WD 2010/ 055006PCT/ EP2009/ 064816 NAPHTHYLACETI C ACI DS USED AS CRTH2
ANTAGONI STS OR PARTI AL AGONI STS The present invention relates to novel

subst i t ut\¥e 2AWPREMWAl ene- 2-yl acetic acids, their manuf a®ClifE@2009/064816
pharmaceutical conpositions containing themand their use as CRTH2

ant agoni sts or partial agonists. 5 Prostaglandin D2 (PG2) is the major
prostanoi d produced by activated mast cells and has been inplicated in the
pat hogenesi s of allergic diseases such as allergic asthma and atopic
dermatitis. Chenpattractant 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 10 cells involved_in allergic inflammuation such
as T hel per type NARHTDLACET|GACIDSSERAR P§TH§ﬁHT6998'Hq s (Nagata et alL,
FEBS Lett 459° 195-199, 1999)OR PARFAL AGONSIBown to mediate PGD2-stimul at ed
chenmotaxis of Th2 cells, eosinophils, and basophils (Hrai et al., J Exp
Med 193: 255-261, 2001). Moreover, CRTH2 nedi ates the respiratory burst and

degranyl ati on of eosi nophj | Gervais.etal., J Aller ci.n_| 108:
982- 98&,“%5@%%”? "1‘@?”59@1ﬂ@@@sﬁﬂgoﬁf?'o%{?éf@?fj‘ a?p*BP@PH?V‘éWBE@C@g?@%meS in
Th2 celdghfastereebRbrmackutiBBlbyphpokitons @odlaifhg themaind treihase @s CREHRZ el ease
of histam ne from basophils (Yoshi nuraUchiyama etal., Cin Exp Alergy
34: 1283ntEEooists GeprRiéargasts-ant s of the gene encodi ng CRTH2, which
differentially influence its nRNA stability, are shown to be associ ated

w th asthma (Huang et al., Hum Mol Genet 13, 2691-2697, 2004). Increased
nunber Prodtag@ndinrBu(PGDAs The sidjer praplaosisi prgd GRTHRY hetivated Bw@sbeglls and has

o b8BT o Blo B S e B gyl o

proi nf lya B, Chepdatirdctaht RécEorthsraasgsus utssiioerpressddigo MHsd|seraype
partial agonists of CRTH2 are believed to be useful for treatjn forders

H2 _ i
such asebs(GREH2his|asntegdidhe Rrosiagiandinh: reeepiorsandisgeressedian @,egeélf%lﬁ G4t opi c

dermat i-LjiS: e i ' I-%i L | d Rlseha |:
vo 31 6PIE R aE N Ay Ea R oR e e p e, (TR Boshobrere
accept dbkeplsisl (Nagatedetedt, HEBS helf 469:, 1992 199). [Khambesa shawatemedialef i ned

accep ) B, ¢ : ool I ueE ;
Wi EERZSl AT B RbI, G thZL A Bosi AN AR OO (AlBCeaangERe
ang elst/\@écﬁw:lws@é%mt,m@n ?imhoBbVBS (}Ffﬂjlziﬁféd{@ds the rltelsfiratenabmredau@scr i ptl i) on
an Cl al ns. n a 1Tl on, 1 resen I Nventli on..r atl es S

manuf a@@GFQWéatE’ﬁcPf@@FW@pf‘%?%%Nﬁ@ﬁf@é’ gf‘ﬁ’f"@ryn@l”hﬁ"i’mé(ﬁﬁl @%ag‘éé\&%g 3@61 )
phaymagedilde dhe PRITRELS bPPRIRIMALRISYBKIFBS FPTRE UBIS(XUENS! 410 UNeMAd R of

formula | and Z are antagonists or partial agonists ag t he CRTH2 receptor
and mayl 76e653t6686), andeshaners tiegewass chhigtamiae s Haseritiei (Xpsinmreh t hat

recept SUC . les t i i ndi : 1

per e 25 W B Al Rl Ao Snudtteleiths oftfie bBhe BhE8ng
as f ol ICRWH2, WRCcR Qi r&sE=Ng GITUBNER 28 08RNIBARAGility3are Shuevrt frive &samiocEtgd witef er s
to an atom or,  group. of chemni call n that, is attached to. another
at om o@sm%&ﬂﬁ@%gtﬂn W%%’{eﬁg% 2&%'2@%?099&'86@?3?8? HPH%%%P‘E of a
ol 8¢ Ulckculalfhg TN leRprdsBRgUERTAD RS eRlso Fernbstrdidteafwitrosendrigy bf stepier to
noi eties that " are attached to the core structure of forrmula | by a coval ent

bond. Slermatitis Gasmiietab, Gupdimimugphd0.mA7et3P iR 2R0Bhd hese fipfiagh pHoeRf Ahat

at ons, rm." i . P t t - g he
nydr og s Sl hitehth ey (e e difeasBl TcTehord antagoieRs paith 18
For examgphits bhEeRTel2naré Ibalievedhiodyd usefbkfor traatiy digottsirogactt as esibing, edendice

fact th one, or hydr ogen .at ons, of .a | ower,. al kyl (as defined belo IS
10 repl! m@g}o'bré@%ﬁ’ ﬁ%@@"%@l‘%ﬁ%ﬁngtagﬂgc(dre.rr@?t'tlsri f?/uog onet hyl , K

di fdgioronet hyl, fluoromethyl, chloronethyl, etc.). The term "optional ly
substituted" refers to the fact that one or_ nore hydrogen atons of a noiety
(wi t h ofe ipyentinngs ippaceiged Vihahe coameuRds ob{RmMmysek not necessarily have to
be, 15 substituted with another substituent. The term"alkyl" refers to an
al i phatic straight-chain or branched-chain saturated hydrocarbon noiety
having 1 to 20 carbon atons. In particular enbodinments the alkyl has 1 to
10 carbon atons. 20



The term "l ower alkyl" refers to an alkyl noiety having 1 to 7 carbon
atons. In particular enbodinents the |ower alkyl has 1 to 4 carbon atons
and in otWeROWABEWeul ar enbodi nents the | ower al kyl hasPCT{HER2@0648hoN
atonms. Exanples of |ower alkyls include nethyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl and tert-butyl. 25 The ternt"lomer cycloalkyl"
refers to a saturated or partly unsaturated non-aromatic hydrocarbon ring
noi ety having 3 to 7 carbon atons bonded together to forma ring structure.
Exanpl es of cycl oal kyl s include cycl opropyl, cyclobutyl, cyclopentyl,

cycl ohexyl and cycl oheptyl. WO 2010/0 5006PCT/EQ§%QQ/064816 4 - The term
"I oner al koxy" refers to the nqg 0-R e is lower alkyl as
defined previously. Exanples of DXy noi eties include nethoxy,

et hoxy, n-propoxy, isopropoxy. hyt's obu®oxy, sec-butoxy and
tert-butoxy. 5 The term"| dwe yl sullfonylR" refers to the noiety
-5(0)2-R, wherein Ris |ower alkyl jefi ned previously. Exanples of |ower
al kyl sul fonyl s i nclude nethyl sul fonyl H sul fonyl . The term

"l ower al koxycarbonyl" refers to the noiefy -C(0)-0-R, wherein Ris |ower
al kyl as 10 defined previously. An exanpl & of N oper al koxycarbonyl is
tert-butoxycarbonyl. The term "hal ogen" refefs tRa noi ety of fluoro,

chl oro, brono or iodo. Unl ess ot h¢rwi se indicated, the term "hydrogen”
or "hydro" refers to the noiety of a 15 hydrogen atont(-kb and not H2.

Unl ess ot herw se indicated the term"a conpound of the fornmula" or "a
conpound of fornula" s of t 3

For i 30 PPERACR e AN PessRrn dateP et ealp s FarrdnangBin g STREDRSRIAE as
def i nedehyed REnE Wetiled ddsBEptEH &¢H BBMNL0TREATVERGEN TS £18b bYncsiae® vt tBe sal t
or ester of any such conpound if not otherw se noted). The term

" phdr meeeweLeds pifosmuleptabl e salts" refers to those salts which retain the
bi ol ogi cal effectiveness and prooertles of the(é ee bases or free acids,
which are not biologically or g ' |l e. Salts may be f or med
wi th inorganic acids such as 2f i id, hydrobrom c acid,
sulfuric acid, nitric acid,ght i éhd the Iike, preferably
hydrochl ori ¢ acid, and orggh' s acetic acid, propionic acid,
glycolic acid, pyruvic acid, | ei ¢ acid, mal oni ¢ aci d,
salicylic acid, succinic aC|d rtaric acid, citric acid,
benzoi c acid, cinnamc acid, nandellc aciNg nesul foni c acid,

et hanesul foni ¢ aci d, p-toluenesulfonic aci d, acetyl cystein and the 30
like. In addition, salts may be preggzed by the addition of an inorganic
base or an organic WD 2010/ 055006PCT/"EP2009/ 064816 5 - base to the free
acid. Salts derived froman inorganic base include, but are not limted to,
the sodium potassium I|ithium ammonium calcium and nagne3|untsalts and
the |ilked pﬁ@tmacelﬂrdauyedcéepiablelsgastaod leatees therebi)dderdntR' R caneadefinediin & t o

salts of prinmary, con rtiary amn substituted a

i ncl udidﬁﬁ?p 'ﬁgtqﬁsﬁﬂﬁ’ti?rb%‘??ﬁa %Fﬁ; @tﬂiﬂﬁf% p@r’f‘reﬂg'é‘ve%t'%@llqtﬁ mg]éoa%n% basi ¢
| ony X GRAIASCUAS BRd u§mghheeoh§)egh@§bt RARMNDR: | drid ek Wdliady ﬁlﬁarn@c@hm’élam ne,
triethylamne, tTipropylam ne, ethanol am ne, [ysine, arginin

Net hy| sopwosiiions COptatrm audecorp@wedﬁ nEng e@mneuedﬁdotfnenlulaR@ndﬂnarecorrpounds
f th 1y 10
gccepfaa@:taggsog;%t? EPM%H 8 rﬁ%gnag t F2 RIEY rebBptol Snfi AhdY 94 uBLKI i @bgg y

present 1 nvention can a

pr esentdisieasehetnﬂmiisnrdérsrﬂsaomataﬁwmﬁtdtyec&rprb@rﬁtm:blas adbmes (i.e., the nethyl
and ethyl esters of the acids of fornmula | to be used as prodrugs). The
conpounds of the present invention can also be solvated, i.e. hydrated. The

sol yation can be effected in the course of the manufacturing process or can
take place i.e. as a conseguence of hygroscopi c properties of an initially

15 anhydiessotbemise indicted.ghanivliewing ppemitia teoms anddfiessf<sehintthdave t he
same e%‘éH;])tﬂJrn %rﬁd&rﬁtn?s erétdéhnfeﬁe%s ﬂ)ﬂo\k?e nature or sequence of bonding of
t heir atons or e arrangement o elr atoms in space are terned
"isonmers."” lsoners that differ in the arrangenent of their atoms in space
are termed "stereoisoners."” 20 Diastereoners are stereoisonmers with
opposite configuration at one or nore chiral centers which are not

enanti oners. Stereoi soners bearing one or nore asymetric centers that are
non- superi nposable mrror imges of each other are termed "enantioners."”
When a conpound has an asymetric center, for exanple, if a carbon atomis
bonded to four different groups, a pair of enantioners is possible. An
enanti omer can be characterized by 25 the absolute configuration of its
asymmetric center or centers and is described by the Rand S-sequencing
rules of Cahn Ingold and Pre Iog, or by the manner in which the nDIecuIe
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15i nfusi on. The term "pharnmaceutically acceptable carrier” is intended to
include any and all material conpatible with pharnmaceutical adm nistration
i ncl udi ngVeSPIERs®s di spersi on nedi a, coatings, antibacPEl(ERR00Z/EHS16
antifungal agents, isotonic and absorption del aying agents, and 20 ot her
materi al s and conpounds conpati bl e mﬁt@_pharnaceutical adm ni stration
Except insofar as any conventional nedia or agent is inconpatible with the
active compound, use thereof in the conpositions of the invention is
contenpl at ed. Suppl enmentary active conpounds can al so be incorporated into
the cofpasiim 9ﬂ§|ety25efé§sefo‘%n ataﬁfr Hﬁg@abldr@heﬁﬁdany%ﬁdé@ratdmetmesoaﬂta’ﬁhe@n of
t he conpositions Hereof, can be solids, |iquids or gases; thus, the
corrpostQ amtbeloetnm akmoteisalef by anepr maKe ehemicel bords baprhy feEmingssiofia or i es,
pomder r I i ng
on |on i gE8$%§ n@ga&%§§§'8§%2§1fﬁ ?bq$3§qro %?ﬂr%%gggﬁegﬁmggngg?ned
rel easetté@temﬂoathe@ose steudturtel cofrfermmsla$bgms¢mna$ntebndr rs, aerosols, and the

| i ke. The carrier can be selected fromthe 30 various oils including t hose
of 6etro|eun1 animal, vegetable or synthetic origin, e.g., peanut WO

2010/ ORpRGERGRES Ef?g%w&%’r%etﬁwrth Bhé or FRIE BFBragch  atdinB ethal te@h FsulBERAGE

oil, and the Iike. Water, saline, aqueous dextrose, and glycols are

pr ef er refars toghe daci Ahatias least pae of g Aydrogemaoms @fothahrrelew tSrfePFrJ@eSIbdod) f or

I nj ectg Boﬁteﬂhb’étltﬁ’&ﬁ or'?r?oletg/qugr’leﬁamf R T f’t%rfrprlﬁrveroéllp}l %EBQ‘MG@B@ halogen”
adm ni Stration co ise sterile aqueous sol utions

i ngr edr@‘ets(ts)thaﬁfmcthhatrcmepmrepaneddjdnqg@ aimotwofrugloo@lrraﬂ(ya(asr d&flnbdrhe@ve)ds ent (s)

in water to produce an agueo ol utio and r erd n

R S e i P Y R D b M S el

tal c, ghieansinyl @td.pse, talc, gelatin, malt, rice, flour, chalk, silica,

magnesi um st ear at e, sodluntstearate gl ycerol nonostearate, sodium

chloride, dried skimmlk, glycerol, propylene glycol, water, ethanol, and

the |i v i trcal

e | e B8 GAIRIR) LUBIR BBV B MO REF It QnEAYRIE W&ﬁgﬁ‘ﬁ%"’@?%

enul si hydiety wgbrmtns orsadreshydoogesditos si) ngn osnbtuh dogsriey necessanilf havestodirl t he

i ke. eutl rriers and their formul ati on are descri bed
in ]éemSHb?tEHteg "gﬂh t??z} e§g| ences by EE. W Martin. Such conpositions

will, in any event, contarn an effective anmount of the active conpound
together with a suitable carrier so as to prepare tHe pro er osage form
for prdpertems %ﬂﬂ)‘h Fﬁfg'tsrtatqrb?t'phét'@ ﬁ@a'QEEPfﬁ'@ﬁ’f raneheLhey: f the

met hod, 8& otg o rﬂﬁ%‘%hé\ﬂﬁgmtb%  cBorPhidRsd. | I\‘repmerﬁf)o@imén@ﬂ@reoél d}FI h@s

conpounds s Invention or a conbination of any of the conpounds

this |nwenM]meomaHtharnaceut|calIy acceptabl e salt or ester thereof, IS
adohplstered via any of the usual 20 and acceptabl e net hods known in the
artS” either singly or in conbination. The conpounds or conpositions can
thus bahedaimiser atkyprelery to en gikyl hoistphaviay iltty)7, carbbh ategos| Inyparticular

par ent er al (e.qg., intramyscularly, [ntravenousl. or s bcut aneousl

rect al |eynt(®y'aentsgpe gy BPF éstodpr/ C@/ﬁh@'ﬂ?&ﬁ@? anarfﬁh@%r@ % ebé)dsmérﬁt?

el ectr ‘?rﬁ’é’fo@\rér%'l?yl R&s AY%o '3'%?&@1’4 bfInd. eEﬁamprkéx otﬂiv@&qin)yrs r’ﬁ'&ﬂ;deﬁnét'h‘?l fegriym of
solid, liquid or gaseous dosages, including tablets and 25 suspensions. The
adm ni Propl; looproaml betybdﬁﬂh!rttﬂe&l?q Uty @Ch@l"gblﬂhht dosage formw th

co nuous therapy or in a single dose therapy ad libitum The therapeutic
cog%%sition can also be in the formof an oil emnmulsion or dispersion in
conj un(theasrin'lolvea clyclpalRil’ kéferssal 4 satucdiedsr parrMpitmsatLjraltedmoni-aron‘raéicf ormof a
brodegradable sust ai ned-r el ease sition for subcutan

| nt r amiSRCAFORRGMNGADASRS 5 T g%%@ﬁ@é@ﬁé@@&#?%gﬁf&? g dervea rgo.

det ai | st BRir&r E&gﬁrbrésrbr%%roarkyrsqhaheé ciGlopipyL ePEIOBIMEE ¢ WZ(EIob@rﬁtwb?clohexw and
pharmaceutical Iy acceptable salts and esters thereof, erein is 0 and
Q i s C@Ap.cyslohgptyér natively, X is C(0) and Qis N, Rl is selected fromthe
gro consisting of: (a) hydrogen, 10(b) hal ogen, (c) |ower alkyl
optionally substituted by fluoro, (d) |ower al koxy optionally substituted
by fluoro, (e) |lower alkylsulfonyl, and (f) cyan o; 15 R2 is hydrogen or

| oner alkyl; and R3 is selected fromthe group consisting of: (a) phenyl,
pyridinyl, or pyrimdinyl, wherein said phenyl, pyridinyl, or pyrimdinyl
is 20 optionally substituted by one or nore substituents independently
selected fromthe group consisting of: (1) halogen, (2) |ower alkyl
optionally substituted by fluoro; (3) |lower alkoxy optionally substituted
by fluoro, and (4) cyano; (b) |ower al koxycarbonyl; and



WO 2010/ 055006PCT/ EP2009/ 064816 9 - (c) S(0)2-R4, C(0)-R4, or C(0)-N(H-R4
whereinR4 is selected fromthe group consisting of: (1) |ower alkyl

opt i onal I'YYO20W45640at ed by fluoro, (2) |ower cycloal kyl , PSTEP2¢AEMBI6
optionally substituted by: (i) halogen or (ii) |ower alkyl optionally
substituted by fluoro, (4) benzyl or phenylethyl, and (5) pyridinyl. 10
Unl ess indicated otherwi se, the genus of formula | and any subgenera

t her eof enconpass all possible stereoisoners (i.e., (R -enantioners,
(S)-enantioners, diastereoners) as well as racem c and scal em ¢ m xtures
t her eofrhe lamh NoRBEaRBVBP LRI to tHVRoREEITR, WHEYSIRIR RNoer dikyess esfided t he
conpounds of fornula |I” or pharmaceutical |y acceptable salts or esters

t her eopreminersty. nExamgles calpavenalkoxg(ppicties kitige methewy.i ethext WodraPPRy. (a

subgeny f forml ) N 2 o T wherein R1-R3 are defined
as in F%Pﬁ%%ﬁ %u 25?8%%%’0%?%%%%6%8%@ - 10 - In another

enbodi nent, the present invention is directed to the conpounds of fornula I
or pharyaceutj call cceptabl e salts or.ester her eof. erein is. C(0)
a0 TEeREHA "SREuARERERM refecs it el iy BeGn FURaME FkVas) 3
wher ei RefHsBrediRisHe B aR8hIas of RweP aRYlstiifbayls includdmabgidigfongirdiedi ment, the
present invention i's directed to the conpounds of forrmula |I or 10

phar maéthyisuifanyly acceptable salts or esters thereof wherein Rl is hydrogen.
I n anot her enbodi nent, the present invention is directed to the conpounds

of formula | or pharnmaceutically acceptable salts or esters thereof wherein
Rl i s fThedem “ldbvet alkaxydaneonydnmetels e tite mblety gCEHeDR, iwharaini Ris iowediatkeytad

to the c unds of formula | qr pharmaceutical l ccenptabl e salts or
estl@rsd?ﬁrgiB'feVWHéIyei %amglerfgt%lgwer? Oémﬁrﬁ%'?ylér%&f RYCaRAW 5 esent
invention is directed to the conpounds of formula | or pharmaceutically
acceptable salts or esters thereof wherein RL is nmethoxy. 20 In another
enbodi Mbatternt fralpgest saters i@ mqioly af duaia: €B10&R Rr8MOHY ieddpounds of fornul a |
or pharmaceutically acceptable salts or esters thereof wherein Rl is

met hyl sul fonyl. WO 2010/ 055006PCT/ EP2009/ 064816 I n anot her enbodi nent, the
pr esentUrilesserthenvisé Hditiated; tteel taro ‘thiydragenp ouitysrafrefass taithe moisty of a

phar eytical | eptabl e salts or esters thereof wherein RL is cyano.

In ]énoﬁMawgsﬁ@ééﬁma?”qaﬂ%t esent invention is directed to the conpounds
of formula | or 5 pharmaceutically acceptable salts or esters thereof
wherein R2 is hydrogen. In another enbodi nent, the present invent ié)gn IS

di r ect dnless ethevigprpsiinaiad.dhe A PPN AP eerama | Pfoalﬂ%'ﬁ‘fj le salts
or est ‘?&?hL}Ié‘ecfr.@%m}‘i@Gﬁ@é B e Jbﬁnu@t combBuhas 6F‘\]f8rr|‘i‘|%fa” ?é’l”é%ﬁtd@ﬁ corhpéund

present Invention i's directed to the conpounds of fornula | or
phar maseleciechirdy tae gepusibf eorspdunrdsoas definedsoy therfednulatisckidind=@ Y s phenyl .

I t mbodi t [ ' j j d

of tor PR pGPentdtie Saf Bf Shiet ah e aiploqfrEBRL bReh S BB r < o
R3 is phenyl substituted once 15 or twice with fluoro. In another

mbodi t, th to ti i s dij ted th . ds of f la |
o pharARETI RHTpoRENe A5 6P Bhla SIG; FaetaPdntsL el WIRBISFIN S 1 5 phenyl
subst i tb%lﬁ@c@l@%cﬂ&eﬁé&?s%d%rbﬁ?@i@t& QF the #ék base G R 2888 OWhiIBE BFe nbhe

present invention is directed he conpounds of formula | or
phar madénlogicallyl gr etberyisabhaesimbles Salts snaebe farmadawith (NREganiaagds sgchagny |

substitu e 1 i qord r 25 iirent
. Ient .,
ey RIS Gl SN Rl Bl A R I oo oheant el e e
phar magesferathy hydrachlerit abide asdlotgarie aeiss aush bhecetid asitieprepioniR3acid, geniizl
substituted once or tw ce vg th met ho&qﬁ.1 WO 2010/ 055006PCT/ EP2009/ 064816
acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, salicylic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, N-acetylcystein and the

30 like. In addition, salts may be prepared by the addition of an inorganic base or an organic



- 12 - 4 position on the phenyl ring where such positions are indicated
below in formula I C (a subgenus of formula I): 5 wherein X, Q Rl and R2
are defi ¥ 28¥/45p00pornmula |. In a nore specific enbodi mBRT/EPRHE/0pH8EE ent
invention is directed to the conpounds of formula | or pharmaceutically
acceptabl e salts or esters thereof wherein R3 is phenyl 10 substituted at
the 4 position on the phenyl ring with chloro, fluoro, mnethyl,
trifluoronmethyl, or methoxy. I n anot her enbodi nent, the present
invention is directed to the conpounds of formula | or pharmaceutically
accept Bgéétogtfl"l'etf%é)éc@%&fssdérhz%ﬁqﬁfm wheR&gBNiCDHase ifhede, | bus @E@hbﬁlh’ﬁlf&‘] @ the
15 3 or 5 positions on the phenyl ring wth chloro, f1 uoro, met hy

trifl uthreosnetitiygl potessinet hﬂsuwn amnmmm,@alen@oan@mﬁgneﬁh@ peltssand theHU‘@nt i on

sal ts SPtgoetifed (arBERARESer inauid Yubls (it BRI ESHE S B ERASEERARL®
posi ti and t@*ﬂarcyl‘amlpbe,nwbsttltungd amdrescmbludrmg rfdtumtly onetrhing substitbiedaroimeshy| |

or netho 20 I n gnot her enbodi nent resent | entlon i,,S dlrected to
he e onaaraings Sna Basibion SRR AR mabsuRTeLrs SoRtany P MR OO, ¢

ther eohicthigsMn2, Fﬁ?ethﬁamﬁfeo)cﬁprsﬂy|aﬁm1é%thénd|me irhleoapl heON- | ower al kyl
optional Iy substituted by | ogen. WD 2010/ 055006PCT/ EP2009/ 064816 - 13 -
| n a netyiprriding, Pirerisheg, rmlﬁamlﬂﬁéeﬁj"r‘%%%tthﬁ leention is directed to the
conmpounds of fornmula | or pharmaceutically acceptable salts or esters
thereof wherein R3 is -S(0)2-R4 and R4 is nethyl, ethyl, propyl, isopropyl,
cycl opTapyompoyods pé titeypresent mverftionmamrtm pv;elsenﬁinltlne farot Mmhaemﬂaodutmaﬂy t he

present |nvent|0ﬂ§ijgd|rected to

C

Pheiim EEGAAEaIP e JBFABIRS D8P B8 e ST By B SR Gat SINE PR PHESR L NedPEy - ra

and R4 of phaesbeutionlyl aueablablesiield (i.ut, et Methalapgainiestarvef trad doidis ofl0 | n
anot her enbodi nent, "t he present invention js directed to the conpounds of

f or mul Formuta | fsnee Hee®as PEaNIgs adheniumpeungs| af dhe Presenbinyeptinl ealt AR O ei n R4
3o QbRafh, Pa%hiRalcl. PREBYN 08 bgﬂah'@ffeaé@%'tw&s@\serb@qq@ﬁqahma%r
flu er enb0|rren e present 1nvention is directed to
t he conpmnesé&rcfanftakenibae i.eoas aﬁopMUmelﬁlhagﬂosyomcmemﬁi%O%w ndtiadly

e er eof where nd R4 is | ower cycloal kyl or | ower
al kIy{ FY‘UHHF IW@BHEQ ﬁ@ﬁ”%%ﬁfa&'&@ﬁ In a nore specific embodi nent,
t he present invention is directed to the conpounds of for mula | or
pharmaceutically acceptable salts or esters thereof rein R3 is ) -
and 20 Crmmwr\%tth@u havgtthe samer Bplpcular (Ipugp it di %'MB?@@WG 0&%9%’&%63
triflugpagmRbhy O?tofﬁéo&}\ﬁé a‘?ﬁéﬁ?ghﬁﬁ%f thtei?‘“atcﬁ’rh@%?é‘ﬁadé“é(r%%hﬁéb "|§orﬁlefse'Ct ed

to the conpou pharmaceutically acceptable salts or
est er s Ismneredhawmﬁeren hérarresgeraeny otheuaatDrmm PaTeAT Iter@md Gierepipomers.”

hal |
e e e o areia R wl P¥PosiE estalialBh B PRRS g Efingfbemers
phgr gzwwéh ﬁl@ H1c|yt ea@?ﬂ@hefs: eSteadE)dlfor?erts&aﬁaemg dﬂeecrr?n(_brekugjnenalatna&ensare/\g(a)) R4
an i s phenyl optiona substituyted once or .twice, 1 uoro,
2010/ o%@ngw%mgew%m%@r Images. ol G5Ch RATTHe SI0RH r‘?é%‘f‘ omgEs- p VEIhA
I nvent 'CB nfiHaS &n g/thgnét'ﬂ% CABROBPERaMbId, fra@drBoh a8Im W%rﬁﬁé‘oﬂ@ﬁb@ﬁ' ly

acceptab alts or e t her eof V\/nerelnR3|s-C( 0)-N(H-R4 and R4 is
| ower @Wﬂreraﬂ drpLpora painef erartipmespis persibly. Antnantiomes cay beaharraterized by o

ci h

corpounie b BRI oIS ARLFEMe LAHERL! et d EfBtnlch bife R
t her eofandr®seguertehg mlesCéf(I))arhd( Hbldjéld and ARéloigs onby thd maenelylh whichfhe |
i sopropyl, cyclo n r trifluoro In anot her
embodi repgcul ?ﬁ%ta%%‘g‘érﬂla'? Qo &?& thﬁpp@ép@@n@%d{rzf?&d%%g@m %f fornula I
or 10 phayraResyli&akbs Y+)6<§rqqn§@\hb% @apbstively) epl el Eb@Ppeahd vhe erishasBither

-C(0)-N(H) -R4 and R4 i's phenyl optlonaIIX substltuted by hal ogen or | ower
al kyl . lndnvndnalaermruempecaﬁ iagnixtse dnereat: | Atmistupe ecriainingheayalipeparions piebeed
to e f rnaceutlcally acceptabl e salts or
est§edr1s eﬁ%ﬁ?@@?%ﬁ%@%&%%%éﬁg%E)(()t?-hﬂ( H) 15 R4 and R4 is phenyl optionally
substituted once or twice by fluoro. In a nore specific enbodi nent, the
present invention is directed to the conpounds of forrmula I or
pharmaceutically acceptable salts or esters thereof wherein R3 is
pyridinyl. 20 In a nore specific enbodinent, the present invention is
directed to the conmpounds of fornula | or pharnmaceutically acceptable salts
or esters thereof wherein R3 is acetyl. In a nore specific enbodi nent, the
present invention is directed to the conpounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R3 is
t ert but oxycar bonyl . 25



I n anot her i ndependent enbodi nent, the present invention also relates to
the conmpounds of fornula Z: WD 2010/ 055006PCT/ EP2009/ 064816 - 15 - Z and
phar maceWPCAIW3S¥Wecept abl e salts and esters thereof, WRET&PRA09H64]16 | s

sel ected fromthe group consisting of: (a) hydrogen, (b)

hal ogen, (c) |ower al kyl optionally suQ§t|tuted by fl uoro, (d)

| ower al koxy optionally substituted by fluoro, 10(e) |ower alkylsulfonyl,
and (f) cyano; R2 is hydrogen or lower alkyl; and 15 R3 is S(0)2-R4 wher ei n
R4 is selected fromthe group consisting of: (a) phenyl or benzyl, wherein
sai d phenyl or benzyl is optionally substituted by one or nore substituents
of: (1) halogen or (2) lower alkyl optionally substituted by fluoro; and
(b) | owbe tenkid thepapeastigallyyefiadiive iamausd ¢fya €0BPWd PEA0REEANWH O at ed

ot her w nu ss al
possi branepUnE B b0 Pt AR U SHORTAR QriplBhEy JRERERT

di ast epryory the aasvivel df tlas sulajeeme)ngitrdatsatdal Beteonimakiorupes thletrepelatfcally WO

2010/ 055006PCT/ £22009/,0 t ] elates t
ot Rod8TBRMEAIPALE MG RN P e TEBIBTRBL S AIPRIY S OuEEl | as

phar maggghd<at a EQrE“iBe@hél b@éb%d@@rtbah.@nr%nﬁaﬁ It af VEROWIGIE -wid8 Enfe Uy bef
formula Zare al so antagonists or partial agonists at the CRTH2 receptor

and nmagetssminssfiola mﬁnlﬂﬁirelﬁtqwmlndi"%@ﬁs@@@W@M'Héﬁ@dﬁﬁ%t%%dnw*gwlt hat

recept I ntion is

di rect g%qﬁ%%e &noeéf’c?ﬂg%?c %'n?or WUFIGB%% tHE% g?ltrgggu ??ﬁ%&b% eptable salts
or estedmmlkltera:bftha\kmrteDﬁa&hlmsirahmdrtb‘@ewnndit@)nl benagltrea’ed esrivediasghe patiemt
present jnvention is direct d to oglor%onpou

PhaaDe e (g SRl ab e Ao0e Pl SR IE) BUr IEREr o REUI LUrTaS: o.
I anotyegy| r%d;‘”@@ﬁ'o%ﬁ’ételytﬂﬁk@r@aéw dbsngRndfiapdut 8.1ty @6 Bdut 5000 eng; dnpguads
or

of formula har naceuti cal |y acceptable salts or esters thereof wherein

Rl i s @BPH1 OOQBTQ ©r driog ﬁ‘éﬂOgﬂ%maﬂéﬁapﬁrﬁ@'ﬁﬁe@g}ﬁugf‘ﬁ%ﬂﬂ"l’?fr?rldsuqﬂerrect ed
to the hﬁﬁer e%ﬁgé \Aﬁ%eéo%rd%lj\&\ %dfbr téH1aT ﬁ'@SEM} é&@ég@ca‘?ﬂ%é’élrﬁﬂ&en%@' dsSa @Tngle

esters ereirn I n“anot her enbodi nent,
pr esendosaveint divided lodes ermfeldparuntemal artmm&ﬂmd@n of mfaumguwrza@comuous
a]émarﬁutl cally acceptable salts or esters thereof wherein R2 is nethyl.
B'%%nbodi nent, the present invention is directed to the conpounds
of formula Z or phar maceuti cally acceptable salts or esters thereof wherein

R3 is q_henyl 25 I n anot her enbodi nent, the esent ention ﬁ di,rected
to the @66960rﬂlﬁrﬁﬁcﬁ%%W@CZeBtlabWHﬁrc&ﬂ Oé%‘é apy and afl matgral

est ers -hhe60i A ec{)l’?éd'ﬂ% L@al%%ﬂ’ﬁbﬁktrat'ldh ﬂe%dmémé‘tdlséﬁloﬁrrﬁéﬁét

invention'is e conmpounds of forrmula I, a pharmaceutical ly
accept abtamgamant.bmctemlandtarénfmgal agerets eisatongnand a@sqrpmmdelaw@g@(gﬁpts @nd

al ternat, vel 0] P 0
= 1 Bk adenas oo s byt i pRalepCR R o B |
hydr Ogﬁmsdﬂér A0y caventionaimied?d or aigert ie tcetingatibie Whie trgy actjveammspatridngsef :
thereof in the compositions of the invention is contemplated. Supplementary active

compounds can also be incorporated into the compositions.

25 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 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

30 various oils including those of petroleum, animal, vegetable or synthetic origin, e.g., peanut



(a) pyridinyl, 5(b) S(0)2-R4, C(0)-R4, or C(0)-N(H)-R4 wherein R4 is

sel ected fromthe group consisting of (1) lower alkyl, (2) phenyl

opt i onal I'YYO20W456%0at ed by one or two hal ogen, and (3) bE&&X{EP2¢)P/064816

phenyl et hyl . In a nore specific enbodi ment, the present invention is
directed to a conpound of fornmula 10 lLor Z sel ected fromthe group

consi sting of:

[ 4- (4- Et hanesul f onyl - pi perazi ne- 1-car bonyl ) - 6-f | uor o- 3- net hyl - napht hal en- 2-
yl] -acetic acid,

[4-( 45@,%%@% bRMMIneRAIRRN 82ddife il CaHdPRY k- Bratdrugaie) aghebad @oxtibsplhnacet |

C acl d;

[ 6- FI uglyools-gre prefetrad dquidfaanyers ppaydedaiiy vhere isokutig with $rerblorg) fondpectalleen- 2

(5T CSPbNES IR S emple: (omuiios JoL PSR SRR COmPISE SIS _ napht hal
en- 2- y hhueaes $autiuristhf the active ingredient(s) which are prepared by dissolving solid active
o ha oRoseqenion wate Garholdaan SRREAR SN Bl BhaSH Y thE SohiiBR'REMY! ) - 2P

[ 4- (4- QyghoRPRARSELTANYkCINEREIRALAE starémIdenike - titd, GHRbSe Jad@tdytacnapht ha
| en-2-y1]- acetic acid;

{ 6- FI ugelatingmaltpiiesp fiper. thell sibied: Magngsiura stersate, sadibBhsigarsi@aly@ren- 2-yl | - a

cetic i d: . , . . .
| | I lycol, water, ethanol,

[4-(4- @dcq%gbegﬁ?tgh%c’sﬂVwocnh;ll?r-'dpﬁ’ 88?%? f(lrrlr(]a[n ilk car %%rr?wp)r?%( 108762 3% et hyl - napht ha

| en- 2- yihf thaltiled. iTheamindhostdns may be subjected to conventional pharmaceutical additives

L a0 68 BRebprvalkes PBBIAR Meis” Wel/orermubiith SadnErSdie P 8BULAR °"- 2

[ 4- ( 6- Benwap predslAs blLfférdatll BrAikePBuRdFe Phafpa e ticat cafibgHd theirf | uor o- 3- me
t hyl napht hal en-2-y1] -acetic_acid;, | . . .
[ 6- FI uérawietios: arp HesclisedRdReMinatens EsarmassHice! Sciagnessyki PoMardrrdtane- 2

. 8 %?8%ﬂﬁ?&ﬁ@?ﬁ%@@ﬁ{g%ﬁ}é‘%&ywﬁmd Erféive-amdlift of the active compound

{ 6- Fl utogetddriwifa fSuiiable-cherer soesutofpragdre-tpe peoreridesage éembon pigpes- met hyl - na
pht hal eB- 2-.¥I | - ah%eihl c_acid:

[ 6- 171 uGFBIe TR 1o 17 F9C'BiBhy| met hanesul f onyl - pi per azi ne- 1

- carbonyl) - napht hal en-2-y1]- acetic acid; 5

{6-Fl uor o-444-(2-fl uoro- benzenesul fonyl) - pj per azifpe-, 1-car bona/lg - 3- net QKI -na
pht hal énthe g,qaphc%@@thpdn%tepg of the present’invention, an e ective amount of any one of the
{444~ ( Sofdduhbyier PrdRIZARSESY! 4 eaitbiabR 8 8RY BEmE SoHRUNGIof il inthod ofiet hy
| - napht'hal’en-2- yll-acetic acid,; . o .

{ 6- Fl uarphatrdceatidally acoefieblecadrlestenthgrepf, pe pdministetecova ieoyyof theauswal hy | - na

pht hal en-2-vyl1- 10 agetic acid; . . . N
Cadt (2 a et eplapleor R el et orier sndhonin SSMEIRREY: DFIOBPE D et ny
| - naphtoh@beipogitions tangmis Ise adinihistered orally (e.g., buccal cavity), sublingually,

4- (4- Benzenesul f onyl - pi perazj ne-1-carbonyl)-6-trifl uoronethyl - napht hal en- 2
! A- gcetpiagerg@qagjy (e.g.,¥ntr mBscu?ar\y, ?ntravenous(%y,yor)su%cu{aneousqw, rectaIYy (e.g.,pBy

L4 (- BEBBEIRTISIP WisnPigR s BBial§AERRNA eleolibbblaler pors ipiAaRan e.gal en-
{ 6- FI ubymetasol), antilingreoiopheriyofid, giopist eizgareous ciaspessy inclading tatjets axht hal en-

2-yll-acetic.acid - . . . . ith

o/ uat ST e acminylin son b5 conducted b 2 single uni dosage formuit o 5 g
] - acet icontitiidlis therapy or in a single dose therapy ad libitum. The therapeutic composition can
{2?;,::: ?O@J%}r O-lgéiéln-z Ze;ffe%ng%% 8F1 %ﬂ%%dlgibﬁlopglrs%élrsri‘gﬁ %-go%rjtg)nocr’gi%%]v&i%-gﬁég IiIfcnsaaFI)thsturé:%I en-

[6-F uéarsqfén&staewl, ofi( he REENYE a RidiRighdddbie dustaineartybhse aphipasiionfér y1] - acet
I C acCl d;

[ 6- FI usubcataneeus or intrarnusgrliprBAMinistrationpi per azi ne- 1- car bony1) - napht hal en- 2-
yl]sacetic acid;

[ 6-F uoro-3-nethyl -4-(4-mtolyl -pi perazi ne-1- car bonyl) - napht hal en- 2-y1] - ace
tic acid;

{6-Fl uoro-3-nethyl-444-(3-trifluoronethyl-phenyl)-pi perazi ne-1-carbonyl]-na
pht hal en-2-yl |- 25 acetic acid;

{6- Fl uor o- 444- ( 2- net hoxy- phenyl ) - pi per azi ne- 1- car bony1] - 3- net hyl - napht hal en
-2-yll-acetic acid; {6-Fluoro-444-(3-nethoxy-phenyl)-piperazine-1

-car bonyl ] - 3- net hyl - napht hal en-2-yl | -acetic acid; WO

2010/ 055006PCT/ EP2009/ 064816 - 19 -

{444-( 2- Et hyl - phenyl ) - pi per azi ne- 1- car bonyl ] - 6-fl uor o- 3- et hyl - napht hal en- 2
-yll-acetic



aci d;
{444-(3,5-Bis-trifluoronethyl-phenyl)-pi perazi ne-1-carbonyl ]-6-fl uoro-3-net
hyl - naphtWaI26HASH06- acetic acid; 5 PCT/EP2009/064816

{6- Fl uor o- 444- ( 4- met hoxy- phenyl ) - pi per azi ne- 1- car bonyl ] - 3- net hyl - napht hal en
-2-yll-acetic acid, e
{444-(2,4-D'f|uoro-phenyl)-piperazine-f—carbonyl]-G-fIuoro-3-nethy|-naphtha
| en-2-yl | -acetic acid;

{444- (3, 5- D met hoxy- phenyl) - pi per azi ne- 1- car bonyl ] - 6-f | uor o- 3- et hyl - napht h
al en- 2y bty ]tﬂe%?@éérﬁ ifVehtlon relates to the compounds of formula |:

{6- Fl uor o- 3-met hyl -444-(2-trifluoromet hyl - phenyl) - pi per azi ne- 1- car bonyl ] - na
pht hal en-2-yly acetic acid,
[6-FIuoro-3-nethy|-4-(4-p-to|y|-piperazine-l-cangpyl)-naphthalen-2-y|]-ace
tic acid;

{444- (3, 5-Di chl or o- phenyl) - pi pe
| en-2-yl | -acetic 1lb5aci d;
{444- (4- Chl or o- phenyl) - plpd%
2-yll-acetic acid,

{6- Fl uor o- 3- rrethyl 444- (4- trlfluororretxyd | ) - pi perazi ne- 1-car bonyl ] -na
pht hal en-2-yly acetic acid; 20 E{/
]

hr bonl ] - 6-fl uoro- 3-net hyl - napht ha

O
Zi ne- onyIHz- 6- f | uor o- 3- net hyl - napht hal en-

{444-(2- Chl or o- phenyl ) - pi per azi ne- 1- car bo fl yor o- 3- et hyl - napht hal en-
2-yll-acetic acid,

{444- ( 3- Chl oro- phenyl) pi perazi ne- 1- cagbonyl ] - 6-fl uoro- 3- net hyl - napht hal en-
2-yll-acetic acid;

{6-Fl ugpg p%aﬁﬁé&'&rcéﬁlﬁa&c%pttémébuﬁé aﬁ@temérs b6l Wherard:) - pi per azi ne- 1- car bon
yl]-naphthal en-2- 25 yl|-acetic acid

{4-[%4-(3,5-Dichloro-pyridin-4-yl)-pi pera2| ne-1

- carbo I r t I = il tic acid;

{444- (gfy'a/agga gn%o/ gf%ltegrﬁlé% I ne- ibgg(@ﬁamé? [ uor o- 3- et hyl - napht hal en- 2
-yll-acetic acid; WD 2010/ 055006PCT/ EP2009/ 064816 - 20 -

4- ( 3- Capshoxynet hy1l- 7-f | uor o- napht.hal en- 1-yl ox i peri di ne-1-carboxylic
aci(d t tISE lpgﬁedé‘gqr@rthe group Conglsrtlng o? y y)-pip y

[ 6- Fl uor o- 4¢d)yaeddemnesul f onyl - pi peri di n- 4-yl oxy) - napht hal en- 2-y1] - acetic
aci d;

[ 4- 1(01 Et han&®WNAQESN. - pi peri di n- 4- yl oxy) - 6- f | uor o- napht hal en- 2-y1] - aceti c

acid; 5
{6- FI uor o- 42%?' BF alk¥]l opilonalll%subs SUt%Cll Bgﬂu Eon 4-yl oxy] - napht hal en- 2-yl | - acet
ic acid; (d) Iower alkoxy optionally substltuted by fluoro,

'£|40( ;é%d o?eq agéaglﬁylf Ol?alr%y-l Rl RE di n- 4-yl oxy) - 6-f | uor o- napht hal en- 2-y1] - ace
[4- (1- Cycl oppgyanesul fonyl - pi peri di n- 4-yl oxy) - 6- f | uor o- napht hal en- 2-y1] - ace
tic acid;

[ 4-151- Benzenesul fonyl - pi peri di n-4-yl oxy) - 6-fl uor o- napht hal en-2-y1] -acetic
aci d 2 | k |

{6- Fi U(l):\:’ 0IS quro(ggnﬂruoovyeor eynzaennesul fonyl) - pi peridi n-4-yl oxy] - napht hal en- 2-yl
| -acetic acid; 10

{GaEIe;JI oggéécge ffrcler%é)gPo% zgor?%ssltl 5%['fly1) pi peri di n-4-yl oxy] - naPht hal en- 2-yl

{ 6- Fl uor o- 444y dHanyi, Byrieingt, s piimidinyl piipereindsaid phghylxyyridiayphortmiriendidylis] - ace

tic acid;

[ 6-H uor o- 40pionalRpbsHULhRYE ANe ShINTSsHEstteeRts Ndarspgentiasplersr & e - ac

etic acid; i 4o f hﬂﬁ@é cetic
acid; [6- Fl %flo (;;4&%T§tmpod¥l @zh:aﬁn' @he(rzlx IcIQer]é_/r)eEIl)@/yl Olpg?ﬁﬂapht hgpugé}]@a 301?%1;153:2“ C

acid; 15 lower alkoxy optlonally substltuted by fluoro, and (4) cyano;

6- Fi 4- 4-yl ht hal 2-y1 t d;
[4- (1 Oyl ofPRURCAP YN oT'n 0y oXy) "6- 1 Uor o- naphi hat e 2-y1] - ace

EI4C( iCIQC/icI opent anecar bonyl - pi peri di n-4-yl oxy) - 6- f | uor o- napht hal en- 2-y1] - ace
tic acid; [4-(1-Benzoyl-piperidin-4-yloxy)-6-fluoro-naphthal en-2-yl]-acetic
?gl gl uor o- 441- (2-fl uor o- benzoyl) - pi peri di n- 4-yl oxy] - napht hal en-2-yl | -acetic
?gl gl uc2)(r)o- 441- (3-fl uor o- benzoyl) - pi peri di n-4-yl oxy] - napht hal en-2-yl | -acetic
?gl EI uor o- 441- (4-fl uoro-benzoyl) - pi peri di n- 4-yl oxyl - napht hal en-2-yl | -acetic
aci d;

S A yaw I T T 1 L Y L A 1 N I T T ~ A I



20 Ceneral ly, conpounds of fornmula |I and Z can be prepared according to the
schenes illustrated bel ow. Unless otherw se indicated, the variables such
as X, Q WRO20m55|WE, and R4 with respect to synthesizi ngCTAR2088Qpt8Nds of
formula | are defined in the same manner as defined previously for the
genus of formula |I. Likew se, unless otherw se indicated, the 25 vari abl es
such as Rl, R2, R3, and R4 with respect to synthesi zing the conpounds of
formula Z are defined in the same manner as defined previously for the
genus of fornula Z. The conpounds of the present invention may al so be
prepared by gﬁ@(o?OR‘/Q‘E’(U qgralor OJ?@FLN (AN et SRR 9 kereaErForh e gb(ﬁdpheS' zi ng
specific corrpoundzs are addl tionally provided in the exanples. 30Schene 1
The key i nteomsgtingtals of fornul a IIa can be prepared according to Schenme 1.

In this process, t t he para-substituted
benzal dehydes I\)mélr@vei aﬁlg\?%yﬁcg cina RJ??({?&@?@@S t he unsaturated acids Vi,
whi ch subsequent( Zyloweimygtmaikyt;ycl ization in the presence of sodium acet at e

[ X Sthe acet at e<(3 ROENY dEehebitHhstFuRA By DG Go b Raer ) ap sty

anal ogues X by asg&@,gﬁéabgtﬂugfb reaction. A nucleophilic substitution
reaction of the hydroxyl compounds X with benzyl bromde (X)), followed by
reduction of the(4r)é>§02‘1||0rﬁ@h§ﬂﬂﬁth'b/! @ngith |ithium alum num hydride (X I)
affords the al co @gnk The al cohols XlIIl are 10 then converted to the
chl ori des XV by t nt with carbon tetrachloride (XV) and

tri phenyl phosphl ne (XI V). Conversion of the chlori des XVI to the nethyl

esters | 1 . n be lished b al | dlumca zed arb

Fealt ; bilass HOERRA TSR Js RS PLOB B R ey PR R aE e
i nt er mggi %@iéle'étérems\éﬁt&gh% 08 8HENEDATRRE, QB e At Bers, a%steré@mel‘s:) asiwelt
step outI ined in Schene 1, the unsaturated acids VI can be prepared by a
conden&atpeamisanfessialanie yxiuses theseqft ut ed benzal dehydes 1V and di met hyl
succinate (V). The reaction can be carried out in the presence of a base

such as sodi um net hoxi de, 5 l|ithium nethoxi de, sodiumtert-butoxide, sodium
hydri de or potassiumtert-butoxide, in an organic solvent such as nethanol,

tert-but | . .tol t. t h f

t oo 31 RS eprpds R insePreBb it Sih i€ CFpbipa P . SSRGS ARATEP oo

Tet r aheﬂéﬁﬁaéatttauy 3 eplfd balts2 bbgsteOtherenlf mtatréinrX i6fO tahe Quiss@Hiraat srbvaci ds
enerate the naphthal ene derivatjves | X can be achi eved by treatnent

of the gloyaindpetela |éd?‘d;§b913n% pifospdidlm acetate (VI1) and acetic anhydride
(VIl'1) at a tenperature between roomtenperature and 140 C for 0.5 to 12
hours (references: Boger, D. L. etal., J. Og. Chem 61 (1996) 4894-4912;
Kim M etal., J. Og. Chem 69 C G 48YOH15 The acetates | X can
be converted to the correspondi founds X in the presence of a
base such as sodi um net hoxi de, dut oxi de, potassi um
carbonate, or sodium bicarb gt “such as net hanol, water, or
m xtures thereof, at a terrperature bet een roomtenperature and 80 C for 10
m nutes to several 20 hours (referenceOKi etal., J. Org. Chem 69
(2004) 6945-6948). Treatnment of the hydroXyl c¢npounds X with benzyl

brom de (XlI) affords the correspondi ng bepzyl gthers. The reaction can be
carried out in the presence of a base such ot@ssi um car bonate, or
cesium carbonate, in a solvent such as acetone, acetonitrile, or NN 25

di et hyl formam de at a tenperature betMgen roomtenperature and 60 C for
several hours. Reduction of the above benzyl ethers with |ithium al um num
hydro de (XII) affords the alcohols Xl1l. The reaction can be carried out in
an inert solvent such as tetr.a of ur VO .2Q10/ 006PCT/ EP2009/ 064816
- 24 - diethyl ether, toMERN E%ad%] ?ﬁeﬁ%@eﬁ?@r'ﬂg a t enper at ure bet ween
roomtenperature and 80 C for several hours (ref erence Chan W K. etal.

J. Med. Chem 39 (1996) 3756-3768). The chlorides XVI can be prepared by
treatment of the alcohols XIIl with carbon 5 tetrachloride (XV) and

tri phenyl phosphine (XIV) in an inert organic solvent such as tol uene,
acetonitrile, dichloronethane, N, N-dinethylformam de, or tetrahydrofuran,

at a tenperature between 0 C and 120 C for several hours (reference:
Kozhinov, D. V. etal., J. Og. Chem 69 (2004) 1378-1379). 10 Conversion of
the chlorides XVI to the methyl esters XVII can be acconplished by a

pal | adi um cat al yzed car bonyl ati on reacti on under an atnospheric pressure of
carbon nonoxi de in nethanol. The reaction can be carried out in the
presence of a palladium catal yst such as

bi s(triphenyl phosphi ne)di chl oropal I adi un(I'1) (Pd(PPh3)2d 2), palladiun(ll)
acet ate (Pd(OAc) 2) tet rakis(tri phenyl phosphl ne) pal | adi um( 0) (Pd( PPh3) 4),

A= a2 I L I Y L 7 ™ 1/~ 7Z 11 N ~\ T o




brom de (Xl), followed by reduction wth |ithium alum num hydride (XI1)
affords the alcohols XXI'lI. The alcohols XXIlII are then converted to the
corr esporNPRYIRPWEI des XXIV by treatnent with triphenyPERELRHOMRE3 K V) and
carbon tetrachloride (XV). The chlorides XXIV can be converted to the

met hyl esters XXV by a palladium catal yzed carbonyl ation reaction 5 in

nmet hanol . Hydrogenol ysis of the nethyl esters XXV affords the internedi ate
lib. In the first step outlined in Schene 2, the unsaturated acids Xl X can
be prepared by a condensati on between the para-substituted benzal dehydes IV
and di ehhdthe 2amBbAMeH Rk M Sert dehtion isTHRedtE&REd ihertdpigbuplls GRfdrivRgl PEt i n
the presence of a base such as 10 sodi um net hoxi de, |ithium nmethoxide,

sodi unphamadsutioxllycrsceptaileisalipyerresiers therepbwhsedinm is &(0) BOE SXisdd asishomm

or gani ol n - but anol , toluene, or mxtures
thereoﬁ?%gfMEQ%@§§E$é?%ygs%ﬂﬁmggﬁnﬁﬁéa}tenperature and 90 C for several
hours (references: Liu, J. etal., Og. Lett. 4 (2002) 3521-3524; Bl ooner,
J. L. etal., J. Og. Chem 58 (1993) 7906-7912). &ﬁtThe napht hal en- 1- 0
derivatives XXIl can be prepared-Ry 3 pL7ak action of the
intermedi ates Xl X fol |l owed by fpti on of the unsaturated
acids Xl X can be achi eved by t h trigluoroacetic anhydride (XX)
and triethylamne in an inpft oryg P %2 Such as tetrahydrofuran, or
di chl oronet hane at room tenperature. ThHe 20 subsequent reduction with

sodi um borohydride (XXlI) can be carrigghout AQ an al coholic solvent such as
met hanol at a tenperature between 0Q andﬂfggﬁWtenperature (reference:
Fuganti, C etal., J. Chem Res. (S) 1998] 638-!639). Alternatively, the
napht hal en- 1-ol derivatives XXI|I can be pr Pﬁ a manner anal ogous 25
to the one described in Schene 1. Cyclization of e unsaturated acids XI X
cansbe achi eved by treatment with sodildm acetate (VI1) and acetic anhydride
(VITI'1) at a tenperature between roomtenperature and 140 C for 0.5 to 12
hours. The resulting acetates can be converted to the correspondi ng

hydr oxyl anal ogues XXl | eafir i g rﬁgﬁp as sodi um net hoxi de,
pot assi um tert-butoxi de, %8{%@3 mrg‘r’&begﬁg?g?ﬁfo s!jdi um bi carbonate, in
a solvent such as nethanol, water or m xtures thereof, at a WO

2010/ 055006PCT/ EP2009/ 064816 - 27 - tenperature, between room t [ [e
2nd 80 TEANBIS1 BRPHREY. 16 Reeve AVamyane: Ereties i ficompuRRe qoToRtia) df ©
J. 1@9ghgﬂiﬁé@euﬁiéanylé)&%btélﬁ&éam&&zest&srmemofmlrein Rlis Gydroggmem 69 (2004)
6945-6948). 5 Treatnment of the hydroxyl conpounds XXII with benzyl brom de
(XI') affords the correspondi ng benzyl ethers. The reaction can be carried
out infBE RECIRR ?inﬁ’ént?‘th@jﬁ@sé‘r‘r{qmé‘ﬁioﬁ% BRELEIS ML Sund2l of GEFAHEN or
carbonate, in a solvent’ su as acetone, acetonitrile, or

N, N- di pbahyhdeartically seceptatie seltper astarscthbesofimdrereiodinis 8uper at ure and 60 C
for several hours. 10 Reduction of the ester noieties in the above benzyl
ethers with lithiumalum numhydride (XIl) affords the alcohols XXIIl. The
reacs i oM afdthePen®RbM&E, Plétpresermtinvditioh isalrs&sl te tehcanpb@idsasfyfdmadla an,
diethyl ether, toluene or mxtures thereof, at a te erat%re bet ween room
t enper Mhareacaidicglly aceeptabie saltspr adarstheredt whereindttir MEWBY t he al cohol s
XXI'I'l with carbon tetrachloride (XV) in the presence of triphenyl phosphine
(XI'V) can be carried out in an inert organic solvent such as

t et r ahynlmobineapmbadenenti thei presentdnvenion iNdikeeteede Hig ¢anpewndsesf fermula | or

di chl or onet han t_at er [ n - r,several hours
(refer @ﬁ@@%ﬂ?ﬁ?ﬁe@@e@%ﬁ SgﬁiPFe%Eﬁgr#d‘%e@grﬁﬁ %gé'%%@h) 1378- 1379) .
Comuersion of the chlorides XXIV to the nethyl esters XXV can be
acconpl i shed by a pall adium catal yzed. carbonyl atign reactio der an

at mos phe@nethsr eaeaEnet, H’@r@f@ﬁerﬂltd%(ﬁﬂt'&@ I$ ﬁ'rﬁé?ﬁé?} e CQ’HBO‘H’BTJ;C‘?L%{}BWLH% %e
carrie ' kB Avhef@ih AR Vi§ Im&HEISuBshy .

bis(tr ﬁgﬁgﬁﬁ?ﬂﬁtgg%?‘%ﬁg%ﬁIsg];t%gglglﬁlaeg?ﬁiﬁﬁq ) (egﬂ( PPh3) 2d 2), pgl | adi un(11)
acetate (Pd(OAc)2), tetrakis(triphenyl phosphi ne)palladi unm{0) (Pd(PPh3)4),
or tris(dibenzylideneacetone)dipalladium(0) (Pd2(dba)3), in the presence or
absence of a phosphine |igand such as tricycl ohexyl phosphi ne or

tri phenyl phosphine at a tenperature between roomtenperature and 90 C for
10 minutes to several hours (reference: Kozhinov, 30 D. V. etal., J. Og.
Chem 69 (2004) 1378-1379). WD 2010/ 055006PCT/ EP2009/ 064816 - 28 -

Hydr ogenol ysis of benzyl ethers XXV affords the internediates |ib. The
reaction can be conveniently acconplished in the presence of 10% pal | adi um
on carbon under an atnospheric pressure of hydrogen, in an organic sol vent
such as ethyl acetate, nethanol, 5 or ethanol, at roomtenperature for
several hours. Scheme 3 o XXIXXXXI' I b 10 Alternatively, the hydroxyl

D - . - o, ~ o o




15 affords the correspondi ng chlorides XXX. The chlorides XXX can be
converted to the nethyl esters Ilb by a palladiumcatal yzed carbonyl ati on
reacti on.WO2010055M06s process, the Stobbe condensation cERTHR2Q3(064846 out in
the presence of a base such as sodium hydride, in an organic solvent such
as toluene, at roomtenperature for se¥ ral 20 hours. The unsaturated

di acids XXVI can be forned by treatnent of the products of WO

2010/ 055006PCT/ EP2009/ 064816 - 29 - condensation with an aqueous inorganic
base such as sodi um hydroxi de, in an organic solvent such as toluene, at a

tenmper g é'ﬁ&h@ﬁéﬁﬁ%@&'mfé?@ﬁhb%@ﬁrﬁﬁweﬁtueﬁ% difttéd iPthesIRINdB @ fsrmufa | or

Cyclization of the diacid can be achi eved by treatment of the diacids
witht phannuane@healryaa@eota’odmwtsmr epterotenepf WhEreinBmis eYANS: at ure for several
hours. Reduction of the carboxyl noieties in the intermediates XXVI1I with

l'ithium al um num hydride (XlII) affords the al cohols XXl X. The reaction can
be car fn atbothat einbodimdmethe poesgEmirvehlios & diestted tectheaniunal yod farfnudaa hor

di et hyl et her uene ures .t ture between room
t enper BFQW%C@B’ qgcpgfabé %‘k%‘?r gqs?ﬁeqeﬁgwgggedqh@ﬁygpggn al cohol s XXI X

W|th carbon tetrachloride (XV) in the presence of triphenyl phosphine (Xl V)

can be carried out in an inert organic solvent such as 15 tetrahydrofuran

acet onirt anotber embadimentNhRHESRAL MeNipMiffiiRCted O EiecaneRumes IpAfmula | ar

terrper f Graygr sion of the

chl or| Fr%&%{n\éﬁl a&leﬁ égd:érjreél r%gt {Sbmges%?gdgeg%@?nﬁ?l shed by a

car bonyl ation reaction, in a manner anal ogous to the one described in

e et hok s uE B B dheb B Eh R8T Begibiungs or Al or

Est eri bhaphaddutiehllyeedeptadi@6ams bhestormAt R wmeraarﬂﬁwhe@wacu d net hyl
esters XX, (previously described in Schene 2. Conversion of XXII to

internediates |lib can occur using the nethods described in Schene 2.

nter MahAbEe; k¥ rﬁ%egﬁeéaﬁ%@ﬁte ”é’&?écﬁ?%%&tﬁeh@o. fip S YorRaRk) Bal ene
car boxyli I nt er nedi at es 11 in the presence of a

cat al y1pharrazmt:mﬂnbaIdyc amapﬁmﬂe saltedr sstefsutherecdingrein R’ 4s pbgiey ssibsfitutest onosol  at
terrperatrw t%tn@ n roomtenperature and 80 C for several hours.

Al tler nQF PWEE Y "&sterification reaction can be carried out in the
presence of thionyl chloride and an excess of net hanol at terrperatures

between 65 C and 80 C for several hours. ounds of t Il é@-ﬂs f or ned
can be | pRAEEREMBAJINTRTY. the RraseH iR ENiPR S ﬂ'lr ted it {e ¢ ngéég‘fgr 21 Bed

above if §ﬁ icah §€éb[°prt'§oé§salts bt égfélsl thbteot WhEREn F€Yis 'pHéﬁ\ylré%%ﬁhte% éﬁde can
be pregare accordi . I'n this process, treatnent of
hydroxyz)rt\nloerwoilmrnmorbl [ whi ch enconpasses t he above conpounds Il a (R2 =
hydrogen) and lib (R2 = nethyl)] with trifluoronmethanesul foni c anhydride

( ) affords the triflates XXXII, which are then converted to the

car boxyh apoier dmbotimdnt, thepakbadtiinvertiahad dzected o trengdrap owrdsrafdomngda | 020

The hydroxyl conpounds |l can be converted to the tif |

treat n@ﬁ?rmﬁ@%t'@?“)f PersRbRRE FAIRSUPSISH @em%@e : ‘weny ?HE%M%’%% can
be carr With Rt denidisence of a base such as pyr| dine, triethylam ne,
N, N- di |d§§glrcgp3} et L&@%m n@ﬁ 2, 6-di met hyl pyridine, 4-dimethylan nopyridine,

2,4,6-trimethyl pyridine, or pot assi um carbonate, in a suitable 25 sol vent

B A A S
for 30 phiartaesutically avespiablécalts of estbey thecsaf wlesein\R® i& phehlsupstitutedeonceChem

39 (1996) 3756-3768
or twice with metHoxy.

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

30 pharmaceutically acceptable salts or esters thereof wherein R? is phenyl substituted at the



Conversion of the triflates )00(11 to the acids IIl can be acconplished by
a pall adium cat al yzed carbonyl ati on reacti on under carbon nonoxi de (15-30
psi) in aVAI2NWNBE06f water 5 and an organi ¢ sol vent sucRCEZP2009/064816

N, N- di et hyl f ormam de, or di nethyl sul foxide. The reaction can be carried
out in the presence of a palladiumcatalyst such as palladiun(ll) acetate
(Pd(OAc)2), in the presence or absence of a phosphine |igand such as 1, 3-
di phenyl phosphi nopr opane, or 1,t-bis(di phenyl phosphi no)ferrocene, and a
base such as triethylam ne, or potassium carbonate at a tenperature between

roomt Q'Bh?}ggi%ghngﬂq@%gf?l'rﬁ% Whé@r's tBMRSsitlonB &ive dicRESbeRMER fofdha IC.(aet al .,

Bi oorg. 2 (2002) 137-140; Cai C et al., Tetrahedron 61

(2005) selgpBressdyrmge hene 6 (XXM la (--0 H UNc) )00aVv = HN
N-c( -h or HNXN- \- 00 WO 2010/ 055006PCT/ EP2009/ 064816 - 32 - The
conpounds of interest of formula |la can be prepared according to Schene 6.
In this process, treatnent of the acids | wi_JHoxal yl chloride or thionyl
chl oride affords the carbonyl 1. The reactions of the

carbonyl chlorides )(XXII1 w
The protected am des )00(M1ed :
salts XXXVI under acidic conditions.

O(1V affords the am des XXXV.
‘o the 5 correspondi ng am ne
ylation of the am ne salts XXXVI

with the sulfonyl chlorides )(XXVIl, Xoll d by a hydrol ysis reaction,
affords the conpounds of interest of fd@mlayla. In the first step of this
process, conversion of the acids Il to|the Garbonyl chlorides X)0(111 10
can be achieved by treatnent of the aci A gxal yl chloride or
thionyl chloride in the presence or absence of di met hyl f ormam de, in an
inert organic solvent such as dichl oronet hane, ahydr of uran, or tol uene,

at a tenperature between roomtenperj@gure and 1105C for several hours. 15
The reactions of the carbonyl chlorides )(XXIIl with the am nes )00(I1V
generate the am des X)0O(V. The reactions can be carried out in the presence
of a base such as triethylam pe ridine, or 4-dineth m nopyridine, in a
suitable inert sol veh&BERK.4 R g%‘? Egélﬁ%fjﬁ ,a%tfb"ﬁ%ammaﬁi |l e, 1, 4-dioxane,
or tetrahydrofuran and m xtures thereof, at roomtenperature for several
hours. 20 The protected am des )00(V can be converted to the corres1pondi ng
am ne $mhtrsorEXxerifiarederodiment, hepiesent iorentiorhe diregied tedhe aAmpeuRds i ed out

ina sglutio L | S P
ri 11 ubr el pEbnal RO S HEPhBI S s afereBr AR B et o o
hour(s. substituted at the 4 position on the phenyl ring with chloro, fluoro, methyl, trifluoromethyl, or

methoxy.

In another embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R? is phenyl substituted at the

15 3 or 5 positions on the phenyl ring with chloro, fluoro, methyl, trifluoromethyl, or methoxy.

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

pharmaceutically acceptable salts or esters thereof wherein R? is phenyl substituted at the

3 and 5 positions on the phenyl ring with chloro, fluoro, methyl, trifluoromethyl, or methoxy.
20

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

pharmaceutically acceptable salts or esters thereof wherein R?is

-3(0),-R*and R* is lower cycloalkyl or lower alkyl optionally substituted by halogen.



25 Sul fonylation of the amne salts XXXVI with sulfonyl chlorides )(XXVII
affords the sul fonam des )00(1/111. The reaction can be carried out in the
presence WP 281048Wosuch as triethyl am ne, pyridine, or PCI/EP2009/064816

4-di met hyl am nopyridine in a suitable inert solvent such as

di chl or onet hane, acetonitrile, 1,4-dioxane, tetrahydrofuran or m xtures
thereof, at room 30 tenperature for several hours. WO

2010/ 055006PCT/ EP2009/ 064816 - 33 - Hydrolysis of the sul fonam des XXXVI ||
affords the compounds of interest of fornula la. The reaction can be
carried out in the presence of an aqueous inorganic base such as |ithium
hydr oxi de, sodi um hydroxi de, or potassium hydroxide in an inert sol vent
such ain 8 nra-sgieoifiasshodiment; e rresentriaventionrs difeeteie tha eemrewdsseiver al

hours. . Sch 7 . [ ® |94 be
or epar BITUE Eopha gt do IR aB LR 3ot tE EbGRhoRln EPITEIO) RTART

) ( XXI XR*fiohletiwicethyl, propyllistipyspys, cyepromy, ofcldpeatyl esutifiuorgmettydr s XL,

af fords the conpounds of interest of formula | b. 15 The am des XL can be
preéared by coupling of the acids IIl with the am nes XXXI X. The reaction
can be|£akstheFe@BbdinitdtBeresaiGR plioR iLdRedtéd fo PErdophpslinge df ferarienbum
hexaf | uorophosphate (PyBrop) and N, N-diisopropyl ethyl anmine in an organic
sol venphaumdceasicalln\aeieptats balty apeates, thateof whereiR fpds at ure for several

hours. iy AR 1S oAbt DBREMYSYRTHRE BREIIRR Rfiok@ealRill des XL affords

t he conp ds res ormu reaction can be carried out in
the presence of an aqueous inorgani c base such as |ithium hydroxide, sodium

or ot Ihoeer BrbAOE Robh A eapi B et ahearpasingg brjggtida PPN
2010/ 0pRARREETHERROAY e Balts Srlestelcthersdf dherdih® conmpounds of interest of

formula Ic, Id 1Ie and |f can be prepared according to Scheme 8. In this
pr ocessS(Q)R"ianddR nis dhen¥Lntiogabusrsditiied eece o8 twige Pidlugiher s XLI T by a

M t sunobu reaction. Hydrolysis of the nethyl ester noieties of the ethers
XLIl affords the conpounds of interest of fornmula |c. The protected am ne
gr oups In andthet eanbedinoantethequiesenttimention isedipesidd e thendanegouidsiaf fermeea | ati di c
conditipns, followed by treatment with a bas 0 .generate the free

ot s PRAgReRRaY Saarb e Rel S et B RE el O e or i des xLiv, wo
2010/ 056APPREAAERZ RORWRE£5dIBalkyIdT loweohlkpvediohyllyasubstitutey by hafae@et | on

af fords the conpounds of iInterest of fornula Id. Sulfonylation of the
amnes XLIIl with the sulfonyl chlorides XLVI, followed by a hydrolysis
reacti r - j i g7 isf I fof the
am nes X TT e g e el el 5 R STle o e SO POLSY 2et on
af f or d$ormhda t onploamueoficadllytanceptable edltsf arasigra théreoirwbeiain B itedi(&)dY anda

ted the eth L ' ith 4-
Py byt o B sy PRI BITT Beaplar Py RO, SRR BT Poact on
can be carried out in the presence of diethyl azodi carboxyl ate (DEAD),
dii I di car boxyl at DI AD), 10 .or. di-p-chl b
azodl 4 BURYEABEOROIDI. MR e TBIANBAG AHFo1E0 6 TP BT TS Jam e 46T vent
such aithrgﬁté'gééﬁicaﬂ&}556%%5’67@%5%‘&eét@F§t¢ﬁgVe§73ng\fgé¥réiH1R3Q§ acetonitrile, at a

t emper ween room tenperature an or 20 m nutes to several
hours (C{@RRZandiR] isvphenyl eptianally spbstitatestibyhalogen or lmveraod) 2157-2159). 15
The,internmediates XLII can be converted to the corresponding am ne salts by
treatment under acidic conditions The reaction can be carried out in a

sol ut i gm achoteysheaiiereratbdimiede tha presehainekntion ia directed torthe tompotihdeobacet i c
acid in dichloromethane at room erature for sevFr%I hOF%S' ré& Tl%\kfrﬁ?[ﬁ ne
salts damya ! epRbeMase Uil RceRbin R IR ramtEdNKIERT WhBTER Fedt el RidTH a
base. Hiqs gpBRYIFHIBAIRS sUbBtiE@BnedTbREscS B fldgrocar ried out in an organic
sol vent such as dichl oronet hane or ethyl acetate, by treatnent with an
aqueous solution of a base such as sodi um hydroxi de, sodi um carbonate, or
sodi um bi carbonate at roomtenperature. 25 Reaction of the am nes XLIII
with the carbonyl chlorides XLIV affords the am des XLV. The reaction can
be carried out in the presence of a base such as triethylam ne, pyridine,
or 4- dinethylam nopyridine, in a suitable inert solvent such as

di chl oronet hane, acetonitrile, 1,4-dioxane, tetrahydrofuran or m xtures
thereof, at roomtenperature for several hours. WO

2010/ 055006PCT/ EP2009/ 064816



- 36 - Sulfonylation of the amnes XLIII with the sulfonyl chlorides XLVI
af fords the correspondi ng sul fonam des. The reaction can be carried out in
t he preseM@&IHI0S300pase such as triethyl am ne, pyridine, PEA/EP2009/064816

4-di met hyl am nopyridine in a suitable inert solvent such as

di chl oronet hane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mxtures
thereof, at room5 tenperature for several hours. The ureas XLVIII can be
formed by treatnent of the amines XLIII with the isocyanates XLVII. The
reaction can be carried out in an organic solvent such as dichl oronet hane,
acet onjd ghébtReLEmBbAMERSINE PPEQRI inv&hti® i RNBE tRthe! Drigiungs W famueLes. 10
Hydrol ysis of the methyl ester noieties of the am des XLV, the sulfonam des
and t hphameagsukcallyl acceptableisalisher esdeiscergef wherai & ést of fornula 1d, le

aucou TR tend B U ERR" AR AR A pBthaly e PP B R %h, ="

pot assi um hydroxide in an inert solvent such as 1, 4-dioxane, or 15

Er ookt Btoto Shreliae HABRR, B Bger Ny IO o Peed ta S falBoids oo at e
I1b-1 i sﬁﬁhé?mgtéé@ﬁbaa@ a@calé@ﬂabmrﬁr srs ittdrepMRBERIrERT |s JO103NEIyE 5

to make4t he conmpounds of formula H') can be prepared as described in Scheme
20 9. Readm¥rs msthylsethyuereapybHserrppylaexaiorropy evlorankyl, Qi trifuereasiy!.

chl oride generates the corresponding acid chloride in situ, which is not
isolated, but treated with the Wttig-type reagent L in the presence of a
base t in pnottiacembbeinadrtethe piteséntavientioh s direated faithet @napilinds @i fereada | on of

the allene with | oni ¢ idtert-hut ester ethyls.ester produces the tri-
v 4016 asati et hesssa it a0t asteis et Shef 0 iSe L1 1 ™ wni ch upon

hydr ol ¥@(®)-ﬁM-RﬂWRﬂ'¢§Iéh§|ﬁﬂl@btﬁ&i@bﬂ}/%bb@tﬁtu&@rl@y lRdlegert beloasrr dlkger i vati ve
LITI. Acetic anhydride-pronoted cyclization of LIII furnishes the

napht hal ene derivative LIV, which upon hydrolysis of the acetyl group

pr oduc ic: BEREH, [ B i '

(4-1l uﬁgtﬁﬁ%ﬁﬁ%—c @gtgﬁ C ac?‘gﬁg%é Prtes%eggirn g%i‘i?gﬂgﬁﬁ%aaegﬁaqﬁ%F%?P%‘é”%se?fi vatives
can befaouwtarpbi pterthareutieallycdsekriablansalis artesters therpof wbsiimRe js 1HE)M™NERt i on

can be garried out with oxalyl chloride and. a tic anount of
N, N-odi Feefl I'%d? ﬁPWeOp(t' Xélti't??%ﬂ‘ﬁe%f)ﬁg? OE@Y@%ﬁyfﬂaé%'room t enper at ur e.
Subsequent treatnent of the in situ generated acid 10 chloride with a base

such as N, N-diisopropylethylamne will| lead to the\ﬁ%;anerati on of thfe
cor r es PoAANOG SeecEirEMRAHIPANG HamPreseat nueRticn is KirgClal:teitie comrorRdZ8ht such
as L i i r f whefeiP ROISARIIA IS

al | ene%@ql€gp Fé%&ﬂaﬁ%@hgﬁ@oﬁcg !ngé%féi cﬁi%ﬁér?gg%}te igon %Ie%tI ween th)ﬁe IaBIhI ene
derivative LI and nmalonic acid tert-butyl 15 ester ethyl ester to produce

the tri-ester derivative.LLl, i ted in the such as
ot b s ARt 1l PR EERt b RBlSRE PO B A "t
room t espenal ur pharfieeattslly ducdpelokssaitsodr dshersttmereef pbretrs RéisadetylLl | can
be acconplished usjng nethods 20 known in the ayt., For exanple, the

react i Oh adBA TP ESHRATRAMEET HoF BIFSEaLBYERL '§@r§ﬁtﬂq tgdne PERWHM%? oxi de,

I n th?fﬁr’n’ﬁﬁ%ﬂ%?pﬁ rn?ac%%c\!élgtao%légfbb@sﬁfs@r@ters%erregp%é%wngt"f’é e

over ni ght. e subsequent decarboxyl ation reaction can then be carried out
by heatbutexycadosgl uti on of the resulting diacid at reflux for several

ho%i, to produce LIII. 25 The cyclization of the unsaturated acid
derTvative LIIl to the naphthalene LIV is acconplished as previously

descri ednbtherirdepehde@amatvadi@ent, itme presept iesentian alfo aelatasdoandpdmipdendsd

pot assi um acetate or sodium acetate, at a tenperature of about 85 C, for
sever alof RITI4A £ Wo 2010/ 055006 PCT/ EP2009/ 064816 - 38 - The acetate
derivative LIV then undergoes a hydrolysis, upon treatnent with a base such
as sodi um net hoxide, in a solvent such as nmethanol, at roomtenperature, to
produce the desired key internediate Ilb-1.



5EXAMPLES MATERI ALS AND | NSTRUMENTATI ON | nt er medi at es and final conpounds
were purified by either flash chromatography and/or preparative HPLC (high
per f or marW¥e 2010\3FW6chr omat ogr aphy). Fl ash chr onat ogr aphyCRES2009/06481¢ or ned
using (1) the Biotage SP1 TM system and the Quad 12/25 Cartridge nodul e
from Bi otage AB) or (2) the | SCO Conbi Ifg ash(r) chromat ography i nstrunent
(from Tel edyne Isco, Inc.); unless otherw se noted. The silica gel brand
and pore size utilized were: (1) KP-SILTM 60 A, particle size: 40-60 m cron
(fromBiotage AB); (2) Silica CGel CAS registry No: 63231- 67-4, particle
size: 47-60 mcron; or (3) ZCX from Q. ngdaQ Haiygng Chemical Co., Ltd, 15
pore size: 200-300 nesh or 300<Z08xTESH 5
a reversed phase col um using g b dTM Pitlep C18 (5 [im OBDTM 30 x 100
mm colum (from Waters CO&Q o 3 :S@nFireTm Prep C18 (5 [im OBDTM
30 x 100 mm colum (from Waters Corp¢ration). 20 Mass spectronetry (M)
was performed using a Waters(r) Al liafgce( 2795-ZQTnm2000 (from Waters

Cor poration. Mass spectra data gené&al | W on ndi cates the parent ions

unl ess otherwi se stated. Ms data i s provi f N@Rparti cular internediate
or conpound where indicated. 25 Nucl ear magnelic resonance spectroscopy
(NMR) was perforned using a Bruker Av@ance 400 WHZ Digital NVR Spectroneter
(for the HNVWR spectrum acquired at 4 MHz) (from Bruker Bi oSpin). NWVR data
is provided for a particular internediate or conpound where indicated. WO
2010/ 055006PCT/ EP2009/ 064816 - 39 - The m crowave assisted reactions were
car r i edndpharmaceBicelyagecaptiable salis v Setery thereefmvBetginige AB) . Al l
reactions involving air-sensitive reagents were performed under an inert

at nosphere. 5 Reagents were used as received from comrercial suppliers

unl ess ROtihiesstRe frnh @t gRMETconsisERFBARATI ON OF PREFERRED | NTERVEDI ATES
Preparation qof (6-fluoro-4-hydroxy-naphthal en-2-yl)-acetic acid nethyl

ester 100H@-NYAQg€Hor o- benzyl i dene) - succinic acid 1-methyl ester HO 0
To a refl UX'FB}Q\arIE Jre of potassiumtert-butoxide (27 g, 242 mmol) and
tert-butanol (150 nL) was added a sol uti on of 4-fluoro-benzal dehyde (20 g,
161 mmvol) afe) leveralkylloptisnalycsyibssiuted 28 flgpro193. 2 mmol ) in tert-butanol (100
m.) dropw s | DG SLT r or 3 hours, the m xture was
concentrate )ilﬁ\rvérg@hg&@&}oﬁ% éﬁ Setﬁ]t-egﬁya%r&’ The residue was dissolved in
1 Nchydr ochl@riowenskds(idl,rd)d The resul ting agueous sol uti on was
extracted w gh ethyl acetate (100 nL x 3). The conbined organic |ayers were
dried over § 8Yd'sul fate, filtered, and concentrated in vacuo. The residue
was purified by colum 20 chromat ography (elution with 30% ethyl acetate in
petrol eumether) to afford 2-(4-fluoro- benzylidene)-succinic acid 1-nethyl
ester (RrHs Bygdrogeswy layeralkylgand yel | ow solid. 1H NMR (400 MHz, CD30D) 5 ppm
7.84 (s, 1 H, 7.41 -7.46 (m 2 H, 7.13 -7.20 (m 2 H), 3.81 (s, 3 H, 3A9
(s, 2 H. WD 2010/ 055006PCT/ EP2009/ 064816 - 40 -

4- Acset BRyis GO Rt wheahRAS select2d deomb theydriotpaondistieg bffl ester 0 0 To a

stirred sol uytiqgn o -(4-flyoro-bengzyl i dene) - succini.c aci - I ter
(2 g, 8.4 |F3c¥"%”|¥r%%% rizé’[ TePis édz é%”yﬁBS B’@\%%y Ed%%@”?ﬁ%gﬂéﬁtg@%%yeo 0. 83
g, 10.1 nmoly} mohk kapsteems of (WeRbIBEeAbr (BfIbwsr AIRYI dhtibaNBsubistieutsd b diueroras
concentrated in vacuo. The residue was dissolved in 1 N hydrochloric acid
(20 mL). Thé@ndqueous sol ution was extracted with ethyl acetate (15 mL x 3).
The conbi ne Ll r il sodiumsulfate, filtered, and
concentr at ego)ﬂé\g\%géﬂéxl.ﬂﬁ@gu%\%%}@t&ggyg%?hi ed by col um chromat ography
(grzadient elution with 10-20% et hyl acetate in petroleumether) to afford

5005 - aHesmnPiEale oBeriRE R B Hs of G MURRERE) st Huoe Phe ) Bhporhpded
(dd, J a0 Ds8bie SteRbistimerd (1., (R)-8%ar(tdmeks H)S)-ehablohdth, dibsterBoBlers)asS8elHz, 1

H, 7.37 (td, J = 8.59, 2.53 HZ, 1 H), 3.99 (s, 3 H, 2.49 (s, 3 H).
6- Fl uoras-racenisr 334, SeraRIcHaEHES N&&Phoxyl i ¢ aci d methyl ester 0




150H To a solution of 4-acetoxy-6-fluoro-naphthal ene-2-carboxylic acid

nmet hyl ester (1 g, 3.8 mmol) in nmethanol (20 nL) was added sodi um net hoxi de
(309 ny, WO20HAIF06 After being stirred at room t enper aPGTEPRYPO0¢4SouUr , t he
reaction m xture was acidified to pH 3 with 1IN hydrochloric acid. The
resulting precipitate was collected by, filtration and dissolved in ethyl 20
acetate. The organic solution was dri ed over sodium sul fate, and
concentrated in vacuo to afford 900 ng of crude

6- f | uor o- 4- hydr oxy- napht hal ene- 2-car boxylic acid nethyl ester as a pale

yel | owrgalgy, g EhentiHveRtivRalsesemtddiot rhétﬁbdétof slPRFAMLLMYANd UEihG 8fie BofmbbUGES | on.
WO 2010/ 0 5006PCT/EP2009/06481 -

4- Benz9f toxyu-Z paaved- assarmarmlcen@caﬁcemp@amm eonriginingeeyForarewdsy Thy a

m Xt ur f 6- - 4- 0 | t ter
(a6 goBollad SFioRleny Aeciitn RARHCRT B pa TP W s CRTHR RUep®P T
br om dend mal/berlsefdRinGreating }diseasas endriisrd€6 askpciatsfd with theit neceptorsush as
vigorous|ly at reflux for 4 hours under a nitrogen atnosphere, the resulting
i xtour 8S 'cooled to roomtenperature, filtered, and concentrated in vacuo
to give 4-benzyl oxy-6-fl uoro-napht hal ene-2-carboxylic acid nethyl ester
(5.85 g, 90% as a white solid. o

10( 4- BEn2ye empogimeniothe-prepentiayenion.is diye¢igd hafa compaunds @‘|f9rmtgla<¥f0fl i thium

glom.n n ofgézé@(éalgl?&e&ﬁ%%@:g %\Sa{é%t h%}e@ﬁ@%%%?@ﬁ ;rfyac acl dwarr:t ﬁSIdeceis?er

(5.8 g, 18.7 nmmmol) in tetrahydrofuran (30 m) at O C under a nitrogen

t Af t 5 h d at,60.C f d itr
2t e pERBStErEPed TS s RUSR sepeet v o T P EnaR LI hRER 2 ory
hydr Ocphafméce%ﬁubdwébc%@a’b}é\sélk@off@ﬁéfsl tB8reol Mberéin RIne flua®. ext ract ed wit h

di ethyl ether (50 mL x 4). The conbined organic |ayers were dried over
sodiumsul fate, filtered, and concentrated in vacuo to give

(3, it htp USRI LS AR Bt (G GmSSsst i o

1- Benz phanya&utichity acmephaile Faltd avestersaphrasdmiescin R o metkyll uti on of
tr| enyl phosphine (2.8 g, 10.6 nmol) in anhydrous tetrahydrofuran (16 nlL)
was! added carbon tetrachloride (5 nL). After the m xture was stirred at

room 5|4 gAB@EAEMbOdIGENt LeriresérSnvention |s dlrected to the compounds of formula Z or
(4- benz%l oxy- 6-fl uor o- napht hal en-2-yl) - nmol ) was added

as a s® ﬁﬂ“@ﬁﬁiﬁ'ﬁa%}’ WQW&@&%%@%"S%@%" e é‘fheﬁeééi:b '%?‘V‘F'rtogﬁn reflux for 2
hours, the resulting m xture was cooled to roomtenperature, dlluted W th
water, and extracted with ethyl acetate (100 nL). The organic | ayer was
was hed Imanbthﬁaembodh‘smenﬂ_the @eserthievantiobiihdidecigd éothe ¢aprewndseafdomula £cared

i aea Ry odrbidbe st Breds BB MR AR T o PRSI TS s T

purified by colum chromatography (elution with 5% ethyl acetate in

(it Lf()lgerl1J g"ﬁ%@%@%ﬁ%f{r% gr@?q?rar;tz \lle?’])%l%;‘] is &lplecotreg T rIeycompcfnlmud")s SHibaRNL R ene

15( 4- B EBatér/thbrets YHefeir R bhyl ester A flask
cont ai Iﬂ%)é,h% uéﬁ%)f oxyé-b#[%:%}ﬁ@g'r%ghet&hya 7-fr | uor o- enlapht?lgﬁen%l (5.4 g, 18
nmmol ), bis(triphenyl phosphi ne)di chl oropal l adiunm(Il) (630 ng, 0.9 muol) and

el e b L A S e P

ver e aghecmbyeuteamsacdeptatsly sattger edtetethetmifnheseini *ddl bahzyloom t enper at ur e
under a carbon nonoxi de at nosphere (balloon) overnight, the WO

2010/ 055006PCT/ EP2009/ 064816 - 43 - reaction mxture was diluted with water
(100 my) onarshisddimast ek We%@nﬁhbé’ﬁtlo@ﬁgtdﬁbéte@]t@Qhéfbémfﬁb@ds)bﬂ@ﬂhgldIadﬁé was
washed with water (50 nL 2). The conbi ned aqueous | ayers were extracted
wi t h etdinarmaceutisaly @qcmtalw salied esies thesrpl M@ @hgani ¢ | ayers were dried
over, S I .n vacuo. The residue was
pur%% %fsgg]a@glé%tég_' Ch Ll‘?é Qtw&%@( [glri)&r;:é\?\ngt 20% et hyl acetate in
petrol eumether) to aff ord (4- benzyl oxy6 fl uor o- napht hal en-2-y1)-acetic
acid nethyl ester (5.3 g, 91% as a white solid.

(6- Fl uor o- 4- hydr oxy- napht hal en-2-yl)-acetic acid nethyl ester



OH 10 To a solution of (4-benzyl oxy-6-fluoro-naphthal en-2-yl)-acetic acid
nmet hyl ester (876 ng, 2.7 mmol) in nmethanol (20 nL) was added 10% pal | adi um
on car borWO28W/§006 The resulting m xture was stirred viPGOEFAYOPo4$heler a
hydr ogen (ball oon) atnosphere overnight and then filtered. The filtrate was
concentrated in vacuo to give (6-fluores4-hydroxy- naphthal en-2-yl)-acetic
acid nethyl ester (601 ng, 95 %9 as a V\Zﬂte solid. 1H NWR (400 15 MHz,
CDC13) 5 ppm7.69 - 7.76 (m 2 H, 7.30 (s, 1 H, 7.22 - 7.26 (m 1 H),
6.82 (s, 1 H, 3.74 (s, 3 H, 3.72 (s, 2 H. Preparation of

(6-f1 upn as 4aBy8k O lowdr Ry lopharalhalRindey by flaset i ¢ acid methyl ester CH
202- (4- Fl uoro-benzyl i dene) - 3-net hyl -succinic acid 1-nethyl ester O WO
2010/ 0BB (06RITyEPRODWeIGHILENd 44 - After the careful addition of absolute

met hanghk . (0, ). I .sodi um hydride (20 g, 0.5 nol, 60%in
m ner aﬁhdﬁ( %I%Ftﬁhé‘rnqg@H‘f%@@)ﬁ?%{&ﬁéﬁﬁnf%o m.), a solution of

4-f | uor obengslpyetbinge (31 g, 0.25 nol) and di met hyl 2-methyl -succinate (60
g, 0.38 nol) in h 0 uene ( s _addeds at rogm te rature
under a stream o?bn)r#ﬁ)@)‘g%nb?@'%h’eorr%@[%%l}?rﬁ%ﬂmﬁss%ﬁq?q ﬁ&ﬂﬁ&r oom
tenmperature for I JAHERENG B (1) NGReCaIRNC128 dhBMyItditioB hiIRvs iddilte @By @he st er
(20 m.). The m x%%#g] was ar(]:?di pit)ed to @P—f @%é t%ed’p)gddi Pi,%on of congentrat ed
hydrochl ori ¢ aci @&vo halagetansciSeaengy Br ehanyletyet ate (200 nL x 3). The
conbi ned organic |ayers were dried over sodiumsulfate, filtered, and
concentrated in vacuo. The residue was purified by colum chromat ography
(el uti tmawhdre speeifietcnyodirmentatie fi@sent ipe¢ntoindsigirectedrtd at eorapdumnddof formula

2- (4-fluoro-benzylidepe)-3-nethyl-succinic acid 1-nethyl ester (20 g, 33%
as & Pfé%gqqt%ﬁl#r‘i'ﬂt r?lifb%)orﬁ{ﬁ',ngacgetone-d& 5 ppm7.77 (s, 1 H), 7.54
(d, J =88 H, 2 H, 7.25 (d, J =8.8 Hz, 2 H, 3.82 (q, 7.2 Hz, 1 H),
1.40 (d, J = 6.8 Hz, 3 H. o
6- FI uol4{4Emanesuljors!-pinargzinerd prarheméhi-lposs mesthyranidhalengr Hipoelisi agid;o
19CH T0r P Blateb o B gk i 2yl SRR ornaRhL, 1 3666 Adig, aci d

1- met h% @egﬁer gﬁ%ﬁlgﬁ)ﬁe&%ﬂ‘éﬁ%ﬁ%ﬁ@ﬂf%ﬂggﬁ;t%%hyggof u{rlgn tlo r;L) .

trifl ufB-bhoedMe(dambinanedefqryl-Bipgrazlte-7-oantudn)y! mersnedlold exh phih 2pfradedia

fol| ovved.dt_)y the addition of triethylamne (3.3 m, 24 mmol) dropw se. After
bei]r?g &% red at roomtenperature for 4 hours, the mixture was acidified to
pH 3 wigglF | 20 3%natiyeaLs-(pipane -ailfonydgiseranide extarbonhgipnaptthakna-y}-acetiat e
(20 nmL). The organic layer was concentrated in vacuo. The residue was

di ssol @é;i n methanol (15 nmlL). The resulting solution was cooled to 0 C,
then t e 41, IS UL AR MBrbonANHagithaleRD-Jipr 1
hour . ﬁgﬁ@ﬁa‘gﬁmg@%ﬁﬁl@@%\xg@%gﬁ ut gdéﬁmpph%é?hy? acert%rt]@p(azlg% m.) an%PS%
aqueouschiaadhl oric acid (20 nL). The aqueous phase was separated and

vord vt vkptohsriend o BRI Sttt e S0 Bd R R AR 2 o
concentacatiedcidn vacuo. The residue was purified by colum chromat ography

(elution with 10% et hyl acetate in hexanes) to ffom1 ?-f&u ro-4- [
2010/ 05&hdEBefr Nsehgyonylgjperazine- -carbonyﬁl—nap alen- -yﬂ-acetlc acid;

hydr oxys 3. 7 PR ' j Indthpsiaphtialdilong- 80%)
g i i U i P
2- (4- f lagetioabidnzyl i dene) - 3- met hyl -succinic acid 1-nethyl ester, 5 using a

e RNk e AP RN Moty o 2 ot

6- f | uoragidd- hydr oxy- 3- net hyl - napht hal ene- 2-carboxylic acid nethyl ester was
obtai ned as a pale solid, . ,

4- Benzﬁ'&@(@-e@Zg'FW%DX':%@tWa:?%B}W'ﬁme@ﬁ@eﬂ@ﬂwpr@gu%@f%wtﬂﬂyI ester 0
10 TezhiHatdnid§celic kler o- 4- hydr oxy- 3- net hyl - napht hal ene- 2- car boxyl i c
acid nethyl ester (8.0 g, 34.2 mmol) and potassi um carbonate &9. 45 g, 68.4
mol ) B luatagdmethvi¢ Brrhanyieethanesyiony k2, 6eliagmsnirgl 3. 3entenrs2 CBRPM)y . The

res tlr%%g Jé#g%}]\é&%ﬁ%lagﬁfous'y stirred at reflux for 10 hours under a

ni troge mosp e mxture was cool ed, then



15 filtered, and concentrated in vacuo to give

4- benzyl oxy- 6-fl uor o- 3- net hyl - napht hal ene-2- carboxylic acid nethyl ester
(10.4 g, YORP1045586whi t e sol i d. PCT/EP2009/064816

(4- Benzyl oxy- 6-f | uor o- 3- et hyl - napht hal en- 2-y1) - nret hanol WD

2010/ 055006PCT/ EP2009/ 064816 - 46 - ester (10 g, 30.8 mml) in
tetrahydrofuran (50 nL) at O C under a nitrogen atnosphere. After being
heated at 60 C for 2 hours, the resulting m xture was cooled to 0 C and
treated with 1 N hydrochloric acid to quench the reaction. The aqueous
layer wap ¥ ang@muwrd Beﬁie&{é&mforwms. e(alz% Meatodnyl]-SThetSAABPREEIH-BFNE C
| ayers were dried over sodiumb5 sulfate, | tered, "and concentrated in
vacuo toeti aeid;( 4- benzyl oxy- 6-fl uor o- 3- math yl napht hal en- 2- y1) - net hanol (8.4

3 2 relo o SghbBypi Dpedlty o Mgppﬁﬁﬁgh PP adly ezl 2 5

(m5b?cet|c7aa4(td J:24 8.4 Hz, 4.99 (s, 2 H, 4.87 (s, 2 H),

2. 47 enz hl oneth or th t hal ene
To & ST Bl BRERG TAsSHPHE -DpeEae-S P R Rp AT Bl 2y

t et r ahyde@f sign (32 m_) was added carbon tetrachl oride (10 nL). The m xture
was stirred for 10 nminutes and 4-

benzyl i{A-6.4Dibraodensengs uieapbroingrazine-ytarbery hénfupra-2-resthylnaphivaey-2oas
introdyﬁ_%d ﬁéaé‘é a solid under a nitrogen atnosphere. After being stirred
at ref hours, the resulting mxture was diluted with water, and
ext r ac{@&luaird-H- [ét Byfluow—béatene(sbﬁdnyﬂ_plpeﬂ'am&aﬂgammﬁyll]a?ymetMQamm -Riyith
wat er (50, nL . The conbi ned aqueous | ayers were extracted with ethyl
aceltlat C?i%@c'ért) and the conbined organic |ayers were dried over sodium
sul fateq gf (4,4 EifGbro HhzE RSBy BlpRsbrafing ACtrbonyIE6 flesraiBenatagl-maphtialed-2by
col urm 20 chronat ography (elution with 5% ethyl” acetate in petrol eum et her)
to af f glhdCetigagigy| oxy- 3- chl oronet hyl- 7- f | uor o- 2- et hyl - napht hal ene (3.5 g,

83(,%) a% R ggb%g?e}q,lﬁw p%&i%e(ﬂgﬁ)b%gl)- Wb&ttﬂﬂ%ﬁhﬁ%l&ﬂﬂ y éJacetlé afid; 9- 3

7 25 (1[4}(4-Benz@aesulf8nﬁ fizerazinef)1-carbomylj-6;tritucdp medh pgy- maphtlzaler)Zﬂl 5tzpt(cs 3
]04\/5 %@ for C19H16CLFO 314, obsd. (ES1+) [(M+H) +] 315. WO

2010/ 058506 PCT/ EP2009/ 064816 - 47 -

(4- Benzglruoto G-l uciuard-phehilybiperphibdialeibéh-3-natieflirapathaiern@iyiiydcetist er A

fl ask containing 1-benzyl oxy-3-chl oronethyl-7-fl uoro-2-nethyl -napht hal ene

(3.3 gaci. 4 mol ), bis(triphenyl phosphi ne)dichl oropal | adi un{I1) (360 ny,

I Hcpgl and

then THTT ARG REEIPAAE ﬂ@x?g"&loﬁg&%o%ﬁ)&rb*’ﬁ DR e

t et r ahyehFdfarodn[4¢ 29‘Iud£§v pheng) m@zlw1mh@%}ﬁ3@e§bylm@@tha¢m -éryllhesaiig

stl d:]ed adt roomtenperature under a carbon nonoxi de at nosphere (ball oon)
% the resulting mixture was diluted with water (50 nlL), and

oxt racgwlwrw -wbtnyl-43agswng n%@@thgmm cahmlqr)gmprnmamﬁem]mtnmmed i t hh |
wat er X | he agueous a rs. wer extr t et
ot at SO DGl RIS T G threy e 2 Sccedb s

sul T at ¢5Fidrb &L Sdtn B/@ﬂ%%@&@% ip8tethe: ILCUASIHR)-nERMHTRSH-dLim-estic ierd; f | ed by

col umtm "chr onmat ogr a lution wth 20% et hy I acetate in petrol eum et her)
to aff cﬁedF|qo¢o+£empmmy{4d3ftrlhmr@n@imh9nylbrammm%ﬂ -carpanylarashtialeriZdyl}-
ma'g%sy ggl a0|83 g, 97% as a white solid. 1H NVR (400 MHz, CDCI 3) 6 ppm
.80 (&§°'99€% 5 572 8.4 Hz, 1 H), 7.70 (d, J = 10.4 Hz, 1 H), 7.40 -7.59
(m 6 kb, FIJorBEA Kﬁ@,méthex@ ;ih,en8l.)$>idaaziﬂle-l-’l)carﬁo@ﬂ]-3ﬂ;r,1et2yll—|1)aphmc'ﬂan-@syl}-ac&ﬂ)c,
3.75 (s, 3 H, 2.42 (s, 3 H; M cald. for C21H19F03 338, obsd. (ESI+)
[(MFH)aP] »339. (6-Fl uor o- 4- hydr oxy- 3- net hyl - napht hal en-2-yl)-acetic acid
met hyl ¢ tHOX§PHERYQIpigtrazine-1 carbon I]-3-methyl-naphthalen-2-yl}-acetic
(4- benzgﬁ%oézgqéoﬂag kg) ?}B{Ht hyWna%iht hal en- 1)5] acet i )é ace d nmet hy3I1} ester
(3.4 g,ackd. 0 nmol ) in nethanol (50 nL) was added 10% pal | adi um on car bon
(0.5 g). The resulting m xture was vigorously stirred under a hydrogen
(bal I oon) at nosphere overnight, and then filtered. The filtrate was
concentrated in vacuo to give (6-fluoro-4-hydroxy-3- WO

2010/ 055006PCT/ EP2009/ 064816 - 48 - net hyl - napht hal en-2-yl)-acetic acid
met hyl ester (2.44 g, 98% as a white solid. 1H NVR (400 MHz, CDCI3) 5 ppm
7.69 - 7.74 (m 2 H), 7.34 (s, 1 H), 7.21 (td, J = 2.4, 8.4 Hz, 1 H, 5.16
(s, 1 H, 3.82 (s, 2H, 3.74 (s, 3H, 2.35 (s, 3 H; Mcald. for
Cl4H13F03 248, obsd. (ESI+) [(MFH +] 249. 5 Preparation of 7-fl

uor o- 3- net hoxvcar bonvl net hvl -2-nethyl -naphthal ene-1 -carboxylic acid 10
(6-Fluoro-3-nmethyl-4-trifluoronethanesul f onyl oxy- napht hal en-2-yl)-acetic
acid nmethyl ester



To a cooled (ice-water bath) solution of

6- f I uor o- 4- hydr oxy- 3- net hyl - napht hal en-2-yl)-acetic acid nethyl ester (1.16
g, 4.7 m¥PROEMESW¢ridine (1.86 nl, 23 mmol) in anhydr oBETEE2009/064816

di chl oronet hane was added trifl uoromet hanesul foni c anhydride (929 pL, 5.5
mol ) dropwi se slowy to maintain the_ﬁg[rperature below 5 C. After being
stirred at 0 C for 2 hours, the resulting m xture was concentrated in vacuo
to renove the solvent. The residue was dissolved in ethyl acetate (20 nli).
The resulting solution was washed with 1N hydrochloric acid (10 nL 8 2),
dried ener ' B fidd- taf-2dphthakh-Y30Letid he

resi dug/&ags%myiu?p%w%@bggzmn%ﬁ?ﬁ%&ﬁ%ﬂ%ﬁ??ﬁIﬂ{i oﬁ with 20% et hyl

acet at ecidh petrol eumether) to afford

(5 1 8B BB LB GBS POYhry SRR kel

2010/ 025004d&LE/dciRp 009/ 064816 - 49 - 7-Fl uoro- 3-net hoxycar bonyl net hyl

-2-neth -napht hal ene-1 -carhoxylic.acid 0O rr. bottl e containi.ng
(6- Pl uiﬁ%h@f %@Rﬁg@zrﬂ@tﬁwﬁr?ﬁs&’@g@%ﬁéﬁﬁ%ﬂ f‘@ﬁ?ﬁ’g&ﬁyﬁ@eﬁm‘Wé‘th‘-a%“y%yﬁ}'aaC@é'Pi c
acid ngthyl ester (1.0 g, 2.63 mmol), 1, 1'-bis(diphenyl phosphi no)ferrocene
(148 , 0.27 mmol ), and palladium(ll) acetate (60 ng, 0.27 mmol) was
evacua fbw-éaaﬁnlfﬂwqfomh|enmmqramaaﬂb@ﬁfbﬁ@yibﬁiiﬂa@ro-&r,mﬁtavlriﬁmmalﬁm#axﬂi-a%et(%o
m.), watar (40 nmL) and triethylam ne were added by neans of a syringe. The
reaction m xture was shaken at 60 C under a carbon nonoxi de atnosphere (30
psi) f ¢-[4(DHBDismetithg-phesyl)ipipayaringt lucarboag]-Aifluoted-methil-raphthalecetwi-e (60
m.), and then extracted with a saturated aqueous sol ution of sodium 10
cartfonF8¢8HInL x 3). The conbi ned aqueous |ayers were acidified to pH 3
by t he {&FRwreddnbirgnagh-(2 2t drysheashbRénd)-pipeehine-atarsemiiataphtizaém 2-y@nd
extracted wth ethyl acetate (80 nL x 3). The conbined organic |ayers were
washed a@etihagei ne (150 mL x 2), dried over sodiumsulfate, filtered, and
concen = = 2 _yll-acetic acid:

ot hox e a R B el S-S BB e e ana nephunsien 2ovlbaosio a1 oy
as a | {4t-(3,5-Dicero-phanbgsipeiazinevscaedahy ] Heftuats SHISHYAnapthalsins2ty Heaestia)
[(Mg:H) +’ 277. Preparation of

7- 11200693 et hoxycar bonyl met hyl - napht hal ene- 1- carboxylic acid 0 OH

St ar t i ngAM4-Chdtoigheayg-phdradnexycarsphyihelfiaorc23yhgthparighthaien-a-yipadetic
ester, using the 20 nethod anal ogous to the one described for

7- f | uo@6IR- met hoxycar bonyl met hy1- 2- net hyl napht hal ene- 1- car boxyl i ¢ aci d,

7-f 1 uor®3:eth \nhenyl = )| I ; W - ISR was
obt ai né%l)FﬁJdeg 3I %W%ﬁ%\% t@ﬁd@%ﬁgﬂ%&?ﬁ@%?@@%@lﬁ?Q%ﬁdlrﬂ_)ﬁilrgé?g? 6(2%2- obsd.
(ESI +) acetigrefid] 263. WO 2010/ 055006PCT/ EP2009/ 064816 - 50 - HNXN-'+ o

2 o LT BERBR e it e TG BB URe o SRR ERST 2 0ees  [T

anhydr edgi;acetonitrile, which was cooled to -20 C, was slowy added
trifluaoronmet hanesul fonjc anhydride (21 , 1.25 ) dr ise foll owed by
the dr épit-§&CRRIPIRNGRYRPIRGT 'nﬁi1r%%rEPBﬁljg%'t“Hm'gﬁ%y%fﬁﬁ?&wﬁ’ﬂ%ﬂ?gﬁet%| ).

Bot h of,. jfre reagents were added at such a rate as to nmaintain the internal
tenperature below -10 C. After the mixture was stirred for 10 30 nminutes at
a t enpdb-dtunre-Beeindd-[410¢riBunromethytpyedibtrih-PiRsraziae- Iosarbonyl]-naphthalen-2-

N, 'isgpéc%ﬁxlagohyl amne (267.5 nL, 1.54 nol) was added, followed by the
dr opii 8 rrti'on of 1-phenyl-ethylamne (76.5 nL, 0.60 nol). Both of the

r eagent{4-[4ve3,6-Biddiecb-pyridinahyppipatazires 1 taaren yiltGxfluoroh® math wmaphthaterp@ndt ur e
below -10 C. The resulting m xture was heated at 70 C for 2 hours, and then
concentdCgti@aCidn vacuo to renove the solvent. The 15 residue was di ssol ved
In et h){h-g@%@taﬁo PeByIFelpe ranfe 1Darboh -6 FDoMAS-Meth hleshpMtihdle2lyipadstR0 nL x
2), dried over sodium sulfate, filtered, and concentrated in vacuo. The
resi due@cighs purified by columm chromat ography (gradient elution with 5%to
10% net hanol in dichloronethane) to afford a |Iight brown viscous oil, which
was subsequently dissolved in a solution of hydrogen chloride in nethanol
(150 m., 4 M and the solution was concentrated 20 in vacuo. The residue
was stirred with dichloronethane (20 nmL) and petrol eumether (100 ni), then
filtered, and the collected solid was dried in vacuo to afford

2, 6- bi s- (1- phenyl et hyl ) -2, 6-di aza- spi r o[ 3. 3] hept ane di hydrochl oride (43.6
g, 38.29% as a light brown solid. M5 cald. for C21 H26N2 306, obsd. (ESI+)
[(MtH)] 307. 2-(1-Phenyl-ethyl)-2,6-di aza-spiro[3.3] heptane di hydrochl ori de
WO 2010/ 055006PCT/ EP2009/ 064816



- 51 - A flask containing a m xture of
2, 6-bis-(1-phenyl -ethyl)-2,6-diaza-spiro[ 3. 3] hept ane di hydrochl ori de (900
ng, 2.4 nWBI2P10/38896ni um formate (7.2 g, 114 mmol), 10% BENTERAV0MH48M6 car bon
(180 ng) and methanol (30 nmL) was evacuated and filled with argon. The 5
resulting mxture was stirred at 65 C yntil the ratio of the anbunt of the
starting material to the anount of the“desired product was unchanged by
nonitoring with TLC and HPLC. The resulting m xture was filtered and
concentrated in vacuo to afford a m xture of
2 (1 p 13V IBRPLAPE i dhéN BREOhYIE iad) @Rcbutyl
ﬁ%?i@%ﬂﬁ@%}bﬁ]e@ ﬁ7$ue@n§%ﬁtg§%§pl Jr’g@% Fﬁ?@r ept ane di hy%]ir ochl ori dey( 750
rrg) aseaterl ght brown solid, which was used for the 10 next step w thout any

B (1 Lﬁbahlv%” e dpenlon BRI bR BT EEAd: B0, buty
ester he EMdNe@uff@wyaprpeXMmre-ym:kyf fluglrohnaphthalenZyl] acetlcf icrzlldde ond 2. 6-bi s
55(11%@ Bl Sathybicbene e Ao s Pt 4T VB RARe AR S P RE e 700 mg). 1

1, 4-d h=2oyil-Bketil gagponat
R D T N e C

stir reai -6it- Cvolgﬁemt@np%wlmrwl-elp@v@nrﬂ wlexy) 61*.'@0%@@% AgnA-wit- a%t'q/m

concen t cted with
di chl Oi%ﬁtﬁ%g%ééhes%ﬁ&@ﬁ p)‘i(’p%(f'dW¥ ;ﬁnbl neg ”%Pﬁgﬁreﬁp?gygé}%t'ﬁéﬁ’@adn ed over
sodi um{&6 upudHat & 3- fﬁjolrm-beazbnmﬂonyihpemldmtlbdlonxyl] -nephiloalemiZeyF-acétifuacidvas

Iplrjlrliﬂf L%E%&é{ihﬁﬂgﬁﬁ%g? é’r@apﬂxnﬁ%%‘%h 4 yllol>J<;[/]I r?anph%élgn 5% % 80&0%6@1 hanol
(1- phegﬁ&ﬁ@-ﬂ[ﬁ ® @d|ﬁé%zﬁjlﬁjhlyr)l7p[|;§er@]ﬁlﬂ§ﬂ@%ﬂapﬁt&bmxﬂ-lyl}iacéﬂc dcider t - but yl

ester as a viscous oil

2, 6- bi (:h:loﬁhér(ﬂI'pr@cnhfwgthﬁn@lﬂfoé]ﬂap'%”q'6[%Y'9]‘Y‘)é}ﬁ%@'?"2@0yl}®‘§et'§sacé{j 'vi scous
oil . RQ:Q{ OF@Q@?@%@EE@Q@%B 4§%5hthal§% Z- ﬁl] -acetic acidg,

2,6-Di Spl car oxy Ic acid tert-butyl ester HNXN-' 0+ O
A flas |E6-EW@:I4F(1 Frgoplonyl piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid;

6- h et 6- di aza-s 3.3 0 ic acid tert-butyl
L L L I A R
pal I aduum wyc@@r&%ebé@;oﬁgupupeddmmt aryl6 fl&&oni‘héphl\}@@ele-\?a;ﬂ]aa(teetd: aond] filled
with ar The resulting mxture was stirred at 65 C f QOurs t hen
filter Edc@@ﬁem@partb@aylrmpe%w ylexwyr§-Byero-naphthalen-2- Yil-dcetc acid:

2, 6-di Z&grg;@h%\hgzﬁérfb‘ﬁpHWﬁBcﬁi{]o@BMbhﬁwa?&i ﬁLyi]eercfenQ%w' ester (130 ny,

9°/c) a rrown Vi scous was used for 'the next step w thout
f ur t he{6{Fludrdide[dt Reffluora-deRrey apiperidin-4floxy]- naphthalen -2-yl}-acetic acid;

6- 4- hydr,0 butyl
o 2, PO Y b TRy PBBRR T sk bR el Ve or 15
P i e i ey iy e e RO
(146. 3 @n%woﬁr Tohgnylaceh &ﬂﬁ%ﬁ@'rhf‘y iﬁ?@ﬁ%@%&tm a&Pﬁ‘bﬁP@e over 30

m nut ©94- Tﬁ?ndflt?éerHoggplﬁbﬁéleﬁyIW @-?Ibéﬂoer%rﬂ{théléﬁ@ﬂpaé&m@tUre for an

addi ti m nut e PLC indicat ed conpl eted reacti on) and then the
entire {@dﬂlumrodn[1\7\@sﬂL£mId@d1|edvbﬁmasmyd))vf@pefldlhdu)/b&d napbialen-grylpacetic acid;

20% Ozggr(ﬂ-ggéﬁelgpgio@g}/ gg@%ﬁglcél%ggjmyl RS8R by AR pRt e n-32y -4 Rtic acid;

{6-Fluoro-4-[1-(4-fluoro-phenylcarbamoyl)-piperidin-4-yloxy]-naphthalen-2-yl}-acetic acid;
[6-Fluoro-4-(1-phenethylcarbamoyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid
and any pharmaceutically acceptable salt or ester thereof.



(triphenyl phosphoranyl i dene) propi onate (50.0 g, 138.0 mmol) in 100 nL of

nmet hyl tert-butyl ether, while maintaining the internal tenperature between

0-15 C. AVOEpP113&00addi ti on was conpl ete, the reaction nP&T{FEPE0RAE34¢ | rred

for an additional 10 mnutes at 0-10 C, when HPLC indicated a conpl eted

reaction. The reaction m xture was thegkgiluted with 100 nL 5 of heptane,

and stirred for 30 mnutes at 0-10 C e resulting solid was filtered and

washed with 2x 100 nL of 1:1 nmethyl tert-butyl ether:heptane. The filtrate

and t he washi ngs were conbi ned and washed with 100 nL of water, 100 nL of

1'V' C' tih& rﬁeréispe?ewﬂeoé}nﬂéd.menmh@rpreééh@mveﬁﬂ&«erstd.fetceéh W@@éﬂh@@bﬁ@ibfﬁombla%
to a total volune of - . The residue was diluted with 60 nL

of nethy@ededﬂmbmﬂyiQ@Mhéwn3$hm@0§olutlon 10 was then directly used for the

next s

2 Et hotila BgR) Fe Py AP IR SRS aro el Rl 2o Ao te 20

oic ac'{41[4l(3 &DlﬂLhnbsUeneerQﬁulféﬂelt)-lp}dermen -catBom]-@filorcadinetheraphnthalén-ast er

ethyI ter (30.08 g, 151.8 mmvl) was added to a solution of potassium

t er - bM 3 a@ﬁG 30 g, 138.0 mml) in 200 nL of N, N-di nethyl acetanide,

whi | e tdieJpeatuqB- ftu%wséﬁiéﬂéuweﬁympipekaﬁmm -catbordAl-Fmeliy I naghihessd-2 yng

m xture was then added the solution o

4- (4-f boetimaglenyl ) - 2- net hyl - but a- 2, 3-di enoi ¢ acid ethyl ester prepared

20 20 SR RO Ot RO TR el HERREO RIS Pt TRl e

stirregl}acetioanidt enperature for 20 m nutes, when HPLC indicated conpleted

tion, Th i Xt th 100 f
AT IR R R S N e N R
et her. éthmo%isaﬂbmyﬁxi(nqﬁhdm@@ys@gafa&ﬁr@1@aﬁbmahethmetléh-zw%bm aefd wat er,
and then concentrated to produce ow oil, whjch was 25 used

in the [%ékBGQZ@?ﬁwlmedmlpquﬂ*@‘ﬁeHO@Oﬁ ﬁ"LiQfaﬂa@cha'W yll-acetic acid
2010/0
2oL 1. (PRRET A AR O BEfidohes Mnyi) piperidip 4-yiop naphithalen 2y acetc agid

5- t er t {®&tudro-ds(tl grhemythktbaiesulionlybpiperdio - yﬂoxy:belap}‘élnaleIeZpY%Mt@(ﬁ%ove

hy ok ox SRR e T HE a6 PlenB e bR B8 owt y over 15

m nut €36- FﬂUBﬂth[q $-ﬂ§wot¢mwc%ab‘ém@ﬂ) mpehurn%-\p@&y}%amﬁtﬁaleam ylpeoemceamér ature
overni ght. The solution was then heated at refl ux hour s aE;J
frageticy sol uti on

anal ys & Flugapdallerhersipicarbamayicripeiisiniday! pmnapﬂthqlﬁn < X'
was concentrated at 30 C130 mmHg to renove -350 nL of solvent. The residue
was cooled to 10 C, and treated wth concentrated hédrochl oric acid (32.0
rrL 389. 7 GENERALGHVNTHESIS OFf GOMPOUNDS AGCORDINGHED (THE INVENTIQN
22ct|on m xture was then extracted with nmethyl tert-butyl ether (400 niL).
organl c phase was separated and washed with 200 nL of water, then
t reat eGeMdréllyl ofPolhdobf fbhhatadlann Zaab@eqiremredkﬁ:@owdmg)fo thetsehemeashed

th ddi t [ 200 nlL of te h trat | t
50" C1601HrREP BN o HES SRR S6 TGO 1Br FaHRIGS Sthas % 5Dt R Be &Y od
and t heneg) r%eseef/ﬁé s}ﬁth%@i'%ﬁ@%é%ﬁ?bo%@@b‘f fmﬂr@eé | dreadefiRBd G #& $AHTE nighner

produce 38. 3 low 011, which was used in the next step w thout
furt helaS[ﬂ_ﬁfIHEﬁ cpaewwsly toxitmeeeowoisformukarIo-L$%$%wmmhﬁMI%lr@@i§d dbetic

t
S92y 2 VEIRBES AT RS . Re, R s W, RapeE: BephRfeSiing the compounds of famule
tert-bZ aie defined if 8% shrge nidtvhe? amﬁmedvpsewblsﬂ;pﬂevmb gemm:@‘tfon'nlaiarﬁjdﬂ" hee

96. 00 nL, 995.3 WD 2010/.055006PCT/ EP2009/ 06481
gol ut i &ﬁmmynaa@éﬁﬁep%eae%ﬁ'Umfﬁ@@tfa%EF gaee%reaar@g@/ %nw\ﬁgrr‘?g')fﬁ m%@s ok

reacti %@lt%létd%(?eeé@§ fStdyntrRdiAtg Shecifie E@hpdéhdiostesadaditiopallyPrdvicudiahitisé s

showed conpl eted reacti on. The reaction m xture was then cooled to room

t enper &xanmplemad diluted with 96 niL of hept ane. To this solution, 270 nL of
vvat% was added over 1 hour, while 3| ning the internal tenperature
at 2V23 C. The nixture was then coole -5 C, and stirred for 2 hours.
The solid fornmed was filtered, and then washed with water (2x40 nli),

hept ane (2x40 nL), and then dri ed under vacuumto furnish 28.5 g of a

yel l ow solid, which was used in the next step without further purification.
10( 6- Fl uor o- 4- hydr oxy- 3- net hyl - napht hal en-2-yl)-acetic acid tert-butyl
ester OH




To a m xture 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, BQ20W/HHMI6) in 140 nL of nethanol was added so&8CHFEPRWON6RIEHe (25%
solution in nethanol, 23.44 nmL, 102.5 mmol) rapidly dropw se. The 15
resulting reaction mxture was stirred,at roomtenperature for 20 mnutes,
when HPLC anal ysis indicated a conpletéed reaction. The m xture was cool ed
to 0 C, and then acidified to pH 2 with IN hydrochloric acid solution
(111.1 m, 2112.1 mol ). The mixture was then stirred at 0-5 C for an

addi tional 30 mnutes. The resulting solid was filtered, and washgd with
wat er (2x40 nlL), then gried tnder vacuum overni ght (40 C), {o prodluce 23.7

20 g of a light {ellow 3ol Td. QH NVR (500 Mz, ABRIBOASE) 5|pp9<es, 1

, 7.76-7. 2 H), OT2¢-7.35 “N8771v(Is, VANHY,~R2345, 3 H),
Y PART ||:I|)—:—PREPARB\TI( @NMREST e K

1.41 (s, 9, 1
2010/ 055086PCT/ EP2009/ 064816 - B6 -
[ 4- (4- Et hanesul f onvl - pi per azi ne- 1- car bonvPH 6-f | uor o- 3- net hyl<napht hal en- 2-
vll-acetic ac@p Vi IX
5(4- Chl orocarbonyl- 6-fl uor o- 3- net hyl - napht hal en-2-y1)-acetic acid net hyl
ester 0 a To a solution of
7-f|uoro-3-nethoxycarbon¥Lnethy1-2 ;
(500 ng, 1.81 mol) i ydroust gt ra N (1Q_pL), waspasbged oxal vyl
chloride (250 pL) di et hyl £5f mani de (80 pL).T The reaﬁt§'sog m xture
was stirred at _6 2 10 hours, ¥nd concentr at in vac afford
(4-ch|orocarboﬁy1-6-f|uoro-3-net me@phthalenZ-yl -acetic acid nethyl

ester (526 my, 99% aS"a 1ight yel'low'solid, whic s used in the next
step without further purification. Xl
4-(7-FIuoro-3-nethoxy&grbonylnethyl-z-nethyl-naphgﬁ¢lene-l-carbonyl)-pipera
zinel5 1l-carboxylic aCid tert-butyl ester Ny 02( 0 a solution of

(4-chl orocasbo 6- f | uor o- 3-net hyl - napht hal en-2-y1)-acetic acid nethyl

# boxylic acid

ester (294 0 Wmnl) and pi per azf nme aryyoxylic acid tert-butyl ester
(279 nyg1AE gt ) in di chl oronet h, was-~added triethyl agi ng (458opL, 3.3
mol ). The resy|ting WS®010/ 055806PCT/ EP2009/ 064816 'xture was
stirred at ropm t enperatureoverni ght, Rd comcent™ated NAA wacuo Ll The

resi due was
et hyl aceta
4- (7-fl uor o-3fret hoxycar bonyl et hyl - 2= hyl - napht hal ene- 1-

car bonyl) - pi)?\?lr azi ne-1-carboxylic aci q(\}lFrt- butyl ester (4J"g ng, 92% as a
white solid.

[ 6-Flu 135 A } b M6 b ReddhdiRal 3s|iigc acid
ot hyl Y el ORISR pIAL M ey pepulad ARRNIIGHE BrRetie e T

4- ( 7- f Ipoagess 3theethblg cantensatine bepeen inetiare-subplituies kenzalbedydes M and

G ol o BHErHErEe BeY Yo e ettt o Fldiiobsiechetlty TRt 1y ) o
roors t ?W:&ragbmrethemﬁés?mdd dfsf@bdium géefm&l (WI)Ba'Hd?a;]ailsldAtmiydgdm(\ml)Jroepmdsce
concentrated in vacuo to affo -fl uorp- 3- -4- :

(bl por 434 RePHbRPBAIRS OyeRd: P ereriss b aizdfER SherarissbiohP cagpaponding
trifl “?&Pﬁf@h@ﬁéﬁoﬁe@x%@ & IS5t redbtish AVRScIEsSHlIid BubditutipeaslictPof

wi t hou purification.

[ 4- (4- Endrhpdronylfasmytoupidp of with henzyl daemisiey(PY). &ollomesr iy rBdetian oL hgsAtHENSN- 2-
y1] - acet i &, &€ Witn TRl 2GRS hydride (XiI) affords the alcohols XI. The alcohols Xill are
10 then converted to the chlorides XVI by treatment with carbon tetrachloride (XV) and

iri fied byMeoHumm chromat ggraphy (gradi ent el utgon with 20-40%

n petroleumether) to rd

triphenylphosphine (XIV). Conversion of the chlorides XVI to the methyl esters XVII can be
accomplished by a palladium catalyzed carbonylation reaction in methanol. Hydrogenolysis

of benzyl ethers XVII affords the intermediates lla.



20 WO 2010/ 055006PCT/ EP2009/ 064816 - 58 - mmol) in dichl oromet hane was
added triethylamne (306 pL, 2.2 mml). The resulting m xture was stirred
at room t\¥RBBHASHE overni ght, and concentrated in vacuB8CTER20MVEe43Hie was
purified by colum chromatography (gradient elution with 20-40% et hyl
acetate in petroleumether) to afford 23 -

[ 4- (4- et hanesul f onyl - pi per azi ne- 1- car bonyl ) - 6-f 1 uoro- 3-nethyl - 5

napht hal en-2-yl]-acetic acid nethyl ester (38 ng, 87% as a white solid.

[ 4- (4- Et hanesul f onyl - pi per azi ne-1-car bonyl) - 6-f | uor o- 3- et hyl - napht hal en- 2-
yl]-acetic acid OH0O 0 O 1 10 To a solution of

[ 4- (4- et hanesul f onyl - pi perazi ne- 1- car bonyl ) - 6-f | uor o- 3- net hyl - napht hal en2-y
1] - acetn thedsicstepohifinedin Seheme e unmur@fﬁq aeify Vi ean fRyRIeRATGHRY § 4 nL)

was ad r.o t
temper ot Rayep RelReN PreraSubrt ik o en e Sh BricinP s KPRV, s
hydr oc hherreactM| ahn mencaragt oat inatiewirésereehofla aset atob a(sledmmeneztmox@‘he
organl ers were drjed o sodium sul fa e and oncentr e vacuo.
The re 'ih %%Q O 5 15?/5[&‘@6%9%&?998“1@( degd" %ﬁurglt Hﬁ%é]etﬁ‘% 50%
0. 1%tbr%dmwéﬁa&ﬁtéu%h%lrﬁeﬂhanwat‘@f HitAnaE 1064, rdrlnaxtu%ﬁmcﬁsm)ato give

- (4- et'hanesul f onyl pi per azi ne- 1- car bon l‘%C;G f1 uor o- 3- met hyl -napht hal en- 2-y

1] acet&rﬁp%ratttle(OEBNQ?@ ropevgerareratufip iend ter severMrOYrEdrefRIgNCEdRBODY - 5 ppm
7.95 J 8 87 1 7.26 - 7.38 2 ,
3.95 fg?a/ T?rag’e%Z%Eetg 3%‘%1(9911)?&35 3. 43(3S 3. ?5 (m 2 H, 3. ng( br . H)s 20
22501:12 41 (s, 3 , 154(t8|i_745Hi 223; M5 cald. for

201101 oE350EHE /oiéﬁ)e SumaEecb 10 hibale Peranbl AR kS ¥ Gl oo «o

derive aZh%bé@bgtr%afrﬁéﬁtcafm@Uh%mram bids anhiithod camem Jacemt@ww)l arel aestia,
7-fl uoro- xycar bonyl net h nmet hyl - napht hal ene- 1- afr boxylic acid,

3- et h@ﬂbﬁ%l'h@taﬁwpﬁr@ﬁum KQUYWPHW temgsretyes ane 1405 BRy P 2aci d, or
3- met hy é&ﬁa(/&@g@ﬂvcwgstgxé%w Ll El HOLOBRLNCHYmNEPHIYE) aBGa Lishdl REXMI &t acig

respectirve fe then treatéd w th piperazine-1 carboxyllc aci d
t ert - b@rygl Cestne b9 (2004),6481GEA&83.pi r o] 3. 3] hept ane- 2-carboxylic acid
tert-butyl ester, trifluoroacetic acid, and comrercially avail abl e sul fonyl

chilori des deri vatl ves, in accordance vvlth t he procedure described for

exanpl qh-gbetdtsamoban be.cobysited iy the dyakepddtlinly/Ry (9l ddriapoutiddQ0)n tHeppm M5
(ESI+, [(MHH)+] Structure 12¢ [4-(4- 7.8 Hz, 409 OH

Et hane MIRTaREGIdf abage suzhgs soslium ”F%thoﬁd%lpo(tasﬁ‘@ﬂfﬁﬁ%ﬁf%eaﬂo S{M 7 48 (m

2 H, ?:ar?bQ)natez ot Qodium 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
20 hours (reference: Kim, M. et al., J. Org. Chem. 69 (2004) 6945-6948).

Treatment of the hydroxyl compounds X with benzyl bromide (XI) affords the corresponding
benzyl ethers. The reaction can be carried out in the presence of a base such as potassium
carbonate, or cesium carbonate, in a solvent such as acetone, acetonitrile, or N,N-

25 dimethylformamide at a temperature between room temperature and 60 °C for several

hours.

Reduction of the above benzyl ethers with lithium aluminum hydride (XII) affords the

alcohols XIII. The reaction can be carried out in an inert solvent such as tetrahydrofuran,



o carbonyl)-6- (m 1 H, 4.03 (br. s, 2 H), fluoro- 3.81 (s, 2 H), 3.44

- 3.583

napht halen-2- (m 2 H), 3.33 (br. s, 2 H, LN .gP ylFacetic

acid 3.18VpEp10/655008 H), 2.99 (q, J = 7.33 Hz, 2 H), PETAW2Q00/064B1& i 1
7.45 Hz, 3 H 1-3 [6-Fluoro-4-(4- 7.94 (dd, J= 8.72, 5.68 Hz, 409 CH
net hanesul fon 1 H), 7.85 (s, 1 H), 7.24,-

10

15

20

diethyl ether, toluene or mixtures thereof, at a temperature between room temperature and
80 °C for several hours (reference: Chan W. K. et al., J. Med. Chem. 39 (1996) 3756-3768).

The chlorides XVI can be prepared by treatment of the alcohols Xlll with carbon
tetrachloride (XV) and triphenylphosphine (XIV) in an inert organic solvent such as toluene,
acetonitrile, dichloromethane, N,N-dimethylformamide, or tetrahydrofuran, at a temperature
between 0 °C and 120 °C for several hours (reference: Kozhinov, D. V. et al., J. Org. Chem.
69 (2004) 1378-1379).

Conversion of the chlorides XVI to the methyl esters XVII can be accomplished by a
palladium catalyzed carbonylation reaction under an atmospheric pressure of carbon
monoxide in methanol. The reaction can be carried out in the presence of a palladium
catalyst such as bis(triphenylphosphine)dichloropalladium(ll) (Pd(PPh3).Cl,), palladium(ll)
acetate (Pd(OAc)y), tetrakis(triphenylphosphine)palladium(0) (Pd(PPhsz)s), or
tris(dibenzylideneacetone)dipalladium(0) (Pdx(dba)s), in the presence or absence 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. etal., J. Org. Chem. 69 (2004) 1378-1379).

Hydrogenolysis of benzyl ethers XVII affords the intermediates lla. The reaction can be
carried out in the presence of 10% palladium on carbon under an atmospheric pressure of
hydrogen, in an organic solvent such as ethyl acetate, methanol, or ethanol, at room

temperature for several hours.
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The key intermediates of formula llb can be prepared according to Scheme 2. In this
process, the Stobbe condensation between the para-substituted benzaldehydes IV and
dimethyl 2-methyl-succinate (XVIII) affords the unsaturated acids XIX. Cyclization of the
unsaturated acids XIX using trifluoroacetic anhydride (XX) followed by reduction with
sodium borohydride (XXI) affords the naphthalen-1-ol derivatives XXII. Alternatively, the
naphthalen-1-ol derivatives XXII can be obtained by treatment with sodium acetate (Vi)

10 and acetic anhydride (VIII) followed by a base. Treatment of compounds XXII with benzyl
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bromide (XI), followed by reduction with lithium aluminum hydride (XII) affords the alcohols
XXIII. The alcohols XXIII are then converted to the corresponding chlorides XXIV by

treatment with triphenylphosphine (XIV) and carbon tetrachloride (XV). The chlorides XXIV
can be converted to the methyl esters XXV by a palladium catalyzed carbonylation reaction

5 in methanol. Hydrogenolysis of the methyl esters XXV affords the intermediate llb.

In the first step outlined in Scheme 2, the unsaturated acids XIX can be prepared by a
condensation between the para-substituted benzaldehydes IV and dimethyl 2-methyl-
succinate (XVIII). The reaction can be carried out in the presence of a base such as

10 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
(references: Liu, J. et al., Org. Lett. 4 (2002) 3521-3524; Bloomer, J. L. et al., J. Org. Chem.
58 (1993) 7906-7912).

15
The naphthalen-1-ol derivatives XXII can be prepared by a cyclization reaction of the
intermediates XIX followed by reduction. Cyclization of the unsaturated acids XIX can be
achieved by treatment with trifluoroacetic anhydride (XX) and triethylamine in an inert
organic solvent such as tetrahydrofuran, or dichloromethane at room temperature. The

20 subsequent reduction with sodium borohydride (XXI) can be carried out in an alcoholic
solvent such as methanol at a temperature between 0 °C and room temperature
(reference: Fuganti, C. et al., J. Chem. Res. (S) 1998, 638-639).

Alternatively, the naphthalen-1-ol derivatives XXII can be prepared in a manner analogous

25 to the one described in Scheme 1. Cyclization of the unsaturated acids XIX can be
achieved by treatment with sodium acetate (VII) and acetic anhydride (VIII) at a
temperature between room temperature and 140 °C for 0.5 to 12 hours. The resulting
acetates can be converted to the corresponding hydroxyl analogues XXII by treatment with
a base such as sodium methoxide, potassium tert-butoxide, potassium carbonate, or

30 sodium bicarbonate, in a solvent such as methanol, water or mixtures thereof, at a
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acetonitrile, or N,N-dimethylformamide at a temperature between room temperature and

60 °C for several hours.

Reduction of the ester moieties in the above benzyl ethers with lithium aluminum hydride
(XII) affords the alcohols XXIIl. The reaction can be carried out in an inert solvent such as
tetrahydrofuran, diethyl ether, toluene or mixtures thereof, at a temperature between room
temperature and 80 °C for several hours.
15
The reaction of the alcohols XXIII with carbon tetrachloride (XV) in the presence of
triphenylphosphine (XIV) can be carried out in an inert organic solvent such as
tetrahydrofuran, acetonitrile, toluene, N, N-dimethylformamide, or dichloromethane, at a
temperature between 0 °C and 120 °C for several hours (reference: Kozhinov, D. V. et al.,
20 J. Org. Chem. 69 (2004) 1378-1379).

Conversion of the chlorides XXIV to the methyl esters XXV can be accomplished by a
palladium catalyzed carbonylation reaction under an atmospheric pressure of carbon
monoxide in methanol. The reaction can be carried out in the presence of a palladium

25 catalyst such as bis(triphenylphosphine)dichloropalladium(ll) (Pd(PPhs;)2Cl2), palladium(ll)
acetate (Pd(OAc),), tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s), or
tris(dibenzylideneacetone)dipalladium(0) (Pdz(dba)s), in the presence or absence 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,

30 D.V.etal,J. Org. Chem. 69 (2004) 1378-1379).
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conveniently accomplished in the presence of 10% palladium on carbon under an
atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate, methanol,

or ethanol, at room temperature for several hours.
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Alternatively, the hydroxyl intermediates llb can be prepared according to Scheme 3. In this
process, the Stobbe condensation reaction between the benzaldehydes IV and dimethyl 2-
methyl-succinate (XVIII) followed by hydrolysis affords the unsaturated diacids XXVI.
Cyclization of the unsaturated diacids XXVI followed by reduction affords compounds XXIX.
Treatment of compounds XXIX with carbon tetrachloride (XV) and triphenylphosphine (XIV)
affords the corresponding chlorides XXX. The chlorides XXX 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 temperature for several

hours. The unsaturated diacids XXVI can be formed by treatment of the products of



ne-2-carbonyl)- Hz, 2 H, 3.83 - 3.93 (m 2 ,P 6-fluoro-3- H), 3.80 (s, 2
H, 3.74 (d, J net hyl - napht halen-2- = 10.86 Hz, 1 H, 3.56 (d, J = 9.85
Hz, 1 H) ,W9028H/580063 40 vyl Facetic acid H) 1- 11 [ 6- FPGEEAF2EO/004804 (dd, J
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zhzgyl methane 7.45 (m 2 H), 7.27 - _2§ylfony1-2,6- 7.38 (m 5 H), 4.35 -

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.

5 Cyclization of the diacids XXVI can be achieved by treatment of the diacids with

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

Reduction of the carboxyl moieties in the intermediates XXVIIl with lithium aluminum
hydride (XI1) affords the alcohols XXIX. The reaction can be carried out in an inert organic

10 solvent such as tetrahydrofuran, diethyl ether, toluene or mixtures thereof, at a temperature
between room temperature and 80 °C for several hours.

The reaction of the alcohols XXIX with carbon tetrachloride (XV) in the presence of
triphenylphosphine (XIV) can be carried out in an inert organic solvent such as
15 tetrahydrofuran, acetonitrile, toluene, N,N-dimethylformamide, or dichloromethane, at a

temperature between 0 °C and 120 °C for several hours.

Conversion of the chlorides XXX to the intermediates llb can be accomplished by a
carbonylation reaction, in a manner analogous to the one described in Scheme 1 for the

20 preparation of the methyl esters XVII.

Scheme 4
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25 Alternatively, intermediates llb may be prepared according to Scheme 4 starting from the
4-hydroxy-naphthalene carboxylic acid compounds XXVIII (prepared as described above in
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Scheme 3). Esterification of XXVIII forms the naphthalene carboxylic acid methyl esters
XXII, (previously described in Scheme 2. Conversion of XXII to intermediates llb can occur
using the methods described in Scheme 2.
Intermediates XXVIII can be readily converted to the 4-hydroxy-naphthalene carboxylic
5 acid methyl ester intermediates XXII 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 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 hours. Compounds of type XXII thus formed can be transformed into
10 intermediates llb using the process described above in Scheme 2.
Scheme 5
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15 The key intermediates lll can be prepared according to Scheme 5. In this process,
treatment of the hydroxyl compounds Il [which encompasses the above compounds lla (R?
= hydrogen) and llb (R? = methyl)] with trifluoromethanesulfonic anhydride (XXXI) affords
the triflates XXXII, which are then converted to the carboxylic acids lll by a palladium
catalyzed carbonylation reaction.

20
The hydroxyl compounds Il can be converted to the triflates XXXII by treatment with
trifluoromethanesulfonic anhydride (XXXI). The reaction can be carried out in the presence
of a base such as pyridine, triethylamine, N,N-diisopropylethylamine, 2,6-dimethylpyridine,
4-dimethylaminopyridine, 2,4,6-trimethylpyridine, or potassium carbonate, in a suitable

25 solvent such as dichloromethane, chloroform or acetonitrile, at a temperature between -



10

Hz, 1 H, 3.88 - 4.19 LN P nethyl- naphthalen-2- (m 2 H), 3.84 (s,
3

10 - 3.29 (m 4 H), 2.69 - 2.98 0 yl}-acetic acid (m 2 H), 2. 22

(nWOQOIO/OSSQQ)? 1-13 [6-Fluoro-3- 7.93 (dd, J = 8POT/EP200886481¢ 485 CH
-4-(4- 1 H, 7.83 (s, 1 H, 7.44 - 400 0O phenylnmethane 7.49 (m 2
37 - sul fonyl- 7.43 (m 3 H),_317._30 - 7.37 pi perazi ne- 1-

78 °C and room temperature for 30 minutes to several hours (reference: Chan W. K. et al.,
J. Med. Chem. 39 (1996) 3756-3768 ).
Conversion of the triflates XXXII to the acids lll can be accomplished by a palladium
catalyzed carbonylation reaction under carbon monoxide (15-30 psi) in a mixture of water
and an organic solvent such as N,N-dimethylformamide, or dimethyl sulfoxide. The reaction
can be carried out in the presence of a palladium catalyst such as palladium(ll) acetate
(Pd(OACc)2), in the presence or absence of a phosphine ligand such as 1,3-
diphenylphosphinopropane, or 1,1"-bis(diphenylphosphino)ferrocene, and a base such as
triethylamine, or potassium carbonate at a temperature between room temperature and
65 °C for several hours (references: Chen L. et al., Bioorg. Med. Chem. Lett. 12 (2002)
137-140; Cai C. et al., Tetrahedron 61 (2005) 6836-6838).
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The compounds of interest of formula la can be prepared according to Scheme 6. In this
process, treatment of the acids lll with oxalyl chloride or thionyl chloride affords the
carbonyl chlorides XXXIIl. The reactions of the carbonyl chlorides XXXIII with the amines
XXXIV affords the amides XXXV. The protected amides XXXV can be converted to the

5 corresponding amine salts XXXVI under acidic conditions. Sulfonylation of the amine salts
XXXVI with the sulfonyl chlorides XXXVII, followed by a hydrolysis reaction, affords the

compounds of interest of formula la.

In the first step of this process, conversion of the acids lll to the carbonyl chlorides XXXIII
10 can be achieved by treatment of the acids Il with oxalyl chloride or thionyl chloride in the

presence or absence of N, N-dimethylformamide, in an inert organic solvent such as

dichloromethane, tetrahydrofuran, or toluene , at a temperature between room temperature

and 110 °C for several hours.

15 The reactions of the carbonyl chlorides XXXIIl with the amines XXXIV generate the amides
XXXV. The reactions can be carried out in the presence of a base such as triethylamine,
pyridine, or 4-dimethylaminopyridine, in a suitable inert solvent such as dichloromethane,
acetonitrile, 1,4-dioxane, or tetrahydrofuran and mixtures thereof, at room temperature for
several hours.

20
The protected amides XXXV can be converted to the corresponding amine salts XXXVI
under acidic conditions. The reaction can be carried out in a solution of hydrogen chloride
in methanol or a solution of trifluoroacetic acid in dichloromethane at room temperature for
several hours.

25
Sulfonylation of the amine salts XXXVI with sulfonyl chlorides XXXVII affords the
sulfonamides XXXVIII. The reaction can be carried out in the presence of a base such as
triethylamine, pyridine, or 4-dimethylaminopyridine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at room

30 temperature for several hours.



7.70 -(m -1)-piperazine-1-7.42 (m 2 H, 7.26 - 7.33 carbonyl]-3- (m 1
H, 7.14 (dd, J = o nmethyl- 10.61, 2.02 Hz, 1 H), 3.93 - .

napht hal eM02010055008cetic acid 4.15 (m 2 H), 3.85 (s, ZPH)T/EPQOOSQMSIQ 44 (m
2 H, 3.17 - IS 3.29(m2H),293-313 (m 2 H, 2.31 (s, 3 H
WO 2010/ 055006PCT/ EP2009/ 064816 - £xanmpl e No. Systematlc Name 1H NWR
(400 MHz, CD30D) 6 ppm Ms (ESI +, [(I\/HrH? Structure 1-15 {444-(3, 4-

Hydrolysis of the sulfonamides XXXVIII affords the compounds of interest of formula la.
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

5 1,4-dioxane or tetrahydrofuran at room temperature for several hours.

Scheme 7
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The compounds of interest of formula Ib can be prepared according to Scheme 7. Coupling
of the acids lll with the amines XXXIX, followed by a hydrolysis reaction of the resulting
esters XL, affords the compounds of interest of formula Ib.

15

The amides XL can be prepared by coupling of the acids Il with the amines XXXIX. The
reaction can be carried out in the presence of bromo-tris-pyrrolidino phosphonium
hexafluorophosphate (PyBrop) and N,N-diisopropylethylamine in an organic solvent such
as N,N-dimethylformamide, at room temperature for several hours.

20
Hydrolysis of the methyl ester moieties of the amides XL affords the compounds of interest
of formula Ib. 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.

25
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The compounds of interest of formula Ic, Id, le and If can be prepared according to
Scheme 8. In this process, the intermediates lla can be converted to the ethers XLIl by a
Mitsunobu reaction. Hydrolysis of the methyl ester moieties of the ethers XLII affords the
compounds of interest of formula Ic. The protected amine groups in XLII are converted to
the corresponding amines XLII under acidic conditions, followed by treatment with a base

10 to generate the free amines. Reaction of the amines XLIII with the carbonyl chlorides XLIV,
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followed by a hydrolysis reaction affords the compounds of interest of formula Id.
Sulfonylation of the amines XLIIl with the sulfonyl chlorides XLVI, followed by a hydrolysis
reaction affords the compounds of interest of formula le. Treatment of the amines XLIII with
the isocyanates XLVII, followed by a hydrolysis reaction affords the compounds of interest
of formula If.

The intermediates lla can be converted to the ethers XLII by a Mitsunobu reaction with 4-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester (XLI). The reaction can be carried out
in the presence of diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate (DIAD),
or di-p-chlorobenzyl azodicarboxylate (DCAD) and triphenylphosphine, in an inert organic
solvent such as toluene, dichloromethane, tetrahydrofuran, or acetonitrile, at a temperature
between room temperature and 70 °C for 20 minutes to several hours (Lizarzaburu M. E. et
al., Tetrahedron Lett. 43 (2002) 2157-2159).

The intermediates XLII can be converted to the corresponding amine salts by treatment
under acidic conditions The reaction can be carried out in a solution of hydrogen chloride in
methanol or a solution of trifluoroacetic acid in dichloromethane at room temperature for

several hours.

The amine salts can be converted the corresponding amines XLIII by treatment with a base.

The generation of the free amines can be carried out in an organic solvent such as
dichloromethane or ethyl acetate, by treatment with an aqueous solution of a base such as

sodium hydroxide, sodium carbonate, or sodium bicarbonate at room temperature.

Reaction of the amines XLIII with the carbonyl chlorides XLIV affords the amides XLV. The
reaction can be carried out in the presence of a base such as triethylamine, pyridine, or 4-
dimethylaminopyridine, in a suitable inert solvent such as dichloromethane, acetonitrile,

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

82
28
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benzenesul fony 7.47 (m 3 H"7.29 | ) - pi perazine-1- (td, J = 8.78, 2.15
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Sulfonylation of the amines XLIIl with the sulfonyl chlorides XLVI affords the corresponding
sulfonamides. The reaction can be carried out in the presence of a base such as
triethylamine, pyridine, or 4-dimethylaminopyridine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at room

5 temperature for several hours.

The ureas XLVIII can be formed by treatment of the amines XLIII with the isocyanates
XLVII. The reaction can be carried out in an organic solvent such as dichloromethane,
acetonitrile or mixtures thereof, at room temperature for several hours.

10
Hydrolysis of the methyl ester moieties of the amides XLV, the sulfonamides and the ureas
XLVIIl affords the compounds of interest of formula Id, le and If separately. 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

15 tetrahydrofuran at room temperature for several hours.

Scheme 9

COEt
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EtOH MeOH
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L Ll LIV 11b-1

The key intermediate llb-1 (which can be used as a replacement for intermediate Il in
scheme 5 to make the compounds of formula 1) can be prepared as described in Scheme
20 9. Treatment of (4-fluoro-phenyl)-acetic acid (XLIX) with oxalyl chloride generates the
corresponding acid chloride in situ, which is not isolated, but treated with the Wittig-type
reagent L in the presence of a base to produce the allene derivative LI. A conjugate

addition reaction of the allene with malonic acid tert-butyl ester ethyl ester produces the tri-



L.N. pF fluoro-3-nethyl- naphthalen-2- Hz, 1 H, 3.90 - 4.21 (m 2 H),
3.84 (s, 2 H, 3.12- 40 yl}-acetic acid 3.29 (m 4 H, 2.78 - 3.05

(m 2 H) ,W2.281/0580063 H) 1-18 [4-(4- 8.12 (d, J = 8. 84PHIEP2000{06435¢7 CH
Benzenesul fon 7.99 (s, 1 H, 7.96 (s, 1 H), F110100 yl-piperazine-1- 7.81
(s, 1 H, 7.79 (s, 1 H), car bonyl ) - s (.71 - 7.78 (m 2 H, 7.63 -
trifluoromethyl- 7.69 (m 2 H, 7.55 (5, 1 H),

ester derivative LII, which upon hydrolysis and subsequent decarboxylation generates the
acid derivative LIII. Acetic anhydride-promoted cyclization of LIl fumishes the naphthalene
derivative LIV, 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 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
10 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 L in an

ether solvent at a temperature between 0-10 °C produces the allene derivative L.

The conjugate addition reaction between the allene derivative LI and malonic acid tert-butyl
15 ester ethyl ester to produce the tri-ester derivative LIl is conducted in the presence of a
base such as potassium tert-butoxide, in a solvent such as N,N-dimethyl acetamide at

room temperature.

The ester hydrolysis of the two ethyl esters in LIl can be accomplished using methods

20 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 reflux for several hours, to produce LIl

25 The cyclization of the unsaturated acid derivative LIl to the naphthalene LIV 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.



,0 naphthalen-2- 3.90 -4.17 (m 2 H), 3.87 6, 0 ylFacetic acid (s, 2 H),
3.35 - 3.50 (m 2 H, 2.71 - 3.32 (m 4 H) 1-19 [4-(4- 8.04 (d, J =

8.84 Hz, WORN10/52®60H Benzenesul fon 7.94 (s, 1 H), 7.8@CTEP2QIN64SHEO

yl - pi perazine-1- 8.08 Hz, 2 H), 7.71 - 7.77 carbonyl)-6- (m 1 H, 7.61
- 7.69 (m 2 trifluoronmethox H), 7._§1§_(s, 2 H, 7.45 (d, J P

The acetate derivative LIV 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.
5 EXAMPLES

MATERIALS AND INSTRUMENTATION
Intermediates and final compounds were purified by either flash chromatography and/or
preparative HPLC (high performance liquid chromatography). Flash chromatography was
10 performed using (1) the Biotage SP1™ system and the Quad 12/25 Cartridge module from
Biotage AB) or (2) the ISCO CombiFlash® chromatography instrument (from Teledyne Isco,
Inc.); unless otherwise noted. The silica gel brand and pore size utilized were: (1) KP-SIL™
60 A, particle size: 40-60 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,
15 pore size: 200-300 mesh or 300-400 mesh. Preparative HPLC was performed on a
reversed phase column using an Xbridge™ Prep Cig (5 um, OBD™ 30 x 100 mm) column
(from Waters Corporation), or a SunFire™ Prep C1s (5 um, OBD™ 30 x 100 mm) column

(from Waters Corporation).

20 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 intermediate or compound where
indicated.

25 Nuclear magnetic resonance spectroscopy (NMR) was performed using a Bruker Avance
400 MHZ Digital NMR Spectrometer (for the HNMR spectrum acquired at 400 MHz) (from
Bruker BioSpin). NMR data is provided for a particular intermediate or compound where

indicated.
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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

15 succinate (28 g, 193.2 mmol) in tert-butanol (100 mL) dropwise. After being stirred at reflux
for 3 hours, the mixture was concentrated in vacuo to remove tert-butanol. The residue was
dissolved in 1 N hydrochloric acid (180 mL). The resulting aqueous solution was extracted
with ethyl acetate (100 mL x 3). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated in vacuo. The residue was purified by column

20 chromatography (elution with 30% ethyl acetate in petroleum ether) to afford 2-(4-fluoro-
benzylidene)-succinic acid 1-methyl ester (25.5 g, 66%) as a light yellow solid. H NMR
(400 MHz, CDs0OD) & ppm 7.84 (s, 1 H), 7.41-7.46 (m, 2 H), 7.13 - 7.20 (m, 2 H), 3.81 (s,
3 H), 3.49 (s, 2 H).
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and concentrated in vacuo. The residue was purified by column chromatography (gradient

naphthalene 1- carboxylic acid,

elution with 10-20% ethyl acetate in petroleum ether) to afford 4-acetoxy-6-fluoro-

10 naphthalene-2-carboxylic acid methyl ester (1.1 g, 50%) as a white solid. 'H NMR (400
MHz, CDCl3) & 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 (id, 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
@)

o
F

15 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 to pH 3 with 1N
hydrochloric acid. The resulting precipitate was collected by filtration and dissolved in ethyl
20 acetate. The organic solution was dried over sodium sulfate, and concentrated in vacuo to
afford 900 mg of crude 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester as a

pale yellow solid, which was used in the next step without further purification.
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4-Benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
0
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F

0]

To a mixture of 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester (4.6 g, 21
mmol) and potassium carbonate (5.8 g, 42 mmol), was added benzyl bromide (5.47 mL, 32
mmol) in acetone (100 mL). After being stirred vigorously at reflux for 4 hours under a
nitrogen atmosphere, the resulting mixture was cooled to room temperature, filtered, and
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

O
F

0

To a slurry of lithium aluminum hydride (1.4 g, 37.4 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 O °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 treated with 1 N hydrochloric acid to quench the reaction. The mixture was
extracted with diethyl ether (50 mL x 4). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuo to give (4-benzyloxy-6-fluoro-
naphthalen-2-yl)-methanol (4.9 g, 93%) as a white solid.

7.92

6. 86
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1-Benzyloxy-3-chloromethyl-7-fluoro-naphthalene

F o|

0]

To a solution of triphenylphosphine (2.8 g, 10.6 mmol) in anhydrous 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
mmo!) 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 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, filtered, 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-naphthalene (1.4 g,

87.5 %) as a white solid.

(4-Benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester

O\
F

0]

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 potassium carbonate
(2.6 g, 18.9 mmol) 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 (balloon) overnight, the

2
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-yl]-acetic 2 H, 3.18 - 3.28 (m 2 H), 2.42 il N acid (s, 3 H
6- Fl uoro-3- 7.96 (dd, J = 9.09, 5.81 Hz, 1 421 OH nethyl-4-(4- H),
(s, WORY10/035088 - 7.38 (m 101101. mtolyl- 2 H), PETER2QQ0641& 7, 83

H) , pi perazine-1- 6.88 (s, 1 H), 6.84 (d, J = 7.58 car bonyl) -
H, 6.78 (d, J = 7.33 Hz, 1 ngphthalen- H, 4.09 - 4.19 (m 2 H),

reaction mixture was diluted with water (100 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
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (elution with 20% ethyl acetate in petroleum ether) to afford (4-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

o<
@)

OH

F

To a solution of (4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester (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 (balloon) atmosphere 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), 7.30 (s, 1 H), 7.22 - 7.26 (m, 1 H), 6.82 (s, 1 H),
3.74 (s, 3 H),3.72 (s, 2 H).

Preparation of (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

N
@)

E
OH
2-(4-Fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester
0
X o7

OH



LN 2-y1]- aceticZH) 3.35- 3.51 (m 4 H, 2.98 401 acid -3.13 (m 2
H, 2.44 (s, 3 H, 2.31 (s, 3 H 2-7 {6-Fluoro-3- 7.94 - 7.98 (m 1
H, 7.87 WQZOH)/%WGO—l methyl -4-[4- H), 7.42 (t, J = 8PSA/EH009/64dj¢ (3-
7.26 - 7.37 (m 2 H, 7.19 - 7.25 trifluoromethy (m 2 H), 7.13 (d, J =
7.58 Hz, 1 1-phenyl)- H, 4.14 (t, J,=5.18 Hz, 2 H),

After the careful addition of absolute methanol (0.1 mL) to a suspension of sodium hydride
(20 g, 0.5 mol, 60% in mineral oil) in anhydrous toluene (200 mL), a solution of 4-fluoro-
benzaldehyde (31 g, 0.25 mol) and dimethyl 2-methyl-succinate (60 g, 0.38 mol) in
anhydrous toluene (100 mL) was added at room temperature under a stream of nitrogen.

5 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 to pH 3 by the addition of
concentrated hydrochloric acid, and extracted with ethyl acetate (200 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. The residue was purified by column chromatography (elution with 30% ethyl acetate

10 in petroleum ether) to afford 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester
(20 g, 33%) as a white solid. "H NMR (400 MHz, acetone-ds) & ppm 7.77 (s, 1 H), 7.54 (d,
J=8.8Hz 2H),7.25(d, J=8.8 Hz, 2 H), 3.82 (q, 7.2 Hz, 1 H), 1.40 (d, J = 6.8 Hz, 3 H).

6-Fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester
@)

0G4
F

15 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

20 5% aqueous hydrochloric acid and extracted with ethyl acetate (20 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

25 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-
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hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester (740 mg, 80%) as a pale

solid.

Alternatively, Starting with 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester,
using a method analogous to the one described above for 6-fluoro-4-hydroxy-naphthalene-

2-carboxylic acid methyl ester, 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid

methyl ester was obtained as a pale solid.

4-Benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester
0

o

0]

F

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 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, then
filtered, and 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.

(4-Benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-methanol

0o

To a 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

F
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ester (10 g, 30.8 mmol) in tetrahydrofuran (50 mL) at 0 °C 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 quench the reaction. The aqueous layer was extracted
with diethyl ether (100 mL x 5). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated in vacuo to give (4-benzyloxy-6-fluoro-3-methyl-
naphthalen-2-yl)-methanol (8.4 g, 92%) as a white solid. "H NMR (400 MHz, CDCl3) & ppm
7.84 (dd, J=5.6,9.2 Hz, 1 H), 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), 4.99 (s, 2 H), 4.87 (s, 2 H), 2.47 (s, 3 H).

1-Benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naphthalene

O

To a solution of triphenylphosphine (7.1 g, 27.2 mmol) in anhydrous tetrahydrofuran (32
mL) was added carbon tetrachloride (10 mL). The mixture was stirred for 10 minutes and 4-
benzyloxy-6-fluoro-3-methyl-naphthalen-2-yi)-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, and extracted with ethyl acetate (150 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 sodium
sulfate, filtered, 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-2-methyl-naphthalene (3.5 g, 83%) as a white solid. "H NMR (400
MHz, CDCl3) & ppm 7.83 (dd, J = 5.6, 9.3 Hz, 1 H), 7.71 (d, J=2.4 Hz, 1 H), 7.68 (s, 1 H),
7.40 -7.58 (m, 5H), 7.25 (td, J=2.4, 8.8 Hz, 1 H), 5.01 (s, 2 H), 4.79 (s, 2 H), 2.54 (s, 3
H); MS cald. for C19H1¢CIFO 314, obsd. (ESI*) [(M+H)"] 315.



OH nethoxy- 2 H, 7.17 (t, J = 8.21 Hz, 1 H, 1010 phenyl)- 6.61 (dd, J
=8.21, 1.89 Hz, 1 pi perazine-1- H), 6.55 (s, 1 H), 6.50 (dd, J =

car bonyl |WQ208/38061. 77 Hz, 1 H), 4.06 -4.19 LN net hyPCTHARRHORSASN- (m 2
H, 3.90 (s, 2 H, 3.77 (s, 3 H, 3.34- 3.45 (m 4 H, 2.98 401
2-yl'l-acetic acid - 3.12 (m 2 H), 2.43. (s, 3 H 2-10** {444-(2- 7.99
(dd, J = 8.84, 6.06 Hz, 1 435 Ethyl-7—|), 7.84 (s, 1 H, 7.42 (td, J =

(4-Benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

O\
F

0]

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
5 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 carbon monoxide atmosphere
(balloon) 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

10 combined aqueous layers were extracted with ethyl acetate (150 mL) and the combined
organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (elution with 20% ethyl acetate in
petroleum ether) to afford (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid
methyl ester (3.4 g, 97%) as a white solid. "H NMR (400 MHz, CDCl3) & ppm 7.80 (dd, J =

15 5.2,84Hz 1H),7.70(d, J=10.4 Hz, 1 H), 740 - 7.59 (m, 6 H), 7.25 (td, J= 2.0, 8.8 Hz, 1
H), 5.00 (s, 2 H), 3.84 (s, 2 H), 3.75 (s, 3 H), 2.42 (s, 3 H); MS cald. for C21H1sF O3 338,
obsd. (ESI*) [(M+H)"] 339.

(6-Fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

F

20 OH
To a solution of (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid 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,

and then filtered. The filtrate was concentrated in vacuo to give (6-fluoro-4-hydroxy-3-



OH phenyl)- 8.91, 2.40 Hz, 1 H), 7.28 (dd, 1

10.74, 2.15 Hz, 1 H), 7.21 (d, car bonyl ] - J

7.18 fWOePH/35006m 1 H), 7.01 - 7.10 (m H) , mePRFIEP20994816 4. 07
(m 4 H, 3.80 (s, 2 1101 naphthalen- H), 88 - 3.03 (m 2 H, 2.65
|2_|-Zy1%-|a_16:etic (q, J =7.66 Hz, 4 H), 2._§§_(s, 3 acid H, 1.17 (t, J=7.45

00 0 piperazine-1- =
= 7.33 Hz, 1 H, 7.12 -

methyl-naphthalen-2-yl)-acetic acid methyl ester (2.44 g, 98%) as a white solid. "H NMR
(400 MHz, CDCl3) 8 ppm 7.69 - 7.74 (m, 2 H), 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); MS cald. for C14H13F O3 248, obsd.
(ESI") [(M+H)"] 249.

Preparation of 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic

O\
(T
F

0"~ OH

acid

10 (6-Fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic acid

methyl ester

To a cooled (ice-water bath) solution of 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic
acid methyl ester (1.16 g, 4.7 mmol) and pyridine (1.86 mL, 23 mmol) in anhydrous

15 dichloromethane was added trifluoromethanesulfonic anhydride (929 L, 5.5 mmol)
dropwise slowly to maintain the temperature below 5 °C. After being stirred at 0 °C for 2
hours, the resulting mixture was concentrated in vacuo to remove the solvent. The residue
was dissolved in ethyl acetate (20 mL). The resulting solution was washed with 1N
hydrochloric acid (10 mL x 2), dried over sodium sulfate, filtered, and concentrated in

20 vacuo. The residue was purified by column chromatography (elution with 20% ethyl acetate
in petroleum ether) to afford (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-

yl)-acetic acid methyl ester (1.60 g, 89.5%) as a white solid.



2-11 {444-(3,5- 7.95 - 7.98 (m 1 H), 7.88 (s, 1543 OH Bis- H), 7.46 (s,
1H, 7.28- 7.37 (m O trifluoronethy 3 H, 4.12 - 4.18 (m 2 H, 3.91
1- phenyl| )WO(2810/359p  3.50 - 3.67 (m 2 H), pi per azi n&CTEP00386481@ . 44 (m
g H, 3.18 - 3.28 carbonyl]-6- fluoro-3- nethylnaphthalen- (m 2 H),

44 (s, 3 H Sl F 2-yl}-acetic acid,g_ WO 2010/055006PCT/ EP2009/ 064816
67 - Exanpl e No.

7-Fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid

O\
(LS
F

O~ OH
A parr bottle containing (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-yl)-
acetic acid methyl ester (1.0 g, 2.63 mmol), 1,1"-bis(diphenylphosphino)ferrocene (148 mg,
5 0.27 mmol), and palladium(ll) acetate (60 mg, 0.27 mmol) was evacuated and then filled
with carbon monoxide. N,N-dimethylformamide (60 mL), water (40 mL) and triethylamine
were added by means of a syringe. The reaction mixture was shaken at 60 °C under a
carbon monoxide atmosphere (30 psi) for 4 hours. The resulting mixture was diluted with
ethyl acetate (60 mL), and then extracted with a saturated aqueous solution of sodium
10 carbonate (50 mL x 3). The combined aqueous layers were acidified to pH 3 by the slow
addition of 12 N hydrochloric acid in an ice-water bath, and extracted with ethyl acetate (80
mL x 3). The combined organic layers were washed with brine (150 mL x 2), dried over
sodium sulfate, filtered, and concentrated in vacuo to afford 7-fluoro-3-
methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid (680 mg, 94%) as a light
15 brown viscous oil. MS cald. for C1sH13FO4 276, obsd. (ESI™) [(M+H)"] 277.

Preparation of 7-fluoro-3-methoxycarbonylmethyl-naphthalene-1-carboxylic acid

O\
(¥
F

0"~ OH

Starting with (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester, using the

20 method analogous to the one described for 7-fluoro-3-methoxycarbonylmethyl-2-methyl-
naphthalene-1-carboxylic acid, 7-fluoro-3-methoxycarbonylmethyl-naphthalene-1-
carboxylic acid (80 mg) was obtained as a light brown viscous oil. MS cald. for C14H1oFO4
262, obsd. (ESI") [(M+H)'] 263.

25 Preparation of 2,6-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester




Systematic Nanme 11-1 NWR (400 MHz, CD30D)05 ppm MS (ESI+, [ (MtH) +]
Structure 2-12 {6-Fluoro-4- 7.93 (dd, J = 8.59, 6.06 Hz, 1 437 OH [4-(4-
H), 7.85 W9200/050067 24 - 7.37 (m 401010 nethwg- 2 HPCTEPGIING64BIA0 (m
H), 6.83 phenyl)- - 6.92 (m 2 H), 407- 420(m pi perazine-1- 2
H, 3.89 (s, 2 H, 3.74 (s, 3 carbo(y , 3.33 - 3.45 (m 4 H),
2.92 - 40 methyl- 3.07 (m 2 H), 8

HN(><)N_<ZJF

2,6-Bis-(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]Jheptane dihydrochloride

G,

5 To a solution of 2,2-bis-hydroxymethyl-propane-1,3-diol (40.86 g, 0.3 mol) in anhydrous
acetonitrile, which was cooled to -20 °C, was slowly added trifluoromethanesulfonic
anhydride (212 mL, 1.25 mol) dropwise followed by the dropwise addition of N,N-
diisopropylethylamine (267.5 mL, 1.54 mol). Both of the reagents were added at such a
rate as to maintain the internal temperature below -10 °C. After the mixture was stirred for

10 30 minutes at a temperature between -20 °C and -10 °C, another portion of N,N-
diisopropylethylamine (267.5 mL, 1.54 mol) was added, followed by the dropwise addition
of 1-phenyl-ethylamine (76.5 mL, 0.60 mol). Both of the reagents were added at such a
rate as to maintain the internal temperature below -10 °C. The resulting mixture was
heated at 70 °C for 2 hours, and then concentrated in vacuo to remove the solvent. The

15 residue was dissolved in ethyl acetate (500 mL), and the solution was washed with brine
(500 mL x 2), dried over sodium sulfate, filtered, and concentrated in vacuo. The residue
was purified by column chromatography (gradient elution with 5% to 10% methanol in
dichloromethane) to afford a light brown viscous oil, which was subsequently dissolved in a
solution of hydrogen chloride in methanol (150 mL, 4 M) and the solution was concentrated

20 in vacuo. The residue was stirred with dichloromethane (20 mL) and petroleum ether (100
mL), then filtered, and the collected solid was dried in vacuo to afford 2,6-bis-(1-phenyl-
ethyl)-2,6-diaza-spiro[3.3]heptane dihydrochloride (43.6 g, 38.2%) as a light brown solid.
MS cald. for C21H26N2 306, obsd. (ESI™) [(M+H)'] 307.

2-(1-Phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane dihydrochloride



napht hal en- 2-yl}-acetic acid 2-13 {444-(2,4- 7.95 (dd, J = 9. 22,
5.68 Hz, 1 443 OH Difluoro- H, 7.87 (s, 1 H, 7.28 - 7.39 (m o

phenyl ) - WORP10/035@s- 7.14 (m 1 H), 6.85 pi per azi ne- PCTEPZNGY648Hke 2 H) ,
4.04 - 4.23 (m carbonyl]-6- 2 H, 3.91 (s, 2 H, 3.34 - 3.38 LN
fluoro-3- (m 2 H, 3.20 - 3.26 (m 2_kK), 101 nethyl-

- Cl
Cl H

H\ + [
H

A flask containing a mixture of 2,6-bis-(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane
dihydrochloride (900 mg, 2.4 mmol), ammonium formate (7.2 g, 114 mmol), 10% palladium
on carbon (180 mg) and methanol (30 mL) was evacuated and filled with argon. The

5 resulting mixture was stirred at 65 °C until the ratio of the amount of the starting material to
the amount of the desired product was unchanged by monitoring with TLC and HPLC. The
resulting mixture was filtered and concentrated in vacuo to afford a mixture of 2-(1-phenyl-
ethyl)-2,6-diaza-spiro[3.3]heptane dihydrochloride and 2,6-bis-(1-phenyl-ethyl)-2,6-diaza-
spiro[3.3]heptane dihydrochloride (750 mg) as a light brown solid, which was used for the

10 next step without any purification. MS cald. for C13H4gN2 202, obsd. (ESI*) [(M+H)'] 203.

6-(1-Phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester

400

To a mixture of 2-(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane dihydrochloride and 2,6-bis-

15 (1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane dihydrochloride (700 mg) in 1,4-dioxane (6
mL) and water (6 mL) was added di-tert-butyl dicarbonate (600 mg, 2.75 mmol) and sodium
bicarbonate (700 mg, 8.3 mmol). After being stirred at room temperature overnight, the
resulting mixture was concentrated in vacuo to remove the organic solvent, and extracted
with dichloromethane (10 mL x 3). The combined organic layers were dried over sodium

20 sulfate, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (gradient elution with 5% to 10% methanol in dichloromethane) to afford 6-
(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester (238 mg,
33%) as a viscous oil and 2,6-bis-(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane (250 mg) as

a viscous oil.



2.83 -2.96 (m 2 H, 2.43 (s, 3 napht hal en- H) 2-yll-acetic acid
2-14** {444-(3,5- 8.00 (dd, J = 9.35, 6.06 Hz, 1 467 OH Di et hoxy-
7.87 (s, WORP10/0B5®9 - 7.46 (m 1010 o phenyl)- 1 H), PC2EP2009/064816
pi perazine-1- (dd, J = 10.48, 1.89 Hz, 1 H), carbonyl]-6- 6.07 (d, J =
1.77 Hz, 2 H), 5.99 fluoro-3- (s, _1551), 3.79 - 4.04 (m 4 H,

2,6-Diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester

HN®<>N—<Z+

A flask containing 6-(1-phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl
5 ester (200 mg, 0.66 mmol), ammonium formate (4.22 g, 67 mmol), 10% palladium on
carbon (40 mg) and methanol (10 mL) was evacuated and filled with argon. The resulting
mixture was stirred at 65 °C for 3 hours, then filtered and concentrated in vacuo to afford
2,6-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester (130 mg, 99%) as a brown

viscous oil which was used for the next step without further purification.

10

Preparation of (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl

ester

OH
F
o OJV
4-(4-Fluoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester

15

F

O
To a solution of (4-fluoro-phenyl)-acetic acid (22.33 g, 144.9 mmol) in 100 mL of methyl
tert-butyl ether and 250 L of DMF was added 13.02 mL (146.3 mmol) of oxalyl chloride at
room temperature dropwise over 30 minutes. The resulting mixture was stirred at room
20 temperature for an additional 20 minutes (HPLC indicated completed reaction), and then
the entire solution was added dropwise over 1 hour to a solution of N,N-
diisopropylethylamine (50.48 mL, 289.8 mmol) and ethyl 2-



401 nethyl- 3.68 (s, 6 H, 3.26 - 3.38 napht halen- (m 2 H), 3.07 -
3.17 (m 2 H), 2-yl}-acetic 2.87 - 3.05 (m 2 H), 2.24 - 2.34 aci d
(m 3 H WO000455@6F| uoro-3- 7.92 - 7.98 (m 1 H), 7.86PCI/EP2004/PeHSTH

methyl -4-[4- (2- H), 7.66 (t, 1 H), 7.51 - 7.55 (m 1 H), 7.25 - 7.41 (m

H, 3.98 *ISo FF trifluoromethy - 4,24 (m 2 H, 3.90 (s, 2 H),

10

15

20

25

(triphenylphosphoranylidene)propionate (50.0 g, 138.0 mmol) in 100 mL of methyl tert-butyl
ether, while maintaining the internal temperature between 0-15 °C. After the addition was
complete, the reaction mixture was stirred for an additional 10 minutes at 0-10 °C, when
HPLC indicated a completed reaction. 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 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.

2-Ethoxycarbonyl-3-[1-(4-fluoro-phenyl)-meth-(E)-ylidene]-4-methyl-pentanedioic
acid 1-tert-butyl ester 5-ethyl ester

o)
F
O/\
O
=
0 00—
0O

Malonic acid tert-butyl ester ethyl ester (30.08 g, 151.8 mmol) was added to a solution of
potassium tert-butoxide (16.30 g, 138.0 mmol) in 200 mL of N,N-dimethyl acetamide, while
the reaction temperature was maintained at ~25 °C. To the resulting mixture was then
added the solution of 4-(4-fluoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester
prepared above, at such a rate that the reaction temperature was maintained between 20-
28 °C. After the addition was complete, the reaction mixture was stirred at room
temperature for 20 minutes, when HPLC indicated completed reaction. The mixture was
then treated with 100 mL of 1M citric acid and 150 mL of ice-water, and then extracted with
400 mL of methyl tert-butyl ether. The organic extract was separated and washed with
2x200 mL of water, and then concentrated to produce 56.36 g of a yellow oil, which was

used in the next step without further purification.

3



1-phenyl)- 3.30 - 3.31 (m 2 H, 3.11 -3.17 LN piperazine-1- (m 2 H),
2.74 - 2.87 (m 2 H, 401 carbonyll- 2.46 (s, 3 H) napht hal en-

2-y1} - aceWPOHKISH06  2-16 [6-Fluoro-3- 7.94 (dd, J = 8. BAT/ER268/0p4816 1 421
OH nmethyl-4-(4- p-tolyl- H), 7.85 (s, 1 H, 7.27 - 7.36 (m 2 H), 7.13 (d,
J =8.34 Hz, 2 H, 1SIO piperazine- 1z4.

3-[1-(4-Fluoro-phenyl)-meth-(Z)-ylidene]-2-methyl-pentanedioic acid 5-tert-butyl ester

%

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 mL, 414.0 mmol) was
5 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 hydrochloric acid (32.0 mL, 389.7 mmol) dropwise, in order to

10 adjust the pH to 2.75. The reaction mixture was then extracted with methyl tert-butyl ether
(400 mL). The organic phase was separated and washed with 200 mL of water, then
treated with 17.00 mL of 1M sodium carbonate in 150 mL of water, washed with an
additional 200 mL of water, and then concentrated azeotropically at 30 °C/80 mmHg to
produce an oil. Methyl tert-butyl ether (200 mL) was added, and the residue was

15 concentrated azeotropically at 30 °C/80 mmHg to produce 38.3 g of a yellow oil, which was

used in the next step without further purification.

(4-Acetoxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl ester

O

o,

The above prepared 3-[1-(4-fluoro-phenyl)-meth-(Z)-ylidene]-2-methyl-pentanedioic acid 5-
tert-butyl ester (38.3 g, 124.2 mmol) was dissolved in acetic anhydride (96.00 mL, 995.3

20



7.01 (d, J =8.59 Hz, 2 H), 4.12 carbonyl)- -4.23 (m 2 H), 3.89 (s, 2
H), naphthalen- 3.32 - 3.49 (m 4 H, 2.98 - 3.14 SI 2-yll-acetic (m
2 H, 2.4%02810/3509p 2. 26 (s, acid 3H) WO PCT/EP2009/064816
2010/ 055006PCT/ EP2009/ 064816 - 68 - Exanple No. Systematic Name 11-1NWVR
(400 MHz, CD30D) 6 ppm MS (ES1+, [(MtHy#] Structure 2-17 {444-(3,5- 7.93
Edd, J =8.97, 5.68 Hz, 1 475 OH Dichlforo- H, 7.85 (s, 1 H, 7.24 - 7.36
m

mmol). To this solution was added potassium acetate (18.66 g, 186.3 mmol), and the

reaction mixture was stirred at 85+2 °C for 10 hours, when HPLC analysis showed

completed reaction. The reaction mixture was then cooled to room temperature and diluted

with 96 mL of heptane. To this solution, 270 mL of water was added over 1 hour, while

5 maintaining the internal temperature at ~ 23 °C. The mixture was then cooled to 0-5 °C,
and stirred for 2 hours. The solid formed was filtered, and then washed with water (2x40
mL), heptane (2x40 mL), and then dried under vacuum to furish 28.5 g of a yellow solid,

which was used in the next step without further purification.

10 (6-Fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl ester

To a mixture of the above prepared (4-acetoxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic
acid tert-butyl ester (28.4 g, 85.44 mmol) in 140 mL of methanol was added sodium
methoxide (25% solution in methanol, 23.44 mL, 102.5 mmol) rapidly dropwise. The

15 resulting reaction mixture was stirred at room temperature for 20 minutes, when HPLC
analysis indicated a completed reaction. The mixture 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 overnight (40 °C), to produce 23.7

20 g of alight yellow solid. "H NMR (300 MHz, DMSO-ds) & 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 COMPOUNDS OF INTEREST

25 EXAMPLE 1-1



OS phenyl)- 2 H, 6.90 (d, J =1.77 Hz, 2 H)

H) ,

f
¢
(

m
m

pi perazine-1- 6.83 (s,

4.06 - 4.12 (m 2 carbonyl]-6- H), 3.8§ (s, 2 H, 3.37 - 3.51 (m
| uor o- 3-W9 2pp0/0530093 - 3.29 (m 2 H), 3.02 0 nethyl- R&EPAPROOMSIC3 17

5

10

15

[4-(4-Ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic

OH
90Q:
F

acid

(4-Chlorocarbonyl-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl ester

O\
(IS

0o~ (i
To a solution of 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid
(500 mg, 1.81 mmol) in anhydrous tetrahydrofuran (10 mL), was added oxalyl chloride (250
uL) and N,N-dimethylformamide (30 uL). The resulting mixture was stirred at 60 °C for 2
hours, and concentrated in vacuo to afford (4-chlorocarbonyl-6-fluoro-3-methyl-naphthalen-
2-yl)-acetic acid methyl ester (526 mg, 99%) as a light yellow solid, which was used in the

next step without further purification.

4-(7-Fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carbonyl)-piperazine-

1-carboxylic acid tert-butyl ester

O\
20¢:
F

0]

"
k/N\g,o%

To a solution of (4-chlorocarbonyl-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl
ester (294 mg, 1.0 mmol) and piperazine-1-carboxylic acid tert-butyl ester (279 mg, 1.5

mmol) in dichloromethane was added triethylamine (458 uL, 3.3 mmol). The resulting

1

2 H, 2.41 (s, 3 H a 2-yl}-acetic acid 2-18 {444-(4- 7.93 (dd, J
9.09, 5.81 Hz, 1 441 OH Chloro- ph(_agu(%ll_)- H, 7.85 (s, 1 H, 7.27 - 7.35
2 H, 7.20 (d, J =9.09 Hz, 2 H), SO

a



pi perazine-1- 6.94 (d, J = 9.09 Hz, 2 H, 4.10 carbonyl]-6- -4.17 (m 2

H, 3.88 (s, 2 H), fluoro-3- 3.32 - 3.41 (m 4 H), 2.91 -3.10 S
met hyl - (WP 2010955009 41 (s, 3 H a naphthal en- 2- yPCTE&P2Q000648¢¢ d
2-19 {6-Fluoro-3- 7.94 (dd, J = 8.84, 5.81 Hz, 1 475 OH nethyl-4-[4- H),
7.86 (s, 1 H, 7.49 (d, J = 400 5.

mixture was stirred at room temperature overnight, and concentrated in vacuo. The residue
was purified by column chromatography (gradient elution with 20-40% ethyl acetate in
petroleum ether) to afford 4-(7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-
carbonyl)-piperazine-1-carboxylic acid tert-butyl ester (410 mg, 92%) as a white solid.

[6-Fluoro-3-methyl-4-(piperazine-1-carbonyl)-naphthalen-2-yl]-acetic acid methyl

ester trifluoroacetate

10 A solution of 4-(7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carbonyl)-
piperazine-1-carboxylic acid tert-butyl ester (410 mg, 0.92 mmol) in dichloromethane (10
mL) was treated with trifluoroacetic acid (2.5 mL) at room temperature, and stirred for 4
hours. The resulting mixture was concentrated in vacuo to afford [6-fluoro-3-methyl-4-
(piperazine-1-carbonyl)-naphthalen-2-yl]-acetic acid methyl ester trifluoroacetate as a

15 viscous oil which was used in the next step without further purification.

[4-(4-Ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic

acid methyl ester

O
(LS

07 NTY

F

20
To a solution of [6-fluoro-3-methyl-4-(piperazine-1-carbonyl)-naphthalen-2-yl]-acetic acid
methyl ester trifluoroacetate (45.8 mg, 0.10 mmol) and ethanesulfonyl chloride (14 pL, 0.15



(4- 859 Hz, 2 H, 7.25 - 7.35 (m 2 trifluoromethy H)y, 7.06 (d, J =
8.59 Hz, 2 H), 1-phenyl)- 4.04 - 4.19 (m 2 H), 3.89 (s, 2

pi per azi N¥ORO1RFMWONYI |- H), 3.52 (t, J = 5.05 Hz, 2 H) PCIEP2009/06483® (m 2
H, 3.08 - 3.25 1101 naphthalen- (m 2 H, 2.41 (s, 3 H) 2-yl}-acetic
aci d 2-20 {444-(2- 7.93 (dd, J = 8._%L 5.81 Hz, 1 441 OH Chloro- H),
7.84 (s, 1 H, 7.23 - 7.39 (m 110140

mmol) in dichloromethane was added triethylamine (306 uL, 2.2 mmol). The resulting
mixture was stirred at room temperature overnight, and concentrated in vacuo. The residue
was purified by column chromatography (gradient elution with 20-40% ethyl acetate in
petroleum ether) to afford [4-(4-ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-

5 naphthalen-2-yl]-acetic acid methyl ester (38 mg, 87%) as a white solid.

[4-(4-Ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic

OH
POQ:

T

10 To a solution of [4-(4-ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-naphthalen-

acid

F

2-yl]-acetic acid methyl ester (36 mg, 0.08 mmol) in tetrahydrofuran (4 mL), was added SN
lithium hydroxide (6 mL). After being stirred at room temperature overnight, the resulting
mixture was acidified to pH 3 with 5N hydrochloric acid, and extracted with ethyl acetate
(10 mL x 2). The organic layers were dried over sodium sulfate and concentrated in vacuo.

15 The residue was purified by preparative HPLC (gradient elution with 30-50% 0.1%
trifluoroacetic acid in water in acetonitrile, 8 minutes ) to give [4-(4-ethanesulfonyl-
piperazine-1-carbonyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid (16 mg, 46%) as a
white solid. '"H NMR (400 MHz, CD50D) & ppm 7.95 (dd, J = 8.97, 5.68 Hz, 1 H), 7.87 (s, 1
H), 7.26 - 7.38 (m, 2 H), 3.95-4.16 (m, 2 H), 3.90 (s, 2 H), 3.48 - 3.55 (m, 2 H), 3.20 (br. s,

20 6 H),2.41 (s, 3H), 1.34 (t, J,=,7.45 Hz, 3 H); MS cald. for C2H23FN20sS 422, obsd. (ESI")
[((M+H)"] 423.

EXAMPLES 1-2 to 1-17

25 The following examples 1-2 to 1-19 were prepared in an analogous manner to example 1-1,

starting with 4-fluoro-benzaldehyde, 4-fluoro-benzaldehyde, 4-trifluoromethyl-benzaldehyde



phenyl)- 4 H), 7.14 (d, J,= 6.82 Hz,
1 H, 404 -4.23 C carbonyl]-6-
fl uoro-3-WQ208/46006m 2 H), 3.23 (t, J5.18 101 nethyl PCREP2GI4819 81 -
2.98 (m 2 H, naphthalen- 2.41 - 2.46 (m 3 H) 2-yl}-acetic acid
2-21 {444-(3- 7.95 (dd, J = 8.84, 5.81.iz, 1 441 CH

1H, pi perazine-1- 7.00 -
(m 2 H 3.88 (s, 2 H, 3.33 -

7.06 (m

and 4-trifluoromethoxy-benzaldehyde, to derive 7-fluoro-3-methoxycarbonylmethyl-
naphthalene-1-carboxylic acid, 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-
carboxylic acid, 3-methoxycarbonylmethyl-7-trifluoromethyl-naphthalene-1-carboxylic acid,
or 3-methoxycarbonylmethyl-7-trifluoromethoxy-naphthalene-1-carboxylic acid respectively,
5 which were then treated with piperazine-1-carboxylic acid tert-butyl ester, or 2,6-diaza-
spiro[3.3]heptane-2-carboxylic acid tert-butyl ester, trifluoroacetic acid, and commercially

available sulfonyl chlorides derivatives, in accordance with the procedure described for

example 1-1.
Example | Systematic "H NMR (400 MHz, MS Structure
No. Name CD;0D) & ppm (EST,
[(M+H) ]

1-2* [4-(4- 7.86 (dd, J=8.97,5.68 Hz, | 409 OH
Ethanesulfonyl- | 1 H), 7.80 (s, 1 H), 7.41 - OO
piperazine-1- | 7.48 (m,2H), 7.30-7.36 £ 0
carbonyl)-6- (m, 1 H),4.03 (br.s, 2 H),
fluoro- 3.81 (s, 2 H), 3.44 - 3.53 07N
naphthalen-2- | (m, 2 H), 3.33 (br. s, 2 H), K/N\ 0
yl]-acetic acid 3.18 (br.s,2H),2.99 (q, J S

=7.33Hz,2H),1.39 (1 J= 0 j
7.45 Hz, 3 H)

1-3 [6-Fluoro-4-(4- | 7.94 (dd, J=8.72,5.68 Hz, | 409 OH
methanesulfon | 1 H), 7.85(s, 1 H),7.24 - OO
yl-piperazine-1- | 7.36 (m, 2 H), 3.97 - 4.16 E 0
carbonyl)-3- (m, 2 H), 3.88 (s, 2H), 3.39
methyl- -3.47 (m, 2 H), 3.19 - 3.27 07N
naphthalen-2- | (m, 2 H), 3.00 - 3.17 (m, 2 K/N\ 0
yll-acetic acid | H), 2.87 (s, 3 H),2.38 (s, 3 S

H) 0

1-4 {6-Fluoro-3- 7.95(dd, J=8.97,5.68 Hz, | 437 OH
methyl-4-[4- 1 H),7.86 (s, 1 H),7.25- OO
(propane-2- 7.37 (m, 2 H), 3.93 - E o
sulfonyl)- 4.13 (m, 2 H), 3.89 (s, 2 H),
piperazine-1- | 3.58 (t, J = 5.18 Hz, 2 H), 07N
carbonyl]- 3.35-3.38 (m, 1H), 3.13 - LN
naphthalen-2- | 3.30 (m, 4 H), 2.41 (s, 3 H), O,,S\(
yl}-acetic acid 1.33(dd, J =6.82,2.02 Hz,

6 H)




Chloro- H, 7.87 (s, 1 H, 7.26 - 7.38 (m 0101 O phenyl)- 2 H),
pi perazine-1- J = 8.08 Hz, 1 , 6.97 - 7.00 carbonyl]-6- (m 1 H),
(d, J = 8VOL0HA550D6 fluoro-3- H), 6.85 (d, J = 7.58 HPCT/EPR0/06480G
methyl- 4.08 - 4.16 (m H, 3.89 (s, 2 napht halen- H), 3.35 - 3.51 (m
4 H, 3.00 - 2-yl}-acetic acid 3.1466[n 2 H, 2.42 (s, 3 H d
2010/ 055006PCT/ EP2009/ 064816
Example | Systematic "H NMR (400 MHz, MS Structure
No. Name CDs0OD) & ppm (ESI,
[(M+H) ]
1-5 [6-Fluoro-3- 7.93(dd, J=8.97,5.68 Hz, | 463 OH
methyl-4-(4- 1H),7.85(s, 1H),7.24 - OO
trifluoromethan | 7.38 (m, 2 H), 3.92 - 4.34 E o
esulfonyl- (m,2H),3.85-3.91(m, 2
piperazine-1- | H), 3.63 - 3.84 (m, 2 H), 07 NTY
carbonyl)- 3.34-352 (m, 2 H),3.21- k/N\SO F
naphthalen-2- 3.29 (m,2H), 2.36 (s, 3H) g
yll-acetic acid © FF
1-6 [4-(4- 7.94(dd, J=8.72,5.94 Hz, | 435 OH
Cyclopropanes | 1H),7.85(s, 1 H),7.24 - OO
ulfonyl- 7.37 (m, 2 H), 3.96 - E o
piperazine-1- 4.17 (m, 2 H), 3.89 (s, 2 H),
carbonyl)-6- 3.51 (t, J = 5.18 Hz, 2 H), 07 NTY
fluoro-3-methyl- | 3.06 - 3.29 (m, 4 H), 2.49 - k/N\é,o
naphthalen-2- 2.57 (m, 1 H), 2.40 (s, 3 H), 3 W
yll-acetic acid 0.96-112(m,4H)
1-7* {6-Fluoro-4-[4- | 7.86 (dd, 1 H), 7.80 (s, 1 423 OH
(propane-1- H), 7.43 (br.s, 2 H), 7.30 - OO
sulfonyl)- 7.36 (m, 1 H), 4.02 (br. s, 2 E o
piperazine-1- H), 3.79 (br.s, 2 H), 3.46
carbonyll- (br.s,2 H),3.32 (br.s, 2 o) Nﬂ
naphthalen-2- | H), 3.16 (br. s, 2 H), 2.91 K/N\ O
yl}-acetic acid | (br.s,2 H), 1.86 (br. s, 2 S
H), 1.04 - 1.11 (m, 3 H) o L
1-8 [4-(4- 7.93(dd, J=8.84,5.81 Hz, | 463 OH
Cyclopentanes | 1H),7.85(s, 1 H),7.23 - OO )
ulfonyl- 7.37 (m, 2 H), 3.91 - F
piperazine-1- 4.12 (m, 2 H), 3.88 (s, 2 H),
carbonyl)-6- 3.59 - 3.68 (m, 1 H), 3.52 (t, 07N o
fluoro-3-methyl- | J =5.18 Hz, 2 H), 3.08 - K/N‘S"
naphthalen-2- | 3.28 (m, 4 H), 2.39 (s, 3 H), J \Q
yll-acetic acid 1.86-2.05(m,4 H),1.59 -
1.81 (m, 4 H)
1-9 [4-(4- 7.90(dd, J=8.84,5.81Hz, | 471 CH
Benzenesulfon | 1 H), 7.69 - 7.83 (m, 4 H), OO )
yl-piperazine-1- | 7.64 (t, J = 7.58 Hz, 2 H), F
carbonyl)-6- 7.28(td,J=8.72,2.27 Hz,
fluoro-3-methyl- | 1 H), 7.05 (dd, J = 10.48, 07N o
naphthalen-2- | 2.65 Hz, 1 H), 3.91 - 4.15 K/N‘sl'
yll-acetic acid | (m, 2 H), 3.84 (s, 2 H), 3.12 o \©
3.28(m,4H),2.72-2.95
(m, 2H),2.24 (s,3 H)

7.21 (d,




Exanpl e No. Systematic Nanme 11-1NVR (400 MHz, CD30D) 05 ppm M5 ( ES1+,

3.91

H) +] Structure 2-22 {6-Fluoro-3- 8.36 (s, 1 H, 7.94 (dd, J = 8.84, 476
met hyWO2010455@656 Hz, 1 H), 7.86 (s, 1 H, O ( 5- PET/ER2Q04/064816 8, 59
1 H, 7.26 trifluoromethy - 7.36 (m 2 H, 6.92 (d, J =
ridin-2-yl1)- 9.35 Hz, 1 H), 4.02 seft-12 (m 2 pi perazine-1- H),
95 (m 2 H), 3.89 (s, carbonyl]- 2 H, 3.53 - 3.64 (m 2 H), 3.20

Example | Systematic "H NMR (400 MHz, MS Structure

No. Name CDs0OD) & ppm (ESI,

[(M+H) "]

1-10 [4-(6- 777-7.92(m,4H),759- | 483 OH
Benzenesulfon | 7.73 (m,3H),7.21-7.32 OO 0
yl-2,6-diaza- (m, 2 H), 4.14 - 4.27 (m, 2 F
spiro[3.3]hepta | H), 3.99 (dd, J = 9.60, 1.52 0”~N
ne-2-carbonyl)} | Hz, 2 H),3.83-3.93(m, 2 \%\ o
6-fluoro-3- H), 3.80 (s, 2 H), 3.74 (d, J Nogr
methyl- =10.86 Hz, 1 H), 3.56 (d, J J \©
naphthalen-2- =9.85Hz,1H),2.35(s,3
yll-acetic acid H)

11 [6-Fluoro-3- 7.91 (dd, J=9.85,5.81 Hz, | 497 OH
methyl-4-(6- 1 H),7.83(s, 1H),7.38- OO o
phenylmethane | 7.45 (m, 2 H), 7.27 - F
sulfonyl-2,6- 7.38 (m,5H),4.35-4.46 07N
diaza- (m, 2 H), 4.34 (s, 2 H), 4.02 DC\N\ ov©
spiro[3.3]hepta | (t, J=8.08 Hz, 2 H), 3.82 - &>
ne-2-carbonyl)- | 3.92(m,5H), 3.73 (dd, J =
naphthalen-2- 9.85, 1.01 Hz, 1 H), 2.39 (s,
yll-acetic acid 3 H)

112 {6-Fluoro-4-[4- | 7.80-7.93 (m,4 H),7.37 (t, | 489 OH
(4-fluoro- J=8.59Hz, 2 H), 7.28 (id, OO )
benzenesulfony | J=8.78,2.40 Hz, 1 F
I)-piperazine-1- | H), 7.06 (dd, J=10.48, o N/\
carbonyl]-3- 215Hz,1H),3.88-4.19 NP
methyl- (m, 2 H), 3.84 (s, 2 H), 3.10 O-?'\Q
naphthalen-2- -3.29(m, 4 H),2.69-2.98 E
yl}-acetic acid (m,2H),222-231(m, 3

H)

113 [6-Fluoro-3- 7.93 (dd, J=8.97,5.68 Hz, | 485 OH
methyl-4-(4- 1H),7.83 (s, 1H),7.44 - OO S
phenylmethane | 7.49 (m, 2 H), 7.37 - F
sulfonyl- 7.43(m,3H),7.30-7.37 o N/\
piperazine-1- | (m, 1 H), 7.20 (dd, J = L. ov©
carbonyl)- 10.74,1.89 Hz, 1 H), 4.41 6,3
naphthalen-2- (s,2H),3.87(s,2H),3.77
yll-acetic acid -4.05(m, 2 H), 3.33 - 3.41

(m,2H),2.83-3.16 (m, 4
H), 2.34 (s, 3H)

114 {6-Fluoro-4-[4- | 7.91(dd, J=8.97,568Hz, | 489 OH
(2-fluoro- 1 H),7.81-7.86 (m, 2 H), OO S
benzenesulfony | 7.70-7.77 (m, 1 H), 7.35 - F
I)-piperazine-1- | 7.42 (m,2H), 7.26 - 7.33 o N/\
carbonyl]-3- (m,1H),7.14 (dd, J = K/N o F
methyl- 10.61, 2.02 Hz, 1 H), 3.93 - °g’
naphthalen-2- | 4.15 (m, 2 H), 3.85 (s, 2 H), J \©
yl}-acetic acid 3.35-3.44 (m,2H), 3.17 -

3.29(m,2H),2.93-3.13
(m, 2 H),2.31 (5,3 H)




napht halen- - 3.27 (m 2 H),

2.41 (s, 3 H) 2-yl)-acetic acid
{444-(3,5- 8.40 (s, 1 H,

7.94 (d, J = 7.07 476 OH D chloro-

2-23

pyridi n- NQRPL0/AH061 H), 7.85 (s, 1 H), 7.29 - 7.36 (m PECTHEP2009/064$16 4, 24
(m 2 010 piperazine-1- H, 3.89 (s, 2 H, 3.53 - 3.64 (m (
carbonyl]-6- 2 H, 3.33 - 3.40 (m 2 H, 3.21 fluoro-3- nethyl- - 3.27
(m 2 H, 2.44 (s, 3 H | a naphthal en-

Example | Systematic "H NMR (400 MHz, MS Structure

No. Name CDs0OD) & ppm (ESI,

[(M+H) ]

1-15 {4-[4-(3 4- 7.90 (dd, J=8.97,5.94 Hz, | 507 OH
Difluoro- 1H), 7.82 (s, 1 H), 7.73 -
benzenesulfony | 7.79 (m, 1 H), 7.61 - F
I)-piperazine-1- | 7.66 (m, 1 H), 7.57 (dd, J = o N/\
carbonyl}-6- 9.85,7.58 Hz, 1 H), 7.29 lon P
fluoro-3-methyl- | (td, J = 8.72, 2.53 Hz, 1 H), d?'\@[F
naphthalen-2- 7.08 (dd, J=10.36, 2.02 .
yl}-acetic acid Hz, 1 H), 3.87-4.22 (m, 2

H), 3.85 (s, 2 H), 3.12 -
3.28 (m,4 H), 2.71 -3.02
(m, 2H),2.28(s,3 H)

1-16 {6-Fluoro-4-[4- | 7.90 (dd, J=9.09,5.81 Hz, | 489 OH
(3-fluoro- 1H),7.82(s,1H),7.65- OO o
benzenesulfony | 7.71 (m, 1 H), 7.58 - F
I)-piperazine-1- | 7.63 (m, 1 H), 7.46 - 7.57 o N/\
carbonyl]-3- (m, 2 H),7.28 (d, J = 8.72, LnN.P
methyl- 2.27 Hz, 1 H),7.08 (dd, J = O'?‘\O/F
naphthalen-2- | 10.36,2.02 Hz, 1 H), 3.91 -
yl}-acetic acid 4.18 (m, 2 H), 3.84 (s, 2 H),

3.12-329(m,4 H),2.73-
3.00 (m, 2 H),2.27 (s,3 H)

117 {4-[4-(2,4- 7.90 (dd, J=8.97,5.68 Hz, | 507 OH
Difluoro- 1H), 7.83 (s, 1 H), 7.36 -
benzenesulfony | 7.47 (m, 3 H), ,7.29 F
I)-piperazine-1- | (td, J=8.78,2.15 Hz, 1 H), o N/\
carbonyl]-6- 711 (dd, J=1048,2.40 K/N~ o F
fluoro-3-methyl- | Hz, 1 H), 3.90 - 4.21 (m, 2 d?'\@\
naphthalen-2- H), 3.84 (s, 2 H),3.12 - .
yl}-acetic acid 3.29 (m,4 H),2.78 - 3.05

(m, 2H),2.30(s,3 H)

1-18 [4-(4- 8.12(d,J=8.84 Hz,2 H), | 507 H
Benzenesulfon | 7.99 (s, 1 H), 7.96 (s, 1 H), F OO )
yl-piperazine-1- | 7.81 (s, 1 H), 7.79 (s, 1 H), E
carbonyl)-6- 7.71-7.78 (m, 2 H), 7.63 - Fos N
trifluoromethyl- | 7.69 (m, 2 H), 7.55 (s, 1 H), NP
naphthalen-2- | 3.90 - 4.17 (m, 2 H), 3.87 dS\@
yll-acetic acid (s,2H),3.35-3.50(m, 2

H),2.71-3.32(m, 4 H)

1-19 [4-(4- 8.04 (d,J=8.84Hz,1H), |523 . OH
Benzenesulfon | 7.94 (s, 1H),7.80(d, J= P OO o
yl-piperazine-1- | 8.08 Hz, 2 H), 7.71 - 7.77 F o
carbonyl)-6- (m, 1H),7.61-7.69(m,2 07NN
rifluoromethox | H), 7.49 (s, 2 H), 7.45 (d, J NN
y-naphthalen-2- | = 9.60 Hz, 1 H), 3.86 - 4.20 S \©
yll-acetic acid (m, 2 H), 3.83 (s, 2H), 3.36

-3.49 (m, 2 H), 2.65 - 3.30
(m, 4 H)

*CDCI; was used as the solvent.



2-yll-acetic acid 2-24 {444-(4- 7.94 (dd, J = 9.09, 5.81 Hz, 1 432 OH
Cyano- H), 7.85 (s, 1 H, 7.53 (d, J = O phenyl)- 9.09 Hz, 2 H), 7.24 -
7.35 (m WO201045p¥6azi ne-1- H), 7.01 (d, J = 8.84 Hz, 2PHI/EP20099ai8honyl | - 6-
4.03 -4.16 (m 2 H), 3.88 (s, 2 LN fluoro-3- methyl- H), 3.60 (t, J =
5.56 Hz, 2 H), 3.19 - 3.27 (m 4 H), 2639 (s, 3 1101 naphthalen- H)

EXAMPLE 2-1
{6-Fluoro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyl]-3-methyl-naphthalen-2-yl}-

acetic acid

5
{6-Fluoro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyl]-3-methyl-naphthalen-2-yl}-
acetic acid methyl ester
O\
(Y
F
07N
A
F
10

To a solution of 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid
(27.6 mg, 0.10 mmol) and 1-(4-fluoro-phenyl)-piperazine (19.8 mg, 0.11 mmol) in N,N-
dimethylformamide (2 mL) was added bromo-tris-pyrrolidino phosphonium
hexafluorophosphate (46.6 mg, 0.10 mmol) and N,N-diisopropylethylamine (34.7 pL, 0.20
15 mmol). After being stirred at room temperature for 24 hours, the resulting mixture was
diluted with ethyl acetate (10 mL), and washed with 1N hydrochloric acid (10 mL), a
saturated aqueous solution of sodium carbonate (10 mL), and brine (10 mL). The resulting
organic phase was dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (gradient elution with 20-40% ethyl acetate
20 in petroleum ether) to afford {6-fluoro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyl]-3-
methyl-naphthalen-2-yl}-acetic acid methyl ester (36.2 mg, 83%) as a white solid.



2-yl)-acetic acid **DMBO- d6 was used as the sol vent.

EXAMPLE 3-1

4- ( 3- Car BYQAHYNIHN06 7- f | uor o- napht hal en- 1- vi oxv) - pi per i diPREEP2QAOpIAY| i c
acid tert5 but | ester WO 2010/ 055006PCT/ EP2009/ 064816 - 70 -

4- (7- Fl uor o- 3- net hoxycar bonyl net hyl - na chalen 1-yl oxy) - pi peri di ne- 1- car box
ylic acid tert-butyl ester 0 Oy0? O To a solution of
(6-fluoro-4-hydroxy-napht hal en-2-yl)-acetic acid nethyl ester (500 ny, 2.1
5 mol ), 4-hydroxy-piperidine-1-carboxylic acid tert-butyl ester (640 ng,
3.2 mmol ) and triphenyl phosphine (840 ng, 3.2 nmol) in anhydrous
tetrahydrofuran (20 m) was added diethyl azodicarboxyl ate (

mol ) G-Eporoes- [4&(4ﬂuob@1nh@nyl)rmpecazlmjércaahoavﬂr%metmﬂmmtbalw 2-&!}m
tenper?égﬁéffﬁ{ 4 hours, the mxture was diluted with water (15 nlL), and
extrac £ ethyl acetate (20 nmLx 2). The conbi ned organic | ayers were
washed 10 with brine (20 nmL), dried over sodiumsulfate, filtered, and
concentrated in vacuo. The residue was purQ; ied by colum chronatography
(elution with 20% et hyl acetate¢® ahes) 1 o gi ve

4- (7-fl uoro-3-nmet hoxycar bonyl ne pal en- 1-yl oxy) - pi peri di ne- 1-
carboxylic acid tert-butyl esfer ng, 84% as a pale yellow solid. 15
4- (3- Car boxynet hyl-7-f | uor o- napht hajz ‘&\¥ony) pi peri di ne- 1-carboxylic
acid tertbutyl ester Starting with Lﬁ(

4-(7-fl uoro- 3-nmet hoxycar bonyl met hyl - na Na ¥ 1-yl oxy) - pi peri di ne- 1-
carboxylic acid tert-butyl ester (30 ng, 0.07 apol), using a nethod
anabogous to the one 20 described above for éxarnple 1 1

R N e T g

(400 My.acetiBabd rhetbghesteBBO(Zithg, 0.G8 BndT), u5|ngaa ethat af)gloghusrto(tdel ong =

10.86, 253 WO 2010/ 055006RCT/ EP2009/ 064 1 H)., 7.35 ,
795 ( dasoiped Shorg 10pORINRE 11, EyTucEodg @ Lpraphenylrbieragiprigapodimd: 7
? 71 %éﬂyf(d@?hﬁé‘én Z%Iﬁgcalc%ofdfgwé%b?alﬁad 4 N854§% s @white $Dlid. TH 8MR 1. 90

. for C22H obsd. (ESI+8 Eﬁk%kb+]
4040 SEXXNN&E OD) & ppm 7.91 (dd, 1 H), 7.83 (s, 1 H), 7.22 - 7.33 (m, 2 H), 6.97 (d ),

[ 6- Fl ugros I ier a - tic
noa NG A RIS (AN, S égbgaphﬁ?é?\@r POPGEE FAL y
ester MBS calfiofar GeHisFbNsO0424, obsd (ESI") [(M+H)"] 425.
4-(7-f|uoro-3-nethoxycarbony|nethyl-naphthalen 1-yl oxy) - pi peri di ne- 1-
carboxylic acid tert-butyl ester (prepared as described above, 400 ny, 0.99
mmol ) in nethanol (4 nmL) was agjesAvpLES 302ltot2-24 of hydrogen chloride in

met hanol (4 nmL). After being stirred at roomtenperature for 3 hours, the
mi xkiur & haelsllavsing exemplasd2 2o ZaddiwererRerasd BANiaRalRRUSIMSEBeRBExample 2-1

di chl or,

bi car boﬁéﬁ@&gﬁ u7t( ﬂ%ﬁgﬁlweﬂﬂ%ﬂ:ﬁﬁ%gm‘%&%? Fﬁeﬁ@é H\Ag@mglaegﬂglrjgte g‘?OZﬂgﬂ é‘ékflatj racted
wi t h diaohlcononetcialyavaildblell -aryRpipezéesonbi ned organic | ayers were dried
over sodium sul fate and concentrated in vacuo. The residue was purified by
col um chr omat ography (elution with 10% et hanol in dichl oronethane) to

af f or d[ Eamigid0rystdmétRel p&fH IMR{4boiexgp;otypht heen- 20 2-yl ] siaeetd c aci d

met hyl | &8st er ((286eny, 85¥Pmas a pal e yel | ow s@&Si'd. |WO

2010/ 055006PCT/ EP2009/ 064816 [(M+H)"]

2-2 [6-Fluoro-3- 8.07-8.11(m,1H),7.89-7.94 | 408 OH
methyl-4-(4- | (m, 1 H),7.83 (s, 1H),7.53- OO 0
pyridin-2-yl- 759 (m,1H),7.22-7.33 (m, 2 F
piperazine-1- | H), 6.83 (d, 1 H), 6.68 - 6.72 0 N/\
carbonyl)- (m,1H),4.00-4.12 (m, 2 H), K/N N
naphthalen- | 3.81(d, 1 H), 3.73-3.77 (m, 2 \Ej
2-yl}-acetic H), 3.32-3.53 (m, 4 H), 2.42 (s, Z

acid 3 H)




-72 -

[ 6-fl uoro-4-(piperidin-4-yl oxy)-napht hal en-2-yl]-acetic acid nethyl
oVOROHWMIF06 and net hanesul f onyl
tetrahydrofuran (2 nL) was added triethyl am ne (63.6 ng,
roomtenperature 5 ov

(80 ny

being stirred at

in vac

elution with 10-50% et hyl
[ 6-fl uoro-4-(1-met hanesulfonyl

1p -15

uo.

0' To a solution of

ni gh

t,

chl ori de (58 ny, POTAPANS[0%48]1¢

0.63 nmml ). Aft

ester

er

the m xture was concentrated
The residue was purified by col um chronatography (gradi ent
acetate in petroleumether) to afford

pi peri di n-4-yl oxy) - napht hal en-2-yl]-acetic

aci d NEEEWpcCTEFtenkdbd MUH NWIKq408MH2, BHIODSS S GINgT Structure
10[ 6- F n®r o- 41 Ndmeet hanggaa f onyl - pi peri di n- 4-g8ixy) r napht hal en- 2-y1] -acetic
acid O Starting with [(M+H)T
[ 6- f | upp -4~ (IigMmtdIeResS Ui bP@y] 8 BEBisdHA- - YTQEY) - N
aci d nethyl espepA(ate- noH), 0896, MARIZ PR3 -use my |a net ho
descri bed aboyehebyl)-f or exayrplgé 14am 4 H), 4.04
[ 6-f1 upro-4-( .Lph@?ﬁ@mbsuﬁtﬁw( e7|9|(‘éj|~/r'r- -yl oxy) - napht hal gr- (y, ] -macetilc
acid (8 ng, 4:2?rbw&3bb mﬁ ) |d. 1H NVR (400 Mz, nCDQ 3) |5
ppm 8.28 (dd, | Ty 35, g ;% 7447%" . 7.8 (m 1H, 7. 35 1|H),
7.28 - 7.31(:@?y_a*%ﬁc6 (s, 477-4.83(rr 1 H, 3.78 (52 H),
3-46‘3-53(%ci : 335-343(m 2 H, 2.86 (s} 3 H, 2.77 - 2.91 (|m
3 H, .06 - 2.21 (m 4 H; M cald. for CL8H20FNO55 381, obsd. (ESI+) 20
[ (M+H) 752382 [svwﬁ‘iﬁwawgwswwum #7-73  EXAVRL 2o 4-10
The fol]l ow ng s Anpramg, 4150 10er84phepared in an @@ manner| to
t he onp descri lpﬁaeiwyrﬁor exanplbe74d, I -8BafA2HY with F
(6-f | upr o- 4- hydipereginatrp h6.Ba(telr 22013, 1 &eetd3c |aci d net hyl ey
4- hydr pxy- pi peearsenyb- 1- uéﬁb(ﬁ&y?lﬂ F'd’i%??t butyl ester, and @er ciallly 5
avai | apl e sul f thatehit o ﬁ&?ﬁ é %@ Sylstemati ¢ Name 1H N Mz,
CD30D) | 6 ppm MEVEEHE, [E/AHY (s 32 [4-(1] 7.74 - 7.83 (72 H),
7.36 (5, 1 396 Ethane quonyI , 7.26 |(td, J £ 8.72, 2.53 Hz, SO
pi peri 0hB=4=y 1 lrififro-37 - J9.33§1,J=L4FBDHZ,‘QHW7.92 ARG O

methyl-4-(4- | (dd, J = 8.84, 5.56 Hz, 1 H),

pyrimidin-2- 7.84 (s, 1 H),

yl-piperazine- | 7.23-7.33 (m,2H),6.62(t, J=

1-carbonyl)- | 4.80 Hz, 1 H),3.95-4.10 (m, 4

naphthalen- H), 3.83 (s, 2 H), 3.61-3.78 (m,

2-yl]-acetic 2 H),3.18 - 3.28 (m, 2 H), 2.42

acid (s,3H)

2-6 [6-Fluoro-3- | 7.96 (dd, J=9.09, 5.81 Hz, 1 421

methyl-4-(4- | H), 7.87 (s, 1 H), 7.28 - 7.38 (m,

m-tolyl- 2H),7.16 (t, J = 7.83 Hz, 1 H),

piperazine-1- | 6.88(s, 1 H),6.84 (d, J=7.58

carbonyl)- Hz, 1 H), 6.78 (d, J= 7.33 Hz, 1 07 N

naphthalen- | H), 4.09 - 4.19 (m, 2 H), 3.91 (s, K/N

2-yl]-acetic 2 H),3.35-3.51 (m, 4 H),2.98

acid -3.13(m, 2 H), 2.44 (s, 3 H),

2.31(s,3H)
2-7 {6-Fluoro-3- | 7.94-7.98(m,1H),7.87 (s,1 | 475 OH

methyl-4-[4- | H), 7.42 (t, J = 8.34 Hz, 1 H), OO I

(3- 7.26-7.37 (m,2H),7.19-7.25 F

trifluoromethy | (m, 2 H),7.13(d, J=7.58 Hz, 1

l-phenyl)- H), 4.14 (t, J = 5.18 Hz, 2 H), 07N

piperazine-1- | 3.90 (s, 2 H), 3.34 - 3.53 (m, 4 K/N

carbonyl]- H), 3.05-3.19 (m, 2 H), 2.44 (s,

naphthalen- 3 H)

2-yl}-acetic FEF

acid F




(m 1 H, 3.68 (s, 2 H, 3.54 - napht hal en-2- 3.62 (m 2 H), 3.10 (q,
= 7.33 yl Facetic acid Hz, 2 H), 2.11 - 2.21 (m 2 H), 1.99 - 2.07
(m 2 H,Wo 29@/@5006 = 7.45 Hz, 3 H ci' 4-3 {6-Fl B6TEP200PP648F6 81 ( dd,
J = 8.97, 5.43 Hz, 410 OH (propane-2- = H), 7.77 (dd, J10.86, 2.53 SO
sulfonyl) Hz, 1 H) 7.36 (s, 1 H, 7._2g6(td, 0 -piperidin-4-
Example | Systematic 'H NMR (400 MHz, CD;0D) & MS Structure
No. Name ppm (ESI,
[(M+H)"]
2-8 {6-Fluoro-4- | 7.96 (dd, J=9.09, 5.81 Hz, 1 437 OH
[4-(2- H), 7.88 (s, 1 H), 7.30 - 7.39 (m, OO o
methoxy- 2H),7.15-7.22 (m,2H),7.07 F
phenyl)- (d,J=7.33Hz,1H),7.00 (t, J 0PN (I)
piperazine-1- | =7.71 Hz, 1 H),4.10-4.31 (m, K/N
carbonyl]-3- H), 3.92 (s, 5 H), 3.37 - 3.51
methyl- (m, 4 H),3.01-3.17 (m, 2 H), \©
naphthalen- 245 (s, 3 H)
2-yl}-acetic
acid
29 {6-Fluoro-4- | 7.95 (dd, J=9.09, 5.81 Hz, 1 437
[4-(3- H), 7.87 (s, 1 H), 7.28 - 7.37 (m, OH
methoxy- 2H), 717 (t,J=8.21Hz, 1 H), OO o
phenyl)- 6.61 (dd, J=,8.21,1.89 Hz, 1 F
piperazine-1- | H), 6.55 (s, 1 H), 6.50 (dd, J = o) N/\
carbonyl]-3- | 8.08,1.77 Hz, 1 H), 4.06 - 4.19 LN o~
methyl- (m, 2 H),3.90 (s, 2 H), 3.77 (s, U
naphthalen- | 3 H), 3.34 - 3.45 (m, 4 H), 2.98
2-yl}-acetic -3.12(m,2 H), 2.43 (s, 3 H)
acid
2-10** {4-[4-(2- 7.99(dd, J=8.84,6.06 Hz, 1 435
Ethyl- H), 7.84 (s, 1H), 742 (td, J = OH
phenyl)- 8.91,2.40Hz, 1 H),7.28 (dd, J OO o
piperazine-1- | =10.74,2.15Hz, 1 H), 7.21 (d, F
carbonyl]-6- | J=7.33Hz,1H),7.12-7.18 o N/\
fluoro-3- (m,1H),7.01-7.10 (m, 2 H), k/N
methyl- 4.00-4.07 (m,4H),380¢(s, 2
naphthalen- H), 2.88 - 3.03 (m, 2 H), 2.65
2-yl}-acetic (q,J=7.66Hz,4H),232(s,3
acid H), 1.17 (t, J=7.45 Hz, 3 H)
2-11 {4-[4-(3,5- 7.95-7.98 (m,1H),7.88(s, 1 543 OH
Bis- H), 7.46 (s, 1 H), 7.28 - 7.37 (m, OO 0
trifluoromethy | 3 H), 4.12-4.18 (m, 2 H), 3.91 F
I-phenyl)- (s,2H),350-3.67 (m,2H), 07N F
piperazine-1- | 3.35 - 3.44 (m, 2 H), 3.18 - 3.28 ()u F
carbonyl]-6- (m,2H),2.44 (s,3H) F
fluoro-3-
methyl- FTF
naphthalen- F
2-yl}-acetic
acid




J =878, 2.91 Hz, 1 H), 7.02 (s, yloxy]- 1 H, 4.79 - 4.84 (m 1 H),
3.70 napht halen-2- (s, 2 H, 3.61 - 3.69 (m 2 H), yl| -acetic acid
3.39 - 3.W020Hy05008)  2.09 -2.19 6 (m 2 H, 1.94 - PCTER2G04{06481¢) |

1.34 (d, J = 6.82 Hz, 6 H)

4-4 [4-(1- 7.75 - 7.86 (m 2 H, 7.37 (s, 1
408 OH Cycl opr opanes

ulfonyl- H, 7.29,(td, J =8.78, 2.65 Hz, 1 H), 7.01

(s, 1 H, 3.55- 3.64 *0 piperidin-4-
Example | Systematic 'H NMR (400 MHz, CD;0D) & MS Structure
No. Name ppm (ESI,
[(M+H)"]

2-12 {6-Fluoro-4- 7.93 (dd, J=8.59, 6.06 Hz, 1 437 OH
[4-(4- H), 7.85 (s, 1 H), 7.24 - 7.37 (m, OO S
methoxy- 2H),7.02-7.10 (m, 2 H), 6.83 F
phenyl)- -6.92 (m, 2 H), 4.07 - 4.20 (m, 07Ny
piperazine-1- | 2 H), 3.89 (s, 2 H),3.74 (s, 3 LN
carbonyl-3- | H), 3.33 - 3.45 (m, 4 H), 2.92 - O
methyl- 3.07 (m, 2 H), 2.40 (s, 3 H) N
naphthalen-
2-yl}-acetic
acid

213 {4-[4-(2,4- 7.95(dd, J=9.22,5.68 Hz, 1 443 OH
Difluoro- H), 7.87 (s, 1 H), 7.28 - 7.39 (m, OO u
phenyl)- 2H),7.05-7.14 (m,1H),6.85 F
piperazine-1- | - 6.99 (m, 2 H), 4.04 - 4.23 (m, 07N F
carbonyl]-6- | 2 H), 3.91 (s, 2 H), 3.34 - 3.38 LN
fluoro-3- (m, 2H),3.20 - 3.26 (m, 2 H),
methyl- 2.83-296(m,2H),243 (s, 3 F
naphthalen- H)
2-yl}-acetic
acid

2-14** {4-[4-(3,5- 8.00 (dd, J=9.35,6.06 Hz, 1 467 OH
Dimethoxy- | H), 7.87 (s, 1 H), 7.39 - 7.46 (m, OO o
phenyl)- 1H),7.25 F
piperazine-1- | (dd, J=10.48,1.89 Hz, 1 H), o) N/\
carbonyl]-6- | 6.07 (d, J=1.77 Hz, 2 H), 5.99 LN o”
fluoro-3- (s, 1 H), 3.79 - 4.04 (m, 4 H), f;f
methyl- 3.68 (s, 6 H), 3.26-3.38
naphthalen- | (m, 2 H), 3.07 - 3.17 (m, 2 H), N
2-yll-acetic | 2.87 -3.05(m,2H),2.24-2.34
acid (m, 3 H)

2-15 {6-Fluoro-3- | 7.92-7.98(m,1H),7.86(s, 1 | 475 OH
methyl-4-[4- | H), 7.66 (t, 1 H), 7.51 - 7.55 (m, OO S
(2- 1 H), 7.25-7.41 (m, 3H), 3.98 F .
trifluoromethy | - 4.24 (m, 2 H), 3.90 (s, 2 H), o) N/\ F——F
l-phenyl)- 3.30-3.31(m,2H),3.11-3.17 LN
piperazine-1- | (m, 2 H), 2.74 - 2.87 (m, 2 H),
carbonyl]- 2.46 (s, 3 H)
naphthalen-
2-yl}-acetic
acid

2-16 [6-Fluoro-3- 7.94 (dd, J=8.84,5.56 Hz, 1 421 OH
methyl-4-(4- | H), 7.85(s, 1 H), 7.27 - 7.36 (m, OO S
p-tolyl- 2 H),7.13(d, J=8.34 Hz, 2 H), F
piperazine-1- | 7.01 (d, J =8.59 Hz, 2 H), 4.12 o N/\
carbonyl)- -4.23(m,2H),3.89(s, 2H), K/N
naphthalen- 3.32-349(m,4H),2.98-3.14
2-yil-acetic | (m, 2 H), 2.42 (s, 3H),2.26 (s, \O\
acid 3 H)




(m 2 H),

3.37 - 3.46 (m 2 H),

yl oxy) - 6-fl uoro-

2.52 -

2.01 - 2.22 napht hal en-2- yg-acetic acid (m 5 H, 1.01 - 1.14 (m
(? "v NWO21HMSQe- 7 78 - 7.86 (m 2 H), 7.31 (td, J RSH/EBR09/064816
Cycl opentanes = 8.78, 2.65 Hz, 1 H, 7.38 (s, 1 O 0 wulfonyl- H, 7.02
(s, 1 H, 3.76 (s, 2 H), plperldlng 3.58 - 3.74 (m 3 H), 3.43 (ddd,
yl oxy) - 6-fl uoro- napht hal en- % 7.39, 3.79 Hz, 2 H), 2.11 -2.21
(m 2 H, 1.93 -2.11 0 ss
Example | Systematic 'H NMR (400 MHz, CD;0D) & MS Structure
No. Name ppm (ESI,
[(M+H)"]
217 {4-[4-(3,5- 7.93(dd, J=8.97,5.68 Hz, 1 475 OH
Dichloro- H), 7.85 (s, 1 H), 7.24 - 7.36 (m, OO o
phenyl)- 2 H), 6.90 (d, J=1.77 Hz, 2 H), F
piperazine-1- | 6.83 (s, 1H),4.06-4.12(m, 2 o N’\
carbonyl}-6- | H), 3.88 (s, 2 H), 3.37 - 3.51 (m, LN
fluoro-3- H), 3.23 - 3.29 (m, 2 H), 3.02
methyl- -3.17(m, 2 H),2.41 (s, 3 H)
naphthalen- Cl
2-yl}-acetic
acid
2-18 {4-[4-(4- 7.93(dd, J=9.09,5.81 Hz, 1 441 OH
Chloro- H), 7.85 (s, 1 H), 7.27 - 7.35 (m,
phenyl)- 2 H),7.20(d, J=9.09 Hz, 2 H), F
piperazine-1- | 6.94 (d, J =9.09 Hz, 2 H), 4.10 o N/\
carbonyl]-6- -4.17 (m, 2 H), 3.88 (s, 2 H), N
fluoro-3- 3.32-341(m,4H),291-3.10
methyl- (m,2H),2.41 (s,3H) ol
naphthalen-
2-yl}-acetic
acid
2-19 {6-Fluoro-3- 7.94 (dd, J=8.84,5.81 Hz, 1 475 OH
methyl-4-[4- | H),7.86 (s, 1H),7.49(d,J= OO 5
(4- 8.59 Hz, 2 H), 7.25 - 7.35 (m, 2 F
trifiuoromethy | H), 7.06 (d, J = 8.59 Hz, 2 H), o N/\
I-phenyl)- 4.04-4.19(m,2H),3.89 (s, 2 Lo
piperazine-1- | H), 3.52 (t, J = 5.05 Hz, 2 H), ©§<F
carbonyl]- 3.32-3.39(m,2H),3.08-3.25 .
naphthalen- | (m, 2 H), 2.41 (s, 3 H) F
2-yl}-acetic
acid
2-20 {4-[4-(2- 7.93(dd, J=8.84,5.81 Hz, 1 441 OH
Chloro- H), 7.84 (s, 1 H), 7.23 - 7.39 (m,
phenyl)- 4 H),7.14 (d, J,=6.82 Hz, 1 H), F
piperazine-1- | 7.00-7.06 (m, 1 H), 4.04 - 4.23 o N/\ ol
carbonyl]-6- (m,2H)3.88(s,2H),3.33 - K/N
fluoro-3- 3.40 (m,2H),3.23(t, J=5.18
methyl- Hz, 2 H), 2.81-2.98 (m, 2 H), \©
naphthalen- | 2.41-2.46 (m,3H)
2-yl}-acetic
acid
2-21 {4-[4-(3- 7.95 (dd, J=8.84,5.81 Hz, 1 441 OH
Chloro- H), 7.87 (s, 1 H), 7.26 - 7.38 (m,
phenyl)- 2H),7.21 (d, F
piperazine-1- | J=8.08 Hz, 1 H), 6.97 - 7.00 o N/\
carbonyl]-6- (m,1H),6.91(d, J=8.34Hz, 1 K/N
fluoro-3- H), 6.85 (d, J=7.58 Hz, 1 H),
methyl- 4.08-4.16(m,2H),3.89(s, 2 \©
naphthalen- H), 3.35-3.51 (m, 4 H), 3.00 - &
2-yl}-acetic 3.14 (m,2H),2.42 (s,3 H)
acid

2.61 (m 1 H),




yl Facetic acid (m 7 H, 1.75 - 1.86 (m 2 H),

‘06 1.63 - 1.74 (m 2 H)
WD 2010/ 055006PCT/ EP2009/ 064816 - 74 -

Exanpl e No. Systematic Nanme 1H NMR

(400 MHz,WORSUISS®oppm MS (ESI+, [(M-H)+] Structure 4-6PCAEP209/p64336 (d, J
1.52 Hz, 2 H), 7.70 444 OH Benzenesulfon - 7.81 (m 2 H), 7.63 - 7.70 (m
O o yl-piperidin-4- 2 H, 7.39 (dd, Jo= 10.48, 2.65 yl oxy) - 6-fl uoro-
Hz, 1 H, 7.34 (s, 1 H, 7.25 (td, napht hal en- 2-
Example | Systematic 'H NMR (400 MHz, CD;0D) & MS Structure
No. Name ppm (ESI,
[(M+H)"]
2-22 {6-Fluoro-3- | 8.36(s,1H),7.94(dd, J=28.84, | 476 OH
methyl-4-[4- | 5.56 Hz, 1 H), 7.86 (s, 1 H), OO o
(5- 7.76 (d,J=8.59 Hz, 1 H), 7.26 F
trifluoromethy | -7.36 (m, 2 H), 6.92(d, J= o N/\
I-pyridin-2-yl)- | 9.35 Hz, 1 H),4.02-4.12(m, 2 K/N N
piperazine-1- | H), 3.91 - 3.95 (m, 2 H), 3.89 (s, w
carbonyl]- 2 H), 3.53-3.64 (m,2H),3.20 7.
naphthalen- | - 3.27 (m, 2 H), 2.41 (s, 3H) F
2-yl}-acetic
acid
2-23 {4-[4-(3,5- 840(s,1H),7.94(d, y=7.07 476 OH
Dichloro- Hz, 1 H), 7.85 (s, 1 H), 7.29 - OO o
pyridin-4-yl)- | 7.36 (m, 2 H), 4.03-4.24 (m, 2 F
piperazine-1- | H), 3.89 (s, 2 H), 3.53 - 3.64 (m, o N/\ el
carbonyl]-6- | 2H),3.33-3.40 (m, 2 H), 3.21 K/N
fluoro-3- -3.27(m,2 H),2.44 (s, 3 H) | =
methyl- ol 2N
naphthalen-
2-yl}-acetic
acid
2-24 {4-[4-(4- 7.94 (dd, J=9.09,5.81Hz, 1 432 OH
Cyano- H), 7.85(s,1H),7.53(d,J= OO o
phenyl)- 9.09Hz,2H),724-7.35(m, 2 F
piperazine-1- | H), 7.01 (d, J=8.84 Hz, 2 H), o N/\
carbonyl]-6- | 4.03-4.16 (m,2H), 3.88 (s, 2 Lo
fluoro-3- H), 3.60 (t, J = 5.56 Hz, 2 H), @\
methyl- 3.19-3.27(m,4H),2.39 (s, 3 Ty
naphthalen- H)
2-yl}-acetic
acid

*DMSO-ds was used as the solvent.

EXAMPLE 3-1
4-(3-Carboxymethyl-7-fluoro-naphthalen-1-yloxy)-piperidine-1-carboxylic acid tert-

5 butyl ester
H
F
O\G
N @]
v

O
O




J =872, 2278 Hz, 1 H, 6.94 (s, N0 vylFacetic acid 1 H, 4.71 - 4.80 (m
1H, 3.7 e O (s, 2 H, 3.11 -3.29 (m 4 H, 1.97 - 2.24 (m 4 H
4-7 {6- FI4O28L0055006 7 80 (dd, J = 9.09, 5.56 Hz, 1 462 @qT/E(PQ‘lOPJOWM)- H) ,
7.64 - 7.74 (m 2 H), 7.59 1* 0 benzenesulfony (d, J 6.32 Hz, 1 H),
7.46 -1)-piperidin-4-7.53 (m 1 H), 7.4¢2 (dd, J = onxy] 1048 2. 65
Hz, 1 H, 7.34 (s, 1 NO naphthalen-2-"yl}-acetic acid

4-(7-Fluoro-3-methoxycarbonylmethyl-naphthalen-1-yloxy)-piperidine-1-carboxylic

fsont
@]
Chyoy

To a solution of (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (500 mg, 2.1

acid tert-butyl ester

5 mmol), 4-hydroxy-piperidine-1-carboxylic acid tert-butyl ester (640 mg, 3.2 mmol) and
triphenylphosphine (840 mg, 3.2 mmol) in anhydrous tetrahydrofuran (20 ml) was added
diethyl azodicarboxylate (0.5 ml, 3.2 mmol) dropwise. After being stirred under an argon
atmosphere at room temperature for 4 hours, the mixture was diluted with water (15 mL),
and extracted with ethyl acetate (20 mLx 2). The combined organic layers were washed

10  with brine (20 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (elution with 20% ethyl acetate in
hexanes) to give 4-(7-fluoro-3-methoxycarbonylmethyl-naphthalen-1-yloxy)-piperidine-1-

carboxylic acid tert-butyl ester (740 mg, 84%) as a pale yellow solid.

15 4-~(3-Carboxymethyl-7-fluoro-naphthalen-1-yloxy)-piperidine-1-carboxylic acid tert-

F OO OOH
O
Chyo

Starting with 4-(7-fluoro-3-methoxycarbonylmethyl-naphthalen-1-yloxy)-piperidine-1-

butyl ester

carboxylic acid tert-butyl ester (30 mg, 0.07 mmol), using a method analogous to the one
20 described above for example 1-1, 4-(3-carboxymethyl-7-fluoro-naphthalen-1-yloxy)-

piperidine-1-carboxylic acid tert-butyl ester (16 mg, 55%) was obtained as a white solid. H

NMR (400 MHz, CDs0OD) d ppm 7.81 (dd, J = 8.97, 5.43 Hz, 1 H), 7.77 (dd, J = 10.86, 2.53



H, 7.26 (td, J =8.78, 2.40 Hz, 1 H), 6.95 (s, 1 H, 4.74 - 4.81 o0 140
1H, 3.72 (s, 2 H, 3.14 - 3.3 (m 4 H, 2.00 - 2.19 (m 4

H) , 4- VOROA3NN06- 4-[ 1- 7.89 (dd, J = 8.84, 5.05 Hz, ZCAEFR2QPY064346f| uor o-
H, 7.79 (dd, J = 8.97, 5.68 Hz, 400 benzenesulfony 1 H), 7.37 - 7.42 (m
3 H, 7.34 ) - pi peridin-4- onxy]-_klf,_ 1 H, 7.26 (td, J = 8.84, 2.53
Hz, 1 H, 6.95 (s, 1 H, 4.76 - 0 " naphthalen-2- 4.81 (m 1 H),
3.71 (s, 2 H),

~

Hz, 1 H), 7.35 (s, 1 H), 7.28 (td, J = 8.78, 2.65 Hz, 1 H), 6.99 (s, 1 H), 4.77 - 4.83 (m, 1 H),
3.71-3.81 (m, 4 H), 3.39 - 3.52 (m, 2 H) 2.00 - 2.11 (m, 2 H), 1.80 - 1.90 (m, 2 H), 1.47 (s,
9 H):; MS cald. for C22H26FNOs 403, obsd. (ESI*) [(M+H)'] 404.

5 EXAMPLE 4-1

[6-Fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid

OH
F
T
)
N\ 4
S

S
O

[6-Fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl}-acetic acid methyl ester

0]
N

T

10
To a solution of 4-(7-fluoro-3-methoxycarbonylmethyl-naphthalen-1-yloxy)-piperidine-1-

carboxylic acid tert-butyl ester (prepared as described above, 400 mg, 0.99 mmol) in
methanol (4 mL) was added a 5N solution of hydrogen chloride in methanol (4 mL). After
being stirred at room temperature for 3 hours, the mixture was concentrated in vacuo. The
15 residue was dissolved in dichloromethane (10 mL), and treated with a saturated aqueous
sodium bicarbonate solution (10 mL). The aqueous layer was separated and extracted with
dichloromethane (10 mL x 2). The combined organic layers were dried over sodium sulfate
and concentrated in vacuo. The residue was purified by column chromatography (elution
with 10% methanol in dichloromethane) to afford [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-
20 2-yl]-acetic acid methyl ester (260 mg, 85%) as a pale yellow solid.

[6-Fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl
ester



40 vyl}-acetic acid 3.14 - 3.30 (m 4 H, 2.06 - 2.17 (m 4 H 4-9
{6-Fluoro-4-[1- 8.97 (d, J = 2.02 Hz, 1 H, 8.86 445 OH (pyridine-3- (dd,
J = 4.93,WQ28Y/050061 H, O o sulfonyl)- 8.22 - 8.27 PRI/EP204p/0648148 ( dd,

f )
J pi peridin-4- = 8.84, 531 Hz, 1 H), 7.70 (dd, yl oxy]- J = 8. 21,
4.67 Hz, 1 H, 7.40 NO naphthalen-2--.4dd, J = 10.48, 2.91 Hz, 1 H),

O\
SOR:
F
e
)
N, #
S

23S

To a solution of [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester (80
mg, 0.25 mmol) and methanesulfony! chloride (58 mg, 0.5 mmol) in tetrahydrofuran (2 mL)
was added triethylamine (63.6 mg, 0.63 mmol). After being stirred at room temperature

5 overnight, the mixture was concentrated in vacuo. The residue was purified by column
chromatography (gradient elution with 10-50% ethyl acetate in petroleum ether) to afford
[6-fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester
(82 mg, 83%) as a white solid.

10 [6-Fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid

OH
T
F
e
)
N, #
S

S
o)

Starting with [6-fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid
methyl ester (20 mg, 0.05 mmol), using a method analogous to the one described above

15 for example 1-1, [6-fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic
acid (8 mg, 42%) was obtained as a white solid. "H NMR (400 MHz, CDCl3) & ppm 8.28 (dd,
J=9.35,531Hz, 1H),7.73-7.84 (m, 1 H), 7.35(s, 1 H), 7.28 - 7.31 (m, 1 H), 6.81 (s, 1
H), 4.77 - 4.83 (m, 1 H), 3.78 (s, 2 H), 3.46 - 3.53 (m, 2 H), 3.35-3.43 (m, 2 H), 2.86 (s, 3
H), 2.77 - 2.91 (m, 3 H), 2.06 - 2.21 (m, 4 H); MS cald. for C1sH20FNOsS 381, obsd. (ESI")

20 [(M+H)"]382.



O yl}-acetic acid 7.33 (s, 1 H), 7.24 (td, J = 8.78, 2.65 Hz, 1 H),
6.93 (s, 1 H, 4.74 -4.80 (m 1 H, 3.71 (s, 2 H, 3.14- 3.29 (m 4
H), 2.01 WO2010/35008 (m 4 H) 4-10 [ 6-Fl uoro-4-(1- 7.8BCTE®2003/064386¢ 97,
5.94 Hz, 1 458 OH phenylnethane H), 7.77 (dd, J = 10.48, 2.15 00
sulfonyl- Hz, 1 H, 7.50 (d, J = 7.07_ kg, 2

EXAMPLES 4-2 to 4-10
The following examples 4-2 and 4-10 were prepared in an analogous manner to the one
described for example 4-1, starting with (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid
methyl ester, 4-hydroxy-piperidine-1-carboxylic acid tert-butyl ester, and commercially

5 available sulfonyl chlorides.

Example | Systematic 'H NMR (400 MHz, CD;0D) & MS Structure
No. Name ppm (ESI,
[(M+H) ]

4-2 [4-(1- 7.74-7.83(m,2H),7.36 (s, 1 396 OH
Ethanesulfonyl- | H), 7.26 (td, J = 8.72, 2.53 Hz, OO
piperidin-4-yl 1H),7.03(s, 1H),4.80-4.85 F 0
oxy)-6-fluoro- (m,1H),3.68(s,2H),354- o
naphthalen-2- 3.62(m,2H),3.10(q, J=7.33
yll-acetic acid Hz, 2 H), 2.11 -2.21 (m, 2 H), \O\‘\ 0

1.99-2.07(m,2H),135(t, J= S
7.45Hz,3H) 0

4-3 {6-Fluoro-4-[1- | 7.81 (dd, J=8.97,5.43 Hz, 1 410 OH
(propane-2- H), 7.77 (dd, J = 10.86, 2.53 OO
sulfonyl) Hz, 1 H),7.36 (s, 1 H), 7.27 (td, F o
-piperidin-4- J=8.78,2.91Hz, 1 H), 7.02 (s, o
yloxy]- 1H),4.79-4.84 (m,1H),3.70
naphthalen-2- | (s,2H), 3.61-3.69 (m,2H), \O\j\ 0
yll-acetic acid | 3.39-3.50 (m, 2H),2.09-2.19 S

(m, 2 H),1.94 - 2.04 (m, 2 H), 0 Y
1.34 (d, J=6.82 Hz, 6 H)

4-4 [4-(1- 7.75-7.86 (m,2H),7.37 (s, 1 408 OH
Cyclopropanes | H), 7.29 (td, J = 8.78, 2.65 Hz, OO o
ulfonyl- 1 H), 7.01 (s, 1H),3.55-3.64 F
piperidin-4- (m, 2 H), 3.37 - 3.46 (m, 2 H), o
yloxy)-6-fluoro- | 2.52-2.61 (m, 1 H),2.01-2.22 \O\‘ Jo
naphthalen-2- | (m, 5 H), 1.01 - 1.14 (m, 3 H) °S.
yll-acetic acid IV,

4-5 [4-(1- 7.78-7.86(m,2H),7.31(td, J | 436 OH
Cyclopentanes | =8.78,2.65 Hz, 1 H), 7.38 (s, 1 OO 5
ulfonyl- H), 7.02 (s, 1 H), 3.76 (s, 2 H), F
piperidin-4- 3.58 - 3.74 (m, 3 H), 3.43 (ddd, o}
yloxy)-6-fluoro- | J =12.06,7.39, 3.79 Hz, 2 H), o
naphthalen-2- 211-221(m,2H),1.93-2.11 N‘,S"
yll-acetic acid (m, 7 H),1.75-1.86 (m, 2 H), o \Q

1.63-1.74(m, 2 H)




pi peridin-4- H),
4.83 (m 1 H),
yl Facet i WaeIH/35®s (m 4 H),

7.25 - 7.45 (m 5 H), 6.94 (s, yloxy)- 1 H), 4.78 -
4.42 N9 0 naphthalen-2- (s, 2 H, 3.73 (s, 2 H, 3.31 -
1.88 - 2.02 (m 4 H) PCT{EB2009/064816
2010/ 055006PCT/ EP2009/ 064816 -75 - EXAMPLE 5-1

[4- (1-

Acet yl -

5[4-(1-Acetyl -

a solution of [6-fluoro-4-(piperidin-4- onxy) napht hal en- 2

met hyl ester (the intermediate for exanple 4-1, 1st step, 80 ng, 0.25 nmol)
and ac@Eghpre aydidtatt 39 NUR 2206QHEYEDJOD) 8 Tlems anydr gkstted) (2 ML) was
added aN@qutINam@f 4- d|1pmhylan1nopyr|d|ne ([7&srrg, 0.63 mmmol) in
tetrahydrofuran (1 nlL) dropwi se. After being skN+HH)Ed| at roomtenperature
over ni ghb, thPMﬁﬂxture ma%ﬁébhéeﬂﬁﬁatéhH}ﬁ7@acwé. The 3 puriflied
by col um chr pRerzeegsHiss gl?h@n@rﬂ)a A3t/ MM t h 10- 50% acetate in
by dlﬁ 739de-1048265
petrolmﬂneth(% ) To ot
[4- (1-@acetyl -pP’ ' éﬁ (_)' E%%_'g)z%(fs 151 5) ht hal en- 2-yl ] - a@coa0| d
met hyl | ester )
[4-(1-Acety|-p|per|d|n 44 §J@Nybqa @bg@ﬁqfnaphthalen- -yl ] - acetl%\E;Jd WO
2010/ 0p5006PCT/ EP2009/ 064836- 2.24 fn,4 H)
4-7 {6-Fluoro-4-[1- | 7.80 (dd, J=9.09, 5.56 Hz, 1 462
(3-fluoro- H), 7.64 - 7.74 (m, 2 H), 7.59 OO S
benzenesulfony | (d, J=6.32 Hz, 1 H), 7.46 - F
)-piperidin-4- | 7.53 (m, 1H),7.42(dd, J = o
yloxy]- 10.48,2.65Hz, 1 H), 7.34 (s, 1 \Qu\sl,o -
naphthalen-2- H), 7.26 (td, J = 8.78, 2.40 Hz, & \©/
yl}-acetic acid 1H),6.95(s,1H),4.74 - 4.81
(m, 1H),3.72 (s, 2 H),3.14 -
3.31(m,4 H),2.00-2.19 (m, 4
H),
4-8 {6-Fluoro-4-[1- | 7.89 (dd, J=8.84,5.05 Hz, 2 462 OH
(4-fluoro- H), 7.79 (dd, J = 8.97, 5.68 Hz,
benzenesulfony | 1 H), 7.37 - 7.42 (m, 3 H), 7.34 F
I)-piperidin-4- (s,1H),7.26 (td, J=8.84,2.53 O\G
yloxyl- Hz, 1 H), 6.95 (s, 1 H), 4.76 - .méP
naphthalen-2- | 4.81 (m, 1 H), 3.71 (s, 2 H), & \©\
yl}-acetic acid 3.14-3.30(m,4H),2.06-2.17 E
(m, 4 H)
4-9 {6-Fluoro-4-[1- | 8.97 (d,J=2.02Hz, 1 H),8.86 | 445 OH
(pyridine-3- (dd, J = 4.93, 1.39 Hz, 1 H),
sulfonyl)- 8.22-8.27 (m,1H),7.78 (dd, J F
piperidin-4- =8.84,5.31 Hz, 1 H), 7.70 (dd, OT:>
yloxy]- J=8.21,4.67 Hz, 1 H), 7.40 N\SI:O
naphthalen-2- | (dd, J = 10.48,2.91 Hz, 1 H), & \Gu
yl}-acetic acid 7.33(s,1H),7.24 (id, J = 8.78, #
2.65Hz, 1 H),6.93 (s, 1 H),
4.74-480(m,1H),3.71(s, 2
H), 3.14 - 3.29 (m, 4 H), 2.01 -
2.18 (m, 4 H)
4-10 [6-Fluoro-4-(1- | 7.83 (dd, J=8.97,5.94 Hz, 1 458 OH
phenylmethane | H), 7.77 (dd, J = 10.48, 2.15
sulfonyl- Hz, 1 H), 7.50 (d, J=7.07 Hz, 2 F
piperidin-4- H), 7.25-7.45 (m, 5 H), 6.94 (s, o
yloxy)- 1H), 4.78 - 4.83 (m, 1 H), 4.42 Usw
naphthalen-2- (s,2H),3.73(s,2H),3.31- &
yll-acetic acid 3.35(m,4H),1.88-2.02(m, 4
H)

pi peri di n-4-vi oxv)-6-fluo

- napht hal en-2-vil -acetic acid

pi peri di n-4-yl oxy) - 6-f | uor o- napht hal en- 2- yI] acetic acid To

-yl]-acetic acid




Starting with

[4-(1-acetyl -pi peridin-4-yl oxy)-6-fluoro-napht hal en-2-yl]-acetic acid

met hyl esWer01072549g, 0.2 mmmol ), using a nethod anal ogouCIrEP2HE/ 06186

descri bed above for exarrpl e 1-1, final step,

[4-(1-acetyl - pi peridin-4-yl oxy)-6-fluorg-naphthal en-2-yl]-acetic acid 5
(10.9 ng 1699 was obtained as a white solid. 1H NVR (400 MHz, CD30D) 5 ppm
7.81 (dd, J = 8.97, 5.43 Hz, 1 H, 7.77 (dd, J = 10.86, 2.53 Hz, 1 H), 7.27
(td, J =" 8. 78, 2.65 Hz, 1 H), 7.03 (s, 1 H, 3.77 - 3.92 (m 2 H), 3.70 (s,
2H), 352- 3.68 (m 2H) 2.15 (sxAMmPE54.01 - 2.14 (m 2 H, 1.83 -
2.02 (m 2H; M cald for C19H20FN04 345 obsd ESI +) [(IVH—|)+] 346.
10EXAMPLES 5- : 30 mis ‘ hthe pgetip @I epared in
an anal ogous manner to the one descrl bed for exarrpl e 5 1, startl ng with

[ 6-fl uoro-4-(piperidin-4-yloxy)-naphthal en-2-yl]- acetic acid nethyl ester
(the internediate for exanple 4 2R) Odihd commercial |y avail abl e

sul fonyl chlorides. 15 Exanple ,
6 ppm M5 (ESI+, [(MH)+] Struct uoro-4-(1- 7.75 - 7.84 (m 2
H, 7.36 (s, 360 OH propionyl- 1 H, 4. (td, J 8.72, 2.78 OS

pi peridin-4- Hz, 1 H, 7.01 (s, 1 H), 0 onxy) 4.91 (m 1 H),
3.77 - 3.92 (m napht hal en-2- 2 H), 11{} 0 2H, 3.53- 3.71

yl Facetic acid (m 2 H, 2.46 (q, J = 7.49 »—éﬁ

5 [4-(1-Acetyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid

To a solution of [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester (the
intermediate for example 4-1, 1% step, 80 mg, 0.25 mmol) and acetyl chloride (39 mg, 0.5

10 mmol) in tetrahydrofuran (2 mL) was added a solution of 4-dimethylaminopyridine (76 mg,
0.63 mmol) in tetrahydrofuran (1 mL) dropwise. After being stirred at room temperature
overnight, the mixture was concentrated in vacuo. The residue was purified by column
chromatography (gradient elution with 10-50% ethyl acetate in petroleum ether) to afford
[4-(1-acetyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl ester (72 mg,

15 79%) as a white solid.

[4-(1-Acetyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid



NO 2 H, 1.82 - 2.17 (m 4 H, 1.14 (t, J = 7.45 Hz, 3 H) WO
2010/ 055006PCT/ EP2009/ 064816 -77 - Exanple No. Systematic Nane 1H NWVR (400
MHz, CD30WY 281043M0WS (ESI +, [(M-H) +] Structure 5-3 [ 6- FPGHES2009/0¢4816

i sobutyryl - piperidin-4- yloxy)- 7.75 - 7.84 (m 2 H), 7.36 (s, 1 H), 7.28
(td, J=8.72, 2.78 Hz, 1 H), 7.01 (s,_%6l_-|), 4.88 - 4.93 (m 1 H), 3.83 -
3.92 (m 374 OH 401010 naphthal en-2- H, 3.75 (s, 2 H, 3.58 - 3.70

yl Facetic acid (m 2 H), 3.00 (ddd, J= 13.52, 6.69, 6.57 Hz, 1 H),

OO OOH
UT

Starting with [4-(1-acetyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl

F

ester (72 mg, 0.2 mmol), using a method analogous to the one described above for
example 1-1, final step, [4-(1-acetyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid
5 (10.9 mg, 16%) was obtained as a white solid. "H NMR (400 MHz, CDsOD) & ppm 7.81 (dd,
J=8.97,543 Hz, 1 H), 7.77 (dd, J=10.86, 2.53 Hz, 1 H), 7.27 (td, J = 8.78, 2.65 Hz, 1 H),
7.03 (s, 1H), 3.77 -3.92 (m, 2 H), 3.70 (s, 2 H), 3.52 - 3.68 (m, 2 H), 2.15 (s, 3 H), 2.01 -
2.14 (m, 2 H), 1.83 - 2.02 (m, 2H); MS cald. for C19H20FNO4 345, obsd. (ESI") [(M+H)"] 346.

10 EXAMPLES 5-2 to 5-10
The following examples 5-2 and 5-10 were prepared in an analogous manner to the one
described for example 5-1, starting with [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-
acetic acid methyl ester (the intermediate for example 4-1, 1%! step) and commercially

available sulfonyl chlorides.

15
Example | Systematic 'H NMR (400 MHz, CDs0D) & | MS Structure
No. Name ppm (ESI,
[(M+H)]
5-2 [6-Fluoro-4-(1- | 7.75-7.84 (m,2H),7.36 (s, | 360 OH
propionyl- 1H),7.28(td,J=8.72,2.78 OO
piperidin-4- Hz, 1 H), 7.01 (s, 1 H), 4.87 - E O
yloxy)- 491 (m,1H),3.77-3.92 (m, o
naphthalen-2- 2 H),3.75(s,2 H),3.53-3.71
yll-acetic acid (m,2H),2.46(q, J=7.49 Hz, \G\‘ o
2H),1.82-2.17 (m, 4 H),
114 (t, J=7.45Hz, 3 H) \E




1.81 - 2.18 (m 4 H), 1.12 (d, J=6.57 Hz, 6 H) 5-4 [4-(1- 7.79 - 7.86
(m 2 H, 7.38 (s, 372 OH Cycl opropanec arbonyl- 1 H), 7.30 (td, J= 8.72,
2.53 Hz, WORP10/035@4 (s, 1 H), 4.92 OS piperidin-4- (dPCTFER2009(0¢4818. 44 Hz,
1H, yl oxy)-6-fluoro- 3.79 -4.14 (m 3 H), 3.77 (s, napht hal en-2- 2
H, 3.61 - 3.73 (m 1 H), yIFacetigﬁlgid 1.83 - 2.25 (m 5 H), 0.69 -
Example | Systematic 'H NMR (400 MHz, CD;0D) d | MS Structure
No. Name ppm (ESI,
[(M+H)"]
5-3 [6-Fluoro-4-(1- | 7.75-7.84(m,2H),7.36 (s, | 374 OH
isobutyryl- 1H),7.28(td,J=8.72,2.78 OO
piperidin-4- Hz, 1 H), 7.01 (s, 1 H), 4.88 - F O
yloxy)- 4.93 (m,1H), 3.83-3.92 (m, o
naphthalen-2- 2 H),3.75(s,2H),3.58-3.70
yll-acetic acid (m, 2 H), 3.00 (ddd, J = U 0
13.52,6.69, 6.57 Hz, 1 H),
1.81-2.18(m,4H),1.12(d, I
J=6.57 Hz,6 H)
5-4 [4-(1- 7.79-7.86(m,2H),7.38(s, | 372 OH
Cyclopropanec | 1H),7.30 (td, J=8.72,2.53 OO
arbonyl- Hz, 1 H), 7.04 (s, 1 H), 4.92 F 0
piperidin-4- (dt, J=7.01,3.44 Hz, 1 H), 0
yioxy)-6-fluoro- | 3.79-4.14 (m, 3 H), 3.77 (s,
naphthalen-2- 2 H), 3.61-3.73 (m, 1 H), \Q\j o)
yll-acetic acid 1.83-2.25(m,5H),0.69 -
0.99 (m, 4 H)
5-5 [4-(1- 7.75-7.84(m,2H),7.36 (s, | 400 OH
Cyclopentanec | 1H),7.28 (td, J=8.72,2.78 OO o
arbonyl- Hz, 1 H), 7.01 (s, 1 H), 4.87 - F
piperidin-4- 4.92 (m,1H),3.84-3.94 (m, 0
yloxy)-6-fluoro- | 2 H), 3.75 (s, 2 H), 3.60 - 3.71 \@
naphthalen-2- | (m, 2 H), 3.04 - 3.16 (m, 1 H), N ©
yll-acetic acid 1.55-2.18 (m, 12 H) 6
5-6 [4-(1-Benzoyl- | 7.80-7.85(m,2H),7.45- 408 OH
piperidin-4- 7.52 (m,5H),7.38 (s, 1 H), OO o
yloxy)-6-fluoro- | 7.30 (td, J = 8.65, 2.65 Hz, 1 F
naphthalen-2- H), 7.02 (s, 1 H), 4.91 -4.97 o
yll-acetic acid (m, 1H), 3.41-4.11 (m, 6 H), \O“ o
1.84 -2.26 (m, 4 H) é
5-7 {6-Fluoro-4-[1- | 7.75-7.84 (m,2H), 7.46 - 426 OH
(2-fluoro- 7.54 (m, 1 H), 7.40 - 7.46 (m, OO
benzoyl)- 1H), 7.36 (s, 1 H), 7.18 - 7.32 F ©
piperidin-4- (m, 3H),7.01(s, 1H),4.89- o
vioxyF- 4.96 (m, 1 H), 3.82 - 4.09 (m, \G
naphthalen-2- | 2 H), 3.74 (s, 2 H), 3.35- 3.69 N 20
yl}-acetic acid (m,2H),1.81-224(m,4H) £




0.99 (m 4 H 5-5 [4-(1- 7.75 -7.84 (m 2 H), 7.36 (s, 400 OH
Cycl opentanec 1 H), 7.28 (td, J= 8.72, 2.78 4011010 arbonyl -

Hz, 1 H),
7.01 (s, WORPI/B5@®Y - piperidin-4- 4.92 (m 1 H,

3. 84TEP20094648i¢

yl oxy)-6-fluoro- 2 H), 3.75 (s, 2 H, 3.60 - 3.71 napht hal en-2- (m 2
H, 3.04 - 3.16 (m 1 H), yIFaceti97§9id 1.55- 2.18 (m 12 H) 5-6
Example | Systematic 'H NMR (400 MHz, CD;0D) d | MS Structure
No. Name ppm (ESI,
[(M+H)"]

5-8 {6-Fluoro-4-[1- | 7.79-7.86 (m,2H),7.48 - 426 OH
(3-fluoro- 7.55(m,1H),7.38 (s, 1H), OO
benzoyl)- 7.21-7.33(m, 4 H), 7.02 (s, F ©
piperidin-4- 1H),4.94 (d, J =6.76, 3.41 0
yloxy- Hz, 1 H), 3.82 - 4.06 (m, 2 H), \C
naphthalen-2- | 3.67 -3.79 (m, 3 H), 3.40 - N. 0
yl}-acetic acid 3.58 (m, 2 H), 1.84 - 2.30 (m,

4 H)
F

5-9 {6-Fluoro-4-[1- | 7.80-7.86 (m,2H), 7.52 - 426 OH
(4-fluoro- 7.57 (m,2H),7.38 (s, 1 H), OO o
benzoyl)- 7.30 (td, J = 8.72, 2.53 Hz, 1 F )
piperidin-4- H), 7.19-7.26 (m, 2 H), 7.03 \G
yloxy]- (s,1H),342-4.12(m, 6 H), N
naphthalen-2- 1.84-229(m,4H)
yl}-acetic acid

F

5-10 [6-Fluoro-4-(1- | 7.82(dd, J=8.97,5.68Hz, 1 | 422 OH
phenylacetyl- H), 7.75 (dd, J = 10.74, 2.65 OO o
piperidin-4- Hz, 1 H), 7.23-7.39 (m, 7 H), F
yloxy)- 6.97 (s,1H),4.79-4.84 o
naphthalen-2- (m, 1H),3.78-3.94 (m, 4 H), \Oq o)
yll-acetic acid 3.74 (s, 2 H), 3.53 - 3.73 (m,

2H),1.63-2.10(m, 4 H) i@

EXAMPLE 6-1
[4-(1-Ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid

OH

(JJ 1
C‘:N(O
)

5 [4-(1-Ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl

F

ester



[4-(1-Benzoyl- 7.80 - 7.85 (m 2 H), 7.45 - 408 OH piperidin-4-

yl oxy)-6-fluoro- 7.52 (m 5 H, 7.38 (s, 1 H, 7.30 (td, J= 8.65, 2.65 Hz,
1 O nWA2ARYVEH0S- H), 7.02 (s, 1 H, 4.91 - 4.97 PCEAP2000048d¢ d (m 1
H, 3.41 -4.11 (m 6 H), 1.84- 2.26 (m 4 H) 0 5-7 {6-Fluoro-4[1-
7.75 - 7.84 (m 2 H), 7.46 - 426 OH (%[Iuoro- benzoyl)- 7.54 (m 1 H),
7.40 - 7.46 (m 1 H, 7.36 (s, 1 H, 7.18 - 7.32 1SO

A mixture of [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester (the
intermediate for example 4-1, 1% step, 20 mg, 0.063 mmol) and isocyanato-ethane (0.05
mL) and dichloromethane was stirred at room temperature for 4 hours. The resulting

5 mixture was concentrated in vacuo. The residue was purified by flash column (gradient
elution with 0-30% ethyl acetate in petroleum ether) to afford [4-(1-ethylcarbamoyl-
piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid methyl ester (21.0 mg, 85%) as a
viscous oil.

10 [4-(1-Ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid

OO OOH
OYO

HN

)

Starting with [4-(1-ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid

F

methyl ester (21 mg, 0.054 mmol), using @ method analogous to the one described above
for example 1-1, final step, [4-(1-ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-

15 yl]-acetic acid (1.2 mg) was obtained as a light-brown powder. "H NMR (400 MHz,
CD;0D) & ppm 7.83 (dd, J = 9.09, 5.81 Hz, 1 H), 7.79 (dd, J = 10.74, 2.65 Hz, 1 H), 7.37 (s,
1 H), 7.30 (td, J=8.72,2.78 Hz, 1 H), 7.02 (s, 1 H), 4.83 - 4.85 (m, 1 H), 3.70 - 3.79 (m, 4
H), 3.38 - 3.46 (m, 2 H), 3.23 (g, J = 7.07 Hz, 2 H), 2.05 - 2.14 (m, 2 H), 1.83 - 1.93 (m, 2
H), 1.15 (t, J=7.20 Hz, 3 H); MS cald. for C2oH23FN204 374, obsd. (ESI") [(M+H)"] 375.
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piperidin-4- (m 3 H), 7.01 (s,
-4.09 (m napht hal en-2- 2 H), :
yl }-acet i®WO2010958¢9p 2 H), 1.81 - 2.24 (m 4 H) F, PCIBP2009/064816

2010/ 055006PCT/ EP2009/ 064816 - 78 - Exanple No. Systematic Name 1H NWVR (400
MHz, CD30D) 6 ppm M5 (ESI+, [(M+H) +] Sgpucture 5-8 {6-Fluoro-4-[1- 7.79 -
7.86 (m 2 H), 7.48- 426 OH (3-fluoro-

1 H, 4.89 - yloxy]- 4.96 (m 1 H), 3.82
N

3.74 (s, 2 H), 3.35- 3.69 |,

EXAMPLES 6-2 to 6-5
The following examples 6-2 and 6-5 were prepared in an analogous manner to the one
described for example 6-1, starting with [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-
acetic acid methyl ester (the intermediate for example 4-1, 1%! step) and commercially

available isocyanates.

Example | Systematic 'H NMR (400 MHz, CD;0D) d | MS Structure
No. Name ppm (ESI,
[(M+H) "]

6-2 {6-Fluoro-4-[1- | 7.77-7.84 (m,2H),7.43 - 441 OH
(2-fluoro- 7.49 (m, 1H),7.37 (s, 1 H), OO o
phenylcarbamo | 7.28 (td, J=8.72, 2.53 Hz, 1 F
yl)-piperidin-4- | H),7.09 - 7.15 (m, 3 H), 7.04 o
yloxy]- (s,1H),4.87-4.94 (m, 1H), U o
naphthalen-2- | 3.83 - 3.92 (m, 2 H), 3.73 (s, Y
yll-acetic acid | 2 H), 3.54 - 3.64 (m, 2 H), HND

2.11-221(m,2H),1.91- .
2.04 (m, 2 H)

6-3 {6-Fluoro-4-[1- | 7.76-7.85(m,2H),7.37 (s, | 441 OH
(3-fluoro- 1H),7.20 - 7.32 (m. 3 H),
phenylcarbamo | 7.16 (d, J =1.01 Hz, 1 H), F
yl)-piperidin-4- | 7.03 (s, 1 H), 6.72 (td, J = 0
yloxy]- 8.53,1.89 Hz, 1 H), 4.87 - \O\‘ o)
naphthalen-2- 4.91 (m, 1 H),3.83-3.91 (m,
yll-acetic acid | 2 H), 3.72 (s, 0 H), 3.54 - 3.63 HN

(m, 2 H), 1.89 - 2.23 (m, 4 H)
F

6-4 {6-Fluoro-4-[1- | 6.27 -6.36 (m, 2 H),5.83 - 441 OH
(4-fluoro- 5.88 (m, 3 H),5.79 (td, J = OO o
phenylcarbamo | 8.78, 2.15 Hz, 1 H), 5.47 - F )
yl)»-piperidin-4- | 5.55 (m, 3 H), 3.39 - 3.44 (m, (/\
yloxy]- 1 H),2.32-2.41 (m, 2 H), N0
naphthalen-2- 2.25(s,2H),2.03-2.12 (m, HN
yl-acetic acid | 2 H), 0.39 - 0.71 (m, 4 H), Q

F

6-5 [6-Fluoro-4-(1- | 6.32(dd, J=8.97,5.68 Hz, 1 | 451 OH
phenethylcarba | H), 6.27 (dd, J = 10.74, 2.65 OO o
moyl-piperidin- | Hz, 1 H), 5.86 (s, 1 H), 5.65 - F )
4-yloxy)- 5.82 (m, 6 H),5.50 (s, 1 @
naphthalen-2- | H), 3.28 - 3.33 (m, 1 H), 2.25 N\z©
yll-acetic acid (s,2H),217-2.24 (m, 2 H), HN

1.84-192 (m,4H),1.32(t, J
=7.33Hz,2H),0.49-0.61
(m, 2 H), 0.25 - 0.40 (m, 2 H)




benzoyl)- 7.55 (m 1 H), 7.38 (s, 1 H, 7.21 - 7.33 (m 4 H), 7.02 (s,

1010 piperidin-4- 1 H, 4.94 (td, J = 6.76, 3.41 yl oxy}- Hz, 1

- 4.06 (rYVO201055006 napht hal en-2- 3.67 - 3.79 (m 3 H), PETAB2009/064816
yl}-acetic acid 3.58 (m 2 H), 1.84 - 2.30 (m 4H) lei 5-9

{6-Fluoro-4-[1- 7.80 - 7.86 (m 2 H),_§1_52- 426 OH (4-fluoro- 7.57 (m 2
7.38 (s, 1 H, O Dbenzoyl)-

H) ,

10

15

20

25

30

ACTIVITY AND USE OF THE COMPOUNDS

The compounds of formula | and Z 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.
Human CRTH2 Receptor Binding Assay

A whole cell receptor binding assay using [H]ramatroban as the competing radioactive
ligand was employed to evaluate the compound binding activity to human CRTH2. The
radioactive ligand [*Hlramatroban was synthesized 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 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-12 medium containing 10% fetal bovine serum, 100 units/mL penicillin, 100
ug/mL streptomycin, 2 mM glutamine, 0.5 mg/mL G418 (geneticin) for 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 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

H ., 3.
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7.30 (td, J =8.72, 2.53 Hz, 1 piperidin-4- H), 7.19 - 7.26 (m 2 H),
7.03 yloxy]- (s, 1 H, 3.42 - 4.12 (m 6 H), napht hal en-2- yl}-acetic
acid 1.84WVO0201003500 4 H) 40 5-10 [ 6-Fl uoro-4-(1- 7.82PCHEP2YI4641©7, 5. 68
Hz, 1 422 OH phenylacetyl- H), 7.75 (dd, J = 10.74, 2.65 001 o
piperidin-4- Hz, 1 H, 7.23 - 7.39 (m_8Z_H), yloxy)- 6.97 (s, 1 H), 4.79
- 4.84 napht halen-2- (m 1 H, 3.78- 3.94 (m 4 H),

compound at various concentrations. After 1 hour of binding reactions, the cells were
harvested on GF ™/B filter microplates (microtiter plates with embedded glass fiber from
PerkinElmer, Inc.) and washed 5 times with PBS using a Filtermate™ Harvester (a cell
harvester that harvests and washes cells from microplates from PerkinElmer, Inc.). The
5 radioactivities bound to the cells were determined using a microplate scintillation counter

(TopCount® NXT, from PerkinElmer, Inc.) after adding 50 L 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 reaction mixtures. The radioactivity bound

10 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.

15 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 1Cs 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

20 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)))].

Certain compounds of the foregoing examples were tested using the above Human CRTH2
25 Receptor Binding Assay. The results of the assay showed that all of the compounds tested
have binding activity exhibiting ICso values ranging from 0.0017 uM to 0.4575 uM as shown

below:



o YylFacetic acid 3.74 (s, 2 H, 3.53 - 3.73 (m 2 H, 1.63 - 2.10 (m
4 H 401 EXAMPLE 6-1 [441 - Ethvlcarbanovl - pi peri din-4-vl oxvl-6-6
uor o- naphWRPEYSSWoy11- acetic acid OH yO HN 5 PCT/EP2009/064816

[ 4- (1- Et hyl car banmoyl - pi peri di n- 4-yl oxy) - 6-fl uor o- napht hal en- 2-y1] - acetic
acid nethyl ester WD 2010/ 055006PCT/ EE%OOQ/ 064816 - 79 - HN 1 A mxture
of [6-fluoro-4-(piperidin-4-yloxy)-naphthal en-2-yl]-acetic acid nethyl
ester (the internediate for exanple 4-1, 1st step, 20 ny, 0.063 mmol) and
i socyanat o- et hane (0.05 nL) and di chl oronet hane was stirred at room

tenperature for 4rhours. The resufting|(b m xture was concentrated in vacuo.
The residue was purified by flash colum (gradient elution with 0-30% et hyl
acetate in petrol ekwaoyeNo.to afford [HumarGRTH2PinRdDY! -
pi peri di n-4-yl oxy) - 6-fl uor o- napht hal en- ?C}/](meetl c acid nmethyl ester (21.0
my, 85% as a viscous oil. 0
10[ 4- (1- Et hyl car baprympR pdri di n-4-yl oxy) - 6-fl uaro- napht hal en-2-yl]-acetic
acid OHyOHN | Starting with 0.0192
[ 4- (1- et hyl car bamnﬁlxampﬁieh?dl n- 4-yl oxy) - 6- | uor g-gaapht hal en- 2-yl] - acetic
acid nethyl ester §(J. iy .uul—f Ao —Tusing—a et hod—anatogous to the one
descri bed above fofF*8%% - final step, 0.0212
[ 4- (1-ethyl car bam)ElxampRgaqmdl n- 4 yl oxy)-6-fluoro-napht hal en-2- 15
yl]-acetic acid (1.2 nmy) was obtained as a | i gh®-BPown powder. 1H NVR (400
MHz, CD30D) 5 ppm Ex881p(edibl—5 J =9.09, 5. 81 Hz, %da)]@ 7.79 (dd, J = 10.74,
2.65 Hz, 1 H), 7.83ZA(s—1 T30—(td; -8.72, Z78+Hz—3+1), 7.02 (s, 1
H) , 4.83-4.85(rg€x§ e14§’70_379 m 4 H), 03088 -3.46 (m 2 H), 3.23
(q, J =7.07 Hz, 2 %pga 0y - 2.4 (m 2H, 1.83 - 1.93 (m 2 H, 1.15 (t,
J=7.20 Hz, 3 H); NE rr| for C20H23FN204 374, O68¥E8> (ESI+) [(MH)+] 375.

Example 1-8 0.0069

Example 1-9 0.0037

Example 1-10 0.2072

Example 1-11 0.0883

Example 1-12 0.0083

Example 1-13 0.0054

Example 1-14 0.0048

Example 1-15 0.0026

Example 1-16 0.0031

Example 1-17 0.0037

Example 1-18 0.006

Example 1-19 0.0017

Example 2-1 0.0182

Example 2-2 0.0026

Example 2-3 0.1506

Example 2-4 0.0591

Example 2-5 0.2765

Example 2-6 0.0815




WO 2010/ 055006PCT/ EP2009/ 064816 - 80 - EXAMPLES 6-2 to 6-5 The foll ow ng
exanpl es 6-2 and 6-5 were prepared in an anal ogous nmanner to the one

descri bedVP3P104RAWPl e 6-1, starting with PCT/EP2009/064816

[ 6-fl uoro-4-(piperidin-4-yloxy)-naphthal en-2-yl]- acetic acid nethyl ester
(the intermediate for exanple 4-1, 1st,step) and commercially 5 avail able

| socyanat es. Exanpl e No. Systematlc Nane 1H NMR (400 MHz, CD30D) 6 ppm M5
(ESI+, [(MH)+] Structure 6-2 {6-Fluoro-4-[1- 7.77 - 7.84 (m 2 H), 7.43-
441 OH (2-fluoro- 7.49 (m 1 H, 7.37 (s, 1 H, IMOo phenylcarbano 7.28

(td, J = 8.72, 2.53 Fz, 1 yi)-loiloe“di”4 709 = 715 (m 3 M),

7.04  yloxyl- (s, 1 H, 4.87 - 4.94 1H), napht hal en-2-3.83 -

3.92 (m 2 H, 3.7 xgmple No. Human CRTH2 Binding

ICs50 (M)

Example 2-7 0.0571
Example 2-8 0.4575
Example 2-9 0.0631
Example 2-10 0.4503
Example 2-11 0.2009
Example 2-12 0.1061
Example 2-13 0.139
Example 2-14 0.0657
Example 2-15 0.2527
Example 2-16 0.0268
Example 2-17 0.0219
Example 2-18 0.0094
Example 2-19 0.01
Example 2-20 0.1268
Example 2-21 0.0189
Example 2-22 0.0112
Example 2-23 0.0635
Example 2-24 0.022
Example 3-1 0.0451
Example 4-1 0.0093
Example 4-2 0.0203
Example 4-3 0.0305
Example 4-4 0.0254
Example 4-5 0.0099
Example 4-6 0.0032




yl}-acetic acid 2 H, 3.54 - 3.64 (m 2 H, HNDO 2.11 -2.21 (m 2 H),

1.91- 2.04 (m 2 H) 6-3 {6-Fluoro-4-[1- 7.76 - 7.85 (m 2 H), 7.37
(s, 441 OMO20BVSFW6ro- 1 H), 7.20 - 7.32 (m 3 H), *|SPET/ERRYEPP84¢ bano
7.16 (d, J =1.01 Hz, 1 H), ylypi peridin-4- 7.03 (s, 1 H, 6.72 (td, J =
yloxy]- 8.53, 1.89 Hz, 1 H), 4.87 - _¢5_

Example No. Human CRTH2 Binding

ICs50 (M)

Example 4-7 0.005

Example 4-8 0.0024

Example 4-9 N/A

Example 4-10 0.0027

Example 5-1 0.1632

Example 5-2 0.1205

Example 5-3 0.141

Example 5-4 0.0678

Example 5-5 0.0533

Example 5-6 0.0134

Example 5-7 0.0194

Example 5-8 0.0298

Example 5-9 0.0313

Example 5-10 0.0029

Example 6-1 0.0245

Example 6-2 0.0043

Example 6-3 0.003

Example 6-4 0.005

Example 6-5 0.004

Calcium Flux Assay Using Fluorometric Imaging Plate Reader

Cell Culture Conditions:

CHO-K1 cells previously transfected with G-alpha 16 were subsequently transfected with

the human CRTH2 receptor and the neomycin resistance gene. Following selection in 800



napht halen-2- 4.91 (m 1 H), 3.83 - 3.912 (m HN yll-acetic acid 2 H),
3.72 (s, OH, 3.54- 3.63(m 2H, 1.89 - 2.23 (m 4 H 401 6-4

{ 6- Fl uor oW9-2p10/0580097 - 6.36 (m 2 H), 5.83- 441 OH (4- PCUGPE09964386 (m 3
H, 5.79 (td, J = 010 phenylcarbano 8.78, 2.15 Hz, 1 H), 5.47 -
yl)-piperidin-4- 555 (m 3 H, 3.39 g8 44 (m yloxy]- 1 H), 2.32 -
2.41 (m 2 H), NO naphthalen-2- 2.25 %s, 2 H, 2.03 - 2.12 (m HN 40

ug/mL G418 (geneticin), individual clones were assayed for their receptor expression
based on staining with an anti human CRTH2 IgG, followed by assaying for their response
to 13,14-dihydro-15-keto Prostaglandin D, (DK-PDGy) (ligand) in the Ca** Flux assay.
Positive clones were then cloned by limiting dilution cloning. The transfected cells were
5 cultured in Ham’s F-12 medium supplemented with 10% fetal bovine serum, 2 mM

glutamine , 100 U/mL penicillin/100 pug/mL streptomycin, 200 pg/mL hygromycin B, and 800
ug/mL G418 (geneticin). Cells were harvested with trypsin-EDTA (trypsin-
ethylenediaminetetraacetic acid) and counted using ViaCount® reagent (from Guava
Technologies, Inc. which contains two DNA-binding dyes that enable the reagent user to

10 distinguish between viable and non-viable cells). The cell suspension volume was adjusted
to 2.5 x10° cells /mL with complete growth media. Aliquots of 50 UL were dispensed into
BD Falcon™ 384 well black/clear microplates (from BD Biosciences, a division of Becton,
Dickinson and Company) and the microplates were placed in a 37 °C COz incubator
overnight. The following day, the microplates were used in the assay.

15
Dye Loading and Assay:

Loading Buffer containing dye (from the FLIPR® Calcium 3 Assay Kit from Molecular
Devices, a division of MDS Analytical Technologies and MDS Inc.) was prepared by

20 dissolving the contents of one bottle into 200 mL Hank’s Balanced Salt Solution containing
20 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) and 2.5 mM
probenecid. Growth media was removed from the cell plates and 25 yL of Hank’s Balanced
Salt Solution (HBSS) containing 20 mM HEPES, 0.05% BSA and 2.5 mM probenecid was
added to each well followed by 25 pL of diluted dye using a Multidrop dispenser. The

25 plates were then incubated for 1 hour at 37 C.

During the incubation, test compound plates were prepared by adding 90 pL of HBSS/20
mM HEPES/0.005% BSA buffer to the 2 uL of serial diluted compounds. To prepare serial
diluted compounds, 20 mM stocks of compounds were dissolved in 100% DMSO. The

30 compound dilution plate was set up as follows: well # 1 received 5 pL of compound plus 10



yll-acetic acid 2 H, 0.39 - 0.71 (m 4 H, 6-5 [6 Fluoro4(1 6. 32 (dd,
J =8.97, 5.68 Hz, 1 451 OH phenethylcarba H), 6.27 (dd, J = 10.74, 2.65
10101 no¥y0P-2p1048p008i n- Hz, 1 H), 5.86 (s, 1 H), 5.65 4P§2F®P9909@6‘B‘26(m 6
H, 5.50 (s, 1 napht hal en-2- H), 328-333(m 1 H, 2.25 NO

yl Facetic acid (s, 2 H), 2.17 -2.24 (m, 1.84- 1.92 (m 4 H),
1.32(t, J = 7.33 Hz, 2 H), 0.49 n%Gl 401

uL of DMSO. Wells 2-10 received 10 uL of DMSO. 5 pL was mixed and transferred from
well #1 into well #2. 1:3 serial dilutions were continued out 10 steps. 2 yL of diluted
compound was transferred into duplicate wells of a 384 well “assay plate” and then 90 L
of buffer was added.

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 the FLIPR® and 20 uL of 4.5X

10 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 monitored before, during and after sample addition for a total elapsed time of

15 100 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 ICsp value, defined as the
concentration of a compound that was required for 50% inhibition of the buffer control, was

20 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)))].

Representative compounds tested in the binding assay were tested using the above

25 FLIPR® assay (specifically examples 1-1 to 1-19, 2-1 to 2-24, 3-1, 4-1, 4-2, 4-4, 4-6 to 4-10,
5-1, and 5-3 to 5-10 were tested). The results of the FLIPR® assay showed that (with the
exception of examples 2-8, 2-10, 2-15, 4-2 and 5-1 which exhibited ICso values of >5 UM,
these compounds exhibited ICs values ranging from 0.0002 yM to 3.770 uM.

30 DK-PGD2-induced IL-13 production assay in Th2 cells



(m 2H, 0.25- 0.40 (m 2 H WO 2010/ 055006PCT/ EP2009/ 064816 -81 -
ACTIVITY AND USE OF THE COVPOUNDS The conpounds of formula | and Z possess
val uabl e WAPHWIEN06gi cal properties. It has been found PRAEPIHOGBdrpounds
are antagonists or partial agonists at the CRTH2 receptor 5 and nay be
useful in treating diseases and dlsordggs associated wth that receptor
such as asthma. The activity of the present conpounds as CRTH2 receptor
antagoni sts or partial agonists is denonstrated by the follow ng biol ogical
assays. Human CRTH2 Receptor Binding Assay 10 A whole cell receptor binding
assay using [3H ramatroban as the conpeting radioactive |igand was enpl oyed
to evaluate the conpound binding activity to human CRTH2. The radi oactive
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oot ook gt ot i 0 0
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requir %%téd?%d E?%ﬁg_g§€a%’rﬁ£éh@mmedtlﬁ$n%no%%%rﬁ'a%sé&" Yiirtgan HAsBREBLISA™” kit

calculate t ercent inhibition data were determ ned for 7
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i nhibition data to a dose response (4 paraneter |ogistic) nodel

in t he PRI MNYbitieR f:‘Wgt"g Iat in program [from | D Business Sol utions

Ltd., nodel 205, where F(x) (A+( B-A)/(1+((C x)AD)))]. Certain conpounds

of the f oregoi ng exanpl es were tested usi ng t he above Human CRTH2 25

Recept dhemerdentgniabisian of Trerlewdn 8 {ILot3)niediualionfosa sABWOLAE AL HATOW t he

0. ot 7 RFT ORISR B sl b re 0GB I - YRR, o

Bi nding 1C50 (PM Exarrpl e 1-1 0.0192 Exanple 1-2 0.0072



Exanmpl e 1-3 0.0212 Exanple 1-4 0.0155 Exanple 1-5 0.0076 Exanple 1-6 0.0091
Exanpl e 1-7 0.0065 Exanple 1-8 0.0069 Exanple 1-9 0.0037 Exanple 1-10

0. 2072 BMABPW/OES0¢ 0. 0883 Exanple 1-12 0.0083 Exanpl e PCTEPRIQIOHBIEXanpl e
1-14 0.0048 Exanple 1-15 0.0026 Exanple 1-16 0.0031 Exanple 1-17 0.0037
Exanpl e 1-18 0.006 Exanple 1-19 0.0017¢&xanple 2-1 0.0182 Exanple 2-2

0. 0026 Exanple 2-3 0.1506 Exanple 2-4

10

15

20

25

30

the presence of compound)/(IL-13 production in the presence of 0.15% DMSO)]x100. The
ICs, value, defined as the concentration of a compound that is required for 50% inhibition of
IL-13 production, was calculated by fitting the percent inhibition data for 7 concentrations to
a sigmoidal dose-response (4 parameter logistic) model in the XLfit® software Excel add-in
program [ID Business Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)"D)))I.

Representative compounds tested in the binding assay were tested using the foregoing
DK-PGDy-induced IL-13 production assay (specifically examples 1-1, 1-2, 1-4 to 1-9, 1-12
to 1-17, 2-2, 2-18, 2-19, 2-22, 4-1 to 4-3, 4-6 to 4-8, 4-10, 5-1, and 5-10 were tested). The
results of the DK-PGD,-induced IL-13 production assay showed that these compounds
exhibited activity in inhibiting IL-13 production, with 1Cs, values ranging from 0.0024 uM to
3.6007 uM.

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 | or Z 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.

The present invention is also directed to the administration of a therapeutically effective
amount of a compound of formula | or Z in combination or association with other drugs or
active agents for the treatment of inflammatory or allergic diseases and disorders. In one

embodiment, the present invention relates to a method for the treatment and/or prevention



0. 0591 Exanple 2-5 0.2765 Exanple 2-6 0.0815 - 84 - Exanple No. Human
CRTH2 Binding 1C50 (PM Exanple 2-7 0.0571 Exanple 2-8 0.4575 Exanple 2-9
0. 0631 BXMABPW/ES00 0. 4503 Exanple 2-11 0.2009 Exanpl e PCTEPRINO&BIEXanpl e
2-13 0. 139 Exanple 2-14 0.0657 Exanple 2-15 0.2527 Exanple 2-16 0.0268
Exampl e 2-17 0.0219 Exanple 2-18 0. 009 OExarrpI e 2-19 0.01 Exanple 2-20

0.1268 Exanple 2-21 0.0189 Exanple 2-220.0112

of such diseases or disorders comprising administering to a human or animal
simultaneously, sequentially, or separately, a therapeutically effective amount of a
compound of formula | or Z and another drug or active agent (such as another anti-
inflammatory or anti-allergic drug or agent). These other drugs or active agents may have
5 the same, similar, or a completely different mode of action. Suitable other drugs or active

agents may include, but are not limited to: Beta2-adrenergic agonists such as albuterol or
salmeterol; corticosteroids such as dexamethasone or fluticasone; antihistamines such as
loratidine; leukotriene antagonists such as montelukast or zafirlukast; anti-IgE antibody
therapies such as omalizumab; anti-infectives such as fusidic acid (particularly for the

10 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
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

15 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.

Unless stated to the contrary, all compounds in the examples were prepared and
20 characterized as described. All patents and publications cited herein are hereby
incorporated by reference in their entirety.



Exampl e 2-23 0. 0635 Exanple 2-24 0.022 Exanple 3-1 0.0451 Exanple 4-1

0. 0093 Exanple 4-2 0.0203 Exanple 4-3 0.0305 Exanple 4-4 0.0254 Exanple 4-5
0. 0099 BXMAPPY/45®60. 0032 WD 2010/ 055006PCT/ EP2009/ 064 8CH/EP2E8/0648% anpl e
No. Human CRTH2 Binding |1 C50 (PM Exanple 4-7 0.005 Exanple 4-8 0.0024
Exanple 4-9 N A Exanple 4-10 0.0027 E)_(erpl e 5-1 0.1632 Exanple 5-2 0.1205
Exanpl e 5-3 0. 141 Exanple 5-4 0.0678 Exanple 5-5 0.0533

CLAIMS

1. A compound of formula I:

or a pharmaceutically acceptable salt or ester thereof, wherein:
Xis O and Q is C(H); or alternatively, X is C(O) and Qis N;

10 R'is selected from the group consisting of:
(a) hydrogen,
b) halogen,
c) lower alkyl optionally substituted by fluoro,

15

(
(
(d) lower alkoxy optionally substituted by fluoro,
(e) lower alkylsulfonyl, and

(

f) cyano;
R? is hydrogen or lower alkyl; and

20 R®is selected from the group consisting of:
(a) phenyl, pyridinyl, or pyrimidinyl, wherein said phenyl, pyridinyl, or pyrimidinyl is
optionally substituted by one or more substituents independently selected from the
group consisting of: (1) halogen, (2) lower alkyl optionally substituted by fluoro; (3)

lower alkoxy optionally substituted by fluoro, and (4) cyano;



Exampl e 5-6 0.0134 Exanple 5-7 0.0194 Exanple 5-8 0.0298 Exanple 5-9 0.0313
Exanpl e 5-10 0.0029 Exanple 6-1 0.0245 Exanple 6-2 0.0043 Exanple 6-3 0.003
Exanpl e 6W® 201005800pxanpl e 6-5 0.004 Cal ci um Fl ux Assay POSIERGOOROG$i@Net ri c

| magi ng Plate Reader Cell Culture Conditions: WO

2010/ 055006PCT/ EP2009/ 064816 - 86 - pghsl (A18 (geneticin), individual

cl ones were assayed for their receptor éexpression based on staining with an
anti human CRTH2 1gG followed by assaying for their response to

13, 14-di hydro- 15-keto Prostagl andin D2 (DK-PD&X) (ligand) in the Ca2+ Fl ux

assay. Posi td)YQv&l ARS§cuighylR@g cloned by lim ting dilution cloning. The
transfected cCells were 5 cultured in Ham s F-12 medi um suppl emented with

10% f et al b} iStO)=BF,uO)R wor GIO-AHHNR" wheosin B 'ris. spletesi Tomiine omupy/ m.
streptonycin r&szl I(Iltgp(grlrrL hygronycin B, and 800 pg/nL (418 (geneticin). Cells
wer e har ves?% h™t rypsi n- EDTA (trypsi net hyl enedi am netetraacetic acid)
and counted usi ngd)\6vescaikyl OpliomalygbktifUtedby Buerea Technol ogi es, I nc. which
cont ai ns two DNA-bi ndin gy s that enable the reagent user to 10

di stdi ngui sh bet th"\’ﬁraFg/P aEWH non-vi abl e cells). The cell suspension

volume was adj us{3@nkRyldptiondips dtituied Bl W Haloga® @) Rva @kyhopRsHaa
Al i quots of 50 p{_ﬁ\%er eydip?pengé% into B[B)yF(\zriyl con T™M 3(321 wel | g:nack/cl Zar

m cropl ates (frosutBbtgeddyilleates, a di vision of Becton, Dickinson and

Company) and t he, i I ced in a 37 C CO2 incubator overnight.
The foll ow ng daS/A'Tbt%hgﬁr%? ?%Byg{@%gv\ngre used in the assay. 15 Dye Loading

and Assay: Loadi (i) pBaflihgk contai ning dye (fromthe FLIPR(r) Calcium 3 Assay
Kit from Mol ecul ar Devices, a division of MDS Anal ytical Technol ogi es and
vDd O nc.) was prepared by 20 dissolving the contents of one bottle into 200

nL Hank' s Bal @g@slindadflciahel tivhereis X1t @ Bha @ idCHY! HEPES _
(4- (2-hydroxyethyl)-1-pi perazi neet hanesul fonic acid) and 2.5 nM probeneci d.
G owth nedia was renoved fromthe cell plates and 25 pL of Hank's Bal anced

Salt Sal uti Al N ?q%ﬂdﬁ 2d ®i_% BSA and 2.5 nM

pr obeng’(':i d &&m ?%@cﬂw\ﬂgﬁ%p ollo g byd)‘25 pL of diluted dye using a
Mul tidrop dispenser. The 25 plates were then incubated for 1 hour at 37 'C
Durjng the incubation, test conmpound plate e £ i pL
of B84 20 puERRsRossET)g B BRoR T GRS 1 I 8w BRTR “E B Pl
conpouid et @rem}amg Réfd flordi | ut ed conpounds, 20 nmM st ocks of conpounds
were di ssolved in 100% DVSO. The 30 conpound dilution plate was set up as

follows: well # 1 received 5 pL of conpound plus 10 WO

2010/ 0%5006R%n%&9%95&@@@t0 any one of claims 1 to 4 wherein R?is hydrogen.

20 6. A compound according to any one of claims 1 to 4 wherein R? is methyl.

7. A compound according to any one of claims 1 to 6 wherein R? is phenyl, pyridinyl, or

pyrimidinyl, preferably R® is phenyl.

25 8. A compound according to any one of claims 1 to 6, wherein R? is phenyl substituted
with one or two substituents independently selected from the group consisting of chloro,

fluoro, methyl, trifluoromethyl, and methoxy.

9. A compound according to any one of claims 1 to 6,wherein R? is phenyl substituted

30 at the 4 position on the phenyl ring with chloro, fluoro, methyl, trifluoromethyl, or methoxy.



- 87 - pL of DVMSO Wells 2-10 received 10 pL of DVSO 5 pL was m xed and
transferred fromwell #1 into well #2. 1:3 serial dilutions were continued
out 10 stW¥PF0105H1060f di |l ut ed conpound was transferred PRTEPAWSIOP484¢ e wel | s
of a 384 well "assay plate" and then 90 pL of buffer was added. 5 After

i ncubation, both the cell and "assay phate" plates were brought to the
fluoronetric inmaging plate reader (FLIPR(r)) and 20 pL of the diluted
conpounds were transferred to the cell plates by the FLIPR(r). Plates were
then i ncubated for 1 hour at roomtenperature. After the 1 hour incubation,
pl ates were returned to the FLIPR(r) and 20 pL of 4.5X 10 concentrated
l'igand was added to the cell plates. During the assay, fluorescence

r eadi nge. weAcomgcemdscenrdinghisoany gnd poetpiad 1 588, wikareis RfistRO k&t 1ans Rt &

e’ 2BTlorRl et (Eer s oGRS CREIRE SR BIRRNS 0 dea 1o |

each well of the cell plate. The fluorescence was continuously nonitored

before, during and after sanple additjan for a.tqtal. elaps ti of ,45 100
secandd 1’ RebgdrBEud rcpelit  Apen of Fare i Redi TR R ARSIk TR Bing
agoni spnafliohtioRallyesudsteied H¥ ﬁa%f;eﬁ_fef? Idvrtdil obtitied gt @BaRitece@flh Agofo, om
each well,” prior to ligand stinulation, was used as a zero baseline val ue
for the data fromthat well. The responses were expressed as (:)/0

i nhi bi tion Qf f @108 e -' é K& and R* i
concenbrbat i g‘ncoo a&?ogrrcgétrjoﬁ@é]%gﬂt‘y %@8‘? J(:alqui rggé wahggaf% Fﬁﬂsi li?(tdi)on ac?f t hl'es

buf f er netingly ethyl, wespy2 Gsaabpyl] eyobaprogylf cydopentylher tpBuaremetihyihi bi ti on dat a
for 10 concentrations to a signoidal dose- response (4 paraneter |ogistic)
modd usi ng Cenedata Screener(r) Condoseo software program [from CGenedat a

AG modgl 2@%0 R ddoviding (PahyBore bof diaints xd BDvhitein RE iy €(@)tRttaneER" is

conmpounds tested in the binding assay were tested using the above 25

FLI PR( Pheayoajiopalpesbstibbed Dy Srlogsnas lawer gleyl1- 19, 2-17to 2-24, 3-1, 4-1,
4-2, 4-4, 4-6 to 4-10, 5-1, and 5-3 to 5-10 were tested). The results of
the FLIPR(r) assay showed that (with the exception of exanples 2-8, 2- 10,
2-15, 442 aAddadoust adcoeding ki aeylon€s0Claingidgo 6f whsraivR’ i €3O )dihdrirans

exhj bitad | C50 values ranging from 0. 000 t o 77Q .
20167 052 50 BN £ Yo BB et cenp epesh g o 15- ket o
Prostagl andin D2 (DK-PGD2)-induced IL-13 production in T hel per type 2

(Th2) cells was applied to eval uate conpound cell ular pote l,t ures
of Th218el | & GRPROWS AATOTARSBEP PRYLANBLHEIAINT TH_ Q WiGre ﬁ&%ﬁ‘?‘égﬁsand

accor di iOhd IR RS iREQE BIHER geR e IdWs  Akyi bl ood nononucl ear cel |'s
( PBMVO) R\:g? E%@ﬂ?ﬁ'?@%%@% I'TR)‘Ir om go m(‘_;eof rf resh b% ood by Ficoll-Hypaque
density gradient centrifugation, followed by CD4+ cell purification using a

CD4A+ T,Cell Isolatio it L Gfr ) enyi.. Bi Inc.). The CD4+ T cells

wer® tﬁ n dﬁqogp%qﬂr]og?tﬁarr@%amfcggﬁdmsd Ft?y(g%'uh] ?’u\%%%"{ he cells in X-VIVO

15(r) 1R igedindQ(i§ OPH); Grrdte matiBelg SKiie G¢O) Wad KeisN;i | 1 e 1 nc.) containing 10%

human AB serum (serum of bl ood. téﬁﬁ AB f roal I qvi trogen Corporation), 50

U L ofR rebalesenariowrialienymriionalxsRessitytel oy IHPrq.f r om PeproTech Inc.) and

100 ng/ge: [ ! interleukin-4 (rhlL-4) (from PeproTech Inc.)

for 7 ﬂbgﬂﬁ/dﬁ%@%@%lce Ié}s!lts,"\/\ier?rfau i sol ated using a CD294 (CRTH2) M croBead Kit

(from R’lis eakeictei foerdhe group congissingloffi ed in X- VI VO 15(r) 15 nedi um

co i ni ng %&ﬂgw AB serumand 50 U nL of rhiL-2 for 2 to 5 weeks. In
0’0

general , 70%" f the Th2 cells used in the assay are CRTH2-positive
when anal yzed by (b) 8D pReME)R’ ovE(RENGE)-R’ whetsimB* issselgctet dropMie

anti body (as previously descri conj ugat.ed to ycoer yt hr i PE). 20 To
det ermi ne cel | ul 8f°Y rﬁistt'ﬁgffgﬁﬂéwegl?ﬁ%'o%cﬂ%&gl &W@Qﬁ}’ %H@Stﬁl@ﬁé@ﬁz%?rons
were incubated Whhndioges, ittt (3henepldrpnengieddp nM DK-PGD2 for 4 hrs at 37
Cin 200 pL of X-VIVO I5(r) nedium containing 10% human AB serum | L-13
production to the nmedi um was detected by ELI SA (enzyne-|inked i mmunosor bent
assay) using an "lInstant ELI SATM kit (from Bender MedSystens Inc.)
according to the procedure suggested by the vendor. The 25 spontaneous
production of IL-13 by Th2 cells was determined in the absence of DK-PGD2
stinulation and the value was subtracted fromthat in the presence of each
conmpound for percent inhibition and | C50 cal cul ati ons. The percent
inhibition of interleukin 13 (I1L-13) production for a conmpound at vari ous
30 concentrations was cal cul ated according to the follow ng formnula,

[ 1-(IL-13 production in WD 2010/ 055006PCT/ EP2009/ 064816 - 89 - the
presence of conpound)/(IL-13 production in the presence of 0.15%
DVS0) | x100. The 1C50 val ue, defined as the concentration of a conpound that
is required for 50% i nhibition of IL-13 production, was cal cul ated by

-, o, = o e N T o o o o o v o o



WD 2010/ 055006PCT/ EP2009/ 064816 - 90 - of such diseases or disorders
conprising adm nistering to a human or ani mal sinmultaneously, sequentially,
or separ VOI910/035¢0her apeutical |y effective anount of a E6RFFAHI0681¢ or nul a
| or Z and another drug or active agent (such as another anti-inflamuatory
or anti-allergic drug or agent). Thesg9?;her drugs or active agents may
have 5 the sane, simlar, or a conpletely different node of action

Sui tabl e other drugs or active agents may include, but are not limted to:
Bet a2- adrenergi ¢ agoni sts such as al buterol or salneterol; corticosteroids
such agydexan@iiAicebrdind!td SRBEMEof BiMd $6 81BrNBSwhEEdIN RS id E(@)i-/i' ne;

| eukotri ene antagoni sts such as ‘nontel ukast or zafirlukast; anti-IgE

ant i bodpd Rids apemd optienallyssubstiluted ares ormice bnfleedi ves such as fusidic acid
(particularly for the 10 treatnent of atopic dermatitis); anti-fungals such
as_ cl ol MAY G PR AEHIGH] ¥o LRf ohdIBr LERA MRIE Pl1ealaHREINRT IFBE(O)-R)

i mmunosuppressants such as tacral imus and pi necrolinus; other antagonists
of PGDand®‘iimghenyl aplienallyestiystititad snehortsvicPbyfiuergoni sts; i nhi bitors of
phosphodi est erase type 4 such as cilomlast; drugs that nodul ate cytoki ne

productjon such_as inhi hit - t -(_&@@E; Ir ugs
thag n&gul a?‘eC eouggt%?@'%)?o %rgy %0@95 @% (rf]gés%l rjﬁ?r"grr]]%gwl-ﬁglssu -ﬁléHSj
bl ocki RY anamias phahylaptibhalli fbstindes ohcdhbetwiezbpfloom, PPAR- ganma agoni st's
such as rosiglitazone; and 5-1ipoxygenase inhibitors such as zil euton.

Unl ess_stated to the gontr al.l .gompounpds in the exanples were prepared
and 202Ehar AGOSIROMEY é&'%@i%ﬁﬁ@&? Ral nBHéé?@ats and publications cited

herein are hereby incorporated by reference in their entirety. WO
2010/ 055006PCT/ EP2009/ 064816 - 91 - CLAIMS 1. A co,nPoung of formulal: | 5
or a pRar med<amraundofsta@nt seleateddram die gOURCONRIBHBS P wherein: X is 0 and

Qi )M | ing$1L _&u -3 SndMy ilSn- m
Sty B e AT pisBroind s oS0 AL @ 3 R 28 i i
al kyl  p{4-Gr1adDifusoisnzenesdioby!)fpipesazine-1-carbonyl]-6-flupe-31 yl-7a en-2-
opti onaL}I Eubsti tuted by fluoro, 15(e) |ower al kylsulfonyl, and (f) cyan
o0 RV %ﬂ? ?Gﬁ'gn or lower alkyl; and 20 R3 is selected fromthe group

Cbn_si STG-FIL P64 -[UaB-RIeEBEnzEYESUibNY | -piperaziye-i raadbanil];3-wetnginaphtiaterpheny |
pyridinyl, or pyrimdinyl is optionally substituted by one or nore
subst i ©Geti aCifndependent |y sel ected fromthe group consisting of: (1)

hal 1%9e%-[@-@,41@%&0%&&&%{1’8@?|iuo@p§-'di%eggﬂIﬁ%ﬁ-é%sHylpai}‘%blcme%eth?uné&m@eﬁizkOxy

optional 'y substituted , cyano;
2010/ 0yga@ePCacEP2009/ 064816 - 92 - (b) | ower al koxycarbonyl; and (c)

S(0) 2- R4, 0)-R4 r o CLo)-NCH) - R4 ai 4 i | gt qr
consi st Ereere e BhygitdpRYE bar BRI R M e R B EE SR f I AR g B
Icycl Oa|[dli-}kthioro(33t)1eﬂﬂ?3fls(l4-p§/g'ﬁirpﬂ@tl-btébel;mzﬁ)ﬁ-ﬂtdatk&dwybfaplﬂoithalél?&qg]ea%ejic al(did %1 |
ower a optionally substitute uor o nzyl. or. phenyl et hyl,
and (5 Paemﬁﬂqlfomﬂ-pzi?er_)ﬁ"&-&%%méy'@fOre_r%pmf?q‘%{}féfyilﬁff_ye}dcia§'08 and Qs
C(H 36-%&Bfﬁpﬁuﬂdﬂﬁro%ﬁk@hés%ﬁ?l%fbeﬁd|r§4-9(%ﬁ£%tﬁblbﬁ-2\k/l}%éeﬁb Aeid
conmpound according to any one of clainms 1 to"3 erein RL s hydroc?en,
hal ogerﬂ6-FIuoro-4-(1-phenylmethanesulfonyl-piperidin-4—y|oxy)-naphthalen-2-y|]-acet|c aci
[6-Fluoro-4-(1-phenylacetyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid
{6-Fluoro-4-[1-3-fluoro-phenylcarbamoyl)-piperidin-4-yloxy]-naphthalen-2-yl}-acetic acid
[6-Fluoro-4-(1-phenethylcarbamoyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid.
25
22. A pharmaceutically acceptable salt of a compound of claim 21.

23. A pharmaceutically acceptable ester of a compound of claim 21.



or nmethyl, preferably Rl is fluoro. 5. A conmpound according to any one of
clains 1 to 4 wherein R2 is hydrogen. 20 6. A conpound according to any one
of cl ai meWQ 20/%S8kerein R2 is nethyl. 7. A conpound acc8€HERGPOHo48he one of
claims 1 to 6 wherein R3 is phenyl, pyridinyl, or pyrimdinyl, preferably
R3 is phenyl. 25 8. A conpound accordlng to any one of clains 1to 6,
wherein R3 is phenyl substituted with One or two substituents independently
selected fromthe group consisting of chloro, fluoro, nethyl,
trifluoronethyl, and nethoxy. WO 2010/055006PCT/EP2009/064816 - 93 - 10.A
conpound according to any one of claims 1 to 6, wherein R3 is -S(0)2-R4 and
R4 is methyl, ethyl, propyl, isopropyl, cycloprop¥ cycl opentyl, or

trifl uaﬁoneAmHarmBCQlIﬂCN @Qmp@mtm eeTorising @ therapeyliealy effecivapmount pla

nal ogerotpoapsatiitorhy Mk A EsDLE Y e g R e B 5 RRY

accor dcagiet.0 any one of clal n 1 to 6, wherel N R3is -C(0)-R4 and R4 is
nmet hyl , ethyl propyl, isopropyl, cycl opropyl, cyclopentyl, or

fl d dj o SLAl :
wherei 25REe ¥eeza)comoaﬂ§a‘é§o R AR el TR D a6 ooiePalrd b fen
or | owafediddfvént forlihe tr‘éa@meﬁwogﬁmxudIomgsmea@wmwétrwt.ae rwmcomar@

wherein R3 is_- and 15R4 | s neth et hy| ro i sopropyl,
cycl opAisgpse (QQ%p@'fﬁrg'P rh'@ft'st pllgroicdriammgy a%ato ICCQ%B@UK%} according to
any one of clains Ito 6,wherein R3 is -C(O) N(H) R4 and R4 is phenyl

opt i 0”%' T éﬂ%hhérﬁ“é?‘ﬁepéfn%@fb%lrﬁﬁ bamellafl kith. reBledde B Bemeaund of
formula (1) according to claim1, wherein Xis 0 and Qis C(H); or

al t er ngoinpelipgs, mfegnequei,sesmwd@ansems Lﬁﬁsl%‘dﬁ%{p@@%ﬁ‘?sor | oner al koxy
optionally substituted by fluoro, R2 is hydrogen or lower alkyl; and R3 is
selected fromthe group consisting of: 25(a) pyridinyl, (b) S(0)2-R4,
C(0)-R4, or C(0)-N(H-R4 wherein R4 is selected fromthe group consisting
of (1) 2FoweA ankgdund(H)fommdayl: optional |y substituted by one or two

hal ogen, and (3) benzyl or phenylethyl. WO 2010/ 055006PCT/ EP2009/ 064816 -
94 - 17. A conpound according to any one of clains 1 to 6 or 16, wherein
R3is -S(0)2-R4 and R4 is phenyl optionally substituted once or tw ce by
fluoro. 18. A conpound accordlng to any one of claims 1 to 6 or 16,
wherein R3 is -C(0)-R4 and R4 i
tw ce by fluoro. 5 19. A conpou

sphern PHy substituted once or
| ordlng tg| any one of clains 1 to 6 or

16, wherein R3 is -C(0)- N(H)1 R4 ppqpyl optionally substituted

once or twice by fluoro. 2R “A cv -ou d ofRClaim 1 wherein R3 is pyridinyl.

21. A conpound of claim1l selected frgmthe group consisting of: 10

4- (4- Benzenesul f onyl - pi perazi ne- 1- qg’?o 6-Al uor o- 3- net hyl - napht hal en- 2-

yl]-acetic acid 5

{444- (3, 4-Di fl uoro-benzenesul fonyl) - pi per azi Ebtarbonyl]-G-fluoro-3-nethy

| - napht hal en-2- yll-acetic acid

{6-Fl uor o-444-(3-fl uoro- benzenesulfonZl) pi per azi ne- 1- car bonyl ] - 3- net hyl - na

pht hal en-2-yl | acetic acid 15

{441 (2, 4-Di fl uor o- benzenesul f ony1l) - pi per azi ne- 1- car bonyl ] - 6- f | uor o- 3- net hy

| - naphthal 8nigiac¥licaiy Sbt&otabiSalt or ester thereof, wherein:

R is selected from the group consisting of:
(a) hydrogen,
20 (b) halogen,
(c) lower alkyl optionally substituted by fluoro,
(d) lower alkoxy optionally substituted by fluoro,



[ 4- (4- Benzenesul fonyl - pi perazi ne- 1-carbonyl )-6-tri fl uoronet hyl - napht hal en- 2
-yl]-acetic acid

[ 6- Fl uor WQ-26H¥4350064- ( 4- pyri di n- 2-yl - pi per azi ne- 1- car boR¢INEPAY3(6483¢ en- 2- y |
]-acetic acid

[4-(1-Benzenesul fonyl - pi peri di n-4-yl oxy - 6-fl uoro- napht hal en-2-yl ] -acetic
acid 20

{6-Fl uoro-441- (4-fl uoro-benzenesul fonyl) - pi peri di n-4-yl oxy] - naPht hal en- 2-yl
| -acetic acid

[ 6- Fl uor o- 4Ggchgwgmw§@ﬁﬁ@n%@glfonyI pi peri di n-4-yl oxy) - napht hal en-2-yl ] -ac
etic acid

[ 6- FI uor o- 4f) ayasteeny| acet yl - pi peri di n- 4-yl oxy) - napht hal en-2-yl]-acetic acid
{6- Fl uor 0- 441- 3-f | uor o- phenyl car banoy1) - pi peri di n- 4-yl oxy] - napht hal en- 2-yl |
-acetic acid

[ 6- FI ue? ¢ Hydrdgemeneiweylaties; ooy | - pi per i di n- 4-yl oxy) - napht hal en-2-yl] - acet i
c acid. 25 22. A pharnaceutically acceptable salt of a conmpound of claim
21. 923. A pharmaceutically acceptable ester of a conmpound of claim?2l. WO

2010/ Oﬁgwémlﬁpﬁﬂa%&ﬁﬂ%lélec@é fron?t‘ﬂwepgrﬁbércﬁﬁﬁ%ﬁg 6@l conposition

conprising a thera euti cal fective anmount of a conpound accordi ng
I r@n

any one of @)@h@@yllorttzﬁnzy phik pherwlLien *é%ﬂZIYMSeRfE'@ﬁ@%)bfﬁlébS(’é'H%tW &y 0”3 25
pr epar at | on ol ELe SES R TPnofa a8, B TRt Al PRoelb b e b ugro
chroni c obsandctive pulnnnary di sease (CCPD) aIIerglc rhinitis, allergic
deflihed,  palgtFAKy SReREMETLELhE PE RS new conpounds. e et
ohar maceut i £al Iy acCeptabl e sali of cstor Lhoreof, whersin: RL s selected

from t R8- gr Hug® Wﬂﬁﬂﬂ@ﬁﬁQQWkﬁ3SﬂﬁﬁfﬁiﬂmbﬁéhQDﬂgG@PSEHW%SEn (c) lower alkyl
by fuoro 0 BB BB ERsgct Lo er b2 ool p B loto BRI oy

and (f) cyanadﬂhﬁ@nﬁ&yhﬂdemgeador | ower al kyl; and 5 R3 is S(0)2-R4 wher ei n

8 1 onen P LS B P E AR 08, g 2B (e aBBRRHa e el

of : (1) haI@g@@n?nn@ghwbqwezquk$hcgpw|gnalIy substituted by fluoro; and
10(b) | ower alk optionally substituted by fluoro. 28. A conpound of claim

33 sel ectedaf¥Y® 'EW\%CQ}W@@'H aeneptalle aglt gf ester thereof.

[ 4- (6- Benzenesul fonyl- 2, 6-di aza-spi ro[ 3. 3] hept ane- 2- car bonyl ) - 6-f | uor o- 3- ne
thyInaphthalen-z-yl]-acetic aci d;

15[ 6- Fl uor o- 3- net hyl - 4- (6- phenyl nmet hanesul f ony1- 2, 6-di aza- spi ro[ 3. 3] hept ane
-2- carbonyl)-napht hal en-2-yl1]-acetic acid; and any pharnaceutically
acceptabl e salt or ester thereof.



