLC analyses, performed on an UHPLC chromatogcagystem (Perkin Elmer, Flexar).
The analytical column was an UHPLC Acquity CSH Ft®henyl (2.1x100 mm, 1.7 pm
particle size) (Waters). Compounds were dissolvedcetonitrile or methanol, and injected
through a 20 pl loop. The mobile phase consistecaadtonitrile / water with 0.1 %
trifluoroacetic acid; two gradient profiles of mtbiphase were used to assay the purity of
each compound. UHPLC analysis were run at flowsrate0.5 mL/min, and the column
effluent was monitored at 215 and 254 nm, refer@ragginst a 360 nm wavelength. Purity
of the synthetic intermediates varied between 90af8d 99 % purity. The biological
experiments were employed on compounds with a\puwifitat least 95%. Melting points
(m.p.) were measured on a capillary apparatus (B&4B) by placing the sample at a
temperature 10° C below the m.p. and applying difgaate of 1° C mit. All compounds
were routinely checked bjH- and **C-NMR and mass spectrometriH- and **C-NMR
spectra were performed on a Bruker Avance 300 uns#nt. For coupling patterns, the
following abbreviations are used: br = broad, simglet, d = doublet, dd = doublet of
doublets, t = triplet, g = quartet, m = multipl€@hemical shifts{) are given in parts per
million (ppm). MS spectra were performed on Finnidat TSQ-700 (70 eV, direct inlet for
chemical ionization [CI]) or Waters Micromass ZQugiped with ESCi source for
electrospray ionization mass spectra. Compo@j@%] 15a, 15b, 15¢23] 15c, 15d, 16a-
d,[22] 17[29]were prepared following already described pduces.

4.1.2. 2-[4-(Benzyloxy)-1,2,5-oxadiazol-3-yl] (hydroxyimino)acetic acid (10). 5M NaOH (8
mL) was added to a solution 8f (2.21 g, 7.60 mmol) in ethanol (40 ml). The reamti
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mixture was stirred at room temperature for 24hkntconcentrated under reduced pressure.
The crude material was dissolved in water (15 miig acidified with HCI until precipitation

of the desired product occurred. The white obtaisetld was a mixture of the two
geometrical isomers in variable ratio. Yield 76 #I-NMR (300 MHz, most abundant
isomer, DMSO-g): & 5.32 (s, 2H), 7.29 - 7.32 (m, 5H), 13.59 (s, 118,80 (br s, 1H)*C-
NMR (75 MHz, most abundant isomer, DMSg):d 74.0, 128.7, 128.8, 128.9, 134.9, 136.5,
139.6, 162.6, 163.3. MS (ClI) 263 [M +H]

4.1.3. 4-(Benzyloxy)-1,2,5-oxadiazole-3-carbonitrile (11). A solution of 10 (1.30 g, 4.94
mmol) in acetic anhydride (13 mL) was stirred at°@for 2 h. The reaction mixture was
cooled to r.t. and concentrated under reduced yreds half volume, then poured into iced
water (50 mL). The resulting mixture was stirredrabm temperature for 30 min, then
extracted twice with diethyl ether. The organiceesywere washed with saturated NaHCO
and brine, dried with N&QO, and concentrated under reduced pressure. Themite was
purified by flash chromatography using DCM as etuenafford the title compound as a
white solid (amorphous solid, m.p. 44.0 — 45.7 °€jeld 92 %.'H-NMR (300 MHz,
CDCl): & 5.35 (s, 2H), 7.34 - 7.42 (m, 5HPC-NMR (75 MHz, CDC}): & 75.7, 106.3,
125.9, 129.0, 129.1, 129.8, 133.2, 164.6. MS (0D M + H]".

4.1.4. Methyl 4-(benzyloxy)-1,2,5-oxadiazole-3-carboxylate (12). Sodium hydride 60 %
dispersion in mineral oil (398 mg) was added tolatson of 11 (1.00 g, 4.98 mmol) in dry
methanol (10 mL). The reaction mixture was stimeder nitrogen atmosphere at@®for 15
min, then allowed to reach room temperature anthéuarstirred for 60 min. 2M $80, (10
ml) was slowly added cooling the reaction mixtuted&’C. The resulting suspension was
extracted with DCM. The organic layers were cobegtdried with brine and N8O, and
concentrated under reduced pressure. The crude riahatwas purified by flash
chromatography using petroleum ether / DCM 60:40 &t eluent, to afford the title
compound as a white solid (amorphous solid, m.p- 48 °C). Yield 98 %'H-NMR (300
MHz, CDCl): & 3.91 (s, 3H), 5.35 (s, 2H), 7.29-7.43 (m, 5HE-NMR (75 MHz, CDC}): &
53.1, 74.4,128.3, 128.6, 128.9, 134.0, 139.2,4563.7. MS (CI) 235 [M + H]

4.1.5. Ethyl 4-(benzyloxy)-1-(4-methoxybenzyl)-1H-1,2,3-triazole-5-carboxylate (15f).
CsC0s5 (2.90 g, 8.91 mmol) and 1-(chloromethyl)-4-methoxybene (1.23 g, 7.94 mmol)
were added to a solution ©fl (1.10 g, 4.45 mmol) in C4CN (25 mL). The resulting mixture
was stirred at room temperature for 16 hours. Wthenreaction was complete, the mixture
was concentrated under reduced pressure and the pmoduct was partitioned between
ethyl acetate and water. The aqueous phase waactxirtwice with ethyl acetate and
collected organic layers were washed with 1M HZT (L), 1M NaOH (30 mL) and brine.
The organic phase was dried with,8@y, and concentrated under reduced pressure to afford
a colorless oil. The latter showed two spots on TklDent: petroleum ether / ethyl acetate
90/10 vl/v) relative to the @ and N substituted triazole isomers. The two isomers were
separated using flash chromatography (eluent: lgetmo ether / ethyl acetate 95/5 v/v). First
eluted isomer, white solid (powder, m.p. 76.5 -778C). Yield 36 %.*H-NMR (300 MHz,
DMSO-t): 6 1.24 (3H, tJ = 7.1 Hz), 3.72 (3H, s), 4.27 (2H, §~= 7.1 Hz), 5.45 (2H, 9),
5.73 (2H, s), 6.90 (2H, dl = 8.5 Hz), 7.18 (2H, dJ = 8.7 Hz), 7.29 - 7.50 (5H, mj*C-
NMR (75 MHz, DMSO-@): 6 13.9, 53.5, 55.1, 61.1, 71.1, 110.4, 114.1, 1212%.6, 128.1,
128.4, 129.1, 136.4, 157.7, 159.1, 160.6. MS (B8§ [M + HJ". The second eluted isomer
ethyl 5-(benzyl oxy)-2-(4-methoxybenzyl)-2H-1,2,3-triazol e-4-carboxylate was also isolated as
a white solid and characterized. M.p. 80.7 — 87 ffom ethanol. Yield 60 %H-NMR
(300 MHz, DMSO-d): 6 1.26 (t,J = 7.1 Hz, 3H), 3.74 (s, 3H), 4.25 @~ 7.1 Hz, 2H), 5.30
(s, 2H), 5.48 (s, 2H), 6.92 (d,= 8.6 Hz, 2H), 7.27 (d] = 8.6 Hz, 2H), 7.31 - 7.49 (m, 5H).
¥C-NMR (75 MHz, DMSO-g): ¢ 14.0, 55.0, 58.3, 60.3, 71.7, 113.9, 123.0, 12627,8,
128.1, 128.3, 129.5, 135.8, 159.1, 159.4, 160.1(KS) 368 [M + HT.
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4.1.6. General procedure for compounds 16e, 16fand 13.

6M NaOH (0.57 mL, 3.45 mmol) was added to a soluttd the appropriate ester (1.15
mmol) in ethanol (25 mL) and the reaction mixturaswstirred at room temperature until
disappearance of starting material. The resultoigti®n was neutralized with 2M HCI, then
concentrated under reduced pressure. 2M HCIl wasedadehtil pH 1-2, observing

precipitation of a white solid. The solid was ideth by filtration to give the appropriate
carboxylic acid.

4.1.6.1 4-(Benzyloxy)-1,2,5-oxadiazole-3-carboxylic acid (13). Crystalline white solid (m.p.
106.1 -107.5 °C from hexane/diisopropyl eth&-NMR (300 MHz, CDC}): § 5.45 (s, 2H),
7.30 - 7.50 (m, 5H), 10.91 (br s, IHJC-NMR (75 MHz, CDC}): 5 74.8, 128.7, 128.8,
129.1, 134.0, 139.1, 161.6, 163.9. MS (CI) 220 [M[+.

4.1.6.2 1-Benzyl-4-(benzyloxy)-1H-1,2,3-triazole-5-carboxylic acid (16e). Crystalline white
solid (m.p. 165.7 - 166.8°C). Yield 90 %4- NMR (300 MHz, DMSO-g): 6 5.44 (s, 2H),
5.82 (s, 2H), 7.147.52 (m, 10H), 13.66 (br, 1H}*C-NMR (75 MHz, DMSO-g): & 53.7,
71.1, 111.2, 127.4, 128.0, 128.1, 128.4, 128.7,712835.9, 136.4, 159.1, 160,4. MS (ESI)
310 [M + HJ'.

4.1.6.3 4-(Benzyloxy)-1-(4-methoxybenzyl)-1H-1,2,3-triazole-5-carboxylic  acid  (16f).
Crystallinewhite solid (m.p. 179.1 - 180.5°C). Yield 84 &i-NMR (300 MHz, DMSO-g):

6 3.72 (s, 3H), 5.43 (s, 2H), 5.73 (s, 2H), 6.90)d, 8.3 Hz, 2H), 7.18 (d] = 8.3 Hz, 2H),
7.29 - 7.51 (m, 5 H), 13.62 (br, 1HPC-NMR (75 MHz, DMSO-g): § 53.2, 55.1, 71.0,
111.0, 114.0, 127.7, 128.0, 128.1, 128.4, 129.6,41359.1, 159.2, 160.5. MS (ESI) 340 [M
+ HJ".

4.1.7. General procedure for synthesis of amides 18 - 19a-f:

Dry DMF (26 uL) and 2M oxalyl chloride in DCM (3.06 mmol, 1.53Linwere added to a
cooled (0°C) solution of the appropriate carboxymd (3, 16 a - f 0.901 mmol) in dry
THF (15 mL). The reaction was stirred for 3 houtsr@om temperature under nitrogen
atmosphere. The solvent was evaporated under rédpoessure and the residue was
dissolved in dry THF (this process was repeatedhiae times). The resulting acyl chloride
was dissolved in dry THF (10 mL) and used withawt &urther purification in the next step.
Dry pyridine (219uL, 2.70 mmol) and 3-trifluoromethylaniline (113, 0.901 mmol) were
added to the described solution. The reaction mexiwas stirred for 12 hours at room
temperature under nitrogen atmosphere. 0.5 M HGladaled to the resulting mixture, which
was concentrated under reduced pressure. Theingssilispension was acidified with 0.5 M
HCI to pH 2 and extracted with ethyl acetate (0x12.). The organic phases were collected,
washed with brine, dried with MaQy, and the solvent was evaporated. The crude product
was purified using flash chromatography (gradiehpetroleum ether /ethyl acetate from
90/10 v/v to 70/30 v/v) to obtain the correspondangide.

4.1.7.1. 4-(Benzyloxy)-N-(3-(trifluoromethyl)phenyl)-1,2,5-oxadiazole-3-carboxamide (18).
Flash chromatography eluent: petroleum ether /letbgtate 9:1 v/v. White solid (powder,
m.p. 110.1 - 111.1 °C), yield 74 %H-NMR (300 MHz, CDC}): & 5.48 (s, 2H), 7.39-7.52
(7H, m), 7.80 (dJ = 7.6 Hz, 1H), 7.91 (s, 1H), 8.58 (br s, 1HC-NMR (75 MHz, CDC):
075.2,116.9 (¢ = 3.8 Hz), 122.0 (¢ =3.7 Hz), 123.1 (q) = 0.8 Hz), 123.6 (q) = 272.6
Hz), 128.7, 128.9, 129.3, 129.9, 131.70J¢ 32.1 Hz), 133.9, 137.0, 140.9, 153.8, 163.3.
MS (CI) 364 [M + HT.

4.1.7.2. 5-(Benzyl oxy)-2-methyl-N-(3-(trifluoromethyl)phenyl )-2H-1,2,3-triazol e-4-
carboxamide (19a). White solid (powder, m.p. 110.2 - 112.3 °C). Yi@ %.'H NMR (300
MHz, DMSO-&): ¢ 4.15 (s, 3H), 5.34 (s, 2H), 7.3262 (m, 7H), 8.01 (d] = 8.2 Hz, 1H),
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8.26 (s, 1H), 10.48 (s, 1H)°C NMR (75 MHz, DMSO-g): 6 42.4, 72.0, 116.2 (gl = 4.1
Hz), 119.9 (g, = 4.1 Hz), 123.6 (q) = 1.2 Hz), 124.1 (¢) = 272.3 Hz), 125.5, 128.0, 128.2,
128.4, 129.3 (q) = 31.4 Hz), 129.8, 136.0, 139.4, 158.1, 159.4. BSIY 377 [M + H].

4.1.7.3. 4-(Benzyl oxy)-1-methyl-N-(3-(trifluoromethyl ) phenyl)-1H-1,2,3-triazol e-5-

carboxamide (19b). White solid (powder, m.p. 136.4 - 139.4°C). Yi&@ %.'"H NMR (300

MHz, DMSO-&;): 8 4.20 (s, 3H), 5.52 (s, 2H), 7.3.44 (m, 3H), 7.467.66 (m, 4H), 7.85
(d,J = 8.2 Hz, 1H), 8.08 (s, 1H), 9.90 (s, 1HC NMR (75 MHz, DMSO-g): § 37.9, 71.8,
114.2, 116.1 (gJ =4.1 Hz), 120.6 (¢J = 3.8 Hz), 123.6 (¢) = 1.3 Hz), 123.9 () = 272.3
Hz), 127.9, 128.2, 128.3, 129.5 (= 31.8 Hz), 130.1, 136.2, 138.6, 155.9, 157.8.(ESI)

377 [M + HJ.

4.1.7.4. 5-(Benzyl oxy)-2-(cyclopropyl methyl)-N-(3-(trifluoromethyl)phenyl)-2H-1,2,3-
triazole-4-carboxamide (19c). White solid (powder, m.p. 79.0 - 80.7 °C). Yiel8 %. *H
NMR (300 MHz, DMSO-g): 6 0.41-0.49 (m, 2H), 0.540.62 (m, 2H), 1.291.42 (m, 1H),
4.25 (d,J = 7.2 Hz, 2H), 5.35 (s, 2H), 7.327.62 (m, 7H), 8.01 (d] = 8.2 Hz, 1H), 8.24 (s,
1H), 10.36 (s, 1H)**C NMR (75 MHz, DMSO-g): J 3.6, 10.7, 59.5, 72.0, 116.2 (b= 4.3
Hz), 119.9 (qJ = 4.1 Hz), 123.7 (¢ = 0.7 Hz), 124.1 (¢) = 272.4 Hz), 125.6, 128.2, 128.2,
128.4,129.3 (9J = 31.3 Hz), 129.8, 136.0, 139.4, 158.1, 159.2. BSI{ 417 [M + HT.

4.1.7.5. 4-(Benzyl oxy)-1-(cyclopropyl methyl)-N-(3-(trifluoromethyl ) phenyl)-1H-1,2,3-
triazole-5-carboxamide (19d). White solid (powder, m.p. 114.1 - 116.0 °C). Yi&id %.'H
NMR (300 MHz, DMSO-@): 6 0.37 - 0.45 (m, 2H), 0.48 - 0.57 (m, 2H), 1.27441(m, 1H),
4.47 (d,J = 7.3 Hz, 2H), 5.52 (s, 2H), 7.31 - 7.67 (m, 7AB5 (d,J = 8.2 Hz, 1H), 8.08 (s,
1H), 10.06 (s, 1H)}*C NMR (75 MHz, DMSO-g): 6 3.7, 11.4, 54.9, 71.9, 113.5, 116.1]q,
=4.1 Hz), 120.7 () = 4.3 Hz), 123.6 (q) = 1.2 Hz), 124.0 (¢) = 272.1 Hz), 128.1, 128.3,
128.4, 129.6 (9J = 31.5 Hz), 130.3, 136.3, 138.7, 156.1, 158.0. BSI{ 417 [M + HT.

4.1.7.6. 1-Benzyl-4-(benzyloxy)-N-(3-(trifluoromethyl ) phenyl)-1H-1,2,3-triazole-5-
carboxamide (19e).White solid (powder, m.p. 152.2 - 154.2 °C). Yiéltl %.*H NMR (300
MHz, DMSO-&): ¢ 5.51 (s, 2H), 5.84 (s, 2H), 7.20 - 7.65 (m, 1ZH31 (d,J = 8.1 Hz, 1H),
8.00 (s, 1H), 10.00 (s, 1HYC NMR (75 MHz, DMSO-g): § 53.4, 72.0, 113. 7, 116.1 @
3.8 Hz), 120.8 (g9J = 4.3 Hz), 123.6 (q) = 0.7 Hz), 124.0 (qJ =, 272.3 Hz), 127.7, 128.1,
128.2, 128.4, 128.5, 128.8, 129.6 Jg; 31.7 Hz), 130.3, 135.7, 136.2, 138.6, 155.9, A58.
MS (ESI) 453 [M + HJ.

4.1.7.7 4-(Benzyloxy)-1-(4-methoxybenzyl)-N-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazole-
5-carboxamide (19f). White solid (powder, m.p. 138.9 - 140.3 °C). Yi&d %.'H NMR
(300 MHz, DMSO-@): 6 3.70 (s, 3H), 5.49 (s, 2H), 5.75 (s, 2H), 6.89J¢; 7.9 Hz, 2H),
7.24 (d,J = 7.9 Hz, 2H), 7.367.67 (m, 7H), 7.82 (d] = 8.0 Hz, 1H), 8.01 (s, 1H), 10.00 (s,
1H). °*C NMR (75 MHz, DMSO-g): 52.9, 55.1, 71.9, 113.5, 114.1, 116.1Jq 3.0 Hz),
120.7 (g,J = 3.9 Hz), 123.6 (gqJ = 0.5 Hz), 124.0 (qJ = 272.3 Hz) 127.5, 128.1, 128.3,
128.4, 129.5, 129.6 (¢,= 31.8 Hz), 130.3, 136.2, 138.6, 155.9, 158.2,A50S (ESI) 483
[M + H]".

4.1.8. General hydrogenation procedure to obtain target compounds 1, 3 - 8.

The appropriate protected hydroxyazadl®,(19a-f 0.400 mmol) dissolved in dry THF (20

mL) was hydrogenated in presence of Pd/C (45 mg) feour at atmospheric pressure. The
reaction mixture was filtered off through a shoatydr of celite and the solvent was
evaporated under reduced pressure yielding theedesompound.

4.1.8.1. 4-Hydroxy-N-(3-(trifluoromethyl)phenyl)-1,2,5-oxadiazol e-3-carboxamide (1). White
solid (powder, m.p. 165.3 - 167.5 °C, from diisqpyoether/hexane). Yield 62 %H-NMR
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(300 MHz, (CR),CO): §7.56 (d,J = 7.8 Hz, 1B, 7.69 (t,J = 8.0 Hz, 1H), 8.08 (d] = 8.1
Hz, 1H), 8.30 &, 1H), 10.24 (br s, 1H)**C-NMR (75 MHz, (CR),CO): 5117.8 (q,J = 3.9
Hz), 122.3 (q,J = 3.8 Hz), 124.7, 124.9 (§, = 272.1 Hz), 131.0, 131.5 (4= 32.1 Hz),
139.2, 142.2, 156.7, 163.5. ESI-HRMS (m/z) [M - Idalcd. for GoHsFsNsOs 272.0278,
obsd. 272.0274.

4.1.8.2. 5-Hydroxy-2-methyl-N-(3-(trifluoromethyl)phenyl)-2H-1,2,3-triazol e-4-carboxamide
(3). Crystalline white solid (m.p. 216.6 - 217.0 °Qyrfr acetonitrile). Yield 97 %H NMR
(300 MHz, DMSO-g): 6 4.07 (s, 3H), 7.43 (d = 7.8 Hz, 1H), 7.57, (] = 8.0 Hz, 1H), 8.00
(d,J = 8.1 Hz, 1H), 8.29 (s, 1H), 10.31 (s, 1H), 11(86 1H)."*C NMR (75 MHz, DMSO-
de): 6 42.1, 116.2 (qJ = 4.1 Hz), 119.8 (qJ = 3.8 Hz), 123.6 (o) = 1.1 Hz), 124.2 () =
272.3 Hz), 124.9, 129.4 (4,= 31.6 Hz), 129.8, 139.5, 158.8, 158.9. ESI-HRM%zJrfM -
H] calcd. for GiHgF3N4O, 285.0605, obsd. 285.0594.

4.1.8.3. 4-Hydroxy-1-methyl-N-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazol e-5-carboxamide
(4). Crystalline white solid (m.p. 235.6 - 241.0 °@rh acetonitrile). Yield 96 %H NMR
(300 MHz, DMSO-d): 6 4.19 (s, 3H), 7.47 (d = 7.7 Hz, 1H), 7.59 (1 = 8.0 Hz, 1H), 7.83
(d,J = 8.2 Hz, 1H), 8.20 (s, 1H), 9.90 (s, 1H), 12.B8<, 1H)."*C NMR (DMSO-4): ¢ 38.6,
111.9, 116.0 (¢J = 4.1 Hz), 120.3 (9) = 3.9 Hz), 123.6 (¢J = 1.3 Hz), 124.0 (q) = 272.4
Hz), 129.6 (g = 31.7 Hz), 130.1, 138.8, 156.6, 158.1. ESI-HRM%z}rfM - H] calcd. for
C11HsF3N4O, 285.0605, obsd. 285.0605.

4.1.8.4. 2-(Cyclopropyl methyl)-5-hydroxy-N-(3-(trifluoromethyl)phenyl)-2H-1,2,3-triazole-4-
carboxamide (5). Crystalline white solid (m.p. 187.3 - 188.4 °Qyrfr acetonitrile). Yield 96
%. 'H NMR (300 MHz, DMSO-g): 6 0.38 - 0.47 (m, 2H), 0.54 0.64 (m, 2H), 1.251.40
(m, 1H), 4.18 (dJ = 7.2 Hz, 2H), 7.43 (d] = 7.8 Hz, 1H), 7.57 (f) = 8.0 Hz, 1H), 8.01 (d]
= 8.2 Hz, 1H), 8.27 (s, 1H), 10.20 (s, 1H), 11.BA (H).**C NMR (75 MHz, DMSO-g): 6
3.6, 10.7, 59.3, 116.2 (4,= 3.6 Hz), 119.8 (q) = 3.7 Hz), 123.7 (¢ = 1.4 Hz), 124.1 (¢
=272.3 Hz), 124.8, 129.4 (= 31.5 Hz), 129.8, 139.4, 158.6, 159.0. ESI-HRM&Jr{M -
H] calcd. for G4H12F3N4O, 325.0910, obsd. 325.0907.

4.1.8.5. 3-(Cyclopropyl methyl)-4-hydroxy-N-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazole-4-
carboxamide (6). Crystalline white solid (m.p. 226.9 - 229.0 ¥&m acetonitrile). Yield 79
%. 'H NMR (300 MHz, DMSO-g): § 0.35— 0.45 (m, 2H), 0.47 0.57 (m, 2H), 1.30- 1.45
(m, 1H), 4.47 (d) = 7.3 Hz, 2H), 7.48 (d] = 7.7 Hz, 1H), 7.60 (1) = 8.0 Hz, 1H), 7.83 (d]
= 8.2 Hz, 1H), 8.20 (s, 1H), 10.01 (s, 1H), 13.B6<, 1H)."*C NMR (75 MHz, DMSO-g):
8 3.49, 11.2, 55.3, 110.9, 115.9 (= 4.0 Hz), 120.3 (@) = 3.9 Hz), 123.5 (¢J = 1.1 Hz),
123.9 (qJ = 272.4 Hz), 129.5 (4] = 31.6 Hz), 130.0, 138.7, 156.5, 158.2. ESI-HRM%zjm
[M - H]  calcd. for G4H12FsN4O, 325.0907, obsd. 325.0911.

4.1.8.6. 1-Benzyl-4-hydroxy-N-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazol e-5-carboxamide
(7). Fluffy white solid (m.p. 222.2 - 224.6 °C, fromeetonitrile). Yield 97 %'H NMR (300
MHz, DMSO-a): 6 5.84 (s, 2H), 7.237.39 (m, 5 H), 7.46 (dl = 7.9 Hz, 1H), 7.57 (1) = 8.0
Hz, 1H), 7.82 (dJ = 8.1 Hz, 1H), 8.13 (s, 1H), 9.88 (s, 1H), 12.B8 (LH).**C NMR (75
MHz, DMSO-&): ¢ 53.6, 111.3, 116.2 (4,= 4.3 Hz), 120.5 () = 4.3 Hz), 123.8 (qJ=1.3
Hz), 124.1 (q,) = 272.4 Hz), 127.6, 128.1, 128.7, 129.6Jg,31.7 Hz), 130.2, 135.8, 138.7,
156.5, 158.3. ESI-HRMS (m/z) [M - H¢alcd. for G7H12FsN40,361.0907, obsd. 361.0908.

4.1.8.7. 4-Hydroxy-1-(4-methoxybenzyl)-N-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazol e-5-

carboxamide (8). Fluffy white solid (m.p. 215.5 - 217.7 °C, fromedonitrile). Yield 98 %.
'H NMR (300 MHz, DMSO-g): § 3.71 (s, 3H), 5.75 (s, 2H), 6.90 @z 8.6 Hz, 2H), 7.25
(d,J=8.6 Hz, 2H), 7.47 (11 = 7.8 Hz, 1H), 7.58 ({] = 7.9 Hz, 1H), 7.83 (d] =8.2 Hz, 1H),
8.14 (s, 1H), 9.90 (s, 1H), 12.88 (br, 1HJC NMR (75 MHz, DMSO-g): J 53.2, 55.1,
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111.1, 114.1, 116.1 (4,= 4.1 Hz), 120.5 () = 3.9 Hz), 123.8 () = 1.5 Hz), 124.1 () =
272.1 Hz), 127.6, 129.4, 129.6 (@,= 30.4 Hz), 130.2, 138.7, 156.5, 158.4, 159.1. ESI-
HRMS (m/z) [M - HJ calcd. for GgH14F3N403391.1024, obsd. 391.1031.

4.1.9. 4-Hydroxy-N-[ 3-(trifluoromethyl)phenyl] -1,2,5-thiadiazole-3-carboxamide (2). The
compound was obtained following the general prooedar synthesis of amides starting
from 17.[29] Flash chromatography eluent: DCM / methar@ll9 v/v. White solid (powder,
m.p. 177.6 — 178.9 °C, from diisopropyl ether). ¥id0 %'H-NMR (300 MHz, CROD): &
7.46 (1H, dJ = 7.9 Hz), 7.56 (1H, t) = 8.0 Hz), 7.97 (1H, d] = 8.2 Hz), 8.20 (1H, s}C-
NMR (75 MHz, CQ3OD) 0118.3 (q.J= 4.0 Hz), 122.3 (gJ= 4.0 Hz), 125.1 (¢ = 1.3 Hz),
125.5 (q,J = 272.5 Hz), 130.8, 132.2 (4,= 32.3 Hz), 139.7, 140.8, 160.7, 166.0. MS (CI)
290 [M + HJ. ESI-HRMS (m/z) [M - H] calcd. for GgHsF3N3:O,S 288.0049, obsd.
288.0047.

4.2.  Expression and purification of recombinant human AKR1C3 and AKR1C2.

Plasmid coding for human AKR1C3 was kindly provided Prof. J. Adamski (Institute of
Experimental Genetics, Genome Analysis Center, Bidadrg, Germany). The cDNA
showed one mutation His5GIn in comparison to theBN&equence. This conservative
mutation is described in the literature as a simgieleotide polymorphism (SNPs) and seems
to be very common (refSNP: rs12529). Clone RC213%88aining human AKR1C2 cDNA
was obtained by Origene. cDNA was sequenced by GlR.1.B.I. — BMR Servizio
Sequenziamento DNA, Padova (ltaly). Then, it waplded by PCR and, subsequently,
subcloned using Xho | and Sal | into the same pGHX modified plasmid vector (kindly
provided by Prof. J. Adamski), used for AKR1C3.

Plasmids coding for AKR1C3 and AKR1C2 were transfed intoEscherichia coli BL21
(DE) Codon Plus RP (Agilent Technologies). For thretein expression, bacteria cells
expressing AKR1C3 and AKR1C2 were grown in YT2X medupplemented with
ampicillin at 37 °C with continuous shaking. At OBbnm = 0.6 the expression was induced
by IPTG (0.5 mM). Bacteria were harvested 2 h dftduction by centrifugation and stored
at -20°C until use. For the AKR1C3 and AKR1C2 puaatfion, bacteria were suspended in
PBS supplemented with lysozyme (0.1 mg/ml) andgas¢ inhibitor (Sigma). Then, bacteria
were lysed by four freeze-thaw cycles followed byAdigestion with benzonase (25 U) in
presence of MgGI5 mM. After centrifugation of the lysate for 30nmat 4°C and 13,000 x g,
the supernatant was collected. Then, AKR1C3 and RBRwere affinity purified via N-
terminal GST-tag on glutathione (GT) sepharose W&althcare) and cleaved of by
thrombin according to the manufacturer's protocBkpression and purification was
monitored by SDS-PAGE.

4.3  Invitro AKR1C3 and AKR1C2 inhibition assays.

The inhibition assays were carried out by usingdréal suspension or purified enzymes. In
the screening of AKR1C3 inhibitors, bacteria expieg AKR1C3 were suspended in 100
mM phosphate buffer pH 6.6 without lysis. The baatesuspension (about 15 pg of
proteins) was incubated witf{'C]androstenedione (6 X TQ:Ci) in the presence of Tween80
(0.1 mg/mL), ATP (1 mM), MgGl(1 mM) and a NADPH generating system (1 mM NADP
3 mM glucose-6-phosphate and 3 units of G-6-P defyghase) for 30 min at 30°C with
vigorous shaking. Inhibitors, when present, wergeadas solution in ETOH (10% v/v). The
enzymatic reaction was stopped by heating at 8€@of@0 min. After extracting two times
with ethyl ether (1.5 mL), the solvent was evapedaand the extract was separated on TLC
silica gel plates using chloroform/ethyl acetatel(4/v) as a developing system. Percent
conversion of the labeled substrate to testostemwas estimated by integration from
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radioactivity scans with a System 200 Imaging Sear(flewlett-Packard, Palo Alto, CA,
USA).

In order to study the selectivity versus AKR1C2tloé active inhibitors of AKR1C3, the
purified recombinant enzymes were used. The agtwitthe inhibitors was evaluated by
using as a substrate S-tetralol in 96-well fornidte reaction was fluorimetrically (exc/em;
340 nm/ 460 nm) monitored by the measurement of RAPproduction on a “Ensight” plate
reader (Perkin Elmer) at 37 °C. Assay mixture coeizd S-tetralol (in ETOH ), inhibitor (in
ETOH), 100 mM phosphate buffer, pH 7, 200 pM NAD&nd purified recombinant enzyme
(30 ul) in a final volume of 200 pl and 10% ETCOHhe S-tetralol concentration used in the
AKR1C2 and AKR1C3 inhibition assay were 15 microntladl60 microM, respectively, the
some as the Km described for the respective isfounder the same experimental
conditions. Percent inhibition with respect to ttantrols containing the same amount of
solvent, without inhibitor, was calculated from thatial velocities, obtained by linear
regression of the progress curve, at different entrations of inhibitor. The I§g values were
obtained using PRISM 7.0, GraphPad Software. Theegaare the means of two separate
experiments each carried out in triplicate.

4.4  COX1 and COX2 inhibition assays

References and selected compounds were testduefoability to inhibit COX-1 and COX-2
using a COX (ovine/human) Inhibitor Screening As#ay (Cayman Chemical Co., Ann
Arbor, MI), following manufacturer’s instruction3.he assay directly measured BBy
SnCb reduction of COX-derived PGHproduced in the COX reaction. The prostanoid
product was quantifiedvia enzyme immunosorbent assay (ELISA); absorbance
measurements were obtained on a PerkinElmer 203@label Reader. 16 values were
obtained by linear regression using PRISM 7.0, GPaal Software. Results were calculated
as mean value * standard error (SE) of at leasetbxperiments.

45 Tumor cdll lines and cell culture.

22RV1 castration-resistant prostate cancer celleewsed. Cells were grown in RPMI
supplemented with 10% (v/v) fetal calf serum, 2%)\penicillin-streptomycin, 0.03% L-
glutamine and maintained at 37 °C in a humidified@sphere containing 5% GO

4.6  Cédl proliferation assay.

Cell growth inhibition was evaluated by sulfornodaenB colorimetric proliferation assay
(SRB assay) modified by Vichai and Kirtikara.[372RV1 cells were seeded into 96-well
plates in RPMI containing 10% charcoal strippeduser2 % (v/v) penicillin-streptomycin
and 0.03% L-glutamine, at a density of 10,000 6s# and incubated at 37 °C with 5%
CO, for 24 hours to allow cellular adhesion. Varioulsitibns of inhibitors in ethanol were
added in triplicate, and incubated for 72 h. Cdntedls were incubated with the same final
concentration of ethanol (maximum concentrationvl9). The assay was done as previously
described.[38] For co-treatment experiments, 22R#ls were treated with abiraterone (10
UM) or enzalutamide (20 uM) with or without compdu® (60 uM) for 72 h. The statistical
analysis were performed with PRISM 7.0, GraphPaitw&re. The values are the means of
two separate experiments each carried out inc¢efsi

4.7 Inhibition of AKR1C3-Mediated Production of Testosterone in 22RV1 cdlls.

22RV1 cells were seeded into 96-well plates in RRNWHdia containing 10% charcoal

stripped serum, 2% (v/v) penicillin-streptomycinda@.03% L-glutamine, at a density of

30,000 cells per well, and were incubated at 371 w% CQ for 24 hours. Compound

was added to the wells at 4 different concentratiand incubated for 1 hour. Equimolar

(28nM) concentration of androstenedione was thele@do the wells. The plate was returned
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to the incubator for a further 24h. Cell supernataas removed for analysis of testosterone
by ELISA following the manufacturer’'s guide (Teser®ne ELISA kit was purchased from
Cayman Chemical Company). The ELISA plate was i&ad wavelength of 405nM on a
microplate reader. Analysis was performed usingG@agman Chemical Company’s online
available analysis tool and data was quantitateghaga standard curve generated in ELISA
buffer. Cross reactivity to androstenedione waacted for by adding these to cell-free
wells of the ELISA plate. The statistical analysisre performed with PRISM 7.0, GraphPad
Software. The values are the means of two sepexgiriments each carried out in triplicate.

4.8 Western blot.

25 ug of total protein lysate was loaded for analysy western blot. For detection of
AKR1C3, 1:10,000 dilution of mouse monoclonal akiiR1C3 (Sigma Aldrich) was
prepared in blocking buffer and added to the memdbith an overnight incubation at 4 °C
on a shaker. Mouse B-actin (Sigma Aldrich) was us®dnternal control with a dilution of
1:20,000 in blocking buffer, with overnight inculmat at 4 °C on a shaker. Membranes were
subsequently washed with PBST and incubated witorskary goat anti-mouse antibody
(Thermo Fisher Scientific) at a dilution of 1:50f fl hour at room temperature on a shaker.
Membranes were washed and exposed to UV lighttecttarget bands and captured using a
digital camera.

4.9 Molecular Modeling.

The structures of compounds 7 and 8, as well as the structures of the lead compound
Flufenamic Acid, were built in their dissociatedrifs using the 2D Sketcher tool
implemented in Maestro GUI. For each compound, duamced conformational search was
performed using OPLS_2005 as Force Field and gefttD0 maxium steps for each run.
Quantum mechanics/molecular mechanics (QM/MM) dagkiwas performed using
Schrédinger QM-Polarized Ligand Docking protocoP(().[36] For this purpose, the X-
ray crystallographic structure of AKR1C3 was rateid from RCSB Database (PDB code:
1S2C) and the generated conformers were dockeardBebcking, the crystal structure of
the protein underwent an optimization process usiegProtein Preparation Wizard tool,
implemented in Maestro GUI. Missing hydrogen atoms were added and bodérsrwere
assigned. Then, DMS, non-structural water molecwdred impurities (such as solvent
molecules) were removed. The water 2152 was mataim the binding site because its
important water network,[27] also the cofactor N&®RI the co-crystalized ligand Flufenamic
Acid were maintained. Reorienting automatically imiged the hydrogen bond network:
hydroxyl and thiol groups, amide groups of aspamagAsn) and glutamine (GIn), and the
imidazole ring in histidine (His). Moreover, theoponation states prediction of His—aspartic
acid (Asp), glutamic acid (Glu), and tautomerictestaof His—were accomplished using
PROPKA." Finally, a restrained minimization of the protsinucture was accomplished by
converging heavy atoms to a 0.30 A RM3Dgrid of 10 A x 10 A x 10 AX, y, andz) was
created and centered on the co-crystalized ligdnféframic acid. The ligand was extracted
from the structure and used for docking validatibne QPLD protocol was carried out using
Glide Extra Precision (XP) mode, setting QM Level Accurate (B3LYP functional, 6-
31G*/LACVP* basis set, ultrafine SCF accuracy lgvéh the QPLD procedure, after the
first XP docking run, QM-derived charge is calcatatfor the top five poses of each
compound in the field of the receptor. Then, a névdocking is performed with new QM
charges calculated. Finally, re-docking and reisgomwere performed, keeping the 10
highest ranked poses. Regarding docking analysiS@X the crystallographic complex of
diclofenac and COX1 was used (PDB code: 3N8Y). Jamae protocol discussed above were
utilized for the protein and ligands preparatioheToverall of docking were obtained using
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Glide XP keeping default parameters and centeredgtid on the co-crystalized ligand
Diclofenac.
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Highlights

1) New AKR1C3 inhibitors were designed and synthetized using hydroxyazole scaffolds.
2) Modeling was used to specul ate the interaction with the AKR1C3 binding site.

3) New compounds were assayed for AKR1C3 selectivity and cell-based activities.

4) Cpd 8 shows synergistic effect in combination with abiraterone and enzal utamide.



