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Abstract
A series of phenoxyethylamine derivatives was desigand synthesized to discover potent

and selective humamnp adrenoceptoro(p adrenergic receptod;p—AR) antagonists. Compound
was taken from our internal compound collectionaas attractive starting point and exhibited
moderate binding affinity foo;p—AR and high selectivity againgia— anda;g—ARs. We focused
on modifying the 2-methylsulfonylbenzyl group @fto discover novel compounds structurally
distinct from other reported;—AR antagonists containing the phenoxyethylaminéifm8tudy of
structure activity relationship guided by a targetigand-lipophilicity efficiency score led to the
discovery of a novel scaffold of 3,4-dihydrélzhiochromene 1,1-dioxide for selectieap—AR
antagonists. Further optimization studies resuliad the identification of (8)-N*[2-(2,5-
difluorophenoxy)ethyl]N®-methyl-3,4-dihydro-Bi-thiochromene-4,6-diamine  1,1-dioxideS)+41,

as a novel, highly potent and selectimgp—AR antagonist. Herein, we provide details of the

structure activity relationship of the phenoxyettmgine analog for the potency and selectivity.

Keywords: phenoxyethylamine derivatives, selechivenan a;p adrenoceptor antagonist, 3,4-

dihydro-ZH-thiochromene 1,1-dioxide, ligand-lipophilicity iefency (LLE)



1. Introduction

The a; adrenergic receptorsi{ adrenoceptorsy;—ARS) are a part of the G protein-coupled
receptor (GPCR) superfamily and are classified thtee receptor subtypes;a, 01 anda;p-ARS
[1-4]. The functions and tissue distribution of leaeceptor subtype are known to be different. It
has been demonstrated thait-ARs mediate smooth muscle contractions in the muprastate and
are predominantly expressed in the bladder neoBst@ie, and prostatic urethra [5-8]. Some
literature reports suggest thaig-ARS regulate vasoconstriction of large human mserand are
extensively expressed in the vascular smooth my8¢l®]. Thea;p-ARs are widely found in the

human bladder detrusor muscle and epicardial coyarteries [11-13].

Several non-subtype-selectiug-AR antagonists, such as doxazosin and alfuzostnused
in the treatment of hypertension and lower urirtaagt symptoms associated with benign prostatic

hyperplasia (BPH), a urologic disorder prevalerglaterly men [14,15].

Subtype-selectiva;-AR ligands help understand the functional roleath receptor subtype
and avoid unfavorable side effects in therapy.dasmng evidence for the involvementogh-AR in
bladder outlet obstruction (BOO) in patients witRHB has encouraged the usengi-AR selective
antagonists in symptomatic therapy of BPH [5,7dently, an;a- andaip-AR dual antagonist
(tamsulosin) and a highly selectigga-AR antagonis® (silodosin) are available on the market for
the treatment of BPH [16]. However, the effort evdlopa;s—AR or aip-AR selective ligands has
been less fruitful than the search égr- anda;p-AR dual ora;a-AR selective ligands. For example,
cyclazosin and L-765,314 have been reported astseleg-AR antagonists [17]. Antagonism of
0a15-AR may cause cardiovascular side effects such rdsosiatic hypotension, tachycardia,
arrhythmia, and dizziness [18-20]. Regardiogy-AR antagonists, we recently reported the

discovery and optimization of iminopyridine derivats yielding compound (TAK-259), as a



potent, orally available, and selectiggp antagonist with antiurinary frequency effects [Amh]
addition,4 (BMY7378) is well known as an;p-AR ligand that also binds the serotonergic 5:HT
receptor [22]. Furthermore, compoubBd(SNAP 8719) shows improved selectivity against the
serotonergic 5-Hia receptor compared td, and a phenoxyethylamine derivatiGehas been

reported as a selectiegp-AR antagonist [23].
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Figure 1. Structures of reportegi-ARs antagonists. Blue lines indicate phenoxyethyf& analog.

Table 1 In vitro data and clog P & TAK-259 andy.



* Amine residue

comp Ki(nM)* | eb selectivity phenylephrine-induced
ap 1A/1D 1B/1D  contraction®, IC3y (nM)

6 2.2 6.0 1.19 109 —

TAK-259 1.1 8.7 200 800 12

7 17 43 110 65 250

3K value forap was obtained by displacement of 7-methodyHprazosin from cloned human
receptor.

°LLE = -log(Ki)-clog P.

°Effects on the phenylephrine-induced contractidite® bladder strips taken from the rats with
BOO (n = 2-11).

“The data were taken from the literature [23].

In the course of discovering the selectimgr-AR antagonist3, we were interested in
expanding the range af;p-AR antagonists and sought a new series of compostricturally
different from 3. The phenoxyethylamine derivativewas obtained from our internal compound
collection with the phenoxyethylamine scaffold (Teali). Compound’, containing a 5-chloro-2-
methylsulfonylbenzyl group, showed higher subtygledivity foraia- anda;g-ARs than6 did [23].
Compoundb was also reported as a selectiyg—AR antagonist with the phenoxyethylamine motif.
However, a structure activity relationship (SAR)dst of 6 using a humani;p-AR binding assay
showed room for improvement in subtype selectiwithjle the functional assay of this compound
using rat tissue showed a more than 100-folg-AR antagonistic selectivity oveti;a-AR.
Therefore, we considerétito be an attractive starting point for further nfigdtion. In comparison
with the clinical compound TAK-259, compouidexhibited lower binding affinity and effects on
phenylephrine—induced bladder contraction in isalabladder strips taken from rats with BOO,

which were used for the in vitro evaluation of nameing contraction treatment in our previous



report [21]. Hence, we started the SAR study’db increase its potency by introducing various
amine functionalities on the phenoxyethylamine egallong with an adjustment of LLE score, as
shown in Figure 2. Herein, we describe the idesdtfon of 3,4-dihydro-R-thiochromene 1,1-

dioxide derivative §-41 as a highly potent and selectiyg,-AR antagonist.

.

Amine residue

Figure 2. Design strategy.

2. Chemistry

The synthesis of target compounds is depicted he®e 1-3. Scheme 1 outlines the synthesis
of 7, 10-12, 16, 17, 22 and 23. Phenol8 was treated with 1,2-bromoethane in the presefice o
aqueous sodium hydroxide (NaOH) to afford phendxybtomide 9, followed by treatment of
corresponding benzylamines to provide 2-chloroefbphenyloxyethylamine derivativ@s 10, 11
and 12, respectively. Condensation of phenoxyethylanmiSenith an appropriate carboxylic acid
yielded phenoxyethylamide44 and 15, followed by reduction using borane-tetrahydrofura
complex (BH-THF) to provide phenoxyethylamind$ and 17, respectively. Condensation of
phenoxyacetic acid48 and 19 with appropriate amines afforded phenoxyacetamifand 21,
respectively, followed by reduction using BAIHF to obtain phenoxyethylamin€2 and 23,

respectively.

Scheme 1Synthesis of, 10-12, 16, 17, 22 and23®
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a
®Reagents and conditions: (a) 1,2-dibromoethane, Na®H, 90 °C; (b) benzylamines 8Os,
EtOH, 90 °C; (c) carboxylic acids, WSC, HOBtz&t DMF; (d) mCPBA, AcOEt; (e) BH- THF,
THF, 0 to 80 °C; (f) amines, WSC, HOBt,sBt CH;CN or DMF; (g) (COCH, cat. DMF, THF,

then amines, BN, THF; (h) BH:- THF, THF, 0 to 80 °C then 4 M HCI in AcOEt.

Phenethylamine25 and thiochroman-4-amin82 for the synthesis oR2a and 23c were

prepared as shown in Scheme 2. Acetophe@dngas converted int@5 via oxime formation and



reduction. Alkylation of benzenethi@6 with 3-bromopropionic acid followed by cyclizatiamth
concentrated sulfuric acid and oxidation of thefawl group withm-chloroperoxybenzoic acid
(mCPBA) vyielded thiochromanone derivativg9. Thiochroman-4-amine81 was obtained by
reduction of the bromo group BB and amination of the ketone group. Finally, substn of the

fluoro group in31 with sodium methoxide afforded ami@2.

Scheme 2 Synthesis of intermediat@8 and32*
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Br Br © Br © Br
S SO,
SH HO, C/\/S
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®Reagents and conditions: (a) MeONHCI, pyridine; (b) BH- THF, THF, 0 to 80 °C then 4 M HCI
in AcOEt; (c) 8 M NaOH, KO, then 3-bromopropionic acid,,&0s;, H,O; (d) conc. HSQy; (e)
mCPBA, AcOEt, 0 °C; (f) Pd/C, i EtOH; (g) BH: THF, THF, 0 to 80 °C; (h) NaOMe, MeOH, rt

to 95 °C.

Scheme 3 demonstrates the synthesis of compoBidEL Intermediates35 and 36 were
prepared by using a method similar to that desdriheScheme 1. Compour8b was obtained by
amination of 33a—c, followed by oxidation, and subsequent condensatod reduction with
BHs- THF. Boc-protection of the amine group yield&l The phenoxyethylamine derivativéga-c,
which contained methoxy groups on the thiochromeng, were afforded by substitution of the

bromo group with potassium hydroxide followed bythytation of hydroxy group and removal of



the protecting group. Intermedieéldd, which was obtained by amination and oxidatio3@d, was
converted t®B8 through condensation and reduction withsBFHF followed by salt formation with

4 M HCI in AcOEt. Intermediat86awas used as a starting material for the syntlg<38-41. The
methylsulfonyl derivative39 was prepared by introduction of a methylsulfangdup into 363
followed by oxidation and removal of the protectigigoup, and salt formation. The carboxamide
derivative40 was obtained by methoxycarbonylation3éf, followed by hydrolysis, amidation, and
removal of the protecting group and salt formatiBmally, the methylamine derivativél was
obtained by introduction of a methylamino groupii6a, followed by removal of the protecting
group and salt formation. The optically active campds R)-41 and §-41 were prepared by chiral
supercritical fluid chromatography (SFC) 41. The stereochemistry was determined by single X-

ray crystal structure analysis as shown in Figure 3

Scheme 3Synthesis 087-41°
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®Reagents and conditions: (a) MeONHCI, pyridine; (b) BH- THF, THF, 0 to 80 °C then BgO,
AcOEt; (c) mCPBA, AcOEt then 4 M HCI in AcOEt; (d19, WSC, HOBt, EN, DMF; (e)
BHs:- THF, THF, 0 to 80 °C; (f) Ba®, AcOEt, (g) KOH, Pgtlba, t-BuXphos, DME, HO, 100 °C;
(h) lodomethane, ¥COs;, DMF, (i) 4 M HCI in AcOEt; (j) Zn(CN), Pd(PPk)4, DMF, 100 °C; (k)
NaSMe, Pddba, Xantphos, xylene, 140 °C; (ln\CPBA, AcOEt; (m) CO, Pd(OAg) dppf, EtN,
MeOH, THF; (n) 1IN NaOH, THF; (o) HOBt- NAWSC,i-Pr,NEt, DMF; (p) Methylamine, Pdba;,
X-Phos, NaO-Bu, toluene, 100 °C; (g) optical resolution by rehi supercritical fluid

chromatography (SFC).



Figure 3. ORTEP diagram 0f3)-41, thermal ellipsoids are drawn at 50% probability.

3. Results and Discussion

All compounds were evaluated for their affinitiesvard cloned humano;—ARs in binding
assays, and the results were expresséd aalues Clog P values were determined by ACD labs ver.
12.0 [24].

First, we investigated the substituent effect @& dmine residue as shown in Figure 2, to
determine the most important substituent3 &d drive its potency and selectivity (Table 2). T3ie
chlorobenzyl derivativd0 and 2-methylsulfonylbenzyl derivativEL were synthesized in order to
confirm the essential moiety far;—AR binding affinity. The removal of chloro groupd to an
increase in the binding affinity fai;p-AR. Therefore,11 was selected for further investigation.
Next, the influence of linker length between theecscaffold amine and thé-terminal phenyl ring
was investigated. Compound$ (phenethyl) andL7 (3-phenylpropyl) showed binding affinities
equipotent to that afl; however, the LLE score decreased with increasiog P values. As for the
subtype selectivity, a longer linker length worsktiee selectivity(11 vs 16 and17). This indicated
that a methylene linker is essential for selectiug AR binding, while linker lengths of more than
two atoms are needed to exhibit binding affinity both a;4- anda;g-ARS. These observations are
consistent with the known structures and biologasivities of tamsulosin, silodosin, agdwhich
had linkers of two or three atoms and showed bopdiffinity for aza- andaig-ARs (Figure 4). We

then decided to determine if the binding affinitpuid be affected by the introduction of a methyl



group at the benzylic position. Thus, the 2-methijdsylphenethyl derivativ@2a was synthesized
and found to have a significantly reduead-AR binding affinity, presumably due to an unfavale
conformation of the 2-methylsulfonyl group causedtibe introduction of the methyl group. We
therefore postulated that immobilization of the Inyétulfonyl moiety into a favorable conformation
around the ortho-position could be used to favayngt binding affinity. Indeed, the thiochromene
derivative22b exhibited binding affinity equipotent to that df, while the dihydrobenzothiophene
derivative12 showed a decreased binding affinity due to an sinel@ position of sulfonyl moiety.
This suggested that the orientation of the sulfgnglip must be quite restricted to demonstrate both

strong binding affinity and high subtype selectivitr o1p-AR.

Table 2 Affinity towards cloned humaasa-, a15- anda;p-ARs and physicochemical properties of

2-chloro-5-fluorophenoxyethylamine derivatives.



compd R LLEP clog P

1800 1100 17 4.3 3.49

b

SO,Me
Cl
10 /\/@ >270 >120 65 22 500
11 A/Q >270 >120 43 57  2.65
SO,Me
16 /\/j@ 150 30 86 52 284
MeO,S
MeO,S
17 /\/\;@ 50 44 9.1 48 322
22a /\/@ >270 >120 >94 — 2.96
Me SO,Me
12 /\EQ >270 >120 >94 — 2.92
SO,
22b >270 >120 39 52  3.17

oy

SO

?Ki value foraip was obtained by displacement of 7-metho}yHprazosin from cloned human
receptor.

°LLE = -log(Ki)-clog P.
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Figure 4. Linker length at the amine residuelo®, 6, 11 and22hb.

On the basis of the results shown in Table 2, & determined that linker length was crucial
for subtype selectivity fooia- anda;g-AR, and immobilization by cyclization was an aczdye
approach to retain the potency tap-AR. Thus, we selected the 2-methylsulfonylbenaiivhtive
11 and thiochromene derivati@2b, which showed higher binding activities and LLE®s than
compound? did, to evaluate their effects on phenylephrinddged bladder contractions in isolated
bladder strips taken from rats with BOO (Table Bpth compounds showed better bladder
contraction-inhibitory potency thandid. In particular22b showed a 4.6-fold higher potency than
11 did. This indicated that rigidification of the wtture was an effective method of inhibitiog-

AR-mediated bladder contractions.

Table 3. Evaluation of the selected compounds.

oqp Ki LLE? phenylephrine-induced

comp
(nM)? contraction®, 1C; (nM)?
7 17 4.3 250 [43-1400]
1 4.3 5.7 140 [34-550]

22b 39 52 54 [18-170]




2K value fora;p was obtained by displacement of 7-metho¥yHprazosin from cloned human
receptor.

°LLE = -log(Ki)-clog P.

°Effects on the phenylephrine-induced contractiohshe bladder strips taken from the rats with
BOO (n = 2-11).

dNumbers in brackets represent 95% confidence iaterv

Next, we evaluated in vitro pharmacokinetic projgsr{absorption, distribution, metabolism,
elimination [ADME]) of 22b. This compound exhibited improved human metabsiability and
less ability to inhibit cytochrome P-450 3A4 inhibn (CYP3A4) as shown in Table 4. Thus, we
investigated the substituent effect at the phenmegidue on the terminal phenyl ring. In comparison
with 22b, 23b with a 2,5-difluorophenoxy substituent demonstidietter in vitro ADME properties
and similar LLE, but showed a low&ii value. Accordingly, further optimization was dad out

with the 2,5-difluorophenoxy substituent pattern.

Table 4. Profiles of22b and23b.

SO,
comp. R o.pKi LLEP clogP Cliyt (human) CYP3A4
(NM)? (uL/min/mg) (%inh. at 10 uM)
22b ClI 39 52 317 78 52.3
23b F 17 51 263 44 26.5

?Ki value foraip was obtained by displacement of 7-metho¥yHprazosin from cloned human
receptor.

°LLE = -log(Ki)-clog P.

First, we examined the SAR of the thiochromene bpgntroducing methoxy groups onto 4

positions. Stronger binding affinity was observeldew methoxy was substituted onto the 5- or 6-



position, although a lower binding affinity was éomed when methoxy was substituted onto the 7-
or 8-position. It is notable that the 6-methoxyidative 37a demonstrated a more than 10-fold
higher binding affinity thar23b did. This result implied that introduction of teebstituent onto the
6-position of the thiochromene ring provides thghiest affinity. Next, we explored various
substituents at the 6-position to determine whiatwsed the strongest potency. CompouB8¢R =
fluoro), 39 (R = methylsulfonyl), and0 (R = aminocarbonyl) showed weaker potency tBaadid.
Interestingly, compoundl (R= methylamino) showed 2-fold higher binding rmitfy to a;o-AR and

a better LLE score thaB7a without loss of ADME properties. These resultsicated that 6-

methylamino group odlis the optimal substituent.

Table 5 Affinity for cloned human a;-AR and physicochemical properties for (2,5-di-

fluorophenoxyethyl)thiochroman-4-amine 1,1-dioxdivatives.

6
F " 7
L e
SO,
compd R a.pKi? LLEP clog P Clint (human) CYP3A4
(nM) (LL/min/mg) (%inh. at 10 uM)
23b  H 17 5.1 2.63 44 26.5
23c  5-OMe 95 50 298 87 28.6
37a  6-OMe 15 58 298 53 22.7
37b  7-OMe 38 44 298 71 34.3
37c  8-OMe 170 3.8 298 34 17.1
38 6-F 12 50 290 39 23.1
39 6-SO,Me 310 4.9 1.62 11 5.2
40 6-CONH, 86 5.4 171 19 12.5
41 6-NHMe 0.85 6.2 2.89 45 26.1

?Ki value foraip was obtained by displacement of 7-metho¥yHprazosin from cloned human
receptor.

°LLE = -log(Ki)-clog P.



From the results shown in Table 5, we seled&gdor further evaluation. The biochemical
data from in vitro studies @fl are shown in Table 6. This analog exhibited moas #00-fold AR-
subtype selectivity fomip-AR over aaa- and a;g-ARsS, and dose-dependently inhibited bladder
contractions with an 1§ value of 80 nM. We then evaluated the differene¢éwben the two
enantiomers ofll. The eutomer,§)-41, showed better a kg value than the racemate, with high
subtype selectivity. The other optically resolvddral derivatives tended to yield similar results
(data not shown). Additionally, th&p-AR binding affinity, subtype selectivity overa- andag-
ARs, and inhibitory activity on the phenylephrimetuced contractions of bladder strips 8f-41

were equivalent to those for TAK—259.

Table 6.In vitro biochemical activity profile of1.

Ki (nM)? ) Selectivity  phenylephrine-induced Clint (human)  CYP3A4
compd LLE® —M8M i C d (ML/min/mg) (%inh. at 10 uM
G O O 1A1D 1B/1D contraction®, IC3o (nM) (M 9) (% HM)
41 350 430 0.85 6.2 410 510 80 [6.7-970] 45 26.1
(R)-41 1200 >1200 62 4.3 19 >20 - 59 26.7
(S)-41 130 150 0.30 6.6 430 500 5.5 [3.0-10] 45 20.7
TAK-259 220 880 1.1 8.7 200 800 12 [5.6-19] 1 -1.9

3K value forop was obtained by displacement of 7-methodyHprazosin from cloned human

receptor.
PLLE = -log(Ki)-clog P.
°Effects on the phenylephrine-induced bladder catitras in rats with BOO (n =7 - 8).

YNumbers in brackets represent 95% confidence iaterv

4. Conclusion

In this report, we describe the discovery of)(*[2-(2,5-difluorophenoxy)ethylN°-
methyl-3,4-dihydro-Bi-thiochromene-4,6-diamine 1,1-dioxide9-41, as a novel and selective
human a;p-AR antagonist containing a phenoxyethylamine basedffold. Our modification

activities using LLE score as an evaluation indsk o the identification of an important structural



motif contributing to selectiver;p-AR antagonist activity. First, retaining subtypsestivity was
indispensable to choose the proper linker lengttwéen the amine and phenyl ring. Next,
thiochromene analog by conformational constraimgreach of the sulfonyl group was found as
more suitable substituent for inhibition of theddar contractions. Further SAR exploration resulted
in the identification of the highly selective andtgnta;p-AR antagonist §-41 equivalent to our
clinical compound TAK-259. These results indicatieat &)-41 is worthy of further investigation

for the development of drugs for the treatmentw@ractive bladder symptoms.

5. Experimental Section
5.1Chemistry

Reagents and solvents were obtained from commesoiaices and used without further
purification. Melting points were determined on B@HI B-545 melting point apparatus and were
uncorrected. Proton nuclear magnetic resonatideN(MR) spectra and carbon nuclear magnetic
resonance f{C NMR) spectra were recorded on Bruker Ultra Sh896 (300 MHz), 400 (400
MHz) or Bruker Avance Il 600 (600 MHz) instrumen@hemical shifts are given thvalues (ppm)
with tetramethylsilane as an internal standard. r@biations are used as follows: s = singlet, d =
doublet, t = triplet, tt = triplet of triplets, m multiplet, dd = doublet of doublets, ddd = douldét
doublet of doublets, br = broad, quin = quintetu@long constants)(values) are given in hertz (Hz).
Elemental analyses were carried out by Takeda AnalyLaboratories, Ltd., and were within
+0.4% of the theoretical values unless otherwisedolLow-resolution mass spectra (MS) were
determined on a Shimadzu UFLC/MS (Prominence UFigh Ipressure gradient system/LCMS-
2020) with an L-column 2 ODS (3.0 x 50 mm I.D., QERapan), and Waters Liquid
Chromatography—Mass Spectrometer System (MS), usinGAPCELL PAK UG-120 ODS
(Shiseido Co., Ltd.) column (2.0 mm i.d. x 50 mmjwaqueous CECN (10-95%) containing
0.05% trifluoroacetic acid (TFA), or an HP-1100 (gt Technologies) apparatus for monitoring at
220 nm. All MS experiments were performed usingctetespray ionization (ESI) in positive ion
mode. HPLC separation was carried out using a Gitssgtem employing the following conditions;

Column: Shiseido Capcelpak C18 UG-120, M 20 x 50 mm or YMC CombiPrep Hydrosphere



C18 HS-340-CC, S-pM, 20 x 50 mm; Mobile phase: A: 0.1% trifluoroacetcid in water, B:

0.1% trifluoroacetic acid in acetonitrile; gradienycle: 0.00 min (A/B=95/5), 1.10 min (A/B=

95/5), 5.00 min (A/B=0/100), 6.40 min (A/B=0/100), 6.50 min (A/B=95/5); flow rate; 20

ml/min; detection UV 200 nm. After purification bgreparative HPLC, the solutions were
neutralized by PL-HC®MP tube (200 mg cartridge, Polymer Laboratoriet)LtReaction progress

was determined by thin layer chromatography (TL&3lgsis on Merck Kieselgel 60 F254 plates or
Fuji Silysia NH plates. Chromatographic purificatiowas carried out on silica gel columns (Merck
Kieselgel 60, 70-230 mesh; Merck, 230-400 mesiGhvomatorex NH-DM 1020, 100—-200 mesh)

or on Purif-Pack (S 60um or NH¢ 60 um, Fuji Silysia Chemical, Ltd.). Yields are not impized.

5.1.1. General procedure for the preparation of comounds 7, 10-12

A mixture of 9 (0.54 g, 2.15 mmol), benzylamine (1.95 mmol) andC®; (4.88 mmol) in
EtOH (20 mL) was stirred for 24 h at 90 °C, pouretb water and extracted with ACOEt. The
extract was washed with brine, dried with MgS&nhd concentrated in vacuo. The residue was
purified by column chromatography on NH silica ¢&tOEt/ hexane) to giv€ and10-12 as free
bases. The free bases/odnd10-12 were then dissolved in EtOH (1 mL) and 4 M HCAOEt (1
mL) was added. The resulting precipitate was ctalddy filtration and recrystallized from EtOH

and EO to give7, 10-12

5.1.2. 2-(2-Chloro-5-fluorophenoxy)-N-[5-chloro-24fethylsulfonyl)benzyllethanamine

hydrochloride (7)

Yield 8%.*H NMR (300 MHz, DMSOdq): 5 3.33 (s, 3H), 3.52 (br. s. 2H), 4.45 (t, 2Hs 4.7 Hz),
4.67 (br. s., 2H), 6.90 (td, 18 = 8.4, 2.8 Hz), 7.22 (dd, 1K= 10.6, 2.7 Hz), 7.51 (dd, 1H, J = 8.7,
6.1 Hz), 7.76-7.90 (m, 1H), 7.96-8.11 (m, 2H), 9B5 s., 2H).*C NMR (75 MHz, DMSO#)

45.0, 46.6, 47.6, 65.6, 103.0, 109.2, 117.5, 13D3#.3, 132., 133.0, 133.9, 138.9, 139.2, 154.6,



160.4. Mp 180-182 °C. Anal. Calcd forgH17CIsFNOsS: C, 44.82; H, 4.00; N, 3.27. Found: C,

44.85; H, 4.16; N, 3.23. LC-MS (EStyz 393.1 [M+H—(HCI)].

5.1.3. 2-(2-Bromoethoxy)-1-chloro-4-fluorobenzen®y

A mixture of8 (25.0 g, 0.171 mol) and 1,2-dibromoethane (64.0.841 mol) in 1 M NaOH
(171 mL) was stirred for 16 h at 90 °C and extrdotgth AcOEt. The extract was washed with
brine, dried with MgS® and concentrated in vacuo. The residue was pdribg column
chromatography on silica gel (AcOEt/hexane = 11b0jive the title compound (16.7 g, 39%) as a
colorless oil*H NMR (300 MHz, CDCJ): § 3.59-3.76 (m, 2H), 4.32 (t, 2H,= 6.4 Hz), 6.59-6.75

(m, 2H), 7.32 (dd, 1H] = 5.9 Hz).

5.1.4.N-(3-Chlorobenzyl)-2-(2-chloro-5-fluorophenoxy)ethaamine hydrochloride (10)

Yield 10%.*H NMR (300 MHz, DMSOe): & 3.38 (t, 2HJ = 5.1 Hz), 4.31 (s, 2H), 4.44 (t, 2Bi=

5.1 Hz), 6.89 (td, 1H) = 8.5, 3.0 Hz), 7.21 (dd, 1H,= 10.6, 2.7 Hz), 7.40-7.59 (m, 4H), 7.71 (s,
1H), 9.59 (br. s., 2H)*C NMR (101 MHz, DMSOdg) 5 44.9, 49.7, 65.1, 102.5, 108.7, 116.9, 128.9,
130.0, 130.5, 130.8, 133.1, 134.4, 154.1, 160.2.716Mp 165-166 °C. Anal. Calcd for
Ci15H1sCIsFNO: C, 51.38; H, 4.31; N, 3.99. Found: C, 51.374t28; N, 3.84. LC-MS (EShvVz

314.0 [M+H-(HCI)].

5.1.5. 2-(2-Chloro-5-fluorophenoxy)N-[2-(methylsulfonyl)benzyllethanamine (11)

Yield 21%.*H NMR (300 MHz, CDCJ): & 3.14 (t, 2H, = 5.1 Hz), 3.29 (s, 3H), 4.06—4.18 (m, 2H),
4.31 (s, 2H), 6.59-6.71 (m, 2H), 7.29 (dd, TH; 8.5, 5.9 Hz), 7.43-7.52 (m, 1H), 7.54—7.66 (m,

2H), 8.09 (d, 1HJ = 7.6 Hz). NH proton was not observéiC NMR (76 MHz, DMSOds) & 44.53,



47.30, 49.61, 68.90, 102.08, 107.81, 116.70, 122.89.03, 130.48, 131.40, 133.56, 138.95, 154.90,

159.90, 163.12. LC-MS (ESi#yz: 358.0 [M+H].

5.1.6. N-[2-(2-Chloro-5-fluorophenoxy)ethyl]-2,3-dihydro-1-benzothiophen-3-amine 1,1-

dioxide hydrochloride (12)

Yield 4%.'H NMR (300 MHz, DMSO#d): & 3.29-3.45 (m, 1H), 3.46-3.62 (m, 1H), 3.89-4.10 (m
1H), 4.17-4.34 (m, 1H), 4.47 (br. s., 2H), 5.3325®, 1H), 6.89 (dt, 1H] = 2.6, 8.5 Hz), 7.22 (dd,
1H,J = 10.9, 2.6 Hz), 7.50 (dd, 1H, J = 8.7, 6.0 Hz§9%8.05 (m, 3H), 8.09-8.32 (m, 1H), 9.60—
11.17 (m, 2H)}C NMR (101 MHz, DMSOd) 5 43.7, 52.1, 53.5, 64.9, 102.4, 108.6, 116.7, 121.2
127.7, 130.7, 131.5, 134.2, 139.6, 154.0, 160.2,6l8Vip 219-222 °C. LC-MS (EStyz 356.1

[M+H*=(HCI)].

5.1.7.N-[2-(2-Chloro-5-fluorophenoxy)ethyl]-2-[2-(methylsufonyl)phenyl]acetamide (14)

A mixture of 13 (1.24 g, 5.49 mmol), 2-[2-(methylsulfanyl)phenggdic acid (1.00 g, 5.49
mmol), WSC (1.26 g, 6.59 mmol), HOBt (1.01 g, 6tBMhol) and E4N (0.83 g, 8.23 mmol) in DMF
(20 mL) was stirred for 14 h at 60 °C, poured water and extracted with AcCOEt. The extract was
washed with 1 M HCI, ag. NaHGQnd brine, dried with MgS£and concentrated in vacuo. To a
solution of the residue in AcOEt (50 mL) was add@®&l% mCPBA (2.91 g, 11.8 mmol) at room
temperature. The reaction mixture was stirred fdn at room temperature and poured into ag.
sodium thiosulfate. The separated organic layerwsashed with ag. NaHCCand brine, dried with
MgSQ, and concentrated in vacuo to give the title conmgo(l.28 g, 62%) as a colorless solfid.
NMR (300 MHz, CDC}) 8 3.12 (s, 3H), 3.67 (q, 2H,= 5.3 Hz), 4.00-4.07 (m, 4H), 6.58-6.75 (m,
3H), 7.27-7.33 (m, 1H), 7.43-7.63 (m, 3H), 8.051H, J = 7.9 Hz). Mp 165-167 °C. LC-MS

(ESI)m/z: 386.0 [M+HT].



5.1.8.N-[2-(2-Chloro-5-fluorophenoxy)ethyl]-3-[2-(methylsufonyl)phenyl]propanamide (15)

A mixture of 13 (0.99 g, 4.38 mmol), 3-[2-(methylsulfanyl)phenypanoic acid (1.00 g, 4.38
mmol), WSC (1.09 g, 5.69 mmol), HOBt (0.87 g, 5&#nol), and EN (0.89 g, 8.76 mmol) in
DMF (20 mL) was stirred for 3 days at 50 °C, pouireid 1 M HCI and extracted with AcCOEt. The
extract was washed with aq. NaHE@nd brine, dried with MgSQand concentrated in vacuo to
give the title compound (1.35 g, 77%) as a colerkslid."H NMR (300 MHz, CDC}) 5 2.59-2.68
(m, 2H), 3.10 (s, 3H), 3.26-3.36 (m, 2H), 3.692H, J = 5.3 Hz), 4.03 (t, 2H,= 5.1 Hz), 6.19 (br.
s., 1H), 6.60-6.70 (m, 2H), 7.27—7.43 (m, 3H), #2485 (m, 1H), 8.00 (d, 1H,= 7.9 Hz). Mp 96—
97 °C. Anal. Calcd for ¢H1sCIFNO,S: C, 54.07; H, 4.79; N, 3.50. Found C, 54.04; H34N,

3.37. LC-MS (ESIywz 400.1 [M+H].

5.1.9. 2-(2-Chloro-5-fluorophenoxy)N-{2-[2-(methylsulfonyl)phenyl]ethyl}ethanamine (16)

To a solution ofl4 (1.00 g, 2.59 mmol) in THF (50 mL) was added 1 MzBn THF (9.0 mL) at
0 °C. After stirring at 80 °C for 4 h, the reactimas quenched with ice. The whole was added to 1
M HCI and stirred at 80 °C for 14 h. The mixturesa@oled to room temperature and diluted with
AcOEt. The aqueous layer was basified by 8 M Na®@H extracted with AcCOEt and THF. The
extract was washed with brine, dried with MgSé&nd concentrated in vacuo to give the title
compound (80.0 mg, 8%) as a colorless'silNMR (300 MHz, CDCJ) 5 3.03-3.16 (m, 7H), 3.21—
3.30 (m, 2H), 4.10 (t, 2H] = 5.1 Hz), 6.58-6.71 (m, 2H), 7.24-7.32 (m, 1HR6Z7.47 (m, 2H),
7.53-7.63 (m, 1H), 8.05 (d, 18~ 7.9 Hz).*C NMR (75 MHz, DMSOd) & 33.3, 44.8, 48.0, 51.2,
69.8, 102.7, 108.3, 117.3, 127.3, 129.1, 131.0,5.3234.0, 139.5, 140.5, 155.5, 162.0. LC-MS

(ES)mv/z 372.1 [M+H].

5.1.10.  N-[2-(2-chloro-5-fluorophenoxy)ethyl]-3-[2-(methylsufonyl)phenyl]propan-1-amine

(17)



The title compound was prepared in a manner sirtolahat described for the synthesis16f
Yield 5%.*H NMR (300 MHz, CDCJ) 8 1.87—2.02 (m, 2H), 2.82 (t, 2H}, = 6.8 Hz), 3.03-3.16 (m,
7H), 4.11 (t, 2H,J = 5.1 Hz), 6.57-6.73 (m, 2H), 7.27-7.32 (m, 1HR4%7.45 (m, 2H), 7.51-7.60
(m, 1H), 7.99-8.08 (m, 1H)*C NMR (76 MHz, DMSOdg) & 29.8, 31.7, 44.2, 47.7, 48.7, 69.3,
102.2, 107.8, 116.7, 126.6, 128.6, 130.5, 131.3,513138.7, 142.0, 155.0, 161.5. LC-MS (ESI)

m'z. 386.1 [M+H].

5.1.11. General procedure for the preparation of anpounds 20 and 21

A mixture of amine (1.30 mmol}8 or 19 (1.30 mmol), WSC (1.95 mmol), HOBt (1.95 mmol)
and EgN (2.60 mmol) in CHCN (5 mL) was stirred for 2 h at room temperatyp@jred into water
and extracted with AcOEt. The extract was washead taine, dried with MgS@and concentrated
in vacuo. The residue was purified by column chrmgi@aphy on silica gel (AcOEt/ hexane) to

afford 20 and21, respectively.

5.1.12. 2-(2-Chloro-5-fluorophenoxyN-{1-[2-(methylsulfonyl)phenyl]ethyl}acetamide (20a)

Yield 91%.'H NMR (300 MHz, CDCJ): & 1.59 (d, 3H,) = 6.6 Hz), 3.44 (s, 3H), 4.35-4.60 (m, 2H),
5.75-5.88 (m, 1H), 6.65 (dd, 18= 9.6, 2.8 Hz), 6.73-6.82 (m, 1H), 7.37—7.49 (i1),4.56—7.65

(m, 1H), 8.01-8.08 (m, 1H). LC-MS (ESijz 386.0 [M+H].

5.1.12. 2-(2-Chloro-5-fluorophenoxyN-(1,1-dioxido-3,4-dihydro-2H-thiochromen-4-

yl)acetamide (20b)

Yield 89%.'H NMR (300 MHz, CDCJ): § 2.59-2.87 (m, 2H), 3.39-3.57 (m, 2H), 4.61 (s, ,2H)
5.49 (td, 1H,) = 8.4, 5.1 Hz), 6.65-6.80 (m, 2H), 7.18 (d, TH; 8.3 Hz), 7.34 (dd, 1H} = 8.9, 5.8

Hz), 7.39-7.46 (m, 1H), 7.51-7.62 (m, 2H), 7.9028(6, 1H). Mp 120-121 °C. Anal. Calcd for



C17H1sCIFNG,S: C, 53.20; H, 3.94; N, 3.65. Found: C, 53.314H3; N, 3.65. LC-MS (EShvz

382.0 [M-HT.

5.1.13.  2-(2,5-DifluorophenoxyN-(1,1-dioxido-3,4-dihydro-ZH-thiochromen-4-yl)acetamide

(21b)

Yield 85%.*H NMR (300 MHz, CDCY): § 2.57-2.84 (m, 2H), 3.36-3.57 (m, 2H), 4.54—4.68 (m
2H), 5.50 (td, 1HJ = 8.3, 5.3 Hz), 6.65-6.78 (m, 2H), 7.00~7.14 (i), 2.34—7.43 (m, 1H), 7.48—

7.64 (m, 2H), 7.91-8.01 (m, 1H). LC-MS (E8i)z 368.0 [M+H].

5.1.14. 2-(2,5-DifluorophenoxyN-(5-methoxy-1,1-dioxido-3,4-dihydro--thiochromen-4-
yl)acetamide (21c)

Yield 89%.H NMR (300 MHz, CDCJ) § 2.70-2.80 (m, 2H), 3.253.35 (m, 1H), 3.45-3.60 (m,
1H), 3.83 (s, 3H), 4.50 (d, 1H,= 14.7 Hz), 4.58 (d, 1H] = 14.7 Hz), 5.54 (quin, 1H, = 3.5 Hz),

6.64-6.76 (M, 3H), 6.96-7.10 (m, 2H), 7.49-7.56 (M, 2H)-MS (ESHm/z: 396.0 [M-H1].

5.1.15. General procedure for the preparation of ampounds 22 and 23

To a solution 020 or 21 (1.14 mmol) in THF (5 mL) was added 1 M Bkh THF (3.4 mL) at
0 °C. After stirring at 70 °C for 2 h, the reactimas quenched with ice. The whole was added to 1
M HCI and stirred at 70 °C for 2 h. The mixture wa®led to room temperature and diluted with
AcOEt. The aqueous layer was basified by 8 M Na@H extracted with AcOEt. The extract was
washed with brine, dried with MgSQand concentrated in vacuo. To the residue wasdddM
HCI in AcOEt at room temperature. The resultingcppiate was filtered off and washed with

diisopropyl ether to giv@2 or 23.



5.1.16. N-[2-(2-Chloro-5-fluorophenoxy)ethyl]-1-[2-(methylsufonyl)phenyllethanamine

hydrochloride (22a)

Yield Quant.*H NMR (300 MHz, CDC}) & 1.97 (d, 3H,J = 6.8 Hz), 3.12-3.20 (m, 3H), 3.25-3.60
(M, 2H), 4.32-4.62 (m, 2H), 5.52-5.70 (m, 1H), 6&86 (M, 2H), 7.22-7.36 (m, 1H), 7-5467
(m, 1H), 7.75-7.89 (m, 1H), 8.00-8.17 (m, 1H), 88a7 (m, 1H), 9.67-9.94 (m, 1H), 10.80-11.05
(m, 1H).'3C NMR (76 MHz, DMSOdg) § 19.9, 44.7, 53.0, 59.7, 64.9, 102.5, 108.6, 11528,6,

129.5, 130.7, 134.7, 137.0, 139.0, 154.1, 159.8,0l6. C—-MS (ESWz 372.1 [M+H—-(HCI)].

5.1.17. N-[2-(2-Chloro-5-fluorophenoxy)ethyl]-3,4-dihydro-2H-thiochromen-4-amine  1,1-

dioxide hydrochloride (22b)

Yield 9%.*H NMR (300 MHz, DMSO€): 5 2.84 (br. s., 2H), 3.48-3.96 (m, 4H), 4.43 (br281),
4.95 (br. s., 1H), 6.81-6.95 (m, 1H), 7.22 (dd, K 10.4, 2.5 Hz), 7.52 (dd, 1H, J = 8.7, 6.1 Hz),
7.76 (br. s., 2H), 7.93 (br. s., 2H), 9.60 (br.2H). **C NMR (76 MHz, DMSOd) 5 22.5, 43.1,
45.2, 52.5, 65.0, 102.4, 108.6, 116.8, 123.5, 131BR.8, 139.5, 154.2, 158.7, 159.1, 159.8, 163.1.
Mp 193-194 °C. Anal. Calcd for GH1sCI,FNOsS: C, 50.25; H, 4.47; N, 3.45. Found: C, 50.01; H,

4.66; N, 3.45. LC-MS (EShvz 370.0 [M+H—(HCI)].

5.1.18. N-[2-(2,5-Difluorophenoxy)ethyl]-3,4-dihydro-2H-thiochromen-4-amine 1,1-dioxide

hydrochloride (23b)

Yield 74%.'H NMR (300 MHz, DMSO#d): § 2.67—2.95 (m, 2H), 3.46-3.58 (m, 2H), 3.59-3.74 (m
1H), 3.82-4.01 (m, 1H), 4.32-4.51 (m, 2H), 4.8335@, 1H), 6.76-6.91 (m, 1H), 7.15-7.38 (m,
2H), 7.65-7.82 (m, 2H), 7.84-8.03 (m, 2H), 9.4759®, 2H).°C NMR (76 MHz, DMSO#d) &
225, 43.2, 45.2, 52.6, 64.8, 103.2, 107.2, 11623.4, 130.7, 130.7, 132.7, 139.6, 146.4, 149.7,
156.6, 159.8. Mp 153-156 °C. Anal. Calcd fasGsCIF.NOsS: C, 52.38; H, 4.65; N, 3.59. Found:

C, 52.30; H, 4.75; N, 3.56. LC-MS (ESHjz 354.1 [M+H —(HCI)].



5.1.19.N-[2-(2,5-Difluorophenoxy)ethyl]-5-methoxy-3,4-dihydo-2H-thiochromen-4-amine 1,1-

dioxide hydrochloride (23c)

Yield 66%."H NMR (400 MHz, DMSOdg) 5 2.60-2.80 (m, 1H), 2.85-3.00 (m, 1H), 3.50-3.70 (m,
3H), 3.86 (s, 3H), 4.18-4.36 (m, 1H), 4.36-4.60 QH), 4.80-4.95 (m, 1H), 6.80—-6.90 (m, 1H),
7.20-7.38 (m, 2H), 7.41 (d, 18,= 8.4 Hz), 7.49 (d, 1H] = 8.4 Hz), 7.72 (t, 1H]) = 8.3 Hz), 8.64
(br. s., 1H), 9.92 (br. s. , 1HY’C NMR (101 MHz, DMSOdg) & 21.8, 44.4, 44.9, 48.5, 56.4, 64.8,
103.2, 107.2, 114.4, 115.1, 116.6, 118.5, 132.8,014146.4, 148.1, 156.9, 158.3. Anal. Calcd for
Ci1gH20CIF2NO,S: C, 51.49; H, 4.80; N, 3.34. Found C, 51.60; 824N, 3.37. LC-MS (ESIWz

384.1[M+H*~(HCI)].

5.1.20. 1-[2-(Methylsulfonyl)phenyllethanamine hydochloride (25)

A mixture of24 (5.11 g, 25.8 mmol) and MeONHHCI (2.80 g, 33.5 mmol) in pyridine (30
mL) was stirred overnight at room temperature, pdunto water and extracted with ACOEt. The
extract was washed with 1 M HCI and brine, driethWwWgSQ, and concentrated in vacuo. To a
solution of the residue in THF (100 mL) was adddd BH3 in THF (75 mL) at O °C. After stirring
at 80 °C for 4 h, the mixture was cooled to roompgerature and 1 M HCI (120 mL) was added.
After stirring at 80 °C for 2 h, the mixture wasoted to room temperature and diluted with AcOEt.
The separated aqueous layer was basified with 8aHNand extracted with ACOEt and THF. The
extract was washed with brine, dried with MgS&hd concentrated in vacuo. The residue was
dissolved in MeOH and 4 M HCI in AcOEt (20 mL) wadded. The resulting precipitate was
filtered off and washed with AcOEt to give thedittompound (1.35 g, 22%) as a colorless stiid.
NMR (300 MHz, DMSO¢g) & 1.55 (d, 3H,) = 6.8 Hz), 3.36 (s, 3H), 5.21 (br. s., 1H), 7.6327(m,
1H), 7.83-7.91 (m, 1H), 7.97-8.06 (m, 2H), 8.68 €br 3H). Mp 238-240 °C. LC-MS (EStz

200.0 [M+H—(HCI)].



5.1.21. 3-[(2-Bromo-5-fluorophenyl)sulfanyl]propionc acid (27)

A mixture of26 (2.38 g, 11.5 mmol) and 8 M NaOH (1.8 mL) inC(H(5.8 mL) was stirred at
room temperature for 10 min. To the mixture waseada solution of 3-bromopropionic acid (1.76 g,
11.5 mmol) and KCO; (0.80 g, 5.79 mmol) in ¥ (5.3 mL) at room temperature, and the mixture
was stirred at room temperature for 5 days. Thetigga mixture was acidified by 1 M HCI, and
extracted with AcOEt. The extract was washed witfOHand brine, dried with MgSOand
concentrated to provide the title compound (3.181g4 mmol, 99%) as a pale solid, which was
collected with hexaneéH NMR (300 MHz, CDCJ) & 2.77 (t, 2H,J = 7.2 Hz), 3.20 (t, 2HJ =
7.2Hz), 6.74-6.81 (m, 1H), 6.98 (dd, 1H7= 9.0, 2.7 Hz), 7.49 (dd, 1H,= 8.4, 5.1 Hz), 7.62 (dd,

1H,J = 9.0, 5.4 Hz). Mp 124-126 °C.

5.1.22. 8-Bromo-5-fluoro-2,3-dihydro-4-thiochromen-4-one (28)

A mixture of27 (2.0 g, 7.17 mmol) in conc.280, (20 mL) was stirred at room temperature for
30 min and poured into ice and® The product was extracted with AcCOEt and theaextwas
washed with HO and brine , dried with MgS{and concentrated in vacuo. The residue was pdrifie
by column chromatography on silica gel (AcOEt/hexan19:1-4:1) to provide the title compound
(692 mg, 37%) as a brown solitH NMR (300 MHz, CDC}) 8 2.95-3.00 (m, 2H), 3.23-3.28 (m,
2H), 6.78 (dd, 1HJ = 10.8, 8.7 Hz), 7.60 (dd, 1H,= 9.0, 4.8 Hz). Mp 102-104 °C. LC-MS (ESI)

m/'z. 258.8 [M-H].

5.1.23. 8-Bromo-5-fluoro-2,3-dihydro-4-thiochromen-4-one 1,1-dioxide (29)

To a solution of28 (0.62 g, 2.38 mmol) in AcOEt (20 mL) was adde@PBA (1.17 g, 4.75
mmol) at 0 °C, and the mixture was stirred at rommperature for 14 h and poured into aq.

NaHCGQs. The separated organic layer was washed with aflQ@®; and brine, dried with MgSQ©



and concentrated to provide the title compound3@691%) as a colorless solitH NMR (300
MHz, CDCh) & 3.35-3.39 (m, 2H), 3.74-3.79 (m, 2H), 7.27 (dd, 1H 10.2, 8.7 Hz), 7.94 (dd, 1H,

J=9.0, 4.5 Hz). Mp 162-165 °C.

5.1.24. 5-Fluoro-2,3-dihydro-#-thiochromen-4-one 1,1-dioxide (30)

A mixture of29 (1.00 g, 3.41 mmol) and Pd/C (0.50 g) in EtOH (b0l0) was stirred at room
temperature for 14 h under,Hatmosphere. The mixture was filtrated through t€eknd
concentrated in vacuo. The precipitate was coliedig diisopropyl ether to provide the title
compound (713 mg, 98%) as a colorless sdtINMR (300 MHz, CDCJ) & 3.37-3.42 (m, 2H),

3.67-3.71 (m, 2H), 7.44 (ddd, 18i= 9.6, 8.1, 1.8 Hz), 7.76—7.87 (m, 2H). Mp 140-1&1

5.1.25. 5-Fluoro-3,4-dihydro-#-thiochromen-4-amine 1,1-dioxide (31)

A mixture of 30 (577 mg, 2.69 mmol) and MeONHICI (292 mg, 3.50 mmol) in pyridine (5
mL) was stirred at room temperature for 14 h. Thetume was poured into 1 M HCI and extracted
with ethyl acetate. The separated organic layer washed with 1 M HCI and water, dried with
MgSQO, and concentrated in vacuo. The residue was pdrifie column chromatography on silica
gel (AcOEt/hexane = 1:9-1:2) to provide a white gew To a solution of the obtained powder in
THF (5 mL) was added 1 M BHn THF (13.4 mL) at O °C. The resulting mixture watgred at
80 °C for 1.5 h, and then the reaction mixture almved to reach room temperature and 1 M HCI
(27 mL) was added. The mixture was stirred at 8@0iCL h, cooled to room temperature, basified
with 8 M NaOH (4 mL) and extracted with AcOEt. Taetract was washed with water, dried with
MgSQO, and concentrated in vacuo. The residue was pdrifie column chromatography on silica
gel (AcOEt/hexane = 1:1-7:3, then MeOH/AcOEt = }:ti®provide the title compound (420 mg,
73%) as a colorless solilH NMR (400 MHz, CDCJ) & 2.35-2.42 (m, 1H), 2.74-2.88 (m, 1H),

3.24 (ddd, 1H,) = 8.7, 6.3, 2.4 Hz), 3.80-3.92 (m, 1H), 4.55 H, 1= 3.9 Hz), 7.23-7.30 (m, 1H),



7.48 (dt, 1HJ = 8.1, 5.1 Hz), 7.74 (d, 1H,= 8.1 Hz). Mp 122-124 °C. LC-MS (ESt)z 216.0

[M+H™].

5.1.26. 5-Methoxy-3,4-dihydro-2i-thiochromen-4-amine 1,1-dioxide (32)

To a mixture of30 (500 mg, 2.32 mmol) in MeOH (15 mL) was slowly addsodium (533 mg,
23.2 mmol) at room temperature and then the mixiwae stirred at 95 °C for 14 h and poured into
ag. NH,Cl and AcOEt. The separated organic layer was whsbith aq. NHCI and brine, dried
with MgSQ, and concentrated in vacuo. The residue was pdrbie column chromatography on
silica gel (MeOH/ACOEt = 1:19-1:9) to provide théet compound (222 mg, 42%) as a colorless
solid. *H NMR (400 MHz, CDCJ) & 2.30-2.40 (m, 1H), 2.70-2.85 (m, 1H), 3.21 (ddd, 1= 8.7,
6.0, 2.7 Hz), 3.77 (dt, 1H),= 13.5, 3.0 Hz), 3.91 (s, 3H), 4.47 (t, 1Hs 4.1 Hz), 7.04 (dd, 1H] =

7.8, 0.9 Hz), 7.44 (t, 1H = 8.1 Hz), 7.52 (dd, 1H] = 8.1, 1.2 Hz).

5.1.27. 6-Bromo-3,4-dihydro-2i-thiochromen-4-amine 1,1-dioxide hydrochloride (34pn

A mixture of 33a (150 mg, 0.62 mmol) and MeONHHCI (67.0 mg, 0.80 mmol) in pyridine
(1.5 mL) was stirred at room temperature for 16The mixture was concentrated in vacuo and
poured into water and ethyl acetate. The organjerlavas separated, and the aqueous layer was
extracted with AcOEt. The combined organic layeswashed with brine, dried with Mgg@nd
concentrated in vacuo. The residue was purified cojumn chromatography on silica gel
(AcOEt/hexane = 1:99-1:9) to provide an oxime (i) 83%). To a mixture of the oxime (140 mg,
0.52 mmol) in THF (1 mL) was slowly added 1 M Bth THF (1.30 mL, 1.30 mmol) at 0 °C. The
mixture was stirred at 60 °C for 4 h, and thenrigture was allowed to reach room temperature,
and MeOH was added. The obtained solution was ctrated and cooled to O °C. To the residue
was slowly added 6 M HCI, and the mixture was atirat 70 °C for 2 h. The mixture was allowed

to reach room temperature, and then 8 M NaOH wdsdadl'he mixture was extracted with AcCOEt.



The extract was washed with brine, dried with Mg®@d concentrated in vacuo. The residue was
dissolved in AcOEt (1 mL) and Bgd (112 mg, 0.52 mmol) was added. The mixture wasdtfor

2 h at room temperature and concentrated in vadine residue was purified by column
chromatography on silica gel (AcOEt/hexane = 3:974Bto provide arN-Boc protected product
(82.5 mg, 47%). The product (76.1 mg, 0.22 mmol} w&solved in AcOEt (1 mL), and 70%
mCPBA (109 mg, 0.44 mmol) was added at 0°C. The unitwas stirred for 3 h at room
temperature and ag. sodium thiosulfate was added. nlixture was extracted with AcCOEt. The
extract was washed with aq. NaHE&nd brine, dried with MgS£and concentrated in vacuo. The
residue was purified by column chromatography ibcasgel (AcOEt/hexane = 1:4-3:2) to provide
a sulfonyl product. The product was treated witt #Cl in AcOEt (1 mL) and then concentrated in
vacuo. The resulting precipitate was collectediltsafion and washed with AcOEt to provide the
title compound (55.9 mg, 81%) as a colorless sGHAINMR (300 MHz, DMSOsg)  2.53—2.82 (m,
2H), 3.65-3.77 (m, 1H), 3.78-3.91 (m, 1H), 4.8AH,J = 5.5 Hz), 7.79-7.93 (m, 2H), 8.17 (d, 1H,

J=1.5Hz), 8.96 (br. s., 3H). Mp 281-283 °C. LC—KESI)m/z 276.2 [M+H—(HCI)].

5.1.28. 7-Bromo-3,4-dihydro-2i-thiochromen-4-amine 1,1-dioxide hydrochloride (34p

The title compound was prepared in a manner sirtoléinat described for the synthesis3da
Yield 70%."H NMR (300 MHz, DMSOds) & 2.56—2.69 (m, 1H), 2.69—2.83 (m, 1H), 3.67-3.80 (m
1H), 3.83-3.96 (m, 1H), 4.77 (t, 1B= 5.5 Hz), 7.85-7.91 (m, 1H), 7.97-8.02 (m, 2HD)(br. s.,

3H). LC-MS (EShm/z 276.2 [M+H—(HCI)].

5.1.29. 8-Bromo-3,4-dihydro-2i-thiochromen-4-amine 1,1-dioxide hydrochloride (34c

The title compound was prepared in a manner sirtoléihat described for the synthesis3da

Yield 62%.'H NMR (300 MHz, DMSO€g) & 2.53-2.64 (m, 1H), 2.65-2.78 (m, 1H), 3.68-3.79 (m



1H), 3.81-3.93 (m, 1H), 4.81 (t, 1Bi= 5.5 Hz), 7.56-7.65 (m, 1H), 7.85-7.95 (m, 2HY79(br. s. ,

2H). LC-MS (ESIm/z 276.2 [M+H—(HCI)].

5.1.30. 6-Fluoro-3,4-dihydro-H-thiochromen-4-amine 1,1-dioxide hydrochloride (34%

The title compound was prepared in a manner sirtoléinat described for the synthesis3da
Yield 32%."H NMR (400 MHz, DMSO#dg) 8 2.55-2.84 (m, 2H), 3.61-3.91 (m, 2H), 4.81 (s, 1H),
7.43-7.64 (m, 1H), 7.79 (s, 1H), 7.99 (dd, 1H55.7, 8.9 Hz), 8.95 (3H, s). LC-MS (ESi)z

216.1 [M+H—(HCI)].

5.1.31. tert-Butyl (6-bromo-1,1-dioxido-3,4-dihydro-2H-thiochromen-4-yl)[2-(2,5-

difluorophenoxy)ethyl] carbamate (36a)

A mixture of 34a (6.68 g, 21.4 mmol)19 (4.42 g, 23.5 mmol), WSC (4.50 g, 23.5 mmol),
HOBt (3.18 g, 23.5 mmol) and,N-diisopropylethylamine (6.08 g, 47.0 mmol) in DMB0O(mL)
was stirred for 3 h at room temperature, poured water and extracted with ACOEt. The extract
was washed with water and brine, dried with Mg@@d concentrated in vacuo. The residue was
purified by column chromatography on silica gel Q%t/hexane = 7:13-1:1) to give the amide
(8.19 g, 86%). To a solution of the product (8.191§.4 mmol) in THF (20 mL) was added
dropwise 1 M BH in THF (45.9 mL) at O °C. The mixture was stirad5 °C for 2 h, and then the
reaction mixture was allowed to reach room tempeeadnd 6 M HCI (25 mL) was slowly added.
The mixture was stirred at 75 °C for 2 h, cooleddom temperature, basified with 8 M NaOH and
extracted with AcCOEt. The extract was washed withdy dried with MgS®@ and concentrated in
vacuo. The residue was dissolved in AcOEt (36 nabgd BogO (4.00 g, 18.4 mmol) was added.
The mixture was stirred for 2 h at 50 °C, cooledamm temperature and concentrated in vacuo. The
residue was crystallized from diisopropyl ethemptovide the title compound (8.50 g, 87%) as a

colorless solid*H NMR (300 MHz, CDCJ) 8 1.14-1.56 (m, 9H), 2.53-2.70 (m, 1H), 2.94-3.21 (m



1H), 3.34-3.54 (m, 2H), 3.57-3.81 (m, 1H), 3.9154®, 3H), 4.67-5.56 (m, 1H), 6.56-6.77 (M,
2H), 7.02 (ddd, 1HJ = 10.5, 9.0, 5.3 Hz), 7.32—7.51 (m, 1H), 7.591(d, J = 8.3 Hz), 7.78 (d, 1H,

J=8.3 Hz). Mp 173-175 °C. LC-MS (ESHjz: 432.1 [M+H].

5.1.32. tert-Butyl (7-bromo-1,1-dioxido-3,4-dihydro-2H-thiochromen-4-yl)[2-(2,5-

difluorophenoxy)ethyl] carbamate (36b)

The title compound was prepared frd@vdb in a manner similar to that described for the
synthesis oB6a Yield 40%."H NMR (300 MHz, CDC}) & 1.15-1.53 (m, 9H), 2.66 (br. s., 1H),
3.12 (br. s., 1H), 3.27-3.63 (m, 3H), 3.64-4.00 {H), 4.00-4.37 (m, 2H), 4.64-5.54 (m, 1H),
6.55-6.76 (m, 2H), 7.02 (td, 1H= 9.9, 5.1 Hz), 7.20 (br. s., 1H), 7.61 (d, Tt 7.5 Hz), 8.05 (s,

1H). LC-MS (EShm/z: 530.0 [M-H].

5.1.33. tert-Butyl (8-bromo-1,1-dioxido-3,4-dihydro-2H-thiochromen-4-yl)[2-(2,5-

difluorophenoxy)ethyl] carbamate (36¢)

The title compound was prepared fr@#cin a manner similar to that described for the lsgais
of 36a Yield 74%.'"H NMR (300 MHz, CDCJ) 8 1.07-1.56 (m, 9H), 2.58 (d, 1H,= 13.6 Hz),
3.07 (br. s., 1H), 3.36-4.38 (m, 6H), 4.50-5.70 1), 6.55-6.75 (m, 2H), 7.02 (ddd, 1Hs 10.6,

9.1, 5.1 Hz), 7.13-7.39 (m, 2H), 7.66 (d, TH 8.7 Hz). LC-MS (EShwz 530.0 [M—H].

5.1.34.N-[2-(2,5-Difluorophenoxy)ethyl]-6-methoxy-3,4-dihydo-2H-thiochromen-4-amine 1,1-

dioxide hydrochloride (37a)

A mixture of 36a (1.00 g, 1.88 mmol), Bdba (86.0 mg, 93.9 umol), potassium hydroxide
(316 mg, 5.63 mmol}X-BuXPhos (160 mg, 0.38 mmol) in DME (5 mL) and wat2.5 mL) was

stirred at 100 °C for 17 h, poured into water axilaeted with ACOEt. The extract was washed with



brine, dried with MgS® and concentrated in vacuo. The residue was pdriigh column
chromatography on silica gel (AcOEt/hexane = 3:1¥)-10 provide a coupling product (546 mg,
62%). A mixture of the product (235 mg, 0.5 mmaygomethane (46.7 pL, 0.75 mmol) angdOs
(104 mg, 0.75 mmol) in DMF (2 mL) was stirred foh&t room temperature, poured into water and
extracted with AcOEt. The extract was washed withtew and brine, dried with MgSCand
concentrated in vacuo. The residue was purified cojumn chromatography on silica gel
(AcOEt/hexane = 3:7-3:2) to provide a methoxy prtd@253 mg). The product and 4 M HCI in
AcOEt (2 mL) was stirred for 1 h at room temperatand concentrated in vacuo. The resulting
precipitate was filtered off and recrystallizednfr&ctOH, diethyl ether and water to provide theetitl
compound (152 mg, 73%) as a colorless sGHINMR (300 MHz, DMSOdg) & 2.79 (br. s., 2H),
3.60 (d, 3HJ = 7.5 Hz), 3.76-3.86 (m, 1H), 3.89 (s, 3H), 4.85k §., 2H), 4.89 (br. s., 1H), 6.83 (tt,
1H,J = 8.5, 3.2 Hz), 7.16-7.36 (m, 3H), 7.57 (br. $1),17.84 (d, 1H,) = 8.7 Hz), 9.86 (br. s., 2H).
13C NMR (101 MHz, DMSOdg) & 22.5, 43.0, 45.4, 52.7, 56.1, 64.8, 103.2, 1071%.1, 116.6,
116.9, 125.5, 131.5, 132.6, 146.4, 148.1, 158.3..96Mp 216-218 °C. Anal. Calcd for
C18H20FCINO,S: C, 51.49; H, 4.80; N, 3.34. Found C, 51.54; 844N, 3.31. LC-MS (ESInWz

384.1 [M+H-(HCI)].

5.1.35.N-[2-(2,5-Difluorophenoxy)ethyl]-7-methoxy-3,4-dihydo-2H-thiochromen-4-amine 1,1-

dioxide hydrochloride (37b)

The title compound was prepared frd@6b in a manner similar to that described for the
synthesis oB7a Yield 66%.'H NMR (300 MHz, DMSOdg) & 2.68-2.90 (m, 2H), 3.33-3.55 (m,
3H), 3.64 (br. s., 1H), 3.87 (s, 3H), 4.40 (br.2H), 4.84 (br. s., 1H), 6.78-6.89 (m, 1H), 7.1257.
(m, 1H), 7.25-7.39 (m, 3H), 7.83 (br. s., 1H), 9(bL s., 2H).X*C NMR (101 MHz, DMSOds) 5
22.6, 43.1, 45.0, 52.2, 56.0, 64.8, 103.2, 107(F,.4, 116.6, 119.1, 122.1, 132.8, 140.8, 146.4,
148.1, 158.2, 160.3. Mp 219-221 °C. Anal. CalcdGaH,oCIF,NO4S: C, 51.49; H, 4.80; N, 3.34.

Found C, 51.53; H, 4.93; N, 3.29. LC-MS (EBIz: 384.0 [M+H —(HCI)].



5.1.36.N-[2-(2,5-Difluorophenoxy)ethyl]-8-methoxy-3,4-dihydo-2H-thiochromen-4-amine 1,1-

dioxide hydrochloride (37c)

The title compound was prepared frd6c in a manner similar to that described for the
synthesis oB7a Yield 52%."H NMR (300 MHz, DMSOdg) & 2.57—2.82 (m, 2H), 3.33-3.70 (m,
3H), 3.74-3.87 (m, 1H), 3.90 (s, 3H), 4.44 (br2#1), 4.85 (br. s., 1H), 6.83 (tt, 18= 8.6, 3.1 Hz),
7.21 (ddd, 1HJ = 10.3, 7.1, 3.0 Hz), 7.26-7.38 (m, 2H), 7.481H, J = 7.5 Hz), 7.61-7.71 (m,
1H), 9.90 (br. s., 2H)*C NMR (101 MHz, DMSOdg) & 22.1, 43.2, 47.7, 53.2, 56.7, 64.8, 103.2,
107.3, 114.4, 116.6, 122.2, 127.6, 132.1, 133.5,414148.1, 158.2, 157.4. Mp 211-212 °C. Anal.
Calcd for GgH2oCIFNO,S: C, 51.49; H, 4.80; N, 3.34. Found C, 51.61; 994N, 3.23. LC-MS

(ESI)miz 384.1 [M+H —(HCI)].

5.1.37. N-[2-(2,5-Difluorophenoxy)ethyl]-6-fluoro-3,4-dihydro-2H-thiochromen-4-amine 1,1-

dioxide hydrochloride (38)

The title compound was prepared frd@dd in a manner similar to that described for the
synthesis oPOaand22a Yield 83%.'H NMR (300 MHz, DMSO-¢) 52.80 (br. s., 2H), 3.50 (br. s.,
2H), 3.61-3.75 (m, 1H), 3.85-4.00 (m, 1H), 4.45 &y 2H), 4.93 (br. s., 1H), 6.75-6.93 (m, 1H),
7.14-7.39 (m, 2H), 7.49-7.67 (m, 1H), 7.86-8.12 2M, J = 8.9, 5.5 Hz), 10.03 (br. s., 2H)'C
NMR (75 MHz, DMSOeg) 6 23.0, 43.8, 45.9, 53.0, 65.4, 103.7, 107.8, 11718,4, 127.3, 136.7,
147.0, 150.2, 157.2, 160.3, 162.3, 165.7. Mp 238-Z3. Anal. Calcd for &H17;CIFsNOsS: C,

50.06; H, 4.20; N, 3.43. Found C, 49.97; H, 4.063M7. LC-MS (EShvz 372.1 [M+H—(HCI)].

5.1.38. N-[2-(2,5-Difluorophenoxy)ethyl]-6-(methylsulfonyl)-3,4-dihydro-2H-thiochromen-4-

amine 1,1-dioxide hydrochloride (39)



A mixture of36a (532 mg, 1.00 mmol), Bdba (91.6 mg, 0.10 mmol), NaSMe (105 mg, 1.50
mmol), and xantphos (63.6 mg, 0.11 mmol) in xyléhenL) was stirred for 20 h at 140 °C, poured
into water and extracted with ACOEt. The extracswaashed with brine, dried withMg3@nd
concentrated in vacuo. The residue was purified cojumn chromatography on silica gel
(AcOEt/hexane = 1:3-1:1) to provide a coupling piid419 mg, 84%) as an amorphous solid. To
a solution of the product (400 mg, 0.80 mmol) inO&t (3 mL) was addechCPBA (394 mg, 1.60
mmol) at room temperature. The mixture was stifiied3 h at room temperature, poured into ag.
sodium thiosulfate, and extracted with ACOEt. Thract was washed with aq. NaHg@&nd brine,
dried with MgSQ and concentrated in vacuo. The residue was pdrifigith column
chromatography on silica gel (AcOEt/hexane = 1:B}10 provide a sulfonyl product (400 mg,
94%) as a colorless oil. The product and 4 M HCAgOEt (2 mL) was stirred for 1 h at room
temperature. The mixture was concentrated in vathe.resulting precipitate was filtered off and
recrystallized from MeOH and diethylether to pravithe title compound (172 mg, 49%) as a white
solid. '"H NMR (300 MHz, DMSO«dg) & 2.68-3.01 (m, 2H), 3.37 (s, 3H), 3.59-3.84 (m,,3H03 (q,
1H,J = 7.2 Hz), 4.47 (br. s., 2H), 5.04 (br. s., 1H)6-6.89 (m, 1H), 7.17-7.37 (m, 2H), 8.21 (s,
2H), 8.60 (br. s., 1H), 9.85 (, br. s., 1H), 10(b@ s., 1H).**C NMR (101 MHz, DMSOdg) & 21.8,
43.2, 43.8, 44.7, 52.3, 65.0, 103.3, 107.2, 116248, 129.1, 130.4, 132.1, 143.7, 144.0, 146.4,

148.1, 158.3. Mp 222 °C. LC-MS (ESHjz 432.0 [M+H—(HCI)].

5.1.39. 4-{[2-(2,5-Difluorophenoxy)ethyllamino}-3,4dihydro-2H-thiochromene-6-carboxamide

1,1-dioxide hydrochloride (40)

A mixture of 36a(1.50 g, 2.82 mmol), Pd(OAc)31.6 mg, 0.14 mmol), dppf (78.2 mg, 0.140
mmol), EgN (0.43 mL, 3.10 mmol) in MeOH (6 mL) and THF (6 jnkas stirred at 100 °C for 6 h
under a carbon monoxide atmosphere, concentratedcuno, poured into water and extracted with
AcOEt. The extract was washed with brine, driedhwMgSQ, and concentrated in vacuo. The
residue was purified by column chromatography éoasgel (AcOEt/hexane = 1:3-1:1) to provide a

coupling product (1.43 g, 99%) as an amorphousdséli mixture of the product (1.27 g, 2.48



mmol) and 1 M NaOH (5 mL) in THF (10 mL) was stdréor 3 h at 50 °C. The mixture was
acidified with 1 M HCI. The organic layer was seggad and the aqueous layer was extracted with
AcOEt. The combined organic layer was washed witheh dried with MgS®@ and concentrated in
vacuo. The residue was washed with diethyleth@rawide a carboxylic acid product (1.00 g, 81%)
as a colorless solid. A mixture of the product (380, 0.60 mmol)N,N-diisopropylethylamine
(0.126 mL, 0.724 mmol), HOBt-NH110 mg, 0.724 mmol), and WSC (139 mg, 0.72 mnol)
DMF (2 mL) was stirred for 19 h at room temperatgeured into water and extracted with AcOEt.
The extract was washed with water and brine, dnédd MgSQ, and concentrated in vacuo. The
residue was purified by column chromatography tinasgel (AcOEt/hexane = 3:7-3:2) to provide
an amide product (200 mg, 67%) as a colorless .sAlichixture of the product and 4 M HCI in
AcOEt (2 mL) was stirred for 1 h at room temperatand concentrated in vacuo. The resulting
precipitate was recrystallized from EtOH, diethtthex, and water to provide the title compound
(147 mg, 84%) as colorless solfti NMR (300 MHz, DMSOdg) & 2.69-2.97 (m, 2H), 3.53-3.77
(m, 3H), 3.95 (br. s., 1H), 4.45 (br. s., 2H), 4(85 s., 1H), 6.78-6.88 (m, 1H), 7.16-7.35 (m, ,2H)
7.76 (br. s., 1H), 7.96-8.07 (m, 1H), 8.12 (d, 1H,8.7 Hz), 8.24 (br. s., 1H), 8.45 (br. s., 1HY D
(br. s., 2H).**C NMR (101 MHz, DMSOdg) & 22.1, 43.9, 44.8, 52.9, 64.9, 103.3, 107.3, 116.6,
123.6, 129.5, 130.5, 137.9, 141.4, 146.3, 146.9,314158.2, 166.4. Mp 224-226 °C; Anal. Calcd
for Ci1gH14CIF;N204S-0.8HO: C, 48.34; H, 4.64; N, 6.26. Found C, 48.37; H04N, 6.22. LC—

MS (ESI)m/z 397.1 [M+H —(HCI)].

5.1.40. N*-[2-(2,5-Difluorophenoxy)ethyl]-N°-methyl-3,4-dihydro-2H-thiochromene-4,6-

diamine 1,1-dioxide hydrochloride (41)

A mixture of 36a (300 mg, 0.69 mmol), Bdba (10.3 mg, 11.3 pmol), XPhos (21.5 mg, 45.0
pmol), and 40% methyl amine in MeOH (161 mg, 2.08af) in toluene (4 mL) was stirred for 17 h
at 100 °C. The mixture was filtered through Cehigd concentrated in vacuo. The residue was
purified by column chromatography on silica gel Q&t/hexane = 3:7-3:2) to provide a coupling

product (114 mg). A mixture of the product and 4H@I in AcOEt (3 mL) was stirred for 1 h at



room temperature and concentrated in vacuo. Thaltires precipitate was filtered off and
recrystallized from EtOH, diethyl ether and watemptovide the title compound (80.8 mg, 28%) as
an amorphous solidH NMR (300 MHz, DMSO#g) § 2.62—2.86 (m, 5H), 3.40-3.59 (m, 3H), 3.68—
3.82 (m, 1H), 4.46 (t, 2H = 5.1 Hz), 4.77 (br. s., 1H), 6.73-6.88 (m, 2HR16(d, 1H,J = 2.3 Hz),
7.16-7.37 (m, 2H), 7.55 (d, 1H= 8.7 Hz), 9.82 (br. s., 2H). (A NH proton was oboserved)>*C
NMR (75 MHz, DMSOsdg) 6 23.1, 29.8, 43.4, 46.0, 53.5, 65.3, 103.7, 10¥18.5, 114.6, 117.1,

125.1, 125.3, 132.5, 146.8, 148.7, 153.2, 158.7Z-MS (ESI)m/z 383.3 [M+H —(HCI)].

5.1.41. (R)-N*[2-(2,5-Difluorophenoxy)ethyl]-N°-methyl-3,4-dihydro-2H-thiochromene-4,6-

diamine 1,1-dioxide hydrochloride (R)-41).

Optical resolution of the coupling product (400 @3 mmol) described in the synthesigaf
was determined using HPLC (Chiralpak ASH (LA00%),®@m i.d. x 250 mm length, solvent phase
CO,/MeOH = 700/300) after desalting. The desired foactwith smaller retention time was
separated and concentrated in vacuo. To the re¢idimg, >99.9% ee) was added 4 M HCI in
AcOEt (2 mL) at room temperature. The resultingcypiate was collected by filtration and
recrystallized from-PrOH, diethyl ether, and water to give the tittenpound (83.2 mg, 50%) as a
colorless solid*H NMR (300 MHz, DMSO#dg) & 2.57—2.84 (m, 5H), 3.40-3.57 (m, 3H), 3.72 (hr. s.
1H), 4.42 (br. s., 2H), 4.76 (br. s., 1H), 6.6396(B, 4H), 7.15-7.37 (m, 2H), 7.56 (d, 1H= 8.3
Hz), 9.35-9.79 (m, 2H)1.3C NMR (101 MHz, DMSOdg) 6 22.7, 29.3, 43.0, 45.5, 53.0, 64.9, 103.3,
107.3, 109.9, 114.0, 116.6, 124.6, 124.7, 132.6,414148.1, 152.7, 158.3. Mp 173-175 °C. Anal.
Calcd for GgH21CIFaN,05S: C, 51.61; H, 5.05; N, 6.69. Found C, 51.67; 905N, 6.63. LC-MS

(ESI)m/z: 383.3 [M+H=(HCI)]. [¢]*°> —=58.4 (c 0.229, MeOH).

5.1.42. (8®)-N*[2-(2,5-Difluorophenoxy)ethyl]-N°-methyl-3,4-dihydro-2H-thiochromene-4,6-

diamine 1,1-dioxide hydrochloride (§)-41).



Optical resolution of the coupling product (400 @3 mmol) described in the synthesigiof
was determined using HPLC (Chiralpak ASH (LA00%),@m i.d. x 250 mm length, solvent phase
CO,/MeOH = 700/300) after desalting. The desired faactvith larger retention time was separated
and concentrated in vacuo. To the residue (192>8§,9% ee) was added 4 M HCI in AcOEt (2
mL) at room temperature. The resulting precipitates collected by filtration and recrystallized
from i-PrOH, diethylether, and water to give the titlenpgmund (102 mg, 61%) as a colorless solid.
'H NMR (600 MHz, DMSOdg) & 2.67—2.82 (m, 5H) 3.40-3.56 (m, 3H) 3.74 (t, IH; 11.6 Hz),
4.45 (br. s., 2H), 4.77 (br. s., 1H), 6.71 (bri$1), 6.78 (d, 1HJ = 8.4 Hz), 6.80-6.86 (m, 1H), 6.88
(br. s., 1H), 7.22 (ddd, 1H,= 10.0, 7.1, 2.8 Hz), 7.30 (ddd, 1#z= 10.8, 9.2, 5.3 Hz), 7.55 (d, 1H,
J=8.8 Hz), 9.55-9.92 (m, 2H}*C NMR (151 MHz, DMSOdq) § 22.6, 29.2, 43.1, 45.3, 53.0, 64.8,
103.2, 107.2, 109.8, 113.9, 116.5, 124.6, 124.7,9.346.3, 148.1, 152.6, 158.2. Mp 173-175 °C.
Anal. Calcd for GgH21CIF;N,0OsS: C, 51.61; H, 5.05; N, 6.69. Found C, 51.73; /75N, 6.66.

LC—-MS (ESI)mVz 383.3 [M+H—(HCI)]. [0]*5 +57.4 (c 0.226, MeOH).

5.2 Biochemical evaluation
5.2.1a3;-AR binding assay

Membranes of humama-, 015-, andaip-ARs were prepared from CHO-K1 cells stably express
eacha;-AR. A binding assay foo;-AR was performed in 200 pL a@f; binding assay buffer (50
mmol/L Tris-HCI pH7.5, 10 mmol/L MgG] 5 mmol/L EDTA and 0.5% BSA) containing
membrane protein (10 pug for eaah receptor) and 2.5 nmol/L 7-methox§H|]-prazosin in the
presence of the trial compound at 12 different eot@tions. Following incubation at room
temperature for 60 min, the membranes were filtéheough GF/C filter plates (Perkin Elmer Life
and Analytical Sciences) and washed with 50 mm@akk-HCI (pH 7.5). The membrane-associated
radioactivity was determined using a TopCount ligscintillation counter (Perkin EImer Life and
Analytical Sciences). Non-specific binding was defl as binding in the presence of 10 pmol/L

phentolamine. Iy values were calculated by logistic regressionyamal TheKd values ofa;-AR



subtypes d;a, 015 and aip) were 0.93, 0.35 and 0.26 nmol/L, respectivedy. values were

calculated a&i= ICs/{1+(*H-ligand concentration)Xd} [25].

5.2.2 In vitro metabolic clearance in human hepatienicrosomes.

Human liver microsomes were purchased from Xengtetlc (Lenexa, KS). An incubation
mixture consisted of microsomal protein in 50 mM JR@,—-K,HPO, phosphate buffer (pH 7.4) and
1 uM test compound. The concentration of microsomaitggn was 0.2 mg/mL. An NADPH-
generating system containing 5 mM Mg mM glucose 6-phosphate, 0.5 nBMNADP”, and 1.5
units/mL glucose 6-phosphate dehydrogenase waddaddthe incubation mixture to initiate the
enzyme reaction. The reaction was terminated 153@nchin after the initiation of the reaction by
mixing the reaction mixture with acetonitrile, f@Ved by centrifugation. The supernatant was
subjected to LC/MS/MS analysis. The metabolic vigyoevas calculated as the slope of the

concentration—time plot.

5.2.3 Evaluation of reversible inhibition of cytoclhome P450 3A4.

Human liver microsomes were purchased from Xenotelc (Lenexa, KS). Inhibition activity of a
test compound of cytochrome P450 3A4 was evalulayemhcubating midazolam with 0.1 mg/mL
human microsomes in the presence ofilDtest compound. The incubation mixture was allowed
stand for 10 min at 37 °C, and then the incubatvas terminated by addition of acetonitrile/water.
After centrifugation, the supernatant was subjetdddC/MS/MS analysis to measure the peak of 1'-

hydroxymidazolam.
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Highlights

Phenoxyethylamine derivativewas selected as an attractive starting point.
Retaininga;p—AR selectivity was indispensable to choose th@@rdinker length.
Conformational constraint was effective to inhibié bladder contractions.
(9-41 was identified as a novel and selective humgrAR antagonist.



