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Abstract

Cathepsin X is a cysteine carboxypeptidase thahvslved in various physiological and
pathological processes. In particular, highly eledaexpression and activity of cathepsin X
has been observed in cancers and neurodegeneths®ases. Previously, we identified
compound Z9 (1-(2,3-dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-isopropyl-4-1,2,4-triazol-3-
yhthio)ethan-1-one) as a potent and specific r@bé cathepsin X inhibitor. Here, we have
explored the effects of chemical variationsZi® of either benzodioxine or triazol moieties,
and the importance of the central ketomethylendthier. The ketomethylenethio linker was
crucial for cathepsin X inhibition, whereas changethe triazole heterocycle did not alter the
inhibitory potencies to a greater extent. Replacemébenzodioxine moiety with substituted
benzenes reduced cathepsin X inhibition. Overaesal synthesized compounds showed
similar or improved inhibitory potencies againsthegpsin X compared t@9, with 1Cso
values of 7.1 uM to 13.6 pM. Additionall5 inhibited prostate cancer cell migration by
21%, which is under the control of cathepsin X.

Keywords: cathepsin X; triazole-benzodioxine inhibitors;,4;®iazole; anticancer drugs



Introduction

Cathepsin X (CatX) is a lysosomal carboxypeptiddss is expressed predominantly in
immune and neuronal cells [1]. By cleaving divessbstrates, CatX can affect a number of
different physiological processes, including ceblieration, migration and adhesion [2]. In
addition, it has also been implicated in varioushpkgical processes, and particularly in
cancers and neurodegenerative diseases. CatXhky hig-regulated in many cancers, where
its proteolytic activity has a substantial role thre cleavage of different targets, such as
profilin 1 and thep2-chain of integrin receptors, which are involvad d¢ytoskeleton
modulation and cell adhesion [3, 4]. Higher protiewels of CatX are associated with cancer
progression and have been related to poor suregivedncer patients [5, 6]. As CatX activity
cannot be regulated by endogenous cysteine peetidagitors, it represents a promising
target for the development of novel anticancer difid. Up-regulation of CatX has also been
detected in several neurodegenerative diseasekidimg Alzheimer's and Parkinson’s
diseases, amyotrophic lateral sclerosis, and Hgiaims disease (for review, see PiSlar and
Kos [8]). CatX is involved in the microglia-activan-mediated neurodegeneration [9] that
abolishes the neuroprotective activity ygénolase [10]. As for cancers, inhibition of CatX
activity during microglia activation might be aget to prevent and treat neurodegenerative
disorders [9].

AMS-36 was the first irreversible epoxysuccinyl-edsnhibitor of the papain family
of cysteine proteases that showed some degreeeofifisfy towards CatX in mice tumors
[11]. Later, we identified several triazole-baseampounds that can act as selective CatX
inhibitors, and we revealed thegversible and competitive mechanism of action .[T2]e
most potent inhibitor wa-(2,3-dihydrobenzdi][1,4]dioxin-6-yl)-2-((4-isopropyl-4H-1,2,4-
triazol-3-yl)thio)ethan-1-one (Fig. 1, compou#f), with Ki against CatX of 2.45 + 0.05 pM.
CompoundZ9 inhibited CatX by more than 75% in a kinetic assayng Abz-FEK(Dnp)-OH
as substrateZ9 showed good selectivity in comparison to otheatexl cysteine peptidases,
and was not cytotoxic to PC-3 or PC-12 cells atceotrations up to 10 uM. Importanty9
significantly inhibited the migration of tumor celand the outgrowth of neurites, which are
two processes under CatX control [12].

We report herein a concise seriesZ® variations to further explore the structure-atyivi
relationships of the triazole-2,3-dihydrobendf,4]dioxine class of inhibitors. Selected

compounds showed improved inhibitory activitiesiagCatX compared td9. The effects



of these new inhibitors were tested in cell-bassshgs, where compour®b significantly
reduced the migration of PC-3 caitsvitro.

Results and Discussion

Design

The low molecular weight of the parent compouf®@ and its simple modular structure
allowed numerous structural modifications to expldhe chemical space and assess the
importance of the fragments for the inhibition ait®. In this design, three key modifications
to Z9 were pursued (Fig. 1).

First, several different heterocyclic rings weré&raduced to replace the 4-isopropyl-
4H-1,2,4-triazole-3-thio fragment. We establishedvmesly that this part of theiazole-2,3-
dihydrobenzd][1,4]dioxine-based CatX inhibitors allows major actyes, which might
enhance the inhibitory potency [12]. We then inigasded the importance of the
ketomethylenethio linker structure by changing thdfur group for an oxygen or amino
group. The keto group was also transformed intoors#g&ry amino, hydroxyl, and
methoxyimino groups. By preparing ketone replacdsjeme wanted to examine whether this
fragment forms a hydrogen bond with the backbonedfibly73 of CatX, as indicated by
molecular modeling studies @B in the procathepsin X with deleted proregion (PRBEU)
[12]. Finally, we prepared a variety of compoundthwvdiverse substituents that replaced the
1,4-benzodioxan-6-yl moiety, which does not forny apecific interactions in the S2 pocket
of CatX. The sequestering of additional interaddiovould potentially improve not only the
potency, but also the selectivity of inhibitors@&tX, compared to other structurally similar

cathepsin peptidases.

Chemistry

Analogues ofZ9 were synthesized according to Schemes 1-4. Rirstall library of
1,2,4-triazole-3-thiols3a-h) and 1,2,4-triazole-5-thiolH4-€ was prepared (Scheme 1). For
the synthesis d3a-h, different isothiocyanated) were reacted with formylhydrazine to give
thiosemicarbazide®a-h, which then underwent a cyclodehydration undercbasnditions to
produce3a-h[13]. For the synthesis &a-d, the reaction between different acyl chlorides and
thiosemicarbazide gave acylthiosemicarbazidas; which were then cyclized in alkaline
medium to yield their corresponding 1,2,4-triazbl&iols sa-d. Compoundbe was prepared

in a reaction between isoniazid and ammonium tldoaye in refluxing 1 M HCI.
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Scheme 1Reagents and conditions: (a) NBNHHCHO, EtOH, 90 °C, 18 h; (b) NaOH 8, EtOH, 90
°C, 2 h; (c) corresponding acid chloride or acigious conditions; (d) 2 M NaOH(aq), reflux 4 h (e
NH,SCN, 1 M HCI, reflux, 18 h.

In the next step, commercially available 1,4-bemzcah-6-yl methyl ketone was
selectivelyo-brominated with copper(ll) bromide to yiedldbromo ketoné, with no aromatic
ring bromination or dibromination of the-methylene group, which are frequent side
reactions of bromination (Scheme 2). Compo6Gmdas then reacted with thioBa-h, 5a-eor
with various commercially available thiols in anhgds ethanol to provide the desired
productsZ9, 10-24. Compound7a (Table S1) was obtained as the side product in the
synthesis of7, where the nucleophilitNl-nitrogen of the 1,2,4-triazole reacted with the
carbonyl group, followed by elimination of wateq provide the bicyclic thiazolo[3,2-
b][1,2,4]triazole system [14]. Compourizb was prepared froml9 by alkylating theN1-
nitrogen with chloroacetonitrile in the presenceofassium carbonate as base. The carbonyl
group ofZ9 was transformed into an alcoh@6f, an O-methyl oxime 27) or a secondary

amine £8), using established procedures, as shown in ScBReme
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Scheme 2Reagents and conditions: (a) CuBZHCL, 70 °C, 20 h; (b) anh EtOH, 90 °C, 20 h; (c)
chloroacetonitrile, KCOs;, MeCN, reflux, 18 h; (d) NaBK EtOH/THF (1/1), rt, 2 h (to obtai®6); (e)
O-methylhydroxylamine hydrochloride, pyridine, antOH, 90 °C, 16 h (to obtaif7); (f) NH,OAc,
NaBH;CN, MeOH, 70 °C, 40 h (to obta28).

Analog 32, in which the thioether group in the linker is ismsterically replaced with
the ether group, was prepared according to Schenk@<}, 1,2,4-triazolin-5-one2f) was
synthesized from semicarbazide hydrochloride amhethyl orthoformate, followed by
protection ofN4-nitrogen with the Boc protecting group(j. Then, NaH was added 89 to
form the enolate ion, which was alkylated witfbromoketone6 to yield 31. Finally, the
desired32 was obtained by Boc-deprotection3df under anhydrous acidic conditions.

Replacement of the thioether group in the linkethwthe amino group was also
attempted. By reacting the unsubstitutétt 4 2,4-triazol-3-amine witlw-bromoketones, we
did not obtain the desired compound with 3-aminaugrsubstitution, alternatively, only the
N1l-alkylated product33 was obtained. To limit the possibility of alkylati of the ring
nitrogen, 1,2,4-triazol-3-amines with monomethydateng nitrogens were prepared first,
according to the literature procedure [15]. Accogdio this procedure, intermediates with
N,N-dimethylformimidamide group are produced fir844-¢ not shown in Scheme 3), which
are then hydrolyzed to methyl-1,2,4-triazol-3-amsind -Methyl-H-1,2,4-triazol-3-amine



(358 and 1-methyl-H-1,2,4-triazol-5-amine 36b) were successfully isolated, whereas 4-
methyl-4H-1,2,4-triazol-3-amine 359 was not produced in sufficient quantity to pratee
with the next reaction step. The isolated monomniatag 1,2,4-triazole85a and 35b were
reacted witho-bromoketones in anhydrous EtOH under reflux. Despite introdgcanmethyl
group on the heterocyclic nitrogen, the primarynaaitic amino group was not sufficiently
nucleophilic, and only the quaternary ammonium \dgives 36a and 36b were obtained
(Scheme 3).

H H
o) . N-N o N-N
)J\N/NHzx Ho —2— | =02 . >=o

H,N
0 H

N \
N S—NH, §

36b
Scheme 3Reagents and condltlons. (a) trlmethyl orthofoenddeOH, rt, 2 h; (b) (BOGD, DMAP,

DIPEA, DCM, 1t, 18 h; (c) 130, NaH, anh DMF, rt, 15 min; 3, rt, 18 h; (d) TFA, DCM, rt, 2 h; (e)
K,COs, anh EtOH, rt, 18 h; (f) 1. DMFDMA, 110 °C, 18 2; 4 M NaOHy,, 110 °C, 1 h; (g) anh
EtOH, 90 °C, 20 h.

Finally, a variety of compounds with diverse replments of the 1,4-benzodioxan-6-
yl fragment were prepared by reacting commerciakailable a-haloketones with 4-

isopropyl-4H-1,2,4-triazole-3-thiol 3a) (Scheme 4). The 4-hydroxyl group &0 was then



alkylated with small substituents to probe the cicaimspace §1-53). Compound54 was
prepared fron®3 by alkaline hydrolysis of ethyl ester group.
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43 (R® = 4-Br-CgH,) 50 (R® = 4-OH-CgH,)

50 51 (R* = CH,CN)
52 (R* = iPr) c
53 (R* = CH,COOEt) — > 54 (R* = CH,COOH)

Scheme 4 Reagents and conditions: (a) anh EtOH, 90 °Ch;2®) corresponding alkyl halogenide,
K,CO;, MeCN, 50 °C, 18 h; (c) 0.1 M NaQlg, MeOH, rt, 4 h.

Relative inhibition of cathepsin X and structure-activity relationships

Based onZ9 [12], 45 new analogs were designed and prepareésel kompounds
were screened for their relative inhibition of CatiX50 uM, using Abz-FEK(Dnp)-OH as the
specific CatX substrate [16]. Several of these caumps inhibited CatX by >75% (Tables 1,
2).

Based on the data presented in Tables 1 and 2nanabie S1, the structural features
necessary for CatX inhibition can be deduced, asdsammarized in Fig. 2. A wide variety
of substituents on position 4 of théd4,2,4-triazole-3-yl ring in compounds-13 (i.e.,
hydrogen, methyl, ethyl, isopropyp;cyanophenyl, pyridine-3-yl) did not significantilter
the inhibition, compared t&Z9. The same was observed in our previous study, evher
diversely substituted triazolels 2, 12, 14, 17, 20 and 22 — compoundZ9 (numbering of
compounds from reference [12]) displayed comparadhlabitory potencies. Similarly,

smaller (i.e, methyll4) or larger (e.g., phenyl,6) fragments on position 3 of triazole did not



have significant impact on the inhibitory profild these compounds (Table 1, residual
activities from 25% to 33%). Bioisosteric replacernef 4H-1,2,4-triazole ) with imidazole
(19), 1-methyl-H-tetrazole 21), and thiazoleZ4) resulted in active compoungsrsusCatX,
whereas introduction of pheny2) or thiopheneZ3) resulted in slightly decreased inhibition
of CatX. The presence of a nitrogen atom in thesroelcle thus appears to enhance the
inhibitory activity of these compounds. Transforioatof the ketone to hydroxyR6), amino
(28), and O-methylhydroxylamine Z7) completely abolished the inhibitory potency. Also
changing of the thioether group in the linker for ether group resulted in an inactive
compound 82; residual activity, 71% at 50 uM). The preparat@mhcompounds with an
amino group in the linker was also attempted, lsuindicated above, only derivatives with
substituted ring nitrogens were obtained (Table $h¢se derivatives were not active against
CatX, and together they show the pivotal role efketomethylenethio linker for potent CatX
inhibition. The fragments that comprise @ molecule were also tested, but neither 1-(2,3-
dihydrobenzd][1,4]dioxin-6-yl)ethan-1-one GACBD), bromide 6), alcohol 65) nor 4-
isopropyl-4-1,2,4-triazole-3-thiol3a) alone were sufficient to inhibit CatX (Table S1).

Next, changing the left-hand side of the molec@ehgeme 4) to bicyclic systems such
as indole 87) and benzd]][1,3]dioxole (B39) retained relative inhibitions <50% (Table 2).
However, substituted phenyl derivative®¥64) had significantly lower inhibitory activities
in comparison t&9 (Table 2).

To rationalize the structure-activity relationshgescribed above, molecular modeling
was performed. The modeling studies using ligae@-firystal structure of CatX (PDB: 1EF7)
suggested that compounds studied bind into theveactite, where the best scores and
superpositions of ligands were achieved (Suppleangninformation, Fig. S1). Docking
studies did not indicate binding into potentiabatkric binding sites as was seen in the case
of cathepsin K (PDB: 6ASH, 5JA7, 5J94). Keto graidpghe ketomethylenethio linker forms
a hydrogen bond with GIn22 side chain, which siaésl inhibitors in the active site groove,
and explains why modifications of keto group resdilin inactive compounds. Moreover,
additional H-bonds between the Gly74 and Asnl79 aitrogens of the triazole and its
bioisosteres enhance inhibitory potencies, whepbasyl 3) and thiophene2d) analogues
are inactive. The modelling studies did not show apecific interactions for the 1,4-
benzodioxan-6-yl moiety. In general, phenyl anakxy#0-45) had higher docking score,
which is also in correlation with lower inhibitorgctivity obtained by the biochemical

evaluation.



The IGy values were further determined for five compounkat demonstrated
improved or similar inhibitory potencies to the @atrZ9 (Table 3). All of these derivatives
showed 1Gy values in the low micromolar range, which were pamable taZ9. The dilution
assay confirmed the reversible binding of the commgls (Supplementary information, Fig.
S2). Compound5 with cyanomethylene residue, which could form aatent thioimidate
adduct with catalytic Cys31 [17], is a non-time eegent inhibitor of CatX (Supplementary
information, Fig. S3). The progress curves werentidal as reported in our previous
communication, which indicates instantaneous coitinetinhibition with preceding slow
inhibitor isomerization [12]. Moreover, inhibitoyotencies towards cathepsins B (endo- and
exo-peptidase activities), L and S were determin&d100 uM, no or lower than 30%
inhibition of the cathepsins’ activity was observdthe IG, value of compoun@5 against
cathepsin S was determined (241 + 26M\). These results show good selectivity profile of

studied compounds for CatX.

Cytotoxicity of compounds and their effects on migration of PC-3 cells

To distinguish the effects in migration assays thate caused by specific mechanisms from
those due to triggering of cell cytotoxicity, thgtatoxic effects of the selected compounds
were initially investigated for PC-3 cells, to sgleoncentrations that did not decrease cell
viability. At 10 uM, 10 and20 showed weak cytotoxic effects after 24 h and 4@&lhle 10
was the only compound that showed statisticallpifigant cytotoxicity at 20 uM, at both 24
h and 48 h. The other compounds tested did nottadtdl viability after 24 h or 48 h (Fig. 3).
As CatX is involved in cell migration, we investigd how these compounds impeded this
processZ9 was used as the positive control, as we havedirelown that it has inhibitory
effects on PC-3 cell migration. Of the two compagitested25 decreased cell migration by
21%, but at twice the concentration4, while 8 had no effects (Fig. 4). The lower effect of
25 on cell migration in comparison with9 could be a result of lower permeation of cell
membrane of the former as also predicted by th& ik prediction software (Supplementary
information, Table S2; Schrodinger Release 2019eBrodinger, LLC, NY, 2019).

Conclusions

In summary, an extensive series of CatX inhibitwes developed based on the 1,2,4-triazole

parent compound9. Several of these compounds showed inhibitoryiiets against CatX



in the same concentration rangeZ& with 1Cso values from 7.13 uM to 13.6 uM, thereby
providing important information about their struetactivity relationships. Compourizb,
the most potent of these CatX inhibitors, was ngdbtoxic to PC-3 cells a£20 uM, and
decreased PC-3 cell migration. These data show d@hatossible approach for further
improvement of the inhibitory potency lies in thedification of the triazole substituents, and

highlight the therapeutic antitumor potential aktblass of CatX inhibitors.

Experimental Methods

General synthetic chemistry experimental protocols

The reagents and solvents used were obtained foommercial sources (i.e., Acros Organics,
Sigma Aldrich, TCI Europe, Merck, Carlo Erba, Amofcientific, Alfa Aesar) and were used
as provided, unless otherwise indicated. Analytibad-layer chromatography was performed
on silica gel aluminium sheets (60 F254, 0.20 mreydW), with visualization using UV light
(254 nm) and/or visualization reagents (i.e., ndrine, 2,4-dinitrophenylhydrazine). Flash
column chromatography was performed on silica @elp@rticle size, 0.040-0.063 mm; 230—
400 mesh; Merck)*H NMR and®C NMR spectra were recorded at 400 MHz and 100 MHz,
respectively, on a nuclear magnetic resonance (NBBEctrometer (Avance lll; Bruker
Corporation, MA, USA), at 295 K. The chemical shiid) are reported in parts per million
(ppm) and are referenced to the deuterated solwssd. High-resolution mass spectrometry
(HRMS) measurements were performed (Autospec Qadvhiass mass spectrometer; Fisons,
VG Analytical, Manchester, UK) at the Jozef Stefastitute, Ljubljana, Slovenia, and on a
liquid chromatography (LC)—tandem mass spectrom@t$/MS) system (Q Executive Plus;
Thermo Scientific, MA, USA). The MS measurementsreveperformed on a mass
spectrometer (Expression CMS; Advion, NY, USA). Amaal reversed-phase HPLC
analysis was performed on a modular system (Diob#dMate 3000; Thermo Fisher
Scientific Inc., MA, USA).

General methadC18 column (Acquity UPLC HSS; 1.8 um, 2.1 x 50 miaters), T = 40
°C; injection volume 1 pL, sample 0.2 mg/mL (4% D®I$ MeCN); flow rate, 0.4 mL/min;
detectorh = 254 nm; mobile phase A (0.1% TFA [v/v] in watem)obile phase B (MeCN).
Gradient (for mobile phase B): 0—7 min, 10%—90%]1d+nin, 90%. Purities of the tested

compounds were established>@5% by HPLC, unless stated otherwise.



Synthesis

General procedure for synthesis of thiosemicarbezi®a-h): To a suspension of
formylhydrazine (2.0 g, 33.5 mmol, 1.0 equiv.) iftOH (100 mL), the corresponding
isothiocyanate (1.0 equiv.) was added. The reactinture was stirred at 90 °C for 20 h. The
volume of EtOH was reduced to half by evaporatioder reduced pressure, and then the
reaction mixture was cooled to room temperaturee White precipitate was filtered off to
obtain the crude product, which was used in thd sep without purification. As estimated
by NMR, the thiosemicarbazides were already p#ytieyclized to their corresponding 5-
mercapto-4-substituted-1,2,4-triazoles.

General procedure for synthesis of 1,2,4-triazolidls (3a-h): To a suspension of
thiosemicarbazide®a-h (10 mmol, 1.0 equiv.) in EtOH, 4 M NaOH(aq) (5 niL5 equiv.)
was added, and the reaction mixture was refluxé&®&C for 4 h. The mixture was cooled to
room temperature, acidified with 2 M HCl(aq) to p#3, and the EtOH was evaporated off
under reduced pressure. The precipitate that formad filtered off, yielding the pure

product, which was used in the next step.

4-1sopropyl-H-1,2,4-triazole-3-thiol 3a). Yield, 80%.'H NMR (400MHz, DMSO-dg) &
1.34 (d,J = 6.9 Hz, 6H), 4.63 (hepd,= 6.8 Hz, 1 H), 8.60 (s, 1 H), 13.70 (bs, 1 H) ppte
NMR (100 MHz, DMSOsds) 6 21.37, 46.88, 139.53, 164.97 ppm. ESI-MS feH{N3S [M—
H]™ 142.11. HRMS (ESI) m/z calculated fogH3¢OsS [M + H]" 144.0590, found 144.0587.

4H-1,2,4-Triazole-3-thiol3b). Commercially available reagent was used.

4-Methyl-4H-1,2,4-triazole-3-thiol ). Yield, 25%.'"H NMR (400MHz, DMSO-dg) 6 3.43
(s, 3H),8.40 (s, 1 H), 13.65 (bs, 1 H) ppm. ES3-Mr GH4N3S [M — H] 144.13.

4-Ethyl-4H-1,2,4-triazole-3-thiol 3d). Yield, 60%."H NMR (400MHz, DMSO-ds) 5 1.27 (t,
J=7.3 Hz, 3 H), 3.92 (q] = 7.3 Hz, 2 H), 8.47 (d] = 1.6 Hz, 1 H), 13.67 (bs, 1 H) ppm.
ESI-MS for GHgN3S+MeOH [M+MeOH+H] 161.97.

4-(3-Mercapto-#-1,2,4-triazol-4-yl)benzonitrile 3g). Yield, 77%. '*H NMR (400MHz,
DMSO-0g) 6 7.98 (d,J=8.7Hz, 2H), 8.08 (d,J=8.7Hz, 2H), 8.81 (d,J=1.6Hz, 1H),
14.09 (bs, 1 H) ppm.



4-(3-Mercapto-#-1,2,4-triazol-4-yl)benzamide 3f). Yield, 23%. 'H NMR (400MHz,
DMSO-dg) 6 7.54 (bs, 1 H), 7.78 (d,=8.6Hz, 2H), 8.02 (d,J=8.6Hz, 2H), 8.12 (bs, 1 H),
8.77 (dJ=1.6Hz, 1H), 14.01 (bs, 1H) ppm.

4-(4-(Dimethylamino)phenyl)#-1,2 4-triazole-3-thiol  §g). Yield, 91%. H NMR
(400MHz, DMSO-dg) § 2.95 (s, 6 H), 6.81 (dl=9.1Hz, 2H), 7.37 (dJ=9.1Hz, 2H), 8.57
(d, J=1.6Hz, 1H), 13.82 (bs, 1 H) ppm>C NMR (100 MHz, DMSOdg) & 39.93 (under
DMSO peak, confirmed by 2D NMR experimei-*C HSQC), 111.86, 122.68, 126.49,
142.41, 150.27, 166.39 ppm. ESI-MS faiidisN4S [M+H]* 221.05.

4-(Pyridin-3-yl)-4H-1,2,4-triazole-3-thiol §h). Yield, 73%."H NMR (400MHz, DMSO-dg) &

7.62 (dddJ = 8.2, 4.8, 0.8 Hz, 1 H), 8.16 (dd#l= 8.2, 2.6, 1.5 Hz, 1 H), 8.68 (ddl= 4.8,

1.5 Hz, 1 H), 8.79 (s, 1 H), 8.86 (dil= 2.6, 0.7 Hz, 1 H), 14.07 (bs, 1 H) ppfiC NMR

(100 MHz, DMSOels) 6 123.87, 131.15, 133.89, 142.07, 146.71, 149.76,586ppm. ESI-
MS for GH/N4S [M + H]" 178.91.

Synthesis of 2-acetylhydrazine-1-carbothioamida): Acetic acid (20 mL) was added to
thiosemicarbazide (4,55 g, 50 mmol, 1.0 equiv.jJ #re mixture was stirred at reflux (130
°C) for 4 h. The reaction was cooled to room terapge, the solvent was evaporated under
reduced pressure, and the crude product was refized from water. Yield, 65%4H NMR
(400MHz, DMSO-dg) & 1.82 (s, 3 H), 7,48 (s, 1 H), 7.83 (s, 1 H), 4451 H), 9.70 (s, 1 H)

ppm.

Synthesis of 2-(cyclohexanecarbonyl)hydrazine-bathioamide (4b): To a solution of
cyclohexyl carboxylic acid (3.0 g, 23.4 mmol, 1§ue&/) in DCM (20 mL), oxalyl chloride
(6.0 mL, 70.2 mmol, 3.0 equiv.) and a catalytic amtoof DMF were added, and the reaction
mixture was stirred at 45 °C for 1 h. The mixturaswcooled to room temperature, and the
solvent was evaporated under reduced pressureesitkie was dissolved in anhydrous THF
(20 mL), followed by addition of thiosemicarbazig4.26 g, 46.8 mmol, 2 equiv.) and
pyridine (3.0 mL, 35.1 mmol, 1.5 equiv.). The mpbdwvas stirred at room temperature for 18
h. EtOAc (100 mL) was then added and the organasetwas washed with water (2 x 50
mL) and brine (50 mL), and then dried over,8@,. The solvent was evaporated under
reduced pressure and the product was purified dshfchromatography using DCM/MeOH
(20:1, v/v) as mobile phase. The crude product uwsed in the next step without further

purification.



Synthesis of 2-benzoylhydrazine-1-carbothioaniid To a cold solution (0 °C) of benzoyl
chloride (1.17 mL, 10.0 mmol, 1.0 equiv.) in THF(nL), thiosemicarbazide (1.0 g, 10.9
mmol, 1.1 equiv.) was added in aliquots, and tlaetien was stirred at room temperature for
6 h. The solvent was evaporated under reducedyregdbe residue was dissolved in EtOAc
(30 mL), and the organic phase was washed withratath NaHCQaq) (2 x 15 mL), then
dried over NaSQ,, filtered and evaporated. The product was reditystd from EtOH and
used without further purification. Yield, 34%4 NMR (400MHz, DMSO-dg) & 7.47-7.50
(m, 2 H), 7.55-7.59 (m, 1 H), 7.65 (bs, 1 H), 7-8%.92 (m, 3 H), 9.36 (s, 1 H), 10.40 (s, 1
H) ppm. ESI-MS for @H10N30S [M + HJ 196.02 [18].

General procedure for cyclization of carbothioansdg5a-¢: A suspension of
acylthiosemicarbazide$a-c (2.5 mmol, 1.0 equiv.) in 2 M NaOH(aq) (2 mL, 4 nimb.6
equiv.) was stirred at reflux for 4 h. The mixtunas cooled to room temperature and
acidified with concentrated HCI to pH ~3. The ppatate formed was filtered off,
recrystallized from MeOH, and used without furtparification.

5-Methyl-4H-1,2,4-triazole-3-thiol §a). Yield, 58%."H NMR (400MHz, DMSO-dg) & 2.16
(s, 3 H), 13.05 (bs, 1 H), 13.15 (s, 1 H) ppm. E&-for GHgN3S [M + H]" 116.02.

3-Cyclohexyl-H-1,2,4-triazole-5-thiol (5b). Crude intermediatelb was used as starting
compound. Yield, 44%H NMR (400MHz, DMSO-dg) & 1.13-1.46 (m, 5 H), 1.60-1.65 (m,
1 H), 1.71 (dtJ = 12.5, 3.5 Hz, 2 H), 1.84-1.88 (m, 2 H), 2.56 Jtt 11.3, 3.5 Hz, 1 H),
13.07 (s, 1 H), 13.19 (s, 1 H) ppm. ESI-MS faH&N:S [M + H]" 183.99.

5-Phenyl-#H-1,2,4-triazole-3-thiol §¢). Yield, 61%."H NMR (400MHz, DMSO-dg) & 7.50—
7.53 (m. 3 H), 7.89-7.92 (m, 2 H), 13.69 (s, 1 18,86 (s, 1 H) ppm. ESI-MS forgBgN3sS
[M + H]" 177.96 [19].

Synthesis of cyclohexyl(3-cyclohexyl-5-mercaptot]4-triazol-1-yl)methanongd): To a
solution of cyclohexyl carboxylic acid (3.0 g, 23niol, 1.0 equiv.) in DCM (20 mL), oxalyl
chloride (6.0 mL, 70.2 mmol, 3.0 equiv.) and a kdia amount of DMF were added and
stirred at 45 °C for 1 h. The mixture was cooleddom temperature and the solvent was
evaporated under reduced pressure. The residudisgmved in DCM (20 mL), followed by
addition of thiosemicarbazide (2.13 g, 23.4 mmogqliv.) and pyridine (3 mL, 35.1 mmol,

1.5 equiv.). The mixture was stirred at room terapge for 18 h to yield intermediatal



(1,2-di(cyclohexanecarbonyl)hydrazine-1-carbothia®n The solvent was evaporated under
reduced pressure, and 2 M NaOH(aq) (5 mL) was atllede crude intermediatéd, and
stirred at reflux for 4 h. The reaction was cootledroom temperature, the solvent was
evaporated off under reduced pressure, and theiprredhs isolated by flash chromatography
using DCM/MeOH (20:1, v/v) as mobile phase. Yied#th. *H NMR (400MHz, DMSO-dg) &
1.28-1.38 (m, 2 H), 1.42-1.51 (m, 4 H), 1.55-1.87 4 H), 1.74-1.78 (m, 2 H), 1.83-1.91
(m, 4 H), 1.99-2.02 (m, 2 H), 2.14-2.18 (m, 2 HB422.90 (m, 1 H), 3.04-3.10 (m, 1 H),
13.05 (s, 1 H) ppm. ESI-MS for;€H24N30S [M + HJ" 294.08.

Synthesis of 3-(pyridin-4-yl)-1H-1,2,4-triazolettel (5€): To a solution of isoniazid (1.371
g, 20.0 mmol, 1.0 equiv.) in 1 M HCl(aq) (5 mL), MFCN (1.52 g, 20.0 mmol, 1.0 equiv.)
was added, and the reaction was stirred at rethuxl8 h. The mixture was cooled to room
temperature, and the forming yellow precipitate \iidsred off, yielding the pure product.
Yield, 45%."H NMR (400MHz, DMSO-ds) & 7.84 (dd,J = 4.4, 1.6 Hz, 2 H), 8.73 (dd,=
4.4,2.0 Hz, 2 H), 13.94 (s, 1 H), 14.11 (bs, Ippin. ESI-MS for GH/N,S [M + H]" 178.97.

Synthesis of 2-bromo-1-(2,3-dihydrobenalp],4]dioxin-6-yl)ethan-1-onef). To a solution
of 1-(2,3-dihydrobenzdj[1,4]dioxin-6-yl)ethan-1-one (5.0 g, 28.0 mmol,01equiv.) in
chloroform (100 mL), CuBr(10.7 g, 47.7 mmol, 1.7 equiv.) was added in digeat. The
reaction mixture was stirred at 70 °C for 20 h.eAftooling the mixture to room temperature,
the excess CuBrand CuBr (formed as side product) were filterefl ®he product was
purified by flash chromatograph using DCM/Hex (4&;) as mobile phase. Yield, 67%
NMR (400MHz, CDCL) 6 4.27-4.29 (m, M), 4.31-4.34 (m, ®), 4.37 (s, 2 H), 6.91-6.93
(m, 1H), 7.49-7.52 (m, #) ppm. *C NMR (100 MHz, CDGJ) & 30.89, 64.18, 64.85,
117.63, 118.53, 123.29, 127.73, 143.63, 148.91.9288pm. HRMS (ESI) m/z calculated for
C10H1003Br [M + H]" 256.9808, found 256.9799.

General procedure for synthesis of final produ@9, 7-24): The suspension of bromide

(8.0 mmol, 1.0 eq) and thiol (8.0 mmol, 1.0 equin.anhydrous EtOH (30 mL) was stirred at
90 °C for 18 h. The reaction mixture was cooledraom temperature and the forming
precipitate was filtered off, yielding the pure guat. If necessary, the product was purified

by flash chromatography.

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-isopropyl-4-1,2,4-triazol-3-yl)thio)ethan-1-
one ¢9). Yield, 81%."H NMR (400MHz, DMSO-dg) & 1.50 (d,J = 6.7 Hz, 6 H), 4.28-4.30



(m, 2H), 4.33-4.35 (m, B), 4.58 (hept]) = 6.7 Hz, 1 H), 5.04 (s, 2 H), 7.01 (= 8.5 Hz, 1
H), 7.52 (d,J = 2.1 Hz, 1 H), 7.55 (dd] = 8.5, 2.2 Hz, 1 H), 9.79 (s, 1 H) ppMC NMR

(100 MHz, DMSO#g) & 21.87, 41.29, 50.29, 63.99, 64.69, 117.40, 117132,61, 128.38,
142.99, 143.30, 148.65, 150.62, 190.77 ppm. HRMSI)(E/z calculated for GH1sN30sS

[M +H]* 320.1069, found 320.1066. HPLC purity, 99.3% &t 86 (z = 3.57 min).

2-((4H-1,2,4-Triazol-3-yl)thio)-1-(2,3-dihydrobend[1,4]dioxin-6-yl)ethan-1-one N.
Yield, 23%.'"H NMR (400MHz, DMSO-<g) & 4.28-4.30 (m, H), 4.33-4.35 (m, B), 4.68

(s, 2 H), 6.99 (dJ = 8.4 Hz, 1 H), 7.50 (d] = 2.1 Hz, 1 H), 7.54 (dd} = 8.4, 2.1 Hz, 1 H),
8.52 (s, 1H), 14.01 (s, 1H) ppr*C NMR (100 MHz, DMSOds) & 38.61, 63.97, 64.62,
117.23, 117.42, 122.43, 129.12, 143.22, 144.74,184858.26, 192.15 ppm. HRMS (ESI)
m/z calculated for GH1oN3OsS [M +H]" 278.0599, found 278.0605. HPLC purity, 99.3% at
254 nm {r = 2.77 min).

6-(2,3-Dihydrobenzdi][1,4]dioxin-6-yl)thiazolo[3,2b][1,2,4]triazole {a, Supplementary
information, Table S1). This compound was obtaiasd side product in the synthesis/of
Yield, 37%.'H NMR (400MHz, DMSO-dg) & 4.31 (s, 4), 7.03 (d,J = 8.5 Hz, 1 H), 7.69
(dd,J=8.5, 2.2 Hz, 1 H), 7.79 (d,= 2.2 Hz, 1 H), 7.83 (dl = 1.5 Hz, 1 H), 8.42 (d] = 1.5
Hz, 1 H) ppm.}*C NMR (100 MHz, DMSOdg) 5 64.14, 64.35, 109.27, 115.06, 117.53,
119.57, 120.87, 131.07, 143.44, 144.64, 156.07,6756pm. ESI-MS for GH10N30,S [M +
H]* 260.16. HRMS (ESI) m/z calculated fori-810N:0,S [M+H]" 260.0488, found
260.0483. HPLC purity, 100% at 254 nta £ 4.03 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-methyl-H-1,2,4-triazol-3-yl)thio)ethan-1-one
(8). Yield, 86%."H NMR (400MHz, DMSO-dg) 6 3.69 (s, 3 H), 4.28-4.31 (m,H), 4.33—-
4.35 (m, 2H), 4.89 (s, 2 H), 7.00 (d, = 8.4 Hz, 1 H), 7.51 (d] = 2.1 Hz, 1 H), 7.54 (dd} =
8.4, 2.2 Hz, 1 H), 9.06 (s, 1 H) ppMiC NMR (100 MHz, DMSQdg) & 31.79, 40.95, 63.96,
64.65, 117.32, 117.56, 122.56, 128.48, 143.25,8D48.48.52, 150.36, 191.22 ppm. HRMS
(ESI) m/z calculated for GH14N303S [M+H]" 292.0756, found 292.0759. HPLC purity,
97.8% at 254 nmt£ = 2.90 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-ethyl-4-1,2,4-triazol-3-yl)thio)ethan-1-one
(9). Yield, 40%.'H NMR (400MHz, DMSO-dg) & 1.42 (t,J = 7.3 Hz, 3 H), 4.14 (q] = 7.3
Hz, 2 H), 4.28-4.30 (m, H), 4.33-4.35 (m, B), 5.02 (s, 2 H), 7.05 (d,= 8.5 Hz, 1 H), 7.52
(d,J = 2.1 Hz, 1 H), 7.55 (dd] = 8.4, 2.2 Hz, 1 H), 9.57 (s, 1H) ppMC NMR (100 MHz,



DMSO-ds) § 14.31, 41.26, 41.46, 64.00, 64.70, 117.40, 1171%2.61, 128.38, 143.30,
144.52, 148.64, 151.05, 190.80 ppm. HRMS (ESI) calzulated for GH1gN30sS [M +H]*
306.0907, found 306.0899. HPLC purity, 97.4% at 864t = 3.27 min).

4-(3-((2-(2,3-Dihydrobenzdf[1,4]dioxin-6-yl)-2-oxoethyl)thio)-4H-1,2,4-triazol-4-
yl)benzonitrile (0). Yield, 54%."H NMR (400MHz, DMSO-dg) § 4.28-4.31 (m, #), 4.33—
4.35 (m, H), 4.82 (s, 2 H), 6.98 (d]=8.4Hz, 1H), 7.45 (d,J=2.1Hz, 1H), 7.51 (dd,
J=8.5,2.2Hz, 1H), 7.81 (d,J=8.6Hz, 2H), 8.10 (d,J=8.7Hz, 2H), 8.96 (s, 1H) ppm-C
NMR (100 MHz, DMSO€) 6 40.68, 63.91, 64.58, 111.91, 117.19, 117.42, B17192.47,
126.10, 128.54, 133.94, 143.15, 145.13, 148.36,3548191.22 ppm. HRMS (ESI) m/z
calculated for @H1sN4O3S [M+H]* 379.0865, found 379.0865. HPLC purity, 95.4% at 25
nm (g = 3.93 min).

4-(3-((2-(2,3-Dihydrobenzf[1,4]dioxin-6-yl)-2-oxoethyl)thio)-4H-1,2,4-triazol-4-
yl)benzamide 11). Yield, 14%.'"H NMR (400MHz, DMSO-<g) & 4.29-4.31 (m, B), 4.33—-
4.36 (m, ), 4.85 (s, 2 H), 7.00 (d]=8.5Hz, 1H), 7.49 (d,J=2.1Hz, 1H), 7.53 (dd,
J=8.5, 2.1Hz, 1H), 7.58 (bs, 1 H), 7.64 (d,=8.5Hz, 2H), 8.06 (d,J=8.5Hz, 2H), 8.16
(bs, 1 H), 8.92 (s, 1 H) ppm°C NMR (100 MHz, DMSOsdg) & 40.40, 63.92, 64.59, 117.23,
117.43, 122.46, 124.93, 128.67, 128.94, 134.88,4635143.19, 145.18, 148.36, 148.60,
166.70, 191.27 ppm. HRMS (ESI) m/z calculated fgsHgsN4O4S [M + H]* 397.0971, found
397.0974. HPLC purity, 99.0% at 254 nta£ 3.05 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-(4-(dimethylamino)phenyBH-1,2,4-triazol-
3-yl)thio)ethan-1-onel@). Yield, 65%."H NMR (400MHz, DMSO-dg) & 2.98 (s, 6 H), 4.29—
4.31 (m, H), 4.33-4.35 (m, B), 4.84 (s, 2 H), 6.86 (d,=9.0 Hz, 24), 7.00 (d,J=8.5Hz,
1H), 7.31 (d,J=9.0Hz, 2 H), 7.50 (dJ=2.0Hz, 1H), 7.54 (dd,J=8.5,2.0Hz, 1H), 8.90

(s, 1 H) ppm>C NMR (100 MHz, DMSQdg) & 38.84, 40.10, 63.92, 64.59, 112.44, 117.24,
117.45, 121.33, 122.46, 126.12, 128.69, 143.19,504948.37, 149.88, 150.60, 191.28 ppm.
HRMS (ESI) m/z calculated for sgH20N4OsS [M+H]" 397.1334, found 397.1329. HPLC
purity, 98.2% at 254 nnig= 3.97 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((4-(pyridin-3-yl)-4-1,2,4-triazol-3-

yl)thio)ethan-1-one1(d). Yield, 25%.'"H NMR (400MHz, DMSO-dg) & 4.29-4.31 (m, H),
4.33-4.35 (m, #), 4.82 (s, 2 H), 6.99 (d,=8.4Hz, 1H), 7.47 (dJ=2.2Hz, 1H), 7.51 (dd,
J=8.4,2.2Hz, 1H), 7.66 (ddJ =8.4, 4.8Hz, 1H), 8.06 (dddJ=8.1,2.6,1.5Hz, 1H), 8.74



(dd, J=8.4,1.5Hz, 1H), 8.78 (d,J=2.6Hz, 1H), 8.94 (s, 1H) ppm*3C NMR (100 MHz,
DMSO-ds) & 40.74, 63.92, 64.59, 117.22, 117.45, 122.47, B4128.57, 130.33, 133.39,
143.18, 145.37, 146.09, 148.37, 148.83, 150.28,2B%pm. HRMS (ESI) m/z calculated for
C17H1N4O5S [M + H]* 355.0865, found 355.0862. HPLC purity, 97.2% at 26 (r = 3.32

min).

1-(2,3-Dihydrobenzd]][1,4]dioxin-6-yl)-2-((5-methyl-H-1,2,4-triazol-3-yl)thio)ethan-1-one
(14). Yield, 79%."H NMR (400MHz, DMSO-ds) 5 2.45 (s, 3 H), 4.27-4.29 (m, 2 H), 4.32—
4.34 (m, 2 H), 4.86 (s, 2 H), 6.99 = 8.4 Hz, 1 H), 7.49 (s} = 2.1 Hz, 1 H), 7.53 (dd} =
8.4, 2.1 Hz, 1 H) ppm>C NMR (100 MHz, DMSOds) & 10.99, 39.79 (under DMSO peak,
confirmed by 2D NMR experimeniH-*C HSQC), 64.01, 64.68, 117.32, 117.50, 122.54,
128.64, 143.26, 148.47, 153.78 (2 x Ar-C, confirmed 2D NMR experimentH-*C
HMBC), 191.28. HRMS (ESI) m/z calculated fors814N30sS [M+H]" 292.0750, found
292.0745. HPLC purity, 98.1% at 254 ntp£ 2.82 min).

2-((3-Cyclohexyl-H-1,2,4-triazol-5-yl)thio)-1-(2,3-dihydrobenzaj[ 1,4]dioxin-6-yl)ethan-1-
one (15). Yield, 26%."H NMR (400MHz, DMSO-dg) & 1.17-1.24 (m, 1 H), 1.27-1.48 (m, 4
H), 1.62-1.69 (m, 1 H), 1.70-1.75 (m, 2 H), 1.8831(m, 2 H), 2.67-2.75 (m, 1 H), 4.28—
4.30 (m, 2 H), 4.32-4.35 (m, 2 H), 4.68 (s, 2 H99%(d,J = 8.3 Hz, 1 H), 7.50 (dl = 2.1 Hz,

1 H), 7.53 (ddJ = 8.4, 2.1 Hz, 1 H) ppm>C NMR (100 MHz, DMSOdg) 6 25.09, 25.25,
30.58, 35.15, 38.61, 63.92, 64.57, 117.16, 117122, 39, 129.01, 143.14, 148.18, 155.88,
161.81, 192.09 ppm. HRMS (ESI) m/z calculated fgiHz,N30sS [M + H]" 360.1376, found
360.1373. HPLC purity, 98.5% at 254 nta £ 4.08 min).

1-(2,3-Dihydrobenzd]][1,4]dioxin-6-yl)-2-((5-phenyl-#H-1,2,4-triazol-3-yl)thio)ethan-1-one
(16). Yield, 61%."H NMR (400MHz, DMSO-dg) & 4.29-4.31 (m, 2 H), 4.33-4.35 (m, 2 H),
4.78 (s, 2 H), 7.01 (dl = 8.4 Hz, 1 H), 7.46—7.50 (m, 3 H), 7.55-7.59 i), 7.89-7.91 (m,
2 H) ppm.**C NMR (100 MHz, DMSQdg) & 38.91 (under DMSO peak, confirmed by 2D
NMR experiment'H-*C HSQC) 63.93, 64.58, 117.20, 117.50, 122.42, B%8x Ar-C,
confirmed 2D NMR experimentH-**C HSQC), 128.94 (3 x Ar-C, confirmed 2D NMR
experiment'H-*C HSQC), 126.00, 129.08, 129.93, 143.17, 148.2B.95% 192.14 ppm.
HRMS (ESI) m/z calculated for 1gH16N30sS [M +H]" 354.0907, found 354.0900. HPLC
purity, 97.5% at 254 nng{= 4.16 min).



2-((1-(Cyclohexanecarbonyl)-3-cyclohexyHdl, 2 ,4-triazol-5-yl)thio)-1-(2,3-
dihydrobenzaj][1,4]dioxin-6-yl)ethan-1-onel(7). Yield, 42%."H NMR (400MHz, DMSO-

ds) 6 1.23-1.35 (m, 6 H), 1.47-1.57 (m, 4 H), 1.63-11861 H), 1.74-1.78 (m, 3 H), 1.86—
1.89 (m, 2 H), 1.96-2.06 (m, 4 H), 2.42-2.49 (n{)12.73-2.81 (m, 1 H), 4.29-4.32 (m, 2
H), 4.35-4.37 (m, 2 H), 5.66 (s, 2 H), 6.98Jd; 9.1 Hz, 1 H), 7.50-7.53 (m, 2 H) pphiC
NMR (100 MHz, CDCJ) & 25.20, 25.83, 26.19, 26.33, 30.08, 33.63, 39.68661 58.40,
64.20, 64.94, 117.94, 118.10, 122.74, 127.30, 144.99.84, 167.16, 170.63, 186.38, 186.66
ppm. HRMS (ESI) m/z calculated for 4E3,NsOsS [M+H]" 470.2108, found 470.2101.
HPLC purity, 99.5% at 254 nnt(= 2.52 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((3-(pyridin-4-yl)-H-1,2,4-triazol-5-
yl)thio)ethan-1-one1@). Yield, 47%.'H NMR (400MHz, DMSO-ds) & 4.30-4.32 (m, 2 H),
4.35-4.37 (m, 2 H), 4.96 (s, 2 H), 7.03 J&k 8.4 Hz, 1 H), 7.56-7.60 (m, 2 H), 8.31 Jcs
5.7 Hz, 2 H), 8.9 (dJ = 6.6 Hz, 2 H) ppm™C NMR (100 MHz, DMSOdg) & 39.94 (under
DMSO peak, confirmed by 2D NMR experimeti-'*C HSQC), 63.95, 64.62, 117.30,
117.55, 122.32 (2 x Ar-C, pyridine, confirmed 2D RMxperimentH-*C HSQC), 122.47,
128.68, 143.20, 143.64 (2 x Ar-C, pyridine, confari2D NMR experimentH-C HSQC),
148.42, 157.00 (Ar-C, pyridine, confirmed 2D NMRpeximent'H-**C HMBC), 191.40
ppm. HRMS (ESI) m/z calculated for;f;sN4O3S [M+H]" 355.0859, found 355.0860.
HPLC purity, 99.2% at 254 nnt(= 2.79 min).

2-((1H-Imidazol-2-yl)thio)-1-(2,3-dihydrobenzb][1,4]dioxin-6-yl)ethan-1-one 19). Yield,
74%.*"H NMR (400MHz, DMSO-dg) § 4.29-4.31 (m, B), 4.34-4.36 (m, B), 4.99 (s, 2 H),
7.04 (ddJ = 8.1, 0.7 Hz, 1 H), 7.51 (d,= 2.0 Hz, 1 H), 7.53 (dd = 8.5, 2.1 Hz, 1 H), 7.72
(s, 2 H), 14.43 (bs, 1 H) pprfC NMR (100 MHz, DMSOdg) & 41.64, 64.01, 64.71, 117.44,
117.67, 121.14 (2 x C, confirmed 2D NMR experim&dt'*C HSQC), 122.64, 128.08,
139.92, 143.31, 148.75, 191.12 ppm. HRMS (ESI) calzulated for GH13N,0sS [M + H]*
277.0647, found 277.0646. HPLC purity, 100% at 88%({r = 2.14 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((1-methyl- H-imidazol-2-yl)thio)ethan-1-one

(20). Yield, 93%.'"H NMR (400MHz, DMSO-dg) & 3.83 (s, 3 H), 4.28-4.31 (mHD), 4.34—
4.36 (m, H), 4.91 (s, 2 H), 7.02 (dd,= 8.2, 0.5 Hz, 1 H), 7.48-7.53 (m, 2 H), 7.75J¢;
2.0 Hz, 1 H), 7.82 (dJ = 2.0 Hz, 1 H) ppm-*C NMR (100 MHz, DMSQdg) & 35.20, 42.32,
63.98, 64.69, 117.42, 117.65, 120.95, 122.63, B23.28.02, 139.68, 143.30, 148.76, 191.44



ppm. HRMS (ESI) m/z calculated foriE1sN>0sS [M+H]" 291.0803, found 291.0799.
HPLC purity, 100% at 254 nntg(= 2.51 min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-((1-methyl- H-tetrazol-5-yl)thio)ethan-1-one

(21). Yield, 79%.'"H NMR (400MHz, DMSO-dg) & 4.00 (s, 3 H), 4.29-4.31 (mH), 4.34—
4.36 (m, H), 5.01 (s, 2 H), 7.01 (d, = 8.4 Hz, 1 H), 7.53 (d] = 2.0 Hz, 1 H), 7.56 (dd} =
8.5, 2.1 Hz, 1 H) ppm*C NMR (100 MHz, DMSQdg) & 33.70, 41.09, 63.96, 64.65, 117.34,
117.53, 122.56, 128.52, 143.28, 148.56, 153.33,9190pm. HRMS (ESI) m/z calculated for
C1oH13N403S [M +H]" 293.0708, found 293.0703. HPLC purity, 99.3% at 2B (r = 3.43

min).

1-(2,3-Dihydrobenzdj][1,4]dioxin-6-yl)-2-(phenylthio)ethan-1-one22). The product was
synthesized according to the general procedursyiathesis of the final compounds, and then
purified by flash chromatography using EtOAc/hexd(¥/v) as mobile phase. Yield, 1295
NMR (400MHz, CDCk) 6 4.19 (s, 2 H), 4.25-4.27 (mHD, 4.29-4.31 (m, B), 6.89 (ddJ
=8.4,0.5Hz, 1 H), 7.16-7.22 (m, 1 H), 7.24-7®31 2 H), 7.35-7.39 (m, 2 H), 7.47 (db5s
8.4, 2.1 Hz, 1 H), 7.49 (dd,= 2.1, 0.4 Hz, 1 H) ppnt’C NMR (100 MHz, CDGJ) § 41.09,
64.20, 64.83, 117.45, 118.32, 123.00, 127.07, £29.29.26, 130.42, 135.12, 143.50, 148.51,
192.68 ppm. HRMS (ESI) m/z calculated forglg150:S [M + H]* 287.0742, found 287.0747.
HPLC purity, 85.2% at 254 nntg(= 4.88 min).

1-(2,3-Dihydrobenzd{][1,4]dioxin-6-yl)-2-(thiophen-2-ylthio)ethan-1-on@3). The product
was synthesized according to the general procddue/nthesis of the final compounds, and
then purified by flash chromatography using EtOA&&/H{1:3, v/v) as mobile phase. Yield,
7%."H NMR (400MHz, CDCk) & 4.09 (s, 2 H), 4.27-4.29 (mH), 4.31-4.33 (m, B), 6.89
(d,J=8.4 Hz, 1 H), 6.95 (dd,= 5.4, 3.6 Hz, 1 H), 7.12 (dd,= 3.6, 1.3 Hz, 1 H), 7.36 (dd,

= 5.4, 1.3 Hz, 1 H), 7.43 (dd,= 8.4, 2.2 Hz, 1 H), 7.46 (d,= 2.1 Hz, 1 H) ppm**C NMR
(100 MHz, CDC}) 6 45.24, 64.21, 64.85, 117.45, 118.29, 122.99, 171829.31, 130.63,
132.49, 135.34, 143.52, 148.52, 192.53 ppm. HRMSI)(En/z calculated for GH1303S;

[M +H]" 293.0306, found 293.0303. HPLC purity, 95.3% at @ ¢ = 4.77 min).

1-(2,3-Dihydrobenzd][1,4]dioxin-6-yl)-2-(thiazol-2-ylthio)ethan-1-on@4). Yield, 55%.H
NMR (400MHz, DMSOdg) 6 4.29-4.31 (m, #), 4.34-4.36 (m, B), 4.90 (s, 2 H), 7.00 (d,
J=8.4Hz, 1H), 7.53 (d,J=2.1Hz, 1H), 7.56 (dd,J=8.4,2.2Hz, 1H), 7.63 (d,J=3.4Hz,
1H), 7.67 (d,J=3.4Hz, 1H) ppm.**C NMR (100 MHz, DMSOdg) 5 41.03, 63.91, 64.58,



117.24, 117.49, 120.43, 122.50, 128.76, 142.58,204348.35, 162.97, 191.32 ppm. HRMS
(ESI) m/z calculated for GH1:NOsS, [M +H]" 294.0259, found 294.0262. HPLC purity,
98.8% at 254 nmt§ = 4.17 min).

Synthesis of 2-(2-((2-(2,3-dihydrobenzo[b][1,4]dmm¥%-yl)-2-oxoethyl)thio)-1H-imidazol-1-
yl)acetonitrile (25): To a suspension df9 (0.080 g, 0.29 mmol, 1.0 equiv.) in MeCN (10
mL), K.CO; (0.120 g, 0.87 mmol, 3.0 equiv.) and chloroacetid@i(0.055 mL, 0.87 mmaol,
3.0 equiv.) were added, and the reaction mixture stared at reflux for 18 h. The solvent
was evaporated under reduced pressure, and tlieigesas dissolved in a mixture of DCM
(50 mL) and saturated NaHG@q) (50 mL), and transferred into a separatingi@inThe
organic phase was washed with saturated brine (B dmied over NaSQ,, filtered and
evaporated under reduced pressure. The producpwdeed by flash chromatography using
DCM/MeOH (50:1, v/v) as mobile phase. Yield, 1984. NMR (400MHz, CDCkL) & 4.25—
4.28 (m, H), 4.30-4.32 (m, ), 4.45 (s, 2 H), 5.16 (s, 2 H), 6.88 (0= 8.4 Hz, 1 H), 7.12
(d,J=1.4Hz, 1 H), 7.15 (dl = 1.4 Hz, 1 H), 7.40 (dd}, = 8.5, 2.2 Hz, 1 H), 7.44 (d,= 1.9
Hz, 1 H) ppm.**C NMR (100 MHz, CDGJ) & 34.67, 43.09, 64.18, 64.85, 114.13, 117.63,
118.02, 121.44, 122.77, 128.87, 131.37, 140.70,684348.97, 191.91 ppm. HRMS (ESI)
m/z calculated for GH140sNsS [M + H]" 316.0750, found 316.0739. HPLC purity, 99.5% at
254 nm {gr = 2.52 min).

Synthesis of 1-(2,3-dihydrobenzo[b][1,4]dioxin-§-2+((4-isopropyl-4H-1,2,4-triazol-3-
yhthio)ethan-1-0l(26): To a solution o9 (0.225 g, 0.704 mmol, 1.0 equiv.) in a mixture of
anhydrous EtOH/THF (25 mL + 25 mL), NaBHO0.040 g, 1.057 mmol, 1.5 equiv.) was
added, and the reaction mixture was stirred at re@mperature for 2 h. Water (2 mL) was
added and the mixture was stirred for 5 min betbee solvent was evaporated off under
reduced pressure. The residue was dissolved in €GB8 mL) and washed with water (50
mL). The water phase was extracted with EtOAc (49.mMhe combined organic phases were
washed with saturated brine (50 mL), dried overI, filtered and evaporated under
reduced pressure. The product was purified by fle@stomatography using DCM/MeOH
(20:1, v/v) as mobile phase. Yield, 87%l NMR (400MHz, CDCk) & 1.49 (ddJ = 6.7, 3.4
Hz, 6 H), 3.43 (ddJ = 14.4, 8.0 Hz, 1 H), 3.53 (dd= 14.4, 3.2 Hz, 1 H), 4.25 (sH), 4.34
(hept,J = 6.7 Hz, 1 H), 5.06 (dd] = 8.0, 3.1 Hz, 1 H), 5.15 (bs, 1 H), 6.84 Jd¢; 8.3 Hz, 1
H), 6.91 (dddJ = 8.3, 2.0, 0.6 Hz, 1 H), 6.97 (d,= 2.0 Hz, 1 H), 8.19 (s, 1 H) ppri'C
NMR (100 MHz, CDCY) 6 22.93, 23.05, 41.89, 48.41, 64.42, 64.43, 73.35,01, 117.22,



119.05, 136.48, 141.42, 143.12, 143.52, 150.78 pHRMS (ESI) m/z calculated for
CisHa0N305S [M + H]* 322.1225, found 322.1222. HPLC purity, 98.3% at 26 (s = 2.82

min).

Synthesis of (2)-1-(2,3-dihydrobenzol[b][1,4]dioXnyl)-2-((4-isopropyl-4H-1,2,4-triazol-3-
yhthio)ethan-1-one O-methyl oxin{87): To a solution ofZ9 (0.110 g, 0.376 mmol, 1.0
equiv.) in absolute EtOH (10 mL), pyridine (0.45 m&h.64 mmol, 15.0 equiv.) an@®-
methylhydroxylamine hydrochloride (0.094 g, 1.128nah, 3.0 equiv.) were added. The
reaction mixture was stirred at 90 °C for 16 h. Bb&vent was evaporated off under reduced
pressure, and the residue was dissolved in DCMr(Epand washed with 1 M HCI (30 mL),
then saturated brine (30 mL), dried over,81@;, filtered and evaporated under reduced
pressure. The product was purified by flash chrograiphy using EtOAc as mobile phase.
Yield, 66%."H NMR (400MHz, CDCk) & 1.36 (d,J = 6.8 Hz, 6 H), 3.92 (s, 3 H), 4.19-4.25
(m, 4H), 4.28 (hept) = 6.7 Hz, 1 H), 4.38 (s, 2 H), 6.79 @z 8.5 Hz, 1 H), 7.11 (ddl =
8.5, 2.2 Hz, 1 H), 7.21 (d,= 2.2 Hz, 1 H), 8.17 (s, 1 H) ppriC NMR (100 MHz, CDGJ) §
23.10, 27.32, 48.06, 62.47, 64.25, 64.53, 115.27,4D, 119.68, 126.98, 141.57, 143.60,
145.08, 149.13, 152.62 ppm. HRMS (ESI) m/z caleaafor GgH,1N4OsS [M+H]"
349.1329, found 349.1323. HPLC purity, 95.3% at 86%¢r = 4.10 min).

Synthesis of 1-(2,3-dihydrobenzo[b][1,4]dioxin-§-2+((4-isopropyl-4H-1,2,4-triazol-3-
yhthio)ethan-1-aming28): A solution ofZ9 (0.150 g, 0.47 mmol, 1.0 equiv.) and M¥AC
(0.404 g, 4.70 mmol, 10.0 equiv.) in MeOH (15 mLasastirred at room temperature for 10
min, and NaBHCN (0.030 g, 0.47 mmol, 1.0 equiv.) was added. fdaetion mixture was
stirred at 60 °C for 20 h. TLC analysis showed pitesence of the starting compound,
therefore more NEDAc (0.404 g, 4.70 mmol, 10.0 equiv.) and NaBN (0.030 g, 0.47
mmol, 1.0 equiv.) were added, and the reaction unéxivas stirred at 70 °C for 20 h. The
solvent was evaporated under reduced pressurghamdsidue was dissolved in a mixture of
DCM (30 mL) and saturated NaHG@q) (30 mL), and transferred into a separatingnéln
The organic phase was washed with saturated shen(), dried over N&Oy, and filtered
and evaporated under reduced pressure. The pradiscpurified by flash chromatography
using DCM/MeOH (9:1, v/v) as mobile phase. Yiel®% *H NMR (400MHz, CDCk) &
1.45 (dd,J = 6.7, 2.1 Hz, 6 H), 3.32 (dd,= 13.3, 8.4 Hz, 1 H), 3.55 (dd,= 13.3, 5.0 Hz, 1
H), 4.22 (s, H), 4.25 (ddJ = 8.3, 5.0 Hz, 1 H), 4.32 (hegt= 6.7 Hz, 1 H), 6.80 (d] = 8.3
Hz, 1 H), 6.85 (dddJ = 8.3, 2.1, 0.4 Hz, 1 H), 6.90 (d= 2.1 Hz, 1 H), 8.19 (s, 1 H) ppm,



resonance for NiHmissing.**C NMR (100 MHz, CDGJ) § 23.04, 41.98, 48.00, 54.52, 64.41
(2 x C), 115.32, 117.34, 119.55, 137.01, 141.48.a2 143.57, 149.64 ppm. HRMS (ESI)
m/z calculated for GH2:N40.S [M+H]" 321.1380, found 321.1373. HPLC purity, 96.02%
at 254 nmtig = 2.23 min).

Synthesis of 2,4-dihydro-3H-1,2,4-triazol-3-on@9): A mixture of semicarbazide

hydrochloride (10.0 g, 89.6 mmol. 1.0 eq) and ttimgkorthofromate (28.5 g, 269.0 mmaol,
3.0 eq) in MeOH (100 mL) was stirred at room terapge for 2 h. The reaction mixture was
concentrated under reduced pressure, toluene (1Q0Owas added, and the mixture was
cooled to 0 °C. The forming white precipitate wédtefed off to obtain the pure product.
Yield, 100%."H NMR (400MHz, DMSO-dg) & 7.90 (bs, 2 H), 11.45 (s, 1 H) [20].

Synthesis of tert-butyl 5-oxo-1,5-dihydro-4H-1,&jdzole-4-carboxylatg30): To a solution
of 29 (2.0 g, 23.5 mmol, 1.0 equiv.) in DCM (20 mL), (BRO (5.1 g, 23.5 mmol, 1.0
equiv.), DMAP (0.287 g, 2.35 mmol, 0.1 equiv.) abtPEA (10.0 mL, 58.7 mmol, 2.5
equiv.) were added. The reaction was stirred amraeemperature for 18 h. The reaction
mixture was concentrated under reduced pressurpuifeed by flash chromatography using
DCM/MeOH (20:1, v/v) as mobile phase. Yield, 14%4.NMR (400MHz, DMSO-dg) 5 1.50
(s, 9 H), 7.98 (s, 1H) ppm*C NMR (100 MHz, DMSOds) 5 27.97, 85.83, 136.53, 147.15,
153.68 ppm. ESI-MS for £11;N30 [M-H]™ 184.12.

Synthesis of tert-butyl 3-(2-(2,3-dihydrobenzo[pjltlioxin-6-yl)-2-oxoethoxy)-4H-1,2,4-
triazole-4-carboxylate(31): To a solution of30 (0.172 g, 0.934 mmol, 1.2 equiv.) in
anhydrous DMF (3 mL) under an argon atmosphere, ({aB#0 mg, 1.01 mmol, 1.3 equiv.)
was added and stirred at room temperature for 1§ fallowed by addition of bromidé
(0.200 g, 0.778 mmol, 1.0 equiv.). The reactiontom was stirred at room temperature for
18 h. EtOAc (60 mL) was then added, and the orgahase was washed with water (2 x 30
mL) and brine (30 mL), and dried over Jj$&, and the solvent was evaporated under
reduced pressure. The product was purified by fledstomatography using DCM/MeOH
(50:1, v/v) as mobile phase. Yield, 4781 NMR (400MHz, CDCk) & 1.47 (s, 9 H), 4.29—
4.36 (m, 4 H), 5.04 (s, 2 H), 6.96 @= 9.1 Hz, 1 H), 7.50-7.52 (m, 2 H), 7.62 (s, 1pgm.
ESI-MS for G/H19NsOg [M + Na]™ 384.31; [M — HT 360.37.

Synthesis of 2-((4H-1,2,4-triazol-3-yl)oxy)-1-(2iBydrobenzo[b][1,4]dioxin-6-yl)ethan-1-
one(32): To a solution 081 (0.100 g, 0.276 mmol, 1.0 equiv.) in DCM (5 mLEA (1 mL)



was added drop-wise. The mixture was stirred amréemperature for 2 h, then the solvent
was evaporated off under reduced pressure. Futh@i, of 2 M HCI solution in ether was
added, forming of precipitate, followed by additioh saturated NaOH solution in MeOH.
The solvent was evaporated under reduced pressudethe product was purified by flash
chromatography using DCM/MeOH (20:1, v/v) as molplease. Additionally, the product
was recrystallized from DCM. Yield, 58%H NMR (400MHz, DMSO-dg) & 4.29-4.31 (m,
2H), 4.34-4.36 (m, ®), 5.12 (s, 2 H), 7.03 (d1=8.4Hz, 1H), 7.54 (d,J=2.1Hz, 1H),
7.58 (dd,J=8.4,2.1Hz, 1H), 7.79 (d,J=1.4Hz, 1H), 11.70 (s, 1 H) ppm-*C NMR (100
MHz, DMSO-d) 6 47.39, 63.95, 64.64, 117.03, 117.45, 122.08, 127138.63, 143.39,
148.62, 154.59, 191.19 ppm. ESI-MS forl€1;N3O, [M + H]* 262.3, [M — HJ 260.23.
HRMS (ESI) m/z calculated for 1gH1,N30; [M +H]" 262.0828, found 262.0821. HPLC
purity, 98.8% at 254 nni{= 2.06 min).

Synthesis of 2-(5-amino-1H-1,2,4-triazol-1-yl)-13lihydrobenzo[b][1,4]dioxin-6-yl)ethan-
1-one(33): To a suspension of bromide(0.200 g, 0.778 mmol, 1.0 equiv.) and-4,2,4-
triazol-3-amine (0.068 g, 0.778 mmol, 1.0 equik.anhydrous EtOH (15 mL),&K0O; (0.161

g, 1.167 mml, 1.5 equiv.) was added, and the r@aactias stirred at room temperature for 18
h. The solvent was evaporated under reduced peestha residue was dissolved in EtOAc
(50 mL), and the organic phase was washed withrwate 25 mL). The organic phase was
evaporated under reduced pressure and the prodagctpurified by flash chromatography
using DCM/MeOH (9:1, v/v) as mobile phase. Yiel@%2 ‘*H NMR (400MHz, DMSO-ds) &
4.30-4.32 (m, M), 4.34-4.36 (m, B), 5.45 (s, 2 H), 6.16 (s, 2 H), 7.03 (5 8.4Hz, 1H),
7.34 (s, 1H), 7.527.55 (m, 2 H) ppm*°C NMR (100 MHz, DMSOdg) § 52.50, 63.93, 64.59,
117.10, 117.29, 122.01, 128.06, 143.25, 148.32,494856.26, 190.92 ppm. HRMS (ESI)
m/z calculated for GH1-N4O3 [M +H]* 261.0988, found 261.0985. HPLC purity, 97.1% at
254 nm {gr = 2.04 min).

General procedure for the synthesis of compow#isc[15]: 3-Aminotriazole (3.36 g, 40.0
mmol, 1.0 equiv.) was suspended in DMFDMA reag@6trfiL), and the mixture was stirred
at 110 °C for 18 h. The solvent was evaporated unetbuced pressure, the isom8da-c

were separated and purified by flash chromatogragiyg DCM/MeOH = 9/1 (V/V) as a

mobile phase.



(E)-N,N-Dimethyl-N'-(1-methyl-H-1,2,4-triazol-3-yl)formimidamide344). Yield (isolated),
15%.'H NMR (400MHz, DMSO-dg) & 2.90 (s, 3 H), 3.01 (s, 3 H), 3.59 (s, 3 H), 7(511
H), 8.37 (s, 1 H) ppm. ESI-MS forgH1:Ns [M+H] " 153.9; [M + Na] 175.9.

(E)-N,N-Dimethyl-N'-(1-methyl-H-1,2,4-triazol-5-yl)formimidamide34b). Yield (isolated),
50%.'H NMR (400MHz, DMSO-ds) & 2.99 (d,J = 0.4 Hz, 3 H), 3.09 (s, 3 H), 3.68 (s, 3 H),
8.07 (s, 1 H), 8.26 (s, 1 H) ppm. ESI-MS fayHziNs [M + H]™ 153.09.

(E)-N,N-Dimethyl-N'-(4-methyl-4-1,2,4-triazol-3-yl)formimidamide34¢c). Yield (isolated),
2%.'H NMR (400MHz, DMSO-ds) 6 2.97 (s, 3 H), 3.08 (s, 3 H), 3.39 (s, 3 H), 84,01 H),
8.33 (s, 1 H) ppm. ESI-MS foreg81:Ns [M+H] ™ 154.1.34cwas not used in the next reaction

steps due to low amounts of the product yieldegk gitirification.

General procedure for the synthesis of compowBtsb [15]: Compound34a or 34b (1.0

equiv.) was suspended in 4 M NaOH(aq) (50 mL) aedtdd under reflux for 1 h. After
cooling, the solution was neutralized with 37% H@Q) and extracted with EtOAc (3 x 50
mL). The combined organic phases were washed waithrated brine (50 mL), dried over

NaSQy, and filtered and evaporated under reduced pressuobtain pure products.

1-Methyl-1H-1,2,4-triazol-3-amine353). Yield, 66%."H NMR (400MHz, DMSO-dg) 5 3.59
(d,J=0.5Hz, 3 H), 5.19 (bs, 2 H), 7.87 (s, 1 H) pEBI-MS for GHgN,4 [M+MeOH+H]"
130.9.

1-Methyl-1H-1,2,4-triazol-5-amine35h). Yield, 36%."H NMR (400MHz, DMSO-g) 5 3.48
(s, 3 H), 6.11 (bs, 2 H), 7.27 (s, 1 H) ppm. ESI-fBCsHeN4 [M+MeOH+H]" 130.9.

3-Amino-4-(2-(2,3-dihydrobenzb][1,4]dioxin-6-yl)-2-oxoethyl)-1-methyl-H-1,2,4-triazol-
4-ium bromide 86a). Synthesized following the general proceduretffigr synthesis of thiols.
The product was purified by flash chromatographjmgi©CM/MeOH (9:1, v/v) as mobile
phase. Yield, 419%84H NMR (400MHz, DMSO-dg) & 3.90 (d,J = 0.9 Hz, 3 H), 4.31-4.33 (m,
2H), 4.36-4.38 (m, ®), 5.71 (s, 2 H), 7.09 (dl = 8.4 Hz, 1 H), 7.31 (bs, 2 H), 7.54 (=
2.0 Hz, 1 H), 7.56 (dd] = 8.4, 2.1 Hz, 1 H), 9.32 (d,= 1.0 Hz, 1 H) ppm**C NMR (100
MHz, DMSOds) 6 38.26, 51.01, 64.03, 64.75, 117.33, 117.53, 122147.12, 139.82,
143.38, 148.91, 154.96, 188.90 ppm. HRMS (ESI) calzulated for @H150sN4 [M + H]*
275.1139, found 275.1127. HPLC purity, 96.7% at @88%¢r = 1.79 min).



5-Amino-4-(2-(2,3-dihydrobenzb][1,4]dioxin-6-yl)-2-oxoethyl)-1-methyl-H-1,2,4-triazol-
4-ium bromide 86b). Synthesized following the general proceduretlier synthesis of thiols.
The product was purified by flash chromatographymwgiOCM/MeOH (9:1, v/v) as mobile
phase. Yield, 33%H NMR (400MHz, DMSO-ds) & 3.71 (s, 3 H), 4.31-4.33 (mH), 4.36—
4.38 (m, H), 5.64 (s, 2 H), 7.09 (d,=8.4 Hz, 1 H), 7.53 (d] = 2.0 Hz, 1 H), 7.56 (dd] =
8.4, 2.2 Hz, 1 H), 8.36 (s, 1 H), 8.54 (bs, 2 Hipp’C NMR (100 MHz, DMSOdg) § 35.14,
50.99, 64.01, 64.73, 117.25, 117.52, 122.34, 127.40.26, 143.38, 148.87, 149.53, 188.98
ppm. HRMS (ESI) m/z calculated fori4E11s0sN4 [M + H]" 275.1139, found 275.1128.
HPLC purity, 98.0% at 254 nntr(= 1.96 min).

1-(1H-Indol-3-yl)-2-((4-isopropyl-#-1,2,4-triazol-3-yl)thio)ethanone 37). Synthesized
following the general procedure for the synthesithe final products. Yield, 10%H NMR
(400MHz, DMSO-Ug) 6 1.46 (d,J = 6.7 Hz, 6 H), 4.54 (hepd,= 6.7 Hz, 1 H), 4.81 (s, 2 H),
7.22 (pdJ = 7.1, 1.4 Hz, 2 H), 7.49-7.51 (rhH), 8.11 (dd,) = 7.0, 1.7 Hz, 1 H), 8.48 (d,

= 3.2 Hz, 1 H), 9.37 (s, 1 H), 12.16 (s, 1 H) ppfic NMR (100 MHz, DMSOdg) § 22.10,
40.97, 49.44, 112.39, 114.49, 121.11, 122.17, R31P5.30, 135.17, 136.59, 142.84
(confirmed by 2D NMR experimentH-'*C HSQC), 150.08 (confirmed by 2D NMR
experimentH-*C HMBC), 187.00 ppm. HRMS (ESI) m/z calculated @gH170N,S [M +
H]* 301.1118, found 301.1121. HPLC purity, 96.4% at 8B ( = 3.46 min).

2-((4-1sopropyl-#H-1,2,4-triazol-3-yl)thio)-1-(2-methylH-indol-3-yl)ethanone 3.
Synthesized following the general procedure for ghiethesis of the final products. Yield,
62%."H NMR (400MHz, DMSO-dg) & 1.52 (d,J = 6.7 Hz, 6 H), 2.75 (s, 3 H), 4.61 (hept

6.7 Hz, 1 H), 5.11 (s, 2 H), 7.15-7.20 (m, 2 HX0%7.44 (m, 1 H), 7.98-8.03 (m, 1 H), 9.68
(s, 1 H), 12.38 (s, 1 H) ppm3C NMR (100 MHz, DMSOdg) & 15.26, 21.90, 45.68, 50.15,
111.33,111.59, 120.52, 121.86, 122.26, 126.55,863442.68, 146.04, 150.93, 186.75 ppm.
HRMS (ESI) m/z calculated for :gH160NsS [M + H]" 315.1274, found 315.1276. HPLC
purity, 98.7% at 254 nnig{= 3.61 min).

1-(Benzof][1,3]dioxol-5-yl)-2-((4-isopropyl-4-1,2,4-triazol-3-yl)thio)ethanone 39).
Synthesized following the general procedure for glethesis of the final products. Yield,
66%.'H NMR (400MHz, DMSO-dg) & 1.50 (d,J = 6.7 Hz, 6 H), 4.57 (hepl,= 6.7 Hz, 1 H),
5.02 (s, 2 H), 6.17 (s, 2 H), 7.09 0= 8.2 Hz, 1 H), 7.50 (d] = 1.8 Hz, 1 H), 7,69 (ddl =
8.2, 1.8 Hz, 1 H), 9.68 (s, 1 H) ppMC NMR (100 MHz, DMSQOdg) & 21.81, 41.26, 50.12,
102.25, 107.66, 108.24, 125.26, 129.34, 142.88,8847150.41, 152.11, 190.44 ppm. HRMS



(ESI) m/z calculated for £gH160sN3S [M + HJ" 306.0907, found 306.0909. HPLC purity,
97.9% at 254 nmt£ = 3.58 min).

2-((4-1sopropyl-#H-1,2,4-triazol-3-yl)thio)-1-(4-methoxyphenyl)ethar® @0). Synthesized
following the general procedure for the synthesithe final products. Yield, 60%H NMR
(400MHz, DMSO-dg) 6 1.49 (d,J = 6.7 Hz, 6 H), 3.86 (s, 3 H), 4.55 (hept; 6.7 Hz, 1 H),
5.03 (s, 2 H), 7.09 (dl = 8.9 Hz, 2 H), 8.00 (dl = 8.9 Hz, 2 H), 9.57 (s, 1 H) ppiC NMR
(100 MHz, DMSOsdg) 6 21.87, 41.44, 50.37, 55.77, 114.20, 127.75, 130.93.97, 150.78,
163.84, 190.78 ppm. HRMS (ESI) m/z calculated fgiHgsOoN3S [M + H]" 292.1114, found
292.1116. HPLC purity, 99.6% at 254 nta£ 3.71 min).

2-((4-1sopropyl-H-1,2,4-triazol-3-yl)thio)-1-(3-methoxyphenyl)ethar® @1). Synthesized
following the general procedure for the synthesithe final products. Yield, 60%H NMR
(400MHz, DMSO-dg) 6 1.50 (d,J = 6.7 Hz, 6 H), 3.83 (s, 3 H), 4.57 (hept; 6.7 Hz, 1 H),
5.10 (s, 2 H), 7.28 (ddd,= 8.2, 2.6, 1.0 Hz, 1 H), 7.49 &= 7.9 Hz, 1 H), 7.50 (dd, = 2.6,
1.5 Hz, 1 H), 7.63 (dt) = 7.8, 1.2 Hz, 1 H), 9.64 (s, 1 H) ppiC NMR (100 MHz, DMSO-
ds) 0 21.91, 41.53, 50.15, 55.52, 113.01, 120.07, 120199.17, 136.30, 142.98, 150.37,
159.48, 192.40 ppm. HRMS (ESI) m/z calculated fgiHgsO2N3S [M + H]" 292.1114, found
292.1117. HPLC purity, 97.7% at 254 nta£ 3.77 min).

2-((4-1sopropyl-H-1,2,4-triazol-3-yl)thio)-1-(2-methoxyphenyl)ethar® @2). Synthesized
following the general procedure for the synthesithe final products. Yield, 70%H NMR
(400MHz, CDCh) 6 1.47 (d,J = 6.8 Hz, 6 H), 3.93 (s, 3 H), 4.46 (hept 6.7 Hz, 1 H), 4.89
(s, 2 H), 6.96—-7.02 (m, 2 H), 7.50 (ddds 8.4, 7.3, 1.8 Hz, 1 H), 7.82 (d#iz 7.8, 1.9 Hz, 1
H), 8.18 (s, 1 H) ppm-C NMR (100 MHz, CDGJ) & 23.11, 46.64, 48.16, 55.84, 111.69,
120.92, 125.49, 131.19, 134.95, 141.37, 149.45,3069194.11 ppm. HRMS (ESI) m/z
calculated for @H1g0-N3S [M + H]" 292.1114, found 292.1116. HPLC purity, 99.5% at 25
nm (g = 3.79 min).

1-(4-Bromophenyl)-2-((4-isopropylHk1,2,4-triazol-3-yl)thio)ethanone 48). Synthesized
following the general procedure for the synthesithe final products. Yield, 89%H NMR
(400MHz, DMSO-Ug) 6 1.49 (d,J = 6.7 Hz, 6 H), 4.56 (hepd,= 6.7 Hz, 1 H), 5.08 (s, 2 H),
7.79 (d,J = 8.6 Hz, 2 H), 7.96 (d] = 8.6 Hz, 2 H), 9.63 (s, 1 H) ppifC NMR (100 MHz,
DMSO-dg) 6 21.93, 41.31, 50.05, 128.22, 130.49, 132.02, 134143.00, 150.13, 191.96



ppm. HRMS (ESI) m/z calculated for;4E1s0ONsSBr [M + H]" 340.0114, found 340.0118.
HPLC purity, 99.3% at 254 nntr(= 4.25 min).

2-((4-1sopropyl-#H-1,2,4-triazol-3-yl)thio)-146-tolyl)ethanone 44). Synthesized following
the general procedure for the synthesis of the firaducts. Yield, 68%'H NMR (400MHz,
DMSO-dg) 6 1.50 (d,J = 6.7 Hz, 6 H), 2.39 (s, 3 H) 4.57 (hept; 6.6 Hz, 1 H), 5.09 (s, 2 H),
7.38 (d,J = 8.0 Hz, 2 H), 7.93 (d] = 8.3 Hz, 2 H), 9.73 (s, 1 H) ppr’C NMR (100 MHz,
DMSO-dg) 6 21.30, 21.88, 41.52, 50.25, 128.63, 129.49, 132142.98, 144.70, 150.57,
192.01 ppm. HRMS (ESI) m/z calculated forgd;s0NsS [M + H]" 276.1165, found
276.1168. HPLC purity, 98.0% at 254 nta£ 3.99 min).

2-((4-1sopropyl-H-1,2,4-triazol-3-yl)thio)-1-phenylethanonéy). Synthesized following the
general procedure for the synthesis of the finadpcts. Yield, 48%'H NMR (400MHz,
DMSO-dg) 6 1.49 (d,J = 6.7 Hz, 6 H), 4.56 (hepd,= 6.7 Hz, 1 H), 5.10 (s, 2 H), 7.55-7.60
(m, 2 H), 7.69-7.73 (m, 1 H), 8.02-8.05 (m, 2 HED(s, 1 H) ppm**C NMR (100 MHz,
DMSO-dg) & 21.94, 41.39, 49.92, 128.48, 128.93, 134.04, B34192.95, 150.11, 192.59
ppm. HRMS (ESI) m/z calculated for£El:60Ns [M + H]™ 262.1009, found 262.1009. HPLC
purity, 97.1% at 254 nnig= 3.56 min).

1-(4-(Dimethylamino)phenyl)-2-((4-isopropyH41,2,4-triazol-3-yl)thio)ethanone 46).
Synthesized following the general procedure for ghiethesis of the final products. Yield,
52%.*H NMR (400MHz, DMSO-dg) 5 1.49 (dJ = 6.7 Hz, 6 H), 3.04 (s, 6 H), 4.56 (hept

6.7 Hz, 1 H), 4.97 (s, 2 H), 6.75 @= 9.2 Hz, 2 H), 7.84 (d] = 9.1 Hz, 2 H), 9.63 (s, 1 H)
ppm. *C NMR (100 MHz, DMSQdg) & 21.90, 39.66, 41.29, 50.08, 110.78, 122.01, 130.62
142.87, 150.69, 153.76, 189.42 ppm. HRMS (ESI) calzulated for GH»1ON,S [M + H]
305.1431, found 305.1432. HPLC purity, 95.2% at 86%¢r = 3.88 min).

4-(2-((4-1sopropyl-#-1,2,4-triazol-3-yl)thio)acetyl)benzonitriled7). Synthesized following
the general procedure for the synthesis of the firaducts. Yield, 90%'H NMR (400MHz,
DMSO-dg) § 1.49 (d,J = 6.7 Hz, 6 H), 4.56 (hepd,= 6.6 Hz, 1 H), 5.13 (s, 2 H), 8.07 (H=
8.6 Hz, 2 H), 8.18 (dJ = 8.7 Hz, 2 H), 9.66 (s, 1 H) ppiC NMR (100 MHz, DMSQOds) 5
21.89, 41.54, 50.29, 115.78, 118.08, 129.13, 132188.19, 143.08, 150.26, 192.15 ppm.
HRMS (ESI) m/z calculated for ;gH;sON,S [M + HJ" 287.0961, found 287.0964. HPLC
purity, 93.6% at 254 nnig= 3.41 min).



1-((4-Isopropyl-4H-1,2,4-triazol-3-yl)thio)-3,3-dimethylbutan-2-one  48§). Synthesized
following the general procedure for the synthedighe final products. The product was
purified by flash chromatography using EtOAc/MeO8b:6, v/v) as mobile phase. Yield,
5%.'H NMR (400MHz, CDCk) & 1.22 (s, 9 H), 1.49 (d} = 6.7 Hz, 6 H), 4.42 (hepl,= 6.7
Hz, 1 H), 4.55 (s, 2 H), 8.19 (s, 1 H) ppifC NMR (100 MHz, CDGJ) § 23.05, 26.68, 40.90,
44.50, 48.24, 141.47, 149.34, 209.15 ppm. HRMS Btz calculated for GH20ON3S [M +
H]* 242.1322, found 242.1323. HPLC purity, 96.0% at 86 ¢z = 3.35 min).

2-((4-1sopropyl-#H-1,2,4-triazol-3-yl)thio)-1-(3-nitrophenyl)ethanone (49).  Synthesized
following the general procedure for the synthesithe final products. Yield, 86%4H NMR
(400MHz, DMSO-dg) & 1.50 (d,J = 6.7 Hz, 6 H), 4.58 (hepd,= 6.6 Hz, 1 H), 5.19 (s, 2 H),
7.89 (t,J=8.0 Hz, 1 H), 8.47 (dJ = 7.8, 1.4 Hz, 1 H), 8.53 (ddd,= 8.2, 2.4, 1.0 Hz, 1 H),
8.71 (t,J = 2.0 Hz, 1 H), 9.65 (s, 1 H) ppr'C NMR (100 MHz, DMSQdg) & 21.96, 41.42,
50.08, 122.85, 128.13, 130.84, 134.70, 136.23,0B43.48.05, 149.94, 191.53 ppm. HRMS
(ESI) m/z calculated for GH1s03N4S [M + H]" 307.0859, found 307.0861. HPLC purity,
98.6% at 254 nmtg = 3.63 min).

1-(4-Hydroxyphenyl)-2-((4-isopropylH-1,2,4-triazol-3-yl)thio)ethanone 5Q). Synthesized
following the general procedure for the synthesithe final products. Yield, 84%H NMR
(400MHz, DMSO-dg) 6 1.50 (d,J = 6.7 Hz, 6 H), 4.58 (hepd,= 6.6 Hz, 1 H), 5.05 (s, 2 H),
6.90 (d,J = 8.8 Hz, 2 H), 7.90 (d] = 8.8 Hz, 2 H), 9.82 (s, 1 H) ppr’C NMR (100 MHz,
DMSO-dg) 6 21.85, 41.51, 50.48, 115.53, 126.35, 131.23, 1742180.98, 162.93, 190.40
ppm. HRMS (ESI) m/z calculated fori£E160:N3S [M + HJ" 278.0958, found 278.0960.
HPLC purity, 98.9% at 254 nnt(= 2.76 min).

General procedure for alkylation of phersf): To a solution 060 (0.15 g, 0.54 mmol, 1.0
equiv.) in MeCN (10 mL), the corresponding alkylitla (1.5 equiv.) and ¥CO;s (2.0 equiv.)
were added. The resulting suspension was stirreB0atC overnight. The solvent was
evaporated under reduced pressure, and the res@siglissolved in a mixture of DCM (30
mL) and saturated NaHG(2q) (30 mL), and transferred into a separatingiélinThe organic
phase was washed with saturated brine (50 mL)d dneer NaSQO,, filtered and evaporated
under reduced pressure. The product was purified flagh chromatography using
DCM/MeOH (20:1, v/v) as mobile phase.



2-(4-(2-((4-1sopropyl-#-1,2,4-triazol-3-yl)thio)acetyl) phenoxy)acetoniril). Synthesized
following the general procedure for alkylation dfgmol50. Yield, 65%."H NMR (400MHz,
CDCl;) & 1.46 (d,J = 6.7 Hz, 6 H), 4.40 (hepd,= 6.7 Hz, 1 H), 4.86 (s, 2 H), 4.87 (s, 2 H),
7.02 (d,J = 9.0 Hz, 2 H), 8.02 (d] = 9.0 Hz, 2 H), 8.19 (s, 1 H) ppi’C NMR (100 MHz,
CDCl3) 6 23.00, 41.51, 48.30, 53.36, 114.51, 114.82, 13(.39.16, 141.65, 148.98, 160.60,
191.64 ppm. HRMS (ESI) m/z calculated fors;70:N4S [M + H]" 317.1067, found
317.1064. HPLC purity, 98.0% at 254 nta£ 3.45 min).

1-(4-Isopropoxyphenyl)-2-((4-isopropyH41,2,4-triazol-3-yl)thio)ethanone 52).
Synthesized following the general procedure forylallon of phenol50. Yield, 32%.'H
NMR (400MHz, CDCk) & 1.33 (d,J = 6.1 Hz, 6 H), 1.46 (d] = 6.7 Hz, 6 H), 4,41 (hepd,=
6.7 Hz, 1 H), 4.62 (hepd,= 6.1 Hz, 1 H), 4.87 (s, 2 H), 6.88 (= 9.0 Hz, 2 H), 7.94 (d] =
9.0 Hz, 2 H), 8.18 (s, 1 H) pprC NMR (100 MHz, CDGJ) & 21.91, 22.99, 41.76, 48.22,
70.30, 115.33, 127.64, 131.01, 141.51, 149.26,8062191.61 ppm. HRMS (ESI) m/z
calculated for @H2,0,N3S [M + H]" 320.1427, found 320.1429. HPLC purity, 91.9% at 25
nm ({r = 4.41 min).

Ethyl 2-(4-(2-((4-isopropyl-#-1,2,4-triazol-3-yl)thio)acetyl)phenoxy)acetate ~ 53).
Synthesized following the general procedure forylalion of phenol50. Yield, 32%.'H
NMR (400MHz, CDCk) 6 1.27 (t,J=7.1 Hz, 3 H), 1.46 (d]=6.7 Hz, 6 H), 4.25 (1= 7.1
Hz, 2 H), 4.40 (hept) = 6.7 Hz, 1 H), 4.66 (s, 2 H), 4.86 (s, 2 H), 6(62] = 9.0 Hz, 2 H),
7.97 (d,J = 9.0 Hz, 2 H), 8.17 (s, 1 H) pprfC NMR (100 MHz, CDGJ) & 14.20, 22.98,
41.65, 48.23, 61.71, 65.20, 114.64, 129.02, 130148,56, 149.09, 162.26, 168.09, 191.65
ppm. HRMS (ESI) m/z calculated for;fE12,0,N3S [M + H]" 364.1326, found 364.1324.
HPLC purity, 90.4% at 254 nntg(= 3.86 min).

2-(4-(2-((4-1sopropyl-#-1,2,4-triazol-3-yl)thio)acetyl)phenoxy)acetic acid54). To a
suspension 053 (31.5 mg, 0.087 mmol, 1.0 equiv.) in MeOH (2 mQ)]1 M NaOH(aq) (1.3
mL, 1.5 equiv.) was added and the reaction mixtuae stirred at room temperature for 4 h.
The mixture was acidified with 1 M HCl(aq) to pH .~Ihe precipitate that formed was
filtered off, yielding the pure product. Yield, 6691 NMR (400MHz, DMSO-ds) & 1.40 (d,
J=6.7 Hz, 6 H), 4.39 (hepd,= 6.9 Hz, 1 H), 4.82 (s, 2 H), 4.83 (s, 2 H), 7(84J = 9.0 Hz,

2 H), 7.97 (d,J = 9.0 Hz, 2 H), 8.72 (s, 1 H), 13.15 (s, 1 H) ppiAC NMR (100 MHz,
DMSO-ds) 6 22.54, 40.67, 47.75, 64.57, 114.56, 128.49, 130142.84, 147.40, 162.04,



169.73, 191.69 ppm. HRMS (ESI) m/z calculated fesHzsO4N3S [M + H]" 336.1013, found
336.1013. HPLC purity, 99.3% at 254 nta£ 2.80 min).

Synthesis of 1-(2,3-dihydrobendjl,4]dioxin-6-yl)-2-hydroxyethan-1-one 56,
Supplementary information, Table S1). A solutionbwbmide6 (0.40 g, 1.56 mmol, 1.0
equiv.) and lithium formate (0.54 g, 7.78 mmol, 8duiv.) in 90% EtOH(aq) (40 mL) was
heated to reflux for 12 h. After the reaction wasnplete, the mixture was cooled to room
temperature, and ethanol was removed under reduessure. The residue was diluted in
water (30 mL) and extracted with EtOAc (3 x 20 mLhe combined organic phases were
washed with saturated brine (40 mL), dried overI@, filtered and evaporated under
reduced pressure. The product was purified by fdsbmatography using EtOAc/Hex (1:1,
v/v) as mobile phase. Yield, 89%1 NMR (400MHz, acetoneds) & 3.79 (t,J = 5.1 Hz, 1 H),
4.31-4.33 (m, H), 4.35-4.38 (m, B), 4.80 (d,J = 5.1 Hz, 2 H), 6.95 (d] = 8.4 Hz, 1 H),
7.45 (d,J = 2.1 Hz, 1 H), 7.50 (ddl = 8.5, 2.1 Hz, 1 H) ppntC NMR (100 MHz, acetone-
ds) 6 65.01, 65.64, 65.88, 117.59, 118.18, 122.42, 1K8144.62, 149.63, 197.87 ppm.
HRMS (ESI) m/z calculated for;gH1104 [M + H]" 195.0657, found 195.0653. HPLC purity,
99.7% at 254 nntg = 2.17 min). [21]

S(2-(2,3-Dihydrobenzd]][1,4]dioxin-6-yl)-2-oxoethyl) ethanethioate56, Supplementary
information, Table S1). To a cooled (0 °C) suspamsf bromide6 (1.5 g, 5.83 mmol, 1
equiv.) in DMF (15 mL), KSCOCklwas added and the reaction was stirred at 0 °Q tor
Then 50 mL of water was added, and the aqueousplias extracted with DCM (2 x 50
mL). The combined organic phases were washed watle{50 mL) and brine (50 mL), and
dried over NgSO,. The solvent was evaporated under reduced pressulehe product was
purified by flash chromatography using DCM as mebjhase. Yield, 69%'H NMR
(400MHz, DMSOdg) 6 2.37 (s, 3 H), 4.28-4.30 (mHD), 4.33-4.35 (m, ®), 4.43 (s, 2 H),
6.99 (d,J = 8.4 Hz, 1 H), 7.49 (d] = 2.1 Hz, 1 H), 7.53 (ddl = 8.5, 2.2 Hz, 1 H) ppnt’C
NMR (100 MHz, CDC}) 6 30.37, 36.49, 64.19, 64.84, 117.52, 118.15, 122183.37,
143.56, 148.72, 191.74, 194.41 ppm. ESI-MS fgiHz0,S [M+Na]' 275.32. HRMS (ESI)
m/z calculated for GH1:04S [M + H]* 253.0529, found 253.0526.

Enzymes and assay buffers
Recombinant CatX was expressedichia pastorig[22]. The assay buffer for determination
of CatX activity was 100 mM sodium acetate, pH with 5 mM cysteine, 1.5 mM EDTA,



and 0.1% PEG 8000. 0.01% Triton X-100 was addeutéwent false positive inhibition due
to aggregation of compounds. The enzyme was aetivatt 37°C for 5 min before the assay.
Recombinant cathepsins B, L and S were used tandete the possible inhibition by the
selected compounds. Recombinant cathepsin S wassseal irP. pastorisand recombinant
cathepsins B and L were expresseét.ircoli[23, 24]. Assay buffers for determining activities
of cathepsin L consisted of 100 mM sodium acetatéey pH 5.5, for cathepsins S and B
(endopeptidase activity) of 100 mM phosphate bufidr6.5 and 6.0, respectively, and for
cathepsin B (exopeptidase activitgj 60 mM acetate buffer, pH 5.0. Each assay buffer
contained 5 mM cysteine, 1.5 mM EDTA and 0.1% PBG®B The fluorogenic substratés
FR-AMC, Z-VVR-AMC, Abz-GIVRAK(Dnp)-OH[25] and Z-RR-AMC were used for
determining cathepsins L, S and B exo- and endptigeese activities, respectively. Enzymes

were activated at 37C for 5 min before the assays.

Determination of relative inhibition and | Csp values

Abz-FEK(Dnp)-OH was used as a CatX specific substraactivity assays [16]. Here, 9L
activated CatX (20 nM) was added to the wells dlack 96-well plate with L substrate
(3.25 uM final concentration) and AL of the compounds (5QM final concentration). The
reaction was monitored continuously (30-45 min¥20 nm+10 nm, with excitation at 320
nm 20 nm, and at 37C. Relative inhibition (%) was calculated accordinghe equatioifl
—\V/ vp) x10Q wherey; is the reaction velocity in the presence of thegound, andypis the
reaction velocity without the compound.

For determination of the Kg values, substrate cleavage was monitored at seven
compound concentrations (250, 100, 30, 10, 3, 3,u®). The compound dilutions were
prepared in DMSO in such a way that there was awhg same amount of DMSO (5%
DMSO) in the final mixture. The assays were tharfquened as described above. ThedC
curves were analyzed using GraphPad Prism soft&ephPad Software Inc., La Jolla, San
Jose, CA, USA).

Determination of the reversibility of binding

The reversibility of the binding was determinedthe washout experiment, as described
previously [12]. Briefly, 20 nM CatX was mixed withe inhibitor at the saturating level of

100 uM and incubated for 1 hour at room temperature. @aré of the mixture was assayed

for CatX activity and the other part was diluteghgximately 150000-fold with assay buffer



using step-wise dilution and concentration with tieans (10 kDa cut-off; Millipore) and

then assayed for CatX activity.

Cdll cultures and cytotoxicity assay

The PC-3 human prostate cancer cell line (CRL-14387C, Manassas, USA) was cultured
in Advanced DMEM (Gibco) and F-12 (Gibco) (1:1, mivith 10% fetal bovine serum, 1%
glutamine, and 1% penicillin/streptomycin. Here5 &10" cells/mL were seeded into the
wells of a 96-well plate. The cells were treatethwhe compounds (10, 3tM) for 24 h or

48 h. The cytotoxicity was determined with the Mieagent (CellTiter 96 Aqueous One
Solution Cell Proliferation Assay; Promega) angd,Avas measured after 1 h, according to the

manufacturer instructions.

Real-time cell-migration assay

Cell-migration assays were performed using a R@akTCell Analyzer Dual Plate Instrument
(XxCELLigence System; ACEA Biosciences), as preipdsscribed [12]. The xCELLigence
CIM plates were coated with fibronectin (t§/mL; BD Biosciences) on the lower and upper
sides of the microporous PET membrane, for 30 mhimam temperature and 2 h at 37,
respectively. Excess fibronectin was removed amdwiells were washed with phosphate-
buffered saline. The compounds (10, &) were added to the complete medium (lower
chambers) or to the serum-free medium (upper chesnlddere, 0.1% DMSO was used as a
control, with 2 x 10 cells plated per well. The impedance data arertepas the cell index
Cl), and were measured continuously every 15 miryfoh, and then analyzed with the Real-
Time Cell Analyzer software (ACEA Biosciences, adhe data were normalized to cells
treated with DMSO.

Molecular modeling

3D structure of cathepsin X without any co-crystalll ligand (PDB: 1EF7) was used. PDB
file was imported into the Maestro program (Schngeér Release 2019-4, Schrédinger, LLC,
New York, NY, 2019), where the protein structureswaepared using Protein Preparation
Wizard. Chain B was removed and hydrogens weredattdthe structure to assume a pH 7.0
environment. Following the refinement of hydrogemtling network, waters with fewer than

3 H-bonds to the protein were removed. The posibbheavy atoms was locally minimized

using OPLS3e force field. SiteMap with default ipgfs was used to identify the active site



and one allosteric site [26]. Next, Detect shallwnding sites option in the SiteMap was used
to identify additional 3 allosteric sites. A receptgrid was generated for each identified
binding site. Ligands with measured residual dgtiwere prepared using LigPrep to account
for all possible tautomers at pH 7.0 £ 2.0. Dockpuses were obtained through a docking
protocol using Glide, with the following parameted (extra precision), flexible ligand

sampling, perform postdocking minimization [27]. gand-protein interactions were

visualized and the best scoring poses were manualyected. The docking experiments
suggest binding into the active site, where besres@nd superposition of ligands was

achieved.
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Figure 1: Schematic representation of structural alterattorz.

Figure 2: Crucial observations regarding structure actixghationships of CatX inhibitors.

Figure 3: Cytotoxicity of the selected compounds on PC-8&cel

MTS assay was used to analyze the cytotoxic eftefdise selected compounds at 10 uM and
20 puM (as indicated), with treatments for 24 htjleind 48 h (right). Data are means *
standard deviation from three independent assags, gerformed in triplicate.

Figure 4: Compound5 inhibits PC-3 cell migration.

Cell migration was evaluated with an xCELLigencsteyn according to changes in the slopes
of the curves, calculated from the Cell Index ia Helected time interval. Cells treated with
10 uM Z9 provided the positive control. Data are normalitedhe control cells (in 0.1%
DMSO), which show the defined 100% migration. Date means + standard deviation from

two independent assays, each performed in duplaatélicate.



Table 1. Inhibitory activities against CatX of the triazddenzodioxine derivatives. Values
are means = standard deviation of two independeydranents, each performed in duplicate.
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Table 2. Inhibitory activities against CatX of compoundsttwvarious benzodioxine ring
replacements. Values are means + standard deviatiomo independent experiments, each
performed in duplicate.
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Table 3: IC5q values of selected inhibitors of CatX. Values means + standard deviation of
two independent experiments, each performed inicatpl

Compound  ICso (ULM)

Z9 11.5+£1.5
8 11.8+1.1
10 12.4+£0.2
19 13.6 £0.8
20 9.54 +0.85

25 7.13 £0.47




Variations of central linker
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Variations of benzodioxine: Ketomethylenethio linker:
- indole: tolerated L crucial for inhibition
- substituted phenyls: inactive e 3
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Highlights

» Cathepsin X is up-regulated in cancer and neurodegenerative disorders.
* SARsexploration of the triazole-2,3-dihydrobenzo[ b][ 1,4] dioxine inhibitors.
*  Compound 25 inhibits PC-3 cell migration, which is under the control of CatX.
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