WO 2010/055004PCT/EP2009/064810 NAPHTHYLACETIC ACIDS The present invention relates to
novel substituted naphthalene-2-yl acetic acids, their manufacture, pharmaceutical compositions
containing th%%%&%g use as CRTH2 antagonists or partial agonists. 5 Prostaglandin D2 (PGD2) is
the major prostanold produced by activated mast cells and has been impliESEE R hogenesis of
allergic diseases such as allergic asthma and atopic dermatitis. Chemoattractant
Receptor-homologous molecule expressed on T-helpet-type cells (CRTH2) is one of the prostaglandin
D2 receptors and is expressed on the effector cells involved in allergic 10 inflammation such as T
helper type 2 (Th2) cells, eosinophils, and basophils (Nagata et aL, FEES Lett 459: 195-199, 1999). It
has been shown to mediate PGD2-stimulated chemotaxis of Th2 cells, eosinophils, and basophils
(Hirai et al., J Exp Med 193: 255-261, 2001). Moreover, CRTH2 mediates the respiratory burst and

degranulation of eosinophils (Gervais et %ltﬁlﬁip%igﬂ %?ixfgn&lgﬁgj 108: 982-988, 2001), induces
the production of proinflammatory cytokines in 1h cé?ls uéetar.,”J Immunol 175: 6531-6536), and
enhances the release of histamine from basophils (Yoshimura-lichiyama etal., Olin Exp Allergy

34:1283- 1290). ‘ﬁ@élb%@i@%ﬂéﬁﬁ%ﬁé%@e@%%@ﬁ@oﬁjﬁ&i@%ﬁ"r\%pﬂ‘tﬂ@@r@i@&‘?%@v}f ipfjyence its
0]

MRNA stability, are shown to be associated with asthma (Huang et 20 aL, Hum Mol Genet 13,
2691-2697,2004] T TERSERHF PERTBRER LIRS AG TRESIROBR SRESIR TP F B Rd ekl s6ersen
correlated with seR¥ ity ah&tgpristieomaditia(€gsnziet aL, Eur J Immunol 30, 2972-2979, 2000). These
findings suggest that CRTH2 plays a proinfiammatory role in allergic diseases. Therefore, antagonists
of CRTH2 are believed to be useful for treating disorders such as 25 asthma, allergic inflammation,
COPE), aller§ic fhigfiagianeiafopiCdeinigiths Teiot ptisamidroheemest adtivates coaspounds of

fomula 1. -2 - aar prarmasoilicaiasisplAle SRl AECIs NGEe0 WIBILYG X, Y, R R

R3, R4, R5, R6, a]nd R7 are defined in the detailed description and claims. or a pharmaceutically

acceptable salt dF 536t FREVEGr 2R BRI FPTOBIEN ey RRR t CREPROIPISIOCHIRIONE) (CH3), or

C(H)(CH3)-CH2molscaedestprbétapn dheTaneizcopsisiing @REND) 2 M(Hh 8)N&EERINh3, * (5) 3(0),

and (6) S(0)2; D2 receptors and is expressed on the effector cells involved in allergic

10 inflammation such as T helper type 2 {Th2) cells, eosinophils, and basophils
(Nagata et al., FEBS Leff 459: 195-199, 1999). It has been shown to mediate
PGD2-stimulated chemotaxis of Th2 cells, eosinophils, and basophils (Hirai ef al.,
J Exp Med 183; 255-261, 2001}, Moreover, CRTH2 mediates the respiratory
burst and degranulation of eosinophiis (Gervais et al., J Allergy Ciin Immunol

15 108: 982-988, 2001), induces the production of proinflammatory cyiokines in ?hz
cells (Xue et al., J Immunol 175: 6531-6538), and enhances the release of
nistamine from basophils (Yoshimura-Uchiyama et al., Clin Exp Aliergy 34:1283-
1280). Sequence variants of the gene encoding CRTH2, which differentially
influence its MRNA stabiiity, are shown to be associated with asthma (Huang et

20 al, Hum Mol Genet 13, 2691-26897, 2004). Increased numbers of circulating T
cells expressing CRTH2 have also been comelated with severity of atopic |
dermatitis (Cosmi ef al., Eur J Immunol 30, 2972-2979, 2000). These findings
suggest that CRTH2 plays a proinflammatory role in allergic diseases. Therefore
antagonists of CRTH2 are believed fo be useful for treating disorders such as

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

1

The disciosum 1s concerned with the compounds of formula 1:



Y is carbon or nitrogen; 2a R1 is selected from the group consisting of: (1) hydrogen, (2) halogen, (3)
methyl optionally substituted by fluoro, (4) C1.7alkoxy optionally substituted by fluoro, (5) cyano, and
(6) C1.7 alkylsulfonyl; R2 is hydrogen, fluoro, chlo.o2 €1.7 alkyl, or C17 alkoxy; IR3 is hydrogen, fluoro,
chloro, bromo, or methyl; IR4 is selected from the group consisting of: (1) hydrogen, (2) halogen, (3)
Ci.7 alkyl optionally substituted by fluoro, (4) C3.7 ca:ycicalkyl, and (5) ethenyl; R8 and R6,
independently of each other, are seleq;ed from th& group consisting of: (1) hydrogen, (2) halogen, (3)
C17alkyl, (4) cyano, and (5) C3_7 cycioalkyl; IRZ is cyang or S0)2-R8, wherein R8 is selected from
the group consisting of: (1) C17 alkyl,

R‘l

and -pharmaceuticélly acceptable salts and esters thereof, wherein W, X, Y, R',
R? R®, R*, R® R® and R’ are defined in the detailed description and claims.

In a first aspect, there is provided a compound of formula I
3

Rr% 0
WYOH
0
R R?
X Y
X @5
/ R7 i
RG

or a pharmaceutically acceptabie salt or ester thereof, wherein:
W is C(H)z, C{H)2-C{H)z, C(H)(CHy), CH-C(H)(CHg), or C(H)(CHs)-CHz;

X is selected from the group consisting of;
(1) 0,
(2} N(H),
(3) N(CHa),
(4) s,
(5) 8(0), and
(6} S(O)z;

Y is carbon or nitrogen;



(2) C3-7 cycloalkyl, (3) C1.7 alkylamino, (4) C1.7 dialkylamino, (5) lower heterocycloalkyl optionally
substituted by halogen, C1.7 alkyl, or C1_7 alkoxy&srbonyl, and (6) 2-oxa-6-aza-spiro[3.3Thept-6-yl.
wherein "lower heterocycloalkyl" refers to a saturated or partly unsaturated non-aromatic ring moiety
having 3 to 7 rings atoms bonded together to form a ring structure wherein one, 2b two or three of the
ring atoms is a heteroatom while the remaining ring atoms are carbon atoms; and the pharmaceutically
acceptableﬁqgegglg{%mmqﬁyéégg &thykesters of the acids of formula | to be used as prodrugs. In
addition, the present disclosure relates to methods of manufacturing and using the compounds of
formula | as well éé)ﬁwgfﬂggé‘eutical compositions containing such compounds. The compounds of
formula | are anta@pmisitgyen,partial agonists at the CRTH2 receptor and may be useful in treating

diseases and ‘dis%q%%tgﬁsg&%;%qky\g%%gg%m@&%gch as asthma. In a second aspect, there is
a

provided a pharmaceutically acceptable salt of & compound as defined above. In a third aspect, there
is provided a phaffhdcet Aty R THRsEdRERY d8RiBound as defined above, wherein the
pharmaceutically gocsfptablangsters are the methyl and ethyl esters of the acids of formula Ito be used
as prodrugs. In a fourth aspect, there is provided a pharmaceutical composition comprising a
therapeutically efféetve Ao A compound as defined above and a pharmaceutically acceptable
carrier. In a fifth aspect, there is provided the use of a compound as defined above for the preparation
- of a medicagaenyt for e, teaiment on propbaxis ef ggtggg\g: chronic obstructive pulmonary disease
(COPD), allergic rhinitis, allergic inflammation, and atopic dermatitis. Unless otherwise indicated, the
following specific terms and phrases used in the description and claims are defined as follows: The
term "moiey” icfgtsdgeaniatom crigrminoofcemizilly, bonded atoms that is attached to another atom
or molecule by one or more chemical bonds thereby forming part of a molecule. For example, the
variables R1-R7 of formula | refer to moieties that are attached to the core structure of formula | by a
covalent bdhdS IFERtEr Her {ha PAREAGHREBREF with one or more hydrogen atoms, the term
"substituted” refergt jonfhimfiaet that at least one of the hydrogen atoms of that moiety is replaced by
another substituenggﬂwéﬁrgy. For example, the term "lower alkyl substituted by halogen” refers to the
e ny

fact that one or mor ogen atoms of a lower alkyl (as defined below) is replaced by one or more

halogen atoms (e ), $rifigtsb RrétPTRMHRSBHRARN, fiHs6Pomethyl, chloromethyl, etc.). - 3 - The term
"optionally substityed:, refeisdmytharfact that one or more hydrogen atoms of a moiety (with one or
more hydrogen atwg}h%ant_be, but does not necessarily have to be, substituted with another
substituent. The tetm "arI’I%YI" refers to an aliphatic straight-chain or branched-chain saturated 5
hydrocarbon moiety having 1 to 20 carbon atoms. In particular embodiments the alkyl has 1 to 10

carbon atoms ahbetermspenesraikpt gafersieraaalyknetehsharingrde cbeasany stoms. In particular
embodiments the m/vherd%kglnhas 1 to 4 carbon atoms and in other particular embodiments the lower
alkyl has 1 to 3 ca ON ATOTRS, Examples of 10 lower alkyls include methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sediiPaad tert-butyl.

(3) Csr alkyl,
{4) cyano, and
(5) Csycycloalkyl;

R" is cyano or 3{0),-R®, wherein R® is selected from the group consisting of:
(1) Gy alkyl,
(2) Caycycloalkyl,
{3) Cy7alkylamino,
(4) C, ;7 dialkylamino,
(5) lower heterocyciocalkyl optionally substituted by halogen, Ci.;alkyl, or Cy.5
alkoxycarbony, and
(6} 2-oxa-6-aza-spiro[3.3Jhept-6-yl.
wherain
“lower heterocycioalkyl” refers to a saturated or partly unséturated non-aromatic ring

moiety having 3 fo 7 rings atoms bonded together to form a ring structure wherein one,



The term "lower cycloalkyl" refers to a saturated or partly unsaturated non-aromatic hydrocarbon ring
moiety having 3 to 7 carbon atoms bonded together to form a ring structure. Examples of cycloalkyls
include cyclopropyl, cyclobutyl, 15 cyclopentyl, cyclohexyl and cycloheptyl. The term "lower alkoxy"
refers to the moiety -0-R, wherein R is lower alkylas defined previously. Examples of lower alkoxy
moieties include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and
tert-butoxy. The term "lower alkoxycarbonyl" refers to the moiety -C(0)-0-R, wherein R is 20 lower
alkyl as defiredpiteeioustie Exgrajples sfdowereikorysaisdhy|rerostieg fing atlermethaeycarbonyl and
ethoxycarbg o Bgferm "heteroatom" refers to nitrogen, oxygen, or sulfur. The term "lower
heterocycloalkyl" refers to a saturated or partly unsaturated non- aromatic ring moiety having 3 to 7
ring atoms BSnefERITRGEHIERYY F6FEPEMIRG IS S Al HBYERTO AEMTS B R g@@lc%%qling atoms is a
heteroatomswrhileatheremmaisdngs ringhaiogs are carbon-atoms. Examples of lower heterocycloalkyls
include piperidinyl, piperazinyl, pyrrolidinyl, and morpholinyl. - 4 - The term "lower alkylamino" refers

to the moiety, :NGRMAEIRIAR: Lﬁé&\é@%&ﬁéﬁx&e@%&g{ﬂgﬂ BrGYIRUEL AW Sx@TIRIE AE a lower alkylamino

is methylamino. The term "lower dialkylaming” refers to the moiety -N(R)(R"), wherein R and R' are

N
lower alkyl SRTBRFEF HEGOULR ! AR Weh AR BTREGRIdCAI ARTIRRRHG TS SMALIRGIEHAho. The term
"lower alkylsuifpryhidefeTadadrepmaiaty oiSiNAR | whergiteBositaer sikidlamdelinedpreviously.
Examples Iogﬁ g{ 3;’»'@#@5‘?"3%@%%% qgstg%ﬂ?%lfgrn Iﬁ%n%%tggéseglfé)nrg%ﬁgge gerr"n halogerl refers to
a moiety of Tltiofo, chloro, Bromo or 10do. nless otherwise indicated, the term "hydrogen” or
"hydro" referssiecitie tnuiidtihet ehgpiogrucarmesth@nd not H2- Unless otherwise indicated, the term
"a compound of the formula" or "a compound of formula" or "compounds of the formula" or

"compoundsof forsnulansefars o anysampound.selactad i iheigenus afcompaundassdealined by

the 15 formula (including any pharmaceutically acceptable salt or ester of any such compound if not
otherwise noted). The term "pharmaceutically acceptable salts" refers to those salts which retain the
biological effieetitedesssanthpropantiesied thehfrewdoases prarepiaticsstwhith eremotbicldgivatyabrve,

otherwise upglesitale PRI MARG 295%3%1\@@&6@%@9&%%?% SHEN-AS DYARRCIIRNIC AInua 1 10

hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like; preferably hydrochloric acid,
and organicb4citfs ahiBFPd¥icetic acid, propionic acid, glycolic acid, pynavic acid, oxalic acid, maleic
acid, malonic acid, salicylic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic aeid, methancaulfoni.acid thanssulfonic 25 agidptoluencaulionic acid,
N-acetylcys gifh and the’fike. Th addtion, salts may be prepare y?ﬁe aopd}ﬁoﬁ ofan Pnorgarﬁ’c ase or
an organic basenbahefseasidasSigiodabysd M6 mrimargaivid b asemdisdarisut are not limited to,

the sodium, potassium, lithium, ammonium, calcium, and magnesium salts and the like. Salts derived
from organic bases include, but are nogifgl]i d to salts of -5 -ﬁ%imﬁ%ﬁégc ndar%/, nd tertiaré(
amines, subStitutdth AiRfREs HFERUEI RGP ST AT B ih e EROSR A3 L SR Bl AiRER BB alid
ion exchangesdsins;ns lichlastisaprop ylapnineyrimethyitmnehdiethylamirie; st pethylarmidesase (COPD),
tripropylamigﬁgrgpm%rggxgmm&%yég@@%}qu{&e, piperidine, polyamine resins

Uniess otherwise indicated, the following specific terms and phrases used in the

description and claims are defined as follows:

The term “moiety” refers to an atom or group of chemically bonded atoms that is
attached to another atom or molecule by one or more chemical bonds thereby
forming part of @ molecule, For example, the varables R™-R” of formula | refer to

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

In reference to a particuiar moiety with one or more hydrogen atoms, the term
“substituted” refers to the fact that at least one of the hydrogen atoms of that
moiety is replaced by another substituent or moiety. For example, the term
“lower alkyl substituied by halogen” refers to the fact that one or more hydrogen
atoms of a lower alkyl {as defined below) is replaced by one or more halogen
atoms (e.g., trifluoromethy!, diﬂuorométhyl, filuoromethyl, chlorome{hyl, etc.).



5 and the like. The compounds of the present invention can be present in the form of pharmaceutically
acceptable salts. The compounds of the present invention can also be present in the form of
pharmaceutically acceptable esters (i.e., the methyl and ethyl esters of t &1 @f,Jgg (yla Ito be used
as prodrugswqgl‘g%ﬁi%%?npounds of the present invention can also be so va%:e ,ﬁlj.e. hygrated. The
solvation can be effected in the course of the manufacturing process or can take place i.e. as a
consequence of hygroscopic properties of an initially%\hhydrous compound of formula | (hydration).
Compounds thafHeateentfesamalimslbstitatedrneisssBatkfflaciitthieonatarenora Byssgaemce of bonding
of ther atoms oz e AraNIBIIENABAE Bl hoREe ARdAETIES ROMErYodsqrers that differ in

the arrangement elr atoms'in space are termed "stéreoisomers.” Diastereomers are stereoisomers
with opposite coefgeFatitMareie ke Hepativpd wEh ARG SHREYSS enantiomers. Sterecisomers
bearing one or more asymmetric centers that are non- 20 superimposable mirror images of each other
are termed "enditéorrens dikyihesfers argroaimthhtis sraigbyrrimaetde bemenetbeiexamplersfed carbon
atom 1s bongediio-BUL BESTRBIEN SR PRIZRI CBBNAMALS 19 PAsREIR A RRERMEME B be
characterized by-the absolute configuration of its asymmetric center or centers and is described by the
R- and S-sequedkih§asitsootMRomMaBItiand Prelog, or 25 by the manner in which the molecule
rotates the plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or
(-)-isomers respreivety) "AvahiaEk gdnepensrid earzigyistaisitimdiigdividdalashan@benes. dnas a mixture
thereol. A mixtye, foniaiaing sal ronoiaRs aldheRhawaaiss salRd andacstis mixure”. -6 -
ngt of t ject

disease or prol e surviva e subject being treated. Determination of a therapeutically effective

amount is withirPeécslan erbrdisrentnd g irapealivhlipeiide f/easrs Aiebe d Efieris€ompound
according tthigIpestigR fRIuMRNHMIEYNAYE Hrois . asepmpy e daiessrnad kee-puanrerknown in
the art. Such 5 dosage will be adjusted to the individual requirements in each particular case including
the specific con{ﬁgmlr@(g) being administered, the route of administration, the condition being treated,
as well as the patient being treated. In general, in the case of oral or parenteral administration to adult
humans weighingaproxieeesisyzDlyya gy tHadmiurias e MY seHFRYEE 5800 mg, 10 1 mg to

about 1,000 MypQfraMoARARRMSRAY RRRBPRARIRS, taltheswhihadaweiaadd riettisnis may be
exceeded when indicated. The daily dosa be admi isteﬁﬁgﬁaé? %sinﬁle dose or in divided doses,

_ ca
or for parenteraf YAMARIRH SEHT Y indy B’ T%r??acé"él(?ﬁpl“:’( oll§ GHORTR Y R Lé‘lttsf'lr‘laceutically
acceptablecarrigytispiisndsditheanciustedanyglaneba. 15 material compatible with pharmaceutical
administration including solvents, dispersion media, coatings, antibacterial and antifungal agents,

isotonic and absgiptigh-ORiRERG RGN R BRI hE TG ITSRNdHeoePRUBUSVROTRRgIIBLS With

pharmaceutical administration. Except inigfar ag a? %onventional megi or a%(lent 5 itncompatible with
the active compSGHRELREWREN i TREREH b ONERE BB TSR Mo fs RN pTatsd”
Supplementary agfiop@omipopngerameatsiole, incorparateddriiotthe soehisosiidasy.Useful
pharmaceutical carriers for the preparation of the compositions hereof, can be solids, liquids or gases;
thus, the comp@ﬁp{&rﬁamm;@fﬁmhwmg@gogﬂshgm&g&@@g@ﬂo\m@gmwdgrs, enterically
coated or other 25 protected formulations (e.q. b%din% on i?n-exch ngﬁ(}e{ resins ?%aeclli%qing in
lipid-proteirfJesiBlie) 2 el PaR R8BI A AT PSS Rl SRy CE AL AW IR TIPS YRS osols, and the
like. The carrier pan e reelactied droomhendetusyaistiooklding those of petroleum, animal, vegetable
or synthetic origin, e.g., peanut oil, soybean oil, mineral oil, sesame oil, and the like. Water, saline,
aqueous dextrosg,c3Q Anehglurolscne Rrsfe e Hitielyish Caxiiges, Bagisdarly (when isotonic with the

blood) for injectable solutions. For example, formulations for intravenous administration comprise

sterile aqueous solutions,of th tive in jen - 7.-whi [ ing,solid active
ingredient(s) in v@% et}et'gnprg 3?:@%@8&%%%%2@ ut%%rﬁ,zg%ﬂi&%gﬂ%%ﬁ%ﬁ%%}ﬁ%ﬁtabIe

pharmaceutical exeipéntdniachaitshavingct finibgagtalerybensied eestertitdogriatiitmalt, rice, flour,
chalk, silicaysnagngsiyr RiRaEie SO AT @RERIBT Bl ¢RILIBARVSIBAGEI0atom while the

remaining ring atoms are carbon atoms. Examples of lower heterocycloalkyls

include piperidinyl, piperazinyl, pyrrolidinyl, and morpholinyl.



5 sodium chloride, dried skim milk, glycerol, propylene glycol, water, ethanol, and the like. The
compositions may be subjected to conventional pharmaceutical additives such as preservatives,

stabilizing agents, wetting or emulsifying agents, salts for adjusting osmaogiepEsssieisssRHffers and the
like. Suitable pharmaceutical carriers and their formulation are described in Remington's

Pharmaceutical 10 Sciences by E. W. Martin. Such compositions will, in any event, contain an
effective amount of the active compound together witha suitable carrier so as to prepare the proper

dosage form foifpeoisemdtiwerietkatrming trefeacipitin. Mgk PRt e eefista¥EoRING present
invention, an effectiue-a@EHV QfANYANe:ahibe sPERAEIdaIgidhimanentianpna-rMbination of any

of the compounds 15 of this invention or a pharmaceutically acceptable salt or ester thereof, is

administered via Ay Al e s A0 anceniable AOAS RONMEE Sl bR Sipgky o1 I
combination. The %oﬁmoun S Or compositions can thus be administeréd orally (e.g., buccal cavity),
sublingually, paseatevediya{sybasineanedsadaays ntrAveaiample of supvettisbysine@ally (e.g., by
suppositories 2Q;a¢, ings), transdermally (e.g., skin electroporation) or by inhalation (e.g., by
aerosol), and in the form of solid, liquid or gaseous dosages, including tablets and suspensions. The

administration can be copducted in a single unit dosage form with-comsin . 9 I1n a single
dose therapy aii?ﬁﬁitt&m? %%é@p%fﬁ@%oﬁp%giﬁ%ﬁ%anﬂgé?% émzt é‘)fag‘)%jrh*%g’i1 %rn ol e‘rgnulsion or
dispersion in 25atonjem dafinesitexibpaivhifxsalpieschl pyvsamisiisabrn by PetHeSorm of a
biodegradable syisian&disr|pane eomprAssigN for subcutaneous or intramuscular administration. In

detail, the present invention relates to the compounds of formula k and pharmaceutically acceptable

salts and ester er,[%(%fﬁ ,V%hferein;, \![g{isl,,sc;(g%, r%—igt-colﬁgu S;:— Hg?%—,lg)?%gﬁ%&g»—i%%HB) or

C(H)(CH3)-CH2, X'is'selec SFFom the group consisting of: N(CH3), (4) S, (5)
S(0), and (6) S(0)2; Y is carbon or nitrogen; R1 is selected from the group consisting of: )%Jlf?éhydrogen,
(2) halogent{3) 51 SpaoKanysiniat g W‘Fﬂjmr@)@f&vﬁ’ér%YQB?(yFSE?ﬁﬁﬁ%ﬁpes[?Féﬁ d by fluoro,
(5) cyano, and (g)paregdatksupant 2 is;hydrogen, fluoro, chloro, lower alkyl, or lower alkoxy; R3
is hydrogen, fluoro, chloro, bromo, or methyl; R4 is selected from the group consisting of: (1)

hydrogen, (2) halpgen, {d)loner alind eptianaly-substiied hyfbiore rbatdidowercycloalkyl, and (5)

ethenyl; R3 and R6, independently of each other, are selected from the group conﬂ,stin of:
compound of formula” or “compounds of the formula™ or “compounds of formula

refers to any compound selected from the genus of compounds as defined by the
15 formula (including any pharmaceutically acceptabie salt or ester of any such
compound if not otherwise noted}.

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

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

25 acid, p-toluenesulfonic acid, N-acetylcystein and the like. In addition, salts may
be prepared by the addition of an i.norgan ic base or an organic base fo the free
acid. Salts derived from an inorganic base include, but are not limited to, the
sodium, potassium, lithium, ammonium, calcium, and magnesium salts and the
like. Salts derived from organic bases include, but are not limited to salts of



(1) hydrogen, (2) halogen, (3) lower alkyl, (4) cyano, and (5) lower cycloalkyl; 20 R7 is cyano or
S(0)2-R8, wherein R8 is selected from the group consisting of: (1) lower alkyl, (2) lower cycloalkyl, (3)
phenyl optionally substituted by (a) halogen, (b) lower alkyl optionally suhsti flugro, or (c) lower
alkoxy, (4) I(W\%%Qﬂé?/?g?ﬂ'fno, (5) lower dialkylamino, (6) lower heterocyclgg;lﬁ(%%%)ﬁgfgé yosubstituted by
halogen, lower alkyl, or lower alkoxycarbonyl, and 25(7) 2-oxa-6-aza-spiro[3.3]hept-6-yl. - 9 - Unless
indicated otherwise, the R2 moiety in formula | (or i &y subgeneric formula of formula 1) is bonded to
a carbon atom qmitennapbthalenea ¢zsiargtandratpesitistiibed aori8em iptdodingf adyigen atom that
would otherwise__be.honded. to l?fl ing.sy ﬁt&éﬂgr@/ Rawhergsuch 5
positions are indicated as Lf§ I;)E%}\J/tsé né @ﬁ{egﬁgcrﬁé%%%%h%;%ﬁg% ‘t%egpre.sent ! Sentison’.is[girected to the
compounds of fegngfarPRYlaRInBgEIRe AT SEfbiaoNre (FriaprRRiiRent @M acceptable

salts and estersigreagHBaiRIAGR 25 MABTRCL AR BABREIRRR IR YisyRERIFgsAPOSItion 5 or 7

(where such _positions are as previously indicated). Unless indicated otherwise, the R5 and R6
moieties (in@epé’?ﬁ‘éﬁﬂ;}“ﬁﬁ'each other) are bonded to one of the ring carbon atoms on the ring
containing Y in formula | (or in any subgeneric formula of formula 1) at positions 2, 3, 5, or Gin place of
a 15 hydrogen atbencerapousigiel Sttenrisaass Bypaidentean KERIASSR e e At being substituted by

R5 or R6) Whef%n%k?ﬁa&eé{f&m sredpdicatedias fllewsmyihribe srewsndbatthaeRRoARAMR6 are not

simultaneously bonded to the same carbon atom and are pot bonded to Y when Y s nitr n:as -10
- Thus, unless iACRE @ GHRAFWRES SIS E@"‘E&%?H’i‘ﬁ@( 8?%%?%%%&3&%’% ?b?mfh% W?ﬁ%’terms "Y is

carbon or nitrogend eth\ asteas lad i eoadidsi ohitnoger" indicates dhest prbenudsis démdon it is either
bonded to g hydrogen atom, .R5, or R6; and Y. Is_nitregen.it.i t hop a-fyrogen atom,
%#n coﬁwgaﬁm& cbf@hé re gﬁ’[qnv Wﬁgr[n1 cah aﬁgg%% %lvﬁﬁe.gé d%%%%h

R5, or R6. one icular embodiment, the present invention Is the compounds of

formula | or a suisyestisnccrirprieifetterrinuiag caHt the’ SrtamaatérieEng RIRERBICEAId ENd esters
thereof), whereip gt lsastane of BepERG isthapaestinie pripamalem-endigiynsagiiairing Y at

position 2 (where position 2 is as previousl| ,incglcated). 10 In another particular embodiment, the
present inventioRASRREA EBF‘EH&%%@%HBE of formula | or a subgeneric formula of formula | (and
the pharmaceutically acceptable salts and esters thereo?, wherein at least one of R5 or R6 is bonded
to a carbon atonCompaeniisgiirhaisitoe s amnsosrisawesraHery HiibdhgwAkKE Pbsitions 2 and 6

are as previgpslydadicaied).nhadhgRethel eheoiinent dRsrmaent 81vestiandsdiresieddo the

compounds of formula | or a subgeneric formula of formula | (and the pharrgﬁ]ceuélircall acceptable
salts and esters 3R FEBREVIRIEITRS SRTEE 118" SUHRILY 18 RIrRBReAS Lo R et Ry Bntaining Y at
positions 2 and gpeberaré tsrast OstdrebienpasitioDi2temrsd Garscas prremasiypdaraidéted). 20 Unless

ndicated otherviag, e Qenis LIBITIY B LAY shionsia L sREREaER AlbRgssible

stereoisomers (|Oém?FQé -enanl?ome(s enantiomers, diastereomers) as well as racemic and
scalemic mixturé¥ereesemasoprABNSHYNRME MOtAERPYEYEAY ih ¢eniRsA (8aliAsetBeMto the compounds of

formula I orphargnasariicabbRGARRIANR e DERHRIMERCreQbRaT cih i iemBre.(Hi?hen &
compound has an asymmetric center, for example, if a carbon atom is bonded to
four different groups, a pair of enantiomers is possible. An enantiomer can be
characierized by the absolute configuration of its asymmetric center or centers
and is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or

25 by the manner in which the molecule rotates the plane of polarized light and

designated as dextrorotatory or levorotatory (i.e., as (+) or {-)-isomers
respebtively). A chiral compound can exist as either individual enantiomer or as
a mixture thereof. A mixture containing equal proportions of the enantiomers is

called a "racemic mixture".

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

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



In another particular embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein W is 0(H)2-C(H)2. - 11 - In another
particular embodiment, the present invention is directed to the compounds of formula | or

pharmaceutﬁ’é?lfloé%%iﬁ'tléble salts or esters thereof wherein X is 0. In an&ﬁg%a?ﬁ%&%ﬁlgmbodiment,

the present invention is directed to the 5 compounds of formula | or pharmaceutically acceptable salts
or esters thereof wherein Xis N(H). | In another particBlar embodiment, the present invention is
directed to the cfisepesrdPRidagiwssLiomeharaceutieatpeincgepiatele. Shisconesttss tiereof wherein
Xis S, S(0) or 8%) 2. 10 n another particular embodiment, thg.present i lon is directed to the
compounds of f& i H‘%Crg]pp grrﬁgé\’e%ﬁénﬁﬁ/ng!cscgg b eesghisﬁ)bsr t@setgﬁs'_ ?r?éﬁr%ttﬁ_g %%ég:%l%% sS. In
another particuleffestivedimmmt thegregent moenionng direerdngdatibiedmpaiinitsas ¥aimula | or

pharmaceutically;agaeRiaDi 25 Ohes 1S 4BaIRAHAS WREKAIARGIS W IR SrRother pasticular

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

acceptable SaltSIBPR8NY! PR AL RIS NERIBYE! TRMHISRER SARiCARY RAFISYARRETE the present
invention is diregigiddndrasdpeempeungsaid@mdiag edpirastesatutieatyiacsieptable salts or esters
thereof wherein Y, is. carban as.depicted below in formula IA nus of.formula 1);, - 12 -
wherein W, X, aﬁ%”iﬂ!ﬂ?@% éi]éef#)]%ﬂci% gg?ﬁb 5?[%%@@81@ sa#é?h%%%gagrﬁgﬁg?tegrﬁﬁg w%%%ﬁ ‘the present

invention is direbtaztteicindnspmaedy of doprrpasentsrpradminditatici{oastdbiaiesalts or esters
thereof 5 where(ey, ifHy PR ASHADIPEER D& il JosaYEaI 268 FURIeRY B0AH8IMS!IBOD Y, In one

embodiment the present invention is directed to the compounds of formula | orgharmaceutically

acceptable hlts! 5Pe e IHEIHWREr G RGP IGe MAY BFo2 RAIBRS 2HoRiB OE9RABE methyi,

trifluoromethyl, naeisoxyd tifluarnmethey s exetadsdliomyt. indir#tsathEhe thilgdintigetberpresent
invention is dire%t?ed 0 the, compounds g%%formula I g{éj#qgrmaceu 'callg acecen able salts or esters
1 -In

thereof wherein [ rwg'%t&g (?r%se %/'Pgr meﬁ%ao%/'.n -dE/ gsn%%’rgrpgpt%ur%r embodiment the present

invention is direetdrdintstraticonipoants oMerrasilconBnyhisinkbseeically acceptable salts or esters
thereof wherein R is halogen. In another particular embodiment the present invention is directed to the

5 compounds offagntsia IsH=phacBaseslicatepessiptiediecsaiisite asier sotireiact wheeeid R is chloro
or fluoro. 15 material compatible with pharmaceutical administration including solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and other materials and compounds compatible with
pharmaceutical a'dministration. Except insofar as any conventional media or
agent is incompatible with the active compound, use thereof in the compositions
20 of the invention is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

Useful pharmaceutical carriers for the preparation of the compositions hereof,
can be solids, liquids or gases; thus, the compasitions can take the form of
tablets, pills, capsules, suppositories, powders, enterically coated or other

25 protected formulations (e.g. binding on ion-exchange resins or packaging in lipid
protein vesicles), sustained release formuiations, solutions, suspensions, elixirs,
aerosols, and the like. The carrier can be selected from the various oils including
those of petroleum, animal, vegetabie or synthetic origin, e.g., peanut oil,
soybean oil, mineral oil, sesame oil, and the like. Water, saline, aqueous dextrose,

30 and glycals are preferred liquid carriers, particularly (when isotonic with the
blood) for injectable solutions. For example, formulations for intravenous

adminisiration comprise sterile agueous solutions of the active ingredient(s)



In another particular embodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R1 is chloro. 10 In another particular
embodiment the present invention is directed to the compounds of formula_| or pharmaceutically
acceptable KRFYPEIY thereof wherein R1 is fluoro. In one embodimeht the 5?%%%% Rvention is
directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein
R2 is hydrogen. 15 In a more particular embodiment the present invention is directed to the
compounds of faiini aleosrpbaraddne vkcallracseit sty saitsrediestés sitheetef wheodncR 2rs fluoro.
In another particular embopll{ir&%n% %@r@ﬁ%@%%'{g\\ée%%%%ﬁ g{é%%egz%gag] oBrR%%%gEC% formula 'l or

. ueous 5 :
pharmaceutlcalf’i’/qaccepta%l"é salts or esters thereo wherein' R 0. In another particular

embodiment theepeisensinuiopiaairceliolpss il AHposRMdaBeTeraltaddrPharmbcEgically

acceptable saltg;opesters BRr0fMRRERINR 2israthybdiaAnesesBaginday arBResiseaithe present
invention is directed to the 25 compounds of formula | or pharmaceutéj]a\ll{y accegg?ﬁ?lt]\;ggs or esters
4R G

thereof whereinSRIHEHEIRESS. dried SkimdRlinal partle APHIRRR Gl Ehr tion is
directed to the camiiau e ehtapnsitahonpiyareadsaticallyoanreptsities ateonastetisahereof wherein
R1 is Fluoro and R2.is Hydrogen. In another i I i e is di to the
compounds of 5 odr%trhvu Sa%/%crgp%?a r"r‘?&%euau%’ae%y ga%?{eﬁ;%g%%%;ﬁ% Fg)ﬂfggtéﬁ%lré?;ﬁiﬁ%%m%%%g%%B is

hydrogen, fluor,saitafethgdiuatagmreginneerar enbotmandiedies S inbisporrierdreétad to the
compounds of fogpida LpHRheFRRRRHLIN R RCSEABIR 58 eRiiRgisHS thesaekudiarain R3 is

hydrogen. 10 In another particular embodiment the E)r,e,sent invention is directed to the compounds of

formula | of! BhaRfigesEaNI§-atc MadiNe Lts SO LA NAY SRS FORRNE™ In another
particular embodifaemdherpiasesitinveniiencisnditatidddgatire rostthpo anitsbtd tarmierlad es to
pharmaceutically acceptable salts or esters th in.R3.0s. methyl her embodiment
the present inveErg{zf?(%)raiI ﬁéS)%R‘I? T foé) S&%%fﬁ%ﬁé%%%%ﬁ%ﬂ%?& gl)ﬁé%n{apgerétlggg 3[(/? tté\cceptable salts or
esters thereof wherein R4 is hydrogen, fluorg, methyl, ethyl, ethenyl oré:%/%lo ro%}él. In another
embodiment the'bFRSHERIGERISRSRTRAAR] 1S RECEEM FO(RIO B BbIBHFHIA FEPPREPhf¥eutically
acceptable saltsppeesters thereaivwberkinReiishipdroge moftubratamoéting. dhtaencoreppartizular
embodiment the present invention is directed to the r maceutically
acceptabler]is5zfllts.og?ﬁéssf(ra“rfé3 heredr %v%%argﬁ]aéef %g%umydégéngﬁg%n I%%négté%tgﬁghgéu Iie]’j}%—:'mbodiment the
present inventioadgigisieted vistheycoripousierl antorapsiialle preihedesnawally deedptable salts or

esters thereof Wsmﬁ@i%ﬁgniﬁoﬂw&mb#éﬁdm FhRtBeFBaLlifYa- eBIRpEimERs tim Rrasast invention is.
directed to the compounds of formula | or pharmaceutically accggble sa:igjzh?{ﬁf%grs thereof wherein
c

R4 is methyl. In &HoRSIESRLIEN R8RSR VeI AUaIRe RRIPIE S unds of 5 formula |
or pharmaceuticaliyaceeptable isalisaresierstsateotavbersiy )R ctalyRE gindg pepdesilyriet each

ther, ted f th iSti fr lk d4
cyano. I afah el SRR e s e B R B N TS Rl o

pharmaceuticallpeioseptatile iseliie dprasaieoiitelishiGPrIaReRS ARGABRE)GHgEHe IRi#I8y of each
other, are selectgg QLR BrAUMSORISHNSRidA)can be conducted in a single unit dosage

form with continuous therapy or in a single dose therapy ad libitum. The

therapeutic composition can also be in the form of an oil emulsion or dispersion in
25 conjunction with a lipophilic salt such as pamoic acid, or in the form of a
biodegradable sustained-release composition for subcutaneous or intramuscular

adminisiration.

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



hydrogen, (2) fluoro, (3) chloro, (4) methyl, (5) ethyl, (6) cyclopropyl and (7) cyano. In another
embodiment the present invention is directed to the compounds of formula | or pharmaceutically
acceptable salts or esters thereof wherein R5 and 15 R6, independently 19(?%9939 n’ggsﬂ)re selected
from the gréﬂB E:Q)lﬂ@%qt?% of: (1) hydrogen, (2) fluoro, (3) chloro, (4) methyl and 5% cyano. In a more
particular embodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein at least one of R5 or R6 is hydrogen. 20 In
another particular embodiment the present inventiagf is directed to the compounds of formula | or
pharmaceutically acceptable salts or estas thereof whergin RSOaHnd R6 are both hydrogen. In another
particular embodiment the present inventi | 510 thxompounds of formula | or
pharmaceutically acceptable salts or este s herem at least one of R5 or R6 is hydrogen
and the other is fluoro, chloro, or brorgo- & gtar embodiment the present invention is
directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein
at least one of R5 or R6 is hydrogen and the other - 16,5 In another particular embodiment
the present invention is directed to the compounds of fgrmuleT or pharmaceutically acceptable salts or
esters thereof wherein R5 and R6 are not both cyano. particular embodiment the present
invention is directed to the 5 compounds of formula | g¢pharmaceutically acceptable salts or esters
thereof wherein at least one of R5 or R6 is hydrogenfnd the other is cyano. In another particular

embodiment the presenkigrentianisdiesside she anmpsyndhefidotmulrdior pharmaceutically
acceptable salts or esters thereof ig R5 and re, both en, 10.|n another embodiment the
present inventioff € &%@E%(f%%%d of’ém@%%rogr@ n ﬁé%&:@ﬁy acceptable salts or
esters thereof whayeisidR % is19(0)2dRGauntidr8sistsajeafted from the group consisting of: (1) methyl, (2)
ethyl, (3) prepyl, (4) isopr -but, £y Wb (63) opropyl, (9) cyclobutyl, (10)
cyclopentyl,%(oll) cycloﬁ?@%}%@(@z ’éﬁ%@ﬁ%ﬁb@%’ é%%ﬁitl}?ed by(/%asﬁjz?én, methyl or methoxy, (13)
dimethylamino, Y1i8)@i&®yRMEEZEDS) pyrrolidin-1-yl, (16) morpholin-4-yl, (17) piperidin-1-y1 optionally
substituted by hatogenRidd@hrisaiazingloyd epticeaily substituted by methyl, and (19) L
2-oxa-6-aza-spiro[3.3]hept-611. In _another embodiment the present inventiqn is directed to the
compounds of 20 formﬁ]l)ahP’SFo&‘?grr??jéaﬁ%gﬂy( &%ﬁl%pslgﬁéﬁ rséjshset}\{sﬁ%%?o o?l\J/v 'r(g’rgr? R7 is
S(0)2-R8 and RS is selmetzalory tpeigrelpsissisiad of: {uyrmdhyayzop ctrgl (§3)pvepyl, (4)
isopropyl, (,‘r:.é butyl, (6)a gmgqﬁ,yl (7) cyclobutyl, (8) cyclopentyl, (9) dimethylamino, (10)
diethylamino, (11) pyrrolidin-1-yl; (12) morpholin-4-yl, (13) 4,4-difluoro-piperidin-1-yl, (14) 4-
25methyl-piperaBinsLbyHraganiByoroe cBlera avepid iy 3o dPre-PIkaFa more particular embodiment the
present inventiopﬁssqiﬁﬁﬁg@é,tpﬂngrgp@ﬂmgnﬁ@@fgtodsmuaﬂﬁr pharmaceutically acceptable salts or
esters thereof wherein R7 1s $(0)2-R8 and R8 is.selecé(?_d from the group consisting of: 17 (1) methyl,
(2) ethyl, (3) proPyS(EF'RH Po%?/i,s(tg)e@ﬂ?ﬁf)@ngy}%tfggropyl, (7) cyclopentyl, (8) dimethylamino, (9)
diethylamino, (10) pyrrCﬂDdilydle&iefﬁl1]2))!’(1@@&51id@-MW@Il)lwmﬁtmbﬁﬁlfk@ﬁHﬁﬁqwf(qgﬁoﬁl-methyl-
piperazin-13y, and (14) 2-gs6:23:88)1 ok PtasBirfa

RS and RY, independently of each other, are selected from the group consisting

I

of:

(1) hydrogen, (2) halogen, (3) lower alkyl, (4) cyano, and (5) lower
cycloalkyl;

20 R is cyano or S{0)-R%, wherein R® is selected from the group consisting of:
(1) lower alkytl, (2) lower cycloalkyl, (3) phenyl optionally substituted by (a)
halogen, (b} lower alkyl optionally substituted by fluoro, or (c) lower alkoxy,
(4) lower alkylamino, (5) lower dialkyiamino, (6) lower heterocycloalkyl
optionally substituted by halogen, lower alkyl, or lower alkoxycarbonyl, and

25 (7) 2-oxa-6-aza-spiro[3.3hept-6-yl.



5 In a more particular embodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R7 is S(0)2-R8 and R8 is selected from
the group c%i%%%éggogl) methyl, (2) ethyl, (3) isopropyl, (4) butyl, (5) dgpetamings{P)
diethylamino, (7) pyrrolidin-1-yl, (8) 4-methyl-piperazin-1-yl, and (9) 2-oxa- 106-aza-spiro[3.3)hept-6-yl.
In a more particular embodiment the present inventioq is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thezreoﬂ/v erein R7 is S(0)2-R8 and R8 is selected from
the group considitesemdisais@ainermse By R ()38 HTMURNELBrapYISBIBIE T and (6)
cyclopentyl. In gimqie BRfigHIAs BRbedimentdhecaresaRidMentive isagiiecirséatre compounds of
formula | or pharmaceuticalg %ccegt?ble alts pr estﬁrs thereof WQerem I?? is @(Oagéﬁﬁs%nd R8is
ethyl. 20 In anoBEFPERRUPLF EMbodimBnt & BRERNE IXERASH R dlecid ' the Compounds of
formula | or phaseboedsit diyhat captabletsaitébs estbeintherdstintas b RY) iwhEfE)RIcKk is 0, R2 is
hydrogen anpd R7 i$.5(0)2-R |Gt ow in formula IC (a subgenus of formula 1): - 18 -
wherein Y, %1,%%%%géagnﬁggdzgé%gé%ﬁe%qi%ﬁ formula I. In another particular embodiment the present
invention is directed to the 5 compound@of formuleRl or pharmaceutically acceptable salts or esters
thereof wherein R2 is hydrogen and R7 I15\5(6)2-R8L W isyz(H)Z,,and X is N(R9) wherein R9 is
hydrogen or methyl, as depicted below in"form y'subgghus of formula 1): 10wherein Y, R,

R3-R8 and R8 are defined as in formula .|} articular embodiment the present invention is

directed to the compounds of formulag' g gdticatlyf acceptable salts or esters thereof wherein
W is C(H)2, X is S, R2 is hydrogen and R7 is S(O)ZXR8, ag depicted below in formula IE (a subgenus
of formula l): 15 -19 - | ~ R
/ R? |
RE

in one particular embodiment the present invention is directed to the compounds
of formula | or a subgeneric formula of formula | (and the pharmaceutically
acceptable salts and esters thereof), wherein R? is banded to the naphthalene
10 core structure at position 5 or 7 {where such positions are as previously
indicated). _
Unless indicated otherwise, the R® and R® moieties {independently of each other)
are bonded to one of the ring carbon atoms on the ring containing Y in formula |
(or in any subgeneric formula of formula 1) at positions 2, 3, 5, or 6 in place of a
15 hydrogen atom that would otherwise be bonded to that carbon atom (absent
being substituted by R® or R®} where such positions are indicated as follows, with
the proviso that that R® and R® are not simultaneously bonded to the same
carbon atom and are not bonded to Y when Y is nitrogen:




wherein Y, R1, R3-R6 and R8 are defined as in formula I. In another particular embodiment the
present invention is directed to the compounds of formula | or pharmaceutically acceptable salts or

esters there&fOS%gygﬁggé&W is 0(H)2, X is S(0), R2 is hydrogen and if is sg}epSheanpdenicted below in
formula IF (a subgenus of formula O: wherein Y, R1, R3-R6 and R8 are defined as in formula I. 10 In

another particular embodiment the present invention, s directed to the compounds of formula | or
pharmaceutically acceptable salts or esters the'reof\X/ erein W is O(ng, Xis S(0)2, R2 is hydrogen
and R7 is S(0) ¥R, aslgeplotientriovihrrism ina #(5Tensa 5o epia b fehausagenyof R3 wherein Y,

R1, R3-R6 and:R%are dgfingdhas 4 oumusn oimirBiere spegificcenedisrentstherggesent invention is
directed to a com .ound of formula | selected from the grou nsi ting of: ; RS or R

5[ (4ethanesNFGIESHBROY)FE-N o FTAB NS, YATREELS Ac ogen atom, R, or R
[6-fluoro-4-(4-methanesufanyipienoikiy-neithateni@d taastigatiatom, R®, or R®.
[6-chloro-4-(4-methanesulfonyl-phenoxy)-naphthalen-2-yll-acetic acid,

{6-fluoro-444 '(HFPBﬁ'é‘?é@ﬁéH'gP%%&ﬁ%%%B%P@é@ﬁl@ﬂv@rﬁl@ﬁ@@ﬂﬁ@&%ﬁ to the compounds
[4-(4-cyclopropanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yli-

acetic gcid; .
10[6-fiuoro-4-(A0r BTMO RN IR AR G R A 2 TR HE Y
[6-fluoro-4-(4-mesbesesidisaislsadrateyt fleaoRywhakitmlerd-ohact R ack’ is bonded to
[4-(4-ethanesulfonyl-2-methyl-phenoxy)-6- - - tic.15acid; .
[6-f|uoro-4-(5-maef:hgarllfr%{(z:%Ef%)nﬁycf[?;gjrelad|F£1lzif cygg?(%ﬁ[ﬁgﬁ%ﬁé‘ﬁﬂﬁéﬁ?ﬁﬁﬁ%@%ﬁ RS as
[6-fluoro-4-(5-meghamesivifligatadimethyl-pyridin-2-yloxy)-naphthalen-2-ylp acetic acid;
20[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-ylpacetic acid,;
[4-(5-ethangsuliarydcineres BylcpiaicimBedions oo preseapinthateiniyifirected to the

compounds of formuia | or a subgeneric formula of formuia | (and the
pharmaceutically acceptable salts and esters thersof), wherein at least one of R®
or R% is bonded o a carbon atom on the ring containing Y at position 2 or 6 when

Y is carbon {(where positions 2 and 6 are as previously indicated).

15  In another embodiment, the present invention is directed fo the compounds of
formula | or a subgeneric formula of formula | (and the pharmaceutically
acceptable salts and esters thereof), wherein R® and R® are bonded to carbon
aioms on the ring containing Y at positions 2 and 6 when Y is carbon (where
positions 2 and 6 are as previously indicated).

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

diastereomers) as well as racemic and scalemic mixtures thereof.

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

in another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein W is C(H)2-C(H).. '



acetic acid; [4-(3-bromo-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yl]- acetic acid;
25VI-(3-bromo-5-methanesulfonyl-pyridin-2-yloxy)-6-fluoro-naPhthalen-211]- acetic acid;

-21 - [4-(4-ethanesulfonyl-phenoxy)-6-methoxy-naphthalen-2-y1)-acetic agcig;. .. _
[4-(5-ethane‘§ffﬂf7(%?/ﬁfﬁ9§}/ Ei’%%ﬁzmo?éqsmm

ﬁjin-2-y|oxy)-6-trif|uoromethyl-naphthalen-Z.111- acetic acid;
[4-(4-ethanesulfonyl-phenoxy)-6-trifluoromethyl-naphthalen-2-y11-acetic 5acid;
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-trifluoromethoXy=naphthalen-2-y1]- acetic acid;
[4-(4-ethanesulfamyephenmyik@erifiotodinednorire guthatenverBot -sciteswcide the

10[4-(4-ethanesulfonyl-phe Rﬁ7-l - %prhg -2 [15] G { %nglt ters thereof
[4-(5-Ethanesu|?8rr{]ﬁ-¥wgr)§iégxg))}/lo%/ VG%%e]['t] oxylt-grg:z{ﬁrﬁ‘lﬁ)zalle%%-zsiy%?aceti(:Sr:(ljcgig;S o
[4-(4-Ethanesultdig/eishérfosdy)-5-fluoro-naphthalen-2-A-acetic acid;
[4-(4-Ethanesulfonyl-pherioxy)-6,7-dimethoxy-naphthalen-2-y1]-acetic acid,;

15[4-(4-ethanesytanthehentzyi6 diuboaidenetthd-pashtitatenrRigti-acittc wddo the
[6-fluoro-4-(4-methancstdfony s nanihalenseil aselie Al thereot
[6-fluoro-4-( -m(:ec%ﬁg%g%u _ Ocﬁﬁ_ -%eqt)%)l?%égﬁ%% -g-gmmerfﬂ/l-gr?aPhthalen-z- ZOyﬁ-agertic acid;
{6-fluoro-3-methyrezeda Xgedpdie-2-sulfony1)-phenoxy]-naphthalen-2-yll- acetic acid;
[4-(4-cyclopropanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-211]- acetic acid;
25[6-fluoro-4-(4+ meihathes wiotyl s3-endibyspdren they p@saetinytardioht kadisr 2ey flpdbetic acid;

[6-chloro-4-(4-methanesylfony | phenoxy) s dna i RRRNRISAREEHE dldiers thereof
wherein X is S, S(O) or $(0O);.

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

wherein  Xis S.

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

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

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

wherein Y is carbon as depicied below in formula 1A (a subgenus of formula [):.



[6-chloro-4-(4-methanesult ny1-3-methyl-phenoxy)-3-methyl-naphthalen-2- 30yl]-acetic acid,;
[6-chloro-4-(4-methanesulfonyl-2-methyl-phenoxy)-3-methyl-naphthalen-2- y1]-acetic acid;
-22 - [4-(4-ethanesulfony1-2-methyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2- ylkacetic acid;
[4-(3-chloro-§?—ﬂ1€w&%§ Ifonyl-phenoxy)-6-f|uoro-3-methyl-naphthaIen-2-%ITZI:Z%%({?(Q,”?at;é"l%lz{j
5[6-fluoro-4-(2-fluoro-4-methanesulfonyl-Phenoxy)-3-methyl-naphthalen-2- A-acetic acid;
[4-(4-ethanesulfony1-2-fluoro-phenoxy)-6-fluoro-3-méthyl-naphthalen-2-0]- acetic acid;
[4-(4-ethanesulfonyl-3-methyl-phenoxy).6-fluoro-3-whethyl-naphthalen-2- 10yli-acetic acid;
[4-(2,5-difluoro-4-methanesulfonyl-pheRu 0-3-methyl-naphthalen- 2-01-acetic acid;
[6-fluoro-4-(3-fluoro-4-methanesulfonyl-phe ety alen-2- A-acetic acid;
15[4-(4-ethanesulfony1-3-fluoro-phenoxyj ethyl-gaphthalen-2-y1]- acetic acid;
[4-(2-cyano-4-ethanesulfonyl-phenox sthwl-pnaphthalen-2-yl]- acetic acid;
[4-(3-chloro-4-ethanesulfonyl-phenoxy)-6-flu ethyl-naPhthalen-2-y11- 20acetic acid,
[4-(2-chloro-4-methanesulfonyl-phenoxy)-6-fluoro-3 aphtglen-z- yl]-acetic acid;
[4-(2-chloro-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphttiaten-2-y11- acetic acid;
25{6-fluoro-3-methyl-4-[4-(propane-1-sulfon y1)-phenoXy)-nanhthalen-2-y1}- acetic acid,
{4-[4-(butane-1-sulfony1)-phenoxy]-6-fluoro-3-methsti-nap thaleﬁﬁ’-z-yiﬂ- . acetic acid,
[4-(5-chloro-4-ethanesulfony1-2-fluoro-Phenoxy)-6-flabro-3-methyl- 30naphthalen-2-yl]-acetic acid,;

wherein W, X, and R'-R’ are defined as in formula |
in another particular embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
5 wherein Y is nitrogen as depicted below in formula IB (a subgenus of formula 1):

3

RY i
W\[rOH
LT
R' R
X N
3 r®

|

72 T

R5

wherein W, X, and R'-R” are defined as in formula 1.

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

methylsulfonyl.

in another embodiment the present invention is directed to the compounds of
15 formula | or pharmaceutically acceptable salts or esters thereof wherein R"is
halogen, methyl or methoxy.



[4-(2-chloro-4-ethanesulfony1-5-fluoro-phenoxy)-6-fluoro-3-methyl- naphthalen-2-A-acetic acid; - 23 -
[4-(4-cyclopentanesulfonyt-phenoxy)-6-fluoro-3-methyl-naphthalen-2-y1]- acetic acid;
{6-fluoro-4-[4- % 4-fluoro-benzenesulfonyl)-phenoxy]-3-methyl-naphthalen-2- yll-acetic acid;

© 5[4-(4-benz KB Bhenoxy)-6-fluoro-3-methyl-naphthalen-2-y1F-ac& {Ef@g&&‘ 09106481
{6-fluoro-3-methy1-444-(toluene-4-sulfonyl)-phenoxyl-naphthalen-2-yllacetic acid;
{6-fluoro-4-[4-(4-methoxy-benzenesulfonyl)-phenoxy]:8-methyl- 10naphthalen-2-yll-acetic acid;
{444-(4-chloro- bﬁ@ﬁm@l@lé@mnémﬁbwm&rﬂmrpras@mnwanﬁphﬁbal@ecﬂewtbanetic acid;

[6-fluoro-4-(5- methanesuéfo r| |n -2- g}?x I -napl PL ¥ c

15[4-(5- ethanesfﬁngyFB Tidfin- -y‘fo§(y)o'é U(')%)c]) nap 25 gﬁ%%geg%lk proof
[6-fluoro-4-(5-metremEstifenakgsanethyl-pyridin-2- yloxy) -3- methylnaphthalen -2-y1]-acetic acid;
[4-(5-ethanesulfony1-3-methyl-pyridin-2-yloxy)-6-fluoro-3-methyl- 20naphthalen-2-yl]-acetic acid;

[4-(3-bromo-5- nn@t&%*tﬂéuB@ﬁwuwﬁiﬁbé’dﬁ@m)tﬁeﬂ;um&me@myamapmnammaqﬁi@acetic acid;

[4-(4-dimeth Isulfamo 8)1 fuoro 3 meth |- snap

25{6-fluoro- m%@? 9{% yrro He-1%5 ony técr:l% &Sﬁfzﬁ% &f}%%qgt%ggi
[4-(4- d|ethylsuIfwhegdnplﬁén@zy)e&afmdlm&methyl naphthalen -2-01-acetic acid;
16-fluoro-3-methy1-4-[4-(morpholine-4-sulfonyl)-phenoxy)-naphthaien-2-yll- 30acetic acid,;

{6-fluoro-3-methylA-{4ret-pacibyl-piperineshtstbqnpb ephenexybmaphitbelen 2-kacetic acid,
compounds of formula | or pharmaceutically acceptable saits or esters thereof
wherein R is chioro.

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

wherein R’ is fluoro.

In one embodiment the present invention is directed to the compounds of formula

| or pharmaceutically acceptable salts or esters thereof wherein R? is hydrogen.

15  In a more particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein R? is fiuoro.

in another particular embodiment the present invention is directed 1o the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
20 wherein R? is chloro.

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

wherein R? is methyl.

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

wherein R? is methoxy.



- 24 - {4-[4-(4,4-difluoro-piperidine-1-sulfony1)-phenoxy]-6-fluoro-3-methylnaphthalen-2-yll-acetic acid;
{6-fluoro-3-methy1-4-[4-(2-oxa-6-aza-spiro[3.31heptane-6-sulfonyl)- phenoxy]-naphthalen-2-y1}-acetic
acid; 5[4-(4-cyano-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yll-acetic acid;
[6-chloro-4-( -%ﬁﬁﬂ%)-ﬁﬁ%oxy)-3-methyl-naphthaIen-2-yI]-acetic acid; PCT/EPNQQ,IOMSIO
[4-(4-rnethanesulfonyl-phenoxy)-naphthalen-2-y1)-acetic acid;
[4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthaled®:yl]-acetic acid;
[1,6-difluoro-4-(frraetiasesitionyk pyrishioideriown masktiatee:Righ-aaitec tadcide
[1,6-difluoro-4-(5-ethanegulfonyi- ri_(l)in-z- loxy)-n htﬂ,ale - a%] ic acid;
[4-(5-ethanesuI%WEB%H@?@%?%S?Q} - %-%&8%3‘3%‘2%%?‘ae%%‘3§ iagcseﬂlgcggé%te s thereof
15[4-(5-ethanesulforgit R/ridifigeytoxy)-B-iiadtgdiogasthyl-naphthalen-2-A- acetic acid;
344-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-Apropionic acid;
[6-fluoro-4-(4-mpthaaessHiangbaheayaneipasaapinthaleondd Hracadi tadids compounds of
20[6-fluoro-4-(4:methanesulfonyl-phenylaming)-3-methyl: %\ z2-y11- [ id;
[6-fluoro-4-( -mfe%%ﬁggu?fo%y?%h%r?ﬁ%%@gn%%ﬁg%ha%Eh- - %%%gt%%étﬁ%?&ﬁ %q%
[6-fiuoro-4-(4-mbjtdargsulfordybbenxetasulfinyr)-naPhthalen-2.11]-acetic 25acid;
{6-fluoro-4-(4-methanesulfonyl-benzenesulfony1)-naPhthalen-2-sfl}-acetic acid;
[6-bromo-4-(5-ethaneswfeayqusidsmBodmeinad bteaten-Avéhicadstitracied to the
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yll-acetic acid:
30[6-cyano-4-(5989ﬁgﬁé% %fgi r&/ér? ?ngﬁpﬁ%(nyﬁ%%a%ﬁ%ﬁlgﬁ%?f -zecsé |§Sgdcrig;s ters thereof
[6-bromo-4-(4-etrfagresuRd s hptieagsxy)-naphthalen-2-A-acetic acid;
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yl]-acetic acid; - 25 -
[4-(5-ethanegulfpnyheyde ipaivitey Hodtamed- waybrasphthalentdry I§- deatictidhe
[3-cyclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluorona tg len;2-y1]- icacid:
[4-(5-ethanesuIfSR(}]pﬁflwgl‘%93-)%‘—%%%-%Eﬁpﬁ%ﬂ%%%%@h?ﬁ%?gg@ %ﬁ?sgcé%%%%%&e%%
[4-(5-ethanesulfofeted &hid-fyeidin-2-yloxy)-6-fluoro-3-methylnaphthalen-2-y1]-acetic acid;
[4-(3-cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methylnaphthalen-2-y1]-acetic acid and

In ancther particular embodiment the present invention is directed to the

compounds of formuta | or pharmaceutically acceptable salts or esters thereof

15 wherein R® is methyl.

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

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

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

hydrogen, fluoro or methyl.

In a2 more particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof

wherein R* is hydrogen.

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

wherein R* is fluoro.



any pharmaceutically acceptable salt or ester thereof. 10 In a more specific embodiment, the present
invention is directed to.a compound of formula | selected from the group consisting of:

14-(4-ethan%u£ﬁ%lj-%ggnoxy)-6-f|uoro-naphthalen-Z-yIkacetic acid PCT/EP2009/064810
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic 15acid
[6-Chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-y11-acetic acid
[6-fluoro-4-(2-fluoro-4-methanesulfonyl-phenoxy)-3-ntethyl-naphthalen-2- y1]-acetic acid
20[4-(4-ethaneémbfoniy{e@afém@ﬂfmféh@»&iy)%ﬁﬂmrbfgsﬁiétmﬁﬁ%ﬂﬁ&E@Fg&‘i/@l&&etic acid

[4'(2'Cya”0'4'%H@@%EHEQ@f'fBﬂ%B%f%ﬁ%&étﬁ?@éM@é@ tilessic\ilsaeatasigor
{4-[4-(butane-1-sul onygl%}phenoxy!-6-f|uoro-3-methyl-naphtha en-2-yll- 25acetic acid
[6-fluoro-4-(5-nétREgR LIS FIRYidin-2-yloxy)-3-methyl-naphthalen-2-yI]- acetic acid
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-y11- acetic acid

30[4-(3-bromo- B+ amettienesoifotiglaniritnpregrntypehierdsHirasied ih Kistaaeaurds Pacetic acid
[4-(4-dimethyIsyifamayi-phenawdBitluong-3cmsidib apithaleatery erestisaeith R® and -
26 - {6-f|uoro-3-rra1qt I-4[4-(pyrro||d|ne-l-sulfonyl)-phenoxy%a hthalen-2- lg,acetil__c ??Id
[4-(4-diethylsuIﬁmSﬁéﬁﬁ@ﬁ@RW-Bfﬁ%FbQ@ﬁﬁeﬁﬁﬁﬁéﬁ?ﬁﬂﬁr -é&ﬁ?—*&’b‘@tﬁf’g& fing of: (

5{6-fluoro-3-methytAda- (b rretbykpinsyaane-disutiodyd)-phemoxy]- naphthalen-2-yll-acetic acid
{6-fluoro-3-methyl-4-[4-(2-oxa-6-aza-spiro[3.3]heptane-6-sulfonyl)- phenoxyi-naphthalen-2-yll-acetic

acid. 10 GENEw&xé\ﬁéﬂ%%a%@ﬁt@Q%@AN&%A@@Q%@&M@R@%&%W@N The
e

compounds of the present invention can be prepared by any conventional mtﬁans. witable processes
for synthesizing IHEYIR EQTRIAIAERS SHIGHOVITEERIF IR SEAS A FRIRSS. tosshahy ﬁﬁ?lﬂ%oﬂh s of formula
| can be prepared aegspdingiaihe sebeanarilustmirdtbaltomiintegs ophemdisdnigdicated, the

variables W, X. ¥, and R1 40038 arc lefined 1 TS STy @5 SJRIRgRiavaNsly for the genus o

formula I.
cyano.

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

15 R®, independently of each other, are selected from the group consisting of: (1)
hydrogen, (2) fluoro, (3) chloro, {4) methyl and (5) cyano.

in a more particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
whersin at least one of R® or R® is hydrogen.

20 In another particular embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein R® and R® are both hydrogen.

In another particular embodiment the preéent invention is directed to the
compounds of formuia | or pharmaceutically acceptable salts or esters thereof
25 wherein at least one of R® or R® is hydrogen and the other is fluoro, chioro, or

bromo.

in another particular embodiment the present inventicn is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein at least one of R® or R® is hydrogen and the other is methyl.



Scheme 1 The key intermediates of formula ha can be prepared according to Scheme 1. In this
process, the Stobbe condensation reaction between the benzaldehydes Il 5 and dimethyl succinate

. (IV) gives the un()s%}#%%%%d ac@s V, which subsequently undergo cycllzatmlxm,m@@g@ce .of sodium
acetate (V|)“é‘r%&’ AR anhydride (VII) to produce compounds VIII. The naphthalene derivatives Vi
are then converted to the corresponding hydroxyl anglogues IX by a deacetylation reaction. The
treatment of the hydroxyl derivatives IX with benzyl bromide (X), followed by 10 reduction using lithium
aluminum hydrideattheaffartsutae sidurtisanbthe sressahiyipale deatediodid to the

corresponding %@B@%@%ﬂﬁﬁ% XY Heaimericaiinael loBaspbinssad iransbearbon

tetrachloride (X onversion of the chlorides XV to the methyl esters XVI can be accomplished by -
28 - a palladiurieataiy FePedBoRyPatoPRAGIBAIN methanol. Hydrogenolysis of compounds XVI
affords the intermediates Ha. In the first step outlined in Scheme 1, the unsaturated acids V can be
prepared by a dorstetisatipartiesetiembetinent the prsealdeMgaien is Aiedadénis succinate (1V).

‘The reactiop ca.he, GaHHE OUHAIBS B BRGRTE L AGAT:ENEh AsSseiuBrBethioalihium

methoxide, sodium tert-butoxide, sodiu éﬁlr_ide or potassium tert-butoxide, in an organic solvent
such as metharvietsit-Bhieash ORI, & Mik (MEEHeREId 4P AP ESYGP between room

temperature and 90 C for several hours (reference: Dian, Y. L. etal., Tetrahedron Lett., 32 (1991) 10
5255). Cyclizatibnapbthergrsétutatemhhotiwntd i cuesentieveapethalgirectrstitaties VIl can be

achieved by tregiipen g WIRAIIPIEGASIHS YNt RPURIBASSIRLRIRY b Rt asaig gy dride (V1)
é p

at a temperatur ween room temperature and 140C for 0.5 to 12 hours (references: Boger, D. L.
eta,’ ., J Org. Ché1erai R5and 5o pasbata G898, M. etal., J. Org. Chem. 69 (2004) 6945-6948). The
acetate derivatives VIII can be converted to the corresponding hydroxyl compounds IX in the presence
of a base stch &s sugthenemétixide! thetassaemt ipvebtitoxridrpgesiiihe cambRafEDPEodium

bicarbonate, n g, 5elye11 SYE A5 NEINEAR) HalelBk By G Hieke oleric inRasatLle between room

20 temperature an or 1Q minutes to several hours (reference: Kim, M. etal., J. Org. Chem. 69

(2004) 6945-69 M TRAAMER 4F BRISKRA SRMBMBERALTIRFATR 5En2y! bromide (X) affords the
corresponding benzyl gthgisnyhexeastinnsandpsicarizdmobin, % presgeiiieeaf-adigsersuch as
potassium carbonate, or cesi arbqgnate, i inert organic.25 selvent su :
acetonitrile, or N,N-di%@f@#ﬂ'ﬁéﬁ?ﬁ%&f %bflgrﬁ%}e% Lor%uggt\}i/% N 8(%%8?12[ ’p@i%%@i}g 0 C for
several hows. Reductida)gftteeyabpiieraéin syibetieted iy itgen. angitviunhses (AB)affords the
alcohols Xlla. The reagiqn;op, B cTIeMAUAIATBL S/G7RI SRR eHs/rasrihisAdyoiuran
diethyl ether, toluene, or mixtures thereof, at a temperature . ,

(17) piperidin-1-yl optionally substituted by haiogen, (18) piperazin-1-yl

optionally substituted by methyl, and (19) 2-oxa-6-aza-spiro[3.3]hept-6-yl.

in another embodiment the present invention is directed to the compounds of
20 formuia | or pharmaceutically acceptable salts or esters thereof wherein R is
S(O%-R® and R® is selected from the group consisting of:
(1) methy!, (2) ethyl, {3) propy!, (4) isopropyl, (5) butyl, (6) cyclopropyi, (7)
cyclobutyl, (8) cyclopentyl, (9) dimethylamine, (10) diethylamino, (11)
pyrrolidin-1-yl, (12) morpholin-4-yl, (13) 4. 4-difluoro-piperidin-1-yl, (14) 4-
25 methyl-piperazin-1-yl, and (15) 2-oxa-6-aza-spiro[3.3}hept-6-yl.

In a more particutar embodiment the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein R” is S(O)-R® and R is selected fram the group consisting of:



-29 - between room temperature and 80 C for several hours (reference: Chan W. K, et al., J. Med.
Chem. 39 (1996) 3756-3768). The intermediates XV can be prepared by the treatment of the alcohols
Xlla with tripheny! hosoehine (XI1) and carbon tetrachloride (XIV) in an ingrrargRMmaseivent such as
toluene, acSYgrﬁE{rll é(fsalcﬁloromethane, NyN-dimethylformamide, or tetrahydrofuran, at a temperature
between 0 C and 120 C for several hours (referenceéfozhinov, D. V. etal., J. Org. Chem. 69 (2004)
1378-1379). Conversion of the intermediates XV to tHe methyl esters XVI can be accomplished by a

palladium catalyzed dajvostyieliic) ssartics) anet. 1 40sepreRpheE Epids fireYsRIPRsh Mbnoxide in

methanol. The reaction oabe.altiedh ahberaisscasaietyaladiuTucatastmclyas
bis(triphenylphosphine)dichloropalladium(il) (Pd(PPh 2CI%,, a%ad%um(ll%gj:ﬁtagf‘h I?_d(OAc)Z),
tetrakis(triphenylphosphifié)araRiahdy (Pl PPh )3 o ¢r 5&%8 R ViteHeAcateneYdipalladium(0)
(Pd2(dba)3), in the presgfsaraniahsgnaad s of 2plospiine figaiidduebi-&yricyclohexylphosphine, or
triphenylphosphine, at a temperature between room temperature and 9000 for 10 minutes to several

nours (refergnce: Koghngy D 8iflodl A 19859 (AR 2888 tbiyirogenolysis of benzy
ras the inte

ethers XVI affo rmediates lla. The reaction can be carri‘ed oPt in thz ??r ence of 10%
palladium on cagsRasRde] foomatiabspREAETRERL R ¥ ATERIERA SRR POFSEHiE S5IVEht such as ethyl
acetate, methagpleietiandl el edmriembrrstisettey fsavetral hauns chiwsestingtdiydrogenolysis of

benzyl ethers XVI, in which is.Cl pr Br,.can affor J [ | - H, when the
hydrogenations are céﬁl}lé%eﬁﬁ’i?&ee |c)’r53é§3 Hggp&%ﬁ%@ﬁiﬂu@' (??ﬂgﬂ%gnhlﬁﬁ%g? )1 atmospheric
pressure of hydrogen @5tiyraaniong6h) paristditreati8haimetnykNRerrE Keyliftefriddtat&8 of formula

llb can be prepared agcording, §§F%'E5‘P62 2,1In 5 this process, the Stobbe condensation reaction
between thqﬁxenzaldﬁyées Iglglrt%nd dimethyl 2-methyl-succinate (XVII) affords the unsaturated acids

XVIII. Cyclization of the unsaturated acids XVIII using trifluoroacetic anhydride (XIX), followed by
reduction affords compounds XXI. Alternatively, compounds XXI can be obtained by treatment of the

unsaturated acids XVIII with sodium acetate (VI) 10 and acetic anhydride (VEL? f%owed by treatment
with a base. TrdatT@aroPECHAIRRRTCaEiVAE RS NRIMEEHRN B IRGEDS Yfiowed by reduction

affords the alcobglsptiipcd befaleahalsoXiinaredbenicanyateashtatbesatisrespeiedirtyarhiides XXII by

treatment with triphenylphosphine (Xl carbon tetrachlori V). ides XXII can be
converted to thé"’@&@r‘g %hxlﬁl%&-%leg ?{3 1S se%ctec} f’?om %[“Q Sr%p ?:oﬁgﬁtﬂ?_:]%'.

15 (1) ethyl, {2) propyl, (3) isopropyl, (4} cyciopropyl, (5) butyl, and (8)
cyclopentyl.

in a more particutar embodiment the present invention is directed to the
compounds of formuia | or pharmaceutically acceptabie salts or esters thereof
wherein R7 is S(0).-R® and R® is ethyl.

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

below in formula IC (a subgenus of formula 1)



palladium catalyzed carbonylation reaction in methanol. Hydrogenolysis of compounds XXIII affords
the intermediates 1113. In the first step outlined in Scheme-2, the unsaturated acids XVIII can be
prepared %%%% % tion reaction between the benzaldehydes IIl with, sty 4s10
2-methyl-succma{e- I1). The reaction can be carried out in the presence of a base such as sodium .
methoxide, lithium methoxide, sodium tortbutoxide, ? dium hydride, or potassium tert-butoxide, in an
organic solvent such as methanol, tert-butanol, toltiette, or mixtures thereof, at a temperature between
room temperature and 90 C for several hours (reférences: Liu, J. et al., Org. Lett. 10 4 (2002)
3521-3524; Bloomer, J. L. et af., J. Org. Ch (1993) 790Q6;7912). The naphthalene derivatives
XXI can be prepared by a cyclization re :
acids XVIII can be achieved by treatmen| _
inert organic solvent such as tetrahyglrt fChlorémethane at room temperature. 15 The
subsequent reduction with sodium borohydride (XX) car be carried o|%t in an alcoholic solvent such as
methanol at a temperature between 0 C and room teyiperaturgs (reference: Fuganti, C. et al., J. Chem.
Res. (S) 1998, 638-639). Altematively, the naphthalefe dyvatiy@s XXI can be prepared in a manner
analogous to the one described for the intermediates Sg=Ee 1. Cyclization 20 of the
unsaturated acids XVIII can be achieved by treatmefft with sodiufi acetate (VI) and acetic anhydride
(VII) at a temperature betw%%r%{[&grq,tgﬁgg(%ué?@?d ;g%oggﬁ;%oag iR fA-hayns. The generated
acetates can be converted to the corresponding hydroxyl compounds XXI by treatment with a base
such as sodium methoxide, potassium tert-butoxide, potassium carbonate, or sodium bicarbonate, 25

in a solvent such, g8 sathaaabuvaierBomIxtHesdlsmehtahvcisibpes alinsetbetodien room temperature

and 80 C for 10 minutes to several hours (references: Boger, D. L. et gl., J. O 1 (1996)
4894-4912; KinFIWPRHARS §7 SFTHhE. r&@@%&%ﬁg%éfgt?b%iaﬁ%féeegﬁéﬁqgggggssium

carbonate, or cegigrsic@birtaterdpeandne RbigatR)sBRoNtis il s 20 ircNR SRR or
N,N-dimethylfor, id t ture b 1 temperatsl r ihours.
Reduction of thgfgsgpgy 8&%@&%?&%%@2@8&%@’?%@%5 with %ﬁllﬂ?ﬂ@%%\%ftﬁ% 5@@%%3@0 affords
the alcohols XlIb: The reaction can be carried out in an inert organic solvent such as tetrahydrofuran,
diethyl ether, toluene or mixtures thereof, at a tempgfature between room temperature and 80 C for
several hours. The reaction of the alcohols X1113 wjth triphenylphosphine (XIII) and carbon
tetrachloride (XIV) can be carried out in an ir@xt.grganicsolveptStich as 10 tetrahydrofuran,
acetonitrile, toluene, N,N-dimethylformami ne, at a temperature between 0 C and
120 C for several hours (reference: KoRz 1oy W eFats.J. Org. Chem. 69 (2004) 1378-1379).
Conversion of the chlorides XXII to the'methyl esterg XXIII can be acgomplished by a palladium
catalyzed carbonylation reaction under 1 atmospheyi re of 15 carbon monoxide in methanol.
eatalyst such as
bis(triphenylphosphine)dichloropalladium(ll) (Pd(PPh3)Z¢ ballaghum(ll) acetate (Pd(OAc)2),
tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4), o tfis(dibghzylideneacetone)dipalladium(0)
(Pd2(dba)3), in the presence or absence 20 of a phosphine lig&hd such as tricyclohexylphosphine, or

triphenylphggphine at a tempgrasirevoetvasnrdany Rinperasfreand 906 fand 0 minutes to several
hours (reference: Kozhinov, D. V. et al,, J ,Orm)t hem. 69 (20042 1378-%@; 4 W%ogenolysis of

benzyl ethers X XPARGRIHECHR, FIERRGERE TSN TS S

ncan be carried out In the presence of
10% palladium appesheriuotierhis htmpspheaieptestyrcotmtpbife gelis ior #5terydineesblvent such as

ethyl acetate, meihanol e BARg! 2 QORBTPAIGIFeRs REVEBlapUES; &5 Qudiaskierid R Pd(0)
in formula IE (a subgenus of formula 1.
15




Alternatively, the hydroxyl intermediates llb can be prepared according to 5 Scheme 3. In this process,
the Stobbe condensation reaction between the benzaldehydes Il and dimethyl 2-methyl-succinate
(XVII) followed by hydrolysis affords the unsaturated diacids XXIV. Cyclizatior.of g srgaturated
diacids XXIW?oﬁgg\Wg%?% reduction affords compounds XXVII. Treatment of compounds XXVII with 10
triphenylphosphine (XIIl) and carbon tetrachloride (X1V) affords the corresponding chlorides )00/IIl.
The chlorides XXVIII can be converted to the meth?ﬂ@s’ters lib by a palladium catalyzed carbonylation
reaction. In this process, the Stobbe condensation &n be carried out in the presence of a base such
as sodium hydride, in an organic solvent such as tofuene,at rogm 15 temperature for several hours.
The unsaturated diacids XXIV can be formgd Dy :
aqueous inorganic base such as sodium h 0 an organic solvent such as toluene, at a
temperature between room temperaturg“and ral hougs.  Cyclization of the diacids
XXIV can be achieved by treatment of the diacids wjth 20 Jrifluoromethanesulfonic acid (XXV), at room
temperature for several hours. - 34 - Reduction of the rtx%_yl_ﬁnoieties in the intermediates XXVI
with lithium aluminum hydride (XI) affords the alcohols X\Q. Thgdeaction can be carried out in an
inert organic solvent such as tetrahydrofuran, diethyl ethertolugsie or mixtures thereof, at a
temperature between room temperature and 80 C for K severalhoUfs. The reaction of the alcohols
Xxyll with car.bon tetrachlori e >§|\Q iﬁ{h%@ées%%q[Iéi_?ggﬁl%@oggﬁpmﬂglﬁélil‘l) can be ca_rried outin
an inert organic solvent such &% 16 rahydrofuran, acetonitrile, toluene, N,N-dimethylformamide, or
dichloromethank, atcthenpsststias sratedisnenicharresroidmndendrAirRiir B onversion of the

chlorides XXVIILga the infermediates |1 crmbraccasam)shediticasiobylatiersreredon, in a manner
analogous to the one described in Scheme 1 for thsﬁf)reparatlg of t%mg%gyl esctjers X\{]l. OHOH
Iffg 1o

XXVIXXII b215 witereiaidely Ghtdrniedistéd B i ErBrp e alt BRNERE C starting from

the 4-hydroxy-nggbihatemereasioxydisagdresnoptomddaX X VI which were described above in Scheme
3. Estenfication of XXVI forms the naphthalene carboxylic acid methyl ester XXI. Conversion of XXI to

intermediates llb can 20 occur using the methods de;scribed in Scheme 2.
R

r® O&S\Rs
wherein Y, R', R®R® and R® are defined as in formula L.
10  In another particular embodiment the present invention is directed to the
compounds of formuia | or pharmaceutically acceptable saits or esters thereof
wherein W is C(H),, X is S(O). R? is hydrogen and R” is S(0)-R’, as depicted

below in formula 1G (a subgenus of formuia I):



Intermediates XXVI can be readily converted to the 4-hydroxy-naphthalene carboxylic acid methyl
ester intermediates XXI in the presence of a catalytic amount of concentrated sulfuric acid and an
excess pf methz:;zl(r)lolOc';lst5 t&mpergtures be_tween room temperatqre and 80 gé%ﬁg};@%&&%rs..
Alternatively, the Y% Erification 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 WO
2010/055004PCT/EP2009/064810 - 35 - hours. Thédbtained compounds XXI can be transformed into
intermediates lib  using the process described abBVe in Scheme 2. Scheme 5 XVIXXXIk 5 The
%}—F 5. In this process, bromination of
ords the intermediates XXXII.

bromination can be achieved by treatgefit Hgrmechates XVI \'/vith N-bromosuccinimide (NBS,
XXIX) in an organic solvent such as acetonitrile, dichSromethane, ac%tone, N,N-dimethylformamide,
tetrahydrofuran, chloroform, or carbon tetrachlor@lé? of emperature for 30 minutes to several
hours (reference: Hidemitsu U., eta' ., J. Chem. Soc., 1, 15 2001, 229). The Suzuki
coupling reaction of the intermediates XXX with methyl (XXX) gives compounds XXXII.
The reaction can be carried out in the presence of a p&fl adiunbé’at\otlr;fst such as [1,1%
bis(diphenylphosphino)ferrocene]dichloropallaigium(l ) (Pda2(dpP0), palladium 20 acetate
(Pd(OAC)2), or tetrakis(triph&hglisho¥pRin& pall =G 05 Gaemas38) NP Srdsence or absence of a

ligand such as tricyclohexyehaskhipsdirirRe P brsritinewenttiridelylhesphiaecandarase such as
potassium tert- butoxide, sodjum hydroxide, Potassium Bhos hate, potassium carbonate, or sodium

carbonate, in a SUIRIBIHRRRIREEICHOR RENTRHRER)RSHEAide, dimethyl 25 sulfoxide, toluene,
tetrahydrofugan, 1,4-digx@nethamdsuitonyixiueesthetetioat-aapBtaltonipdlaceibhedideen 130C and

18000 for 15 to 30 -miqggﬁgo%gg(rélmj&%@&tfonyi—phenoxy)»naphthaien—Z—yE}-acetic acid;
[6-chloro-4-(4-methanesulfanyl-phenoxy)-naphthalen-2-yll-acetic acid;
{6-fluoro-4-[4-(propane-2-sulfonyl)-phenoxyl-naphthalen-2-yl}-acetic acid;
[4-(4-cyclopropanesulfonyl-phenaxy)-6-fluoro-naphthaten-2-yl}-acetic acid;

10 [8-fluoro-4-(4-methanesulfonyl-2-methyl-phenoxy}-naphthalen-2-yl}-acetic
acid;
[6-fluoro-4-(4-methanesulfonyl-3-methyi-phenoxy)-naphthalen-2-yl]-acetic
acid;
[4-(4-athanesuifonyl—zfmethyt-_phenoxy)—6—ﬂuoro-naphthaien—z—yl]~aceﬁc

15 acid;
[6-fluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic
acid;
[6-fluoro-4-(5-methanesulfonyl-3-methyl-pyridin-2-yloxy)-naphthalen-2-yl}-
acetic acid;

20 [4-(5~athanesulfonyl—pyridin-z-ytoxy)—B-ﬂuom~naphthaien-Z—yII—acetic acid;
[4-(5-ethanesulfonyl-3-methyl-pyridin-2-yloxy)-6-flucro-naphthaten-2-yl}-
acefic acid;
[4-(3-bromo-5-gihanesulfonyi-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yi}-
acetic acid,

25 [4-(3~bromo-5»methanesulfonyi-pyr’sdin-2-yioxy)-6—ﬂuoro~néphthalen-2-yi}«

acetic acid;



irradiation. Alternatively, the reactions can be carried out at an elevated temperature such as 130 C
without microwave irradiation for a longer reaction time (reference: Wallace, D. J. etal., Tetrahedron

Lett. 43 (20Q2) £4386:6890)- 5 Hydrogenolysis of benzyl ethers XXXII affqigfytpgviniaiperdiates 11c.
The reaction can be carried out in the presence of 10% palladium on carbon under 1 atmospheric

pressure of hydrogen, in an organic solvent such as gthyl acetate, methanol, or ethanol, at room
temperature for several hours. OHOH 10llalid The'intermediates of formula lid can be prepared

according to Schemelé-(frafians@dtany PRepratithBeRMaBhpRERTs Mh3PFLP&EY as described
above in Scheme 1) grqsSatestfbumdny pgrinatingiessapeatiiotrbirivataand-@henligals, 15 Inc.)

generically shown as XXX111 can be carried out in a suitable solvent such as acetonitrile, methanol,

N,N-dimethylformami@&&¥ififfoacetic acid, water or mixtures thereof, at a temperature between 0 C

and 80 C for several libsetrefessnifenypbanddy eb dfifl Butmetuin@odhaien: 2681a885) 1655-1660).
Scheme 7 ghe intermd%gjates lle can be prepared according to Scheme 7. Debenzylation of
compounds XXX followed by a fluorination reaction affords the intermediates 5 XXXV, Hydrogenolysis

of compounds XXXV fvéscthanatetfrdiaeiine -pererbyilisrooreonyairriihdier p¥lbared as
described above in Schamezgiaffords the hydroxyl intermediates XXXIV. The reaction can be

accomplished by treatment of the benzyl ethers ith zinc bromide in the presence of 10%
palladium on carbon ﬁgg"re%gﬂﬁﬁ‘é ?ﬂ%'l}fc? TE88 ﬁ%ﬁﬁ@%‘%@% ,q}ﬁye{]na%%%an%f %?@o \?eenté such as ethyl

acetate, methanol, or atlianol, at room temperature for several hours (reference: Wu G. etal.,
Synthesis 14 (2003) 1657: 1660 LRONGISINBLPMARIBdS KX fodl dustinats derivatives XXXV
can be achjﬁéved by u]ﬁng ég%ctffuor(mléorinau}?\% ree;g:nt (XXXIl'in a gﬁitable solvent such as

N,N-dimethylformamidé-(etatamesidiondmaridin@inierostenetiery - 1pRan 36 e mikasd e thereof, at a

temperature between £(g-and 80C for several hours

[4~(4-Ethanesulfonyl-phenaxy }-5-fluoro-naphthalen-2-yfj-acetic acid;
[4-(4-Ethanesulfonyl-phenoxy)-6,7-dimethoxy-naphthalen-2-yfj-acetic acid;

15 [4-(4-sthanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl}-acetic
acid;
[6-fluoro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-acetic
acid;
[6-fluoro-4-(4-methanesulfonyl-2-methyi-phenoxy)-3-methyl-naphthalen-2-

20 yl]-acetic acid;
{6-fluoro-3-methyi-4-[4-(propane-2-sulfonyl}-phenoxy]-naphthalen-2-yl}-
acetic acid;
[4-(4-cyclopropanesulfonyl-phenaxy}-8-filuoro-3-methyl-naphthalen-2-yl]-

- acetic acid; _

25 [6-fluoro-4-(4-methanesulfonyl-3-methyl-phenoxy)-3-methyl-naphthalen-2-
yll-acetic acid;
[6-chioro-4-(4-methanesulfonyi-phenoxy)-3-methyl-naphthalen-2-yil-acetic
acid;
[6-chloro-4-(4-methanesulfonyl-3-methyl-phenoxy)-3-methyl-naphthaien-2-

30 ' yil-acetic acid;
[6-chioro-4-(4-methanesutfonyi-2-methyl-phenoxy)-3-methyl-naphthalen-2-
yll-acetic acid;



(reference: Zupan M. etal,, Bull. Chem. Soc. Jon., 68 (1995) 1655-1660). Hydrogenolysis of the
bromo-substituted derivatives XXXV affords the intermediates lle. The reaction can be carried out in

0 . , . :
the presencﬁ%é)fz&%l@?gﬁ%uadlum on carbon under 1 atmospheric pressure,efiydiagREysin an organic 20
solvent such as ethyl'acetate, methanol, or ethanol, at room temperature for several hours. The

compounds of interest of formula Ih and li can be prepared according to Scheme 8. A reaction
between the hydroxyl intermediates Il and the aryl 5erivatives XXXVI followed by ester hydrolysis
affords the compoundd-¢4-giteress dfdoyhRtasthyayersuehybisrefdHaitarivadiieis kX VIl when R1 -
is ClI or Br, followed b@gg&g& ydrglysis affords the compounds of interest of formula li. Conversion of
the hydroxyl intermediates 1 {(which encompass ha, fib, 11¢, lid, and lle fronl Schemes 1-7) to the

ethers XXXVII can be[ﬁtﬁﬁ"iék}@d%@'W@Qﬁ@ﬁ@fEBYHBBEHWI)F%ﬁHQF%PﬁW?W ORROSLBER | with a

base such as sodiumﬁpg@,@ﬂgt@mpptassium carbonate, or cesium carbonate, in a suitable organic

solvent such as N,N-dimerhylforrnamide, or dimethyl, sulfoxide, The reaction can,| redoutata
temperatur betweenct%@ery n%{ &y?f(%'od'r @éjt Poa 6 Q/H%%GYZ %%} exry(jrﬁc'r%o%va'\(/e ﬁﬁa iaa%. Alternatively,
the reactions can be qdlrdedtiouacat;an 15 elevated temperature without microwave irradiation for a

longer period of time. j\drolysisyal e neYUA SRS Xelhaierdttgorpauilsroblpgerest o

formula lii. The reaction can be carried out in the presence of an aqueous inorganic base such as
lithium hydroxide, sodR%@fR@#8xide, or potassium - 39 - hydroxide in an inert solvent such as

1,4-dioxane or tetrahydrofusaaaésansh ieppetaimioagérilibautsmdidiogaithais ei-the
intermedia%es XXXVII can b _carr}iqe_d out in the presence of 10% palladium on carbon under 1
atmospherié]pressurey ? %88 . in an 5 organic solvent such as ethyl acetate, methanol, or ethanol,

at room temperature fi#-Eefetfilhoursmiditrobasibcol s ereductsbiarrehyeibyemrmpiaieiction
affords the compoundg@jg[f?g%séagformula li. The reaction can be carried out in the presence of an
uc

agueous inorganic base as lithium gﬁ/droxide, sodium hydroxige, or 10 potasEaqu Ezdroxide in an
inert solvent such as 18Rt yRtPafyRrHIARSS AR SFTPE ol BaPEHIPISHs.

yl}-acetic acid;

15 [4—(4-ethanesu!fonyl-B~ﬂuoro-phenoxy)—6-ﬂuoro-3-me’ehyi-ﬂaphthaienwzwy!}—
acetic acid;
[4-(2-cyanoc-4-ethanesulfonyl-phenoxy)-6-fluore-3-methyl-naphthalen-2-yl}-
acefic acid;
[4-(3-chloro-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthaien-2-yi-

20 acetic acid;
[4-(2-chloro-4-methanesuifonyi-phenoxy)-8-fluoro-3-methyl-naphthalen-2-
yl}-acetic acid;
[4-(2-chloro-4-sthanesulfonyl-phenoxy}-6-fluoro-3-methyl-naphthalen-2-yi}-
acetic acid;

25 {6-fluoro-3-methyl-4-[4-(propane-1-sulfenyl)-phenoxyl-naphthalen-2-yi}-
acetic acid;
{4-14-(butane-1-sulfonyl)-phenaxyl-6-fluoro-3-methyl-naphthalen-2-yf}-

~ acetic acid;
[4~(5-chloro-4-ethanesulfonyl-2-flucro-phenoxy)-6-fluoro-3-methyl-

30 naphthalen-2-yll-acetic acid;

[4-(2-chloro-4-ethanesuffonyl-5-fluoro-phenoxy)-6-fluore-3-methyi-
" paphthalen-2-ylj-acetic acid;



OYisCorN;JO.n8when Y is C, Zis F; R5l/ nwhen Y is N, Z is Cl, Br or alkylsulfone. 0 XLII The
compounds of interest of formula |j can be prepared according to Scheme 9. 5 Oxidation of the
alcohols XII (which encompass Xlla and Xllb from Schemes 1 and 2) affords the aldehydes XL.
Hydrogenol %281‘%%9% ethers XL followed by treatment of the resultingyﬁggﬁﬁqg%{'% With the aryl
derivatives XLII affords the ether intermediates XLIIl. The aldehydes XLIII are converted to the alkenes
XLV by the Horner-Wadsworth-Emmons reaction. Hydrogenation of the alkenes XLV 10 followed by
ester hydrolysis affordg-{ae-goimpetadssoffintgreistodfo)ladjo Thedttgmamtidtax?-9dn be oxidized
to the aldehydes XL usin cogrilgi_nium chlorochromate (PCC) (XXXIX). The reaction can be carried out

in a suitable solvent s{ich &s 8lc’hloromethane, at a temperature between 0 C and room temperature

for several hours (refeffefleercrhidaidit] nprebenzanes WegyCReaN G 1SRG NBA IS TE).
Alternatively, the conugrsiemiean.@lso be achieved using manganese oxide, pyridinium dichromate,
Dess-Martin_periodinane, 2,3-dichlorob,6-dicyano-1,4-benzoguinone (DDQ), or iron(lll) njtrate
monohydrate as the o&’id&W@&éHﬁawﬁpﬁMﬁﬁf&{%ﬁ'gf@8“1@6&@%@@_85??6%%8 Hydroxyl
intermediates XLI. Thageaction can be accomplished in the presence of 10% palladium on carbon

under 1 atmospheric Réégﬁsgrrg‘ MMH&?‘Q*?@S@% I@%%Q@é%os@p%% ﬁf‘éb?{}g'fgﬁmg%% ate, methanol, or

ethanol, at room temperature for several rs. onvers ntermediates XLI to the
ether compounds XLIA&ls Beidichieved by treatment of compounds XLI and compounds XLII with a

base such as sodium @;Wﬁ@%gﬂ%gf&gﬂlﬁﬁ%@%ﬁwa suitable organic
solvent such as N,N-dimethylformamide, or dimethyl sulfoxide, at a temperature between 100 C and

150 C for 3Pto 60 miMtARAEErERYHIEDE iradiation. Alternatively, the reaction can be carried

out at an elevated temperatd renlvithdighasoewifvey | jraldaiton] forfatondempenodaptithaeriie alkenes
XLV can be prepared bl ,gée HornI r-Wadsworth-Emmons reaction between the aldehydes XLIII and
thethyl phosphonoace)f te &EI\% he reaction can be carried out in the presence of a base such as
sodium hydride, potaskititcIS-44pboeHieneesiiony caybsitatey'ssdivhmatokirnpbeaaidgm!-
tert-butoxide, nbutyllithjum. tigthylamine, 1,8-diazabicyclo[5.4.0]undec-7-ene, sodium hydroxide,
potassium h%droxide, or lithium hydroxide, in a suitable splyent such as N,Ndimethylformamide,

h
acetonitrile! Benzene, YidRtBANESIRE YRRV AREA- A AR R ARE MIFAP RSN &mtnol, water or

mixtures thereof, at a tarsjpetaidre 20 between 0 C and 60 C for several hours (reference: Chan W. K.

etal., J. Med. Chem. i@-ﬁ%g?oﬂﬁgﬁﬁé 736@83{%@8%%%%&@% %ﬁg&?ﬁ%}w ﬁﬁgrds the

intermediates XLVI. The réaction can be carrie o palla ium on carbon
under 1 atmospheric prepbtirelesi-Byilegehs icish organic solvent such as ethyl acetate, 25 methanol,

or ethanol, at room tempeyalips K FerMeral e -pyridin-2-yioxy)-6-fluoro-3-methyi-

20 naphthalen-2-yl]-acetic acid;
[4~(3-bromo-5-methanesulfonyl-pyridin-2-yloxy }-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid;
[4-(4-dimethyisulfamoyl-phenoxy)-8-fluoro-3-methyl-naphthalen-2-yl}-
acetic acid;

25 [B-fluoro-3-methyl-4-[4-(pyrrolidine-1-sulfonyl)-phenoxy]-naphthaien-2-yi}-
acetic acid,;
[4-(4-diethyisulfamoy!-phenoxy)-8-fluoro-3-methyl-naphthaien-2-yi]-acetic
acid;

{6-fluoro-3-methyl-4-[4-(morpholine-4-sulfonyl -phenoxyl-naphthaien-2-yl}-

30 acetic acid;
{6-fluoro-3-methyl-4-[4-(4-methyl-piperazine-1-sulfonyl)-phenoxy]-
naphthaien-2-yl}-acetic acid;



Hydrolysis of the methyl esters XLVI affords the compounds of interest of formula Ij. The reaction can
be carried out in the presence of an aqueous inorganic base such as lithium hydroxide, sodium
hydroxide, or potassium hydroxide in an organic solvent such.as 1,4-dio r %Iofuran at
room tempe%@&@?@?s\%“several hours. 5 The compounds of interest of%ﬁﬁ%ﬁ%ﬁ% e prepared
according to Scheme 10. In this process, the hydroxyl compounds II (which encompass Ha, lib, lle, lid,
and lle from Schemes 1-7) are treated with trifluoronféthanesulfonic anhydride (XLVII) to afford the
triflates XLVIII. A reackicld{4éfvdidindie giiftatdis e L \¢llfamd)thbesubsii@bdand-aming-compounds XLIX

followed by a hydrolysis reaction ]10.a ﬂ e .compounds of interest of formula Ik. The hydroxyl
compounds Il can be ggﬁ@@r?ﬁe%ptg thfegt% aéte%?g(LVIII by treatment with trifluoromethanesulfonic

anhydride (XLVII). Thé6riaetod-taitybtiri@isatrraaspieiditeestanpse Wiosw ks pyridine,

triethylamine, diisoprogy, RHp&irdgimethydad fydidinamine, 2,6-dimethylpyridine,

2,4,6-trimethylpyridine, 15 sodium hydride, oy potagsium carbonate, in fitabrge sol\é(_ant such as

dichlorometRane, chIdr%%?ﬁ’(%?%@@%\?ﬁfﬁ?é@"ﬁflgr?é "B@hﬂ?ﬂ%‘a[g{éﬁ)@%’ﬁ"ﬁ% BENG F55in temperature for

30 minutes to several petiefrefgrengandhiasndkyk3 etelth J-MptthGleerd - BPa198633F56-3768).

Reaction of the triflate VILL with. th | amj carried out in the
u@]{&mﬁh?}%& st B e%@@t%%%%

presence of a palladi atalyst such as-tetrakis(trip osp ?r@ palladium(0) (Pd(PPh3)4),
palladium acetate (Pdi®EcyBianarslemémrareacoRifdtmpalkRIRT I ERIBEYS) in
combination with a ph[;ﬁ,@lﬂW@&Wfﬁ%@%&@%@@%@iﬁ@%ﬂﬂrﬂa&maIen-2-yl]~acetic
bis(diphenylphosphino)ferrocene, 2,2'-bis(diphenylphosphino)-1,13-binaPhthalene, 25 or

di(tert-‘butyl1) 1,11-biph%‘ﬂ9'1-2-y0phosphine, and a base such as cesium carbonate, potassium
carbonate, sodium terjheHoiRistepet-(Htasaneayibagpaidingd avlsuitablpbtiuEmSutheastic
N,N-dimethylformamide i éiimethyl sulfoxide, toluene, or tetrahydrofuran, at a temperature between
130C and 180 C for 15 ?0 30 -43 - minutes under microwave irradiation. Altematively, the reaction can
be carried out at an elBrékerthenasetianvenigina Yse e ftHtuemerriRRaR2dR IS a longer
reaction time (referencg;dJwe S. et al.,, Tetrahedron Lett. 46 (2005) 7111-7115). 5 Hydrolysis of the
methyl esters L affords the compounds of interest of forr%lj lk. The r%‘agtion C nlbe_ggr ied out in the

presence ofan aqueolfs MGHARRSHERY SR¥HA fitkie FR7aHSk R BB AT ARG Mpotassium

hydroxide in an organigcgsityenidsuch as 1,4-dioxane or tetrahydrofuran at room temperature for

several hours. The corrggg_itg %ﬁ%%%gﬁ%ﬂﬁé%r%@_wgM_@_%%pgng ﬁg%i]giqg]fﬁ_rding to Scheme

11. Treatment of inter ate ( ich Ha, lib, 11c, lid, and 15 lle from Schemes 1-7)
with dimethylthiocarbabfeicettcié (LI) affords the dimethylthiocarbamoyioxy compounds LII.

Newman-Kwart rearrafgmpesiofihe-timeaibulibigcaramamne)-sepmaseesol) aftertsdHtie,

intermediates LIIl. Hydrolysis of compounds L]l followed py treatment with the aryl derivatives XLII
-44 - afford€%he sulfarﬁﬁ%é?ﬁ?igﬂ%dﬁ)%?@)‘?ﬁﬂ {iss “BB/ﬁW gcﬁi '?LﬁthTrbarpsﬁﬁﬁgo(ﬁg}f%g&pounds In.
Conversion of the intermeitiagesiil to the dimethylthiocarbamoyloxy compounds LII can be achieved by

reatment of the Intermadls 1 Mo RUE MH%%%%;%B%ﬁl?t')%@%ﬂw(h&é%-ﬁl%é%éﬁeCe of a base

such as potassium carbonate, potassium hydroxide, tri lamine, or sodium hydride, in a suitable
solvent such as N,N-di#g#thylforrnamide, tetrahydrofuran, acetone, water or

[6-fluoro-4-{4-methanesutfonyl-benzenesulfinyl)-naphthalen-2-yl]-acetic
25 acid;
[6-fiucro-4-(4-methanesulfonyl-benzenesulfonyl}-naphthaien-2-ylj-acetic
acid;
[6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid;
[4-(5-sthanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yl}-acetic acid;
30 [6-cyano-4-{5-sthanesuffonyl-pyridin-2-yloxy)-naphthalen-2-yl}-acetic acid;
[6-bromo-4-(4-ethanesulfonyi-phenoxy)-naphthalen-2-yij-acetic acid;
[

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



mixtures thereof, at a temperature between room temperature and 100 C for several hours. 10 The
Newman-Kwart rearrangement of the dimethylthiocarbamoyloxy compounds LIl can be achieved by
heating in the presence or absence of an organic solvent such as N-methylpyrrolid neslt(?tradecane,
diphenyl eth&t 5piffisiﬁ)l%4><othiolan, at a temperature between 150 C and ‘3\/%@58’%%‘}? 64m|nutes to
several hours (reference: Moseley, J. D. etal., Tetrahedron 62 (2006) 4685-4689). 15 Hydrolysis of
compounds LIl can afford compounds LIV. The reackbn can be carried out in the presence of a base
such as potassium hygigsigthesediiforygrokite? giogiibhiuoretBoxidé-naphtbaitabie Wplvent such as

methanol, ethanol, Wat%ﬁgr?@(i;gtw%s % O%rrngﬁ/ %_%er&gg&%gg@g%g}m _@Oy%@% éﬁg{gfor 30 minutes

to several hours. 20 TR& St onyl'co nds | n be prepar e reaction of compounds LIV
with the aryl derivativewagithaeneredreisticaside carried out in the presence of a base such as

sodium carbonate, PojasBIWR LA OG- CRSILIPGARRAMG-BIRSHIABIN SRlMeRE SUCh as dimethyl
sulfoxide, or N,N-dimethylformamide, at a temperature between 100;[‘?%@%150 C T;?r aegﬁwt 30 to 60
£ -

minutes und@r 25 micﬁﬁﬁg‘\’/@‘?i‘i’émé{éé?fhﬂﬂ%'ﬁfgﬂ%'rﬁ’%@é(@ﬁgﬁ% YU ETBUY at an

elevated temperature watirandisricIodieasikradiation for a longer period of time. Oxidation of the

sulfanyl compounds I;&;&}QeCPu?lgri?rg%%:’&%%%?\%laﬁg%@ﬁgﬁ&iﬁﬁgg%@ﬁggmfgﬁ%“%”g,ign oxidant such

as m-chloroperoxybenzoiC aci ~or hydrog eroxid Inert solvent such as
dichloromethane or 1,2apicei201DKE3TBIFRCTBEP®009/064810 -45 - dichloroethane (or an aqueous

solution f hydrogen pejqyish i sedloat poesBpeIBEaIbaNuERn fGoand room temperatre for

several hougs. Scheme 12 5 Compounds of interest of formula Ih can alternatively be prepared

according to Schemedi. dhasistrboniteantion hesvesriitertiydiexyrecspauadenpaunéX! (prepared

as described in Sﬁpem? J]oriScherpr%n%) Qd tcpue arg!gs@qserivatiyes XLIl 10 followed by reduction gives
the alcohols LVI°TRE @okﬁﬁ??j@q are tﬁe AAHRIGIRE 18 the corresponding chlorides LVII by

treatment with carbon fetaetiierideuiony-aheriphenfiishosEnnthaan2 gbavetsiésiof the chlorides
LVI1 to the methyl es"gﬁéwé%ﬁbgﬁ- %ﬁtss@gg&g_g%ﬁ jq{gmw W%ngélation
e me

reaction in methanol. Ester hydrolysis of t yl esters XXXVII 15 affords the compounds of
interest of f&?mula Ih. @8Aversion of the hydroxyl intermediates IX or XXI to the ether derivatives LV

can be achieved by trgatoepicod compobaeiss Eey St anrggeppetmdsXitiwitna basscstich as

sodium carbonate, potassium carbonate, or cesium carbonate, in a suitable organic solvent such as
N,N-dimethylformamid%(,;| r dimethyl sulfoxide, 20 at a temperature between 100 C and 150 C for 30 to
60 minutes under - 466-fhicrowdle liradidtivathanemditughphbeoeactioretairberbitpied-dut at an
elevated temperature wh‘ggggﬁgrge[@wave irradiation for a longer period of time.
20 [4-{4-ethanesulfonyl-3-methyl-phenoxy)-6-fluoro-3-methyl-naphthaien-2-
yll-acetic acid
[4-(2-cyano-4-ethanesuifonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yl}-
acetic acid _
{4414-(butane-1-sutfonyl)-phenoxy]-8-fluoro-3-methyl-naphthalen-2-yi}-
25 acefic acid
[6-fluoro-4-(5-methanesulfonyi-pyridin-2-yloxy)-3-methyi-naphthalen-2-yl}-
acetic acid
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl]-
acetic acid
30 [4-(3-bromo-5-methanes uifonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yll-acetic acid
[4—(4~dEmethylsuIfamoyl-phenc;xy)~6~ﬂuoron3-methyl—naphthalen—z-yl]~

acetic acid



The alcohols LVI can be formed by treatment of the methyl esters LV with diisobutylaluminum hydride
in an organic solvent such as toluene, at a 5 temperature between -78 C and room temperature for
several hc.)u‘r“s,. TQ% ,%pgdg#jédes LVII can bg prepargd by t.he treatmept of the alcohals kb iyith carbon
tetrachloride &M and triphenylphosphine (XII1) in an inert organic solvent such as toluene,
acetonitrile, dichloromethane, N,N-dimethylformamide, or tetrahydrofuran, at a temperature between
0C and 120C for several hours. 10 Conversion of tﬁ@%ﬁlorides LVII to the methyl esters XXXVII can
be accomplished by apiilladisrosttali4dd-taybolyiagidrstdicibhnieserdmaaibaifiereYor carbon
monoxide in methano dé%lgchmethod analogous to the one described in Scheme 1 for the
preparation of the methyl esters XVI. As described above in Scheme 8, hydrolysis of the methyl esters
SOV affords 15 thel EXstAGE-BPRR R TONARITA RO AT A BRI IR BIR in the

presence of an aqueoggidnorganic base such as lithium hydroxide, sodium hydroxide, or potassium

hydroxide in.an inert sglyent such 4-dioxane or tetrahydrofyran.at reo rature for several
hours. WO 010/055%%\2%?%5?%76&"%6“?&9!]g‘ eé%zén%guggﬁr?&éﬁ}éﬁs%%terest lo, Ip, and Iq
can be prepared accondpihelScRerireddis atiting from the bromo-substituted naphthylacetic acid
methyl esters LVIIl. A @uziik oounlingeaction esen dhndromadaietuagsiiL and methylboronic
acid (XXXI) followed by an ester hydrolysis affords the compounds of interest of formula lo. A copper
(1) iodide catalyzed re RBEBAXYITHREBIRARD FeYNRAFFEE BYflI with methanesulfinic acid sodium salt (LX)
followed by an ester hydrolysis affords 10 the compounds of interest of formula Ip. Conversion of the
bromo deriyatives LVIII to the cyano derivatives LXIII followed by an ester hydrolysis affords the
compounds Of I REOAN S8 & [550A 8 £BHRGINE 8131 AGEFION
tetrakis(triphenypriospfime Or L, L-
bis(diphenylphosphino)ferroceneldichloropalladium(11) (PdClZ(dpr%)z, and a base such as potassium
tert-butoxide, potag<IOMPEHBERIPATBE GIeBRMGINVEAMIEhERE, 1§ BraRAMS YA ROSER Rl
N,N-dimethylformagnides digpihoseisxidiriojiensitpianyssaiorapwaices provosesheecof, ata
temperature between 130 C and 18000 for 15 to %O mirLut‘as unge_r mi(:ri(_)ev\cliavcgaC irg&!qiatt(i)ot@‘. eAlternatively,
the reactions ca BRRERHSAPBETAY a 35N ERPPAIIFES J Y £ PSPE Withat mictowave irradiation
for a longer reactivirtiseiilsrite oy doersonthdsitisd caichte fothredaviebiesdpér Xi) iodide
catalyzed reactign pking Reormo iafative kAl I melbAResinie AR SoSiuTISAU dotisThe
reaction can be carried out in the presence of catalysts copper(l) iodide and L-proline in a polar solvent
such as N, N-diffgiyMdrhamide, dimethyl sulfoxide, or 1,4-dioxane at 150 C for 30 minutes under
microwave irradiation. Alternatively, Scheme 1




15 the reaction can be carried out at a heated temperature such as 11000 without microwave
irradiation for a longer reaction time. Conversion of the bromo derivatives LVIII to the cyano derivatives
LXIIl can be achieved by treatment of the bromo derivatives with zinc cyanideTgLXII in the presence of
a catalyst st %"t’@?ﬁ?és(triphenylphosphine)palladium(O) 20 (Pd(PPI- 134T EI M 158 organic
solvent such as N,N-dimethylacetamide, at a heated temperature such as 15000 for several hours.
Hydrolysis of the methyl esters LIX, LXI or LXIIl in a #fanner analogous to the one described above for
the preparation of Ih affords the compapnds of interest of formula lo, Ip and Iq, respectively. 25 The
compounds of interest of formula Ir. it can be prepgred agg%%ing t8 5 Sﬁheme 14. th/is
process, iodinagign of the intermgdiates Ila followed by adylation a ords fhe iod [Ves@XVI. The
ogaghir& coudling Pé’éctiﬁ he iodo

acetylene deriv LXX can be f8med by
derivatives L trirnethylsilylacetyleng( by a potassium fluoride-mediated
trimethylsilanyl removal. Reduction of the acetylene derivgtjves LXIX to the 10 olefins LXXII followed
by treatment of the olefins LXXII with a base affords the - 50 - corresponding hydroxyl édmpounds
LXXIII. The ether iitermediates LXXIV can be obthined by treatment of the hydroxyl Wikrmediates
LXXIII with the aryl derivatives XLII. Hydrolysis of the ether intermediates LXXIV affords the final

compounds Ir. The cyclopropyl derg/atives Is cap.be formed by tReating-the i(%ermediates LXXIV with
diazomethane (LXXV) f&HoWed by & hygrolysjs tiorP.rHydrog @ thea derivatives

g coiyepe
LXI1X, followed by treatmgnty 4 bage affordsté hydroxyl mtermédiafés LXXVIII. The ethyl
derivatives It can be gbtaigethya reaction betw#en the hydroxyl intepediates LAIMNnd the aryl
derivatives XCITTollowed by a Rydrolysis reacg)clrilmglo In the first step, jodination can be achieved by
treatment of the intermediates Ila with N-iodosuccinimide (NIS, LXI¥j ifjan organic solvent such as
chloroform, acetonitrile, dichloromethane, acetor, N,N-dimethylformamide, tetrahydrofuran, or carbon
tetrachloride, at a temperaturggetween 0 C and room temperature {gf,30 minutes to several hours. 15
The acetates LXVI can be formed by a reaction of the intetii iediates LXV with acetic anhydride (VII).
The reaction be carried out in the presence of a base such as 4-dimethylaminopyridine, in an
organic solven re forseve pnours. The,intermediates LXVIII can
HHTE ' I%eetylene

be generated ing reaction between the 20 igdo derivatives LXVI ant{ts
(LXVIN) in tie presende of a pall&fidssatalyst®ich as b s(triphenylphosphine)dichloropatiadium(ll), or
tetrakis(triphenylph s%hine) pattadium{8y, and a copper() cata+yst-suc1‘ra'§ copper(l) iodide. The
reaction can be cagied out in theyesence of a base such as biethylamine, or diisdftopylethylamine in
an inert solvent ss 25 tetrahydrofuran, N,N-dim

minutes under microwave irradiation (Baldwin, K. P. &t&f., Synlett 11 (1993) 853). Removal of the
trimethylsilanyl grgyp of the compounds LXVIII to givgyhe acetylenes LXIX can belschieved by
treating with potassium fluoride or tetrabutylammonium fluoride in a suitable solvent such as water,

e O i tianae o1 Tl ia Sars B0 S o T SRl Bhdime et

this process, the Stobbe condensation reaction between the benzaldehydes Il

5 and dimethyl succinate (IV) gives the unsaturated acids V, which subsequently
undergo cyclization in the presence of sodium acetate (V1) and acetic anhydride
{VH) to produce compounds VIil. The naphthalene derivatives Vill are then
converted to the corresponding hydroxy! analogues IX by a deacetylation reaction.
The treatment of the hydroxyl derivatives IX with benzyl bromide (X}, followed by

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

Compounds Xiia are then converted to the corresponding chioro intermediates
XV by treatment with triphenylphosphine (XIiI) and carbon tetrachloride (XIV).
Conversion of the chiorides XV to the methyl esters XVI can be accomplished by



- 51 - room temperature for several hours. Alternatively, a base such as potassium carbonate or
potassium hydroxide can be used for the trimethylsilanyl group removal, The reaction can be carried
out in a suitable solvent such as methanol, tetrahydrofuran, water or the mix}uil;esogftg}%r Pof at room
temperature¥8reLUES hours. Reduction of the acetylene derivatives XX AfordS the olefins LXXII.
The reduction can be achieved by treatment of the acetylene derivatives LXIX with indium trichloride
(LXX) and triethylsilane (LXXI) in the presence of tridylborane in an inert organic solvent such as

acetonitrile, tetrapyfsafurapattyanecabdfvatidnnes thendof vattbererh perdtugermdysieen -15C and room

temperature for several ho % S(?Wi N.. etal...Qrg. Lett. 6(2004) 4981-4983). Alternatively,
diphenylsilane 88WB%%‘§&§®S ﬁ‘é}ﬁ? rl%len gs%ﬁ%%‘%%y@hi, N.; et al., Org. Lett. 7 (2005) 3093-3096).

Compounds LXXII can be converted to the corresponding hydroxyl cgm‘goun s 15 LXXIII by treatment
with a base sudh B HEHHDRHE, %@f&gﬁu}n%l‘ﬂgﬁ%@é‘?ﬁ@@ SiVIHRSREHERATSY sodium
bicarbonate, in gysobanispiselicrsraetanobtwesanios birtzdstheesdf addeneterature between room
temperature.and 80. C for, inute f s (1 : . I . Chem. 61
(1996) 48924975 Mq.’%ta .,e5?%ﬁ&@?ﬁ%&ﬁ%ﬁﬁ@ﬁ%ﬁ%@% é?oar%\?g%g%qf%e hydroxyl
intermediates LsoUntontietheite slithomnmeihaxidachrsies By iHuiagneadjirorytiiefhediates LXXIII

and the aryl degiyatives Xidlwith 20858 SH@ERROSINENeRRANRImaAERRSIUBHGAIRPRAte, OF cesium

carbonate, in the presence of potassium jodide, in a suitable organic solyent such as N

N-dimethyformHHERE RIRyHE &R IR s Bl RTRPS I G eV AP T BS ERE i8h%an be carried
out at a tempergture beteeanal 00 Esareets00e: foraB) Yo l6Cehahulet ameéomictwal ¢ iBibiation.
Alternativelﬁﬁ thgzgggctions can be carried out at an elevated temperature without microwave irradiation
for a longer period’of'time.  Hydrolysis of the methyl ester moieties of the olefins LXXIV affords the

final 30 compounds Ir. - 52 - The reaction can_be carried out ip the ence aof an ague inorganic
base such as litri(fizAJRRSSthe YBRREARRIANGSY & B‘&%‘é%ﬂ#ﬁe ﬂ%@?ﬁ%rfﬁ Sﬁri‘ﬁ%%?%%%u such as
1,4-dioxane or tesrabydisfieran atrveamtentpé ihkiendat setes achimivswihradisforacetiar 6fithe olefins

LXXIV to the corresponding cyclopr eriyati | atment ompounds
LXXIV with diaz%‘?ﬁse ﬁegtr'mce L@%ﬁl‘?mje%rée\s%%?c#ﬂ a?é pgﬁ‘gé%r%q%gtﬁé{@gsﬁguch as e
palladium(11)acetgI8Cdtres palddignracefatenesss draauR dickiotide’ 1078ieREdHitrile), in a

solvent sucfias distuouapeihens. disthyl siher. fetiaysheiran.(0maixeEsdbasyof, at a temperature

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

Crem. 14 (2006 69001, Furiher INAIOYs 81 11e Se0rele koo SRIINGINAAY 2 manmer 15

analogous to the one describe e ether derivatives LJOCIV affor final compounds Is.
Hydrogenation epthecatsiy e HeRmeprase XiR bapesa /el @rtPaitThisd pride RIS palladium

on carbon undef40HsbAkBY HEPASNAN AHIRABIBSUYRM Bitthrametbyhasetalenmaitaasl, or ethanol,
at room temperature for 20 several hours.
methanol, water, or mixtures thereof, at a temperature between room
20 temperature and 80 °C for 10 minutes to several hours (reference: Kim, M. et af.,

J. Org. Chem. 69 {2004) 6945-6948).

Treatment of the hydroxyl compounds IX with benzyl brormide (X) affords the
corresponding benzy! ethers. The reaction can be carried out in the presence of &
base such as potassium carbonate, or cesium carbonate, in an inert organic

25 solvent such as acetone, acetonitrile, or N, N-dimethylformamide at a temperature

between room temperature and 60 °C for several hours.

Reduction of the above benzyl ethers with lithium aluminum hydride (X1) affords
the alcohols Xlia. The reaction can be carried out in an inert organic solvent such

as tetrahydrofuran, diethyl ether, toluene, or mixtures thereof, at a temperature



In a manner analogous to the one described above for the transformation of the acetates LXXII to the
‘ether derivatives LXXIV, compounds LXXVII can be converted to the corresponding ethers LXXIX.
Hydrolysis of the generated ether derivatives LXXIX in a manner analogous to the one described for
the ether 25742 AVRIFEYE XXIV affords the final compounds It. 5 The compotmds of ihterest of formula
lu and Iv can be prepared according to Scheme 15. In this process, the bromo derivatives LXXXI can
be generated by a reaction between the hydroxyl intéPmediates 11 (which encompass lla, 111), 11c,
and lle from Schemesnlrddraneniperatyteleny BvEs foX ¥etefaSururki (cefepdinger&itioib&tveéen the

bromo derivativ?e{rs1 O%n& éﬁcgﬁéﬁﬁ?élgb@%%%fégﬁ%ﬁ%gm 10 followed by a hydrolysis reaction affords

the final compo co ween the bromo derivatives and ethyl boronic

acid (LXXXIV) followed by a hydrolysis reaction affords the final compounds ly. In anper analogous
to the one desclbRHTASERERS FYoraRLBRIFRASRDRN BN HRAIMTE e@%ﬁgo\){&lﬁ&[&t% thers LXXXI

E?&?(e _!I_Jﬁgerﬂ%ﬁbb&;ﬁﬂ[ﬁ@ﬁﬂ;ﬁmée?(m;\&eﬁ&méhﬁ)hytdtm(?ﬂd:mkwr()ﬂ@i}aiteatﬂ-laad thgaangl deri(;/art(i)vesI -
. The bromg srgun of e generaled s LIGKM saBRe FENSIIERAGIMGL RIGIoPropY! by

Suzuki coupling reaction between compoun boronic acid (LXXXIV), or cyclopropy!

boronic acid (LXX¥trgHpdaofisamett angiogeiaiue thelupende Serivit A0S EhEmneeY SR € reparation

of the methy| Zgrg?é%'ﬁt?é?iﬁ%%, In.a/mgthod; apalogsisicsthebygyalysis geg)described in WO
2010/055004PCT/EP2009/064810 54 Scheme 8, hydrolysis of compounds LXXXIIl and compounds

000(1V affords efinal.corq:q unc{s of irc'itetreskky f%nt%vmé?ﬁ eecsqg% \ﬁ%%g 16 5ihLXXXVII The
! W Car i:?eeB p d{ﬂng to Sc

compounds of i EIEEET I STmUTA W Can repared accor eme  16. In this process,

treatment of cormsaunRls e/t soeRieditmacatalyery Ve HeE 33 By drsIesiS affords the final
compoundsdw. Jathefistsisel HRisRiasrrsrihsointrrediatendXMhevlRanhedemged by treatment

of compounds Ph with iodomethane (LXXXVI) in the r%resence of %base such as sodium hydride, in an
inert organic soRRLFES S lgstw_resence of a palladium catalyst sucn as

bis(triphenylphosphinedichlorapatladium(il) (Pd(PPhs):Cl), palladium(ll) acetate
{Pd(OAc)), tetrakis(triphenylphosphine)palladium(Q) (Pd(PPhs)s), or
tris(dibenzylideneacetonedipaliadium(0) (Pdz(dba)s), in the presence ar absence
15 of a phosphine ligand such as tricyclohexylphosphine, or triphenylphosphine, ata
temperature between room temperature and 80 °C for 10 minutes to several
hours (reference: Kozhinov, D. V. et al., J. Org. Chem. 69 (2004) 1378-1379).

Hydrogenolysis of benzyl ethers XV1 affords the intermediates lla. The reaction
can be carried out in the presence of 10% palladium on carbon under 1

20 atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate,
methanol, or ethanoi, at room temperature for severai hours. Note that
hydrogenolysis of benzyl ethers XV, in which R"is Cl or Br, can afford lia, in
which R' is reduced to H, when the hydrogenations are carried out in the
presence of 10% paliadium on carbon under 1 atrnospheric pressure of hydrogen

25 for a longer period of reaction time.



dimethylformamide, at a temperature between -30 C and -15 C for several 15 hours. In a manner
analogous to the hydrolysis step described in Scheme 8, hydrolysis of the intermediates LXXXVII
affords the final compounds lw. WO 2010/055004PCT/EP2009/O6481O pfsE L7 R6 RS
XXXV 'Y isWOS N9 v is C, Zis F; when Y is N, Z is Cl, Br or alkylsu one. The compounds of
interest of formula Ix and ly can be prepared according to 5 Scheme 17. In this process, the Stobbe
condensation reaction between the meta- substitutety- benzaldehydes LXXXVIII and dimethyl succinate
(IV) gives the unsaturated acids LXXXIX, which Stitwsguzntly undergo cyclization in the presence of
sodium acetate (V1) and acetic anhydride (VI1) to produce the hi%tfi®-9f compounds XCa and XClo.
Using the method described iff Scheme 1, the 10 mixtures of the fHphthalene derivatives XCa and
XCb are then converted to e mixtyfe of the corresp@ndlng gr@ml [

separated by% romatography to affoge .
between the h yl intermedi nd the aryl erl\oatlves MOCVI follow
affords the &mpounds of interest of fornfia ix. A reag tion e‘t\ﬁé@r‘?t@"ﬁ% i roxyl inteymediates llg and

the aryl derivatives XXXVI followed by ester hydronS|s hforastfe comipunds of interest of formula ly.
5 In the first stemioutlined in Scheme 17, th&whsaturated acids X6 X can be préfared by a
condensation reaction between the meta-substituted-

R
O
g\ m Ph.P, CCI, R1f*\
Xi X © CO (gas)
4 5 =
Xilb ' XXil
RA 0] 2
~~ R O\
1 | e
R — o}
(@)
OH
iib

XX

2) LIAIH,
X

The key intermediates of formula b can be prepared according to Scheme 2. In
5 this process, the Stobbe condensation reaction between the benzaldehydes lii
and dimethy! 2-methyl-succinate (XVHl) affords the unsaturated acids XVHL
Cyclization of the unsaturated acids XViil using trifiluoroacetic anhydride (XiX),
followed by reduction affords compounds XXI. Altematively, compounds XXI can
be obtained by treatment of the unsaturated acids XVIi with sodium acetate (V)
10 and acetic anhydride (Vi) followed by treatment with a base. Treatment of the
hydroxyi derivatives XXI with benzy! bromide (X), followed by reduction affords
the alcohols Xilb. The alcohols Xiib are then converted to the corresponding
chlorides XXII by treatment with triphenylphosphine (XilE) and carbon
tetrachloride (XIV). The chiorides XXIt can be converted to the esters XXili by a



benzaldehydes LXXXVIII and dimethyl succinate (IV). The reaction can be carried out in the presence
of a base such as sodium methoxide, lithium methoxide, sodium tert-butoxide, sodium hydride or
potassium terf—but%sido%hin 10 an organic solvent such as methanol, tertsquianal tialkgag. or mixtures
thereof, at é“{gr%%oera ure between room temperature and 90 C for several hours (reference: Dian, Y. L.
et al., Tetrahedron Lett., 32 (1991) 5255). Cyclization of the unsaturated acids LXXXIX to produce the
mixture of naphthalene derivatives XCa and XCb can’be achieved by treatment of the 15 unsaturated
acids LXXXIX wittesamiucatabetrteddipayidtiacate ctivmydrmetoanyat- tyderapaphusitethetween room

temperature a%}’\)ﬁg&qgw{ﬁl%?dg%és"({m:,mqger, D. L. etal., J. Org. Chem. 61 (1996)

4894-4912; Kim, M. at al., J. Org. Chem. 69 (2004) 6945-6948). Using the process described above in

scheme 1, the mixture of naphthalene dgrivativ Ca an e r med into the
mixture of the ABC?F’S yﬁ%ﬁgﬁﬁ%{}%&%%‘ f%%hf ngz,q’vﬁ?c%ngf%&g%gg?g%%é@:‘élﬁgrﬁr%hromatography to
afford the intermregirestif acdnign@dnvaasiotioorapbvaparbe benteadetydessiifMéihe ethers XClacan

be achieved by {ealing-CorpQURds-IHARBE0R 2t JRrARives 6K ¥hMish aupasersuch as sodium

carbonate, potassium carbonate, or cesium carbonate, in a suitable 25 orgjanic solvept uch as
N,N-dimethyfoFe&Rige b ATRRSHRYC S ARRRILT FeetRRten ERN BRSP4 e ﬁ{ge rature
between 100 Cramskite) Sednindayierde, mipdes siodeemisnaywaiee inradiatiamic\imiveatively) the

reactions can be carried out at an elevated temperat i [ j lationfar.a longer
period of time. q%r?qtlpf%)r%fﬁgs% Bﬁﬂg’r%%%ﬁ{)ieé%?e@%%a& g]}%opréé{sp t%%gggn}{%gﬁ%@ of inte?est of formula
Ix. The reactiorroam terganabd@anhBeGloseaverafhayeyfetignaesghitich£éé/suerdasafnium

hydroxide, spdilm fysraxisieaah RosSiE, DYArexige in angneHesal\suntisied) asoé 4adioxane or

tetrahydrofuran at room temperature for several 5 hours. Conversion of the hydroxyl intermediates Ng

to the compoungds of interest of formula | be accompli ' pus to the one
described aboCﬁ}%Pﬁ?i%Pe%g a?ﬁ%rﬁv%ké\fﬁ\éegt%&n%gﬁ%%grgg #ﬁ%@git%%%%gﬁig%g@eme 18 10

LXVIXCIIXCIII @dnveiibvsesitiom@ysisatinnehtRe veprbgaing adtorobaan tasrBusyRSared using
the intermediates XCIHlWhichranReBERtes ASHRRCNORY dnSeiemedihd i Bremnent of the

intermediate iodides of formula LXVI (prepared as described above, in Scé;eme 14% with rtnethyl

2, 2-difluoro-2-(fRIBAGELABING T SREH LIRS B PRI iBtRIEARNRRAIESS IR ThETREANSs of
formula XClé TheasetdepiaiactinggionpatinasGlireaoibieydbes &0\vemh toegive ittequiiénals of formula
XCIII which correspond to the starting materials,in, Sc , esents
trifluoromethyl, | éh ccgfﬁ %(gvuesni& ¥8hpggpn§?§ éin%%?ngas%%l?‘a%réeg? %ﬁg\gﬂﬁgﬁéﬁfﬁnd In (when
R4 represents ttﬁmmmhémWfogm@t@%a&ti@ﬂﬁc@sc*i63?911%-Pﬁé§e@éﬁ@ﬁf’e§3ﬁh@3génversion of the
intermediates of formula LXVI to intermediates of formula XCII can be effected using any conventional
means. For exameigahi@ly, the naphthalene derivatives XXI can be prepared in a manner

analogous to the one described for the intermediates IX in Scheme 1. Cyclization
20 of the unsaturated acids XVIll can be achieved by treatment with sodium acetate
(V1) and acetic anhydride (V1) at a temperature between room temperature and
140 °C for 0.5 to 12 hours. The generated acetates can be converted to the
corresponding hydroxyl compounds XXI by freatment with a base such as sodium
methoxide, potassium teri-butoxide, potassium carbonate, or sodium bicarbonate,
25 in a solvent such as methanol, water or mixtures thereof, at a temperature
between room temperature and 80 °C for 10 minutes to several hours
(references: Boger, D. L. et al., J. Org. Chem. 61 (1996) 4894-4912; Kim, M. et
al., J. Org. Chem. 69 (2004) 6945-6948).

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

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



25 intermediates of formula LXVI may be treated with the commercially available reagent methyl
2,2-difluoro-2-(fluorosulfonyl)acetate in the presence of copper(l) iodide and in the additional presence

of hexametk‘j%/l hosphoramide in an inert WO 2010/055004PCT/EPZOO%QQ.%%QQ;) é&glﬁolvent such as
ive t

N,N-dimethy ARt a temperature about 70 C for several hours to give the corresponding

trifluormethyl derivatives of formula XCII (reference: Briner, K. etal. WO 2007028132). The acetate
derivatives XCII can be converted to the correspon‘o‘ﬁ?g’ hydroxyl 5 compounds XClII in the presence of
a base such asbesdisne st ipoidde |upo tesbiuma e rnsiMibe;aioaettum 8arbeRaRESaRiSodium

bicarbonate. in &, AMEISLED A DRUIaREloNGIE! PIIHTEHIRISAEALS lBesgurageeen room

temperature an or 10 minutes to several hours (reference: Kim, M. et al., J. Org. Chem. 69

(2004) 6945-6FREWERT rORENEROTURERNBEEV (1 XE BEVETE! ke iftermediate IIb-1 (which can be used

as a replacement for intermediate 15 Il in scheme 8 to make the compounds of formula Ih and li) can
be prepared asRizkeriivecdiriSotsatertistBeinttherabolebmiayb Shermayiadatis acriRICINY with oxalyi

chloride genergles e AT BRRABINIASIH SEIRIBCTASI A hIChS Botisalaiah RubiariRd with the

Wittig-type reagént XCV in the presence of a base to produce the allene derivative XCVI. A}conjugate

addition reactioPf@#isesalians erlvrR RkRSHaRiER fe BN HoRs, BHENEREMIBYGR d8%58  ri-ester

derivative XCVl; whishhupan-byséiolysis machauhsrasient dedaborylatisavgenéxaies the acid derivative
XCVIII. Acetic anhydride-promoted cyclization of XCVIII furnishes - 59 - the naphthalene derivative

XCIX, which upgRudralysisioh e AR BRBURPrRAHeRS MR S Bterm pdirie ARk
tetrachloride (XIV) can be carried out in an inert organic solvent such as
10  tetrahydrofuran, acetonitrile, toluene, N,N-dimethylformamide, or
dichioromethane, at a temperature between 0 °C and 120 °C for several hours
(reference: Kozhinov, D. V. setal., J. Org. Chem. 69 (2004) 1378-1379).

Conversion of the chiorides XXII to the methyl esters XXill can be accomplished
by a palladium catalyzed carbonylation reaction under 1 atmospheric pressure of
15 carbon monoxide in methanol. The reaction can be carried out in the presence of
a palladium catalyst such as bis(triphenylphosphine)dichloropalladium(il)
(Pd{PPh3):Clo), palladium(l!) acetate (Pd(OAc),),
tetrakis(triphenylphosphine)paliadium(0) (Pd(PPha)s), or
tris(dibenzylideneacetone)dipalladium(0) (Pdx(dba)s), in the presence or absence
20 of a phosphine ligand such as tricyclohexyiphosphine, or triphenyiphosphine at a
temperature between room temperature and 90 °C for 10 minutes to several
hours (reference: Kozhinov, D. V. et al., J. Org. Chem. 69 (2004) 1378-1379).

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

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



The conversion of (4-fluorophenyl)-acetic acid to its corresponding acid chloride derivatives can be
accomplished by methods known in the art. For example, the 5 reaction can be carried out with oxalyl
temperature” SBUAATIR roament of the n it Generated acid chionde uie & hone ohh a8 N.\-
diisopropylethylamine will lead to the generation of the corresponding ketene, which upon treatment
with a Wittig type reagent such as XCV in an ether'sdivent 10 at a temperature between 0-10 C
produces the allene derivative XCVI. The conjug&géeméifon reaction between the allene derivative
XCVI and malonic acid tert-butyl ester ethyl ester to produce the tri-ester derivative XGVII is conducted
in the presence of a base suchfas potassium tert-butoxide, in a solvent such as N,N-dimethyl

acetamide at room temperatl?re. 5 The esteg

( hydrolysis of the yl esters nXCW* n be
accomplished tising methdds kegyyn in the ar pie, the ¥@ttion ca ducted using an
aqueous base f@ as lithivm-hydroxice, i@ e f a solvent such as ethdnol; at room
temperaturefﬂver ight. The?st#s%equent decarboxylatiogreaction can then be carrfdt out by heating
the solution of the resulting diacid at 20 reflux fé*&éveral hours, to produce xc¥it The cyclization of
the unsaturated acid derivative XCVIII to the naphthalene XCIX is accomplished as previously

described (similar to Scheme 2), in the presence of acetic anhydride and potassium acetate or sodium
acetate, at a tejperatyre of about 85007 br %@vet@l hours. 25 The acetate ggrivative XClXothen

undergoes a hygrolysis a ntwvith)él\bas oditit{9iéthox(pe solVlent such as
methanol, at Toom te prodUce the Jesitgehkeyntermegiate =T EXAKIP €S -60 -

Although certain exemplary egpbodiments are depicted ayd described herein, the e@mpounds of the
present invention can be prepared using appropriate starting mateiads according,to the methods
described generally herei BH/or by methods availaB#¥ one of ordinary skill in the art. 5
Intermediates and final compounds were purified by either flash chromatography and/or preparative
HPLC (high perfgsnanseiovid ahaesmatogeaptadiatdasih caromapogramtavasrgiegféomed using (1) the
Biotage SP T%sgstem and the Quad 12/25 Cartridge module from Biotage AB) or (2) the ISCO
CombiFIask?%r) it ﬁﬁ'&?o?graphy instrument (from Teledyne Isco, Inc.); unless otherwise noted. 10 The
silica gel brand and pore size utilized were: (1) KP-SILTM 60 A, particle size: 40-60 microp, (from
Biotage AB): (2 SilEantoseen § pcaichae 6334187 BRI N AEISEN A7 ARt NGFP &ﬁl '7CX from
Qingdao Haiyangh§hpraieg! Cmeltig-narersize 200, GM0wresbyorydeflyé@lafesk. tReeparative HPLC

was performed on a reversed ph umn_using an. XbridgeTm RPrep.C18( , 30 x 100
15 mm) column%ﬂ%ﬁy(ﬁ%éﬁ%ﬁﬁﬁg}%}%} Sn(gi%r% Nﬁﬁ?ég%%%%fgé%%d&%&gg{?loo mm)
column (from WayersiGuigoeditons. diass spee ¥SVibtiy¢MoSpaial pemerredsusiiglaiiaters(r)
Alliance(r) 2495¢7aEmA0N0ram Wﬁﬁé%@@éﬁ%ﬁ@@@ﬂachﬂ&w%ﬁa& genesalls pagimglicates the

parent ions unless otherwise stated. MS data is provided for a particular 20 in(ggrme(giat gr compound

where indicated g XMln dhie RINeTRERE XY BLERILRE 5P TNRIRS Wal e AN & G5 a Bruker

Avance TM 400gviH 2 Bigitah N Beecternmeigaitor thaclibhNMR spectrum acquired at 400 MHz)
(from Bruker BioSpin AG Ltd.). NMR data is provided for a particular intermediate or compound where

indicated. 25 The, microwave agsisiediRACHRISVERECSHER QHbBATBIOIER IHESAEENSixty (from

Biotage AB). All reactions involving air-sensitive reagents were Ferf%rmed Iunder n inert atmosphere.
Reagents were 0388 B4 hea RRAUTH RY C8AGBRILP LR SRV GRS S AR I Rote OM

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

between room temperature and 100 °C for several hours.

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

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



61 - PART I: PREPARATION OF PREFERRED INTERMEDIATES Preparation of _
2,5-bis-methanesulfonvl-3-methvl-PVridine 5 3-Methyl-2,5-bis-methylsulfanyl-Pyridine To a cooled
(|ce-water bath solu5t|094of 5-bromo-2-f|uoro-3-methyl-pyrld|ne (1.0 g, 1opéﬁm)}$gsqghydrogs .
N,N-dlmethy‘ﬁ% e (50 mL) was added sodium methanethiolate (775 mg, 11.1 mmol) portion-wise
under a nitrogen atmosphere. The resulting mixture was stirred at room temperature for 15 minutes,
then at 100C overnight. The reaction mixture was cotl&d to room temperature, poured into water, and
extracted with dethydtiethef (F0aatco@) nThetiesrinbine i isrgasdis 155 Eafisnife léhiidd over sodium

sulfate and con ' - s53cip APy dneewhieh was used
in the next step&ﬁﬁ{ﬁﬁrm%@a%tﬁﬁﬁ%%@g%%gﬁerri, L.‘iﬂﬁ%ﬁ%dro 41 (1585) 1373-1384).

2,5-Bis-methanBRE1Rf1 AN RANSAIRHE asdeta v emsEaicetiyter tﬁ?@&f&%{fﬁ of
3-methyl-2,5-bigrmgray|sdfapy/|pw idinp dradied losoweeth amer( Shmédewes actded °C for
m-chloroperoxybenzoic acid (5.3 g, 80% purity, 24.6 mmol). After being stirred at room temperature for
2 hours, th miﬁﬁ)’r%r%ggﬁaated with a saturated aqueous solution of sodium sulfite (20 mL), and
stirred for 15 minutes. The organic layer was separated, washed with a@S s()raturated a%ueous solution

of sodium carbdmgtEeaREEBdh aRIFCARISISOMN LiiiGRTRR TR aNESH N e R SEN5e The
residue was crystailires finmpimbaseateatorg e Risdist inethanes aifgayit-Ssvethylipyradine (1.2 g,

91 (3/0 yield for two steps) as a white solid (reference: T i .~retrahedron 41 -62 -

(1985) 1373-13’@}1\#)3.*1 'ﬁfM@(E&StWE%C ?B%&#&%%?é%@f%%ﬁl H), 8.52 (d, J = 1.6 Hz, 1

H), 3.48 (s, 3 HiiGbtofsetieie2a72 e siptrecheivgon ©f ©-ardmd0s mbihesiesalfopiSpyridine s-
10 Conversion of the chlorides XXVl to the intermediates lib can be accomplished

by a carbonylation reaction, in a manner analogous to the one described in

Scheme 1 for the preparation of the methyl esters XVi.

Scheme 4
0 o] RX O
R RA - per Scheme 2 A
SO o JOC T AN
1 —_— .
R R OH
OH OH
XXl lib

KXV
15

Altemnatively, intermediates Hlb may be prepared according to Scheme 4 starting

from the 4-hydroxy-naphthalene carboxylic acid compounds XXVt which were

described above in Scheme 3. Esterification of XXVI forms the naphthalene

carboxylic acid methyl ester XX1. Conversion of XXI to intermediates llib can
20 occur using the methods described in Scheme 2.

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

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

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



5 Starting with 2-bromo-5-fluoro-pyridine, sodium methanethiolate and mchloroperoxybenzoic acid,
using a method analogous to the one described for 2,5-bis-methanesulfony1-3-methyl-pyridine,
2-bromo-5-methanesulfonyl-pyridine was obtained as a white solid. Preplz} i (%fg/ 64810
2-bromo-5-%ﬁ°&g{9ﬁ%qq§4ll-pyridine 10IN To a solution of 2,5-dibromopyri %%9% g, %.48mmol) in diethyl
ether (50 mL) was added n-butyl lithium (1.6 M in hexanes, 9.24 mmol) dropwise at -78 C under a
nitrogen atmosphere. After the mixture was stirred abthis temperature for 1 hour, diethyldisulfide (1.15
mL, 9.24 mmolhwas dbtdedosiivey etrvip® @danidthent Sertieostomasistiradtatrtisidiséeagirature for 1
hour and at 0 C itional T i ixtuse was then quenched with 1 N
hydrochloric ac}j(%q ﬂrjnglf%)q%2 %gg&ﬁ@ﬁ%ﬁgoﬁg sge%% "and extracted with diethyl ether (20 mL).
The combined organic layers were dried over sodium sulfate and concentrated in vacuo. The residue
was dissolved'fi"ichloromethane (50 mL). To the solution, 20 m-chloroperoxybenzoic acid (4.3 g,
80% purity, 16.8 mmol) was added portiom=wise at 0 C. After being stirred at room temperature for 2
hours, the mi fod with & ous solutRref Sedity Osulfitg (20 mL), and stirred
for 15 minute garuc layer W te@d and washgdM 3 ¢ Ssoltijor
sodium bicirbonatel{20 mL)Ether dried oyer sodidy$iitate, 25 an¢,concenfrates :
residue was purified By flast®lumn chromatograpffblution with 30% ethyl Acetate i petroleum
ether) to give 2- bror%ﬁ-ethanesulfonyl-p dine (400 mg, 19%) as ite solid (reference: Lid. et at,
Bioorg. Med. Chem. 2005) 1805-1809 paration of
3-bromo-2-chIoro-S-Withanesulfonvl-pvridine - 63 - A stirred solutj Pf sodium sulfig (4.80 g, 38.1
mmol) and sodium bicarbonate (6.10 g, %mmol) in water (100 mL) was cooled to 15 C, and
5-bromo-6- thloropyridine-3-sulfonyl chloride (10.00 g, 34.4 mmol) was added. After being 5 stirred at
15 C for 3 hours and then at room temperature overnight under a nitrogen atmosphere, the mixture

was heated to 4the irammedisiga i vl 6aBtR HERA(8BBFGOHNS HAmGHETY 3daitHS hydroxide
(1.90 g. 47.5 mmekdasvpism(Zaion-dMias ingseddihes ks ioh wedweaGsralempirgflux for 48
hours and then cooled to room temperature. Th cipitated product was 10 coll y filtration,
washed with wARHBS A5 A BNy SRl L ey e 15200 sty
acetate in petrodeXiKil gilves) tree diffdrdx3t rmmrosgiatdede 5-methanesulfonyl-pyridine (1.80 g, 6.65 mmol)
as a white solid. A solution of 2-chloroacetic acid (1.90 g, 20.1 mmol) and sodium hydroxide (0.80 15

g, 20.0 mm@) inAvatentdsaY, versadrdectin he dttirieedTbe tratueaveisHecatechaidietias ovemight,

and then evaporated to remove maost of the r t 100 mL). The resi cooled to room
temperature, arﬁi@é&@%@fgas\%ﬁ%%\Qﬁ)@g@g‘fh@fae& Tﬂﬁ) %‘f*;?% _lcl%c(glvggg%t?ﬁ}é’? %rganic layers were
dried over sodiumsiatfétés adidrdoreasiirated aeskango NMaliresiovéorwaapdafitairal et 20 column

chromatography.(gsagient elutign Wit A5R0%e Y| ssetalmis At sIME e aford another batch
of 3-bromo-2-chloro-5-methanesulfonYl-pyridine (1.30ng?, 4.8 mmol, yield of two batches 35.5 A)) as a

white solid (refeF&Mee Dausx gglaseycosBiRgsalaHdh Gt iP6-HiLoREne G fthre 7
2,5-bis-ethylsulfapyi-pypline

The Suzuki coupling reaction of the intermediates XXX with methylboronic acid
OO0 gives compounds XXXH. The reaction can be carried out in the presence
of a palladium catalyst such as [1,1"-
bis(d%pheny%phosphino)ferrocene]dichéoropaliad%um(il) (PdClo{dppf}), paliadium
20 acetate (Pd(QAc),), or tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)a), in
the presence or absence of a ligand such as tricyclohexylphosphine,
triphenylphosphine, or tri-2-tolylphosphine, and a base such as potassium tert-
butoxide, sodium hydroxide, potassium phosphate, potassium carbonate, or
sodium carbonate, in a.suitable solvent such as N,N-dimethylformamide, dimethy

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



-64 - To a solution of sodium hydroxide (16.0 g, 400 mmol) in dimethyl sulfoxide (200 mL), was added
ethanethiol (49.6 g, 798 mmol) followed by 2,5-dibromopyridine (23.7 g, 100 mmol) between -5 C and
0 C under a nitrog{)en atmosphere. After being heated at 180 C for 5 hou&&{gﬁﬁj&%&ggﬁnixture was
cooled to roBm® é?ﬁ?tﬂg?ature, poured into water (340 mL) and extracted with diethyl ether (400 mL x
2). The combined organic layers were dried over sodium sulfate and concentrated in vacuo. The
residue (21.0 g) was directly used in the next step without further purification (reference: Testaferri, L.
et al., Tetrahedmnpéta(Le851aE3- 1384); 262, 530isCehah® suBHyiniEsliteder SNCEINRMS of the crude
2,5-bis-ethyIsulfgnyRylicie lrnalcthehexeldAd Bibliarhier g ek eR valeguas added an

aqueous solution of sodium hypochlorite (8.0 %. 500 mL) at 0 C. The resulting precipitate was
collected by 15\6RERGHRSERERNIROW SRR NS O4EYE é{ﬁ%d{ﬂ%?Fr@é@é?Q%gfeﬁeﬂ%tr'ﬂrﬁiethyl ether to
afford 2.5-bis-efpangstifenybpwidine: (18.0 ¢t 40, Ty awhitetsadil(deieyased 6aB71537).
Preparation of 3-bromo-2-chloro-5-ethanesulfonvi-pwidine 20 Br\ 0 I! CI- --.-S-, N N- O

5'etha“eSUE,O“ydpgg%ﬁzﬁyg!s%@a%é{ﬁeﬁgm ahBRIaSSLIM ke (il fra. A8etmmol, 50 %)

in water was a to a suspension of 2,5-bis-ethanesulfonyl-pyridine (12.0 g, 45. 6 mmol,
prepared usingGhe MRCRGIERLERHEE AFSREFR AR £303dHEhoRARAR ‘CT@@%L, 1:1, vIv). After
being heated agefilxfierid hredsaemiyibgaramanidifigshwidoR&ni bydeecktoyicaetdtsn pH 3 and
concentrated in vz* uo tg éf:ng%ve he solveqt. The rFuSi(Q%'O‘?- @/é';}{se};g}woe}}%q with boiling ethanol (150 mL)

' ratur
and filtered. ThE Sfdiangg at room tempera
Scheme 6
—Ci
N BF, .
2 . .
e aligivess
R’ © KX - 0
ot OH
10 Iia id

The intermediates of formula lid can be prepared according to Scheme 6. i this
process, the reaction between compaurds lla (prepared as described above in
Schems 1) and Selectfiuor® fluorinating reagent (Alr Products and Chamicals,
15 inc.) generically shown as X048 can be carried outin a sultable solvent such &5
acetonitrile, methanol, N,N-dimethylformamide, trifluorcacetic acid, water or
mixtures thereof, at a temperature between 0 °C and 80 °C for several hours
(reference: Zupan M. et al., Bull. Chem. Soc. Jpn., 68 {1995) 1655-1660).

Scheme 7



concentrated in vacuo to afford the crude product which was used in the next step without further
purification. 3-bromo-5-ethanesulfonyl-pyridin-2-ol  5Br To a solution crude of
5-ethanesulfonyl-pyridin-2-ol prepared above, and sodium acetate (3.74 in acetic acid
(50 mL) Waygg&f‘gﬁg"%‘iution of bromine (7.3 g, 46.0 mmol) in acetic ac%ﬁ%‘%@%&%&&ise over a
period of 1 hour. After being stirred at room temperature overnight, additional bromine (7.3 g, 10 46.0
mmol) in acetic acid (10 mL) was added dropwise to’the reaction mixture over a period of 1 hour. After
being stirred, overgiight, the reaction mixture was W&\Wéd to 30 C and stirred for 2 hours. The mixture

was concen o-to remove the solvent @E rBeFé'idtzje was triturated with.water (100 ml). The
solid was, y fiitration, W i ifite safutiotpot sodi in

vacuo to afford 3dhromo-8%&tha
(reference: Bargar, [T. M. et al., J Heter, 3
3-bromo-2-chloro @ hanesulfonyl-pyridine Br 0 20 A suspension of
3-bromo-5-ethanesutfonyl-pyridin-2:0l{6.0 g9, 22.5 mmol) in phaxgiorus oxychloq{ge (30 mL) was
heated at reflux fof#hours under a nitrogen atmosphere. After removal of the excess of phosphorus
oxychloride in vacuo, the white solid residue was triturated with cooled water (200 mL). The mixture
was stirred for 1 hour. 25 The solid was collected by filtration, and dried in vacuo to afford 3-bromo-2-

chloro-5-ethandgififwgpseiaiae iis.saq Bs rerged AWATRINGIRISFORIAENEL B ar eV Chetal., J.
Heterocyclic ChemipdddddRSxlpdsnthiz) Fepaiation ehction affords the intermediates

2-(4-fluoro-benzenesulfonvl)-2-aza-spjro[3.31heot - 66 - To a cooled, (ice-water bath) solution of
4-fluoro-berzetES Ko AHIRRETSIG f(i. %@B%Yhﬁ’&ﬁﬁgﬂ?yﬁ?%?rmmfﬁ%% S(éY?n L), was added
sodium hydride (150 mg, 60% dispersion, 3.75 mmol) portion-wise. After the mixture was stirred at 0 C
for 10 minutes, BERSIDEMAtENNBASERRERHSXEK REEELA@ADHI oF 8 W iiniblyAe™® B!
N,N-dimethylforgramideé pal-dwasradedatdexgsultimheiskitowasars iy edainipishdeamperature
overnight, then neutralized with 1 N hydroch]aric acjd, and extracted with ethyl acetate (20 mL x 3).
The combined 3&%378%9%@%@%&%@%”%&&% ht' X fndtrlﬁgdoé%see?xgoedﬁ]%r?w%lfate, and
concentrated inpadiediurTbe cesﬁxhnamésrpmtﬁm;uyddasmexwmmﬁhydmaemgiamemién with 10 20%
ethyl acetajg mé%;}%%%@rfﬁ%%)@ afford 2 (4finprg- berasnesulfonh-knigarnii3 3 Theptane (120
id (refere

mg, 26%) as a white sol ce: Blizzard T. A. et al., Bioorg. Med. Chem, Lett. 14 (2004)
3861-3864), Mgw@ifbﬁ@iiﬁ@ﬁm@z\é@%,%ﬁéd%@i%fﬁﬂﬂfﬁ?ﬁ%@?ﬁ?&%\%ion of
4-fluoro-N,N-dimethyl-benzenesulfonamide 9/

Conversion of compounds XXXIV to the fluorinated derivatives XXXV can be

e
OH

achieved by using Ssiectflucr® flusrinating reagent (XXX in a suilable solvert

such as N,N-dimethylformamide, acetonitrile, methanol, trifiuoroacetic acid, water
15  or mixtures thereof, at a temperature between 0 °C and 80 °C for several hours

(reference: Zupan M. ef al., Bull. Chem. Soc. Jpn., 68 (1985) 1655-1660).

Hydrogenolysis of the bromo-substituted derivatives XXXV affords the

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

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

several hours.



S-N 15 A solution of 4-fluorobenzenesulfonyl chloride (1.95 g, 10 mmol) and dimethylamine
hydrochloric acid salt (978 mg, 12 mmol) in tetrahydrofuran (10 mL) was added to a solution of

4-dimethy|amino{f)
The resultingi?n%x
residue was purified by flash column (elution with 20%
4-fluoro-N,N-dimethyl-benzenesulfonamide (1.02 g;

ridine (3.05 g, 25 mmol) in tetrahydrofuran (10 mL) drgm‘ﬁgmmtemperature.
{}L;J’Péz’w&‘s 20 stirred at room temperature overnight and concentrated in vacuo. The

ethyl acetate in petroleum ether) to afford
%) as a white solid. The following

sulfonamides were prepared in an analogous mdsiemas &lescribed 25 for
4-fluoro-N,N-dimethyl-benzenesulfonamide by the reaction of 4- fluorobenzenesulfonyl chloride with
commercially available amines. Startingpbenzenesulfonayl chloride Starting amipe Sulfonamide

4-fluoro-benzenesulfonyl ghloride p

ine 1-(4-fluor
4-fluoro-benzenesuifg j i

hlogide diet ne N

-benzenesulfonyl)pyrra
- ﬂloro-benz

iding lox

solution of

10

15

i - R’ R®
XXXV

Z l when R1is Cl or Br

KXV
YisCorN;
whenYisC, Zis F,
when Y is N, Zis Ci, Br or alkylsulfone. o

YOOV hi

The compounds of interest of formula th and ki can be prepared according to
Scheme 8. A reaction between the hydroxyl intermediates #f and the aryl
derivatives XXXVI followed by ester hydrolysis affords the compounds of interest
of formula th. Hydrogenolysis of the intermediates XXXVit when R'is Clor Br,
followed by ester hydrolysis affords the compounds of interest of formula I.

Conversion of the hydroxyl intermediates it (which encompass lia, iib, llc, lid,
and lie from Schemes 1-7) to the ethers XXXVIi can be achieved by treating
compounds I and the aryl derivatives XXXVI with a base such as sodium
carbonate, potassium carbonate, or cesium carbonate, in a suitable organic
solvent such as N,N-dimethylformamide, or dimethyl sulfoxide. The reaction can
be carried out at a temperature between 100 °C and 150 °C for 30 to 60 minutes
under microwave irradiation. Altemnatively, the reactions can be carried out at an

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

Hydrolysis of the methyl esters XXXVil affords the compounds of interest of
formula th. The reaction can be carried out in the presence of an agueous

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



bromoethane (32.7 g, 0.3 mol) in acetone (20 mL) was added dropwise, followed by the addition of
tetrabutylammonium iodide (3.7 g, 0.01 mol) in one portion. The resulting reaction mixture was stirred -
at room tem&g;a&yoeﬁzsg%ré days, the;n diluted 10 with water (50 m'L), anql gétlr@:gﬁggyg%ﬁthyl acetate
(100 mL x 3). fe'Combined organic layers were washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by flash column chromatography (elution with 20%
ethyl acetate in petroleum ether) to afford 1-ethanestutfonyl-4- fluoro-benzene (11.9 g, 63%) as a
yellow oil (referieydrexidenioldnlieestypoivent suchbas! . Oipiase & (2behydsdomB@d 9o The following
sulfone-substitqé%%%rgmé%pggggr%wgwrepared in an analogous manner as described for
1-4-flu [

1-ethanesulfony oro-benzene starting with commercially available alkyl halides and substituted

benzenesulfonyl chlorides. 20 rting benzenes chlaride f] I e
substituted fluo)ﬁﬁ'- Qﬁ‘fgﬁ?é( Sﬁffﬂ?tt)t?]c?-brgﬁrzné%%%%?ﬁol#%ho%a e%g?ﬂ}@é#}%ﬂh%@%l@@eﬁ!g%@
1-ethanesulfony 0% flaiadive nrerrrbbfiundebé mienesnEsn preptorel myisEanotide

1-fluoro-4-(Rropapss1- Wiy L:0e agelin fHideses henaanes uioaysiodd R SrbtemgertoRane

1-fluoro-4-(propane-2-sulfonyl)-benzene 4-fluoro-benzenesulfonyl chloride cyclopropyl bromide
1-cyclopropane§tif§x§RI4AAHG 0-benzene WO 2010/055004PCT/EP2009/064810 - 68 - Starting

benzenesulfonyl chloride
Hydrolysis of the products of the hydrogenolysis reaction affords the compounds

of interest of formuta li. The reaction can be carried out in the presence of an
aqueous inorganic base such as lithium hydroxide, sodium hydroxide, or
10  potassium hydroxide in an inert solvent such as 1,4-dioxane or tetrahydrofuran at

- room temperature for several hours.



Starting alkyl halide Sulfone substituted fluoro-benzene 4-fluoro-benzenesulfonyl chloride 1-bromo-
liutanle 1-(butane-1-sulfonyl)-4-fluoro-benzene 4-fluoro-benzenesulfonyl chloride bromo- cyclopentane

-cyclopentanesulfonyl-4-fluoro-benzene 4-fluoro-3-methyl-benzenesul ide.dnethyl iodide
1-fluoro-4-methan ey ?8%1y1-2-‘methyl1 benzene 4-f|uor0-3)-/methyl-benzeflﬁgﬂs%%&r?ﬂgﬁ%ﬁdey
bromoethane 4-ethanesulfonyl-1 -fluoro-2-methylbenzene 4-fluoro-2-methyl-benzenesulfonyl chloride
methyl iodide 4-fluoro-1-methanesulfonyl1-2-methylbenzene 4-fluoro-2-methyl-benzenesulfonyl
chloride bromoethane 1-ethanesulfony14-fluoro-2amestie/fhenzene 3-chloro-4-fluoro- benzenesulfonyl
chloride methyl iodide 2-chloro-1-fluoro4-methanesulfonyl-1 benzene 3-ghloro-4-fluoro-

benzenesulfonyl chloride bromoethane o Zjﬁ\ o
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The compounds of interest of formula 1j can be prepared according to Scheme 8.
5 Oxidation of the aicohols Xl (which encompass Xlia and Xlib from Schemes 1
and 2) affords the aldehydes XL. Hydrogenolysis of benzyl ethers XL followed by
treatment of the resulting naphthols XLi with the aryl derivatives XLII affords the
ether intermediates XLIL The aldehydes XLIil are converted to the alkenes XLV
by the Homer-Wadsworth-Emmons reaction. Hydrogenation of the alkenes XLV
10 followed by ester hydrolysis affords the compounds of interest of formula 1].

The intermediates X! can be oxidized to the aldehydes XL using pyridinium
chlorochromate (PCC) (XXXIX). The reaction can be carried out in a suitable
solvent such as dichioromethane, at a temperature between 0 °C and room
temperature for several hours (reference: Thibault, M. E. et al., J. Org. Chem. 68
15 (2003), 8373-8378). Altematively, the conversion can also be achieved using
manganese oxide, pyridinium dichromate, Dess-Martin periodinane., 2,3-dichioro-
5,8-dicyano-1,4-benzogquinone (DDQ), or iron(1l) nitrate monohydrate as the

oxidizing reagent.



2-chIc_)ro-4-ethanesuIfonyl-l-fluorobenzene 3,4-difluoro-benzenesulfonyl chloride methyl iodide
1,2-difluoro-4-methanesulfonyl-benzene 3,4-difluoro-benzenesulfonyl chloride bromoethane 1

4-ethanesulfoné%§é/_bﬁ-dltluoro-benzene 1 3-cyano-4-fluoro- benzenesulfy Y lﬁgga[)@&mﬂmoethane

5004 o _
5-ethanesultoR uoro-benzonitrile 2-chloro-4-fluoro- benzenesulfon oride methyl iodide

2-chIoro-.4-fluoro-1-methanesuIfonylbenzenel 2-chloro-4-fluoro- benzenesulfonyl chloride
bromoethane 2-chloro-1-ethanesulfony14-fluoro-1 b&hzene 2,4-difluoro-benzenesulfonyl chloride
methyl iodide 2PReb#haytaticrmetitanssuittniikmifordndhz, bydmikidioipencdiatesfohyl BRloride

bromoethane 1;gthagesulinyl-24x iaiRB2588:A¢% S lupRrRRRZeNssEERbA chirside
1 atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate,
methanoi, or ethanol, at room temperature for several hours.

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

10 irradiation. Alternatively, the reaction can be carried out at an elevated
temperature without microwave irradiation for a longer pericd of time.

The alkenes XLV can be prepared by the Homer-Wadsworth-Emmons reaction
between the aidehydes XLH and triethy! phosphonoacetate (XLIV). The reaction
can be carried out in the presence of a base such as sodium hydride, potassium

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

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

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

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

Hydrolysis of the methyl esters XLVI affords the compounds of interest of formuia

Iji. The reaction can be carried out in the presence of an aqueous inorganic base

such as lithium hydroxide, sodium hydroxide, or potassium hydroxide in an

organic solvent such as 1,4-dioxane or tetrahydrofuran at room temperature for
30 several hours.



methyl iodide 1,2,4-trifluoro-5-methanesulfonyl-benzene 2-chloro-4,5-Elifluoro- benzenesulfonyl
chloride bromoethane 1-chloro-2-ethanesulfony1-4,5-difluorobenzene 5-chloro-24-difluoro-
E?Qzenesulgng(g I ?%‘%Eb‘%'ﬁ _bromoett]a_ne 1-ch_|oro-5-ethar]e_suIf(?nyl-z,4-d'|p59;%5@@&§1ﬂ- 69 -
paration 0o uoro-4-hydroxv-3-methvl-naphthalen-2-v1)- acetic acid tert-butvl ester OH
54-(4-Fluoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester 0 To a solution of
(4-fluoro-phenyl)-acetic acid (22.33 g, 144.9 mmol)'iﬁQﬂDO mL of methyl tert-butyl ether and 250 pL of
DMF was added 13.02 mL (146.3 mmol) of 10 oX@hgregldtide at room temperature dropwise over 30
minutes. The resulting mixture was stirred at room temperature for an additional 20 minutes (HPLC
indicated completed reaction), and then the entire splution was added dropwise over 1 hour to a

solution of N,N-diisopropylethylamine (50.48 mL, .8 mmol) and ethyl o

2-(tripheny|phospgpranylidggne))%ropion@te (507 { 13850Fm j 0.45 mL of Ltertebutyl ether,
while maintajaing the int@fn ff mpetatire tween 615 C. eRd dditionRW !z e, the
reaction mixt @@ srree&er-a, @@ ab 10 mthbftes at 0-10 £, when-HPEC indichted?a completed

reaction. The reacLon‘fmixture was the T(,:Iir(uted {{itA B0 mL of heﬁ@g,ﬁnd stirred forYfis;/I:\mmutes at
0-10 C. The result|pg solid was filtergg_ pd washed with 2x 100 mj 20,0%1:1 methyl teft-by?w
ether:heptane. The filtrate and the washings were combined and washed with 100 mLiof water, 100
mL of 1M citric acid, 2x100 mL of water, then concentrated azeotropically at 25 C160 mmHg to a total
volume of -40 ml_. The resid [ ' T tion was
then directléz’ u;rei‘bef_ocro f OHQ)?? sﬁ%ﬁ%&%ﬁtﬁ%&y@%@%ﬂq{l%%%é%ﬁ%%%%dh@wi%;?m%ﬁﬁfglidene]-

10. in this process, the hydroxyl compounds H (which encompass Ha, ilb, lic, lid,

and lle from Schemes 1-7) are treated with trifluoromethanesulfonic anhydride
(XLVII) to afford the triflates XLVIIL. A reaction between the triflates XLVIll and
the substituted aryl amine compounds XLIX followed by a hydrolysis reaction

10 affords the compounds of interest of formula Ik.

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

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

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

20 carried out in the presence of a palladium catalyst such as
tetrakis(triphenyiphosphine) palladium(0) {(Pd(PPhs)s), palladium acetate
(Pd{OAc)), or (tris(dibenzylideneacetone) dipalladium(0) (Pdx(dba)s) in
combination with a phosphine ligand such as fricyclohexylphosphine, 1,1~
bis{diphenylphosphino)ferrocene, 2,2"-bis(diphenylphosphino)-1,1"-binaphthalene,

25 or di(tert-butyl){1,1'-biphenyl-2-yl)phosphine, and a base such as cesium
carbonate, potassium carbonate, sodium terf-butoxide, or potassium phosphate,
in a suitable solvent such as N,N-dimethylformamide, dimethy! sulfoxide, toluene,
or tetrahydrofuran, at a temperature between 130 °C and 180 °C for 15 to 30



4-methyl-pentanedioic acid 1-tert-butyl ester 5-ethyl ester -70 - 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,Ndirgjjse%tgxl acetamide, while the reaction temperature wag,Maiptaingdat;25 C. 5 To the
resulting mi%ﬂ%’Was‘Phen 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 reacfiéfl mixture was stirred at room temperature for 20
minutes, when HRU@sndidetedaompletith dizfiior iBmathisturt o matien Geak)IGHTIFE0 100 mL of
LM eitic acid apd 150, mb-05lca WasL A0 Bih S rABOG WA AAHRloREMeHhublarbAty! ether. The

organic extract was separated and washed with 2x200 mL of water, and then %O%B%QSrated to produce
56.36 g of a yeRdANERT IREIPR AT BSESFEIE WP F1AthGIRIIBIEPH LARCARSA.
1534144-Fluorg-phenyiiimeth-(2)-yiidene]-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. Litijuny hydlioxide (M spijpasdid AR rid- 1kl dothpunaliswamadeacosiowhurvi 15 minutes,

and the resulting reaction mixture was stirred at room temperature overnight. The solution was then
heated at reflux fist BREfS FRPPE CRRARFS IS PR BRI Sl AAUGHE ST '.C/Bfﬁﬁs time, the
solution was congengatestah 39drd30sTevtigrohiemoits: 3@ otssihisolvetrbxideeinesidue was cooled to
10 C, and treated with concentrated 25 hydrochlori I : { rﬂfﬂﬁl ise, in order to
adjust the pH 1§ f%? e ?gaagtﬁoﬁ ?Qg?x tre \C/ngltsfél %rlﬁ% eg?gg%be%%i%ﬁw methyéf%{a%%%ﬁ ether (400
mL). The organseytrabbones 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
concentrategl azeotropically at 30 C180 5 mmHgshpraeeldde an oil. Methyl tert-butyl ether (200 mL)
was added, and the residue was concgntrated azeotgopically at 30 C/80 mmHg to produce 38.3 g of a
yellow oil, which was used in the nextistep without fiirther purification. b o
(4-Acetoxy-6-f|uor%£-me yI-na%htﬁ'aleH-lef ' @r&butylmm above prepared
3-[1-(4-fluoro-phen Z)yylideng]-2-me joic acid; keéster (38.3 g, 124.2
mmol) was dissokv- 'ﬁﬁnhyﬁ‘ide—(@g.OOanog%.B ™mot). To thissolution was added
potassium acetate (18.66g, 186.3 mmol), and fh(;éﬁeaction mixture W/aﬁsjgtirred at 852 C 15 for 10
hours, when HPLC analysis showed completed rgggction. The reaction mjxture was then cooled to
room temperature and dilited with 96 mL @f heptane. To this solution, 270 mL of water was added
over 1 hour, while maintaining the irft temperature at - 23 C. The mixture was then cooled to 0-5

C, and stirred for 2 hour%The solid f?@dé’g\as filtered, ahd then washed with water
o N OH
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The compounds of interest of formula Im and In can be prepared according to
Scheme 11. Treatment of intermediates Il (which encompass Ha, lib, lic, ild, and
15 lle from Schemes 1-7) with dimethylthiocarbamoyl chioride (L1) affords the
dimethylthiocarbamoyioxy compounds Lil. Newman-Kwart rearrangement of the
dimethylthiocarbamoyloxy compounds Lif affords the intermediates LHL.
Hydrolysis of compounds LIl foliowed by treatment with the aryl derivatives XLH



20 (2x40 mL), heptane (2x40 mL), and then dried under vacuum to furnish 28.5 g of a yellow solid,
which was used in the next step without further purification.

(6-Fluoro-4-h dro>§7-3-methyl-naPhthaIen-le)-acetic acid tert-butyl est_egé}%%%&%g&s -72-Toa

mixture of the ah3 SB?%%ared (4-acetoxy-6-fluoro-3-methyl-naphthalen acetic aclz?d 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. Yhe resulting reaction mixture was stirred at room
temperature 5 faif@0sntietelanyheorkPLanalySisidativarde gyeplbteitadirsuifaaymixture was
cooled to 0 C, %ragﬂ e i%}fied to pH 2 with IN 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

hed with water (2x40 mL.), then dried und . ight (40 C duce 23.7 g of a light
yellow 10 solid CATRTISU GO BIASEA0 S o U010 R o7 VR kb DU 26.7.26 (m.

2 H), 3.71 (s, 2 Hi)car28e(acBid¥ed bylifsioe) GFARTHIePRERERATON OF SPECIFIC COMPOUNDS
EXAMPLE 1-1 geld-fluprosbenadidonaysueeinis aakklsreihvkestardds 2 afgaliuxins mixture of

potassium tert-butoxide (27 g, 242 mmol) and tert- butanol (150 mL) was added a solution of
4-fluoro-benzal Gamrnai@ e glatsiumMy i exeed R BRI ROPET Y8398 ildutP iR t-butanol (100
mL) dropwise. AReReinghaatedvalirestnyfonhotss idhaHpirtiteawascetnag Mestedin vacuo to

remove tert-butanaql. The residue was dissolved.in.1 N hydrochloric 25 aci The resulting
agueous squtiéﬂi’\?\%}é{? %ﬁ?%(éfgfg%ﬁﬁeéﬂ‘?ﬁ aa{gé?atggtvy%eéw ¥ ?fBbp‘?anp? %?ﬁ%gn%ﬁgxllgﬁoorrganic layers
were dried overssedishhsuifate, and concentrated in vacuo. The residue was purified by column

chromatography (elution with 30% ethyl acetate in petroleum ether) to afford
2-(4-fluorohgnzytideneksueciticacisbi-angtnb este {2 ime il asta ighiyellowrgalithdsH 5 NMR
(400 MHz, CD30 %6 m 7.84%5, 1H),7.41-746 (m,2H) 7.13-7.20.(m, . 3 H), 3.49
(s, 2 H). 4-acet('5>£- -'}I%)Sr%gwgﬁ %%Ye’?mz%q -8&?&%)% %%%i’] ?néertﬁy%/ﬁggfgrOf%n_Ozrglg}"g’S%M%

such as N-methylpyrrolidone, tetradecane, diphenyl ether, or 1,1-dioxothiolan, at

a temperature between 150 °C and 300 °C for 10 minutes to several hours

(reference: Moseley, J. D. et al., Tetrahedron 62 (2006) 4685-4689).

15 Hydrolysis of compounds Liit can afford compounds LIV. The reaction can be
carried out in the presence of a base such as potassium hydroxide, sodium
hydroxide, or sodium methoxide, in a suitable soivent such as methanol, ethanol,
water, or mixtures thereof at a temperature between 60 °C and 100 °C for 30

minutes to several hours.

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

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

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

Oxidation of the sulfanyl compounds Im to the sulfinyl or sulfonyl analogues in
can be achieved using an oxidant such as m-chloroperoxybenzoic acid (m-
CPBA), or hydrogen peroxide in an inert solvent such as dichloromethane or 1,2-



0 0 To a solution of 2-(4-fluoro-benzylidene)-succinic acid 1-methyl ester (2 g, 8.4 10 mmol) in acetic
anhydride (10 mL) was added sodium acetate (0.839, 10.1 mmol). After being heated at reflux for 6
hours, the mixture was concentrated in vacuo. The residue was dissolve g&fﬁ%dy&rgﬁplonc acid (20
mL). The aqu838§”§’8?8?40n was extracted with ethyl acetate (15 mL x 3). The combined organic layers
were dried over sodium sulfate, and concentrated in vacuo. The residue 15 was purified by column
chromatography (10-20% ethyl acetate in petroleum‘léther) to afford
4-acetoxy-6-fludksrinapitizmie fer 2rcatheryiicsatitiomdthyt esten (Ielogde09s)sas a &blkite solid. 1H NMR
(100 Wiz, COQISBAR 56 (e 00/ AR e btind 9 (o 1 . 750 (dd, 3 -
9.85, 2.53 Hz 59 3 Hz, 1H), 3.99 (s, 3H), 249 (s, 3 H).
206-fluoro-4-hydroxy-naphthalene-2-carboxylic % ‘iﬁ meth | ester 0 OH To a solutlon of
4-acetoxy-6-fluoro-naphthalene-2-carboxylic aci %% I ster (1 g, 3.8 mmol) in methanol (20 mL)
was added sodium methoxide (309 mgf, 5.7 mmol). After being stirred at room temperature for 1 hour,
the reaction mixture 25 was acidifi ittb1 N hydrochloric acid to pH 3. The resulting precipitate was
collected by filtration and dissolve sﬁ)élsace ate. The @rganic solution was. < drigd over
sodium sulfate, and concerffratedin v&cuo to afff J md of crude 6- 1
fluoro-4-hydroxy- nes2-caribikYlic acld méthyT ester as a palg yelfow solid} wiiig was used in
the next step wit| ;sgpurlflcatlon 4-benzyloxy- ro-naphthalene-2-carboxyli crgl methyl
ester 05 To a mixture @f 6- flqu%aro&)édm -naphthal %rboxyllc acid methyl r :4@ g,21
mmol), potassiunxeasbonate (5. g*‘q;a wgrﬁggar) and acewine do@ mL) was added ber‘?zyl Btomide (5.47
g, 32 mmol). Aftepdoeingistirred vigorously at reflux for 4 gours under a nitrogen atyjgpsphere, the
resulting mixture was cooled 10 to room temperature and filtered. The organlc solutlon was

concentrated in vacuo to 4- Br (5.85 g,
90%) as a whitersglide, reC,
xm xiv R Ol
e ! 0
Y g *r
S\. a
R o R
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Compounds of interest of formula th can altematively be prepared according to
Scheme 12. A substitution reaction between the hydroxyl compounds X or XXIi
(prepared as described in Scheme 1 or Scheme 2} and the aryt derivatives XL
10 followed by reduction gives the alcohols LVYL. The alcohols LVI are then
transformed o the corresponding chiorides LV by treatment with carbon
tetrachloride (XiV) and triphenylphosphine (Xii). Conversion of the chiorides LVl
to the methyl esters X2(X{Vlican be accomplished by a palladium catalyzed
carbonylation reaction in methanol. Ester hydrolysis of the methyl esters XXV

15 affords the compounds of interest of formula th.

Conversion of the hydroxy! intermediates IX or XXi to the ether derivatives LV

can be achieved by treatment of compounds IX or XX and compounds XLiI with

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

a suitable organic solvent such as N,N-dimethyiformamide, or dimethy! sulfoxide,
20 at a temperature between 100 °C and 150 °C for 30 to 60 minutes under



(4-benzyloxy-6-fluoro-naphthalen-2-0)-methanol 15 To the slurry of lithium aluminum hydride (1.4 g,
36.9 mmol) in tetrahydrofuran (30 mL) was added a solution of
4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester (5.8 g, g;a()igkigtrahydrofuran
(30 mL) at e amgﬁsguﬁitrogen atmosphere. After being heated at 60 Cglfgﬁl our under a nitrogen
atmosphere, the resulting mixture was cooled to 0 C and 1 N hydrochloric acid 20 was added to
guench the reaction. The aqueous layer was extracteétiwith diethyl ether (50 mL x 4). The combined
“organic layers wiredtes ivadiasiodiukitesuitve anthe crrminnated e vaciestowjioban elevated
(4-benzyloxy-6erg-Rap RSN 2 BSLARRNAfR fr SSAGER Aol sali. - 75 -
: 1-benzy|oxy-3-$; %&%ﬁg%y - %uorgé-naPht alene oTo a soluﬁéﬁﬁtriphenylphosphine (2.8 g, 10.6
mmol) in anhydrous 5 tetrahydrofuran (16 rn éwas dded carbon tetrachlori mL). After the
mixture was stirr&8 2FP88HH 't)&cin??é}gﬁj rfB?cl{ Vrﬁﬁ%ﬁ%@%ﬁt ST MAIPENRH AR
(4-benzyloxy-6dlisotatgpithalem AyghdmiethanohEhis goiBed sl )agdeluritieda® a solid under a
nitrogen atrgosphier, Afierhaingstived Ll hofRrgnauERBesasing mire was cooled to room
It

temperature, diluted with water, and extracted with ethyl 10 acetate (100 mL). The organic layer was
washed with water (50 mL x 2). The combined aquepus layers wege extra ' | acetate (100
mL). The combm&l&g}a@ﬁtﬁ@ fa B@%@%p&ﬁ%ﬁ%@ﬁ%ﬁiﬂe t&?{gtgga%r‘l %{gﬁé‘é%ﬁ\%\tt}ggﬁyvacuo. The
residue was putifibiyecakuitionidh (Kiva gt dpbyetatiios ptithe 3% 1Bty Pa desat€@ep&roleum ether) to
afford 1-benzylgy:3-ehiptomalnd L asntnaantiiasne s bibInT-aha g Rl solid

(4-benzyloxy-64luoro-naphthalen-2-yl)-acetic acid methyl ester To a flask containir]%
1-benzyloxy-3-GHIERRUERYHLIPTI RSB REMAIAERSTBYRY! 98 nfRd)y 20 *C for severalhours.

bis(triphenylphosphine)dichloropalladium(ll) (630 mg, 0.9 mmol) and 20 potassium carbonate (2.6 g,
18.9 mmolyowhichrweasienadtatechandabdiViilledhsithatbybesiere HetiNE (sa1l6dn), methanol (25 mL)

and tetrahydrof%E%B@g}%]é_a %%eggﬁagrp%m%qm%%ﬁgggm%ggfrgq at room

temperature under a carbon atmosphere overnight, the resulting mixture was diluted with

water (100 mL) 2iReseRetfiGaTRAremRIRtaeii TEGRAN) USRS B eiiefsr arys e Syashed with
water (50 mL x ghe heamabinestagrrouslayersraeieexirattad wittheteytarsetatie (150 mL), and the
combined organic layers were dried over sodium sulfate and concentrated in vacuo. The residue was

puriied by columy L amEloRrANbY (SO A% R AGE e RRBIENRSHeRdRTord (45

benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester (5.3 g, 91%) as a white S%'ciad'

(6-fluoro-4-Hydrihe/caapmwrgerbinipresicidamimiiny e dgaction can be caried out in t

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.



OH To a solution of (4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester 10 (876 mg, 2.7
mmol) in methanol (20 mL) was added 10% palladium on carbon (132 mg). The resulting mixture was
stirred wgorouslx und%r a hydrogen atmosphere (balloon) ovemight and dgg&{ﬁgﬁ 4a4e filtrate was
concentrated ThVRGUG T0 give (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic aci methyl ester (601 mg,
95%) as a white solid. 1H NMR (400 MHz, CDCI3) 6 ppm 7.69 -7.76 (m, 2 H), 15 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, ).
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naPhthakghem] ‘dcetic acid methyl ester A sealed tube
containing (6-fluoro-4-hydroxy-naphthalen-211)-ageti id methyl 20 ester (49 mg, 8.21ommol),
1-ethanesulf Benzenez(,a&’;\tpg, 0.42 , angd potassmm @@ ® mg, 0.53
mmol) was,€ nd filled withy Rifrogens@nh¥dr ,N-dimethylfgrmamidg ( Rﬁ}La) was added.
After being stirred gt 100 & overnight-the mixture wasQ:[ kel to TOOM temperatuy n diluted with
water (10 mL), and eXtr teg with ethyl acetate (10 mL »x2).Q h@ 25 combined organi ers were
washed with brine (15 3) dried over sodium sulfate andoctmfcentrated in vace0. Tlae Rsidue was
purified by column P‘;’? @hromatogragnx(gq\]ytlon with 3Q%g ethyl acetate in petrolggm ether) to give

[4-(4- ethanesulfolhyll phenoxy) Whalen -2-yg-acetic acid methyl ester (67.6 mg, 80%) as a

white solid. [4-(4+eg@ngsulfonyl-phen -6-fluoro-naphthalen-2-0]-acetic acid OH 5 5 N lithium
hydroxide (6 mL) xya8g aflded to a solution o
[4-(4-ethanesulfonylphehoxy)-6-fluoro-naphthalen-2-d-asetic~aeitmethyl ester (64 mg, 0.16 mmol) in
tetrahydrofuran (4 pdter-being stirred at @@ rﬁ)overnlght the 10 resulting mixture was
acidified to pH 3 wi ‘echloric acid, and%then extyg ctedrvith ethyl acetate (10 mL x 2). The
organic layers Wére ov§r godium sulfate and concentipt |r‘bvacuo The residue was
precipitated from ethyl est 7 petroleum ether (1:10) to glveY #

[4-(4-ethanesulfonyl- pheno ﬁaoronaphthalen 2- ylpac:@tlc a@|d F325 mg) as a white solid. 1H NMR
(400 MHz, CDCI3) 15 6 pjfim 7.84°% .90 (m, 3 H), 7.65 (s.4 H), 7.57 (dd, J = 9.85, 2.53 Hz, 1 H), 7.33

(td, J- 8.65, 2.65 Hz, 1 H),£.09 -7.14 (m, 3 H), 3.80 (s, 29;) 3.13 (g, J= 7.33 Hz, 2 H), 1.30 (t, J = 7.45

Hz, 3 H); MS cald. for C20H17F05S 388, obsd. (ESI+) [(M+H)+] 389. 20EXAMPLES 1-2 to 1-23 The

following examples 1-2 to 1-23 were prepared in an analogous manner to example 1-1 starting with

4-fluoro-benzaldehyde, 4-chloro- benzaldehyde 4- dehyde,
4-trifluoromethyl-be d A?trlfluorometh@xg de, 3,4-dimethoxy-benzaldehyde, and
3-fluoro-benzal €rive (6-fluoro- -A4fyEroxy- aptﬁhﬁlen 2-yl)-acetic acid methyl ester,

n-g-y1)-acetic acid methyl &
hfmlen 2-yl)-acetic acid nﬁ"‘ethylcest@r (4-hydroxy-6-trifluoromethoxy-
ip

(4-hydroxy-6-methoxynaph

(6-chloro-4- hydroxy- nap ﬁz y1)-acetic acid methyl egtep
(4-hydroxy-6-trifluorometh¥

io

Compounds of interest lo, Ip, and Ig can be prepared according to Scheme 13
5 starting from the bromo-substituted naphthylacetic acid metnyl esters LVIIL A

Suzuki coupling reaction between the bromo derivatives LVHI and methylboronic
acid XXX followed by an ester hydrolysis affords the compounds of interest of
formula lo. A copper (1) iodide catalyzed reaction of the bromo derivatives LVIll
with methanesulfinic acid sodium salt (LX) followed by an ester hydrolysis affords

10 the compounds of interest of formula Ip.
Conversion of the bromo derivatives LVl to the cyano derivatives LXIH followed
by an ester hydrolysis affords the compounds of interest of formuia lqg.

The Suzuki coupling reactions of the bromo derivatives LVIIi with methylboronic
acid (XXXI) affords the methyt derivatives LEX. The reaction can be carried out in



- 78 - naphthalen-2-0-acetic acid methyl ester, (4-hydroxy-6,7-dimethoxy-naphthalen2-y1)-acetic acid
Enetlhyl ester, and derive (5-fluoro-4-hydroxy-naphthalen-2-yl)- acetic acid methyl ester and
7-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (Note: Starfj '

3-fluoro-ben Qla‘éﬂ}l%})ggg,’)%oth of (5-fluoro-4- 5 hydroxy-naphthalen-2-yI)-agg'?iclzié\:ﬁlfe%'ill 9{%%4,[ 13‘}I ester and
(7-fluoro-4-hydroxynaphthalen-2-y1)-acetic acid methyl ester can be obtained. See Scheme 17)
respectively, which were then further treated with tié ppropriate commercially available or prepared
sulonfylaryl deriativesancacniadaiiediwitic thelysicuaduee described for example 1-1. 10 |

ExampleSystemaii ' 7 (ESI., [(WH)) Structure 1-2
10010 (0 R R P %@Eﬂ%@@%&%&fﬁé 702789 (. 110, 7.86 (d,
= 8.84 Hz, 2 H)bF(eiphenyiphosebinqearscenaldichiomgnaiagiyp () S3dGAdnph)1ang #3%8%d, J = 9.09
th, 2 H), )7-10 (ﬁmﬁh:'é)s %@Y@ﬁéﬁjrﬁ H):-8.08x(8e 3pd)a8Z R bhiespriaiy, -G ehioracdrtbnmetiranesulfonyl
-phenoxy)- pnaphthalen-2- ylji-acetic acid 7.90 - 7.96 (m, 4 H), 7.72 (s, 1 7.52.(dd, J = 8.84, 2.02 Hz,
¥, 715 -5 29 S A vy eyt Qb e

tefrahydrofuran, water or mixtures thereof, at a temperature between 130 °C and

180 °C for 15 to 30 minutes under microwave irradiation. Alternatively, the

reactions can be carried out at a heated temperature such as 130 °C without

microwave irradiation for a longer reaction fime.

10 The sulfonyl compounds LXi can be formed via a copper (1) iodide catalyzed
reaction of the bromo derivative LVIil with methanesulfinic acid sodium salt (LX).
The reaction can be carried out in the presence of catalysts copper(l) iodide and
L-profine in a polar solvent such as N, N-dimethylformamide, dimethy! sulfoxide,
or 1,4-dioxane at 150 °C for 30 minutes under microwave irradiation. Alternatively,
15 the reaction can be carried out at a heated temperature such as 110 °C without

microwave irradiation for a longer reaction time.

Conversion of the bromo derivatives LVIII to the cyanc derivatives LXIl can be
achieved by treatment of the bromo derivatives with zinc cyanide (LX) in the
presence of a catalyst such as tetrakis(triphenylphosphine)palladium(0)

20 (Pd{PPhs)), in an inert organic solvent such as N, N-dimethylacetamide, at a
heated temperature such as 150 °C for several hours.

Hydrolysis of the methyl esters LIX, LXI or LXII in a manner analogous to the
one described above for the preparation of th affords the compounds of interest
of formula o, Ip and lg, respectively.

25



6 S, 1-4 {6-fluoro-4[4- (propane-2- sulfonyl)- phenontl- naphthalen-2- yll-acetic acid 7.83 - 7.92 (m, 3
H), 7.67 (s, 1 H), 7.60 (dd, J = 9.85, 2.53 Hz, 1 H), 7.35 (td, J = 8.65, 2.65 Hz, 1 H), 7.13 (s, 3 H), 3.82

(s,2H),3.17-3.25 ), 1.34 (d, J =7.07 Hz, 6 H) 403 OH 40 0 110,0...Zs7ans
2010/055002’36%?%5%9/064810 79 - Example No. Systematic Name())P %ngﬁz?ﬁdg ﬁ%\ﬁ; CDC's) 6
PPm MS (ESr, [(M+H)+] Structure 1-5 [4-(4- cyclopr S?anesul fonyl-phenoxy)- 6-fluoro- naphthalen-2-

yli-acetic acid 7.86- 7.92 (m, 3 H), 7.65- 7.69 (m, 1 H)7 7.61 (dd, J = 9.98, 2.65 Hz, 1 H), 7.35 (td, J =
8.59, 2.53 Hz, 1 H), 7.10 - 7.16 (m, 3H)379(b‘ﬁc@eme1)14245 2.53 (m, 1H) 137(de =4.80, 1.77

Hz, 2H)107(de 7.96, 189Hz 2 H) ___..SE"'
SO b i @G o 00 1
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The compounds of interest of formulza Ir, Is and It can be prepared according 1o
5 Scheme 14. In this process, iodination of the intermediates lla followed by
acylation affords the iodo derivatives LXVi. The acetylene derivatives LXIX can
be formed by a Sonogashira coupling reaction between the iodo derivatives LXVI
and trimethylisilylacetylene (LXVII), followed by a potassium fluoride-mediated
trimethylsilanyl removal. Reduction of the acetylene derivatives LXiX to the
10 olefins LXXII followed by treatment of the olefins LXXII with a base affords the



401 OH o IP* 0 1-6 [6-fluoro-4-(4- methanesulfonyi -2-methyl- phenoxy)- naphthalen-2- yli-acetic acid
7.91 (hr.s, 1 H), 7.88 (t, 1 H), 7.68 (dd, J = 846, 1.89 Hz, 1 H), 7.60 - 7.64 (m, 2 H), 7.35 (td, J = 8.72,

253 Hz, 1 H), 6.98 (s, 1 H), 6.82 (d, J = 8.59 Hz, 1 H), 3.79 (s, 2 H), 3.0 =0 (s, 3 H) 389
OH IPS Fo‘gﬁ’ﬁ"i‘-”fgiﬁ";? AR A %ﬁ“"g‘ﬁ%@ﬁi%ss )

f‘uoro-4-(4- methanesulfonyl -3-methyl- phenoxy)- na - yl)-acetic
acid 7.99 (d, J = 8.59 Hz, 1 H), 7.87 (dd, J = 9.09, 5.31 Hz, 1 H), 7.64 (s, 1 H), 7.58 (dd, J = 10.11,
2.53 Hz, 1 H), 7.33 (td, J = 8.65, 2.40 Hz, 1 H), 7.123% "1 H), 6.95 (d, J = 227 Hz, 1 H), 6.89 (dd, J =
8.72, 240 Hz, Ickiye3@O @ Hir@xobctsnEodindz. 6BX$]. 3Ty steOmeomaia®s HXKKY can

be obtained by treatment of the hydroxyl intermediates LXXIHi with the aryl
derivatives XLIt. Hydrolysis of the ether intermediates LXXIV affords the final
compounds lr. The cyciopropy! derivatives Is can be formed by treating the

5 intermediates LXXIV with diazomethane (LXXV) followed by a hydrolysis reaction.
Hydrogenation of the acetylene derivatives LXIX, followed by treatment with a
base affords the hydroxyl intermediates LXXVIIl. The ethyi derivatives It can be
obtained by a reaction between the hydroxyl intermediates LXXVIil and the aryl
derivatives XLIi foliowed by a hydrolysis reaction.

10 In the first step, iodination can be achieved by freatment of the intermediates lla
with N-iodosuccinimide (NIS, LXIV) in an organic solvent such as chloroform,
acetonitrile, dichloromethane, acetone, N,N-dimethylfformamide, tetrahydrofuran,
or carbon tetrachloride, at a temperature between 0 °C and room temperature for

30 minutes to several hours.

15 The acetates LXVI can be formed by a reaction of the intermediates LXV with
acetic anhydride (VII). The reaction can be carried out in the presence of a base
such as 4-dimethylaminopyridine, in an organic solvent such as pyridine, at room

temperature for several hours.

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

20 iodo derivatives LXV1 and trimethylsilylacetylene (LXVII} in the presence of a
palladium catalyst such as bis(triphenylphosphine)dichioropaliadium(ll), or
tetrakis(triphenylphosphine} palladium(0), and a copper{l) catalyst such as
copper(l) iodide. The reaction can be carried out in the presence of a base such
as triethylamine, or diisopropylethylamine in an inert solvent such as

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

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

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



[4-(4- ethanesulfonyl- 2-methyl- phenoxy)-6- fluoro- naphthalen-2- ylkacetic acid 7.98 (dd, J = 8.97,
igSZI;Zé ](-3:3_?4 7.88(d,J=152Hz, 1H),7.68(s,1H), 7.65(dd, J=8.46, 2.15Hz, 1 H), 7.57 (dd, J =
23, 2. z,1H), 7.37 (td, J =8.78, 2.65 Hz, 1 H), 7.05 (s, 1 H), 6.8 o , 1 H), 3.75
(s, 2 H), 32 ,2‘5“2 %5.%5 Hz, 2 H), 2.50 (s, 3 H), 1.23 (t, J=7.45 H)z, 3 I—%%ép%&)ggg%ﬁ* - * g * 1-g*
[6-fluoro-4-(5- methanesulfonyl -pyridin-2- yloxy)- naphthalen-2- A-acetic acid 8.56 (d, J = 2.53 Hz, 1
H), 8.38 (dd, J = 8.59, 2.53 Hz, 1 H), 8.09 (dd, J =884, 5.56 Hz, 1 H), 7.82 (s, 1 H), 7.44 - 7.51 (m, 2

H), 7.42 (s, 1 HyorB@tmetail)re3iT6stsc2aH)p8re 8By 876e0[FEGKCD alroiassir
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ODC13) 6 PPm
removal. The reaction can be carried out in a suitable solvent such as methanol,

tetrahydrofuran, water or the mixtures thereof at room temperature for several
5 houwrs.

Reduction of the acetylene derivatives LXIX affords the olefins LXXH. The
reduction can be achieved by treatment of the acetylene derivatives LXIX with
indium trichioride (LXX) and triethylsilane (LXXI) in the presence of triethylborane
in an inert organic solvent such as acetonitrile, tetrahydrofuran, hexane, or

10 mixtures thereof, at a temperature between -15 °C and room temperature for
several hours (Hayashi, N.; et al., Org. Lett. 6(2004) 4981-4983). Alternatively,
diphenylsitane can be used as the hydride source (Hayashi, N.; et al., Org. Lett. 7
{2005) 3093-3096).

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

20 Conversion of the hydroxyl intermediates LXXIIi to the ethers LXXIV can be
achieved by treating the hydroxyl intermediates LXXIIl and the aryl derivatives
LI with a base such as sodium carbonate, potassium carbonate, or cesium
carbonate, in the presence of potassium iodide, in a suitable organic solvent such
as N,N-dimethylformamide, acetone, dimethy! sulfoxide or mixtures thereof. The

25 reaction can be carried out at a temperature between 100 °C and 150 °C for 30 to
60 minutes under microwave irradiation. Alternatively, the reactions can be
carried out at an elevated temperature without microwave irradiation for a longer
period of time.

Hydrolysis of the methyi ester moieties of the olefins LXXIV affords the final
30 compounds Ir.



(ESI1, [(M+H)1 Structure 1-r 1i [6-fiuoro-4-(5- methanesulfonyl 1 -3-methyl- 1 pyridin-2-yloxy)-
naphthalen-2- ; A-acetic acid i 12.45 (s, 1 H), 8.31 (br. s,2 H), 8.08 (br. s, 1 H) 7.81(s,1H), 7.42-7.51
(m, 2H)734(s %?377(5 2 H), 3.26 (s, 3 H), 2.56 (s, 3H)3900H .100
1-11**1[4- (SWQtEéﬁfg% %nyl pyridin-2-yo')- 6-fluoro- naphthalen-2- yfi- acetlc ac?ggéogé (d, J =2.02 Hz,
1 H), 8.34 (dd, J =8.72, 2.40 Hz, 1 H), 8.10 (dd, J = 8.97, 5.68 Hz, 1 H), 7.83 (s. 1 H), 735 7.55 (m,
4H) 378(s 2 H), 3.35 - 3.40 (M, 2 H), 1.14 (t, J = P45 Hz, 3 H) 390 OH OM. 0 ON -....-.....-

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

Transformation of the olefins LXXIV to the corresponding cyclopropy! derivatives
LXXVI can be done by treatment of compounds LXXIV with diazomethane
(LXXV) in the presence of a palladium catalyst such as
palladium(ilacetylacetone, palladium acetate, or paliadium dichloride

10 bis{benzonitrile), in a soivent such as dichloromethane, diethyl ether,
tetrahydrofuran, or mixtures thereof, at a temperature between 0 °C and room
temperature for several hours (reference: Staas, D. D. et al. Bioorg. Med. Chem.
14 (2006) 6300).

Further hydrolysis of the generated ether derivatives LXXVI in a manner
15 analogous to the one described for the ether derivatives LXXIV affords the final
compounds is.

Hydrogenation of the acetylene derivatives LXIX can be carried out in the

presence of 10% palladium on carbon under 40 psi of hydrogen, in an organic

solvent such as ethyl acetate, methanol, or ethanol, at room temperature for
20 several hours.

in a manner analogous to the one described above for the transformation of the
acetates LYOLI to the ether derivatives LXXIV, compounds LXXVH can be
converted to the comresponding ethers LXXIX. Hydrolysis of the generated ether
derivatives LXXIX in a manner analogous to the one described for the ether

25 derivatives LXXIV affords the final compounds It.



10 S 61 1-12"[4-(5- ethanesulfonyl- 3-methyl- pyridin-2-yloxy)- 6-fluoro- naphthalen-2- yl]-acetic acid
8.2; (s, 1 H), 8.17 (s, 1 H), 7.97 (dd, J = 8.08, 6.06 Hz, 1 H), 7.75 (s, 1 H), 7.30- 7.38 (m, 3 H), 3.79 (s,
2 H), 3.24 (t, 2 H), 2.60 (s, 3 H), 1.25 (t, J = 6.95 Hz, 3 H) 404 OH IMO 0 S 6. .1-13"[4-(3-bromo-5-
ethanesulfoWﬁ- W{fﬁ%ﬁf -yloxy)- 6-fluoro- naphthalen-2- yli-acetic acid 8%(301}[@P %{}@%ﬁ ?-[|z,(1 H), 8.42
(d, J=2.27 Hz, 1 H), 7.99 (dd, J= 8.97, 5.18 Hz, 1 H), 7.79 (s, 1 H), 7.32- 7.43 (m, 3 H), 3.81 (s, 2 H),
3.26 - 3.29 (m, 2 H), 1.26 (t, J= 7.33 Hz, 3 H) 468 OR”0il 0 ' ON ....-........ "10 6 114*[4-(3-bromo-5-
methanesulfonyl -pyridin-2- yloxy)-6-fiuoro- napl&tiaéems 2-5A-acetic acid
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5 The compounds of interest of formula lu and lv can be prepared according to
Scheme 15. In this process, the bromo derivatives LXXXI can be generated by a
reaction between the hydroxyl intermediates Il (which encompass lla, lib, lic, lid,
and lie from Schemes 1-7) and the aryl derivatives LXXX. A Suzuki coupling
reaction between the bromo derivatives and cyclopropyl boronic acid (LXXXII)

10 followed by a hydrolysis reaction affords the final compounds tu. A Suzuki
coupling reaction between the bromo derivatives and ethyl boronic acid (LXXXIV)
followed by a hydrolysis reaction affords the final compounds Iv.

In a manner analogous to the ona described in Scheme 8 for the preparation of
the intermediates YXOOXVH, the ethers LXXXI can be generated by a reaction
15 between the hydroxyl intermediates H and the aryl derivatives LXXX.

The bromo group of the generated ethers LXXX! can be converted to ethyi or
cyclopropyl by a Suzuki coupling reaction between compounds LXXXI and ethyl
boranic acid (LXXXIV), or cyclopropyl boronic acid (LXXXH), in a manner
analogous to the one described in Scheme 13 for the preparation of the methyl
20 intermediates LIX. In a method analogous to the hydrolysis step described in



L 8.65 (d, J = 2.27 Hz, 1 H), 8.46 (d, J = 2.02 Hz, 1 H), 7.99 (dd, J = 9.73, 5.43 Hz, 1 H), 7.79 (s, 1 H),
7.h32 - 3.?%(3, 3 E) 7.40 (m, 3 H), 3.81(s,2H),454 OHOS OON | 6 ' 1-15[4-(4- Ethanesulfonyl-
phenoxy)-6- methoxy- naphthalen-2- A-acetic acid 7.87 (d, J = 8.59 Hz, =8.84 Hz, 1 H),
7.60 (s, 1 H)’Y‘??Pé"f"%ﬁ% (m, 2 H), 7.14 (d, J = 8.59 = Hz, 2 H), 7.10 (d, f@gﬁ@%ﬁ%‘?m @, J= 7.4)9
Hz, 2 H), 1.32 (t, J = 745 Hz, 3 H) Hz, 1 H), 3.84 (s, 3H) 3.7940100S 0 WO
2010/055004PCT/EP2009/064810 -81 - ExampleSy&fematic No.I Name 1H NMR (400 MHz, CDC's") 6
PPm Scheme 8, hydrolysis of compounds LXXXIii and compounds LXXXIV affords the

final compounds of interest lu and v, respectively.

Scheme 16
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The compounds of interest of formula lw can be prepared according to Scheme
16. In this process, treatment of compounds Ih with iodomethane (LXXXVI)

10 followed by hydrolysis affords the final compounds Iw.
In the first step of this process, the intermediates LXXXVIi can be formed by
treatment of compounds th with iodomethane (LXXXVI) in the presence of a base
such as sodium hydride, in an inert organic solvent such as N,N-
dimethylformamide, at a temperature between -30 °C and -15 °C for several

15  hours.
In & manner analogous to the hydrolysis step described in Scheme 8, hydrolysis

of the intermediates LXXXVII affords the final compounds iw.



MS (ES(, E(M1-01 Structure 1-16*[4-(5- 8.55 (d, J= 2.53 Hz, 1 H), 440 OH F so 0 Ethanesulfonyl- 8.34
(dd, J=8.59, 227 Hz, pyridin-2-yloxy)- 1 H), 8.10 - 8.15 (m, 2 H), F 6- 7.86 (s, 1 H), 7.73 (d, J= FON.;

----- , trtfluororggihils 584121 H), 746 (s, 1 H), o naphthalen-2- A-acetiGagighy 004810

-55.
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The compounds of interest of formula Ix and Iy can be prepared according to

5 Scheme 17. In this process, the Stobbe condensation reaction between the meta-
substituted-benzaldehydes LXXXVHI and dimethy! succinate (IV) gives the
unsaturated acids LXXXIX, which subsequently undergo cyclization in the
presence of sodium acetate (V1) and acetic anhydride (VII) to produce the mixture
of compounds XCa and XChb. Using the method described in Scheme 1, the

10 mixtures of the naphthalene derivatives XCa and XCb are then converted to the

mixture of the corresponding intermediates Hif and lig, which are separated by
column chromatography io afford the intermediates Iif and lig. A reaction



7.40 (d, J=8.84 Hz, 1 H), 3.86 (s, 2 H), 3.27 (dd, 2 H) OP"--- 1.26,J=7.33Hz,3H 14 7[4-(4- :
Ethanesulfonyl- 8.30 (s, 1 H) 8.13 (d, J=8.59 Hz, 1 H) 7.93 (d, J= 439 F " 0 OH phenoxy)-6- 8.84 Hz, 2

H) 7.80 (s, Wa)zngosgi%%omethyl- 7.76 (dd, J=8.34, 1.26 Hz, F naphthglghse-hddhdigd - 7-31 (m, 3
H) ISO yll-acetic aci '

- 56 -
between the hydroxyl intermediates Hif and the aryl derivatives XXXVI followed by
ester hydrolysis affords the compounds of interest of formula kx. A reaction
between the hydroxyl intermediates lig and the aryl derivatives XXXVi followed
by ester hydrolysis affords the compounds of interest of formula iy.

5 in the first step outlined in Scheme 17, the unsaturated acids LXXXiX can be
prepared by a condensation reaction between the meta-substituted-
benzaldehydes LXXVIII and dimethyl succinate (IV). The reaction can be
carried out in the presence of a base such as sodium methoxide, lithium
methoxide, sodium terf-butoxide, sodium hydride or potassium fert-butoxide, in

10  an organic solvent such as methanol, ferf-butancl, toluene, or mixtures thereof, at
a temperature between room temperature and 90 °C for several hours (reference:
Dian, Y. L. et al., Tetrahedron Lett., 32 (1991) 5255).

Cyclization of the unsaturated acids LXXXIX to produce the mixture of
naphthalene derivatives XCa and XCb can be achieved by treatment of the

15 unsaturated acids LXXXIX with sodium acetate (V1) and acetic anhydride (Vi) at
a temperature between room temperature and 140 °C for 0.5 to 12 hours
(references: Boger, D. L. et al., J. Org. Chem. 61 (1996} 4894-4912; Kim, M. ef
al., J. Org. Chem. 69 (2004) 6945-6948). Using the process described above in
scheme 1, the mixture of naphthalene derivatives XCa and XCb can be

20 transformed into the mixture of the hydroxyl intermediates if and iig, which are

separated by column chromatography to afford the intermediates lif and Hg.

Conversion of the hydroxyl intermediates 1if to the ethers XCla can be achieved
by treating compounds Iif and the aryl derivatives XXXVI with a base such as
sodium carbonate, potassium carbonate, or cesium carbonate, in a suitable

25 organic solvent such as N,N-dimethylformamide, or dimethyl sulfoxide. The
reaction can be carried out at a temperature between 100 °C and 150 °C for 30 to

60 minutes under microwave irradiation.

Alternatively, the reactions can be carried out at an elevated temperature without

microwave irradiation for a longer period of time.



3.84(s2H)3.22(qJ= P1,-7 7.33Hz,2H) 124 (t,J= 7.33Hz,3H) 1-18*4-(5-8.55(d, J=2.27
Hz, 1 H), 456 OH Ethanesulfonyl- 8.32 (dd, J= 8.84, 2.53 Hz, SO o pyridin-2-yloxy)- 1 H), 8.06 (d, J=

8.84Hz,1 6- H}Ulzsggo‘ss, 1H),762(s, 1

WO 20 PCT/EP200%9/064810
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Hydrolysis of the methyl esters XCla affords the compounds of interest of formula
Ix. The reaction can be carried out in the presence of an agueous inorganic base
such as lithium hydroxide, sodium hydroxide, or potassium hydroxide in an inert
solvent such as 1,4-dioxane or tetrahydrofuran at room temperature for several

5 " hours.

Conversion of the hydroxyl intermediates lg to the compounds of interest of
formula ly can be accomplished in 2 manner analogous to the one described
above for the preparation of the compounds of interest of formula ix.

Scheme 18
10
RS 0. MeOCCFSOF RZ o R% o
Ry ~  Cul, HMPA \ ~ KGO, ~
| 8 DMF, 70 °C, 1.5k OO MeOH
i z — o . 0
R CF, R 7 e,
Oﬁxo : oﬁ,o OH
LXVI Xoi XCIi

Compounds of the invention when R* represents trifluoromethyl can be prepared
using the intermediates XCHll which can be prepared as described in Scheme 18.
15  Treatment of the intermediate iodides of formula LXVI (prepared as described
above in Scheme 14) with methyl 2, 2-difluoro-2-{flucrosulfonyljacetate under
copper(l) iodide catalysis gives the intermediates of formula XCil. The acetyl
protecting groups in XCli can then be removed to give the phenols of formula
XCHI which correspond to the starting materials in Schemes 8, 10, 11, when R*
20 represents trifluoromethyl, and can be used to prepare compounds of interest of
formula Ii, lic, Im, and In {when R? represents triflucromethyl), using the reactions

described in these schemes.

The conversion of the intermediates of formula LXVi to intermediates of formula
XCli can be effected using any conventional means. For example, the

25 intermediates of formula LXVI may be treated with the commercially available
reagent methyl 2,2-difluoro-2-(fluorosulfonyljacetate in the presence of copper(l)
iodide and in the additional presence of hexamethyiphosphoramide in an inert



“""ON N....-s, trifluoromethoxy H), 7.46 (d, J= 1.52 Hz, 1 lo -naphthalen-2- ylFacetic acid H), 7.42 (s, 1
H), 7.36 (d, J = 8.59 Hz, 1 H), 3.84 (S, 2 Z----- H), 3.26 (q, J= 7.33 Hz, 2 H), 125(t, J= 7.33 Hz, 3

H) 1-19* [Qﬁ@iﬁﬁ%ggb%ﬁulfonyl- 8.05 (d, J=9.09 Hz, 1 H), PCT/EP2009/064810
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soivent such as N,N-dimethylformamide at a temperature about 70 °C for severai
hours to give the corresponding trifluormethyl derivatives of formula XCIi
(reference: Briner, K. et al. WO 2007028132).

The acetate derivatives XCll can be converted to the corresponding hydroxyl

5 compounds XCHl in the presence of a base such as sodium methoxide,
potassium tert-butoxide, potassium carbonate or sodium bicarbonate, in a soivent
such as methanoi, water, or mixtures thereof, at a temperature between room
temperature and 80 °C for 10 minutes to several hours (reference: Kim, M. et al.,
J. Org. Chem. 69 (2004) 6945-6948).

10
Scheme 19
COEt
Php
F\©\/ {COCH, F@\/ Xev F\Q\/\ E0,C. _.CO, By
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LitH Ac,OKOAS MaONa F
AN COEL / — = F Oe e
EtOH MeOH
CO,Bu CO,tBu ¢
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The key intermediate lik-1 (which can be used as a replacement for intermediate
15 1t in scheme 8 to make the compounds of formula Ih and Ii) can be prepared as
described in Scheme 19. Treatment of (4-fluoro-phenyl)-acetic acid (XCIV) with
oxalyl chioride generates the corresponding acid chloride in situ, which is not
isolated, but treated with the Wittig-type reagent XCV in the presence of a base
to produce the aliene derivative XCVI. A conjugate addition reaction of the allene
20 with malonic acid tert-butyl ester ethyl ester produces the tri-ester derivative
XCVII, which upon hydrolysis and subsequent decarboxylation generates the
acid derivative XCVIIl. Acetic anhydride-promoted cyclization of XCVIli furnishes



7.91 (d, J=8.84 Hz, 2 H), 455 F F 0. 0 OH phenoxy)-6- 7.77 (s,' 2 H),.7.46 (d, J= trifluoromethoxy
8.84 Hz, 1 H), 727 (s, 1 H), -naphthalen-2- 7.25 (d, J=8.84 Hz, 2 H), 40 yll-acetic acid 3.81 (s, 2 H),

3.20 (0, 9= §5n,f 3842 2 H) 125 (d, J=  7.33 Hz, 3 H)

10

15

20

25

PCT/EP28095/064810

-59 -
the naphthalene derivative XCIX, which upon hydrolysis of the acetyl group
produces the key intermediate llb-1.

The conversion of (4-fluorophenyl)-acetic acid to its corresponding acid chloride
derivatives can be accomplished by methods known in the art. For example, the
reaction can be carried out with oxaly! chioride and a catalytic amount of N,N-
dimethylformamide (DMF), in an ether solvent, at room temperature. Subsequent
treatment of the in situ generated acid chloride with a base such as N,N-
diisopropylethylamine will lead to the generation of the corresponding ketene,
which upon treatment with a Wittig type reagent such as XCV in an ether solvent
at a temperature between 0-10 °C produces the allene derivative XCVL.

The conjugate addition reaction between the allene derivative XCVI and malonic
acid tert-butyl ester ethyl ester to produce the tri-ester derivative XCVIlt 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 XCVIi can be accomplished using
methods known in the art. For example, the reaction can be conducted using an
aqueous base such as lithium hydroxide, in the presence of a solvent such as
ethanol, at room temperature overnight. The subsequent decarboxylation
reaction can then be cartied out by heating the solution of the resulting diacid at
refiux for several hours, to produce XCVIIL

The cyclization of the unsaturated acid derivative XCVIil to the naphthalene XCIX
is accomplished as previously described (similar to Scheme 2), in the presence of
acetic anhydride and potassium acetate or sodium acetate, at a temperature of
about 85 °C, for several hours.

The acetate derivative XCIX then undergoes a hydrolysis, upon treatment with a
base such as sodium methoxide, in a solvent such as methanol, at room
temperature, to produce the desired key intermediate Iib-1.

EXAMPLES



-20*14-(4- 8.02 (dd, J=9.09, 5.56 Hz, 389 FOH Imo 0 Ethanesulfonyl- 1 H), 7.90 (d, J= 8.84 Hz, 2
phenoxy)-7- H), 7.69 (s, 1 H), 7.62 (dd, J fluoro- =10.11, 2.53 Hz, 1 H), 7.32 naphthalen-2- (td, J=
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Although certain exemplary embodiments are depicted and described herein, the
compounds of the present invention can be prepared using appropriate starting
materials according {o the methods described generally herein and/or by
methods available to one of ordinary skill in the art.

5 Intermediates and final compounds were purified by either flash chromatography
and/or preparative HPLC (high performance liguid chromatography). Flash
chromatography was performed using (1) the Biotage SP1™ system and the
Quad 12/25 Cartridge module from Biotage AB) or (2} the ISCO CombiFlash®
chromatography instrument (from Teledyne Isco, Inc.); unless otherwise noted.

10 The silica gel brand and pore size utilized were: (1) KP-SIL™ 60 A, particle size:
40-80 micron (from Biotage AB); (2) Silica Gel CAS registry No: 63231-67-4,
particle size: 47-860 micron; or (3) ZCX from Qingdao Haiyang Chemical Co., Ltd,
pore size: 200-300 mesh or 300-400 mesh.-Preparative HPLC was performed on
a reversed phase column using an Xbridge™ Prep Cis (5 um, OBD™ 30 x 100

15 mm) column (from Waters Corporation), or a SunFire™ Prep Cqg (5 um, OBD™
30 x 100 mm) column (from Waters Corporation).

Mass spectrometry (MS) was performed using a Waters® Alliance® 2795-
ZQ™2000 (from Waters Corporation). Mass spectra data generally only indicates
the parent ions unless otherwise stated. MS data is provided for a particular

20 intermediate or compound wt';ere indicated.

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

25 The microwave assisted reactions were carried out in a Biotage Initiator™ Sixty
(from Biotage AB).

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



t? 3_.22 (q,J=7.41Hz,2H), 125(,J=7.45Hz, 3H) 1-21*1 [4-(5-8.60 (d, J=2.80 Hz, 1 H), 402
OH i Ethanesulfonyl- 8.30 (dd, J=8.84, 2.40 Hz, O. 0 ' pyridin-2-yloxy)- 1 H), 7.85 (d, J=9.20 Hz, 1

6-methoxy- aphihaignse- 1 H). 7.69 (s, 1 H), 7.28- 7.25 (m. 2 H), 721 (debdEp20isidisse 57-...,
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PART I: PREPARATION OF PREFERRED INTERMEDIATES

Preparation of 2,5-bis-methanesulfonyl-3-methyl-pyridine

3-Methyl-2,5-bis-methylsulfanyl-pyridine

—s%}s——

To a cooled (ice-water bath) solution of 5-bromo-2-fluoro-3-methyl-pyridine (1.0 g,
10 5.3 mmol) in anhydrous N,N-dimethylformamide (50 mL) was added sodium
methanethiolate (775 mg, 11.1 mmol) portion-wise under a nitrogen atmosphere.
The resulting mixture was stirred at room temperature for 15 minutes, then at
100 °C overnight. The reaction mixture was cooled to room temperature, poured
into water, and extracted with diethyl ether (50 mL x 2). The combined organic
15 layers were dried over sodium sulfate and concentrated in vacuo to afford 3-
methyl-2,5-bis-methylsulfanyl-pyridine, which was used in the next step without
purification (reference: Testaferri, L. et al., Tetrahedron 41 (1985) 1373-1384).
2 5-Bis-methanesulfonyl-3-methyl-pyridine

o N

t H
—3 7 N g—

it J— I}

@] O

20 To a cooled (ice-water bath) solution of 3-methyl-2,5-bis-methyisuifanyl-pyridine
in dichloromethane (50 mL) was added m-chioroperoxybenzoic acid (5.3 g, 80%
purity, 24.6 mmol). After being stirred at room temperature for 2 hours, the
mixture was treated with a saturated agueous solution of sodium sulfite (20 mL),
and stirred for 15 minutes. The organic layer was separated, washed with a

25 saturated aqueous solution of sodium carbonate and brine, then dried over
sodium sulfate, and concentrated in vacuo. The residue was crystallized from
ethyl acetate to give 2,5-bis-methanesulfonyl-3-methyl-pyridine (1.2 g, 91 % yield
for two steps) as a white soiid (reference: Testaferri, L. ef al., Tetrahedron 41



I ylpacetic acid | 9.20, 2.40 Hz, 1 H), 7.10 (d, J= 2.40 Hz,1 H), 3.80(s, 5 01-1--- I H), 3.20 (q, J= 7.45
Hz,2 [H), 128 (t,J=7.45Hz,3 H) W() 2010/055004PCT/EP2009/064810 - 82 - Example No.
Systematic \NI%@%GH)'S'S\AMR (400 MHz, CDCI3) 6 PPm MS (ESP, [(M+H) Stctye daldeio
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(1985) 1373-1384). *H NMR (400 MHz, CD;0D) & ppm 8.00 (d, J = 1.6 Hz, 1 H),
8.52 (d, J= 1.6 Hz, 1 H), 3.48 (s, 3 H), 3.41 (s, 3 H), 2.72 (s, 3 H).

Preparation of 2-bromo-5-methanesulfonyl-pyridine

9]
— ;

|
0

Starting with 2-bromo-5-flucro-pyridine, sodium methanethiolate and m-
chioroperoxybenzoic acid, using a method analogous to the one described for
2,5-bis-methanesulfonyl-3-methyl-pyridine, 2-bromo-5-methanesulfonyl-pyridine
was obtained as a white solid.

Preparation of 2-bromg-5-ethanesulfonvi-pyridine

O
NI
O

To a solution of 2,5-dibromopyridine (2 g, 8.4 mmol) in diethyl ether (50 mL) was

added n-butyl lithium (1.6 M in hexanes, 9.24 mmol) dropwise at -78 °C under a
nitrogen atmosphere. After the mixture was stirred at this temperature for 1 hour,
diethyidisulfide (1.15 mL, 9.24 mmol) was added slowly at -78 °C, and the
mixture was stirred at this temperature for 1 hour and at 0 °C for an additional 1
hour. The reaction mixture was then guenched with 1 N hydrochioric acid (20
ml.). The aqueous iayer was separated and exiracted with diethyl ether (20 mL).
The combined organic layers were dried over sodium sulfate and concentrated in
vacuo. The residue was dissolved in dichloromethane (50 mL). To the solution,
m-chloroperoxybenzoic acid (4.3 g, 80% purity, 16.8 mmol) was added portion-
wise at 0 °C. After being stirred at room temperature for 2 hours, the mixture was
treated with a saturated agueous solution of sodium sulfite (20 mL), and stirred
for 15 minutes. The organic layer was separated and washed with & saturated
aqueous solution of sodium bicarbonate (20 mL), then dried over sodium sulfate,
and concentrated in vacuo. The residue was purified by flash column
chromatography (elution with 30% ethyl acetate in petroleum ether) to give 2-
bromo-5-ethanesulfonyl-pyridine (400 mg, 19%) as a white solid (reference: Li J.
et al., Bioorg. Med. Chem. 13 (2005) 1805-1809).

Preparation of 3-bromo-2-chloro-5-methanesulfonyi-pyridine




[4-(4- Ethanesulfonyl- phenont)-5- fluoro- naphthalen-2- yij-acetic acid 7.87 (d, J = 8.84 Hz, 2 H), 7.81
|(_|s) 13|—8|)1 (7.77 (d, J=8.84 Hz, 1 H),7.50 (td, 1 H), 7.30 (s, 1 H), 7.14 (dd, 1 H), 7.08 (d, J = 8.84 Hz, 2

, 3.81(s,2H),3.20(q, J=7.45Hz, 2 H), 1.26 (t, J = 7.45 Hz, 3 H) 38 1111" cl 1-23*
[4-(4- Ethan‘g&%%{r}{%s (é)ur‘fenoxy)-GJ- dimethoxy- naphthaten-2- yI)-ac):etic%ggi%t 9&@65?%%) =8.84 Hz, 2
H), 7.59 (s, 1 H), 7.34 (s, 1 H), 7.22-7.19 (m, 3 H), 7.04 (s, 1 H), 3.99 (s, 3H), 3.83 (s, 3H), 3.75 (s, 2
H), 3.23 (q, J=7.45 Hz, 2 H), 1.25 (t, J = 7.45 Hz, 3%)’"431 OROHO0100i,- *CD30OD was used as
the solvent; **DMSO-ds was used as the solven'EXAMPLE 2-1

J4-(4-ethanesuIfonyl-phenoxy)-6-fluoro-3-metglyl- tha;fgg-24/11-acetic acid 5
= 6
A stirred solution of sodium sulfite (4.80 g, 38.1 mmol) and sodium bicarbonate
(6.10 g, 72.6 mmol) in water (100 mL) was cooled to 15 °C, and 5-bromo-6-
chloropyridine-3-sulfonyt chioride (10.00 g, 34.4 mmol) was added. After being
5 stired at 15 °C for 3 hours and then at room temperature overnight under a

nitrogen atmosphere, the mixture was heated to 40 °C, and a solution of 2-
chloroacetic acid (3.80 g, 40.2 mmol) and sodium hydroxide (1.90 g. 47.5 mmol)
in water (20 mL) was added. The resulting mixture was sfirred at refiux for 48
hours and then cooled to room temperature. The precipitated product was

10 coliected by filtration, washed with water (50 mL) and purified by column
chromatography (gradient efution with 15-20% ethyl acetate in petroleum ether)
to afford 3-bromo-2-chloro-5-methanesulfonyl-pyridine (1.80 g, 6.65 mmol) as a
white solid.
A solution of 2-chioroacetic acid {1.90 g, 20.1 mmol) and sodium hydroxide (0.80

15 g, 20.0 mmol) in water (10 mL) was added to the filtrate. The mixture was heated
at refiux ovemight, and then evaporated to remove most of the water (about 100
mL). The residue was cooled o room temperature, and then extracted with
dichloromethane (80 mL x 3). The combined organic tayers were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by flash

20 column chromatography (gradient elution with 15-20% ethyl acetate in petroleum
ether) to afford another batch of 3-bromo-2-chloro-5-methanesulfonyl-pyridine
(1.30 g, 4.8 mmol, yield of two batches 35.5 %) as a white solid (reference: us
5424481).

25 Preparation of 2,5-bis-ethanesulfonyl-pyridine

2,5-bis-ethylsulfanyl-pyridine

8 S
30



2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester 0 0 After careful addition of absolute
methanol (0.1 mL) to a suspension of sodium hydride (60% in mineral oil, 20 g, 0.5 mol) in anhydrous
toluene (200 ml%,?éa 10 solution of 4-fluoro-benzaldehyde (31 g, 0.25 moggﬂgpgbr@%tp%k‘?uccinic acid
dimethyl englo( %‘?559% mol) in anhydrous toluene (100 mL) was added at room te’mperature under
a stream of nitrogen. The resulting mixture was stirred at room temperature for 30 minutes and then
guenched by the slow addition of water (20 mL). Théixture was acidified by the addition of
concentrated 15 dydyoiciitaniofacidiventyeixtradted Suithy e400! mostbte (0@ M sudpxitiee(20Mbined - 83 -
organic layers were dri i I n ' ) r %”, s purified by
%%dﬁév%%%‘g%e?‘ﬁo%%%ﬁ%@ﬁ {340 89 CORRRRY AIRSIABY U SRSt e

column chromatograp hyFacetate in petroleum éether) to affor
2-(4-f|uoro-benﬁ%ﬁd’eae)@mnvlt@jwmﬁéé aod nétivpdss@ nPeas ISR a RifEeSolid. 1H
NIVIR((400 MHZz, &6 tﬁ@@r&%@@!}ﬁtﬁf&%&r& Ir#e Yeééti&—:j AixiBr8 bdash%clhb)ea x@ﬁcﬁldml =8.8 It-)lz, 2| H),
3.82(q,7.2Hz,1H),1.40 (d,J = 6,8 Hz, 3 H), 6-fluoro4- oxy-3-methyl-naPhtha -2-carboxylic
acid methyl%sté?rﬁp%ﬁ%ﬁ"98lﬁ%‘%lﬂﬁ’oﬁ’%ﬁ@ﬁ%l%Q@Béqré(ﬁ%%ﬁa)@m%?ﬁ[ﬁgg%g f‘é@c’f“ 1-methyl
ester (1 g, 4 mmdl).imTenbychitinsdengdnydieferawE® dnie)} tifucaticatisudateydnide (3.3 g, 15.7 mmol)
was added in opg partiandgipwed by ihe AN yisfamine s & aknadawaaligionise. Afer

being stirred at room temperature for 4 hours, the mixture was acidified tc%}])H 3 with 5% aqueous
hydrochloric ackitseatfarharsurdisaiion seiprasesateeteion.,) L THabrJ&tRN8YA s E8Rekntrated in
vacua. The resigigganvaggissolved in methanol (15 mL). The resulting solution was cooled to 0 C, then
treated with sodium borohydride (380 ng, 10 0|2F’| and stifred for 1 hour. The reaction mixture was
diluted witH %thyl acetate (20 mL) and %I%béﬁl?%g %%%E’I‘dé?h‘g&%f&e(zo mL). The aqueous phase was
separated 20 and extracted with ethyl acetate\(19 E@%ﬁ The combined organic layers were washed

with brine (40 mL), dried over sodium sulfate, filtgre fconcentrated in vacua. The residue was
purified by column chromatography (elution with Q0% ethﬁ acetate in hexanes) to afford

6-f|_uoro-4-hydrovgyésmaﬂmﬂﬁfapbthmi@@@;ﬂ-bd}aémmﬁnfmdwmm (—:;xmdmhﬂy,esﬁﬁ/@ s a pale
solid. 25 Altema}il\éﬁ,la/ k?-ﬂ%oargg-wgﬁl{gy@é?gmlar@pgy@&rgeé&g%g%\g%ing methyl ester was
Yng 5 84 lgenzyl

obtained by trea uoro- ene)-3-methyl-succinic acid 1- methyl ester with acetic

anhydride and sutiophiactadteOdHodiry e68ilm flarexiding e prinR Mas8RIIET P he one
described aBoverforithe prepRAlRR Abtsflunieadrivskox rmamshalenss2irash®oricireigimethyl ester.

ether to afford 2,5-bis-ethanesuffonyi-pyridine (18.0 g, 70 %) as a white solid
(reference: US 4371537}
Preparation of 3-bromo-2-chloro-5-ethanesulfonyl-pyridine

20

5.ethanesulfonyl-pyridin-2-ol
AN
Ho— és;—\
A solution of potassium hydroxide (11.0 g, 196 mmol, 50 %) in water was added
25 to a suspension of 2,5-bis-ethanesulfonyl-pyridine {12.0 g, 45. 6 mmol, prepared
using the method described above} in water and tetrahydrofuran (100 mL, 1:1,
viv). After being heated at reflux for 1 hour, the mixture was acidified with 0.5 N
hydrochtoric acid to pH 3 and concentrated in vacuo to remove the solvent. The

residue was friturated with boiling ethanoi'(w{} mL) and filtered. The filirates were



- 84 - 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester 0 To a mixture of
6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxYlic acid methyl ester (8.0 g, 34.2 mmol) and

potassium carbz%rllg/te%()%h% g, 68.4 mmol) was 5 added benzyl bromide (ﬂ&%ﬂog@gmol) in acetone

(100 mL). THE ALY INg mixture was vigorously stirred at reflux for 10 hours under a nitrogen
atmosphere. The mixture was cooled and filtered. The combined organic solution was concentrated in
vacuo to give 4-benzyloxy-6-f|uoro-3-methyl-naPhth%e’he-Z- carboxylic acid methyl ester (10.4 g, 94%)
~ as a white solickatBéhibetazyioxpdd toefiahiee yidaphtsiehvmion westHagdin e M8&slurry of lithium

aluminum hydr%@g@vﬁn@utﬁxé ohdpdgsrahydrofuran (50 mL) was added a solution of
4-benzyloxy-6-fluoro-3-methyl-naPhthalene-2- carboxylic acid methyl ester (10 g, 30.8 mmol) in

tetrahydrofuran (50 mL) at 0 C 15 3niePRmRipanes ol idifisf Bhing 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,di g hgr (100 mL x 5). The combined organic
layers were dried over sodium sulfate and concen ddn vacuo to give

(4-benzylox{r,(-6-fluoro-3-methyl-naPhthaIen-Z-yP5'20 methanol (8.4 g, 92%) as a white solid. 1H NMR
(400 MHz, CDCIep5plptieT Suda@f S-ethmesgieny-pHidin-2o|(geeveed 209veoaas sPEiy™ .69 (s, 1 H),
7140 750 (M, Sclnd A7 15 8 b HoobidadiB SR iled s 248hohB(s, 3 H). -85
-benzyloxy-3-chloromethy1-7-fluoro-2-methyl-naPt n 0 a solution of triphenylphosphine (7.
g, 27.2 mmol) iﬁraﬂﬂ%ﬁgt%%ﬁﬁdﬁﬁ%ﬂ}? a@?ﬂoﬂﬂiée gﬁ‘aedéogéhr’ggnofleet?gc%?gﬁgé}%o mL). The
mixture 5 was ﬁb@.dﬁfﬁber]kﬁbmgmﬁemagdrdehemmm;ﬁm@gmeﬂﬁdimm@rm{%ﬁ @nethanol (4
g, 13.6 mmg) was,niraduced asa.solid undes aitoen aimeseBesanAtesdpigslired at reflux for 2

hours, the resulting mixture was diluted with water, extracted with ethyl acetate (150 mL) and washed

with water (50 ¥ex 2perig ebmbavsd difndeing alEes were iaBh Barasrigwikatis vas

warmed to 30 °C and stirred for 2 hours. The mixture was concentrated in vacuo
to remove the solvent. The residue was triturated with water (100 mL.). The solid
was collected by filtration, washed with a dilute solution of sodium thiosulfate and

15 dried in vacuo to afford 3-bromo-5-ethanesulfonyl-pyridin-2-ol (9.1 g, 75 %, two
steps) as a white solid (reference: Bargar, T. M. et al., J. Heterocyclic Chem. 22
(1985) 1583-1592).

3-bromo-2-chloro-5-ethanesulfonyl-pyridine

Br
(0]

S
=" 4 \

20 A suspension of 3-bromo-5-ethanesulfonyl-pyridin-2-ol (6.0 g, 22.5 mmol) in

Q
=
=

phosphorus oxychloride (30 mL) was heated at reflux for 4 hours under a
nitrogen atmosphere. After removal of the excess of phosphorus oxychioride in
vacuo, the white solid residue was triturated with cooled water {200 mL). The
mixture was stirred for 1 hour. _

25 The solid was collected by filtration, and dried in vacuo to afford 3-bromo-2-
chioro-5-ethanesulfonyl-pyridine (5.5 g, 85.7 %) as a white solid {reference:
Bargar, T. M. et al., J. Heterocyclic Chem. 22 (1985) 1583-1592).

Preparation of 2-{4-flucro-benzenesulfonyl)-2-aza-spirg[3.3lheotane

2
) OCe
0




10 acetate (150 mL) and the combined organic layers were dried over sodium sulfate and
concentrated in vacuo. The residue was purified by column chromatography (5% ethyl acetate in
petroleum ethegpto afford 1-benzyloxy-3- chloromethyl-7-fluoro-2- meth)il({‘%%;g@?p(? .50, 83%) as
a white solid" 3 #'NVRt400 MHz, cDCI3) 6 ppm 7.83 (dd, Jr 5.6, 9.3 H r2.4Hz, 151
H), 7.68 (s, 1 H), 7.40 - 7.58 (m, 5 H), 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 CigHisCIFO 314, obsd. (ESl-‘F??(IVI+H)+] 315.

(4-benzyloxy- 6Thuerm@teﬂe(thq#wﬂphﬂmmMﬂﬂgpam‘e%rﬁmd-hwﬁmw@nammefl%@mmaining
1-benzyloxy-3- ﬁhé%me (jik‘bﬁz\? s 3@%%@”%% §a<aea%éomm%nde 150

bis(triphenylphosp loropa adlu 11¥ 360 mg, 0.5 mmol) an%% otassium carbonate (1.52 g,
11.0 mmol) was'6vEeiatieParfiomeh &R W@ﬁ%ﬁ”ﬁ?@rﬁ%&@fb@ 5. kAS LR BE8 mL) and

tetrahydrofurany(88 foi-) ouereuasilesdeympasiad-Bisyitgo ey baistgrati(red atgooid temperature
under a - 86 - carbon jde her ht,_the resul mixture was diluted with water
(50 mL), an extiaR @n\&@? é ?a%quﬁ g?) é@grﬁéso?gge}]ﬁé Illa%%rr%as Wadhed Wmhcil'/vater (50 mL x
2). The comb|nehtraqtmoueﬁamweteremammwﬂe@Mﬁ@@ﬁ@b\ﬂ(mo mbydratiRsieaeibined
organic layers WRISAISHAYSlid SaBALIRISP SorceREARAimYAgigarbLiesgryas puriied

by column chromatography (20% ethyl acetate in petroleum ether) to afford (4-benzyloxy-6-

fluoro-3-methy a5 HiEn FNe {2 Etlc i %@WY@&@?W%’“@@%@%%?W%@%WH NMR (400
MHz, CDCI3) 5»&@%7@@ tddiddie was Budifida, Bytixsh. z@&mrdcarbanétbgramw) &0 W9 (m, 6 H), 7.25

o190 338 D AT ) PN P U Ao Ay B Res RIS 31 aceti

acid methyl esteza@ﬁlr?ﬁtsaiktﬂpm 61 22- Mn@%ﬁ%ﬁlwbrtﬁ'—sqf@(mfﬁFfamwﬁiléiﬁzii)écéhc acid 15
methyl ester (3.4 9, %8')6%%?%90145(%6 jm& asklog A%t-arlladium,an.erkdgn (0.5 g). The
resulting mixture was vigorously stirred under a hydrogen (balloon) atmosphere ovemight. The filtrate
was concentratgéﬁn‘3\§')c§3u&5t%i g?/ W(@'”flbg?é :4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl
ester (2.44 g, 98 %) as spjiersnta. dtd iR 400 Mirm 6D G Zepesufdb@atidd (m, 2 H), 20 7.34
(s,1H),7.21(td,J=2.4,84Hz,1H),516(s,1H 38@(5 2 H), 3.74 (s, 3 H), 2.35 (s, 3 H); MS cald.
for C14H13F03 248, obsd. (ESI+) [(M+H)+] 2

[4-(4- ethan%sulfonyl phenoxy)-6-fluoro-3-methyl- haleﬁ-Z-O]- acetic acid methyl ester

A solution of 4-flucrobenzenesulfonyl chloride (1.95 g, 10 mmol) and

dimethylamine hydrochioric acid salt (978 mg, 12 mmol} in tetrahydrofuran (10
mL) was added to a solution of 4-dimethylaminopyridine (3.05 g, 25 mmol) in
tetrahydrofuran (10 mL) dropwise at room temperature. The resulting mixture was
20 stirred at room temperature overnight and concentrated in vacuo. The residue
was purified by fiash column (elution with 20% ethyi acetate in petroleum ether)
10 afford 4-fluoro-N,N-dimethyi-benzenesulfonamide (1.02 g, 50%) as a white
solid. _
The following sulfonamides were prepared in an analogous manner as described
26 for 4-ﬂu0ro—N,N-diméthyI—benzenesuifonaméde by the reaction of 4-
fluorobenzenesulfonyl chicride with commercially available amines.

Starting benzenesulfonyl Starting amine | Sulfonamide
chioride |
4-fluoro-benzenesulfonyl chloride | pyrrolidine 1-{4-fluoro-benzenssulfonyl)-pyrrolidine

|
4-fiuoro-benzenesulfonyl chioride | diethylamine N, A-diethyl-4-flucro-benzenesulfonamide |




25 - 87 - A sealed tube containing 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl
ester (100 mg, 0.4 mmol), 1-ethanesulfony1-4-fluoro-benzene (152 mg, 0.8 mmol), and potassium
carbonate (111 mg, 0.8 mmol) was evacuated and filled with nitrogen. A

N-dimethylf&%é‘?ﬁ%@?@“mu was added. After 5 being stirred at 100 C o%%%%g%éf?()t%g4§nl?xture was
cooled to room temperature, then diluted with water (10 mL), and extracted with ethyl acetate (10 mL x
2). The combined organic layers were washed with Brine (10 mL x 3), dried over sodium sulfate and
concentrated invacusbehbaessichyec@sip riﬁ@dnbljn@oluj}ﬁ‘@l‘ﬁﬂamdit@@%pwﬁ(@@%@ﬂﬁ?ﬁﬁcetate in
petroleum ether) to give [4-(4- 10 ethanesulfonyl-phenox )-6-f|uoro-3-methyl-naPhthalen-Z-é(l]-acetic
acid methyl esteri{(b6Changsre8¥nMBadkl. foreR2H 21 F(3S44ecotssaenE g Ay fivinatiy-417.
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-metR§RASP hthalRAH Sacetic acid_15 Starting with
[4-(4-ethanesulfefydpbenenapiBuiiligiorgen|etiylfvahtha et e htthordanratsyister (150 mg,
0.36 mmol), using a method analogous to th&8RE" descrin@8 I Bxample 1-1, final step, |
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro3-methyl-naphthalen-2-yli-acetic acid (116 mg, 80%) was
obtained as a white solid. 1HPxeRErajion pilzetmessufomd-riiorg-henzess 1, 2 H), 7.80 - 7.86 (m,
20 1 H), 7.70 (s, 1 H), 7.34 (dd, J = 9.98, 2.40 Hz,ﬁ),@.g (d, J=8.84 Hz, 2 H), 3.90 (s, 2 H), 3.11

(9, J=7.33Hz, 2 H), 2.25 (s, 3 H), 1.30 (t, J =+ . % ; MS cald. for 021H19F05S 402, obsd.
(ESI#) [(M+H).] 403. EXAMPLES 2-2 to 2-45 25 following examples 2-2 to 2-45 were prepared in

I fo. le.2-1 starti ith 4-fl = h -chloro-h Idehyde t
Goriv (- oro PR R PSR PR 25 B A e R SEl Sy st 1enVeie

t
(6-chloro-4-Byd@sy2 g raetmybihaphtiatdA02-yi)-poat@ddrbmdihgiebenzengsuifonyt chioride

2010/055004PCTYE2 00PN ARG B RRRRFIMRILnbICh wore besiyihes Saaied vith the
appropriate commercially available or grepared argl derivatives in accordance with }hila %Rit'é)gedure

described for exdaRebancH3gm sleSyTdne A8 FIIN RS @B8SH Frereise 18 m MS
(ESC', [(M+H) Syustugaditidn of tetrabutylammonium iodide (3.7 g, 0.01 mol) in one portion. The

resulting reaction mixture was stirred at room temperature for 5 days, then diluted
10 with water (50 mL.), and extracted with ethyl acetate (100 mL x 3). The combined

organic layers Were washed with brine, dried over sodium sulfate, and

concenirated in vacuo. The residue was purified by flash column chromatography

(elution with 20% ethyl acetate in petroleum ether) to afford 1-ethanesutfonyl-4-

fluoro-benzene (11.9 g, 63%) as a yellow oil (reference: Arnold, Leggy A. A., et
15 al., Org. Lett, 6 (2004), 3005-3007).

The following sulfone-substituted fluoro-benzenes were prepared in an analogous
manner as described for 1-ethanesulfonyl-4-fluoro-benzene starting with
commercially availabie atkyl halides and substituted benzenesulfonyi chlorides.

20
Starting benzenesuflfonyi Starting alkyl | Sulfone substituted fluorc-benzene |
chioride halide
4-fluoro-benzenesuifonyt chioride | bromoethane 1-ethanesulfonyl-4-fluoro-henzene i

4-fiuoro-benzenesuifonyl chioride | n-propyl iodide | 1-fluoro-4-(propane-1-sulfonyl)-benzene

4-fluoro-benzenesulfonyl chioride | 2-bromo- 1-fluoro-4-{propane-2-sulfonyl)-benzene
propane
4-fiucro-benzenesulfonyt chioride | cyclopropyl 1-cyclopropanesulfonyl-4-fluoro-benzene

bromide




[6-fluoro-4-(4- methanesulfonyl -phenoxy)-3- methyl- naphthalen-2- ylFacetic add 7.82 - 7.88 (m, 1 H),
L.86 (d,)J = 9.0(9 Hz, 2 H), 7.70 (s, 1 H), 7.33 (dd, J = 10.11, 2.53 Hz, 1 H), 7.25 (dd, J = 10.11, 2.53
z,1H),6.92 (d, J=8.84 Hz, 2 H), 3.89 (s, 2 H), 3.06 (s, 3 H), 2.25 (s, ole02-3
[6-f|uoro-4-(wpr%%]t?{gsnsg%4uIfonyl -2-methyl- phenoxy)-3- methyl- naphthal%f?—%g%%gge&ﬂgg}cid 7.88(d,J=
2.27 Hz, 1 H), 7.84.(dd, J =9.73, 5.43 Hz, 1 H), 7.70 (s, 1 H), 7.52 (dd, J = 8.21, 2.40 Hz, 1 H), 7.23 -
726 (m, 1 H), 626 (d, J =8.84 Hz, 1 H), 3.90 (s, 2 H)E," 05 (s, 3H),2.63(s, 3H).2.22 (s, 3H) 403 OH
0 SO IP S "...| Ba2t(6 Hhueroesiifamthy|-4-[4-Stpripsealer- | Bitanp BUbB R Hkgre;bsaftithalen-2-
yl}-acetic acid || #*8%4%d, J = 8.97, 5.43 Hz §4i8° 7,79 (d,J = 8.84 Hz, 2 H), 7.70 (s, 1H), 7.35 (dd, J =

10.11, 2.27 HZ, &fikfyob@eersgio(wh ciRorde 3_9@1@7@ 1-{butane-1-sulfonyl}-4-flucro-benzene
butané
4-fluoro-benzenesulfony! chioride : bromo- 1-cyclopentanesulfonyl-4-fluoro-benzene
cyclopeniane
4-fluoro-3-methyl-benzenesulfonyl | methyl iodide 1-fiuoro-4-methanesulfonyl-2-methyl-
chloride benzene
4-fiuore-3-methyk-benzenesulfonyl | bromosthane 4-gthanesuifonyi-1-fluoro-Z-methyl-
chioride benzene
4-Auorc-2-methyl-benzenesulfonyl | methyl iodide 4-fiuoro-1-methanesulfonyl-2-methyl-
chloride _ banzene
4-fiuocro-2-methyl-benzenesulfonyl | bromoethane 1-ethanesulfonyl-4-fluoro-2-methyl-
chioride benzene
3-chioro-4-fluoro- methyi iodide 2-chloro-1-fluoro-4-methanesulfonyl-
_benzenesulionyl chioride henzene
3-chloro-4-fluoro- bromoethane 2-chloro-4-ethanesulfonyl-1-fluoro-
benzenesulfonyl chioride benzene
3.4-difluoro-benzenasulfony! methyl iodide 1,2-difluoro-4-methanesulfonyl-benzene
chioride
3,4-difluoro-benzenasutfonyl bromoethane 4-ethanesulfonyl-1,2-difluoro-benzene
chloride
3-cyano-4-fluoro- benzenesulfonyl | bromoethane B-gthanesulfonyl-2-fuoro-benzonitrie
chioride
2-chlero-4-fluoro- methyl iodide 2-chloro-4-fluoro-1-methanesulfonyl-
benzenesulfonyl chioride benzene _
2-chioro-4-fluoro- bromoethane 2-chiore-1-ethanesulfonyi-4-fluoro-
benzenesutfonyl chioride benzene
2 A-difluoro-benzenasulfonyl methyi iodide 2 4-diflucro-1-methanesuffonyl-benzens
chioride
2 A-diflucro-henzenesulfonyt bromoethane 1-ethanesuffonyl-2 4-difluoro-benzene
chloride _
2.4, 5-trifluore-benzenesulfonyt methyt iodide 1,2 4-trifluore-5-methanesulfonyl-benzene ‘
chloride
2-chloro-4 5-diffuoro- bromoethane 1-chloro-2-ethanesulfonyi-4,5-difluoro-
benzenesulfonyl chioride benzene
S-chioro-2 4-diffuoro- bromosthane 1-chioro-5-ethanesulfonyl-2 4-diftuoro- !
henzenesulfonyl chioride benzene
d




H), 3.14 - 3.22 (m, 1 H), 2.24 (s, 3H), 1.31 (d, J =6.82 Hz, 6 H) 417 415 . 000 0is0.0..1
(ld 2-5 [-(- ;44 1 cyclopropanesul ' fonyl-phenoxy)- 6-fluoro-3- methyl- naphthalen-2- A-acetic acid 7.81
,J=9.09Hz,2H), 7.79-7.86 (m, 1H),7.70 (s, 1 H), 7.35 (dd, J = 9. , ,6.91(d,J =

8.84 Hz, 2 M?ﬁ%’%@?"?%) 2.43-2.50 (m, 1 H), 2.25 (s, 3 H), 1.31 -1.32%%%%@@%?% 1 H() 2.6
[6-fluoro-4-(4- methanesulfonyl -3-methyl- phenoxy)-3- methyl- naphthalen-2- yll-acetic acid 7.92 (d, J
= 8.84 Hz, 1 H), 7.84 (dd, J = 8.97, 5.68 Hz, 1 H), 7.89 (s, 1 H) 7.34 (dd, J = 10.23, 2.40 Hz, 1 H), 7.22
- 726 (m, 1 H), 6.80 (d Breparig j 1-8-badeoxy i3umetipvia asithalen-2-viy

(dd, 3 =8.72, 2.40 Hz, 1 H),
OH
F
0 o%

5 4-(4-Fluoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester

F .
\G\/L{(O\/

O

iz ol { GHTiun6a-

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 pl of DMF was added 13.02 mlL {146.3 mmol) of
10 oxalyl chloride at room temperature dropwise over 30 minutes. The resulting
mixture was stirred at room 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 mi., 289.8 mmol)
and ethyl 2-(triphenylphosphoranyiidene)propionate (50.0 g, 138.0 mmol) in 100
15 mL of methyl terf-buty! 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 filfered and washed with 2x 100 mL
20  of 111 methyl tert-buty! 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 méthyl tert-buty! ether. This
solution was then directly used for the next step.
25
2-Ethoxycarbonyi-3-[1-(4-fluoro-phenyl}-meth-(E)-ylidene]-
4-methyl-pentanedioic acid 1-fert-buty! ester 5-ethyl ester



403 OH 040 FO IS 00 WO 2010/055004PCT/EP2009/064810 - 89 - Example | Systematic No.l Name
[ 11I-1 NMR (400 MHz, CDCI3) 6 PPm MS (ESC, [(M+H)1 Structure 2-7[6-Chloro-4-(4- methanesulfonyl

-phenoxy)- 3y
H), 7.72 (s, 1 H
(s, 3H),2.24 (s, 3H) 405 OH cIMO 0

10

15

20

25

glg&ﬂyba%ghthalen -2- yl)-acetic acid 7.86 (d, J = 8.84 Hz, 2.0 5p2d0o/ki84eI8-59 Hz, 1

7.69 (s, 1 H), 7.42 (d, J = 7.07 Hz, 1 H), 6.93 (d, J = 8.59 Hz, 2 H), 3.90 (s, 2 H), 3.07

-70 -
O
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Malonic acid tert-butyl ester ethyl ester (30.08 g, 151.8 mmol) was added to a
solution of potassium fert-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 mixiure 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 mixiure was then treated with
100 mL of 1M citric acid and 150 mL of ice-water, and then extracted with 400 mL
of methyl terf-butyl ether. The organic extract was separated and washed with
2x200 mL of water, and then concentrated to produce 56.36 g of a vellow oil,
which was used in the next step without further purification.

3-[1-{4-Fluoro-phenyl}-meth-(Z)-yiidene}-2-methyl-pentanedioic acid 5-tert-
buty! ester

ol

=

RN

The malonate ester derivative prepared above (56.36 ¢, 138 mmol) was
dissolved in 280 mL of absoclute ethanol. Lithium hydroxide (1M solution, 414.0
mi., 414.0 mmol) was added slowly over 15 minutes, and the resulting reaction
mixture was stirred at room temperature overnight. The solution was then heated
at reflux for 3 hours (HPLC analysis indicated completed decarboxylation). At
this time, the solution was concentrated at 30 °C/30 mmHg to remove ~350 mL of

solvent. The residue was cooled to 10 °C, and treated with concentrated
hydrochioric acid (32.0 mL., 389.7 mmol) dropwise, in order to adjust the pH to



0 2_-8*, [6-chloro-4-(4- | 1 methanesulfonyl -3-methyl- | phenoxy)-3- methyl- naphthaien-2- yll-acetic
acid 7.91 (d, J =8.84 Hz, 1 H), 7.86 (d, J =8.84 Hz, 1 H), 7.72 (s, 1 H), 7.62 (d, J = 1.52 Hz, 1 H),
7.39 (dd, J = 8.59, 2.02 Hz, 1 H), 6.91 (d, J = 2.27 Hz, 1 H), 6.77- 6.82 (ghdedecddéudsy 2 H), 3.11 (s
3 H), 2.62 FEPEHs '3 H) 419 OH ¢ 1 11111100 Si 2-9[6-chIoro-4%1}me?r(%nes§§(|‘fonyl
-2-methyl- phenoxy)-3- methyl- naphthalen-2- yli-acetic acid 7.89 (s, 1 H), 7.79 (d, J = 8.34 Hz, 1 H),
7.69 (s, 1 H), 7.65 (s, 1 H), 7.53 (br. s, 1 H), 7.43 (dafI H), 625 (d, J =8.59 Hz, 1 H), 3.90 (s, 2 H),
3.05 (s, 3 H), 22675(sTBeHpRR (s)3ur) wa Deh Seiracted voja netethiendadfoainen($idthy |-
phenoxy)-6- fl ga-ﬁweem;% @gh%%{rg&%{yg@&m%@émta@wm-apv@tex,rfaems d,J=
8.08 Hz, 1 H), 7.24 (br.’s, ZH), 6.25 (d, J=8.08 Hz, 1 Ht)’ 3.90 (s, 2&[), 3.11&&( : g; 7.4%1Hz, 2 H),
2.62 (s, 3 H), 2traied witn 17.99 pl pEi¢erdivmeaPengiei | P ¥AE %’? Bopalr-

an additional 200 mL of water, and then concentrated azeotropically at 30 °C/80

5 mmHg fo produce an oil. Methyl tert-butyl ether (200 mL) was added, and the
residue was 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.

(4wAceioxy-6~ﬂuor0~3-methyi-naphthaien-z-yi)-acetic acid fert-butyi ester

0O

J
B

The above prepared 3-{1-(4-fiucro-phenyl)-meth-(Z)-ylidene]-2-methyl-

10

pentanedioic acid 5-tert-butyl ester {38.3 g, 124.2 mmol) was dissolved in acetic
anhydride (96.00 mL, 995.3 mmol). To this solution was added potassium
acetate (18.66 g, 186.3 mmol), and the reaction mixture was stirred at 85£2 °C
15  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 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
20  (2x40 mL), heptane (2x40 mL), and then dried under vacuum to furnish 28.5 g of
a yellow solid, which was used in the next step without further purification.
(6-Fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl ester
(lb-1)
OH

TC
0 o%



methanesulfonyl -phenoxy)-6- fluoro-3-methyl- naphthalen-2- ylj-acetic acid (d, J = 8.84 Hz, 1 H), 7.86
|(_(Ij)d,6J8: &z(.j?dz, 5.43 Hz, 1 H), 7.72 (s, 1 H), 7.29 (br. s, 1 H), 7.24 - 7.26 (m, 1 H), 6.99 (d, J = 1.77 Hz, 1
, 6.80 J=9.09, 2.02 Hz, 3 H), 2.26 (s, 3H) 2 H), 3.91 (s, 2 H), 3. SO0CIO
2-12[6-f|u0r‘é}-9f-2(‘§9ﬂﬁ 378-4- methanesulfonyl -phenoxy)-3- méthyl- n)aph%%a%%%}%%c%tic acid 7.85
(t, J=8.34 Hz, 2 H), 7.72 (s, 1 H), 7.49 (d, J =8.34 Hz, 1 H), 7.35 (d, J = 9.85 Hz, 1 H), 7.29 (br. s, 1
H), 6.45 (t, J = 8.21 Hz, 1 H), 3.91 (s, 2 H), 3.07 (s; 3%H), 2.28 (s, 3 H), 407 OH F1104010 le ,Si WO
2010/055004PTT AERROOS/05¢160008 srEpenepld SystiemalidiNg Narmetiv -NaRiaBo#Hz, CDCI3) 6

PPm MS (ESI'V[Mé&é%@fﬂ%ﬁ%aﬂ*%ﬁéﬁ%ﬂ 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 resuiting reaction mixture was stirred at room temperature

5 for 20 minutes, when HPLC analysis indicated a completed reaction. The mixture
was cooled o 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 ovemight (40 °C), to produce 23.7 g of a light yeliow

10 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 li: PREPARATION OF SPECIFIC COMPOUNDS

EXAMPLE 11
15
[4-(4-ethanesulfonvi-phenoxy)-6-fluoro-naphthalen-2-yll-acetic acid

oY

0

F

I

>

e

2-{4-fluoro-benzylidene)-succinic acid 1-methyi ester

20 To a refiuxing mixture of potassium ter-butoxide (27 g, 242 mmol) and tert-
butanol (150 mL) was added a solution of 4-fluoro-benzaldehyde (20 g,161
mmal) and dimethyl succinate (28 g, 193.2 mmol) in fert-butanol (100 mL)
dropwise. After being heated at refiux for 3 hours, the mixture was concentrated
in vacuo to remove tert-butanol. The residue was dissolved in 1 N hydrochloric

25 acid (180 mL). The resulting aqueous solution was extracted with ethyl acetate



ethanesulfonyl- 2-fluoro- phenoxy)-6- fluoro-3-methyl- naphthalen-2- yli-acetic acid 7.86 (dd; J= 8.97,
5.43 Hz, 1 H), 7.80 (dd, J= 9.73, 2.15 Hz, 1 H), 7.72 (s, 1 H), 7.45 (dd, J= 8.59, 1.26 Hz, 1 H), 7.36
(dd, J=9.85, 2.27 Hz, 1 H), 7.29 (br. s, 1 H), 6.45 (t, 1 H), 3.91 (s, 2 H), 3, =741 Hz, 2 H). 2.27
(s, 3 H), 1.3¥P2Y LS54 117 3 H)y 421 OH FIMO 0 lis 2-141 [4-(4- ethane%é.rfé%ﬂ%%’f’rﬁégﬁyl-
phenoxy)-6- fluoro-3-methyl- naphthalen-2- ylpacetic acid 7.88 (d, J= 8.84 Hz, 1 H), 7.84 (dd, J= 8.97,
5.18 Hz, 1 H), 7.70 (s, 1 H), 7.35 (dd, J=10.11, 2.53%4z, 1 H), 7.24 (dd, J= 10.11, 2.53 Hz, 1 H), 6.80
(d), Jr 2.27 Hz, 1181),r6.65 R R=@mRir@d Organit leyes Ioete, e ®assagiun ruRigzapd), 2.62 (s, 3
H), 2.25 (s, 3 M) {38 (L £ 1z i QWL MAR R 2-dakrrrciiigses

methanesulfonyPl ;p%enceeij -Gg-cl fluoro-??—mgt yl- 1 IF¥1la$?)htha%en-2- yII-acetic%?i% 7’%% (ddd, J=9.73,
5.43, 5.05 Hz, eijion. B4ty aceiRig, n2reumethems o1af o5y (5P, J= 10.36, 6.32 Hz,
1 H), 3.91 (s, 24dh312R(8)-3Uddirde280(8 13k B4R (25.5 g, 66%) as a light yellow solid. 'H

5 NMR (400 MHz, CD:0OD) & ppm 7.84 (s, 1 H), 7.41-7.46 (m, 2 H),7.13 - 7.20 (m,
2 H), 3.81(s, 3H), 3.49 (s, 2 H).
4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
O

oo
F
0O
T
To a solution of 2-(4-fluoro-benzylidene)-succinic acid 1-methyl ester (2 g, 8.4
10 mmol) in acetic anhydride (10 mL) was added sodium acetate (£.83 g, 10.1
mmol). After being heated at reflux for 6 hours, the mixture was concentrated in
vacuo. The residue was dissolved in 1 N hydrochloric acid (20 mL). The aqueous
solution was extracted with ethyl acetate (15 mL x 3). The combined organic
layers were dried over sodium sulfate, and concentrated in vacuo. The residue
15 was purified by coiumn chromatography {10-20% ethyl acetate in petroleum
ether) to afford 4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
(1.1 g, 50%) as a white sofid. 'H NMR (400 MHz, CDCls) & ppm 8.52 (s, 1 H),
8.00 {dd, J = 9.09, 5.56 Hz, 1 H), 7.89 (s, 1 H), 7.50 (dd, J = 9.85, 2.53 Hz, 1 H),
7.37 (td, J = 8.59, 2.53 Hz, 1 H), 3.99 (s, 3 H), 2.49 (s, 3 H).
20 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester
O

co e
F

OH
To a solution of 4-acetoxy-6-flucro-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
25 was acidified with 1 N hydrochioric acid to pH 3. The resulting precipitate was

coliected by filtration and dissolved in ethyl acetate. The organic solution was



FI_I\/_IO oaoF d 2-16[6-fluoro-4-(3- fluoro-4- methanesulfonyl -phenoxy)-3- methyl- naphthalen-2- |
yli-acetic acid 7.83 - 7.90 (m, 2 H), 7.72 (s, 1 H), 7.30 (hr. s, 1 H), 7.25 (hr. s, 1 H), 6.75 (dd, = 8.97,

1.89 Hz, 1 H), 6.62 (dd, J=11.49, 2.15 Hz, 1 H), 3.91 (s, 2 H), 3.21 (s, 3 407 OH FOS
OF 02,7 8)9&&}?/ 8 AP—O 4ethanesulfonyl- 3-fluoro- phenoxy)-6- quoro-3-m§1§/}%%g{i%§§an-2- ylkacetic
acid 7.85 (ddd, J= 8.65, 4.23, 4.04 Hz, 2 H), 7.71 (s._1 H), 7.31 (br. s, 1 H), 7.25 (br. s, 1 H), 6.75 (dd,
J=8.72,2.15 Hz, 1 H), 6.61 (dd, J = 11.12, 2.27 Hz, f H), 3.90 (s, 2 H), 3.29 (q, J= 7.49 Hz, 2 H),
2.25 (s, 3 H), 1d3B¢tpieTsaBitin, S8 fafel 2nOspncavreted (vergee trosBodA0€ Mme pbeodnB2810 -91 -

fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester as a pale yeliow
solid, which was used in the next step without further purification.
4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester
O

co
F

0

To a mixture of 8-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methy! ester
(4.6 g, 21 mmol), potassium carbonate (5.8 g, 42 mmol) and acetone (100 mL)
was added benzyl bromide (5.47 g, 32 mmol). After being stirred vigorously at
reflux for 4 hours under a nitrogen atmosphere, the resulting mixiure was cooled
10 to room temperature, and filtered. The organic solution was concentrated in
vacuo to give 4-benzyloxy-6-flucro-naphthalene-2-carboxylic acid methyl ester
(5.85 g, 90%) as a white solid.
(4-benzyloxy-6-fluoro-naphthalen-2-yi)-methanol

F OH

C

15 To the slurry of lithium aluminum hydride (1.4 g, 36.9 mmol) in tetrahydrofuran
(30 mL) was added a solution of 4-benzyloxy-6-fluoro-naphthalene-2-carboxylic
acid methyl ester (5.8 g, 18.7 mmol} in tetrahydrofuran (30 mL) at © °C under a
nitrogen atmosphere. After being heated at 80 °C for 1 hour under a nitrogen
atmosphere, the resulting mixture was cooled to 0 °C and 1 N hydrochiaric acid

20 was added to quench the reaction. The agueous layer was extracted with diethyl
ether (50 mL x 4). The combined organic layers were dried over sodium sulfate
and concentrated in vacuo to give (4-benzyloxy-6-flucro-naphthalen-2-yl)-
methanol (4.9 g, 93%) as a white solid.



Example 1 Systematic No.Name 1 1FINMR (400 MHz, CDC13) 5 PPm MS (ESI+, [(M-FH)1 Structure
2-18 [4-(2-cyano-4- ethanesulfonyl- phenoxy)-6- fluoro-3-methyl- naphthalen-2- ylbacetic acid 8.29 (d,

J=2.27Hz 7 d, J =8.97, 2.15 Hz, 2 H), 7.88 (dd, 1 H), 7.74 2 H), 6.49
(d,J = 8.84\‘-7’:9!;%1%3?%6@91 (s, 2 H), 3.15 (g, J = 7.41 Hz, 2 H), 226 (s, 3 F% ﬁ’@%“{?’?é‘é%? Hz, )3 H)

428 OH 001110 Fo IP 2-19 ' 1 [4-(3-chloro-4- ethanesulfonyl- phenoxy)-6- fluoro-3-methyl-
naphthalen-2- yll-acetic acid 8.02 (d, J = 8.84 Hz, T H),7.85 (dd, J = 8.97, 5.43 Hz, 1 H), 7.71 (s, 1 H),
7.31 (br. 3,1 H), 7.25 (br. s, 1 H), 6.98 (d, J = 2.27 Hz, 1 H), 6.79 (dd, J = 8.84, 2.27 Hz, 1 H), 3.90 (s,
2 H), 3.41 (q, J = 7.58 Hz, 2 {l}ehARdsy B hibréadh T #dorznaphtadieed IMO FOesa02-20

G

To a solution of triphenyiphosphine (2.8 g, 10.6 mmol) in anhydrous
5 tetrahydrofuran {16 mL) was added carbon tetrachioride (5 mL). After the mixture
was stirred at room temperature for 10 minutes, (4-benzyloxy-6-fiuoro-
naphthalen-2-yl)-methanol (1.5 g, 5.3 mmol) was added as a solid under a
nitrogen atmosphere. After being stired at reflux for 2 hours, the resulting mixture
was cooled to room temperature, diluted with water, and extracted with ethyi
10 acetate (100 mL). The organic layer was washed with water (50 mL x 2). The
combined agueous layers were extracted with ethyl acetate (100 mL). The
combined organic layers were dried over sodium sulfate and concentrated in
vacuo. The residue was purified by column chromatography {efution with 5%
ethy! acetate in petroleum ether) to afford 1-benzyloxy-3-chicromethyl-7-fluoro-
15 naphthalene (1.4 g, 87.5 %) as a white solid.
(4-benzyloxy-8-fluoro-naphthalen-2-yl)-acetic acid methyl ester

(0N
OO O
=

(]

To a flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-naphthalene (5.4 g, 18
mmol), bis(triphenylphosphine)dichloropaliadium(ll} (630 mg, 0.9 mmol) and

20 potassium carbonate (2.6 g, 18.9 mmol), which was evacuated and then filled
with carbon monoxide (balloon), methanol (25 mL) and tetrahydrofuran (50 mL)
were added by means of a syringe. After being stirred at room temperature under
a carbon monoxide atmosphere overmight, the resulting mixture was diluted with
water (100 mL), and extracted with ethyl acetate (100 mL). The organic layer was



[4-(2-chloro-4- methanesulfonyl -phenoxy)-6- fluoro-3-methyl- naphthalen-2- yl)-acetic acid 8.12 (d, J =
2.27 Hz, 1 H), 7.86 (dd, J = 8.84, 5.31 Hz, 1 H), 7.73 (s, 1 H), 7.59 (dd, J = 8.72, 2.40 Hz, 1 H), 7.28 -

7.32(m, 1 H), 7. ,1'H), 6.41 (d, J =8.84 Hz, 1 H), 3.91 (s, 2 H) £ A0 (s, 3 H) 423
D ) ) ) ) )
OH 40101182'902 %—%(fgé §12-21 [4-(2-chloro-4- ethanesulfonyl- phenoxy)-:ég%ld%?g%ﬁr%ethyl-

naphthalen-2- y!}-acetic acid 8.08 (d, J = 2.27 Hz, 1 H), 7.86 (dd, J =9.09, 5.31 Hz, 1 H), 7.72 (s, 1 H),
7.55 (dd, J =8.72, 2.15 Hz, 1 H), 7.30 (br. s, 1 H), 7% Tor. s, 1H), 6.41 (d, J=8.84 Hz, 1 H), 3.91 (s, 2
H), 3.13 (q, J =WeasBadayithtwe@26qsnB H) 1T3R GoTRiEd SR BHPIE? WefDfraciesD 2-22

{6-fluoro-3- me{- 4444, (rapana sulfomdnRhesnaBhaRBRIBae Ry lraRelisacisdr85 (t 1 H),
7.81(d,J=8.84Hz, 2H), 7.70 (s, 1 H), 7.34 (dd, J = 10.11, 2.53 Hz, 1 H}Zf %Ei dd1 1H),6.92(d,J=
8.84 Hz, 2 H), $08Y8) sulgtend conss iRtocy Wasuos! heigsipua Wegdi Y ;-C(i%.i'rtm, 2 H), 1.02
(t,J 417 OH  chromatography (elution with 20% ethyl acetate in petroleum ether) to afford (4~
5  benzyloxy-8-fluoro-naphthalen-2-yl)-acetic acid methyl ester (6.3 g, 91%) as a
white solid.
{6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester

N O‘\
BOOR:
OH
To a solution of {4-benzyloxy-6-flucro-naphthalen-2-yl}-acetic acid methyl ester
10 (876 mg, 2.7 mmol) in methanol (20 mL.) was added 10% paltadium on carbon
(132 mg). The resulting mixture was stirred vigorously under a hydrogen
atmosphere (balloon) overnight and then filtered. The filtrate was concentrated in
vacuo to give (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (601
mg, 95%) as a white solid. 'H NMR (400 MHz, CDCls) & ppm 7.69 - 7.76 (m, 2 H},
15 7.30(s, 1H),7.22-7.26 (m, 1 H), 8.82 (s, 1 H), 3.74 (s, 3H), 3.72 (3, 2 H).
[4-(4-ethanesulfonyi-phenoxy)-6-fluoro-naphthaien-2-ylj-acetic acid methyl
ester

O
e G

A sealed tube containing (8-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl
20 ester (49 mg, 0.21 mmol), 1-ethanesulfonyl-4-fluocro-benzene (87 mg, 0.427
mmot), and potassium carbonate (73 mg, 0.53 mmo!) was evacuated and filled
with nitrogen. Anhydrous N,N-dimethylformamide (2 ml) was added. After being
stirred at 100 °C overnight, the mixiure was cooled to room temperature, then
diluted with water (10 mL), and extracted with ethyl acetate (10 mL x 2). The
25 combined organic layers were washed with brine (10 mL x 3), dried over sodium

sulfate and concentrated in vacuo. The residue was purified by column



le 0 IS 0 2-23 (414-(butane-1- sulfonyl)- phenoxy]-6- fluoro-3-methyl- na phthalen-2- y1}-acetic acid
7.83 -7.87 (m, 1H) 7.81 (d, J=8.84 Hz, 2 H), 7.70 (s, 1 H), 7.34 (dd, J = 10.23, 2.40 Hz, 1 H), 7.22-
7.26 (m, 1 H), ’z?é} J =8.84 Hz, 2 H), 3.90 (s, 2 H), 3.04 - 3.11 (m, 2 H), 2.25 3H) 1.68 - 176
(m, 2 H), 1. M2 H), 431" OH o000 ---.. WO 2010/055004PCTEBSBHIMEAET0 - 92 -
Example No. Systematlc Name 'FINMR (400 MHz CDCI3) 6 PPm MS (ESI+, [(M+H) Structure 0.91
(t, J=7.33Hz,3H) -77 -

chromatography (elution with 30% ethyl acetate in petroleum ether) to give [4-(4-

ethanesulfonyi-phenoxy)-6-fluoro-naphthalen-2-yl}-acetic acid methyl ester (67.6

mg, 80%) as a white solid.
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yil-acetic acid

5 N lithium hydroxide (6 mL) was added to a solution of [4-{4-ethanesulfonyl-
phenoxy)-6-flucro-naphthalen-2-yi]-acetic acid methyl ester (64 mg, 0.16 mmol)
in tetrahydrofuran (4 mL). After being stirred at room temperature overnight, the

10  resulting mixture was acidified to pH 3 with 5 N hydrochloric acid, and then
exiracted with ethyl acetate {10 mL x 2). The organic layers were dried over
sodium suifate and concentrated in vacuo. The residue was precipitated from
ethyl ester/ petroleum ether (1:10) to give [4-(4-ethanesulfonyl-phenoxy)-6-fluoro-
naphthalen-2-yll-acetic acid (25 mg) as a white solid. 'H NMR (400 MHz, CDCls)

15 &ppm 7.84 -7.90 (m, 3 H), 7.65(s, 1 H), 7.57 (dd, J=9.85, 2.53 Hz, 1 H}, 7.33
{td, J = 8.65, 2.65 Hz, 1 H), 7.09 - 7.14 (m, 3 H), 3.80 (s, 2 H), 3.13 (g, J = 7.33
Hz, 2 H), 1.30 (t, J = 7.45 Hz, 3 H); MS cald. for CaoH47FO5S 388, obsd. (ESI)
[(M+H)"] 389.

20 EXAMPLES 1-2 to 1-23
The following examples 1-2 to 1-23 were prepared in an analogous manner tc
éxample 1-1 starting with 4-flucro-benzaldehyde, 4-chloro-benzaldehyde, 4-
methoxy-benzaldehvde, 4-trifiuoromethyl-benzaidehyde, 4-trifluoromethoxy-
benzenaldehyde, 3,4-dimethoxy-benzaldehyde, and 3-fluoro-benzaldehyde, to

25 derive (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester, (6-chloro-4-
hydroxy-naphthalen-2-yi)-acetic acid methyl ester, (4-hydroxy-6-methoxy-
naphthalen-2-yl)-acetic acid methy! ester, (4-hydroxy-6-irifluoromethyl-
naphthalen-2-yh-acetic acid methyl ester, (4-hydroxy-6-trifluoromethoxy-



2-24[4-(5-chloro-4- 8.03 (d, J= 10.36 Hz, 1 H), 455 OH ethanesulfonyl- 7.87 (dd, J= 8.84, 5.31 Hz, OiIl

2-fluoro- 1 H), 7.74 (s, 1 H), 7.28 - 0 phenoxy)-6- 7.36 (m, 2 H), 6.43 (d, J= a fluoro-3-methyl

naphthalen-2- 7.07 Hz, 1 H), 3.91 (s, 2 H), 3.39 (q, J= 7.33 Hz, 2 H), so

1.32 (t, J= WO 2016/055004

10

-78 -

g/g-acetic acid 2.28 (s, 3 H),

T/EP2009/064810

naphthalen-2-yl)-acetic acid methyl ester, {4-hydroxy-6,7-dimethoxy-naphthalen-

2-yl)-acetic acid methyl ester, and derive (5-fluoro-4-hydroxy-naphthaien-2-yl)-

acetic acid methyl ester and (7-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid

methyl ester (Note: Starting with 3-flucro-benzaidehyde, both of (5-fluoro-4-

hydroxy-naphthaien-2-yl)-acetic acid methyl ester and (7-fluoro-4-hydroxy-

naphthalen-2-yl}-acetic acid methyl ester can be obtained. See Scheme 17}

respectively, which were then further treated with the appropriate commercially

available or prepared sulonfylaryl derivatives in accordance with the procedure

described for example 1-1.

naphthalen-2-
yi}-acetic acid

3 H), 3.82 (5,2 H), 3.17 -
3.25(m, 1 H), 1.34 (d, J =
7.07 Hz, 6 H)

Example | Systematic CTH NMR (400 MHz, CDCl3) | MS Structure
No. Name 5 ppm (ESI,
[(M+H)"]

12 [6-fluoro-4-(4- | 7.82-7.89(m, 1H),7.86 | 375 OH
methanesulfonyl | (d, J= 884 Hz, 2 H), 7.61 OO
-phenoxy)- {s,1H),7.53(dd, J=9.98, F 0

| naphthalen-2- 240Hz, 1H),7.26-7.32 &
| yil-acetic acid {m, 1 H),7.07({d, J=9.09
Hz, 2 H),7.10 (s, 1 H), 3.76 ©\ 0
(s,2H),3.03(s,3H) S
O

137 [6-chioro-4-(4- [ 7.90-786(m,4H), 7.72 | 391 OH
methanesulfonyl | (s, 1 H), 7.52 (dd, J = 8.84, OO
-phenoxy)- 202 Hz 1H),7.18-7.22 cl 0
naphthalen-2- (m, 3 H), 3.79 (s, 2 H), 3.12 o
yil-acetic acid (s,3H) \©\

S
O'fs\.

1-4 {6-fluoro-4-{4- 7.83-7.92(m,3H), 7.67 403 \ OH
{propane-2- (s, 1}, 7.60 (dd, J= 9.85, |
sulfonyl)- 253 Hz, 1 H), 7.35 {td, J = N
phenoxyl- 8.65, 285 Hz, 1H), 7.13 (s,




7.45 Hz, 3 H) 2-25[4-(2-chloro-4- 8.10 (d, J=6.82 Hz, 1 H), 455 OH ethanesulfonyi- 7.87 (dd, J= 9.47,

5.68 Hz, 40.11 5-fluoro- 1 H), 7.74 (s, 1 H), 7.28 - 0 phenoxy)-6- 7.32 (m, 2 H), 6.09 - 6.16
quoro-3-mew%I§((mm§SMl, 3.91 (s, 2 H), 3.27 SF naphthalen-2-

PCT/EP2009/064810
-79 -
Example | Systematic "M NMR (400 MHz, CDCl;) | MS Structure
No. Name & ppm (ESI,
[(W+H) ]

15 fA-{4- 7.86-7.92 (m, 3H),7.65- | 401 OH
cyclopropanesul | 7.69 {(m, 1 H), 7.61 (dd, J = OO
fonyl-phenoxy)- | 9.98, 2.65 Hz, 1 H), 7.35 F ©
§-fluoro- (td, J = 8.59, 2.53 Hz, 1 H), 5
naphthaten-2- 7.40-7.16 (m,3H), 3.79
yl]-acetic acid (br.s,2H ) 2.45-253 (m ©\ O

1 H), 1.37 (cd, J = 4.80, S
1.77 Hz, 2 H), 1.07 {dd, J = o)
7.96,1.89 Hz, 2 H)

16 [6-luoro-4-(4- | 7.91 (br.s, 1 H), 7.88 (1,1 | 389 OH
methanesulfonyl | H), 7.68 (dd, J = 8.46, 1.89 OO
-2-methyl- Hz, 1H), 7.60 - 7.64 (m, 2 F 0
phenoxy)- H), 7.35 {(td, J= 8.72, 2.53 o
naphthalen-2- Hz, 1 ), 6.98 (s, 1 H), 6.82
yil-acetic acid (d, J=858Hz, 1t H} 3.78 D\ 0

(s, 2 H), 3.09 (s, 3 H), 2.50 S
(s, 3 H) 0

17 [6-fluoro-4-(4- 7.99 (d,J=859Hz, T H), 389 OH
methanesulfonyl | 7.87 (dd, J = 9.09, 5.31 Hz, OO
-3-methyl- H), 7.64 (s, 1 H), 7.58 . O

. phenoxy)- (dd, J=10.11,2.53 Hz, 1 o
naphthalen-2- H), 7.33 (id, /=8.65, 2.40
yil-acetic acid Hz, 1 H), 7.12 (s, 1 H),6.95 \@ 0
{(d,J=227 Hz, 1 H), 6.89 S
(dd, J = 8.72, 2.40 Hz, 1 H), 0
3.80 (s, 2 H), 3.0 (s, 3 H),
2.66 (s, 3 H)

18 [4-(4- 7.98 (dd, J=8.97, 543 Hz, | 403 OH
ethanesuffonyl- | 1 H), 7.88(d, J=152Hz 1 OO
2-methyi- H), 7.68 (s, 1 H), 7.65 (dd, J e 0
phenoxy)-6- =8.46,2.15 Hz, 1 H}, 7.57 o
fluoro- {(dd, J=10.23, 2.65 Hz, 1
naphthaten-2- H), 7.37 (td, / = 8.78, 2.65 D 0
yi}-acetic acid Hz, 1 H), 7.05(s, 1 H), 6.87 S

(d,J =859 Hz, 1 H), 3.75 ¢ )
{s.2H),321 (g, J=7.498

Hz, 2 ), 2.50 (s, 3 H), 1.23

{t,J=7.45 Hz, 3 H)

19+ [6-fluoro-4-(5- B.56 (d, J=253Hz, 1H), | 376 OH
methanesulfonyl | 8.38 (dd, J = 8.59, 2.53 Hz, OO
-pyridin-2- 1H), 8.09 (ad, J = 8.84, E o
vioxy)- 556 Hz, 1 H),7.82 (s, 1 H), O. N
naphthalen-2- 7.44-751{m,2H), 742 S
vlacstic acid | (s, 1H),7.38 (s, 1 H), 3.76 P

(s, 2 H), 3.28 (s, 3H) S




(q,J=7.41Hz,2H) 227 (s,3H),1.34(t, J=7.45 ylFaceticacid C Hz, 3H) 2-26[4-(4-7.83 -
7.87 (m, 1 H), 7.81 443 OH cyclopentanesul fonyl-phenoxy)- (d, J=8.84 Hz, 2 H), 7.70 (s, 1 H), 7.35

(dd, J= 000 6-fluoro-3- 10.11, 2.27 Hz, 1 H), 7.24

WO 2010/055604 PCT/EPZO(9/064810
-80 -
Example | Systematic "H NMR (400 MHz, CDCl) | MS Structure
No. Name 3 ppm (ESI,
[{(M+H)]

140 [6-fiuoro-4-(5- 12.45(s, 1H), 8.31{br.s, 2 | 380 OH
methanesulfonyl | H), 8.08 (br. 8,1 H), 7.81 OO
-3-methyl- (s, 1H),7.42-7.51 F o
pyridin-2-yloxy)- | (m, 2 H), 7.34 (s, 1 H), 3.77 o, N
naphthalen-2- {s,2 H),3.26 (s, 3H), 2.56 2
yij-acetic acid {s,3H) i P je;

S
0
141~ [ [@4-(5- 8.53(d,J=2.02 Hz, 1 H), | 390 oH
ethanesulfonyl- | 8.34 (dd, J=8.72, 240 Hz, OO
pyridin-2-yioxy}- | 1 H), 8.10 (ad, J =8.97, F 0
§-fuoro- 5.68 Hz, 1 H), 7.83 (s, 1 H), 5N
naphthalen-2- 7.35-755{m, 4 H),3.78 S
JlFaceticacid | (s, 2 H), 3.35-3.40 (m, 2 | Lo
M), 114 {t, J=7.45Hz, 3 S
H) S )

142" [4-(5- 827 (s, 1 H), 817 (s, 1 H), | 404 OH
ethanesulfonyi- | 7.97 (dd, J = 8.08, 6.06 Hz, OO
3-methyl- H), 7.75 (s, 1 H),7.30 - £ O
pyridin-2-yloxy)- | 7.38 (m, 3H),3.79 (s, 2 H), 0. N
g-fluoro- 3.24 (1, 2 H), 2.60 (s, 3 H), AN
naphthalen-2- | 1.25 (t, J = 595 Hz, 3 H) P
yi}-acetic acid S

0O

113* [4-{3-bramo-5- B.B0{d,J =227 Hz, 1 H), 458 OH
ethanesulfonyl- | 842 (d,J=2.27 Hz, 1 H), OO
pyridin-2-yloxy} | 7.99 (dd, J = 8.97, 518 Hz, E o

| B-flucro- 1H),7.79(s, 1H),7.32 - 6. N
naphthaien-2- 7.43 (m, 3H),3.81 (s, 2 H), B
yiFacetic acid | 3.26-3.29 (m, 2 H), 1.26 t, L o

J=7.33Hz,3H) Br S
¢

1-14* {4-(3-bromo-5- B.65(d, J=227 Hz, 1 H), 454 _ CH
methanesulfonyl | 8.46 (d, J=2.02 Hz, 1 H), OG [
-pyridin-2- 7.99 (dd, J = 9.73, 543 Hz, . O
ylaxy)-6-fluoro- H), 7.79¢{s, 1 H), 7.32 - SN
naphthalen-2- 7.40 {m, 3H),3.8% (s, 2H), pS
yil-acetic acid 3.20(s,3H) l P

Br S

115 [4-{4- 7.87(d,J=858Hz, 2H), 41 OH
Ethanesulfonyl- | 7.79(d, J=8.84 Hz, 1 H), OO 3
phenoxy)-6- 7.60(s,1H),7.19-7.24 ~0
methoxy- (m, 2 H),7.14 (d, J = 8.59 o
naphthaien-2- Hz, 2 H),7.10(d, J=1.26 \© 0
yilacetic acid | Hz, 1 H), 3.84 (s, 3H) 3.79 S

(5,2 H). 3.14 (q, J = 7.49 ©
Hz, 2 H), 1.32(t J=7.45
Hz, 3 H)




methyl- naphthalen-2- (dd,J=10.11,2 27 Hz,1 0 H), 6.91 (d, J=8.84 Hz, 2 yl]-acetic acid H), 3.90

(s,2H),2.21- 2.26(m,3H),2.01-2.11 (m, 2 H), 1:85-1.95 (m, 2
WO 2010/055004 PCT/EP2009/064810
-81-
Example | Systematic "H NMR (400 MHz, CDCls} | MS Structure
No. Name 3 ppm (EST,
H(M+H) ]

116 [4-(5- 855 (d,J=2.53Hz, 1 H), | 440 OH
Ethanesulfonyl- | 8.34 {dd, J=8.59,2.27 Hz, F OO &
pyridin-2-yloxy)- | 1 H), 8.10-8.15(m, 2 H), F
6- 7.86(s, 1 H), 7.73(c, J = F O Ny
friflucromethyl | 9.09 Hz,1 H), 7.46 (s, 1 H), P
naphthaien-2- 7.40(d,J=8.84 Hz, 1 H), S
yij-acetic acid 3.86 (s, 2 H), 3.27 {dd, 2 H) ©

1.26 (t, J=7.33Hz, 3 H)

147 [4-(4- 8.30(s, 1H)8.13(d, /= 439 OH
Ethanesulfonyl- | 8.59 Hz, 1 H)7.93 (d, J =
phenoxy)-6- 8.84Hz, 2H)7.80(s, 1 H) E
trifluoromethyl- | 7.76 (dd, J = 8.34, 1.26 Hz, F o

. naphthalen-2- 1HY723-7.31(m,3H) ©\ 0

' wil-acetic acid 384(s2H)3.22(q,J= S
7.33Hz, 2H)1.24 (£ J = ©
7.33 Hz, 3H)

1-18* [4-(5- 855(d,J =227 Hz, 1H), | 456 - Or
Ethanesulfonyl- | 8.32 (dd, J=8.84, 253 Hz, F% Oe o
pyridin-2-yloxy)- | 1 H), 8.06 (d, J = 8.84 Hz, 1 ¢ o
8- H} ,7.82 (s, 1H),7.62 (s, 1 O Ny
trifluoromethoxy | H), 746 (d, J=1.52 Hz, 1 P
-paphthalen-2- H), 742 {s,1H),7.36(d, J N
yll-acetic acid =8.59 Hz, 1 H), 3.84 (s,2 ©

H), 3.26 (g, J = 7.33 Hz, 2
H), 1.25 (t, J=7.33Hz, 3
; H)
1195 | [4-{4- 8.05(d,J=909Hz 1H), | 455 - GH
' Ethanesulfonyl- | 7.91 (¢, J = 8.84 Hz, 2 H), "l
phenoxy)-6- 7.77(s,2 H),7.46(d, J= £ o
trifluoromethoxy | 8.84 Hz, 1 H), 7.27 (s, 1 H}, Q
-naphthalen-2- 7.25(d, J=8.84 Hz, 2 H), @\ ke
yl]-acetic acil 3.81{s,2H),320(q,J~= S
7.33 Mz, 2H),1.25 (d, J= °
7.33Hz, 3 H)

1.20% [4-(4- 8.02 (dd, J = 9.09, 5.56 Hz, | 389 F OH
Ethanesulfonyl- H), 7.90 (¢, J=8.84 Hz, 2 OO 5
phenoxy)-7- H), 7.69 (s, 1 H}),7.62 (dd, J
fiuoro- =10.41, 253 Hz, 1 H), 7.32 O
naphthalen-2- | (td, J = 8.78, 2.40 Hz, 1 H), Lo
yll-acetic acid 7.22(d,J=8.59Hz, 2 H), S

7.15 (s, 1 H), 3.80 (s, 2 H),
3.22 (g, J=7.41 Hz, 2 H),
1.25(t, J=7.45Hz, 3 H)
121 | [4-(5- 8.60(d,J=2.80Hz, T H), | 402 oH
| Ethanesulfonyi- | 8.30 (dd, J =8.84, 2.40 Hz, OG 3
| pyridin-2-yioxy)y- | 1H ), 7.85 (d, J = 9.20 Hz, e
B-methoxy- 1 H),7.69 (s, 1 H), 7.28- NN
naphthaien-2- | 7.25 (m.2H),7.21 (dd, J = NP
vil-acetic acid 9.20, 2.40 Hz, 1 H), 7.10 (d, S
J=2.40 Hz,1 H), 3.80 (s, 5 ©
H), 3.20 (q, J = 7.45 Hz, 2
H),1.28 (t, J=7.45Hz, 3
H)




H),1.73-1.81 (m, 2 H), 1.56-1.67 (m,2H) 2-27 (6-fluoro-444-(4- 7.92 - 7.98 (m, 2 H), 7.80- 469
OH fluoro- 7.87 (m, 3 H), 7.69 (s, 1 H), 00 o benzenesulfonyl 7.28 - 7.32 (m, 1 H), 7.14 -

-phenoxy1-3- methyl- 7. . =
)-p Y wosin) 550?3425 (m, 3H), 6.87 (d, J=8.84 Hz, 2 H), 3.89 (s, ZPEl}rEonag/osmw
-82.
Example | Systematic M NMR (400 MHz, CDCls) | MS Structure
No. Name & ppm (ESF,
[(M+H)]

1-22* [4-(4- 787 (d, J=884Hz, 2 H), | 389 O
Ethanesulfonyl- | 7.81 (s, 1 H}, 7.77 (d, J =
phenoxy)-5- 8.84 Hz, 1 H),7.50 {id, 1 H),
fluoro- 7.30 {g, 1 H), 7.14 (dd, 1 F o
naphthalen-2- | H), 7.08 (d, J=8.84 Hz, 2 @\ o
yil-acetic acid H), 3.81 (5,2 H),3.20 (q,J S~

=745 Hz, 2 H),1.26 (t, J = ©
7.45 Hz, 3 H)

1-23* [4-(4- 789(d, J=8.84Hz, 2H), |431 ~5 on
Ethanesulfonyl- | 7.59 (s, 1 H), 7.34 (s, 1 H), OG
phanoxy)-6,7- 7.22-7.19 (m, 3H), 7.04 (s, o 0
dimethoxy- 1 H), 3.99(s, 3H),3.83 (s, d &
naphthalen-2- | 3 H}, 3.75 (s, 2 H), 3.23 (q, \©\ o
yi}-acetic acid J=T45Hz, 2H),1.25( J s

= 7.45 Hz, 3 H) &
*CDsOD was used as the solvent; **DMSO-ds was used as the solvent.
EXAMPLE 241
[4-(4-ethanesulfonyl-phenoxy)-6-flucro-3-methvi-naphthalen-2-yil-acetic
acid
008
IoeQ!
0

After careful addition of absolute methanol (0.1 mL) to a suspension of sodium
hydride (60% in mineral oil, 20 g, 0.5 mol) in anhydrous toluene (200 mL), a

10 solution of 4-fluoro-benzaldehyde (31 g, 0.25 mol) and 2-methyl-succinic acid
dimethyt ester (60 g, 0.38 mol) in anhydrous toluene (100 mL) was added at
room temperature under a stream of nitrogen. The resulting mixture was stirred at
room temperature for 30 minutes and then quenched by the siow addition of
water (20 mL). The mixture was acidified by the addition of concentrated

15  hydrochloric acid, and extracted with ethyl acetate (200 mL » 3). The combined



IP naphthalen-2- y1}-acetic acid 2.22 (s, 3 H) . is 2-28[4-(4- 7.94 (d, J= 7.07 Hz, 1 H), 451 OH
benzenesulfonyl 7.80 - 7.89 (m, 3 H) 7.68 (s, -phencm)-6- 1 H), 7.49 - 7.59 (m, 3 H),
fluoro-3-methyl- 7.29 - 7.32 - -2- =

y (m, 1 H), 720- naphthalen-2- 7.26 (m, 1 H)Pé’ﬁ]«?p%hﬁomsw

WO 2010/055004
-83-
organic layers were dried over sodium sulfate, and concentrated in vacuo. The
residue was purified by column chromatography (elution with 30% ethyt acetate
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
5 7.97(s,1H),7.54(d, J=88Hz, 2H),7.25(d, J=88Hz, 2H), 3.82(q, 7.2 Hz,
1 H),1.40(d, J=6.8 Hz, 3 H).
| 6-fluoro-~4-hydroxy-3-methyi-naphthaiene-2-carboxyiic acid methyl ester
0

oo

OH

F

10 To a solution of 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester (1
g, 4 mmol) in anhydrous tetrahydrofuran (10 mL.), trifluoroacetic anhydride (3.3 g,
15.7 mmol)} was added in one portion followed by the addition of triethylamine
(3.3 mL, 24 mmol) dropwise. After being stirred at room temperature for 4 hours,
the mixture was acidified to pH 3 with 5% aqueous hydrochloric acid and

15 extracted with ethyl acetate (30 mL.). The organic layer was concentrated in
vacuo. The residue was dissolved in methanol (15 mL). The resulting soiution
was cooled to 0 °C, then treated with sodium borohydride (380 mg, 10 mmolj,
and stirred for 1 hour. The reaction mixture was diluted with ethyl acetate (20 mL)
and 5% aquecus hydrochioric acid (20 mL). The agueous phase was separated

20 and extracted with ethyl acetate (15 mL x 3). The combined organic layers were
washed with brine (40 mL), dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified by column chromatography (elution with 10%
ethyl acetate in hexanes) to afford 6-fluoro-4-hydroxy-3-methyi-naphthalene-2-
carboxylic acid methyl ester (740 mg, 80%) as a pale solid.

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

ester was obtained by treating 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-

methyl ester with acetic anhydride and sodium acetate followed by sodium

methoxide, in a manner analogous to the one described above for the

preparation of 8-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester.

30 '



yn-acetic acid 8.84 Hz, 2 H), 3.89 (s, 2 H), 0"40 2.22 (s, 3 H) 2-29f6-fluoro-3-7.82 (t, J= 8.21 Hz, 5
H), 465 QH methyl-4-[4- 7.68 (s, 1 H), 7.30 (d, J= 1.0 0 (toluene-4- 8.08 Hz, 2 H), 7.26 (br. s,2

WO 2010/055004 PCT/EP2009/064810
-84 -
4-penzyloxy-6-flucrc-3-methyl-naphthalene-2-carboxylic acid methyi ester
o]
oo
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
5 added benzyl bromide (4.5 mL, 37.6 mmol) in acetone (100 mL). The resulting

mixture was vigorously stirred at reflux for 10 hours under a nitrogen atmosphere.
The mixture was cooled and filtered. The combined organic solution was
concentrated in vacuo to give 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-
carboxylic acid methy! ester {(10.4 g, 94%) as a white solid. _

10 (4-benzyloxy-6-flucro-3-methyl-naphthalen-2-yi)-methanol

0

To the slurry of lithium aluminum hydride (1.8 g, 47.5 mmol} in tetrahydrofuran
(50 mL) was added a solution of 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-
carboxylic acid methyl ester (10 g, 30.8 mmol) in tetrahydrofuran (50 mL) at 0 °C

15 under a nitrogen atmosphere. Afier being heated at 60 °C for 2 hours, the
resulting mixture was cooled to 0 °C and treated with 1 N hydrochloric acid to
guench the reaction. The agueous layer was extracted with diethyl ether (100 mi.
x 5). The combined organic layers were dried over sodium sulfate and
concentrated in vacuo 1o give (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-

20 methanol (8.4 g, 92%) as a white solid. 'H NMR (400 MHz, CDCl3) 6 ppm7.84 -
(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 (5, 2 H), 2.47 (s, 3
H).



sulfonyl)- H), 6.84 (d, J=8.84 Hz, 2 0 phenoxy]- H), 3.89 (s, 2 H), 2.41 (s, 3

naphthalen-2- yll-acetic

acid H), 2.22 (s, 3H) 0 WO 2010/055004PCT/EP2009/064810 - 93 - Example 1 Systematic No.1
Name 1, IR NVR (409 MHz, CDCI3) 6 PPm MS (ESP, [(M+H) Structure 2r3@Bdugiard-[4-(4- 7.78 -

7.91 (m, 5 H), 7.70
-85 -

1-benzyloxy-3-chloromethyi-7-fluore-2-methyl-naphthaiene

O

To a solution of triphenyiphosphine (7.1 g, 27.2 mmol) in anhydrous

tetrahydrofuran (32 mL.) was added carbon tetrachloride (10 mL). The mixture
5 was stirred for 10 minutes and 4-benzyloxy-6-fluoro-3-methyi-naphthalen-2-yl})-

methanol {4 g, 13.6 mmol) was introduced as a solid under a nitrogen

atmosphere. After being stirred at reflux for 2 hours, the resulting mixture was

diluted with water, extracted with ethy! acetate (150 mL} and washed with water

(50 mL x 2). The combined aqueous layers were then extracted with ethyl

10 acetate (150 mL) and the combined organic layers were dried over sodium

sulfate and concentrated in vacuo. The residue was purified by column

chromatography (5% ethy! acetate in petroleum ether) to afford 1-benzyloxy-3-

chioromethyl-7 -fluoro-2-methyl-naphthaiene (3.5 g, 83%) as a white

solid. *H

NMR (400 MHz, CDCls) & ppm7.83 (dd, J = 5.6, 9.3 Hz, 1 H), 7.71 (d, J = 2.4 Hz,
15 1H),7.68 (s, 1 H), 7.40 - 7.58 (m, 5 H), 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 C1sH:CIFO 314, obsd. (ESI)

[(M+H)"] 315.

{4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl}-acetic acid methyl ester

A N O
Oe O
E

0

g

20 A flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyi-naphthalene (3.3

g, 10.4 mmol), bis(triphenylphosphine)dichioropalladium(if) (360 mg,

0.5 mmol)

and potassium carbonate (1.52 g, 11.0 mmol) was evacuated and then filled with
carbon monoxide (batloon). Methanol (18 mL) and tetrahydrofuran (35 mL) were

added by means of a syringe. After being stirred at room temperature under a



481 OH methoxy- (s, 1 H), 7.30 - 7.34 (m, 1 400 O benzenesulfonyl H), 7.21 -7.27 (m, 1 H),
)-phenoxy]-3- 6.98 (d, J = 8.84 Hz, 2 H), UPI methyl- 6.85 (d, J = 8.84 Hz, 2 H), naphthalen-2- 3.90
(s, 2 H), 3.86 (s, 3H), 11011 yl)-acetic acid

WO 2010/055004 PCT/EP2009/664810
- 86 -

carbon monoxide atmosphere ovemight, the resulting mixture was diluted with
water (50 mL), and extracted with ethyl acetate (100 mL). The organic layer was
washed with water (50 mL x 2). The combined aqueous layers were exiracted
with ethyl acetate (150 mL) and the combined organic layers were dried over

5 sodium sulfate and concentrated in vacuo. The residue was purified by column
chromatography (20% ethyl acetate in petroleum ether) to afford (4-benzyloxy-6-
fluoro-3-methyf-naphthalen-2-yl)-acetic acid methyl ester (3.4 g, 96%) as a white
solid. "H NMR (400 MHz, CDCl) & ppm7.80 (dd, J=5.2, 8.4 Hz, 1 H), 7.70 (d, J
= 10.4 Hz, 1 H), 7.40 - 7.59 (m, 6 H), 7.25 (td, J = 2.0, 8.8 Hz, 1 H), 5.00 (s, 2 H),

10 3.84 (s, 2 H), 3.75 (s, 3 H), 2.42 (s, 3 H); MS cald. for C1HoFO5 338, obsd. (ESIM)
[(M+H)"] 339.
(6-fluoro-4-hydroxy-3-methyi-naphthalen-2-yl)-acetic acid methyl ester

Joeeh

OH

To a solution of (4-benzyloxy-6-flucro-3-methyl-naphthalen-2-yl)-acetic acid

15  methyl ester (3.4 g, 10.0 mmol) in methanol (50 mL) was added 10% palladium
on carbon {0.5 g). The resulting mixture was vigorously stired under a hydrogen
(balloon) atmosphere overnight. The filtrate was concentrated in vacuo to give (G-
fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methy! ester (2.44 g,
98 %) as a white sofid. "H NMR (400 MHz, CDCla) & ppm 7.69 - 7.74 (m, 2 H),

20 7.34(s,1H), 7.21 (1d, J=24, 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 C14H1sFOs 248, obsd. (ESI") [(M+H)"] 249.

i4-(4-ethanesulfonyl-phenoxy)-6fiuoro-3-methyl-naphthalen-2-yl]-

acetic acid methy! ester

S
25 | ¢



2.23 (s, 3H) 2-31 {4-[4-(4-chloro- 7.82 - 7.89 (m, 5 H), 7.70 485 OH benzenesulfonyl (s, 1 H), 7.50

(d, J=8.84 1<kr-ril..-- ...y.. ,---- )-phenoxy]-6- Hz, 2 H), 7.32 (m, 1 H), 0.. fluoro-3-methyl- 7.24 (m, 1
H), 6.88 (d, J = -ir- naphthalen-2- 8.84 Hz, 2 H), 3.90 (s, 2 H),
WO 2010/055004 PCT/EP2009/064810
- 87 -

A sealed tube containing 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl}-acetic
acid methy! ester (100 mg, 0.4 mmol), 1-ethanesulfonyl-4-fluoro-benzene (152
mg, 0.8 mmol), and potassium carbonate (111 mg, 0.8 mmol) was evacuated and
filled with nitrogen. Anhydrous N,N-dimethylformamide (2 mL) was added. After
5 being stirred at 100 °C overnight, the mixture was cooled to room temperature,
then diluted with water (10 mL.), and extracted with ethyl acetate (10 mL x 2). The
combined organic layers were washed with brine (10 mL x 3), dried over sodium
sulfate and concentrated in vacuo. The residue was purified by column
chromatography (30% ethyl acetate in petroleum ether) to give [4-(4-
10  ethanesulfonyl-phenoxy)-8-fluoro-3-methyl-naphthalen-2-yl}-acetic acid methyl
ester (160 mg, 96%). MS cald. for CaHxFOsS 416, obsd. (ESIT) [((M+H)™] 417.
14-(4-ethanesulfonyi-phenoxy)-6-fluoro-3-methyl-naphthalen-2-ylj-acetic

_ acid
2008
c 0
O
O
S

N

15  Starting with [4-(4-ethanesulfonyl-phenoxy)-8-fluoro-3-methyi-naphthalen-2-yl}-
acetic acid methyl ester (150 mg, 0.36 mmol), using a method analogous to the
one described for example 11, final step, [4-(4-ethanesuffonyl-phenoxy)-6-fluoro-
3-methyl-naphthalen-2-y{]-acetic acid (116 mg, 80%) was obtained as a white
soiid. "H NMR (400 MHz, CDCl3) 5 ppm7.82 (d, J = 8.84 Hz, 2 H), 7.80 - 7.86 {m,

20 1H), 7.70(s, 1 H), 7.34 {(dd, J=9.98, 2.40 Hz, 1 H), 6.92 (d, J = 8.84 Hz, 2 H),
3.90 (s, 2 H), 3.11 (g, J=7.33 Hz, 2H),2.25 (s, 3 H), 1.30 (t, /= 7.45 Hz, 3 H);
MS cald. for Co1H1oFOsS 402, obsd. (ESIT) [(M+H)"] 403.

EXAMPLES 2-2 to 245
25 . The following examples 2-2 to 2-45 were prepared in an analogous manner to
example 2-1 starting with 4-fluoro-benzaldenyde or 4-chloro-benzaldehyde to
derive (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyi ester or
(_6-chloro-4—hyciroxy—3-methyl-naphihaien—Z~yi)-acetic acid methyl ester,



yll-acetic acid 2.23 (s, 3 H) ,1 ---",z----.ci 242** [6-fluoro-4-(5- 12.50 (s, 1 H), 8.52 (d, J = 390 OH

methanesulfonyl 2.53 Hz, 1 H), 8.39 (dd, J = Oil -pyridin-2- 8.59, 2.53 Hz, 1 H), 8.03 O F
y4oxy)-3-m%l&yiél(9%sﬂeg 9.09, 5.56 Hz, 1 H),

-88 -

PCT/EP2009/064310

respectively, which were then further treated with the appropriate commercially

available or prepared aryl derivatives in accordance with the procedure descrived

for example 2-1.

naphthalen-2-

yll-acetic acid

(d, J = 2.02 Hz, 1 H), 6.64
(dd, J = 8.72, 2.40 Hz, 1 H),
3.90 (s, 2 H), 3.07 (s, 3 H),
2.64 (s,3 H), 2.25 (s, 3 H)

[ Example | Systematic 'H NMR (400 MHz, CDCly) | MS Structure

No. Name 5 ppm (EST,

HM+H) ]

2-2 [6-fiuoro-4-(4- 7.82-788(m,1H), 786 389 OH
methanesulfonyl | (d, J=9.08 Hz, 2H),7.70 OO
-phenoxy)-3- (s,1H),7.33(dd,J= . o
mathyi- 1011, 253 Hz, 1 H}, 7.25 o
naphthalen-2- (dd, J=10.11,2.53 Hz, 1
yl]-acetic acid H), 6.92(d, J=8.84 Hz, 2 O\ D

M}, 3.89(s,2H),3.06(s,3 S
M), 2.25 (s, 3 H) 0

23 [6-fluoro-4-{4- | 7.88 (Q,J=2.27 Hz, 1 F), | 403 OH
methanesulfonyl | 7.84 {dd, J=9.73, 543 Hz, OO '
-2-mathyl- 1 H),7.70 (s, 1 H), 7.52 E O
phenoxy)-3- (dd, J=8.21, 240 Hz, 1 H}, o
methyl- 7.23-7.26 (m, 1 H), 6.26
naphthalen-2- {d, J=18.84 Hz, 1H), 3.90 D\ O
yil-acetic acid {s,2H) 3.05(s,3H),2.63 S

| ' (5,3H),2.22 (s, 3 H) o

2-4 {B-fluoro-3- 7.84(dd, J=8.97,543Hz, | 417 o]
methyl-4-[4- 1H),7.79 (d, J=8.84 Hz, 2 OQ
(propane-2- H), 7.70 (s, 1 H), 7.35 {dd, J F ©
sulfonyl)- =10.11,2.27 Hz, 1 H), 6.90 &
phenoxy}l -6.94 (m, 2 H),3.90(s, 2 O\ o
naphthalen-2- H), 3.14 - 3.22 (m, 1 H), <

| yilacstic acid | 2.24 (s, 3H), 1.31(d,J= & Y
6.82 Hz, 6 H)

2-5 [4-(4- 781(d,J=9.09Hz, 2H), |415 o
cyclopropanesul | 7.79-7.86 (m, 1 H), 7.70 OO
fonyi-phenoxy)- | (s, 1 H), 7.35 (dd, J = 9.98, F ©
5-fluoro-3- 240 Hz, 1 H),6.91(d,J= 0
methyi- 8.84 Hz, 2 H), 3.90 (s, 2 H) Q .
naphthalen-2- 243-250{m,1H), 225 <
yij-acetic acid (s,3H),131-1.36(m,2 AV

H), 1.04 (m, 1 H}

26 [B-fluoro-4-(4- | 7.92 (d, J=8.84Hz, TH), | 403 OH
methanesutfonyl | 7.84 (dd, /=8.97,568Hz, OO
-3-methyl- 1 H), 7.69 (s, 1 H) 7.34 (dd, = O
phenoxy)-3- J=1023,2.40Hz, 1 H}, o
methyi- 7.22-726(m, 1H), 680 o

; N
O




naphthalen-2- 7.82 (s, 1 H), 7.38 - 7.46 OY ylpacetic acid (m, 2 H), 7.30 (dd, J =

H), 3.84

-... (5,2 H),329(s,3H),2.14 0 (5,3 H) 243*[4-(5-

WO 2010/055004 PCT/EP2609/064810
-89 -
Exampie ;| Systematic "H NMR (400 MMz, CDCl3} | MS Structure
No. Narme & ppm (EST,
[(M+H)]

27 [6-Chloro-4-(4- 7.86(d, J=8.84 Hz, 2 H), 405 OH
methanesulfonyl | 7.79 (d, J = 8.58 Hz, 1 H), OO
-phenoxy)-3- 7.72 (s, 1 H), 7.69 (s, 1 H}, o o
methyl- 742(d,J=7.07 Hz, 1 H), o
naphthalen-2- 6.93 {d, J=8.59Hz, 2 H),
yi}-acetic acid 3.90 (s, 2H),3.07{s, 3 H), \Q 0

2.24 (s, 3 H) S
O

28 [B-chloro-4-(4- 7.91(d,J=8.84Hz, 1 H), 419 OH
methanesulfonyl | 7.86 (d, J= 8.84 Hz, 1 H), OO
-3-methyl- 772{s,1H),7.62(d,J= ¢l O
phenoxy)-3- 1.52 Hz, 1 H), 7.39 (dd, J = o
methyl- 8.50, 2.02 Hz, 1 H), 6.91 (¢,
naphthaien-2- J=227 Hz, 1 H),6.77 - 0
yl}-acetic acid 6.82 (m, 1 H),3.74 (s, 2 H}), B

311(s,3H),2862(s,3H), 0
2.26(s,3H)

29 [6-chloro-4-{4- 7.89(s, 1H),7.79(d, J= 419 OH
methanesulfonyt | 8.34 Hz, 1 H), 7.69 (s, 1 H), OO
-2-methyl- 7.65(s, 1 H),7.53(br.s, 1 a 0
phenoxy)-3- H), 7.43 {dd, 1 H}, 625 (d o
methyl- J=8.59 Hz, 1 H) 3.80(s, 2
naphthalen-2- H), 3.05 (s, 3H),2.64 (5,3 D\ 0O
yi}l-acetic acid H), 2.21 (s, 3H) S

O

210 [4-(4- 7.85(br.s, 2H),770(s,1 | 417 OH
ethanesulfonyl- | H), 7.48 (d, J=8.08 Hz, 1 OO
2-methyl- H), 7.24 (br. s, 2 H), 6.25 F 0
phenoxy)-6- (d, J=8.08 Hz, 1 H), 3.90 4
fluoro-3-methyi- | (s,2H), 3.11 (g, /=748
naphthalen-2- Mz, 2 H), 2.62 (s, 3H),2.22 j@\ 0
vi]-acetic acid {¢,3H),1.29({ J=6.82 S

Hz, 3 H) ¢ )

2-11 [4-{3-chloro-4- (d, /=884 Hz 1H), 786 {423 OH
methanesulfony! | (dd, J = 8.72, 543 Hz, 1 H}, OO
-phenoxy}-6- 7.72(s,1H), 7.29 {br. 5, 1 = 0
fluoro-3-methyl- | H), 7.24 - 7.26 (m, 1 H), o
naphthalen-2- 6.99 (¢, J=1.77 Mz, 1 H),
yiacetic acid 6.80 (dd, J=9.08, 2.02 Hz, 0

2 H), 3.91 (s, 2 H), 3.26 (s, S
H), 2.26 (s, 3 H} o JRe.

212 {6-fivoro-4-(2- 7.85(t, J=8.34 Hz, 2 H), 407 OH
fluoro-4- 772(s,1H) 7.49(, J = Oe
methanesulfonyt | 8.34 Hz, 1 H),7.35(d, J F 0
-phenoxy)-3- 9.85Hz, 1 H), 729 (br.s o
methyi- H}, 6.45 (t, J=8.21 Hz, 1
naphthalen-2- M), 3.91 (8, 2H),3.07 (5,3 :©\ 0
yll-acetic acid H), 2.28 (s, 3 H), F S

O

10.36, 2.27 Hz, 1




8.48 (br. s, 1 H), 8.34 (d, J 404 OH ethanesulfonyl- = 8.34 Hz, 1 H), 8.02 (ddd, el pyridin-2-yloxy)- J =
6.63, 3.79, O F 6-fluoro-3- 3.47 Hz, 1 H), 7.81 (s, 1 H), methyl- 7.43 (br. 3,2 H), 7.31 (d, J

naphthalen-2- = 10.11 Hz, 1 H), 3.84 (s, 2 0 A-acetic acid H), 3.36 (br. s,2 H), 2.14
WO 2010/055004 PCT/RP2009/064810
-90 -
Example | Systematic "H NMR (400 MHz, CDCly) | MS Structure
No. Name & ppm (EST,
HMv+H) T

2-13 [4-{4- 7.86 (dd, J=8.97,543 Hz, | 421 OH
athanesulfonyi- 1 H), 7.80 (dd, d=9.73, OO
2-flucro- 2.45Hz, 1H), 7.72 (5. 1 HJ, E o
phenoxy)-6- 7.45 {dd, J=8.58,1.26 Hz, 3
fluoro-3-methyl- | 1 H), 7.36 {dd, J = 985,
naphthalen-2- | 2.27 Hz, 1 H), 7.28 (br. s, 1 D\ 0
yll-acetic acid H), 645t 1H}, 391 (s, 2 F S

H), 3.13{q,J=741Hz,2 0
H), 2.27 (s, 3H). 1.31 (t, J
=7.33Hz, 3H)

244 4-(4- 788 (d, J= 884z, 1 H), | 417 GH
ethanesulfonyi- | 7.84 (dd, J=8.97, 5.18 Hz, OO
3-methyl- 1H),7.70 (s, 1 H),7.35 F 0
phenoxy}-6- {dd, J=10.11,2.53 Hz, 1 5
fluoro-3-methyl- | H), 7.24 (dd, J = 10.11,
naphthalen-2- 253Hz,1H),680(d,J= 0
yl}-acetic acid 2.27 Hz, 1 H),6.65 (dd, J = 'S

8.72,2.40 Hz, 1 H), 3.90 (s, o)
2H),3.14 (g, J=749Hz, 2

H), 2.62(s,3H),225(s,3

H), 1.29 (t, J= 7.45Hz, 3

H)

215 [4~(2 5-difiuoro- ; 7.86 (ddd, J=9.73, 5.43, 425 OH
G 505 Hz,2H}, 7.74 (s, 1 H), OO
methanesuifonyl | 7.31 (ddd, J= 935, 7.07, £ 0O
-phenoxy)-6- 253 Hz,2H), 617 (dd,J = o E
fluoro-3-methyi- | 10.36, 6.32 Hz, 1 H), 3.91
naphthalen-2- {s,2H},3.20(s,3H),2.29 :@: 0
vil-acetic acid {s, 3 H) F S

o

2-16 I6-fluoro-4-(3- 7B3-7890(m,2H),7.72 467 Ok
fluoro-4- (s, 1 H), 730 {br.s, 1H), OO
methanesuffonyl | 7.25 (br.s, 1 H), 6.75 (dd, J £ 0
-phenoxy)-3- =8.97,1.89 Hz, 1 H), 6.62 o -

¢ mathyl- {dd, J = 11.48,2.15 Hz, 1
naphthalen-2- H), 3.91 (5,2 H),3.21{5,3 \C[ 0
yil-acetic acid H), 2.26 (3,3 H) (5,5\

247 [4-(4- 7.85 (ddd, J= 865, 423, | 421 OH
gthanesulfonyl- | 4.04 Hz, 2 H), 7.71 (s, 1 H}, OO
3-fluoro- 7.31 (br.s, 1H),7.25 (br. s, F ©
phenoxy}-6- 1H),8.75{(dd,J=8.72, & .
fluoro-3-methyl- | 2.15Hz, 1 H),6.61 {dd, J=
naphthalen-2- 11.12, 2.27 Hz, 1 H), 3.90 \C[ 0
yll-acetic acid {5,2H),32%(g, J=748 3

Hz, 2 H),2.25(s,3H),1.33 o W
{t, J= 745 Hz, 3H) |




,S (s,3H),1.13(t,J=6.95 6 Hz, 3H) 2-34™[6-fluoro-4-(5-8.29 (dd, J = 10.86, 2.02'404 OH
methanesulfonyl Hz, 2 H), 8.01 (dd, J =8.97 SO -3-methyl- 5.68 Hz, 1 H), 7.79 0 pyridin-2-yloxy)-

3-methyl 6 201010535004 PCT/EP2009/064810
-9 -
Example | Systematic "H NMR (400 MHz, CDCly) | MS Structure
No. Name 5 ppm (EST,
[(Vi+H) 7]

2-18 [A-(2-cyano-4- | 8.29 (d,J=2.27 Hz, T H), |428 oH
ethanesulfonyl- | 7.85 (dd, /= 8.97,2.15 Hz, OO
phenoxy)-6- 2 H), 7.88 (dd, 1 H),7.74 e ¢
fluoro-3-methvi- | (3,1 H), 7.31 (br. 5, 2 H), o
naphthalen-2- | 6.49 (d, J = 8.84 Hz, 1 H),
yl]-acetic acid 3.91(5,2H)3.15(q, J= /\E-:L L

7.41Hz, 2 H), 226 (s, 3H), NF S
1.33(, J=745Hz, 3 H) o \;

2-19 [d-{3<ctloro-4- | B.02(d,J=8.84Hz, 1H), |437 OH
ethanesulfonyi- | 7.85 {dd, /= 8.97,543 Hz, OO
phenoxy)-6- 1 H), 7.711{s, 1 H).7.31 (or. £ 0
fluoro-3-methyl- | 5,1 H), 7.25 (br.s, 1 H), o cl
naphthaien-2- 6. 98 (d,J=227 }"iz 1 H),
yi}-acetic acid 6.79 (dd, J = 8.84, 2.27 Hz, U 0

1 H), 3.90 (s, 2 H), 3.41 (g, 'S
J=758Hz, 2 H). 2.25 (s, 3 J )
Hy, 1.30(t, J=7.45Hz,3

H)

2-20 [A-(2<chioro-4- | 612 (d,J = 2.27 Hz, 1 H), | 423 OH
methanesulfonyl | 7.86 (dd, /= 8.84,5.31 Hz, OO
-phenoxy)-6- 1H), 7.73 (s, 1 H), 7.59 F o
fluoro-3-methyl-  (dd, J=8.72, 240 Hz, 1 H), o
naphthalen-2- 7.28-732(m,1H),7.25
yl}-acetic acid (br.s,1H),641(, J= :@\ o

8.84 Hz, 1 H),3.91 (5, 2 H), cl 'S
3.07 (s, 3 H), 2.26 (s, 3 H) 0

2-21 [4-{2-chloro-4- 8.08 {d, J=2.27 Hz, 1 H}, 437 OH
ethanesulfonyl- | 7.86 {dd, J =9.08,531Hz, OO
phenoxy)-6- 1H),7.72 (s, 1 H), 7.55 = o
fluoro-3-methyl- | (dd, J=8.72, 215 Hz, 1 H), o
naphthalen-2- 7.30 (br.s, 1 H),7.25 (br. s,
yil-acetic acid H), 6.41 {d, J = 8.84 Hz, 1 D\ 0

H), 3.91 (s, 2 H), 313 (g, J cl 'S
=758 Hz, 2 H), 226 (s, 3 J )
H), 1.32 (4, J = 7.45 Hz, 3

H)

222 {6-fluoro-3- 785 1H),781(d J= 417 OF
methyl-4-[4- 8.84 Hz, 2 H), 7.70 (s, 1 H), OO i
{propane-1- 7.34 (dd, J = 10.11, 2.53 F
sulfonyl)- Hz, 1 H), 7.25 (dd, 1 H), o
ohenoxyl- 6.92 (d,J = 8.84 Hz, 2 H), @\ o
naphthalen-2- 3.90(s,2H) 3.03-3.08 .5
vivacetic acid | (m, 2 H), 2.25 (s, 3 H), 1.71 S 7\

-1.81(m, 2 H),1.02 (L d=
7.45 Hz, 3 H)

223 {4-J4-(butang-1- | 7.83-787 (m, 1H), 7.8 431 OH
sulfonyl)- (d,J = 8.84 Hz, 2H), 7. 0
phenoxy}-6- (s,1H),7.34 (dd,J= F
fluoro-3-methyi- | 10.23, 240 Hz, 1 H}, 7.22 - G
naphthalen2- | 7.26 (m, 1 H), 6.92 (d, J = \©\ o
yl}-acetic acid 8.84 Hz, 2 H), 3.80 (s, 2H), 'S.

3.04 - 3.11 {m, 2H}, 2.25 0
{,3H) 168-1.76(m,2
H), 1.36 - 1.46 {m, 2 H),




(s, 1 H), 7.39 (td, J = 8.84, 2.53 Hz, 1 H), 7.28 (dd, J = ON --, naphthalen-2- 10.48, 2.65 Hz, 1 H),
3.83 JP A-acetic acid (s, 2 H), 3.25 (s, 3 H), 2.60 (s, 3 H), 2.11 (s, 3H) 0245** [4-(5-8.24 (d,J =
9.35Hz,5 I-‘Q 418 pg—sloa%thanesulfonyl- 8.22 - 8.27 (m, 5 H), 8.01 sio

0 2010/0 PCT/EP2009/064810
-92 -
[ Example | Systematic "H NMR (400 MHz, CDCl;) | MS Structure
No. Name 5 ppm (ESI",
[(M+H) "]
0.91 (t, J=7.33Hz, 3 H)

2-24 [4-(5-chloro-4- | 8.03 (d,J=10.36 Hz, T H), | 455 OH
ethanesulfonyl- | 7.87 {dd, J=8.84, 5.31 Hz, Oe
2-fiuoro- 1H),7.74 (s, 1 H),7.28 - E 0
phenoxy}-6- 7.36 (m,2H),643(d, J= o cl
fivoro-3-methyl- | 7.07 Hz, 1 H}, 3.91 (8, 2 H),
naphthalen-2- 3.39{q,J=7.33Hz, 2 H), I:’ji k8]
yll-acetic acid 2.28(s5,3H),1.32(,J= F 3

745Hz, 3 H) o)

225 #-{(2-chloro-4- | 8.10 (d,J=6.82Hz, TH), | 455 OH
ethanesuifonyl- | 7.87 {ad, J = 9.47,5.68 Hz, OG
5-fluoro- 1H),7.74 (s, 1 H),7.28 - e o
phenoxy)-6- 7.32(m,2H),6.09-6.16 o F
fluoro-3-methyi- | (m, 1 H), 3.1 (s, 2 H), 3.27
naphthalen-2- (q,J=7.41 Mz, 2H),2.27 Ij 0
yil-acetic acid {s,3H), 134 (t J=7.45 cl S

Hz, 3 H) O

2-26 [4- (4~ 7.83-7.87 (m, 1 H), 7.8 443 OH
cyclopentanesul | (d, J=8.84 Hz, 2H),7.70 OO &
fonyi-phenoxy)- | (s, 1 H), 7.35(dd, J= F
&-fluoro-3- 10.11,227 Hz, 1 H), 7.24 e}
methyl- (ad, J = 10.11, 2.27 Hz, 1 O o
naphthalen-2- | H),6.91(d,J=8.84 Hz, 2 &
Ml-acetic acid | H), 3.90 (s, 2 H), 2.21 - & \Q

2.26 (m, 3 H), 2.01-2.11
(m,2H), 1.85-1.95(m, 2
H), 1.73 - 1.81 (m, 2 H),
1.56 - 1.67 {m, 2 H)

2.27 [6-fluoro-4-[4-(4- | 7.92-7.98 (m,2H),7.80- | 469 OH

‘ fluoro- 7.87 {m,3H), 769 (s, 1H}, OG o
benzenesulfonyl | 7.28 - 7.32 {m, 1 H}, 7.14 - F
}-phenoxy]-3- 7.25(m,3H),687(d. J= O@\
methyl- 8.84 Hz, 2 H), 3.89 (s, 2 H), &
naphthalen-2- | 2.22 (s, 3 H) J ‘@\
vi}-acetic acid £

2.28 [4-(4- 7.4 (d, J=7.07 Hz, 1 H), | 451 OH
benzenesulfonyl | 7.80-7.89 (m, 3H) 7.68 (s, 00 o
-phenoxy)-6- H), 7.49 - 7.59 (m, 3 H), F
fluoro-3-methyl- | 7.29-7.32 (m, 1 1), 7.20 - Q
naphthalen-2- 7.26{m,1H),6.86(d, J= O L
yll-acetic acid 8.84 Hz, 2 H), 3.89 (s, 2 H), d§\©

2.22 (s, 3 H)

2-29 {6-fluoro-3- 782(J=821Hz 5H), |465 OH
methyi-4-[4- 7.68(s, 1H),7.30(d, J= OO °©
(toluene-4- 8.08 Hz, 2 H), 7.26 (br. s, 2 F )
sulfonyl - H), 8.84 (d,J=8.84 Hz, 2 O\
phenoxyk H}, 3.89 (s, 2 H},2.41 (5,3 &
naphthalen-2- | H), 2.22 (s, 3 H) J \Q
vl}-acetic acid




0 3-methyl- (dd, J =9.09, 5.81 Hz, 5 H), pyridin-2-yloxy)- 7.79 (s, 5 H), 7.40 (td, J = 0l 6-tluoro-3-
8.84, 2.53 Hz, 5 H), 7.31 -.. methyl- (dd, J =10.48, 2.40 Hz, 5 naphthalen-2- H), 3.83 (s, 2 H), 3.31
(t, 2 yll-acetic acid H), 2.59 (s, 3 H), 2.10 (s, 3

WO 2010/055604 PCT/EP20609/064810
93 .
Example | Systematic H NMR (400 MHz, CDCl) | MS Structure
No. Name 5 ppm (EST,
I(M+H) ]

2-30 [6-fuoro-d-fa-(4- | 7.78-7.91 (m, 51}, 7.70 | 481 O
methoxy- {s,1H), 7.30-7.34 (m. 1 OO &
benzenesulfonyi | H), 7.21 - 7.27 (m, 1 H), F i
Fphenoxy]-3- 6.98 (d, J = 8.84 Hz, 2 H}, \@\
methyi- 6.85 (d, J = 8.84 Hz, 2 H), &
naphthalen-2- | 3.90 (s, 2 H), 3.86 (s, 3 H), g @
yl}-acetic acid 2.23{s,3H) c‘:

2:31 T4-[4-{4~chloro- | 7.82-7.89{m,5H), 7.70 | 485 R
benzenesulfonyd | (5,1 H), 7.50(d, J=8.84 A A 8
Fphenoxyl-6- Hz, 2 H), 7.32{m, 1 H), | i
fluoro-3-methyl- | 7.24 (m, 1 H), 6.88(d, J = f\\ o
naphthaien-2- 8.84 Hz, 2 H), 3.80 (s, 2 H}, S
yil-acefic acid | 2.23 (s, 3 H) S

S g

2-32* 6-fluoro-4-{5- 1250 (s, 1H),852(d, J= 3580 OH
methanssulfonyl | 2.53 Hz, 1 H), 839 {dd, J = OO
-pyridin-2- 8.59, 2.53 Hz, 1 H), 8.03 £ 0
yloxy)-3-methyl- | (dd, J=9.08, 5.56 Hz, 1 H), o
naphthalen-2- | 7.82 (s, 1 H), 7.38 - 7.46 X
yi}-acetic acid {(m,2H), 730 {dd, J = N L

10.36, 2.27 Hz, 1 H), 3.84 S
(s, 2 H), 3.29 (3, 3 H), 2.14 0
{s,. 3 H)

2337 | [4-(5- 848 (br.s, 1 Hy, 8.34(d,J | 404 OH
ethanesulfonyl- | =8.34 Hz, 1 H), 8.02 (ddd, OO
pyridin-2-yloxy)- | J = 6.63, 3.79, E 0
B-fluoro-3- 3.47 Hz, 1 H), 7.81 (s, 1 H), o
methyl- 743 {br.s, 2H),7.31(d,J i RS
naphthalen-2- =40.11 Hz, 1 H).3.84 (s, 2 Nz 0
yl}acetic acid H), 3.36 (br. 5, 2H),2.14 2

(5,3 H), 113 (t, J = 6.95 ¢
Hz, 3 H)

2:34 [6-fucro-4-(5- 8.29 {ad, /= 1086, 2.02 404 OH
methanesuifonyl | Hz, 2 H), 8.01 {dd, J = 8.97, OO
-3-methyl- 5.68 Hz, 1 H), 7.79 F 0
pyridin-2-yloxy) | {s, 1 H), 7.39(d, /= 8.84, o N
3-methyl- 253 Hz, 1 H), 728 {dd, J = 2
naphthalen-2- | 10.48, 2.65 Hz, 1 H}, 3.83 P
yil-acetic acid {s,2H),3.25(s5, 3 H}, 260 S

(s,3H),2.11 (s, 3H) 0

2-35" | [4-(5- 824(d,J=035Hz, 5 H), |418 oH
ethanesulfonyl- | 8,22 - 8.27 {m, 5 H), 8.01 OO
3-methyl- (dd, J = 8.09, 5.81 Hz, 5 H), . - 0
pyridin-2-yioxy)- | 7.79 (s, 5 H), 7.40 (id, J = S N
&-fluore-3- 8.84, 253 Hz, 5 H), 7.31 X
methyl- (dd, J = 10.48, 2.40 Hz, 5 P
naphthalen-2- | H), 3.83 (s, 2 H), 3.31 (£, 2 'S
yi}-acetic acid H), 259 (s,3H),2.10(s,3 o W

H),1.12(t, J=7.45Hz, 3
H)




H), 1.12 (t, J = 7.45 Hz, 3

J=2.02 Hz, 1 H), 468 OH methanesulfonyl 8.41 (d, J=2.27 Hz, 1 H),

H) WO 2010/055004PC-17E92009/064810 - 94 - ExampleSystematic
No.Name H NMR (400 MHz, ODC13) 6 PPm MS (ESIk, [(M+H) Structure 2-36"[4-(3-bromo-5- 8.67 (d,

WO 2016/055004 PCT/EP2009/064810
-04 -
Example | Systematic "H NMR (400 MMz, CDCE3) | MS Structure
No. Name & ppm (EST,
[(M+H) ]

236" [4-(3-bromo-5- | 8.67 (d,J=2.02Hz, 1H}, | 468 OH
methanesulfonyl | 8.41 (d, J=2.27 Hz, 1 H), OO
-pyridin-2- 7.94 (dd, J=8.97,543 Hz, e O
yloxy}-6-fluoro- | 1 H), 7.77 (s, 1 H), 7.28 (td, O, N
3-mathyl- J=8.84, 227 Hz, 1 H), X
naphthalen-2- ¢ 7.20 {cd, J = 10.23, 2.40 E P
yll-acetic aci Hz, 1 H), 3.88(s, 2H), 3.20 Br S

(s,3H),2.22(s,3H) e!

237 [4-(4- 7.84 (dd, J=884, 556 Hz, | 418 OH
dimethytsulfamo | 1 H), 7.70(br.s, 3H), 7.36 Oe 8
yi-phenoxy}-6- (dd, J = 10.23,2.40 Hz, 1 F
fluoro-3-methyl- | H), 7.25 (dd, J = 10.23, A
naphthalen-2- | 2.40 Hz, 1 H), 6.90 (d, J = ‘@\ o
yil-acetic acid B.B4 Hz, 2H), 3.90 (s, 2 M), s

272(s,6H),2.25(s, 3 H) ¢ N

2-38" | [6-fiuoro-3- 1251 (3, 1 H), 8.05 (dd, J = | 444 O
methyi-4-[4~ 9.09, 5.56 Hz, 1 H), 7.85 (s, OO 1
{pyrrolidine-1- 1H),7.77{d, J=9.09 Hz, 2 F
sulfonyl)- H), 7.43 (td, J = 8.84, 2.53 )
phenoxyl- Hz, 1 H), 7.31 (dd, J = O o
naphthalen-2- | 10.6%,2.53 Hz, 1 H), 3.86 g
yiacetic acid | (5,2 H), 3.1 (or. s, 4 H), d NQ

2.17 (s, 3 H), 1.64 (ddd, J =
. 6.38, 3.66, 3.35 Hz, 4 H)

239" | [4-(4- 12.51 (s, 1 HJ, 8.05 (dd, J = | 446 OH
diethylsulfamoyl | 8.97, 5.68 Hz, 1 H}, 7.84 (s, Oﬁ &
~phenoxy}-6- 1H),7.74{d, /=000 Hz, 2 F
fivoro-3-methyl- | H), 7.43 (1d, /= 8.84,2.53 0
naphthalen-2- | Hz, 1 H), 7.30 {¢d, J = @\ o
vil-acetic acid 10.36, 2.53 Hz, 1 H), 6.94 S

{d, J = 9.09 Hz, 2 H), 3.86 o '*L
{s,2H)3.13(q,J=7.07

Hz, 4 H), 2.17 (s, 3 H), 1.02

(t, J=7.07 Hz, 6 H)

2-40~ | {6-fluoro-3~ 1253 (br. s, 1 H), 8.06 (dd, | 460 ~ OH
methyl-4-[4- J =8.97,5.68 Hz, 1 H),

(morpholine-4- | 7.85(s, 1 H),7.70(d, J = F A ©
sulfonyl}- 8.84 Hz, 2 H), 744 (td, J = o
phenoxy} 8.84,2.78 Hz, 1 H}, 7.33 T .
naphthalen-2- | (dd, J = 10.23, 2.65 Hz, NG
Jil-acetic acid | H), 7.00 (@, J = 8.59 Hz, 2 §NTY
H). 3.87 (s, 2 H), 3.50 - Lo
3.65 (m, 4 H), 2.84 {t, 4 H),
2.18 (s, 3 H)

241~ | {6-fluoro-3- 1253 (or.s, 1 H), 8.07 {dd, | 473 Ok
methyl-4-[4-(4- | J=9.08, 5.56 Hz, 1 H), OO A
methyl-~ 7.87 (s, 1H), 7.76 (d, J = F
piperazine-1- 8.84 Hz, 2H), 745 (id, J = ©
sulfonyi)- 8.84, 253 Hz, 1 H), 7.31 O\ by
phenoxy}- {dd, J=10.23,2.40 Hz, 1 d's‘N/\[
naphthalen-2- H), 7.04 (d, J = 9.09 Hz, 2 LN,
yil-acetic acid H), 3.86 (s, 2 H), 3.44 (br.

s,8H), 2.77 (s, 3H), 218
(s, 3 H)




SIP -pyridin-2- 7.94 (dd, J=8.97, 5.43 Hz, o F yloxy)-6-fluoro- 3-methyl- 1 H), 7.77 (s, 1 H), 7.28 (id,
J=8.84, 2.27 Hz, 1 H), ON ,c...... naphthalen-2- 7.20 (dd, J= 1023, 2.40 |,

3.88 (s, 2 H), 3.20 (s, 3 H), 2.22 (s, 3 H) Br 6 ' 2-37 [4-(4- 7.84 (dd, J= 8.84, 5.56 Hz, 418

WO 2010/0535004 PCT/EP2009/064810
-95 -
Example | Systematic "M NMR (400 MHz, CDCls) | MS Structure
No. Name 5 ppm (ESI,
[(M+H) 7

242% | [4-[4-(4 4 1253 (s, 1 H), B.05 (dd, J = | 494 OH
difluoro- 9.09, 5.56 Hz, 1 H), 7.85 (s, Oé &
pipetidine-1- 1H)7.75(d, /=884 Hz 2 F
sulfonyt)- H), 7.43 (td, J = 8.72, 2.53 @
phenoxyl-6- Mz, 1 H), 7.32(dd,J= O b
fiuoro-3-methyl- | 10.36, 2.53 Hz, 1 H), 7.00 S L
naphthalsn-2- (d, J= 8.84 Hz, 2 H), 3.86 K/,’
vi}-acetic acid (s,2H),3.04-3.11(m, 4 F

M), 2.18 (s, 3 H), 1.98 -
2.10 (m, 4 H)

2-43 {8-fluoro-3- 7.85(dd, /J=8.97,543Hz, | 472 OH
methyi-4-{4.{2- H),7.75(d, /=884 Hz, 2 OO &
oxa-6-aza- M), 7.70 (s, 1 H), 7.33 (¢d, J F
spirof3.3heptan | =9.98, 2.15 Hz, 1 H), 6.93 ©
e-6-sulfonyl}- (d, J= 8.84 Hz, 2 H), 4.64 \©\S.P
phenoxyl (s, 4 H), 3.95 (s, 4 H), 3.90 Y
naphthaien-2- | (s, 2 H),225(s, 3 H) ‘3@0
yl}-acetic goid

244 [4-{4-cyano- 7.83(dd, J=9.09,5566Hz, | 336 OH
phenaxy)-6- 1H), 7.69(s, 1H),7.58 (4, OO o
fluoro-3-methyl- | J = 8.84 Hz, 2 H), 7.32 (dd, F
naphthalen-2- J=10.11,2.27 Hz, 1 H}, ©
yilacetic acid | 7.24 (dd., J = 10.11,2.27 ©\

Mz, 1 H), 6.86 (d, J = 8.84 SN
Hz, 2 H), 3.89 (s, 2 H), 2.24
{5,3H)

245 [B-chioro-4-{4- | 7.78 (G, J= 8.84 Hz, 1 M), | 352 oA
cyano- 7.70 (d, J = 1.77 Mz, 1 H),
phenoxy)-3- 7.67(s,1H), 758 (d,J= cl
methyi- 8.84 Mz, 2 M), 742 (dd, J= ©
naphthalen-2- 8§.84, 202Hz, 1 H) 6.85 (d, \Q
vil-acetic acid J=884Hz,2H),3.89(s,2 N

H)2.23 (s, 3H)

* CD;0D was used as the solvent for 'H NMR; ** DMSO-ds was used as the
solvent for '"H NMR.

EXAMPLE 341

[4-(4-methanesulfonyi-phenoxy)-naphthaien-2-yll-acetic acid

[Pl

(4-Hydroxy-naphthalen-2-yl}-acetic acid methyl ester

ylFacetic acid Hz, 1 H),




OH dimethylsulfamo yl-phenoxy)-6- 1 H), 7.70 (br. s, 3 H), 7.36 (dd, J=10.23,2.40 Hz, 1 OS 0O
fluoro-3-methyi- H), 7.25 (dd, J= 10.23, naphthalen-2- ylj-acetic acid 2.40 Hz, 1 H), 6.90 (d, J= 8.84

Hz, 2 H), 3.%('5%@%?‘%72 (s, 6 H), 2.25 (s, 3 H) IP11" 6N " 1 2-38"(6-Bqrpp3nchddaibs, 1 H), 8.05

(dd, J= 444 ~4-[4- 9.09, 5.56 Hz, 1 H), 7.85 (s, SO 0
- 96 -
O—
(JJ ¥
OH

To a solution of (4-benzyloxy-6-chloro-naphthalen-2-yl)-acetic acid methyl ester
(340 mg, 1.0 mmol, prepared using a method analogous to the one described
above for the preparation of 4-benzyloxy-6-flucro-naphthalene-2-carboxylic acid

5 methyl ester, 1%-7" step for example 1-1) in methanol was added 10% palladium
on carbon (10 mg). The resulting mixture was vigorously stirred at room
temperature overnight under a hydrogen atmosphere (balloon) and then filtered.
The filtrate was concentrated in vacuo to give (4-hydroxy-naphthalen-2-yl)-acetic
acid methyi ester (200 mg, 92.6%) as a white solid.

10

[4-(4-methanesulfonyl-phenoxy)-naphthalen-2-yl]l-acetic acid

Starting with (4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (108 mg, 0.5
mmol) and 1 -fluoro-4-methanesulfonyl-benzene (174 mg, 1.0 mmol), using a

15 method analogous to the one described for example 1-1, the final two steps), 4-
(4-methanesulfonyl-phenoxy)-naphthalen-2-yl]-acetic acid (65.8 mg, 37%) was
obtained as 2 white solid. "H NMR (400 MHz, CDs0D) 3 ppm 7.89 - 7.94 (m, 4 H),
7.71 (s, 1 H), 7.54 (dt, J = 8.08, 4.04 Hz, 1 H), 7.48 (s, 2 H), 7.14 - 7.19 (m, 3 H),
3.80 (s, 2 H), 3.11 (s, 3 H); MS cald. for C1gH160sS 356, obsd. (ESI™) [(M+H)"]

20 357.

EXAMPLE 3-2

[4-{4-methanesulfonyl-phenoxy)-3-methvi-naphthalen-2-vil-acetic acid




(pyrrolidine-1- 1 H), 7.77 (d, J=9.09 Hz, 2 sulfonyl)- H), 7.43 (td, J= 8.84, 2.53 phenoxyp
naphthalen-2- Hz, 1 H), 7.31 (dd, J= 10.61, 2.53 Hz, 1 H), 3.86 SO yl}-acetic acid (s, 2 H), 3.11 (hr. s,

4H), 2.17(s, 3H), 1. ,J= 6.38,3.66, 3. ] (4
J=) 17(s, 3 H). 1.64 (ddd, = 6.38,3.66,3.35 Hz, 4 H) 2:39*{4:4: 12,51 (s 1, H), 8.05 (dd,

-97 -

S

2-{4-Chloro-benzylidene)}-3-methyl-succinic acid
0

]

After careful addition of absolute methanol (0.1 mL) to & suspension of sodium
5 hydride (60% in mineral oil, 16 g, 0.40 mol) in anhydrous toluene (200 mb), a

solution of 4-chloro-benzaldehyde (28 g, 0.20 mol} and 2-methyl-succinic acid
dimethyl ester (48 g, 0.30 mol) in anhydrous toluene (100 mL.) was added
dropwise at room temperature under a stream of nitrogen. After being stirred at
room temperature for 2 hours, the resulting mixture was diluted by adding 2 N

10 sodium hydroxide (200 mL) dropwise, then heated to 80 °C, and stirred at the
same temperature for 2 hours. After being cooled to room temperature naturatly,
the agueous layer was separated, washed with ethyl acetate (100 mL x 3}, then
acidified with 2 N hydrochloric acid to pH 2, and exiracted with ethyl acetate (150
mL % 3). The combined organic layers were dried over sodium sulfate, and

15 concentrated in vacuo. The residue was precipitated from ethyl acetate/petroleum
ether (10:1) to give 2-(4-chloro-benzylidene)-3-methyl-succinic acid (13.4 g, 26%)
as a yeliow solid. '

6-Chloro-4-hydroxy-3-methyi-naphthalene-2-carboxylic acid
O

Oe OH

OH

G

20 To a flask containing trifluormethanesulfonic acid (40 mL), 2-{(4-chloro-
benzylidene)-3-methyi-succinic acid (14.0 g) was added in portions. After being
stirred at room temperature for 18 hours, the resulting mixture was poured onto

ice-water, and stirred for 15 minutes. The formed precipitate was collected by



446 OH diethylsulfamoyl -phenoxy)-6- 8.97, 5.68 Hz, 1 H), 7.84 (s, 1 H), 7.74 (d, J=9.09 Hz, 2 00 0
fiuoro-3-methyl- H), 743 (td, J= 8.84, 2.53 naphthalen-2- yfi-acetic acid Hz, 1 H), 7.30 (dd, J= 10.36,
2.53 Hz, 1H)694SOO(dJ 9.09Hz,2H),3.86 (s,2H)3.13(q,J=7.07 Hz 4H), 2.17 (s, 3

H), 1.02 WO 2010/055004 PCT/EP200964810
- 08 -
filtration, and dissolved in ethyl acetate (150 mL). The solution was dried over
sodium sulfate, and concentrated in vacuo. The residue was precipitated from
ethyl acetate/petroleum ether (1:10) to afford 6-chloro-4-hydroxy-3-methyi-
naphthalene-2-carboxylic acid (12.7 g, 97.6% ) as a pink solid.

7-Chloro-3-hydroxymethyl-2-methyl-naphthalen-1-ol

Coce
cl

OH
To a slurry of lithium aluminum hydride (4.1 g) in tetrahydrofuran (80 mL) was
added a soiution of 6-chioro-4-hydroxy-3-methyl-naphthalene-2-carboxyiic acid
10 (12.7 g, 54 mmol) in tetrahydrofuran (80 mL} at 0 °C under a nitrogen
atmosphere. After being heated at 80 °C for 5 hours, the resulting mixture was
cooled to 0 °C and treated with 1 N hydrochloric acid to quench the reaction. The
aqueous layer was extracied with ethyl acetate (100 mL x 4). The combined
organic layers were washed with brine (200 mL x 2), dried over sodium sulfate
15  and concentrated in vacuo to give 7-chloro-3-hydroxymethyl-2-methyl-
naphthalen-1-ol (8.5 g, 71%) as a white solid.

7-Chloro-3-chloromethyi-2-methyi-naphthalen-i-ol

OH

20 To a solution of triphenylphosphine (20 g, 75.6 mmol) in anhydrous
tetrahydrofuran (165 mL) was added carbon tetrachloride (50 mlL.). After the
mixture was stirred at room temperature for 20 minutes, 7-chloro-3-
hydroxymethyl-2-methyl-naphthalen-1-of (8.4 g, 37.8 mmol) was added as a solid
under a nitrogen atmosphere. After being stirred at reflux for 2 hours, the

25 resulting mixture was cocled to room temperature, and concentrated in vacuo.
The residue was purified by column chromatography (elution with 5% ethyl
acetate in petroleum ether) to afford 7-chloro-3-chioromethyi-2-methyl-
naphthalen-1-ol (8.7 g, 96%) as a white solid.



(t, J=7.07 Hz, 6H) 240**I {6-fluoro-3- 12.53 (hr. s, 1 H), 8.06 (dd, 460 OH methyl-4-[4- J=8.97, 5.68
Hz, 1 H), 0 (morpholine-4-7.85 (s, 1 H), 7.70 (d, J= F sulfonyl)- 8.84 Hz, 2 H), 7.44 (td, J= o0...",...,..

phenoxyl- 8.84..2 (8:kz, 1 H), 7.33 IP PCT/EP2009/064810

-99 -
(6-Chioro-4-hydroxy-3-methyl-naphthalen-2-yi)-acetic acid methyl ester

O\
(T

0

Cl

To a flask containing 7-chloro-3-chloromethyl-2-methyl-naphthalen-1-ol (8.64 g,
36 mmol), bis(triphenylphosphine)dichloropaliadium(il) (1.26 g, 1.8 mmol) and
5 potassium carbonate (5.2 g, 37.8 mmol), which was evacuated and then filled

with carbon monoxide (balloon), methanol (30 mL) and tetrahydrofuran (60 mL)
were added by means of a syringe. After being stirred at room temperature under
a carbon monoxide atmosphere overnight, the resulting mixture was diluted with
waier (100 mL), and extracted with ethyl acetate {100 mL). The organic layer was

10  washed with water (50 mL x 2}. The combined aqueous layers were éxtracted
with ethyl acetate (150 mL), and the combined organic layers were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by column
chromatography (elution with 20% ethyl acetate in petroleum ether) to afford (6-
chioro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester (7.0 g, 74 %)

15 as an orange solid. '

[6-Chicro-4-(4-methanesulfonyl-phenoxy)-3-methyl-
naphthalen-2-yi}-acetic acid methyi ester

2008
Cl o

O

Q 0

J,S\
O

20 Starting with (6-chloro-4-hydroxy-3-methyl-naphthalen-2-yi)-acetic acid methyl
ester (132 mg, 0.5 mmol) and 1-flucro-4-methanesulfonyl-benzene (174 mg, 1.0
mmol), using a method analogous to the one described for the methyl ester of
example 1-1, [6-chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-
yl]-acetic acid methyl ester (70 mg, 33%) was obtained as a yetlow ofl.

25



naphthalen-2- (dd, J=10.23, 2.65 Hz, 1 -...",...-- -....... yl}-acetic acid H), 7.00 (d, J=8.59Hz,2 6 N
H), 3.87 (s,2H),3.59- 0 3.65(m,4H), 284 (t,4H), 2.18 (s, 3H) 2-41"l (6-fluoro-3- 12.53 (hr. s,
1 H), 8.07 (dd, 473 OH VS 0

WO 2010/055004 PCT/EP2009/064810
- 100 -
[4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yf}-acetic acid
methyl ester

N
oQ:
0
T
O

S~
To a solution of [B-chioro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthaien-2-
5 yil-acetic acid methy! ester (110 mg, 0.26 mmol) in methanoi (3 mL) was added

10% palladium on carbon (10 mg). The resulting mixture was vigorously stirred at

room temperature ovemight under a hydrogen atmosphere (balloon) and then

filtered. The filtrate was concentrated in vacuo to give [4-(4-methanesulfonyl-

phenoxy)-3-methyl-naphthalen-2-yl]-acetic acid methyl ester (68 mg, 67%) as a
10 colorless oil which was directly used in the next step without further purification.

[4-{4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl}-acetic acid

S

Starting with [6-chloro-4-(4-methanesulfonyi-phenoxy)-3-methyl-naphthalen-2-yl]-
acetic acid methyl ester (68 mg), using a method analogous to the one described
15 for example 1-1, final step, [4-(4-methanesulfonyl-phenoxy)}-3-methyl-naphthalen-
2-yll-acetic acid (24 mg, 37%) was obtained as a white solid. "H NMR (400 MHz,
CDCls) 5 ppm 7.84 (d, J = 8.84 Hz, 3 H),7.70-7.75 (m, 2 H), 7.45 (ddd, J =
23.43, 7.26, 6.69 Hz, 2 H), 6.94 (d, J = 8.84 Mz, 2 H), 3.92 (s, 2 H), 3.04 (s, 3 H),
2.26 (s, 3 H); MS cald. for CaoH150sS 370, obsd. (ESI) [(M+H)] 371.
20
EXAMPLE 4-1
[1,6-difluoro-4-(5-methanesulfonyi-pyridin-2-yioxy}-naphthalen-2-yij-acetic

acid



methyl-4-[4-(4- J=9.09, 5.56 Hz, 1 H), methyl- 7.87 (s, 1 H), 7.76 (d, J= piperazine-1- 8.84 Hz, 2 H),
7.45 (td, J= IP sulfonyl)- 8.84, 2.53 Hz, 1 H), 7.31 phenoxyl- (dd, J=10.23, 2.40 Hz, 1

naphthalensZ- H), 7.04.(d, J = 9.09 Hz, 2 PCT/EP2009/064810

-101 -

(1,6-difluoro-4-hydroxy-naphthalen-2-yl}-acetic acid methyl ester
F

Jooa e

OH
5 To a solution of (B-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methy! ester

(100 mg, 0.277 mmol) in acstonitrile (3 mL) was added 1-chloromethyl-4-fluoro-
1,4-diazoniabicyclo[2.2.2Joctane bis(tetrafluoroborate) (255 mg, 0.72 mmol) at
0 °C. The resulting mixture was stirred at room temperature overnight, and
diluted with water, then extracted with ethyl acetate (20 mL x 3). The combined

10  organic layers were washed with brine (20 mL x 3), dried over scdium sulfate,
and concentrated in vacuo. The residue was purified by flash column
chromatography (30% ethyl acetate in petroleum ether) to give (1,6-difluoro-4-
hydroxy-naphthalen-2-yi}-acetic acid methyl ester (60 mg, 86%) as a yellow solid.
MS cald. for CisHioF203 252, obsd. (ESI) [(M+H)"] 253,

15

[1,6-difiuoro-4-(5-methanesulfonyi-pyridin-2-yloxy}-
naphthalen-2-yl]-acetic acid methyl ester

F
SORN
- o
O N
] o
P8

A mixture of (1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (30
20 mg, 0.198 mmol), 2-bromo-5-methanesulfonyl-pyridin (52 mg, 0.22 mmoal),



LN yl}-acetic acid H), 3.86 (s, 2 H), 3.44 (br. s,8H),2.77(s,3H),2.18 (s,3H) WO
2010/055004PCT/EP2009/064810 - 95 - Example No. Systematic Name 'H NMR (400 MHz, CDC13) 5

PPm MS (ES114, [(M&H) Structure 2-42' (4-[4-(4,4- 12.53 (s, 1 H), 8.05 (felydrzooosessio

-102 -

potassium carbonate (60 mg, 0.434 mmol) and N,N-dimethylformamide (2.0 mL}
was heated at 70 °C for 3 hours. The resulting mixture was cooled to room
temperature, acidified with 1 N hydrochloric acid to pH 3, and extracted with ethyl
acetate {20 mL x 3). The combined organic layers were washed with brine (20

5 mL x 3), dried over sodium sulfate, and concentrated in vacuo to aﬁbrd [1,6-
difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy -naphthalen-2-yl}-acetic acid methyl
ester (70 mg, 87%) as a white solid which was used in the next step without
further purification.

[1,6-difluoro-4-{5-methanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic
10 acid
F

OH
7
F

f,S‘\.

Starting with [1,8-difluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-naphthaien-2-yl}-
acetic acid methyl ester (70 mg, 0.172 mmol), using a method analogous to the
one described for exampie 14, final step, [1,8-difluoro-4-(5-methanesulfonyl-

15  pyrdin-2-yloxy)-naphthalen-2-yl]-acetic acid (10 mg, 15%) was obtained as a
white solid. "H NMR (400 MHz, DMSO-ds) & ppm 8.56 (d, J = 2.53 Hz, 1 H), 8.39
(dd, J = 8.84, 2.53 Hz, 1 H), 8.19 (dd, J = 9.35, 5.31 Hz, 1 H), 7.60 (td, J = 8.97,
253 Hz, TH), 7.49-7.54 (m, 1 H), 7.43-7.48 (m, 2 H), 3.82 (s, 2 H), 3.28 (s, 3
H); MS cald. for C1gH13F2NOsS 393, obsd. (ESI™) [(M+H)7] 394,

20

EXAMPLE 4-2
1,6-gifiuoro-4-{5-ethanesuifonyl-pyridin-2-vioxy)-naphthalen-2-yll-acetic

acid



494 OH d[fluoro- 9.09, 5.56 Hz, 1 H), 7.85 (s, 00 o piperidine-1-1H) 7.75(d, J=8.84 Hz, 2
sulfonyl)- H), 7.43 (td, J = 8.72, 2.53 phenoxy]-6- Hz, 1 H), 7.32 (dd, J = fluoro-3-methyl- 10.36,

2.53 Hz, 1 Ky 500055004 o PCT/EP2009/064810
- 103 -
F
OH
- OO o
O Ny

Starting with (1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (50
mg, 0.198 mmol) and 2-bromo-5-ethanesulfonyl-pyridine (52 mg, 0.208 mmol},
using a method analogous to the one described for example 4-1, [1 .B-difluoro-4-

5 (5-ethanesulfonyi-pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid (10 mg, 12%) was
obtained as 2 white solid. "H NMR (400 MHz, DMSO-ds) & ppm 8.52 (d, 1 H),
8.34 (dd, 1 H), 8.19 (dd, 1 H), 7.42-7.76 (m, 4 H), 3.78 - 3.86 (m, 2 Hj, 3.3? -
3.40 (m, 2 H), 1.12 (£, 3 H); MS cald. for CigH15F2NOsS 407, obsd. (ESI)
[(M+H)] 408.

10
EXAMPLE 51
4-(5-ethanesulfonyl-pyridin-2-yloxy)-3.6-difiuoro-naphthalen-2-vll-acetic

acid

O _-N
Uy
sy

‘B

15 (4-benzyloxy-1-bromo-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester
Br

SOR%
c o)

Q

To a stirred solution of (4-benzyioxy-6-fiuoro-naphthalen-2-yl)-acetic acid methy!
ester (350 mg, 1.08 mmol) in acetonitrite (10 mL) was added N-



naphthalen-2- (d, J = 8.84 Hz, 2 H), 3.86 yll-acetic acid (s, 2 H), 3.04-3.11 (m, 4 H), 2.18 (s. 3 H),
1.98- 2.10(m,4H) 2-43 (6-fluoro-3- 7.85 (dd, J =8.97, 5.43 Hz, 472 OH methyl-4-[4-(2-

WO 2016/055004 _ PCT/EP2009/664810

-104 -
bromosuccinimide (385 mg, 2.16 mmot). After being stirred at room temperature
for 4 hour, the resulting mixture was diluted with water (20 mL.), and extracted
with ethyl acetate (20 mL x 2). The combined organic layers were washed with
water (15 mL) and brine (20 mlL.), dried over sodium sulfate and concentrated in
5 vacuo. The residue was purified by column chromatography (gradient elution with

0-20% ethyl acetate in hexanes) to afford (4-benzyloxy-1-bromo-6-fluore-
naphthaien-2-yl)-acetic acid methyl ester (400 mg, 92%) as a white solid.

(1-bromo-6-fluoro-4-hydroxy-naphthaien-2-yl)-acetic acid methyl ester

Br

O‘\
!
F

OH

10 To a solution of (4-benzyloxy-1-bromo-8-fluoro-naphthalen-2-yl)-acetic acid
methyl ester (400 mg, 0.992 mmol) in ethyl acetate (10 mL) was added zinc
bromide (670 mg, 2.978 mmol) and 10% palladium on carbon (40 mg) under a
hydrogen atmosphere (balloon). After being stirred at room temperature for 1
hour, the resulting mixture was filtered. The filtrate was concentrated in vacuo.

15 The residue was purified by preparative HPLC (gradient elution with 50-80%
0.1% trifluoroacetic acid in water in acetonitrile, 8 minutes) to afford (1-bromo-6-
fluoro-4-hydroxy-naphthalen-2-yi)-acetic acid methyl ester (200 mg, 64.4%) as a
white solid.

20  (1-bromo-3,6-difluoro~4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester
Br

‘O S
O

OH
To a solution of (1-bromo-6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl
ester (135 mg, 0.433 mmofl) in acetonitrile (4 mL) was added 1-chloromethyl-4-
fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (230 mg, 0.650
25 mmol) at 0 °C. The resulting mixture was stirred at room temperature ovemight,
then diluted with water (10 mL), and extracted with ethy! acetate (20 mL x 3). The

combined organic layers were washed with brine (20 mL x 3), dried over sodium



1H),7.75(d, J=8.84Hz, 2 OS 0o oxa-6-aza- H), 7.70 (s, 1 H), 7.33 (dd, J spiro[3.3]heptan = 9.98,
2.15Hz, 1 H), 6.93 e-6-sulfonyl)- (d, J =8.84 Hz, 2 H), 4.64 UPI phenoxyl- (s, 4 H), 3.95 (s, 4 H),

3.90 naphfhalen-2- yll-acetic acid PCT/EP2009/064810

- 105 -
sulfate, and concentrated in vacuo. The residue was purified by flash column
chromatography (30% ethyi acetate in petroleum ether) to give (1-bromo-3,6-
difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (60 mg, 42%) as a
yellow solid. MS cald. for Cq3HgBrF,05 330, obsd. (ESIT) [(M+H)"] 331.
5 (3,6-difluoro-4-hydroxy-naphthaten-2-yl)-acetic acid methyl ester

CoCr
F F O

CH
To a solution of {1-bromo-3,6-difluoro-4-hydroxy-naphthalen-2-yl}-acetic acid
methyl ester (50 mg, 0.152 mmol) in methanol was added 10% palladium on
carbon (10 mg). After being stirred at room temperature under a hydrogen
10 atmosphere overnight, the resulting mixture was filtered. The filtrate was
concentrated in vacuo to afford (3,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic
acid methyl ester {25 mg, 65%) as a white soiid.

[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,6-diflucro-
15 naphthalen-2-yl]-acetic acid methyi ester

Starting with (3,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (25
mg. 0.099 mmot) and 2-bromo-5-ethanesulfonyl-pyridine (28 mg, 0.112 mmot},
using a method analogous to the one described for the methy! ester of example

20  1-1, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,8-difluoro-naphthalen-2-yll-acetic acid
methy! ester (20 mg, 48%) was obtained as a white solid, which was used in the
next step without further purification.

[4-(5-ethanesuifonyi~pyr§din-2-yloxy)-3,B-difluoro«»-naphthaien-2-yi]«aceiic
25 acid



(s, 2 H), 225 (s, 3H) 2-44[4-(4-cyano- 7.83 (dd, J =9.09, 5.56 Hz, 336 OH phenoxy)-6- 1 H), 7.69 (s,
1 H), 7.58 (d, Se . fluoro-3-methyl- J = 8.84 Hz, 2 H), 7.32 (dd, naphthalen-2-J=10112 27 Hz, 1

H), 7.24(dd., L oddl, 227 PCT/EP2009/064810

Starting with [4-(5-ethanesulfonyi-pyridin-2-yloxy)-3,6-difluoro-naphthalen-2-yl]-
acetic acid methyi ester (20 mg, 0.475 mmol), using a method analogous to the
one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-yioxy)-

5 3.6-difluoro-naphthalen-2-yi]-acetic acid (1.9 mg) was obtained as a white soiid.
"H NMR (400 MHz, DMSO-ds) & ppm 8.51 (d, J = 2.02 Hz, 1 H), 8.37 (dd, J =
8.72, 2.65 Hz, 1 H), 8.09 (dd, J=9.09, 5.56 Hz, 1 H), 7.92 (d, /= 6.82 Hz, 1 H),
7.55 (d, J = 8.59 Hz, 1 H), 7.51 (dd, J = 10.23, 2.65 Hz, 1 H), 7.42 - 7.48 (m, 1 H),
3.74 (s, 2 H), 3.37 {t, 2 H), 1.14 (t, J = 7.33 Hz, 3 H}; MS cald. for CsgH1sF2NOsS

10 407, obsd. (ESI™) [(M+H)'] 408.

EXAMPLE 6-1
[4-(5-ethanesulfonyl-pyridin-2-vloxy)-6-fluoro-1-methyi-naphthalen-2-yi}-

acefic acid

ooy

O|N\
P

0
&

(4-benzyloxy-6-flugro-1-methyl-naphthalen-2-yl)-acetic acid methvl ester

()\
F

15

ry



ylfacetic add

IP Hz, 1H),6.86(d,J=8.84 Hz,2H),3.89(s,2H),2.24 (s,3H) 2-45

[6-chloro-4-(4- 7.78 (d, J = 8.84 Hz, 1 H), 352 OH :
WO 2010/055004 PCT/EP2009/064810

10

15

20

- 107 -

To a solution of (4-benzyloxy-1-bromo-8-flucro-naphthalen-2-yl)-acetic acid
methyl ester (100 mg, 0.248 mmol, prepared using an analogous procedure o
the first step of example 5-1), methylboronic acid (19.3 mg, 0.322 mmol),
potassium phosphate (184 mg, 0.868 mmol) and tricyclohexylphosphine (69.4 mg,
0.248 mmol) in toluene (4.0 mL) and water (2 drops) was added palladium
acetate (3 mg, 0.0124 mmol) under a nitrogen atmosphere. After being heated
under microwave conditions (150 °C, 30 minutes), the mixture was cooled to
room temperature, then diluted with water (10 mL), and extracted with ethyl
acetate (15 mL x 2). The combined organic layers were washed with brine (10
mL), dried over sodium sulfate and concentrated in vacuo. The residue was
purified by column chromatography (10% ethy! acetate in hexanes) to afford (4-
benzyloxy-8-fluoro-1-methyl-naphthalen-2-yi}-acetic acid methyi ester (50 mg,
59.5%) as a light yeliow solid.

(6;ﬂuoro-4-hydroxy-1 -methyl-naphthalen-2-yl}-acefic acid methyl ester

OOy
. 0

OH
To a solution of (4-benzyloxy-6-fluoro-1-methyl-naphthalen-2-yl}-acetic acid
methyl ester (50 mg) in methanol was added 10% palladium on carbon (10 mg).
After being stirred at room temperature under a hydrogen atmosphere overnight,
the resulting mixture was filtered. The filtrate was concentrated in vacuo to afford
(6-fluoro-4-hydroxy-1-methyl-naphthalen-2-yl)-acetic acid methyi ester (30 mgj) as
a white solid. '
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1-methyl-
naphthalen-2-yll-acetic acid methyl ester



cyano- Iphenoxy)-3- 7.70 (d, J = 1.77 Hz, 1 H), 7.67 (s, 1 H), 7.58 (d, J = 0.0 Ci methyl- 8.84 Hz, 2 .

H), 742 (dd, J =

naphthalen-2- 8.84, 2.02-Hz, 1 H), 6.85 (d, 0 A-acetic acid J.= 8.84 Hz, 2 H), 3.89

(s,2 H) Z@ém%’glﬁm* CD30D was used as the solvent for H NMR; $¢-PMS63dsems used as the

solvent for

XAMPLE 3-1
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Starting with (6-fluoro-4-hydroxy-1-methyi-naphthalen-2-yl}-acetic acid methyl
ester (18 mg, 0.073 mmol) and 2-bromo-5-ethanesulfonyl-pyridine (27 mg, 0.100
mmol), using & method analogous to the one described for the methyl ester of
example 1-1, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1 -methyl-naphthalen-
5 2-yl]-acetic acid methyl ester (22.7 mg, 75%) was obtained as a light yellow solid.
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-1 -methyl-naphthalen-2-yl]-

acetic acid

Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fiuoro-1 -methyl-naphthalen-
10  2-yl]-acetic acid methyl ester (22.7 mg, 0.054 mmol), using a method analogous

to the one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-

yloxy)-8-fluoro-1-methyi-naphthalen-2-yll-acetic acid was obtained (10 mg} as a

white soiid. "H NMR (400 MHz, CD;0D) & ppm 8.54 (d, J = 2.53 Hz, 1 H), 8.20 -

8.30 (m, 2 H), 7.35-7.45 (m, 2 H), 7.28 (t, J = 442 Hz, 2 H), 3.88 (s, 2 H), 3.26
15 (g, J=7.33 Hz, 2 H), 2.67 (s, 3 H), 1.25 (, J = 7.45 Hz, 3 H); MS caid. for

CaoH1sENOsS 403, obsd. (ESI) [(M+H)™] 404,

EXAMPLE 741
3.4-{4-ethanesulfonyl-phenoxy}-6-fluoro-3-methyl-naphthaien-2-yi}-

propionic acid
O

CoC
F
L
'S
O

0
A

20

4-benzyloxy-6-flucro-3-methyl-naphthalene-2-carbaidehyde



5J4-(4-methanesulfonyl-phenoxy)-naphthalen-2-yll-acetic acid OH " 0 ‘
(4-Hydroxy-naphthalen-2-yl)-acetic acid methyl ester - 96 - OH To a solution of

(4-benzylo -8-&“L%Qs-ﬁbgphthalen-211)-acetic acid methyl ester (340 mgpdOppmplsdEgpared using a
method analogous to the one described above for the preparation of
4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid r?? ethyl ester, 1s1-71h step for example 1-1) in
methanol was added 10% palladium on carbon (10 §;f The resulting mixture was vigorously stirred at
room temperature overnight under a hydrogen atmospheré (balloon) and then filtered. The filtrate was
concentrated in vacuo to give (4-hydroxy-naphthete yo-agetic acid methyl ester (200 mg, 92.6%) as
a white solid. 10 [4-(4-methanesulfonyl-phenoxy)-naphthalen-2-y1Facetic acid OH 6 Starting with
(4-hydroxy-naphthalen-2-yl)-acetic acid methf/l ester (108 mg, 0.5 mmol) and
1-fluoro-4-methanesulfonyl-benzene (174 mg, 1.0 m , using a 15 method analogous to the one
described for example 1-1, the final two steps), 4-
(4-methanesulfonyl-phenoxy)-naphthalen-2-111-acetig (65.8 mg, 37%) was obtained as a white
solid. 1H NMR (400 MHz, CD30D) 6 ppm 7.89 -7.94 (m;*4 H), 7.71 (s, 1 H), 7.54 (dt, J = 8.08, 4.04 Hz,
1 H), 7.48 (s, 2 F) afsbisinn of((h:@ iy eSeEuarpR-giathyknanain e cai)-foptbanal {1%b33 356,
obsd. (ESI.) [((Misln} %ﬁn%%@%tﬁ%e 10 mL) was added pyridinium chlorochromate

J4-(4-methanesultonvi-phenoxv)-3-methvi-naphthaien-2-v11-acetic acid - 97 -

2-(4-ChIoro-ber@?@d@ﬂeﬁ@ﬂﬁ@ﬂ‘@i%ﬁ%ﬁiﬁﬂ?aéﬁ%er being stirred at room temperature for 3

5 hours, the resulting dark mixture was diluted with diethyl ether, and stirred at

room temperature for 10 minutes. The mixture was filtered through a short silica
gel column. The filtrate was concentrated in vacuo to give 4-benzyloxy-6-fluoro-3-
methyl-naphthalene-2-carbaldenyde (165 mg, 93%) as a white solid, which was
used in the next step without further purification. "H NMR (400 MHz, CDCl3) &

10 ppm 10.31 (s, 1 H), 8.16 (s, 1 H), 8.00 (dd, J = 8.84, 5.56 Hz, 1 H), 7.73 (dd, J =
10.48,2.40 Hz, 1H), 7.55(d, J=6.82 Hz, 2 H), 7.39-7.49 (m, 2 H), 7.32 (1d, J =
8.85, 2.65 Hz, 1 H), 4.99 (s, 2 H), 2.75 (s, 3 H).

6-flugro-4-hydroxy-3-methyl-naphthalene-2-.carbaldehyde
O

L

OH

F

15 To a solution of 4-benzyloxy-8-fluoro-3-methyl-naphthalene-2-carbaldehyde (165
mg, 0.56 mmol) in ethyl acetate (5 mL) was added 10% palladium on carbon (7
mg). The resulting mixture was stirred vigorously under a hydrogen atmosphere
(balioon) for 4 hours, and then filttered. The filtrate was concentrated in vacuo
give B-fluoro-4-hydroxy-3-methyl-naphthalene-2-carbaldehyde (115 mg, 99 %) as

20 a yeilow solid which was directly used in the next step without further purification.

4-(4-ethanesulfonyl-phenoxy)-6-fiuoro-3-methyi-naphthalene-2-
carbaldehyde



0 OH 0 OH After careful addition of absolute methanol (0.1 mL) to a suspension of sodium 5 hydride
(60% in mineral oil, 169, 0.40 mop in anhydrous toluene (200 mL), a solution of 4-chloro-benzaldehyde
(28 g, 0.20 ma d&{m} 8_2_Gmlethyl succinic acid dimethyl ester (48g, 0.30 mopCLP Mgggﬁ[;oluene (100
mL) was addé dropW|se at room temperature under a stream of nitrogen. Atter being stirred at room
temperature for 2 hours, the resulting mixture was diluted by adding 2 N 10 sodium hydroxide (200
mL) dropwise, then heated to 80 C, and stirred at the!8dme temperature for 2 hours. After being
cooled to room temperature naturally, the aqueous Iay was separated, washed with ethyl acetate
(100 mL x 3), then acidified with 2 N hydrochlowgamidto-pH 2, and extracted with ethyl acetate (150
mL x 3). The combined organic layers were dried ovgr sodium sulfate, and 15 concentrated in vacuo.
The residue was precipitated from ethyl aEetaté/pefroleum ether (10:1) to give
2-(4-chloro-benzylidene)-3-methyl-succinic acid (18x4.g 6%) as a yellow solid.
6-Chloro-4-hydroxy-3-methyl-naphthalene-2-carboxYlic a¢ id~P0OH 20 To a flask containing
trilluormethanesulfonic acid (40 mL), 2-(4- chlorobenzylldenﬁ‘)xa«methyl -succinic acid (14.09) was
added in portions. After being stirred at room temperaturé)for 18 haours, the resultlg% mixture was

I

poured onto iceSiaateg wita SlveepiryspnmirasetyraRnba SRt RaRAIsR IR EELdY - o8 -
filtration, and d'@@Hﬁ%i‘ﬁaﬂﬁ‘ﬂé&ﬁ@%@ﬁ&@%ﬁ)wﬂ’ﬂ@%&ﬁ&ém(mrﬁlged@maﬁst)dusmgsaIfate and

concentrated in e residue was precipitated fro tate I 10) to afford

6-ch|oro-4-hydr6@%§§ﬁa& %%Lb%?lzﬁ{‘ neﬁ gc{:%)r %t[%y §O£C| ('f%tg 93%693% aerH Sférklfesoljgj

7-Chloro-3- 5ydﬂjhynmhﬁdnﬁ niesthykarefofitioated- F@Ifhywmﬁfm@mrﬁ Gﬁﬁhﬁi@ﬂﬁ’ﬂi@rﬁ?ﬁ@rﬁ‘%ydride (4.1
g) in tetrahydrogjg@ LWas QQQ%I%%BHQQVH ch was used in the next step without

6-chloro-4- hydroxy -methyl-naPhthaléne-2-carboxylic acid 10 (12 1@§ 54 mmol |nt trah rofuran

(80 mL) at0 C M’Hﬁ@Wt?@@@?ﬂatHMﬁeﬁ@%%&P&hbgt@% = (or s Hotiris ﬁe reSulting
mixture was coglext {ad G-apdtenacwith ByNgAllactlerECmid@ die ASBthe 46dotian HThe

6.94 (d, J=8.84 Hz, 2 H), 3.12(q, J= 7.41 Hz, 2 H), 2.59 (s, 3 H), 1.31 (¢, J =
10 7.45 Hz, 3 H).

3-[4-{4-ethanesulfonyl-phenoxy}-6-fluoro-3-methyl-
naphthalen-2-yl}l-acrylic acid ethyl ester
o'

OO
F

0
Ty
&)

15 To a suspension of sodium hydride (15 mg, 0.37 mmol, 60% in mineral oil) in
anhydrous tetrahydrofuran (1 mL) was added triethyl phosphonoacetate (83 mg,
0.37 mmol) in anhydrous tetrahydrofuran (2 mL) dropwise at 0 °C. After the
mixture was warmed naturally to room temperature and stirred at room
temperature for 30 minutes, a solution of 4-(4-ethanesuffonyl-phenoxy)-6-flucro-

20 3-methyl-naphthalene-2-carbaldehyde (120 mg, 0.33 mmol) in anhydrous
tetrahydrofuran (2 mL) was added dropwise. The reaction mixiure was stirred at
room temperature for 5 hours. The resulting mixiure was diluted with water (10
ml), and extracted with ethyl acetate (10 mL x 3}. The combined organic layers

were washed with brine, dried over sodium sulfate, and concentrated in vacuo.



aqueous layer was extracted with ethyl acetate (100 mL x 4). The combined organic layers were
washed with brine (200 mL x 2), dried over sodium sulfate 15 and concentrated in vacua to give
7-chIoro-3-%E}r%}%g%m¥l-2-methylnaphthalen-l-ol (8.5 9, 71%) as a white-g@ldao/064810
7-Chloro-3-chloromethyl1-2-methyl-naPhthalen-1-ol OH 20 To a solution of triphenylphosphine (20 g,
75.6 mmol) in anhydrous tetrahydrofuran (165 mL) Lxj\/,lagls_added carbon tetrachloride (50 mL). After the
mixture was stirred at room temperature for 20 minutes, 7-chloro-3-

hydroxymethy IThemesitenwrthialidac oy q@umy @7 enateFRiy< Hfeiyd 2°eBi8 tinder a nitrogen
atmosphere. AftegBRing stinesltarilwalpr. 2 haussetherayremdiing mpxiusonmean/ed to room
temperature, and concentrated in vacuo. TFEY esidue was purified by ¢ IL{mn %}r@m aphy (elution
with 5% ethyl JARRREHPpErdlRfH GRE & #8?&%%%8?8%%@)?&%%&&%‘ etnylnaphthalen-1-ol
(8.7 g, 96%) as(400/hitasOC!; IO pp6-E Dibr&-0ehirdr@xy) 378t kydknapIiagien4311x.dcktic acid methyl

esterCl 0,0T lask,coptajni loroz3-chloro hyl al (864 g, 36
mmol), bis({%ph?é%glgf?idjsﬁr%%%)é%gh%oﬁ leI% -%‘53%80 ?265%%%%52% % %Eié%n? éqa?rbonate (5.2

g, 37.8 mmol), AAkKOAS &val inzictitin - fvetd filed \Wii® irbbhm ﬁﬁej(ﬁzil)i%ﬁj,zﬂ?re’fﬂanol (30 mL)
and tetrahydrofyra (60 miz) suame aoded g means afoa-eyringe. ABB(tbging s teg atpom
temperature under a carbon m%\%&xige atmo!s[iphe e overni Sur_tﬁ_tft‘we re§$Ltin gni|>_<ture was diluted with
water (100 mL), and extract@at i 1o MEi PRFYTRE g%rgn crpayeywas 10 washed with
water (50 mL x 2). The combined aghibalenilygiisprepéoaitracidd: thiyh estsn acetate (150 mL), and the
combined organic layers were dried over sodium sulfate aggd concentrated in vacua The residue was
purified by column chromatography (elution with 20% ethylacetate in petroleum ether) to afford (6-

chloro-4-hydroxy-3-methyl-naphthalen-2-y1j-acétic dcid metfyl ester (7.0 g, 74 %) 15 as an orange
solid. [6-Chloro-4-(4-methanesulfonyl-pheroxy flethyl- naphthalen-2-y1]-acetic acid methyl ester

O
Tle
S
ks

To a solution of 3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-

10

yl]-acrylic acid ethyl ester (40 mg, 0.09 mmol) in ethyl acetate (3 mL) was added
10% palladium on carbon (4 mg). The resulting mixture was stirred vigorously
under a hydrogen (balloon) atmosphere overnight, and then filtered. The filtrate

15 was concentrated in vacuo to give 3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-
methyl-naphthalen-2-yil-propionic acid ethyl ester (30 mg, 75 %) as a yellow solid,
which was used for the next step without any further purification.

3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yi]-
20 propionic acid
0

CoC
F



6 20 Starting with (6-chloro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester (132 mg, 0.5
‘mmol) and 1-fluoro-4-methanesulfonyl-benzene (174 mg, 1.0 mmol), using a method analogous to the

one describgd for é{i%gsgagthyl ester of example 1-1, PCT/EP2009/664810
[6-chloro-4- 4-melt anesulfonyl-phenoxy)-3-methyl-naPhthalen-2- y1)-acetic acid methyl ester (70 mg,

33%) was obtained as a yellow oil. - 100 -
[4-(4-methanesuIfonyl-phenoxy)-3-methyl-naphthdléﬁ-zz“- 1]-acetic acid methyl ester O To a solution of

[6-chloro-4-(4-rhitarimgesiiréri-theinergsatiamnerarntiiupro-Sataairratid fstii ester (110
mg, 0.26 mmol},igiRabaRe &4leswassadagioliss RaiadiuaIR ecrind &Aarghbubhe tesulting
mixture was vigorously stirred at room temperatyre ovemight under a %grggggn%@ ugphere (balloon)
and then filtere8"§ RESATIRE (PLE*ARENTF té%‘#%?ﬁ%u%ﬂ: Q‘.Veethanesu y v
[4-(4-methanesiltepylphetroiyaahtretby-habintvpieni? adidadétivadi® nptag otaingssemg, 67%) as a
10 colorless.oil which directl inthe i further puskficat

[4-(4-methz§1es¥ﬁ !c?r\?’yﬁ\%ﬁl]%ngxy %L@(?t%ﬂndpmagﬁjﬁgwﬁicuggg (Orﬂﬁﬁcfiﬁggﬁ%r(]s, me
[6-chloro-4-(4-reiBdadsdFatit phardxy 73l ibthyidEidnthBle 831010 at sk 8t fdnte iy i%e%er (68 mg),
Fsi(ng a mhethod_ %n@ gfp’rlfﬁm’ mgcpagﬂnggt’pﬁg,lzBMwm@@ Ay 11 é:ﬁ?a(k,sﬁepl% I~)iz, 3 H)i) .
4-(4-methanesulfonyl-phenoxy)-3-methyl-napht -y9-acefic,acid (24 mg, 37%) was obtained as a
white solid. 1H N%%@d@fM%&%ﬁﬁpﬁ%Qﬁé @*&%A ‘ﬁz(},'s H), 7.70 - 7.75 (m, 2 H), 7.45
(ddd, J = 23.43. 7.26, 6.69 Hz, 2 H), 6.94 (d, J =8.84 Hz, 2 H), 3.92 (s, 2 H), 3.04 (s, 3 H), 2.26 (s, 3

H); MS Cal% for C20F11805S 370, obsd. (ESI4@dseil k37 1. 20 EXAMPLE 4-1

,6-difluoro-4-(5-methanesulfonvl-pyridin-2-vloxy)-narahthalen-2-vil-a acid -101 - .
[6-fluoro-4-{4-methanesulfonyl-bhenyiamino)-naphthalen-2-yij-acetic acid

>oRd
O
F
N
Tl
S
0

(6-fluoro-4-trifiucromethanesulfonyloxy-naphthalen-2-yl)-acetic acid methyt

ester

O\
SR
F

15 OTf
To a mixture of (6-fluoro-4-hydroxy-naphthalen-2-yi)-acetic acid methyl ester (350
mg, 1.5 mmol) and trifluoromethanesutfonic anhydride (506 mg, 1.8 mmol} in
dichioromethane (20 mL), which was cooled to 0 °C in an ice bath, pyridine (0.6
mL) was added dropwise. The reaction mixture was stirred at 0 °C for 2 hours

20 and then concentrated in vacuo. The residue was dissolved in ethyl acetate (50
mL). The resulting solution was washed with water, 1 N aqueous hydrochiaric
acid, water, and brine, then dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified by column chromatography (0-30% ethyl
acetate in hexanes) to afford {6-fluoro-4-trifluoromethanesulionyloxy-naphthalen-

25 2-yl)-acetic acid methyl esier (450 mg, 82%) as a light yellow solid.

[6-fluoro-4-{4-methanesulfonyl-phenylamino)-



OH ON (1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester OH 5 To a solution of
(6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (100 mg, 0.277 mmol) in acetonitrile (3
mL) was ad%%d g.i&ggggg%nethyl-{-fluorql,4-diazonigbicyclo[2.2.2]octanei,gi§g§§5@‘jyg@gq@orate) .(255
mg, 0.72 mmol)zat . The resulting mixture was stirred at room temperature overnight, and diluted
with water, then extracted with ethyl acetate (20 mL x,3). The combined 10 organic layers were
washed with brine (20 mL x 3), dried over sodium 'S?J?I%fe, and concentrated in vacuo. The residue was
purified by flash column chromatogedpshglesodvEtapeticcasid MYBYLRAIRT ether) to give (1,6-difluoro-4-
hydroxy-naphthalen-2-y1)-acetic acid methyl ester (0 mg, &%) as a yellow solid. MS cald. for
C13FI10F203 252, obsd. (ESI+) [(M+H)+] 25 @ g-difltioro-4-(5-methanesulforwl-rwridin-2-yloxy)-
naphthalen-2-y1Facetic acid methyl ester Q- NNFPN - 162 - potassium carbonate (60 mg, 0.434
mmol) and N,N-dimethylformamide (2.0 mL) was heated.at 70 C for 3 hours. The resulting mixture was
cooled to room temperature, acidified with 1 N hyda@'d to pH 3, and extracted with ethyl
acetate (20 mL x 3). The combined organic layers werewa laqd with brine (20 5 mL x 3), dried over
sodium sulfate, and concentrated in vacuo to afford [1,6- ©

difluoro-4-(5-methane Lﬁ;{llg%ng}-é%(ﬂ?%ﬁagéyg%y%}g%Iﬂ%gg\snTﬁﬁ{iﬁ;&;ﬁ%ﬂﬁgéﬁgmj_gé@fo(70 mg, 87%)

as a white solid WiHER WAL §8 € next step out fu ation.

[1,6-dilluoro-4-46idrmaiaylesitiotii e B-I1 meRg)-AaP Atmadirestiapstie BB NONS Starting
with [1,6-difiorpcd-(Bsmpthanesylfanylrmuigirsrndons-taRhihatensddrretic g methyl ester (70

mg, 0.172 mmol), using a method analogous to the one des&rb%%dnj"%rotﬁ?(ample 1-1, final step,

[1,6-difluoro-4-BSHRRSAYBORSRGIC)-1. T-binaphtnyl (39 mg,

tris(dibenzylideneacetone)dipalladium(0) (14 mg, 0.016 mmol), and cesium
carbonate (102 mg, 0.31 mmol). After being heated under microwave conditions

(160 °C, 15 minutes), the resulting mixture was diluted with water (10 mL) and
10 extracted with ethyl acetate (15 mL x 3). The organic layer was washed with

brine, then dred over sodium sulfate, and concentrated in vacuo. The residue

was purified by column chromatography (gradient elution with 0-50% ethy|

acetate in hexanes) to afford [6-fluoro-4-(4-methanesulfonyl-phenylamino)-

naphthalen-2-ylj-acetic acid methyl ester (84.0 mg, 69% yield) as a yellow solid.
15

[6-fluoro-4-{4-methanesulfonyl-phenylamino)-naphthalen-2-ylj-acetic acid

_OH
T
F
L
S_—-‘

00
Starting with [6-fluoro-4-(4-methanesulfonyi-phenylaminc)-naphthalen-2-yli-acetic
acid methyl ester {30 mg), using a method analogous to the one described for
20 example 1+1, final step, [6-fluoro-4-(4-methanesulfonyl-phenylamino)-naphthalen-
2-yil-acetic acid (17 mg) was obtained as a white solid. "H NMR (400 MHz,
CD.0D) 8 ppm (dd, J = 9.09, 5.56 Hz, 1 H), 7.67 - 7.72 (m, 2 H), 7.66 (br. 5., 1 H),
7.61 (dd, J = 10.99, 2.65 Hz, 1 H), 7.49 (s, 1 H), 7.30 - 7.36 (m, 1 H), .95 - 7.00



15 pyridin-2-yloxy)-naphthalen-2-yl]-acetic acid (10 mg, 15%) was obtained as a white solid. 1H NMR
(400 MHz, DMSO-d6) 6 ppm 8.56 (d, J = 2.53 Hz, 1 H), 8.39 (dd, J = 8.84, 2.53 Hz, 1 H), 8.19 (dd, J =
9.35,5.31 Hg J}_‘%—){)jyozhg&(td, J=8.97,2.53 Hz, 1 H), 7.49 - 7.54 (M, 1 Hh /43 50feAB48Th 2 H), 3.82 (s,
2 H), 3.28 (3,8 M3 cald. for C181-113F2N055 393, obsd. (ES1+) [(M+H)1 394. 20 EXAMPLE 4-2
11,6-difluoro-445-ethanesuIthrivl-pwidin-2-vioxv1-na%p thalen-2N11-acetic acid - 103 - ,sd Starting

with (1,6-difluoro-4-hydroxy-naphthalen-2-yl)-acetic A&d methyl ester (50 mga, 0.198 mmol) and

2-bromo-5-ethaiastifon§ 7gydmE (520 ds 03208 Mnet)d using e rsthbU 2 R4 Gse t6Bk Jone
described for e ]43§L4_[1,6-difluoro-4- 5 (5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-211]-acetic
acid (10 mg, 12%) was obtained as a white solid. 1H NMR (400 MHz, DMSO-d6) 6 ppm 8.52 (d, 1 H),
8.34 (dd, 1 H), 8.19 (dd, 1 H), 7.42 - 7.76 (m, 4 H), 3.78 -3.86 (m, 2 H), 3.37 - 3.40 (m, 2 H), 1.12 (t, 3
H); MS cald. for C191-115F2N055 407, obsd. (BAMH{E-89+] 408. 10 EXAMPLE 5-1
14-(5-ethangsulfor, idi _ -napk 2:v11acetic. ac 2l
15(4-benzyloxy-1- 2 2 -a " 1 ' s% gfﬂ?j%‘%ﬂl
bromosuccinimide (385 mg, 2.16 mmol). After béiegfi at room temperature for 1 hour, the
resulting mixture was diluted with water (20 m actegh with ethyl acetate (20 mL x 2). The
combined organic layers were washed with w ) and brine (20 mL), dried over sodium sulfate
and concentrated in 5 vacuo. The residue wa d by Column chromatography (gradient elution
with 0-20% ethyl acetate in hexanes) to afford (4-berzylaxy-1-bromo-6-fluoronaphthalen-2-y1)-acetic
acid methyl ester (400 mg, 92%) as a white solid. éﬁj 0

Dl

O

Starting with 6-fluoro-4-hydroxy-3-methyl-naphthatene-2-carboxyiic acid methyl
ester (36 mg), using a method analogous io the one described for example 8-1,
10  [B-fluoro-4-(4-methanesulfonyl-phenyiamino)-3-methyl-naphthalen-2-yli-acetic
acid (20 mg) was obtained as a white solid. "H NMR (400 MHz, CDCl) & ppm
7.85 (dd, J=8.97,5.68 Hz, 1 H), 7.76 (s, 1 M), 7.70 (d, J = 8.84 Hz, 2 H), 7.47
(dd, J = 10.36, 2.27 Hz, 1 H), 6.56 (s, 2 H}, 5.97 (s, 1 H), 3.92 (s, 2 H), 3.02 (s, 3
M), 2.36 (s, 3 H); MS cald. for CxH1gFNO.S 387, obsd. (ESI™) {(M+H)"] 388.
15
EXAMPLE 9-1

16-fluoro-4-(4-methanesulfonyl-phenyisulfanyh)-naphthalen-2-yil-acetic acid

99 "
- 0
s
O 0
G

S

(4-dimethylthiocarbamoyloxy-6-fluoro-naphthalen-2-yl}-acetic acid methyi
20 ester



(1-bromo-6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester Br OH 10 To a solution of
(4-benzyloxy-1-bromo-64luoro-naphthalen-2-yl)-acetic acid methyl ester (400 mg, 0.992 mmol) in ethyl

acetate (10@&)2W$?5§‘9ﬂed zinc bromide (670 mg, 2.978 mmol) and 10% paliadimar;garbon (40 mg)
under a hydrogen atmosphere (balloon). After being stirred at room temperature for 1 hour, the

resulting mixture was filtered. The filtrate was concentrated in vacuo. 15 The residue was purified by
preparative HPLC (gradient elution with 50-80% 0:1%rifluoroacetic acid in water in acetonitrile, 8

minutes) to affokdTiktbrerfdostdiord-nyeyesnapbibataaidni>arntis @it Beldvhesify @8@r (200 mg,

64.4%) as a WW@,&QHQ-%&G}MQHW' Riilloorssdny deppraal (b alaiy 2 ik aeetn, anid methyl ester
Br OH To a solution of (1-bromo-6-f uoro-4-hydrox¥,-na hthalen-Z}ﬁ/g-actetic ]acigome!tjhl}aggster (135

" mg, 0.433 mmd¥ Mrdimetbuitpaenide (WS LEYES LURRHAS AR Eryperature for 20 mi '
fluoro-1,4-diazapigbieyiaie i eugnshisde el o ey (280vag 20B30R6mamotyet.0 C. The
resulting mixture was stirred at room tempe ' ited witlk mL), and
extracted with e%#é gjceéqgtsegz%(sfr%}) Iirax %@%ﬁﬁ%ﬁﬁﬁ%@ ‘(ﬁ%%ur%:e\?ﬁeﬁsv%ﬁ%vﬁﬁ%‘&%h brine (20 mL

x 3), dried overmbiand exresteauiitetamnacataRPattd TrRkatiR CTme Red (ieaNisdgy§Htied by flash

column chromajagtaphyH30%e hKaT A nABtERIRIMEHREY) draivadd drorodien
difluoro-4-hydroxy-naphthalen-2-y1)-acetic acid r%ethyl ester (60 mgg. %@) as a n}f"se"OW solid. MS cald.
for C13HOE3rFSBE G RN @Y AIS (M ERHY %’Ci.%?(é%‘?m& e S aphthalen-211)-acetic
acid methyl estehr@hbbg @ sojuticatiainte biamovBiEoeiito minyi apdteis inashangeiafiprdcetic acid
methyl ester. (50 mg. 0 ' 1l S % palladi g). After
being stirrg(gj at ﬁictJ'(Slﬁr)'nln éﬁéﬁ%@ﬁoﬁr%ﬁ r\gg‘%er@%ﬁ?&&%@r%ﬁ%&%@?&%%ﬂg mixture
was filtered. Thétfitrane. WadEomsenteliew @lvacua to afford
(3,6-difluoro-4-hydroxy-naphthalen-2-y1)-acetic acid methyl ester (25 mg, 65%) as a white solid.

4-(5-eth Ifonyl-pyridin-2-yl -3,6-difl hthalep-2-y1]-aceti id hyl gster 0"
e e e e Bk e e

ester

15 0
Neat (4-dimethylthiocarbamoyloxy-8-fluoro-naphthalen-2-yl)-acetic acid methyl
ester (100 mg, 0.31 mmol) was heated at 240 °C for 1 hour with rigorous
exclusion of air. The resulting brown oil was then purified by flash coiumn
chromatography (gradient elution with 20-30% ethyl ester in hexanes) to afford
20 (4-dimethylcarbamoylsulfanyl-6-flucro-naphthalen-2-yl)-acetic acid methy! ester

(40 mg, 40%) as a yellow oll.

(6-fluoro-4-mercapio-naphthalen-2-yl)-acetic acid

coY

SH

F

25 A solution of (4-dimethyicarbamoylsulfanyl-6-fluoro-naphthaten-2-ylj-acetic acid
methy! ester (40 mg, 0.13 mmol) and potassium hydroxide (72 mg, 1.3 mmot) in

methanol (10 mL) was heated at reflux for 3 hours. The resulting mixiure was



mg, 0.099 mmol) and 2-bromo-5-ethanesulfonyl-pyridine (28 mg, 0.112 mmol), using a method
analogous to the one described for the methyl ester of example 201-1,

[4-(5-ethan?8Iggﬂ%-sgx&din-2-y|oxy)-3,6-dif|uoro-naPhthaIen-2.111-acetm%mmgg§ter (20 mq,
48%) was o talnec{ as a white solid, which was used in the next step without further purification.

[4-(5-ethanesuIfonyl-pyridin-2-y|oxy)-3,6-dif|uoro-na§ thalen-2-y1)-acetic 25acid - 106 - Starting with
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3,6-difluoro-naPhthalen-2-y11- acetic acid methyl ester (20 mg,
0.475 mmol), usheipd Fneteod tlampegEue (6t driteateidd Bl basapiedrvhini step,
[4-(5-ethanesul[f@B)ggpyéipgrggiaflgmg)e,‘é,\gC@eging{@tﬁﬁpg@@@kgqﬁ}yﬂtaegtjma@@&ﬂnaimg) was obtained

as a white solid.”TH NMR (400 MHz, DM50-d6) 6 ppm 8.51 (d, J = 2.02 Hz, 1 H). 8.37.(dd, J = 8.72,
2.65 Hz, 1 H), 89912 yesgHsee 8’.3%"9‘%,"‘&"?‘&3}%%?8%2%%ﬁlé?ﬁgﬁi’,é?%%c}%’aﬁ”f‘é'%%g Hz, 1 H),
7.51 (dd, J = 1328 c3rBrtatddth) vadd1d A (thcrlde) (Bibie-42neycar8a-(aphtplent2-¢t)-J- 7.33 Hz,
3 H); MS cald. for ¢ Flg{]ﬁalf;bﬁ% Q %6%5@% Q@d. (ESI+) [(WW1 408. EXAMPLE 6-1

- n-2- -A< -

f4-(5-ethanesu|?8ny pyridin- Xy uoro-1-methyl-naphthalen-2-v11- acetic acid 15
(4-benzyloxy-6-Ifrfuptomdiynsthonesifiaybphenyisutirrylimgpatialen-2rii-acesic 2 tion of

(4-benzyloxy-l-bromo-G-fIuoro-naphthalen-zOH
|
L
F

S
[ :1 O
S

P2

o
To a solution of (B-fluoro-4-mercapio-naphthalen-2-yl)-acetic acid (30 mg, 0.127
mmol) in N.N-dimethylformamide (2 mL), was added 1-fluoro-4-methanesulfonyl-
10  benzene (43.4 mg, 0.25 mmol) and potassium carbonate (35 mg, 0.25 mmol)
under a nitrogen atmesphere. After being heated under microwave conditions
(100 °C, 30 minutes), the resulting mixture was diluted with water (10 mL.) and
extracted with ethy! acetate(10 mbL » 3). The organic layer was washed with brine,
dried over sodium sulfate and concentrated in vacuo. The residue was purified by
15 column chromatography (0-20% methanol in dichloromethane) to afford [6-fluoro-
4-(4-methanesulfonyl-phenylsulfanyl)-naphthalen-2-yl]-acetic acid (37.0 mg,
74.6%) as an off-white powder. "H NMR (400 MHz, CDCls) Sppm 7.86 -7.93 (m,
4 H),7.69-7.74 (m, 2 H), 7.34 (td, J = 8.53, 2.65 Hz, 1 H), 7.08 - 7.15 (m, 2 H),
3.85 (s, 2 H), 3.01 (s, 3 H); MS cald. for C1oH15FO4S2 390, obsd. (EST) [(M+H)]
20 391,
EXAMPLE 10-1
[6-fuoro-4-{4-methanesulfonyl-benzenesulfinyl)-naphthalen-2-yii-acetic

acid

OH
(T
F
5
v
OV

S



methyl ester (100 mg, 0.248 mmol, prepared using an analogous procedure to the first step of
example 5-1), methylboronic acid (19.3 mg, 0.322 mmol), potassium phosphate (184 mg, 0.868 mmol)

and tricyclo%@ﬁlﬁ%%%We (69.4 mg, 5 0.248 mmol) in toluene (4.0 mL) gpd Walgs s E1pps) was

added palladium acetate (3 mg, 0.0124 mmol) under a nitrogen atmosphere. After being heated under
microwave conditions (150 C, 30 minutes), the mixtHJre] was cooled to room temperature, then diluted
with water (10 mL), and extracted with ethyl acetate (115'mL x 2). The combined organic layers were

washed with brife g Bolutiompf Gkt ot gpatianssiiirevimiesredfrateaanthalss -3 ml-residue was

purified by 00'U%@%%ﬁyﬁ%&;Wdé&%n%bgwh%s%ﬁqm&ﬁéﬁ@@@st@m%m- _

benzyloxy-6-fluoro-1-methyl-naphthalen-2-yl)-aceti ,?md n]eg%g} ester I§52 QL%IS 5%) as a light yellow

solid. (6-quoro-ﬁw&%&?’-"ﬁﬁ@m-ﬂﬁﬂHﬂ?a?ewgz-glﬁamf? At Y EL ey Bl 76 Psolution of

(4-benzyloxy-6-$tiresa-dt-roeth yémpphihatefor22yipace ticeaeisuttieghylibdste (89 cogpéminagthiamol was

added 10% palladium on_carbon ( ' i r L a hydrogen
PR PRRNALGAMINENY AFNGMIRT BrEemBmRSRiER WA

atmosphere overarﬁg%t, the resu[ftlng mix . € | was concentrated in vacuo to
afford 20 (6-fludi@%4 thi b dsiorpactiin-arip inhukier Magaieatidadd ety derifqsbitng) as a white
Si'é% [48-(5-e_thaﬁqs%§5_ ? lgggyln@@iﬁﬁégu}f&%{)o@ﬁﬂé@}r@s&mrﬂ?ﬁ;t}yépﬂmm%%c\étmaclqm:.m r?leéhyl ester
- - Starting with (6-fluoro-4-hydroxy-1-methyl-n en-2-yl)-acetic aci thyl ester mg,
0.073 mmol) anfd®- (?c{h%@-ssge ﬁéﬂﬂﬁoﬂﬁ%&ﬁ@( fm @%@f?ﬁ%@ﬁmu%hr%sg%eﬁhtgd analogous
to the one descrbetidonthe mehylestedtf &Xx8mBld 34, 2 H), 8.07 (s, 1 H), 8.03 (s, 4 H).
[4-(5-ethangsul l-pyriding2-yl -6rfluoro- vi-paphth.e, 2.yd]-acetic.acid methyl ester
(227 m. 100 v Chimees o Fy e L PAPYRETS R W

[4-(5-ethanesulferyigyReh-20foRs b FRIrd iiMnBh AMaphthalen-2-y1]- acetic acid O N

EXAMPLE 11-1
[6-fluoro-4-(4-methanesulfonyl-benzenesulfonyll-naphthalen-2-yii-acetic

15 acid

To a solution of 6-fluoro-4-(4-methanesulfonyl-phenylsulfanyl)-naphthalen-2-ylj-
acetic acid (25 mg, 0.064 mmol) in dichloromethane was added m-
chioroperoxybenzoic acid (41.4 mg, 0.192 mmol, 80% solution in water) at 0 °C.

20  After being stimed at reflux for 3 hours, the resulting mixture was concentrated in
vacuo. The residue was purified by preparative HPLC (gradient elution with 30-
50% 0.1% trifluoroacetic acid in water in acetonitrile, 8 minutes) to afford [6-
fluoro-4-(4-methanes ulfonyl-benzenesulfonyl)-naphthalen-2-yfl-acetic acid (18 mg,
66.7%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & ppm 12.65 (s, 1 H),

25 8.58(d,J=1.52Hz, 1H),824-831(m,3H)811-823(m,4H),7.61(dd, J=
10.23, 7.45 Hz, 1 H), 3.97 (s, 2 H), 3.26 (5, 3 H); MS cald. for C1gH15F 0652 422,
obsd. (ESI™) [(M+H)] 423.

EXAMPLE 12-1



0 6 Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-I-methyl-naphthalen- 10 2-y11-acetic
acid methyl ester (22.7 mg, 0.054 mmol), using a method analogous to the one described for example
1-1, final st%p0 L4ig§65e<%§nesuIfonyl-pyridin-z- yloxy)-6-fluoro-1-methyl-naphibplgsydssracetic acid was
obtained (1 mg% as a white solid. 1H NMR (400 MHz, CD30D) 5 ppm 8.54 (d, J = 2.53 Hz, 1 H), 8.20
-830(m,2H),7.35-7.45(m,2H),7.28 (t,J = 4.4@ z,2H),3.88(s,2H),3.2615(q,J=7.33Hz, 2
H), 2.67 (s, 3 H), 1.25 (t, J = 7.45 Hz, 3 H); MS cald. for C20H18FNO5S 403, obsd. (ESI+) [(M+H)I 404.
EXAMPLE 7-1 361Beorotida(festitnaswfomdnyrriind rploxn Aapninaie iy -S0e4e api

0 20 4-benzyloxy-6-fluorO-3-methYl-naPhthalene-

(4-benzyloxy-6-fluoro-3-methyl-naPhthalen-2 @@ noli(180 mg, 0.6 mmol) in dichloromethane (10
mL) was added pyridinium chlorochromate(Z68 £.2 mr ol) in portions. After being stirred at room
temperature for 3 5 hours, the resulting dark mixturea\%lia diluted with diethyl ether, and stirred at room

temperature for 10 minutes. The mixture was filtered t rough & short silica gel column. The filtrate was
concentrated in vacuo to give 4-benzyloxy-6-fluoro-3- ls aphthalene-2-carbaldehyde (165 mg,
93%) as a white solid, which was used in the next step With@U?\further purification. 1H NMR (400 MHz,
CDCI3) 10 ppm 10.31 (s, 1 H), 8.16 (s, 1 H), 8.00 (dd, J = 8.84, 5.56 Hz, 1 H), 7.73 (dd, J ='10.48,
2.40 Hz, 1 H), 7.55 (d, J = 6.8BBzomppt-G3ghamss pionyipyridingypx8:-65 2.65 Hz, 1 H), 4.99 (s,
2 H), 2.75 (s, 3 H). 6-fluoro-4-hydraww3igpibu:paniitpaleas? methgideiirde 0 OH 15 To a solution
of 4-benzy|oxy-6-f|uoro-3-methyl-naPhthaIene-Z-carbaIdhyde (165 mg, 0.56 mmol) in ethyl acetate (5
mL) was added 10% palladium on carbon (7 mg). The regulting mixture was stirred vigorously under a
hydrogen atmosphere (balloon) for 4 hours, @ fiterad. The filtrate was concentrated in vacuo to
give 6-fluoro-4-hydroxy-3-methyl-naphthaleng<2-gathatdehyde (115 mg, 99%) as 20 a yellow solid
which was directly used in the next step without furt Jer rification. O
e
N

fr

A mixture of 8-bromo-4-hydroxy-naphthalene-2-carboxylic acid methyl ester (423
mg, 1.5 mmot), potassium carbonate (414 mg, B.mmol), 2,5-bis-ethanesuifonyl-
pyridine (420 mg, 1.6 mmol) and N,N-dimethylformamide (4 mL) was vigorously
stirred and heated at 100 °C ovemnight under an argon atmosphere, then cooled

10 to room temperature, and diluted with ethyl acetate (10 mL). The resulting
mixture was washed with water (10 mL x 3). The combined aque'ous layers were
extracted with ethyl acetate (10 mL). The organic layers were combined, dried
over sodium sulfate, and concentrated in vacuo. The residue was purified by
silica gel chromatography (silica gef, 100-200 mesh, 30% ethyl acetate in

15 petroleum ether) to give 6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-
naphthalene-2-carboxylic acid methyl ester (280 mg, 41 %, crude yield) as a

yellow solid.

[6-8romo»4-(5-ethanesu!fonyi-pyridin-2-yloxy)-naphthaien-zcyi]-methanoi



carbaldehyde - 110 - O Starting with 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carbaldehyde (115
mg, 0.6 mmol) and 1-ethanesulfonyl-4-fluoro-benzene (226 mg, 1.2 mmol), using a method analogous
to the one %irciﬁlilg&g% [he methyl ester of example 1-1, 4-(4- 5 PCT/EP2009/064810 _
ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalene-2-carbaldehyde (120 mg, 57%) was obtained
as a yellow solid which was used in the next step \_N't%]é)gt further purification. 1H NMR (400 MHz,
CDCI3) 5 ppm 10.35 (s, 1 H), 8.32 (s, 1 H), 8.07 (dd, J = 8.97, 5.68 Hz, 1 H), 7.84 (d, J = 9.09 Hz, 2
H), 7.33 - 7.45 (m, 2 H), 6.94 (d, J = 8.84 Hz, 2®)3d2Tood = 7.41 Hz, 2 H), 2.59 (s, 3 H), 1.31 (t, J =
10 7.45 Hz, 3 H). 3-(4-(4-ethanesuIfonyl-phe-3-methyl- naphthalen-2-y1Facrylic acid
ethyl ester ,s 15 To a suspension of sodiuff hydride](15 mg, 0.37 mmol, 60% in mineral oil) in
anhydrous tetrahydrofuran (1 mL) was added trieth)FP dsphonoacetate (83 mg, 0.37 mmol) in
anhydrous tetrahydrofuran (2 mL) dropwise at 0 C. After nixture was warmed naturally to room
temperature and stirred at room temperature for 30 minute srsolution of
4-(4-ethanesulfonyl-phenoxy)-6-fluoro- 20 3-methyl-naphthalene-2-carbaldehyde (120 mg, 0.33 mmol)
in anhydrous tetrahydrofuran (2 mL) was, added dropwise, Tk oy M stirred at room
temperature foerH? ﬁoSL?rigIE%(gf%ébJ ﬁﬂ%%ﬁ&%&%ﬁ%ﬁ%&% %ﬁr{\fm%%q)én r%l}g{ﬁgnm}jﬂ%gracted with ethyl

acetate (10 mLoag)otie ecithhiaty ceian(@deynes WErcraehdd iaeMyARSU@EE Fller¥@tiium sulfate,
and concentrated i V3Gl tiod S didFRRIdHEWAS miiHird bycrlimpsbramangraghy (20% ethyl

acetate in petroleum ether) to afford . . .
3-[4-(4-ethahesTHRSHY REARSYISSA- 6 U 6T Sieh RTREPR AT PRSP1 Ky REUNS SRS ter (80 mg,
56%) as a whiteygeligarbibdNid R (A0 MbtraGRGI3) St & 6208 .@8n(rardur (efdd, J = 9.22, 5.43

Hz, 1 H), 5 7.83 (d, J =.8.84 Hz, 2 H), 7,34 = 8 .1 H), 6.94 (d, J
C .50 Hz. 2 H),Sm g befitegn 78 1%4&?5,%0{3%%@9%é%%ﬁ%%lé((ﬁﬁ%é%{%z 2 H), 1.38
(t, J = 7.20 Hz, Gik)re Boqtirgater. wiihpn 3QRBEAAEINTLSIRBHYNHHNER, BB ro-3-methyl-

naphthalen-2-Olprapianic.agie eyl 8R4 10 robhasaigianed, and stired at room
3-[4-(4-ethanesulfonyl-phenox -6-f_|uoro-3-mettyl-naPhthalen-Z- P/l]f-gc\m/‘ijc %%:lg etheél ester (40 mg,
0.09 mmolﬂ@n ewpﬁé%tféﬁ%f@ Waghaed@éd”ti g mixture was exiracted with ethyl acetate

(20 mL x 3). The combined organic layers were washed with brine, dried over

sodium sulfate, and concentrated in vacuo. The residue was purified by silica gel
chromatography (silica gel, 100-200 mesh, 30% ethyl acetate in petroleum ether)
{o give [6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-methancl
15 (263 mg, 99%) as a colorless oil.
2.(7-Bromo-3-chloromethyi-naphthalen-1 -y!oxy)-s-et_hanesuIfonyi-pyridine

d.r

After a solution of triphenylphosphine (330 mg, 1.26 mmo!l) and carbon
tetrachloride (2 mL) in anhydrous tetrahydrofuran (6 ml.) was stirred at room

20 temperature for 10 minutes under a nitrogen atmosphere, [6-bromo-4-(5-
ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-ylj-methanol (265 mg, 0.63 mmol)
was introduced as a solid. The resulting mixture was heated at reflux for 4 hours,
cooled to room temperature, then diluted with water (10 mL), and extracted with
ethyl acetate (30 mL x 2). The combined organic layers were dried over sodium



10% palladium on carbon (4 mg). The resulting mixture was stirred vigorously under a hydrogen
(balloon) atmosphere overnight, and then filtered. The filtrate 15 was concentrated in vacuo to give
3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3- methyl-naphthalen-2-y1]-progjani ' ester (30 mg,
75 %) as a %ﬂggx}(}s}%%&? Which was used for the next step without any fur?@%ﬁ%%ﬁ%%
3-[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naPhthalen-2i1]- 20propionic acid - 112 - Starting
with 3-[4-(4-ethanesuIfonyl-phenoxy)-6-f|uoro-3-méﬂ%ﬁ-haPhthalen-Z-yll- propionic acid ethyl ester
(30 mg, 0.068 sutialy, arsing acerithted! anstsyoud e theidire weserbBedoy siempr 1-1, final step,

344 (4-ethanesylfandahenmsaeduaiordta g talh PaiRie o el Lheig. 68%) was
obtained as a 5 yellow solid. 1H NM hYIOO MHz, CDCI3) 6 pﬁm 7.78 -7,.85 (m, 3 H), 7.63 (s, 1 H), 7.32
(dd, Jr 10.11, 2197959 244bropaodeeniorpmetayi arhthalenr lyloswp-aiBanes {80H: 4 1), 2.80 (¢, J =
7.83 Hz, 2 H), 2¢Tdlse 32, A3 T 629) B #felitan 3iH); MS cald. for C22H21F055 416, obsd. (ESI)
[(M+H).] 417. 10EXAMPLE 8-1 16-fluoro-4-(4-methanesulfonyl-phenylamino)-naphthalen-2-yll-acetic
acid OH 0 (o-fluoro-44rifluoromethanesulfonyloxy-naphthalen-2-14)-acetic acid methyl ester 150Tf
To a mixture of (6-fluoro-4-hydfoRyampHiHatethangsuldenyiaeyidiathyiessr (350 mg, 1.5 mmol) and

trifluoromethanesulfonic anhydride (306 dneh-3.GiiBehd asighisgpedagae (20 mL), which was cooled

to 0 Cin an ice bath, pyridine (0.6 mL) was added dropwise. The reaction mixture was stirred at 0 C
for 2 hours 20 and then concentrated in vacu rduerwas dissolved in ethyl acetate (50 mL).
The resulting solution was washed with wate ous hydrochloric acid, water, and brine, then
dried over sodium sulfate, filtered, and con%rentratedoin vacuo. The residue was purified by column
chromatography (0-30% ethyl acetate in hexanes) to affo
(6-fluoro-4-trifluoromethanesulfonyloxy-naphthalen- 252-y< Sttic acid methyl ester (450 mg, 82%) as
a light yellow solid. [6-f|uoro-4-(4-methanesuIfonyl-PhenYIargm?i)-

To a flask containing 2-(7-bromo-3-chioromethyl-naphthalen-1-yioxy)-5-

10  ethanesulfonyl-pyridine (210 mg, 0.46 mmol),
bis(triphenylphasphine dichloropalladium(it) (16 mg, 0.023 mmol) and potassium
carbonate {67 mg, 0.48 mmol), which was evacuated and then filled with carbon
monoxide (balloon), were added methanol (2 mL) and tetrahydrofuran (4 mL) by
means of a syringe. After being stirred at room temperature under a carbon

15 monoxide atmosphere for 3 hours, the reaction mixture was diluted with water (5
mL), and extracted with ethyl acetate (20 mL). The organic layer was washed
with water {10 mL x 2). The combined aqueous layers were extracted with ethyl
acetate {20 mL), and the combined organic layers were dried over sodium sulfate
and concentrated in vacuo. The residue was purified by column chromatography

20 (silica gel, 100-200 mesh, 20% ethyl acetate in petroleum ether) to afford [6- -
bromo—4~(5-ethanesuifony[-pyrid'm~2—yloxy)~naphthaEen—i—yl}acetic acid methyl
aster (245 mg, 99 %) as a yellow solid.

16-Bromo-4-(5-gthanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yij-acetic acid

OH
(1

Br



- 113 - naphthalen-2-y1Facetic acid methyl ester o To a solution of
(6-fluoro-4-trifluoromethanesulfonyloxy-naphthalen-2-YO-acetic acid methyl ester (115 mg, 0.31 mmol)
and 4-meth%?§q8%§@ﬁghenylamine (59 5 mg, 0.35 mmol) in N,N-dimetpyfarsaaRidests mL), was
added (R)-(+)-2,21- bis(diphenylphosphino)-1,11-binaphthyl (39 mg, 0.063 mmol),
tris(dibenzylideneacetone)dipalladium(0) (14 mg, 0.Q16 mmol), and cesium carbonate (102 mg, 0.31
mmol). After being heated under microwave conditiohs (160 C, 15 minutes%, the resulting mixture was

diluted with waSer@mith Hrirooextrrihanrr dieny Foeidins2 omi)-Rap R BHic layer was
washed with bripgy thendriggh Quasispdiymgulfais nanel CoRRR W Aethiy weitsyoliedesidue was

purified by column chromatograph adient elution with 0-509% acetate in h s) to afford

[6-f|uoro-4-(4-W@ﬁgﬁ%@ﬁﬁ%gﬂgﬂ%gﬁiﬂoﬁﬂﬁ%ﬂﬁé I ngﬂ%%%%{%%ﬂ‘ Sﬁ%?h”%‘éé?@r‘ 84.0 mg, 69%

yield) as a yglI@\mmuﬁb;ﬂkﬁr[éiémmgﬂzla(ﬁﬂmei:bidnjé@lﬂﬁ@gylﬂfﬁﬂﬁéwy@mm)ﬂﬁdFﬂﬁtﬁa@ﬁ%g_]ﬁécetic acid

OH crt Staging il dluprpritmelnanesieid phoviagyie) nanibaleud ykaseic acid methy|
ethod analogous

ester (30 mgQ), using a 0 the one described for 20 example_1-1, final step,
[6-fluoro-4-(4-nZebRaiasttongiOsHenylamiRé) trap fthdle2§11- 5 & fit 5’5i!d1(%’ GFWad dbtained as a
white solid. 1H NMR{40pMHz, GRIAR) 6 pym Gidid) 79091 $1261H, 1.60,(d,.67=-8.82Kn, 2 H), 7.66
(br.s., 1 H), 7.61 (dd, J = 10.99, 2.65 Hz, 1 H), 7.49 H),.7,30,- 7,3 , -7.00 - 114 -
(m, 2 H), 3.77 (/2183 s %3,%3 %?;k;é éé‘bl?f%g é&é’i%éﬁ@éﬁé é?s‘f%@éaﬁ'@é.@)gfm@mﬂ 374.
EXAMPLE 8-2 it & flitsB=(4Sreth acest {ERIHEnARIMAB)-3-methvi-naphthalen-2-01- acetic acid
OHO Starq g with 6-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester (36 mg),
using a method analogous to the one described for example 8-1, 10
[6-fluoro-4-(4-methanesulfonyl-phenylamino)-FXAMRERABrthalen-2-34]-acetic acid (20 mg) was

obtained as a Whilgsselighdés INMRVI4OG Minzz Cla i P i RVILBp i alk r-3-97 drid H), 7.76 (s,
11-1), 7.70 (d, J = 8.84 Hz, 2 H), 7.47 (dd, J= 10.36, 2.27 Hz, 1 H), 6.56 (s, 2 H), 5.97(s, 1 H), 3.92(s,

2 H), 3.02 (s, 3 H), 2.36 (s, 3 H); MS cald. for 387, obsd. (ESI4) [(M+H)+] 388.
0
0Ny
1 A0

[4-(5-Ethanesulfonyl-pyridin-2-yioxy)-6-methyl-
15 naphthalen-2-yil-acetic acid methyl ester

O
3

M
A mixture of [6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naphthalen-2-yl]-acetic
acid methyl ester (30 mg, 0.07 mmol, methyl ester of example 12-1),
methylboronic acid (7 mg, 0.11 mmol), tetrakis{triphenylphosphine)palladium(0)
20 (8 mg, 0.007 mmol), potassium phosphate (45 mg, 0.21 mmol) and toluene (0.5
mL) was stirred at 115 “C overnight under an argon atmosphere. The resulting
mixture was diluted with water (5 mL), and then extracted with ethyl acetate (20
mLx 2). The combined organic fayers were washed with brine (20 mL}, dried over
sodium sulfate and concentrated in vacuo. The residue was purified by



15 EXAMPLE 9-1 J6-fluoro-4-(4-methanesulfonvl-nhenvisulfanvl1-naphthalen-24/11-acetic acid OH 6'
(4-dimethylthiocarbamoyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl 20ester - 115 - A mixture of
(6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester (500 mg, 2 Jnely ground
potassium ¢ 1%8?%{%5? 1 mg, 4.28 mmol), and N,N-dimethylformamide %f%%}g%gégﬁﬁred at room
temperature for 20 minutes. Dimethylthiocarbamoyl chloride (290 mg, 2.35 mmol) was added in one
portion. 5 After being stirred for 2 hours, the resultl‘nbz%l‘xture was diluted with water (20 mL) and
extracted with ettedanetvaté|(20 20k el)y| Heetetmibipeidolergaridien éesoiverd washed with water(15 mL)

and brine (20 ;%esn }_%;ri . sadi Wf 1 é %ﬁ! 1 i was
purified by colgzrgn‘tﬁac réjrﬁ[gt gf%{jﬁ"j gra ienltge%%o@anv%ﬁ?gﬁ?(%%aéet y%%%%% ?n%%@lgés{)g{o afford 10
(4-dimethylthio¢&PAMAAGXGOBMERY ®haphthalen-2-yl)-acetic acid methyl ester (491 mg, 71.5%) as a
yellow oil. (4-dimethylcarbamoylsulfany1-6-fluoro-naPhthalen-2-y1)-acetic acid methyl ester 15 Neat
(4-dimethylthiocarb loxy-6-fluoro-naPhthalen-211)-acetic,acid methyl est .Q0.31 mmol)
was heated tz%@?gﬁ(ﬁ%ﬁﬂl RS ?g']g'o agﬁylfﬂ%prﬁgéﬁmmng% ij/?/g]c%l gv%é‘ en purified
by flash column chromatography (gradient eluticy itk 0
(4-dimethylcarbamoylsulfany1-6-fluoro-napht @ agetic acid methyl ester (40 mg, 40%) as a
yellow oil. (6-fluoro-4-rnercapto-naphthalen=2-yI)-acé ic acid OH SH 25 A solution of
(4-dimethylcarbamoylsulfany1-6-fluoro-naphthalen-2y1Pacetic acid methyl ester (40 mg, 0.13 mmol)
and potassium hydroxide (72 mg, 1.3 mmol) in metha@fg PL) was heated at reflux for 3 hours. The
resulting mixture was - 116 - d-,s\l

Starting with [4-{5-ethanesulfonyl-pyridin-2-yloxy)-6-methyl-naphthalen-2-yli-
acetic acid methyt ester (20 mg, 0.05 mmol), using a method analogous to the
one described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-

10 methyl-naphthalen-2-yi}-acetic acid (4.5 mg, 17%, two steps) was obtained as a
white powder. "H NMR (400 MHz, CDCls) & ppm 8.66 (d, J = 2.53 Hz, 1 H), 8.18
(dd, J=8.72, 240 Hz, 1 H). 7.79 (d, J = 8.34 Hz, 1 H), 7.68 (s, 1 H), 7.59 (s, 1 H),
7.38(d, J=8.34 Hz, 1 H), 7.24 (s, 1 H), 7.15(d, /= 8.59 Hz, 1 H}, 3.84 (s, 2 H),
3.16 (g, J = 7.16 Hz, 2 H), 2.47 (s, 3H), 1.34 (t, J = 7.45 Hz,

15 3 H); MS cald. for CogH1sNOsS 385, obsd. (ESI) [(M+H)"] 386.

EXAMPLE 141
[6-Cvano-4-{5-ethanesulfonyl-pyridin-2-ylexy)-naphthalen-2-yil-acetic acid

s
N O Ny
| P
S
J
20 16-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy}-

naphthalen-2-yl}-acetic acid methyl ester



cooled to room temperature, diluted with water (10 mL), acidified with 2 N hydrochloric acid, and
extracted with ethyl acetate (10 mL x 2). The combined organic layers were washed with water and
brine, then Q@%?M&{ﬁ&dium sulfate and concentrated in vacuo to afforge¢ueleagonsasio
(6-fluoro-4-mercapto-naphthalen-2-yl)- 5 acetic acid (30 mg) as a yellow solid.
[6-fluoro-4-(4-methanesulfonyl-phenylsulfanyl)-naPhthalen-2-y1Facetic acid O To a solution of
(6-fluoro-4-mercapto-naphthalen-2-yl)-acetic acid (36°mg, 0.127 mmol) in N,N-dimethylformamide (2
mL), was added 1-fluoro-4-methanesulfonyl- 1065 = (4 .Q‘mg, 0.25 mmol) and potassium
carbonate (35 mg, 0.25 mmol) under a nitrogen
conditions (100 C, 30 minutes), the resultig& mixture was diluted with water (10 mL) and extracted with
ethyl acetate(10 mL x 3). The organic layer was wasl ith brine, dried over sodium sulfate and
concentrated in vacua The residue was purified by 15 ¢ ¢hromatography (0-20% methanol in
dichloromethane) to afford [6-f|uoro4-(4-methanesurfonyl-phsﬁ sulfanyl)-naPhthalen-2-ylpacetic acid
(37.0 mg, 74.6%) as an off-white powder. 1H NMR (400 MHz, CDC13) 5 ppm 7.86 -7.93 (m, 4 H), 7.69

-7.74 (m, 2 H), .34 (td, J = 8,53, 2.65 108 47,15 { 3 3RL 488 H) MS
cea. or cro1- SO B SR SRR TRy oy bcao
16-fluoro-4-(4-racitharesiyl|ksiei-G8nren 8T LRt Bsiee) rerape 4&d ) ZDEAYaRi% solution of
6-fluoro-4-(4-mefhane syiBRyhRRENvsiaMHbneAR B Ak e Al eNt e qitB(7iy nog) 81064 mmol) in

dichloromethane was added mchloroperoxybenzaic acid (12.1, mg, 0,07 % purity) at0 C.
After being étirr@&”‘&p%M%@%ﬂﬂ@%??ﬁ@u@?tﬁ@?é&?ﬁtﬁ%g%i mg%g 8§f%e%r§'f§ed in 5 vacuo.

The residue wagraeritiedzhyoprepasativeré] Tbe (gratbentiatutionvasittiiBtecb0¥ @@ (Affubroacetic acid

in water in acetonitrile, 8 minutes f - . .
Lx 2). The combined grganic layers were
fluoro-4-(4-metﬁgéeesﬁ%r%f%%z%iﬁﬁ%%r% )g%%gl}ltﬁalén- [ dg (12.0 r¥1g, 46%) as a white

2-A-acetic aci
solid. 1H NMR (EEh s st DNISobIé et 2uer grdism syifate apdeonesninagdn a9% oo - 8.15
(M, 2 H), 8.07 (§nh Fbki§ R3S Alicl®y Sl fidtadve 183 (3058 éay btttk fer2ibdns.21 (s, 3 H);
MS cald. For C19H15F05S2 406, obsd, (ESI+ Nh I—M]ﬁmg.. 5 -vioxy)-nachthale %2(! MPLE 11-1
J6-fluoro-414-nSERRENALRIMB K 1HBAO S 'Eﬁ@%g ORATRSISIN 2R RRPERRIRM 13 solution of
6-fluoro-4-(4-meikhstiestitf onyhphestgtsiiifamg] paaphttiglentg-y11- acetic acid (25 mg, 0.064 mmol) in
dichloromethane, 2NZ0IG: AGIC . ,{Iy;qu FheSpdsion in water)
at 0 C. 20 After dﬁ‘r@é’ﬁgﬁ(gﬁwﬁg{@ﬁ%ﬂ?ﬂﬁﬁ%ﬁm ﬁ]%trgrrga?v\%as con::%r%[rated in vacuo. The
residue was purified by preparative HPLC (gradi€hi efutie it™30- 50% 0.1% trifluoroacetic acid in
water in acetonitrile, 8 minutes) to afford [6-
fluoro-4-(4-methanesulfonyl-benzenesulfop#)-naphthalen-2-y1]-acetic acid (18 mg, 66.7%) as a white
solid. 1H NMR (400 MHz, DMSO-d6) 6 ppm 12.65 (s,OLENj\

0
g

O
Starting with [6-cyano-4-(5-ethanesuEfonyi~pyridin-2—yloxy)~naphthaIen—2~yl]—acetic
15 acid methyl ester (17 mg, 0.04 mmol), using a method analogous to the one
described for example 1-1, final step, [6-cyano-4-(5-ethanesulfonyl-pyridin-2-
yloxy)-naphthalen-2-yl}-acetic acid (1.1 mg) was obtained as a white solid. 'H
NMR (400 MHz, CDCls) & ppm 8.61 (d, J = 2.27 Hz, 1 H), 8.25 - 8.30 (m, 2 H),
7.99 (d, J=8.59 Hz, 1 H), 7.78 (s, 1 H), 7.68 (dd,
20 J=859, 1.26 Hz, 1 H), 7.42 (d, J = 1.01 Hz, 5H), 7.31 (d, J = 8.84 Hz, 5 H), 3.90
(s,2H),3.19(q, J=7.24 Hz, 2H), 1.37 (1, J=7.45Hz, 3 H); MS cald. for
CocHigN205S 396, obsd. (ESHY) [(M+H)™] 397.

EXAMPLE 15-1



258.58 (d, J = 1.52 Hz, 1 H), 8.24 - 8.31 (m, 3 H), 8.11 -8.23 (m, 4 H), 7.61 (dd, J = 10.23, 7.45 Hz, 1
H), 3.97 (s, 2 H), 3.26 (s, 3 H); MS cald. for al19H15F06S2 422, obsd. (ESI+) [(M+H)+] 423. EXAMPLE
12-1 -118 - 16%-%5%%% -(5-ethangsuIfonvl-pyridin-2-y|oxy)-naphthalen-%%%ﬁg,d OH an
6-Bromo-4-¥%(-)e anesultonyl-Pyridin-2-yloxy)- naphthalene-2-carboxylic acid methyl ester 0 ON 0 an
5 A mixture of 6-bromo-4-hydroxy-naphthalene-z-ci?goxylic acid methyl ester (423 mg, 1.5 mmol),

potassium carbonate (414 mg, 3 mmol), 2,5-bis-eth

N,N-dimethylformaffifegmontii atnaigestiio
atmosphere, then cooled 10 to room tempera _
mixture was washed with water (10 mL x 3). ined aqueous layers were extracted with ethyl
acetate (10 mL). The organic layers were gp AriedGver sodium sulfate, and concentrated in
vacuo. The residue was purified by silica gel chrom@ty (silica gel, 100-200 mesh, 30% ethyl

ERBEateIoe 0 i fdiHighthder an argon
Hutedswith ethyl acetate (10 mL). The resulting

acetate in 15 petroleum ether) to give 6-bromo4-(5-et sulfenyl-Pyridin-2-yloxy)-
naphthalene-2-carboxylic acid methyl ester (280 mg, 419, ,I"de yield) as a yellow solid.
[6-Bromo-4-(5-ethanesulfonyl-Pyridin-2-yloxy)-naPhthalen-2-ylitmethanol - 119 - To a solution of
6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-naPhthalene-2- carboxylic acid methyl ester (280 mg,
0.63 mmol) in tStatiydrolirarb(Emty-tasaddeaphisslenion sRIEHGHRRIAIMAHERRIRIE (1 M in

toluene, 1.3 mL‘r%tﬁanesu!fenymmﬂuoro—benzene, using a method analogous fo the one
5 described for example 14-1, [6-bromo-4-(4-ethanesulfonyl-phenoxy)-naphthalen-
2-yil-acetic acid (10.4 mg, 63%) was obtained as a yellow solid. "H NMR (400
MHz, CDCl3) & ppm 8.18 (s, 1 H), 7.89 (d, J = 8.84 Hz, 2 H). 7.76 (d, J = 8.59 Hz,
1 H),7.57 - 7.68 (m, 2 H), 7.10 - 7.17 {m, 3 H), 3.80 (s, 2 H), 3.15 (q, J = 7.58 Hz,
2 H), 1.33 (t, J = 7.45 Hz, 3 H); MS cald. for CaoH17BrOsS 448, obsd. (ESIT)
10 [(M+H)] 449.
EXAMPLE 16-1
[4-(4-Ethanesulfonyl-phenoxy)-6-methanesulfonyl-naphthalen-2-yl]-acetic

acid

OH

/S--O .
s

6

15 [4-(4-Ethanesulfonyi-phenoxy)-6-methanesulfonyl-
naphthalen-2-yl]-acetic acid methy! ester

. _ O
./S'AO O
O 0

L

b
i
A mixture of [B—bromo—di-(4—ethanesutfonyt-phenoxy)—naphthaten~2—y1]—acetic acid
methyl ester (32 mg, 0.07 mmol, methyi ester of example 15-1), sodium



5 mmol) dropwise at -78 C under a nitrogen atmosphere. The resulting mixture was warmed to room
temperature and stirred at room temperature (the total stirring time between -78 C and room
temperature was 3 hours). The reaction mixture was treated with an aquge ?ﬁﬂ&g}%ﬁ& potassium
sodium tartr‘gt%%%]t?’gﬁvgﬁate at 0 C, warmed to room temperature, and stirred at room 10 temperature
for 30 min. The resulting mixture was extracted with ethyl acetate (20 mL x 3). The combined organic
layers were washed with brine, dried over sodium Suffate, and concentrated in vacua. The residue was
purified by silicangtlarrendiamgrdshygslicd gahdDo-200ineshBOMkhRByraebiatenpgseiroleum ether)
10 give 16 brorpfgers ha asiionvhiila &ra{é@efwmem@pzaﬁﬂywsm@d@t(ezﬁsomg 99%) as a
- r -

colorless oil. 2 romethyl-naphthalen-1-yloxy)-5-ethanesulfony] dine After a

solution of triph@YSABSPAAGE RBFUIAG AT ARGIS THIreSHIBIS Bk aYRFS anhydrous
tetrahydrofuranvgsaks was, %ﬁlfcﬂ%i(ﬁécﬁﬁé@mv% éﬁmp@cﬁéwﬂée(mﬁ 2] mmpmmm;aeﬂitwmmc
atmosphere, [6-bromo-4-(5- ethanesulfonyl 2-yloxy)-naphthale thanol (265 mg, 0.63
mmol) was ﬁ]tré%ﬁ?égdvgg & &dﬂﬁ'ﬁl‘ l.s'.u‘?tl g mg(lm% véa%vﬁe%?gﬂjﬁ uﬁ r%r hours, cooled to
room temperatwedizenettidiie ety W rédioun waarmnémﬁai@yww%wwge&%@e’o(wm x 2). The
combined orgagiciayes ra@lfm%m\sﬂ@oam 42harulaisandansengated in vacuo. The

residue was puritied by silic eI chromato?Ora S|I|ca el, 100- 200 mesh, 5% eth hacetate in
petroleum ethef}‘?@“&ﬂ@?@l‘@'@? Wﬂﬁ‘@% 5YGPA I‘fﬁﬁm%eit?/rcg(y)”@éﬂ?aﬂé' {t8nyl- pyridine
(210 mg, 76 %)sasq yellow oil. To a flask contamlng

2-(7- bromo- -C EH |- na haI lox % - h 2l 6 mmol),
bls(trlpheny hos%{ﬁ?g]e% % ﬁ'é'dlﬂm%?)fg mfa,e E% mmo'[‘y1 é&l@g{é?g{f&%ﬁi (67 mg,
0.48 mmol), which was evacuated and then filled wm@arbon monOX|de (balloon), were added
methanol (2 mL) and tetrahydrofuran (4 mL) by of a_sysnge. After being stirred at room

i ere Tor 3 hours, the reaction mixture was diluted

stat& (26°mL). She organic layer was washed with water
(10 mL x 2). The comblned agueous layers S weére extr@ctel with ethyl acetate (20 mL), and the

combined organic layers were dried over sodium sulfat d caogcentrated in vacuo. The residue was
purified by column chromatography 20 (silica gel, 100-206-mesh, 20% ethyl acetate in petroleum
ether) to afford [6- bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy¥naphthalen-211]-acetic acid methyl
ester (245 mg, 99 %) as a yellow solid.

[6-Bromo-4-(5-edtantiegwitnid-piretindsidiney misialef-msttpacettoavichepriorien-8-yilt 21 -

Starting with [6- I methyl
esterI (23erng 0 %%gmmo ﬁgﬂéawgéngeﬁ d@%a%ﬁﬁo%e%i@?ﬁb@d%@%ﬁlgoakﬁ@% flnalystep

[6-bromo-41(5- eﬂ%@%ﬁﬂf&?ﬂfpyﬁaﬁm@eﬂ&yﬁ’ StRRal& 8 ARSI R was
obtained as a whitghsplidphthalen-2-yl)-acetic acid (8 mg, 26%, two steps) was obtained as a

yellow solid. "H NMR (400 MHz, CDCls) & ppm 8.80 (s, 1 H), 8.05 - 8.09 (m, 1 H),

7.99-8.04 (m, 1 H), 7.94 (d, J = 8.59 Hz, 2 H), 7.72 (s, 1 H), 7.23 (d, J = 8.59 Hz,

2 H), 7.44 (s, 1 H), 3.85 (5, 2 H), 3.17 (q, J = 7.58 Hz, 2 H), 3.13 (s, 3 H), 1.34 (x,
20 J=7.45Hz, 3 H); MS cald. for C2iHz0-S2 448, obsd. (ESIT) [(M+H)] 449.

EXAMPLE 17-1
[4-{5-Ethanesulfonyi-pyridin-2-yvioxy}-6-fluoro-3-vinyl-naphthalen-2-yl}-

acetic acid



5 1H NMR (400 MHz, CDCI3) 5 ppm 8.63 (d, J = 2.53 Hz, 1 H), 8.23 (dd, J = 8.84, 2.53 Hz, 1 H), 8.03
(d,J=1.26 Hz, 1 H), 7.77 (d, J = 8.84 Hz, 1 H), 7.69 (s, 1 H), 7.62 (dd, J = 8.72, 1.89 Hz, 1 H), 7.31
(d,J=1.01Hz,1H),7.23(d, J=8.84Hz,1H),3.85(s,2H),3.17(q,J=7.33Hz, 2 H), 1.35(t, J =
7.45 Hz, 3 FOMEYRYor C131-116BrNO3S 449, obsd. (ESI+) [(M+H) HASF AT LLRYPLE 131
J4-(5-Ethanesulfonyl-pyridin-2-vloxy)-6-methyl-naphthalen-2-v11-acetic acid OH O N
[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-methyl15nap#alen-2-yl]-acetic acid methyl ester 0 0 A
mixture of [6-bromo-4-(5-ethanesulfonyl-pyridin-2-yloxy)-napkttalen-211)-acetiO acid methyl ester (30
mg, 0.07 mmol, methyl ester of example 12-1 oromjc acid (7 mg, 0.11 mmol),
tetrakis(triphenylphosphine)palladium(0) 2 .mmol), potassium phosphate (45 mg, 0.21
mmol) and toluene (0.5 mL) was stirred at 115 'CI; gyernight under an argon atmosphere. The
resulting mixture was diluted with water (5 mL), and tm%cted with ethyl acetate (20 mLx 2). The
combined organic layers were washed with brine (20 #dried over sodium sulfate and concentrated
in vacuo. The residue was purified by - 122 - preparative TEC {20% ethyl acetate in petroleum ether)
to give [4-(5- ethanesutfonyl-pyndin-2-yloxy)-6-methyl-naphthalen-211]-acetic acid methyl ester (20
mg) as a colorless gLEHiEEIpNesYRyHBMSMEMSHD-raetd-nowhieieg 2stél-acetic acid OH
Starting with [4-(5-ethanesulfonyl-pyridin-2-ylox )-6-methyl-ngphthalen-z-yl]- acetic acid methyl ester
(20 mg, 0.05 mmol), using a method analogoys t® oneydestribed for example 1-1, final step,
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6- 10 me ‘thafen-2-yl)-acetic acid (4.5 mg, 17%, two
steps) was obtained as a white powder. 1H NMR (480 MHz, CDCI3) 6 ppm 8.66 (d, J = 2.53 Hz, 1 H),
8.18 (dd, J = 8.72, 2.40 Hz, 1 H), 7.79 (d, J = 8.34 Hz, 1 H), 7.68 (s, 1 H), 7.59 (s, 1 H), 7.38 (d, J =
8.34 Hz, 1 H), 7124 (5 /dtid), & 1&fdod <4 850 dty; T phi@ien-Esy-#0s B Beifgnethyl 86ielz, 2 H), 2.47 (s,
3 H), 1.34 (1s = doflB 42 153 ) MGk T GAORISINGE S8R ORSH i) b 386.

EXAMPLE 14-1 J6-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxv)-naPhthalen-2-yll-acetic acid OH 0 0 0
mL) was added N-iodosuccinimide {577 mg, 2.56 mmol) at 0 °C. The mixture was

ailowed to warm o room temperature and stirred at room temperature for 2 hours.
The resulting mixture was diluted with 10% agueous solution of sodium bisulfate
(100 mL). The organic layer was separated, washed with brine (100 mL), dried

10 over sodium sulfate, and concentrated in vacuo. The residue was purified by
flash column (elution with 15% ethyl acetate in petroleum ether) to afford (6-
fluoro-4-hydroxy-3-iodo-naphthalen-2-yl)-acetic acid methyi ester (500 mg, 54%)

as a white solid.

15 {4-Acetoxy-S-fluoro-3-icdo-naphthalen-2-yl)-acetic acid methyl ester
Cooy
F P ©
OYO
To a stirred solution of (8-fluoro-4-hydroxy-3-iodo-naphthalen-2-yi)-acetic acid
methyl ester (500 mg, 1.4 mmol) and 4-dimethylaminopyridine (34 mg, 0.28
mmol) in pyridine (3 mL) was added acetic anhydride (160 uL, 1.7 mmol). Afier
20 being stirred at room temperature ovemight, the resulting mixture was diluted
with 10% hydrochloric acid (20 mL), and extracted with ethyl acetate (30 mL x 2).

The combined organic layers were washed with brine (30 mL x 2), dried over

sodium suifate, and concenitrated in vacuo. The residue was purified by flash



6 20[6-Cyano-4-(5-ethanesulfonyl-pyridin-2-yloxy)- naphthalen-211]-acetic acid methyl ester - 123 - A
mixture of [6-bromo-4-(5-ethanesulfonyl-Pyridin-2-yloxy)-naPhthalen-2-yl]-acetic acid methyl ester (29

mg, 0.07 mmol, methyl ester of example 12-1), zinc cyanide (10 mg, 0.0 I
tetrakis(tripﬁ%?ﬁfﬁ%g%'ﬁ ,hﬁgﬁnﬂgﬁ%?éogé‘ Aide (0.2 mL)

fne)palladium(O) (18 mg, 0.014 5 mmol) and N
was stirred at 150 C for 24 hours under an argon atmosphere. The reaction mixture was diluted with
water (5 mL), and extracted with ethyl acetate (201ﬁ@§<’ 2). The combined organic layers were washed
with brine (20 rab)yrelriediaticer widipdVseifpteestdtedn cetivitenh ietverd o affhel idskhetowad-purified by
preparative TLC (30% ethyl acetate in petxo - ?ﬂ [ 0 ite
[6-cya_n0-4-(5-§H%Wé§ﬂ%%ﬂ?8%%aaﬁ I %mé%%%é%g e%%;frgﬁ%'%aéie(%g@ag ’r%%{%)y?‘segtgrh&?7 mg) as a
white solid. [6-Gpégho-4-(5-ethanesuifonyl-pyridin-2-yloxy)-naphthalen-2-y1Facetic acid OH Starting
with [6-cyano-4-(5-ethanesulfonyl-Pyridin-2-yloxy)-naphthalen-2111-acetic 15 acid methyl ester (17
mg, 0.04 mmol), using a method analogous to the gne described for example 1-1, final step,
[6-cyano-4-?5-ethanesuIfonyl-ﬁﬁfﬁ%@%l&éﬁﬂ%ﬁ%%%@%ﬁ?élcyé?iéggg"(1.1 mg) was obtained as
a white solid. 11-1 NMR (400 MHzz @ Eiiiene2pdiva8aBit @k idl meihyiteéstdrH), 8.25 -8.30 (m, 2 H), 7.99
(d,J=8.59Hz,1H),7.78 (s, 1 H), 7.68 (dd, 20J = 8.59, 1.26 Hz, 1 H), 7.42(d, J = 1.01 Hz, 5 H), 7.31
(d, J- 8.84 Hz, 5 H), 3.90 (s, 2 H), 3.19 (q, J =|7.23 2 Ay 137 (t, J =7.45 Hz, 3 H); MS cald. for
C24-116N205S 396, obsd. (ESI+) [(M+H)+} 39ZAEXAMRIE 1;5-1 -124
-16-Bromo-4-(4-ethanesulfonyl-Phenoxv)-naphthalef-24/ITT>gcetic acid OH Starting with
6-bromo-4-hydroxy-naphthalene-2-carboxylic acid methyl edter and
1-ethanesulfonyl-4-fluoro-benzene, using a method analogous to the one 5 described for example

14-1, [6-bromo-#io(4-eshaiesiianytabenoxy)anahittdendHasmeteydeiddiOating)etagh) was

btained I id. 1 R (400 MHz, €D . . B9(d 1= , 2 H),
3.;??5, T o658 & W;b/%%'é“??g?ﬁdl:ﬁ’? ilg#%)z’%‘%?ﬁiﬁ\@é}&ig@ H). 3.@%5&?(,%4:'_'72.58 Iljl)z
2 H), 1.33 (t0J = 5vas B¢ MS saherspCeoHeBlicss miaghsa{ (ESR Y20 MiRH)+] 4409.
EXAMPLE 16-1,14+(4-EdppaeRidfanyiPhen o isihanas wiaawnaphihatiennal@aostieg,

1.12 mmol} under an argon atmosphere. After being heated at 150 °C for 6

minutes with microwave irradiation, the resulting mixture was cooled, diluted with
ethyl acetate (20 mL), and washed with brine (15 mL. x 2). The organic layer was

15 dried over sodium sulfate and concentrated i vacuo. The residue was purified by
flash column (elution with 10% ethyl acetate in petroleum ether) to afford (4-
acetoxy-6-fluoro-3-trimethylsilanylethynyl-naphthalen-2-yl)-acetic acid methy
ester (208 mg, 75%) as a light yellow solid.

20 (4-Acetoxy-3-ethynyi-6-fiuoro-naphthalen-2-yl)-acetic acid methyl ester

O\
JoeQ
OYO S
To a solution of (4-acetoxy-8-fluoro-3-trimethylsilanylethynyl-naphthalen-2-yl)-
acetic acid methyl ester (200 mg, 0.538 mmoi) in N,N-dimethylformamide and
water (6 mL, viv=150:1), was added potassium fluoride (156 mg, 2.7 mmol). The
25 resulting mixiure was stirred at room temperature for 4 hours, then poured into
water (10 mL), and extracted with ethyl acetate (10 mL x 3). The organic layers
were combined, washed with brine, dried over sodium sulfate and concentrated



acid 15[4-(4-Ethanesulfonyl-phenoxy)-6-methanesulfonyl- naphthalen-2-y1]-acetic acid methyl ester
,P A mixture of [6-bromo-4-(4-ethanesulfonyl-Phenoxy)-naPhthalen-2-yll-acetic acid methyl ester (32
mg, 0.07 mmol, methyl ester of example 15-1), sodium - 125 - methane Hlfl%q%ﬁ J?? glg 0.09 mmol),
L-proline (4%2(5 OH‘%moI) copper(l) iodide (3 mg, 0.014 mmol) and oxide (0.3 mL)
was stirred at 115C overnight under an argon atmosphere. The resulting mixture was diluted with
water (5 mL), and extracted with ethyl acetate (207 rﬂgek “2). The combined organic 5 layers were
washed with brine42@nhe deEdueverspditffadsbiffas andiconceitar it V886t bhe residue was
purified by Prepa rcr%%\% J g )é(g &%Mr?&?g?rﬁrﬂq E’%IEQ SW‘S%W Péﬂmf‘oro naphthalen-2-

[4-(4- ethanesuff methanesultonyl- nap halen-2-yl[-acetic acid methyl ester (11 mg) as
a yellow solid. I@[ﬂc@i@%@@%rﬁﬁt@h@%&ﬂﬁééﬁtﬁﬁ@@@% W SRRalen-2-y1Facetic acid
Starting with [4-(4- ethanesulfonyl phenoxy)-6-methanesulfonyl- naPhthaIen 2-yl]- acetic acid methyl

ester (11 mg, 0.024 mmo a me I s to the 15 on de ple 1-1, final
step, [4-(5- hanes(ﬂf&?ﬁ '2 r&%ylg% n%'BHE é-ag ﬁfagf acnf‘ (ﬁ%g 26%, two
steps) was obtained as a yeIIow solid. 1H NMR+4C I3) 6 ppm 8.80 (s, 1 H), 8.05 -8.09 (m,
1 H),7.99-8.04(m,1H),7.94(d,J=859H @ 72 ,1H), 7.23(d,J=8.59Hz,2H),7.14 (s, 1

H), 3.85 (s, 2 H), 3.17 (q, Jr 7.58 Hz, 2 H), B113Ts, I H)Ji1.34 (t, 20 J = 7.45 Hz, 3 H); MS cald. for C21
H2007S2 448, obsd. (ESE') [(M+H)+] 449. EXAMBIE 17-1

14-(5-Ethanesulfonvi-pyridin-2-vioxv)-6-fluoro-3-vinvi-naPhthalen-2-V11- acetic acid - 126 -

6-Fl R
(6-Fluoro-4- hyd/gxor){()%r?dlggt?orr]r? Qémliiepnl% yRarcedl%v%ﬁlg‘]mggﬁh%sc%%%rde (88 mg, 0.40 mmol)

was heated at 100 °C under reduced pressure for 1h, and filled with nitrogen. A

solution of triethyisilane (46 mg, 0.4 mmol} in acetonitrile {4 mL}, which was

10 cooled to 0 °C, was added by means of syringe. After the mixture was stirred at
0 °C for 5 minutes, {4-acetoxy-3-ethynyl-8-fluoro-naphthalen-2-yl)-acetic acid
methyi ester (60 mg, 0.20 mmol) and a solution of triethylborane (1M solution in
tetrahydrofuran, 20 pL, 0.02 mmol) were added. The resulting mixture was stirred
at 0 °C for 3 hours, then poured into water (10 mL.), and extracted with ethyl

15 acetate (10 mL x 3). The organic layers were combined, dried aver sodium
suffate and concentrated in vacuo. The residue was purified by flash column
(elution with 10% ethy! acetate in pstroleum ether) to afford {4-acetoxy-6-fluoro-3-
vinyl-naphthalen-2-yl)-acetic acid methy! ester (38 mg, 62.9%) as a pale solid.

20 (6-Fiuoro-4-hydroxy-3-vinyl-naphthalen-2-yl}-acetic acid methyl ester
O\.
(T
F i‘f
oH

A mixture of (4-acetoxy-6-fiuoro-3-vinyl-naphthalen-2-yl)-acetic acid methyl ester
(38 mg, 0.126 mmol), sodium methoxide (10.1 mg, 0.189 mmol), and methanol (4
ml) was stirred at room temperature for 2 hours. After the reaction mixture was
25 acidified with concentrated hydrochloric acid to pH 5, a precipitate formed, which
was collected by filtration, and dissolved in ethyl acetate (20 mL). The organic

soiution was dried over sodium sulfate, and concentrated in vacuo to afford the



OH To a solution of (6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester 5 (600 mg, 2.56
mmol, the product of 8th step for example 1-1) in chloroform (260 mL) was added N-iodosuccinimide
(577 mg, 2.56 mmol) at 0 C. The mixture was allowed to warm to room tegﬁﬁg%%%an%stirred at
room tempe\*gf&‘g%??%ours. The resulting mixture was diluted with 10% agueous §o§u ion of sodium
bisulfate (100 mL). The organic layer was separated, washed with brine (100 mL), dried 10 over
sodium sulfate, and concentrated in vacuo. The resith¥e-was purified by flash column (elution with 15%
ethyl acetate ingpgtoleuaueti@finaidaiddoxfieved-hgointhales-bdt-napttralien®dyl)-acetic acid

methyl ester (500, mg,, 54%) hite solid. 15(4-Acetoxy-6-fluoro-3-iodo-naphthalen-2-y1)-acetic
acid methyl estg?tﬁrg%ésrﬂﬂ’e?'s%ﬂ%snao gi’éc!-ﬁ’]&ﬁgr)c\gﬁ-Eﬁé/droxy-3-iodo-naphthalen-2-y|)-acetic acid

methyl ester (500 mg, 1.4 i@ dranasaifesuipyridiondvdmy (9Mwero38imitol) in pyridine (3 mL)
was added acetic anhydride (16%%%m}gm@%bﬁir}géﬁgpgﬁéfoom temperature ovemight,
the resulting mixture was diluted with 10% hydrochloric acid C;g_o mL), and extracted with ethyl acetate
(30 mL x 2). The combined organic layers were washed with brine (30 mL x 2), dried over sodium
sulfate, and concentrated in vacuo. The resid ; rifieby flash - 127 - column (elution with 20%
ethyl acetate in petroleum ether) to afford (4 luoro-3-iodo-naphthalen-2-y1)-acetic acid
methyl ester (300 mg, 53%) as a white solid. 5(4-Acgtoxy-6-fluoro-3-trimethylsilanylethynyl-
naphthalen-2-y1)-acetic acid methyl ester 0 Si To a soJutiol o[?
(4-acetoxy-6-fluoro-3-iodo-naphthalen-2-y1)-acetic aci ester (300 mg, 0.75 mmol) and
triethylamine (3 mL) in N,N-dimethylformamide (3 10 mL), wiéls\pdded
bis(triphenyfphosphine)dichloropalladium(ll) (53 mg, 0.075 mmol), copper iodide (42 mg, 0.229 mmol)

and trimethylsilanyiageiylene £LR%omghaick rsrahwindehialargdiylptmetplheiet mfieyt lsstey heated at
150C for 6 min with, microwave isradiation, the resulfing mi iluted with ethyl
acetate (20 mL;t%SHBQN}gS éé{jmwnﬂ%ﬁb%hgé T8 ﬁ]ﬁnf ib‘ﬁﬁHﬁg%%%%{gf}mg?ﬁ%%ver sodium
sulfate and conpetasaieth ndideud Mhe Fedideriunasasbemas BEMShEELMMeBILNAYT with 10% ethyl

acetate in petroleanIRG IAIONE §411 ) and acetone (1.5 mL.) was heated at 100 °C for 30
acetoxy-6-f|uoro-3-tr|meth%sﬂanylethyn [-naPhthalen-211)-acetic acid meth est&réIZOB mg, 75%) as

a light yello\ softngeg4vil MQ@&W%%JW@ﬁWaW@@T—%Q% HEPmEKTESter o, Toa
solution of (4-acm@xygéﬁdﬂgqn@%uﬂfmwsimyt&mmmy(gmﬂibﬂmm&mwmmﬁetdylnethyl ester (200
mg, 0.538 mmol| C%N%Y%déﬁg elrfé)rﬁ aewgoe %g ﬂ?ggé@‘%ﬂ"iﬁg Das ¢ potassium

fluoride (156 mg, resul mag mixture was stirred m temperature for 4 hours,
then poured intdlvated (iayhaphihalenttadiezratithasifynatuiaste1 ¢! g 36 The 8fyanic layers were
combined, washggyyjthpgne, dried over sodium sulfate and concentrated

15
[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-ftuoro-3-vinyl-naphthaien-2-yl]-
acetic acid

Y
S
S
Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-8-fluoro-3-vinyl-naphthalen-2-
20 yll-acetic acid methyl ester (8.6 mg, 0.02 mmol), using a method analogous to the
one described for example 1-1, fina! step, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-

fluoro-3-vinyl-naphthalen-2-yll-acetic acid (1.4 mg) was obtained as an off-white
viscous oil. "H NMR (400 MHz, CDsOD) & ppm 8.51 (d, J=2.63 Hz, 1 H), 8.29

=
o



- 128 - in vacuo. The residue was purified by flash column (elution with 10% ethyl acetate in petroleum
ether) to afford (4-acetoxy-3-ethyny1-6-fluoro-naphthalen-2- y1)-acetic acid methyl ester (153 mg,
95%) as a Iil%ht gellov_v solid. 5(4-Acetoxy-64|uoro-3-vinyI-naphthalen-2-y|2)-ca,rc;et};%0%190i0 Jg}%thyl ester A
round-botto # QW’(’S’W) charged with indium trichloride (88 mg, 0.40 mmiol) was hea ed at 100 C
under reduced pressure for Ih, and filled with nitrogen. A solution of triethylsilane (46 mg, 0.4 mmol) in
acetonitrile (4 mL), which was 10 cooled to 000, wad#tded by means of syringe. After the mixture was
stirred at 0 C fofdg ruin@ s, @s3cetoxXyr8; sisinya Gt flooroHpFiiBdke 21y I)-3tefic3&diohrdethy| ester

(60 mg, 0.20 mpbol%_aﬁn)%?a 39_]%@1 ﬁ£ ttliq%yébdé)é?(%g é%(%gp#glm|$??_§5_aqy‘qe§o§.ﬁ§r1§§80(lmo02 mmol)

were added. The'testlting mixtlre was stifre ours, then poured into water (10 mL), and
extracted with e2y). 5534 datard)18. 27L& 3)= Theddrigaditlay e vere EdbiRed " BHMP&AN-sodium
sulfate and conggntratedrnmasua sThsstesidae waspurifiesby flash column (elution with 10% ethyl
acetate in petroleum ether) to afford (4-acetoxy-6-fluoro-3- vinyl-naphthalen-2-y1)-acetic acid methyl
ester (38 mé, 62.9%) as a pale solid. 20(6-Fluoro-4-hydroxy-3-vinyl-naphthalen-211)-acetic acid
methyl ester O., OH A mixture of (4-acetoxy-eXladBLEViByl-naphthalen-21.1)-acetic acid methyl
ester (38 mg, 0.126 mmol), _ei _p Q‘ﬂén@ b v?_gwglh_g_gﬁmhanol (4 mL) was
stirred at room temperature : IXTure was 25 acidified with concentrated
hydrochloric acid to pH 5, a precipitate faitt SRV bBEBIEHAS)Gltration, and dissolved in ethyl
acetate (20 mL). The organic solution was dried over sodiumaulfate, and concentrated in vacuo to

afford the -129 - crude product (6-fluoro-4-hy@roxy<3wifiyl- aphthalen-Z-YI)-acetic acid methyl ester
(32 mg, 97.7%) as a light yellow solid. e
[4-(5-Ethanesulfonyl-pyridin-2-y|oxy)-6-f|u0|Fo-3-vinyIaphalen-2-y1]-acetic acid methyl ester 0-5
L] o
P s
A
10 [3-Cyclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-
6-fluoro-naphthaten-2-yll-acetic acid methyl ester
O
U
F <
O Ny

¢
6
To a cooled solution of [4-(5-ethanesulfonyl-pyridin-2-yloxy)-8-fluoro-3-vinyl-
naphthalen-2-yl]-acetic acid methyl ester (6.0 mg, 0.014 mmol, methyl ester of
15 example 17-1) in tetrahydrofuran, was added a solution of diazomethane (0.1 M,
5 mL) in diethyl ether at 0 °C under an argon atmosphere, followed by palladium
acetate {1 mg) in two portions. After being stirred at 0 °C for 2 hours, the reaction
mixture was treated with acetic acid (0.2 ml.) to quench the reaction, and then
filtered. The filtrate was concentrated in vacuo to afford the crude product of [3-
20 cyclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naphthalen-2-yl}-acetic

acid methyl ester as a yeliow oil.



. A mixture of (6-fluoro-4-hydroxy-3-vinyl-naphthalen-2-yl)-acetic acid methyl ester (22 mg, 0.084
mmol), 2,5-bis-ethanesulfonyl-pyridine (33 mg, 0.126 mmol), potassium iodide (5 mg), and cesium
carbonate ( %0}3 aﬂﬁnmol), N,Ndimethylformamide (0.5 mL) and acefera:fbeaoikyyas heated at
100C for 30 10 ‘minutes with microwave irradiation. The mixture was then concentrated in vacuo. The
residue was purified by flash column (gradient elut_i(% ¥v_ith 0-50% ethyl acetate in petroleum ether) to
afford [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6- fluoro- -vingll-naphtha!en-z-ylI-acetic acid methyl ester
(13 mg, 36.1%) as a yellowadheclopropyl-4-(5-ethanesulfonyl-pyridin-2-yloxy)-
[4-(5-Ethanesulfonyl-pyridin-2-yloxy).fstiseaaptvinutnBithalesdé-yacetic acid Starting with
[4-(5-ethanesutfonyl-pyridin-2-yloxy)-6-fluoro-3-vinyl-naPhth (ﬁn-z- 20 A-acetic acid methyl ester (8.6

-130 - (dd, J=8.84, 2.53 Hz, 1 H), 7.95 -8.01 (m, 1 M83(s,1H),731-7.39(m,2H),7.25(d,J =
8.84 Hz, 1 H), 6.68 (dd, J = 17.94, 11.62 Hz, 1 H), 5.4} -5,68 m, 2 H), 3.91 (s, 2 H), 3.27 (9, J = 7.33
Hz, 2 H), 1.26 (t, J = 7.45 Hz, 3 H); MS cald. for C21FI18FN 415, obsd. (ESI+)[(M+H)+] 416. 5
EXAMPLE 18-1 p-Cyclopropy1-4-(5-ethanesulfonyl-pyridin-2-yloxv)- 6-fluoro-naphthalen-2-yll-acetic
acid OH 0 0 6' 1[3-Cyclopropy1-4-(5-ethanesulfonyl-pyridin-2-yloxy)- 6-fluora-naphthalen-2-y1]-acetic
acid methyl estg}qyﬁ%vg%dé)@mm%-@f(s—ethanesu}%onyl-pyﬂdm- "yioxy)-6-Fioro:
[4-(5-ethanesulfmriexddin=giyiesyit edivaietdyMigydnapiticdend-pip acetigactimittphester (6.0 mg,
0.014 mmol, m%g]s}gr%ség rfngrfexample 11, Tinal step, [3-cyclopropyi-4~(5—ethanesuifonykpyridiﬂ—
2-yloxy)-6-fluoro-naphthalen-2-yl]-acetic acid (3.3 mg, 66%, two steps) was
obtained as a white powder. "H NMR (400 MHz, CD;0D)  ppm 8.31 (d, J = 2.53
Hz, 1 H), 9.15 (dd, J = 8.84, 2.53 Hz, 1 H), 8.85 (dd, J = 9.60, 5.56 Hz, 1 H), 8.62
10 (s, 1H), 8.19-8.29 (m, 3H), 4.80(s,2H),4.17 (g, J=7.33 Hz, 2 H), 2.25-2.34
(m, 1 H), 1.94 {t, J=7.33 Hz, 3 H), 1.55 - 1.64 (m, 2 H}, 1.37 - 1.52 (m, 2 H); MS

cald. for CasHaFNOsS 429, obsd. (ESIT) [(M+H)"] 430.

EXAMPLE 19-1
15  4.{5-Ethanesulfonyl-pyridin-2-vioxy)-3-ethyl-8-fiuoro-naphthalen-2-yli-acetic

acid
_ CH
>o@
. _
O. N
| —
AP



15 example 17-1) in tetrahydrofuran, was added a solution of diazomethane (0.1 M, 5 mL) in diethyl
ether at 0 C under an argon atmosphere, followed by palladium acetate (1 mg) in two portions. After
being stirred at 0 C for 2 hours, the reaction mixture was treated with acetic acid (0.2 mL) to quench
the reactionVAht /& Mtered. The filtrate was concentrated in vacuo to Aot the Cride product of [3-
20 cyclopropy1-4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-naPhthalen-2-y1]-acetic acid methyl ester
as a yellow oil. -131 - [3-Cyclopropy1-4-(5-ethanesiifiényl-Pyridin-2-yloxy)-
6-fluoro-naphthalea-bytibacstio-ackdA3-@Nyap Stadirg-wiphthalen-2-y1)-acetic acid methyl
[3-cyclopropy1-4-§55- Igane ulfonyl-Pyridin-2-yloxy)-6;fl -5 g% - = i acid methyl
ester, using a e 5%% e g';r(])trpse)fg BY%J ohe %éé)%‘%éegff‘f’ fé%@(%%%al@hl- %?ﬁa%éﬁgﬁlo?ﬂg _
[3-cyclopropy1-#b¢BHisth anistaforas-pydidioonatety yBlei dP i htvdieern pn A bewEs#1d (3.3 mg, 66%,
two steps) was gltainesasqAuaileRMASEHE MR 400 MHERQE0RMGAPIh3LHd, J = 2.53 Hz, 1
H), 9.15 (dd, J = 8.84, 2.53 Hz, 1 H), 8.85 (dd, J = 9.60, 5.56 Hz, 1 H), 8.6 1@%53(:1:5‘ H). 8.19 - 8.29 (m,
3 H), 4.80 (& 2 lupra-penihglery 23 rpresq feid pethyl 3160 (5P K8 ALY 5:q%, '3 1), 1,55-
1,64(m, 2 H), 1.37- 1.52(m, 2 H); MS cald. for C22H20FNO5S 429, obsd. (ESI4) [(M+H)+] 430.
EXAMPLE 19-1 15 4-(5-E sulfopvl-pyridin-2-vioxv)-3- -0- -nafri - 1-acetic acid
OH (4-Acetoxy-3-e‘t%'ﬁg*trb%?fﬁ%5%#5&?%&%&5?@%%%%%%%%%‘ fegs%é‘[’r] 8 ﬁ%@ﬁ;@gﬁ g Iéolution of
(4-acetoxy-3-ethyny1-6-fluoro-naphthalen-211)-acetic acid.ptéthyl ester (50 mg) in methanol was
added 10% palladium on carbon (10 mg). The res; mixgure was hydrogenated under 40 psi of
hydrogen for 2 hours and filtered. The filtraje"Wwa& cgfiCentrated in vacuo to afford
(4-acetoxy-3-ethy1-6- 5 fluoro-naphthalen-2-yl)-acetig acid methyl ester (50 mg) as a colorless oil.

(3-Ethyl-6-fluoro-4-hydroxy-naphthalen-2-y1)-acetic acid methyl ester = .
A mixture of (4-acetoxy-3-etl yi~6—ﬂuo;”o-naphtha!enQ—yl?—acet;c acid methyl ester

10 (50 mg, 0.164 mmol), sodium methoxide (13 mg, 0.247 mmol), and methanol (4
ml.) was stirred at room temperature for 2 hours. After the reaction mixture was
acidified with concentrated hydrochioric acid to pH 5, a precipitate formed, which
was then collected by filtration, and dissoived in ethyl acetate (20 mL). The
organic solution was dried over sodium sulfate, and concentrated in vacuo to

15 afford the crude product of (3-ethyl-6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic
acid methyl ester (42 mg, 97.7%) as a light yellow solid.

[4-(5-Ethanesulifonyl-pyridin-2-yloxy)-3-ethyi-
6-fiuoro-naphthalen-2-yl}-acetic acid methyl esier

O
F
O i N\
A
20 O

Starting with (3-ethyl-6-fluoro-4-hydroxy-naphthaten-2-yl}-acetic acid methyl ester

(45 mg, 0.057 mmol) and 2,5-bis-ethanesulfonyl-pyridine (30 mg, 0.115 mmol),

using 2 method analogous to the described for the methyl ester of example 17-1),

[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3-ethyl-6-flucro-naphthalen-2-yl]-acefic acid
25 methyl ester (15 mg, 61.1%) was obtained as a iight yeliow solid.



(3, OH A mixture of (4-acetoxy-3-ethyl-6-fluoro-naphthalen-2-y1)-acetic acid methyl ester 10 (50 mg,
0.164 mmol), sodium methoxide (13 mg, 0.247 mmol), and methanol (4 mL) was stirred at room
temperature for 2 hours. After the reaction mixture was acidified with conce ﬁ%%% {%g{gchlonc acid to
pH 5, a pre@HARPASIMEd, which was then collected by filtration, and digs in ethyl acetate (20
mL). The organic solution was dried over sodium sulfate, and concentrated in vacuo to 15 afford the
crude product of (3-ethyl-6-fluoro-4-hydroxy- naphth'éGFe?’rr-Z -y1)-acetic acid methyl ester (42 mg, 97.7%)
as a light yellow spiigs [Bttaridbaieayiipyyichyrineyldadebfi e doamphtimlethaiel-2-yi]-acetic
acid methyl ester 200 Starting with (3-ethy1-6- flglg J@{groxy naphthalen-2-y1)-acetic acid methyl
ester (15 mg, 0.057 mmol) and 2,5-bis-ethanesulfon pyrldlne (30 mg, 0.115 mmol), using a method
analogous to the described for the methyl este xa nple@7-1),
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-3-ethy naP halen-2-yl]-acetic acid 25 methyl ester (15
mg, 61.1%) was obtained as a light yellow: sOtieF: :
[4-(5-Ethanesulfonyl-pyridin-2-yloxy)-3-ethyl-6- quo-na;PhthaIen -211]- aceticacid OHoNO O
Starting with [4-(5-ethanesulfonyl-pyridin-2-y10xy)-3- thy 65Iu0r0 naPhthalen-2- 5 yfl-acetic acid
methyl ester (15 mg), using a method analogous to th

of

1, R

O
Starting with [4-(5-ethanesulfonyl-pyridin-2-yloxy)-3-ethyl-6-fluoro-naphthalen-2-

5 yll-acetic acid methyl ester (15 mg), using @ method analogous to the one
described for example 1-1, final step, [4-(5-ethanesulfonyi-pyridin-2-yloxy)-3-
ethyl-6-fluoro-naphthalen-2-yl]-acetic acid (6.0 mg) was obtained as an white
semisolid. "H NMR (400 MHz, CD;0OD) & ppm 8.51 (d, J = 2.53 Hz, 1 H), 8.31 (dd,
J=8.84,253Hz, 1 H),7.93 (dd, J=9.09, 556 Hz, 1 H), 7.79 (5, 1 H), 7.24 -

10 7.32 (m, 2 H), 7.19 (dd, J = 10.23, 2.40 Hz, 1 H), 3.89 (s, 2 H), 3.26 (g, J = 7.49
Mz, 2 HY), 2.71 (g, J=7.58 Hz, 2 H), 1.25 (t, J = 7.45 Hz, 3 H), 1.11 (1, J =7.45 1z,
3 H); MS cald. for CatHzoFNOsS 417, obsd. (ESI™) [(M+H)"} 418,

EXAMPLE 20-1
15 [4-(5-Ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-
6-flucro-3-methyl-naphthalen-2-yll-acetic acid

N

G
e
/:,S':‘\__.—’
@

[4-(3-Bromo-5-ethanesulfonyl-pyridin-2-yioxy}-

6-fluoro-3-methyl-naphthaien-2-yi}-acetic acid methyl ester

20



described for example 1-1, final step, [4-(5-ethanesulfonyl-pyridin-2-yloxy)-3-
ethyl-6-fluoro-naphthalen-2-ylpacetic acid (6.0 mg) was obtained as an white semisolid. 1H NMR (400
MHz, CD3O%Q)§D$§ Bipl (d, J =253 Hz, 1 H), 8.31 (dd, J = 8.84, 2.53 §ggygdphhbeHdg:0dd, J = 9.09,
556 Hz, 1 H), 7. BES”, 1H),7.24-107.32 (m, 2 H), 7.19 (dd, J=10.23, 2.40 Hz, 1 H), 3.89 (s, 2 H),
3.26 (q, Jr7.49 Hz, 2 H), 2.71 (9, J = 7.58 Hz, 2 H)MjggS (t, J=7.45Hz,3H), 1.11 (t, J=7.45 Hz, 3 H);
MS cald. for C211-120FNO5S 417, obsd. (ESI+) [(M¥H)1 418. EXAMPLE 20-1
1514-(5-Ethan&saltosytit-ediypyfidivdmyloxanediersibalemenatriaRHBAN A cetic acid
o e iagh e has oo Ao e dykioacets o ety
ester - - Starting with 6-fluoro-4-hydroxy-3-methyl-naPhthalen-2-y1)-acetic.ac yl ester

mg, 0.50 mmolEnt SWBzf-%ﬁ%Po‘%ﬁgméﬁgaﬂ%B&mﬁiﬁrée(fgﬁrri%?cg%?%n}ﬁ(ﬁ@%sing a method
analogous to theenefdesonbie@{or Ehérbethyd-Ssténarfesxiinmylengritiin-2-yloxy)-6-fiuoro-3-
[4-(3-bromq:-5-ethanesul Tpyridin-2- S z =na yhl-agstic acid methyl
ester (183 cr%g, n?&%x/?o %éaﬂgj%gglr%@ a%sé%{?\%(vﬁl:tgso |§9E4%S(%F£§?gi’}sﬂu I?(?r‘tg?g-%%yl-pyri%?n-Z-yloxy)-
6-fluoro-3-mettfg-payiitharig-211]-acetic acid methyl ester 10 A mixture of

[4-(3-bromo-5-ethanesulfonyl- gyLigigZripeitriiricthmaipsifiapbialey)-2-y 1]-acetic acid methyl

ester (42 mg, 0.085 mmol), ethylboronic acid , 0.20 mmol), .
bis(triphenylphosphine) i 8F8F3aﬁé%ﬂ"u¥#ﬂﬂq&g%§'g§2 rgn}(') ;aﬁb ety gﬁgegphate (64 mg, 0.30
mmol), triphenylphosphine (15.2 mg, 0.05 mpaal) an effe (1 mL) was stirred at 100 C overnight

under an argon 15 atmosphere. The resulting mikture wag filtered. The filtrate was concentrated in
vacuo. The residue was purified by prepafativ& TLT (20% ethyl acetate in petroleum ether) to afford

[4-(5-ethanesuIfony1-3-ethyl-pyridin-2-y|oxy)-6-f|Wthyl-naphthalen-2-y|]-acetic acid methyl

ester (18 mg, 47.6%) as a white solid. [4-(5-Ethages Ifo 1-8-ethylpyridin-211oxy)-
206-fluoro-3-methyl-naphthalen-2-y1]-acetic acid OH ON Starting with
[4-(5-ethanesulfony1-3-ethyl-pyridin-2-yloxy)-6-fluoro-3-methylnaphthalen-2-y11-acetic acid methyl
ester (18 mg), ysing@rethodabalagobstodhes ofiengiosgritine foorxatiilo -8, fiadldtep,
[4-(5-ethanesulfonyl-3-ethy|-pYridin- 25 2-yloxy)-6-flugro-3-metiad-naphihalens211l:acetic acid (2.9
mg) was obtainaﬁaﬁéhqii% yr? acetic acid rr?é%yY)egtém g, U | } ﬁy
(15 mg, 0.20 mmol), his(triphenyiphosphine)dichioropalladium(ll) (7.0 mg, 0.01
mmol), potassium phosphate (64 mg, 0.30 mmol), triphenylphosphine (15.2 mg,
0.05 mmol) and toluene (1 mL)} was stirred at 100 °C overnight under an argon
15 atmosphere. The resulting mixture was filtered. The filtrate was concentrated in
vacuo. The residue was purified by preparative TLC (20% ethyl acetate in
petrofeum ether) to afford [4-(5-ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-6-fluoro-3-
methyl-naphthalen-2-y!]-acetic acid methy! ester (18 mg, 47.6%) as a white solid.
[4-(5-Ethanesulfonyl-3-ethyl-pyridin-2-yloxy)-
20 6-fiucro-3-methyi-naphthalen-2-ylj-acetic acid

Starting with [4~(5-«ethanesu!fonyl—s—ethyl-pyrid';n—2—yloxy)~6-,ﬂuoro-3—mathyi-

naphthalen-2-yll-acetic acid methyl ester (18 mg), using a method analogous to

the one described for example 1-1, final step, [4-(5-ethanesulfonyl-3-ethyl-pyridin-
25  2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl-acetic acid (2.9 mg) was obtained as



" a white powder. 1H NMR (400 MHz, CDCI3) 6 ppm 8.34 (d, J =2.53 Hz, 1 H), 8.08 (d, J = 2.53 Hz, 1
H), 7.85 (dd, J = 8.97,5.43 Hz, 1 H), 7.72 (s, 1 H), 7.17 - 7.28 (m, 2 H), 3.92 (s, 2 H), 3.15(q, J = 7.41
Hz, 2 H), 3.04 (q, J = 7.58 Hz, 2 H), 2.20 - 2.24 (m, 3 H), 1.50 (t, J = 7.45 Hz, 3H§ 1.34 (t,J = 7.45 Hz,
3 H): MS callOZ BV E394122FN05S 431, obsd. (ES() [(M-FH)1 432. EXARPIEZTPos10
[4-(3-Cyclopropyl-5-ethanesulfonvl-pwidin-2-vloxv)- 6-fluoro-3-methvl-naphthalen-2-v11-acetic acid
10[4-(3-Cyclopropy1-5-ethanesulfonyl-pyridin-2-yloxy35 6-fluoro-3-methyl-naphthalen-2-y1]-aCetiC acid
methyl ester Startinganidwder. 'H NMR (490 MHz, CDCls) & ppm-8.34 (d, J = 2.53 Hz, 1 H),

4-(3-bromo-5- egggg?guj %Q)ﬁldl? %l)ylp gdfllgpr(%lgfngtg%%% mosnfg A qqq |cra1@}d methyl ester

(49 mg, 0.10 m and 1 cycloprop Iboro ic'acid using a method analogous to

the one describé@3dnh2 Med? éstar bl xbrple/20/1 14B 2 YblopRipiaL-&= 7.58 Hz, 2 H),

ethanesulfonyl- gwrywm@ ﬁ}ﬂw@@ mﬁfh%rﬁmweﬂ& {-geetiag¢id methwrestar(25 mg,
54.7%) as a white solid. é@gﬁCycl propyl1-5- e;hanesul;‘o %I pyrldln -2-yloxy)-
206-fluoro- ?méﬂ’iﬁ%ﬁﬁﬁ%ﬂﬂ 3319t tqg%‘c i (M*136! #8farting with

[4-(3-cyclopropyl-5-ethanesulfonyl-Pyridin-2- MMB{IEJQI‘D—B methyl naphthalen-2-y1]-acetic acid
methyl ester (25 mg), using 3.9 ‘ ample 1-1, final step,

[4-(3-cyclopropyl-5- ethanesu
(2.4 5 mg) was obtained as a \eHteQIGwWCIBEIEUH
H), 7.85 (dd, J = 8.97, 543Hz 1H) 777(d

(s, 2H),3.13(q,J=7.33Hz, 2 H), 2.42 -2.5§
1.26 (m, 2 H), 0.91 -1.04 (m, 2 H); MS cald. G
EXAMPLE 22-1 244-(5-Ethanesulfonyl-pyridin-2-vi
acid 244-(5-Ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-
ester

_ haten-2-y1]-acetic acid
nyll@petiaasigom 8.28 (d, J = 2.53 Hz, 1
dFII) 772(s 1H) 7.21-7.28 (m, 2 H), 3.92
), 2.B5 (s, 3 H), 1.32 (t, J = 7.33 Hz, 3 H), 1.22-
FIFNO5S 443, obsd. (ESI+) [(M+H)+] 444.
;fluoro- 3-methyl- naphthalen -2- yII proplonlc

10 [4-(3-Cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-
6-fluoro-3-methyl-naphthaien-2-yl}-acetic acid methyl esier

O |N\
2
Z J,S\/
G

Starting with 4-(3-bromo-5-ethanesuffonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid methyl ester (49 mg, 0.10 mmol); and

15 cyciopropylboronic acid (17 mg, 0.20 mmol), using a method analogous to the
one described for the methyi ester of example 20-1, [4-(3-cyclopropyl-5-
ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-yl}-acetic acid
methyl ester (25 mg, 54.7%) as a white solid.

[4-(3-Cyclopropyl-5-ethanesulfonyl-pyridin-2-yloxy)-
20 §-fluoro-3-methyl-naphthalen-2-yi]-acetic acid

OH
POQ!
£



0 N O To a solution of [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl- 20
naphthalen-2-yl]-acetic acid (226.5 mg, 0.56 mmol, example 2-33) in anhydrous

N,N- drmethwg) tma )q%g'? (10mL) which was cooled to -30 C, was added sedipFapyeside; (50 mg, 1.12
mol, 60% in"mineral oil). The mixture was stirred at-30 C for 30 minutes, then treated with a solution of
iodomethane (761.1) in N,N- - 137 - drmethylformanége (2 mL) dropwise at the same temperature. '
The mixture was allowed to warm to O C and strrred the same temperature for 2 hours. The resulting

mixture was dilGtedingtvidti{ i Geveles @a0-helnesHierwipyHEaRERY RliE8R Xolution of
ammonium Ch'ﬂ{&iﬁﬁ lr%ﬁﬂlthéigar ﬂfg}ﬁ%@éfﬁ‘é §é\€'%tﬁﬁéﬁﬁiﬁ(mﬁr@m@e@r@métﬁwacuo The residue

was purified by flash column to aff

244-(5-ethaneIHSAGRY Y H@Q%Qﬁf%‘ﬂﬁ&fé’%@ﬁ@?ﬂgﬂ P PR BT 108%?8 acid methyl ester
(220 mg, 85. 1%)meswmtwe@ymra-my(sxﬂrmmmramwwmwamm)zauﬁr@@@c acid (2.4

-3-methyl-n pht en 2 r | Starting with
244-(5- ethaérlresu@)nﬁ p% oéy@%%luoro-g-methyl naphthalen-2- %é)roplonrc acid methyl ester

(220 mg, 0.510' thMMIR (ﬁﬁﬁ@@*m&ﬁ@dﬁh@@@@(ﬁ@%%é oRddEeribEl oFRAIthdIE -3/ final step,
244-(5- ethanegulippyl-pydin ??X@’S)’)—'Q‘fbgqqg I methylon@phthglenr2-yi-peapionieipdd5 (205 mg,

e o ey B B (O B P A s B 4 0
= 7 33 Hz, 1 H)7 326i£03.H5 7.23 Hz2@ ), 2189 (598 H)04 (61 2] M3 073 H), 1.26 (t, J = 7.45
Hz, 3 H); FI (E2RA(M+H)t] 418. 20 ACTIVITY AND USE OF
THE COM%%U%@ﬁ%lén%égunc% é EWI pi}sess valuable pharmacological properties. It has
been found that said compounds are antagonists or partial agonists at the 25 CRTH2 receptor and
may be useful in treating diseases and disorderg aggacegadiwith that receptor such as asthma. The

activity of the present compoun&s SCRTH2 ce or antagonists ar bartial agonists is demonstrated
by the following biological as % anesu va} 2 Y oxyl é)ﬁ'}&]

3-methvi-naphthalen-2-yll-propionic acid

15
2-[4-(5-Ethanesulfonyl-pyridin-2-yioxy)-6-flucro-

3-methyl-naphthalen-2-yl}-propionic acid methyl ester

To a solution of [4-(5-ethanesulfonyl-pyridin-2-yloxy }-6-fluoro-3-methyi-

20 naphthalen-2-yi]-acetic acid (226.5 mg, 0.56 mmol, example 2-33) in anhydrous
N, N-dimethyiformamide (10mL), which was cooled to -30.°C, was added sodium
hydride (50 mg, 1.12 mol, 60% in mineral oil}. The mixture was stirred at -30 °C

for 30 minutes, then treated with a solution of iodomethane (76 pL) in N N-



- 138 - Human CRTH2 Receptor Binding Assay A whole cell receptor binding assay using
[3H)ramatroban as the competing radioactive ligand was employed to evaluate the compound binding
activity to human CRTH2 The radioactive ligand [31-1]ramatroban was W@%ﬁgﬂéﬁﬁpcording to
Sugimoto Al E&W J. %armacol 524, 30 - 37, 2005) to a specific activity of 42 Ci/mmol. A cell line
stably expressing human CRTH2 was established b1y transfecting CHO-K1 cells with two mammalian
expression vectors that harbored human 10 CRTHZ3hd G- -alphal6 cDNAs, respectively, using
FuGene(r) 6 trafisetttydormemméts From) RoghescSihtile m@@@m@@iﬁgﬂ)ﬁ!mﬁ%@%bcted by
staining each clgag it GG %B@oBfﬁr@gm@awﬁ%rﬁ@t&w@@@%@%@@m@a‘eBecton

Dickinson and Company), WhIC is a rat monoclonal anti od to human %% e . The cells were

maintained as ARSHBIRYEREUENES FiisA Wi ¢Ey 2eREIR %m‘a)n & bovine serum, 100
units/mL penlCleuﬂéE@d)&ﬁaBeﬁb’@@ﬁmmmﬂa&m ighiteuriee 019 mg/mE)0dddi(gearetiniin)for CRTH2,

and 0.2 mg rom or, 0- a ha 16). Whole ceII r ! monolayer
e%@?e%?‘i}h B’é§ Hate uffere S éo RRLPRINA AR

cells were r sall ne) clated using

ethylenedlammaMtaadét{ﬁ@(msew&l’M -BYDITR ZaieR0- @dhmq&meﬂwd seRpERH4ANPBS
containing 10 %&%MQ%&Q%Q@%@MMM geasiun absy iRk aloked X 106 cells/mL. The binding

reactions (0.2 were performed in 96-well plates at room tem era ure in PBS containing 1.5 x 105
cells, 10 mM MgClI2, 0.06% B%‘M“@%ﬁ%‘r’éﬁﬂ%\’t‘dﬂﬁr@%Y ﬁBﬁﬁa at various
concentrations. After 1 hour of 25:§qndmglxsaphmnm-gé]4ﬁwpremamded on GFTm/B filter
microplates (microtiter plates with embedded glass fiber from PerkinElmer, Inc.) and washed 5 times
with PBS using a Filtermate TM Harvester (a cell harvester that harvests and washes cells from
microplates from PerkinElmer, Inc.). The radj &S bdjund to the cells were determined using a
microplate scintillation counter 30 (TopCoyn KX E fron¥ PerkinElmer, Inc.) after adding 50 pL of
MicroscintTM 20 scintillation fluid (from PerkinEImes, Ing.) to each well of the filter plates. The
radioactivity from non-specific binding was determinefl by replacing compound with 10 pM of
15(R)-15-methyl PGD2 (from Cayman Chemical Com%ﬁ@e - 139 - reaction mixtures. The
radioactivitybound to the cells in the absence of compound’(total binding) was determined by

replacing comp ungd with % of ulfox the xture Specific binding
data were obtai ngﬂﬁéiﬁg ?ﬁ% éactl y\\{ r:‘;? 'rrfo% pegé):;lécP Flf? om lleach binding 5 data.
The IC50 valuem@ﬁha@&ﬂﬁwmﬁaﬂmﬁhme&@@@@@mﬁp@@?@ tﬁﬁtqg régjigéd for 50%
inhibiton of tota) shegifc iading. 19 AlsrdvealeiaiadheIEROYaLIerihe aiefenuinbibiion data were

determined for 7 concentrations for each com oun ercent inhibitign fﬁ_r a compoun?d at each
concentration wealbanseyiangdedsbesraiRyyis é’%ﬂr&vm‘fé;) grRRRR RIS BRIy 3R the presence

ofhcgmpogng)/(t@@a%Ww@mm@@@)m@&sa e mmml(u@@vmmm@mma)rfeumy $|?h@nmmercent |
inhibition data t maj ponse. (4 e int it(r, ware Exce
add-in program%?o? S‘-@ g££(§§ Jt(l)orése,‘o étdf ?ﬁ%éﬁgg Znéf ?Iﬁ %Lr %ﬁ%/x)AD)))]
15 Compounds btthe f&)‘te(gomtﬁ)ei’a&‘ﬁplééﬁ/ém teldted- 1difty %%Bé\?ézl—ﬂjfﬁh@ @@?ﬁf’HQ Receptor

Binding Assay. ;fﬁ rﬁ§u§%9fi%?§s§¥l§hpwpgdthﬁt qtlbqug@pmgog@gs Jestedshayesoinding activity
exhibiting IC50 values fanging from less than 0.0010 % to O 3785 M as shown below: Example No.
Human CRTH2 B &g F@%@zqﬁlwf?\’oss 417, obsd. (ESF) [{ -

20

ACTIVITY AND USE OF THE COMPOUNDS

The compounds of formula | possess valuable pharmacological properties. It has
been found that said compounds are antagonists or partial agonists af the

25 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 foliowing

biological assays.



Example 1-1 0.0023 Example 1-2 0.0031 Example 1-3 0.0085 Example 1-4 0.0067 Example 1-5
0.0093 Example 1-6 0.0071 Example-7 0.0035 Example-8 0.0033 Example 1-9 0.0037 Example 1-10
0.0033 - 140 - Example No. Human GRTH2 Binding IC50 (PM) Example

WO 2010/055004 Pg'i“;E]Pm@womsm
-138 -
Human CRTHZ2 Receptor Binding Assay

A whole cell receptor binding assay using [3H]ramatroban as the competing
radioactive figand was employed to evaluate the compound binding activity to
human CRTH2. The radioactive ligand [*Hjramatroban was synthesized

5 according to Sugimoto et. al. (Eur. J. Pharmacol. 524, 30 - 37, 2005) to a specific
activity of 42 Ci/mmol.

A cell line stably expressing human CRTH2 was established by transfecting
CHO-K1 cells with two mammalian expression vectars that harbored human

10 CRTH2 and G-alpha18 ¢DNAs, respectively, using FuGene® 6 transfection
reagent (from Roche). Stable clones expressing CRTH2 were selected by
staining each clone with BM16 (BD Phamingen™ from BD Biosciences, a
division of Becton, Dickinson and Company), which is a rat monoclonal antibody
to human CRTH2. The cells were maintained as monolayer cultures in Ham's F-

15 12 medium containing 10% fetal bovine serum, 100 units/mL penicillin, 100
ug/mL streptomycin, 2 mM glutamine, 0.5 mg/mL G418 (geneticin) for CRTHZ,
and 0.2 mg/mL hygromycin-B (for G-aipha 16}. For whole cell receptor binding
assay, the monolayer cells were rinsed once with PBS (phosphate buffered
saline), dissociated using ethylenediaminetetraacetate (Versene™ EDTA from

20 Lonza Inc.), and suspended in PBS containing 10 mii MgCh, 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 mi MgCl, 0.06% BSA, 20 nM
[3H}ramatroban, and test compound at various concentrations. After 1 hour of

25 binding reactions, the cells were harvested on GF™/B filter microplates
(microtiter plates with embedded glass fiber from PerkinElmer, inc.) and washed
5 times with PBS using a Filtermate™ Harvester (a cell harvester that harvests
and washes cells from microplates from PerkinEimer, inc.). The radioactivities
bound to the cells were determined using a microplate scintillation counter

30 (TopCount® NXT, from PerkinEimer, Inc.) after adding 50 uL of Microscint™ 20
scintillation fluid (from PerkinElmer, Inc.) to each well of the filer plates. The
radioactivity from non-specific binding was determined by replacing compound
with 10 pM of 15(R)-15-methyl PGD; (from Cayman Chemical Company) in the



0.0056 Example 1-12 0.0025 Example 1-13 0.0023 Example 1-14 0.0191 Example 1-15 0.0053
Example 1-16 0.0191 Example7 0.0105 Example 1-18 0.0026 Example 1-19 0.0026 Example 1-20

0.0181 EX&%B@Q}(}%}SQ{)QOM Example 1-22 0.0054 Example 1-23 0.0973@#@%@}@6&%

-139 -

reaction mixtures. The radioactivity bound to the cells in the absence of

compound (total binding) was determined by replacing compound with 0.25% of

DMSO (dimethyi suifoxide) in the reaction mixture. Specific binding data were

obtained by subtracting the radioactivity of non-specific binding from each binding
5 date. |

The ICsp 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 1Cso

value, the percent inhibition data were determined for 7 concenirations for each

compound. The percent inhibition for & compound at each concentration was

10 calculated according to the following formula, [1-(specific binding In the presence
of compound)/{total specific binding)Jx100. The ICs value was then obtained by
fitting the percent inhibition data to a sigmoidal dose-response (4 parameter
logistic) model in the XLfit® software Excel add-in praogram [from D Business
Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+{(C/x)"D)))].

15 Compounds of the foregoing examples were tested using the above Human
CRTH2 Receptor Binding Assay. The results of the assay showed that all of the
compounds tested have binding activity exhibiting ICs, values ranging from less
than 0.0010 uM to 0.3785 puM as shown below:

H |
Example No. Human CRTH2 Binding
1C 5o (L)

Example 1-1

0.0023
Example 1-2

0.0031
Exampie 1-3

0.0085
Example 1-4

0.0067
Exampie 1-5

0.0093
Example 1-6

0.0071
Example 1-7

0.0035
Exampie 1-8

$.0033
Example 1-9

0.0637
Example 1-10

0.0033




0.0032 Example 2-2 0.0023 Example 2-3 0.0075 Example 2-4 0.0028 Example 2-5 0.0035 Example
2-6 0.0027 Example 2-7 0.0022 Example 2-8 0.0045 Example 2-9 0.0027 Example 2-10 0.0073
Example 2-11 0.0030 Example 2-12 0.0018 Example 2-13 0.0024 Exampcler/%ﬂzﬂogmmsm

WO 2016/035004
- 140 -
Example No. Human CRTH2 Binding
!Cse (HM)
Exampie 1-11
0.0056
Example 1-12
0.0025
Example 1-13
0.0023
Example 1-14
0.0191
Example 1-15
0.0053
Example 1-16
0.0191
Exampie 1-17
0.0105
Example 1-18
0.0026
Exampie 1-19
0.0026
Example 1-20
0.0181
Exampie 1-21
0.0047
Example 1-22
0.0054
Exampie 1-23
0.09729
Example 2-1
0.0032
Example 2-2
0.0023
Exampie 2-3
B 0.0075
- Example 2-4
0.0028
Example 2-5
0.0035
Example 2-6
0.0027
Exampie 2-7
0.0022
Example 2-8
0.0045
Example 2-9
0.0027
Exampie 2-10
00073
Example 2-11
0.0030
Example 2-12
. 0.0018
Example 2-13
0.0024
Example 2-14
0.0016
Exampie 2-1%
0.0028




0.0016 Example 2-15 0.0026 -141- Example No. Human CRTH2 Binding IC50 (IIM) Example 2-16
0.0034 Example 2-17 0.0037 Example 2-18 0.0017 Example 2-19 0.0124 Example 2-20 0.0025
Example 2-21 0.0024 Example 2-22 0.0024 Example 2-23 0.0021 Exa%/%égfeg)foggﬁg

WO 2010/055004
- 141 -
Example No. Human CRTH2 Binding
_leu (!JM)

Example 2-16

0.0034
Example 2-17

0.0037
Example 2-18

0.0017
Example 219

0.0124
Example 2-20

0.0025
Exampie 2-21

0.06024
Example 2-22

0.0024
Example 2-23

0.0021
Example 2-24

0.0082
Example 2-25

0.0024
Example 2-26

0.0023
Example 2-27

0.0029
Example 2-28

0.0050
Example 2-28

0.0028
Example 2-30

0.0027
Example 2-31

0.0036
Exampie 2-32

0.0008
Exampie 2-33

0.0027
Example 2-34

0.0031
Exampls 2-35

0.0029
Example 2-36

0.00002
Example 2-37

0.0018
Example 2-38

0.0022
Exampie 2-39

0.0020
Example 2-40

0.0063
Example 2-41

0.0017
Example 2-42

0.0029
Example 2-43

0.0018




Example 2-25 0.0024 Example 2-26 0.0023 Example 2-27 0.0029 Example 2-28 0.0050 Example 2-29
0.0028 Example 2-30 0.0027 Example 2-31 0.0036 0.0009 Example 2-32 Example 2-33 0.0027
Example 2-34 0.0031 Example 2-35 0.0029 Example 2-36 0.00002 ExarngﬁE%i%gg 064810

WO 2010/055004
- 142 -
Exampie No. Human CRTH2 Binding
iICse (UM)
Example 2-44
0.0100
Example 2-45
0.1344
Example 3-1
0.0129
Example 3-2
0.0047
Example 4-1
0.0079
Example 4-2
0.0213
Exampie b-1
0.0031
Example 6-1
0.0321
Example 7-1
0.1302
Example 8-1
$.0033
Example 8-2
0.0026
Example 9-1
0.0075
Example 101
0.0103
Example 11-1
0.0077
Example 12-1
0.0053
Example 13-1
0.0737
Example 14-1
0.0033
Exampie 156-1
0.0054
Example 16-1
0.0915
Example 17-1
001245
Example 18-1
0.0067
Example 19-1
0.0175
Example 20-1
0.0029
Example 21-1
0.0028
Example 22-1
0.3785

Calcium Flux Assay Using Fluorometric imaging Plate Reader



-0.0019 Example 2-38 0.0022 Example 2-39 0.0020 Example 2-40 0.0063 Example 2-41 0.0017
Example 2-42 0.0029 Example 2-43 0.0018 - 142 - Example No. Human CRTH2 Binding IC50 (pM)

E -44 0. - - -
xample 2 #oozf%]é%gsoEo)iample 2-45 0.1344 Example 3-1 0.0129 Example 3-2.0.0047. .

- 143 -
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.
5 Following selection in 800 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 cultured in

10  Ham's F-12 medium supplemented with 10% fetal bovine serum, 2 mM
glutamine , 100 U/mL penicillin/100 pg/mL streptomycin, 200 pg/ml. hygromycin
B, and 800 pg/mL (418 (geneticin). Celis were harvested with trypsin-EDTA
(trypsin-ethylenediaminetetraacetic acid) and counted using ViaCount® reagent
(from Guava Technologies, Inc. which contains two DNA-binding dyes that

15 enable the reagent user to distinguish between viable and non-viable cells). The
cell suspension volume was adjusted tc 2.5 X1 0° cells /mL with complete growth
media. Aliquots of 50 uL. were dispensed into BD Falcon™ 384 well blackiclear
microplates (from BD Biosciences, a division of Becton, Dickinson and Company)
and the microplates were placed in a 37 *C CO; incubator overnight. The

20 following day, the microplates were used in the assay.

Dye Loading and Assay:

Loading Buffer containing dye {from the FLIPR® Caicium 3 Assay Kit from

25  Molecular Devices, a division of MDS Analytical Technologies and MDS Inc.} was
prepared by 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 pL of Hank’s Balanced Salt Soiution (HBSS)

30 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 Multicrop dispenser. The
piates were then incubated for 1 hour at 37 C.



Example 4-1 0.0079 Example 4-2 0.0213 Example 5-1 0.0031 Example 6-1 0.0321 Example 7-1
0.1302 Example 8-1 0.0033 Example 8-2 0.0026 Example 9- 0.0075 Example 10-1 0.0103 Example

11-1 0.0077 Ex I -10. - -
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During the incubation, test compound plates were prepared by adding 80 ut. of
HBSS/20 mM HEPES/0.005% BSA buffer to the 2 pL of serial diluted compounds.
To prepare serial diluted compounds, 20 miM stocks of compounds were
dissolved in 100% DMSO. The compbund dilution plate was set up as follows:
well # 1 received 5 pL of compound plus 10 pl. of DMSO. Wells 2-10 received 10
L of DMSO. 5 pl was mixed and transferred from welt #1 into well #2. 1:3 serial
dilutions were continued out 10 steps. 2 pl 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 pL of 4.5X concentrated ligand was added to the cell plates.
During the assay, fluorescence readings were taken simultaneously from ali 384
wells of the cell plate every 1.5 seconds. Five readings were taken to establish a
stable baseiine, then 20 ul of sample was rapidly (30 pL/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 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
ICso vaiue, defined as the concentration of a compound that was required for 50%
inhibition of the buffer control, was calculated by fitting the percent inhibition data
for 10 concentrations fo 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))

Specific representative compounds tested in the binding assay were tested using
the above FLIPR® assay (examples 1-1 to 2-5, 2-7 to 2-18, 2-20, 2-23 to 2-26, 2-
28 to 2-35, 2-37 to 11-1, 15-1 and 16-1). The results of the FLIPR® assay



Example 15-1 0.0054 Example 16-1 0.0915 Example 17-1 0.01245 Example 18-1 0.0067 Example
19-1 0.0175 Example 20-1 0.0029 Example 21-1 0.0028 Example 22-1 0.3785 - 143 - Cell Culture
Conditions: CHO-K1 cells previously transfected with G-alpha 16 were s ent sfected with
the human wlp&@ﬁtor and the neomycin resistance gene. 5 FoIIow%r?g%%é’L#egé]ﬁ(%%%%OO pg/mL
0418 (geneticin), individual clones were assayed for their receptor expression based on staining with
‘an anti human CRTH2 IgG, followed by assaying fot4feir response to 13,14-dihydro-15-keto
Prostaglandin REdRd RRG R)ifigeneldatinen Ch2xaRipleadshpridositielitnedivdes then cloned by

limiting dilution clonin I c%tégg(éé NS hpkddmediunsipplemented
with 10% fetal B’é?/‘%g%‘feg%rﬁgg ”ﬁﬁgﬁﬂgﬁéﬁgﬁ@%& U/mL e?ﬂ%%lﬁﬁloo pig/mL strseoptomycin, 200
pg/mL hygromy@namidieBBepHIaL 00808 khbiefidhYScdYs were harvested with trypsin-EDTA
(trypsin-ethylenediaminetetraacetic acid) and counted using ViaCount(r) reagent (from Guava

between viable and nonviate e AR LA S SRR ARG TS o 2.5 X105 cells L.
with complete growth media. Aliquots of 50 pL were dispensed into BD Falcon TM 384 well black/clear
s RIS o] PR R DRI RIS f microlte
production in T halper type 2 (Th2) cells was applied to evaluate compound
celiuiar potency.
10
Cultures of Th2 cells were established from blood of healthy human volunteers
according to the following procedure. Peripheral biood mononuciear cells (PBMC)
were first isolated from 50 mlL of fresh blood by Ficoli-Hypague density gradient
centrifugation, foliowed by CD4" cell purification using a CD4" T Cell isolation Kit
15 I {from Miltenyi Biotec inc.). The CD4" T cells were then differentiated to Th2
cells by culturing the cells in X-VIVO 15® medium (from Cambrex BioScience
Walkersville In¢.) containing 10% human AB serum {serum of blocd type AB from
Invitrogen Corporation), 50 U/mL of recombinant human interieukin-2 (rhiL-2)
(from PeproTech Inc.) and 100 ng/mL of recombinant human interleukin-4 (rhil-
20 4) (from PeproTech inc.) for 7 days. The Th2 cells were isolated using a CD294
(CRTH2) MicroBead Kit (from Miltenyi Biotec Inc.) and amplified in X-VIVO 15%
medium containing 10% human AB serum and 50 U/mL of rhil-2 for 2 to 5 weeks.
in general, 70% to 80% of the Th2 cells used in the assay are CRTH2-positive -
when analyzed by fluorescence-activated cell sorting using the BM16 antibody
25 (as previously described) conjugated to phycoerythrin (PE).

To determine cellular inhibitory potency, compounds at various concentrations
were incubated with 2.5 x 10* Th2 cells and 500 nM DK-PGD: for 4 hrs at 37 °C
in 200 pL of X-VIVO 15% medium containing 10% human AB serum. 1L-13

30 production to the medium was detected by ELISA (enzyme-linked
immunasorbent aséay) using an “instant ELISA™” kit {from Bender MedSystems
Inc.) according to the procedure suggested by the vendor. The spontaneous
production of [L-13 by Th2 cells was determined in the absence of DK-PGD2



20 following day, the microplates were used in the assay. Dye Loading and Assay: Loading Buffer
containing dye (from the FLIPR Calcium 3 Assay Kit from 25 Molecular Devices, a division of MDS
Analytical Technologies and MDS Inc.) was prepared by dissolving the contents of one bottle into 200
mL Hank's BatAh¥BefS¥M4Solution containing 20 mM HEPES (4-(2-hydroxgetgbedo/os4s1o
piperazineethanesulfonic acid) and 2.5 mM probenecid. Growth media was removed from the cell
plates and 25 pL of Hank's Balanced Salt Solution (HB&S) 30 containing 20 mM HEPES, 0.05% BSA

and 2.5 mMl profegirasadred sn.eaeit et folauar v a8 diuted dysiusing a Multidrop

dispenser. The plates were then incubated for 1 hour at ' uring thé incubation, test
compound plateSWEBYHKE A RErERPANENRE 90 319 S sSiSWaTiang HEPES/0.005% BSA buffer to the 2
pL of serial diluted compounds. To prepare serial diluted compounds, 20 mM stocks of compounds

were dissolved i % DMSO. The compound dijution plate was set up as follows: 5 well # 1
received 5 pL ofi@er?%eofﬁ%n Hﬁ?%“pﬁg)é %I{ﬁ ) d/ééﬂﬁ%i@%@éﬁ%ﬁ%%ﬁ%%’ﬁ% pL was mixed
and transferréd fr8fivvetioncante iesis #slcalsdrtiadotioning ¢octeofiiiouecydotrhOlstepsl2 pL of
diluted compoung:RsHiBRREH BebipiaLlRls S’ftﬁd%ﬁjﬂﬁgg?gﬁgﬁa%éﬁgﬁéx R3E ARGl PO L of

buffer was added. 10 After incubation, both the cellland ™ y ates were broug %t %0 the

fluorometric imagding B PRS0 ITI‘I’-’fFéEF‘f)) yalecipingttre b tsacspiematansmrasterred to

the cell plates bytttbeistdRREY. Biaae% wensitharncumiesfosibhovs st Ramdampeaiyendfter the 1
hour incubation, re.returned to 15 the FLIPR(r) and 20 pL of 4.5X concentrated ligand was
added to the cell% a{%ﬁg.f dgrfﬁ%ﬁﬁ%%sﬁs}éy,?ﬁjnocr%ns{:aethoé('é’) r%a%ﬁ%ﬁ%’fg%q%%'ﬁe&?ﬁﬂﬁ%%oust from all
384 wells oflfhe BelEpIaterdeaisia) odebindbcriléifernfimgsabrestaldehitopestaitisiiia stable baseline,
then 20 pL of sampipuasIaRidiBHPLIRRE) 205 Sikiangous aad of the cell plate.
The fluorescence was continuously 20 monitored’beforee,aﬂ‘(}(l}:‘;‘l?inz(I aﬁd 5&&§%9§é\/f§(§l} ition for a total
elapsed time of 100 seconds. Responses (increase in peak fluorescence) in each well following

agonist addition Repesdettativinednifoeiniiatdtooiasnensedingdingirarreaskavelkingendo ligand

stimulation, was seline v or the data from that well. The responses were
expressed as %ﬁ’%@%ﬁ}\;ﬁ%ﬁﬁg% edruggrﬂgﬁ r?éof%ci A HEMREECAL 18 dohtentrition of a
compound that wa8 r&dfite @130, 5088 iishibitidh lofate D liffe ! dohitr ol hevasscitkc ufated K- HiiDg the

percent inhibition-datador 143 {e=t1] | i = ( eter. logistic) model
using Genedata .Scra%lse‘j_;ér gﬁﬁ%@iﬁ%ﬁgﬁ? &}F%rg@rg%%[lﬁ‘%)rsngéaécgﬁgggﬁag ?A ){P]?éggd'efé%é&g/vhere F(x)

= (A+(B-A)(1+((EA 501 S PERARCHOPrdEham LA pausiag fEured- ROt Haing 4%8ay were
tested using the gldove FLIPR(r) assay (examples 1-1 to 2-5, 2-7 to 2-18, 2-20, 2-23 to 2-26, 2- 28 to
2-35, 2-37 to 11-1, 15-1 and 16-1). The results of the FLIPR(r) assay - 145 - showed that, with the
exception of examples 1-1 and 7-1 (which exhibited IC55 values of Sand 4.198 pM respectively), these
compounds@khibiEs: fosgaranms farifg oradatsvisakion 60D Lysiteinc4qns pivhpounds

5DK-PGD2-induggsidd sharestetinnagsayandaie sellsd pRibiiaooftdsL4dinydra-1gkato.
Prostaglandin D2 (@g-ﬁﬁﬁ%-mduceaIL-13’§>roductlon in T helper type 2 (Thzg cells was applied to
e

evaluate compOLﬂ% (5’[3’8ﬁ8§}? 0and therefore may be useful as antagonists or partial
agonists in treating diseases and disorders associated with this receptor such as
asthma.

25
in one embodiment, the present invention relates to a method for the treatment
and/or prevention of diseases and disorders which are associated with the
modulation of CRTH2 receptors, which method comprises administering a
therapeutically effective amount of a compound of formula | to a human being or

30 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.



Cultures of Th2 cells were established from blood of healthy human volunteers according to the
following procedure. Peripheral blood mononuclear cells (PBMC) were first isolated from 50 mL of
fresh blood by Ficoll-Hypaque density gradient centrifugation, followed by CD4+ cell purification using
aCD4+ T C%%)I%‘HI%{? kit 15 Il (from Miltenyi Biotec Inc.). The CD4+ T &Tg%é{)r@/ﬂ?%ﬁ%iﬁerentiated
to Th2 cells by culturing the cells in X-VIVO IS(r) medium (from Cambrex BioScience Walkersville Inc.)
containing 10% human AB serum (serum of bloodty#€ AB from Invitrogen Corporation), 50 U/mL of
recombinant human interleukin-2 (rhiL-2) (from PeproTech Inc.) and 100 ng/mL of recombinant human

interleukin-4 (rh]L- 20 4) (from PeproTech Inc.) for. s..Th cel IsQlaf: sing a CD294
(CRTH2) Micrc?é‘é%& rﬁ%ﬁ?&%%ﬁ%ﬁ?ia&&gﬁ%{? g%%ggr%% [ %%%%yﬁ%ﬁ{%ﬁ?%rﬁaé%ﬁ containing
10% human AB=Hettive ambs0t dimceohpeungd Bfamsis Wecksnhigénn @ 23896 @Dt the Th2 cells

used in the assgy,are RIS 2RR IR MBS analvzeehbyiflioresreRsemgsivales kelisaitisg using the

BM16 antibody 25 (as previously described) conjugated to phycoerythrin (PE). To determine cellular
inhibitory pcﬁen@??&?ﬁ&ﬁﬁd%%ﬁﬁ@é@%fﬁiﬁ@%&@v l'%hf@@ ﬁgzagnfﬁ%j 2 cells and

500 nM DK-PG2 feyadniwst aindfoCpevéltiph of ol Wieetx ek medizprdeontammis 1@ human AB
serum. IL-13 30 praduction to the medium w -li i sotent
assay) using arf™ne gﬁ?rgﬁlgoAar%ﬁm&?tn(%?ﬁ“ gﬂ%ﬁ%@%y%@r% é15§§%£§ 6#5&%(%0%1%%1%%%@
suggested by tliberapeidicatiyeEpotitarisouspduetonramd ai3aT il aefsenab ecieimfied in the

absence of DK-BGI2, Jdif (sSimuatapRadaheivadewas-PuPHRGak feritgtdndgenpresence of

each compound for percent inhibition and IC50 calculations. The percent inhibition of interleukin 13
(IL-13) prodibictibRees albensseem arABNAASERR SrReNTARiBIR SRR caRiifi a&e&mﬁﬁ% the
following formulgffEtefht A easi uation.inSiieapie semrelofgsoon poting B eniSrpagdudtion. intthe presence

Lo e paPms P Ruava felngl an i aranie N Al sompddgRar o oaured

for 50% inhibition o production, was itting the percent inhibition data for 7
concentrations &PHichgtAtIgE skearcdpyrie RIOBAIHESS RGBS HRIGNLFR(r) software

Excel add-in progeamdlD BYSRsT: SPIRA 4d, dRedehaABIONBEr8 FefkAS BrigEr (C/X)AD))].

Representative compounds tested in the binding assag wer? tested usin%thf regoing
DK-PGD2-iiucs Py MRS AR Y TREHTBRDs NS HIaC P81 4545815 Ao 2-30, 2-32 to
5-1, 8-1, and 9-{ptatklidjy ThetresudtsobtheDHepi6 Bawiatisedril-flBgaieductiorsassay showed that
these compoun xhibited, activity. in jphibiting, 1L~ r ' ithilC80 values ranging from 0.0007
pM to 1.7419 pr%%ggné %éie @geﬁé%%é%?é}é%éﬁﬁéﬁ%@ﬁ%ﬁ\?ﬁ%gﬁ%e%ﬁéefuI since the compounds
tested show sorfRTEIRALPRTERSRRISI I B tiRsTaliowe Mide Beplinue: BRTiAGREASERTH?

receptor), and thesefora MalsbsaivsefttasteRtageniss oM Aneianaenisksifiesting diseases and
disorders associated with this receptor such as asg}](%]%. %5 In or}?I %mbo ilm[ent,tt}](e! %resent invention
relates to a291etHBasf3?°[W§%%r§ﬁﬁé§R%§c%?rb?§\% 3 dI934B8 RACHIES S Wiich are
associated with ghedoutidnlaticn &xf GREk2sretEpliomsphhisinmesihgdooympriSEsCRminige i a
therapeutically ?ﬁ@&é‘%‘?ﬁﬂé%‘&b%&%f‘?ﬁéo%{%%sf YIUA]R & RUBARLGRE;RL ABAGERAR A method

for the treatment and/or preventio an inflammatory or allergic disease or disorder is preferred.

Such diseases @ntiRasige@whaguitaes ¢ptrrarE RoRigRBIIARNER L UERBRHIOYBEREREFe pulmonary

disease (COPD),pilsgisitiaitiss &lletmiedrfiammations apd. atopic dermatitis. - 147 - The present
invention is_also directed to the administration of a therapeutically effective amount of a compound of

formula | irfCombination or association with other drugs or active agents for the treatment of
inflammatory or afesictisebsdte contrary, all compounds in the examples were prepared and

characierized as described. All patents and publications cited herein are hereby

incorporated by reference in their entirety.



5 and disorders. In one embodiment, the present invention relates to a method for the treatment and/or
prevention 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 | and another drug or active agent (such as another anti-inflammatory or anti-allergic drug or
agent). 10 These other drugs or active agents M&y-have 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 orgahjgierol; corticosteroids such as dexamethasone or
fluticasone; antihistamines such as loratidine; IEUKOIriene antagonists such as montelukast or
zafirlukast; anti-IgE 15 antibody therapies such as omalizumab; anti-infectives such as fusidic acid
(particularlyi fok thenpreatthehioahaktopic dermatitis); anti-fungals such as clotrimazole (particularly for the
treatment of atopic dermatitis); immunosuppresiants such as tacrolimus and pimecrolimus; other
antagonists of PGD2 acting at othgt receptors siich as DP antagonists; inhibitors of 20
phosphodiesterase type 4 such as ciigmilast; drigs thagymodulgie cytokine production such as
inhibitors of TNF-alpha converting e SFACER¢fugs @t modulate the activity of 1h2 cytokines
IL-4 and IL-5 such as blocking mono ibodies and sgluble receptors; PPAR-gamma agonists
such as rosiglitazone; and 5-lipoxygenasednhihjtars such; as zileuton. 25 Unless stated to the contrary,
all compounds in the examples?)vere prepared and chaficterized as described. All patents and

by refgrence in their entirety. - 148 - CLAIMS 1. A
compound of formula I: or a pharmaceutically acce le er thereof, wherein: W is 0(H)2,
C(H)2-C(H)2, C(H)(CH3), CH2-C(H)(CH3), or C(H)(OH3)-€H2; X is selected from the group consisting
of: (1) 0, (2) N(H), (3) N(CH3), (4) S, (5) S(0), and Y S carpon or nitrogen; R1 is selected
from the group consisting of: (1) hydrogen, (2) haloggn, (3) metﬁyl optionally substituted by fluoro, (4)
C1_7 alkoxy optionally substituted by fluoro, (5) cgino, and

or a pharmaceutically acceptable salt or ester thereof, wherein:

W is C(H)z, C(H)z-C{H)z, C{H)CH3), CHa-C(H)(CH3), or C{HYCH;)-CH;

X is selected from the group consisting of;
(1O,
(2) N{H),
(3) N(CHs),
(4) S,
(5) 3(0), and
(6) S(O)z;

Y is carbon or nitrogen;

R'is selected from the group consisting of:
(1) hydrogen,
(2) halogen,
(3) methyl optionally substituted by fluoro,
(4) C4.7 alkoxy opticnally substituted by fluoro,
(5) cyano, and



- 149 - (6) 01.7alkylsulfonyl; R2 is hydrogen, fluoro, chloro, 01.7alkyl, or Ci_ralkoxy; R3 is hydrogen,
fluoro, chloro, bromo, or methyl; R4 is selected from the group consisting of: (1) hydrogen, (2) halogen,
(3) C1.7 alkyl optionally substituted by fluoro, (4) C34 cycloalkyl, and (5) ethenyl; R5 and R6,
independently of each other, are selected from the group consisting of: (1) hydrogen, (2) halogen, (3)
C17alkyl, (4) cyano, and (5) C3.7cycloalkyl; R148 cyano or S(0)rR8, wherein R8 is selected from the
group consisting of: (1) C14 alkyl, (2) 034 cycloalkyl, (3) C1.7 alkylamino, (4) C1_7dialkylamino, (5)
lower heterocyclo?jlpil gH&g@ bstituted by halogen, C1_7 alkyl, or C1.7 alkoxycarbonyl, and (6)
2-0xa-6-aza-spiro hept 6-yl. w ereln "lower heterocycloalkyr refers to a saturated or partly
unsaturated non-aromatic ring moiety having 3 to 7 rings atoms bonded together to form a ring
structure WRerehy@deen, fluoro, chioro, C,.; alkyl, or C4alkoxy;

R® is hydrogen, fiuoro, chioro, bromo, or methyl;

R’ is selected from the group consisting of:
(1) hydrogen,
(2} halogen,
(3) C,.7 alkyl optionally substituted by fluoro,
{4) C,.7cycloalkyl, and
(5) ethenyl;

R® and RS, independently of each other, are selected from the group consisting of:
{1) hydrogen,
(2) halogen,
{3) C4.; alkyi,
{4) cyano, and
(5) Cs.7 cycloalkyl;

R’ is cyano or S{0),-R®, wherein R® is selected from the group consisting of:
(1) Cyralkyt,
(2) Cy.7cycloalkyl,
{3) C4.7 alkylamino,
(4) C,_ dialkylamino,
{5) lower heterocycloalkyl optionally substituted by halogen, Cy;akyl, or Cy.;
atkoxycarbonyl, and
(6) 2-0xa-6-aza-spiro[3.3]hept-6-yl.
wherein
“lower heterocycloalkyl” refers to a saturated or partly unsatura’éed non-aromatic ring

moiety having 3 to 7 rings atoms bonded together to form a ring structure wherein one,



- 149a - two or three of the ring atoms is a heteroatom while the remaining ring atoms are carbon
atoms; and the pharmaceutically acceptable esters are the methyl and ethyl esters of the acids of
formula Ito be used as prodrugs. 2. A compound of claim 1 wherein W is 0(1-1)2. - 150 - 3. A
compound according to any one of claim 1 or 2 wherein X is 0. 4. A compound of claim 1 wherein W is
0(H)2, Xis 0, Y is carbon, and R7 is S(0)2-R8.139A compound of claim 1 wherein W is 0(H)2, X is 0, Y
is nitrogen, and R7 is S(0)2-R8. 6. A compound according to any one of claims 1 to 5 wherein R1 is
fluoro and R2 ishydr 7, [ [ N R2is
nycrogen, BB B e B o) Aomar i toany ome of
claims 1 to3oRFietdth R4 is hydrogen, fluoro, or methyl, preferably R4 is methyl. -151- 9. A
compound gecskgirgdesionionerbeiainssicts faihereinRbaandRe asteloththydagent 10. A

. compound according to. any pne aims 1 to 9 wherein R7 is S(0)2-R8 and R8 is selected from the
group cons%%%‘%ﬂ%ﬁe%g%{; s(%%gggﬁé , (3) isopropyl, (4) butyl, (5) dimethylamino, (6) diethylamino,
(7) pyrrolidin-1-yl, (8) 4-methyl-piperazin-1-yl, and (9) 2-oxa-6-aza-spiro[3.3]hept6-yl. - 152 - 11. A
compound aceosdingaitmany aaemafl ehaires Wie Hyherein R7 is S(0)2-R8 and R8 is ethyl. 12. A
compound of claim 1 selected from the group consisting of:
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-naphthalen-2-yl]-acetic acid
[4-(4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-y11-acetic acid
[6-Chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-y1]-acetic acid
[6-fluoro-4-(2-fluoro-4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-y1]- acetic acid
[4-(4-ethanesulfony1-3-methyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-y1]-acetic acid
[4-(2-cyano-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-y1]-acetic acid
{444-(butane-1-sulfonyl)-phenoxy]-6-fluoro-3-methyl-naphthalen-2-y1).-acetic acid
[6-fluoro-4-(5-methanesulfonyl-pyridin-2-yloxy)-3-methyl-naphthalen-2-y1Facetic acid
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2-y1Facetic



acid [4-(3-bromo-5-methanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyl-naphthalen-2- y1]-acetic acid
[4-(4-dimethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-ya-acetic acid
{6-fluoro-3-methyl-4-[4-(pyrrolidine-1-sulfonyl)-phenoxy]-naphthalen-2-yll-acetic acid
[4-(4-diethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yll-acetic acid
{6-fluoro-3-methyl-444-(4-methyl-piperazine-t-$&fony1)-phenoxy)-naphthalen-2- y1}-acetic acid - 153
- {6-fluoro-3- methyl -4-[4-(2-oxa-6-aza-spiro[3.3]heptane-6-sulfonyl)-phenoxy]-
naphthalenz2- aceotlc %léjc g§ com% unq fcla,irgrlzwhlch JS
[4-(4-ethanesu fonyP phenoxy)- “tRiors: metﬁ phthalén: -y?[Tacetlc acid. 14. A compound of
claim 1 which is [4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3- methyl-naphthalen-2-yff-acetic acid.
15. A pharmagessicpbymrepptable saiéelaveanmeynk of daimslbchosiAR ™16 sfophrfmaceutically
acceptable ester of a compound of claim 12, 13 or 14, wherein the pharmaceutically acceptable esters
are the methyl and ethyl esters of the acids of formula Ito be used as prodrugs 17. A pharmaceutlcal
compositiof-cOrphemea ehelipelinteng el iive-bmb imDolYdcoissan ansdRoieiF@loRhy one of
claims 1 to 14 and a pharmaceutically acceptable carrier. 18. The use of a compound according to
~any one of claims 1 to 14 for the preparation of a medicament for the treatment or prophylaxis of

asthma, chronic obstructive pulmonary disease (COPD), allergic rh|n|t|s allergic |nflammat|on and
atopic dernfatifigompound according to any one of claims 1 to 5 wherein R’ is fluoro and R?is

hydrogen.

7. A compound according to any one of claims 1 to 6 wherein R® is hydrogen, fluoro, or

methyl, preferably R® is hydrogen.

8. A compound of according to any one of claims 1 to 7, wherein R* is hydrogen, fluoro,

or methyl, preferably R*is methyl.



-151 -

9. A compound according to any one of claims 1 to 8 wherein R® and R® are both

hydrogen.

10. A compound according to any one of claims 1 to 9 wherein R” is $(0).-R? and R% is
selected from the group consisting of: \
(1) methyl, (2) ethyl, (3} isopropy, (4) butyl, (5) dimethylamino, (8) diethylamino,
{7} pyrrbiidin-1—y[, {8) 4-methyl-piperazin-1-yi, and (8) 2-oxa-G-aza-spiro[3.3Jhept-
G-yl



- 162 -

11. A compound according to any one of claims 1 to 10 wherein R is S{0),-R® and R®is
ethyl.

12. A compound of claim 1 selecied from the group consisting of:
[4-(4-ethanesulfonyl-phenoxy}-6-fluoro-naphthalen-2-yl]-acetic acid
[4-{4-ethanesulfonyi-phenoxy)-6-fluoro-3-methyi-naphthalen-2-yl}-acetic acid
[6-Chloro-4-(4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yll-acetic acid
[6-fluoro-4-{ 2-fluoro-4-methanesulfonyl-phenoxy)-3-methyl-naphthalen-2-yl]-
acetic acid
[4-{4-ethanesulfonyl-3-methyl-phenoxy)-6-flucro-3-methyl-naphthalen-2-yl]-acetic
acid
[4-(2-cyano-4-ethanesulfonyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yil-acetic
acid
{4-[4~(butane-1-sulfonyl}-phenoxyl-6-fluoro-3-methyl-naphthalen-2-yi}-acetic acid
[B-fluoro-4-{5-methanesulfonyl-pyridin-2-yloxy)-3-methyl-naphthalen-2-yl}-acetic
acid
[4-(5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-methyi-naphthalen-2-yi}-acetic
acid
[4-(3-bromo-5-methanesulfonyl-pyridin-2-yvioxy}-6-fluoro-3-methyi-naphthaien-2-
yll-acetic acid
[4-(4-dimethylsulfamoyl-phenoxy)-6-fluoro-3-methyl-naphthalen-2-yi}-acetic acid
{B-fluoro-3-methyl-4-[4-(pyrrolidine-1-suifonyl)-phenoxyl-naphthalen-2-yi}-acetic
acid
[4-(4-disthylsulfamoyl-phenoxy)-6-flucro-3-methyl-naphthalen-2-yl}-acetic acid
{6-flucro-3-methyl-4-{4-(4-methyl-piperazine-1-sulfonyl}-phenoxyl}-naphthalen-2-

yl}-acetic acid



- 153 -

{6-fluoro-3-methyl-4-[4-(2-oxa-6-aza-spiro[3.3}heptane-6-sulfonyl)-phenoxyl-
naphthalen-2-yi}-acetic acid.

13. A compound of claim 1 which is [4-{4-ethanesulfonyi-phenoxy)}-6-fluoro-3-methyl-
naphthalen-2-yl]-acetic acid.

14. A compound of claim 1 which is [4-{5-ethanesulfonyl-pyridin-2-yloxy)-6-fluoro-3-
methyl-naphthalen-2-yi]-acetic acid.

15. A pharmaceutically acceptable salt of a compound of claim 12, 13 or 14.

16. A pharmaceutically acceptabie ester of a compound of claim 12, 13 or 14, wherein
the pharmaceutically acceptable esters are the methyl and ethyl esters of the acids of
formuia | to be used as prodrugs.

17. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any one of claims 1 to 14 and a pharmaceutically acceptable

carrier.

18. The use of a compound according to any one of claims 1 to 14 for the preparation of
a medicament for the treatment or prophylaxis of asthma, chronic obstructive pulmonary

disease (COPD), allergic rhinitis, allergic inflammation, and atopic dermatitis.



