MONOARYL AMINOTETRALINES The present invention relates to novel
(5-amino-5,6,7,8-tetrahydro-naphthalene-1- yloxy)-acetic acids, their manufacture, pharmaceutical
compositions containing them and their use as CRTH2 antagonists. 5 Prostaglandin D2 (PGD2) is the
major prostanoid produced by activated mast cells and has been implicated in the pathogenesis of
allergic diseases such as allergic asthma and atopic dermatitis. Chemoattractant
Receptor-homologous molecule expressed on T-helper type cells (CRTH2) is one of the prostaglandin
D2 receptors and is expressed on the effector cells involved in allergic inflammation such as T 10
helper type 2 (Th2) cells, eosinophils, and basophils (Nagata at at, FEBS Lett 459: 195-199, 1999). It
has been shown to mediate PGD2-stimulated chemotaxis of Th2 cells, eosinophils, and basophils

(Hirai at at, J Exp Med 193: 255-26%%%3%5@%&95%%%@&%5 the respiratory burst and

degranulation of eosinophils (Gervais at at, J Allergy Clin Immunol 108: 982-988, 2001), induces the
production 15 of proinflammatory cytokines in Th2 cells tal., J Immunol 175: 6531-6536), and
enhances tﬁger&'%ggéﬂdw%@gﬁﬁr{g A tﬁd%%‘ﬁkn "%Qé%ﬁjggﬁ%*ﬁﬁr&f %?Péﬁ}?%?&' Nergy
34:1283-1236)y pacenaeida/iduais wiinegd geoe epcadivay CRITH 2 ontpobitiiffereatialiyiifltremae its
MRNA stability,. are shown SQ iatedsr\fvith asthma (Huang at at, Hum Mol Genet 13, 2691-2697,

2004). Incréa gaeﬁﬁﬁsge?g 0 arel ggﬁg* Tells expressing CRTH2 have also been correlated with
severity of atopic dermatitis (Cosmi et at, Eur J Immunol 30, 2972-2979, 2000). These findings

th | tory. i qic di T , ists of
SR ar B e P L Bl B S EE by oRe S BRI ™ o
obstructivegndmaa&gedisaptegied PoijexmtieggheginiialengiadipragesmudtiasTaltedistlosure is
concerned ydih e CRMIROMRARALRIRUBHemdat-aRH ANREBasRIIEN b RERRRIAMG 88t and esters

thereof, wherein R1, R2 and R3 are defined in the detailed description and claims. In a first aspect,
there is provi@EesabRipoUiriraTibGUrglls (GBIH2Dis ope ahibgarosggpdinB) IRESRIFEN C1.7 alkyl

optionally syhsidlaee-BY-i0Es, RSrRSclor YamalkvbRRICRAENeTHRSIHMERCHMiEH JuaHuk (6) 02.7
alkenyl; (7) Ci.7 alkanogll;r@% C7 alkoxy; (9) C3_7 cycloalkoxy;
10" "helper type 2 (Th2) cells, eosinophils; and basophils (Nagata ef al., FEBS Left 459:

195-199, 1999). It has been shown {o mediate PGD2-stimulated chemotaxis of Th2
cells, eosinophils, and basophils (Hirai ef al., J Exp Med 193; 255-261, 2001).
Moreover, CRTH2 mediates the respiratory burst and degranulation of eosinophils
(Gervais et al., J Allergy Clin Immuno/ 108: 982-988, 2001), induces the production
15 of proinflammatory cytokines in Th2 cells (Xue et al., J Immunol 175: 6531-6536),
and enhances the release of histamine from basophils (Yoshimura-Uchiyama et al.,
Clin Exp Allergy 34:1283-1290). Sequence variants of the gene encoding CRTH2,
which differentially influence its mRNA stability, are shown to be associated with
asthma (Huang et al., Hum Mol Genet 13, 2691-2697, 2004). Increased numbers of
20 circulating T cells expressing CRTH2 have also been correlated with severity of
atopic dermatitis (Cosmi et al., Eur J immunof 30, 2972-2979, 2000). These findings
suggest that CRTH2 plays a proinflammatory role in allergic diseases. Therefore,
antagonists of CRTH2 are believed to be useful for treating disorders such as
asthma, allergic inflammation, chronic obstructive pulmonary disease (COPD),

25  allergic rhinitis, and atopic dermatitis.

The disclosure is concerned with the compounds of formula I:



10(10) lower heterocycloalkyl; (11) 01_7 alkylsulfanyl, C3.7 cycloalkylsulfanyl, or lower
heterocycloalkylsulfanyl; (12) 01-7 alkylsulfinyl, C3.7 cycloalkylsulfinyl, or lower
heterocycloalkylsulfinyl; (13) 01_7 alkylsulfonyl, C37 cycloalkylsulfonyl, or lower
heterocycloalkylsulfonyl; (14) 017 alkylsulfonylamino; 15(15) 01_7 alkylamino; (16) C1.7
dialkylamino; and (17) 01.7 trialkylsilyl, wherein the ferm "lower heterocycloalkyl" refers to a saturated
or partly unsaturated non- 20aromatic ring moiety &aving 3 to 7 rigy atoms bonded together to form a
ring structure wherein one, two or three of the ring atoms eteroatom while the remaining ring
atoms are carbon atoms the pharmaceutically acceptal brs are the methyl and ethyl esters of the
acids of formula Ito be used as prodrugs. 25 In a second g&pect, there is provided a pharmaceutically
acceptable salt of a compound as defined above. D third aspect, there is provided a compound
as defined above for use as therapeutic 30 activ subs’t}n%& In a fourth aspect, there is provided a
compound as defined above for the treatment an /or Rrophy 8<is of diseases treatable by CRTH2

above for the preparation of medicaments fo
treatable by a CRTH2 receptors antagonist. &
manufacturing and using the compounds of for as-Well as pharmaceutical compositions
containing such compounds. The compounds of formula | are antagonists at the CRTHZ2 receptor and
may be useful in treating diseases and disorderg associated Wwith that receptor such as asthma. 10 In a
further embodiment the disclosure provides,{the use of a compound of formula | for the preparation of
a medicament for the treatment of severe a or chronic obstructive pulmonary disease. Unless
otherwise indicated, the following spetifiZ term&and phrases used in the 15 description and claims are
defined as follows: The term "moiety" refers to an atom or group of chemically bonded atoms that is
attached to another atom or molecule by one or more chemical bonds thereby forming part of a
molecule. FordeplanpiecehiomiyadtesiahiR 2altweRa estasibiréFQwekmeto RigiBfiesthB? are attached

to the core gé%égrﬁ ?I](m éoagw'ge& %QC%Y%W%EO&QMAYO 2010/018112PCT/EP2009/060156 - 3 -

5

in a first aspect, there is provided a compound of formula

O

HO

10 or a pharmaceutically acceptable salt or ester thereof, wherein R’ is hydrogen or methyl,

and R? and R® are independently selected from the group consisting of;



In reference to a particular moiety with one or more hydrogen atoms, the term "substituted" refers to
the fact that at least one of the hydrogen atoms of that moiety is replaced by another substituent or
moiety. For example, the term "lower alkyl substituted by halogen" refers to the fact that one or more
hydrogen atoms of a lower 5 alkyl (as defined below) is replaced by one or more halogen atoms (i.e,
trifluoromethyl, difluoromethyl, fluoromethyl, chlororgthyl, etc.). Similarly, the term "lower cycloalky!
substituted by lower alkyl" refers to the fact that one or more hydrogen atoms of a lower cycloalkyl (as
defined below) is Fébk&é%%?ay one or more lower alkyls (i.e, 1-methyl-cyclopropyl, 1-ethyl-cyclopropyl,
etc.). 10 The term(2pptippally substituted” refers to the fact that one or more hydrogen atoms of a
moiety (with one cﬁﬂlﬁﬁ? hydrogen atoms) can be, but does not necessarily have to be, substituted
with another substituent.?15 The term "alkyl" refers to an aliphatic straight-chain or branched-chain
saturated hydrocdhdenietyohtionai sebatitetabbn fitorns. In particular embodiments the alkyl has 1
to 10 casbon atomsy £0¢ SR alnAl eighs @R B, Mgl having 1 to 7 carbon atoms. In 20
particular embodiments the lower alkyl has™1 to 4 carbon”atoms and in other particular embodiments
the lower alkyl haffl %3 RAWH atoms. Examples of lower alkyls include methyl, ethyl, propyl,
isopropyl, butyl, isabhaty}, asedsyyl and tert-butyl. The term "lower cycloalkyl” refers to a saturated or
partly unsaturated(é}og-argpwg)yq 25 hydrocarbon ring moiety having 3 to 7 carbon atoms bonded
together to form a r'ng1§tru§tun\é’. Examples of cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cy(okepty¥cipaikexsn "lower alkenyl" refers to an aliphatic straight-chain or

branchegd-chain 33\@)&%’\96@%@&6@9%!@9‘,””9 2 to 7 carbon atoms and having at least one
carbon-tocarbon double bond. Infparticular embodiments the lower alkenyl has 2 to 4 carbon atoms,

and in other embddim&Entsa8¥sHiaaYh Gr-atbHFarUsHiiRaY o PIdRneTiRiFioRy doakyisulfanyl;
2010/018112PCT(ERZD00A6NG6n Cinclogttoatikgayiinvdpopenyt Fefepetpkikyuianyl, 2-butenyl,
3-butenyl and isog I T, r r alkoxy" refers ta the moiety, -Q-R, wherein R is lower alkyl as
5 defined previoushy R A e SR SRR R OB B R
isopropoxy, n-butdk$) {sebatipusesyantsg: and tert-butoxy. The term "lower cycloalkoxy" refers to
the majisty -0-R, whsyein. RaigJwgrgycloalkyl as defined previously. Examples of lower cycloalkoxy
moieties include cyclobutoxy 10 and cyclopentoxy. The term "lower alkanoyl" refers to the moiety
-C(0)-R, wherein Ié@ e PEIYIBRRIRRHE previously. An example of a lower alkanoyl is acetyl. 15
The term "heterogtorhCreferialia/sitpbgamngrekygen, or sulfur. The term "lower heterocycloalkyl” refers to
a saturated or partly unsaturated non-aromatic ring moiety having 3 to 7 ring atoms bonded together to

form a ring structure wherein one, two or three of the ring atoms is a heteroatorn while the 20
remaining ring atdhestare camerhaterasyesalinleefemsitove shktaitedywl gaityl sinseludatgdpendiny |,

piperazinyl, pyrrolidipyhandstrehie eRVIRG FHyl7 TiRg fRsms IRk hatRianyrieaddoxyigfers to the

moiety R'-0-, wherein R' is a lower heterocycloalkﬁl as defined above. An example of a lower
heterocycloalkyloSy {SWEMISIRIDRPR AR ALY IBEE FHEGLING FiRms LIRS MBS tB8he moiety
-S-R, wherein R isdowiirajkinqatdeiinee peevwustyrisxamples of lower alkylsulfanyls include

methylsulfanyl angwgtgpﬂa?#\lg%%lfically acceptable esters are the methyl and ethyl esters of the
acids of formula | to be used as prodrugs.
25
In a second aspect, there is provided a pharmaceutically acceptable salt of a compound
as defined above.

in a third aspect, there is provided a compound as defined above for use as therapeutic

30 active substances.

In a fourth aspect, there is provided a compound as defined above for the treatment
and/or prophylaxis of diseases treatable by CRTH2 receptors antagonist.



30 The term "lower cycloalkylsulfanyl" refers to the moiety -S-R, wherein R is lower cycloalkyl as
defined previously. Examples of lower cycloalkylsulfanyls include cyclopropylsulfanyl,
cyclobutylsulfanyl and cyclopentylsulfanyl. WO 2010/018112PCT/EP2009/060156 -5 The term "lower
heterocycloalkylsulfanyl” refers to the moiety -S-R, wherein R is lower heterocycloalkyl as defined
previously. An example of a lower heterocycloalkyl&hfanyl is pyrrolidin-1-ylsulfanyl. 5 The term "lower
alkylsulfinyl" refers to the moiety -S(0)-R, wherein R is lower alkyl as defined previously. Examples of

lower alkyldBIB{fE pRmegk etRyrommvifehieHRGFR YOOy B efiee RRYSARY B6finyl" refers

to the moieﬁfe;%@tﬁnwhﬁf@aibanifemgvﬁmu@WM%@&Q@EHQM&MWW%W@I@&%IOMr
cycloalkylsulfinyls include cyclopro§§sulfinyl, cyclobutylsulfinyl and cyclopentylsulfinyl. The term

"lower heteRERIGEIRARIARIR PY&rerS I thEPRRRIS 9N therein R is 15 lower heterocycloalkyl as
defined previously. An example of a lower heterocycloalkylsulfinyl is pyrrolidin-1-ylsulfinyl. The term
"lower alkylsulfonyl" refers to the moiety -S(0)2-R, wherein R is lower alkyl as defined previously.
Evampes 3 B L RS TR e ot Ao 45 St e e e
cycloalkylsatiomdtrefe s fonthelmbistyveli(@32pRamrareiticali stonersiiioisatiyitainidgfimedh previously.
Examples of | lo I | 0 Iﬁ I f n I ?
cyclopenty%aﬁ'gr%ﬁ%%T Hgtg(rljj‘rﬁ% ovﬁgrg %ﬁﬁ%ﬁ%oa%ﬁéu% yI"%ﬁéﬁs@%@n&ge}t{?f—g SSZ-R,
wherein R ignewyhescreeld valksatrgodinaesgs end ¢édprdereranqsiatetantthat receptor
heterocyclaglkplsulianylis pyrrolidin-1-ylsulfonyl. 30 The term "lower alkylsulfonylamino” refers to the
moiety -N(H)S(0)2R, wherein R is lower alkyl as defined previously. Examples of lower
alkylsuifonylaminos include methylsulfonylamino and ethylsulfonylamino. WO

2010/018112 BEIHREIABAHALE the uiEbR e pleviaes iR TURQ e s mELLIRI BoIEHAINR),

wherein R is lower alkyl as defined previously. An example of a lower alkylamino is methylamino. The
term "lower@fdNG RISRFEARRPE 2 MRdIRRMAYt-I{R e e simardiRTre v Rraaima Gher A as defined
previously. dgsgyaiivels @frdirmetidigdiggamino is dimethylamino. The term "lower trialkylsily1l" refers
to the moiety -Si(R)(R")(R") wherein R, R" and R" are lower alkyl as defined previously. An example of
a lower tria iyl ri Isil ‘hal ~lefers t iety of fluo hloro, bromo or
odo. U, L e RS B ES  15
hydrodén atescipiicarsndatisims anedeinndragdelindizated, the term "a compound of the formula" or
"a compound of formula” or "compounds of the formula” or "compounds of formula” refers to any
compound selected from the genus of compounds as defined by the formula 20 (including any
pharmaceufibgligEpcaptisie Sirrerte seedpany SieHRehfhsumignlly bonded atoms that is

attached to another atom or molecule by one or more chemical bonds thereby
forming part of a molecule. For example, the variables R', R? and R® of formula |

20 refer o moieties that are attached to the core structure of formula | by a covalent
bond.



The term "pharmaceutically acceptable salts” refers to those salts which retain the biological
effectivenegspnd propgsties of the free bases or free acids, which are not i9|99'! ar otherwise
undesirable. Salts may(ibe formed with inorganic acids such 25 as hydrochloric aé@&yﬁgﬁggromic acid,
sulfuric acid, nitric acid, phosphoric acid and the like, preferably hydrochloric acid, and organic acids
such as acetic acid, propionic acid, glycolic acid, pyrﬁlvic acid, oxalic acid, maleic acid, malonic acid,
salicylic acith) stfecenicatics hariaxitzacmhid¢aytait acid witroreciddbenzoiatanid, than@mic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, p: 30, toluenesulfonic acjd, N-acetylcystein
and the Iike.%l%bggtd%%%,rgiﬁrss rr?aiﬁ);l %gas?jepg?gg %}E/l %8%%8%83 By PHE HfE‘%gﬁf’S{l’g‘H*S%amc base
to the free aeitktddarigedifiorsubsitoeghicrbaisgindfode xbutaee thet timitetbtes thtkgodium,
potassium,glt_m el I ﬁal | : ' | ? the like, aé %‘eriv d from WO
2010/018112P%EP@%§§%§%?56@%0%§?‘1% aﬁeﬁs%{lrr?jfcéj%% ea?é/(élo%?r%i e% 5 s?:jt‘le sl% %Fimary,
secondary, 2l {@sissfiaasimedowiissitatedcthiinen molunhiong halagely alcrusrihg substituted amines,

cyclic aming RS OBRISRANGE PR ANBrSHER A iém%%%w'\”8tér§msﬁﬂ¥laﬁg%ﬁefﬁj§wami”e’

triethylamine, tripropylamine, ethanolamine, lysine, arginine, N- 5 ethylpiperidine, Ine,

polyamine @ sialeatykeunsisuiempiinue Aine préasHoiive feeiieiore presert in the form of
pharmaceutigallycrerariafiesaliswdhe,cmapauss githe PERISH! inveninnaan alse BeRigsent in the

form of pharmaceuticall?( acceptable esters (i.e., the methyl 10 and ethyl esters of the acids of formula
Ito be used' QY& j:erﬁéf%%%ﬂ&yﬁ&%?% pretufGHYeRIRRYE S Glso be solvated, i.e. hydrated.
The salgation can be effected in the course of the manufacturing process or can take place i.e. as a
consequence of hygrpscopic properties of,an jnitially anhydrous compound of formula | (hydration). 15
Compound attar@/eoff{@%%[r&émé%geﬁﬁér ﬁ.’lﬁ{&éﬂbﬁﬁ‘ﬁcﬁféﬁﬂ?ﬂ%‘%ﬁ%%? SYGIRIRR JPBBNding of
their atomsafrahmaetarigiment of theiratyms fesnsemalcrmedlisaanas siol semassdhigt differ in the

arrangementEI of t%ei[g atg%s ﬁ@ﬁggcetgrentetrhm?d "gt%rteoistomers." Diastereomers are stereoisomers
with opposipe %5 conﬁguraﬁon SCONE of THOPE chital CeRtErs which are not enantiomers. Stereoisomers
bearing one or more asymmetric centers that are non- superimposable mirror images of each other
are termed + Tolps =\When ac nd has an asymmetric center, for example, if a carbon
atom is on@%%y%zgfgﬁ%e%%tr%%uag a‘t% léﬁr‘%g grﬁgn@émgir% % pg%%?bl%dﬁﬁaé%gﬁg%ﬁtg can be 25
characterizBid5peRebabIoRIed\Chavigaratior26f tarbeyaiorsic loepadiaiaranredinkissigseribed by the
R- and S-smm@gg yes okl dhgeld and Prelog, or by the manner in which the molecule rotates
the plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers
respectively). A chiral compound can exist as either individual enantiomer or as a mixture thereof. A 30
MmiXture CONTRBIRG-AAIGH S AR AE RS {H& A ARRLS, 1B SRR A ACSINE TGRS, - INVO
2010/018112PCT/EP2009/060156 - 8 - prolong the survival of the subject being treated. Determination
of a th%?ap@ﬁﬁ%ﬂiﬁéﬁ@lq%fﬁﬁ%%#ﬂ“t’s!%ﬁfrﬁ‘f%é’ 5@ hithé eRbPRATABIRFEGIRM Bffective amount or
dosage of aaapRIrRReMiAL thEhisuRaIINpMeaN ars williormadsianits,andoraype determined
ina manner@?wn igilrg'ne arEESuc dosage will be adjusted to 5 the individual requirements in each

particular cA4Y R ATHRG (RE'CYeEHY L (SR BRI P hiSORHYY, SRE POYE BdRTiRIGation, the

condition being treated, as well as the patient being treated. In general, in the case of oral or
The term "lower cycicalkyl" refers to a saturated or partly unsaturated non-aromatic
25 hydrocarbon ring moiety having 3 to 7 carbon atoms bonded together to form a ring
structure. Examples of cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cyclohepiyl.

The term "lower alkenyl" refers to an aliphatic straight-chain or branched-chain
30 hydrocarbon moiety having 2 to 7 carbon atoms and having at least one carbon-to-
carbon double bond. In particular embodiments the lower alkenyl has 2 to 4 carbon

-atoms, and in other embodiments, 2 to 3 carbon atoms. Examples of lower akenyls



parenteral administration to adult humans weighing approximately 70 Kg, a daily dosage of about 0.1
mg to abo mg to about 1,000 mg, or 1 mg to 100 10 mg ma jate, although
the lower %gggﬁl |r1nl|£ts may be exceeded when indicated. The daily doéﬁa%%ﬁ(%%ﬁ%%{&aa({ﬁ%inistered as
a single dose or in divided doses, or for parenteral administration, it may be given as continuous
infusion. The term "pharmaceutically acceptable carfier” is intended to include any and all 15 material
compatible indibgiatheagt utipad panyinBteatiperipcludingesglyeris  chsher siofemediad coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and other materials and
compoundésc?o }%Wb’le with pharmaceutical administration. Except insofar as any conventional media
or agent is incompatible with the active compound, use thereof in the compositions of the 20 invention
s contempigyech SUPRIGIEDiaNy AYe SOMARNGR.FRN RO hednsaRaLaledng e compositions.
Useful pharmaceutical carriers tor the preparation of the composﬁ?ons hereor, can’hé solids, liquids or
gases; thusjefieasbpipuisitivlys Cxarakies s fowarailkatersopiliesisalags utethsuppetsitaties: powders,
enterically coaiedlprioMRRIRIecIed (1) Hatens (P - LIOARG, Ao RegliARge resins or packaging in
lipid-protein vesicles), sustained release formulations, solution's, suspensions; elixirs, aerosols, and the
like. The carrier can be selected from the various oils including those of petroleum, animal, vegetable

or SynthetiCY‘Pfégiélﬁrﬁf%ml%@@yétd%ilkéwbﬁ‘éf@r@{%rm@%ié’éb 3(9%?%?@9“?@%%0%%90[%% saline,

aqueous dextrose, and glycols are preferred liquid carriers, particularly (when isotoni¢ with the blood)
for injectabRSSHINBAL EBioehim HiEarBRRS Sl cHYToFYRtPAMOUDAH% SeHER EYpmRISeHerile
aqueous saluicneRbie@eHve ingredient(s) which are prepared by dissolving solid active WO
2010/018112PCT/EP2009/060156 - 9 - ingredient(s) in water to produce an aqueous solution, and
rendering the solution sterile. Suitable pharmaceutical excipients include starch, cellulose, talc,
glucose, lactheaeteicigetatink sl riedefow tebalicisiicT (Daguassr: Blearatewsadii stearate,

glycerol mongstegrate, sodium chloride, dried skim milk, glycerol, 5 propylene glycol, water, ethanol,
and the Iike(}{e?f?pee &&%’6%5’[? s%a%én?u%j%%?ea\%@%8&\?2}¥t¥§|‘?a?5ﬂ&|imaceutical additives such as

preservatives, stabilizing agents, wetting or emulsifying agents, salts for adjusting osmotic pressure,

bufferﬁ ?nd.ItH:gl_l%iE};[%.1 %_'u& ble t%ha.rm ce tica% carriers and their f%ulaﬁon are described in

Remington's Pharmaceu ICA %}e'ﬁ%gésb)(? EM B Kartiy9SleR'c Gsitions will, in 10 any event,

contain an effective amount of the active compound together with a suitable carrier so as to prepare

e R OO R AR A AR Jr JOR AR SNSRI od of the

present invention, an effective amo 15 one of the compounds of this inven
combinatioB7eMahE o i ety Samtig of thid i ationobensiestingericl foapoepiadle salt or ester

thereof, is agminiselskHARRNL NS SISk ARCARLARISRSINGIRINIBNR IR {ii@th&ither singly or

in combination. The compounds or compositions can thus be administered orally (e.g., buccal cavity),

sublinglallySFHHEErANg EYNS A8 FARUAP M SN0 SS, Friovaumigrasaeealyisectally (e.g., by
SUPPOSItorigscRINY RSHEMIIWI YASEREMVIY (e-@ ik amtt@pé%ﬁ%?mywémipbalaﬁon (e.g., by aerosol),

and in the form of solid, liquid or gaseous dosages, including tablets and suspensions. The
administration can be conducted in a single unit dosage form with continuous therapy or in a single

dose therapgshaddibittiswdhedhetapeltitGRporiion eathalsadenrRhe Iopm«otanmils a lower
heterocycloalkyl as defined above. An example of a iower heterocycicalkyloxy is

25 tetrahydropyran-4-yloxy.

The term “lower alkylsulfanyl” refers to the moiety -S-R, wherein R is lower alkyl as
defined previously. Examples of lower alkylsulfanyls include methyisuifanyi and
ethylsulfanyl.

30
The term “lower cycloalkylsulfanyl" refers to the moiety -S-R, wherein R is lower
cycloalkyl as defined previously. Examples of lower cycloalkylsuifanyls include
cyclopropyltsulfanyl, cyclobutylsulfanyl and cyclopentylsuifanyl.



25 emulsion or dispersion in conjunction with a lipophilic salt such as pamoic acid, or in the form of a

biodegradable sysiaigd-release composition for subcutaneous or intramuseyab AdgaRisEAation. In

detail, the present invention relates to the compounds of formula I: 30 - 10 - and pharmaceutically
acceptable salts and esters thereof, wherein R1 is (1) hydrogen or (2) methyl optionally substituted by
fluoro; and R2 and R3 are 5 independently selected-from the group consisting of: (1) halogen; (2)
-NH2; (3) -NO2; (4) lower alkyl optionally substituted by halogen, 10(5) lower cycloalkyl optionally

substituted I r 0 cycloalkoxy;
15(10) lower e(?tge}lr%{cqg%%rl ﬁ% % % Iowei2 %gﬁr%l‘ c?{)a (?é))}lll"a%(%%@yaer aﬁyi%#%%gl}l P%/(()?éver
cycIoaIkyIsiﬂfa@ﬁ/h%ﬁl@ﬁb@*@@f@ﬂ@@éﬂ@mwﬁamﬂs{n&“q@\ﬁéﬁﬁmﬁslilﬁﬁw%wer cycloalkylsutfinyl, or
20lower hetgracye Mmﬂw@é WSF(F%M'%@'F% wer cycloalkylsulfonyl, or lower

heteroc%/cloalkylsu onyl; (15) lower al ylsulfonylamlno 16) lower alkylamino;

The term "lower alkylsulfinyl” refers to the moiety -S(O)-R, wherein R is lower alkyl
as defined previously. Examples of lower alkylsulfinyls include methylsulfinyl and
ethyisulfinyl.

10 The term “lower cycloalkylsulfinyl® refers to the moiety -S(O)-R, wherein R is lower
cycloalkyl as defined previously. Examples of lower cycloalkylsulfinyls include

cyclopropylsulfinyl, cyclobutylsulfinyl and cyclopentylsulfinyl.

The term “lower heterocycloalkyisulfinyl” refers to the moiety -S(O)-R, wherein R is
15 lower heterocycloalkyl as defined previously. An exampie of a lower
heterocycloalkylsulfinyl is pyrralidin-1-ylsulfinyl.

The term "lower alkylsulfonyl” refers to the moiety -S(0),-R, wherein R is lower alkyl
as defined previously. Examples of iower alkylsulfonyls include methyisulfonyi and
20 ethylsulfonyl.

The term “lower cycloalkylsuliony!" refers to the moiety -S{(0),-R, wherein R is lower
cycloalkyl as defined previously. Examples of lower cycloalkylsulfonyls include
cyclopropylsulfonyl, cyctobutyisutfonyt and cyclopentylsulfonyl.

25
The term “lower heterocycloalkylsulfonyl” refers to the moiety -S(0).-R, wherein R is
lower heterocycloalkyl as defined previously. An example of a lower
heterocycloalkylsulfonyl is pyrrolidin-1-yisulfonyl.

30 The term "lower alkylsulfonylamino” refers to the moiety -N(H)S(O):R, wherein R is
lower alkyl as defined previously. Examples of lower alkylsulfonytaminos include

methylsulfonylamino and ethylsulfonylamino. .



(17) lower dialkylamino; and (18) lower trialkylsilyl. 5 Unless indicated otherwise, the genus of formula

| and any sykpangiadhereof encompass all possible stereoisomers (i.e., (R:-eRaAHpRessand

(S)-enantiomers) as well as racemic and scalemic mixtures thereof. In one embodiment of the
invention, the compounds of formula | are (R)-enantiomers or pharmaceutically 10 acceptable salts or
esters thereof as depicted in the following subgene‘r%'structural formula IA for the (R)-enantiomers of
formula!l: 15Wadasm Rawrradndardare efedeiinég proistusN(Ri afmettedt Enih alirmealis yhescompounds

of formula I%@)ﬁg%mgrg-ﬁ%ggﬁ{ﬂga%%tjgﬁ% %@Q@p‘[g igar%%tﬂ&%ﬁﬁj_thereof as depicted in

the following subgeneric structural form or enantiomers o al: wo
2010/018112PCT/EP2009/060156 HO wherein R1, R2 and R3 are as defined previously. In another

embodimentiaesoRnk N9 eI RBTRASHON SOMBSIERHTOGHiE apEmio o

otherwise) of the (R)-enantiomers and (S)-enantiomers of a compound of formula . In one
emboditerPWRE Bledeat ARIERDARVIHSYe d o B8Ry ihiesvst BiatulamBrapBarmaceutically
acceptable@ﬁ{@fw@ﬁ{@{@ thereof, wherein R1 is hydrogen. 10 In a more particular embodiment the
present invention Is directed to the compounds of formula IA or pharmaceutically acceptable salts or
esters thereof, wherein R1 is hydrogen. 15 In another embodiment the present invention is directed to

the ﬁoppom@t@fﬁefmuf@]It@éIpt;)l@nmaﬁﬁ’éﬁﬁ@(ﬂ)ﬁ%?ﬁwb’i?|ES$@W§F@3(@§W&)%T§% RheFey rp(qul ]18
methyl. In a more particular odiment t resent invention is directed to the compounds o
formula 1A Sf%ﬂﬁfa%’éﬁﬁ@%%ﬁeg ptablE lé?ihg e%f@#?%[%e@&?%%&gfﬁqﬁisi%@ methyl. In another
emboditnentithetipyisight invention is directed to the compounds of formula | or pharmaceutically
acceptable salts or esters thereof, wherein R1 is fluoro meth yl. WO
2010/018112PCT/EP2009/060156 - 13 - In a more particular embodiment the present invention is
directed to e dornpthaidg e foefatddd/e onpbbrofdteticallyaoceptatmieosadigcor esters thereof,
wherein R1 is fluoromethyl. 5 In another embodiment the present invention is directed to the

compounds of formula | or pharmaceutically acceptable salts or esters thereof, wherein R1 is
difluorometkiplesmaihaors paniicate ®risodime e pessent mxdnofioefesdice thednoigte aompounds

10 of fpgm%dﬁ.)géfp%ma@m%Ix&qqutable salts or esters thereof, wherein R1 is difluoromethyl.

In another embodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof, wherein R1 is 15 trifluoromethyl.

Unless otherwise indicated, the term “a compound of the formula™ or “a compound of
formula” or “compounds of the formula” or “compounds of formula™ refers to any
compound selected from _the genus of compounds as defined by the formula

20 (including any pharmaceutically acceptable salt or ester of any such compound).

The term *pharmaceutically acceptable salts” refers to those salts which retain the
biological effectiveness and properties of the free bases or free acids, which are not
biologically or otherwise undesirable. Salts may be farmed with inorganic acids such

25 as hydrochloric acid, hydrobromic acid, suifuric acid, nitric acid, phosphoric acid and
the like, preferably hydrochioric acid, and organic acids such as acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid,
salicylic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-

30 toluenesulfonic acid, N-acetylcystein and the like. In addition, salts may be prepared
by the addition of an inorganic base or an organic base io the free acid. Salts
derived from an inorganic base include, but are not limited to, the sodium, potassium,
lithium, ammonium, calcium, and magnesium salts and the like. Sailts derived from



In a more particular embodiment the present invention is directed to the compounds of formula IA or
pharmacel{;‘ilgﬁgl ble salts or esters thereof, wherein R1 is triflu or one
embodiment t ey}sgr)gg%%ﬁnvention is directed to the compounds of formulgﬁgﬁ p %Pr%g@gﬁ%ically
acceptable salts or esters thereof, wherein R2 and IR3 are independently selected from the group
consisting of: (1) halogen; 25(2) lower alkyl; (3) lowef alkyl substituted by halogen; (4) cycloalkyl; (5)
lower cycloafkyirseibstséachydvier atikyhdblintdieertbeteteayclomiaty 3T telaey, alkaneylat) lower
alkoxy; (9) lower cycl alli :(10) lower alkylsulfinyl: WO 2010/018112PCT/EP2009/060156 - 14 -
(1) loner TR IR S B R A5 Y S IR A %5 G
dialkylaminerrimeheatite b esibiodimaita tioe pessentsncaranis i rbmtiedrie, thevaimpauits of formula |
or pharmacguti o of wherein R2 or R3 is halogen sych as fluoro,
chloro, brorﬁc%,t[@?%&?‘%ﬁp@ﬁﬁaﬁ,&i‘fi{:r%?%%rglc#ﬁé%fse é?@?ﬁeﬂd Srion,eCk%gr@%?’gyomo. In another
embodimeritfhiipipesising.ipiretiibnds eitgatoth eo gséneampdbadi®f formula | or pharmaceutically
acceptable salts or esters thereof wherein R2 or R3 is lower alkyl such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl or tort- butyl. In some specific embodiments, R2 or R3 is methyl,
isopropyl ol g tasRACY S EribeheressidaNaBHe tsep ResBrasavb tiBiei&amedted to the compounds
of formula Iprpharasesicaly anesriablRsSala OF S8i558 HerePiNeERIB R MOBRR isdguer alkyl

substituted by halogen such as trifluoromethyl, difiuoromethyl, 1,1- difluoroethyl, or fluoromethyl. In

! ) y .
some specfie R BERRNE K dpm3 s Rherpechrlicrismgreripfiearsinsie-1ihemethvbre specific
embodignenisdRE9r Ex%is tifluer emethyl tiranrihes embedimanpHpyesenhinsplinnixdirected to

the compour%ds of formula I or pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
25 lower cycidBRk§I SR SV EPLRIp G RIRPISRANRIEER-IbBe MY r2iRrdon 8% S Y BlieIbRBRHE In some
specific embffgdinaents tRe e kisfyriopEpRIbEILLYRIQNEBBEs or can take place i.e. as a

consequence of hygroscopic properties of an initlally anhydrous compound of

formula | (hydration).

15
Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space ars
termed "isomers.” isomers that differ in the arrangement of their atoms in space are
termed "sterecisomers.” Diastereomers are sterecisomers with opposite

20 configuration at one or more chiral centers which are not enantiomers.
Stereoisomers bearing one or more asymmetric centers that are non-
superimposable mirror images of each other are termed "enantiomers.” When a
compound has an asymmetric center, for example, if a carbon atom is bonded to
four different groups, a pair of enantiomers is possible. An enantiomer can be

25 characterized by the absolute configuration of its asymmetric center or centers and is
described by the R- and S—sequencing rules of Cahn, Ingoid and Prelog, or by the
manner in which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (i.e., as (+) or (-}<isomers respectively). A chiral
compound can exist as either individual enantiomer or as a mixture thereof. A

30  mixture containing egual proportions of the enantiomers is calied a "racemic mixture".

The term "a therapeutically effective amount” of a compound means an amount of
compound that is effective fo prevent, alleviate or ameliorate symptoms of disease or



In another embodiment, the present invention is directed to the compounds of formula | or

pharmacetw;ﬁﬂtyl‘ﬂ&ﬁﬁgiable salts or esters thereof wherein R2 or R3 is 3%%@{9& %BQ substituted
Ikyl such as I

by lower a -methyl-cyclopropyl or 1-ethyl- cyclopropyl. In some spéecific embodiments R2
or R3 is 1-methyl-cyclopropyl. WO 2010/018112PCT/EP2009/060156 - 15 - In another embodiment,
the present invention is directed to the compounds‘égfformula | or pharmaceutically acceptable salts or
esters thergoblohgitbinRA MRS ihowasibeternydlealied staspipdadioyk Hipespaimdaty
pyrrolidinyl. ln some specific embodiments R2 or R3 is.pyrrolidinyl. 5.In another. embodiment, the
present invgﬁ%?ﬁv% %f??gg{gdstgv {ﬁ\ nc@%ﬁiﬂﬁ&s%? Por}tmu y %’Fﬁ?’é‘?fﬁ%?@é%t W‘&S%B%mz%ans or
esters thereobaperdin B2rpoRBdsiowedialkandyksochra®proganayy oritatetyldinlisttaespecific
embodime I I ] imentxthe present invention.is directed to the
com pound%@%ﬁﬁg&ﬁ?n%%z?maaﬁgﬁ%ﬁ%ﬁg{%&ﬁﬁgﬁ%ggt;S chF %scigrss? ee%'\(f\p \?vﬁg{%?neﬁe% or R3is
lower afkoxijsictidgduaggye etbiosyimegppasiics B opexy, elksingdndspmeitgy, sec-butoxy or
tert-butoxy 5, S9ME FRSAILIR S TRATIDENL: ReabRR '&@8&9??5?; ! wéﬁ?ﬁfﬂﬂéyc&{dﬁﬁm@ﬁg- In anather
unds o a

embodiment, the present invéntion is directed to the compounds of formula 1 or pharmacgutically

acceptable Eef&dr aswed arclRoPAHRNERPERD FerRBE Ibnastsabikbie carhdoEldbbutoxy or

cyclopentowah@?m%mﬁﬁ%%%%b&@tvmﬁaﬁaﬁ?@é@%ﬂ@%mmgi@w'ﬁm theg gpbodiment,

the present invention is directed to the compounds of formula | or pharmaceutlcagv acceptable salts or

esters theréSeRPR RIIRGRYS RIS 18\WBPHIIIREHIMA.sLEMHS fResISHRRYNSRYIS iR, KO
isopropylsulfigyhdp sedeASorResifigtrnRprimeniseRE@r [bpis ifaRsoRYs WER S a00theEn

embodiment, the present invention is directed to the compounds of formula | or pharmaceutically

acceptable '84/f@5% stElk UYL AN SRNFS GARNISIRIRR 2318 RUgEHIPEE T BsdnEpisulfonyl,

ethylsulfonyoizeprargispifemierer trithiddbatdsulionsl bespves: spesHitiendedimens, R2 or R3 is
methylsulfonyl, isopropylsulfonyl or tert-butylsulfonyl. WO 2010/018112PCT/EP2009/060156 - 16 - In

another embodiment, the present invention is directed to the compounds of formula | or
pharmaceutibaligmccpptabiecalt ol e stersizbie afandatain iRz i dd3 dsineiveieeyejasiigyisiulfonyl such

as cyclgpropylsulfonyl lobutylsulfonyl or cyclopentylsulfonyl. In some specific embhodiments, R2 or
R3is é)gclop%ént%ﬂgiﬁéﬁq% ?ﬁ%ﬂvﬁﬁe?%?n g&?ggﬁﬁ? t%%rﬁpé%%é]ﬁl?ﬁ\/@%ﬁ% i 8.‘?%’&@81 R '@&qpounds
of formula Ineedihagordtgst caiibacteiehb e suitiorgs tege they eafturtie end RBsoriidns lower
alkylsulfon i f mi lamj specific embodiments,
R2 or R3 iéé %@m?s%%hﬁé%%%not %@é%%%?%ﬁ%ﬂg %r‘%@é%%fﬁ%ﬁ%ﬁ is directed to the
compound$berarasaldicar atmineiceiticalxaeot napiersitany eswieduiabnatiereireBenbisR3 is

alkylamino el B3 RRIOMATIRC QIRYIBEHIN AIISOREARURIDING 112 SMBSRRSHIC spRodiments, R2 or

R3 is methylamino. 15 In another embodiment, the present invention is directed to the compounds of

formuld o BIREHIRRCIE GREBRY REES oS ERRIRTB PESHRE MBS RAERSH F22 GIR P dialkylamino such
as dimethyiagtinssdiethydamine caatbdatbytamino, or methylisopropylamino. In some specific

embodiments, R2 or R3 is diethylamino or 20 methylisopropylamino.
Useful pharmaceutical carriers for the preparation of the compositions hereof, can be
solids, liquids or gases; thus, the compositions can take the form of tablets, pills,

25 capsules, suppositories, powders, enterically coated or other protected formulations
(e.g. binding on ion-exchange resins or packaging in lipid-protein vesicles),
sustained release formulations, solutions, suspensions, elixirs, aerosols, and the like.
The carrier can be selected from the various cils including those of petroleum,
animal, vegetable or synthetic origin, e.g., peanut oil, soybean oil, mineral oil,

30 sesame oil, and the-like. Water, saline, aqueous dextrose, and glycols are preferred
liquid carriers, particularly (when isotonic with the blood) for injectable solutions. For
example, formulations for intravenous administration comprise sterile agueous
solutions of the active ingredient(s) which are prepared by dissolving solid active



In one particular embodiment, the present invention is directed to the compounds of formula | or
pharmacquﬁaﬂy e Eable salts or esters thereof wherein R1 is hydroge s%{o e of R2 or
R3is trifluorome%hyl. g In another particular embodiment, the present inven |onP?sB%]j%|ﬁe’zﬁc le% to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein R1 is methyl
and at least one of R2 or R3 is trifluoromethyl. 30 In%ne particular embodiment, the present invention

is directed toglesiieoippunndatef torprotiut eraphadesasiicallicaceeptabieisals Breesitisshereof
wherein R2 and R3 are, as defined previously for formula | except that and R3 are not both fluoro.
WO 2010/051%&%2584‘1@%58857&‘%@%?}1 Qlﬂﬁegcrﬁ%fﬂgﬁ‘ggrﬁ@?@?’&% aﬁﬁeﬁﬁl‘%%%%nt invention
is directed tadivs €dmippgeidsnf faiuies, dophahadicesilica)lpnagoepiab e saltstor sstinigthereof
wherein R i [OUS r formula | except that R2 and R3 are not both
‘halogen. 5%%%%@%%%%%%%%@%&%%n%’%ﬁ%”‘bFehsi,%ﬁ??nvcgjn Po?lﬁl@d%%t yt%e{ﬁ([} compounds of
formuladl oppPrifeRe ksl Iy atee sthblrost aizdihesises T eohmliositimRhand RS bjedsdiefined
previously (® %ﬂg ' J 1] odiment, the
present invglﬁ;g)%ﬁgtIJ gié]ected tot el%%iﬁ%%@ r?@sg %%%Wﬁ%t%gf t?? %%%?%ﬁ&%ﬁ?é%@%ptable salts or
esters_therwm%iﬁ@ﬂ%fﬁ@RQ%étasS@éfﬁrf@d plsabelpIoIiRrasLercpfferatanddbet one of R2
or R3 is nejiker Siglegen fpsmstialical KhaigieraPerific&mbedineals herarentinvention is

directed to @ compound of 15 formula | selected from the group consisting of: o
[(R)-5-(3,5-8%@%%?&%%&%%%%6%5@%,@ftétré{%yM@?ﬁ‘aﬁﬂﬁa@ﬁmp%s@i]Sawéﬁdfhcid;
[(R)-518,5-ig wifsiaropathy-errrrestinnylanmisons. ol eliapydrs 2eanbihalgn; 1-yloxyl-acetic
acid; [(R)-5-(3,5-dimethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1- yloxyl-acetic acid,;
kR)-5-(3,5-GHILRYS-BBASE RS BRIRVETRAS) 5% P Bt Addd TRApHETERREr gRIKINaREtIE A&,
25[(R)-5-(3tisomoipidnb-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid;
{(R)-5-[3-(1,1-difluoro-ethyl)-5-trifluoromethyl-benzenesulfonylamino]-5,6,7,8-
tetrahydro-vafiie paberiide ydb dyé acetiod@flthe present invention, an effective amount of any
M R R, S EERHIREN BTAD b1 composncs o
[(R)-5-(3,5-Hiadnvbatigrbenaqivsuiarsldicaly rEie; 7 Sxtetealtyolr estaptitba of Isydaxyirdstetiedacid; WO
2010/0181 18- . , , ,
[(R)-5-(3,5-%%D-$n{gt§§tr%§su fgggﬁ(gr?zcgﬁgg% #gnn;%{%?ﬁg)%%\%é[}tggﬁa {/td %Wa%hstfﬂgl’gnqﬁl-glloxyl-acetic
acid: combination. The compounds or compositions can thus be administered orally (e.g.,
[(R)-5-(3-m e INQY=5,8,4 87 : len-1-yloxy]-aceti
ORI sl P A R R

20" subcutaneously), rectally (e.g., by suppositories or washings), transdermally {e.g.,

skin electroporation) or by inhalation (e.g., by aerosol), and in the form of solid, liquid
or gaseous dosages, including tablets and suspensions. The administration can be
conducted in a single unit dosage form with continuous therapy or in a single dose
therapy ad libitum. The therapeutic composition can also be in the form of an oil

25 emulsion or dispersion in conjunction with a lipophilic salt such as pamoic acid, or in
the form of a biodegradable sustained-release composition for subcutanaous or

inframuscular administration.

In detail, the present invention relates to the compounds of formula 1
30



naphthalen-1-yloxy]-acetic acid,
[(R)-5-(3-flyasosprififivpromethyl-benzenesulfonylamino)-5,6,7,8-tetrahy dronaphihalignrgpXyj-acetic
acid; and any pharmaceutically acceptable salt or ester thereof. 10 In another specific embodiment,
the present invention is directed to a compound of formula | selected from the group consisting of:
{(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
15tetrahydro-naphthalen-1-yloxyl-acetic acid; R2
{(R)-5-[(3,5-di-tert-butyl-benzenesulfonyl)-methyl-amind
acid; {(R)-5-[(3,5-bis-methanesulfonyl-benzenesulfonyl
tetrahydro-naphthalen-1-yloxyl-acetic acid;
20{(R)-5-[(3-methoxy-5-trifluoromethyl-benzenesulfony ethyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid; RL\ \\“O
{(R)-5-[(3-bromo-5-trifluoromethyl-benzenesulfonyl)-mgthyl-amino]-5,6,7,8-
tetrahydro-naphthalen-l-yloxyl-acetic acid;
{(R)-5-[(3,5-bis-trifluoromethyl-benzenesulfo
25tetrahydro-naphthalen-1-yloxy).-acetic acig
{(R)-5-[(3,5-dichloro-benzenesulfonyl)-methyl~awinoi5;6,7,8-tetrahydronaphthalen-1-yloxyl-acetic
acid,
{(R)-5-[(3,5-difluoro-benzenesulfonyl)-methy. Fr\hno] 5,6,7,8-letrahydronaphthalen-1-yloxy}-acetic
i )-

T,8-tetrahydronaphthalen-1-yloxyl-acetic
I-amino]-5,6,7,8-

acid; 30{(R)-5-[(3,5-dimethyl-benzenesulfonyl)-methyl-aminoj-5,6,7,8-tetrahydro-
naphthalen-1-yloxyl-acetic acid; ((R)-5-{m =[3-(propane-2-sulfin
yI)-5-trifIuoromethyl-benzenesulfonyl]H ino}-5,6,7,8-tetrahydro- naphthalen -1-yloxy)-acetic acid; WO
2010/018112PCT/EP2009/060156 , -19 -
{(R)-5-[(3-cyclopentanesulfony1-5-trifluoromethyl-benzenesulfonyl methylarnlno] -5,6,7,8-tetrahydro-n
aphthalen-ByfbRprgEasedlisally acceptable saits and esters thereof, wherein R'is (1)

((R)-5- {meth?/b‘{@ ?r%éiH Pevilar f%@ﬁlﬁ@&’b%ﬂ]ﬁ%%%@%@'@}aﬁa@ 7,8-tetrahydro-na
phthalen-1-yloxy)-acetic acid; 5(( 5 {meth I-[3-(2- methyl propane-2-sulfonyl)-5-trifluoromethyl-

benzenésulftﬂ%ﬁFﬁﬁﬂﬁB}’ §Wt8q P&ﬁ}‘iﬁ?ogﬁ%‘b‘l’]ﬁ%éﬁ fingi8%y)-acetic acid:;
{(R)-5-[methyl-(3-pysreliigekry 1-5-trifluoromethyl-benzenesulfony1)-amino]-

5,6,7,8-tetrahydro- ni%qg‘ alen-1-yloxyl-acetic acid;

{(R)-5-[(3- dlethylaﬁ% *E%rifluoromethyl-benzenesulfony1)-methyl-aminol-
105,6,7,8-tetrahydi®-Adpithalen-1-yloxy}-acetic acid;

(E]F:I)Ic)ﬁﬂgl él:olp;?o Iigmetr% %@no&g r’gg V%L%mF%D%dbgy %rllggsulfonyll methylamino}-5,6,7,8-tetrahydro
(E]Rl) -5-{[B- I(1 1)d|f|l@ﬁ}cbembybyﬁmmmxnhethr;lhbeummwﬂf@wm}vmmhwamino}-S,6,7,8-tetrahydro-naph
thalen-1-yloxy)-acetic, acid: .
15{(R)-5-[(3-acety%bsi§}ﬁﬁ%o%kr%%¥hyl-benzenesuIfonyl)-methyl-aminoI-5,6,7,8

-tetrahydro- naphti{il}alm&eyleﬁkéﬂtmyétic acid;

((Rg E {lmethylI [3- ()615 %Bg%propyl) -5-trifluoromethyl-benzenesulfonyllamino}-5,6,7,8-tetrahydro-n
aphthalen-1-yloxy)-dcetic aci

{(R)-5-[(3- |sopropj@)dqm@b&ﬁéih9ﬁbenzenesuIfonyl) -methyl-amino}-5,6,7,8-
tetrahygyo-naphthaiey)-LwludarstiRzifky!

{(R)-5-[(3-isopropoxy-5-trifluoromethyl- benzenesulfonyl) methyl-amino]-

5,6,7,8-tetrahydro{idpHMaEReteyRspIRIENIO X Kid;
{(R)-5-[(3-ethoxy-54f Immwwé-@wn@%ﬁ%wom;hwmw%ﬁ 6,7,8-

tetrahydro-naphthalen l-acetic @F
25{(R)-5-[(3- cyclopentﬁ%ﬁ%ﬂgf ﬁf&&y kyeHER2EResulfony1)-methyl-amino]-
5,6,7,8- tetrahydrO(r1aphﬂg@eaﬂiywomamacﬁlmdwmrmaceutlcally acceptable salt or ester
thereof In another parglcular bodi h( Ip e s‘ent invention is directed to the compounds
20 ower h erocy ylsulfin
(14) lower alkylsulfonyl, lower cycloalkylsulfonyl, or

lower heterocycloalkylsulfonyl;



30 of formula | or formula 1A or pharmaceutically acceptable salts or esters thereof except for
[(R)-5-(3-flygro=5-1ri methyl-benzenesulfonylamino)-5,6,7,8- tetrahydro-naphthalen-1-yloxyl-acetic
acid and/og?{%%@f%%t%%ro-5-trif|uoromethyl- WO 2010/016112PCTIEP 2000 JagHLH0s1St

- 20 - benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid; and/or any
pharmaceutically acceptable salt or ester thereof. nldnother particular embodiment, the present
invention is directédapishe:campaunasydaaiifermula | or formula IA or pharmaceutically acceptable
salts or esters ther?tge{ fxceg)éﬂ%r _

[(R)-5-(3,5-dif|uorc§- VAL c&ﬁm%’ino)-&&?,8-tetrahydro-naphthalen- 1-yloxyl-acetic acid and/or
{(R)-5-[(3,5-difluorg-beineeretiolkymsrh)ametmd-aminop 5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic
acid; and/or any pglfg gcgyt{@ggg\g"gﬁeptable salt or ester thereof. 10 In another particular
embodiment, the présent mvention 1S directed to the compounds of formula | or formula IA or
pharmateutically acceptable salts or esters thereof except for

R)-5-(3,5-dj - | ino)-. dro-naphthalen-.1- -aceti id and/
(51035 R e B S R Viowyracetc
acid; and/oeap9phasmateossiiy ateresiaboeyaltios estdrenentisineranothél partnilamensbodiment,
the presentjoveniign |5 dirpeied (o INgCOMPAURASOfHoroNa | Y, oUpB A pRRfmaceutically

acceptable salts or esters thereof 20 except for

[(R)-5-(3,5-HHFEtHMLOERBRANOAS| ShTRIB).Ee6! 28 idtiaplardaEsthalahayiasg tealic acid and/or
{(R)-S-{b?,5aﬂwﬂ@ﬂr@@@&@%@%{f{w{w@%@é—@%ﬁ&k&,iﬁ,¥h§-¥sn@bgﬁy%mﬁ%ﬂéﬁ@%@fw}-aceﬂC

acid; and/or any pharmaceutically acceptable salt or ester thereof. 25 Tn another particular
embodimeriETHEBEs BN iR GRS tRBeE Ll a@¢Bpounds of formula | or formula 1A or

pharmaceutically acceptable salts or esters thereof except for

trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8 etr dro-naphthalen-1- 30 yloxyl-acetic acid;
and/or any pharmaceutically acceptable salt or ester théreof/WO 2010/018112PCT/EP2009/060156

trifluoromethyl-benzenesuIfonyl)-methyl-amino]-ER&.L&pe’tero-naphthalen-l- yloxyl-acetic acid;
and/or any pharmaceutically acceptable salt or ester thereof. 5 The compounds of the present

invention can be prepared by any conventional means: Suitable processes for synthesizing these
compounds are provided in the examples. Geférally

15 wherein R, R? and R are as defined previously.

in ancther embodiment, the compounds of formula | are (S)-enantiomers or
pharmaceuticaily acceptable salts or esters thereof as depicted in the following
subgeneric structural formula 1B for the (S)-enantiomers of formuta I

20



Compounds of interest la can be prepared according to Scheme 1. Starting with naphthalene-1,5-diol
(1), palladiyp sai@hszeeh hydrogenation gives 5-hydroxy-3,4- 15 dihydro-2Himapbihalepsisene (),
which undergoes nucleophilic substitution with tert-butyl bromoacetate (IV) under basic conditions to
generate the ether compound WO 2010/018112PCT/EP20091060156 - 22 - V. Reductive amination
of the intermediate V with ammonium acetate follswed by chiral separation yields the corresponding
ydrachlgmde salt) with a variety of aryl sulfonyl -
lation of the N-H sulfonamides VIII gives
s compounds of interest la. It is also
possible to synthesize enantiomerically pure compouogs of interest la, starting with racemic VI (or its
hydrochloride salt), and using a subsequent chirg}resolutian of racemic intermediates VIII or IX.
Alternatively, optically pure la can by obtained via a chiral separation of racemic compounds of interest
la. 10 5-Hydroxy-3,4-dihydro-2H-naphthalen-1- , Which is commercially available, can be
prepared by hydrogenation of naphthalene-1 ! he reaction can be carried out in the
presence of palladium on carbon (10%) under<00 aotessure of hydrogen under basic conditions in
a solvent such as isopropanol, ethanol, ethyl 15 acetate, or methanol, at 80 C for several hours. The
nucleophilic substitution reaction of 5-hydrc:‘zfﬁ-dihydro-ZBI-naphthaIen-l-one (111) with tert-butyl

bromoacetate (V) to give the ether compound V can be accomplished using methods that are well
known to someone skilled in the art. Theyg@reaction is typically carried out in the presence of a
carbonate base (e.g. cesium carbonate, E{gtassiurp carbonate, or the like) or potassium hydroxide in
an aprotic solvent such as ac¥SHRIE NRNENFhBIBTR AR JafinedopraviriBt sulfoxide, at a
temperature between 50 and 100C for several hours. 25 Transformation of ketone V to amine VI can
be achievethvdadeditcivesdningiiane Hheepnversiamnnas Brcasied aWdmptamvsednshirmpy treating
ketone V with ammonium acetate or ammonia to generate the corresponding imine, which can then be
isolatedand PG HAE S GRADIE PRLREIRY LGA 5 URRSTS BEIO Ry IRAES RTRSB possible to
carry out theosagoangadtionragguence in one pot, with the imine 30 formation and reduction occurring
concurrently with the use of reducing agents such as sodium cyanoborohydride (NaBH3CN) or sodium
triacetoxyborohydride (NaBH(OCOCH3)3). The reaction is typically done in a solvent such as
methanol ointetraleydbafdirmanatre terapenatove fiew éedimrectkedténrtheratune cundisesiufo temipdrature WO
2010/0181 T / -23 - f r .Chiral chromategraphy is then used to
separate th%?a?gﬁgr{rggré%q%%c%ﬁﬁééé%%éea?n%ﬁw%%?hﬁét%%ﬁr?%% gﬁ%?%‘%% %ﬁgﬁﬁ? %%?é R enantiomer
of amih@ VI. 5 Sulfonylation of the amine compound VI (or its hydrochloride salt) with the aryl sulfonyl

chlorides of pHURBEBAALIRALR Blifnam it prlt eanvcersviararBlsner R nagpelfinds vel

known to someone skilled in the art. The reaction is typically carried out in the presence of a base
such as tricdh{pEmiNR ARIIBpYRIBYLGRINE MSaRIRRe splimusthsiaryritrerl WisieéiR aisuitable inert
10 solvent gyghygglichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at
room temperature for 16 hours. N-Methylation of compounds VIII to produce the corresponding
derivatives IX can be achieved by treating compounds VIII with methyl iodide in the presence of a

weak 15 |n another embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof, wherein R' is methyl.

In a more particular embodiment the present invention is directed to the compounds
of formula IA or pharmaceutically acceptable salts or esters thereof, wherein R is
20 methyl.

In another embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof, wherein R is
fluoromethyl.

25



15 base such as potassium carbonate or sodium carbonate, in an inert solvent such as N,

N-dimethylé%r’g@mi&%j (fzcetonitrile, or tetrahydrofuran, at 65 C for 5 hours. @yg@&f&ggﬂpounds
VIII or IX gives the acids la. The reaction can be carried out in the presence of an aqueous inorganic

base such as sodium hydroxide or 20 potassium hydroxide, in an inert solvent such as 1,4-dioxane or
tetrahydrofuran, at room temperature for several Hobdts. Alternatively, the optically pure enantiomers of
compoundsroé imtere siddicaia benaitdineshviadhpeasaneinwetias desicabied abtve ctanpiogwdth the

racemic amipg 25 precursar for VI (Scheme_1, step 3. prigr to respluti ngée? d ysin .a?ter step chiral
oparation Ol P R L e RG-SO SRS
2010/01811apOm/ERP009/060156 \ N.. Ar ArSO,NHMe XII 1 99 :s, NAr Alternatively, the key chiral
intermediate VI can be prepared via an asymmetric synthesis approach shown in Scheme 2.

Reduction of the ketone V to the corresponding hydroxyl compound XI can be done enantioselectively

by usin§ thi: ZopifgrembesiorfirmalarRs@itasigntancsidiye cisshiaithia goymeweds glace of
mesitylene}dn-1e RISSERERABURIS RPILHBIaKIaMIG 3 eORGRLINS YREPKH gompound X is then

converted to the amine hydrochloride Salt VI via a two step process: First, the alcohol XI is converted
to the correifep@metRitio analogue (with high preference for inversion of stereochemistry) using
diphenylphosphoryl azide
tn a@ more particular embodiment the present invention is directed to the compounds
10 of formula 1A or pharmaceutically acceptabie salts or esters thereof, wherein R’ is

difluoromethyl.

In another embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof, wherein R’ is
i5  trifluoromethyl.

Iin a more particular embodiment the present invention is direcied to the compounds
of formula IA or pharmaceutically acceptable salts or esters thereof, wherein R' is
trifluoromethyl.
20
In one embodiment the present invention is directed to the compounds of formula |
or pharmaceutically acceptable salts or esters thereof, wherein R? and R® are
independently selected from the group consisting of:
(1) halogen;
25 (2) lower alkyl;
(3) lower alkyl substituted by halogen;

)
)
(4) cycloalkyl;
(5) lower cycloalky! substifuted by lower alkyl;
. {B) lower heterocycloalkyt;
30 (7) lower alkanoyl;
(8) lower alkoxy;
(9) lower cycloalkoxy;

(10) lower alkylsulfinyl;



10 (DPPA) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Hydrogenation of the azido derivative,
followed b ith chlorotrimethylsilane and methanol, gives the ai ide VI
bearing th()-:-w Jggér@gi r%%ﬁ&éochemistry. The key intermediate VI can then be %%%%%%%gﬁd%%@r?égmediates
IX, and subsequently transformed to compounds of interest la, as previously described in Scheme 1.
15 Additionally, the chiral alcohol XI can be convertéd to the key sulfonamide intermediates IX via a
one-step Mitsunolj@rireiaetiareiijls tiferappropriate WO 2010/018112PCT/EP2009/060156 - 25 -
sulfonamides XII. Ester hydrolysis to Cguduc  compounds of interest la can then be carried out as
previously describééargogag&#jofikg q%ﬁi of the ketone V to the hydroxyl compound XI can be
done 5 enantioselg@iMelydyalisitagrancatatyst such as chloro-[(1S, 2S)-N-(p-toluenesulfonyl)-
1,2-d|phenylgthan@-&iiﬁmg%(gﬁ?g%xlg Oe) rut_henlum() (X), or a. similar catglyst containing cymene in
place of mesitylene, in formic acid-trietnylamine azeotropes (5:2 molar ratio) at room temperature for
severalhours, and then at 45 C for another few hours (references: Fuijii, A. et al., J. Am. Chem. Soc.
118 (1996) 252 lladnainldrérfH0e RN Bl oA E0pL AL 91 B X Bisilacapent of the
hydroxyl group of structure XI to give the corresponding azido analogue (with'a hig selecS:tl|V|ty for
inversion of @terdadiuraiary)aceibeadvineoentahersalif paasirmridorssmpersia Rf and®’ is
diphenylphpsphon azide:(0RBA) With-b,8rdmdiazaisycIRiS 4l nsiesn-eRp SaRIAHHferpnhydrous

conditions at.a temperature between 0 C and 10C for 18 hours in an inert solvent such as toluene or

N,NdimethyFolsr&Ri@e CHPERo8ERERBA-the above azido derivative to give the corresponding amine VI
with 2Q getained chirality can be carried out in the presence of 5% palladium on carbon under 350 psi
pressure of hydro%{;n, at room temperature for 1.5 hqur, in an organic solvent such as ethyl acetate,

methanol, JF @RSHEF FREAHESEAE0G SLIREERIRYRRE IR A6k BeiRmAoRRPUIFtRE sulfonamides
Xfll 2_5his W?Hﬁkﬁgﬁn o gamﬁm&d" akﬂ?@ '@bt!f@%bxa Ihatrg_@efésslfﬁi@ Riesdyvaasrsd rEﬂt@itcirlflﬂaﬁesloresence
of triphenylphos and diisopr azodicarboxylate, in a solyent such as tetr rofuran, or
A e SRS A e T
intermediatbatyll dnlXctodhseoifpenmdsiohéntere:t lor iRiemedtviett aprprsviousy-deseribed in

Sche %1 above. Compounds of interest Ib, with sulfonyl or sulfinyl groups on the aryl sulfonamides,

can be prepared according to Scheme 3. A sulfonylation reaction of ((R)-5-amino- 5
5,6,7,8-tetrahyrhatirapthaledihgmoxiequeticacidventiboty éseetdrydrdbblondesattdybhiand
3-fluoro-5-tgifluor - n ide. ( [ ich B methylation
is converteggmm%%lgﬁébgﬁﬂé?n%sﬁﬁgn&téé%@g%%r%\%%%/%%F%\%@%Op ?I%%Jgﬁﬁtlgﬁ %f {%]e
intermediat®Wer witylthidrs tutedftor delbeesuskpyBednipountmeiiyil difkiete tine ttahsformed to

cither sulfingh(sihor 3P SRR~ ) SSualias X Uhyiaypiaton yadericonyolled condions.

Ester hydrolysis of XVIII produces compounds of interest Ib. Sulfonylation of the amine hydrochloride
salt VI3Rith BisrReBuHAnBIbHRsaRieNz dReRMEMERISREETIX BRIV R giMSRIRfShaPhiBedsXIV can be
easily accogpplishgghdtpyising methods well known to someone skilled in the art. The reaction is
typically carried out in the presence of a base such as triethylamine, diisopropylethylamine, WO
2010/018112PCT/EP2009/060156 - 27 -

in another embodiment, the present invention is directed to the compounds of

formula | or pharmaceutically acceptable salts or esters thereof wherein R? or R% is
25 lower cycloakyl such as cyclopropyl, cyclobutyi, cyclopentyl, cyclohexyt or

cycloheptyl. In some specific embodiments R? or R® is cyclopropyl or cyclopenty.

In another embodiment, the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R or R% is
30 lower cycloalkyl substituted by lower alkyl such as 1-methyl-cyclopropyl or 1-ethyl-

cyclopropyl. In some specific embodiments R? or R® is 1-methyl-cyclopropyl.



pyridine, or dimethyl-pyridin-4-yl-amine in a suitable inert solvent such as dichloromethane,
acetonitrilegy4:9ipxane, tetrahydrofuran or mixtures thereof, at room tempgratppey iRk hours. 5
N-Methylation of N-H compound XIV to produce the derivatives XV can be achieved by treating
compound XIV with methyl iodide in the presence of a weak base such as potassium carbonate or

sodium carbonate, in an inert solvent such as N,Ndimethylformamide, acetonitrile, or tetrahydrofuran,
at 65 C for B kowtsel emerteoghilidis bstitent nveie s s olsstitatte campoundsKyf with thiols XVI

fo give the Fplkyleyifonyl Analonyes: XY 4can e danp N RISHIGE A1 ArAS: RUgh RS gotassium

carbonate, cesium carbonate, sodium acetate, or triethylamine, in‘a solvent suc
N,N-dimetHghehaiciasyaiardey Puahicedepatising), MR TR hiiuPy T Bhgiert, it aa@@perature

between 1Q0,gRf 18P0 HaRRUR3G RO I3 MiMwies, under microwave irradiation. Alternatively, the

reaction can be also carried out without the use of a microwave at a moderately elevated temperature
for a Ioﬁger reaction time. Oxidation of the sulfanyl compounds XVII to the corresponding sulfinyl or

sulfonyl 20 jgnadee e BhcAeRetasieaeshu s8R 9 iR Stdeh@ sHavehagaiLRgsside or

mchloroperoxybenzoic acid (m-CP_BAZ),{in an inert suitable solvent such as dichlorgmethane or

dichloroethiHEWR LA RIBIRSEUHARN RIGRIERS St Queste e er 1srpa Btre Befiveen 0 C

and room tesaperalasoldrssRYess| ropisndyitematyely, 10 XemMEslusfinaawbbereses widgrrontrolled
conditions to %iv ?ither 25 sulfoxides or sulfones XVIII. Typically, the reaction is carried out in a

suitable sofNeftSich as ethanol, methanol, acetone, dichloromethane, water or mixture thereof, at the
tempetature between 0 C and reflux temperature for several hours. Formation of sulfoxide or sulfone

relies on the_stoichiometry af the reaction. and. reaction_time. (reference: Llauger L., at al., Tetrahedron
ot 45 oD PO e S e R S e g e o
2010/0181 faPCTHER2PDSIOGALGicaly- dnmpiatie saliomssaiaThieadiieHaraim iRBrrsBivent such as

1,4-dioxane Qr r e tue I b interest Ic can
be prepare?c?%lgfcggﬁﬁ to g?k?esrﬁle‘:é& f n L%%Fgggh?ﬁg}é%%%%}[ﬁt%#}r%%%%nf%ﬁ%%}fcqgr%%%ég%ing fluor
substituted $egHaUmEyAMicE-Mtaith tnesapis spesticambedixents. gR7etR dminetkunstituted
intermggiiatg&}g&, 5?'#9&5}6‘?9 SIpase-catalyzed ester hydrolysis. 10 The nucleophilic substitution of the

fluoro group of compound XV With various amines XIX to generate the amino derivatives XX can be
carried out with or without the presence of a base such as sodium hydride, potassium carbonate, or

cesium carpopatantt amneii-sohe s pabsantaiianydroii@ndinath sulboige el NAN- 15

dimethylformamide at a temperature between 100 and 150C for 15 to 60 minutes upder_microwave

irradiation. REMENIPTRENRERITRIX AT BRPHRRIBFALE At eFieR BREaabRIRIRLR: /57 IBnger
reaction timgwéthsdidaikeawy avenrerdiaibub Hydydy sicrirsiaisyX it gives Bgse@®pounds of interest of

formula Ic. The reactions
0% embodiments, R or R? is cyclopentoxy.

tn another embodiment, the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein RZor R® is
ower alkytsulfinyl such as methyisulfinyl, ethylsulfinyl, or isopropylsulfinyl. In some

25 specific embodiments, R? or R® is isopropylsulfinyl.

in another embodiment, the present invention is directed to the compounds of

formula | or pharmaceutically acceptable salts or esters thereof wherein R* or R is

lower alkylsulfonyl such as methylsulfonyl, ethylsulfonyl, isopropylsulfonyl, or tert-
30 butylsulfonyl. in some specific embodiments, R? or R? is methylsulfonyl,

isopropylsulfonyl or tert-butylsulfonyl.



20 can be carried out in the presence of an aqueous inorganic base such as sodium hydroxide or

potassium 5%;%?8{ ,an inert solvent such as 1,4-dioxane or tetrahydrot[}tr | temperature
for several hours. yn?hesis of the compounds of interest Id and le is illus ra':%%?i%%%%ggﬁ% 5.

Sulfonylation of the amine hydrochloride salt VI with the bromo-substituted aryl 5 su[fonyl chloride XXI
gives the corresponding sulfonamide XXII. The sufféhamide NH in XXII can be substituted with a
methyl group tmgiiver tamisodiespuntiegdesardtinesixbih. id Sitdleteaupling teagtiombetvieen the aryl
bromide XXl and tributy1(1- ethoxyvinyl)stannane XI1V), followed by acidic workup; prodsuces the
cetone X PAMIER Gl R REt A0 s CUIE SEMR BT ST JHOH et ki 20
nucleophilitofivarrinaiivalksdertesy BEsteh lapdeptysis e tise foetiy byoltdndapsdésdds or XXVII generates
the compo int a S iyely. . 013112PCT/ /060156 - 30 -
SuIfonylati(L)(J;rgf%ﬁ)ﬁ%ﬂ fr%ﬁlﬁé 'lﬁ Idﬂoch%j%eggggs@ %ﬁ‘ﬁ@lﬁ%ﬁéﬁn uordr%gﬁé%%%yé%ﬁwghyl chloride

(XXI) to>give the sulfonamide XXII can be easily accomplished using methods well known to someone

skilled in the, artofihe Eacion-Ris ol carriab ALt indhe BIasanGe GRS tiethylamine,

diisopropylethylamine, pyridine, or dimethyl-pyridin-4-yl-amine in a suitable inert so!?vent gqch as
dichlorometRERe/2ac@iGhiimaasealitelsrecariahiareiisan o ek thrse hareeRiatRoemRefperature

for 16 hourg,d& MibyRiibatRmahsWionemideangl immrolem s A DRaSRgsisgivagve XXIIl can

be achieved by treating XXIl with methyl ipdide,in the presence of a weak base such as potassium
carbonate GPERIRRAHISENRRS I TERBmRrEdN AT BEEN SSIFe NEGRERYy lformamide, acetonitrile, or

tetrahygrofuran, at a temperature around 70 C for several hours. 15 The ketone XXV can be obtained
reaction between the bromo derivative XXIII and tributy1(1-ethoxyvinyl)stannane

by the Stille couplin , rivative,

(XXIV), ol B RBSPE GBIRIR BB s R RFPRG B RN OO A R RBH BRSPS for 30 minutes
to 18 hoursfamrnter or ghenrisce gfostiesargp tetiameato biraptcrhensilef eendring Réaetioniz0 is
typically carrE'eq ou.'%in therpresen(fhe ?f a. allagj‘g catalyst such as.I , E i
tetrakis(tripﬁeﬁﬁgﬁo%&%e)apsan.ée| '5?’05(' %’M}%r 1'9ePrOPYIamina. in Some Speciiic
bis(diphenyéphtmsgihiro)ée RécerRidichietbpialtaidium (11) (PdC12(dppf)), in an inert solvent such as
N,N-dimethylformamide, toluene, dioxane, acetonitrile, or mixtures thereof, at a temperature between

80 and 150 C for 1 to 18 hours under an argon 25 atmosphere. Alternatively, the reaction can be
carried out in nethersemoeamesidibenrgidat sacntioe dipakatiang¢) Puttgba)gis and

riphenylarsiie.(fRneespntipnsiaumalin al %@g‘(&%@@@?ﬁgp@ﬁw@?& RINPRIEVI can be

accomplished with nucleophilic fluorinating sources such as diethylaminosultur 30 trifluoride (DAST),

bis(2-meth&igtrgEmminustiRg imasidenorsiomyer)eNsetyBdulernpraeagent),
ast-difluorogrings b Y=HiatIia Soafigre-im: sneibuinennd) aminerDEMBAY ISHRSS with or without

a suitable solvent such as tetrahydrofuran, dichloromethane, or mixtures thereof; at a temperature
betwedh VRSBYIBPSIGANS P P/EP2009/060156 -31 - room temperature and 180 C for several hours
(reference: Lal, G. S. et aL, J. Org. Chem. 64 (1999) 7048). Ester hydrolysis reactions of either XXV or
XXVII prodvce the comﬁounds of jnterest 5 of formula Id and le, respectively. The reaction can be

carried out i B PRIGEHIE BMbPdiedudin VgsAR e ine S GsdRthich i SRt st adsium
hydroxide, foraninerbsphentsceitiasil, 4ciopangeosiry ahydrefuramrabioamriamrérature for several
hours. hydrogen and at least one of R? or R®is trifluoromethyi,
25
In another particular embodiment, the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R’ is

methyl and at least one of R? or R® is trifluoromethyl.

30 In one particular embodiment, the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R* and R®

are as defined previously for formula | except that R? and R® are not both fluoro.



Scheme 6 WO 2010/018112PCT/EP2009/060156 - 32 - Compounds of interest If and Ig can be
synthesizeg,as,jlldsigigd in Scheme 6. Suzuki coupling reaction between gler}?{ﬁf@%-@%%ituted
compound XXII and 2- isopropeny1-4,4,5,5-tetramethy141,3,2]clioxaborolane (XXVIIl) generates the
corresponding isopropenyl compound of structure XXIX. Ester hydrolysis of tert- 5 butyl ester XXIX,
followed by re-esterification with methanol gives th'e1r7n‘ethyl ester XXXI, which is further N-methylated
to yield intdmastithenpaxicukreatmimatotole fims)Oxed enith cBatiom st hiiveet€X lihefobawediaysester
hydrolysis t finter - N-Methylation of the bromo-substituied c ound
XXII gives %@%@?ggg(?nrc Ing ﬁ.é%rr%\%g[{?eg @?)ﬁ ﬁ(t'!\%%[%ﬁ is” I]%ésnotrrgr?g &rr%ee(ﬁg t\FqJeFi e mgﬂﬁ? ated olefin
XXXV via Suguis eelfipeagpresisisiniinformoisrosenspiahabld: oudiictsynal i Rlchmaorolane
(XXVIII). Hydrogenation of the olefin XXXV, and subsequent ester hydrolysis affords compound If. The
Suzuki coupling reaction between compound XXII and 2-isopropeny1-4,4,5,5- 15

tetramethy12 Bl Geaieitiape prINaN ol BraReBldfivendivvaiArnzxed taihsecoardednsis in the

presence obspafiafiur-Gitalyshesch-at elkakisdrrhenvinhosphineinalladiumiAl (RUBRARA). or
[1,1"- bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (Pd(%lZ(dppf%,pand a base such as
potassium &R-BEEKIMNESPERRIA L APh &A1 SHGRBHTS RNShESRER AStEP NI, Rnefivethylformamide or
dimethyl sulfoxide, at a temperature between 130 and 180C for 15 to 30 minutes under microwave
irradiation. Alterngtively, the reaction can be carried out without the use of a microwave at a heated
tem peratur@s%%%é%f %’6"@"[’8[( g Wb%%%%c&% RERReAS P ERILISAS AR IP SPeerRBIRYHES R r X XIX
tho éhe|metm? ﬁstauPéX??P @mrbﬁa%@@m'ﬁmﬂisbde@bmw% %@msofrbgta@tf&@dw%ia@rafbﬁgﬁocafalyzed f
ydrolysis of XXIX tq.the corresponding_ aci X. The, reaction can be carried oyt in the presence o
an aqueou?fﬁo%gr#&rﬁgs%rgﬁﬂﬁ%&(?ﬁf%&m o%&g%rt%agi’géﬁﬂﬁt i} i%g,girné%rﬁrfé?\tg fivent such
as 1,4-dioxaamgetatahyeiofliran, at room temperature for 30 several hours. The methyl ester XXXI
can be obtained by treating the acid intermediate XXX in methanol in the presence of a catalytic
amount of thionyl chloride under microwave irradiation at a temperature of about 100 C for 15 to 30
minutes. WO2000#0383d P ETIRRROOSOBRTe s3] inVhsticorieshaudatyitanvetmpocompdund XXXII
can bj geacfigxﬁj%opéggept)é g}xlmggrgtéﬁomﬂggﬂg %%XI with methyl iodide (X). The reaction can be
carried out in the presence of a weak Dase such potassium carbonate or sodium carbonate, 5 in an
inert solvent such as N,N-dimethylformamide, acetonitrile, or tetrahydrofuran, at 65 C for 5 hours.
Transformation of&ﬁg_gl_%ljg)&}&{I&@-H&EQH@&BW%%W&’QE@?}Q-%%W%?ﬁéfﬁ%gg}]g@ achieved
by treating compound XXXII with diazomethane (XXXIII) in the 10 presence of a palladium catalyst
such as palladiumy&eetaeshalReilim(11)acetylacetone, or palladium dichloride bis(benzonitrile), in a

Solvent such s dgRIPBBRsBe B HEINFLIGEAQNla R D55 SHgERAyBica temperature

between 0 C and room temperature for several hours [reference: Staas, D. D. et at Bioorg. Med.

Chem?%4 (2006) 6886 BIERdEKERRELS BE'Freshly 15 prepared in situ and used in a solution of
ether or dioxane. & &«rpiginthargrmetameiilibaraiadfons, o, sEubanpfdonipsebienethylurea in
diethyl ether by the adtiition of agyeous potassium hydroxide at low temperatures. Ester hydrolysis of
the cyclopropyl c&ﬁ% ﬁ&%&)@l ives compound of interest of 20 formula Ig. The reaction can be
carried out in the pi@sen(3:5E Riuagueetssinesgionyase sHEl6a5 ditaitah ydrexgetbaleatassium
hydroxide, in an in%t ) IvenIt suck{lj_as 1,4-dioxane or tetrahydrofuran, at room temperature for several
hours. yloxyJ-acetic acid;

25 [(R)-5-(3-isopropyi-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;
{{R)-5-[3-(1,1-difluoro-ethyi}-5-trifluoromethyl-benzenesulfonylamine)-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-[3-(1-methyl-cyclopropyl)-5-trifiucromethyl-benzenesulfonylamino)-

30 5,6,7.8-tetrahydro-naphthalen-1-yloxy}-acetic acid;
[(R)-5-(3,5-di-tert-butyl-benzenesulfonylaminec)-5,8,7,8-tetrahydro-naphthalen-

1-yloxyl-acetic acid;



As described in Scheme 5, N-methylation of sulfonamide XXII to produce the 25 corresponding
derivative 38l F@am g achieved by treating XXII with methyl iodide in the pregepsqofawgak base
such as potassium carbonate or sodium carbonate, in an inert solvent such as
N,N-dimethylformamide, acetonitrile, or tetrahydrofyran, at a temperature around 70 C for several
hours. 30 The Suzuki coupling reaction between the N-methylated compound XXIII and 2-

isopropeny1-4,4, {{Rirhfetisie B 2epdiborohareerssiynylgnodd defif-thirvhyde X XXV can

be carried out in suniar é\glalqn éggﬁg%é\gove in the presence of a palladium catalyst such as
tetrakls(trlphenylphoépkl;{ne)pall%?gilx é WO 2010/018112PCT/EP2009/060156 - 34 - (Pd(PPh3)4),

or [1,1"-bis(dipher{fphedgHirriiTersoecnapachmordpdeenzen s beryiaripehp. andtietssysiieh as
potassium tert-butoxige-ars0diym.camhonrteda.an inert solvent such as N,N-dimethylformamide or

dimethyl sulfoxide, at a temperaturé between 130 and 180 C for 15 to 30 minutes under microwave 5
irradiation. Alterndf ﬁé@r(ﬁ‘@*’%‘a‘&t%ﬁ‘ﬂaﬁTB@EQPMBGWM[RQM@W@&)@W GOREHRYS U heated

temperature suchashsferfor-adnuatsaadinn:time. The compound of interest of formula If can be

obtained through h%_(;lro%enatlon oflntermedlate ng&%'?v foIIo ed by ester h dror¥13|s The
hydrogenation caH/B& RAreP Ier ot iH IR TrELEHENGF 1854 IRmdaiiRCom Fbé risdimospheric

pressure of hydroggphma]éﬁlvepbgwcm@ﬁmogrﬁthyl acetate, or methanol, at room temperature for
several hours. Alternativel theg%& enati grﬁactl can be carrlegd out using a microwave in a

solvent such as ef?ﬁ%BP ?Fg %??%8 o?au eﬂr%'s%ﬁ of 50 psi, at 80 C for several

minute$. Ester hydrolysis 15 can be accompllshed in the presence of an aqueous inorganic base such

as sodium r Ssiy rQ nlnerts dioxane or
tetrahydrofEﬁrla%n g Foom Bt%%pge?qa 8%8?@35’& So%rfg %Vg%@?ggﬁ{ﬁ%fﬁ%égrﬁpoounls% wﬁere an
alkyl or cycioatkyiegreafetRy) frotinkexigmthecarosistigriig through an ether linkage, can be prepared
according to Scheme 7, by starting with nucleophilic substitution of the fluoro-substituted compound
XV (prepared as WO 2010/018112PCT/EP2009/060156 -35 - described in Scheme 3) with the alkyl or

cycloalkyl alcohol§(RxPtlusive-thisidhersesoniiiengrswediop dseetpdramiisl Sdhidrsion of the
fluoro-gubstituted RAFBRPHS dn>é HP Sthers )e;@%‘}/gcg@db %,@chleved 5 by nucleophilic substitution
XVI

reactions with the at%) ate alcohols X In the presence of a base such as sodium hydride or

potassium carbonft %@ri%%’%W%@%W@beﬂﬂﬂn@ﬁﬁﬂ@k%ﬁaﬁ@rﬁ@é@ﬁmbetween

100 and 150 C fonkpfg-aRminyisswadermigiawave irradiation. 10 Hydrolysis of compounds )(XXVII

gives the compounds of interest Ih. The reaction
{{R)-5-{(3,5-bis-methanesulfonyi-benzenesulfonyl)-methyl-amino]-5,6,7,8-

tetrahydro-naphthalen-1-yloxy}-acetic acid;

20 {R)-5-(3-methoxy-5-triflucromethyl-benzenesulfonyl)-methyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)}-5-[(3-bromo-5-triflucromethyi-benzenesulfonyl)-methyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-[(3,5-bis-trifluoromethyl-benzenesulfonyl)}-methyl-aminc}-5,6,7,8-

25 tetrahydro-naphthalen-1-yloxy}-acetic acid;
{{R)-5-{(3,5-dichloro-benzenesulfonyl)-methyl-aminoc}-5,8,7 ,8-tefrahydro-
naphthalen-1-yloxy}-acetic acid;
{{R)-5-{(3,5-diflucro-benzenesulfonyl}-methyl-aminol-5,6,7,8-tetrahydro-
naphthalen-1-yloxy}-acetic acid;

30 {{R)-5-(3,5-dimethyl-benzenesulfonyl -methyl-aminol-5,8,7,8-tetrahydro-
naphthalen-1-yloxy}-acetic acid;
((R)-5~{methyl-{3-(propane-2-suifinyt)-5-triflucromethyl-benzenesulfonyl]-
amino}-5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid;



can be carried out in the presence of an aqueous inorganic base such as sodium hydroxide, lithium

hydroxide, @rPiassiypn,hydroxide, in an inert solvent such as tetrahydrof @:Er%% -dioxane, at room
temperature %Jr s%’?/era[?%ours. 15Scheme 8 0 0 R1"S" NAr 00 \V/ Rl-.N.SL,Jir é’éﬁl@ﬁr

Compounds of interest li, which contain an N-difluoromethyl sulfonamide group, can be prepared as
shown in Scheme 8 above. Derivatization of the N=H $ulfonamides 20 ViIi (prepared as described in

Scheme 1 above) {¢iVeS-(ecyotmhataan©s Xt hyESteifingdoohgsis/bb $0aeridspichyCesethyipounds of
interest li. Conversion nds VIl to the, carresponding difluoromethyl sulfonamide
5 6O R v nElcRS ok

derivatives XXXV Catibe HeHEva Aoe ISR S ucgr%?naeci ane 25 (Freon-22) in the

presence of a baséRSiCKaeihytdssinrofarkakisiefondhineftuWorz01 9082 & ARCIMHERR009/060156 -

36 - solvent such ggn%‘giglggtgxgg?ﬂ%%iﬂ ﬁﬁ%g%ﬁ%ﬁ%ﬁ[ﬁ%&fégr n, at 70 C for several hours
]

[reference: Petko, K. et al, Russian Journal of Organi ry, 2), 1030]. 5 Hydrolysis of
compounds )(XXVIIRyerds b it &2iEleyhaionsn eansbéoaytiddiolivinemerdsence of an aqueous

Inorganic base suglas.sad(HBRHUMS o SFtasRMIDIBRAAAHR BRNSbPIE RUEhAS

1,4-dioxane or tetrahydrofuran, at room témperature for 'several hours, or at 40 >For 1 hour,

Compounds of int&/@stdiatrCorvara L idordHiberaseiodsaire gesuoosh-seiidpared as
shown in Schemeg@bavesthaiMpiizration ol dhe Nl sulianamigdes. 15 VIl (prepared as described in

Scheme 1 above) via a two-step process gives the hydroxymethyl-substituted intermediates XL.
Conversion of the%&i’r%%ﬁf%?ﬁg}’@é’ﬂvgf "égf%?%rﬂ?@é’éiﬁ@gﬁ%ﬁw%ﬂ?dﬁ?éwﬁéﬂ@%s, by
treatmegt with diethglansingsaiyd isithaeteBAS Tl olglayseddygster hydrolysis, produces
compounds of inte& : j-'{éc—)(isopropyl-methyhamino)—5-triﬂuoromethyl—benzenesuifonyl]-methy[~
amino}-5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid;
((R)-S-{[3-(_‘i ,1-diflucro-ethyi)-5-triflusromethyi-benzenesulfonyl]-methyl-
amino}-5,6,7.8-tetrahydro-naphthalen-1-yloxy)-acetic acia;

15 {(R)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfonyt}-methyl-amino}-5,8,7,8
-tetrahydro-naphthalen-1-yloxy}-acetic acid;
((R)-5-{methyi{3-(1-methyl-cyclopropyl)-5-triflucromethyl-benzenesulfonyl]-
amino}-5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid;
{(R)-5-[(3-isopropyl-5-triflucromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-

20 tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-{(3-isopropoxy-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthaien-1-yloxy}-acetic acid;
{(R)-5-{(3-ethoxy-5-trifluoromethyl-benzenesulfonyl}-methyl-aminol-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;

25 {(R)-5-{(3-cyclopentyloxy-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid; and
any pharmaceutically accepiable salt or ester thereof.

In another particular embodiment, the present invention is directed to the compounds
30 of formula | or formula A or pharmaceutically acceptable salts or esters thereof

except for [(R)-5-(3-fluoro-5-trifluoromethyi-benzenesulfonylaminoe}-5,8,7,8-

tetrahydro-naphthaien-1-yloxy}-acetic acid and/or {{R)-5-[(3-fiuoro-5-trifluoromethyi-



Conversion of compounds VIl to the corresponding hydroxymethyl-substituted sulfonamide derivatives

XL can be L Y& 19}/151 two step process, as described by Rapoport, H. bhem. 67
(2002) 1314]. ‘ﬁ’ea@ment of IX with benzyl chloromethyl ether, followed by%ﬁ@%@%@@%é the

resulting benzyl ether 25 produces the hydroxymethyl-substituted derivatives XL. WO
2010/018112PCT/EP2009/060156 -37 - Conversiorbf alcohols XL to the corresponding
fluoromethylesirestitsifdrdeyivaitigs aambpHe QB Bishieddoy-tiephtrem withy dieghdestin esidfur
trifluoride (DAST), as described by Beauve, C. et al. [Tetrahedron, 55 (1999) 13301] Hydrolysis of the
5 resulting QQFZ%) 8Ryeg%ﬁEmaac?gﬁgalfﬁea?ggé%ﬁec ﬁ['b%r(?a%’ 'é(ﬁ%ﬁ%‘the presence of an agueous
inorganic base such as sodium hydroxide or potassium hydroxide, in an inert solvent such as
1,4-dioxane.o ran, ] QUIS, Or 0.C for 1 hour.
Com pound?gfélﬁ%%g %%@e%é%%ﬂ%@%ﬁ%%%%Eﬁéﬁn@)ﬁd géjsgr?%)t/%gt?gnt% ﬁoemﬁj?%ﬁtﬂdésmide
XXII with bedrisomekaylchépzadia (ALY giversndredétabiasodoiapleSsiiéscoupiiegsreatoh between the

aryl bromidg, XL @&Okéfeﬁ%l%;syamg%%&%%%%&g@%%@%@»ﬁ SaditnpEprtlages the

ketone XVII, which can then be transformed to LIV upon treatment with

nucleophilid R RIS AGHE AN BRbERAdidG sitHergersrrmners ferametlamjnes the N-H
derivative WEZAIMARHLREINERZINIORAIPE IR =&Y aRSISF IFIdysaRfdhe N} derivative

XLV generates the compound of interest |k. Benzylation of the sulfonamide XXII to produce the
corresponditG AL iSRG PEteL T EEEhieved by treating XXII with bromomethyl-benzene (XLI) in
the prggence of a weak base such as potassium carbonate or sodium carbonate, in an inert solvent

such as N,N-dimethylformamide, acetonitrile, or tetrahydrofuran, at a temperature around 70 C for
several hodF‘s‘?‘%@ﬂé&é@SH@&i’i’%@éﬂ'E?é‘56%r%ﬂWfH’é@ﬁﬁ@%b%Blfﬁﬁt?Qat&im? eV R bromo
derivative Xif Hoamih(2-Ethdsynviny tAbsitplianGesB ki dalloweddpanaie iy drobssissvitadaygrochloric acid
at room temperature riod,of 30 minutes tp 18 h i ter or a mixture, of water and
tetrahydrof&rézﬁ.psfﬁ%" Eﬁ%&&%%ﬁ@é%ﬁﬂ@%&ﬁﬁ%%mwﬁm tﬁ%ﬁ@%&ﬁ@é%p& |§?ﬂum
catalyst sudhyésx§baetrtikisgid @reliphliasphiiie fodidadiuo iR (ERiERIB)Y)  enEthiAd-amino]-

bis(di n p%-u hino)ferrocen %‘g’: loropalladium(1 Pd_lzgg }f%g . In.an inert splvent such as
N,N-d%r%it?%ll (b?r‘?e?r%tlr e,yf({)rl%eﬁr@,h io%%?le, Qgék’fﬁf Tl gl,()'(ércr’rq?x?gr § Ft) g’?’e%?aaqn Sy ?&%%C(Q?Q{ure between
80 and 150eCckptatis s8lhouastatdberohargon atmosphere. Alternatively, the reaction can be carried
out in the presence of 20 tris(dibenzylideneacetone)dipalladium(0) (Pd2(dba)3), and triphenylarsine
(Ph3As). Transformation of the ketone XLIII to the gem-difluoride derivative XLIV can be accomplished

with nucledprametisrpritiag'sbarobedimngnashaarasantiimantioisidbede (Ong® compounds
bis(2-meth@sxs;m@@napwyratmt&rﬁﬂ%r&%aég%ﬁg]a%&b@E% %%iﬁézspégfgﬂy%éﬁé&ﬂe”t)’

a,a-difluoroamines, or N,N-diethyl-a,a-difluoro-(m- methylbenzyl)amine (DFMBA), either with or without

a suitabfle SOIGERE QI&Q@S&%&%QHF@F&‘M&%%W@W@}W)@QJ rEstelEiaGITt a temperature

beg\évgen Joga@mwx%@n%égﬁc%&m savesal (RO (BfeHRAES i Me iz shebakody/Rrg. Chem. 64
1 7048).
( ) rr?ethyi-amino]-S,G,T,8-tetrahydro-naphthalen-'I -yioxy}-acetic acid; and/or any

pharmaceutically acceptable salt or ester thereof.

25 In another particular embodiment, the present invention is directed to the compounds
of formuta | or formula 1A or pharmaceutically acceptable salts or esters thereof
except for [(R)-5-(3-diethylamino-5-trifluoromethyl-benzenesulfonylamine)-5,8,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid and/or {(R)-5-[(3-diethylamino-5-
trifluoromethyl-benzenesulfonyl}-methyl-amino]-5,6,7 8-tetrahydro-naphthalen-1-

30 vyloxy}-acetic acid; and/or any pharmaceutically acceptable sait or ester thereof.

in another particuiar embodiment, the present invention is directed fo the compounds
of formula | or formula IA or pharmaceutically acceptabie salts or esters thereof



30 WO 2010/018112PCT/EP2009/060156 - 39 - Palladium on carbon in a suitable organic solvent
such as etW%ﬂ}!@léﬁ?perature around 60 C for several hours. Ester hydgq]y&igz%%}{] ngduces the
compound of interest [k. The reaction can be 5 carried out in the presence of an aqueous inorganic
base such as lithium hydroxide, sodium hydroxide or potassium hydroxide, in an inert solvent such as
1,4-dioxane or tetrahydrofuran, at room temperatu*r@ ¥or several hours, or at 40 C for 1 hour. Although

certain exeaxgkry fenbEHIERtS/altp defyicted Ribtfidesoriedayherains ths dihaommpiusids, 6ftige present
i ti b i iate startir i ding.to th thods d ibed
generatly heR ROy TS RIS 6 BT B Bloh ey STl A M Bciates and fincl

generally herein

compoundériffeceqpueiiatbyreitnes fiishythnuetabg rajpioy- 3% ah 8/ mieymicatiee RdlEndigh

performanceg Jiquli ) jﬂbﬁj]‘ %Ly r | US| %}9 Biotage SP1
T" system ﬁ&mg @?ﬁ%@ﬁrﬁ@ mo u%%%%%@g a&%&%@%r%ﬁgﬁ%b@g% o%iFlash(r)
chromatography instrument (from Teledyne Isco, Inc.); unless otherwise noted. The silica gel brand
and pore siEgAFSSIRIE (MR ST ERAALIRG 86080 20 pieLan (iam Blptage AB): (2
Silica Gel CAS registry No: 63231-67-4, particle size: 47-60 micron; or (3] ZCX from Qingdao Haiyang
Chemical C3SaN®, SoltabigcR206s 380 fRiesm biestingdd ene s mpepaasFe RMMTiehE fefformed on a
reversed pRastpRIIMEESKIIARN PHLSGTM Sirrtdi8 (%ambgﬁn%gﬂe%oa&%%ma gpdumn (from
Waters Corporation), a SunFirew Prep C18 (5 pm, OBDTm 30 X 100 mm) 25 column (from Waters
Corporatioff SRSV AP ARIPYE-18 column 20 X 150 mm (from Varian, Inc.). Mass spectrometry
(MS) arghigh resolution mass spectrometry (HREShanas performed using a Waters(r) ZQTM 4000
(from Waters Corporation), a Waters(r) Alliance(r) 2795-ZQTm2000 (from Waters Corporation), a
Waters(r) Quattro microTM API 30 (from \»ﬁzers Corporgtion), or an MDS SciexTM API-2000TMn API
(from MDS Inc.). Mass spectra data generaily only indicdites the parent ions unless otherwise stated.
MS or HRMS data is provided forsa &&ﬁ:?iﬁlar inter o@ 0{)%9%9\9und Whated. WO
2010/018112RCHEP2009/06Q15k - 40 -“ﬁluclear megnetic resohance spectrogcopy (NMR) was
performed 0 artantr) y300-NMR specttometer (forthe HN I?nﬁféctrum acquired at 300
MHz) and a Varian(r) Inova400 R spectr teﬁ%or tHéCHNRﬁWS‘Pég@O gquired at 400 5 MHz)
both from Vaftan Inc. NMR déta is provided for & pafticular intermediate or compound where indicated.
The microwave assisted reactidns were carried oﬁt in a Biotage Initiator TM"8{&6/6r 1S B3ty models)
(from Biotage AB)or by a OEM Discdvét(r) model (with gas agddition 10 accessory) (from CEM
Corporation). Ghirakseparation was @esrf@rrmed by supercriﬁq\ﬁiISiIHid chromatography (SFC) using a
Multigram(r) lll instrument (fro harJechndfBgies, Inc,). 15 All reactions involving air-sensitive
reagents were performed undet ap It atmosphere. @, were used as received from
commercial suppliers unless othrwise noted. PART I: PREPARATION OF PREFERRED
INTERMEDIATES 20Preparatigh of 3-f|uoro-5-tri1ttrciE‘éthyl-benzenesulfonvl chloride

0 o
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Compounds of interest 1a can be prepared according to Scheme 1. Starting with
naphthalene-1,5-diol (II), palladium catalyzed hydrogenation gives 5-hydroxy-3,4-
15 dihydro-2H-naphthalen-1-one (ill), which undergoes nucleophilic substitution with

tert-butyl bromoacetate (IV) under basic conditions to generate the ether compound



A mixture of 3-fluoro-5-trifluoromethyl-phenylamine (9.7 g, 54 mmol) in trifluoroacetic acid (100 mL)
was cooled %t 000. To the mixture was slowly added concentrated hydroc ﬁﬁ%l g%&ggL) followed

by a solutidi’df 35‘%]@ i nitrite (4.7 g, 68 mmol) in 25 water (5 mL) dropW|se ov mlnutes The

mixture was stirred for another 10 minutes at 0 C, and then poured into a stirred mixture of acetic acid
(120 mL), sulfurous acid (0.94 N aqueous sulfur didxide solution, 120 mL), copper(ll) chloride (9.2 g,
93 mmol) andreppd shiprided1eGednihatiam) Ml afmoesuliagstescsficiowaxtine was

allowed to to room tem ure and stirred for 15 hoyrs. 30 Water mL) was added, and the
resulting nﬁvﬁf S\?%%@S(?I%@f g@ e%ﬂ&ﬂ‘*’?%’ HH076Y82 55 #@?&éﬁ&%ﬁ‘@tmﬂ ]aacetate (200
mL x 3). wammmnergmmdamdmb) dv@da)vam&yobtﬁmﬁlwtﬁenﬁlmwimwmﬁ@dss funnel
and concentrated in acup hyl acetate in
petroleum elfﬁler 3’ ford 3 tﬂ" oro tr|f orometﬁugbe@%;cgﬁes ony g{ Q%Q%ﬁ%v% as a white
solid (réferemmoarfdsdaheﬁsfteﬂ hetledlygisnoé giterevitl 46 @wem@aapmpmmﬁsmbmeneat CDCI3) 6
ppm 8.15 ' Hisd’5 55% ‘r“ntﬂé_gzelé'rlr)arzugﬁgnzglw Uie dhipbuhdd of ﬁ@?é@f'@q of

3,5-di-tert- uty enzenesul ony c oride 'Cl 10 To 1,3,5-tri- tert butyl-benzene (1.5 g, 6.1 mmol) was
added chicitstiteniéacrsemial4p0its. e Guatgle makY andcisbiase wﬁﬁﬁ%emec abtion mixture

was warmeddq iponHEmRStRUrRRRE aiIes o SUr ATBERRVSIVre MRaISRRO BEAN ice water

(50 mL) and extracted with dichloromethane (20 mL x 3). The combined org%1 ic layers were dried over
sodium sulfR@iaRd E@rﬁ&’i‘!l‘ﬁf@@ﬂ?@&%Oﬁ*ﬁéﬁ@'%%‘déq}&ﬁgspﬁfnm%(w umn chromatography

(0-209gethyl acetate in petroleum ether) to afford 3,5-di-tert-butyl- benzenesulfonyl chloride (880 mg,
50%) as a yellow solid [r £h<eference Guthrie, R. D. et aL @%Stﬂ‘fii&hem 40 213 RIS Cornellis

et al. J. CheTHY&GXYPRirfNYRIRAT 87 B Bl -5 ® SioommErly avataoi,

3- methoxy@ﬁti@@r@m&wbbemﬁngsnﬁmylm@pﬂmﬁwéxQS ~diof (Il). The reaction can be
3-methoxy- 54rJfI ﬁB]% é)hen Iam(? é’Jr 4 mm ﬁcﬁﬁedéo tr Boroacetlc acid 1(100 mL) in
a 250 mL fRKE r?dJ e PEWES DHEE fj 8ra10e%?r idtochloric Aeid ?IQ'S m‘?_f)was then
added slowlydm e wamma%&mortdﬁmrfelIn\mabwmetmbmlmadmaonloémmhtmmwf sodium

nitrite l(él 7 cht%{é"%‘?'.)n %%ter g&% ga_) \{&r é)vg} hou mixture was stirred for another 10 minutes at

0 C, and then poured int 0asl fred mix ure o] ace IC acms(lzo mL), sulfurous acid WO
2010/018112PCT/EP2009/060156 - 42 -
The nucleophilic substitution reaction of 5-hydroxy-3,4-dihydro-2H-naphthalen-1-one
(IF) with tert-butyl bromoacetate (IV) to give the ether compound V can be
accomplished using methods that are well known to someone skilled in the art. The
20 reaction is typically carried out in the presence of a carbonate base (e.g. cesium
carbonate, potassium carbonate, or the like) or potaSsium hydroxide in an aprotic
solvent such as acetonitrile, N, N-dimethylformamide, or dimethy! suffoxide, at a

temperature between 50 and 100 °C for several hours.

25 Transformation of ketone V to amine Vi can be achieved via reductive amination.
The conversion can be carried out in stepwise fashion by treating ketone V with
ammenium acetate or ammonia to generate the corresponding imine, which can then
be isolated and reduced with a suitable reducing agent (e.g. sodium borohydride). It
is also possible to carry out the same reaction sequence in one pot, with the imine

30 formation and reduction occurring concurrently with the use of reducing agents such
as sodium cyanoborohydride (NaBH3;CN} or sodium triaceto'xyborohydride
(NaBH(OCOCHS;)s). The reaction is typically done in a solvent such as methanol or
tetrahydrofuran, at a temperature between room temperature and reflux temperature



(0.94 N aqueous sulfur dioxide solution, 120 mL, 113 mmol), copper(ll) chloride (9.2 g, 68 mmol) and
copper(l) chloride (100 mg, 1 mmol) at O C. The reaction mixture was allo 8’? room
temperatu?’g(%%0 WHdor 15 hours, and then treated with water (200 mL\gy, ﬁﬁe%%gé%é%?ayer was
extracted with ethyl acetate (100 mL x 5 3). The combined organic layers were dried over sodium
sulfate, filtered through a glass funnel and concentésted in vacuo. The residue was purified by column

chromatogfepseveaVhetiy| aegtaterropaitolpaphetiRande adidasaesnae/tbe enantiomers
trifluoromethy|-benzenesulfanyl chloride (3.9.q9, 27% a white solid [reference: Cherney, R.J. etal., J.
Vied. Cherfi HS S8 R ST (TR RE Gl B TE 19 B A RORHTSS Coe NP9 o, 1 1 750
(s, 1 H); 4.a@th{se ¥H). Preparation of N-methyl-3,5-bis-trifluoromethyl-benzenesulfonamide (typical
preparation for non-commercial N-methylsulfonamides XII) FF 15 A solution of 5.0 g (15.69 mmol) of

3,5-bis-trifluoromethyl-benzenesulfonyl chloride in 25 mL of THF was added dropwise to a cold (0-5 C)
40% aduedhdfsolidatonoffiritesramsinenzo(Bi@gnd 8@ minbiydrechROidsimaiEswitihé e saying reaction

mixture wag gGeIOpARACHLANRLLOVIRbAR Co R inAmUOAThe Wil ugier (20 mL). and

extracted wit utyl'e e organic layer was separate and washed with 2

x 20 mL ofagamnplirnedsistemnmabbas aved| shsevor amsioeangslites iLthe estand @ astipias
added, an%t%rggﬁtmr@gwgwg% ceRiated At 400090 égrmgtﬁ?@gyﬁerpethyl tert-butyl ether to

a total volume of 60'mL. Heptane addition and concentration was repeated a second time. The

resulting prSPRETBYIPIRYRETEE. Mdidiagnat dimethypexne Rrsy B S e SRR right, to

furnish @5 4idethiaf M/ B QiRoliskoMuaRanaSAéeanviaout Augthes melriticalionr G0 Ui
PREPARATION OF COMPOUNDS OF INTERE?T WO 2010/018112PCT/EP2009/060156 - 43 -

f(R)-5-113-TrBHES G o At BRMBER RSN MBAWEa mino1-5,6,7,8- tetra
hydro-naphthalen-1-vioxv}-a cetic acid S. HO 5-hydroxy-3,4-dihydro-2H-naphthalen-l-one (lll) 5 OH
To a mixtu 5-djihydroxynaphthaleng (25.0 g, 156 mmol) in isopropanol (150 m|,) and an aqueous
(40 L) 5o AURST ELRILT RO Tl oL B 40 et TR, HESERUTOR CATBER (3.6 )
at room terapieiteden  eatdag tompixinge WhbwitareetioyideditieQrpsidpdesgeodrobaRaeautoclave
(from Parr Instrument 10 Company) at, 80 C for 20 hours. After hein led.to room rature, the
reacti(frélﬂjl mlg% L?reesvi\fgg ﬁﬁé)r%t& ?ﬁ%%ug%aéb BQSC% gf%esl?t%% (ga |a?8r€ri1| 3 |Itge8$?§rrﬁt Ea{r d ﬁ%@fgﬁ% Inc.), and
then washéd Midimethy bpareinide0anelomitiec amisiietidicitesweaiddheaiddnbithocharcoal at 50 C for
1 hour, and then were filtered through a pad of Celite(r) (diatomite filter). Isopropanol was removed,

and the resulting solution was 15 adjusted to a pH of about 2 by the slow addition of concentrated
hydrochlorid el sigrifamreiaditibes dibigitealhseacists. land ke Fgasterceradied:aifigdvashed with

water (100d4pLiX He GHESLAKEIINIG ¥ 9@5%%@@&1?@@%@ such as sodium hydroxide or _
5-hydroxy-3,4-dihydro2H-naphthalen-1-one (15.0 g, 60%) as dark brown solid, which was used in the

next stdp WiHBsE HMyEriHteatibANNIS & Selv EIBURR &) Tot-eiosrnD o teEahyBRfumN(served)

163 [(M+H}$bm temperature for several hours.
Altermnatively, the optically pure enantiomers of compounds of interest la can be
obtained via the same route as described above starting with the racemic amine

25 precursor for VI (Scheme 1, step 3, prior to resolution), and using a later step chiral
separation of the racemic compounds corresponding to VIH, IX or la.

30

Scheme 2



WO 2010/018112PCT/EP2009/060156 -44 - To a stirred mixture of

5- hydroxy- | H-naphthalen-1-one (10.0 g, 61.7 mmol) and cesi .5g, 180
mmol) in ace o%g'%ﬂgpggo mL) was added tert-butyl bromoacetate (29.0 g,ﬂﬁﬁ%ﬁgﬂﬁéﬁm
temperature under nitrogen. 5 After ovemight stirring at room temperature, the reaction mixture was
filtered through a pad of Celite (a diatomite filter), atfti-washed with ethyl acetate (100 mL). The
combined filtrates were concentrated under reduced pressure. The residue was partitioned between
ethyl acetate (500 mL) and Wate’@ NrrTLL . The organic layer was concentrated under reduced
pressure. Column chromatography ggificggef, 10 100-200 mesh, 5-10% ethyl acetate in hexane) gave
(5-0x0-5,6,7,8-tetrahydronaphthalen-1: cetic acid tegzputyl ester (12.1 g, 71N{q) +MS cald. for
C16H2004 276, obsd +H)+lx  (( amino-5,8,7,13-tetrahydro-naphthalen-1-yloxy)-acetic
acid tert-butyl ester 1 heride-salt-Ovh-#+0 a Stltleﬂ~e‘f---“~> @
(5-0x0-5,6,7,8-tetrahydto-naphthalen-1-yloxy)-acetic acid t&ftbutyl ester (76.6 mol) in methanol
(1100 mL) was added ammonium*-cstate:(299.0 g, 3. 8 mol), followed by a 8pw e addition of a
solution of sodiuii"3 an\(’)borohydride (17.4 g, [) in“methanol (‘%@ at room temperature
under nitrogen. The reaction mixture was stirred at room temperature for 4 days unt{ no remaining
traces of starting material was detected (as monitored by TLC, ethyl acetate : metixano1=10:1). The
reaction mixture was then concentrated under reduced pressure. To the residue yas added saturated
sodium carbonate solution WO 2010/0181A2PSHHEP2009/060156 - 45 - (700 L), and the resulting
solution was extracted with dichloromethane (2000 mL x 3). The combined/ordanic layers were dried
over anhydrous sodium sulfate, filtered, and concentrated in vacuo to affgrd a speefnlcs%ﬁd crude
product, which was triturated witlp diethyl ether (150 niL), and thendgreaged with 8M hydrochloric acid in
ethyl 5 acetate (70 mL). The re‘%ﬂﬁr}g white precipitate was fllté;;p& gnd washed with anhydrous
diethyl ether, then dried at 55 0G.in an oven to afford (5-amino-5,6,7,8-

tetrahydro-naphthalen-1-y etic acidrtefetsony! ester @ loride salt (54 g, 62%) as a white
solid. Chiral separation by stfperctitical Ttid chromatography (SEC) (using Thar Technologies, Inc.'s
Multigram(r) Hll instrument, Daicel(r) OD column 5x25 10 cu® 30% methanol , 200 mUmin) afforded the
R-(5-amino-5,6,7,8-tetrahydronaphthalen-1-yloxy)-ac tlcﬁd tert-butyl ester hydrochloride salt. MS
cald. for C161-123N03'977 %obsd. 278 (ESI1-) [(M+1-1§]. “The assignment of absolute
stereochemistry was estaﬁllshed by x-ray structure 15 detérmination of the corresponding
4-iodophenyigufianesndedadyaiiieal intermediate VI can be prepared via an asymmetrto

[(R)-5-(3-tluoro-5-trifluoromethy|-benzenesulfon trah dro h halen-1-yloxyFacetic
acid tert-b RYMEEER\PREAPS I%BWQ)H(% #lgﬂ@%" §"Pe‘? ?1%?) 1-yloxy)-acetic acid

tettbutyl eStﬁn@ﬂﬂf@Qﬂimld?cﬁ@kyﬂhﬁmgoazﬁﬁ)(hM)b@mbNd\bdaaapwia{beﬂe}wwmi(ﬂ;fﬂ@emL 7.86
o) 0 i anialuen. (10 e as 2ddfg 2R S (NRE R Repagg s fony! chioride
mes;tylene) in the presence of formic acid-triethylamine azeotropes. The hydroxyl
compound Xl is then converted to the amine hydrochioride salt V1 via a two step
process: First, the alcohol XI is converted to the corresponding azido analogue (with
high preference for inversion of stereochemistry) using dip'henylphosphoryl azide
10 (DPPA) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Hydrogenation of the azido
derivative, followed by treatment with chlorotrimethylsilane and methanol, gives the
amine hydrochloride Vi bearing the desired stereochemistry. The key intermediate
VI can then be converted to intermediates IX, and subsequently transformed to
compounds of interest ia, as previously described in Scheme 1.
15 Additionally, the chiral alcohol XI can be converted to the key sulfonamide

intermediates X via a one-step Mitsunobu reaction with the appropriate



25 The reaction mixture was stirred at room temperature overnight, and then WO
2010/018112PCT/EP2009/060156 - 46 - concentrated. The remaining residue was partitioned
between W\gtglzgwé%%% acetate. The collected organic layers were Washg§WﬁW§{8?f}léﬁed over
magnesium sulfate, filtered, and evaporated in vacuo. Flash chromatography (RediSep(r) Flash
column from Teledyne Ise, Inc., 230-400 mesh, 0-18%4 ethyl 5 acetate in hexane) gave
[(R)-5-(3-flgorobettitisy omethytdienzeoasisienpenire) cbifipb rigirahyitecsaphtzaienct-ploxy]-acetic
~acid tert-butyl ester (867 m ,520/?). S QEId for C%41-125F4N058 503, obsd. 504 (ES1s) [(M+11)1.
{(R)-5-[(3-THIFES B 7518 5&%%-%%‘1‘.‘ SO AFBfhYI-amino]-5,6,7,8- 10
tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester To a solution of :
[(R)-5-(3-fluprg-5-triflugromethyl-benzenesulfonylaming)-5,6, 7,8 tetrahydro-naphthalen-1-yloxyl-acetic
acid tert-bgﬁ/ 86%?3?"(’8(8(;% r%g?(,e ) e\rZr%r?o%'?n%fgﬂ é’%l Pm&ﬁ%gr%h]a?ﬁ% %Q ﬁﬂ_e) were added potassium
carbonate @&tg&dhtiogelstivehobyarsinodooatshasy2b@p chRks M oDItbaridhmpesatioryirnd the
resulting mixture was stirred overnight, The reaction mixture s#iﬁn partitioned hetween ethyl
cetate and AL e L s B G T DB AR (o, e
over magnesitiarsoffatgiiter éuplaced odmoesitydeed.imvacomc 20idHasthgteorimetegpeghyp@RediSep(r)

Flash colump S elsine e N B8RO DI ASEIRIS P boone e

e
trifluoromethylbenzenesultonyl)-methykaming] tetra nap aTen-l-onx

yl-acetic adeitdrewistyialistentss7 frull, 0% a S can. ferarza3on2 THFANTRROE 29 20b¥ia®18 . (ESI+)
[(M+Hyg). W 2040/QBRIH2HG THP2AEP/869356)- 4d)- {(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesu

fonyl)-methyl-amino]-5,6,7,8- tetrahydro-naphthalen-1-yloxy}-acetic acid HO O To a solution of
{(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfony1)-methyl-aminop 5

5,6,1846”@%&3@%@!1&@'%11})6@6&(}?@%@!{1}5 BEISHIGELRL X eSIGH 0.8 bR 6rmamg A Hko

tetrahydrofuran (0.5 mL) was added 2 N sadium hydroxide solution (1, mL, 2 mmol). The reaction

: N | ¢
mixture wa@SRBESYER A WWF@‘&J@FAM%@EW&Q&QE%@L@&% errieveddiced
pressure-lEmtmg@iraﬂm@@u%mw;(}p@tlﬁiwwotawﬂhﬁ]tlga&ryspgdsgashﬁ@}w%é ﬁ:olgmATdb@éi@ql,lscted .
aqueoyus layer was acidifi with dilute chloric acjd to a pH of about 2, and then extracte
thtce timo A BRI LRSI H RS 04 e SRR Pk BRI AR
concentrated tweder 0edliced pe¥Sdce 1@ diwerpumean inert solvent such as toluene or N,N-
{(R)-5-[(3-fl loro; -Hglrlrjﬁ)rorpethylbenzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-l-ylo
xy}-acetic acd &%’m fof.'HRMS cald. for C20H19F4NO5S (ES1+)[(M+Na)l 484.0812, obsd. 15
484.0811; 1H NMR (300 MHz, DMS0-d5) 6 ppm 13.02 (br. s, 1 H), 8.18 (t, J = 9.2 Hz, 2 H), 8.04(s, 1

456 (s, 2 1 ISP e bl o b el Bl oy el Dt VIR ™ 50 1 77
(m, 2 B, 1reteineg £iraltveprbanermedive re g afepasice of 5% palladium on carbon

((R)-5-aming: 3¢5 3afy tedr ahyekaraany sgékyé%brﬁ@&%i%é%@%a@% &Rt vdrPsRiarRe salt (V1)
according to Scheme 2 WO 2010/018112PCT/EP2009/060156
solvent such as ethyl acetate, methanol, or ethanol.

The Mitsunobu reaction between the alcohol derivative X1 and the sulfonamides Xl

25 is well known to someone skilled in the art. The reaction is typically carried out in the
presence of triphenylphosphine and diisopropyl azodicarboxylate, in a solvent such
as tetrahydrofuran, or 2-methyl-tetrahydro-furan, at a temperature between -10 °C
and -20 °C.

30 The conversion of key intermediates Vi or IX to the compounds of interest fa is then

carried as previously described in Scheme 1 above.



((S)-5-hydroxy-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester (XI) OH 5 To a flask
containing\%%ﬁq‘g /(103'121 3 mmol) of di-mu-chlorobis[(pcymene)chIororuthep‘&@gy% g{;(% L (CloH14)]2,
Strem Chemicals, Pnc.,‘ AS No. 52462-29-0) and 153 mg (0.416 mmol) of (1S, (S +)-N-p-tosy1-1,2-
diphenylethylenediamine (Aldrich, CAS No. 167316-27-0) was added 50 mL of a preformed mixture of
formic acid and triethylamine (in 5:2 molar ratio), afd the resulting 10 mixture was stirred at room
temperature for 45 minutes (gas evolution was gbsemed). Then 10 g (36.19 mmol) of

~ (5-0x0-5,6,7,8-tetrahydro-naphthalen-1- yloxy)-acetic acig tert-butyl ester (V, prepared as described
above) was added, and the reaction mixture was stirregd.at 42 C internal temperatlre. Upon gas
evolution and foaming, the reaction mixtuye was cooled 1@ 33 C internal tempelFat ré over 1 15 hour,

‘ @ i o gpoled in an
ice-water bath, diluted withHo0 mL % , ef, and extracted with\10Q-misefipluene. The
organic layer was gspafated and Washed with 1 Miag@eous cil\tnrilc acid (50 BhL), saturated aqueous
sodium bicarbon L), and water (§0 @@ organic p?wase dried cﬁv""eSiHMgSO4, and
20 concentrated az&otrdpically at 38 C120 miyg+o a total_volume o%ﬁﬁ‘The restiitipg solution
was co-evaporat Swith 2 x 100 mL of tolueneo a total volume of 20 L (product and toluene), which
was used in theosgg step without further puzgation. WO 2010/018%;PCT/EP2009/O60156 - 49 -
((R)-5-azido-5,4,7,8-tetrahydro-naphthal rPl-ﬁoxy)-acetic acid tertebutyl ester 1?1., The toluene
solution of chiral alcohol XI prepared abt%&36.19 mmol, assumt%'\lOO% conversion) was diluted with
an additional 100 mL of toluene, and cooledi¥ an 5 ice-water bath, théh treated with
diphenylphosphoryl azide (13.64 g, 49.57 mmol). To this solution was added
1,8-diazabicyclo[5.4.01undgcF7-;ne (DBU, 8.0 g, 52.46 mmal), dropwise over 20 minutes at such a
rate so as to maintain the inte[nal temperature between 1-4 C. The reaction mixtyre. was then stirred at
an internal temperature gf 1 for an additional 45 miny n warmed to roo
(with a water bath), and SKrfés-at soom-termperature overightsAfter 20 hourspth =@
was treated with ice-colfl water (58 mL), while mainthining the infernal temperag(reXte
organic layer ‘@ﬁ ed and washed—witheous citric-aeiet sojutign (80 mL), saturated
aqueous sodium Bicarkenate (50 mL), and wateg(50-mL). The resulting orfj phase was 15 then
concentrated undegvacuum at 20 mmHg/26 C, o provide 15 g of an oil;yvhieti was used in the next
step without further purification. ((R)-5-aming%§6,7,8-tetrahydro-napht n-1-yloxy)-acetic acid
tert-butyl ester Rydfochloride salt (VI) NH2. BICICTo a solution of rﬂé
((R)-S-azido-S,%,\?,8-tetrahydro-naphthaIerPﬁonxy)-acetic acid tertlﬂ'@tyl 8ster prepared above (36.19
mmol, assumed 10Q% conversion) in 100 mL gfmethanol,ig a 300 mL Barmreaciar was added water
(1.6 mL) and 5% Pd/C (1.4 g). WO 2010/018112PCT/EP2009/060156 - 50 - The reaction mixture was
stirred und&ICABSOES Pfdatarrs bithyiib gaifonier o imvligsoupre qe dbacyhadmaaeirgfough a pad
of Celite, waghed Wit methasalang coresRiMes N S@eR 18RIPVAR QL0 (@%AB-alkikbe crude oil

was dissolved in 10 mL of methanol and 50 mL of methyl tert-butyl ether. Water was removed
5 b5,6,7,8-tetrahydro-napthalen-1-yloxy)-acetic acid terf-butyl ester hydrochloride salt

(V) and 3-fluoro-5-trifluoromethyl-benzenesulfonyl chloride (XIl) gives compound
XV, which upon methylation is converted to the corresponding N-methylated
derivative XV. Nucleophilic substitution of the intermediate XV with thiols XVI affords
the sulfanyl compounds XV, which can be transformed to either sulfinyl (m = 1) or

10  sulfonyl (m = 2) derivatives XVIII via oxidation under controlled conditions. Ester
hydrolysis of XVHll produces compounds of interest ib.

Sulfonylation of the amine hydrochloride salt Vi with 3-fluoro-5-trifluoromethyl-
benzenesulfonyl chloride (XHI) to give sulfonamides XIV can be easily accomplished
15 using methods well known to someone skilled in the art. The reaction is typically

carried out in the presence of a base such as triethylamine, diisopropylethylamine,



5 azeotropically, to provide 14.0 g of an oil, which was dissolved in 10 mL of methanol, and 50 mL of

methyl _ter - (5'%'18# 1%rli]r;zro this solution was added a solution of chIOrqtrlm;jg@}()g %15/&%0 g mL, 43.42
mmol) in 50 ML of methyl tert-butyl ether at room temperature, dropwise ovér 40'minutes. The

resulting mixture was stirred for 2 hours. The resulting precipitate was filtered, to provide 8.8 g (78%
yield over 3 10 steps) of ((R)-5-amino-5,6,7,8-tetral%7dro-naphthalen-l-yloxy)-acetic acid tert-butyl
ester hydreshiginee sadit\éih E0AMH-E S lahioclird a beitiieviteg @xraptes gl 1-9 were prepared
in an analogous manner to 15 example 1-1 starting with naphthalene-1,5-diol and the appropriate
commer i IO AR 00 BRI et SOOI L WA G, g R aTE T Bant MR
(300 MHz, i igppraiuMIo(ESE hoMeNa-) Structure 1-2 {(R)-5-[(3,5-di- tett-butyl- benzenesulfon
yl)-methyl- amino]- 5,6,7,8- tetrahydro- naphthalen-1- yloxyl-acetic acid 7.73 (s, 2 H), 7.64 (s, 1 H),
7.06 (t,J=7.8 7.8 Hz, 1 H), 6.59 (d, J= 7.8 Hz, 1 H), 5.12 - 525 (m, 1 H), 4.66 (s, 2 H), 2.76 - 2.95 (m,
1 H), 256 $\ethylatiem-of MeH eornpdyrid gV preducathe Baivalivaeni¥ ¢9n be A®)iesad) Hz, 1 H),

6.89 (d, J%;#?%’%@@@Q@)WQiépﬂéﬁwiﬁﬁ%)a?d[é%ﬂ@%‘r@é%ﬁﬁsw'Wﬁ%bﬁ%%ﬁggf’g’g on

yl)-methyl- tetahydro- naphthalen-1- ViOx111-acetic (DMSO 1 H),
8.69 (s, 2 RpiBERI(BrearRoARty azsodium carbonate, in an inert solvent such as N, N-

dimethyiformamide, acetonitrile, or tetrahydrofuran, at 65 °C for 5 hours.

10  Nucleophilic substitution of the fluoro-substituted compound XV with thiols XVI to
give the 3-alkylsulfanyl analogues XVIii can be done in the presence of a base, such
as potassium carbonate, cesium carbonate, sodium acetate, or triethylamine, in a
solvent such as N, N-dimethylformamide, dimethyl suifoxide, ethanol, water or
mixtures thereof, at a temperature between 100 and 150 °C for about 30 to 60

15 minutes under microwave irradiation. Alternatively, the reaction can be also carried
out without the use of a microwave at a moderately elevated temperature for a

longer reaction time.

Oxidation of the sulfanyl compounds XVl to the corresponding sulfiny! or sulfony!
20 analogues XVHI can be achieved using an oxidant such as hydrogen peroxide or m-
chloroperoxybenzoic acid (m-CPBA), in an inert suitable solvent such as
dichloromethane or dichloroethane (or an agueous scolution if hydrogen peroxide is
used), at a temperature between 0 °C and room temperature for several hours.
Alternatively, OXONE/alumina can be used under controlied conditions to give either
25 sulfoxides or sulfones XVill. Typically, the reaction is carried out in a suitable
solvent such as ethanol, methanol, acetone, dichloromethane, water or mixture
thereof, at the temperature between 0 °C and reflux temperature for several hours.
Formation of sulfoxide or sulfone relies on the stoichiometry of the reaction and
reaction time. (reference: Llauger L., et al., Tetrahedron Lett. 45 (2004) 9549-9552;
30 Kropp P.J., etal., J. Am. Chem. Soc., 122 (2000), 4280 -4285).

Hydrolysis of esters XVl gives the compounds of interest of formula Ib. The reaction
can be carried out in the presence of an agueous inorganic base such as sodium



6.73 (d, J= 8.0 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H), 523 - 5.34 (m, 1 H), 4.67 (S, 2 H), 3.49 (s, 6 H), 2.65
2.82(m, 1L H), 2 5@&5 3 H), 2.33 - 2.48 (t, J= 8.0 Hz, 1 H), 554.0586 Isi 0.-- 0 --% Hogé WO
2010/018 1Y PP/ 500/060156 - 51 - acid (m, 1 H), 1.43 - 1.94 (m, 4 ﬁf%mi’z?‘{’(ﬁ‘i?- N3-7.73 (s, 1
H), 7.58 (s, 496.1014 FF

228 -

hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane or

tetrahydrofuran, at room temperature for several hours.

Scheme 4

Compounds of interest lc can be prepared according to Scheme 4, by nucleophilic
substitution reactions of the corresponding fluoro substituted aryl sulfonamide XV
with the appropriate amines XIX to give the amino-substituted intermediates XX,
followed by base-catalyzed ester hydrolysis.
10
The nucleophilic substitution of the fluoro group of compound XV with various
amines XIX to generate the amino derivatives XX can be carried out with or without
the presence of a base such as sodium hydride, potassium carbonate, or cesium
carbonate, in an inert solvent such as tetrahydrofuran, dimethy! sulfoxide, or N, N-
15 dimethylformamide at a temperature between 100 and 150 °C for 15 to 60 minutes
under microwave irradiation. Alternatively, the reactions can be performed at an

elevated temperature for a longer reaction time without microwave irradiation.

Hydrolysis of esters XX gives the compounds of interest of formula Ic. The reactions
20 can be carried out in the presence of an aqueous inorganic base such as sodium
hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane or

tetrahydrofuran, at room temperature for several hours.

25



methoxy-5-'1 H), 7.32 - 7.38 (m, trifluoromethyl 1 H), 7.12 (t, J=7.8 1101 - benzenesulfon Hz, 1
H), 6.92 (A7, {8 g 5 ) 662 (d, 0. yl)-methyl-J= 7.8 Hz, 1 H), 5.1 . ppag09ia601s6

-0 .
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Synthesis of the compounds of interest id and le is iliustrated in Scheme 5.
Sulfonylation of the amine hydrochloride salt Vi with the bromo-substituted aryl
5 sulfonyl chioride XX1 gives the corresponding sulfonamide XXIii. The sulfonamide N-

H in XXl can be substituted with a methyl group to give the corresponding derivative
XX1H. A Stille coupling reaction between the aryl bromide XXili and tributyl(1-
ethoxyvinyl)stannane (XXIV), followed by acidic workup, produces the ketone XXV,
which can then be transformed to the gem-diflucride XXVII upon treatment with

10 nucleophilic fluorinating sources. Ester hydrolysis of the methyl sulfonamides XXV or
XXVl generates the compounds of interest Id and le, respectively.



0 amino]--528 (m, 1 H), 4.69 -- 5,6,7,8-(s, 2H), 3.93 (s, 3H), HO O tetrahydro- 2.78 -3.01 (m,

1H),
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Suffonylation of the amine hydrochloride salt VI with 3-bromo-5-trifluoromethyl-
benzenesulfony! chloride (XXI) to give the sulfonamide XXii can be easily
accomplished using methods well known to someone skilled in the art. The reaction
is typically carried out in the presence of a base such as triethylamine,
diisopropylethylamine, pyridine, or dimethyl-pyridin-4-yl-amine in a suitable inert
solvent such as dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or

mixtures thereof, at room temperature for 16 hours.

N-Methylation of sulfonamide XXl to produce the corresponding derivative XXIiil can
be achieved by treating XXII with methyl iodide in the presence of a weak base such
as potassium carbonate or sodium carbonate, in an inert solvent such as N,N-
dimethylformamide, acetonitrile, or tetrahydrofuran, at a temperature around 70 °C

for several hours.

The ketone XXV can be obtained by the Stille coupling reaction between the bromo
derivative XXl and tributyl(1-ethoxyvinyl)stannane (XXIV), followed by acidic
hydrolysis with hydrochloric acid at room temperature to 70 °C for 30 minutes to 18
hours in water or a mixture of water and tetrahydrofuran. The Stille coupling reaction
is typically carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium{0) (Pd(PPhs)s) or [1,1°-
bis(diphenylphosphino fferroceneldichloropalladium(li) (PdClz(dppf)), in an inert
solvent such as N, N-dimethylformamide, toluene, dioxane, acetonitrile, or mixtures
thereof, at a temperature between 80 and 150 °C for 1 to 18 hours under an argon
atmosphere. Alternatively, the reaction can be carried out in the presence of
tris(dibenzylideneacetone)dipalladium(Q) (Pdx(dba)s), and triphenylarsine (PhsAs).

Transformation of ketone XXV {o the gem-diﬂuoﬁde derivatives XXVIl can be
accomplished with nucleophilic fluorinating sources such as diethylaminosulfur
trifluoride (DAST), bis(2-methoxyethyl)aminosulfur trifluoride, (CH;OCH2CH2)2NSF3
(Deoxo-Fluor reagent), a,a-difluoroamines, or N, N-digthyl-a,a-difluoro-(m-
methylbenzyl)amine (DFMBA), either with or without a suitable solvent such as
tetrahydrofuran, dichloromethane, or mixtures thereof, at a temperature between



naphthalen-1- 2.62 (s, 3 H), 2.44 - yloxyl-acetic 2.58 (m, 1 H), 1.96 = acid (br. s, 1 H), 1.70 (br.

s,3H) WO 2010/018112 PCT/EP2609/060156
-3 -

room temperature and 180 °C for several hours (reference: Lal, G. S. et al,, J. Org.

Chem. 64 (1999) 7048).

Ester hydrolysis reactions of either XXV or XXV1I produce the compounds of interest
5 of formula Id and lg, respectively. The reaction can be carried out in the presence of
an agqueous inorganic base such as sodium hydroxide or potassium hydroxide, in an

iner solvent such as 1,4-dioxane or tetrahydrofuran, at room temperature for several

hours.
Scheme 6
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1-5 {(R)-5-1(3- (DMSO-d5) 12.99 (s, 544.0010 IIn FF bromo-5-1H), 8.41 (s, 2H), .--..."7-s

trlfluorome‘%}gl 8.19 1(%1]2‘ H), 7.10 (t,
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Compounds of interest If and Ig can be synthesized as illustrated in Scheme 6.
Suzuki coupling reaction between the bromo-substituted compound XXHI and 2-
isopropenyl-4,4,5 5-tetramethyl-[1,3,2]dioxaboroiane (XXVIl) generates the
corresponding isopropenyl compound of structure XXIX. Ester hydrolysis of tert-

5 butyl ester XXIX, followed by re-esterification with methanol gives the methyl ester
XXX, which is further N-methylated to vield intermediate XXX, Treatment of olefin
JOLXKH with diazomethane QOO followed by ester hydrolysis produces the
compound of interest Ig. N-Methytation of the bromo-substituted compound XXH
gives the corresponding derivative XXIil, which is then transformed to the N-

10 methylated olefin XXXV via Suzuki coupling reaction with 2-isopropenyl-4.,4,5,5-
tetramethyl-{1,3,2]dioxaborolane (XXVIII). Hydrogenation of the olefin XXXV, and
subsequent ester hydrolysis affords compound If.

The Suzuki coupling reaction between compound XXH and 2-isopropenyi-4,4,5,5-
15 tetramethyl-[1,3,2]dioxaborolane (XXVIH) to give the olefin derivative XXIX can be
carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s), or [1,1'-
bis(diphenylphosphinojferroceneldichloropalladium(ll) (PdCla(dppf)), and a base
such as potassium fert-butoxide or sodium carbonate, in an inert solvent such as
20 N, N-dimethylformamide or dimethyl sulfoxide, at a temperature between 130 and
180 °C for 15 to 30 minutes under microwave irradiation. Altematively, the reaction
can be carried out without the use of a microwave at a heated temperature such as

130 °C for a longer reaction time.

25 Ester transformation of tert-butyl ester XXIX to the methyl ester XXXl can be
accomplished in two steps. The first step involves a base-catalyzed hydrolysis of
XXIX to the corresponding acid XXX. The reaction can be carried out in the presence
of an aquecus inorganic base such as lithium hydroxide or potassium hydroxide, in
an inert solvent such as 1,4-dioxane or tetrahydrofuran, at room temperature for

30 several hours. The methyl ester XXXI can be obtained by treating the acid
intermediate XXX in methanol in the presence of a catalytic amount of thionyl
chloride under microwave irradiation at a temperature of about 100 °C for 15 to 30

minutes.



-J=8.0Hz, 1 H),6.71 benzenesulfon (d, J=8.0 Hz, 1 H), 00 Br yl)-methyl- 6.66 (d, J=8.0 Hz, 1

amino]- H),.5.11 -5.30 fm, 1 _
WO 2016/618112 PCT/EP2009/060156

-33.

The cormresponding N-methyl compound XXXIE can be readily prepared by
methylation of compound XXX1 with methyl iodide (X). The reaction can be carried
out in the presence of a weak base such potassium carbonate or sodium carbonate,

5 in an inert solvent such as N,N-dimethylformamide, acetonitrile, or tetrahydrofuran,
at 65 °C for 5 hours.

Transformation of the olefin XXXiI to the corresponding cyclopropyl derivative XXXIV
can be achieved by treating compound XXXIl with diazomethane (XXXIil) in the

10 presence of a palladium catalyst such as palladium acetate,
palladium(iacetylacetone, or palladium dichloride bis(benzonitrile}, in a solvent such
as dichloromethane, diethyl ether, tetrahydrofuran, or mixtures thereof, at a
temperature between 0 °C and room temperature for several hours [reference: Staas,
D. D. et al. Bioorg. Med. Chem. 14 (2006) 6900]. Diazomethane can be freshly

15 prepared in situ and used in a solution of ether or dioxane. For example,
diazomethane is liberated from a solution of N-nitroso-N-methylurea in diethyl ether
by the addition of agueous potassium hydroxide at low temperatures.

Ester hydrolysis of the cyclopropyl compound XXXIV gives compound of interest of
20 formula lg. The reaction can be carried out in the presence of an agueous inorganic
base such as lithium hydroxide or potassium hydroxide, in an inert solvent such as

1,4-dioxane or tetrahydrofuran, at room temperature for several hours.

As described in Scheme 5, N-methylation of suifonamide XXII to produce the

25 corresponding derivative XXHI can be achieved by treating XXII with methyl iodide in
the presence of a weak base such as potassium carbonate or sodium carbonate, in
an inert solvent such as N,N-dimethylformamide, acetonitrile, or tetrahydrofuran, ata
temperature around 70 °C for several hours.

30 The Suzuki coupling reaction between the N-methylated compound XXl and 2-
isopropenyl-4,4,5 5-tetramethyl-{1,3,2]dioxaborolane (XXVIll) to give the olefin
derivative XXXV can be carried out in similar fashion as described above, in the

presence of a palladium catalyst such as tetrakis(triphenylphosphine)palladium(0)



5,6,7,8- H), 4.67 (s, 2 H), 2.73 tetrahydro- (d, J = 17.2 Hz, 1 H), hicio naphthalen-1- 2.55 (s, 3

H), 2.31- WO 2010/018112 PCT/EP2009/060156
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{Pd(PPhs)s), or [1,1-bis(diphenylphosphinc)ferrocene]dichioropalladium(li)
(PdClx(dppf})), and a base such as potassium terf-butoxide or sodium carbonate, in
an inert solvent such as N,N-dimethylformamide or dimethyl sulfoxide, at a
temperature between 130 and 180 °C for 15 to 30 minutes under microwave
5 imadiation. Alternatively, the reaction can be carried out without the use of a

microwave at a heated temperature such as 130 °C for a longer reaction time.

The compound of interest of formula If can be obtained through hydrogenation of
intermediate XXXV, foilowed by ester hydrolysis. The hydrogenation can be carried
10 outin the presence of 10% palladium on carbon under atmospheric pressure of
hydrogen in a solvent such as ethanol, ethyl acetate, or methanol, at room
temperature for several hours. Alternatively, the hydrogenation reaction can be
carried out using a microwave in a solvent such as ethanol, ethyl acetate, or
methanol, under a pressure of 50 psi, at 80 °C for several minutes. Ester hydrolysis
15 can be accomplished in the presence of an aqueous inorganic base such as sodium
hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane or

tetrahydrofuran, at room temperature for several hours.

Scheme 7
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Compounds lh, where an alkyl or cycloalkyl group (R4) is linked to the aromatic ring
through an ether linkage, can be prepared according to Scheme 7, by starting with
nucleophilic substitution of the fluoro-substituted compound XV (prepared as



yloxyl-acetic 2.47 (m, 1 H), 1.83 acid (br. s, 1 H), 1.40 - 1.78 (m,3H) 1-6 {(R)-5-[(3,5- 8.35
(s,2H),8.11 (2 _
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described in Scheme 3) with the alkyl or cycloalkyl alcohols XXXV to give the ethers
XXXV, followed by ester hydrolysis.

Conversion of the fluoro-substituted compound XV to ethers XXXVH can be achieved

5 by nucleophilic substitution reactions with the appropriate alcohols XXXV, in the
presence of a base such as sodium hydride or potassium carbonate, in an inert
solvent such as N,N-dimethylformamide at a temperature between 100 and 150 °C
for 15 to 60 minutes under microwave irradiation.

10 Hydrolysis of compounds XXXV gives the compounds of interest Th. The reaction
can be carried out in the presence of an aqueous inorganic base such as sodium
hydroxide, lithium hydroxide, or potassium hydroxide, in an inert solvent such as
tetrahydrofuran or 1,4-dioxane, at room temperature for several hours.

15 Scheme 8
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Compounds of interest §i, which contain an N-difluoromethyl sulfonamide group, can
be prepared as shown in Scheme 8 above. Derivatization of the N-H sulfonamides

20 Vil (prepared as described in Scheme 1 above) gives intermediates XXXVIil. Ester
hydrolysis of XXXVl produces compounds of interest }.

Conversion of compounds Vil to the corresponding difluoromethyl sulfonamide
derivatives XXXVIII can be achieved by treatment with chiorodifluoromethane

25 (Freon-22) in the presence of a base such as potassium hydroxide, in an inert



624* 00 bis- 1 H),7.13(t,J=8.0 trifluoromethyl Hz, 1 H), 6.87 (d, J= - benzenesulfon 7.8 Hz,
1 H), 6.63&1 J=8.2 Hz, 1 H),5.20 O.
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solvent such as N,N-dimethylformamide, acetonitrile, or tetrahydrofuran, at 70 °C for
several hours [reference: Petko, K. ef al, Russian Journal of Organic Chemistry, 38
(2002}, 1030].

5 Hydrolysis of compounds XXXVIil gives the acids li. The reaction can be carried out
in the presence of an aqueous inorganic base such as sodium hydroxide or
potassium hydroxide, in an inert solvent such as 1,4-dioxane or tetrahydrofuran, at

room temperature for several hours, or at 40 °C for 1 hour.

10 Scheme 9
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Compounds of interest lj, which contain an N-fluoromethy! sulfonamide group, can
be prepared as shown in Scheme 9 above. Derivatization of the N-H suifonamides

15 Vi (prepared as described in Scheme 1 above) via a two-step process gives the
hydroxymethyl-substituted intermediates XL. Conversion of the hydroxymethyl
derivatives XL {o the corresponding fluoromethyl analogs, by treatment with
diethylaminosulfur triflucride (DAST), followed by ester hydrolysis, produces
compounds of interest Ij.

20
Conversion of compounds Vil to the corresponding hydroxymethyl-substituted
sulfonamide derivatives XL can be achieved by a two step process, as described by
Rapoport, H. et al. [J. Org. Chem. 67 (2002) 1314]. Treatment of IX with benzyl
chloromethyl ether, followed by hydrogenolysis of the resulting benzyl ether

25 produces the hydroxymethyl-substituted derivatives XL.



yl)-methyl- -5.34 (m, 1 H), 4.70 F amino]- (s, 2 H), 2.79 - 3.00 5,6,7,8-(m, 1 H), 2.63 (s, 3
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Conversion of alcohols XL to the corresponding fluoromethyl-substituted derivatives
can be accomplished by treatment with diethylaminosulfur trifluoride (DAST), as
described by Beauve, C. et al. [Telrahedron, 55 (1999) 13301] Hydrolysis of the

5 resulting esters gives the acids li. The reaction can be carried out in the presence of
an aqueous inorganic base such as sodium hydroxide or potassium hydroxide, in an
inert solvent such as 1,4-dioxane or tetrahydrofuran, at room temperature for several
hours, or at 40 °C for 1 hour.

10 Scheme 10
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Compound of interest Ik can be prepared according to Scheme 10. Benzylation
of the sulfonamide XXH# with bromomethyl-benzene (XL1) gives the derivative XLii. A
Stilie coupling reaction between the aryl bromide XLI and 1-ethoxy-vinyltributyltin
15 (XXIV), followed by acidic workup, produces the ketone XLII, which can then be
transformed to the gem-difluoride XLIV upon treatment with nucleophilic fluorinating
sources. Debenzylation of the gem-difluoro derivative XLIV gives the N-H derivative



tetrahydro- H), 2.40-259 (m, 1 HOO naphthalen-1-H), 1.86-2.10 (m, 1 yloxy}-acetic H), 1.55-

1.85(m, 3 acid Hs) _
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XLV. Ester hydrolysis of the N-H derivative XLV generates the compound of interest
ik.

Benzylation of the sulfonamide XXII to produce the corresponding derivative XLI

5 can be achieved by treating XXH with bromomethyl-benzene (XLI) in the presence of
a weak base such as potassium carbonate or sodium carbonate, in an inert solvent
such as N, N-dimethylformamide, acetonitrile, or tetrahydrofuran, at a temperature
around 70 °C for several hours.

10 The ketone XLl can be obtained by the Stille coupling reaction between the bromo
derivative XLH and 1-ethoxy-vinyltributyltin (XXIV), followed by acidic hydrolysis with
hydrochloric acid at room temperature to 70 °C for a period of 30 minutes to 18
hours in water or a mixture of water and tetrahydrofuran. The Stille coupling reaction
is typically carried out in the presence of a palladium catalyst such as

15 tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s) or [1,1'-
bis{diphenyiphosphino ferrocene]dichloropaliadium{il) (PdCl(dppf)}, in an inert
solvent such as N,N-dimethylformamide, toluene, dioxane, acetonitrile, or mixtures
thereof, at a temperature between 80 and 150 °C for 1 to 18 hours under an argon
atmosphere. Alternatively, the reaction can be carried out in the presence of

20 tris(dibenzylideneacetone)dipailadium(0) (Pd.(dba)s), and triphenylarsine (PhiAs).

Transformation of the ketone XLl to the gem-difluoride derivative XLIV can be
accomplished with nucleophilic fluorinating sources such as diethylaminosulfur
trifluoride (DAST), bis(2-methoxyethyhaminosulfur trifluoride, (CH;OCHCH2)oNSE;
25 (Deoxo-Fluor reagent), a,a-diflucroamines, or N, N-diethyl-a,a-difluoro-(m-
methylbenzyljamine (DFMBA), either with or without a suitable solvent such as
tetrahydrofuran, dichloromethane, or mixtures thereof, at a temperature between
room temperature and 180 °C for several hours {reference: Lal, G. S. et al., J. Org.
Chem. 64 (1999) 7048).
30
Debenzylation of the derivative XLIV to generate the N-H sulfonamide XLV can be
achieved by treating the XLIV with formic acid ammonium salt in the presence of
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Palladium on carbon in a suitable organic solvent such as ethanol at a temperature

around 60 °C for several hours.

Ester hydrolysis of XLV produces the compound of interest Ik. The reaction can be
5 carried out in the presence of an agueous inorganic base such as lithium hydroxide,
sodium hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane or

tetrahydrofuran, at room temperature for several hours, or at 40 °C for 1 hour.

Although certain exemplary embodiments are depicted and described herein, the

16 compounds of the present invention can be prepared using appropriate starting
materials according to the methods described generally herein and/or by methods
available to one of ordinary skill in the art.

Intermediates and final compounds were purified by either flash chromatography
15 and/or preparative HPLC (high performance liquid chromatography). Flash
chromatography was performed using (1) the Biotage SP1™ system and the Quad
12/25 Cartridge module from Biotage AB) or (2) the ISCO CombiFlash®
chromatography instrument (from Teledyne Isco, Inc.); unless otherwise noted. The
silica gel brand and pore size utilized were: (1) KP-SIL™ 60 A, particle size: 40-60
20 micron (from Biotage AB); (2) Silica Gel CAS registry No: 63231-67-4, particle size:
47-60 micron; or (3) ZCX from Qingdao Haiyang Chemical Co., Ltd, pore size: 200-
300 mesh or 300-400 mesh. Preparative HPLC was performed on a reversed
phase column using an Xbridge™ Prep Cig (5 um, OBD™ 30 x 100 mm) column
(from Waters Corporation), a SunFire™ Prep Cs (5 pm, OBD™ 30 x 100 mm)
25 column (from Waters Corporation), or a Varian Pursuit® C-18 column 20 X 150 mm
(from Varian, Inc.).
Mass spectrometry (MS) or high resolution mass spectrometry (HRMS) was
performed using a Waters® ZQ™ 4000 (from Waters Corporation), a Waters®
Alliance® 2795-ZQ™2000 (from Waters Corporation), a Waters® Quattro micro™ AP}
30 (from Waters Corporation), or an MDS Sciex™ API[-2000™n AP1 (from MDS Inc.).
Mass spectra data generally only indicates the parent ions unless otherwise stated.
MS or HRMS data is provided for a particular intermediate or compound where
indicated.
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Nuclear magnetic resonance spectroscopy (NMR) was performed using a Varian®
Mercury300 NMR spectrometer (for the HNMR spectrum acquired at 300 MHz) and
a Varian® Inova400 NMR spectrometer (for the HNMR spectrum acquired at 400
MHz) both from Varian Inc. NMR data is provided for a particular intermediate or
compound where indicated.

The microwave assisted reactions were carried out in a Biotage Initiator™ Sixty (or
its early models) (from Biotage AB) or by a CEM Discover® mode! (with gas addition

accessory) (from CEM Corporation).

Chiral separation was performed by supercritical fluid chromatography (SFC) using a
Multigram® Il instrument (from Thar Technologies, Inc.).

All reactions involving air-sensitive reagents were performed under an inert
atmosphere. Reagents were used as received from commercial suppliers uniess
otherwise noted.

PART I: PREPARATION OF PREFERRED INTERMEDIATES

Preparation of 3-flugro-5-trifluoromethyi-benzenesuifonyl chloride

F Q
F w Cl
4 S\C

A

A mixture of 3-fluoro-5-trifluoromethyl-phenylamine (8.7 g, 54 mmol) in triflucroacetic
acid (100 mL) was cooled at 0 °C. To the mixture was slowly added concentrated
hydrochloric acid (10 mL), followed by a solution of sodium nitrite (4.7 g, 68 mmolj in
water (5 mL) dropwise over 20 minutes. The mixture was stirred for another 10
minutes at 0 °C, and then poured into a stirred mixture of acetic acid (120 mL),
sulfurous acid (0.894 N aqueous sulfur dioxide solution, 120 mL}), copper(il) chioride
(9.2 g, 93 mmol) and copper(l) chloride (100 mg, 0.74 mmol) at 0 °C. The resulting
reaction mixture was allowed fo warm to room temperature and stirred for 15 hours.

Water (200 mL) was added, and the resulting mixture was extracted with ethyl

H)

18a
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acetate (100 mL x 3). The combined organic layers were dried over sodium sulfate,
filtered through a glass funnel and concentrated in vacuo. The residue was purified
by column chromatography (20% ethyl acetate in petroleum ether) to afford 3-fluoro-
5-trifluoromethyl-benzenesulfony! chioride (3.7 g, 26 %) as a white salid (reference:
5 Chemey, R.J. etal., J. Med. Chem. 46 (2003) 1811). 'H NMR (400 MHz, CDCls) &
ppm8.15(s, 1 H); 7.97-7.99 (d, J=4.0 Hz, 1 H); 7.74-7.76 (d, J= 4.0 Hz, 1 H).

Preparation of 3.5-di-fert-butyl-benzenesulfonyl chioride

387
O ¢

10 To 1,3,5-tri-tert-butyl-benzene (1.5 g, 6.1 mmol) was added chlorosulfonic acid (4 ml.)
at 0 °C. After being stirred at 0 °C for 30 minutes, the reaction mixture was warmed
to room temperature and stirred for 1 hour. Then mixture was then poured into ice
water (50 mL.) and exiracted with dichloromethane (20 mL x 3). The combined
organic layers were dried over sodium sulfate and concentrated in vacuo. The

15 residue was purified by column chromatography {0-20% ethyl acetate in petroleum
ether) to afford 3,5-di-tert-butyl-benzenesulfonyl chloride (880 mg, 50%) as a yellow
solid [reference: Guthrie, R. D. ef al. Aust. J. Chem. 40 (1987) 2133 ; Ris, Comnellis
et al. J. Chem. Soc. Perkin Trans /I (1975) 1438].

20 - Preparation of 3-methoxy-5-trifluoromethvl-benzenesulfonyl chloride
F
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3-methoxy-5-trifluoromethyi-phenylamine (10 g, 54 mmol) was added to
trifluoroacetic acid (100 mL) in a 250 mL flask, and the mixture was cooled to 0°C.
Concentrated hydrochloric acid (10 mL) was then added slowly to the reaction

25 mixture, followed by the dropwise addition of a solution of sodium nitrite (4.7 g, 68
mmol) in water (5 mL) over 20 min. The mixture was stirred for ancther 10 minutes at
0 °C, and then poured into a stirred mixture of acetic acid (120 mL), sulfurous acid



naphthalen-1- -5.18 (m, 1 H), 4.66 yloxypacetic (s, 2 H), 2.66- 2.79 HOO acid (m, 1 H), 2.55 (s, 3
H), 2.36 - %‘.;47
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(0.94 N agueous sulfur dioxide solution, 120 mL, 113 mmol), copper(ll) chloride (9.2
g, 68 mmol) and copper(l) chioride (100 mg, 1 mmol) at 0 °C. The reaction mixture
was allowed to warm to room temperature and stirred for 15 hours, and then treated
with water (200 mL). The aqueous layer was extracted with ethyl acetate (100 mL x
5 3). The combined organic layers were dried over sodium sulfate, filtered through a

glass funnel and concentrated in vacuo. The residue was purified by column
chromatography (20% ethyl acetate in petroleum ether) to afford 3-methoxy-5-
trifluoromethyl-benzenesulfonyl chioride (3.9 g, 27%) as a white solid [reference:
Chemey, R.J. et al., J. Med. Chem. 46 (2003) 1811]. "H NMR (400 MHz, CDCl3) &

10 ppm7.89 (s, 1 H); 7.70 (s, 1 H); 7.50 (s, 1 H); 4.00 (s, 3 H).

Preparation of N-methyl-3,5-bis-trifiuoromethyl-benzenesulfonamide

(typical preparation for non-commercial N-methylsulfonamides XH)

Fo _F
F
00
\\g F
Sy
N
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15 A solution of 5.0 g (15.69 mmoi) of 3,5-bis-trifluoromethyl-benzenesulfonyl chioride in
25 mlL. of THF was added drbpwise to a cold (0-5 °C) 40% aqueous solution of
methylamine (3.0 g, 38.63 mmol) over 20 minutes. The resulting reaction mixture
was stirred for an additional 1 hour at 0-5 °C, and then guenched with water (20 mL),
and extracted with methyl tert-butyl ether (25 mL). The organic layer was separated

20 and washed with 2 x 20 mL of waler, then concentrated o a volume of approximately
20 mL. Heptane (50 mL) was added, and the resulting mixture was concentrated at
40 °C/90 torr to remove methyl terf-butyl ether to a total volume of 60 mL. Heptane
addition and concentration was repeated a second time. The resulling precipitate
was filtered and washed with heptane, then dried under vacuum ovemight, to furnish

25 4.42 g of a white solid, which was used without further purification.
PART ll: PREPARATION OF COMPOUNDS OF INTEREST

EXAMPLE 1-1 (preparation according to Scheme 1)
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{(R)-5-I{3-flupro-5-riflucromethvl-benzenesulfonvil-methyi-aminol-5.6,7,8-

tetrahvdro-naphthalen-1-yvloxv}-acetic acid

5-hydroxy-3,4-dihydro-2H-naphthalen-1-one (lif)
0

5 OH

To a mixture of 1,5-dihydroxynaphthalene (25.0 g, 156 mmol} in isopropanol (150
mL) and an aqueous (40 mL) solution of sodium hydroxide (6.3 g, 157 mmol) was
added 10% palladium on carbon (3.9 g) at room temperature. The reaction mixture
was freated under 100 psi hydrogen in a Parr autoclave (from Parr Instrument

10 Company) at 80 °C for 20 hours. After being cooled to room temperature, the
reaction mixture was filtered through a pad of Celite® (a diatomite filter from World
Minerals Inc.), and then washed with isopropanol (200 mL). The combined filtrates
were treated with charcoal at 50 °C for 1 hour, and then were filtered through a pad
of Celite® (diatomite filter). Isopropanol was removed, and the resulting solution was

15 adjusted to a pH of about 2 by the slow addition of concentrated hydrochloric acid,
during which a solid precipitate appeared. The solid was collected, and washed with
water (100 mL x 2), dried over high vacuum at 50 °C to give 5-hydroxy-3,4-dihydro-
2H-naphthalen-1-one {15.0 g, 60%) as dark brown solid, which was used in the next
step without further purification. MS cald. (calculated) for C1gH1002 162, obsd.

20 (observed) 163 [(M+H)"].

(5-0x0-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester (V)
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AL,

To a stirred mixture of 5-hydroxy-3,4-dihydro-2H-naphthalen-1-one (10.0 g, 61.7
mmol) and cesium carbonate (58.5 g, 180 mmol) in acetonitrile {300 mL) was added
tert-butyl bromoacetate {29.0 g, 148 mmol) at room temperature under nitrogen.

5 After overnight stirring at room temperature, the reaction mixture was filtered through
a pad of Celite® (a diatomite filter), and washed with ethyl acetate (100 mL). The
combined filirates were concentrated under reduced pressure. The residue was
partitioned between ethyl acetate (500 mL) and water (200 mL x 3). The organic
layer was concentrated under reduced pressure. Column chromatography (silica gel,

10 100-200 mesh, 5-10% ethyl acetate in hexane) gave {5-0x0-5,6,7,8-tetrahydro-
naphthalen-1-yloxy)-acetic acid tert-buty! ester (12.1 g, 71%). MS cald. for C1gH2004
276, obsd. 277 [(M+H)].

((R)-5-amino-5,8,7,8-tetrahydro-naphthaien-1-yloxy)-acetic acid fert-buty! ester
15 hydrochloride salt (V1)
NH,. HCI

-
A

To a stirred solution of (5-ox0-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-
butyl ester (76.6 g, 0.28 mol) in methanol (1100 mL) was added ammonium acetate
(299.0 g, 3.88 mol), followed by a dropwise addition of a solution of sodium

20 cyanoborohydride (17.4 g, 0.28 mol) in methanol (100 mL) at room temperature
under nitrogen. The reaction mixture was stirred at room temperature for 4 days until
no remaining traces of starting material was detected (as monitored by TLLC, ethyl
acetate : methanol=10:1). The reaction mixture was then concentrated under

reduced pressure. 1o the residue was added saturated sodium carbonate solution



acid (br.s,1H),2.48(s,3 H),239-246(m,1 H),2.38(s,6H),1.83 (br.s,1H),1.42-

1.70(m, 3If‘Qr
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(700 mL), and the resulting solution was extracted with dichloromethane (1000 mL x
3). The combined organic layers were dried over anhydrous sodium sulfate, filtered,
and concentrated in vacuo to afford a semi-solid crude product, which was triturated
with diethyl ether (150 mL), and then treated with 8M hydrochioric acid in ethyl
acetate (70 mL). The resulting white precipitate was filtered, and washed with
anhydrous diethyl ether, then dried at 55 °C in an oven to afford (5-amino-5,6,7,8-
tetrahydro-naphthalen-1-yioxy)-acetic acid ferf-butyl ester hydrochioride salt (54 g,
62%) as a white solid. Chiral separation by supercritical fluid chromatography (SFC)
(using Thar Technologies, Inc.’s Multigram® llt instrument, Daicel® OD column 5x25
cm, 30% methanol , 200 mL/min) afforded the R-(5-amino-5,6,7,8-tetrahydro-
naphthalen-1-yloxy)-acetic acid tert-butyl ester hydrochloride salt. MS cald. for
C16H23NO3 277, obsd. 278 (ESI™) [((M+H)'].

The assignment of absolute stereochemistry was established by x-ray structure

determination of the corresponding 4-iodophenylsulionamide derivative.

[({R)-5-(3-fluoro-5-trifluoromethyl-benzenesulfonylamine)-5,6,7,8-tetrahydro-
naphthalen-1-yloxyj-acetic acid tert-butyl ester

4

To a solution of ((R)-5-amino-5,6,7 ,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-

butyl ester hydrochloride salt (1.04 g, 3.30 mmol) and N,N-diisopropylethylamine
(1.36 mL, 7.86 mmol) in dry tetrahydrofuran {15 mL) was added 3-fluoro-5-

(trifluoromethyl)-benzenesulfonyl chioride (0.867 g, 3.30 mmol) at room temperature.

The reaction mixture was stirred at room temperature overnight, and then



a Prepared as a racemate, then resolved using chiral chromatography * (ES) [(M+TFA-H)] (ESI")
(M-H)" Alternative preparation of {(R)-5-[(3,5-bis-trifluoromethyl-benzenesulfon 1%
methyl-ammg]-zg,lg’:@l,%ﬁétrahydro-naphthalen-1-y|oxy}-acetic acid (examplg(‘llj{% g?%‘gﬁt?%éﬁﬁ\/litsunobu
reaction, followed by hydrolysis, according to Scheme 2: WO 2010/018112PCT/EP2009/060156 - 53 -
A solution of ((S)-5-hydroxy-5,6,7,8-tetrahydro-napHtthalen-1-yloxy)-acetic acid tertbutyl ester (XI, 9.06

g, 32.55 mamipeNrariby the pelisitify eeviab pannenesulienampitaslé:@md 8thHb mmol), and
triphenylphosghine 10.25 %39.06 mmolain 2-methyl-tetra%yd,ro-furan (150 mL) was cooled to -20 C.

To this sol S-F B8 SR IE S IR G BUREE 5SS MRS PRB IR WaEHe Rt BFopwise over 15
minutes, seragitemaintaitidize fitteathl anddicpteatpdratuesad appedxohadetptatfidphyhe reaction

mixture was.stirred at about -20 C for 2 rs, then warmed {Q =1 10 gve ur.lo ensure
Complete N0l BRI Pt R kTS VIO ER BUSeHe s SR oo i of a
metharol:veaieia{d B) lsotatien gand FiktFde(@awitto £30ifhlo afrhetalres Eem esginitylagenoyas separated

and washeg wihs2 & LL0dpk olmeibanokwates (4. soluion. g (B axe righondphesyingxide).

The organic’phase was then concentrated and’the crude materia mL of THF.
Lithium hy@a@sicfen Cmesfutiéis3 693 alisd 248 MmO IMisidded, and the reaction mixture was
heated at 50 C for 7 hours. The reaction mixture was then cooled to room temperature, and stirred at
room temperature overnight. HPLC analysis indicated corﬁlete hydrolysis. The resulting mixture was

diluted witH iR&Fri(IfiuBngdctrit crameathyirbenzepsid fravd wirtbeharmtaa @ fidshed with 20 1
M lithiygn ht@il‘%ﬁgﬁr@-@%ﬁﬂﬂialéﬁzﬁjm JatdivesidYerMhiyreshipric acid (162.8 mL, 162.8
mmol), and water (200 mL). The organic [ayer was separated and dried over MgSO4, filtered, and
concentrated to a total volume of 50 mL. Methyl tertbutyl ether was added, and the resulting solution
was concentrated to a total volume of 60 mL, then heated atreflux while heptane was added rapidly
dropwise until 25 crystallization occurred. The mixture was-Heated at reflux for 1 h, then cooled to WO
2010/018112PCT/EP2009/060156 - 54 - room temperature and stirred overnight. The resulting
precipitate was filtered and washed with a 1:9 mixture,of y| tert-butyl ether:heptane (20 mL), then
heptane (20 mL). The residue was then dried to praduge16:62 g-of {(R)-5-[(3,5-bis-

trifIuoromethyl-benzenesuIfonyl)-methyl-amino)-5,6,ﬁS-f&rahydro-naphthalen-l- 5 yloxyl-acetic acid

as a white solid. EXAMPLE 2-1
((R)-5-fmethyl-13-(propane-2-sulfinvl)-5-trifluotome benzenesulfonv11-

aminol-5,6,7,8-tetrahydro-naphthalen-1 -vioxv)-aketic acid 10HO 0

AL

To a solution of [(R)-5-(3-fluoro-5-trifluoromethyi-benzenesulfonylamino)-5.6,7,8-

tetrahydro-naphthalen-1-yloxy]-acetic acid fer-butyl ester (800 mg, 1.53 mmol) in

15 N N-dimethylformamide (5 mL) were added potassium carbonate (483 mg, 3.5
mmol) and iodomethane (200 pl., 3.18 mmol) at room temperature, and the resulting
mixture was stirred ovemnight. The reaction mixture was then partitioned between
ethyl acetate and water. The collected organic layers were washed with water (4x),
then brine (2x), dried over magnesium sulfate, filtered, and concentrated in vacuo.

20  Flash chromatography (RediSep® Flash column from Teledyne Isco, Inc., 230-400
mesh, 0-40% ethyl acetate in hexane) gave {{R)-5-[(3-fluoro-5-trifluoromethyl-
benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid
tert-butyl ester (577 mg, 70%). MS cald. for CaqHz7F4NOsS 517, obsd. 518 (ESI™)
[(M+H)].
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{(R)-5-[(3-isopropyisulfanyl-5-trifluoromethyl-benzenesulfonyl1)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester A mixtuy
{(R)-5-[(3-%‘3&9—@-’3%%1&0methyl-benzenesuIfonyl)-methyl-amino]- P%%;E P2009/060136
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 51h step) (150 mg,
0.29 mmol), potassium carbonate (300 mg, 2.17 m#ot), and propane2-thiol (165 mg, 2.17 mmol)) in
N,N-dimetlyyHomogsisiecd BLirNa s RRAR AL BSRte ystiornlieadthairaeivwds;6)v®:. To the
reaction mixture was added an aqueous WO 2010/018112PCT/EP2009/060156 - 55 - solution of
saturated ARHRASHARS AaBHdaales Ty R ASSHE AR solution was extracted with ethyl acetate (3 x
20 mL). The combined organic layers were washed with wiater (20 mL) and brine (20 mL), and then
concentrated to afford {(R)-5-[(3- F
isopropylsulfany1-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8- 5
tetrahydro-naphthalen-1-yloxy}-acetic acid tert—butybesto mg, 96%) as a viscous oil, which was
used in the next step without purification. MS cald. farsC2H434F3N05S2 573, obsd 574 (ESI+)
KM+H)+1 ((R)-5-{methy113-(propane-2-suIfinyl)r%;'s-trﬂluoromethyl-benzenesuIfonyl]. 10
amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy fic~acid tert-butyl ester A solution of
{(R)-S-[(3-isopropylsuIfany1-5-trifluoromethy| beprzengsulfonyl)-methylamino]-5,6,7,8-tetrahydro-napht
halen-1-yloxyl-acetic acid tert-butyl ester (160 mg, 0.28 mmol) and 3-chloroperoxybenzoic acid (85%,
209 mg, 0.99 mmol) in 15 dichloromethane (30°mL) was stirred at room temperature for 4 hours. The
reaction mixture was diluted with dichloromethane(150 mL) and then washed with an aqueous solution
of sodium thiosulfate (50 mL) and saturafédl sddium carbonate (50 mL). The organic layers were

concentrated, ig ¥3eMB AL AHAAS(R-Rubt8:5-trifluoromethyl-benzenesulfonyl)-methyl-amina]-
isopropylsulfiny1-5-trifluoromethyl-benzenesulfonyl1)-met yl-amlnog-5,6,7,8- 20

tetrahydro-Adb BRIy pRBEIRI R Rk BrARatG ScHE 4oy tds3Rias dRtimEd A4 Rihor amount of
the correspaReindrsidiemy dlenvieiive). 8 yiseeusdabdhich ymsi sedrickitie Bexitsiepwithout
purification, MS cald, for C27H34F3N0632 589, Ob(fd 590 &ESH%RNPH)H' W(%
2010/0181gﬁ@?ﬁig%dgﬁfé@%@ug@ée_was stirred at room temperature overnignt.
{(R)-5-[(3-igeprapyisufiirah Wwriflmreveaihyhdenzenesd o) reeThd-asniadling solution was

5,6,7,8-tetrghydro-naphthalen-1-yloxy}-acetic acid 5.Starti it -~
()55 SRS ' SR PO D Ao AU b fyiecus lover was acidified
amino]+b, 6 ¥i8- iitrb yodrotpiiticade v toydopfiareizoatial, tendiben esteadigd thoge® aamal), and using

the method jnlggeiis o she ope.deseried (1 RIS AN Lo, rereq, anc

isopropyisuEf -tniflloromethyl-benzenesulfonyl)-methyl-amin

tetrahydro-oaptendiated yioey kedetetapigasaedbtgine @urs  (Elld (nuare-fotdtmeapmedivt with a
. : OB e
minor am0B@h%%%aﬁéﬁﬁﬁﬂ{%&émfﬁ%&ﬁgﬂ\%&ggﬁﬁ%&%ﬁﬁ@%ﬂ% [SRESTM PLepy

column from Waters Corporation (5 pM, m, 0.5% TEA, 40-70% CH3CN in water,
40 mL/min¥! progide plir& RPERG- for CaoH1oFsNOsS (ESIT)[(M+Na)'] 484.0812, obsd.

isopropyIsujinydsa-trifiauarethybhgpze eagaiteny i s methvisamminel-s, 1 H), 8.18 (t, J = 9.2 Hz,
5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid ’%ﬁﬁ[}\nﬁc\’jé()%) as a white solid. 15 MS cald. for

C23H26F3RIGBS2 8848 oh&h: 53U (ESET fvn-H)-A; 400 MEZEDIODY 6 D824 (s, 1 H),
8.34 (s, 1 H)z8RH (S5 4 41) 50287 (et 35, & @ & 03 Hy A7) 1€ (165.9 #0822 Bl 6372)(dd, J =

12.88, 7.83 Hz, 1 H), 5.24 (t. 1 H), 4.66 (s, , -3.20 (m, , 2.85(d, J =253 Hz, 1 H), 2.63 (s,
3 H), 2.47 243 '(%,3? (), i(éé’laé”g(%ﬁmglﬁiwig# 1%%(%‘% éﬂ.fé?érd?-ﬁ]% 07, o6 Hz, 3 H), 20
1.04(d, J = 6.57 Hz, 3 H).

20 Alternative preparation of ((R)-5-amino-5,6,7,8-tefrahydro-naphthalen-1-yloxy)-

acetic acid fert-butyl ester hydrochloride sait (V1) according to Scheme 2



WO 2010/018112PCT/EP2009/060156 - 57 - EXAMPLE 3-1
11F0-5-113-cvclodentanesulfonvl-5-trifluoromethvl-benzenesulfonvl)-methyl-
aminoI-5,GW%{}@%?O-naphthalen-1-v|oxy|-acetic acid 5HOO0 }'@/"II‘IEPNOQ;'OGO}S{S
{(R)-5-[(3-cyclopentylsulfanyl1-5-trifluoromethyl-benzenesulfonyl)-methyl-
amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-aceti® acid tert-butyl ester Starting with
{(R)-54(3-fluoro-5-trifluoromethyl-benzenesulfony1)-metiyl-amino]- 10
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-Iautyl ester (example 1-1, 5th step) and
cyclopentanethiol, and using the method analog o@@ one described for example 2-1, 1st step,
{(R)-5-[(3-cyclopentylsulfanyl1-5-
trifluoromethylbenzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1- yloxy}-acetic acid
tert-butyl ester (110 mg) was obtained as a Viscoys oil, which was 15 used in the next step without
purification. MS cald. for C291-136F3N05¥jﬁ§ gbsd. 600 (ESI+) [(M+H)+1. WO
2010/018112PCT/EP2009/060156 - 58 -
{(R)-5-[(3-qysiepenidnesyts byl Htbtfnioyanstnphtiraenetulfonyaoetibydcid fert-butyl
amino]-5,6,7 ?-t rahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester oo A mixture of
{(R)-5-[(3-ct§/% S'beé Isulfany1-5-trifluoromethyl-benzenesulfonyl)-methyl- 5
amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxfracetic acid {tt-butyl ester (110 mg, 0.18 mmol) and
m-chloroperoxybenzoic acid (85%, 300 mg, 1.48 mgeol).#dichloromethane (20 mL) was stirred at
room temperature for 4 hours. The reaction mixtureyag dilyted with dichloromethane (100 mL) and
then subsequently washed with an aqueous solution pf sodium thiosulfate (50 mL) and saturated
sodium 10 carbonate (30 mL). The organic lay rv:ﬁfconcentrated to afford {(R)-5-[(3-
cyclopentanesulfonyl1-5-trifluoromethyl-benzegesulfony1)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid tert- |9tyl &ter (100 mg, 88%) as a viscous oil, which was
t‘(ij‘j MnEAHER SRR o8 MG N0 Mos R o FARHIHRIRIBERR 3 0Psd. 632 (ESH)
{(R)-5-[(3-cywiopesiziresuiftngibriiluiratetbbenke SdwaniduiyarinakhypenitAS B, 8-tetrahydro-n

aphthalen-y|axyr8eRUGaC%E3 mg (0.416 mmol) of (18,28)-(+)-N-p-tosyl-1,2-
diphenylethylenadiamine (Aidrich, CAS No. 167316-27-0) was added 50 mL of a pre-

formed mixture of formic acid and triethylamine (in 5:2 molar ratio), and the resulting

10  mixture was stirred at room temperature for 45 minutes (gas evolution was
observed). Then 10 g (36.19 mmol) of (5-0x0-5,6,7,8-tetrahydro-naphthalen-1-
yloxy)-acetic acid tert-butyl ester (V, prepared as described above) was added, and
the reaction mixture was stirred at 42 °C intemnal temperature. Upon gas evolution
and foaming, the reaction mixture was cooled to 33 °C internal temperature over 1

15 hour, and then stirred for an additional 24 hours at 33 °C. The reaction mixture was
then cooled in an ice-water bath, diluted with 50 mL of de-ionized water, and
extracted with 100 mL of toluene. The organic layer was separated and washed with
1 M aqueous citric acid (50 mL), saturated agueous sodium bicarbonate (50 mL),
and water (50 mL). The organic phase was then dried over MgSQg, and

20 concentrated azeotropically at 35 °C/20 mmHg to a total volume of 30 mL.. The
resulting solution was co-evaporated with 2 x 100 mL of toluene to a total volume of

20 mL (product and toluene), which was used in the next step without further

purification.



WO 2010/018112PCT/EP2009/060156 - 59 - Starting with
{(R)-5-[(3-cyclopentanesulfony1-5-trifluoromethyl-benzene sulfonyl)-

methyl-am %]%é),%/Pffg-]t%trahydro-naphthalen-1-y|oxy}-acetic acid tert-buty]i'(ejzgitltiilr;?,2 (g}r?g} %Oslﬁ]ﬁg the
method analogous to the one described for example 1-1, {(R)-5-{(3-
cyclopentanesulfony1-5-trifluoromethyl-benzenesutfény1)-methyl-amino]-5,6,7,8- 5

tetrahydro-Rpstaiey 50 g aaelityacsliap s was ofiexlghastiv i@ antichidd ealdrfor
C25H28F3N07S2 575, obsd. 576 (ES1t) [(M+H)+]; 1H NMR (400 MHz, CD30D) 6 ppm 8.61 (s, 1 H),

8.50 (d, J =7.83 Hz, 2 H), 7.08 (t, J = 7.96 Hz, 1 H), 6.72Ydd, J = 11.75, 7.96 Hz, 2 H), 5.29 (t, 1 H),
4.67 (s, 2 H), 3.85-3.95 (m, 1 H), 2.86 (d, 1 H), 2.63 (s, § H), 2.47 -2.59 (m, 1 H), 1.87- 2.05 (m, 6 H),
1.61 - 1.82 (m, 10 6 H). EXAMPLE 3-2 and 3-3 The folloWing examples 3-2 and 3-3 were prepared in
an analogous manner as described for example 3- ' R)-5-{(3-fluoro-5-trifluoromethyl-benzene
sulfonyl)- 15 methyl-amino]—5,6,7,8-tetrahydro-napw\yloxy}-acetic acid tert-butyl ester and the
commercially available alkyl thiols. Example No. Systematic Name 1H NMR (400 MHz, CD30D) 6 ppm
MS (ES14, KM+1-1)1 Structure 3-2 ((R)-5-{methyl-3-(propane-2- sulfonyl)-5- trifluoromethyl-
benzenesulfonyl ]-amino}-5,6,7,8- tetrahydro-/%aé% Cgallen-l- yloxy)-acetic acid 8.61 (s, 1 H), 8.55 (s, 1
H), 8.47 (s, 1 H), 7.10 (t, 1 H), 6.73 (dd, 2 H), 5'30 (t; 1 H), 4.66 (s, 2 H), 3.53 - 3.63 (m, 1 H), 2.85 (d,

J=2.53 HZTIJrel_QJE&eﬁg gblﬁti'é'?? gf%ﬁn@i‘ a?cggoﬂ)&%@baﬁ“éé)aﬂ)&% Q@Bq é’%ﬁﬂr’cg Fasumed
100% conversion) was diluted with an additional 100 mL of foluene, and cooled in an
5 ice-water bath, then treated with diphenyiphosphoryl azide (13.64 g, 48.57 mmol).

To this solution was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 8.0 g, 52.46
mmol), dropwise over 20 minutes at such a rate so as to maintain the internal
temperature between 1-4 °C. The reaction mixture was then stirred at an internal
temperature of 1-2 °C for an additional 45 minutes, then warmed to room

10 temperature (with a water bath), and stired at room temperature overnight. After 20
hours, the reaction mixture was treated with ice-cold water (50 mL), while
maintaining the internal temperature below 24 °C. The organic layer was separated
and washed with 1 M aqueous citric acid solution {50 mL.), saturated aqueous
sodium bicarbonate (50 mL), and water (50 mL). The resulting organic phase was

15 then concentrated under vacuum at 20 mmHg/26 °C, to provide 15 g of an ail, which

was used in the next step without further purification.

((R})-5-amino-5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid fert-butyl ester
hydrochloride salt (V1)
NH,. HCI

=
e

To a solution of ((R)-5-azido-5,68,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-
butyl ester prepared above (36.19 mmol, assumed 100% conversion) in 100 mL of
methanol in a 300 mL Parr-reactor was added water (1.6 mL) and 5% Pd/C (1.4 g).



01111 0,--,"0: --", HO--.- 0 3-3 ((R)-5-{methyl- [3-(2-methyl- propane-2- sulfom4)-5-
trifluoromethyl- benzenesulfonyl ]-amino}-5,6,7,8- tetrahydro- naphthalen-1- )élox é—acetic acid 8.56 (s,
I H), 8.55 Y2890 %s, 1 H), 7.08 (¢, 1 H),6.72 H), 4.67 (s, 2 H), 2.89 (&1} 2°6AYE™S H), 2.48
-2.59 (m, 2 H), 1.91-2.00 (m, I H), 1.63 -1.77 (m, 3 H), 1.35 -1.39 (m, 9H) (dd, 2 H), 5.28 (t, 1 564
FFF 0, ,0 1IS* HO - 60 - EXAMPLE 4-1 - 50 - _

f(R)-5-1"methy Iré3dimatitituie M diitlug iomethy|3zenzsenassory bi-pyainelen. After 90
5,617,8-tetrr§ig gerg, ?ﬁg ?ﬁta%?:ltaeonﬁ %&\élg ?‘.ﬁ%?‘é:de ttﬁrgglgqn a pad of Celite, washed with methanol,
and concentrated in vacuo to provide 16.0 g of an oil. The crude oil was dissolved in
10 mL of methanol and 50 mL of methyl tert-butyl ether. Water was removed
5 azeotropically, to provide 14.0 g of an oil, which .Was dissolved in 10 mL of methanol,
and 50 mL of methyl tert-butyl ether. To this solution was added a solution of
chiorotrimethylsilane (5.722 ml., 43.42 mmol) in 50 mL of methyl tert-butyl ether at
room temperature, dropwise over 40 minutes. The resulting mixture was stirred for 2
hours. The resulting precipitate was filtered, to provide 8.8 g (78% yield over 3
10 steps) of {((R)-5-amino-5,6,7 .8-tetrahydro-naphthalen-1-yioxy)-acetic acid tert-butyi
ester hydrochloride salt (V1).

EXAMPLES 1-2 to 1-8
The following examples 1-2 to 1-9 were prepared in an analogous manner to
15 example 1-1 starting with naphthalene-1,5-diol and the appropriate commercially
available or prepared aryl sulfonyl chlorides.

Example | Systematic "H NMR (300 MHz, MS Structure
No. Name CDCl) 5 ppm (ESI+,
M+Na"}

1-2 {(Ry-5(3,5-di- | 7.73 (s, 2 H), 7.64 (s, | 510.2281
fert-butyl- 1TH),706({ J=7. 1,0
benzenesutfon | Hz, 1 H), 6.89 (d, J = Sy
yi-methyl- 7.8 Hz, 1 H), 6.55 (d,
amino}- J=7.8Hz, 1H),5.12 @

5,6,7 8- -525(m,1H), 4.66
tetrahydro- (s, 2H),276-2.95 o
naphthalen-1- | (m, 1 H), 2.56 (s, 3 L
yioxyl-acetic HY, 2.42-2.66 (m, 1 o
acid H), 1.85-2.01 (m, 1

H), 1.53-1.77 (m, 3

H), 1.37 (s, 18 H)

1-3 {(R¥5-(3,5- | (DMSO-dg) 13.00 (br. | 554.0586 0 I
bis- s, 1H),869 (s, 2 H), e o~
methanesulfo | 8.67 {(br.s,1H),7.13 °
nyl- (t, J = 8.0 Hz, 1 H), o
benzenesulfon | 6.73(d, J=8.0Hz, 1 o
yl)-mathyi- H),6.72 (¢, J=8.0 ]
amino}- Hz, 1 H),5.23 - 5.34 /Q
5,6,7,8- (m, 1H), 467 (s, 2 0N
tetrahydro- H), 3.49 (s, 6 H), 2.65
naphthalen-1- | -2.82{m, 1 H), 2.57
yloxy)-acetic (s, 3H), 233-248




S5HO 0 {(R)-5-[methy|-(3-pyrro|idin-1-y1-5-trif|uoromethyl-benzenesuIfonyb-amino]-

5,6,7,8-tetrahydro-na
{(R)-5-[(3-

3

SRS

hthalen-1-yloxy}-acetic acid tert-butyl ester 0\ 00 %%’ﬁép%ﬂ%%&fs p
romethyl-benzenesulfonyl)-methyl-amino]-

5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5th step) (87 mg,
0.168 mmol) and pyrrolidine (142 mg, 1.68 mmol)) ¥ dimethy! sulfoxide (2 mL) was heated at 150 C

d over

itep

for 50 mifutes in g sy@rowave oyem, T etheiseaction|mixture whs added water, and the resulting
solution was extragted three 15 tirtestwith ethyl acetate. The combined organic layers were drie
sodium sulfate, filtered, and then concentrated to afford {(R)-5{[methyl-(3-pyrrolidin-1-y1-5-
trifluoromethyl-benzenesulfonyl)-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}- WO
2010/018112PCT/EP2009/06015%6 -61 - acetic acid tert-butyl ester, which was used in the next 9
without purification. MS cald. for C281-135F3N205S|568, obsd 569 (ESI+) [(WW].
{(R)-5-[methyl-(3-pyrrolidin-1-y1-5-trifluoromethyl-behzenesulfonyl)-amino] 5
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid HO Starting with
{(R)-5-[methyl-(3-pyrrolidin-1-y1-&-trifluoromethyl-benzenesulfony1)- 10
amino]-5,6,7,8-tetrahydro-naphtf -1-yloxf ic acid.tert-putyl ester, apd using the method
analogous%the ongké 3 %}ged ﬁi?féﬁé@%iﬁ%@ -5- r'r?éi%oyl-(& \o:;.-lﬁ 7~
pyrrolidin;1-y1-5-trifiumresietinyl-hanrenasuiforyils-aminol-5,6,7,8-tetrahydro
naphthalen-1-yloxy}acetic acid (B7arig; 1489 ¢hertwo steps) was dgbtaihed as a white solid. HRI
cald. for G24H27F3RPEESTRSM) fIER t%ﬂ; . %5 obsd. 15|535.1#81+1H KMR (300 MHz,
DMSO-dg) 6 ppm 152" s, 1|1 j’é% sl ko /.06 7.15 (M, 2 HY, 7.00 (s, 1 H), 6.74 (d, J =
Hz, 1 H), 6.70 (d, J 5 87sHz, 1 H)@@ﬁ),ﬁ,g&(gmﬂ),l—), 4.66 (s,|2 03'35 (br.s, 4 H), 2.64 -2.82
H), 2.51 (5, 3 H), 2|4diréibpdsyr- 1 H), 2700 Zion. @d1H), 1.83 (br. s, 1 H), 142 -1.75 (m, 3 H). EXAMP
20((R)-5-[(3-diethy diﬁ‘ﬁﬁ@@'ﬁrff’ru<3%@ﬁé%h§l%e°2%hesulfonvl)-methyl-aminol-
5,6,7,8-tetrahydro-nﬁﬁt}ﬁaa‘i%‘f?-l-uﬁg%%—%g%ﬁ%ﬁ@@_ WO 2010/318112PCT/EP2009/060156 - 62 -
s, 3H)
1-6 {(RY5-1(3- (DMSO-dg) 12.99 (s, | 544.0010 i - [

bromo-5- 1 H), 8.41(s, 2 H), ~>s F

triflucromethyl | 8.19 (s, 1 H), 7.10 (¢, H

- J=8.0Hz, 1H),6.71

benzenesuifon 1 {d, J = 8.0 Hz, 1 H), Br

yl)-methyl- 6.66 (d, J=8.0 Hz, 1

aminol- H), 5.11-530(m, 1 o

5,6,7.8 H), 4.67 (s, 2 H), 2.73 L

tetrahydro- (d, J=17.2Hz, 1 H}, Ko o

naphthalen-1- | 2.55 (s, 3 H),2.31 -

yloxy}-acetic 247 (m, 1 H), 1.83

acid (br.s, 1 H), 1.40-

1.78 {m, 3 H)
1-6 {R)-5-{(3,5- 8.35 (s, 2 H),8.11 (s, | 624 ¥ NS

bis- 1H),7.43(t, J=8.0 Sy .

triflucromethyl | Hz, 1 H}, 6.87 (d,J=

- 7.8 Hz, 1H), 6.63 (d,

benzenesulfon | J=8.2 Mz, 1 H),5.20 F F

yl)-methyl- - 5.34 (m, 1 H), 4.70 F

aminol- (s,2 H), 2.79-3.00 ©

56,7 8- (m, 1 H),2.63(s,3 L

tetrahydro- H), 240 -2.59 (m, 1 Hor Co

naphthalen-1- | H), 1.86-2.10 (m, 1

yloxyl-acetic | H), 1.55-1.85 (m, 3

acid H)

7.8
(m, 1
LE 4-2




{(R)-5-[(3-diethylamino-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-

5,6,7,8-tetrahydro- na%pthalen 1-

{(R)-5-[(3-ILBrS 844

-yloxyl-acetic acid tert-butyl ester 5 A mixt
3romethyl -benzenesulfonyl)-methyl-amino]-

8&"&%2009/060136

5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5th step) (87 mg,
0.168 mmol), sodium hydride (60%wt) (34 mg, 0.84%mol) and diethylamine (175 pL, 1.68 mmol) in

N,N-—dimethylform mide (2 mL) was heated at 10 150 Cin a mjcrowave ovelc?for 45 minutes. To the
reaction mikfire waRefdEd-orater( @rﬁéﬁ’eﬂ@d the restAtig’solution was,@& actedwith ethyl acetate
(3x20mL). Thec g&‘ﬁ'ﬁ@d grgan '(gi(é!%\&g )drle over sod|um sulfatefiltered and then
concentrated to af g S E[%% bng inQ: —;‘zrlflu romethyl-ben nyl):,
methyl-aminoJ-5 6qu n{gtrahydr()mpmb]alem(ﬂ, -ytoxy}-acetic acid ter éster, t5 which was used in
the next step_withOLﬁ @Mflcatlon Misl*tzal‘dl-ffcﬁr 028H37F3N06S 570, sd 571 (ESI+) [(M+H)4]. \WO
2010/018112PCT/EP 0136 =88 bz, T H), 6,67 g
{(R)-5-[(3rdiethylami}ig: ﬁ"}éorc q O HZ ? ultonyl)-methyd-anno]-
5,6,7,8-tetrahydro-naph halen 1-ylpge/}5age§)|egazq|d O Starting with
{(R)-5-[(3tdiethylamino-5-trifluorgritetbyl-BgRZeénestiltonyl)-methyl- 5
amino]-5,6,7,8-tetrahydro-naphtt aﬁén”v 8 Iiﬁ‘cétlc acid tett-hutyl ester, using the method analpgous
to the one described for example ) t ylamino-5- trifluoro meth yl-be nzenesu Ifonyl
ymeth yl-a mino]-5\6,7,8-tetrahyq r,q naphthalen 1 ylpxyl-acetig acid (11 mg, 13% over two steps) was
obtained as a lightibrown solid. HRMS cald. for C24H29F3N0GS (ES1+)[(M+H)41 515.1822, obsd.
515.1820; T3 NMR {8/B08-MHZ, DMSR¢¢16) 5 ppm #1280 (br.'s, 1 H), 7. 18 fpr.s, 1H), 7.11 (br}s, 1
H), 7.05 -/7.10 (m, 1d|ﬂr)ore 71 (d, Phdtiz) 21|~'=‘|5£J1 in'f 6.70(d, J = 812 Hz, 1 H)5: , 1 H), 4.66 (s, 2
H), 3.47 (§, J = 6.9 ‘FU% 5&7]1 & gé 1 M), 2.45 (br. s, 1 H), 1591 ( ), 1.77 (br. $,1 H),
1.56 - 1.74 (m, 3 H)}, :ﬁji $ }’,11( —XAMPLE 4-3 The exa ple 4-3 was
prepared in an analagous manng rsasrdesef)b@dﬁ@r example 4-2 using
{(R)-5-[(3+fluoro-5- riﬁmﬂmethyl Ider&@h@sbﬁ’d -methylamiho]-5,6¢7,8-tetrahydro-naphthalen-1-ylo
xy}-acetic acid tert Bﬁ Q and thed8im y available N-mtﬁylisopropylamine. The final
product was purifle 566?(3'% énp arg;)eﬁgpg;\raatlve HPLC. M&" ~o
},2.36 - 2,47 (m, 1
H) 1.84 (br. s, 1H)
1.40 - 1.78 (m, 3 H)
1-g* {{R)-5-[(3,5- (DMSO-d;, 400 402" g
dimethyl- MHz): 12.99 (br.s, 1 Ozs
benzenesulfon | H), 7.50 (s, 2 H), 7.34 o8 ©
yi-methyl- (s, 1H),7.00 (¢, J= *
amino]- 8.0Hz, 1H),672(d, @(D
56,78 . J=8.0Hz, 1H) 669
tetrahydro- {d, J=8.0Hz, 1 H), 0
naphthalen-1- | 4.98 - 5.10 {m, 1 H}, L
yloxy}-acetic | 4.65 (s,2H}),2.70 Ho™ g
acid {br.s,1H},248(s,3
H), 2.39 - 2.46 (m, 1
H), 2.38 (s, 6 H}, 1.83
{br.s, 1H), 142~
1.70 (m, 3H)
?Prepared as a racemate, then resolved using chiral chromatography
*(ESI) [(M+TFA-H)]
*(ESI) (M-HY
5

Alternative preparation of {(R)-5-[(3,5-bis-trifluoromethyl-benzenesuifonyl})-

methyl-amino]-5,6,7,8-tefrahydro-naphthalen-1-yloxy}-acetic acid (example 1-6)

using the Mitsunobu reaction, followed by hydrelysis, according to Scheme 2:



Example No. Systematic Name (ESI+, M+1-1.1) Structure - 64 - 4-3 ((R)-5-{[3-(isopropyl-methyl-
amino)-5-trifluoromethyl- benzenesulfonyli-methyl-
amino}-5,6, 82%%%3}% onaphthalen-1-yloxy)-acetic 515 F0O0_11\ N----SCAFE> L0156 .

53

A solution of ((8)-5-hydroxy-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-
buty! ester (Xf, .06 g, 32.55 mmol), N-methyl-3,5-bis-trifluoromethyl-
5 benzenesulfonamide (10.0 g, 32.55 mmol), and triphenylphosphine (10.25 g, 39.06

mmol) in 2-methyl-tetrahydro-furan (150 mL) was cooled to -20 °C. To this solution
was added diisopropyl azodicarboxylate (7.69 mL, 39.06 mmol) dropwise over 15
minutes, so as to maintain the intemal reaction temperature at approximately -20 °C.
The reaction mixture was stirred at about -20 °C for 2 hours, then warmed to -10 °C

16 over 1 hour to ensure complete consumption of the alcohol. The reaction mixture
was then guenched with 110 mL of a methanol:water (4:3) solution, and extracted
with 130 mL of heptane. The organic layer was separated and washed with 2 x 110
mL of methanol:water (4:3) solution (to remove triphenylphosphine oxide). The
organic phase was then concentrated and the crude material was dissolved in 100

15 mb of THF. Lithium hydroxide (1 M solution, 162.8 mL, 162.8 mmol) was added, and
the reaction mixture was heated at 50 °C for 7 hours. The reaction mixture was then
cooled to room temperature, and stirred at room temperature overnight. HPLC
analysis indicated complete hydrolysis. The resulting mixture was diluted with
methyl tert-butyl ether (140 mL). The organic phase was separated and washed with

20 1 M lithium hydroxide (162.8 mL, 162.8 mmol), followed by 1 N hydrochioric acid
(162.8 mL., 162.8 mmol), and water (200 mL). The organic layer was separated and
dried over MgSQ;, filtered, and concentrated to a total volume of 50 mL. Methyl fert-
butyl ether was added, and the resulting solution was concentrated to a total volume
of 60 mL, then heated at reflux while heptane was added rapidly dropwise until

25 crystallization occurred. The mixture was heated at reflux for 1 h, then cooled to



HOO EXAMPLE 5-1 -

((R)-541.3-(1 1-di yoro ethvi)-5-trifluoromethyl-benzenesulfonvil-methvia trahydro-naph
thalen-1- vro‘)%/ Oai((:%t%%%%rd HOO %E%}E%%Dgygéﬁ ¢
[(R)-5-(3-bromo-5-trifluoromethyl-benzenesulfonylarnino)-5,6,7,8-tetrahydro

-naphthalen-1-yloxyFacetic acid tert-butyl ester W& 2010/018112PCT/EP2009/060156 - 65 - Starting
with ((R)- Sermceﬁr@e?a%ttetramdt@rmm@ai@ml Yiexygaoetiq peidistdwybesitefadispehloride salt

eing the AETRO N Beod T o BRI EA R BRI Sors B gL Tenrispiare 1

[(R)-5-(3- b(@ﬁtmﬁ}trﬁlhemd’tkykuésﬂﬂezedmIforp)fbduce 10.62 g of {{R)-5-[(3,5-bis-

amino)-5,6,7 tetrah dr na len-1- e t5 o was obtained
as a white gg @be %I"i@éﬁgﬁ%g%@ é@f %(f ?%&%@ﬁ T%t\j?wg?aqgr{

{(R)-5-]§3- bﬂomc}-amﬁhuemﬁrﬁwmwﬁmt@sulfonyl) -methyl-amino]-5,6,7,8- 10
tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester To a solution of
[(R)-5-(3-bromo-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid teE6&{iFddted (16 mg, 0.08 mmol) in acetonitrile (3 mL)
was added pojpssism ahonRe AT A A ARHIMSLAGCHS Moyl I9ER (2 Sullorfy 450 mmol) at
room temperature. Atter berng heated at 7OC tor 6 hours under an argon atmosp] ere the reaction
mixture was cooled to #8Y : ALy SR L A F s

: reBant-cdEentrated in vacuo.
The residue was purified by column chromatography (O-r5% methanol in dlchloromethane) to afford
{(F?)-5-[(3-bromo-5-trifluoromethyl-benzenesutfony 1) I-amino]-5,6,7,8- 20
tetrahydro-naphthalen-1-yloxyl-acetic acid tert-butyl estgk (39 mg, 83%) as a white solid. MS cald. for
C201-121F6N3045 577, obsd. 578 (ESI+) [(M+H)3). o
{(R)-5-[(3-acety1-5-trifluoromethyl-benzenesulfanyJy- Wik 1-5,6,7,8
-tetrahydro-naphthalen-1-yloxy}-acetic acid tert- b't‘:ttylcester W 2010/018112PCT/EP2009/060156 -
66 - To a solution of {(R)-5-[(3-bromo-5-tri#&0 2thyl-benzenesulfonyl)-methyl-amino)-
5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic d ert-butyl ester (1.0 g, 1.7 mmol) in
N,N-dimethylformamide (8 mL) was added 5itris(dibenzylideneacetone)dipalladium(0) (175 mg, 0.19
mmol) , triphenylarsine (175 mg, 0.57 mmetfand 1-ethoxy-vinyltributyltin (1 mL, 2.86 mmol) at room
temperature. After being heated at 80 C fgg 2 hours under an argon atmosphere, the reaction mixture
was cooled to room temperature, and tHen tféated with 4N hydrochloric acid (1 mL), and subsequently

stirred at rqeR) MBS EIHIS pYIAN RIS IriflR FEPHEIRGI IOMESHER MASRPHFREH R AAGH 40 ML)

and extracted Wrth ethyl acetate (20 mL x 3). The combined qrganic layers were washed with water
(20 mL), thérﬁgnﬁgﬁt!@iﬁfﬂfoaﬂﬁ@o‘i#@éﬁﬂa adomieeaetienciddemiduty Baififed by flash column

chromatography (15-30% ethyl acetate in petroleum ether)so afford

{(R)-5-[(3-acetyl5-trifluoromethyl-benzenesulfonyl)-met inoJ-5,6,7,8-tetrahydro-naphthalen-1-
0,
~n S, 3

Aok,

A mixture of {{R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-aminol-

15 5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5"
step) (150 mg, 0.29 mmol), potassium carbonate (300 mg, 2.17 mmol), and propane-
2-thiol (165 mg, 2.17 mmol}} in N,N-dimethylformamide (2 mL} was heated at 150 °C

for 30 minutes in a microwave oven. To the reaction mixiure was added an agueous



15 yloxy}-acetic acid tert-butyl ester (798 mg, 85%) as a yellow oil. MS cald. for C211-124F3N305S
541, obsd |+ M+11)+]

((R)-54[3-( é dl(ﬁj%())r%)legthyl) -54rifluoromethyl-benzenesulfonyli- methylamlno?’rg}(’imf)%/ﬂ6 %ydro-napht
halen-1-yloxy)-acetic acid tert-butyl ester -67 - S. To a solution of
{(R)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfonyi methyl-amino]5,6,7,8-tetranydro-naphthalen-1-ylo
xy}-acetic geidtier-blégtesierd38¢peitbSAaritm| Mmmnmmdwu%d@éummg@@nﬁm (@awL) was added
bis(2-methox e m ulfu riflyori 2 17 ) at room temperature under an argon
atmospherB SHFBANG RUMLEERIS  orh Hi T AR A S UG K00 S AR tre, and
poured |nt(mhtwamd(gﬁmmm@dwboemmd)tmeﬁmmmmmmtoraﬁwmgﬁé G2[Q3nL x 3). The

combined origg%eﬁy?ﬁrg sl,eéitF A @% ghl\ggumn?i@@ay drﬁ?{ﬂ ‘@“9‘{‘5321 36“‘}1 en concentrated in

vacuo. The Yceta petroleum ether) to afford
VR)-5-f3- (mtramﬂdmmwh)afemmt;dxmmemynbammmmwwsmemﬁamngow@a@aetrahydro -napht
e o el (@%ﬂh@ﬁlﬂﬁ&ﬁ%ﬁ%ﬁt%é&%am YEIRUA R MR § g0 C21H24F5N304S
((R)-54[3- (@ﬁ%ﬂﬁﬁ@eﬁaﬁ?&@ﬁ%ﬁ%éﬁf@l "bédseRESulfonyl]-methylamino}-5,6,7,8-tetrahydro-napht
halen-1-yloxy)-acetic acid HO 0 WO 2010/018112PCT/EP2009/060156 -68 - Starting with

((R)-5-{[3- (1 1- d|fluoro erlotll) -5-trifluoromethyl-benzenesulfony1]-methyl-

amino).-5,&(Rsd SARFORARA-1-SHAACBE duarem Wr’egf&%%wﬂﬁana% mmol), and
using fle raeinegiandlgoRIsHa e IAasTed yRRIRIBekid acid tert-buty! ester
((R)-54[3-(1,1- dlfluoro -ethyl)-5-trifluoromethyl-benzenesulfonylpmethyl-aminoy 5
5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid (80 m 45%) was obtained as a white solid. MS
cald. for C161-116F6N304S 507, obsd. 508 (ESI+) [(ME—H A H NMR (400 MHz, CD30D) 6 ppm 8.28
(d, 2 H), 8.14 (s, 1 H), 7.07 (s, 1 H), 6.75 (dd, 1 H), 66 H), 5.25 (t, 1 H), 4.65 (s, 2 H), 2.72 -
2.86 (d, 1 H), 2.59 (s, 3 H), 2.52 (m, 1 H), 2.03 (t, 3W C‘1H) 1.65 (m, 3 H). 10 EXAMPLE 6-1
{(R)-5-113-acety1-5-trifluoromethvl-benzenesulfonntE-methvl Scl 0l-5,6,7,8
-tetrahvdro-naphthalen-1-yloxv}-acetic acid HQ 'G15 Starting with
{(R)-5-[(3-acetyl-5-trifluoromethyl-benzenes @@ ethyl-aminoF
5,6,7,8-tetrahydro-naphthalen-1-yloxyl-aceticCacidteft-butyl ester (example 5-1, 3rd step) (230 mg,
0.42 mmol), and using the method analogous @o the one described for

Aok

A solution of {(R}-5{(3-isopropylsulfanyl-5-trifluoromethyl-benzenesuifonyl)-methyi-

amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyi ester (160 mg,
0.28 mmol) and 3-chicroperoxybenzoic acid (85%, 200 mg, 0.99 mmol) in

15 dichloromethane (30 mL) was stirred at room temperature for 4 hours. The reaction
mixture was diluted with dichloromethane(150 mL) and then washed with an
aqueous solution of sodium thiosulfate (50 mL) and saturated sodium carbonate (50
mL). The organic layers were concentrated in vacuo to afford {(R)-5-[(3-
isopropylsulfinyl-5-trifluoromethyl-benzenesulfonyl}-methyl-amino}-5,6,7,8-

20 tetrahydro-naphthalen-1-yioxy}-acetic acid fert-butyl ester (140 mg, 85%, contained a
minor amount of the corresponding sulfonyl derivative) as a viscous oil, which was
used in the next step without purification. MS cald. for Co7HsFsNGsS, 589, obsd 590
(ESI") [(M+H)].



example 1-1, {(R)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfony1)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid (51.4 mg, 25%) was obtali as a 20 white solid.
HRMS caldl for &498Y3F3N06S (ESI.1) [(M+Na)] 508.1012, obsd. 508.1&@5%?? i %360 MHz,
DMSO0-d6) 6 ppm 8.56 (s, 1 H), 8.52 (s, 1 H), 8.44 (s, 1 H), 7.06 (t, J = 7.8 Hz, 1 H), 6.60 -6.68 (m, 2
H), 5.17 - 5.29 (m, 1 H), 4.42 (br. s., 2 H), 2.75 (s,-2#1), 2.68 (br. s, 1 H), 2.55 (s, 3 H), 2.21 -2.46 (m, 1
H), 1.81 (b{(m)-54{3-lsbBramaémsil)54BAbromdthy|-DY AL A (MGHIPNETHFRAANALBO0156 - 69

- EXAMPLE 7-]1 WR)-5-fmethv14341-methyi-cycl 11-5-trifl thvi-b Ifonvil-
ke AR S s oot encnesilons

[(R)-543-isopropenyl-5-trifluoromethyl-benzenesulfonyl&mino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyFacetic acid tert-butyl éster-A o a solution of
[(R)-5-(3-bromo-5-trifluoromethyl-benzenesulfonylaming)<5,6,7,8- 10
tetrahydro-naphthalen-1-yloxy]-acetic acid tert-butyl eexgrnple 5-1, 1st step) (100 mg, 0.177
mmol) in N,N-dimethylformamide (1 mL) in a _.: micfongyevial were successively added
).0277 mmol), potassium tert-butoxide (40 mg, 0.35
§.05 mL, 0.27 mmol). The resulting mixture was
heated in a 15 microwave at 130 C for 15 minLtes, After being cooled to room temperature, the
reaction mixture was partitioned between 0.1 N hydrochloric acid and dichloromethane. The organic
phase was extracted with water. The com fived organic layers were dried over magnesium sulfate,
filtered and concentrated under WO 2010%18112PCT/EP2009/060156 - 70 - reduced pressure. Flash
chromatography (RediSep(r) Flash cofdthn from Teledyne Isco, Inc., 230-400 mesh, 0-10% methanol
in dichloromethane) gave [(R)-5-(3-

isopropenygtaririfuerbni@ing-fernzepesinsiahiolfusidtettlabydrerraniidarhatony]-acetic
R L S S R B30 Bl o)
tetrahydro-Ddghtivalein- 2ndaxsihgtbBaseticbdHan8ld@ote eosbkition detosilvedder example 1-1,

R)-5-(3-i 1-5-trifl t inQ)-5,6.7 8t I -1-yloxy]-
R e S R et
hydroxide (gtrahydroreaphiiting biphasicadaliceaidsiai retizinasbas Reipdearobdued 3 hours. The
aqueoys PRESEMFRVRRIRA WilRIndAss(Rle ARLUIRLBoiHiRd BN AR o a pH of about 2.

The resulting mixture was extracted with ethyl acetate. The combined organic layers were
concentratEdeRaipiyedd tiHddPretiiied presstime e8'give from Waters Corporation (5 pM,

[(R)-5-(3-ispypPenylsorbiflHaromeiyrPaN2enesul fomue NiRo) 285 /48 mL/min)], provided

tetrahydro-naphthalen-1-yloxyl-acetic acid, which was used without further purification. MS cald for

022H22F3Ng§§ﬁ§9§—gl§s-d§qqr@qglgyﬁj%mﬂuoromethyi-benzenesu!fonyi -methyl-amino]-
5,6,7,8-tetrahydro-naphthaien-1-yloxy}-acetic acid (15 mg, 20%) as a white solid.

15 MS cald. for CosHasFsNOsS2 533, obsd. 534 (ESI') [(M+H)']; "H NMR (400 MHz,
CDsOD) 5 ppm 8.44 (s, 1 H), 8.34 (s, 1 H), 8.27 (s, 1 H), 7.07 (dt, J = 8.08, 3.03 Hz,
1H), 8.70 (d, J = 8.08 Hz, 1 H), 6.72 (dd, J = 12.88, 7.83 Hz, 1 H), 5.24 (t, 1 H), 4.66
(s, 2 H), 3.11 - 3.20 (m, 1 H), 2.85 (d, J = 2.53 Hz, 1 H), 2.63 (s, 3 H), 2.47 - 2.58 (m,
1 H), 1.89-1.99 (m, 1 H), 1.58 - 1.77 (m, 3 H), 1.38 (dd, J = 7.07, 1.26 Hz, 3 H),

20 1.04 (d, J = 8.57 Hz, 3 H).




20 [(R)-5-(3-isopropeny1-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyFacetic acid methyl ester WO 2010/018112PCT/EP2009/060156 -71-
To a solutiiP 3P IRE1E4a PCT/EP2009/066156
[(R)-5-(3-isopropenyl-5-trifluoromethylbenzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-yloxy]-
acetic acid (60 mg, 011 mmol) in methanol (2 mL);Was added a catalytic amount of thionyl chloride.

Ifonyl-meth HRethyl ester,

which was used in thegimitislehoitBaatfahihdrewaiideticied b-gRidhacaiti a¢RkBN055 483, obsd.
484 (ESI+) [(M+H)+]. 10 {(R)-5-[(3-isopropeny1-5-trifluoromethyl-benzenesulfonyl1)-methyl-aminol-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid methyl ester ,0 To a solution of
[(R)-5-(3-isopropenyl-5-trifluoromethyl-benzenesulfonylamino)- 15

H 2= vaiOnan

5,6,7,8-tetrahydro-naphthalen-1-yloxyFacetic acid Fester (67 mg, 0.14 mmol) in
N,N-dimethylformamide (1 mL) were added potassiu rbonate (48 mg, 0.345 mmol) and
iodomethane (0.02 mL, 0.276 mmol). The mixture w ted at 100 C in a microwave for 15 minutes.

The mixture was partitioned between water and "Q‘ hy eth@" e organic phase was washed 5 times
with water, then concentrated WO 2010/018112PCT/EP2009 156 - 72 - to dryness to give crude
{(R)-5-[(3-isopropeny1-5-trifluoromethyl-bénzg ulfony1)-
methyl-amino]-5,6,7,8-tetrahydro-naphtha
next step without further purification. MS ¢ d. for C241-126F3N05S 497, obsd. 498 (ESI+) [(M+H)]. 5
VIR)-5-(methyl-[3-(1-methyl-cyclopropyl)¢5-trifluoromethyl-benzenesulfonyljmethyl-amino}-5,6,7,8-tetr
ahydro-naphthalen-1-yloxy)-acetic acid magthyl ester N-Nitroso-N-methylurea (600 mg, 5.83 mmol)
was adéled in portions to a mixture of 19 etfer (10 mL) and 40% aqueous potassium hydroxide (2 mL)

at 0 C. AftgyROSV(BHBa thechtyisuifalnyiel-triffucronvethaisk e aturiioysi wasthghsferred via
cannula to {(R -5-[%’5-' ropenyl1-5-trifluo thyl-benzenesulf. nyl#r.- thyl-amjno]-

e TR R R SR S R R R S T ——,
addition of palladium acetate (2 mg, 0.009 mmol). The reaétion 15 mixture was quenched with 5 mL of
acetic acid, and then filtered through a short pad of Celite{r)-ta diatomite filter). The filtrate was
concentrated in vacuo to give crude
{(R)-5-{methyl43-(1-methyl-cyclopropyl)-5-trifluoromeghyl enesulfonyl]-methylaminol-5,6,7,8-tetrah
ydro-naphthalen-1-yloxy]-acetic acid methyl ester,w}(p‘@‘ S used in the next step without further
purification. MS cald. for C25H28F3NO05S 511, 20 obsd?512 (ES(+) [(M+H)+1.

0

Aok,

Starting with {(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino}-

10 5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5"
step) and cyclopentanethiol, and using the method analogous to the one described
for example 2-1, 1% step, {(R)-5-[(3-cyclopentylsulfanyl-5-
trifluoromethylbenzenesulfonyl)}-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-
yloxy}-acetic acid tert-butyl ester {110 mg) was obtained as a viscous oil, which was

15 used in the next step without purification. MS cald. for CagHasFsNOsS2 599, obsd.
600 (ESI") [((M+H)'].



((R)-5-(methyl-[3-(1-methyl-cyclopropyl)-5-trifluoromethyl-benzenesulfonyllamino}-5,6,7,8-tetrahydro-n
aphthalen-1- on acetic acid WO 2010/018112PCT/EP2009/060156 -7 . %?F&%X‘QQ

{(R)-5- [me é{ {f mle%yl -cyclopropyl)-5-trifluoromethylbenzenesulfonylFm y-amanJ-%,6,7,8-tetra
hydro-naphthalen-1-yloxy]-acetic acid methyl ester (16 mg, 0.032. mmol), using the method analogous
to the one described 5 for example 1-1, - 58 -

h(Fél) -5- [meﬁ*ﬂ;\w)ﬂl[g-{(mmwbemmg%u?hﬁua‘ﬂunmmﬂnﬂﬂmz&gﬁsuH@@Mﬂf@mﬁ)yh%m:'@n] -5,6,7,8-tetra
ydro-naphthalen-1- Face cl 8% tained as MS cald. for

c24H26F3ﬁ\56'6§rltéf/¥’ggée£§%¥é 3[(%6&14% %Fﬁ%&& ?&Eﬁi‘ﬁn?&'ﬁﬁ%@ %6 &3 12.98 (or. s, 1
H), 7.94 (s, 2 H), 7.85 (s, 1 H), 7.09 (t, J = 80Hz 1H),6.70(d,J=8.0Hz,1H),6.67(d,J=8.0Hz1

10 H), 5.10 - 5.25 (M, 1 H), 4.64 (s, 2 H), 2.54(s, 3 HE-234 - 2.48 (m, 2 H), 1,76 -1.91 (m, 1 H), 1.51
-1.77 (m, 2 H), 1.47(s, 3 H), 1.37- 1.50(m, 1 H), 0.96- 1 Il m, 2 H), 0.92 (d, 2 H). EXAMPLE 8-1

15f(R)-5-[(3-isopropyl1-5-trifluoromethyl- benzenesu;lfo etbm aminol-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid "0 H ,($ Wo 235 /038112PCT/EP2009/060156 - 74 -
(0i9-5-[(3-isopropenyl-5-trifluorornethyl- benzenesalfo@iyl) rn@thy pinol-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-ace ert-butyl ester o Starting with
UR)-5-[(3-bromo-5-trifluoromethyl-benzenesy
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 5-1, 2nd step) (150 mg,
0.266 mmol) and isopropenyl boronic acid ginacol ester (0.075 mL, 0.40 mmol), using the method
analogous to the one described for e 7-1, 1st step,

{(R)-51(3-isopropenyl-5-trifluorometh genz%nesulfonyl) -methyl-aminol5,6,7,8-tetrahydro-naphthalen
-1-yloxy}- aéemam b {4 Al &meam@jﬂmmaﬁmemmmw@mmwﬁwﬂmaﬁw%s 539,
obsd. O + s

(R-5103. oI S ey pephthaien-tiylonl-acefc acid fer pub gter (10 mo

tetrahydro-#dgHtamhangloxghiaceerasibentaionriest®p s 300 mg, 1.48 mmol) in

dichloromethane (20 mL) was stirred at room temperature for 4 hours. The reaction

mixture was diluted with dichloromethane (100 mL) and then subsequently washed
with an aqueous solution of sodium thiosulfate (50 mL) and saturated sodium

10 carbonate (30 mL). The organic layer was concentrated to afford {(R}-5-{(3-
cyclopentanesulfonyl-5-trifluoromethyl-benzenesulfonyl)-methyl-aminel-5,6,7 8-
tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester (100 mg, 88%) as a
viscous oil, which was used in the next step without purification. MS cald. for
CaoHasFsNO7S, 631, obsd. 632 (ESI™) {(M+H)].

15
{(R)-5-[(3-cyclopentanesulfonyi-5-trifluoromethyl-benzenesulfonyi)-methyl-
amino]-5,6,7,8-tetrahydro-naphtha!en-1 yloxy}-acetic acid

F



A mixture of

{(R)-5-[(3-isopropenyl-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]5, -tetrahydro-naphthalen-
1-y|oxy}-a§g#)c2%\P(?{8 é'ljt“-zbutyl ester (52 mg, 0.092 mmol) and 10% paIIadiu%n%?%?r]%%aﬂP %}/rﬁl% 6mg) in ethyl
acetate (1.5 mL) in.a CEM WO 2010/018112PCT/EP2009/060156 - 75 - microwave vial was heated
rapidly to 80 C under hydrogen (50 psi) for 10 mintit@s. After being cooled to room temperature, the

Leaﬁltion mBrt]éfﬁw@ﬁtﬂ'WﬁﬂB‘{(@w“ hl@p@@@aﬂé@ﬁ%@'y(éﬁdiﬁlgdmﬁm%ﬂw%gmﬁwﬁﬂﬂbwm
ichloromethane. The collec iltrate was concentrated under reduced pressure to give
b vl ey e Y e e b e R
mino]-5,6, ;8itgttabydethnaphtbaligout-tylthey saeaiissadiskte fobakdrester! B0 (iR} Svitlieh was used in
the next step without further pyrification. MS  for C27H34F3N055 541, ob ESI*) [(M+H)t].
(51 e o AR R Al e e o ey el o7 &
tetrahyfirotetphydizndpitbridratetiondidcStartng Withmg) was obtained as a white solid.
{(R)-5-[(3-isppronyl-B-triflupro f -amina]-1

5,6,7,8-tetr;ﬁ”§/ éﬁh@gtﬁ %%%-i-y o%}%@ %Lgi(?;tyﬁ- u@’m\@m@ mig %%§é41050r’r\1ﬂr#620 using the

method anIBgRRy forp ohé Hésciitikd Shihrpid B3 Hid@diep? 08 (t, J = 7.96 Hz, 1 H),
{(R)'5'[(3'ié%‘{tﬁxl'?l'ifii'%‘%’,”?%éwﬁﬁW%%?DW')HH%M%PE%'%@E»83.95 (m, 1 H),

tetrahydro-naphthalen-1-yloxy}-acetic acid (5 mg, 11% over two steps) was obtained as an oil. MS
cald. for c@ﬁ@@héh&@sgﬁé s oBdd): 2eb/(E369 frvilyi MR- BotmBiE )Cbeds) 6854@7.98 (s, 1
H), 7.94 (SGJHT!)' 7.70(s,1H),7.10(t,J=7.8Hz,1H),206.89(d,J=7.8Hz,1H),6.61(d,J=7.8
Hz, 1 H), 5.16 -5.29 (m, 1 H), 4.68 (s, 2 H), 3.02- 3.18 (m, 1 H), 2.79 - 2.95 (m, 1 H), 2.60 (s, 3 H), 2.42
-2.58 (m,1H),1.90-2.04 (m,1H),1.58-1. ), 1.33(d, 6 H). WO
2010/018112PCT/EP2009/0601 6 - 76 - EMB% gi?a“d 54
f(R)-5-113-3apfermind drinpiemativihe 328 nasel isrpbreéddinshamimobous manner as
5,6,7,8-tetrahydro-naphthalen-1-yjoxvbaceti ' .
()55 ETE 2 TR TOR Sty U s SRR g Ay -benzene sufony)-
5,6,7,83setnaleyicybemaipbiHa &7 8-dtral}ydoetiz pbiddaEn-Hupdestac slicraxidredfbutyl ester and
UR)-5-[(3-_f{ O%;Hg}ﬁ?%ﬂrrg&% Iég%ngﬁgg%l{ggnyl)-methyl-amino)- 10

t -1-y eli

r

5,6,7,81etreﬁﬁy§ro-nap en oxyyacetic acid tert-butyl ester (example 1-1, 5th step) (87 mg,
0.168 mmol), sodium hydride (60%wt) (34 mg, 0.84 mmol) and 2- propanol (110 pL, 1.83 mmol) in
N,N-dimethylformamide (2 mL) was heated at 150 C in a microwave oven for 45 minutes. To the

reaction mixture-was added S

Example | Systematic 'H NMR (400 MHz, | (ESI.,

No. Name CD50D) & ppm [(M+H)T | structure

32 {(R)-5-{methyt- | 8.61 (s, 1H), 8.55 550
[3-(propane-2- (s, 1H), 847 (s, 1
suifonyl}-5- H), 7.10 (1, 1 H),
triffuoromethyl- | 6.73 {dd, 2 M), 5.30
benzenesulfonyl | (f, 1 H), 4.66 (s, 2
lamino}-5,6,7,8- | H), 3.53 - 3.63 (m,
tetrahydro- 1H),285(d, J=
naphthalen-1- 253 Hz, 1 H), 265
vioxy)-acetic {s, 3H},2.54 (m, 1
acid H), 1.70 (m, 4 H),

1.32{m, 6 H)

3-3 {((R})-5-{methyl- | 8.56 (s, } H), 8.35 (s, 564 Pl o
[3-(2-methyl- 1 H), 840 (s, 1 H), b\o
propane-2- T.08(t, 1 H), 672 o 7
sulfonyl)-5- {dd, 2 H), 5.28 (¢, 1 R
trifluoromethyl- | H), 4.67 (5,2 H), ;
benzenesulfonyl | 2.89 (d, 1 ), 2.64 (s, (;O
laminc}-5,6,7,8- | 3 H), 2.48 - 2.59 (m, I
tetrahydro- 2 H), 1.91 -2.00 (m, L
naphthalen-1- 1H),1.63-1.77 (m, w00
yloxy)-acetic 3H), 1.35-1.39 (m,
acid 9 H)




water (10 mL), and the resulting solution was extracted with ethyl acetate (3 x 20 15 mL). The
combined nic | were dried over sodium sulfate, filtered, and the g afford
{(R)-5-[(3- |§E)gparzop%o%¥ g?trlfluoromethyl -benzenesulfonyl)- %%%F%g% 8'1%5
methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid tert-butyl ester, WO
2010/018112PCT/EP2009/060156 -77 - which was®sed in the next step without purification. MS cald.
for C27H34F3NO06S 557, obsd 558 (ESI+) [(M+H)+].

{(R)-5-[(3-isopropoxy-5-trifluoromethyl- benze%ﬁ@g thyI amino] 5
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-aceti artlng with

{(R)-5-[(3- |soNEMX&MﬂU&metbﬂehm&ehéslﬂMbmethlemnzﬂnesu%fonv!)-ammo]-
5,6,7,8-tetrahydro- naphthzg VIR o n&ethod analogous to the
one descrlbed for exampl =1

'H NMR (300 MHz, DMSO0-(16) 6 ppm 12.49 (br. s, 1
(t, J=8.2Hz, 1 H), 6.70 (d, J = 8.2 Hz, 1 H), 6.66 ¢,
5.00 (m, 1 H), 4.66 (s, 2 H), 2.67 -2.79 (M, 1 H)»¢{, 53 @2 -2.46 (m, 1 H), 1.75-1.89 (m, 1 H),
1.58-1.74 (m, 2 H), 1.48 (br. s, 1 H), 1.30 (d, J =5. 70Hz 6 H)=EXAMPLES 9-2 and 9-3 20 The
following examples 9-2 and 9-3 were prepg N analogous manner as described for example 9-1,
using {(R)-5-[(3-fluoro-5-trifluoromethyl-be onyl)-
methyl-amino]-5,6,7,8-tetrahydro-naphthalent1-yloxyl-acetic acid tert-butyl ester and the appropriate
commercially available alcohols. WO 2011 18112PCT/EP2009/060156 -78 - Example No.

Systemsatic Name 'H NMR (300 MHz,)@ MS (ESI+, M-i-Na+) Structure 9-2* ((R)-5-K3-ethoxy-

66 (s, 1 H), 7.64 (s, 1 H), 7.59 (s, 1 H), 7.09
= 812 Hz, 1 H), 5.11 - 15 5.23 (m, 1 H), 4.86 -

ez O N

o

{(R)-5-[methyi(3-pyrrolidin-t-yl-5-triffuoromethyl-benzenesulfonyl}-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester

Aok,

10 A mixture of {(R)-5-[(3-fluoro-5-triflucromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5
step) (87 mg, 0.168 mmol) and pyrrolidine (142 mg, 1.68 mmol)) in dimethyl
suifoxide (2 mL) was heated at 150 °C for 50 minutes in a microwave oven. To the
reaction mixture was added water, and the resulting solution was extracted three

15 times with ethyl acetate. The combined organic layers were dried over sodium
sulfate, filtered, and then concentrated to afford {(R)-5-Imethyl-(3-pyrrolidin-1-yl-5-

trifluoromethyl-benzenesulfonyl}-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-



(CDCI3) 510 5-trifluoromethyl- 7.71 (br. s, 1 H), 7.56 benzenesulfonyl)- (br. s, 1 H), 7.34 (br.

Egethyl-anw8]éoslw’loighg.ll t,J=78 5,6,7,8-Hz, 1 H),6.90 (d, J= tege@%&b;m%d—gd 1H), 6.62

-61 -
acetic acid tert-butyl ester, which was used in the next step without purification. MS
cald. for CasHasFaN205S 568, obsd 569 (ES|+) [(M+H)+].

{{R)}-5-[methyl-(3-pyrrolidin-1-yI-5-triflucremethyl-benzenesulfonyl}-amino}-
5 5,8,7,8-tetrahydro-naphthalen-1-vloxy}-acetic acid

Starting with {(R)-5{methyl-(3-pyrrolidin-1-yl-5-triflucromethyl-benzenesulfonyl)-

10 aming]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester, and using
the method analogous to the one described for example 1-1, {(R)-5-{methyl-(3-
pyrrolidin-1-yl-5-trifluoromethyl-benzenesulfonyl)-amino]-5,6,7 ,8-tetrahydro-
naphthalen-1-yloxy}-acetic acid (37 mg, 41% over two steps) was obtained as a
white solid. HRMS cald. for CasHarFaNz0sS (ESIT[(M+Na)'] 535.1485, obsd.

15 535.1481; "H NMR (300 MHz, DMSO-ds) & ppm 12.21 (br. s, 1 H), 7.21 (s, 1 H), 7.06
-7.15(m,2H),7.00(s,1H), 674 (d, J=7.8Hz, 1H),6.70 (d, J=8.2Hz, 1 H), 506
-5.18 (m, 1 H), 4.66 (s, 2 H), 3.35 (br. s, 4 H), 2.64 -2.82 (m, 1 H), 2.51 (s, 3 H),
2.41 (br. s, 1 H), 2.00 (br. s, 4 H), 1.83 {(br. 5, 1 H), 1.42 -1.75 (m, 3 H).

EXAMPLE 4-2

20 {{R)-5-{{3-diethylamino-5-triflucromethyl-benzenesulfonyi)-methyi-aminoi-

5,6,7 8-tetrahydro-naphthalen-i-yioxy}-acetic acid




naphthalen-'l- J= 7.8'7Hz, 1 H), 5.13 yloxyl-acetic acid -5.29 (m, 1 H), 4.68 (s, 2 H), 4.07 - 4.21

(M, 2H),282-303 (m, 1H) 2.61(s,3H), 2.41-250 (m, 1H)

WO 2010/01811 PCT/EP2609/060156

-62 -

{(R)-5-[(3-diethylamino-5-triflucromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester

L

AL

A mixture of {(R)-5-[(3-flucro-5-trifluoromethyl-benzenesulfonyl}-methyl-amino]-
5,6,7.8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 59
step) (87 mg, 0.168 mmol), sodium hydride (60%wt) (34 mg, 0.84 mmol) and
diethylamine (175 pL, 1.68 mmol) in N,N-dimethylformamide (2 mL) was heated at

10 150 °C in a microwave oven for 45 minutes. To the reaction mixture was added
water (10 mL), and the resulting solution was exftracted with ethyl acetate (3 x 20
mL.}. The combined organic layers were dried over sodium sulfate, filtered, and then
concentrated to afford {(R)-5-[(3-diethylamino-5-trifluoromethyl-benzenesuifonyl)-
methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester,

15 which was used in the next step without purification. MS cald. for CagHarF3NOeS 570,
obsd 571 (ESI) [(M+H)].



1.96 (br.s,1H),1.58 -1.80(m,3H),1.48 (t,J=6.8Hz, 3H) 9-3{(R)-5-K3- (DM50-d6) 1324 (br.
550u_u_LL PO=WS8\O0/11 00 cyclopentyloxy-5-

10

I5

20

—WO 2010/618112 PCT/EP2009/060156

-63-
{{R)-5-](3-diethylamino-5-triflucromethyi-benzenesuifonyl)-methyl-amino}-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid '

L

Starting with {(R)-5-[(3-diethylamino-5-trifluoromethyl-benzenesulfonyl)-methyl-
aminol-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester, using the
method analogous to the one described for example 1-1, {(R)-5-{(3-diethylamino-5-
trifluoromethyl-benzenesulfonyl}-methyl-aminoc]-5,6,7,8-tetrahydro-naphthalen-1-
vioxy}-acetic acid (11 mg, 13% over two steps) was obtained as a light brown solid.
HRMS cald. for CosHaeF3NOgS (ESIM[(M+H)'] 515.1822, obsd. 515.1820; 'H NMR
(300 MHz, DMSO-d;) d ppm 7.20 (br. s, 1 H), 7.18 (br. 5, 1 H), 7.11 (br. 5, 1 H), 7.05
-7.40(m, 1H),6.71(d, J=7.2Hz, 1 H),6.70(d, J= 8.2 Hz, 1 H), 5.11 (br. s, 1 H),
4,66 (s,2H),3.47 (9, /=6.9Hz, 4 H), 2.67 (d, J= 14.8 Hz, 1 H), 245 (br. s, 1 H),
1.91(s,3H),1.77 (br. s, 1 H), 1.56 - 1.74 (m, 3 H), 1.11 (t, J= 6.9 Hz, 6 H).

EXAMPLE 4-3
The following example 4-3 was prepared in an analogous manner as described for
example 4-2 using {(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyt}-methyl-
amino]-5,6,7 8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester and the
commercially available N-methylisopropylamine. The final product was purified by
reverse phase preparative HPLC.

MS
Example (ESH+,
No. Systematic Name M+H") | Structure




s, 1 H), 7.67 (s, 1 H), Mfluoromethyl- 7.61 (s, 1 H), 7.57 (s, benzenesulfonyl)- 1 H), 7.08 (t, J = 8.5
methyl-aming]- Hz, 1 H%, 6.69(d,J= 5,6,7,8-8.5Hz, 1H), 6.66 (d, tetrl%f(dro- J=8.5Hz, 1H),

5.04 WO 2010/b1811 [EP2009/060156
-64 -
4-3 {{R)-5-{[3-(isopropyl-methyl- 515
amino)-5-trifluoromethyl- o) f
benzenesulfonyl]-methyl- O::'SI F .
amino}-5,68,7 8-tetrahydro- - . ~N

naphthalen-1-yloxy}-acetic

Ot

EXAMPLE 5-1
((R)-5-{3-(1,1-difluoro-ethyl-5-trifluoromethyl-benzenesulfonyi}-methyi-

amino}-5,6,7,8-tetréhvdro-naphthalen-1 -yioxyl-acefic acid

[(R}-5-(3-bromo-5-trifluoromethyl-benzenesuifonylaminoe)-5,6,7,8-tetrahydro
-naphthalen-1-yloxyl-acetic acid tert-butyl ester

-5 Br



naphthalen-1- -5.22 (m, 2 H), 4.63 yloxyl-acetic acid (s, 2 H), 2.69 (br. s, 1  H), 2.53 (s, 3 H), 2.33

-245(m, 1 Ij€|) 1.42 - 2.07 (m,12 H) * purified by soxhlet extraction EXAMPLE 10-1
WO 2010/018112 PCT/EP2609/060156

-65-
Starting with ((R}-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-
butyl ester hydrochloride sailt (500, 1.91 mmol) and 3-bromo-5-trifluoromethyl-
benzenesulfony! chloride (642 mg, 1.99 mmol), and using the method analogous fo
the one described for example 1-1, 4" step, [(R)-5-(3-bromo-5-triflucromethyl-

5 benzenesulfonyl amino)-5,6,7,8-tetrahydro-naphthalen-1-yloxy]-acetic acid tert-butyl
ester (711 mg, 66%) was obtained as a white solid. MS cald. for C1gH1sBrFaN304S
564, obsd. 565 (ESI™) [(M+H)'1.

{(R)-5-[(3-bromo-5-triffuoromethyl-benzenesulfonyl}-methyi-amino]-5,6,7,8-
10 tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester
F

0,
.3 Br
\I;l >,

T
s

To a solution of [(R}-5-(3-bromo-5-trifluoromethyl-benzenesulfonylaming)-5,6,7,.8-
tetrahydro-naphthalen-1-yloxyl-acetic acid tert-butyl ester (46 mg, 0.08 mmol) in
acetonitrile (3 mL)} was added potassium carbonate (27.6 mg, 0.200 mmol} and

15  methyl iodide (9.5 uL, 0.150 mmol) at room temperature. After being heated at 70 °C
for 6 hours under an argon atmosphere, the reaction mixiure was cooled to room
temperature, filtered through a glass funnel, and concentrated in vacuo. The residue
was purified by column chromatography (0-5% methanol in dichloromethane) to
afford {(R}-5-{(3-bromo-5-trifluoromethyl-benzenesuifonyl)-methyl-amino]-5,6,7,8-

20 tetrahydro-naphthalen-1-yloxy}-acetic acid terf-butyl ester (39 mg, 83%) as a white
solid. MS cald. for CaoH21FsN3Q4S 577, obsd. 578 (ESI™) [((M+H)'].

{(R)-5-[(3-acetyl-5-rifluoromethyl-benzenesulfonyl)-methyl-amino}-5,6,7,8
-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester



[(R)-5-(3,5-dichloro-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1- yloxyFacetic acid CI
HN-S,>Cl , 0 HO 0 To a solution of ((R)-5-amino-5,6,7,8-tetrahydro-naphthalen-1-ylox iéacetic acid
tert- butyl ?e?%%?gaﬁoride salt (prepared as described above, 25 mg, g8 ﬁ?&?gﬁ’l %ﬁ w0
2010/018112PCT/EP2009/060156 - 79 - N,N-diisopropylethylamine (0.022 mL, 0.14 mmol) in dry
tetrahydrofuran (1 mL) was added 3,5-dichloroben#énesulfonyl chloride (34 mg, 0.11 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 4 hours, at which time analysis
of an aliquot by LC/MS showed complete consumption ef-therstarting amine. 5 To the reaction mixture
was added 0.2 N lithium hydroxide (1 mL), and the resulting_mixture was stirred overnight. Analysis
showed only partial hydrolysis of the ester. Additiong) 0.2 hium hydroxide was then added (1 mL)
and the mixture was stirred at room temperature fQr 2‘ Ay TheSblution was acidified and
concentrated to dryness. Preparative HPLC (Pursui‘tI C+28, H20/CH3CN/TFA) provided pure [(R)- 10
5-(3,5-dichloro-benzenesulfonylamino)-5,6,7, relnydro-naphthalen-1-yloxy]-acetic acid (12 mg,
31%); 1H NMR (400 MHz, DMSO-d6) 6 ppm 8§
J=1.7Hz, 2 H), 7.05(t, J=8.0Hz, 1 H), 6.68 (d, J=8.0 Hz, 1 H), 6.62 (d, J = 8.0 Hz, 1 H), 4.63 (s, 2
H), 4.40 - 452 (m, 1 H), 2.53 - 2.64 (m,/ZRH), G0 - 1.86 (m, 1 H), 1.50 - 1.69 (m, 3 H). HRMS cald. for

15 C16H17C12NO06S (ESI+)[(M+H)] 42810131, obsd. 428.0130. Example 10-2
{(R)-543-(1,1-difluoro-ethyl)-5-trifluoromettyl-b&hzenesulfonylamino1-5,6,7,8-

(RS Iber g A3 YORD S R iRl P oA ROCESH) Y- R A ess oByt)methyi-amincl-
tetrahydro-BaphiaderatiyyloxydetttiteaciortuiybastecidVer A 1Ol @E8d-1ARCT,/ER 20681060156
in N,N-dimethylformamide (8 mL) was added |
5 tris{dibenzylideneacetone)dipalladium(0) (175 mg, 0.19 mmol) , triphenylarsine (175
mg, 0.57 mmol) and 1-ethoxy-vinyltributyitin {1 mL, 2.86 mmol) at room temperature.
After being heated at 80 °C for 2 hours under an argon atmosphere, the reaction
mixture was cooled to room temperature, and then treated with 4N hydrochioric acid
(1 mL), and subsequently stirred at room temperature for 20 minutes. The resulting
10 mixture was poured into water (40 mL) and exiracted with ethyl acetate (20 mL x 3).
The combined organic layers were washed with water (20 mL), then brine (20 mL.),
and concentrated in vacuo. The residue was purified by flash column
chromatography (15-30% ethyl acetate in petroleum ether) to afford {{R)-5-[(3-acetyl-
5-trifluoromethyl-benzenesulfonyt}-methyl-aminol-5,6,7 ,8-tetrahydro-naphthalen-1-
15 yloxy}-acetic acid tert-butyl ester (798 mg, 85%) as a yellow oil. MS cald. for
Co1H24F3N3OsS 541, obsd. 542 (ESI™) [((M+H)].

{((R)-5-{[3-(1,1-diflucro-ethyl)-5-trifluoromethyl-benzenesulfonyl}-methyl-
amino}-5,86,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid fert-butyl ester



- 80 - To a solution of (R)15-(3-bromo-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyFacetic acid tert-butyl ester (50 mg, 0.088 mmol re‘Pared as described
above) in %Qt?)%ﬂf?l]es’(gmu was added potassium carbonate 5 (27.6'mg,@2‘8§ %ﬁl}rr%{)gﬁ%%
bromomethyl-benzene (45 mg, 0.265 mmol). The reaction mixture was heated at 70 C for 6 hours
under an argon atmosphere, and then cooled to redm-temperature, filtered through a glass funnel and
concentrated in vacuo. The residue was purified by columm® chromatography (gradient elution, 0-5%
methanol in dichloromethane) to afford {(R)-5-[benzyl-(3-bserro-5-trifluoromethyl- 10
benzenesulfonyl)-aminol-5,6,7,8-tetrahydro-naphthalen-1xyloxyl-acetic acid tert-butyl ester (46 mg,
80%) as a white solid. MS cald. for C301-131BrF3N@5 ohsd. (ESI+) [(M+H)+] 655.
{(R)-5-[(3-acety1-5-trif|uoromethyi-benzenesuifonyi)-b’g‘ Zy-amjigl-5,6,7,8 15
-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butﬁ%i ester O 2010/018112PCT/EP2009/060156 -
81 - To a solution of {(R)-54benzyl-(3-bromo-B=trifiioromethyl-benzenesulfonyl)-aminoF
5,6,7,8-tetrahydro-naphthalen-1-yloxyl-aceticlg
N,N-dimethylformamide (8 mL) was added trisibenzylideneacetone)dipalladium(O) (175 mg, 0.19
mmol), triphenylarsine (175 5 mg, 5.72 mmol);‘and 1-ethoxy-vinyltributyltin (1 mL, 2.86 mmol). After
being stirred at 80 C for 2 hours underj&%r n atmosphere, the reaction mixture was cooled to room
temperature, and then treated with 4N h ochforic acid (1 mL), and stirred at room temperature for 20

). The GArB R TG AhE B e LM e WS O e A B RO pinen
concentrat&gbii ,W@h?ﬂmraamemwiﬁm-wéhshcﬁdltm*trbcltybas&o@%ﬁﬁhyg(gfhﬂ@nt elution:
et R S BRSBTS ml) was added bis(methox

{(R)-5-[(3-acety romethylbenzenesulfo nzyl-amino -tetramdro-naphthalen-l-ylo
xyl-acefic stfityttrinagléstdritiscnigel[@ROULB25 Muysd abioMS ieap ket @8 2/M828F3N06S 617, 15

obsd. (ESI%) 9}4%2?]5? 8re. After being heated at 70 °C for 4 hours, the mixture was cooled
((R)-5-{benaz 43-(1,1- i;huor'o-et yB-SI-tgriﬁluoromethyl-benzenesuIfoﬁyli-amino}-

5,6,7,8-tetrighiaire: iRipReTalere ] afexgyidediotacaientpdpebiar bicppaaielandriism
{(R)-5-[(3-acapd-bs finAramatryhnanzarasdieny shenzylcaminekd organic la§/6ers were

5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid tert-butyl ester (300 mg, 0.486 mmol) in anhydrous
dichloromeftfate L)"iﬁtﬁ"kﬁg%B”bgﬁl’éj(griﬂﬁ)(%g‘hbﬁwﬂpﬁﬁ-ﬁ%ﬁﬁ%aé@w&é{ﬁﬁ%sgﬁﬁr trifluoride
(400 pﬂofj&mmak)amﬁl@r% ﬁ@aaﬁgﬂa@ng@aanhege_sés‘@aﬁ ey ﬁé@t%f_éatﬁ E_@@d?uﬁn@u&? the mi>:jture
was cooled to room emperature, and poured into saturated sodium bicarbgnate solution an
extracted HEI0UICTE S1OF AR BT BhLoEBT G N AR ORUAI R (3550 L. The
combined @iganit-HeaTswetratwashempritharater-@6ky Laceiid rnkié200mty) dbien @5icentrated in

e A A R AR AR

15 ({R)-5<4[3-(1,1-difluoro-ethyl)-5-trifluoromethyl-benzenesulfonyl]-methyl-
amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid




5 benzenesulfonyli-amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester (247 mg,
79.7%) as a yellow oil. MS cald for 032H31 F5NOS5S 639, obsd. (ESI+) [(

UR)-543- (fv f\‘ i 8rs? é%hyl) 5-trifluoromethyl-benzenesulfonylamino]-5 ’\14(% MP;OO%%GMSG
,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester ((R)-5- {benzyl [3-(1,1-d iflu
oro-ethyl)-5-trifluoro methyl-benzenes ulfo nyl]-amr ©8,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid

tert-butyl eSﬁrﬁ?@ Wigh QRAFaA),, IDfldlﬂd@#méthWﬁEéJﬁmﬁb’ﬁoﬂﬂ@iﬁ;,ﬂ%éﬁé&h@&ﬁféﬁwﬂm@?iw
ammonium salt (65 15 mg, 1.03 mmol) were suspended in ethano mL), and t sulting mixture
vas hoatod A0S o STEAE G TAREARISH I WG RLR EOB R 180 FoUEheLTallfb, and
filtered thr@ugb netite), Enel filtiate tha snatsitednaitigetiaitotn@d1e nidgedimedtfer estheapsl brganic layers
were conc c Si was UI‘IfI flash colu romatogra (gradient
elution: 15‘?§8’32é°;%$”i’é3;e AT Ry e SRR TP HRETR AR

{(R)-5-[B- (15ﬁmfmuwmpﬂmmdmmmmdxm]®%7 Baewhtsidest @gphthalen-1-yl

- f b I+) [(M+H)+
Nk B e R i
amino}-5,6(# Wi oOMRbAtRRMENSLAAdRy Radbtf HEits. W), 2080/(51 8112 FERB00B060156 -
83 - Startiggeyin ({FPhos%6ld-Aiyorgstyly Siribupsomgbybeniencsyiianylaminils m, 1

5,6,7,8- tetrahydro nap thalen- - acetic acid tert-butyl ester, and using the 5 method analogous
to the one fRsérfbed: fér"@xén@ﬁl l{ﬁ%f @@30"(1 3-GRuoro-

ethyl)-gtrifluoromethyl- benzenesulfonylamlnol -5,6,7,8-tetrahydro-naphthalen-1- yloxyl-acetic acid was
obtained as a white solid. 1H NMR (400 MHz CD30D) m 8.30 (s, 1 H), 8.28 (s, 1 H), 8.09 (s, 1 H),
6.94 (dd, 1 H), 6.64 (d, 1 H), 6.46 (d, 2 H), 4. EXAMPHE ﬁois (t, 1 H), 2.72 -2.83 (m, 1 H), 2.51 -2.63
(m, 1 H), 2.01 gR54)3L8cbAA-5 k¥uBTomidihV Dok issulbhBIRBINOBE A A6, 6ESI+)
RM+H)+]: 494. EXAMPLES 10-3 to 10.12 oo__u, ei<amles 0- 3 to 0-5 and 10-8 to 10-12
were prepared in an analogouSFmhaRteT-as-tescHbet-above GaGENERYY 1 and 10-1 by treating
((R)-5- 15 amino-5,6,7 84etrahydro naphthalen -1- onxy) gcetic acid tert butyl ester hydrochloride salt
ypropriate substituted benzenesulfonyl

lon step using iodomethane). For examples

chloride followed by ester hydrolysis (without the meth
10-6 and 10-7, the compounds were prepared usmg the cedyres described above for 20 making
examples 8-1 and 7-1, respectively (N-methylated d a fivativesy’ starting with the appropriate
NH-sulfonamides without the methylation step usirg |@domethane - 84 - Example No. Systematic
Name 1H NMR (300 MHz,) 6 ppm MS Stru

0O

L

HO™ 70O

15 Starting with {{R)-5-(3-acetyl-5-trifluoromethyl-benzenesulfonyl)-methyl-amino}-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester (example 5-1, 3™
step) (230 mg, 0.42 mmol), and using the method analogous to the one described for
example 1-1, {{R)-5-[(3-acetyl-5-triflucromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid (51.4 mg, 25%) was obtained as a

20 white solid. HRMS cald. for CaoHzoF3NQO6S (ESIT) [(M+Na)™] 508.1012, obsd.
508.1012; "H NMR (300 MHz, DMSO-0d;s) d ppm 8.56 (s, 1 H), 8.52 (s, 1 H), 8.44 (s,
1H),7.06( J=7.8Hz 1H),6.60-668(m,2H),517-529(m, 1 H), 442 (br. s,
2 H),2.75(s, 3 H), 2.68 (br. s, 1 H), 2.55 (s, 3 H), 2.21 - 2.46 (m, 1 H), 1.81 (br. s, 1
H), 1.53-1.73(m, 2 H), 1.50 (br. s, 1 H).

25



10-3 [(R)-5-(3,5-bis- (DMSO-c15) 8.48 - 8.61 (m, 496# trifluoromethyl- 2 H), 8.46 (br. s, 2 H),

benzenesulfonyiamin 6.88 - 7.06 (m, 1 H), 6.66  0)-5,6,7,8-tetrahydro- (dp J=6.9Hz 1H),6.51
naphthalelY2yUAIEH2I = 7.2 Hz, 1 H), 4.54 CT/EP2009/060156
-69 -
EXAMPLE 7-1

((R}-5-{methvi-[3-(1-methyl-cyclopropyl)-5-trifluoromethyl-benzenesuifonyli-

amino}-5,6.7,.8-tetrahydro-naphthalen-1-yloxy)-acetic acid

[{R)-5-(3-isopropenyi-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid fert-butyi ester

To a solution of [(R)-5-(3-bromo-5-trifiuoromethyl-benzenesulfonylamino }-5,6,7 8-

10 tetrahydro-naphthalen-1-yloxyl-acetic acid tert-butyl ester (example 5-1, 1% step)
(100 mg, 0.177 mmol) in N,N-dimethylformamide (1 mL) in a Biotage microwave vial
were successively added tetrakis(triphenylphosphine)paliadium(0) (21 mg, 0.0177
mmol), potassium tert-butoxide (40 mg, 0.35 mmol) and isopropenyl boronic acid
pinacol ester {0.05 mi., 0.27 mmol). The resuiting mixture was heated in a

15 microwave at 130 °C for 15 minutes. After being coocled to room temperature, the
reaction mixture was partitioned between 0.1 N hydrochloric acid and
dichloromethane. The organic phase was extracted with water. The combined

organic layers were dried over magnesium sulfate, filtered and concentrated under



~ acetic acid (hr.s,3H),2.40-2.69(m, 2H),1.68-1.86(m,1H), 158 (hr.s,3H) 104

[(R)-5-(3,5-dimeth I-%OO MHz, DMSO-d3) 388# O benzenesulfonylamin h ), 7.98 (d,
HN o)-5,6W%-2faéﬁ}éﬁ fo- J = 8.5 Hz, 1 H), 7.49 (s, 2 PR o2

-70 -
reduced pressure. Flash chromatography (RediSep® Flash column from Teledyne
isco, Inc., 230-400 mesh, 0-10% methanol in dichloromethane) gave [(R)-5-(3-
isopropenyl-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-
1-vloxy]-acetic acid tert-butyl ester (50 mg, 54%). M3 cald. for CasH30F3sNOsS 525,

5 obsd. 526 (ESI") [(M+H)"].

[(R)-5-(3-isopropenyl-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl]-acetic acid

HO 70O

10 To a solution of the crude [{R)-5-(3-isopropenyl-5-trifluoromethyl-
benzenesulfonylamino)-5,8,7,8-tetrahydro-naphthalen-1-yloxy]-acetic acid terf-butyl
ester (326 mg, 0.62 mmol) in tetrahydrofuran (4 mL) was added 1M lithium hydroxide
(4 mL). The resulting biphasic mixture was stirred at room temperature for 3 hours.
The agueous phase was washed with ethyl acetate, and then acidified with 1M HCI

15 toapHof about2. The resulting mixture was extracted with ethyl acetate. The
combined organic layers were concentrated to dryness under reduced pressure to
give {(R)-5-(3-isopropenyl-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid, which was used without further

_ purification. MS cald for CaoHoF3NOsS 469, obsd. 470 (ESIT) [(M+H)"].
20

[(R)-5-{3-isopropenyi-5-rifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid methyl ester



tai naphthalen-1-yioxyp acetic acid H), 7;29 (s,1H),7.02(t J=8.0Hz, 1H),6.66 (d,J= Oil 8.1Hz,

2H), 463 (s 2H) 421-435(m, 1H), 242- ...0 2.64(m,2H), 2.37 (5,6 H) 178 (hr.s, 1 H),
WO 20107018112 CT/EP200%/06615
144 - HO
-71 -
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oY
HNT, g F

O
\oLo
To a solution of the crude [(R}-5-(3-isopropenyl-5-trifluoromethyl-
benzenesuifonylamino)-5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid (60 mg,
011 mmol) in methanol (2 ml.) was added a catalytic amount of thionyl chioride. The
5 resulting reaction solution was heated in a microwave at 100 °C for 15 minutes. The
mixture was concentrated to dryness to give crude [(R)-5-(3-isopropenyi-5-
trifluoromethyl-benzenesulfonylamino}-5,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic
acid methy! ester, which was used in the next step without further purification. M3
cald for CasHoaF sNO5S 483, obsd. 484 (ESI™) [(M+H)'].
10
{(R)-5-[(3-isopropenyl-5-iriflucromethyl-benzenesulfonyl}-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid methy! ester

~0"0
To a solution of [(R)-5-(3-isopropenyl-5-trifluoromethyi-benzenesulfonylamino)-

15 5,6,7.8-tetrahydro-naphthalen-1-yloxyj-acetic acid methyl ester (67 mg, 0.14 mmol)
in N,N-dimethylformamide (1 mL) were added potassium carb.onate (48 mg, 0.345
mmol} and iodomethane (0.02 mL, 0.276 mmol). The mixture was heated at 100 °C
in a microwave for 15 minutes. The mixture was partitioned between water and

diethyl ether. The organic phase was washed 5 times with water, then concentrated



1.66 (m, 3 H) 10-5[(R)-5-(3,5-difluoro- 12.93 (hr. s, 1 H), 8.35 (d, 396# 0,/0 benzenesulfonylamin J =
8.5 Hz, 1 H), 7.52- 8 HN" op 0)-5,6,7,8-tetrahydro- naphthalen-1-yloxy]- acetic acid 7.69 (m, 3 H),
7.04 (t, J =PAH48132 6 58 - 6.76 (m, 2 H), 4.64 (s, 2 H), 4.34 -4.50 (mPETHP29Y05U591 2.80(m,
2H),1.67-186 ..--0

10

15

-72.
to dryness to give crude {(R}-5-[(3-isopropenyl-5-trifluoromethyl-benzenesulfonyl)-
methyl-amino]-5,6,7 ,8-tetrahydro-naphthalen-1-yloxy}-acetic acid methy! ester, which
was used in the next step without further purification. MS cald. for Ca4HasFsNOsS 497,
obsd. 498 (ESI™) [(M+H)'].

((R)-5-{methyl-[3-(1-methyl-cyclopropyl)-5-trifluoromethyl-benzenesulfonyl]-
methyl-amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid methyl ester

e

O

\OLO
N-Nitroso-N-methylurea (600 mg, 5.83 mmol) was added in portions to a mixture of
ether (10 mL) and 40% agueous potassium hydroxide (2 mL) at 0 °C. After 20
minutes, the aqueous layer was removed, and the ether layer was transferred via
cannula to {{R}-5-[(3-isopropenyl-5-trifluoromethyl-benzenesutfonyl}-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid methyl ester (40 mg, 0.08 mmol)
at 0 °C, followed by addition of palladium acetate (2 mg, 0.009 mmol). The reaction
mixture was quenched with 5 mL of acetic acid, and then filtered through a short pad
of Celite® (a diatomite filter). The filtrate was concentrated in vacuo to give crude
{(R)-5-[methyl-[3-(1-methyl-cyclopropyl)-5-triflucromethyl-benzenesulfonyl]-methyl-
amino]-5,8,7,8-tetrahydro-naphthalen-1-yloxy]-acetic acid methyl ester, which was
used in the next step without further purification. MS cald. for CasHpsF3sNOsS 511,
obsd. 512 (ESI) [(M+H)"].

{(R)-5-{methyl-[3-{1-methyi-cyclopropyl)-5-trifluoromethyl-benzenesuifonyl]-
amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid



(m, 1 H), 146 - 1.66 (m, 3 H) HOO 10-6 [(R)-5-(3-isopropyl-5- (400 MHz, DMSO-d5) 470#
trlfluoromethél 12.87 (hr s,1H),831(d, benzenesulfonylaminJ=38.3 Hz, 1 PH){}{S 07 (s

0)-5,6,7,8-%&

5

10

15

}9/{}60136

2AYUPLEHS, 7.96 (s, 1 H), 7.93 (s, PCT/E

-3 -

Starting with {(R)-5-Imethyl-[3-(1-methyl-cyclopropyl)-5-trifluoromethyi-
benzenesuifcnyi]—methyi-amino]—S,6,7,8-tetrahydro-naphthaien-‘! -yloxyl-acetic acid
methyl ester (16 mg, 0.032 mmol), using the method analogous to the one described
for example 1-1, {{R}-5-[methyl-[3-(1-methyl-cyclopropyl)-5-trifluoromethyl-
benzenesulfonyl]-methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid

(6 mg, 38%) was obtained as a solid. MS cald. for CasHasF3NOsS 497, obsd. 498
(ESI*) [(M+H)'T; "TH NMR (400 MHz, DMSO-ds) & ppm 12.98 (br. s, 1 H), 7.94 (s, 2 H),
7.85(s,1H),7.09( J=8.0Hz 1H),6.70(d, J=8.0Hz 1H)6.67(d, J=80Hz 1
H), 510-525(m, 1 H), 4.64 (s, 2H),2.54 (s, 3H),2.34-2.48 (m, 2 H), 1.76 - 1.91
{m, 1 H), 1.51-1.77 (m, 2 H), 1.47 (s, 3 H), 1.37 - 1.50 (m, 1 H), 0.96 - 1.09 (m, 2 H},
0.92 (d, 2 H).

EXAMPLE 8-1
{(R)-5-[(3-isopropyl-5-triflucromethyl-benzenesulfonyl)-methyl-amino}-5,6,7.8-

tetrahydro-naphthalen-1-yloxy}-acetic acid




naphthalen-Il-yloxyl- 1-H), 6.99 (t, J=8.0Hz,1 acetic acid H), 6.67 (d,J=8.0Hz,1 H),6.54(d,J

=8.0Hz, 1 H) 463 (s, 2H), 436~ 446 (m, 1 H), 3.07 -324

WO 2018/01811 PCE/EPIL09/060156

- 74 -
{{R)-5-[(3-isopropenyl-5-trifiuoromethyl-benzenesulfonyl}-methyl-amino}-
5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester

Q.

AL

Starting with {{R)-5-[(3-bromo-5-trifluoromethyl-benzenesulfonyll-methyl-amino}-

5 5,8,7 8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 5-1, 2
step) (150 mg, 0.266 mmol) and isopropenyl boronic acid pinacol ester (0.075 mL,
0.40 mmol), using the method analogous to the one described for example 7-1, 1
step, {{R)-5-[(3-isopropenyi-5-triflucromethyl-benzenesulfonyl)-methyi-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (52 mg, 36%) was

10 obtained. MS cald. for Co7H3FsNOsS 539, obsd. 540 (ESIT) [(M+H)'].

{(R)-5-{(3-isopropyl-5-trifluoromethyi-benzenesulfonyl)-methyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester

AL

A mixture of {(R)-5-[(3-isopropenyl-5-triflucromethyl-benzenesulfonyl)-methyl-aminol-

15

5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester (52 mg, 0.092
mmol) and 10% palladium on carbon (5 mg) in ethyl acetate (1.5 mL) in a CEM



(m,J=6.8 Hz, 1 H), 250 -2.65 (m,2H),1.75(hr.s, 1H), 1.42 - 1.68 (m,3H), 127(d,J=6.
8 Hz, 6 H) _10-7 SR -513-(1-methyl- (CD30D) 8.01 (s, 1 H), cyclopropy]i)-S- 7.97(s,1H),7.78 (s, 1

WO 2010/018112 CT/EP2009/060156
- 75 .
microwave vial was heated rapidly to 80 °C under hydrogen (50 psi) for 10 minutes.
After being cooled to room temperature, the reaction mixture was filtered through a
pad of Celite® (a diatomite filter), and washed with dichloromethane. The collected
filtrate was concentrated under reduced pressure to give {(R)-5-{(3-isopropyl-5-
5 triflucromethyl-benzenesulfonyl)-methyl-amino}-5,6,7,8-tetrahydro-naphthalen-1-

yloxy}-acetic acid tert-butyl ester (30 mg), which was used in the next step without
further purification. MS cald. for Co7H3z4FaNOsS 541, obsd. 542 (ESIT) [(M+H)"].

{{R)-5-[(3-isopropyl-5-rifiucromethyl-benzenesulfonyl)-methyl-amino}-5,6,7,8-
10 tetrahydro-naphthalen-1-yloxy}-acetic acid

Starting with {(R)-5-[(3-isopropyl-5-trifiucromethyi-benzenesulfonyi)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester (30 mg, 0.053

15 mmol), using the method analogous to the one described for example 7-1, 2" step,
{(R)-5-{(3-isopropyl-5-triflucromethyl-benzenesulfonyl}-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid (5 mg, 11% over two steps) was obtained
as an oil. MS cald. for CasHssFsNOsS 485, obsd. 486 (ESI") [(M+H)']. "H NMR (300
MHz, CDCl3) 8 ppm 7.98 (s, 1 H), 7.94 (s, 1 H)}, 7.70 (s, 1 H), 7.10 (t, J = 7.8 Hz, 1 H),

20 6.89(d,J=7.8Hz,1H),6.61(d,J=7.8Hz, 1 H),516-5.29 (m, 1 H), 4.68 (s, 2 H),
3.02-3.18{(m, 1H),2.79-295(m, 1 H),260(s, 3H),2.42-258(m, 1 H), 1.90 -
2.04 (m, 1 H), 1.58 -1.80 (m, 3 H), 1.33 (d, 6 H).



trifluorometM4- H), 6.94 (t, J=7.8 Hz, 1  benzenesulfonylamin H), 6.64 (d,J=7.8Hz,1

0]-5,6,7,8-tetrahydro- H%, 6.42(d,J=78Hz,1 u_)(u.zo naphthalen-l—;lox I- H), 4.63 és, 2 H), 4.33

- acetic égﬂ 2074/01811 CT/EP2669/66615

- 76 -
EXAMPLE 91

{{R}-5-[(3-isopropoxy-S-triflucromethyl-benzenesulfonyl}-methyl-amino]-

5,6.,7,8-tetrahydro-naphthalen-1-yvloxy}-acetic acid

{(R)-5-[(3-isopropoxy-5-trifiuoromethyl-benzenesulfonyi)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid terf-butyl ester

A mixture of {{R)-5-](3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-aminol-

10 5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (example 1-1, 5
step) (87 mg, 0.188 mmol), sodium hydride (60%wt)} (34 mg, 0.84 mmol) and 2-
propanol (110 uL, 1.83 mmol} in N, N-dimethylformamide (2 mL) was heated at
150 °C in a microwave oven for 45 minutes. To the reaction mixture was added
water (10 mL), and the resulting solution was extracted with ethyt acetate (3 x 20

15  mk). The combined organic layers were dried over sodium sulfate, filiered, and then
concentrated to afford {(R)-5-[(3-isopropoxy-5-trifluoromethyl-benzenesulfonyl)-
methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester,



443 (m,1H),2.71-2.86 (m,1H),2.49-265(m,1 H), 1.60-1.95(m,4H), 148 (s, 3 H), 0.98

(hr.s, 2

H), 0.93 (hr. s, 2 H) -85 - 10-8 [(R)-5-(3,5-di-tert- butyl- benzenesulfonylamin o

)-5,6,7,8-teH AN #dPhthalen-1-yloxyl- acetic acid PCT/EP2009/060156

10

15

20
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which was used in the next step without purification. MS cald. for Ca7H34F3NOsS 557,
obsd 558 (ESI™) [(M+H)"].

{(R)-5-[(3-isopropoxy-5-trifluoromethyi-benzenesulfonyl)-methyl-aminol-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid

Starting with {(R)-5-[(3-isopropoxy-5-triflucromethyl-benzenesulfonyl)-methyl-aminol-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester, using the method
analogous {o the one described for example 1-1, {{R)-5-[(3- isopropoxy-5-
trifluoromethyl-benzenesulfonyl)-methyl-amino}-5,6,7,8-tetrahydro-naphthalen-1-
yloxy}-acetic acid (15 mg, 18% over two steps) was obtained as a white solid. HRMS
cald. for CaaHasFaNO6S (ESIM(M+Na)'] 524.1352, obsd. 524.1322; 'H NMR (300
MHz, DMSO-d;) & ppm 12.49 (br. s, 1 H), 7.66 (s, 1 H), 7.64 (s, 1 H), 7.59 (s, 1 H),
7.08( J=82Hz 1H),6.70(d, J=8.2Hz, 1 H),6.66(d, J=82Hz, 1 H),511-
523 (m, 1H), 4.86-5.00(m,1H),4.66 (s, 2H),2.67 -2.79 (m, 1 H), 2.53 (s, 3 H),
232-246(m,1H), 1.75-1.89 (m, 1 H), 1.58 - 1.74 (m, 2 H), 1.48 (br. s, 1 H}, 1.30
(d, J=5.7 Hz, 6 H).

EXAMPLES 9-2 and 9-3
The following examples 9-2 and 9-3 were prepared in an analogous manner as
described for example 9-1, using {{R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-
methyl-amino]-5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid terf-butyl ester and
the appropriate commercially available alcohols.



(CDCI3) 7.77 (d, J ri 12 Hz, 2 H), 7.62- 7.71 (m, 1 H), 6.97 (t, J = 8.0 Hz, 1 H), 6.57 (d, J = 8.0 Hz, 1
H), 6.50 (d, J = 8.0 Hz, 1 H), 4.71 (d, J= 7.5 Hz, 1 H), 4.66 (s, 2 H),-4.43 (br. s 1%%%2.69 -2.90 (m, 1
H), 2.47 - Y8842 474 00 "..sHN SO ile ....... 1.67 - 1.95 (m, 4 H) PEEFPRIBHI0L568 1y 10-9
[(R)-5-(3,5-bis- (DMSO-d6) 11.80 - 13.65 518* methanesulfonyl- (br. s, 1 H), 8.65 (s, 3 H),

-78 -
MS
Example H NMR (300 MHz,) 8 | (ESH,
No. Systematic Name | ppm M+Na") | Structure
9-2* {(R)-5-[(3-ethoxy- | (CDCl3) 510 5 S
5-trifiuoromethyl- | 7.71 (br. s, 1 H}, 7.56 Ol F p
benzenesulfonyl)- | (br. s, 1 H), 7.34 (br. N
methyl-amino}- s, TH), 711 {t, J=738 H
5,8,7,8- Hz, 1H),6.90(d,J= &
tetrahydro- 7.8 Hz, 1 H), 8.62 (4, (
naphthalen-1- J=7.8Hz, 1H),513 5
vioxy}-acetic acid | -5.29(m, 1 H},4.68
{s,2 H),4.07 -4.21 ,L
(m, 2 H),2.82-3.03 o o
(m, 1H),2.61 (s, 3H),
2.41-2.59 (m, 1H),
1.96 (br.s, 1 H), 1.58
~1.80 {m, 3 H), 1.48
(t, J=6.8Hz, 3 H)
9-3 {(RY-5-1(3- (DMSO-ds) 1324 (br. | 550
cyclopentyloxy-5- | s, 1 H), 7.67 (s, 1 H),
triffuoromethyl- 7.61{s,1H), 757 (s, o F
henzenesuifonyl)- | 1 H),7.08{, J=8.5 ol F
methyl-aminol- Hz, 1 H),6.69(d,J= ~o T F
5,6,7.8- 8.5 Hz, 1 H),6.66 (d, :
tetrahydro- J=85Hz, 1H),504
naphthalen-{- -522(m, 2H),4.63 C
yloxyi-acetic acid | (s, 2 H}, 2.68 (br. 5, 1 \Q
H), 2.53 (s, 3 H), 2.33 ©
-2.45(m, 1H), 1.42- L
2.07 (m, 12 H) Ho™ o

* purified by soxhlet extraction

EXAMPLE 1041
[(R)-5-{3,5-dichloro-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-

yloxy]-acetic acid

To a solution of ((R}-5-amino-5,8,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-

butyl ester hydrochloride salt (prepared as described above, 25 mg, 0.08 mmol) and



benzenesulfonyiamin 8.59 (d, J =82 Hz, 1 H), 0)-5,6,7,8-tetrahydro- 7.00 (t, J = 8.0 Hz, 1 H),
naphthale% 6 (d,J=8.0Hz, 1 H), aceticacid6.55(d,J= 8'9%&2@/920154664 (s, 2 H),

4.43 -4.57 %(#q@élllﬁ%gﬂ (s, 6 H),
-79 -
N, N-diisopropylethylamine (0.022 mL, 0.14 mmol) in dry tetrahydrofuran (1 mL) was
added 3,5-dichlorobenzenesulfonyl chloride (34 mg, 0.11 mmol) at room temperature.
The reaction mixture was stirred at room temperature for 4 hours, at which time
analysis of an aliquot by LC/MS showed complete consumption of the starting amine.
5 To the reaction mixture was added 0.2 N lithium hydroxide {1 mL}, and the resulting

mixture was stirred overnight. Analysis showed only partial hydrolysis of the ester.
Additional 0.2 N lithium hydroxide was then added (1 mL) and the mixture was
stirred at room temperature for 2 days. The solution was acidified and concentrated
to dryness. Preparative HPLC (Pursuit C-18, HoO/CH3sCN/TFA) provided pure [(R)-

10 5-(3,5-dichloro-benzenesulfonylaming)-5,8,7,8-tetrahydro-naphthalen-1-yloxyl-acetic
acid (12 mg, 31%); 'H NMR (400 MHz, DMSO-ds) 5 ppm 8.39 (d, J = 8.3 Hz, 1 H),
7.99(t, J=17Hz, 1H),7.86(d, J=17Hz,2H),7.05( J=80Hz, 1H),6.68(d, J
=8.0Hz, 1H),6.62(d,J=80Hz, 1H),4.63(s,2H),440-452(m, 1H), 2.53 -
2.64 (m, 2 H), 1.70 - 1.86 (m, 1 H), 1.50 - 1.69 (m, 3 H). HRMS cald. for

15 CqgH47CI2NOsS (ESI)[(M+H)"] 428.0131, obsd. 428.0130.

Example 10-2
{(R}-5-[3-(1,1-difiuoro-ethyl)-5-trifluoromethyl-benzenesulfonylamino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid

20

{{R)-5-[benzyl-(3-bromo-5-trifluoromethyl-benzenesulfonyh-aminol-5,6,7,8-
tetrahydro-naphthalen-1-yioxy}-acetic acid fert-butyl ester



2.46 - 2.67 (m, 2 H), '1-.66 - 187(m,1H),1.46-1.67 (m,3H) 10-10 [(R)-5-(3-methoxy-5-
(DMSO de&/lz.98 Sbr. s, 1482™ trifluoromethyl- H), 8.3(d, J =8.2 Hz, 1

10

15

0 2016/018112 PCT/EP2009/060156
w80 -
F
F——F
Q.
L8 Br
¥

O

L

(XN ¢

To a solution of (R)-[5-(3-bromo-5-triflucromethyl-benzenesulfonylamino)-5,8,7 8-
tetrahydro-naphthalen-1-yloxy]-acetic acid ferf-butyl ester (50 mg, 0.088 mmol,
prepared as described above) in acetonitrile (3 ml.) was added potassium carbonate
(27.6 mg, 0.200 mmol) and bromomethyl-benzene (45 mg, 0.265 mmol}. The
reaction mixture was heated at 70 °C for 6 hours under an argon atmosphere, and
then cooled to room temperature, filtered through a glass funnel and concentrated in
vacuo. The residue was purified by column chromatography (gradient elution, 0-5%
methanol in dichloromethane) {o afford {{R)-5-[benzyl-(3-bromo-5-triflucromethyl-
benzenesulfonyl)-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl
ester (46 mg, 80%) as a white solid. MS cald. for C3oH31BrFsNOsS 654, obsd. (ESI’)
[(M+H)"] 655. |

{{R)-5-[(3-acetyi-5-triflucromethyi-benzenesuifonyl)-benzyi-aminoj-5,6,7,8
-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester




benzenesulfonylamin H), 7.71 (s, 1 H), 7.66 (s, 0)-5,6,7,8-tetrahydro- 1 H), 7.57 (s, 1 H), 7.03 (t,
naphthalen %)gllox%]l J=78Hz,1H),6.68(d,J aceticacid=7.8Hz, 1 = T7.8Hz 1

H), 4.66 (sV $41 - 450 (m, 1 H), 3.93 AR dsiise
-81-
To a solution of {{R)-5-[benzyl-(3-bromo-5-triflucromethyl-benzenesulfonyl)-aminol-
5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid tert-butyl ester (1.0 g, 1.53 mmal) ‘
in N,N-dimethylformamide (8 mL) was added
tris(dibenzylideneacetone)dipalladium(0) (175 mg, 0.12 mmol), triphenylarsine (175
5 mg, 5.72 mmol), and 1-ethoxy-vinyltributyltin (1 mL, 2.86 mmol). After being stirred at
80 °C for 2 hours under an argon atmosphere, the reaction mixture was cooled to
room temperature, and then treated with 4N hydrochloric acid {1 mL), and stirred at
room temperature for 20 minutes. The resulting mixture was poured into water (40
mL) and exiracted with ethyl acetate (3 x 20 mL). The combined organic layers were
10 washed with water (20 mL) and brine (20 mL)}, then concentrated in vacuo. The
residue was purified by flash column chromatography (gradient elution: 15-30% ethyl
acetate in petroleum ether) to afford {(R)-5-[(3-acetyl-5-triflucromethyi-
benzenesulfonyl}-benzyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid
tert-butyl ester as a yellow oil (815 mg, 86.4%). MS cald. for Cs2H34F3NGeS 617,
15 obsd. (ESI") [(M+H)"] 618.

{{R)-5-{benzyl-[3-(1,1-difluoro-ethyl}-5-trifluocremethyl-benzenesulfonyl]-amino}-
5,8,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester

20 To a solution of {{R)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfonyl)-benzyl-aminol-
5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyt ester (300 mg, 0.486
mmol) in anhydrous dichloromethane (3 mL) in 2 bomb bottle (5 mbL) was added
bis(2-methoxy-ethyljaminosulfur trifluoride (400 pl, 2.17 mmol) under an argon
atmosphere. After being stirred at 70 °C for 4 hours, the mixture was cooled to room

25 temperature, and poured into saturated sodium bicarbonate solution and extracted



(s,3H),252-266(m,2 H),1.68-187(m,1H), 1.46-1.67(m,3H) 10-11 [(R)-5-(3-bromo-5-
(DWISO-C%V% 12.98 (s, 1 H), 530** trifluoromethyl- 847 (d,J =8.5Hz, 1 Il-)lzjT benzenesulfonylamin

16

15

20

25

20167618112 EP2009/660156

- -R2-
with dichloromethane (3 x 20 mL). The combined organic layers were washed with
water (20 mL) and brine (20 mL.), then concentrated in vacuo. The residue was
purified by flash column chromatography (gradient elution: 15-30% ethy! acetate in
petroleum ether) to afford ((R)-5-{benzyl-[3-(1, 1-difluoro-ethyl)-5-triflucromethyl-
benzenesulfonyl]-amino}-5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid terf-butyl
ester (247 mg, 79.7%) as a yellow oil. MS cald for CaH31FsNOsS 639, obsd. (ESIY)
[(M+H)"] 640.

{{R)-5-{3-(1,1-diflucro-ethyl)-5-trifluocromethyl-benzenesuifonylamino}-5,6
,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl ester

((R)-5-{benzyl{3-(1,1-diflucro-ethyl)-5-triflucromethyl-benzenesulfonyl}-amino}-
5,8,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester (90 mg, 0.14
mmol), palladium on carbon (15 mg, 10% w/w), and formic acid ammonium sait (65
mg, 1.03 mmol} were suspended in ethanol (15 mL), and the resulting mixture was
heated at 60 °C for 5 hours. The reaction mixture was then cooled to room
temperature, and filtered through celite. The filtrate was washed with ethanol (3x10
mL), and the collected organic layers were concentrated in vacuo, The residue was
purified by flash column chromatography (gradient elution: 15-30% ethy! acetate in
netroleum ether) to afford {(R)-5-[3-(1,1-difluoro-ethyl}-5-trifluoromethyl-
benzenesulfonylamino]-5,8,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid fert-butyl
ester (46 mg, 60%). MS cald for CosHaeFsNOsS 549, obsd. (ESIT) [((M+H)"] 550.

{R)- 5-[3-(1,1-diflucro-ethyl)-5-trifluocromethyl-benzenesulfonyll-methyl-

amino}-5.6,7,8-tetrahydro-naphthalen-1-vloxy)-acetic acid




8.37(s,1H),831(s,1 0)-5,6,7,8-tetrahydro- H), 8.15 (s, 1 H), 7.03 (t, J naphthalen-1-yloxyl- = 7.8

I(—|nz] i Eg g\fug:g(ﬂdfofofsnzacetic acid 7.8 Hz,1H),6.58(d,J= 7.8Hz 1 FQC%’E?z%%?E)AﬁQSé 440 - 4.56

-83-

HO” O
Starting with {(R)-5-{3-(1,1-difluoro-ethyl}-5-trifluoromethyl-benzenesulfonylamine] -
5,8,7 ,8-tetrahydro-naphthalen-1-yioxy}-acetic acid tert-butyl ester, and using the

5 method analogous to the one described for example 1-1, {(R)-5-[3-(1,1-difluoro-

ethyh)-5-trifluoromethyl-benzenesulfonylamino]-5,8,7,8-tetrahydro-naphthalen-1-
yloxy}-acetic acid was obtained as a white solid. "H NMR (400 MHz, CD;0D) & ppm
8.30 (s, 1 H), 8.28 (s, 1 H), 8.09 (s, 1 H), 6.94 (dd, 1 H), 6.64 (d, 1 H), 6.46 (d, 2 H),
463 (s,2H),4.46( 1H),2.72-2.83(m, 1H),2.51-2.63 (m, 1H),2.01( 3H),

10 1.65-1.88 (m, 4 H), MS cald for C2iHxoFsNOsS 493, obsd. (ESI™) [((M+H)']: 494.

EXAMPLES 10-3 to 10-12
The following examples 10-3 to 10-5 and 10-8 to 10-12 were prepared in an
analogous manner as described above for examples 1-1 and 10-1 by treating ((R)-5-
15 amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester
hydrochioride salt (VI, prepared as described in Schemes 1 or 2) with the
appropriate substituted benzenesulfonyl chloride, followed by ester hydrolysis
(without the methylation step using iodomethane). For examples 10-6 and 10-7, the
compounds were prepared using the procedures described above for
20 making examples 8-1 and 7-1, respectively (N-methylated derivatives), starting with

the appropriate NH-sulfonamides without the methylation step using iodomethane.



2.67 (M, 2 H), 1.69 - 1.89

(m, 1 H), 149 - 1.68 (m, 3

H) 10-12 [(R)-5-(3-fluoro-5- (DMSO-d6)

1298 (s, 1 Hg, 470*u_u_0=q)0z™ 0O trifluoromethyl- 847 (d,J=85Hz, 1 H),
WO 2010/0181712 PUT/EPZ009/060156
-84 -
Example ‘ "M NMR {300 MHz,) &
No. Systematic Name ppm MS Structure

10-3 {R)-5-(3 5-bis- (DMSO-ds} 8.48 - 8.61 (m, | 4967
triflucromethyl- 2 H), 848 (br.s, 2 H),
benzenesulfonviamin | 6.88 - 7.06 (m, 1 H),6.66
0}5,6,7 B-tetrahydro- | {d, J=8.8 Hz, 1H), 6.51
naphthalen-1-yloxy]- | {d.J=7.2Hz 1 H), 454
acetic acid {br.s, 3 H),2.40-2868{m,

2 H), 1.68 - 1.88 (m, 1H),
158 (br.s, 3 H)

104 [(R)y5-(3,5dimetnyl- | (400 MHz, DMSO-ds) 3887
benzenesulfonviamin | 12.86 {br. s, 1 H}, 7.98 (d,
o»5,6,7 8-tetrahydro- | J=8.5Hz, 1H), 749 (s, 2
naphthalen-1-yioxyl- H), 7.22 (5,1 H), 7.02(t, J
acetic acid =80Hz 1H),666(d J=

8.1 Hz, 2 H), 4.63 (s, 2 H),
421-4.35(m, 1H),242 -
2.64(m, 2 H),2.37 (5,6
H), 1.78 (or. s, 1 M), 1.44 -
166 (m, 3 H)

105 [(R)-5-(3,5dfuoro- 12.93 (br. s, 1 H), 8.35(d, | 396" 0g.40
benzenesuffonyiamin | J=8.5Hz, 1 H), 7.52- N F
0)-5,8,7,8-tetrahydro- | 7.69 (m, 3H), 7.04 (t, J = z
naphthaien-1-yloxy]- | 7.8 Hz, 1 H), 6.568 - 6.76 \Q/
acediic acid (m, 2 H), 464 (s, 2H), F

434-450(m,1H),251-

280(m,2H) 1.867-1.86 o}
(m. 1 H), 1.46 - 1.66 (m, 3 L
H) HO” O

106 [(RY-5-(3-isopropyl-5- | {400 MHz, DMSO-ds) 470%
trifluorometiyl- 12.87 {br.s, 1 H), 8.31(d,
pbenzenesulfonylamin | J=8.3Hz, 1 H} 8.07 (s, 1
0}5,6,7 8-tetrahydro- | H), 7.96 (s, 1 H), 7.93 (s, g F
naphithalen-1-yioxyl- 1H),6.98(t J=80Hz1 O=3
acetic acid H), 6.67 (d, /= 8.0 Hz, 1 HN FF

H), 8.54 (d, J=8.0Hz, 1 :
H), 4.63 (5,2 H), 4.36 -

4.46 (m, 1 H), 3.07-3.24

{m, J=86.8 Hz, 1 H),2.50 3
-2.65 (m, 2 H), 1.75 (br. s,

1 H), 1.42 - 188 (m, 3 H), L
127 (d,J=6.8Hz 6H) HOT O

10-7 {R)-5-[3-(1-methyl- (CD:0D)8.01 (s, 1 H),
cyciopropyl)-5- 7.97 (s, 1 H),7.78 (s, 1
trifluoromethyi- H), 6.94 {t, /= 7.8 Hz, 1 o
benzenesulfonylamin | H), .64 (&, J=7.8 Hz, 1 o\l F
035,6,7,8-tetrahydro- § H),6.42{d, J=7.8 Hz, 1 —F -
naphthalen-1-vioxy} | H), 463 (5,2 H), 4.33 - Hi F
acetic acid 443 (m, 1 H),2.71-2.86 2

(m, 1H), 249 -2.65 (m, 1 O‘
H), 1.80 - 1.95 (m, 4 H), AN
148 (s, 3H), 098 (br.s5,2 o
H), 0.93 (br. s, 2 H) L

Ko™ O




benzenesulfonylamin 8.11 (d, J = 8.5 Hz, 1 H),

0)-5,6,7,8-tetrahydro- 7.97 - 8.08 (m, 2 H), 7.03
(d,J=8.0Hz, 1

naphthalen-1-yloxyl- (t, J= 8.0 Hz, 1 H), 6.69 acetic acid (d, J = 8.0 Hz, 1 H), 6.60
H), 4.66 WO 2010/618112 PCT/EP2609/060156
-85 -

168 [(R)5-(3 5ditert- [COCl) 7.77 (d,J=12 | 474* 0o
bubyl- Hz, 2H),762-7.71(m, 1 -3
benzenesufonylamin | H), 8.97 {t, J = 8.0 Hz, 1 HA
0}-5,6,7 B-tetrahydro- | H), 6.57 (d, J=8.0Hz, 1 :
naphthaien-1-yioxyl- H), 6.50 d, J= 8.0 Hz, 1
acetic acid H). 471, J=7.5Hz1 ‘

H), 4.66 (s, 2 H), 4.43 (or, !
s, 1HY, 269-2.80 (m, 1

H), 2.47 - 2.64 (m, 1 H), J;
1.67-1.95{m,4H),1.37 HO® "0
(s, 18 H)

109 | [(Rr5-(35bis- (DMSO-ds) 11.80 - 1365 | 518* 25 :
methanesulfonyl- (br.s, 1H), 8.65 (s, 3 H), E- N
benzenesulfonyiamin | 859 (d, J = 8.2 Hz, 1 M), ”'§ Y
0)-5,6,7 8-tetrahydro- | 7.00 (t, J = 8.0 Hz, 1 H),
naphthalen-1-yioxyl- | 6.66 (d, J = 8.0 Hz, 1 H), @ oxd
acetic acid 6.55 (d, J = 8.0 Hz, 1 H), -0

464 (s, 2 H),4.43- 457 &
(m, 1 H), 343 (s, 6 H), /E
2.46 - 2,67 (M, 2 H), 166 - N
1.87 (m, 1 H), 1.46 - 167

{m, 3H)

1010 | (R15-(3-methoxy-5- | (DMSO_ds) 12.98 (br. s, 1 | 482~ ° F
trifluoromethyl- H), 8.35 (d, J = 8.2 Hz, 1 o=l P
benzenesulfonyiamin | H), 7.71 (s, 1 H), 7.66 (s, oo
0)5,6,7,8-tetrahydro- | 1 H}, 7.57 (s, 1 H), 7.03 ¢,
naphthalen-1-yloxyl- | J=7.8Hz, 1H), 6.68(d, J
acetlc acid =7.8Hz, 1 H), 662, J= @ e

7.8 Hz, 1 H), 4.66 (s, 2 H),

4.31-4.50 (m, 1 H),3.93 0
(s, 3 H), 2.52 - 2.66 (M, 2 /E
H3, 1.68 - 1.87 {m, 1 H), Ho™ 0
1.46 - 167 (m, 3 H)

1641 | [(R)-5-(3-bromo-5- {DMSO-dg) 12.98 (s, 1 H), | 530™ o F
trifluoromethyl- 847 (d,J=85Hz, 1H) osll F .
benzenesulfonylamin | 8.37 (5,1 H),8.31 (s, 1 HN
o}5,8,7,8-tetrahydro- | M), 818 (s, 1 H), 7.03 (1, J H
naphthalen-1-yloxyl- =78Hz 1H),669{d,J=
acetic acid 78Hz 1H),658(d J= Br

78Hz, 1H), 466 (s, 2 H),
440-456{m,1H),254 - 0
287 (m, 2 H), 1.69 - 1.89 L
(m,1H}, 149-168(m,3 HO” O
H)

1012 | [(R¥5-(3-flucro-5- (DMSO-ds) 12.98 (s, 1 HJ, | 470™ o F
trifiuoromethyi- 847 (d,J=85Hz 1H), otg F e
benzenesulfonylamin | 8.11(d, J=85Hz, 1 H), HN
0)56,7,8-tetrahydro- | 7.97 - 8.08 (m, 2 H), 7.03 H
naphthalen-1-yloxyl- | (¢, J= 8.0 Hz, 1 H), 6.69 @ 1
acetic acid {(d,J=80Hz 1H),6.60

(d, J= 8.0 Hz, 1 H), 4.66 5
(s, 2 H), 4.35 -4.59 (m, 1

H), 2.52 - 2.87 (m, 2 H), ,J;
168 -1.86 (m, 1 H), 145 - ot "o
162 (m, 3 H)

¥ [M-Hi~ observed
* [M+H]+ observed
** IM+Na]+ observed



(s,2H),4.35-459 (m, 1 H),2.52-2.67(m,2H), 1.68-1.86(m, 1H), 145- 1.69 (m, 3 H)

[M-1-1]-. observed * [M+H]+ observed ** [M+Nap- observed WO 2010/018112PCT/EP2009/060156 -
86 - ACTIVYPPRRBIYEE OF THE COMPOUNDS The compounds of forh G 138288854 uable

pharmacological properties. It has been found that said compounds are antagonists at the CRTH2
receptor and may be useful in treating diseases andfisorders associated with that receptor such as 5

asthma. The activity of the pregenteompantds s O THEE eeRiP NP nists is demonstrated by the
following biglogical assays. Human CRTH2 Receptor Binding Assagl . ,
The compounds of formula 1 possess valuable phafmacological properties. it has
been found that said compounds are antagonists at the CRTH2 receptor and may be
useful in treating diseases and disorders associated with that receptor such as
5 asthma. The activity of the present compounds as CRTH2 receptor antagonists is

demonstrated by the following biological assays.

Human CRTH2 Receptor Binding Assay
A whole cell receptor binding assay using [°Hjramatroban as the competing
10 radioactive ligand was employed to evaluate the compound binding activity to human
CRTH2. The radioactive ligand [*Hjramatroban was synthesized according to
Sugimoto et. al. (Eur. J. Pharmacol. 524, 30 - 37, 2005) to a specific activity of 42
Cifmmol.

15 A cell line stably expressing human CRTH2 was established by transfecting CHO-K1
cells with two mammalian expression veciors that harbored human CRTH2 and G-
alpha16 cDNAs, respectively, using FuGene® 6 transfection reagent (from Roche).
Stable clones expressing CRTHZ2 were selected by staining each clone with BM16
(BD Pharmingen™ from BD Biosciences, a division of Becton, Dickinson and

20 Company), which is a rat monoclonal antibody to human CRTH2. The cells were
maintained as monolayer cultures in Ham’s F-12 medium containing 10% fetal
bovine serum, 100 units/mL penicillin, 100 ug/mL streptomycin, 2 mM glutamine, 0.5
mg/mL G418 (geneticin) for CRTHZ2, and 0.2 mg/mL hygromycin-B (for G-alpha 16).
For whole cell receptor binding assay, the monolayer cells were rinsed once with

25  PBS (phosphate buffered saline), dissociated using ethylenediaminetetraacetate
(Versene™ EDTA from Lonza Inc.), and suspended in PBS containing 10 mM MgCl,
and 0.06% BSA (bovine serum albumin) at 1.5 x 10° celis/mL.

The binding reactions (0.2 mL) were performed in 96-well plates at room

30 temperature in PBS containing 1.5 x 10° cells, 10 mM MgClz, 0.06% BSA, 20 nM
[PHiramatroban, and test compound at various concentrations. After 1 hour of
binding reactions, the cells were harvested on GF™/B filter microplates (microtiter
plates with embedded glass fiber from PerkinElmer, Inc.) and washed 5 times with



A whole cell receptor binding assay using [31-gramatroban as the competing 10 radioactive ligand was
employed to evaluate the compound binding activity to human CRTH2. The radioactjve ligand
[31-]rama%%§?119\//%?§%thesized according to Sugimoto et. al. (Eur. J. PHAMME0! %f}} - 37, 2005)
to a specific activity of 42 Ci/mmol. 15 A cell line stably expressing human CRTH2 was established by
transfecting CHO-K1 cells with two mammalian exgression vectors that harbored human CRTH2 and

Galphal6 pRNABIKEPEaiehstesing drvssese) R irpasiestismntigangnicdiomBarhs)eSiaie clones
expressing CRTH2 were selected by staining each ¢lone with BM16 (BD Phar ingeT TM from BD
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10% fetal hovine serum, 100 ynits/ epicilin, 100 pg/mL, sireptomycin,. 2 mM glutamine, 0.5 mg/mL
G418 (gen%oﬁégﬂ%P%RLFﬁﬂ,ai%(ﬁ 6%%‘5%51{%Fﬁlr@%ﬁ%ﬁ}é_t?o?%%l‘p’ﬁéta%?@d?g\bl e cell recep?or
bindings asSay ki mandtay etccelisiweed thtes fitlec@laits 25HRB 8dphotphafeobufferespeglifie),

di iated usj thyl iami t t TV f , d ded
i 15 conlAANg 10 GRES S (U Be o ter 0 O R ST e The
binding redtGéhdf(ora fﬁaymn@ﬁ%mb@dmgaw}elhﬁmggmﬁbﬁrmﬂizt)ltéﬁnﬂé‘r@ﬁﬁ@@ﬁ@ﬂ@contgining
1.5x 105 C"%"‘%@‘t’% E/BEIE%?%%%?%&%@Q?Q Sehd AR IRNAS) AAd IRsbrAMBgynd at various

concentrations. ur of bi g reactions, the cells were harvésted on GFTm/B filter

microplate&epiacitgieeprassdmiemMBt et SO BEraty PdfRigsBthaCaHENIEHEERS times
with WO 200/8184,1 2RE HRE 2009/0804860 8/ s‘uBﬁ&Hﬁ%“r%@ Rillymatay M Rengsseria cell

harvester that harvests and washes cells from microplates from PerkinElmer, Inc.). The radioactivities
bound to tHENGENG FRFLRABHINES 3Ry a microplate scintillation counter (TopCount(r) NXT, from
PerkinElmer, Inc.) after adding 50 pL of MicroscintTTM 20 scintillation fluid (from 5 PerkinElmer, Inc.)
to each well of the fiIteLrbé)Iates. The radioactivity from non-specific bindin \év%iq%germined by replacing

d

compound Wit ¢ Yl Espelinesd s eBe RNy F?gﬁgnrﬁ? Ay 1%in the reaction
gﬂxtures. L@gdﬁd&?ﬁﬁtm%bﬁﬂilbdi%mtbﬁ@téé%hbﬁﬁ&%;@é)ﬂ@e M@m?pwmlf didddd h);]'rmdi@ga was

etermine replacing co nd with 0.25% of DMS! ime sulfoxide) in the reaction mixture.
10 Sple%ificvﬁmair%%ﬁ?g%@%g&gm%%%%%Wa%?%&%%egﬁgzgﬁli c):/e&f? r%'éFsSp%eogi |§ @?nding from
each bindingmdatairnthé HeFteuedne irhidfioe doas thenmomost atantot dnetaditboongsound that is

ired for 50% inhibition of tofal | ‘

ibition CEE e o e e e o tor
compound irepehrebfteatragienificasrutitgilxtdiDadber g velusevietoviyToiangs, by-{ighific binding
in the presﬂ%}ﬁg&gﬂ&gﬂ%’&%#@é@éiB%CHiﬁrHB?&'QF%Béé%sEBHéQ@P;}@% @S JrtePradeRg by fitting

the percent in n data to a sigmoidal dose-response (4 %?rameter |O§IStIC) model 20 in the XLAfit(r)

softwd@ Ekcthaddlin moinare ryee padusineeramifions PrBusitass Sobiigheidd kredel

(A+(B-A)/(LHECInaR) blx The Acit 2ompoyinds abfye foregoing examples were tested using the above
Human CRTH2 Receptor Binding Assay (examples 1-1 to 1-9, 2-1, 3-1 to 3-3, 4-1 to 4-3, 5-1, 25 6-1,

7-1, 8-1, 9-1 to 9-3, and 10-1 to 10-12). The results of the assay showed that all of these compounds
have bindingagiviy:-empbiings| 600 & aiegonaaing fiors 0202 %M daugiag 1 abovéslianee, the

following t?&% shows the specific IC52 values for thes mpaunds: - 88 - Example No, Human
CRTH?2 Bir'ch Hj%&;wtp&%gp\cfmg f\_s_tsgys@i(@mp es ‘F -? (%o ? -9,%3, 3—?%0 g)é Tq efo 483, gq‘
25 61,741, 841, 9-1 to 9-3, and 10-1 to 10-12). The results of the assay showed that all
of these compounds have binding activity exhibiting {Css values ranging from 0.0028
uM to 3.25 uM. For instance, the following table shows the specific ICsp values for

these compounds:



Example 1-2 0.1771 Example 1-3 0.0157 Example 1-4 0.1101 Example 1-5 0.0742 Example 1-6
0.0183 Example 1-7 0.4560 Example 1-8 3.2500 Example 1-9 2.5800 Example 2-1 0.0068 Example
3-1 0.002FE3HBEE12 0.0036 Example 3-3 0,0034 Example 4-1 0.1266 EHABEEAYH 9730

.88 -
Example No. Human CRTH2 Binding
ICse (;&M)
Example 1-1
0.3810
Example 1-2
01771
Example 1-3
0.01567
Example 1-4
.11
le 1-5
Example 0.0742
Example 1-6
0.0183
Exampiec 1-7
0.4560
Example 1-8
3.2500
Example 1-9
2.5800
Example 2-1
0.0068
Example 3-1
0.0029
Example 3-2
0.0036
Example 3-3
0.0034
Example 4-1
0.1266
Example 4-2
0.7730
Exampic 4-3
0.4100
Example 5-1
0.0165
Example 6-1
0.0782
Example 7-1
0.0766
Example &1
0.0812
Example 9-1
' (.1469
Example 9-2
0.3990
Example 9-3
0.4230
Example 10-1
0.3400
Example 10-2
0.0060
Example 10-3
0.0063
Example 10-4
0.3100
Example 106-5
0.0130




Example 4-3 0.4100 Example 5-1 0.0165 Example 6-1 0.0782 Example 7-1 0.0766 Example 8-1
0.0912 Example 9-1 0.1469 Example 9-2 0.3990 Example 9-3 0.4230 Ex I ]%\3&% 0 0 Example
10-2 0.0068 EXHHH1E15-3 0.0063 Example 10-4 0.3100 Example 10-5 0%?3@ seise
2010/018112PCT/EP2009/060156

-89 -

Example 10-6

0.0135
Example 16-7

0.0184
Example 10-8

0.0310
Example 10-9

0.06080
Example 10-10

0.0180
Example 10-11

0.0080
Example 10-12

0.0200

Calcium Flux Assay Using Fluocrometric iImaging Plate Reader

Cell Cufture Conditions:

5 CHO-K1 cells previously transfected with G-alpha 16 were subsequently transfected
with the human CRTH2 receptor and the neomycin resistance gene. Following
selection in 800 pg/mL G418 (geneticin), individual clones were assayed for their
receptor expression based on staining with an anti human CRTH2 IgG, followed by
assaying for their response to 13,14-dihydro-15-keto Prostaglandin Dz (DK-PDGy)

10 (ligand) in the Ca® Flux assay. Positive clones were then cloned by limiting dilution
cloning. The transfected cells were cultured in Ham's F-12 medium supplemented
with 10% fetal bovine serum, 2 mM glutamine , 100 U/mL penicillin/100 pg/mtL
streptomycin, 200 pyg/mL hygromycin B, and 800 pg/mbL G418 (geneticin). Cells
were harvested with trypsin-EDTA (trypsin-ethvlenediaminetetraacetic acid) and

15 counted using ViaCount® reagent (from Guava Technologies, Inc. which contains
two DNA-binding dyes that enable the reagent user to distinguish between viable
and non-viable cells). The cell suspension volume was adjusted to 2.5 x10° cells
/mL with complete growth media. Aliquots of 50 pL were dispensed into BD
Falcon™ 384 well black/clear microplates (from BD Biosciences, a division of Becton,

20 Dickinson and Company) and the microplates were placed in a 37 °C CO; incubator
ovemight. The following day, the microplates were used in the assay.

Dye Loading and Assay:
Loading Buffer containing dye (from the FLIPR® Calcium 3 Assay Kit from Molecular
25 Devices, a division of MDS Analytical Technologies and MDS Inc.} was prepared by



- 89 - Example 10-6 0.0135 Example 10-7 0.0184 Example 10-8 0.0310 Example 10-9 0.0090
Example 106[0 0.0180 Example 10-11 0.0090 Example 10-12 0.0200 Ca%@f)ﬁﬂ%l}éé;&ﬁ?@’ Using
ell [

1
Fluoromet i IAa Pr%glﬁate Reader Cell Culture Conditions: 5 CHO-K1 cells previously transfected

with 0-alpha 16 were subsequently transfected with the human CRTH2 receptor and the neomycin
res?stance gene. Following selection in 800 pg/mL P18 (geneticin), individual clones were assayed for
their receptispiarestierbasetsost stanbagtiwithta2 e inhudzrk'€ Bald2dg® Skt Gekdidry assaying for

their response to 13,14-dih -15:keto, Prostaglandin,D2 (DK-PDG2) 10 (ligand) | + Fl
assay, POl e e G U S A e Verer Sl e cutured
in Ham's F212 midditmb engapide Bemtat] migdia0v6satahbeeth e the, 2imiatgatandritd, 1L0of U/mL

penicillin/1 / tre [ / i / 3aangticin). Cell
Ivere hana b S B R s S P veing.
ViaCount(13 feaddmrivenccdavas Ratshatblogieshine \ivliomediniad wkeoDNINtehesg- @RS ahat enable

the reagent e i ARiNGNsh HBEAUPIS SO ASR-AISBIR.GBIS) P SeYLspension volume was

adjusted to 2. mL with complete growth media. Aliquots of 50 pL were dispensed into BD
Falcon T" 384 well black/clear microplates (from BD Biosciences, a division of Becton, 20 Dickinson

and Company)-anghdheisreniates eieRiarecbiR RSl irgoinebsios qurguhLTéR following day,
the microplates were used in the assay, o

HBSS/20 mM HEPES/0.005% BSA buffer to the 2 pL of serial diluted compounds.

10 To prepare serial diluted compounds, 20 mM stocks of compounds were dissolved in

100% DMSO. The compound dilution plate was set up as follows: well # 1 received

5 ulL of compound plus 10 uL of DMSO. Wells 2-10 received 10 pL of DMSO. 5 L

was mixed and transferred from well #1 into well #2. 1:3 serial dilutions were

continued out 10 steps. 2 pL of diluted compound was transferred into duplicate

15  wells of a 384 well “assay plate” and then 90 pL of buffer was added.

After incubation, both the celi and “assay plate” plates were brought fo the
fluorometric imaging plate reader (FLIPR®) and 20 pL of the diluted compounds were
transferred to the cell plates by the FLIPR®. Plates were then incubated for 1 hour
20 at room temperature. After the 1 hour incubation, plates were returmned to the FLIPR®
and 20 L of 4.5X concentrated ligand was added to the cell plates. During the
assay, fluorescence readings were taken simultaneously from all 384 wells of the cell
plate every 1.5 seconds. Five readings were taken to establish a stable baseline,
then 20 uL of sample was rapidly (30 uL/sec) and simultaneously added to each well
25 of the cell plate. The fluorescence was continuously monitored before, during and
after sample addition for a total elapsed time of 100 seconds. Responses (increase
in peak fluorescence) in each well foliowing agonist addition were determined. The
initial fluorescence reading from each well, prior to ligand stimulation, was used as a
zero baseline vaiue for the data from that well. The responses were expressed as %
30 inhibition of the buffer control. The 1Cso value, defined as the concentration of a
compound that was required for 50% inhibition of the buffer control, was calculated
by fitting the percent inhibition data for 10 concentrations to a sigmoidal dose-
response (4 parameter logistic) model using Genedata Screener® Condoseo



Dye Loading and Assay:  Loading Buffer containing dye (from the FLIPR Calcium 3 Assay Kit from
Molecular 25 Devices, a division of MDS Analytical Technologies and MD red by WO
2010/018]%%&1?@5%09/060156 - 90 - dissolving the contents of one bo§t gl?#izc\)a@g%gﬁﬁank's
Balanced Salt Solution containing 20 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
and 2.5 mM probenecid. Growth media was remove# from the cell plates and 25 pL of Hank's
Balanced SattwaiéinbdtdPSHoeosimeina A GMbER BS5 0Mtade BHA afd 52-5 mM probenecid was
added to each well follo ?d by 25 pL of diluted dye using a Multidrop dispenser. The plates were then
incubated f Jﬁ%ﬁr( té\gi )h. During the incubation, test compound plates were prepared by adding 90
pL of HBSS/20 mM HEPES/0.005% BSA buffer to the 2 pL of serial diluted compounds. 10 To prepare

compound TGO PR S RRELD L Ve PR P 80 210 BL o
DMSO5WdlimnB43) detdivde316-pl o DIMEG:-5, StiwaSniiRel tantDearasidriéution] Gvél i Thgo well #2.
NSOl : . ;

1:3 seria %%@5?#%%@ ﬁ@ﬁ@%%&y %rﬂg?e’é%sﬁ PIVV%QHgthg SomRP HRd WA lanstergdidno

duplicate ells of a 384 well "ass then 90 was added. After incubation,

both the ceikhifitegdsay(raveysabsnpersiBiaginBloah @ filierorhease NaayMEPTREURSRIer (FLIPR(Y))
and 20 pL el e iR caBpaunRaere darleu satiadbereal o1aes hivie FBPR). Péates were

then incubated for 1 hour 20 at room temperature. After the 1 hour incu ation,ezlates were returned to

the FLIPR(fS&i#cso prasmiesk exabiesan fgsntrlvaLhddedul i eRIPdtes eHURREAAS assay,

fluoresgenge feaslingsvrene iateaampliroepeshidiem s R84 velis of thege|imlateavpry 105
seconds. Five rea%‘l%gs were taken to establish a stable baseline he%ﬁ@% of Emple was, rapidly
! g&! |

(30 pL/secP&i&itsdian dousiF HeRIP B b EM RN DRXGRE ir e Gs

continuousfy angnitared before, during and after sample addition for a total elapsed time of 100
seconds. Responses (increase in peak fluorescence) in each well following agonist addition were
determined. The initial fluorescence reading from each well, prior to ligand stimulation, was used as a
zero baseline value for tibdRGsdndihed oivHl-TBhercehpriicrsaesay pxjledsedas % 30 inhibition of
the buffer control. The IC50 value, defined as the concentration of a compound that was required for
50% inhibition of the buffer control, was calculated by fitting the percent inhibition data for 10

concentratiohéotticen sif) rihidabthyskord SpbetseR pptaglardsr RgBicbbdingisgGhnédata Screener(r)
Cond / -91 = G, del
o ope £\%§éggﬁ+%ib%%g§)éi%%?ﬂﬁ%@%§§agﬁﬂ@ﬂ%ee%?gmmﬂbmgﬁl%ﬁ mode

))]- The compounds tested in the above FLIPR assay were
examples patepays, 2-1, 3- 51 to 3-3, 4-1 to 4-3, 5-1, 6-1, 7-1, 8-1, 9-1, 9-3, 10-1 to 10-3, and 10-5 to
10-12). The results of the FLIPR(r) assay showed that, with the exception of example 10-1 (which
exhibited an IC50 value of approximately 3), all of the representative compounds tested in this assay

exhibitdd IEBtvAESS TagRsYsuaTDastorIB et e bR drdhaRIRNRUBRa I e B hibited an
IC50 value ichriingMe ¥ roRtvihg srdtbiarardfbieda) vidied afchohuriMacsans R exhibited an

exhibited alPES S RP0, DO . BKCP B HIECELY L A% RREHE DRSS FeHIZ hels 15
Inhibition 0&&&%@&%@[6@5&4@@%@@&&@@1&%&%%Bﬁﬁﬁhi@mﬂf’eﬁ (el BsplatthreHbinlin T helper
e B Rl e OB S SR P o g vere
blood pIoneniicitay tels¢RBMEIVIVO 15° medium (from Cambrex BioScience Walkersville

Inc.) containing 10% human AB serum (serum of blood type AB from Invitrogen

Corporation), 50 U/mL of recombinant human interleukin-2 (rhiL-2) {from PeproTech

Inc.) and 100 ng/mL of recombinant human interleukin-4 (rhiL-4) (from PeproTech

inc.) for 7 days. The Th2 cells were isolated using a CD294 (CRTH2) MicroBead Kit

30 (from Miltenyi Biotec Inc.) and amplified in X-VIVO 15%® medium containing 10%
human AB serum and 50 U/mL of rhiL-2 for 2 to 5 weeks. In general, 70% to 80% of
the Th2 cells used in the assay are CRTH2-positive when analyzed by fluorescence-



were first isolated from 50 mL of fresh blood by Ficoll-Hypaque density gradient centrifugation,
followed b 4+ cell purification using a CD4+ T Cell Isolation Kit 1l (fro il | Biotec Inc.). The
CD4+T cé{n}é% \I/%v%lr%lgt%égzdifferentiated to Th2 cells by 25 culturing the ceIIEW@& ®medium
(from Cambrex BioScience Walkersville Inc.) containing 10% human AB serum (serum of blood type
AB from Invitrogen Corporation), 50 U/mL of recomBi#rant human interleukin-2 (rhIL-2) (from
PeproTechetba@a 0@ agiglusive oosbines Entmedyitieieukiodi(raksdlitam:Bgpmtesh Inc.) for
7 days. The Th2 cells were isolated using a CO294 (CRTH2) MicroBead Kit 30 (from Miltenyi Biotec
Inc.) and afﬂpﬁ ?é%oﬁ{%{}i\/g'% 5(r) medium containing 10% human AB serum and 50 U/mL of rhiL-2
for 2 to 5 weeks. In general, 70% to 80% of the 1h2 cells used in the assay are CRTH2-positive when

analyzed by fluorescence- WO 2010/018112PCMP /060156 - 92 - activate I sorting using the
16 antiSeh e R e L B e D e R TEEy Fo i as

conju ycoeerhrl efmine Céllular
inhibitofy potszsteconiiio2iids HVandwsiaodfinitionsNeRGOnfubhted with2°Sx1BaA0TH2 cells

and 500 "M BRGREPIeNS Br&%%h%gﬁ%%mﬁxlxggﬁmgﬂgg@y&ﬂ%% human AB

serum. IL-13 production to the medium wa tected by ELI lin Immunosorbent assay)

using an "IRREHENSATRIEHRIRYNF BEd @ AeBS Y EieasImBY et Uking A%AW peBEdire suggested
by the venepi T hespapaneguE Bradiction fdad dnthmeslisuaeing E!:?ERH;B&?&WBE absence of
(0]

DK-PGD2 stimulation and the value was subtracted from that in thﬁeﬁgresence each compound for

percent infHRGPSLFHPIOEG YERHRILINS. SRR FEIRRYR RIBHTIR B PiferieURin'TF @8l'S§Droduction for

a compunibasmaredsrL e AsREalIsNSKYRSCRIGH AieR Rae @isting 4o/ Higd Ziaying fersrda, [1-(IL-13
production jn the presence of compouynd)/(IL-13 production in the presence of 0,15% DMSO)jx100.

The IC 50 VRTENR PR B3EUSHELRAZHG PR S BoRRECERL T RGBT ol 5096 inhibition of

IL-13 produgfiomatamsscalculated by fitting the percent inhibition data for? concentrations to a sigmoidal
dose-response (4 parameter 20 logistic) model in the XLfit(r) software Excel add-in program [ID
Business Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)AD)))1. The compounds tested
using the fditeg pieg &K RG> MdUcderikakB: 1O @lctidh mssay tiver e xacopiesdntl & ¢a9io2sl, 3-1 to
3-3,451t04-3 5-1, 6-1. 7-1, 8-1, 9-1 10 25 9-3,.10-2. 10-3, and 10:6. The results of the

kP2 AR s e TSGR G T G e B Rl 1.6 anc 1.0
(which exhiisitdd B0 indheprgasates tiaorpehd ddimpdynaduesednrthRipmssagexdiiBitédactivity in
inhibiting LA AR JusHOR:With | I i0g} Q0328 Zé%gig fJpstance,
example 1-1 exhits)iitegéin 1%5@?/%%%“%? g%ﬁ%%ﬂ@eg%% 1-7 Bfg egtﬁﬁ?i%ed _ %%OA;O éai%e of 6.428
pM, examplecuipeg hibftet anhitison aflk-dBpoadrpliere s stalo-atechibibiing 1t s8R0k of 4.845

pM, and exampiaH 3RS PL ARIAEAUALE! SR YYO-2RLARIRPS T/RR009/060156 -

93 - Thus, the compounds of the present invention are useful since the compounds tested show some

activityin dPRIBEELMOHRHEIAB VdTthRituess =G e aBthiryearae LRPUSNESERONYSAE therefore
may be usefidl. amonsrQoBisimierd eating giseasay @nd disgrderg.associated with this receptor such as

asthma. 5 Human Thromboxane A2 Receptor Binding Assay

The compounds tested using the foregoing DK-PGDz-induced IL-13 production
assay were examples 1-1 to 1-9, 2-1, 3-1 to 3-3, 4-1 to 4-3, 5-1, 6-1, 7-1, 8-1, 9-1 fo

25 9-3,10-2, 10-3, and 10-6. The results of the DK-PGD.-induced IL-13 production
assay showed that, with the exception of examples 1-8 and 1-8 {(which exhibited 1Csp
values greater than 10), the compounds tested in this assay exhibited activity in
inhibiting IL-13 production, with [Csq values ranging from 0.0032 uM to 6.428 pM.
For instance, example 1-1 exhibited an 1Cs value of 4.645 M, example 1-7

30 exhibited an ICso value of 6.428 uM, example 4-2 exhibited an 1Cs value of 3.014
MM, example 9-2 exhibited an 1Cs value of 4.845 uM, and example 9-3 exhibited an
[Cso value of 5.09 uM.



The thromboxane A2 receptor (TP) plays a key role in hemostasis as its abnormality leads to bleeding
disorders. To avoid the potential liability of bleeding disorders, the 10 binding activity of certain
compound@gfzﬂ"}gf ?ﬁ%lsl nt invention against TP was monitored by a recep%%%&?ﬁé%@ég@ using
human platelets as the source of the receptor and [3E]5029548 (generically named
(52)45,6-31-1)-7-[(15,2R,3R,4R)-3-[[2- -93-
[(phenylaminglsarosyipsiiaainutline sdneraiareivie ddeantsya livehanignuiadsid, from

PerkinElmer Inc.) as the competjn}%{r,adioactive ligand. 15 The TP binding reactions (0,2 mL) were
bl

performed {Fe6RR ORI SREEGARINIY {BrAb&RRLATH B EE ARG S LItAYpIHEIeRNI5 9 MgCI2,

0.06% BSAhd TRVH2E2{029548-anestaéctiestegrppauiiatacaioug coises Mriadatisg After 1 hour of
binding reagtions, the ?eleg were har.v%? edﬁ GF/B filt rIPIatjs %as %ﬁﬁviously 20 described from

PerkinEIm ﬁﬁ@.s)eﬁ S RRTa g i 2l t&ﬁgrgclgiﬂ Mt VE&ter (as previously

describ®d from PerkinElmer Inc.). The radioactivities bound to the platelets were determined using a

microplate scintillation counte ng%N T,af % KFE#R:G . A r adding 50 pL of
MicroscintTm 20 scintillatiucl)[ir'%x ffl')%%ﬁ%%%er |ﬁ§?m%?)ﬁ%. 8(%lieac vvée'% F%e ter plates. The

radioactivity from non- 25 specific binding was determined by replacing the compound with 10 p M of

ramatroba(BA 68?35@%#@&%? ?F@F%Fﬂgcﬁ%%‘% i1 R G8CHO0 SRR Fg [Rdioactivity

bound to the platelets in the absenc frcomp otal binding) was determined by replacing the
compound!@ags0 2 BizesiTIMISOr it the e dv@is thixagientpdahtibitdinl edinowisereptaiita by
subtragfing,RgiFRAIRAGHYBF eERAR Ahahasiis INtiBpismrearehinging dRg g/ KsS0 value is
defined as the Iconcentrr}llction of the tested compound ??wlt is required forrng% inhibition of total specific

binding. In BRIGIEE ¥ AdRCERACHDINERSBA N MFIBA Mhibter BlBRIBS GSI 156 09Fe PAINS, the percent
inhibition gﬁééy&flﬁa‘iﬁi%?m'@@i@%% @é}%@é&%ﬁ@g%@mmmrmq{1T$;,Q}R5@R@mf)rm{lgﬁi_?n Lqrgl_
compound at each concentration was, calculated according to the following for -(specific binding
i the presUREE O EOGR G A R BTN D PHROkeso VR Gl T Bled by
fitting 5 theapRrceotirPdpition]chatal te 4 ssome it geseg espastivéd hpdameter logistic) model in the
XLfit(r? oftware Excel add-in program [from ID Business Solutions Ltd., model 205, where F(x) =

(A+(B-A)/(1+((C/x)AD)))]. The results of the thromboxane A2 receptor binding assay are
summarizethia Tk diodivigpreinctitats €0 ExainplesMop ditoombod i B6-A2 IRBetys @t Binding lest) (PM)

Example 1gl 2 0P IsEs 23t B1G & Bzt a1ttt BXRmplssia® ot
PH]SQ29548, and the test compound at various concentrations. After 1 hour of
binding reactions, the platelets were harvested on GF/B filter plates (as previously

20 described from PerkinElmer Inc.) and washed 5 times with PBS using a Filtermate ™
Harvester (as previously described from PerkinElmer Inc.}. The radioactivities bound
to the platelets were determined using a microplate scintillation counter (TopCount®
NXT, from PerkinElmer Inc.) after adding 50 uL of Microscint™ 20 scintillation fluid
(from PerkinElmer Inc.) to each well of the filter plates. The radioactivity from non-

25 specific binding was determined by replacing the compound with 10 pM of
ramatroban (BAY-u3405, from Cayman Chemical Company) in the reaction mixtures.
The radioactivity bound to the platelets in the absence of compound (total binding)
was determined by replacing the compound with 0.25% of DMSQ in the reaction
mixture. Specific binding data were obtained by subfracting the radioactivity of non-

30 specific binding from each binding data.

The ICsq value is defined as the concentration of the tested compound that is

required for 50% inhibition of total specific binding. In order to calculate the iCsp



Example 1-6 > 10 Example 1-7 > 10 Example 1-8 2.145 Example 1-9 >10 Example 2-1 >10 Example
3-1>10 Example 3-2 > 10 Example 3-3 >10 Example 4-1 > 10 Example 4-2 > 10 Example 4-3 >10

Example 5MOA3%8 8Hble 6-1 > 10 Example 7-1 >10 PCT/EP2009/060156
-94.
value, the percent inhibition data were determined for 7 concentrations for each
compound. The percent inhibition for a compound at each concentration was
caiculated according to the following formula, [1-(specific binding in the presence of
compound)/(total specific binding)jx100. The ICsy value was then obtained by fitting
5 the percent inhibition data to a sigmoidal dose-response (4 parameter logistic) model
in the XLfit® software Excel add-in program [from |D Business Solutions Ltd., model
205, where F(x) = (A+(B-AY(1+((CH)"D))].

The results of the thromboxane A2 receptor binding assay are summarized in the
10 following table: '

Exampie No. Thromboxane A2 Receptor Binding
ICs0 (M)

Example 1-1
> 10

Example 1-2
>10

Example 1-3
>10

Example 1-4
> 10

Example 1-5
>10

Example 1-6
> 10

Exampie 1-7
' =10

Example 1-8
2.145

Example 1-9
> 10

Example 2-1
> 10

Example 3-1
. >10

Example 3-2
>10

Example 3-3
> 10

Example 4-1 '

> 10

Example 4-2
>10

Example 4-3
' >10

Example 5-1
> 10

Example 6-1
>10

Example 7-1
>10




WO 2010/018112PCT/EP2009/060156 - 95 - Example 8-1 >10 Example 9-1 > 10 Example 9-2 > 10
Example 9-3 8.524 Example 10-1 0.1260 Example 10-2 >10 Example 10-3 >10 Example 10-4 8.179
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The results of the thromboxane A2 receptor binding assay indicate that (with
perhaps the exception of Example 1-8, 10-1, 10-5, and 10-12) the compounds tested
generally do not bind to the thromboxane A2 receptor to the extent that such

5 compounds would be considered to be thromboxane A2 antagonists having a

significant anti-aggregating effect on blood platelets.

The present invention is also directed fo a use for the compounds of formula | as
therapeutically active substances and, in particular, to a method for the treatment or

10 prevention of diseases or disorders which are associated with the CRTH2 receptor.

In one embodiment, the present invention relates to a method for the treatment
andfor prevention of diseases and disorders which are associated with the
modulation of CRTH2 receptors, which method comprises administering a

15 therapeutically effective amount of a compound of formula 1 to a human being or
animal. A method for the treatment and/or prevention of an inflammatory or allergic



>10 Example 10-10 >10 Example 10-11 >10 Example 10-12 0.3420 The results of the thromboxane
A2 receptor binding assay indicate that (with perhaps the exception of Ex @B{ﬁ}? {;IG(B-l)lO-S, and
10-12) thev%gr%]oﬁgf e tested generally do not bind to the thromboxane A% recep g?/ 0 t}ﬁ’g extent that
such 5 compounds would be considered to be thromboxane A2 antagonists having a significant
anti-aggregating effect on blood platelets. The pr&ent invention is also directed to a use for the

compoundgigédesnilaid aedhesansefsicedy subredishsianeasdruidrpmdiodebia armatitod for the

treatment or 10 prevention of diseases or disorders which are asso with the. CRTH2 receptor. In
one embod M @ HREEnF \9@?&8?1%%% &8 W%@ad;gﬁﬁg t%ﬁ@grﬂa}@%lghtion of
diseases aslbdjzortfesmbtamasndssopiatddrmigiitthe modulation of CRTH2 receptors, which method
comprises administering a 15 therapeutically effective amount of a compound of formula Ito a human
being or animal. A method for the treatment and/or prevention of an inflammatory or allergic WO
2010/03 811 GEAEP 2 DOSI0BD1 ool g6 dindicteakte dnelpdmlvisisatieiatedt e tapedissilyes or disorders
include (buleare:potimited 9)-Asiama A BRIB ARSHYSHE RIRARANOF beasadbon Mtk aliggaic rinits,

allergic inflammation, and atopic defmatitis. 5 The present invention is also directed to the
administratiorgsfc gusivgpaaeotaljoefleelitratnestief sieasnaienner lirrgitutisersesmBrhation or

associationywith; otber drias onaGtivaAAeHs RELBRSAMR RlinBammatareualetaic diseases and

disorders. In one embodiment, the present invention relates to a method for the treatment and/or

prevention!BrENHAHSE S aRHAAE LS HRSRESPRAIR ARG FORPIHuSAPNYPSHRRS
simultgneoyslyn serestialimar Seratatlyudyhespentienlly aftastiveRmodnhefaeatizpnynd of

formula | and another drug or active agent (such as another anti-inflammatory or anti-allergic drug or
agent). Th@é@‘éﬂﬁ%@&?ﬁbl@gicﬂfé’cﬁ%‘aﬁﬁﬂ?sqa%"rﬂﬁw ﬁfédsa'ﬁ?é’?%ﬁréﬂég,%aa?%éwgféﬁl&% ferent mode

of action. gtakigreingnintis-amnactivecrgenismeedntiuder kigomt. Nbhdisetethéo dBaiar15s

d ic agonists such as albuterol Imeterol; corticosterai hasd th
Ruicasoncs S AANT BELN 8015 AHME BURG AR AR o L bl or

zafirlukast;Santaiie o atikivdysherapies sgenaswmatizumabh ainti-éniet tiveitesuich Bsthisidic acid
(particylarly for the treatment of atopic dermatitis); anti- | i (particularly for the
treatn{l’@unt étdﬁﬁng{gb‘fcaggpr‘%?iﬁéﬁ?arﬁrsngﬁ&?ﬁﬁog%s%?mélﬂg&?%%}@%m w%ﬁ‘&an p%ecrolimus; other
antagonistseX@&Dhmsctiagaiotices oo goibisirchingsERenesgorasd N HBEEIORPhoshodiesterase

2SS4 AR e e eRURen S AR SES oL THE aloha

type 4 suclgnz?t% BRE‘{%
converting enz§me (TA ugs that modulate the activity of Th2 cytoKines IL-4 and IL-5 such as

blocking momadimapahaptdiiecivesuRblas dusidisptsrs; (Peiriganiaathgdimatssnt s
rosiglitazong, andyaringxgenasanhNESHLED astrieassr Palestaiedinthecaneanorll

compounds in the examples were prepared and  characterized as descriped. All patents and

publicafionateridesrenitinh HeTMBPSURRE BB RerRerliEsRar BIRIFSp!imus; other

antagonists of PGD2 acting at other receptors such as DP antagonists; inhibitors of
phoshodiesterase type 4 such as cilomilast; drugs that modulate cytokine production
such as inhibitors of TNF-alpha converting enzyme (TACE); drugs that modulate the
activity of Th2 cytokines IL-4 and 1L-5 such as blocking monoclonal antibodies and
25 soluble receptors; PPAR-gamma agonists such as rosiglitazone; and 5-lipoxygenase

inhibitors such as zileufon.

Unless stated to the contrary, all compounds in the examples were prepared and
characterized as described. All patents and publications cited herein are hereby

30 incorporated by reference in their entirety.



- 97 - CLAIMS 1. A compound of formula I: HOO  or a pharmaceutically acceptable salt or ester
thereof, wherein R1 is hydrogen or methyl, 5 and R2 and R3 are independently selected from the
group consisting of: (1) halogen; (2) -NH2; (3) -NO2; (4) C1.7 alkyl optionally substituted by fluoro,
10(5) C3.7 cycloalkyl optionally substituted by Cyr alkyl; (6) C2_7 alkenyl; (7) Ci_7 alkanoyl; (8) CiJ
alkoxy; (9) C3_7 cycloalkoxy; 15(10) lower heterocycioalkyl; (11) C1.7 alkylsulfanyl, C37
cycloalkylsulfanyl, or lower heterocycloalkylsulfan\éé (%g 1.7 alkylsulfinyl, 03-7 cycloalkylsulfinyl, or
lower heterocycloalkylsulfinyl; (13) C1.7 alkylsulforyf- €37 cycloalkylsulfonyl, or lower
heterocycloalkylsulfonyl; (14) Ci_7 alkylsulfonylamino; 20(15) Ci.7 alkylamino; - 98 - (16) C127
dialkylamino? afdq@mpamg efifdkyisityl; wherein the term "lower heterocycloalkyl" refers to a saturated
or partly unsaturated non- 5aromatic ring moiety having 3 to 7 ring atoms bonded together to form a
ring structure wherein one, two or three of the ring j atom while the remaining ring
atoms are carbon atoms

0

=
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L,

or a pharmaceutically acceptable salt or ester thereof, wherein R’ is hydrogen or meathyl,

HO

5 and R? and R® are independently selected from the group consisting of:
(1) halogen;
(2} -NHy;
(3) -NO;;
(4) Cq.7 alkyl optionally substituted by fiuoro,

)
)
10 (5) Csr cycloalkyl optionally substituted by Cq.; alkyl;
(6) Coy alkenyt;
(7) C45 alkanoyi;
{8) Cy7 alkoxy;,
(9) Ca7 cycloalkoxy;
15 (10) lower heterocycicalkyi:
(11) C17 alkylsulfanyt, Cy7 cycloalkyisulfanyi, or lower heterocycloalkyisuifanyl;
(12) Cy.7 alkylsulfinyl, C57 cycloalkylsulfinyl, or lower heterocycloalkylsulfinyl;
(13) Gy alkylsulfonyl, Cs7 cycloalkylsulfonyl, or lower heterocycloalkylsulfonyi:
(14} Cs7 alkylsulfonylamino;
20 (18) C4.7 alkylamino;



the pharmaceutically acceptable esters are the methyl and ethy esters of the acids of formula Ito be
used as prodrugs. 10 2. A compound of claim 1 wherein R1 is hydrogen. 3. A compound of claim 1
wherein R1 is methyl. 15 4. A compound of claim 1 which is an (R)-enantiomer as depicted in formula
IA: R2R3 R/ HO IA wherein R1, R2 and R3 are as dgfined in claim 1. 20 5. A compound of claim 4
wherein R1 is hydrogen. 6. A compound of claim 4 wherein R1 is methyl. - 99 - 7. A compound
according to any o @félgi@%;%ﬁ%rﬁ;wqﬁgg R2 and R3 are independently selected from the group
consisting of: (1) halogen; (2) C127 alkyl; 5(3) C17 alkyl substituted by fluoro; (4) C3.7 cycloalkyl; (5)
C3.7 cycloalkyl subktitufeer bjiaeyisidikyng®iTower heterocycloalkyl: (7) C17 alkanoyl; 10(8) C17
alkoxy; (9) 03.7 cycloalkoxy; (10) C1.7 alkylsulfinyl;

the term "lower heterocycicalkyl” refers to a saturated or partly unsaturated non-
5 aromatic ring moiety having 3 to 7 ring atoms bonded togsther to form a ring
structure wherein one, two or three of the ring atoms is a hetercatom while the

remaining ring atoms are carbon atoms

the pharmaceutically acceptable esters are the methyl and ethyl esters of the -
acids of formula | to be used as prodrugs. |
10
2. A compound of claim 1 wherein R' is hydrogen.

3. A compound of claim 1 whersin R is methyl.

15 4. A compound of claim 1 which is an (R}-enantiomer as depicted in formula 1A

HO LA

wherein R’, R? and R® are as defined in claim 1.
20 5. A compound of claim 4 wherein R’ is hydrogen.

6. A compound of claim 4 wherein R' is methyl.



(11) Ci.7 alkylsulfonyl; (12) C3.7 cycloalkylsulfonyl; 15(13) C1.7 alkylamino; and (14) C17
dialkylamino. 8. A compound according to any one of claims 1 to 7 wherein at least one of R2 or R3 is
fluoro, chloro, or bromo. 20 9. A compound according to any one of claims 1 to 7 wherein at least one
of R2 or R3 is methyl, ethyl, propyl, isopropyl, butyl, i§§butyl, sec-butyl, or tert-butyl.  10. A
compound according to any one of claims 1 to 7 wher€in at least one of R2 or R3 25is trifluoromethyl,
difluoromethyl, 1, 1-difluoroethyl. ar fluoromethyl. 11. A compaund according to .any one of claims to 7
wherein at Ie)gst;:\ oj?lcghé% &%ciarcégrtlasm&g oap%ﬁ)?{? 8&18][86‘&@?, @@IWS@W@,%%%%B?@S@L 3012. A
compound aftéaBgigantarieented itairtshtoup wiresislingtdeast one of R2 or R3 is
1-methyl-cyc|opropy{ )q(a]ﬁgg}yl-cyclopropyl. - 100 - 13. A compound according to any one of claims 1
to 7 wherein at least one of R2 or R3 is piperidinyl, piperazinyl or pyrrolidinyl. 14. A compound
according to any oné)Stie1afi¥li to 7 wherein at least one of R2 orR3 5 is propanoyl or acetyl. 15. A
compouridl accordin@)to.anyirne ebsiaimes byodoysherein at least one of R2 or R3 is methoxy, ethoxy,
N-propoxy, isoprop% Cn-butgxg isobutoxy, sec-butoxy, or tettbutoxy. 10 16. A compound according
to any one of claimsIto 7 \Wher irﬁyé*t least one of R2 or R3 is cyclobutoxy or cyclopentoxy. 17. A
compound accordifg)t0:anyyoimeibl/ctaibssitiiteal byvhereinigt; least one of R2 or R3 15 is methylsulfinyl,
ethylsulfinyl, isoprowlwépﬂe %ﬁ’%mﬂyl’ ethylsulfonyl, isopropylsulfonyl, tert—butylsul_fonyl,
cyclopropylsulfonyl, cyclobutylsulfonyl, orcyclopentylsulfonyl. ~ 18. A compound according to any
one of claims 1 to 1Aferekanedst one of R2 or R3 20 is methylsulfonylamino or ethylsulfonylamino.
19. A campound aqg@@ggaQQ@@y one of claims 1 to 7 wherein at least one of R2 or R3 is
methylamino, ethyl i&zo, i%%gro%)élamino, dimethylamino, diethylamino, methylethylamino, or
methylisopropylamiid.28 26 ®E3Mpound according to any one of claims 1 to 7 wherein at least one
of R2 or R3 is triflu¢toptethyhlkyls2iingd compound according to any one of claims 1 to 7 wherein R2
and R3 are not botlg@,é)ﬁI uorﬁ -ISJE%LJ - 23. A compound according to any one of claims 1 to 7 wherein
R2 and R3 are not both et 3I/<Iy 7R/ compound according to any one of claims 1 to 7 wherein at
least one of R2 or R¥bGs néithsatatsgbonybr methyl.

15 (13) Ci7 alkylamino; and
(14) Cy7 dialkylamino.

8. A compound according to any one of claims 1 to 7 wherein at least one of R% or R® is
fluora, chloro, or bromo.

20
8. A compound according to any one of claims 1 to 7 wherein at ieast one of RZ or R is

methyl, ethyl, propyl, isopropyl, butyl, iscbutyl, sec-butyl, or tert-butyl.

10. A compound according to any one of claims 1 to 7 wherein at ieast one of R? or R®
25 is trifluoromethyl, difluoromethyl, 1,1-difluoroethyt, or fluoromethyl.

11. A compound according to any one of claims to 7 wherein at least one of RZ or R is
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyi.

30 12. A compound according to any one of claims 1 to 7 whersin at lsast one of R? or R®
is 1-methyl-cyclopropy! or 1-ethyi-cyclopropyl.



25. A compound of claim 1 selected from the group consisting of:
{(R)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;
10{(R)-5-[(3,5-di-tert-butyl-benzenesuIfonyl)-methyl-l%@i_no)-S,6,7,8-tetrahydro-
naphthalen-I-yloxyl-acetic acid;

{(R)-5-[(3,5-his- - f -methyl-aminol-5.6.7.8- 2 2

tetrahy dro-ni%hﬁ%%%@%gﬁgﬁéoggtﬁézg%?w Y 3‘? é&?@ 780 lf'w%erém d? least one of R%ar R
{(R)-5-[(3-m &R ISURTHRPEAEHYI-BeRERigitifonyl)-methyl-amino]-5,6,7,8-
15tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-[(3-bromo-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-ni%htﬁ%%—%@ﬁ%@&@éeia?y one 6f &laims 1 to 7 wherein at isast one of R? or R
{(R)-5-[(3,5- i toflacsghoe tiydipenzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid; 20{(R)-5-[(3,5-dichloro-benzenesulfonyl)-methyl-am
nol-5,6,7,8-tetrahydro- naphthalen-I-yloxyl-acetic acid;
{(R)-5-[(3,5-dffluébrechenmiarksationiy) - inethyteamiholkbns, 71, & tétrateydroatiphthaten 4t \iod Ricetic add;
{(R)-5-{(3. -yl Ry SHIIRBY by e 5ok b aIMNY SRABIYBIGEAA Yoy -acetic
((R)-5-{methti’}l‘-tﬁ‘—‘(propane-Z-suIfinyl)-5-trifiuoromethyl-benzenesulfonya-aminol5,6,7,8-tetrahydro-nap
hthaleni®-yloxy)-acetic acid,;

e o B e e O A I IS O o e or
30((R)-5-{méatpyrcieb(rapanies ogéoiyd)-5-trifluoromethyl-benzenesulfonyll-amino}-
5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic add;
((R)-5-{methyl-[3-(2-methyl-propane-2-sulfony1)-5-trifluoromethylbenzenesulfonyll-amino}-5,6,7,8-tetra
hydro-naphthaief- SRR aRBEIRY to By one of claims 1 to 7 wherein at least one of R or R?

{(R)-54meth (2pyisolihipr leyyBdmfyoieseibylsbensenasipbemintisuifony

5,6,7,8-tetrahydro-n halen-1-yloxy}-acetic acid;
((R)-5-(5-ch TR m A Dt SRR o PRy 8. o
tetrahydro-nagtthatepisifeyl-acetic acid;
5((R)-5-{[3-(isopropyl-methyl-amino)-5-trifluoromethyl-benzenesulfonyll-methyl-
amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid;
((R)-5-{[3-(1BdfiFOrBRMYD 2reMdinainamyriraeisisalfolsy owhkersimatinept-5r6, pigRetaRydro-naph
thalen-nglow)r@ﬂeayigtgﬁjﬂygﬁ{)n@-[{Bmﬁﬂgd@ﬁéﬂggg?methyl-benzenesuIfonyl)-methyl-amino]-S,6,7,8
10-tetrahydro-naphthalen-1-yloxy)--acetic acid;
((R)-5-{methyl-[3-(1-methyl-cyclopropyl)-5-trifluoromethyl-benzenesulfonyliamino}-5,6,7,8-tetrahydro-n
aphthalen-14g0xy paretitiadidecording to any one of claims 1 to 7 wherein at least one of RZ or R®
{(R)-5-[(3-is -H-frifluo - | I)-methyl-amino]-5,6,7,8-.
tetrahydro-n?i)ﬁf?%}g éﬁ%lo%;ﬂ@%@ih? 2(?%?%%?%;8%’ o'??nelﬂ}/ylammo, d?é%ylammo,
15{(R)-5-[(3RIPFEBMABITIFH R roveibthiy P PeRsateisaifonyl)-methyl-aminol-5,6,7,8-
tetrahydmp-naphthalen-1-yloxyl-acetic acid;
R)-5-[(3-ethoxy-5-trifluoromethyl-benzenesulfony1)-methyl-amino1-57,8-
Eétr)ahy[(gro-na hﬁ&%ﬂ%—%?ﬁ%%&@&@iﬂ?&ﬁae & c;)-laims 1167 Wheroin at least one of R? or R
{(R)-5-[(3-cyslfentydmattiydtrifluoromethyl-benzenesulfony1)-methyl-aminop
205,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid. 26. A compound of claim 1 selected from the
group consisting of: {(R)-5-[(315-di-tert-butyl-benzenesulfony1)-methyl-amino]-5,6,7,8-tetrahydro-
25naphthalefitl AleRyRgiat aasiarding to any one of claims 1 to 7 wherein R? and R® are not both
{(R)-5-63,5-higsrmethanesulfonyl-benzenesulfony1)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;
{(R)-5-[(3-methoxy-5-trifluoromethyl-benzenesulfony1)-methyl-amino)-5,6,7,8-
tetrahydro-naphthalensbylekybaceficgacidny one of claims 1 1o 7 wherein R? and R® are not both
30{(R)-5-[(3%%§%g15-triﬂuoromethyl-benzenesuIfonyl)-methyl-aminol-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;
f(R)-5-[(3,5-bis-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;



- 103 - ((R)-5-{methy143-(propane-2-sulfinyl1)-5-trifluoromethyl-benzenesulfonyll-amino),-
5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid,;
{(R)-5-[(3-cyclopentanesulfonyl-5-trifluoromethyl-benzenesulfony0-methyl-aminol5,6,7,8-tetrahydro-na
phthalen-1-yloxyl-acetic acid;
5((R)-5-{methyl-[3-(propane-2-suIfonyl)-5-trif|uororhla%yl-benzenesuIfonyl]-amino)--
5,6,7,8-tetrahydrg-naphthalen-1-yloxy)-acetic acid; , . .

((R)-5-{meth%)é[3- f-omgt%%-%ragﬁgfn%q -téjugilp&’n%?-gftﬂﬁ’ﬁB?oHStﬁWﬁgﬁ?@rggsﬁ%ﬁilE&?Tﬂﬁ’&?-q@,6,7,8-tetr
ahydro-naphteilen-1-yloxy)-acetic acid;
{(R)-5-[methyl-(3-pyrrolidin-1-y1-5-trifluoromethyl-benzenesulfonyl)-amino]
105,6,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid,;
((R)-54[3-(isBfropyiamesiichanrrsiioaim asrornetrl Rlssns drestiidrypimetiapanine pER. piRietrahydro
-naphthaten--yomar aseiieacie: methyl,
((R)-5-{[3-(1,1-difluoro-ethy1)-5-trifluoromethyl-benzenesulfonyll-methylamino}-5,6,7,8-tetrahydro-naph
thalen-1-yloxy)-acetic acid;

15{(R)-5-[(3-a& et otrifiord fethit: Heret ectesuon thy anetlyy ansisdhd 5, 7,8

iy bonzon coulGyL: ) e 6T G ety e o R o

{(R)-5-[(3-isopropy fe8anHdisroartidare hrémesaksiizigardethyl-amino]-5,6,7,8-

20tetrahydro-naphthaips: BYBJESV}@FE@%i%%enesuifoni/!)-me’{hy}—ami_no}-s 8,7,8-tetrahydro-
{(R)-5-[(3-isopropoxy-5-trifluorgmethyl-benzenesulfony1)-methyl-aminol-5,6,7,8-

tetrahydro-naphthal@RIRASR T AeRE-3ERICAR:
{(R)-5-[(3-ethoxy-5-tRiue(Brithylrhanaesasidfonyrinetbylaoain By -8mincl-5,6,7,8-

tetrahydro-naphthalen-1-yloxyl-acetic acid. 25 27. A.compound of claim 1 selected from the group
consisting of: [(R)-ée(%%}gl% )f(‘)arB%%gn%%ne%% n?/ grtﬁclnaoﬁecg,&7,8-tetrahydro-naphthalen-lyloxypacetic
acid; [(R)-5-(3,5-bid{iritadtSrmatihixpdnizénesiietiviabsinod 8 cBubiradipdtamine]-5,6,7,8-
30naphtfalen-1-ylogyl-2C8HS. Agifhinalen-1 -yloxy}-acetic acid: o
[(R)-5-(3,5-dimethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1- yloxy]-acetic acid;
[(R)-5-(3,5-difIuoro-ﬁ&“?éﬂﬁ%ﬁ%}‘ivgamﬂﬁ'@)'@?@ﬁ?}é—?@ﬁé%@’fﬁa premaibyt-eryyh-Acbfic acid; - 104 -
KR)-5-(3-isopropyl-E#tityaremebhyhenienesyliosstianing)-5,6,7,8-tetranydronaphthalen-1-yloxyl-acet
ic acid; {(R)-543-(1, 15d iflugro-ethyl )-5-trifluoromethyl-benzenesulfon yla m ingl-5, 6 ,7,8-

tetrahy dro-naphthaﬁgﬁ?léﬁgg )i?és%%lgl%ram;e%hyeg‘enzgnesu Zonyﬁ*meﬁwyl-ammoﬁlgﬁ,?%—
5{(R)-543-(1-methyletsatippropeppbaiéfubrometsdeaieresdesulfonylam nol-5,6,7,8-
tetrahydsg-naphthalemls i@yl Acelic Aeib enesulfonyl)-methyl-amino]-5,6,7, 8-tetrahydro-
[(R)-5-(3,5-di-tert-b§yl7:bétrt12’enesuIfonylam?nnc?)fg,é},r]?\,(g-tggﬁalymygrr%i?r? pﬁthd?englr?y}/g;c)}/l-acetic acid;
[(R)-5-(3,5-bis-metH&me<iaisny - HisrybaedinBrfamino)-5,6,7,8-tetrahydro-
10naphthalen-1-ylogyiaegticsagiftlioro-benzenesulfonyl)-methyi-amino]-5,6,7,8-tetrahydro-
E:(F;)C-i?j-.(3-methoxy-Sﬁér‘i)u%E{%rgﬁt_%%?{f_gég i gglé;é?nylamino)-5,6,7,8-tetrahydronaphthalen-l-yloxyl-acet-i
[(R)-5-(3-bromo-5-tfifftisre (Getiivistnitresatfesyiamitio) &t 7B-tatiahpdf dragitingden- 1-yloxyl-acetic
acid,; an5_1515[(R)-5-(%HHQ{Q&-HLM@%WI&%]E%SUIfonylam no)-5,6,7,8-tetrahydro-

((R}-5~{methyl-[3-(propane-2-sulfiny! }-5-triftuoromethyl-benzenesulfonyll-amino}-

5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid;
{{R)-5-[(3-cyciopentanesulfony!-5-rifluoromethyl-benzenesulfonyl-methyi-amino]-
5,8,7 8-tetrahydro-naphthalen-1-yloxy}-acefic acid;

30 ((R}-5-{methyl-[3-(propane-2-sulionyl!)-5-trifluoromethyl-benzenesulfonyt]-amino}-
5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid;
((R)-5-{methyl-[3-(2-methyi-propane-2-sulfonyl}-5-trifluscromethyl-

benzenesulfonyll-amino}-5,6,7 8-tetrahydro-naphthalen-1-yioxy)-acetic acid;



naphthalen-1-yloxyFacetic acid. 28. A compound of claim 1 selected from the group consisting of:
[(R)-5-(3,5-bis-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro- 20naphthalen-1-yloxyl-acetic
acid;
[(R)-5-(3-isopropyl-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydronaphthalen-1-yloxyl-acet
ic acid; {(R)-5-[3-(L,1-difluoro-ethyl)-5-trifluoromethyt-Benzenesulfonylamino]-5,6,7,8-

tetrahydro-naphthalen-1-yloxyl-acetic acid; , .
25{(R)-5-[3-(1-met@&%’f&%ﬁ%@%C\\%B?bﬁé‘t?{%%@%%@%%ﬂﬁ%ﬁ{ﬁaﬁﬁwf@ﬁ}-ﬁ,guﬂo}*
tetrahydro-naphthafed./1.8ytekgfedreticagtithaien-1-vloxy}-acetic acid;

[(R)-5-(3,5-di-tert-bytyl-benz ylamine)- -tetrahydro-naphthalen-1- yloxyl-acetic acid;
{(R)-5.(3.5-bis-metl T e I rar b B
30naphthalen-1-yldRyRarcranbihalen-1-yloxy}-acetic acid;

[(R)-5-(3smethoxy-Geafugramelinyenzansssianylaminads A rsrnsiananiinalen;-yioxypacet

c acid; and : o
[(R)-5-(3-bromo-5-FfSFomethr 6 LAY AR ORBAYIARNG) 6%, F 35366 aRfronaphthalen-1-yloxypacetic
acid. - 105 - 29. A {{R¥SHEeuticdillyacseptabie saliobm somnmmndaraarsing-taeany.one of claims 25
to 28. 5 30. A com é ir one of claims 1 to 29 for. use as therapeutic active
substances. 31. A%:?éﬁrﬂ%}o%lfﬁ? gc%%%h%gi% an Rgfﬁaie&-i-lé%g iaﬁ)eg?ﬁg the treatment and/or

prophylaxis of dised$8oticatsisiy!by GRIPFIMelbeprervamtagboist)-bieB-Aseof A &ompound

accordinpg to any On@ﬁrglaimﬁéptﬁf%?eﬁ%LE}%Q{P.Q@&@Q%B;QT medicaments for the therapeutic and/or
prophylactic treatmens of diseases treatablé by'a CRTH2 réceptors antagonist. 15 33 The use

according to claim $2 wHEteiVHE -l sBedey CHdonmp bridnusmm et ymanssalipaifease, allergic
inflammation, allergimitiaiHsis o7 Btepihgeroatifsidin-1-yioxy)-acetic acid:

{(FE‘)*S—[(3-isopropy!—S-triﬂuoromethylubenzenesutfonyl)—m gthyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;

15 {(R)-5-I(3-isopropoxy-5-trifiuorometh yi-benzenesulfonyl}-methyl-amino]-5,6,7,8-
tetrahydro-naphthaien-1-yloxy}-acetic acid:
{{R)-5-[(3-ethoxy-E-trifluoromethyi-benzenesulfonyl)-mathyl-aminol-5,6,7,8-
tetrahydro-naphthaien-1-yloxy}-acetic acid; and
{(R)»5~[(3-cyciopentyloxy—S-triﬂuoromethylubenzenesulfonyl)—methy{mamino]-

20 5,8,7,8-tetrahydro-naphthalen-1-yloxyl-acetic acid.

26. A compound of claim 1 selected from the group consisting of:
{(R)»S—{(?;,S—di—tert-butyl-benzenesutfony[)—methyl&amino}—S,6,?,8»tetrahydron

25 naphihaien-1-yloxy}-aceiic acid;
{(R)-5-{(3,5-bis-methanesulfonyl-benzenesulfonyl}-methyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R}—5-[(3—methoxy—S-triﬂuoromathyl-benzenesulfony[)~methy[-amino]~5,6,7,8—
teirahydro-naphthalen-1-yloxy}-acetic acid;

30 {{R)-5-[(3-bromo-5-triflucromethyl-benzanesulfonyl)-methyl-aminol-5,8,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid:
{(R)-5-1(3,5-bis-triflucromethyl-benzenesulfonyl rmethyl-aminol-5,6,7,8-
tetrahydro-naphthalen-1-yloxyl-acetic acid;
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((R)-5-{methyl-[3-(propane-2-sulfinyl}-5-trifluoromethyl-benzenesulfonyl]-amino}-
5,6,7 8-tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-](3-cyclopentanesuifonyl-5-rifluorom ethyl-benzenesulfonyl}-methyl-amino]-
56,7 8-tetrahydro-naphthalen-1-yloxy}-acetic acid;

{(R}-5-{m ethyl-[3-(propane-2-sulfonyl}-5-triflucromathyl-benzenesulfonyll-amino}-
5.6,7 8-tetrahydro-naphthalen-1-yloxyl}-acetic acid;
((R)-5~{methyl-[3-(2-methyl-propane-2-sulfonyl}-5-trifluoromethyl-
benzenesulfonyl]-amino}-5,8,7,8-tetrahydro-naphthalen-1-yioxy)-acstic acid:
{(R)-5-[methyl-(3-pyrrolidin-1-yl-5-trifluoromethyl-benzenesulfonyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1-yioxyl-acetic acid;
((R)-5~{[3~(isopropy!~methyluamino)—SmtrEﬁuoromethyl—benzenasulfony!}—methyl-
amino}-5,6,7 8-tetrahydro-naphthalen-1-yioxy)-acetic acid;
((R)-5-{[3-(1,1~difluoro-ethyl}-5-trifiucromethyl-benzenesulfonyll-methyi-
amino}-5,86,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid:
{(R)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfonyl)-methyl-aminol]-5,6,7,8
-tetrahydro-naphthalen-1-yloxy}-acetic acid;
((R)-8-{methyl-[3~(1-methyl-cyclopropyl }-5-trifluoromethyl-benzenesulfonyi]-
amino}-5,6,7 8-tetrahydro-naphthalen-1-yloxy)-acetic acid:
{(R)~5-{(3~Esopropyi-Smtriﬂuoromethy{—benzenesuEfony[)-methy[-—amino}—S,G,7,8—
tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(R)-5-[(3-isopropoxy-b-trifiuoromsthyi-benzenesulfonyl)-msthyl-amino}-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid: and
{(R’)—5-{(3—ethoxy~5-triﬂu0romethyl-bénzenesulfonyl)-methyl»amino]—S,G,?,8-
tetrahydro-naphthalen-1-yioxy}-acetic acid.

27. A compound of claim 1 selected from the group consisting of:

[(R)-5+(3,5-dichioro-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-
vloxyl-acetic acid; '
[(R)-5-(3,5-bis-trifluoromethyl-benzenssulfonylaming)-5,8,7,8-tetrahydro-
naphthalen-1-yloxyl-acetic acid;
[(R)-5-(3,5-dimethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthaten-1-
yloxyl-acetic acid;
[(R)-5-(3,5-difluoro-benzenesulfonylamino)-5,8,7,8-tetrahydro-naphthalen-1-
yloxyl-acetic acid;
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[(R)-5-(3-isopropyl-5-trifiuoromethyl-benzenesulfonylamino}-5,8,7,8-tetrahydro-
naphthaien-1-yloxyl-acetic acid;
{{(R)-5-[3-(1,1-diflucro-ethyl)-5-trifluoromethyl-benzenesulfonylamino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acstic acid;
{(R)-5-[3-(1-methyl-cyciopropyl)-&-irifluoromethyi-benzenesuifonylamino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxy}-acetic acid;
[{R)-5-(3,5-di-tert-butyl-benzenesulfonylamino)-5,8,7,8-tetrahydro-naphthalen-1-
yioxyl-acetic acid;
[{R)-5-(3,5-bis-methanesulfonyl-benzenesulfonylamino)}-5,8,7,8-ietrahydro-
naphthalen-1-yioxyl-acetic acid;
[{R)-5-(3-methoxy-5-triftuoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-
naphthaien-1-yloxyl-aceiic acid;
[(R)-5-(3-bromo-5-triflucromethyl-benzenesulfonylaming)-5,8,7,8-tetrahydro-
naphthalen-1-yloxyl]-acetic acid; and
[(R)-5-(3-fluoro-&-trifluoromethyl-benzenesulfonylamine)-5,6,7, 8-tefrahydro-
naphthalen-1-yloxyl-acetic acid.

28. A compound of claim 1 selectad from the group consisting of:
[(R}-5-(3,5-bis-trifluoromethyl-benzenesulfonylamino)-5,8,7, 8-tetrahydro-
naphthalen-1-yloxyl-acetic acid;
[(R)-5-(3-Isopropyl-&-frifluoromethyl-benzenesulfonylaminoe)-5,6,7,8-tetrahydro-
naphthalen-1-yloxyl-acetic acid;

{(R)-5-[3-(1,1-d Efluoro-ethyl)~5—triﬂuoromethyl-benzenesuifonylémino]-ﬁ,ﬁ,?,&
tetrahydro-naphthaien-1-yloxy}-acetic acid,;
{{R}-5-[3-(1-methyl-cyclopropyl}-5-trifluoromethyl-benzenesulfonylamino]-5,8,7, 8-
iefrahydro-naphthalen-1-yloxy}-acetic acid;
I(R)-5-(3,5-di-tert-butyl-benzenesuifonylamino)-5,8,7,8-tetrahydro-naphthalen-1-
yioxyl-acetic acid; .
[(R)-5-(3,5-bis-methanesulionyi-benzenesulfonylamino }-5,6,7,.8-ietrahydro-
naphthalen-1-yloxyl-acetic acid;
[(R)-5-(3-methoxy-5-triflucromethyl-benzenesulfonylamine)}-5,8,7 8-tetrahydro-
naphthalen-1-yioxyl-acetic acid; and
[(R)-5-(3-bromo-5-riflucromethyi-benzenesulfonylamino)-5,6,7,8-tetrahydro-
naphthalen-1-yloxyl-acetic acid.
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29. A pharmaceutically acceptable salt of a compound according to any one of claims 25
to 28.

30. A compound according to any one of claims 1 to 29 for use as therapeutic active

substances.

31. A compound according fo any one of claims 1 to 29 for the freatment and/or
prophylaxis of diseases ireatable by CRTH2 receptors antagonist.

32. Use of a compound according to any one of claims 1 to 28 for the preparation of

medicaments for the therapeutic and/or prophylaciic ireatment of dissases freatable by a
CRTH2 receptors antagonist.

33 The use according to claim 32, wherein the disease is asthma, chronic obstructive

pulmonary disease, allergic inflammation, allergic rhiniiis or atopic dermatitis.



