WO 2010/055006PCT/EP2009/064816 NAPHTHYLACETIC ACIDS USED AS CRTH2
ANTAGONISTS OR PARTIAL AGON1STS The present invention relates to novel substituted
naphthalene-2-y1 acetic acids, their manufacture, pharmaceutical compositions containing them and
their use as BREHY @AY onists or partial agonists. 5 Prostaglandin D2 (5&B§5’%gg%ﬁeﬁ4r%lgjor
prostanoid produced by activated mast cells and has been implicated in the pathogenesis of allergic
diseases such as allergic asthma and atopic dermatitis. Chemoattractant Receptor-homologous
molecule expressed on T-helper type cells (CRTH2) is one of the prostaglandin D2 receptors and is
expressed on the effector 10 cells involved in allergic inflammation such as T helper type 2 (Th2) cells,
eosinophils, and basophils (Negate et al., FEBS Lett 459: 195-199, 1999). It has been shown to
mediate PGD2-stimulated chemotaxis of Th2 cells, eosinophils, a gg hils (Hirai etal., J Exp Med
193: 255-261, 2001). MAEBIEYIERFHS ‘?r?é%‘?’#"(gg%gsr%%{ 20N %urst and degranulation of
eosinophils (Gervais et al., J Allergy CI%Rlﬁﬁ‘nRuno 1 § -988, 2001), 15 induces the production of
proinflammatory cytokines in Th2 cells (Xue et al., J Immunol 175: 6531-6536), and enhances the
release of histamine from basophils (YoshimuraUchiyama et aL, Clin Exp Allergy 34:1283-1290),
Sequencervarignteaf iheginerektet o GRTHDsIhien drfsramRIs TR fSIARNA stability, are

shown to be assosiated wiih sl (HARG: kAL JIHmMo! RERelr# 261sa88ToA00). Increased
g9

numbers SFYEculat cells expressing CRTH2 have also been correlated with severity of atopic

dermatitis {@egomiietab] BatialAAIRIAG 30, 2972-2979, 2000). These findings suggest that CRTH2
plays a. proinflammatory role in allergic diseases. Therefore, antagonists or partial agonists of CRTH2

are believed to be useful for treating disorders such as asthma, allergic.in [ llergic
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and pharmasguiigaibaeaseptablpataiiscandiestartetharaifzattsreis Xa QAW R B @ HERINESin the

detailed description and claims, He ' ir . s, providest a-eosppnuanhef fgrenula | or

a pharmaci?ﬂi‘f%ﬁ%sa%gﬁg r?g%%{ %ﬁsees!%%@t ﬁ%@?ﬂﬁ%&%ﬁ@)ﬁéﬁ g an*% Ois OéHg 8 gﬁrea(%ér%q{ively, Xis
I ;

0(0) and Qcislidl(GRTIEeteotsuditin Hiestpe@n dbM ISP RPRM GBI B R £7 alkyl

optionally substitutackiv flRsaydh kel eptionalivesshstjde by ues @rbatigisutortyl,
Shenyl, oy REVGHTSH (YRR G Lol BRehgP Do b1 R ey o oaraly Substituted
by one or merpsubsiikenisindepentertjSctettedJaimhis, 2nglageeoiss(stiry efa(1)y Halbgen, (2)
CL 7 koo s e e e
group consisigofat{d) ﬁ-%élﬂypbﬁwibﬁawﬁ%aéﬁtutééf jaishe, By 89&%%%%;,%’ g
15 induces the production of proinflammatory cytokines in Th2 cells (Xue et al., J Immunol
175: 6531-6536), and enhances the release of histamine from basophils (Yoshimura-
Uchivama et al., Clin Exp Allergy 34:4283-1290). Sequence variants of the gene gncoding
CRTH2, which differentially influence its mRNA stability, are shown to be associated with
asthma (Huang et al., Hum Mol Genet 13, 2691-2697, 2004). Increased numbers of
20 circulating T cells expressing CRTH2 have also been correlated with severity of atopic
dermatitis (Cosmi et al., Eur J Immunol 30, 2872-2979, 2000). These findings suggest that
CRTH2 plays a proinflammatory role in allergic diseases. Therefore, antagonists or pariiai
agonists of CRTH2 are believed to be useful for treating disorders such as asthma, aliergic
inflammation, COPD, allergic rhinitis, and atopic dermatlitis.
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The disclosure is concermned with the compounds of formula I:



(3) phenyl optionally substituted by: (i) halogen or 00 C1..7 alkyl optionally substituted by fluor, (4)
benzyl or phenylethyl, and (5) pyriciinyl. The disclosure is also concerned with the compounds of
formula Z: and pharmaceutically acceptable salts and esters thereof, wherein R1-R3 are defined in the
detailed description and claims. In addition, the present disclosure relates to methods of manufacturing
and using the compounds of formula | and Z as well as pharmaceutical compositions containing such
compounds. The compounds of formula e agQnistédt partial agonists at the CRTH2
receptor and may be useful in treating ¢
asthma. In a second aspect, there i prayideg-a pha
defined above. In a third aspect, thre is providedia phaffaceutically acceptable ester of a compound
as defined above. In a fourth aspect, there is proyjded the use of a compound as defined above for the
preparation of a medicament for the treatment or prb@@ii of asthma, chronic obstructive pulmonary
disease (COPD), allergic rhinitis, allergic inflammatior[]u, and atopic dermatitis. 2b In a fifth aspect,
there is provided a compound of formula Z: or a phar l‘ﬂis%gy acceptable salt or ester thereof,
herein: Rl is selected from the group consisting of: (a) hydrogen, (b) halogen, (a) es-7 alkyl optionally
substituted by fluor, (d) C122 alkoxy optionally substituted by fluor, (e) Cs..2 alkylsulfonyl, and (f)
cyano; R2 is hydrogen or C-1_2 alkyl; and R3 is 3(0)2-R4 wherein R4 is selected from the group
consisting of: (a) phenyl or benz herejn sai enyl or benzyl is optionall bstituted by one or
ore sCb LB ET (M B Gy B kst S aPE L L GIRd o7 LB, B ) 2 alky
optionatifuhastituted bytiiet. désteisiothendisiimdic etahinfellfreingsppstifieaierissrand st fses
used in (I,Q% 83&?899'?%9 glaims are defined as foIIo_ws: WO 2010/055006PC_:T/EP2009/O64816 -3-
The term "moiety" ref)ers to an atom or group of chemically b@ﬂ?ed atoms that is attached to another
atom or molecule by one or more chepai 3 oY, ng part of a molecule. For example, the
variables R1, R2 and R3 of formula | es that are attached to the core structure of formula
| by a covalent bond. 5 In referenge ) Noj ﬁNith one or more hydrogen atoms, the term
"substituted" refers to the fact that at least one hydrogen atoms of that moiety is replaced by
another substituent or moiety. For example, thémrwm%zr alkyl substituted by halogen” refers to the

fact that one or more hydrogen atoms of a lower alRyl (as defined below) is 10 replaced by one or
more halogen atoms (i.e, trifluoromethyl, difluoromethyl, fligromethyl, chloromethyl, etc.). The term
"optionally substituted" refers to the fact that one or more hycﬁ‘ogen atoms of a moiety (with one or
more hydrogen atoms) can be, but does not neEessarin have to be, 15 substituted with another .
substituent. The term "alkyl" refers to an aliphatic straight-chain or branched-chain saturated
hydrocarbon moiety having 1 to 20 ?arb?n atom% Inr rticular. embodiments the alkyl has 1 to 10

carbon AFRIBHAFEHEAN ARRRREP AR BFERS0AR &k VATSTY having 1 to 7 carbon atoms. In

particular embodiments the lower alkyl has 1 to 4 carbon atoms and in other particular embodiments

the loweg %I@Im%lig@mpgﬁg{my@(mﬁd%wlkyls include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl and tert-butyl. 25 The term "lower cycloalky!" refers to a saturated

or partly unsaturated non-aromatic hydrocarbon ring moiety having 3 to 7 carbon atoms bonded
togetherRd ifosmeatemh st thaareUE samsisEs 6f cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl and.gyislahepty|.

{(b) halogen,

(c) Cs.7 alky! optionally subsfituted by fuora,
(d) Cry alkéxy optionally subsiituted by fiuors,
{e) Cy7 altkyisulionyl, and

{f) cyano,

R? is hydrogen ar Cq.7 aliyh and
R® s selected from the group consisting of:

{a) phenyl, pyridinyl, o pyrimidinyl, wherein said phenyl, pyridinyl, or pyrimidiny! is
optionaliy subsfituied by one or more substituents independently selected from the



WO 2010/055006PCT/EP2009/064816 - 4 - The term "lower alkoxy" refers to the moiety -0-R, wherein
R is lower alkyl as defined previously. Examples gglower alkoxy moieties include methoxy, ethoxy,
N-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. 5 The term "lower
alkylsulfonyl" refers to the moiety -S(0)2-R, wherein R is lower alkyl as defined previously. Examples of
lower alkylsulfonyls include methylsulfonyl and ethylsulfonyl.  The term "lower alkoxycarbonyl" refers
to the moiety -C(0)-0-R, wherein R is lower alkyl as 10 defined previously. An example of a lower
alkoxycarbonyl is tert-butoxycarbonyl. The term "halogen" refers to a moiety of fluoro, chloro, bromo or
iodo. Unless otherwise indicated, the term "hydrogen" or "hydro" refers to the moiety of a 15
hydrogen atom (- OaJ%d Qr?st' l_tl% Uplg:ﬁj qtherwise indicated, the term "a compound of the formula” or
"a compound of formuta” or "cormpotndé 8P Hhe foimmil2ler Aedrnsdladestiiedyl floefer 0. any
compound selected Ffehy riigesivs dfstirmonniiens definadpythe formula (including any 20
pharmaceutically mma@@%g%ﬁw%gf any such compound if not otherwise noted). The term
"pharmaceutically ahle ﬁés" refers 1o those salts which retain the biological effectiveness and
properties of the ng)g%gizzeig b§ eséRaC%S?@%ﬁ‘éﬂ%l%?‘m%lé@?déﬁ?i@ﬁ@ﬁmwiﬁm gndesirable. Salts
may be formed witRREHIAME acids such as 25 hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid ar(d)mg,lilaﬁ,ypggﬁgp@p%w%@g@&%é;ﬁ%i ], and organic acids such as acetic acid,
propionic acid, glycolic zﬂ%i%qeyrcuy'gaﬁé%’d, oxalic acid, maleic acid, malonic acid, salicylic acid, succinic
acid, fumaric acid, tartaric acid, citne Id, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, efﬁéﬁ&lﬂféﬁﬁ@%ﬁﬁ?@ﬁ@w@@mmm@@gm,d}dfaog;);lcgﬁ{,@gbmggpe 30 like. In
addition, salts may be psepanet:byimasaddition of an inorganic base or an organic' WO
2010/055006PCT/EP20, - 5 - base tq the free acid. Salts derived from an inorganic base
include, but are not Iimit%g{%%%ﬁewsgg?& %?Bgtfsrgum, lithium, ammonium, calcium, and magnesium
salts and the like. Salts GeAvadmom organic bases include, but are not limited to salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring substituted amines, 5
cyclic amineag‘gnﬁsﬁg’ i fo @%&%@rf@ﬁ%,ﬂémﬂwc&g‘%ﬁ}gb?fafﬁfmééatiﬁmethylamine, diethylamine,
triethylamine, tripropylamine, ethanolamine, Jysine, arginine, Nethypiperidine, piperidine, polyamine
resins and the like. The compounds of the ’ yhtion ¢an be present in the form of
pharmaceutically 10 acceptable salts. The of thepresent invention can also be present.in
the form of pharmaceutically acceptable”esters (i.eythe niéihyl and ethyl esters of the acids of formula
Ito be used as prodrugs). The compounds of the prgsent invention can also be solvated, i.e. hydrated.
The solvation can be effected in the course of th® Tnanfacturing process or can take place i.e. as a
consequence of hygroscopic properties of an initially 15 dr pound of formula I (hydration).
Compounds that have the same molecular formula but differ irf the nature or sequence of bonding of
-their atoms or the arrangement of their atoms in spgce are termed "isomers." Isomers that differ in the
arrangement of their atoms in space are termed "stereoisomers."” 20 Diastereomers are stereoisomers
with opposite configuration at one or more chiral centers which are not enantiomers. Stereoisomers

bearing oneret merenasyIRElie CRIPeISdRR e ERSHD BTERRIS APIS SHFOL M agEesAheash mther are
termed "en%nEicgnef?Ejs." WQen a c(?r?goun h%ﬁ _%n a?l)s(mmetric center, for example, if a carbon atom is
bonded to fSGFUTTeTERt Grotubara Pairst BratHibrne s 58S /a5 WRdRitmsdP GfiYtAhracterized
by 25 the q@@@mmwhf@gamatwgftms asymeilic déntents tenteZsaandsibtestsibestbytite Rand

S sequencienof ColileInAgld anc Brelognar vibe mannern wbish e mpjepule otates the

plane of polarized Iiﬁg?t and designated as dextrorotatory or levorotatory (i.€., as (+) or @)-isomers

respectivel ) AICRIRS CoREahroeaisExiihe CRTErepsainansamesrheschs ia isixting thereof. A
mixture confieiragsesabRapericRs Al 3R Bnaatiamnesmiscaies astaegmic mixture”. WO
2010/055006PCT/EP2009/064816 - 6 - The term "a therapeutically effective amount” of a compound
means an ameuetohdoaspecndiat is efiedtive o preveatallRdnicaecarnalioraist HIMPIMSAInd as
disease ord:gﬂjlgg%m)%gurvival of the subject being treated. Determination of a therapeutically 5
effective amount is within the skill in the art. The therapeutically effective amount or dosage of a
compound according to this invention can vary within wide limits and may be determined in a manner
known in the athiguapeasaasadidheadiyseminbedndividuatiesuirnagls dnLagh Rafticulanchssy
including th% specific compound(s) being administered, the route of administration, the condition being
above. . ) .
treated, as'Well"as the patient 10 being treated. In general, in the case of oral or parenteral
administration to adult humans weighing approximately 70 Kg, a daily dosage of about 0.1 mg to about

5,000 mg, {, MeiHARAUYLORR MG BFoiBag 1 00:Me Mayhe, aRprapLats 5‘.'%%9?8%@3\‘%9%9 n

upper limits may be exceeded when indicated. The daily dosage can be administered as a'si ose

or in divided] FodBedisrrr Y aintertEamARratioRoR Ay b Y REREa cormmip et BIRfugiGrinTRRary
term "pharthsessdicathragcepiaiieroamieralisritantadieinel uteiany i dsihmaterial compatible with
pharmaceutical administration including solvents, dispersion media, coatings, antibacterial and

antifungal agents, isotonic and absorption delaying agents, and 20 other materials and compounds
comnatihle with nharmaceaeritical adminictratinn Eveant inenfar ac anv convventinnal media nr aneant ic




WO 20101055006PCT1EP20091064816 - 7 - oil, soybean oil, mineral oil, sesame oil, and the like.
Water, saline, agueous dextrose, and glycols are piteferred liquid carriers, particularly (when isotonic
with the blood) for injectable solutions. For example, formulations for intravenous administration
comprise stef&Byaeens, dototiénrofites! activeingrediéfitsiuwhich are prepared by dissolving solid
active 5 ingredient(s) in water to produce an aqueous solution, and rendering the solution sterile.
Suitable pharmaceutical excipients include starch, cellulose, talc, glucose, lactose, talc, gelatin, malt,
rice, flour, chalk, silica, magnesium stearate, sodium stearate, glycerol monostearate, sodium chloride,
dried skim milk, glycerol, propylene glycokw ftrthe like. The compositions may be
subjected to conventional pharmaceuticé = as preservatives, stabilizing agents,
wetting or emulsifying agents, saltsF{o g o8 % Bressure, buffers and the like. Suitable
pharmaceutical carriers and their formulation are{described in Remington's Pharmaceutical Sciences
by E. W. Martin. Such compositions will, in any-gve ntain an effective amount of the active
compound together with a suitable carrier so as to pr the proper dosage form for proper 15
administration to the recipient. In the practice of the methodof thH8 present invention, an effective
amount of any one of the compounds of this invention or a combination of any of the compounds of
this invention or a pharmaceutically acceptable salt or ester thereof, is administered via any of the
usual 20 and acceptable methods known in the art, either singly or in combination. The compounds or
compositioRs;GatRusHe-aMminisiarek QM I (B8 DIURER! GRMIRG,: sublingually, parenterally (e.g.,
intramuscularly, intravenously, or subcutaneously), rectally (e.g., by suppositories or washings),
transdermally (e.g., skin electroporation) or by inhalation (e.g., by aerosol), and in the form of solid,
liquid or gdSelsusiasisadesn el gty sapRasnarn 25 suspensions. The administration can be
conducted in a sipglearidsiosage form with continuous therapy or in a single dose therapy ad libitum.
The therapeutic @tng‘g%ﬁgwn can also be in the form of an oil emulsion or dispersion in conjunction
with a lipophilic salt such as pamoic acid, or in the form of a biodegradable sustained-release
composition for SGbEurAlk¥ RPERRIRGEEEH 28 H¥Stration. WO 2010/055006PCT/EP2009/064816
- 8 - In detail, the{¢hreseniiiase riptionediatebifitties cgnipoerands of formula I: and pharmaceutically
acceptable salts (Me?st%@mgf gerein: 5 Xis 0 and Q is C(H); or alternatively, X is C(0) and Q is
N; R1 is selected ffom the group consisting of: (a) hydrogen, 10(b) halogen, (c) lower alkyl optionally
substituted by flu®r5}’ tl¥lower alkoxy optionally substituted by fluoro, (e) lower alkyisulfonyl, and (f)
cyano; 15 R2 is hydrogen or lower alkyl; and R3 is selected from the group consisting of: (a) phenyl,
pyridinyl, o&p}gitqgg}gagn\yp@[gi@midagbenyl, pyridinyl, or pyrimidinyl is 20 optionally substituted by
one or more substituents independently selected from the group consisting of: (1) halogen, (2) lower
alkyl optionally substituted by fluoro; (3) lower alkoxy optionally substituted by fluoro, and (4) cyano;
(b) lower afRdiey/BtPoRYWasr@inRODeaeBLT0BHE TERR00%6E48 06 (c) S(0)2-R4, C(0)-R4, or
C(0)-N(H)-R4 whespinBryisssiasiedfiomithaigioupgensising ebiidiawanabentionaly substituted
by fiuoro, (2) lowey cyclogliodyBLRkrlepy seRlionally sybstiied by (). halogen ar () fawer alky!

optionally

and
{b} Cy.7 alkyl opfionally substituted by fiuoro.

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

description and claims are defined as follows:



substituted by fluoro, (4) benzyl or phenylethyl, and (5) pyridinyl. 10 Unless indicated otherwise, the
genus of formula | and any subgenera thereof encompass all possible stereoisomers (i.e.,
(R)-enantiowérzs fRkghantiomers, diastereomers) as well as racemic aRg-sgalaipyad¥dures thereof.
15 In one em oglment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein X is 0 and Q is C(H) as shown below in
formula IA (a subgenus of formula I): A 20 wherefR1-R3 are defined as in formula I. WO
2010/055006PCT/EP2009/064816 - 10- In another embodiment, the present invention is directed to
the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein X is 0(0)
and Q isTNaeEhowBibgIowlnsesranattlh (@ subgentishehfiraiv konded aRwhdRehisFtaed%te defined

as in formula | In another.embodiment esenhinyentien issisecteiHaigFopROUNdS of
formula foo?rl?)trbéf{"aarir%@c%ruﬁgg 3}1 %cgcl‘ér%ﬁagb?ibs%% or es{g?is thereof whegr;ein ng?;s,hgceﬁo%en. In another
' r

embodinesieaiiie. pResexampisntion verdbirady thRimnedmebinaier siRLIa Magies Ma&Stically
acceptablesalls @¢ galersdhareal whereinBih isfjuptavafda surether embodiment, the present

invention Is directed to the compounds of formula | or pharmaceutically acceptable salts or esters
theredf wherein R1 is methyl. In another embodiment, the present invention is directed to the
compoungscpéfanaie 4 paplatmatseticalty acesptatite snitsageaatam théredewhaieiativiad methoxy.

B SR e r bleeat WA Pele v AR RS ORlara | o

pharmacrgu acceptable salts or esters thereof Wherein R1 is methylsulfonyl.

o .,
2010/055006RC TVES 00/ 06aBIE N %Wcﬁﬁéff‘@}ﬁb%tﬂﬁ?@ﬁti"ﬂ?@bﬁé‘%ﬁﬂ?ﬁ}EHiﬁﬂﬂgﬁ%g%‘d to the
compoungds,pf formuitad HRRANRGRLCA)NrageaRIRIE sl st thenainatibmawRiE is cyano.
In another embodiment, the present invention is directed to the cor f
phaffackiRiRey Q%é’é‘ﬁtﬁbfﬁ%rﬁlféa@lggﬁt@@’fﬁeﬁeeoft% 8?8?8%3?5@&%@%% gﬁ%ﬁé}‘t’ g‘r%%odiment,

the presefidnyeetion, istclirected to the compounds of formula | or pharmaceutically acceptable salts or
esters thereof wherein R2 is methyl. 10 In another embodiment, the present invention is directed to the
compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein Rts is phenyl.

In anotheFrenteoaiprinnets srasiHtanyeraon i hfdes NS 878 COMPELAYY B9FB LI B°
pharmac%gjgglImﬁc&gga{mg@@tﬁ)@rr@ﬁrgtm@ggegmvb@,rem Ra:isrphesyksshsttoted énbe. 15 or twice

with fluoro. In another emboﬂiment, he present invention is directed to the compounds of formula | or

pharHacéHE%BW%W%t%% SARY 'g‘é%gf's thereof wherein R3 is phenyl substituted once or twice with
chloro. 20 In another embodiment, the present invention is directed to the compounds of formula | or

pharmaceutically a t : eaf wherein Raisahamdis eastituigs once or twice with
trifluoromqelﬁ]ﬁy?% %mﬁéi%ﬁ@%‘% thgae%%smventiqn 5 d%ﬁgé%g to the ﬁoleOHWndS of

formula | ydsherrRaBeuEiein ) AdBE JaBROGAHE ) BIGETS HEPaEiaNRE ey LiB<tittted once

or twice With, Rgthexyn atoanother embodiment, the present invention is directed to the compounds
of formula I or 30 pharmaceutically acceptable salts or esters thereof wherein R3 is phenyl substituted
at thé WO 2010/055006PCT/EP20091064816 - 12 - 4 position on the phenyl ring where such
positions e ieticAtascbelayiincforsrtolan @l SnbigdnbaveTgdraul£Rroen atoms. In particular

embodiments the lower alkyl has 1 to4 carbon atoms and in other particular embodiments
the lower alkyl has 1 to 3 carbon atoms. Examples of lower alkyls include methyl, ethyl,
propyl, isopropyl, butyl, iscbutyl, sec-butyl and tert-butyl.

25
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, cyclopentyl, cyclohexyt
and cycloheptyl.

30



wherein X, Q, R' and R2 are defined as in formula I. In a more specific embodiment, the present
invention is directed to the compounds of formula | or pharmaceutically acceptable salts or esters
ety tIBORATAR: methoxy. In another embodment,the present khemian s cscted o the
compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein R3 is phenyl
substituted at the 15 3 or 5 positions on the phenyfring with chloro, fluoro, methyl, trifluoromethyl, or
methoxy. In another embodiment, the present invention is directed to the compounds of formula | or

pharmaceutically acceptable salts or esters thereof wherein R3 is phenyl substituted at the 3 and 5
positionsrag therdiemt HREWithmtore HikiaroemeR, tiflaaiorReathipver alisthaxgefiodad another

embodiment, the present inventjon is djrected to the ¢ ormula 1.0 aceutically
acceptalﬂ@egﬁl‘l@'éfr géi%ﬁ?[%%&?"vﬁ% Cj%?r)f Hé‘?‘sef§80 @%8;}%1 Eio%é %ﬁv%?bﬁfl)@%y or lower alkyl
optionallisspiastituyed-byibajogebuttvd S8HOIOGR0BBIET/EFORN9/064816 - 13 - In a more specific
embodiment, the present invention is directed to the compounds of formula | or pharmaceutically
acceptable salts or esters thereof wherein R3 is -S(0)2- n%R4 is methyl, ethyl, propyl, isopropyl,
cyclobropyie ésTopenss abyisliRsrdnietf |8 ﬁWéﬁBfﬁ@r’%@é’ RS [rséls,ota“ﬁ%/rir?[\a/( rf i6n is directed
to the cogapRURdsafdoEmuiBlPimbasnaceticalis droeftabitudaltsahgstdhenthersbf wherein R3 is
-S(0)2-R4 andR4 is phenyl optionally substituted by halogen or lower alkyl. 10 In another embodiment,
the preséﬁw Wﬁ'é’h is directed to the compounds of formula | or pharmaceutically acceptable salts or
esters thereof wherein R4 is -S(0)2-R4 and R4 is phenyl optionally substituted once or twice by fluor.

n anothefh%'?gﬁaﬁi‘iemk RS RYESBhIMVRIIA S ARIRAIOC ) CURPAHBASORI & fowler latityl &s

pharmaceutically acceptable salts or esters thereof wherejn R3 is -C(%&;BR4 and R4 lis lower cycloalkyl
or loWfer SRENTHREHANYSY LRGSR IPhB FIHET afh%%%‘ko it BRSHRRER the present
invention is directed to the compounds of formula | or pharmaceutically acceptable salts or esters
thereof wherein R3 is -C(0)-R4 and 20 R4.i p i yl, cyclopropyl, cyclopentyl,
or trifluorfﬂf"eﬁﬁ% In‘%?%%ﬂefeé% %Odlgmné%%t hépﬁéggéh%ﬂ%l‘gh%%%ﬁg gﬁg:%d to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R3 is -C(0)-R4 and R4 is
pheny| opjigaal HibsHuFibuAaleaer f Inyeioaleyl o Spurometerskeaisraaitgdiment, the present
invention Is directed to the compounds of formula | or pharmaceutically acceptable salts or esters
therddf \/\/ﬁﬂ@ﬁ@?*@”‘d(b&wmm is phenyl optionally substituted once or twice by fluoro. WO
2010/055006PCI1EP2009/064816 - 14 - In another embodiment, the present invention is directed to

the comppunds oflarula orabameceuicalbomrceniatiesalonreiare ueimgtueren RO i

-C(0)-N(HJ- Zan is’lower cycloa ower alkyl optlonal% substituted by halogen. 5 In a more
specific efoipodanhentctinepptmsisnyfitvefaionie’ GFeersiPRy NS S MPBHIRISHFRIMENY FemPound

pharmaceificall, fes e ighle Rasr b ApBIRdNGIRaL BRI B RS Q)i aand R4 is methy!
ethyl, propyl, isopropyl, cyclopropyl, cyclopentyl, qr trifluoromethyl. a nt, the
preséflt i %‘B‘ﬁ%’&@ﬁ@fﬁé%5%%?&?‘%%@0??1%?%3‘{’5 $ SPTQI Op%néjriggg%%}cgmgggﬁg?ile salts or
esters thereof wherein R3 is -C(0)-N(H)-R4 and R4 is phenyl optionally substituted by halogen or lower

alkyl. In a,more specific | A ion isdisected ie;the-s@mpagnds of formula |
or pharma?geeu ?cggiI)P%ggé}[%%%%g%%régg?gg%ﬁgée%%v?égf%ﬁog%%?@m)l—N%H 1% Wand R4 is phenyl

optionallytseibgitateffenivenssaaod BiPaasies /i Resre Speesia’ drRb G A MMHE 3 FeR8ht invention is
directed tg e comparpiis iy THdasapRhaMmaseslipslivrese pibiecgtsionestermtieasof wherein
R3 is pyridinyl. 20 In a more specific embodiment, the pre engé:ril e tiO%?J' %rgg}g%ﬁg sng fmpounds
of forfAuldW %HQ’M&%@M&QWQ@@@&%& ggﬁ%nc?rags'ﬁpsl tieteot Wherein R3 I acetyl. In a fore

specific eptaastsbBritythedpteseatitventiorpaniirectisisiecthascarapoasids PRIPRIGIAAGSIycalic

pharmaceyigally aceep(able, sils grcains Berohubeieln B3 misibuiansathaRvAd In another

independgﬁf ambodimen , the present invention also relates to the compound? of f%'mula Z: WO
2010/05560BRICTHER ZE0Ripasid acitric acid, benzoic acid, cinnamic acid, mandelic acid,

methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, N-acetylcystein and the

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



- 15 - and pharmaceutically acceptable salts and esters thereof, wherein: 5 R is selected from the
group consisting of: ~ (a) hydrogen, (b) halogen, (c) lower alkyl optionally substituted by fluoro,
(d) lower alkog%optionally substituted by fluoro, 10(e) lower alkylsulfonyl, and @;C ano; R2 is

hydrogen or'k 8}%{1@1?6and 15 R3 is S(0)2-R4 wherein R4 is selected fric))(r:ﬁr%e é)réﬂt?ﬁsé%nsisting of:

(a) phenyl or benzyl, wherein said phenyl or benzyl is optionally substituted by one or more
substituents of: (1) halogen or (2) lower alkyl optiodally substituted by fluoro; and (b) lower alkyl
optionally substituted by fluor. 20 Unless indicated otherwise, the genus of formula Z and any
subgenera thereof encompass all possible stereocisomers(R)-enantiomers, (S)-enantiomers,

diastereqiness) aseWilh A FAGHIMCRAJ EFRIgMim MiigERT IHaseohciMe, but are not limited to,
2010/055006PCT/EP2909/064816 - 16 - The,present,inventiﬁn also relates }

> L methpds, of
manufactififg i RIRS HEC MG IS Be RS uTE 'S HEA 8 &aﬁﬁg%%%%f%cg ég%ep?')ks%tions
containirgeuciedtosfomdsgdtie nmpd;w’:dd;eqbtﬂmnel Ilemné@jgg mitagnépifsmqr, p&m@gbnists at
the CRTHERSARLANEY L Bepehi dLeatinn dineAses b ionrgra AseRRg ol that
receptor suchas 5 asthma. In one embodiment, the present invention is directed to the compounds of

formdia ZyslipBaNRRE 80t GaRCIePcHIaMBIRIRSBiSe &1 IR dtaBIARMEMRIRCFETRHDURIGES: 10 In another

embodimggthyiRepeseriHpeRIeN I Aifsmadde, ke aurpaHadyShéariané ov-pharmaceutically
acceptable salts or esters thereof wherein R1 is fluor f|1n ﬁpother embodiment, the present invention

is directed TSRS LI RSPV S rSHARAR éu?’lciaﬁy acceptable salts or esters thereof

wherein IR1 is methyl. 15 In another embodiment, the present invention is directed to the compounds
of formul ' Rl LRAnSRxdrRgen.  In
another jré%é&??r{#ﬂ ?ﬁe% P%E%@ﬁﬁ%%@%%ﬁﬁ%ﬁe@e%ﬁ%%ﬁ ?é?nﬂéﬁlds% ‘g?formula Z or%
phartfiacectrrimpacalisiabReSAmErRAUBSRPE (PR RSBESINETLRTIEY REMBIPE PEPERANEP dhfd8HMment, the
present igygRHARdSlitesiot e dbasrraprus dseoftfermetad andpbesmeasertioatheansepiele salts or

esters thereof wherein R3 is phenyl. 25 In.another embodiment, the present invention is ¢directed to the
com pourf&??ﬁfg?o'r?ﬂfﬁg %S?Sﬁ'%ﬂrﬂé@éﬁﬁ‘ggﬁjf gggg%?ggﬁgs gal@eop%esstg:ﬁrgwgﬁégy véé%r%ﬁ?’lgg is benzyl.
In one ersbledtats hit.thedpatesk rithiavehtisiviscdindutedies Wb io theprumee of the malufaeiang
pharmacey] epiable,salt ot HRETSH T BRI R RRSh S drkranaliaynatively, Xis
C(0) andBﬁgﬁyﬁ%%2010/%5%%%%%%%%3}6%8@1%mﬁ%%tlﬁ)ls %gtl%gen or lower alkoV;y optionally
subskitutéPXARIST GORPIEHY AFSeanHEt | SWEF iR and R is selected from the group consisting of: (a)

pyridinyl, 5(b) S(0)2-R4, C(0)-R4, or C(0)-N(H)-R4 wherein R4 is selected from the group consisting of
@) Iowerééwgogg£sh%%¥lh% Ei%ﬂ%‘ l%%%br?@téﬁléE% aWo?r?wﬁig "wut differ in the nature or sequence of
bonding of their atoms or the arrangement of their atoms in space are termed "isomers.”
Isomers that differ in the arrangement of their atoms in space are termed “stereocisomers.”
20 Diastereomers are sterecisomers with opposite configuration at one or more chiral centers
which are not enantiomers. Sterecisomers bearing one or more asymmetric centers that
are non-superimposable mirror images of each other are termed "enantiomers.” When a
compound has an asymmetric center, for example, if a carbon atom is bonded to four
different groups, a pair of enantiomers is possible. An enantiomer can be characterized by
25 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 by the manner in which the
molecule rotates the plane of polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or {-)-isomers respectively). A chiral compound can exist as either
individual enantiomer or as a mixture thereof. A mixture containing equal proportions of the

30 enantomers is called a2 "racemic mixture”.



two halogen, and (3) benzyl or phenylethyl.  In a more specific embodiment, the present invention is
directed to a compound of formula 10 | or Z selected from the group consisting of:
[4-(4-Ethanesulfonyl-piperazine-1-carbonyl)-6-fluoro-3-methyl-naPhthalen-2111-acetic acid;
[4-(4-Ethané"gﬁI%B}ir%%f@grazine-l-carbonyl)-ﬁ-fluoro-naphthalen-2-yl]-a’é‘éflj’g‘rjé'l%:ﬁl((]j(’;m64816
[6-Fluoro-4-(4-methanesulfonyl-piperazine-1-carbonyl)-3-methyl-naphthalen-2-y1)-acetic 15acid;
{6-Fluoro-3-methyl-4(4-(propane-2-sulfonyl)-piperézine-1-carbonyl]-naphthalen-2-yll-acet ¢ acid;
[6-Fluoro-3-methy1-4-(4-tnfluoromethane5ulfonyl-p peraz ne-1-carbonyl)-naphthalen-2-y1]- acetic
acid; 20 [4 -(4-Cyclo propanes ulfonyl-p iperazine-1-ca rbo ny1)-6-flu oro-3-methyl-naphthalen-2-y11-
acetic acid; {6-Fluoro-444-(propane-1-sulfonyl)-piperazine-1-carbonylpnaphthalen-2-yll-acetic acid;
[4-(4-Cyc|opentan“esulfonyl-pjperazine-l-carbonyl)-G-fIuoro-3-m§E I-naphthalen-%- fl]- acetic acid; 25
[4-(4-Bed DEEsMiSriPRRpEr SR, SIS R TR LYrB-L MRS %ﬂﬂ?a?@rﬂ@%'l- cetic acid;
[4-(6-Berzenssiutomyt i2 efdisize sppafdedihelaiate 2canhalinyd)ets fluptonds mitdimdase or
naphthalen-2-y1]-acetic.acid; . . N -

[6-Fluorop-r?-'r% hyi%”(‘é‘ﬁgwh%%‘tﬁéeﬁé?ﬁf%ﬁt ?dig%?srﬁipo %?g'lpﬁgptpaﬂg%}ggrﬂgnyl)- 30
naphthaleffegtyn-acsiesinitnchecid) is SoshCline triporasineffegtive amount or
16-FluorgAdd 4 lierppenzg ResuHany RoRHReAZRRA-SaRRRIY InBHnifid-NanbthadenzA-1b)- acetic
acid; [6-Fluoro-3-methyl-4-(4-phenYlmethanesul onﬁlfiPerazirﬁ)-1-c3rb?na/;g.3-naphgna(IFn-Z-yl]-
acetic acq@;tqmmed in & manner known in the art. Such dosage will be adjuste theingiviaual
{6-Fluoraehid@réhiono-beciz paekulfonydpeipeadimptiecarbofiy theweetiis haghthalen-2-yll- acetic
o RS RO RS RaRRe A B TarPBaKL s dhuel o e by wggllnion 2
16-Flforbeing i(@atkbrdr@s AL Sulfon §259 RS et PR 2R IBGH R MBIRYEIRM- IphtHA M5 1)- 10
acetic acjghighing approximately 70 Kg, a daily dosage of about 0.1 mg to about 5,000 mg, 1 mg to
{444-(2,4-Di Iuoro-benzeneju fonst EgiPerazirE-l-carbon 11-§-fluoro;[}3‘-r?etr%y na}phthalen-z-

|-
yll-aceticBRAH! 14200 Bh 251X on P DIPErREhREI LRI BB B B A SR VS h A& - 2-y ll-acetic

nap
acid; [4-(4nBenzenesutiaraddeip eragmiediceirboiye) Bityitiosrya etokg-adphtistders 29 9-gioeti 15acid;
{6-Fluoros444-(4-fluorg- =PI ine-1-car, Srdethvaapbthalan2-ydkRarlig acid;
[6-FIuoro?g?%é{ﬁéi@[ﬁﬁ(;ﬁ%%izégﬁai g%%%@ﬁ@ﬁ%@l@ﬁaphﬁglen-BZ-yl]-acetic acid,
{6-Fljorotu@io2-fluoro-pheny1)-Piperazine-1-carbony11-3-methyl-naphthalen-2-y11-acetic 20 acid;
[6-Fluoro-3-methy1-4-(4-phenyl-piPerazine-1-carbonyl)-naphthalen-2-y1]-acetic acid;
[6-Fluoro-3-methy1-4-(4-pyrimidin-2-yl-pipelazine-1;catbonyl)-naphthalen-2-yll-acetic acid;
(6 Fluoro Gt PR EVATTEELS AR5y D Re o s SoEhr L et
oro-3-metbyipdtide Sttifhraroacthiibara mplstptiperazinditg aovemyl Idirgshsieiencgigl 1- 25 acetic
acid; {6-FILorR-A44:ds RS PUPSRARE s fpomd dnddansitly he %'F}éh%ygréceﬁc
acid; {GF%%@Q%[%%%E%E%%%%& %—%pﬁrazinéi_-l-carlbonyll-sc-inir@thyl-n%?ﬁma en-2-yll-acetic
acidgq,v@tgmm@@i@m@@ﬁqug@@y}/@@@mmq@ with pharmagceutical administration. Except

insofar as any conventional media or agent is incompatible with the active compound, use

thereof in the compositions of the invention is contemplated. Supplementary active

compounds can also be incorporated into the compositions.

25 Useful pharmaceutical carriers for the preparation of the compositions hereof, can be solids,
liquids or gases; thus, the compositions can take the form of tablets, pills, capsules,
suppositories, powders, enterically coated or other protected formulations (e.g. binding on
ion-exchange resins or packaging in lipid-protein vesicles), sustained release formulations,
solutions, suspensions, elixirs, aerosols, and the like. The carrier can be selected from the

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



{444-(2-Ethyl-pheny1l)-PiPerazine-1-carbony1]-6-fluoro-3-methyl-naphthalen-2-y1}-acetic acid;
(444-(3,5-Bis-trifluoromethyl-pheny1)-piperazine-1-carbonylj-6-fluoro-3-methyl-naphthalen- 2-*-acetic
acid; 5 {6-Fluoro-4-[4-(4-methoxy-phenyl)-piperazine-1-carbonyl]-3-methyl- -2111-acetic
acid; {414-(%%—%’%?&%?&%%enyl)-pipe_razine-l-carbonyl]-6-f|u010-3-meth3§%g%ﬁ{;g2@f%%ylI-acetic acid;
{444--(3,5-Dimethoxy-pheny1)-piperazine-1-carbonyll-6-fluoro-3-methyl-naphthalen-2-yll- 10 acetic
acid; {6-Fluoro-3-methy1-444-(2-trifluoromethyl-phény1)-Piperazine-1-carbonyll-naphthalen-2-yll-
acetic acid; [6-Fluoro-3-methy1-4-(4-p-tolyl-piperazine-1 -carbonyl)-naphthalen-2-ylpacetic acid;
{4-[4-(3,5-Dichloro-phenyl)-piperazine-1-carbony11-6-fluoro-3-methyl-naphthalen-2-y1}-acetic 15acid;
{444-(4-Ghlermhrro)pinsrazine skxarkosy Hre-thoike3 ety battyh thalem - yikkacsticaacid;

{6-Fluoro-3-methy1-444-(4-trif thyl-Pherwl)-pipelazine:1 - B -2-y11- aceti
i 20 PR RN GRTEA AB e BB A ot acic
{444-(3-GbisiorphEnybxpippladiornlietebe iylilteenres Banethsiaiphasanense igtiRetic acid;
{6-Fluoro et B b aEamEA IS rh BiRssReRRetosy bRdbRRpRia e 25

yll-acetic acid; _ , , on ster]

(44453, BroNeAiRRESJRATALEND) ERTHRE A2 ISR Y HOB RS Se 3 4R R PR SRS Si1- acetic
acid; {444 (¥ arerairryili-aiprsarits ircirbo Byt Ho dhlinloss; teithylunapb! trlers€-flcacetic acid,
WO 2010/055006PCT/EP2009/064816. -20 - . ,
4-(3-CarSWWeW&-%ﬁui%ch%pﬁhgﬁé%qiq}? n)%s-ﬁ%}esr%ﬁ%? :83%%% Fg Eggt(?’tg}){-ct%%jll ester,
[6-Fluorawbibatecthtn esdtonyiHripdeidihien sy ik Poisareh-RoR Wesscsy Gdigvater, ethanol,
[4'(1'Ethgﬁ'&%fﬁﬁé(l'ﬂ@%&q}{gﬁ'&?ﬁw}fﬁfﬁB@@]B&%@@%%@v&&@%ﬂEr?é?iﬁééegtical additives
{6-Fluoro-4-0-(propane-2-sulfony1)-piperidin-4-yloxyl-naphthalen-241-acetic a {d' diustin
[4-(1LCy QBpRGSPIESEREHYEsi seaRIli< A9 AI8NS NEEI A RSITHS 0&9?%%&% 5,695 2diusting
[4-(1-Cycienintapesslicsiuiiparisin- thylike) Ssftstd cophaPhticaldivdl ydtiesetic o,
[4-(1-Benzenesulfonyl-pjperidin-4-yloxy)-6-fluares len-2-A- i iel; :
(6-Fluor O T 16 Lo R R B Ch i Aot saene B G Mertn, Sued
16-Fluorsempeitifive eilhémaoneyenariaipenicieatyR RCHapph e rereaetid;
{6-F'u0f%g%}a@}xﬂmeg%@ﬂfgemevi@@_@gi{bwwm%aweaoga@wm@Q@Er
[6-Fluoro-4-(1-phenylmethanesulfonyl-piPeridin-4-yloxy)-naphthalen-2-yl]-acetic acid;
[4-(LLACEWNHERIAMS f0%yRBHIBBN0-naPhthalen-2-ylkacetic acid;
[6-Fluoro-4-(1-propionyl-piperidin-4-yloxy)-naphthalen-2-y11-acetic acid; 15
[6-Fluoro:4-(1-isobutyryl-piperidin-4- - len-241- ' idl

01Oy B T s SRS A P R amour of any one of the
[4-(1-Cyctopemandsaf sy yspéedin: £ prirgInetimiorh ampHt g cempRuEs Rl fijyinvention o
[4-(1-Benzoypipgridinednylaxyefidhio naPashal el lisasgtimatided via any of the usual
{6-Fluoro-441-(2-fluoro-benzoyl)-PiPeridin-4-ylox FL—}gaF{htrilalen-Z- ll-acetic aci ;ezgom ounds
{6-Ffbroaq EYSSHRRS. B 08T FRREHE S §Tond LSRN S5 ST ARghe ke comP

{6-Fluoroet-¢bridhimosemzidy ) kel mmmmw;&dwlahzaﬁﬂ]mamwaa@ﬁ@d@iidguaﬂy,
0-Fluorost Gspefy RoypRRld Y R e ZALaeEiBel) octaly (o by

[4-(1-Eth3ﬂ%ar amoyl*pipéridin-4-yloxy)-6-fluoro-naphthalen-21li-acetic acid; ,
{6-Fluorosappasitaities cphasyirashAraosaspiphritara4 Sibxglasipparalion) of Dy ddeaeingde .
ARG B i il i v oty ot
-Fluoro-4-[1-(4-fluorg-phenylcarbamoy1)-Piperidin-4-yloxyl-na alen-2-yll- C ;
[6-Fl%ro%@%ﬁlﬂﬁ‘éﬂm&%éﬁ@%ﬁ%ﬁéﬂw?f-W%}jgﬁ%cgﬁﬁagférr@f-%&a%%ﬁ%e:@%%avr\?ﬁ!any
pharmaceutitially acteptahesal toiegtedtsertefahy @105 STEEIP O FER IO 09Y0BARI®)-0aN- [In a
ore Spegll BURIALIGH! AREPETRERLULAY PBATBH A EOBRAPF LB birelagied from

the group consistin . , o
4-(4-BenAsrRanmngtigiseriazine foraash oy asieo mAsIsssHiap PRI S IEATPLRRNRE acid
(444-(3,4-Lilkarphszenssutamslidpiparaaiseaticgarbonyl]-6-fluoro-3-methyl-naphthalen-2-

30



5 yl}-acetic acid
{6-Fluoro-4-[4-(3-fluoro-benzenesulfonyl)-piperazine-1-carbony1]-3-methyl-naphthalen-2-y1}- acetic
acid {444-(Z‘NIAf-DifIMg{{gﬂ-&enzenesuIfonyl)-PiPerazine-1-carbonyl]-6-f|uorg-ci’fmmjﬁg@qpthalen-z-
yl}-acetic a(:lg )
[4-(4-Benzenesulfonyl-piperazine-1-carbony1)-6-trifluoromethyl-naphthalen-2-y11-acetic acid
[6-Fluoro-3-methyl-4-(4-pyridin-2-yl-piPerazine-1-crbony1)-naphthalen-211]-acetic acid
[4-(1-Benzenesulfonyl-piperidin4-yloxy)-6-fluoro-naPhthalen-2-yl)-acetic acid
{6-Fluoro-4-[1-(4-fluoro-benzenesulfonyl)-piperidin-4-yloxy]-naPhthalen-2-y1}-acetic acid
[6-FluorerdsélapheeybrastranesitenyteRiRertdithd odoxyjunal bfifakem+211]-acetic acid 15
[6-Fluoro-4-(1-phenylacetyl-piperidin-4-yloxy)-naphthalen-2-ylkacetic acid
{6-Fluoro-441-3-fluoro-phenylcarbamoy1)-piperidin-4-yloni-naphthalen-2-y1}-acetic acid
[6-Fluoro-4-(1-phenethylcarbarnoyl-piperidi 2

SYNTHESIS OF COMPOUNDS ACCOR 1
formula | and Z can be prepared accord; gmes, ifystrated below. Unless otherwise
indicated, the variables such as X, Qf R1, RZ, R3dnd R4Rwith respect to synthesizing the compounds
of formula | are defined in the same manner as defined previously for the genus of formula I. Likewise,
unless otherwise indicated, the 25 variables such a5y, R25R3, and R4 with respect to synthesizing
the compounds of formula Z are defined in the same rganner as defined previously for the genus of
formula Z. The compounds of the present invention m epared by any conventional means
and suitable processes for synthesizing specific coimpounds are additionally provided in the examples.
30Scheme 1 XVIXVIIHa The key intermediates of formula lla can be prepared according to Scheme
1. In this prgcessnibeRiehRecoRrgaiiaiondatvesribepasatswhstduied benzaldehydes IV and
dimethyl succinate (V) gives the unsaturated acids VI, which subsequently undergo 5 cyclization in the
presehce of sodium acetate (VIl) and acetic anhydride (V1) to produce the naphthalene derivatives IX.
The acetatRsdaadeihe¢tnvetiteaihelcotrisspdding Kydrdkyl analogues X by a deacetylation
reaction. A nucleophilic substitution reaction of the hydroxyl compounds X with benzyl bromide (XI),
followed by reduction of the resulting products with lithium aluminum hydride (XII) affords the alcohols
XIlI. The Ridstssliectald AamDerasnworoBrsiN®IRe chlorides XVI by treatment with carbon
tetrachloride (Xbé)) ﬁpgrg&hgnylphosphine (XIV). Conversion of the chlorides XVI to the methyl esters
XVII can be accomplished by a palladium catalyzed carbonylation reaction in methanol.
HydidhenolysisBt BRE ethers XVII affords the intermediates lla. WO

2010/055006 PGy R20aspestd6aBBsubsthadistystieproutiined in Scheme 1, the unsaturated acids VI
can be prepar%iyogv QPQQS{E%gﬂ@&%}"&‘?ﬁ@ﬁﬂﬁe‘i‘%?ﬂ&&iwted benzaldehydes IV gnd dimethyl
succinate (V). reaction can be carried out in the presence of a base such as sodium methoxide, 5
lithium methoxide} eustatwstiRmskia_d sodium hydride or potassium tert-butoxide, in an organic
solvent such asimefhapol, tert-butanol, toluene, or mixtures thereof, at a temperature between room
temperature and 90 C for several hours (reference: Dian, Y. L. at al., Tetrahedron Lett., 32 (1991)
52551).5 10 Cyclization of the unsaturated acids Vito generate the naphthalene derivatives IX can be
achieved RYitregtmertaitivevansidyirated acids VI with sodium acetate (VII) and acetic anhydride (VIII)
at a temperature between room temperature and 140 C for 0.5 to 12 hours (references: Boger, D. L.
etal., J. Org. Chem. 61 (1996) 4894-4912; Kim, M. etal., J. Org. Chem. 69 (2004) 6945-6948). 15 The
acetates X iapairctshierahe S IRBRERRSEERM g hydroxyl compounds X in the presence of a base

such as sodiumeaiRexidle:PREAFSIUApirIHoKidRe pitasshIpheayh @yaténgr sodiumidicgrisonate, in a

solvent such as methanol, water, or mixtures thereof, at a te r ature and
50C Al 10 minBLBAN I H*ﬁ%g]%ct'r‘gfé’?e”ﬂ%‘ée: %R??f%%ﬁﬁ%%ﬁé&cﬁ%eém& i3 ggé%@)&?g
6945-6948). TregtmpnicobinbydrokyhemppouRiioxavrikparianabnsides iiiedidrdears )
corresponding hepzyl.athers, Fhe spRctiaRkaR PeycAIHRY S a fegapresence of a base such as
potassium carbonate, or cesium carbonate, in a solvent such as acetone, acetonitrile, or NIV- 25
dimethylformamifielawarelperaiRewb@iten room temperature and 60 C for several hours.
Reduction of the above benzyl ethers with lithium aluminum hydride (XII) affords the alcohols XlII. The
reaction can be carried out in an inert solvent such as tetrahydrofuran, WO
2010/055006PCT/EP2009/064816 - 24 - diethyl ether, toluene or mixtures thereof, at a temperature
between room temperature and 80 C for several hours (reference: Chan W. K. et al., J. Med. Chem.
39 (1996) 3756-3768). The chlorides XVI can be prepared by treatment of the alcohols XIII with carbon
5 tetrachloride (XV) and triphenylphosphine (XIV) in an inert organic solvent such as toluene,
acetonitrile, dichloromethane, N,N-dimethylformamide, or tetrahydrofuran, at a temperature between 0
C and 120 C for several hours (reference: Kozhinov, D. V. et aL, J. Org. Chem, 69 (2004) 1378-1379).
10 Conversion of the chlorides XVI to the methyl esters XVII can be accomplished by a palladium

catalyzed carbonylation reaction under an atmospheric pressure of carbon monoxide in methanol. The
reactinn can he carried Nniit in the nrecence nf 2 nalladinim catalviet cr1ich ac



20 Hydrogenolysis of benzyl ethers XVII affords the intermediates lla. The reaction can be carried out
in the presence of 10% palladium on carbon under an atmospheric pressure of hydrogen, in an

organic solvent such as ethyl acetate, methanol, or ethanol, at room tengp%?} &]5% geral hours.
WO 2010/0580088E T EP2009/064816 - 25 - Scheme 2 1) (CF3C0)2 % 3) 4)  5)NaBH4

)0a6) 7) 8) 0 XVIII 0 OH SOW L

(c) S(O)-R*, C(O)-R*, or C(O)-N(H)-R* wherein R* is selected from the group
consisting of:
(1) iower alkyt optionally substituted by fluoro,
(2) lower cycioalkyi,
5 (3) phenyl optionally substituted by: (i) halogen or (i} lower alkyl optionally
substituted by fluoro,
(4) benzyl or phenylethyl, and
(5) pyridinyl.

10 Unless indicated otherwise, the genus of formula | and any subgenera thereof encompass
all possible stereoisomers (i.e., (R)-enantiomers, (S}-enantiomers, diastereomers) as well

as racemic and scalemic mixtures thereof.

15 In one embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein Xis O and Q is C(H) as shown

below in formula 1A {a subgenus of formula 1}

20
wherein R'-R® are defined as in formula 1.



_1) Ac20, _AcONa VIl Vil OH IV XIX 2) base XXII  XXHIXXIV XXVIlb The key
intermediates of formula Ilb can be prepared according to Scheme 2. In this 5 process, the Stobbe

condensation between the para-substituted benzaldehydes 1V and dime - -succinate (XVIII
affords the Jh2&LARSE 4cids XIX. Cyclization of the @8}&%@7&&9& ( :

-10 -

in another embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein X is C(O) and Qis N as shown
below in formula IB (a subgenus of formula I):

OH

wherein R'-R? are defined as in formula [

In another embodiment, the present invention is directed {o the compounds of formula | or
10 pharmaceutically acceptable salts or esters thereof wherein R'is hydrogen.

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

15 In another embodiment, the present invention is directed to the compounds of formula 1 or

pharmaceutically acceptabie salts or esters thereof 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 methoxy.

20
In another embodiment, the present invention is directed to the compounds of formula 1 or

pharmaceutically acceptable salts or esters thereof wherein R' is methylsulfonyl.



unsaturated acids XIX using trifluoroacetic anhydride (XX) followed by reduction with sodium
borohydride (XXI) affords the naphthalen-1-ol derivatives XXII. Alternatively, the naphthalen-1-ol
derivatives XXIl can be obtained by treatment with sodium acetate (VII) 10 and acetic anhydride (VI1II)
followed by RBE S rement of compounds YJUI with benzyl WO PCTEF2009/064516
2010/055006PCT/EP2009/064816 -26 - bromide (XI), followed by reduction with lithium aluminum
hydride (XI1) affords the alcohols XXIII. The alcohol$ XXIII are then converted to the corresponding
chlorides XXIV by treatment with triphenylphosphine (XIV) and carbon tetrachloride (XV). The
chlorides XXIV can be converted to the methyl esters )00/ by a palladium catalyzed carbonylation

reaction f, igmieEanebJdrdEngane st the sneshyb esiessd 0/ taslosdsohimiyemetiale k. In the
first step outlined in Scheme 2, the unsaturated acjds )%i( gIfﬁf%}lgbeéqrepared by a condensation between
- I

the paraRARSEIRGERHTAN ANPGRS RE HRIRsHR P UcRin& & @1N). The reaction can be

carried out in the presence of a base such as 10 sodium methoxide, lithium methoxide, sodium

ter-butoyids, sadlup Byt of RSN AIHRHGX R0 SRR PR RE elpanol,
0) thereo

tert-butanoﬁI uene, or mixtures , at a temperature betweepn room temperature and 90 C for
sevefal Hiasn@efsisRiyRqcenablasplte Ry estars Angreobyvaseindsois: IBFeeRt, J. L. et at., J. Org.
Chem. 58 (1993) 7906-7912). 15 The naphthalen-1-ol derivatives XXIl can be prepared by a

cyclization reaction of the intermediates XIX followed by reduction. Cyclization _of the unsaturated acids
XIX can %%W@WW%&H?\HWW%YSQ%%?iésa%rﬁ?%f&O (&%)aélﬁ‘(&) ?Hgaﬁsy?étr?%ﬂ%%a‘aérinert
organic Ssiwentseaticadtetrabytdidéusaits or dithisrbrretiaviertinddstarapetature. The 20 subsequent

reduction with sodium borohydride (XXI) can be carried out in an alcoholic solvent such as methanol at
a temperature between 0 C and room temperature (reference: Fuganti, C. etal., J Chem. Res. (S)

19980636 6BOShateTRar/EgN this BRI EHADBPRATITHAGERS JOdie SATBRIFESPE I A iner
analogo%%ﬁﬁgég@dggﬁy%g@gmei@aﬁgk@@géﬁs%@gﬁtmﬁeeégthghgmmted acids XIX can be
achieved by treatment with sodium acetate (VII) and acetic anhydride (VIII) at a temperature between
room temperature and 140 C for 0.5 to 12 hours. The resulting acetates can be converted to the
correspotrdingtherenycaiaogube Xxétdy reantientaviteatdhietbaciras eotiam! iastHariter
potassium, tert- i J i 1o j S
methanofﬁaﬁt@%‘%&%ﬁ%@reo %%E%ogvﬂégt%lﬁ%ﬁ%%?spﬁﬁ?;?%%% %%%aﬁzu%%?nﬂbpéerature
betwiden eodMicifefaRie and 80 C for 10 minutes to several hours (references: Boger, D. L. etal., J.
Org. Chem. 61 (1996) 4894-4912; Kim, M. et al., J. Org. Chem. 69 (2004) 6945-6948). 5 Treatment of
the hydroxyl compounds XXII with benzyi bromide (XI) affords the correspondin rs. The
reaction ¢AFHE rﬁgg% mﬁ'}\{:é]ﬁrgrsee%gg of Sr%‘gée'%%qéﬁcgesaé8$§§s?3?rﬁ€:%¥§%%%ﬁe§wié§é:§m
carbonatghianasmvéinsiiustcastabletsnts acesiaigilbewoRvarEeiyForneaisbatiwiedhiidature
between oM temperaliurs and 60 C for several hours. 10 Reduction of the ester moieties in the
above benzyl ethers with lithium aluminum hydride (XI1) affords the alcohols XXIII. The reaction can be
carriéd out in an inert solvent such as tetrahydrofuran, diethyl ether, toiuene or mixtures thereof, at a
temperatye; ReIME RIS AR esrn thBeEdio sséives @ dioutts: ddmreundaatidarofutihd afcohols

XXIII with carbon tetrac Ioride%‘ézvg in the presence of triphenvlphgsphi II L@gdc&g' d outin
an inert oPg'Qﬁ?Ea&‘S écfﬂigf(ﬁ% s?g ?a%%/l}g rofuergétr?,rsace Eeréﬁl éﬁ,e %me%e@rg}%%n\%gt yﬁormam?fe, or
dichloronmethveine vettettioyenatting.between 0 C and 120 C for several hours (reference: Kozhinov, D.

V. etal, 20 J. Org. Chem. 69 (2004) 1378-1379). Conversion of the chlorides XXIV to the methyl
esters XXV can be accomplished by a palladium catalyzed carbonglation reaction ynder.an

atmokbheRE@PARRTPEBPEAREBH FBREXIIBIIAHTONRINGITTREIGEALHAR CURRL A& RILCOTHIR oL
presencega-Radiadicanaceaiaist i as disftapheryibhbsmiing]dichheropaliastini¢d)once
(Pd(PPh3 ZC%&Z%’B Iladiﬁjmgfll) acetate (Pd(OAc)2), tetrakis(triphenylphosphine)paliadium(0)

(Pd(PPh ﬁf‘,” |§%ﬁ|@3 z?/ ?ﬁeneacetone)dipalladium(O) (Pd2(dba)3), in the presence or absence of a
phosphine ligand such as tricyclohexylphosphine or triphenylphosphine at a temperature between

room temperauie ARt AONmIN %9@%\/%&&% RwarRiRlarsideisrercasdisainas rigul 1 eral., J.
Org. Chem. 69 (2004) 1378-137%1 ®) 2010/055006PCT/EP200%@Q6§%]§6 -38- Hé{jroaﬁr%%!ysis of
benzif etthEaTREGL AifHsArRER RN s R5 SRICTHESERlIPEER Be BN R M ShIRed in the
presence of 10% palladium on carbon under an atmospheric pressure of hydrogen, in an organic
solvent such as ethyl acetate, methanol,



5 or ethanol, at room temperature for several hours. Scheme 3 10 Alternatively, the hydroxyl
intermediates llb can be prepared according to Scheme 3. In this process, the Stobbe condensation
reaction between the benzaldehydes IV and dimethyl 2- methyl-succinate (XVIII) followed by
hydrolysis O EWsaturated diacids XXVI. Cyclization of the unsatgra?f/e% 1 fgé?gzlsg%xw followed
by reduction affords compounds XXIX. Treatment of compounds XXIX with carbon tetrachloride (XV)
and triphenylphosphine (XIV) 15 affords the corresgonding chlorides XXX. The chlorides X)CX can be
converted to the methyl esters Ilb by a palladium catalyzed carbonylation reaction. In this process,
the Stobbe condensation can be carried out in the presence of a base such as sodium hydride, in an
organic %Oé\é%ﬁtcﬂﬁﬂ e HHERDEHR (AR QBRI EosSAMErcsda beks i ermsalraied diacids
XXVI can be formed by treatment of the products of WO 2010/055006PCT/EP2009/064816 - 29 -
condensge#emith AiE Us inorganic base such as sodium hydroxide, in an organic solvent such
as toluene, at a temperature between room temperature and 10000 for several hours. 5 Cyclization of
the diacids XXVI can be achieved by treatment of the diacidsyith trifluoromethanesulfonic acid

2 ionef the carboxyl moieties in the intermediates
e alcofols XXIX. The reaction can be carried out in
an inert organic 10 solvent such as'tetrahyd T, Oh h;ﬁ)ether, toluene or mixtures thereof, at a
temperature between room temperature and 80 C for several hours. The reaction of the alcohols XXIX
with carbon tetrachloride (XV) in the presence oK hosphine (XIV) can be carried out in an
inert organic solvent such as 15 tetrahydrofuran, acgtonitrije, toluﬁene, N,N-dimethylformamide, or
dichloromethane, at a temperature between 0C and<.20CMor sexgral.hours.  Conversion of the
chlorides XXX to the intermediates lib can be accomplished by
analogous to the one described in Scheme 1 for the 20 prepa
4 OHOH XXVIIIXXIlIb 25 Alternatively, intermegiates lib may beprepared according to Scheme 4
starting from the 4-hydroxy-naphthalene carboxylic acid compounds XXVIII (prepared as described
above in WO 2010/055006PCT/EP2009/064816 - 30 - Scheme 3). Esterification of XXVIII forms the
naphthalene carboxylic acid, mgthv RSterR Xl RreMdQisydessibeginagheme 2. Conversion of
)(XII to intermediates Ilb can occur using the methods described in Scheme 2. Intermediates XXVIII
can be readily converted to the 4-hydroxy-naphthalene carboxylic 5 acid methyl ester intermediates
)OCII in thepresengreifia ealeddioemabaipoésandentrdied sulfudtesdid thademmxerts @f methanol at
temperatyres between room te rature an f E%ag iV sterification
reaction f%% aéaorrri%%agG? Ty H::'C%ﬁ és(‘ég% eag“gtlgﬁ%lsy%%:%%ri ei%r?gg gr\{‘@giée@?og mxberi%gfol at
tempratarstijotebehties £paatiBn foe sbeaidrReUMNChIRIS HHEE ofMGHY XHIIPIRE led can be
transformed;inte, 10 intermediates lib using the process described above in Scheme 2. Scheme 5 15
The key intermediates Ill can be prepared according to Scheme 5. In this process, treatment of the
hydroxyl compounds Il [which encompasses the above compounds Ha (R2 = hydrogen) and 1W (R2 =
methyl)] withrefhepremissbmmesufon ressmydricen ¢ Yiadcstthineriftares 00X 10f femoklatethen
converted to the carboxylic acids (Il lladi nylatign r TeTrN ydroxyl
R e e SN SR e R
anhylrided COBXIpsToos sscierrben b Enawituchinm thotsresaiud siveseelidnassheie,
triethylamine, N,N-diisopropylethylamine, 2,6-dimethylpyridine, 4-dimethylaminopyridine,
2,4,6-trimethylpyridine, or potassium carbaonate, in a suitabl solvent such s%i hloromethane,
chloroforrf &nggﬁﬁﬁm@g'ﬁ%’fe%%@@m BYRDNER 'S é\'f 0%5%1??/ BB@BW%D 585%%%@% -31-

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

3 and 5 positions on the pheny! ring with chioro, fluoro, methyl, trifluoromethyl, or methoxy.

20
In another embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R®is
-8(0),-R* and R* is lower cycloalkyl or lower alkyl optionally substituted by halogen.



78 C and room temperature for 30 minutes to several hours (reference: Chan W. K. et al., J. Med.
Chem. 39 (1996) 3756-3768). Conversion of the triflates XXXIlI to the acids Ill can be accomplished by
a palladium catalyzed carbonylation reaction under carbon monoxide (15- i) i ixture of water
5and an or&é%?@ﬁ'él]%ﬁf such as N,N-dimethylformamide, or dimethyl S% o%%é.auf%?rgelgction can be
carried out in the presence of a palladium catalyst such as palladium(ll) acetate (Pd(OAc)2), in the
presence or absence of a phosphine ligand such-ds 1,3- diphenylphosphinopropane, or
1,1'-bis(diphenylphosphino)ferrocene, and a base such as tnethyla mine, or potassium carbonate at a
temperature between room temperature and 10 65 C for several hours (references: Chen L. et al.,
Bioorg. Med. Chem. Lett. 12 (2002) 137-140; Cai C. et al., Tetrahedron 61 (2005) 6836-6838).
Scheme 6 0 rTho \O HNN-c(I \--/0 or 0 H-NN KF]PO X>§XIV. WQ Zthlq OSgOOGg&EéE£2009/064816
-32 - ThBMBER RBEHIG BRI BERS i R e ERh BB Pl S S g XS EEheme 6. n this process,
treatmenbahthe lagigs st atialyy cotamdeote thicngt ebleridieof aeneeic by (ERoRdasavioCil.
The reactjons of th b lori L Wi i amides XXXV. The
protecte%a%i@gg@%ygﬁ ég%ﬂ é%gr?\g‘)ae%[%%?iéou %%&éaégﬁi.%gﬁmqa%nmﬁgﬁgm XVI under acidic
conditions. Sulfonylation of the amine salts XXXVI with the sulfonyl chlorides XXXVII, followed by a
hydrolysig, ieagtionsafiguisihe aqmpesadsidniorest afderautntiae toHmiinsssiefpohihas process,

conversion of the acids Il to the carbogé/l chlorides XXXII! 10 caq:{b%achieved by treatment of the
I

X
acids Il RARBRSEHIFALYAECEPIRRIR FRURIBHBR TS SUNRREE RbBence of N,N-dimethylformamide,
in an inerSoryart saRhisplemgisogiiitalgraetisiinde datrahgidasueiriowetdiighe, at a temperature
between room temperature and 110 C for several hours. 15 The reactions of the carbonyl chlorides
XXXIIT with the amines XXXIV generate the amides XXXV. The reactions can be carried qut in the

preskhcdropadizaeentsviaaric thyl AFFRIT FHRITHRN & drariestig IR FRIBDANE, Sh A S BARY inert
solvent syehias dichirpmebansoacrieniriesdrd wHinsananerdetrthigdrofuran and mixtures thereof, at

room temperature for several hoyrs. 20 The protected amides XXX converted to the
correspoﬁ%‘i%zﬁnﬁ’{@ﬁ@ )‘Z%@H %@éﬁ&iﬁr’é étgﬁiﬁﬁoannsg rﬁé{e‘:\égﬁ %ﬁ? be carried out in a solution

of hydrogen chloride in methanol or a solution of trifluoroacetic acid in dichloromethane at room

temberalyre g1 SeverALHES 2R SHIGRXEIOB ALINE BMUBR SR SIOKKVbbuS faghailoddes

XXXVII affords onamides XXXVIII. The reaction can be carrjed out in the presence of a base

suchlas treehylapsiiicalyrarrntable-sitearpaiRm I RaEE &% Htddle inert solvent such as

dichloromefesng: asgRniyilswds 4 diRsaeorataby dnaiuspticorpny ettt eyfhabgem 30
temperature for several hours. WO 2010/055006PCT/EP2009/064816

In a more specific embodiment, the present invention is directed to the compounds of
formuia | or phammaceutically acceptable salts or esters thereof wherein R®is -C(O)-R* and
20 R*is methyl, ethyl, propyl, isopropyl, cyclopropyl, cyclopentyl, or trifluoromethyl.

In another embodiment, the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R’ is
-C(0)-R* and R* is phenyl optionally substituted by halogen or lower alkyl.

In a more specific embodiment, the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R?is -C(O)-R* and
R* is phenyl optionally substituted once or twice by fluoro.



- 33 - Hydrolysis of the sulfonamides XXXVIII affords the compounds of interest of formula la. 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 5 1 ,4-dioxane or tetrahydrofuran
at room temg&é?b{f@sf%%everal hours. Scheme 7  10IlIXLIb The compo%%Hglgf)?ﬁf%@g&of formula Ib
can be prepared according to Scheme 7. Coupling of the acids Ill with the amines XXXIX, followed by
a hydrolysis reaction of the resulting esters XL, affotds the compounds of interest of formula Ib 15 The
amides XL can be prepared by coupling of the acids Il with the amines XXXIX. The reaction can be
carried out in the presence of bromo-tris-pyrrolidino phosphonium hexafluorophosphate (PyBrop) and

N.N-dilsgprapyicthulaRUBRERRNRY %ﬁé@%rﬁqm@%qg arctididimeiiadfapmanids; fkiean emperature

for several hours. 20 H?/drolyss of methyl ester moieties of tI'E%amides XL affords the compounds
of intere X BrTARSMECA Y AcEFRIAAIR RS PP ELER I B ER INTREPPrEsdhice of an aqueous inorganic base
such as litiopnNiwimekigel BOKUsWaYdyexidikybomotessilky! lmydmmdtie sntattined sphangsach as
1,4-dioxane or tetrahydrofuran at room temperature for several hours. 25 WO
2010/055006PCT/EP2009/064816 - 34 - Scheme 8 5 The compounds of interest of formula Ic, Id, he
and If cainzenmepspedifcenionsimensdhemesenhitvenirscesirepiehie fifcermesynrie st be converted

to the ethgrs XL by,a MMitsuBohislivaciontivsalysis abibe metlyk areremactiesaipaieihers XLI
affords the, compounds of interest of formula Ic. The protected an‘%ne F%r(?ttrjéjst I?\k')/(l_” ar?ncpnverted to
ke R

the correBpaRAiRg BMAEY eIV RERPYACRIEOAN LIRS AP RS WRE B MY EBA%E 10 to

generate the free amines. Reaction of the amines XLIII with the carbonyl chlorides XLIV, WO
2010/055006PCT/EP2009/064 -35 - fol - ' jop afferd nds of
interest SP ngr%% A %%?J%fér?y 3%%% %‘% eﬁa’r@{\@%égﬂ If!?v%%lgzb:ﬁ‘l%g%}?ghlorideéf?(a)l?\rﬁ?%]oﬁg\tjved by a
hydrblysiphemctios. ity schentabitperlitder Rinte rbreTTBIRHNIB TTeatment of the amines XLIII with
the isocyanaies MRk Jpliawad haaudiesis watienediaydsalbgerronnauadsiof interest 5 of formula
If. The intermediates lla can be converted to the ethers XLII by a Mitsunobu reaction with 4-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester (XL!). The reaction can be carried out in the
presencewhdiikykpacticanimgiate{ DEsADysdis opagidrazotieatbdxgltite (oD of
O e 82 BA RO RIeN ARSI RNOSBIES: 1Bk e, QA Aghyent such
as toluene, dichloromethane, tetrahydroturan, or acetonitrile, at a temperature between room
températi¥eaadR7 6 erdopirmabssebséidrs pora (MERRHTFE™. E. et al., Tetrahedron Lett. 43
(2002) 2157-2159). 15 The intermediates XLIl can be converted to the corresponding amine salts by

treatment under acidic conditions The reaction can be carried out in a.solution of hyd n chloride in
methanol’%F&%ﬁjﬁaﬁcgﬁﬁﬂmﬁé%k%giarﬁ?ﬁ HT&’%%&%?H%I?%%#?(%%%&%S&% lﬁ}rl%J%%ieveral hours.
20 The afoinesaltsraarabeacanticdsdatie phirespisding statinthecof| Wb teiaRn énpyitinag base. The
generation of the free amines can be carded out in an organic solvent such as dichloromethane or
ethyl acetate, by treatment with an aqueous solution of a base such as sodium hydroxide, sodium
carbdfatdn errot wEsiiatBhatimaNodin RRSSEEARITIOE REMEFSAdPINE SATRLNASIPWith the

carbony! ehfarigesoX b atiras: hepatsasatid/s ke reatsenicar dartrmedrols indbigipresence of a
base such as triethylamine, pyridine, or,4- dimethylaminopyridine, in a suitable inert selvent such as
dichloromBtR&MYE 'ﬁ%irﬂg,gf, ngatrqg,%%?gﬂ%%?ﬂqrg% grdrﬁ& her%aéotﬁqe?eggz{gtg trJ:i)ﬁcﬁ;gn\ét{r}emperature
for severabimuies! M 26 EIE5HR0GRCTHERIIOGSIE6HSaT e Boh S afonpRBIN T thiedmines XLII with
the sulfory{lﬁg’\( %qt?én LVI affords the corresponding sulfonamides. The reaction can be carried out in
the presence of a base such as triethylamine, pyridine, or 4-dimethylaminopyridine in a suitable inert
solvert such as dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at

room  in another independent embodiment, the present invention also relates to the compounds

of formula Z:



5 temperature for several hours. The ureas XLVIII can be formed by treatment of the amines. XLIII with
the isocyanates XLVII. The reaction can be carried out in an organic solvent such as dichloromethane,
acetonitrile or mixtures thereof, at room temperature for several hours. 10 Hydrolysis of the methyl
ester moieti®CAMNEHEMdes XLV, the sulfonamides and the ureas XLVIIESHSHRE tHEE hpounds of
interest of formula Id, le and If separately. The reaction can be carried out in the presence of an
aqueous inorganic base such as lithium hydroxide}sedium hydroxide, or potassium hydroxide in an
inert solvent such as 1,4-dioxane, or 15 tetrahydrofuran at room temperature for several hours.
Scheme 9 CO, Et LIl LIII LIV CO2tBu llb-1 The key intermediate Ilb-1 (which can be used as a
replacement for intermediate Il in scheme 5 to make the compgynds of formula 1ll) can be prepared as
’ senyl)=gCetic acid (XLIX) with oxalyl chloride
generates the corresponding acid chlorig S ich is ot isolated, but treated with the Wittig-type
& alleRré derivative LI. A conjugate addition reaction
of the allene with malonic acid tert-butyl ester ethyl ester produces the tri- WO
2010/055006PCT/EP2009/064816 -37 - estergieriva Wich upon hydrolysis and subsequent

decarboxylation generates the acid derivative LIll. Acgtie-anhydtidespromoted cyclization of LI
furnishes the naphthalene derivative LIV, which upon hydrotysis of'the acetyl group produces the key
intermediate IIbl. S 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 oxa lyl chloride and a catalytic amount of N,N-dimethylformamide (DMF), in an ether
solvent, at r rature. e in.sSi rated acid 10 chloride with a
base :~:ucafl"1nas8 ﬁ]f’ﬁg]ugﬁét%r%?ﬁgﬁi ar%%\egg Vl/i F%gzjgt%%fgeﬁ%%ﬁéﬁa%%%ﬁhe corresponding ketene,
which upon treatment with a Wittig type reagent such as L in an ether solvent at a temperature
between 319 LaprpdinsmthR allsns sisidvathgdd. The conjugate addition reaction between the allene
derivative LI an((:amal nic acid tert-butyl 15 ester ethyl ester to produce the tri-ester derivative LIl is
conducted in th b é)é‘?ﬂfé‘of a base such as potassium tert-butoxide, in a solvent such as
N,N-dimethy| a¢pjamistg=af room temperature. The ester hydrolysis of the two ethyl esters in LIl can be
accomplished ugj S ] t mple, the reaction can be conducted using
el S Rl ey

an aqueous ba m hydroxi resence of a solvent such as ethanol, at room

temperature ovéthignerFHOsYoeEa 0N BldesiihibxsRYiBHYEaction can then be carried out by heating
the sgjution of the resuliedakihat eeldux for several hours, to produce LIII. 25 The cyclization of the
unsaturated aciaqderivative LIII to the naphthalene LIV is accomplished as previously described
(similar to Sche &%‘??h the presence of acetic anhydride and potassium acetate or sodium acetate,
at a temperature of about 85 C, for several hours. WO 20101055006PCT/EP2009/064816 - 38 - The

acetate dﬁdyggygrkégﬁtbg%%q%q%egl%hydrolysis, upon treatment with a base such as sodium
methoxide, in a’solVent such as méthanol, at room temperature, to produce the desired key

intermediate IIb-1. 5SEXAMPLES MATERIALS AND INSTRUMENTATION
15 R%is S(0)-R* wherein R is selected from the group consisting of:

(a) pheny! or benzyl, wherein said phenyl or benzyl is optionally substituted by one
or more substituents of: (1) halogen or (2) lower alkyt optionally substituted by fluoro;
and
(b) lower alkyl optionally substituted by fluoro.
20
Unless indicated atherwise, the genus of formula Z and any subgenera thereof encompass
all possible sterecisomers (i.e., (R)-enantiomers, (S)-enantiomers, diastereomers) as well

as racemic and scalemic mixtures thereof.



Intermediates and final compounds were purified by either flash chromatography and/or preparative
HPLC (high performance liquid chromatography). Flash chromatography was 10 performed using (1)
the Biotage SPIT" system and the Quad 12/25 Cartridge module from Bi the ISCO
CombiFlash‘@?gﬂ}%gﬁ%ﬂ%ﬁgraphy instrument (from Teledyne [so, Inc.); unlggélg gﬁ?eﬁ?\%\//%‘e&%%)ted. The
silica gel brand and pore size utilized were: (1) KPSILTM 60 A, particle size: 40-60 micron (from
Biotage AB); (2) Silica Gel CAS registry No: 63231067-4, particle size: 47-60 micron; or (3) ZCX from
Qingdao Haiyang Chemical Co., Ltd, 1_5 pore size: 200-300 mesh or 300-400 mesh. Preparative
HPLC was performed on a reversed phase column using an XbridgeTM Prep Cig (5 um, OBDTM 30 x

100 mmyr@IHPRRHGRSMAR B LN iMnathads Wil dluepdaed sing BBEIMpAEhAs100 mm)

column (from Waters Corporation). 20 Mass spectrorﬂgrt{%/ ég'\{% was performed u i&g aters(r)
. Mass

|
Alliance @ BBl & A0 RoRT TR LB LT BBIRR SacHS Lécg}ac Yeneraly 'oﬁ;y indicates the
parent iafisnyplesasosh enwis datedalbtSadtag asigkovidedtiar ap paigie @kl eihBdisgsasteompound
where indicated. | fIEI00 ASCeRY(NIMR) AR RedosmeAsings Bruker
Avance 288a M%Zg g%ngg%gp%%%ﬁgmeter%?ﬁg%MR spectrum écquired at%fioo MHz) (from
Brukér B#s&piv®). NMR data is provided for a particular intermediate or compound where indicated.

WO 2010/055006PCT/EP2009/064816 - 39 - The microwave assisted reactions were carried out in a

Biotage InitiatorTM Sixty (from Biotage AB). .. All reactions invaolving air-sensiti were
performdd ARBETRPHER tmss?{ﬁé?g.?é"lfé‘?é%@d?s \}\ig?léerésst% %gsc%% c|)\’/“}en§ réﬁ%gérﬁ%?‘efr%il suppliers
unless offtenmiseuiedyRARTBIRRERABAEION DErRREFERREDISNTERIEDIATES Preparation of
(6-fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester 100H 2-(4-Fluoro-benzylidene)-succinic
acid 1-methyl ester H 0 To a refluxing mixture of potassium tert-butoxide (27 g, %42 mgl) and
tert-bUtato BB RN hRiaeRie g B@ﬁﬂﬁh‘rﬁfeﬂf%%gﬂéﬁﬂ&@ﬁ%é??ﬁ’@?ﬂ%ﬁ%H{Wnl?n% imethyl
15 succiW&?&&twﬁmg@tﬁt@@mb@%mw WrepsiisR. Affardseing stirred at reflux for 3
hours, the mixture was concentrated in vacuo to remove tert-butanol. The residue was dissolved in 1 N
hydrochloric acid (180 mL). The resulting aqueous solution was extracted with ethyl acetate (100 mL x
3). The chmabicibe rceghoitinaersheqre stiddrovstisodiufiesitate, thraempartdsopidentidd BT vacua
The resi i) (ShAi it Urrihyl acetate in petroleum
ether) tod%#%o}?@%gﬁ#ﬁo%ﬁ%%%ﬁg%&%gfggﬁ?g@%e%fmemﬁgﬁfg% 66%) as a light yellow
solid.51H NMR (400 MHz, CD30D) 5 ppm 7.84 (s, 1 H), 7.41 - 7.46 (m, 2 H), 7.13 - 7.20 (m, 2 H), 3.81

(s, 3 H), $AhGher Ehb¥ih3hLHRE5eeeRGHERBAOMEttdd to40e-compounds of formula Z or
4-Acetoxy-6-fluorO-paphthalene-2-carhoxYlic acid.methyl ester. 0T jrred solution of
2-(4-f|uor?)bﬁ'é'ﬂ?ﬁﬁaaﬁgsyﬁféjﬁﬂ% &igf -Sn%%syééss%?? g‘,’%ﬁ% I‘%}mF%B?SI%g{j:%@C anhydride (10 mL) was
added sodium acetate (0.839, 10.1 mmol). After being 5 heated at reflux for 6 hours, the mixture was

concentrated invacuo, The residue was.dissoed ins v dprdroshinsiecsich (89 JorfhelamgrouS

solution was extracted with ethyl acetate (15 mL x 3). The combin‘%g_oiﬁanic layers were dried over
sodidfh sBlfaEameicR! LA eRRRRED Ih e PRI TSR RNAS D IIHEY by column

chromatography (gradient elution with 10-20% ethyl acetate in petroleum ether) to afford

4-acetoxy-6-flugro- 10 naphthalene-2-carboxylic ACi 0 ' id. 1H
N e v e R T S i
J = 9.85, grEdhizeltidhlly 3T aplable sa89 02 s3enz et favograin RHF RBoYs, 3 H).

6-Fluoro-4-hydroxy-naPhthalene-2-carboxYlic acid methyl ester 0 150N To a solution of

4-acetoxy-6-fluoro-naphthalene-2-carboxylic acid_me,thé/,l ester {1 t% 3.8 mmonl)din tﬁ_}a 8%%9 mL)
was atided 36ai{1RT ATERREYTED (A0S RIGSST MHAEIPWREIBRIRG © e compouns of ormi

pharmaceutically acceptable salts or esters thereof wherein R® is benzyl.

In one embodiment, the present invention is directed to the compounds of formula |, or a
pharmaceutically acceptable salt or esier thereof, wherein:
30 Xis O and Qis C{H): or alternatively, X is C{O) and Q is N;



stirred at room temperature for 1 hour, the reaction mixture was acidified to pH 3 with 1N hydrochloric
acid. The resulting precipitate was collected by filtration and dissolved in ethyl 20 acetate. The organic
solution was dried over sodium sulfate, and concentrated in vacuo to afforéj I?E%%(}r{{%%a&fg gude
6-f|uor0-4-thﬁ&%ﬁ’ﬂgsﬁﬂfhalene-2-carboxylic acid methyl ester as a pale yeTow solid, which was used
in the next step without further purification. WO 2010/055006PCT/EP2009/064816 - 41 -
4-Benzyloxy-6-fluoro-naphthalene-2-carboxylic ackd methyl ester 0 To a mixture of
6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester (4.6 g, 21 mmol) and potassium
carbonate (5.8 g, 42 mmol), was added benzyl bromide (5.47 mL, 32 5 mmol) in acetone (100 mL).
After beipg StERSHUIgBFL alsilHaiRshiPsbsitdea® RiltRgen atmosphere, the resulting mixture
was coolezd' to room temperature, filtered, and concentrated in vacuo to give
4-benzyBxiREYRIGAEM P IRNEIRID 22 boxYI1c acid methyl ester (5.85 g, 90%) as a white solid.
10(4-Bemdyioxptbeihof@mnanbihalen cx®istweghainol  To a slurry of lithium aluminum hydride (1.4 g,
37.4 mmol) in t{elt}ahy rofv]ran (30 mL) was added a solution of

U

4-benzyloxy-6 o nap thalen4e-2-carb9xYIic acid methyl ester (5.8 g, 18.7 mmol) in tetrahydrofuran
(30 mL) at 0C under APiBdIGenRarRESHIRRQHEN DeiHy R Svessria Bt Booelasted HBM Mfder a nitrogen

atmosphere, the resuliipgJaiursimesrqaniedde Mg and sreaigcptinaiN fubwoctdary avie do quench
the reaction. The mixture was extracted with diethyl ethqr tﬁ&mL x 4). The combined organic layers

were dried over sodiUtSSRRRE TR PR G RPIFIEE T Vacuo to give
(4-benzyloxy-6-fluoronaphthalen-2-y1)-methanol (4.9 g, 93%) as a white solid. WO

2010/055006P CTIER2000/084816.: #2:-.TsReRzyIpxurshioraely o luprpaiaBiihlenga To a
solution Z‘? ?rip Oé%ﬁ%%%es%é%%%g@eéﬁ 58%%%mol in anh!ydrous tetrahydrofuran (16 mL) was added
carbidh tdtpachisirried fral) I @oteoPnAs VS stirred at room 5 temperature for 10 minutes,
(4-benzyloxy-6-fluoro-naPhthalen-2-yl)-methanol (1.5 g, 5.3 mmol) was added as a solid under a

nitrogen atmosphere. After being stirred at reflux far 2 hous, the resulting, mixture. was,. to room
temperatfrét Fﬁ?&?Wﬁ?WﬁEﬁ)?m&%&é@a r@ﬁ?ﬁ%é H?ﬁ%éé%%{kﬁﬁ%ﬁé%g \%%%l%g%gg was
washed \MitlvEten@Eifohyk@pefhenes baredratjfetus tape rbivetenekirbeedliavRRiGthyl acetate (100
mL). The 1Q.combined | \ i£d_0) @&giliprg_ﬁgg{ﬁ fiteradicaosl gopeemirated in
vacuo. Tﬁgé%gjscfrgbe \%’ﬁ%ﬁ%%}?@%}%ﬁﬁgﬂﬁgﬁﬁrap y (elutiorglﬁ ﬁit 5% ethyl ggetaté in
petréfeuracidher) to afford 1-benzyloxy-3-chloromethyl1-7-fluoro-naphthalene (1.4 g, 87.5 %) as a white

solid. 15({b-ﬁﬁn%xl@xm&ﬂkamraaM@&w&hw&mmtby@mwm;ﬂmsieieomammgetsc
1-benzyloxy-3-chloromethy1-7-fluoro-naphthalene (5.4 g, 18 mmol),

bis(triphe?ﬁ/fﬁhosphine)dichloroPalIadium(ll) (630 mg, 0.9 mmol) and potassium carbonate (2.6 g,
18.9 mm{t)FiasreBanusigtiatiditienriiieetivetie salfboyl-pieerazide- (beaidemy Mapkikelerod28-mL) and
tetrahydrg%urgg\ égg,mL) were added by means of a syringe. After being stirred at room temperature
under a carBonh monoxide atmosphere (balloon) overnight, the WO 2010/0550 G‘DC%E 2009/064816
-43 2Qea&r&f&r@n&l@n@wmE@@www&mﬂr@@mﬂy%aﬁé'@{ﬁa%@awwa €84t (100 mL). The

organic layarwasiwashed with water (50 mL x 2). The combined aqueous layers were extracted with
e S e T A R e
acetate iffpetrGigtiopatherydoliafigkpipbieing orpaotngicsiisitnatey neabitRieick Hiethy| ester
(5.3 9, 91%29{;1@50;e{pite solid.
25 [4-(4-Benzeﬂesuifonyimpiperazine-'l~cafbonyl)—6-ﬂuoro—3-methy§»naphthalen~2‘yl]~acetic
acid;
[4—(6-Benzenesulfcny§-2,6-dEaza~spiro{3.3]heptane~2~carbonyi)—6»ﬂuoro-3—methyl~
naphthalen-2-yil-acetic acid;
[6-F‘Iuoro~3-methy|—4-(6—phenylmethanesulfonyl—2,6—diazauspifo[S.3]heptane~2—carbonyl}-
30 naphthalen-2-yl]-acetic acid;



(6-Fluoro-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester OH 10 To a solution of
(4-benzyloxy-6-fluoro-naphthalen-2-yl)-acetic acid methyl ester (876 mg, 2.7 mmol) in methanol (20
mL) was added 10% palladium on carbon (132 mg). The resulting mixturgcv,f/%%%w}g&é/{?orously under
a hydrogen mﬁwﬁﬁsﬁ({?ﬁosphere overnight and then filtered. The filtrate'was concentrated in vacuo to
give (6-fluoro-4-hydroxy- naphthalen-2-y1l)-acetic acid methyl ester (601 mg, 95 %) as a white solid.
1H NMR (400 15 MHz, CDCI3) 5 ppm 7.69 -7.76-(,-2 H), 7.30 (s, 1 H), 7.22 - 7.26 (m, 1 H), 6.82 (s,
1 H), 3.74 (s, 3 H), 3.72 (s, 2 H). Pre aration of 6-fluoro-4-h drox 3 e h I-na hthalen-2- 1 -acetic acid
meth 1 ester OH 202-(4-Fluoro-benzylidene)-3-methYI-succinic acid 1-methyl ester 0 WO

2010/ 05?&@%%&%&439@1&@4@@%%&@;@ 1B sarahd-additiamal-ahsettiemaethaaieh@-4jmL) to a
suspension of sodium hydride (20 g, 0.5 mol, 60% in mineral oil) in anhydrous toluene (200 mL), a
solution 8F&ifGIBbenzaldehyde (31 g, 0.25 mol) and dimethyl 2-methyl-succinate (60 g, 0.38 mol) in
anhydroys-flidens-hethymi)(wasandedtabnesnifteylgepatarnertios ®omdanapfithiategényls The
resulting mixture was stirred at room temperature for 30 minutes and then quenched by the slow
addition %?%'gtgr' 0 mL). The mixture was acidified to pH 3 by the addition of concentrated
hydrachlHE laere: etk @dkasebanranesiyieRt e Fasn i -caPonyl SsnalsaasdRAIR ¥k were
dried ovey.gadiympysulfate, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (elution with 30% ethyl acetate 10 in petroleu er) tq afford

2-(4-fluo :B‘e'ﬁ?zﬁn‘aéwé?j%‘?f&ﬁEﬂ%‘F@/&@éDé%?éaflﬂ?é?ﬁ%@é’t@ﬂgﬁu?%ﬁ%/a S naRate R TH NMR
(400 MHg}aeeinacith) 6 ppm 7.77 (s, 1 H), 7.54 (d, J =8.8 Hz, 2 H), 7.25 (d, J = 8.8 Hz, 2 H), 3.82 (q,
7.2 Hz, 1.40 (d, =5, - -4 /3= DRt ic acid
methyl ei%%%giqéé%_%@§5$&§%%%¢%§£%£81é§§%£§%% %I-suciﬁ%ﬁﬁhﬁzﬂrﬁl ester
(1 gla maselid@eidhydrous tetrahydrofuran (10 mL), trifluoroacetic anhydride (3.3 g, 15.7 mmol) was
added ingng poriom{Rllewed e ridiionetbpéyiamipeni3 8-mioat snmebytirephiseleAfer being
stirred at room temperature for 4 hours, the mixture was acidified to pH 3 with 20 5% aqueous
hydrochl$R@SEHF aitfextracted with ethyl acetate (20 mL). The organic layer was concentrated in
vacuo. The(ieBisheenes.tissdivipdimzmethandd¢h ncyiMTieconsetinihgasbinasnwagcwsstie 261600, then
treated with i ride j . Thent ' ixture was
diluted v\Clrt _(E%H%ﬁ%tg@é@ f%%%%%ﬁé@% ggﬂ%ﬁpﬁ%} gﬁﬁ%ﬁ%i@"ﬁ' (g%b%rﬁﬁ@hgqgggggw;s phase was
sepdratedcifid extracted with 25 ethyl acetate (15 mL x 3). The combined organic layers were washed
with bringg44 jtel4duied-auerspriim SHlfatazfileneckandypaeastigied jhiramraZyipaesidue was
purified by column chromatography (elution with 10% ethyl acetate in hexanes) to afford 6-fluoro-4-
WO 20167685006PCT/EP2009/064836 - 45 - hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl
ester (7406t 0B6%yettay el solidlimRerreitrechziBtdrtagoand -naphthalen-2-yl]-acetic acid,

2 (4-fluorpshanpidenc)s HUBFSM AL A - ML RIS Retisindpmeiadanplagss to the one
described above Tor 6-fluoro-4-hydroxy-naphthalene2-carboxylic acid methyl ester,
6-fludfo-Beifidroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester was obtained as a pale solid.

4-Benzyloxy=RrileosarimetbpaBhihalpse:Zreatbexyimagidapietiyibasteyoaddid ecdmixture of
6-fluoro-4-hydroxy-3-methyl-naPhthalene;2-carboxylic aci | 34. .and
potassiur??ﬁéj%ﬁ%t@@g@{@ﬁwm%%gf v?//zlig '385%31 Sgﬁzg)?f%srﬂmlﬁeg éﬁrtégrfr%ﬂgzﬁﬂGgr%%n{?)l %lr?gcetone
(100 mL) [aiﬁmm&.ﬁ_tmgthyixeﬂu@@maslw@mmﬁﬁmmﬂﬁﬂmﬁbﬁﬂﬁﬁ&b@@@%@ a9irogen
atmospheges [ A& MUHLE WA LD RLEISMethyl-phenyl)-piperazine-1-carbonyl]-naphthalen-2-yl}-
25 acetic acid;

{6-Fluoro-4-[4-(2-methoxy-phenyl)-piperazine-1-carbonyl]-3-meth yi-naphthalen-2-yl}-acetic

acid;

{6-Fluoro-4-[4-(3-methoxy-phenyl)-piperazine-1 -carbonyl}-3-methyl-naphthalen-2-yl}-acetic

acid;



15 filtered, and concentrated in vacuo to give 4-benzyloxy-6-fluoro-3-methyl-naPhthalene-2- carboxylic
acid methyl ester (10.4 g, 94%) as a white solid.
(4-Ben'zylowt@%y%gs-gﬁgnethyl-naPhthaIen-2-y|)-methan0| WO 2010/058006P%6ab/5R2Q09/064816 -
46 - ester (10 g, 30.8 mmol) in tetrahydrofuran (50 mL) at OC under a nitrogen atmosphere. After being
heated at 60 C for 2 hours, the resulting mixture was cooled to 0 C and treated with 1 N hydrochloric
acid to quench the reaction. The aqueous layer Wwag extracted with diethyl ether (100 mL x 5). The
combined organic layers were dried over sodium 5 sulfate, filtered, and concentrated in vacuo to give
(4-benzyloxy-6-fluoro-3-methylnaphthalen-211)-methanol (8.4 g, 92%) as a white solid. 1E1 NMR (400
MHz, CIMIBY6-Biwi-pash(tichidesBn 8- D-tiab arml; ¢ Lo s, meitp/unamnthpion £1)-25699s, 1 H), 7.40 -
7.50 (m, 5 H), 7.24 (td, J = 2.4, 8.4 Hz, 1 H), 4.99 (s, 2 H), 4.87 (s, 2 H), 2.47 (s, 3 H).

101-Ben"%(§/l Oxy-3-chloromethy1-7-fluoro-2-methyl-naPhthalene ~ To a solutioq?gl %ﬂ%ﬁgﬂ hosphine
r

(7.1 g, 2@ F4x{mbiRiA-HifkpeRaiei eI ORIPEFPENCH ISARRE WGl R Db R 3 mL). The
mixture wag, stirged f81410 minutes and 4- benzyloxy-6-fluoro-3-methyl-naphthalen-2-y1)-methanol (4 g,

13.6 mmal) was introduced as 15 a solid under a nitrogen atmas ' ' eflux for
2 hoths, G HESHTNG BT ARLEE T bter R A i SH e tard [T ). The
organic layer was washed with water (50 mL x 2). The combined aqueous layers were extracted with
ethyl ac i ombj rgani 15 i hirsulfateadiiered, and
concent?g%i%_%%%%@?rﬁ:gnr%@ l l%erizB vgvt'l;lé]sE %ﬁrﬁggggéﬁggfm% %h?fﬁgt%ﬁgaﬁgghy (eIutigq:}le with 5% ethyl
acetate iaqd&troleum ether) to afford 1-benzyloxy-3- chloromethy1-7-fluoro-2-methyl-naphthalene (3.5
9, 83%) a8@ WEERAlehY-PHER/(HOR VAR CEHB00IRBAIdBS-Fchedhy! S18pIBaln-2- ¥, 7.71 (d, J
=2.4Hz, 1 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), 254 fS8G8CiS cald. for CisHisCIFO 314, obsd. (ES1+) RM-I-H)1 315. WO
2010/0530F6REIERREOHOG4EL 6 fUTrore Brrytow -6 ilemTeetyPRYbRARIERIST5-¥eetic acid
methyl e%te . 60‘ féz?usk containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naPhthalene (3.3 g,
10.4 mmo ,tf)lseztnﬁhenylphos hine)dichloropalladium(11) (360 m O.S%m o!%eta\ndg tassium 5
carbonatBElgererSteimniol Wﬁ%@ﬁé@ﬁ%ﬂ%ﬁ@?ﬁ%ﬂf%ﬁ%ﬁ% ﬁ’[}?% oxide talloon).
Methanol{8.mlo-pisheBainahaipe et outsergideth ayorleaesgt-aspingen/Tidi-bei stired
at room temperature under a carbon monoxide atmosphere (balloon) overnight, the resulting mixture
was ilut88%ith water (50 mL), and extracted with ethyl acetate (100 mL). The organic layer was
washed \/W[\ct\f(ét@h(&@mﬁmﬂ):memcomfi@d?alh@éb{%qmt%ﬁéaéﬂfhé’é?é’d%ﬁﬁﬁ acetate
(150 mL) rilgl the combined organic layers were dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified by column chromatography (elution with 20% acetate in
petroleurﬁ%ﬁﬂé?ﬁé”ﬁﬂ%ﬁ@'(&fﬁbﬁﬂzﬁb’l@;&fémﬁw&@bﬁ@f'ﬁ' ’-ﬁ’]%% %1@&?2’3%2 ?&Pcﬁ g%% ?ﬁ%—q | ester
(3.4 9, 97%@swhite solid. 1H NMR (400 MHz, CDCI3) 5 ppm 7.80 (dd, J = 15 5.2, 8.4 Hz, 1 H),
7.70 (d, J =10

Ly 395 @4 S e A SR R R e TR e o 2

(6-Fluoroatidydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl ester 200H To a solution of
(4-benzyl %;le_wgfgsgp% % %%Pé'%ﬁ‘\'@ﬂ'%r%mﬁﬁqia@i@w@mﬁmmﬁ&élm—mﬁ}-mﬂﬂ) in
methanol (50 mL) was adde % palladium on carbon (0.5 g). The resulting mixture was vigorously
stirred un@@fa hydrogen (balloon) atmosphere overnight, and then filtered. The filtrate was
concentrategiiHRGUR dEhgive 45iluoioctchys yxpBidiWD\ 2P0 B BDE6 PCTIERZDOSIIEAREB-248 -
methyl-naphthalen-2-yl)-acetic acid methyl ester (2.44 g, 98%) as a white solid. 1H NMR (400 MHz,
CcDCf3) 6@5?&@!%@9‘474 (m, 2 H), 7.34 (s, 1 H), 7.21 (td, J = 2.4, 8.4 Hz, 1 H), 5.16 (s,Z%gHg, 3.82 (s,
2 H), 3.74494335;Dig8m-BylinBybarn szt eshiazbonyiAs lepsuS ey fRri A roae s
Preparati%g&]‘(:?ﬁg%oro-3-methoxycarbonylmethy1-2-methyl-naphthalene-l-carboxylic acid 10

o0 e Eyano by o perazme S oabdry Bl s e R Aa iR AR e beRle!

acid;



To a cooled (ice-water bath) solution of 6-fluoro-4-hydroxy-3-methyl-naPhthalen-2-yl)-acetic acid
methyl ester (1.16 g, 4.7 mmol) and pyridine (1.86 mL, 23 mmol) in anhydrous 15 dichloromethane
was added wgﬁgm&gwgnesulfonic anhydride (929 pL, 5.5 mmol) dropwisg.giouiy ie.aintain the
temperature below 5 C. After being stirred at O C for 2 hours, the resulting mixture was concentrated in
vacuo to remove the solvent. The residue was dissolved in ethyl acetate (20 mL). The resulting
solution was washed with 1N hydrochloric acid (I@QﬁL x 2), dried over sodium sulfate, filtered, and
concentrated in 20 vacuo. The residue was purified by column chromatography (elution with 20% ethyl
acetate in petroleum ether) to afford (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-
y1)-acetig-geiCamethyhester 16 gn8prbis)eastayiuiitpspiddivgd -2010/0BE0BBP ©TEW0091064816 -
49 - 7-Fluoro-3-methoxycarbonylmethy1-2-methyl-naphthalene-1-carboxylic acid 0, o OH A parr bottle
containinegg *fluoro-3-methy1-4-trifluoromethanesulfonyloxy-naPhthalen-211)- acetic acid methyl ester
(1.0 g, 2[6F taonott-a mebieqrpuéeibpiasprinddrecsirPlinaeondg 5oesein /iR, and palladium()

acetate (30 g MR YiasBUARIARG ek ibenrllnien caan ananidde.
,/N-aime

[formamide (60 mL), water (40, mL) and triethylamine yer ded.by means of a syringe.
The r%ac{%gt‘ﬁﬁﬁ‘i’t‘&r‘&v&a@Bﬂaﬁéﬁsﬂe}gﬁy “PiRGE 'Q"cé}‘i%gfﬁg%txﬁee %?nﬁ%%%ﬁ%trtgy ?&g psi) for 4 hours.
The resung@prmwgse@wumlvpiﬁeemMawebmbdﬁmmnmhMen—éﬂﬂaﬂeMﬂida saturated
aq“eo“SEE{'H‘(‘P#;85,(%8%#%@%@Wﬁgﬁ%&%ﬁéﬁﬂ%&&%@%&%M?—QHéti@%%[é;Wefe acidified to

pH 3 by the' slow addition In an ice-water bath, and extracted with ethyl
acetate (BB(iBenayreaeiempinettiidiienayBriun@rsardhagn#nbARBIAIBE%L x 2), dried over
sodium spifale, fiteradand ropeapérrieditthyagipdtuaiiordciiieaptinalen-2-yll-acetic acid;
methoxycarbonylmethy1-2-methyl-naphthalene-1-carhoxylic acid (6 49 light, 15 brown
viscolls df- et “ﬂii‘lfgfltﬂ,ﬁ%'iq1%63%?@%%@3?{%\%‘%\“ﬁ'i%ﬂﬁ%%@e%&%éﬁgﬁ (%{k 2
7-fluoro-3earaibascEHgoyidnettyduifaphithaEmratineanioxylivantith ol SthAe wagid:
(6-fluoro-4-hydroxy-pa +2-V)-acetic ac nyl AU 28). gajogous to the
one desc[%f)%}{d gor—%-?Iﬁ%Eg@!ﬁn%ﬁ%%%g%@ﬁ%%?éﬁn%my@gﬁ%@ré;)e- -carbo%ylic acid,
7-fiuoro-ddnibthesdytaipeigitretiyntsrsnactitairpopiasaic@B%ng) was obtained as a light

brown viggqq§&B.4\Zk$-5%gicf@y;%ﬂgﬁﬁéﬁ5ﬂ§}18ﬁi}rrﬁﬁﬁdhé@ﬁlﬁ)y{i@déelﬂd]a?.‘ﬁﬁ- WO
2010/0551106PCT/EP2009/064816 - N-

6 -50 - 0 HN = . -
b B 10 G B SRR SR S RS sotuton o
2,2-bis-hyghaxgyuisbybprogearbah B-pios (40861t Q. B6ol ieraaiiyi pbers 2uv8tepatiteadifhich was cooled
to -20 C. a3 Hguikaddaddiuaramelanesulin)saoiusideRideioh.oL gl deppwise followed

by the dropwise’a 10f N lisopropyletiylamine (267.5 mL, 1.54 mol). Both of the reagents
were added hfanaed-riseriding iatafib iR naleRrerAlRePHR BA: 10 C. After the mixture was

NSO ey A e (20T S e S ol W acer fllowed v ihe gieouise acdiion o

iisopropyle ming 5m . mol). was | by, the dr e addition o

1-ph%ﬂyl-@‘r€éﬁ%ﬁ/néfe7 ! Vﬁ[?%%&%gifi@é{%%‘%ﬁg ?ggg%%?t%ﬁv%yéﬂ%g&%%%es%\%ﬁ’a rate as to

maintain {BeFinternél] te iz badsipLeTliMrie/ealitngiRtene2ntsdesHecaList 70 C for 2 hours,

and then go ted | r the resiflugavasdigsolved in ethyl acetate
ROPERREAP SRR NS, Qeywyfﬂépﬂﬂ%@\) 25l

(500 mL), an n was washed with brine’ (500 mL x 2), dried over. sodjiym sulfate, filtered, and

concentrdfed! s IR WERATE MR B EO AR R ARSHEIOGRARHS (Gdient elution with 5%
to 10% mgghansoin gichicrosmetiaaedaratiorsys-ighridtownyidsgbospbithaibicA-wheeilssagidently
dissolved in a solutj drogen chloride in methan 0 )Lt )
conc%?]traiﬁe"ﬁqﬁﬁrﬂii?ﬁdz%ﬁiﬁ@%i?&gé: %a%”%%méﬁ‘eﬁ{f?léﬁ%‘r%mﬁ I%B@ %éhr%?_ﬁfa%# gze\%glaéum ether
(100 mL) {EElndilteted; @rtlte-pbiorieatama anratisinm wieod-teriMbrien-2-yi}-acetic acid;

2,6-bis-(1 thyh-2.6-digza-sp e Ali | iRyt light b
L SO A e g S

2-(1-Pherfiaiy RDas aresatigelb pSagREIS S@ by 5E



WO 2010/055006PCT/EP20091064816 - 51 - A flask containing a mixture of
2,6-bis-(1-phenyl-ethyl)-2,6-diaza-sPiro[3.3ThePtane dihydrochloride (900 mg, 2.4 mmol), ammonium
formate (7.2,g Jiéqmunel), 10% palladium on carbon (180 mg) and methangl.£36fklavgas evacuated
and filled with argon. The 5 resulting mixture was stirred at 65 C until the ratio of the amount of the
starting material to the amount of the desired product was unchanged by monitoring with TLC and
HPLC. The resulting mixture was filtered and corideritrated in vacuo to afford a mixture of
2-(1-phenylethyl)-2,6-diaza-spiro[3.3]hePtane dihydrochloride and
2,6-bis-(1-phenyl-ethyl)-2,6-diazaspiro[3.3Theptane dihydrochloride (750 mg) as a light brown solid,
which wais usedrfospbeifOenand ditepnivithe pressnpinviotions MS el [dar ©1eLsN 2fFommelssd.
(ESI+) [(WHY]1,203. 641 -Phenyl- Qg -diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester 0
OToa rr%i%%?étggi?mm%#ﬁyéﬁ%@, gg?gga-spiggﬂheptane dihydrochloride and 2,6-bis- 15
(1-phenyl-&ttierzepetiafanyPrisEBEjReptambany e ERRS A PRIV IMPPRITe R ARE B TAY%ind water
(6 ML) wasadslactairistt i sicathensirdeRees-2-darounah endosediune igaraphitad7a0 mg, 8.3
mmol). After being stirred at room temperature overnight, the resulting mixture was concentrated in
vacud tofERRSHE ﬁ%dorganic solvent, and extracted with dichloromethane (10 mL x 3). The combined
organic lsgergonere[drisdioversatiane@fsulifxeiphitaroe; hudrbonydimetynnaabiitniFn@ ndkidue was
purified b o lua'E chromatography (gradient elution with 5% to 10% methanol in dichloromethane) to
afford 6-%-pﬁeny -ethyl)-2,6-diaza-sPirop.3ThePtane-2-carboxylic acid tert-butyl ester f#238 mg, 33%)
as a visciud-d#. ArdiRiermReEpmeswi Wi@?@ai%ﬁf@mﬂgﬁ‘ﬁ%‘ﬁéﬁ@'@%@%67% \f8eSus oil.
WO 2010400%006RET/EP2009/064816 - 52 - 2,6-Diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl

ter HNXN--( 0+ 0 A flask taining 6-(1- |- 1)-2,6-digza-spi .3Theptane-2= li id
ot Hiyl1& LB BRSO BB R o AR N L a5 Cob R OUh Sescaa on - o
carbon (46-Fng)rerismatiyaddl (R oridit)Ands ipeaazinte t-oat Giflpd-vaeh o2 THaelif@wmixture was
stirred at _%%g%ﬁ&ﬂﬁawFé&é‘éﬁ?&ﬁﬁ-ﬁﬂgﬁe%@ﬁw@tﬁgdﬂmaréﬂpzt%ﬁﬁeé@tc acid

2,6-diaza{ eptane-2-carboxylic’acid tert-butyl ester (130 mg, 99%) as a brown vci!scous oil

which wa-fréeaiad-thdhbsprsrbs onensst mMBmRRTarb Ox PRSIt oY | -acetic aci
(6-fluorog-hychidy-GrpeiRylmapailenAd bpacelicagidigrnaphthesietiacetic acid
4-(4-Fluoro-phenyl)-2-methyl-buta-2,3-dienaojc acid ethyl ester ) To a solution of
(4-f|dérojﬁﬁ'§H9rﬁé%él'n}é%?gf/ J?f?@fé;o ef@i?@“imf%’éﬁ'ﬁ]a%g‘?n?”g? M% cﬁﬁ%réﬁjtyl ether and 250 pL of
DMF wag&ftledol8 0 23rmbLdbipemiuahahoxayinshioride dorobre ebplaaidma desiviseidver 30
minutes. [Eh ulil | irred 4 BLRRMR: fOr.a dipnadid0 minutes (HPLC
indicated@:ﬁg@tgd%ﬁ%%%ﬁ%%ﬁ%éﬁé%ﬁ(ﬁgsgo d?(zﬁlpw%?%dded drr%%%veise ovelr 1 hour to a
solution of N,Ndiisopropylethylamine (50.48 mL, 289.8 mmol) and ethyl 2- WO
2010/055006 REEMERZQ08PGHBES ISSO F (P OUNITS HOCORIMN GTRY FABNNEESTION, 138.0
mmolghin 100 mL of methyl tert-butyl ether, while maintaining the internal temperature between 0-15 C.
Afterthe addition was complete, the reaction mixture was stirred for an additional 10 minutes at 0-10
C, when BELEahylicatepcandnmjiéwaredcivhs The besurpreiestomag tRdnamensa ®th 100 mL 5 of
heptane, iﬂu@rﬁ&%@%@&?%@é@%@?@r@ir%iﬂ?@d%%'%ga‘iﬁ@g Wi flered art pastedvdth 2x 100
y

mL of 1.1 methyl tert-butyl ether:heptane. The filtrate and the washings were combined and washed

with 100 RLwéhieseect tosvitasiangithe sePMP BiYRtaraHeiNEShEdRR SRR TERSPically at

25 C/60 rpevigiiecgeiabvelyfoe hE-génmoMoernesidueinasishluiebyeithtiGOwite dfdivedey, tix-buty|

etherZ'SThléa%%gfgg 1chas R'. R2 R®, and R® with respect to synthesizing the compounds of formula

7 are defined in the same manner as defined previously for the genus of formula Z. The

compounds of the present invention may also be prepared by any conventional means and
suitable processes for synthesizing specific compounds are additionally provided in the

examples.
30 Scheme 1



10 was then directly used for the next step. \
2-Ethoxycarbony1-311-(4-fluoro-pheny1)-meth-(E)-ylidene]-4-methyl-pentanedioic acid 1-tert-butyl
ester 5-eth%8§tﬁ5ﬂ%§8}}ﬂalonic acid tert-butyl ester ethyl ester (30.08 g, }ot/Bpadgaalams added to a
solution of potassium tert-butoxide (16.30 g, 138.0 mmol) in 200 mL of N,PJ-dimethyl acetamide, while
the reaction temperature was maintained at -25 C, To the resulting mixture was then added the
solution of 4-(4-f|uoro-phenyI)-2-methyI-buta-2,3-"d7i%ﬁoic acid ethyl ester prepared above, at such a
rate that the reaction temperature was maintained between 20- 20 28 C. After the addition was
complete, the reaction mixture was stirred at room temperature for 20 minutes, when HPLC indicated
completed reaction. The mixture wasxhen treated with 100 mL of 1M citric acid and 1850 mL of

ice-water, and then eétracte@W“}mt of methy! test-butyl faerad he organiex

separated and washed with 2x20Q mL of wateg, and then conggntr to progelc
oil, which Wa th the_nﬂx&te_pwith c@ h @ifiMw
2010/055006PCTFEP2009/064816 - 54 -F3<0 ?
-(4-Fluoro-pheny1)-meth-(2)-ylidene]-2-methylpentanédioic acid 5-tert-butyl estefjﬁ‘he malonate ester
derivative preparﬁp above (56.36 g, 138 mmol) was dissolved in 280 mL of absgiute ethanol. Lithium
hydroxide (1M solution, 414.0 mL, 414.0 mmol) was 5 added slowly over 15 minutes, and the resulting
reaction mixture was stirred at room temperature gvernight. The-golation~was then heated at reflux for
3 hours (HPLC analysis indicate® completgd@)’(ylation) ime, the gojytion was
concentrated at 30 00/38mH g rremove -35F mL of soleht. The Yesidue was coojed to 10 C, and
treated with concentrg pchloric acid (30 mL, 389.7 mmol).efopwise, M to 10 adjust the
pH to 2.75. TheTedction mixture was then gﬁg]ggted with methyl telt-butyl ether (400 mL). The organic
phase was separated and wd3hed with 200 mL of water, then tr

carbonate in 150 mL of water, washed with an’dliditional 200 mL#water, and then concentrated
azeotropically at 30 00/80 nmxnHg to produce an oil. Methyl tert-buX¥iliether (200 mL) was added, and
the residue was 15 concentrated azeotropically at 30 00/80 mmHg to produce 38.3 g of a yellow oill,

which was usethinthefiaxt step without further psgifi e O

(4-Acetox§ m methyl-naphthalen-Zl;);@@gEt-butyl ester aboye prepared
341-(4-fluoro-phen 0-meth-(Z)-Qmjene]-z-nféthyl-Pe tanedioic acid 5- te sten!(38.3 g, 124.2
mmol) was dissolyed in aceticamhydfide (96.00 m T/EI92009/064816 -
55 - mmol). To this.solution wakiestftled potassium acetate (18.66 g, 186.3 mmo#), and the reaction
mixture was stinged lat 852C for 10 hours, when HPLG analysis showed completed reaction. The

reaction mixture was then cooled to room temperattre and diluted with 96 mL of heptane. To this
solution, 270 mLxwi water was added over 1 hour,AWHile 5 maintaining the intdkdal temperature at - 23

C. The mixture was then coole -5 ' ' diwasdfiltered, and
then warzﬁaa WYHQN%@???EE %%L%fgﬁgﬁgﬁg %i%%ﬁrae L ,f#&g %ﬁgﬁdgﬁgﬁﬁr%%%uwm t%f furnish 28.5 g
of a yelloprausiss, Wiicabae oepdansaiion SrtwasH therIergHPRitHisHesR|dehydes IV and

b0 prep e BRIl 2T 1yADel ScL IO S 254 0,
above prepared (4-acetoxy-6-fluoro-3-methyl-na - -a0etic aci 5 4q,
85.44°mrsyNiFRHorDimih S PrReRISAA AL U AP G W%@%@ﬁﬁ% ?E%bf/ﬁg%o?&?é&yi% r??egﬁgcr%l 23.44
mL, 102. s@rmahiepisly deopatises TRETHE restitiesy Deartitre mixtyeneddsthreePEereOR BN perature
for 20 minut Fgﬁ hen HPLC rtljal ; ' %i%tﬁ&ar i&’#ﬂ@%&@%@b@ﬂic@%éﬂﬁﬂl&#r*é’éf&iﬁﬁcﬂﬁ‘d to 0 C,
and then '&%ﬁ%ﬂ“‘l‘é,{\é%aﬂ)%lﬁe\%& flé ﬁs)e/)g%oc oric aéc;%go ution (111.1 mL, 111,12 mmol). The mixture was
then stirréleat)@H® Xy foprpaaniditidnaitBGemmtiromiae PeYufR ixrsuticRa’ disd 6 with
ol 15 R O o8 06,15 1 10,7 767 B0 (.2 Hh- 730238 (2 1. 3.71
solid. z, -0 .09 (s, .76-7.86 (m 35 (m, , 3.
(s, 2 1), 2hep @?@Pﬁ?‘i.@f*{%@‘%%ﬁg‘?‘rﬁéf PEEPRN ?@%@g%ﬁ@%ﬂ%\%g‘%éﬁm%ﬂ
25EXAM %d@mﬂb@@@@@(ﬂﬂS%ﬁP@é}tﬁF&@l@Q@mm to the methy! esters XVil can be
14-(4-Ethanesulfonyl-iperazine dearpiyids Giuardeare raykasniihalensori-ergaiysis

of benzyl ethers XVH affords the intermediates lla.




5(4-Chlorocarbony1-6-fluoro-3-methyl-naphthalen-2-1,1)-acetlc acid methyl ester 0 CI To a solution
of 7-fluoro-3-methoxycarbonylmethy1-2-methyl-naPhthalene-1-carboxylic acid (500 mg, 1.81 mmol) in
anhydrous \g,té%*%gfﬁ an (10 mL), was added oxalyl chloride (250 pL) @@gfhbh;@)m@mlformamlde
(30 pL). The resulting mixture was stirred at 60 C for 2 10 hours, and concentrated in vacuo to afford
(4-chlorocarbony1-6-fluoro-3-methyl-naphthalen2 gl) -acetic acid methyl ester (526 mg, 99%) as a light
yellow solid, which was used in the next step with Of further purification.
4-(7-Fluoro-3-methoxycarbonylmethy1-2-methyl-naphthalene-I-carbonyl)-piperazinel5 1-carboxylic
acid tert-butyl ester ONTh O _/ 0 To a solution of

(4-ch|orocarbony1 -6-fluoro-3-methyl-naphthalen-211)-acetic acid methyl ester (294 mg, 1.0 mmol) and
pipera2| xylic acid ter g? ter ydichl S added
trlethyla i pg mmol ﬁérﬁagsi’ltiﬁr?lggﬁ% %%ggg%o}ggéﬁlgizo 9/064 g 51 mixture
was stlrrMemMWW@m@MﬁW@H@@MﬁW&M% Mans q“ﬁ’é’%@lﬁﬂ@\/\fg’? Vitified by

column cfifomaiagrRELY ferasien slutinmeitr2eresoethybsseiath iy petinleunettiedeto afford

o e Do oy 2 e ST plens & SARR R Be oy aci

[6-Fluoraydyanes kyihdrPibetaz raaelhaaddxcm/m;auwﬁbth@llearﬁeymﬁ‘acéu@aéiwm@ﬁsr@}l @ster

trifluoro celate R{qe and 90 °C for several hours (reference: Dian, Y. L.

4-(7- -fluore- -meF ox%%ta\i“f%oni methyl- -methyl-naPhthalene-1-carbonyl)- (plperazme 1- carboxyllc acid
tert-butyledster Taaamyo0 btimadol) AP HldBPmethane (10 mL) was treated with trifluoroacetic acid
(2.5 mL) at room temperature, and stirred for 4 hours. The resulting mixture was concentrated in vacuo

to afford [6-fluoro-3-methyl-4- (pi zin rbon I hthal a l\ester

triflubtoa d%‘@%@aoig‘%g%ﬁ@(g ‘%ﬁa F? g ¥')apﬁe Next 2%6\% %&Zrﬁwer purifi (}:qakg%sn

[4-(4- Ethaamsuﬁarnﬂmmmﬁmaeanmtyaat@fmm %Lm@nmndwpmmw o1 eadegeticcid methyl

ester 20magh A S J%H%gréﬁ&@ﬂmv‘ééﬁ'%mmﬁ- SREROBM naphtiRle0 81 acetic acid
fi

methyl eSEPH tate mg, 0.10 mmol) and et nesulfon | chlo %eé(l % ; (;YV
2010/0558(@6REREPCEnH0sas 1 Logt ahmhdth @f&@ﬂbr%@t%%% "a% fiethy ffAing (306 pL,
2.2 mmolyJ hepesuimannsiusgasaoasired at room temperature overnight, and concentrated in
vacuo. The residue was purified by column chromatography (gradient elution with 20-40% ethyl
acethte in petroleum ether) to afford [4-(4-ethanesulfonyl-Piperazine-1-carbonyl)-6-fluoro-3-methyl- 5
naphthalmhéadbmmmam tredmylvestteai (381 g BFSEPRGingbREoRBPMpounds Xin the

[4-(4-Ethanesulionyl-Pierazing és%%&awme%ﬁy@@ sty napkhRieRs2 pekdsaretic acid 10 To a
solution ki Ff?ﬁ et anesul onyI piperazine-1-carbonyl)-6-fluoro-3-me h}& f;E)hthale Zegl] -acetic acid

methyl ee@EIAE oS YRMSTRIRABE SN T RIS YD) 23RS RAR8Y WRISI T R R ETSxide (6 mL).
After beingtiredas toop:tamresatussavetgiritedrselting 80ixTifertassicidifiet wepeid with SN
hydrochloric acid, .and extracte WI thyl 1 ic layers were dried over
sodidth stf4EE SRS vgctl]ooal ‘ﬁ%’eé?e%é&%d\?vgas Egr?l)ﬂge%%@ preparative HPLC (gradient
elution with 30-50% 0.1% trlfluoroacetlc acid in water in acetonitrile, 8 minutes ) to give

[4-4-ethanesylianyinpRrAeiesicaibaRulcs Runis Bemmibonaat bl e i isetin agid-daong,
46%) as a white sol MR (400 MHz, CD30D) 6 ppm 7.95 (d =8.97, 5. 787(s, 1

H), 7.26 -7eBeykRtiEIa) THeLacten GNP TaEse E%W ePIRES %@f(%bﬁsﬁ)s% 85(6’#’ E%H”é H),
2.41 (s, 3dd)pdnde(lodeacluAbddro dhltl, MS el efarsGR0as IR IFNR0 B4R s . ((EB1+) [(M+H)+]

423. 25 dimethylformamide at a temperature between room temperature and 60 °C for several

hours.

Reduction of the above benzyl ethers with fithium aluminum hydride (XIF) affords the
aleohols Xl The reaction can be carried out in an inert soivent such as tetrahydrofuran,



EXAMPLES 1-2 to 1-17 WO 2010/055006PCT/EP2009/064816 - 59 - and
4-trifluoromethoxy-benzaldehyde, to derive

7-fluoro-3- Iﬁ%}%ggp‘%nylmethylnaphthalene-1-carboxy|ic acid, i,cwEmOmMSls
7-f|uoro-3-mt oxycarbonylmethy1-2-methyl-naphthalene-1- carboxylic acid,

3-methoxycarbonylmethyl-7-trifluoromethyl-naPhthalene-1-carboxylic acid, or

3-methoxycarbonylmethyl-?-trifluoromethOxy-napfszﬁalene-l-carboxylic acid respectively, 5 which
were then treated with piperazine-1-carboxylic acid tert-butyl ester, or

2,6-diazaspiro[3.3]heptane-2-carboxylic acid tert-butyl ester, trifluoroacetic acid, and commercially
availablesmtipnsthen] esidescerivativess theaeobralamtawithethee refveureogastemeardee@ifple 1-1.
Example NQ,.Systematic Nam ( 2,,CD300), 6xppm Ma LE S 1 RIM| sHBeL Rigycture
[4-(4- 7. (é%lsﬁéf Eeﬁ.%"?,? E?&?E??%%E%H%%anégul onyl- 1 H), 7.80 (s, 1 HS, 7.9161 - 1012%?
piperazine-1- 7.48 (m, 2 H), 7.30 - 7.36 o carbonyl)-6- (m, 1 H), 4.03 (br. s,2 H), fluoro- 3.81 (s, 2

H), 3.44 11333100 cR30AREIEBeZsrEPard &by 3r88tiRsnSoihd alcohols Xl with carbon

5 tetrachloride (XV) and triphenyiphosphine (XIV) in an inert organic sclvent such as toluene,
acetonitrile, dichloromethane, N,N-dimethylformamide, or tetrahydrofuran, at a temperature
between 0 °C and 120 °C for several hours (reference: Kozhinov, D. V. et al., J. Org. Chem.
69 (2004) 1378-1379).

10 Conversion of the chlorides XVI to the methyl esters XVIi can be accomplished by a
palladium catalyzed carbonylation reaction under an atmospheric pressure of carbon
monoxide in methanol. The reaction can be carried out in the presence of a palladium
catalyst such as bis(triphenyiphosphine)dichloropaliadiumdll) (PA(PPh3),Cly), palladium(ll)
acetate (Pd(OAc)y), tetrakis(triphenyiphosphine)palladium(0) (Pd(PPhs)s), or

15 tris(dibenzylideneacetone)dipalladium(0) (Pdz(dba)s). in the presence or absence of a
phosphine ligand such as tricyclohexylphosphine, or triphenyiphosphine, at a temperature
between room temperature and 90 °C for 10 minutes to several hours (reference: Kozhinov,
D. V. etal., J. Org. Chem. 89 (2004) 1378-1379).

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

temperature for several hours.



yll-acetic acid 3.18 (br. s, 2 H), 2.99 (q,J =7.33 Hz, 2H), 1.39 (tJ= 7.45Hz, 3 H) 3
16-Fluoro-4-(4- 7.94 (dd, J = 8.72, 5.68 Hz 409 OH methanesulfon 1 H), 7.85 (s, 1 H), 7,24- IMO

%/:npigtar?zgnj%a § §§ %]Rj 2 H), 3.97 -4.16 Fo carbonyl)-3- (m, 2 H), 3.88(SyidleReais Methyl- -3.47

-25-
Scheme 2
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The key intermediates of formula llb can be prepared according to Scheme 2. In this
5 process, the Stobbe condensation between the para-substituted benzaldehydes IV and
dimethy! 2-methyl-succinate (XVIif) affords the unsaturated acids XiX. Cyclization of the
unsaturated acids XIX using trifluoroacetic anhydride (XX) foliowed by reduction with
sodium borohydride (XXI) affords the naphthalen-1-ol derivatives XXH. Alternatively, the
naphthalen-1-ol derivatives XXIf can be obtained by treatment with sodium acetate (V)
10 and acetic anhydride (VIII) followed by a base. Treatment of compounds XXI1I with benzyl



naphthalen-2- (m, 2 H), 3.00 - 3.17 (m, 2 L-,,.N, P ylkacetic acid H), 2.87 (s, 3 H), 2.38 (s, 3H) OP--
{6-Fluoro-3- 7.95 (dd, J = 8.97, 5.68 Hz, 437 OH methyl-444- 1 H), 7.86 (s, 1 H), 7.25- 1040 0

(propane-25,7.37 (M= dd), 3.93-  sulfonyl)- 4.13 (m, 2 H), 3.89 (s, 2 H) : . 358 (t =
5.18 Hz, 2 H), ON carbon* 3.35 - 3.38 (m, 1 H), 3.13 - PCRiRAREs1s 3.8 (1

226 -

bromide (X1, followed by reduction with lithium aluminum hydride (XIl) affords the alcohols

Y. The alcohols XXl are then converted to the corresponding chlorides XXIV by

treatment with triphenylphosphine (XiV) and carbon tetrachloride (XV). The chiorides XXIV

can be converted to the methyl esters XXV by a palladium catalyzed carbonylation reaction
5 in methanol. Hydrogenolysis of the methyl esters XXV affords the intermediate llb.

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

10 sodium methoxide, lithium methoxide, sodium terf-butoxide, sodium hydride, or potassium
tert-butoxide, in an organic solvent such as methanol, tert-butanol, toluene, or mixtures
thereof, at a temperature between room temperature and 90 °C for several hours
{references: Liy, J. et al., Org. Lett. 4 (2002) 3521-3524; Bloomer, J. L. etal, J. Org. Chem.
58 (1993) 7806-7912).

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

20 subsequent reduction with sodium borohydride (XXI) can be carried out in an alcoholic
salvent such as methanol at a temperature between 0 °C and room temperature
(reference: Fuganti, C. ef &/, J. Chem. Res. (5) 1998, 638-639).

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

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

30 sodium bicarbonate, in a solvent such as methanol, water or mixtures thereof, at a



naphthalen-2- 3.30 (m, 4 H), 2.41 (s, 3 H), 0"P--.....--" yl)-acetic acid 1.33 (ad, J = 6.82, 2.02 Hz,
6H) WO 2010/055006PCT/EP2009/064816 - 60 - Example No. Systematic Name H NMR (400

ggzm%?h?;/?‘ab( (R%’ﬁ%% (ES14, [(M+H) 1 Structure 1-5 [6-Fluoro-3- 7.93{ggpdiuB2g12-68 Hz 463

trifluoromethan 1 H), 7.85 (s, 1 H), 7.24- 7.38 (m, 2 H), 3.92 - 4.34 00 0 esulfonyl-
(m, 2H),3.85-3.91(m, 2 piperazine-1- .-

temperature between room temperature and 80 °C for 10 minutes 10 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).

5 Treatment of the hydroxyl compounds XXHt with benzyl bromide (XI) affords the
corresponding benzyl ethers. The reaction can be carried out in the presence of a base
such as potassium carbonate, or cesium carbonate, in a solvent such as acetone,
acetonitrile, or N,N-dimethylformamide at a temperature between room temperature and
60 °C for several hours.

10
Reduction of the ester moieties in the above benzyl ethers with fithium aluminum hydride
(XIf) affords the alcohols XXIil. The reaction can be carried out in an inert solvent such as
tetranydrofuran, diethy! ether, toluene or mixtures thereof, at a temperature between room
temperature and 80 °C for several hours.

15

The reaction of the alcohols XXill with carbon tetrachloride (XV) in the presence of

triphenylphosphine (XIV) can be carried out in an inert organic solvent such as

tetrahydrofuran, acetonitrile, toluene, N, N-dimethylformamide, or dichioromethane, ata

temperature between 0 °C and 120 °C for several hours (reference: Kozhinov, D. V. et al,,
20 J. Org. Chem. 69 (2004) 1378-1379).

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

25 catalyst such as bis(triphenylphosphine)dichloropaliadiumll) (Pd(PPh3)Cly), paltadium(it)
acetate (Pd(OAc),), tetrakis(triphenylphosphine)palladium(0) (Pd(PPha)s), or
tris(dibenzylidensacetone)dipalladium(0) (Pdz(dba)s), in the presence of absence of a
phosphine ligand such as tricyclohexylphosphine or triphenylphosphine at a temperature
between room temperature and 90 °C for 10 minutes to several hours (reference: Kozhinov,

30 D.V.etal,J Org. Chem. 69 (2004) 1378-1379).



H), 3.63 - 3.84 (m, 2 H), ON ‘carbonyl)- 3.34-3.52 (m, 2 H), 3.21 - naphthalen-2- ylkacetic acid 3.29
(m,2H),2.36(s,3H) 1-6[4-(4-7.94 (dd, J =8.72,5.94 Hz, 435 OH Cyclopropanes 1H), 7.85 (s, 1

H), 7.24 - gj E fdm, 2 H), 3.96 - piperazine-1- 4.17 (m, 2 H), 3.89
0 Brddhsessarbonyl)-6-
3.51(t,J= I%%l f?b ON fluoro-3-methyl- naphthalen-2- ylj-acetic acid 3.06 - 329 (m, 4 H), 2.49-

257 (m, 1 H), 2.40 (s, 3 H) 0.96 - 1.12 (m, 4 H)

Hydrogenolysis of benzyl ethers XXV affords the intermediates Ub. The reaction can be
conveniently accomplished in the presence of 10% palladium on carbon under an
atmospheric pressure of hydrogen, in an organic solvent such as ethyl acetate, methanol,

5 or ethanol, at room temperature for several hours.

Scheme 3
o
~ 9]
0 CF,50,H
go R XVi!l gﬁ _Xxvi Oe
1
R’ 2) NaOH OH
A XXVI XXVIN
LIAH, Ph,P, CCl,
A G, oo OG0
MeOH R
XXX XXX Iib

10 Altematively, the hydroxyl intermediates Il can be prepared according to Scheme 3. In this
process, the Stobbe condensation reaction between the benzaldehydes IV and dimethyl 2-
methyl-succinate (XVIII) followed by hydrolysis affords the unsaturated diacids XXV1.
Cyclization of the unsaturated diacids XXVI followed by reduction affords compounds XXIX.
Treatment of compounds XXIX with carbon tetrachloride (XV) and triphenylphosphine (XIV)

15 affords the corresponding chiorides XXX. The chiorides XXX can be converted to the
methy! esters lib by a palladium catalyzed carbonylation reaction.

in this process, the Stobbe condensation can be carried out in the presence of a base such
as sodium hydride, in an organic solvent such as toluene, at room temperature for several
20 hours. The unsaturated diacids XXVI can be formed by treatment of the products of
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condensation with an aqueous inorganic base such as sodium hydroxide, in an organic
solvent such as toluene, at a temperature between room temperature and 100 °C for
several hours.

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

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

Reduction of the carboxyl moieties in the intermediates XXVIIE with lithium aluminum
hydride (X1} affords the alcohols XXtX. The reaction can be carried out in an inert organic

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

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

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

Conversion of the chlorides XXX to the intermediates lib can be accomplished by a
carbonyiation reaction, in a manner analogous to the one described in Scheme 1 for the
20 preparation of the methyl esters XVil.

Scheme 4
OH I ' :lL per Scheme 2 | OO I N
R’ OH " OH
XXViH KX b

25  Alternatively, intermediates iib may be prepared according to Scheme 4 starting from the
4-hydroxy-naphthalene carboxylic acid compounds XXVHI (prepared as described above in



[444- 7.93 (dd, J = 8.84,_ 5.81 Hz 463 OH Cyclopentanes ulfonyl- 1 H), 7.85 (s, 1 H), 7.23 - 7.37 (m, 2
H), 3.91 - O. 0 piperazine-1- 412 (m, 2 H), 3.88 (s, 2 H), ON carbonyl)-6- 3.59 - 3.68 (m, 1 H), 3.52

(t, fluoro-3; = 5.18 Hz, 2 H), 3.08 - hthalen-2- 3.28 (m, 4 A
acid 1.86 3"@?‘%}(‘% ?,1.59 RV (4 H) 1.9 [4-(4 (M. 4 Py2pRdsecddi).  Yll-acetic
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Scheme 3). Esterification of XXVill forms the naphthalene carboxylic acid methyl esters
XX, (previously described in Scheme 2. Conversion of XXII to intermediates lib can occur
using the methads described in Scheme 2.
intermediates XXVl can be readily converted to the 4-hydroxy-naphthalene carboxylic
5 acid methy! ester intermediates XXIl in the presence of a catalytic amount of concentrated
sulfuric acid and an excess of methanol at temperatures between room temperature and
80 °C for several hours. Alternatively, the esterification reaction can be carried out in the
presence of thionyl chloride and an excess of methanol at temperatures between 65 °C
and 80 °C for several hours. Compounds of type XXII thus formed can be transformed into
10 intermediates b using the process described above in Scheme 2.
Scheme o
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15 The key intermediates il can be prepared according to Scheme 5. In this process,
treatment of the hydroxyl compounds H fwhich encompasses the above compounds lia (R*
= hydrogen) and llb (R? = methyl)] with trifluoromethanesulfonic anhydride (XXXt) affords
the triflates XOOXIL, which are then converted to the carboxylic acids Hl by a palladium
catalyzed carbonylation reaction.

20
The hydroxyl compounds If can be converted io the triflates XXXH by treatment with
trifluoromethanesulfonic anhydride (XXX1). The reaction can be carried out in the presence
of a base such as pyridine, triethylamine, N,N-diisopropylethylamine, 2,6-dimethyipyridine,
4-dimethylaminopyridine, 2,4,6-trimethylpyridine, or potassium carbonaie, in a suitable

25 solvent such as dichloromethane, chioroform or acetonitrile, at a temperature between -
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78 °C and room temperature for 30 minutes to several hours (reference: Chan W. K. et al.,
J. Med. Chem. 39 (1996) 3756-3768 ).
Conversion of the triflates XXX1I to the acids lil can be accomplished by a palladium
catalyzed carbonylation reaction under carbon monoxide (15-30 psi) in a mixture of water
5 and an organic solvent such as N,N-dimethylformamide, or dimethyi sulfoxide. The reaction

can be carried out in the presence of a palladium catalyst such as palladium(ll) acetate
(Pd(OAC)2), in the presence or absence of a phosphine ligand such as 1,3-
diphenylphosphinopropane, or 1,1-bis(diphenylphosphino)ferrocene, and a base such as
triethylamine, or potassium carbonate at a temperature between room temperature and

10 65 °C for several hours (references: Chen L. et al., Bioorg. Med. Chem. Lett. 12 (2002)
137-140; Cai C. et al., Tetrahedron 61 (2005) 6836-6838).
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Example No. Systematic Name 'H NMR (400 MHz, CD30D) 6 ppm MS (ESr, [(M+H) 1 StrUcture 1-10
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The compounds of interest of formula la can be prepared according to Scheme 6. In this
process, treatment of the acids I with oxalyl chloride or thionyl chloride affords the
carbonyi chiorides XXII. The reactions of the carbonyl chlorides YOOKHE with the amines
XXXV affords the amides XXXV. The protecied amides XXXV can be converted to the
corresponding amine salts XXXVI under acidic conditions. Sulfonylation of the amine salts
XXXVI with the sulfonyl chlorides XXXVIL, followed by a hydrolysis reaction, affords the
compounds of interest of formula la.

in the first step of this process, conversion of the acids Hi to the carbonyl chlorides XXX
can be achieved by treatment of the acids 1ll with oxalyi chioride or thionyt chloride in the
presence or absence of N, N-dimethylformamide, in an inert organic solvent such as
dichloromethane, tetrahydrofuran, or toluene , at a temperature between room temperature
and 110 °C for several hours.

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

several hours.

The protected amides XXXV can be converted to the comesponding amine salts XXXVi
under acidic conditions. The reaction can be carried out in a solution of hydrogen chioride
in methanol or a solution of rifluoroacetic acid in dichloromethane at room temperature for
several hours.

Sulfonytation of the amine salts XXXV with sulfony! chiorides XXXVIi affords the
sulfonamides XXXVHL The reaction can be carried out in the presence of a base such as
tristhylamine, pyridine, or 4-dimethylaminopyridine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at room
temperature for several hours.
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Hydrolysis of the suffonamides XXXVl affords the compounds of interest of formula la.
The reaction can be carried out in the presence of an aqueous inorganic base such as
lithium hydroxide, sodium hydroxide, or potassium hydroxide in an inert solvent such as

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

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

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

as N,N-dimethylformamide, at room temperature for several hours.

Hydrolysis of the methyl ester moieties of the amides XL affords the compounds of interest
of formula fb. 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 fetrahydrofuran at room temperature for several hours.
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5 The compounds of interest of formula Ic, id, te and i can be prepared according to
Scheme 8. In this process, the intermediates lla can be converted to the ethers XLl by a
Mitsunobu reaction. Hydrolysis of the methyl ester moieties of the ethers XLI affords the
compounds of interest of formula lc. The protected amine groups in XLII are converted fo
the corresponding amines XL under acidic conditions, followed by treatment with a base

10 to generate the free amines. Reaction of the amines XLl with the carbonyl chiorides XLIV,
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followed by a hydrolysis reaction affords the compounds of interest of formula id.
Sulfonylation of the amines XLII with the sulfonyl chiorides XLV, followed by a hydrolysis
reaction affords the compounds of interest of formula le. Treatment of the amines KL with
the isocyanates XLVII, followed by a hydrolysis reaction affords the compounds of interest
of formula .

The intermediates Ha can be converted to the ethers XLIl by a Mitsunobu reaction with 4-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester (XL1). The reaction can be carried out
in the presence of diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate (DIAD),
ar di-p-chlorobenzyl azodicarboxylate (DCAD) and triphenyiphosphine, in an inert organic
solvent such as toluene, dichloromethane, tetrahydrofuran, or acetonitrile, at a temperature
between room temperature and 70 °C for 20 minutes to several hours (Lizarzaburu M. E, et
al., Tetrahedron Lett. 43 (2002) 2157-2159).

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

several hours.

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

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

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

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



piperazine-1- (m, 1 H),_ 7.20_(dd, J = carbonyl)- 10.74, 1.89 Hz, 1 H),4.41 naphthalen-2- (s, 2 H),
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Sulfonylation of the amines XLl with the sulfony! chlorides XLVIi affords the corresponding
sulfonamides. The reaction can be carried out in the presence of a base such as
triethylamine, pyridine, or 4-dimethylaminopyridine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures thereof, at room

5 temperature for several hours.

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

10
Hydrolysis of the methyl ester moieties of the amides XLV, the sulfonamides and the ureas
XLVIll affords the compounds of interest of formula Id, le and if separately. The reaction
can be carried out in the presence of an aqueous inorganic base such as lithium hydroxide,
sodium hydroxide, or potassium hydroxide in an inert solvent such as 1.4-dioxane, or

15 tetrahydrofuran at room temperature for severat hours.
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The key intermediate Ilb-1 (which can be used as a replacement for intermediate It in
scheme 5 to make the compounds of formula 1it) can be prepared as described in Scheme
20 9. Treatment of (4-fluoro-phenyl)-acetic acid (XLIX) with oxalyl chloride generates the
corresponding acid chloride in situ, which is not isolated, but treated with the Wittig-type
reagent L in the presence of a base to produce the allene derivative L1. A conjugate

addition reaction of the aliene with malonic acid tert-butyl ester ethyl ester produces the tri-
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ester derivative LH, which upon hydrolysis and subseguent decarboxylation generates the
acid derivative Lill. Acetic anhydride-promoted cyclization of LIl fuishes the naphthalene
derivative LIV, which upon hydrolysis of the acetyl group produces the key intermediate lib-
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
camied out with oxalyl chloride and a catalytic amount of N,N-dimethylformamide (DMF), in
an ether solvent, at room temperature. Subseguent treatment of the in situ generated acid

10 chloride with a base such as N,N-diilsopropylethylamine will lead to the generation of the
corresponding ketene, which upon treatment with a Wittig type reagent suchas L inan
ether solvent at a temperature between 0-10 °C produces the allene derivative LI.

The conjugate addition reaction between the allene derivative L1 and malonic acid tert-butyl

15 ester ethyl ester to produce the tri-ester derivative LIl is conducted in the presence of a
base such as potassium tert-buioxide, in a solvent such as N,N-dimethyl acetamide at
room femperature.

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

20 known in the art. For exampie, the reaction can be conducted using an agueous base
such as lithium hydroxide, in the presence of a solvent such as ethanol, at room
temperature overnight. The subsequent decarboxylation reaction can then be carried out

by heating the solution of the resulting diacid at reflux for several hours, 10 produce LI

25 The cyclization of the unsaturated acid derivative LI {o the naphthalene LiVis
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.



7.90 (dd, Jr 8.97, 5.94 Hz 507 OH Difluoro- 1 H), 7.82 (s, 1 H), 7.73 - OS 0 benzenesulfony 7.79 (m,
1 H), 7.61 -I)-piperazine-1-7.66 (m, 1 H), 7.57 (dd, Jr ON carbony11-6- 9.85, 7.58 Hz, 1 H), 7.29
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-38%-
The acetate derivative LIV then undergoes a hydrolysis, upon treatment with a base such
as sodium methoxide, in a solvent such as methanol, at room temperature, to produce the
desired key intermediate ilb-1.
5 EXAMPLES

MATERIALS AND INSTRUMENTATION
intermediates and final compounds were purified by either flash chromatography and/or
preparative HPLC (high performance liquid chromatography). Flash chromatography was
10 performed using (1) the Biotage SP1™ system and the Quad 12/25 Cartridge module from
Biotage AB) or (2) the ISCO CombiFtash® chromatography instrument (from Teledyne Isco,
Inc.): unless otherwise noted. The silica gel brand and pore size utilized were: (1) KP-SIL™
60 A\, particle size: 40-60 micron (from Biotage AR); (2) Silica Gel CAS registry No: 63231-
87-4, particle size: 47-80 micron; or (3) ZCX from Qingdao Haiyang Chemical Co., Ltd,
15 pore size: 200-300 mesh or 300-400 mesh. Preparative HPLC was performed on a
reversed phase column using an Xbridge™ Prep Css (5 wm, OBD™ 30 x 100 mm) column
(from Waters Corporation}, or a SunFire™ Prep Cg (5 pm, OBD™ 30 x 100 mm) column

(from Waters Corporation}.

20 Mass spectrometry (MS) was performed using a Waters® Alliance® 2795-2Q™2000 (from
Waters Corporation. Mass spectra data generally only indicates the parent ions unless
otherwise stated. MS data is provided for a particular intermediate or compound where
indicated.

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

5 Reagents were used as received from commercial suppliers unless otherwise noted.
PART I: PREPARATION OF PREFERRED INTERMEDIATES

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

OO ~~
O
F

10 OH
2-(4-Fluoro-benzylidene)-succinic acid 1-methyl ester
H O
NN
OH
F
O

To a refluxing mixture of potassium tert-butoxide (27 g, 242 mmol) and terf-butanol (150
mL) was added a solution of 4-fluoro-benzaldehyde (20 g, 161 mmol) and dimethyl

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

20 chromatography (elution with 30% ethyl acetate in petroleum ether) to afford 2-(4-fluoro-
benzylidene)-succinic acid 1-methyl ester (25.5 g, 66%) as a light yellow solid. "H NMR
(400 MHz, CDs0OD) & ppm 7.84 (s, 1 H), 7.41 - 7.46 (m, 2 H), 7.13 - 7.20 {m, 2 H), 3.81 (s,
3 H), 3.49 (s, 2 H).
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4-Acetoxy-6-fluoro-naphthalene-2-carboxylic acid methyt ester
0

SO
O
1

To a stirred solution of 2-(4-fluoro-benzylidene)-succinic acid 1-methyl ester (2 g, 8.4 mmaol)

F

in acetic anhydride {10 mL) was added sodium acetate (0.83 g, 10.1 mmol). After being
5 heated at reflux for 6 hours, the mixture was concentrated in vacuo. The residue was

dissolved in 1 N hydrochloric acid (20 mL). The agueous solution was extracted with ethyl
acetate (15 mL x 3). The combined organic layers were dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue was purified by column chromatography (gradient
elution with 10-20% ethyl acetate in petroleum ether) to afford 4-acetoxy-6-fluoro-

10 naphthalene-2-carboxylic acid methyl ester (1.1 g, 50%) as a white solid. H NMR (400
MHz, 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=0.85 253 Hz, 1 H), 7.37 (td, J = 8.59, 2.53 Hz, 1 H), 3.99 (s, 3 H), 2.49 (s, 3 H).

6-Fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyi ester
0O

o
o

15 O
To a solution of 4-acetoxy-8-flucro-naphthalene-2-carboxylic acid methyl ester (1g, 3.8
mmal) in methanol (20 ml.) was added sodium methoxide (309 mg. 5.7 mmol). After being
stirred at room temperature for 1 hour, the reaction mixture was acidified to pH 3 with 1N
hydrochloric acid. The resulting precipitate was collected by filtration and dissolved in ethyl

20 acetate. The organic solution was dried over sodium sulfate, and concentrated in vacuo to
afford 900 mg of crude 6-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester as a
pale yellow solid, which was used in the next step without further purification,
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(s, 1 H), F10100 vyl-piperazine-1- 7.81 (s, 1 H), 7.79 (s, 1 H), carbonyl)-6- 7.71 -7.78 (m, 2 H), 7.63-

ON trifluora _ 769 (m, 2 H), 7.55 (s, 1 H), naphthalen-2- 3.90 - 4 207 1S
Al-acetic ac%s(g,%h/l{—)ﬁ%% °35 - 3.50 (m, 2 o/e/ERaddbad @

L 4] -

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

o

O

F

To a mixture of 8-fluoro-4-hydroxy-naphthalene-2-carboxylic acid methyl ester (4.6 g, 21
mmol) and potassium carbonate (5.8 g, 42 mmol), was added benzyl bromide (5.47 mL, 32

5 mmol) in acetone (100 mL). After being stirred vigorously at reflux for 4 hours under a
nitrogen atmosphere, the resulting mixture was cooled to room temperature, filtered, and
concentrated in vacuo to give 4-benzyloxy-6-flucro-naphthalene-2-carboxylic acid methyl
ester (5.85 g, 90%) as a white soiid.

10 (4-Benzyloxy-6-fluoro-naphthalen-2-yl}-methanol

™~
F

0

To a siurry of lithium aluminum hydride (1.4 g, 37.4 mmol) in tetrahydrofuran (30 mL) was
added a solution of 4-benzyloxy-6-fluoro-naphthalene-2-carboxylic acid methyl ester (5.8 g,
18.7 mmol) in tetrahydrofuran (30 mi) at © °C under a nitrogen atmosphere. After being

15 heated at 60 °C for 1 hour under a nitrogen atmosphere, the resulting mixture was cooled
to 0 °C and treated with 1 N hydrochloric acid to quench the reaction. The mixture was
extracted with diethyl ether (80 mL x 4). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuo to give (4-benzyioxy-6-fluoro-
naphthalen-2-yl)-methanol {4.9 g, 93%) as a white solid.

20



H), 2.71 -3.32 (m, 4 H) ;-19 f4-(4- Benzenesulfon 8.04 (d, J =8.84 Hz, 1 H), 7.94 (5, 1 H), 7.80 (d, J
=523 OH F F 400 0 yl-piperazine-1- 8.08 Hz, 2 H), 7.71 -7.77 carbonyl)-6- (m, 1 H), 7.61 -7.69 (m,

2 ON uiluqiameixckl) 7.49 (5, 2 H), 7.45 (d, 3 * y-naphihalen-2- =9, 4.20 640
Al-acetic aC' @ é% %83 (s,2H),336 -3.49 (m, 2 H),2.65-3.30 e tErbdblbedstl

_40.

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

F u

0

To a solution of triphenylphosphine (2.8 g, 10.6 mmol) in anhydrous tetrahydrofuran (16
mL) was added carbon tetrachloride (5 mL). After the mixiure was stirred at room
5 temperature for 10 minutes, (4-benzyloxy-B-flucro-naphthalen-2-yl)-methanol (1.5 g, 5.3

mmot) was added as a solid under a nitrogen atmosphere. After being stirred at reflux for 2
hours, the resulting mixture was cooled to room temperature, diluted with water, and
extracted with ethyl acetate (100 mL.). The organic layer was washed with water (50 mbL x
2). The combined agueous layers were extracted with ethyl acetate (100 mL). The

10 combined organic iayers were dried over sodium sulfate, filtered, and concentrated in
vacuo. The residue was purified by column chromatography (elution with 5% ethyl acetate
in petroleum ether) to afford 1-benzyloxy-3-chloromethyl-7-flucro-naphthalene (1.4 g,
87.5 %) as a white solid.

15 {(4-Benzyloxy-6-flucro-naphthalen-2-yl)-acetic acid methyl ester
O‘\
!
F
o)

¢

A flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-naphthalene (5.4 g, 18 mmol),
bis(triphenylphosphine Jdichloropaliadium(if} (630 mg, 0.9 mmol) and potassium carbonate
(2.6 g, 18.9 mmol) was evacuated and then filled with carbon monoxide {balloon). Methanol

20 (25 mb) and tetrahydrofuran (50 mL) were added by means of a syringe. After being stirred
at room temperature under a carbon monoxide atmosphere (balloon) overnight, the



m 4 H *CDCI3 was used as the solvent. WO 2010/055006PCT/EP2009/064816 -63 - EXAMPLE 2-1
16-Fluoro-4-44-(441 uoro-Phenvl)-Piperazine-1-carbonv11-3-methyl -naphthalen-2-ylb acetic acid 5
(6-FIuoro-46v4-(%A“&Mg)%r&q)henyI)-piperazine-l-carbonyl1-3-methyl-naphtpgﬁgﬁpgﬂh@;l,‘gs@g@tic acid
methyl ester 9.6 0 a solution of
7-fluoro-3-methoxycarbonylmethyl1-2-methyl-naPhthalene-1-carboxylic acid (27.6 mg, 0.10 mmol) and
1-(4-fluoro-phenyl)-piperazine (19.8 mg, 0.11 mméf)‘ln N,Ndimethylformamide (2 mL) was added
bromo-tris-pyrrolidino phosphonium hexafluorophosphate (46.6 mg, 0.10 mmol) and
N,N-diisopropylethylamine (34.7 pL, 0.20 15 mmol). After being stirred at room temperature for 24
hours, thedessAtingdixines Wiasdatiluies weatbrety addtated@etratidwidheisiaeiate|N $Ydiethloric
acid (10mL), a satugateig 2gueou esao\l}al&wn E%;g%?%qg O‘T‘géecgrﬂﬂﬂ%b AnekBrine: (Eete The

resulting SFﬁ@?&ﬁ WA dlied 6ver sodium fate, filiered, and concentrated in vacua. The
residue weisaptetiedibgtonl aseiatarddRimgrapty e sarehinem foeARtHaYS R 0% 8 TP A Qe 20 in

pe”o'eugb%ﬂ%@éﬂa%@%@e{@ﬂ!%@%ﬂéeéﬂrﬁwm%@w.lﬂl%jE’@é@@i@@vésqammwwaewmn
methyl-naphthalen-2-y1}-acetic acid methyl ester (36.2 mg, qs% as a yvpiteéolcijd( WQ loxy-
201070550 0BPTAIEAP T (RIYERR N6 287 cthyl acetate in petrolsum ether) to afford (4-benzyloxy

(6-Fluora4ddrinbipatnapienyl)-pipatazitenie taayi](3-3rgtBy Mjashehaléis-2ojilacetic acid 5 Starting
with 16-fluoro-444-(4-fluoro-phenyl)-piperazine-1-carborwl]-3-methyl-naPhthalen-2- y1}-acetic acid
methyl ester (36.2 mg, 0.08 mmol), using a method analogous to the one described above for example
1-1, {6-fluoro-4-[4-(4{ReBre prrdryyasireraapbthatenmiiiase At MpRHLESES -yIl-acetic acid was
obtained (15 mg, 43%) as a white solid. 1H NMR 4 ) M-z, CD30D) 6 ppm 7.91 (dd, 1 H), 7.83 (s,
1 H), 7.22-7.33 (m, 2 H), 6.97 (d, 4 H), 4.03 } , 2IH), 3.81 (d, 2 H), 3.22 - 3.30 (m, 4 H), 2.87 -
3.02 (m, 2 H), 2.41 (s, 3 H); MS cald. for 4 2N283 424, obsd. (ESI+) [(M+H).] 425.
EXAMPLES 2-2 to 2-24 15 The following examples2-2 to 2-24 were prepared in an analogous

T fbto- SRR A P A RSP RRB RS2 asais e e opier 78 mey
availablezl7aryhpiperazitres)dE 2inple Nes Sydtshific prisdumn V(oD (VA427eb308) 6 ppm MS
(ESI+, [(%EU&%%QQ%%'SZHEW% vigorously under a hydrogen (balioon) atmosphere ovemight
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
15 MHz, CDCl3) & ppm 7.69 -7.76 (m, 2 H), 7.30 (s, 1 H), 7.22 - 7.26 (m, 1 H), 6.82 (s, 1 H)},
3.74(s,3H),3.72 (s, 2 H).

Preparation of (6-fluoro-4-hydroxy-3-methyi-naphthalen-2-yi}-acetic acid methyl ester
0

T

OH

F

20 2-(4-Fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester



[6-Fluoro-3- methyl-4-(4- pyridin-2-yl- piperazine-1 carbonyl)- naphthalen- 2-ylFacetic acid 8.07 - 8.11
(m, 1 H), 7.89-7.94 (m, 1 H), 7.83 (s, 1 H), 7.53 - 7.59 (m, 1H), 7.22 - 7.33 (m, 2 H), 6.83 (d, 1 H), 6.68

-6.72 (m, 1),,4 00412 (m, 2 H), 3.81 (d, 1 H), 3.73 - 3.7 (m, 2 H), 3,82
] ] ] ] . . y y ) m%zﬁgym%H), 2.42 (S
3H) 408 OlHVl@§ 6 6N @L...NN l,-- WO 2010/055006PCTIEP2009/064816 - 65 - Example No.

Systematic Name H NMR (400 MHz, CD30D) 5 ppm MS (ES r, [(M+H)*1 Structure 2-3 {6-Fluoro-4-
[4-(2-fluoro- phenyl)- piperazine-1- carbony11-3-7 ’éfhyl- naphthalen- 2-y11-acetic acid 7.91 (dd, J=
8.84,5.81 Hz, 1 H), 7.82 (s, 1 H), 7.23 -7.32 (m 2 H), 6.95- 7.12 (m, 4 H), 4.04 - 418 (m, 2 H), 3.79 (d,
J=5.56 Hz, 2 H), 3.19 - 3.28 (m, 4 H), 2.85 - 3.00 (m, 2 H), 2.44 (s, 3 H) 425 OH 40140. ONF N io 2
[6-FluorgsBermaesrdfdadhitny bipipethztinerdtheat ¢hy Ilnapathagpengign ofsedtiemoiva® (dd, J=

. 40328 37 ok T B B S s, 242 (5.3
H) 407 QidrzaaieyORTH 11 0023-8108- FRebrs iyt yhs Wit | G BRRFNB- 1-carbonyl)-
naphthalgr; 2-x1,3-RElIGAGIE0%A3 (theladldd dtrochttbripd2afdes Urded shdrtt rlirdyen.84 (s, 1 H),
5 The resulting mixture was stirred at room temperature for 30 minutes and then quenched
by the slow addition of water (20 mL). The mixture was acidified to pH 3 by the addition of
concentrated hydrochloric acid, and extracted with ethyl acetate (200 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. The residue was purified by column chromatography (elution with 30% ethyl acetate
10  in petroleum ether) to afford 2~(4-fluoro-benzyl idene)-3-methyi-succinic acid 1-methy! ester
{20 g, 33%) as a white salid. "HNMR (400 MHz, acetone-ds) & ppm 7.77 (s, 1 H), 7.54 (d,

J=88Hz 2H),7.25(d, J=8.8Hz 2 H),3.82(q, 7.2 Hz, 1 H), 1.40(d, J = 6.8 Hz, 3 H).

8-Fluoro-~4-hydroxy-3-methyl-naphthalene-2-carboxylic acid methyi ester
O

o
F

15 OH
To a solution of 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester (1 g, 4 mmof)
in anhydrous tetrahydrofuran (10 mL), trifluoroacetic anhydride (3.3 g, 15.7 mmot) was
added in one portion followed by the addition of triethylamine (3.3 ml, 24 mmol) dropwise.
After being stirred at room temperature for 4 hours, the mixture was acidified to pH 3 with

20 5% agueous hydrochloric acid and extracted with ethyl acetate (20 mL). The organic layer
was concentrated in vacuo. The residue was dissolved in methanol (15 mL). The resulting
solution was cooled to 0 °C, then treated with sodium borohydride (380 mg, 10 mmol), and
stirred for 1 hour. The reaction mixture was diluted with ethyl acetate (20 mL) and 5%
aqueous hydrochloric acid (20 mL). The agueous phase was separated and extracted with

25 ethyl acetate (15 mL x 3). The combined organic layers were washed with brine (40 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by
column chromatography (elution with 10% ethyl acetate in hexanes) to afford 6-fluoro-4-



7.23-7.33 (m, 2 H), 6.62 (t, J=4.80 Hz, 1 H), 3.95 - 4.10 (m, 4 H), 3.83 (s, 2 H), 3.61 -3.78 (m, 2 H),
3.18 - 328 (m 2 H), 2.42 409 OH 00 0 ON NIN,N. N.,.......- (s, 3H) 2-6 [6-Fluoro-3- methyl-4-(4-
m-tolyl- pip %@ﬁg&-sgggbonyl)- naphthalen- 2-y13-acetic acid 7.96 (ddpdT/B98ondisklz, 1 H), 7.87
(s,1H),7.28-7.3 ?m, 2H),7.16 (t, J=7.83 Hz, 1 H), 6.88 (s, 1 H), 6.84 (d, J=7.58 Hz, 1 H), 6.78
(d, J= 7.33 Hz, 1 H), 4.09 - 4.19 (m, 2 H), 3.91 (s, 2. H), 3.35- 3.51 (m, 4 H), 2.98 -3.13 (m, 2 H), 2.44
(s, 3 H), 2.31 (s, 3 H) 421 OH O. 0 ON Oil 2-7 {6-Fld6ro-3- methyl-4-[4- (3- tritluoromethy 1-phenyl)-
piperazine-1- carbonyl]- naphthalen- 2-yl}-acetic acid 7 94 - 7.98 (m, 1 H), 7.87 (s, 1 H), 7.42 (t, J=
8.34 Hz, 1 H), 7.26 - 7.37 (m, 2 H), 7.19 - 7.25 (m, 2 H), 7.13 (d, J= 7.58 Hz, 1 H), 4.14 (t, J = 5.18 Hz,
2 H), 3.90BoRyH)BaA -3 tmaleheip-CabtoxBid adm mRHY) esder (S48 Ap498°013s180E!e ON LN Il F
WO 2010/9. 5006PCT/EP2009/064816 -66 - Example No. Systematic Name 'H NMR (400 MHz,
CD30D) ¥ppm MS

Alternatively, Starting with 2—(4-ﬂuorc)»benzyiidehe)—&mé’shylnsuccinic acid 1-methyl ester,
5 using a method analogous to the one described above for 6-fluoro-4-hydroxy-naphthalene-
2-carboxylic acid methyl ester, 8-fluoro-4-hydroxy-3-methyl-naphthalene-2-carboxylic acid

methy! ester was obtained as a pale soiid.

4-Benzyloxy-6-fiuoro-3-methyl-naphthaiene-2-carboxylic acid methyt ester
O

ol

0

F

10
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 (3.45 g, 68.4 mmol) was added benzyl
bromide (4.5 mL, 37.6 mmol) in acetone (100 mL). The resulting mixture was vigorously
stirred at reflux for 10 hours under a nitrogen atmosphere. The mixture was cooled, then

15 filtered, and concentrated in vacuc to give 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-
carboxylic acid methyl ester (10.4 g, 94%) as a white solid.

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

F OH

G

20 To a slurry of lithium aluminum hydride (1.8 g, 47.5 mmol) in tetrahydrofuran (50 mL) was
added a solution of 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl



(ES(, [(WW?1 Structure 2-8 {6-Fluoro-4- 7.96 (dd, J = 9.09, 5.81 Hz, 1 437 OH [4-(2- H), 7.88 (s, 1 H),
7.30 - 7.39 (m, O.0 methoxy- 2 H), 7.15 - 7.22 (m, 2 H), 7.07 phenyl)- (d, J = 7.33 Hz, 1 H), 7.00 (t,

J TONO pipsrazingshgcarbonyl]-3- = 7.71 Hz, 1 H), 4.10 - 4.31 (M,2 Hh 3 A2 4500ndd13-37 - 3.51 N
al methyl- (m, 4 H), 3.01 -3.17 (m, 2 H), lir naphthalen- 2.45 (s, 3 H) 2-y||-acet)igc aciél

- 46 -

ester (10 g, 30.8 mmol} in tetrahydrofuran (50 mL) at 0 °C under a nitrogen atmosphere.
After being heated at 60 °C for 2 hours, the resulting mixture was cooled to 0 °C and
treated with 1 N hydrochloric acid to quench the reaction. The aqueous layer was extracted
with diethy! ether (100 mL x 5). The combined organic layers were dried over sodium

5 sulfate, filtered, and concentrated in vacuo to give (4-benzyloxy-6-fluora-3-methyt-
naphthalen-2-yl)-methanol (8.4 g, 92%) as a white solid. ‘H NMR (400 MHz, CDCl3) & ppm
7.84 (dd, J= 5.8, 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,
5 M), 7.24 (td, J=2.4, 8.4 Hz, 1 H), 4.99 (s, 2 H), 4.87 (s, 2 H), 2.47 (s, 3 H).

10 1-Benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naphthaiene

G

To a solution of triphenylphosphine (7.1 g. 27.2 mmol) in anhydrous tetrahydrofuran (32
mL) was added carbon tetrachloride (10 mL}). The mixture was stirred for 10 minutes and 4-
benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl}-methanot (4 g, 13.6 mmol) was introduced as

15 a solid under a nitrogen atmosphere. After being stirred at reflux for 2 hours, the resulting
mixture was diluted with water, and extracted with ethyl acetate (150 mL). The organic
layer was washed with water (50 mL x 2). The combined aqueous layers were extracted
with ethy! acetate (150 mL.), and the combined organic layers were dried over sodium
sulfate, filttered, and concentrated in vacuo. The residue was purified by column

20 chromatography (elution with 5% ethyl acetate in petroleum ether) to afford 1-benzyloxy-3-
chioromethyl-7-fluoro-2-methyl-naphthalene (3.5 g. 83%) as a white solid. "H NMR (400
MHz, CDCls) & ppm 7.83 (dd, J = 5.6, 9.3 Hz, 1 H), 7.71 (d, J= 2.4 Hz, 1 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 C1oHCIFO 314, obsd. (ESI) [(M+H)"] 315.



2-9 (6-Fluoro-4- 7.95 (dd, J =9.09, 5.81 Hz, 1 437 [4-(3-H), 7.87 (s, 1 H), 7.28 - 7.37 (m, OH
methoxy- 2 H), 7.17 (t, J = 821 Hz, 1 H), 1100 o phenyl)- 6.61 (dd, J =,8.21, 1.89 Hz, 1

piperazine %{ ?—%@ 1 H), 6.50 (dd, J aN carbonyl]-3- 8.08, 1.77 H 9 methyl-
(m, 2 H), 3&5' @ $77 (s, Si naphthalen- 3 H), 3.34 - 3.45 (m, 4 H), C}IEB%@ e

“47 .

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

Joeeh

O

A flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyi-naphthalene (3.3 g, 10.4
mmol), bis(triphenylphosphine)dichloropalladium(il) (360 mg, 0.5 mmol) and potassium
5 carbonate (1.52 g, 11.0 mmol) was evacuated and then filled with carbon monoxide

(balioon). Methanol (18 mL) and tetrahydrofuran (35 mbL) were added by means of a
syringe. After being stirred at room temperature under a carbon monoxide atmosphere
(balloon} overnight, the resulting mixture was diluted with water (50 mL.), and extracted with
ethyl acetate (100 mL). The organic layer was washed with water (50 mL x 2). The

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

15 5.2, 84Hz 1H),7.70(d, J=10.4 Hz, 1 H), 7.40 - 7.59 (m, 6 H), 7.25 (td, J= 2.0, 8.8 Hz, 1
H), 5.00 (s, 2 H), 3.84 (s, 2 H), 3.75 (s, 3 H), 2.42 (s, 3 H); MS cald. for CasH1sF O3 338,
obsd. (ESI) [(M+H)"] 339.

{6-Fluoro-4-hydroxy-3-methyl-naphthalen-2-yt)-acetic acid methyl ester

LoCx

20 OH
To a solution of (4-benzyloxy-8-fluoro-3-methyl-naphthalen-2-yi)-acetic acid methyl ester
(3.4 g, 10.0 mme!) in methanol (50 mL) was added 10% paliadium on carbon (0.5g). The
resulting mixture was vigorously stirred under a hydrogen (balloon) atmosphere overnight,
and then filtered. The filtrate was concentrated in vacuo to give (8-fluoro-4-hydroxy-3-



2-yll-acetic acid -3.12 (m, 2 H), 2.43 (s, 3 H) 2-10** {444-(2- 7.99 (dd, J = 8.84, 6.06 Hz, 1 435
Ethyl- H), 7.84 (s, 1 H), 7.42 (td, J= OH phenyl)- 8.91, 2.40 Hz, 1 H), 7.28 (dd, J SOO 0

piperazine-%g’z‘]gg BfdoHz, 1 H), 721 (d, carbonyl11-6-J=7.33 Hz,d - 1,18 ON
fluoro-3- (m, 1 ngl -(;.10 (m, 2 H), methyl- naphthalen- 4.00 - 4.07 lzml,l?gi’l-%%%%l(%s, 2 H), 2.88 -
3.03(m, 2H),2.65 IS

- 48 -

methyl-naphthalen-2-yl)-acetic acid methyl ester (2.44 g, 98%) as a white solid. TH NMR
(400 MHz, CDCls) 8 ppm 7.69 - 7.74 (m, 2 H), 7.34 (s, 1 H), 7.21 (td, J = 2.4, 8.4 Hz, 1 H),
5.16 (s, 1 H), 3.82 (s, 2 H), 3.74 (s, 3 H), 2.35 (s, 3 H); MS cald. for C14H13F O3 248, obsd.
(ESI*) [(M+H)'] 249,

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

O\
90Q:

o7 OH

acid

F

10 (G-Fiuoro-3-methyl-4-triﬂuoromethanesutfonyloxy-naphthalen—2-y!)-acetic acid

’ O\
SOoQ
F
O“S'p F
St

To a cooled (ice-water bath) solution of 6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic

methyl ester

acid methyl ester (1.16 g, 4.7 mmol) and pyridine (1.86 mL., 23 mmol) in anhydrous

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

20 vacuo. The residue was purified by column chromatography (elution with 20% ethyl acetate
in petroleum ether) to afford (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-
yl)-acetic acid methyl ester (1.80 g, 89.5%) as a white solid.



2-y11-acetic (g, J = 7.66 Hz, 4 H), 2.32(s,3 acid H), 1.17 (t, J=7.45Hz, 3 H) 2-11{414-(3,5-7.95
-7.98 (m, 1 H), 7.88 (s, 1 543 OH Bis-H), 7.46 (s, 1 H), 7.28 - 7.37 (m, 0101 o trifluoromethy 3 H),

412 -4.18 %é@as”é‘%} I-phenyl)- (s, 2 H), 3.50 - 3.67 (m, 2 H), oN pipgrazingd3:35 - 3.44 (m,
: car

2 H), 3.18 -

10

15

20

25

onyl11-6- fluoro-3- methyl- naphthaien- (m, 2 H), 2.44 (s, 3H) FF
-49.

7-Fluoro-3-methoxycarbonyimethyl-2-methyi-naphthalene-1-carboxylic acid

O
DOQ!
F

0~ "OH
A parr bottie containing (6-fluoro-3-methyl-4-trifluoromethanesutfonyloxy-naphthalen-2-yl)-
acetic acid methyl ester (1.0 g, 2.63 mmo!), 1,1-bis(diphenylphosphino)ferrocene (148 mg,
0.27 mmol), and palladium(il) acetate (60 mg, 0.27 mmol) was evacuated and then filled
with carbon monoxide. N,N-dimethylformamide (60 mL), water (40 mlL) and triethylamine
were added by means of a syringe. The reaction mixture was shaken at 60 °C under a
carbon monoxide atmosphere (30 psi) for 4 hours. The resulting mixture was diluted with
ethyl acetate (60 mL), and then extracted with a saturated aqueous solution of sodium
carbonate (50 mL x 3). The combined aqueous layers were acidified to pH 3 by the slow
addition of 12 N hydrochicric acid in an ice-water bath, and extracted with ethyl acetate (80
mL x 3). The combined organic layers were washed With brine (150 mL x 2), dried over
sodium sulfate, filtered, and concentrated in vacuo to afford 7-fluoro-3-
methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid (680 mg, 94%) as a light
brown viscous oil. MS cald. for C1sH1sFO4 276, obsd. {(ESI) [(M+H)'] 277.

Preparation of 7-fluoro-3-methoxycarbonyimethyl-naphthalene-1 ~carboxvlic acid

O\.
DOR:
F

0" OH

Starting with (8-fluora-4-hydroxy-naphthalen-2-yl)-acetic acid methyl ester, using the
method analogous to the one described for 7-fluoro-3-methoxycarbonyimethyl-2-methyl-
naphthalene-1-carboxyiic acid, 7-flucro-3-methoxycarbonylmethyl-naphthalene-1-
carboxylic acid (80 mg) was obtained as a light brown viscous oil. MS cald. for C14H1oF Qs
262, obsd. (ESI") [[M+H)"] 263.

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




z-yl}-acetic acid WO 2010/055006PCT/EP20091064816 - 67 - Example No. Systematic Name 'H
NMR (400 MHz, CD30D) 5 ppm MS (ES14, [(WH) 47 Structure 2-12 (6-Fluoro-4- 7.93 (dd, J = 8.59,

6.06 Hz, 1 4@?8 120 [4-(4-H), 7.85 (s, 1 H), 7.24 - 7.37 (m,  meth@yyp,2plbh
‘ X 1 ] 1] . y : / P 97( &%1 7.10 (m, 2 H),
6.83 phenyl)- gtéZ (m, 2 H), 4.07 -4.20 (m, oN piperazine-1- 2 H), 3.89 (s, 2 H),}3.7éf (s,3 LN

-50-

HN(><)N_€+

2,6-Bis-{1-phenyl-ethyl)-2,6-diaza-spiro[3.3lheptane dihydrochioride
el cr
H
\><:<<

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

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

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

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

2-(1-Phenyl-ethyi)-2,6-diaza-spiro{3.3Jheptane dihydrochloride



carbonyl]_—S- H_), 3.33-3.45(m, 4 H), 2.92 - SO methyl- 3.07 (m, 2 H), 2.40 (s, 3 H) naphthalen-
2-ylkacetic acid 2-13 {444-(2,4- 7.95 (dd, J =9.22, 5.68 Hz, 1 443 oe ISO 0 Difluoro- H), 7.87 (s, 1

2)2375:]3 07&?‘,% gmwosg&)%nyl)- 2 H),7.05-7.14 (m, 1 H), 6.85 piperazing-}o:89450s@ H), 4.04 -

-5 -

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

5 resulting mixture was stirred at 65 °C until the ratio of the amount of the starting material to
the amount of the desired product was unchanged by monitoring with TLC and HPLC. The
resulting mixture was filtered and concentrated in vacuo 1o afford a mixture of 2-{1-phenyl-
ethyl)-2,6-diaza-spiro[3.3}heptane dihydrachloride and 2,8-bis-(1-phenyl-ethyl)-2,6-diaza-
spiro[3.3]heptane dihydrochloride (750 mg) as a light brown solid, which was used for the

10 next step without any purification. MS cald. for CqsHssNz2 202, obsd. (ESI") [(M+H)] 203.

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

700

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

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

20 sulfate, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (gradient ejution with 5% to 10% methanol in dichloromethane) to afford 6-
(1-phenyi—e’thyi)-ﬁz,6—diaza-spiro[3,3]heptane—2~carboxylic acid terf-butyl ester (238 mg,
33%) as a viscous oil and 2,6-bis-(1 -phenyl-ethyl)-2,6-diaza-spiro[3.3]heptane (250 mgd) as

a viscous oil.



carbonyl]-6- 2 H), 3.91 (s, 2 H), 3.34 - 3.38 fluoro-3- (m, 2 H), 3.20 - 3.26 (m, 2 H), 110 methyl- 2.83
-2.96 (m, 2 H), 2.43 (s, 3 naphthalen- H) 2-ylkacetic acid 2-14"{44443,5- 8.00 (dd, J = 9.35,

6.06 Hz, 1 4\96 gﬂiﬁg)gmhethoxy- H), 7.87 (s, 1 H), 7.39 - 7.46 (m, .0 0 phenybs,dbide ks

piperazine-1-

10

15

20

-52.

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

HNOCN—<Z+

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

2 B8-diaza-spiro[3.3]heptane-2-carboxylic acid tert-butyl ester (130 mg, 99%) as a brown
viscous oil which was used for the next step without further purification.

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

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

£

O

ester

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 ul of DMF was added 13.02 mL (146.3 mmol) of oxaiyi chioride 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 fo a solution of N,N-
diisopropylethylamine (50.48 mlL., 289.8 mmol) and ethyi 2-



(dd, J=10.48,1.89 Hz, 1 H), N carbony11-6- 6.07 (d, J = 1.77 Hz, 2 H), 5,99 fluoro-3- (s, 1 H),
3.79-4.04 (m, 4 H), SI methyl- 3.68 (s, 6 H), 3.26 - 3.38 naphthalen- (m, 2 H), 3.07 - 3.17 (m, 2 H),

2-ylkacetic 2 87 - J2H),2.24-2.34 acid(m, 3H) 2-15 {6-FI :
7.86 (s, 1 BRI me)thyl-4-[4- acid (m, 3 H) - 2-15 {6-Flugieredoifon i (M. 1 H)

-53.

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

5 of heptane, and stirred for 30 minutes at 0-10 °C. The resulting solid was filtered and
washed with 2x 100 mL of 1:1 methyl terf-butyl ether:heptane. The filtrate and the
washings were combined and washed with 100 mL of water, 100 mL of 1M citric acid,
2x100 mL of water, then concentrated azeotropically at 25 °C/60 mmHg to a totai volume
of ~40 mL. The residue was diluted with 80 mL of methyl tert-butyl ether. This solution

10 was then directly used for the next step.

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

0
F
o
o
2
0 o
0 \

15 Malonic acid tert-butyl ester ethyl ester (30.08 g, 151.8 mmol) was added to a solution of
potassium tert-buioxide (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-

20 28°C. After the addition was complete, the reaction mixture was stirred at room
temperature for 20 minutes, when HPLC indicated completed reaction. The mixture was
then treated with 100 mL of 1M citric acid and 150 mL of ice-water, and then extracted with
400 ml. of methyl tert-butyl ether. The organic extract was separated and washed with
24200 mi of water, and then concentrated to produce 56.36 g of a yellow oil, which was

25 used in the next step without further purification.



H), 7.66 (t, 1 H), 7.51-7.55(m, (2-1H),7.25-7.41(m,3H),3.98 FF mfluoromethy -4. 24 (m, 2
H), 3.90 (s, 2 H), ON'Th F F 1-phenyl)- 3.30 - 3.31 (m, 2 H), 3.11 -3.17 L_"N..’

piperazine-1z (M, 2 K, 2.74 - 2.87 (m, 2 H), carbonyl]- 2.46 (s, 3 H) Wﬂﬂﬁlﬁ@mmsm

-54.

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

X

The malonate ester derivative prepared above (56.36 g, 138 mmol} was dissolved in 280
mL of absoiute ethanol. Lithium hydroxide {1M solution, 414.0 mL, 414.0 mmol) was
5 added slowly over 15 minutes, and the resulting reaction mixture was stirred at room

temperature overnight. The solution was then heated at reflux for 3 hours (HPLC analysis
indicated completed decarboxylation). At this time, the solution was concentrated at
30 °C/30 mmHg to remove ~350 mL of solvent. The residue was cooled to 10 °C, and
treated with concentrated hydrochloric acid (32.0 mL, 389.7 mmol} dropwise, in order to

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

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

used in the next step without further purification.

{4-Acetoxy-6-fluoro-3-methyl-naphthalen-2-yl}-acetic acid tert-butyl ester

C)

=,

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

20



2-yll-acetic acid  2-16 [6-Fluoro-3- 7.94 (dd, J = 8.84, 5.56 Hz, 1 421 OH methyl-4-(4- H), 7.85 (s, 1
H), 7.27 -7.36 (m, 100 0 p-tolyl- 2 H), 7.13 (d, J = 8.34 Hz, 2 H), F piperazine-1--7.01 (d, J = 8.59

Hz, 2 H), 4.32, 9Nomarhenyl)- -4.23 (m, 2 H), 3.89 (s, 2 H), naphthalen 4 H), 2.98 -
3.14 40 2-y Kacetic (M, 2 H), 2.42 (s, 3 H), 226 (s, périEradditisne 4 H)

_55.

mmol). To this solution was added potassium acetate (18.66 g, 186.3 mmol}, and the
reaction mixture was stirred at 852 °C for 10 hours, when HPLC analysis showed
completed reaction. The reaction mixture was then cooled to room temperature and diluted
with 96 mL of heptane. To this solution, 270 mL of water was added over 1 hour, while

5 maintaining the internal temperature at ~ 23 °C. The mixture was then cooled to 0-5 °C,
and stirred for 2 hours. The soiid formed was filtered, and then washed with water (2x40
ml.), heptane (2x40 mL), and then dried under vacuum {o fumish 28.5 g of a yellow solid,
which was used in the next step without further purification.

10 (6- FIuoro-d-hydroxy-S-methylﬂaphthaien-z-yl )-acetic acid teri-butyl ester

3

To a mixture of the above prepared (4-acetoxy-8-fluoro-3-methyi-naphthalen-2-yl)-acetic
acid tert-butyl ester (28.4 g, 85.44 mmol) in 140 ml. of methanol was added sodium
methoxide (25% solution in methanol, 23.44 mL, 102.5 mmol) rapidly dropwise. The

15 resulting reaction mixture was stirred at room temperature for 20 minutes, when HPLC
analysis indicated a completed reaction. The mixture was cooled to 0 °C, and then
acidified to pH 2 with 1N hydrochloric acid solution (111.1 mL, 111.1 mmol). The mixture
was then stirred at 0-5 °C for an additional 30 minutes. The resuiting solid was filtered, and
washed with water (2x40 mL), then dried under vacuum ovemight (40 °C), to produce 23.7

20 g of alight yellow solid. H NMR (300 MHz, DMSO-ds) 8 ppm 9.09 (s, 1 H), 7.76-7.86 {m
2 M), 7.26-7.35 (m, 2 H), 3.71 (8, 2 H), 2.23 (s, 3 H), 1.41 (s, 9 H).

PART Il: PREPARATION OF COMPOUNDS OF INTEREST

25 EXAMPLE -1



acid 3H) WO 2010/055006PCDTP2009/064816 -68 - Example No. Systematic Name 'H NMR (400
MHz, CD300) 6 ppm MS (ESI+, [(WH)t] Structure 2-17 {444-(3,5- 7.93 (dd, J = 8.97, 5.68 Hz, 1 475

QH Dichlorg- e 1 H), 7.24- 7.36 (m 00 O phenyl)- 2 H), 6.90 (g, H),
plperazine-ﬁl . ézf(s% Egla) 4.06 - 4.12 (m, 2 oN carbonyl]-6- H), 3.88 ((SP,CZQE#%K.%%%l zm, alc

=56 -

[4-(4-Ethanesulfonyl-piperazine-1-carbonyl)-6-fluo ro-3-methyl-naghthalen-2-ylj-acetic

acid

5 (4-Chiorocarbonyi»-B-ﬂuoro-s-methyi-naphthaien-2-y|)-acetic acid methyl ester

o° G
To a solution of 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid
(500 mg, 1.81 mmof) in anhydrous tetrahydrofuran (10 mlL.), was added oxalyl chioride (250
uL) and N, N-dimethyiformarnide (30 pL). The resulting mixture was stirred at 60 °C for 2
10 hours, and concentrated in vacuo to afford (4-chlorocarbonyl-6-fluoro-3-methyl-naphthaien-
2-yl)-acetic acid methyl ester (526 mg, 99%) as a light yeliow solid, which was used in the
next step without further purification.

4-(T-Fiuoro-3-methoxycarbonyimethyl-2-methyli-naphthalene-1 -carbonyl)-piperazine-
15 1-carboxylic acid ferf-butyl ester

To a solution of (4-chlorocarbonyl-6—ﬁuoro~3~methyt~naphthalen—2~yl)-acetic acid methyl
ester (294 mg, 1.0 mmol) and piperazine-1-carboxylic acid tert-butyl ester (279 mg, 1.5
mmol) in dichioromethane was added triethylamine (458 pL, 3.3 mmol). The resuiting



fluoro-3- 2 _H), 3_.23 -3.29 (m, 2 H), 3.02 IP methyl- naphthalen- -317 (m, 2 H), 2.41 (s, 3 H) ci
2-yll-acetic acid 2-18 {444-(4- 7.93 (dd, J =9.09, 5.81 Hz, 1 441 OH Chloro- H), 7.85 (s, 1H),7.27

- 7.35 (m, l)- 2 H), 7.20 (d, J = 9.09 Hz, 2 H), piperazi _ _g
4.10 ON cégégggweé%ﬁ%yﬂ (m, 2 H), 3(.88 (s, 2 H), Zﬂuorg_s_plperazmepé,r&%(@%\lgmg 09 Hz, 2 H),

-57 -

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

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

oo

10 A solution of 4~(7mfluoro~3~methoxycarbonylmethyi~2-methyi-naphthalene—1—carbony!)—
piperazine-1-carboxylic acid tert-butyl ester (410 mg, 0.82 mmol) in dichioromethane (10
mL) was treated with trifluoroacetic acid (2.5 mlL) at room temperature, and stirred for 4
hours. The resulting mixture was concentrated in vacuo to afford [6-fluoro-3-methyl-4-
(piperazine-1-carbonyl!}-naphthalen-2-yl}-acetic acid methyl ester trifluoroacetate as a

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

[4-(4-Ethanesulfonyi-piperazine-1 -carbonyl)-6-fluoro-3-methyi-naphthalen-2-yll-acetic
acid methyi ester

O\.
Y
F

J )

To a solution of [6-ﬂuoro~3-methyl-4—(piperazine-1~carbonyl)—naphthaien—z-yl]-acetic acid

20

methyl ester trifluoroacetate (45.8 mg, 0.10 mmol) and ethanesulfonyt chloride (14 pL, 0.15



3.32-3.41(m, 4 H), 2.91 -3.10 40 methyl- (m, 2 H), 2.41 (s, 3 H) a naphthalen- 2-y1}-acetic acid
2-19 {6-Fluoro-3- 7.94 (dd, J = 8.84, 5.81 Hz, 1 475 OH methyl-4-[4- H), 7.86 (s, 1 H), 7.49 (d, J =

40100 (4- H), 725 - 7.35 (m, 2 trifluoromethy H), 7.06 (d, J¢
1-phenyl)- 3%6?4 9%§Hm, 2 H), 3.89 (s, 2 a d S Bidiitfecdid: ON

- 58 -

mmol) in dichloromethane was added triethylamine {306 pl., 2.2 mmol). The resulting
mixture was stirred at room temperature overnight, and concentrated in vacuo. The residue
was purified by column chromatography (gradient elution with 20-40% ethyl acetate in
petroleum ether) to afford [4-(4-ethanesulfonyl-piperazine-1 -carbonyl)-8-fluoro-3-methyl-

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

[4-{4-Ethanesulfonyl-piperazine-1 -carbonyl)-6-fluoro-3-methyl-naphthalen-2-yil-acetic

| OH
T

07 N
K/N*S"O
N

10 To a solution of [4-(4~ethanesulfony!—piperazine—1~carbonyl)—6-fluoro-3—methyf~naphthalen»

acid

F

2-yl]-acetic acid methyl ester (36 mg, 0.08 mmol} in tetrahydrofuran (4 mL), was added 9N
lithium hydroxide (6 mL). After being stirred at room temperature overnight, the resulting
mixture was acidified to pH 3 with 5N hydrochloric acid, and extracted with ethyl acetate
(10 mL x 2). The organic layers were dried over sodium sulfate and concentrated in vacuo.

15 The residue was purified by preparative HPLC (gradient elution with 30-50% 0.1%
trifluoroacetic acid in water in acetonitrile, 8 minutes ) to give [4-{4-ethanesulfonyl-
piperazine-1 -carbonyl)-6-fiuoro-3-methyi-naphthalen-2-yl]-acetic acid (16 mg, 46%) as a
white solid. 'H NMR (400 MHz, CD;0D) & ppm 7.95 (dd, J = 8.97, 5.68 Hz, 1 H), 7.87 (s, 1
M), 7.26 - 7.38 (m, 2 H), 3.95-4.16 (m, 2 H), 3.90 (s, 2 H), 3.48 - 3.55 (m, 2 H), 3.20 (br. s,

20 6 H), 2.41 (s, 3 H), 1.34 (t, J,=.7.45 Hz, 3 H); MS cald. for CooHasFN20OsS 422, obsd. (ESIT)
[(M+H)"] 423,

EXAMPLES 1-2 to 1-17

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

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



O F piperazine-1- H), 3.52 (t, J = 5.05 Hz, 2 H), carbonyl]- 3.32- 3.39 (m, 2 H), 3.08 - 325
naphthalen- (m, 2 H), 2.41 (s, 3H) 2-yl}-acetic acid 2-20 (444-(2- 7.93 (dd, J =8.84,5.81 Hz, 1

441 OH Chlora; H) 2,84 (s, 1 H), 7.23 - 7.39 (m, 4040 0 phenyl)- 4 H) pfd fhilosiz 6182 Hz, 1 H),
piperazine-l-@.ggé-o%%?g (m, 1 H), 4.04 - 4.23 el o8 :

-59 .

and 4-trifluoromethoxy-benzaldehyde, to derive 7-fluoro-3-methoxycarbonyimethyl-
naphthalene-1-carboxylic acid, 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-
carboxylic acid, 3-methoxycarbonylmethyl-7-triflucromethyl-naphthalene-1 -carboxylic acid,
or 3-methoxycarbonylmethyl-7-trifluoromethoxy-naphthalene-1-carboxylic acid respectively,
5 which were then treated with piperazine-1-carboxylic acid ter-butyl ester, or 2,6-diaza-
spiro[3.3]heptane-2-carboxylic acid tert-butyl ester, trifluoroacetic acid, and commercially
available sulfonyl chlorides derivatives, in accordance with the procedure described for

example 1-1.
Example | Systematic H NMR (400 MHz, MS Structurs
No. Name CD:0D} & ppm (EST,
JM+H) 1

1.2 [4-{4- 7.86 (0d, J=8.97,5.68Hz, | 409 OH
Ethanesulfonyl- | 1 H), 7.80 (s, 1 H), 7.41 - OO
piperazine-1- | 7.48 (m, 2H),7.30-7.36 £ o
carboryl}-6- {m, 1 H), 4.03 (br. s, 2 H),
fluoro- 3.81 (s, 2 H), 3.44 - 353 07N
naphthalen-2- | (m, 2 H}, 3.33 (br. s, 2 H), K/N~ 0
yikaceticacid | 3.18 (br.s,2H),2.9%(q, J S

=733Hz,2H),1.38 (L J= 0 \l
745 Hz, 3H)

1-3 [B-Flucro-4-(4- | 7.94 (dd, J=8.72,568Hz, | 409 oH
methanesulfon | 1 H), 7.85(s, 1 H),7.24 - OO
yi-piperazine-1- | 7.36 (m, 2 H), 3.97 - 4.16 £ O
carbonyi)-3- (m, 2H),3.88(s,2H), 3.39
methyl- 347 (m, 2 H), 3.19-3.27 0FINT™Y
naphthalen-2- | (m, 2 H}, 3.00 - 3.17 (m, 2 K/N~ 0o
yiFacetic acid | M), 2.87 (s, 3H),2.38 (s, 3 O,,S\

H)

1-4 {6-Fluoro-3- 7.95 (ad, J=B8.97, 568 Hz, | 437 oH
methyl-4-[4- 1H),7.86 (s, 1 H),7.25- OG
(propane-2- 7.37 (m, 2 H), 3.93 - E o
sulfonyl)- 443 {m, 2H), 3.89 (s,2 H),
piperazine-1- | 3.58 (, J =5.18 Hz, 2 H), 07N
carbonyi]- 3.35-338{m,1H), 313~ K,N\ 2
naphthalen-2- | 3.30 (m, 4 H), 2.41 (s, 3 H), d's\r
yl}-acetic acid 1.33 {dd, J=6.82, 2.02 Hz,

6 H)




ONCI carbonyl]-6- (m, 2 H) 3.88 (s, 2 H), 3.33 - fluoro-3- methyl- 3.40 (m, 2 H), 3.23 (t, J = 5.18 Hz,
2 H), 2.81 -2.98 (m, 2 H), 40 naphthalen- 2.41 -246 (m, 3 H) 211}-acetic acid 2-21 {444-(3-7.95

(d,

piperazine

8 Hz, 1 H), 6.97 - 7.00 oN

-60 -

(dd, J = 8.8%32%%?{@5%%8441 OH Chloro- H), 7.87 (s, 1 H), 726 - 7.38 (M,.1,0:9,Rhem)- 2 H). 7.21

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

1-5 [6-Fiucro-3- 793(dd, J=8.97, 568 riz, | 463 OH
methyl-4-(4- 1H),785(s,1H),7.24- OO
trifiuoromethan | 7.38 (m, 2 H), 3.92-4.34 £ o
esuffonyl- {m,2H),3.85-3.91(m,2
niperazine-1- | H), 3.63 - 3.84 (m, 2 H), 07N
carbonyl)- 3.34 - 3.52 (m, 2 H), 3.21 - NN
naphthalen-2- | 3.28 (m, 2 H), 2.36 (s, 3 H) S 7<F
yl]-acetic acid F

16 -4 7.04 (dd, J=8.72,5.94 Hz, | 435 OH
Cyclopropanes | 1H), 785(s, 1 H},7.24 - OO
ulfonyl- 7.37 (m, 2 H), 3.96 - £ 0
piperazine-1- 44T (m, 2H), 3.89 (s, 2 H),
carbonyl)-6- 3.51 (t,J = 5.18 Hz, 2 H), 07N o
fluoro-3-methyl- | 3.06 - 3.29 (m, 4 H), 2.49 - NN
naphthalen-2- | 2.57 (m, 1 H), 2.40 (s, 3 H), & \v
yifFacetic acid 0.96-112(m, 4 H)

1-7* {8-Fluoro-4-[4- | 7.86 (dd, 1 H), 7.80 (s, 1 423 OH
{propane-1- H), 7.43 (br.s, 2H), 7.30 - OO
sulfonyll- 7.36 (m, 1 H), 4.02 (br. 5, 2 £ ©
piperazing-1- H), 3.79 {br.s, 2 H}, 3.46
carbonyll- (br.s, 2 H), 3.32 (br.s,2 o N/\
naphthalen-2- | H), 3.16 (br. s, 2 H}, 2.91 K/f\ﬂ O
yll-acetic acid | (br.s,2 H) 1.86 (br.s,2 S

H), 1.04 - 1.11 (m, 3 H) 0 7\

18 [4-(a- 793 (dd, J= 8.84, 581 Hz, | 463 GH
Cyclopenianas | 1 H), 7.85(s, 1 H),7.23- OO 5
uifonyl- 7.37 {m,2H),3.91 - F
piperazing-1- 412 {m, 2 H), 3.88 (s, 2 H),
carbonyl)-6- 3.59-3.68(m, 1 H), 3.52 {t, © D o
fiuoro-3-methyl- | J=5.18 Hz, 2 H), 3.08 - Njg"
naphthalen-2- | 3.28 (m, 4 H), 2.39 (s, 3 H), J D
yll-acetic acid 1.86-2.05(m, 4 H), 159 -

1.81{m, 4 H)

19 [A-(4- T790(dd, J= 884,581 Hz, | 471 oH
Benzenesulion | 1 H), 7.69 - 7.83 {m, 4 H), OO &
yl-piperazine-1- | 7.64 {t, J = 7.58 Hz, 2 H), F
carbonyt)-6- 7.28 (¢, J=8.72,2.27 Hz,
fiuoro-3-methyl- | 1 H), 7.05 (dd, J = 10.48, ¢ @ o
naphthalen-2- | 2.85 Hz, 1 H), 3.91-4.15 N-g’
yiFacetc acid | (m. 2 H), 3.84 (s, 2 H}, 3.12 S ‘@

3.28 (m,4H), 2.72-295
(m, 2 H), 2.24 (s, 3H)




carbonyl11-6- (m, 1 H), 6.91 (d,J=8.34 Hz, 1 fluoro-3- methyl- H), 6.85 (d, J = 7.58 Hz, 1 H), 4,08 -
4.)16 (m,(2 H), 3.89 (s, 2 40 naphthalen- H), 3.35 - 3.51 (m, 4 H), 3.00- ci 2-yl}-acetic acid 3.14 (m, 2
H),2.42 (s, 3 H 10/055006PCT/EP2009/064816 - 69 - Exap e ic Name HNR
(400 MHz, 6755)6’15‘5’ %ﬁ?n MS (ES1+, [(Mi-H)1 Structure 2-22 {6-Fluoro-l§£?née%%§§%?[%{ig-
trifluoromethy 1-pyridin-2-y1)- piperazine-1- carbonyl]- naphthalen- 2-yl}-acetic acid 8.36 (s, 1 H), 7.94
(dd, J = 8.84 5.56 Hz, 1 H), 7.86 (s, 1 H), 7.76 (d; 8= 8.59 Hz, 1 H), 7.26 -7.36 (m, 2 H), 6.92 (d, J =
9.35 Hz, 1 H), 4.02 -4.12 (m, 2 H), 3.91 - 3.95 (m, 2 H), 3.89 (s, 2 H), 3.53 - 3.64 (m, 2 H), 3.20 - 3.27
(m, 2 H), 2.41 (s,3H) 476 OH 00 o

Example  Systematic H NMR (400 MHz, MS Stucture
No. Name CD,0D) 3 ppm {EST",
[(M=H)T

1-10 [4-(6- 777-792(m, 4H),759- | 483 OH
Benzenesulfon | 7.73(m,3H),7.21-7.32 OO 5
yl-2 6-diaza- (M, 2 H),4.14 - 4.27 (m, 2 F
spiro[3.3thepta | H), 3.99 (dd, J = 9.60,1.52 o7 N
ne-2-carbonyly | Hz, 2 H), 3.83-3.93 (m, 2 \3@ o
6-fluoro-3- H), 3.80 (s, 2 H), 3.74 (d, J Mg
methyi- =10.86 Hz, 1 H), 3.56 (d, J S \©
naphthaien-2- =085Hz,1H),235(s,3

: vil-acetic acid H)

111 [6-Fluoro-3- 7.91 {dd, J=9.85,5.81 Hz, : 497 S
mathyl-4-(6- 1H),7.83(s, 1H),7.38- OO o
phenyimethane | 7.45(m, 2 H), 7.27 - F
sulfonyl-2,6- 7.38 (m,5H),4.35-446 o] NDC\
diaza- {m, 2 H), 4.34 (s, 2 H), 4.02 \ (i/©
spiro[3.3lhepta | (t, J=8.08 Hz, 2H), 3.82- &
ne-2-carbonyi} | 3.92(m,5H),3.73(dd, J=
naphthalen-2- 9.85,1.01 Hz, 1 H), 2.39 {s,
yik-acetic acid IH)

112 6-Fluoro-4-[d- | 7.80-7.93{(m, 4 H),7.37 (¢, | 489 OH
(4-fluoro- J=8.59Hz, 2H),7.28 {d, CO 5
benzenesulfony | J=8.78, 240 Hz, 1 F
I)-piperazine-1- | H}, 7.06 (dd, J = 10.48, o N/\
carbonylj-3- 1 215 Hz, 1 H),3.88-4.19 NP
methyl- P (m, 2 M), 3.84 (5,2 H), 3.0 d?\@\
naphthalen-2- | -3.29(m, 4 H),2.69-2.98 -
vi}-acetic acid {m,2H),222-231(m, 3

H)

1-13 [6-Fluoro-3- 7.93{dd, /=8.97,5.68 Hz, | 485 OH
methyl-4-(4- 1H),7.83 (s, 1H),7.44- OO g
phenytmethane | 7.48 (m, 2 H), 7.37 - F
sulfonyl- 7.43(m,3H),730-7.37 o N’\1
piperazing-1- fm, TH), 7.20 (dd, J= LN ,,C\>/©
carbonyl)- 10.74,1.89 Hz, 1 H), 4.41 &
naphthalen-2- (s,2H),3.87(s,2H), 377
yl}acetic acid ~4.05 (m, 2 H), 3.33 - 3.41

{m, 2H),283-3.16(m, 4
H), 2.34 (3, 3H)

114 {B-Fluoro-4-[4- | 7.91(dd, J=8.97,568Hz, | 489 OH
(2-fluoro- 1 H), 7.81 - 7.86 (m, 2 H), OO d
benzenesulfony | 7.70 - 7.77 {m, 1 H), 7.35- F
-piperazine-1- | 7.42 (m,2H), 7.26 - 7.33 o N/\
carbonyl}-3- {m, 1H), 7.14 {dd, J = K/N o F
methyt- 10.61,2.02 Hz, 1 H), 3.93 - '8
naphthalen-2- | 4.15 (m, 2 H), 3.85 (s, 2 H), J ©
yl}-acetic acid 3.35-344(m,2H), 3147 -

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




ON ...... ¢ F 2-23 {4-[4-(3,5- Dichloro- pyridin-4-yl)- piperazine-1- carbonyl]-6- fluoro-3- methyl-
naphthalen2-yl11-acetic acid 8.40 (s, 1 H), 7.94 (d, J = 7.07 Hz, 1 H), 7.85 (s, 1 H), 7.29 - 7.36 (m, 2
H), 4.03 - 4. 23)7%6] %4@ 3.89 (s, 2 H),3.53-3.64 (m, 2H),3.33-3.40 (@C%/EQZ(%%4§1@7 (m, 2 H),
2.44 (s, 3 HYV ](3 2 0 ONa I... a 2-24 {4-[4-(4- Cyano- phenyl)- piperazine-1 carbonyl]-6- fluoro-3-
methyl- naphthalen- 2-y1}-acetic acid 7.94 (dd, J = 9.09, 5.81 Hz, 1 H), 7.85 (s, 1 H), 7.53 (d, J = 9.09
Hz, 2 H), 7.24 - 7.35 (m, 2 H), 7.01 (d, J= 8.84 Hz62H), 4.03 - 4.16 (m, 2 H), 3.88 (s, 2 H), 3.60 (t, J =
5.56 Hz, 2 H), 3.19 - 3.27 (m, 4 H), 2.39 (s, 3 H) 432 OH 4040 0 oN 40 *DMSO-ds was used as the
solvent. EXAMPLE 3-1

4-(3-Canogmpetnydsthew0-naphtuaie b yiaxy)-niperidite- 1-carboxgilie acid tertS butyl ester WO

2010/0558606 PCT/ER2609/06481@°:90)-5 ppm (ESI,
4-(7-Flugro-3-methoxycarbonylmethyl-naphthalen-1-ylox ;anrzn]rlrllne;l;gapbg;(_y%ﬁ_aeid_ten butyl ester
To a solufidd of (6- @%@r@% hydraii‘q{a% R I 23 ﬁfﬁceﬁ% acid rnet 500 mg, 2.1 5 mmol),
4-hydroxy- piperidlnge-,:l'zb(,:@ggwl et put Iiester (640 mg, 3.2+ ?rlphenylphosphine (840

mg, 3.2 mmol) in cinWmtetrahthfUranKm fadl) dwas added diethyl aZod r\arboxylate (0i5 ml, 3.2
mmol) dropwise. Aﬁ@b%éi}% stir @c?@ﬁ’c?é %‘g&? mosphere at room te ature for 4 hours, the
mixture was dllutedﬂg\‘g‘ﬁﬁ1 J Y‘(JLg%g“[é @)grgaggg cetate (20 mL‘3< e cgmbined

organic layers Wereym/@sm.&o Mith bﬂne éiOm]zXndlzed over sodjum sulfate, filtered, and
concentrated in vacuo. The residi hefs f@ﬁfﬁeaﬁf column chromatography (elution with 20% ethyl
acetate in hexane>) to give 4- (7 fm foor aPhthaIen 1- onxy)-pipelidine-l-
carboxylie;ggic-tet %‘#be’é‘?ﬁs@ 7405014

4-(3-Carboxymethyg-fistidoro-naphthaten-%; ylaxy)q:\"lpendlne-l-ca rt butyl ester OH 0 0O
0 / Starting with 4- ‘mmw@‘qﬁv tﬁ@f{;ﬁ@aﬂﬁﬁnyﬁ‘ﬁe dphthalen-1- yloxg ridine-1- carboxylic acid
tert-butyl ester (30 1 'p ﬁ‘g o{)n (f alogous to the oné 28 desgribed aboe for
example|1-1, 4-(34c@ ymethylzi?ﬂumm-emapmtlﬂ en=1ryloxy)- plpencline-1- cag;% i acid tert-butyl

ester (16 mg, 55%) wistghebteined W3 dbAtEzs b, 3H NMR (400 MHz, CD30D) 6 ppfh 7.81|(dd, J =
8.97, 5.43 Hz, 1 H)rePried®a = 14548, 21his® Hi5; 2dY0/055006P T/EP2009/064816 -71 -
3.00 (m, 2 H), 2.27 (s, 3 H)

1-17 {4-14-(2.4- 7.90{dd, J=8.97,568 Hz 507 OH
Diluoro- 1H), 7.83 (s, 1 H),7.36- Oe o
benzenesulfony | 7.47 (m, 3 H), ,7.29 F
b-piperazine-1- | (td, J=8.78, 2,15 Hz, 1 H}, o

N o F
carbonyll-6- 7.1 {dd, J=10.48, 2.40 k,N‘S.,
fluoro-3-methyl- | Mz, T H), 3.80-4.21 (m, 2 o @
naphthalen-2- H), 3.84 (s, 2 H),3.12- .

yl}-acetic acid 3.29{m,4H),2.78-3.05
{m, 2 H),2.30 (s, 3 H}

118 [-(4- 812(d, J=8.84Hz, 2 H), | 507 OH
Benzenesulfon | 7.99 (s, 1 H), 7.86 (s, 1 H), N Oe b3
yi-piperazine-1- | 7.81 (s, 1 H), 7.79 (s, 1 H), F
carbonyl)-6- 7.71-778{m,2H),7.63- o ”\

N
trifluoromethyl- | 7.69 (m, 2 H), 7.55 (s, 1 H), K/N%"O
naphthalen-2- 3.90-4.47{m,2H),3.67 &
yi}acetic acid {s,2H)},3.35-3.60(m,2
H), 2.71-332(m, 4 H)

1-19 [4-(4- 8.04 (d,J=8.84Hz, 1 H}, 523 . Ot
Benzenesulfon | 7.84 (¢, 1H), 7.80(c, J= F‘7Lo OO o
yl-piperazine-1- | 8.08 Hz, 2 H). 7.71 - 7.77 F ~

carbonyl)-6- {m,1H),7.61-769(m,2 0 NK/ o
trifluoromethox | H), 7.48 (s, 2 H), 7.45(d, J 4
y-naphthalen-2- | = 9.60 Hz, 1 H), 3.86 - 4.20 g ‘@
yil-acetic acid {m, 2 H), 3.83(s,2H),3.38
-3.49 (m, 2 H), 2.65 - 3.30
{m, 4 H)

*CDCl; was used as the solvent.

=z
;




Hz, 1 H), 7.35 (s, 1 H), 7.28 (td, J = 8.78, 2.65 Hz, 1 H), 6.99 (s, 1 H), 4.77 -4.83 (m, 1 H), 3.71 - 3.81
(m, 4 H), 3.39 -3.52 (m, 2 H) 2.00 -2.11 (m, 2 H), 1.80 - 1.90 (m, 2 H), 1.47 (s, 9 H); MS cald. for
CZZHZGFNQ‘S?%?U &Jga% (ES14™) [(M+Hr] 404. 5SEXAMPLE 4-1 PCT/EP2009/064816

16-Fluoro-4 hanesulfonyl piperidin-4-yloxy)-naphthalen-2-yl1-acetic acid O
[6-Fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester 10 To a solution of
4-(7-f|uoro-3-methoxycarbonylmethyl-naPhthaIeﬁ-‘?L?iyloxy)-piperidine-l- carboxylic acid tert-butyl ester
(prepared as described above, 400 mg, 0.99 mmol) in methanol (4 mL) was added a 5N solution of
hydrogen chloride in methanol (4 mL). After being stirred at room temperature for 3 hours, the mixture
was concentrated in vacuo. The 15 residue WXAME&E\EGI in dichloromethane (10 mL), and treated
D @ S Ao oS My IAQIPRTRUE,SRIPL AHOINV 3 R ARl SR ReNIa8 Acparated and
extracteeFwit-areRtoror ] X2 ombined organic ayers were dried over sodium
sulfate amckéiorm@dtrated in vacuo. The re5|due was purified by column chromatography (elution with
10% methanol in dichloromethane) to afford {6-fluoro-4-(piperidin-4-yloxy)-naphthalen- 20 2-y1}-acetic
acid methyl ester (260 mg, 85%) as a pale yellow solid. WO 2010/055006PCT/EP2009/064816 -72 -
01 To a solution of [6-fluoro-4-(piperidin-4 Yapht arén 2-yl]-acetic acid methyl ester (80 mg,

fiie

0.25 mmol) and methanesulfonyl chlorid %@ Q.5 ®nmol) in tetrahydrofuran (2 mL) was added
triethylamine (63.6 mg, 0.63 mmol). After being stirred at room temperature 5 overnight, the mixture
was concentrated in vacuo. The residue was rl'/d\t;y column chromatography (gradient elution with
10-50% ethyl acetate in petroleum ether) to afford N
[6-fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)- naphtyl] -acetic acid methyl ester (82 mg,
83%)sas a white solid. 10[6-Fluoro- 4 (1 methanesulfonyl-piperidlin-4-yloxy)-naphthalen-2-y1]-acetic
acid Sta Wlth I e e IRaistuaellaagntic acid
methyl e %qq Jf[él@sﬂr%% u5| r%é%?gfjr%ﬂaﬁ%gﬁl %%ygig@dgsgcnbed abovgaiS for
example&&tl%amw&ttm' ﬁﬁéﬁﬁ'anesulfonyl -pipericlin-4-yloxy)-naphthalen-2-01-acetic acid (8 mg,

42%) was obtained as a white solid. 1H NMR (400 MHz, CDCI3) 6 ppm 8.28 (dd, J =9.35,5.31 Hz, 1
H), 7.73 -7.84 (m, 1 H), 7.35 (s, 1 H), 7.28 - 7.31 (m, 1 H), 6.81 (s, 1 H), 4.77 - 4.83 (m, 1 H), 3.78 (s, 2
H), 3.46 -3.53 (m, 2 H), 3.35 - 3.43 (M, 2 ), 2.77 -2.91 (m, 3 H), 2.06 -2.21 (M, 4 H); MS
cald. for CL8H20FNO5S 381, obsd. (E +#p382. WO 2010/055006PCT/EP2009/064816
-73 - EXAMPLES 4-2 to 410 The following examples 4-2 and 4-10 were prepared in an analogous
manner to the one described for example 4-1,05tar’tr/1gﬁvith (6-fluoro-4-hydroxy-naphthalen-211)-acetic
acid methyl ester, 4-hydroxy-piperidine-1-Carboxyl d_tertbutyl ester, and commercially 5 available
sulfonyl chlorides. Example 1 No. Systematic Name 'H OO MHz, CD30D) 6 ppm MS (ESE',
KM+H)1 Structure 4-2 [4-(1- 7.74 - 7.83 (m, 2 H), 7.36 (s, 1 F

10

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



396 OH Ethanesulfonyl- piperidin-4-y1 H), 726 (td, J = 8.72, 2.53 Hz, 1 H), 7.03 (s, 1 H), 4.80-4.85 0
01110 oxy)-6-fluoro- (in, 1 H), 3.68 (s, 2 H), 3.54 - naphthalen-2- 3.62 (m, 2 H), 3.10 (q, J = 7.33

ylj-acetic acid Hz 5'5) 2,11-2.21 (m,2H), 1.99-2.07(m,2H), 1.35 = ,3H) 4-3
{6-F|U0r0-4[‘iv-072.%\’f%? 3 = 8.97, 5.43 Hz, 1 410 OH (propane-2- sulfonyly%mmgw%?“ﬂ%

-64 -

{6-Fluoro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyli]-3-methyl-n aphthalen-2-yi}-

acetic acid

Starting with {6-flucro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyl]-3-methyl-naphthalen-2-
yil-acetic acid methyl ester (36.2 mg, 0.08 mmol), using a method analogous to the one
described above for example 1-1, {8-fluoro-4-[4-(4-fluoro-phenyl)-piperazine-1-carbonyl}-3-
methyl-naphthalen-2-yi}-acetic acid was obtained (15 mg, 43%) as a white solid. "H NMR

10 (400 MHz, CD;0D) & ppm 7.91 (dd, 1 H), 7.83 (s, 1 H), 7.22 - 7.33 (m, 2 H), 6.97 (d, 4 H),
4.03-4.16 (m, 2 H), 3.81(d, 2 H), 3.22 - 3.30 (m, 4 H), 2.87 - 3.02 (m, 2 H), 2.41 (s, 3 H};
MS cald. for CagHaoF2N2Os 424, obsd. (ESI™) [(M+H)'] 425.

EXAMPLES 2-2 to 2-24
15 The following examples 2-2 to 2-24 were prepared in an analogous manner to example 2-1
starting with 7-fluoro-3-methoxycarbonylmethyl-2-methyl-naphthalene-1-carboxylic acid,

and commercially available 1-aryl-piperazines.

Example | Systematic H NMR {400 MHz, CD:OD}& | MS Structure
No. Name ppm (ESI",
[(M+H) "]

22 [6-Filuoro-3- | 8.07 -8.11 (m, 1 H), 7.89-7.94 | 408 o
methyl-4-(4- | (m, 1 H),7.83 (5,1 H),7.53 - Oe 5
pyridin-2-yl- | 7.59 {m, 1H},7.22-7.33 (m, 2 ¥
piperazine-1- | H), 6.83(d, 1H),6.68-6.72 o N/\I
carbanyl)- {m, 1 H},4.00-4142{m, 2H), I\/N N
naphthalen- | 3.81(d,1 H}, 373-3.77(m,2 U
2yilacetic | H), 3.32-3.53 (m, 4 H), 242 (s, #
acid 3 H}




H), 7.77 (dd, J = 10.86, 2.53 Hz, 1 H), 7.36 (s, 1 H), 727 (td, 0.110 -piperidin-4- J = 8.78, 2.91 Hz, 1

H), 7. 02”(5 yloxy)- 1 H), 4.79 - 4.84 (m, 1 H), 3.70 naphthalen-2- (s, 2 H), 3.61 -3.69 (m, 2 H),
Nc4P y acecg)??? 3.50 (m, 2 H),2.09-2.190" (m, 2H), 1.94 1.34(d,J=
ipk: y
6.82 Hz, 6 AX 4 7 75-7.86 (in, 2 H), 7.37 (s, 1 408 OH Cyclop?&%ﬁé@ggﬁmﬁ
<65 -
Example | Systematic 'H NMR {400 MHz, CDs0D} & MS Structure
No. Name ppm (ESI,
[(M+H)]
2-3 {6-Fluoro-4- | 7.91 (d¢d, J=8.84,5.81 Hz, 1 425 OH
[A-{2-flucro- | H),7.82 (s, 1H),7.23-7.32(m, OO 1
phenyl)- 2 H),6.95-7.12(m, 4 H), 4.04 F
piperazine-1- | -4.18{(m, 2 H),3.78(d, J = o N/\ F
carbonyi}-3- | 556 Hz, 2 H),3.19-3.28 (m, 4 Ln
methyl- H), 2.85 - 3.00 (m, 2 H), 2.44 (s,
naphthalen- | 3 H) \©
2-yir-acetic
acid
2-4 f6-Fluoro-3- | 7.92 (dd, J=9.09,581 Hz, 1 407 CH
methyl-4-{(4- | H),7.84 (s, 1H},7.19-7.34 (m, OO &
phenyl- H), 6.97 (d, J = 8.08 Hz, 2 H), F
piperazine-1- | 6.86 (t J=7.20 Hz, 1 H), 4.03 -
carbonyl- | 4.17 (m, 2 H), 3.85 (d, J = 2.02 07N
naphthalen- | Hz, 3 H), 3.33 - 3.39 (m, 4 H), K/N
2-yil-acetic 2.94-3.08(m,2H),242(s. 3 \©
acid H)
2.5 [6-Fluoro-3- | 8.33(d,J=4.80Hz, 2H),7.92 | 409 OH
methyl-4-(4- | (dd, J = 8.84, 5.56 Hz, 1 H), OO X
| pyrimidin-2- | 7.84 (s, 1 H), F
| yi-piperazine- | 7.23-7.33 (m,2H),682( J=
1-carbonyl}- | 4.80 Hz, 1 H), 3.95 - 4.10 (m, 4 07N
naphthalen- | H), 3.83 (s, 2 H), 3.61 - .78 (m LN NG
2-yl}-acetic H), 3.18 - 3.28 (m, 2 H), 242 Nf P
acid (3,3 H)
2-6 [6-Fluoro-3- | 7.96 (dd, J=9.09,5.81 Hz, 1 421 CH
methyl-4-(4- | R), 7.87 (5, 1 H),7.28 - 7.38 (m, OO O
m-obyl- 2H),7.16 (8, J=7.83 Hz, 1 H), F
piperazine-1- | 6.88 (s, 1 H),6.84(d, J=758
carbonyly | Hz, 1H),6.78 (d, J= 7.33 Hz, 1 7N
naphthalen- | H), 4.09-4.18 (m, 2 H), 3.91 (s, L
2-yl}-acetic 2 H),3.35-351 (m, 4 H),2.98
acid -3.13 (m, 2 H), 2.44 (s, 3 H),
2.31(53H)
2-7 {6-Fluoro-3- | 7.94-7.98 (m,1H), 787 (s, 1 [475 OH
methyl-4-[4- | H), 7.42 {t, J=8.34 Hz, 1 H), OO {!)
(3- 7.26-737{m, 2H),719-7.25 F
trifluoromethy | (m, 2 H), 7.13(d, J =758 Hz, 1
I-phenyl)- H). 4.14 (t, J = 5.18 Hz, 2 H), 07N
piperazine-1- | 3.90 (s,2H),3.34-3.53(m, 4 | K/N
carbonyl]- H), 3.05-3.19 (m, 2 H), 2.44 {s,
naphthalen- 3H)
2-yiy-acetic S
acid F




H), 7.29 (td, J = 8.78, 2.65 Hz, 00 O ulfonyl- 1 H), 7.01 (s, 1 H), 3.55 - 3.64 piperidin-4- (m, 2 H),
3.37 - 3.46 (m, 2 H), ----Th yloxy)-6-fluoro- 2.52 - 2.61 (m, 1 H), 2.01 -2.22 0 naphthalen-2- ylfacetic

acid (m, 5 H), 012.% ft%g%(% (M, 3H) v, N..g, 6 7 4-5 [4-(1- 7.78 - 7.86 oy 2ohbhofucdkidd, J 436 OH

C_yclqp_entanes = .65 Hz, 1 H), 7.38 (s, 1 O. C ulfonyl- H), 7.02 (s, 1 H), 3.76 (s, 2 H),
piperidin-4-
-66 -
Example | Systematic "H NMR {400 MHz, CD;OD)& | MS Structure
No. Name ppm (EST,
[(M+H) ]

2-8 {6-Fluoro-4- 7.96 (dd, J=9.09,581Hz, 1 437 OH
[4-(2- H), 7.88 (s, 1 H), 7.30 - 7.39 (m, OG I
methoxy- 2H),7.15-7.22(m,2H), 7.07
phenyl)- (4, =733 Hz, 1 H), 7.00 {t.J 0PN (Ij
piperazine-1- | =7.71 Hz, 1 H), 4.10-431 (m, K/N
carbonyl]-3- 2 H), 3.92 (s, 5 1), 3.37 - 3.51
methyl- (m, 4 H), 3.01-3.17 (m, 2 H), \©
naphthaten- 2.45(s,3H)
2-yiacetic
acid

2-8 {6-Fluoro-4- 7.85(dd, J=8.09,581Hz 1 437
[4-(3- H), 7.87 {5, 1 H), 7.28 - 7.37 {m, OH
methoxy- 2H), 717 (1, J= 821 Hz, 1 H), OG 5
phenyl}- 6.61 (dd, J=8.21,1.89Hz, 1
piperazine-1- | H), 6.55 (s, 1 M), 6.50 (dd, J = 07 N
carbonyl]-3- | 8.08, 1.77 Hz, 1 H), 4.06 - 4.19 LN o~
methyi- (m, 2 H), 3.90 (s, 2 H), 3.77 (s, \©
naphthalen- 3H),3.34-345{m, 4H) 288
2-yl}-acetic -3.12(m,2H),243(s, 3 H)
acid

210 {4-14-{2- 7.99 (dd, J=8.84,606Hz, 1 435
Ethyl- H), 7.84 (s, 1 H), 742 (18, J = OH
phenyl)- 8.91,2.40 Hz, 1 H), 7.28 {ad, J Oe I
piperazing-1- | = 10.74,2.15Hz, 1 H),7.21 (d,
carbonyl]-6- | J=7.33Hz, 1H), 7.12-7.18 o N/\I
fluoro-3- (m, 1 H),7.01-7.10(m, 2 H), '\/N
methyt- 400-4.07 (m,4H),380(s,2 \[ 5
naphthalen- H), 2.88 - 3.03 (m, 2 H}, 2.60
ouyll-acetic | (g, J=7.66Hz, 4H),232(s,3
acid H), 1.47 {t, J = 7.45 Hz, 3 H)

2-11 (4443 5- 7.05-798(m,1H), 7.88(s, 1 | 543 OH
Bis- H), 7.46 (s, 1 H), 7.28 - 7.37 (m, OO n
trifluoromethy | 3 H), 4.12 - 4.18 (m, 2 H), 3.81
J-phenyi)- (s, 2 H), 3.50 - 3.67 (m, 2 H), S -
piperazine-1- | 3.35 - 3.44 (m, 2 H), 3.18-3.28 Qs F
carbonyl]-6- (m,2H}), 244 (s, 3 H) F
fluoro-3-
methyl- ¥
naphihalen- F
2-yi}-acetic
acid




358-3.74 (m 3 H) 3.43 (ddd, yloxy)-6-fluoro- J =12.06, 7.39, 3.79 Hz, 2 H), naphthalen-2- 2.11
-2.21 (m, 2 H), 1.93-2.11 vyli-acetic acid (n, 7H), 1.75-1.86 (m,2H), 1.63-1.74(m2H) WO \
2010/05502@@?&?&%}; 009/064816 - 74 - Examp e No. Systematic Name-i M (e MHz, CD30D)

6 ppm MS M+H) 1 Structure 4-6 (4-(1- 7.83 (d, J = 1.52 Hz. 2 H), 7.70 444 OH Benzenesulfon
-7.81 (m, 2 H), 7.63 - 7.70 (m, -

Example | Systematic "HNMR (400 MHz, CDsOD)& | MS Structure
No. Name ppm (ESI,
[(M+H) "]

212 {6-Fluoro-4- 7.93{dd, J=8.59,6.06 Hz, 1 437 OH
[4-(4- H), 7.85 (s, 1 H), 7.24 - 7.37 (m, OO 8
methoxy- 2H),7.02-7.10 (m, 2 H), 6.83
phenyl}- - 6.92 (m, 2 H}, 4.07 - 4.20 {m, 0PN
niperazine-1- | 2 H), 3.89 (s, 2 H),3.74 (s, 3 LN
carbonyl-3- | H), 3.33 - 3.45 (m, 4 H), 2.92 - O
methyl- 3.07 (m, 2 H), 2.40 (s, 3 H) O
naphthalen-
2-yil-acetic
acid

213 {4-f4-(2,4- 7.85 (de, J=9.22, 588 Hz, 1 443 CR
Difluoro- H), 7.87 (s, 1 H), 7.28 - 7.3% (m, OO 4
phenyl)- 2 H), 7.05-7.14 (m, 1 H), 6.85
piperazine-1- | - 6.99 {m, 2 H), 4.04 - 423 (m, i " T
carbonyl-6- | 2 H), 3.91 (s, 2 H), 3.34 - 3.38 Ln
flucro-3- (m, 2 H), 3.20 - 3.26 (m, 2 H),
methyl- 2.83-2.96(m, 2H}, 243 (5,3 F
naphthalen- H}
2-yl}-acetic
acid

2-14*% {4-[4-(3,5- 8.00 {dd, J = 9.35,6.06 Hz, 1 467 QOH
Dimethoxy- | H), 7.87 (s, 1 H), 7.39 - 7.46 (m, OG 5
phenyi}- 1H),7.25 F
piperazine-1- | (dd, J = 10.48, 1.89 Hz, 1 H), ol Vi
carbonyll-6- | 6.07 (d,J = 1.77 Hz, 2 H), 5.99 Low o~
fluoro-3- (s, 1 H), 3.79 - 4.04 (m, 4 H), \Q
methyl- 3.68 (s, 6 H), 3.26 - 3.38
naphthalen- | (m, 2 H), 3.07 - 317 (m, 2 H), §
2-il-acetic | 2.87 -3.05(m, 2H),2.24-2.34
acid {m, 3 H)

2-15 {6-Fluoro-3- | 7.92-7.98(m, 1H), 786(s, 1 | 475 GH
methyl-4-[4- | H), 7.66 (t, 1 H), 7.51 - 7.55 (m, OO a
(2- . 1H),7.25-7.41 (m, 3 H),3.98 F
trifluoromethy | - 4.24 (m, 2 H), 3.90 (s, 2 H}, o N’ﬁ FoeF
l-phenyl)- 3.30 - 3.31 (m, 2 H), 3.11-3.17 LAy
piperazine-1- | (m, 2 H), 2.74 - 2.87 (m, 2 H), P
carhonyl}- 246 (s, 3 H)
naphthaien-
2-yf-acetic
acid

216 6-Fluorn-3- 7.94 (dd, J=8.84,556Hz, 1 421 CH
methyl-4-(4- | H), 7.85 (s, 1 H),7.27 - 7.36 (m, QO &
p-tolyl- 2 H), 7.13 (d, J = 8.34 Hz, 2 H), F

! piperazine-1- | 7.01 (d, J=8.5%Hz, 2 H), 4.12 o N,\

carbonyl)- - 4.23 (m, 2 H), 3.89 (s, 2 H), K/N
naphthalen- | 3.32 - 349 (m, 4 H), 2.98 - 3.14
o-yibacetic | (m, 2 H), 242 (s, 3H),2.26 (s, Q
acid 3H)




1040 o yl-piperidin-4- 2 H), 7.39 (dd, J = 10.48, 2.65 yloxy)-6-fluoro- Hz, 1 H), 7.34 (s, 1 H), 7.25 (td,
-.....-Th naphthalen-2- ylfacetic acid J =.- 8.72, 2.78 Hz, 1 H), 6.94 (s, 1 H), 4.71 -4.80 (m, 1 H), 3.71

N, O (5,25 3:11-329 (m, 4 H), lIr 1.97 - 2.24 (m, 4 H) 1- 7.80 (dd, J
2 5 J . )
=9.00, 5.53‘@,% 1?6%00 (3-fluoro- H), 7.64 - 7.74 (m, 2 H), 7.59 O. 0 b%tggieﬁrﬁgdsbﬂfgﬁ%%(d, J= 6.(32

Hz, 1 H), 7.46 -1)-piperidin-4-7.53 (m, 1 H), 7.42 (gg J=

Example | Systematic "H NMR (400 MHz, CDsOD} 8 MS Structure
No. Name ppm (ESF,
(M+H) ]

247 {4-[4-(3,5- 7.93 (dd, J=8.97,568 Hz, 1 475 ot
Dichloro- H), 7.85 (s, 1 H), 7.24 - 7.36 (m, OO 8
phenyl}- 2 H),6.90 (d, J=1.77 Hz, 2 H), F
piperazine-1- | 6.83 (s, 1 H), 4.06 -4.12(m, 2 0 N’\
carbonyll6- | H), 3.88 (s, 2 H), 3.37 - 3.51 (m, LN cl
fluoro-3- 2H),3.23-3.29(m,2H),3.02
methyl- -3.17 {m, 2 H), 2.41 (3, 3H)
naphthalen- ¢l
2-yl}-acetic
acid

2-18 {4-14-(4- 7.93 {¢d, J=9.09, 581 Hz, 1 441 OH
Chioro- H). 7.85 (s, 1 H), 7.27 - 7.35 (m,
phenyl}- 2H),7.20(d, J=9.08 Hz, 2 H), F
piperazine-1- | 6.94 (d, J=9.09 Hz, 2 H},4.10 o N/\
carbonyl]-6- | -4.17 {m, 2 H}, 3.88 (s, 2 H), K/N
fluoro-3- 3.32-3.41(m, 4 H),291-3.10 ~©
methyl- (m,2H),2.41(s,3H) o
naphthalen-
2-yl}-acetic
acid

2-19 {6-Fiuoro-3- | 7.94 (dd, J = 8.84,5.81 Hz, 1 475 OH
methyt-4-f4- 1 H),7.86 (s, 1H}, 749, J= OO o
(4~ 859 Hz, 2H),7.25-7.35(m, 2 F
rifiuoromethy | H), 7.06 (d, J = B.59 Hz, 2 H), o™ ™

| -phenyl)- 4.04-4.19(m, 2H),3.89(s,2 L

piperazine-1- | H), 3.52 (t, J = 5.05 Hz, 2 H), ©»<F
carbonyl}- 3.32-3.39(m,2H),308-325 -
naphthalen- | (m, 2 H), 2.41 (s, 3 H) F
2-yl}-acetic
acid

2-20 {4-[4-(2- 7.93{dd, J=8.84,581Hz, 1 441 OH
Chioro- H), 7.84 (s, 1 H), 7.23 - 7.39 (m,
phenyl} 4 H),7.14 {d, J,= 6.82 Mz, 1 H), F
piperazine-1- | 7.00 - 7.06 (m, 1 H), 4.04 - 4.23 o N/\ cl
carbonyf]-6- | {m, 2 H)3.88(s,2H),3.33- k/N
fiuoro-3- 340 (m,2H),3.23(t J=518
methyl- Hz, 2 H), 2.81-2.98 (m, 2 H), ©
naphthalen- | 2.41-2.486 (m, 3H)
2-yi}-acetic
acid

2-21 {4-{4-(3 7.95{dd, J=8.84,5.81 Hz, 1 441 OH
Chloro- H), 7.87 {s, 1 H), 7.26 - 7.38 {m,
phenyl)- 2H), 7.21 {d, F
piperazine-1- | J=8.08 Hz, 1 H),6.97-7.00 o N/\'
carbonyll-6- | (m, 1 H),6.91 (d, J = 8.34 Hz, 1 ,\/N
fluoro-3- H), 6.85 (d, J=7.58 Hz, 1 H),
methyl- 408-4.16(m,2H), 389 (s, 2 ©
naphthalen- H), 3.35-3.51(m, 4 H), 3.00 - &
2-yl}-acetic 314 (m,2H}, 242 (5,3 H)
acid




yloxy]- 10.48, 2.65 Hz, 1 H), 7.34 (s, 1 naphthalen-2- H), 7.26 (td, J = 8.78, 2.40 Hz, , yl}-acetic acid
1 H), 6.95 (s, 1 H), 4.74 -4.81 RIP" (m,1H),3.72(s,2H),3.14- 3.31(m, 4H),2.00-2.19 (m, 4

?)6,8 4H-8 (6-@%(){(%1)%;5'03689 (dd, J=8.84,5.05Hz,24620OH SO0 (4'ﬂlf>%r’8fklﬁgl03/07ﬁ%sggd’ J=8.97,
. Z,

- 69 -

Example | Systematic 'H'NMR (400 MHz, CDsOD} 8 | MS Structure
No. Name ppm (ESI",
[(M+H)]

2-22 f6Fiioro-3- | 8.36 (s, 1 H), 7.94 (dd, /=884, | 476 OH
methyl-4-[4- | 5.56 Hz, 1 H), 7.86 (s, 1 H), OG 0
(5- 7.76(d, J=8.59 Hz, 1 H),7.26 F
friflucromethy | -7.36 (m, 2 H), 6.92(d, J = o) N/\
lpyridin-2-yt}- | 9.35 Hz, 1 H), 4.02-4.12(m, 2 L N
oiperazine-1- | H), 3.91 - 3.95 (m, 2 H}, 3.89 (s, T\JXF
carbonyl]- 2 H), 3.53-3.64 (m, 2H), 3.20 .
naphthalen- | -3.27 {m, 2 H), 2.41 (3, 3 H) F
2-yi-acetic
acld

223 [4-[4(35- 840 (s, 1H),7.94(d, J=7.07 | 476 OH
Dichloro- Hz, 1 #), 7.85(s, 1 H), 7.29 - OO &
pyridin-4-yl)- | 7.36 (m, 2 H), 4.03-4.24 (m, 2 F
piperazine-1- | H), 3.89 (s, 2 H), 3.53 - 3.64 (m, 5 N/\i ol
carbonyi]-6- | 2 H), 3.33 - 3.40 (m, 2 H}), 3.21 K/N
fiuoro-3- -3.27 (m,2H),244 (3, 3H) f =
methyl- ol 2N
naphthalen-
2-yl-acetic
acid

2-24 {4-14-(4- 7.94 {dd, J=9.09, 581 Hz, 1 432 OH
Cyano- H), 7.85(s,1H), 753 (d,J= OO 8
phenyl)- Q.08 Hz, 2 H),724-7.35(m, 2 F
piperazine-i- | H), 7.01 (¢, J=8.84 Hz, 2 H}, o N’\
carbonyl-6- | 4.03-4.16 (m,2H),3.88(s, 2 LN
fluoro-3- H), 3.60 (t, J = 5.56 Hz, 2 H), @\
methyl- 3.19-327{m,4H),239¢(s,3 SN
naphthalen- H)
2-yil-acetic
acid

#*MSO-ts was used as the solvent.

EXAMPLE 3-1
4-(3-Carboxymethyi-7-fluoro-naphthalen-1-yloxy)-piperidine-1-carboxylic acid fert-

5 butyl ester
H
F
O
N O
N

O
O




benzenesulfony 1 H), 7.37 - 7.42 (m, 3 H), 7.34 I)-piperidin-4- (s, 1 H), 7.26 (td, J = 8.84, 2.53
----- ...1 0 yloxyl- Hz, 1 H), 6.95 (s, 1 H), 4.76 - naphthalen-2- 4.81 (m, 1 H), 3.71 (s, 2 H), 61is

)IfllI)-'agztéc:;céiggﬁ%f%g@%%p(yrn,di4nle-|_)é_2.06 -2.17 (m,4H) 4-9 {6-Fluoroi,%;‘g}'l@§eggm%qsilﬁ: 2.02Hz, 1

-70 -

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

acid fert-butyl ester
O\
J 0
O
|
0

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

F

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

10 with brine (20 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (elution with 20% ethyt acetate in
hexanes) to give 4-(7-flucro-3-methoxycarbonylmethyl-naphthalen-1 -yloxy)-piperidine-1-
carboxylic acid tert-butyl ester (740 mg, 84%) as a pale yellow solid.

i5 4-(3-Carboxymethyl.7-flucro-naphthaien-i-yloxy)-piperidine-1-carboxylic acid tert-

Thog

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

buty! ester

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

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

NMR (400 MHz, CDs0D) & ppm 7.81 (dd, J=8.97, 543 Hz, 1 H), 7.77 (dd, J = 10.86, 2.53



(dd, J=4.93, 1.39 Hz, 1 H), sulfonyl)- 8.22 - 827 (m, 1 H), 7.78 (dd, J piperidin-4- = 8.84, 5.31 Hz,
"1 H),7.70 (dd, o Ylonl-J=8.21, 4.67 Hz, 1 H), 7.40 N naphthalen-2- (dd, J =10.48, 2.91 Hz, 1 H),

Il yll-acetic acid 7.33 (s, 1 H), 7.24 (td, J =8.78, 2.65Hz, 1 H), 6.93 (s, 1H), 4.74-4.80(m, 1H),
3.71(s, 2 EP2EYPI%D9 (m, 4 H), 2.01 - PCT/EF2009/064816 :

-71 -

Hz, 1 H), 7.35 (s, 1 H), 7.28 (1d, J = 8.78, 2.65 Hz, 1 H), 6.99 (s, 1 H}, 4.77 -4.83 (m, 1 H),
3.71-3.81 (m, 4 H), 3.39 - 3.52 (m, 2 H) 2.00 - 2.11 (m, 2 H), 1.80 - 1.90 {m, 2 H}, 1.47 (s,
9 H); MS cald. for Cz2H2sFNOs 403, obsd. (ESI) [((M+H)"] 404.

5 EXAMPLE 4-1
i6-Fiuoro-4-{1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yli-acetic acid

OH
F
O
0
"

e

[6-Fiuoro-4-{piperidin-4-yloxy)-naphthaien-2-yi}-acetic acid methy! ester

O

NH
10

To a solution of 4-(7-fluoro-3-methoxycarbonyimethyl-naphthalen-1-yloxy)-piperidine-1-
carboxylic acid tert-butyl ester (prepared as described above, 400 mg, 0.99 mmol) in
methanol (4 mL) was added a 5N solution of hydrogen chioride in methanol (4 mL). After
being stirred at room temperature for 3 hours, the mixture was concentrated in vacuo. The
15 residue was dissolved in dichioromethane {10 mL), and treated with a saturated aqueous
sodium bicarbonate solution {10 mL). The agueous layer was separated and extracted with
dichloromethane (10 ml. x 2). The combined organic layers were dried over sodium sulfate
and concentrated in vacuo. The residue was purified by column chromatography (elution
with 10% methanol in dichloremethane) to afford [8-fluoro-4-(piperidin-4-yloxy)-naphthaien-
20 2-yll-acetic acid methyl ester (260 mg, 85%) as a pale yellow solid.

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



2.18 (m, 4 H) 4-10 [6-Fluoro-4-(1- 7.83 (dd, J = 8.97, 5.94 Hz, 1 458 OH phenylmethane H), 7.77

(dd, J =10.48, 2.15 OS o sulfonyl- Hz, 1 H), 7.50 (d, J =7.07 Hz, 2 piperidin-4- H), 7.25 - 7.45 (m,
5H), 6.94 (s loxy)- 1 H), 4.78 - 4.83 (m, 1 H), 4.42 00 naphthalen-2- (s, 2 H), 3.73 (s, 2 H), 3.31 -
ylkacetic aci‘g%%%ﬁg%?%ﬁl%), 1.88-2.02(m, 4 F T/Engbmms 6

-T2 -

COor
e 8]
0
s

BN
0]

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

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

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

OH
OO 0O
F
O
O
N,
S

2
O

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

15 for example -1, [6-fluoro-4-(1-methanesulfonyl-piperidin-4-yloxy)-naphthalen-2-yl]-acetic
acid (8 mg, 42%) was obtained as a white solid. "H NMR (400 MHz, CDCl3) & ppm 8.28 (dd,
J=9.35 531 Hz, 1H),7.73-7.84(m, 1 H), 7.35(s, 1H), 7.28 -7.31 (m, 1 H), 6.81 (s, 1
H), 4.77 -4.83 (m, 1 H), 3.78 (5, 2 H}, 3.46 - 3.53 (m, 2 H), 3.35-3.43 (m, 2 H), 2.86 (s, 3
H), 2.77 - 2.91 (m, 3 H), 2.06 - 2.21 (m, 4 H); MS cald. for C1gH20FNOsS 381, obsd. (ESI)

20 [(M+H)"] 382.



H) WO 2010/055006PCT/EP2009/064816 - 75 - EXAMPLE 5-1
14-(1-Acetyl-piperidin-4-vioxv)-6-fluoro-naphthalen-2-vil-acetic acid

5[4-(1-Acet\}/!y-§ié)‘)eridin-4-y|oxy)-6-f|uoro-naPhthalen-Z-yII-acetic acid To a solution
[

[6-fluoro

-4-(

i’cﬁ‘(ﬂﬁofiﬁoxy)-naphthalen-Z-A-acetic acid methyl ester (th

PCT/EP2609/ (24{516
€ Intermediate for e

xample

4-1, 1st step, 80 mg, 0.25 mmol) and acetyl chloride (39 mg, 0.5 10 mmol) in tetrahydrofuran (2 mL)
was added a solution of 4-dimethylaminopyridine 36 mg, 0.63 mmol) in tetrahydrofuran (1 mL)
dropwise. After being stirred at room temperature overnight, the mixture was concentrated in vacuo.
The residue was purified by column chromatography (gradient elution with 10-50% ethyl acetate in
petroleum ether) to afford [4-(1-acetyl-pipgfdkp1dedoxy)t6-8ugro-naPhthalen-2-yl]-acetic acid methyl

ester (72 mg, 15 79%) as a white solid. [4-(1-Acety%§)éf)
acid W 20 18RsBecepORiErYEcsIdseq §ore Rt

eridin-4-

fthg &t

S ere gl >

Ol-acetic

[4-(1-acetykpipetidit-drylaps S untoting pith dteiury Uit ryceticyanin ntfesiey-8 tBra@lieREid. 2 mmol),

using a me

h

to the

ofl-analogous fo e angdescr ve- fprexampledel. JRalitherciali
[4-(1-acéPﬁ-B¥§8ﬁp IWER g&%yﬂﬂ%gir%gr?a%%a%%ﬁgﬁ&ggﬁ? g}(gﬂd%S (10.9 mg, 16‘%?@3/5 obtained as
a white soligiable BNENLOONIERS.CD30D) 6 ppm 7.81 (dd, J = 8.97, 5.43 Hz, 1 H), 7.77 (dd, J- 10.86,
2.53 Hz, 1 H), 7.27 (td, J= 8.78, 2.65 Hz, 1 H), 7.03 (s, 1 H), 3.77 - 3.92 (m, 2 H), 3.70 (s, 2 H), 3.52 -

3.68 (M, 2 H), 2.15 (s, 3 H), 2.01 ; 2.14 (m_2 H). 1.82 -2 02 (m.-2H):- MS-cald—for- C13H20FN04 345,
obsd. (ESE@'TH\‘?H ﬂ?ﬁ’é‘? 10E K&Qﬁﬁﬁ%@%@%@f& Whe f&%l\fying ei%ur%%\ies 5-2 and 5-10 were
prepared In an analogous manner to the one described for exmmple 5-1, starting with ‘
[6-fluorotZefpiperidia-d-yloxy)-naphidaleps 2=y 21 acedic dcid A¥6thyl ester fthe fite for example
4-1, 15' gtep) and cBhsELRaNy o ( t‘% ifoh ditdfides. 15 Example ystematic Name 1H
NMR (490 MHz, cr@%@f@}@ pm|MS { @Zgw)u  Secture 5-2 [6-F|lforo-4-oo7.75 - 7.84 (m, 2 H),
7.36 (s, 360 OH | naphthalen-2- | 3.62 (m, 2 H), 3.10 (g, J = 7.33
viracetic acid | Hz, 2 H), 2.11-2.21 {m, 2 H), NP
1.99-2.07 (m, 2H),1.35( J= S\!
7.45 Hz, 3 H) 0
4-3 [6-Filoro-4-[1- | 7.81 (dd, J=8.97,6 43 Hz, 1 410 OH
(propane-2- H), 7.77 {dd, J = 10.86, 2.53 Oe &
sulfonyt) Hz, 1 H), 7.36 (s, 1 H), 7.27 (id, F
-piperidin-4- J=878,291Hz, 1H),7.02 (s, o
vioxyl 1H),4.79-4.84(m, 1 H), 3.70
naphthalen-2- | (3,2 H},3.61-3.69 (m,2H), N O
vil-acetic acid | 3.39-3.50 (m, 2H),2.09-2.19 SY
(m, 2 H), 1.94 - 2.04 {m, 2 H), o
134 (d,J =6.82Hz, 6 H)
44 [a-(1- 775-7.86(m,2H),7.37(s,1 | 408 OH
Cyclopropanes | H), 7.29 (id, J = 8.78, 2.650 Hz, OO 8
ulfonyi- 1 H),7.01 (s, 1 H),355-3.64 F
piperidin-4- (m, 2 H), 3.37 - 3.46 (m, 2 H), o]
yioxy)-6-fluaro- | 2.52-2.61 (m, 1 H), 2.01 - 2.22 O o
naphthalen-2- | (m, 5 H), 1.01 - 1.14 (m, 3 H) S\V
yil-acetic acid o
4-5 [4-(1- 778-786(m,2H), 7.31(d. J | 436 OH
Cyclopentanes | = 8.78, 2.656 Hz, 1 H), 7.38 (s, 1 Oe 3
ulfonyl- H), 7.02 (s, 1 H), 3.76 {s, 2 H), F
piperidin-4- 3.58 - 3.74 (m, 3 H), 3.43 (ddd. o)
yloxy)-6-fluoro- | J = 12.06,7.39, 3.79 Hz, 2 H), O« o
naphthalen-2- | 2.11-2.21 (m,2H),1.93-2.11 S
vilacetic acid (m,7 H), 1.75 - 1.86 {m, 2 H), O
1,63-1.74(m,2H)




propionyi- piperidin-4- 1 H), 7.28 (td, J = 8.72, 2.78 Hz, 1 H), 7.01 (s, 1 H), 4.87 - SIP O yloxy)- 4.91

(m, 1 H), 3.77 - 3.92 (m,
H), 2.46 (9, J = 7.49 Hz,

naphthalen-2- 2 H), 3.75 (s, 2 H), 3.53 - 3.71

2 H), 1.82 - 2.17 (m, 4 H),

R 1 yil-acetic acid (m, 2

1.14 (t, J=7.45

H) - WO
¥ IO'GZtSYl‘Y
2010/055006B E*HEPID0/064816 -77 - Example No. Systematic Namei'glﬂ%él% (466°MHz, cD30D) 5
ppm MS (ESL KM+H)+] Structure 5-3 [6-Fluoro-4-(1- 7.75 - 7.84 (m, 2 H), 7.36 (s,
- 74 -

i Example | Systematic '+ NMR {400 MHz, CD;OD} | MS Structure

No. Name ppm {(EST, .

[(M+H) )

4% B-{1- 783 (4, J=152Hz, 2H),7.70 | 444 . Or
Benzenesulfon | - 7.81 (m, 2 H), 7.63-7.70 (m, Oe o
yvi-piperidin-4- | 2 H), 7.39(dd, J = 10.48,2.65 F 1
yloxy)-6-fluoro- | Hz, 1 H), 7.34 (s, 1 H), 7.25 (d, \O o
naphthalen-2- | J=8.72,2.78 Hz, 1 H), 6.94 (s, Nog
yiJ-acetic acid 1H), 4.71-4.80(m, 1H), 3.71 & \@

(s,2 H),3.11-329(m, 4 H),
1.97 - 224 (m, 4 H)

4-7 {6-Fluoro-4-[1- | 7.80 (dd, J=9.09,5.56 Hz, 1 462 OH
{3-fiuoro- Hy, 7.64 - 7.74 (m, 2 H}, 7.58 OO a8 |
henzenasulfony | {d, J=6.32Hz, 1 H), 7.46 - F ) |
I}-piperidin-4- 7.53(m,1H),7.42(dd. J= \O o
vioxy}- 10,48, 265 Hz, 1 H), 7.34 (s, 1 Nog? .
haphthaien-2- | H), 7.26 (td, J = 8.78,2.40 Hz, g @,
yit-acetic acid 1 H), 6.95(s, 1 H), 474 -4.81

(m, 1 H),8.72 (s, 2 Hj), 3.14 -
3.31 (m, 4 H),2.00-218(m, 4
H),

4-8 {6-Fluoro-4-[1- | 7.89(dd, J=8.84,505Hz, 2 462 OH
{4-fluoro- H), 7.79 (dd, J = 8.97, 5.68 Hz, OO a
benzenesutfony | 1 H), 7.37 - 7.42 (m, 3 H), 7.34 ¥ !

{}-piperidin-4- (s, 1 H),7.26 (td, J=8.84,2.53 \O s

yioxyl- Hz, 1 H), 6.95(s, 1 H),4.76 - Mg

naphthalen-2- | 4.81(m, 1H), 3.71 (s, 2 H), & @\

yi}-acetic acid 3.14 - 330 (m, 4 H), 2.06-2.17 .
(m, 4 H)

4-9 {6-Fluoro-4-[1- [ 8.97(d,J=2.02Hz,1H), 886 | 445 ~COH
(pyridine-3- (dd, J = 4.93, 1.39 Hz, 1 H), OO g
suffonyl)- 8.22-827(m,1H),7.76(ad, J F )
piperidin-4- = 8.84, 5.31 Hz, 1 H), 7.70 {dd, @ .
yloxyl- J=821,467Hz 1H),740 NN
naphthalen-2- | (dd, J= 10.48,2.91 Hz, 1 H), SN
yl}-acetic acid 7.33 (s, 1 H), 7.24 (id, J = 8.78, >

2.85 Hz, 1 H), 6.93 (s, 1 H},
4.74-4.80 (m, 1H),371(s,2
H), 3.14 - 3.29 (m, 4 H), 2.01 -
2.18 (m, 4 H)

4-10 [B-Fiuoro-4-(1- | 7.83 (dd, J =8.97, 594 Hz, 1 458 OH
phenylmethane | M), 7.77 (dd, J=10.48,2.15 OO o
sulfonyl- Mz, 1 H), 7.50 (¢, J=7.07 Hz, 2 F )
piperidin-4- H), 7.25 - 7.45 (m, 5 H), 6.94 (s, \O o
yloxy)- 5 19), 478 - 4.83 (m, 1H), 4.42 NS\/©
naphthaien-2- | (s,2H),3.73(s,2H),3.31- &
yilacetic acid 3.35(m, 4 1), 1.88-2.02(m, 4 |

H)




374 OH isobutyryl- 1 H), 728 (td, J=8.72, 2.78 IMP piperidin-4- Hz, 1 H), 7.01 (s, 1 H), 4.88- 0
yloxy)- 4.93 (m, 1 H), 3.83 - 3.92 (m, naphthalen-2- 2 H), 3.75 (s, 2 H), 3.58 - 3.70 CIN A-acetic

?26(15(21,HZZH f_)f’)ig%ﬁ%%j%s‘]: 0 13.52,6.69,6.57 Hz, 1 H), 1.81-2.18 }([Ell/ﬁljilgﬂg}og.&gg, 7,--

-T75 -

EXAMPLE 5-1
[4-(1-Acetyl-piperidin-4-yloxy}-8-fluoro-naphthalen-2-yl]-acetic acid

F)Jlli“l!i[/\ﬂ/OH
O\O \fo

5 [4-(1-Acetyl-piperidin-4-yloxy)-6-flucro-naphthaten-2-yl}-acetic acid

OOTO

To a solution of [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methyl ester (the

O

s

intermediate for example 4-1, 1% step, 80 mg, 0.25 mmol) and acetyl chloride (38 mg, 0.5
10 mmol) in tetrahydrofuran (2 mL) was added a solution of 4-dimethylaminopyridine (76 mg,

0.63 mmol) in tetrahydrofuran (1 mL) dropwise. After being stirred at room temperature

overnight, the mixture was concentrated in vacuo. The residue was purified by column

chromatography (gradient elution with 10-50% ethyl acetate in pefroleum ether) to afford

[4-(1-acetyl-piperidin-4-yloxy)-6-fiioro-naphthalen-2-yl]-acetic acid methyl ester (72 mg,
15 79%) as a white solid.

[4-(1-Acetyl-piperidin-d-yloxy)-6-fluoro-naphthalen-2-yl}-acetic acid



5-4 [4-(1- 7.79 - 7.86 (m, 2 H), 7.38 (s, 372 OH Cyclopropanec arbonyl- 1 H), 7.30 (td, J= 8/2, 2.53
Hz, 1 H), 7.04 (s, 1 H), 4.92 1100 0 piperidin-4- (dt, J=7.01, 3.44 Hz, 1 H), yloxy)-6-fluoro- 3.79 -

4.14 (m, 3 H),3.77

0.69 -

10

S, naphthalen-2- 2 H), 3.61-3.73 (m, 1 H), 0
0.9 ‘(r%”,lﬂ’ﬁﬁﬁ""%-s [4-(1- 7.75 - 7.84 (m, 2 H), 7.36 (s, 400

-76 -

8/ I]-agefic Al 86856 2-25 (M, S H),

Starting with [4-(1 -acetyl-piperidin-4-yloxy)-6-flucro-naphthalen-2-yl]-acetic acid methyl

ester (72 mg, 0.2 mmol), using a method analogous to the one described above for

example 1-1, final step, [4—(1-acetyl—piperidin-4~yloxy)—6—ﬂuoro~naphtha!en~2—yl]—acetic acid
(10.9 mg, 16%) was obtained as a white solid. ' NMR (400 MHz, CDsOD) & ppm 7.81 (dd,
J =897, 543 Hz, 1 H), 7.77 (dd, J = 10.86, 2.53 Hz, 1 H}, 7.27 (td, J = 8.78, 2.65 Hz, 1 H),
7.03 (s, 1 H), 3.77 - 3.92 (m, 2 H), 3.70 (s, 2 H), 3.52 - 3.68 (m, 2 H), 2.15 (s, 3 H}, 2.01 -
2.14 (m, 2 H), 1.83 - 2.02 (m, 2H); MS cald. for C1sH20FNO4 345, obsd. (ESI™) [(M+H)"] 346.

EXAMPLES 5-2 to 5-10

The following examples 5-2 and 5-10 were prepared in an analogous manner to the one

described for example 5-1, starting with [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yfl-

acetic acid methyl ester (the intermediate for example 4-1, 15 step) and commercially

available sulfonyl chlorides.

naphthalen-2-
yii-acetic acid

2 H), 3.75 (s, 2 H), 3.53- 3.71
(m, 2 M), 2.46 (g, J = 749 Hz,
2 H), 1.82-2.17 {m, 4 H),
1,14 (t, J= 7.45 Hz, 3 H)

Example | Systemafic "H NMR {400 MHz, CD;0D) & | MS Structure
No. Name pom (ESI,
[(M+H)

5-2 [B-Fluorc-4-(1- | 7.75-7.84 (m, 2H), 7.36 (s, 360 OH
propionyl- 1H),7.28 (1d, J=872,2.78 OO
piperidin-4- Hz, 1H),7.01 (s, 1 H), 4.87 - £ ©
yloxy)- 4.91(m, 1 H), 3.77 - 3.92 (m,




Cyclopentanec 1 H), 7.28 (td, J=8.72, 2.78 040 0 arbonyl- Hz, 1 H), 7.01 (s, 1 H), 4.87-

4.92 (m, 1 H), 3.84 - 3.94 (m,

Th yloxy)-6-fluoro- 2 H), 3.75 (s, 2 H), 3.60 - 3.71

piperidin-4-
naphthalen-2-

Abég% <Benzoy4- 7.80 -

luoro- 7.30 (td, J=

yflacetlca0|d(m 2 H),3.04-3.16 (m,1H),1.55-2.18(m, 12 H SN
7.85 (m, 2 RYCAUL A%B% OH ( ) ( o gg(},?"g
piperidin-4- 7.52 (m, 5 H), 7.38 (s, 1 H) yloxy)
8.65, 2.65 Hz, 1
77 -
Example | Systematic H NMR (400 MHz, CD3OD) & | MS Structure
No. Name ppm (ESI,
[(M+H}"]
53 [6-Fluoro-4-(1- | 7.75-7.84 (m,2H),7.36(s, | 374 OH
isobutyryl- M), 7.28 (id, J = 8.72, 2.78 OO
piperidin-4- Hz, 1 H), 7.01 {s, 1 H), 4.88 - e o
yioxy)- 4.93 (m, 1 H), 3.83 - 3.92 (m, 5
naphthalen-2- | 2H), 3.75(s, 2H), 3.58-3.70
yl}-acetic acid {m, 2 H), 3.00 (ddd, J = \O\J 0
13.52, 6.69, 6.57 Hz, 1 H),
1.81-2.18 (m, 4 Hj, 1.12(d,
J=6.57 Hz, 6 H)
5-4 [4-(1- 7.79-7.86(m,2H),7.38 (s, 372 OH
Cyclopropanec | 1H),7.30(d,/=8.72,2.53 Oe
arbonyl- Hz, 1H), 7.04 (s, 1 H), 492 E o
piperidin-4- (dt, J=7.01,3.44 Hz, 1 H), 0
yloxy)-6-fluoro- | 3.79 - 4.14 (m, 3H}, 377 (s,
naphthalen-2- | 2 H), 3.61-3.73 (m, 1 H), N. .0
yll-acetic acid 1,83-225{(m,5H} 069-
0.99 (m, 4 H)
55 [4-(1- 775-7.84{m, 2H),7.36 (s, | 400 Ori
Cyclopentanec | 1 H),7.28 {td, J=8.72,2.78 Oo S
arbonyl- Hz, 1H), 7.01(s, 1 H), 487~ F
piperidin-4- 4.92 (m, 1 H), 3.84 - 3.94 (m, G
yloxy)-8-fluoro- | 2 H), 3.75 (s, 2 H), 3.60 - 3.71 \O
naphthalen-2- | {m, 2 H), 3.04 - 3.16 (m, 1 H), N0
yl}-acetic acid 1.55-2.18{m, 12 H) 6
56 f4-{(1-Benzoyl- | 7.80 - 7.85 (m, 2 H), 7.45 - 408 OH
piperidin-4- 752 {m,5H),7.38(s,1H) OO 5
yloxy}-6-fluoro- | 7.30 (id, J = 8.65, 2.65 Hz, 1 F”
naphthalen-2- | H}, 7.02 (s, 1 H), 4.91 - 4.97 o)
yll-acetic acid (m, 1H),3.41-4.11(m. 8 H), \O\J o
184226 (m, 4 H) ;
57 6-Fiuoro-a-[1- | 7.75-7.84 (m, 2 H), 746 - 426 OH
(2-fluoro- 7.54 (m, 1 H), 7.40 - 7.46 (m, OO )
benzoyl)- 1H), 7.36 (8,1 H),7.18-7.32 E
piperidin-4- {m,3H),7.01 (s, 1H),48%- 0
yioxyl 4.96 (m. 1 H), 3.82 - 4.09 (m, \]:/\
naphthalen-2- | 2 H), 3.74 (8,2 H), 3.35 - 3.68 N0
yl}-acetic acid (m, 2H),1.81-2.24 (m, 4 H) -




naphthalen-2- H), 7.02 (s, 1 H), 4.91 - 497 A-acetic acid (m, 1 H), 3.41-4.11 (m, 6 H), NO 1.84 -
40 5-7 {6-Fluoro-4-[1- 7.75 - 7.84 (m, 2 H), 7.46 - 426 OH (2-fluoro- benzoyl)- 7.54

2.26 (M

(m, 1 H), 7.40- 7.46 (iii, 1 H), 7.36 (s, 1 H), 7.18 - 7.32 | F 00 O piperidin-4- 1 (s, 1H),
4.89 - -...- "% 2&’/186'2%/ 9% 96 (m, 1 H), 3.82 - 4.09 (m, "EeriRatbili?
-78 -
Example | Systematic "H NMR (400 MHz, CDsOD)} 3 | MS Structure
No. Name ppm (ESI,
[(M+H)

5-8 {6-Fiuoro-4-{1- | 7.79-7.86(m, 2H), 7.48- 426 OH
{3-fluoro- 7.55 (m, 1 H), 7.38 (s, 1 H), OO I
benzoyl}- 7.21-7.33(m, 4 H), 7.02 (s, E
piperidin-4- 1 H), 4.94 (id, J = 6.76, 3.41 &
yloxyl- Hz, 1 H), 3.82 - 4.06 (m, 2 H), \O
naphthalen-2- | 3.67 - 3.79 (m, 3 H),3.40- N. 20
yil-acetic acid 3.58 (m, 2 H), 1.84 - 2.30 (m,

4 H)
-

5-9 #-Fluoro-4-[1- | 7.80-7.86 (m,2H),7.52 - 426 OH
(4-fluoro- 757({m,2H),7.38(s, 1 Hj, OO o
benzoyl} 7.30 (id, J=8.72,2.53 Hz, 1 F )
piperidin-4- H),7.19-7.26 (m,2H), 7.03 \O
vioxyl- (8,1 H), 342 -4.12 (m, 6 H), N0
naphthaien-2- 1.84-2.29(m, 4 H)
yi}-acetic acid

=

5-10 [6-Fluoro-4-(1- | 7.82(dd, /=8.97, 568 Hz, 1 | 422 OH
phenylacetyl- | H), 7.75 (dd, J = 10.74, 2.65 OO d
piperidin-4- Hz, 1 ¥, 7.23-7.38{m, 7 H}, F
yloxy)- 6.97 (3,1 H),4.79-4.84 o
paphthaien-2- | (m, 1 H), 3.78-3.94 (m, 4 H), \Q o]
yil-acetic acid 3.74 (s, 2H),3.53-3.73 {m,

2 H), 1.63-2.10 (m, 4 H} \E©

5

4 H)

EXAMPLE 6-1
[4-(1-Ethylcarbamovl-piperidin-4-yloxv)-6-fluoro-naphthalen-2-yij-acetic acid

[4-(1-Ethylcarbamoyl-piperidin-4-yloxy)-6-fluoro-naphthalen-2-yll-acetic acid methyl

ester

F

SOR:

OH

G
Tloo

HN

;




411P WO 2010/055006PCT/EP2009/064816 -78 - Example No. Systematic Name 1H NMR (400 MHz,

CD30D) 6 PPm.MS, (ESI+, [(M+H)* Structure 5-8 (6-Fluoro-4-1 - 7.79 - 7, 8- 426 OH
(3-fluoro- 788 IYPEY®7 38 (s, 1 H), benzoyl)- 7.21 - 7.33 (m, 4 H), 7.’%’26@,; Z&B%Q‘é‘hé?n-m

-79 -

A mixture of [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-yl]-acetic acid methy! ester (the
intermediate for example 4-1, 1% step, 20 mg, 0.063 mmol) and isocyanato-ethane (0.05
mL) and dichloromethane was stirred at room temperature for 4 hours. The resulting

5 mixture was concentrated in vacuo. The residue was purified by flash column (gradient
elution with 0-30% ethyl acetate in petroleum ether) to afford [4-(1-ethylcarbamoyl-
piperidin-4-yloxy)-8-flucro-naphthalen-2-yl]-acetic acid methyl ester (21.0 mg, 85%) as a
viscous oil.

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

OG OOH
\[::%RTO
)

Starting with [4-(1-ethylcarbamoyl-piperidin-4-yloxy)-6-flucro-naphthalen-2-yl]-acetic acid

F

methyl ester (21 mg, 0.054 mmol), using a method analogous fo the one described above
for example 1-1, final step, [4-(1-ethylcarbamoyl-piperidin-4-yloxy)-8-fluoro-naphthalen-2-
15 vyij-acetic acid {1.2 mg) was obtained as a light-brown powder. H NMR {400 MHz,
CD;0D) & ppm 7.83 {dd, J = 9.09, 5.81 Hz, 1 H), 7.79 (dd, J = 10.74, 2.65 Hz, 1 H), 7.37 (s,
1H),7.30 (td, J=8.72,2.78 Hz, 1 H), 7.02 (s, 1 H), 4.83 - 4.85 (m, 1 H), 3.70-3.79 (m, 4
H), 3.38 - 3.46 (m, 2 H), 3.23 (g, J = 7.07 Hz, 2 H), 2.05 - 2.14 (m, 2 H), 1.83 - 1.93 (m, 2
H), 1.15 {t, J=7.20 Hz, 3 H); MS cald. for CaoH2sFN2O4 374, obsd. (ESI™) [(M+H)™] 375.
20



1H),4.94 (td, J=6.76, 3.41 yloxyl- Hz, 1 H), 3.82 - 4.06 (m, 2 H),
H), 3.40 - NO yl}-acetic acid 3.58 (m, 2 H), 1.84 -2.30 (m, 4H) 40

7.86 (M, 2 '&072'0512{%?52(} 6OH ISO 0 (4-fluoro-

naphthalen-2- 3.67 - 3.79 (m, 3
F 5-9 {6-Fluoro-4-- 7.80 -

PCT/ERP2009/064816

-80 -

EXAMPLES 6-2 to 6-5
The following examples 6-2 and 6-5 were prepared in an analogous manner to the one
described for example 6-1, starting with [6-fluoro4-(piperidin-4-yloxy)-naphthalen-2-yl}-
acetic acid methyi ester (the intermediate for example 4-1, 1*! step) and commercially

available isocyanates.

Example | Systematic H NMR (400 MHz, CD,0OD) 3 | MS Struciure
No. Nama ppm (ESI",
(v+H) ]

6-2 {6Fiuoro-4-[1- | 7.77-7.84(m, 2 H), 743 - 441 OH
(2-fluoro- 7.49 (m, 1 H), 7.37 (s, 1 H), OO &
phenylcarbamo | 7.28 (td, J=8.72, 2.53 Hz, 1 F

| yi-piperidin-4- | H),7.08-7.45 (m, 3 1), 7.04 o
i yloxyl {s,1H},487-4.94(m, 1H), \O\; )
naphthalen-2- | 3.83 - 3.92 (m, 2 H), 3.73 (s, Y
yll-acetic acid | 2 H), 3.54 - 3.84 (m, 2 H), HN:@
2.41-221(m, 2H),1.91- .
2.04 (m, 2 H)

6-3 [6-Fluoro-4-[1- | 7.76-7.85(m, 2H),7.37 (s, | 441 OH
{3-fluoro- 1H), 7.20-7.32{m, 3H), OO 5
phenylcarbamo | 7.16 {(d, /=1.01 Hz, 1 H), F
yl)-piperidin-4- | 7.03(s, 1 H), 672 (td, J = 0
ytoxyl- 8.53,1.89 Hz, 1 H), 4.87 - \G\; o
naphthalen-2- | 4.91 (m, 1 H), 3.83-3.91 (m,
yl-aceticacid | 2 H), 3.72 (s, 0 H), 3.54 - 3.63 FN

(m, 2 H), 1.89 - 2.23 (m, 4 H)
F

6-4 6Fluoro-4-I1- | 6.27 - 6.36 (m, 2 H), 5.83 - 441 Ot
(4-fluoro- 5.88 (m, 3H), 5.79 {td, J = QO &
phenylcarbamo | 8.78, 2.15 Hz, 1 H), 5.47 - F )
yi}-piperidin-4- | 5.55 (m, 3 H), 3.39 - 3.44 (m, \O
ytoxyl- 1 H), 2.32 - 2.41 (m, 2 H), N 0
naphthalen-2- | 2.25(s, 2H),2.03-212 (m, HN
yil-acetic acid | 2 H), 0.39 - 0.71 (m, 4 H), @\

.

6-5 [6-Fluoro-4-{1- | 6.32 (dd, J=8.97, 5.68Hz, 1 | 451 o
phenethylcarba | H), 6.27 (dd, J = 10.74,2.65 OO o
moyl-piperidin- | Hz, 1 H), 5.86 (s, 1 H), 5.65 - F )
4-yloxy- 5.82 (m, 6 H), 550 (s, 1 C
naphthaten-2- | H), 3.28-3.33(m, 1 H),2.25 NagzO
yi}-acetic acid {s,2H)217-224(m,2H), HN

1.84-1.92 (m, 4 H), 132 (t, J
=7.33 Hz, 2H), 0.49 - 0.61 O
(m, 2 H}, 0.25 - 0.40 (m, 2 H)




7.57 (m, 2.H), 7.38 (s, 1 H), benzoyl)-7.30 (td, J =8.72, 2.53 Hz, 1 piperidin-4- H), 7.19 - 7.26 (m,
2 H), 7.03 " yloxy]- (s, 1 H), 3.42 - 4.12 (m, 6 H), N naphthalen-2- yl}-acetic acid 1.84- 2.29 (m, 4 H)

F 5-10 [6-Fluoro-4-(1- 7.82 (dd, J = 8.97, 5.68 Hz, 1 422 OH phenylacetyj 1=10.74
5 66 0 o Uil Viaceybhfod s J = 10.74,

-R1-

ACTIVITY AND USE OF THE COMPOUNDS

The compounds of formula | and Z possess valuable pharmacological properties. It has
been found that said compounds are antagonists or partial agonists at the CRTHZ2 receptor

5 and may be useful in treating diseases and disorders associated with that receptor such as
asthma. The activity of the present compounds as CRTH2 receptor antagonists or partial
agonists is demonstrated by the following biological assays.

Human CRTH2 Receptor Binding Assay

10
A whole cell receptor binding assay using [PHiramatroban as the competing radioactive
ligand was employed to evaluate the compound binding activity to human CRTH2. The
radioactive ligand PHramatroban was synthesized according to Sugimoto et. al. (Eur. J.
Pharmacol. 524, 30 - 37, 2005) to a specific activity of 42 Ci/fmmol.

13

A cell line stably expressing human CRTH2 was established by transfecting CHO-K1 cells
with two mammalian expression vectars that harbored human CRTH2 and G-aipha’ 6
cDNAs, respectively, using FuGene® 6 transfection reagent (from Roche). Stable clones
expressing CRTH2 were selected by staining each clone with BM16 (BD Pharmingen™

20 from BD Biosciences, a division of Becton, Dickinson and Company), which is a rat
monoclonal antibody to human CRTH2. The cells were maintained as monolayer cultures
in Ham's F-12 medium containing 10% fetal bovine serum, 100 units/mL peniciliin, 100
ug/mL streptomycin, 2 mM giutamine, 0.5 mg/mL G418 (geneticin) for CRTH2, and 0.2
mg/mL hygromycin-B (for G-alpha 16). For whole cell receptor binding assay, the

25 monolayer cells were rinsed once with PBS (phosphate buffered saline), dissociated using
ethylenediaminetetraacetate (Versene™ EDTA from Lonza Inc.), and suspended in PBS
containing 10 mM MgCl. and 0.06% BSA (bovine serum albumin) at 1.5 x 10° cells/mi..

The binding reactions (0.2 mL) were performed in 86-well plates at room temperature in
30 PBS containing 1.5 x 10° cells, 10 mM MgClz, 0.06% BSA, 20 nM [*HJramatroban, and test



Hz, 1 H), 7.?3 -7.39 (m, 7 H), yloxy)-6.97 (s, 1 H), 4.79 - 4.84 naphthalen-2- (m, 1 H), 3.78 - 3.94
(m, 4 H), -."..NO ylFacetic add 3.74 (s, 2 H), 3.53-3.73(m, 2H),1.63-2.10(m,4H) EXAMPLE

6-1 Pl-(l-EVt@ Ic%% g%)vl-piperidin-4-v|oxv)-6-f|uoro-naphthalen-2- 11- j '

30 5 Pk yl1-apgliG BRichf#%:5>
[4-(1-Ethylcarbamoyl-piperidin4-yloxy)-6-fluoro-naPhthalen-2-y1]-acetlc acid methyl es?er \We
2010/055006PCT/EP20091064816 - 79 - N tO A mixture of

[6-f|uoro-4-(piperidin-4-y|oxy)-naphthalen-z-ylI-acéﬂc“ acid methyl ester (the intermediate for example
4-1, Is” step, 20 mg, 0.063 mmol) and isocyanato-ethane (0.05 mL) and dichloromethane was stirred
at room temperature for 4 hoqrs. The resulting 5 mixture was concentrated in vacuo. The residue was
|[04u ETedhebiﬁiggbr@#a:mwmﬁaeﬁmmmmﬂ@ﬁo%mbw icdiagedagistmeldhencetiserets afford
-(1-ethylcarbamoyl- pipe d§p4 loxy)-6-flupro-nay %tﬁ%[@% -y11-acetic.aci .
: t ; 7R | egter (21.0 mg,
85%) as' & ViEt -_so\éllg[EO[ﬁ%( -Erthyférg ;gtr%%gfﬁ%gﬁ in-4-y o%& -6-f|u§(?§-er%;%¢ﬁ§kﬁgﬁ-2- 1Facetic acid
OH NyO PévkBirtiag Wwith @mqlv@?h@ttb_érﬁmmowl’piﬁ%ﬁmﬁmﬁ sysrntforo FANRIEIEA £V 1]-acetic acid
?iﬂm:ﬁéﬁgégﬁmﬁatﬁ%&%@% ’vfh%ﬁgs?g%jﬁelﬂm Melegrusstadhermnrititsesibetabtive for example
-1, , [4-(1-ethylcarbamoyl-piperidin-4- -6- - 2.
radioactivities bgund to the ge Ispwere dete¥n2i)r(%/e)d6u9]:l|%8rg nr%%?@éﬁ‘a%lae anzntitiation counter
(TopCount® NXT, from PerkinElmer, Inc.) after adding 50 uL of Microscint™ 20 scintiliation
fluid (from PerkinElmer, Inc.) to each well of the fiiter plates. The radioactivity from non-
specific binding was determined by replacing compound with 10 uM of 15(R)-15-methyl
PGD; (from Cayman Chemical Company) in the reaction mixtures, The radioactivity bound
10 to the cells in the absence of compound (fotal binding) was determined by replacing
compound with 0.25% of DMSO (dimethyl sulfoxide) in the reaction mixture. Specific
binding data were obtained by subfracting the radioactivity of non-specific binding from

each binding data.

15  The ICs value is defined as the concentration of the tested compound that is required for
50% inhibition of total specific binding. In order to calculate the ICs value, the percent
inhibition data were determined for 7 concentrations for each compound. The percent
inhibition for a compound at each conceniration was calcuiated according to the following
formuta, [1-(specific binding in the presence of compound)/(total specific binding)Ix100. The

20 1Cs value was then obtained by fitting the percent inhibition data to a sigmoidal dose-
response (4 parameter logistic) model in the XLfit? software Excel add-in program [from iD
Business Solutions Ltd., model 205, where F(x) = (A+(B-A)Y{(1+((C/x)*"D))L.

Certain compounds of the foregoing examples were tested using the above Human CRTH2
25 Receptor Binding Assay. The results of the assay showed that all of the compounds tested
have binding activity exhibiting ICsq values ranging from 0.0017 uM to 0.4575 pyM as shown

below:;



15 O1-acetic acid (1.2 mg) was obtained as a light-brown powder. 1H NMR (400 MHz, CD30D) 5 ppm
7.83 (dd, J=9.09, 5.81 Hz, 1 H), 7.79 (dd, J = 10.74, 2.65 Hz, 1 H), 7.37 (s, 1 H), 7.30 (td, J = 8.72,
2.78 Hz, 1H0 é’&q“ﬁ'—l) 4.83 - 4.85(m, 1 H), 3.70 -3.79 (m, 4 H), 3.38.;3 M8 1d). 3-23 (0, J =
7.07 Hz, 2 H), 22% i 4 (m, 2 H), 1.83-1.93 (m, 2 H), 1.15 (t, J=7.20 Hz, 3 H); MS cald. for
CZOH23FN204 374, obsd. (ESI4) [(M+H)+1375. WO 2010/055006PCT/EP2009/064816 - 80 -
EXAMPLES 6-2 to 6-5 The following examples 6-8%nd 6-5 were prepared in an analogous manner to
the one described for example 6-1, starting with [6-fluoro-4-(piperidin-4-yloxy)-naphthalen-2-Aacetic
acid methyl ester (the intermediate for example 4-1, 1st step) and commercially 5 available

isocyanates. Example No. Systematic Name H NMR (400 MHz, CO300) 6 ppm MS (ESI+, n Structure
6-2 {6-Fluoro-4-[1- 7.77 - 7.84 2 H), 7.43- 441 2-fl 4- ),|7.37 (s, 1 H), ISo
phenylcarbamo 7.28 (tjjefa:"'?%qﬂ ‘53 Hz, 1 yl)- plpen%lnt%ﬂ-I #ﬁ%@i‘h]&lS (m, 3H), 7.04 ..---)
yloxy]- (s, 1 H), 4.87 - 4.94 (m, 1 H), -.N./Ay0 1Cs0 (M)

Example 1-1 0.0192

Example 1-2 0.0072

Example 1-3 0.0212

Example 1-4 0.0155

Example 1-5 0.0076

Example 1-6 0.0091

Example 1-7 0.0065

Example 1-8 0.0069

Example 1-8 0.0037

Example 1-10 02072

Example 1-11 0.0883

Example 1-12 0.0083

Example 1-13 0.0054

Example 1-14 0.0048 L

Example 1-15 0.0026

Example 1-16 0.0031

Example 1-17 0.0037

Example 1-18 0.006

Example 1-19 0.0017

Example 2-1 0.0182

Example 2-2 0.0026

Example 2-3 0.1506

Example 2-4 0.0591

Example 2-5 0.2765

Example 2-6 0.0815




naphthalen-2- 3.83 - 3.92 (m, 2 H), 3.73 (s, Vll-acetic acid 2 H), 3.54 - 3.64 (m, 2 H), HN 2.11-2.21
(m,2H),1.91- FI" 2.04 (m, 2H) 6-3{6-Fluoro-4-[1- 7.76 - 7.85 (m, 2 H), 7.37 (s, 441 OH

s an i difhastys2 (m: 7). SO0 phenylearbamo 7:16 (A I = 03 éudfillsno/)-Pipericin-+

-84 -
Example No. | Human CRTH2 Binding
ICso0 (jabvt)
Exampie 2-7 0.0571
Example 2-8 0.4575
Example 2-9 0.0631
Example 2-10 0.4503
Example 2-11 0.2009
Example 2-12 0.1061
Example 2-13 0.139
_ Example 2-14 0.0657
Example 2-15 0.2507
Example 2-16 0.0268
Example 2-17 0.0219
Exampie 2-18 0.0094
Example 2-19 0.01
Example 2-20 0.1268
Example 2-21 0.0189
Example 2-22 0.0112
Example 2-23 0.0635
Example 2-24 0.022
Example 3-1 | 0.0451
Example 4-1 0.0093
Example 4-2 0.0203
Example 4-3 0.0305
Example 4-4 | 0.0254
Exampie 4-5 0.0099
Example 4-6 0.0032




yloxyl- 8.53, 1.89 Hz, 1 H), 4.87 - 0 naphthalen-2- 4.91 (m, 1 H), 3.83 - 3.91 (m, y HN 40 yll-acetic
acid 2 H), 3.72 (s,0H), 3.54 - 3.63 (m, 2 H), 1.89 - 2.23 (m, 4 H) 6-4 {6-Fluoro-4[1- 6.27 - 6.36 (m, 2

H), 5.83 - 4%%—1 &%tl ro- 5.88 (m, 3 H),5.79 (td,J= O.0 phenylcarp@w&%@ogmﬁ Hz, 1 H),
5.47- y1)-p|per|d?n-jf-&§55 (m, 3H), 3.39-3.44 (m, vyloxyl-1H),2.32-2.41(m,2H), N
-&5.
Example No. Human CRTH2 Binding
| 1Cs0 (M)
Example 4-7 0.005
Exampie 4-8 0.0024
Example 4-9 N/A
Example 4-10 0.0027
Example 5-1 0.1632
Example 5-2 0.1205 1
Example 5-3 0.144
Example 5-4 0.0678
Example 5-5 0.0533
Example 5-6 0.0124
Example 5-7 | 0.0194
Example 5-8 ' 0.0298
Example 5-8 0.0312
Example 5-10 0.0029
Example 6-1 0.0245
Example 6-2 0.0042
Example 6-3 0.003
Example 6-4 0.005
Example 6-5 0.004

Calcium Flux Assay Using Fluorometric Imaging Plate Reader

Cell Gulture Conditions:

CHO-K1 cells previously transfected with G-alpha 16 were subsequently transfected with

the human CRTH2 receptor and the neomycin resistance gene. Following selection in 800



naphthalen-2- 2.25 (s, 2 H), 2.03 - 2.12 (m, N a yll-acetic acid 2 H), 0.39 - 0.71 (m, 4 H), 11, 6-5
[6-Fluoro-4-(1- 6.32 (dd, J = 8.97, 5.68 Hz, 1 451 OH phenethylcarba H), 6.27 (dd, J = 10.74, 2.65

SO0 moyl-‘gg)%gri%(a% , 1 H), 5.86 (s, 1 H), 5.65 -4-yloxy)-5.82 (m, 6 H)5.28:(R0hsegipPhthalen-2-

H), 3.28 - 3 12,25 ........N,r0 y4]-acetic acid (s, 2 H), 2.17- 2.24 (m, 2 H), HN 1.84- 1.92

(m, 4 H), 1.32 (t, J

10
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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 Dy (DK-PDG2) (ligand) in the Ca** Flux assay.
Positive clones were then cloned by limiting dilution cloning. The transfected cells were
cultured in Ham's F-12 medium suppiemented with 10% fetal bovine serum, 2 mM
glutamine , 100 U/mL penicillin/100 pg/mlL streptomycin, 200 pg/mL hygromycin B, and 800
ug/mL G418 (geneticin). Cells were harvested with trypsin-EDTA (trypsin-
ethylenediaminetetraacetic acid) and counted using ViaCount® reagent (from Guava
Technologies, inc. which contains two DNA-binding dyes that enable the reagent user o

distinguish between viable and non-viable cells). The cell suspension volume was adjusted

15

20

25

30

to 2.5 %10% celis /miwith- complete growth media. - Aliquots of 50 pl-were dispensed-into

BD Faicon™ 384 well black/clear microplates (from BD Biosciences, a division of Becton,
Dickinson and Company) and the microplates were placed in a 37 °C COz incubator
overnight. The following day, the microplates were used in the assay.

Dye Loading and Assay:

Loading Buffer containing dye (from the FLIPR® Calcium 3 Assay Kit from Molecular
Devices, a division of MDS Analytical Technologies and MDS Inc.) was prepared by
dissoiving the contents of one bottle into 200 mL Hank’s Balanced Salt Solution containing
20 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesuifonic acid) and 2.5 mM
probenecid. Growth media was removed from the cell plates and 25 uL of Hank's Balanced
Salt Solution (HBSS) containing 20 mM HEPES, 0.05% BSA and 2.5 mM probenecid was
added to each well followed by 25 L of diluted dye using a Multidrop dispenser. The
plates were then incubated for 1 hour at 37 °C.

During the incubation, test compound plates were prepared by adding 90 ub. of HBSS/20
mM HEPES/0.005% BSA buffer to the 2 uL of serial diluted compounds. To prepare serial
dituted compounds, 20 mM stocks of compounds were dissolved in 100% DMSO. The

compound dilution plate was set up as follows: well # 1 received 5 ul. of compound plus 10



=7.33 Hz, 2 H),049-0.61 IS m,2H),0.25-0.40m,2H WO 2010/055006PCT/EP2009/064816
-81 - ACTIVITY AND USE OF THE COMPOUNDS The compounds of formula | and Z possess
valuable ph%{m%(@u%%ggl properties. It has been found that said compoypgs.gs6.apiaggnists or partial
agonists at the receptor 5 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 bygﬂfe following biological assays. Human CRTH2
Receptor Binding Assay 10 A whole cell receptor binding assay using [3H]Jramatroban as the
competing radioactive ligand was employed to evaluate the compound binding activity to human
CRTH2. Ther rarisactiveiligand fadeilsamatuohsDMaDs fnthessehiaedamintars Birgisiseoet. al. (Eur.
J. Pharrnaco). 524, 30 - 37,.2005).t ecific_activity i/ 5 b bly expressing
human (‘fﬁ?ﬁf é@ Wgs""&l& Ii§heé%?gﬂﬁi%ggtivr\{ar&%ﬂqeg Eiwﬁ]i?tji??\%%&ngprr% rﬁgﬁgﬁtée&; ression vectors
that harmeregdun anCRINsRBed Goatvhidiae DRIED R S8¢ctobRssan g RgGRWEIPER BRMhfection
reagent f%nﬁg,qﬁgg)ad%@éqle clones expressing CRTH2 were selected by staining each clone with
BM16 (B Lharmingen TM 20 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 jristaRtsHatioh Mediuneeitainirigstaypletal petdserseelmugda torfits/flopenttilin, 100 pg/mL
trept in, 2 lutami 4 IGi TH2, in-B
sreptomyein, & MY ohiamine, (8ma0415ge0eig f SRING g0 02wk oy

(for O-al|d Inding assay, the 25 monolayer cells were rinsed once with

PBS (phospietedbiféneFEHIRS), Meteriesa tish i ethyliesdarahiifeiah B RO ERe TM EDTA

from Longadng.), ARG SYsARRMIRA IBIRBS woRiARIAE4QIIN MAPR and 200Yd3$AXbovine serum
albumin) at 1.5 x 106 cells/mL. The binding reactions (%.2 mL) were %,ergarmed in 96-we(ljl.‘{;h)glgtes at

roorh(tenBBE&iFaiss 46308 &P ALIRMIP 178 L IBAERsDYENBMIRGER '8 BSXC 5Fh
[3H]ramaigreankensinestaéELERTRIA550064 GUEBRDEIO6RBIG e8ery tdnyssandsatvidfious

concentrations. After 1 hour of binding.r i .cel r [
microplafggcg%gr%vtﬁ?rt[%(a 35?3 w%?%rﬁ%ed%%? g%ﬁlgg?%gﬁ@eﬁgiggléﬁﬁqﬁ%%ﬂ \%ggﬁgd 5 times
with PBS.bsirg) aimiisimtesEoLE aatdad ool weheidhe asdipif e Anersrasnee ¥afs from
microplatgs, i Re/ kiBRHRRk goreT barhgasiaastbrtiemprungiindintorelidtsagisidninieart using a
microplate scintillation counter (TopCount(r, NXT,gom Perkin lmgg,chn% lﬁ%ﬁrﬁg’%i%%eg&gl_ of
MicrbacinkiRFeerachiMaRno Mg (RGIRasEKRRANEHARE &N RE! O the ther piates. The
radioactiyisfienvisaseesificraoding itk titieresicatbysagirinyrceashouell Wit KoligRndf

15(R)- 15-metit FODZ (om Seyman Bamicafampany i rdeasienaibiverHonsadioactivit

bound 10°t8 the cend'ii the absende of compound (total binding) was determined b}/greplacing

compoundarét@25s66eD stitdivrafyne rsianeymi the RedbtoNhRuARTINESRSHEDinding data
were obtained hy-subtiaclinsiRe Jadipactikl ref mesy Soesiin hintingrfrontheanifibindingotiatas 15 The
IC50 value is defined as_the concentration of the tested .compound that is required .f %, inhibition of
total ¥pe GREYRIGHBY tBR/LIEE VSR é{fcghﬁq@ 'ﬂ(fj:?% \%%\rl J@??H%ng ﬁ%ﬁq%%?t%?%h% alggar Ev?e8 ré%determined
for 7 coneestatiend iniremshecdngistichchoHebusargbtintiaiSerane Corpeiasaaseiwireoncentration
was calculated rdi f ' lanhal fiehipsling in-the/presgnce of '
compoun%'}?&gﬁﬁcﬁ@er%i%é%é %g g%@%%g%’o ICSO?/RaSTEe gvasnﬁflrj]e%(obttg?ned byq‘itting the percent
inhibition data to a sigmoidal dose-response (4 parameter logistic) model in the XLfit(r) software Excel

<'é1:d0|-ir_l pf@&f&%@g@éﬂ\]{@ﬁ%ﬁﬁmaﬁgs&@m@mﬁ thislhinaRdeh 0, mr@ﬁég ssligHte AL e((C/x)AD)))].
ertain compounds of the foregaing examples were tested u the abpye Human | 4
Rec@étor%if%ﬁgaﬁ@é@pﬁﬁgi?%@% %ac;’f’%eeg a?s"%é?/ %ﬁc?gwéagﬁ?;?} a%‘i’ gtﬁe%én%[?r%?s%i{é? rfg?/e
binding astivityrexbiditing-105@&w@iseeringing frent0d g1 PNPR0 2573 s wediahmBBIBE:
exception of examples 2-8, 2-10, 2-15, 4-2 and 51 which exhibited ICso values of »5 uM,

these compounds exhibited ICso values ranging from 0.0002 uM to 3.770 uM.

30 DK-PGD-induced IL-13 production assay in Th2 cells



-83 - Example No. Human CRTH2 Binding ICso (PM) Example 1-1 0.0192 Example 1-2 0.0072
Example 1-3 0.0212 Example 1-4 0.0155 Example 1-5 0.0076 Example 1-6 0.0091 Example 1-7

0.0065 Ex '?011(;53 Qé)069 Example 1-9 0.0037 Example 1-10 0.2072
B0 p BXaBRIRnkisR;0883 Example
1-12 0. 008 xamp e 1-13 0.0054 Example 1-14 0.0048 Example 1-15 0.0026 Example 1-16 0.0031
Example 1-17 0.0037 Example 1-18 0.006
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inhibition of 13,14-dihydro-15-keto Prostaglandin D, (DK-PGDz}-induced IL-13 production
in T helper type 2 (Th2) cells was applied to evaluate compound celiular potency.

5 Cultures of Th2 cells were established from blood of healthy human volunteers according
to the following procedure. Peripheral blood mononuciear cells (PBMC) were first isolated
from 50 mL of fresh blood by Ficoll-Hypague density gradient centrifugation, followed by
CD4" cell purification using a CD4" T Cell Isolation Kit Il {from Miltenyi Biotec Inc.). The
CD4* T cells were then differentiated to Th2 cells by culturing the cells in X-VIVO 15%

10 medium (from Cambrex BioScience Walkersvilie Inc.) containing 10% human AB serum
(serum of blood type AB from invitrogen Corporation), 50 U/ml. of recombinant human
interleukin-2 (rhiL-2) (from PeproTech Inc.) and 100 ng/mL of recombinant human
interleukin-4 (rhiL~4) (from PeproTech inc.) for 7 days. The Th2 cells were isolated using a
CD294 (CRTH2) MicroBead Kit (from Miltenyi Biotec Inc.) and amplified in X-VIVO 15%°

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 BM18€ antibody (as previously described)
conjugated to phycoerythrin (PE).

20 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. IL-13 production to the medium was
detected by ELISA (enzyme-linked immunosorbent assay) using an “Instant ELISA™" kit
(from Bender MedSystems Inc.) according to the procedure suggested by the vendor. The

25 spontaneous production of IL-13 by Th2 cells was determined in the absence of DK-PGD2
stimulation and the value was subtracted from that in the presence of each compound for

percent inhibition and ICsp calculations.

“The percent inhibition of interleukin 13 (IL-13) production for a compound at various

30 concentrations was calculated according to the following formuta, [1-(1L-13 production in



Example 1-19 0.0017 Example 2-1 0.0182 Example 2-2 0.0026 Example 2-3 0.1506 Example 2-4
0.0591 Example 2-5 0.2765 Example 2-6 0.0815 - 84 - Example No. | i 1 Human CRTH2 Binding

IC50 (PM) Eﬁgm(glg §£7I60.0571 Example 2-8 0.4575 Example 2-9 0.063%@%% g-%]%o.%os
Example 2- o 88 ”E’xample 2-12 0.1061 Example 2-13 0.139 Example 2- : %g xample 2-15
0.2527 Example 2-16 0.0268

-89 .

the presence of compound)/(L-13 production in the presence of 0.15% DMSO)]x100. The

ICs, value, defined as the concentration of a compound that is required for 50% inhibition of

IL-13 production, was calculated by fitting the percent inhibition data for 7 concentrations to

a sigmoidal dose-response (4 parameter logistic) model in the XLfit® software Excel add-in
5 program [ID Business Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1 +H{(CH)P DML

Representative compounds tested in the binding assay were tested using the foregoing
DK-PGD,-induced IL-13 production assay (specifically examples 1-1, 1-2, 1-4 10 1-9, 1-12
to 1-17, 2-2. 2-18, 2-19, 2-22, 4-1 tc 4-3, 4-6 to 4-8, 4-10, 5-1, and 5-10 were tested). The

10 results of the DK-PGD.-induced IL-13 production assay showed that these compounds
exhibited activity in inhibiting IL-13 production, with 1Cs; values ranging from 0.0024 uM to
3.6007 uM.

Thus, the compounds of the present invention are useful since the compounds tested show
15  some activity in at least one of the above three assays (i.e., binding at the CRTH2 receptor),
and therefore may be useful as antagonists or partial agonists in treating diseases and

disorders associated with this receptor such as asthma.

in one embodiment, the present invention relates to a method for the treatment and/or

20 prevention of diseases and disorders which are associated with the modulation of CRTH2
receptors, which method comprises administering a therapeutically effective amount ofa
compound of formula | or Z to a human being or animal. A method for the treatment and/or
prevention of an inflammatory or allergic disease or disorder is preferred. Such diseases or
disorders may include (but are not limited to) asthma, chronic obstructive pulmonary

25 disease (COPD), allergic rhinitis, allergic inflammation, and atopic demmatitis.

The present invention is also directed to the administration of a therapeutically effective
amount of a compound of formula | or Z in combination or association with other drugs or
active agents for the treatment of inflammatary or allergic diseases and disorders. In one

30 embodiment, the present invention relates to a method for the treatment and/or prevention



Example 2-17 0.0219 Example 2-18 0.0094 Example 2-19 0.01 Example 2-20 0.1268 Example 2-21
0.0189 Example 2-22 0.0112 Example 2-23 0.0635 Example 2-24 0.022 Example 3-1 0.0451 Example

4-1 0.0093 %%@5% 0.0203 Example 4-3 0.0305 Example 4-4 0.025%%5@@9%&;19.0099
E_xar_nple 4-6'0.0 G 2010/055006PCT/EP2009/064816 - 85 - Example No. F. Human CRTH2
Binding IC50 (PM) Example 4-7 [ 0.005 Example 4-8I
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of such diseases or disorders comprising administering to a human or animal
simultaneously, sequentially, or separately, a therapeutically effective amount ofa
compound of formula | or Z and another drug or active agent (such as another anti-
inflammatory or anti-allergic drug or agent). These other drugs or active agents may have
5 the same, similar, or a completely different mode of action. Suitable other drugs or active

agents may include, but are not limited to: Beta2-adrenergic agonists such as albuterol or
salmeterol: corticosteroids such as dexamethasone or fluticasone; antihistamines such as
Joratidine: leukotriene antagonists such as montelukast or zafifukast; anti-Igk antibody
therapies such as omalizumab; anti-infectives such as fusidic acid (particularly for the

10 treatment of atopic dermatitis); anti-fungals such as clotrimazole (particularly for the
treatment of atopic dermatitis); immunosuppressants such as tacrolimus and pimecrolimus;
other antagonists of PGD2 acting at other receptors such as DP antagonists; inhibitors of
phosphodiesterase type 4 such as cilomilast; drugs that modulate cytokine production such
as inhibitors of TNF-alpha converting enzyme (TACE); drugs that modulate the activity of

15 Th2 cytokines IL-4 and IL-5 such as blocking monoclonal antibodies and soluble receptors;
PPAR-gamma agonists such as rosiglitazone; and 5-lipoxygenase inhibitors such as

zileutorn.

Unless stated to the contrary, all compounds in the examples were prepared and
20 characterized as described. All patents and publications cited herein are hereby
incorporated by reference in their entirety.



0.0024 Example 4-9 N/A Example 4-10 0.0027 Example 5-1110.1632 Example 5-2 10.1205 Example
'5-3110.141 Example 5-4 10.0678 Example 5-5 1 0.0533 Example 5-6 0.0134 Example 5-7 0.0194
Example 5-8 10.0298 Example 5-9 0.0313 Example 5-10 0.0029 Example 6-1 0.0245 Example 6-2
0.0043 Example 6-3 0.003 Example 6-4 0.005 Exgmple 6-5 0.004 Calcium Flux Assay Using
Fluorometric Imaging Plate Reader Cell Culture Conditions: -

CLAINS
1. A compound of formuia |:
OH
ALY
X\Q /\ '
I bN\RS

ora phannacagti;any acceptable salt or ester thereof, wherain;
Xis O and Qis C(H); or alternatively, X is C{O) and Q s N;

16 R'is selected from the group consisiing of:
{(2) hydrogen,
(b) halogen,
() Cu alkyl optionally substituted by fiuoro,
{d) C+. alkoxy cptionally substituted by fluoro,
15 {e) Ci7 alkylsulfonyl, and "™
{f) cyana; |

R? ts hydrogen.or Cy; alkyl; and

20 R®is selected from the group consisting of;
(a2} phenyl, pyridinyt, or pyrimidinyl, wherein said phenyl, pyn’diny{, or pyrimidiny! is
optionally subsiiuied by one or more substituents independantiy selected from the



~WO 2010/055006PCT/EP2009/064816 - 86 - pg/mL G418 (geneticin), individual clones were assayed
for their receptor expression based on staining with an anti human CRTH2 IgG, followed by assaying
for their response to 13,14-dihydro-15-keto Prostaglandin D2 (DK-PDG2) (ligand) in the Ca2+ Flux
assay. Positive clones were then cloned by limitingydilution cloning. The transfected cells were 5
cultured in Ham's F-12 medium supplemented with 10% fetal bovine serum, 2 mM glutamine , 100
U/mL penicillin/100 pg/mL streptomycin, 200 pg/mL hygromycin B, and 800 pg/mL G418 (geneticin).
Cells were harvested with trypsin-EDTA (trypsinethylenediaminetetraacetic acid) and counted using
~ViaCount(r) reagent (from Guava Technologies, Inc. which contains two DNA-binding dyes that enable
the reagent user ok distingiisbst | nd -viable gll% The cell suspension volume
was adjusted to 2.5:;305 cells '%1 ngémgggriﬂé’ggﬁfgw#ﬁﬁmcggﬁvai GGt eE Py iuRSid 2iSpensed into
BD Falcon TM 384 well biacRIear RIS E6THPEM 196 Bicserices, a division of Becton, Dickinson
and Company) aﬁ@l‘ﬁ@n@ié%pf@t@gn\»ﬁeﬁefﬁ)laced in a 37 C CO2 incubator overnight. The following day,
the microplates weyeseekin assay _oad) Assay: Loading Buffer containing dye
(from the FLIPR(?DQ%@[}M% ,%gay Kit%&%%%ﬁj%%@?/%eg Sa“}/ R%Q%F%%tﬁ‘/ﬁﬁ"%alytical
Technologies and M ﬂc. was prepared by 20 dissolving the contents of one bottle into 200 mL
Hank's Balanced Salt S8liten dbyitenfinng RGubbitER BESfuoro,
(4-(2-hydroxyethyl)-1-pipetazingearngsulfonic acid) and 2.5 mM probenecid. Growth media was
removed from the cell Q?té:%ﬁ?ﬁ)z m%_“of "La%(; dI?;alan_ced Salt Solution (HBSS) containing 20 mM
HEPES, 0.05% BSA and 2.5 MM probenacit Was adddd s'eden s fouowikal opEaly of diluted dye
using a Multidrop dispefi&Efittag sfighates were then incubated for 1 hour at 37 C. During the -
incubati®n, test compoy)dbehaigsvpaeapseRaratby adding 90 pL of HBSS/20 mM HEPES/0.005/0
BSA buffer to the 2 pL fg)?)?F@ngl.lUted compounds. To prepare serial diluted compounds, 20 mM -
stocks of compounds were dissolved in 100% DMSO. The 30 compound dilution plate was set up as
follows: well # 1 received 5 pL of compound plus 10 WO 2010/055006PCT/EP2009/064816 - 87 - pL
of DMSO. \_Well_s g_q@mam@m o Mﬁ@wﬁ@éﬁﬁvﬁsiy}{gg%gé}g ﬁfaﬁlység”%d ;Jgﬂ? well #1 in_'to well
#2. 1:3 sergbflilbtionavierg santinued out 10 steps. 2 pL of dilutéd comp und'wigtinsferred into
duplicaf wells of a 384 well "assay plate” and then 90 pL of buffer was added. S After incubation, both
the cell'and "assay plate" plates were brought to the fluorometric imaging plate reader (FLIPR(r)) and

20 pL of thé diluk¢xopapodadsoning trangfentes: Waine gall plajasdy @%Eg{%jg Plates were then
rere

incubated fﬂfeayngyﬁmgg%tgm%rg}q{goégf,eégtde ?1 le]lr incub%tion, plates Urhed to the

FLIPR(r) and 20 pL.of 4.5X 10 concentrated ligand was adaad 1ty eiiiesudthdiurmg the assay,

fluorescence readings were taken simultaneously from all 384 wells of the cell plate every 1.5
seconds. Five reAdrigBIHedapsrefinDte stblish of stble PRsSiRER 30 Bl ample,yas rapidly
(30 u%ecﬁé@ﬁ&ml@aemg&g@ﬁ%@%&g{l&fﬁg | plate. The fluorescence was
continuously monitored before, during and after sample addition for a total elapsed time of 15 100
seconds. Responses (increase in peak fluorescence) in each well following agonist addition were
determined: The'\iEEPAUBFeY dereds dhamgtivaie atimvewpsieito ligand stimulation, was used as a
zero baselihds\@ e fOrisheidnter lipambibYel isT DENesROAsERVere expressed as % inhibition of the
buffer conﬁmgs'ﬁggﬁ%gr\@iyeaigg%%qi as heu d%jentratfiofn of a compound that was required for 50%
inhibit'b%n %%the bél er control, was 20 ca euiatee tﬁﬂiﬁb {P@?Jercent inhibition data for 10
concefitratiors ¥ QQ@WBBH cﬁi@é’»%‘éponse (4 parameter logistic) model using Genedata
Screener(BaCESomi@Q‘ed softvizzg pipgremitmmSenedata AG, model 205, where F(x) =
(A+(B-A)/(1+((C(é)";@}mnﬁepresentative compounds tested in the binding assay were tested using the
above 25 FLIPR(r) assgy (specifically examples 1-1 to 1-19, 2-1 to 2-24, 3-1, 4-1, 4-2, 4-4, 4-6 to 4-10,
5-1, and 5-3 to 5-10 wfi}é & ?é‘&.'ﬁ@r@%&%%(ﬁkﬁfm¢ma§/ismweﬁdshaimvm the exception of
examples 2-8, 2-10, 2arsyc2rairiify bihich £xdipites) tﬁéwak&iﬁmﬁgmugggﬁ compounds
exhibited 1C50 values fngHISqERM % %RMEEQ Z}Z%g;\{l WO 2010/055006 fEB2609/064816 -.
88 - Inhibition of 13,14-dihydro-15-keto Prostaglandin D2 B’K-PGDZ)-induced IL-13 productionin T

helper type 2 (Th2) cells was applied to evaluate compound cellular potency. 5 Cultures of Th2 cells
were established from blood of healthy human volunteers according to the following procedure.
Peripheral blood mononuclear cells (PBMC) were first isolated from 50 mL of fresh blood by _
Ficoll-Hypaque density gradient centrifugation, followed by CD4 cell purification using a CD41. T Cell
Isolation Kit Il (from Miltenyi Biotec Inc.). The CD4+ T cells were then differentiated to Th2 cells by
culturing the cells in X-VIVO 15(r) 10 medium (from Cambrex BioScience Walkersville Inc.) containing
10% human AB serum (serum of blood type AB from Invitrogen Corporation), 50 U/mL of recombinant
human interleukin-2 (rhiL-2) (from PeproTech Inc.) and 100 ng/mL of recombinant human interleukin-4
(rhlL-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(r) 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

1eced in the acceav are CRTH2-nncitivve when analhized by fhiinrececence-activiated call eartina 1ieinA the



The percent inhibition of interleukin 13 (IL-13) production for a compound at various 30 concentrations
was calculated according to the following formula, [1-(IL-13 production in WO
2010/055006PCT/EP2009/064816 - 89 - the presence of compound)/(IL-13 production in the presence
of 0.15% DMS0)1x100. The IC 50 value, defined gs the concentration of a compound that is required
for 50% inhibition of IL-13 production, was calculated by fitting the percent inhibition data for 7 '
concentrations to a sigmoidal dose-response (4 parameter logistic) model in the XLfit(r) software Excel
“add-in 5 program [ID Business Solutions Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)AD)))].
Representative compounds tested in the binding assay were tested using the foregoing
DK-PGD2-fhduceiidori8ymbeemtioingssayy(specifitaiyexamnmies lhekid w4 L@@%Rk-;f% to 1-17,
2-2, 2-18, RAR, pirddd Aphidia '%uﬂéﬁt&%é'&c%&ptﬁé% and 5-10 were tested). The 10 results of the

DK-PGD2-induced IL-13 production assay showed t art l(’ausrg'compounds exhibited activity in inhibiting

IL-13 prodyction awith.J{sp0 values. ing.from 0.0024 to 3.6007 pM. Thus, the compounds of the
present inv,smiorlélre ugs;eful si#cﬁe !tiséqgé}%pé%%é?sc c esc[j% Z{Iﬁgﬁrl% YE Rty HArTed8E one of the
a

above threB asEAVOY; PiyAlN YR iHE CRrPRIor i torfluamd therefore may be useful as antagonists
or partial agonists in treating diseases and disorders associated with this receptor such as asthma. In
one embodiment FRIBRYSEFRERECA AeNRas @ daimsiion RothavtreatmRhtsaaitnrdmévention of
diseases amﬁd?édﬁr@besnwmnhrmt@ assammgh@ﬂ,m@gym@_ of CRTH2 receptors, which method
comprises administering a therapeutically effective amount of a compound of formula | or Z to a
human beifig or aniomabodntmetbrgrardhe-tipatmenl Aagkpr prevention of an inflammatory or allergic

disease orghsorderis preferre h diseases or disorders may include (but are not limited to)
asthma, chronic obstruBct‘iive pU %ﬁir@e %?s%oa@et SPH) CAMEPHRI Wfinitis, allergic inflammation, and

atopic derﬁéﬁ%?“?ﬁ@%ﬁggéﬂtmﬁ\?@ﬁi%Ts@[@@w%&t&t@bwmahkhﬁ:ishtﬁﬂ&m-@ﬁﬂg—ﬂ&i@%&dﬁ“Ca'|y
effective afiddrit titanopmmdrebioinyliahmrditCRRBRAIFR AL FSSHRURR WS t%'i‘e%r_ézlrugs or
active agepﬂsg&rﬁglgsmeatment of inflammatory or allergic diseases and disorders. In one 30
embodimg%t,,éhe resent invention relates to a method for the treatment and/or prevention WO
2010/055006F SUedHREaBERZeoBs LR AiRtsaERed crtivyiiSraetiprsingatdnagistering to a
human or &p@fideiimultaneously, sequentially, or separately, a therapeutically effective amount of a
compoundiafdarnataalefedaRe NQERSH Al ive agent as another anti-inflammatory or
anti-al{grgoil{é)éru&igr ggent). These otherygrggé}(%?g%tifec%%%&?gﬁ?g'f Wé%/’éng é’%@?@ﬂﬁiwr, ora.
completel iferent mode of action. Suitable other drugs or active agents may include, but are not
limited to: BethBeaarasevirr doirrssiserdhcasaliv)Sroifnsatmbierlppprispsiginidsmuaias .
dexamethioner Fhigrsone;-gitiistapings-sHpk as idine; Jexkotriene antagonists such as
montelukagt. oL ﬂg&?@%ﬁoﬂﬁié%% ant tg‘&sglfgr@)i;? ﬁ%ﬁgg&ﬁ%{%ﬁ%ﬁgﬁ ﬁr%fg% Ives such as
fusidic acid_(particularly for the reAtMentor A %‘i'g"BE?mﬁﬁﬂ)?ﬁﬁtﬁWH@a@%uch as clotrimazole
(particularky ToP¥E e atibrePatspreafrmiitapehtinundsxyiprasankmsioh-asctraigtimus and
.pimeo?@Iin@ﬁi@m%&gmﬂsﬂﬂ?ﬁr@ﬁﬂ&@cﬁmﬁ@Iﬂgrggggggﬁggﬁéggg_iﬁ_ eié%tg}gonists; inhibitors
of phosphegigstesaset as, cilamilast. drugs that madulate cytokine production such as
inhibitors (?g INF-al %a}ézpfggﬁﬁ% E%z%ﬁ%ﬁ%%r% l{}%nsa 't%%"%ﬂfﬁéﬁeaﬁ’% activity of 15 Th2
cytokines -7"4ha HI)Z %%ﬂ%ﬁ%i’giﬁﬁﬂﬁﬁfﬁw&ﬂ@ﬁﬁﬁmiﬁmmmkﬂerl}emﬁtmsidPPAR-gamma
agonists sichisadsiihbenstbylcaidriqpbrigeniase- nhibieasanebnRs gaIIaR aolynless stated to the
contrary, all compounds in the examples were prepared and 20 characterized as described. All patents
and pbl:blic,fattionsAciti%ad hereir% ar herebg/ incorporated by reference in their entirety. -91 - CLAIIVIS 1.A
compound of foffula 1" 5 o1 & PharRiRcaRIf Sl PhE Eprapre S afttarestr thereof, wherein: X is 0 and Q
is C(I-1); or alternatively, X is 0(0) and Q is N; 10 R1 is selected from the group consisting of:

(2) hydrogem, (b) halagee(ab4 Jalrboetional sHbsidiag by el 9 (d) CL.7 alkoxy
optionally substituted by fluoro, 15(e) 01.7 alkylsulfonyl, and (f) cyano; R2 is hydrogen or 01.7 alkyl;

. and 21) R is selected from the group consisting of: (a) phenyl, pyridinyl, or pyrimidinyl, wherein said
phenyl, pyridinyl, or pyrimidinyl is optionally substituted by one or more substituents independently
selected from the




- 92 - group consisting of: (1) halogen, (2) 9.1..7 alkyl optionally substituted by fluoro; (3) C. 7 alkoxy
optionally substituted by fluoro, and (4) cyano; (b) C1.7 alkoxycarbonyl; and (c) S(0)-R4,
C(0)-R4, or C(0)-N(H)-R4 wherein R4 is selected from the group 5consisting of: (1) Cd4 alkyl
optionally substituted by fluoro, (2) C7 cycloalkyl, g¢3) phenyl optionally substituted by: () halogen or
(i) C1_7 alkyl optionally substituted by fluoro, 10(4) benzyl or phenylethyl, and (5) pyriciinyl. 2.A
compound according to claim 1 wherein R1 is hydrogen, halogen, or methyl, preferably R1 is fluoro. 15
3. A compound according to any one of claims 1 to 2,wherein R3 is -3(0)rR4 and 134 is phenyl
optionally substituted by halogen or Cf..7 alkyl optionally substituted with fluoro. 4. A compound
according tol ariphenesobtiainasoiand, wheks] is,~CLQ)-N(H)-R4 and.20 R4 is phenyl optjonally
substituted py.halogen {%E%\?\i?l%(% 5, A conﬁ?ag’udrfgi %ﬁ %o?mlﬁgnl(% %f:g%rgl’%f i (%Sﬁwyfmérein Xis 0
and Q is C(H): or alternatively, X Ia Eé}r.gﬁ%?% RERIOT apiima riisgkrebstettie akoxyantionally
substituted Ej?‘?ﬁf@r@(ég%zﬁfémfﬁgﬁfﬁ: efiggichidkyinaiich R dsaseteciechfsen the group consisting of:
(a) pyridinyl, (b) S(0)2-R4, 0(0)-R4, or C(0)-N(H)-R4 wherein R4 is selected from the group
consisting o?‘t-l) oi_cvramwnr(zf fshesnid Sptionally substituted by one or 30two halogen, and (3) benzyl
or phenylethyl. - 93 - 6. A compound according to any one of claims 1 to 2 or 5, wherein R3 is -
-S(0)2-R4 and R4 is phenyl optionally substituted once or twice by fluoro. 7. A compound according to
any one of claims 1 to 2 or 5, wherein R3 is -0(0)-R4 and R4 is phenyl optionally substituted once or
twice by fluor. 5 8.A compound according laimsfyto 2 or 5,wherein R3 is and R4 is
phenyl optionally substituted once or twig
10. A compound of claim 1 selected frorthe-grQup-eansispng of:
4-(4-Benzenesulfonyl-piperazine-l-c%rbonyl)-G-l uorof8-methyl-naphthalen-2-ylkacetic acid 10

{44443,4 -Diflu oro-benzenesu Ifonyl)-piperaz{i3 e -ﬁ%&l uoro-3-methyl-naphthalen-2-

yl}-acatic acid

{6-Fluoro-4-[4-(3-fluoro-benzenesulfony!)-piperazine-1-car tp&methyl-naphthalen-2-y1}- acetic
acid {4-[4-(2,4-Difluoro-benzenesulfonyl)-pipetazine - 1
-carborty11-6-fluoro-3-methyl-naphthalen-2- 15 yT}-acetic acid
[4-(4-Benzenesulfonyl-piperazine-1-carbonyl)-6-trifluoromethyl-naphthalen-2-y1}-acetic acid
[6-Fluoro-3ungthhakntbtAuaraisling =i ine-l- %og -naphthalen-2-y1}-acetic acid
[4-(1-szenesmnyl-piperi in-%ﬁo%%gﬁﬁﬂ%%‘% etﬁgézﬁg‘-%ﬂ'-acetic acid
(6-Fluoro-4-q-(4.--flupro-benzenesuIfonyl}-piperidin-4-y|oxy}-naphthalen-2-y1}-ac.etic acid 20
[6-Fluoro-4R1 sptslasiam Eama fesattumytapsisiingiei4-yloxy)-naphtha len-2-y1}-aceti ¢ acid
[6-Fluoro-4-(1-phanyeeebdriperidin-4-yioxy)-naphthalen-2-y1Facetic acid
{6-FIuoro-441-3-fkgfﬁ%§g§§nylcarbamoy1)-piperidin-4-y}oxy)-naphthalen-2-y1}-acetic acid
[6-Fluoro-4-(1-phenethyfcarbamoyl-piperidin-4-yloxy)-naphthalen-2-y1}-acetic acid. 25 11.A
pharmaceutically GtcEeptalsg seficarly syhsistetibyficlaim 10. 12. A pharmaceutically acceptable ester
of a coripound ofdjl@irn BkoxOdbeiodlyTdiedtaeaf m.apmpound according to any one of claims 1 to 10

for the preparatioeé)qﬁg rg&?lgg‘?gﬁr}t gﬁﬁthe treatment or p'rophylaxis of asthma, chronic obstructive
pulmonary disea?éa é?aE)PD , al erdllé'r initis, allergic inflammation; and atopic dermatitis.
no; _

R? Is hydrogen or Cy.; alky!: and
20 _
Riis S(O)-R* wherain R? is salectad from the group censisting of:

{a) phenyl or banzyl, whersin said phenyl or benzyl is oplionally substituted by one
or more subsfituents of: (1) halogen or (2) Cs
and

-7 alky! opiionally substituted by fluorc;



14. A compound of formula Z: 5 or a pharmaceutically acceptable salt or ester thereof, wherein: 10 R1
is selected from the group consisting of: (a) hydrogen, (b) halogen, (C) ei _7 alkyl optionally
- substituted by fluor, 15(d) C.7 alkoxy optionally substituted by fluoro, (e) C7 alkyisulfonyl, and (f)
cyano; R2 is hydrogen or C1.7 alkyl; and 20 R3 i33$(0)2-R4 wherein R is selected from the group
consisting of: (a) phenyl or benzyl, wherein said phenyl or benzyl is optionally substituted by one or -
more substituents of: (1) halogen or (2) C, alkyl optionally substituted by fiuoro; and - 95 - (b) C1_7
alkyl optionally substituted by fluoro. 15.A compound of claim 14 selected from the group consisting of:
[4-(6-Benzenesulfonyl1-2,5-diaza-spiro[3.3)heptane-2-carbonyl)-6-fluoro-3-methylnaphthalen-2-0)-ace
tic acid; [6-Fluoro-Birethyitylletfipiaenylbsthanesy oyl 2,6-diaza-spiro[3.3]heptane-2-
carbonyl)-naphthalen-2-y1)-a0etiO acid; and any pharmaceutically acceptable salt or ester thereof.
18, A compound of claim 14 selectad from the group consisting of:
| {4~(6~Banzenesuifony?-z,B-diaza—spiro{fs.S}heptane-z-carbcnyt)-s-ﬁuoro-S-methyl-
5 naphthalen-2-yl}-acefic acid;
[G‘HUD"O‘3'meth)’1'4-(S“Pheﬂb’[malhanesulfonyl-z,6-diaza~spiro{3.3}heptane~2»
carbonyt)-naphthalen-2-ylj-acetic adid; and

any pharmaceuﬁcaliy acceptable salt or ‘ester thereof,

10



