NAPHTHYLACETI C ACI DS The present invention relates to novel substituted
napht hal ene-2-yl acetic acids, their manufacture, pharnaceuti cal

conposi t iwomass@ini ng them and their use as CRTH2 ant agompsdam/oessiparti al
agonists. 5 Prostaglandin D2 (PG)2) is the nmajor prostanoid produced by
activated mast cells and has been inpliﬁzted in the pathogenesis of

al l ergic diseases such as allergic asthma and atopic dermatitis.
Chenpattract ant Receptor-honol ogous nol ecul e expressed on T-hel per type
cells (CRTH2) is one of the prostaglandin D2 receptors and is expressed on
the effector cells involved in allergic 10 inflammati on such as T hel per
type 2 (Th2) cells, eosinophils, and basophils (Nagata et alL, FEBS Lett
459: 195-199, 1999). It has been shown to nedi ate PGD2-stimul ated
chenotaxis of Th2 cells, eosi ndDAMHEHYAACHBEKOAKIDS (Hirai et al., J Exp
Med 193: 255-261, 2001). Moreover, CRTH2 nedi ates the respiratory burst and
degranul ati on of eosinophils (Gervais etal., J Allergy din |Imunol 15 108:
982-988, 200hg,préesehidegntibe rglateduotnovsl afbspitutédhbpithalkoes2-gydogkic aerisi n Th2
cells (Xue et al., | munol 175: 6 31-653&%, and enhances the rel ease of
hi stam ne f M6 HE8YIERIYTS: RRATEIRCAUNCR COmPPaifaNR Fantaining thenEepd Kqiiss as

34:1283- 129NTHOEALRIBARIYVE p#GhISagdhidifie gene encoding CRTH2, which
differentially influénce its mRNA'stability, are shown to be associ ated

with asthma (Huang et 20 al., Hum Mol Genet 13, 2691-2697, 2004). Increased

nunbers of ¢ Iy T, - i - el at ed
mThsovet i POSHOBhURL, (e s B R s GO HorIicedty Rohidl frhf

29|72- 2979|, I 26[119031r.10(|}I hebeefh iimﬂLdagmf Bt g pathddeatsi€RT Hﬂergicadiseasqsrmg:h}‘dsamrgt ory
role in allergic di.seases, .Therefore, t agonj st.s CRTH2 are believed to
o tseul 1 Mot R AP he el T Sao e Rl Ref T oA PIBR | o
COPD, al | er gidledud BkpreSsedBA TahESPEEtyp8 CBRd '(GR$H2TBQ>He'WfQHé ppFstaglaf@Acer ned
with the conpounds of formula I: g - Y xR5 | 7R7 R6 and

phar maceut i Ealreseriesepichiblexperssed oarfhe @ffeeios celeinuelved thallespis W X, Y, R1,

R, RS, 434 ifRimifRiorP b RHBIBLRhes i)' dafls SBdctidefls et ddtphe and
(Nagata et al., FEBS Lett 459: 195-199, 1999). It has been shown to mediate
PGD2-stimulated chemotaxis of Th2 cells, eosinophils, and basophils (Hirai et al.,
J Exp Med 193: 255-261, 2001). Moreover, CRTH2 mediates the respiratory
burst and degranulation of eosinophils (Gervais et al., J Allergy Clin Immunol

15 108: 982-988, 2001), induces the production 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 mMRNA stability, are shown to be associated with asthma (Huang et

20 al., Hum Mol Genet 13, 2691-2697, 2004). Increased numbers of circulating T
cells expressing CRTH2 have also been correlated with severity of atopic
dermatitis (Cosmi et al., Eur J Immunol 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

25 asthma, allergic inflammation, COPD, allergic rhinitis, and atopic dermatitis.

The invention is concerned with the compounds of formula I:



5 addition, the present invention relates to nethods of manufacturing and
using the conmpounds of forrmula I as well as pharmaceutical conpositions
cont ai ni yoxuwsswapounds. The conpounds of fornula | aPeTERR@YORSIE S OF
partial agonists at the CRTH2 receptor and may be useful in treating

di seases and di sorders associated with that receptor such as asthma. 10

Unl ess otherwi se indicated, the follow ng specific terns and phrases used
in the description and clains are defined as follows: The term "nvoiety"
refers to an atomor group of chem cally bonded atons that is attached to
anot her atom or nol ecul e by ong or noreg chem cal bonds thereby 15 form ng
part of a nolecule. For exanple, e vali abmes RAqR7 of fornmula | refer to
noieties that are attached to t i ruct oyye of fornmula | by a coval ent
bond. In reference to a parti cul wi t hoone or nore hydrogen atons,
the term"substituted" refergs : at at | east one of the hydrogen
atons of that noiety |s repl aced by anot her substituent or noiety. For
exanple, the term 20 "Il ower al kyl subsDctut,[ by hal ogen" refers to the

fact that one or nore hydrogen atons of a 2 Ii<yl (as defined below) is
repl aced by one or nore hal ogen atons (e. ¢ i fl uoronet hyl,

difI uoronet hyl, fluoronethyl, chloronethyl )Nefc>Ng? -1 3 - The term
"optionally substituted” refers to the f a¢t that one or nore hydrogen atons
of a noiety (with one or nore hydrogen a'?oms) can be, but does not

necessarl | Yahé\pﬁaF@aéaltlcéusbéééédﬂé@Q sWIté Bn@Retdhe thesadrs Whekemiy, X, IR term
“alkyl" refers to an .aljphati¢ straight-chain or branched-chai n saturated 5

hydr ocar bon RfoRe I')?, ﬁ"avR gnd R a'?(ﬁQf@leSd"r‘lﬂéﬁt defgiled ﬁe%tptt'PB@lnérd@Wﬁodﬂnents
th | kylz h

ol ky b moiSet oot 8 FrREcHS ol re B tb%hetholi BPimaRliseh e R i Pl

| oner al kyl chapolinds ofifocrauiadrasawvelhas ahdrmacemmbelrcqmmqaltmnisamnmm()g|S|meht s the
| | kyl h 1t . | | ud
ot iyl - ot hgPrepPag T 0BG SEiarplE Tt Brigacnnee 8 el ddhriels ¥ 17

tert-butyl. tHheRTRIMeck MR bndY6ay0eé kyéfll inafetipglokeaseslantialisiders partly
unsat urated non-aromati ¢ hydrocarbon ri n% noi ety having 3 to 7 carbon atons

bonded t oge@RePciatgdmginihat facsgtossHal @s@sI M anpl es of cycl oal kyl s i ncl ude
cycl opr opyl . cyclobutyl, 15 cyclopentyl, cyclohexyl and cycl oheptyl. The
term "l ower al koxy" refers to the noiety -0-R, wherein Ris |ower alkyl as
defined pr elntessl gthemisaridester, th@ﬁailpwm%w@cifmﬁeen‘s esdiphchsaseusestindxe,

cLIORY,. PSR ORISR ARSRAHAIEPY O, SoF UL ony and,

-C(0)-0-R, wherein Ris 20 | ower alkyl as def| ned previously. Exanples of
| oner al koxyrhertemyhmebj etieestd ac btohe ongtdu:pmmlebwwlh/ bemde & taltany teathony| .

Theterm"he er.oa refers to nitro en sul fur erm

T r et oEbSUE & tdter e & PaehoRibinE Vb Setiel s bty mon-
aromati ¢ i 'F&nﬂ@g ghit ohavhdlecdet Fof ekam Iea‘theT’ﬁar‘iHBl&eFl Rdgﬁ‘fchﬁ’fulé prefiér ) a
ring 25 structure wherein one, two or three of the ring atons is a

het er oat om WHigtEestthat aenaitashag to thecaesibclire of larpola BRasovairahkens of

| ower heterocycl oal kyl's include piperidinyl, piperazinyl, pyrrolidinyl, and

mor phol i nyl y, refer‘ence-ﬁgﬁ ﬁa‘?ﬂ'cﬂ]lar' rﬁéﬂ\@c}/ \ﬁ'tflf)éhé%‘r %re rh?&ﬁ{?%nté?o%@.eth%qbﬁhy N( R),
wherein Ris | ower al fined previously. exanpl e of a | ower
al kyl ami no i'subsgtutgd’ aﬁfaﬁs_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
20 “lower alkyl substituted by halogen” refers to the fact that one or more hydrogen
atoms of a lower alkyl (as defined below) is replaced by one or more halogen

atoms (e.g., trifluoromethyl, difluoromethyl, fluoromethyl, chloromethyl, etc.).



The term "l ower dial kylam no" refers to the nmoiety -N(R (R ), wherein R and
R are |l ower al kyl as defined previously. An exanple of a | ower

di al kyl amvoaoiogs50odi met hyl ami no. The term "| ower al kyl seCrmrgé0d/os4siiers to
the moiety -S(0)2-R, wherein Ris |ower alkyl as defined previously.
Exanpl es of |ower al kylsul fonyls include,nethylsul fonyl and ethyl sul fonyl.
The term "hal ogen" refers to a noiety of “fluoro, chloro, bronpo or iodo. 10
Unl ess ot herMiedern iefitioaakyisubditutedT referayio thaytact that onaydinsre hefleagent o t he

noi ety of a [ n.at.om (- nd_not_ H2 .  Un] selndl ated, the
ferm a conpuitices aed Tt e R annT SraBrupieas g S hpounds
of the for mkeaéssarily' ltpeowed substitfiedmitraandstaéessbstituenty conpound sel ect ed
fromthe genus of conpounds as defined by the 15 fornula (including any
phar maceut i cal | a(; tahl e salt ster. of an und i.f no

bt hervi so ndDBdym HIEV e G atRbali pEais R ap PcBedBrAD squrld, o

t hose Sa'HSh%ﬂo@Bonfhtrﬂbl@N H&/lﬁ%Q't@QOQerb@f &R, VieNestc A eribedmrichtseheof t he
free bases or free acid ich are not biologically or otherw se

undesi r abl e alkgbhas1 @QOE@FHW@@WS\M th inorganic 20 acids such as

hydrochl oric acid, hydrobromc acid, sulfuric acid, nitric acid, phosphoric
acid and th?hle'tléﬁn "Bivef §Fk9lb|ré/feF§’fU zf’r?QI'kS’lrrhﬁleﬂPhéMng‘m%Wc%ﬁl!%r?afb%éjslnsUCh as
acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid

mal ei ¢ aci dpartezumemtmdlrden@dhe woéraligd has 1stadcearben atiras ahdimether aci d,

tartaric ac i I i 1 cid,
nmet hanesul fbgm&d trelcq% o%frhgntgg Efo%%cﬂ%ﬂggﬁatgr?gargpﬁé'toesﬁ”EQ%r%ble%Coﬁ‘d
N-acet yl1Qy siaever sdyds tnakidei rkethyl, retmﬁthrbdemsosai;iys by, |bebui:tylepe¢45dtyban<ﬂ he
addi tion of ~an rgani ¢ base or an organic base to the free acid. Salts

deri ved froFﬁ'éHUWﬁorganl c base include, but are not linmted to, the sodium
potassium lithium amonium calcium and nagnesiumsalts and the |ike.

Sal ts derivagefte@nrionsnbydlodRAC refémabEdeatukitdd of Sarlipunkativdted nop- sal ts of
- 5 - primary, secondary, and tertiary am nes, substituted anm nes including

natural |y o@&m@ﬁ'%@yCB@%bPﬂ GNEANQIRIHRAVING § 0 ¥ CashamaomErkesiesi tegethar to
exchange re S ne,
triethylam ﬁc%rﬂ? nﬁg%@bjy erf?n ﬁgéﬁl@yejhano gl%anglsqﬁélgﬁég%lﬂgropgl %ga%w

N- et hyl piSpecydopentylpcpaohelkyhend pptlgheptyle resins 5 and the |ike. The
conpounds of the present invention can be present in the form of

phar maceut i WS ention
can al so be%?j'r etérenﬁ]‘fl S&BF ?Ebﬁf Or‘r%‘r‘%trg E{]éarpﬁgé%fﬁ %er)é;;e'hg%esgl? %Fgﬁ(gs&e/

(i.e., the oefilsd pmvd)ustWﬁxmroleg of tmi/vetrfaaﬁ(oaglmtaetbés iholuie |l methoky dmhoxysed as
prodrugs). The 10 conpounds of the sent invention can al so be sol vated,
P e, hydr at GPTORRE SRR TEAO e OPPERY e 84 ULHY PBGdPEBUENY, he

manuf acturing process or can take place i.e. as a consequence of

hygr oscopi c TReQaeh tib®er 8lkoRycdrbbriyi'alelats as ity CO@OR wherkpr R a |
(hydration). Compounds that have the_same nol ecul ar fornmula but differ in

t he nat #C W%@”@ééﬁ&@@@e@fﬂ%’dﬁ%%gEéﬂmWﬁé|qf '%%rﬁék%ﬁycﬁ'@@nﬁrmaﬁ@@%nt of
their atons H&Mﬁ%o@?@arﬁ@ﬁﬂ%d 4R 8 a?bong/\ soners that differ in the

ar r angenent o# their atons In space dare terned "stereoisoners."”

Di astereoners are stereoi somers with opposite configuration at one or nore
chiral cent dhs tefm dretaioatarot reéerarie ingragies, owtgareor §dlfér s bearing one or nore
asynmetric centers that are non- 20 superinposable nmirror inmges of each
other are t ter,
for exanpl e%}%}?grarln ?g@ th@%ﬁ% Wr}ggeglg?(gg gﬂ?a% fsc% erégﬂ%ﬁgr%ﬂ%ggd ﬁ&Ifc])al r of
enant i oner sarczrnapﬂmssmg)rr@]etp\namngr&too?mmg aetmdb bordhet mgema'rmfbrbya tihg absol ute
configu@iog | its as rmettrlc riﬁnter ﬁr cent,[ers an ) descrhﬁ) by t he
R and $sedtdRtny Re{HL e Wagy e "ad & %T‘&Soa fso BT D Sranner
in which theerﬁﬁﬂn&fg-ﬂlrﬁg aehel &% ddn@orplawmﬁs oExmbléenozmvérlrwﬁéro@yao@IEﬁsgnat ed
as dextrorotatory or |evorotatory (i. (+) (-)-isonmers

respect i vel jcludg @H??%PWCB'WW' o%ﬁroéf('iné(l aélg r@‘PﬁPH@'ﬂ”M' ndi vi dual enanti omer
or as a mxture thereof. A m xture containing equal proportions of the
enantionmers is called a "racemc mxture". 30 The term"a therapeutically
effective anount” of a conpound neans an anount of conpound that is
effective to prevent, alleviate or aneliorate synptons of



- 6 - disease or prolong the survival of the subject being treated.

Determ nation of a therapeutically effective amount is within the skill in
the art. Wheotdnss@mpeutically effective amount or dosagePofi/ER2a9npsuNd
according to this invention can vary within wide limts and nay be

determ ned in a manner known in the art. ,Such 5 dosage will be adjusted to
the individual requirenents in each partrcular case including the specific
conpound( s) Theitegn Adwienakylandao" nefers to theemofetyn dWiR)i wheeein Bis lawer allyldi ti on

case o or aP e BT dAn ERPB e Vs SR e Gt g

approximately 70 Kg, a daily dosage of about 0.1 ng to about 5,000 ng, 10 1
ng to about TheQ&fn Nigweodiakytagniho” ddérsriy theyndiety al (R )0RY] whereiraRtdmau@h t he

| ower and upper |imt .be, exceeded en_indi gated. Th ai |l y .dosage can
e adm i st Bt AR BPETGIEEVEESH Al SrabRe S 2Eves Mo iThaP e or o
adm ni st mat dPRethilanti®y. be gi ven as continuous infusion. The term

"pharnmaceutically acceptable carrier” is intended to include any and all 15
mat eri al conpatible with pharmaceutical adm nistration including solvents,

di sper si on MB&itaM clower Alf¥IsubioRylyeésra e e Moty ne ey dYhesgie it & 1oyvebt oni ¢

and absor pt lamlhgé?bléﬁ(ﬁé}ﬂpégﬁa%@z B A8 1o0RY %fk%%'uﬁoﬁﬁg ifcRjRPuUNds

conpati ble wth pharmaceutical” adm nistration cept’ I nsofar as any
convent i onameteysaifanyl ag@athyissifongonpati bl e with the active conpound, use
thereof in the conpositions 20 of the invention is contenplated.

Suppl ement amyedgirh e SAIPURAS 18 Pndlb b Plold) ERIRSTIALRD dilbdhy L e

conposi tions. ef ul pharmaceuti cal carriers’'tor t'he preparation of the
conpositions hereof, can be solids, |iquids or gases; thus, the

conposi tlilondniess ath&mvigdindicaten, difie texbi Eydrogenm’ bs hydepseafess fo theppoisiyt of i es,
powders, ent wdcalelrpy tcoa¢_ﬁg o] no“:n'er 25 protected fornulations (e.qg.

bi ndi ng on PoRERE a?@g] e Pﬂg 8 packaging in |ipid-protein vesicles),
sust ai ned rel ease fornul ati ons, solutions, suspensions, elixirs, aerosols,
and t he | i ké&inleBseothanwiseindzated) ¢he édrectaccbrpaumd dfehs formals’ avi“es i ncl udi ng

t hose of petrol eu i mal ,, veget abl e, or thetic Qrigin, e. eanut

o 1+ soybearoBPRUN R s o e aaisgyt fé g con Prepoyads et fosBipne.
aqueous dextéfefeto sy cMbdlingCcsdisctad foRi Blejdred dficBipduRas ks @efined by the
particularly (when i'sotonic with the blood) for injectable solutions. For
exanpl e, 15 ofefinua (iaelydingranymheavaserticaty areerdablatsiador estasaf a8y stehi | e
aqueous sol %hﬁgﬁnmfr{oi?%thae%vis&%dt? redient(s) - 7 - which are prepared by
di ssolving solrd active Ingredient(’s) in water to produce an aqueous

solution, and rendering the solution sterile. Suitable pharnaceutical
exci pi ent s iTheltene “‘Fraameaheutinslly @coepiablesdalts” wffersde dhodeszalisswhich sgtein

gelatin, mal rice, f r |k ili iU t t e, sodi.um
drear ate, "o aPlRa RS berEreene i ity ofETERSRE EFedtianinich

gl ycerol, paaprbesielogicattpbr othetwise uetbsirable. Sdlts mbg beifsened with draorpasict | ons
may be sybjected to conventi onal gr}% ceuti cal aq&l tives such @S

preserv v@g',dS@SBiafSi PR ErA<d, WWEEQ rﬂ@“%?‘_"grﬁ:}! FEVAC ndgeRfE; sal ts for
adj usting opABEHHorRI RIS HRE thPild, Breteribll hitobhibhc aSiHi bAbbryPRAaEES sUtn cal
carriers and their fornulation are described in Rem ngton''s Pharnmaceuti cal
10 Sci ences aByacetic geidmaopianic aeidhglyetisalid,imyfisvinatid, oxaliczarid, enaaic,acibnt ai n
an ef fecti v AmURLPLaIdA. BEH XGAAmRaNA, hagebhar HahD B Hidablg carrier
S0 as to prepafre the proger osage formTtor propeéer’ admnistrdation to the
reci pi ent. bentdie apidacinnamioficitheangélivoaciof methanps @it acidyveththesylfoait
effective anount of an ne of the ¢ ounds of this invention or a

conb! natiton 6k B UERey B E A NasSHRBa1oT And the,lsnin BHOBPN oIS méy.

phar maceut i galdr¥paeaenttablaediishiof ah ifsryahictiReaRfan drjafidFaBE b Heefledi a any
of the usual and acceptabl e nmethods known in the art, either si ngly or in
conbi nat i onacifh&alie ApovetiEomrancioafassia basssinelidet Puisarpscatimited $o.dhed oral |y
(e.g., bucc i - i-nqu H nar I . arly,

i P avenous tyoey PERssFANORY Siiobon R BRLRRT 8l hEgesib TERE BRI 00 ¥,
washi ngs), tiker8alsrdesivey filom grganikbasesl iecltidepnrtatre an) liroitedio saitsadfat i on
(e.g., by aerosol), and in the formof solid, liquid or gaseous dosages,

i ncluding tabl ets and suspensions. The adm nistration can be conducted in a
single unit dosage formw th continuous therapy or in a single dose therapy
ad libitum The



t herapeutic conposition can also be in the formof an oil enul sion or
di spersion in 25 conjunction with a lipophilic salt such as panvic acid, or
i n the fowm2ofo/@sdisodegr adabl e sust ai ned-r el ease conposiPCIT@P2600/064810

subcut aneous or intramuscular adm nistration. In detail, the present
invention relates to the conpounds of fplgr_rul al: XY IR5 R6 71R71 and
phar maceutical ly acceptable salts and esters thereof, wherein: Wis CH2,

CH2- CH2, C( Bi(naHB)secaridang( #)q EHBry amines, lyubstiBjedCrpinex ingudinpg enatwallf r om t he

group consisting of: 1) 0. (2) NCE . N L. (4 S nd (6

2075 VT SehraR supSiibterigyahet ik stk AAEBRIG I feeNppbRbedbhasfing

(()f4) I(1) hdeQQ&mropﬁﬂz)mhwl, frﬂﬁ@th;gl@&jin@ﬁjiémgla&nlhé,Ctﬁaihlybagﬂ'ubsttibtdﬁymr&ihgb;I ;Joro,
ower al koxy optiona substituted by fluoro,  ( cyano, an ower

10al kyl sul f & n,%'aé'nfes'yﬁve%@gme,f/vﬁmy ip rvf;'%o?'p%&@%, pﬁfyam,neaﬁsméw

al koxy; B3 Laghysnegen, fluoro, chloro, brono, or nethyl; R4 is selected

fromthe group consisting of: (1) hydrogen, (2) hal ogen, (3)

| ower al kyl _optionally substituted by fluoro, 15(4) |ower cycloal kyl, and
(5) et henyl ThRTOAMPURES of Hitcprereaeinny§ntion caadie piekent indhe fagl efct ed from t he

i ' .. 2 kvl .. ,
ana sy 1 owenafacutiopl atpi e Baid, MndeomBlfnad g Witert idingon gen Y ane
sel ect ed fr alsotteepgsenpindbesirst offghasimacédijcallpaeceptbkizl gst€ra)(i.¢.other methyl

| oal kyl , henyl i | bstituted b | b) |
Skt opt i oRa R Bl BEiecAEs ¥ RiRER 138 e st Aoty Tre & | over
al kyl am1mo, compolipdebf theadryerithmvihtion @hnlamehe el atcRC Y6 Hairdtyl. PRéi onal |y

substituted by hal ogen, |l ower al kyl, or | ower al koxycarbonyl, and 25(7)
2-o0xa- 6- az asgéapw ganp&Heckdyn the course of the manufacturing procéss or can take

place i.e. as a consequence of hygroscopic properties of an initially anhydrous

compound of formula | (hydration).

Compounds that have the same molecular formula but differ in the nature or

15 sequence of bonding of their atoms or the arrangement of their atoms in space
are termed "isomers." Isomers that differ in the arrangement of their atoms in
space are termed "stereocisomers." Diastereomers are sterecisomers with
opposite configuration at one or more chiral centers which are not enantiomers.
Stereoisomers bearing one or more asymmetric centers that are non-

20 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
characterized by the absolute configuration of its asymmetric center or centers
and is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or

25 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 mixture containing equal proportions of the enantiomers is

called a "racemic mixture".

30 The term “a therapeutically effective amount” of a compound means an amount

of compound that is effective to prevent, alleviate or ameliorate symptoms of



9 - Unless indicated otherwise, the R2 noiety in formula | (or in any
subgeneric fornmula of fornmula |I) is bonded to a carbon atomon the

napht hal ewe 2eovess®@ur uct ure at position 5, 7, or 8 in pl &ceE/ErRota/obusde ogen
atomthat would otherwi se be bonded to that carbon atom (absent being
substituted by R2) where such 5 positi oné are indicated as foll ows: XYR5
| / R1In one particular enbodi nent the esent invention is directed to the
conpounds ofliseasengr ardlorg the surbiyainesithe sUbJemJ:bein@treatadm[D@termi@aﬁm phe

D et AP ARL R AR B R TR Rell on e
posi tions aeﬁeatﬁs/amranLt&Iqoﬂagdlof:atced)poulddIa@&érdnrrgitoctatsedv@ittwrour&mrythe R5

and R6 noi eti es jn ,e ,end of each other) are bonded to one_of the ring
car bon atom‘:“"th‘g/ ' W@ .%%emnﬁdfrb?mﬁ%er%ewn ihthengtsab6Rneri c

formula of Heég@;éoﬁnnl Be %JUQ@%% Itl%‘ﬁ‘ld%ﬁld@d r&un‘éh&té th BA@FEar@Euidr éasdydr ogen

atom t hat woul therw se be bonded to that carbon atom (absent bei ng

subst i t ut edingudisg the srEcifigtranepainsks) mmg aominisieesd; il watedf as fol | ows,
Wi th the br oyl sol iah WALoBRAIG: B9 AERNGE Y HTEANS! KeREMEghd o 1 he

sane carbon~a are no iI's ni'trogen - Thu
unl ess i ndi tragederat, ireths case dfroralefreyaesrateral adfrimistuhtéon tO(HdLﬂi mmbaymus of
n or, nitro S car

formula I, the ternms " en

i trogen | BTG BopioKiaiab GRB<S baletheRte oot el Mo s é%goﬁwrogen
atom R50 on R§to 8B8utI600 ¥d, Br Airhg €900 mdg my%@tamﬁ@ﬂ%iet@tr@u@mﬁ@gen
atom R5, or . 5 1n one particular enb ment, the present invention is

directed tolawgs &E@rﬂﬂﬂﬁﬁdjmltéfmabb@rﬁmeqdﬁﬁwbe%@@{f@m he geiudesage Gasy mul a |
(and the ph?%%‘ﬁ‘ﬁf‘l'l%‘%@é ¥aasﬁﬁggto%gle%rﬁ%lﬁie@a'}%s%ggrrfﬁﬁégr%%?é)rg wherein at

| east one o to a carbon ng containing Y
at positi ona@minibteateonpdsnay be g ensasasorpinesuoingligion.ndi cat ed). 10 I n anot her
particul ar enbodi nent, the present invention is directed to the corrpounds
of formula r S neric fornu har mac caIIy
Of 01 MU0 2 e RSRIECL e M ARl O Bl kRN D BB

bonded t1® antAste ToaipaiibRNwitth phainiaetdodlaidmingtritied inehsing sslivéntsr 6 Wnen Y
is carbon (where 05|t|ons 2 and 6 are as prevjously indicated). 15 In

anot her enb8EBPFEHN Meklia. spatgR, anfbasienalRndandifynad agerts. BRENGAMDuUNds of
formula | O%béor%HQH%@%rylr@ ég%rrﬁé”a%ooc;thé%%r%lé anPBEMbBEN N B&ie WAl |y

acceptabl e salts and esters thereof), wherein R5 and R6 are bonded to
car bon at omphermadauticalrrgdroioistration.ngxyepitingaiei a$ eny convantiosavihediayri s car bon

(where posi taiggr[ill.sis ?ncao%a%b?er\?/ith?rwéaég‘t}(}eoéb%gyo%%fingh?e%of in the compositions

20 of the invention is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

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, capsules, suppositories, powders, enterically coated or other
25 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 oils including
those of petroleum, animal, vegetable or synthetic origin, e.g., peanut olil,
soybean oil, mineral oil, sesame oil, and the like. Water, saline, aqueous dextrose,
30 and glycols are preferred liquid carriers, particularly (when isotonic with the
blood) for injectable solutions. For example, formulations for intravenous

administration comprise sterile aqueous solutions of the active ingredient(s)



20 Unl ess indicated otherwi se, the genus of fornmula | and any subgenera

t hereof enconpass all possible stereoisoners (i.e., (R)-enantioners,

(S) - enantwormermss@itast er eoners) as well as racem ¢ and PCRIEPRIO/OHSLE Ur €S
thereof. In one enbodinent, the present invention is directed to the
conpounds of formula I or phar maceu?| cally acceptable salts or esters
t hereof wherein Wis 25 C(H) 2. In another particular enbodi nent, the
present i nvmdhoarei m’eﬂaneedlyedjsmivmgeotr,d)ﬁpm)mdgradﬁerft(@b iruwater te produce an

P et Sl SRR B B e SRARoR AT Sl BB BB et on
is direct ed emptelnes ibohpe wtatsh ofellisayitedc, lglwoosphactozsestdld, crldtn, artteptabl e
salts or ers E ﬁ f wherein Xis 0. |In _another particul ar enbodi ment,

t he pr esent oWy EREK 0PI rﬂ?gr@éﬂ%sf%?r@q‘?esgd'emﬁﬁr dycerelmenesteargte,

pharmacey i gahityh @66, i s%ﬁhtn%lkobIy@éﬁo‘?rp?obﬁéﬁggfycﬁh%fﬁér”ePﬁa'n%I o). 1 In

anot her particul ar enbodi nent, the present |nvention is directed to the
conmpounds othdg emihg qorrmosm@as rmazem subierigdde cepvemionaspiharmageuticaler s

thereof wher %i[ﬁv%% Eﬁchsas § tlvgé Ogtgl? LQ"Q% Ouh@%&l gacgrtén%i% |nge g?gr%msnt

the present rnvention 1s
phar maceut i saltd ioradm}nhgbbmoﬂslalptr@sstmre Etﬂlffer$amdhﬂ’feelm‘e @h&alelerpﬁarmaé‘eutlcal n

Smocnchober A b ok 6 SRR ARAERNEERS Suiritebical o "
thereof 115 \WeRMRES bif B.IVSU@Hin. B’DJCP:%H&)%"SHB%WIP% ahy evBRdtamain ad he present
invention is directed to the conpounds of formula | or pharmaceutically

accept abl e §HPetyyerrmeynteafshe Refweororuprind loxthes winE@ suitable eargenee as to
particul ar ﬁ L FENL, p%PSoﬁe{Eﬁr@%f P%BH Q8mirist t@ﬁ%‘%ﬂ' @&.6 B, 20

conpounds o rmula’l ceu |caI y accep S 'or ésters
t her eof mhereln Yis carbon as depicted belomlln formula I A (a subgenus of
formul a I'): Inthelpractice ofthemagthothof e predemlinvdritioar an @é‘ecilh@daraeumtroffamwnul a

l. I n anot her .particul ar e di.nent.. sent entl is directed to

the compoundtody SrurdribaHoss BRaNann o B R flert Ok cdrBelEd: cr

t her eof 1% waetred mv¥niich o & phgenadsitidalpi adceptdite emt bnester thedreofl 8 (a subgenus

of formla Ia)dmlnlstered via any of the usual and acceptable methods known in the art,
either singly or in combination. The compounds or compositions can thus be
administered orally (e.g., buccal cavity), sublingually, parenterally (e.qg.,
intramuscularly, intravenously, or subcutaneously), rectally (e.g., by suppositories

20 orwashings), 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 emulsion or dispersion in

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

administration.

In detail, the present invention relates to the compounds of formula I:



wherein W X, and R1-1R7 are defined as in formula I. 10 In one enbodi nent
the present invention is directed to the conpounds of forrmula | or
phar macewpcaldoss@macept abl e salts or esters thereof whePerEPRII0648Ydr ogen,
fluoro, chloro, brono, cyano, nethyl, trifluoronethyl met hoxy,
trifluoromethoxy or methylsulfonyl. n,anot her enbodi ment t he present
invention is directed to the conpounds o? 15 formula | or pharmaceutically
acceptabl e salts or esters thereof whemdin Rl is hal ogen, methyl or
methoxy. - 13 - In a nore paﬁt gnbodi ment the present invention is

p I:e'eutrcally acceptable salts
n andt her particular enbodi nent
' npounds of fornmula I or

or esters thereof wherein RL is
t he present invention is drrec ¢

fluoro. In another particul ar enbodi nme
to the conpounds of fornmula | or pharnmac
esters thereof wherein R1L is chloro. 10 |
the present invention is directed to the ds of formula I or
pharmaceutically acceptable salts or ester t her &f wherein RL is fluoro.
I n one enbodi nent the present invention RS directed to the conmpounds of

formul a | or rrraceutrc | | al r ers thereof wherein R2
o hydr ogenand Shamacaca N aledtiana s dlndna risis OO pPEBEIR. | nvent | on | &
directed t oy RECEQNDELOHS, %Hf [-g)JI(;HZJ_ng (phg)r gRCeMj(CFB)-CH,.accept abl e salts
or esters thereof wherein anot her parti cul ar embodi nent
t he present X igpelacteshfre® tB?rQéQHFé%PﬁSdﬁttnEeo corrpounds of formula | or
pharmaceutically f erein R2 is

chl oro. Il5tn anot h ﬁc(rg)g(raﬁ ﬂ?ﬂﬁgﬂggo i ?f’ﬁséd;‘?r é@gr@)z@hd\yhntr on is directed

to the corrpduad:arb:cfn cbrmntmgen | or phar rraceutr cally acceptable salts or
esters ther n_apot her particul ar enbodi ment the

present inv t'? geleptbedg‘[orrg(theegro[ug (%/%‘3'3%%98 npounds of fornula | or
phar maceutical l'y ﬁcrfyer&gehl S’fdlégerpl(3)®r$tét$fy$or§thﬁfaﬂ9%ubé’tﬂut%’drby%dr§ (@Bt hoxy.

the present invention is directed
I | y facceptabl e salts or
er particul ar enbodi nment

- 14 - In anot her parti cul ar enbodi nent the present inventi on IS d| rected
to the conpoundsloyfer@daxyiortionglty WF'%@:@QW‘H@W"I {O)£yeBpt A B)deawers or
esters tfpereof WhgLRLFoMA is Fluoro and R2 is Hydrogen. | n anot her

enbodi ment the present invention is directed to the conpounds of 5 formula
| or phar ma&%uﬁ hycriobgn atoept citddre, aler alkyl, asdeoweersalkdry; eof wherein R3 is

venti on i £ o PusrBaeTn oD BRE BFGBITS [ or phar macout | cal Ty

accept abl e fa&lig selettedstan shé bre;rueczj‘onMthzloﬂ R3 is hydrogen. 10 In another
particul ar enbodrﬁgblt t he E)resent {Zventr on is directed to the conpounds of
formula | or pha SIRIEFal4 %PWGEQHKV%OFHP”@QY é'r"l%St'ELht@ije’dfﬂU%rer n R3

is fluorg WNEF c i%atm Lgneg ghpdiyrent the present invention is
directed to the g@rrpoun yT{or rrusz |y pharmaceutically acceptable salts
or esters t RreadfR% Mdependent!yRy eas:hrmherylare selealedtitomn thenpodpraonsisting

pr esent |nv%pt| on is directed to the conmpounds of formula | or
pharmaceuticadlly acceptable salts or esters ther eof wherein R4 is hydrogen,

fluoro, nethyl, et)hydrogenhéealoger;y8)lopeopkyl, (4) tyaranaendgb) leweodi ment t he
pr esent |nvent|on i S grrected to the conpounds of 20 formula | or

phar maceuti cal | y%ﬁ!@@ Ylabl e salts or esters thereof wherein R4 is hydr ogen,
fluoro aon ”ﬁ”"é’byartd“oraS('UbERSP@hEtéWRaﬁs soBOdH TR tﬁé@rogf)%%ﬂgrtstrh@ﬁﬁnt' on is

directed to the corrpoun formula | or phar maceuti ca acceptabl e salts
or esters thereof!)up erealhle@Z ileweneyctagdsyl, (3) phenyl optlonallysubstltuted by (a)

halogen, (b) lower alkyl optionally substituted by fluoro, or (c) lower alkoxy,

(4) lower alkylamino, (5) lower dialkylamino, (6) lower heterocycloalkyl

optionally substituted by halogen, lower alkyl, or lower alkoxycarbonyl, and
25 (7) 2-oxa-6-aza-spiro[3.3]hept-6-yl.



25 In another particul ar enbodi mrent the present invention is directed to
the conmpounds of fornmula | or pharmaceutically acceptable salts or esters

t her eof wwhereiwmsRW4i s fluoro. - 15 - I n another particeCaEPesoodisment t he
present invention is directed to the conpounds of formula I or
pharmaceutically acceptable salts or estﬁrs t hereof wherein R4 is nethyl.

I n anot her enbodi nent the present |nvent on is directed to the conpounds of
5 formul a | Unlesshiadicaiesiathertise; the R prcislyan sarmula brorés ey subgenasist  wher ei n

R5 and R6, epen e t her d_f [ oup
conal sti ng SHTCEE BFE0RbE2ls SRRk TR8h BigiR o5 b Papbf e Sy By ano. 11
?not hfar enbedu?]tereatmutwrﬂi&famtorisrinwmghﬂfa B;l/diogm‘a&ﬂntrmttvhﬁnd:om?mvﬁés of s
ormula | o armaceytica cceptabl e salts or e rs, thereo erein
and 10 Re, Lﬁ%@ﬂ@ngé?nf C@Fb%‘a%t @hé?”t beieg sebligyt @étbb/ hY¥FES §HEp
consi st i ng %smsaaaryma@aeaagealotvtuoro (3) chioro, (4) methyl, (5) ethyl,
(6) cyclopropyl and (7) cyano. In another enbodi nent the present invention
is directed to the conmpounds of, formul &1 or pharmaceutically acceptabl e
[ i ndependent|y of each other,
Q% ogen, (2) fluoro, (3)
chloro, (4) nethyl and (5) cyang fticular enbodi nent the
present invention is directed e g ppoyngds of formula | or

R5 or R6 is hydrogen. 20 In another i culyar enbodi ment the present
invention is directed to the conpounds 0 0 | 3 g* or pharnaceutically
acceptabl e salts or esters thereof wherei nd R6 are both hydrogen. In
anot her particul ar enbodi nent the present on i;s directed to the
conpounds of formula |I or pharnmaceuticall accepfbble salts or esters

t hereof 25 wherein at |east one of R5 orR°R6 is hydrogen and the other is
fluoro, chloro, or br anot her icu t the res
nvent on' 1 51 Bhe BerBLA Smari BEBE RedSt s & I R ea A EER
accept abl e @atdrmum@Séeu@gérteeuf;&@fmm@efmrmuaél daea&he@n@rrﬁécdﬂﬁucgny R6 is
hydr ogen and the other is anot her particul ar enbodi nent

the present 2FRRRIARIEGRI sndGeiy dipree tWEer@dﬂrB tnended tedhanpahthalene
phar macof | e8td stnRIGRMIARSRiORS 4r%7 A8 ISBEA poBRDRLredepRIbUZY and RO are

not both cyano. In another particular ment the present i'nvention is
di rect ed toindi@tédconpounds of fornula | or pharnaceutically acceptable

The. ot her -t Ui RERR SRS 18 RGP Risthe MRagPertaertl LERt BRBLR  on
is directed at@b@diweobtmrmwadaemhgfoatmﬂ atomsosn tHeatingeethint Y yh faeeepRt abl e
salts or esters thereof mhe{eln R5 and R6 are both hal ggen, 10 |In anot her

embodi ment  {#dN FYSERIENGNFIRIMBIR 9T ormyladh @ Passionge. @oﬁp%ru@lﬁi‘sp'BFeP frul a |
or phar rﬁ%ceer%@leh%t&ﬁ%&t\ﬁ&lé o%?ér@v%eoée BSh@Ptol het @é?BoH“é%rﬁ' Sohti S

S(0)2-R8 a Is selected rontt e group consisting of: ( ) nethyl (2)
et hyl , (3) be@gwubstlwted By’ opR°) wttsue suahyivgsiticds are dindicatgd aS(fGUOWSE-rWIthbut yl,
(8) cyclopr 6 I |, 15(12)
bheny! opt1 SpioyRSBEY fieb R R IR btk ARG L poRge S

di met hyl am sarbonlatpmcares dngl reotiboaded lc5)/ vityert wlis dltrngéﬂyl ( 16)

mor phol i n-4-yl, (17) piperidin-1-yl optionally substituted by hal ogen, (18)
pi perazin-1-y1l optionally subskituted B nethyl and (19)

2- oxa- 6- aza- spi ro[ 3. 3] hept - 6-yl ndelnent t he present
invention is directed to the comfobRd nula | or pharmaceutically
acceptable salts or esters therg s S(0)2-R8 and R8 is

sel ected fromthe group consks f




(1) methyl, (2) ethyl, (3) propyl, (4) isopropyl, (5) butyl, (6)

cycl opropyl, (7) cyclobutyl, (8) cyclopentyl, (9) dinethylamno, (10)

di et hyl amvoap1(@sigo4pyrrol i di n-1-yl, (12) norpholin-4-yl PCTEPR009/064810

4, 4-difluoro-piperidin-1-yl, (14) 4- 25nmethyl - pi perazin-1-yl, and (15)
2-oxa- 6-aza-spiro[ 3. 3] hept-6-yl. In a £ particul ar enbodi ment t he
present invention is directed to the cgﬁgounds of formula I or

phar maceut i dausyurdessiptisbles @ﬂaewse},nnéefeeers:etthéorémlaMeBQUbgmus% ef S(0)2-R8

and R8 is s t h cons i Rg Q ( (2)
eyl (3 BB P bog BsSE IGRgT o (ks corpiprp e Mgt
((:31/?) opent KI ;nd@tegfm%ha\?i@(gb??ﬁ |31eﬂ’ﬁér}do@ﬂrgd(bo f(hl,@}ogéjgatclﬂ Gisn?]rllﬁ‘ifl

nmor phol i -yl,, . (1 i f]uoro-piperidin met
bi per az1 e 12pA whal S fbeh i BoLBAIdE i BB aRLPIER BRI m & nor e
particul ar enbodi nent the present invention is directed to the conpounds of

forml a I5 o Qhélggﬁré@lafr'eﬁﬂidoyméﬁtcﬁﬁ griekentsial érfionris eFteted tb'ﬂ%@@ﬁp@@%@l n R7
is S(0)2-R8 and is selected fromthe group consisting of: (1& et hyl,

(2) ethyl, EBiormslsnkesis subgenerisiiefnula obforaiuiet tapddhe mbampagedwiicalhy| am no,
(7) pyrr ol | ggf‘%r}t\g}h sa tgéné e@%rgﬂer@bﬁ%ﬁéﬂem g‘t'l !ast dgr%gofg@ oPRP%&onded to

106- aza- splr n a no parti cu nt the present
invention i@ qarbam:a@m Do thmen@oalpiammg;Yca‘t pbe'rtmnl2a(Whem ppsitomBdeasi cal | y
acceptable salt Qr-. ? C@ t hereof wherein R7 is S(0)2-R8 and R8 is

sel ect ed frBI’ﬁt‘% P85 €nsi sting of: 15(1) ethyl, (2) propyl, (3)

i sopropyl, (4) cyclopropyl, (5) butyl, and (6) cyclopentyl. In a nore

parti culiar dmbn@theepartit:hlerpmdmheritnmmré%nthﬁveﬁtlbe% didedtod tdnéheconpounds of

formula | or har ce ically acceptable_sa ers thereof wherein R7
s 5(0)2-R8CA ot mpla Poscr sbasiaringr e of loumale KeBsdrent 1 he

present 'nV%HbirﬁébéﬁlcQW%e%%ﬂl@sél@aﬁ@@?@%%réﬁf fiertihaat led¥t one of R®
pharmaceutical Ly acceptable salts or esters thereof wherein Wis C(H) 2, X

is 0, R isonfiivdendado RTarkonsatoypomee trg @@rﬁa@ur@Y@ép@wtlomIZfQﬂGmhanl C (a
subgenus of r n efined as in
formula I. ﬁ]ga%@e hereﬁgg{@gépzegn&%é?rﬁe%%mV%UQﬁd'eéﬁdg‘venti on is
directed to the 5 corrpounds of formula | or pharmaceutically acceptable
salts or15esﬂreasombeembbdefrteﬁha grREserg imm:tiog@diamdetmo the GMoHRB8,ofWi s

&(H2, and %} in R is droge th depi cted bel ow
T Tormar'a (0P LBEhSHASeGIe BRUR £ T Bl BB e el e BB, re Cand. e
are defi nedagseptabedaityladdlestdrd ti@é]@bf),e\ﬁ/h@@lirt RE WhaR%eirb edhaen to ta®opr esent
invention is directed to the N ,

atoms on the ring containing Y at positions 2 and 6 when Y is carbon (where

positions 2 and 6 are as previously indicated).

20 Unless indicated otherwise, the genus of formula | and any subgenera thereof
encompass all possible sterecisomers (i.e., (R)-enantiomers, (S)-enantiomers,

diastereomers) as well as racemic and scalemic mixtures thereof.

In one embodiment, the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein W is
25 C(H)..

In another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein W is C(H).-C(H)a.



conpounds of formula | or pharmaceutically acceptable salts or esters
t hereof wherein Wis C(H 2, Xis S R2is hydrogen and R7 is S(0)2-R8, as

depi ct ed wel2ow/assoofior nul a | E (a subgenus of fornula |): PCH/EP200206431R3 Y
S IRs 0// )CGS R6" \ 8 OR wherein Y, Rl, R3-R6 and R8 are defined as in
formula I. In another particular enbodi_rrfln_t the present invention is

directed to the conpounds of fornmula | or pharnaceutically acceptable salts

or esters t heaeothespaticuler ampodeneltHhe, prsent iIS(QD)tionHQdirscth«;}m tgen a_nd R7 is
S(0) 2- R, a%y%@%’uﬁ&segf%?m Ionrpf rrrrﬁgcgutlcallyggcgeptfgﬁ s oregters {h%relc}f' Y

0-1 IRs ,,
wherein Xis O.

In another particular embodiment, the present invention is directed to the
5 compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein X is N(H).

| In another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein X is S, S(O) or S(O),.

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

wherein Xis S.

In another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
15 wherein X is S(O).

In another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein Xis S(O)..

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

wherein Y is carbon as depicted below in formula 1A (a subgenus of formula I):



R-0" R8 wherein Y, Rl, R3-R6 and R8 are defined as in formula I. 10 In

anot her particul ar enbodi nent the present invention is directed to the
conpoundswof2ofoarsswta | or pharmaceutical ly acceptabl e sRCTEPRI0IDEL3E0 S

t hereof wherein Wis C(H 2, Xis S(0)2, R2 is hydrogen and R7 is S(0)2-R8,
as depicted belowin formula 1G (a subggﬂy§ of formula 1I): wherein Y, Ri,
R3-R6 and R8 are defined as in formula I." In a nore specific enbodi nent,
the present invention is directed to aRtonpound of formula | selected from
t he group consisting of:
5[ 4- (4- et hanesul f onyl - phenoxy) - B¢RNUO e @h-2-yl]-acetic acid;

[ 6-fl uoro-4-(4-nmet hanesul fonyl - 0 apht Hal en- 2-yl ] -acetic aci d;

[ 6- chl or o- 4- (4- met hanesul f onyl Jpheps a,chtﬁhlen-z-yl]-acetic aci d;

{6-f | uor o- 444- (propane- 2- suRlony I¥< pheyoxy[Rhapht hal en- 2-yl | - aceti ¢ aci d;
[ 4- (4-cycl opropanesul f onyl - phenoxy) - 6- 11 uor o- napht hal en-2-yl]-acetic acid;

10[ 6-f | uor o- 4- (4- met hanesul f ony1- 2- net Byl oXYy)s napht hal en-2-y1l] - acetic
aci d;

[ 6-fl uoro-4-(4-net hanesul f onyl- 3- net hyl - - napht hal en- 2-y1] - acetic
aci d; R’ IA

[ 4- (4- et hanesul f onyl1- 2- et hyl - phenoxy) - @¢f | uor o- napht hal en- 2-y1] -acetic
15aci d;

[ 6-f | uor o- 4- ( 5- met hanesbéretmW, Yo anddR RR2ard definedresphtfomhdadl 2- y1 ] - aceti ¢
aci d; , : : o

[6-f1 uoro- 410 80QIBERBHISHIRT SMPPIENGRL: 10 PTBFERANYRBIODIHRYSCIRA fu theal en- 2- y1] -
acetic aci dcompounds of formula | or pharmaceutically acceptable salts or esters thereof
20[ 4- (5- et hanesul f onyl - pyri di n-2-yl oxy) - 6-1 1 uor o- napht hal en-2-yl]-acetic
aci d: 5 wherein Y is'nitrogen as depicfed below in formula IB (a subgenus of formula I):

[ 4- (5- et hanesul f onyl- 3- net hyl - pyri di n- 2-yl oxy) - 6-f | uor o- napht hal en- 2-y1] -
acetic acid;

[ 4- (3- br onp- 5- et hanesul f onyl - By" i di n- 2Ryl oxy) - 6-f | uor o- napht hal en- 2-yl] -
acetic acid;

25[ 4- ( 3- br ono- 5- net hanesul f onyl RN IRRZ> i PHG_ f | uor o- napht hal en-2-yl] -
acetic acid; s 21 -

[ 4- (4- et hanesul f onyl - phenoxy).- 6 233 apht hal en-2-y1] -acetic acid,

[ 4- (5- et hanesul fonyl - pyri di M 2-yl 6xy) - §-tri Rl uor omet hyl - napht hal en- 2-y1] -

acetic acid, X
[ 4- (4- et hanesul f onyl - phenoxy) -6-trifluor
5aci d;

[ 4- (5-et hanesul fonyl - pyri di n-2-yl oxy) - 6-t
acetic acid,

[ 4- (4- et hanesul f onyl - phenoxy) - 6-t ri f | uoRdmet hoxy- napht hal en-2-y1] - acetic
aci d;

gpht hal en- 2-y1] -acetic

gmet lipxy- napht hal en-2-y1] -
wherein W, X, and R'-R’ are defined as in formula I.

10 In one embodiment the present invention is directed to the compounds of formula
| or pharmaceutically acceptable salts or esters thereof wherein R is hydrogen,
fluoro, chloro, bromo, cyano, methyl, trifluoromethyl, methoxy, trifluoromethoxy or

methylsulfonyl.

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

halogen, methyl or methoxy.



10[ 4- (4- et hanesul f onyl - phenoxy) - 7-f | uor o- napht hal en- 2-y1] -aceti c aci d;

[ 4- (5- Et hanesul f onyl - pyri di n- 2-yl oxy) - 6- net hoxy- napht hal en- 2-y1] -acetic
aci d; [4-wo-2mtdnmss@gul f onyl - phenoxy) - 5-f | uor o- napht hal enP2TEPRecaOetsIC aci d;
[ 4- (4- Et hanesul f onyl - phenoxy) - 6, 7- di et hoxy- napht hal en- 2-y1] - aceti c aci d;
15[ 4- (4- et hanesul f onyl - phenoxy) - 6-f | uor_o1-33_- met hyl - napht hal en- 2-y1] - acetic
aci d;

[ 6- f | uor o- 44 a-merepanislafemyodipieahthey)regsemtenygitiondaphireetedio they1] - aceti ¢
aci d; :

[ 6-f1 uor o- 4 PTPRHP AR REIIMHEH Y PharRRRSH Y ABSE A2 e falth o eREFhINTAT Un- 2-
20y1] - acet i ovhaedid R' is halogen.

{6-fluoro-3-nethyl-444-(propane-2-sul fonyl) - phenoxy] - napht hal en- 2-yl | aceti c
aci d; , : : o

[ 4- (4-cycl op? BRARESBRTIGHET SPReAERS/!-1BS PrEs&nb YRR ditehid 0P8 n- 2- y1] -
acetic a@ dcompounds of formula | or pharmaceutically acceptable salts or esters thereof

25[ 6-f | uor o- 4- 54- mgt hanesul f ony1- 3- met hyl - phenoxy) - 3- net hyl - napht hal en- 2-
y1] - aceti ¢ #egein R is chloro or fluoro.

[ 6- chl oro- 4- (4- et hanesul f onyl - phenoxy) - 3- met hyl - napht hal en- 2-y1] - acetic
aci d; In another particular embodiment the present invention is directed to the

[ 6- chl or o- 4- (4- net hanesul f ony1- 3- net hyl - phenoxy) - 3- net hyl - napht hal en- 2-
30y1] - acet i eoapiodnds of formula I or pharmaceutically acceptable salts or esters thereof
[6-chloro-4-(4- ony1- 2- et hyl - phenoxy) - 3- net hyl - napht hal en- 2-
yl] -acetic g&é@ﬁﬁ'%%ﬁl‘éw - 22 -

[ 4- (4- et hanesul f ony1l- 2- et hyl - phenoxy) - 6- f | uor o- 3- net hyl - napht hal en- 2-

y1] - acettiOc &tadether particular embodiment the present invention is directed to the

L4 (3 chl or g Tk DB R PR cSn] bHoasle TRhE Y cBRRb kS 2
5[ 6-f | uor o- ¢Hezeif IRIGE Audronet hanesul f onyl - phenoxy) - 3- net hyl - napht hal en- 2-

yl] -acetic acid,

[4-(4-et han?sul f 0%1 2- 1 uor o- phenox or 0- 3- net hyl - napht hal en- 2-y1] -

- -6-f1
acetic aci dinone embodiment the present in\)é)ntion is directed to the compounds of formula

[13;/(1 ]4‘ 2‘(’-:Q?i“g%ggfwﬁrmé’c‘e%ﬁ@ﬁfy%c‘ee%'i@ﬁﬂ?s‘@r‘éété}%rtﬁér%bﬁ%l%béiﬁ RARDENRLEEN 2-
[4-(2,5-difluoro- 4 met hanesul f onyl - phenoxy) - 6-f | uor o- 3- met hyl - napht hal en2-y
1] - acet i1® adn @;more particular embodiment the preséent invention is directed to the

[6-11 uoro- 4‘c§|§18ToLH8§ Bf BN A8 Rl BeXYptae BakE bt e BRRIIHARL SN 2-

yl]-acetic a
15[ 4- ( 4- et hamesaih fRSriy fludrof | uor o- phenoxy) - 6- f | uor o- 3- met hyl - napht hal en- 2-y1]
- acetic acid,

[4- (2- cyanos b ethapssubliar¥lioBARRSIAG BrddehPieaRic e Wischapig! en- 2-v1l-
compounds of formula | or pharmaceutically acceptable salts or esters thereof

20 wherein R? is chloro.

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.

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

wherein R? is methoxy.



[ 4- (3-chl or o- 4- et hanesul f onyl - phenoxy) - 6-f | uor o- 3- et hyl - napht hal en- 2-y1] -
20acetic acid,
[ 4- (2- chiwocet/oseiohanesul f onyl - phenoxy) - 6- f | uor o- 3- net hpCTERpIOI06dsem- 2-
yl] -acetic acid,
[ 4- (2-chl or o- 4- et hanesul f onyl - phenoxy) - 614f | uor o- 3- et hyl - napht hal en- 2-y1] -
acetic acid; ST
25{ 6- f | uor oir3anethaypadigyla( pmbpdinesit-tee pfesept hvphtoroisydirestgshtoltheen- 2- yI | -
acetic acid; ,
{ 444- ( but anSPTPOUNHSRY Dy IR R PrBac e isly 3CRRRIADIP SRLR AT REEEHIEISAT acet i ¢
aci d; [4-(5wtlerein ®'4s ElUvro ead|IR-dgyydioddnuor o- phenoxy) - 6- f | uor o- 3- net hyl -
30napht hal en-2-y1] -acetic acid;
L e o L ShaPas R AN o phdedRl PR BRERCA eBidd BThg53ipeid Bpeht hal en
[ 4- E 4-cyg 3Iﬂﬁﬁiﬁé\E§Mﬂ)ﬁé}ﬁ1éicegﬁk§b”ll9>@él:e@tab|éléﬁlt@-é’r-é§ﬁérb%er@@mh8@ir€R3 &yl]-
acetic acid;
{6-f1 uor o- 4hydiogen; {are- Mengkwbsul f ony1) - phenoxy] - 3- net hyl - napht hal en- 2-
yll -acetic acid; _
5L 4- (4- benz gngshlrbeatic RiIeaRBYdinRnt lHédprBs SntTRYdtion1@BREEBY 8 17 ¥ 11 - acet i c
{6-f 1 uor o- 3carPRyNdsiafformylaler@harmatedioplly aptrniatigjsaliaphesiereteredfi | acet i c
acid; {6-fluero-. - 4- xy- benzenesul f onyl) - phenoxy] - 3- net hyl -
10napht hal e%??}ﬁﬁéégﬁ%tggﬁi d;
{444- (4-chl or o- benzenesul f ony1) - phenoxy] - 6- f | uor o- 3- net hyl - napht hal en- 2-
yl'I-acetllc #&eadother particular embodiment the present invention is directed to the
Lo uor 0 A R TGO B R MUR Yor dRbrmacauticaly 35ddptabie Bany or B3R k&St 2 Y11~
15[ 4- ( 5- et hayresdlh FONY Fudner | di n- 2-yl oxy) - 6- f | uor o- 3- net hyl - napht hal en- 2-y1] -
acetic acid;

-fl -4- (5- h | f 1-3- hyl - i di n-2-yl - 3- hyl ht hal
! g ylf?;get i|l‘((1:gatg$t8f Sgr%gglargn odi?Fnerrrﬁtthg pré?syernlt Frlmlvgnti r?/isod)%ye)cte?’d trcrﬁhey napht hal en

[ 4- (5- et hanggiohaRYd ofrormLVI og@ﬂahﬁ%b%&fc\dl%&ée‘&atﬁlblé‘éTth?‘egi%H‘bHe‘reof

20napht hal en- 2-y1] - acetic acid;
[ 4- ( 3- bridmowhergin firiesathyny| - pyri di n- 2-yl oxy) - 6-f | uor o- 3- met hyl napht hal en-
2-yl]-acetic acid;

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

hydrogen, fluoro, methyl, ethyl, ethenyl or cyclopropyl.

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

hydrogen, fluoro or methyl.

In @ more particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof

wherein R* is hydrogen.

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 fluoro.



[ 4- (4-di met hyl sul f anmoyl - phenoxy) - 6- f | uor o- 3- net hyl - napht hal en-2-y1] - acetic
aci d;

25{ 6- f | uowo-28tomsstey 1- 444- (pyrrolidi ne- 1-sul f onyl) - phenorgiraraplobsien- 2- yl |
- acetic acid;

[ 4- (4-di et hyl sul f amoyl - phenoxy) - 6-f | uoro153 met hyl - napht hal en- 2-y1] - acetic
aci d;

{6- f1 uor o- 3imenoiner padicylao eptvorinment4he préseny hiveptienisxdifectesptetthal en- 2-yI | -
30aceti c aci

{6-f1 uoro-3° SrB“PHWd%Rf forpulad A AnapTRer Uik 25CRRiPh 'S St Op REIREEreof

napht hal en- ¥herdin ®R'd$ nwetag) d; -

{444- (4, 4- dlfluoro plperldlne 1-sul fonyl) - phenoxy] - 6-f | uor o- 3- nethylnaphtha
| en-2-yl | -agetic, ac

{6-f 1 uoro- 3 herAYer ﬁﬁ‘?oé'énedﬁéh%%ef&”%ﬁ’?%%‘ ig1iestesia-the saMPEHYYS of

phenoxy] -mnapdttidé eor é’rHacégﬁéél @Rek bIe salts or esters thereof wherein R® and
5[ 4- (4- cyano phenoxy uoro- - met -napht hal en- 2-y1l] -aceti c aci d;

[ 6- chl or o- 4P€4Ln 9%@%@%@%91%1%&%@@ frameihe Broun cerssting efe(1;

[ 4- (4- met ha I ne% x@ g%}hg ﬁal cetic acid;

[ 4- (4- et haﬁggiﬁlg H’n hBE)? X L aﬁﬁa%?}éf#qo:n 2-y1]-acetic acid;

[1, 6-di fluoro-4-(5- nethanesulfonyl pyri di n- 2-yl oxy) - napht hal en-2-y1] - acetic
10aci d; In another embodiment the present invention is directed to the compounds of

[1,6-difluogg: sl poeRaneRulliomy scR¥blatld s AisdrBYars WRRLLPRhERZRY Fhaacet i

aci d;

[ 4- é 5- etftan &S pintepyhdentlyicfiieack oyHevxare-stideted fromothe-graph tbiadisting2efy {)- acet i c
aci

15[ 4- ( 5- et hAXLOGPP ol MUBEA (B HLUFOy (45thel. () SPY- E) c¥eiRpToryEpM Hal en- 2- y1] -
acetic acidg

344- (4- ethane%ulfonyl phenoxy) - 6- f | uor o- 3- net hyl - napht hal en- 2-y1] -

propi oni ¢ aci d;

[6-f 1 uor o- 4117 abeiBenambsdimestyne prrsept mvention islincted teribe comporpds P aci d;
20[ 6- 1 uor oxdad s NG Hantrtel OO -RREPMLA T AR ordsiit e reBARRLIM RPaAgY ] -

acetic acid;
[ 6-fl uorid 4R64mdepmdmtluldf engh offfeengresagldéciey iprmthplyroed eonddsting] ofatet i c
aci d;

[ 6-f I gor o- 4hmr°|98f]h@r)|g§8rof é??ﬁh'?{(?nﬁ:“éﬁ%%tﬂvlf?%@-CM%'E)% hal en-2-yl] -acetic
25aci

[ 6- | uor o- 44 &4-neae hpnidsild femiyddibrent tregsek &ntrignigntioapd thatted 1@ thel] - aceti c
aci d; ,
compounds of formula | or pharmaceutically acceptable salts or esters thereof

wherein at least one of R® or R® is hydrogen.

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

wherein R® and R® are both hydrogen.

In another particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
25 wherein at least one of R° or R%is hydrogen and the other is fluoro, chloro, or

bromo.

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

wherein at least one of R® or R® is hydrogen and the other is methyl.



[ 6- br ono- 4- ( 5- et hanesul f onyl - pyri di n- 2-yl oxy) - napht hal en- 2-y1] -aceti c acid;
[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6- net hyl - napht hal en-2-y1] -acetic

aci d; WO 2010/055004 PCT/EP2009/064810

30[ 6- cyano- 4- ( 5- et hanesul f onyl - pyri di n- 2-yl oxy) - napht hal en-2-y1] - acetic
acid; [6-brono-4-(4-ethanesul fonyl - phen_oﬁ‘) - napht hal en- 2-y1] - aceti c acid;

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6- met hyl - napht hal en-2-y1] -acetic

aci d; In another particular embodiment the presght invention is directed to the

géég ?ée;{;?g%gmp%aﬂ d brp%rrr'nglaq'ozr'ﬁﬁla?r)ﬁxyzél?ti'cgI)l/J %gép‘??ét\fl'ens\éllté RROEMAl st ! 1 -

[ 3- cycl opr opkrein (B-gidhRhasuhdtdow eparid. di n- 2- yl oxy) - 6- f | uor onapht hal en- 2-y1
]-acetic acid; o

[4- (5-ethanesul Conyl - Ryr LG 2oHh Q200a B el i Bnfdi R drlpRhifipken- 2- v 4l -
[4-(5-et @néémfbgﬁaéoﬁfoﬁhmd I-d¥phadhBcdutidaMy Btcdbthble @afs 3r BBl thereof

napht hal en- 2-yl] -acetic acid 5. .

[ 4- (3- cycl opthesin 2t leashane o6 RF en R’ iphydragen ang th gthesist ¢¥@8o- 3- net hyl napht h
al en-2-yl]-acetic acid and any pharmaceutically acceptable salt or ester
thereof. 104 Qn@thgpbgrtiél‘?l?f;?Hb%dﬁ’lﬁWQhérFFgS’enE MeeRli&S RMirdctBeEidlthen 1S
directed to a conmpound o ormula | selected fromthe group consisting of:
[ 4- (4- et hanesuipbongs opivemuolay)orhiarmeceutivaph abegpiable -spity onesters theceaf
[4-(4-et han%'élréiﬁ’rﬁsla'n%}ﬁmgﬁé\@dtﬁ'hfalloté%"no' 3- et hyl - napht hal en-2-yl]-acetic
15aci d '

[ 6- Chl or o- 4- (4- met hanesul f onyl - phenoxy) - 3- net hyl - napht hal en-2-yl ] -acetic
acid 10 In another embodiment the present invention is directed to the compounds of

3[/(15] f ;gg: |OC4£ IZTEHJfL':ll orp _éhrg%teﬂﬁlga?@ualcfcg&}élbl_ep DS st TR Y RGN ARleN- 2-

28][ 4-( 4{ et hsogzmﬂf any R® 3 seibbiel-frdne e ynouB-dongrtifg 3f:net hyl - napht hal en- 2-

yl] -acetic aci ,

[ 4- ( 2- cyano- 4- et hRAeativE GhyatbYheh oxgnYl.e4 iseereys-(Rebulyl. (Glgaatidylel)2- yi | -
acetic acid _

{444- (but ane- 1- S{J '? %%tgllll)(E})pwglr?g)E%Xl’G(-g 1) %%I?%gtgl_, I(rlsq)k%y F[ORSBM’ Igja? )eCr¥C£qh>/e Nl-’
25aceti db&aci d (12) phenyl optionally sul?sti_tuted by halogen, methyl or methoxy, (13)

L 6 1 uor 0- &~ (5~ MBI RARSIS il S YAy Bt g Hsiyarain LY 1e) AR A ey A Y1 1 -
[4-(5-et hagesul f o1y Ipigwtidirelil 4 3ptidreaily )suBstituterr 19y BaloBémyh 8npipbidra-end 2- yI ] -
acetic aci , , ,

30[ 4- ( 3- br ono- 5- ABtNANY SUPFHHIAA Ry mEHIvh-3n0\(18X 510x8-G-PeryEBIrd 3l eRtra-yl.

napht hal en- 2-y1] -acetic acid .
[ 4- él 4- di met Iy hasthbrERVbAPREN Y predeht MQéﬁtizd’rGT iRRlilktedBRAE BahPBuRdY bi - acetic
aci _ .

{6- 1 uor29: 3forawy | cuplarAzerticallyiaseentably Falisyor)esiare dasrePt whgieimBl én- 2- yI | ac

etic acid g),-R® and R® is selected from the group consisting of:
(1) methyl, (2) ethyl, (3) propyl, (4) isopropyl, (5) butyl, (6) cyclopropyl, (7)
cyclobutyl, (8) cyclopentyl, (9) dimethylamino, (10) diethylamino, (11)
pyrrolidin-1-yl, (12) morpholin-4-yl, (13) 4,4-difluoro-piperidin-1-yl, (14) 4-
25 methyl-piperazin-1-yl, and (15) 2-oxa-6-aza-spiro[3.3]hept-6-yl.

In @ more particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof

wherein R is S(0),-R® and R? is selected from the group consisting of:



[ 4- (4-di et hyl sul fanoyl - phenoxy) - 6-f | uor o- 3- et hyl - napht hal en-2-yl]-acetic
acid 5{6-fluoro-3-nethyl-4-[4-(4-nethyl -pi perazi ne-1-sul fonyl) - phenoxy] -

napht hal emo2eyldssmeet i ¢ aci d PCT/EP2009/064810
{6-fluoro-3-nethyl-4-[4-(2-oxa-6-aza-spiro[ 3. 3] hept ane-6-sul fonyl) -
phenoxy] - napht hal en- 2-yl | -aceti c aci d. GENERAL SYNTHESI S OF COVPOUNDS

ACCORDI NG TO THE | NVENTI ON The conpounds ‘of the present invention can be
prepared by any Chrmethyi 6Heathyeth Prosii (Halsoprqpybdesbety. (@rcysiopromai () ng

t hese conpounds are t he 15. ex unds of

formula I can be pr08§{83 glgg%jo 'erﬁ@y'ffi‘ r}ongéspcié?e]t@wg&ep? @bk ¥¥H@ﬁg yéiw

Unl ess ot herw se i ndil cabgsholibfeyly gr2) ab4-eHIuWo gipeNdinangll, Ri3)tomisthyar e def i ned
th def i ped 7 f tfe f f la |. Sch

1" The key i nt or meciRRrE4NsTh Bt D 3 %St LEgIBl Salbcor di ng o Schens

1. In this process, the Stobbe condensatl on reaction between the

benzal de@d%ahhdreEpa@fBlhléhém@aneﬁUﬁfél pratent(ihvent@hvedirédted ugaas ur at ed aci ds
V, which subsequently undergo cyclization in the presence of sodium acetate

(V1) and ac&PMPOHAHY af fogauiahanphegmpeeidirely amﬁmabfwaw or esterrethesgait hal ene
I I
derivatives M, lr%qus @g@gzﬁmgﬂgpﬁz_ ‘%'?%%Pﬁ%oﬁ‘?”fﬁegmg@ﬁﬁg'sn @pry anal ogues

| X by a deacet at1on i on derivatives
| X with benzyl btgmetbyk X3) ethyl (?x)vmfbrmyyll ) betlidb) dlmeulsylagflrfq {®) um al um num

hydride (XI), afford t he al.coho unds Xl |.a areth onverted
to the corresponafeﬁy%m\n(?r? |9¥{r§’:l§‘\9xi Xﬁé@gﬁ%}) yyltpfpeeé?ffﬁntylmf?%@zq a-
t ri phenylgphosphi gaazaXddiro)3.3)epeanon tetrachl oride (XIV). Conversion of the
chlorides XV to the nmethyl esters XVI can be acconplished by - 28 - a

pal | adi um cat al yzed car bonyl ati on reaction in nethanol. Hydrogenol ysis of
conmpounds XVI affords the internediates Ila. In the first step outlined in
Schene 1, the unsaturated acids V can be prepared by a condensation

reaction beiyaeforehrrianaradriissyiaeat iHel pragéntdhv@itiovlis dirssteaitodiee (1V). The

reaction can be carried out in the presence of a base such as sodi um
met hoxi de, CPERPUREHEL IopxLgd, orSbhar maﬁelémllba%snta@e 3@38%%%?‘1‘9&0 or

pot asst um ¢ Sieri ot Aoy af R gRBkiasAINInadRlpRonERERABR

tert-butanol uene m Xt ur es er eof eratu
t enper atlr e and Gt)atmflp(rQ peye,dB) lsoprapyl, l(é)‘tarodnprepyl[)(&)rbutw ahd (&t al .
Tetrahedron Lett, rﬁ 991) 10 5255). Cyclization of the unsaturat ed aci ds
V to produce the }ﬁ(ﬂ W HAl ene derivatives VIII can be achi eved by treat nent
of the unsaturated acids V with sodium acetate (VI)

In @ more particular embodiment the present invention is directed to the

compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein R” is S(0),-R® and R® is ethyl.

20 In another particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein W is C(H),, X is O, R?is hydrogen and R’ is S(0),-R?, as depicted

below in formula IC (a subgenus of formula 1):



and acetic anhydride (VI1) at a tenperature between roomtenperature and
140 C for 0.5 to 12 hours (references: Boger, D. L. etal., J. Og. Chem 61
15 (1996)wog9n/s9m2; Kim M etal., J. Org. Chem 69 (2004)EP3@4He439818). The
acetate derivatives VIII can be converted to the correspondi ng hydroxyl
conpounds | X in the presence of a base sych as sodi um nmet hoxi de, potassi um
tert-but oxi de, potassium carbonate or sodi um bi carbonate, in a solvent such
as methanol, water, or mixtures theredf, at a tenperature between room 20
tenperature and 80C for 10 m nutes to |several hours (reference: Kim M
etal., J. Org. Chem 69 (2004) &93& 692} Tredlthent of the hydroxyl
conpounds | X with benzyl brom o | he correspondi ng benzyl
ethers. The reaction can be ¢arw eds QL he presence of a base such as
pot assi um carbonate, or cesifum carbonadte, ifn an inert organic 25 sol vent
such as acetone, acetonitrile, or N, Ngline | for mam'l e at a tenperature
bet ween room tenperature and 60 C for seyer rs. Reduction of the above
benzyl ethers with |ithium al um num hydrilde I?ﬂ@ffords the al cohols Xl | a.
The reaction can be carried out in an ine orugfii ¢ sol vent such as
tetrahydrofuran, diethyl ether, toluene,Ror m Um8s thereof, at a
tenperature - 29 - between room.te er%%lure and 80 C for several hours
(reference: Chan W HKyhereinaY, R, R"- d Bhere dgnqdia®p)fogmele-13768) . The

i nternedi ates XV can be prepared by the treatnent of the alcohols XlIla with
tri phenyl phosphine (XI11) and carbon tetrachloride (XIV) in an inert

organi ¢ 5 st geothespatticalar enlbodimesntdlee poasent inventich ishdictetetortase,

N, N- di met hyl f or mam, de, _ or trahydrofuran, at a tenperature between 0 C and
120 C f o SE9RPAL NG ErHer i SHeamoRARPRY GooMIaRE Sl P SS5TS BEGEO chem - 69
(2004) 1378wharéh R°GYRYEIogeAmnAlRTBS(OY-RP NEdE @éﬂﬁ, EMd DOistNYR NRhBbin est er s
XVl can be agconplished by a palladi um catal yzed carbonyl ation reaction
under 1 10 & r®bydresee opmelkylras depisteddugiownihixmuia ibh(engubesnos of iafeula
reaction cap.be carried out in the presence of a palladiumcatal yst such as
bi s(tri phenyl phosphi ne)di chl oropal | adi un{11) (Pd(PPh3)2C 2), palladiun(ll)
acetate (Pd(QAc)2), tetrakis(triphenyl pfosphi ne)pall adi un{0) (Pd(PPh3)4),

or tris(dibenzylideneacetone)dipall adi up(0) (Pd2(dba)3), in the presence or

absence 15 of a phosphine |igand stgh = vcl-8Hexyl phosphi ne, or
tri phenyl phosphi ne, at a tenpers gen rdom tenperature and 90 C for
10 mnutes to several hours (reflerenge: Kazhi nBv, D. V. etal., J. Og.
Chem 69 (2004) 1378-1379). RydroQenol y¢1s of benzyl ethers XVI affords the
internediates Ila. The reaction can be tarried out i'R the presence of 10%
pal | adi um on carbon under 1 20 at rmsgm"f' sure of hydrogen, in an
organi ¢ sol vent such as ethyl acetat Ror et hanol, at room
tenperature for several hours. Note that no)oysis of benzyl ethers
XVI, in which RLis d or Br, can afford ; inhkigch Rl is reduced to H,
when the hydrogenations are carried out in the @resBnce of 10% pal | adi um on
car bon der 1 atnospheric pressisrss of  Bydrogen 25 for. a | ognger period of
reacti otl%ti me. XXII Iwnﬁ 'nke’ﬁi’ﬁ@éﬁr%%qgt&e ?ﬁr}e(?}r’%l”d“’r%'a an be prepared
accor di ng t n Sebeeeparticliar embodiment the present invention is directed to the

compounds of formula | or pharmaceutically acceptable salts or esters thereof

wherein W is C(H),, X is S, R? is hydrogen and R’ is S(O),-R®, as depicted below

in formula IE (a subgenus of formula I):

15




5 this process, the Stobbe condensation reaction between the benzal dehydes
[11 and di net hyl 2-nethyl-succinate (XVI1) affords the unsaturated acids
XVII. Cmbizaswdasscv4of the unsaturated acids XVl usi ngPCTiEPRa9neseet i C
anhydride (XIX), foll owed by reduction affords conpounds XXI.

Al ternatively, conpounds XXl can be obt S{1ed by treatnent of the
unsaturated acids XVIIl with sodiumacetate (VI) 10 and acetic anhydride
(VI1) followed by treatnent with a baseR’ Treatnment of the hydroxyl
derivatives XXI with benzyl bromde (X)) foll owed by reduction affords the
al cohols Xl Ib. The al cohols X I b2 %®d" to the corresponding
chlorides XXI1 by treatnent with shine (X 11) and carbon

tetrachloride (XIV). The chl or,jdes arR he converted to the esters
XXI'l'l by a -31 - palladlun1c%talyzed CeroH§Iat|onzreact|on i n met hanol .
Hydr ogenol ysis of conpounds XXl Il afforgs thve internediates lib. In the

first step outlined in Schenme 2, the unsa
prepared by a condensation reaction betwe
di ret hyl 2-nmethyl-succinate (XVII). The reg an be carried out in the
presence of a base such as sodlun1nethOX|H% Ilg%rhﬂlnethOX|de sodi um
t ert but oxi de, sodi um hydri de, P9 assiymtert-butoxide, in an organic
sol vent such as net hawgrein6rRY, lﬁjt%n@hdR eraigafinedas i fermvled. t hereof, at a

t enperature v,
(referencesIﬁﬁa&ﬁggpéﬁgﬂgfgﬁm%@gﬁaﬁg?gBﬂ%%%£$%%8%§Tgéﬁ%%fgg@%béBIooner, J.
L. et al ., Jco@p@und&lgfﬁorrﬁ&la(Iﬁﬁ%brrﬁﬁﬁﬁjt&ﬂﬁ)accé@ableaph‘s babeﬁecs theréofat i ves
can he pre : cycl i ction uct.i
Syct § 2t ton TR imtiar Xie Ok it RAPOeE AR aDlvaY d5ceheatnent
with triflugepcRtfbfm@Bhy daisdBgéntisXef faffulbn):.et hyl amine in an inert organic
sol vent such as tetrahydrofuran, or dichloronethane at roomtenperature. 15
The subsequent reduction with sodi um borohydride (XX) can be carried out in
an al coholic solvent such as nethanol gt a tenperature between 0 C and room
tenperature (reference: Fuganti, C etfl. J. Chem Res. (S) 1998,
638-639). Alternatively, the nap A (vajguves XXI can be prepared in
a manner anal ogous to the one df e internediates | X in Schene
1. Cyclization 20 of the unsatu XVid 1 can be achi eved by
treatment with sodi um acet atg gcetRt anhydride (VI1) at a
t enperature between roomtenperature and 140 C for OIS to 12 hours. The
generated acetates can be converted tgS respondi ng hydroxyl conpounds
XXI by treatnment with a base such as sodi xi de, potassium
tert-but oxi de, potassium carbonate, or sodiu | csrbonate, 25 in a sol vent
such as nethanol, water or mxtures there at /&t enperature between room
t enperature and 80 C for 10 minutes to s&veral ohouRs (references: Boger, D.

L. etal., J. Org. Ch . Og. Ch
69 (62804) 6945- 6948) Wh ere@2¢1£83%é§58 %ﬁgér%i}%?é[gﬂ ind fIQFrBB'ﬁalte or Jcesi um

carbonat1g, iMaActhenaticAbeambedradtansd prateiht dveRtcH RNBrecBElodRbtrile, or
N, N-di et hyl f ormam de_ at a tenperature between roomtenperature and 60 C

for several CRBRPYNIREHGEHEH fophaﬁ@a@@#ttsaa"wap@@nt@@eﬁ@ltﬁ RECalsHY hepraizy |
ethers Wit Nyehdih YiNiabil.nig 8@ RE%%M%% efbh@Rl%s 519), 38T 28 %epictd b- The

reaction can be carrie |n an’ inert’ organic sol ve suc
t et r ahydr of beloanin fdimetlayG euh@genM$bUbneuhﬂ m xtures thereof at a
t enperature between roomtenperature and 80 C for several hours.

gd caci ds XVIII can be
¢ bepzal dehydes 111 with 5




The reaction of the alcohols XIlb with triphenyl phosphine (XII1) and carbon
tetrachloride (XIV) can be carried out in an inert organic solvent such as
10 tetrahworofunssing acetonitrile, toluene, N, N-dinethyl POTrRR004O64800

di chl oronet hane, at a tenperature between 0 C and 120 C for several hours
(reference: Kozhinov, D. V. etal. : %)e Chem 69 (2004) 1378-1379).
Conversion of the chlorides XX to the thyl esters XXIlIl can be

acconpl i shed by a pall adi um catal yzed rbonyl ation reaction under 1

at mospheric pressure of 15 carbon ITDI’IOXI de in nethanol. The reaction can be
carried out in the presence of S 94t such as

acetate (Pd(OAc)2), tetrakis(}rh N phed
or tris(dibenzyli deneacetone]M pal i n((}O) R(Pd2(dba}a53) in the pr esence or
absence 20 of a phosphine ligand such agtriycycl ohexyl phosphine, or

tri phenyl phosphine at a tenperature kg% mgerrperature and 90 C for
10 minutes to several hours (reference: Klzhln VR B V. etal., J. Og.

Chem 69 (2004) 1378-1379). Hydrogenol ysi } 7 vyl ethers XXIII af f ords
the internediates Il b. The reaction can h¢ carrwec‘d\,gaut in the presence of
10% pal | adi um on carbon under 1 25 atnospheric cbressure of hydrogen, in an
organi ¢ sol vent such \@%r@ﬁwhWRafFﬁI@q'é’nd RebRaRefinePas RLBAAGK.. at room
tenperature for several hour’s. Al'ternatively, the hydroxyl

i nt er nedi at &sainerecpeciiie epragsiment, ét&@rre@ientgmth@nsa ldérgeted. tolarcampelnst ocess,

t he St obbe nzal dehydes 111 and di net hyI
2- et hyl - suggfbgg]te (%?8)?‘?%83% %8%§%§H% gﬁ/@?s af fords the unsaturated
di acids X V. Cy@- Qeﬁhaoas@fontyhphents@b -Grfaioealndp athia s -20(1] dce tid taomied by
reduction afford o) ment  of th 10

tri phenyl phosphi Eﬁaﬁf&BT‘\u? 1 %SHEWﬁ@%?Q@FM d}é\pﬁg’g(? '@’)y?]a";(‘?fég

correspondi ng ch[@eh@@ﬁm\@%éthané@woﬁhtmférew P@Mthé|eﬁazlylpac@twa@dted to
the methyl esters Ilb b pal | adi um cat al d carbonyl ation reaction. In

this process, th&- ﬂ)ﬂ@’@b%[‘cﬁm@llé@iﬁgﬁe'ﬁo@dhp @at-npelthslen-2 Ml}tafiét'%ﬁ@@ence of
b h .
o base Such as Sholum gl o OHGRD. 08 SR AP 30 SoboRRy

formed by treat nfgfluabd-4- (ﬂerrmltrmimutfomyl 2emethyhphenaty)waphthatere2nyd acstic
i nor gani ¢ base sucg as sodi um hydroxide, in an organic solvent such as
toluene, at ate rature between roomtenperature and 100 C for several

hours. Cycl [ezmtdron- flﬂﬁeﬂﬂar@s@%rﬂﬁ -3XXEM yE-BRe Wﬁt\h@bm yljtRatigent  of
u

the diacids wt h 20 trifluoromet hanesul fonic acid room
tenperature for 3ederal hours. - 34 - Reduction of the carboxyl nieties

in the interned %gﬁe&%’éswotn |b'nﬁ&eth@g&rrﬁdggwe'%Bb’djﬁé&ﬁhé%h)z géeéﬁis the

al cohol s XXVI | . reaction out I n inert organic sol vent
such as 1%t rahydaoflur an, di ethyl ether, toluene or mxtures thereof at a

tenperature bet r 00 eratu for v The
eTper atur e Dot VR RO SURRL RSB AR S P AERa E 1
presence of tripheiayl phosphine (XII1) can be carried out | n an i nert
organi ¢ solvent such as tetrahydrofuran, acetonitrile, toI

N, N- di met hy! f or nEiléRE0-45(5-metnsssliersneethy- péﬂq'@#pﬂ%x d?aehﬁ@'%&vlb C and
120 C for severa C&R}‘écﬁ 10 Conversion of the chlorides XXVIIl to the
e

internmediates |l b can be acconpl i shed by a carbonyl ation reaction, in a
manner &fal ogous[4-(>-ethanesdfanybpyridied-ylox\éhtuaronapbihalére2p]eqcstiatacsh of

the methyl est er'f4-e§-/ethanesulfonyl-3-methyl-pyridin-2-y|oxy)-6-f|uoro-naphthalen-2-yl]-
acetic acid,
[4-(3-bromo-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yl]-
acetic acid,
25 [4-(3-bromo-5-methanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yl]-
acetic acid,



XXVIlib 15 Alternatively, internmediates Il b may be prepared according to
Schene 4 starting fromthe 4-hydroxy-naphthal ene carboxylic acid conpounds
XXVI  whi chowerodsa@gcr i bed above in Schene 3. Esterifi caPCompedooxsdsiio f or ms
t he napht hal ene carboxylic acid methyl ester XXI. Conversion of XXI to
internmediates Ilb can 20 occur using the,nmethods described in Scheme 2.

I nternmedi ates XXVI can be readily converted to the 4-hydroxy-napht hal ene
carboxylic acid Hethgthasss@ionyhpkenmy)-atrosthrxy-naphthiatens2-wi@cetic atida

catal yti c anount necent r at sul furic i nd exc f t hanol at
t enper at ures bet Léé’sﬁ&%ﬁ%ﬂ@%g&ﬂﬁ?é'ﬂ%w )%ﬁ@u%ﬁ)ﬁ%g\/)g}aﬁ%ﬁ%ﬁ?@%'

Al ternatively, theettbasgterification reaction can be carried out in the
presence of thiopyl chlori and an excess of nethano| at t erat ures

bet ween 65 C andP%G'@hﬁeﬁs‘jg\/”é!paﬁ‘e”M‘%GT@*%@W@PE@&@%&H@@%C- 35 -
hours. The obtai ggg: conpounds XXI can be transformed into internediates lib
using the process described above in Scheme 2. Schenme 5 XVIXXXXXXIIIlc 5
The i nt er medi at eft-Gi-ethenasuitony|-pyricim-20doxy) $ptifle aromeeibexi-naphtbalsotiet 5. |1 n
this process, brgggt aééia)_n of the internediates XVI, followed by a Suzuki
coupling reaction arfords the internmedi ates XXXl I. Hydrogenolysis of the

i nt er medi at es XXM-({4-gihaasslfomnyhylaksrooxy)-6Hrifl @sroeditadesnabhthaldf-2kyi-adete
process, brom natigon can be achieved by treatment of the internedi ates XVI
wi th N-bromsuccPfPm de (NBS, XXIX) in an organic sol vent such as

acetonityg l e, di WL@@@%&QW&M-@H@%&Q??JNO%-% BNt 2 RELAE acid;
tetrahydrofuran, chloroform or carbon tetrachloride, at room tenperature
for 30 m nutes tH-eRtheaesuiumspyidne-waxy-6-piaiemiytraphthaleet-¢l-acety. Chem
Soc., Perkin T;&ﬁéid' 1, 15 2001, 229). The Suzuki coupling reaction of the

i nt er nedi at es Wi th nmethyl boronic acid (XXXI) gives conpounds XXXI|I. The
reacti on can be pa@-Eddneatlfaonyl-phenpngdeieeo-ofphthaddn-2di)tavetiataaidyst such as

L1, b (i phepy | pbgsptl o) (011 9¢SNSES 9 RehLATHYIN Ay GBYRLGPPT)

pal | adi um 20 ace

tetraki (g ri IOhenEd-@h@mﬁhéé\ﬂﬁd@@!-bw&idﬁyﬁ-@)flLbP@lGFFRQﬁWhathﬁaltehez-ﬂk@é@ﬂi@e or

absence of a ligand such as tricycl ohexyl phosphi né, triphenyl phosphi ne, or
tri-2-tolyl phospAfiHe, and a base such as potassiumtertbutoxide, sodium

hydroxi de, pot asfg fiBBHRERRR N RAKFGHHPHENERN) RRRUSI-nSPhthalen-2-yl]-acetic
acid;
[6-fluoro-4-(4-methanesulfonyl-2-methyl-phenoxy)-3-methyl-naphthalen-2-

20 yl]-acetic acid;
{6-fluoro-3-methyl-4-[4-(propane-2-sulfonyl)-phenoxy]-naphthalen-2-yl}-
acetic acid,
[4-(4-cyclopropanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid,

25 [6-fluoro-4-(4-methanesulfonyl-3-methyl-phenoxy)-3-methyl-naphthalen-2-
yl]-acetic acid;
[6-chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic
acid;
[6-chloro-4-(4-methanesulfonyl-3-methyl-phenoxy)-3-methyl-naphthalen-2-

30 yl]-acetic acid;
[6-chloro-4-(4-methanesulfonyl-2-methyl-phenoxy)-3-methyl-naphthalen-2-

yl]-acetic acid;



sodi um carbonate, in a suitable solvent such as N, N-di net hyl f or mam de,

di met hyl 25 sul foxi de, toluene, tetrahydrofuran, 1,4-dioxane, water or

m xt ures whenwafsso0at a - 36 - tenperature between 130 EGCamk2@08064816 or 15
to 30 m nutes under mcrowave irradiation. Alternatively, the reactions can
be carried out at an el evated tenper aturﬁ such as 130 C without m crowave
irradiation for a |l onger reaction tine eference: Wallace, D. J. et al.,
Tetrahedron Lett [4- @%emoes_n)lfomtazm@b@l)-ph@ONy)dMIgermByeetbylmaudjéndgm-zet hers
XXXI'l affords thelrnéﬁ?rrrarates 11c. The reaction can be carried out in the
presence of 10% $PF @fr'on carbon under 1 at nospheri c pressure of
hydrogen, in an pr-@achioresenvethanssidiongispranoxl)-eflabal-8-metayhapdithaler-2-

et hanol , at roomlﬁ ratHre for several hours. 10hal id The

i nt er medi at es of Y4-8FRUE 85 d can be prepared according to Scheme 6. In this
process, g he reafeﬂwrotzﬁzaﬁ@& mméﬂsmf&urfwweﬁsﬁv eﬂm%?n)ﬂl—%% hirRfsh-above in
Schene 1) and Selectfluor(r) fluorinating reagent (A r Products and
Chenical s, 15 | n¥ll-pcgtimecsidcal |y shown as XXX111 can be carried out in a

sui tabl e sol vent il e r 1,6e,
trifluoroacetic Lﬂhggthgﬁ %]%%Wbtﬂ)% t%%@é‘ﬁ’gé}? |!u Oré\lg%g hwn%%érgﬁglre gg%g?'v\een 0
C and 80 C for segeticdcidour s (reference Zupan M et aI , Bull. Chem Soc.

Jpn., 68 (1995 660 7 The internedi 1] b d
2ccor ding Lo SenERE-oheBERR T e SOt Y R A 2

fluorinatg on reagfizesti@btiar ds the internmedi ates 5 XXXV. Hydrogenol ysis of
conpounds XXXV gives the i ntermediates |l e. Debenzylation of conpounds XXX
(prepared as desH-{Zedifoseé-mathgohsuions)-phgraxyis-fiuse-Ryne byl naphthalen-

i nt er nedi at es I Y. reaction can be acconplished by treatnment of the
benzyl ethers %%%&?. ncroabr omde in the presence of 10% pal | adi um on
carbon under 1 afGvihsphet-(Iflyorestsmetharfeshifomydgpbenoxy)-ametmdaapbthbers?®! vent
such as et hyl acelﬁate nmet.hanol , or ethanol, at roomtenperature for
several hours (r¥@FEiceCdny G et al ., Synt hesis 11 (2003) 1657- 1660) .

Conver siqgn of copp g—lerrl@nééa%n\ﬁ -8 9lubRephéntiy)-BatRMo-Behbigl-hisahd¥x0-gian  be
e

achi eved by using l ect-fluor(r) fluori natr ng reagent (MI1) in a suitable
sol vent such as RPNlQﬁ%t hyl f or mam de, acetonitrile, methanol,

trifluoroacetic gz% ’e é’r‘%tf e%hhéﬂt}%i)Héﬁéxy} MRLAGSb-3-Rlettd tn%HHfFr a5 §1)-

between 0 C and or sever al
acetic acid;

[4-(3-chloro-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl] -

20 acetic acid,
[4-(2-chloro-4-methanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-
yl]-acetic acid;
[4-(2-chloro-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl] -
acetic acid,

25 {6-fluoro-3-methyl-4-[4-(propane-1-sulfonyl)-phenoxy]-naphthalen-2-yl}-
acetic acid,
{4-{4-(butane-1-sulfonyl)-phenoxy]-6-fluoro-3-methyl-naphthalen-2-yl}-
acetic acid,
[4-(5-chloro-4-ethanesulfonyl-2-fluoro-phenoxy)-6-fluoro-3-methyl-

30 naphthalen-2-yl]-acetic acid;
[4-(2-chloro-4-ethanesulfonyl-5-fluoro-phenoxy)-6-fluoro-3-methyl-

naphthalen-2-yl]-acetic acid;



(reference: Zupan M etal., Bull. Chem Soc. Jpn., 68 (1995) 1655-1660).
Hydr ogenol ysis of the bronp-substituted derivatives XXXV affords the

i nt er mediwiDes10/d58004 The reacti on can be carried out in tireTmPe@ones1Of 10%
pal | adi um on carbon under 1 atnospheric pressure of hydrogen, in an organic
20 solvent such as ethyl acetate, nethanp], or ethanol, at roomtenperature
for several hours. WO 2010/055004PCT/ EP2009/ 064810 - 38 - Schene 8 The
conpounds of i nt Ee&scyaidpensamasuifonyi-pinetioky)-GHnoroe3-prathmephittaten-divilg t o
Schenme 8. A ;Oe&\c/%ic%n bCe ween the hydroxyl internediates Hand the aryl 5
derivatives 51 F8ed by ester hydrolysis affords the conpounds of

interest of form@-Audro-4-fAyUr-geodensesenilifonig-phehexyesdingttes-ndpiiialermbren R1
is d or Br, foll gwed,bé ester hydrolysis affords the conpounds of interest
of formula Ii. CHwREPYS BAdof the hydroxyl internediates 11 (which enconpass

I1a, libg 1lc, a[‘l?(dl-ﬂ)@niern‘éghIﬁﬁﬁﬁ—ﬁﬁénéy?%-ﬁ%rb@n%&ﬁﬁh%@ﬂ%?é\ﬁ%fé@aﬁ?h .

achi eved by treating 10 conpounds Hand the aryl derivatives
base such as sodR@iffi carbonate, potassium carbonate, or cesium carbonate, in

a suitabl e organggc Ve Ghr 43 di | h L i sekhyl

sul foxi de. The r é@?l 8n§§{aeﬁﬁ)gg @ﬁ?lﬁlee# gu%mngbﬁéﬁ%g){] ﬁ?a?@%ﬂ%&&n 100 C
and 150 C for 30atetidGécidi nut es under m crowave irradiation. Alternatively,
the reactions can, pe cajrjed oyt at an 15 evated tenmperature w thout

m crowave irradi g@ﬁ‘éﬁ’fo‘f Mé'mﬁ -q%}zpeas@#onyﬁ- en%@&bﬂ?&?% of the nethyl
esters )XVl | aﬁggﬁtﬁ§|ehm&¥@%@g@@ggg; of interest of fornmula Ih. The

reaction can be carried out in the presence of an aqueous inorgani c base

such as |ithi um fiHckehiero-kertrenesuiamobxpenoxyrbfoemsdimethyl-naphthalerndr oxi de

in an inert sol Vglg-tacéﬁ'cfg as 1, 4- di oxane or tetrahydrofuran at room
tenperature for verar “Rours. Hydr ogenol ysis of the internediates XXXVI|I
can be carried o[B-flugrot4x(b-pretsarsalfafyl-pyeidipe -y ady L3anoath glardpinth ale @ry ]t

at nospheric pressure of hydrogen, in an 5 organic solvent such as ethyl

acetate, nethanoPC®%r8&%hanol, at room tenperature for several hours.

(ljg(rjr:) 8{1%?? of t hm-g-@m%é%|fb‘nypbﬁimuatﬁ@@nfd-ﬂ@ré-s-@@wuaapﬁtfhfa@nd@yt]he
acetic acid,
[6-fluoro-4-(5-methanesulfonyl-3-methyl-pyridin-2-yloxy)-3-methyl-
naphthalen-2-yl]-acetic acid;
[4-(5-ethanesulfonyl-3-methyl-pyridin-2-yloxy)-6-fluoro-3-methyl-

20 naphthalen-2-yl]-acetic acid;
[4-(3-bromo-5-methanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid;
[4-(4-dimethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid,

25 {6-fluoro-3-methyl-4-[4-(pyrrolidine-1-sulfonyl)-phenoxy]-naphthalen-2-yl}-
acetic acid,
[4-(4-diethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic
acid;
{6-fluoro-3-methyl-4-[4-(morpholine-4-sulfonyl)-phenoxy]-naphthalen-2-yl}-

30 acetic acid,
{6-fluoro-3-methyl-4-[4-(4-methyl-piperazine-1-sulfonyl)-phenoxy]-

naphthalen-2-yl}-acetic acid;



of interest of formula Ii. The reaction can be carried out in the presence
of an aqueous inorgani c base such as |ithium hydroxi de, sodi um hydroxi de,
or 10 potweznuwmskpdr oxi de in an inert solvent such as 1P¢TaIPROORIEISDE
tetrahydrofuran at roomtenperature for several hours. 0 YYis Cor N S
8when Y is C, Zis F, R5¢c? Rahen Y is N, is Cl, Br or alkylsulfone. XLII
The conpounds of interest of fornula I|]j %an be prepared according to Schene
9. 5 Oxidation of4-he, ‘a-ldtfblbm-glp)erldln(evmsu|lfprmh)emhﬁm$$] &dfluarcadranethylb f r om
Schemes 1 and 2) _aff.or he .al dehydes XL. Hydrogenol ysis of benzyl ethers
XL foll owed by tP%%?tﬁg%ﬁ'%yﬁ'taﬁgﬁi? 8§'§| ting naphthols XLI with the aryl
derivatives XLI I {&flicrocnicteyleit [he(rz oxE-@rarediphb s 3]Keplane-6raeifalytiehydes XLI | |
are converted to the al kene Q the Hor ner - Wadswor t h- Ermons r eact i on.
Hydr ogenat i on of PO ‘Q@H'@i‘a C5HF 8Gd by ester hydrolysis affords

t he conpaunds of i I 1 n be

oxi di zed(B}tJo t he aﬁ ge%agggpﬁnoﬁ(glr ﬁg'“g{ﬁ? T%tpgln[? éy&@é‘ggrﬂﬁggéegld ac%?é) (XXXl X) .
The reaction canlfbehlew-4i(é¢yane-phanexyyd-met -ngphthalen %u&ncagc acid;

sevoral houre. (1 e e BRSO B BRI SR %15

(2003), 8373-837B)-(4- ﬁdettmneatrlfma}l-yohehhw éiameerrwinaphthatena:k ylh)-deetiaabideved

usi ng manganese i.d ridini m di ro s- Mart i hane,
275741 ehi or o6, 6- th eyieR APy BREP A Pty Z8o N TigRpIAS-Arstr et
rmnohydr@te as tag,dom di zi ng reagent - 41 - Debenzyl ation of conpounds XL
af fords the hydrox internmedi ates XLI. The reaction can be acconplished in
the presence of ﬁbébdpszlor%rér (Grataanesaiiopyl-imidian-2 vioxyrbephibalen-dylesatie of
hydrogen, in an gﬁganl c solvent such as ethyl acetate, nethanol, or

et hanol, at roomtenperature for several hours. 5 Conversion of the

hydr oxyl i nt er mefi-@-ethaXesulfomyt-pgridin-Beyloxy)fodiflerohbphthaken-bel]-ackiieved by
treat nent of congo. nds XLI and conmpounds XLII with a base such as sodium
carbonat e, potas&f'im carbonate, or cesium carbonate, in a suitable organic
sol vent 1guch as -SihaBESYHIngI-BRE IR - yI8%y ) G -ARIrBYI-methyi-pspHbaledt- 231

t enperat ure betmge(r? 100 C anéﬁlg%mc fo¥ g(% to 60 m nut»fles Bnder m?r]owave 10
irradiation. Alt@fplitaGidly, the reaction can be carried out at an el evated

tenperature with r on time. The
al kenes XLV can gg&é@&%ﬁ%\ﬁﬁc’m{' r?mblgwn)@ﬂms%orth Ermeﬁﬁga'lér?ﬂ%%]l on between
t he al dehydes XLptdprcanaziaCudr et hyl phosphonoacet ate (XLIV). The reaction can
be carried out ence ) ch. a SO iu hydr.i de pot ssi um
15 carbonat e, ce@iﬁh’ﬁ go ﬁbaneggﬁewipgeﬂgl TYE 'ba&%é% NSRS, de,
nbutyl | iZohi um t[g mtcwmm ﬁrethahe&um@m@heﬁwahmtcﬁ-sﬂ-mélhmdephﬂmﬁrez ygodi um

hydr oxi de, potassi um hydroxide, or lithium hydroxide, in a suitable solvent
such as N, Ndi net AG#io#Gi&ni de, acetonitrile, benzene, dichl oronet hane,

tetrahydrof uran, relidsrod- ﬁtéﬂwar@sﬁﬁ&%h pﬁfeh ulfﬁwt hthaleh -8t I]0 cdlicxt ur es

thereof, at a te eraturg‘xzo between r severa ours
(reference: Chanatid; K. et al. . Med. Chem 39 (1996) 3756- 3768)

Hydr ogenati on of V a é te % L e
reacti on can be [:é F??@!g{}&%ﬂ%}eﬁgf r?yegéﬂéée]ﬁe%ur} hﬁ!fﬁ?”é] cl?bon
under 1 28 nosphegtig; pressure of hydrogen, in an organic sol vent such as
et hyl acetate, ,
[6-fluoro-4-(4-methanesulfonyl-benzenesulfonyl)-naphthalen-2-yl]-acetic
acid;
[6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid;
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yl]-acetic acid;
30 [6-cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid;
[6-bromo-4-(4-ethanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid;

[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yl]-acetic acid;



25 net hanol, or ethanol, at roomtenperature for several hours. Hydrolysis
of the nmethyl esters XLVI affords the conpounds of interest of forrmula Ij.
The reactwonowassime carried out in the presence of an aque@Pr00043g@NI C
base such as |ithium hydroxi de, sodi um hydroxide, or potassium hydroxide in
an organi ¢ sol vent such as 1, 4-di oxane (cg tetrahydrofuran at room
tenperature for 30 several hours. 5 Th npounds of interest of formula

| k can be prepar Ee(GaeibandsultpnybpBidie2eylaxy) Gﬂu@rht%wpv'ﬂmhaleﬂ’né Hdr oxyl

conmpounds 11 (whi enc 1 fr pehenmes 1-7
are reated w i hogHio b aseRaralt G ey BRI PR TR G e
triflates XLVIII naghtharet2- 9|I]Labemcyxa@d the triflates XLVIII and the

bstituted I ] | X foll hyd I ti 10
i or et he corpiEmaranSr LR S hrS Y BeaehseR i ounes 15
can be canvert edag@d &dq:tai( féleﬁ‘lﬁé‘r%sﬁkyh)k/B -yl FREiRO o) 163 luoro-3-methyl-

trifluoromnet hanesul foni ¢ anhydri de ( he reactlon can be carried out
in the presence bépkihbgsel-yirenetisagdri di ne triethyl am ne,

0o b APk BREP

sui t abl e sol vent napisthalzs- Ziyk}-hbemc)a@dImade chl orof ormor acetonitrile, at a

tenperature between -78 L I[oomt h re fﬁ{h 30 fm nutes to several
hours (ref erenceantﬂgﬂrmc% lcgy%gcep oreﬂg ©BP1(1996) 3756-3768).
Reaction®f the triflates XLVIII with the aryl am ne_conpounds XLI X can be

20 carried Hu@ MeretIpEcHie Sshrdiment, heraresant 'GH@@I&’MFF@@C@GGH ageompound
tetrakis(tr I Ph3) 4), pall adium acetate
(Pd( QAC) 2), 'Ophﬁ I&Iﬁ@%gﬁgawpme @gg%ﬁge'f&@j%guadu un(0) (Pd2(dba)3) in
conbi nati on WI t h[da %emaphswi‘é)nwl pleTtbxyoHIuaso-napkielenhzyiHaskts pbidne, 1, 1' -
bi s(di phenyl phos A9 ferr

> > “bla(d! phenylBl6SBRT AR LV Eeh e R ey R elgi - ppphthalen-2-yl-aceti

di (tert-fgutyl) (1adid- bi phenyl - 2- yl ) phosphi ne, and a base such as cesium
car bonat e, pot assium carbonate, sodiumtert-butoxide, or potassium
phosphate, in a Kihigred- @dﬂ@@\@ﬁ%‘dﬂ@%@hﬁﬂwﬂﬁn@?ﬁw paphaAen2-Yieaeihy|
sul f oxi de, tol uegg or tetrahydrofuran, at a tenperature between 130 C and
180 C for 15 to - 43 - mnutes under m crowave irradiation.

Al ternatively, tHeflurad-(iuaar-etharasubandpheaoxyrB-aledwanaghtnatgre?at ur e
such as 130 C vm)téﬁlggétm[%gaovx/ave irradiation for a |l onger reaction tine
(reference: Tetrahedron Lett. 46 (2005) 7111-7115). 5
Hydrol ysits of t hpt-(eéthghessiforyb3imethfigstishoixie6 4laores misthpifndphitiesl@s2- of
formula | k. The riactl on gan be carried out in the presence of an aqueous
i norgani ¢ base sWERCEY PFiEhi um hydr oxi de, sodi um hydroxi de, or potassi um
hydroxide in an W—@&eﬁm&@eﬁ%sé%}/l—gﬁeﬁeﬁf@ QGABS-RlethyEnbphindlef 2uyAn at
room tenperature for several hours Scherre 11 The conpounds of i nterest
of formula | m anécetic aei¢h be prepared according to Scheme 11. Treat ment of

Schemos 1.7y i tF L P T RTREAP R bR TR S ety -nditn iz O

di met hyl25hi ocar baoetid @iy conpounds LII Newman- Kwart rearrangenent of the

di met hyl t hi ocarb | ox ounds LIl affords the_ int rrredl L1,

ydr ol ysi o of - colBUAREE (6 MRS 5y ¢ Py Rk Rty TP g 21

derivatives XLII acetlcﬁécld affords the sul fanyl conpounds Im Q(l dation of Im

gives the sulfin or sul fonyl compounds In. Conversion of

i ntermedi ates | III%S @Ih@na$w&nwn>y ir2areand;lung- ?cm@ﬁeuﬁaehmalerb%nyllbe

achi eved by treaggﬁ the internediates Il with 5 dinethylthiocarbanoyl

chloride (LI) in e presence of a base such as potassi um carbonate,

pot assi W&t hydr ox[43I(3-bItanhceb'hyeiaahesyIfomyl-eyr’cdiimmM)IﬁdﬂuorbIB-meMH abl e

sol vent such as N I*ﬂlrref I] or mam. ge, tetrahydrof uran, acetone, water or
naphthalen- -¥I -acetic aci

[4-(4-dimethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-

acetic acid



m xtures thereof, at a tenperature between roomtenperature and 100 C for
several hours. 10 The Newran-Kwart rearrangenent of the

di et hyl tWwpaosvdsamyl oxy conpounds LIl can be achi eved pgThPatmongsin t he
presence or absence of an organic solvent such as N-nethyl pyrrolidone,
tetradecane, diphenyl ether, or 1,1-dioxpthiolan, at a tenperature between
150 C and 300 C for 10 nlnutes to sever hours (reference Mosel ey, J. D.
et al., Tet rahedfﬁ)ﬂum C’( oesy-4488Byrebone-11gliapyl ehgs oyl otapbtatensads;- LI | |
can afford conpoun . The reaction can be carried out in the presence
of a base such a bct%\% i um hydroxi de, sodi um hydroxide, or sodium

met hoxi de, in a pu{4-dietgisuifaryt-phertdxyds-fiuerddnakbthybhagithblenviayipacets

m xtures thereof at a tenperature between 60 C and 100 C for 30 mnutes to
several hours. 28%%he sul fonyl conpounds I mcan be prepared by the reaction
of conpounds LI g@%l&&o@ﬁwe@rﬁwh He("gfLM@ny}LS@erﬂérrﬂe1:Ehuﬁoﬁﬁ?-gﬁér%ky?-a” be
carried out in the presence o ase such as sodi um carbonaté, potassium
carbonate, or cebaphthalenbbibiesectic acid suitabl e sol vent such as di et hyl

&or about 30 t & B BRI TP e e RO ROe AR SO or ot 1 vel y.

the reaction canphenay}onaphthaled2-glitacatic avidel evat ed t enperature w t hout
m crowave irradiation for a |longer period of time. Oxidation of the
sul fanyl compounds Imto the sulfinyl or sulfonyl anal ogues In can be
achi evedousi ng an oxi dant such as mchl oroperoxybenzoic acid (nCPBA), or

hydr ogen perQENERAINSYNTHESIS éP'(YGMTP@#?bSa&CéGﬁbIWG)W'mEQNVEN]FIéN VO
2010/ 055004 Or oethane (Or an aqueous solution
i f hydrogen peroxide is used), at a tenperature between 0 C and room

t enper at ur e Thercosmoands o ther gresSathieventbd canCmeprepacd of ahyrt:em\eesfttiooal formul a
| h can alternati vgl %atﬁe Ere ageg acc&@diI n oSScheme 1 b |tu&r|] on
reaction befWEer PHEHG & %‘%S%P T oMpdIRES 4R BFSX&PMPeHe %Péedpa?é’ RgddiM9ed i n
Schene h5or efemmpiss. Benardllyt bempsyrdsdsfiforadia v ean el drepérelicidcordinl ythe
reduction gives the alcohols LVI. The alcohols LVI are then transformed to

the corresp8RIPRES dsbateddelawy pnlﬁﬁstqt@%rﬁ’%ﬁ\'ﬂ’d{ﬁaltqg dhe vaiakies VachiX orr de
(XV) and t ghaleny|renes piefines ikl semERBAER boBefifed HRVIAbARS defi

the nethyl esters XXXVII can be acconpl i y a pa cat al

car bonyl at i ohfareatat i on i n met hanol . Ester hydrolysis of t he met hyl esters
XXXVI'1 15 affords the conpounds of in$§ﬁ?eﬁé1of formula I'h. Conversion of

t he hydroxyl internediates | X or XXl et her derivatives LV can be
achi eved by treatnment of conpounds | X or XXI and conpounds XLII with a base
such as sodi um carbonate, potassium carbonate, or cesiumcarbonate, in a
sui tabl e organi c sol vent such as N, N-di net hyl f ormam de, or di nethyl

sul foxi de, 20 at a tenperature between 100 C and 150 C for 30 to 60 m nutes
under - 46 - mcrowave irradiation. Alternatively, the reaction can be
carried out at an el evated tenperature wi thout mcrowave irradiation for a
| onger period of tine.



The al cohols LVI can be fornmed by treatnment of the nmethyl esters LV with
di i sobutyl al um num hydride in an organic solvent such as toluene, at a 5

t enper at LWeo 2bevose@a - 78 C and room tenperature for severall/Erowwd648The
chlorides LVII can be prepared by the treatnent of the alcohols LVI with
carbon tetrachloride (XIV) and triphenylgphosphine (XIII) in an inert
organi ¢ solvent such as tol uene, acetonitrile, dichloronethane,

N, N- di net hyl f or mam de, or tetpahydrofuran at a tenperature between %p and

120C for several @our;.ow ¥sion of,thg ch es LVIl 1.0 the nathyl
esters XXXVkk canj be acc rrplishé hy_a p||d| unﬁ&@g"”alfz Qd Kb at rof

reaction und at m)spﬂerlev of cartg YoXTo€ i Wl, meMblanol a met hod
anal ogous t one descripbed tn, 3 the—p%e*par&*tl on of [t he

U
nmet hyl esfers XVvI. As descri bed Bbove in Schiene 8, hydrolysis of ©he nethyl
esters XXXVI|I affords 15 the conpounds of |ﬁHerest of formula Ih
reaction can ﬁe carried out in the prgsence of an aqueous |norga Hg base
such as lithi h]hydrOX|de sodi um hydroxi de, or potassi um hydroxi in an
inert solvent such as 1, 4-dioxane or tetrahydrofuran at roomtenperature
for several hours. WD 201Q/ 055004PCT/ EP2009/ 0648£0 - 4 Schene 13 LI X
/ Conmpounds of i,nterestjlo, |py g Bran be prep ordlna
Scheme 13 5 startlgﬂg § br ono Sti t ut egh raphthy acet|5:§bP' +met hy

esters LVIII. A Suk gupl i ng reactyon between the b orm derxmajqwes

LVI 11 and_net hyRborofi cyaci d ( XXX }—followed by an est®r hydrebysis=affords
t he conpounds of interest of formjia.pluq) A copper (I iod| de catal yzed
reaction of the bronp derivatives LVI 1" with methan finic acid sodi um

salt (LX) followed by an ester hydrolXlsis affords 18 e conpounds of
interest of formula |py Conversion of the brono derk“ tives LMVIII to the
cyano derivatives LXII ?( foll owed by an ester hydrolysis affords the
conpounds oj interest of formula lq. - 48 -
CO (gas 1~ ', /”/\n/
MeOH
XV XVI lla

The key intermediates of formula lla can be prepared according to Scheme 1. In
this process, the Stobbe condensation reaction between the benzaldehydes I

5 and dimethyl succinate (IV) gives the unsaturated acids V, which subsequently
undergo cyclization in the presence of sodium acetate (VI) and acetic anhydride
(VII) to produce compounds VIIl. The naphthalene derivatives VIl are then
converted to the corresponding hydroxyl analogues IX by a deacetylation reaction.
The treatment of the hydroxyl derivatives IX with benzyl bromide (X), followed by

10 reduction using lithium aluminum hydride (XI), affords the alcohols Xlla.

Compounds Xlla are then converted to the corresponding chloro intermediates
XV by treatment with triphenylphosphine (XIll) and carbon tetrachloride (XIV).

Conversion of the chlorides XV to the methyl esters XVI can be accomplished by



the presence of a palladiumcatal yst such as

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (Pd(PPh3)4), or [1,1'-

bi s(di phewgl2ptussivino) f er r ocene] di chl oropal | adi un(11) ( PATEPEeNoPEIS) and a
base such as potassiumtert-butoxide, potassium phosphate, or sodium
carbonate, in 5 an inert solvent such a é\l N- di et hyl f or ram de, di net hyl

sul foxi de, toluene, tetrahydrofuran, wat® or mxtures thereof, at a
t enper at ur e alptladiom-¢adalyeed warbBylagohseaatdntio ndgthanelutydrogedelysisiafr onave

termer at ur ¢ 2Q0BREAEE XY Bttt R SRR BRRE™ Tl 2t on for ol onger

reaction time. 10 The sul fonyl conpounds LXI can be fornmed via a copper (I)
i odi de cat allrythedfirsestep ioatiinetl in Behbmeny titke unsattiraied bddE V eart be prepared

met hanesul finic acid sodi um sal LX) .., The reaction can be carried out in
The. br esenchy grodt Heapg a5 ige beieanda dengaaenydbofiEe Fmedhbor ar “sof vent
such as ¥ NsdedTRateY(IV)OTRE Re4Rionbarmeidwa ried olioii the prédentedf @i basanRicAtas150 C
for 30 minutes under mcrowave irradiation. Alternatively, 15 the reaction
can be car r sediusumetioxide, dthilen methpddeas spdiurgder-batoxide sediim Rydidendcr owave
irradiation r cii i J rivatives
M1 to ¢ngoBsshn SHRlelERTk HotdeE O SLEh 38 bR, BrsRabe: Y he
brono deri vétluems oninikturésithecsainatoetenhpéraiuré betweepoesetensperbtuse eadal yst

such as tetrgakis{triphenyl phosphine)pal | agdi un(,0 d( PPh3).4),,, / n
her't or ganPd Pl SRTEIS LTS ERERAS ey et a Jeuaatoran b o (1807

t enper at1@r e5986 as 150 C for several hours. Hydrolysis of the nethyl
esters LI X, LXI or LXIIl in a manner anal ogous to the one descri bed above

for the preparation of |Ih affords the conpoynds of interest of for | o,
b and 1 6, Foeaipn ity UnSPpied sois YiRATourCs Hearetiiaens gPater VIl s
and I't can bgnpeeRMSBIFRARAMBEL bCthe uPEBRIMBtedbeidsV WithSsdiRE @88tate (VI)
iodination of the internediates Ila followed by acylation affords the iodo

deri vat i ves anptacetiqaahydrisiey(Vén at déemperatwre atwesn team trmperatiid angd a

Sonogashi r a1§ﬁ“&' ﬁpgﬁ 5 t%%%{@g@ﬂ? ;?r,%tféffl‘gﬁﬁ%évz\e %gygie?q'_?. &y ayi vlics Crsd. gAnd

trimethylsilylace ene Py & potassi'um ™ l'uori'de- nmedi at ed
tri met hylssi (t996) 480depgdR; KReducet aln JoOry heherneby (200:21) dornbveddByes LXI X to
the 10 olefins LXXII followed by treatnent of the olefins DONw th a base
affords the - 50, - corresponrding hydroxyl ounds LXXL1I. The ether

"t or medi ar dbeEkae CRH BRI RR B Fad SRR Btk pal ot

i nter medi at eamp¥dhdd DWMrt thetgh€saricl of desaseadlcness sddidm nidtHbRbE spstasdiuthe
ether internediates LXXIV affords the final conpounds Ir. The cycl opropyl
deri vat i ves {@&Deigidse PPRSRRE 63rLPPREIINRPOiUTR Piarbanatendqiaacbent RYENaRi t h

di azonet han L2R6Y) I i IR enation of the
acetyl ene dgr}elgtvat | ,vaéfét,xc??‘)’?(ﬁﬂ}%?!? g"m%g%?/{ %{?%@?&n%ﬁﬁéw t hegygg@g affords the
hydr oxyl20 ntemperaiuie endl8OAG far.10Thimutashipl several hatirsv@eeferanaeaKimeMobt ali,ned by

et tvat | ves 1T SR I Eoas BB ST < Gaction, 101 the first step

i odi nation can be achieved by treatnment of the internmediates Ila with
N- i odosucci fAreatden( bf Be HydrdRyl compoundggbhwith $ehxg romiden(Xaaffordsathef or m

acetonitrile, dichloropethane, acetone, N, N-dj nethyl fornamg de

Lot r ahydr of GPERSPRIITEEPERAY EbierdHIGEPAION o B8 Caried CH Y DeRIERgRse of & and
room t enper ahyé SuélPbs PBtd¥si B8rbbRake Ve EadiuMsHBonake, i inE’loAgRHc LXVI can
be formed by a reaction of the internmediates LXV with acetic anhydride

(M 1). Bee ﬁ_@h{éf‘i wm@ma@éowwaqewifd!ﬁ, of V. NisimpihyYarmeamise % ﬁ)@%’%@é‘Fﬁ as
4- di et hyl ag}ewgoghp%mrpoég?@pe %hg%@o% ]%%é\%}ral ﬁé{ﬁ. as pyridine, at room

tenperature Tor severa : e I nterned ates 1l can be generated by
a coupling reaction between the 20 iodo derivatives LXVI and

tri hrret hylbfsi II%eldgc@erofletne E(DIQXQIbIe)TZ]:ﬂreﬂFG!fé vpirelgkinoealomirumlytede (%) efoedsy st
Cotrak s(t r seRof O dn TRE SRt i e d St et b manie soepLauLcn as

copper (1) i editeteahybhsfurarqcistioy etiaar, toduery, or atixtargs therddfeatr kegetstued a base
such as triethylam ne, or diisopropylethylamne in an inert solvent such as



25 tetrahydrofuran, N, N-dinethylformam de or toluene at 150 C for about 6
m nutes under mcrowave irradiation (Baldwn, K P. et al., Synlett 11
(1993) 858p.2ofkensonval of the trinmethylsilanyl group of tIREeTEPA@OONEI0 LXVI I |
to give the acetylenes LXI X can be achieved by treating with potassium
fluoride or tetrabutyl ammoni um fl uoride éodq a suitable solvent such as

wat er, tetrahydrofuran, 30 dinethyl sul fOxide, N, N-dinethylfornmanide,

met hanol , obehiearuices" temepasature and 80 °ifor sevasai m@rrgéweéereneefﬁharséwé? it
hours. Alterpati,y ssi um car bonate or potassium

hydr oxi de 03(1’ %W%ge%h%grg?ﬁ ﬁéﬁg@@?%gﬁl anyl group renoval. The reaction
can be carried out in a suitable solvent such as nethanol, tetrahydrofuran,
wat er or thd heinxtbcmeﬁiatda;e)(‘échnajte prepanedejyribearteatreerht)mf teeakoablsSXIkowitls .

Reduction of . the |.en rivatives aff the.ol efins. Mal. The
Feduct i on cliPngevRERRLER x{iF eht et robaBte b it A iRt pelficves L x
with i ndlﬂlmsbl’vleﬁf%wH &etolUerd) aserdntile edibiibedrhéthané LA Hindthyifttmiahgence of
triethyl borane in an inert organic solvent such as acetonitrile

t et r ahydr of @F igirahidsedwan, at a lanperriuie dstwern 8of anst 120 t%fﬁf@ea@w BOYSt ween
-15 C and | , O
Lett. g?zogﬁr‘ef%{ggq@%%ﬂ{o%ﬁgr %g 'F\r/ﬁo'aogf’%’ﬁ’(e%?(ma?ne can b used ag t he

hydri de source (Hayashi, N.; et al., Og. Lett. 7 (2005) 3093-3096).
Conpounds LXoanversion @fethecwteene@atetsd(\(k@tmdneﬂswbeﬁdrmlsvhm b&yl conpounds 15

Mal | by tre iumtert-

but oxi de, g%%@“f)lfmetcd%r@%ﬁgﬁaed'&ﬁ{ é'}zzeﬁorfénrﬂgﬁaﬂ%ﬁ% g@ﬁ?n B%gifvent such as
met hanol1,0 vvatreosmenmpréwwe of berbeafmordxide tnemethlaabu Teelbedatizmncanoesn
tenperature and 80 C for 10 m nué es to severa} hours (references: Boger, D

L. etal., JCa@eq oubiuine yeseneve)a Rawsiug ratalygt suchesetal ., J. org. Chem
69 (2004) 6%f§'<‘>rr@Héﬁmph&fbh%)weh@rwbug&uh#(ﬁ m&{m*% ZC|251tp%maa.qhﬂn)9§cé@ﬂel to
the ethers LXXIV can achi'eved treatin oxyl internedi ates
Mal | and t héP@&(GAc) deteitnaésfa‘u(t\mebemmosnhune raallmlwn@aé%d(&?mm @m car bonat e,

t
G e D e G A e e
acet one,15di oéamhosphihé d]gamhbsm:h a3 xayclebexyiphesphinel e trihengpbibspimnine aat dhe

carried out at a erature between 100 C agnd, 150 for 30 to 60 m nutes
under nicr ox‘i%U%eﬁa&LFﬁ e&“t"?%m%‘%eé%%f?ﬁl%laiﬂd%ég Eoéajgtm@HEeSctgﬁeHSraéarrl ed
out at an ehgua! @sfeteitrReKBEMAEY VID 1\NBHal U CORYRDIE .6 AG0Bk) 9874-a379). | onger
period of tine. Hydrol ysi s of the rret hyl ester nol eties of the ol efins
LXXI'V affords the final conpounds he reaction can be

carried out YA rqg@obﬁs&@‘rt@zaglfetaﬁrsa)&\ﬁle@‘[gdss H@"@?{W@d@%"édmﬁ ERACtiPR hi um
hydr oxi de, gﬁ'b\érEaPrYéH B&ﬂuﬁ%%E?s%ﬁEé%ﬂH% puidaRy 8 chbcﬁfhrﬂc#é‘?Ht sol vent
ro or sever al

such as 1, 4-di oxane or tetr uran at roomterrperat ure
hours. BS0Tr atnosehesicipsessifre ohbydrogen s al]»(gvnmcsoﬂmt sach as pintiaeefate,

I I f ds DOClV
W th o apord S o E e AR Ba R R o SRR B S SR B ot s uch as
pal | adi un(| h)/d:@@eMbI&SBtdﬁlbenzﬂ@thetdlxw aoetiah R1 i®Cl paBt, aghuafiowd ﬂbJ iari de 10
bi s(benzonitril el}{ .1n a solvent such as dichloronethane, dieth et her,

t et r ahydr of W ol TRAYE &M wheebte h%ﬁroﬁeﬁ‘%k?ﬁé@é?ﬁ?@'eﬁlé%% e0 C and room
Lemper at ur € pfdleng VP18l PR DRICRHRAFGAASH PéfosheR: pRissitte offyeRbgen Mod.
Chem 14 (2006) 6900) ther hydrolysis of the generated eth

deri vat |2&5eschr>@<tangemperIQﬁb¢frreact1® tmnal ogous to the one descri bed for the

et her derivatives DOCIV affords the final conpounds |Is. Hydrogenation of
the acetylene derivatives LXI X can be carried out in the presence of 10%
pal | adi um on carbon under 40 psi of hydrogen, in an organic



sol vent such as ethyl acetate, nmethanol, or ethanol, at roomtenperature
for 20 several hours. In a manner anal ogous to the one descri bed above for

t he transwonnaxissm4of the acetates DONto the ether der PCRIEPR@S/064EXD V,
conpounds LXXVI1 can be converted to the correspondi ng ethers LXXI X.

Hydrol ysis of the generated ether deriy_(jyes LXXI X i n a manner anal ogous
to the one described for the ether 25 derivatives LXXIV affords the final
conpounds It. 5 The conpounds of int8¢hkame@f fornula lu and Iv can be
prepared according to Scheme 15. In this procesd)(t&e).8rono derivatives DOM
can be generated by a rieaction between the hydroxyXixi nternmedi ates 11 (which
enconpass lla, Ilb, tge~HkCand Ile from Sche

derivati vesADQVLA Suzuki Icogpl i ngry eacti o

and cycl opr dpyl] b&ronic geid (L
af fords the al compounds—tu. uki
brono derivatives and ethyl boronic acid RYN II 5
reaction affords the final conpounds Iv. I'n a Her | ogous to the one
descri bed inllischene 8 for the prepanation of the bpntgrmedi ates XXVI I, the
ethers LXXXI can be generated by a reaction 15 between the hydroxyl
intermedi ates Hand the aryl derivatives LXXX. The bronmo group of the

generated ethers LXXXI &an bs ec{fgrted to ethyRyg C (ﬁropyl by a Suzuki
@ S @ oni

plin reacctio

coupling react bet wee LXXXI and et c acid (LXXXIV),
or cycl oprop or oni ®R'acrd 1), Phf. CLmangie sfogous to the one
described in SCheme 13 for tlke preparation of the neichyl 20 pyigrmedi ates
LIX. In a methd anal ogous o the hyd’F'HI ))QVS step described in~ WO

2010/ 055004PCT/ EP2009/ 064 - 54 - Schene™ 8, hydrgiysis of conpounds

LXXXI || and E@Hpounds affords the final co nds of interest lu and

lv, respectivelly. Schenme 16 40 R, IR \()R7 R5
Xllb XXII

2
R O )
R O
1 o
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The key intermediates of formula llb can be prepared according to Scheme 2. In
5 this process, the Stobbe condensation reaction between the benzaldehydes lli
and dimethyl 2-methyl-succinate (XVII) affords the unsaturated acids XVIIL.
Cyclization of the unsaturated acids XVIIl using trifluoroacetic anhydride (XIX),
followed by reduction affords compounds XXI. Alternatively, compounds XXI can
be obtained by treatment of the unsaturated acids XVIIl with sodium acetate (VI)
10 and acetic anhydride (VII) followed by treatment with a base. Treatment of the
hydroxyl derivatives XXI with benzyl bromide (X), followed by reduction affords
the alcohols Xllb. The alcohols Xllb are then converted to the corresponding
chlorides XXIlI by treatment with triphenylphosphine (XIll) and carbon
tetrachloride (XIV). The chlorides XXII can be converted to the esters XXIIl by a



LXXXVI'1  The conpounds of interest of formula | w can be prepared accordi ng
to Schene 16. In this process, treatnent of conpounds |h w th iodonethane
(LXXXVI) WO 2hwldssomed by hydrol ysis affords the final comrpomrdelosssio n t he
first step of this process, the internediates LXXXVII can be fornmed by
treatnment of conpounds |h with iodonethape (LXXXVI) in the presence of a
base such as sodium hydride, in an inert” organic solvent such as N N

di net hyl f or palddien catalgzaccearbpaylatien mactier in rethabohridydrager@lysis o6everal 15

hours. In a nner. to the hydrolysis step described in Schene 8,
hydr ol ysi s 8%98”?%?24’@8@#@%@6 quqatg?%g’rds the final conpounds Iw. WO
2010/ 055004PCT/ EP2009/ 064810 - 55 - Schene 17 The conpounds of interest

of fornul a Ixthefitst stepaatlinedpn Spheme A dlooudsatgrated acife XAk ca@bel n t hi s

process, the Staob condensation reactjon bet n_t nef a- ,

st ¢ ut eqPIRASR BRyHECeEEH PR L aMRETH]T DEUERRABIIS Iy ves ¢ he

unsat ur atged daaéte§ L ytsusbihafe GO EThE AddcYiot BER D@ ENEd bgBhitey i n the

presence of sodium acetate (VI) and acetic anh¥dr| de (VI 'ld) to produce the
[d§e

m xture of OEREHGA@S EsesvghRes ol Mptherderdihtge me godiimgerRene 1,

convert ad t SURRISE, sbABmTRRIHEE bPBEaeint Rt S G an ket Yofyheln
whi ch ar e seapanethadolbiercltanol, thueneabogrisdptes thereaf f atradtentperature bewdieat es

1 f dllg. A ti - 3 t the hyd | int i at || d
the aryl deRURiFEe kR And S TN e lereors ChSPTr o P Lot *"
conpounds® of (ROOZY 35:1-9524; Bidather, UXL. & él@@?%/@ﬁy@@mm 7096791y},

internediates Il g and the aryl derivatives foll onwed by ester

hydrol ysi s fords the c ounds interest of formula ly. 5 ]n the first
St ep out| | ndaereoBHiakTS G VAE KA sPRbRrEPaIEn Y 3 SR LA pr epar ed
by a condens@folyd dyeetiE®th. RRIcneaRnidten&BhaataHISd abids 9dARRaAILAI8Rd

| JICXXVI'I 1 and di met'hyl succinate (1V). The reaction can be carried out in

t he pr esencéydicatneaiswitsirtiHoeacstiel pnfydrisien@tX bend trietmilamingan igoxXneré, sodi um
tert - but oxi I i i - - i i ani c
sol vent suc%ﬁgfsrﬁ(’r?g{)lﬁgar]]to , Et%ﬁeﬁéﬂfcgrho ?ﬁ,@%@éﬁoﬁ%ﬁ%%? Brrdgs% Eer?ne@éggﬁ{r&at a
t enper atidr e Thetswbeequiant nedwripa vethus aivmn doddhydritien XXécan de daoigdsotriefaar ence:
Dian, Y. L t

. L. al.., Tetrahedron lLett., 3 1991) 5255). (¢l i zation of the
noat ur at 64 AEOALS SHVSDESK &sgnetiape’ s eanRpedietben BC affiooR)
temperature (reference: Fuganti, C. et al., J. Chem. Res. (S) 1998, 638-639).

Alternatively, the naphthalene derivatives XXI can be prepared in a manner
analogous to the one described for the intermediates IX in Scheme 1. Cyclization

20 of the unsaturated acids XVIII can be achieved by treatment with sodium acetate
(VI) and acetic anhydride (V1) at a temperature between room temperature and
140 °C for 0.5 to 12 hours. The generated acetates can be converted to the
corresponding hydroxyl compounds XXI by treatment with a base such as sodium
methoxide, potassium tert-butoxide, potassium carbonate, or sodium bicarbonate,

25 in a solvent such as methanol, water or mixtures thereof, at a temperature
between room temperature and 80 °C for 10 minutes to several hours
(references: Boger, D. L. et al., J. Org. Chem. 61 (1996) 4894-4912; Kim, M. et
al., J. Org. Chem. 69 (2004) 6945-6948).

Treatment of the hydroxyl compounds XXI with benzyl bromide (X) affords the

30 corresponding benzyl ethers. The reaction can be carried out in the presence of a



napht hal ene derivatives XCa and XCb can be achieved by treatnent of the 15
unsaturated acids LXXXI X with sodium acetate (VI) and acetic anhydri de
(VI'l) at wotermpss@tur e bet ween room tenperature and 140PCTiEPR000/06481® 12
hours (references: Boger, D. L. etal., J. Og. Chem 61 (1996) 4894-4912;
Kim M et al., J. Og. Chem 69 (2004) 362945 6948). Using the process
descri bed above in scheme 1, the mixture“of naphthal ene derivatives XCa and
XCb can be 2ese samfaapn’msnum carblesate, et aesumf carbendig dn@nyineit prganiedi at es

IIf and 119 ted. by .col ffar

nt er nedi at SQVENToURE FEROEE RIgR o ENDTRERPEIARRE AR BrRLd T 1o
t he et hers Xelwearamohetergddreies ahy 60r°€afior sgveranipeursds |1 f and the aryl
derivatives XXXVI with a base such as sodium carbonate, potassium

car bonat e, arb nat e, sw t abl e anl oI vent such as

NN d et hy Fesi iR BLhe R Tt indnR el abensrl e s MR L ALE TR | e
out at afg enpafidd (Xl?a#@’d‘éﬂﬁél alkdBole )GIIIJSj Tflrﬁéoregctfd?f caPbé eaffedBLUi g8 ingrder

m crowave irradiation. - I—Z{%olyms of the nmethyl esters XC a affords
t he conpoun@&Jastc ﬁ@hf@’r‘te’%ph(ﬁs telpRydrafuran, dielayt ether, itoera A Buxtbeas heeeobut | n
t he presenc f I i de, sodium
hydr oxi de, §r950®§55| um%{a?\glre%@f tgm %%m%% ven(%rrysegc ah}‘ugﬁ 4 di oxane
or tetrahydrofuran at roomtenperature for several 5 hours. Conver5| on of

t he hydr oxyiTheneestipadifdbe aldohglstXik w@hctrmﬁﬁmmsphmemxm Jesd aafbérormul a |y

can be acco I u above for

t he preparat or?%&?%telﬁl\@oﬁpﬁﬁagﬁgﬁ O%Q%e n[%rttcﬂsfaﬁ ?)g(hagg%eme 18 10
LXVI l>3(C| [1QCI tétr@dpﬂuMsﬁoétohhmej oW emiel Nv;l(g‘r}allatﬁom?mﬂeegt strifl uoél onet hyl
can be prepay usi t he i nternedi at ich c e prepared as
Goncr oot Pl cBltrbme st 50 rBReabHE Horvesie O il o foh SSHPRRBOUR Tor mul a
LXVI (pr epa(@fbr@ﬁc@%&iﬁmﬁﬂ DalvO\é?al . %ea‘ﬁeﬁﬂbg\@@dm Mej7iaY] 379).

2, 2-di fl uoro-2-(fluorosul fonyl)acetate tnder copper (| ) i odi de catal ysis

gives the internediates of formula XClI. The acetﬁpﬂﬁrot ecting groups in
XCl I can t h&@nyersiaheatba chipriges &Othe tha ey esters Ican ke aqcoplighed

correspond b?i fﬁfléalaaﬁﬁﬁ E%ﬂ%ﬁ/zgatc?t%@%%bfoﬂ rg‘ﬁék?dpéno?ér 11£)tmo%éhe?{@ﬁ%s§ﬂre2&

represents t or onet € used to prepare conpounds of
i nt er est150f cadoomuhandxide Irkmethanohﬁ'dhel raa(:tvdrecarﬂde calpneds:&mrsthe presence of

trifluoronet usi reac ns de n_these,s s. The
conver si on SfF}/E{“ﬁg'th?%g%E?"éqhe%S %lﬁalﬂ%fp nez)qjchlmo&alur%@ of formul a
XCl'l can be Baamfg,ﬁmzl)uspangd@muygw@tg@Rm@hcyggeans For exanple, the 25
|nterrred|ates of formula eated with the comrercially

avai | abl e r ElERAIR( rkﬁ’B?HSﬂPhQS@'@ﬁ)Pﬁ'Lﬁﬂ"ém@ (PA(RFRel @onyl ) acetate in the

presence of f
Rexamet hyl phosoper iighesAGARpARal 0"3@‘*’5%%%8042"&5} ESS068r 080890 58 -

20 of a phosphine ligand such as tricyclohexylphosphine, or triphenylphosphine at a
temperature between room temperature and 90 °C for 10 minutes to several
hours (reference: Kozhinov, D. V. et al., J. Org. Chem. 69 (2004) 1378-1379).

Hydrogenolysis of benzyl ethers XXIII affords the intermediates llb. The reaction
can be carried out in the presence of 10% palladium on carbon under 1
25 atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate,

methanol, or ethanol, at room temperature for several hours.



sol vent such as N, N-di net hyl formam de at a tenperature about 70 C for
several hours to give the corresponding trifluornethyl derivatives of
formul a XEDI20(wesf@rence: Briner, K etal. W 2007028132PCTHre0006{800 €
derivatives XClIl can be converted to the correspondi ng hydroxyl 5 conpounds
XClll in the presence of a base such as spdi um net hoxi de, potassium
tert-but oxi de, potassium carbonate or sodi um bi carbonate, in a solvent such
as net hanol, water, or m xtures thered¢heme 3a t enperature between room
tenperature and 80C for 410 minutes to several hours (reference: Kim M

etal ., J. Org. Chem 69](2004), 6945-6948). Et Q2CORtBU 7. KOtBu DVA OH
CCRt Bu  XCVI | XCVI ||xérwr?e key intergredi at erfsbhr 1 (whi ch car be used

as a repl aggnent for,intel medi at e Rhol L Plschene 8.t 0 nak gonpeaunds
of fornmula | di) ca®Vlbe prepa as [deStri Sche 19\ Jr eat ment
of (4-fluor enyl )-aceirc aci k'¢X WNAY oxal ylo chl otide generates the
corresponﬁi ng acid chl'& e in si tu, whichogs not isolated, but®t r eat ed
with the Wttiig-type reagent XCV in X¥¥¥ presence of a base t8X¥loduce the
al l ene derivative XCVI. A conjugate addition reaction of the allene 20 with
malonic acid tert-butyl ester ethyl ester produces the tri-ester derivative

XCVI |, whi E,thuponzhydroI ysi s amp sehsequent decarboxyl ation generates the
acid deriva{lve XQAl et i ¢, anhydr iRdes Dt ed coygdsj zafl e«@ Y[R}
({

furnishes_59 - XCFX h uf Ir ofysi s of
t he acetyl group' s. | | bwdoH THR“convyr sihon of
(4-fluorophenyl)-acetigqacid to its correspgnding acid chl ori deHderi vatives
can be acconplished by nethods known in the art. FB8¥%exanpl e, Lhe 5
reaction can be car?q(%'di out with oxalyl XXVride and a catal yt®c anmount of
N, Ndi net hyl f ormam de (DMF), in an ether solvent, at roomtenperature.
Subsequent treatnent of the in.situ nerated acid chloride with a base
such as N, NAGTAREY o ML IRHEeTES 1Bacm & bieodladercolba '8r "t ne
correspordi Bghkeleenne, whi ch upon treatnment with a Wttig type reagent such
as XCV in an ether solvent

In this process, the Stobbe condensation reaction between the benzaldehydes Il
and dimethyl 2-methyl-succinate (XVII) followed by hydrolysis affords the
unsaturated diacids XXIV. Cyclization of the unsaturated diacids XXIV followed
by reduction affords compounds XXVII. Treatment of compounds XXVII with

10 triphenylphosphine (XIIl) and carbon tetrachloride (XIV) affords the corresponding
chlorides XXVIII. The chlorides XXVIIl can be converted to the methyl esters llb

by a palladium catalyzed carbonylation reaction.

In this process, the Stobbe condensation can be carried out in the presence of a
base such as sodium hydride, in an organic solvent such as toluene, at room

15 temperature for several hours. The unsaturated diacids XXIV can be formed by
treatment of the products of condensation with an aqueous inorganic base such
as sodium hydroxide, in an organic solvent such as toluene, at a temperature

between room temperature and 100 °C for several hours.

Cyclization of the diacids XXIV can be achieved by treatment of the diacids with

20 trifluoromethanesulfonic acid (XXV), at room temperature for several hours.



10 at a tenperature between 0-10 C produces the allene derivative XCVI. The
conjugate addition reaction between the allene derivative XCVI and nal onic
acid tertwbuaowose®tier et hyl ester to produce the tri-esPer/EReomoweatsive XCVI |
is conducted in the presence of a base such as potassiumtert-butoxide, in
a solvent such as N, N-di methyl acetam de,at roomtenperature. 15 The ester

hydrol ysis of the two ethyl esters in X Il can be acconplished using
met hods knoWeduntierhef thetcarfayl ewiatiebdn theniotarawedisctem XXy witb lidvaauct ed usi ng

an aqueous se such as |ithi.um hydroxid WAt [ nce qf |, vent
such as et h%ﬁ‘ﬁpurﬁhyroi@%(kbrﬁg@r% ﬁ*‘eeaq%%oﬁ%?(g(&tll: ?%Ee%cﬁ@ ec(%gqﬁgarﬁgd out
decar boxyl airi eminegbeganic soient beth be tateahydedueut diyhyhedtdrnglusne ol uti on of
the resulting diacid at 20 refl ux foh several hours, to grgggg CVIII. The
cycl i zat i on"BXUSTthROkt Bl anteatPesaiur AEM SRR TOPR RENASIRiUfRaR ngﬁ)ﬁff hal ene
XCl X is accoppbiaphgstsas previously described (simlar to Scheme 2), in the
presence of acetic anhydride and potassium acetate or sodium acetate, at a
tenperature_of about 85 C, for several hours. 25 The acetate derivative

XCl X t hen urddergeeipnoftipe aisiofpsisXXVilbshthigaskamisirachioritle 4XBAde thaeiesgsce odi um

met hoxi de, | ; r.aduce
The desi r ed kap AV EFSRITy (i 7 bR an Ak F SRS EOREIR HofentsPelias
exenpl ary etdichydeoiumnanectdaibiilet otbemed N¥simethytortmearside, ot he conpounds of
t he present jinventign can, b repared using.appropriate.starti material s
acoording t DI mENrote Sta e R ERT S RRpar Ty el T GG Rt A e Rae
available to one of ordinary skill in the art. 5 Internedi ates and final
conmpound®) woavprsiorf ofettle lepioridel dX VIl as theciternmeidzgesifib caand ascopigtiplagdt | ve
HPLC (hi gh gerforg&nﬁe_li%uid chromat ogr aphy). Fl ash chromat raﬁhy was
performed uSYRFLIRYNYAHOTEICGEUYR IBPIMaHTES OM5dO tHRoeR 485 PeSdN Car t r i dge
modul e f r omsBhekROEfNBle Bfeprlticn 8T thSRRIGAEIdRE 3N () chr onat ogr aphy

i nstrunment (from Tel edyne I'sco, Inc.); unless otherwi se noted. 10 The
silica gel brand and pore size utilized were: (1) KP-SILTM 60 A, particle
size: 40-60 nicron (from Biotage AB);S¢9M&H i ca Gel CAS registry No:
63231-67-4, particle size: 47-60 mcron; or (3) ZCX from Q ngdao Hai yang
Chem cal Co., Ltd, gore size: 200-300 gesh or 300-400 nesh. Preparatjve

HPLC was pe¥ N a revers hasellcol unmelishdr@ 2an Xbry  Prep~C18
(5 [im OBD 189" 1sorm) f r&m Wat ers Cor por a

SunFi r eTnrPreg S¥8(5 [Tm 00 mm colum {fRom Wateérs

Cor por ati on). ¥ spectrometry ( ywas performed using a Vat @i s(r)

Al liance(r) 2795- zZQInR2000 (from Waters Corporation). Mass spegctra data
general |y onl yXKMHi cates the parent*¥ons unl ess ot herwi se stat'®. MS data

is proviided for a particular 20 internediate or conpound where indicated.
Nucl ear magnetic resonance spectroscopy (NVR) was performed using a Bruker
Avance TM 4 i gital NVR Spectropeter (for the 1H spect run

equi red at MBSy PIFEIRCITER P 05 PFERRER PECS AR SRS & SHTRA ded
for a parti gghithel 2hIrBRANAPRthATeneIERBSMC WRS CorhpwlirtBERVI wRich Rikergl cr owave
assisted reactions were carried out in a Bi otw)&e InitiatorTM Si xty (from

Bi ot age AB) depgnibadeahaviedASchams i hgtealieativaraixXVidoraa fennaphiealenger f or med

uppl i or s g R RATI Gy ERIGOKE G RrlaRl RY BRI RDAGe I B rmen

| NTERVERIOAT BScrT wesirag titei mathols 2ikSetibiest insdienees 2l f onvl- 3- met hyl - pyridi ne 5

Intermediates XXVI can be readily converted to the 4-hydroxy-naphthalene
carboxylic acid methyl ester intermediates XXl in the presence of a catalytic
amount of concentrated sulfuric acid and an excess of methanol at temperatures
between room temperature and 80 °C for several hours. Alternatively, the

25 esterification reaction can be carried out in the presence of thionyl chloride and

an excess of methanol at temperatures between 65 °C and 80 °C for several



9 - 0 3-Methyl-2,5-bis-nethylsul fanyl -pyridi ne To a cool ed (ice-water
bath) solution of 5-brono-2-fluoro-3-nethyl-pyridine (1.0 g, 10 5.3 mmol)

i n anhydrwog0i/d8s@is et hyl f or mam de (50 nL) was added sod@cCumra@dloatses hi ol at e
(775 ng, 11.1 mmol) portion-w se under a nitrogen atnosphere. The resulting
m xture was stirred at roomtenperature for 15 mnutes, then at 100 C
overnight. The reaction m xture was cool€d to roomtenperature, poured into
wat er, and érursadhedbidingéd domphyndsXKbeari b6 trapsiored inthdnteonediatas Iy gani ¢

15 layers were i qver i U ul f.at nd goncentrated in vacuo to
afford 3- ng§Wﬁﬁ%%&%S?@?ﬁ%fﬁg@n@fﬁme ne, which was used in the
next step wi thout purification (reference: Testaferri, L. etal.,

TetrahedBonemé 5 1985) 1373-1384). 2, 5-Bi s-net hanesul f ony1- 3- et hyl - pyri di ne
O N Sii 20 To a cooled (ice-water bath) solution of

3-net hyl - 2:5- bi s- net hyl sul ngnyI byridine in di &hl or gnet hape (50 nL) was
added mcho ybenzoi ¢ Py Yy 80% iﬁ@r'- mmol,) . After
bei ng st'g e\ roomterr{g foo 2 hour§z1 Npe\ Xt W e we 53 i< h
a saturated aqyeous SBFutTon of Isodi u'sEPHkte (20 p l@@ 15

) ,__and s
m nutes. The organi cXXBer was separ at e¥Xhwashed wi thy a 25 %gtur atled
aqueous solutio f Tsodum car bonat e and brine, the i ed over sddl um
sul fate, and c ntrated in vac The resi due was stallized from et hyl
acetate to give 2 5-bis-nmethanest+fonyl-3-nethyl -pyridine (1.2 g, 91 %
yield for two skgps) as a whiteygplid (reference: Tegxipferri, L. B¢al.,
Tetrahedrmon 41 62 - (1985) 1373-1384). 1H NWR (400 MHz, CD30D) 5 ppm 9. 00
(d, J= 1.6 Hz, 1 H, 852 (d, J =1.6 Hz, 1 H), 3.48 (s, 3 H, 3.41 (s, 3
H, 2.72 (s, 3 H. Preparation of 2-bronp-5-nethanesul fonvi-pyridine

The intermediates of formula llc can be prepared according to Scheme 5. In this

process, bromination of the intermediates XVI, followed by a Suzuki coupling
reaction affords the intermediates XXXII. Hydrogenolysis of the intermediates

XXXII gives the hydroxyl intermediates llc.

10 In this process, bromination can be achieved by treatment of the intermediates
XVI with N-bromosuccinimide (NBS, XXIX) in an organic solvent such as
acetonitrile, dichloromethane, acetone, N,N-dimethylformamide, tetrahydrofuran,
chloroform, or carbon tetrachloride, at room temperature for 30 minutes to
several hours (reference: Hidemitsu U., et al., J. Chem. Soc., Perkin Trans. 1,

15 2001, 229).

The Suzuki coupling reaction of the intermediates XXX with methylboronic acid
(XXXI) gives compounds XXXII. The reaction can be carried out in the presence
of a palladium catalyst such as [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdClx(dppf)), palladium
20 acetate (Pd(OAc),), or tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s), in
the presence or absence of a ligand such as tricyclohexylphosphine,
triphenylphosphine, or tri-2-tolylphosphine, and a base such as potassium tert-
butoxide, sodium hydroxide, potassium phosphate, potassium carbonate, or
sodium carbonate, in a suitable solvent such as N,N-dimethylformamide, dimethyl

25 sulfoxide, toluene, tetrahydrofuran, 1,4-dioxane, water or mixtures thereof, at a



oll s- Il o5 Starting wth 2-brono-5-fluoro-pyridine, sodium

nmet hanet hi ol at e and nthl or oper oxybenzoi ¢ acid, using a nethod anal ogous to
t he one dwecpidssooior 2, 5- bi s- net hanesul f ony1- 3- net hyl - PETiE®2009/064810

2- br ono- 5- net hanesul f onyl - pyri di ne was obtained as a white solid.
Preparation of 2-brono-5-ethanesul fonvi-pvridine 10 To a solution of

2, 5-di bronmopyridine (2 g, 8.4 mol) in ethyl ether (50 nL) was added
n-butyl |it kerapenalure bietweermn 3@ neandal 84° Grias 16 tdi3dpwinsitesatndeT gnicrawayer a

nitrogen atnmpsphere., Alter th ] XLure s, stirred his t erature for
! hour " e TR AE s BBt g a8 Sl B b ot - 76
?nd t he ég Itémpetlramrw«ﬁsjclsTa'tsﬂfﬂ}i@ﬁ’(hv‘;vithéliut&nibmmeatradiatimlforJa looger wadtiah h0 C
or an additional_ 1 hour, The reaction_m xture was nche ith 1 N
hydr ochl or i Bmefc(ir‘%fe(%eh‘r{\ﬁa”?ﬁ%’ 'éqﬁé‘éé' , Tayhedier L§€fp‘§a§ &r@gﬁlgﬁg?—eﬁg‘i ct ed
with diethyl ether (20 nL). The conbined organic |ayers were dried over
sodi um s f lyBrajtthofRRCEMgnyBstherd XRXH @ffordiethe @RbAHEdIMRS I, THelregstionn

di chl oronet hane (50 'nL). To the sol uti on, 20 m chl or oper oxybenzoi c acid
(4.3 g, 80%FpOPEtSATieod ifig prasgsca gt da’pealledibim an sarkan Wder 1Aft er bei ng
stirred at - ag it h a
saturat ed aéﬁgg%fgsr%glgﬁﬁ I%ﬂ[}r@gﬁHg%répgﬁﬁ‘ﬁéanfclsrpgnlg‘zséﬁﬁn)?,sl‘ﬂ\grﬁaé [Se,{?ﬁ?gec}%egr 15
m nut es. Theathgzo ar dthgrol, alavoseieaneratdra fut sesstaétowist h a sat ur at ed
aqueous sol ution of sodium bicarbonate (20 nlL), then dried over sodium
sul fate, 25 and concentrated in vacuog Tgﬁ r.esi due was purified by flash
col um chromat ography (elution with 3%9}3e Byl acetate in petrol eum et her)
to give 2- brono-5-ethanesul fonyl-pyridine (400 ng, 19% as a white solid

(reference: Li J. et alL, Bioorg. Med. t/Cl*r@m 13 (2005) 1805-1809).
Preparation of 3-bromp-2-chl oro-5- et ,S?fslmf onvi - pyr irdi ne - 63 -0C I
0o A stirred sol uti olRek sadioq Sul fi/the~( - 80 g, R38 ol ) aand sodi um

bi carbonate (6.10 g, pl )!l'in waFer (100 nl) pol gd to 15C, and
5- br ono- 6- chl or opyRi suld onyl XMKbride RLOGE Y 34°4 nmmol) was
added. After being 5 stirred at 15 Cfor 3~hours and then at room
tenperat ure overni ght undgg, a nitrogen atnosphere, tgl% m xture was heated
to 40 C10and a sol ution of %. chl oroacetic acid (3.807g, 40.2 nmol) and
sodi um hydroxide (1.90 g. 47.5 mmol) in water (20 nL) was added. The
resulting mxture was stirred at reflux for 48 hours and then cooled to
roomtenperature. The precipitated product was 10 collected by filtration,

hed with : d ifl b | hr.. h di
o ronu | AYSuagheRali oM e e e v A e PR SRl (OuAE o
3- Ib_r grm- 2- chloreas Sheethanesthheny kopypctainda (3r:80rg ab 65l Jhoas @ white
SOl I d.

Scheme 1) and Sslectliuar® fluorinating reagent (Alr Products and Chernicalg,
15 inc.) generically shown as XXX can be carried oul in a8 suitable solvent such as
acetonitrile, methanol, N,N-dimethylformamide, trifluoroacetic acid, water or
mixtures thereof, at a temperature between 0 °C and 80 °C for several hours
(reference: Zupan M. et al., Bull. Chem. Soc. Jpn., 68 (1995) 1655-1660).

Scheme 7



A solution of 2-chloroacetic acid (1.90 g, 20.1 mol) and sodi um hydr oxi de
(0.80 15 g, 20.0 mml) in water (10 nL) was added to the filtrate. The

m xture WO 2hwztsem4at refl ux overnight, and then evapor atedPe@oerspve nost
of the water (about 100 nL). The residue was cooled to roomtenperature,
and then extracted w th dichl oronet haneé 0O nL x 3). The conbi ned organic
|l ayers were dried over sodiumsulfate an concentrated in vacuo. The

resi due gas peirified by flash 20 colu fc¢1romat ography (gradient elution
with 15- tatezln Fmetrol eu% h& r4) to &tford another2 batch of
3- br ono-, 0- 5- net harfesy . et

bat che® 35.5 as zsyhi t @

215- bi s- et hanéyul fonvi-pyr i ' y : py' [
- 64 - To a Sgﬁl on of sodi ufthydroxi de (16.0 g, OﬂﬂOO mol ) in di mthyl

sul f oxi de (20 ), was added ethanethiol (49.6 g, 798 mol ) foll owed by
2,5-dibronnpy§kﬁine (23.7 gxxh00 nmol ) between XXXE and 0 C uggder a
nitrogen atno ere. After being heated at 180 C for 5 hours, the reaction
m xture was cooled to room5 tenperature, poured into water (340 nL) and
extracted with diethyl ether (400 nL x 2). The conbined organic | ayers were

dried over goadiintgrrasdibtisaleatsh bepegre@becordmgauhen®. Detseriymatibdbf0 g)
was directly used in the next step without further purification (reference:

Test af erri, CPMPEYRHS XX?‘efPP%‘M%QiPMﬁ wpnpg@%;eapggg_aifggj@the intermediates

102, 5- bi 35 etyane W drGGBH oIV bEEdRpodRiIsAXRRY Wivedthefintb Afe Sikiélqle.
2,5-bis-ethyl sul fanyl=pyridine (prepared above) in 6 N hydrochloric acid

(100 m.) was added an agueous sol ution of sodium hypochlorite (8.0 % 500

m.) at 0 C. Dehenzdation ofr@er@@m%X)éXépwagr%bﬂ dersgeByphese i PERINESN,

ether to af Proneane iRyl RiKARM R R TR R ogh SRt Y
whi t e sol i dtréearhemteridiee bélszyd 8THEDRS XXX Wrtrepimlcdiromrdwh the presence of 10%

3- brono- 2- chl pr 0- 5- et hape sulfon)(l rﬁg 20
5- et hanesul P8 uram SRTROH ugper at spherlc pressure of hydrogen, in an organic

HO-( \ G0 Ssblvéntssudhtas)@thglfade@étésmemadmydfr@maiﬁal (GtFoSmempBfatomdtor S0

(:)/0) in water was added 25 to a _suspensi o
2, 5- bi s- et h&RLYE| RRHFI( teée;ﬁeneen\éIU(QﬁtcﬁlgSmweS@ THhA003)1 €941 860lisi ng t he
met hod descri bed above) in water and tetrahydrofuran (100 ni, 1:1, v/v).

After bei ngpabRibrbf dcﬁﬁl_édﬁhdfs()(xﬂlvht%‘{ﬁe fIhBﬁné’fbdtd\éh@at%% )@@)W“cfah%@ with 0.5

N hydrochloric acid to 3 and concentrated 1 n vacuo to renove the
sol vent. Thechieved by umg Telptlivatthatrehing ot dgarg (XXKKHNh ot &(SLBebiRispand

filtered. Tgﬁckﬁ agtl\yﬁltd?r%veSrmamlde acetonitrile, methanol, trifluoroacetic acid, water
15 or mixtures thereof, at a temperature between 0 °C and 80 °C for several hours
(reference: Zupan M. et al., Bull. Chem. Soc. Jpn., 68 (1995) 1655-1660).

Hydrogenolysis of the bromo-substituted derivatives XXXV affords the

intermediates lle. The reaction can be carried out in the presence of 10%

palladium on carbon under 1 atmospheric pressure of hydrogen, in an organic
20 solvent such as ethyl acetate, methanol, or ethanol, at room temperature for

several hours.



- 65 - concentrated in vacuo to afford the crude product which was used in
the next step without further purification.

3- br ono- Swetzhewsswkf onyl - pyridin-2-ol HO o -\ o 5Br T®Ca/EPe09s43m0 cr ude
of 5-ethanesul fonyl -pyridin-2-0ol prepared above, and sodi um acetate (3.74
g, 45.6 mmol ) in acetic acid (50 nL) wa €%dded a solution of bromne (7.3
g, 46.0 mol ) in acetic acid (10 nlL) dr(?p I se over a period of 1 hour.
After being stirred at room tenperat ubeh&welni ght, additional bronmine (7.3
g, 10 46.0 mmol) in acetic acid (10 nL) was added dropwi se to the reaction
m xture over a period of 1 hour, After being stirred overnight, the

reaction m xture was, vvarmeduzﬁg C and stgtrred for 2 hors. RThe mi xture

was concentrated i nRvacuo tor
with water (10Ga)yNFhe Sol (F°wWeE co filtratif
dilute solutig adi,om t hiygsyf f are ™ a rifi ed in Facto
3- br ono- 5- et Hanesul onyl - py+eiA=2- ol (9. D gl75 719, two § ) as a
white solid (refere?l'?:e: Bargar, T. M et alvl,/ ) Heterocyclic@my 22
(1985) 1583-1592). IB- brono- 2- chl or o- 5- et hang@§UIRonyl - pyri di ne rRBr 0% 11

?1-\ NO 20 A suspension of 3-brono-5-et hanésul fonyl - pyridin-2mol (6.0 9,
22.5 mmol) in phosphorus qxychloride (30 3(VUvas heated at reflux for 4

hours under a nitrogezﬁﬁfsphere. After r vals 9f st he excess of
el

phosphorus oxychl orid JnJvacuo, the whiteysolid residue was triturated
with cooled water (2004 'R'The m xture was stirred for 1,houf.
solid was collected by filtration, angydrikd {no/acuo t 0 ARk O™
chl or o- 5- et hanesul f onyXX¥Vk i di ne (5.5 [
(reference: BagOdse zZkrM et al, J. HetefogyuiPc Chem 22

1583-1592). Ryhepais BtzZiisai Bodr alkylsulfone. 0 éﬁ i
1

2- (4-fluoro-benzenesul fonvl)-2-aza-spi rof 3.
5 R7 R
R

XXXVIII li

The compounds of interest of formula lh and li can be prepared according to
Scheme 8. A reaction between the hydroxyl intermediates Il and the aryl

5 derivatives XXXVI followed by ester hydrolysis affords the compounds of interest
of formula Ih. Hydrogenolysis of the intermediates XXXVIl when R' is Cl or Br,

followed by ester hydrolysis affords the compounds of interest of formula li.

Conversion of the hydroxyl intermediates Il (which encompass lla, llb, lic, lid,
and lle from Schemes 1-7) to the ethers XXXVII can be achieved by treating

10 compounds Il and the aryl derivatives XXXVI with a base such as sodium
carbonate, potassium carbonate, or cesium carbonate, in a suitable organic
solvent such as N,N-dimethylformamide, or dimethyl sulfoxide. The reaction can
be carried out at a temperature between 100 °C and 150 °C for 30 to 60 minutes
under microwave irradiation. Alternatively, the reactions can be carried out at an

15 elevated temperature without microwave irradiation for a longer period of time.

Hydrolysis of the methyl esters XXXVII affords the compounds of interest of
formula Ih. The reaction can be carried out in the presence of an aqueous

inorganic base such as lithium hydroxide, sodium hydroxide, or potassium



Oii SNii 0O - 66 - To a cooled (ice-water bath) solution of

4-fl uoro-benzenesul fonam de (320 ng, 1.83 mmol) in N, N-di net hyl formam de (5
m.), was wodet/semisum hydri de (150 ng, 60% di spersion, BCTHEP2MI0§4810
portion-wi se. After the m xture was stirred at 0 C for 10 mnutes, a

sol ution of 3, 3-bis-brononethyl -oxetane {440 ng, 1.8 5 mMmmol) in

N, N-di net hyl formam de (3 nlL) was added. e resulting mxture was stirred
at room t enpgdmxigesn@ngneait ghtvent $eah aselidrdioxaredoniietrahydrifungrl ebedtoinor i ¢ aci d,
and extracted w t hy| te (20 nL x 3). The conbi ned organic |ayers
wer e mashedﬁﬂpPﬂBEVEE%y?a%&ﬁ&%yﬁﬁ), dried over sodiumsulfate, and
concentrated in vacuo. The residue was purified by flash col um

chr omat ogr aptydrdganotyis@ofithée intétn&atee XXX VIhcen aeearmedeadtriolteipresehes pf t 0
afford 2-(4-f|uorp-benzenesul fonyl)-2- aza-spiro[3.3] heptane (120 ng, 26%
s i1 004 GRABRE PBROBINIS A meSERenEpreasure b BRI GES A AN charn
Lett. 14 5 28RMbni386ikeRth .asNith@dcdtaté OnefbhAbIL 4FBPRPOR 2 rodth $6hmp éfaire)

[ (MFH)+] 256. Preparation of 4-fluoro-N, N-di met hyl - benzenesul fonam de 0
S-N 11\ 0 AfgygeyeraRours. 4-f | uor obenzenesul fonyl chloride (1.95 g, 10 mmol)
and di net hyl am ne hydrochloric acid salt (978 ng, 12 nmol) in

tetrahydrof ya |§§e§>omwe gBauaddethd Hyd?fo%é’r‘udh?éi@Fleé&ftioﬁ'a‘ﬁ‘bFH’stthké'c%m;i&%é' di ne
(3.05 g, 25 mo In tetrahydrofuran (10 nl) dropw se at room tenperature.
The resul ti afingresiefdomadadio Toeireactipnagan o paniedpet it theeresenas ¢ffan and
concentratedq | esi du i F f (elution
wth 205 et AIPSREPLRen ot Pttt NETREH 4 Pl R, Py aGRue B

4-f | uor oON, Nothssriniildrbgidzemasuhdropalnediesuch. 4321,4:dide artetramfdrdferaobi d.
The follomjgg sulfonanidgs were prepared in an anal ogous nanner as

descri bed 2509BLeMPEIAHYE Qﬁﬁﬂﬁﬁ?ﬁﬁ¥ﬁ§l-benzenesulfonanide by the reaction
of 4- fluorobenzenesul fonyl chloride with commercially avail abl e am nes.
Starting benzenesul fonyl chloride Starting am ne Sul fonam de

4-fl uoro-benzenesul fonyl chloride pyrrolidine

1- (4-fl uoro-benzenesul fonyl)-pyrrolidine 4-fl uoro-benzenesul fonyl chloride
di et hyl am ne N, N-di et hyl - 4-f| uor o- benzenesul f onam de



WO 2010/ 055004PCT/ EP2009/ 064810 - 67 - 4-fluoro-benzenesul fonyl chloride
nor phol i ne 4-(4-fl uoro-benzenesul fonyl) - nor phol i ne 4-fl uor o- benzenesul f onyl
chl or i de wormetinss004 pi per azi ne PCT/EP2009/064810

1- (4-f 1l uoro- benzenesul fonyl) - 4- met hyl pi perazi ne 4-fl uoro-benzenesul f onyl
chloride 4,4-difluoro- piperidine _40 -
4,4-dif|uoro-l-(4-f|uoro-benzenesulfonyfﬁ- pi peridi ne Preparation of

1- et hanesul fonvl-4-fl uoro-benzene s |$clierm® 9 sol uti on of sodi um hydrogen
phosphate (14.2 g, 0.1 nol) and sodiumsulfite 5 (25.2 g, 0.2 nol) in water

(200 nL) was added 4-fl uoro-benzenesul fonyl chlori .59, 0.1 nol).
After the mxture was stirred at 60 (C overnight, a s@lytion of bro

(32.7 g, @3 _nnl |n acegoonery Mvas added dropW|5 e,,SfF@I R
addi tion oab ylmn; @@ dg C Rigy

2% The
resul ti g Nes OR' m Xtur g was” st rred ,a @@ e_r_)éﬂj.r_e.for 5da§{sa then
diluted 10 vmth water (50 m), a extra% ed hRet hyl acetate (O
3). The conbi ned organic | ayers washed wi PH brine, dried overy, ﬁm
sul fate, and c ntrated in vacu The residue was purified by fIRasI‘b” R’
col um chr omat phy (elution wi th 20% et hyl acetate in petrol eum et her)

to afford 1-ethXtesul fonyl-4- flXero-benzene Xth.9 g, 63% as a ¥V ow oi |
(reference: Arnold, Leggy A A, oet 15 al., Og. Lett, 6 (2004),

3005- 3007) . 'gheofol | owe ng sul fon -substl ;ut ed fl uqgfo- benzenes wer e pyepared
in an anate us napper bed @o‘nyl-zﬁ- eRZene
starting wi d§1 con?rer il abl e aI {des and sub

benzenesul chl or| des. 520 F'§t artlHr; benzehestks onyl chi ot d% 4§fti ng
al kyl haI substlt d §lvore-benze - ©
N Y/ = /,O | /
RS S\RS 5 S\ 8 Y P4 4
(@) R ¢ R I Rs / \RS
J
= XLV XLl
Z
@\//O YisCorN;
s /S\RS whenYis C, Zis F;
R O/ when Y is N, Zis Cl, Br or alkylsulfone.

XL

The compounds of interest of formula lj can be prepared according to Scheme 9.
5 Oxidation of the alcohols XlI (which encompass Xlla and Xllb from Schemes 1
and 2) affords the aldehydes XL. Hydrogenolysis of benzyl ethers XL followed by
treatment of the resulting naphthols XLI with the aryl derivatives XLII affords the
ether intermediates XLIIl. The aldehydes XLIII are converted to the alkenes XLV
by the Horner-Wadsworth-Emmons reaction. Hydrogenation of the alkenes XLV

10 followed by ester hydrolysis affords the compounds of interest of formula Ij.

The intermediates Xll can be oxidized to the aldehydes XL using pyridinium
chlorochromate (PCC) (XXXIX). The reaction can be carried out in a suitable
solvent such as dichloromethane, at a temperature between 0 °C and room
temperature for several hours (reference: Thibault, M. E. et al., J. Org. Chem. 68
15 (2003), 8373-8378). Alternatively, the conversion can also be achieved using
manganese oxide, pyridinium dichromate, Dess-Martin periodinane, 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), or iron(lll) nitrate monohydrate as the

oxidizing reagent.



fl uoro- benzenesul fonyl chloride bronoet hane
et hanesul fonyl-4-fl uoro-benzene 4-fl uoro-benzenesul fonyl chloride
propyl woadbntas3eofil uor o- 4- ( pr opane- 1- sul f onyl ) - benzene PCT/EP2009/064810

fl uoro-benzenesul fonyl chloride 2-brono- propane
1-fl uoro-4-(propane-2-sul fonyl)-benzene A-fl uoro-benzenesul fonyl chloride
cycl opropyl brom de 1-cycl opropanesul fony1l-4-fl uoro-benzene WO
2010/ 055004 Peberryaiigr ocaanooundsdXL afforistthe hydonylonesmetisisd XehiToei de

Starting al kyl .hali Sul f one sti tut fl ugr.o.benzene

411 uor o- ber BB e s, reooR P HE Mot igercs! PP BRI on carbon under

1- (but ane- 11sathoeplidric grebburer af-Hyeropane indar brginic Ssiverdsesh lak @iyl acbtats,i de
brono- cycl opent aqe cl opent anesul fon\B%]; 4-fl uor o- benzene

4-f1 uor o- 3- M&RFNQ b%rr%étg%%@u $T9RY teRMSsR VR IaseENF1al NBdEde

4-
1-
n_
4-

5 Conversion of the hydroxyl intermediates XLI to the ether compounds XLIII can
be achieved by treatment of compounds XLI and compounds XLII with a base
such as sodium carbonate, potassium carbonate, or cesium carbonate, in a
suitable organic solvent such as N,N-dimethylformamide, or dimethyl sulfoxide, at
a temperature between 100 °C and 150 °C for 30 to 60 minutes under microwave

10 irradiation. Alternatively, the reaction can be carried out at an elevated

temperature without microwave irradiation for a longer period of time.

The alkenes XLV can be prepared by the Horner-Wadsworth-Emmons reaction
between the aldehydes XLIIlI and triethyl phosphonoacetate (XLIV). The reaction
can be carried out in the presence of a base such as sodium hydride, potassium

15 carbonate, cesium carbonate, sodium ethoxide, potassium tert-butoxide, n-
butyllithium, triethylamine, 1,8-diazabicyclo[5.4.0]undec-7-ene, sodium hydroxide,
potassium hydroxide, or lithium hydroxide, in a suitable solvent such as N,N-
dimethylformamide, acetonitrile, benzene, dichloromethane, tetrahydrofuran, 1,4-
dioxane, diethyl ether, ethanol, water or mixtures thereof, at a temperature

20 between 0 °C and 60 °C for several hours (reference: Chan W. K. et al., J. Med.
Chem. 39 (1996) 3756-3768).

Hydrogenation of the alkenes XLV affords the intermediates XLVI. The reaction
can be carried out in the presence of 10% palladium on carbon under 1
atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate,

25 methanol, or ethanol, at room temperature for several hours.

Hydrolysis of the methyl esters XLVI affords the compounds of interest of formula
lj. The reaction can be carried out in the presence of an aqueous inorganic base
such as lithium hydroxide, sodium hydroxide, or potassium hydroxide in an
organic solvent such as 1,4-dioxane or tetrahydrofuran at room temperature for

30 several hours.



1-fl uor o- 4- net hanesul f ony1- 2- net hyl benzene

4-fl uoro- 3- net hyl - benzenesul fonyl chl ori de bronoet hane

4- et haneswibf2o0ryass@4f | uor o- 2- net hyl benzene 4-fl uor o- 2- nrePhy/EPR@adessesul f onyl
chl oride methyl iodide 4-fluoro-1-nethanesul fonyl-2-nethyl benzene
4-fluoro-2-net hyl -benzenesul fonyl chloride bronoethane

1- et hanesul f onyl- 4-fl uoro- 2- net hyl benzené¢ 3-chl or o- 4-f | uor o-
benzenesul fonyl chloride nethyl iodi dg&heme 10

2- chl oro- 1-f | uor o- 4- net hanesul f onyl benzene 3-chl oro-4-fl uoro-
benzenesul fonyl chl oride bronoet hane

2-chl or o- 4- et hanesul fonyl- 1- quorobenzeﬁe 3, 4-di f |l uor o- benzenesul f onyl
chloride nethyl iodide 1,2-difluoraq; ﬁbgesulfenyl-benzenez

3, 4-di f 1l uor o- benzenaeaﬁolj)@nyl hl ori d“e orfpet Frame ~ R OH
4- et hanes & oAy I~ 1.02-xdvii | Re J-ryane QF®- benz onyl
. . RG

chloride .@@E he

i Z
2-chl or % 4- lor'd- benzenesul fignyl cHIGrittie YL P v e
S. S.8
I XLVIII R R R R
L Ik

5 The compounds of interest of formula lk can be prepared according to Scheme
10. In this process, the hydroxyl compounds Il (which encompass lla, lib, lic, lid,
and lle from Schemes 1-7) are treated with trifluoromethanesulfonic anhydride
(XLVI) to afford the triflates XLVIII. A reaction between the triflates XLVIIl and
the substituted aryl amine compounds XLIX followed by a hydrolysis reaction

10 affords the compounds of interest of formula lk.

The hydroxyl compounds Il can be converted to the triflates XLVIII by treatment
with trifluoromethanesulfonic anhydride (XLVII). The reaction can be carried out
in the presence of a base such as pyridine, triethylamine, diisopropylethylamine,
N,N-dimethyl-4-pyridinamine, 2,6-dimethylpyridine, 2,4,6-trimethylpyridine,

15 sodium hydride, or potassium carbonate, in a suitable solvent such as
dichloromethane, chloroform or acetonitrile, at a temperature between -78 °C and
room temperature for 30 minutes to several hours (reference: Chan W. K. et al., J.
Med. Chem. 39 (1996) 3756-3768).

Reaction of the triflates XLVIIl with the aryl amine compounds XLIX can be

20 carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine) palladium(0) (Pd(PPhs),), palladium acetate
(Pd(OACc),), or (tris(dibenzylideneacetone) dipalladium(0) (Pdx(dba)s) in
combination with a phosphine ligand such as tricyclohexylphosphine, 1,1’-
bis(diphenylphosphino)ferrocene, 2,2’-bis(diphenylphosphino)-1,1’-binaphthalene,

25 ordi(tert-butyl)(1,1'-biphenyl-2-yl)phosphine, and a base such as cesium
carbonate, potassium carbonate, sodium tert-butoxide, or potassium phosphate,
in a suitable solvent such as N,N-dimethylformamide, dimethyl sulfoxide, toluene,

or tetrahydrofuran, at a temperature between 130 °C and 180 °C for 15 to 30



met hyl iodi de 2-chl oro-4-fluoro-1-nethanesul f onyl benzene 2-chl oro-4-fl uoro-
benzenesul fonyl chl ori de bronpet hane

2- chl or o-woebtvase®ul f onyl- 4-f| uor obenzene 2, 4-di fl uor o- penEPR@9Obf30MY |
chloride nmethyl iodide 2 ,4-difluoro-1-nethanesul fonyl-benzene

2,4-di fluoro-benzenesul fonyl chloride brpnoethane

1- et hanesul fonyl-2, 4-di fl uoro-benzene 2,4, 5-trifl uoro-benzenesul f onyl

chl ori de nentigites ceidgemicrowave irigdiatomo ABe matinalycthel reaetidn ¢rmbenarried

2-chl oro-4, 5-di fl uoro- nzenesul fonyl ¢ sAd r onppet hane. .

el or o 2- SehaltBePaIITeARER Slhuseiatrie BBl EREDEEE eriondor
benzenesul f anyghgertbactiohetirng grebathesreUwe S. et al., Tetrahedron Lett. 46 (2005)

1-chl or o- 5- e7t hgr]/esgkfonyl- 2, 4-di fl uorobenzene - 69 - Preparation of
(6-fluoro-4- AV &rddv)-3- met hvl - napht hal en-2-v1)- acetic acid tert-butvl ester
OH

5 Hydrolysis of the methyl esters L affords the compounds of interest of formula Ik.
The reaction can be carried out in the presence of an aqueous inorganic base
such as lithium hydroxide, sodium hydroxide, or potassium hydroxide in an
organic solvent such as 1,4-dioxane or tetrahydrofuran at room temperature for

several hours.

10 Scheme 11
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The compounds of interest of formula Im and In can be prepared according to
Scheme 11. Treatment of intermediates Il (which encompass lla, llb, lic, lid, and
15 lle from Schemes 1-7) with dimethylthiocarbamoyl chloride (LI) affords the
dimethylthiocarbamoyloxy compounds LIl. Newman-Kwart rearrangement of the
dimethylthiocarbamoyloxy compounds LIl affords the intermediates LIIL.

Hydrolysis of compounds LIl followed by treatment with the aryl derivatives XLII



54- (4- Fl uor o- phenyl ) - 2- net hyl - but a- 2, 3-di enoic acid ethyl ester 0 To a
solution of (4-fluoro-phenyl)-acetic acid (22.33 g, 144.9 mol) in 100 nL
of net hylwoento/dssioyl et her and 250 pL of DMF was added P8TOEP2000/064846. 3
mmol ) of 10 oxalyl chloride at roomtenperature dropw se over 30 m nutes.
The resulting mxture was stirred at room tenperature for an additional 20
m nutes (HPLC i ndicated conpleted reaction), and then the entire solution
was added defpudsstbe sutianyl choyounds iImsOkigation obtm givesdhe sofiinglan seifhpylani ne
(50.48 nm_, ZQ% UH and ethyl 2-(triphenyl phosphoranyli dene)propi onate
(50.0 g, 138°8PRH 'n 100 15 nmL of nethyl tert-butyl ether, while

mai ntai ning the internal tenperature between 0-15 C. After the addition was
conpl et e, tlmnweminri ofthaiintermediaies Iktol the eliméthylthiocarddnidytmalcobpaundet es at
0-10 C, when HPL ndi.cat ed conpleted reaction. The reaction m xture was
then dil ut ed!hGdn e.L |ﬁed§l?yﬁg%tpﬁgo%§}§dm medigies EIW@O m nutes at 0-10 C.
The resulg i Gﬁnétﬂk/lltrﬂo&@r@aﬁio F@’ﬂ@ﬁ’de?lml WaRE @FeddricB 0P B@ Jtlch Witadsidmnet hyl
tert-butyl ether:heptane, trate and the washi ngs were conbi ned and
washed wi t hCaU®Nate, PRtagsILER hydf@@ld%tr@rthmmmeb or godiem)yrideon Freuigtblewat er

t hen concen Hgéﬂ? of -40
m.. The res% ﬁ%ﬁ%s fﬁﬁ:ﬁggﬁ%tb %lfﬁbﬁd%‘t@@r{gt y fo[rgrrm taa ‘%?(ﬁrﬂ% V\)éét?%H&B Thi s

sol uti on vvamlxthes‘s ihieremdt atya esuerétore babvasewioost eppe2sture and 100 °C for

2- Et hoxycar baon ﬁQ'LFl (4-fluoro-phenyl)-neth-(E)-ylidene]-

4- et hyl - ﬁ?\é QEI W8 acid 1-tert- butyl ester 5-ethyl ester - 70 - o

Mal oni ¢ aC|d tert-butyl ester ethyl ester (30.08 g, 151.8 mml) was added
to a solugti Ghedﬂevm@h&%mmﬂrd&n’atngbumxbﬂme(dllﬁleﬂﬁ/ltgl,océﬂﬁnﬁbylﬂmylOompsmﬁﬁﬁ mL of

N, Ndi nmet hyI cet e the reaction tenperature was naintai ned at -25
C. 5 To thel aki "?N%AQNEG%”@ PR PERRGEEE OhE §%’Qﬁ¥€ﬁ¥‘ giganic solvent
4-(4-fl u0r039&$a¥|/\) n%thym}rmnhohéﬂtetradé’c%eeawh%n?u%tﬁe;ebhyl1 -§dk&thidk e Rar ed
above, at such a rate that the reaction ténperature was mai ntai ned between
20-28 C. Af ﬁéeﬁlpﬁéata@oh)QtiNéﬁn\ﬂé@ ‘Connsd 30@ 7 thqarem BUBeD I severalmouidis stirred

at roomte | eted reaction.
The m xture r%?earEH% §§el éjgtwé% ﬁflg&%g‘%dgiﬁg% 2}#}1 ?’F?Sc&%@?d and 150 ni of
ice-water, and then extracted with 400 nL of nethyl tert-butyl ether. The
or gani c léxt gb{dtolym'sgteqnagam?g; Iallliobameaﬁmd cmmpbulldszuw niheofeavkdrecan bedht hen
concentrated_to uce oW Qi used |n t he next
step wit houf?@ Ifl’lidtq,lrg ﬁ]? Qrng%qgg a baseysuch as pota*ssmm hydroxﬁe

153-0- (4-Fl h?d@x@éeﬂyéddlﬂﬁﬁheﬂﬁkrdﬂ irdg Beltale gBl/ByH smmmmamoc e@l@éﬂbl,

5-tert- butyl ester o
water, or mixtures thereof at a temperature between 60 °C and 100 °C for 30

minutes to several hours.

20 The sulfonyl compounds Im can be prepared by the reaction of compounds LIV
with the aryl derivatives XLII. The reaction can be carried out in the presence of a
base such as sodium carbonate, potassium carbonate, or cesium carbonate, in a
suitable solvent such as dimethyl sulfoxide, or N,N-dimethylformamide, at a
temperature between 100 °C and 150 °C for about 30 to 60 minutes under

25 microwave irradiation. Alternatively, the reaction can be also carried out at an

elevated temperature without microwave irradiation for a longer period of time.

Oxidation of the sulfanyl compounds Im to the sulfinyl or sulfonyl analogues In
can be achieved using an oxidant such as m-chloroperoxybenzoic acid (m-

CPBA), or hydrogen peroxide in an inert solvent such as dichloromethane or 1,2-



OH o The nmal onate ester derivative prepared above (56.36 g, 138 mml) was
di ssolved in 280 nL of absolute ethanol. Lithium hydroxide (1M sol ution,
414.0 20 wD,2000065@®4mol ) was added slowly over 15 m nut @ST/ERR@90b310
resulting reaction mxture was stirred at roomtenperature overnight. The
solution was then heated at reflux for 3§10urs (HPLC anal ysi s indicated
conpl eted decarboxylation). At this tine,” the solution was concentrated at
30 C130 mmHgichioreethene (omawemrs soduticenit hydragen peratide isassedbated to 10 C

and treated wi ncent r dA2 hl oric id 2. , 389.7 mmol )
iropw se. 1 Ie Bpelar TR L6 R e R g Ryl ol Fon i Xt r e
was t hen extract ed with nethyl tert-butyl ether (400 nL). The organi c phase
was separated and washed with 200 nl Suthewst €2, then treated with 17.00 niL
of 1M sodi um carbonate in 150,nL of water, washed with an additional 200 nL
of water, and then concentrafed azeotropically at 30 C180 5 mMHg to produce
an oil. I\/tet hyl tert- butylk\g%er,o(zoo m.) wasg, added, and the residue was
concentrat ed azeotropi cal | r,seh@ 180 . Mg lt o produce 38. Bis a~yel | ow
oi |, which was used ih thB next step t ®urt her purrfr /1

(4-Acet oxy- 6- f} S VIR} - 6acetr c aci & fert- utFylR ester
o 10 The abp DL A& 0

341-(4-fl uoro- pheny ) metrlsrC I|dene] 2 ybpent anedi oi ¢ amg/mﬁ\u@
5-tert-butyl ster 38. 3‘”{@ Agl?mmml) was*dissel ved in acetic @ yéi’r ‘de
(96.00 nm., 9 EMDI) E@ortarkussforeol ution vﬁas &dded pot assium acetate (18. 66
g, 186.3 m"rDP(?('R“aﬁdsthe reaction mixture wh¥ stirred at 852 C 1@l for 10
hours, when HPLC anal ysis showed conpl eted reacti on The reaction m xture

was then cool ed to rrR3pQ per ature and R4 96 nlL &xhentaneOCHTo
this sol uti oshp, 230 @@

teCI1 was added our whi | e @ di nbng the

i nt ernal terrgﬁlrfarlt,urr1 at > B G Th(eO MRk a R "hen cool €47 t0 015 FC,R6 and
stirred for hours. Theo© df%ﬂ%d»W&Sfl@ d, amd>then wasfi th
wat er 20 (2x40 m.), hepta xA0 MY, and th'Q;?Lr jced under vacuu &
furnish 28.5 g of a yeI I og sol ?ds whi ch was u It he next st eprif t(gtou‘t
further purification. | uofo- 4- hydr oxy- 3- net hy?-napht hal en-2-yl)-acetic
acid tert-butyl ester (lllllb 1) O™ XXXVII Ih

5

Compounds of interest of formula lh can alternatively be prepared according to
Scheme 12. A substitution reaction between the hydroxyl compounds IX or XXI
(prepared as described in Scheme 1 or Scheme 2) and the aryl derivatives XLII
10 followed by reduction gives the alcohols LVI. The alcohols LVI are then
transformed to the corresponding chlorides LVII by treatment with carbon
tetrachloride (XIV) and triphenylphosphine (XIIl). Conversion of the chlorides LVII
to the methyl esters XXXVII can be accomplished by a palladium catalyzed
carbonylation reaction in methanol. Ester hydrolysis of the methyl esters XXXVII

15 affords the compounds of interest of formula Ih.

Conversion of the hydroxyl intermediates IX or XXI to the ether derivatives LV

can be achieved by treatment of compounds IX or XXI and compounds XLII with

a base such as sodium carbonate, potassium carbonate, or cesium carbonate, in

a suitable organic solvent such as N,N-dimethylformamide, or dimethyl sulfoxide,
20 at atemperature between 100 °C and 150 °C for 30 to 60 minutes under



- 72 - To a mxture of the above prepared

(4-acet oxy-6-fl uoro-3-net hyl - napht hal en-2- yl)-acetic acid tert-butyl ester
(28.4 g, 86.24t0/088m4) in 140 nL of nethanol was added sodCumrawbhesside (25%
solution in nmethanol, 23.44 nm, 102.5 mwol) rapidly dropwi se. The resulting
reaction mxture was stirred at roomtenperature 5 for 20 m nutes, when
HPLC anal ysis indicated a conpleted reaction. The m xture was cooled to O
C, and t henmiciodiaveduadiatigH AdtermativelyNtheyibacttn oan bezeiriesoltiaticorelgvated 1 ni,

i nat s, hiemegars W Eul P&l Ak B adoeet eeoal e er " 2xa0 ).

then dried under vacuum overnight (40 C, to produce 23.7 g of a |ight
yel | ow 10 sdhedilcdhdlINMA ¢a00e ftimediySeeatblend opie raeth§l ¢stersiL Hwith7. 76- 7. 86

051 Tl Bt bk e o b ot (0

[ 4- (4- et BAN@SHPEREYE LRALESX YIS € Bhd @semt@RpeRRlreToPsdldralatrid.c aci d
2- (4-fluoro-benzylidene)-succinic acid 1-nmethyl ester HO 0 20 To a

refluxing mxture of potassiumtert-butoxide (27 g, 242 mol @and

tert but anol Thesiardes kadl erniee Peerasediby die Beatment 9bihs: Beehels 4¥hydd (20

g, 161 mol) i i . i ) aRE - anol (100
nm.) dropw sgaméfnﬁgﬁ%@?ﬁ%é?gg? gg&zqﬁkr%@yﬁ)ggéﬁlﬁpgémr@bﬁr Sh rlqéhrg&rr%agﬁjre was
concent r at egoivanisunhcas ioluemepaectositrile baichlntimetiinee r MV-dimetdforaiesidé ved in

oxt ratted wol KB RIONEl, 8t e FEBehESeh SLEHRAURRE TebleMBolfEs

| ayers were dried over sodium sulfate, and concentrated in vacuo. The
r esi due MWas Qomvefsicadofihe colanices dMIioehe gnetpyiyesters dOOOAI can be 30% et hyl

acetate in petroleumether) tp afford 2-(4-fl yorobenzylide -succinic acid
meihyl osperoTpETEady S phisduRicaivedd CabpuiRiaTRactan S80S 500 M
CD30D) 5 ppatrfesithers of datdbn nferdkide’indBeth@nol ukihg a/méthod’arfloddis 4 thi, 3. 81

(s, 3 H, 3.49 (s, 2 H. 4-acetoxy-6-fluoro-naphthal ene-2-carboxylic acid
met hyl est ePn@ described in Scheme 1 for'the preparation of the methyl esters XVI.
As described above in Scheme 8, hydrolysis of the methyl esters XXXVII affords
15 the compounds of interest of formula lh. The reaction can be 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 temperature for several hours.



0 To a solution of 2-(4-fluoro-benzylidene)-succinic acid 1-nethyl ester (2
g, 8.4 10 mol) in acetic anhydride (10 nL) was added sodi um acetate (0.83
g, 10.1 mwol2p10/046G0@r bei ng heated at reflux for 6 hourspPCThP200006481€@ wWas
concentrated in vacuo. The residue was dissolved in 1 N hydrochloric acid
(20 m.). The aqueous solution was extracied with ethyl acetate (15 nL x 3).
The conbi ned organic | ayers were dried oVer sodiumsul fate, and
concentrated in vacuo. The residue 150ovemeld3ified by col um chronat ography
(10- 20%ethy| acetate in petroleumether) to aftord

et hyl
5 pm 8. 52 {
; R, 7. for 7> q B8 3

737(td J=9@253H2 1H, 399(s,| O249(s
206-f | uor o- 4- hy Papht hal ene- 2- car boxyl Y id nethyl esterY To a
sol ution of 4-ac f | uor o- napht hal ener2- caf Eﬁ)xyl ic acid n8thyls Rt er
(1 g, 3.8 mmk%” thanol (éQs8hy was adqgg, sodi um met hoxi de (309 ng, 5.7
mol ). After fng stirr at omterrperature for 1 hour, the reaction
m xture 25 VRS &% |d| fi edWydrochl oric acid to pH 3. The resulting
precipitate c IIect ed by fil tion and dissolved in ethyl acetate. The

organi ¢ sol u - 74 - dried over sodi

in vacuo to affor 900 rr%of crude 6-
4@et hyl ester as a pale

fluoro-4- hydro ene- 2- car bog;g S
yell ow solid soused in theOnext st ion.
4- benzyl oxy- Ms7f TUorlo- fapht hal ene- 2- car boxyl I i do nmet hyl ester 0 5 To a

p iR hout further purification
m xture of 6-fluor& dr oxy- napht hal ene- 2- d g(yl ic acid nethyl ester
(4.6 g, 21 mmol ), pov ¢m carbonate (5.8 R 42 mﬁbl) and acetone (100 ni)
was added benzyl bre 'deffs(\ES 47 g, 32 mol). I_)(]\fter being stirred vigorously
at reflux for 4 hours under a nitrogen atnosphere, the resulting m xture
was cool ed LIX

msulfate, and concentrated

OH
OH
OO > OO r*C
o) 2
Me R' o”A o R®
R
o |
I Y / 4,
\@\SIIO RS 4 \RS
5 4
R K SR

Compounds of interest lo, Ip, and Iq can be prepared according to Scheme 13
5 starting from the bromo-substituted naphthylacetic acid methyl esters LVIII. A
Suzuki coupling reaction between the bromo derivatives LVIII and methylboronic
acid (XXXI) followed by an ester hydrolysis affords the compounds of interest of
formula lo. A copper (1) iodide catalyzed reaction of the bromo derivatives LVIII
with methanesulfinic acid sodium salt (LX) followed by an ester hydrolysis affords
10 the compounds of interest of formula Ip.
Conversion of the bromo derivatives LVIII to the cyano derivatives LXIII followed

by an ester hydrolysis affords the compounds of interest of formula Iq.

The Suzuki coupling reactions of the bromo derivatives LVIIl with methylboronic

acid (XXXI) affords the methyl derivatives LIX. The reaction can be carried out in



10 to roomtenperature, and filtered. The organic solution was concentrated
in vacuo to give 4-benzyl oxy-6-fl uoro-napht hal ene-2-carboxylic acid nethyl
ester (5.862010/B80 as a white solid. PCT/EP2009/064810

(4- benzyl oxy- 6-fl uor o- napht hal en- 2-y1) - et hanol 15 To the slurry of

l'i thi um al um num hydride (1.4 g, 36.9 n_‘rﬂg) in tetrahydrofuran (30 nL) was
added a solution of 4-benzyl oxy-6-fl uoro-napht hal ene-2-carboxylic acid

met hyl est ethg pre8egce vBa palaiun datalysitsughyagr of uran (30 nlL) at 0 C under a

it t h Af i t C.f h d it
ot rosoner o, RIRSTEEnPOY REbsHRe R IPAl RS 0% AL N hydr ochi orf o
aci d 20 was bddipeydplapspniro fche cerelciontro pdllzelivmiic oRSCLaipef)),vearl #kbsact ed

with diethyl ether (50 nL x 4@. The conbi ne O{Pg]ani c Iag,ers re drjed over
sodi um sul f &€" 8RAOESIEN {6 HPEEXIdS. P@SBUILP ate, or sodium carbonate, in

(4-benzylzpxynGndr §Q|K/Qntr§}élﬂtd%alkl,?\71di%ﬁéfh%lforﬁ%méé‘,odim(afhyﬁ’sQIfoﬁ@é@tol@@né‘, whi te
solid. WO 2010/ 055004PCT/ EP2009/ 064810 - 75 -

1- benzyl oxy tegrattydemfomast waterorimigisires eperthal  trmperatiuse Hetwean 13 °Gfand

tri phenyl ph ki i y 5 hydr gf.uran (16
m.) was addggacgr Bﬁ\%{[cg? §énéﬁ$tggid§§8k@légﬁygog¥r%oﬁ&f%éﬁrﬁgir{aﬁp éﬁlfm@se stirred at
room t enper adaotien$ ean be garmed est at a heated temperature such as 130 °C without

(4- benzyl OX\UIﬂG-H uor.on&g@taﬂlal en-BZ-%%) -nmet hanol (1.5 g, 5.3 mmol) was added
as a solid (IHfQWaYEHiIee! O BIYHIPECIRF YBF- peing stirred at reflux for 2
hours, the resulting m xture was cooled to roomtenperature, diluted with

water, amd gxbrsagbed condoupti®YIXI £8n degbrbéd (iDcoiper (I hwligs Batalyeebayer was
washed with water (50 nL x 2). The conbi ned aqueous | ayers were extracted

with ethyl &R’atighefthebramg dervaiivedMill vai %@@éﬁ?@mfi@9@ﬁ@ sestiem geitdbXpyer
sodi um sul f ; ad RV i R

col um chr oqn%t@orggglp?ﬁy gei u{’?'ré'ﬁgvﬂ“?ﬁ‘ t@‘%@?ﬁ%@aﬁ?ﬁ%ﬁ?%@E%%g’%ﬁﬁj%ﬁer) to
af ford 1- behzyblnginza pbleosolwentsuchiast Nibdimeth@fanaamidel dimethyl sdlfexidg7. 5 %

25, 2 Wi te SPLI ok dsPenal 0 Ya o5 bl URB! MR Sads HakiReR. hffeAGlib™t M

1- benzyl1exy e cdactow oah by Larridd outray-ataahéed ereperaflre 4udh ad8 10 without

bis(tri phenyl_g_hosphi_n%_di,ch# or opal | adi un( I_% (630 ng, 0.9 mol ) and 20

pot assi um c Aibenae iradigtion Tof & IoNgerIERCRNER- was evacuated and then fill ed
wi th carbon nonoxi de (balloon), methanol (25 nL) and tetrahydrofuran (50

L) were addrpvbisidgreante Bromoerivadres IATIIES et yehSdériviaBdeALXIIPEOARA be
t enperature under a carbon nonoxi de at nosphere overnight, the resulting

m xt ure was aghieve@ gy WieeHnopkt @ thg¢ pommerdprivalives evitvziee exeride d-8Hpthacet at e
(100 ni). TB?es%rngg%'f% cla‘f%'?srt S8 as tetrakis(triphenylphosphine)palladium(0)

20 (Pd(PPhs)s), in an inert organic solvent such as N,N-dimethylacetamide, at a

heated temperature such as 150 °C for several hours.

Hydrolysis of the methyl esters LIX, LXI or LXIll in a manner analogous to the
one described above for the preparation of Ih affords the compounds of interest

of formula lo, Ip and lq, respectively.

25



- 76 - washed with water (50 nL x 2). The conbi ned aqueous | ayers were
extracted with ethyl acetate (150 nL), and the conbi ned organic |ayers were
dri ed ovewo=ounivasmogul fate and concentrated in vacuo. TheCTEPLEIO6ASAE
purified by colum chromatography (elution with 20% et hyl acetate in
petroleumether) to afford (4- 5 benzyl Y- 6- f |l uor o- napht hal en-2-yl)-acetic
acid nethyl ester (5.3 g, 91% as a white€ solid.

(6-fl uoro- 4- hydr oxy- napht hal en-2-y1) -Ssbetmecléci d nethyl ester o OH To a
sol ution of (4 benzyl oxy- 6-f | uor o- napht hal en- 2- yI) acetic dci dipet hyl ~esser

thanol (20 M) 0%l ad r bon
3 stivir ed y m_;(dﬁ;rR doge y
: % angl & h . The fittrate 0 “Sia
concentrat e n vacuo to gi v ﬁ-fl uor o- 4- hyd™eXy- napht hal en- 2- ﬁ aceti’c
acid net hyI ester (601 ng, as a white solid. 1H NWVR (400 VgE)CI 3) 5
ppm769-a776(m2 , 30(s 1 H, 7.99. 726(m 1 H,

H, 3.74 (s, 3 Hx 372

[ 4- (4- et hanesul f g @ yalen- 2-y1] - aeird et hyl
ester A seal eg; &i ni qug: +Q6FE x Q-4 loydr oxy- nap, -9l)-acetic
acid nethyl 20 estgr Q.2r mol,) , 11- ¢t hanesul fonyl-4-fd,uaor o- benzene
(87 mg, 0.427 mol),] and pot assi um carbpnat e (73 mg, 0.53 mmol) was g’
evacuated and filled pipth nitrogen. A pous N, N-di met hyl LXKV ni® 2 4rL)
was addelets BfSter being stirred at 100 C'overni ght, the m xtur e\&v\/:sY "ed

to roomX&mp¥Katdre, then diluted with water (10 mi), and extragted W t R
ethyl acetate (10 nL x 2). The 25 ¢ i¥ed organic | ayers were WwasKel with
bri ne (JRQ m x 3), drled over sodium e ald cqncentg at edr

resi due WaSYPwy 8d by rR&gl um LR chr wmat @@ el uti on
et hyl & @ nopetrole r) to okve [ 4='€4 R
et hanesul fonyl - pheneeyi'<o Q- apht-h-a-r'en 2 -acetic acid

R yl ester
(67.6 ny, @g/@ as a white SO|OHd ﬁ( ]
[ 4- (4- et hanesul f onyl - phenoxy) - 6-f | uor o- napgt,}s Nes2- yl]- ac%Us g 5 5 N
|'i thium hydrnoxi de (6 L) wagxamded to.g,sol ut Pq_ R

[ 4- (4- et hanesul f onyl phenoxy) - 6-f | uor or )paj)ht al er'}](ng yl] -acetic ac"lx Xret hyl
ester (64 ng, 0.16 mmol) in tetrahydro After being stirred at
room tenperature overnight, the 10 res tlng m ture was acidifiegl to pH 3
with 5 N hydrochloric acid, gndthen 2

.s ,‘ Qr R i l OH
R' ©
6
fI o g
o) ﬁz g o
[\ Y A Y
8 S\\ RS \ RS’S\\ 5
o) R o) R
It

R*” 5
Is LXXVI Ir
R .
4 Yis CorN;
| /O whenYis C, Zis F;
Y 7 S/ whenYis N, Zis Cl,
R O// ~Rr® Br, or alkylsulfone.

The compounds of interest of formula Ir, Is and It can be prepared according to
5 Scheme 14. In this process, iodination of the intermediates lla followed by
acylation affords the iodo derivatives LXVI. The acetylene derivatives LXIX can
be formed by a Sonogashira coupling reaction between the iodo derivatives LXVI
and trimethylsilylacetylene (LXVII), followed by a potassium fluoride-mediated
trimethylsilanyl removal. Reduction of the acetylene derivatives LXIX to the
10 olefins LXXII followed by treatment of the olefins LXXII with a base affords the



extracted with ethyl acetate (10 nL x 2). The organic | ayers were dried
over sodium sul fate and concentrated in vacuo. The residue was precipitated
f rom et hywoestossoopet r ol eum et her (1:10) to give PCT/EP2009/064810

[ 4- (4- et hanesul f onyl - phenoxy) - 6- f | uor onapht hal en-2-yl1]-acetic acid (25 np)
as a white solid. 1H NVR (400 MHz, CDClI3), 15 5 ppm 7.84 -7.90 (m 3 H,
7.65 (s, 1 H, 7.57 (dd, J = 9.85, 2.53 , 1 H, 7.33 (td, J = 8.65, 2.65
Hz, 1 H), 7cogesmrmmqhydrgxyu)corr3)ogmdgg.)()qu|-'§he gthegintgrmediatey LXXIVican2 H),

1.30 (t, f H17F d. Sl
[(M Fl(-i) 4] ? B ool pt pereairment o R4 Ry o el L’éﬁﬁ%%ﬁ* aFon ).
\A/\f/e][ F pr epgr Gérﬂllda’tIVﬁQ malm@mms.mgﬂw etlhgr m’eiméd?tés ﬂ.%(?}(il\ahffglw twlalflhﬁl 4

-fl uor o- benzal de chl or o- benzal dehyde, 0 enzal dehyde,
4 Lr LT dor oRETRAPONSI, 1 AGHY GBI OPHL G AVHES (i o LRt e gdBe
3, 4-di ”EWOWerlh%tﬁé‘tbgQ_de,wﬁf‘glago%leﬂ%rn% Emwlféi%'ﬂ\)%eoy 5 PydRIV | Féé%tlon

(6-fl uoro-4-hydroxy-napht hal en-2-yl )-acetlc acid nethyl ester, (6-chloro-4-
hydr oxy- naptyAEiganationy of thecrasityene Herivasivay ILXdX fetlowed by treatment with a

(4 hydr oxy - B DR LROMKOARRL AR SN RGeL kS| $IBHIN beRRKSES 1t cany e

(4- hydr oxy- uor one hal en- )-dcetiC ,
(4- hydr oxy- Gbtaindd hpamemtiwmetween e hydTaWItjmtefrBedlatestDX)a\tluteind theiagylmet hyl

ester, (4-hydro t hal en- 2- y1) acetic acid nethyl ester,
and derive %Sr'Y%i/YSFXuF‘!ﬁyE &g’yﬁgﬁ‘ﬂ'é{?'éﬁe%t acetic acid nethyl ester
and (7-fluoro-4-hydroxy-naphthal en-2-yl) - acetl c acid nmethyl ester (Note:

Startingom hth firsustep; ibanaadtieby Be.achriveddly tidatibHP6thé-intermediates lla
hydr oxy- napht hal en- 2-yl)-acetic acid nethyl ester and

(ot 1 uor o0 AWHRAHSAPSHERDIRSE AN, NIV hiFean EroqBicEahamiphca s chlasaiahe
obt ai ned. Sge.EHRGEEGILKIbr étﬂ%ﬁé'%!&ib?fme VAR INE G Y e Trrlﬁﬁfh %‘ﬁ%ﬂ?&i}/o‘r@%%rﬁd Wi th
on ar e

the appropriate conhercia y avai e or prepare rivatives
in accordanoecanbtoh tehiecmcbmmaéem@sratw@d@etmen@)@&h@m@ropmtermp)eranam&bre No.
Systematicl};g 7(3?8 VHz, CDClI3) 6 PPm MS (ESI+, [(MH) +]
Structure 1 TBU SL}8|58V3 OUlFet hanesulfonyl -phenoxy) napht hal en- 2-

yl Facetic acid 7.82 - 7.89 (m 1 H), 7.86 (d, J 8.84 Hz, 2 H, 7.61 (s, 1
H, 7.535 ddhebcet&e@BXVBcé@bblzfornied—bya?eﬁcﬁlon dftBélr(tenmédldaﬁas LX\WOWithd, J =

|9é|09 He, 2 acétlc ar}hydg'lde QIIIS_DLI‘he reactlcgn ¢an bgbcarr?éd003utﬂn the prlé%ence of0_|ba401 0

such as 4-dimethylaminopyridine, in an organic solvent such as pyridine, at room

temperature for several hours.

The intermediates LXVIII can be generated by a coupling reaction between the

20 iodo derivatives LXVI and trimethylsilylacetylene (LXVII) in the presence of a
palladium catalyst such as bis(triphenylphosphine)dichloropalladium(ll), or
tetrakis(triphenylphosphine) palladium(0), and a copper(l) catalyst such as
copper(l) iodide. The reaction can be carried out in the presence of a base such
as triethylamine, or diisopropylethylamine in an inert solvent such as

25 tetrahydrofuran, N,N-dimethylformamide or toluene at 150 °C for about 6 minutes
under microwave irradiation (Baldwin, K. P. et al., Synlett 11 (1993) 853).

Removal of the trimethylsilanyl group of the compounds LXVIII to give the
acetylenes LXIX can be achieved by treating with potassium fluoride or
tetrabutylammonium fluoride in a suitable solvent such as water, tetrahydrofuran,

30 dimethyl sulfoxide, N,N-dimethylformamide, methanol, or mixtures thereof, at



, 13* [6-chl oro-4-(4- nethanesul fonyl -phenoxy)- naphthal en-2- yl Facetic
acid 7.90 -

H),

7.18 wWODOBASEW 3 H), 3.79 (s, 2 H), 3.12 (s, 3 H BOI/EPRDE64s10 0401

7.96 (m 4 H), 7.72 (s, 1 H), 7.52 (dd, J = 8.84, 2.02 Hz,

1

Clo 10 OP 1-4 {6-fluoro-4[4- (propane-2- sulfonyl)- phenoxA- naphthal en-2-
yl}-acetic acid 7.83 - 7.92 (m 3 H), 7.%;_(5, 1 H, 7.60 (dd, J = 9. 85,
2.53 Hz, 1 , 1
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H, 7.35 (td, J = 8.65, 2.65

removal. The reaction can be carried out in a suitable solvent such as methanol,
tetrahydrofuran, water or the mixtures thereof at room temperature for several

hours.

Reduction of the acetylene derivatives LXIX affords the olefins LXXII. The
reduction can be achieved by treatment of the acetylene derivatives LXIX with
indium trichloride (LXX) and triethylsilane (LXXI) in the presence of triethylborane
in an inert organic solvent such as acetonitrile, tetrahydrofuran, hexane, or
mixtures thereof, at a temperature between -15 °C and room temperature for
several hours (Hayashi, N.; et al., Org. Lett. 6(2004) 4981-4983). Alternatively,
diphenylsilane can be used as the hydride source (Hayashi, N.; et al., Org. Lett. 7
(2005) 3093-3096).

Compounds LXXII can be converted to the corresponding hydroxyl compounds
LXXIIl by treatment with a base such as sodium methoxide, potassium tert-
butoxide, potassium carbonate, or sodium bicarbonate, in a solvent such as
methanol, water or mixtures thereof, at a temperature between room temperature
and 80 °C for 10 minutes to several hours (references: Boger, D. L. et al., J. Org.
Chem. 61 (1996) 4894-4912; Kim, M. et al., J. Org. Chem. 69 (2004) 6945-6948).

Conversion of the hydroxyl intermediates LXXIII to the ethers LXXIV can be
achieved by treating the hydroxyl intermediates LXXIIl and the aryl derivatives
XLII with a base such as sodium carbonate, potassium carbonate, or cesium
carbonate, in the presence of potassium iodide, in a suitable organic solvent such
as N,N-dimethylformamide, acetone, dimethyl sulfoxide or mixtures thereof. The
reaction can be carried out at a temperature between 100 °C and 150 °C for 30 to
60 minutes under microwave irradiation. Alternatively, the reactions can be
carried out at an elevated temperature without microwave irradiation for a longer

period of time.

Hydrolysis of the methyl ester moieties of the olefins LXXIV affords the final

compounds Ir.
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The reaction can be 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 temperature for several

hours.

Transformation of the olefins LXXIV to the corresponding cyclopropyl derivatives
LXXVI can be done by treatment of compounds LXXIV with diazomethane
(LXXV) in the presence of a palladium catalyst such as
palladium(ll)acetylacetone, palladium acetate, 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).

Further hydrolysis of the generated ether derivatives LXXVI in a manner
analogous to the one described for the ether derivatives LXXIV affords the final

compounds lIs.

Hydrogenation of the acetylene derivatives LXIX can be carried out in the
presence of 10% palladium on carbon under 40 psi of hydrogen, in an organic
solvent such as ethyl acetate, methanol, or ethanol, at room temperature for

several hours.

In a manner analogous to the one described above for the transformation of the
acetates LXXII to the ether derivatives LXXIV, compounds LXXVII can be
converted to the corresponding ethers LXXIX. Hydrolysis of the generated ether
derivatives LXXIX in a manner analogous to the one described for the ether

derivatives LXXIV affords the final compounds It.
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Scheme 15. In this process, the bromo derivatives LXXXI can be generated by a
reaction between the hydroxyl intermediates Il (which encompass lla, llb, lic, lid,
and lle from Schemes 1-7) and the aryl derivatives LXXX. A Suzuki coupling
reaction between the bromo derivatives and cyclopropyl boronic acid (LXXXII)
followed by a hydrolysis reaction affords the final compounds lu. A Suzuki
coupling reaction between the bromo derivatives and ethyl boronic acid (LXXXIV)

followed by a hydrolysis reaction affords the final compounds Iv.

In @ manner analogous to the one described in Scheme 8 for the preparation of
the intermediates XXXVII, the ethers LXXXI can be generated by a reaction
between the hydroxyl intermediates Il and the aryl derivatives LXXX.

The bromo group of the generated ethers LXXXI can be converted to ethyl or
cyclopropyl by a Suzuki coupling reaction between compounds LXXXI and ethyl
boronic acid (LXXXIV), or cyclopropyl boronic acid (LXXXII), in a manner
analogous to the one described in Scheme 13 for the preparation of the methyl

intermediates LIX. In a method analogous to the hydrolysis step described in
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8.72, 2.53 napht hal en-2- Hz, 1 H), 6.98 (s, 1 H, 6.82 yl Facetic acid
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Scheme 8, hydrolysis of compounds LXXXII and compounds LXXXIV affords the

final compounds of interest lu and lv, respectively.

Scheme 16

The compounds of interest of formula Iw can be prepared according to Scheme
16. In this process, treatment of compounds lh with iodomethane (LXXXVI)

10 followed by hydrolysis affords the final compounds Iw.
In the first step of this process, the intermediates LXXXVII can be formed by
treatment of compounds lh with iodomethane (LXXXVI) in the presence of a base
such as sodium hydride, in an inert organic solvent such as N,N-
dimethylformamide, at a temperature between -30 °C and -15 °C for several

15 hours.
In a manner analogous to the hydrolysis step described in Scheme 8, hydrolysis

of the intermediates LXXXVII affords the final compounds Iw.
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The compounds of interest of formula Ix and ly can be prepared according to

5 Scheme 17. In this process, the Stobbe condensation reaction between the meta-
substituted-benzaldehydes LXXXVIII and dimethyl succinate (IV) gives the
unsaturated acids LXXXIX, which subsequently undergo cyclization in the
presence of sodium acetate (VI) and acetic anhydride (VII) to produce the mixture
of compounds XCa and XCb. Using the method described in Scheme 1, the

10 mixtures of the naphthalene derivatives XCa and XCb are then converted to the

mixture of the corresponding intermediates lIf and llg, which are separated by
column chromatography to afford the intermediates lIf and llg. A reaction

64
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between the hydroxyl intermediates IIf and the aryl derivatives XXXVI followed by
ester hydrolysis affords the compounds of interest of formula Ix. A reaction
between the hydroxyl intermediates llg and the aryl derivatives XXXVI followed

by ester hydrolysis affords the compounds of interest of formula ly.

In the first step outlined in Scheme 17, the unsaturated acids LXXXIX can be
prepared by a condensation reaction between the meta-substituted-
benzaldehydes LXXXVIIl and dimethyl succinate (IV). The reaction can be
carried out in the presence of a base such as sodium methoxide, lithium
methoxide, sodium tert-butoxide, sodium hydride or potassium tert-butoxide, in
an organic solvent such as methanol, tert-butanol, toluene, or mixtures thereof, at
a temperature between room temperature and 90 °C for several hours (reference:
Dian, Y. L. et al., Tetrahedron Lett., 32 (1991) 5255).

Cyclization of the unsaturated acids LXXXIX to produce the mixture of
naphthalene derivatives XCa and XCb can be achieved by treatment of the
unsaturated acids LXXXIX with sodium acetate (VI) and acetic anhydride (VII) at
a temperature between room temperature and 140 °C for 0.5 to 12 hours
(references: Boger, D. L. et al., J. Org. Chem. 61 (1996) 4894-4912; Kim, M. et
al., J. Org. Chem. 69 (2004) 6945-6948). Using the process described above in
scheme 1, the mixture of naphthalene derivatives XCa and XCb can be
transformed into the mixture of the hydroxyl intermediates lIf and llg, which are

separated by column chromatography to afford the intermediates IIf and llg.

Conversion of the hydroxyl intermediates IIf to the ethers XCla can be achieved
by treating compounds IIf and the aryl derivatives XXXVI with a base such as
sodium carbonate, potassium carbonate, or cesium carbonate, in a suitable
organic solvent such as N,N-dimethylformamide, or dimethyl sulfoxide. The
reaction can be carried out at a temperature between 100 °C and 150 °C for 30 to

60 minutes under microwave irradiation.

Alternatively, the reactions can be carried out at an elevated temperature without

microwave irradiation for a longer period of time.
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Hydrolysis of the methyl esters XCla affords the compounds of interest of formula
Ix. The reaction can be 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 temperature for several

hours.

Conversion of the hydroxyl intermediates llg to the compounds of interest of
formula ly can be accomplished in a manner analogous to the one described
above for the preparation of the compounds of interest of formula Ix.

Scheme 18

MeO,CCF,SO,F

oﬁ/o ﬁ/

LXVI XcCll Xci

Compounds of the invention when R* represents trifluoromethyl can be prepared
using the intermediates XCIIl which can be prepared as described in Scheme 18.
Treatment of the intermediate iodides of formula LXVI (prepared as described
above in Scheme 14) with methyl 2,2-difluoro-2-(fluorosulfonyl)acetate under
copper(l) iodide catalysis gives the intermediates of formula XCIl. The acetyl
protecting groups in XCII can then be removed to give the phenols of formula
XCIIl which correspond to the starting materials in Schemes 8, 10, 11, when R*
represents trifluoromethyl, and can be used to prepare compounds of interest of
formula li, Ik, Im, and In (when R* represents trifluoromethyl), using the reactions

described in these schemes.

The conversion of the intermediates of formula LXVI to intermediates of formula
XCII can be effected using any conventional means. For example, the
intermediates of formula LXVI may be treated with the commercially available
reagent methyl 2,2-difluoro-2-(fluorosulfonyl)acetate in the presence of copper(l)

iodide and in the additional presence of hexamethylphosphoramide in an inert

1
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10

solvent such as N,N-dimethylformamide at a temperature about 70 °C for several
hours to give the corresponding trifluormethyl derivatives of formula XCII
(reference: Briner, K. et al. WO 2007028132).

The acetate derivatives XCIl can be converted to the corresponding hydroxyl
compounds XCIIl in the presence of a base such as sodium methoxide,
potassium fert-butoxide, potassium carbonate or sodium bicarbonate, in a solvent
such as methanol, water, or mixtures thereof, at a temperature between room
temperature and 80 °C for 10 minutes to several hours (reference: Kim, M. et al.,
J. Org. Chem. 69 (2004) 6945-6948).

Scheme 19
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The key intermediate llb-1 (which can be used as a replacement for intermediate
Il in scheme 8 to make the compounds of formula Ih and li) can be prepared as
described in Scheme 19. Treatment of (4-fluoro-phenyl)-acetic acid (XCIV) with
oxalyl chloride generates the corresponding acid chloride in situ, which is not
isolated, but treated with the Wittig-type reagent XCV in the presence of a base
to produce the allene derivative XCVI. A conjugate addition reaction of the allene
with malonic acid fert-butyl ester ethyl ester produces the tri-ester derivative
XCVII, which upon hydrolysis and subsequent decarboxylation generates the

acid derivative XCVIIl. Acetic anhydride-promoted cyclization of XCVIII furnishes

1
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the naphthalene derivative XCIX, which upon hydrolysis of the acetyl group

produces the key intermediate llb-1.

The conversion of (4-fluorophenyl)-acetic acid to its corresponding acid chloride
derivatives can be accomplished by methods known in the art. For example, the
5 reaction can be carried out with oxalyl chloride and a catalytic amount of N, N-
dimethylformamide (DMF), in an ether solvent, at room temperature. Subsequent
treatment of the in situ generated acid chloride with a base such as N,N-
diisopropylethylamine will lead to the generation of the corresponding ketene,
which upon treatment with a Wittig type reagent such as XCV in an ether solvent

10 at a temperature between 0-10 °C produces the allene derivative XCVI.

The conjugate addition reaction between the allene derivative XCVI and malonic
acid ftert-butyl ester ethyl ester to produce the tri-ester derivative XCVII is
conducted in the presence of a base such as potassium fert-butoxide, in a

solvent such as N,N-dimethyl acetamide at room temperature.

15 The ester hydrolysis of the two ethyl esters in XCVII can be accomplished using
methods known in the art. For example, the reaction can be conducted using an
aqueous base such as lithium hydroxide, in the presence of a solvent such as
ethanol, at room temperature overnight. The subsequent decarboxylation
reaction can then be carried out by heating the solution of the resulting diacid at

20 reflux for several hours, to produce XCVIILI.

The cyclization of the unsaturated acid derivative XCVIII to the naphthalene XCIX
is accomplished as previously described (similar to Scheme 2), in the presence of
acetic anhydride and potassium acetate or sodium acetate, at a temperature of

about 85 °C, for several hours.

25 The acetate derivative XCIX then undergoes a hydrolysis, upon treatment with a
base such as sodium methoxide, in a solvent such as methanol, at room

temperature, to produce the desired key intermediate llb-1.

EXAMPLES
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(s, 1 H, 3.76 4--) (s, 2 H, 3.28 (s, 3H o W
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(400 MHz, CDCI3) 6 PPm M5 (ESI+, [(MrH)+] Structure 1 -1 0O**
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yl F acetic acid

Although certain exemplary embodiments are depicted and described herein, the

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.

5 Intermediates and final compounds were purified by either flash chromatography
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.

10 The silica gel brand and pore size utilized were: (1) KP-SIL™ 60 A, particle size:
40-60 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 C1s (5 um, OBD™ 30 x 100

15 mm) column (from Waters Corporation), or a SunFire™ Prep C1g (5 um, OBD™

30 x 100 mm) column (from Waters Corporation).

Mass spectrometry (MS) was performed using a Waters® Alliance® 2795-
ZQ™2000 (from Waters Corporation). Mass spectra data generally only indicates
the parent ions unless otherwise stated. MS data is provided for a particular

20 intermediate or compound where indicated.

Nuclear magnetic resonance spectroscopy (NMR) was performed using a Bruker
Avance™ 400 MHZ Digital NMR Spectrometer (for the '"H NMR spectrum
acquired at 400 MHz) (from Bruker BioSpin AG Ltd.). NMR data is provided for a
particular intermediate or compound where indicated.

25 The microwave assisted reactions were carried out in a Biotage Initiator™ Sixty
(from Biotage AB).

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

otherwise noted.
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3-Methyl-2,5-bis-methylsulfanyl-pyridine

—s—gN}s—

To a cooled (ice-water bath) solution of 5-bromo-2-fluoro-3-methyl-pyridine (1.0 g,
10 5.3 mmol) in anhydrous N,N-dimethylformamide (50 mL) was added sodium
methanethiolate (775 mg, 11.1 mmol) portion-wise under a nitrogen atmosphere.
The resulting mixture was stirred at room temperature for 15 minutes, then at
100 °C overnight. The reaction mixture was cooled to room temperature, poured
into water, and extracted with diethyl ether (50 mL x 2). The combined organic
15 layers were dried over sodium sulfate and concentrated in vacuo to afford 3-
methyl-2,5-bis-methylsulfanyl-pyridine, which was used in the next step without
purification (reference: Testaferri, L. et al., Tetrahedron 41 (1985) 1373-1384).
2,5-Bis-methanesulfonyl-3-methyl-pyridine

D
11 —_ 11
(0] (0]

20 To acooled (ice-water bath) solution of 3-methyl-2,5-bis-methylsulfanyl-pyridine
in dichloromethane (50 mL) was added m-chloroperoxybenzoic acid (5.3 g, 80%
purity, 24.6 mmol). After being stirred at room temperature for 2 hours, the
mixture was treated with a saturated aqueous solution of sodium sulfite (20 mL),
and stirred for 15 minutes. The organic layer was separated, washed with a

25 saturated aqueous solution of sodium carbonate and brine, then dried over
sodium sulfate, and concentrated in vacuo. The residue was crystallized from
ethyl acetate to give 2,5-bis-methanesulfonyl-3-methyl-pyridine (1.2 g, 91 % yield
for two steps) as a white solid (reference: Testaferri, L. et al., Tetrahedron 41
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napht hal en-2- ylF acetic acid 8.60 (d, J = 2.27 Hz, 1 H), 8.42 (d, J = 2.27
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7.10 (d, J= 1.26 Hz, 1 H 3.84 (s, (s 2 H, 3.14 (q, J = 7.49
Hz, 2 H), 1.32 (t, J = 45 Hz, 3

5 Starting with 2-bromo-5-fluoro-pyridine, sodium methanethiolate and m-

chloroperoxybenzoic acid, using a method analogous to the one described for
2,5-bis-methanesulfonyl-3-methyl-pyridine, 2-bromo-5-methanesulfonyl-pyridine
was obtained as a white solid.

Preparation of 2-bromo-5-ethanesulfonyl-pyridine
7\ i
="\

To a solution of 2,5-dibromopyridine (2 g, 8.4 mmol) in diethyl ether (50 mL) was

10

added n-butyl lithium (1.6 M in hexanes, 9.24 mmol) dropwise at -78 °C under a
nitrogen atmosphere. After the mixture was stirred at this temperature for 1 hour,
diethyldisulfide (1.15 mL, 9.24 mmol) was added slowly at -78 °C, and the

15 mixture was stirred at this temperature for 1 hour and at 0 °C for an additional 1
hour. The reaction mixture was then quenched with 1 N hydrochloric acid (20
mL).The aqueous layer was separated and extracted with diethyl ether (20 mL).
The combined organic layers were dried over sodium sulfate and concentrated in
vacuo. The residue was dissolved in dichloromethane (50 mL). To the solution,

20 m-chloroperoxybenzoic acid (4.3 g, 80% purity, 16.8 mmol) was added portion-
wise at 0 °C. After being stirred at room temperature for 2 hours, the mixture was
treated with a saturated aqueous solution of sodium sulfite (20 mL), and stirred
for 15 minutes. The organic layer was separated and washed with a saturated
aqueous solution of sodium bicarbonate (20 mL), then dried over sodium sulfate,

25 and concentrated in vacuo. The residue was purified by flash column
chromatography (elution with 30% ethyl acetate in petroleum ether) to give 2-
bromo-5-ethanesulfonyl-pyridine (400 mg, 19%) as a white solid (reference: Li J.
et al., Bioorg. Med. Chem. 13 (2005) 1805-1809).

Preparation of 3-bromo-2-chloro-5-methanesulfonyl-pyridine
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Et hanesul f onyl - phenoxy)-6- trifluoro | - napht haI en-2- yl Facetic acid

8.30 (s, 1 H 8.13 (d, J= 8.59 Hz, 01—25 gg‘.ﬁ—(‘d J 8.84 Hz, 2 H 7.80 (s,

1|—|)7.76(de 8.34, 1.26 Hz, 1 H NTE 230731(m3|—|)384(52|—|)

3.22 (a. J ,_6\ stlrred sH%utlon (%_TDSOdIU l(JItfl’te (]4 80 g, §§1 mmol?s and sod?um bicarbonate
(6.10 g, 72.6 mmol) in water (100 mL) was cooled to 15 °C, and 5-bromo-6-
chloropyridine-3-sulfonyl chloride (10.00 g, 34.4 mmol) was added. After being

5 stirred at 15 °C for 3 hours and then at room temperature overnight under a

nitrogen atmosphere, the mixture was heated to 40 °C, and a solution of 2-
chloroacetic acid (3.80 g, 40.2 mmol) and sodium hydroxide (1.90 g. 47.5 mmol)
in water (20 mL) was added. The resulting mixture was stirred at reflux for 48
hours and then cooled to room temperature. The precipitated product was

10 collected by filtration, washed with water (50 mL) and purified by column
chromatography (gradient elution with 15-20% ethyl acetate in petroleum ether)
to afford 3-bromo-2-chloro-5-methanesulfonyl-pyridine (1.80 g, 6.65 mmol) as a
white solid.
A solution of 2-chloroacetic acid (1.90 g, 20.1 mmol) and sodium hydroxide (0.80

15 g, 20.0 mmol) in water (10 mL) was added to the filtrate. The mixture was heated
at reflux overnight, and then evaporated to remove most of the water (about 100
mL). The residue was cooled to room temperature, and then extracted with
dichloromethane (80 mL x 3). The combined organic layers were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by flash

20 column chromatography (gradient elution with 15-20% ethyl acetate in petroleum
ether) to afford another batch of 3-bromo-2-chloro-5-methanesulfonyl-pyridine
(1.30 g, 4.8 mmol, yield of two batches 35.5 %) as a white solid (reference: US

5424481).

25 Preparation of 2,5-bis-ethanesulfonyl-pyridine

2,5-bis-ethylsulfanyl-pyridine
st \
S . S—\

30



OHFSOo0o 0,0 c:i"' 118* [4-(5- Ethanesul fonyl- pyridin-2-yloxy)- 6-
trifluoronethoxy -naphthal en-2- ylFacetic acid 8.55 (d, J = 2.27 Hz, 1 H),
8.32 (dd,wo 261085804 2.53 Hz, 1 H), 8.06 (d, J = 8.84 HzpCI/BEHR009/N64820 (S, 1
H, 7.62 (s, 1 H, 7.42 (s, 1 H, 7.36 (d, J =859 Hz, 1 H, 3.84 (s, 2
H, 3.26 (q, J = 7.33 Hz, 2 H), 125(t,64JE 733 Hz, 3 H H, 7.46 (d, J =
1.52 Hz, 1 456 OH FSO o ON ! 119* - t hanesul f onyl - phenoxy) - 6-

trifl uoroneﬂ’l@cﬁ<§0|utimphf[$ﬂﬂilﬁnmdrcmld€aﬁ@t®l é@ﬁ ohn& DB qichethy! suidodde @00 1 H),

(s 18770 s hund sllanshid (ep o 7 o Bigieatys PybtoRboyuld, " o'
H, 1.25 (d(23]7§ 1008 3nrhizl) batvlrﬁerfk% CEhd8Ourder@ hitrdger? 8tmdgphiefie. After
Ethanesul f O% !ng rPeg?en X%/ }80 °C for%ﬁours %%hrgggtlloennmlzxtur%lv'\fgscce:éci)lgd ?oc iro%m
5 temperature, poured into water (340 mL) and extracted with diethyl ether (400 mL

x 2). The combined organic layers were dried over sodium sulfate and

concentrated in vacuo. The residue (21.0 g) was directly used in the next step

without further purification (reference: Testaferri, L. et al., Tetrahedron 41 (1985)

1373-1384).

10 2,5-bis-ethanesulfonyl-pyridine

To a solution of the crude 2,5-bis-ethylsulfanyl-pyridine (prepared above) in 6 N
hydrochloric acid (100 mL) was added an aqueous solution of sodium
hypochlorite (8.0 %, 500 mL) at 0 °C. The resulting precipitate was collected by

15 filtration, washed with water, dried in vacuo and then recrystallized from diethyl
ether to afford 2,5-bis-ethanesulfonyl-pyridine (18.0 g, 70 %) as a white solid
(reference: US 4371537).

Preparation of 3-bromo-2-chloro-5-ethanesulfonyl-pyridine

20

5-ethanesulfonyl-pyridin-2-ol
o)
A solution of potassium hydroxide (11.0 g, 196 mmol, 50 %) in water was added
25 to asuspension of 2,5-bis-ethanesulfonyl-pyridine (12.0 g, 45. 6 mmol, prepared
using the method described above) in water and tetrahydrofuran (100 mL, 1:1,
v/v). After being heated at reflux for 1 hour, the mixture was acidified with 0.5 N
hydrochloric acid to pH 3 and concentrated in vacuo to remove the solvent. The

residue was triturated with boiling ethanol (150 mL) and filtered. The filtrates were



8.02 (dd, J = 9.09, 5.56 Hz, 1 H), 7.90 (d, J = 8.84 Hz, 2 H), 7.69 (s,
H, 7.62 (dd, J = 10.11, 2.53 Hz, 1 H),7.32 (td, J = 8.
7.22 (d, WO=20B/BSwokiz, 2 H), 7.15 (s, 1 H), 3.80 (s, 2 HPCTEP2®9QOHs1d =

Hz, 2 H),

Hz, 1 H),

H, 1.28 (t;
2010/ 055004PCT/ EP2009/ 06483-Bronfies5-etiixeeqiforyt-pySdin-amalt i ¢ Nane 11- |

(400 MHz,
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78, 2.40 Hz, 1 H),

7.41

1.25 (t, J = 7.45 Hz, 3 H 389 FOH SO 0 101,0 ' i:? 121* [4-(5-
Et hanesul fonyl - pyridin-2-yl oxy)- 6-nethgxy- naphthal en-2- yl Facetic acid
8.60 (d, J =2.80 Hz, 1 H, 8.30 (dd, J =8.84, 2.40 Hz, 1 H), 7.85 (d, J =
9.20 Hz, 1 epncenteted & vacud)to afforBthercrade pradugt Whichavas ugettin the sexR0, 2. 40

OHGOs 0 ,O0 N, OP WO

CDCI3) 6 PPm M5 (ESI+, [(MtH)+] Structure 1 -22* [4-(4-
N

HO ’_\ %
o)
Br

To a solution crude of 5-ethanesulfonyl-pyridin-2-ol prepared above, and sodium
acetate (3.74 g, 45.6 mmol) in acetic acid (50 mL) was added a solution of
bromine (7.3 g, 46.0 mmol) in acetic acid (10 mL) dropwise over a period of 1
hour. After being stirred at room temperature overnight, additional bromine (7.3 g,
46.0 mmol) in acetic acid (10 mL) was added dropwise to the reaction mixture
over a period of 1 hour. After being stirred overnight, the reaction mixture was
warmed to 30 °C and stirred for 2 hours. The mixture was concentrated in vacuo
to remove the solvent. The residue was triturated with water (100 mL). The solid
was collected by filtration, washed with a dilute solution of sodium thiosulfate and
dried in vacuo to afford 3-bromo-5-ethanesulfonyl-pyridin-2-ol (9.1 g, 75 %, two
steps) as a white solid (reference: Bargar, T. M. et al., J. Heterocyclic Chem. 22
(1985) 1583-1592).

3-bromo-2-chloro-5-ethanesulfonyl-pyridine
Br

0
/ \ I
Cl — (ISDI—\

A suspension of 3-bromo-5-ethanesulfonyl-pyridin-2-ol (6.0 g, 22.5 mmol) in
phosphorus oxychloride (30 mL) was heated at reflux for 4 hours under a
nitrogen atmosphere. After removal of the excess of phosphorus oxychloride in
vacuo, the white solid residue was triturated with cooled water (200 mL). The
mixture was stirred for 1 hour.

The solid was collected by filtration, and dried in vacuo to afford 3-bromo-2-
chloro-5-ethanesulfonyl-pyridine (5.5 g, 85.7 %) as a white solid (reference:
Bargar, T. M. et al., J. Heterocyclic Chem. 22 (1985) 1583-1592).

Preparation of 2-(4-fluoro-benzenesulfonyl)-2-aza-spiro[3.3lheptane

0
)5 OCo
(@]

7'9e?p®:ﬂpuj§§¢@er4pgjriﬁ'§atw’ 3.80 (s, 5H), 3.20 (q, J = 7.45 Hz, 2
NVR



7.87 (d, J =8.84 Hz, 2 H, 389 OH Ethanesul fonyl- phenoxy)-5- 7.81 (

H, 7.77 (d, J =8.84 Hz, 1 H,7.50 (td, 1 H, O 0 fluoro- 7.30 (s,
H)y, 7.14 woapiolossoo4napht hal en-2- H), 7.08 (d, J = 8.84 PCTI/EP200406430
yl Facetic acid H, 3.81 (s, 2 H, 3.20 (q, J O =7.45 Hz, 2 H, 1.
(t, J =
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To a cooled (ice-water bath) solution of 4-fluoro-benzenesulfonamide (320 mg,
1.83 mmol) in N,N-dimethylformamide (5 mL), was added sodium hydride (150
mg, 60% dispersion, 3.75 mmol) portion-wise. After the mixture was stirred at
0 °C for 10 minutes, a solution of 3,3-bis-bromomethyl-oxetane (440 mg, 1.8
mmol) in N,N-dimethylformamide (3 mL) was added. The resulting mixture was
stirred at room temperature overnight, then neutralized with 1 N hydrochloric acid,
and extracted with ethyl acetate (20 mL x 3). The combined organic layers were
washed with brine (20 mL x 3), dried over sodium sulfate, and concentrated in
vacuo. The residue was purified by flash column chromatography (elution with
20% ethyl acetate in petroleum ether) to afford 2-(4-fluoro-benzenesulfonyl)-2-
aza-spiro[3.3]heptane (120 mg, 26%) as a white solid (reference: Blizzard T. A. et
al., Bioorg. Med. Chem. Lett. 14 (2004) 3861-3864), MS cald, for C12H14FNO,S
255, obsd. (ESI*) [(M+H)"] 256.

Preparation of 4-fluoro-N,N-dimethyl-benzenesulfonamide

1N
N\
0

A solution of 4-fluorobenzenesulfonyl chloride (1.95 g, 10 mmol) and

dimethylamine hydrochloric acid salt (978 mg, 12 mmol) in tetrahydrofuran (10
mL) was added to a solution of 4-dimethylaminopyridine (3.05 g, 25 mmol) in
tetrahydrofuran (10 mL) dropwise at room temperature. The resulting mixture was
stirred at room temperature overnight and concentrated in vacuo. The residue
was purified by flash column (elution with 20% ethyl acetate in petroleum ether)
to afford 4-fluoro-N, N-dimethyl-benzenesulfonamide (1.02 g, 50%) as a white
solid.

The following sulfonamides were prepared in an analogous manner as described
for 4-fluoro-N,N-dimethyl-benzenesulfonamide by the reaction of 4-

fluorobenzenesulfonyl chloride with commercially available amines.

S,
1

26

Starting benzenesulfonyl
chloride

Starting amine | Sulfonamide

4-fluoro-benzenesulfonyl chloride | pyrrolidine 1-(4-fluoro-benzenesulfonyl)-pyrrolidine

4-fluoro-benzenesulfonyl chloride | diethylamine N,N-diethyl-4-fluoro-benzenesulfonamide

1



7.45 Hz, 3 H) 123* [4-(4- 7.89 (d, J =8.84 Hz, 2 H, 431 OH
Et hanesul fonyl - phenoxy)-6,7- 7.59 (s, 1 H, 7.34 (s, 1 H, 7.22-7.19 (m 3
H), 7.04 ¥e,2010055®4 di net hoxy- 1 H), 3.99 (s, 3 H), 3.8BCT4P2009/064810

napht halen-2- 3 H), 3.75 (s, 2 H), 3.23 (q,
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4-fluoro-benzenesulfonyl chloride | morpholine 4-(4-fluoro-benzenesulfonyl)-morpholine
4-fluoro-benzenesulfonyl chloride | 1-methyl- 1-(4-fluoro-benzenesulfonyl)-4-methyl-
piperazine piperazine
4-fluoro-benzenesulfonyl chloride | 4,4-difluoro- 4,4-difluoro-1-(4-fluoro-benzenesulfonyl)-
piperidine piperidine

Preparation of 1-ethanesulfonyl-4-fluoro-benzene
0
F s/

0]

To a solution of sodium hydrogen phosphate (14.2 g, 0.1 mol) and sodium sulfite
5 (25.2 g, 0.2 mol) in water (200 mL) was added 4-fluoro-benzenesulfonyl chloride
(19.5 g, 0.1 mol). After the mixture was stirred at 60 °C overnight, a solution of
bromoethane (32.7 g, 0.3 mol) in acetone (20 mL) was added dropwise, followed
by the addition of tetrabutylammonium iodide (3.7 g, 0.01 mol) in one portion. The
resulting reaction mixture was stirred at room temperature for 5 days, then diluted
10 with water (50 mL), and extracted with ethyl acetate (100 mL x 3). The combined
organic layers were washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by flash column chromatography
(elution with 20% ethyl acetate in petroleum ether) to afford 1-ethanesulfonyl-4-
fluoro-benzene (11.9 g, 63%) as a yellow oil (reference: Arnold, Leggy A. A, et
15 al., Org. Lett, 6 (2004), 3005-3007).

The following sulfone-substituted fluoro-benzenes were prepared in an analogous
manner as described for 1-ethanesulfonyl-4-fluoro-benzene starting with

commercially available alkyl halides and substituted benzenesulfonyl chlorides.

20
Starting benzenesulfonyl Starting alkyl | Sulfone substituted fluoro-benzene
chloride halide
4-fluoro-benzenesulfonyl chloride | bromoethane 1-ethanesulfonyl-4-fluoro-benzene

4-fluoro-benzenesulfonyl chloride | n-propyl iodide | 1-fluoro-4-(propane-1-sulfonyl)-benzene

4-fluoro-benzenesulfonyl chloride | 2-bromo- 1-fluoro-4-(propane-2-sulfonyl)-benzene
propane
4-fluoro-benzenesulfonyl chloride | cyclopropyl 1-cyclopropanesulfonyl-4-fluoro-benzene

bromide




0,0 ylFacetic acid J = 7.45 Hz, 2 H), 1.25 (t, J = 7.45 Hz, 3 H) ci

*CD30D was used as the solvent; **DVSO- d6 was used as the solvent. EXAMPLE
2-1 14- (4wetzhwwvsswhf onvi - phenoxv) - 6- f | uor o- 3- net hyl - napirChaiPeev9B648i16 - acet i c
acid 5 2- (4-fluoro-benzylidene)-3-nethyl-succinic acid 1-nmethyl ester O
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Starting benzenesulfonyl Starting alkyl | Sulfone substituted fluoro-benzene

chloride halide

4-fluoro-benzenesulfonyl chloride | 1-bromo- 1-(butane-1-sulfonyl)-4-fluoro-benzene
butane

4-fluoro-benzenesulfonyl chloride | bromo- 1-cyclopentanesulfonyl-4-fluoro-benzene
cyclopentane

4-fluoro-3-methyl-benzenesulfonyl | methyl iodide 1-fluoro-4-methanesulfonyl-2-methyl-

chloride benzene

4-fluoro-3-methyl-benzenesulfonyl | bromoethane 4-ethanesulfonyl-1-fluoro-2-methyl-

chloride benzene

4-fluoro-2-methyl-benzenesulfonyl | methyl iodide 4-fluoro-1-methanesulfonyl-2-methyl-

chloride benzene

4-fluoro-2-methyl-benzenesulfonyl | bromoethane 1-ethanesulfonyl-4-fluoro-2-methyl-

chloride benzene

3-chloro-4-fluoro- methyl iodide 2-chloro-1-fluoro-4-methanesulfonyl-

benzenesulfonyl chloride benzene

3-chloro-4-fluoro- bromoethane 2-chloro-4-ethanesulfonyl-1-fluoro-

benzenesulfonyl chloride benzene

3,4-difluoro-benzenesulfonyl methyl iodide 1,2-difluoro-4-methanesulfonyl-benzene

chloride

3,4-difluoro-benzenesulfonyl bromoethane 4-ethanesulfonyl-1,2-difluoro-benzene

chloride

3-cyano-4-fluoro- benzenesulfonyl | bromoethane 5-ethanesulfonyl-2-fluoro-benzonitrile

chloride

2-chloro-4-fluoro- methyl iodide 2-chloro-4-fluoro-1-methanesulfonyl-

benzenesulfonyl chloride benzene

2-chloro-4-fluoro- bromoethane 2-chloro-1-ethanesulfonyl-4-fluoro-

benzenesulfonyl chloride benzene

2,4-difluoro-benzenesulfonyl methyl iodide 2,4-difluoro-1-methanesulfonyl-benzene

chloride

2,4-difluoro-benzenesulfonyl bromoethane 1-ethanesulfonyl-2 4-difluoro-benzene

chloride

2,4 5-trifluoro-benzenesulfonyl methyl iodide 1,2 ,4-trifluoro-5-methanesulfonyl-benzene

chloride

2-chloro-4 5-difluoro- bromoethane 1-chloro-2-ethanesulfonyl-4,5-difluoro-

benzenesulfonyl chloride benzene

5-chloro-2 4-difluoro- bromoethane 1-chloro-5-ethanesulfonyl-2,4-difluoro-

benzenesulfonyl chloride benzene




O After careful addition of absolute nethanol (0.1 nL) to a suspension of
sodi um hydride (60%in mneral oil, 20 g, 0.5 nol) in anhydrous tol uene
(200 ni),wea200/esstoat i on of 4-fl uoro-benzal dehyde (31 g, POTAR200l0548a0d
2-met hyl -succinic acid dinethyl ester (60 g, 0.38 nol) in anhydrous tol uene
(100 nL) was added at room tenperature er a stream of nitrogen. The
resulting mxture mas stlrred6at roonttg%g

erature for 30 m nutes and then

t 2 , ybne alen-@ad)-aci di fi ed
by the addition of concentratedctg hﬁp@g%@%pﬁlf aéld and extracted W th
ethyl acetate (200 nL X 3). Th ganic layers were dried
over sodium sul fate, and concentrated i@Hvacuo. The residue was purified by
col uim chromat ography (el ution ywith 30%ethyl acetate in petrol eum ether)
to afford 2-(4-fluoro-benzylidene et Ryl - succinic acid 1- methyl ester
(20 g, 33% as a mhite solid. 1H acetone-d6) 5 ppm5 7.77 (s,
1H, 7.54 (d, J =8.8 H, 2 H, 88 Hz, 2 H, 3.82 (q, 7.2
Hz, 1 H, 1.40 (d J =6.8 Hz, 3 H.
6- f | uor o- 4- hydr oxy- 3- met hyl - naphthalene 29carBoxylic acid nmet hyl ester O

OH 10 To a solution of 2-(4-fluoro-benzylidene)-3-nethyl-succinic acid

1- nethyl ester (1 g, 4 mol) in anhydrous tetrahydrofuran (10 ni),
trifluoraeacetic i . . i} rtion
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being stirred at roomtenperature for 4 hours, the mxture was acidified to
pH 3 with 5% aqueous hydrochloric acid and 15 extracted with ethyl acetate
(30 nmL). The organic |ayer was c. et rated in vacuo. The residue was

di ssolved in nethanol (15 nL). T 7 sBtwution was cooled to 0 C
then treated with sodi um borohydridgé 10 mml ), and stirred for 1
hour. The reaction m xture was diluted with chyl acetate (20 nL) and 5%

aqueous hydrrecéttam.&q 8CiakIUoAE- F%h;ﬁ{%a.@g&sw 3@%3@4%%9@&@@% g and
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ester. 84 - dor o- ene-"Z-carboxylic acid
met hyl esteO-1b °0'0Aaerrthetadcmlomfwas complete, the reaction mixture was stirred for an
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The reaction mixture was then diluted with 100 mL of heptane, and stirred for 30

minutes at 0-10 °C. The resulting solid was filtered and washed with 2x 100 mL
20 of 1:1 methyl tert-butyl ether:heptane. The filtrate and the washings were
combined and washed with 100 mL of water, 100 mL of 1M citric acid, 2x100 mL
of water, then concentrated azeotropically at 25 °C/60 mmHg to a total volume of
~40 mL. The residue was diluted with 60 mL of methyl tert-butyl ether. This
solution was then directly used for the next step.
25
2-Ethoxycarbonyl-3-[1-(4-fluoro-phenyl)-meth-(E)-ylidene]-

4-methyl-pentanedioic acid 1-tert-butyl ester 5-ethyl ester



5 added benzyl bromide (4.5 m, 37.6 mmol) in acetone (100 nL). The
resulting mxture was vigorously stirred at reflux for 10 hours under a
ni t rogen woroepisere. The m xture was cool ed and filter e@CT/HEHrRROOMSINEd
organi c solution was concentrated in vacuo to give

4- benzyl oxy- 6-f |l uor o- 3- et hyl - naphthaleqﬁ)z carboxylic acid methyl ester
(10.4 g, 94% as a white solid.
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of lithium alum num hydride (1.8, <47. 57
was added a sol ution of 4-benzyl ox quoro & met hyl - napht hal ene- 2-
carboxylic acid nethyl ester (10 g; N in tetrahydrofuran (50 m.)
at 0 C 15 under a nitrogen atnosphere. deing heated at 60 C for 2
hours, the resulting m xture was cooled tog0 C and treated with 1 N
hydrochl oric acid to quench the reaction_4%he aqueous | ayer was extracted
with diethyl ether (100 nL x 5). The conbiked organic layers were dried
over sodiumsulfate and concentrated in yvacuo to
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1H NWR (4OOV\M%W5P@§§& |r5thléﬂf€x?st%% \K/lﬂﬂ)utﬁurme'?p@rlﬁc,gat%nHZ 1H, 7.71 (d, J =
2.4 Hz, 15 1 H), H) . -75 (m 5H, 7.25 (td, J = 2.4, 8.8
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(4- benzyloxy- tic acird ne ester
20 A flask containing butyl ester

1- benzyl oxy- 3-chl oronet hyl-7-f| uor o- 2- met hyl - napht hal ene (3.3 g, 10.4

mol ), bis(triphenyl phosphi ne)di chl oropal | agdi un(11) (360 ng, 0.5 mmol ) and
pot assi um carbonate (1.52 g, 11. cuated and then filled with
carbon nonoxi de (balloon). Methano ) and tetrahydrofuran (35 niL)
wer e added by nmeans of a syringe. g §tirred at roomtenperature
under a o OjV

The malonate ester derivative prepared above (56.36 g, 138 mmol) was
dissolved in 280 mL of absolute ethanol. Lithium hydroxide (1M solution, 414.0

20 mL, 414.0 mmol) was added slowly over 15 minutes, and the resulting reaction
mixture was stirred at room temperature overnight. The solution was then heated
at reflux for 3 hours (HPLC analysis indicated completed decarboxylation). At
this time, the solution was concentrated at 30 °C/30 mmHg to remove ~350 mL of
solvent. The residue was cooled to 10 °C, and treated with concentrated

25 hydrochloric acid (32.0 mL, 389.7 mmol) dropwise, in order to adjust the pH to



- 86 - carbon nonoxi de atnosphere overnight, the resulting m xture was
diluted with water (50 nlL), and extracted with ethyl acetate (100 nL). The
or gani ¢ agepivesomashed with water (50 nL x 2). The comrbirmPAIQHHSOUS

| ayers were extracted with ethyl acetate (150 nL) and the conbi ned organic
|l ayers were dried over 5 sodiumsulfate and concentrated in vacuo. The
resi due was purified by colum chromat o'gﬁa'phy (20% et hyl acetate in

pet r ol eum eher. ) Thepremiction m;gtnrebwazymejygxteacted with methyl tert-butyl ether (400

wht te ool | dMBlH Tiere pA g5 Fiase YBagp e Ahb e E m%(fﬁwaég” 9 1
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Hz, 3.84 (s 3 VB
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To a solution of (4-benzyl oxy-6-fl'uoro-3-neth napht hal en-2-y1)-acetic
acid 15 met Fsgidusswes cpecmt@te%zmtmﬂwa)llym3@eﬂ£&@1mmfdgmo piodugasiadided 10%
pal | adi um o I v sly stirred
under a hydrIg c}% gn ?ﬁafvﬁlocgn\?g érrr%gﬁhtg‘rgg] e})(vé;t?q’ﬁlvﬂﬁou{ﬁh&é%? PFt'@%{t'gH'was
concentrat ed (nmmouy-a-ﬂugio»«e rméthyl-naphthalen-2-yl)-acetic acid tert-butyl ester

f I uor o- 4- hydr oxy- 3- net hyl - napht hal en-2-yl)-acetic acid nmethyl ester (2.44
g, 98 % as a white solid. 1H NWR (400 MHz, CDCI3) 5 ppm7.69 - 7.74 (m 2
H, 20 7.34 (s, 1 H, 7.21 (td, J = 2.4, 8.4 Hz, 1 H), 5.16 (s, 1 H, 3.82
(s, 2 H, 3.74 (s, 3 H, 2.35 (s, 3 H; ykcald for Cl4H13F03 248, obsd.
(ESI+) [(MFH) +] 249.

[ 4- (4- et hanesul f onyl - phenoxy) - 6- ] uogr o- 3 net hyl - napht hal en-2-y1] - acetic
acid nethyl ester 25 - 87 - A sep be contai ni ng

6- f | uor o- 4- hydr oxy- 3- net hyl - napht hial e W) -acetic acid nethyl ester (100
ng, 0.4 mol ), 1-ethanesul fonyl-4- quoro-be zene (152 ny, 0.8 nmmol ), and
pot assi um carbonate (111 ng, 0.8 mmol) wagzevyacated and filled with

ni t rogerlO Anhydrous N, N-di net hyl f or mani de (2 m_ was added. After 5 being
stirred at t oper at ur e,

t hen dil ut egﬂ%a?ﬁgﬁr%bﬁ?as[mg,f%%gw}gaﬁ@ﬁ?ldbﬂe Q%H%[@gt ate (10 nL x
2). The conbentdmedioiaacid SHaydrdyhaster (R8Shad 242 mngl) we8©m0M@dxnap¢tlcdr| ed
over sodi um, n r I C rified by
columm chro ﬁﬁ%cgrfotg (ﬁ%%@% 5?%5 %8 J{e’et}‘%n%g%tOﬁnﬁ%%%agﬁgoﬁg@?%% ve [ 4-(4-
10 et hanesubt:etlayé (1Ee3 9X¥86. BmMUbrmeBmmhyﬂlommpmrbahmsﬂ}re}d ttemeAiC acid

met hyl e ter 2 F121 FO6 obsd, (ESI+
[(M )IéH) ﬂ1 ioir(1]0 houng when/Q-lPL%Sanéa}ysw sLowe completed reaction. Q‘he regctlon )
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EXAMPLES 2-2 to 2-45 25 The followi ng exanples 2-2 to 2-45 were prepared in
an anal ogous nmanner to exanple 2-1 starting with 4-fluoro-benzal dehyde or

4- chl or o-wenaslwdedde to derive PCT/EP2009/064810
(6-fluoro-4-hydroxy- 3-net hyl - napht hal en-2-yl)-acetic acid nethyl ester or
(6-chl or o- 4- hydr oxy- 3- net hyl - napht hal en- 7? yl)-acetic acid nethyl ester, WO
2010/ 055004PCT/ EP2009/ 064810 - 88 - respéctively, which were then further

treated w t Aotehebdperdph¢ abeve prapered &- a«;etam6+fb4brce3dnetﬂmvbwféhalan;a

derivati i o! ith,t d d, f I 2 1.
Beanpl e No. VPSR aeRIeREY bl 1T B S S Ry SRR, BmdAN ke

[ (MtH) +] St deédleedlafrﬁm[eﬁ’rd‘xidm(IZ@’/Aséléhorﬂm ihatresiol, 23m4 mLphlen@mmoB rret hyl -
napht hal en- 2- IFacetlc 82 - 7.88 J = 09 Hz, 2

. 7.70 3 (apidly qrﬁpvv'?ee,%%@deswt'ri@r%ft'oa nggt]wéwgbﬁ’sﬂgrég %t %gﬁr@ a%mpgraiurfo 11,
g gg '('Z 5% ?&r,ZCﬁm%tésd ,whlen:I-HBL@‘bHé?y&szlnb"l:atéﬁ §80Kn§leté’d Mactién OFhenixBird) -
was cooled to 0 °C and then acidified to pH 2 with 1N hydrochloric acid solution
(111.1 mL, 111.1 mmol). The mixture was then stirred at 0-5 °C for an additional
30 minutes. The resulting solid was filtered, and washed with water (2x40 mL),
then dried under vacuum overmnight (40 °C), to produce 23.7 g of a light yellow
10 solid. "H NMR (300 MHz, DMSO-ds) 3 ppm 9.09 (s, 1 H), 7.76-7.86 (m, 2 H),
7.26-7.35 (m, 2 H), 3.71 (s, 2 H), 2.23 (s, 3 H), 1.41 (s, 9 H).

PART Il: PREPARATION OF SPECIFIC COMPOUNDS

EXAMPLE 141
15

[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yll-acetic acid

0]

’

6
2-(4-fluoro-benzylidene)-succinic acid 1-methyl ester
H O
™ O/
OH
20 To a refluxing mixture of potassium tert-butoxide (27 g, 242 mmol) and tert-
butanol (150 mL) was added a solution of 4-fluoro-benzaldehyde (20 g,161
mmol) and dimethyl succinate (28 g, 193.2 mmol) in tert-butanol (100 mL)
dropwise. After being heated at reflux for 3 hours, the mixture was concentrated
in vacuo to remove tert-butanol. The residue was dissolved in 1 N hydrochloric

25 acid (180 mL). The resulting aqueous solution was extracted with ethyl acetate



, 2-3 [6-fl
napht hal en-

9.73, 5.A80Ma10/055My, 7.70 (s, 1 H), 7.52 (dd, J

- 7.26 (m
(s, 2 H, 3
(propane- 2-

= 10.11, 2.
1 H, 2.24

acid 7.81 (
H, 6.91 (d

10

15

20

25

uor o- 4- (4- met hanesul fonyl -2-net
2.

yl - phenoxy)-3- nethyl -
2- yl Facetic acid 7.88 (d, J = 7

h
2
8. 21, PRTAD2042/06481¢H) ,

Hz, 1 H), 7.84 (dd, J =

7.23

1H, 6.26 (s, 3 H, 2.22 (s, 3 H (d, J =8.84 Hz, 1 H, 3.90
.05 (s, 3 H, 2.63 403 OH o_s7<g_o 2-4 {6-fluoro-3- nethyl-444-
sul fonyl)- phenoxA- naphthal'en-2- yl}-acetic acid 7.84 (dd, J =
8.97, 5.43 HXO0 mLH 3). Theeonehingd ergan@4layers were)dried. v@r gedium $hlfatg,. 881 (dd, J

27 Hz 6.90 =+ 6.94 2 H.. 3.9 14, - 3.22
BincBigedn ptip T8 reladdlyak plhiged oY ok Pug Gy Blyassiyrdng ,° 22 (™
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2 H), 3.81 (s, 3 H), 3.49 (s, 2 H).
4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
0O

SO
=
O
T
To a solution of 2-(4-fluoro-benzylidene)-succinic acid 1-methyl ester (2 g, 8.4
mmol) in acetic anhydride (10 mL) was added sodium acetate (0.83 g, 10.1
mmol). After being heated at reflux for 6 hours, the mixture was concentrated in
vacuo. The residue was dissolved in 1 N hydrochloric acid (20 mL). The aqueous
solution was extracted with ethyl acetate (15 mL x 3). The combined organic
layers were dried over sodium sulfate, and concentrated in vacuo. The residue
was purified by column chromatography (10-20% ethyl acetate in petroleum
ether) to afford 4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
(1.1 g, 50%) as a white solid. '"H NMR (400 MHz, CDCls) & ppm 8.52 (s, 1 H),
8.00 (dd, J = 9.09, 5.56 Hz, 1 H), 7.89 (s, 1 H), 7.50 (dd, J = 9.85, 2.53 Hz, 1 H),
7.37 (td, J = 8.59, 2.53 Hz, 1 H), 3.99 (s, 3 H), 2.49 (s, 3 H).
6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester
0

Co e
F

OH
To a solution of 4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester (1
g, 3.8 mmol) in methanol (20 mL) was added sodium methoxide (309 mg, 5.7
mmol). After being stirred at room temperature for 1 hour, the reaction mixture
was acidified with 1 N hydrochloric acid to pH 3. The resulting precipitate was

collected by filtration and dissolved in ethyl acetate. The organic solution was



OHO0Os 6" 2-6 [6-fluoro-4-(4- nethanesul fonyl -3-nethyl- phenoxy)-3-

nmet hyl - napht hal en-2- yl Facetic acid 7.92 (d, J =8.84 Hz, 1 H), 7.84 (dd,
J = 8.97,wb.26B/0%2q041 H), 7.69 (s, 1 H) 7.34 (dd, J = 10P23/EP2009064820 1 H),
7.22 - 7.26 (m 1 H), 6.80 (d, J =2.02 Hz, 1 H), 6.64 (dd, J = 8.72, 2.40
Hz,

1H, 3.90 (s, 2 H, 3.07 (s, 3 H, 2,64 (s, 3H, 2.25 (s, 3 H 403 CH
o'IMO.1, WO 2010/055004PCT/ EP2009/0 10 - 89 - Exanple No. Systenatic
Name 11- | NNRe@@@erWumcaD@ate), aedrPncemratesinyaduonietdferd 800 umeg af erude B-

£”6 ghla? ,rg gél aro Qr%@qe/Sn%'p%ﬁw%e'né—f—%%';boo)%hé géidrﬁétwll éstgragshéh |eeypeII%w

solid, which was used in the next step without further purification.

4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
O

Cor e
F

0]

To a mixture of 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester
(4.6 g, 21 mmol), potassium carbonate (5.8 g, 42 mmol) and acetone (100 mL)
was added benzyl bromide (5.47 g, 32 mmol). After being stirred vigorously at
reflux for 4 hours under a nitrogen atmosphere, the resulting mixture was cooled
10 to room temperature, and filtered. The organic solution was concentrated in
vacuo to give 4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
(5.85 g, 90%) as a white solid.
(4-benzyloxy-6-fluoro-naphthalen-2-yl)-methanol

F OH

0]

15 To the slurry of lithium aluminum hydride (1.4 g, 36.9 mmol) in tetrahydrofuran
(30 mL) was added a solution of 4-benzyloxy-6-fluoro-naphthalene-2-carboxylic
acid methyl ester (5.8 g, 18.7 mmol) in tetrahydrofuran (30 mL) at 0 °C under a
nitrogen atmosphere. After being heated at 60 °C for 1 hour under a nitrogen
atmosphere, the resulting mixture was cooled to 0 °C and 1 N hydrochloric acid

20 was added to quench the reaction. The aqueous layer was extracted with diethyl
ether (50 mL x 4). The combined organic layers were dried over sodium sulfate
and concentrated in vacuo to give (4-benzyloxy-6-fluoro-naphthalen-2-yl)-
methanol (4.9 g, 93%) as a white solid.



7.86 (d, J =8.84 Hz, 2 H, 7.79 (d, J =859 Hz, 1 H, 7.72 (s, 1 H, 7.69
(s, 1 H, 7.42 (d, J =7.07 Hz, 1 H), 6.93 (d, J =8.59 Hz, 2 H), 2.24 (s,
3 H 3.90w0x210D55)04 3.07 (s, 3 H), 405 CH 0401 Cl o POP/EP2@9/064810

[ 6-chl oro-4-(4- nethanesul fonyl -3-nethyl- phenoxy)-3- nethyl -

napht hal en-2- yl Facetic acid 7.91 (d, J %8.84 H, 1 H), 7.86 (d, J = 8.84
Hz, 1 H), 7.72 (s, 1 H, 7.62 (d, J = 1. Hz, 1 H), 7.39 (dd, J = 8.59,
2.02 Hz, 1 H, 6.912 (d, 6.82 (m 1 H), 3.74 (s, 2 H, 3.11 (s, 3 H, 2.62

, 3 , 2.26 , 3 = 2.2 1 7 - 41 0401 Clo OP 2-9
L5 chi of 0- 4. (4- - et hareSraURsy-3-Sineametnvi dese faantfiichs . © '
napht hal en-2- yl Facetic acid 7.89 (s = 9 (d, J=8.34 Hz, 1 H, 7.69
(s, 1 H, 7.65 (s, 1 H, 7.53 (br. O@ 7.43 (dd, 1 H), 6.25 (d, J =
8.59 Hz, 1 H), 3.90 (s, 2 H), 2. 21{S A H), 3.05 (s, 3 H, 2.64 (s, 3
419 OH 0

To a solution of triphenylphosphine (2.8 g, 10.6 mmol) in anhydrous
5 tetrahydrofuran (16 mL) was added carbon tetrachloride (5 mL). After the mixture

was stirred at room temperature for 10 minutes, (4-benzyloxy-6-fluoro-
naphthalen-2-yl)-methanol (1.5 g, 5.3 mmol) was added as a solid under a
nitrogen atmosphere. After being stirred at reflux for 2 hours, the resulting mixture
was cooled to room temperature, diluted with water, and extracted with ethyl

10 acetate (100 mL). The organic layer was washed with water (50 mL x 2). The
combined aqueous layers were extracted with ethyl acetate (100 mL). The
combined organic layers were dried over sodium sulfate and concentrated in
vacuo. The residue was purified by column chromatography (elution with 5%
ethyl acetate in petroleum ether) to afford 1-benzyloxy-3-chloromethyl-7-fluoro-

15 naphthalene (1.4 g, 87.5 %) as a white solid.

(4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester

ONG
OO O
F

0]

To a flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-naphthalene (5.4 g, 18
mmol), bis(triphenylphosphine)dichloropalladium(ll) (630 mg, 0.9 mmol) and

20 potassium carbonate (2.6 g, 18.9 mmol), which was evacuated and then filled
with carbon monoxide (balloon), methanol (25 mL) and tetrahydrofuran (50 mL)
were added by means of a syringe. After being stirred at room temperature under
a carbon monoxide atmosphere overnight, the resulting mixture was diluted with

water (100 mL), and extracted with ethyl acetate (100 mL). The organic layer was



0401 Clo OP 2-10 [4-(4- ethanesul fonyl- 2-nethyl- phenoxy)-6-
fluoro-3-nethyl - naphthal en-2- yl Facetic acid 7.85 (br. s, 2 H, 7.70 (s, 1
H)y, 7.48 wo0,2000/0858®408 Hz, 1 H), 7.24 (br. s, 2 H), 6.25P(Cu/EP3008/084308 Hz, 1
H, 3.90 (s, 2 H, 3.11 (q, J =7.49 Hz, 2 H, 2.62 (s, 3 H, 2.22 (s, 3
H, 1.29 (t, J =6.82 H, 3 H 417 OH 0,401 401 2-11 [4-(3-chloro-4-

nmet hanesul f onyl -phenoxy)-6- fl uoro-3-nethyl- naphthal en-2- yl Facetic acid
(d, J = 8. 8avashed witH)water €® bl 2)) Thegombing] aguedys layeds were Xtrastedl H),

361 (s 2 it hyabelte 1128 Ay Ay e biptiyeBolgineares ieg BgatyBy, 7,
423 OH o SOsodium $ilifale 3nd 2ohderittated (r vaold- Thé teiduedwasputifiee sy cbiomA
- phenoxy) - Sbhromaht%cl:]faphy (elution with 20% ethyl acetate in petroleum ether) to afford (4-
5 benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester (5.3 g, 91%) as a
white solid.

(6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester

~
F

OH
To a solution of (4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester
10 (876 mg, 2.7 mmol) in methanol (20 mL) was added 10% palladium on carbon
(132 mg). The resulting mixture was stirred vigorously under a hydrogen
atmosphere (balloon) overnight and then filtered. The filtrate was concentrated in
vacuo to give (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (601
mg, 95%) as a white solid. "H NMR (400 MHz, CDCl3) & ppm 7.69 - 7.76 (m, 2 H),
15 7.30(s,1H),7.22-7.26 (m, 1 H), 6.82 (s, 1 H), 3.74 (s, 3 H), 3.72 (s, 2 H).
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl
ester

o
. ol

A sealed tube containing (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl
20 ester (49 mg, 0.21 mmol), 1-ethanesulfonyl-4-fluoro-benzene (87 mg, 0.427
mmol), and potassium carbonate (73 mg, 0.53 mmol) was evacuated and filled
with nitrogen. Anhydrous N,N-dimethylformamide (2 mL) was added. After being
stirred at 100 °C overnight, the mixture was cooled to room temperature, then
diluted with water (10 mL), and extracted with ethyl acetate (10 mL x 2). The
25 combined organic layers were washed with brine (10 mL x 3), dried over sodium

sulfate and concentrated in vacuo. The residue was purified by column



napht hal en-2- yl Facetic acid 7.85 (t, J =8.34 Hz, 2 H), 7.72 (s, 1 H),
7.49 (d, J =8.34 H, 1 H, 7.35 (d, J =9.8 Hz, 1 H, 7.29 (br. s, 1 H,
6.45 (t, Wo=08/@300kz, 1 H), 3.91 (s, 2 H), 3.07 (s, 3 HpCTEP2@9(064818 H),
407 OH o .401 lel F, WD 2010/ 055004PCT/ EP2009/ 064810 - 90 - Exanple No
Systematlc Name 11-1 NWR (400 MHz, CDCI3) 6 PPm M5 (ESI+, [(MtH) +]

Structure 2-13 [4-(4- ethanesul fonyl- 2- fI uor ophenoxy) - 6- fl uoro- 3-net hyl -
napht hal en- 2hrophatageapiny (alotion W|t8630€/dethyﬂaeetataalm pesroledinkether) td) Qive [BM-( dd,

736 (du, 3 W%u*%@Phwoxvi%uore%hEﬁ i o e S

(s, 2 H, 3mi380%)abawhitésdiid. 2 H), 2.27 (s, 3 H, 1.31 (t, J =7.33 Hz, 3

421 OH o .40
H) [%l-(4-ethanesulfonyl-phenoxy)-6-ﬂuoro-naphthalen-2-yl]-acetic acid

SoRs
Joop:

o)
o ¥,
5 2

5 N lithium hydroxide (6 mL) was added to a solution of [4-(4-ethanesulfonyl-
phenoxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl ester (64 mg, 0.16 mmol)
in tetrahydrofuran (4 mL). After being stirred at room temperature overnight, the

10 resulting mixture was acidified to pH 3 with 5 N hydrochloric acid, and then
extracted with ethyl acetate (10 mL x 2). The organic layers were dried over
sodium sulfate and concentrated in vacuo. The residue was precipitated from
ethyl ester/ petroleum ether (1:10) to give [4-(4-ethanesulfonyl-phenoxy)-6-fluoro-
naphthalen-2-yl]-acetic acid (25 mg) as a white solid. "H NMR (400 MHz, CDCl5)

15 dppm7.84-7.90 (m, 3 H), 7.65 (s, 1 H), 7.57 (dd, J = 9.85, 2.53 Hz, 1 H), 7.33
(td, J=8.65,2.65Hz,1H),7.09-7.14 (m, 3H), 3.80 (s, 2H), 3.13(q, J=7.33
Hz, 2 H), 1.30 (t, J = 7.45 Hz, 3 H); MS cald. for CxoH:7FOsS 388, obsd. (ESI*)
[(M+H)*] 389.

20 EXAMPLES 1-2 to 1-23
The following examples 1-2 to 1-23 were prepared in an analogous manner to
example 1-1 starting with 4-fluoro-benzaldehyde, 4-chloro-benzaldehyde, 4-
methoxy-benzaldehyde, 4-trifluoromethyl-benzaldehyde, 4-trifluoromethoxy-
benzenaldehyde, 3,4-dimethoxy-benzaldehyde, and 3-fluoro-benzaldehyde, to

25 derive (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester, (6-chloro-4-
hydroxy-naphthalen-2-yl)-acetic acid methyl ester, (4-hydroxy-6-methoxy-
naphthalen-2-yl)-acetic acid methyl ester, (4-hydroxy-6-trifluoromethyl-
naphthalen-2-yl)-acetic acid methyl ester, (4-hydroxy-6-trifluoromethoxy-



401 2-14 [4-(4- ethanesul fonyl- 3-nethyl -
napht hal en-2- yl Facetic acid 7.88 (d, J= 8.84 Hz,
5.18 Hz, WOHp10/085008 (S,
J= 10.11, 2.53 Hz,
3.90 (s,
J=7.45 Hz, 3 H)

Hz, 1 H),
3 H, 1.29 (t,

7.86 (ddd,
7.07, 2.53
(s, 3 H),

met hanesul f ony|l -phe
mgihyl epster

1H,

phenoxy) - 6- fl uoro-3-nethyl -
7.84 (dd, J= 8.97,

1 H, 7.35 (dd, J = 10.11, 2.53PH1/EP2000)064870 24 (dd,
1 H, 6.80 (d, J=2.27 Hz, 1 H, 6.65 (dd, J= 8.72, 2.40
2 H, 3.14 (q, J= 7. Hz, 2 H, 2.62 (s, 3 H, 2.25 (s,

417 | 0o

5Pty At dpuia e adythie G imhledgbiSy
2 agétid acid Sndthyl43te rGrd(7-fitdtodethydroxy2ndphthaleht24gi)-acdtid 3eidf | uor o- 4-

IRSY: Starting with 3-fdero batizardehyde bath oF (5 fudio-4-

41 0 2-15 [4-(2,5-difluoro- 4-
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J= 9. 35,
i 3.20

5 hydroxy-naphthalen-2-yl)-acetic acid methyl ester and (7-fluoro-4-hydroxy-

naphthalen-2-yl)-acetic acid methyl ester can be obtained. See Scheme 17)

respectively, which were then further treated with the appropriate commercially

available or prepared sulonfylaryl derivatives in accordance with the procedure

described for example 1-1.

10
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI,
[(M+H)]

1-2 [6-fluoro-4-(4- 7.82-7.89(m,1H),7.86 375 OH
methanesulfonyl | (d, J=8.84 Hz, 2 H), 7.61 OO
-phenoxy)- (s, 1H),7.53(dd, J=9.98, E o
naphthalen-2- 240Hz,1H),7.26-7.32 o
yll-acetic acid (m,1H),7.07(d, J=9.09

Hz,2 H), 7.10 (s, 1 H), 3.76 \©\ 0
(s,2H),3.03(s,3H) S
0)

1-3* [6-chloro-4-(4- 7.90-7.96(m,4H),7.72 391 OH
methanesulfonyl | (s, 1 H), 7.52 (dd, J = 8.84, OO
-phenoxy)- 2.02Hz,1H),7.18-7.22 Cl o
naphthalen-2- (m, 3 H),3.79 (s,2H),3.12 o
yll-acetic acid (s,3H) \©\

0
N
0)

14 {6-fluoro-4-[4- 7.83-7.92(m,3H),7.67 403 OH
(propane-2- (s,1H),7.60(dd, J=9.85, OO
sulfonyl)- 2.53 Hz,1H),7.35(td, J = E o
phenoxyl- 8.65,2.65 Hz, 1 H), 7.13 (s, o
naphthalen-2- 3 H),3.82(s,2H),3.17 -
yl}-acetic acid 3.25(m,1H),134(d,J= \©\ 0

7.07 Hz, 6 H) S\(
@)




7.83 - 7.90 (m 2 H, 7.72 (s, 1 H, 7.30 (br. s, 1 H, 7.25 (br. s, 1 H),
6.75 (dd, J =8.97, 1.89 Hz, 1 H, 6.62 (dd, J = 11.49, 2.15 Hz, 1 H), 3.91
(s, 2 H),we.22m/550043 H), 2.26 (s, 3 H 407 CH 0401 o 40CLT/EP2009/D6{s40 ( 4-

et hanesul fonyl - 3-fluoro- phenoxy)-6- fluoro-3-nethyl- naphthal en-2-

yl Facetic acid 7.85 (ddd, J = 8.65, 4. 2_37 4.04 Hz, 2 H, 7.71 (s, 1 H,
7.31 (br. s, 1 H, 7.25 (br. s, 1 H), 6.795(dd. J=8.72, 2.15 Hz, 1 H),

6.61 (dd, J|Bempe Sysmayg 1 Iulj NMB (419=MHZ7, §DCR) HMS 3. 29 tgcture= 7. 49 Hz, 2
H, 2.25 (s|Ng& H), Name3 (¢, J=5PPW5 Hz, 3 H) 421 (B, 401 o 401 WO
2010/ 055004PCT/ EP2009/ 064810 191 - Exanple No. |&V¥tedmtic Name 11-1 NMR
(400 MHz, CpEF3) 6 PP Ms (ESI ?.,86%.%(;{),.3%?)%@3;(;'[ #Pt 2-18 @@ o et -
- Rages na. - d, Jyiz - 2. i i
et hanesul f ohyl phefﬁglr%l_ I?er":‘gxy)t‘f I g(gg g Hieﬁ gl,q?_%n‘ap ht hal en E detilc acid
6-fluoro- (td, J=8.59,2.53 Hz, 1 H), o
naphthalen-2- 7.10-7.16 (m, 3 H),3.79
yl]-acetic acid (br.s,2H),2.45-2.53 (m, O\ 0O
1 H), 1.37 (dd, J = 4.80, B
1.77 Hz, 2 H), 1.07 (dd, J = 0 W
7.96,1.89 Hz, 2 H)
1-6 [6-fluoro-4-(4- [ 7.91(br.s,1H),7.88(t1 | 389 OH
methanesulfonyl | H), 7.68 (dd, J = 8.46, 1.89 OO
-2-methyl- Hz, 1 H), 7.60 - 7.64 (m, 2 E 0
phenoxy)- H), 7.35 (td, J= 8.72, 2.53 o
naphthalen-2- Hz, 1 H), 6.98 (s, 1 H), 6.82
ylJ-acetic acid (d, J=8.59Hz, 1H),3.79 D\ 0
(s, 2 H), 3.09 (s, 3H),2.50 S\
(s,3H) 0
1-7 [6-fluoro-4-(4- 7.99(d,J=859Hz,1H), | 389 OH
methanesulfonyl | 7.87 (dd, J =9.09, 5.31 Hz, OO
-3-methyl- 1 H),7.64 (s, 1 H), 7.58 E 0
phenoxy)- (dd, J=10.11,2.53 Hz, 1 5
naphthalen-2- H), 7.33 (td, J = 8.65, 2.40
yl]-acetic acid Hz, 1 H), 7.12 (s, 1 H), 6.95 \Q\ 0
(d, J =227 Hz, 1 H), 6.89 S
(dd, J=8.72,2.40 Hz, 1 H), O
3.80 (s, 2 H), 3.09 (s, 3 H),
2.66 (s, 3 H)
1-8 [4-(4- 7.98 (dd, J=8.97,543 Hz, | 403 OH
ethanesulfonyl- | 1 H), 7.88 (d, J=1.52 Hz, 1 OO
2-methyl- H), 7.68 (s, 1 H), 7.65 (dd, J E o
phenoxy)-6- =8.46,2.15 Hz, 1 H), 7.57 5
fluoro- (dd, J=10.23, 2.65 Hz, 1
naphthalen-2- H), 7.37 (td, J = 8.78, 2.65 D\ 0
yl]-acetic acid Hz, 1 H), 7.05 (s, 1 H), 6.87 S
(d,J=8.59Hz,1H),3.75 O W
(s,2H),321(q,J=7.49
Hz, 2 H), 2.50 (s, 3 H), 1.23
(t, J=7.45Hz, 3H)
1-9* [6-fluoro-4-(5- 8.56 (d,J=253Hz,1H), | 376 OH
methanesulfonyl | 8.38 (dd, J = 8.59, 2.53 Hz, OO
-pyridin-2- 1 H), 8.09 (dd, J = 8.84, F o
yloxy)- 5.56 Hz, 1 H), 7.82 (s, 1 H), o N
naphthalen-2- 7.44-751(m,2H), 742 B
yl]-acetic acid (s,1H),7.38(s,1H),3.76 | AR
(s,2H),3.28 (s, 3 H) S
0)




8.29 (d, J =2.27 Hz, 1 H, 7.85 (dd, J = 8.97, 215Hz 2 H, 7.88 (dd, 1
H, 7.74 (s, 1 H, 7.31 (br. s, 2 H, 6.49 (d, J 8.84 Hz, 1 H), 3.91 (s,
2 H, 3. 1M0(q10/0556047. 41 Hz, 2 H), 2.26 (s, 3 H), 1.33 ( PCTEP200%/048B10Hz, 3 H)
428 OH 0 .401 401 2-19 [4- (3 chl oro-4- et hanesul fonyl - phenoxy) - 6-
fluoro-3-nmethyl - naphthal en-2- yl Facetig acid 8.02 (d, J = 8.84 Hz, 1 H),
7.85 (dd, J =8.97, 5,43 Hz, 1 H, 7.71{s, 1 H, 7.31 (br. s, 1 H, 7.25
(br. s, 1 HExegpg Sudtematio= 2 »7H MYIR (400yHz, 6DGB) (ME J = Sswre 2. 27 Hz, 1
H, 3.90 (sjN2 H), Mme (g, J|8PIM58 Hz, 2 H), 2. ’S*T’ 3 H, 1.30 (t, J E
7.45 Hz, 3 H) 437 OH .401 0 0|Cl 2-20 [4-(2- chlcr[ Ly net hanesul f onyl
- phenoxy) - 6+ 19"lor dﬁﬁucﬁ%ﬂ | - fha%tsh‘aﬁbﬁﬁﬂbr i
2.27 Hz, 1 H), 7.86m esulfony 3HM08
J =8.72, 2040 Hz, ¥ _V"IO iS‘i '7
J =8.84 He 1H)% L2 §,H
.401 lel C yll-acetic acid (s 3 H
141** | [4-(5- 8.53(d,J=2.02Hz, 1H), | 390 OH
ethanesulfonyl- | 8.34 (dd, J =8.72,2.40 Hz, OO
pyridin-2-yloxy)- H), 8.10 (dd, J = 8.97, E o
6-fluoro- 5.68 Hz, 1 H), 7.83 (s, 1 H), o N
naphthalen-2- 7.35-755(m,4H),3.78 A
yl]-acetic acid (s,2H),3.35-3.40 (m, 2 | _ 0
H), 1.14 (t, J=7.45Hz, 3 .S
H) J )
112* [4-(5- 8.27 (s,1H),8.17 (s, 1 H), | 404 OH
ethanesulfonyl- | 7.97 (dd, J = 8.08, 6.06 Hz, OO
3-methyl- 1H),7.75 (s, 1 H),7.30 - E 0
pyridin-2-yloxy)- | 7.38 (m, 3 H), 3.79 (s, 2 H), o
6-fluoro- 3.24 (t, 2 H), 2.60 (s, 3 H), AN
naphthalen-2- | 1.25 (t, J = 6.95 Hz, 3 H) P
ylJ-acetic acid S
J )
113* [4-(3-bromo-5- | 8.60(d,J=227Hz,1H), | 468 OH
ethanesulfonyl- | 8.42 (d, J=2.27 Hz, 1 H), OO
pyridin-2-yloxy)- | 7.99 (dd, J = 8.97, 5.18 Hz, E O
6-fluoro- 1H),7.79 (s, 1H),7.32 - o N
naphthalen-2- 7.43 (m,3H), 3.81(s,2H), A
yl]-acetic acid 3.26-3.29 (m, 2 H), 1.26 (t, | _ 0
J=7.33Hz, 3H) Br S
J )
1-14* [4-(3-bromo-5- | 8.65(d,J=227 Hz, 1H), | 454 OH
methanesulfonyl | 8.46 (d, J = 2.02 Hz, 1 H), OO
-pyridin-2- 7.99 (dd, J=9.73,5.43 Hz, o
yloxy)-6-fluoro- 1H),7.79(s,1H),7.32 - o
naphthalen-2- 7.40 (m, 3H), 3.81(s,2H), N\
yilacetic acid | 3.20 (s, 3 H) | o
Br S
o)
115 [4-(4- 7.87(d,J=859Hz,2H), |401 OH
Ethanesulfonyl- | 7.79 (d, J = 8.84 Hz, 1 H), OO 0
phenoxy)-6- 7.60(s,1H),7.19-7.24 0
methoxy- (m,2H),7.14 (d, J = 8.59 0o
naphthalen-2- Hz,2 H),7.10(d, J=1.26 \©\ .0
yll-acetic acid Hz, 1 H), 3.84 (s, 3 H) 3.79 S
(s,2H),3.14(q, J=7.49 ©
Hz,2H),1.32(t, J=7.45
Hz, 3 H)




2-21 [4-(2-chl oro-4- ethanesul fonyl- phenoxy)-6- fluoro-3-nethyl-
napht hal en-2- yl Facetic acid 8.08 (d, J = 2.27 Hz, 1 H), 7.86 (dd, J =
9. 09, 5.3yoHarv/abs¢dy, 7.72 (s, 1 H), 7.55 (dd, J = 8.72, PRTER202/06481¢H) , 7. 30
(br. s, 1 H, 7.25 (br. s, 1 H, 6.41 (d, J =8.84 Hz, 1 H), 3.91 (s, 2 H),
3.13 (g, J =7.58 Hz, 2 H, 2.26 (s, 3 T- 1.32 (t, J = 7.45 Hz, 3 H 437
OH 0 .401 C_401 2-22 {6-fluoro-3- met hyt - 444- (Dropane 1- sulfonyl)-
phenoxA- napﬁ%almleerﬁmtem?llc} acefhl YMREFQP MHBSPE!) . 7. 81Studture] = 8,84 Hz, |2
H, 7.70 (s|Na H), N4 (dd, J’5F’R’D 11, 2.53 Hz 7 25 (dd, 1 H), 6.92
(d, J =8.84 Hz, 2 H), 3.90 (s, .303-3csf>("’k* 2 H, 2.25 (s, 3 H
1.71 -1.81 (#1672 |—|)[4 (Gt. 02 (t, §55(d7~/&3 Bz, BHY) | 427 O—| 1101 21
{4-[4- (but ahe-1- s 35‘ ”V" ﬁ 8 5? I2u?3r"8 3- et hyl |- F e 2-
yl}-acetic acid 7. &8 "y’?/(r o W, J = 8.84 FZy 2 H), ,7.70 (s
1 H, 7.34 (dd, J ZigBrofny2 1 051z, 1 I_‘»46( 2&% 7.26 (m 1H, 6§93 (d, J
8.84 Hz, 2 H), 3. 9Cabnaichd) 740(dJé fm 2|H), 2.25 (s, 3 HY 168 -
1.76 (m 2 H, 1.364)- al:eti&@c.(jm 3 .8b]s, 24131323(&42% Sl. 1l |6,e, °
1.26 (t, J=7.33Hz, 3 H)
117* [4-(4- 8.30(s,1H)8.13(d,J= 439 OH
Ethanesulfonyl- | 8.59 Hz, 1 H) 7.93 (d, J = F OO )
phenoxy)-6- 8.84 Hz,2 H) 7.80 (s, 1 H) F
trifluoromethyl- 7.76 (dd, J = 8.34, 1.26 Hz, F °
naphthalen-2- 1H)7.23-7.31(m, 3 H) \©\ 0
ylJ-acetic acid 3.84(s2H)3.22(q,J= S
7.33Hz, 2 H)1.24 (t, J = ©
7.33Hz, 3 H)
1-18* [4-(5- 8.55(d,J=2.27 Hz, 1 H), | 456 OH
Ethanesulfonyl- | 8.32 (dd, J = 8.84, 2.53 Hz, F7[ OO I
pyridin-2-yloxy)- H), 8.06 (d, J = 8.84 Hz, 1 ¢ o
6- H),7.82 (s, 1 H), 7.62 (s, 1 O Ny
trifluoromethoxy | H), 7.46 (d, J =1.52 Hz, 1 | A0
-naphthalen-2- | H),7.42(s,1H),7.36 (d, J S~
yl]-acetic acid =8.59Hz,1H),3.84(s,2 ©
H), 3.26 (q, J=7.33 Hz, 2
H), 1.25 (t, J=7.33Hz, 3
H)
1-19* [4-(4- 8.05(d, J=9.09 Hz, 1 H), | 455 OH
Ethanesulfonyl- | 7.91 (d, J = 8.84 Hz, 2 H), F7[ OO I
phenoxy)-6- 7.77(s,2H), 746 (d,J= £ ©
trifluoromethoxy | 8.84 Hz, 1 H), 7.27 (s, 1 H), o
-naphthalen-2- 7.25(d, J=8.84 Hz, 2 H), \©\ 0
ylJ-acetic acid 3.81(s,2H),3.20(q,J= S~
7.33Hz,2H),125(d,J= ©
7.33Hz, 3 H)
1-20* [4-(4- 8.02 (dd, J=9.09,5.56 Hz, | 389 F OH
Ethanesulfonyl- H), 7.90 (d,J=8.84 Hz, 2 OO )
phenoxy)-7- H), 7.69 (s, 1 H), 7.62 (dd, J
fluoro- =10.11,2.53 Hz, 1 H), 7.32 o
naphthalen-2- (td, J=8.78,2.40 Hz, 1 H), \©\ 0
yl]-acetic acid 7.22 (d, J =8.59 Hz, 2 H), S~
7.15(s, 1 H), 3.80 (s, 2 H), ©
3.22(q,J=7.41Hz,2 H),
1.25(t, J=7.45Hz, 3 H)
1-21* [4-(5- 8.60 (d,J=2.80 Hz, 1 H), | 402 OH
Ethanesulfonyl- | 8.30 (dd, J =8.84, 2.40 Hz, OO 5
pyridin-2-yloxy)- H),7.85(d,J=9.20 Hz, 0
6-methoxy- H), 7.69 (s, 1 H), 7.28- O
naphthalen-2- 7.25(m.2H),7.21(dd, J = N' J_.0
yl]-acetic acid 9.20, 2.40 Hz, 1 H), 7.10 (d, S~
J=2.40Hz,1H),3.80 (s, 5 ©
H), 3.20 (g, J=7.45 Hz, 2
H),1.28 (t,J=7.45Hz, 3
H)




WO 2010/ 055004PCT/ EP2009/ 064810 - 92 - Exanple No. Systematic Nanme 11-1 NMR
(400 MHz, CDCI3) 6 PPm Ms (ESI+, [(M-H)+] Structure 0.91 (t, J = 7.33 Hz,
3 H 2-W0 2p/s5608hl or 0- 4- et hanesul fonyl - 2-fl uor ophe ROXEP2@9/064810
fl uoro- 3- et hyl - napht hal en- 2- yI Facetic aci d 8 03 (d, J = 10.36 Hz, 1 H),
7.87 (dd, J = 8.84, 5.31 Hz, 1 H), 774|§2S 7.28 - 7.36 (m 2 H),
6.43 (d, J =7.07 Hz, 1 H), 3.¢ ( 339(0 J =7.33 H, 2 H, 228
(s, 3 H), 1|Banple| Ystematias Hz 'H BMR)4098320[D0!:) 4045 0 CI Srupigre
[ 4- (2-chl or pN&- et H¥Wsul f onyl © PBTf | uor o- phenox{;ﬁ?'% fll uor o- 3- et hyl -
napht hal en-2-_yl Facetic aC|d 8.10 (d, J = 6.82 k , 1.87 (dd J =
9.47, 5.68 H¥F22"1 H)M4-(4¢. 74 (s, 18F|}d JT 8288HZ ZHB2 |89 2 I— 8716 (m|1
H, 3.91 (s, 2 H), haZT?SLﬂsa“y' %8’7841 M? 2.27 (s, 1. 4(t J E
7.45 Hz, 3 H) phenoxy 8.84 Hz 1 50td H),
' fluoro- 7.30 (s, 1 H) 7, 14 (dd, 1
naphthalen-2- H), 7.08 (d, J=8.84 Hz, 2
ylJ-acetic acid H), 3.81 (s,2H),3.20(q, J S\/
=745Hz,2H),126(t J= ©
7.45Hz,3 H)
1-23* [4-(4- 7.89(d,J=8.84Hz,2H), |431 ~o oH
Ethanesulfonyl- | 7.59 (s, 1 H), 7.34 (s, 1 H), OO
phenoxy)-6,7- 7.22-7.19 (m, 3 H), 7.04 (s, o 0
dimethoxy- H), 3.99 (s, 3 H), 3.83 (s, g S
naphthalen-2- 3 H),3.75 (s, 2 H), 3.23 (q, \©\ o
yl]-acetic acid J=745Hz,2H),1.25 (t, J s"\/
=7.45Hz, 3H) o
*CD3sOD was used as the solvent; **DMSO-ds was used as the solvent.
EXAMPLE 2-1
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic
acid
o
ooy
O
I,S//
¢
5
2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester
@)
AN o~
OH
F
O
After careful addition of absolute methanol (0.1 mL) to a suspension of sodium
hydride (60% in mineral oil, 20 g, 0.5 mol) in anhydrous toluene (200 mL), a
10 solution of 4-fluoro-benzaldehyde (31 g, 0.25 mol) and 2-methyl-succinic acid

dimethyl ester (60 g, 0.38 mol) in anhydrous toluene (100 mL) was added at
room temperature under a stream of nitrogen. The resulting mixture was stirred at
room temperature for 30 minutes and then quenched by the slow addition of
water (20 mL). The mixture was acidified by the addition of concentrated

15 hydrochloric acid, and extracted with ethyl acetate (200 mL x 3). The combined



455 OH 0 .401 C 401 2-26 [4-(4- cycl opentanesul fonyl-phenoxy)-

6-fl uor o- 3-

nmet hyl - napht hal en-2- yl Facetic acid 7.83 - 7.87 (m 1 H),

7.81

(d, J = swe4oHss®4H), 7.70 (s, 1 H), 7.35 (dd, J = 10. PCI/EP2®F/064810 1 H) ,

7.24 (dd, J
H, 2.21 -
1.81 (m 2

= 10.11, 2.27 Hz, 1 H), 6.91 (d, J = 8.84 Hz, 2 H), 3.90 (s,

2

2.26 (m 3 H), 2.01 -2.11 (mg2 H), 1.85- 1.95 (m 2 H), 1.73-

H, 1.56- 1.67 (m 2 H 443 OH1SOO0 SI '9 2-27

{6-f 1 uor o- 491ggn4c lalyersovere dazevarsodiuonguifate prrehesryden8atateinivacuwo. The

napht hal en-
7.69 (s, 1

% SHL# \ygge us}ng %CgBY %omf?q%ﬁhrogﬁa%ggrg%y %%FQC?H wgﬁgs)% %thglga(%eg%te

8.84 Hz, 2 iﬁ) petfol89m(etherd tcH)afforEI 22 fl&oro&éﬂzyﬁd‘ﬂw@ﬂ @t@lé@c@m&@acﬁﬂ 28 [4 (4-
?nn&#yl-eps?eerqgog 3%% asuao\gvﬁlte solldt WI NMRa(BfOE)RﬁI-lze naczeto e- d6 e;gér% acid

benzenesul f

5

10

15

20

25

30

7.77 (s,1H),7.54 (d, J=88Hz,2H),7.25(d, J=88Hz, 2 H), 3.82(q, 7.2 Hz,
1H),1.40 (d, J=6.8 Hz, 3 H).
6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester
@)

9004
F

OH

To a solution of 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester (1
g, 4 mmol) in anhydrous tetrahydrofuran (10 mL), trifluoroacetic anhydride (3.3 g,
15.7 mmol) was added in one portion followed by the addition of triethylamine
(3.3 mL, 24 mmol) dropwise. After being stirred at room temperature for 4 hours,
the mixture was acidified to pH 3 with 5% aqueous hydrochloric acid and
extracted with ethyl acetate (30 mL). The organic layer was concentrated in
vacuo. The residue was dissolved in methanol (15 mL). The resulting solution
was cooled to 0 °C, then treated with sodium borohydride (380 mg, 10 mmol),
and stirred for 1 hour. The reaction mixture was diluted with ethyl acetate (20 mL)
and 5% aqueous hydrochloric acid (20 mL). The aqueous phase was separated
and extracted with ethyl acetate (15 mL x 3). The combined organic layers were
washed with brine (40 mL), dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified by column chromatography (elution with 10%
ethyl acetate in hexanes) to afford 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-
carboxylic acid methyl ester (740 mg, 80%) as a pale solid.

Alternatively, 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl
ester was obtained by treating 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-
methyl ester with acetic anhydride and sodium acetate followed by sodium
methoxide, in a manner analogous to the one described above for the

preparation of 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester.



.94 (d, J =7.07 Hz, 1 H, 7.80- 7.89 (m 3 H) 7.68 (s, 1 H, 7.49 - 7.59
m 3 H), 7.29 - 7.32 (m 1 H, 7.20 - 7.26 (m 1 H), 6.86 (d, J = 8.84 Hz,
, 3. 890(2810/@50dy, 2.22 (s, 3 H 451 OH 11014010 SI 9PETHEP2®9D84810
| uor o- 3- net hyl -444- (tol uene-4- sulfonyl)- phenoxy]- naphthal en- 2-
-acetic acid 7.82 (t, J 821Hz Ség) 7.68 (s, 1 H, 7.30 (d, J =
08 Hz, 2 H), 7.26 (br. s, 2 H, 6.84 (4 J =8.84 H, 2 H, 3.89 (s, 2
H, 2.41 (s, ddenzylaxy26-fiuoros- mpthﬂa\aphtbeleme%cagomlic\mm methyl ester
2010/ 055004PCT/ EP2009/ 064810 - 93 - Exanple fNo. Systematic Nanme 11-1 NWR
(400 MHz, CDCI3) 6 PPm M5 (ESI+, [(MrH)+] Structure 2-30 {6-fl uoro-444-(4-
7.78 - 7.91 (m 5 H), 7.70 o~

1o w

To a mixture of 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl
ester (8.0 g, 34.2 mmol) and potassium carbonate (9.45 g, 68.4 mmol) was
5 added benzyl bromide (4.5 mL, 37.6 mmol) in acetone (100 mL). The resulting

mixture was vigorously stirred at reflux for 10 hours under a nitrogen atmosphere.
The mixture was cooled and filtered. The combined organic solution was
concentrated in vacuo to give 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-
carboxylic acid methyl ester (10.4 g, 94%) as a white solid.

10 (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-methanol

0]

To the slurry of lithium aluminum hydride (1.8 g, 47.5 mmol) in tetrahydrofuran
(50 mL) was added a solution of 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-
carboxylic acid methyl ester (10 g, 30.8 mmol) in tetrahydrofuran (50 mL) at 0 °C

15 under a nitrogen atmosphere. After being heated at 60 °C for 2 hours, the
resulting mixture was cooled to 0 °C and treated with 1 N hydrochloric acid to
qguench the reaction. The aqueous layer was extracted with diethyl ether (100 mL
x 5). The combined organic layers were dried over sodium sulfate and
concentrated in vacuo to give (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-

20 methanol (8.4 g, 92%) as a white solid. '"H NMR (400 MHz, CDCl;)  ppm 7.84
(dd, J=5.6,9.2Hz,1H),7.70 (dd, J=2.4,10.0 Hz, 1 H), 7.69 (s, 1 H), 7.40 -
7.50 (m,5H),7.24 (td, J=2.4,8.4 Hz, 1 H), 499 (s, 2 H), 4.87 (s, 2 H),2.47 (s, 3
H).



481 OH nethoxy- (s, 1 H, 7.30 - 7.34 (m 1 00 o benzenesul fonyl H),
7.21 - 7.27 (m 1 H, ) - phenoxy] -3- nethyl- 6.98 (d, J = 8.84 Hz, 2 H),
6.85 (d, Wo=0B/B80z, 2 H, 40 .9 naphthal en-2- yl}-aceriEr2@i06ts30 90 (s,
2 H, 3.8 (s, 3 H, 2.23 (s, 3 H 0 2-31 {4-[4-(4-chloro- 7.82 - 7.89 (m
5H, 7.70 _85.-

1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naphthalene

0]

To a solution of triphenylphosphine (7.1 g, 27.2 mmol) in anhydrous
tetrahydrofuran (32 mL) was added carbon tetrachloride (10 mL). The mixture
5 was stirred for 10 minutes and 4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-
methanol (4 g, 13.6 mmol) was introduced as a solid under a nitrogen
atmosphere. After being stirred at reflux for 2 hours, the resulting mixture was
diluted with water, extracted with ethyl acetate (150 mL) and washed with water
(50 mL x 2). The combined aqueous layers were then extracted with ethyl
10 acetate (150 mL) and the combined organic layers were dried over sodium
sulfate and concentrated in vacuo. The residue was purified by column
chromatography (5% ethyl acetate in petroleum ether) to afford 1-benzyloxy-3-
chloromethyl-7-fluoro-2-methyl-naphthalene (3.5 g, 83%) as a white solid. 'H
NMR (400 MHz, CDCls) & ppm 7.83 (dd, J=5.6,9.3 Hz, 1 H), 7.71 (d, J = 2.4 Hz,
15 1H),7.68(s,1H),7.40-7.58 (m,5H),7.25(td, J=2.4,8.8Hz, 1 H),5.01 (s, 2
H), 4.79 (s, 2 H), 2.54 (s, 3 H); MS cald. for C1gH1cCIFO 314, obsd. (ESI")
[(M+H)*] 315.
(4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

ONG
OO O
F

0]

20 A flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naphthalene (3.3
g, 10.4 mmol), bis(triphenylphosphine)dichloropalladium(ll) (360 mg, 0.5 mmol)
and potassium carbonate (1.52 g, 11.0 mmol) was evacuated and then filled with
carbon monoxide (balloon). Methanol (18 mL) and tetrahydrofuran (35 mL) were

added by means of a syringe. After being stirred at room temperature under a



485 OH benzenesul fonyl (s, 1 H, 7.50 (d, J =8.84 F------ , 0

) - phenoxy]-6- Hz, 2 H, 7.32 (m 1 H, O fluoro-3-nethyl- 7.24 (m 1 H),
6. 88 (d, Wo=201013500mapht hal en-2- 8.84 Hz, 2 H), 3.90 (s, PRTH)P2009/0648l1} - acetiC
acid 2.23 (s, 3 H

- 86 -
carbon monoxide atmosphere overnight, the resulting mixture was diluted with
water (50 mL), and extracted with ethyl acetate (100 mL). The organic layer was
washed with water (50 mL x 2). The combined aqueous layers were extracted
with ethyl acetate (150 mL) and the combined organic layers were dried over
5 sodium sulfate and concentrated in vacuo. The residue was purified by column
chromatography (20% ethyl acetate in petroleum ether) to afford (4-benzyloxy-6-
fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl ester (3.4 g, 96%) as a white
solid. "H NMR (400 MHz, CDCls) 3 ppm7.80 (dd, J = 5.2, 8.4 Hz, 1 H), 7.70 (d, J
=104 Hz, 1 H),7.40-7.59 (m, 6 H), 7.25 (td, J= 2.0, 8.8 Hz, 1 H), 5.00 (s, 2 H),
10 3.84 (s, 2 H), 3.75 (s, 3 H), 2.42 (s, 3 H); MS cald. for CsH19FO3 338, obsd. (ESI")
[((M+H)"] 339.
(6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

O\
F

OH

To a solution of (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid

15 methyl ester (3.4 g, 10.0 mmol) in methanol (50 mL) was added 10% palladium
on carbon (0.5 g). The resulting mixture was vigorously stirred under a hydrogen
(balloon) atmosphere overnight. The filtrate was concentrated in vacuo to give (6-
fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester (2.44 g,
98 %) as a white solid. "H NMR (400 MHz, CDCl3) & ppm 7.69 - 7.74 (m, 2 H),

20 7.34(s,1H),7.21(td,J=24,84Hz,1H),516 (s,1H),3.82(s,2H),3.74 (s, 3
H), 2.35 (s, 3 H); MS cald. for C14H13F O3 248, obsd. (ESI*) [(M+H)"] 249.

[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-

acetic acid methyl ester

CCr
. ol

0]

O, S
Ny



00 a 2-32** [6-fluoro-4-(5- 12.50 (s, 1 H, 8.52 (d, J = 390 OH
nmet hanesul fonyl 2.53 Hz, 1 H), 8.39 (dd, J .401 -pyridin-2- 8.59, 2.53
Hz, 1 H),w6.208/058004y| oxy) - 3- net hyl - (dd, J 9. 09, 5. 56PHI/EP2008)064810

-87 -
A sealed tube containing 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic
acid methyl ester (100 mg, 0.4 mmol), 1-ethanesulfonyl-4-fluoro-benzene (152
mg, 0.8 mmol), and potassium carbonate (111 mg, 0.8 mmol) was evacuated and
filled with nitrogen. Anhydrous N,N-dimethylformamide (2 mL) was added. After
5 being stirred at 100 °C overnight, the mixture was cooled to room temperature,
then diluted with water (10 mL), and extracted with ethyl acetate (10 mL x 2). The
combined organic layers were washed with brine (10 mL x 3), dried over sodium
sulfate and concentrated in vacuo. The residue was purified by column
chromatography (30% ethyl acetate in petroleum ether) to give [4-(4-
10 ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid methyl
ester (160 mg, 96%). MS cald. for CxH21FOsS 416, obsd. (ESI™) [(M+H)] 417.
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic
acid

OO >
. 0
O
\©\ 'p
S

e

15 Starting with [4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid methyl ester (150 mg, 0.36 mmol), using a method analogous to the
one described for example 1-1, final step, [4-(4-ethanesulfonyl-phenoxy)-6-fluoro-
3-methyl-naphthalen-2-yl]-acetic acid (116 mg, 80%) was obtained as a white
solid. 'H NMR (400 MHz, CDCl;)  ppm7.82 (d, J = 8.84 Hz, 2 H), 7.80 - 7.86 (m,

20 1H),7.70 (s, 1H), 7.34 (dd, J=9.98, 2.40 Hz, 1 H), 6.92 (d, J = 8.84 Hz, 2 H),
3.90(s,2H),3.11(q,J=7.33Hz, 2H),2.25 (s, 3H), 1.30 (t, J=7.45 Hz, 3 H);
MS cald. for C21H1gFOsS 402, obsd. (ESI™) [(M+H)"] 403.

EXAMPLES 2-2 to 245
25 The following examples 2-2 to 2-45 were prepared in an analogous manner to
example 2-1 starting with 4-fluoro-benzaldehyde or 4-chloro-benzaldehyde to
derive (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester or
(6-chloro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester,



napht hal en-2- 7.82 (s,

(dd, J = 0

1H),

10. 36, 2.27 Hz,

6' (s, BOHP10/0520033* *

7.38 - 7.46 yl Facetic acid (m 2 H), 7.
1H, 3.84 S (s, 2 H, 3.29 (s, 3 H,
PCT/EP2009/064810
- 88 -

respectively, which were then further treated with the appropriate commercially

available or prepared aryl derivatives in accordance with the procedure described

for example 2-1.

30
2.14

methanesulfonyl
-3-methyl-
phenoxy)-3-
methyl-
naphthalen-2-
yl]-acetic acid

7.84 (dd, J=8.97,5.68 Hz,
1H),7.69 (s, 1 H) 7.34 (dd,
J=10.23,2.40 Hz, 1 H),
7.22-7.26 (m, 1 H), 6.80
(d,J=2.02Hz, 1 H), 6.64
(dd, J = 8.72, 2.40 Hz, 1 H),
3.90 (s, 2 H), 3.07 (s, 3 H),
2.64 (s, 3H), 2.25 (s, 3 H)

Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI',
[(M+H)]

22 [6-fluoro-4-(4- 7.82-7.88(m, 1H),7.86 389 OH
methanesulfonyl | (d, J=9.09 Hz, 2 H), 7.70 OO
-phenoxy)-3- (s,1H),7.33(dd,J= E o
methyl- 10.11,2.53 Hz, 1 H), 7.25 o
naphthalen-2- (dd, J=10.11,2.53 Hz, 1
yll-acetic acid H), 6.92 (d, J=8.84 Hz, 2 \©\ 0

H), 3.89 (s, 2 H), 3.06 (s, 3 S
H), 2.25 (s, 3 H) 0

2-3 [6-fluoro-4-(4- 7.88(d,J=2.27Hz, 1 H), 403 OH
methanesulfonyl | 7.84 (dd, J=9.73,5.43 Hz, OO
-2-methyl- 1H),7.70 (s, 1 H),7.52 F 0
phenoxy)-3- (dd, J=8.21,2.40 Hz, 1 H), o
methyl- 7.23-7.26 (m, 1H),6.26
naphthalen-2- (d, J=8.84 Hz, 1 H), 3.90 D\ 0
yl]-acetic acid (s,2H),3.05(s,3H),2.63 S

(s,3H),2.22(s,3H) 0

24 {6-fluoro-3- 7.84 (dd, J=8.97,543 Hz, | 417 0
methyl-4-[4- 1H),7.79(d, J=8.84 Hz, 2 OO
(propane-2- H), 7.70 (s, 1 H), 7.35 (dd, J F ©
sulfonyl)- =10.11,2.27 Hz, 1 H), 6.90 0
phenoxyl- -6.94 (m, 2 H), 3.90 (s, 2 \©\ o
naphthalen-2- H), 3.14 - 3.22 (m, 1 H), &
yl-aceticacid | 2.24 (s, 3 H), 1.31(d, J = & j/

6.82 Hz, 6 H)

2-5 [4-(4- 7.81(d, J=9.09 Hz, 2 H), 415 OH
cyclopropanesul | 7.79-7.86(m,1H),7.70 OO S
fonyl-phenoxy)- | (s, 1 H), 7.35(dd, J = 9.98, F
6-fluoro-3- 2.40Hz,1H),6.91(d,J= 0
methyl- 8.84 Hz,2 H),3.90(s,2 H) \©\ o
naphthalen-2- 243-250(m,1H),2.25 g
yl]-acetic acid (s,3H),1.31-1.36(m, 2 o W

H), 1.04 (m, 1 H)
26 [6-fluoro-4-(4- 7.92(d,J=8.84Hz, 1 H), 403




[4-(5- 8.48 (br. s, =8.34 Hz, 1

1 H, 8.34 (d, J 404 OH ethanesul fonyl -

H, 8.02 (ddd, .401 pyridin-2-yloxy)- J = 6.63, 3.79, 0 6-fluoro-3-
3.47 Hz, wWoHpr0/085@1 (s, 1 H), met hyl - napht hal en- 2- PCEEPRIO/064810 2 H) ,
7.31 (d, J =10.11 Hz, 1 H), 3.84 (s, 2 0 ylFacetic acid
-89-
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name 5 ppm (ESI',
[(M+H)]

2-7 [6-Chloro-4-(4- 7.86(d, J=8.84 Hz, 2 H), 405 OH
methanesulfonyl | 7.79 (d, J = 8.59 Hz, 1 H), OO
-phenoxy)-3- 7.72 (s, 1 H),7.69 (s, 1 H), Cl O
methyl- 7.42(d,J=7.07 Hz, 1 H), o
naphthalen-2- 6.93 (d, J=8.59 Hz, 2 H),
yl]-acetic acid 3.90 (s, 2 H), 3.07 (s, 3H), \©\ 0

2.24 (s, 3 H) S~
0o

2-8* [6-chloro-4-(4- 7.91(d,J=8.84Hz, 1 H), 419 OH
methanesulfonyl | 7.86 (d, J = 8.84 Hz, 1 H), OO
-3-methyl- 7.72(s,1H),762(d,J= Cl o
phenoxy)-3- 1.52Hz,1H),7.39(dd, J= o
methyl- 8.59,2.02 Hz, 1 H), 6.91 (d,
naphthalen-2- J=227Hz,1H),6.77 - 0
yl]-acetic acid 6.82 (m, 1 H), 3.74 (s, 2 H), S

3.11 (s,3 H),2.62 (s, 3 H), o
2.26(s,3 H)

29 [6-chloro-4-(4- 7.89(s,1H),779(d,J= 419 OH
methanesulfonyl | 8.34 Hz, 1 H), 7.69 (s, 1 H), OO
-2-methyl- 7.65(s,1H),7.53(br.s, 1 Cl o
phenoxy)-3- H), 7.43 (dd, 1 H), 6.25 (d, o
methyl- J=8.59Hz,1H),3.90 (s, 2
naphthalen-2- H), 3.05(s, 3H), 2.64 (s, 3 D\ 0
ylJ-acetic acid H), 2.21 (s, 3H) S

0o

2-10 [4-(4- 7.85(br.s,2H),7.70 (s, 1 417 OH
ethanesulfonyl- | H), 7.48 (d, J=8.08 Hz, 1 OO
2-methyl- H), 7.24 (br. s, 2 H), 6.25 F O
phenoxy)-6- (d, J=8.08 Hz, 1 H), 3.90 o
fluoro-3-methyl- | (s,2H),3.11(q,J=7.49
naphthalen-2- Hz, 2 H), 2.62 (s, 3 H), 2.22 D\ 0
yll-acetic acid (s,3H),1.29(,J=6.82 S

Hz, 3 H) o)

2-11 [4-(3-chloro-4- (d, J=8.84Hz,1H),7.86 423 OH
methanesulfonyl | (dd, J=8.72, 5.43 Hz, 1 H), OO
-phenoxy)-6- 7.72 (s, 1 H),7.29 (br. s, 1 F 0
fluoro-3-methyl- | H), 7.24 - 7.26 (m, 1 H), 0
naphthalen-2- 6.99 (d,J=1.77 Hz, 1 H),
yl]-acetic acid 6.80 (dd, J=9.09, 2.02 Hz, 0

2 H),3.91 (s, 2 H), 3.26 (s, S
3 H),226(s,3H) cl O

2412 [6-fluoro-4-(2- 7.85(t, J=8.34Hz, 2 H), 407 OH
fluoro-4- 7.72(s,1H),749(d,J= OO
methanesulfonyl | 8.34 Hz, 1 H),7.35(d, J = E o
-phenoxy)-3- 9.85Hz, 1 H), 7.29 (br. s, 1 0
methyl- H), 6.45 (t, J=8.21 Hz, 1
naphthalen-2- H), 3.91 (s, 2 H), 3.07 (s, 3 D\ 0
ylJ-acetic acid H), 2.28 (s, 3 H), F S

0o




H)
|_|)

met hanesuwobaenyloskwg 2 H),

H)

3.36 (br.

7.79

s,2H, 2214 S (s, 3 H, 1.13(t, J =6.95 6 1 He,
2-34** [6-fluoro-4-(5- 8.29 (dd, J = 10.86, 2.02 404 OH
8.01 (dd, J = 8.97, SO - 3-meCmEP2005/06810Hz, 1
-90 -
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI,
[(M+H)]

213 [4-(4- 7.86 (dd, J=8.97,543 Hz, | 421 OH
ethanesulfonyl- | 1 H), 7.80 (dd, J=9.73, OO
2-fluoro- 215Hz, 1 H),7.72(s, 1 H), E O
phenoxy)-6- 7.45 (dd, J =8.59, 1.26 Hz, o
fluoro-3-methyl- | 1 H), 7.36 (dd, J = 9.85,
naphthalen-2- 2.27Hz,1H),7.29 (br. s, 1 D\ 0
yl]-acetic acid H), 6.45(t, 1 H),3.91 (s, 2 F S

H), 3.13(q, J=7.41Hz, 2 @) W
H),2.27 (s,3H),1.31 (, J
=7.33Hz,3H)

214 [4-(4- 7.88(d, J=8.84 Hz, 1 H), 417 OH
ethanesulfonyl- | 7.84 (dd, J=8.97,5.18 Hz, OO
3-methyl- 1H),7.70(s,1H),7.35 F 0
phenoxy)-6- (dd, J=10.11,2.53 Hz, 1 o
fluoro-3-methyl- | H), 7.24 (dd, J=10.11,
naphthalen-2- 253 Hz,1H),6.80(d,J= 0
yl]-acetic acid 2.27Hz,1H),6.65(dd, J= S

8.72,2.40 Hz, 1 H), 3.90 (s, @) W
2H),314(q,J=7.49Hz, 2

H), 2.62 (s,3H),2.25(s, 3

H),1.29 (t, J=7.45Hz, 3

H)

215 [4-(2,5-difluoro- | 7.86 (ddd, J=9.73, 5.43, 425 OH
4- 5.05Hz,2H),7.74 (s, 1 H), OO
methanesulfonyl | 7.31 (ddd, J = 9.35, 7.07, E o
-phenoxy)-6- 253 Hz,2H),6.17 (dd,J = o F
fluoro-3-methyl- | 10.36, 6.32 Hz, 1 H), 3.91
naphthalen-2- (s,2H),3.20(s,3H),2.29 I:[ 0
ylJ-acetic acid (s,3H) F S

0)

216 [6-fluoro-4-(3- 7.83-790(m,2H),7.72 407 OH
fluoro-4- (s,1H),7.30(br.s, 1H), OO
methanesulfonyl | 7.25 (br. s, 1 H), 6.75 (dd, J F O
-phenoxy)-3- =8.97,1.89 Hz, 1 H), 6.62 o F
methyl- (dd, J=11.49,2.15 Hz, 1
naphthalen-2- H), 3.91 (s, 2 H), 3.21 (s, 3 \E:[ 0
yl]-acetic acid H), 2.26 (s, 3 H) S<

0)

217 [4-(4- 7.85 (ddd, J = 8.65, 4.23, 421 OH
ethanesulfonyl- | 4.04 Hz,2 H),7.71 (s, 1 H), OO
3-fluoro- 7.31(br.s, 1 H),7.25 (br.s, E O
phenoxy)-6- 1 H),6.75(dd, J=8.72, o e
fluoro-3-methyl- | 2.15Hz, 1 H),6.61 (dd, J=
naphthalen-2- 11.12,2.27 Hz, 1 H), 3.90 \E:[ 0
yll-acetic acid (s,2H),3.29(q,J=7.49 S

Hz, 2 H), 2.25 (s, 3H), 1.33 o W
(t, J=745Hz, 3H)




o pyridin-2-yloxy)- (s, 1 H, 7.39 (td, J = 8. 84, 3-nmethyl- 2.53 Hz, 1
H, 7.28 (dd, J = napht hal en-2- 10.48, 2.65 Hz, 1 H), 3.83 ,P
yl Faceti cwachw/5s9042 H), 3.25 (s, 3 H, 2.60 |, (s, 3PHI/EP2002064830 3 H)
-91 -
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI',
[(M+H)]

218 [4-(2-cyano-4- 8.29 (d, J=2.27 Hz, 1 H), 428 OH
ethanesulfonyl- | 7.85 (dd, J =8.97,2.15 Hz, OO
phenoxy)-6- 2H),7.88(dd,1H),7.74 F O
fluoro-3-methyl- | (s, 1 H), 7.31 (br. s, 2 H), 0
naphthalen-2- 6.49 (d, J = 8.84 Hz, 1 H),
yll-acetic acid 3.91(s,2H),3.15(q,J = /\Ej\ 0

7.41 Hz,2H),2.26 (s, 3 H), N/’ S
1.33(t, J=7.45Hz,3 H) o) W

2119 [4-(3-chloro-4- 8.02(d, J=8.84 Hz, 1 H), 437 OH
ethanesulfonyl- | 7.85 (dd, J =8.97,5.43 Hz, OO
phenoxy)-6- 1H),7.71 (s, 1 H), 7.31 (br. F O
fluoro-3-methyl- | s, 1 H), 7.25 (br. s, 1 H), 0 Cl
naphthalen-2- 6.98 (d, J =2.27 Hz, 1 H),
yl]-acetic acid 6.79 (dd, J =8.84,2.27 Hz, \E:[ 0

1 H), 3.90 (s, 2 H), 3.41 (q, S
J=758Hz,2H),225(s,3 o) W
H), 1.30 (t, J=7.45Hz, 3

H)

2-20 [4-(2-chloro-4- 8.12(d, J=2.27 Hz, 1 H), 423 OH
methanesulfonyl | 7.86 (dd, J = 8.84, 5.31 Hz, OO
-phenoxy)-6- 1 H),7.73 (s, 1 H),7.59 F 0
fluoro-3-methyl- | (dd, J=8.72,2.40 Hz, 1 H), o
naphthalen-2- 7.28-7.32(m,1H),7.25
yl]-acetic acid (br.s,1H),6.41(d,J = D\ 0

8.84 Hz, 1 H), 3.91 (s, 2 H), Cl S
3.07 (s,3 H),2.26 (s, 3H) o

2-21 [4-(2-chloro-4- 8.08 (d, J=2.27 Hz, 1 H), 437 OH
ethanesulfonyl- | 7.86 (dd, J =9.09, 5.31 Hz, OO
phenoxy)-6- 1H),7.72 (s, 1H),7.55 E O
fluoro-3-methyl- | (dd, J=8.72,2.15 Hz, 1 H), o
naphthalen-2- 7.30 (br.s, 1 H),7.25 (br. s,
yll-acetic acid 1H),6.41(d, J=8.84 Hz, 1 D\ 0

H), 3.91 (s, 2 H),3.13(q, J Cl S
=758Hz,2H),226 (s, 3 o) W
H),1.32(t, J=7.45Hz, 3

H)

2-22 {6-fluoro-3- 785 1H),781(d, J= 417 OH
methyl-4-[4- 8.84 Hz,2 H),7.70 (s, 1 H), OO o
(propane-1- 7.34 (dd, J=10.11, 2.53 F
sulfonyl)- Hz, 1 H), 7.25 (dd, 1 H), o
phenoxyl- 6.92 (d, J=8.84 Hz, 2 H), \©\ 0
naphthalen-2- | 3.90 (s, 2 H), 3.03 - 3.09 'S
yl}-acetic acid (m, 2 H),2.25(s,3H),1.71 0 L

-1.81 (m,2H),1.02(t,J=
7.45Hz,3H)

2-23 {4-[4-(butane-1- | 7.83-7.87 (m, 1 H), 7.81 431 OH
sulfonyl)- (d, J=8.84Hz,2H),7.70 OO o
phenoxy]-6- (s,1H),7.34 (dd, J = F
fluoro-3-methyl- | 10.23,2.40 Hz, 1 H), 7.22 - 0
naphthalen-2- | 7.26 (m, 1 H), 6.92 (d, J = O o
yl}-acetic acid 8.84 Hz, 2 H), 3.90 (s, 2 H), 'S

3.04-3.11(m,2H),225 o
(s,3H),1.68-1.76 (m, 2
H), 1.36 - 1.46 (m, 2 H),




0 2-35** [4-(5- 8.24 (d, J = 9.35 Hz, 5 H), 418 CH ethanesulfonyl- 8.22 -
8.27 (m 5 H), 8.01 SO 3-nethyl- (dd, J =9.09, 5.81 Hz, 5 H, O
pyri di n- 2wQl20myoss00d. 79 (s, 5 H), 7.40 (td, J = 6- f | UPCOAED2008/084810 2. 53
Hz, 5 H, 7.31
-92 -
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI',
[(M+H)]
0.91 (t, J=7.33Hz, 3 H)

2-24 [4-(5-chloro-4- 8.03(d,J=10.36 Hz, 1 H), | 455 OH
ethanesulfonyl- | 7.87 (dd, J = 8.84,5.31 Hz, OO
2-fluoro- 1H),7.74 (s,1H),7.28 - E O
phenoxy)-6- 7.36 (m,2H),6.43(d,J = o Cl
fluoro-3-methyl- | 7.07 Hz, 1 H), 3.91 (s, 2 H),
naphthalen-2- 3.39(g,J =7.33 Hz, 2 H), I:[ 0
ylJ-acetic acid 228 (s,3H),1.32(,J= F S

7.45 Hz, 3 H) o) j

2-25 [4-(2-chloro-4- 8.10(d,J=6.82Hz, 1 H), 455 OH
ethanesulfonyl- | 7.87 (dd, J =9.47,5.68 Hz, OO
5-fluoro- 1H),7.74 (s,1H),7.28 - E O
phenoxy)-6- 7.32(m,2H),6.09-6.16 o F
fluoro-3-methyl- | (m, 1 H), 3.91 (s, 2 H), 3.27
naphthalen-2- (Q, J=7.41Hz,2H),2.27 I:[ 0
ylJ-acetic acid (s,3H),1.34 (t,J=7.45 Cl S

Hz, 3 H) o) j

2-26 [4-(4- 7.83-7.87(m,1H),7.81 443 OH
cyclopentanesul | (d, J=8.84 Hz, 2 H), 7.70 OO o
fonyl-phenoxy)- | (s,1H),7.35(dd, J= F
6-fluoro-3- 10.11,2.27 Hz, 1 H), 7.24 0
methyl- (dd, J=10.11,2.27 Hz, 1 \©\ o
naphthalen-2- H), 6.91 (d, J=8.84 Hz, 2 s
ylFacetic acid | H), 3.90 (s, 2 H), 2.21 - J \O

2.26 (m, 3 H),2.01-2.11
(m,2H),1.85-1.95(m, 2
H), 1.73-1.81 (m, 2 H),
1.56 - 1.67 (m, 2H)

2-27 {6-fluoro-4-[4-(4- | 7.92-7.98 (m,2H),7.80- | 469 OH
fluoro- 7.87 (m,3H),7.69(s,1H), OO )
benzenesulfonyl | 7.28 -7.32 (m, 1 H), 7.14 - F
)-phenoxy]-3- 7.25(m, 3H),6.87 (d, J = OO\
methyl- 8.84 Hz, 2 H), 3.89 (s, 2 H), &
naphthalen-2- | 2.22 (s, 3 H) & \©\
yl}-acetic acid F

2-28 [4-(4- 7.94(d, J=7.07 Hz, 1H), | 451 OH
benzenesulfonyl | 7.80-7.89 (m, 3H) 7.68 (s, OO o
-phenoxy)-6- 1 H),7.49-7.59 (m, 3H), F
fluoro-3-methyl- | 7.29-7.32 (m, 1 H), 7.20 - 0
naphthalen-2- 7.26 (m,1H),6.86(d,J= \©\ .0
yl]-acetic acid 8.84 Hz, 2 H), 3.89 (s, 2 H), d’s\©

2.22(s, 3 H)

2-29 {6-fluoro-3- 7.82(t, J=8.21 Hz, 5 H), 465 OH
methyl-4-[4- 7.68(s,1H),7.30(d, J= OO o
(toluene-4- 8.08 Hz,2 H), 7.26 (br. s, 2 F
sulfonyl)- H), 6.84 (d, J = 8.84 Hz, 2 OO\
phenoxyl- H), 3.89 (s, 2 H), 2.41 (s, 3 &
naphthalen-2- | H), 2.22 (s, 3 H) J \©\
yl}-acetic acid




met hyl - (dd, J = 10.48, 2.40 Hz, 5 ,P naphthalen-2- H), 3.83 (s, 2 H),
3.31 (t, 2 yl Facetic acid H), 2.59 (s, 3 H, 2.10 (s, 3 ol H, 1.12
(t, J = AWORHN55B4 H) PCT/EP2009/064810
-93 -
Example | Systematic 'H NMR (400 MHz, CDCl5) | MS Structure
No. Name S ppm (ESI,
[(M+H)]

2-30 {6-fluoro-4-[4-(4- | 7.78-7.91 (m,5H),7.70 481 OH
methoxy- (s,1H),7.30-7.34 (m, 1 OO 0
benzenesulfonyl | H), 7.21 - 7.27 (m, 1 H), F
)-phenoxy]-3- 6.98 (d, J = 8.84 Hz, 2 H), OO\
methyl- 6.85 (d, J = 8.84 Hz, 2 H), &
naphthalen-2- 3.90 (s, 2 H), 3.86 (s, 3 H), o \©\
yl}-acetic acid 2.23(s,3 H) cl)

2-31 {4-[4-(4-chloro- | 7.82-7.89 (m,5H),7.70 485 | OH
benzenesulfonyl | (s,1H),7.50(d,J=8.84 OO o
)-phenoxy]-6- Hz, 2 H), 7.32 (m, 1 H), F .
fluoro-3-methyl- | 7.24 (m, 1 H),6.88 (d, J = \@L .
naphthalen-2- 8.84 Hz, 2 H), 3.90 (s, 2 H), g
yil-acetic acid | 2.23 (s, 3 H) g Q

Cl

2-32* [6-fluoro-4-(5- 1250 (s, 1H),852(,J= | 390 OH
methanesulfonyl | 2.53 Hz, 1 H), 8.39 (dd, J = OO
-pyridin-2- 8.59, 2.53 Hz, 1 H), 8.03 F O
yloxy)-3-methyl- | (dd, J =9.09, 5.56 Hz, 1 H), o
naphthalen-2- 7.82(s,1H),7.38-7.46 I X
ylJ-acetic acid (m,2H),7.30(dd,J= N. .0

10.36,2.27 Hz, 1 H), 3.84 S
(s,2H),3.29(s,3H),2.14 0
(s,3H)

2-33* [4-(5- 8.48 (br.s,1H),8.34(d,J | 404 OH
ethanesulfonyl- | =8.34 Hz, 1 H), 8.02 (ddd, OO
pyridin-2-yloxy)- | J =6.63, 3.79, F o
6-fluoro-3- 347 Hz,1H),7.81 (s, 1H), o
methyl- 743 (br.s,2H),7.31(d,J B
naphthalen-2- =10.11 Hz,1 H), 3.84 (s, 2 No 0
yl]-acetic acid H), 3.36 (br.s, 2 H),2.14 S

(5,3 H), 113 (t, J = 6.95 J )
Hz, 3 H)

2-34* [6-fluoro-4-(5- 8.29 (dd, J=10.86, 2.02 404 OH
methanesulfonyl | Hz, 2 H), 8.01 (dd, J = 8.97, OO
-3-methyl- 5.68 Hz, 1 H),7.79 E o
pyridin-2-yloxy)- | (s, 1 H), 7.39 (td, J = 8.84, o, N
3-methyl- 2.53Hz,1H),7.28(dd,J= B
naphthalen-2- 10.48, 2.65 Hz, 1 H), 3.83 | A
yl]-acetic acid (s,2H),3.25(s,3H),2.60 S

(s,3H),2.11(s,3 H) 0

2-35** [4-(5- 8.24 (d, J=9.35Hz, 5 H), 418 OH
ethanesulfonyl- | 8.22-8.27 (m, 5 H), 8.01 OO
3-methyl- (dd, J=9.09, 5.81 Hz, 5 H), E o
pyridin-2-yloxy)- | 7.79 (s, 5 H), 7.40 (td, J = 0. N
6-fluoro-3- 8.84,2.53 Hz, 5 H), 7.31 B
methyl- (dd, J = 10.48, 2.40 Hz, 5 P
naphthalen-2- H), 3.83 (s, 2 H), 3.31 (1,2 S
yl]-acetic acid H),2.59 (s,3H),2.10 (s, 3 T

H), 112 (t,J=7.45Hz, 3
H)




WO 2010/ 055004PCT/ EP2009/ 064810 - 94 - Exanple No. Systematic Nane 11-1 NMR
(400 MHz, CDCI3) 6 PPm M5 (ESI+, [(M+H)+] Structure 2-36* [4-(3-brono-5-
met hanesuwoaenylossqyr i di n- 2- yl oxy)-6-fluoro- 3-nethyl - mrapmPheEoo6n820
yIFacetic acid 8.67 (d, J = 2.02 Hz, 1 H) 8.41 (d, J = 2.27 Hz, 1 H), 7.94
(dd, J = 8.97, 5.43 Hz, 1 H), 777(5 7.28 (td, J = 8.84, 2.27 Hz, 1
H, 7.20 (dd, _J= 10.23, 2.40 Hz, 8(S 2 H, 3.20 (s, 3 H, 2. 22
(s, 3 H 46BE@mns |[SstepalRy  o| H EMR[(mD(MHz gPfrex rwl%yl faJnfiiruylurephenoxy) 6-
f1 uor o- 3- et Nl - na¥Afehal en- 24 SpPRacetic acid 7. f:‘ggil 8.84, 5.56 Hz,
1 H, 7.70 (br. s, 3 H, 7.36/(dd, J = 10.23, 2. 725(dd J =
10. 23, 2.40 #36" 1 [Hf-(3- l@orglgfgd gufg(!ﬂ 8842l g 'H) ,46@. 90 (s "(s 6
Y z
H. 2.25(s) 3 H -pyrld%r?.gs Y 7.94 (dd, J=8.97, 543Hz
yloxy)-6-fluoro- | 1 H), 7.77 (s, 1 H), 7.28 (td,
3-methyl- J=8.84,227 Hz, 1 H), \
naphthalen-2- 7.20 (dd, J=10.23, 2.40 / 0
ylJ-acetic acid Hz, 1 H), 3.88 (s, 2 H), 3.20 Br S
(s,3H),222 (s, 3 H) o)
2-37 [4-(4- 7.84 (dd, J=8.84,556 Hz, | 418 OH
dimethylsulfamo | 1 H), 7.70 (br. s, 3 H), 7.36 OO o
yl-phenoxy)-6- | (dd, J = 10.23,2.40 Hz, 1 F
fluoro-3-methyl- | H), 7.25 (dd, J = 10.23, o
naphthalen-2- | 2.40 Hz, 1 H), 6.90 (d, J = \©\
yl]-acetic acid 8.84 Hz, 2 H), 3.90 (s, 2 H), S"\
2.72 (s, 6 H), 2.25 (s, 3 H) g ril
2-38** | {6-fluoro-3- 12.51 (s, 1 H), 8.05 (dd, J= | 444 OH
methyl-4-[4- 9.09, 5.56 Hz, 1 H), 7.85 (s, OO g
(pyrrolidine-1- 1H),7.77 (d,J=9.09 Hz, 2 F
sulfonyl)- H), 7.43 (td, J = 8.84, 2.53 o
phenoxy}- Hz, 1 H), 7.31 (dd, J = \©\ o
naphthalen-2- 10.61, 2.53 Hz, 1 H), 3.86 s,
yl-aceticacid | (s, 2 H),3.11 (br. s, 4 H), J NQ
2.17 (s, 3 H), 1.64 (ddd, J =
6.38, 3.66, 3.35 Hz, 4 H)
2-39% | [4-(4- 12.51 (s, 1 H), 8.05 (dd, J= | 446 OH
diethylsulfamoyl | 8.97, 5.68 Hz, 1 H), 7.84 (s, OO 5
-phenoxy)-6- 1H),7.74(d, J=9.09 Hz, 2 F
fluoro-3-methyl- | H), 7.43 (td, J = 8.84, 2.53 o)
naphthalen-2- | Hz, 1 H), 7.30 (dd, J = \©\ o
yl]-acetic acid 10.36, 2.53 Hz, 1 H), 6.94 SL
(d, J = 9.09 Hz, 2 H), 3.86 o NK
(s,2H)3.13(q,J=7.07
Hz, 4 H), 2.17 (s, 3 H), 1.02
(t, J=7.07 Hz, 6 H)
2-40** | {6-fluoro-3- 12.53 (br. s, 1 H), 8.06 (dd, | 460 OH
methyl-4-[4- J=897,5.68Hz, 1 H), OO
(morpholine-4- | 7.85(s, 1 H), 7.70 (d, J = F o
sulfonyl)- 8.84 Hz, 2 H), 7.44 (td, J = o
phenoxyl- 8.84,2.78 Hz, 1 H), 7.33 \©\ o
naphthalen-2- (dd, J=10.23, 2.65 Hz, 1 s
yllaceticacid | H), 7.00 (d, J = 8.59 Hz, 2 SN
H). 3.87 (s, 2 H), 3.59 - Lo
3.65(m, 4 H),2.84 (t, 4 H),
2.18(s,3 H)
2-41** | {6-fluoro-3- 12.53 (br.s, 1 H), 8.07 (dd, | 473 OH
methyl-4-[4-(4- | J=9.09,5.56 Hz, 1 H), OO 3
methyl- 7.87(s,1H),7.76 (d, J = F
piperazine-1- 8.84 Hz,2 H),7.45(td, J = 0
sulfonyl)- 8.84,2.53 Hz, 1 H), 7.31 Oé,o
phenoxyl- (dd, J=10.23,2.40 Hz, 1 PN
naphthalen-2- H), 7.04 (d, J =9.09 Hz, 2 © ()u\
yl}-acetic acid H), 3.86 (s, 2 H), 3.44 (br.
s,8H),2.77 (s,3H),2.18
(s,3H)




o7

0 0Os NO1 2-38** {6-fluoro-3- nethyl-444- (pyrrolidine-1- sulfonyl)-
phenoxA- napht hal en-2- yl}-acetic acid 12.51 (s, 1 H, 8.05 (dd, J = 9.09,
5.56 Hz, WOHMp10/085@% (s, 1 H), 7.77 (d, J = 9.09 Hz, 2 HpPCTEPAB®I64810 ] =
8.84, 2.53 Hz, 1 H), 7.31 (dd, J = 10.61, 2.53 Hz, 1 H, 3.86 (s, 2 H,
3.11 (br. s, 4 H, 2.17 (s, 3 H, 1.64 (é%dd J 6.38, 3.66, 3.35 Hz, 4 H)
444 OH O 0 'N 2-39** [4-(4- diethyl sul f@anoyl - Dhenoxv) 6- fluoro-3-nethyl-
napht hal en- zExampIan%'@ﬁema@vci d 12 BYR(400 MHzZ{CDCR), ( %I d JStwc@rew 5.68 Hz,
H, 7.84 (s|Na H), Na%4 (d, J|2POM09 Hz, 2 H), 7.8 d, 884 253Hz
1 H, 7.30 (dd, J = 10(7436 2. r>:1%a5Hz 11EH)§¢5 6@9;1 (dl('\"*ﬁ' 9. 09 Hz. 2 H), 3.86
s, 2 3. 1342 4-4-A 497 Hz 3 |M4pP4 1.02 07 Hz, ¢
|(_|) ’ 446H)O_| 1010%3’ o diftyoro 9. 09:’?556 Hz, 1 H), 85 (s, HP’
piperiding-1- "~ "’ 1 H)7.75 (d, J= 884 Hz, 2
sulfonyl)- H), 743 (td, J=8.72,2.53
phenoxy]-6- Hz, 1 H), 7.32 (dd, J = \©\ 0
fluoro-3-methyl- | 10.36, 2.53 Hz, 1 H), 7.00 d&'O(F
naphthalen-2- (d,J=8.84Hz, 2 H), 3.86
yl}-acetic acid (s,2H),3.04-3.11(m, 4 F
H), 2.18 (s, 3 H), 1.98 -
2.10 (m, 4 H)
243 {6-fluoro-3- 7.85(dd, J=8.97,543 Hz, | 472
methyl-4-[4-(2- | 1H),7.75(d, J=8.84 Hz, 2 m
oxa-6-aza- H), 7.70 (s, 1 H), 7.33 (dd, J
spiro[3.3]heptan | =9.98, 2.15 Hz, 1 H), 6.93
e-6-sulfonyl)- (d, J=8.84 Hz, 2 H), 4.64 \©\ 0
phenoxyl- (s, 4 H), 3.95 (s, 4 H), 3.90 Y
naphthalen-2- | (s, 2 H),2.25 (s, 3 H) QC\O
yl}-acetic acid
2-44 [4-(4-cyano- 7.83(dd, J=9.09,5.56 Hz, | 336 OH
phenoxy)-6- H), 7.69 (s, 1 H), 7.58 (d,
fluoro-3-methyl- | J=8.84 Hz, 2 H), 7.32 (dd, F
naphthalen-2- J=10.11,227 Hz, 1 H), o
yl]-acetic acid 7.24 (dd., J =10.11,2.27 \©\
Hz, 1 H), 6.86 (d, J = 8.84 SN
Hz, 2 H), 3.89 (s, 2 H), 2.24
(s,3H)
2-45 [6-chloro-4-(4- | 7.78(d,J=8.84Hz,1H), | 352
cyano- 7.70(d, J = 1.77 Hz, 1 H), m
phenoxy)-3- 7.67(s,1H), 758 (d,J=
methyl- 8.84 Hz,2 H),7.42(dd, J =
naphthalen-2- 8.84,2.02 Hz, 1 H), 6.85 (d, \©\
yl]-acetic acid J=8.84Hz,2H),3.89 (s, 2
H)2.23(s,3 H)
* CD;0D was used as the solvent for "H NMR; ** DMSO-ds was used as the
solvent for '"H NMR.
EXAMPLE 3-1
5 [4-(4-methanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid

OH
O
O
@ 0
S

‘

0)

~

(4-Hydroxy-naphthalen-2-yl)-acetic acid methyl ester



6s 2-40** {6-fluoro-3- nethyl-444- (norpholine-4- sulfonyl)- phenoxA-
napht hal en-2- yl}-acetic acid 12.53 (br. s, 1 H), 8.06 (dd, J = 8.97, 5.68
Hz, 1 H) ,wo.288/05s0041 H), 7.70 (d, J = 8.84 Hz, 2 H), 7.2¢T(HPA09D6481@8. 84,
2.78 Hz, 1 H, 7.33 (dd, J = 10.23, 2.65 Hz, 1 H), 7.00 (d, J = 8.59 Hz, 2
H, 3.87 (s, 2 H, 3.59 - 3.65(m 4 H)_,962_.84 (t, 4 H, 2.18 (s, 3 H 460
OH1.100 ,'"9 ;--N OO o 2-41** {6-fluoro-3- nethyl-444-(4- nethyl -

pi perazi ne-1- sul fonyl)- phenoxA- A3 2-9~ yl }-acetic acid 12.53 (br.
s, 1 H, 8.07 (dd, 7.87 (s, 1 H), , Y'=8.84 Hz, 2 H, 7.45 (td, J =
8.84, 2.53 Hz, 1 H), 7.31 (dd, J =093, 2.40 Hz, 1 H), 7.04 (d, J = 9.09
Hz, 2 H, 3.86 (s, 2 H, 3.44 (br. s, ouH), 2.77 (s, 3 H, 2.18 (s, 3 H J
= 9.09, 5.56 Hz, 1 H, 473 CHO ,c) 6'S,NTh LN WO

2010/ 055004 PCH SriwDpDEASIRYlox9%-chlescananéhalen-2Syis-aestin acid Reateyl ester

(340 mg, 1.0 mmol, prepared using a method analogous to the one described

above for the preparation of 4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid

5 methyl ester, 1°-7" step for example 1-1) in methanol was added 10% palladium
on carbon (10 mg). The resulting mixture was vigorously stirred at room
temperature overnight under a hydrogen atmosphere (balloon) and then filtered.
The filtrate was concentrated in vacuo to give (4-hydroxy-naphthalen-2-yl)-acetic
acid methyl ester (200 mg, 92.6%) as a white solid.

10
[4-(4-methanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid

OH
O
O
@ 0
,S

PEN

Starting with (4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (108 mg, 0.5
mmol) and 1-fluoro-4-methanesulfonyl-benzene (174 mg, 1.0 mmol), using a

15 method analogous to the one described for example 1-1, the final two steps), 4-
(4-methanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid (65.8 mg, 37%) was
obtained as a white solid. '"H NMR (400 MHz, CD3OD) & ppm 7.89 - 7.94 (m, 4 H),
7.71 (s, 1 H), 7.54 (dt, J=8.08,4.04 Hz, 1 H), 7.48 (s, 2 H), 7.14 - 7.19 (m, 3 H),
3.80 (s, 2 H), 3.11 (s, 3 H); MS cald. for C1gH1605S 356, obsd. (ESI*) [(M+H)]

20 357.

EXAMPLE 3-2

[4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic acid




11-1 NWR (400 MHz, CDCI3) 6 PPm MS (ESI+, [(MH)+] Structure 2-42**
{4-14-(4,4- 12.53 (s, 1 H), 8.05 (dd, J = 494 H difluoro- 9.09, 5.56 Hz,
1 H, 7.380(2810/058@40 piperidine-1- 1 H 7.75 (d, J = 8PB84/HH2009D64810

sul fonyl)- H), 7.43 (td, J = 8.72, 2.53 phenoxy] - 6-

-97 -

OH
(LS
O
e

SN
0]

2-(4-Chloro-benzylidene)-3-methyl-succinic acid
0

Cl

After careful addition of absolute methanol (0.1 mL) to a suspension of sodium
5 hydride (60% in mineral oil, 16 g, 0.40 mol) in anhydrous toluene (200 mL), a
solution of 4-chloro-benzaldehyde (28 g, 0.20 mol) and 2-methyl-succinic acid
dimethyl ester (48 g, 0.30 mol) in anhydrous toluene (100 mL) was added
dropwise at room temperature under a stream of nitrogen. After being stirred at
room temperature for 2 hours, the resulting mixture was diluted by adding 2 N
10 sodium hydroxide (200 mL) dropwise, then heated to 80 °C, and stirred at the
same temperature for 2 hours. After being cooled to room temperature naturally,
the aqueous layer was separated, washed with ethyl acetate (100 mL x 3), then
acidified with 2 N hydrochloric acid to pH 2, and extracted with ethyl acetate (150
mL x 3). The combined organic layers were dried over sodium sulfate, and
15 concentrated in vacuo. The residue was precipitated from ethyl acetate/petroleum
ether (10:1) to give 2-(4-chloro-benzylidene)-3-methyl-succinic acid (13.4 g, 26%)
as a yellow solid.
6-Chloro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid
0

L™

OH

Cl

20 To a flask containing trifluormethanesulfonic acid (40 mL), 2-(4-chloro-
benzylidene)-3-methyl-succinic acid (14.0 g) was added in portions. After being
stirred at room temperature for 18 hours, the resulting mixture was poured onto

ice-water, and stirred for 15 minutes. The formed precipitate was collected by



Hz, 1 H),

napht hal en-2- (d, J =
- 3.11 ( rWOZ2010/55004])

10

15

20

25

7.32 (dd, J = 40 0 fluoro-3-nethyl- 10.36, 2.53 Hz, 1 H),
8.84 Hz, 2 H), 3.86 yl}-acetic acid (s, 2 H),
2.18 (s, 3 H, 1.98 - 2. 10 ( mpC#4/HHp009/064810

- 08 -
filtration, and dissolved in ethyl acetate (150 mL). The solution was dried over
sodium sulfate, and concentrated in vacuo. The residue was precipitated from
ethyl acetate/petroleum ether (1:10) to afford 6-chloro-4-hydroxy-3-methyl-
naphthalene-2-carboxylic acid (12.7 g, 97.6% ) as a pink solid.

7-Chloro-3-hydroxymethyl-2-methyl-naphthalen-1-ol

206
Cl

OH
To a slurry of lithium aluminum hydride (4.1 g) in tetrahydrofuran (80 mL) was
added a solution of 6-chloro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid
(12.7 g, 54 mmol) in tetrahydrofuran (80 mL) at 0 °C under a nitrogen
atmosphere. After being heated at 60 °C for 5 hours, the resulting mixture was
cooled to 0 °C and treated with 1 N hydrochloric acid to quench the reaction. The
aqueous layer was extracted with ethyl acetate (100 mL x 4). The combined
organic layers were washed with brine (200 mL x 2), dried over sodium sulfate
and concentrated in vacuo to give 7-chloro-3-hydroxymethyl-2-methyl-
naphthalen-1-ol (8.5 g, 71%) as a white solid.

7-Chloro-3-chloromethyl-2-methyl-naphthalen-1-ol

OH
To a solution of triphenylphosphine (20 g, 75.6 mmol) in anhydrous
tetrahydrofuran (165 mL) was added carbon tetrachloride (50 mL). After the
mixture was stirred at room temperature for 20 minutes, 7-chloro-3-
hydroxymethyl-2-methyl-naphthalen-1-ol (8.4 g, 37.8 mmol) was added as a solid
under a nitrogen atmosphere. After being stirred at reflux for 2 hours, the
resulting mixture was cooled to room temperature, and concentrated in vacuo.
The residue was purified by column chromatography (elution with 5% ethyl
acetate in petroleum ether) to afford 7-chloro-3-chloromethyl-2-methyl-

naphthalen-1-ol (8.7 g, 96%) as a white solid.

7. 00
3.04



2-43 {6-fluoro-3- 7.85 (dd, J = 8.97, 5.43 Hz, 472 OH nethyl-444-(2- 1 H),
7.75 (d, J =8.84 Hz, 2 OS o oxa-6-aza- H, 7.70 (s, 1 H, 7.33 (dd, J
spi ro[ 3. 3vbeptenssee49. 98, 2. 15 Hz, 1 H), 6.93 e- 6- sul PomyEPRe09OG4810 = 8. 84
Hz, 2 H), 4.64

-99 -
(6-Chloro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

N
(LT

0]

Cl

To a flask containing 7-chloro-3-chloromethyl-2-methyl-naphthalen-1-ol (8.64 g,
36 mmol), bis(triphenylphosphine)dichloropalladium(ll) (1.26 g, 1.8 mmol) and
5 potassium carbonate (5.2 g, 37.8 mmol), which was evacuated and then filled

with carbon monoxide (balloon), methanol (30 mL) and tetrahydrofuran (60 mL)
were added by means of a syringe. After being stirred at room temperature under
a carbon monoxide atmosphere overnight, the resulting mixture was diluted with
water (100 mL), and extracted with ethyl acetate (100 mL). The organic layer was

10 washed with water (50 mL x 2). The combined aqueous layers were extracted
with ethyl acetate (150 mL), and the combined organic layers were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by column
chromatography (elution with 20% ethyl acetate in petroleum ether) to afford (6-
chloro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester (7.0 g, 74 %)

15 as an orange solid.

[6-Chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-

naphthalen-2-yl]-acetic acid methyl ester

o
Cl ©

20 Starting with (6-chloro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl
ester (132 mg, 0.5 mmol) and 1-fluoro-4-methanesulfonyl-benzene (174 mg, 1.0
mmol), using a method analogous to the one described for the methyl ester of
example 1-1, [6-chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-
yl]-acetic acid methyl ester (70 mg, 33%) was obtained as a yellow oil.

25



40 phenoxA- (s, 4 H, 3.95 (s, 4 H, 3.90 " o naphthalen-2- yl}-acetic
acid (s, 2 H, 2.25 (s, 3 H 2-44 [4-(4-cyano- 7.83 (dd, J = 9.09, 5.56
Hz, 336 QMO 2ptoenscnoy) - 6- fluoro-3-nethyl- 1 H), 7.69 (s, PCTHP2008/0681¢d, J =
8.84 Hz, 2 H, 7.32 (dd, 4010 O naphthalen-2- J = 10.11, 2.27 Hz, 1 H),

-100 -
[4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic acid

methyl ester

O\
SOQ!
O
O 0
1,8\
O

To a solution of [6-chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-
5 yl]-acetic acid methyl ester (110 mg, 0.26 mmol) in methanol (3 mL) was added
10% palladium on carbon (10 mg). The resulting mixture was vigorously stirred at
room temperature overnight under a hydrogen atmosphere (balloon) and then
filtered. The filtrate was concentrated in vacuo to give [4-(4-methanesulfonyl-
phenoxy)-3-methyl-naphthalen-2-yl]-acetic acid methyl ester (68 mg, 67%) as a
10 colorless oil which was directly used in the next step without further purification.

[4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic acid

OH
O
O
@ 0
,S

PEN

Starting with [6-chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-
acetic acid methyl ester (68 mg), using a method analogous to the one described
15 for example 1-1, final step, [4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-
2-yl]-acetic acid (24 mg, 37%) was obtained as a white solid. '"H NMR (400 MHz,
CDCl3) dppm 7.84 (d, J=8.84Hz, 3H), 7.70-7.75 (m, 2 H), 7.45 (ddd, J =
23.43,7.26, 6.69 Hz, 2 H), 6.94 (d, J = 8.84 Hz, 2 H), 3.92 (s, 2 H), 3.04 (s, 3 H),
2.26 (s, 3 H); MS cald. for CooH1s0sS 370, obsd. (ESI*) [(M+H)"] 371.
20
EXAMPLE 4-1
[1,6-difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic

acid



yl Facetic acid 7.24 (dd., J = 10.11, 2.27 |I* Hz, 1 H, 6.86(d, J = 8.84
Hz, 2 H, 3.89 (s, 2 H, 2.24 (s, 3 H 245[6ch|oro4(4 778(d
J = 8. 84 Wi9,200/435004 352 PCT/EP2009/064810
-101 -
F
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(1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester
F

SoRS
. o)

OH
5 To a solution of (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester

(100 mg, 0.277 mmol) in acetonitrile (3 mL) was added 1-chloromethyl-4-fluoro-
1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (255 mg, 0.72 mmol) at
0 °C. The resulting mixture was stirred at room temperature overnight, and
diluted with water, then extracted with ethyl acetate (20 mL x 3). The combined

10 organic layers were washed with brine (20 mL x 3), dried over sodium sulfate,
and concentrated in vacuo. The residue was purified by flash column
chromatography (30% ethyl acetate in petroleum ether) to give (1,6-difluoro-4-
hydroxy-naphthalen-2-yl)-acetic acid methyl ester (60 mg, 86%) as a yellow solid.
MS cald. for C13H1oF203 252, obsd. (ESI*) [(M+H)"] 253.

15

[1,6-difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-

naphthalen-2-yl]-acetic acid methyl ester

F
SoRe
. o)
O N
| N
78
0

A mixture of (1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (50
20 mg, 0.198 mmol), 2-bromo-5-methanesulfonyl-pyridin (52 mg, 0.22 mmol),



OH cyano- phenoxy)-3- 7.70 (d, J =1.77 Hz, 1 H), 7.67 (s, 1 H), 7.58 (d,
J = 4010 0 G methyl- 8.84 Hz, 2 H), 7.42 (dd, J = napht hal en- 2- 8. 84,
2.02 Hz, woMp10/665@% (d, |* ylFacetic acid J = 8.84 HzpPCZ/HHRG0IB64BP0 (S, 2
H 2.23 (s, 3 H)

-102 -

potassium carbonate (60 mg, 0.434 mmol) and N,N-dimethylformamide (2.0 mL)
was heated at 70 °C for 3 hours. The resulting mixture was cooled to room
temperature, acidified with 1 N hydrochloric acid to pH 3, and extracted with ethyl
acetate (20 mL x 3). The combined organic layers were washed with brine (20

5 mL x 3), dried over sodium sulfate, and concentrated in vacuo to afford [1,6-
difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid methyl
ester (70 mg, 87%) as a white solid which was used in the next step without
further purification.

[1,6-difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic
10 acid
F

OH
(1
F

AN

N
I/S\
O

Starting with [1,6-difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-
acetic acid methyl ester (70 mg, 0.172 mmol), using a method analogous to the
one described for example 1-1, final step, [1,6-difluoro-4-(5-methanesulfonyl-

15 pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid (10 mg, 15%) was obtained as a
white solid. "H NMR (400 MHz, DMSO-ds) & ppm 8.56 (d, J = 2.53 Hz, 1 H), 8.39
(dd, J = 8.84, 2.53 Hz, 1 H), 8.19 (dd, J =9.35, 5.31 Hz, 1 H), 7.60 (td, J = 8.97,
253 Hz,1H),7.49-7.54 (m,1H),7.43-7.48(m,2H), 3.82 (s,2H), 3.28 (s, 3
H); MS cald. for C1gH13F2NOsS 393, obsd. (ESI™) [((M+H)"] 394.

20

EXAMPLE 4-2
[1.6-difluoro-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic

acid



* CD30OD was used as the solvent for HNW, ** DMBO d6 was used as the
solvent for 1H NVR EXAMPLE 3-1

5[ 4- (4- mewbansgibdoanv| - phenoxv) - napht hal en- 2- v1] - acet i c PATIE®2009/064810

(4- Hydr oxy- napht hal en-2-yl)-acetic acid nethyl ester - 96 - OH To a

sol ution of (4-benzy|oxy-6-ch|oro-naphgﬁﬁégn-z-yl)-acetic acid methyl ester
(340 ng, 1.0 nmol, prepared using a net anal ogous to the one descri bed
above for the preparation of 4- benzyloxr 6- f | uor o- napht hal ene- 2- car boxyl i c
acid 5 methyl ester, Ist _rh step forxg 8 _1O0H) in nmethanol was added 10%
pal | adi um on carbon (10 ng). The r¢ g mlixture was vigorously stirred
at room tenperature overnight undg f roggh at mosphere (bal | oon) and
then filtered. The filtrate was concentba in vacuo to give

(4- hydr oxy- napht hal en-2-yl)-acetic acid thyl ester (200 ng, 92.6% as a
white solid. 10 [4-(4-nethanesul fonyl-phe aphthalen 2-yl]-acetic acid
Starting with (4-hydroxy-naphthal en-2-yl) - acefs ﬁ acid nethyl ester (108 ny,
0.5 mml ) and 1-fluoro-4-net hanesul fonyl - benzéne (174 ng, 1.0 mmol ), using
a 15 net hod anal ogous to the one described for_exanp -1, the flnal t wo
steps), 4- Elantae MRdd B-diBHYIO-HhedoxyNaRABIReE Ih- %eyp]acwcr@? hy! geted (3%5. 8
ny, 37@@ wa m 7. 89
"2 04 (m A B R O P R Lo R 2R o (e,
2 H, 7.14 uging® (ethal aglogsaio(tee ope escriherifof sxamdple)4-1MB, @aifbuord -4r

Fa- (4 nethahe BT ERoC BReRD Yorbite st dr s 2l e 12
obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) & ppm 8.52 (d, 1 H),
8.34 (dd, 1 H), 8.19(dd, 1 H), 7.42 -7.76 (m, 4 H), 3.78 - 3.86 (m, 2 H), 3.37 -
3.40 (m, 2 H), 1.12 (t, 3 H); MS cald. for C1¢H15F2NOsS 407, obsd. (ESI)
[(M+H)+] 408.
10

EXAMPLE 5-1
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,6-difluoro-naphthalen-2-yl]-acetic

acid

CCCr”
F F O

15 (4-benzyloxy-1-bromo-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester
Br

SORS
. o)

0]

To a stirred solution of (4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl

ester (350 mg, 1.08 mmol) in acetonitrile (10 mL) was added N-



- 97 - 2- (4- Chl or o- benzyl i dene) - 3-net hyl -succinic acid 0 OH O OH After
careful addition of absolute nethanol (0.1 nL) to a suspension of sodiumb5
hydri de (WO%ionssiomeral oil, 16 g, 0.40 nol) in anhydr oesTiErRese0es8(@00 i),
a solution of 4-chloro-benzal dehyde (28 g, 0.20 nol) and 2-nmethyl -succinic
acid dinmethyl ester (48 g, 0.30 nol) in aghydrous tol uene (100 nlL) was
added dropwi se at room tenperature underj stream of nitrogen. After being
stirred at bwmsmmmta(ﬁ%m 21Hhowmel). Aftes betngustiriasgatrogmuiempesatut | ut ed
by adding 2.N .1 dro i S t 80 C,
and sti rredf%{t n@s’t’%ﬁ%é’? é&uﬁ? g/agcﬂ”u dh\'(‘.’)'d?@ﬂeﬁﬁggmﬁe?'ﬁ%gétg%tég to room
t enper at ur ew’tatelhy?lldcﬁtaté k&0 amweaweremnbme@ o@gmm eilyed, wavasheshed Wwith et hyI
acetate (100 ,. then ac ed with 2 N hydr hIorlc acid to

and extract ¥@t %éﬁ rélf nd %r('f@c{;g kh@@'eﬁﬁvﬁré‘?d'uﬁé}%ﬁé Bn‘%ﬁ‘"@@tﬁ%ﬁl ayer S
vere dri e %ssuosm'ﬂémd%elv&a'g@unf@acbyléﬂ@rﬁﬁ%%rﬁ%@% gﬁm@n el gt due

was precipitated fromethyl acetate/'petrol eum et her ﬁp to give

2- (4-chl oroOb@%ﬁthﬂ@ﬁ@@@mlmWBSht@cﬁﬁQﬁdé4-§§hw|@51381 r@mozfe%oras a yel |l ow
solid. 6-Ch I do OH 20
To a 1 ask CanpaEleie v fabes SELRERERRr AR g 2R o by S

2-(4-chl or ober(zsbmdwme)ﬂtﬁarm-hytirmy;nhphma@md -\ dcétig acishmetiyl edtem
portions. After being stirred at roomtenperature for 18 hours, the
resulting mxture was poured onto ice-wd and stirred for 15 m nutes.
The formed precipitate was col |l ect edNyy ¥O~filtration, and di ssol ved
in ethyl acetate (150 nL). The sol @@ ar i ed over sodium sul fate, and
concentrated in vacuo. The residire Was Jyr eci pitated from et hyl

acet at e/ petrol eum ether (1:10) to affor@H

6- chl or o- 4- hydr oxy- 3- rreth Ina ht hal ene- 2- car boxyl i c aci d g 97.6%)
as a pi n¥ sa_lol*'thO'Vt'Qﬁ"quo(ﬂ g’db’ﬂx?ﬁ%‘?%@f'u?r%?Iﬂ@thaﬁﬁpgﬁ"l)ié‘IC@PP@ g

methyl ester (400 mg, 0.992 mmol) in ethyl acetate (10 mL) was added zinc

bromide (670 mg, 2.978 mmol) and 10% palladium on carbon (40 mg) under a
hydrogen atmosphere (balloon). After being stirred at room temperature for 1
hour, the resulting mixture was filtered. The filirate was concentrated in vacuo.

15 The residue was purified by preparative HPLC (gradient elution with 50-80%
0.1% trifluoroacetic acid in water in acetonitrile, 8 minutes) to afford (1-bromo-6-
fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (200 mg, 64.4%) as a
white solid.

20  (1-bromo-3,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester
Br

O
OO o)
F F

OH
To a solution of (1-bromo-6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl
ester (135 mg, 0.433 mmol) in acetonitrile (4 mL) was added 1-chloromethyl-4-
fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (230 mg, 0.650
25 mmol) at 0 °C. The resulting mixture was stirred at room temperature overnight,
then diluted with water (10 mL), and extracted with ethyl acetate (20 mL x 3). The

combined organic layers were washed with brine (20 mL x 3), dried over sodium



OH To a slurry of lithium alum numhydride (4.1 g) in tetrahydrofuran (80
m.) was added a sol ution of

6- chl or o-wWolrytvwszoe4 3- met hyl - napht hal ene- 2- car boxyl i ¢ aciPdTEP2§0226481¢, 54
mmol) in tetrahydrofuran (80 nL) at 0O C under a nitrogen atnosphere. After
bei ng heated at 60 C for 5 hours, the re @gltlng m xture was cooled to 0 C
and treated with 1 N hydrochloric acid t uench the reaction. The aqueous
| ayer was estifatet aod apndentiatsd inauasuat Ehe nemndue_was pyrifisthey Hastbcelgonor gani ¢
;%egzn\é\g;f £ zwgaetlg%%hgégédogﬁa}gl\%%%ta% i pe2t)r0Ie9rrn'§He8Yc? EJIV%O(quI"O %Uii %ate 15
7- f:hljorg ?éh :dmbm;yn%wcy-r?a;{]mmmhnamadf@tlmdEwlth;(l&s&rqao ﬁi@ng% afa\m te
sol i or o- 3-¢ pht - 1- N 0 a

sol ution of Y (?"bﬁ%r“i{; ’\%8@ f%é:1@'ﬂ$g%?§3§ %ﬁﬁafggh}g%Wr]&
tetrahydmpf uran (3163iftdroM-hydreRrinaphittileh zﬂy—saéﬂé'aeﬁwé% ste/Af ter the
m xture was stirred at roomterrperature for m nutes, 7-chloro-3-

hydr oxynmet hy1- 2- met hyl - napht hal en- 4~3,037.8 Mol ) was added as a
solid under a nitrogen atnosphere. i :. stirred at reflux for 2
hours, the 25 resulting m xture . d°fr 0 room tenperature, and
concentrated in vacuo. The residue was purified by col um chronmat ography
(elution with 5% et hyl acetate in petrol eum et herét to afford

7-chl or o- 3- a’nla)ss@jnmmgfﬂzbrﬁmqﬁﬁ ?;pbmrheﬂ “eydroxyhapisthaleg-2-gg@cetic agidwhi t e
solid. - I = - - LC acid
rethyl estel e(gqﬁ%g%g (8 g ﬁ‘@{ﬁf{%oﬁ.gﬂﬁ{e%hoﬂﬁ%‘%@&é&H‘o% YahaRhEbh

7-chl or o- 3- clal‘b@rhqnetri'ig')lAﬂerr‘eélhgls{lrrawatt k@dramerﬂ]periatuirS udlega Hydroygenl ) ,

bi t | hi d | adi mmol d 5
pot assi L c iRt ede Csemight B TR vt bre Redee o alelf HAb then 1i 1 ed
W th car boncaﬁé@%f’éﬂ@d frb@éda}@qa)affofﬂﬂ(dﬁét@ﬁluoéﬁﬁ HVd}o@Ur%ﬁfﬁlﬁéléﬁ-ﬁdﬂ%é’étﬂ:n (60

m.) were added by neans of ringe. After being 'stirred at room

t enper at ur e agidovethyl esieb@d lﬁﬁn %&iéS@tM@lb’:pwtde over ni ght , the resul ting

m xture was diluted with water (100 nL), and extracted with ethyl acetate
(100 m.). The organic |ayer was 10 washed with water (50 nL x 2). The

combi ned aqueous | ayer[d- (ﬁﬁertbaae(sulﬁmnﬁepymdlh-mylb)(y)-agﬁadiilurer(>-150 m.), and the
conmbi ned organic |ayers Wr?h@g'l r sodi um su te.and concentrated in

vacuo. TRe residue was pu EH‘yzé’ ﬁ‘fﬁ{'%ﬁ?'&'rmﬁ SSHS (el ution with 20%

ethyl acetate in pet rol eumether) t

0
chl or o- 4- hydr oxy- 3- net hyl - napht hal @@ aet| c acid nmethyl ester (7.0 g,
74 %

\

A
Starting with (3,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (25
mg, 0.099 mmol) and 2-bromo-5-ethanesulfonyl-pyridine (28 mg, 0.112 mmol),
using a method analogous to the one described for the methyl ester of example
20 1-1, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,6-difluoro-naphthalen-2-yl]-acetic acid
methyl ester (20 mg, 48%) was obtained as a white solid, which was used in the

next step without further purification.

[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,6-difluoro-naphthalen-2-yl]-acetic
25 acid



15 as an orange solid. [6-Chloro-4-(4-nmnethanesul fonyl -phenoxy) - 3-net hyl -
napht hal en-2-yl1]-acetic acid nethyl ester C1 0 " 0 20 Starting with

( 6- chl or owo-2hydrssooy - 3- et hyl - napht hal en- 2-yl ) - aceti ¢ aciPdTmeeévgloc4sse er (132
ng, 0.5 mmol ) and 1-fl uoro-4-nethanesul fonyl - benzene (174 ng, 1.0 mmol),
usi ng a nethod anal ogous to the one desgh bed for the nmethyl ester of
exanple 1-1, [6-chloro-4-(4-nethanesulf @I-phenoxy)-3-nethy|-naphthalen-z-
yl]-acetic acid nmethyl ester (70 3 was -9t ai ned as a yellowoil. -
100 - [4-(4-net hanesul f onyl - phenox - napht hal en-2-y1] -acetic acid
met hyl ester 0, .9 o To a soluti @&
[ 6- chl or o- 4- (4- nmet hanesul f onyl - phenoxy) o3- gt hyl - napht hal en-2- 5 yl]-acetic
acid nethyl ester (110 ngy, 0.26 nmol) in\gﬁgﬂgqgl (3 nL) was added 10%

pal | adi um on carbon (10 ng). The resultin Fxtre was vigorously stirred
at room tenperature overni ght under a hydrogeg at nosphere (balloon) and

t hen filtered. The filtrate was concentrated |n acuo to give

4-(4-neth | f 3-_nmet h t hyl
RS A C A R R e e oA e e A B
next step Wabéﬁ&éma lr'rﬁéth resai’ QD'n@g?‘tO ars mmoI?]tusmg a method analogous to the

[ 4- (4- met hanesul f ony enox? -net hyl - na hal en-2-yl]-acetic acid OH P o
Starting w ORe descrlbed or example 1 1 final step [4 (5-ethanesulfonyl-pyridin-2-yloxy)-

Lo G o i adammeanaah ey yplcana b Skt el Shs brce e
fzr Zxarrplhéa1 EHNI\|ZI]I:{ 40?MHZ?MS)Q -ds) © ppm 8.51 (d, J = 2.02 Hz, 1 H), 8%7 (dd, J— (24
579 was. onbaned nezal i Lo O BS (40 e LBl 3P 4 it Poa (a
J = 8.84 Hzy7.55 () J=78.60 Hz, 4. lff_E?(gm o, UI)— 162352 68@¢L, 1HY; 742 4348Krr123 H)6 69

HZ, 2 6.94 (d, J =
(s 31 Ottt Hos b p Wi dods o7 35 3(@s%c@embm BNOsS 2

10 407, obsd. (ESI*) [(M+H)*] 408.

EXAMPLE 6-1
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1-methyl-naphthalen-2-yl]-

acetic acid

SoRs
. o)

O_N

N

/Oj

(4-benzyloxy-6-fluoro-1-methyl-naphthalen-2-yl)-acetic acid methyl ester

s

15




20 EXAMPLE 4-1

[ 116-di fl uor o- 4- ( 5- net hanesul f onyl - pyri di n- 2-yl oxy) - napht hal en-2-yl ] -acetic

acid -1080-201/056@46- di f1 uor o- 4- hydr oxy- napht hal en- 2- y| pcamPéoo/oessin@d net hyl

ester F OH 5 To a solution of (6-fluoro-4-hydroxy-naphthal en-2-yl)-acetic

acid nmethyl ester (100 ng, 0.277 mol) _hwacet onitrile (3 nL) was added
yclro

1-chl oromet hyl-4-fl uorol, 4-di azoni abi c [2.2.2] octane

bi s(t et raf | Joraddutaredl @AEMzyipxyd -F@marbifluos-napithalehe2-ye<geti¢ agidm xt ur e

was stirred at, rQ t ra verni gh and di| ut w th ter,.then
ot act ed wERr ORRLE o4 8 AU b dbror M ot BhBHolS Brodhfle iy er s
wer e washed 5”“3 first btepred @(ﬁ&pm_sx&ﬁ)wetwmmicfa_erdd(sgdﬁ ';"'lm e.aleaFmol)and
concentrated I n vacuo. e resl| due ur I ed by as cOol um

chr omat ogr aBHSPSFW/&E?%at%&%WS’ Pﬁ%éé{fme )élﬁ‘ﬁ) tB?Yfé?*)e’&yE’hQFQ'é'”e (69.4 mg,
(1,6-dif '5110'0.024%mmﬂPYiﬁ%dlueﬁé’m.b%@)rbr%wét)eTg@@Fdﬁﬁ%%%da%Hfﬁé'Ha@iéﬁﬁr (60 ny,
86% as a yellow solid. M5 cald. for C13H10F20 52, obsd. (ESI+) [(MFH +]
253. 15 [ 1, ecdiate (fomg, 20134 remhbnedar @ oryagematmgispherey Afigy peing heated

ht hal en- 2- - j i d.. et o - - [ bonat

(60 . 0. 432 maftySiae RoRghTR D o mbuies) 28 iy RERES R BeEBL, 70 ¢
for d3f hogr srodﬁheaempeudtmrbnﬁwemﬁ d«'IUtHda/vié\lawaﬂ:@qhednll)ogn@emmetepgvithtetﬂg, ol

idifi it i id t H 3, t t it t
Bcetat e ( 20REE B MEREZ L JRBI R IeR AP BYRP ST A REHE BB ne (20
[51”16_ X 3o eHil)edridy VersdiutsAtE &R conREnfREGAVEBIE T Here¥RIBBvd0 af ford
di f | uor o- 4- parified el eHpmaigarapinn (1% 8w peetaphinhexenes) pigioad é4-i ¢ aci d
e befAloHe A48 1 3ReifyMRldHinih % PRESle 288 e dofer!BE gt step
[ 1, 6-di fl uobe:-54%) & aﬁghﬂy&klswisfcﬁidyl -pyridin-2-yl oxy) - napht hal en-2-yl]-acetic

10acid F (6-fluoro-4-hydroxy-1-methyl-naphthalen-2-yl)-acetic acid methyl ester

S0RN
. ol

15 OH
To a solution of (4-benzyloxy-6-fluoro-1-methyl-naphthalen-2-yl)-acetic acid
methyl ester (50 mg) in methanol was added 10% palladium on carbon (10 mg).
After being stirred at room temperature under a hydrogen atmosphere overnight,
the resulting mixture was filtered. The filtrate was concentrated in vacuo to afford
20 (6-fluoro-4-hydroxy-1-methyl-naphthalen-2-yl)-acetic acid methyl ester (30 mg) as
a white solid.
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1-methyl-

naphthalen-2-yl]-acetic acid methyl ester



OHO0 O Starting with

[ 1, 6-difluoro-4-(5-nmethanesul fonyl -pyridin-2-yl oxy) - napht hal en-2-yl] -
acetic acwo 20mdsyto4ester (70 ng, 0.172 mrol ), using a meCha2emabsgous to
the one described for exanmple 1-1, final step,

[1, 6-di fluoro-4-(5-nmethanesul fonyl - 15 08 -

pyri di n-2-yl oxy) - napht hal en-2-yl ] -acet| é gci d (10 ng, 15% was obtained as
a white sol iStartingiwihR6 (fuooo-HHwdroysemishyisapbithaes8-y( dacetic-ack s@thyt, 1 H),

8.39 (dd, J _= 5,31 7. 60
(id, 32 o 3 4 melp b Timoh Al Braele Rnenestuforitoy e ¢ Fpa g0y |
3.82 (s, 2 hI)moI?o uié%mg(s méihbﬂ anMBgoaécbthfeCUneCH&thEdmﬁﬁe&%hylm of( ESI +)
[ (M FH) +] 394. FXA%E&%SE

[1,6-difl uoPéa'ﬁ‘Ptas 5 -%Wﬁﬂ%w)fonywyrtﬁ'm\2z¥'%yas@7fjuqaﬂhvﬁ§1yéHaahkhfh?nacet. c
aci d H03 2=y (Facedicdid Mt ther (2.7 m 75% ) was obtained as |I?ht yellow SO|Id

(1, 6- d|f| uor o- 4- hydr oxy- napht hal en- acetic aci ester ny,
0.198 mol ) aﬁ4d(52etb|aoﬁ§uEoeylmyre@ul-z-u@y)-&yfdu@im&-m&byhgapbﬂmgnﬂwﬂ)

usi ng a nethod anal ogous to the one %%aﬁ[:lal&?&i for exanple 4-1,
[1,6-difluoro-4- 5

(5- et hanesul fonyl - pyri di n- 2-yl oxy) - naphtjhal en-2-yl]-acetic acid (10 ng,
129% was obtained as a white solid. 4 @4, 400HMHz, DMBO-d6) 5 ppm 8.52

(d, 1 H, 8.34 (dd, 1 H), 8.19 (dd, 7.2 -7.76 (m 4 H), 3.78 -3.86

(m 2 H, 3.37 - 3.40 (m 2 H, % HP Ms cald. for Cl9H15F2N065
407, obsd. (ESI+) [(MFH)+] 408. 10 EXAMPLE 5-1

14- (5- et hanesul f onvl - pyri di n- 2- vl oxv) - 3, Iy uor o- napht hal en-2-v11-acetic
acid 15(4-benzyl oxy-1-brono-6-fl uoro-napRg 9 2-yl)-acetic acid nethyl
ester Br - 104 - bronosuccinimde (385 nyg, 25 *1]6 mol ). After being
stirred at roomtenperature

Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1-methyl-naphthalen-
10 2-yl]-acetic acid methyl ester (22.7 mg, 0.054 mmol), using a method analogous

to the one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-

yloxy)-6-fluoro-1-methyl-naphthalen-2-yl]-acetic acid was obtained (10 mg) as a

white solid. "H NMR (400 MHz, CDs;OD) & ppm 8.54 (d, J = 2.53 Hz, 1 H), 8.20 -

830 (m,2H),7.35-7.45(m, 2 H),7.28 (t, J=4.42 Hz, 2 H), 3.88 (s, 2 H), 3.26
15 (q,J=7.33Hz, 2 H),2.67 (s, 3H), 1.25 (t, J = 7.45 Hz, 3 H); MS cald. for

Ca0H1sFNOsS 403, obsd. (ESI*) [(M+H)"] 404.

EXAMPLE 7-1
3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-

propionic acid
@]

o
F

20 a

4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-carbaldehyde



for 1 hour, the resulting mxture was diluted with water (20 nlL), and
extracted with ethyl acetate (20 nL x 2). The conbi ned organic | ayers were
washed wiwb 20s0@ss00415 nl) and brine (20 nl), dried over peodiPaomsosi@t e and
concentrated in 5 vacuo. The residue was purified by colum chronatography
(gradient elution with 0-20% et hyl acet qé& in hexanes) to afford

(4- benzyl oxy- 1- br onp- 6-f | uor onapht hal en- yl) acetic acid nethyl ester (400
ng, 929% as a white solid.

(1- brono- 6-fl uoro-4- hydr oxy- napht hal
OH 10 To a sol ution of

(4- benzyl oxy- 1- br ono- 6-f | uor o- naphgha )-acetic acid nethyl ester
(400 ng, 0.992 mmol) in ethyl acetate (10pnl) was added zinc brom de (670
ng, 2.978 mmol) and 10% pal | adi um on carbon (40 ng) under a hydrogen

at nosphere (balloon). After being stirred gtk roomtenperature for 1 hour,
the resulting mxture was filtered. The fate was concentrated in vacuo.
15 The residue was purified by preparati veXHPLC (gradient elution with

50- 80% 0. 1%Tord §dlutsrpat@tibehzgoxg-6-fluoreiEmetiyl-aephaidn-2lyn,méhaholties) to
afford (1 br ono- 6- quoro 4- hydr oxy- napht hal en- 2-y1) - aceti c acid net hyl
ester (200 Mf: 06@1"%@9' @sdlghlmm%thggﬂ( mL) was added pyridinium chlorochromate
20( 1- br ono- f HSRS hyl ester
Br OH To aigzo ﬁtgl b)lr?)@ ?&orm GQ?IQEgglgb%ﬂﬁgg%gi%&ﬁgérhﬁﬁ%@uerﬁf -yl)-acetic
aci d met toyl hesrsethg rE3Blting damk Ap3urenway diluied véthotiethyl ¢tbe(,andistirmedsatadded

1-chl t

o1 o(t ot rar | (STBLTPaP AR I3, P i AGRELBR GG oS R BE AR Ran At iy

m xture was gst ¢cdludd. The fik@me vagprenesntrated revadu@ho, guwéamedzyluk;e—a -floiokdr3wat er
30 ool e 16 0 n s Vo
sul fate, andse@ireRidiad §fé(p'Wlthﬁﬁlﬂﬂtheﬂb‘@lrlf@&ldﬁu%WRRHO@ Mieg ém:n; &sh

col um chr omat ogr aphy (30% et hyl acetate in petrol eum et her) $Téigl ve

(1-br orro103 epdi@.Blide.o- kﬂ) Hy 16 (ﬁcyl i SR edde d-28 34) 586d17.¢l lalb.n?d? chyl= est er
60 , . f Sl +
oM FE 4] 230 R DI B8 0 NP B e S T an A . 2807 3238 4 ot

ester C 1 Od8.65 265HEut H)M.09 (s, 2H) 2.75 (s, 3 H).
(1-brono-3,6-diflu 4-h ht hal et hyl ester
(50 ng, 0.152 nmol H 3 2 & #pon (10 ng).
After being stirred at roomtenperature undeo a hydrogen 10 at nosphere
overnight, the resulting mxture was filtered, The filtrate was
concentrated in vacuo to afford H

(3, 6-difluoro-4-hydroxy- naphthalen- ic acid nethyl ester (25 ny,
65% as a white solid.

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 3, 62Hdi I uor o-

15 To a solution of 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-carbaldehyde (165

etic acid nethyl ester Br

mg, 0.56 mmol) in ethyl acetate (5 mL) was added 10% palladium on carbon (7
mg). The resulting mixture was stirred vigorously under a hydrogen atmosphere
(balloon) for 4 hours, and then filtered. The filtrate was concentrated in vacuo to
give 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carbaldehyde (115 mg, 99 %) as

20 a yellow solid which was directly used in the next step without further purification.

4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalene-2-
carbaldehyde



15napht hal en-2-yl]-acetic acid nethyl ester 0" 0 O 1 S Starting with

(3, 6-difluoro-4-hydroxy-napht hal en-2-yl)-acetic acid nethyl ester (25 ny,

0. 099 mMoWY 2arih5200br ono- 5- et hanesul f onyl - pyri di ne (28 nBCTEP2M2/064300 ) ,
usi ng a nethod anal ogous to the one described for the nethyl ester of
exanpl e 201-1, 110 -

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 3, % di fl uor o- napht hal en-2-yl]-acetic
acid nethyl ester (20 ngy, 48% was obta|nﬁb as a white solid, which was
used in the next step w thout furtheyr g jcation. - 106 - Starting with
[ 4- (5- et hanesul fonyl - pyri di n-2-yl di f | uor o- napht hal en-2-yl]- acetic
acid nethyl ester (20 ng, 0.475¢ -s'ng a net hod anal ogous to the one
described for exanple 1-1, final step,

[ 4- (5- et hanesul f onyl - pyri di n-2-yl oxy) - m
3, 6-di fl uor o- napht hal en-2-yl]-acetic aci ng) was obtained as a white
solid. 1H NVR (400 MHz, DMSO-d6) 5 ppm 8.51 ¢d~J = 2.02 Hz, 1 H), 8.37

(dd J =872 2.65 H, 1 H), 8.09 (dd, J =29.09, 5.56 Hz, 1 H), 7.92 (d, J
6 82 Hz ﬁtau}mg Wit tlldorO- -By@rosg-3rmethyl- nﬁphtfnabme(%@arbaldehme 815 mg65 Hz,

Hz 3 Z|) 42|\/B g"ﬁﬁgo'fé%dr Jrg%?ﬁ‘f%‘ffgﬁ@gs“ fl%’ 59(5"?”§S§§8£é ’Eér Tw FH%'t”F hos. 733
EXAMPLE 6- 1nisth¢dbaraibgoestd therorie-gascridea fé-the mqthyl@stérmﬁre&ample1 1, 4-(4-
-methyl - %aphEh%%egﬂlfoznyY%%enoxy t6 ﬁ'uoar8|3 meilhyl -naphthalene-2-carbaldehyde (120 mg,

57%) was obtained as a yellow solid which was used in the next step without

further purification. 'H NMR (400 MHz, CDCls) & ppm 10.35 (s, 1 H), 8.32 (s, 1 H),

8.07 (dd, J=8.97,5.68 Hz, 1 H), 7.84 (d, J=9.09 Hz, 2 H), 7.33 - 7.45 (m, 2 H),

6.94 (d,J=8.84Hz,2H),3.12(q,J=7.41Hz,2H), 259 (s,3H), 1.31 (t, J=

10 7.45Hz, 3 H).

3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyi-
naphthalen-2-yl]-acrylic acid ethyl ester
0

COo
F
O
O,,o

&)

15 To a suspension of sodium hydride (15 mg, 0.37 mmol, 60% in mineral oil) in
anhydrous tetrahydrofuran (1 mL) was added triethyl phosphonoacetate (83 mg,
0.37 mmol) in anhydrous tetrahydrofuran (2 mL) dropwise at 0 °C. After the
mixture was warmed naturally to room temperature and stirred at room
temperature for 30 minutes, a solution of 4-(4-ethanesulfonyl-phenoxy)-6-fluoro-

20 3-methyl-naphthalene-2-carbaldehyde (120 mg, 0.33 mmol) in anhydrous
tetrahydrofuran (2 mL) was added dropwise. The reaction mixture was stirred at
room temperature for 5 hours. The resulting mixture was diluted with water (10
mL), and extracted with ethyl acetate (10 mL x 3). The combined organic layers

were washed with brine, dried over sodium sulfate, and concentrated in vacuo.



(4- benzyl oxy-6-fl uoro- 1- met hyl - napht hal en-2-yl)-acetic acid nethyl ester

- 107 - To a solution of

(4- benzylweypol/d36@ma0- 6- f | uor o- napht hal en- 2-yl) -aceti c aecia/Ereaapbisest er
(100 ng, 0.248 mmol, prepared using an anal ogous procedure to the first
step of exanple 5-1), nethyl boronic aci 19.3 ng, 0.322 mmol ), potassium
phosphate (184 ng, 0.868 nmmol) and tricy&lohex Iphosphlne (69.4 ng, 5 0.248
mol ) in tolTheriesifue Wasipurifiad byeodmi zhmmﬂisgra.mas (Afderthyaicketale im acet at e

i cr owave o BRUPELENE RIS Eord g ERERERERNEH R0 ohE BB BRI oom
t err{):{ 2t l(Jrl gnapht(h@l@riyt]@dry@%at@ﬁ@hﬂeﬁéﬂ@%g, esxrarmteecblw tH Nam?/lne (10
0o ¢ drt 0P GoT e Sarie e - 3l @ayr?céﬁyféw et B due

was puri fg eq*éza/ocgw@morw PNy, er%@@%(i@d@@@xb I-chqtﬁ ezen Jﬂ@xqmea)H)to
afford (4- benz ony- 6-f | uor o- | - napht hal en-2-yl)-acetic acid nethyl

ester (50 n§;94@. §%) 8.89 He, 2 Igh6.3%(d, dw é@ﬁﬁd‘lz 1H), 4. 2 q,J=7.07 Hz, 2 H),

(8- 11 uoro- Axhydroxy: 1ngRiNY AR 12 & 2 W) 3 #5156 @Y/ 47 T8H1AY3 ARL e
(4-benzyl oxy-6-fl uoro3é[4¥(4tdtlyhnemnfﬁmdl|cmen2>xyb B-fauerio- &-m?eihgll-met hyl ester
(50 ng) in nethanol was add 0%, | adi um.on ¢ : After bei ng
stirred at room tenperat PR ﬂ?‘?g! Zgl?'h.ya%ﬁ’&ﬁc QPW@%"B'NEFééGver ni ght, the
resulting mxture was filtered. The filtrateowas concentrated in vacuo to
afford 20 (6-fl uoro-4-hydroxy-1-nmethyl t a(l)eQZ-yl )-acetic acid nethyl

ester (30 ng) as a white solid. Og
3v’

[ 4- (5- et hanesul f onyl - pyri di n- 2-

| uor o- 1- et hyl -

napht hal en- 2-y1] -acetic acid net hyl ester - 108 - Starting with

(6-fl uoro-4-hydroxy-1-net hyl - napht hal e vl )-acetic acid nethyl ester (18
ng, 0.073 mmol) and 2- brono- 5- et hanesul f -pyridine (27 ng, 0.109 mmol),
using a nethod anal ogous to the one describe@~<for the nethyl ester of
exanple 1-1, 0

[ 4-(5- etPanesul f onyl - pyri di n- 2-yl oxy) - 6-f | uor o- 1- net hyl - napht hal en- 5
2-yl]-acet i doasautint bfy3-[4&t-ethah2ulibnylyph&idiy)weftu cobBametnyl-asplahbiegki-
yel l ow solid

[ 4- ( 5- et hand8ECRBRACILSY RSIERU) B%yY- 08 1l e TV haTHFIe. (Rdpht WaF 8AYed y ) | -

acetic aci d10% palladium on carbon (4 mg). The resulting mixture was stirred vigorously
under a hydrogen (balloon) atmosphere overnight, and then filtered. The filtrate
15 was concentrated in vacuo to give 3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-
methyl-naphthalen-2-yl]-propionic acid ethyl ester (30 mg, 75 %) as a yellow solid,
which was used for the next step without any further purification.

3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
20 propionic acid
0

DO G
F



Starting with

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6-fl uor o- 1- net hyl - napht hal en- 10
2-yl] - acavocomaissoonet hyl ester (22.7 ng, 0.054 mmol), uPCHEEP00RE4SOE

anal ogous to the one described for exanple 1 -1 , final step,

[ 4- (5-et hanesul fonyl - pyri di n- 2- 142 -

yl oxy) - 6-fl uor o- 1- net hyl - napht hal en- 2-y1] —acetic acid was obtained (10 ng)
as a white Startidg with NIR4(-aibenasttfongEgite)oxy)-priluod-84n¢ityl-0aphtalss-2]- 1 H),

588 (s 5 RoPiofiogbidindesiertaf g B.o8 Brag Shdd metndp dhalbgdliicind
E xif/p ['E 73lﬂhe deScrisddifor BRamPROH SR e gl AB[4-@bstHan é&Bony|-pHevioki)-6]  404.
3- 14- ( 4- et hAHOR THHDY-RERRAIEH-2apraBionicsaGid { 18 Mo A aseRtaingd £ a

propi oni & a%ﬁbw Qo "H NMR (400 MHz, CDCls) & ppm 7.78 - 7.85 (m 3 H) 7.63 (s 1H),
4-benzyl oxy- 6-f 1 uor o- 3- net hyl - nap ht hal ene- carbaldehyd 109 To a

soI ution of 7(342 @an’y‘ﬂ Yxy162. 271!rt2r 6 H), M%@U? hdhh6 .94l énJZ 884 HreHAN3108( 180

ng, 0.6 mml t d |
chl orochr oma &ﬁgoj%ﬁ@ m§é| n por |ons(% gﬁ_ﬁé e| nJ;lztr%SrlF% at)’ room
t enper at ureMS)caIa for It s FOsB el 16esbsd.i (BESI'd fiMe-H) k4 Uf.e was diluted with
di ethyl ether, and stirred at roomtenperature for 10 m nutes. The m xture
was filtered through a short silica gel colum. The filtrate was
concentri@gted in vacuo to give 4-benpyAMPLE-g-4 uor o- 3-
met hyl - napht hal ene- 2 car bal dehyde (165 mg, 93% as a whi te soI id, which was
used in the fefluote metimanesy eny laming)inaphthalenys jetigiacid cDCl 3)
5 10 ppm 10. 31 (s, 1H), 8.16 (s, 8.00 (gq, J = 8.84, 556Hz 1H,
7.73 (dd, J = 10.48, 2.40 Hz, 1 H), 682Hz 2 H), 7.39 -7.49
(m 2 H, 7.32 (td, J:8.65, 2.6F o499(s 2H), 2.75 (s, 3 H.
6- f | uor o- 4- hydr oxv- 3- net hyl - napht'hal ene- 2-car bal dehyde o OH 15 To a
sol ution of 4-benzyl oxy-6-fl uoro-3-net % xpht hal ene- 2- car bal dehyde (165
ng, 0.56 mmol) in ethyl acetate (5 nlL) wag ded 10% pal | adi um on carbon (7
nmyg). The resulting m xture was stirred vigo ouSJ\y under a hydrogen
at nrosphere (balloon) for 4 hours, and then fiOtered. The filtrate was
concentrated.in vacup.to give . .
6T or o 4. Mo ibfadmeinanesuliandoxy mansiheleRsauhaceic Asid ety o 20

a yellow solid which was directly used dgiet he next step w thout further

purification.
O\
(1
F

15 OTf

To a mixture of (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (350
mg, 1.5 mmol) and trifluoromethanesulfonic anhydride (506 mg, 1.8 mmol) in
dichloromethane (20 mL), which was cooled to 0 °C in an ice bath, pyridine (0.6
mL) was added dropwise. The reaction mixture was stirred at 0 °C for 2 hours

20 and then concentrated in vacuo. The residue was dissolved in ethyl acetate (50
mL). The resulting solution was washed with water, 1 N aqueous hydrochloric
acid, water, and brine, then dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified by column chromatography (0-30% ethyl
acetate in hexanes) to afford (6-fluoro-4-trifluoromethanesulfonyloxy-naphthalen-

25 2-yl)-acetic acid methyl ester (450 mg, 82%) as a light yellow solid.

[6-fluoro-4-(4-methanesulfonyl-phenylamino)-



4- (4- et hanesul f onyl - phenoxy) - 6-f | uor o- 3- net hyl - napht hal ene- 2- car bal dehyde
-110- 0 ,0 'Is Starting with

6- f | uor o-wWolrytvwszo4 3- met hyl - napht hal ene- 2- car bal dehyde @CTAEPag9/084860 nmol )
and 1-et hanesul fonyl-4-fl uoro-benzene (226 ng, 1.2 nmol), using a method
anal ogous to the one described for the t]n?ghyl ester of exanple 1-1, 4-(4- 5
et hanesul f onyl - phenoxy) - 6- f1 uor o- 3- met hyl “napht hal ene- 2- carbaldehyde (120
mg, 57% was obtai ned as waphkthaten-2gilj-acetid acidmethydestém t he next step

wi t hout further purification 1H NWMR (400 M—Iz CDCI 3) 5 ppm 10 35 (s, 1 H),
8.32 (s, 1 H), 8.07 (dd, J = 8.97, 588 N, ™ 7.84 (d, J = 9.09 Hz, 2
H, 7.33 - 7.45 (m 2 H), 6.94 (d, 4b|z 2 H, 312(q J:741Hz,
2 H, 2.59 (s, 3 H, 1.31 (t, J= F10 7. 4% Hz, 3 H.

344- (4- et hanesul f onyl - phenoxy) - 6-f | uor ON&@yl napht hal en- 2-y1] -acrylic

acid ethyl ester 0O 0 15 To a suspension odpum hydride (15 ng, 0.37
nmmol, 60%in mneral oil) in anhydrous tet sl'f\ofuran (1 nL) was added
triethyl phosphonoacet ate (83 ng, 0.37 nmol) ©n anhydrous tetrahydrofuran
(2 n) dropvvl se at 0 C ter thF m xture was warned naturally to room

t enper at ur e 1QRISEHIER %fd(6<’ﬂuqr%&htf iHeppeaieiranes ufgnyiay-Apphinalen-2YR8catic on of

4- (4- et hanegpiqf QBT @él@f‘@lxlfﬁ)mg ébﬁ'?ﬁrﬂol}%ﬁd 4- methanesulfonyl phenylamine (59
3- et hyl - napht hal ene- 2- car ba 33 mol ) in anhydrous

t et r ahydfof 0rga®.32mmg|) ey, A&dmzﬂf%@m@en?ﬁﬁé )rwag atded (Rxtn2e2'was stirred
t di |l ut ed th

water (10 mER (@bHe Mo For AT R b SR 123, @' The  combi ned

organic | aygrﬂdlbenzylrdasdaacbtmé Ydipatladiem( @L(Mdngv@ameodhulg]%w dediem and

concentrate NV ue S urifi e

e oo SoaPareBo G2, Gt ramdD A SR aeaaRitdes MigonbrE fahdtons

344- (4- et ha@%*é%hrﬁﬁ@?%’b@m@uﬁlhg%&rﬁe mgwu@@mﬁm@b@aéz@m )aer ylic
acid ethyl ester as a white solid , CDCI3) 5

ppm 8. 0210L sxtn@ct(eehw@ erqhyl aice!me((a@mux 3).9Theporggnigdayer, qu wpshesl witig3 (d J =
8.84 Hz, ,
6.94 (d. J ?}'Qe Qgﬁizd?'gg H%rs%&g@%dfa?e Jai’d%f”%% tt%t,edi” E?‘f“"ﬁ?%]r é',m‘ﬁ = 7.07
Hz, 2 H), 3whs duiified by colusBn blzronﬂatb@rapﬂ:yi@@ra(dte,ntélwoﬁi vath 04560%3etHyl, 1. 30 (t,
J =7.45 Hz an | fon nox or03 t hyl -
napht hal en- 509@}_3 B‘rrbed{aGﬁ l:to E@Sﬂ e%éde&eghangs)ulfonyl henylamino)-

naphthalen-2-yl]-acetic aC|d methyl ester (84.0 mg, 69% yield) as a yellow solid.

15
[6-fluoro-4-(4-methanesulfonyl-phenylamino)-naphthalen-2-yl]-acetic acid

OH
SN
F
N. :
S/

00
Starting with [6-fluoro-4-(4-methanesulfonyl-phenylamino)-naphthalen-2-yl]-acetic
acid methyl ester (30 mg), using a method analogous to the one described for
20 example 1-1, final step, [6-fluoro-4-(4-methanesulfonyl-phenylamino)-naphthalen-
2-yl]-acetic acid (17 mg) was obtained as a white solid. "H NMR (400 MHz,
CDsOD) & ppm (dd, J=9.09, 5.56 Hz, 1 H), 7.67 - 7.72 (m, 2 H), 7.66 (br. s., 1 H),
7.61(dd, J=10.99,2.65Hz,1H), 749 (s, 1H), 7.30-7.36 (m, 1 H), 6.95 - 7.00



10 To a sol ution of

344- (4- et hanesul f onyl - phenoxy) - 6-f | uor o- 3- net hyl - napht hal en-2- yl]-acrylic
aci d et hywoestoenrssg40 ng, 0.09 mmol ) in ethyl acetate (3PeLEP2@S/oabded 10%
pal | adi um on carbon (4 ng). The resulting m xture was stirred vigorously
under a hydrogen (balloon) atnosphere oger\ night, and then filtered. The
filtrate 15 was concentrated in vacuo t ive

344- ( 4- et hafes2IH)odyI7-(ph2 i)x§-P6&s i3 HgrMS3ald. for CigHisFNO,S 373, obsd. (ESIY)

met hyl - naph l,er-2-y1] -propionic acid ethyl ester (30 ng, 75 % as a

yel | ow sol i H%\mﬁl}cﬁ%\as used for the next step wi thout any further
purification.

3-[4- (4- et hanesul f onyl - phenoxy) - 6- f ’Wﬁﬁ ihyl - napht hal en-2-yl] -
20propionic acid O - 112 - Starti PLE 8

344- (4- etéﬁaneyéﬁ&;b Ll - @hﬁ&%ﬁbsﬁﬁ&h mm.na.smn hah Htr?awﬁlz -

pr opi oni ¢ aci ester using a ne anal ogous to
t he one described for exanple 1- 1 fLﬁ&L.ﬁEﬂb
344- (4- et hanesul f onyl - phenoxy) - 6- H
fl uor o- 3- et hyl - napht hal en- 2-y1] - pr * 8 (19 ng, 68% was obtained
as a 5 yellow solid. 1H NVWR (400 IyH DXl3) 6 ppm7.78 - 7.85 (m 3 H,

7. 63 (s, 1 H, 7.32 (dd, J = 10.f1, 2.2 Ft 1H, 7.24 (dd, 1 H), 6.91 (d,

J =8.84 H, 2 H, 3.08 319(rn4|—|)N (tJ=7.83Hz,2H),227
(s, 3H),130(t J =7.45 Hz, 3 H); IVB por C22H21 FO6S 416, obsd.
(ESI+) [(MFH +] 417. 10EXAMPLE 8- 1 S

[ 6-fl uoro-4-(4-nethanesul fonyl - phenvl am no) n@pht hal en- 2-vl] -acetic acid
G ol 0 (G ed bt et naneaul Nt Qe RRILAR) % Hdhnyfoet T ©
(6-fluoro- 4e§bé¢r®8<mg‘)3tﬁmﬁ@§|rﬁélh8d§éh)alo§69§'t&tﬁé%r% %&%bd@éﬂ&(&\lnﬁﬁég -9, 1.5

mol ) and trifl uoronet hanesul f oni ¢ an

T e oo e e Sty Botlleceigr | e
(0.6 M) vasA4d8tSroRYhEincHSs & SRRbId MHANE MRSMEL £, 3 piinC T or

hours 7.85 (dd, J = 8.97, 5.68 Hz, 1 H), 7.76 (s, 1 H), 7.70 (d, J = 8.84 Hz, 2 H), 7.47
(dd, J = 10.36, 2.27 Hz, 1 H), 6.56 (s, 2 H), 5.97 (s, 1 H), 3.92 (s, 2 H), 3.02 (s, 3
H), 2.36 (s, 3 H); MS cald. for CooH1sFNO,S 387, obsd. (ESI*) [(M+H)'] 388.
15
EXAMPLE 9-1

[6-fluoro-4-(4-methanesulfonyl-phenylsulfanyl)-naphthalen-2-yl]-acetic acid

OO >
. 0
S
\©\ "O
/,8\
0]

(4-dimethylthiocarbamoyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl

20 ester



20 and then concentrated in vacuo. The residue was dissolved in ethyl
acetate (50 nL). The resulting solution was washed with water, 1 N aqueous
hydr ochl owocosdissho4wat er, and brine, then dried over so@CumPeof648e0
filtered, and concentrated in vacuo. The residue was purified by col um
chromat ography (0-30% et hyl acetate in_t?ﬁgqnes) to afford
(6-fluoro-4-trifluoronmethanesul fonyl oxy-napht hal en- 25 2-yl)-acetic acid
met hyl est eA ixdoerad, 6-@!%0 @f@ydrqumaphymldaraﬁrﬁ)oactedic acid methyl ester (500

napht hal on- 95 7] THARTE e brhd 5PesElh rbenzte iy may ¢ 45 mmol). and
(6-f | uor o- 40 Nidimetmytiorhivakies bfmmWawhrr@dnbt ﬂm@heterraaarbwr@&&tzocmm@b_ et hy!

oot ' e elRpEr bR ST o SR e e bl
bi s(di phenylapleseinyired fdr 2 Hbﬂ@pméqbésu(tlﬁ nﬁ"ﬂtur@m%é?dllm \)nth water (20
tris(di benzyl i deneacet one) di pal | adi un{0) ny, nmol ), and cesi um

carbonate ( miz amgl extragedhwih )ethybm@tateb@orrgL Pfe%)t Ehe gﬂm@maﬁ Ygangayers

\(/:vgtnglrtl((igsm %Stfég%r ac XSn]i h ed??s{w @@g‘[‘g éﬁ#{l‘%‘é@@%"a heWIo£ gani C

| ayer was vvaalfmd and borbnrentnated hemcdoi Elae cemtueswds porifed batelunand

concentrated, in vacuo, The r b coI um chr t ogr aphy
O SOy D B S5 D SRS 4 Pl SRR

[ 6-f1 uorgr 44 ﬂwﬁ&h?l@ﬂ@é&bﬁ%yioxi}’jﬁﬂ)ﬁr@rﬁabﬂihaléfﬁﬂm t’a’%ie@ie'a%rcb’r%btl'@?éétbﬁ acid
met hyl ester (84.0 69% yield) as a yellow sol |d

[ 6-f1 uor o- 4{4%L et RAAYe\as adgliowRiny| am no) - napht hal en 2 yl]-acetic acid OH
,,Ssr 00 Starting with

[ 6-f1 uoro- 4- (4- et hanesul f onyl - phenyl am no) - napht hal en-2-yl]-acetic acid

met hyl est er (4-8inethy]carbamp ydsulé iyl é-finarcegapbkthaden eyl paeetile acid mmethylor 20
exanple 1-1, final step,

[ 6-f | uor 0- 4- (4- met hanesul f onyl - phenyl afiS$18§ - napht hal en2-y1] - acetic acid (17

ng) was obtained as a white solid. 00oMHz, CD30D) 5 ppm (dd, J =

9.09, 5.56 Hz, 1 H, 7.67 - 7.72 ( 7ll66 (br. s., 1 H), 7.61 (dd, J
= 10.99, 2.65 Hz, 1 H), 7.49 (s, 230 97.36 (m 1 H), 6.95 -7.00 -

114 - (m 2 H), 3.77 (s, 2 H, 3.06 (s,S ; M5 cald. for Cl9H16FN045 373,
obsd. (ESI+) [(MtH)+] 374. EXAVPLE 8-2 ~

5[6-fl uoy50- 4- (4- met hanesul f onvl - phenvl am @o) - 3- net hvl - napht hal en-2-v11-
Neat (4-dimethylthiocarbamoyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl

ester (100 mg, 0.31 mmol) was heated at 240 °C for 1 hour with rigorous

exclusion of air. The resulting brown oil was then purified by flash column

chromatography (gradient elution with 20-30% ethyl ester in hexanes) to afford
20 (4-dimethylcarbamoylsulfanyl-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester

(40 mg, 40%) as a yellow oil.

(6-fluoro-4-mercapto-naphthalen-2-yl)-acetic acid

ooRs
. ol

SH
25 A solution of (4-dimethylcarbamoylsulfanyl-6-fluoro-naphthalen-2-yl)-acetic acid
methyl ester (40 mg, 0.13 mmol) and potassium hydroxide (72 mg, 1.3 mmol) in

methanol (10 mL) was heated at reflux for 3 hours. The resulting mixture was



acetic acid OHp 6 Starting with

6- f | uor o- 4- hydr oxy- 3- net hyl - napht hal ene- 2- carboxylic acid nethyl ester (36

ng), usi ngoaormashmd anal ogous to the one described for examre@IBeB10 10

[ 6- f1 uoro- 4- (4- met hanesul f onyl - phenyl am no) - 3- et hyl - napht hal en-2-yl ] -aceti
c acid (20 ng) was obt ai ned as a white $ éld 1H NWR (400 MHz, CDCI3) 5 ppm
7.85 (dd, J = 8.97, 5.68 Hz, H, 7.76 H, 7.70 (d, J-884H22

H, 7.47 (dapoLedioI@era@emae@urﬁzdlltmewwth@v&er (9 mR), cidifiecpwiti @ N1 H), 3.92

(25 5 o ot e ool ol b9 G EABAA . o

[6 Iuog3 0- 4otgbnielyarsesate washedohigm waseH franbrie; traphdital ererdodilin aglédtec aci d
p

(4 di met hy| PRAGEAFSRAFRIGH dk yaaortoaficsd Raysiet (R4luore-2-percapiashartilea -2 ny |

20ester 5 - addfe acid 3‘@)?&%9‘)%% é)%”()@vgdworo 4- hydr oxy- napht hal en-2-yl) -acetic
acid net hyI ester E(> 4 mmol ), finely g‘round pot assi um car bonat e

(591 ny, 2[§-fmﬁ;r|o)4 (ﬁnwthanewlﬁ@mwwhmwwﬁ [-naphthalewnr?-W}-aeeticiagid r oom
terrperature for 20 m nutes. Dinmethylthiocarbanmgyl chloride (290 ng, 2.35
mmol ) was added in one portion. 5 After Bging Sstirred for 2 hours, the
resulting mxture was diluted w thya {2007L) and extracted vmth et hyl
acetate (20 nL x 2). The conbi ned organilc | ayers were washed with water (15
m.) and brine (20 nL), then dried over Segirwm sulfate, and concentrated in
vacuo. The residue was purified by col urmomat ography (gradient elution
with 0-30% ethyl acetate in hexanes) to af rS,’LO

(4-di et hyl t hi ocar banoyl oxy- 6- f | uor o- napht hal @n-2-yl)-acetic acid net hyl

G Gt et hyl QB ol el BARPCH- PR RRBRDRIN Y2535 388 PR M O Fot hy)

ester Sy mmol) in N,N-dimethylformamide (2 mL), was added 1-fluoro-4-methanesulfonyl-

10 benzene (43.4 mg, 0.25 mmol) and potassium carbonate (35 mg, 0.25 mmol)
under a nitrogen atmosphere. After being heated under microwave conditions
(100 °C, 30 minutes), the resulting mixture was diluted with water (10 mL) and
extracted with ethyl acetate(10 mL x 3). The organic layer was washed with brine,
dried over sodium sulfate and concentrated in vacuo. The residue was purified by

15 column chromatography (0-20% methanol in dichloromethane) to afford [6-fluoro-
4-(4-methanesulfonyl-phenylsulfanyl)-naphthalen-2-yl]-acetic acid (37.0 mg,
74.6%) as an off-white powder. "H NMR (400 MHz, CDCl3) & ppm 7.86 - 7.93 (m
4H),769-774(m,2H),7.34 (td, J=8.53, 2.65 Hz, 1 H), 7.08 - 7.15 (m, 2 H),
3.85 (s, 2 H), 3.01 (s, 3 H); MS cald. for C1sH15F04S, 390, obsd. (ESI*) [(M+H)]

20 391.

EXAMPLE 10-1

[6-fluoro-4-(4-methanesulfonyl-benzenesulfinyl)-naphthalen-2-yl]-acetic

acid

9@ "
. o)
S
<
© Qp
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O



150 Neat (4-dinethylthiocarbanoyl oxy-6-fl uoro-naphthal en-2-yl)-acetic acid
nmet hyl ester (100 ng, 0.31 nmol) was heated at 240 C for 1 hour with

ri gorous wRehugiserw4of air. The resulting brown oil was wPhErEPpawiobised by
flash col unm chromat ography (gradient elution with 20-30% ethyl ester in
hexanes) to afford 20

(4-di net hyl car banoyl sul fanyl-6-fl uoro- hé%fhal en-2-yl)-acetic acid nethyl
ester (40 ngo aﬂ,@@,@ltiqsofa&ﬂed)noe% 4)5rrnethanesquonyI-phenyIsquanyI)-naphthalen-2-y|]-

(6-fluoro-4 etic id OHd.SH 25 A solution of

( 4- di net hyl aEFis é?%ﬁﬁ?gap% Refciis Wéﬁag%e-‘é(?ﬁfﬁ%%@% ic acid methyl
ester (40 nghlo@od@omndn)zo@raﬂnd)onzasmggmawmhm{iwa(pmutymt 0I°G3 Aftep bginign

met hanol (10 was heat ed at refiaux for urs. .The resultin mxture
was - 116 St'ré% PEEPATD &R BRI 2D oYTe; ”‘tﬁ rﬁﬁ?'@ﬂg\m"ftHr%\)é(taérco(‘ﬁ Ftgd in

aci difi eds wiybbuc2 ehedios i il sh praperaivt HIMICthrabieht siufivh waieioat e (10
mL x 2). The conbi ned organic | ayers were washed w wat er and brine, then
dried over S8 Qh7stiiftuataacetid a@@ln@é\fﬂteran@@etqmltv@cﬁdnmt@f) toatorgrGde

(6-f1 uor o- 4y EKcRRS SRR AN-ertbhes ArfEhahiRGEA-A HPalBlc 54 126! ! oW

sol i d.
[6 fl uoro- 4n(9444®% hene auhite solid. PR GO0 M Ay 1DMSMHak habpm- 2.8 braset i ¢ aci d

Oy, Cor o8 Gl 97 28a (- 4 L0k B TP £APD 0pnERY! DA B 2o d gt ¢ act d

1-f1 uor orpf- '75551@@3}5|8f81ﬂ)2| 53 e, ’Pﬂ)zﬁﬁg $.43H4, 301 (§-FA);MBlchi@Fer pot assi um

carbonate (35 ny 1) und er a nltro en at m)sphere After being
heat ed undeﬁwfﬂﬁF@mﬁw@@cﬂhﬂdt (Espls) [(Mevb) ¢40%0 m nutes), the resulting

m xture was diluted with water (10 nL) and extracted with ethyl acetate(10
mL x 3). The organic | ayer was washed with brine, dried over sodiumsulfate
and concentrated in vacuo. The resiEXAMRIE pt+li fi ed by 15 col umm

chr omat ogr aph i ! di chl ororret ane
[ 6-f1 uor 04- (4LPREHALL panesUlony e Hi} PNoay -0k

(37.0 ng,5 74.6% as an off-white povvderac.aH NIVR (400 VHz, CDCI 3) 5 ppm7.86

- 7.93 (m 4 H, 7.69 -7.74 (m 2 H), 7.32[(td 8.53, 2.65 Hz, 1 H,
7.08 -7.15 (m 2 H, 3.85 (s, 2 H, ; I\/IS cald. for Cl9H15F0452
390, obsd. (ESI+) [(MFH) +] 20 391, @A
f6-fl uoro-4-(4-nethanesul fonvi - bénze e f|nv1) napht hal en-2-vil -acetic
acid
LGV
S\
0

To a solution of 6-fluoro-4-(4-methanesulfonyl-phenylsulfanyl)-naphthalen-2-yl]-
acetic acid (25 mg, 0.064 mmol) in dichloromethane was added m-
chloroperoxybenzoic acid (41.4 mg, 0.192 mmol, 80% solution in water) at 0 °C.

20 After being stirred at reflux for 3 hours, the resulting mixture was concentrated in
vacuo. The residue was purified by preparative HPLC (gradient elution with 30-
50% 0.1% trifluoroacetic acid in water in acetonitrile, 8 minutes) to afford [6-
fluoro-4-(4-methanesulfonyl-benzenesulfonyl)-naphthalen-2-yl]-acetic acid (18 mg,
66.7%) as a white solid. "H NMR (400 MHz, DMSO-ds) & ppm 12.65 (s, 1 H),

25 8.58(d,J=152Hz,1H),824-831(m,3H),811-823(m,4H),7.61(dd,J=
10.23, 7.45 Hz, 1 H), 3.97 (s, 2 H), 3.26 (s, 3 H); MS cald. for C1gH15sFOsS2 422,
obsd. (ESI*) [(M+H)"] 423.

EXAMPLE 121



- 117 - To a solution of

6- f I uor o- 4- (4- net hanesul f onyl - phenyl sul f anyl) - napht hal en-2-y1] - acetic acid
(25 nmg, Owo@diomssdo} i n di chl or onet hane was added nthl or epEmEreenBeé c aci d
(12.1 ng, 0.07 mmol, 80% purity) at O C. After being stirred at room
tenperature for 2 hours, the resulting qlﬂ_éture was concentrated in 5 vacuo.
The residue was purlfled by preparatlve LC (gradl ent el utlon vmth 30- 50%
0.1% tri fl uolagremped-f A e SHHNOK y : ‘ 23 :| ‘

[6- fluoro-4- (4 met hanesulfonyl benzenesulfl ny% napht haI en 2- y1] - acetl C
acid (12.0 nmg, 46% as a white sol i@ AN 0 MHz, DVBO-d6) 5 ppm 12.59
(br. s, 1 H, 821 (d, J =1.26 Hz -815(m2H) 8.07 (s, 1
H, 8.03 (s, 4 H, 10 7.55 (td, 5= 253Hz 1 H, 3.89 (s, 2 H,

3.21 (s, 3 H; M cald. For ClQHlGFOGSZ%Oi?;bsd (ESI+) [(MFH) +] 407.

EXAMPLE 11-1 o,

[ 6-fl uoro-4-(4-nmet hanesul f onvi - benzenesul f ,)31 napht hal en- 2-vi ] -acetic
15acid OH 0=IS P 0 To a solution of 0

6- f | uor o- 4- (4- net hanesul f onyl - phenyl sul f anyl) - napht hal en-2-y1] - acetic acid
(25 ng, 0.064 nmmol) in dimbhm.qqstémaﬁeymgo@ﬂqgi.dmm gm&ar oxybenzoi c acid
(41.4 ng, 0.192 nmmol, 80% solution in water) at O ter being stirred
at reflux for 3 hours, tRaphthaleng hj?aﬁb%!lﬂ‘ea‘?\!ésm@m&ﬁﬁrat ed in vacuo. The
resi due was purified by preparative HPLC (ggadient elution with 30- 50%
0.1%trifluoroacetic acid in water in acet0|tr|Ie 8 mnutes) to afford

[ 6- fluoro-4-(4-nmethanesul fonyl - be * orWl) napht hal en- 2- yl] acetic
acid (18 ng, 66.7% as a white solj NIVR (400 MHz, DMSO-d6) 5 ppm 12. 65
(s, 1 H, 258.58 (d, J =1.52 H" 1°H),[8.24 - 831(m 3 H, 811 -8.23
(m 4 H, 7.61 (dd, J = 10.23, 7.45 Hz, N 3.97 (s, 2 H, 3.26 (s, 3 H;
M5 cal d. for Cl9HL6F0652 422, obsd. (ESI H [ MEH) +] 423. EXAMPLE 12-1 -
118 - f6-Brono-4-(5-et hanesul f onvl - pvri di n~2= XV) - napht hal en- 2-v1l-acetic
acid 5 o (ﬁ

A mixture of 6-bromo-4-hydroxy-naphthalene-2-carboxylic acid methyl ester (423
mg, 1.5 mmol), potassium carbonate (414 mg, 3 mmol), 2,5-bis-ethanesulfonyl-
pyridine (420 mg, 1.6 mmol) and N,N-dimethylformamide (4 mL) was vigorously
stirred and heated at 100 °C ovemnight under an argon atmosphere, then cooled

10 to room temperature, and diluted with ethyl acetate (10 mL). The resulting
mixture was washed with water (10 mL x 3). The combined aqueous layers were
extracted with ethyl acetate (10 mL). The organic layers were combined, dried
over sodium sulfate, and concentrated in vacuo. The residue was purified by
silica gel chromatography (silica gel, 100-200 mesh, 30% ethyl acetate in

15 petroleum ether) to give 6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-
naphthalene-2-carboxylic acid methyl ester (280 mg, 41%, crude yield) as a

yellow solid.

[6-Bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-methanol



6- Br ono- 4- ( 5- et hanesul f onyl - pyri di n- 2-yl oxy) - napht hal ene- 2- car boxylic acid
nmet hyl ester 0 5 A m xture of 6-brono-4-hydroxy-napht hal ene-2-carboxylic
aci d net hwb 2ess6004423 ng, 1.5 mmol ), potassi um car bonaPeT(E22eh9y818 nmol ),
2, 5- bi s- et hanesul fonyl pyridine (420 ng, 1.6 nmol) and N, N-di net hyl f or mam de
(4 nmL) was vigorously stirred and heatgg t 100 C overni ght under an argon
at nosphere, then cooled 10 to roomtenp ﬂ ture, and diluted with ethyl
acetate (10 nlL). The resulting m xtu 3 ed with water (10 nL x 3).
The conbi ned aqueous | ayers were ex ethyl acetate (10 nmL). The
organi c | ayers were conbi ned, drBed ¢ sodi um sul fate, and concentrated

i n vacuo. The residue was purlfled by sidicr _gel chromatography (silica
gel, 100-200 nmesh, 30% ethyl acetate in ‘igiftrgleun1ether) to give
6-bronn-4-(5-ethanesu|fonyl pyridin-2-ylo pht hal ene- 2- carboxylic acid
nmethyl ester (280 ng, 41 % crude yield) as agyellow solid.

[ 6- Bronp- 4- (5- et hanesul f onyl - pyri di n- 2-yl oxy) - na ht hal en- 2-yl ] - et hanol -
119 - To ag%olutlon

6- br omp- 4- ( e”lﬁ%{H%%Pé%Hfﬁm?ﬁ?‘r 5@‘?tﬁa'ée%}1'f89§/"yp¥55'ﬂ{h?—f¥é?xé(ﬁé‘aﬁhth@!ﬁfﬁo&y| ic acid
net hyl est ecafd&9idBeid ndtByinasdr)( 280 nsgetcr@mw Mﬁéﬂah%rﬁi&aﬁ\@@n@@\% a

sol ution of diisobutylalum ni umh Min toluene, 1. .35

mol ) dr opwiedded @ sopgiog Qir@'dé@btéylﬁ?/ Iayahhmrtﬁ@sﬁaméﬂrétolw r1e%er, .1@ m xt ure
was war t ot al

St rrng i g AR S, T A ke aBhol i PP RME TS cacti on
m Xt ur e was waseedratedaiotrboareagpesmtuse amxﬂ ainr'remabrfoopntem;mraimres(idemutnt artrate

t et rahydr at 1 t d,st 10

t erper at ur ¢ SHEPOdESPRerRG P oG, PR T Srar B ies ke Pbta 0 97<RBhy

acetate (20mikture Whs tereeopwmbtaﬁ%@u@bgﬁabmtud)ra&sﬁpéta@aum yehladaiaté brine,
dried over sodium sulfate, and concentrated in vacuo. The resi due was

purified by teirahyseatgat Ockr YaEmeg tapram tampereiurgernd stivedabraeszh, 30% et hyl
acet at e 4o ?ﬁ'ﬁ é’r]aﬁﬂg‘f@rt Fin. tﬁegr'eélﬁlﬁln% mlrture was exhraﬁted W|thzethyhaceta e ol 15

[ 6- bronD 4- ethanesul onyl - pyri oxy) - napht hal en

(263 ng, 99930 ad- >a3):d1herdomi33nenl brganic Iayers were washed with brine, dried over

2- (7-Brono- 3-¢chl or t na hanesul fonyl ridine
Aftor a sol SPRDR S A REhEE s dats e B B oy ey Sl

t et rachl ori dardnatéldaphi ( Ql‘tfa’géIOmSOiZeDrnaé@rdB@f’/Uéml é@etaﬂe)mmoretum eg@rat

room 20 tenperature for 10 m nutes under a nitrogen atnosphere

[ 6- br onp- 4- (BIVELERRIBAIH Onghapgsyanyl-RuridRLgy XY m@phma@néyylme%ﬂﬁlanm
(265 ng,150. gﬁff 'bg Sl%&&qié&eﬂ as a solid. The resulting m xture was
t

heated a for hours, cooled to roomtenperature, then diluted with
wat er (10 rrL?,(thm-ﬁrcdﬂomamm r@@llwlnaIaoélt-nloe(ns)éepthanﬁsal)‘onwwrwnb| ned
organic |layers were dried over sodium

Cl

Br

Je
&

After a solution of triphenylphosphine (330 mg, 1.26 mmol) and carbon
tetrachloride (2 mL) in anhydrous tetrahydrofuran (6 mL) was stirred at room

20 temperature for 10 minutes under a nitrogen atmosphere, [6-bromo-4-(5-
ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-methanol (265 mg, 0.63 mmol)
was introduced as a solid. The resulting mixture was heated at reflux for 4 hours,
cooled to room temperature, then diluted with water (10 mL), and extracted with
ethyl acetate (30 mL x 2). The combined organic layers were dried over sodium



- 120 - sulfate and concentrated in vacuo. The residue was purified by
silica gel chromatography (silica gel, 100-200 nesh, 5% ethyl acetate in
pet r ol eurwetzhmwissiod af f ord PCT/EP2009/064810

2- (7- brono- 3- chl or onet hyl - napht hal en- 1- yl oxy) - 5- et hanesul f onyl pyri di ne (210
ng, 76 %9 as a yellow oil. To a flask gqg@qi ni ng
2- (7-brono- 3-chl oronet hyl - napht hal en- 1- yfoxy) -5- 10 et hanesul fonyl - pyri di ne
(210 ny, 0. s6lfatewing, casice(irategiie wgtwhdheheaid)dives rurdied|dyasiliaangell ) (16 ng,

0.023 nmol ) and ssi ym.car bo 6./ o 48 L), . whi evacuat ed
and_then 11 FREABRRRENIEL hehah aeb et ookt drRet i Rk RSN 2 )
and tetrahyds effordad(A-Bromg-3mhigreaeshydinaphthiale MYgloxif-besthdmasufosyli rred at
room t enperat ur.e xg er a %%r bon 15 nonoxi de at nosphere for 3 hours, the
reaction m RYifie M9 dPe) % el &l (5 nl), and extracted with ethyl
acetate (20 nL). The organic |ayer was washed with water (10 nmL x 2). The
conbi ned aqueous | ayers were extracted with ethyl acetate (20 nlL), and the
conbi ned organi ¢ | ayer d6viRramed-(Saetbhanesufanylpyridina?-ylaxyd- concentrated in
vacuo. The residue was pugifi /oG L. . 20 (silica gel,
100-200 nosh.20% et hyl a2 @‘?‘g'%zé’g#@éﬁ%@mﬁﬁh?@%ﬂord [ 6-

br ono- 4- (5- et hanesul f onyl - pyri di n- 2_% saplthal en-2-yl]-acetic acid

met hyl ester (245 ngy, 99 % as a ye
[ 6- Br onp- 4- ( 5- et hanesul fonyl - pyr gei't
OH - 121 - Starting with O. N
[ 6- br onp- 4- (5- et hanesul fonyl - pyri di n- 2- yl X y)- napht hal en-2-yl]- acetic acid
met hyl ester (23 nmg, 0.05 mmol), using am Panal ogous to the one

descri bed for exanple 1-1, final step, “

[ 6- br onp- 4- ( 5- et hanesul fonyl - pyri di n-2- vyl oxyP— napht hal en- 2-y1] -acetic acid
(10.2 ng, 459 was obtained as a white solid. 5 1H NVR (400 Miz, CDClI 3) 5
ppm 8. 63 (d,Jox flask eomtaiping2-(f-broge3-qhipfomethyl-gaghthatensylaxy)-8- H), 8. 03 (d,
J =12 Lok o , 7.69 (s, 1 H, 7.62 (dd, J =
8.72, 199?%%”%%?”@.&@?3?250 Egﬁéodiézrﬂz”?odibm, 7.23 (d, J = 8.84 Hz, 1
H), 3.85 (sbisttrihenBpidsphine)dichloro@Bladium#) 46 mg, 8H28tmmdl)-and. ptBassdiym3 H)

Ta- (5 £ hanB2 TV B g0 an a8 fofyehavinayirt-Eled i fRemad WiV dben ¢ aci o
H O [ 4nfdmokideapanstr)ongte fydddimetansl @i ) BndedtiaHydrofuran (4 mL) by

napht hal en-2-y1]-acetic acid nethyl ester O,
means of a syringe. After being stirred at room temperature under a carbon

oxy)2 napht hal en- 2-yl]-acetic acid

15 monoxide atmosphere for 3 hours, the reaction mixture was diluted with water (5
mL), and extracted with ethyl acetate (20 mL). The organic layer was washed
with water (10 mL x 2). The combined aqueous layers were extracted with ethyl
acetate (20 mL), and the combined organic layers were dried over sodium sulfate
and concentrated in vacuo. The residue was purified by column chromatography

20 (silica gel, 100-200 mesh, 20% ethyl acetate in petroleum ether) to afford [6-
bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid methyl
ester (245 mg, 99 %) as a yellow solid.

[6-Bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid

OH
1

Br



A m xture of

[ 6- br onp- 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - napht hal en-2-yl]-acetic acid
met hyl eswero0(0i@350vg, 0.07 nmol, methyl ester of exanpl e PC2ZAPPG09/064810

met hyl boronic acid (7 ng, 0.11 nmol),

tetrakis(triphenyl phosphi ne)pal | adi un{0 5 0 (8 ng, 0.007 mol ), potassium
phosphate (45 ng, 0.21 mml) and tol uen 0.5 nm) was stirred at 115 (:,
over ni ght uStetingwitargdnomprib&phthasesdifamy-pyidini2agoxy)taphthaiers2eill- ut ed wit h

water (5 nL nd .t h Xt rac cetate (2 2) .. Th

conbi ned orégﬁqac gqéniq&gﬁ % ?fg Gd@?ﬁ{n%lb éng(génq%ﬁ a%%gaa%\?eﬁh%sodi um
sulfate and onem@eamwmfedekampmm firldl &t s $6-trempeals( a@emaﬁeaﬂfdmyl pyridli22- -
preparative TLC (20% e thylylgcet ate | h@ trole m et he

et hanesulfobf&?lxybé)?ﬁ”&i ﬁ'eﬁ%/ ﬁ??t'%a% ABYVERO %md @t"Y*%teeﬁﬂ?ﬁ

net hyl esf e“H(rﬂ\QRfrabonl @@tg;é 9'6b6(d J =253 Hz, 1 H), 8.23 (dd, /=884,
5[ 4- (5- Et hanesul fon?ql yl - napht hal en-2-yI]-acetic

aci d Starth@W,th 03dJ—1 6Hz1H)777(dJ 8.84 Hz, 1 H), 7.69 (s, 1 H),
[4-(5-ethan ny [ I )5 Or{TELh t y/ ic
acid met hyl %%Et{ag% é)yé ng&gzx 'QX% 31 C{“r‘?g gbﬂre qdﬁgmg%‘lg gaﬁﬁéé one
descri bed fdrH)eBEBﬂJQSeZH 13 17i (gal/ =st. 63 Hz, 2 H), 1.35 (t, J= 7.45 Hz, 3 H); MS cald.

[ 4- (5- et hanesul f i_n Q hyI napht hal en- 2- yl]-acetic
acid (4.5 WSOL%% &Wét“g‘ﬁs?gaﬁéégﬁ%é&é@ bgg whi te powder. 1H NVR (400
MHz, CDG3) 5 ppm8.66 (d, J = 2.53 Hz, 1H) 8.18 (dd, J = 8.72, 2.40 Hz,
1H, 7.79 (d, J =8.34 H, 1 H, 7.68 (s, 1 H, 7.59 (s, 1 H, 7.38 (d, J
=8.34 Hz, 1 H, 7.24 (s, 1 H) 7. 1l§X6M Lﬁ136 59 Hz, 1 H), 3.84 (s, 2 H),
3.16 (q, £ ‘ A ey dS - ;
cald. for 3
[ 6- Cyano- 4- (5- et hanesul fonyl pyr| di
OH 0 N p dl1 20[ 6-Cyano-4-(5-ethaneg
napht hal en- 2-y1] -acetic acid net ¢ -°123 - A nixture of

[ 6- br ono- 4- (5- et hanesul fonyl - pyri di n- 2-y oxy) - napht hal en-2-yl]-acetic acid
met hyl ester (29 ng, 0.07 mmol, nethyl esyerof exanple 12-1), zinc cyanide
(10 ng, 0.084 mmol), tetrakis(triphenyl ph ipe)pal |l adium(0) (18 ng, 0.014
5 mol) and N, N-di net hyl acetam de (0.2 i) vag’ tirred at 150 C for 24
hours under an argon atnosphere. The reaction mixture was diluted with
water (5 nL), and extracted with ethyl acetate éPﬁ nLx 2). The conbi ned
organic |ayers were wadfida- E/Wneﬁvlif%vlcw'q'fﬂ)Z-v V39-BethYlsodi um sul fat e

and concentrated i n vacuonadithaléinbdiad@ic REid bl Rtd eparative TLC (30%

ethyl acetate in petrol eum
O\
DON

N

o

6

A mixture of [6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic

-@dphthalen 2-yl]- acetlc acid
ri din-2-yl oxy) -

acid methyl ester (30 mg, 0.07 mmol, methyl ester of example 12-1),
methylboronic acid (7 mg, 0.11 mmol), tetrakis(triphenylphosphine)palladium(0)

20 (8 mg, 0.007 mmol), potassium phosphate (45 mg, 0.21 mmol) and toluene (0.5
mL) was stirred at 115 “{ overnight under an argon atmosphere. The resulting
mixture was diluted with water (5 mL), and then extracted with ethyl acetate (20
mLx 2). The combined organic layers were washed with brine (20 mL), dried over
sodium sulfate and concentrated in vacuo. The residue was purified by



10 ether) to give

[ 6- cyano- 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - napht hal en-2-yl]- acetic acid
met hyl eswer20(0l03sovg) as a white solid. PCT/EP2009/064810

[ 6- Cyano- 4- ( 5- et hanesul fonyl - pyri di n- 2-yl oxy) - napht hal en-2-yl]-acetic acid
OHO Np dl Starting with _122 -

[ 6- cyano- 4- (5- et hanesul f onyl - pyri di n- 2-y?%xy) -napht hal en-2-yl]-acetic 15
acid net hyl peenaéati\(el’I?L(ngO% efllnylrmeteyte irugétrgeamratheérp o givall[édous to the one
descri bed f

62 cyano- 4- nERTRerBaby B2 BBy AR eB Ry IRREOLR 5 TRIASR G aci o
(1.1 ng) wag®higriasedcasriesswil.te solid. 1H NVR (400 MHz, CDClI3) 5 ppm 8. 61
(d, J =2.27 Hz, 1 H, 8.25 - 8.30 (m 2H, 7.99 (d, J =859 H, 1 H,
7.78 (s, 1 H, 7.68 (dd, 20 J =8.59, 1.26 Hz, 1 H), 7.42 (d, J = 1.01 Hz,

> H, 7. 351 (g-(frlEﬂma%e%ﬂufHﬁy!\Eyi‘mm -B.y1ox)6-nrethll-n H{ﬂa(éiw-Za};’r] Jcéiiﬂc J:&d 2 H),

1.37 (t, cal d. "f or" 'C20H16 20 5 396, obsd. (ESI+

[ (M FH) +] 397 EXAMPLE 15 1 - 124

[ 6- Brono- 4- ( 4- et hanesul f onyl - pheno th Ien 2-yl]-acetic acid OH
Starting with 6-brono-4-hydroxy- -ne- -carboxylic acid nethyl ester
and 1-ethanesul fonyl-4-fluoro- benzene a net hod anal ogous to the one
5 described for exanple 14-1,

[ 6- br onp- 4- (4- et hanesul f onyl - phenoxy) - nap gﬂZ yl]-acetic acid (10.4 ny,
63% was obt ai ned as a yellow solid. 1H NWR ( VHz, CDCI3) 5 ppm 8. 18 (s,
1H, 7.89 (d, J =8.84 H, 2 H, 7.76 (d, J = 8. 59 FE 7.57 - 7.68
(m 2 H, 2

1. 5s (¢ Stayting wntﬁﬂé‘et@aﬁwﬁw@w din-F x&ém%w&@%men 2 (ks v

10 [ ( M FH) +hcétOacifxmhliesidr( ,’20 mg, 0.05 mmol‘) using a method analogous to the
[ 4- (4- Et hanesul f onyl - phenoxy) - 6- met hanesul f onyl - napht hal en- 2-yl ] -acetic

acid 15[ 4- CACEEREI ﬁoremnp&qmo&ws@eméﬁﬁ%rﬁ&mesamw pyridin” %. -yloxy)-6-
napht halgn- gsaily iRt flerto - ARERHci P& S M 17%, two steps) was obtained as a

white powder. "H NMR (400 MHz, CDCls) & ppm 8.66 (d, J = 2.53 Hz, 1 H), 8.18
(dd, J = 8.72,2.40 Hz, 1 H), 7.79 (d, J = 8.34 Hz, 1 H), 7.68 (s, 1 H), 7.59 (s, 1 H),
7.38(d, J=8.34 Hz, 1 H), 7.24 (s, 1 H), 7.15 (d, J = 8.59 Hz, 1 H), 3.84 (s, 2 H),
3.16 (q, J= 7.16 Hz, 2 H), 2.47 (s, 3 H), 1.34 (t, J = 7.45 Hz,

15 3 H); MS cald. for C2oH1sNOsS 385, obsd. (ESI*) [(M+H)*] 386.

EXAMPLE 14-1
[6-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid

OH
SON:
=

T\Nl
o
6

20 [6-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)-

naphthalen-2-yl]-acetic acid methyl ester



- 125 - nethanesul finate (10 nmg, 0.09 mml ), L-proline (4 ng, 0.028 mmol),
copper (1) iodide (3 ng, 0.014 mmol) and dinethyl sulfoxide (0.3 nL) was
stirred avoRaB/Bs@veer ni ght under an argon at nosphere. TRETEPIWNOG4300 M Xt ur e
was diluted with water (5 nL), and extracted with ethyl acetate (20 nL X
2). The conbined organic 5 | ayers mere_wggbed with brine (20 nL), dried
over sodium sul fate and concentrated in cuo. The residue was purified by
preparative TLC (30% et hyl acetate i eyntet her) to give

[ 4- (4- et hanesul f onyl - phenoxy) - 6- net | - napht hal en-2-y1]-acetic
acid nmethyl ester (11 ng) as a yektow Sohrd.

10[ 4- (4- Et hanesul f onyl - phenoxy) - -N- nethanesuhjonyl napht hal en- 2-yl ] -acetic
acid Starting with |

[ 4- (4- et hanesul f onyl - phenoxy) - 6- met hanesul §naphtha|en-2-y|]- acetic
acid nmethyl ester (11 ng, 0.024 mmol), using adnérhod anal ogous to the 15
one described for exanple 1-1, final step,

her (5 o, Ao TS TEbEesny Y B b iy B iy 2k Sap et Mimechibo
m)*z 70523' ?) aé.dnﬁmh%I §Qe£@9r¥a Fbo78m%| m&hﬁ%s&éﬁof%xbi)nmehﬁa zn$c @i?zr(nd@ 1
7.14 (s, 1 i@no mg, 95)8(4§n”@| metragusitwpbqnylgaospm@ palladzumﬁo 8 1w @30143

L3 (4, 2O pinai) B ejadylacokikdl @:2 25 R LiHEI %3804 E or SRBBurd =i
[4-(5-Et haneadérfzarma'rgqnwt'rndisphére«fl’bm@acﬁiohlmixtweavasi dilvitechajpih twaddred-rak )y 1] -

acetiC acl d et e Rt B0 T SRR Al e ot ©

(6-fluoro- 4Wwdé@wmr@mt(aalrﬁmy ane.fdi bvéﬁ@ddu@m@@lfdtermidwdno@ﬁtrafedan (&0o.nm,
2.56 mmol, the product of 8th step for exanp 1-1) in chloroform (260 nlL)

was added I\I-Thédé%'d@%"\fﬁsrﬁttﬂ@e@@‘YPr%araEV%@L%pY %ﬂﬂytﬁ@tawh@pmrszl@u% was
| | owed f 2
hours. T PHER] (g O L e S e R0 W b8 S ok DR RERBR BT ¢

sodi um bi sulktetieacid methyl ester (17 mg) as a white solid.

[6-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid

Je
6

Starting with [6-cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic

15 acid methyl ester (17 mg, 0.04 mmol), using a method analogous to the one
described for example 1-1, final step, [6-cyano-4-(5-ethanesulfonyl-pyridin-2-
yloxy)-naphthalen-2-yl]-acetic acid (1.1 mg) was obtained as a white solid. "H
NMR (400 MHz, CDCl3) & ppm 8.61 (d, J=2.27 Hz, 1 H), 8.25 - 8.30 (m, 2 H),
7.99(d,J=8.59Hz, 1H),7.78 (s, 1H), 7.68 (dd,

20 J=8.59,126Hz, 1H),7.42(d,J=1.01Hz, 5H),7.31 (d, J=8.84 Hz, 5 H), 3.90
(s,2H),3.19(q, J=7.24 Hz, 2 H), 1.37 (t, J = 7.45 Hz, 3 H); MS cald. for
C20H16N20sS 396, obsd. (ESI*) [(M+H)*] 397.

EXAMPLE 151



(100 nL). The organic | ayer was separated, washed with brine (100 nL),
dried 10 over sodiumsulfate, and concentrated in vacuo. The residue was
purified W 2bicashoogol umm (el ution with 15% et hyl acet at @CIIEPR@O0GIsSeUM
ether) to afford (6- fluoro-4-hydroxy-3-iodo-naphthal en-2-yl)-acetic acid
met hyl ester (500 ng, 54% as a white s d.

15(4- Acet oxy-6-fl uoro- 3-i odo- napht haI en- yI) acetl c aci d rret hyl ester To
a stirred sol uiedaronio- dthay YW riah€ ) 316 > ; i
acid nethyl ester (500 ng, 1.4 mol) and 4- d| rr%hhyl am nopyr| di ne (34 nyg,
0.28 mmol ) in pyridine (3 nL) was -'ir‘- aget e anhydride (160 pL, 1.7
nol ). After 20 being stirred at roQ pper @ ure overnight, the resulting
m xture was diluted with 10%hyd|3E)chI orilc aC|d (20 nmL), and extracted with
ethyl acetate (30 nL x 2). The conbi ned c | ayers were washed with

brine (30 nL x 2), dried over sodium sul f§ apd concentrated in vacuo.
The residue was purified by flash - 127 ol st (elution with 20% et hyl
acetate in petroleumether) to afford (4- acet@xﬁnG-

fl uoro- 3-i odo- napht hal en-2-yl)-acetic acid nethyl ester (300 ng, 53% as a
white sol i dgthtidg AeBtesinso hLWPMéﬂntMéhyiz%érwl.etammmlethw ester and
napht hal en-2-yl)-acetic acid nethyl ester To a solution of

(4 acet oxy- 8- etham%ﬂfgnvloddﬂuwamﬁnzan@nuszn9ra)mgtb@ma@ampusrﬁ@thmneester (300

10, utod TREbeR fr LEARM A SRl e Al IR AT RrAD T

copper i odi dwl](al@tmrgamd)(ﬂ)%mgrﬁ[?»% )awes mbtamledrqsla;ydalmmy*scaimieflylll‘é\v@ (4008 ny

i nat o i ¢ M G al8 P 8P aer bED a8 Lot Bent bl 2Bl S screhe ©
di luted with g} m87 aresaie 2(07Mo) - 7.andmnasined.sd (sh2 )i 8 5(( é|5JE1-7 B8 Bz, The
organi c | ayer was 15 dri_ed over sodium sul fate and concentrated 1n vacuo.

The resi due2ids 1pi# (tfd 8d - B3/ HEI Ash M) cath foeCeH1d3rQeSt4i8100se1 (Al Dacetate in
petr ol eul F A g@@fford (4-

acet oxy c) trinmet hyl sil anyl et hynyl - napht hal en-2-yl)-acetic acid

met hyl ester (208 ng, 75% as a |i geXAMRLEB®60! i d.

.?.8(3 QSFL? ngllﬁ 12 tIé?lera]l){esuEifonv r{h%n%%?%br%&anes%%nvf%Ebﬁthaﬁen-ani-hXetleSt er
(4-acet oxy-6-fl uoro-3-trinmethylsilanyl eaéignyl - napht hal en-2-yl)- acetic acid
met hyl ester (200 ng, 0.538 mmol) in N N N- di methlformamde and water (6 niL,
v/v=150:1), was added potassium fl uo S ! 2.7 mol ). The 25
resulting mxture was stirred atoro

() rapure for 4 hours, then poured
into water (10 nL), and extractedSw th evhyl acetate (10 nL x 3). The
organi c | ayers were conbi ned, washeéd wit 0 _brine, dried over sodium sul fate
and concentrated - 128 - in vacuo. The re e yas purified by flash
colum (elution with 10% ethyl acetate in feum ether) to afford

(4- acet oxy- 3- et hynyl-6-fl uor o- napht hal en- 2- y1j'- acetl c acid methyl ester
(153 ng, 95% as a light yellow solid.

5(4- Acet@xy- 6- 11 uor o- gr v Byl s MARINdIR Phiehiok))-bHistahedhigngBt hy! ester

naphthalen-2-yl]-acetic acid methyl ester

6

A mixture of [6-bromo-4-(4-ethanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid

methyl ester (32 mg, 0.07 mmol, methyl ester of example 15-1), sodium



O A round-bottomflask (5 nL) charged with indiumtrichloride (88 ng, 0.40
nmol ) was heated at 100 C under reduced pressure for Ih, and filled with

ni t r ogen.w@28wlassioen of triethylsilane (46 ng, 0.4 mmol pCrEPa@eossiarile (4
m.), which was 10 cooled to 0 C, was added by neans of syringe. After the
m xture was stirred at 0 Cfor 5 m'nut(_ei2 )

(4-acet oxy- 3-et hynyl-6-fl uoro-napht hal e -é-yl)-aceti c acid nethyl ester (60
my, 0.20 nmoisthamesudfinets (0 g, ©09%tminet)hipbolirend@ g\ .§88 mrnol, ¢apper(l)

t et rahydr of ur an Pk.~4Q. Q2 | ) o e added, resul ti.n 1 was
stirred at 530@% @rzr%g h&]ganmpﬁg}% pddﬁgyl ?Hf%'%@?”@d@ﬁjtfr%ﬁxﬁﬁr cted
W th et gyl bSeI?t?gﬁtamdeg an argoMataﬁospfgbge.mhgaesmtid}@mtarqmgaedmebivvi&pl%_ d(r]I [ gd
over sodium sul fate and concentrated in vacuo e resjdue was purified by
flash col umta@] & ¢ Extrapedevi, fthyasslete (20 ”‘He_t‘ Gt J@“M%mmﬁ@ﬁﬁ ¥GAYEf or d
(4- acet 0xy- GrkldRERs wasNedWith BRRE (D@ LEN; drisdldvacRidiim aaisteRighy| ester (38
ng, 62.99% as a pale solid.

20( 6- FI uor ocanegniraieq iBvaduay The sesidueawen prrifiad by peenarativg BLGe3Gleteyt er O

OH 1 A mxt (4 - I Br iyl - | -2-yl)-acetic acid
mot nyl ost oPCrale R BEREE e {0 BT b BhesIRR PAORRARY 185 ot ).
and met hanomdtdamdsulfeag-redphthaeh-atylFasstic taeipeettyl estet 011 Righagrasyelldivt er t he
reaction mxture was 25 acidified with concentrated hydrochloric acid to pH
5, a preci p?f’@d'e formed, which was collected by filtration, and dissol ved
in et hy|1OaCet[ﬂ&-ﬁtﬁQné’%dlforﬁl%f@rﬂﬁ@?-@-rﬁ@fH&dé%ﬂIWI-%BH%#P&#&(—}?IP%&%

sul fate, and concentrated i'n vacuo to afford the "- 129 - crude product
(6-f1 uor o- 4- hydr oxy- 3-vi nyl - napht hal en-2cigl ) - acetic acid nethyl ester (32
ng, 97.7% as a light yellow solid. OH
[ 4- (5- Et hanesul fonyl - pyri di n- 2-yl oxy) -9 or - 3-vi nyl -

napht hal en-2-y1]-acetic acid met® este 0- 05 A m xture of
(6-fluoro-4-hydroxy-3-vinyl -naphttigl en- 241yl )-acetic acid nethyl ester (22
ng, 0.084 mol), 2,5-bis-ethanesul fonyl-Byidine (33 ny, 0.126 mol),

pot assi umiodide (5 ng), and cesium car bon(@B ng, 0.21 nmol),

N, Ndi net hyl formam de (0.5 nlL) and acetone (I75.8d) was heated at 100 C for
30 10 mnutes with mcrowave irradiation. The ®i xture was then concentrated
in vacuo. The residue was purified by flash colum (gradient elution with

0- 50% et hyl Starting with [4-(4-ethanesulfonyl-phenoxy)-6-methanesulfonyl-naphthalen-2-yl]-

acetic acid methyl ester (11 mg, 0.024 mmol), using a method analogous to the
15 one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-

methyl-naphthalen-2-yl]-acetic acid (8 mg, 26%, two steps) was obtained as a

yellow solid. "H NMR (400 MHz, CDCls) & ppm 8.80 (s, 1 H), 8.05 - 8.09 (m, 1 H),

7.99-8.04(m,1H),7.94(d,J=859Hz,2H),7.72 (s, 1 H), 7.23 (d, J = 8.59 Hz,

2H),7.14 (s, 1H), 3.85(s,2 H), 3.17 (q, J=7.58 Hz, 2 H), 3.13 (s, 3 H), 1.34 {t,
20 J=7.45Hz, 3 H); MS cald. for C21H200+S; 448, obsd. (ESI*) [(M+H)"] 449.

EXAMPLE 17-1
[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-vinyl-naphthalen-2-yl]-

acetic acid



acetate in petroleumether) to afford

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6-
f I uor o- 3-wOnyio/asapht hal en- 2-y1l] -acetic acid nmet hyl estePCUEP2009/063860 199 as
a yellow solid. 15

[ 4- (5- Et hanesul f onyl - pyri di n- 2-yl oxy) - -&éuoro 3-vi nyl - napht hal en-2-yl ] -
acetic acid OH O Starting with

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6-f1 ua
yl]-acetic acid nethyl ester (8.6 mg,N0. 0¥
to the one described for exanple
[ 4- (5- et hanesul fonyl - pyri di n- 2- yIFoxy) 6-

oO8- vi nyl - napht hal en-2- 20
W), using a nethod anal ogous
ep,

f1uoro-3-vinyl - napht hal en-2-y1] - acetic 86y 1.4 ng) was obtained as an
of f-white viscous oil. 1H NWR (400 MHz, 0 6 ppm 8.51 (d, J = 2.53 Hz,
1 H, 829 - 130 - (dd, J = 8. 84, 253Hz , 7.95 - 8.01 (m 1 H),
7.83 (s, 1 H, 7.31 - 7239 (m 2 H, 725(dOJ 8.84 Hz, 1 H), 6.68 (dd,
J =17.94, 11.62 Hz, 1 H, 547 - 558 (m 2 H, 3.91 (s, 2 H, 3.27 (q, J
= 7.33 Hz, 2 H|6-Fluoto-4-hydboxy-3-id8oiaphthalen-Mp)adetic dodd niethyHe$eNCBS 415,
obs

bsd. (ESI+) [(M-H)+] 416. 5 EXAVPLE 18-1 [3 Cgclopropyl 4- (5- et hanesu

| fonyl -pyrid in-2-vloxv)- 6-flu orgn S yl]-acetic acid

10[ 3- Cycl opropyl- 4- (5-et hanesul fon o2- vyl oxy) -

6- f | uor o- napht hal en-2-y1] -aceticFacid ngt hyl ester 0- To a cool ed sol ution
of OH

[ 4- (5-ethanesul f onyl -p]yrl di n- 2-yl oxy) - 6-f | uor o- 3-yi ngﬁ[r napht haI en- 2-yl]-acet
ic acid net Hy12 svien plEdluaso-4divsraxymaphthalentdry!)-esets age mefhyesien e 17- 1)

in tet ra@/ggr Al N2 PRI ARE pRodt Rt B B‘OQterfordéﬁaYrﬁﬁ‘TEHh?ﬂﬁ cﬁwﬂnr&foMn 5661—) in

di et hyl et 0 C under an ar gon at nosphere, | owed _?_/ pal alum
acetate (1 mjp) was addﬁqol&mdmcmmﬂlﬂer(%émgg 2356mnm ait0 {C Clhemixtuieonas, t he

reacti on,  arioVRRIEReIF LG b Be R Gt & el bal R 6 Ay

afford the Crhedesmrmgdmbttum‘w{anmﬂ@d with 10% aqueous solution of sodium bisulfate
cycl opropyl- 4- t.hanesul f onyl ridin-2- onx -6-f | uor o- hal en- 2-y1] -
acetic acidf msé’ﬁ‘}rﬁ ﬂ'&q%ﬁga%’ ﬁy‘iféﬁgﬁ)ﬁ‘re%rﬁte Wfé%%d W'tL brine 188[?’% Gried

10 over sodium sulfate, and concentrated in vacuo. The residue was purified by

flash column (elution with 15% ethyl acetate in petroleum ether) to afford (6-
fluoro-4-hydroxy-3-iodo-naphthalen-2-yl)-acetic acid methyl ester (500 mg, 54%)
as a white solid.

15 (4-Acetoxy-6-fluoro-3-iodo-naphthalen-2-yl)-acetic acid methyl ester

CCrys
OYO
To a stirred solution of (6-fluoro-4-hydroxy-3-iodo-naphthalen-2-yl)-acetic acid
methyl ester (500 mg, 1.4 mmol) and 4-dimethylaminopyridine (34 mg, 0.28
mmol) in pyridine (3 mL) was added acetic anhydride (160 uL, 1.7 mmol). After
20 being stirred at room temperature overnight, the resulting mixture was diluted
with 10% hydrochloric acid (20 mL), and extracted with ethyl acetate (30 mL x 2).

The combined organic layers were washed with brine (30 mL x 2), dried over

sodium sulfate, and concentrated in vacuo. The residue was purified by flash



[ 3- Cycl opropyl- 4- (5-ethanesul fonyl - pyri di n-2-yl oxy) -

6- f | uor o- napht hal en- 2-y1] -acetic acid OH 0 Starting with

[ 3- cycl opwopyh/045(03- et hanesul f onyl - pyri di n- 2-yl oxy) - 6- f IPCDMERP2008/064810

napht hal en-2-yl]-acetic acid nethyl est er, using a nmethod anal ogous to the
one described for exanmple 1-1, fi naI g?

[ 3-cycl opropyl- 4- (5- et hanesul f onyl - K

2-yl oxy) - 6- Cbluorrotettont with é(a%zetwl]aoaiﬁenr¢pat|5<bldU(reetBevrth aferd (dtagetexiePs) was

e, 1hy o gtk Ehaiat Mool ey SN0 M 3grl e ™, 1

I—|),8.62103(>l$d1|-|) 819-829(m3H) 480(s 2 H, 4.17 (q, J =
7.33 Hz, 2 H, 2.25 - 2.34 (m 1 H, 1.94 (t, J =7.33 Hz, 3 H, 1.55 -
1.64 (m 2 H, 1.37 - 1.52 (m 2 H); M cald. for C22H20FNO55 429, obsd.
(ESI+) [ FH) +] 430. E}ANR -3- -

4- (5- Et h(gr\{:asul fonvl - pyridi nb{;ﬂx\??%-f\l/jﬁo 3ettr"{]/et- gls"aungrl%thrx{gplht hal en-2-v11- acet
ic acid (4-Acetoxy- 3- et hyaplthalers? ol hagetihacidrmethyl esteret i ¢ aci d net hyl
ester 0, - 132 - To a solution of
(4- acet oxy- 3- et hyny1- 6-fl uor o- napht -yH -écetic acid nmethyl ester (50
ng) in nethanol was added 10% pal |.&Q c@r bon (10 ng). The resulting

m xture was hydr ogenat ed under 40 pSI n for 2 hours and filtered.
The filtrate was concentrated in va Po aff9 i (4-acet oxy-3-ethyl-6- 5

fl uor o- napht hal en-2-yl)-acetic acid thyl ester (50 ng) as a colorless
oil. (3-Ethyl-6-fluoro-4-hydroxy-naphthal en-2-yl)-acetic acid nethyl ester
0- OH A nmi xiloreesdbtigrof@eaastyxy3s-dubsd-3-todd-naplthalapii-xbeetiagid metbyt i ¢ aci d

Tnd et hanoPSEh (Y 0. 73 AU et SRt HR RO af frdhBBptamie B0 e
reacti onOm xilys evasasddeel t§|$(fm|;mén\mpthbspmnémrﬂ@bpdlléfw@hqmssmg; 0073l t0 pH 5,

a precipitate formed, which was then col Iei n¥ and di ssol ved
in ethyl ac&ime! mem_gdldeﬁﬁl@ mg, 0.229 mmol and tri ethylsﬂanylacety’lene (108 mg,

1.12 mmol) under an argon atmosphere. After being heated at 150 °C for 6

minutes with microwave irradiation, the resulting mixture was cooled, diluted with
ethyl acetate (20 mL), and washed with brine (15 mL x 2). The organic layer was

15 dried over sodium sulfate and concentrated in vacuo. The residue was purified by
flash column (elution with 10% ethyl acetate in petroleum ether) to afford (4-
acetoxy-6-fluoro-3-trimethylsilanylethynyl-naphthalen-2-yl)-acetic acid methyl
ester (208 mg, 75%) as a light yellow solid.

20 (4-Acetoxy-3-ethynyl-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester

Y B
F

O
X
OYO

To a solution of (4-acetoxy-6-fluoro-3-trimethylsilanylethynyl-naphthalen-2-yl)-
acetic acid methyl ester (200 mg, 0.538 mmol) in N,N-dimethylformamide and
water (6 mL, v/v=150:1), was added potassium fluoride (156 mg, 2.7 mmol). The
25 resulting mixture was stirred at room temperature for 4 hours, then poured into
water (10 mL), and extracted with ethyl acetate (10 mL x 3). The organic layers

were combined, washed with brine, dried over sodium sulfate and concentrated



organi c solution was dried over sodiumsulfate, and concentrated in vacuo
to 15 afford the crude product of

( 3- et hyl -wof2basseo4- hydr oxy- napht hal en- 2-y1) -aceti ¢ aci ¢Cr@Erhy/oester (42
ng, 97.7% as a light yellow solid.

[ 4- (5- Et hanesul fonyl - pyri di n-2-yl oxy) - 3 ?%r_\yl

6- f | uor o- napht hal en- 2-y1] -acetic acid né yl ester 0- 0 200 Starting with
(3- et hyl - 6- in vatus- Zhhyesidug wasphiifiad @mﬂasprpkmaa(almtimww Ae¥hsthylest er (15

ng, 0.057 et ul f I ( . 0.11 1),
uging a et MERELE s 3t LR ey RSt Th Ratte B
17-1), yl)-acetic acid methyl ester (153 mg, 95%) as a light yellow solid.

[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 3- et hyl- 6- f | uor o- napht hal en- 2-y1] - ace
tic acid 25 nmethyl ester (15 ng, 61.1% was obtained as a |ight yellow
solid. 5133 (4-Acetoxy-6-f|uoro-3-V|nyI-naphthalen-2 %I)-acetlc acid methyl ester

[ 4- (5- Et hanesul f onyl - pyri di n- 2-yl oxy) - 3- et hyl | uor o- napht hal en- 2-yl ] -
acetic acid OHO - N----4..,...... O§tarting with

[ 4- (5- et hanesul f onyl - pyri di n 2-ylo hy - 6- f | uor o- napht hal en-2- 5
yl]-acetic acid nethyl ester (15nmfD)Y a nmet hod anal ogous to the one
described for exanple 1-1, final steap
[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) -

et hyl - 6-fl uor o- napht hal en-2-yl1]-acetic acid (6.0 ng) was obtained as an

‘é"hgtle(zgm jg\_ﬂog tt%’ 53a(sﬁ<|zo(@ Mﬁhaﬁ%@%@t?ﬁw&@ﬁtﬁcﬁén%@(%@mg 64@371’?%4 - 79
(s, 1 H) 7 W24 heai@d at B0 {Grundeieduged prasdare for 1hoandfilerl with Hzrogzanm\’ 3. 89

(s, 2 H, q 1.25 (t, J
L5y s o, 5l of ptfyiagElug fuda g finddy acoigfe o pil vk Mesorkoss
417, 0b81011 cESked )to [0, Mdstddaeti®y means of syringe. After the mixture was stirred at

0 °C for 5 minutes, (4-acetoxy-3-ethynyl-6-fluoro-naphthalen-2-yl)-acetic acid

methyl ester (60 mg, 0.20 mmol) and a solution of triethylborane (1M solution in
tetrahydrofuran, 20 pL, 0.02 mmol) were added. The resulting mixture was stirred
at 0 °C for 3 hours, then poured into water (10 mL), and extracted with ethyl

15 acetate (10 mL x 3). The organic layers were combined, dried over sodium
sulfate and concentrated in vacuo. The residue was purified by flash column
(elution with 10% ethyl acetate in petroleum ether) to afford (4-acetoxy-6-fluoro-3-

vinyl-naphthalen-2-yl)-acetic acid methyl ester (38 mg, 62.9%) as a pale solid.

20 (6-Fluoro-4-hydroxy-3-vinyl-naphthalen-2-yl)-acetic acid methyl ester
CCr™
F | °
OH

A mixture of (4-acetoxy-6-fluoro-3-vinyl-naphthalen-2-yl)-acetic acid methyl ester
(38 mg, 0.126 mmol), sodium methoxide (10.1 mg, 0.189 mmol), and methanol (4
mL) was stirred at room temperature for 2 hours. After the reaction mixture was
25 acidified with concentrated hydrochloric acid to pH 5, a precipitate formed, which
was collected by filtration, and dissolved in ethyl acetate (20 mL). The organic

solution was dried over sodium sulfate, and concentrated in vacuo to afford the



EXAMPLE 20-1 15[ 4- (5- Et hanesul fony1- 3-et hyl - pyri di n- 2- vl oxv) -

6- fl uor o- 3- net hyl - napht hal en-2-yl]-acetic acid OHs,p " -....... -- 0
[ 4- ( 3- Br owo-2Btoatshanesul f onyl - pyri di n- 2-yl oxy) - PCT/EP2009/064810
6- f 1 uor o- 3- met hyl - napht hal en- 2-y1] -acetic acid nethyl ester 20 - 134 -

Starting with 6-fluoro-4-hydroxy- 3-net b)fbgr_lapht hal en-2-yl)-acetic acid
met hyl ester (124 ng, 0.50 nmmol) and . .
3- br ono- 2- cktusteapredect{arfleom-#angroxyyd-vitiyhaaghtbalenty-yl-agstieracid)metbgli ng a

met hod anal u t e d ribed for. the nethyl ester of exanple 2-1,
[ 4- (3- br o S8t T3 Mk %I?f%ws- g@ﬁ?‘t&eﬁ@’-iﬂ“&y) -6-fluoro-3- 5

rrEE hyl - gapht halNﬁ_n; 2- m-}&-gﬂﬁnfsmlg@:]mﬁhjﬁt-?%b?)éﬁ-ﬂ?ﬁr?urviﬁggg% 2Wals )
obtained as a white solid. - (5- esu| fonyl- 3-ethyl - pyri di n-2-yl oxy) -
6-f | uor o- 3- et hyl - napht haft t?g&f]'édfiﬂ?‘i’%“caﬁ?'ﬁ‘ methWjeSt&iter 10 A mixture
of o—

[ 4- ( 3- br onp- 5- et hanesul fonyl - pyri di xy & 6- f | uor o- 3- net hyl napht hal en- 2
-yl]-acetic acid nethyl ester (42 mwl ), ethyl boronic acid (15
ng, 0.20 nmol), bis(triphenyl phogp #Chlar opal | adi un(11) (7.0 ng, 0.01
mmol ), potassi um phosphate (64 ng, 0. SOOrmq{\), tri phenyl phosphine (15.2 ny,
0.05 mmol ) and toluene (1 nlL) was sti rred]l/\agéoo C overni ght under an argon

15 atnosphere. The resulting mixture was R Liler@d. The filtrate was
concentrated in vacuo. The residue was puri ieﬁwby preparative TLC (20%
ethyl acetate in petroleumether) to afford ©

[ 4- (5- et fanesul f onyl- 3- et hyl - pyri di n- 2-yl oxy) - 6-f | uor o- 3-

met hyl - naphhaixéure 2f Y@ luarced ihydecxiy eB-vinyhydphélalen-2(yiBaogfic acid ewthydssterwhi t e

306- 11 uor o, eI O BSOS R RO i i o, 0.126 mma),

[St aEt [ ngh\M bbtals]:sium iodide (5 m?), and cdesium caqbona’;e (68fr|ng, 0.21 mmol),hN,lN- ot hal
4- (5- et hanesul f ony1- 3-et -pyridin-2-yl oxy)-6-fl uoro-3-net hyl napht hal en-2
V1] Sacet | o CRBPMTRTIRTICR 40 S ML N hasetoties by T e OB RHALIG8,G b oPhe one
descri beg f afin@sdWhemitrdwald R@ljatibBPThe mixture was then concentrated in vacuo.
[ 4- (5- et hanesul fonyl-3-ethyl-pyridin-

The residue was purified by flash column (gradient elution with 0-50% ethyl

acetate in petroleum ether) to afford [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-

fluoro-3-vinyl-naphthalen-2-yl]-acetic acid methyl ester (13 mg, 36.1%) as a

yellow solid.
15
[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-vinyl-naphthalen-2-yl]-
acetic acid
OH
(O
E —
O Ny
| 0
Z S
¢

Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-vinyl-naphthalen-2-
20 yl]-acetic acid methyl ester (8.6 mg, 0.02 mmol), using a method analogous to the
one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-
fluoro-3-vinyl-naphthalen-2-yl]-acetic acid (1.4 mg) was obtained as an off-white
viscous oil. 'H NMR (400 MHz, CDs0D) & ppm 8.51 (d, J = 2.53 Hz, 1 H), 8.29



25 2-yl oxy)-6-fluoro-3-nethyl -napht hal en-2-yl]-acetic acid (2.9 ng) was
obtained as - 135 - a white powder. 1H NI\/R (400 MHz, CDCI3) 5 ppm 8.34 (d,
J = 2.53 W,2000/08q048. 08 (d, J = 2.53 Hz, 1 H), 7.85 (ddpCI/ER2890¢481&. 43 Hz,
1H),7.72(s,1H),7.17-728(m2H) 3.92 (s, 2 H, 3.15 (q, J =7.41
Hz, 2 H, 3.04 (q, J = 7.58 Hz, : -224(m 3 H, 1.50 (t, J =
7.45 Hz, 3 H), 1.34 (t, J:745Hz 3H$ I\/IS cald. 5 for C22H22FNO55 431,
obsd. (ESI +)dd, (¢ B9+ R. 5836z, EMANRRE - 81011(m, 1 H), 7.83 (s, 1 H), 7.31-7.39 (m, 2

n

6 oo s RRReh ﬁa%ﬁ[%ﬁ%&'%ii?!ﬂ%ﬁ%é{ﬂ?c g%/%‘ BRI Hz, 1 5575558
10[ 4- ( 3- Cychay, epls2e)harzesigl § erg B3 piz; R4 26y, axy V- 45 Hz, 3 H); MS cald.
011 woro- S- ety hmw&;shz 02 Y S AGGHLE 4G4 methyl ester v jjON T, 0 s

4- ( 3- br omp- 5- et hanesul f onyl - pyri di n-2-yl oxy) - 6-f | uor o- 3- net hyl napht hal en- 2-
yl]-acetic acid nethyl ester (49 ng, 0.10 mol ), and 15 cycl opropyl boronic

acid (17 ng, 0.20 mol), using a neEXAM%ﬂ&tjous to the one descri bed for

the nethyl ester of
et hanesul f onyl - pyri di 0=
acid nethyl ester (25 ng, @-ﬂﬂ%o-aaphtwmm-e-\ﬂbbcdtic acid
[ 4- (3- Cycl opropyl-5-et hanesul f onyl - pyri di n- 2- yI09|><y) -

ES,

= 2-yl]-acetic

O

10 [3-Cyclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-
6-fluoro-naphthalen-2-yl]-acetic acid methyl ester
O\

O e
F J
O N

| 4

0
6

To a cooled solution of [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-vinyl-
naphthalen-2-yl]-acetic acid methyl ester (6.0 mg, 0.014 mmol, methyl ester of

15 example 17-1) in tetrahydrofuran, was added a solution of diazomethane (0.1 M,
5 mL) in diethyl ether at 0 °C under an argon atmosphere, followed by palladium
acetate (1 mg) in two portions. After being stirred at 0 °C for 2 hours, the reaction
mixture was treated with acetic acid (0.2 mL) to quench the reaction, and then
filtered. The filtrate was concentrated in vacuo to afford the crude product of [3-

20 cyclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yl]-acetic
acid methyl ester as a yellow oil.



206- f | uor o- 3- net hyl - napht hal en-2-y1] -acetic acid OHv ,jjO Nl,0 s, 0o -
136 - Starting with

[ 4- ( 3- cycwopnmmpinod- et hanesul f onyl - pyri di n- 2-yl oxy) - 6- f IPCDEP2@B)9/064810

met hyl - napht hal en-2-y1]-acetic acid nethyl ester (25 ng), using a nethod
anal ogous to the one described for exanpgg 1-1, final step,

[4-(3-cycl opropyl-5-

et hanesul f onyl - pyri di[3-CQyclopsgpy &-(5-ettvanesufenylypyridish2-ykn- 2- y1] - aceti ¢
acid (2.4 5 ng) was obtain as_a white ol (400 MHz, CDCI3) 5
ppm 8.28 (d, J = 2.53 Hz, %j'ﬂb',gr%f‘éght'badg'?%gﬂj'éf:%& RS He, 1 H, 7.77 (d,
J=2.02Hz, 1 H, 7.72 (s, 1 H, 7.21 - 7.28 bm 2 H, 392(s 2 H, 3.13
(g, J= 7.33 Hz, 2 H, 2.42 -2.52 (m PRy 2.5 (s, 3 H), 1.32 (t, J=7.33
Hz, 3 H, 1.22 - 1.26 (m 2 H), 0.9 ! (n{JzH) I\/Scald for 10
C23H22FNO55 443, obsd. (ESI+) [ (N FHI+] Y

2- 14- (5- Et hanesul f onyl - pyri di n- 2-yl oxy) O&_fNyor o-
3- et hyl - napht hal en- 2- v11- propi oni ¢ aci d%ﬁg} 0
244- (5- Et hanesul f onyl - pyri di n- 2-yl oxy) - 6- F 40T g
3- et hyl - napht hal en- 2-y1] - propi oni ¢ aci d net h@lwester To a sol ution of
[ 4- (5- et hanesul fonyl - pyri di n- 2-yl oxy) - 6-fl uor o- 3-net hyl - 20

T SR PR e e SR i SRS D) 1,
added sod umapbithelete2-{g@cetic amdmeﬂmll gst@0uUsing aninethral armM)QOUSTﬂoethmomeur e was
ot ed o ol bR 60, S S oA R A Pl <
the sane t egpgdal)b-fuordir@phthelen-2-yWescetic acid (3.3 mg, 66%, two steps) was

obtained as a white powder. "H NMR (400 MHz, CDs0OD) & ppm 9.31 (d, J = 2.53

Hz, 1 H), 9.15 (dd, J = 8.84, 2.53 Hz, 1 H), 8.85 (dd, J = 9.60, 5.56 Hz, 1 H), 8.62

10 (s,1H),819-829(m,3H),4.80(s,2H),417(q, J=7.33Hz,2H),2.25-2.34
(m, 1 H), 1.94 (t, J = 7.33 Hz, 3 H), 1.55 - 1.64 (m, 2 H), 1.37 - 1.52 (m, 2 H); MS
cald. for C22H20FNOsS 429, obsd. (ESI*) [(M+H)'] 430.

EXAMPLE 19-1
15 4-(5-Ethanesulfonyl-pyridin-2-yloxy)-3-ethyl-6-fluoro-naphthalen-2-yl]-acetic

acid
OH
@
F
@] N
| ] o
Z S

(4-Acetoxy-3-ethyl-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester
O—

S

R



allowed to wvarmto O C and stirred at the sanme tenperature for 2 hours. The
resulting mxture was diluted with ethyl acetate (230 nL), washed with a
sat ur at edwaqosassoogol uti on of amoni um chl ori de (10 nL PCI)EP2@i0eH10OVer
sodium5 sulfate, and concentrated in vacuo. The residue was purified by
flash colum to afford 3

244- ( 5- et hanesul f onyl - pyri di n- 2-yl oxy) - é-?l'uor o- 3- net hyl - napht hal en- 2-y1] -
propi oni ¢ adioch selutign oledtanet§rrd-ethynyB6-fluogo-agphihalent2yl3-acet acid methyl

4 5 ST ARG PR Wi gy

244h ( ﬁ et hamitirfg]njédtqremésihmrgge’malﬁamaeif 401 psicof Jryorigeyl fgr1 % hours and

nap t hal en- 2- - opl oni ¢ acl met est er US| ng a
o Gidrae ThO Rliate fiad Fhaemmitaii iy ciodnatord Voot Pran SRuiE- >asds.
et hanesul owbropaémmeaaywmnceaéa Ho8 Lo oo bk gos oy | r op on

c acid 15 as a white sol 5 ppm
8.51 (d, J:227Hz 8.31 (dd, J:606 278Hz ,792-797
L 38 b, 1 H;’%E@w@éﬁ- 'ﬁo 4 ﬂvﬁéa&%ap*aﬁ%en agﬁgac%t-%%ﬂﬁ&n%%s A

7.07 Hz, 3 , 1.26 (t, = 7.45 Hz, 3 H; I\/B@aJd for C21 H20FNGBS 417,
obsd. (ESI +) [ (M FH) +] 418 20 ACT E OF THE COVWOUNDS The
compounds of fornula | possess valllablle phar macol ogi cal properties. It has
been found that said conpounds afe antagonists or partial agonists at the
25 CRTH2 receptor and may be useful in Preat i ng di seases and di sorders

i d h,th h of
conmounds. ad S 3 L ERE B D e 2 b e e B B ot e
by the 10 | ¢50 A, bl@%h@@l s@giaRYBethoxidk3d 3-mgiloTaa7 Fibly, dreicepthano 4nd| ng

Assay A whol e cell receptor bindin assa usi nv%{{qig%ranatroban as t

conpeting r 88 YRS $teed atganm teawpe hyre %rﬁmoeﬁﬁﬁ%‘ﬂ‘?\&’aﬁl ndi ng
activity 10 aBidRa T Jfgnce-ﬁlfl%téoeﬁk}d?@%lbﬂ@a{:lb%lgﬁl é%(e@{?ﬁbf&#&%ﬂe&%huch

synt hesi zed 5 according to Sugl noto et armacol . 524, 30 -
37, 2005) t(waa tberecolleqtedabyflktnatlszn,oandftczlsszplﬁﬁdrm ethyl ansitatel (20 enlst dbey

expressi ng | ec s with
two manmal i x %Tg%o\r/l\%\gleﬁ?g%?’ %gf %l%%’ eg%‘f‘] Lﬁ?&ﬁg%&g&f'@a Lﬁdd! %G al phal6
cDNAs, ries peﬁfbid/telle)Crud@ blquuﬁe(Be(th)‘yl @flﬁumranehe@bkmapaﬂt@m 2{yf)ravatiRoche) .

St abl e cl ones, ex SI n sel ining each clone with
BML6 ( BD PhéP‘ﬁllrﬁ '?(’4% lé%téc?%ﬁ '@E ‘%U%éi %F?“ t on of Becton, Dickinson
and Conpany), whi ch is a rat nonoclonal antibody to human CRTH2. The cells
were mai ntai ned as nonol ayer cultures in Hams F- 15 12 nedi um cont ai ni ng
10% f et al bovi ne serum [4(9EthanesutfomdmiyesidiniZ-yloxpp3wedhvi st reptomycin, 2
mM gl utam ne, 0.5 ng/ ] i | 93.' ng/ L

hygronyci n-B (for Ga{%ﬁ%@?ggﬁ{(}%%& 1 EB?. reﬁ b‘%ﬁ |ng assay, the
nmonol ayer cells were rinsed once with PBS (ph®s hate buffered sal i ne),

di ssoci ated usi ng et hyl enedi am net : % (Versene TM EDTA from 20

Lonza Inc.), and suspended in PBS pt aj | nglO nmv MgCl2 and 0. 06% BSA
(bovine serumal bunin) at 1.5 x 1106 ce The bi nding reactions (0.2

m.) were perfornmed in 96-well plates atOterrper ature in PBS containing

1.5 x 105 cells, 10 mM MyC12, 0.06% BSA, nM)[3H] ramat r oban, and test
conpound at various concentrations. After eq/of

20
Starting with (3-ethyl-6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester
(15 mg, 0.057 mmol) and 2,5-bis-ethanesulfonyl-pyridine (30 mg, 0.115 mmol),
using a method analogous to the described for the methyl ester of example 17-1),
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3-ethyl-6-fluoro-naphthalen-2-yl]-acetic acid
25 methyl ester (15 mg, 61.1%) was obtained as a light yellow solid.



25 binding reactions, the cells were harvested on GFTmM B filter mcropl ates
(mcrotiter plates with enbedded gl ass fi ber from PerkinEl ner, Inc.) and
washed 5 woren/0ssdh PBS using a Filtermate TM Harvest er PCa/EP2O0/OBEBIV EST er

t hat harvests and washes cells fromm croplates from PerkinEl mer, Inc.).
The radi oactivities bound to the cell sN;ﬁ\gée determ ned using a mcroplate
scintillation counter 30 (TopCount ( . fromPerkin Elnmer, Inc.) after
addi ng 50 pL d#- (MEtheeeWiqulmyn;hnfﬂ-vldxatb-ﬁemhﬂ -Gifluof o maphtaalens=yher |
Inc.) to each well of the filter plat 3 The,radi oactivity from

non-speci fic binding was determ ned tﬁ% F'g él%l ng conpound with 10 pM of

15(R) - 15-net hyl PGD2 (from Caynman Chem cal g@pany) in the - 139 -
reaction m xtures. The radioacti vi hosnd t\9 the cells in the absence of
conpound (total binding) was dete erI aci ng conpound with 0.25% of
DVBO (di met hyl sul foxide) in thd reactijon Wixture. Specific binding data

wer e obtai ned by subtracting the radi owy of non-specific binding from

each binding 5 data. The I C50 value is dgfinedpas the concentration of the
tested conpound that is required for 50% Qj\t/lon of total specific

bi ndi ng. I n order to cal culate the 1C50 value, the percent i nhi bition data
were determ ned for concentrations for each conpound. The percent

i nhi bi tion Séartiag Mﬁﬂﬁdﬁ@t%n%&gﬁnﬂtﬂ’fﬂéﬁ‘r@ éﬂOiXMh3Wé@Y|‘§OﬂL&£PtE@IPHH‘@éPrH3C0r di ng
he fa&l f
to the fg ?@‘a’&@tlé Qéﬂ%?tgylgésr’ggrls@%’??é i%lgﬁ’i'g'%l'ﬁé d‘aﬁé]ﬁ%wset%%é%ne

conpound)/ ( peci f I'C50 valle was then obtained
by fitting deeciimddenexamplebt-ii il dtepa [4-(5-athsingsoifatl-pyidie-2 depyrde (4

t d XLf d-
rrom 1 b susTHEBSUesTap 491 A5l pEd B TS pbfiined 88 ah 00" &
(A+(B- A) / ( 1sEfridgliy) ADNVR (4dGMERBDLOES) ®ppinlesT od, agﬂlzr@s Exzatpl) 8. 3084 €,
tested using the above Huma CRTH2 Receptor Bindin The_resul ts of

Lhe esay oHauedd ST Ao b aRass codted Hhde Sldimh 74 1 vi ty

exhi bi tiqg '7(3'20 n\{ai H‘?S7 ﬁ@'(t‘i’d ng=1Hom begsHi heA %Q@gsozﬁ“r’}a 30¢) q3?185 RY as
shown bel ow . Human CRTH2 Bindi’ ng arrp ¢ 1-1 0.0023
Exanpl e 1-2Hz 903)12E’>aa(mp1/@ 1.58 Hx, @085 1B&(ipl & 7142 Ha, 80H71 Bldhpl = 745%5HR, 0093

3 H); MS cald. for Co1HaoFNOsS 417, obsd. (ESI*) [(M+H)*] 418.

EXAMPLE 20-1
15 [4-(5-Ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-

6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid
OH
F
O_ _N
/ /,SII\/

[4-(3-Bromo-5-ethanesulfonyl-pyridin-2-yloxy)-

6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid methyl ester

Oo__N
| N
OV,
Br I,S\/
O

20



Example 1-6 0.0071 Exanple 1-7 0.0035 Exanple 1-8 0.0033 Exanple 1-9 0.0037
Exanpl e 1-10 0.0033 - 140- Exanple No. Hunman CRTH2 Binding I C50 (pm
Exanpl e W0200/038®8 Exanple 1-12 0.0025 Exanple 1-13 0. e023&pPEvoaspiser 1- 14

0. 0191 Exanple 1-15 0.0053 Exanple 1-16

-134 -

Starting with 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl

ester (124 mg, 0.50 mmol) and 3-bromo-2-chloro-5-ethanesulfonyl-pyridine (157

mg, 0.55 mmol), using a method analogous to the one described for the methyl

ester of example 2-1, [4-(3-bromo-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-
5 methyl-naphthalen-2-yl]-acetic acid methyl ester (183 mg, 73.9%) was obtained

as a white solid.

[4-(5-Ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-

6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid methyl ester

O_N

N

NG
17 N

o)

10 A mixture of [4-(3-bromo-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid methyl ester (42 mg, 0.085 mmol), ethylboronic acid
(15 mg, 0.20 mmol), bis(triphenylphosphine)dichloropalladium(ll) (7.0 mg, 0.01
mmol), potassium phosphate (64 mg, 0.30 mmol), triphenylphosphine (15.2 mg,
0.05 mmol) and toluene (1 mL) was stirred at 100 °C overnight under an argon

15 atmosphere. The resulting mixture was filtered. The filtrate was concentrated in
vacuo. The residue was purified by preparative TLC (20% ethyl acetate in
petroleum ether) to afford [4-(5-ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-6-fluoro-3-
methyl-naphthalen-2-yl]-acetic acid methyl ester (18 mg, 47.6%) as a white solid.

[4-(5-Ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-
20 6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid

Oo__N
|\
N

I,S\/

0
Starting with [4-(5-ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid methyl ester (18 mg), using a method analogous to
the one described for example 1-1, final step, [4-(5-ethanesulfonyl-3-ethyl-pyridin-

25 2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid (2.9 mg) was obtained as
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a white powder. "H NMR (400 MHz, CDCls) & ppm 8.34 (d, J = 2.53 Hz, 1 H),

8.08 (d,J=2.53Hz, 1 H),7.85(dd, J=8.97,543 Hz, 1H), 7.72 (s, 1 H), 7.17 -

7.28 (m, 2 H),3.92 (s, 2H),3.15(q, J=7.41Hz, 2 H), 3.04 (q, J = 7.58 Hz, 2 H),

2.20-2.24 (m,3H),1.50 (t, J=7.45Hz, 3H), 1.34 (t, J = 7.45 Hz, 3 H); MS cald.
5 for C22H22FNOsS 431, obsd. (ESI™) [(M+H)"] 432.

EXAMPLE 21-1
[4-(3-Cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-

6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid

OH
Y
F

O._N
| ] o
Z /,SII\/
o)
10 [4-(3-Cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-

6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid methyl ester

F

N

NG
7 N

O

Starting with 4-(3-bromo-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid methyl ester (49 mg, 0.10 mmol), and

15 cyclopropylboronic acid (17 mg, 0.20 mmol), using a method analogous to the
one described for the methyl ester of example 20-1, [4-(3-cyclopropyl-5-
ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid
methyl ester (25 mg, 54.7%) as a white solid.

[4-(3-Cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-
20 6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid
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Starting with [4-(3-cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-
methyl-naphthalen-2-yl]-acetic acid methyl ester (25 mg), using a method
analogous to the one described for example 1-1, final step, [4-(3-cyclopropyl-5-
ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid (2.4
5 mg) was obtained as a white powder.
"H NMR (400 MHz, CDCl3) 5 ppm 8.28 (d, J = 2.53 Hz, 1 H), 7.85 (dd, J = 8.97,
5.43Hz, 1H),7.77 (d, J=2.02Hz,1H),7.72 (s, 1 H), 7.21 - 7.28 (m, 2 H), 3.92
(s,2H),3.13(q, J=7.33Hz,2H),242-252(m,1H),2.25(s,3H),1.32(t, J=
7.33 Hz, 3 H), 1.22-1.26 (m, 2 H), 0.91 -1.04 (m, 2 H); MS cald. for
10  Ca3H2oFNOsS 443, obsd. (ESIY) [(M+H)'] 444.

EXAMPLE 22-1
2-[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-

3-methyl-naphthalen-2-yl]-propionic acid

OH
20Q
F

O_N

| N

A
17 N

O

15
2-[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-
3-methyl-naphthalen-2-yl]-propionic acid methyl ester

O—
Y
F

O_N

N

P

I,S\/

O

To a solution of [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-

20 naphthalen-2-yl]-acetic acid (226.5 mg, 0.56 mmol, example 2-33) in anhydrous
N,N-dimethylformamide (10mL), which was cooled to -30 °C, was added sodium
hydride (50 mg, 1.12 mol, 60% in mineral oil). The mixture was stirred at -30 °C

for 30 minutes, then treated with a solution of iodomethane (76 uL) in N,N-
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dimethylformamide (2 mL) dropwise at the same temperature. The mixture was
allowed to warm to 0 °C and stirred at the same temperature for 2 hours. The
resulting mixture was diluted with ethyl acetate (230 mL), washed with a
saturated aqueous solution of ammonium chloride (10 mL x 2), dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by flash column to
afford 2-[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
propionic acid methyl ester (220 mg, 85.1%) as a white solid.
2-[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro
-3-methyl-naphthalen-2-yl]-propionic acid

o /,O
I,S\/
O

Starting with 2-[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-propionic acid methyl ester (220 mg, 0.510 mmol), using a
method analogous to the one described for example 1-1, final step, 2-[4-(5-
ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-propionic acid
(205 mg, 96.4%) as a white solid. "H NMR (400 MHz, CDsOD) & ppm 8.51 (d, J =
2.27 Hz, 1 H), 8.31 (dd, J=6.06, 2.78 Hz, 1 H), 7.92 - 7.97 (m, J = 5.31, 3.54 Hz,
1H),7.81(s,1H),7.23-7.32(m, 3H),4.14(d, J=7.33Hz,1H),3.26(q, J =
7.33Hz,2H),2.29(s,3H),1.61(d, J=7.07 Hz, 3H), 1.26 (t, J = 7.45 Hz, 3 H);
MS cald. for C21H20FNOsS 417, obsd. (ESI™) [(M+H)"] 418.

ACTIVITY AND USE OF THE COMPOUNDS

The compounds of formula | possess valuable pharmacological properties. It has
been found that said compounds are antagonists or partial agonists at the
CRTH2 receptor and may be useful in treating diseases and disorders associated
with that receptor such as asthma. The activity of the present compounds as
CRTH2 receptor antagonists or partial agonists is demonstrated by the following

biological assays.
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Human CRTH2 Receptor Binding Assay
A whole cell receptor binding assay using [*HJramatroban as the competing
radioactive ligand was employed to evaluate the compound binding activity to
human CRTH2. The radioactive ligand [*H]ramatroban was synthesized
5 according to Sugimoto et. al. (Eur. J. Pharmacol. 524, 30 - 37, 2005) to a specific
activity of 42 Ci/mmol.

A cell line stably expressing human CRTH2 was established by transfecting
CHO-K1 cells with two mammalian expression vectors that harbored human

10 CRTH2 and G-alpha16 cDNAs, respectively, using FuGene® 6 transfection
reagent (from Roche). Stable clones expressing CRTH2 were selected by
staining each clone with BM16 (BD Pharmingen™ from BD Biosciences, a
division of Becton, Dickinson and Company), which is a rat monoclonal antibody
to human CRTH2. The cells were maintained as monolayer cultures in Ham’s F-

15 12 medium containing 10% fetal bovine serum, 100 units/mL penicillin, 100
pMg/mL streptomycin, 2 mM glutamine, 0.5 mg/mL G418 (geneticin) for CRTH2,
and 0.2 mg/mL hygromycin-B (for G-alpha 16). For whole cell receptor binding
assay, the monolayer cells were rinsed once with PBS (phosphate buffered
saline), dissociated using ethylenediaminetetraacetate (Versene™ EDTA from

20 Lonza Inc.), and suspended in PBS containing 10 mM MgCl, and 0.06% BSA
(bovine serum albumin) at 1.5 x 10° cells/mL.
The binding reactions (0.2 mL) were performed in 96-well plates at room
temperature in PBS containing 1.5 x 10° cells, 10 mM MgCl, 0.06% BSA, 20 nM
[°H]ramatroban, and test compound at various concentrations. After 1 hour of

25 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 PBS using a Filtermate™ Harvester (a cell harvester that harvests
and washes cells from microplates from PerkinElmer, Inc.). The radioactivities
bound to the cells were determined using a microplate scintillation counter

30 (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-specific binding was determined by replacing compound
with 10 uM of 15(R)-15-methyl PGD, (from Cayman Chemical Company) in the
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reaction mixtures. The radioactivity bound to the cells in the absence of
compound (total binding) was determined by replacing compound with 0.25% of
DMSO (dimethyl sulfoxide) in the reaction mixture. Specific binding data were
obtained by subtracting the radioactivity of non-specific binding from each binding
data.
The ICs 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 I1Cs
value, the percent inhibition data were determined for 7 concentrations for each
compound. The percent inhibition for a compound at each concentration was
calculated according to the following formula, [1-(specific binding in the presence
of compound)/(total specific binding)]x100. The ICs, value was then obtained by
fitting the percent inhibition data to a sigmoidal dose-response (4 parameter
logistic) model in the XLfit® software Excel add-in program [from ID Business
Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)"D)))].
Compounds of the foregoing examples were tested using the above Human
CRTH2 Receptor Binding Assay. The results of the assay showed that all of the
compounds tested have binding activity exhibiting ICso values ranging from less
than 0.0010 uM to 0.3785 uM as shown below:

Example No. Human CRTH2 Binding
ICs0 (UM)

Example 1-1

0.0023
Example 1-2

0.0031
Example 1-3

0.0085
Example 1-4

0.0067
Example 1-5

0.0093
Example 1-6

0.0071
Example 1-7

0.0035
Example 1-8

0.0033
Example 1-9

0.0037
Example 1-10

0.0033
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Example No. Human CRTH2 Binding
ICs0 (UM)

Example 1-11

0.0056
Example 1-12

0.0025
Example 1-13

0.0023
Example 1-14

0.0191
Example 1-15

0.0053
Example 1-16

0.0191
Example 1-17

0.0105
Example 1-18

0.0026
Example 1-19

0.0026
Example 1-20

0.0181
Example 1-21

0.0047
Example 1-22

0.0054
Example 1-23

0.09729
Example 2-1

0.0032
Example 2-2

0.0023
Example 2-3

0.0075
Example 2-4

0.0028
Example 2-5

0.0035
Example 2-6

0.0027
Example 2-7

0.0022
Example 2-8

0.0045
Example 2-9

0.0027
Example 2-10

0.0073
Example 2-11

0.0030
Example 2-12

0.0018
Example 2-13

0.0024
Example 2-14

0.0016
Example 2-15

0.0026
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of a compound that is required for 50% i nhibition of IL-13 production, was
calculated by fitting the percent inhi b %gon data for 7 concentrations to a
si gnoi dal dose-response (4 10 paraneter gistic) nodel in the XLfit(r)
sof t war e Ex&slll GaldurenCondifiomrs: [ | D Busi ness Sol utions Ltd., nodel 205, where
F(x) = (A+(B-A)/(1+((C/x)AD)))]. Representative conpounds tested in the

bi ndi ng assay were tested using the foregoi ng DK- PGD2-i nduced IL-13
producti on &HOK1(esimpédsudly FahsfettelBuit? Glalpha 19 vier8,subséfuérily2- 30, 2- 32
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amount of a conpound of fornula! to a human being or 30 animal. A nethod

for the treatui@minear@Oo/mi: porigtlindH®Eg/aN- strgntamreino”§0 ug/ralL h¥grgnycifl sease

o )20 et AR G P TEnR o i T b e

allergic rh(wuslr&etr‘qldnedgmmneiretr‘aamm acia) araadwdomte@US|ngeI|a©bumh®seagent147 -

The present tio al so directed to . the ad n_of

her apeut | ¢TGBT e Blaim N i iR AL VA BIRTTS 965 b nat i on
or assocfmt 'eﬁabl\éﬂthé' r&Adeett ugEr@Sdistin ?@H BweeeNisbld and hBe-vidhatam)t Tak
inflammatory or allergic diseases di sorders. In one enbodi nent, the

present i nvEAl FEFPaNSICA: YAUME WasRAiueigdfte R. 2 KD taeda (b Mith-grmpietepgrevwéht i on
of such di spases ﬂﬁq&ﬂ@%f ??rpi WEERi ﬁn%@d%{mgb ﬁ:bhm‘g%@m%ll 194 ani mal

si nmul t aneously, sequenti a or separately, erapeutically etffective
amount of anmmwptaheuj(fm‘thﬁ)rBwBalehcemch dimistonesf Biatmn, dickinsdrvendenipapyuch as
anot her anti_- |nflanna or .an IIe Io u ent) . These ot her
druge or - acerdde JHBLRI “hedetsdndng C0 PePbadl Sibkigrl Ty

di ffer e misipwaig asy, ithe miGoblatéd weﬁ& bedd iArtHgesay.acti ve agents may

include, but are not limted to: Beta2-adrenergic agonists such as

al buterol or salneterol; corticosteroids such as dexamet hasone or
fluticasonep oddinb A Rssspch as loratidine; |eukotriene antagonists
such as nnntg%qaasﬂ gr zaf?r ukast; anti-l1gE 15 antibody therapies such as
onal i zumab; anti-infectives such as fusidic acid (particularly for the

(LS?E |m§m a(r) L i pressants
t FoBhiB T PRI ng bve kb e OB GHRNAES AsaKinRER or
Tty e et soapbregiut il e iebir Ve AP
?ype 4 Sucﬁpé%oaé¢$j§md|l§gv4ngjmgcg)n[tep{g§ OFrB'a% qt's igipr 84 Wﬁ%’ﬁ&;@??&ﬁe uch as
i nhi bitors efyB¥afPdshtsAm Pezd ,langrp:q;}gw@ @T%b’gé{ﬁ%ﬁm t hat nodul ate the

activity of Th2 cytokines | -5 such as nonocl onal
anti bodi es amr@z;meﬂjhene%th‘epm@d) avaRSgahvﬂ\moagaﬁﬂl@t@romnm@ba was

01 gl '@z 0pg o el Bl (hB YN ORIAS Sl BBIRI 419150 LB ASe & LR o Pl s

stated to t rary, conpoun Nt he exanpl €S”were prepare
char act €0 zedn@m.m@sommeﬁpasl 0.@5?/<eBSAa1w25ubM| preb eatid watsead:ldbelltel n are

2010/ 555004859 B R 65 BL Diauiceiohpu g & KiishaB SiRpeseer ol o 1

plates were then incubated for 1 hour at 37 C.



Wis C(H 2, C(H2-C(H2, C(H(CH3), CH2-C(H) (CH3), or C(H (CH3)-CH2; 10 X
Is selected fromthe group consisting of: (1) O, (2) N(H, (3) NCH3), (4)
S, 15(5) 8o10/@pm4(6) S(0)2; Y is carbon or nitrogen; POTRP2009/06s8@ct ed
fromthe group consisting of: (1) hydrogen, (2) hal ogen, (3)
met hyl optionally substituted by fl uoro,1 (4) | ower al koxy
optionally substituted by fluoro, 25(5) éyano and - 149 - (6) |ower

al kyl sul f onfuring2he inchpetioydest domumund pates mere Ipmma’re@bky’ﬂldﬂir@r% plaof

e oo BN =510 06 BB 108w B e o Ry
optionally %hﬁépér@t&@abmIdtécdmbmpo(mals |20veM stpcka d@rhpoumﬂ weérg ethenyl; RS
and R, 1 ndepeniediin %08 SRIED.OThS tompond Hitian Slate was sefudas ionars! St N9
5 well # 1 received 5 pL of compound plus 10 uL of DMSO. Wells 2-10 received 10
uL of DMSO. 5 uL was mixed and transferred from well #1 into well #2. 1:3 serial
dilutions were continued out 10 steps. 2 uL of diluted compound was transferred
into duplicate wells of a 384 well “assay plate” and then 90 pL of buffer was
added.
10
After incubation, both the cell and “assay plate” plates were brought to 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 at room temperature. After the 1 hour incubation, plates were returned to
15 the FLIPR® and 20 uL 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 pL of sample was rapidly (30 uL/sec) and simultaneously
added to each well of the cell plate. The fluorescence was continuously
20 monitored 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 the data from
that well. The responses were expressed as % inhibition of the buffer control. The
25 1ICs 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 software program [from Genedata AG,
model 205, where F(x) = (A+(B-A)/(1+((C/x)*D)))].
30
Specific representative compounds tested in the binding assay were tested using
the above FLIPR® assay (examples 1-1 to 2-5, 2-7 to 2-18, 2-20, 2-23 to 2-26, 2-
28 to 2-35, 2-37 to 11-1, 15-1 and 16-1). The results of the FLIPR® assay



15 of: (1) hydrogen, (2) halogen, (3) lower alkyl, (4) cyano, and 20(5)

| ower cycloal kyl; R7 is cyano or S(0)2-R8, wherein R8 is selected fromthe
group comnspzoiogswh: (1) | ower al kyl, (2) | ower cycl oal kPgr/EP2608%48pheny |
optionally substituted by (a) hal ogen, (b) |ower alkyl optionally
substituted by fluoro, or (c) |ower al kgé (4) lower alkylam no, (5) |ower
di al kyl am no, (6) lower heter cl oal kyl optionally substituted
by hal ogen, showed thatkwith the exs@pdoe of ak&m&e@dr-b@nyll? -1 &wbicl Bxhibited 1Csp

2- oxa- 6-aza- spirol 3. 31h 56:vl . 2. . A GO nd _of cl.ai gl wh Wi s
G002, Vb 283662 Bech T ebsiiseakyu/ty EE BriouRE BB S 0RR ng <o
any one of carajimg froovleds verr @000 XuMvsto01.4878 Avconpound according to any one
of claiml1l or 2 wherein Xis N(H. 5 5. A conpound according to any one of

claiml or 2 wherein Xis S, S(0), or S(0)2. 6. A conmpound of claiml
wherein Wis C(H) 2, ESP('-PG@q-lP(dbée&ﬁ.r bsrproauelt.&? ab§a§@n $ho)censs. 7. A
conpound of claim 1 wherein Wis C(H)2, 0, IS nitrogen, and R7 is

S(0)2-R8. 15 8. A conpound according to any one of claims 1 to 7 wherein R2

is hydr Ogenmhltﬁltl?n of 1§‘19f°dmﬂf8q5qge?8w&&99|taﬂdﬁr% @@P@Dﬁ Bl 4S 8

wher ei n
productlon in T helper type 2 (Th2) cells was applied to evaluate compound

cellular potency.

10
Cultures of Th2 cells were established from blood of healthy human volunteers
according to the following procedure. Peripheral blood mononuclear cells (PBMC)
were first isolated from 50 mL of fresh blood by Ficoll-Hypaque density gradient
centrifugation, followed by CD4" cell purification using a CD4" T Cell Isolation Kit

15 Il (from Miltenyi Biotec Inc.). The CD4" T cells were then differentiated to Th2
cells by culturing the cells in X-VIVO 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 (rhlL-2)
(from PeproTech Inc.) and 100 ng/mL of recombinant human interleukin-4 (rhiL-

20 4) (from PeproTech Inc.) for 7 days. The Th2 cells were isolated using a CD294
(CRTH2) MicroBead Kit (from Miltenyi Biotec Inc.) and amplified in X-VIVO 15°
medium containing 10% human AB serum and 50 U/mL of rhiIL-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-activated cell sorting using the BM16 antibody

25 (as previously described) conjugated to phycoerythrin (PE).

To determine cellular inhibitory potency, compounds at various concentrations
were incubated with 2.5 x 10* Th2 cells and 500 nM DK-PGD; for 4 hrs at 37 °C
in 200 uL of X-VIVO 15® medium containing 10% human AB serum. IL-13

30 production to the medium was detected by ELISA (enzyme-linked
immunosorbent assay) using an “‘Instant ELISA™” kit (from Bender MedSystems
Inc.) according to the procedure suggested by the vendor. The spontaneous
production of IL-13 by Th2 cells was determined in the absence of DK-PGD2



10. A compound according to any one of claims 1 to 7 wherein RL is fluoro
s hydrogen. 11. A conpound according to any one of clains 1 to

and 20 R2 i

10 wher eiwoORB10/6s5deydr ogen, fluoro, or nethyl, preferabl pyCREP2&NySI@OgEN.
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| uoro, or nethyl, preferably gﬁ I's methyl. 13. A conmpound
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25

ein R5 and R6, independently of
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OGO et v B8 By i eiasoand Re ar e ot hyar ogen.

und according to any one of clains 1 to 15 wherein R7 is

d R8 is selecte m t h consi sti_ng of 1) nethyl,
8rmrcer*(ughlplg%pg euf@‘( %} 8L 155|pro uction fora corpg% % i opropyl

U¥tioud dncanerbfGreNiss calculated accordlﬁﬁ)to %é”ﬁ)"llﬁwr@%ﬂﬁulalﬁ( 40)
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d3pirpauatianrin theypresenag of4c¢m|t><m§nd ﬁ Y, alzqdnmn_oryln thgrite pcex)f

(2)

Brcaht farifan YaaTor Sronddyuibhl ko & slisoferadabesporss (4 15, A

?Qféilhél@r iRy el Bfthé baiitss dktviete ExcehedRinprBgrdns [18( 0) 2- R8 and

ed fromthe group consisting of:
Business Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)"D)))].

Representative compounds tested in the binding assay were tested using the
foregoing DK-PGD2-induced IL-13 production assay (examples 1-2 to 1-13, 2-1 to
2-8, 2-10 to 2-30, 2-32 to 5-1, 8-1, and 9-1 to 11-1). The results of the DK-PGD,-
induced IL-13 production assay showed that these compounds exhibited activity
in inhibiting IL-13 production, with ICsy values ranging from 0.0007 uM to 1.7419
MM.

Thus, the compounds of the present invention are useful since the compounds
tested show some activity in at least one of the above three assays (i.e., binding
at the CRTH2 receptor), and therefore may be useful as antagonists or partial
agonists in treating diseases and disorders associated with this receptor such as

asthma.

In one embodiment, the present invention relates to a method for the treatment
and/or prevention of diseases and disorders which are associated with the
modulation of CRTH2 receptors, which method comprises administering a
therapeutically effective amount of a compound of formula | to a human being or
animal. A method for the treatment and/or prevention of an inflammatory or
allergic disease or disorder is preferred. Such diseases or disorders may include
(but are not limited to) asthma, chronic obstructive pulmonary disease (COPD),

allergic rhinitis, allergic inflammation, and atopic dermatitis.



(1) ethyl, (2) propyl, 30(3) isopropyl, (4) cyclopropyl, (5) butyl, and -
152 - (6) cyclopentyl. 19. A conpound according to any one of clains 1 to
15 wher eiWOR#10/655@¢0) 2- R8 and R8 is ethyl. 5 20. A conp®CmEPeF0IOb4si1oN 1

sel ected fromthe group consisting of:

[ 4- (4- et hanesul f onyl - phenoxy) - 6-f | uor o- ggﬁgt hal en-2-yl]-acetic acid

[ 4- (4- et hanesul f onyl - phenoxy) - 6- f | uor o- 3- et hyl - napht hal en- 2-yl ] -acetic

aci d

L0[ 6- Chl or oy (4 TERRANGTEh Db RERFhS R ket B Rl acet i ©
[ 6i fluoro- 4effa<(ejtidamﬁ0ur4t-o1’“@tcttan|@@1ﬂd offfgimpb e nozymbidratieh by bs spdtionakien- 2-

yl] -acetic aci , . o

[ 4- (4-et ha_nQéflﬂrm@%a%ﬁ%ﬂeﬂ%f@ﬁ%ﬁr@%m%@ pflammatagy rlisrih dissRses
15yl] - acef i @naGisbrders. In one embodiment, the present inyention relates to a method for

[ 4- (2- cyano- 4- et hanesul f onyl - phenoxy) - 6-T | uor o- 3- net hyl - napht hal en-2-yl] -
aceti c aci dthe treatment and/or prevention of such diseases or disorders comprising

(444- (but angyls SuelRYI b HRIRAIPSY Al LHRIIEN 300G BRI BH Sl aidy, et ©
20[ 6- f | uor otHeré&peutiziathabsctiviecanybuntyof iadsom@urdoofyfdrmdulat bhy lanotentdnad en- 2- yi |
- acetic acid, . , :

[ 4- (5- et handStiyg BISNL(ByeN & AnheGT BN lBMMRIBRLr R HER IR9IC R PhESR) 2- y1 | -
acetic a@ dThese other drugs or active agents may have the same, similar, or a completely

[ 4- (3- brono- 5- met hanesul f onyl - pyri di n- 2-yl oxy) - 6-f | uor o- 3- met h?/I -

25napht hal efliffergntimegeef actip; d‘:pwtable other drugs or active agents may include, but

[ 4-(4-di et Byl S frAERMG: BRERRXNNSiid H96AsE <TRh Y ABRY BRLARiterh] - acetic

{6-f | uor o- 3conrichylerdidel s(gly as dekaihathatose bf HuycBsopbeardiigtamaneistduahes- 2- yl | ac
etic acid

30[ 4- ( 4- di elHGIUNFFISHRIIEPHERGRPNISE $YRADTENIRURR OhailkaPeANSIGR | - aceti ¢
aci d {6-13 ughfbcdymeRfiestsldr &domRliXthatp ARiiAfdcHPes s SaH d9RMldic BbiIENOXY] -
napht hal en-2-yl | -acetic acid . N .
(particularly for the treatment of atopic dermatitis); anti-fungals such as
clotrimazole (particularly for the treatment of atopic dermatitis);
immunosuppressants such as tacrolimus and pimecrolimus; other antagonists of
PGD2 acting at other receptors such as DP antagonists; inhibitors of
20 phosphodiesterase 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 IL-5 such as blocking monoclonal
antibodies and soluble receptors; PPAR-gamma agonists such as rosiglitazone;
and 5-lipoxygenase inhibitors such as zileuton.
25
Unless stated to the contrary, all compounds in the examples were prepared and
characterized as described. All patents and publications cited herein are hereby

incorporated by reference in their entirety.



- 153 - {6-fluoro-3-nethyl-4-[4-(2-oxa-6-aza-s pi ro[3.3] heptane-6-s

ul fonyl ) - phenoxy] - napht hal en-2-yl | -acetic acid. 21. A pharmaceutically
accept ablwozalwossdo4a conpound of claim20. 5 22. A plrermeeeaiobasad | y
accept abl e ester of a conpound of claim 20. 23. A pharmaceuti cal
conposition conprising a therapeutical[ﬁ gtfective anount of a conpound
according to any on of clains 1 to 20 a é a pharmaceutically 10 acceptable
carrier. 24. The use of a conpound addAMSg to any one of claims 1 to 20
for the preparation of a medicanent for the treatment or prophyl axis of
asthma, chronic obstructive pul nonary di sease (COPD), allergic rhinitis,

al I ergi c i nfll anomhpound dbfoandladt opi ¢ dermatitis. 25. The invention as
herei nbefore defined, particularly with reference to the new conpounds,

i nt ernedi ates, mnedi canents, %§es and pRocesses.

R' R’

X

or a pharmaceutically acceptable salt or ester thereof, wherein:
Wis C(H)2, C(H)2-C(H)2, C(H)(CHs), CH2-C(H)(CHs), or C(H)(CHs)-CHy;

10 Xis selected from the group consisting of:
(1) 0,

N(H),

N(CHs),

15

Y is carbon or nitrogen;

20 R'is selected from the group consisting of:
(1) hydrogen,

2) halogen,

3

4

5) cyano, and

methyl optionally substituted by fluoro,
lower alkoxy optionally substituted by fluoro,

(2)
(3)
(4)
()

25
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(6) lower alkylsulfonyl;

R? is hydrogen, fluoro, chloro, lower alkyl, or lower alkoxy;
R? is hydrogen, fluoro, chloro, bromo, or methyl;

R* is selected from the group consisting of:
(1) hydrogen,

2) halogen,

3

4

5) ethenyl;

lower alkyl optionally substituted by fluoro,

(2)
(3)
(4) lower cycloalkyl, and
(5)

PCT/EP2009/064810

R® and R®, independently of each other, are selected from the group consisting

of:
1) hydrogen,
2) halogen,

(1)
(2)
(3) lower alkyl,
(4) cyano, and
(5)

5) lower cycloalkyl;

R’ is cyano or S(0).-R®, wherein R® is selected from the group consisting of:

(1) lower alkyl,

(2) lower cycloalkyl,

(3) phenyl optionally substituted by (a) halogen, (b) lower alkyl optionally

substituted by fluoro, or (c) lower alkoxy,
(4) lower alkylamino,

(5) lower dialkylamino,

(6) lower heterocycloalkyl optionally substituted by halogen, lower alkyl, or

lower alkoxycarbonyl, and

(7) 2-oxa-6-aza-spiro[3.3]hept-6-yl.

2. A compound of claim 1 wherein W is C(H)s.
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3. A compound according to any one of claim 1 or 2 wherein X is O.
4. A compound according to any one of claim 1 or 2 wherein X is N(H).

5. A compound according to any one of claim 1 or 2 wherein X is S, S(O), or
S(0)2.

6. A compound of claim 1 wherein W is C(H),, X is O, Y is carbon, and R’ is
S(O)-R®.

7. A compound of claim 1 wherein W is C(H);, X is O, Y is nitrogen, and R’ is
S(0),-R®.

8. A compound according to any one of claims 1 to 7 wherein R? is hydrogen.
9. A compound according to any one of claims 1 to 8 wherein R' is halogen.

10. A compound according to any one of claims 1 to 7 wherein R' is fluoro and

R?is hydrogen.

11. A compound according to any one of claims 1 to 10 wherein R® is hydrogen,

fluoro, or methyl, preferably R® is hydrogen.

12. A compound of according to any one of claims 1 to 11, wherein R* is
hydrogen, fluoro, or methyl, preferably R* is methyl.

13. A compound according to any one of claims 1 to 12 wherein R® and R®,
independently of each other, are selected from the group consisting of: (1)

hydrogen, (2) fluoro, (3) chloro, (4) methyl, and (5) cyano.

14. A compound according to any one of claims 1 to 13 wherein at least one of
R® or R® is hydrogen.
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15. A compound according to any one of claims 1 to 14 wherein R® and R°® are

both hydrogen.
16. A compound according to any one of claims 1 to 15 wherein R is S(O),-R®
and R® is selected from the group consisting of:
1) methyl,
2) ethyl,
3) propyl,
4) isopropyl,
5) butyl,
6) cyclopropyl,
7) cyclobutyl,
)
)
0
1

9) dimethylamino,

) diethylamino,

_—

pyrrolidin-1-yl,
12) morpholin-4-yl,

(
(
(
(
(
(
(
(8) cyclopentyl,
(
(
(
(
(
(14) 4-methyl-piperazin-1-yl, and
(

)
)
13) 4,4-difluoro-piperidin-1-yl,
)
)

15) 2-oxa-6-aza-spiro[3.3]hept-6-yl.

17. A compound according to any one of claims 1 to 15 wherein R” is S(0),-R®

and R® is selected from the group consisting of:
(1) methyl, (2) ethyl, (3) isopropyl, (4) butyl, (5) dimethylamino, (6)
diethylamino, (7) pyrrolidin-1-yl, (8) 4-methyl-piperazin-1-yl, and (9) 2-oxa-
6-aza-spiro[3.3]hept-6-yl.

18. A compound according to any one of claims 1 to 15 wherein R” is S(0),-R®
and R® is selected from the group consisting of:

(1) ethyl,

(2) propyl,
(3) isopropyl,
(4) cyclopropyl,
(5) butyl, and
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19. A compound according to any one of claims 1 to 15 wherein R” is S(O),-R
and R® is ethyl.

-152 -
(6) cyclopentyl.

8

20. A compound of claim 1 selected from the group consisting of:

[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yl]-acetic acid
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic
acid
[6-Chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic
acid
[6-fluoro-4-(2-fluoro-4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-
yl]-acetic acid
[4-(4-ethanesulfonyl-3-methyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-
yl]-acetic acid
[4-(2-cyano-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid
{4-{4-(butane-1-sulfonyl)-phenoxy]-6-fluoro-3-methyl-naphthalen-2-yl}-
acetic acid
[6-fluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-3-methyl-naphthalen-2-yl]-
acetic acid
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid
[4-(3-bromo-5-methanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid
[4-(4-dimethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid
{6-fluoro-3-methyl-4-[4-(pyrrolidine-1-sulfonyl)-phenoxy]-naphthalen-2-yl}-
acetic acid
[4-(4-diethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic
acid

{6-fluoro-3-methyl-4-[4-(4-methyl-piperazine-1-sulfonyl)-phenoxy]-
naphthalen-2-yl}-acetic acid
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{6-fluoro-3-methyl-4-[4-(2-oxa-6-aza-spiro[3.3]heptane-6-sulfonyl)-

phenoxy]-naphthalen-2-yl}-acetic acid.

21. A pharmaceutically acceptable salt of a compound of claim 20.

22. A pharmaceutically acceptable ester of a compound of claim 20.

23. A pharmaceutical composition comprising a therapeutically effective amount
of a compound according to any on of claims 1 to 20 and a pharmaceutically

acceptable carrier.

24. The use of a compound according to any one of claims 1 to 20 for the
preparation of a medicament for the treatment or prophylaxis of asthma, chronic
obstructive pulmonary disease (COPD), allergic rhinitis, allergic inflammation,
and atopic dermatitis.

25. The invention as hereinbefore defined, particularly with reference to the new

compounds, intermediates, medicaments, uses and processes.



